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Abstract

Orthopterans are commonly encountered in rural, suburban, and ur-
ban landscapes and have charismatic songs that attract the public’s atten-
tion. These are ideal organisms for connecting the public with science and
critical concepts in ecology and evolution, such as habitat conservation
and climate change. In this review, we provide an overview of community
science and review community science in orthopterans. Best practices for
orthopteran community science are provided, with a focus on audio re-
cordings and highlighting new ways in which scientists who study orthop-
terans can engage in community science.

Before the modern era, scientific discovery was commonly made by
people who were not scientists by profession (Brenna 2011, Miller-Rushing
et al. 2012). This began to change in the middle of the nineteenth cen-
tury when science became highly academic, with greater “gatekeeping” of
knowledge, and data collection became increasingly expensive. As a re-
sult, much of the knowledge gained during that time has been effectively
withheld from non-scientists in difficult-to-obtain scientific journals, and
there were few opportunities for the public to directly engage with scien-
tific research. In recent years, there has been a concerted effort from the
scientific community to change the way we engage with the public. These
“citizen” or “community” science projects are filling gaps in the modern
approach to scientific inquiry (Jordan et al. 2012, Toomey and Domroese
2013, Johnson et al. 2014). Here, we provide an overview of community
science and highlight the exciting and unique role that community science
can play in orthopteran research. We focus on how acoustic surveys can be
used to study orthopteran biodiversity, provide best practices for orthop-
teran community science, and suggest future avenues for research.
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The importance of community science

Community science refers to the participation of people who
are not professional scientists in scientific inquiry through the col-
lection, analysis, and interpretation of scientific data (Jordan et al.
2012, Toomey and Domroese 2013, Johnson et al. 2014). There are
typically two main avenues for community science, which we will
refer to as “guided” and “open.” In guided community science stud-
ies, scientists lead the data collection, usually using an established
protocol, with varying degrees of input from local volunteers and
organizations. In these studies, community scientists work directly
with researchers or in tandem with them on web platforms such
as Zooniverse (https://www.zooniverse.org/). In open community
science studies, data are generated largely by individuals working
independently and are then recorded and shared through social
media or apps such as iNaturalist (https://www.inaturalist.org/;
Paiero et al. 2020, Skejo et al. 2020b, Kasalo et al. 2021a, 2021b,
Trewick 2021). These internet-based forums provide anyone with a
smartphone or computer the ability to add to a collective database
that is accessible by scientists and nonscientists everywhere.

Community science is changing the way scientists can collect
data, increasing both their resources and reach (Silvertown 2009,
Jordan et al. 2015). Although community science initiatives usually
provide fine-scale data at a local level, they can cover large regions
collectively (Theobald et al. 2015). This allows community science
projects to gather much more data than a small group of scientists
would alone (Pococketal. 2015, Kalab et al. 2021). For example, or-
ganized initiatives led by passionate amateur scientists are valuable
in tracking changes in populations over time (Pocock et al. 2015).
Locals have the ability to record data year-round, which would be
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difficult and costly for scientists who are based far from their study
sites (Kalab et al. 2021). Moreover, local knowledge of an area can
be invaluable to scientists conducting fieldwork (Penone et al.
2013, Medin and Bang 2014). The geographic scale and depth of
community science surveys are particularly valuable in the context
of anthropogenic change—the scale and speed at which humans
are impacting biodiversity require the collection of as much data as
possible as quickly as possible (Theobald et al. 2015). Community
science initiatives have been successful in monitoring conservation
efforts (Barlow et al. 2015, Kallimanis et al. 2017), sighting species
thought to be extinct (Woller and Hill 2015, Buzzetti et al. 2021),
discovering new species (Kasalo et al. 2021b, Trewick 2021), locat-
ing occurrences of range expansion (Beckmann 2017, Paiero et al.
2020, Kaldb et al. 2021), and invasive species (Okayasu et al. 2020,
Ahnelt et al. 2021, Kasalo et al. 2021a). In some taxa, most newly
discovered species are first described by people who are not profes-
sional scientists (Fontaine et al. 2021).

Community science is equally important for promoting pub-
lic engagement with science. Community science provides people
with a way to have meaningful scientific experiences that translate
into significant and lasting learning. Moreover, community sci-
ence makes the scientific experience more accessible to members
of historically marginalized groups (Skejo et al. 2020b) and in un-
derserved classrooms (Fiske et al. 2019, Roche et al. 2020). A focus
on justice, equity, diversity, and inclusion in community science
can also bring added value to the research. For example, involving
indigenous peoples in research based on their native lands brings
immense value to the quality of the research through the provi-
sion of differing perspectives and contexts (Kimmerer 2002, 2013)
and to the consideration and preservation of indigenous cultures
(Medin and Bang 2014).

Community science in orthopteran research

Orthopterans are familiar occupants of rural and suburban
backyards as well as urban parks and vacant lots, providing an
acoustic backdrop to summer. These are the ideal organisms to
connect the public to science and to critical concepts in ecology
and evolution, such as habitat conservation and climate change.
Insects make up one of the largest shares of the Earth’s biodiversity,
but recent reports on severe insect declines are alarming (Sanchez-
Bayo and Wyckhuys 2019). Because of their short life cycles and, in
some species, specialization in habitat, food source, and egg-lay-
ing, insects are excellent indicators of climate change (Riede 1998,
Jeliazkov et al. 2016, Beckmann 2017). For most insects, we still
have too little information about extant biodiversity to understand
the causes and consequences of population declines (Saunders et
al. 2019). Due to their ubiquity and sensitivity to climate change,
orthopterans are particularly important organisms for climate
change research (Fartmann et al. 2012, Loffler et al. 2019). Contin-
uous monitoring through organized citizen science can contribute
to long-term datasets that will help to track changes in biodiversity,
while providing the public with meaningful science experiences
(Basset and Lamarre 2019). Currently, there are 1,128,486 records
on iNaturalist that are accompanied by photographs and observa-
tion localities for 5,732 orthopteran species (iNaturalist, available
from https://www.inaturalist.org. Accessed July 14, 2022).

Because many male orthopterans sing to attract mates, com-
munity science studies quantifying species richness, abundance,
and emergence times in Orthoptera are relatively simple. Species
can be identified by their acoustic profiles, and acoustic survey
data can be recorded from trails and roadsides (Fischer et al. 1997,

Riede 1998, Penone et al. 2013, Jeliazkov et al. 2016, McNeil and
Grozinger 2020, Paiero et al. 2020, Kaldb et al. 2021). This is par-
ticularly useful in fragile habitats or for threatened species, where
scientists must balance effective monitoring with reducing disrup-
tion in conservation spaces (Moran et al. 2014, McNeil and Gro-
zinger 2020). New technologies in acoustic monitoring allow for
large-scale monitoring of singing insects, which provides an easier,
less time-consuming means of estimating metrics such as species
abundance and richness. Community scientists can sustainably
crowdsource this vital information in a way that scientists are not
able to do using a traditional approach or photographs alone.

Nearly 85% of the world’s population owns a smartphone
(Turner 2018). Every smartphone has audio and video recording,
GPS, and internet capabilities, placing these tools for data collec-
tion, storage, and transmission at the fingertips of most people
on the planet. Highly accurate new tools, such as TADARIDA (a
Toolbox for Animal Detection in Acoustic Recordings Integrating
Discriminant Analysis) and Al, make using the vast quantities of
acoustic and photographic data generated by community scien-
tists useful on a massive scale (Bas 2016, Kasalo et al. 2021b). In
the case of acoustic monitoring, data for many different species
across taxa can be captured and analyzed from a single recording,
a practice that could further utilize existing recordings, increase
the rate of new data collection, decrease costs, and encourage
collaboration (Jeliazkov et al. 2016, Newson et al. 2017). Smart-
phone technology also allows us to easily record data that is out-
side the normal human sensory range, which provides a means
to detect species that might otherwise go unnoticed (Moran et al.
2014). Community science acoustic monitoring is currently being
used at a nationwide scale in some locations and taxa (e.g., FrogID
(Rowley et al. 2019, Rowley and Callaghan 2020); North American
Breeding Bird Survey, USGS Patuxent Wildlife Research Center and
Environment Canada’s Canadian Wildlife Survey).

We reviewed 14 studies that used community science in or-
thopteran research (Table 1) and found examples of both guided
(43%) and open (50%) community science, with the remaining
7% unclear. Research spanned orthopteran taxa with most major
groups being represented, including grasshoppers, crickets, katy-
dids, and wetas; however, taxonomic diversity within each of those
groups is relatively limited to new or invasive species (Table 1).
For guided studies, the number of participants was small, with
groups of less than 15 people. In open community science stud-
ies, the number of non-professionals who participated was typi-
cally not included. In most studies, participants helped collect
photographic and/or acoustic data. Acoustic monitoring orthop-
teran community science initiatives are still underutilized. Only
four of the studies we found used community-collected acoustic
data (Penone et al. 2013, Jeliazkov et al. 2016, Newson et al. 2017,
Kalab et al. 2021), while the other 10 primarily used photographs,
social media, field collection, or a combination of methods to
achieve their aims. All 14 studies we surveyed addressed questions
of species richness, species abundance, novel/threatened species
identification, range changes/expansion, invasive species, and en-
vironmental factors impacting species.

We wanted to highlight one ongoing orthoptera research project
that addresses experimental evolution questions using community-
analyzed data. The Cricket Wing (https://www.zooniverse.org/proj-
ects/marywestwood/the-cricket-wing, Box 1) uses an online platform
to host a large dataset of images that are analyzed by the public. This
type of online, large-scale data analysis community science provides
an alternative to field collection projects and another exciting avenue
to expand research participation and speed up scientific discovery.

JOURNAL OF ORTHOPTERA RESEARCH 2023, 32(2)


https://www.inaturalist.org
https://www.zooniverse.org/projects/marywestwood/the-cricket-wing
https://www.zooniverse.org/projects/marywestwood/the-cricket-wing

A.R. BYERLY, T.J. FIRNENO JR., R. BEARD AND E.L. LARSON 111

Table 1. Published research on orthopterans that has included a community science element.

Type Country Organism Number of Involvement type Question type(s) Authors
participants
Guided France 11 species of bush crickets 10 Roadside acoustic data Species richness; (Penone et al. 2013,
(Tettigoniidae family) individuals collection species abundance;  Jeliazkov et al. 2016)
environmental factors

Guided  Germany  Oak bush-cricket (Meconematinae ~8 Photograph collection; social Range expansion (Ahnelt et al. 2021)
family) individuals media

Guided United  Bush Crickets (Tettigoniidae family) Not reported  Placement of static acoustic Species richness (Newson et al. 2017)
Kingdom Sensors

Guided Japan Pink-winged grasshopper Not reported Field specimen collection Invasive species (Okayasu et al. 2020)

(Pyrgomorphidae family)

Guided United States Camel crickets (Rhaphidophoridae Not reported Photograph collection; specimen  Invasive species (Epps et al. 2014)

family) collection; social media; survey

Guided United States  Grasshopper (Acrididae family) ~ Notreported —Transcription of field journals ~ Rare species record ~ (Woller and Hill 2015)

Open Australia Pygmy grasshoppers (Tetrigidae 8 individuals  Photograph collection; social Rare species record  (Skejo et al. 2020b)
family) media
Open Canada  Red-headed bush cricket and restless ~15 Photograph collection; social Range expansion (Paiero et al. 2020)
bush cricket (Gryllidae family) individuals media
Open United Conocephalus discolor and 2000+ Photograph collection Range expansion; (Beckmann 2017)
Kingdom Metrioptera roeselii people environmental factors
Open  United States Acrididae and Romaleidae families Not reported = Photograph collection; social Species richness; (Harman et al. 2022)
media species abundance
Open  United States Japanese burrowing cricket Not reported  Photograph collection; social Invasive species; (Bowles 2018)
(Gryllidae family) media range expansion
Open  New Zealand Ground weta (Anostostomatidae  Not reported  Photograph collection; social New species (Trewick 2021)
family) media identification
Open Madagascar Southern Devils pygmy grasshopper 4 individuals Photograph collection; social New species (Skejo et al. 2020a)
(Tetrigidae family) media identification
Not Czech Bush crickets (Tettigoniidae family) Not reported Photograph and acoustic Range expansion (Kalab et al. 2021)

reported  Republic

collection; social media

Box 1. Orthopteran Community Science in Action: The Cricket Wing.

The Cricket Wing is an ongoing community science initiative and delves into how noise pollution impacts cricket physiology. Because singing and
hearing are essential for cricket, and more broadly, orthopteran reproduction, noise pollution can have negative impacts on these organisms. Very
little is currently known about how noise pollution impacts orthopterans, especially with regards to their physiology. Specifically, the research
underlying The Cricket Wing aims to understand how traffic noise affects immune and reproductive traits.

f Experimental Crickets \
$\ CKE,

To date, the lab group running The Cricket Wing has generated two datasets: (i) 12,304 images of live and
dead sperm cells to measure reproductive traits; and (ii) 1917 images of immune cells (hemocytes) to
measure immune traits. The Cricket Wing, via the Zooniverse platform, engages participants from the
community to count live and dead sperm and hemocytes in their respective images. To control for biases and
error, each image is “classified” ten different times by participants before final numbers for each image are

%
= % recorded. Guides and tutorials are provided to community participants for the different tasks carried out on
(=
) = the site. An open chat forum (“The Cricket Wing Talk”) is available for participants, scientists, and developers
o ~
SPe"“COUNmQ <o & HemocvneCounnng of the site to troubleshoot issues and discuss the broader science behind the project. Since it launched on
210 N \N

May 10, 2022, The Cricket Wing has registered 700 participants who completed a total of 38,497

classifications (37,356 sperm and 1141 hemocyte counts) to date (Accessed July 14, 2022).

The Cricket Wing is an excellent, real-time example of how community participants can engage in
Community Partcipants orthopteran research, as well as in broad evolutionary questions. It uses a guided community science
approach and follows many of the best practices that we have outlined in the main text. The Cricket Wing
is a way to engage the community in novel research, educate a broader, non-scientific audience about evolutionary theory, and demonstrate how
scientific data collection works. Currently, The Cricket Wing is being extended and utilized in outreach at the high school level. The developers and
collaborators also plan to extend the scope to other evolutionary questions, such as rapid adaptation through song analysis and machine learning.
The Cricket Wing is led by Dr. Robin Tinghitella’s lab group (including Dr. Tinghitella, Dr. Mary Westwood, Gabrielle Welsh, and Sophia Anner) at

the University of Denver and Dr. Sarah Reece’s lab group (including Dr. Reece and Dr. Aidan O’Donnell) at the University of Edinburgh. To learn

more about The Cricket Wing, visit https://www.zooniverse.org/projects/marywestwood/the-cricket-wing.
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Best practices for community science in orthoptera research

Despite the opportunities for community science in orthop-
teran research, there are very few organized, long-term community
science programs that focus on these organisms (Burton 2003,
Fartmann et al. 2012, Newson et al. 2017, Loffler et al. 2019). With
this in mind, we propose some best practices for creating effec-
tive community science programs in Orthopteran research. This
is not meant to be an exhaustive list but rather a starting point to
increase awareness, accuracy, and utility.

1. Develop guided community science projects. In gen-
eral, we recommend guided studies for most avenues of research.
Guided studies have been shown to be better suited for some re-
search questions, such as evaluating species abundance (Penone et
al. 2013). We also recommend a guided approach because it can
be the best way to actively engage with community scientists and
provide a more meaningful research experience.

2. Develop clear and concise protocols. Studies have shown
that clear, concise protocols are critical for guided studies (Matteson
etal. 2012, Penone et al. 2013). Below, we outline some suggestions
for information that should be included in the protocol.

2.1. Plan how community scientists will access
study organisms. Locals, naturalists, and professional
scientists have concerns regarding the damage that nu-
merous untrained visitors can do to fragile ecosystems
(Moran et al. 2014). Community science protocols
should account for the frequency and manner in which
community scientists will access a research area. Proto-
cols should also include guides for how and where to find
the study species.

2.2, Include details of how data should be record-
ed and stored. For acoustics, this would entail includ-
ing instructions on how to record sound, recommended
recording distance, and length of time of recording. This
would also include detailing any and all notes, such as
locality information, date and time of observation, and
general notes on habitat. A plan would also be included
for how data might be backed up or shared in a reposi-
tory such as Google Drive or Dropbox, website submis-
sion, or an app like iNaturalist.

2.3. Use automated processes to record data when
possible. Automating data collection using a smartphone
app can reduce recording errors. Zilli et al. (2014) de-
signed and deployed a smartphone app that uses acoustic
data to identify specific species in real time. When design-
ing apps for use by non-scientists, mimicking the design
of existing popular apps (i.e., Shazam) can increase user
uptake and engagement (Moran et al. 2014).

3. Provide instructional resources. In guided studies,
workshops, online tutorials, fieldnotes, and/or video demonstra-
tions should be used to provide training to volunteers (Barlow et
al. 2015). In the case of collecting acoustic data, example audio
recordings of the subject specie(s) are helpful to participants. In
studies that require volunteers to make identifications, it is helpful
to include an “unsure” column to reduce guessing when partici-
pants are uncertain (Barlow et al. 2015).

4. Engage with community scientists and the general
public. Engaging with community scientists and the general pub-
lic is of paramount importance when conducting community sci-
ence initiatives and provides a more meaningful learning experi-
ence to the research project. This can be done during and after

community science initiatives and can take the form of websites,
discussion forums, organized “walks” to identify species, and
public talks in which results are disseminated to community par-
ticipants in the project. Ultimately, community science is great for
collecting and processing large amounts of data, but professional
scientists should also keep the goal of contributing to public sci-
entific literacy at the forefront.

5. Provide opportunities for practice. The extent, dura-
tion, and mode of participant training all have effects on the qual-
ity of community science data (Galloway et al. 2006, Delaney et al.
2008, Fitzpatrick et al. 2009, Jiguet 2009, Schmeller et al. 2009).
Conducting practice data collection with groups of participants or
tutorials that outline methods for data collection can improve the
quality of the data being generated.

6.  Build replication into data collection. Error and bias
due to variations in observer quality, along with differing ap-
proaches to data collection, can impact the validity of commu-
nity science data and subsequent analysis. Several studies have
shown how different approaches to the same community sci-
ence datasets can yield different results and lead scientists to
variable conclusions (Bas 2016, Kasalo et al. 2021b). Specifically
with respect to the acoustic monitoring of frogs, researchers
have found broad inter-observer variation in species identifica-
tion and have suggested that this should be controlled for in
either the sample design or during data analysis (de Solla et al.
2005, Weir et al. 2005, Lotz and Allen 2007, Pierce and Gutz-
willer 2007). To mitigate these biases in studies that use com-
munity science data, it may be helpful to collect data based on
two or more independent observers. For example, for acoustic
surveying, have more than one person survey/cover a specific
location/area or, in cases where measurements are being taken
via a web platform, have several people measure the same thing
to add replication to the measurement.

7. Plan for sampling bias. Sampling biases due to the
temporal and spatial heterogeneity of the data collection can
also be issues within community science-generated datasets.
Both types of sampling biases can add their own set of issues
to downstream analyses, as can trying to correct or account for
these biases either before and/or after data collection (Harris
and Haskell 2007, Niemuth et al. 2007, Dunn and Weston 2008,
Dickinson et al. 2010). Researchers using community science
data are recognizing that, like working with laboratory or sci-
entifically generated data, there is a learning curve to working
with community science-generated datasets and that issues of
bias and error within the data must be addressed in a question-
specific manner. Ultimately, finding and achieving the most ap-
propriate balance between analytical techniques, community
science-generated/analyzed datasets, and a given research ques-
tion is a very active area of research.

Conclusions

Community science projects are quickly increasing in num-
ber but are drastically underutilized in scientific literature
(Theobald et al. 2015). In Orthoptera, projects using acoustic
data recorded by community scientists can help answer ques-
tions related to species abundance, species richness, emergence
time, and changes in range and distribution due to anthropo-
genic change (Penone et al. 2013); however we were only able
to locate 14 published studies that specifically mentioned the
use of community science in their methods and only four of
which used acoustic monitoring. Community science is growing
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in popularity and provides many benefits, including increasing
scientific knowledge and engaging the general public, enhanc-
ing conservation, and providing much-needed work hours to ad-
vance research goals. However, these benefits can be outweighed
by damage to fragile ecosystems and threatened wildlife if par-
ticipants are not properly trained. Thus, it appears that commu-
nity science, as with the natural world it surveys, requires bal-
ance to be sustainable. Because they are easily identified through
mating song, Orthoptera species provide excellent study systems
for achieving all of these goals from distances that can help pro-
tect vulnerable habitats.

Acknowledgements

We would like to thank The Cricket Wing Team—Mary West-
wood, Gabrielle Welsh, Sophia Anner, Robin Tinghitella, Sarah
Reece, and Aiden O’Donnell—for letting us highlight their com-
munity science project. We would also like to thank Shannon
Murphy, Jonathan Velotta, and members of the Larson, Tinghitel-
la, and Velotta Labs for their helpful feedback. This work was fund-
ed by Orthopterists” Society Theodore J. Cohn Research Awards
to ARB and TJE an award from the Society of Systematic Biolo-
gists to ARB, and National Science Foundation grants to TJF (DBI
2208825) and ELL (DEB 2012041).

References

Ahnelt H, Pleitner S, Schulz B (2021) First records of the Oak bush-cricket
Meconema thalassinum on three German North Sea islands (Orthop-
tera: Ensifera, Tettigoniidae). Fragmenta Entomologica 53: 81-84.

Barlow KE, Briggs PA, Haysom KA, Hutson AM, Lechiara NL, Racey PA,
Walsh AL, Langton SD (2015) Citizen science reveals trends in bat
populations: The national bat monitoring programme in Great Brit-
ain. Biological Conservation 182: 14-26. https://doi.org/10.1016/j.
biocon.2014.11.022

Basset Y, Lamarre GPA (2019) Toward a world that values insects. Science
364: 1230-1231. https://doi.org/10.1126/science.aaw7071

Bas Y (2016) Manual_Tadarida-L.odt at master - YvesBas/Tadarida-L.
Github. https://github.com/YvesBas/Tadarida-C [April 24, 2022]

Beckmann B (2017) Using citizen science data to reveal the role of ecologi-
cal processes in range changes of grasshoppers and crickets in Britain.
PhD Dissertation. University of York. https://doi.org/10.1371/jour-
nal.pone.0130488

Bowles DE (2018) Introduced Japanese burrowing cricket (Orthoptera:
Gryllidae: Velarifictorus (Velarifictorus) micado) range continues to ex-
pand in North America. Journal of Orthoptera Research 27: 177-181.
https://doi.org/10.3897/jor.27.29067

Brenna B (2011) Clergymen abiding in the fields: The making of the natural-
ist observer in eighteenth-century Norwegian natural history. Science
in Context 24: 143-166. https://doi.org/10.1017/S0269889711000044

Burton JF (2003) The apparent influence of climatic change on recent
changes of range by European insects (Lepidoptera, Orthoptera).
https://repository.naturalis.nl/pub/219849 [April 24, 2022]

Buzzetti FM, Loru L, Fiori MAF (2021) Emerging from presumed extinc-
tion: Updated distribution and conservation of Uromenus annae (Tar-
gioni-Tozzetti 1881), endemism of Sardinia (Orthoptera, Tettigoni-
idae). https://doi.org/10.3390/IECE-10369

Delaney DG, Sperling CD, Adams CS, Leung B (2008) Marine invasive
species: Validation of citizen science and implications for national
monitoring networks. Biological Invasions 10: 117-128. https://doi.
0rg/10.1007/$10530-007-9114-0

Dickinson JL, Zuckerberg B, Bonter DN (2010) Citizen science as an eco-
logical research tool: challenges and benefits. Annual review of Ecolo-
gy, Evolution, and Systematics 41: 149-172. https://doi.org/10.1146/
annurev-ecolsys-102209-144636

Dunn AM, Weston MA (2008) A review of terrestrial bird atlases of the
world and their application. Emu - Austral Ornithology 108: 42-67.
https://doi.org/10.1071/MU07034

Epps MJ, Menninger HL, LaSala N, Dunn RR (2014) Too big to be noticed:
cryptic invasion of Asian camel crickets in North American houses.
Peer] 2: e523. https://doi.org/10.7717/peerj.523

Fartmann T, Krimer B, Stelzner F Poniatowski D (2012) Orthoptera as
ecological indicators for succession in steppe grassland. Ecological In-
dicators 20: 337-344. https://doi.org/10.1016/j.ecolind.2012.03.002

Fischer FP, Schulz U, Schubert H, Knapp P, Schmoger M (1997) Quantita-
tive assessment of grassland quality: Acoustic determination of popu-
lation sizes of orthopteran indicator species. Ecological Applications
7: 909-920. https://doi.org/10.1890/1051-0761(1997)007[0909:QA
OGQAJ2.0.CO;2

Fiske A, Prainsack B, Buyx A (2019) Meeting the needs of underserved pop-
ulations: setting the agenda for more inclusive citizen science of med-
icine. Journal of Medical Ethics 45: 617-622. https://doi.org/10.1136/
medethics-2018-105253

Fitzpatrick MC, Preisser EL, Ellison AM, Elkinton JS (2009) Observer bias
and the detection of low-density populations. Ecological Applica-
tions 19: 1673-1679. https://doi.org/10.1890/09-0265.1

Fontaine C, Fontaine B, Prévot A-C (2021) Do amateurs and citizen science
fill the gaps left by scientists? Current Opinion in Insect Science 46:
83-87. https://doi.org/10.1016/j.cois.2021.03.001

Galloway AWE, Tudor MT, Matthew Vander Haegen W (2006) The reli-
ability of citizen science: A case study of Oregon white oak stand
surveys. Wildlife Society Bulletin 34: 1425-1429. https://doi.
org/10.2193/0091-7648(2006)34[1425:TROCSA]2.0.CO;2

Harman AJ, Brust ML, Royer TA, Mulder P, Wyatt Hoback W (2022) New
state and county records of short-horned grasshoppers (Orthoptera:
Acrididae and Romaleidae) in Oklahoma. Southwestern Entomolo-
gist 47: 1-26. https://doi.org/10.3958/059.047.0101

Harris JBC, Haskell DG (2007) Land cover sampling biases associated with
roadside bird surveys. Avian Conservation and Ecology 2: 12. https://
doi.org/10.5751/ACE-00201-020212

Jeliazkov A, Bas Y, Kerbiriou C, Julien J-E Penone C, Le Viol I (2016) Large-
scale semi-automated acoustic monitoring allows to detect temporal
decline of bush-crickets. Global Ecology and Conservation 6: 208-
218. https://doi.org/10.1016/j.gecco.2016.02.008

Jiguet F (2009) Method learning caused a first-time observer effect
in a newly started breeding bird survey. Bird study: The Jour-
nal of the British Trust for Ornithology 56: 253-258. https://doi.
0rg/10.1080/00063650902791991

Johnson MF, Hannah C, Acton L, Popovici R, Karanth KK, Weinthal E
(2014) Network environmentalism: citizen scientists as agents for en-
vironmental advocacy. Global Environmental Change: Human and
Policy Dimensions 29: 235-245. https://doi.org/10.1016/j.gloenv-
cha.2014.10.006

Jordan R, Crall A, Gray S, Phillips T, Mellor D (2015) Citizen science
as a distinct field of inquiry. Bioscience 65: 208-211. https://doi.
org/10.1093/biosci/biu217

Jordan RC, Ballard HL, Phillips TB (2012) Key issues and new approaches
for evaluating citizen-science learning outcomes. Frontiers in Ecology
and the Environment 10: 307-309. https://doi.org/10.1890/110280

Kalab O, Pyszko P, Koc¢arek P (2021) Estimation of the recent expansion
rate of Ruspolia nitidula (Orthoptera) on a regional and landscape
scale. Insects 12: e639. https://doi.org/10.3390/insects 12070639

Kallimanis AS, Panitsa M, Dimopoulos P (2017) Quality of non-expert
citizen science data collected for habitat type conservation status as-
sessment in Natura 2000 protected areas. Scientific Reports 7: e8873.
https://doi.org/10.1038/s41598-017-09316-9

Kasalo N, Topi¢ M, Tarandek A (2021a) The first record of the peacock
fly Callopistromyia annulipes Macquart, 1855 (Diptera: Ulidiidae) In
Croatia Revealed By Social Media. Natura Croatica: Periodicum Musei
Historiae Naturalis Croatici 30: 523-528. https://doi.org/10.20302/
NC.2021.30.36

Kasalo N, Deranja M, Adzi¢ K, Sindaco R, Skejo J (2021b) Discovering in-
sect species based on photographs only: The case of a nameless species

JOURNAL OF ORTHOPTERA RESEARCH 2023, 32(2)


https://doi.org/10.1016/j.biocon.2014.11.022
https://doi.org/10.1016/j.biocon.2014.11.022
https://doi.org/10.1126/science.aaw7071
https://github.com/YvesBas/Tadarida-C
https://doi.org/10.1371/journal.pone.0130488
https://doi.org/10.1371/journal.pone.0130488
https://doi.org/10.3897/jor.27.29067
https://doi.org/10.1017/S0269889711000044
https://repository.naturalis.nl/pub/219849
https://doi.org/10.3390/IECE-10369
https://doi.org/10.1007/s10530-007-9114-0
https://doi.org/10.1007/s10530-007-9114-0
https://doi.org/10.1146/annurev-ecolsys-102209-144636
https://doi.org/10.1146/annurev-ecolsys-102209-144636
https://doi.org/10.1071/MU07034
https://doi.org/10.7717/peerj.523
https://doi.org/10.1016/j.ecolind.2012.03.002
https://doi.org/10.1890/1051-0761(1997)007%5B0909:QAOGQA%5D2.0.CO;2
https://doi.org/10.1890/1051-0761(1997)007%5B0909:QAOGQA%5D2.0.CO;2
https://doi.org/10.1136/medethics-2018-105253
https://doi.org/10.1136/medethics-2018-105253
https://doi.org/10.1890/09-0265.1
https://doi.org/10.1016/j.cois.2021.03.001
https://doi.org/10.2193/0091-7648(2006)34%5B1425:TROCSA%5D2.0.CO;2
https://doi.org/10.2193/0091-7648(2006)34%5B1425:TROCSA%5D2.0.CO;2
https://doi.org/10.3958/059.047.0101
https://doi.org/10.5751/ACE-00201-020212
https://doi.org/10.5751/ACE-00201-020212
https://doi.org/10.1016/j.gecco.2016.02.008
https://doi.org/10.1080/00063650902791991
https://doi.org/10.1080/00063650902791991
https://doi.org/10.1016/j.gloenvcha.2014.10.006
https://doi.org/10.1016/j.gloenvcha.2014.10.006
https://doi.org/10.1093/biosci/biu217
https://doi.org/10.1093/biosci/biu217
https://doi.org/10.1890/110280
https://doi.org/10.3390/insects12070639
https://doi.org/10.1038/s41598-017-09316-9
https://doi.org/10.20302/NC.2021.30.36
https://doi.org/10.20302/NC.2021.30.36

114

A.R. BYERLY, T.J. FIRNENO JR,,

R. BEARD AND E.L. LARSON

of the genus Scaria (Orthoptera: Tetrigidae). Journal of Orthoptera
Research 30: 173-184. https://doi.org/10.3897/jor.30.65885

Kimmerer R (2013) Braiding Sweetgrass: Indigenous Wisdom, Scientific
Knowledge and the Teachings of Plants. Milkweed Editions, 320 pp.

Kimmerer RW (2002) Weaving traditional ecological knowledge into bio-
logical education: A call to action. Bioscience 52: 432-438. https://
doi.org/10.1641/0006-3568(2002)052[0432:WTEKIB]2.0.CO;2

Loffler E Poniatowski D, Fartmann T (2019) Orthoptera community shifts
in response to land-use and climate change—Lessons from a long-
term study across different grassland habitats. Biological Conserva-
tion 236: 315-323. https://doi.org/10.1016/j.biocon.2019.05.058

Lotz A, Allen CR (2007) Observer bias in anuran call surveys. The
Journal of Wildlife Management 71: 675-679. https://doi.
0rg/10.2193/2005-759

Matteson KC, Taron DJ, Minor ES (2012) Assessing citizen contributions
to butterfly monitoring in two large cities. Conservation Biology 26:
557-564. https://doi.org/10.1111/j.1523-1739.2012.01825 x

McNeil DJ, Grozinger CM (2020) Singing in the suburbs: point count sur-
veys efficiently reveal habitat associations for nocturnal Orthoptera
across an urban-to-rural gradient. Journal of Insect Conservation 24:
1031-1043. https://doi.org/10.1007/s10841-020-00273-9

Medin DL, Bang M (2014) The cultural side of science communication.
Proceedings of the National Academy of Sciences of the United States
of America 111 Suppl 4: 13621-13626. https://doi.org/10.1073/
pnas.1317510111

Miller-Rushing A, Primack R, Bonney R (2012) The history of public par-
ticipation in ecological research. Frontiers in Ecology and the Envi-
ronment 10: 285-290. https://doi.org/10.1890/110278

Moran S, Pantidi N, Rodden T, Chamberlain A, Griffiths C, Zilli D, Merrett
G, Rogers A (2014) Listening to the forest and its curators: lessons
learnt from a bioacoustic smartphone application deployment. Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing
Systems. CHI '14. Association for Computing Machinery, New York,
2387-2396. https://doi.org/10.1145/2556288.2557022

Newson SE, Bas Y, Murray A, Gillings S (2017) Potential for coupling the
monitoring of bush-crickets with established large-scale acoustic
monitoring of bats. Methods in Ecology and Evolution 8: 1051-1062.
https://doi.org/10.1111/2041-210X.12720

Niemuth ND, Dahl AL, Estey ME, Loesch CR (2007) Representation
of landcover along breeding bird survey routes in the northern
plains. The Journal of Wildlife Management 71: e2258. https://doi.
0rg/10.2193/2006-281

Okayasu J, Yasuda K, Hamaguchi M (2020) Discovery of an exotic grass-
hopper Atractomorpha sinensis sinensis Bolivar, 1905 from Shikoku,
Japan through citizen science monitoring. Japanese Journal of Sys-
tematic Entomology 26: 371-376.

Paiero S, Jones RJL, Crosthwaite JC, Pitman GM (2020) New Canadian
records of Phyllopalus pulchellus Uhler and Hapithus agitator Uher (Or-
thoptera: Gryllidae) based on digital observations. Journal of the En-
tomological Society of Ontario 151: 19-23.

Penone C, Le Viol I, Pellissier V, Julien J-E Bas Y, Kerbiriou C (2013) Use
of large-scale acoustic monitoring to assess anthropogenic pressures
on Orthoptera communities. Conservation Biology 27: 979-987.
https://doi.org/10.1111/cobi.12083

Pierce BA, Gutzwiller KJ (2007) Interobserver variation in frog call surveys.
Journal of Herpetology 41: 424-429. https://doi.org/10.1670/0022-
1511(2007)41[424:IVIFCS]2.0.CO;2

Pocock MJO, Roy HE, Preston CD, Roy DB (2015) The Biological Records
Centre: a pioneer of citizen science. Biological Journal of the Linnean
Society 115: 475-493. https://doi.org/10.1111/bij. 12548

Riede K (1998) Acoustic monitoring of Orthoptera and its potential for
conservation. Journal of Insect Conservation 2: 217-223. https://doi.
org/10.1023/A:1009695813606

Roche J, Bell L, Galvao C, Golumbic YN, Kloetzer L, Knoben N, Laakso M,
Lorke J, Mannion G, Massetti L, Mauchline A, Pata K, Ruck A, Taraba

P, Winter S (2020) Citizen science, education, and learning: challeng-
es and opportunities. Frontiers in Sociology 5: e613814. https://doi.
org/10.3389/fs0c.2020.613814

Rowley JJL, Callaghan CT, Cutajar T, Portway C, Potter K, Mahony S, Trem-
bath DE Flemons P, Woods A (2019) FrogID: Citizen scientists pro-
vide validated biodiversity data on frogs of Australia. The Herpeto-
logical Bulletin 14: 155-170.

Rowley JJL, Callaghan CT (2020) The FrogID dataset: Expert-validated
occurrence records of Australia’s frogs collected by citizen scientists.
ZooKeys 912: 139-151. https://doi.org/10.3897/zookeys.912.38253

Sanchez-Bayo E Wyckhuys KAG (2019) Worldwide decline of the ento-
mofauna: A review of its drivers. Biological Conservation 232: 8-27.
https://doi.org/10.1016/j.biocon.2019.01.020

Saunders ME, Janes JK, O'Hanlon JC (2019) Moving on from the insect
apocalypse narrative: engaging with evidence-based insect conserva-
tion. Bioscience 70: 80-89. https://doi.org/10.1093/biosci/biz143

Schmeller DS, Henry P-Y, Julliard R, Gruber B, Clobert ], Dziock F, Lengy-
el S, Nowicki P, Déri E, Budrys E, Kull T, Tali K, Bauch B, Settele J,
Van Swaay C, Kobler A, Babij V, Papastergiadou E, Henle K (2009)
Advantages of volunteer-based biodiversity monitoring in Europe.
Conservation Biology 23: 307-316. https://doi.org/10.1111/j.1523-
1739.2008.01125.x

Silvertown J (2009) A new dawn for citizen science. Trends in ecology &
evolution 24: 467-471. https://doi.org/10.1016/j.tree.2009.03.017

Skejo J, Medak K, Pavlovi¢ M, Kitoni¢ D, Miko RJC, Franjevi¢ D (2020a)
The story of the Malagasy devils (Orthoptera, Tetrigidae): Holocerus
lucifer in the north and H. devriesei sp. nov. in the south? ZooKeys
957: 1-15. https://doi.org/10.3897/zookeys.957.52565

Skejo J, Connors M, Hendriksen M, Lambert N, Chong G, McMaster I,
Monaghan N, Rentz D, Richter R, Rose K, Franjevi¢ D (2020b) Online
social media tells a story of Anaselina, Paraselina, and Selivinga (Or-
thoptera, Tetrigidae), rare Australian pygmy grasshoppers. ZooKeys
948: 107-119. https://doi.org/10.3897/zookeys.948.52910

de Solla SR, Shirose LJ, Fernie KJ, Barrett GC, Brousseau CS, Bishop CA
(2005) Effect of sampling effort and species detectability on volunteer
based anuran monitoring programs. Biological Conservation 121:
585-594. https://doi.org/10.1016/j.biocon.2004.06.018

Theobald EJ, Ettinger AK, Burgess HK, DeBey LB, Schmidt NR, Froehlich
HE, Wagner C, HilleRisLambers J, Tewksbury J, Harsch MA, Parrish JK
(2015) Global change and local solutions: Tapping the unrealized po-
tential of citizen science for biodiversity research. Biological Conser-
vation 181: 236-244. https://doi.org/10.1016/j.biocon.2014.10.021

Toomey AH, Domroese MC (2013) Can citizen science lead to positive
conservation attitudes and behaviors? Human Ecology Review 20:
50-62.

Trewick SA (2021) A new species of large Hemiandrus ground wéta
(Orthoptera: Anostostomatidae) from North Island, New Zealand.
Zootaxa 4942.2:207-218. https://doi.org/10.11646/zo0taxa.4942.2 .4

Turner A (2018) How many people have smartphones worldwide? (Apr
2022). BankMyCell. https://www.bankmycell.com/blog/how-many-
phones-are-in-the-world [April 28, 2022]

Weir LA, Andrew Royle J, Nanjappa P, Jung RE (2005) Modeling anuran de-
tection and site occupancy on North American amphibian monitoring
program (NAAMP) routes in Maryland. Journal of Herpetology 39:
627-639. https://doi.org/10.1670/0022-1511(2005)039[0627:MAD
AS0]2.0.CO;2

Woller DA, Hill JG (2015) Melanoplus foxi Hebard, 1923 (Orthoptera:
Acrididae: Melanoplinae): rediscovered after almost 60 years using
historical field notes connected to curated specimens. Transactions
of the American Entomological Society 141: 545-574. https://doi.
org/10.3157/061.141.0301

Zilli D, Parson O, Merrett GV, Rogers A (2014) A hidden Markov model-
based acoustic cicada detector for crowdsourced smartphone bio-
diversity monitoring. Journal of Artificial Intelligence Research 51:
805-827. https://doi.org/10.1613/jair.4434

JOURNAL OF ORTHOPTERA RESEARCH 2023, 32(2)


https://doi.org/10.3897/jor.30.65885
https://doi.org/10.1641/0006-3568(2002)052%5B0432:WTEKIB%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052%5B0432:WTEKIB%5D2.0.CO;2
https://doi.org/10.1016/j.biocon.2019.05.058
https://doi.org/10.2193/2005-759
https://doi.org/10.2193/2005-759
https://doi.org/10.1111/j.1523-1739.2012.01825.x
https://doi.org/10.1007/s10841-020-00273-9
https://doi.org/10.1073/pnas.1317510111
https://doi.org/10.1073/pnas.1317510111
https://doi.org/10.1890/110278
https://doi.org/10.1145/2556288.2557022
https://doi.org/10.1111/2041-210X.12720
https://doi.org/10.2193/2006-281
https://doi.org/10.2193/2006-281
https://doi.org/10.1111/cobi.12083
https://doi.org/10.1670/0022-1511(2007)41%5B424:IVIFCS%5D2.0.CO;2
https://doi.org/10.1670/0022-1511(2007)41%5B424:IVIFCS%5D2.0.CO;2
https://doi.org/10.1111/bij.12548
https://doi.org/10.1023/A:1009695813606
https://doi.org/10.1023/A:1009695813606
https://doi.org/10.3389/fsoc.2020.613814
https://doi.org/10.3389/fsoc.2020.613814
https://doi.org/10.3897/zookeys.912.38253
https://doi.org/10.1016/j.biocon.2019.01.020
https://doi.org/10.1093/biosci/biz143
https://doi.org/10.1111/j.1523-1739.2008.01125.x
https://doi.org/10.1111/j.1523-1739.2008.01125.x
https://doi.org/10.1016/j.tree.2009.03.017
https://doi.org/10.3897/zookeys.957.52565
https://doi.org/10.3897/zookeys.948.52910
https://doi.org/10.1016/j.biocon.2004.06.018
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.11646/zootaxa.4942.2.4
https://www.bankmycell.com/blog/how-many-phones-are-in-the-world
https://www.bankmycell.com/blog/how-many-phones-are-in-the-world
https://doi.org/10.1670/0022-1511(2005)039%5B0627:MADASO%5D2.0.CO;2
https://doi.org/10.1670/0022-1511(2005)039%5B0627:MADASO%5D2.0.CO;2
https://doi.org/10.3157/061.141.0301
https://doi.org/10.3157/061.141.0301
https://doi.org/10.1613/jair.4434

	The role of community science in orthopteran research
	Abstract
	The importance of community science
	Community science in orthopteran research
	Best practices for community science in orthoptera research
	Conclusions
	Acknowledgements
	References

