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ABSTRACT ARTICLE HISTORY
Wildlife trafficking is a global phenomenon posing many negative Received 24 November 2022
impacts on socio-environmental systems. Scientific exploration of Accepted 13 March 2023
wildlife trafficking trends and the impact of interventions is signifi- KEYWORDS

cantly encumbered by a suite of data reuse challenges. We describe lllegal wildlife trade; supply
a novel, open-access data directory on wildlife trafficking and chain; operations

a corresponding visualization tool that can be used to identify management; interdiction;
data for multiple purposes, such as exploring wildlife trafficking conservation

hotspots and convergence points with other crime, discovering

key drivers or deterrents of wildlife trafficking, and uncovering

structural patterns. Keyword searches, expert elicitation, and peer-

reviewed publications were used to search for extant sources used

by industry and non-profit organizations, as well as those leveraged

to publish academic research articles. The open-access data direc-

tory is designed to be a living document and searchable according

to multiple measures. The directory can be instrumental in the data-

driven analysis of unsustainable illegal wildlife trade, supply chain

structure via link prediction models, the value of demand and

supply reduction initiatives via multi-item knapsack problems, or

trafficking behavior and transportation choices via network inter-

diction problems.

1. Introduction

The illegal trade in, and movement of, wild fauna and flora is a global phenomenon posing
direct, as well as second and third order impacts on socio-environmental systems. Wildlife
trafficking directly threatens species’ persistence (Guynup et al., 2020), socio-environmental
security (Dalpane & Baideldinova, 2022; Felbab-Brown, 2018), and undermines the rule of
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law (Session, 2018). Trafficking harms ecosystem integrity (Sanjurjo-Rivera et al., 2021), the
viability of nature-based solutions (Price, 2018), sustainable use of wildlife, and the carbon
capture potential of forests (Hayek et al., 2021), while creating new exposure pathways for
zoonotic disease transmission (Felbab-Brown, 2021), social injustices (Gianopoulos, 2020),
and exploitation of marginalized groups (Agu & Gore, 2020). There are no socio-
environmental systems in the world untouched by wildlife trafficking (The World Bank
Group, 2022). The knowledge base about poaching - an early step in the wildlife trafficking
supply chain - is substantial and overwhelmingly case-based (e.g. species and products
such as elephant tusks, helmeted hornbills casques) (Vigne & Nijman, 2022). The poaching
literature elaborates on the drivers of poaching, the social contexts within which poaching
occurs, and essential issues of contested legality, fragility and conflict, social and environ-
mental safeguards, the militarization of conservation, and restorative justice.

Scientific exploration of wildlife trafficking trends and the impact of interventions — and
drawing of inferences to inform decision-making - is significantly encumbered by a suite
of data reuse challenges (Gore et al., 2022; The World Bank Group, 2022) including the
challenge of identifying relevant studies/data sets with reliable and high-quality data that
is regularly updated and organized for accessibility. Beyond supporting the need of
donors to evaluate, direct, and monitor investments to combat wildlife trafficking and
conserve biodiversity, secondary analysis using multiple datasets portends broad applica-
tion to scientific exploration across disciplines. Secondary data analysis increases the
ability of science teams including experts beyond conservation to detect subtle and
complex associations, which is not possible with individual, discipline-focused studies
(Pan et al., 2022). For example, operations researchers could apply data-driven research
methods to uncover and understand the supply chain structure, operations, and drivers of
these illicit networks to offer insights on network interdiction, allocation of scarce
resources, and prediction of adversaries’ behavior (Keskin et al., 2022). [lllicit networks
can be physical, financial, social, or a combination thereof and the terms illegal and illicit
are often used interchangeably. We differentiate illicit as being the preferred broader
term. lllegal is an explicit communication of being a violation of a public law. lllicit
incorporates the term “illegal” and adds the contexts of a grey area of commerce
(Shelley, 2018), intentional covertness, and/or often a social perception of right and
wrong (Van Schendel & Abraham, 2005).] Computer scientists can leverage limited avail-
able data about wildlife trafficking routes to predict previously unknown paths that may
be used to transport illegally obtained wildlife products. Data scientists can predict illegal
fishing and transshipment from ship location data combined with a historical criminal
registry and exclusive economic zone data (Miller et al.,, 2018). Finally, computer science
has proven useful in detecting wildlife trafficking online (Sharma, 2020; Xu et al., 2019),
and by combining these detections with intervention and demographic information,
stakeholders can quantitatively identify what tools will be most effective in different
settings. These perspectives can complement existing classical conservation efforts dedi-
cated to protecting species and their habitats (NatureServe, 2023).

Identifying the relevant data to include in datasets for secondary analysis from publicly
available data repositories is challenging in part because of the unstructured nature of
variable descriptions (Pan et al., 2022). There remains a lack of data integration across
disciplines on current efforts to combat wildlife trafficking, at times because of the
diversity of sectors and stakeholders collecting data on different aspects of the problem.
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The limitation of integrated data decreases researchers’ ability to use analytical methods
of pattern recognition, anomaly detection, forecasting, problem-solving, and decision-
making in support of efforts to determine the effectiveness of interventions, strengthen
wildlife crime investigations, and manage records.

In this paper, we describe a novel directory on wildlife trafficking (available at Zenodo
open repository) (Gore et al,, 2023) and its integration with a corresponding visualization
tool that can be used to search for and identify data sources for multiple purposes, such as
exploring wildlife trafficking hotspots, finding convergence points with other crime,
discovering key drivers or deterrents of wildlife trafficking, and uncovering structural
patterns beyond those considered by classical conservation biology. The data directory
can be instrumental for data-driven analysis of supply chain structure via link prediction
models, the value of demand and supply reduction initiatives via multi-item knapsack
problems, or trafficking behavior and transportation choices via network interdiction
problems. Our motivation to produce this directory was sparked when we attempted to
apply operations research and analytics techniques to the problem of wildlife trafficking
and discovered such a database did not exist. We also recognized the fragmented nature
of existing data sources and the benefit of augmenting classical conservation biology
approaches.

2. Methods

The content of the data directory was informed by snowball keyword searches on Google
USA and Google Scholar (Aliyu, 2017) and expert elicitation about online datasets and
other data sources (Hemming et al., 2018). We searched for current tools and data used by
industry and non-profit organizations, as well as those leveraged to publish academic
research articles (Barrett, 1993). To avoid restricting our search to a specific species, we
used general terms such as “wildlife,” “flora,” “fauna,” “animal,” “species.” To ensure the
data was focused on illegal trade, we ensured at last one of the following terms was
included: “illegal,” “illicit,” “illegitimate,” “banned,” “prohibited,” “unsanctioned,” “smug-
gle” as well as one of these terms “trade,” “sale,” “market,” “exchange.” To avoid confining
results to a specific geographic region, we omitted the use of spatially restricting criteria
in our search and included one of the following terms in each search: “global,” “world,”
“international.” To ensure each of the entries in our directory were explicitly related to
illegal wildlife trade, we conducted a cross-check review of all sources with two members
of our research term and discarded any extraneous sources. For example, we excluded
articles which reused data source data and not modified; in these instances, we included
the original source as an entry in the directory. The data directory was designed to be
a living directory. We encourage others to contribute new sources of data which are more
targeted to a given geographic area, species, or otherwise to facilitate effective collabora-
tion and advancement of research. In this regard, the data directory involves collaborative
record-keeping and downstream analysis (Henson et al., 2020).

To confirm content was not excluded, the list of sources in the directory was
collaboratively reviewed and revised by a larger, multi-disciplinary science team
composed of conservation biologists, geologists, supply chain and logistics experts,
operations researchers, and computer scientists. With this integrative perspective,
the larger research team identified the most appropriate descriptive information to
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Table 1. Records in the directory on worldwide wildlife trafficking are alphabetically organized by data
types. Records were assigned one of the eight data types.

Data Type Description
Article Data which has been referenced in an article, but is accessible in another location; can be
comprised of a subset of a single source of data or amalgamation of multiple sources of
data
Dashboard These file types can only be viewed online, without exportable data or only exportable
figures
Report Written documents that include discussion, analysis, figures, data tables, and other
representations
Structured Database Data that needs to be accessed with advanced software, but which can be readily parsed
by a machine (e.g. in a relational database, behind an API, GIS data)
Structured Human Data that can be understood by a person with standard software: spreadsheets, numerical
Readable Data survey results
Tool Requires explicit input to provide subsequent information; typically, a visualization type
of tool
Unstructured Database Unstructured data that needs to be accessed via advanced software: images, text,
hyperlinks, in blob store or behind API
Unstructured Human Unstructured data that can be understood by a person with standard software but
Readable Data contains some information that is difficult for machines to automatically parse: images,

text, hyperlink

include with each data source and its corresponding title. This content-derivation
process encouraged us to generate an open-access directory with a searchable
visualization (Ferber et al.,, 2023) to allow any online user to search and filter
information based on data source categorization, data type, accessibility, geography,
and species of flora or fauna. We ultimately organized the directory along dimen-
sions identified as useful for researchers seeking to understand wildlife trafficking in
a network context AND for which information across all sources. In this regard, the
organizational schema for the directory was restricted by the content of the sources.
Although researchers may desire information, it may not be available. The data were
organized according to the type of data (e.g. article, dashboard), its accessibility for
researchers (e.g. limited access, publicly available), and relevant disciplinary cate-
gories (e.g. geospatial, legal) (Tables 1-3). The disciplinary category serves several
purposes, firstly to record which disciplines have found these datasets useful in the
past (not sure about this), as well as to help point researchers in discrete disciplines
to datasets that might be immediately useful for them. The level of disaggregation
was intended to support diverse researchers and stakeholders accessing our direc-
tory and attempting to avoid domain-specific terminology or jargon (e.g. deep
learning, inverse optimization, recidivism).

Expert elicitation about data sources (Hemming et al., 2018) and interdisciplinary team
science principles (Henson et al., 2020) were used to validate the technical quality of the
directory. Computer scientists, operations engineers, supply chain management, conser-
vation biology, and human geography faculty, graduate, and undergraduate students at
five large research universities in the United States independently and collectively
reviewed database content and organizational structure over multiple Zoom meetings.
When inconsistencies, logical fallacies, or misunderstandings were identified during
a meeting, collective revisions to the directory were made. A final test was completed
and published by computer science and operations research scientists using sources
noted in the data directory to analyze wildlife trafficking supply chains (Gore et al., 2023).
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Table 2. Records in the directory on worldwide global wildlife trafficking are alphabetically organized
by degree of accessibility. Records were assigned into one of the five degrees of accessibility.

Degree of
Accessibility Description
Limited Access These file types can only be accessed by a limited population or through purchase. However,

some reports or other content may be publicly accessible
Publicly Available  These file types can be freely accessed and downloaded without registration

Registration There is a formal registration process for accessing the data. These file types require a special
Required login or API key to access and may require a purchase
Upon Request These file types may require a special login or APl key to access. Access is not guaranteed and is
obtained through direct communication with a point of contact
View-Only These file types can only be viewed online without exportable data

Table 3. Records in the directory on worldwide wildlife trafficking are alphabetically organized by
source categories. Records were assigned one of the 11 data categories.

Data Category Description

Donor Information regarding various forms of donor funding as it relates to wildlife trafficking
E-commerce Aggregate data or explicit listings from a platform where products are purchased/sold
GIS GIS data on infrastructure or trafficking networks

Legal Information on the penalties, legal status, and enforcement abilities of various countries
News News articles and media information on wildlife violations or enforcement

Offender Information on the types and motivations of offenders and their behaviors

Population Information on the population status of various species

Remote Sensing Satellite and other related images of trafficked ‘species’ habitats or trafficking routes
Seizure Records of items transported illegally that were seized by enforcement officials

Social Media Publicly available social posts/documentation containing evidence of IWT or outcomes
Trade Records of items that were exported/imported from various countries

3. Data records

Our directory for worldwide wildlife trafficking is designed to be searchable according to
multiple measures. The data are available at https://tinyurl.com/mr2bh8uk.Records and
are organized according to species of flora and fauna as defined by the International
Union for Conservation of Nature (IUCN Red List, n.d.) and as modified by the
Intergovernmental Platform on Biodiversity and Ecosystem Services. Geography is orga-
nized according to the United Nations Geoscheme (EMIM, n.d.) which divides 249 coun-
tries and territories in the world into 6 regional, 17 subregional and 9 sub-regional groups.
Data records are labeled as “global,” permitting they included at least one country from
each continent. We labeled data records as “searchable” when they did not retain a visible
collection of species or countries, and instead required input. Records labeled as “n/a”
indicate the species or countries are not explicitly listed. Records are organized according
to 8 data types (Table 1), 5 degrees of accessibility (Table 2), and 11 data categories
(Table 3).

4. Discussion

Upon aggregating the data sources and descriptive information into a shared Microsoft
Excel spreadsheet, we sought an option for cloud-based data aggregation and visualiza-
tion. We uploaded the directory into Power Bl because the platform enables broad data
accessibility and analysis for diverse professionals and academics (Keskin et al., 2022).
Compared to other types of data visualization software, our team found Power Bl easy to
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integrate with Microsoft Office. Knowing many people use Microsoft Office, we felt this
option would be accessible to a wide range of users and help minimize potential data loss
due to compatibility with Excel, which was the original format of the data directory. Power
Bl has been used in prior research focused on illegal wildlife trade, primarily as
a visualization tool for mapping import and export data of wild flora and fauna (Keskin
et al,, 2022). In this way, Power Bl is well equipped to maximize the use of geospatially
enabled data, as it can process inputs from software such as R, a GIS, and other spatial files
to ease accessibility and shareability. This capability allows multiple types of data sources,
as well as visualization by relying on the geography field as input.

Our science team found Power Bl useful; it allowed for efficient searching and filtration
of a central database to narrow down choices for a specific purpose (e.g. all the five
sources with “on request” data, how many include reptiles?). Power Bl enabled embed-
ding of multiple hyperlinks, thus maximizing the potential for continuity of accessing
external data sources. For instance, operations research and supply chain management
researchers may desire more quantitative seizure data at ports for interdiction purposes,
while the criminology researchers may need qualitative interview responses from con-
victed traffickers found in reports. Conservationists may focus on specific species or
products. Given that global wildlife trafficking data remains disparate, minimally inter-
operable and of varied quality, the research desires are multi-faceted. It is crucial to have
a main directory that centralizes information used by the relevant disciplines if we wish to
encourage interdisciplinary and cross disciplinary research on wildlife trafficking. Search
and filtration functionalities become a necessity with the respective focus areas of an
interdisciplinary research team.

Power Bl's drag-and-drop feature was used to place the data sources from the Fields
pane into the Filters pane of the Report. This created a table depicting only the selected
data associated with the selected fields queried by a user. This table is in Power Bl's report
space, which is where the resulting data from the selected fields can be viewed. There are
multiple search boxes located in the Filters pane on the right-hand side of the report. The
boxes search for entered strings in each column assigned to a data field across the table.
The Basic filter function allows a user to search a singular term. Using this function, the
boxes with checkmarks below the search boxes are assigned to each column of the table
to allow a user to filter or search within a single column. The results of these search and
filter options are a viewable table of specific data sources that a user can then access via
the data directory (Figure 1). Alternatively, the Advanced filtering function allows a user to
create a string of terms, which are connected via multiple keywords (i.e. AND, OR) or
specifications (e.g. contains, does not contain, starts with, does not start with). While using
the Advanced filtering function, users are able to explicitly filter by multiple subcategories
of either species or geographic regions.

We acknowledge limitations to the data directory. First, many of the datasets and
species included in the directory are of African origin. Although the directory itself exists
on a global scale, often with hundreds of different species, due to the nature of charismatic
megafauna, African species tend to be studied more comprehensively than many non-
African species. Due to this bias, the availability of publicly accessible data will remain
consistent with this trend. However, we are hopeful that encouraging collaboration in the
conservation community and on an interdisciplinary level will aid in developing a more
comprehensive collection of species data. Second, our search relied heavily on Google,
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Power BI My workspace IWT Data Directory - PowerBl | Data updated 2/16/23
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e United States LEMIS wildlife  Structured Publicly Available  N/A httpsi//zenado.org/record/3565869#.X7  Trade r—— 5
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Alliance Readable Data
Q Metrics Zebra Report Publicly Available N/A N/A Trade Title =]
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Type of Data &
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United Nations: World Wildlife  Report Publicly Available  hitps Seizu s Al
2 Workspaces > Crime Report ta-and-analysis/wildlife.html -and-
analysis/wildlife/2020/World Wildlife Re Data Link o
My workspace v port 2020 9Julypdf is (Al)
'COUNTERING WILDLIFE Report Publicly Available https://www.traffic.org/site/assets/fil  From TRAFFIC data Seizu o a
TRAFFICKING THROUGH es/12444/tanzania- ports-2020.pdf ‘Sa(‘:m Ateguraation
TANZANIA'S SEA PORTS
Recent significant wildlife crime- Report Publicly Available Seizu Flora & Fauna & ‘
related seizures and eports/latest-seizures 287/traffic_bulletin march 1997 - is Al
prosecutions october 2019,pdf 5
Global dataset for seized and ~ Unstructured  Publicly Available https://www sciencedirect.com/scien WILDLEX | Database of Wildlife Related ~ Seizu m;f““" ‘
non-intercepted illeaal cheetah Human cefarticle/pil/52352340921001323  Law

Figure 1. A screenshot of the IWT Data Directory landing page shows the multiple columns used to
organize records such as title, type of data, accessibility. Each column can be used to search the
directory using the filter function.

which may miss datasets and sources that are not highly promoted or are simply not
indexed by Google, such as those in PDFs, on websites with restricted access, or websites in
countries not accessible by Google. Furthermore, by conducting the search in English we
can verify the discovered data sources at the expense of potentially missing data sources in
other relevant languages like French, Arabic, or Mandarin. We hope that by building our
directory as a living document and incorporating experts from other countries and back-
grounds, we can grow the directory to include data sources that are in other languages, or
which might be inaccessible through Google but made accessible through a network of
scholars. Lastly, we were only able to discover datasets and sources that currently existed
rather than proactively generate or call for datasets that may not currently exist, but which
are relevant to wildlife trafficking. We hope that by helping to determine which data
sources exist, we can also identify the gaps in our current knowledge base to promote
the creation of useful datasets, such as data about wildlife trafficking enforcement, wildlife
consumer behavior data, or financial data tied to wildlife trafficking.

We intended for the data directory to be a living document. Ideally, researchers contribute
to and leverage the data sources to perform a range of research and analyses. Researchers
currently studying wildlife trafficking can scale classical conservation biology-related insights
in a more strategic fashion (e.g. multiple species, multiple protected areas), integrating
different knowledge and bringing more complex and complete understanding of the phe-
nomenon as opposed to creating a new niche development for research. More granular
insights can be derived from triangulating data using repeated measures. Most importantly,
new research questions that have not been anticipated may be posed and answered.
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