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Executive Summary

The monarch butterfly is an iconic migratory insect whose population size has declined dramatically
in the past 30 years and is now listed as endangered in Canada. Habitat loss, climate change, and
reduced environmental protections have created critical gaps in the conservation of the species.
Citizen science (or community science) platforms like eButterfly can provide a powerful solution,
engaging thousands of volunteers to collect high-quality data on monarch distribution, migration
timing, and habitat use that would be difficult for professional scientists to gather alone.

This case study demonstrates that eButterfly adheres closely to established best practices for
community science and contributes directly to peer-reviewed research that is used to inform
conservation decision-making. Beyond research, it fosters public engagement, builds ecological
awareness, and supports long-term species monitoring. Expanding funding and integrating
community science with professional research can strengthen conservation efforts and help ensure
the survival of this extraordinary species.



Introduction & Background

The monarch butterfly is one of the most iconic and recognizable insect species in the world,
celebrated for its extraordinary long-distance migration across North America. Each year, millions
travel thousands of kilometers from the mountain forests of Mexico, through the United States, and
into southern Canada, a relay completed over several generations. Most monarchs live just two to six
weeks breeding in Canada and the US, before the final generation makes the astonishing return flight
to Mexico to survive the winter. This epic journey, unmatched in the insect world, depends on
healthy habitats and conservation measures across all three countries in its range.

Figure 1. Monarch population
migration route and range
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Legal protections for monarchs, whose populations have decreased by 90% in the last 30 years, vary
across borders2. In Canada, the monarch butterfly is listed as an endangered species and is granted
legal protection under the Species at Risk Act®. In Mexico, it is designated as a species of special
protection under national law, with critical wintering habitat safeguarded within the Monarch
Butterfly Biosphere Reserve®. In the United States, monarchs are not currently listed on the
Endangered Species Act, though their potential listing has been under review for many years? 4.



Effective monarch conservation requires coordinated research, monitoring, and policy alignment®
that spans the tri-national range of the species®. However, recent political shifts have further
disrupted this collaboration. In Mexico, President Claudia Sheinbaum Pardo, a climate scientist by
training, has enacted policies strengthening protections for monarch habitat, where illegal logging
and climate change are major concerns’ 8. Both the US and Canadian governments have welcomed
new administrations in 2025 whose policies have created new challenges for cross-border
conservation®. Given the recent policy changes in the United States to slash climate research
budgets, undermine environmental legal protections', and eliminate thousands of climate scientist
positions™, conservation for this endangered species is now at risk. Canada, which relies on both
provincial action and international agreements, is shifting from centralized, government-led data
collection toward more distributed, community-driven initiatives with decreased funding towards
climate and conservation research. Meanwhile, Mexico continues to prioritize the Biosphere Reserve
network and local community partnerships, yet faces persistent threats from illegal logging within
protected areas'. These differences in legal status, combined with diminishing conservation
strategies of new administrations in Canada and the US, highlight the need for stronger tri-national
cooperation to ensure the species’ survival.

It is important to note that Indigenous communities across North America play a critical role in
monarch conservation. These communities steward and maintain ecologically important lands along
the migratory routes and breeding areas of the monarch butterfly’. Their knowledge systems, land
management practices, and cultural connections to the species are vital to sustaining healthy
monarch populations, and serve as an example on how collaboration between nations is possible for
conservation.

Citizen science, or community science, involves engaging the public in scientific research and can
address a wide range of practices, offering a promising avenue for addressing the growing gaps in
monarch research™. Community science projects can expand geographic coverage, increase temporal
monitoring frequency, and build public awareness of conservation challenges.

eButterfly is one such platform, operating as a free, continent-wide platform dedicated to butterfly
biodiversity, conservation, and education. Supported by an interactive web interface, participants
record when, where, and how they observe butterflies. Observations can then be verified by other
users and regional experts, ensuring a level of data quality that can meet scientific standards. For
monarchs, these contributions can reveal migration timing, identify breeding hotspots, and track
changes in habitat quality over time. eButterfly’s datasets can also inform landscape-scale planning
and policy decisions, benefitting not only monarchs but a wide range of butterfly species and
pollinators across North America®™.

eButterfly’s strengths make it well-suited to contribute to monarch conservation in a time of political
and institutional uncertainty. The platform’s continental-scale coverage encompasses the full range
of the monarch’s annual migration, though participation in Mexico remains limited. As Dr. Jeremy
Kerr of the University of Ottawa testified to the House of Commons Standing Committee on Science



and Research, the rate of data generation is extraordinary. Professional scientists have collected
300,000 butterfly records of 297 species in Canada over 130 years, while eButterfly users have
doubled that volume in just 7 years?'. This scale of data collection enables rapid detection of shifts in
the timing of life history events, population declines, and habitat changes.

This case study examines how eButterfly or similar platforms can be leveraged as tools to bridge the
widening gaps in tri-national monarch monitoring, particularly in the face of shifting political
landscapes and funding constraints. By exploring its potential to complement and enhance
traditional scientific programs, we highlight the role of community science as a critical component of
monarch conservation in the 21st century.

Methodology

We identified the following four components as essential to our methodology in writing this case
study:

1. Literature Review and Policy Analysis: We began with an extensive literature search to identify
peer-reviewed research, government reports, and non-governmental organizations publications
citing eButterfly (or citizen/community science and Global Biodiversity Information Facility) in the
context of butterfly monitoring and conservation. We also identified policy documents from federal
and provincial/state sources in Canada, the US, and Mexico to assess recent changes in climate and
biodiversity programs, focusing on implications for monarch monitoring capacity.

2. Stakeholder Identification and Mapping: The second stage involved mapping stakeholders across
jurisdictions and sectors, by grouping stakeholders into three categories (Professional Science,
Policymakers, Citizen/Community Science) to visualize relationships and roles in conservation
efforts.

3. Community Science Platform Assessment: In order to fully assess eButterfly as an effective
community science initiative, we developed a framework using the Citizen Science Principles of
Good Practice from Alberta Ministry of Environment and Parks'® '. Using the framework, we
reviewed platform documentation, published use cases, and examples from existing research.
Additionally, we assessed geographic coverage, temporal resolution, species identification protocols,
data validation methods, as well as compared eButterfly to other community science platforms.

4. Identification of Limitations: Lastly, we identified a list of limitations. We did not feature primary
data collection, instead relying on secondary data and existing datasets which depend on accuracy
and completeness of available literature and may not reflect rapidly changing policy environments in
real time.




Problem Recognition & Context

In recent months, Canadian governments have taken significant steps away from previous climate
initiatives and commitments. The most prominent example being the federal government’s rapid
introduction and passing of Bill C-5, specifically the Building Canada Act, which grants the federal
Cabinet sweeping powers to designate certain major infrastructure and resource ventures as
“national interest projects”. This allows the government to bypass existing environmental laws and
regulatory measures, streamlining their approval regardless of whether they violate environmental
assessment protocols. Additional efforts by the Ontario provincial government to introduce
legislation to bypass existing provincial environmental laws in favour of prioritizing “special
economic zones”, and to replace the Environmental Species Act to eliminate protections for
endangered species, seriously harm species habitats and migration'®.

The decline in centralized scientific capacity has meant that conservation is increasingly reliant on
non-state actors, leaving non-governmental organizations (NGOs), academic institutions, Indigenous
communities, and grassroots organizations to fill these gaps. Fortunately, technological advances in
mobile applications, cloud-based databases, and machine learning now make it possible for
distributed observers across North America to contribute high-quality ecological data in real time. In
this environment, community science platforms can play an expanded role, by mobilizing thousands
of volunteers across political boundaries, helping to maintain and expand the geographic and
temporal coverage of monarch monitoring.

Data from eButterfly has been used in peer-reviewed research, including studies on shifts in the
timing of life events, species distribution modelling, and conservation prioritization mapping. Such
information can guide policy interventions, inform land management strategies, and enhance
habitat restoration targeting.

While community science offers significant potential, it is not without limitations. Data quality can
be variable due to differences in observer skill, and sampling effort is often biased towards easily
accessible and highly populated areas. Seasonal participation can also fluctuate, and sustaining long
term volunteer engagement requires ongoing outreach and support. Technological barriers, such as
limited access to smartphones or internet in rural and remote communities, can also restrict
participation.

Despite its limitations, in the context of weakening governmental monitoring systems across North
America, the expansion of platforms like eButterfly represents an important opportunity. By
strategically integrating volunteer-generated data with existing scientific and Indigenous knowledge
systems, it is possible to mitigate some of the data and policy gaps emerging in monarch
conservation. This case study explores how such integration could strengthen tri-national
collaboration, maintain continuity of research despite political shifts, and ultimately contribute to
the persistence of North America’s most celebrated migratory insect species.



Figure 2. A workflow diagram illustrating the actors involved in monarch butterfly conservation
across sectors and jurisdictions related to citizen science across Canada, the United States, and

Mexico.
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The success of a community science initiative is dependent on a strong foundation and appropriate
application of research. We used the Citizen Science Principles of Good Practice from the Alberta
Ministry of Environment and Parks'® along with an evaluation framework from Hughes et al. 20227,
to evaluate eButterfly in this context, as shown below. We found that overall, while there are still
ways that the platform may be improved, eButterfly closely follows the established best practices,
indicating a robust scientific initiative that has the potential to influence conservation policy.




Table 1. Analysis of the eButterfly initiative as an effective citizen science, or community science,

program.

Citizen Science
Principles of
Good Practice:

Evaluation Question(s)

Indicator(s)

eButterfly Assessment

Purpose and
Scientific
Outcome

What is the stated
purpose and/or scientific
outcome?

Are the outcomes clear?

Documentation of the
program purpose,
goals, and/or desired
scientific outcomes.

Clear mission to collect and share
checklists and photos for science,
conservation, outreach and
education, and build rich datasets
for use in scientific publications to
answer research questions.

Fit-for-Function
and Quality
Control

How does the program
design match the
program purpose?

How does the program
ensure the production of
rigorous, high-quality
data?

How do participant
training and resources
match the task (i.e., data
collection)?

Documentation
specific outcome
statements.

Quality control
measures for data
(e.g., expert data
verification).

Appropriate training
and resources for
participants.

The program uses standardized
protocols (transects, area searches,
timed counts, and casual
observations), aligning data
collection with scientific modelling
needs.

The platform also employs rigorous
data collection through set
protocols, using a combination of
automated screening and expert
verification to ensure high quality
of data.

Participants are guided through
interactive three-step submission
and observations are vetted by
regional experts.
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Openness and
Transparency

What data collection
tools are being used?

Are data ownership and
access rights clear and
transparent?

Data and results are
shared with
participants in suitable
formats (e.g., data
visualizations).

eButterfly uses large-scale, crowd
sourced data collection where users
access an online system to submit
checklists for monarch butterflies,
including location, time, species
present, and counts, with an
additional option to upload photos
as proof or verification.

eButterfly data are accessible to

anyone via the eButterfly website,
but a feature to download and use
eButterfly data is not yet available.

Inclusivity and
Engagement

What participant
recruitment strategies
were used to engage with
a diversity of
participants?

To what degree are
participants involved in
project tasks?

A diversity of
participants are
engaged in all aspects
of the project.

eButterfly welcomes participants of
all experience levels, from casual
butterfly-watchers to season
experts.

eButterfly participants are engaged
primarily in active data collection
consisting of recording and
submitting sightings. More
experienced contributors are able
to participate in data validation,
reviewing sightings for accuracy.
There is no indication that users
play an active role in defining
research questions or designing
program objectives.

N



Benefits and
Acknowledgment

How do both the
researchers and
participants benefit?

How are participants
provided with ongoing
learning opportunities?

How are participant
contributions
acknowledged?

Discussion of potential
benefits to participants,
including developing
their skills or the
creation of new
knowledge, to help
inform environmental
decisions.

The platform includes tools such as
life lists, distribution maps,
phenology charts, and project
leaderboards to motivate
continued learning and
participation from users.

The aggregated data support
conservation, phenology studies,
climate change research and more
topics in scientific publications.

The platform also recognizes
participant contributions by
publicly showcasing user stories,
highlighting both individual and
group contributions, and marking
participant achievements as
spotlights for the broader
community to celebrate.

Consideration of
safety, legal and
ethical standards
and guidelines.

How does the project
consider participant
safety?

How does the project
consider governance
and management of
data and information?

Protocols are established
and participants trained
on the protocols.

Documentation of
ethical research
practices such as data
sharing agreements.

Data collection protocols are
established, but participant safety
protocols are not presented prior
to data input.

eButterfly data is stored in secure
servers at the University of Ottawa,
archived daily, and accessible to all.
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1. Purpose and Scientific Outcome

eButterfly clearly states its mission to collect and share checklists and photos for science,
conservation, outreach and education, and build rich datasets for use in scientific publications to
answer research questions.

2. Fit-for-Function and Quality Control

eButterfly data are stored securely and archived daily at the University of Ottawa'. They are also
shared with the Global Biodiversity Information Facility (GBIF), a global repository of open source
biodiversity data used by institutions around the world. Remarkably, biodiversity data available
through GBIF has increased a staggering 1,150% from 2003 to 2019, partially due to participation of
community scientists, including users of eButterfly?°.

3. Openness and Transparency

eButterfly uses large-scale, crowd sourced data collection where users access an online system to
submit checklists for monarch butterflies, including location, time, species present, and counts, with
an additional option to upload photos as proof or verification. Data are accessible to anyone via the
eButterfly website, but a feature to download and use eButterfly data is not yet available.

4. Inclusivity and Engagement

eButterfly welcomes participants of all experience levels, from casual butterfly-watchers to season
experts. Anyone interested can contribute, while more experienced users play a key role in data
verification. eButterfly participants are engaged primarily in the active data collection phase in
recording and submitting sightings. More experienced contributors are able to participate in data
validation, reviewing sightings for accuracy. There is no indication that users play an active role in
defining research questions or designing program objectives.

5. Benefits and Acknowledgement

The platform includes tools such as life lists, distribution maps, phenology charts, and project
leaderboards to motivate continued learning and participation from users. The platform also
recognizes participant contributions by publicly showcasing user stories, highlighting both individual
and group contributions, and marking participant achievements as spotlights for the broader
community to celebrate.

6. Consideration of safety, legal, and ethical standards and guidelines
Data collection protocols are established, but participant safety protocols are not presented prior to

data input. eButterfly data is stored in secure servers at the University of Ottawa, archived daily, and
accessible to all. 13



Results and Outcomes

Peer-reviewed studies that incorporate community science data, such as those from eButterfly, play
an increasingly important role in shaping conservation policy in Canada. A clear example comes from
the federal Species at Risk Act (SARA) Species Assessment for the monarch butterfly, which states
that “the distribution of the Monarch in Canada was determined by efforts of collectors,
researchers, and community scientists”22. This recognition highlights the direct impact of platforms
like eButterfly, as the observations, photos, and sightings submitted by volunteers were critical to
informing the Distribution and Populations Sizes and Trends sections, which ultimately guide legal
protections and management actions for the species.

The integration of community science with professional monitoring is becoming a cornerstone of
evidence-informed conservation. Community scientists can provide the large-scale, long-term
datasets needed to detect shifts in species ranges and population dynamics over time, while
professional surveys contribute standardized methods and rigorous validation. Together, these
approaches create a stronger and more comprehensive evidence base than either could achieve
alone.

Importantly, conservation also depends on valuing and incorporating the distinct ecological
knowledge of Indigenous Peoples, whose long-standing relationships with the land contribute
perspectives not captured by Western scientific approaches. Recognizing and integrating the diverse
knowledge systems of professional science, Indigenous Knowledge, and community science offers
the most powerful path forward for conserving biodiversity in Canada.

Discussion: Lessons Learned & Implications

The success of eButterfly illustrates how community science initiatives rarely operate in isolation,
but instead build upon and inspire one another. eButterfly was inspired by the highly successful
eBird platform, while a subsequent community science initiative, Mission Monarch, was modeled
after eButterfly. This cross-pollination of ideas and models demonstrates how innovation in one
platform can help build new initiatives and expand opportunities for public participation in science.
Each additional observation recorded in any of these platforms strengthens not only the host
initiative, but also the broader ecosystem of ecological science, as datasets can be integrated,
compared, and leveraged across multiple projects.

Beyond project-specific uses, data from eButterfly and other community science initiatives are
aggregated into global biodiversity repositories such as the Global Biodiversity Information Facility,
where millions of records are compiled to support large-scale ecological analyses. Such aggregation
magnifies the value of individual contributions, ensuring that local observations inform continental
and even global biodiversity research.
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The influence of community science extends beyond academic research into the policy realm, where
evidence generated by the public is shaping environmental decision-making. Several Canadian
initiatives highlight this potential. The Great Canadian Shoreline Cleanup mobilized thousands of
volunteers to collect data on plastic pollution, directly informing Canada's 2022 ban on single-use
plastics?3. Programs like Alberta’s GrizzTracker have significantly influenced provincial wildlife
management practices?*, while the Ocean Networks Canada Arctic Program demonstrates how
community-driven data collection can both enhance safety and inform long-term climate adaptation
strategies in northern regions®.

In addition to its value for research and policy, community science is a powerful outreach tool. By
inviting people to participate in data collection, projects like eButterfly spark curiosity and deepen
public understanding of ecological issues?®. This makes science more accessible and in turn,
community scientists often become advocates, carrying their knowledge into communities and
inspiring broader support for biodiversity protection.

Together, these examples underscore that community science is, and should remain, central to
biodiversity research and conservation policy. By fostering partnerships between community
scientists, professional researchers, and Indigenous knowledge holders, platforms like eButterfly can
expand their reach and ensure that diverse forms of knowledge contribute to evidence-based
decision-making. As community science continues to grow in scope, scale, and credibility, its role in
addressing Canada’s pressing biodiversity challenges will only deepen, illustrating the collective
power of public engagement in science to drive meaningful environmental outcomes.

Policy Recommendations

As a result of this case study analysis, we have developed a series of policy recommendations to be
undertaken by governments across the tri-national range of the monarch butterfly that will help
ensure that conservation and recovery of this renowned species are successful. These
recommendations are as follows:

1. Sustain and expand funding for community science initiatives: we encourage governments in the
tri-national range of the monarch butterfly to dedicate long-term funding streams for community
science programs to ensure platform maintenance, volunteer training, outreach, and data quality
improvements.

2. Support integrated research programs: continue and expand funding for professional ecological
research while incentivizing partnerships with community science initiatives.

3. Encourage cross-platform collaboration and data sharing: strengthen infrastructure that allows
community science data to flow seamlessly into global repositories like the Global Biodiversity

Information Facility (GBIF). 5



4. Recognize community science in policy frameworks: formally acknowledge community science as
a critical source of biodiversity evidence in national and tri-national policy frameworks (such as the
Species at Risk Act in Canada). Explicit recognition would enhance legitimacy, visibility, and
incorporation of volunteer-generated data in decision-making.

Conclusion

The monarch butterfly’s current population decline highlights the urgent need for coordinated
conservation across North America, particularly as shifting policies in Canada and the United States
have weakened traditional monitoring systems. In this context, community science platforms like
eButterfly provide an essential complement to professional research by generating large-scale,
timely data on monarch distribution, migration, and habitat use. By connecting with other initiatives
such as Journey North and Mission Monarch, and contributing to global repositories like GBIF,
eButterfly expands the reach of individual observations and strengthens tri-national capacity to
address biodiversity loss.

Beyond research, community science has demonstrated its policy impacts, from shaping Canada’s
single-use plastics ban to informing endangered species assessments and regional wildlife
management. To build on these successes, governments in Canada, the United States, and Mexico
should expand funding for community science initiatives and continue supporting professional
monitoring. Together, these approaches can create a resilient, collaborative framework for
safeguarding monarch butterflies and the broader biodiversity that sustains ecosystems across
North America.
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