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Abstract

Finding ways of efficiently monitoring threatened species can be critical to
effective conservation. The global proliferation of community science (also
called citizen science) programs, like iNaturalist, presents a potential alterna-
tive or complement to conventional threatened species monitoring. Using a
case study of ~700,000 observations of >10,000 JTUCN Red List Threatened
species within iNaturalist observations, we illustrate the potential risks and
rewards of using community science to monitor threatened species. Poor data
quality and risks of sending untrained volunteers to sample species that are
sensitive to disturbance or harvesting are key barriers to overcome. Yet com-
munity science can expand the breadth of monitoring at little extra cost, while
indirectly benefiting conservation through outreach and education. We con-
clude with a list of actionable recommendations to further mitigate the risks
and capitalize on the rewards of community science as a threatened species
monitoring tool.
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conservation budgets (Buxton et al., 2020). Exploring
more cost-effective methods to monitor threatened spe-
cies could enable funds to be redirected towards conser-

Monitoring threatened species often requires collecting
rigorous long-term data at large spatial scales, and corre-
spondingly significant financial investment (Parsons
et al., 2018; Theobald et al., 2015). Currently, monitoring
accounts for an average of half of threatened species

Peter Soroye and Brandon P. M. Edwards share first-authorship.

vation actions, which are often needed quickly to avoid
extinction (Martin et al., 2012).

Community science (CS) data are increasingly used in
threatened species monitoring programs (Callaghan
et al., 2020; Carpenter et al., 2017; Rosenberg et al., 2017).
Harnessing this growing source of information has
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enormous potential to reduce the cost of monitoring while
increasing the scope of monitoring and public engage-
ment in conservation (Ellwood et al, 2017; Soroye
et al., 2018). However, using CS programs for threatened
species monitoring also comes with considerable risks
(Cooke et al., 2016; Meeuwig et al., 2015; Ottinger, 2010).

In this data-driven perspective, we outline the risks
and rewards of using CS for monitoring threatened spe-
cies. We inform much of our discussion with a case study
that uses data from iNaturalist, one of the most widely-
used CS platforms. iNaturalist contains data on a global
scale and on a wide range of taxa, and thus provides an
excellent illustration of potential utility for threatened
species monitoring. We downloaded all research-grade
iNaturalist observations from the Global Biodiversity
Information Facility (GBIF.org; accessed on September
27, 2020, https://doi.org/10.15468/dl.6m63rx; Ueda 2020),
and filtered to all Threatened species from the IUCN Red
List (accessed on September 28, 2020; IUCN, 2012). We
used these filtered data to illustrate some risks of using
CS data by considering the reliability of the data, sam-
pling biases, and increased disturbances to threatened
species; we also illustrate some rewards of using CS data
by considering the increased scope of threatened species
data, the inspiration of conservation advocacy, and the
contribution to policy action (see Supplemental Materials
for specifics pertaining to data-filtering and data use). We
conclude by sharing recommendations for incorporating
CS in threatened species monitoring and conservation
policy today and in the future (Figure 1).

2 | RISKS

2.1 | Reliability of data

While CS programs have allowed for an increased under-
standing of topics such as shifts in species distribution,
migration routes, disease patterns, and effects of climate
change (Dickinson et al., 2010), many researchers and
decision-makers remain skeptical of the capacity of
unpaid volunteers to generate high-quality datasets
needed for rigorous assessments of species population
change (Aceves-Bueno et al., 2017; Kosmala et al., 2016).
Because the precision of threatened species data can have
legal implications (e.g., whether they are listed for protec-
tion), accuracy of data and comparison of participants’
skill sets to professionals is particularly important. Gener-
ally, the quality of CS data provided by volunteers are
more variable than data collected by professionals
(e.g., see Aceves-Bueno et al., 2017; Austen et al., 2016;
Hoyer et al., 2012; Kosmala et al., 2016), but can often
reach an acceptable threshold for scientific research. CS's
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FIGURE 1 A summary of the risks and rewards of using
community science for threatened species monitoring, and some
recommendations for practitioners on how to use community
science in their own threatened species research. Specific examples
of these recommendations in action can be found in Table S3

reliability for monitoring threatened species, which are
often rare, may be lower (Cox et al., 2012) which may
result in biases that differ from those concerning other
species (Theobald et al., 2015). Understanding whether
biases associated with CS for threatened species confirm
or contradict these known biases is important to our
understanding of how CS can be used to help these
species.

Since it was created in 2008, iNaturalist has collected
over 700,000 research-grade observations of threatened
species data, indicating that each record was identified to
species-level or lower by at least two out of three commu-
nity identifiers in iNaturalist, usually based on a photo-
graph and/or sounds submitted by the observer, and that
the observation is not of a captive or cultivated organism.
These observations consist of more than 10,000 species
appearing as Data Deficient or in various classifications
of endangerment on the IUCN Red List. However, there
are clear biases towards certain taxa, such as birds,
plants, and mammals (Table 1). These taxonomic biases
are well-known in large biodiversity datasets (Mair &
Ruete, 2016; Troudet et al., 2017) and in the ITUCN Red
List (Donaldson et al., 2016), limiting understanding of
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TABLE 1
Supplementary Materials for details

Red List category Data deficient

Near threatened
Vulnerable
Endangered
Critically endangered
Regionally extinct
Extinct in the wild
Extinct

Taxa Birds
Plants
Invertebrates
Mammals
Reptiles and amphibians
Fish
Fungi

conservation trends worldwide. However, we note that
compared to professionally collected data that generally
have a bias towards birds and mammals (Troudet
et al., 2017), the iNaturalist data collected here have a
high percentage of “less charismatic” species such as
plants and invertebrates.

Additionally, we found that threatened species data
in iNaturalist show evidence of spatial sampling bias
(Figure 2). Numbers of threatened species observed
appear highest in the U.S. (1427 species) and Mexico
(1231 species) (Figure 2a). The U.S., Canada, Mexico,
Russia, and New Zealand contained the most observa-
tions of threatened species, making up ~58% of all threat-
ened species sightings in iNaturalist (Figure 2b). CS data
for all species also tend to be spatially clustered in loca-
tions easily accessible by road and within residential and
urban areas (Dickinson et al., 2010). Using broad catego-
ries of global land cover types (see Supplemental
Materials), we found similar patterns for threatened spe-
cies data, where observations in urban and cropland/
pasture environments were disproportionately repre-
sented, and few observations were recorded in land cover
types that are more challenging to access (e.g., wetland,
tundra, and barren of sparsely vegetated; Table S1).

Threatened species data in iNaturalist show evidence
of temporal sampling bias. These temporal biases are
similar to biases seen across other large CS programs
such as eBird (Zhang, 2020). Total observations of threat-
ened species peak dramatically in late-spring and sum-
mer in the Northern Hemisphere, and in fall and spring

Ajournal of the Society for Conservation Biclogy

Summary of the number of observations and species per IUCN Red List category and taxa in the iNaturalist dataset. See

Number of species (%)
1818 (17.09)

2681 (25.2)

2981 (28.02)

2257 (21.22)

Total observations (%)
130,988 (18.66)
258,724 (36.85)
197,337 (28.11)
85,493 (12.18)

855 (8.04) 25,885 (3.69)
17 (0.16) 3107 (0.44)
20 (0.19) 468 (0.07)

9 (0.08) 12 (0)
1626 (15.28) 228,446 (32.54)
3284 (30.87) 153,541 (21.87)
1565 (14.71) 139,273 (19.84)

837 (7.87) 75,539 (10.76)

1931 (18.15) 66,662 (9.5)
1315 (12.36) 36,852 (5.25)
80 (0.75) 1701 (0.24)

in the Tropics and Southern Hemisphere (Figure 3).
Given that the number of observers submitting observa-
tions also peaks during these periods, this could be due at
least in part to biased effort (Knape et al., 2022). How-
ever, it could also be due to annual patterns in presence
and detectability of species (Solymos et al.,, 2018;
Zuckerberg et al., 2016).

2.2 | Increased risk to threatened species
Encouraging the public to seek out threatened species can
have risks. We found that human disturbance or poaching
and harvesting are listed as major threats for 57.9% of
threatened species reported in iNaturalist. Only 38% of
all Red List threatened species are at risk from these
threats, suggesting that the threatened species reported to
iNaturalist disproportionately tend to be those threatened
by disturbance and harvesting. Even for species not at high
risk of poaching or illegal harvesting, incentivizing non-
professional monitoring creates the potential for negative
impacts from disturbance (Quinn, 2021). Recreation was
specifically listed as a threat to 907 (8.5%) threatened spe-
cies in iNaturalist. Disturbance analogous to that caused by
recreation increases the risk that CS will unintentionally
facilitate poaching by habituating wildlife and modifying
behavior (Baral, 2013; Larson et al., 2016).

Publishing location information for threatened spe-
cies, which are often rare and economically valuable,
could enable poaching and harvesting (Lindenmayer &
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FIGURE 2
species by country

Scheele, 2017; McMillan et al., 2020). In recent years, the
potential for online data repositories to be misused or
breached by hackers has created legitimate concern that
data on threatened species’ locations may be abused
(Lennox et al., 2020). In Australia for example, bioteleme-
try tracking data used for Endangered white shark
research was misused to locate and kill tagged animals
who got close to bathing beaches (Meeuwig et al., 2015).
Additionally, the use of the internet has amplified the
exotic pet trade industry (Morgan & Chng, 2017), which
is a major driver of threatened species poaching
(Herrera & Hennessey, 2007; McMillan et al., 2020). To

(@)

(b)

Number of threatened species (a), and total observations (b) recorded by iNaturalist volunteers of IUCN Red List threatened

mitigate some of these threats, CS programs like
iNaturalist and eBird have taken steps to prevent the
access to exact locations of rare or threatened species, by
obscuring or completely hiding the locations.

Finally, sharing CS data could also pose a privacy risk
to users, since the management of CS programs some-
times requires gathering private information about volun-
teers (e.g. age, gender, background information) or
privately-owned land (Anhalt-Depies et al., 2019). These
are risks for CS data in general, however making location
data for threatened species publicly accessible can disrupt
the relationship between researchers and landowners if it
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enables bad actors to use these data to trespass in search
of the organisms (Lindenmayer & Scheele, 2017).

3 | REWARDS
3.1 | Increasing the scope of threatened
species monitoring

Well-vetted CS data can complement conventional sam-
pling methods, expanding the scope of sampling and even
addressing gaps in conventional threatened species
monitoring (Binley et al., 2021; Dickinson et al., 2010;
Donaldson et al., 2016). We found that while iNaturalist
data generally indicate fewer threatened species in a given
region than previous observations (see Supplementary
Materials), it can match, or even exceed, the previously
known vertebrate threatened species richness in 4.5% of
sites globally, sometimes finding four times more species
than was previously known (Figure S4). When focusing
on threatened birds, mammals, and amphibians, iNatural-
ist matches or exceeds threatened species richness in 9.7%,
29.9%, and 46.8% of sites respectively. CS programs have
already been able to generate previously unknown ecolog-
ical, distributional, and phenological information for
threatened species around the globe (Soroye et al., 2018)
and across several threatened taxa (e.g., turtles [Cross
et al., 2021], plants [Garcia et al.,, 2021], primates [Ang
et al., 2021], birds [Dominguez et al., 2020, Squires

et al, 2021], butterflies [Ries & Oberhauser, 2015,
Sanderson et al., 2021]).

By engaging landowners and sampling across
private lands, CS could also increase coverage in areas
underrepresented in conventional threatened species
monitoring programs. Large percentages of the natural
environment where threatened species occur are pri-
vately owned (Chacon, 2005; Ciuzio et al.,, 2013) and
globally, many parks and reserves contain significant
portions of privately owned land within their boundaries
(Kamal et al., 2015). In iNaturalist, we found that ~30%
of threatened species observations were reported in
areas classified as urban, cropland, or pasture (all of
which are presumably largely private lands), despite
these environments accounting for <5% of global land
area (Table S1).

3.2 | Inspiring conservation advocacy

Encouraging CS monitoring of threatened species is an out-
reach opportunity that could help build a better public
understanding of science, promote awareness and engage-
ment in conservation, and facilitate environmental steward-
ship (Ellwood et al., 2017; Stepenuck & Green, 2015;
Trumbull et al., 2000). Participating in CS can also give indi-
viduals the confidence to get more involved in conservation
advocacy (Lewandowski & Oberhauser, 2017). Community
participation in CS can build a desire for conservation and
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enable real, and sometimes rapid, improvements in natural
resource management (Stepenuck & Green, 2015).
Approximately 21% of all iNaturalist users (87,651
individuals) submitted threatened species data. However,
75% of threatened species observations were made by
only 8.5% of users, suggesting a core of dedicated volun-
teers and an opportunity to reach more CS users with
messaging geared towards threatened species monitoring
and conservation. While CS volunteers tend to be skewed
towards those who already have an interest and trust in
science (Trumbull et al., 2000), CS of threatened species
provides an opportunity to engage a diversity of people in
conservation through schools, museums, zoos and other
science hubs (Ballard et al., 2017; Dickinson et al., 2010).

3.3 | Contributing to policy and action
Jurisdictional boundaries often constrict government pro-
grams (Ciuzio et al., 2013). CS programs can inform con-
servation policies and actions across jurisdictions by
expanding the scope of threatened species monitoring
across these boundaries. One of the most prominent
examples of this is the North American Breeding Bird
Survey (Hudson et al., 2017). The Breeding Bird Survey is
a volunteer program that provides the most reliable
annual abundance indices for over 500 bird species and
informs policy in the U.S. Endangered Species Act and
bird species conservation assessments across North
America (e.g., Hudson et al., 2017; Rosenberg et al.,
2017). Internationally, CS monitoring data from pro-
grams such as the Breeding Bird Survey, eBird, iNatural-
ist, and Reef Life Survey (among several others; Chandler
et al., 2017) contribute to several of the Group on Earth
Observations Biodiversity Observation Network's Essen-
tial Biodiversity Variables (Chandler et al., 2017) and five
of the UN's 244 Sustainable Development Goal indicators
(Fraisl et al., 2020). Yet there is room for CS to contribute
more. Over 30% of Sustainable Development Goal indica-
tors, for example, could be informed by CS (Fraisl
et al.,, 2020), and the use of CS is still limited in
governmental species assessments (Lin et al., 2022).

3.3.1 | Examples from Canada

In Canada, the Species at Risk Act (SARA) mandates
recovery strategies and action plans for threatened spe-
cies and their habitats, while the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC)
assesses extinction risk and recommends species to be
included in the SARA. COSEWIC recognizes community
knowledge as potentially important in threatened species

status assessments (COSEWIC, 2021), and CS is used to
inform listing and management for many species protected
under SARA. For example, local volunteers' long-term bird
banding and wildlife sightings are used to inform recovery
strategies for species at risk of extinction (Environment
and Climate Change Canada, 2015). One such instance is
in the recovery strategy of the piping plover (Charadrius
melodus), in which volunteer monitoring and guardian
programs are specifically mentioned as recovery activities
(Environment and Climate Change Canada, 2021). In the
Pacific Northwest, SARA action plans for protected areas
highlight local CS programs promoting outreach and
engagement (Parks Canada Agency, 2016). Tour operators
in Gwaii Haanas National Park Reserve are encouraged to
collect species data, and visitors undergo mandatory orien-
tations on appropriate behaviors when encountering at-risk
species and their respective habitats (Parks Canada
Agency, 2016). In western Québec, a recently proposed
plan for protected areas encourages visitors to use large-
scale CS platforms, such as iNaturalist and eBird, to further
inform regional species recovery measures (Parks Canada
Agency, 2020). In a country with many remaining remote
spaces, incorporating CS monitoring into SARA action
plans and COSEWIC assessments offers a cost-efficient and
community-engaging opportunity to monitor threatened
species.

4 | RECOMMENDATIONS

Capitalizing on the rewards and mitigating the risks of
using CS for threatened species monitoring is crucial for
using CS to inform conservation. Species occurrence data
are often a limiting factor in species-at-risk assessment.
Therefore, practitioners can take advantage of a broader
suite of data for conservation decisions by augmenting
professionally collected data with CS data for threatened
species.

We provide recommendations for structuring and
using CS data for threatened species monitoring. They
are not presented in order of importance; instead, we
hope that practitioners will be able to use them in combi-
nation. These recommendations are summarized in in
Figure 1, and Table S3 provides specific actions and
examples for each of the recommendations below.

41 | Provide training and information
to community scientists

Providing volunteers with information or training on spe-
cies identification or best practices for monitoring could
augment the accuracy of CS data while helping protect
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threatened species from unnecessary disturbance. For
example, providing information about species threats or
“best practices” for safe observation following a submis-
sion of a sensitive species sighting (e.g., through a digital
notification) could help alert well-meaning volunteers
about the risks to species and habitats of careless sam-
pling or observation techniques (Cooke et al., 2016).
Additionally, CS programs could look to direct partici-
pants to under-sampled areas to fill in spatial gaps for
threatened species. Training does not need to be intensive
to improve data quality (Ellwood et al., 2017), and even
automated feedback can help improve identification
accuracy (van der Wal et al., 2016). For example, eBird
provides simple quizzes for community scientists to prac-
tice their identification skills (see https://ebird.org/quiz/;
Sullivan et al., 2014). Personalized training or data collec-
tion alongside professionals can also help improve data
quality, and keeping professionals involved and engaged
with volunteers increases opportunities for science
outreach (Baker et al., 2014; Stepenuck & Green, 2015).

4.2 | Incorporate rigorous data quality
protocols

For all CS programs, a robust data vetting process involv-
ing threatened species experts can help ensure high data
quality after submission and will be especially important
for rare and threatened species. Building in multiple
layers of quality control throughout the data submission
process that combine automated filters and expert input
has shown to be a successful strategy in large-scale CS
programs like eBird (Sullivan et al., 2014). Fine-tuning
filters based on characteristics of the record (e.g., what
species is being submitted, where the submission is
located) and the recorder (e.g., recorder experience) can
help catch errors while removing much of the burden
from experts (Sullivan et al., 2014). Continuing to criti-
cally evaluate CS programs to better understand the
strengths and flaws of their data will help increase trust
and transparency (Aceves-Bueno et al., 2017; Callaghan
et al., 2019; Kosmala et al., 2016).

4.3 | Develop plans for use, access,
and security of threatened species data

With the increased collection of threatened species data,
proactive plans for data storage, sharing, and use in CS
programs become more important than ever. Opportunis-
tic CS platforms like iNaturalist and eBird attempt to
limit sharing of sensitive information of threatened spe-
cies to prevent this (for example, by obscuring location

Ajournal of the Society for Conservation Biclogy

information). We recommend that by default any obser-
vations of Threatened, Endangered, or commonly-
poached species be either withheld from public viewing,
or have their locations spatially obscured, so they cannot
be used to harvest or exploit these species. Alternatively,
CS programs could adopt a decision framework such as
the one presented by Lennox et al. (2020) when consider-
ing how to deal with data collected of a threatened
species.

4.4 | Foster connections with local
communities

Encouraging connection to local communities through CS
programs can further magnify the direct and indirect ben-
efits of CS for threatened species monitoring. For example,
the Plover Lovers organization in Sauble Beach, Canada,
engages with the local community each year to allow resi-
dents to help the Endangered Piping Plover (Charadrius
melodus) that nests on the shores of Sauble Beach (see
https://www.ploverlovers.com/). Community scientists
provide better data when they are more invested in a pro-
ject and its potential outcomes (Dickinson et al., 2010),
and the success of any conservation or monitoring
depends partly on engagement from local communities
(Diaz et al., 2018). This can also help mainstream the use
of CS in threatened species monitoring. Connections with
local communities can feed back into CS programs, driv-
ing collaborative or co-created programs around threat-
ened species of particular local interest (Chiaravalloti
et al., 2021; Shirk et al., 2012; Skarlatidou & Haklay, 2021).

5 | CONCLUSIONS

CS could lead to more effective solutions to conservation
problems by providing cost-effective data at large scales.
For threatened species, this is particularly important as fail-
ure to act quickly has led to extinctions in the past (Martin
et al., 2012). The increasing popularity of CS programs has
opened many new possibilities for ecological research and
conservation. Through CS programs like iNaturalist, tens of
thousands of volunteers engage in the global conservation
effort by submitting millions of dated, geo-referenced obser-
vations of threatened species annually. These data have the
potential to complement or — for some species and regions
- even replace conventional monitoring efforts, which
could divert large portions of conservation budgets away
from monitoring and towards other much-needed conser-
vation actions (Buxton et al., 2020). There can be risks asso-
ciated with using CS for threatened species monitoring, but
there are many ways to mitigate these risks and further
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increase the benefits (Figure 1, Table S3). CS programs also
have the potential to break down traditional barriers to par-
ticipation in conservation. Embracing the use of CS data for
threatened species monitoring could substantially shift the
landscape of global conservation for the better.

AUTHOR CONTRIBUTIONS
RTB, JRB, SIC conceived the project idea. PS led analyses.
All authors contributed to writing, editing, and revisions.

ACKNOWLEDGMENTS

We thank the many volunteers contributing to iNaturalist.
We also thank the associate editor and all reviewers for their
useful feedback in revising this paper. Funding was provided
by the Natural Sciences and Engineering Research Council
of Canada, University of Ottawa and Carleton University.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

DATA AVAILABILITY
Data and scripts to reproduce analyses are available at
https://figshare.com/s/f47091e2c7c537846b3e

ORCID

Peter Soroye @ https://orcid.org/0000-0001-9810-3363
Brandon P. M. Edwards ‘© https://orcid.org/0000-0003-
0865-3076

Rachel T. Buxton ‘© https://orcid.org/0000-0002-2772-
8435

Jeffrey P. Ethier © https://orcid.org/0000-0001-8285-6440
Albana Berberi ‘© https://orcid.org/0000-0001-6928-1574

Allison D. Binley ‘® https://orcid.org/0000-0001-8790-9935
Steven J. Cooke © https://orcid.org/0000-0002-5407-0659
Joseph R. Bennett ‘® https://orcid.org/0000-0002-3901-
9513

REFERENCES

Aceves-Bueno, E., Adeleye, A. S., Feraud, M., Huang, Y., Tao, M.,
Yang, Y., & Anderson, S. E. (2017). The accuracy of citizen sci-
ence data: A quantitative review. The Bulletin of the Ecological
Society of America, 98, 278-290. https://doi.org/10.1002/bes2.1336

Ang, A., Jabbar, S., D'Rozario, V., & Lakshminarayanan, J. (2021).
Citizen science program for critically endangered primates: A
case study from Singapore. Primate Conservation, 35, 179-188.

Anhalt-Depies, C., Stenglein, J. L., Zuckerberg, B,
Townsend, P. M., & Rissman, A. R. (2019). Tradeoffs and tools
for data quality, privacy, transparency, and trust in citizen sci-
ence. Biological Conservation, 238, 108195. https://doi.org/10.
1016/j.biocon.2019.108195

Austen, G. E., Bindemann, M., Griffiths, R. A., & Roberts, D. L.
(2016). Species identification by experts and non-experts: Com-
paring images from field guides. Scientific Reports, 6, 1-7.
https://doi.org/10.1038/srep33634

Baker, B. G. M., Duncan, N., Gostomski, T., Horner, M. A., &
Manski, D. (2014). The Bioblitz: Good science, good outreach,
good fun. Park Science, 31, 39-46.

Ballard, H. L., Dixon, C. G. H., & Harris, E. M. (2017). Youth-
focused citizen science: Examining the role of environmental
science learning and agency for conservation. Biological Conser-
vation, 208, 65-75. https://doi.org/10.1016/j.biocon.2016.05.024

Baral, A.N. (2013). Impacts of wildlife tourism on poaching of greater
one-horned rhinoceros (Rhinoceros unicornis) in Chitwan
National Park, Nepal. Retrieved from http://researcharchive.
lincoln.ac.nz/bitstream/10182/5273/6/Baral_mapplsc.pdf

Binley, A. D., Proctor, C. A., Pither, R., Davis, S. A., & Bennett, J. R.
(2021). The unrealized potential of community science to sup-
port research on the resilience of protected areas. Conservation
Science and Practice, 3, €376. https://doi.org/10.1111/csp2.376

Buxton, R. T., Avery-Gomm, S., Lin, H.-Y.,, Smith, P. A,
Cooke, S. J., & Bennett, J. R. (2020). Half of resources in threat-
ened species conservation plans are allocated to research and
monitoring. Nature Communications, 11, 4668. https://doi.org/
10.1038/s41467-020-18486-6

Callaghan, C. T., Poore, A. G. B., Mesaglio, T., Moles, A. T., &
Nakagawa, S. (2020). Three frontiers for the future of biodiver-
sity research using citizen science data. BioScience, 71(1), 55—
63. https://doi.org/10.1093/biosci/biaal31

Callaghan, C. T., Rowley, J. J. L., Cornwell, W. K,
Poore, A. G. B., & Major, R. E. (2019). Improving big citizen sci-
ence data: Moving beyond haphazard sampling. PLoS Biology,
17, 1-11. https://doi.org/10.1371/journal.pbio.3000357

Carpenter, J. K., Kelly, D., Clout, M. N., Karl, B. J., & Ladley, J. J.
(2017). Trends in the detections of a large frugivore (Hemi-
phaga novaeseelandiae) and fleshy-fruited seed dispersal over
three decades. New Zealand Journal of Ecology, 41, 41-46.
https://doi.org/10.20417/nzjecol.41.17

Chacon, C. M. (2005). Fostering conservation of key priority sites
and rural development in Central America: The role of private
protected areas. Parks: Protected Areas Programme - Private
Protected Areas, 15, 39-47.

Chandler, M., See, L., Copas, K., Bonde, A. M. Z., Lopez, B. C,
Danielsen, F., Legind, J. K., Masinde, S., Miller-Rushing, A. J.,
Newman, G., Rosemartin, A., & Turak, E. (2017). Contribution
of citizen science towards international biodiversity monitor-
ing. Biological Conservation, 213, 280-294. https://doi.org/10.
1016/j.biocon.2016.09.004

Chiaravalloti, R. M., Skarlatidou, A., Hoyte, S., Badia, M. M.,
Haklay, M., & Lewis, J. (2021). Extreme citizen science: Lessions
learned from initiatives around the globe. Conservation Science
and Practice, 4(2), €577. https://doi.org/10.1111/csp2.577

Ciuzio, E., Hohman, W. L., Martin, B., Smith, M. D., Stephens, S.,
Strong, A. M., & Vercauteren, T. (2013). Opportunities and chal-
lenges to implementing bird conservation on private lands. Wild-
life Society Bulletin, 37, 267-277. https://doi.org/10.1002/wsb.266

Cooke, S. J., Hogan, Z. S., Butcher, P. A., Stokesbury, M. J. W,
Raghavan, R., Gallaghe, A. J., Hammerschlag, N., &
Danylchuk, A. J. (2016). Angling for endangered fish: Conser-
vation problem or conservation action? Fish and Fisheries, 17,
249-265. https://doi.org/10.1111/faf.12076

COSEWIC. (2021). Community knowledge and the COSEWIC assess-
ment process. Retrieved from https://cosewic.ca/index.php/en-
ca/about-us/community-knowledge


https://figshare.com/s/f47091e2c7c537846b3e
https://orcid.org/0000-0001-9810-3363
https://orcid.org/0000-0001-9810-3363
https://orcid.org/0000-0003-0865-3076
https://orcid.org/0000-0003-0865-3076
https://orcid.org/0000-0003-0865-3076
https://orcid.org/0000-0002-2772-8435
https://orcid.org/0000-0002-2772-8435
https://orcid.org/0000-0002-2772-8435
https://orcid.org/0000-0001-8285-6440
https://orcid.org/0000-0001-8285-6440
https://orcid.org/0000-0001-6928-1574
https://orcid.org/0000-0001-6928-1574
https://orcid.org/0000-0001-8790-9935
https://orcid.org/0000-0001-8790-9935
https://orcid.org/0000-0002-5407-0659
https://orcid.org/0000-0002-5407-0659
https://orcid.org/0000-0002-3901-9513
https://orcid.org/0000-0002-3901-9513
https://orcid.org/0000-0002-3901-9513
https://doi.org/10.1002/bes2.1336
https://doi.org/10.1016/j.biocon.2019.108195
https://doi.org/10.1016/j.biocon.2019.108195
https://doi.org/10.1038/srep33634
https://doi.org/10.1016/j.biocon.2016.05.024
http://researcharchive.lincoln.ac.nz/bitstream/10182/5273/6/Baral_mapplsc.pdf
http://researcharchive.lincoln.ac.nz/bitstream/10182/5273/6/Baral_mapplsc.pdf
https://doi.org/10.1111/csp2.376
https://doi.org/10.1038/s41467-020-18486-6
https://doi.org/10.1038/s41467-020-18486-6
https://doi.org/10.1093/biosci/biaa131
https://doi.org/10.1371/journal.pbio.3000357
https://doi.org/10.20417/nzjecol.41.17
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1111/csp2.577
https://doi.org/10.1002/wsb.266
https://doi.org/10.1111/faf.12076
https://cosewic.ca/index.php/en-ca/about-us/community-knowledge
https://cosewic.ca/index.php/en-ca/about-us/community-knowledge

SOROYE ET AL.

Conservation Science and Practice& —Wl L EY 9 of 10

Cox, T. E., Philippoff, J., Baumgartner, E., & Smith, C. M. (2012).
Expert variability provides perspective on the strengths and
weaknesses of citizen-driven intertidal monitoring program.
Ecological Applications, 22, 1201-1212. https://doi.org/10.1890/
11-1614.1

Cross, M. D., Mayer, J., Breymaier, T., Chiotti, J. A., & Bekker, K.
(2021). Estimating population size of a threatened turtle using
community and citizen science. Chelonian Conservation and
Biology, 20, 43-49. https://doi.org/10.2744/CCB-1384.1

Diaz, S., Pascual, U., Stenseke, M., Martin-Lopez, B., Watson, R. T.,
Molnar, Z., Hill, R., Chan, K. M., Baste, I. A., Brauman, K. A,,
Polasky, S., Church, A., Lonsdale, M., Larigauderie, A,
Leadley, P. W., Van Oudenhoven, A. P. E., van der Plaat, F.,
Schroter, M., Lavorel, M., ... Shirayama, Y. (2018). Assessing
nature's contributions to people. Science, 359, 270-272. https://
doi.org/10.1126/science.aap8826

Dickinson, J. L., Zuckerberg, B., & Bonter, D. N. (2010). Citizen sci-
ence as an ecological research tool: Challenges and benefits.
Annual Review of Ecology, Evolution, and Systematics, 41,
149-172. https://doi.org/10.1146/annurev-ecolsys-102209-144636

Dominguez, M., Lapido, R., Gorrindo, A., Archuby, D., Correa, E.,
Llanos, F., Reales, F., Piantanida, F., Marateo, G., Meriggi, J.,
Andreani, L., Encabo, M., Gémez Vinassa, M. L., Bertini, M.,
Perell, M., Banchs, R., Cirignoli, S., Verdn, S., & Mabhler, B.
(2020). A citizen science survey discloses the current distribu-
tion of the endangered yellow cardinal Gubernatrix cristata in
Argentina. Bird Conservation International, 31, 139-150.
https://doi.org/10.1017/S0959270920000155

Donaldson, M. R., Burnett, N. J., Braun, D. C., Suski, C. D.,
Hinch, S. G., Cooke, S. J., & Kerr, J. T. (2016). Taxonomic bias
and international biodiversity conservation research. FACETS,
1, 105-113. https://doi.org/10.1139/facets-2016-0011

Ellwood, E. R., Crimmins, T. M., & Miller-Rushing, A. J. (2017).
Citizen science and conservation: Recommendations for a rap-
idly moving field. Biological Conservation, 208, 1-4. https://doi.
0rg/10.1016/j.biocon.2016.10.014

Environment and Climate Change Canada. (2015). Management
plan for the Ancient Murrelet (Synthliboramphus antiquus) in
Canada. Species at Risk Act: Management Plan Series. Environ-
ment and Climate Change Canada.

Environment and Climate Change Canada. (2021). Recovery strategy
(amended) and action plan for the piping plover melodus subspe-
cies (Charadrius melodus melodus) in Canada [Proposed].
Species at risk act recovery strategy series. Environment and
Climate Change Canada viii + 124 pp.

Fraisl, D., Campbell, J., See, L., Wehn, U., Wardlaw, J., Gold, M.,
Moorthy, L, Arias, R., Piera, J., Oliver, J. L., Masb, J., Penker, M., &
Fritz, S. (2020). Mapping citizen science contributions to the
UN sustainable development goals. Sustainability Science, 15,
1735-1751. https://doi.org/10.1007/s11625-020-00833-7

Garcia, M. B,, Silva, J. L., Tejero, P., & Pardo, I. (2021). Detecting
early-warning signals of concern in plant populations with a citi-
zen science network. Are threatened and other priority species
for conservation performing worse? Journal of Applied Ecology,
58, 1388-1398. https://doi.org/10.1111/1365-2664.13890

Herrera, M., & Hennessey, B. (2007). Quantifying the illegal parrot
trade in Santa Cruz de la Sierra, Bolivia, with emphasis
on threatened species. Bird Conservation International, 17,
295-300. https://doi.org/10.1017/S0959270907000858

Ajournal of the Society for Conservation Biology

Hoyer, M. V., Wellendorf, N., Frydenborg, R., Bartlett, D., &
Canfield, D. E., Jr. (2012). A comparison between professionally
(Florida Department of Environmental Protection) and volun-
teer (Florida LAKEWATCH) collected trophic state chemistry
data in Florida. Lake and Reservoir Management, 28, 277-281.
https://doi.org/10.1080/07438141.2012.736016

Hudson, M. A. R., Francis, C. M., Campbell, K. J., Downes, C. M.,
Smith, A. C., & Pardieck, K. L. (2017). The role of the North
American breeding bird survey in conservation. Condor, 119,
526-545. https://doi.org/10.1650/CONDOR-17-62.1

TUCN. (2012). IUCN Red List categories and criteria: Version 3.1
(2nd ed., iv + 32 pp.). IUCN.

Kamal, S., Grodzinska-Jurczak, M., & Brown, G. (2015). Conservation
on private land: A review of global strategies with a proposed clas-
sification system. Journal of Environmental Planning and Manage-
ment, 58, 576-597. https://doi.org/10.1080/09640568.2013.875463

Knape, J., Coulson, S. J., & van der Wal, R. (2022). Temporal trends
in opportunistic citizen science reports across multiple taxa.
Ambio, 51, 183-198. https://doi.org/10.1007/s13280-021-01550-w

Kosmala, M., Wiggins, A., Swanson, A., & Simmons, B. (2016). Asses-
sing data quality in citizen science. Frontiers in Ecology and the
Environment, 14, 551-560. https://doi.org/10.1002/fee.1436

Larson, C. L., Reed, S. E., Merenlender, A. M., & Crooks, K. R.
(2016). Effects of recreation on animals revealed as widespread
through a global systematic review. PLoS One, 11, 1-21. https://
doi.org/10.1371/journal.pone.0167259

Lennox, R. J., Harcourt, R., Bennett, J. R., Davies, A., Ford, A. T.,
Frey, R. M., Hayward, M. W., Hussey, N. E., Iverson, S. J.,
Kays, R., Kessel, S. T., Mcmahon, C., Muelbert, M.,
Murray, T. S., Nguyen, V. M., Pye, J. D., Roche, D. G,
Whoriskey, F. G., Young, N., & Cooke, S. J. (2020). A novel
framework to protect animal data in a world of ecosurveillance.
BioScience, 70, 468-476. https://doi.org/10.1093/biosci/biaa035

Lewandowski, E. J., & Oberhauser, K. S. (2017). Butterfly citizen
scientists in the United States increase their engagement in
conservation. Biological Conservation, 208, 106-112. https://doi.
0rg/10.1016/j.biocon.2015.07.029

Lin, H.-Y., Binley, A. D., Schuster, R., Rodewald, A. D,
Buxton, R. T., & Bennett, J. R. (2022). Using community science
data to help identify threatened species occurrences outside of
known ranges. Biological Conservation, 268, 109523.

Lindenmayer, D., & Scheele, B. (2017). Limiting open-access informa-
tion on rare and endangered species will help to protect them.
Science, 356, 800-801. https://doi.org/10.1126/science.aan1362

Mair, L., & Ruete, A. (2016). Explaining spatial variation in the
recording effort of citizen science data across multiple taxa. PLoS
One, 11, €0147796. https://doi.org/10.1371/journal.pone.0147796

Martin, T. G., Nally, S., Burbidge, A. A., Arnall, S., Garnett, S. T.,
Hayward, M. W., Lumsden, L. F., Menkhorst, P., Mcdonald-
Madden, E., & Possingham, H. P. (2012). Acting fast helps
avoid extinction. Conservation Letters, 5, 274-280. https://doi.
0rg/10.1111/j.1755-263X.2012.00239.x

McMillan, S. E., Dingle, C., Allcock, J. A., & Bonebrake, T. C.
(2020). Exotic animal cafes are increasingly home to threatened
biodiversity. Conservation Letters, 14, e12760. https://doi.org/
10.1111/conl.12760

Meeuwig, J. J., Harcourt, R. G., & Whoriskey, F. G. (2015). When
science places threatened species at risk. Conservation Letters,
8, 151-152. https://doi.org/10.1111/conl.12185


https://doi.org/10.1890/11-1614.1
https://doi.org/10.1890/11-1614.1
https://doi.org/10.2744/CCB-1384.1
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1146/annurev-ecolsys-102209-144636
https://doi.org/10.1017/S0959270920000155
https://doi.org/10.1139/facets-2016-0011
https://doi.org/10.1016/j.biocon.2016.10.014
https://doi.org/10.1016/j.biocon.2016.10.014
https://doi.org/10.1007/s11625-020-00833-7
https://doi.org/10.1111/1365-2664.13890
https://doi.org/10.1017/S0959270907000858
https://doi.org/10.1080/07438141.2012.736016
https://doi.org/10.1650/CONDOR-17-62.1
https://doi.org/10.1080/09640568.2013.875463
https://doi.org/10.1007/s13280-021-01550-w
https://doi.org/10.1002/fee.1436
https://doi.org/10.1371/journal.pone.0167259
https://doi.org/10.1371/journal.pone.0167259
https://doi.org/10.1093/biosci/biaa035
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.1126/science.aan1362
https://doi.org/10.1371/journal.pone.0147796
https://doi.org/10.1111/j.1755-263X.2012.00239.x
https://doi.org/10.1111/j.1755-263X.2012.00239.x
https://doi.org/10.1111/conl.12760
https://doi.org/10.1111/conl.12760
https://doi.org/10.1111/conl.12185

10 of 10 Wl LEY— Conservation Science and Practice -

SOROYE ET AL.

Ajournal of the Society for Conservation Biology

Morgan, J., & Chng, S. (2017). Rising internet-based trade in the crit-
ically endangered ploughshare tortoise Astrochelys yniphora in
Indonesia highlights need for improved enforcement of CITES.
Oryx, 52, 744-750. https://doi.org/10.1017/S003060531700031X

Ottinger, G. (2010). Buckets of resistance: Standards and the effec-
tiveness of citizen science. Science, Technology & Human
Values, 35, 244-270. https://doi.org/10.1177/0162243909337121

Parks Canada Agency. (2016). Multi-species action plan for Gwaii
Haanas National Park Reserve, National Marine Conservation
Area Reserve, and Haida Heritage Site. Species at Risk Act:
Action Plan Series. Parks Canada Agency.

Parks Canada Agency. (2020). Multi-species action plan for La Mauri-
cie National Park and National Historic Sites of La Mauricie and
Western Quebec regions. Species at Risk Act: Action Plan Series.
Parks Canada Agency.

Parsons, A. W., Goforth, C., Costello, R., & Kays, R. (2018). The
value of citizen science for ecological monitoring of mammals.
Peer], 6, e4536. https://doi.org/10.7717/peerj.4536

Quinn, A. (2021). Transparency and secrecy in citizen science: Les-
sons from herping. Studies in History and Philosophy of Science
Part A, 85, 208-217. https://doi.org/10.1016/j.shpsa.2020.10.010

Ries, L., & Oberhauser, K. (2015). A citizen army for science: Quan-
tifying the contributions of citizen scientists to our understand-
ing of monarch butterfly biology. BioScience, 65, 419-430.
https://doi.org/10.1093/biosci/biv011

Rosenberg, K. V., Blancher, P. J., Stanton, J. C., & Panjabi, A. O.
(2017). Use of North American breeding bird survey data in
avian conservation assessments. Condor, 119, 594-606. https://
doi.org/10.1650/CONDOR-17-57.1

Sanderson, C., Braby, M. F., & Bond, S. (2021). Butterflies Australia: A
national citizen science database for monitoring changes in the
distribution and abundance of Australian butterflies. Austral
Entomology, 60, 111-127. https://doi.org/10.1111/aen.12513

Shirk, J. L., Ballard, H. L., Wilderman, C. C., Phillips, T., Wiggins, A.,
Jordan, R., McCallie, E., Minarchek, M., Lewenstein, B. V.,
Krasny, M. E., & Bonney, R. (2012). Public participation in scien-
tific research: A framework for deliberate design. Ecology and
Society, 17, 29. https://doi.org/10.5751/ES-04705-170229

Skarlatidou, A., & Haklay, M. (2021). Geographic citizen science
design: No one left behind. UCL Press, 402 pp. https://doi.org/
10.14324/111.9781787356122

Sélymos, P., Matsuoka, S. M., Stralberg, D., Barker, N. K. S., &
Bayne, E. M. (2018). Phylogeny and species traits predict bird
detectability. Ecography, 41, 1595-1603. https://doi.org/10.
1111/ecog.03415

Soroye, P., Ahmed, N., & Kerr, J. T. (2018). Opportunistic citizen sci-
ence data transform understanding of species distributions, phe-
nology, and diversity gradients for global change research. Global
Change Biology, 24, 1-11. https://doi.org/10.1111/gcb.14358

Squires, T. M., Yuda, P., Akbar, P. G., Collar, N. J., Devenish, C.,
Taufiqurrahman, I, Wibowo, W. K., Winarni, N. L,
Yanuar, A., & Marsden, S. J. (2021). Citizen science rapidly
delivers extensive distribution data for birds in a key tropical
biodiversity area. Global Ecology and Conservation, 28, €01680.
https://doi.org/10.1016/j.gecco.2021.e01680

Stepenuck, G., & Green, L. T. (2015). Individual- and community-
level impacts of volunteer environmental monitoring: A

synthesis of peer-reviewed literature. Ecology and Society, 20,
1-16. https://doi.org/10.5751/ES-07329-200319

Sullivan, B. L., Aycrigg, J. L., Barry, J. H., Bonney, R. E., Bruns, N.,
Cooper, C. B., Damoulas, T., Dhondt, A. A., Dietterich, T.,
Farnsworth, A., Fink, D., Fitzpatrick, J. W., Fredericks, T.,
Gerbracht, J., Gomes, C., Hochachka, W. M., Iliff, M. J.,
Lagoze, C., & Kelling, S. (2014). The eBird enterprise: An inte-
grated approach to development and application of citizen sci-
ence. Biological Conservation, 169, 31-40.

Theobald, E. J., Ettinger, A. K., Burgess, H. K., DeBey, L. B,
Schmidt, N. R., Froehlich, H. E. Wagner, C,
HilleRisLambers, J., Tewksbury, J., Harsch, M. A, &
Parrish, J. K. (2015). Global change and local solutions: Tap-
ping the unrealized potential of citizen science for biodiversity
research. Biological Conservation, 181, 236-244. https://doi.org/
10.1016/j.biocon.2014.10.021

Troudet, J., Grandcolas, P., Blin, A., Vignes-Lebbe, R., &
Legendre, F. (2017). Taxonomic bias in biodiversity data and
societal preferences. Scientific Reports, 7, 9123. https://doi.org/
10.1038/s41598-017-09084-6

Trumbull, D. J., Bonney, R., Bascom, D., & Cabral, A. (2000).
Thinking scientifically during participation in a citizen-science
project. Science Education, 84, 265-275. https://doi.org/10.
1002/(SICI)1098-237X(200003)84:2<265::AID-SCE7>3.0.CO;2-5

van der Wal, R, Sharma, N., Mellish, C., Robinson, A., &
Siddharthan, A. (2016). The role of automated feedback in
training and retaining biological recorders for citizen science.
Conservation Biology, 30, 550-561. https://doi.org/10.1111/cobi.
12705

Zhang, G. (2020). Spatial and temporal patterns in volunteer data
contribution activities: A case study of eBird. ISPRS Interna-
tional Journal of Geo-Information, 9(10), 597. https://doi.org/10.
3390/ijgi9100597s

Zuckerberg, B., Fink, D., La Sorte, F. A., Hochachka, W. M., &
Kelling, S. (2016). Novel seasonal land cover associations for
eastern North American forest birds identified through
dynamic species distribution modelling. Diversity and Distribu-
tions, 22, 717-730. https://doi.org/10.1111/ddi.12428

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Soroye, P., Edwards,
B. P. M., Buxton, R. T., Ethier, J. P., Frempong-
Manso, A., Keefe, H. E., Berberi, A., Roach-
Krajewski, M., Binley, A. D., Vincent, J. G., Lin,
H.-Y., Cooke, S. J., & Bennett, J. R. (2022). The
risks and rewards of community science for
threatened species monitoring. Conservation
Science and Practice, €12788. https://doi.org/10.

1111/csp2.12788



https://doi.org/10.1017/S003060531700031X
https://doi.org/10.1177/0162243909337121
https://doi.org/10.7717/peerj.4536
https://doi.org/10.1016/j.shpsa.2020.10.010
https://doi.org/10.1093/biosci/biv011
https://doi.org/10.1650/CONDOR-17-57.1
https://doi.org/10.1650/CONDOR-17-57.1
https://doi.org/10.1111/aen.12513
https://doi.org/10.5751/ES-04705-170229
https://doi.org/10.14324/111.9781787356122
https://doi.org/10.14324/111.9781787356122
https://doi.org/10.1111/ecog.03415
https://doi.org/10.1111/ecog.03415
https://doi.org/10.1111/gcb.14358
https://doi.org/10.1016/j.gecco.2021.e01680
https://doi.org/10.5751/ES-07329-200319
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.1038/s41598-017-09084-6
https://doi.org/10.1038/s41598-017-09084-6
https://doi.org/10.1002/(SICI)1098-237X(200003)84:2%3C265::AID-SCE7%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1098-237X(200003)84:2%3C265::AID-SCE7%3E3.0.CO;2-5
https://doi.org/10.1111/cobi.12705
https://doi.org/10.1111/cobi.12705
https://doi.org/10.3390/ijgi9100597s
https://doi.org/10.3390/ijgi9100597s
https://doi.org/10.1111/ddi.12428
https://doi.org/10.1111/csp2.12788
https://doi.org/10.1111/csp2.12788

	The risks and rewards of community science for threatened species monitoring
	1  INTRODUCTION
	2  RISKS
	2.1  Reliability of data
	2.2  Increased risk to threatened species

	3  REWARDS
	3.1  Increasing the scope of threatened species monitoring
	3.2  Inspiring conservation advocacy
	3.3  Contributing to policy and action
	3.3.1  Examples from Canada


	4  RECOMMENDATIONS
	4.1  Provide training and information to community scientists
	4.2  Incorporate rigorous data quality protocols
	4.3  Develop plans for use, access, and security of threatened species data
	4.4  Foster connections with local communities

	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY
	REFERENCES


