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Wildlife trade, when unsustainable, can be an important threat to biodiversity conservation. In this contribution,
we explored the use of digital data to investigate the online market for songbirds in Indonesia, where keeping pet
songbirds is a deeply rooted cultural practice. We examined the spatial characteristics of three dimensions of the
songbird trade using data from online sources: birdwatchers’ sightings as a proxy for the supply of the songbird
market, small advertisements from an online marketplace platform, representing the trade itself and its trans-
actions, and videos by pet songbird owners to represent the demand side of the songbird market. We found that,
geographically, these three stages of the songbird supply chain did not overlap, which potentially hints at the
roles extended transport networks and commercial captive breeding play for the songbird trade. The trade was
not confined to major cities but spread out through the country, indicating both a possible democratisation of the
trade (i.e. a larger group of sellers, and consumers selling to consumers) and an opportunity to observe previously
covert parts of the trade. We further found that the asking prices on online marketplaces were significantly
higher than the prices stated in an independently carried out consumer survey and discuss possible reasons for
these differences. Data from digital sources can give rich insights into the spatial, temporal and taxonomic
structure of wildlife trade, can help understand the motivations of buyers and sellers, and can help direct wildlife
trade towards a more sustainable fashion. Our methodology toolbox that allows automatic and continuous
monitoring of online marketplaces, includes data preparation and cleaning, and follows the highest standards of
data privacy principles, is openly available.

1. Introduction

Keeping songbirds as pets is a deeply-rooted social and cultural
practice in Southeast Asia, in particular on the Indonesian islands of
Java and Bali (Jepson, 2010; Marshall et al., 2020a). A central notion of
this practice is an appreciation for the perceived beauty and exoticism of
birds’ songs (Chng et al., 2015), which culminates in songbird singing
competitions at local, regional, and national levels (Jepson et al., 2011).
Mastering bird husbandry and breeding is a highly valued cultural
technique (Jepson, 2010). A recent household survey found that 31% of
households kept birds, and estimated that 70 million cage-birds are kept
on Java, alone (Marshall et al., 2020a). Another household survey a
decade earlier had found that 35.1% of Indonesian households owned a
pet bird and that birds were the most popular pets (Jepson & Ladle,

2009).

The cultural practice of bird-keeping has taken on dimensions that
manifest a threat to the survival of many highly sought-after species
(Harris et al., 2017; Jepson & Ladle, 2005; Lee et al., 2016). There are
clear indications that rarity (e.g. Critically Endangered species) is a
sought-after characteristic when pet owners choose a species (Harris
etal., 2015), thereby putting threatened species at an even higher risk of
extinction. In the centre of this “Asian songbird crisis” (Lee et al., 2016),
itself part of a larger biodiversity crisis throughout Southeast Asia
(Butchart et al., 2010; Di Minin, Brooks, et al., 2019; Sodhi et al., 2004)
and at one of the epicentres of an unsustainable global wildlife trade
(Maxwell et al., 2016), is a thriving pet market for songbirds (Bergin
etal., 2018; Chng et al., 2015; Leupen et al., 2018; Shepherd et al., 2016)
that serves a predominately urban audience (Jepson & Ladle, 2009;
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Marshall et al., 2020a). Many specimens are still wild-caught even if
they could potentially be bred in captivity (Chng, Krishnasamy, & Eaton,
2018; Jepson & Ladle, 2009). Most species are protected by national
regulations and international agreements (Chng, Krishnasamy, & Eaton,
2018; CITES, 2020; Ministry of Environment and Forestry, Republic of
Indonesia, 2018), and many are classified in the IUCN Red List as
threatened (‘Vulnerable’, ‘Endangered’ or ‘Critically Endangered’,
IUCN, 2020a). This renders the trade in many species illegal and
potentially unsustainable, but sellers continue to openly display such
animals in markets (Nijman et al., 2018). This indicates insufficient
enforcement of existing regulations, hints at a lack of awareness for
animal welfare in the public, and uncovers the deep roots of the asso-
ciated cultural practices.

The motivations behind acts of unsustainable use of wildlife typically
are complex and multi-faceted (Hinsley & 't Sas-Rolfes, 2020). When use
of wildlife is rooted in traditional cultural practices, demand reduction
strategies must be carefully informed and targeted, and convey truthful,
not overly simplified, messages (Dang Vu & Nielsen, 2021). Trying to
counter use of wildlife that is rooted in cultural practices exclusively
with law enforcement is not a sustainable pathway and has proven un-
successful (Challender & MacMillan, 2014). To help direct the songbird
trade and the associated cultural traditions towards more sustainable
models, detailed knowledge about all aspects of the trade are crucial.

The songbird trade in Indonesia has been investigated using different
methods. Market surveys have looked at the trade from a species-specific
perspective (Beastall et al., 2016; Bergin et al., 2018; Leupen et al.,
2018; Nijman et al., 2018; Shepherd et al., 2016), or with a geographical
focus (Aloysius et al., 2020; Chng, Krishnasamy, & Eaton, 2018; Rent-
schlar et al., 2018), some combined with expert interviews (Harris et al.,
2015), or focussing on the trade’s impact on wild populations (Harris
et al., 2017). Consumer surveys have shed light on the demand side of
the trade (Chng et al., 2015; Jepson & Ladle, 2009; Marshall et al.,
2020a; Rentschlar et al., 2018), and analyses of seizure data assessed the
extent of illegal trade and the degree of law enforcement success
(Leupen et al., 2018). Increasingly, online studies based either on
questionnaires (Siriwat & Nijman, 2020) or on manually monitoring
social media groups (Gunawan & Noske, 2017; Igbal, 2015; Leupen
et al., 2018; Nijman et al., 2018; Siriwat, 2019) are being carried out.
Other studies have sketched the possible actors and networks of a supply
chain of the Indonesian songbird trade (Jepson & Ladle, 2005) and
illegal wildlife trade in general (Phelps et al., 2016).

Most studies are characterised by an enormous organisational effort
and a high workload that yield but a snapshot in time and space.
Scholars have been calling for cost-effective ways to monitor bird mar-
kets (Chng et al., 2015; Harris et al., 2015), for instance as an early
warning system that would allow enhancing direct field monitoring of
especially threatened species (Harris et al., 2015). Chng et al. (2015)
warn that, while regular monitoring is crucial to uncover market dy-
namics and species composition, traditional methods of market
surveying might arouse suspicion among traders.

Similar to other illegal trade in wildlife, a large portion of the market
in songbirds has moved online; this move online might be further
accelerated by the restrictions imposed against the current global
COVID-19 pandemic. The illegal market in ivory, rhino horn and similar
wildlife commodities saw a shift to social media (e.g. Facebook, What-
sApp; see Yu & Jia, 2015), these channels also play an important role in
the pet bird trade (Siriwat & Nijman, 2020). Automated identification of
online content can help support long-term monitoring efforts to study
the supply chain of wildlife trade and the actors involved (Di Minin et al,
2018, 2019b).

Our objectives were to explore the utility of digital data to investi-
gate the supply chain of the Indonesian songbird trade and its spatial and
temporal characteristics, and to develop a methodological toolbox and
toolchain for automatic continuous monitoring, that make use of novel
methods from computer vision and computational linguistics. We
collected data from three sources that represent different stages of the
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supply chain: sales posts on an online marketplace, bird sightings re-
ported to a birdwatchers’ platform, and home videos of pet bird owners
posted to a video platform. We then used spatial statistics to investigate
the spaces of three stages of the supply chain of the Indonesian online
trade in songbirds, represented by the three data sources, and analysed
the marketplace’s asking prices. We expected locations related to pet
songbirds and to the trade in songbirds to be found throughout the
country with a pronounced emphasis on urban areas (cf. Jepson et al.,
2011; Marshall et al., 2020a), and locations of wild bird sightings mostly
confined to the species ranges reported in the BirdLife International and
Handbook of the Birds of the World (2019) and on the IUCN Red List
(IUCN, 2020b). Further, we anticipated prices to be higher in more
densely populated places, where higher demand would be expected, and
at roughly the same levels to those reported in Marshall et al. (2020b).

2. Data & Methods
2.1. Focal species

As a case study to introduce our framework, we selected three species
of songbirds that are especially vulnerable to the pet trade in Indonesia
and other countries in South East Asia.

The straw-headed bulbul (Pycnonotus zeylanicus) is severely
threatened by trapping for trade (Lee et al., 2016). The endemic Javan
pied starling (Gracupica jalla) is among the most sought-after birds on
the Indonesian songbird market (Chng, Krishnasamy, & Eaton, 2018;
Marshall et al., 2020b; Nijman et al., 2021), and there is doubt over the
continued existence of wild populations (Birdlife International, 2017).
The white-rumped shama (Kittacincla malabarica) is the most
frequently mentioned single species in Marshall et al. (2020a, 2020b)’s
consumer survey. Its beautiful song and colourful appearance make it a
popular species in singing competitions (Jepson & Ladle, 2009; Leupen
et al.,, 2018). For a detailed description of the focal species, see Sup-
plementary Material.

All three species are listed as highest priority species in the Conser-
vation Strategy for Southeast Asian Songbirds in Trade (Lee et al., 2016),
their populations’ status in Indonesia is especially dire and they are
possibly extinct on Java (IUCN, 2020a; 2020b). All three species can be
bred in captivity and are reportedly being captive-bred commercially
(Chng et al., 2015; Eaton et al., 2015; Jepson & Ladle, 2005; Lee et al.,
2016). However, in the case of the white-rumped shama and the
straw-headed bulbul, it is not clear whether commercial breeding is
more than a smokescreen to conceal the real extent to which birds found
on markets originate from wild-caught populations (Eaton et al., 2015).

2.2. Data sources

2.2.1. Query keywords

We used Wikipedia’s wikidata database to obtain scientific names,
English and Indonesian common names, including alternative spellings,
for the three focal species. We then conducted a pilot data collection
phase of seven days, after which we semi-automatically identified
additional keywords in the text content of small advertisements, video
metadata and comments. We used NLTK (Bird, Klein, & Loper, 2012) to
extract n-grams (bi- and trigrams), i.e. words that frequently occur in
combination, and list their counts, then carried out manual internet
searches to evaluate the usefulness of the 20 most common n-grams. The
resulting list of keywords (Table 1) selects a set of advertisements,
videos and comments for download that pertains to the focal species of
this study.

2.2.2. Small advertisements (OLX.com.id)

OLX is an online marketplace for small advertisements, operating
in various countries around the globe. On its Indonesian page (olx.com.
id), we found listings advertising songbirds for sale, amongst them
protected species (see below). Listings include photos, asking price and
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Table 1
Query keywords for data collection.

Javan pied starling white-rumped shama straw-headed bulbul

straw-headed bulbul
pycnonotus zeylanicus

javan pied starling
gracupica jalla

white-rumped shama
copsychus malabaricus

jalak suren jawa kucica hutan cucak rawa
jalak uren jawa cucakrawa
cangurawak

barau-barau

location. We specifically focussed on online marketplaces rather than
social media platforms, on which similar listings can be potentially
found, but often require authentication, e.g., for joining closed groups,
while the former are publicly accessible.

We developed a tool, olxsearch (Fink, 2020a), to download data and
metadata on small advertisements published on the OLX online mar-
ketplaces. It downloads the text and image content, as well as date,
location, duration of publication and the advertised retail price by
scraping the marketplace’s web page. Because of the nature of web
scraping, we could only retrieve advertisements that were online during
the data collection period that lasted from 1 February to July 31, 2020.
Overall, this amounted to a raw data set of 1858 small advertisements
containing 8838 photos.

2.2.3. Video metadata and comments (YouTube)

There is a significant number of videos of songbirds posted to online
video platforms, e.g. YouTube (https://youtube.com/). Often, the
price or value of an animal is discussed in the comment section under-
neath a video posting.

We developed a tool, metatube (Fink, 2020b), to download video
metadata and comments from YouTube. The software package saves the
downloaded data in a relational database that allows relating comments
to videos and vice versa. The YouTube application programming inter-
face (API), which metatube uses, allows retrieving all videos and all
comments that are online at the time of retrieval. The data we down-
loaded spans from June 30, 2006 to July 31, 2020, and comprises of 11,
299 videos, and 10,882 comments related to them.

2.2.4. Birdwatchers’ sightings (eBird)

eBird (https://ebird.org/, Sullivan et al., 2009) is an app and
website for birdwatchers that allows them to report their sightings and
share them with other enthusiasts and with scientists conducting
research on birds. Data from eBird (Sullivan et al., 2009) can be
downloaded from the project’'s web page (http://ebird.com) after
registration, if it is used for a specified range of applications, such as
scientific research. Data on some species, including the three focal
species of this study, are treated with a higher level of confidentiality,
for instance, to protect threatened species from being easily located by
poachers. To obtain data on such species, researchers must undergo
manual review. We obtained a total of 13,320 reports of birdwatchers’
observations of the three study species, which date from March 2, 1969
to January 31, 2020 (the majority of observations have been reported
since 2003). The obtained records cover the entire ranges of the focal
species. For the straw-headed bulbul, besides Indonesia this also in-
cludes Malaysia and Singapore, while the range of the white-rumped
shama extends until the Indian subcontinent in the West and the
southern slopes of the Himalaya in the North.

2.3. Data preparation

The different data sources required a different level of pre-processing
(Fig. 1). While bird observation data required only file format conver-
sion, both marketplace data and video metadata required extensive data
preparation. In particular, we had to i) identify marketplace advertise-
ments that did not offer a bird for sale and discard them, ii) extract
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sightings reported online market place songbird owners’
by birdwatchers advertisements pet videos
eBird OLX.co.id YouTube

download data by keyword list/species names
manually (Sullivan 2009) olxsearch (Fink 2020a) metatube (Fink 2020b)

A

extract location from text
GIR (Jones & Purves, 2008)

discard small ads for
other items than birds
image identification (He et al. 2016)

A

mask precise location
to ensure data privacy
geo-privacy (Kounadi & Resch, 2018)

filter sales-related videos
keyword filter

v / v
an 2=\ &

locations relating ' locations relating | locations relating
to wild songbirds to the trade to pet songbirds
in songbirds /

Fig. 1. Data collection and pre-processing workflow. The figure shows the
principal steps of data preparation and the tools, techniques and methods used
in each step. Data from eBird do not require any pre-processing other than
format conversion. Data scraped from online marketplaces (OLX.co.id) and
video metadata (YouTube), in contrast, require substantial pre-processing, see
Data & Methods.

geographic locations from video descriptions, iii) separate videos that
were likely to relate to an act of sale from videos that were presenting a
pastime activity, and iv) assure we honoured ethical and legal data
privacy principles (Di Minin et al., 2021).

2.3.1. Extracting geographic locations from text content (videos)

Only a small part of digital data sources provide metadata that
directly refers to a geographic location. For instance, photos on Flickr
and short messages on Twitter can be georeferenced, i.e. tagged with a
coordinate pair and thus linked to a location. Not all users decide to
enable this feature, and many platforms’ APIs do not return precise
coordinates, but rather the name of a nearby place (Toivonen et al.,
2019). Data from YouTube, i.e. video metadata and comments, typically
do not contain either kind of information. However, many of the video
titles, descriptions, and comments contain place names. This allowed us
to use Geographic Information Retrieval techniques (GIR, Jones &

Table 2
Number of posts collected, by data source and species.
related to data species
source
Javan pied straw- white- sum
starling headed rumped
bulbul shama
observations  eBird 7 3,325 9,988 13,320
pets YouTube 94 31 3 128
trade OLX 1,866 133 243 2,242
YouTube 139 88 18 245
sum 2,106 3,577 10,252 15,935
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Bird-catcher o
(off Java) L | Wholesaler
LG .| Shop owner
(loca) d sl (minor

wholesaler)

High volume low value trade

Low volume high value trade

Note: Dotted line represents low volume
and/or occasional trade in each category

&

= 1,000 locations/hexagon
500-999
100-499

locations relating to
wild songbirds

=

locations relating to
the trade in songbirds

& Ladle 2071)

@ locations relating to
pet songbirds

Fig. 2. The supply chain of Indonesia’s online songbird trade and its spaces and network. The places in which songbirds are spotted in the wild by birdwatchers,
where they are advertised on online marketplaces, and where they are presented online as pets represent three mostly non-overlapping spaces (panels b—d). These
data, obtained from digital sources (see Data & Methods) allow new insights on different actors in the supply chain network of the songbird trade (panel a, modified
from Jepson et al., 2011). Especially noteworthy are the insights gained from online marketplace data (panel c, highlighted areas in red in panel a), which are
significantly more comprehensive than traditional market surveys that typically focus on physical marketplaces. (For interpretation of the references to colour in this

figure legend, the reader is referred to the Web version of this article.)

Table 3

Spatial correlation between different indicators. We summarised the counts of small advertisements, pet home videos and birdwatchers’ observations in a grid of
hexagons of 10 km side length, calculated the mean asking price of small advertisements contained in each cell and the population density estimate for 2020, as
reported in the Gridded Population of the World data set (Doxsey-Whitfield et al., 2015). We also computed the distances of each small ad, pet home video and bird
observation from the species range of the respective species as reported by the IUCN red list (IUCN, 2020b). The Pearson correlation coefficients were computed using
SciPy 1.5.2 (Virtanen et al., 2020). Asterisks *, **, and *** refer to p-values at 0.1, 0.05, and 0.01 levels, respectively.

population number of small number of pet home number of observations of birds in the mean
density advertisements videos wild asking
price
number of small 0.55%**
advertisements
number of pet home videos 0.13 0.35%*
number of observations 0.06 —0.25 0.50
of birds in the wild
mean asking price 0.11 0.24** —0.17 0.73
mean distance to species range 0.12 0.14 —0.01 0.86 0.47
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Fig. 3. Spatial correlation between different indicators. We summarised the counts of small advertisements, pet home videos and bird watchers’ observations in a
grid of hexagons of 10 km side length. We then calculated the mean asking price of small advertisements contained in each cell and the population density estimate
for 2020, as reported in the Gridded Population of the World data set (Doxsey-Whitfield et al., 2015), and plotted the correlations between these variables and
calculated Pearson correlation coefficients.

The most striking indication visible in this figure is the correlation between population density and the number of small advertisements posted (Panel (b), a Pearson
correlation coefficient of 0.55 at a p-value of 0.01, see also Table 3). This correlation suggests that online trade in songbirds occurs where people live, rather than
where wild birds are observed (also compare panel (h)). It further suggests that the online trade provides a more equally distributed service across the country, as
opposed to a more traditional trade in songbirds that concentrates on few markets in major cities, with the further distribution networks out of view of researchers.

Purves, 2008). Our method comprised of two steps: first, we identified
and extracted place names using Named Entity Recognition (NER) tools.
NER is a natural language processing method to extract names,
including names of geographic places, from text (Leidner & Lieberman,
2011). NER tools are readily available for all major languages, but
mainstream tools do not cover the Indonesian language. Instead, we
used NERGRIT, a NER model for the Indonesian language developed by
Fahmi et al. (2019), that is trained on data from Wikipedia articles, and
for which the authors report an F1 score of 0.8. Second, we georefer-
enced the identified geographic place names, i.e. added a geographic
coordinate pair to each place name. We used Geocoder (Carriere, 2013)
with a custom instance of the Nominatim (https://nominatim.org)
gazetteer, based on OpenStreetMap data (data snapshot from March 5,

2020), and selected the highest rank match as returned by the gazetteer.

2.3.2. Separating sales from hobby videos

All videos for which we downloaded metadata relate to the three
focus species of the study. However, some videos are presenting or
celebrating bird-keeping as a hobby, while others are openly or covertly
offering an animal for sale. In the comments below many videos, viewers
speculate over the market value of the bird shown, indicating their in-
terest in a transaction. For this study, we consider both videos selling a
bird and videos with a discussion of a possible price to be data points
relating more to the trade in songbirds, and all other videos to relate
more to pet-keeping. To separate the one from the other, we matched
them against a list of keywords that pertain to sales-related posts
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Fig. 4. Composition of (spatial) clusters. For each spatial cluster obtained using
A-DBSCAN, the plots show the ratio of cluster members between the three data
categories wild songbirds, trade in songbirds, and pet songbirds. Panel b) ex-
cludes clusters that contained data points of only one category. Even then, each
cluster is clearly dominated by one category, indicating that the three data
categories are found in different places.

(Table S.1 in Supplementary Material). We compiled the list in an iter-
ative and recursive process: we searched the description of videos sus-
pected to offer birds for probable keywords, added them to the initial
keyword list, then evaluated a sample of the (new) search result set to
eliminate keywords producing a large number of false positives.

2.3.3. Identifying birds in advertisement photos

Many place names or names of objects contain species names. The
descriptions or title of some of the small advertisements posts matched
bird species names, even though the advertised merchandise was not a
bird. To filter out other sales items, we used a ResNet50 model (He et al.,
2016, pp. 770-778) trained on ImageNet data (Deng et al., 2009) to
identify the content of photos attached to each post. We examined the
top five predictions for each photo of each post and kept every post, for
which at least one photo was predicted to contain a hyponym, i.e. a
linguistic sub-category, of bird. We chose this path of matching
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Fig. 5. Prices for songbirds as found on an online marketplace and in a con-
sumer survey (Marshall et al., 2020b). Before plotting the data, we discarded
outliers in both data sets (see Data & Methods). Prices are reported in Indo-
nesian rupiah (IDR).

hyponyms, because, similar to people, ImageNet frequently fails to
identify exact species, but reliably identifies on a higher taxonomic
level. In some instances, ImageNet failed to identify a bird due to the
visual dominance of its cage, which is why we considered images
showing a cage to advertise a bird for sale (ImageNet does not have a
category cage, but identifies cages as one of the visually similar cate-
gories prison, shopping cart or shopping basket). We used NLTK (Bird
etal., 2012) to identify hyponyms and Keras (Chollet & others, 2015) for
image identification.

2.3.4. Data privacy

Working with digital data requires diligent measures to protect the
right to privacy of any person that is potentially contained in any data
set used (Di Minin et al., 2021), both in order to fulfil national and su-
pranational data protection laws, such as the European Unions’ General
Data Privacy Regulations (GDPR), and to live up to ethical standards for
research. Measurements that are both effective and easy to implement
are data minimisation, i.e. discarding all data that is not strictly required
for analysis as early as possible, and pseudonymisation, i.e. replacing
original identifiers with randomised identifiers so a data record cannot
be traced to the person to whom it relates (Di Minin et al., 2021). We
carried out both data minimisation and pseudonymisation, However, an
indirect identifier remained: the location of a seller might enable to
identify them, their customers, or, worse, wrongly identify someone
uninvolved in the songbird trade. To protect people’s right to privacy,
we masked the precise locations of small advertisement posts. Per
Kounadi and Resch’s (2018) recommendations, we followed the concept
of k-anonymity. K-anonymity refers to ensuring that any attempt to
identify a person from a given data set would result in a result set of at
least k persons. Here, we selected k = 10000 — which means each data
record has to be masked in such a way that it cannot be narrowed down
to less than 10,000 people.

Since geolocation is the only attribute in our data set that refers to
personal information we were able to use population density data
(Gridded Population of the World version 4, Doxsey-Whitfield et al.,
2015) to translate this location to a random location within a circle
containing a minimum population of k = 10000 inhabitants. We carried
out this masking operation using PostgreSQL/PostGIS, and kept multiple
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records from the same location together (at a new, masked location), in
order to correctly depict multiple advertisements from the same loca-
tion. We chose not to mask the locations of bird observations as they do
not represent personal information, nor the locations of videos, since
they contain only approximate geolocation.

2.4. Spatial correlations

To investigate the spatial correlation between the links of the song-
bird trade supply chain, and the influence of population density and
distance from species ranges on the trade, we summarised the counts of
small advertisements, pet home videos and birdwatchers’ observations
in a grid of hexagons of 10 km side length. We calculated the mean
asking price of small advertisements contained in each cell and the
population density estimate for 2020, as reported in the Gridded Pop-
ulation of the World data set (Doxsey-Whitfield et al., 2015). We also
computed the distances of each small advertisement, pet home video
and bird observation from the species range of the respective species as
reported by the IUCN red list (IUCN, 2020b). Then, we used SciPy
(Virtanen et al., 2020) to calculate Pearson correlation coefficients be-
tween the variables, which had to be log-transformed to be normally
distributed.

2.5. Spatial clusters and their composition

We then used A-DBSCAN (Arribas-Bel et al., 2019) to cluster all lo-
cations of bird observations, online marktplace advertisements and pet
owners’ videos. Since DBSCAN algorithms generally are sensitive to a
correct estimation of its parameters ¢ and minimum number of points
(Schubert et al., 2017), we estimated optimal parameters in a separate
step. For this, we iterated over a range of appropriate values for both
parameters, and assessed goodness-of-fit and indicators of cluster
completeness and coverage, and settled for ¢ = 14 km and a minimum
number of 6 points per cluster (see Figure S.2 in the Supplementary
Material).

After clusters were formed, we looked at the composition of each
cluster by plotting the share of cluster members originating from each of
the three input data sources in a ternary chart using Matplotlib (Hunter,
2007) and python-ternary (Harper et al., 2015).

2.6. Prices and price distribution

The marketplace data contained information on the asking price of
advertised birds. We used PySAL-esda (Rey & Anselin, 2007) to compute
global Moran’s I values to test prices for spatial autocorrelation, both for
each species individually and for all species combined. As we were
dealing with point data (and thus no other neighbourhood relationships
could be established), we used weights based on a kernel density tree.

We also compared the prices found in online marketplace data with
those reported in a recent consumer survey (Marshall et al., 2020a), and
tested the significance of the difference in prices using Welch’s t-test.

3. Results

After all data preparation steps we retained a total of 15,935 data
records, of which 13,320 refer to sightings of wild birds, 2487 to the
trade in songbirds, and 128 to owning pet songbirds (see Table 2). The
data is imbalanced concerning species and categories: for instance, the
Javan pied starling is referred to in 2,005 records relating to trade but
has only been sighted by birdwatchers seven times. In contrast, we found
only 261 posts offering white-rumped shama for sale, while bird-
watchers spotted it 9,988 times. The three data sources exhibit distinct
spatial patterns (Fig. 2). Note that the data cover different periods, see
Data sources.
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3.1. Spatial correlations, spatial clusters and their composition

We found a highly significant (at a p-value < 0.01) positive corre-
lation of 0.55 between population density and the number of small ad-
vertisements for songbirds on the online marketplace platform. The
number of small advertisements correlated at a significant level (p <
0.05) with the number of pet owners’ home videos (0.35) and the mean
asking price (0.24). There were no other significant correlations in our
data set (Table 3, Fig. 3).

A-DBSCAN identified 84 spatial clusters, out of which 69 consisted
entirely of data points relating to birdwatchers’ observations of wild
birds. The remaining clusters were composed of a mix of observation,
trade and pet data, but were still dominated by one of these categories
(Fig. 4).

It is a most striking result that the activity spaces of the supply
(represented by bird sightings), the transactions (represented by online
small advertisements) and the demand (represented by pet owners’
videos) of the songbird trade do not overlap (Fig. 4b). Equally note-
worthy, trade correlates well with population density and (less strongly)
with consumer demand (Table 3, Fig. 3). Charting the collected data in
maps supports both results (Fig. 2b-d), with the most wild birds
observed on Borneo (Kalimantan) and the Malayan peninsula, sales
posts situated in eastern and central Java, and data related to pet-
keeping in central Java and on Bali (cf. Fig. 3 in Leupen et al., 2018).

3.2. Prices, and price distribution

Prices on online marketplaces were not spatially autocorrelated, i.e.
they were randomly distributed, with a global Moran’s I value of 0.094
at a significance level of p < 0.001. Grouped by species, global Moran’s I
was 0.039 for Javan pied starlings (N = 1,536, p < 0.001), 0.035 for
straw-headed bulbuls (N = 106, p < 0.22), and 0.056 for white-rumped
shamas (N = 196, p < 0.07).

We found that the asking prices for songbirds as advertised on the
marketplace platform were significantly higher than the prices reported
by bird owners in the consumer survey carried out by Marshall et al.
(2020a) (cf. Fig. 5). After removing outliers from each data set (prices
lower than Q25 — (1.5 x IQR) or greater than Q75 + (1.5 x IQR), where
Q25 and Q75 are the first and third quartiles, respectively, and IQR the
interquartile range), the median prices were 600,000 + 188,604 IDR
(online marketplace, approx. 36 EUR) and 250,000 + 229,075 IDR
(consumer survey, approx. 15 EUR), respectively. A Welch’s t-test
indicated the difference between the prices from the consumer survey
and the online marketplace data is highly significant at a p-value
< 0.001.

Prices were not spatially autocorrelated but rather distributed
randomly. The prices we observed were significantly higher than the
prices reported in a recent consumer survey.

4. Discussion

In this study, we explored the use of digital data to assess the trade in
songbirds in Indonesia, especially in online marketplaces. To our
knowledge, our contribution is the first to collect a continuous time
series of all sales posts on a marketplace platform in an automated
manner, and relate these data to observations in the wild, and to data
pertaining to pet ownership. It is thus the first contribution to investigate
multiple steps in the supply chain of the online trade in songbirds. From
our exploratory results, we were able to draw some preliminary
conclusions:

A critical innovation of our approach is that our data contain spatial
information. This enabled us to investigate the songbird trade’s inherent
spatiality. We examined the spatial characteristics of three dimensions
of the songbird trade: (1) the wild population of birds, representing (part
of) the supply of the songbird market, (2) small advertisements from an
online marketplace platform, representing the trade itself and its
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transactions, and (3) videos by pet songbird owners, representing (part
of) the demand side of the songbird market. We found that the spaces of
these stages of the online songbird trade’s supply chain do not overlap
extensively. The clear distinction between where wild birds are observed
and where birds are offered for sale, while unsurprising, suggests that
the advertised animals must originate from captive-breeding or from
other countries. If the supply for the songbird market indeed comes from
(local) captive-breeding, it could help reduce the pressure on wild
populations. An international trade in songbirds, on the other hand,
might be indicative of extended networks involved in the distribution of
captured birds to points of sale. Understanding this part of the supply
chain network, and especially its dependency on means of transport or
breeding facilities, might offer leverage points for intercepting the trade,
but digital data do not seem to be able to lift the curtain on it. That not-
withstanding, the descriptions and images collected can help direct
future research, which should also pay critical attention to the spatial
distinction between the trade and the demand.

The spatial distribution of small advertisements correlates with
population density. Songbirds are offered for sale where people live.
Their trade is spread out through the country, and is equally accessible
to people in cities and in the countryside. This might mark a degree of
democratisation of the trade, in which a second-hand market between
pet owners is enabled, and in which the established trade networks are
losing significance (cf. also Siriwat & Nijman, 2020). Whether travelling
salespeople and other distribution networks are being replaced or rather
complemented, and whether that, in turn, means a change in trade,
demand and off-take from wild populations, is to be further analysed. A
democratised online trade that is not bound to physical marketplaces
might further mean that research has to refine its models of the songbird
trade’s supply chain (Jepson et al., 2011) and the typology of actors
involved in illegal wildlife trade (Phelps et al., 2016).

We found that asking prices were not spatially autocorrelated, which
supports our argument that what we observe might be a democratisation
of the songbird trade. The trade seems to spread out into the countryside
rather than concentrate itself in a few established markets in major cities
(cf. Siriwat & Nijman, 2020), without an apparent effect on prices. It is
conceivable that has been the case before internet trade, owing to a
traditional network of distributors and traders. However, we argue that
a publicly observable online trade might well facilitate monitoring,
compared to intricate distribution networks, the intermediary actors of
which potentially overlap with various other legal and illegal networks.

Finally, we found a significant difference in online marketplace
asking prices and prices stated in a consumer survey (Marshall et al.,
2020a, Fig. 5). This might be attributable to a different set of species in
the two datasets (the consumer data set does not distinguish by species),
a prevalence to ask for higher prices to leave a bargaining margin on the
side of sellers, or, on the buyers’ side, a tendency to underestimate and
understate the costs associated to a hobby, such as bird ownership.
Higher asking prices might also account for the additional costs of a
possible delivery to the transaction meeting point. Hobby breeders or
pet holders selling “second-hand” birds might overestimate the com-
mercial value of their merchandise. Further investigation will be
necessary to constitute the causes of the observed price differences. With
our findings in mind, future research should be careful to remain aware
of the likely overestimation of prices derived from online data sources.

4.1. Digital data come with biases but offer unique opportunities

Data from online platforms is subject to some biases that are not as
severe in data that is collected using more established scientific
methods. Toivonen et al. (2019) as well as Wilkins et al. (2020) and
Ghermandi and Sinclair (2019) discuss shortcomings and biases with a
focus on social media data used for conservation science research. Most
of their conclusions are equally applicable to our data sets. The data
from YouTube suffer from noisiness and are likely biased towards
certain user groups and geographic regions. In all likelihood, positive
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messages are more emphasised than negative ones (Reinecke & Trepte,
2014). Crowdsourced citizen-science data is subject to many biases
(Johnston et al., 2020), with factors such as accessibility, expected
biodiversity and species charisma influencing which species citizen
scientists report from where (Johnston et al., 2020). Our eBird data set
exhibits an imbalance between species; only seven records represent the
Javan pied starling. Considering that in the marketplace data the Javan
pied starling is the species advertised for sale most often (Table 2), the
low number of sightings is a valuable finding in itself, and confirms the
paradox situation of “large-scale trade in a bird that is extinct in the
wild” (Nijman et al., 2021). It seems to support the notion that rarity in
the wild is a highly sought-after quality of songbirds (Harris et al.,
2015). Whether the sought-after quality of rarity is based solely on rarity
in the wild, and how much influence commercial availability has, cannot
be answered here, and should be subject of a separate study. The data
from the online marketplace platform OLX seem to suffer from fewer
inherent biases, the predominant one being a bias towards an
Internet-savvy, likely younger and more affluent population. Given that
songbird pet-ownership rates are significantly higher in urban commu-
nities (Marshall et al., 2020a, 2020b), this bias might not weigh as heavy
but rather constitute a focus onto a likely target audience.

Clear strengths of using online digital data sources to explore and
investigate conservation issues are the temporal and spatial extent,
coverage, resolution, and continuity of such data (Correia et al., 2021).
Even though data access and precise data formats may change over time
(Toivonen et al., 2019; Di Minin, Fink, et al., 2019), online data provide
a previously unavailable opportunity for cost-efficient long-term moni-
toring of human actions that relate to conservation topics (Fink et al.,
2020). In contrast to market surveys, online data do not relate to specific
points in time and space (cf. Fig. 1 in Chng, Shepherd, & Eaton, 2018),
but can cover longer periods and larger areas without the significant
costs associated to traditional surveys, something that has been called
for in the case of the Indonesian songbird trade (Rentschlar et al., 2018).
The breadth of online data, together with a modern toolbox of advanced
statistics and artificial intelligence, can help distil observations down to
the essential vantage points for nudging people towards more sustain-
able lifestyles.

4.2. Future research should broaden the thematic and methodological
scope

Our study is limited by its small number of focal species, and by the
temporal window of our data collection. Both can be easily overcome.
The challenge of long-term data collection is mainly organisational.
Very long-term data collection, such as the one by Nijman et al. (2018)
that spans decades, might also require progressive adjustments to the
data scraping algorithms. The limitation to a few species is due to the
exploratory nature of our study. Experimental changes to our data
collection workflow showed promising data yield also for other species,
such as the rufous-fronted laughingthrush (Garrulax rufifrons), and for
broader search terms such as “burung” (“bird”). A significant effort of
any similar study will be to compile, expand, and test a suitable set of
keywords.

Despite some biases that are typical for digital data sources (Kitchin,
2014; Toivonen et al., 2019), the advantages of using big data gathered
from online sources are clear: data from online marketplaces provide
detailed product descriptions, photos of the traded goods, asking prices
and a location — without the effects an observer has on the observation
and on the observed phenomenon in a traditional market survey (cf.
Chng et al., 2015). Data relating to pet ownership, while not providing
absolute numbers, give a good account of the relative popularity of
different species, at different times, and in different places. Finally, data
on animal sightings, such as, for instance, birdwatchers’ observations,
document actual locations of individuals of a species at a specific time,
and, for certain applications, might offer advantages over species range
maps. The insights gained in this study can be readily transferred to tap
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other data sources and investigate the trade in other species.

This study is using Euclidean, cartesian space as a reference frame-
work, and assumes a positivist, “realist” perspective (Schuurman, 2006).
We acknowledge that our analysis cannot appropriately grasp certain
aspects such as the motivation of consumers and poachers, and the social
and cultural functions of the songbird trade. Rather, our study forms the
starting point for research that goes beyond the “view from above”. It
should be followed up with more qualitative research, to form an
explanatory mixed-methods study (Creswell & Creswell, 2018), that
offers an in-depth investigation of buyers’ and sellers’ motivation and
their level of awareness to biodiversity conservation issues to identify
critical pivot points for a change in consumer demand.

5. Conclusions

In this study, we found trade in threatened songbirds on a traditional
online marketplace platform, where it is tolerated presumably due to its
deep cultural acceptance. Using web scraping tools, it was considerably
easier to collect data from this platform than it would have been to
collect similar data from (likely closed-access) social media groups. We
argue that this form of online trade could turn out a blessing in disguise
for conservation science: If the trade in endangered songbirds takes
place on online marketplace platforms that are easy to monitor, con-
servation scientists, practitioners and policymakers have a readily
accessible data source that can give rich insights into the spatial, tem-
poral and taxonomic structure of such a trade, understand the motiva-
tions of buyers and sellers, and outline possibilities to move an illegal
wildlife trade into more sustainable spheres even if it is a long-held and
deeply-rooted cultural practice. Trade platforms might become valuable
partners, for example, to alert potential buyers to the biodiversity con-
servation issues at hand or to establish certification schemes to transi-
tion to a more sustainable trade. Our proposed methods can be expanded
to other platforms and species to investigate online trade in wildlife.

Data availability

Due to the focal species being under imminent threat of extinction,
the eBird data set and derivations cannot be shared. It is, however,
directly available from the Cornell Lab subject to undergoing their data
request procedure. The data collected from the OLX marketplace and
from the YouTube video platform can be downloaded in anonymised
form from http://urn.fi/urn:nbn:fi:att:3e4b2f79-e073-4e64-8f0d-0al7
3ad4ee9b, images and descriptions are available from the authors
upon request.
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