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Abstract:  Citizens have uploaded numerous biodiversity images and movies with time and locality information to websites 
such as social networking services, blogs, and various personal websites. We identified such data scattered on the web as 
“potential museum collections of natural history” and have attempted to accumulate them as actual museum collections of 
the Kanagawa Prefectural Museum of Natural History (KPM), Japan. Based on this gathering of data, which is centered on 
the public natural history museum, we built a conceptual model for biodiversity data integration and public conservation 
awareness by systematizing (1) collection and accumulation, (2) survey and research, and (3) outreach and education. We 
applied the model to several case studies. First, suitable fish photographs from social media platforms such as Twitter (now 
rebranded as X) and a Japanese internet community, WEB sakana-zukan, were added into the Fish Image Database of KPM 
by obtaining the consent of the image owners (i.e., citizens). Second, the accumulated collections were used by scientific 
experts for studies on fish taxonomy, biogeography, ecology, and conservation biology. Finally, the identification and study 
results were made available to citizens, including the image providers, through volunteer programs, exhibitions and media 
applications such as newspapers, magazines, and TV programs. By synthesizing these three steps, it is possible to create a 
positive feedback mechanism for accumulating biodiversity data, and for increasing the participation of citizen scientists. In 
this article, we provide an overview of the conceptual model with some related issues (e.g., our main target is a citizen who did 
not intend to contribute to science) in order to consider the value, and contribute to the development, of digital citizen science 
for conservation efforts.
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Introduction

Social networking services, weblogs, and personal websites 
have developed and expanded rapidly since the early 2000s. 
It is now common for citizens to upload images and other 
information about their surroundings to online communities, 
particularly social media (e.g., Kitsuregawa & Nishida, 2010; 
Van Dijck, 2013; Toivonen et al., 2019). Biodiversity data are 
found through various jobs and hobbies, such as bird watching 
and fishing (e.g., Dickinson & Bonney, 2012; Miyazaki et al., 
2014b).

Citizen science has also developed rapidly over recent 

years, in some cases influencing the development of 
information and communication technology (ICT). Many 
citizen science projects have applied various functions of 
social media platforms to applied various functions of social 
platforms to nature conservation and biodiversity studies 
(e.g., Silvertown, 2009; Silvertown et al., 2015; Kobori et al., 
2016). For example, iNaturalist combines citizen science with 
nature observation targeting various taxa (iNaturalist, 2025). 
On this platform, users can upload records of plants, animals, 
fungi, and other organisms through an app or website. These 
observations are identified with the help of other users 
and experts, and the resulting data is utilized for scientific 
research and conservation efforts (e.g., Di Ciecco et al., 2021). 
Similarly, the widely used online ichthyological database 
FishBase (Froese & Pauly, 2000), to which fish images 
contributed by citizens such as scuba divers and fishermen, 
has substantially advanced our understanding of fish taxonomy 
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and ecology. In addition to these intentional online scientific 
collections, useful data are available in the images and movies 
miscellaneously uploaded to social media that were not 
intended for scientific use (Miyazaki et al., 2014b; Toivonen 
et al., 2019).

“Citizen science” is defined as public participation in 
organized research efforts, while “citizen scientist” describes 
a person who has chosen to use their free time to engage in 
the scientific process (Dickinson and Bonney, 2012). Based 
on these definitions, data uploaded by citizens for purposes 
other than utilizing scientific research are not included in the 
concept of citizen science, but can still be used for such.

How broad is the scope of “citizen science”? Japanese 
researchers have discussed this issue based on Japan’s culture 
of natural science. Sasaki et al. (2016) argued that “citizen 
science” is a broad concept. They concluded that it is not 
only a research approach directed towards the publication 
of scientific findings but also serves many other functions, 
all of which have significance for the citizen scientist who 
is actively engaged in this endeavor. After that, Miyazaki 
(2018a) compared the meanings of the words, “citizen”, 
“science”, and “research” between English and Japanese. The 
meaning of “science” corresponds in English and Japanese. 
However, while the English word “research” is important in 
denoting new findings, the corresponding Japanese word does 
not communicate novelty. East Asians, particularly those from 
Japan, tend to apply the word “citizen” to adults, whereas 
Europeans and North Americans apply the word to members 

of all generations including babies and children. Based on 
these findings, Miyazaki (2018a) pointed out that the new 
concept of “citizen science”, as defined by Sasaki et al. (2016), 
is suitable for describing the process of becoming a scientist as 
well as indirect contributions to science (Fig. 1). This suggests 
that the development and definition of the concept of “citizen 
science” is affected by culture and language.

In Japan, citizen science has a high affinity to museum 
activities (Sasaki et al., 2016) as well as European regions 
(Sforzi et al., 2018), although in Japan, museums serve as a 
central venue, rather than online platforms. This reliance on 
museums may be partly because many citizen science projects 
conducted in Japan are managed by small research groups or 
individuals, making it challenging to allocate sufficient time 
for project operations (Ikkatai, 2020).

For example, one of Japan’s natural history museums has 
documented an initial case of the development of a database 
with the participation of citizens. The Fish Image Database 
of the Kanagawa Prefectural Museum of Natural History 
(KPM), partly disclosed on the web as “FishPix” through 
a website of the National Museum of Nature and Science, 
Japan, was launched in 1994 (Matsuura & Senou, 2002). This 
database stores fish photographs and images as a museum 
collection, and has been utilized in several scientific fields 
such as ecology, biogeography and taxonomy (Miyazaki et al., 
2014b). Contributors have consisted mainly of scuba divers, 
researchers and recreational fishers (Miyazaki et al., 2014a). 
The data are useful for scientific research despite being 

Fig. 1.  The new framework of citizen science proposed by Sasaki et al. (2016). The process of 1st–3rd stages is limited by age and 
achievement, while the experts (assistants A–C) are also limited by their roles and achievements. This figure is translated from 
Miyazaki (2018a).
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originally collected and shared for other purposes.
Although online citizen science projects, including for 

educations and/or public awareness, have been developed 
(Aristeidou & Herodotou, 2020), there remains a vast untapped 
resource of data that was unintended for scientific use. These 
“potential museum collections of natural history” are variously 
scattered across the internet. Whereas collections of museums 
of natural history consist mainly of specimens, biological 
images have also been targeted, as mentioned above. Photo 
images and movies, with attribute information such as 
locality and date, may function as vouchers of biodiversity 
data, particularly with respect to distributional information. 
However, these data do not fit the definition of “citizen 
science”, and we therefore constructed a new conceptual 
model (Fig. 2). The model conforms to the definitions of 
“museum” by the International Council of Museums (ICOM) 
and the Museum Law of Japan. ICOM says “A museum is a 
not-for-profit, permanent institution in the service of society 
that researches, collects, conserves, interprets and exhibits 
tangible and intangible heritage. Open to the public, accessible 
and inclusive, museums foster diversity and sustainability. 
They operate and communicate ethically, professionally 
and with the participation of communities, offering varied 
experiences for education, enjoyment, reflection and 
knowledge sharing” and the Museum Law of Japan (Clause 
2, Article 1) defines “museum” as follows “it is an institution 
that collects, stores, raises, displays and offers materials 
related to history, art, folklore, industry and natural science for 

general public use with consideration for education, conducts 
projects necessary for their education, research and recreation, 
and conducts research and study related to these materials.” 
In other words, a museum gives back to society based on 
three pillars: (1) collecting materials, (2) conducting research 
and (3) education. Our new conceptual model described 
herein uses these three pillars to systematize the application 
of “potential museum collections of natural history” via 
implementation at a Japanese museum.

Applications of the Conceptual Model

(1) First step: integration to the database. The simple 
method to facilitate an addition to the database is for an expert 
to try and contact a citizen who uploaded a scientifically 
important image of a fish onto social media. If permission 
is obtained from the right holder, the image is registered 
to the database. It may be expected that individuals who 
give permission for their image to be used will continue to 
provide additional images, including of common species and 
phenomenon, in the future.

We attempted to integrate “potential museum collections 
of natural history”, being mainly composed of fish images, 
scattered on the internet to the Fish Image Database of the 
Kanagawa Prefectural Museum, Japan. This database stores 
fish images with attribute information (e.g., locality and 
sampling date) in the same manner as collections of specimens 
(Miyazaki et al., 2014a). In this system (Fig. 3), a consent 

Fig. 2.  The new concept model constructed according to the definition of “museum” described in the ICOM statement and the Japanese 
Museum Act, and implemented within the Fish Image Database (partly disclosed as FishPix on the web) of the Kanagawa Prefectural 
Museum of Natural History (KPM). By systematizing the information integration, utilization, and feedback, a large amount of biodiversity 
information will become available, and thus the general public will be able to contribute to not only research, but also sociological fields 
such as environmental education.
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form is required from the image owner or rights holder, and 
then the curator registers the image to the database. Part of 
this database has been disclosed on the web as FishPix, hosted 
by KPM and the National Museum of Nature and Science, 
Japan (Matsuura & Senou, 2002). Additionally, a subsection 
of the attribute information of this database has been shared 
at the Science Museum Net (S-Net) and Global Biodiversity 
Information Facility (GBIF) (Matsuura, 2009; Hosoya et al., 
2018).

The early contributors to this photographic database were 
largely sourced from among readers of the journal, I.O.P. 
Diving News. This journal facilitated the registration of fish 
images by amateur scuba divers (Matsuura & Senou, 2002; 
Miyazaki et al., 2014b), publishing many new findings of 
fishes based mainly on underwater photographs (Senou, 2013).

A more systematic approach can be driven by a specific 
research aim. For example, WEB sakana-zukan, launched in 
2002, is a large, private platform for recreational fishers in 
Japan (zukan.com, 2025). The website consists of a bulletin 
board system (BBS) where users are free to post comments 
and associated images, as well as a user-generated atlas of 
fishes (Miyazaki et al., 2014b). We tried to integrate important 
fish images (i.e., possible vouchers) from the BBS to the 
museum database. With this method, we could target fish 
images of non-native and red list species representing new 
records or range extensions.

Within this example (Miyazaki et al., 2020), permission 
was obtained from only 9 of 26 citizens (= 34.6%) who had 
uploaded images of non-native targets. Six of 26 citizens (= 
23.1%) did not provide any contact information with their 
posts. The posts examined were 2–10 years old, and their 
addresses (10/26 = 38.5%) were not available, or one did not 
reply. Although we attempted to contact the only one poster 
whose record of a red list species provided new distributional 
information, their contact information had lapsed. We 
registered only 14 lots (32 images) to the museum’s collection, 
although 31 lots were identified as potential vouchers (i.e., 
14/31 = 45.2% success). In addition, Miyazaki et al. (2020) 
also found that 3/17 (17.6%) heavy users contributed new 
distributional information, while 15/2631 (0.6%) light users 
provided new distributional information. However, the heavy 
users contributed 23/50,325 (< 0.001%) posts and 8/30 lots 
(26.7% of all new distributional records), whereas the light 
users contributed 15/6569 (0.2%) posts and 15/30 (50.0%) 
lots. These results indicate that a community with fewer posts 
per user but many participants is better for identifying new 
distributional information for biodiversity conservation than a 
community with many posts from only a few users.
(2) Second step: application to scientific studies. Building 
on photograph collections of the museum obtained via the 
first step, we then explored their potential application to 
ichthyological studies. Unusual records or single findings such 

Fig. 3.  The systems of the Fish Image Database of Kanagawa Prefectural Museum of Natural History (KPM). To register fish images into the 
database, a consent form from the image owner (or right holder) is required. This figure is modified from Miyazaki et al. (2014b).
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as distributional range extensions (voucher specimens) are 
the most useful data for scientific publications, as mentioned 
below.

Senou et al. (2006) compiled the fish fauna of the Sea of 
Sagami based on voucher specimens and images collected 
by experts and by contributions from scuba divers and 
recreational fishers. Another typical example is that Wada et 
al. (2020) described a new species of perchlet, Plectranthias 
ryukyuensis, based on specimens and photographs, both of 
which were registered to the museum. This museum database 
has helped clarify the ichthyofaunas of major diving areas, 
provided a biogeographic key of the southern Japanese 
areas affected by the Kuroshio warm current, and listed the 
voucher specimens of various distributional records or color 
descriptions of fish species (Matsuura & Senou, 2002, 2012; 
Miyazaki et al., 2014a). In addition, Mabuchi (2003) revealed 
the differences in geographical distribution patterns between 
two closely related wrasses, Pseudolabrus eoethinus and P. 
sieboldi, on the Pacific and Sea of Japan coasts of southern 
Japan, based on a total of 724 minutes of diving observations, 
586 specimens and 91 photographs. These specimens are stored 
at seven museums including the KPM, while all photographs 
are from the collections of the museum. Moreover, Okiyama 
et al. (2007) reported records of Gibberichthys latifrons from 

Japan with some suggestions for functional morphology and 
mimicry, based on not only specimens but also images of its 
larvae registered to the museum’s database.

Similarly, individual reports of a rare triggerfish hybrid 
(Miyazaki et al., 2015b), an illegal introduction of an invasive 
fish (Miyazaki et al., 2016), and a species newly recorded 
from a country (i.e., Costa Rica; Miyazaki et al., 2017) were 
identified from the timeline of Twitter (now rebranded as X), a 
post at the BBS of WEB sakana-zukan, and via direct contact 
with a citizen respectively. The case studies also provide the 
chance for discussions of related issues such as language 
barriers caused by differences in Spanish and Japanese, 
copyright and permanent storage.
(3) Third step: trials of education or outreach. Steps 1 and 
2 lead to the third Step of attempting to educate the general 
public about any new findings published in scientific literature. 
One simple method of achieving this to a small degree is to 
acknowledge the citizens’ contributions and provide them 
with a reprint. This basic methodology is probably an ethical 
requirement for research studies (Miyazaki, 2018b).

Applied methods include a special exhibition of the 
Kanagawa Prefectural Museum of Natural History (e.g., 
Miyazaki et al., 2015a), and articles in a fishing magazine and 
museum newsletter (e.g., Miyazaki 2015a, b; Fig. 4). As a 

Fig. 4.  An example of the implementation of the new concept model to a case study. First, a fish image was posted to a bulletin board system by 
a recreational fisher (i.e., citizen). Then, it was registered to the Fish Image Database of Kanagawa Prefectural Museum of Natural History. A 
scientific article was published based on this museum collection by the experts and the contributor (Miyazaki et al., 2015b), representing the first 
record of this rare hybrid individual with a verifiable voucher. The rare hybrid was introduced in the color-feature   series located at the end of the 
fishing magazine (Miyazaki, 2015a).
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matter of course, the exhibition and newsletter of the museum 
are easy to reflect its members’ works. On the other hand, the 
first author (YM) has also introduced our works at articles 
with color photographs of fishes in a fishing magazine, Tsuri-
joho, published by Tatsumi Publishing Co., Ltd. or in a boat 
magazine, Boat CLUB, published by KAJI Co., Ltd.

It is considered that further effective methods could be 
applied by using mass media. When opportunities arise such 
as focusing on the use of citizen science or on the novel 
approach of the application of art for scientific purposes, mass 
media such as newspapers, radio, and television can be used 
to profile our publications. In fact, an example of extractions 
of fish distributional data from the WEB sakana-zukan BBS as 
mentioned before (Miyazaki et al., 2020) were introduced by 
the Japanese newspaper, Nihon Keizai Shimbun (Asanuma et 
al., 2020), to explain the importance of citizens’ contributions 
to scientific discoveries, including conservation science 

(Miyazaki et al., 2020), meteorology (Araki, 2019), and public 
hygiene in particular regarding the participation of a company 
in the project of the Folding@home for preventing the spread 
of the COVID-19 pandemic (Frazer et al., 2020). In addition, 
Miyazaki & Murase (2020, 2022) reported that gyotaku sheets 
(fish rubbings) created and stocked by citizens could possibly 
help clarify historical biodiversity (and that the arts have 
potential for museum collections and science) was introduced 
by several domestic newspapers such as Asahi Shimbun 
(Kotsubo, 2020), Asahi Shogakusei Shimbun (Ekino, 2020), 
Kyodo News (more than 10 major and local newspapers) and 
foreign magazines such as Forbus (Amsen, 2020), Spektrum 
der Wissenschaft (Dönges, 2020) and Hyperallergic (Bishara, 
2020). As a result, a few readers of the publications gained a 
new understanding of the importance of our research and sent 
us new gyotaku sheets (more than 300 sheets) as additional 
contributions. Further, YM received messages from some 

Fig. 5.  Suggested improvements for the accumulation of fish images from the internet. If the museum is added as an exception to Japanese 
Copyright Law because of its high publicity (as is the National Diet Library of Japan), it will be legally able to copy and assemble its 
museum collections without permissions from copyright holders, and without collaborations between other databases and websites. This 
figure is modified from Miyazaki et al. (2014b).
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researchers, and collaborative research may result. However, 
the media focused on the unique research approach and the 
importance of citizens’ contributions rather than the scientific 
results of the study. Media exposure requires popularity 
(Grossberg et al., 2006), and the utilization of mass media is 
often uncontrollable and unpredictable.

Other examples demonstrate that TV production teams 
sometimes provide specimens and images for museums and 
scientific discoveries. For example, based on the surveys 
conducted by an underwater photographer, a team comprising 
TV staff and ichthyologists, discovered that the pufferfish, 
Torquigener albomaculosus, was responsible for creating 
mystery circles (a spawning nest) on the seabed (Matsuura, 
2015). In another example, a TV production crew provided 
their specimens and images taken for their program about 
deep-sea bycatch from Tokyo Submarine Canyon (Miyazaki 
et al., 2019). Mass media often have budgets far in excess 
of research budgets, so collaborations can provide unusual 
specimens and images that would be otherwise unobtainable, 
resulting in scientific findings at a more effective and larger 
scale (e.g., Grossberg et al., 2006; Wakefield et al., 2010).

Furthermore, all authors of the present study have directly 
introduced our scientific activities face-to-face via lectures at 
universities/colleges, museums and other forums.

Implementation Issues of the Conceptual Model

Generally, copyright restrictions prevent the free use of 
images uploaded to social media platforms. To mitigate this 

issue, Miyazaki et al. (2014a) proposed that registrations of 
all fish images with time and locality data on the internet as 
cache or self-usage data (i.e., non-disclosures of the pictures 
themselves, but disclosure of distribution data) should be 
permitted because of its publicity. For similar example, the 
database “Fishes of Mainland Southeast Asia (FiMSEA)” 
(Kano et al., 2013), which has integrated with GEDIMAP 
(Watanabe et al., 2010) to currently operate as “ffish.asia 
(freshwater fish biodiversity of Asia)” (Kano, 2022), had a 
function of content curation. However, similar to the copyright 
of images, some people may believe that they also have the 
right to restrict others from using the attribute information. 
Even if there are no legal issues, this belief can often lead 
to potential conflicts in practical implementation. In Japan, 
only the National Diet Library is able to copy and assemble 
its library collections without consent forms from copyright 
holders by an exception of the Japanese Copyright Law (i.e., 
Item 3 of Clause 2 of Article 31). If copyrights have expired 
(e.g., 70 years after the author’s death in one of Japanese 
cases), the works can be disclosed. Because images and their 
accompanying attribute information are more likely to be 
lost online, we believe that extending a similar exemption to 
public museums would be beneficial for their operations in the 
future (Fig. 5; see also Miyazaki et al., 2014a).

A closely related problem is that regional museums in Japan 
have difficulties applying for expressions of the Creative 
Commons License. In particular, CC-BY is recommended 
and popular for Open Science, but regional museums in Japan 
have faced the issue that a database itself is not evaluated by 

Fig. 6.  The number of visitors to FishPix (part of the Fish Image Database of the Kanagawa Prefectural Museum of Natural History) since 2004. 
The black line indicates the number of total visitors (the left axis), while the grey line indicates the number of unique visitors (the right axis).
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their administrators such as governors and superintendents. 
Curators need to demonstrate the value of a particular database 
by quantifying its use but this is difficult when there is free 
usage without permission. This situation is incompatible with 
an application for a Creative Commons License.

In addition, the effects of education and outreach are 
difficult to quantitatively evaluate due to research ethics or 
their own complexity. The effects can be understood in part 
when readers and viewers of a feedback scheme directly 
express their thoughts, and it is considered that case studies 
are relatively easy to report, but quantitative analysis is 
problematic.

As a rough indicator of contributions to society, we 
show an example of the numbers of page views and unique 
visitors to the database (Fig. 6). It is considered that large 
numbers represent the general public, and we acknowledge 
that populations of scuba divers and recreational fishers have 
been rapidly declining in recent decades (i.e., scuba divers 
from 2.2 million in 2001 to 0.8 million in 2022; recreational 
fishers from 20.4 million in 1996 to 5.2 million in 2022: Japan 
Productivity Center, 2023). However, it is difficult to clarify 
the reasons for fluctuations over time due to the complexity of 
factors influencing people’s engagement.

An international protocol of Access to genetic resources 
and Benefit-Sharing (ABS) (Secretariat of the Convention 
on Biological Diversity, 2011) may cause a problem to 
develop the conceptual model proposed in this paper. 
The abovementioned example of Costa Rica is part of the 
ecological surveys of the Japan International Cooperation 
Agency (JICA), an organization of the Japanese government. 
As such, the scientific publication was cleared with prior 
informed consent (PIC) and mutually agreed terms (MAT), 
and included a collaborative researcher of the other nation 
(see Miyazaki et al., 2017). However, it is not easy to 
replicate these arrangements for the image database because 
photographs and images of nature may be considered subject 
to the ABS protocol (Nakae et al., 2015); some countries’ 
domestic laws may require individual correspondence with 
respect to the ABS.

Conclusions

This article introduces a new conceptual model for applying 
citizens’ internet data, particularly social media posts, to 
conservation science based on Japanese Museum Law. 
We introduce case studies and demonstrate that the model 
is feasible. This model is not affected by whether citizens 
contribute deliberately or unintendedly to scientific endeavors.

However, focusing on the publication of papers is just one 
aspect of citizen science (Dickinson & Bonney, 2012), which 

has broader significance including education, experience of 
nature and public awareness (e.g., Bonney et al., 2009; Wals 
et al., 2014; Kobori et al., 2016; Aristeidou & Herodotou, 
2020). To popularize citizen science and make it sustainable, 
it is important to redefine its concept. As discussed, Sasaki 
et al. (2016) concluded that citizen science is not only a 
research approach but also serves many other functions, all 
of which have significance for the citizen scientist who is 
actively engaged. Miyazaki (2018a) agreed that the words 
“citizen science” can also describe the process of becoming a 
scientist, but the definition of Sasaki et al. (2016) has not been 
widely accepted due to language barriers. That is, part of the 
new concept model of Japanese citizen science (i.e., Fig. 1) is 
similar to the conventional concept of citizen science or civic 
science in general in that one expects a bottom-up effect (see 
also Dillon et al., 2016). However, the conventional concepts 
focus on goals of actual new findings and publications of 
scientific articles, whereas the approach tailored to Japan’s 
circumstances places an importance on raising more public 
awareness for science (Sasaki et al., 2016; Miyazaki, 2018a, 
b). The new and conventional concepts differ greatly in this 
respect.

Accumulating citizens’ internet data for museums is 
beneficial to science, facilitating research and leading to 
publications in peer-reviewed journals. Of particular note 
is the identification of unusual phenomena such as the early 
detection of non-native species (Miyazaki et al., 2015a, 
2016, 2020). It is important that human resources and funds 
equivalent to that provided for national projects be provided to 
maximize the benefits and ensure sustainability of the process.

With respect to education and outreach, individual 
researchers have limited ability to communicate to a broad 
public audience whereas cooperation with mass media allows 
for larger scale impact. When our new model is implemented 
in a society, it may be possible to replace contributors who 
are not cooperative with those who are. The feedback system 
proposed will contribute to an increase in citizen scientists, 
and to the bottom-up scientific education regarding disciplines 
such as biodiversity conservation, and to the further 
development of citizen science.
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