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A B S T R A C T   

The COVID-19 pandemic has changed the way large citizen science events can be carried out—reducing gath-
erings of large groups and shifting toward individual, small-group, and online participation. This paper aims to 
describe changes in participant engagement in the City Nature Challenge (CNC) in Tokyo. The CNC is a four-day 
international event held in April to document biodiversity in cities using an online citizen science platform, 
iNaturalist. To assess the impact of COVID-19, we compared the number of participants, observations, species, 
and identification rates in 2019 (pre-pandemic) and 2020 (during the pandemic). We also used cluster analysis to 
elucidate participation patterns, and we assessed changes in the geographical distribution of observation sites. 
The results showed: (1) the number of participants and observations decreased by 63% and 68%, respectively; 
however, the number of species was almost the same in the two years, and the identification rate increased 154% 
in 2020 relative to 2019. (2) The most enthusiastic participants contributed in similar amounts in 2019 and 
2020, but participation by less enthusiastic volunteers drastically declined. (3) The spatial distribution of 
observation sites changed from cluster-like to scattered. Understanding participant engagement during the 
pandemic could help to improve data quality, reduce geographical bias in observations, maintain records, and 
recruit more users in future years. Online citizen science could provide opportunities for many citizens to get 
outside and participate in conservation science during and after the pandemic.   

1. Introduction 

Since the World Health Organization declared the COVID-19 
outbreak a global pandemic in March 2020, public health around the 
world has been in crisis. Governments and public health organizations 
have mandated or recommended physical distancing in public and even 
at home (World Health Organization, 2020), and activities of individuals 
have been legally or voluntarily restricted, depending on policies and 
level of infections in each country. Accordingly, communications among 
people have drastically changed from in-person to online, outdoor to 
indoor especially in cities, and group to individual. These changes have 
greatly influenced citizen science participation (Crimmins et al., this 
issue). 

Citizen science is characterized by non-specialist individuals 
participating in some part of the scientific research process, such as 
designing research questions and study processes, collecting data, and 
interpreting results (Bonney et al., 2009). Citizen science contributes to 
advances in scientific research, education, and problem-solving (Kobori 

et al., 2016), and enables scientists to collect data at large scales and to 
sustain long-term monitoring. It allows individuals to collect and un-
derstand scientific knowledge and helps policymakers solve regional 
issues. Citizen science is useful in a variety of fields, especially in biology 
(Follett and Strezov, 2015). Bioblitzes are a specific and widely used 
type of citizen science event—field events in which scientists, natural-
ists, and non-expert participants work together to identify and record 
many species within a designated time and region (Robinson et al., 
2013; Roger and Klistorner, 2016). Bioblitzes are especially effective at 
documenting biodiversity in urban areas because volunteers can docu-
ment biodiversity in many small green areas, such as gardens and 
vegetated roadsides, and private lands, which can support abundant 
biodiversity (Rudd et al., 2002). Individuals often have easier access to 
private lands in their neighborhoods than do professional scientists, so 
urban bioblitzes can facilitate extensive data collection that would not 
be possible otherwise (Spear et al., 2017). These characteristics have 
helped make citizen science data an important source of information for 
establishing protected areas and implementing conservation programs 
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(McKinley et al., 2015; Pellissier et al., 2020). 
COVID-19 could have severely affected implementation of citizen 

science due to limits on public gatherings, including bioblitzes. Re-
ductions in bioblitzes and similar data typically gathered by large groups 
of citizen scientists, could in turn reduce biodiversity data collection and 
affect conservation activities that rely on the data. Additionally, the 
stagnation of transportation and economic activities due to COVID-19 
has significantly changed urban environments and regional ecosys-
tems. For example, the reduction of transportation has reduced daily 
CO2 emissions by as much as 17% (Le Quéré et al., 2020), and reduced 
NO2 emissions in major cities (Muhammad et al., 2020). In the United 
Kingdom, demand for green spaces has increased because of their 
importance for leisure, relaxation, and exercise after lockdown levels 
eased (Day, 2020). Citizen science, such as bioblitzes, can help re-
searchers understand how biodiversity and ecosystems have been 
affected by these changes in urban environments and the ways humans 
use them (Bates et al., 2020; Terry et al., this issue). 

The emergence of online citizen science, supported by the internet 
and smartphones, has made it possible for participants to contribute to 
citizen science projects without face-to-face events. Smartphone apps 
and their behind-the-scenes cyberinfrastructure can streamline data 
collection, manage data, control quality, and facilitate communication 
(Newman et al., 2012). Platforms for online citizen science such as 
iNaturalist, eBird, and iSpot, which are already used by many people, 
can be especially useful during COVID-19 (Crimmins et al., this issue). 

Although it is technically possible for people to continue to partici-
pate in these citizen science programs, it is less clear how the COVID-19 
pandemic might affect their motivation to participate. In our study, we 
focus on how the pandemic is affecting the level at which volunteers 
participate in citizen science. Researchers have previously studied citi-
zen science participants’ engagement, psychological motivation, and 
behavior patterns based on behavior logs (Aristeidou et al., 2017). These 
studies have found that major motives for participation include contri-
butions to science and conservation, social factors, and recreation 
(Larson et al., 2020). At least one study reported that social factors 
motivating participants are absent for online citizen science programs 
(Maund et al., 2020). Moreover, few studies have examined participa-
tion in citizen science in Asia, including Japan, even during non- 
pandemic times (Sakurai et al., 2015). 

In Japan, the government declared a state of emergency on April 7 
until the end of May in Tokyo. During this period, the social life of in-
dividuals significantly changed. Businesses such as cultural and sports 
facilities, events, and schools were suspended; many restaurants and 
shops were closed or shortened their business hours; and many com-
panies changed to primarily telework, even though there were no traffic 
or logistics suspensions, compulsory suspension of business, or re-
strictions on going out. As many people began to spend more time 
outside near their homes, concentrations of people in nearby parks and 
supermarkets became a social problem (e.g. The Yomiuri Shimbun, 
2020; NHK, 2020; Ito and Nonaka, 2020). 

Due to the emergency declaration to stay at home and the move of 
citizen science online, we predicted that the number of participants in 
citizen science would decrease. However, some enthusiasts might 
continue to observe plants and animals for stress relief. Further, we 
predicted that the time spent observing living things would be less than 
before and the place of observation would have shifted to the vicinity of 
home rather than farther away. In this study, therefore, we focused on 
how levels and patterns of participation in citizen science changed 
before and during the COVID-19 pandemic, using an urban bioblitz 
activity, the City Nature Challenge (CNC) Tokyo, as a case study. The 
CNC is a four-day citizen science event in which participants use the 
online platform, iNaturalist, to document biodiversity in cities around 
the world (Leong and Trautwein, 2019; https://citynaturechallenge. 
org/). This paper gives information on how the citizen science data 
obtained during the pandemic can be utilized for conservation related 
activities, and insight into how to continue citizen science during or 

after the pandemic. 

2. Methodology & data 

2.1. Research framework 

Our research followed a three-step procedure: (1) comparing the 
number of participants, number of observations, the number of species, 
and the identification rate for the CNC Tokyo in 2019 (CNC2019-Tokyo) 
and 2020 (CNC2020-Tokyo); (2) using cluster analysis of participants’ 
observation logs to examine changes in observers’ behavioral patterns 
between 2019 and 2020; and (3) analyzing the geographical distribution 
of observation sites in 2019 and 2020. No major social or natural dis-
ruptions occurred during the CNC2019-Tokyo, whereas during the 
CNC2020-Tokyo people were required to refrain from unnecessary 
travel and social gatherings due to the COVID-19 pandemic. 

2.2. Data source of citizen science project 

We obtained data through iNaturalist (https://www.inaturalist. 
org/), an online citizen science platform. iNaturalist is a free online 
tool that collects images and metadata describing biodiversity obser-
vations (Heberling and Isaac, 2018). After downloading the smartphone 
application, participants can record photos and audio for any organisms 
they see or hear; they can post Global Navigation Satellite System 
(GNSS) location information, propose species identification, and record 
additional notes. For species identifications, participants can use sug-
gestions made by the artificial intelligence of iNaturalist, and then a 
community of 1.5 million iNaturalist registrants, including citizens, 
naturalists, and researchers around the world can confirm or correct the 
identification. Data are classified into three grades. “Research Grade” 
observations include a date, are georeferenced, include photos or 
sounds, are not of captive of cultivated species, and are confirmed by 
two-thirds of species identifiers during the species identification steps. 
In contrast, “Casual” data lack basic metadata. “Needs ID” data do not 
satisfy the standards of “Research Grade.” Many biodiversity databases, 
such as the Global Biodiversity Information Facility (GBIF), include 
iNaturalist “Research Grade” data, but not “Casual” or “Needs ID” data. 

The City Nature Challenge is held annually in late April, and 
attracted 32,000 participants from 159 cities around the world in 2019 
and 41,000 people from 244 cities in 2020 (City Nature Challenge, 2019, 
2020). We have organized CNC activities in Tokyo since 2018. 

This study used data from CNC2019-Tokyo and CNC2020-Tokyo. 
The island areas of Tokyo were not included in 2019 or 2020. The 
CNC2019-Tokyo occurred from April 26 to 29. The event was conve-
nient for many people to participate because three days out of the four- 
day event were holidays. Only two days were holidays during CNC2020- 
Tokyo, which was held April 24 to 27. The weather, on the other hand, 
was better for participating in 2020 than 2019 according to the Japan 
Meteorological Agency. Tokyo had less rain during the event in 2020 
compared to 2019. The CNC was advertised by website and posters at 
various organizations and universities. Other factors that attracted 
people to CNC2019-Tokyo included a lecture and a simultaneous 
biodiversity observation event held in Futako-Tamagawa, Setagaya City 
within Tokyo. 

The authors downloaded the CNC2019-Tokyo and CNC2020-Tokyo 
observation records from iNaturalist on July 28, 2020 including par-
ticipants’ ID, observation type, date and time, and geographical 
coordinates. 

2.3. Data analysis 

2.3.1. Comparison of observation 
First, we compared the number of users, observations, species, and 

the identification rates obtained from the observation records. The 
numbers of users and observations were calculated from all the posted 
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observation records. To calculate the number of species and the iden-
tification rates, we used only “Research Grade” observations and 
excluded “Casual” data and “Needs ID” data. We calculated identifica-
tion rate as the proportion of “Research Grade” relative to all observa-
tion records for the CNC Tokyo in each year. 

2.3.2. Clustering analysis 
We conducted a cluster analysis of participants’ behaviors. The 

following indices were calculated from the observer’s ID to enable us to 
characterize the behavior of each participant while engaged in obser-
vation. We based these indicators on similar indicators developed in 
previous studies of participant behavior (Aristeidou et al., 2017; Boakes 
et al., 2016). Definitions of the three indicators used in this study are 
described below. 

Activity Ratio indicates how many days an observer posted at least 
one observation record during the four days of CNC. If at least one 
observation was posted, the observer was considered active. People with 
a value closer to 1 participated on more days. 

Daily Devoted Time was defined simply as a duration, the difference 
between starting and ending time when an observer collected observa-
tion records on each day. 

Daily Observations was defined as the average number of observations 
per one active day; the number of total observations divided by the 
number of active days. 

Other indicators used in previous studies—such as relative activity 
duration, variation in periodicity, and lurking ratio—were not used in 
this study because the CNC was held only for four days and login records 
necessary to calculate these indicators were not accessible. 

We calculated the three indicators—activity ratio, daily devoted 
time, and daily observations—for 2019 and 2020. We identified 11 
observers who participated in both 2019 and 2020, but we calculated 
indicators for the two years separately to track changes between the 
years. The total number of participants in 2019 and 2020 combined was 
216, which we regarded as the population for cluster analysis. The value 
of each index of the population was normalized to a value between 0 and 
1. 

Y =
X − xmin

xmax − xmin 

Here we set any value of the variable to X, maximum value to xmax, 
minimum value to xmin, and normalized value to Y. We normalized ac-
tivity ratio, daily devoted time, and daily observations in the same way. 

We then conducted a hierarchical cluster analysis using the ‘scipy. 
cluster.hierarchy’ library in a Python3 environment. Euclidean was used 
for metric and ward was used for method. We used the results to group 
participants into four categories. Based on their characteristics we 
named the groups: enthusiastic, off-and-on, temporary, and intense. 
These groupings derive from those used in previous cluster analyses 
examining citizen science participant motivations and behaviors. For 
example, Ponciano and Brasileiro (2014) classified participant behav-
iors as: hardworking, spasmodic, persistent, lasting, and moderate. 
Boakes et al. (2016) classified behaviors as: dabbler, steady, and 
enthusiast. Aristeidou et al. (2017) classified users’ behavior as: loyal, 
hardworking, persistent, lurker, and visitor. 

2.3.3. Geographical analysis 
We used ArcGIS Pro 2.5 to visualize geographical changes in obser-

vation sites between 2019 and 2020. We used average nearest neighbor 
analysis to quantitatively evaluate the tendency of variance/cluster in 
the distribution pattern. We inputted data from CNC2019-Tokyo and 
CNC2020-Tokyo, used the area of Tokyo as the analysis range, and 
performed calculations based on Euclidean distance. 

3. Results 

3.1. Comparison of observations 

We compared the number of participants, observations, species, and 
the identification rates among the observation records in CNC2019- 
Tokyo and CNC2020-Tokyo. 

The number of participants and observations declined by more than 
60% between 2019 and 2020 (Table 1). In contrast, the number of 
observed species did not change as substantially (Table 1). Broken down 
by taxonomic groups, participants observed more plants (281 species in 
2019, 277 in 2020) than insects (37 species in 2019, 19 in 2020) or birds 
(32 species in 2019, 17 in 2020) in both years. Moreover, the identifi-
cation rate increased between 2019 and 2020 (Table 1), meaning fewer 
observations lacked a confirmed identification. In 2020, the number of 
“Research Grade” identifications was 816 (72.1%). 

3.2. Changes in behavior 

The behavioral pattern was divided into four clusters: enthusiastic, 
off-and-on, temporary, and intense. Fig. 1 and Table 2 show the com-
parison between the average normalized score of each cluster and 
changes between the two years. The activity ratio was the largest in the 
enthusiastic cluster. The intense and enthusiastic clusters had the largest 
daily devoted time and daily observation. The number of participants in 
the off-and-on and temporary clusters drastically declined between 2019 
and 2020. However, the temporary cluster had more participants than 
other clusters in both years. The features of these clusters are described 
in detail below. 

Enthusiastic: This cluster of participants most consistently partici-
pated in the project. There were 11 people in this cluster in 2019 and 8 
people in 2020. They participated for 3 or 4 days out of the 4-day 
project. The average time spent on the project per day was 2 h and 
44 min. The number of observations per day was relatively high at 25.2. 

Off-and-on: This cluster participated moderately. The number of 
people in this cluster was 57 in 2019 and 10 in 2020. They participated 
in the project for 2 days on average. The average time spent on the 
project per day was 1 h and 28 min, and the number of observations per 
day was 12.5, which was about half of the observations of the enthusi-
astic cluster. 

Temporary: This cluster participated for only one day and had a very 
small number of observations and observation hours. The number of 
people who belonged to this cluster was 64 in 2019 and 34 in 2020. The 
average project engagement time per day was 15 min. The number of 
observations per day was 4.2. 

Intense: This cluster consisted of participants who had a small num-
ber of participation days but observed very hard on the day of partici-
pation. The number of people who belonged to this cluster was 26 in 
2019 but just 6 in 2020. They participated in the project for one day on 
average. The average time spent on the project per day was 3 h and 35 
min. The number of observations per day was 27.2. 

Table 1 
The number of participants, observations, species, “Research Grade” data, and 
their changes between 2019 and 2020. “Research Grade”/Observations in-
dicates the number of “Research Grade” data relative to the total number of 
observations (including “Casual” and “Needs ID”).   

2019 2020 Percent change 

Participants  158  58 63.3%↓ 
Observations  3576  1131 68.4%↓ 
Species  366  321 12.3%↓ 
“Research Grade”  1677  816 51.3%↓ 
“Need ID”  1899  230 87.9%↓ 
“Casual”  0  85 – 
Observations/participants  22.6  19.5 13.8%↓ 
“Research Grade”/observations  0.469  0.721 53.7%↑  
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We also traced the changes in the behavioral patterns of the 11 
people who participated in both years (Table 3). Two participants made 
many observations in both 2019 and 2020 and were enthusiastic both 
years. They participated in the morning and evening, or the day and 
evening, and observed intensively on some days. Three participants 
were grouped as off-and-on or intense in 2019 but became enthusiastic 
in 2020; two of the three participated for more days and recorded more 
observations each day in 2020, while the other of the three shifted from 
intense participation on one day in 2019 to participating for more days 
but making fewer observations per day in 2020. Two participants 
grouped as off-and-on in 2019 and became intense in 2020. One 
participant was grouped as temporary in 2019 but as off-and-on in 2020, 
although their number of observations did not change significantly. Two 
participants grouped as off-and-on in 2019 made fewer observations in 
2020 and were grouped as temporary. One participant was grouped as 
temporary in both 2019 and 2020. 

Although there was a small number of enthusiastic observers, the 
number did not change drastically between 2019 and 2020. Two par-
ticipants contributed greatly to recording observations both years, and 
some off-and-on and intense participants became enthusiastic. 

Furthermore, three participants did not participate in 2019 but partic-
ipated enthusiastically in 2020. On the other hand, the number of 
intense participants and the number of off-and-on participants declined 
substantially from 2019 to 2020. Some participants fell into these cat-
egories in both years. The number of temporary participants who tried 
the CNC dropped by half between 2019 and 2020. Some participants 
who were off-and-on in 2019 became temporary in 2020, and some 
remained as temporary participants both years. 

3.3. Geographical change 

Average nearest neighbor analysis yielded a p-value sufficiently 
smaller than 0.01 and the Z-score was sufficiently smaller than − 2.58 to 
exclude the null hypothesis that the distribution of observations was 
random. As a result, the shortest distance index was 0.14 for CNC2019- 
Tokyo and 0.31 for CNC2020-Tokyo. These values (indices less than 1) 
indicate that the geographic distribution of observations was clustered. 
The larger value for CNC2019-Tokyo reflects that clustering was stron-
ger in 2019 (Fig. 2). 

Observation records of CNC2019-Tokyo were concentrated in core 
places such as Point 1 (Fig. 2) where a park was developed along the 
riverbed and the targeted bioblitz event was held. This point is only 15 
km from the center of Tokyo and is a popular area with many green 
spaces and rivers. Point 2 is a large-scale park and temple in central 
Tokyo, including the Meiji Jingu Shrine, Shinjuku Gyoen National 
Garden, Yoyogi Park, and Shinjuku Central Park. Point 3 and Point 4 are 
riverbeds and satoyama areas—i.e., a traditional landscape with mosaic- 
like land use (Ichikawa et al., 2006; Takeuchi et al., 2003)—that remain 
within the city limits. The surrounding area is a biodiversity hot spot, 
although the satoyama landscape is being lost with urbanization. Point 5 
is located in a mountainous coniferous forest area that was designated as 
a national park. 

The observation records of CNC2020-Tokyo were dispersed more 
than in 2019. There were some areas that were still core, such as Point 1; 
however, observations were widely scattered in the city. Participants 
seemed to record observations made in small green areas near homes. 

4. Discussion 

4.1. Impact of COVID-19 on participation 

Fewer people participated in the CNC Tokyo citizen science project 
during the COVID-19 pandemic (2020) than participated in 2019, and 
each participant made fewer observations on average. However, when 
we traced the behavior of individual participants, some participants 
actively made observations in both 2019 and during the pandemic in 
2020. Additionally, there were many new participants in 2020 even 
though no social events were held as a part of the CNC Tokyo. Only 11 
people participated in both 2019 and 2020. Because of reduced travel 
during the pandemic, participants primarily reported observations in 
small green areas near their homes. 

The change in participation in CNC Tokyo is probably related to the 
desire not to stay outdoors for a long time during the COVID-19 
pandemic, the increase in distractions and stresses in people’s lives 
and the reductions of in-person social interactions. It is said that Japa-
nese people alter their behaviors to meet the expectations of others 
(Hashimoto et al., 2008)—i.e., they were sometimes afraid of being 
morally blamed for not following public health recommendations when 
they participated by recording biodiversity observations outside. In- 
person interaction among participants is one of the main motivations 
for participation in citizen science (Bruyere and Rappe, 2007), and 
people overall are less motivated by online-only interactions (Maund 
et al., 2020). The people who did participate during the pandemic may 
have participated as a hobby or for learning. During the pandemic, 
hobbies and walks have become activities for distraction (Lades et al., 
2020). For that reason, it is important to keep greenspace and parks 

Fig. 1. Behavior patterns derived by cluster analysis. (a) Average index values 
of activity ratio, daily devoted time, and daily observation for four engagement 
profiles. (b) Number of participants in four engagement profiles in 2019 
and 2020. 

Table 2 
Normalized scores and population in each engagement cluster.   

Score Population 

Activity 
ratio 

Daily 
observation 

Daily devoted 
time 

2019 2020 

Enthusiastic 0.82 
(86.8%) 

0.25 (25.2/ 
day) 

0.13 (2:44:02/ 
day)  

11  8 

Off-and-on 0.33 
(50.0%) 

0.13 (12.5/ 
day) 

0.06 (1:27:46/ 
day)  

57  10 

Temporary 0 (25.0%) 0.02 (4.2/day) 0.02 (0:15:02/ 
day)  

64  34 

Intense 0.01 
(25.8%) 

0.33 (27.2/ 
day) 

0.14 (3:34:58/ 
day)  

26  6  
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accessible for individuals (Slater et al., 2020). 
Across the world, 83 cities participated both in 2019 and 2020. 

However, the situation of the pandemic and lockdown for COVID-19 
differed depending on the country and city, so participation differed 
among cities. According to the City Nature Challenge website (2019, 
2020), among 83 cities, the number of participants decreased in 42 
cities, the number of observations decreased in 47 cities, and the number 
of species decreased in 36 cities. The number of observations and par-
ticipants declined substantially more in Tokyo relative to other cities, 
but the number of species was only declined marginally more than other 
cities (City Nature Challenge, 2019, 2020). The pandemic situation in 
Japan was relatively mild in April, and the Japanese Government took 

no compulsory measures (Tashiro and Shaw, 2020). Future research 
should compare the major factors in behavioral change in Tokyo 
compared to other cities in the world. 

4.2. Impact of changing participation pattern on documenting biodiversity 

Despite declines in participation, CNC Tokyo documented similar 
numbers of species in 2019 and 2020. This reflected an increase in the 
ratio of people with a strong interest in the project and who were 
familiar with iNaturalist, as evidenced by the increase in the ratio of 
enthusiastic participants. Accurate species identification requires high 
quality photographs and records and sufficient experience (Kosmala 

Table 3 
Engagement of eleven participants who joined in both 2019 and 2020. The size of the circle indicates the number of 
observations, and the line connecting the circles indicates the observation time. Gray line is the interval time. 
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et al., 2016). The fact that participants had additional free time likely led 
to the increase in the identification rate of species. People may have 
been able to spend more time identifying species observed by CNC 
participants in Japan and all over the world. If so, identification during 
stay-at-home periods may have unintentionally helped increase the 
amount of “Research Grade” data available for conservation monitoring 
programs. 

The geographic distribution of observations changed from cluster- 
like in 2019 to scattered during the pandemic, likely because partici-
pants made observations near their homes during the pandemic. The 
scattered observations likely reduced geographic bias. In 2019, obser-
vations were concentrated in large parks and riverbeds where partici-
pants expected to see a variety of species; small green spaces, such as 
gardens and shrines in residential areas, may have been ignored. 

Fig. 2. Distribution of observations in (a) 2019 and (b) 2020. The white outline represents the Tokyo Prefecture. Clusters of observation made in 2019 are labeled 
1–5 are described in more detail in the text (Points 1–5). GIS datum of land use and railways were downloaded from digital national land information by Ministry of 
Land, Infrastructure, and Transportation in Japan, and edited by the authors. 
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Moreover, we note that the number of species did not change very 
much between years, suggesting that increasing the number of observers 
doesn’t necessarily increase the number of species, and that the sam-
pling pattern in 2020 was more efficient to observe many species. 

4.3. Impact of changing participation pattern on conservation and 
documenting biodiversity 

This study provides important insights into factors that influence 
how we can use citizen science to collect biodiversity data more effec-
tively. Conservation depends on documenting biodiversity, and partic-
ularly detecting biodiversity change related to human activities. Citizen 
science activities like the CNC are one of the best ways for us to docu-
ment biodiversity, particularly in urban areas and on private lands, 
because professional scientists have difficulty accessing there (Spear 
et al., 2017) and they cannot devote as much time as volunteers often 
can. Projects like the CNC can document biodiversity in these areas and 
may be able to show how wildlife in these areas was affected by the 
pandemic and how they shift after the pandemic is over, providing 
important information for conservation biologists and conservation or-
ganizations (Corlett et al., 2020). On the other hand, this study revealed 
a change in the way individuals participated in citizen science during the 
COVID-19 pandemic. Increases in species identification and reduced 
geographic bias, which occurred during the pandemic, represent posi-
tive changes in documenting urban biodiversity. However, significant 
decrease in the number of observations and decreases in observations in 
large green spaces could reduce the benefits of the 2020 CNC Tokyo data 
for conventional conservation monitoring and activities. Scientists using 
these data to study changes in plants and animals over time should ac-
count for the significant changes in participant behavior (e.g., spatial 
distribution) caused by the COVID-19 pandemic. 

4.4. Citizen Science during and after COVID-19 

During the COVID-19 pandemic, citizen science organizers had to 
redesign some programs, particularly those that involve in-person in-
teractions. Citizen science during the pandemic can provide a produc-
tive recreational activity (Rose et al., 2020) at a time when many people 
cannot pursue their usual hobbies and when some people have extra 
time because of teleworking, suspension of work, school closures, and 
restrictions on going out. The CNC is a project that people can do 
without crowding, and if they are interested in nature, it can meet the 
needs of these potential participants. They can participate for short 
periods of time, as in the temporary observers in our analysis, or can 
participate more deeply like the enthusiastic observers. 

Citizen science projects like the CNC can help to avoid disruption of 
scientific monitoring during the pandemic (Corlett et al., 2020) and 
evaluate the short-term impact of COVID-19 on the local environment 
(Bates et al., 2020). 

Moreover, this study points to ways to improve short-term citizen 
science projects even in non-pandemic situations. For example, in-
creases in time to identify species and knowledge about species and the 
iNaturalist platform seemed to contribute to higher identification rates. 
Offering trainings and scheduling longer citizen science events that 
provide more time to identify species could help increase identification 
rates in future CNC events and other bioblitzes. 

In contrast, if the COVID-19 pandemic becomes more serious or 
another pandemic arises, it may not be possible to make citizen science 
observations of biodiversity outdoors. In this case study from Tokyo, it 
was safe for people to leave their homes if they followed health and 
safety guidelines. However, this might not be the case everywhere. 
Citizen science must not be a venue for the spread of infectious diseases, 
and it is important that leaders and participants fully understand the 
characteristics of infectious diseases and carefully choose their policies. 
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