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Abstract

The expanding use of community science platforms has led to an exponential increase in
biodiversity data in global repositories. Yet, understanding of species distributions remains
patchy. Biodiversity data from social media can potentially reduce the global biodiversity
knowledge gap. However, practical guidelines and standardized methods for harvesting
such data are nonexistent. Following data privacy and protection safeguards, we devised
a standardized method for extracting species distribution records from Facebook groups
that allow access to their data. It involves 3 steps: group selection, data extraction, and
georeferencing the record location. We present how to structure keywords, search for
species photographs, and georeference localities for such records. We further highlight
some challenges users might face when extracting species distribution data from Facebook
and suggest solutions. Following our proposed framework, we present a case study on
Bangladesh’s biodiversity—a tropical megadiverse South Asian country. We scraped nearly
45,000 unique georeferenced records across 967 species and found a median of 27 records
per species. About 12% of the distribution data were for threatened species, representing
27% of all species. We also obtained data for 56 DataDeficient species for Bangladesh. If
carefully harvested, social media data can significantly reduce global biodiversity knowledge
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gaps. Consequently, developing an automated tool to extract and interpret social media
biodiversity data is a research priority.

KEYWORDS

Bangladesh, citizen science, crowdsourcing, Facebook, iEcology, megadiverse countries, social media, tropics,
Wallacean shortfall

INTRODUCTION

Amid the sixth mass extinction, many species worldwide are
dramatically declining—28% of all assessed species on the
International Union for Conservation of Nature (IUCN) Red
List are threatened with extinction (Dirzo et al., 2014; Murali
et al., 2023; Pimm et al., 2014). About 48% of species are
declining, 49% are in stable condition, and only 3% are increas-
ing (Finn et al., 2023). The Living Planet Index Report reveals
an average 69% decrease in monitored wildlife populations
since 1970 (WWF, 2022). However, global assessments are
highly biased toward certain taxa and regions (Miqueleiz et al.,
2020). For example, 85% of described reptile species have been
assessed by IUCN (Meiri et al., 2023), whereas ∼1% of arthro-
pod species have been assessed (Cardoso et al., 2011). This
severe discrepancy reflects a long-known bias in research inter-
ests (Cardoso et al., 2011; Di Marco et al., 2017) and can be
partially attributed to missing or inadequate distribution data
that are fundamental to species threat assessments (Beck et al.,
2014; Hughes et al., 2021). For example, a taxonomic revision
and distribution sample of beetle species shows that 53% of
186 species are known only from a single locality, and 13% are
known only from a single specimen (Stork, 1997). These biases
are known as Linnean shortfalls (taxonomic knowledge gaps)
and Wallacean shortfalls (distribution knowledge gaps) (Diniz-
Filho et al., 2023; Hortal et al., 2015). Poor representation of
species records is also prominent in the most extensive bio-
diversity repository—Global Biodiversity Information Facility
(GBIF)—which contains locality data for only 10% of described
insect species (Chowdhury, Zalucki, et al., 2023). In addition, the
taxonomic bias in GBIF is increasing with time, mostly due to
the accumulation of distribution data for birds (Troudet et al.,
2017; Tang et al., 2021).

To bridge this data gap, many initiatives are using knowledge
from the general public (Hochkirch et al., 2021). These data
collection initiatives are commonly known as citizen science or
community science, in which people share their species obser-
vation records through different, often online, applications (e.g.,
iNaturalist, eBird; Bela et al., 2016; Callaghan et al., 2021; Chan-
dler et al., 2017; Conrad & Hilchey, 2011; Pocock et al., 2019).
These observations, in many cases, are eventually deposited in
large online repositories (e.g., GBIF; Callaghan et al., 2022; Roy
et al., 2018). There are hundreds of such applications glob-
ally that have greatly improved understanding of biodiversity
patterns in recent years. Since 2007, there has been a 12-fold
increase in biodiversity data in GBIF through community sci-
ence applications (e.g., iNaturalist, eBird) (Heberling et al., 2021)
(GBIF contains >2.3 billion species occurrence records as of

9 June 2023). Despite increases in the volume of biodiver-
sity data available, geographic and taxonomic knowledge gaps
on species distributions remain (Hughes et al., 2021), even
for well-represented taxa (e.g., birds) in well-sampled regions
(e.g., Germany) (Bowler et al., 2022). Most biodiversity obser-
vation records are from Europe and North America, resulting
in major sampling and observation biases (Ramírez et al., 2022).
Although most species occur in tropical forests, knowledge of
the biodiversity of these regions is extremely limited (Chowd-
hury, Aich, et al., 2023; Collen et al., 2008; Hortal et al., 2015;
Hughes et al., 2021; Meyer et al., 2015). Although it comprises
<2% of Earth’s area, nearly 36% of the biodiversity data in
GBIF come from the United States. Conversely, Brazil, which
has a similar land area to the United States and is the most
biodiverse country on Earth, is represented by only 0.8% of
the records in GBIF (accessed on 22 May 2023). Therefore,
new approaches and methods are needed to overcome the Lin-
nean and Wallacean shortfalls, and changing societal preferences
through community science activities (e.g., by targeting less-
represented species) can play a crucial role (Troudet et al., 2017).

With the increasing popularity of social media and the grow-
ing availability of digital phones and fast internet, many people
post biodiversity observations on different social media plat-
forms (e.g., Facebook, X) (Andrachuk et al., 2019; Di Minin
et al., 2015; Toivonen et al., 2019) that do not necessarily make
it to GBIF. Among these platforms, Facebook has become
the most popular social media network (Ortiz-Ospina, 2019).
There are thousands of biodiversity observation groups on
Facebook globally with a wealth of species distribution infor-
mation, often with more in-depth data than are available in
global biodiversity repositories (Chowdhury, Aich, et al., 2023).
For example, by scraping a single Facebook group for the
butterflies of Bangladesh (Butterfly Bangladesh, https://www.
facebook.com/groups/488719627817749), Chowdhury, Alam,
et al. (2021) obtained about 35 times more distribution records
from Facebook than were deposited in GBIF at the time. Face-
book also contains data regarding many unique species that
are absent from GBIF altogether (Chowdhury, Aich, et al.,
2023). Such data are also key for improved spatial conserva-
tion prioritization (Chowdhury et al., 2024) and can help track
range-shifting species (Chowdhury, Braby, et al., 2021). The util-
ity of Facebook as a biodiversity repository is possible due to
the volunteer contributions of moderators and administrators
of Facebook groups who help users identify species (Chowd-
hury, Aich, et al., 2023; Marcenò et al., 2021). Moreover, many
scientists are unaware of the great potential biodiversity data
held on social media platforms or are unfamiliar with methods
to extract such data (Chowdhury et al., 2024).
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FIGURE 1 Steps to extract species distribution records from Facebook and the inclusion and exclusion criteria used to filter species photographs for different
animal groups of Bangladesh.

Several studies have explored the importance of using Face-
book data to fill the global biodiversity data shortfall (e.g.,
Chamberlain, 2018; Chowdhury, Aich, et al., 2023; Marcenò
et al., 2021; O’Neill et al., 2023). Although having a standard
data collection protocol is essential to improve conservation
assessments, there is currently no such protocol that researchers
can follow to collate species distribution data from Facebook.
We devised a thorough method for harvesting high-quality
biodiversity data from Facebook groups accessed with the per-
mission of the groups’ administrators. We applied this method
to Bangladesh as a case study.

The method includes a keyword formulation process and
protocols for searching Facebook groups, extracting and
filtering species photographs and georeferencing location infor-
mation. We considered key points that future researchers should
follow to avoid some commonly encountered problems when
using these data sources to help expedite the process and to
follow the data privacy rules when using species locality data
in conservation science. Finally, we considered the potential of
species distribution data obtained from Facebook.

METHODS

Extracting species locality information from Facebook involves
3 steps: group selection, data extraction, and georeferencing the
record location (Figure 1a).

Group selection (Step 1)

Before starting the data extraction process, it is important to
filter the relevant Facebook groups using a systematic search.
Search keywords could contain a combination of taxon and
country names. For example, if there is an interest in extract-
ing data for birds from Bangladesh, the keyword could be
“bird Bangladesh.” Singular and plural forms and capitalization of
words do not make any substantial difference, but word order
does. We, therefore, recommend conducting multiple searches
with the keywords in different combinations (e.g., Bangladesh

bird, bird Bangladesh). Because there may be multiple groups for
each country and taxa combination, this approach will allow
researchers to get more extensive results. Given English is not
widely spoken in many areas of the world, we recommend using
a multilingual search (Chowdhury, Gonzalez, et al., 2022) when
listing relevant Facebook groups. After formulating keywords,
the search can be conducted using the Facebook search function
to identify relevant groups (Figure 1).

Data extraction (Step 2)

When extracting data, the authors should carefully consider the
privacy of the group (public, private, or secret) and maintain the
data usage policy (Di Minin et al., 2021). Authors should also
prepare a complete list of species that need a manual search.
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When a relevant group is selected, the next step is to extract
species information. This can be done by searching for species
locality records inside individual groups. Searching within Face-
book groups is similar to searching in engines such as Google
Scholar: species names can be searched with the search function
of the selected Facebook group (magnifying glass icon inside the
Facebook group), which includes options to restrict the search
(e.g., year) (Figure 1).

During data extraction (from posts, but not photographs),
problems that may be encountered include species misidentifi-
cation in the caption, inconsistencies in species’ names (some
users use the scientific name, whereas others use the English or
local names), Facebook becomes too slow when the keyword
searches produce too many results, and search results include
erroneous species due to partial keyword overlap (e.g., butterfly
named common Pierrot could appear when searching for “com-

mon jay”). To handle misidentification issues, we recommend
double-checking species identifications before extracting data.
In active Facebook groups, moderators, administrators, or other
users often verify individual photographs and provide sugges-
tions when required. This is particularly relevant when they help
users identify photographs and confirm locality information.
Such information can often be found in the comment section
of each photograph. To control naming inconsistencies, we rec-
ommend searching by scientific name, English names, and local
names for each species in each group. Another issue is that the
same photographs might appear in different searches due to
partial keyword overlap. To control this issue, researchers could
use a unique identifier for the users and then remove duplicate
information. To expedite the search process during an individ-
ual search, we recommend restricting the search by year with the
date posted tab on the left side of the screen. Here, individual
years (e.g., 2021) can be filtered for each search. The process
should be repeated until there are no further search results.
Finally, duplicate records should be removed.

Georeferencing (Step 3)

Facebook lacks an automated georeferencing system. Using
the location information from species photographs (Figure 1),
any mapping software (e.g., Google Map, Google Earth,
ArcGIS) can be used to match the latitude and longitude
information. Conveniently, the Google Place ID application
programing interface (https://developers.google.com/maps/
documentation/places/web-service/place-id) enables auto-
matic georeferencing for many locations. It can also be done
with the geocode function of the ggmap R package (Kahle &
Wickham, 2013).

Case study of Bangladesh

We extracted biodiversity data from Bangladesh’s dedicated
Facebook groups. We compiled a checklist of the animals
of Bangladesh with a known conservation status (1,619
species) from the most recent Red List of Bangladesh (IUCN

Bangladesh, 2015). From this red-list database, we extracted
taxonomic group name (e.g., Birds, Butterflies), Order, Family,
scientific name, English common name, local common name,
and the IUCN Red List assessment status in Bangladesh. While
cross-checking the data, we noticed that the Family informa-
tion for butterflies was old and did not match the family names
in GBIF. We updated Family names following the GBIF tax-
onomy to address this problem. Specifically, we updated the
information for 4 families (Acraeidae, Amathusiidae, Danaidae,
and Satyridae) and moved them under the family Nymphal-
idae. Finally, we removed regionally extinct species (IUCN
Bangladesh, 2015) from the species list.

Group selection (Step 1)

We searched for each taxonomic group (e.g., bird, butterfly)
and added the country name (Bangladesh) at the end (e.g., bird
Bangladesh, butterfly Bangladesh). From our previous expe-
riences, we were aware that some Facebook groups contain
the term biodiversity. Consequently, we also searched Facebook
for the keyword “biodiversity Bangladesh.” Altogether, our search
keywords included the following 7 combinations: “amphibian

Bangladesh,” “bird Bangladesh,” “butterfly Bangladesh,” “crustacean

Bangladesh,” “fish Bangladesh,” “mammal Bangladesh,” and “reptile

Bangladesh.” Based on the search results, we filtered the most
popular Facebook groups, for each taxon, based on moderation
activity (e.g., whether group moderators help users with species
identification), group rules (if the group has strict rules about
the location and date of the photographs), and group activities
(if members post every day).

Data extraction (Step 2)

We followed a range of approaches when extracting species dis-
tribution data from Facebook groups. Before starting the data
extraction process, we conducted a test search with some com-
mon and rare species. To control for naming inconsistencies,
we searched each species with its scientific name, English name,
and local name in Bengali, which led to 3 rounds of searching for
each species in each group. To expedite the search process, we
restricted searches by year with the date posted tab. We filtered
individual years (e.g., 2021) for each search, checked until there
were no remaining records for that year, and extracted all rele-
vant results for that year. Finally, we removed duplicate records
from the compiled datasheet (see above).

From each post, we extracted the following information:
species name (search keyword), life stage (e.g., adult, egg), date
(day, month, year), location information (name of the place),
and name of the photographer. For quality control, we carefully
checked whether the species identification was correct before
extracting its information. Given that the group users, including
the administrators and moderators, verify species identification
and comment on misidentified species, and that some users
might forget to update post captions, we also checked the com-
ments of individual photographs. We excluded photographs if
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FIGURE 2 The number and membership details of the available Facebook groups for Bangladeshi animals (herpetofauna, amphibians, and reptiles; multiple
taxa, group focused on >2 taxa).

the photograph was not from Bangladesh and was not clear
enough to identify the subject up to the species level (even if
someone [poster or other users from the group] identified the
species); if subject was not identified to the species level; if the
locality information was missing; and if the area of the location
was over 100 km2.

Georeferencing (Step 3)

Using the location information from each post, we searched
it in Google Maps (https://www.google.com/maps), selected
a random point in that area (clicked on the location), and
extracted the latitude and longitude (in decimals). Considering
that we discarded photographs if the specified location was an
area over 100 km2, the precision uncertainty of these extracted
distribution records was within 10 km.

RESULTS

Data harvested from Bangladesh

Overall, we identified 41 Facebook groups for different ani-
mals in Bangladesh (Appendix S1). Although 14 of these groups
focused on birds, only one focused on dragonflies and dam-
selflies (Figure 2). There were only 4 groups with >50,000
members. Several of these groups focused on multiple taxa, one
on birds, and one on reptiles (Figure 2; Appendix S1).

Of the 41 Facebook groups, we chose the 7 most popular
(based on our experience): Birds Bangladesh (https://www.
facebook.com/groups/2403154788), Deep Ecology and Snake

Rescue Foundation (https://www.facebook.com/groups/
959896627527624), Biodiversity of Bangladesh, (https://
www.facebook.com/groups/249240636186853), Butterfly
Bangladesh, (https://www.facebook.com/
groups/488719627817749), Mammals of
Bangladesh, (https://www.facebook.com/groups/
647662968655338), Amphibians and Reptiles of
Bangladesh, (https://www.facebook.com/groups/
560709511527645), and Biodiversity of Greater Kushtia
(https://www.facebook.com/groups/244807066739477).

From these 7 groups, we collated 44,726 occurrence records
for 967 species, ranging from 1 to 719 records per species.
These data included 45 amphibian species, 494 bird species,
265 butterfly species, 72 mammal species, and 91 reptile species
(Figures 3a & 4). We could not locate any species occurrence
records for fishes or crustaceans. Our extracted Facebook data
are publicly available (Chowdhury, Aich, et al., 2022).

Although the median number of occurrence records per
species was 27, it varied substantially among taxa. The median
number of occurrence records per species was 54 for birds, 33
for butterflies, 5 for mammals, and 3 for reptiles. There were 196
species with 80 or more records, of which only 7 were butterflies
(no threatened species), and the rest were birds (one threatened
species, Threskiornis melanocephalus [Vulnerable]). The following
were the most popular species from each group: Alcedo atthis

(birds, 719 records), Danaus chrysippus (butterflies, 107 records),
Prionailurus viverrinus (mammals, 66 records), Xenochrophis pis-

cator (reptiles, 39 records), and Duttaphrynus melanostictus and
Polypedates leucomystax (amphibians, 14 records).

The number of occurrence records grew substantially with
time, with some random fluctuations (Figure 3b). Although
Facebook started in the early 2000s, we obtained many records
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FIGURE 3 The (a) density (at 1 km2) (i, includes all species occurrence records; ii, includes grid cells with >10 species occurrence records) and (b) yearly
growth of species occurrence records obtained from Facebook for different animal groups in Bangladesh.

FIGURE 4 Percentage of threatened and nonthreatened species in (a) occurrence records and (b) species records obtained from Facebook for different animal
groups in Bangladesh (black dots, percentages of species that are nationally threatened [IUCN Bangladesh, 2015]).
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before that date. For birds, there were records available from
1978 (users shared their past observations). For other taxa,
the records started in 1992 for reptiles, 1998 for mammals,
2004 for butterflies, and 2005 for amphibians. For all taxa,
the number of species occurrence records increased markedly
from the start date to early 2020; however, the numbers rapidly
declined afterwards, possibly due to the COVID-19 pandemic
(Figure 3b).

We obtained distribution data for 260 threatened species
(27% of species), 651 nonthreatened species (67% of species),
and 56 data-deficient species (6% of species) (Appendix S2).
Although 12% of the species distribution data were for threat-
ened species, it varied substantially across taxa. For mammals,
70% of the occurrence records were for threatened species,
47% for butterflies, 14% for reptiles, 6% for amphibians, and
3% for birds (Figure 4a). The pattern was different when
considering the percentage of species recorded for each taxa,
both for threatened and nonthreatened species. For butterflies,
we obtained records for twice as many species classified as
threatened (167) than nonthreatened (84). For other groups,
threatened species contributed 46% of all mammal species, 20%
for reptiles, 18% for amphibians, and 7% for birds (Figure 4b).

DISCUSSION

The increasing number of community science applications is
contributing to a sharp increase in the available data that can
be used to obtain species distribution records (Heberling et al.,
2021). Despite this increase, a substantial bias remains in under-
standing global biodiversity distribution—the distribution of
tropical species remains overlooked (Di Marco et al., 2017;
Hortal et al., 2015; Hughes et al., 2021; Kühl et al., 2020;
Chowdhury, Fuller et al., 2023). Although iNaturalist contains
16,444 observations (until 2022) from Bangladesh (for all taxa)
(accessed on 19 December 2023), we obtained nearly 45,000
records for 967 species from Bangladesh (for some selected
taxa), of which 27% were nationally threatened, and many were
Data Deficient. iNaturalist is an increasingly important source
of biodiversity data for many parts of the world (Callaghan
et al., 2022; Di Cecco et al., 2021; Soroye et al., 2022), yet
we obtained nearly 3 times the number of iNaturalist records
from Facebook; even Facebook data did not include all groups
and taxa. This highlights the importance of extracting biodiver-
sity data from Facebook (Chowdhury et al., 2024; Chowdhury,
Aich, et al., 2023, Chowdhury, Fuller et al., 2023). Over time,
data increased sharply for all taxa; however, there was a sub-
stantial decline in the amount of data in 2021 during the
COVID-19 pandemic. Our step-by-step guidelines for extract-
ing species locality data could help future researchers obtain
local and global biodiversity data that could aid in conservation
assessments.

Facebook data have the potential to improve knowledge of
biodiversity. For example, additional biodiversity data could
improve the information on Data Deficient species (Cazalis
et al., 2023). However, there are some problems users should
consider (Chowdhury, Aich, et al., 2023; Di Minin et al., 2015;

Toivonen et al., 2019). First, extracting data from Facebook
is a time-consuming and multistep process. On average, it
took us nearly 33 min to complete the data extraction pro-
cess for a single species (i.e., ∼532 h in total for all species).
And if a species has different names, the number of manual
searches increases. Second, Facebook photographs do not con-
tain precise or automatic geolocation functions, which results in
coordinate uncertainties. Third, users’ interests in certain taxa
could lead to limited data for other taxa (e.g., no Bangladeshi
Facebook groups on crustaceans or fishes). Fourth, maintaining
the quality of posts in Facebook groups requires active modera-
tion activities, which include a high level of taxonomic expertise
and spending time reviewing every photograph. Although this
is typical for Bangladesh, where administrators, moderators, and
users help maintain every photograph’s quality, this might not be
the case for many other countries. Although automatic extrac-
tion is not yet possible, developing such tools to expedite the
process would be useful. Likewise, developing tools that auto-
matically deposit species distribution records from Facebook
into global biodiversity repositories could be instrumental in
harvesting this source for biodiversity records (Correia et al.,
2021; Jarić et al., 2020). If more resources are allocated for
this endeavor, people can be appointed to check Facebook
posts regularly, help administrators and moderators maintain
group quality, extract data regularly, and create a local database
that could eventually be deposited into global biodiversity
repositories, such as GBIF.

When using social media data for research purposes, inherent
risks must be addressed to protect individuals from potential
physical or psychological harm, whether intentional or unin-
tentional (Di Minin et al., 2021). To mitigate these risks and
ensure user safety, it is important to adopt practices such as
data minimization, anonymization, and strict data management
protocols. Employing risk-based approaches, such as conduct-
ing data privacy impact assessments, can aid in identifying and
minimizing privacy risks for social media users. Besides, when
sharing the observation records, authors should carefully con-
sider whether they should share threatened species’ locations
(Sbragaglia et al., 2021). This not only showcases accountability
but also ensures compliance with data protection laws that safe-
guard the privacy of individuals involved in the research process
(Di Minin et al., 2021). Although open data can revolution-
ize research efforts, it can create major problems in conserving
threatened species (e.g., poaching, disturbance; Bergman et al.,
2022; Di Minin et al., 2015, 2022; Lindenmayer & Scheele,
2017). The regional researchers and legal authorities should
carefully deal with this issue.

Scientists worldwide are formulating innovative approaches
to improve understanding of species distributions, yet there
remain substantial taxonomic and regional gaps and biases.
Several studies show Facebook’s importance in extracting bio-
diversity records (e.g., Chowdhury et al., 2024; Chowdhury,
Aich, et al., 2023; Chowdhury, Alam, et al., 2021; Chowdhury,
Braby, et al., 2021); however, previously, there has been no stan-
dard method that researchers can follow. We provided detailed
guidelines on preparing a list of relevant Facebook groups
and recommend approaches to search efficiently. Although the
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entire process requires time, it was worth the effort, given that
we obtained thousands of species occurrence records for a
tropical, biodiverse country, Bangladesh. Such biodiversity data
could help support conservation efforts and assess population
status more accurately with relatively little effort for species
that otherwise would have little data or protection (Chowdhury,
Fuller et al., 2023). We recommend a coordinated effort to cre-
ate a global database containing information from biodiversity
groups on Facebook.
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