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Abstract

Scientific agenda setting is critical at all levels of research, but can be strongly influenced by
structural path dependencies of the science system itself. In this article we examine how
knowledge production is shaped by interconnected path dependencies using the field of
tropical marine sciences as a global case study. We use scientometric analysis methods on
an original data set of 1328 peer-reviewed journal publications to examine publication trends
including a co-authorship network analysis, links between author origin and research loca-
tions as well as a quantitative analysis of terminology use over space (i.e., region) and time.
Scientometric findings are analytically discussed through a conceptual framework premised
on theories of path dependency. Findings and critical analysis highlight how tropical marine
science provides a prominent global example of how North American, European and Austra-
lian science programs predominantly shape knowledge production of the global science
system, generating critical reflection on the path dependencies these create on current and
likely future knowledge production and science agendas. Similar dependencies face other
fields of science, and thus this study provides broadly relevant quantitative observational
empirical findings supplemented with a critical social science analysis of how a transcultural
Science and Technology Studies lens is useful for unpacking the webs of path dependen-
cies driving, inhibiting and/ or shaping global knowledge production, placing meaning and
context over observed empirical trends.

Introduction

How and why do scientists and science organizations choose to do research on certain topics
and places? It is evident that there are many reasons, and those reasons may differ at various
levels of research organization; be it the individual researcher, the working group, the institute,
the university, the state/ country, or the region. Scientific agendas and knowledge production
broadly are often perceived to be driven by performance oriented structures of the science sys-
tems at hand as well as agency in choice, such as being driven by career and personal interest,
the most pressing questions in a discipline or field, the urgency of needed knowledge, or to
advance the state-of-the-art in objective ways (e.g., part of the logic for tenured positions and
publically funded universities).

PLOS ONE | https://doi.org/10.1371/journal.pone.0228613  February 6, 2020 1/25


http://orcid.org/0000-0002-7751-4005
http://orcid.org/0000-0002-9599-4348
https://doi.org/10.1371/journal.pone.0228613
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0228613&domain=pdf&date_stamp=2020-02-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0228613&domain=pdf&date_stamp=2020-02-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0228613&domain=pdf&date_stamp=2020-02-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0228613&domain=pdf&date_stamp=2020-02-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0228613&domain=pdf&date_stamp=2020-02-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0228613&domain=pdf&date_stamp=2020-02-06
https://doi.org/10.1371/journal.pone.0228613
https://doi.org/10.1371/journal.pone.0228613
http://creativecommons.org/licenses/by/4.0/

@ PLOS|ONE

Knowledge production in a web of dependencies

However, as is evident in existing scientometric analyses, scientific agendas and outputs at a
more foundational level are in large part driven by myriad forms of structural impediments
[1-3]. Theoretically, we hypothesize these impediments as path dependencies, at different lev-
els of scientific organization using data analyzed with mixed scientometric methods including
network maps to present our descriptive data [4]. Path dependencies can be both latent or
more explicit and transparent; in either case they are nonetheless structural pillars driving cur-
rent scientific agendas, often to a larger extent than is currently reflected on or recognized
within specific fields.

This article examines structural path dependencies of the science system that substantially
co-determine scientific knowledge production, as well as the implicit science-based human
interactions with nature, by empirically focusing on tropical marine sciences as a field of scien-
tific knowledge production. The field of tropical marine sciences is a unique case study for
examining how past and current research agendas have been influenced by a number of very
influential and historically embedded path dependencies. The field is unique in that its scien-
tific practice is bounded to, and dependent on, specific geographical locations and geopolitical
relationships with tropical countries. Many countries which are heavily engaged in tropical
marine sciences are not located in, or do not have domestic access to the tropical world,
including many North American and European programs. In contrast, many tropical coun-
tries have marine and coastal systems of substantial research interest worldwide, but have lim-
ited domestic research capacity, infrastructures and funding. In addition, historical
relationships between tropical and non-tropical countries are often associated to discourses on
North-South or developed-developing country relations, or the impact of prior colonial rela-
tions [5].

As such, the 2017 Global Ocean Science Report by UNESCO-IOC [6] assesses: “The USA
has the highest number of research institutions varying in size (315)—roughly equal to the
total number of research institutions in Europe combined and greatly exceeding the number
of institutions operated in Asia and Africa”. Amongst the five largest Ocean science budgets in
terms of percentage of national research and development funding, the report identifies those
by the USA, Australia, Germany, France and the Republic of Korea (27). Of the overall 784
marine field stations counted by the report nevertheless, 46% are located in Asia (23%), Africa
(8%), South America (10%) and Oceania (5%), as well as 54% in Europe (22%), North America
(21%), and Antarctica (11%)[6]. In addition, tropical marine sciences are not bound to specific
disciplines, but instead span the disciplinary range from natural to social sciences [7-9] with
the common research objective of understanding coastal ecosystems, their functioning, use
and management in the tropics, acting as a defining and uniting frame.

Tropical marine sciences are (a) highly technology dependent, expensive sciences with, as a
consequence, substantial involvement of financing states in agenda setting processes [6,10-
12], (b) international with strong historical/ partly colonial roots [13-17], (c) interdisciplinary
[8,9,18], and (d) driven by a visible normative orientation and legitimation towards a sustain-
able use and management of tropical coastal zones and their resources [19, 20]. These particu-
larities suggest that an assessment of the field from a transcultural and postcolonial lens is a
useful analytical perspective. Such an analysis draws on Science and Technology Studies with
the aim to empirically understand the path dependencies guiding research practices, and in
turn those being reproduced by them. It is a substantially understudied field, particularly in
combination with scientometric data with a global scope, that is nevertheless pertinent for
allowing thorough reflection of research practices and forms of international cooperation and
engagement influencing how knowledge related to sustainability is produced and utilized. The
following scientometrical data therefore aims to fill this gap and encourage discussion on the
disciplinary, thematic, regional, historical and geopolitical specificities of scientific knowledge
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production within tropical marine sciences—and how these data can be interpreted within an
increasingly globalized and politicized science scape for this field and others.

Scientometric analysis to examine global science systems

Bibliographic information are some of the most important data for studying the science system
through its primary output of science publications. Analyzing publication trends on research
locations, yearly outputs, country distributions, co-authorship and other forms of collabora-
tion [21] that are able to be extracted from these data can reveal important insights about
global structural drivers of scientific knowledge production [22-25]. In particular, network
analysis has been instrumental in analyzing the distribution of scientific knowledge production
globally at the country level [26], showing the dominance of North American and European
science outputs, even on topics where much of that knowledge is extracted elsewhere such as
in global health research [27], disaster research [24], and land use in agriculture [25]. Sciento-
metric analysis also allows for examining collaboration (e.g., co-authorship) networks over-
time, to see proportional changes between domestic and international collaborations as
science becomes more interconnected globally [28-30].

In the broader field of marine science, using scientometric data has been employed in sub-
fields such as fisheries science [30], marine microplastics [31], sea turtle research [32], estuaries
and coasts [33], and marine biodiversity research [34]. Many of these studies include author
network analyses, which have been supported by more local and qualitative analyses of scien-
tific collaboration in specific regions, universities or departments [35-37]. Local case studies
support the formation of more grounded social theories for analyzing the global science sys-
tem. For example, through examining the sociology of knowledge production within science
and technology studies. This provides context, and thus a way to interpret what the patterns in
global level collaborations analyzed via descriptive scientometrics might mean in practice.

Increased scientific collaboration, particularly internationally, has been observed via net-
work analysis and scientometrics as the new reality of the science system [21] and specifically
marine science [23,38,39]. One important question is whose reality is this, and who benefits? It
is clear that certain regions and countries dominate the advancement of cooperative global
knowledge production in science, both driving (e.g., via funding and political mandates) and
benefiting from collaboration. Scientometric analysis provides a powerful data-driven lens to
observe and descriptively analyze scientific outputs. However, it can be difficult to interpret
the broader meaning and context of observational scientometric data to which it applies to for
specific people and places within the science system. To begin unpacking this layer of under-
standing, it is useful to draw on established social theory (e.g., science and technology studies;
path dependency; sociology of knowledge) which have been grounded in layers of case studies,
to place context and meaning over observed global trends. To our knowledge, this provides a
first step towards the novel combination of analyses in this research which has not yet been
put forth in the literature, even to our knowledge outside the marine sciences. We first outline
our theoretical lens of path dependency below, and then present our scientometric empirical
data. In our discussion, we can begin to frame and interpret what these data could mean, sug-
gesting that future work can combine both approaches empirically as next steps.

Path dependency

Multiple definitions of ‘path dependency’ as a concept exist. An often employed, precise and
general enough definition is one by Mahoney [40], understanding path dependencies as past
or historical events that set in motion, limit, structure or place deterministic properties on cur-
rent and future events. Perhaps more simply, path dependency is the dependency of future
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system states on the past. A critical aspect of path dependency is that system states always have
a history. Leaving or deviating from an institutional path (e.g., technological, organizational or

discursive) is commonly cost- and resource intensive [41,42]. Following a particular path

comes with increasing returns, such that the probability of continuing the same path increases
with each move forward [42]. Path dependencies can take numerous forms (Table 1), influenc-
ing knowledge production in both direct and indirect ways [43]. Here the scientometric data
can be examined from a path dependency perspective, which suggests a hypothesis that the

field of tropical marine science is a prominent global example of how historical geopolitical
relationships manifest into research outputs today.

Drawing on path dependencies through a transcultural Science and Technology Studies
lens, broadens the notion of sustainability as a normative social concept, and how we can
move society towards it, by recognizing the structural and institutional drivers of the science

system itself as an underlying factor. We do not only want to know about the links between

social and environmental change, and the normative preferences for addressing them, but how

Table 1. Different types of path dependencies presented as a conceptual framework.

Type of path dependency

(1) Material science infrastructures

(2) Immaterial science infrastructures

(2a) Access to funding and donor landscape

(2b) Language of research and teaching

(2c) Science networks—Transregional, national
and international

(2d) Disciplinary, thematic and type of research-
related organization of the science system

https://doi.org/10.1371/journal.pone.0228613.t001

Definition/ explanation

Equipment, labs, and access to research vessels and marine
research stations are essential for data collection and analysis.
Their quality/standard in a particular science system forms a
crucial path dependency that plays out in scientific activity in
the present.

Here we distinguish access to funding and donor landscapes,
language of research and teaching, existing partnership
networks and the disciplinary versus theme-oriented (or other)
organization of a particular science system. These four are
detailed out in the following.

Where money comes from, what it is supposed to be used for
and how much is available shapes dependencies. If the
European Union for instance, allocates its research budget to
climate change adaptation in Europe, it may be difficult to get
EU funding for gender-related research in West Africa.
Existing funding lines can be closely tied to historical
developments and politics. The global differences in terms of
public Research and Development expenditures (as % of GDP)
are published on a yearly basis by the UNESCO Institute for
Statistics [44].

Publishing and speaking languages create strong path
dependencies. English is the dominant international publishing
language, determining how science is communicated and who
is advantaged in doing so. The general language spoken in a
country can create both challenges and opportunities for
research and collaboration from and within that country.

Science collaboration, friendship, grown professional or
cultural networks can create dependencies. Educational
networks (e.g., place of degree attained) create networks over
various generations. Language and funding networks (e.g.,
mandated consortiums) can be initiators of network
development.

Organizing scientific knowledge production by disciplines,
thematic foci, or problem orientation has long-term
consequences for the type of research done. Degrees of applied
vs. basic research, theoretical embedding, philosophies of
science and separation or reciprocal co-shaping of theological
and scientific outlooks on reality vary and determine the
possibilities for the type of future research done within a
particular science system.
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the science system itself is influenced, shaped and in part path dependent on the nexus
between historical geopolitical relations and transregional networks. The implications of this
hypothesis would suggest a strong influence on how scientific agendas are shaped as well as
how knowledge is produced and utilized globally.

In this article we examine publication data with scientometric methods to explore the
hypothesis that knowledge production has been and will likely continue to be in part driven by
path dependencies using the field of tropical marine sciences as a global case study. We have
generated an original data set and conducted numerous scientometric analyses on these data,
including general publication trends, co-authorship networks, disciplinary composition, links
between author origins and research locations, as well as a quantitative analysis of terminology
in publications over space and time. We analyze our findings through a critical social theoreti-
cal lens of transcultural Science and Technology Studies, drawing on the concept of path
dependencies in our discussion to demonstrate how these two different analysis methods with
different disciplinary origins can be combined for future joint empirical analyses to advance
the understanding and impact of knowledge production trends in different fields of study. The
field of tropical marine sciences likely represents similar path dependencies facing other fields,
and thus provides a relevant multi-/ inter-disciplinary case example for more generalizable
reflections on broader knowledge production trends in science.

Methods

Data used in this analysis were compiled by the authors through a literature review at the
global level from 1979-2018 [9]. We identified 2877 peer-reviewed English language publica-
tions of potential relevance within the SCOPUS database, within all journals contained in the
database, using the following query on May 15, 2019: [(TITLE-ABS-KEY ((tropic* OR coral
OR equator®) AND (marine OR ocean OR sea) AND (coast* OR shore OR intertidal)) AND
TITLE-ABS-KEY ((social OR ecological) OR ses OR socio OR economic OR institution* OR
govern® OR management OR biophy*) AND TITLE-ABS-KEY (component® OR attribute*
OR dynamic® OR drivers OR challenge* OR sustainab® OR communit* OR fisher* OR case*
OR site OR service* OR (marine protected area® OR mpa)) ]. 96 non-English language publi-
cations were identified in the initial search. However, we excluded non-English language pub-
lications for consistency in the qualitative data analysis and due to a lack of language expertise
in coding the many languages. Based on our original search sample size and results, we esti-
mate that non-English language publications only represent ~3.3% of the total sample, when
considering our results presented below. The initial resulting publications were scoped down
to 1328 publications for use through a process of reviewing all titles and abstracts individually
for fit to the study scope (S4 Table). The final publications (those within the scope) were lim-
ited to the publications in English, as main language of international scientific exchange
(exceeding Russian, Spanish and Chinese in internationally accessible scientific journal publi-
cations produced [45]) related to social, ecological, or social-ecological research in the marine
and coastal tropics. The ‘tropics’ refers to research focused on geographical locations or con-
text between latitudes 23.5 N and 23.5 S. Publications could relate to the marine and coastal
context through a wide variety of topics ranging from land-based social research to exclusively
marine natural system processes or land-sea connectivity across any scientific discipline [9].
The temporal range of the sample or the journals published in were not purposively restricted
beyond the limitations of the database itself. Publications range from 1979-2018. Categories of
data collected are shown in Table 2. Data was not collected on funding sources due to a lack of
sufficient and reliable data from each paper in the sample.
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Table 2. Review categories and definitions used in this analysis.

Category Definition

Author origin Country of author stated on publication affiliation. If multiple in different countries, the
first was taken.

Research location Regional location of empirical focus of the research taken from the abstract or full text if
needed. If necessary, multiple locations per article were used.

Number of authors per The number of authors in the authorship list of the publication.

article

Publication title and The title and abstract text of each publication was used for qualitative data analysis.

abstract

Year Year publication was published.

Domestic collaboration | Two authors on the same publication from the same countries in their affiliation.

International Two authors on the same publication from different countries.
collaboration
Single author Only one author on the publication.

Publication disciplinary | Based on classification of social, ecological or social-ecological processes focused on in
focus each publication, based on Partelow et al., (2018) review categories.

https://doi.org/10.1371/journal.pone.0228613.1002

Data analysis

Authorship and author origin. Author origin and author location were combined to ana-
lyze the number of single author vs. multi-author publications in each year. Multi-author pub-
lications were split into two categories, domestic and international collaborations. Domestic
collaborations only have authors from the same country. International collaborations have
authors from multiple countries. In addition, the number of authors per country was calcu-
lated to compare the ratio and test hypotheses that certain countries may have more authors,
and that the ratio between first authors and non-first authors in a country may differ. Each
publication was further categorized into the main discipline(s) of the research. The composi-
tion of disciplinary contributions in the data were examined with basic statistics. Both the ori-
gin of the first-author (by continent) and the location of the research study (by region) were
conducted over time in five-year intervals.

Co-authorship trends. The ratio of domestic and international co-authors connections
was calculated from each publication in the sample, aggregated at the country level, and a ratio
was calculated for each country irrespective of the total number per country. The descriptive
statistics of the total number of all co-authors per country was calculated along with the num-
ber of countries each country has co-authored publications in the sample with. A univariate
linear regression model was run between the domestic/interactional ratio data and the total
number of co-authors data at the country level. To correct for heteroscedasticity, the total
number of co-authors was log transformed to be recalculated in the model (S3 Fig for model
diagnostics).

Undirected network analysis of author collaborations. Social network analyses of co-
authorship was performed in the igraph package of the R Core statistical program [46].
Authors were assigned to the country (i.e., nodes in the network) of their affiliation provided
on the publication. The first affiliation was used for consistency if multiple existed. An undi-
rected network analysis (i.e., the direction of the connection between nodes is non-informa-
tive) of co-authorship was generated between all authors of all publications, regardless of
authorship order (i.e., first or last author). Network and node level metrics were used within
the iGraph package to analyze centrality measures (i.e., eigenvector centrality, strength,
betweenness, closeness, degree) and network size (i.e., diameter, mean distance) (S6 Table).
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Directed network analysis of research locations. Publications were categorized by
author, but also by the geographical location or focus of the research in the tropics. Research
region was determined by individually coding each abstract (and referencing the full text if
necessary for clarification) on the geographical location where the research was being con-
ducted using the same regional classification scheme as above. If the paper did not specify a
region, it was coded as non-specific, and later excluded from the network calculation. A
directed network analysis was conducted (i.e., the connection between nodes is directional
and informative) with an arrow going from the origin country of the first author to the region
of the research location or context. Country level was used for author origin, but regional level
was used for research location to aggregate totals to identify more prominent regional trends.
Only first author origins were used, as they are representative of the broader sample of all
authors (S1 Table).

Terminological cluster analysis. An analysis examining clusters of used terminology in
publications over space and time was conducted using a quantitative approach to qualitative
data analysis. Publication title and abstracts of publications were used as data, and data collec-
tion and formatting was conducted using the qualitative data analysis software MaxQDA [47].
Individual words were extracted from each title and abstract. A quantitative presence/ absence
data set of word occurrence across the publication data was exported from MaxQDA. Subse-
quent data analysis was performed in R [48].

To identify assemblages of words that represent different terminologies, we ran a hierarchi-
cal cluster analysis in R-mode. The abundances of each word per abstract were converted to
presence/ absence data. Words that contributed less than 0.1% to the overall count of all words
were removed from the dataset, narrowing down the number of words from 10418 to 186.
Subsequently, words deemed non-informative were removed and synonyms united (i.e., lem-
matization; c.f., S3 Table), resulting in a final dataset of 114 indicator words in 749 abstracts,
with 78.4% zeroes (i.e., non-observations).

Clustering was based on an Ochiai dissimilarity matrix. Complete linkage agglomerative
clustering produced the best interpretable dendrogram, and was thus chosen as our linkage
method of choice, despite the single linkage and average agglomerative clustering (UPGMA)
resulting in higher correlations of the respective dendrograms’ cophenetic distances with the
underlying distance matrix.

The selection of the optimum number of clusters was based on comparisons between binary
matrices of the dendrogram cut at different levels, and the original Ochiai dissimilarity matrix.
The comparison was performed as a Pearson’s correlation between both matrices [49]. As we
were interested in holding the final number of clusters fairly low for the sake of interpretability,
we monitored the change in the correlation between distance matrix and binary matrix for
every increase in the number of clusters tested (k). Having 2 instead of 1 cluster resulted in the
largest increase in correlation of both (S1 Fig), but since clustering with only 2 groups is barely
informative, we chose the second optimum of 6 groups as our final partitioning. S2 Fig dis-
plays these clusters, which we considered as different terminology clusters, in a dendrogram.

To illustrate the progression of the six terminology clusters through time and space, and
their annual contribution to the overall literature on tropical marine sciences, we took the
summed contribution of each terminology (i.e., the number of occurrences of its keywords in
the abstracts of each year) and divided this sum by the total number of indicator words occur-
ring in that year (Fig 6; mid). We then addressed the spatial dimension of the path dependen-
cies of the six terminology clusters by assigning each abstract to the origin of the first author.
Countries were aggregated into World Bank regions (World Bank, 2015) and, for each cluster,
the contribution of each region to that cluster was calculated (Fig 6; bottom).
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Fig 6 (top) illustrates, for each year and region, in how far the clusters’ occurrences deviate
from the degree that would be expected if indicator words were uniformly distributed across
the six clusters and regions in each year. White blocks indicate the region and terminology to
contribute to the year’s body of indicator words as to be expected if words were even across
terminologies, space and time. Shades of brown represents positive anomalies, while turquoise
ones are negative. Prior to plotting, the anomalies were square root transformed, with the sign
function maintained. This transformation reduces the importance of extreme values while
raising that of intermediate ones. This assists visual inspection of the heat-map through broad-
ening the spectrum of shades of turquoise and brown displayed, rather than showing a few
extreme values only with a vast indifferent majority of white blocks.

Results
Publication trends

Co-authorship trends are changing over time. Publications per year are increasing, and the
percentage collaborative publications is driving this growth (Fig 1). This follows similar trends
in related fields [50]. However, growth is not even across space or time, nor is it even within
collaborative publications, with increasing percentages of domestic collaborations over time.
International collaborations are increasing but are still at lower percentages compared to
domestic collaborations. Observed trends suggest that international collaborations will likely
make up a larger portion of future publications. Publications with European, North American
and Australian first authors have the highest percentages of collaborative publications, and the
lowest single author percentages. These regions lead in the total amount of published publica-
tions, indicated by first author (Fig 1B and Tables S1 and 3). Data on the percentages of differ-
ent disciplinary contributions and ratios are not even, and show with data until 2014 in S2
Table.

The ratio a country has between the number of domestic vs international co-authors is
shown in Fig 2 (Also see S4 Fig for scatterplots). The first ten countries in all three graphs,
from left to right, are: Australia, USA, Brazil, France, Germany, Mexico, UK, China, India and
the Philippines. As the number of co-authors increases, and the number of collaborators from
different countries increases, the higher the percentage of domestic collaborations a country
will have in its co-authorship networks. A linear regression model between the ratio of

150 (A) B |nternational collaboration (B)

el b Westarica N = -
® Single author SouthwestAsia I W -«
southeastAsia N = BN s
Pacific Islands NN BN >

South America _ I 135
100 -
NothAmerica [ IIEEEN = HN::
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EastAsia (NG H:
EastAfica [ 2 I ~
Central America || IENENGE | R
caibbean I TN -/
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Number of articles

Fig 1. (A) The number of publications in tropical marine science over time. Each year is subdivided into the type of publication, either single author or multi-
author. Multi-author publications are referred to as collaboration publications, if all authors are from the same country they are classified as domestic and if
there are authors from different countries they are classified as international. (B) Proportion of single author and collaboration publications by the region of the
first author. Total N is shown to the right.

https://doi.org/10.1371/journal.pone.0228613.9001
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More domestic

domestic vs international co-authors (Fig 2A) and the log transformed data for total number
of co-authors (Fig 2B) is highly significant with a p-value of 0.01e-13 and an adjusted R-
squared of 0.4113.

Author origin and collaboration networks

Table 3 shows the total number of lead authors and total authors from each country. Australia
and the USA are the most dominant countries as both lead and total number of authors. In
general, when comparing countries, the percentage of lead authors matches the percentage of
all authors from that country (Table 3). The top four countries (Australia, USA, Brazil, UK)
contribute more than 50% of all authors, and the top 10 countries contribute 70% of all authors
(S1 Table). There are no Caribbean or West African countries with significant amounts of con-
tributing authors, a few Southeast Asian countries and one Central American country (Costa
Rica) with noticeable relative authorship contributions. The relative proportion of authors
from each time interval is relatively stable, with the exception that African authorship has not
increased proportionally over the last 10 years. Many of the countries in the top 20 contribut-
ing authors (S1 Table) do not have domestic tropical coasts (e.g., Canada, Sweden), some have
current territories (e.g., France, USA) and some have former territories or colonies (e.g., UK,
France, Germany, Spain). However, many, if not most tropical countries, contribute relatively
minimal authors to tropical marine science English language publications.

Between country authorship collaborations, both domestic and international, are shown in
Fig 3. Three pieces of information are shown. First, the connection between countries, where
the thickness of the line (i.e., edge connection) between countries indicates the number of pub-
lications with authors from both countries. Second, the size and color of the node (i.e., the cir-
cle over each country). The red circles represent the total number of collaborations with
authors from the country. In addition, the number of unique international collaborations per
country is shown in Fig 2C and S7 Table.
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Fig 2. Comparison of co-authorship trends at the country level. (A) Ratio of the number of domestic vs international co-authors per country. (B) Total
number of co-authors per country. (C) Number of countries collaborated with (at least once).

https://doi.org/10.1371/journal.pone.0228613.9002
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Table 3. Total number of first author and total authors per country. Only countries with more than 1%, all other countries are below 1% in both percentage lead author

and all authors. Full table in S1 Table.

Country Percentage lead author

Australia
USA
Brazil

UK

India
Mexico
France
Philippines
Germany
Canada
China
Malaysia
Kenya
Costa Rica
Indonesia
Singapore
Sweden

https://doi.org/10.1371/journal.pone.0228613.t003

Total N lead author Percentage all authors Total N all authors
20.26 269 20.03 1210
18.07 240 17.48 1056
8.21 109 8.16 493
4.89 65 4.55 275
3.99 53 3.18 192
3.99 53 3.69 223
3.09 41 3.66 221
2.71 36 2.80 169
2.64 35 2.65 160
2.48 33 1.94 117
2.18 29 2.33 141
1.81 24 1.79 108
1.20 16 1.22 74
1.13 15 1.09 66
1.13 15 1.69 102
1.13 15 1.41 85
1.13 15 1.11 67

Western/ Northern countries are the most collaborative with strong links between other
Western/ Northern countries and Australia. However, Western/ Northern countries do not
cooperate evenly across tropical countries. Australia, Brazil and USA have larger relative pro-
portions of domestic collaborations. Few international collaborations exist between tropical
countries, at least proportionally to Western/Northern international collaborations dominated
by Europe, North America and Australia. Despite all research being geographically located or
focused in the tropics, most of the research is published by authors outside tropical regions,
and most of the collaborations within this research are between authors from Western/ North-
ern countries.

Node centrality metrics (Table 4) were calculated for the undirected authorship network
(Fig 3) including eigenvector centrality, strength, betweenness, closeness and degree (S5
Table). Node centrality measures indicate that, generally, the USA and Australia play central
roles. We can see that some countries have a relatively low total number of authors, but they
are connected with a diversity of authors from different countries, such as Indonesia, the Phil-
ippines, Malaysia, Canada and New Caledonia. Countries such as Mexico and Brazil have
higher total authorship but lower diversity of connections to author from other countries.
Additional network metrics were calculated for the undirected authorship network (Fig 3)
indicating the diameter of the network is 4 (the maximum distance away from authors in
another country) with a mean distance of 2.183 (the average distance away from authors in
another country). Definitions of how each network metric is calculated are provided in S6
Table.

Networks of research locations

The links between the origin (i.e., country affiliation) of the first author and the physical loca-
tion (region) where the research was conducted or focused is shown in Fig 4. The map in Fig 4
shows two main pieces of information. First, first author countries are shown as small dots
with directed arrow connections to the region where the research was conducted or focused
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Fig 3. Spatial projection of an undirected network analysis of international authorship collaboration between countries. Red circular nodes indicate the
number of international collaborations of individual countries. Node size is dependent on the total number of collaborations (i.e., all incoming and outgoing
edge lines). The thickness of edge lines between countries represents the number of publications with authors from both countries. Node and edges sizes are

scaled differently to enable better visualization.

https://doi.org/10.1371/journal.pone.0228613.g003

on. The thickness of the arrow (i.e., edge connection) represents the number of publications.
Second, the size of circle over each region represents the amount of publications in that
region.

Southeast Asia, the Caribbean and the Pacific Islands, receive the most incoming research.
This is followed by East Africa and South Asia. South America receives less incoming research,
which also is reflected in Fig 3 by the high proportion of domestic collaborations in Brazil.
Large portions of the USA research from only USA authors is conducted in Hawaii and the
Caribbean, perhaps for spatial proximity reasons. Similarly, outgoing Australian research
places substantial focus on the Pacific Islands. European outgoing research is more evenly scat-
tered across regions.

Table 4. Node centrality metrics for each network analysis. Only the top 10 countries (nodes) are shown for undirected authorship network analysis. All twelve regions
are shown in the directed author-to-region network. Full lists for undirected authorship network analysis can be found in S5 and S6 Tables.

Undirected international authorship network Directed author-to-region network
Degree Strength Eigenvector centrality In-degree (unweighted)
USA 172 USA 5286 USA 1.000 Southeast Asia 28
Australia 136 Australia 3416 Australia 0.913 Southwest Asia 28
UK 126 UK 2232 UK 0.631 East Africa 28
France 112 France 1506 France 0.320 Pacific Islands 26
Canada 90 Germany 1050 Canada 0.306 Caribbean 23
Germany 78 Canada 860 Philippines 0.288 South America 18
South Africa 66 Philippines 844 Germany 0.277 Central America 16
Netherlands 62 Mexico 782 Namibia 0.241 East Asia 11
Indonesia 58 Malaysia 736 Malaysia 0.234 Australia and NZ 11
Japan 58 Indonesia 678 Mexico 0.225 Middle Africa 8

https://doi.org/10.1371/journal.pone.0228613.t004
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Fig 4. Directed network of the author country location with edge arrows going to the tropical region of research. Black circular nodes indicate research
regions and the in-degree (i.e., the number of edges coming into the region).

https://doi.org/10.1371/journal.pone.0228613.9004

Citation rates and open access trends

Citation rates and open access publication trends vary by region, where Western/ Northern
regions lead most categories. Australia and NZ (New Zealand) lead all citation categories
except percentage of papers with over 100 citations, where Europe and Southeast Asia have
slightly more (Table 5). With a few exceptions, Australia and NZ, North America and Europe
lead most citation categories. The sample size of the Pacific Islands is likely to small to repre-
sent and accurate percentage sample. For open access trends (Fig 5), the percentage of open
access publications in regions with reliable sample sizes are in the following order: Central
America (25%), North America (23%), Europe (22%), Australia and NZ (21%), South America
(19%), East Asia (16%), East Africa (14%), Southeast Asia (12%), Southwest Asia (11%). The
sample sizes of Pacific Islands, Caribbean and West Africa are likely too small to represent an
accurate assessment. Approximately 20% of the total sample is open access.

Terminology use over space and time

Table 6 lists how 248 indicator words in article abstracts clustered together to form terminolo-
gies, while Fig 6 shows how these progressed through space (bottom), time (mid), and both
(top). Australia, North America and Europe dominate each discourse, however taking differ-
ent ranks (Fig 6, bottom). Generally, terminologies are not evenly distributed, see e.g., the high
occurrence of cluster 4 in South America.

Importance of the different clusters changed through time (Fig 6, mid), emerging (cluster
1), decreasing (cluster 4 and 6), or anticyclical fluctuations (clusters 2, 3 and 5). Cluster 2 was
most prominent at all times, and 6 the least. The same patterns of dominance can be observed
in the cluster heat-maps (Fig 6, top), with positive anomalies for Australia, North America and
Europe as horizontal brown bars vs turquoise ones for most other regions; and cluster 2 having
most positive, and 6 most negative anomalies. The simultaneous temporal and spatial resolu-
tion allows for detection of finer scale dynamics, where the emergence of a cluster can be seen
in space (a region) and then observed how it moves (becomes more or less prevalent) across
regions over time. In general, but most evidently in clusters 4 and 5, anomaly modes
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progressed from Europe in the years around 2000 to North America until the end of the
decade, when the lead was taken over by Australia.

Throughout their initiation phase, some terminologies were more prominent in tropical
regions than others. This accounts for the most abundant one, cluster 2, whereas cluster 1 was
generally dominated through North America and Europe from the beginning. African, partic-
ularly East African first authors contributed visibly between 1995 and 2000, and dispropor-
tionally strong in clusters 2, 3 and 4.

While the terminological clusters may not represent what a more nuanced qualitative dis-
course analysis may reveal, it provides an initial empirical look into who may be driving dis-
cursive trends and change within the literature at a broad level. These findings enable the
development of more nuanced, and more spatially and temporally specific hypotheses for fur-
ther inquiry into the nexus between geopolitical relationships and science agendas.

Discussion

The above scientometric analysis provides the quantitative empirical basis for observing how
knowledge production trends are not evenly distributed across space, time or topic, supporting
similar work on marine and coastal research globally [9,50]. The question of interest is not that
trends should necessarily, or ever will be, evenly distributed, but rather if and why observed
trends represent path dependent structures within the knowledge production system. If so,
then the implications of this can be further hypothesized and discussed, which we suggest and
elaborate on below. Science collaboration networks and publication trends play a large role in
providing empirical data [51]. However, such findings require further theoretical analysis
rooted in the social sciences to unpack the context under which scientific cooperation occurs
(i.e., scientometrics need to be coupled with social theory to interpret their meaning in this
context), and to develop research questions and hypotheses about why such trends are
observed and what they mean in the wider context of scientific knowledge production. A
transcultural and postcolonial Science and Technology Studies lens provides a useful social sci-
ence theory to do so, providing established theoretical support behind the concept of path
dependencies in sociology, political theory and economics [40,42,52]. Path dependency is use-

Table 5. Publication citation data by region.

First author

ful for better understanding the meaning and context of our data and hypothesizing the

% missing citation data | Avg. citations per pub. | Avg. citations per |# pubs. with

# and % pubs. with >50

# and % pubs. with >100

region in sample per year pub. citation data citations citations
Australia and 17.9 5.829 39.71 239 36 (15%) 11 (4.5%)
NZ

Caribbean 45.8 2.774 13.46 14 0 0
Central 41.7 2.556 15.91 49 5(10%) 1(2%)
America

East Africa 28.0 2.335 9.88 36 1(27%) 0
East Asia 20.0 2.878 20.36 44 3 (6.8%) 1(2.2%)
Europe 21.3 3.663 25.75 166 22 (13%) 8 (4.8%)
North America 19.9 4.006 29.53 229 28 (12%) 10 (4.3%)
Pacific Islands 30.4 3.884 23.12 16 2(12.5%) 1(6%)
South America 28.2 2.863 13.64 102 5 (5%) 0
Southeast Asia 28.1 2.756 21.41 87 11 (12.6%) 6 (6.8%)
Southwest Asia 29.0 2.908 10.04 71 1(1.5%) 0
West Africa 20.0 2.383 5.75 4 0 0

https://doi.org/10.1371/journal.pone.0228613.t005
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Fig 5. Open access publications versus closed access by region of the first author.

https://doi.org/10.1371/journal.pone.0228613.9005

Table 6. Clustering of 248 indicator words into six terminology groups, based on their co-occurrence in 1328

abstracts.

Terminology
clusters

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Cluster 6

Indicator words

Fish, change, fishery, climate, understand, plan, process, research, information, scale, catch,
future, global, state, knowledge, national, park, consider, examine, well, effort, government,
action, focus, target, part, require, project, diverse, context, few

Species, marine, use, management, community, high, ecosystem, habitat, water, island,
tropical, sea, site, mangrove, increase, resource, conservation, ecological, impact, datum,
local, provide, coast, system, may, sediment, level, population, effect, include, seagrass, model,
development, large, low, suggest, zone, present, environment, activity, indicate, find, little,
potential, there, approach, identify, some, good, human, need, biodiversity, natural, base,
monitor, assess, significant, quality, protection, case, reduce, cause, affect, measure, occur,
anthropogenic, threat, caribbean, importance, land, loss, when, strong, likely, recent,
degradation, despite, function, adjacent, represent, available, decade, lead, throughout

result, region, show, two, along, great, pattern, analysis, distribution, spatial, pacific,
influence, year, current, factor, time, range, temperature, barrier, lagoon, south, role,
variation, dynamic, size, difference, period, event, limit, variability, australia, world, small,
individual, response, after, several, 2017, eastern, long-term, central, complex, surface,
evidence

ocean, diversity, abundance, value, structure, sample, cover, total, assemblage, survey,
biomass, benthic, method, density, bay, map, composition, record, estimate, group, location,
compare, relationship, depth, richness, indian, type, western, although, tool, variable,
evaluate, index, biological, investigate, set, relative, reveal, control, demonstrate, 2018, term,
overall

condition, 5, economic, new, decline, support, strategy, major, under, social, tourism, mean,
country, numb, paper, food, far, key, improve, here, pressure, four, benefit, status, health,
challenge, main, live, critical, sustainable, contribute, policy, issue, exist, remain, aim, often

Rate, nutrient, source, growth, concentration, determine, order, similar

https://doi.org/10.1371/journal.pone.0228613.1006
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Fig 6. This figure has three parts. Top: Trajectories of the six terminology clusters identified from abstracts’ indicator words (1-6 Table 5 above)
through space and time, as displayed through heat-maps of deviations from the occurrences of the cluster that would be expected if indicator
words were uniformly distributed across clusters and regions in each year. Positive anomalies show increasing shades of brown, and negative
anomalies turquoise (White = as expected if abstracts’ indicator words were even across clusters, space and time; Brown = more important;
Turquoise = Less important; Black = No publication for that year and region). Mid: Time series of the contributions of each terminology to the
total number of indicator words produced that year; increasing line widths represent the growing number of total publications (and hence:
indicator words) through time. Bottom: Percentage contribution of each World Bank region to each terminology, averaged over time. White
areas are countries with no first author publication.

https://doi.org/10.1371/journal.pone.0228613.9006

historical and geopolitical realities that have shaped current agendas in tropical marine sci-
ences, also demonstrating how other fields could be analyzed similarly.

In the following discussion, the detailed framework of path dependencies introduced in
Table 1 is explored, drawing on the above empirical findings, existing literature and practical
examples. However, upon elaboration of the various path dependencies below, their insepara-
bility becomes clear, that they are by nature interconnected in ‘webs’ of dependencies that are
created and reinforced by each other. As expressed by Matson et al., [53] in their 2016 book
Pursing Sustainability, “academic communities by and large recognize today that there is no
such thing as purely objective science. At a minimum, we choose our research areas subjec-
tively, because of personal scientific interest in the topics, but we are also influenced in choos-
ing them by public perceptions, funding opportunities, and our own beliefs and
commitments,” (p. 140). Such subjectivities can be framed as path dependencies manifested
within individuals, but the above empirical findings cannot be explained by or attributed to
individual dependencies, but rather by the aggregation of their joint influence over space and
time within broader structures of the science system, structures that can substantially shape
what choices are available and made. Finally, as this research presents a case study of publica-
tion data analyzed with general scientometric methods, and interpreted through a broader
path dependency lens, it may represent similar trends in other scientific fields. We conclude
with more generalizable reflections on the global science system.
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Material science infrastructures

Marine Sciences, as an increasingly international system of largely English language based
ocean-related knowledge production, irrespective of regional foci, are highly dependent on
material infrastructures and technologies [54]. These range from large-scale and highly
resource intensive infrastructures such as access to a research fleet (e.g., ships, submersibles),
marine research stations, global ocean observatory systems, databases and models, to well-
equipped laboratories and of course the transport infrastructures (e.g., air and sea ports)
enabling access to the field research regions themselves [55-58], with increasing contestation
over the justification for research activities and funds among disciplines [8]. Access to these
material infrastructures substantially determines where and how data collection and analysis is
conducted, with whose involvement as well as under which and whose agenda [59-61]. Pat-
terns of marine science mirror an area-studies model despite arguments that marine space can
provide an alternative lens to approach the spatial orientation of research [62]. The presented
data illustrate that more than 50 percent of the lead authors of the assessed publication sample
came from Australia, the U.S., Brazil or the U.K., while a negligible amount of contributing
authors came from West Africa, the Caribbean, Southeast or Central Asia. Knowledge in the
tropics is mostly not produced by the science systems within those countries. How scientists
are connected to the people and places they research can be observed in publication networks,
but these do not suggest why the network structures exist. We hypothesize that the subjects
and objects of study are in part determined by infrastructure access, which is largely deter-
mined by funding in countries with available financing, and by networks of historical geopolit-
ical relations in countries without their own funding.

In order to get an insight into the link between primary output of scientific publications
and public and private sector investments into research and education, United Nations data
can be observed due to the lack of available data for first-hand analysis on funding in scientific
databases. For example, Gross Domestic Expenditure on Research and Development as a Per-
centage of GDP has been put forth by the UNESCO Institute of Statistics on the period
between 1996 to 2017 [44]. Although these data are not specific to marine sciences, they show
one of the most comprehensive and publically available assessments on science funding glob-
ally. It can be hypothesized that actors from well-funded science systems are more likely to be
in the position to determine research agenda-setting processes, successfully conceptualize
projects and act as first author on resulting publications. Following this, outcomes such as
funding imbalances between countries and regions can be hypothesized as driving mecha-
nisms that substantially co-shape scientific output production, and the observed authorship
trends, in transregional networks. A systematic overlaying of the data on primary output pro-
duction in the different countries from 1979-2018 with R&D investments in the field of
marine and coastal sciences nevertheless unfortunately exceeded the scope of data analysis for
this paper due to the lack of available data on funding in publication databases.

Those with substantially more funding opportunities will have more primary access to
research infrastructures (i.e., research vessels, labs, transport), and are thus most likely to
shape the agenda of the research and are proportionally more likely to be found under the pri-
mary authors of publications. Bouchet [57] states that “The Convention on Biological Diversity
has highlighted the imbalance between the distribution of biodiversity and the distribution of
knowledge on that biodiversity. Most known and unknown biodiversity is in tropical coun-
tries, most of them developing or emerging countries of the South, whereas most of the knowl-
edge and resources on that biodiversity is in the developed countries of the North.” When
looking at marine research stations in the tropics outside of the U.S. or Australia, those financ-
ing the stations seem to mainly determine the agenda of research and later publishing, not the
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science systems of the country they are located, [54]. At the same time, those countries with
higher ocean science budgets and own access to tropical regions (e.g., the U.S., Australia) are
shown above to focus their tropical marine scientific endeavors largely on their own tropical
regions and ecosystems.

Limited access to material infrastructures is in some constellations compensated through
respective transregional partnerships [63]. The data in this study can be interpreted as reflect-
ing historical patterns of geopolitical network formation and the maintenance of past net-
works, supporting path dependency theory that this is typically less cost intensive than
establishing new ones [40,42,64]. For example, when you think about doing your next scien-
tific project, who will you do it with and where? It is likely that our previous partners, locations
and case study regions are high on the list. Path dependency costs are real and can play out at
all levels of science. The building of new networks in the interest of accessing needed material
science infrastructures requires additional resources that are not required when working in
established networks. As a result, established partnerships for the joint access to material infra-
structures for science create strong dependencies on doing research in a location and a given
network of partners [65,66]. A preference for maintaining our paths exists whether the reason
was established in the best interest of science or not, or the relationship exists due to positive
or negative historical geopolitical reasons or not.

Immaterial science infrastructures

Besides access to material infrastructures, which is—as shown-often determined by immaterial
infrastructures (e.g., science funding), additional immaterial science infrastructures act as
powerfully guiding path dependencies on scientific knowledge production on tropical marine
and coastal ecosystems. These include the scientific working languages in the respective sys-
tems, transregional collaboration networks [67] and the disciplinary, thematic or applied ver-
sus basic research focused organization of the science systems [8,63,65].

The interplay of several patterns in our analysis are illustrated and can be hypothesized as
path dependencies. The transregional collaborative science outputs are substantially domi-
nated by Western/ Northern countries whose science systems are equipped to set the agenda
of the implemented research, as well as operate largely in English, the language of the publica-
tions assessed here empirically. Entirely Russian or Chinese language outputs are, for example,
largely not archived in the popularized English language databases such as SCOPUS or Web of
Science Core Collection, but it can be assumed that these non-English publications would
have minimal international influence. In this paper we are interested primarily in international
relationships. South-South collaborative publications hardly exist in the sample, which can be
speculated by a lack of South-South international research projects in the field due to the lack
of funding lines and donor institutions financially enabling this type of research, as well as the
lack of joint traditions of doing collaborative research with scarcely developed transregional
partnership networks between these countries. In line with this, most of the research is pub-
lished outside of the countries in which the field research was conducted, and in fact outside
the tropics, something that can be explained with the location of some of the major publishing
houses for marine and sustainability-focused sciences outside of the tropics, as well as again
the language of the assessed publications, namely English, being the international standard for
the science systems.

As the ratio of domestic vs international co-authors is significantly correlated to the num-
ber of total co-authors, and domestic co-authorship ratios mirror increased total number of
countries collaborated with, a few interpretations can be made. Countries with less total co-
authors (also mirroring less total publications) only tend to publish with selected international
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co-authors when publishing in English, perhaps financed or working with projects financed by
international partners (mostly North American, European or Australian). The lack of domestic
co-authors in countries with relatively few papers suggest that either those countries do not
publish, and thus do not influence the global science agenda in the field, perhaps due to lack of
national funding as this data largely mirrors R&D country level investment per GDP, or these
countries are only publishing/ and co-authoring domestically in a different language not sam-
pled in this study. For many countries, this may be and is likely a combination of both. How-
ever, our observation that countries with few total collaborations do not tend to cooperate
with each other but rather the few well financed Western/Northern countries suggests funding
plays a substantial role in the web of dependencies guiding the structure of international
networks.

Further, the terminological use to frame particular research questions and foci indicates a
pattern of research agenda setting (indicated by terminology clusters) in Australia, North
America and Europe and-with some time lag-that those agendas then spread globally. The
content of the words within the clusters is less important, as we are interested in where they
emerge and spread regionally, supporting other data showing asymmetric influences likely
linked to funding and networks. Access to science funding can be hypothesized here as a key
driver that facilitates the agenda and standard setting role of the Australian, North American
and several European science systems [54]. Interestingly, Asian countries (including China
and India) so far hardly feature as agenda setting entities in the field of tropical marine sci-
ences, which is likely to be explained by the English language sample of publications assessed,
because UNESCO-IOC (2017) assessed China as taking a frontrunner role in advancing
numerous underwater technology development related fields.

Finally, disciplinary differences in publication behavior show that the natural sciences-by
far—are the front runner in total publications across disciplines in the tropical marine sciences.
This highlights the emphasis towards natural science disciplinary organization of the largely
influential (in terms of publishing) national science systems, the institutional emphasis and
predispositions for the natural sciences by funding agencies and its reciprocal approval by the
tropical marine science communities themselves. The fact that natural sciences remain domi-
nant within marine research in comparison to social sciences, despite the fact that the human
dimension of the sea becomes more and more obvious, might be another path dependency.
Future analyses could examine the data in terms of applied versus basic research produced, as
well as a topic-oriented, interdisciplinary versus a disciplinary organization of research
endeavors in the field.

Asymmetry in global science systems

Scientifically assessing tropical coastal systems also means working in countries that have a
colonial past, distant enclaves supporting larger empires with additional natural and human
resources before becoming independent, and then shaped as ‘nation-states’. Political agendas
were set, public discourses shaped, and thus ‘reality’ of everyday life, was substantially defined
by geopolitical influences, such as the colonial powers and local elites working in the colonial
apparatuses. Traces of colonially shaped science systems can until today be empirically
observed in scientific knowledge production, agendas and natural resource management sys-
tems throughout the tropics [68-71].

Unequal power positions in negotiating social realities and imaginaries of the future—both
aspects that lie at the heart of science and its role in society—are structurally embedded in
many of the science systems in tropical nations with colonial legacies today, and are likely to
prevail in negotiating scientific knowledge production and agendas globally. ‘Meeting on eye
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level’, whether between nationally bound, disciplinary, resource-focused or even gender-spe-
cific science and knowledge systems at large, is thus challenged by numerous structural path
dependencies, regardless of the future directions desired for the science system going forward.
The notions of ‘epistemic privilege’ and ‘epistemic oppression’ [72-74] speak of ‘epistemic
inequalities’ that play out until today, where change and influence in the market place of
knowledge and ideas is perhaps not an equal playing field for all involved. Although the data
presented above do not show such detailed assumptions directly, trends in authorship net-
works and the patterns of Northern/ Western dominance in the field, coupled with UNESCO
funding data, provide useful empirical data to match many of the claims made within Science
and Technology Studies. Our cluster analysis suggests—at least discursively—that path depen-
dencies exist within agenda setting processes.

In summary, our empirical analysis suggests, that access to material infrastructures (indi-
cated by publication outputs) is determined by access to immaterial infrastructures, giving
those science actors with access to viable funding a substantially more important role than
those science actors with direct domestic tropical access itself (i.e., marine and coastal sys-
tems), but whom do not have access to the financial means necessary to finance the appara-
tuses or the capacity/power required for researching marine and coastal ecosystems in the
tropics. With reference to de Solla Price [75], one can easily argue that indeed marine sciences
are ‘big science’, but given the disproportionate influence of a small number of national science
systems that have the required funding for this big science, this translates into agenda setting
being done by few (as indicated by UNESCO-IOC 2017).

Although they are a ‘big science’, marine sciences are not a ‘global science’ in this regard.
Existing, partly since (pre-)colonial times, transregional partnership networks act as institu-
tions facilitating access to the necessary but hard to break webs of dependencies-to the field, to
science infrastructures, to science funds, and science agendas. Although such dependencies
tend to be reinforced reciprocally and in part knowingly on both sides, for example with
money and theoretical knowledge in exchange for access/permits and local knowledge (e.g.,
language/ guides), the beneficiaries of big science are clear in short term (see ongoing politics
of science collaborations [76-78]). Established partnerships, whether characterized by equal
partnership or not, exist as path dependencies that substantially guide future research collabo-
ration shaping the type of scientific knowledge that is being produced, largely because patterns
within these networks are difficult to break, and often beyond the scope of influence for indi-
vidual researches to change. By doing so, the myriad forms of networked dependencies within
our science institutions repeatedly affirm mutually imbalanced relationships between agenda
setting science systems and agenda co-implementing science systems providing access to the
field and tropical world. From this perspective we can see that the production of science that
intends to meet at eye level among internationally collaboration institutions in the future is a
collective action problem, a clash between individuals largely locked within path dependent
patterns of international collaboration, while the interest of the broader science system is to
incentivize the deviation away from the negative aspects of those patterns.

Marine sciences are a highly international field [9,54]. This article has aimed to unpack
what exactly this means in practice, and to critically identify defining characteristics co-shap-
ing marine scientific knowledge production on and in the tropics. The high degree of interna-
tionality within the field also means that tropical marine sciences can indeed play a crucial role
in changing old and potentially problematic (e.g., disempowering) patterns of interaction
between ‘North/West’ and ‘South/East’ and the transregional power imbalances that continue
hampering transregional science cooperation ‘on eye level. How our data can nevertheless be
interpreted is that the need to consciously reflect on the current role of tropical marine sci-
ences in, either, further affirming existing divides between the respective science systems
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involved, or, substantially contributing to overcoming this divide by fostering actual joint col-
laboration. Perhaps, starting with jointly formulating research agendas, jointly looking for
funding, which should go beyond the nation state, jointly conducting the research and finally
taking equal turns in taking the lead in publishing the results [79]. One might ask, when does
the ‘epistemic privilege’ of the well-funded marine science systems of North America, Austra-
lia and Europe result in negative or disempowering patterns [72-74] for the research partners
in the tropics—who do not define the global research agenda dominated by the English lan-
guage, but largely arrange the practicalities for accessing the field (e.g., research licenses/ per-
mits, the provision of research assistants and translators), only later acting as local correctives
in writing processes (often by national mandates for co-authorship by the partner country, or
for maintaining geopolitical relations or field access for future projects), but rarely leading
them. Many benefits are of course gained for the cooperating science systems within these
partnerships, but reflection is also needed on the potential downsides.

It is not the intention of this article to suggest that epistemic oppression can be directly
observed in the field of tropical marine sciences, we don’t have such data and it can only be
interpreted with social theories over scientometrically analyzed data, and scientometric analy-
sis will likely never show such data without attempts to connect the interpretation of what
those data mean in practice through social theory, such as Science and Technology Studies.
Rather it is the intention of the article to motivate critical reflection on a broader notion of sus-
tainability that includes recognizing the role of systematic institutional incentives and drivers
at the global and international level that shape science as a knowledge production and geopo-
litical nexus. Broader notions of sustainability are not only about recognizing the links between
social and environmental change, and the normative preferences for addressing them, but also
the very role of the science systems themselves that shape how that knowledge is produced and
used. Thus, this article aims to (a) take indications in the data seriously, that epistemic inequal-
ity, and thus a substantial divide and unequal role division and sharing within transregional
research collaborations is interpretable through global level scientometric analysis when lay-
ered with theories of path dependency—linking the English agenda setting science systems
and their researchers as well as the agenda-following science systems and their researchers; (b)
understand the interconnected webs of path dependencies, even if largely interpreted theoreti-
cally, that are responsible for continuously reaffirming, and thus deepening, asymmetric rein-
forcement of global knowledge production; and (c) enable empirically-informed decision-
making on the level of science policy-makers and scientists themselves when designing fund-
ing and program lines, as well as proposals.

The international production of tropical marine scientific knowledge-disproportionately
influenced by the Global North, whom have little access to the physical tropical world—assure
that the tropics and their inhabitants remain research objects, rather than becoming research
subjects and thus agents of change themselves. The sustainable use and management of tropi-
cal marine ecosystems, for which tropical marine sciences are to provide the scientific basis,
nevertheless can only be achieved together with these agents of change from within, from the
marine sciences in the tropics themselves. Addressing the above identified path dependencies
that shape the asymmetric relationships within transregional collaborations until today,
whether or not they are perceived to be normatively disempowering or inequitable, are not a
point of ethics or human values. They are simply empirically observable and interpretable. If
indeed a sustainable use and management of tropical marine ecosystems shall be achieved, it
will be reliant on identifying and critically reflecting on the role of science as an institutional
apparatus with systematic and path dependent patterns that can be observed globally, and
likely within numerous other fields beyond tropical marine sciences.
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