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Abstract

Citizen science programs are becoming increasingly popular among naturalists but remain heavily biased taxonomically and geograph-
ically. However, with the explosive popularity of social media and the near-ubiquitous availability of smartphones, many post wildlife
photographs on social media. Here, we illustrate the potential of harvesting these data to enhance our biodiversity understanding using
Bangladesh, a tropical biodiverse country, as a case study. We compared biodiversity records extracted from Facebook with those from
the Global Biodiversity Information Facility (GBIF), collating geospatial records for 1013 unique species, including 970 species from Face-
book and 712 species from GBIF. Although most observation records were biased toward major cities, the Facebook records were more
evenly spatially distributed. About 86% of the Threatened species records were from Facebook, whereas the GBIF records were almost
entirely Of Least Concern species. To reduce the global biodiversity data shortfall, a key research priority now is the development of

mechanisms for extracting and interpreting social media biodiversity data.
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Human pressure on the environment, including climate change,
agricultural expansion, overexploitation of natural resources, and
habitat loss are causing many species to decline globally (Butchart
et al. 2010, Maxwell et al. 2016, Isbell et al. 2022, Chowdhury et al.
2022a, Chowdhury 2023). However, monitoring of biodiversity and
its trends is heavily biased toward the developed world (Sala et al.
2000, Fraixedas et al. 2022). Assessing temporal biodiversity trends
requires long-term time-series data (Dornelas et al. 2013), which
are unavailable from most of the world (Collen et al. 2008, Hughes
etal. 2021). The Kunming-Montreal Biodiversity Framework of the
Convention on Biological Diversity prioritizes area-based conser-
vation, aiming to halt global biodiversity threats, and to achieve
30% protected area coverage by 2030 (CBD 2022). Achieving such
ambitious targets requires detailed knowledge of biodiversity dis-
tribution, especially to identify where to designate protected areas
and to inform conservation decisions and monitoring (Maxwell
et al. 2020). Most of the biodiversity hotspots are distributed in
tropical forests; although these areas occupy less than 2% of the
Earth’s land surface, they harbor more than 50% of the global bio-
diversity (Myers et al. 2000, Collen et al. 2008). Investing special
attention toward tropical regions is essential to effectively arrest
biodiversity loss (Mittermeier et al. 2011), but our current under-
standing of the status and trends of tropical biodiversity remains
scarce (Collen et al. 2008, Chowdhury et al. 2021a).

Although systematic recording of biodiversity data has been
widely practiced in the developed world for centuries, our under-
standing of species distribution remains vastly limited from many

developing countries (Schmeller et al. 2017). Citizen science (also
known as community science) is helping to address this global bio-
diversity data gap, and the concept is rapidly advancing globally
(Bonney et al. 2014, Prudic et al. 2017, Flockhart et al. 2019, Yue
et al. 2019, Jari¢ et al. 2020, Callaghan et al. 2021). Citizen science
initiatives such as eBird and iNaturalist are becoming popular
among both amateur and professional naturalists (Pocock et al.
2018, Callaghan et al. 2021); however, most users are from Europe
and North America (Amano et al. 2016). As a result, the available
data of the largest global biodiversity repository—the Global Bio-
diversity Information Facility (GBIF)—is highly biased toward the
global north (Chandler et al. 2017, Troudet et al. 2017).

Although GBIF is the largest biodiversity aggregator, there still
exists much data that do not make it into GBIF. With increas-
ing popularity of social media and the wider availability of dig-
ital cameras, many people post biodiversity photographs on so-
cial media channels such as Facebook, Twitter, or Flickr (Barve
2014, Toivonen et al. 2019, Marcend et al. 2021), representing a
source of biodiversity data not customarily indexed in GBIF. Previ-
ous work has demonstrated the wealth of photographs on social
media of global biodiversity, including many Threatened species
(Hausmann et al. 2019, Steven et al. 2019, Mohd Rameli et al. 2020,
Coram et al. 2021, Sbragaglia et al. 2021, Lin et al. 2022). Among
a broad array of social media providers, Facebook has become
the largest network in the world (Anderson et al. 2012). Facebook
contains thousands of biodiversity groups globally, each spe-
cialized on different taxa. In these Facebook groups, the group
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moderators or administrators help to correctly identify species
photographed in the field, including many records of narrow-
ranged endemics or new country occurrences (Marcend et al.
2021, Chowdhury et al. 2021b, Bergman et al. 2022). However, Face-
book data have rarely been used in national or international bio-
diversity assessments (Chowdhury et al. 2021b). This is mainly be-
cause of the difficulties in mobilizing such data.

In the present article, we illustrate the potential of mobiliz-
ing biodiversity data from Facebook, using Bangladesh—a highly
biodiverse South Asian developing country—as a case study.
Bangladesh is home to several hundred species of vertebrates
and invertebrates, of which 60 species are globally Threatened
(IUCN Bangladesh 2015, Mukul et al. 2018). We collated data from
both Facebook and GBIF for Bangladeshi IUCN Red List-listed
species (1013 of 1619 species; 606 species were not listed in ei-
ther database) and tested the potential value of mobilizing (i.e.,
extracting and getting into a useful format) such biodiversity data
from Facebook for biodiversity conservation assessments. Specifi-
cally, we report how social media archives can provide biodiversity
data that complements and often surpasses those available from
formal databases, discuss the challenges in obtaining biodiversity
data from social media, including possible biases in their inter-
pretation, and provide potential solutions on how future work in
conservation science and practice could benefit from incorporat-
ing them.

Spatial occurrence records

We collected a complete checklist of animal diversity in
Bangladesh from the most recent national Red List data book
(1619 species; IUCN Bangladesh 2015). We followed a range of
approaches to collate spatial data. First, we downloaded spatial
occurrence records from the GBIF (www.gbif.org; GBIF 2022) us-
ing the rgbif package (Chamberlain et al. 2022) in R (R version
4.0.4; R Core Team 2020). GBIF is a global data infrastructure
network that compiles species occurrence records from a range
of sources, including museum specimens and citizen science
projects (Heberling et al. 2021), so to avoid repetition, we did not
collect data from other biodiversity repositories (Chowdhury et al.
2021b, 2021c). Furthermore, we searched for species distribution
records in seven Facebook groups (Amphibians and Reptiles of
Bangladesh 2021, Biodiversity of Bangladesh 2021, Biodiversity of
Greater Kushtia 2021, Birds Bangladesh 2021, Butterfly Bangladesh
2021, Deep Ecology And Snake Rescue Foundation 2021, Mammals
of Bangladesh 2021), following the method described by Chowd-
hury and colleagues (2021b). These are the seven most popular
Facebook groups for biodiversity in Bangladesh; therefore, we did
not search other Facebook groups. Besides, each of these Facebook
group is regularly moderated by regional international taxonomic
experts who verify the taxonomic information for each photo-
graph. In each group, we searched by the species’s English com-
mon name, obtained from IUCN Bangladesh (2015) and double-
checked theidentification in each photograph. When sharing pho-
tographs in these groups, photographers need to specify location
information, which the moderators regularly cross-check. We ex-
tracted the location information from each post and georefer-
enced the observations using Google Maps (using the locality in-
formation from the photographs; https://maps.google.com). On
average, it took approximately 33 minutes to harvest the data for
each species. We excluded photographs if the identification was
incomplete (not up to species level) or wrong if the photograph
did not allow clear taxonomic identification or if the location was

unspecified or could not be accurately determined (Chowdhury
et al. 2021b, 2021c).

Data cleaning

We performed a cleaning process for GBIF data using the Coordi-
nateCleaner package (Zizka et al. 2019) in R. We removed duplicate
records, those with precision uncertainty over 10 kilometers, those
with imprecise coordinates (zero coordinates, integers, records in
oceans), and those with invalid coordinates (where the specified
locality was incompatible with the coordinates given; Chowdhury

et al. 2021b, 2021d).
To control for sampling bias, we followed the spatial thinning

approach from the spThin R package (Aiello-Lammens et al. 2015),
and we only considered a single occurrence record at 1 square
Kilometer (km?) resolution for each species. Our final database
contained 182,383 unique geospatial records.

Estimating the extent of occurrence

We estimated the extent of occurrence (EOO) of each species as
the minimum convex polygon around their occurrence records
(Joppa et al. 2016), using the rgeos package in R (Bivand and Run-
del 2020). We measure EOO using two data sets for each species:
records only from Facebook and records only from GBIF. After cre-
ating the range polygons, we converted these polygons into raster
format for computational efficiency. After creating the occurrence
maps for each species, we rasterized each map at 1-km? resolution
and reprojected the map into the World Behrmann coordinate sys-
tem (ESRI: 54,017). Given that Bangladesh is surrounded by several
countries and open oceans, we masked each species range poly-
gon by the terrestrial map of Bangladesh, to define country-level
estimates of species EOO (i.e., as would be used for national ex-
tinction risk assessments).

Distribution of spatial data

Overall, our combined data set included 182,383 geospatial
records for 1013 species. Nearly 25% (44,740) of the records were
from Facebook, and 75% (137,643) were from GBIF. The combined
spatial data were heavily biased toward major cities. About 53% of
the geospatial records were from the central part of the country
(figure 1, supplemental figure S1).

We obtained occurrence data for 970 and 712 species from
Facebook and GBIF, respectively. There were 346 species unique
to only one of the data sets: 302 species were found only on
Facebook, whereas 44 species were found only on GBIF. There
was marked variation across taxonomic groups and Threatened
status combinations (figure 1). Although 30% (25 of 83 species)
of the unique bird species were from GBIF, there was no unique
amphibian species in GBIF, which means that all the amphibian
species recorded in GBIF were also found on Facebook. Of the
other taxa, 143 of the 145 species of butterflies, 38 of 39 species
of reptiles, and 35 of 37 species of mammals were from Facebook.
Moreover, the percentages of nonthreatened unique species were
higher in all groups, except for butterflies, where 77% of unique
species (112 species) were Threatened, of which 110 species were
from Facebook.

We observed striking differences among taxa, both in the spa-
tial distribution of records and the number of species records
in each data set. For example, Facebook yielded only 20% of all
bird records but 93% of all butterfly records. In contrast, we did
not obtain any records of crustaceans or fishes from Facebook
(supplemental table S1). Facebook almost always surpassed GBIF
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Figure 1. Distribution (a) and taxonomic group-wise number (b) of geospatial records for Bangladeshi animals using records from both Facebook (F)
and GBIF (G). The photographs are some species for which we only obtained distribution records from Facebook. The source of these photographs are
the following: Ms Sarita Jnawali (Manis pentadactyla), Gerard Chartier (Euploea crameri), Charles J Sharp (Gavialis gangeticus), Jason Thompson (Tringa

guttifer), and Shawan Chowdhury (Kallima inachus).

in terms of the number of species recorded of a given taxon, with
the only exception being crustaceans and fishes. Although we ob-
tained only a slightly higher number of bird species from Facebook
(497 species versus 464 species from GBIF), there were remarkable
differences for amphibians (45 species from Facebook, 17 species
from GBIF) and butterflies (265 species from Facebook, 124 species
from GBIF).

We obtained substantially more records of Threatened species
than nonthreatened species from Facebook. Even though GBIF
contained three times more spatial distribution records than
Facebook, 86% of the available distribution records on Threatened
species were from Facebook. In contrast, 99% of GBIF records were
Of Least Concern species.

Differences in species range size

We evaluated the effect of measuring species distribution size us-
ing minimum convex polygons around occurrences (EOO; Joppa
et al. 2016) for each species, using spatial distribution records
from Facebook and GBIF. We obtained the EOO for 865 species,
including 222 Threatened and 643 nonthreatened species, and
found that the mean EOO size was 25,409 km? using GBIF and
41,877 km? using Facebook. The EOO obtained from Facebook data
was larger than the EOO from GBIF for more than 72% of species,

but the difference in EOO varied markedly across species (figure 2).
For example, the EOO of Spilopelia chinensis (spotted dove) was
100,000 km? larger in GBIF than in Facebook, whereas for Pernis
ptilorhyncus (crested honey buzzard), it was 100,000 km? smaller
(figure 2).

The difference in EOO measured between data sets was typi-
cally higher for Threatened species. We obtained larger EOO us-
ing Facebook records for about 95% of the Threatened species (n =
210). Although the EOO was always larger using Facebook records
(except for fishes), the percentages varied across taxa. The EOO for
butterflies was always larger when using Facebook data, whereas
for birds only 55% of species had a larger EOO from Facebook
(figure 2).

The importance of Facebook records in
reducing the Wallacean gap

We showed that photographs harvested from Facebook can play
a vital role in reducing the biodiversity knowledge gap in develop-
ing tropical countries rich in biodiversity, such as Bangladesh. The
yearly growth in the number of species and occurrence records
indicates that, even though records from GBIF started much ear-
lier (GBIF started in 2001, but it contains museum records from a
few centuries ago, Heberling et al. 2021; Facebook only launched
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Figure 2. The difference in extent of occurrence (EOQ, in square kilometers) for Bangladeshi animals using geospatial records from Facebook and GBIF.
The dashed line indicates where the EOO estimates from Facebook and GBIF were identical.

in 2004, Anderson et al. 2012). Both sources of records increased
exponentially after 2010 and Facebook data are becoming propor-
tionally more numerous. In addition to containing thousands of
records, Facebook can provide data for many otherwise under-
sampled Threatened species and areas. For 30% of species, many
of which are nationally listed as Threatened, we obtained records
only from Facebook. For example, without considering Facebook
data, we would not have any distribution information on sev-
eral Critically Endangered species (e.g., Manis pentadactyla, Euploea
crameri, Gavialis gangeticus, Tringa guttifer), given their distribution
(in Bangladesh) is unknown in the global repository (GBIF).

We obtained striking differences between the EOO estimated
with the two data sets because, for most species, the Facebook
records were much more widespread than the GBIF records were
(figure 1, figure S1). This result was confirmed for all well-sampled
groups but birds and demonstrate the risk of underestimating
EOO and potentially overestimating the extinction risk when oc-
currence data disregard large parts of the species distribution. In
fact, we found an average EOO size of 25,000 km? using GBIF data,
which is close to the threshold than can trigger the category of
Vulnerable under IUCN Red List criterion B1 (20,000 km?, if con-
curring threat conditions are met). Furthermore, the proportion of
Threatened species records was higher in Facebook than in GBIF,
emphasizing the feasibility and importance of extracting biodi-
versity data from social media sites. A combination of citizen sci-
ence data with global data sources, which are freely accessible
and available online, can help large scale quantitative ecosystem
assessments, including global and continental level ecosystem ac-
counting and ecosystem modelling (Willemen et al. 2015). We hy-
pothesize that the importance of social media repositories such
as Facebook, as is shown in the present article, are important in
other developing countries where citizen science is less mobilized

(especially in Asia). Instead, in developed countries where iNat-
uralist and other platforms are heavily used, such as Australia
(Mesaglio and Callaghan 2021), the potential value of adding Face-
book records may be reduced.

Difficulties in obtaining Facebook records
and the way forward

Although Facebook offers the potential to increase the availability
of biodiversity data, acquiring such data can be challenging (Lin
et al. 2015, Chamberlain 2018, Chowdhury et al. 2021b, Giovos
et al. 2018, Liberatore et al. 2018). The biodiversity data collected
from Facebook can often result in a reduced sample size be-
cause of the multistep process associated with data collection
from social media, lowering the quality and quantity of data
(Liberatore et al. 2018, Cloutier et al. 2021, Marceno et al. 2021).
For example, we had to manually georeference each biodiversity
record obtained from Facebook, which was time consuming and
not exact because of not having precise geolocation information.
Because citizen science data do not typically follow a particular
collection strategy, information tends to be biased toward urban
and semiurban areas because of higher population density,
higher tech use, education, and awareness (Di Minin et al. 2015).
For instance, areas near Dhaka, Chittagong, and Sylhet division
are largely oversampled compared with the northern and south-
western regions of Bangladesh. Besides, less charismatic and
common species (e.g., small insects) or species that require sub-
stantial effort to document (e.g., nocturnal or aquatic animals)
are scarcely represented in either GBIF or Facebook (Di Marco
et al. 2017, Giovos et al. 2018, Hausmann et al. 2019, Marceno
et al. 2021). Promoting standardized international hashtags for
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nongovernment organizations, institutions, and citizen scientists
could allow researchers to quickly access and consolidate data
(Abreo et al. 2019, Kelly et al. 2020, von Gonner et al. 2022).

Because of not having adequate taxonomic details, we re-
moved some distribution records, given that identifying closely
related or morphologically cryptic species can be challenging be-
cause of a lack of expertise (Aravind 2013, Abreo et al. 2019,
Coram et al. 2021). However, social media data can be used to
teach and learn more about species identification, spatiotempo-
ral patterns of species occurrence, values, and activities related to
biodiversity conservation of different groups of people (Di Minin
et al. 2015, Walden-Schreiner et al. 2018). In addition to the po-
tential to increase biodiversity data, social media can also be
leveraged to spread awareness and raise conservation actions,
often reaching a wider audience than citizen science (Bergman
etal. 2022). Artificial intelligence (AI) can substantially affect data
scraping (Di Minin et al. 2018, Christin et al. 2019, Lamba et al.
2019, Jari¢ et al. 2020, Hgye et al. 2021). Although most Al sys-
tems (e.g., iNaturalist’'s Computer Vision) can only detect or rec-
ognize already seen (or learned) objects or concepts, benchmark
data sets of images can be organized to precisely assess the limits
of Al systems’ ability and reduce these, highlighting areas where
human expertise is still required (August et al. 2020, Lawu et al.
2021). Deep learning models can be developed with training data
sets that capture discriminant visual patterns (August et al. 2020,
Kirkhope et al. 2010, Marceno et al. 2021). Al could also be used
to help sort and georeference the data to save time. This can re-
sult in better identification of species, documentation of critical
information, and increased data reliability.

Conservation implications

Effective area-based conservation planning, as it was envisaged
in the Kunming-Montreal Biodiversity Framework of the UN Con-
vention on Biological Diversity, requires the identification of im-
portant biodiversity areas (Maxwell et al. 2020, Allan et al. 2022,
Jetz et al. 2022, Chowdhury et al. 2023). Having adequate knowl-
edge of species distribution is essential to identify such areas,
but this information is often missing in many parts of the world
including biodiversity rich tropical countries (Collen et al. 2008,
Meyer et al. 2015, Troudet et al. 2017). We showed that extract-
ing biodiversity data from social media can reduce this global gap
in biodiversity knowledge. Even though extracting data from so-
cial media is not currently a straightforward process and can be
time consuming, the results can often be worth the effort. Al-
though the correlations between Facebook and other social me-
dia data sources can vary substantially, comparing and compiling
a broader range of data could provide a holistic view of citizen sci-
ence data sources (Wilkins et al. 2021). Collating data from mul-
tiple repositories will help inform efficient conservation planning
atthelocal and international levels and assess protected area per-
formance (Amano et al. 2016, Tulloch et al. 2018, Chowdhury et al.
2021b, 2023).

Supplemental Material

Supplemental data are available at BIOSCI online.

Acknowledgments

We obtained the species distribution data in two ways: from
GBIF and Facebook. Both the GBIF data (https://doi.org/10.15468/
dd.rghepr) and the Facebook data (Chowdhury et al.2022b) are

Chowdhuryetal. | 457

publicly available. SC is thankful to the Australian Government,
the University of Queensland, and the Centre for Biodiversity
and Conservation Science for providing an International Research
Training Program Fellowship. SC gratefully acknowledge the sup-
port of the German Centre for Integrative Biodiversity Research
(iDiv) and the sMon project funded by the German Research Foun-
dation (through grants no. DFG-FZT 118 and no. 202548816). MDM
acknowledges support from the MUR RL Montalcini program.

References cited

Abreo NAS, Thompson KF, Arabejo GFP, Superio MDA. 2019. Social
media as a novel source of data on the impact of marine litter
on megafauna: The Philippines as a case study. Marine Pollution
Bulletin 140: 51-59.

Alello-Lammens ME, Boria RA, Radosavljevic A, Vilela B, Anderson
RP. 2015. spThin: An R package for spatial thinning of species oc-
currence records for use in ecological niche models. Ecography 38:
541-545.

Allan JR et al. 2022. The minimum land area requiring conservation
attention to safeguard biodiversity. Science 376: 1094-1101.

Amano T, Lamming JD, Sutherland WJ. 2016. Spatial gaps in global
biodiversity information and the role of citizen science. Bioscience
66: 393-400.

Amphibians and Reptiles of Bangladesh. 2021. Amphibians and
Reptiles of Bangladesh. Facebook. www.facebook.com/groups/
560709511527645.

Anderson B, Fagan P, Woodnutt T, Chamorro-Premuzic T. 2012. Face-
book psychology: Popular questions answered by research. Psy-
chology of Popular Media Culture 1: 23.

Aravind NA. 2013. Potential of social network and internet media for
biodiversity mapping and conservation. Current Science 105: 291
293.

August TA, Pescott OL, Joly A, Bonnet P. 2020. Al naturalists might
hold the key to unlocking biodiversity data in social media im-
agery. Patterns 1: 100116.

Barve V. 2014. Discovering and developing primary biodiversity data
from social networking sites: A novel approach. Ecological Infor-
matics 24: 194-199.

Bergman JN et al. 2022. Evaluating the benefits and risks of social
media for wildlife conservation. FACETS 7: 360-397.

Biodiversity of Bangladesh. 2021. Biodiversity of Bangladesh. Face-
book. www.facebook.com/groups/249240636186853.

Biodiversity of Greater Kushtia. 2021. Biodiversity of Greater Kushtia.
Facebook. www.facebook.com/groups/244807066739477.

Birds Bangladesh. 2021. Birds Bangladesh. Facebook. www.facebook.
com/groups/2403154788.

Bivand R, Rundel C. 2020. rgeos: Interface to Geometry Engine: Open
source (‘GEOS’). R package version 0.5-5. https://CRAN.R-project.
org/package=rgeos.

Bonney R, Shirk JL, Phillips TB, Wiggins A, Ballard HL, Miller-Rushing
AJ, Parrish JK. 2014. Next steps for citizen science. Science 343:
1436-1437.

Butchart SH et al. 2010. Global biodiversity: Indicators of recent de-
clines. Science 328: 1164-1168.

Butterfly Bangladesh. 2021. Butterfly Bangladesh. Facebook. www.
facebook.com/groups/488719627817749.

Callaghan CT et al. 2021. Three frontiers for the future of biodiversity
research using citizen science data. BioScience 71: 55-63.

[CBD] Convention on Biological Diversity. 2022. Kunming-Montreal
Global Biodiversity Framework: Draft Decision Submitted by the Pres-
ident CBD/COP/15/L.25, 18 December 2022. CBD. www.cbd.int/
conferences/2021-2022/cop-15/documents.

€202 18qWBAoN gz uo 1sanb Aq 110261 2/SS/9/S /8191118/80u810s01q/woo dnoolwepese//:sdiy woll papeojumod


https://academic.oup.com/bioscience/article-lookup/doi/10.1093/biosci/biad042#supplementary-data
https://doi.org/10.15468/dd.rghepr
http://www.facebook.com/groups/560709511527645
http://www.facebook.com/groups/249240636186853
http://www.facebook.com/groups/244807066739477
http://www.facebook.com/groups/2403154788
https://CRAN.R-project.org/package\begingroup \count@ "003D\relax \relax \uccode `\unhbox \voidb@x \bgroup \let \unhbox \voidb@x \setbox \@tempboxa \hbox {\count@ \global \mathchardef \accent@spacefactor \spacefactor }\accent 126 \count@ \egroup \spacefactor \accent@spacefactor \uppercase {\gdef 12{{\char "7E}}}\endgroup \setbox \thr@@ \hbox {12}\@tempdima \wd \thr@@ \advance \@tempdima \ht \thr@@ \advance \@tempdima \dp \thr@@ 12rgeos
http://www.facebook.com/groups/488719627817749
http://www.cbd.int/conferences/2021-2022/cop-15/documents

458 | BioScience, 2023, Vol. 73, No. 6

Chamberlain J. 2018. Using social media for biomonitoring: How
Facebook, Twitter, Flickr, and other social networking platforms
can provide large-scale biodiversity data. Pages 133-168 in Bo-
han DA, Dumbrell AJ, Woodward G, Jackson M, eds. Advances in
Ecological Research, vol. 59: Next Generation Biomonitoring, part 2.
Academic Press.

Chamberlain S, Barve V, Mcglinn D, Oldoni D, Desmet P, Gef-
fert L, Ram K. 2022. rgbif: Interface to the Global Biodiversity
Information Facility API_. R package version 3.3.0. https://CRAN.
R-project.org/package=rgbif.

Chandler M et al. 2017. Contribution of citizen science towards inter-
national biodiversity monitoring. Biological Conservation 213: 280—
294.

Chowdhury S. 2023. Threatened species could be more vulnerable to
climate change in tropical countries. Science of the Total Environ-
ment 858: 159989.

Chowdhury S, et al. 2021a. Protected areas in South Asia: Status and
prospects. Science of the Total Environment 811: 152316.

Chowdhury S, Alam S, Chowdhury SU, Rokonuzzaman M, Shahriar
SA, Shome AR, Fuller RA. 2021b. Butterflies are weakly protected
in a mega-populated country, Bangladesh. Global Ecology and Con-
servation 26: e01484.

Chowdhury S, Braby MF, Fuller RA, Zalucki MP. 2021c. Coasting along
to a wider range: Niche conservatism in the recent range expan-
sion of the tawny coster, Acraea terpsicore (Lepidoptera: Nymphal-
idae). Diversity and Distributions 27: 402-415.

Chowdhury S, Zalucki MP, Amano T, Woodworth BK, Venegas-Li R,
Fuller RA. 2021d. Seasonal spatial dynamics of butterfly migra-
tion. Ecology Letters 24: 1814-1823.

Chowdhury S, Jennions MD, Zalucki MP, Maron M, Watson JE,
Fuller RA. 2022a. Protected areas and the future of in-
sect conservation. Trends in Ecology and Evolution 38: 85-95.
https://doi.org/10.1016/j.tree.2022.09.004.

Chowdhury S, et al. 2022b. Spatial occurrence data for the ani-
mals of Bangladesh derived from Facebook. PANGAEA 948104.
https://doi.org/10.1594/PANGAEA.948104.

Chowdhury S, Zalucki MP, Hanson JO, Tiatragul S, Green D, Watson
JE, Fuller RA. 2023. Three-quarters of insect species are insuffi-
ciently represented by protected areas. One Earth 6: 139-146.

Christin S, Hervet £, Lecomte N. 2019. Applications for deep learning
in ecology. Methods in Ecology and Evolution 10: 1632-1644.

Cloutier TL, Rasmussen GS, Giordano AJ, Kaplin BA, Willey L. 2021.
Digital conservation: Using social media to investigate the scope
of African painted dog den disturbance by humans. Human Di-
mensions of Wildlife 26: 481-491.

Collen B, Ram M, Zamin T, McRae L. 2008. The tropical biodiversity
data gap: Addressing disparity in global monitoring. Tropical Con-
servation Science 1: 75-88.

Coram A, Abreo NAS, Ellis RP, Thompson KF. 2021. Contribution of
social media to cetacean research in Southeast Asia: Illuminating
populations vulnerable to litter. Biodiversity and Conservation 30:
2341-2359.

Deep Ecology and Snake Rescue Foundation. 2021. Deep Ecology and
Snake Rescue Foundation. Facebook. www.facebook.com/groups/
959896627527624.

DiMarco M et al. 2017. Changing trends and persisting biases in three
decades of conservation science. Global Ecology and Conservation
10: 32-42.

Di Minin E, Tenkanen H, Toivonen T. 2015. Prospects and challenges
for social media data in conservation science. Frontiers in Environ-
mental Science 3: 63.

Di Minin E, Fink C, Tenkanen H, Hiippala T. 2018. Machine learning
for tracking illegal wildlife trade on social media. Nature Ecology
and Evolution 2: 406-407.

Dornelas M et al. 2013. Quantifying temporal change in biodiversity:
Challenges and opportunities. Proceedings of the Royal Society B 280:
20121931.

Flockhart DTT, Larrivée M, Prudic KL, Norris RD. 2019. Estimating
the annual distribution of monarch butterflies in Canada over 16
years using citizen science data. Facets 4: 238-253.

Fraixedas S, Roslin T, Antdo LH, POyry J, Laine AL. 2022. Nationally
reported metrics can't adequately guide transformative change
in biodiversity policy. Proceedings of the National Academy of Sciences
119: €2117299119.

[GBIF]  Global  Biodiversity  Information  Facility. — 2022.
Records from 41 datasets in derived dataset. GBIF.
https://doi.org/10.15468/dd.rghepr.

Giovos I et al. 2018. Identifying recreational fisheries in the Mediter-
ranean Sea through social media. Fisheries Management and Ecology
25: 287-295.

Hausmann A et al. 2019. Assessing global popularity and threats to
important bird and Biodiversity areas using social media data.
Science of the Total Environment 683: 617-623.

Heberling JM, Miller JT, Noesgaard D, Weingart SB, Schigel D. 2021.
Data integration enables global biodiversity synthesis. Proceedings
of the National Academy of Sciences 118: e2018093118.

Hgye TT et al. 2021. Deep learning and computer vision will trans-
form entomology. Proceedings of the National Academy of Sciences
118: €2002545117.

Hughes AC et al. 2021. Sampling biases shape our view of the natural
world. Ecography 44: 1259-1269.

Isbell F et al. 2022. Expert perspectives on global biodiversity loss
and its drivers and impacts on people. Frontiers in Ecology and the
Environment 21: 94-103. https://doi.org/10.1002/fee.2536.

[IUCN Bangladesh] International Union for Conservation of Nature,
Bangladesh Country Office. 2015. Red List of Bangladesh: A Brief on
Assessment Result 2015. I[UCN.

Jari¢ I et al. 2020. iEcology: Harnessing large online resources to gen-
erate ecological insights. Trends in Ecology and Evolution 35: 630—
639.

Jetz W, McGowan J, Rinnan DS, Possingham HP, Visconti P, O'Donnell
B, Londonio-Murcia MC. 2022. Include biodiversity representation
indicators in area-based conservation targets. Nature Ecology and
Evolution 6: 123-126.

Joppa LN et al. 2016. Filling in biodiversity threat gaps. Science 352:
416-418.

Kelly R, Fleming A, Pecl GT, von Gonner J, Bonn A. 2020. Citizen sci-
ence and marine conservation: A global review. Philosophical Trans-
actions of the Royal Society B 375: 20190461.

Kirkhope CL et al. 2010. Social networking for biodiversity: The
BeelD project. Pages 625-626 in EDITORS, eds. 2010 International
Conference on Information Society. Institute of Electrical and Elec-
tronics Engineers. http://dx.doi.org/10.1109/i- Society16502.2010.
60187809.

Lamba A, Cassey P, Segaran RR, Koh LP. 2019. Deep learning for en-
vironmental conservation. Current Biology 29: R977-R982.

Lawu BL, Lim F, Susilo A, Surantha N. 2021. Social media data
crowdsourcing as a new stream for environmental planning and
monitoring: A review. Pages 012013 in EDITORS, eds. IOP Confer-
ence Series: Earth and Environmental Science, vol. 729. IOP. 10.1088/
1755-1315/729/1/012013.

Liberatore A, Bowkett E, MacLeod CJ, Spurr E, Longnecker N. 2018.
Social media as a platform for a citizen science community of
practice. Citizen Science: Theory and Practice 3: 1-14.

Lin YP, Deng D, Lin WC, Lemmens R, Crossman ND, Henle K,
Schmeller DS. 2015. Uncertainty analysis of crowd-sourced and
professionally collected field data used in species distribution
models of Taiwanese moths. Biological Conservation 181: 102-110.

€202 JoqWianoN 8z Uo 1saNnB AQ 11026 | L/ESH/9/E L/9191HE/20USIOS0Iq/W0d" dNO"dlWSPEdE//:SdY Wolj papeojumoq


https://CRAN.R-project.org/package\begingroup \count@ "003D\relax \relax \uccode `\unhbox \voidb@x \bgroup \let \unhbox \voidb@x \setbox \@tempboxa \hbox {\count@ \global \mathchardef \accent@spacefactor \spacefactor }\accent 126 \count@ \egroup \spacefactor \accent@spacefactor \uppercase {\gdef 12{{\char "7E}}}\endgroup \setbox \thr@@ \hbox {12}\@tempdima \wd \thr@@ \advance \@tempdima \ht \thr@@ \advance \@tempdima \dp \thr@@ 12rgbif
http://www.facebook.com/groups/959896627527624
http://dx.doi.org/10.1109/i-Society16502.2010.6018789

Lin HY, Binley AD, Schuster R, Rodewald AD, Buxton R, Bennett JR.
2022. Using community science data to help identify threatened
species occurrences outside of known ranges. Biological Conserva-
tion 268: 109523.

Mammals of Bangladesh. 2021. Mammals of Bangladesh. Facebook.
www.facebook.com/groups/647662968655338.

Marceno C et al. 2021. Facebook groups as citizen science tools for
plant species monitoring. Journal of Applied Ecology 58: 2018-2028.

Maxwell SL, Fuller RA, Brooks TM, Watson JE. 2016. Biodiversity: The
ravages of guns, nets and bulldozers. Nature 536: 143-145.

Maxwell SL et al. 2020. Area-based conservation in the twenty-first
century. Nature 586: 217-227.

Mesaglio T, Callaghan CT. 2021. An overview of the history, cur-
rent contributions and future outlook of iNaturalist in Australia.
Wildlife Research 48: 289-303.

Meyer C, Kreft H, Guralnick R, Jetz W. 2015. Global priorities for an
effective information basis of biodiversity distributions. Nature
Communications 6: 8221.

Mittermeier RA, Turner WR, Larsen FW, Brooks TM, Gascon C. 2011.
Global biodiversity conservation: The critical role of hotspots.
Pages 3-22 in Zachos FE Habel JC, eds. Biodiversity Hotspots.
Springer.

Mohd Rameli NI, Lappan S, Bartlett TQ, Ahmad SK, Ruppert N. 2020.
Are social media reports useful for assessing small ape occur-
rence? A pilot study from Peninsular Malaysia. American Journal
of Primatology 82: e23112.

Mukul SA, Biswas SR, Rashid AM. 2018. Biodiversity in Bangladesh.
Pages 93-103 in Pullaiah T, ed. Global Biodiversity. Apple Academic
Press.

Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca GA, Kent J.
2000. Biodiversity hotspots for conservation priorities. Nature 403:
853-858.

Pocock MJ et al. 2018. A vision for global biodiversity monitoring with
citizen science. Pages 169-223 in Bohan DA, Dumbrell AJ, Wood-
ward G Jackson M, eds. Advances in Ecological Research, vol. 59: Next
Generation Biomonitoring, part 2. Academic Press.

Prudic KL, McFarland KP, Oliver JC, Hutchinson RA, Long EC, Kerr
JT, Larrivée M. 2017. eButterfly: Leveraging massive online citizen
science for butterfly conservation. Insects 8: 53.

R Core Team. 2020. R: A Language and Environment for Statistical Com-
puting. R Foundation for Statistical Computing. www.R-project.
org.

Chowdhuryetal. | 459

Sala OE et al. 2000. Global biodiversity scenarios for the year 2100.
Science 287: 1770-1774.

Sbragaglia V, Coco S, Correia RA, Coll M, Arlinghaus R. 2021. Ana-
lyzing publicly available videos about recreational fishing reveals
key ecological and social insights: A case study about groupers
in the Mediterranean Sea. Science of the Total Environment 765:
142672.

Schmeller DS et al. 2017. Building capacity in biodiversity monitoring
at the global scale. Biodiversity and Conservation 26: 2765-2790.
Steven R et al. 2019. Aligning citizen science with best practice:
Threatened species conservation in Australia. Conservation Science

and Practice 1: €100.

Toivonen T et al. 2019. Social media data for conservation sci-
ence: A methodological overview. Biological Conservation 233:
298-315.

Troudet], Grandcolas P, Blin A, Vignes-Lebbe R, Legendre F. 2017. Tax-
onomic bias in biodiversity data and societal preferences. Scien-
tific Reports 7: 9132.

Tulloch Al et al. 2018. A decision tree for assessing the risks and ben-
efits of publishing biodiversity data. Nature Ecology and Evolution
2:1209-1217.

von Gonner J, Bowler DE, Groning J, Klauer AK, Liess M, Neuer
L, Bonn A. 2022. Citizen science for assessing pesticide im-
pacts in agricultural streams. Science of the Total Environment 857:
159607.

Walden-Schreiner C, Leung YF, Tateosian L. 2018. Digital foot-
prints: Incorporating crowdsourced geographic information for
protected area management. Applied Geography 90: 44-54.

Wilkins EJ, Wood SA, Smith JW. 2021. Uses and limitations of so-
cial media to inform visitor use management in parks and pro-
tected areas: A systematic review. Environmental Management 67:
120-132.

Willemen L, Cottam AJ, Drakou EG, Burgess ND. 2015. Using so-
cial media to measure the contribution of red list species to the
nature-based tourism potential of African protected areas. PLOS
ONE 10: e0129785.

Yue S, Bonebrake TC, Gibson L. 2019. Informing snake roadkill miti-
gation strategies in Taiwan using citizen science. Journal of Wildlife
Management 83: 80-88.

Zizka A et al. 2019. CoordinateCleaner: Standardized cleaning of oc-
currence records from biological collection databases. Methods in
Ecology and Evolution 10: 744-751.

€202 JoqWianoN 8z Uo 1saNnB AQ 11026 | L/ESH/9/E L/9191HE/20USIOS0Iq/W0d" dNO"dlWSPEdE//:SdY Wolj papeojumoq


http://www.facebook.com/groups/647662968655338
http://www.R-project.org

	Spatial occurrence records
	Data cleaning
	Estimating the extent of occurrence
	Distribution of spatial dataBioScience prefers to avoid generic headings such as “Overview,” “Methods,” “Results,” and “Discussion.” Please replace this heading with something more uniquely descriptive.">
	Differences in species range size
	The importance of Facebook records in reducing the Wallacean gapBioScience prefers to avoid generic headings such as “Overview,” “Methods,” “Results,” and “Discussion.” Please replace this heading with something more uniquely descriptive.">
	Difficulties in obtaining Facebook records and the way forward
	Conservation implications
	Supplemental Material
	Acknowledgments
	References cited

