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Despite increasing recognition of the need for more diverse and equitable representation
in the sciences, it is unclear whether measurable progress has been made. Here, we
examine trends in authorship in coral reef science from 1,677 articles published over the
past 16 years (2003–2018) and find that while representation of authors that are women
(from 18 to 33%) and from non-OECD nations (from 4 to 13%) have increased over time,
progress is slow in achieving more equitable representation. For example, at the current
rate, it would take over two decades for female representation to reach 50%. Given
that there are more coral reef non-OECD countries, at the current rate, truly equitable
representation of non-OECD countries would take even longer. OECD nations also
continue to dominate authorship contributions in coral reef science (89%), in research
conducted in both OECD (63%) and non-OECD nations (68%). We identify systemic
issues that remain prevalent in coral reef science (i.e., parachute science, gender bias)
that likely contribute to observed trends. We provide recommendations to address
systemic biases in research to foster a more inclusive global science community.
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Adoption of these recommendations will lead to more creative, innovative, and impactful
scientific approaches urgently needed for coral reefs and contribute to environmental
justice efforts.
Keywords: coral reef science, gender, equity, inclusion, representation, diversity

as first authors, reflecting biases in the American Fisheries
Society’s peer review process (Handley et al., 2015). These
inequities are compounded for women who are LGBTQ+,
disabled, Black, Indigenous, or women of color in the US
(Arismendi and Penaluna, 2016). Importantly, structures of
power and sociopolitical factors shape the disparate and myriad
challenges experienced by women globally. There are also
shortfalls in geographic diversity as scientists in countries
with developing economies remain vastly underrepresented on
the global research stage (Larivière et al., 2013; Melles et al.,
2019), specifically those nations that are not members of the
Organization for Economic Co-operation and Development
(OECD (Adenle et al., 2015)). This is further exacerbated
by phenomenon of “parachute science” or “helicopter
science,” a common practice in many non-OECD nations—
where in-country research (usually in non-OECD nations) is
conducted by teams nearly exclusively comprised of external
scientists (usually from OECD nations) often with little input,
collaboration, or recognition of local scientists (de Vos, 2020;
Stefanoudis et al., 2021).
Here, we consider the representation of scientists working in
one of the world’s most biodiverse and threatened ecosystems,
tropical coral reefs. Researchers from non-OECD nations
and women researchers globally are disproportionately
underrepresented in coral reef research/literature. Many
coastal communities live alongside coral reefs, which provide a
wealth of social benefits including food security, income, coastal
protection, and cultural practice, as well as indirectly supporting
coastal livelihoods and sectors through tourism (Spalding et al.,
2016). The effects of climate change on global coral reefs are only
worsening, and conservation and management strategies will
require more collaborative, innovative, science-based solutions,
in partnership with local researchers, and consideration of the
needs of coastal communities (e.g., Fisher et al., 2011). While
there are signs of progress toward increasing more equitable
representation of scientists, it is unclear if the current pace and
level of effort will deliver timely change.
Calls to increase diversity typically refer to broadening the
representation of gender, race/ethnicity, disabilities, religion,
economic status, geographic place, knowledge systems, and much
more; all are essential for pursuing creative, innovative, inclusive
research, and perhaps more importantly, building equitable
societies. Identities are multi-dimensional, and intersectionality
further modulates individual and systemic exclusion. Here, we
focus on gender and geographic representation; we recognize
the constraints of the data available and the methodological
limitations of categorization (which we discuss below). This is
an initial step aimed at assessing progress and better defining
actionable solutions that may broaden scientific excellence,
opportunity, and equity in coral reef research.

INTRODUCTION
Sustainability and conservation challenges in the twenty-first
century are complex and systemic, requiring increasingly
interdisciplinary and diverse perspectives to address them.
Numerous global environmental commitments, including the
United Nations Decade of Ocean Science for Sustainable
Development, call for diverse partnerships to achieve the 2030
Agenda for Sustainable Development. Increasing the diversity of
voices in ocean science and sustainability practice is critical, as
the consequences of inaction and/or misguided policies fall most
heavily on countries where biodiversity and resource dependency
are highest (Selig et al., 2018; OECD, 2020). In addition, those
whose voices often go unheard bear a significant portion of this
burden (Stuchtey et al., 2020).
Excellence in science is inextricably bound to improved
diversity, equity, and inclusion (DEI) in the research community.
There is clear evidence demonstrating how equity and diversity
in science fosters new ideas and progress in research (Freeman
and Huang, 2015; Tulloch, 2020). A lack of diversity in research
groups is partly due to a long history of gatekeeping, colonization,
and direct harm done to individuals and groups globally, and
is consequently, a missed opportunity to collectively harness
the perspectives and ways of knowing held by diverse experts
to advance scientific innovation and potential impact. Scientific
research contributes to shaping societal priorities, policy, and
solving global challenges such as climate change, environmental
degradation, and poverty; one way this knowledge is shared
is through scientific papers, and these recordkeepers continue
to remain the currency of our fields. Authorship drives these
priorities and can act to amplify the voices of a few. If this
chorus continues to be exclusive, solutions produced may not
be relevant nor appropriate for the realities that different
individuals, communities, and nations experience (Hofstra et al.,
2020), and at worst, further exacerbate existing inequities and
cause undue harm (Eisenstein, 2018).
Diverse representation continues to fall short in the global
science community as research continues to be dominated
by “Western” countries and men. Studies demonstrate that
gender inequality persists at all scales, from the composition
of research institutions and research groups to grant recipients
and leadership positions (Arismendi and Penaluna, 2016).
For example, in the United States, women are vastly
underrepresented amongst academic faculty, receive less
grant funding (Vernos, 2013), publish fewer scientific articles
(Martin, 2012; Conti and Visentin, 2015), have shorter publishing
careers, lower rates of retention (Huang et al., 2020), and receive
fewer citations of their work (Bray, 2020). Manuscripts where
women listed as first authors in fisheries science journals are
significantly (4%) less likely to be accepted than men listed
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collaboratively to code information about authors and studies.
The following information on authors was coded for each author
listed on a paper: identified gender, and whether the author was
based in the country of study. The following information was
coded from each article: country (countries) of study, study region,
whether the study took place in a territory of another sovereign
nation or a disputed territory, study type, marine realm of study.

We investigated trends in authorship with respect to gender
(limited to men and women) and geographic location of
organizational affiliation (which we categorized as OECD or nonOECD member nations; see Supplementary Methods). Using
data on authorship of coral reef science published over 16 years
(2003–2018), we asked:
(1) How has representation in authorship changed with
respect to the geographic location of authors’ institutional
affiliation?
(2) How has geographic representation of authors (in terms of
affiliation and research) changed?
(3) How have collaborative ties among authors affiliated with
organizations in OECD and non-OECD nations changed?
(4) Has the proportion of men and women authors changed?

Study country: Based on the abstract and/or full text,
reviewers coded what country the study took place in. For
studies in more than five countries, studies were coded
for a study region instead. For overseas territories, study
country was coded as the sovereign nation and territories
were indicated in a distinct column.
Study region: Region where study took place, also
includes global studies.
Study type: Studies could be coded for multiple types
including fieldwork, modeling, synthesis, laboratory,
and desk studies.
Marine realm: Marine realm (using the Marine Ecoregions
of the World typology) of study.
Is the author based in the country of study?: Based
on the author’s institutional affiliation for each study,
reviewers coded this field as “yes,” “no,” or “NA” depending
on whether the country of affiliation is same as the
country of study.
Order of authors (e.g., first, last, etc. . . .): This was coded
using a custom R script based on Web of Science records.

MATERIALS AND METHODS
We utilized a systematic search strategy for identifying
and collating coral reef research publications in 10 leading
international journals in coral reef science [Conservation Letters,
Proceedings of the National Academy of Sciences (PNAS),
Proceedings of the Royal Society B, Coral Reefs, PlosOne, Marine
Policy, Marine Biology, Frontiers in Marine Science, Nature,
and Science]. Although the volume of research publications in
international, English-language, peer-reviewed journals may not
be indicative of coral reef research and effort on the ground
(Nuñez and Amano, 2021), examining dimensions of diversity
in 10 leading international journals can illustrate how the
composition of scientific contributors has changed over time. We
chose these journals because they all focus on or feature coral reef
research and are highly regarded in both the marine science and
general conservation and environmental science arenas. These
10 journals also account for 10% of all articles containing “coral
reef ” in the title, abstract, and/or keywords indexed in Web
of Science and have high impact factors either in physical and
biological sciences generally or for marine science topic journals.
Given their regard and popularity, these journals represent good
choices analyzing changes in representation over time.
We used a Boolean search strategy (i.e., joining key terms with
Boolean logic operators) in Web of Science (all databases) to
identify potentially relevant articles published in these journals
between 2003 and 2018. The search was executed on March 1,
2019 using the search term “coral reef ” for the first 8 journals
listed above. A second search was executed in Web of Science on
April 8, 2019 with the same search term, but limited to articles
from the journals Nature and Science.
The resulting articles were divided amongst the author
team and coding was conducted using an priori protocol.
The following meta-data field were derived from Web of
Science records: author name, institutional affiliation, country
of affiliation, title of study, abstract, publication year, DOI, times
cited, journal name.
Author names were cleaned manually by looking up each
paper and author information to confirm spelling, initials, etc.
. . . to determine unique authors. A team of reviewers worked
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Gender Identity
The following decision process was used to determine author
gender: (1) Each author was searched in Google. (2). Based on
their online profiles, reviewers made a determination on gender
based on stated pronouns. In the absence of pronouns, reviewers
based their decision on their own personal knowledge and/or
consultation with others on the author team who may have
known an author personally. (3). If no determination could
be made, gender was entered as “undetermined.” For authors
that could not be located online, gender was entered as “not
found.” We recognize that the method of determining gender
is imprecise and may underrepresent individuals who identify
as non-binary (linking to issues highlighted in the discussion).
We recognize that gender exists on a spectrum and to the
best extent of our ability, categorized gender based on publicly
available information from stated pronouns, personal web pages,
social media accounts, and personal communications. Our aim
with this study is to highlight gender representation issues in
coral reef science, not to provide a precise tabulation of gender
composition. Thus, the gender categories we code for are a
heuristic estimate of gender in the field.

Geographic Groupings
In this analysis, we use institutional affiliation as a proxy
for geographic diversity and as a way to understand national
and international collaboration in the study of coral reefs.
We recognize that individuals who may identify ethnically,
racially, and/or in terms of nationality may be affiliated with

3

September 2021 | Volume 8 | Article 731037

Ahmadia et al.

Diversity in Coral Reef Science

(gender and geography) in a given article. For example, if a
paper had nine authors, of which eight authors identified to
gender category, each identified author was assigned an equal
share of authorship (an eighth). These fractions were then
aggregated by gender and geographic affiliation to calculate
author contributions. Summary statistics were calculated in R
and the data cleaning and analysis scripts are available on github.1
We used descriptive network analysis to examine patterns in
co-authorship between authors affiliated with OECD vs. nonOECD nations over time. We created undirected graphs (parallel
edges) of co-authorship for each year in our analysis using the
igraph package (Csardi and Nepusz, 2006) in R. Each node
represents a unique combination of author and affiliation, while
the edges represent connections to co-authors. Authors who had
multiple affiliations across different countries listed on a single
article were reduced to one affiliation (prioritizing affiliations in
non-OECD countries if they had affiliations in both). 7.88% of
the total author pool had more than one affiliation listed on
a paper (322 authors across 329 articles), with 31% of those
having an affiliation in both OECD and non-OECD nations
(100 authors). We assigned affiliations to OECD nations using
the 2021 membership regardless of year of publication. Our
designation scheme was balanced, to a degree between OECD
vs. non-OECD assignments. We qualitatively describe patterns
of collaboration between authors affiliated with institutions in
OECD vs. non-OECD nations over time.

institutions that are in other countries/regions, thus, this is a
heuristic estimate of diversity. We examined how often authors
were involved in national vs. international collaborations, how
often “in-house” research occurs in different countries (national
authors leading/contributing to studies in that country), and how
often authors from different regions did research in other regions.
Throughout this study, we aim to examine geographic
representation of authors—particularly taking into account the
impact of historical legacies and social factors (e.g., colonialism,
capitalist markets and expansion, and geopolitical relations) on
the evolution of scientific disciplines, research infrastructure, and
scientific collaboration. Comparing patterns between countries
who have benefitted from past history and current conditions
and those who have not, can shed light on how far coral reef
science has progressed in terms of improving diversity, equity,
and inclusion. In order to make these types of comparisons,
we needed to categorize and label sets of nations—which in
itself, raises its own issues for inclusion and representation.
Historically, the way in which nations were categorized was
based on economic characteristics—such as income and gross
domestic product—which has been widely denounced as an outof-date and one-dimensional metric that does not accurately nor
fairly reflect nations. Terminology revolved around developed
vs. developing vs. underdeveloped nations, Third World vs. First
World, and Global North vs. Global South. All of these groupings
have been debated over the years and many have fallen out of use
as development actors increasingly recognize and acknowledge
the problematic nature of these often externally assigned labels.
Within these analyses, we opted to grouped nations by
their OECD membership (as of 2021) as a way to characterize
national economies, as opposed to externally defined income
groups or development index which are grounded in problematic
and monolithic metrics and contexts (Fantom et al., 2016).
While self-selected, OECD members generally have high income
economies and high human development index, representing
nations that have historically held greater resources for scientific
research. Many OECD members have tropical reefs within their
waters (incl. territories) (e.g., Australia, Colombia, France, Israel,
Japan, Mexico, Netherlands, United Kingdom, United States).
While OECD membership is not perfect, it is generally a
self-selected process where countries choose to apply for
membership and thus, is to a degree, a more inclusive process
for countries to self-identify. We used 2021 OECD membership
to categorize countries, and categorized territories, protectorates,
and collectivities of OECD countries as OECD (e.g., French
Polynesia, as an overseas collectivity of France).
However, there are still issues that arise when grappling with
geopolitical labels (e.g., Latin America, East Asia and the Pacific)
that are useful for describing groups of countries but often
reflect Western-driven groupings. We adopted the World Bank
region categories to examine authorship patterns for this paper,
however, we also want to recognize that there are standing issues
with these categorizations and they should not be taken as a
standard of practice.

RESULTS
Summary of Papers
We recovered 1,677 articles authored by 4,485 unique authors
with geographic affiliations spanning 95 countries; authors
affiliated with institutions in the United States (n = 1,625, ∼36%),
Australia (n = 921, ∼21%), the United Kingdom (n = 257,
∼6%), France (n = 184, ∼4%), Germany (n = 165, ∼4%), Japan
(n = 163, ∼4%), Canada (n = 146, ∼3%), and Brazil (n = 137,
∼3%) accounted for > 70% (n = 3,598) of authors. Institutional
affiliations in the United States and Australia make up over half
the dataset and had the largest total contribution to published
articles (n = ∼553 and ∼541 articles, respectively), thus these
two countries are separated out from the rest of their regional
group in subsequent analysis for improved clarity. Of the next
top 20 contributing nations to coral reef science publication, only
five were non-OECD (Brazil, Indonesia, Panama, Philippines,
Saudi Arabia) (Supplementary Figure 1). Over 16 years (2003–
2018), the contribution of authors per country to published
articles has been variable, with some countries increasing steadily
(e.g., Australia, Canada, United Kingdom, United States) and
others have fluctuated (e.g., Indonesia, Mexico, Panama, Panama,
Netherlands) (Supplementary Figure 1). We were able to
associate gender with ∼96% of authors and were unable to locate
information for 46 authors. While no authors who explicitly
identified as non-binary were identified, we recognize that not all
non-binary authors or authors with other gender identities may
identify publicly (see Supplementary Methods).

Statistical Analysis
We examined author contributions by calculating the proportion
of publication output contributed by each identified author
Frontiers in Marine Science | www.frontiersin.org
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FIGURE 1 | Change in overall individual contribution of authors affiliated with institutions in non-OECD vs. OECD nations. Published articles over time (top panel)
disaggregated by first (middle panel) and last author (bottom panel) position for articles with more than one author. For authors with more than one institutional
affiliation, their non-OECD affiliation is used in this analysis. Numbers at the top of each bar indicate the total number of articles published that year.

Geographic Trends

affiliation (Figure 2). For example, research conducted in reefs
in East Asia and the Pacific are dominated by authors based
in Australia, Europe, and the United States (∼75% of author
contributions) with around 25% contribution from authors
affiliated within the region. In contrast, while there is a similar
volume of research conducted in Australia, the majority of
contributing authors are affiliated with Australian institutions,
with just ∼5% from East Asia and the Pacific.
In general, author teams were more likely to be composed
of entirely in-country (n = 649 articles, 42% of total articles)
or entirely out-of-country researchers (n = 374 articles, 24%
of total articles). Only a third of articles (n = 484) examined
had mixed teams of local authors publishing with authors from
outside the country where the fieldwork was conducted. Of
the mixed collaboration teams that conducted research in nonOECD nations (n = 373 articles), on average, 50% of the authors
had an affiliation within the country of study. Research in OECD
nations was predominantly conducted by in-country authors
(e.g., 63% of total studies in OECD nations), while research in
non-OECD nations was predominantly conducted by authors
from outside of those nations (68%) (Figure 3). For example,
researchers affiliated with American institutions made up 88%
of authorship contributions to research conducted on U.S. coral
reefs (n = 226 articles). Conversely, for research conducted
in Indonesia (n = 66 articles), a region with significantly
greater reef area, only 25% of authorship contribution was
from researchers affiliated with Indonesian institutions. While
contribution to published research conducted in non-OECD

The majority of articles described field-based studies (n = 1,068)
and generally described research conducted in or concerning
the Central Indo-Pacific (n = 690 articles) and the Tropical
Atlantic (e.g., Caribbean) (n = 332). In comparison, there were
considerably fewer studies in the Eastern (n = 200) and Western
(n = 147) Indo-Pacific (Supplementary Figure 2). Over the 16
year time series, overall authorship contribution from authors
affiliated with institutions in non-OECD countries grew from ∼4
to ∼13% (Figure 1). In general, authors across all types of studies
were more likely to affiliate with institutions in OECD nations
(∼90% proportion of authorship). Of the articles examined,
1,329 (∼80%) articles were entirely composed of all OECDaffiliated authors, while 64 articles (∼4%) had entirely nonOECD affiliated author teams. Generally, in authorship order the
first author represents the researcher who led the work while
the last author represents the “senior” author, often the head
of a lab/research group. We find that representation of nonOECD affiliated authors have remained low over the study period
across first and last authors, reflecting trends in overall authorship
contribution (∼12% first authors, 8% last authors, and 11% of
authors overall contributing to papers in 2018).
Considering author affiliations compiled into World Bank
regions (World Bank, 2021), we found that scientists based in
Australia, Europe, and North America typically work across
multiple regions, including East Asia and the Pacific, Latin
America, and the Caribbean, while researchers from other
regions tend to publish work related to the region of their

Frontiers in Marine Science | www.frontiersin.org

5

September 2021 | Volume 8 | Article 731037

Ahmadia et al.

Diversity in Coral Reef Science

FIGURE 2 | Connections between author affiliations (left) and the location of conducted research (right). Each connection represents a unique article; authors may
be represented more than once across multiple institutions and articles over time. Groupings follow World Bank regions except for the United States shown
separately from North America (which here represents Canada, Bermuda) and Australia shown separately from East Asia and the Pacific because of the large
number of publications from these two nations.

FIGURE 3 | Percentage contribution to published articles over time by authors affiliated in-country vs. out-of-country. (Excludes articles with a regional/global focus
and those without a geographic focus), shown disaggregated by research conducted in nations that were OECD members (left panel) (n = 1,062 articles) and
non-OECD members (right panel) (n = 462). Values along the top indicate the number of articles analyzed. Articles can appear in both panels if they were conducted
in more than one nation.
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FIGURE 4 | Networks of co-authors compared between articles published in 2003 and 2018 disaggregated by affiliation of authors (OECD vs. non-OECD). Each
node represents a unique author/affiliation combination while each edge represents collaboration between authors on a publication; the size of the node indicates
the number of articles that author contributed to that year. The length of the edge indicates how close authors are to each other (the more co-authored publications,
the closer the authors). Each plot displays the co-authorship networks of all papers published in that year—and thus the clusters in each year are independent from
each other—and illustrate annual shifts in collaborative networks. See Supplementary Figure 4 for 2004–2017.

within the center of the network; however, far more are on the
periphery (Figure 4).

nations by in-country scientists increased over our timeframe
(from ∼16% of total contribution in 2003 to ∼41% in 2018),
this still remains low compared to coral reef studies that occur
in OECD nations.
Using network analyses, we considered how scientists are
collaborating across OECD and non-OECD nations over the 16
year study period (Figure 4). The majority of articles published
in 2018, the last year for which contributions were assessed, were
authored by a large but rather geographically disconnected group
of individuals who had significant collaborations within their
group, but few connections outside of their group. Interestingly,
authors outside of the group formed individual groups on
their own; however, the network plot (Figure 4) suggests these
groups display more inter-group connections potentially forged
by individuals working across disciplines or countries who
bridged collaborations. Disaggregating by region, we see that
most of the co-author teams in 2018 are composed of individuals
affiliated with institutions in OECD nations, while groups on
the periphery include more researchers affiliated with institutions
in non-OECD nations. In comparison with 2003, the relative
proportion of authors from institutions in non-OECD nations
has increased and there are some more prolific publishers

Frontiers in Marine Science | www.frontiersin.org

Gender Trends
Over the 16 year time series, gender balance of authors in coral
reef science (whose gender identity could be inferred) increased
from ∼18 to ∼33% contribution by female authors from 2003
to 2018 (Figure 5), fluctuating between 25 and 35%. In general,
authors across all types of studies were more likely to be men
(∼70–80% proportion of authorship). Of the articles examined,
525 (∼31%) articles were composed of entirely male authors,
while 80 articles (∼5%) had entirely female authors. In terms
of authorship order, we find that while gender representation
may appear to be moving closer toward an equal balance in first
authors (36% women first authors overall and 40% in 2018),
last authors remain dominated by men (77% overall and 80% in
2018) (Figure 5).
The pattern of gender representation was similar across
the most well-represented geographies of affiliation. In the
United States and Australia, women authors (33 and 29% of
affiliated authors, respectively) represented a pattern that is
reflected across the majority of the next top 20 contributing

7
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FIGURE 5 | Change in overall individual contribution of genders to published articles over time (top panel) disaggregated by first (middle panel) and last author
(bottom panel) position for articles with more than one author. Numbers at the top of each bar indicate the total number of articles published that year.

Coral reefs are among the most vulnerable marine ecosystems
to climate change and human impacts, and research must
reflect and harness the collective global diversity and expertise
to grapple with the massive conservation challenges that these
ecosystems face in the twenty-first century (e.g., Fisher et al.,
2011; Bennett, 2018). Despite decades of awareness and calls for
change from higher education institutions to global platforms,
we find that substantial gender and geographical diversity gaps
remain. Our study examines 10 highly popular and high impact
journals that feature or focus on marine science—thus, our
analysis is somewhat limited to understanding representation
in these types of journals. Examining whether women and
local scientists are better represented in “lower” popularity or
impact journals, or national/regional journals is beyond the
scope of this work, however, is worthwhile pursuing for future
work. Nonetheless, our study shows that while representation
in terms of author contributions to published articles in coral
reef science papers showed initial improvement, trends in
representation have remained stagnant over the past 10–13 years.
This continued disparity in geographic and gender representation
in coral reef research is just one symptom of multiple, interacting
systemic issues (Table 1) in scientific research and wider society
that limit the inclusion of many underrepresented groups
(Chaudhury and Colla, 2020).
Increasing geographical representation in coral reef science
leadership and research clearly remains a challenge, given

nations (Supplementary Figure 3). Some countries (e.g.,
Israel, Japan, Saudi Arabia) were mostly represented by men
(but overall low representation in terms of affiliated author
geography). In terms of author position, in the United States
of America and Australia there were more women first
authors (37%, 36%) than last authors (25.7%, 20%). Examining
trends in gender representation in the other top producing
nations, we observe that the patterns are much more varied
(Supplementary Figure 3). For OECD nations, only Canada,
Mexico, the Netherlands, and the United Kingdom had more
than 25% women as last authors on papers to which their
authors contributed. For top contributing non-OECD nations,
Brazil and Philippines had near equal representation of men and
women as first authors. However, for these nations, authors who
were women were barely represented, if at all, as last authors
(Supplementary Figure 3).

DISCUSSION
There have been numerous calls to improve equity in
representation in global fora that frame issues, determine
priorities, and present solutions toward sustainability and
conservation (Ahmadia, 2018; Brown et al., 2019). Similarly,
there should be equitable representation of diverse voices
generating knowledge that informs those priorities (Purdy, 2015).
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TABLE 1 | Systemic issues of neocolonial/globalization research practices that contribute to lack of gender and geographic diversity in coral reef science.
Issue

Description

Examples in coral reef science

Hidden labor

Researchers left out of authorship either intentionally or
because of different perceptions as to “what counts” to be
listed as an author.

A majority of coral reef research occurs in non-OECD nations
that are often funded by OECD nations. Research teams are led
by foreigners, and local researchers are often tasked with field
assistant roles and setting up logistics, without having an
opportunity to fully engage in the research design and analysis,
thus warranting authorship. Level of effort may be the same but
the value of the effort differs.

Biases and stereotypes

Researchers from underrepresented groups are often viewed
less favorably (Handley et al., 2015). Perceptions of quality and
merit of research ability and output differs between men and
women. Processes and/or outputs generated using western
scientific methods are perceived as being more credible
compared with local and Indigenous knowledge.

There is often a lack of research engagement by international
coral reef researchers from OECD nations working with local
experts that do not have the same academic credentials. Many
coral reef research papers will interpret findings and provide
recommendations without input from local knowledge or
understanding of local social-ecological context. In STEM,
numerous studies have shown that men author a much higher
rate of invited publications (i.e., comments or views)—which
has cascading effects on who are positioned to be thought
leaders and experts in the field (Holman et al., 2018). While not
specific to coral reefs, this pattern is likely to remain the same.

Inequality in research funding
and opportunities

There is more research funding for wealthier countries both for
domestic and international research (Miller et al., 2013; Meijaard
et al., 2015; Waldron et al., 2017). Also, the research funding
for international researchers from OECD nations is often more
flexible, compared to research grants more defined in scope
available to non-OECD nations.

Prevalent in coral reef science because of the high
concentration of reefs in non-OECD nations. This contributes to
“parachute science” where researchers from OECD nations
fund and lead international research—while much of the
non-OECD nations are primarily focused in-country. This can
also limit opportunities for researchers from non-OECD nations
to partake in regional and international collaborations or simply
lead their own science. In addition, this also leads to OECD
nations often setting the research agenda and priorities in
non-OECD nations.

Non-inclusive publication
system

Structures and process in the publication system exclude
researchers including: (1) English as the primary language in
international journals and translators unaffordable; (2) review
process can be biased against underrepresented groups; (3)
invited reviews—often target men and authors from OECD
nations; and (4) cost of publishing may be inhibitive for
scientists from non-OECD nations.

Many critical studies in coral reef research do not get formally
published due to many barriers. For example, local researchers
in Latin America have carried out a high concentration of coral
reef restoration studies in their region. However, it was
increasingly apparent that much of the findings were not “being
published,” slowing down critical knowledge transfer. This issue
led to a coral reef restoration review paper developed to
increase awareness of the research and harness collective
expertise of researchers who might not otherwise publish in a
peer-reviewed journal (Bayraktarov et al., 2020).

Lack of infrastructure or
support for researchers in nonOECD countries

Occurs when non-OECD nations are unable to retain their top
local researchers—as scientists study abroad and cannot return
home to find career jobs in their disciplines, there is less
infrastructure and resources to support research, or high
bureaucracy that restricts research activities. This can lead to
“brain drain,” or the loss of local talent to foreign institutions.

Prevalent in coral reef science where much wealthier countries
(i.e., Australia, United States) have access to funds for
international research in non-OECD nations. There is little
opportunity for local researchers from non-OECD nations to
lead international collaborations or have access to those same
opportunities to promote learning, career development, and
execute high impact research. There is also a large education
gap between OECD and non-OECD nations, with smaller
proportions of the population moving on to higher levels of
formal education, as they often enter the workforce earlier. Thus
a barrier exists to even “enter” the scientific community.

Barriers that inhibit career
growth and development for
women in the workplace

Women often take on the caretaking responsibility at home as
the culture norms and infrastructure have not shifted enough to
support working women (i.e., more flexible working hours,
increased resources for childcare).

In the fisheries field, there is a “leaky pipeline” in career
progression from graduate programs to more senior
positions—as the graduate diversity pool is far more diverse
than the more senior scholarly pool of researchers (Arismendi
and Penaluna, 2016). This has been further exacerbated by
COVID-19, where there are already indications that women’s
research production has declined (Vincent-Lamarre et al., 2020)
as they have taken on more of the caretaking responsibilities. In
coral reef science, where much of the work is field-based, this
can also limit opportunities.
(Continued)
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TABLE 1 | (Continued)
Issue

Description

Examples in coral reef science

Toxic research culture

Serious behavioral issues of condescension, bullying,
harassment, and toxicity that leads to hidden labor (above) and
dropout (e.g., Macdonald, 2020; Woolston, 2020). Both
individuals and institutions are responsible for this continued
culture.

Coral reef research is particularly vulnerable to this negative
culture that persists, as much of this work is field based (Clancy
et al., 2014) and faces many of the same issues mentioned in
the recent paper (Macdonald, 2020) that discusses the “dark
side” of being a female shark researcher. The “power” dynamic
is prevalent in research and can impact international
collaborations—particularly the OECD vs. non-OECD
relationship—as foreign researchers often wield the power as
they are controlling the funding that creates an unhealthy
culture and leads to exploitation of local researchers. These
unhealthy power relationships can quickly lead to resentment
toward external scientists.

development, research permits and permissions, logistics for data
collection, data entry, historical knowledge), where the roles
may be labor intensive (e.g., data collection), but not given the
opportunity to meaningfully engage in research development and
outcomes, including scientific publications; it is also common for
visiting researchers to not share results or maintain relationships
with the community after data collection. Other barriers relate
to flaws in the academic publication system (particularly for
international peer reviewers) that also cater toward English
speakers, name discrimination (where biases exist toward AngloEuropean names), and prohibitively high publication costs
(Pai, 2020). While we only examined publications from 10
high impact, global journals, we recognize we likely missed a
significant portion of researchers who are effectively unable to
publish in these outlets and may instead publish in the many nonEnglish national or regional marine science journals (Pai, 2020).
At the same time, the 10 journals also have disproportionate
influence on global coral reef research, and our findings reveal
the voices of authors from non-OECD nations continue to be
dramatically outnumbered by those from OECD nations.
Our results also reveal a persistent gender gap in authorship
in coral reef sciences, with little progress made over the last
decade. Across 16 years and 1,677 studies, authors who are men
continue to dominate the publishing landscape, particularly in
the senior author position. Our findings, which highlight the
persistent gender gap in coral reef science, also identify a slow
trajectory in closing that gap. If this trend continues at the
current rate, it will take more than two decades to achieve more
balanced representation (∼50%) in authorship. This finding is
mirrored more broadly across Science, Technology, Engineering,
and Mathematics (STEM) disciplines, where women are found
to be both underrepresented in prestigious STEM journals, with
minimal change from 2006 to 2016. And while women were
responsible for around 33% first author positions, just 18% were
in the last position (Bendels et al., 2018). Other studies examining
authorship in ecological journals found little change in 13 years,
with authorship by women around 29% (Whelan and Schimel,
2019). Furthermore, a comprehensive study tracking the toppublishing authors from 1945 to 2019 associated with articles in
the ecology, evolution, and conservation fields found that only
11% were women (Maas et al., 2021). Our findings amidst this
body of evidence reiterates that progress remains slow despite

the existing disconnect between geographies where coral reef
biodiversity is concentrated, where field work occurs, and
where authors are presumably located and trained (Figure 2).
Most collaborations are dominated by authors based in OECD
nations conducting research in non-OECD nations (Figure 1
and Supplementary Figure 3). Our findings mirror broader
trends in ecology, evolution, and marine science (8), though
conservation lags behind other fields—Mammides et al. (2016)
reveals the contribution of corresponding authors from low
income countries in conservation literature has in fact declined
over several decades. A recent survey of authorship from 13
leading journals in ecology, evolution, and conservation revealed
that 86% of top-publishing authors were affiliated with 10
“Global North” countries while the remaining 32 countries,
the majority of which were from the “Global South” were
significantly underrepresented (Maas et al., 2021). This trend
also applies to marine science: a review of over 150 marine
systematic conservation planning papers found that 80% of
publications were led by just five OECD nations, with Australia
leading more plans overseas (often in non-OECD nations)
than domestically (Álvarez-Romero et al., 2018). In a separate
study, of the top 10 countries generating coral reef biodiversityrelated publications, only one (Indonesia) is a non-OECD nation
(Stefanoudis et al., 2021). While efforts to move away from
parachute science practices have been gradually improving since
the 1990s, these findings suggest that they continue to persist
(Stefanoudis et al., 2021).
These patterns in geographic representation are symptomatic
of underlying systemic issues. In particular, economic inequalities
have led to disparity in available research funding as well as
job opportunities and career development (Table 1; Harris,
2004; The Royal Society, 2011; van Helden, 2012; Brito-Millán
et al., 2019). Many researchers in non-OECD nations often
obtain graduate degrees in OECD nations (Altbach, 2007), but
do not return to their country of origin as there are often
fewer opportunities for research careers at home—often referred
to as “brain drain” (Docquier et al., 2007). Other systemic
issues include biases and stereotypes, pervasive in coral reef
science—where local and traditional knowledge and “western”
science are not valued equally. In addition, local experts often
perform “hidden labor” and are tasked with roles that are not
often valued or deemed worthy of authorship (e.g., relationship

Frontiers in Marine Science | www.frontiersin.org

10

September 2021 | Volume 8 | Article 731037

Ahmadia et al.

Diversity in Coral Reef Science

2019). Local scientists are likely to have greater success in
ensuring the results from research are used in the formation
of new policies and decision-making required to conserve reefs
in non-OECD nations. Women in particular are leading much
of the on-ground efforts in tackling social and ecological issues
in coral reefs (Kleiber et al., 2015; Davis and Silver, 2019) but
are still poorly represented in coral reef science. Research that
intends to address the complexity of issues in coral reef science
and conservation will need diverse perspectives to be effective for
both reefs and the people who depend on them.
The intention of this study aims to be broad—in both the
temporal and spatial at which we aim to characterize these
two dimensions of diversity. We recognize that diversity is a
multidimensional concept, one that does not neatly divide into
categories—particularly in terms of gender identity. As such, the
measures we use are heuristic. In coral reef science, individuals
often will move from institution to institution throughout
their education and career—often in different countries—thus
institutional affiliation does not fully represent ethnic, racial,
not national identity—and should be interpreted as a measure
of geographic diversity of institutions. Furthermore, based on
information available, our gender analysis focuses on “men” and
“women”, however, we recognize that gender exists on a spectrum
and to the best extent of our ability, categorized gender based
on publicly available information. We recognize that the way in
which we have characterized these two dimensions of diversity
does not encapsulate the full spectrum of how individuals or
groups may identify, however, given the coarse resolution of
publicly available information, these relatively simple metrics
were the most appropriate analytical approach for exploring
bibliometric trends within the scope of this study. Future work
to investigate the full spectrum of diversity and identity can use
more in-depth approaches, such as interviews and case studies, to
better understand trends and drivers at finer scales.

the issue being well-documented and the increasing calls to
address these issues.
The disparity in gender representation in science is tied
to systemic issues and inequalities ranging from subtle biases,
microaggressions, and toxic workplace environments where
raising evidence of diversity issues or discrimination can be
perceived as an attack to more privileged (i.e., older, white
men), to discouragement or limited access to higher education,
unequal access to healthcare and financial independence, and
differential family roles and expectations (Table 1; O’Brien
and Hapgood, 2012; Silbiger and Stubler, 2019). These can
lead to real consequences for underrepresented backgrounds—
such as those from certain racial or ethnic groups, national
origins, or women—including drop out or stagnation in
career development, as most STEM fields report that entry
representation is near equal but that diversity decreases with
each stage of career progression (Pico et al., 2020). In addition
to publication bias, these issues also limit academic success and
professional advancement. The continued use of publication
metrics as a leading indicator of success for awards and
promotion has implications in how women are perceived and
has repercussions in leadership roles, from invited reviews in
top journals, promotions, media requests, and invited speaking
events (e.g., Holliday et al., 2014). For example, women
are significantly underrepresented as speakers at coral reef
conferences (e.g., Andradi-Brown et al., 2020); prior to 2021, only
19% of plenary speakers at the past four International Coral Reef
Symposium have been women. There have been improvements
in building better environments for women in the sciences,
but the impacts of COVID-19 have undone much of it and
revealed where significant weaknesses in research infrastructure
and culture continue to disproportionately affect female scientists
who often bear a disproportionate responsibility for family care
(Kramer, 2020; Vincent-Lamarre et al., 2020).
The patterns and trends on who has the opportunities and
resources to engage in scientific research is deeply rooted in
the legacies of colonialism and global economic development
(Brockington, 2002). Our findings provide quantitative evidence
that colonial heritage and patriarchal societies present real
and contemporary challenges facing coral reef science. Lack of
geographic and gender representation in coral reef science is
particularly detrimental as coral reef research increasingly aims
to inform marine conservation and sustainability actions. By
limiting perspectives in coral reef science, this slows innovation
and research and for coral reefs, like many ecosystems, time is
running out to find and implement solutions with increasing
global and local threats (O’Hara et al., 2021). Degradation of
coral reefs and coastal ecosystems have global repercussions,
but the direct and immediate consequences are most intensely
experienced by local communities in primarily non-OECD
nations (Pendleton et al., 2016). When coral reef science is
dominated by researchers external to these communities, there
is significant risk of designing and implementing “solutions”
based on science that may not achieve desired impacts or may
have unintended negative consequences, particularly for those
communities and groups already marginalized—mostly often
women, Indigenous Peoples, and the rural poor (Baker et al.,
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Recommendations
Our results suggest that ongoing efforts to address the geographic
and gender disparity that exists in coral reef research are
not going far enough or moving fast enough. The science
community needs to address deeply embedded institutional and
cultural issues and commit to increased intentional action and
accountability to accelerate positive tangible change. Here, we
make three broad recommendations for the science community
to proactively address the issues identified in this paper: (1)
foster increased geographic representation in authorship and
increase representation of authors from countries in which
research is undertaken (Chambers et al., 2021); (2) improve
gender representation in research teams and leadership (Fox
et al., 2018; Potvin et al., 2018); and (3) directly address historical
and institutional harm, while cultivating a culture of equity,
diversity, inclusion, and justice in research institutions through
measurable and concrete actions (Kalev and Dobbin, 2016).
First, fostering increased geographic representation in
authorship requires fundamental changes to both research
approaches and funding structures. Research that incentivizes
engagement with in-country scientists, practitioners, and other
actors through collaborative or knowledge co-production
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transparency and fairness of hiring and evaluation practices.
Also important to recognize that while non-binary authors
and those with other gender identities (transgender men
and women) face many of the same challenges, they are
often compounded.
Neocolonial (or globalization Boisselle, 2016) research
practices (Table 1), lack of diversity, and toxic research cultures
(e.g., condescension, bullying, and harassment; Howe-Walsh
and Turnbull, 2014) are deeply ingrained and persistent in
the sciences. Addressing these issues requires a long term
vision and multi-pronged approach, which could start by
establishing compensated DEI committees or working groups
to identify specific areas for improvement and accountability,2
institutionalizing training by professionals in DEI for graduate
students, postdocs, and faculty, and requiring up-to-date
training in key ingredients of collaborative practices, knowledge
co-production, anti-racism initiatives (Schell et al., 2020),
and decolonial feminist research methods (Brito-Millán et al.,
2019). Also key are: a code of conduct that explicitly states
standards, confidential reporting, and repercussions; the
inclusion of DEI work and mentorship metrics in hiring and
tenure; and a commitment to increasing and maintaining
diverse hires at all institutional levels. Together, these kinds
of initiatives would improve institutional understanding
and accountability of DEI issues (including the role of
unconscious biases) and encourage personal introspection
and goal setting around inclusion. Lack of accountability allows
toxic behavior to persist which leads to many women and
other underrepresented groups leaving research and academia
(Howe-Walsh and Turnbull, 2014). Given the significant
power that institutional actors (universities, research institutes,
journal editorial boards, field stations, funding agencies)
and science leaders hold in the science community, they
must establish a precedent to make diversity inclusiveness
policies explicit and develop clear action plans, targets, and
monitoring and evaluation toward their implementation
(Kalev and Dobbin, 2016).
It is currently 2021, and the lack of representation in coral
reef science continues to persists with the pace of change too
slow to achieve balanced representation anytime soon. We (the
authors) realize that fixing the problem goes beyond the scientific
community given these trends are reflective of much broaderscale social processes, norms, and histories (i.e., patriarchy,
colonization, uneven geographical development). However, the
science community—both individually and institutionally—
has a significant role to play in bringing about real social
change, from shifting the culture in funding, to increasing
engagement of international researchers with local experts. And
while authorship is just one symptom of systemic issues in
research, advocating for more inclusive research practices can
contribute toward progress for broader DEI goals. Individuals
and institutions need to collectively take action and not rely
so heavily on underrepresented groups who disproportionately
allocate time and resources to addressing these systemic issues
(Jimenez et al., 2019). Global challenges are big for coral reefs, but

research processes should be emphasized as they “complement
one another” and result in the “potential to effectively use all
relevant knowledge” (Abram et al., 2019). Thus, researchers need
to invest in creating meaningful and long-term partnerships
with local organizations (including universities, government and
non-government organizations, community groups) and engage
local collaborators as co-designers, co-implementers, and coauthors of research outputs (Baker et al., 2019; Chin et al., 2019).
The latter in these partnerships will require research leaders and
institutions to tailor their engagement strategies for obtaining
feedback and input of the co-authors involved. Scientific journals
also have a critical role to play in ensuring representation of
in-country scientists and other actors as authors and taking
actions such as making language editing and/or translation
more readily available, incorporating diverse co-authorship as a
consideration in peer-review, and more accessible publication
cost. Additionally, fostering geographic diversity in authorship
and building locally led research will require a fundamental shift
in how research funding is shared and allocated.
To share the rewards and build local capacity, we recommend
that funding agencies and organizations: (a) require that research
projects driven by foreign research teams involve equitable
sharing of funding with local research groups (Hind et al., 2015);
(b) increase allocations of funding directly to local researchers
in non-OECD nations to carry out their own projects (Hind
et al., 2015); (c) recognize and value research efforts that weave
together different forms of knowledge (Alexander et al., 2011;
Mackey and Claudie, 2015); (d) include local experts in co-design
of research (Stefanoudis et al., 2021); and (e) allocate funding
for mentorship/training to address the significant education gap
between non-OECD and OECD nations, or language barriers
(Hind et al., 2015; Chin et al., 2019).
Second, concerted effort is needed to reduce gender
disparities, and underrepresentation in research teams, coauthor lists, and leadership positions. Bias toward women (i.e.,
perceived expertise or competencies) can seriously undermine
gender representation in research and publication (Committee
on Increasing the Number of Women in Science, Technology,
Engineering, Mathematics, and Medicine (STEMM), 2020).
Thus, the underlying factors that shape the composition of
research groups and authorship is something that individual
researchers and teams must continually reflect on and address.
For example, the limited number of women last authors on
papers suggests that they continue to be underrepresented in
the academy and that granting agencies and research funders
should pay greater attention to and be more accountable in
recruiting, retaining, and funding women-led research projects
and groups (Hewlett et al., 2008; Smith et al., 2017; Fox
et al., 2018). There are direct actions to address publication
challenges (e.g., more training and accountability of editors,
double-blind peer-review, more diverse editor groups, inclusive
gender practices such as additional fields in gender drop down
(Budden et al., 2008; Fox et al., 2018; Graves et al., 2019).
However, addressing underlying issues will require broader and
more systemic efforts—for example, shifting workplace and work
culture to be more supportive of non-work responsibilities,
from family care to managing the household; and improving
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with the right set of actions, we can work toward more innovative,
inclusive, science-based solutions.
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