
A more representative community of ecologists
Ecologists play a crucial role in providing solutions to the challenges facing the world. For most of the history of

the field, however, the science of ecology has been pursued by white men, and increasingly, by white women. This lack
of diversity is untenable today, not only because it is socially unjust, but also because solving environmental problems
requires diversity. Ecology as a science is an extremely rewarding and fun career choice for many, but how can the
field recruit a more diverse workforce to do this important and gratifying work? Attracting and retaining future ecol-
ogists of color is the focus of this Forum.

How do young people choose a career in ecology and environmental sciences? For many ecologists, environmental
scientists and managers, and future natural resource professionals, an early field experience provides a crucial intro-
duction and gateway. A sojourn at a field station, an extended field trip, or field expedition has introduced many of
today’s professionals to their fields, but at the same time, a growing literature documents problematic behavior, dis-
crimination, and other forms of harassment that have been far too frequently reported, and little attention has been
given to conscious or implicit exclusion of students from diverse backgrounds.

In their lead article, Bowser and Cid, two leading researchers and long-time champions of diversity in ecology,
build on experience in long-running programs as well as the literature to diagnose challenges facing diverse youth,
and present approaches to encourage, rather than discourage, further engagement. They describe affirmative and cre-
ative measures that foster a sense of inclusion and community among young scholars; this sense of belonging and
empowerment allows many to advance to studies and careers in ecology and environmental science.

In the subsequent six papers, authors explore topics either responding to, or inspired by, the lead paper. They
explore alternatives to a field experience as a gateway to a career in ecology or environmental sciences through, for
example, data science or the social sciences. Other comment papers describe challenges faced in the next phases of an
academic career, barriers faced by specific cultural groups and the approaches, challenges, and outcomes of programs
aiming to increase the diversity of the environmental STEM workforce. All responses sound a clarion call for change
to hear and value different voices and perspectives to be heard and valued. These include (1) structural and cultural
change to our institutions and reward structures; (2) developing and nurturing personal relationships among students
and their mentors, within teams and in internships; (3) making entry to ecology inviting and making advancement in
ecology free from systemic barriers; and (4) broadening our vision of ecology, and the ways we learn about the
world’s ecosystems.

The Ecological Society of America, the home for Ecological Applications, is committed to the diversity, equity and
inclusion needed to tackle environmental challenges in unity (https://www.esa.org/esablog/2020/09/24/time-for-ac
tion-esa-initiates-a-diversity-equity-inclusion-and-justice-deij-task-force/). The world needs all available talent and
perspectives to meet environmental challenges today. Ecological Applications has long published occasional papers
on the profession of ecology and never ones more important or timely than these. The editorial team is proud to pro-
vide an outlet for the voices of our field, in all its current, if inadequate, diversity and honored to host the passionate
and committed views of our authors.
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Abstract. How do students discover ecology? Answering this question is essential for diver-
sifying the environmental workforce because scientific disciplines, such as ecology, are often
not discovered until students enter academia and are exposed to different disciplinary options.
Ecology, and many of the environmental sciences, have persistent and alarmingly low numbers
of underrepresented minorities (URM; African American, Hispanic American, Native Ameri-
can, and Pacific Islanders), while other science and technology fields have shown progress in
diversification. Why does such underrepresentation persist in environmental disciplines? Social
factors such as sense of belonging, science identity, implicit biases, and stereotypes all have
been explored and are known to influence the participation of URM students in science. The
unique role of the field experience in environmental sciences as a “rite of passage” and “authen-
tic” research experience is one important influence on how URM students experience ecology.
Interventions using social elements such as belonging and sense of place are demonstrated
ways to broaden participation particularly in environmental science fields, yet dramatic under-
representation still persists. Here we review known factors affecting and enhancing the recruit-
ment and retention of URMs in the sciences and focus on comprehensive strategies shown to
be effective recruiting URM students into the environmental workforce.

Key words: applied ecology; ecology mentoring; education interventions; environmental workforce; field
experience; training diverse ecologists; underrepresented minorities in science.

INTRODUCTION

The diversity within the environmental workforce does
not reflect the human communities they serve. To date,
minorities and persons of disabilities (URM) remain sig-
nificantly underrepresented proportional to their num-
bers in the United States population in Science
Technology Engineering and Mathematics (STEM)
fields (NCSES 2021). Progress on increasing participa-
tion for minorities continues to lag in the earth sciences,
including geosciences, ecology, and other natural
resource fields, while the representation of white women
in those same sciences has increased consistently (Ortega
et al. 2006, Taylor 2017, NCSES 2021).
How do URM students discover ecology disciplines?

As background, in 1992, the Ecological Society of Amer-
ica (ESA) surveyed the diversity of its membership

(Lawrence et al. 1993a). At the time, the data showed
<5% ethnic diversity in ESA members. Approaching the
ESA centennial in 2015, more than 20 yr later, ESA
membership had reached at most 9% (Beck et al. 2014).
The same survey also assessed how members had first
become interested in ecology (Lawrence et al. 1993b).
Sixty percent of the respondents had discovered ecology
at an early age by participating in some guided field
experience program and 32% were introduced to the dis-
cipline by a college professor. More recent data in 2015
continued to show the importance of mentors and field
experiences in their discovery of ecology.4

Minority communities are not less interested or
engaged in the environmental issues associated with
ecology as a whole (Leiserowitz et al. 2018). The impacts
of global climate change and associated environmental
problems tend to be concentrated in communities of
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color (Otto et al. 2017) and the juxtaposition of poor
communities of color and environmental toxins laid the
foundations for environmental justice research, policies,
and activism (Bullard 2018, Pearson and Schuldt 2018).
Recent data indicate that environmental awareness is
steadily increasing among ethnic minorities (Leiserowitz
and Akerlof 2010, Taylor 2017), and that the underrep-
resentation of minorities in ecology is not from some
inherent disinterest in the environment for those minor-
ity populations.
The need to make the environmental workforce match

the increasingly diverse demographics of human com-
munities has prompted research inquiry on what factors
specifically affect URM students’ career choices in envi-
ronmental science fields. For environmental careers, ele-
ments influencing URM engagement include many
different factors such as family support (Armstrong
et al. 2007), participation in guided experiences in nature
appreciation (whether in urban or more natural field
sites; Aloisio et al. 2018), exposure to careers in ecology
(Morales et al. 2020), connecting environmental study in
some way to interests in solving local and global com-
munity problems that affect minorities (Bowser et al.
2020), and field research experiences as high school or
college students in any type of environmental setting
(Flowers et al. 2016, Burrow 2018, O’Connell et al.
2018, Beltran et al. 2020). All of these experiences can
lead URM students into further study of the environ-
ment. However, even with engagement by good mentors,
URM students face additional barriers that include a
lack of connection between the scientific field research
opportunities, and life in their own communities (Hugo
et al. 2013) in ways that do not promote comfort and
engagement in studying environmental issues of interest
(Miriti 2019).
Here we focus on how to infuse cultural and social ele-

ments as a part of ecological education objectives to
engage URM students in ecology and environmental
science. Our objectives are to (1) review foundational lit-
erature and research focused on URM participation in
ecology, (2) compare single factor (focus on science) with
multifactor (integrated with social factors) ecological
programming approaches, (3) provide a framework and
guidelines for adopting comprehensive and innovative
approaches to URM engagement in applied ecology
fields, and (4) suggest future strategies for research and
practice.
Our literature review focused on elements identified

by ecologists as important to their own professional
development such as (1) the “rite of passage” of the field
experience, (2) sense of belonging to a group and the
outdoor culture, (3) sense of place in ecology instruction,
and (4) identifying as a scientist or field ecologist (Fig. 1,
Appendix S1). Research on field experience programs
has shown that active learning can help broaden partici-
pation in environmental education, but the focus has
been primarily on increasing student self-efficacy and
less on integrating the human dimensions into

developing a scientist identity (Ballen et al. 2017,
O’Connell et al. 2018). A wealth of research on identity,
belonging, and place attachment exists in the social
science literature (Yeager and Dweck 2012, for example);
however, these approaches have not been applied to the
field experience and most of the relevant papers lie on
the boundaries of ecology, science learning, and URM
recruitment.
We have structured our discussion in three parts: Part

1: The Field Experience; Part 2: Brief Interventions; and
Part 3: Identity and Mindsets. Part 1 explores the role of
the field experience as an introduction to the discipline
of ecology and the current widespread underlying
emphasis on elements of learning ecological science (as
reviewed in Smith et al. 2019). Part 2 outlines single and
multiple factor interventions that introduce URM stu-
dents to science in different ways and how such
approaches lead to a combination of science learning
targets and social science metrics such as belonging and
identity. Finally, Part 3 discusses the combination of
social elements with core ecological concepts that can be
structured in field experiences, can lead to ecological sci-
entist mindsets that connect across multiple cultures
around environmental learning and a sense of identity as
a scientist.

Part 1: The field experience

Many academic and professional ecologists recall their
first field experience as the moment when they felt that a
career in field-based ecology was for them (Bowser et al.
2012). Such field experiences are often part of the
broader impacts of ecological research to foster the
social connections that play important roles in advanc-
ing ecological careers. Over the last three decades, the
National Science Foundation’s Broader Impacts
requirements for research proposals (NSF 2020), Eco-
logical Society of America’s (ESA) environmental

FIG. 1. Literature review results for field experience
(n = 31) and classroom/theory papers (n = 43) focusing on (1)
diversity, (2) sense of belonging, (3) sense of place, or (4) identi-
ties in relation to STEM education are shown on the x-axis and
number of papers per category within the literature reviewed are
shown on the y-axis).
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education professionals, and the American Association
for the Advancement of Science’s Vision and Change
initiative, have all emphasized addressing the human
dimensions in ecology (Brewer and Smith 2011, Cid and
Pouyat 2013, Cid and Bowser 2015, Skrip 2015, Austin
and Smith 2018, Berkowitz et al. 2018, Hansen et al.
2018). The National Science Foundation defines
Broader Impacts as “. . .the potential to benefit society
and contribute to the achievement of specific, desired
societal outcomes. . .” (NSF 2020). Criteria for broader
impacts as measures of society impact are often used to
express some connection to diverse audiences or without
any sense of belonging to the complex multicultural nat-
ure of society (Skrip 2015). However, in most field expe-
rience programs the integration of broader impacts and
associated social interactions to create and promote
trust and self-confidence in students is often lacking or
needs development.
Sense of belonging is often overlooked as a part of the

broader impact spectrum of a mindset of resilience
where URM students develop an “. . .emotional response
to academic or social challenges that is positive and ben-
eficial for development. . .” (Yeager and Dweck 2012).
The success of using “sense of belonging” interventions
to improve recruitment and retention of URM students
in science fields has also documented development of
leadership skills (Walton and Cohen 2011). Similar
interventions can be applied to create bridges for URM
students to pursue a broad array of ecological science
careers (Kudryavtsev et al. 2012, Russ et al. 2015,
Mourad et al. 2018, Halliwell et al. 2020).
The latest literature suggests concern that the persis-

tent underrepresentation of minorities in ecology is due
to the culture of ecology as a discipline (Rainey et al.
2018, Miriti 2019). Since environmental study often
requires field work, research has focused on internal fac-
tors associated with the rites of passage connected to the
field experiences that create a sense of identity and
belonging as an ecologist (Morales et al. 2020). Field
experiences, whether a formal field class or research
experience in outdoor settings, are considered a critical
part of how students choose to enter the environmental
workforce (Kloser et al. 2013, Flowers et al. 2016,
Thompson et al. 2016, Fleischner et al. 2017, Berkowitz
et al. 2018, Beltran et al. 2020). Many programs require
students to have research experiences and professional
organizations often rate these experiences as critical for
employment (Haynes and Jacobson 2015). The field
experience for applied ecology professions is a pivotal
experience that can be a barrier, or an enabler, of student
participation especially for underrepresented groups.
The connection between appreciation for issues of global
environmental concern (climate change, environmental
justice for example) and the pursuit of ecological study
at the college level has not been effectively made for
most URM students (Taylor 2017, Hansen et al. 2018).
The most comprehensive effort to date to elevate the

human dimensions in field experience programs as well

as in undergraduate ecology curricula has been the 2018
ESA endorsement of the Four-Dimensional Ecology
Education curricular framework (4DEE) (Klemow et al.
2019). The 4DEE framework promotes the discussion of
human–environment interactions (human impact and
codependence) in the teaching of all ecological topics in
undergraduate and graduate environmental coursework
(Ecological Society of America 2020). The 4DEE stres-
ses the importance of science communication, field work
experience and data/technology skills as consistent and
critical parts of such instruction. The 4DEE curriculum
focuses on what content to cover in college courses to
better address the needs of societal-environmental
problem-solving (Smith et al. 2019). Bringing human
dimensions into ecological studies and field experiences
is complex and, outside of urban field experiences, does
not appear to be a widely used in ecology and potentially
could engage more URM students (Russ et al. 2015,
Taylor 2017, Mourad et al. 2018).

Part 2. Brief interventions

The literature indicates that brief interventions (short
interval) can have an impact on science learning gains
for students and promote the recruitment and retention
of underrepresented groups in the sciences (Walton and
Cohen 2007, 2011). Such brief interventions, as defined
by Walton and Cohen (2011) focus on a single factor
intervention (such as a field experience) or combine mul-
tiple interventions that include both class-based science
learning and semester-long project-based teamwork
(Fig. 2). Single factor interventions, however brief (i.e.,
not sustained over long periods), can have significant
impact on student performance in science; multifactor
interventions affect long term retention and identity as a
scientist (Walton and Cohen 2011, Davis et al. 2012,
Halliwell et al. 2020).
Multifactor interventions that blend sense of place,

sense of belonging, team building, and other social ele-
ments with science are difficult to execute in the field.
Emphasizing a balance of science and project-based
learning approaches (Thompson et al. 2016, Burrows
2018, Mourad et al. 2018, Halliwell et al. 2020), where
the team itself is an integral part of the process, can be
fundamentally different than a research experience for
undergraduates (REU) experience. Ecological field expe-
riences with an emphasis on multifactor interventions
can change how all students learn (Singer 2019) and
improve URM student participation (Kudryavtsev et al.
2012, Russ et al. 2015, Carpi et al. 2017).
Multifactor interventions can be relatively short and

intense in a field or professional setting and result in
high URM recruitment that often is not the case for
longer interventions and research experiences (Diaz
Eaton et al. 2016). An example of a multifactor interven-
tion is the Rocky Mountain Science and Sustainability
Network’s (RMSSN) academy, started with a five-year
grant from the National Science Foundation to
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G. Bowser and M. A. Brown in 2009 (NSF DBI0956059;
DBI#1624191), to form a research coordination net-
work in undergraduate biology education (RCN-UBE).
RMSSN was an informal learning program to teach
ecology and environmental sciences, with several distinct
goals: (1) engage underrepresented students in a field
experience to have them build capacity in designing
experiments around core ecological concepts, (2) provide
a team-based experiences to build confidence in under-
standing data design and scientific inquiry; (3) build a
sense of belonging for all students to be a part of science
inquiry, and (4) provide critical thinking skills and data
analysis around a sense of place associated with applied
ecological principles. Connecting local ecological issues
to global issues, and engagement in citizen science has
been a valuable component and a critical assessment
component for students post RMSSN academy (Gretzel
et al. 2014, Halliwell and Bowser 2019, Halliwell et al.
2020; Fig. 3).
The RMSSN multifactor intervention starts with the

application process that prioritizes students with a lead-
ership background and interest in global environmental
issues over grade point average or other metrics. Appli-
cants share how they view environmental issues as well
as their own assessment of what a leader is. The RMSSN
application avoids questions that put emphasis on field
skills (e.g., have you ever been camping?) or easy-to-

learn skills (do you know how to set up a tent?). Such
reframing of questions about skills can raise the appli-
cants’ perception of their ability to be leaders in a novel
or unfamiliar setting. Using social skills, such as the abil-
ity to work with or lead a group of peers (e.g., have you
ever led a team of your peers on a novel adventure?), as
the core metric for a field experience, elevates a different
pool of applicants who see themselves as leaders regard-
less of their experience in actual field settings. This first
step is critical, yet often is overlooked, as the application
process itself can discourage students from even consid-
ering the experience and/or the field of ecology itself.
These early interventions can bring different students
into ecology by focusing on skillsets they can define
themselves (I see myself as a leader because. . .) regard-
less of whether the student is from an urban apartment
building or rural farming community.
Another multifactor intervention program, now 25

years old, is the Ecological Society of America’s Strate-
gies for Ecology Education, Diversity and Sustainability
(SEEDS) program. The award-winning SEEDS program
recruits primarily upper-level science majors with leader-
ship potential from long established university-based
SEEDS student chapters and clubs. SEEDS students
participate in group field trips to an important ecologi-
cal site with faculty mentors, attend a leadership gather-
ing at the annual ESA conference, where they are

Core 
ecological 
concepts

Cross-cu�ng 
themes

Human 
environment 
interac�ons

Sense of 
place

Science iden�ty

Self- 
efficacy

Sense of belonging

Ecology prac�ces

FIG. 2. Multiple factor interventions. Ecological science elements (yellow; as outlined in current ESA-endorsed 4DEE
curriculum) integrate with social science elements (green) as part of the ecology field experience to provide intercultural connections.
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assigned mentors, and engage in scientific and social
activities. A series of short multifactor interventions (3–
4 d to 1 week) take place over a year that include devel-
oping professional skills, group projects, social compo-
nents, reflection, and sharing (Mourad et al. 2018). To
date, one measure of the success of the SEEDS program
is that 71% of the alumni have persisted in the environ-
mental sciences and pursued environmental careers
(Ahern-Dodson et al. 2020).
Moving beyond single-factor focus (on science) and

incorporating social and cultural elements (belonging,
identity) combined with science learning is well docu-
mented to shift student academic success in the sciences
and increase their retention in science as a whole (Mir-
iti 2020). Important steps toward diversifying the eco-
logical disciplines thus include multifactor interventions
that focus on URM students’ sense of identity and
belonging through cultural connections as well as field
experiences.

Part 3: Identity and mindsets

In this paper, our goal has been to understand how to
maximize the number of URM students who develop an
ecological scientist mindset, i.e., a mindset that enhances
their ability to understand ecological principles, engage
in ecological research, and pursue professional careers in
ecology. Ecology focuses on observing patterns in nat-
ure, species interactions, and environmental change
(Reiners et al. 2013, Tewksbury et al. 2014, Barrows

et al. 2016, Reiners 2016, McKeon et al. 2020). An eco-
logical mindset is an outcome when observations of pat-
terns are combined with developing a sense of identity
and belonging within the field of ecology. As students
build confidence in their ability to conduct ecological
science, they begin to identify as scientists and expand
their mindset toward addressing global environmental
issues (Davis et al. 2012).
There are at least five elements to the effective multi-

factor intervention to recruit and retain URM students
in ecology and develop their ecological scientist mindset:
(1) recruiting students who have leadership potential and
are interested in making a difference in society, (2)
spending time developing the team spirit and sense of
community with structured project-based learning
including social exercises, (3) picking project ideas that
can easily be connected to the cultural values and inter-
ests of URM students (Miriti 2019), (4) connecting the
experience to different senses of place and of belonging
for diverse cultures, and (5) incorporating innovative
technology (Palumbo et al. 2012) or art visualization
(Ellison et al. 2018) valued by the student age groups
and cultures.
Field ecological research requires that ecologists be

able to quickly integrate data collection and analysis
methods to cope with unexpected environmental circum-
stances, disturbances and a wide range of unanticipated
challenges. Thus, the training of all ecologists needs to
promote the development of a “resilience mindset.” Yea-
ger and Dweck (2012) define a resilience mindset by four

FIG. 3. Developing sense of place in project teams conducting research in the Rocky Mountain Science Students Network
(RMSSN) academy program through highlighting cultural connections that enhance student and sense of belonging in science.
Photo credit: Gillian Bowser.
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characteristics: (1) student goals, what drives students
engagement in project-based learning using the students’
own goals toward learning (eagerness to learn); (2)
beliefs about effort, do they perceive themselves to have
the natural talent needed, or perceive they lack some
skill and thus fail to even engage in the experience; (3)
attributions, ability to handle setbacks as part of the
experience; and (4) learning strategies, unknowns and
personal effort (try harder or give up).
Resilience mindsets respect the incoming student’s

culture and are critical dimensions of belonging and the
lived experience, whether in urban or rural settings
(Fleischner et al. 2017, Aloisio et al. 2018). When stu-
dents self-organize a project, they can incorporate such
lived experiences into research designs or team assembly.
Yet, while such projects may have great risk of failure or
non-significant results, the self-organized, project-based,
learning framework itself can teach resilience and pro-
vide opportunities as well as develop observation skills
that help students identify as being a scientist. Resilience
is an important component of an ecological scientist
mindset, especially when rooted in a sense of belonging
and connections beyond just the science outcomes of a
project; “. . .we learned how to observe the data and
despite our inability to locate [the organisms]. . .we feel a
special connection to the park itself.” (student observer
remarking on why Yellowstone was now a special place
for her [Halliwell and Bowser 2019]).

Belonging, resilience, and sense of place can be
enhanced using short creative interventions. Developing
these traits can provide the bridge needed for URM stu-
dents to connect with ecology, and create a sense of pur-
pose that identifies with internal and cultural desires to
make a difference. Such bridges are also important at
pre-college levels and can help URM students enter col-
lege with an interest in the ecological sciences, already
equipped with a sense of identity and belonging as an
ecologist (Torres and Bingham 2008). Sense of place and
sense of identity can be seen as elements of an ecological
identity “Ecological identity focuses one’s attention on
environmental activities, green infrastructure, ecosys-
tems, and biodiversity, including in urban places”
(Kudryavtsev 2016). Identity, resilience, and ecological
mindsets all lead to gains in student learning; retention
in the discipline and movement into professional careers.
How do you hook students into ecology for life? To

create an ecological scientist mindset for an audience of
URM students requires a three-step intervention
(Fig. 4) that starts with the recruitment process (applica-
tions are focused on finding students having leadership
skills without a need for prior field experience that
would eliminate many URM students [Step I]), contin-
ues with preparation of selected students to increase and
strengthen their individual and cultural sense of place
and belonging (Step II), and culminates in an inclusive
field experience (Step III) that raises confidence and self-

Core 
ecological 
concepts

Cross-cu�ng 
themes

Human 
environment 
interac�ons

Sense of 
place

Science iden�ty

Self- 
efficacy

Leadership
Skills

Cultural
Connec�ons

Sense of 
belonging

Ecology 
prac�ces

Ecological Scien�st Mindset
Step I Step IIIStep II

Applica�on 
Process

Outreach 
Strategy

FIG. 4. Guide to multifactor brief interventions that link culture and science to create an ecological scientist mindset. The three
steps of planning a field experience include: Step I, recruitment process; Step II, preparation of selected students; and Step III, field
experience in which ecological concepts are combined with human dimension concepts. These three steps connect, as indicated by
arrows, and culminate in an ecological scientist mindset.
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efficacy, leading to an ecological scientist mindset
(Table 1). Interventions that focus on retention of
URMs in ecology can then be assessed for effectiveness
across different cultural and racial ethnicities that
together weave a pathway to an ecological mindset, cen-
tered in the student’s cultural and/or racial identity.
The RMSSN intervention focused on creating resili-

ence mindsets that involves URM students in the use of
easily accessible and doable data collection techniques,
utilizing cell phone technology, cultural stories, art, and
citizen science. In contrast, the SEEDS intervention
focuses on creating ecological identity through profes-
sional development, peer activities, and leadership in the
sciences. The connecting principle for both interventions
is social: the students need a sense of purpose and the
ability and confidence to make a difference through their
own actions as future scientists. Introducing social ele-
ments and sense of belonging attracted diverse students
and created an environment within which they could
succeed.

An exclusive focus on recruitment is not the solution
for the underrepresentation in the sciences (Brewer and
Smith 2011, Austin and Smith 2018). Diversity efforts
need to be more than the individual faculty or adminis-
trators’ passion. Successful interventions should be
rooted in robust scholarship and evidence, not just
notions about the barriers URM students might face in
science. We see an emerging framework that focuses on
enhancing four social characteristics (4Cs) in the tar-
geted student population: comfort with ecological field
experiences; connection to the study site through sense
of place preparation; confidence through team building
exercises and fieldwork engagement; and capability
through comprehensive field research programs
(Table 1). Building these interventions within existing
field experience programs can help create an inclusive
“rite of passage” experience for URM students and gen-
erate and maintain interest in the field of ecology early
in their academic careers and into their professions.

FRAMING SOLUTIONS

Field projects and experiences that strive to reach
diverse audiences (often school children) or engage his-
torically black colleges and universities (HBCU) often
fail or underperform because “one-way provisioning of
science information [that]. . . Mostly will not work. . .”
(Skrip 2015). Barriers to underrepresentation by a speci-
fic minority group can be subtle and hard to detect. The
integration of cultural competency with traditional ped-
agogy needs to occur in ecology, especially in field set-
tings, such as research stations or field camps, where the
sense of belonging and identity experienced by majority
demographic can create barriers for those from diverse
cultural groups. Field experiences work when they are
combined with team-building exercises that create a
sense of belonging and provide that rite of passage for
all students leading toward a lifelong passion for ecology
(Thompson et al. 2016, Halliwell et al. 2020). The sense
of place component works when combined with a con-
nection to the students’ family values/cultural heritage
and upbringing that also creates a sense of belonging for
participating students: “My people were here too and I
am not the first!” (African American student response
on discovering the story of Buffalo Soldiers in Yellow-
stone National Park [Halliwell and Bowser 2019]).
Recent acknowledgements from land grant institutions
of the prior sovereign nations lands upon which they sit
represent one path that highlights the value of telling the
stories that respect the importance of place (Lee and
Ahtone 2020). Such stories help reconnect all students
with the culture of the landscapes providing them with
perspectives of the many diverse cultures embedded with
the same landscape. Similar acknowledgments in field
locations create that same connection to the cultural
landscape, woven tightly around the ecological processes
themselves and creating special bonds for different cul-
tural and demographic groups. Groups that may have

TABLE 1. Student research program logic model for brief 4Cs
designed interventions to bridge culture and science and
enhance broader impacts to in student field research
experiences.

Intervention step Desired outcome Measures of success

Step I:
Recruitment

Comfort: URM
students apply to
program.

Increase in number
of applications
from URM
students.

Step II: Student
preparation

Connection:
through assigned
online research, all
students develop
cultural connection
to proposed field
site and engage
their leadership
skills in preparing
for field experience.

Increased sense of
place in student
participants,
especially for
URM students.
Students can
articulate their
cultural
connection to the
proposed research
project.

Step III: Field
experience

Confidence:
students gain
ecological
knowledge and
skills in performing
field research to
enhance their
training as
ecologists.

Increased self-
efficacy through
ability to design
and test
hypotheses in the
field site.
Increased sense of
belonging to the
community of
ecologists,
especially in URM
students.

Ultimate goal:
Ecological
scientist mindset
assessment

Capacity: Natural
history
observational
skills, skills in
designing and
testing ecological
hypotheses are
developed.

Students, especially
URM students,
increase their
ability to perform
ecological work
and continue to
pursue
environmental
careers.

Notes: The 4Cs are comfort, connection, confidence, and
capacity. All students accepted in the program need to be
assessed pre-field experience for measures of success indicated.
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called the landscape home or trace historical routes or
passages find meanings that connect to that sense of
belonging and place. Mentoring models for diversity
advocates and allies need to include stories that combine
a sense of belonging and a sense of place that acknowl-
edges the diversity of students entering academia today.
How can we ensure URM students will discover ecol-

ogy and stay engaged? One way to make progress is to
focus first on the student and then on the science. Devel-
oping resilience in students during that first field experi-
ence allows URM students to explore and discover new
things, but also provides the tools they need to succeed
as a minority in a majority cultural setting, even without
explicit mentor or peer support (Ballen et al. 2017, Carpi
et al. 2017, Hansen et al. 2018, Beltran et al. 2020).
Many URM faculty or professionals who received

their academic degrees at predominately white institu-
tions can clearly remember the first URM professor they
had in a class regardless of the science discipline (Bowser
et al. 2012). Similarly, they can also remember the first
field experience where they felt welcomed as both a
minority and ecological professional and thus, officially
part of the “club” (Cid and Bowser 2015, Cid and Brun-
son 2020). Resilience mindset allows URM students to
deal with, not just the process of discovery and explo-
ration in sciences, but also the sense of belonging and
participating in a rite of passage for ecological fields

even if there is no one who looks like them in that field
experience setting.
Focusing on the social elements (the 4Cs) and leader-

ship mindsets can provide an effective framework for
bringing new audiences into ecology despite it being a
“discovered” major in academia. Why is this urgent and
relevant today? Rapid global environmental change and
increasing impacts of wildlife–human disease transfer
provide an immediate sense of urgency since the people
who are most impacted by these changes are the same
who are left out or pushed out of science careers. Such
affected groups need to have access to robust scientific
data that are provided within their cultural context and
by scientists who reflect those same audiences (Fig. 5).
Communicating science in a culturally competent and
relevant manner has never been more critical, especially
as the world seeks solutions for global challenges like the
COVID-19 pandemic and climate change. Developing
an “ecological scientist mindset” in all students, regard-
less of cultural identity, promotes global wellbeing and
sustainability. Moving forward, having a science work-
force that is not only integrated but works together
across cultural spaces and identifies as a science commu-
nity with shared data knowledge should be our common
vision for our students and future practitioners of
science.
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Abstract. Over the past three decades, the Harvard Forest Summer Research Program in
Ecology (HF-SRPE) has been at the forefront of expanding the ecological tent for minoritized
or otherwise marginalized students. By broadening the definition of ecology to include fields
such as data science, software engineering, and remote sensing, we attract a broader range of
students, including those who may not prioritize field experiences or who may feel unsafe
working in rural or urban field sites. We also work towards a more resilient society in which
minoritized or marginalized students can work safely, in part by building teams of students
and mentors. Teams collaborate on projects that require a diversity of approaches and create
opportunities for students and mentors alike to support one another and share leadership.
Finally, HF-SRPE promotes an expanded view of what it means to become an ecologist. We
value and support diverse career paths for ecologists to work in all parts of society, to diversify
the face of ecology, and to bring different perspectives together to ensure innovations in envi-
ronmental problem solving for our planet.

Key words: broadening participation; data science; ecologies; grand challenges; near-peer mentoring;
teamwork.

INTRODUCTION

How do people discover ecology and how does that
process influence the face of ecology? These are ques-
tions posed by Bowser and Cid (2021) (henceforth
“B&C”), wherein they describe an “ecological mindset”
and focus on how it can be solidified by field experi-
ences. We agree with B&C that their logic model focus-
ing on the “4C’s” (comfort with ecological field
experiences, connection to the study site through sense of
place, confidence through team-building exercises and
fieldwork engagement, and capability through compre-
hensive field research programs [italics as in B&C]) can
provide an entr�ee for minoritized or marginalized stu-
dents into an ecological mindset. Here, we complement
the focus in B&C’s 4C’s on fieldwork and field experi-
ences by exploring other pathways into it. Alternative
paths that occur in tandem with or separate from field
experiences may broaden the ecological community to
include students who may place a lower priority on

fieldwork or may be unable to work in the field. Our
thoughts about broadening the ecological mindset and
alternative paths into it derive from our roles as mentors
and program directors of the Harvard Forest Summer
Research Program in Ecology (HF-SRPE).

Ecology or ecologies?

Before considering paths into an ecological mindset it
is helpful to understand how others may perceive the field
of ecology. Ecology certainly is “[t]he branch of biology
that deals with the relationships between living organisms
and their environment...[and] the relationships them-
selves, esp. those of a specified organism” (OED 2020:
1.a.; italics in original), but it is also (since 1908) “[t]he
study of the relationships between people, social groups,
and their environment; (also) the system of such relation-
ships in an area of human settlement” (OED 2020: 1.b.)
and (since 1963) “[t]he study of or concern for the effect
of human activity on the environment; advocacy of
restrictions on industrial and agricultural development as
a political movement; (also) a political movement dedi-
cated to this” (OED 2020: 2.). More broadly, ecology is
used in an attributive sense, relating ecological or environ-
mental concerns in, for example, artistic, architectural,
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economic, educational, or political activities (OED 2020).
Although many prominent and classically educated ecolo-
gists have embraced this diversity of ecologies (Strong
2008), others have been much more cautious (Burke and
Lauenroth 2009, de la Rosa 2009).
The many broad definitions of ecology suggest that a

similarly diverse set of pathways into ecology will
broaden participation in the field. For example, in the
last 20 years, ecology sensu stricto has become an
increasingly data-intensive science (Peters et al. 2014); in
the early 1980s, Long Term Ecological Research sites
annually produced kilobytes of data collected by hand in
the field and manually entered into computers, whereas
today’s sensors automatically compile gigabytes-to-
terabytes of data every day. Analysis and synthesis of
these types of data and those amassed by other large-
scale collaborative observation networks have greatly
expanded the range of important and interesting ecolog-
ical questions. Answering such questions and addressing
any of ecology’s “Grand Challenges” (National
Research Council 2001) is far beyond what a single
researcher can accomplish on their own, whether in the
field, greenhouse, laboratory, or with a single personal
computer. Indeed, data science, as well as software engi-
neering, remote sensing, or simulation modeling provide
different paths into ecology careers for minoritized (and
other) students. These paths, like those focused on lab-
or mesocosm-based ecological research can coincide
with field experiences.
In the last three decades, HF-SRPE has been at the

forefront of expanding the ecological tent for minoritized
and marginalized students by offering a diversity of paths
to a broader ecological mindset. At its inception in the
early 1990s, HF-SRPE focused almost entirely on field
research and associated rites of passage for a small num-
ber (5–10 students/yr) of almost entirely white students.
As the program has evolved to encompass ecological data
science and other fields that contribute to ecological
knowledge (e.g., modeling and software engineering) or
apply it in other fields (e.g., hydrology, soil science, epi-
demiology and public health; McDevitt et al. 2020), it
has more than doubled in size (20–30 students/yr) and
the proportion of minoritized students in it has increased
steadily to its current �50% (McDevitt et al. 2016).

Increasing inclusion through resilience

The “resilience mindset” (sensu Yaeger and Dweck
2012) that B&C identify as a crucial characteristic for
ecologists can be extended to these other pathways into
ecology. Its key attributes—student goals, beliefs about
effort, attributions, and learning strategies—solidified
by self-organized and self-designed research projects can
be cultivated in any research setting. Certainly develop-
ment of observational skills, a sense of place, and inclu-
sion in a community of ecologists can happen in the
field. But recent discussion around Black Birders Week
highlighted how the development of a resilience mindset

may happen more naturally outside of a field experience.
This may be especially true for minoritized or marginal-
ized students who may feel physically or emotionally
unsafe when they are in rural field sites where intense
discrimination and systemic racism are commonplace,
but even urban field sites can be unsafe (Dowtin and
Levia 2018). Although ecologists working in universities
in the United States and Western Europe take for
granted that LBGTQ+ students are safe in the field,
inclusive field courses simply should not be held in the
�70 countries where homosexuality is still illegal. In
addition, the very nature of field experiences may pre-
sent physical barriers to accessibility that prevent many
students from participating.
At the same time, field research very much remains a

core part of ecology, and it is up to all of us to develop a
more resilient society in which minoritized or marginal-
ized students are safe and welcome in rural and urban
field environments. How? First, field programs need to
have clear and enforced codes of conduct that address
racism, similar to recommendations to combat gender-
based harassment at field sites (Nelson et al. 2017). Sec-
ond, mentors and programs need to be ready to advo-
cate for their students, as powerfully demonstrated by
Dowtin and Levia (2018) and Demery and Pipkin
(2021). Third, our experience in HF-SRPE shows the
effectiveness of developing diverse student-mentor teams
to work together and support one another.

The importance of teams

Ecological research, like that in other STEM fields,
now is frequently done in diverse teams organized not
only around field campaigns or networks of field sites
but also in working groups at synthesis centers or “in the
cloud” (Baron et al. 2017). Ecologists who represent the
broad range of human diversity not only should have
complementary skills and expertise but also need to
develop abilities for working in heterogeneous teams.
As HF-SRPE has expanded the ecological tent, we

have also shifted from the classic “one mentor one stu-
dent” apprenticeship model of undergraduate research
to collaborative, team-based projects with multiple stu-
dents and multiple mentors (McDevitt et al. 2016).
Within a team, some students may focus on fieldwork
while others focus on lab work or computational model-
ing. Thus, students are exposed to different aspects of
the ecological mindset while building mastery and iden-
tity in their niche. We assemble teams that include stu-
dents new to research and students with prior research
experience; the latter serve as “near-peer” mentors for
the former. All the students share responsibility for
study design and reporting results. Team-based work
adds to the students’ sense of belonging while also
exposing them to issues of, and team-based solutions
for, intellectual ownership, shared credit, and differential
contributions that professional ecologists deal with every
day on any project. It appears that this is also a workable
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model for staunching leaks in the STEM pipeline: our
long-term assessment of HF-SRPE students has shown
that >75% of them have gone on to graduate or profes-
sional schools and subsequent careers in ecology and
environmental science (McDevitt et al. 2020).

On becoming an ecologist

Broadening the ecological mindset implies an expan-
sion of the career paths valued by the field. Classic train-
ing in ecology is typically geared toward preparing
students for academic careers. Key metrics of success for
programs such as NSF’s Research Experience for
Undergraduates (REU) include the number of partici-
pants who publish papers, attend graduate school, and
eventually become tenured faculty; meeting these metrics
creates a positive feedback cycle in which an academic
career path is seen as the only path to “success” in the
field. Increasing the number of minoritized tenured ecol-
ogy faculty is unquestionably an urgent goal. This goal
could usefully be complemented by the creation and sup-
port of a community of “ecologists in practice” who
build and travel diverse career paths in all parts of soci-
ety. Expanding the definition of what an ecologist is and
does will increase human diversity in our discipline and
increase our collective power to understand and solve
the pressing ecological questions and existential chal-
lenges of living together on our shared planet.
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Abstract. Environment for the Americas has developed a model internship program that
helps to recruit diverse youth for internship positions on federal lands and with non-
governmental organizations. To improve the program, we have conducted almost a decade of
surveys to examine the barriers diverse youth may face when applying for these positions and
working at sites where staff, visitors, and other interns may be predominantly White. Our
model has been very successful in addressing barriers, including those presented by Bowser
and Cid within this Forum. Survey responses show that issues of connection, confidence, com-
fort, and capability can be addressed through considerations of culture, staff awareness of
diversity, equity, and inclusion, training, communication, and mentorship.

Key words: applied ecology; environmental workforce; field experiences; training diverse ecologists;
underrepresented students.

INTRODUCTION

Bowser and Cid (2021) identify the field experience as
a critical factor that can impact retention of underrepre-
sented minorities in the sciences, particularly ecology.
Recruiting diverse youth has been a challenging goal for
many science-based organizations, both governmental
and non-governmental (Miriti 2019). Despite consider-
able effort, for example, members of all visible minority
groups represented <18% of the permanent workforce at
the US Fish and Wildlife Service in 2018 (State of the
agency EEO program MD-715 status report, available
online).4 Concerted attempts to diversify land manage-
ment agencies have not succeeded for a number of rea-
sons. In this paper, we will focus on our experience with
the unique motivations and barriers for Latino youth,
although data from a broader program that includes
other diverse participants are included as well. Among
Latinos, first- and second-generation youth are more
inclined to adopt their parents’ occupational choices
than their Anglo counterparts, and they are strongly

influenced by the lack of peers and mentors in that field.
Our previous studies show that 86% of Latino parents
are interested in learning more about careers that benefit
their offspring (Bonfield 2014). Yet, Latino representa-
tion in conservation careers is low, and parental famil-
iarity with U.S. natural resource agencies and
organizations is limited. As a result, Latino students and
their families have few opportunities to engage with sci-
entists that represent their own ethnicity and culture.
Environment for the Americas (EFTA) has been

studying the persistent low recruitment and retention of
diverse youth in the sciences since 2009. In partnership
with several land management agencies, including the
National Park Service (NPS), the Bureau of Land Man-
agement (BLM), the U.S. Forest Service, and the U.S.
Fish and Wildlife Service, we have examined barriers to
visitation at natural areas, interests in nature-based pro-
grams that could lead to natural resource careers, and
ways to increase engagement by diverse audiences in
STEM activities (Bonfield 2014). Participants in our
programs are engaged in a broader diversity of positions
than those described by Bowser and Cid (2021), who
focus on ecology. Some of our students also work in
ecology, but others participate in environmental educa-
tion, cultural heritage projects, and other STEM fields,
such as geology.
Because of earlier findings that highlighted the need

for greater diversity among staff at natural areas, EFTA
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created an internship model designed to serve as a path-
way to careers in natural resources and conservation.
Environment for the Americas uses a data-driven

approach to inform its internship programs, from
recruitment and the application process, to the experi-
ences participants have at their work sites. We have
developed a model that has been adopted by several
federal agencies, such as the National Park Service,
to improve their capacity to recruit diverse applicants,
to support positive experiences, and to serve as a
pathway to careers in STEM with federal agencies or
other organizations. Our model integrates the follow-
ing components: (1) an intensive and highly personal-
ized recruitment and screening process to select the
candidates best suited for each position, (2) low staff
to intern ratio to provide participants with sufficient
contact, interaction, and assistance, (3) staff who rep-
resent our interns, both culturally and linguistically,
and who are also experienced in STEM, (4) profes-
sional support for travel, communication, compensa-
tion, and housing, as well as immediate support in
case of incident or injury, so that participants can
focus on learning, (5) an ongoing professional train-
ing program that supports participants before, during,
and after their internships, (6) close work with staff
and supervisors to assist them in working with issues
of diversity, equity, and inclusion at their sites, (7) a
blog site where interns share their experiences, build
cohort connections, and network more broadly, (8)
support for attending and/or presenting at profes-
sional conferences, (9) a peer mentor program that
connects new interns with previous interns, (10) a
career workshop that brings interns together to meet
one another and professionals in the field, and to
attend additional trainings, and (11) regular commu-
nication with both interns and site staff using multi-
ple methods communication channels.

I loved my Mosaics in Science experience, from
the internship duties to meeting the other interns
at the conference in Colorado. I have never con-
nected more quickly to a scientifically-based com-
munity before. It was inspiring to see where
everyone took their internships. My experience
absolutely influenced my confidence and ambition
to continue in science.

Gabriela “Bella” (2017) (Student)

Since 2007, we have coordinated internship programs
that connect college students and recent graduates with
scientists, researchers, and educators at governmental
and non-governmental organizations, providing valuable
field experiences. During this time, we gathered over 500
surveys administered before, during, and after the field
experiences. The results of these surveys show that many
factors affect interest, create barriers, and influence par-
ticipation in careers in natural resources and other
STEM areas.

METHODS

Environment for the Americas surveyed interns from
three different programs: Latino Heritage Internship
Program (LHIP), America’s Great Outdoors/Celebrate
Birds/Celebra Las Aves Internship Program (AGO), and
the Mosaics in Science Internship Program (MIS). LHIP
and AGO are both programs for students of Hispanic or
Latino descent. MIS is a STEM program for students of
diverse races and ethnicities. Interns in each program are
surveyed at three times; before commencing their intern-
ships, at the midpoint of their internships, and upon
completion of the programs. The analyses in this report
include data from 2013 up to pre-internship surveys in
2020; 578 total responses were collected.
The surveys include both quantitative and qualitative

responses designed to assess participant satisfaction with
the programs at each point in time, including career
goals, awareness of federal jobs before and after the
internships, barriers to participating, and other topics.
Quantitative questions were asked as “Yes/No/Maybe”
or on a Likert scale, where 1 is “Strongly Disagree” and
5 is “Strongly Agree.” Open-ended questions provide
additional data, which were categorized for analysis.
Though questions were mostly uniform, there is some
variation depending on year and program.
Some inhomogeneities include variations in survey

administration each year. For example, mid-internship
surveys were not developed until 2016. Furthermore,
diversity internship programs with the National Park
Service (LHIP and MIS), began in 2015 and 2016
respectively, while Celebrate Birds was launched in 2012.
Data from each program depend on its start date and
the number of participants.

PRE-INTERNSHIP PHASE

Most interns who applied to our internship programs
had never sought a position with a federal agency. Only
26.1% (57) of respondents had submitted applications to
a federal agency prior to being accepted into one of our
programs. A closer look at these interns reveals a con-
nection between the likelihood of applying for a position
with a federal agency and experience with the agency.
For example, we found that the number of interns who
applied to positions at national parks increased with the
frequency of visitation to national parks. Only 15.8% of
interns who had never visited a park had previously
applied to a position. This percentage more than doubles
for interns who visit parks frequently, more than once a
year (35.9%). A large majority (75.4%) of interns who
had applied for positions visit parks one or more times
per year. Conversely, only 5.3% of these same interns
had never visited a park.
This result echoes our previous research on visitation

to national parks (Bonfield 2014). We found that, when
underrepresented minorities had positive experiences at
national parks, they were more likely to return. These
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favorable experiences clearly have positive impacts on
visitors, leading to raised awareness of science careers,
familiarity with the place as a potential work location,
and for youth, a desire to pursue a STEM career
(Fig. 1).
Pre-internship surveys administered before partici-

pants begin working show that, while the field experi-
ence may play a role in determining retention of
underrepresented youth in natural resources, other fac-
tors earlier in the application process must also be con-
sidered. Just over one-third (38.2%) of respondents did
not identify specific barriers to applying. The remainder
identified at least one barrier, with family being a pri-
mary concern (17.1%; Fig. 2). This response includes
parental preference that offspring not leave home at all,
not move away from home for the 12-week program, or
not move to a location that is difficult to visit. Of those
who identified family as a barrier, 87.2% are Latino.
Intern Ruby (Latino Heritage Internship Program 2020)
explains the challenges:

In Latino culture, it is very rare for kids to stray
far from home, even more rare as a daughter.
When applying for this internship I knew I would
face challenges and that I would have been on my
own in a sense. I am from California, and I only
applied to programs that were in California, fear-
ing that anything out of state would be too hard. I
mapped every park I applied to, ensuring that my
family would still be able to visit me, and it would
be realistically affordable for them. My family is
very tight knit. My brother and his family live
only two houses away from me and my mom. I am

the youngest of two and the first to fly a little far-
ther from the coop, so this was new for my mom.
My mom’s youngest was moving 7 hours from her
even if it was just for the summer. Aside from
being 7 hours from home, my mom struggled with
the fact that I was literally going to be discon-
nected digitally, which brought up safety issues for
her. Unfortunately, my housing does not have cell
service or wifi, so I am quite literally disconnected
as soon as I get home. This worried her a lot; she
even tried to convince me not to stay. She was not
comfortable leaving me in a city where I knew no
one and had no way of contacting her once I got
home. This led to many tears and having to con-
vince my mom that I would be fine, and I had to
be courageous. It is hard when my support system
is begging me not to stay, but I could not quit
before I even had a chance to experience what this
journey entailed. I promised her that if I ever felt
like it was too much and I was too homesick, I
would tell her, and she would be on the next flight
picking me up.

—Ruby

Ruby’s experience is familiar to us. Many Latino
applicants live with their families during college and
after. For some, the internship is their first time to be
away from home for an extended period. In our recruit-
ment process, we explore this situation and use the
responses to select work sites where interns are most
likely to be successful. Our hiring process may even
involve conversations with parents, who need assurance
that their children will be safe.
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Twenty-three interns (10.1%) identified the applica-
tion process as a barrier. Of these, some applicants
(60%) did not have resumes or felt their resumes needed
to be revised. Others were challenged by the prospect of
an interview, and some did not understand the position
options on the program website. Finances and traveling
to unfamiliar locations were also concerns.
Bowser and Cid (2021) also discuss the importance of

intern comfort and confidence with their qualifications
at the recruitment stage. Our surveys show that, across
all applicants, only 5.7% (13 respondents) were con-
cerned that they lacked experience, nine of these respon-
dents applied to STEM positions, and 3% (seven
respondents) had self-doubt.

POST-INTERNSHIP PHASE

Once interns complete their experiences, we adminis-
ter a post-internship survey consisting of approximately
20 questions. This survey is designed to explore intern
satisfaction with their position, knowledge gained about
career opportunities, and ability to apply for federal
jobs. Interns also rate host site knowledge of diversity,
equity, and inclusion (DEI) on a Likert scale. Sixty per-
cent of interns indicated that host site staff members
were knowledgeable or very knowledgeable about the
topics. While Bowser and Cid (2021) focus on sense of
place and its importance to participant comfort, our
results show a positive correlation between staff knowl-
edge of DEI and mean intern comfort level (r2 = 0.81;
Fig. 3). Interns who rated host staff as very knowledge-
able (5), agreed or strongly agreed that they felt

comfortable at their site; a knowledgeable site staff led
to a comfortable intern. The same is true on the other
end of the spectrum. Interns who rated site staff knowl-
edge of DEI 1 or 2 also rated their comfort as low (1 or
2). Also of note is the fact that interns who felt neutral
about their site staff’s knowledge were more likely to feel
comfortable than those who felt their staff had low
knowledge (54.8% vs 81.6% comfort).

I really enjoyed the Mosaics in Science program.
The coordinators and staff I came in contact with
were all so supportive and helpful. As a woman of
color, I was having a really hard time getting any
job in the environmental sector. My experience
working at a National Park through this program
really influenced my ability to get future positions
in the environmental field. The week long confer-
ence where we got to meet all the other partici-
pants in the program was so valuable. To meet so
many people of color who were interested and
passionate about working in the environmental
field was so powerful.

Saba, 2017, State Agency

Intern comfort level during their internship may influ-
ence their interest in pursuing a federal agency career:
more comfortable interns were more interested in contin-
uing down the career path. For this reason, it may be
important to train site staff on issues of diversity, equity,
and inclusion. Additionally, the staff can make it clear
to interns that they have received this training, so that
interns know they have knowledge on the topics. These
findings are consistent with Maria Miriti’s (2020)
research, which suggests that culturally competent fac-
ulty can improve diversity initiatives and retention of
diverse students in STEM.
We asked interns to rate their comfort level at their job

sites, as well as their interest in pursuing a career with a
federal agency, such as the National Park Service. Similar
to Bowser and Cid’s suggestions, we found that the cul-
tural competence of the intern mentor plays a role in par-
ticipant comfort level (Fig. 4). Our data show a
relationship between intern comfort during their internship
and success of the internship as well as potential retention
in the field. Of 117 intern responses, 85.5% (or 100
interns), felt comfortable working at their sites (Fig. 2).
Similarly, 102 of the 117 (87.2%), expressed interest in pur-
suing a federal career. Approximately 75% of interns who
felt comfortable at their sites also expressed slight to great
interest in a federal career. About 50% of interns who felt
comfortable (intern comfort = 4 or 5), indicated a strong
interest in pursuing a federal career (Fig. 4).
Of interns whose responses were neutral, that is, they

were neither comfortable nor uncomfortable during their
experiences, 16.7% indicated slight disinterest in pursu-
ing a federal career. Although the number of interns who
were slightly uncomfortable at their sites was small
(3.42%), they demonstrated the least interest in a federal
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FIG. 3. Box and whisker plot relating intern comfort to staff
knowledge of diversity, equity, and inclusion. Box plot compo-
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agency career. These findings are similar to those dis-
cussed by Bowser and Cid (2021), though we find that
intern comfort is also critical during the work experi-
ence.

CONCLUSIONS AND RECOMMENDATIONS

The intensive approach described and analyzed here
has proven successful in creating pathways to careers in
STEM for diverse youth. Our programs reduce barriers
to applying, lead to many interns reporting high comfort
level at host sites (85.4%) and result in a high level of
interest in continuing to pursue careers in their fields,
including STEM careers, whether with a federal agency,
through an advanced degree program or with a non-
governmental organization.

This experience definitely made me enthusiastic
about a federal conservation career. . . Programs
like Mosaics are absolutely essential for diversify-
ing the federal conservation workforce. I am
excited to see what the future holds for conserva-
tion work.

Jeanie, 2018, Federal Agency

A recent survey (October 2020) of 44 youth who par-
ticipated in Mosaics in Science (MIS) from 2013 to 2019
shows that this program is successful in long-term reten-
tion. Of these respondents, 36% are working in federal
positions, and almost 75% of these positions are perma-
nent. Though this number is just 27% of total participa-
tion in the program since 2013, it shows that diverse
youth can be successfully recruited into natural resource

careers (Table 1). Eight of the respondents (18%) are
attending or have completed graduate school in fields
including geophysics, ecology, climate justice, and other
STEM and environmental fields. Over 90% of partici-
pants responded that MIS influenced their career deci-
sions and also expressed how the program improved
their confidence and motivation to stay in the STEM
field.
Bowser and Cid (2021) identified early field experi-

ences as a critical gateway to careers in environmental
science and management. We report here on long-
running programs to recruit diverse youth into natural
resource, STEM-oriented, and federal careers. Creating
a successful first field experience, as the Environment for
the Americas’ interns are recruited for, requires skill and
culture-based pairing of intern and project/site, ongoing
program support for a wide range of intern needs, and
support after the programs to aid the interns as they
enter into their careers. It requires cultural competence
in recruiting, selecting, assigning and supporting youth,
and as data reported above show, cultural competence
and sensitivity on the part of supervisors and mentors is
also key. Interns also gain cultural competence through
their programs, as many of them, as documented above,
will intern in a natural environment, organization and
cultural part of the country different from the one they
grew up in. EFTA’s approach focuses on supporting the
quotidian needs of interns, housing, financial support,
travel and other logistical requirements, so that they can
focus on both cultural and technical learning. These pro-
grams implement specific capabilities and activities to
enable the kind of positive experience Bowser and Cid
(2021) advocate, and form a specific example of the gen-
eral principles they champion.
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FIG. 4. A box plot relating intern interest in pursuing a
career with a federal agency to their comfort at their work site.

TABLE 1. Current positions of Mosaics in Science alumni.

Position N %

Federal 16 36
Other STEM 13 30
Graduate student 8 18
Undergraduate student 3 47
Outside of field 2 5
State 2 5
Non-profit 1 2
Sum 44 100†

†Sum not equal to 100 because of rounding.
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Whereas much of this collection of papers focuses on
undergraduates from diverse backgrounds entering the
“ecological mindset” (e.g., Bowser and Cid 2021, Ellison
et al. 2021), here we consider challenges to retention of
diverse groups in ecology once in the faculty career stage.
Although diverse and inclusive groups are more produc-
tive and innovative (Hong and Page 2004, Woolley et al.
2010, Nielsen et al. 2017, AlShebli et al. 2018), the field
of ecology in the United States is not fully harnessing
the diverse perspectives of the American population in
all career stages of the academic workforce (Martin
2012, Arismendi and Penaluna 2016, Farr et al. 2017).
Insufficient awareness of biased attitudes hinders the
advancement of people of excluded identities (Iporac
2020). Ultimately, this fuels systemic racism at the insti-
tutional and structural levels leading to a lack of reten-
tion of persons of excluded identities.
Because of the interdisciplinary nature of the field,

mentoring is essential to guide early career ecologists,
making researchers of excluded identities particularly
vulnerable to biased attitudes of more senior mentors.
Even though biases can seriously limit effective progress
in enhancing diversity, there is not enough space or
training to improve biased attitudes in academia. Studies
show that well-intentioned individuals that can often
avoid biased responses fail to detect subtle racial biases
when they occur (Monteith et al. 2001). Regardless of

intentions, individuals can have difficulty when trying to
avoid responses that are generated by processes that
operate outside conscious awareness (Bargh 1997, 1999,
Devine and Monteith 1999). Recognizing both extreme
and subtle biases and the willingness to attribute biases
to internal forces are critical for learning to control them
(Monteith 1993, Bargh 1999, Monteith et al. 2002).
However, these implicit biases and microaggressions
resulting from them may be difficult to recognize
because their impacts are often somatic, rather than cog-
nitive (Menakem 2017). Left unchecked, these biases can
have a serious impact on the careers of ecologists of
excluded identities and those who lack adequate training
to recognize and prevent biased behavior. However,
addressing implicit bias in diversity, equity, and inclu-
sion training can have mixed results (Jackson et al.
2014). In some instances, implicit bias training may
result in adverse reactions such as increased triggering of
stereotypes and exclusion of particular groups (Rudman
et al. 2001). Care must be taken to reduce categorization
that leads to intergroup bias (Nishii 2013) and that
reduces the value of individuals to their race or gender.
Diversity initiatives and training focused on implicit

bias suffer from the concept of bias itself, which empha-
sizes individual actions and the belief that making indi-
viduals mindful of their own biases leads to positive
change (Applebaum 2019). Such a focus on individual
actions can take attention away from institutional (i.e.,
advanced by social institutions, such as colleges and uni-
versities) and structural (i.e., advanced by interconnec-
tions between institutions) biases that perpetuate unfair
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power systems. Here we consider some of the institu-
tional and structural biases faced by academic ecologists
in the faculty career stage and discuss actionable ways
forward to promote positive change towards inclusion.
We acknowledge there are a wealth of challenges faced
by ecologists from excluded identities leading up to a
faculty job, but a thorough evaluation of them could
easily exceed the space allotted to this set of papers.
Academic institutions set the values for their employ-

ees by setting standards for tenure and promotion.
Although many institutions have goals to support
diverse student bodies, requirements for tenure and
promotion have not evolved to require participation in
diversity initiatives, limiting the successful adoption of
and broad participation in diversity and inclusion prac-
tices. Across fields, faculty of excluded identities dispro-
portionally engage in diversity and inclusion activities
(a.k.a. invisible service), although these activities do
not help them acquire tenure and promotion (Jimenez
et al. 2019). This can overburden faculty of excluded
identities with commitments that limit their ability to
focus on efforts that advance their research, which is
often perceived as the most important determinant of
their success (Perkins 2006). When ecologists were sur-
veyed to determine their value of research, teaching,
service, and outreach, research was assigned the highest
value most consistently, followed by teaching, and ser-
vice and outreach were least valued. Most importantly,
the values respondents attached on behalf of their
employers generally mirrored their own values (Perkins
2006).
Reflecting on personal experiences, the balancing of

invisible service with other regular demands of academic
life (e.g., teaching, research, nondiversity and inclusion-
based committee work) can lead to diverse scientists
contributing less in other forms of service to the field
(e.g., peer review of manuscripts). This balance of a
heavier load than experienced by White scientists gener-
ates a peer-review system that is likely to be less diverse
and thus potentially more biased against diverse per-
spectives. In sum, this invisible service load leads to a
cycle that limits the potential innovative contributions of
diverse ecologists.
Addressing institutional biases could start with

acknowledging the invisible service load placed on fac-
ulty of excluded identities. Institutional administrations
and faculty writ large should support antiracist commit-
tees or centers on campuses. Faculty involvement with
these groups should “count” towards evaluations for
promotion similar to participation in other committees
related to faculty governance (e.g., curriculum commit-
tee). A key goal of such a group on campus would be to
normalize conversations about identity, so that issues of
diversity, equity, and inclusion become day-to-day con-
siderations rather than occasional topics of discussion.
Ultimately, all faculty should value and promote a
shared responsibility in advancing diversity and inclu-
sion regardless of their identity (Jimenez et al. 2019).

Although current diversity initiatives are largely
focused on improving the involvement of groups of
excluded identities, if they do not foster true inclusion
they are unlikely to alter the day-to-day relational
sources of discrimination that impact an individual’s
experience of inclusion (Green and Kalev 2007, Sabhar-
wal 2014). In inclusive environments, individuals of all
backgrounds are treated fairly, valued for who they are,
and are included in core decision making (Nishii 2013,
Sabharwal 2014). This requires that individuals have
equal status and an opportunity to get to know each
other in more personal ways that allow them to rely less
on stereotypes. Academics need the freedom to enact
and engage core aspects of their self-concept and/or mul-
tiple identities (Kahn 1990, Ramarajan 2009) without
suffering unwanted consequences (Ragins 2008). This
can be particularly difficult in fields with few individuals
from groups of excluded identities, creating an assimila-
tionist environment where nondominant groups must
conform to the values and norms of a dominant group.
When ecologists were asked to list the barriers they

had to overcome in their careers, 4 of the top 25 barriers
were due to leadership (i.e., lack of role models/mentors,
support for research goals/interests, institutional sup-
port, mentor quality), and 8 of the top 25 barriers were
issues of inclusion (i.e., gender issues, cultural support,
public support/interest, social issues/activism not valued,
teaching not valued, collegiality, applied research not
valued; Perkins 2006). With <10% of survey respondents
representative of people of excluded identities in ecology
(Perkins 2006), inclusion in ecology is a barrier for all,
requiring immediate action to evaluate noninclusive
behaviors and their impact on performance.
In an era where trust in science has waned, science is

more likely to be relevant to society if teachers and
researchers reflect the diversity of the broader commu-
nity (Hayes 2010). As a field, we can do more to
empower all young Americans to consider a career in
ecology. In addition to traditional venues for sharing
research, ecologists must make every effort to inform the
public about emerging science. This will require support
for social media campaigns that provide content the way
the public is receiving information. Academic institu-
tions must also recognize and value individuals that par-
ticipate in diversity and inclusion programs. Valuing this
work will initiate wide participation in diversity pro-
grams by all faculty. Real efforts to recruit, train, and
nurture all students in ecology must be made at all levels
and requires critical mass. All ecologists should feel the
responsibility for these efforts and not simply assume
that the few minorities in their field can do the majority
of the work.
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Abstract. Intellectual diversity, which is often assessed through social diversity proxies,
such as race, ethnicity, and gender, is essential to innovation in ecology. There are many diverse
ways of knowing, valuing, and discerning alternatives within ecology and as it is applied to
solve global-change issues. However, science is a cultural activity, one that is affected by colo-
nialism, racism, and White supremacy and, like other fields of science, the pursuit of ecological
careers has historically been a space of limited opportunities for participation for Black,
Indigenous, and People of Color (BIPOC)—narrowing the diverse ways of knowing, valuing,
and engaging in ecological work. We seek to debunk the view that such limited participation is
a result of BIPOC lacking interest in or proficiency in science, and instead offer that BIPOC
communities are places of deep scientific understanding, sociocultural resilience, and cultural
wealth. Scientists must broaden their consideration of the ecological sciences and work with
BIPOC to establish community-based scientific partnerships that will foster increased ecologi-
cal career pathways for BIPOC youth.

Key words: BIPOC; climate change; colonialism; global change; indigenous science; intellectual diver-
sity; social diversity; White supremacy.

We approach life and learning through curiosity with
the aim of personal leadership, improving understanding
of ourselves and the way our actions can support others.
We have both been fortunate to engage in learning and
to work with practitioners in Communities of Color that
include Indigenous Peoples from tribes across the Uni-
ted States and Canada. These experiences have been
transformative, leading us towards ever greater apprecia-
tion of the wisdom and knowledge that comes from “see-
ing the world with two eyes,” as the braiding of
Indigenous and Eurocentric science axiologies and epis-
temologies has been described by James Rattling Leaf
(2021) from the Rosebud Sioux Tribe. From this perspec-
tive, our commentary on Bowser and Cid (2021) aims to
highlight specific aspects of collaborative learning
needed to build a scientific community in which our dif-
ferences are seen as assets and there are not rites of pas-
sage, which we see as barriers. Listening to understand is
essential to see how an experience in the field, the class-
room, the lab, at a meeting or online may invite someone

into the field of ecology or alienate them from it at any
career stage.
Each of us has lived different experiences, and through

this we have developed particular kinds of diversity; as
we consider how diversity might impact the ecological
sciences, we need to be explicit about the term “diver-
sity” itself. Yosso (2005) argues that diverse lived experi-
ences provide community cultural wealth in the form of
aspirational, familial, social, navigational, resistant, and
linguistic capitals that vary across participants. Several
types of intellectual diversity that may contribute to dif-
ferent forms of cultural capital have been named, for
example, epistemic, axiological, and ontological diversi-
ties. For example, multiple scholars have described how
epistemic diversity—diverse ways of knowing, reason-
ing, and engagement in knowledge production practices,
supports meaningful and sustainable environmental jus-
tice efforts (Emberley 2013, Bang and Vossoughi 2016).
Epistemological diversity can help us avoid Type III
errors in our research, that is, getting the right answer to
the wrong problem, as it influences how we frame
research questions — a part of the scientific process that
influences the data and impacts of research (€Ozdemir
and Springer 2018). Axiological diversity is seen to spark
innovations in “theories, practices, and structures of
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values, ethics, and aesthetics—that is, what is good,
right, true, and beautiful—that shape current and possi-
ble meaning, meaning-making, positioning, and rela-
tions in cultural ecologies” (Bang et al. 2016:28–29).
Such diversity is necessary for ecology to consider
human–environment interactions in varied ways. Onto-
logical diversity encourages “the invention of new scien-
tific categories, specifically categories that do useful
work in generating, selecting among, and assessing
design alternatives” (DiSessa and Cobb 2004:78). Differ-
ent approaches to categorization, among other ontologi-
cal innovations, have historically helped the field of
ecology to advance.
Although these varied forms of intellectual diversity

are all essential to fostering innovation within ecology
and in society, they are difficult to measure and thus dif-
ficult to search for and promote. Therefore, in seeking to
include varied intellectual contributions in ecology, we
use forms of social diversity—sometimes framed as rep-
resentational diversity—as proxies, because they are
easier to categorize and often reflect varied lived experi-
ences that are thought to be at the root of intellectual
diversity. Rodriguez (2016:242) states that

Diversity involves the recognition of the visible
and invisible physical and social characteristics
that make an individual or group of individuals
different from one another, and by doing so, cele-
brating that difference as a source of strength for
the community at large.

Social diversity proxies are things such as race, ethnic-
ity, gender, socioeconomic status, educational experi-
ences, or the number of languages spoken. Research on
diversity in science often focuses on these social diversity
proxies; however, the representation of these proxies is
not the end goal, but only a means to ensuring intellec-
tual diversity.
Notwithstanding, social diversity proxies do reflect

different lived realities that are rooted in historical and
current social power differences—experiences often
embroiled in oppression. In addition, people experience
intersectional issues of oppression that reflect differences
in lived experiences within any given social categoriza-
tion (Collins 2017); for example, Indigenous women and
men have widely different lived experiences because of
sexism, though they both may experience colonialism.
Therefore, social diversity is likely a reasonable proxy for
intellectual diversity, as social positionalities reflect
widely different lived experiences and histories as people
navigate social, institutional, and legal structures that
may center them, suppress their advancement, or lead to
erasure of their histories. Although innovation in science
has been shown to increase with the social diversity of
people involved (Freeman and Huang 2015, Moham-
madi et al. 2017, AlShebli et al. 2018), it is also impor-
tant to organize institutional structures to best leverage
intellectual diversity of socially diverse team members

for innovation (Lambert 2016). Although social diver-
sity should be sought to increase intellectual diversity, it
must be sought for ethical reasons; increasing social
diversity within ecology career pathways is a way to
address the historic exclusion of Black, Indigenous, and
People of Color (BIPOC) from these meaningful and
important areas of scientific work.

DIVERSITY WITHIN ECOLOGY

In considering diversity within ecology, we should also
ask ourselves how we are defining the field of ecology
itself (Sagarin and Pauchard 2012). Not all ecology is
based in Eurocentric teachings or practices. The ecologi-
cal community has multiple perspectives on how to
engage in our shared work (Rattling Leaf 2020). These
variations in ecology are rooted in different axiological
stances that influence value systems on research (Philip
et al. 2018). Our positionality in the world with respect
to social diversity influences what we consider as part of
this field, as well as how knowledge is acquired and com-
municated. Our lived experiences are a part of us, influ-
encing the work we do and our commitment to it
through our values, beliefs, and practices (Fig. 1). For
example, in subsistence communities, immense time is
invested to hunt and gather food. Observations of hun-
ters about the presence and abundance of wildlife, of
those who fish about currents and changes to the sea,
and of gatherers about the relationship between climate
and food availability should be seen as equally valid with
observations collected by more formal or technological
methodologies that are used to assess how patterns
today are different than in the past or from place to
place. Even more so, the cultural wealth of communities
who live in balance with other species represents the cen-
tral ecological concept of interdependence. There is
incredible hubris among ecologists who choose to fly to
and across remote regions to assess ecosystem health,
while disregarding the knowledge of those who live in
balance with the land, water, and species of the region.
Ecological science is more than what has come out of

European intellectual histories. Thus, if we frame ecol-
ogy through only this single understanding—ecologists
who are educated in Eurocentric histories of ecology
through Eurocentric institutions such as schools—the
resulting statistics we collect about who is participating
in ecology are flawed. Furthermore, BIPOC are, in par-
ticular, often positioned within science as lacking interest
in, exposure to, or proficiency with scientific knowledge
and practices; however, research indicates that shifting
how we frame the work of science and improving the
organization of science learning can shift this narrative
(Wong 2015, McGee and Bentley 2017). We seek to take
an asset perspective to BIPOC as having deep scientific
understanding, socioecological resilience, and cultural
wealth (Yosso 2005) by centering BIPOC ecologists’
work in different ways. For example, UNESCO has
started to document climate research and resilience
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within BIPOC communities in their assessment of the
assets that frontline communities, those most impacted
by climate change, bring into the field of ecological
innovations.
If BIPOC have immense scientific understanding and

cultural values aligned with ecological concepts, why is
this not widely seen? Often, differences in values,
philosophies, and ideas are framed as deficits of those
lacking privilege and power (Valencia 2012). The way in
which educational pathways have been organized does
not often allow BIPOC youth to thrive in their own cul-
tural identities, exacerbating achievement gaps as these
youth are then measured in ways that again privilege
whiteness—something known as educational debt
(Ladson-Billings 2006), and further limiting BIPOC
pathways into ecology careers. Inferences are then made
to explain why such patterns for participation in science
degrees, careers, and forums, including global forums to
mitigate and adapt to climate change, for example, the
Conference of the Parties on Climate Change, exist, as
these patterns may result in incomplete narratives.
Meanwhile, White scholars working with BIPOC com-
munities who are publishing, become known as experts
and are centered in the field, something that needs to be
disrupted through citational justice efforts (Mott and
Cockayne 2017). Thus, innovative science and impactful
science communication are often contributed by BIPOC,
though their contributions are often not recognized, nor
do they lead to career advancement (Hofstra et al. 2020).
A different framing is needed, beginning with an

understanding that scientific activity is cultural in nature
(National Research Council [NRC] 2012, National

Academies of Sciences, Engineering, and Medicine
[NASEM] 2018). We, as scientists, are all positioned
within our own cultural norms, values, and beliefs to
engage in scientific work in particular ways, often dis-
counting alternative ways that seem foreign to us
(Lemke 2001). An example is the perceived rigor of
observations that are quantified relative to those that are
qualitative, even though the latter can extend over longer
time frames and integrate stories to connect people to
data (Fondahl and Wilson 2017). The foundations of
ecology are rich in description, for example, natural his-
tory, and we can return to placing greater value on
place-based, descriptive studies. Colonialism, racism,
and White supremacy are pervasive globally within the
scientific community, as they are in society at large (Del-
gado and Stefancic 2017). The social consequences of
such oppression often constrain BIPOC in the field of
ecology, who may feel the need to modify their behaviors
in order to participate; such modifications may result in
decreased sharing of intellectual diversity that a BIPOC
may bring to a science team as a result of ancestral
knowledge, cultural interactions, or their values related
to human–environment relationships. Furthermore, the
masculine contest culture prevalent in work environ-
ments, including those in higher education, decreases
psychological safety (Berdahl et al. 2018), and often
compounds the impacts of racial and cultural differ-
ences. Successful recruitment is lost due to low retention
of BIPOC faculty across all career stages. Simply put,
underrepresentation of BIPOC in ecology and other
environmental science fields, such as the geosciences
(Bernard and Copperdock 2018), is about White

FIG. 1. Indigenous students innovate and excel in ecology. Left: Hailee McOmber samples soils with Katie Grant near the
Rocky Mountain Biological Laboratory, Gothic, Colorado, as part of field collections coordinated with National Ecological Obser-
vatory Network’s Airborne Observation Platform survey of a mountain watershed. Right: Emily Johnson measures water quality in
Hermosa Creek postwildfire, Durango, Colorado. Commitment by faculty and institutions to provide diverse opportunities to learn
and demonstrate excellence increases community understanding of each persons’ strengths. Photos: H. Steltzer.
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supremacy, the immense inequities it creates and, at
times, the insurmountable hurdles it erects. Although
there is abundant research on this, we have both also wit-
nessed this personally.

UNDERSTANDING AND FOSTERING THE CONTRIBUTIONS OF

BIPOC SCIENTISTS AND COMMUNITIES

In a canvas wall tent set up on a braided river in
Northwestern Alaska, I would sit for hours manu-
ally titrating water samples to record their alkalin-
ity. It was the year 2000, and Heidi was a newly
minted PhD eager to characterize ecological
changes in the Arctic. Wind would whip the tent’s
walls. Bears would nose by. And I would listen to
KOTZ public radio out of Kotzebue. The commu-
nity had organized a forum to discuss the mining
of lead at Red Dog Mine, and the forum was
broadcast.
Amidst talk by politicians, representatives from
government agencies and mining executives,
Indigenous elders clearly stated their concerns—
they did not want new data or assurances of little
harm. They “knew” that mining and transporting
ever more lead from the tundra would impact
plants, animals, and their community’s well-being.
Their concerns were founded on centuries of
observation and intuition, as well as their values.
They urged precaution, recommending the mining
company and government act in the best interest
of future generations.

Heavy metals biomagnify in food chains such that bits
of lead, yes, even dust, can cause health issues for

higher-level consumers. Precaution is an established con-
cept in Eurocentric science, as it is in many scientific
communities, in order to protect vulnerable groups and
the population as a whole (Foster et al. 2000). However,
despite this scientific knowledge provided by the elders,
or that could have been contributed by scientists, lead
mining would continue without sufficient precaution in
an Indigenous community where many hunt, fish, and
gather their food. In systems of oppression, knowledge
is not power. Heidi Steltzer understood the injustice.
Those who knew the land best could not protect it.
Furthermore, rigorous quantification of the changing

Arctic, its loss of ice and snow (Meredith et al., in press),
its burning and thawing land (Holloway et al. 2020), and
the accumulating pollution (Sonne et al. 2017), has not
yet led to policies that protect people and place. Ecology
is at the center of many global change issues, including
climate change (Fig. 2) and the COVID-19 pandemic.
To increase the impact of ecology in solving such issues,
the credentialed ecological community—those with
power and privilege, often with graduate degrees in
science—must engage more diverse values, philosophies,
and ideas than it has in the past. For example, this can
be done by recognizing and funding the work of ecolo-
gists who effectively share science through narrative, are
human-encouraging rather than competitive, and listen
to understand. These scientists not only expand ecologi-
cal practices but also seek to mentor the credentialing of
those in BIPOC communities who then shift the field of
ecology in impactful ways. Through these practices, the
field of ecology itself will increase its resilience to socio-
cultural and environmental changes.
Although much has been done to document and lift

the voices of Indigenous scientists and shift inequitable
power dynamics present in such situations (e.g., Krupnik

FIG. 2. Ecology is central to diplomacy to mitigate and adapt to global changes from climate change to Arctic pollution to pan-
demics (Mauduit and Gual Soler 2020). Intellectual diversity is essential to create the vision and ensure enduring actions result from
global forums, such as COP25. Inequities in being heard persist as a consequence of racism and colonialism in the educational sys-
tems through which individuals become credentialed scientists. Image: ricochet64 via Shutterstock.
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and Jolly 2002, Barnhardt and Oscar Kawagley 2005,
Whitt 2009), inequities both in being heard, understood,
and at the table to make decisions about everyday life
and community well-being persist. Some of this is a
result of the status given to “credentialed scientists” (i.e.,
those with Ph.D.s) without a deeper exploration of how
education itself is a colonial space, rife with racism and
inequity (Harding 2006, Medin and Bang 2014, Mensah
2019).
As an example, summer field programs in ecology that

recruit BIPOC students often provide an application
process that they need support to complete. Hurdles
may include the individualism characteristic of Eurocen-
tric norms or requests for letters of recommendation.
BIPOC students may see themselves as scientists, but
may have been told they do not picture themselves as sci-
entists, and thus question what to state for career aims.
Their answers may be doubted if they are true to them-
selves. Additionally, the process often rewards students
who have adapted to Eurocentric practices rather than
those who choose to demonstrate sociocultural resilience
and cultural wealth. Rolling applications or individual-
ized guidance from programs seeking diverse students
may allow more opportunities for those not familiar
with the bureaucracy of higher educational institutions
or the discourse privileged in application processes.
Changing the process for application submission and
review can increase participation of BIPOC by removing
structural exclusionary practices limiting access to
STEM opportunities in higher education (Dutt 2019,
McGee 2020).
Faculty who teach at BIPOC-serving institutions do

not have sufficient time to guide every student who needs
support through the application process, nor can they
compel a student to fit the niche offered by a program.
Instead, it is time to ask that programs change rather
than that students change, and for more of these pro-
grams to be offered in BIPOC communities and at the
institutions they attend. There are critical points within
the career pathways of BIPOC youth that require
thoughtful, structural supports to be enacted across
multiple institutions, and it is critical that all ecology
faculty are working to support such innovations to foster
diversity in the field (Fealing et al. 2015, Packard 2015).
There are different learning pathways that can be offered
and credentialed, if this remains important (e.g., Roth
et al. 2019). Such innovations could include centering
educational choices in the hands of BIPOC students to
select their own mentors across university and early
career science contexts, by providing the students with
the funds for research or training experiences. Structural
supports for BIPOC ecology pathways should ensure
that there are multiple points of support across both
school- and community-based learning contexts and
that a wide range of mentors is available to foster
resilience while at the same time ensuring that all scien-
tists learn to desettle inequity (Banks et al. 2007, Bang
et al. 2012).

DESIGNING FOR DIVERSITY IN ECOLOGY

The sun is just starting to peek over the eastern
skyline as we quietly walk backwards into the cool
waters of the Salish Sea. It is February, so it is
brisk. We are part of a community-based science
learning partnership between the WSANEC First
Nation and the Pender Island communities called
TETACES Climate Action Project. We slowly
swish cedar over our bodies as we submerge our-
selves three times before letting the cedar float out
into the ocean as we exit the water.
We are now ready to greet the day well intentioned
without negativity and with a deep sense of our
responsibilities to place. We are seeking to find
ways to center indigeneity in science learning
while weaving together different science knowl-
edges and practices. Deb takes a deep breath as
she thinks about how this clarity of responsibility
feels necessary to ensure we struggle with white-
ness in our work towards justice, ensuring that we
are humble, listen deeply, ensure we authentically
seek reciprocity and reconciliation, and work to
foster climate resilience for all.

Scientists and science educators need to commit to
challenging their own understandings of how learning
environments and activities are either disrupting colo-
nialism, racism, and anti-Blackness, or reproducing
oppressive experiences for BIPOC learners. In science
educational settings, the work of equity and justice
means many things. Community-based science learning
partnerships illustrates the way that being in relation to
place, to the cultures of this place, and the responsibili-
ties as part of this socioecological system is woven into
the activity of learning and being together as scientists
and educators. It includes structuring ways to listen and
connect to those with whom you work while at the same
time expanding the diversity of those you mentor, collab-
orate with, and learn from. Higher education and
research should include resources and examples to
ensure that BIPOC assets and histories are brought into
conversation with other aspects of scientific knowledge
and practices. Reading into and experiencing different
cultural science communities is a first step (Fienup-
Riordan 2007). Critical conversations that broaden our
awareness of our own biases and prejudices are also
essential so long as they lead to structural changes in the
ways we do our work (Schell et al. 2020, Tseng et al.
2020). These are conversations in which people can
reflect, while others listen and ask questions to guide us
to think more deeply about our views of science and its
culture.
Expanding community science partnership work from

expanding stances of justice that result from personal
learning and justice are also critical to transforming
BIPOC participation in ecology (Bettez and Hytten
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2013, Bang et al. 2016). Field programs and stations still
rarely exist in BIPOC communities; yet, for many youth
from these communities who attend colleges away from
home, returning to their communities, acquiring intern-
ships, and pursuing ecology careers are priorities. For
ecology careers to be pursued by BIPOC, people who
often lack power and are being harmed to a greater
extent as a consequence of environmental changes (Gar-
diner 2020, Johnson 2020), (1) ecological insights must
be valued by those with power to protect human well-
being and (2) field experiences should take place in and
aim to inform actions to protect Communities of Color.
These design principles reflect the ideas of relationality
—the idea that we all work in relation to each other, to
the contexts in which we work, and to the places in
which we live (Lange 2018). Ideas of relationality also
help us think about learning from and with the environ-
ment in ways that resonate for many ecologists (Muller
et al. 2019, Pugh et al. 2019). In the field of ecology, we
already value genetic, species, and ecosystem diversity,
and have demonstrated that this diversity increases eco-
logical stability and resilience (Tilman and Downing
1994, Hooper et al. 2005). In the work of ecology, we
need to also value epistemic, axiological, and ontological
diversity that is rich in BIPOC communities.
Creating space for BIPOC scientists and youth in the

Ecological Society of America will allow our organiza-
tion to become a thriving, diverse socioecological com-
munity that is resilient to sociocultural and
environmental changes. Such efforts support our essen-
tial role in society to foster more just and long-term
solutions as our environment radically changes. Going
forward we need to learn a different way of being and
doing within science—a way that is deeply connected to
people and the well-being of all.
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Abstract. Developing the ecological scientist mindset among underrepresented students in
ecology fields (Bowser and Cid, this Forum) provides timely and compelling strategies to
broaden inclusion in ecology and environmental biology. Chronic underrepresentation of
minorities in ecology and environmental disciplines (EE) is a crisis that is surprising to many,
and even more surprising that, for African-Americans, this underrepresentation is more severe
compared to other STEM disciplines. It is beyond irony that a discipline that values diversity
as a cornerstone of ecological practice continues to struggle to achieve diversity in the ranks of
its practitioners.
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. . .I must be the bridge to nowhere
But my true self
And then
I will be useful

—excerpt from The Bridge Poem by Kate Rushin

Bowser and Cid’s (2021) intervention centers on culti-
vating an ecological mindset, or identity as an ecologist.
Broadly speaking, a scientific identity influences STEM
persistence for K–12 students (e.g., Sparks and Pole
2019) and college-level students (Bowser and Cid, 2021).
This identity is more easily obtained among dominant
culture students, but frequently must be nurtured for
underrepresented minorities (Gazley et al. 2014, Estrada
et al. 2016). Within any given research area, scientific
identity has as much to do with disciplinary emphasis
and academic preparation as with the cultural lens of
those whose experiences are included and excluded in
predominant disciplinary narratives (Dodson et al. 2009,
Miriti 2019, Kanim and Cid 2020). As a result, improv-
ing diverse participation in ecology and environmental
disciplines (EE) requires examination of the structural
and institutional cultures that inform EE identities and
disciplinary values.

Ecology and the environment are frequently associ-
ated with white culture (Stapleton 2019) to the detriment
of diverse participation. Surveys of the Ecological Soci-
ety of America support this association by showing that
the typical ecologist is a middle-aged, white male (Lock-
wood et al. 2013) who is disengaged with social responsi-
bility (Reiners et al. 2013). This identity, most frequently
encountered by students in the classroom, and in EE
textbooks (Damschen et al. 2005), undermines diversity
initiatives because positive scientific identities among
students in racially homogeneous environments, such as
those found in EE (O’Brien et al., 2020), are supported
for white, but not minority students (Wout et al. 2010).
Underrepresented students and professionals in EE who
persist may experience an insidious and personally tax-
ing desire to assimilate to gain credibility (Bergstrom
2019, Spikes 2020). Bergstrom (2019) shows that the pre-
dominance of white, male, science identities is associated
with attrition of underrepresented minorities from
undergraduate through full professor ranks. This rela-
tionship underscores the fact that, as in other STEM dis-
ciplines, retention, not recruitment, of underrepresented
and historically marginalized groups is a critical, but
often overlooked component of fostering increased
diversity and inclusion.
Focusing on retention shifts the emphasis away from

recruitment initiatives that employ coursework interven-
tions, primarily math, to retain students in a STEM
“pipeline.” Although these interventions can diversify
the students who enter EE programs (Flowers et al.
2016), low student retention is reflected in the chronic
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lack of diversity in all EE ranks. Pipeline interventions
at their worst provide a misleading metaphor for STEM
success. According to Cannady et al. (2014), while in
high school, 61% of scientists had no interest in STEM,
or had no calculus, and 16% had neither. Along a similar
vein, Armstrong et al. (2007) suggest that students who
gain interest in EE will seek out necessary skills and
research experiences, but a lack of positive, validating
experiences in EE reduces retention. These findings
underscore the insufficiency of deficit models that
attempt to increase diversity by providing academic
skills that students lack. Consideration of cultural biases
in EE practice and education provides an alternative
pathway to assess student success (e.g., Miriti 2019).
Improving cultural and social barriers can retain diver-
sity in EE and cultivate positive identities among under-
represented minorities.
As with any other identity, the ecological identity

includes a social context that is either supportive or cor-
rosive. To cultivate a positive ecological identity broadly
and promote diverse participation, we must accept that
science is not produced in a cultural/racial/value-free
vacuum (Longino 1990, Pulido 2002): knowledge and
culture are co-produced.
The relationship between racialized, dominant culture

values and disciplinary values is acknowledged in other
academic disciplines (Harris and Gonz�alez 2012, Tolia-
Kelly 2017), but has been under-examined or discounted
in STEM (Vakil and Ayers 2019), although Graves
(2019) presents a recent examination for evolutionary
biology. The influence of race on scientific practice is
rarely presented in STEM journals (but see Miriti 2020);
however, in response to the undeniable racial disparity in
COVID-19 occurrence and mortality, the time to con-
front structural racism in STEM is overdue.2,3

Racial biases are evident in institutional and disci-
plinary practices, which are disproportionately informed
by the values of white culture and underlie a low sense
of belonging at all academic ranks (Estrada et al. 2016,
McGee 2016, Bergstrom 2019, Miriti 2019). In other
words, racialized value systems discourage retention of
underrepresented students, and reduce retention and
promotion of underrepresented faculty (Whittaker et al.
2015, see Schell et al. 2020 for an example focusing on
EE). A Ph.D. does not render faculty of color immune
to the microagressions that stem from racism or racial
blindness (Harris and Gonz�alez 2012, Ross and Edwards
2016, Graves 2019), whether they originate from col-
leagues and/or students, and in fact can be experienced
more frequently by faculty than students (Brown et al.
2016). To avoid a positive feedback loop in which low
retention of faculty of color translates to low diversity
among students (e.g., McGee 2016), institutional, racial,
and cultural barriers must be dismantled.

By advocating that mentors build on the strengths and
experiences of diverse students, Bowser and Cid (2021)
provide a culturally sensitive path to nurture an EE iden-
tity and improve EE diversity. This path intentionally
reduces racialized biases within EE education and prac-
tice. The ability to “meet students where they are” is
inherent to culturally sensitive pedagogies (Lee et al.
2017, Dewsbury and Brame 2019, Dewsbury 2020) and
participatory strategies (Roth and Lee 2004, Nadkarni
et al. 2019) that are gaining traction in education and
outreach. Such strategies foster a safe space for students
to share experiences that are not included in dominant,
disciplinary narratives. Because lived experiences are
integral to knowledge production, storytelling is a pow-
erful tool for change (Delgado 1989, DeCuir-Gunby
et al. 2009, Mizelle 2019). Acceptance of counter-
narratives that present minority experiences and per-
spectives can improve educational outcomes (Sol�orzano
and Yosso 2002), allow underrepresented minorities to
contribute with an authentic voice, and promote
deserved recognition of the contributions of underrepre-
sented minorities to ecology and environmental biology
(Lee 2020, Miriti et al. 2020). The latter encourages a
more favorable positive feedback that is recently being
asserted by scholars of color from historic and forward
looking perspectives (Graves 2019, Lee 2020, Miriti
et al. 2020, Schell et al. 2020): greater visibility of schol-
ars of color promotes greater disciplinary diversity,
which in turn reinforces the scientific identities of under-
represented students.
In conclusion, increasing participation in ecology and

environmental biology requires embracing the cultural
identities of underrepresented minorities. This practice
permits authentic expression of diverse knowledge that
benefits all. Diversity among EE practitioners, like bio-
diversity in nature, improves community performance
and resilience. Like biodiversity, diversity among practi-
tioners must be nurtured as protection against human
choices that threaten its existence.
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Abstract. When do Native students discover ecology and what factors contribute to the
low enrollment of diverse students? Addressing such questions is crucial for diversifying
science disciplines and the workforce of ecology and geoscience disciplines. Field sciences such
as ecology have notably low enrollment of students from underrepresented groups, such as
Black/African American, Hispanic/Latinx, and Native American or Alaska Natives. Here we
discuss the factors that affect Native students and provide strategies to improve recruitment
and retention of Native students in the sciences.

Key words: diversity; ecological mentoring; historical knowledge; Native ecology; traditional ecological
knowledge.

DISCOVERING ECOLOGY IN NATIVE AMERICAN

COMMUNITIES

The question posited “How do people discover ecol-
ogy?” by Bowser and Cid (2021) and their acknowledg-
ment that understanding this question is vital to
diversifying not only ecology but all science disciplines
and thus the environmental workforce allows the field
an opportunity to gain a better understanding of the
richness of various ecological knowledge systems within
communities of color.
Contemplation of this question leads to the realiza-

tion that the notion of discovering ecology by Alaska
Native people, of which many live a cultural and tradi-
tional use (e.g., subsistence) lifestyle, is foreign as the
concepts of ecology and other disciplines, often com-
partmentalized in academia, are part of our everyday
life. Alaska Native youth are taught traditional ways of
knowing from an early age, and are taught to consider
all things in a holistic way where all is connected. This is
reflected in our understanding that we are part of the
ecosystem in which we live, intimately connected with a
relationship with the environment. For example, Alaska
Natives acknowledge the beinghood of all things and
maintain that respect should be given to even the small-
est grain of sand. The relationality we have with all

things, such as the environment and the ecosystems it
supports, requires that we coexist in a balanced and
equitable means in which we give the same as what we
take. This is in stark contrast to mainstream societies
disconnect where one is merely an inhabitant, occupying
space but separate from the environment in which they
live in and impact, where the environment is a commod-
ity. Traditional Knowledge systems and ways of know-
ing have the ability to contribute to ecological
understanding in a meaningful way if only the field
would engage with cultural practitioners and Native
scholars when considering research questions, allowing
for an exchange of cross-cultural knowledge and by rec-
ognizing that there are multiple ways of seeing and
interacting with the environment and ecosystems.
In some Alaska Native communities, youth as young

as eight years old hunt, fish, and harvest a variety of
plants from the land and water to provide for their fami-
lies, as there are few stores to buy food. These young ones
are taught about ecology, geoscience, and ocean science
in addition to historical environmental, cultural connec-
tions and climate impacts on local and regional ecosys-
tems. They are taught to respect the environment, to take
only what is needed as not to negatively impact ecosys-
tems that have sustained Alaska Native communities for
hundreds to thousands of years. Ecological knowledge is
shared through art, place-based active learning, and oral
traditions passed on by family members (Fig. 1). This
form of ecology is holistic, encompassing emotional,
spiritual, intellectual, social, and physical concepts in a
single idea. In this context, ecology is a way of life, a
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concept understood and utilized every day. From this
understanding of how Native communities rely on eco-
logical understanding one would think that there would
be more Native American or Alaska Native ecologists.
However, within the United States, there is a notable lack
of diversity in Science Technology Engineering andMath
(STEM) disciplines, with less than 30% of science and
engineering fields comprised of underrepresented racial
groups (e.g., Native Americans and Alaska Natives,
Black/African American, Hispanic, Latinx, etc.; NSB
2020). Within the field of ecology, the lack of diversity is
staggeringly low considering the connection that many
Indigenous groups (e.g., Native American, Alaska
Native, Pacific Islander, Hispanic, Black/African Ameri-
can) have with their environment. A survey of member-
ship within the Ecological Society of America (ESA) in
1993 and 2014 revealed that only 9% of memberships
were held by racially diverse ecologists (Beck et al. 2014).
In 2018, of Ph.D.s conferred in ecology, 85% were
awarded to white students, and collectively 7.55% were
conferred to Native American/Alaska Native (0%),
Black/African American (0%), and Hispanic (7.55%) stu-
dents (e.g., Lawrence et al. 1993; Beck et al. 2014; NSB
2020; NSF n.d.).

TRADITIONAL ECOLOGICAL KNOWLEDGE AND WAYS OF

KNOWING

Traditional Ecological Knowledge (TEK) from
Native American/Alaska Native (NA/AN) communi-
ties is typically disregarded by academia, and is

erroneously perceived as merely qualitative. Careful
consideration of what TEK is, what it embodies, and
how it is informed, leads to the recognition that TEK is
qualitative, quantitative, and spiritual knowledge that
has been documented across significant expanses of
time and is regionally specific. The resistance of main-
stream society, specifically academia, to recognize the
depth of knowledge within TEK and its refusal to
acknowledge the rigor applied to its development as the
same that is applied to Western science is a reflection of
the ingrained ideologies of the superiority of Western
knowledge systems to any other. TEK provides histori-
cal knowledge about place, and in-depth knowledge
about the intricate relationships established between
plants, animals, landscapes, watersheds, and other nat-
ural phenomena, this knowledge system encompasses a
worldview that through its holistic nature considers
multiple disciplines such as ecology, social science,
human health, spirituality, and the relationship of peo-
ple with their environment (Smythe et al. 2020).
TEK is dynamic varying between Native communities,

as there are 574 federally recognized and 66 state-
recognized tribes in the United States, of which each
possess regionally specific and distinct knowledges, pro-
tocols, histories, cultural practices, and languages
(NCSL 2020). The practice of combining the identities
and experiences of individuals from distinct tribal com-
munities into a single monolithic group and understand-
ing of TEK is not only neglectful and harmful, but is in
itself ill informed, falling away from everything Western
science claims to be built upon. A simple definition of

FIG. 1. Alaska Native youth learn about forest and river ecology along a culturally important river in Southeast Alaska,
discussing the scientific, cultural, and historical importance of place from an early age. Photo credit: W. Smythe.
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science states that “it is both a body of knowledge of
things already known and the process of acquiring new
knowledge” (AAS 2020); how do we acquire new knowl-
edge by dismissing knowledge systems that are tens of
thousands of years old without regard of how they were
developed and by whom? It is more reasonable to
assume a TEK system will be comprised from a spec-
trum of beliefs, values, and perceptions, that refer to
local and/or regional knowledge embedded in cultural
traditions in one or more forms of collective abstracts,
of diverse understandings, that include but are not lim-
ited to, language, art, dance, music, names, medicines,
and remedies (Berkes et al. 2000, Downes 2000, Hoag-
land 2017, Smythe et al. 2020). Coupling of these two
knowledge systems, TEK and Western science, provides
great potential to create a new means for ecological
research and education with an increase in ways of
knowing and teaching, diversity, and innovation and can
provide historical insight and sense of place (Durie 2004,
Smythe et al. 2020).
Traditional ways of knowing is different from TEK

in that Traditional ways of knowing referrers to an
understanding of knowing how ecosystems function
through both lived experiences or through oral tradi-
tions and is highly defined by one’s view of the
world.

UNDISCOVERING ECOLOGY

As previously stated, ecology and ecological under-
standing are an ingrained part of Indigenous culture
taught throughout life within cultural and traditional
use communities. It is upon entry into academia and
thus ecological sciences that students are forced to
undiscover, or disregard, what they have been taught
and have known throughout their life, ways of knowing
and understanding that have sustained not only their
family and community but the existence of their commu-
nities since time immemorial. Here is where understand-
ing of tens of thousands of years of ecological
knowledge and phenomena are dismissed and invali-
dated in favor of a much younger, hundreds of years old,
ecological discipline. Students are chastised and shamed
for the perceived offense of inquiring about the place of
long-standing TEK in ecological sciences. This stripping
away of and dismissal of knowledge and shaming of stu-
dents’ identity result in the withdrawal of students from
not only ecological sciences but all STEM disciplines
and is a form of violence against racially diverse students
that adds to an extensive list of historical traumas
enacted upon students of color. The lack of value acade-
mia places on the lens Native American/Alaskan Native
students bring to the classroom is often a deterrent and
a constant obstacle that puts students at an unfair disad-
vantage.
Globally, Native peoples comprise roughly 5% of the

population, however, these same people manage around
11% of forests, and utilize one-quarter of terrestrial

ecosystems from tundra to plains and deserts in which
they maintain approximately 80% of biodiversity on the
planet. Despite their deep holistic knowledge and under-
standing of these ecosystems, ecological interactions,
and outcomes, TEK systems are viewed as irrelevant,
out of touch, uninformed, or outdated (Robbins 2018).
TEK is only accepted as relevant when it is being dis-
cussed or presented by a non-Native “expert” who has
gleaned some knowledge from TEK, where it is then
interpreted through one’s own worldview and repack-
aged as a new discovery. This is where Native people lose
their voice, sovereign nations lose their agency to share
their own intellectual property, and where TEK risks los-
ing its intended purpose through misinterpretations.

MAINSTREAM ECOLOGICAL HISTORY

Ecology is a relatively new science, crediting Aristotle
or his student Theophrastus as the first ecologists in the
fourth century (McIntosh 1985). Examination of the his-
tory of ecology shows us an extensive list of men of
European descent that begins with Aristotle’s study of
life, Antoine van Leeuwenhoek’s discovery and descrip-
tion of microbial ecology in the 17th century, to Robert
MacArthur’s study of community and population ecol-
ogy in the 20th century (Ramalay 1940, MacArthur
1967, Brown 1999). This short period of time spans
approximately 2,402 yr and is revered and taught as the
only valid knowledge system. Nowhere in the timeline of
ecology can one find reference to Indigenous knowledge
systems that span the many thousands of years over
which they were developed. Due to a of lack of under-
standing of Indigenous people’s methods of document-
ing and exchanging knowledge, these ancient and robust
knowledge systems are typically disregarded (Nicholas
2019).
If ecology strives to gain in-depth knowledge and his-

torical insight about place why does it continue to over-
look the use of knowledge that has been developed and
proven over thousands of years in favor of more current
knowledge? Why then does it continue to overlook
knowledge from Indigenous peoples from around the
globe? Consider this: In 1854 Chief Si’ahl (referred to
as Seattle) a Suquamish and Duwamish chief gave a
speech arguing in favor of ecological responsibility and
respect for Native American land rights. He discussed
the connectedness of all living things and how environ-
mental health impacts human health. This understand-
ing of ecology reflects the subdiscipline of community
and population ecology “discovered” by MacArthur in
the 1960’s, however, there is no mention of the ecologi-
cal understanding of Indigenous peoples in ecology
courses, it is taught as if such concepts did not exist
until discussed by and from a Western perspective
(Smith 1887; Duwamish Tribe 2009).
This purposeful erasure of not only TEK but all

knowledge systems not rooted in Western society from
all STEM fields is a deeply ingrained ideology embedded
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in systemic silent norms of Western society such that
people of color are somehow lacking when it comes to
intelligence leading to the undervaluing of knowledge
systems. For example, there are a myriad of Native and
Indigenous Ecology books and publications, however,
few of these materials are authored or coauthored by
Native and/or Indigenous scholars or cultural practi-
tioners. Such norms must be examined, acknowledged,
and brought to an end in order to usher in a new norm
of diversity, equity, inclusion, and dignity for people of
color. This idea presents a frightening reality to those
who have enjoyed the privilege of being the unique
Native ecology expert or TEK scholar as it requires
acknowledging the intellectual labor of others, the reality
and applicability of the existence of ancient knowledge
systems, and that the discovery was in finding a preexist-
ing knowledge, and finally in power sharing. Here power
sharing is when one allows oneself to acknowledge what
has already been known and practiced for generations,
providing an opportunity for Native scholars and cul-
tural practitioners to share their own knowledge as it
was intended to be, without interpretation through a
Western lens, and the dissemination of knowledge by
those who discovered it. It is unheard of for a researcher
to allow someone else to take credit for their discovery,
why then is it acceptable for researchers to share TEK as
their own discovery?

The Earth does not belong to us. We belong to the
Earth
This we know: All things are connected, whatever
befalls the Earth befalls sons of the Earth

~Chief Si’ahl, 1854

�Aajii W�aadluu w�aan uu g�uu daahl K�ıiwaagan (All
things are connected, and we need each other to
survive ) ~Haida saying

FACTORS INFLUENCING DIVERSITY

In field-based disciplines, students are presented with
a unique opportunity to engage in a variety of field expe-
riences broadening their exposure to place- and inquiry-
based authentic research shaping their science identity
and defining their research specialty. Even so, social fac-
tors, such as sense of belonging, science identity, expo-
sure to implicit biases and stereotypes, environment
(welcoming vs. unwelcoming), lack of role models/men-
tors or peers have all been explored and are known to
influence the participation of diverse students in science
disciplines (Freeman et al. 2007, Walton and Cohen
2007, Gullory and Wolverton 2016, Carpi et al. 2017,
Smythe et al. 2020). These factors coupled with the
potential isolation and lack of security encountered in
field experiences can result in the withdrawal of students
from field based disciplines.
Careful consideration, planning, and implementation

of interventions to ensure students feel secure and
included can have a notable impact on science learning
gains (Fig. 2). Activities can be as simple as acknowl-
edging the historical significance of a research site and
will result in retention of students of color (Walton and
Cohen 2007, Walton and Cohen 2011). For example,
asking questions such as, “Who occupied the lands prior
to colonization? What was the relationship to the space,
seasonal hunting and gathering or shelter? Is it a

FIG. 2. Alaska Native undergraduate environmental science students conducting field research on their tribal lands in
Southeast Alaska along a culturally significant river. Photo credit: C. Fetes.
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spiritual or sacred site?” acknowledging who established
the site (e.g., Indigenous, slaves, etc.). All too often these
are aspects scholars want to overlook; however, this is
an important piece of history and body of knowledge
and can no longer be ignored because it brings discom-
fort. Additional interventions to consider are (1) team-
building activities to build confidence and a sense of
belonging, (2) use of materials of ecologists of color, (3)
development of critical thinking by presenting multiple
ways of knowing and thinking, (4) continued learning by
faculty of issues around diversity in science disciplines as
academia should be prepared to accommodate all stu-
dents, and (5) assessment of student opinions as to the
inclusivity of ecology courses and experiences to better
inform best practices each of which will work together
to provide a secure equitable and inclusive space for all
students and faculty (Cid and Bowser 2015; Fig. 3).

FUTURE OF ECOLOGY

Only recently have ecologists started the journey of
asking, listening, and applying TEK in order to have a
deeper understanding of the natural world (Robbins
2018). Applying this holistic view of ecology allows
researchers to not only gain an understanding of short-
term (immediate) ecological knowledge but provides
access to long-term (generations) ecological interactions
and phenomena. This new practice has far-reaching
applications not only for ecology but for all science disci-
plines. For instance, applied ecology always takes place

on Native land meaning that there will always be a story
and history of place, a spiritual connection that the Uni-
ted States has tried to erase and that academia chooses
to overlook. Ecological research and education would be
more impactful and more meaningful if it looked at
these historical connections to land, examined what
made a place sacred and what caused the formation of
spiritual connections. These in-depth examinations is
where knowledge is gained, innovation happens, and
critical thinking occurs.
An example of this is illustrated by reclamation efforts

in northern Minnesota along the Iron Belt where
restoration efforts by mining companies to return the
environment to usable habitat and to reestablish Native
cultural sites. This is being done by rebuilding hills and
mounds from expended iron tailings, establishing plants
on these mounds and monitoring the ecological succes-
sion of plants and animals. However, what is not under-
stood is that there is no reestablishing of sacred cultural
sites; the land, through the process of removing entire
landforms for the purpose of iron extraction, is made
different and thus the connection to the land is forever
gone, removed in one massive scoop of Earth laden with
iron ore. Restoration efforts that claim to reestablish cul-
tural sites would benefit from consultation with Native
communities in order to make meaningful efforts at
habitat restoration and to gain an understanding that,
once removed, the land is forever changed, the spiritual
connection lost, otherwise claims of cultural restoration
are merely superficial.

FIG. 3. Faculty attending the FIELD Institute at Colorado State Universities Mountain Campus. FIELD provided professional
development training for faculty and field researchers around issues of diversity, equity, and inclusion in order to create safe spaces
for students and faculty of color in field sciences. Photo credit: Lisa White.
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As we move into the next decade, there is hope that
science disciplines will do a thorough examination of
common practices and consider if they are truly inclu-
sive, in an effort to not only move forward to ensure stu-
dents feel secure and welcome, but also to increase our
innovation and productivity as scientists and stewards of
the Earth.

The trees of the forest is our grandmother. Her
deep roots hold knowledge and her rings the his-
tory of this place, she tells us the climate of forest
that drives ecology.

~Haida elder
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