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Diverse and inclusive marine research is paramount to addressing ocean sustainability challenges in the 21st century, as envisioned by the UN
Decade of Ocean Science for Sustainable Development. Despite increasing efforts to diversify ocean science, women continue to face barriers
at various stages of their career, which inhibits their progression to leadership within academic institutions. In this perspective, we draw on
the collective experiences of thirty-four global women leaders, bolstered by a narrative review, to identify practical strategies and actions that
will help empower early career women researchers to become the leaders of tomorrow. We propose five strategies: (i) create a more inclusive
culture, (ii) ensure early and equitable career development opportunities for women ECRs, (i) ensure equitable access to funding for women
ECRs, (iv) offer mentoring opportunities and, (v) create flexible, family-friendly environments. Transformational, meaningful, and lasting change
will only be achieved through commitment and collaborative action across various scales and by multiple stakeholders.
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Introduction

Diverse and inclusive marine science is now recognized as
essential for addressing the complex and accelerating chal-
lenges facing marine social-ecological systems (Blythe and
Cyvitanovic, 2020; Lawless et al., 2021). The United Nations
(UN) Decade of Ocean Science for Sustainable Development
(2021-2030) identifies gender diversity as integral to achiev-
ing its objectives of “the science we need for the ocean we
want” and realizing the Sustainable Development Goals. For
example, SDG 5.5 specifically aims to ensure that there are
equal opportunities for women’s leadership at all levels of
decision-making in political, economic, and public life (UN,
2015). The importance of gender equality has also been re-
flected in other global initiatives, including the UN Women’s
programmes on leadership and participation (UN Women,
2022).

Although there have been advances over the last 60 years
(Huang et al., 2020), gender inequality is still pervasive across
marine science (IOC-UNESCO, 2017). The marine sciences is
a homogenous work environment characterized by many bar-
riers to diversity, equity, inclusion (DEI), and justice (Johri et
al.,2021). Leadership positions are still predominantly held by
men (Arismendi and Penaluna, 2016; Liverman et al., 2022)
and significant disparities exist between men and women in
terms of number of publications (Huang et al., 2020). The
proportion of women in leadership positions declines along
the career trajectory from higher education to research (Black,
2020; Giakoumi et al., 2021). No single factor accounts for
the decline in the number of women at each stage of the ca-
reer ladder. Various and often unseen gendered processes are
experienced by women inside and outside of the workplace
(National Academies of Sciences, 2020) and inhibit career
progression in marine research (Shellock et al., 2022). These

can include: unconscious bias, cultural prejudices, stereotyp-
ing (Johannesen et al., 2022; Light et al., 2022), and biased
expectations, as well as bullying (O’Connell and McKinnon,
2021), and sexual harassment in the office or during confer-
ences, meetings, fieldwork, and research cruises (Women in
Ocean Science CIC, 2021). Together, they make it harder for
women to move into leadership positions.

A particularly important career stage linked with gender
inequality, is that of Early Career Researchers (ECRs), which
make up a large portion of the academic workforce. ECRs
are graduate students, postdoctoral fellows, and early career
faculty (Gibson et al., 2020). The ECR stage is marked by a
significant loss of women researchers (Holzinger et al., 2018;
Gibson et al., 2020) particularly at the postdoctoral phase,
when ECRs are applying for faculty positions or often when
they realize that the demands on their time do not allow for
a work-life balance (Shaw and Stanton, 2012). Attracting, re-
taining, developing, and promoting future women leaders is
a priority that marine institutions and scientific communities
cannot ignore (Mtwisha et al., 2021), especially if they wish to
address gender inequality, bring in new perspectives and skills
(Sobey et al.,2013; Nicholas et al., 2019; Brasier et al., 2020),
increase research quality and diversity (Pannell ez al., 2019;
Kelly et al., 2021), deliver excellence in teaching and address
ocean sustainability challenges (Keynejad et al., 2021).

Yet, support for attracting, retaining, and promoting
women ECRs is often lacking. The experiences and wellbe-
ing of women ECRs can provide insights into the wider cul-
ture of academia (Mtwisha et al., 2021) and research suggests
numerous reasons for concern (Hein et al., 2018; Van No-
orden, 2018; Pardo et al., 2020). Women ECRs experience
gendered challenges, which place them at a significant dis-
advantage to male colleagues (Latu ef al., 2013; Shen, 2013;
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Kern et al., 2015; Kalaitzi et al., 2017; Kong et al., 2020). For
example, ECR status and parenthood often overlap. Women
ECRs can face the additional strains of domestic bias (i.e.
the unpaid and undervalued work or “invisible labour” that
women undertake as mothers, carers, and teachers; Maddrell
et al., 2019) and may want to be at home more often to
spend time with and be there for their children. This is in
addition to the challenges experienced by all ECRs (irrespec-
tive of gender), including employment uncertainty (i.e. fixed
and short term, part time and self-employed working condi-
tions; Sobey et al., 2013; Woolston, 2021, ineffective super-
visory support (Davies et al., 2021), demanding workloads
and stress and burnout (Holzinger et al., 2018; Andrews et al.,
2020; Christian et al., 2021). Undeniably, many of these chal-
lenges have been magnified during the COVID-19 pandemic
(Minello, 2020; Dattani, 2021; Fulweiler et al., 2021; Gao et
al.,2021; OECD, 2021). These challenges are often even more
substantial for minoritized groups facing intersecting systems
of oppression (Maddrell ez al., 2019), such as ethnicity (Jef-
frey, 2021; Maas et al., 2021), nationality (Ahmadia et al.,
2021), sexual identity (Cech and Waidzunas, 2021), disability,
and economic class (O’Connell and McKinnon, 2021). Mi-
noritized is a social constructionist approach to understand-
ing that people are actively diminished by others rather than
naturally existing as a minority, as the terms “racial minority”
and “ethnic minority” imply (Gunaratnam, 2003).

Targeted actions and concerted efforts between academic
institutions, funders, industry, decision-makers, the scientific
community, and wider society, will be essential to support-
ing and empowering women ECRs. The COVID-19 pandemic
has generated a strong bias against ECRs (Schadeberg et al.,
2022), especially due to parenthood (Cardel et al., 2020a;
Staniscuaski et al., 2021) and presents a window of oppor-
tunity to reflect on academic practices and cultures (Gibson
et al., 2020; Keynejad et al., 2021). To date, the majority
of related research and policy initiatives on gender inequal-
ity within academia have focused on how to better support
women in Science, Technology, Engineering, and Mathemat-
ics (STEM; e.g. Australian Academy of Science, 2019; Casad
et al., 2021; Llorens et al., 2021; O’Connell and McKinnon,
2021). However fewer studies have investigated how to sup-
port women ECRs more specifically (e.g. Holzinger et al.,
2018; Cardel et al., 2020a), particularly in marine science. In
the marine context, previous research has focused on how to
enable women scientists (Giakoumi et al., 2021; Shellock et
al., 2022) or ECRs in marine science (Andrews et al., 2020;
Brasier et al., 20205 Pardo et al., 2020; Schadeberg ef al.,
2022). But, research has not explored the intersection between
gender and the early career stage. Thus, there is a paucity of
understanding of what actions and efforts are likely to sup-
port women ECRs to become leaders of the future in marine
science and what this means within the framework of the UN
Decade of Ocean Science for Sustainable Development.

This article provides guidance on implementable practical
strategies and actions towards supporting women ECRs to be-
come future leaders of marine research within academic insti-
tutions. This work complements and expands on the strate-
gies and actions previously proposed in the STEM literature,
whilst also considering the unique nature of marine sciences
and the specific challenges facing women ECRs in marine sci-
ence. To do so, we integrate the collective experiences and
perspectives of 34 global women leaders with a narrative re-
view. For the purpose of this study, a “leader” was defined as
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a researcher who holds some form of leadership role at any
level within an academic institution (i.e. leading a research
institution, team, project, or program). We acknowledge that
leadership roles are multifaceted and vary across regions and
cultures (Evans et al., 2015); however, such positions often
require leaders to assume a greater administrative and man-
agerial load and service duties in addition to their research
role.

An in-depth qualitative study was undertaken between Jan-
uary and June 2021. An information-oriented, maximum vari-
ation approach was employed (Flyvbjerg, 2006), to ensure the
inclusion of a variety of perspectives on the types of strategies
that can be employed to support women ECRs. Participants
were identified through two types of non-probability sampling
methods: (i) purposive sampling and (ii) snowball sampling.
Each global women leader had the option of answering the
questions via semi-structured interviews (N = 8) or by pro-
viding a written response (N = 26). Global women leaders
were asked to identify processes and systems that can aid the
development of women ECRs in becoming leaders of marine
research. The analysis of raw data were completed following
an inductive approach, based on grounded theory analysis.
Grounded theory is an iterative approach to the analysis of
qualitative data that aims to generate theory out of research
data by achieving a close fit between the two (Bryman, 2012).
Data analysis was undertaken by the lead author (R.].S) to
maintain independence of interpretation. Though, three prac-
tices were undertaken to ensure the validity of the emerging
themes and subthemes: (i) the themes were continually verified
against the raw data from which they were derived (Marshall
et al., 2011; Norstrom et al., 2020), (ii) initial coding of tran-
scripts (7 = 5) was undertaken by three authors (R.].S., C.C.,
and M.M.) and the findings were discussed with and refined
by the co-ordinating authors, and (iii) the findings were shared
with participants to give them the opportunity to clarify, cor-
roborate, or approve the findings (Bryman, 2012).

Broad themes were populated from the perspectives of
women leaders and integrated with findings from a narrative
review of literature to identify specific actions for supporting
women ECRs. Narrative reviews (or “literature reviews”) are
the most traditional form of evidence synthesis. Unlike sys-
tematic reviews, the narrative review helped us to obtain evi-
dence on a broad open-framed question (i.e. what actions can
support women ECRs in academia). It also enabled us to syn-
thesise the state of knowledge (Snyder, 2019) and arrive at a
critical interpretation of the literature (Bryman, 2012), with-
out the more stringent processes involved with systematic re-
views. Literature and best practice were drawn from across
marine science, STEM, academia, and industry more broadly
(see Supplementary Materials 1 and 2 for further detail).

Strategies and actions for supporting women
ECRs in marine research

This study identified five types of practical and straightfor-
ward strategies from global women leaders, which can sup-
port women ECRs in becoming future leaders of marine re-
search within academic institutions and create a more diverse
and equitable leadership. They are: (i) create a more inclu-
sive culture, (ii) ensure early and equitable career develop-
ment opportunities for women ECRs, (iii) ensure equitable
access to funding for women ECRs, (iv) offer mentoring op-
portunities, and (v) create flexible and family-friendly environ-
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ments (see Table 1 and Figure 1). The strategies braid across
and transect the multiple scales at which transformation is re-
quired: (i) system, (ii) institution, and (iii) network.

Figure 1 is inspired by the “braided river” model developed
by Batchelor et al. (2021), who used the analogy to represent
the various pathways into and within STEM careers and how
people can flow from multiple points into a STEM career. We
adapted this concept and have used the braided river as an
analogy for achieving inclusive, responsive, and modern ca-
reer development in marine science. As shown in Figure 1,
each of the three interconnected hills represents the different
scales at which change is required (i.e. system, institution, and
network). The five rivers flow from the hills and signify each
of the strategies that needs to be applied to achieve diverse
and inclusive leadership in marine research institutions. Di-
verse and inclusive leadership is symbolized by the thriving
and diverse marine ecosystem that the rivers flow into (i.e. a
healthy biodiverse open ocean). We propose multiple possible
actions under each of the five strategies. Hence, collectively
and over time, implementation of the strategies and actions
leads to a solution.

Cultural change in marine research will not be achieved
from the goodwill of individuals alone, and certainly should
not be the responsibility or burden of women ECRs. Hence,
we have avoided individual-level actions (i.e. the responsibil-
ity of single individuals), as women and other minoritized
groups already tend to bear a disproportionate burden of re-
sponsibility for “fixing” problems of inequity (Carson et al.,
2019). We acknowledge that various stakeholders will need to
work together to implement the strategies and actions identi-
fied. The actions can be adopted by various stakeholders in
marine science, including: academic institutions, funding or-
ganisations, industry, decision-makers, and the scientific com-
munity. Transformational, meaningful, and lasting change will
only be achieved if there is a commitment and collaborative
action across various scales and by multiple stakeholders, but
particularly by those in existing leadership positions.

The actions highlighted here do not aim to privilege mi-
noritized groups over others, rather, they aim to provide an
equitable platform, which allows everyone to fully participate
in and lead marine research. There was discussion among the
author group as to whether to advocate for positive discrimi-
nation, a position, which has been favoured in much of the lit-
erature and by a number of the author team (Manfredi, 2017,
Gibson et al.,2020; de Winde et al., 2021; Llorens et al., 2021,
Maas et al., 2021; Mori, 2021). Positive discrimination in-
volves the use of “positive measures” or “special measures”
to foster greater equality by supporting women and other mi-
noritized groups who face, or have faced, entrenched discrim-
ination, to ensure they have similar access to opportunities
as others in the community (Australian Human Rights Com-
mission, 2022). Examples include quotas, women cluster hires
and gender-specific positions and scholarships (European In-
stitute for Gender Equality, 2016). However, after discussions,
we reached consensus and made the decision to suggest strate-
gies and actions, which provide an equitable platform, allow
everyone to fully participate in and lead marine research and
omit positive discrimination policies and actions. Instead the
suggestions are more analogous with “positive action”.

Positive action is lawful and one of the only viable mech-
anisms to address inequalities when positive discrimination
isn’t an option (Manfredi, 2017; STEM Women, 2019). Pos-
itive action assists, encourages, and trains disadvantaged
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groups (e.g. women ECRs) to help them overcome disadvan-
tages, without discriminating against other groups. For exam-
ple, through targets and action plans, which aim to achieve
a more balanced workforce (Thomson Reuters Practical Law,
2022). There were two main reasons for aligning the practical
actions with a positive action approach. There are differences
in global cultural and legal settings. Positive discrimination
still remains unlawful in many countries and regions across
the world (Ovseiko et al.,2017). Instead, we wanted the strate-
gies and actions to be as widely applicable as possible. There
was concern amongst the team about the use of positive dis-
crimination and the potential for negative implications within
academia. This has been previously debated in marine science
(Vila-Concejo et al., 2018a; Giakoumi et al., 2021; Burdett et
al.,2022) and more broadly (Bennett et al.,2005; Noon, 2010;
Bourabain and Verhaeghe, 2021). There have been discussions
about their consequences for women (Pietri et al., 2019) and
such policies have fallen short, as they have lacked attention
to minoritized groups and have been described as “window
dressing” (Bourabain and Verhaeghe, 2021).

Create a more inclusive culture

The current academic culture and environment within ma-
rine research is insufficient for supporting, encouraging, and
retaining women ECRs (Mitchneck et al., 2016; Blythe and
Cvitanovic, 2020). In prior research, ECRs have described
the academic culture within STEM disciplines as stressful,
tense, and toxic (Van Noorden, 2018; Woolston, 2021). A sys-
tem based on demanding performance expectations and mas-
culinised discursive norms of what constitutes academic com-
mitment can disadvantage women ECRs, particularly those
with parental and caring responsibilities, chronic health issues
and disabilities (Maddrell et al., 2019). Overall, such environ-
ments can lead to bullying, harassment, and mental health is-
sues, which can negatively impact the career of women ECRs
(Wellcome, 2020; Christian et al., 2021).

Global women leaders advocated that a significant cultural
shift is necessary to create a more inclusive academic culture
within marine research. For example, participants stated “We
should find ways to change work cultures so that they are more
inclusive and diversity friendly at all levels” (ID10) and “The
change has to start at the top” (ID27). They perceived that this
was essential to the success of the other four strategies and
actions for supporting women ECRs. One participant stated
“...it’s one of those things where culture is more important
than structure” (ID13). For example, institutions could im-
plement a range of family-friendly policies, but they may still
have expectations and targets for staff to publish a specific
number of journal articles and outputs per year. This will be
harder for women ECRs to achieve if they have domestic du-
ties, such as parenthood and caring responsibilities. Hence,
participants advocated for a change in the system. This is sup-
ported by a research in Australia, which suggests that a decade
of investment in women in STEM is having a limited effect on
their representation in the field (i.e. gender split in STEM oc-
cupations and length of careers; Australian Government De-
partment of Industry and Science Resources, 2022). Hence, it
will be important that investments address the culture within
marine science, as it can perpetuate gender equality in these
settings (Clavero and Galligan, 2021).

First, Global women leaders highlighted the need for a
marine research environment, which challenges traditional
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Table 1. Strategies and actions, which can be applied to support women ECRs in in marine research.

Strategies Actions

(1) Create a more inclusive culture ® Integrate gender perspective into plans, policies and spending programmes (i.e. “gender

mainstreaming”) with an intersectional lens (European Institute for Gender Equality, 2022).

® Establish DEI committees, working groups, or taskforces.

¢ Implement robust and transparent recruitment processes to target women ECRs (Laland, 2020).

® Implement scientific diversity and gender equity training (Mitchneck et al., 2016; Casad et al.,
2021).

® Deliver formal and mandatory unconscious bias training (Sheltzer and Smith, 2014; Butkus et
al., 2018; Holzinger et al., 2018; Black, 2020).

® Establish an anti-bullying and harassment culture within marine science (Mahmoudi and
Keashly, 2021).

® Establish a culture where whistleblowing is encouraged without being reprimanded (Cech and
Waidzunas, 2021).

¢ Implement mandatory, safe and confidential mechanisms for reporting and handling of
incidences (Johannesen et al., 2022).

® Implement compulsory training for all supervisors in how to support, manage, and mentor
women ECRs (Universities and Colleges Employers Association et al., 2015; Bell and Koenig,
2017; Wellcome, 2020).

® Develop and promote codes of conduct within institutions and research teams (Bell and Koenig,
2017).

®  Deliver anti-bullying and harassment mandatory training (Bell and Koenig, 2017; Rollock, 2019).

® Institutions to promote and implement a culture of work-life balance, self-care, and mindful
work ethics within their policies (Evans et al., 2018; Forrester, 2021).

® Improve student/teacher ratios (Holzinger et al., 2018).

® Reassess and reduce administrative loads of women ECRs (Gibson et al., 2020).

®  Provide women ECRs with more specific and direct administrative support (GEW ez al., 2011;
Armstrong and Jovanovic, 2017; Holzinger et al., 2018; Mackay et al., 2020).

®  Offer relief for women ECRs from specific duties when they return from a career break
(Holzinger et al., 2018).

®  Promote a collaborative environment that encourages transdisciplinary research, active sharing,
and co-development (Van Stavel et al., 2021).

® Change evaluation metrics shifting from publication counting and bibliometric indices to more
holistic metrics (Moher et al., 2018; Davies et al., 2021).

(2) Ensure there are early and equitable ®  Offer women ECRs early opportunities to manage and lead research, beyond that of their degree.
career development opportunities for ®  Superiors to provide opportunities for women ECRs to expand their external collaborative
women ECRs networks and assist them in taking up opportunities for skill development and leadership (Smith

et al., 2017; Jones and Solomon, 2019; de Winde et al., 2021).

®  Offer training, leadership schemes, and coaching opportunities for women ECRs (Van Qosten ef
al., 2017; Latimer et al., 2019; Maddrell ez al., 2019; Chiarinotti and Weber, 2020; Kong et al.,
2020).

® Provide more compensated opportunities and resources for women ECRs to facilitate equitable
access to publishing (Llorens et al., 2021; Maas et al., 2021; Mori, 2021; Schipper et al., 2021).

® Invite more women ECRs to be keynote speakers and provide them with equitable opportunities
to present, attend, and lead conferences (Fisher et al., 2021; Llorens et al., 2021).

(3) Ensure there is equitable access to ® Develop funding opportunities, which are more tailored to the needs of women ECRs.
funding for women ECRs ¢ Implement funding policies that better address the needs of women ECRs (Bryant ez al., 2017,

Holzinger et al., 2018; Bourabain and Verhaeghe, 2021; de Winde et al., 2021; Shah et al., 2021).

®  Use gender-neutral language and stimuli to attract funding applications from women ECRs
(Born and Taris, 2010; Gaucher et al., 2011; Lee and Ellemers, 2015).

Establish DEI committees and have trained DEI representatives for each grant panel.
Ensure there is a minimum number of women representatives on grant panels.

Require grant reviewers to undergo training in peer review and biases.

Provide clear guidance for inclusive grant review processes.

Adopt blinded peer review for grant applications (Dewidar et al., 2022).

Make funding data available online (Llorens et al., 2021).

(4) Offer mentoring opportunities to ® Establish an online mentoring platform for women ECRs in marine science (Van Stavel et al.,
women ECRs. 2021).
® Implement well-structured and long term mentoring programmes.
® Provide formal training for current and prospective mentors of women ECRs (Van Noorden,
2018; Andrews et al., 2020).
® Ensure that mentoring responsibilities are shared fairly across groups to avoid overburdening
women and other minoritized groups (Fisher and James, 2022).
® Recognize academics who have mentoring responsibilities and include mentoring as a metric of
impact (Davies et al., 2021).
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Table 1. Continued

Strategies Actions

(5) Create flexible and family-friendly .
environments

Ensure there is high quality childcare for all women ECRs (Gibson et al., 2020; Llorens et al.,
2021; Reese et al., 2021).

Subsidise or provide family-friendly expenses for on- or off-site childcare.

Ensure there is paid parental and care leave for women ECRs (Llorens et al., 2021; Reese et al.,
2021).

Provide funds which can help women ECRs participate in travel that supports childcare (e.g. for
fieldwork and conferences; Holzinger et al., 2018; Llorens et al., 2021).

Offer flexible working arrangements for women ECRs, who have parental and caring
responsibilities (Maddrell ez al., 2019; Staniscuaski et al., 2021).

Improve paternity leave policies and encourage men to take paternity and parental leave
(Duvander et al., 20105 Vila-Concejo et al., 2018a; Bourabain and Verhaeghe, 2021; Clavero and
Galligan, 2021; Cowper-Coles et al., 2021).

Consider delays to the careers of women ECRs, caused by parenthood and caring responsibilities
when evaluating candidates for positions, promotions and awards.

Examine the suitability of policies, which officially extend graduate, postdoctoral, and
promotion and tenure (P&T) timelines (Manchester ez al., 2013; Mitchneck ez al., 2016; Butkus
et al., 2018; Malisch et al., 2020; Cardel et al., 2020b; Llorens et al., 2021).

The strategies and actions do not aim to privilege women ECRs over other groups, instead, they aim to provide an equitable platform, which allows everyone

to fully participate and lead marine research.

Figure 1. The main strategies that can be adopted by academic institutions, funding organisations, industry, decision-makers and the scientific
community to support women ECRs in becoming future leaders of marine research and achieving diverse and inclusive leadership. The strategies are
braided across the three main scales at which change is required: (i) system, (i) institution and (iii) network.
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stereotypes, stands firmly against prejudice and discrimination
and actively supports women (including ECRs) and other mi-
noritized groups (Australian Academy of Science, 2019). Bias
is a concept that refers to analysis, judgements, or attitudes
that do not adhere to the principles of impartiality (e.g. gender
bias; Calaza et al.,2021). Gender bias can affect women ECRs
and can occur in two forms: (i) prejudice and (ii) discrimina-
tion. Prejudice is an attitude reflecting an overall evaluation
of a group, and is called sexism when attitudes are based on
gender (Fiske, 1998; Dovidio et al., 2010). It can include hav-
ing negative feelings or pre-conceived ideas about women (i.e.
stereotyping). Stereotyping occurs when people assign charac-
teristics to women regardless of actual variation in women’s
characteristics (Eagly et al.,2000; Murphy et al.,2007; Mufioz
Boudet et al., 2013; Reuben et al., 2014; O’Connell and McK-
innon, 2021). For example, women experience various stereo-
types in marine science, including: (i) being mothers or carers
rather than scientists or leaders, (ii) having an inferior per-
formance on quantitative or mathematics-related tasks, and
(iii) being weaker and less able to take on physical tasks (e.g.
during fieldwork; Shellock et al., 2022). As stated by one par-
ticipant “... [disciplines| are either balanced or have more
males than females, and [women] think they’re not capable
in maths and things like that. Why aren’t they there? Because
probably they were told they couldn’t. And maybe even be-
fore academia, maybe the girls don’t get into the disciplines
because maybe the problem is even earlier than that” (ID29).
Discrimination is biased behaviour towards, and treatment
of, a group or its members. Prejudice becomes discrimination
when opinion is put into action. It includes actions that di-
rectly harm or disadvantage another group, but also actions
that unfairly favour their own group (Dovidio et al., 2010).
For example, women being excluded from career opportuni-
ties (e.g. networks, projects, papers, and promotion; De Welde
and Laursen, 2011; O’Connell and McKinnon, 2021; Shellock
et al., 2022).

Prejudice and discrimination are powerful forces that fos-
ter the disparities and inequalities found in academia and
in society more generally (Calaza et al., 2021). Hence, aca-
demic environments need to better protect women, especially
women ECRs, from prejudice and discrimination. We suggest
that academic institutions and relevant stakeholders (e.g. fun-
ders and publishers) integrate the gender perspective into the
preparation, design, implementation, monitoring, and evalu-
ation of plans, policies, and spending programmes. This is
termed “gender mainstreaming” (European Institute for Gen-
der Equality, 2022). As part of this, it will be important to
highlight the unique issues that women ECRs face (i.e. the
overlap of ECR status and parenthood, and the precarious-
ness of their academic positions; Maddrell et al., 2019; Gao
et al.,2021) and ensure that this is carefully considered within
plans.

Various methods or tools can be used to integrate gender
perspectives into institutional policies. These include:

* Gender impact assessments (i.e. the process of compar-
ing and assessing, according to gender relevant criteria,
the current situation and trend with the expected devel-
opment resulting from the introduction of the proposed
policy).

* Gender budgeting (i.e. gender based assessment of bud-
gets in- corporating a gender perspective at all levels of
the budgetary process and restructuring revenues and
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expenditures in order to promote gender equality; Ar-
naut et al., 2019).

® The use of and sharing of gender disaggregated data
(i.e. data on individuals that is broken down by gender;
Mitchneck et al., 2016; Black, 2020).

* The development of Gender equality plans (GEPS)- i.e.
a set of commitments and actions that aim to promote
gender equality in an organisation through a process of
structural change (European Institute for Gender Equal-
ity, 2021).

GEPS, for example, have been implemented in academic in-
stitutions in the UK and Australia, through the Athena Swan
program and SAGE pathway (Drew, 2022; Rosa and Clavero,
2022; Thomson et al., 2022). Furthermore, they are a com-
pulsory requirement for all EU Horizon2020 funding, which
has a direct impact on those applying for funding for marine
science research. We do however, acknowledge the pitfalls and
limitations of GEPs. For instance, GEPs have been viewed as
a potential box ticking exercise and perceived as a woman’s
work (Clavero and Galligan, 2021).

Other measures for addressing prejudice and discrimina-
tion, include but are not limited to:

e The establishment of DEI committees, working groups
or taskforces.

* Robust and transparent recruitment processes to target
women ECRs (Laland, 2020).

e Scientific diversity and gender equity training (i.e. learn-
ing about research on gender bias, how unfair practices
affect women at different stages of their career, recog-
nising patterns in the workplace and the hurdles to hir-
ing, retaining, and promoting women; Mitchneck et al.,
2016; Casad et al., 2021).

* Formal and mandatory unconscious bias training (i.e.
programmes which expose individuals to their biases
and aim to eliminate discriminatory behaviour; Sheltzer
and Smith, 2014; Butkus et al., 2018; Holzinger et al.,
2018; Black, 2020).

One participant reflected that “/DEI] awareness and train-
ing is becoming the norm for appointment and funding pan-
els” (ID6). However, we do note that organizations need to
advance past undertaking simple steps that lead to instantly
visible results (e.g. establishing a DEI committee); in part be-
cause they are short term, and also because they are efforts
often led by ECRs. In the long term, organisations need to
make incremental steps and progressions to tackle prejudice
and discrimination in the workplace (Ali et al., 2021).

It is also important to create a safe, secure, and positive,
environment free from bullying and sexual harassment. One
participant stated “[I] tried to create a safe environment for
my students, where they can grow to be more confident than 1
am, yet not competitive in a negative way” (ID15). This aligns
with previous research (Van Noorden, 2018; Brasier et al.,
2020). There needs to be greater awareness, accountability,
and action from various stakeholders in marine science, in-
cluding academic institutions, researchers, support providers,
funding agencies, and policy-makers (Mahmoudi and Keashly,
2021). Academic bullying and sexual harassment are serious
issues that affect all disciplines and career stages (Mahmoudi
and Keashly, 2021) and can occur in offices, online at confer-
ences and meetings, and on fieldworks (e.g. at sea; Amon et
al., 2022; Johannesen et al., 2022). Women experience subtle
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workplace discrimination (e.g. belittling, misogynistic unpro-
fessional remarks, and incidences of microaggressions), as well
as more blatant forms of bullying in marine research (e.g. ar-
guments with male colleagues; Shellock et al., 2022). In the
context of marine science, a recent study found that 78% of
women respondents (i.e. 761 out of 975 respondents) had
experienced sexual harassment in the workplace or learning
environment. Most commonly, women experienced: (i) ver-
bal remarks of a sexual nature, (ii) lustful stares at them or
their body, and (iii) unwanted touching or physical contact
(Women in Ocean Science CIC, 2021). However, in many
cases, women may be unsure as to whether the bullying or
harassment incident should or could be reported. The conse-
quences for the harassed, bullied, and assaulted are real (Bell
and Koenig, 2017). Incidences of bullying and sexual harass-
ment can lead to hidden labour (i.e. researchers being left out
of authorship either intentionally or because of different per-
ceptions as to “what counts” to be listed as an author), dete-
rioration in the wellbeing of women ECRs and the sabotage
of women ECR’s careers (i.e. women ECRs may struggle to
get jobs, secure tenure, win research funding, and receive sci-
entific recognition). Women ECRs lack power, therefore, they
often have to find other paths, which can effectively remove
competition from the academic environment (Ahmadia et al.,
2021; Tauber and Mahmoudi, 2022).

A number of measures may help to prevent bullying and
sexual harassment in marine science:

e Co-ordinated and collaborative efforts between stake-
holders (e.g. funders, research organizations, businesses,
charities, and governments) to establish an anti-bullying
and harassment culture with marine science (Mahmoudi
and Keashly, 2021).

 Establishing a culture where whistleblowing is encour-
aged without being reprimanded. The implementation of
mandatory, safe and confidential mechanisms for report-
ing and handling of incidences (Johannesen et al., 2022).

e Offering compulsory training for supervisors in how to
support, manage, and mentor women ECRs and require
renewal activities each year (Universities and Colleges
Employers Association et al., 2015; Bell and Koenig,
2017; Wellcome, 2020).

* Developing and promoting codes of conduct within in-
stitutions and research teams (Bell and Koenig, 2017).

e Delivering anti-bullying and harassment mandatory
training for academics across institutes and universi-
ties, particularly for those who are wishing to take a
managerial role (e.g. sexual harassment training and
racial justice training; Bell and Koenig, 2017; Rollock,
2019).

We also need a culture and environment that respects and
advocates for work-life balance (i.e. a comfortable balance be-
tween professional work and personal lifestyle; Amon, 2017;
Brue, 2019) and adjusts the academic norm of high work-
loads. One participant stated “Work on the workload issue
in academia (change the norm)” (ID12). Research has widely
acknowledged that having a work-life balance is a challenge
for women, as they have a greater domestic workload and
are more likely to be tasked with “academic housework”
(e.g. administration, pastoral care, and teaching; Holzinger et
al., 2018; Maxwell et al., 2019). Furthermore, women ECRs
are also disproportionately affected as they experience gen-
der stereotypes and there are often questions about their
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credibility (i.e. an expectation of different or diminished in-
terests or abilities, due to their gender; Handley ez al., 2015;
Armstrong and Jovanovic, 2017; O’Connell and McKinnon,
2021; Shellock et al., 2022). Hence, they are more impacted
by administrative overburden and have less time to devote to
research and publications, compared to their male counter-
parts (Yousaf and Schmiede, 2017; Angervall, 2018). This can
have flow-on effects for women ECR’s careers, as these tasks
are not sufficiently valued in promotion and tenure decisions
(McKinnon and O’Connell, 2020).

A work-life balance is key for all women to have fulfilling
careers (European Institute for Gender Equality, 2016). How-
ever, work-life demands may change as women move through
the various life and career stages (i.e. from women ECRs to
senior leaders). Earlier in their career, women may be of child
bearing age and experience moral pressure, interest, and emo-
tional pull to be the main caretaker of infants, babies, and
young children. When moving to later life and mid-to-late ca-
reer stages, challenges, workloads, and expectations may es-
calate as women become more senior and enter leadership
positions. This may happen at a time when women experi-
ence a collision of immediate and extended work and domes-
tic demands (e.g. teenagers with complex and high demands
and ageing parents). Women ECRs may observe senior col-
leagues juggling these challenges and this may factor into their
future decisions about whether to stay in academia and be-
come a leader in marine science. Therefore, it is important for
a work-life balance to be acknowledged and promoted dur-
ing the ECR stage and this may help to increase the wellbeing
and retention of women. A healthier work-life balance can
help women to find meaning in their work, have a sense of
control over their lives and can reduce incidences of anxiety
and depression (Amon, 2017; Evans et al., 2018).

We suggest that academic institutions implement policies
that promote a work-life balance for women ECRs (Welch et
al.,2011; Brue, 2019; Giakoumi et al., 2021). This will help to
facilitate a move to a healthier work and education environ-
ment (Evans et al., 2018; Forrester, 2021). Potential actions
include:

* Promoting and implementing a culture of work-life bal-
ance, self-care and mindful work ethics within their poli-
cies, and implement this via faculties and through admin-
istration.

¢ Improving student/teacher ratios.

¢ Providing women ECRs with more specific and direct
administrative support, which aids operational activities,
grant development, management, coordination of fund-
ing, contracting, and procurement (GEW et al., 2011;
Armstrong and Jovanovic, 2017; Holzinger et al., 2018;
Mackay et al., 2020).

® Reassessing and reducing the administrative loads of
women ECRs.

o Offering relief from specific duties (e.g. teaching, admin-
istrative responsibilities and service), teaching sabbati-
cals, job sharing, part time roles and flexible working.

Institutions could avoid assigning women ECRs to ad-
ministrative duties until they are on long term contracts or
get tenure. These actions may help women ECRs to spend
more time on research and fieldwork and enable recovery of
women ECRs, following the COVID-19 pandemic (Gibson
et al., 2020). This will be particularly important for those
who have taken extended leave for parental and/or caring
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responsibilities (Mackay et al., 2020). It is often challeng-
ing for women ECRs to manage their academic load when
they return from a career break. Offering relief from specific
duties (e.g. teaching, administrative responsibilities, and ser-
vices), teaching sabbaticals, job sharing, part time roles, and
flexible working may be particularly helpful in this case.

It is also vital for academic environments to promote collab-
oration and broader notions of success and impact. Increas-
ingly, academic institutions are operating within the neolib-
eral paradigm, which is dependent on fee-paying international
and domestic students, and labour market flexibility through
a casual workforce. This environment emphasises competi-
tion and orientates towards activities that yield individual-
level benefits (i.e. individualism; Nyboer et al., 2022). In this
environment, women ECRs have to be self-motivated, enter-
prising, highly-productive, competitive, and always-available
(Reynolds et al., 2018; Bosanquet et al., 2020). Furthermore,
scientists are pushed to publish science, rather than undertake
research which is participatory and involves engagement. This
can affect efforts to move science into the public realm and
tackle critical policy and decision-making needs (Davies et al.,
2021). Hence, it will be vital to shift away from this type of
environment. One participant highlighted the importance of
“...nurturing a culture that is not a competitive, critique-type
environment, which I’ve seen in some departments ...where it
just feels like a harsh environment and you're constantly on
edge, and you’re constantly stressed. I don’t think that’s good
for anyone, particularly 1 feel like it probably does harm to
more females” (IDS). Hence, it will be important for stake-
holders to promote and support a collaborative environment
that encourages transdisciplinary research, active sharing, and
co-development, rather than unhealthy competitive environ-
ments, which rely purely on citations and biased publishing
mechanisms (Nyboer et al., 2022). For example, previous re-
searchers have suggested the use of open and transparent
online platforms, which can help marine scientists, such as
women ECRs, to share their experiences and best practices
on specific topics (Van Stavel et al., 2021).

In addition, changing measures of success and what type of
impacts are valued, may enable a healthier work-life balance.
We should shift from evaluation metrics such as publication
counting and bibliometric indices to more holistic metrics. Of-
ten academic roles, in particular research, are seen as a “mis-
sion” that allows for no or little outside life. If research qual-
ity is only measured using quantitative outputs, without any
consideration of (i) the quality and impact of research and (ii)
above all, the quality of life of academics, then the definition of
academic work is potentially too narrow (GEW et al., 2011).
As highlighted by Davies et al. (2021) “...traditional metrics
are flawed, are biased against already marginalized groups and
fail to accurately capture the breadth of individuals’ meaning-
ful scientific impacts” (p1). This change is critical for women
ECRs in marine science. Research has shown that women are
more motivated than men to engage in research aimed at soci-
etal progress, not just scientific progress (Zhang et al., 2021).
However, ECRs are often pushed to publish their research at
the expense of building relationships and creating impact on
the ground (Sellberg er al., 2021). Also, women ECRs often
have 1.5 times higher service allocations compared to men,
and it is often difficult for them to decline such opportuni-
ties (Cardel et al., 2020b). Women ECRs are often in a vul-
nerable position due to their career stage and because they
have to prove their capabilities (Reynolds ez al.,2018). Hence,
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women ECRs are most disproportionately affected if evalua-
tion metrics are too narrow in scope. Therefore, broader met-
rics are needed to account for societal impact (e.g. deliver-
ing benefits to coastal communities), open research protocols
(e.g. sharing marine data, protocols, software, code, etc.), and
contributions to the scientific enterprise (e.g. co-producing re-
search with marine stakeholders and mentoring). Developing
new metrics will be the responsibility of funders, editors, and
reviewers and those responsible for recruitment (Sellberg et
al., 2021) and will help to advance science through principles
of justice, equity, diversity, and inclusion (Moher et al., 2018;
Davies et al., 2021). One example is the Research Excellence
Framework (REF). Although not without its limitations (Pen-
field et al., 2014; Pinar and Unlu, 2020), the REF acknowl-
edges, captures, and values the wider impacts of research in
the UK (e.g. cultural, economic, health, political, and societal
impacts; Research Excellence Framework, 2021).

Ensure early and equitable career
development opportunities for women ECRs

In many countries, women ECRs receive fewer leadership op-
portunities than men, even when they have equivalent qualifi-
cations, due to gender discrimination (Eagly and Carli, 2007).
Therefore, it is important for academic environments to sup-
port women ECRs and provide them with early and equitable
opportunities for career development.

Preparing women ECRs for leadership can be achieved
by giving them early opportunities to manage and lead re-
search, beyond their degrees. As emphasised by one partic-
ipant, “Having leadership experience for research projects
from early on in the career. Maybe this is where I see the
strongest differences between males and females that female
scientists can work at our institute for many years without
having no project lead. Project lead is required for build-
ing CVs and for the career towards professor level, but of
course also to prepare and promote women to leader positions
(where we have very few females today). Any leadership expe-
rience would help when taking the lead in interdisciplinary
work” (ID11). In terms of actions, we suggest that institu-
tions ensure that there are equitable opportunities for women
ECRs to manage and lead marine research activities such as
workshops, proposals, projects, book chapters, strategically
important articles, and policy contributions. This can help
women ECRs to develop their research (e.g. as exemplified
by the Future Seas Project; Nash et al., 2021) and leadership
skills (including planning and management). Previous work
has highlighted the value of experiential learning for women
ECRs (Brasier et al., 2020) and the need for talent manage-
ment to develop research leaders (Mtwisha et al., 2021). This
can also benefit superiors. As stated by one participant “ Work-
ing with ECRs is a privilege and a major source of inspiration.
Give them opportunities to lead and make sure they thrive.
This will strengthen your team and help you all to succeed”
(ID10). This aligns with previous research, which suggests that
women ECRs provide fresh insights and inspiration for re-
search, as well as strengthening the success of the team as a
whole (Nielsen et al., 2017).

We suggest that superiors provide opportunities for women
ECRs to enlarge their external collaborative networks (e.g. put
them forward for external committees and connect them with
researchers at marine conferences; Smith et al., 2017; Jones
and Solomon, 2019). Research suggests that supervisors’
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collaborative behaviour can affect gender differences in pro-
ductivity among doctoral students and ECRs. This can aid
strategic networking and help to extend women ECR’s formal
and informal networks. We also recommend that superiors as-
sist women ECRs in taking up opportunities that support skill
development and prepare them for leadership: “I #ry to offer
ECRs in my team what helped me to succeed (everything in
my power)” (ID10). This includes but is not limited to, encour-
aging and helping them to apply for fellowships, grants and
awards, co-authoring papers together, being co-applicants on
funding applications and co-ordinating international research
visits (de Winde et al., 2021). One participant stated “I in-
dicate them to lead invited papers and chapters, and I make
sure that all those that show an interest in studying abroad
do so” (ID15). It is also important to support women ECRs
who are coming to the end of their contract and to help them
to prepare for and decide on their next steps. For example,
we recommend that superiors and mentors meet with women
ECRs at least 6 months before the end of their contract to
discuss career aims and develop a strategy to seek and obtain
new opportunities.

It is also important for publishers to provide career devel-
opment opportunities for women ECRs, which are compen-
sated and help to provide more equitable access to publishing
(Llorens et al., 2021; Maas et al., 2021; Mori, 2021; Schip-
per et al., 2021). Women are underrepresented in publishing
in related fields (e.g. ecology, coral reef science, and fisheries
science; Handley et al., 2015; Fox et al., 2018; Ahmadia et
al., 2021; Maas et al., 2021) and are less likely to be offered
leadership and membership of editorial boards (Cho et al.,
2014). Journal publishers could reverse these trends by offer-
ing compensated opportunities for women ECRs to guest edit
special issues and to learn more about scientific publishing
and journal editing. For example, the ICES Journal of Ma-
rine Science has implemented an editorial membership pro-
grammes to train ECRs in scientific publishing and journal
editing (ICES, 2021). Another option is the use of ECR boards,
which are groups composed of ECRs that functions alongside
the advisory board and the editors (Wiley, 2021), with repre-
sentation from women ECRs.

Furthermore, conference committees could provide career
development opportunities for women ECRs. Academic con-
ferences are crucial events for women ECRs to disseminate
their research, gain exposure and to develop a foster a broad
network of peers and collaborators. Previous research sug-
gests that career advancement is often dependent on building
good social networks and can involve breaking into the “boys
club” or creating a women’s club (Eagly and Carli, 2007; Shel-
lock et al., 2022). Despite this, conferences represent impor-
tant cultural events that reflect the barriers faced by women
in marine science. Importantly, committees should ensure that
women are invited to be keynote speakers at conferences.
Prior research suggests that women are discriminated against
when it comes to invitations to give keynote presentations
(Lupon et al., 2021; Carcel et al., 2022). Women keynotes
can counteract the negative effects of stereotypes (Burdett et
al., 2022) and can be positive role models, as they provide
women ECRs with examples to emulate. It is also essential to
provide women ECRs with opportunities to present at and at-
tend conferences (Johri et al., 2021). This can be facilitated by
assisting with childcare, offering dedicated funding for women
ECRs, providing assistance with and funding short-term visas
for travel, holding conferences in diverse locations and/or
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having “multiple-sites” for attendees and adopting hybrid
virtual-physical conference formats (Sardelis ez al., 2017; The
Scientist, 2019; Fisher et al., 2021; Llorens et al., 2021; Niner
and Wassermann, 2021; Sarabipour et al., 2021; Velin et al.,
2021). However, we acknowledge that conferences will need
to become more accessible and safer places, to benefit women
ECRs. This will require changes from within the organiza-
tional structure of events, for example, through the implemen-
tation of specific guidelines, policies and a conference code of
conduct (e.g. equality policies and anti-harassment policies;
Black, 2020; Corona-Sobrino et al., 2020).

Finally, we suggest that women ECRs are provided with
more training, coaching, and networking opportunities. It was
perceived that we must do better to train the next genera-
tion of women ECRs. Global female leaders highlighted that
training and development is a key enabler to better prepare
ECRs for future leadership, management, and supervision.
This will prepare them for roles within and outside academia
(Universities and Colleges Employers Association et al., 2015;
Holzinger et al., 2018). One participant stated “I would sug-
gest a systematic and effort to mentor, train, and support
women throughout their careers with the vision to disman-
tle existing power differences is required” (ID34). We sug-
gest that training is provided on topics that are sensitive to
the challenges that are disproportionately faced by women,
including self-management (e.g. goal setting, time manage-
ment, work-life balance). This was in addition to encouraging
women ECRs to apply for leadership programmes and career
coaching schemes: “I would LOVE to see some kind of lead-
ership program for women.... Think about the Pew Fellowship
program but specifically for women and not about science but
about leadership, mentorship, work life balance” (ID33). Ca-
reer development coaching could help women ECRs to estab-
lish their professional goals and make a plan to achieve them
(Van Qosten et al., 2017; Maddrell ez al.,2019). One example
is Homeward Bound, which is a global leadership initiative,
against the backdrop of Antarctica, which aims to heighten
the influence and impact of women in STEM. The benefits
of leadership training and career coaching have been exam-
ined previously in the STEM literature (Latimer et al., 2019;
Chiarinotti and Weber, 2020; Kong et al., 2020).

Ensure equitable access to funding for women
ECRs

Ensuring equitable access to funding for women ECRs was
identified as a key strategy for supporting women ECRs,
which aligns with previous research (Sylvia et al., 2008; Smith
et al., 2017; Fox et al., 2018; Holzinger et al., 2018; Ahma-
dia et al., 2021; Odedina and Stern, 2021). Funding plays
a pivotal role in enabling women ECRs to undertake high-
quality research and supports a range of inputs and activities,
including field and laboratory costs, training, and partnerships
(Blythe and Cvitanovic, 2020). Multiple studies have shown
that there is a gender bias in funding and that men have sig-
nificantly higher success rates than women applicants (Shen,
2013; Wijnen et al., 2021). For example, previous research
found that women needed to be 2.5 times as productive to be
judged as equally competent in grant applications (Malisch ez
al., 2020). Women ECRs may be at an even bigger disadvan-
tage. Funding may be particularly scarce and unsuitable for
women ECRs working in marine research as it is not suffi-
ciently tailored or flexible enough to support women ECRs at
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specific pressure points in their career (e.g. women re-entering
science after extended leave, also women wishing to redirect
their career). Further, women ECRs from the Global South are
often disadvantaged in terms of capacity, funding, and pub-
lishing (Maas et al., 2021; Mtwisha et al., 2021; Shellock et
al., 2022). Overall, the stress of insufficient funding and the
need to secure funding can impact women ECR’s personal
wellbeing (Andrews et al., 2020) and can affect their ability
to navigate the career pipeline (de Winde et al., 2021). Hence,
practical actions that can increase and improve funding will
be central to increasing the number of women ECRs becoming
leaders in their field.

Participants emphasised that research funders and grant-
ing agencies need to be more accountable in recruiting, re-
taining, and funding women ECR-led projects. This is in line
with the STEM and academic literature more broadly (Bryant
et al.,2017; Holzinger et al., 2018; Bourabain and Verhaeghe,
2021; de Winde et al., 2021; Shah et al., 2021). Participants
perceived that funders could provide more tailored funding
to support women ECRs. Many women take maternity leave
at the career stage where they have maximised their networks
and connections and it can be hard to re-establish and recreate
these without funding. One participant stated “...there should
be more scholarships for early-career researchers [and] sup-
porting especially women who have children because then it’s
much harder to get back into science, if they’re a year or several
years lost where they couldn’t publish” (ID30). For example,
this could be achieved by providing longer term and back-
to-back research grants, funding career break extensions and
temporary staff to continue projects for women ECRs and by
offering start-up funding for women ECRs. The provision of
a small fund may help women ECRs to regain lost momen-
tum (i.e. momentum funding) and could be used as a start-up
for small projects, to hire a Research Assistant and to attend
conferences.

Funding policies should also better address the needs of
women who are ECRs, have diverse career paths and have
had career breaks. One participant reflected on the funding
process in their country: “...if you apply for funding, you have
to submit the papers of the last five years. Well, at least here
they say for every child you have you get one year extra where
you can submit papers. So they give you this opportunity,
which 1 think is good” (ID30). Various examples exist around
the world, but one example is the use of Research Opportu-
nity and Performance Evidence (ROPE) Statements in Aus-
tralia. ROPE statements been incorporated in Australian fund-
ing schemes, including the Australian Research Council (ARC)
and Australia’s National Health and Medical Research Coun-
cil (NHMRC). Researchers submit a ROPE statement, which
provides additional context for their grant application. ROPE
recognizes that not everyone is on a level playing field when
it comes to diversity of career and life experience (e.g. due to
caring responsibilities, as well as health issues). Hence, ROPE
“...enables evaluation of a researcher’s activities, outputs and
achievements, in the context of career and life opportunities
and experiences, including, where relevant, significant career
interruptions” (Australian Research Council, 2022, p2). Fun-
ders could also better consider delays to women ECRs (e.g.
due to parenthood and caring responsibilities). For example,
by extending eligibility windows for women ECRs who have
had career breaks and by providing flexible grant deadlines.

Funders could also use gender-neutral language and stimuli
to attract women ECRs. They could apply inclusive details
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in funding adverts and applications to encourage and pro-
vide stimuli for women ECR applicants. We advise that fun-
ders avoid the use of gendered language in instructional and
evaluation materials (e.g. as part of grant calls, application in-
formation on the website, and evaluation sheets and instruc-
tions for grant committee members). For example, they could
use gender-neutral language, which avoids referring to one
gender (e.g. “he”), and uses more gender inclusive wording
(e.g. “he”, “she”, and “they”) and remove masculine wording.
Masculine-gendered words include: leader, competitive, dom-
inant, challenging, independent, and adventurous, whereas
feminine-gendered words include responsible, organized and
thorough (Born and Taris, 2010; Gaucher et al.,2011; Lee and
Ellemers, 2015). Masculine wording can affect the motivation
of women ECRs to go for funding, their evaluation by others
and can sustain gender stereotypes in science. Funding bodies
could also use more innovative and fairer processes to award
grants, which go some way to increasing equitable access to
funding (e.g. lottery schemes). All candidates who meet the
criteria are entered into a lottery (i.e. tiebreakers) and grants
are randomly allocated. Such schemes are being trialled by a
group of funders, including the British Academy, the Volkswa-
gen Foundation in Germany, the Austrian Science Fund, and
the Health Research Council of New Zealand (Nature, 2022).

It is also vital that women ECRs are better represented in
grant funding processes, to aid equitable access to funding
(Butkus et al., 2018). Women are less likely to serve on fund-
ing committees, councils, boards, and panels positions and this
further propagates biases against minorities (Malisch et al.,
2020). Women ECRs are often not in the professional net-
works of decision-making groups associated with publishing.
Hence, their work may be less well known and perceived less
favourably in journal publications. Furthermore, there is ev-
idence that reviewers tend to favour researchers of the same
gender or country as themselves, which has proven to be a
large disadvantage for women and scientists from the Global
South (Ni et al.,2021). This can lead to lower success of grant
applications, which are often reviewed by the same exclusive
professional networks (Johri et al., 2021). Hence, it is impor-
tant for women ECRs to be involved in grant funding pro-
cesses. DEI should be considered throughout the grant review
process, as it can help to reduce conscious and unconscious
bias on women ECRs (de Winde et al., 2021; Llorens et al.,
2021; Dewidar et al., 2022). The following actions could be
applied by funders:

e Establish DEI committees and trained DEI representa-
tives for each grant panel with compensation for those
involved.

* Require grant reviewers to undergo training in peer re-
view and biases.

® Provide clear guidance for inclusive grant review pro-
cesses.

* Adopt blinded peer review.

¢ Ensure there is a minimum number of women (ECR) rep-
resentatives on grant panels.

e Publish funding data (e.g. data on gender balance, suc-
cess of women ECRs, and amounts awarded).

Offer mentoring opportunities

Mentoring is recognized as a critical element for supporting
women ECRs, particularly those facing intersecting systems
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of oppression. There will be increased demand for mentor-
ing over the coming years to substitute for the loss of expe-
riences and skills during the COVID-19 pandemic (Fisher ez
al., 2021). Mentoring can be formal and informal and exists
in various forms including peer-, career development-, and/or
personal mentoring (Davies et al., 2021). Mentoring is often
implemented by academic institutions, in addition to external
organisations (e.g. learned societies and research networks).
Many of the global women leaders currently mentor women
ECRs through formal and informal routes and highlighted the
importance and benefits of mentoring. One participant com-
mented “...strong support through mentoring during the final
stages of my PhD. It got me to where I am now” (ID22). An-
other stated that “Institutionalizing mentoring is important.
We need role models, female leaders that act as advisory, share
their experiences and are willing to support where necessary.
Becoming a leader happens over time, still there are many
skills to learn that we usually do not acquire from university
but have to get from somewhere else” (ID7).

This is in line with previous research, which has highlighted
the benefits of having a mentor or network of mentors (Biel-
czyk et al., 2020) in marine science (Johnson et al., 2016; An-
drews et al., 2020; Johri et al., 2021; Van Stavel et al., 2021;
Burdett et al., 2022) and STEM more broadly (Johnson and
Gandhi, 2015; Amon, 2017; Wellcome, 2020). Mentoring can
be vital in retaining women ECRs and supporting their ca-
reer progression (Davies et al., 2021). Mentored academics are
more likely to get promoted (e.g. to positions of leadership),
have increased commitment to the institution (i.e. reduced at-
trition), improved self-efficacy in teaching and research, and
receive more grant income (Gardiner et al., 2007; Ghosh and
Reio, 2013; Brabazon and Schulz, 2020; Cardel et al., 2020Db).
Mentoring programs need to be properly resourced, evalu-
ated regularly and go beyond a tick box exercise, to avoid
undermining the value and benefits that mentoring can bring
(Maddrell et al., 2019). A range of actions can be applied
to establish and improve mentoring programmes for women
ECRs.

An online mentoring platform for women ECRs could be
established, to guide career development, funding applica-
tions, and the navigation of academic challenges. This is ex-
emplified by one participant who suggested to “..., promote
international mentor-mentee platforms” (ID18). Online men-
toring platforms could be developed by individual academic
institutions, external organisations (e.g. learned societies, pro-
fessional organisations), or through collaborative means. This
has been discussed previously in marine science (Van Stavel et
al., 2021), STEM (Dewitty et al., 2016; Durbin et al., 2020;
Hopp et al., 2020), as well as academia and industry more
generally (Barrett et al., 2005; Parmaxi and Vasiliou, 20135;
Alves et al., 2018; Holzinger et al., 2018). Mentoring plat-
forms can act as an online community and they match and
link women mentors and mentees and may provide a more in-
formal approach to mentoring. They can be delivered through
a multitude of different technology platforms, including appli-
cations, public websites, social media pages, or via a customer
relationship management (CRM; Alves et al., 2018; Durbin
et al., 2020). Mentoring platforms can make mentoring more
accessible to geographically dispersed and minoritized groups
of women, transcend institutions and can be complemented
by face-to-face mentoring meetings and networking opportu-
nities with other mentees and mentors (Durbin et al., 2020;
Hopp et al., 2020).
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Well-structured and long term formal mentoring pro-
grammes could be implemented, to aid the development of
women ECRs. For example, one participant highlighted the
importance of formal mentoring systems: “Mentoring system,
the formal way. This is deliberate and with structure. In my
college, we are about to start this” (ID21). Formal mentoring
programmes can provide women ECRs with opportunities to
engage with a career development mentor. Some women ECRs
may prefer to have a woman as a mentor, as they may have bet-
ter insights into the gendered barriers that women ECRs face
in achieving advancement. But this may be a challenge, due
to the lack of women role models within academia who ob-
tained higher positions in their workplace (Borna et al., 2022).
Formal mentoring programmes can help to improve, build on
or compliment the work of academic institutions, learned so-
cieties, research networks, conferences, and funders. For ex-
ample, mentoring offered by the Integrated Marine Biosphere
Research (IMBeR), the Euromarine network, the Society for
Women in Marine Science and the Environmental Leadership
Program (e.g. Roger Arliner Young (RAY) Diversity Fellow-
ship Program; Johri et al., 2021).

The duration of formal mentoring programmes varies a
lot; however, we are most aware of schemes, which require
a 12 month commitment from mentors and mentees (Fisher
and James, 2022). After the formal programme, mentors and
mentees often have to decide when to re-define their part-
nership or expectations or to formally end their relationship.
However, mentor-mentee relationships can often span a pe-
riod of several years (Allen and Eby, 2003; Gardiner et al.,
2007; Efstathiou et al., 2018). There must be clear deliv-
ery objectives for the mentoring program (i.e. for the men-
tor, mentee, and the institution) and we suggest that formal
mentoring programmes have three key components to ensure
their effectiveness. First, a facilitated program, which offers
career development workshops for mentees and mentors and
peer-networking opportunities. Second, one-to-one career de-
velopment mentoring, where mentees receive ongoing guid-
ance and advice from a mentor who has insights into their
goals, strengths, and areas for continued development. Third,
a rigorous and long term evaluation of the program to en-
sure that mentoring programmes are effective (Hansford et
al., 2004; de Vries, 2011; Dworkin et al., 2012; De Vries and
van den Brink, 2016; Schriever and Grainger, 2019; Vasquez
and Pandya, 2020).

It is vital to provide formal training for current and prospec-
tive mentors of women ECRs (Van Noorden, 2018; Andrews
et al., 2020). Training can help to introduce mentors to key
knowledge, skills, and important considerations that men-
tors need for supporting women ECRs. For example, training
could include, but would not be limited to: (i) providing guid-
ance and examples of what good mentorship looks like, (ii)
providing training in the professional conduct of mentorships
(e.g. making mentors aware of the ethical aspects of mentor-
ing), (iii) raising awareness of the unique challenges women
ECRs are faced with in marine science, (iv) discussing anti-
bullying and antiracist mentoring and teaching practices, and
(v) giving mentors strategies for handling difficult situations
and reporting health and safety concerns (Johnson, 2002; de
Vries, 2011; Wellcome, 2020; Davies et al., 2021). It will be
important to ensure that mentoring responsibilities are shared
fairly across groups, to avoid overburdening women, minori-
tized groups and those with caring responsibilities (Fisher
et al., 2021). In addition, the work of mentors should be
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recognized by academic institutions, as part of plans to ex-
pand scientific impact beyond that of citations.

Create flexible and family-friendly
environments

Parenthood and caring responsibilities can slow the rate of
career advancement of women ECRs and this can be exac-
erbated by un-career-friendly family structures (Fulweiler et
al., 2021; Giakoumi et al., 2021; Shellock et al., 2022). As
exemplified by one participant, “...women have children and
there is a part of their life that does not allow them to do the
same things that a man could do” (ID31). The issues facing
academic parents and carers have been discussed for decades;
however, the COVID-19 pandemic has further exposed the
inequalities facing women scientists. Previous studies suggest
that the well-known unequal division of domestic labour be-
tween men and women, have been made worse by the pan-
demic and this is particularly the case for women ECRs who
are likely to face long-term effects (Staniscuaski et al., 2020;
Fulweiler et al., 2021; Gao et al., 2021).

The global women leaders highlighted the need for the cre-
ation of flexible and family-friendly environments and per-
ceived this to be vital for bolstering women ECRs. Partici-
pants stated “There was some way to go in creating a family
friendly culture” (ID6) and “There is nothing in place apart
from networks and support, familiar support, and of course
a lot of men get the very caring and understanding and all
of this, but there is not an official structure to help you, and
there should be” (ID29). Such mechanisms would need to be
implemented in marine institutions globally, not just in the
Global North. This aligns with existing literature, which sug-
gests that flexible and family-friendly policies can help to re-
cruit, retain and advance women ECRs and make leadership
roles more accessible and inclusive (Mitchneck et al., 2016;
Care et al.,2021). We discuss a range of potential actions that
can be applied alongside efforts to provide equitable funding
for women ECRs (with parental and caring responsibilities).

Academic institutions could help by providing access to
high quality childcare for all women ECRs with parental re-
sponsibilities. Participants suggested that academic institu-
tions could establish or expand high-quality on-campus child-
care and ensure it is flexible and available to all women ECRs,
regardless of their career stage and contract. They could also
subsidise or provide family-friendly expenses for on or off-site
childcare. For example, “... a scheme that would work very
well would be a gender-neutral scheme that would allow me
to use an allowance to pay for quality and reliable childcare,
or family-related expenses, and would provide me freedom to
better focus on professional development and benefit from the
post in a more full and relaxed way” (ID19). This aligns with
the STEM literature (e.g. Gibson et al., 2020; Llorens et al.,
2021; Reese et al., 2021). It is also vital to provide childcare
to enable women ECRs to attend conferences, meetings or
undertake fieldwork. Due to their domestic burden, women
ECRs are often unable to participate in travel. As stated by
one participant, “Travelling can be challenging as a mom, so
considerations around how we can participate in travel in a
way that supports childcare options” (ID1). For example, it
may be beneficial to provide grants for childcare during travel
to conferences or fieldwork (Holzinger et al., 2018; Llorens
et al., 2021). Also, there are examples of marine science con-
ferences and meetings, which have organised and/or funded
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childcare on site for those wanting to attend (e.g. the Inter-
national Marine Conservation Congress and the Australian
Marine Sciences Association).

Efforts could be made to reduce the difficulty for those re-
turning to work after maternity leave. Flexible working ar-
rangements or practices could help women ECRs to achieve
work-life balance and would highly benefit those who have
parental and caring responsibilities. This is where administra-
tive activities and teaching schedules are carried out by col-
leagues with more flexibility, being able to work from home
and where possible, not holding meetings and work events
during times that conflict with domestic duties (e.g. to accom-
modate the school run; Maddrell et al., 2019; Staniscuaski et
al.,2021). For example, one participant discussed having flex-
ible working arrangements for those returning from maternity
leave: “... offer more opportunities to work from home, be-
cause babies are also sleeping a lot, it’s not that you can’t work,
but you cannot go to a job and stay there the whole day, es-
pecially if you want to breast-feed, which you should because
it’s very healthy. So 1 think that’s really important, to be more
flexible for women with kids, to give them more opportunities
to work from home” (ID29). In addition, institutions could
allow for phased or part-time return to work after maternity
leave and provide new and improved spaces for lactation (i.e.
family rooms) within all buildings on campus (Butkus et al.,
2018; Greider et al., 2019).

Institutions could also ensure that there is paid parental
and care leave for women ECRs, particularly graduate stu-
dents and postdoctoral researchers (Llorens et al.,2021; Reese
et al., 2021). Improving paid-leave policies for parents can
improve the health outcomes of both children, mothers, and
family members and increases the likelihood that women re-
turn to work (Dustmann and Schénberg, 20125 Cardel et al.,
2020b). Improving paternity leave policies and encouraging
men to take paternity and parental leave can also contribute
to childcare and relieve domestic burden from women. This
can help to enable a more gender-equal division of care (e.g.
maternity/paternity leave sharing and career breaks for men
and women; Duvander et al., 2010; Vila-Concejo et al., 2018a;
Bourabain and Verhaeghe, 2021; Clavero and Galligan, 2021;
Cowper-Coles et al., 2021).

Institutions could also consider delays to the careers of
women ECRs, caused by parenthood and caring responsibil-
ities when evaluating candidates for positions, promotions,
and awards. For example, this could involve providing offi-
cial extensions for graduate, postdoctoral, and promotion and
tenure (P&T) timelines for women ECRs, on the basis of child
birth, parenthood and caring responsibilities. One example is
the use of tenure clock extensions (or Stop the Tenure Clock;
STC), which allow tenure-track faculty members to delay their
tenure review, typically in increments of one year. This has
been offered to both men and women in academic institutions
(i.e. as a gender-neutral policy). However, there is still debate
about the relative costs and benefits of such policies within
the literature. On one hand, extensions may help provide a
supportive environment that allows for promotion and ad-
vancement and may provide stress relief for women ECRs (e.g.
first-year faculty; Mitchneck et al., 2016; Butkus et al., 2018;
Llorens et al., 2021). However, other have argued that exten-
sions are not a panacea and can cause issues for women ECRs.
They may result in the following consequences for women
ECRs: (i) women ECRs being out of sync with funding mech-
anisms (e.g. those that require the primary investigator to be
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tenured), (ii) women ECRs being unconsciously penalised for
productivity loss and (iii) decreases in women ECR’s long-
term earning potential when compared with men who have
had tenure extensions (e.g. for parental leave; Manchester et
al., 2013; Malisch et al., 2020; Cardel et al., 2020b). It will be
important for institutions to weigh up the costs and benefits
of such policies.

Considerations for applying the strategies and
actions in practice

Here, we discuss three points that that should be considered
before strategies and actions are applied by stakeholders wish-
ing to support women ECRs in marine research.

Intersectionality should be a crossing-cutting
principle across all plans

The concept of diversity is commonly filled by gender, which
can leave ethnic, racial and other minoritized groups feel-
ing excluded. Therefore, it is important for intersectional-
ity to be a crossing-cutting principle in all plans for sup-
porting women ECRs, as it can widen the view of gender
and power (European Institute for Gender Equality, 2016;
Bourabain and Verhaeghe, 2021). Intersectionality was first
introduced by Kimberle” Crenshaw in 1989 (Crenshaw, 1989).
It is defined as a “...theoretical framework for understand-
ing how multiple social identities such as race, gender, sex-
ual orientation, socio-economic status, and disability inter-
sect at the micro level of individual experience to reflect in-
terlocking systems of privilege and oppression (i.e. racism,
sexism, heterosexism, classism) at the macro social structural
level” (Bowleg, 2012, p1267). The challenges faced can be
more substantial for minoritized groups, who have multiple
disadvantaged statuses (Maddrell et al., 2019; Ahmadia et
al., 2021; Cech and Waidzunas, 2021; Jeffrey, 2021; Maas
et al., 2021; O’Connell and McKinnon, 2021; Park et al.,
2022).

Women from minoritized groups have observed and expe-
rienced discrimination (e.g. macroaggressions and tokenism)
within marine science (Shellock et al., 2022) and STEM more
generally (Bala Chaudhary and Berhe, 2020), which has led
to them being isolated and excluded from career progression.
For example, women of colour, have been most affected by
the COVID-19 pandemic, in terms of academic productivity
(Staniscuaski et al., 2021) and have experienced the most ha-
rassment in STEM fields (Clancy et al., 2017). This has been
referred to previously as “gendered racism” or “intersectional
discrimination.” This exemplifies the multiplicative effect of
characteristics such as race on gender for minority women
and demonstrates that women cannot be considered a ho-
mogenous group (Bourabain, 2021). Addressing inequalities
that intersect with gender can provide efficient leverage for
change and also inspire comprehensive strategies and actions.
However, this will require more analytical resources and data,
and a broader range of expertise, than tackling gender sep-
arately from other inequality issues (European Institute for
Gender Equality, 2016). A number of the actions for sup-
porting women ECRs would also be of benefit to minoritized
groups. However, it will be vital to tailor these actions and
for them to be complimented by or integrated with specific
plans to protect and support minoritized groups (e.g. anti-
racism plans, LGBT + plans and disability action plans; Bala
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Chaudhary and Berhe, 2020; Ali et al., 2021; Cech and
Waidzunas, 2021).

Strategies and actions should be adapted for
the context in question

In highlighting these strategies and actions, we do not wish
to deny the complexity of the gender-gap, the scale of gender
discrimination in society and the cultural practice of differ-
ent geographical and disciplinary contexts. Nor do we im-
ply that they should serve as prescriptions of a set of ac-
tions applicable in all contexts. The type of action applied
will depend on the culture and legal system in each country,
as well as the socio-political dynamics within each organisa-
tion (Mitchneck et al., 2016). Rather, we aim to outline the
range of potential options and call attention to the need to
tackle the challenges experienced by women ECRs. We suggest
that organisations undertake preparatory work before devel-
oping new and existing policies and structures, implementing
targets and establishing monitoring and evaluation processes.
Preparation should involve: (i) assessments of the degree to
which COVID-19 has and will continue to impact the pro-
ductivity of women ECRs (e.g. particularly ethnic minorities
and those with parental and caring responsibilities; Malisch et
al., 2020), (ii) organisational analyses, (iii) a review of already
existing gender equality policies, which provide opportunities
for women ECRs, and (iv) the use of participatory processes
to identify specific areas for improvement and accountability
(AlShebli et al., 2020; Ahmadia et al., 2021; Bourabain and
Verhaeghe, 2021; Clavero and Galligan, 2021; Llorens et al.,
2021; Maas et al., 2021).

Good leadership is central to the success of
the strategies

Good leadership is vital for designing and implementing the
strategies and actions, and ultimately achieving inclusive, re-
sponsive, and modern career development in marine science.
We would like to state that as a group of (wo)men in leading
positions we are aware of or can be involved in cases where we
or our colleagues create or maintain the barriers we discuss in
our paper. Therefore we call on introspection and suggest crit-
ical reflexivity as part of creating a more inclusive academic
culture.

Good leadership will be required within the various stake-
holder groups who have a part to play in the academic re-
search environment (i.e. academic institutions, funding or-
ganisations, industry, decision-makers, and the scientific com-
munity) and multiple levels within these organisations (Eu-
ropean Institute for Gender Equality, 2016). As exemplified
by Holzinger et al., (2018), “[this commitment should] not
only to be shared amongst top-level executive management,
but also amongst other organisational stakeholders, in par-
ticular middle or line managers, who are more involved in
the daily routines and operational procedures of organisa-
tions. Securing organisational commitment can be supported
through cooperating with external stake-holders, for instance
regional or national policy makers or non-governmental or-
ganisations” (p215). Training and performance measures, as
well as resources, should be tailored so that all organisa-
tions and leaders are empowered to implement change that
supports women ECRs. Leaders will need to: (i) be a visible
part of the change process, (ii) understand the socio-political
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dynamics of research, the system and their organisation, (iii)
work with a diversity of stakeholders and leaders at all levels
within the organisation who are accountable for implement-
ing change, and (iv) establish an accountability system to mon-
itor and evaluate the effectiveness of their efforts (Mitchneck
et al., 2016).

Conclusions

Women ECRs are well-placed to shape the future of academic
marine research and innovate and champion new approaches
to addressing critical research needs. However, women ECRs
experience a host of challenges, which place them at a sig-
nificant disadvantage in comparison to male colleagues and
inhibits their progression to leadership within academic insti-
tutions. Here we have outlined five strategies that can sup-
port and empower early career women researchers to become
the leaders of tomorrow, building on the collective experiences
and perspectives of 34 global women leaders and a narrative
review. These actions aim to support the goal of more diverse
and inclusive leadership in academic marine research institu-
tions. We anticipate that these strategies and actions may be
adopted by diverse marine science stakeholders, including aca-
demic institutions, funding organisations, industry, decision-
makers, as well as the broader scientific community. However,
transformational, meaningful, and lasting change will only be
achieved if there is commitment and collaborative action by
diverse stakeholders across scales. The perspectives presented
in this paper are not intended to provide an accurate repre-
sentation of the global picture. Challenges faced by women
ECRs vary according to geographical, cultural, and legal con-
texts, which in turn affect the type and extent to which actions
can be applied. This paper provides a useful starting point for
identifying and developing practical actions that could be im-
plemented to empower women ECRs and ensure equitable ac-
cess to leadership positions within academic marine research
institutions.

Although our findings are derived from global women lead-
ers in marine research and focus on marine systems, many of
our ideas are transferable to other contexts. As highlighted
previously, case studies can provide in-depth understandings
of complex and complicated issues (Starman, 2013); however,
they cannot be directly extrapolated to each and every con-
text. Hence, the applicability of the strategies and actions to
other disciplines may be more limited (Cvitanovic et al., 2021).
The results of this paper should be seen as an opportunity to
better understand the challenges facing women ECRs in other
disciplines, and not seen as a definitive list of strategies and
actions that can be applied in every situation.
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