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Special issue: Community and citizen science

News and opinion

EDITORIAL

4

Community and citizen science:
Inviting the public into UC ANR
research
Humiston

INTRODUCTION

5

Special issue: Community and
citizen science

Meyer et al.
In this special issue, California Agriculture

presents research and news on community and

citizen science projects across California.

NEWS

8

Report: Assessing community and
citizen science at UC ANR

Meyer and Drill

The authors uncovered a rich diversity of
projects that engage Californians in UC ANR
research, and a variety of challenges and
opportunities for expanding this work.

Community and citizen science
projects around UC ANR

Crowder

What do coyotes, eggs and leafy greens
have in common? They’re all subjects of UC
ANR research projects to which everyday
Californians have contributed.

COVER: Students at the Pacific Grove

Museum of Natural History (a California
Naturalist Partner) participating in a coastal
LiIMPETS (Long-term Monitoring Program and
Experiential Training for Students) survey.
Photo by Pacific Grove Museum of Natural History.
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Data parties engage 4-H volunteers in data interpretation,
strengthening camp programs and evaluation process
Bird and Lewis

A practice associated with citizen science allows 4-H stakeholders to better
engage in program evaluation.

The CALeDNA program: Citizen scientists and researchers
inventory California’s biodiversity
Meyer et al.

By connecting different grassroots eDNA projects, and making data open
to explore, we are finding patterns that may help guide eDNA-based
biomonitoring.

4-H youth advance biosecurity at home and in their
communities
Smith et al.

Yuba-Sutter youth successfully completed the 4-H Bio-Security Proficiencies
Program and effected change as community science experts.

Engaging the importance of community scientists in the
management of an invasive marine pest

Grosholz et al.

Sustainable management of a nonnative predatory crab in a coastal lagoon
in Northern California succeeded due to the involvement of community
scientists.

Early View

Growers follow the label: An analysis of bee-toxic pesticide use in
almond orchards during bloom

Durant et al.

Pesticide use data indicate that almond growers have reduced labeled bee-
toxic pesticide use, but unlabeled bee-toxic agrochemicals are still applied
during bloom.

Online: https://doi.org/10.3733/ca.2020a0030
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EDITORIAL

Community and citizen science:
Inviting the public into UC ANR research

by Glenda Humiston

Online: https://doi.org/10.3733/ca.2021a0008

ommunity and citizen science (CCS) is an ex-
citing approach to enhance research activities
while also expanding community engagement.
It advances the work of professional scientists, engages
and educates amateur scientists and benefits society
by reducing scientific illiteracy — all while creating
greater awareness of the crucial work that the Univer-
sity of California and other re-
search institutions perform.
This issue of California
Agriculture reports on a variety
of research projects that might
never have happened without
the involvement of community
and citizen scientists. For ex-
ample, in a project described
by Grosholz et al. (page 40, this
issue), community scientists
working in a Marin County
lagoon have helped control
populations of the European
green crab, an invasive species
whose effects on native shell-
fish are devastating. The com-
munity scientists, working on
the project for nearly a decade
now, have collected data from
: 5 : : a large network of crab traps
Glenda Humiston, Vice President, UC ANR and in some cases have allowed
researchers access to private
property. Their monitoring work has enabled scientists
to develop crab management strategies that have re-
duced the crabs’ population by 70% to 80%. According
to researchers, maintaining European green crab popu-
lations at this level will, over time, allow for restoration
of the lagoon habitat and allow native species to return
to abundance. Perhaps most impressively, this ongoing
project is now managed almost entirely by community
volunteers.

The relationship between professional scientists
and community scientists, however, is a two-way
street. Because CCS projects allow ordinary people to
get their hands dirty in scientific research and begin
to understand how science really works, volunteers
gain a deeper understanding of the world around
them and the specific conditions that exist in their

Evett Kilmartin
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own communities. Often, projects lead to concrete
improvements in communities, with longstand-

ing local problems resolved or remediated thanks to
knowledge gained from CCS projects — just as in the
example above.

But CCS can confer benefits across the whole of
society. In the United States, scientific illiteracy is an
ever-growing problem with frightening consequences.
Take climate change, where public skepticism toward
scientific realities can hinder policy responses and
individual action to confront perhaps the most press-
ing problem that humanity will face over the com-
ing decades. Vaccines, which stand among science’s
greatest achievements, often encounter public resis-
tance — an especially disturbing response during a
global pandemic.

Overcoming scientific illiteracy is a wide-ranging
challenge that will require an array of responses, but
CCS can be an important piece of the solution. For ex-
ample, children participating in CCS projects can gain
respect for the rigorous work that science professionals
practice every day. But CCS’s potential for overcoming
scientific illiteracy isn’t limited to kids — adults can
also participate in CCS to learn about the world, do sci-
ence and become better-informed, more-involved com-
munity members.

For UC Agriculture and Natural Resources, CCS
is a natural fit. UC ANR’s mission is to connect the
University of California — and the science practiced
throughout the UC system — with the people of the
state. With UC Cooperative Extension academics and
staff working in every California county, UC ANR
is well-positioned to broaden the scope and impact
of CCS across the state, conferring benefits on scien-
tists, amateur researchers and broader communities.
Established and trusted programs, including UC
Master Gardener Program, UC California Naturalist
and 4-H, provide ideal vehicles for CCS. By helping
community members develop research skills and ex-
perience, CCS fosters an appreciation for the scientific
process, building scientific literacy and public support
for research. Come join us in a CCS project in your
community!


https://doi.org/10.3733/ca.2021a0008

INTRODUCTION

Special issue: Community and citizen science

In this special issue, California Agriculture presents research and news on community and citizen
science projects across California.

by Ryan Mevyer, Sabrina Drill and Christopher Jadallah

Online: https://doi.org/10.3733/ca.2021a0003

Participants in the Friends
of the Dunes California
Naturalist certification
course learn about dune
ecosystem stewardship
in Humboldt County.
Researchers have found
that community and
citizen science projects
can improve research
outcomes and benefit
participants through
deepened learning.

n this special issue of California Agriculture, we

explore diverse examples of science at UC Agricul-

ture and Natural Resources (UC ANR) that have
involved participation by people not typically expected
to play a role in the research process. They might be
school-age youth, clientele of UC ANR advisors, vol-
unteers in programs such as the UC Master Gardener
Program or the UC California Naturalist Program, or
simply interested or concerned members of the public.
We refer to this idea of scientific research conducted, in
whole or in part, by amateur or nonprofessional scien-
tists as community and citizen science (CCS). There are
many other terms for it (see Eitzel et al. 2017) — such
as public participation in scientific research, volunteer
monitoring, crowd-sourced science, or participatory
action research — emanating from various natural
and social science disciplines. CCS projects can take
many forms, as demonstrated by the many examples
throughout this special issue. They can advance scien-
tific research and monitoring in a variety of ways, build
trust among the collaborators and create opportuni-
ties for outreach, education, stewardship and mutual
understanding.

The traditions of Cooperative Extension overlap
significantly with CCS. Cooperative Extension was
founded with a mission to “to aid in diffusing among

the people of the United States useful and practical
information on subjects relating to agriculture and
home economics, and to encourage the application of
the same” (Conglose 2000). But translating information
into a particular context often requires collaboration
and a two-way flow of knowledge (Cash 2001). From
the very beginning, expertise held by farmers and oth-
ers in the agricultural system has played an important
(if not always explicitly recognized) role in Cooperative
Extension research and engagement. In the years
since its founding, Cooperative Extension has grown
to encompass a much wider variety of stakeholders
and communities, accompanied by many new ways
of working together through “learning partnerships”
(Conglose 2000). This diversity of collaborative forms
in Cooperative Extension mirrors what we see in the
broader field of CCS, and each can enrich the other.
While the idea is not new (Miller-Rushing et al.
2012), in recent years CCS has become increasingly
recognized as a valid scientific methodology, pedagogi-
cal strategy and capacity-building approach. The field
is evolving as both a subject of research and an area of
scientific practice (Tauginiené et al. 2020). It was called
out as an interagency priority in recent Congressional
legislation (American Innovation and Competitiveness
Act 2017), and there is now a federal interagency
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California Naturalists
in-training learn how to
monitor water quality
in the Los Angeles
River Recreation Zone.
Community and citizen
science projects can take
many forms, from app-
based crowd-sourcing
projects to community-
led monitoring, or co-
created projects with
private landowners.
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community of practice. Scholarly publications focused
on CCS have increased significantly in recent years
with many journals dedicating special issues to the
topic, and a new journal for the field — Citizen Science:
Theory and Practice — recently established. Several
new professional associations have been formed, in-
cluding the Citizen Science Association, which attracts
hundreds of scholars and practitioners to its biannual
meetings. Many other professional associations — such
as the American Geophysical Union, Ecological Society
of America, Society for Conservation Biology and the
American Association for the Advancement of Science
— have begun to focus on CCS in their publications
and conferences.

The burgeoning enthusiasm for CCS stems in part
from the many different goals and benefits that it can
advance. With CCS approaches, public engagement and
collaboration are not secondary concerns; they are cen-
tral to the research. When scientists work with volun-
teers in collecting data or crowdsourcing data analysis,
for example, they are producing scientific knowledge in
a traditional sense, while learning from and responding
to one another in the collaborative process. A scientist
co-creating a project in response to a set of commu-
nity priorities and questions may still publish novel
findings, while at the same time building a research
agenda that is responsive to real, urgent, societal needs,
and inclusive of the community that motivates that
agenda. Researchers are finding that CCS can genu-
inely improve research outcomes (Cooper et al. 2014;
McKinley et al. 2015; Merenlender et al. 2016; Parrish
et al. 2018; Theobald et al. 2015), while benefiting indi-
vidual participants through deepened learning (Ballard
etal. 2018; Bonney et al. 2009; NASEM 2018; Phillips
etal. 2019), and leading to progress on community
and environmental issues (Aceves-Bueno et al. 2015;
Dosemagen and Gehrke 2017; McKinley et al. 2015).
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The CCS projects described in the research papers
for this special issue represent a similar range of moti-
vations and outcomes.

Grosholz et al. (this issue, page 40) describe an
ongoing project that tightly integrates invasive spe-
cies science and environmental restoration work and
shows how CCS can support environmental education
and community-level capacity building through the
research process. Volunteers from the local community
have played many different roles in this project, from
data collection to communication and ongoing man-
agement of the restoration program in Seadrift Lagoon
in Northern California.

CCS can also serve as a framework for youth edu-
cation, while linking directly with action at the com-
munity level. Smith et al. (page 33) describe a youth
participatory action research (YPAR) project, based
in the California 4-H Youth Development Program,
in which youth designed and led research and risk as-
sessment focused on zoonotic diseases. They used the
results of their scientific work to advocate for changes,
in some cases leading directly to improvements in bios-
ecurity at county fairs.

Sometimes traditional collaborative activities at UC
ANR are enriched and expanded through the introduc-
tion of CCS approaches. Bird et al. (page 14) describe
their early experiences with participatory evaluation,
in which the insights from program evaluation are en-
riched through collaboration with volunteers.

While CCS is often community-based or highly
localized, other cases illustrate how it can be employed
to conduct research at broader spatial and temporal
scales. The CALeDNA project (Meyer et al., page 20),
for example, has garnered contributions from people
throughout California. In this example of crowd-
sourced data collection, project leaders are also engag-
ing volunteers in dialogue about how to deploy eDNA
methods, thus bringing a wider set of perspectives to
bear on debates over a new and potentially very power-
ful form of scientific monitoring.

The contributions from these authors and the other
brief examples highlighted in the following pages
(Crowder, 9-13) point to a perhaps-unsurprising fact:
UC ANR is home to a rich and diverse array of CCS
projects and programs, which engage many different
audiences in many kinds of activities. The examples
show teams leveraging approaches from CCS, such as
app-based crowd-sourcing and YPAR. The many differ-
ent structures can engage many different kinds of audi-
ences across California.

CCS can also help with a variety of problems that
pervade our mosaic of public and private lands in
California. Helping to build a broader understanding
of the conservation of flora and fauna on private lands
is one example. In urban areas, small private lots are
generally inaccessible to researchers. Inviting residents
to collect and share data has revolutionized the study of
urban biodiversity (Li et al. 2019). In rural areas, large
private property owners have long collaborated with



Cooperative Extension researchers, but the opportunity for landown-
ers to engage directly in data collection can enrich the relationship.
The UC Statewide Integrated Pest Management Program has recruited
citizens to monitor the distribution of and damage from invasive
species that do not recognize property lines. Invasive shothole borer
monitoring is a valuable example of work in urban areas (Crowder,
page 12).

UC ANR provides a uniquely rich context for conducting research
using CCS approaches. Because UC ANR is present in every county
in the state, from urban centers to rural communities, it is well-posi-
tioned to engage Californians in science. UC ANR programs build hu-
man capital that can expand what’s possible in CCS. The large corps of
trained and dedicated volunteers — in the UC Master Gardener, UC
California Naturalist, and California 4-H Youth Development pro-
grams in particular — is a ready crew of community members primed
to engage in the work of CCS. When urgent data needs emerge, for ex-
ample in response to pollution concerns related to wildfires (Crowder,
page 11), networks of trained UC ANR volunteers have been an
invaluable resource. We explore this reciprocal dynamic — CCS ap-
proaches as a boon to UC ANR, and UC ANR as a rich context for
CCS — to greater depth in a report prepared for UC ANR leadership
(Meyer and Drill 2019), and summarized in our article on page 8 of
this issue.

(Ottinger 2017), and every term has strengths and flaws (Eitzel et

al. 2017). For example, some find the word “citizen” problematic for
potentially implying that only legal citizens can contribute to science
(e.g., Angulo 2020). Others draw clear boundaries around “commu-
nity science” as an approach driven by community knowledge and
priorities, as opposed to the interests of scientists (e.g., Pandya 2019).
Rather than dictate a single term, in our editorial process we have
encouraged authors in this special issue to use the term that works for
them and their collaborators, while being very clear about the reason-
ing behind that choice.

We hope that you will see in this special issue the many ways that
CCS is advancing UC ANR’s mission of “serving California through
the creation, development and application of knowledge in agricul-
tural, natural and human resources.” Collaboration with communi-
ties through CCS gives us the potential to co-create useful knowledge,
support communities with the power to successfully apply it, and
build capacity for stewarding our state’s resources. [@

R. Meyer is Executive Director, UC Davis Center for Community and Citizen Science; S.
Drill is UC Cooperative Extension Natural Resources Advisor, Los Angeles and Ventura
counties; and C. Jadallah is Ph.D. Student, Center for Community and Citizen Science,
School of Education, UC Davis.

We close this introduction with a final note about terminology. We
have chosen the broad umbrella term of community and citizen sci-
ence both here and in the aforementioned report, while recognizing
that different forms of CCS stem from a variety of different traditions
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NEWS

Report: Assessing community and citizen

science at UC ANR

The authors uncovered a rich diversity of projects that engage Californians in UC ANR research, and
a variety of challenges and opportunities for expanding this work.

by Ryan Meyer and Sabrina Drill

Online: https://doi.org/10.3733/ca.2021a0004

recent report, prepared for UC Agriculture and Natural Re-
Asources (UC ANR) by the UC Davis Center for Community

and Citizen Science, explores the many ways that the Coopera-
tive Extension system in California is engaging the public in research,
and the opportunities this represents. Community and citizen sci-
ence (CCS), which refers to science conducted, in whole or in part, by
amateur or nonprofessional scientists, is a diverse and growing field
of research and practice. CCS projects can take many forms, from
app-based crowd-sourcing projects to community-led monitoring, or
co-created projects with private landowners (see articles throughout
this special issue).

Why examine CCS at UC ANR?

The scale of statewide Cooperative Extension systems, combined
with their long history of collaborating with clientele communities,
presents a unique opportunity. What can citizen science practitioners
and Cooperative Extension programs learn from one another? What
unique citizen science opportunities exist in the Cooperative Exten-
sion context? How are our notions of citizen and community science
challenged by the diverse examples playing out in Cooperative Exten-
sion? Over more than a century, the Cooperative Extension programs
of land-grant universities have been connecting farmers and a wide
variety of other clientele communities with university-based research.
Today, Cooperative Extension’s public engagement efforts take a va-
riety of forms, many of which fall within contemporary definitions
of CCS.

We set out to examine the particular strengths of CCS at UC ANR,
while also identifying gaps and challenges. We conducted interviews
and a short survey, reviewed program documents, and engaged in a
variety of informal interactions with UC ANR personnel, including a
symposium at UC ANR’s statewide meeting.

A rich diversity of projects and potential

Our results show that there are many different ways in which UC
ANR can foster, benefit from and promote innovations in CCS. We
identified a wide range of projects underway across the state. Some
are community-driven, while others are led by researchers. Some are
open to the public, while others target specific groups of collaborators
such as high school students or cattle ranchers. In some cases, CCS
projects at UC ANR directly serve the interests of a UC researcher,
while in other cases the organization is building capacity that others
outside the system can leverage for CCS activities. The diversity of
motivations, approaches and outcomes of CCS at UC ANR mirrors
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the evolution of the CCS field, globally. With that diversity and rapid-
paced development comes a variety of tensions related to definitions,
values, perceived credibility and professional recognition.

We also found some unique advantages for CCS at UC ANR. The
organization’s ability to form and maintain statewide networks of
volunteers (e.g., through the California 4-H Youth Development, UC
Master Gardener and UC California Naturalist programs) presents
a particularly important and valuable opportunity for UC ANR, and
indeed for the state — one that remains relatively underutilized be-
yond the county scale. We also found that CCS at UC ANR can create
feedback loops with other kinds of engagement within research and
outreach work, such as education and outreach or traditional clientele
input. Finally, we identified a need for more data about participation
in CCS projects at UC ANR, which could improve understanding of
how these projects address access and equity in UC ANR programs,
and how they are helping to expand and deepen engagement through-
out California.

A vision for CCS at UC ANR

We believe the results of this work are cause for celebration of the
thriving ecosystem of CCS approaches and projects already underway
at UC ANR, but more can be done. Recommendations in our report
aim to help to build a sense of cohesion around CCS as a concept,
without limiting diversity and creativity, through, for example, op-
portunities for training and exchange, and capacity building for suc-
cessful projects.

Our vision for CCS at UC ANR looks towards a future where:

1. Opportunities to participate in UC ANR research are more perva-
sively available, equitable and impactful throughout California.

2. UC researchers who want to engage communities in their work can
gain skills and access support structures for doing this effectively.

3. CCS networks at UC ANR are providing a unique statewide
resource to researchers, state and federal agencies, and others
striving to understand and address large-scale environmental
challenges.

4. CCS is expanding awareness of, and appreciation for, the role of
UC ANR in California’s environment, economy and communities.

We are excited to be able to offer UC ANR leadership a variety of
recommended actions to achieve that vision. The full report can be
found at https://education.ucdavis.edu/ccs-cooperative-extension. [@
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Community and citizen science projects
around UC ANR

What do coyotes, eggs and leafy greens have in common? They're all subjects of UC ANR research
projects to which everyday Californians have contributed.

Online: https://doi.org/10.3733/ca.2021a0002

A young coyote at

South Coast Research
and Extension Center. A
community science project
in Southern California
called Coyote Cacher
allows residents to report
coyote encounters and
receive alerts of coyote
encounters in their zip
codes.

ANR), as an organization that has connected

the people of California to UC research for over
a century, is very well positioned to take advantage of
emerging trends in scientist-community collabora-

l ' C Agriculture and Natural Resources (UC

tions. The paragraphs below describe innovative proj-
ects that UC ANR personnel have developed, just in
the last few years, to serve the public good by involving
community members in the work that UC ANR does
every day.

Caching coyotes

Coyotes eat cats. Humans disapprove of coyotes eating
cats. They also react poorly when coyotes attack dogs.
They’re very, very opposed to coyotes biting humans.

These interactions, along with some milder vari-
ants, can be classified as coyote conflicts. In much of
Southern California, coyote conflicts — or coyote en-
counters, in any event — are just a fact of life.

Until recently, however, coyote encounters were
mostly a matter of hearsay and Facebook posts. “There

was no general effort to collect information about coy-
ote encounters,” says Niamh Quinn, a UC Cooperative
Extension (UCCE) Human-Wildlife Interactions
Advisor at the South Coast Research and Extension
Center in Irvine. Because data on coyote encounters
was never aggregated, municipal officials struggled to
develop coyote management strategies. And this in-
formation gap was the impetus for Quinn to develop a
community science project known as Coyote Cacher.

Three elements comprise Coyote Cacher. One is an
online reporting system that allows residents to report
coyote encounters. Another is an alert system that in-
forms residents of coyote encounters within their zip
codes. The last is a “back door” that allows municipal
managers to view and act on information about coyote
encounters. Since the program went live in 2017, the
system has logged more than 9,000 coyote sightings or
pet encounters — including 936 reports of attacks on
pets.

But what actually happens when municipal officials
learn of coyote conflicts? Does the Coyote Cacher en-
able coyote catching?

http://calag.ucanredu - JANUARY-MARCH 2021 9
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A volunteer samples
big-pod ceanothus
(Ceanothus megacarpus)
for a community science
project that measures
live fuel moisture.
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Not really. Quinn reports that cities use the Cacher
more to manage citizens than to manage coyotes. That
is, if coyotes have been particularly active in a specific
area, a municipality might send residents an alert along
with their utility bills. When people know that coyotes
frequent their neighborhoods, they’ll more likely take
concrete steps to protect their pets. “Coyote Cacher is
sort of an Amber alert for pets,” Quinn says.

The Coyote Cacher is a fairly easy project to man-
age — the community scientists who report encoun-
ters need no training at all. They just go to a website
and fill in fields, providing as much or as little detail
as they like. This all-are-welcome approach doesn’t
necessarily provide Quinn (or municipal managers)
with perfect data about coyote hot spots. Instead, it
might better reflect reporting hot spots, with volume
of reports correlated to community enthusiasm. Still, it
serves its purpose as a tool that lets “citizens help cities
help citizens.”

The technical aspects of the Coyote Cacher tool
were developed by a UC ANR statewide program
known as the Informatics and GIS Program (IGIS),
where GIS stands for geographic information systems.
Quinn reports that “T just had the idea. IGIS said ‘Let’s
make this happen.” They did a great job.”

Tracking local fire danger

Live fuel moisture is a measure of water content in
green vegetation. When live fuel moisture in Califor-
nia becomes critically low, the state’s fire season has
reached its peak. Natural landscapes — and homes
nearby — face a higher risk of fire.
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Fire agencies have measured live fuel moisture for
decades. They do so by snipping bits of live vegetation,
transporting them in airtight containers to laborato-
ries, weighing them, drying them in an oven until they
are bone-dry and then weighing them again. The dif-
ference between the two weight measurements allows
a calculation of live fuel moisture. These calculations
help agencies decide where to put the arrow on the
Smokey Bear fire danger sign.

But according to Max Moritz — a UCCE Wildfire
Specialist, and an adjunct professor at UC Santa
Barbara’s Bren School of Environmental Science and
Management — the information that the agencies pro-
duce isn’t easy to find unless you already know where
to look. And it won’t tell you much about fire danger
in your immediate vicinity unless you live right where
fuels were sampled.

In Moritz’s own Santa Barbara County, for example,
the U.S. Forest Service regularly measures live fuel
moisture — but not in the wildland-urban interface,
where most people live. So it occurred to Moritz, at
the time teaching a California Naturalist course at the
Santa Barbara Botanic Garden, that he could help close
this data gap if he recruited students to participate in a
community science project. Volunteers were then taken
to nearby sites and taught what sort of vegetation to
snip (small twigs only, with no fruit or flower). After
the samples were dried and weighed, the results began
to be published on the Botanic Garden’s website. The
program Moritz helped establish is, to his knowledge,
the first community science program in existence that
focuses on live fuel moisture.

The next step he envisions is to disseminate infor-
mation about live fuel moisture more broadly, perhaps
in a local newspaper, and pair the moisture readings
with specific, timely information about steps that
homeowners should take right away to protect their
lives and property. Also, he hopes to help people start
their own monitoring programs around the state. “We
could really scale it up if we had the right partners,”
Moritz says.

Eggs and fire

If you asked people to name adjectives that describe
chicken eggs, you’d probably hear lots of responses like
“fragile,” “oval” and “delicious.” You’d talk to quite a
few people before anyone said “toxic.”

But in 2018, when fires raged across much of
California, it became reasonable to wonder if urban
fires, which can produce smoke laden with fire retar-
dants and heavy metals, could produce toxicity in eggs
laid by backyard hens. So Maurice Pitesky — a UCCE
Assistant Specialist in Poultry Health and Food Safety
Epidemiology at the UC Davis School of Veterinary
Medicine — decided, along with colleagues, to con-
duct a community science project in which owners of
backyard chicken flocks would provide egg samples
for laboratory analysis. The specific research focus was



to better understand the spatial relationship between
toxic eggs and fire.

The team recruited flock owners to participate
through UC ANR’s social media channels and by rely-
ing on information they had gathered from an earlier
geo-survey of California’s backyard poultry flocks (the
geo-survey was itself a community science project).
They got strong responses from Ventura and Sonoma
counties (among other areas) because fires had recently
occurred there — and because Sonoma County, in
particular, has “a thriving backyard chicken scene.” It’s
a great example of local interest in an important issue
driving local participation in relevant community sci-
ence. It also shows how an existing network of social
media and past participants can be crucial to a rapid
response investigation. Community scientists sent their
batches of eggs to the researchers, who in turn homog-
enized each batch and sent it off for laboratory analysis.

Encouragingly, they found no relationship be-
tween proximity to fire and presence of toxic materi-
als in eggs. They found, however, that 8% of backyard
flocks produced eggs with concerning levels of lead.
But these higher lead levels were not associated with
fire. Instead, they were associated with how long ago
homes had been painted and how close they were situ-
ated to oil refineries. (The project received $10,000 in
UC ANR funding, as well as some funds from the U.S.
Department of Agriculture’s Center for Food Animal
Health.)

Community science projects have kept Pitesky busy
in recent years. In addition to the egg study and the
geo-survey, he has also conducted a community sci-
ence project on antimocrobial resistance in California’s
backyard chickens, aiming to learn whether levels of
antimicrobials are different in backyard versus com-
mercial chicken flocks. Results of that study are not
yet available, as the coronavirus pandemic has slowed
down the testing process.

Fire and leafy greens

Wildfire smoke always poses health risks, especially
for children, pregnant women and people with health
problems such as diabetes and cardio-respiratory
conditions. But when fires blazed across more than
160,000 acres of the wine country in 2017, they burned
more than vegetation — they also burned over 6,500
structures. When smoke contains toxic materials that
might be found in structures — heavy metals like lead,
chemicals like PCBs and various petroleum products
— the smoke becomes more dangerous to inhale. But
inhalation isn’t the only means by which contaminants
can enter the body. So in Sonoma County, with its
many home gardens and its thriving agricultural sec-
tor, many wondered if locally grown produce was safe
to eat amid and after the fires.

No body of research existed to answer that ques-
tion. So Mimi Enright — Program Manager for the
UC Master Gardener Program of Sonoma County

— quickly organized, along with colleagues, a commu-
nity science project that involved collecting fresh pro-
duce and sending it off to laboratories for contaminant
testing. They began training volunteers, many of them
Master Gardeners, while the fires were still burning.
Once the volunteers had been trained in how to gather
and freeze washed and unwashed samples of leafy
greens, they collected more than 200 samples from
about 30 sites across the county — mostly home and
community gardens. In 2018, in an extension of the re-
search, they returned to the same sites to take soil sam-
ples. (The founding members of the project, along with
Enright, were Julia Van Soelen Kim, a UCCE North Bay
Food Systems Advisor; Suzi Grady, Executive Director
of Petaluma Bounty; and Vanessa Raditz, who had just
completed her Master of Public Health degree at UC
Berkeley when the project was initiated and is now pur-
suing a doctorate at the University of Georgia.)

Their research indicates — good news — that fire-
related contaminants in produce are a matter of low
concern. The research also indicates that contamina-
tion in soil after urban fire seems a matter of low con-
cern, though more research is needed. Nonetheless, the
researchers encourage growers in their area to protect
their lungs during future fires (for example, by wearing
appropriate masks). They recommend that everyone
eating fire-affected produce wash it with running water,
peel outer leaves from produce if ash if visible and take
extra precautions for children, elders or people with
respiratory or heart disease.

The community science project was funded by a
$10,000 UC ANR Opportunity Grant and later by a
grant from the Bay Area Air Quality Management
District. The funding allowed the researchers to test

http://calag.ucanr.edu

To find whether urban
fires could produce
toxicity in eggs laid by
backyard hens, UCCE
Assistant Specialist
Maurice Pitesky and his
colleagues conducted
a community science
project in which owners
of backyard chicken
flocks provided egg
samples for laboratory
analysis.
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When UC Cooperative
Extension researchers
realized the invasive shot
borer was spreading too
quickly for a single group
of scientists to track, they
developed a community
science project to train
community members

in identifying signs of
beetle damage.
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samples, test hypotheses and generate a report — and
also to develop a toolkit that other communities can
use to conduct similar research when they are affected
by wildfire in the future. In October 2020, the research-
ers hosted a workshop on post-fire soil safety. Most im-
pressively, the researchers began building a knowledge
base around an important, little-studied topic.

Bad beetles

Invasive shot hole borers, small but troublesome bee-
tles, were first observed in Southern California in 2010.
Unfortunately for trees (and all who rely on them),
these insects carry a fungus that causes Fusarium die-
back, a disease that disrupts water movement in trees
and eventually kills them. According to Sabrina Drill,
a UCCE Natural Resources Advisor in Los Angeles and
Ventura counties, the invasive shot hole borer attacks
an enormous variety of tree hosts — including native
California trees like riparian willows and common
street trees like sycamores.

When Drill and UCCE Specialist Akif Eskalen
realized that the borer was spreading too quickly and
broadly for any single group of scientists to track it,
they developed a plan to monitor the insect’s spread
with the help of volunteers from the UC Master
Gardener program and with funding support from
the U.S. Forest Service and the Thelma Hansen Trust.
Drill and colleagues trained the volunteers to iden-
tify signs of the pest. Volunteers then chose areas to
monitor, made multiple visits to those locations and
uploaded photos to an online survey that Drill had
created. Drill reports that, in the first season of ob-
servations, just one previously unknown infestation
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was discovered — good news in itself, though “a little
disappointing for a scientist.”

Then Drill left for sabbatical. In stepped Beatriz
Nobua-Behrmann, the new UCCE Urban Forestry and
Natural Resources Advisor in Orange and Los Angeles
counties, who decided to introduce some refinements
to the project. For one thing, she recruited volunteers
from UC ANR’s California Naturalist program to
supplement the Master Gardener volunteers, and intro-
duced a new online reporting system based on iNatu-
ralist, a platform that California Naturalists are already
accustomed to using.

Beyond that, she decided to assess the accuracy
of community scientists’ identifications of invasive
shot hole borers. Identifying the signs and symptoms
of invasive shot hole borer infestation isn’t easy, she
says — even professionals get confused sometimes. So
she designed a pilot project, now getting under way, in
which participants complete a series of online trainings
in identification, and Nobua-Behrmann and her col-
leagues double-check those identifications themselves.
Her plan is to scale up the project once she understands
what community scientists are good at identifying and
not so good at identifying.

The pilot project, focused for the time being on
Orange and Los Angeles counties, will continue at
least until the middle of 2021 and, Nobua-Behrmann
hopes, beyond. Once Covid-19 is a thing of the past, in-
person training will supplant online training, presum-
ably leading to better data quality. And 4-H students
might get involved in identification of invasive shot
hole borers — not necessarily for purposes of data ag-
gregation, but to provide the young folks experience
and education.



Young researchers

Cultivating Youth Scientists with Participatory Ac-
tion Research is an out-of-school-time program that
serves primarily Latino students at two high schools in
Sonoma County — the program is delivered in Span-
ish at one school — as well as at a middle school and a
high school in Humboldt County. The foundation of
the program is a youth development approach called
youth participatory action research (YPAR). In YPAR
programs, the idea is that youth can be empowered by
conducting research projects. They choose topics on
their own, design and conduct their own research and,
based on their findings, plan projects to improve their
communities or their own lives. Adults provide guid-
ance and facilitation.

Steven Worker is a 4-H Youth Development Advisor
in Marin, Sonoma and Napa counties who, along with
colleagues, oversees the program. “It’s our own spin
on YPAR,” he says. Worker reports that the program
differs from traditional community science projects in
that participants don’t gather data for scientists. But
it qualifies as civic science insofar as it engages young
people to perform research themselves (with a twist

— they use their research as the basis for concrete ac-
tion in the world around them). At a Sonoma County
high school, participants decided to research the fac-
tors that trigger racial bias and then searched for ways
to minimize racism’s negative impact in their com-
munity. At the Humboldt County middle school, par-
ticipants, dissatisfied with the quality of cafeteria fare,
researched why schools serve “fake food” and tried to
develop ways for cafeterias to increase the availability
of fresh food.

Last spring, the coronavirus pandemic interrupted
the program — and the students’ research. Worker
and his colleagues are preparing to conduct the project
virtually this year. Meanwhile, Worker reports that
conversations to expand the project to other counties
are under way.

UC ANR has provided $194,000 in grant funding
for implementation of the program. [@

— Lucien Crowder

Fifth-graders at a food
tasting event. Youth
Participatory Action
Research programs
empower youth to choose
topics on their own,
design and conduct their
own research and plan
projects to improve their
communities.
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Natural Resources brings
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to improve the lives of
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Data parties engage 4-H volunteers in data
interpretation, strengthening camp programs
and evaluation process

A practice associated with citizen science allows 4-H stakeholders to better engage in
program evaluation.

by Marianne Bird and Kendra M. Lewis

Online: https://doi.org/10.3733/ca.2021a0005

The public can participate to varying degrees and
Abstract in varying ways in citizen science research. The
definition of citizen science is multifaceted and in
Participatory evaluation is a form of citizen science that brings a state of flux (Eitzel et al. 2017), but here in the United
program stakeholders into partnership with researchers to increase States — especially in the field of ecology — we often
the understanding and value that evaluation provides. For the last think of citizen science as a practice in which people
four years, 4-H volunteers and staff have joined academics to assess contribute observations or efforts to the scientific work
the impact of the California 4-H camping program on youth and teen of professional scientists, especially as a way to expand
leaders in areas such as responsibility, confidence and leadership. data collection (Bonney et al. 2009; Shirk et al. 2012).
Volunteers and nonacademic staff in the field informed the design Shirk et al. (2012) define “public participation in scien-
of this multiyear impact study, collected data and engaged in data tific research” as “intentional collaborations in which
interpretation through “data parties.” In a follow-up evaluation of the members of the public engage in the process of research
data parties, we found that those who participated reported deeper to generate new science-based knowledge.” They pres-
understanding of and buy-in to the data. Participants also provided ent models that outline various degrees and types of
the research team insights into findings. By detailing the California citizen involvement in the scientific process. As most
4-H Camp Evaluation case study, this paper describes the mutual broadly defined, citizen science includes “projects in
benefits that accrue to researchers and volunteers when, through which volunteers partner with scientists to answer real-
data parties, they investigate findings together. world questions” (Cornell Lab of Ornithology 2019).

When we think of citizen science in this context — as
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Youth and adults, often paired for the gallery walk,
discuss their thoughts and perspectives on data from
4-H campers and teenage camp staff. Data party
participants reported a greater understanding of and
buy-in to the data.
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community members and scientists working together
to answer questions of mutual interest — we see its
application not only in the physical sciences but in the
social sciences as well.

Participatory evaluation — the broad focus of this
research — is, by definition, a type of citizen science. In
participatory evaluation, researchers collaborate with
individuals who have a vested interest in the program
or project being evaluated (Cousins and Whitmore
1998); such individuals can include staff, participants,
organizations and funders. Participatory evaluation is
beneficial not only for community members and stake-
holders but researchers as well (see Flicker 2008 for
an example of benefits to all involved in participatory
work). Engaging stakeholders in evaluation data can be
difficult, yet we know that understanding and utilizing
data are critical to improving program outcomes and
practices. Evaluation is useful only insofar as it is un-
derstood, embraced and acted upon by those who can
affect what happens in a program. This paper describes
evaluation of the California 4-H Youth Development
Program’s (California 4-H) statewide camp evaluation
and the use of data parties — a participatory evaluation
strategy — as a means of engaging stakeholders (staff
members, along with teen and adult volunteers) in data
analysis and camp improvement. It explores outcomes
and potential impacts when researchers partner with
volunteers to better understand the statewide 4-H
camp program.

Involving stakeholders in program evaluation
entails multiple challenges, potentially including par-
ticipants’ lack of interest or their belief that they are
ill-equipped to analyze or interpret data. Participatory
evaluation involves stakeholders in a meaningful way,
such that they are included in the research and evalua-
tion either from the start or at various points through-
out the process (Cousins and Whitmore 1998; Patton
2008). By its nature, Cooperative Extension research
lends itself well to participatory research; it is amenable
to creating an environment in which stakeholder voices
help guide the research process (Ashton et al. 2010;
Franz 2013; Havercamp et al. 2003; Tritz 2014).

Data parties are a form of participatory evaluation
that focuses on the data analysis and interpretation
portion of the research process (Lewis et al. 2019). A
data party gathers stakeholders to analyze or interpret
collected data, or both (Franz 2013). Though data par-
ties are not a new idea, few articles have reported the
benefits and outcomes of such events. Based on our
own data parties, participants have found them to be
a valuable tool that “breaks down” data into manage-
able pieces of information and allows stakeholders to
process the evaluation findings to generate ideas for
program improvement (Lewis et al. 2019). For par-
ticipants, data parties can create a sense of ownership
regarding both the data and the process (Fetterman
2001). Benefits also accrue to the researchers as they en-
gage stakeholders in data interpretation, though these
benefits are less documented.

Interpreting data through a
data party

California 4-H annually hosts approximately 25 resi-
dent camps, each five to seven days long. The camps

are locally administered by volunteers and planned

and delivered by teenagers. In 2016, California 4-H
began the process of evaluating the statewide 4-H camp
program to measure youth outcomes and improve
camp programs.

S

Camps sent teams of three to six people to the data parties. All were leaders in their camp
programs, yet brought differing perspectives as adult volunteer directors, teen leaders or
4-H professional staff. Here, members of a team create their camp improvement plan.

The California 4-H evaluation coordinator (one
of this paper’s authors) approached the 4-H Camping
Advisory Committee — composed of UC academics,
staff, 4-H volunteers and teenagers — to design and
implement a statewide evaluation of the 4-H camp-
ing program. The committee identified outcomes to
measure, including outcomes for campers (generally
ages 9-13) and teen staff (ages 14-18). The evaluator,
working in partnership with the committee, developed
two youth surveys to measure the identified outcomes.
One survey, which focused on both campers and teen
staff, measured confidence, responsibility, friendship
skills and affinity for nature. A second survey, focusing
on teen staff, assessed leadership skills and youth-adult
partnership. See Lewis et al. (2018) for details on the
development of these tools. The 4-H Camping Advisory
Committee and the evaluation coordinator realized
that it would be important to share the evaluation
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TABLE 1. Participation

results with the camps involved in the study and there-
fore decided to conduct data parties. The UC Davis
Institutional Review Board approved the evaluation.

Participants

Nine 4-H camps participated in the statewide evalua-
tion during the summer of 2016 and 12 camps did so in
2017. Two daylong data parties were held, one in each
study year, after the conclusion of the camp season.
We invited all camps included in the study to the ses-
sions, emphasizing that individuals in key leadership
roles (for example, adult camp administrators, youth
directors and 4-H professional staff) should attend.
Seven of the nine camps participated in the first data
party and five of 12 participated in the second (table 1).
Though the individuals who attended were engaged in

in California 4-H camping evaluation data parties by study year

participatory evaluation, we use the term participants
to refer to stakeholders with leadership roles at camps
and evaluator to refer to the person or persons who
took the lead on data analysis and developing the tools
for the data party.

Format of data parties

A data party can consist of multiple activities and
tools — such as a gallery walk, data place mats and data
dashboards (see Lewis et al. 2019 for examples). At the
data parties described in this research, we presented
data derived from surveys in an accessible format,
creating a series of posters and place mats that each
contained a digestible amount of information on a par-
ticular topic, such as mean difference between campers
and teen leaders on target outcomes; gender differ-
ences; or before-and-after differences in teen leader-
ship skills. Each data-party day included the following

activities:
No. of Role at camp A Gallery Walk in which pairs of ..
No. of No. of camps  participants ) a <?ry alkinw IC. palrs_o participants

Study camps in represented at data from different camps viewed eight to 10 posters
year study at data party party Staff  Volunteer  Youth that featured statewide data. Participants then dis-
Summer 9 . " 8 10 6 cussed their observations about the data and the
2016 patterns they recognized in it. Figures 1 and 2 show
Summer 12 5 19 5 9 5 example posters.

2017

LEADERSHIP SKILLS OUTCOMES

I T [T [
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Teens reported on their skill level before (pre) and after (post) being a

teen staff member. Below is a graph of their mean (average) scores.The

* indicates that for each skill, teens reported a significantly higher score
Mean Skills Scores

after being a teen staff member.
* *
«
349 j peo 35 33 > 356, 350
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Discuss with your walking partner:

. What does this graph tell us?

2. Can you think of specific examples of where teens practice these
skills at camp?

3. In your own camp experience, what areas would you like to
improve?

4. What can be done to improve in those areas?

FIG. 1. Example data party poster
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We asked a total of 28 questions about 5 outcomes:
—Affinity for Nature
—Independence
—Friendship Skills
—Self-Efficacy
—Emotional Safety

We tested for differences in scores between Campers and Teen Staff, and
found that Teen Staff scores were significantly higher than Campers on all
outcomes.

Outcomes

3.62

Nature Independence

Friendship

Sell-Efficacy Safety

Camper = Teen Staff

#p<.05
Discuss with your walking partner:

I. Do any of these findings surprise you?

2. Why might teens have higher outcomes than campers for each
outcome?

FIG. 2. Example data party poster.



o Review of data place mats, which contained graphs
and qualitative word clouds that represented survey
responses for individual camps in the study; after-
ward, participants shared reflections on the place
mats with participants from their own camps and
other camps. Figure 3 shows an example of a data
place mat.

o Introduction of tools to share survey findings. These
tools helped participants clarify how they intended
to share findings, and with whom.

Participant assessment

We administered online follow-up surveys of all data-
party participants nine months after the 2017 data
session and 18 months after the 2016 session. Through
open-ended questions, we asked participants what
insights they had gained from the analysis session and
how they had utilized data and learnings. Nine data-
party participants completed the survey; three had at-
tended the 2016 session only, two had attended the 2017
session only and four had attended both. Three were
adult volunteers and six were professional staff. Using a
five-point Likert scale, participants rated the usefulness
of various data-sharing strategies, and also rated their
understanding and ownership of findings and their
ability to communicate findings. A copy of the assess-
ment is in the online technical appendix.

The participant experience

Participants provided positive reports on the data
party, with 100 percent of respondents saying they had
gained new insights through the sessions. The majority
agreed that the process led to greater understanding of
the camp data and, ultimately, improvements in their
camp programs (see fig. 4).

Researchers noted high levels of engagement among
participants as they explored data within and across
different camps. Participants asked questions, read-
ily contributed to the facilitated discussions and were
curious to know why their camps may have scored
higher or lower than other camps on specific measures.
Investigating the data brought to light issues in their
programs that they hadn’t considered and produced
ideas about how to strengthen the programs. Survey
responses verify these observations:

“It was interesting to see the remarks by the teens
and campers. I think those remarks gave a lot of

insight into how they see camp, and that in turn

sparked ideas.”

“The affinity-for-nature scale helped me to think
about how to better support our 4-H camps with
environmental education.”

Participants cited various ways in which they uti-
lized the findings presented at the data parties. These
included modifying staff training, sharing findings

with camp staff or 4-H management boards and mak-
ing specific programmatic improvements, as cited
below:

“Comments in regards to nature were especially
helpful when planning our camp program this
year. In training, it was helpful to see where teen
staff needed support as well as putting a name to
some of the skills we taught.”

“We discussed [our camp’s data] with our county
management board and with our camp staff. It
gave our camp greater importance to board mem-
bers who don’t value camp. We looked at things we
needed to focus on when planning our camp.”

County: Sacramento Source: Camper

The word clouds below show the categories that came up most often in response to the open-ended questions as coded by
the State Office.

What was the best part
of camp?

If you could change one
thing about camp, what
would make it better?

Nothing é
Games - | "l e [a [GII 0 " os” (Choid 8 1énd ll§xh£ Swim,
s vfreedom Activities-Organized

(onneclions= <2kt

sw"“ ;Ilance Cafoe  Food ™™ H

- liwd F.’!éru-hr_ e

Mo

FIG. 3. Example data party place mat.

4.00

Mean score

2.00

1.00
Greater Increased Increased Improvements Share value of
understanding ownership discussion in camp camp
Outcome

FIG. 4. Outcomes of the data-party experience as reported by participants. Scale is: (1)
strongly disagree, (2) somewhat disagree, (3) neither agree nor disagree, (4) somewhat
agree and (5) strongly agree. A copy of the assessment is in the online technical
appendix. SD = standard deviation, bars represent standard errors.
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The gallery walk 4.1(SD=1.1)

Seeing results for my own camp 4.1(SD=1.4)
Exploring the data

Interacting with staff

Component

Giving feedback
Sharing ideas

1.0 2.0 3.0 4.0 5.0
Mean score

FIG. 5. Usefulness ratings of data-party components as reported by participants (n =9).
Scale is: (1) not at all useful (2), slightly useful, (3) moderately useful, (4) very useful and (5)
extremely useful. A copy of the assessment is in the appendix. SD = standard deviation,
bars represent standard errors.

Participants valued interactions with 4-H academ-
ics knowledgeable about the data, as well as interac-
tions with peers (see fig. 5). As the comments below
demonstrate, they derived considerable benefit from
interactions with others whose camps were part of
the study.

“We received valuable feedback from not just the
data, but from dialogue with other 4-H camp pro-
gram leaders. It helps to keep us focused on what
will make our camp program the best it can be.”

“It was helpful to see that other camps struggle

in some of the same areas as our camp. Some ex-
amples are: working with diversity and inclusion of
all, and outdoor education.”

Two-thirds of respondents indicated that their
camps had created plans for improvement based on the
data. Almost all strongly agreed that the data had led to
improvements in their programs.

°
=
@
o
=
c
(o
=
©
=

Participants explore a series of posters that present statewide camp evaluation findings

on a Gallery Walk. Group work is central to the data party, and participants value
investigating and discussing data and generating ideas with peers and 4-H staff.
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Benefits for camps and researchers

A main focus of participatory evaluation is that, when
stakeholders become involved in the evaluation pro-
cess, they perceive greater relevance in and take greater
ownership of evaluations, making them more useful to
those involved with the program (Cousins and Whit-
more 1998; Patton 2008). Findings from the statewide
camp evaluation support this idea. Further, inviting
stakeholders — the volunteers, staff and youth involved
in 4-H camps — to interpret the findings also benefit-
ted the researchers conducting the evaluation. We sum-
marize benefits for both groups below.

Insights into the data

Asking stakeholders to analyze and interpret their own
data increased the evaluator’s understanding of the
meaning of some responses. For example, many quali-
tative responses to survey questions referred to camp
traditions that were unfamiliar to the evaluator. It was
difficult for the evaluator to effectively code the quali-
tative data without gaining insight from stakeholders
about what these references meant. Additionally, stake-
holders demonstrated robust understanding when they
were asked not simply to embrace findings but to look
for patterns, explore what surprised them, ask their
own questions and come to their own conclusions.
Stakeholders created their own knowledge, leading to
deeper learning (Piaget 1971).

Sense of partnership between UC academics
and key program stakeholders

Evaluation can be seen as a measuring stick and there-
fore people being assessed may approach it guardedly.
As Franz reported (2013), the methodology of includ-
ing stakeholders in analysis may contribute to commu-
nity-building between stakeholders and evaluators. The
4-H camp assessment built a bridge between UC and
volunteers, increasing communication and trust.

Refinement of data collection instruments
Through the data parties, evaluators received feedback
on the survey instruments. Though the California 4-H
Camp Advisory Committee had provided input on
development of the surveys, several staff and volunteers
felt — after the first year of data collection, and reflect-
ing on responses that youth gave — that one of the
measures did not capture the targeted outcome. Ata
data party, the evaluator was able to discuss ideas with
staff and volunteers, which allowed refinements in the
survey to better fit the 4-H camp context.

Greater ownership of the findings

Sometimes in amassed data, individuals may not see
findings as representative of their experience. But data-
party participants, when empowered to make meaning
from their own data, not only gained greater under-
standing of the findings but also took greater owner-
ship of them. Participants’ sense of control and destiny



shifted. The external evaluator was no longer in sole
control of the findings and camps became more likely
to embrace program improvement.

Limitations

The data-party assessment described here is not
without limitations. Our sample size is small. The
sample could be biased because we may have received
responses only from individuals whose experience at
the data party had been positive. We were unsure how
effective this method of sharing data would be, and we
did not formally evaluate the data parties when they
occurred. We also did not collect any information
from stakeholders who did not attend a data party. We
do not know why those stakeholders did not attend —
whether because they did not understand the purpose
of the data party, lacked interest in the evaluation or
found the date or location of the data party inconve-
nient. Finally, no teen staff members responded to the
survey. Teens play a distinct role as members of camp
staff, and no doubt their experience of data parties is
distinct as well. The perspective of teens would be use-
ful for improving the researcher-practitioner relation-
ship that is central to citizen science. Despite these
limitations, the participants and evaluators who en-
gaged in the data parties did report several benefits, as
outlined above. Continued interest in holding data par-
ties for the camp evaluation, and in increasing use of
data parties for other California 4-H research projects,
supports our conclusion that this form of participatory
evaluation is an excellent tool for involving stakehold-
ers in the research process.

Future directions

The success of the data party in the 4-H Camp Evalu-
ation Study has led to continued use of this tool as a
vehicle to promote understanding and engagement. We
have successfully replicated the data-party model with
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The CALeDNA program: Citizen scientists and
researchers inventory California’s biodiversity

By connecting different grassroots eDNA projects, and making data open to explore, we are
finding patterns that may help guide eDNA-based biomonitoring.
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ecosystems due to climate change, habitat de-
struction, pollution and other anthropogenic

he Earth is facing unprecedented threats to its
Abstract

Climate change is leading to habitat shifts that threaten species factors. With the sixth mass extinction of life upon us
persistence throughout California’s unique ecosystems. Baseline (see Ceballos and Ehrlich 2018), policymakers and the
biodiversity data would provide opportunities for habitats to be managed public need more information to address the grand
under short-term and long-term environmental change. Aiming to provide challenges of how to protect, conserve and restore the
biodiversity data, the UC Conservation Genomics Consortium launched health of vital ecosystems that provide food, medicines,
the California Environmental DNA (CALeDNA) program to be a citizen and raw materials, energy and cultural attributes essential
community science biomonitoring initiative that uses environmental DNA to human survival and well-being.

(eDNA, DNA shed from organisms such as from fur, feces, spores, pollen In California, one of three North American biodi-
or leaves). Now with results from 1,000 samples shared online, California versity hot spots (Myers et al. 2000), 40 million people
biodiversity patterns are discoverable. Soil, sediment and water collected must find a way to thrive while protecting biodiversity.
by researchers, undergraduates and the public reveal a new catalog of The economy of California, now ranked fifth in the
thousands of organisms that only slightly overlap with traditional survey world, relies heavily on natural resources industries;

bioinventories. The CALeDNA website lets users explore the taxonomic the state ranks first in recreation tourism out of the 50
diversity in different ways, and researchers have created tools to help
people new to eDNA to analyze community ecology patterns. Although
eDNA results are not always precise, the program team is making progress
to fit it into California’s biodiversity management toolbox, such as for
monitoring ecosystem recovery after invasive species removal or wildfire.

Paired burn eDNA
samples from the
Whittier Fire area;, in the
Santa Ynez Mountains,
help CALeDNA
researchers to track
biodiversity change after
wildfire.
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NHMLA program coordinator Dean Pentcheff, left, moves algae during low tide at Point Fermin Park in San Pedro, Los Angeles County, to uncover

sediment for eDNA sampling by a Snapshot Cal Coast volunteer, right.

states, second in seafood production, third in lumber
production and has 39 mined minerals that occur in
commercial quantities only in California (California
Department of Conservation 2019). Inventories of
California’s biodiversity are needed to maintain the
myriad ecosystem services residents rely on, but
collecting detailed biodiversity data is costly and
time consuming.

Fortunately, in the past decade there has been a rise
in community-driven biodiversity monitoring inte-
grated into public data archives (Pearce-Higgins et al.
2018) and data verification platforms (e.g., wildbook.
org; Bird et al. 2014) that make data sets readily avail-
able for rigorous analysis (Hochachka et al. 2012). The
motives for data collection are diverse, including self-
education, which is one popular use of iNaturalist, a
phone app for photographing, geotagging and identify-
ing organisms maintained by the California Academy
of Sciences (it contains nearly 318,000 species, recorded
in 57,000,000 observations by 1.4 million people).

Another motive for data collection is to help profes-
sional researchers with community-relevant research.
Many of these programs build natural history museum
collections and research (Ballard et al. 2017), monitor
invasive species (e.g., mussels: Miralles et al. 2016; but-
terflies: the Pieris Project, Pierisproject.org; Ryan et
al. 2019) or improve resiliency of local biodiversity re-
sources of economic value, like fish stocks (Fairclough
et al. 2014). Still, there are gaps, where closer interac-
tions between the public and professional research-
ers could benefit from community-collected data
(Theobald et al. 2015) and where closer interactions
could bolster co-created or bottom-up participatory ac-
tion research that has greater potential to address social
justice challenges (Ryan et al. 2018).

Biodiversity research in California can increase
the feedback loop between the public and researchers
as both groups engage in data analysis and interpre-
tation. The state has numerous world-class research
institutions as well as curated living and ex situ natural

history collections and 13% of the United States' col-
leges, with hundreds of thousands of residents already
engaging with environmental sciences and research
(Bureau of Labor Statistics 2019). In addition, the

state has a strong naturalist certification program,
California Naturalist (calnat.ucanr.edu), created by the
UC Division of Agriculture and Natural Resources.

Its curriculum includes participation in citizen and

Glossary

Beta diversity: Measure of diversity between areas; accounts for the
number of taxa common to both areas and the number of unique taxa in
each area.

Bioblitz: Hands-on, educational and fun community science activity such
as a bird or wildflower survey; usually occurs in a day and often contributes
to biological research, monitoring projects or research resources (e.g.,
iNaturalist).

DNA barcodes: Short DNA sequences of a region that vary in sequence
among species and therefore can be used to match DNA to a species or
strain.

DNA metabarcodes: Sequencing a specific DNA barcode region of
a genome from multiple organisms within a single sample. The many
resulting sequences are matched to known DNA barcodes, allowing
variants to be assigned to identify species present.

eDNA (environmental DNA): DNA of organisms collected from
environmental samples such as soil, air, plant surfaces or water.

Polymerase chain reaction (PCR): A technique used in molecular biology
to make many copies of a region of DNA to allow for sequencing.

Voucher specimen: An organism or part of an organism, such as a plant
cutting, that is preserved for scientific use and used as a reference to
confirm identity. DNA barcodes are usually sequenced from voucher
specimens.

http://calag.ucanr.edu . JANUARY-MARCH 2021 21


http://www.wildbook.org
http://www.wildbook.org
http://www.pierisproject.org/
http://calnat.ucanr.edu

community science (CCS) (Merenlender et al. 2016).

In 2016, the UC Conservation Genomics Consortium
was launched to catalyze genomics tools and studies

in California, funded by the UC President’s Research
Catalyst Award. As one of its activities, the Consortium
aimed to capitalize on this public naturalist renais-
sance and available biodiversity expertise to create a
program for community science and researcher-guided
citizen science meant to equip people with a new biodi-
versity research toolkit.

How CALeDNA works

Sign up for
Bioblitzes

FIG. 1. Volunteers can participate in the CALeDNA process (A) by attendlng organized
bioblitzes or by emailing a request for a kit and then collecting samples on their own.
Volunteers have sampled sites in many regions of the state; eDNA results are made public
as they become available so that anyone can explore them on the CALeDNA website,
www.ucedna.com, and plot them (B) against different maps (such as this one, showing
proportion of silt in soils, “sltppt %") to generate hypotheses based on spatial patterns.
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CALeDNA (Cal ‘ee’ D-N-A) is a statewide commu-
nity science program that the Consortium launched
in 2017 to facilitate the collection and analysis of
California environmental DNA (eDNA) for broad
biodiversity inventory and assessment. Dozens of
researchers, including students, staff and professors
across California, connected online to develop a high-
throughput pipeline for community science-driven
habitat monitoring and characterization using mo-
lecular, DNA-based detection methods. They worked
together to decide on how to collect and store environ-
mental samples from eDNA, how to generate eDNA
data, how to analyze it and how to share results with
the public, in a way that would also enable comparative
exploration results from different eDNA samples and
grassroots projects.

The workflow of the CALeDNA program enables
biodiversity data collection and analysis using DNA-
based technologies through a series of steps (fig. 1A).
CALeDNA recruits and trains community scientists
online and in-person, advertising field work events
through different networks on the CALeDNA web-
site, ucedna.com. Partnerships with groups such as
California Naturalist and conservation/revitalization
networks are key to recruitment. These community
scientists partake in soil and sediment collection using
sampling kits and a phone app, and they continue to
connect with the researchers and students who process
and study the samples in the lab by tracking project
progress online. All participants are asked to explore
eDNA results and think about how biodiversity con-
nects to grand management questions (fig. 1B). Often,
the availability of existing collections in an area in-
spires plans for future collections, particularly in the
UC Natural Reserve System. Community scientists
often propose other natural areas to sample to fill sam-
pling or data gaps.

Diverse communities of researchers and the
public have helped develop both the research ques-
tions and the functionality of CALeDNA by imple-
menting the workflow for their own bioblitzes and
eDNA research projects. From grassroots initiatives
to projects funded by the state of California, DNA-
based monitoring is being used in biosafety (e.g., by
the California Water Quality Monitoring Council,
mywaterquality.ca.gov/monitoring_council/mmw.
html), in informing restoration (e.g., by the Protecting
Our River project, protectingourriver.org, and the
California Conservation Genomics Project) and in
trials to complement or replace wildlife trawls (e.g., at
the Port of Los Angeles and Port of Long Beach; Gold
et al. 2019, unpublished). With eDNA and biodiversity
genomics at the center, the CALeDNA community
is growing collaborative partnerships with land
managers, policy informers, naturalists, museums
and government agencies to help realize the value of
environmental samples, shared protocols and eDNA
data itself to address the grand challenges of how to
steward ecosystems.
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eDNA metabarcoding: A different
form of biodiversity monitoring

Probing eDNA for many kinds of organisms at once
can help address the challenge of monitoring marine,
terrestrial, freshwater and even airborne ecosystems
on an ecological community level (Banchi et al. 2018;
Bohmann et al. 2014; Thomsen and Willerslev 2015).
All organisms shed DNA as they live and decay, and
these DNA molecules can be isolated, sequenced and
identified (Taberlet et al. 2012). DNA persists in sur-
face soils and shallow sediments for variable lengths
of time: mere days in the ocean (Lafferty et al. 2018),
and usually for weeks or months in terrestrial environ-
ments (Barnes and Turner 2016). In all ecosystems,
temperature, ultraviolet light, microbial metabolic
activity and eDNA shedding rates play complex roles
in the production, movement and degradation rates

of eDNA (Barnes and Turner 2016; Deiner et al. 2017).
Under certain conditions, like the bottom of a lake,
eDNA may be protected from these physical and chem-
ical threats and may also be sheltered from consump-
tion by active microorganisms (Palchevskiy and Finkel
2006), leading to its persistence for thousands of years
(e.g., Graham et al. 2016). CALeDNA researchers are
striving to estimate what slice in space and time each
local community they find in eDNA represents.

There are many ways to track species’ eDNA. Some
eDNA surveys are targeted, tracking a single species
usually by means of quantitative PCR (polymerase
chain reaction) (Biggs et al. 2015; Sutter and Kinziger
2018). However, a holistic eDNA-based inventory of a
location’s biodiversity is also possible and is akin to a
kind of forensic reconstruction of the local organis-
mal community (Thomsen and Willerslev 2015). This
inventory involves next-generation high-throughput
sequencing technologies such as with Illumina systems,
or third-generation sequencing technologies such as
PacBio and Oxford Nanopore Technologies, which all
substantially reduce the cost of DNA sequence data and
allow thousands to billions of different sequences to
be retrieved in little time from hundreds of samples at
a time.

Simply sequencing the DNA extracted from an
environmental sample will overwhelmingly have
microbial sequences. To capture more biodiversity
without needing to sequence as deeply, eDNA is in-
ventoried by “DNA metabarcoding”. Here, specific
DNA regions, usually DNA barcodes, are targeted and
copied from organisms in an environmental sample of
mixed DNA. The copies are sequenced and matched to
reference DNA barcodes that communities around the
globe have generated from voucher specimens for over
three decades.

Different barcoding regions of nuclear and organ-
ellar genomes are diagnostic for species in different
lineages of organisms, so to broaden taxonomic bio-
diversity included in DNA metabarcoding surveys,
multiple regions are often used simultaneously with

multiplexed metabarcoding. This allows a simultaneous
inventory of biodiversity across organismal kingdoms,
for costs currently under $100 a sample, and likely less
in the future as we optimize third-generation sequenc-
ing technologies (Hebert et al. 2018) and as sequencing
prices continue to drop. For CALeDNA, typically six
DNA regions are used to obtain metabarcodes from
each environmental sample, yielding lists of well over
1,000 unique taxa per sample that span all kingdoms

of life.

The promise of eDNA monitoring has led to its
widespread development and application. It’s in use in
large-scale biodiversity monitoring networks, includ-
ing the Group on Earth Observations Biodiversity
Observation Network (GEO BON)/Marine Biodiversity
Observation Network (MBON), in federal monitor-
ing agencies, including the U.S. Geological Survey and
National Oceanic and Atmospheric Administration, in

mar

Del Monte Beach a

© 2016 Google
Data LDEO-Columbia. N5F, NOAA
Image Landsat / Copernicus
Data SIO, NOAA, U.S. Navy, NGA, GEBCO

In 2017 and 2018, CALeDNA coordinated a weekend bioblitz to sample along a
1,200-kilometer span of coast from Arcata to San Diego. Inset: A volunteer collects
samples at the beach.
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eDNA is being studied at five vernal pools on the UC Merced Vernal Pools and Grassland

local agencies such as the Southern California Coastal
Water Research Project, and in research institutions,
including the Natural History Museum in Los Angeles
(NHMLA).

California’s research communities have pioneered
DNA-based environmental assessments, such as
the teams at Southern Sierra Nevada Critical Zone
Observatory and the Aronson Lab (see Aciego et al.
2017) and Stanford’s Center for Ocean Solutions (see
Andruszkiewicz et al. 2017). Diverse researchers and
resource managers have been using eDNA approaches
to detect and monitor endangered species, track the
emergence and spread of invasive species, and inven-
tory biodiversity in a wide range of habitats from
submarine canyons to alpine forests, demonstrating
the breadth of applications of this emerging technique.
Work thus far has still largely focused on water sam-
pling or on limited groups of taxa, such as bacteria
or fish.

The CALeDNA approach to inventorying biodiver-
sity across kingdoms poses its own set of challenges.
Although eDNA approaches appear to be ideally suited
for intensive and taxonomically broad biodiversity
monitoring programs, we’ve found little overlap in the
taxa identified in eDNA surveys and those identified in
traditional field surveys (direct observations, usually
by a trained taxonomist or with tools like iNaturalist),
which suggests eDNA-broad biodiversity monitoring
captures other angles of biodiversity that may comple-
ment but not necessarily replace targeted surveys. The

reasons for the limited overlap are many, but a lack of
published reference DNA of all species certainly lim-
its DNA metabarcoding. CALeDNA researchers are
expanding collaborations to test whether the patterns

Reserve. Dr. Andy Aguilar (left), professor at California State University Los Angeles, talks
to volunteers about fairy shrimp.
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of biodiversity variation over space and time that were
established with traditional data are reinforced with
eDNA data. The improvement of eDNA metabarcoding
assays, the availability of more reference sequences, and
an optimization of eDNA sampling to have the best
chances of including species’ DNA, will help explain
how molecular methods can complement traditional
field surveys (Bohmann et al. 2014; Thomsen and
Willerslev 2015).

CALeDNA study sites

Study sites are chosen in three ways: by researchers
with projects under way who need eDNA collection

in certain areas or habitat, by natural areas managers
who request eDNA data and can offer some funding

to process samples, and by community science volun-
teers who email CALeDNA and offer to collect at sites.
Volunteers can collect for CALeDNA anywhere they
please, as long as they have proper permission, such as
collection permits or written permission from a land-
owner. Obtaining permission to collect eDNA may take
time, but it has not discouraged volunteers interested in
adding an area of their interest to the CALeDNA map
(fig. 1B). CALeDNA, at present, reimburses all permit-
ting fees incurred. This can also benefit groups; for ex-
ample, one volunteer, a teacher, independently obtained
a permit for collecting at a local park in summer 2018
and brought the Youth Science Institute summer camp
students to collect. In 2020, when stay at home orders
restricted public participation in some collections,
CALeDNA researchers used Go-Pros and Zoom to aid
virtual participation, allowing students and public vol-
unteers to still choose sites to sample.

At the time of writing, one-third of CALeDNA
samples are from UC natural reserves. UC boasts
the largest university reserve system in the world: 41
reserves totaling over 756,000 acres of land and 50
miles of coastal shoreland (UC Natural Reserve System
2020). Most of these reserves aren’t open to the public,
but UC researchers may visit, accompany volunteers or
send volunteers to hike through and sample eDNA. The
reserves are ideal for providing a biodiversity baseline
for the state because they include coastal to montane
biomes.

All reserves have hosted numerous traditional bio-
diversity surveys, and we use these to assess the extent
of overlap between eDNA metabarcoding and tradi-
tional sampling, which can illuminate the bias as well
as complementarity in eDNA and visual/observational
surveys. The reserves offer additional abiotic data that
may strengthen statistical analyses and models to de-
scribe eDNA patterns. Weather station and flux tower
data are often available from reserves; such data have
been used by the Institute for the Study of Ecological
and Evolutionary Climate Impacts (iseeci.ucnrs.org).
Since 2012, NASA has flown planes with sensors over
parts of California, with priority over UC natural re-
serves, to collect high-resolution hyperspectral and


https://iseeci.ucnrs.org

LiDAR data that describe the abiotic and biotic features
of the local environment. These data inform the de-
sign of their large Surface Biology and Geology study
that includes new biodiversity observation capacity
from space.

Volunteers’ samples

Volunteers may join a bioblitz or sample a site on their
own. In either case, they receive a sampling kit of
gloves and prelabeled cryovials in bags of three, and an
optional meter for collecting abiotic data (fig. 2A). Each
sampling kit is used with an electronic web form for
smartphones and tablets or with a paper form, where
the volunteer provides critical collection metadata

(fig. 2B). The metadata fields were designed to collect
more information than required for current sample
description standards (e.g., in NCBI’s BioProject); the
additional data make samples more likely to be used as
aresearch resource (e.g., Darwin Core, dwc.tdwg.org;
Global Genome Biodiversity Network, ggbn.org).

We use the KoBoToolbox (kobotoolbox.org) plat-
form to create the web form and curate the informa-
tion. Results are backed up in real time. CALeDNA
metadata needs are dynamic because of different re-
search projects needs and because data standards con-
tinue to change. KoBoToolbox allows multiple forms to
be created with the same minimum essential questions.

The eDNA archives

Each eDNA sample tube is treated as a valuable bio-
logical research collection and is archived in a -80°C
freezer in the permanent Donald R. Dickey Bird and
Mammal Collection at UC Los Angeles (UCLA) or in
a freezer at another UC campus as part of a satellite

(B)

collection. We intend for the CALeDNA samples to

be used to track environmental change over the next
100 years. When samples are processed and results are
published online, the physical locations of the archived
samples are reported and archived as part of the sample
metadata. CALeDNA became a member of the Global
Genome Biodiversity Network in 2019, which means we
will be sharing our collections with researchers world-
wide as a public research resource.

The research collections that CALeDNA volunteers
make are usually shipped with FedEx, which allows us
to email shipping labels to volunteers. If the samples
have not yet been frozen, we ask volunteers to keep the
samples refrigerated until they are ready to ship, or to
keep the samples at room temperature if they are going
to be shipped within 1 week of collection. Tests have
shown that freezing and thawing samples causes DNA
profiles to vary, but maintaining a stable temperature
helps to preserve the balance of DNA profiles (Earth
Microbiome Project 2019; Thompson et al. 2017). We
chose to avoid adding stabilizing buffers to the envi-
ronmental samples, which may pose unknown effects
to the sample integrity and limit their downstream use
as research resources. Once archived in the freezer, the
sample is available to be subsampled and shipped for a
plethora of research purposes.

Sample collection and processing

CALeDNA staff and interns continuously generate
DNA data as sample collections increase. Under cur-
rent funding, we are sequencing 10% of the samples
received and make these results immediately open to
the public.

Sample collection involves collecting three vials
from a site; these are treated as biological replicates.

Web form fields

| Disclaimer || Safety Tips | |Photograph | a

Time and place: |Date| |Time| | Place Name|

GPS: |Coordinates| |Accuracy|

Kit sample: | Kit Barcode ||Choose Soil or Sediment|
How frequently submerged is site? _ il
Depth underground or underwater: s .

Features: | Beach| [Reef | [Kelp Forest| [Rocky Shore]

|Estuary || Basin ||Flat Land|| Ridge”SIopeH Mound|

Proximity to:|Roads| | Buildings| | Water Bodies|

|Farms| | Gardens |

Meter data: |Moisture | |Light|

http://calag.ucanr.edu

FIG. 2. (A) The CALeDNA
kit includes gloves,

three vials for biological
replicates inside a
protective Whirl-Pak

bag, a straw to sample
sediment or to move
debris to expose topsoil,
and a ruler. The three-way
pH/moisture/light meter
is optional and mainly
used for classroom-based
research and education.
Collectors complete a
web form (B) on their
smartphone or tablet,

or use a paper form,

to provide important
metadata for the site they
are sampling.
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The replicates are thawed on ice, and a subsample of
soil or sediment from each is pooled into a single tube,
mixed and used for DNA extraction. Since CALeDNA
is a dynamic program, our collection methods are
already diversifying. For example, the Aronson Lab at
UC Riverside is engineering rollers as eDNA surface
collectors, along with wearable passive eDNA sam-
plers. UCLA undergraduate interns are testing whether
swabs from flowers provide enough eDNA to inven-
tory invertebrate pollinators and the flower microbi-
ome, with seed funding provided by the Golden Gate
National Parks Conservancy. UCSC researchers are

5

UCSC graduate student and expert entomologist Jon Detka hikes at UC Fort Ord Natural
Reserve to collect for CALeDNA.

Wai-Yin Kwan, who deve
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partnering with Cornell University and NASA to swab
grapevine stems and leaves for biodiversity that may
indicate plant health.

DNA is processed through a series of steps to gen-
erate metabarcoding libraries. Because contamina-
tion from the collector or from the lab is a common
problem in eDNA research, sometimes field blanks
are collected, which allow researchers to parse from
the sample DNA most contaminants from the collec-
tor, equipment and supplies, and air. When extracting
DNA, an additional lab blank sample is also extracted
as every batch of samples are processed. Researchers
use a variety of methods to informatically remove the
contaminants observed as blank sequences or taxa
from the study so they don’t bias the analyses. The de-
tails of the DNA preparation pipeline and CALeDNA
protocols can be found on our website, ucedna.com, in
the “methods for researchers” space.

In brief, each barcode region we target requires
three separate PCR reactions as technical replicates,
which helps reduce reaction bias in the results,
meaning for six barcoding regions, there will be
minimally 18 reactions per sample if all are suc-
cessful. Metabarcode libraries are sequenced on a
MiSeq machine that generates paired reads each 300
nucleotides long, allowing us to sequence through
a 600-nucleotide-long piece of DNA, which exceeds
the length of most DNA barcodes. For a lengthier
barcode, such as the COI locus, we typically se-
quence only a portion of it, which is usually sufficient
to inventory animals (Leray et al. 2013). Each bar-
code region we use to probe DNA diversity in a soil,
sediment or water sample is sequenced to between
25,000 and 100,000 reads.

These DNA data are processed through software
in the Anacapa Toolkit (Curd et al. 2019), which was
developed for multilocus metabarcoding. It combines
state-of-the-art methods and is flexible enough to han-
dle many kinds of eDNA data. The raw, unprocessed
DNA data are eventually deposited in the National
Center for Biotechnology Information’s (NCBI’s)
Sequence Read Archive, while processed results and
detailed metadata are shared on our website and in
other long-term archiving platforms such as Dryad,
datadryad.org.

Results from each barcode region are a list of taxa
and the number of sequences that matched each one
in each sample. The taxa may be identified to the level
of species or limited to a higher rank, such as genus or
family, depending on the completeness of DNA bar-
code reference databases and the number of diagnostic
DNA bases for that particular organism. An analysis
of California coastal taxa, for example, shows 20% of
organismal families still have no published DNA se-
quences at all. CALeDNA scientists in the Nielsen Lab
at UC Berkeley are working to minimize the effects
of missing data, but while matches aren’t perfect, re-
searchers manually check the results to identify errors
and consider these in planning downstream research.


http://www.ucedna.com

Despite the data gaps and limitations, plenty of bio-
diversity patterns can be gleaned from using the taxon
lists of the best assignments we can currently obtain, or
from summarizing taxa to higher levels, like family. A
disclaimer on our website educates participants about
the state of eDNA technology, to help prepare them
to interpret that a species found is a “best hypothesis”
of the true species there, given limited reference data.
Many of the taxa we report, for example, are not ever
found in California, and this is probably because the
California species has not been sequenced, but a related
species somewhere else has been. To help the public
scrutinize results, we include the Global Biodiversity
Observation Facility (GBIF) occurrences map on our
website for each taxon under the eDNA result. GBIF is
a database of all species observations and collections.
Taken together, we hope online eDNA data exploration
will encourage enthusiasm for biodiversity genomics,
and ideas about what we may expect in the future if
much more biodiversity sequencing across the tree of
life is accomplished (e.g., Lewin et al. 2018).

Open data

To allow community scientists to track our progress
once samples are received, we put the field data online
shortly after we receive them and strive to put the se-
quencing results online within a month of their genera-
tion. Our impetus for committing to open data is other
scientists’ around the world increasingly committing
to the 2014 FAIR (FORCELl1.org) guiding principles for
managing research data to benefit data providers and
data consumers: findability, accessibility, interoperabil-
ity and reusability.

There is, however, one area where we obfuscate
results: endangered and threatened species. Because

Dr. Tiara Moore, left, samples eDNA along a lagoon to inventory community species and track their responses to environmental stress. A volunteer, right,

helps count organisms using traditional ecology methods.

endangered species may more easily be poached with
eDNA leads, the CALeDNA website omits the specific
sites where species on the ITUCN (International Union
for Conservation of Nature) Red List of Threatened
Species and other endangered species lists have

been found.

Processed eDNA results can be shared and ex-
plored with an interactive results analysis platform
called ranacapa (Kandlikar et al. 2018), which allows
users to execute the same first-pass biodiversity data
analyses of research projects as professional commu-
nity ecologists typically do, without needing to code
or learn to use advanced statistical software. Plots and
statistics are produced with explanations aimed at the
undergraduate level. This enables community science
users to reproduce results reported by CALeDNA on
the website or in scientific journals. Because data and
tools are shared early in the analysis stage, community
and citizen scientists may make some discoveries first,
report them to CALeDNA, and through this feedback
loop earn coauthorship on research publications while
bringing attention to the biodiversity in areas they
care about.

CALeDNA research projects

Pillar Point: eDNA, DNA, human observation
Our first bioblitz, in early 2017, was in collaboration
with the California Academy of Sciences (CAS) and the
NHMLA to explore a potential complementary trifecta
for biodiversity monitoring: human visual observa-
tion (CAS), DNA barcode sequences from local species
(NHMLA) and eDNA (CALeDNA). We chose Pillar
Point, in San Mateo County, because CAS has been
running monthly bioblitzes since 2012 at the Pillar
Point Harbor tidepools and adjacent areas within Half

http://calag.ucanr.edu
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Moon Bay (inaturalist.org/projects/intertidal-biodiver-
sity-survey-at-pillar-point). Their and other observa-
tion data, along with voucher specimen records, are
shared in GBIF, where we accessed it for this study.

We found considerable overlap in the monitoring
results, with 127 families observed visually and by
eDNA. However, this number declines at genus and
species levels, suggesting both visual observation and
eDNA have limitations in making correct assignments.
Working closely with NHMLA, we were able to identify
errors and then focus on total-biodiversity patterns
(fig. 3). We created a web interface for this project
to help people compare eDNA and observation data
from the area (data.ucedna.com/research_projects/
pillar-point).

Point Fermin: eDNA, local DNA barcoding
NHMLA runs semiannual bioblitzes as part of Snap-
shot Cal Coast (calacademy.org/calcoast) during low
tide at Point Fermin Park in San Pedro, Los Angeles
County. They take photographs and make voucher col-
lections, which later are DNA barcoded for the CO1
region as part of the DISCO (Diversity Initiative for the
Southern California Ocean) project, research.nhm.org/
disco/disco.html. CALeDNA runs annual bioblitzes

at Point Fermin to build eDNA collections concurrent
with NHMLA specimen collections to help us assess
how much eDNA results improve with very local DNA
barcoding.

California macroecological patterns

From April to July 2017, a series of bioblitzes and in-
dependent community science activities in parks and
reserves brought in thousands of soil or sediment sam-
ples to the CALeDNA collection. CALeDNA scientists
selected 278 sites that represented latitudinal transects
along forest, shrub/scrub and coastal areas. Sequencing
results revealed more than 25,000 unique taxonomic
entries. UCLA doctoral student Meixi Lin led the team
in performing different kinds of biodiversity analy-
ses, including zeta diversity (Simons et al. 2019), and
gradient forest (Ellis et al. 2012) statistical modeling
that incorporated NASA satellite data, to study which
environmental factors shape local communities (Lin et
al. 2020).

Coast biodiversity patterns

In 2017 and 2018, with over two dozen colleagues from
UC, California State University and coastal reserves,
CALeDNA coordinated a weekend bioblitz to sample
along a 1,200-kilometer span of coast from Arcata to
San Diego. The sample collectors iteratively collected
from dune or bluff, swash, and estuary zones. The re-
search questions, led by Drs. Dannise Ruiz and Michael
Dawson at UC Merced, are testing whether classic
theories of terrestrial and marine biodiversity pat-
terns, which were developed with macrobiota such as
animals, stand with eDNA-based microbial unicellular
and macrobiotic multicellular inventories. Results thus
far show that eDNA biodiversity follows expected pat-
terns along the California coast.
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FIG. 3. (A) Pillar Point project map of sampling areas. (B) Site compositional ordination with a Jaccard principal coordinate analysis shows more similar
sites plotted closer together. This analysis is a standard way to explore beta diversity across multiple samples. The metabarcoding results used were
from the 78S locus that captures eukaryotic diversity. The protected outer beach and the unprotected tidepools look similar through the lens of eDNA.
This suggests the tidepools, which are easily accessible, may be useful as surrogate monitoring sites to understand the outer beach biodiversity health
and change.
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eDNA in vernal pools

Vernal pools are temporary wetlands, filled by substan-
tial rainy seasons, snowmelt or groundwater. The pools
host many California endemic species with special ad-
aptations to pool depth, morphology and geochemistry.
CALeDNA researchers from the UC Merced lab of Dr.
Jason Sexton are studying eDNA of five vernal pools

on the UC Merced Vernal Pools and Grassland Re-
serve to build a more comprehensive taxon inventory.
Hundreds of volunteers from California Naturalist
programs and the UC Merced Carson House supported
the bioblitzes. Preliminary results suggest that when
we see an eDNA signal of endemic endangered plants
that only sporadically emerge, such as Colusa grass
(Neostapfia colusana), it forecasts their emergence in
the pools that year.

Invasive grasses, species patterns

Invasive plants alter the community composition of
fungi (Hawkes et al. 2006), plants (Gaertner et al.

2014) and microbiota (van der Putten et al. 2007) in
the systems that they invade. The Fort Ord Natural
Reserve has supported multiday bioblitzes that have
added nearly 200 samples to the CALeDNA collection
with associated metadata of which sites have invasive
grasses. UC Santa Cruz (UCSC) graduate student
Sabrina Shirazi is identifying associations between in-
vasive grasses and the rest of the community by exam-
ining microbiota detected with eDNA. Dense sampling
at reserves like Fort Ord, which has a mosaic habitat of
forb, shrub, native or invasive grass—dominated, and
tree-dominated land, provides the critical data for de-
veloping hypotheses about species patterns that we can
test more generally with statewide CALeDNA data.

Lagoon biodiversity and stress

Dr. Tiara Moore, while pursuing her Ph.D. in the

Fong Lab at UCLA, worked with CALeDNA to bring
community scientists to Carpinteria (Santa Barbara
County) and Upper Newport Bay (Orange County)

to sample sediment from different areas of lagoons.
She used eDNA to inventory community species and
track their responses to environmental stress related
to formation of macroalgal blooms dominated by sea
lettuce (Ulva spp.). To accomplish this, she combined
eDNA metabarcoding with the GeoChip 5.0 (Glomics,
Norman, Okla.), which quantifies the presence of more
than 22,000 genes involved in stress response and eco-
system functioning. Her findings, in preparation for
publication, detail the metabolic processes in the eutro-
phication of lagoons.

Burn sites, plant resilience

California has experienced an increase in wildfires and
wildfire burn intensity, which have devastated areas
that are normally spared as climate refugia, such as
wetlands. CALeDNA community science volunteers
and UC undergraduate classes began sampling paired
burned and unburned sites in late 2018, and continue

to resample sites that were affected by fire. In 2019 and
2020, we have increasingly received samples from many
UC students and UCNRS staff to archive the soil in
burned areas, like items in a time capsule, so they may
be used for future wildfire ecological research.

The many samples have enabled CALeDNA re-
searchers to track biodiversity change after fire and to
identify plant-microbe networks (fig. 4) that may help
explain the resilience of some California native plant
species to fire disturbance. Data sets are being used by
CALeDNA staff in undergraduate education modules,
and by students for their own research. UCLA under-
graduate Eric Beraut (now alumnus) used Klamath
Mountains postfire eDNA samples, collected by volun-
teer initiative, to quantify how much the time since the
last wildfire predicts soil fungal diversity.

Desert eDNA

UC’s Burns Pifion Ridge Reserve and Anza Borrego Re-
serve, as well as the Wildland Conservancy’s Pioneer-
town Mountain Preserve, and Center for Natural Lands
Management’s Thousand Palms Oasis, have hosted
eDNA bioblitzes to describe and compare biodiversity
in desert ecosystems. Community scientists, including
John Frazier from Friends of the Desert Mountains,
have contributed substantial collections to CALeDNA.
Results have revealed first observations in the United
States of exciting single-celled eukaryotic extremo-
philes and desert-adapted bacteria and provide rich
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FIG. 4. Ecological co-occurrence networks can be made using multilocus metabarcoding
data. Habitats that experienced wildfire up to 12 years ago are co-analyzed using all
markers (16S, 18S, fungus ITST “FITS”, plant ITS2 “PITS” and CO1). Focusing on plant-

fungal interactions (the PITS and FITS only plot), we found that Ceanothus thyrsiflorus, a

fire-responsive plant (Davis et al. 2010), was associated with Rhizopogon, a fungus also

known to be fire responsive (Glassman et al. 2015). Source: Eric Beraut.
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records of invertebrate occurrences, including hard-
to-observe taxa such as tardigrades. We are developing
deeper collaborations with desert nature reserves to
monitor invasive species and track habitat restoration
processes.

eDNA methodology study

The Shapiro Lab at UCSC has tested how different
approaches in preparing eDNA libraries influence
results, which will help us improve methods to make
CALeDNA research more efficient and reduce costs
and technical bias. The lab’s results have identified
enzymes that amplify DNA with less bias (Nichols et
al. 2018). Graduate student Sabrina Shirazi has recently
completed a study to determine how few PCR replicates
and how little sequencing depth are needed to assign
an unknown sample to a site in California (Shirazi et
al. 2020). This work will be instrumental in helping re-
searchers do high-throughput processing of CALeDNA
collections to detect habitat change over time.

eDNA undergraduate studies

In microbiology classrooms

In winter 2017, CALeDNA began a partnership with
the UCLA Microbiology, Immunology, and Molecular
Genetics (MIMG) department on its Course-based
Undergraduate Research Experience (CURE) cur-
riculum. CUREs have been demonstrated to provide

a more inclusive avenue for students who might not
otherwise have the opportunity to participate in re-
search (Auchincloss et al. 2014). The MIMG CURE

is a two-quarter research immersion curriculum in
which upper-division undergraduates work in teams to
formulate and test their hypotheses regarding soil mi-
crobial ecology, using eDNA and traditional bacterial
cultivation methods (Shapiro et al. 2015). Graduate stu-
dents doing related eDNA research visit the classrooms,
which we hope encourages undergraduate students to
consider scientific careers.

With the CALeDNA sample collection kits and
eDNA analysis tools, CURE undergraduates have
compared the soil microbiomes of California native
and invasive plant species, natural and managed eco-
systems, and studied the effects of human impact and

Group photograph of volunteers in Merced after sampling grasslands.
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burning on microbiomes. The partnership between
CALeDNA and MIMG has also inspired graduate stu-
dents and instructors to spearhead the development of
eDNA and microbiology analysis tools, such as rana-
capa (Kandlikar et al. 2018) and PUMA (Program for
Unifying Microbiome Analysis; Mitchell et al. 2018).
Several MIMG students have joined the CALeDNA labs
as research interns.

eSIE project

In 2018, the Howard Hughes Medical Institute (HHMI)
funded a novel project, eSIE (Environmental DNA for
Science Investigation and Education), led by professors
Bob Wayne (UCLA) and Beth Shapiro (UCSC). This
program aims to educate and encourage undergradu-
ates to enter STEM fields through field-based and
flipped learning courses, workshops and research, with
eDNA providing entrée into the diversity of natural
and social sciences. California’s DNA: A Field Course,
an introductory course for first-year students and
transfer students, debuted in fall 2018. Biodiversity in
the Age of Humans, a five-credit course, debuted on
both campuses in spring 2019. Four postdocs, Kim Bal-
lare, Chloé Orland, Ana Garcia-Vedrenne and Maura
Palacios Mejia, are improving the course content and
publishing it for others to implement (Garcia-Vedrenne
et al. 2020).

In summer 2018, we launched annual short-term
CALeDNA Summer Research Institute sessions, in the
Santa Monica Mountains and in Santa Cruz, on the
UCSC campus. They were open to UCLA and UCSC
undergraduates and students at two California State
University campuses: Los Angeles and Dominguez
Hills. Activities were designed to prepare participants
for beginning research projects in molecular labs.
UCLA and UCSC are offering 10-week paid sum-
mer research internships for students to work on
eDNA with many different faculty (through 2022 with
HHMI support).

Building a stronger eDNA
community

We hope to make breakthroughs in what community
and citizen scientists can do by inviting them to par-
ticipate in all parts of the research process. We are
continuing to build resources for diverse groups to
use CALeDNA results and connect with university re-
searchers through our web interface and bioblitzes.
Several of our team members participate in working
groups, facilitated by the Southern California Coastal
Water Research Project, to build an eDNA projects
map of California, which will grow out from the
CALeDNA web tools. Seed funding from the Metabolic
Studio foundation is helping CALeDNA work across
nonprofit organizations and government agencies to
plan bioblitzes and data analysis strategies that more
directly integrate with social community values.
Through these grassroots projects, we're developing



ideas for what an eDNA science and technology center
should look like: a place where the public has a physical
and virtual space to engage in eDNA research and in-
novation. We are currently soliciting feedback on how
CALeDNA may serve the community and how eDNA
science may inform policy.

In the next phase of the program, we will tie
CALeDNA into the Earth BioGenome Project (EBP)
(Lewin et al. 2018). EBP is a “moonshot” to sequence
the genomes of all eukaryotic species on Earth. There
are approximately 9,000 eukaryotic taxonomic families
on Earth and at least 35,000 species in California. By
partnering with DNA barcoding and genome sequenc-
ing initiatives, CALeDNA can overcome weaknesses
in diagnosing taxa with DNA metabarcoding, and, in
turn, will provide information on where unsampled
species occur so that they may be sampled for EBP col-
lections. We are also using our experience organizing
public bioblitzes to design genome collection events for
EBP, including partnership work with NHMLA’s Urban
Ocean Expedition. In this next phase, we will work
with EBP to advance ethical policies around eDNA and
genomic collections as well as data management.

The future will require a tremendous task force of
community scientists, naturalists, observers, local sci-
entific societies, biological collections and information
curators to help eDNA work lead to concrete findings
and translate to new solutions. We echo the messages of
Biggs et al. (2015) and Buxton et al. (2018) that eDNA
for community and citizen science projects needs
investment in research coordination and volunteer
support. An engaged public will be able to translate big
biodiversity data into innovation if it is sufficiently de-
tailed, systematically collected, relatable and accurate.
Research scientists also need to have more opportuni-
ties to step out of insular communities and the grind of
rapid research to listen to different communities who
share a connection to their research sites.

CALeDNA’s projects in the first year were not easy,
and often frustrated volunteers, because protocols were
not yet optimized around participants’ experience.

For instance, initially participants were tasked to col-
lect too many samples with too many conditions and
too little of the preplanning needed to be successful
while having fun (after all, bioblitzes are usually on the
weekend). We reduced the number of samples needed
to fulfill a collection kit from six to one, and substi-
tuted some of the preplanning needs by collecting more
metadata during sampling through our KoBoTools
app. This has helped us retain volunteers because they
have an enjoyable outdoor experience. Further, having
learned from our shift to more virtual engagement be-
cause of the COVID pandemic, we are investing more
effort in developing online participation that mean-
ingfully connects volunteers and research scientists
after sampling completes, rather than emphasizing the
bioblitz experience.

As researchers who are committed to attributing
work appropriately, while working with the public on

alevel that is new for many of us, we recognize there

is a huge need for new ways of showing contribution

to a research publication that are more considerate of
community and citizen scientists. New progressive
journals, such as Advanced Genetics (Wiley), are paving
the way, crediting contributors who play more diverse
roles than traditional authors. Giving credit is critical,
especially when we use community-collected data in
research publications (Theobald et al. 2015; Ward-Fear
etal. 2020).
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4-H youth advance biosecurity at home and
in their communities

Yuba-Sutter youth successfully completed the 4-H Bio-Security Proficiencies Program and effected

change as community science experts.

by Martin H. Smith, Woutrina A. Smith and Cheryl L. Meehan

Online: https://doi.org/10.3733/ca.2021a0007

key feature of citizen science is building upon
Aknowledge acquisition through the application

of scientific information to relevant issues of
community significance (Mueller et al. 2012). In this
manner, communities become the laboratories within
which individuals can learn to understand problems
and their causes, think critically about solutions and
work collaboratively to achieve positive change (Cooper
et al. 2007). For that reason, Barton (2012, 1) maintains
that citizen science is “about participation within and
for communities.”

Youth-focused community and citizen science re-
fers to the engagement by youth in projects or activities
“that produce data or results disseminated to and use-
able by professional scientists, agencies, and/or manag-
ers” (Ballard et al. 2017, 66). According to Kozol (2005),
young people can be trusted with input to scientific
processes because they may approach issues without
the biases of adults, particularly when scientists and

Abstract

Youth participants in 4-H animal science projects are involved
extensively with raising and exhibiting agricultural animals, often on
backyard farms (Smith and Meehan 2012). Since backyard farms can
serve as sources and vectors of pathogens (FAO 1999; WHO 2011), it is
critical that 4-H youth take an active role in preventing the introduction
and spread of economically important animal diseases. Fifteen 4-H
youth from two counties in California participated in the 4-H Bio-
Security Proficiencies Program, a long-term community and citizen
science project focused on animal and zoonotic disease risk education
and mitigation. Then, in the role of community science experts,

they acted upon the risk assessments and mitigation plans they had
developed to improve biosecurity practices and reduce the likelihood
of disease spread on their home premises and at their local county fair.
They also extended their knowledge to the broader livestock exhibition
community through outreach videos.

Members of Browns : 7 e in 4-H Animal Science
Valley 4-H in Yuba County ' gating Zoonotic and Animal DlseaEs: '::ﬁ:m ik Haeatch
and Franklin 4-H in Projects through Coordinated ECREEERN o

Sutter County became
citizen scientists and
stepped into the role of
biosecurity experts, sharing
their experiences and
recommendations with
members of the Yuba-Sutter ’ 4

Fair board of directors.
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teachers play an active role guiding inquiry. When
youth are knowledgeable about the systems or contexts
within which issues exist, as well as the associated sci-
ence, they are less likely to be excluded from the pro-
cess of developing and implementing solutions and can
be powerful stakeholders in the process of community-

based citizen science (Mueller et al. 2012).

Proficiency level 1

1.

vk W

Complete “Bio-Security: Assessing and Preventing the Spread of
Disease” activity.

Review Endemic and Foreign Animal Disease Matrix.
Complete “Animal Health Assessment” activity.
Complete 2 weeks of health journaling on own animal.

Submit completed Health Assessment Activity and health journal
to 4-H project leader.

Proficiency level 2

1.

Complete “Assessing Critical Control Points Associated with
Disease Transmission” activity.

2. Review the on-farm Bio-Security Risk Assessment Tool.

3. Complete “Risk Assessment: A Picture Says a Thousand Words”

activity.

Complete a Bio-Security Risk Assessment and document with pho-
tos or video.

. Present completed activity and Bio-Security Risk Assessment to

4-H project leader.

Proficiency level 3

1.

Complete the activities “Risky Business” and “Bio-Security and
Financial Risk”.

. Complete the activity “Developing a Plan for Change in Bio-

Security Practice”.

. Implement and document (photos or video) Plan for Change in

Bio-Security Practice.

Present completed Plan for Change in Bio-Security Practice to 4-H
project leader.

Proficiency level 4

1.

Discuss options and create plan for public presentation on
biosecurity.

2. Develop public presentation.

3. Deliver public presentation.

Proficiency level 5

1.

2.

Work collaboratively with county fair representatives to develop a
plan toimprove education outreach and biosecurity practices at fair.

Work collaboratively with fair representatives to implement plan to
improve education outreach and biosecurity practices at county fair.

All materials are available at ucanr.edu/sites/youthscientificliteracy/.

FIG. 1. 4-H Bio-Security Proficiencies Program sequence.

34 CALIFORNIA AGRICULTURE

+ VOLUME 75, NUMBER 1

Implementing science-based biosecurity practices
in the care of 4-H animals is necessary to reduce risks
associated with animal and zoonotic disease-causing
agents. This is true both for home farms and public
venues such as fairs and shows, to which youth travel
with their animals as many as seven times during a
single project year (Thunes and Carpenter 2007). The
presence and persistence of fecal-borne pathogens
(e.g., E. coli, Giardia, Cryptosporidium, Salmonella and
Campylobacter) has been documented at California
exhibitions (Daniels et al., unpublished; Keen et al.
2006; Roug et al. 2012), as have a number of practices
associated with disease transmission risk such as fecal
contamination of animal bedding and barn tools and
infrequent use of hand-washing stations by visitors
and exhibitors (Ibarra et al., unpublished; Smith and
Meehan 2012).

Recent UC Agriculture and Natural Resources
(UC ANR) outreach efforts have focused on bi-
osecurity education using the 4-H Bio-Security
Proficiencies Program (Smith et al. 2011; Smith and
Meehan 2013; see figure 1). The program includes
five proficiency levels: the first, second and third fo-
cus on the development of scientific literacy related
to disease transmission, as well as skills develop-
ment via the assessment and mitigation of bios-
ecurity risks on their home premises. The fourth
and fifth levels include community science actions,
including assessing biosecurity risks at a local fair,
and developing proposed solutions and collaborat-
ing with community stakeholders to implement
changes in fair policies and procedures to support
biosecurity risk reduction strategies.

The program has been shown to improve youth’s
conceptual understanding of biosecurity, advance their
skills associated with best practices and support related
risk mitigation strategies on home premises and at pub-
lic venues (Smith and Meehan 2013). These findings are
consistent with literature emphasizing the importance
of authentic engagement in advancing understanding
of scientific concepts (e.g., Bybee and McCrae 2011;
Falk et al. 2007); however, little research exists regard-
ing the application of scientific understanding by youth
to influence biosecurity policies and practices within
their communities.

4-H biosecurity risk management
project

4-H youth from two counties in California participated
in a long-term, science-based biosecurity and risk man-
agement project that included completion of the five
levels of the 4-H Bio-Security Proficiencies Program.
As an extension of the program, youth in this project
also had the opportunity to continue their community
science actions over several years through collabora-
tion with university academics to develop biosecurity
educational videos and additional outreach efforts de-
signed to engage their communities.


https://ucanr.edu/sites/youthscientificliteracy/

Youth participants were recruited by collaborat-
ing county 4-H program representatives and youth
development advisors. Recruitment efforts included
presentations at 4-H project meetings, county council
meetings, informational brochures and phone and
email contacts. Participation was voluntary and re-
quired that youth attend 10 to 12 project meetings over
several months. Fifteen youth, ranging in age from 9
to 14, from Yuba-Sutter 4-H enrolled in the project.
All youth were enrolled in animal science projects in-
volving the rearing and care of one or more animals.
Annual 4-H enrollment fees were covered for all proj-
ect participants.

Biosecurity education

In the first phase of the project, the 4-H youth partici-
pated in the 4-H Bio-Security Proficiencies Program
(Smith and Meehan 2013), a multiweek education
intervention facilitated by adult 4-H volunteers. The
volunteers received professional development on sci-
ence content and effective teaching strategies, following
a modified version of the Step-Up Incremental Train-
ing Model (Smith and Enfield 2002), whereby educa-
tors’ capacity is built systematically through a series
of workshops that include face-to-face seminars and
synchronous (real-time) distance learning technolo-
gies (e.g., Adobe Connect and teleconference calls).
This approach to professional development integrates
multiple strategies (e.g., extended duration, emphasis
on pedagogical knowledge and reflective practice, use
of online strategies) recommended for 4-H volunteers
(e.g., Kaslon at al. 2005; Smith and Schmitt-McQuitty
2013). The workshops were facilitated by Dr. M. Smith
and Dr. C. Meehan.

The 4-H Bio-Security Proficiencies Program fol-
lows the five-module sequence outlined in figure 1.
Youth were required to complete each component of a
proficiency prior to proceeding to the subsequent pro-
ficiency level. They submitted a proficiency checklist
to document the completion of those requirements.
All youth who completed the stated requirements were
awarded a pin and certificate at each level as recogni-
tion and evidence of their achievements.

Youth surveys

After finishing each proficiency level, youth com-
pleted surveys that measured changes in knowledge
and skills relating to the themes for levels 1 through
4. The themes were understanding disease transmis-
sion and monitoring animal health (level 1); critical
control points and risk assessment (level 2); financial
risk assessment and mitigation planning (level 3); and
risk mitigation action, communication and advocacy
(level 4).

The surveys were designed using a retrospective
format to reduce response shift bias, a threat to internal
validity that can arise when using a pre/post format
(Raidl et al. 2004). Surveys included five sets of paired

Biosecurity recommendations made by 4-H youth were implemented by the Yuba-Sutter
Fair leadership, including adding additional hand-washing stations.

questions: question A asked about the youth’s current
level of knowledge or skills relative to a specific topic
after the educational intervention (post); question B
asked about the youth’s level of knowledge or skills
relative to the same topic prior to the educational in-
tervention (pre). Each question had four response cat-
egories ranging from poor to excellent. Four response
categories were used to help ensure discriminating an-
swers by participants and eliminate the potential mis-
interpretation of a midpoint (Croasmun and Ostrom
2011).

The survey response data were ordinal and not nor-
mally distributed; thus, the Wilcoxon’s signed-ranks
test was used to determine change between post and
pre responses. Item-level analyses were conducted to
allow for identification of differences within each sur-
vey. To demonstrate changes in both domains (knowl-
edge and skills) across the four proficiency levels, we
analyzed responses to all nine knowledge questions
and all 11 skills questions combined.

embers of Browns Valley 4-H in Yuba County and Franklin 4-H in Sutter

County participated in the Bio-Security Proficiencies Program offered
by UC Davis. The members were very excited to see how choices they make
actually affect their livestock. They saw firsthand why they can't be sloppy
and pour grain into the pen. There are reasons for feed troughs. Members
learned how pathogens are transferred. They realize how pathogens trans-
fer from shoes to mouth if biosecurity standards aren't kept. The teens are
more energized to share their videos with peers and community members
about biosecurity. They want other 4-H members to know how to reduce
the spread of diseases. They worked hard on their research and are doing
things in the community to share the experience and the results of what
they learned.

—Tracy Bishop, 4-H program representative, UCCE Yuba-Sutter
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TABLE 1. Results of Wilcoxon’s signed-ranks test comparisons for each proficiency level

(P1, P2, P3, P4) by survey question (1 to 5)

Q P1-1 P1-2 P1-3 P1-4 P1-5
n 13 13 13 13 13
w -38 -37 _55 -55 -66
Ny 9 9 10 10 11
p 0.05 0.05 0.002 0.002 0.001
P2: Critical control points, risk assessment
Q P2-1 P2-2 P2-3 P2-4 P2-5
n 15 15 15 15 15
w -78 -78 -91 _68 -105
N/ 12 13 13 12 14
p 0.001 0.003 0.000 0.004 0.000
P3: Financial risk assessment, mitigation planning
Q B3l P3-2 P3-3 P3-4 P3-5
n 15 15 15 15 15
w -80 -80 —-66 —45 -105
Nar 13 13 1 9 14
p 0.002 0.002 0.001 0.01 0.001
Q P4-1 P4-2 P4-3 P4-4 P4-5
n 14 14 14 14 14
w —45 -36 -36 -105 —45
Ny 9 8 8 14 9
p 0.01 0.01 0.01 0.001 0.01
4
3
]
g
&
2

Pre Post
Knowledge
Survey results

Post
Skills

FIG. 2. Box and whisker plot of pre and post survey responses for knowledge- and skills-

based questions.
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Survey results

Significant (p < 0.05) improvements in survey re-
sponse were found for all 20 questions across all
four proficiency levels (table 1, fig. 2). Looking at the
responses by domain, we found that the interquar-
tile range of pre knowledge was broader than for pre
skills, indicating a wider range in reported knowl-
edge than skill abilities at the outset of the program.
Increases from pre to post were significant for both
knowledge and skills (knowledge: W = -3,913, z =
—7.38, p < 0.0001; skills: W =—-4,900; z = -8.42,

p <0.0001).

Community science at the
county fair

Levels 4 and 5 of the Bio-Security Proficiencies Pro-
gram focus on the communication and extension of
knowledge and skills gained through the previous
three levels (see figure 1). These proficiencies are the
heart of the community and citizen science compo-
nent of the program, as they ask youth to step into the
role of biosecurity experts and share their experiences
and recommendations with others in their commu-
nity. To meet this requirement, youth participants de-
veloped and presented biosecurity improvement plans
to leaders and officials of the Yuba-Sutter Fair.
Recommendations made by youth were taken
under consideration by fair leadership, and changes
in practice were implemented. Youth described
examples of the improvements, including adding
additional hand-washing stations and signage in
and around barns and replacing the long-standing
practice of mixing species in “champions row” with
individual champion pens in species-specific barns to
reduce the risks of pathogen transmission associated
with interspecies contact.

Community outreach videos

In the year following their completion of the Bio-
Security Proficiencies Program, 4-H youth partici-
pants had an additional opportunity to share their
experiences and knowledge with the broader fair and
exhibition community. They helped a team from UC
Davis Veterinary Medicine Extension develop three
educational videos on science-based biosecurity best
practices. In the videos, funded by the California
Department of Food and Agriculture, youth made
on-camera appearances and summarized their un-
derstanding of biosecurity risks, related their experi-
ence in risk assessment and mitigation and made
recommendations to improve practices. The videos
targeted three audiences: fair administrators, youth
livestock exhibitors and the general public. The videos
were posted on the Yuba-Sutter 4-H Facebook page,
where they were viewed over 3,000 times in the first
24 hours. Videos can be accessed at ucanr.edu/sites/
bio-securityeducation/.
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Youth reflections

After participating youth had completed the Bio-Secu-
rity Proficiencies Program and the videos project, we
conducted a focus group interview with them and their
project leader to gain more insights into their experi-
ences. Focus groups are carefully planned discussions
that collect information from a specific group of indi-
viduals (Kreuger and Casey 2015).

In response to a focus group question on why they
became interested in the Bio-Security Proficiencies
Program, youth responded as follows:

Our initial interest in the project was to learn more
about safety and cleanliness for animals, not only
for the animals but for people, too. We wanted to
learn better ways to take care of our farm animals
to make sure they’re less susceptible to diseases.
Additionally, by learning about biosecurity, we
could help make sure our livestock and other ani-
mals were safe around us and other people; it was
just safer for everyone. Lastly, by learning to make
improvements in biosecurity we can help create a
clean and safe product for consumers.

Youth described understanding the connection
between biosecurity practices relating to hygiene and
disease prevention.

We learned new ways to keep a clean environ-

ment for our animals, and that it’s easier to clean
your stalls every day so waste doesn’t build up

and make it worse for the animal. By doing this, it
helps keep our animals from being exposed to some
of the diseases we encounter in everyday life.

The project leader also described the incorporation
of new practices into animal care routines as a result of
youth learning about the importance of biosecurity to
the health of their project animals.

For example, since participating in the project, [a
4-H youth] now disinfects his animals’ pens before
the animals arrive, and [a 4-H youth who had
prior experience with a sick animal] started clean-
ing the water nipples and other tools regularly. [A
4-H youth] also began keeping her animals sepa-
rated at home to reduce the likelihood of disease
spreading between the different species in her care.

Over and above making changes to their practices
at home, participating youth applied their knowledge
about biosecurity to the care and housing of their
animals at the Yuba-Sutter County Fair. The fair, as a
public venue, presents different biosecurity risks and
mitigation challenges given that youth exhibitors must
contend with visitor behavior and may have limited
control over how and where their animals are housed.
Youth described individual decisions they made to

improve biosecurity practices with their animals; addi-
tionally, they explained how they collaborated to make
some larger-scale changes to support better biosecu-
rity for the broader community of fair exhibitors and
visitors.

The fair is the “big thing” for our 4-H program,
and there are many people around the animals
and touching them. So last year at our local fair
we put up a rope at the back end of the beef barns
to make sure people don’t go over to our cattle
and touch them. We also worked to keep their
water cleaner. We put filtered water in their big
water trough and put fish in their water to make
it cleaner and more like home so the cows would
drink. We’ve added hand-washing stations at the
fair, so when you go from one barn to the next
you can wash your hands so that you don’t spread
diseases to the other animals. There are also signs
at the fair that remind people to wash their hands
after they touch animals.

Although the Bio-Security Proficiencies Program
had concluded over 2 years before, the 4-H youth de-
scribed having sustained their engagement through a
variety of outreach education efforts, some of which
were recounted by their project leader:

[4-H youth] advised visitors at this year’s fair to
wash their hands before they pet other animals so
they wouldn’t transfer germs. These fair visitors
responded in a positive manner and washed their
hands. [A 4-H youth’s] swine group presented

on biosecurity best practices at their club meet-
ings, informing 4-H members from other species

To reduce the risks of pathogen transmission associated with interspecies contact, a
significant change was made in the long-standing practice of mixing animal species
in the “champions row.” After presentations by 4-H youth, champions were housed in
individual champion pens in species-specific barns.
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groups and encouraging them to participate in
good biosecurity practices. We were also involved
in developing educational videos on biosecurity
that demonstrated good practices at home and the
fair. [A 4-H youth] spoke to FFA [Future Farmers
of America] members at his high school. He said it
opened their eyes to biosecurity and that his talk
gave them a different perspective on the impor-
tance of keeping animals and their environments
clean and the consequences if they are not.

Youth also shared their ideas regarding future op-
portunities to further develop their involvement with
biosecurity education and out-
reach. They indicated their interest
in expanding their roles as educa-
tors, mentors and resources to
their broader 4-H community.

Biosecurity recommendations
made by youth were taken
under consideration by county
fair leadership and changes in
practice were implemented.

In the future, we as teen lead-
ers should start doing lessons
on biosecurity with new 4-H
members early in the season before they get their
animals. That way, they can have a little bit of
background knowledge on biosecurity and we can
keep the trend going further. So if we kept it going
for the next couple of years it could keep carrying
on down the line. [A 4-H youth] suggested that the
group of 4-H members that did the Bio-Security
Proficiencies Program could go around to differ-
ent clubs in the area and give presentations and
spread their knowledge with everybody in the
area. It could help create lots of differences at the
fair. Additionally, the group could do a field day

Thowt wo vasow oo
CA Y yownsedy oven To

batlhoouw aud
it loove!

If you haven't yet, please
stop by a handwashing
station or a bathroom
and clean up when
you leave the barns!

Signage to encourage hand-washing was one of the improvements at the Yuba-
Sutter Fair that emerged from local 4-H youth completing the 4-H Bio-Security
Proficiencies Program.
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presentation and demonstrate to other 4-Hers how
to keep project areas and pens clean, both at home
and at the fair. This could even be a 4-H Emerald
Star project.

Youth became community science
experts

Youth participants in this project developed expertise
in science-based concepts regarding disease transmis-
sion and risk assessment. In addition, they built skill
sets around risk mitigation and the application of best
practices to home and fair settings. These experiences
provided important, real-world contexts for youth to
engage in and extend science. Through this experience,
youth became community science experts and com-
bined their scientific knowledge and skills with their
experience in their communities to inform actions that
pertained to relevant issues (Barton et al. 2013).

When youth are in this role, they are situated as
experts in their communities and can help make a dif-
ference through the application of science in authentic
ways. Additionally, with the scientific expertise youth
bring to bear on relevant issues, the power dynam-
ics within a community can be reorganized such that
authority is shared and youth are recognized as having
the capacity to lead (Barton et al. 2013). We saw evi-
dence of this in the interactions between youth and the
fair leadership, where a sustained relationship was de-
veloped that resulted in tangible, positive actions being
taken to improve biosecurity practices.

According to Wandersman (2003), one important
aim of community science is to help enhance the qual-
ity of life in a community through strategies such as
prevention, health promotion and education. 4-H
youth involved in this project became community
science experts through their participation in the
Bio-Security Proficiencies Program. Specifically, they
advanced their knowledge and sKkills related to concepts
such as modes of disease transmission, animal health
assessments, biosecurity risk assessment and risk
mitigation.

Subsequently, in the role of community science ex-
perts, the 4-H youth helped to improve the well-being
of their community by identifying biosecurity risks at
their local fair and presenting their findings and mak-
ing recommendations (education) to fair authorities
(Zaft et al. 2010). Youth worked with county fair rep-
resentatives to implement many of their recommenda-
tions that focused on reducing pathogen transmission
(disease prevention) to lessen the incidence of animal
and zoonotic diseases (health promotion).

Not only did 4-H youth in this project follow the
design principles outlined by Barton et al. (2013) to
develop scientific expertise around a relevant issue
and educate others within their community during
the project, they sustained their engagement in com-
munity and citizen science efforts. Youth continued
to work with their local fair to make additional site



improvements to promote biosecurity; they engaged

in the development of educational videos designed to
educate the general public, fair exhibitors and fair ad-
ministrators about good biosecurity practices at fairs
and shows, they made presentations to various 4-H and
Future Farmers of America (FFA) audiences and they
made plans for future education outreach endeavors.

Relevant and meaningful
engagement

When science is positioned from the perspective of the
individual and is situated within authentic science-
related situations that may be encountered in everyday
life, science understanding and abilities become rel-
evant and meaningful to the learners (Falk et al. 2007;
Roberts 2007). This approach to advancing youth scien-
tific literacy — referred to as a citizen’s perspective — is
emphasized in California 4-H (Roberts 2007; Smith et
al. 2015). Specific to this project, it was important to
the participating 4-H members to apply good biosecu-
rity practices to the environments where they raised

This project provided insights into how content
and skills learned by youth through their participa-
tion in a 4-H curriculum can inform a meaningful
service-learning project that is extended to members
of their community. All of the curriculum materials
needed to implement the Bio-Security Proficiencies
Program are available free of charge at ucanr.edu/sites/
youthscientificliteracy/.

We envision the Bio-Security Proficiencies Program
as an important component of 4-H Animal Science
projects where livestock, poultry or small mammals
are raised for exhibition and recommend that it be
incorporated into traditional 4-H Animal Science pro-
grams. Using it, 4-H staff and volunteers can support
improvements in knowledge, skills and community sci-
ence practices among youth members, and, potentially,
reduce the risk of a disease event within their member-
ship or community. [@

M.H. Smith is UC Cooperative Extension Specialist, Departments

and showed their livestock; additionally, they saw the
importance of sharing their knowledge and skills with
other youth exhibitors, fair management and commu-

nity members.
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Engaging the importance of community
scientists in the management of an invasive

marine pest

Sustainable management of a nonnative predatory crab in a coastal lagoon in Northern California
succeeded due to the involvement of community scientists.

by Edwin Grosholz, Sabrina Drill, Linda McCann and Kate Bimrose

Online: https://doi.org/10.3733/ca.2021a0006

mong the many threats to coastal ecosystems
Abstract Aaround the world is the ongoing introduction of

nonnative species — the problem shows no sign
The introduction of nonnative invasive pests is among the many threats of abating, and, for most invasive taxa, introduction

facing coastal ecosystems worldwide. Managing these pests often rates are increasing (Seebens et al. 2017). The numbers
requires considerable effort and resources, and community scientists of nonnative species in coastal areas of California, like
can be essential for providing the capacity needed for management many similar areas in the United States, continue to
and monitoring activities. In response to the invasion of a Northern grow as the result of human-mediated movements of
California estuary by the predatory European green crab, a collaborative species from other regions, often by ballast water and
team of academic researchers and community scientists initiated a local hull fouling associated with commercial shipping.
eradication program. The green crab is listed among the world’s 100 Effectively managing invasive species requires consis-
worst invaders, and threatened both native species and commercial tent monitoring over time and throughout the area of
shellfisheries. The program dramatically reduced the green crab infestation.

population over a 5-year period, but it rebounded, which necessitated Involving community members in monitoring

a switch in project goals from eradication to population suppression. can be a first step toward building capacity for un-
Community scientists were essential for facilitating this switch by der- or unfunded programs to undertake the kind of
providing the necessary capacity to quantify population characteristics large-scale monitoring required to manage the most
and maintain reduced crab populations. The result was a sustainable
program that successfully maintained low green crab densities, which will
likely improve habitat for native species.

The invasive
European green crab
(Carcinus maenas).
The involvement of
community members
was key to the success
of the sustainable
management program Y
that significantly reduced
the abundance of this
crab in a Northern
California estuary.
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significant invasions (Johnson et al. 2020). In addition,
involvement of community scientists in identifying the
arrival of new invasive species or managing ongoing
invasions can allow for rapid response, effective moni-
toring and increased public support for management
actions. The application of community science to ad-
dress invasive species has been shown to be successful
for management of plants and pests (e.g., Gallo and
Waitt 2011; Meentemeyer et al. 2015).

We use the term community science to describe the
process of involving members of the public in scientific
research. We eschew the common term citizen science
because of the association of citizen with immigration
status; we are not interested in the legal immigration
status of those individuals we seek to work with. We
believe this choice of terminology appropriate for the
community science field as a whole, and particularly
important for invasive species projects. Invasiveness,
like immigration status, is only meaningful in specific
geographic contexts. Managing the movement of spe-
cies outside of their native range, into environments
where they may detrimentally impact local ecosystems
and thereby become “invasive”, can require global
cooperation among peoples in multiple countries.
Emphasizing national boundaries through use of the
term citizen can deter that kind of cooperation.

Here we document the successes of, and challenges
to, a community science program that was able to ad-
dress the need for intensive monitoring, public educa-
tion and engagement, and capacity building for the
management of a recent introduction of a nonnative
predatory crab. Involvement of community scientists
was essential for the success of this program, which has
significantly reduced the abundance of this invasive
species in a local habitat.

Community scientists participated in a full range
of activities from primary data gathering and record-
ing to ongoing project management. This allowed
community members to take a more deliberate role in
decisions about future actions. The project ran initially
as a collaboration among scientific researchers and
volunteer community scientists. Over time, it shifted to
a program that is now run almost entirely by volunteer
community scientists. The efforts of the community
scientists have resulted in a sustainable management
program, which has reduced the abundance of the
invasive crab and will lead to improved habitat for
native species.

European green crab on West Coast

The European green crab (Carcinus maenas) has been
introduced to several continents around the world (fig.
1). The species was first detected on the west coast of
North America in San Francisco Bay in 1989 (Cohen
and Carlton 1995). Management concerns began as
the crab continued to spread along the coast, north
and south from San Francisco (fig. 1). The European
green crab has substantially impacted native species

in nearby estuaries and threatened to have significant
negative impacts on local shellfisheries (Grosholz et al.
2000; Grosholz 2005; Grosholz et al. 2011). A popula-
tion of green crabs was observed in 1996 (E. Grosholz,
personal observation) in the small, semi-enclosed
Seadrift Lagoon in Stinson Beach (fig. 2).

The Pacific States Marine Fisheries Commission,
a federal agency with authority over fisheries from
California to Alaska, was concerned about the poten-
tial impacts of the crab’s arrival on shellfish popula-
tions in the Pacific Northwest and Alaska. With initial
funding from this agency, a consortium of three in-
stitutions, UC Davis, the Smithsonian Environmental
Research Center and Portland State University, un-
dertook a proof-of-concept approach to determine

- e A

B Native range B Invasive range [ Potential threat
FIG. 1. European green crab distribution extends far beyond the native range and is a

potential threat to several coastal areas around the globe.

FIG. 2. Map of Seadrift Lagoon, adjacent to Bolinas Lagoon and north of San Francisco,
where green crabs were first found in 1996.
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the effectiveness of a small-scale trapping program Seadrift Homeowners Association. Local homeown-

to remove crabs. The initial goal, from 2009 to 2014, ers also donated the long-term use of their property,
included working with community scientists and was dock and water access to support the necessary field
primarily science oriented: to understand the effort activities. Within a year of the project start, we had
needed to reduce or eradicate this isolated population engaged a local resource management agency, the Gulf
of European green crab. of Farallones National Marine Sanctuary, now called
the Greater Farallones National Marine Sanctuary
Engaging commu nlty scientists (GFNMS), which had been supporting other nearby
restoration programs. GFNMS maintained a substan-
In the process of planning for the intensive trapping, tial list of people from the region who would routinely
we realized that we would need additional capacity to volunteer their time with local restoration projects
manage a network of up to 120 baited traps per day. supported by GFNMS, including local residents and
We were able to engage local volunteers initially re- students from summer camps and schools.
cruited from the list of homeowners provided by the As the program progressed, its goals evolved. In

2014, after 5 years of sustained trapping efforts that
had successfully reduced the green crab population
to 10% of its 2009 size, there was an explosion of
juvenile European green crabs, resulting in a 300%
increase in catch per unit effort (see Grosholz et al.
2021). It became clear that eradication was likely
not possible, so after 2014 the project focused on
suppression of the green crab population. The goal
changed to maintaining a small population us-

ing a sustainable management program relying on
public engagement.

In alignment with the new focus, we increased our
efforts to educate community members about the im-
pacts of invasive species such as the European green
crab and the possibilities for restoring native fishes
and invertebrates. There was also an increased focus
on encouraging community members to take a larger
role in the green crab removal program. Community
scientists were asked to participate in many aspects of
the monitoring.

The primary activities of the program involved
(background). trapping, which served both a monitoring and a man-
agement function. It allowed us to collect data about
population dynamics and demography, and served as
amethod of invasive species management as trapped
crabs were removed from the system. In introductory
discussions with trapping volunteers, we explained the
larger goals of the program as well as recounting past
successes and missteps. We described the impacts that
European green crab had on local shellfisheries and
native species along the California coast as well as the
specific impacts in Seadrift Lagoon, so that community
members would understand the importance of their
participation.

At the start of trapping periods, new program
members were shown how the traps were collected,
rebaited and redeployed. We trained them in processes
involved in data collection by showing them how to
(1) distinguish green crabs from native crabs, (2) safely
handle crabs that were retrieved, (3) determine sex and
reproductive status (females with eggs), (4) distinguish

\ \d - = different types of injuries, such as lost claws and legs,
T~ % ; o = (5) measure the size of crabs, (6) identify previously
Small female European green crab captured as part of a population wide mark-recapture captured crabs, by their clipped spines, and (7) accu-
survey in which crabs are marked by clipping the two right most anteriolateral spines. rately record and check data.
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Our use of mark-recapture surveys as a method
of estimating the size of the crab population was ex-
plained. During the weeks when we were conducting
those surveys, we instructed community scientists how
to mark a captured green crab by clipping pairs of its
anterio-lateral spines and how to log its location (trap-
ping station).

All data were collected daily on waterproof data
sheets during crab trapping periods, collated, and
checked by volunteer coordinators. These data were
subsequently transmitted to researchers and underwent
a check for quality and accuracy by a seasonal assistant.
Data were archived on the UC Davis server and are
publicly available.

Eradication failure, 2009 to 2014

Despite a considerable trapping effort, we were unable
to eradicate the European green crab from Seadrift
Lagoon. However, many of the control and manage-
ment goals of the project were met. Initially, there was
a dramatic reduction of the green crab population

in Seadrift Lagoon, from 125,000 crabs in 2009 to <
10,000 crabs by 2013 (Grosholz et al. 2021). That 90%
reduction in the population was followed in the spring
and summer of 2014 by a dramatic population explo-
sion of the green crab (Grosholz et al. 2021). Using

an extensive mark-recapture effort, we estimated the
population in August 2014 was > 350,000 crabs, which
was more than a 30-fold increase over the numbers in
2013 and nearly triple the population size in 2009 (~
100,000), when the removal efforts began (fig. 3).

Subsequent studies and population genetic evi-
dence strongly support the idea that this dramatic
recruitment of the invasive crab was the result of local
population dynamics (Grosholz et al. 2021). Theoretical
models of both fisheries and nonnative species man-
agement show similar effects of intensive harvest of
predatory species. In such harvested populations, there
is evidence of unusual reproductive success, more
formally known as overcompensation (de Roos et al.
2007). There are, in fact, a few striking examples of
introduced species control programs going wrong, like
ours. One is the 7-year effort to remove smallmouth
bass from lakes in upstate New York, which resulted
in greater bass abundance, primarily due to increased
juvenile survival (Weidel et al. 2007).

We had inadvertently reduced the population of
green crabs to the point where the population con-
trol of recruitment by adult green crabs was gone.
Normally, adult green crabs would cannibalize most
of the newly recruiting juvenile crabs, but now, with
most of the adult crabs removed, the newly recruiting
juveniles survived to enter the population in record
numbers. Documenting this rebound in the crab
population derived from the participation of numer-
ous community scientists and local observers. It drew
a considerable amount of media attention due to the
counter-intuitive outcome.

Sustainable management, 2015
to present

As described earlier, after 2014, we refocused our ef-
forts with the community toward developing a sustain-
able green crab management program in the Seadrift
Lagoon. Many volunteers had heard of the population
explosion or witnessed it firsthand and were eager to
participate in removal efforts. These efforts have in-
cluded dozens of volunteers since 2015, with an average
of 60 person-hours per week dedicated to trapping,
data collection, mark-recapture studies and related
activities.

With this much effort, we have been able to reduce
the abundance of invasive green crabs. From 2015 un-
til the time of this writing, we have reduced the crab
population to 20% to 30% of the 2014 population and
maintained it at that level. This level seems a sustain-
able population size, given the available effort by volun-
teers; and not reducing the adult crab population below
10% reduces the possibility of repeating the population
explosion of 2014. The current sustainable green crab
density will likely permit increased colonization by
native species and recovery of ecosystem function over
time. Maintaining it is only possible through the con-
tinued participation of community volunteers in the
now annual summer trapping program.

Our program was successful from several perspec-
tives. Many dozens of local homeowners and their
families participated in this project over several years.
It was also very successful in regard to the quality of
the work provided by the community scientists. While
retention of volunteers across years remained challeng-
ing, we were successful in continuing to engage new
participants each year. There are trade-offs between
retaining experienced volunteers and engaging support
from a larger proportion of the community — in our
case, we believe the program benefitted from the latter.

We have data on the volunteer hours for the 2018
and 2019 removal seasons; they show 57 volunteers
worked a total of 460 hours removing and recording

30

No. of crabs/trap/day

2009

2010 2011 2012 2013 2014

Year

2015

2016 2017 2018

FIG. 3. Number of crabs captured per trap per day, or CPUE (catch per unit effort), over a
standardized trapping period (typically 3 months) at Seadrift Lagoon from 2009 to 2018.
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data on green crabs. The volunteers included 12 chil-
dren from a nearby summer camp. Several of the 2018
volunteers returned in 2019 to continue to help with
the project. The program manager currently has a list
of over 40 volunteer community scientists who wish to
receive annual announcements on the dates and times
of upcoming removal seasons.

The program, and our informal conversations with
participants, helped contribute to a better community
understanding about European green crab popula-
tion processes and how to manage the local green crab
population long-term. We communicated with partici-
pants on a wide range of subjects regarding the ecology
of Seadrift Lagoon and the surrounding ecosystem. The
project team was engaged in learning as well, as some
of our volunteers were knowledgeable and had useful
information to share with us about the lagoon and its
invertebrate inhabitants.

Education goals

As stated above, over the course of the project, the goal
shifted from eradication to suppression of the crab
population over the long term. As the goal evolved, we
realized how important it was for the community to
understand the underlying issues as well as the more
immediate goal of project. In other words, our green
crab management efforts could benefit from work on
two interrelated educational goals: (1) awareness and
understanding of our particular project and (2) overall
understanding of green crab population dynamics, and
more generally the threats posed by marine invasive
species.

Our trapping program was visible to homeowners
and particularly to seasonal renters, who were among
the most numerous community members, and who
observed groups of volunteers handling crabs and
recording data on docks along the perimeter of the
lagoon. Initially, we asked the Seadrift Homeowners
Association to distribute information to homeowners
and renters by posting signs at entrance and exit gates,
and in informational packets dispersed to homes prior
to each rental stay. The information alerted people of
our activities around the lagoon and emphasized the
need to not disturb deployed traps.

The information distribution was not particularly
effective in recruiting volunteers, partly because many
of the people who received it were there only for a short
rental stay. We realized that involving the local home-
owners in the process of population control would be
a much more effective education tool than just posting
a flyer. Despite the considerable time that local home-
owners and renters spend on coastal recreation (swim-
ming, surfing, sailing, kayaking, paddle boarding, etc.),
multiple informal conversations with homeowners
suggested a lack of knowledge regarding the issue of
invasive green crabs. Consequently, we expanded our
efforts with the assistance of the Seadrift Homeowners
Association to increase outreach to community
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members by participating in Homeowners Association
board meetings and public events.

Ultimately, the trapping and population manage-
ment project proved to be an effective teaching oppor-
tunity to show homeowners and renters the impacts of
European green crabs and to make them aware of how
their own activities could contribute to crab popula-
tion management. We have not formally quantified this
result with before/after survey methods, but informal
conversations with homeowners, and other anecdotal
evidence, have indicated a significant shift in both
their awareness of the problems caused by green crabs
as well as their understanding and acceptance of our
management activities.

When we began the green crab management pro-
gram, there were complaints from homeowners to the
Homeowners Association regarding our activities.
Some homeowners were put off by our presence, and
their children enjoyed capturing the very numerous
green crabs in one shallow area. However, as the pro-
gram progressed and we involved more people in the
community science activities, they learned and found
the idea appealing that their kids would have a greater
variety of crabs and other species to capture if we could
reduce the number of green crabs. As a result, some
households began their own informal management
activities, capturing green crabs with makeshift traps
and bait.

A significant education opportunity occurred fol-
lowing the media coverage on the crab population
explosion. We explained the failed eradication program
to the broader community and the need to maintain a
low but sustainable population level of green crabs, in
hopes of facilitating the repopulation of native species.

Changing role of community
scientists

As the goals of the project changed, the role of com-
munity members changed as well. The community
scientists started to participate not only in the trapping
but also in collecting demographic data, including the
mark-recapture survey data described above. A few
community scientists also took an active role in the
data collation and data organization. As of 2019, the
project has been managed entirely outside of the aca-
demic realm except for the ultimate use of the data. All
of the management activities, the trapping, counting
and mark-recapture assessments, are now organized by
community scientists working in partnership with the
program coordinator, Kate Bimrose, and the Greater
Farallones Association.

Challenges and lessons learned

Along the way, we learned several important lessons
from this project. The first is the difficulty in main-
taining a long-term community science program,
which became necessary once eradication was not a



likely outcome. We learned the importance of being
able to recruit new volunteers into the program, and
that the recruitment of volunteers was often a func-
tion of the effort put into it. As in similar projects
(e.g., Gallo and Waitt 2011), we experienced a volun-
teer fatigue factor; it is often difficult to encourage
participation across multiple years. This challenge
was addressed by the willingness of the local resource
management agencies to devote staff resources toward
recruiting new community scientists, and our coop-
eration with the Seadrift Homeowners Association.
In casual conversations with some homeowners, we
heard they were participating in restoring or main-
taining habitat quality based on their sense of owner-
ship of the area.

The second lesson we learned was the essential
role of a volunteer coordinator for projects like ours.
Maintaining the trapping surveys requires considerable
skill and energy to reach out to volunteers, schedule
numerous volunteers throughout the trapping season,
coordinate with larger groups like schools and sum-
mer camps, maintain trapping equipment and supplies,
and so on. A very organized and dedicated person is
needed to undertake the responsibilities of organizing
these efforts. The current coordinator, Kate Bimrose,
participated as a volunteer early in the project and thus
had all the necessary project skills and was proficient in
data collation and management.

The third lesson we learned was that involving
younger community scientists, with school and camp
groups, requires preparing more active learning oppor-
tunities. We occasionally facilitate these activities by
training teachers or camp counselors in the day-to-day
work of the trapping surveys.

Although we were not able to eradicate the inva-
sive European green crab from Seadrift Lagoon, we
have met the challenge of reducing green crab num-
bers since 2009. Each trapping season since 2014, the
number of green crabs has declined; and we have been
able to measure the relationship between trapping
effort and population reduction (table 1), a central
goal of the project. But with the decline in green crab
numbers, the effort needed to remove the remaining
crabs increases exponentially. With limited staff and
resources, this highlights the necessity of involv-
ing local communities in research projects to limit
invasive pests.

Community volunteers can expand scientific ef-
forts both in time and space, and increase public
knowledge about important environmental issues
such as invasive species. Our project demonstrated
both the benefits of engaging community scientists
as well as the challenges involved in recruiting and

maintaining volunteer groups and educating and
training the participants. It is our hope that com-
munity volunteers will sustain the crab management

effort in Seadrift for years to come. [@

E. Grosholz is Professor and Alexander and Elizabeth Swantz
Specialist in Cooperative Extension, Department of Environmental
Science and Policy, UC Davis; S. Drill is Natural Resources Advisor,
UC Cooperative Extension, Los Angeles and Ventura counties;

L. McCann is Research Technician, Smithsonian Environmental
Research Center, Tiburon, Calif,; K. Bimrose is Bolinas Lagoon
Restoration Project Coordinator, Greater Farallones Association,

San Francisco, Calif.

TABLE 1. Relative trapping effort for reducing European green crabs at Seadrift Lagoon,

2009-2018
Year Trap days*
2009 1,260
2010 1,380
2011 1,530
2012 840
2013 600
2014 2,070
2015 1,680
2016 1,260
2017 1,620
2018 1,440

CPUE? Relative effort*
27.2 46
10.4 133

6.3 242
3.5 239
0.6 952
22.4 92
13.4 125
8.9 142
4.1 399
3.8 381

* Trap days = no. of traps per site X no. of sites x no. of trapping days from May to October of each year.
1 Catch per unit effort (CPUE) = mean no. of crabs captured per trap day.

¥ Relative effort = trap days divided by CPUE.
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Contact: Registration: Andrea Ramirez aiestrada@ucanr.edu; content: Ali Montazar, UCCE Imperial County
amontazar@ucanr.edu or 442-265-7700

Agritourism Intensive for Mendocino, Lake and Sonoma counties
https://ucanredu/AgtourMendo

Date: March 3, 2021 to April 7, 2021, every Wednesday morning

Time: 10:00 a.m. to 12:00 p.m.

Location: Online
Contact: Penny Leff, UC SAREP paleff@ucanredu or 530-902-9763 (cell)

Turning Dirt into Gold — UC Master Gardener Program El Dorado County
http://mgeldorado.ucanredu/Calendar/

Date: March 20, 2021
Time: 9:00 a.m. to 10:30 a.m.
Location: Online

Registration: https://ucanredu/survey/survey.cfm?surveynumber=32834
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