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Abstract
Given limited funds for research and widespread degradation of ecosystems, environmental

scientists should geographically target their studies where they will be most effective. How-

ever, in academic areas such as conservation and natural resource management there is

often a mismatch between the geographic foci of research effort/funding and research

needs. The former frequently being focused in the developed world while the latter is greater

in the biodiverse countries of the Global South. Here, we adopt a bibliometric approach to

test this hypothesis using research on artisanal fisheries. Such fisheries occur throughout

the world, but are especially prominent in developing countries where they are important for

supporting local livelihoods, food security and poverty alleviation. Moreover, most artisanal

fisheries in the Global South are unregulated and unmonitored and are in urgent need of sci-

ence-based management to ensure future sustainability. Our results indicate that, as pre-

dicted, global research networks and centres of knowledge production are predominantly

located in developed countries, indicating a global mismatch between research needs and

capacity.

Introduction
One of the main consequences of limited funding for scientific research is that global knowl-
edge production can show dramatic geographic variations, with research in many areas domi-
nated by scientists based in institutions in the developed world [1]. This is because
economically developed countries contain the strongest universities and research centres, can
devote more resources to research, and consequently produce more (and higher impact) publi-
cations [2–4]. In contrast, countries in the developing world produce lower volumes of
research, much of which is published in low impact publications.

Such global inequalities in scientific capacity have significant practical and economic conse-
quences. For example, the populations of many developing countries are still heavily dependent
on exploiting natural resources. Effective management these resources should, ideally, be based
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on the best and most up-to-date science. It follows that a lack of local/regional scientific capac-
ity could lead to information deficits and poor decision-making. Of course, international scien-
tists could theoretically plug these capacity gaps, but even if this was the case they would be
unlikley to have the same access to policy-makers and resource managers as their local counter-
parts [5]. Specifically, local scientists may sit on government bodies/committees, determine the
allocation of research funding and, fundamentally, can more effectively communicate research
findings to relevant stakeholders in local languages and cultures. In summary, geographic defi-
cits in research capacity can lead to significant mismatches between research effort and
research needs at a global scale [6], with serious practical consequences.

Artisanal fisheries is a potential example of geographic deficits in research capacity.
Research in this area frequently suffers from data shortfalls which limit the efficacy of policy
development and governance in many countries in the developing world [7]. Artisanal fisheries
is characterized by simple technology and low capital investment [8]. It occurs all over the
world, but is especially prominent in developing countries where it frequently plays a vital role
in supporting local livelihoods, food security and poverty alleviation [9–12]. Moreover, about
90 per cent of those dependent on fisheries for their livelihoods live in developing countries
[11]. However, artisanal fisheries in these countries are frequently unregulated [13], under
intense pressure from growing populations and have, historically, been far less studied than
industrial fisheries. Indeed, assessment and management of artisanal fisheries in developing
countries has been characterized as “usually inadequate or absent” [14]. In other words, the
research needs associated with tropical artisanal fisheries are immense and are predominantly
located in developing countries of the Global South. By extension, it is these areas where global
research effort should be focused, preferably with knowledge being produced by scientists who
are associated with local scientific institutions.

Here, we assess the global production of scientific knowledge in coastal and marine artisanal
fisheries with the aims of identifying: i) the geographic structure of research networks and cen-
tres of knowledge production, and; ii) geographical patterns and shortfalls in research effort.
Our working hypotheses are: i) network connectivity positively influences the quality and the
impact of artisanal fisheries research, and; ii) knowledge production for artisanal/small-scale
fisheries will be concentrated in major research institutions from the developed world. We
tested these hypotheses through a combination of bibliometrics and networks analysis.

Materials and Methods
Articles were downloaded on 05 November 2014 from the Web of Science Core Collection™
(WoS). The following search strings were applied: ("artisanal fisheries" OR "artisanal fishing")
OR ("Small-scale fisheries"). Our methodology was designed to ‘capture’ a representative and
largely geographically unbiased sample of articles on artisanal fisheries (see discussion). The
search returned 1,127 records.

Records were manually filtered in two steps: i) books and symposium materials were dis-
carded as the focus of this analysis is on peer-reviewed articles; ii) abstracts of all the remaining
articles were checked to confirm that the research theme was associated with artisanal fisheries
in coastal and marine areas (including estuaries and lagoons). Those that dealt only with indus-
trial fisheries or with continental freshwater fisheries were discarded.

We divided all the valid records into three distinct time subsets: 1973–2004, 2005–2009,
2010–2014. The decision to group all of the older articles into a single subset was made on the
basis that there were a very low number of articles published during this period. For each
period we identified the number of countries, institutions, authors and journals associated with
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the articles. To evaluate the spatial and temporal structure of research networks in our dataset,
we assessed country level and institutional level co-authorship interactions for each period.

We used citation data to test our hypothesis that connectivity positively influences the qual-
ity and impact of the research. Specifically, we used linear regressions to test if connectivity
(measured as the number of countries in co-authorship for an article) influenced the impact of
the knowledge produced (measured as direct citations accrued by each article). A two-way
ANOVA was performed, with countries and number of co-author countries per article as fac-
tors, to test for differences in citations per article between these two factors.

We used the Bibexel v.24-03-25 software [15] to perform the network analysis and Pajek
v.4. [16] to plot the networks. We used Inkscape v.0.47 (http://www.inkscape.org) to improve
the visualization and quality of the network figures and the software R [17] for all the statistical
analysis.

Results
From the 1,127 records generated by our search on the Web of Science (WoS), 661 were con-
sidered valid for our analysis. These articles were published in 165 journals. The ten most pop-
ular journals for Artisanal/small-scale coastal fisheries sciences were Fisheries Research (79
articles),Marine Policy (78), Ocean & Coastal Management (33), ICES Journal of Marine Sci-
ences (17), Ecology and Society (16), Scientia Marina (13), Aquatic Living Resources (12), Fish-
eries Management and Ecology (12), Boletim do Instituto de Pesca (11) and Revista de Biologia
Tropical (10).

The most productive countries in terms of high quality knowledge production about arti-
sanal/small-scale coastal fisheries were the USA (101 articles), Brazil (85) Canada (65), Spain
(63), United Kingdom (63), Mexico (52), France (48), Australia (33), Portugal (27) and Chile
(26). The USA was most central in the country level co-authorship networks for the three peri-
ods and was also characterized by the greatest number of interactions (Fig 1).

The highest production of artisanal fisheries articles was at the following institutions: Uni-
versity British Columbia (30 articles), Ifremer (16), Duke University (14), Wildlife Conserva-
tion Society (13), James Cook University (12), Consejo Superior de Investigaciones Científicas
(10), WorldFish (10), Pontificia University Catolica Chile (9), University Exeter (9) and
NOAA Fisheries (9). Institutions with higher productivity are, as predicted, typically located in
Europe and North America, followed by South America, Africa and Oceania (Fig 2).

Connectivity and the number of direct citations accrued by an article was significantly cor-
related for the period 2005–2009 (r2 = 0.14, p<0.001) and 2010–2014 (r2 = 0.2, p<0.001) (Fig
3) The ANOVA indicated that variations in citations per article are associated with number of
co-author countries per article for the periods of 2005–2009 and 2010 and 2014 (p<0.001), but
not for 1973–2004 (p>0.05). The variations in citations per article were significantly related to
country of origin only for the period of 2005–2014 (p<0.001), but not for the periods of 1973–
2004 and 2010–2014 (p�1.0). The correlation was not significant for 1973–2004 (r2 = 0.02,
p>0.05).

Discussion
Artisanal fisheries are vital source of income and food for vast numbers of families in the
coastal tropics [7,12]. However, rapidly growing populations and a lack of governance is put-
ting increasing pressure on these poorly known fisheries [11]. We hypothesized that coastal
artisanal fisheries research is subject to a geographical mismatch: while research needs are
greatest in the developing world tropics, knowledge production, major research institutions
and research networks are predominantly based in the developed world. This was largely
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supported by our data, with both the historical and current production of knowledge about
artisanal fisheries aggregated in institutions from developed countries such as the United States
of America, Canada, United Kingdom, Australia and France.

The exception to this pattern of developed world dominance of coastal artisanal fisheries
research appears to be Brazil, which accounts for a significant proportion of global production
in this research area. However, Brazilian-based scientists had surprisingly few interactions with
scientists situated other countries, despite the large number of scientific articles produced.
These results are consistent with certain aspects of the culture of science in Brazil: although the
country is one of the largest producers of environmental research [18], it also has one of the
most insular scientific cultures in terms of adjusted levels of national self-citation [19]. There
are many potential explanations for such insularity, including a policy focus on local/applied
issues, an inward looking scientific culture or a lack of appropriate post-graduate training [19].
It should be noted that international collaboration directly influences journal placement, visi-
bility and the citations [20,21] and, by extension, scientists in more insular scientific cultures
may publish more in low impact national journals. Interestingly, the Brazilian government has
recently invested heavily in a programme of research visits for its academics (known as the Sci-
ence without Borders [Ciência sem Fronteiras] programme) with the aim of building interna-
tional research collaborations and increasing national research capacity [22].

European countries were particularly prominent in country and institutional level research
networks, possibly because of strong economic relations and a shared interest in fisheries
stocks in the Mediterranean Sea– 21 European countries have coastal areas in this region.
Moreover, the Mediterranean Sea is a hotspot of biodiversity [23,24] where scientific and man-
agement advice is implemented by national and regional entities as FAO, European Commu-
nity (EC) and others [25]. The strong representation of European countries in artisanal
fisheries research networks may also be a consequence of the European Union policy in collect-
ing data to evaluate the fisheries states in Europe [24].

In contrast, Australia and New Caledonia though geographically close, only co-produced
knowledge on artisanal fisheries in the final period. Interestingly, New Caledonia appears to
have stronger scientific relations with France than Australia–possibly due to long-standing
colonial ties based on shared language and culture.

The high representation of the USA, Canada and United Kingdom and their extensive col-
laborations with other countries is interesting given that the practice of coastal artisanal fisher-
ies is weak in these high-income temperate countries. Of course, some of these linkages may be
a consequence of so called Diaspora Knowledge Networks (DKNs), whereby émigré research-
ers exploit pre-existing research linkages and collaborations in their countries of origin [26].
Alternatively, such networks may have formed around traditional lines, through participation
in scientific events such as workshops, seminars, conferences and congresses [27].

Our data also confirm that participation in research networks is associated with increasing
quality of research as measured by direct citations. This is well supported both conceptually
and empirically [28]. Specifically, Katz and Hick’s widely cited analysis suggested that whereas
collaborating with a scientist from the same country could raise citations accrued by 0.75 cita-
tions per annum, collaborating with a scientist from a foreign institution raises citations by

Fig 1. Country level co-authorship networks based on coastal artisanal fisheries articles for the twenty most productive countries based in a
sample of 661 articles.Results for the three study periods: A) 1973–2004, B) 2005–2009, C) 2010–2014. Circle size represents the number of articles with
at least one author from a particular country. Line weight represents the number of interactions (shared authorships) between two countries. Centrality
(betweeness) is determined by the fraction of all directed paths between any two vertices that pass through a node; closeness (distance of one vertex to
others) depends on inverse distance to other vertices.

doi:10.1371/journal.pone.0150689.g001
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Fig 2. Institutional level co-authorship networks based on coastal artisanal fisheries articles for the twenty most productive countries based in a
sample of 661 articles.Results for three study periods: A) 1973–2004, B) 2005–2009, C) 2010–2014. Circle size represents the number of articles with at
least one author from a particular country. Line weight represents the number of interactions (shared authorships) between two countries. Centrality
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more than twice that value (1.6). It should also be noted that collaboration with highly produc-
tive scientists tends to increase personal productivity (e.g. [29]), whereas collaboration with
less productive researchers usually decreases it [30]–this may act as a disincentive for some sci-
entists in western institutions to collaborate with colleagues from less prestigious organizations
elsewhere in the world [31,32].

There are several potential reasons why many large tropical countries are poorly represented
in global research networks studying artisanal fisheries. First, the dominance of developed
countries is a characteristic of scientific research in general, regardless of the geographic focus
of the research [4]. A good example is Amazonian research, which has been historically domi-
nated by researchers from North America and European institutions [5]. Second, global
research needs do not necessarily map onto research action. These necessities have to be recog-
nized, funds need to be allocated, and research needs to be completed and turned into world-
wide useful products (high impact scientific papers). Many developing countries lack research
funds in many research areas and may therefore be heavily dependent upon decisions made by
international funding organizations. Finally, scientists from tropical developing countries may
have a greater focus on local or regional issues [20] and may therefore find it difficult to publish
their work in international journals.

In summary, artisanal fisheries research provides a clear demonstration of the global mis-
match between research needs and research capacity that is common to many research areas in
environmental sciences. To better understand the limitations and barriers to addressing this
mismatch it would be necessary to identify a flow of information between (national and inter-
national) scientists and policy-makers and how this, in turn, influences research at the local
level. Given that the country’s most in need of research to inform policy and management deci-
sions are often those most dependent upon foreign funding and expertise, urgent action is
clearly needed to increase international collaborations and local capacity raising. Such action
will require strategies to strengthen local institutions, invest in local talent, facilitate responsible
research by foreigners and to continue monitoring the volume and geographic distribution of
scientific publications in this critical and understudied area of environmental research.

Taking a longer term perspective, mismatches between research need and research effort
may eventually start to decline due to external factors. There have been huge increases in joint
international research since the turn of the Century [33], partly due to the democratizing influ-
ence of the world-wide web. These technological changes have had a particularly strong and
positive impact on scientists from the developing world, facilitating collaborations and allow-
ing allowed swift sharing of data and methodologies [34].

(betweeness) is determined by the fraction of all directed paths between any two vertices that pass through a node; closeness (distance of one vertex to
others) depends on inverse distance to other vertices. Acronyms: Aix Marseille—Aix-Marseille University (France); AUTh—Aristotle University of
Thessaloniki (Greece); AZTI—AZTI-Tecnalia (Spain);CSIC—Consejo Superior de Investigaciones Científicas (Spain);CNR—Consiglio Nazionale delle
Ricerche (Italy); Duke—Duke University (USA); HCMR—Hellenic Centre for Marine Research (Greece); IFREMER—Institut français de recherche pour
l'exploitation de la mer (France); INVEMAR—Instituto de Investigaciones Marinas y Costeras (Colombia); IPN—Instituto Politécnico Nacional (Mexico); JCU
—James Cook University (Australia);McGill—McGill University (Canada);MUN—Memorial University of Newfoundland (Canada); NOOA Fish—National
Oceanic and Atmospheric Administration (USA); UC—Pontifica Universidade Catolica do Chile; Stockholm Unv—Stockholm University (Sweeden); UAlg—
Universidade do Algarve (Portugal);UNICAMP–Universidade Federal de Campinas (Brazil); UFSC—Universidade Federal de Santa Catararina (Brazil);
UFSCar–Universidade Federal de São Carlos (Brazil);USP—Universidade Federal de São Paulo (Brazil); FURG—Universidade Federal do Rio Grande
(Brazil); UFRGS—Universidade Federal do Rio Grande do Sul (Brazil); UBC—University British Columbia (Canada); UCSD—University of California, San
Diego (USA); UEA—University of East Anglia (UK);Unv Exeter—University of Exeter (England); Unv Manitoba -University of Manitoba (Canada); Unv
Montpellier–University of Montpellier (France);Unv Patras—University of Patras (Greece);WCS—Wildlife Conservation Society (Kenya); ZSL—Zoological
Society of London (England);WFish–World Fisheries (Worldwide).

doi:10.1371/journal.pone.0150689.g002
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Fig 3. Linear regressions showing the association between connectivity (number of co-authorial
countries) and direct citations accrued by each article for the three periods evaluated. The black line
represents the average direct citations and the red line represents the linearity between the number of
authorial countries and direct citations.

doi:10.1371/journal.pone.0150689.g003
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