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Understanding and Navigating
International Wildlife Trade Data:
Avoiding Pitfalls Caused by Systemic
Detail Obfuscation

Orion L. B. Goodman, Michael F. Tlusty,
and Andrew L. Rhyne

Introduction

International wildlife crime threatens affected species with potentially
irreversible population decline (Zimmerman, 2003; Duffy, 2022). While
quantification is difficult, much of this threat is presumed to stem from
pressure posed by wildlife trade, especially wildlife trafficking. Efforts to
regulate wildlife trade, and therefore support and promote sustainable
use, are often challenged by illegal and unreported commercial
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movement of wildlife commodities. At the international scale, this com-
merce can be worth several billion USD (van Uhm, 2016a; Tow
etal., 2021).

This chapter reviews how relevant datasets are derived and examines
their limitations and characteristics in order to provide readers with an
improved understanding of the wildlife trade data environment, particu-
larly regarding the Convention on the International Trade in Endangered
Species of Wild Fauna and Flora (CITES) and the United States Fish and
Wildlife Service’s Law Enforcement Management System (LEMIS) data-
bases. This chapter includes limited summary analysis of LEMIS and
CITES data spanning January 1, 2000 to December 31, 2020. The
CITES Trade database contains records representing international wild-
life trade of CITES-listed species as reported annually by the treaty’s
party members. It is maintained by UNEP-WCMC and is available via
download through the CITES website (Full CITES Trade Database
Download, 2023). The LEMIS data represents international wildlife
trade wherein either the importing country or the exporting country is
the United States. The LEMIS data used in this analysis consists of two
parts: data cleaned and organized by Eskew et al. (2020) and data result-
ing from a Freedom of Information Act (FOIA) request submitted by the
authors on November 16, 2021 (DOI-FWS-2022-000708).

One of the major challenges to assessing the impacts of wildlife trade,
let alone illegal wildlife trade (IWT), is the availability of reliable data.
Many of the available datasets are complicated and require a high degree
of familiarity for interrogators to avoid misinterpreting data. For exam-
ple, CITES maintains a record of all trade events in CITES-listed species
as reported by its subscribing parties (CITES Secretariat and UNEP-
WCMC, 2022). Because this trade occurs as a subset of all potential
wildlife trade, it cannot be used to evaluate biodiversity in trade, although
it could be used to complement analyses of other data. Similarly, CITES
parties report illegal activity unreliably, thus limiting access to IWT data
through the publicly accessible CITES database (D’Cruze & Macdonald,
2016). When they are available, CITES database entries for illegal activ-
ity obfuscate the original source information for the associated record.
This means that assertions of illegal trade being implicitly unsustainable
require additional evidence.
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The goal of this chapter is to present limited summary evidence of data
obfuscation present in the LEMIS and CITES databases and to provide
wildlife trade researchers with contextual information that will enable
them to better navigate these issues when conducting their own investi-
gations. These goals are met through assessing how data are created across
different datasets, briefly describing how CITES and LEMIS data are
related to international commercial trade, and by investigating patterns
and trends across wildlife trade data that may provide useful metrics for
further analyses.

Wildlife Trade and Research

Many researchers rely on the CITES Trade Database because it is avail-
able and is longitudinally robust. Hughes et al. (2021) used the CITES
Trade Database, alongside reviews of other sources such as online market-
places and LEMIS, to draw conclusions about the comparative biodiver-
sity of amphibian species in trade. Tittensor et al. (2020) similarly used
the CITES Trade Database, alongside US import data from LEMIS, to
make inferences about illegal wildlife trade. Due to the nature of these
databases, both studies struggled to infer meaningful conclusions that
were free from confounding factors. Hughes et al. (2021) identified six
times more amphibians present in trade events not regulated by
CITES. Without the administrative costs necessitated by CITES, traders
may be incentivized to engage in trade in unprotected species, but this is
not necessarily unsustainable. Additionally, Hughes et al. (2021) fails to
explore the present husbandry infrastructure for amphibians present in
the international wildlife trade, which may further affect volume, fre-
quency, and other metrics for trade intensity in these species. In the case
of Tittensor et al. (2020), the authors found interesting correlations
between annual increases in reported trade and reported law enforcement
activity. While they speculate on the causes, they fail to realize that
LEMIS is an evolving system attached to an evolving law enforcement
program, particularly over the study period (Weissgold, 2024; Kolby &
Goodman, 2025). Changes in port coverage, stafling, political interests,
trader compliance, and standardization requirements can inject noise
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into the analyzed trends. Despite these issues, both studies lay important
groundwork for future wildlife trade analyses—and they are not alone in
this importance. Petrossian et al. (2016), Berec et al. (2018), Stringham
et al. (2021), and a host of other studies identify important characteris-
tics of international wildlife trade and IWT despite attempting to navi-
gate datasets steeped in caveats and complications. Many of these
common challenges are discussed in Robinson & Sinovas (2018),
Challender et al. (2021), and Weissgold (2024).

While data on illegal wildlife trade exist, their availability is often lim-
ited to government stakeholders, non-governmental organizations
(NGO:s), and their partners (United Nations, 2022). When these data
are available to researchers, they can be plagued by issues such as incom-
plete or incorrect taxonomy, missing values, a lack of standardization,
arbitrary categorization, and other data quality challenges (Stringham
et al., 2021). Due to the illicit nature of IWT, researchers often turn to
datasets comprised of known illegal activity. These are often ad-hoc and
their dependability can be reliant on access to funding (OG pers. 0bs.;
WWE-UK, 2019). Furthermore, like LEMIS, these datasets are prone to
evolution and often contain more information on species of major con-
servation or political interest, such as elephants, tigers, or rhinoceros,
than on various reptile, insect, or plant species (Hinesley et al., 2024).
Trends can be similarly difficult to capture because they are confounded
by changes in taxonomic interest over time. For example, bird trafhcking
has recently piqued the interest of many European NGOs and govern-
ment authorities, so seized bird records may increase in both number and
detail as shipments are subject to heightened scrutiny (Ribeiro et al.,
2019; Zsigmond, 2020). In order to successfully interrogate these data, it
is crucial that analysts understand their origins.

Wildlife Trade and International Trade

The legal international wildlife trade exists as a subset of commercial
international trade with some key differences (Hughes, 2021). Live and
fresh wildlife generally have a heightened risk of perishability along their
supply chains, and trade in wildlife and wildlife products may carry
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associated ecological, environmental, and epidemiological risks not posed
by trade in other commodities (Keskin et al., 2023). Additionally, trans-
porting live wild animals between countries necessarily includes trans-
porting their waste and soiled shipping substrates which may act as
fomites (Swift et al., 2007; CITES Secretariat, 2023). Escaped animals
can also become invasive if not recaptured (Lockwood et al., 2019).
Additionally, wildlife-based supply chains that depend on the wild har-
vesting of plants or animals can threaten wild populations, increasing the
likelihood of extirpation, and potentially affecting ecosystem services and
ecological resilience (Robinson et al., 2019).

The risks posed by wildlife trade are largely controlled through regula-
tory and monitoring protocols, many of which are parallel to those
implemented by customs authorities monitoring and regulating other
commercial trade. These mechanisms are supported by legal frameworks
such as CITES (CITES, 2024a). However, CITES only applies to species
listed in one of its three appendices (Challender et al., 2021; Easter &
Carter, 2024). It is otherwise up to individual States or regions to imple-
ment regulatory processes for species not listed by CITES. Most publicly
available data on international wildlife trade is generated through the
implementation of these protocols by customs authorities or their part-
ner agencies. For many countries, customs authorities are responsible for
executing CITES obligations, but this frequently falls outside of their
agency’s primary function.

The primary goal of most customs authorities is to protect their State’s
economic interests by enforcing tariffs and regulating imports and exports
(Widdowson, 2007). Often, they work alongside other agencies who are
responsible for ensuring that incoming commodities pose an acceptable
level of health or environmental risk (USCBP, 2024). One crucial aspect
of customs regulation is the widespread adoption of the World Customs
Organization’s Harmonized System (HS), a means of categorizing all
internationally traded commodities (WCO, n.d.). These categories help
to simplify trade risks and determine the appropriate import or export
process for the commodity in question. The HS uses numbers consisting
of six to ten digits to categorize commodities based on their level of man-
ufacture. Some countries have expanded upon the HS with their own
national standards. The United States (US) and states in the European
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Union (EU) developed the Harmonized Tariff System (HTS) and the
Integrated Tariff of the European Communities (TARIC), respectively
(USITC, 2024; European Commission, n.d.). These longer codes pro-
vide more detailed categories for commodities.

When wildlife products are imported into a country, they are assigned
a harmonized code by the relevant customs authority. Though these codes
describe commodity categories, they typically provide little to no infor-
mation on species, origin, or other details potentially relevant to investi-
gating sustainability or risk (Biondo & Burki, 2019; Tlusty et al., 2023).
A shipment of ornamental fish imported to the US, whether it contains
cardinal tetra (Paracheirodon axelrodi), goldfish (Carassius auratus), or
Asian arowana (Scleropages formosus), will either be assigned HTS code
0301.11.0090, indicating the contents contain “freshwater fish, orna-
mental, live”, or 0301.10.0000, indicating the contents contain “fresh-
water fish, unspecified”. This designation is recorded by customs
authorities and later enshrined in data accessible through third-party
platforms, such as Comtrade or Panjiva (United Nations, 2024; Panjiva,
n.d.). In the US, Customs and Border Protection (USCBP) employ a de
minimis rule, whereby shipments below a value threshold are exempt
from more stringent regulatory requirements (USCBP, 2024). To further
compound the issue, HTS guidelines recommend describing certain
commodities with standard units of measurement (USITC, 2024). For
live fish, HTS guidelines recommend using kilograms. However, ship-
ments of live fish contain varying proportions of water weight and pack-
ing materials (The Fish Site, 2024). Similar issues affect records
documenting trade in mammals, reptiles, and amphibians. Leathers
made from reptile skins fall under various headings in HTS Chap. 4, all
of which serve to describe the product’s economic value and not the bio-
logical characteristics of the wildlife involved (USITC, 2024). Dozens of
reptile species are harvested from countries around the world to satiate
the demand for luxury leather products and this type of reporting makes
it challenging to estimate the number of animals impacted and also their
true origins (Marshall et al., 2020; Sosnowski & Petrossian, 2020).

Some mechanisms exist to fill gaps in wildlife trade monitoring.
CITES provides a legal framework for all countries party to the conven-
tion. Due to the temporal consistency of reporting obligations, CITES
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can provide historical data through the CITES Trade Database that may
be useful for evaluating conservation issues posed by wildlife trade (Berec
& Setlikovd, 2019). However, only ~10.5% of all wildlife trade is covered
by CITES (Watters et al., 2022). Some individual countries and regions
have developed wildlife trade regulation data management systems out-
side of those required by CITES. One of the most prominent wildlife
trade regulatory authorities is the United States Fish and Wildlife Service
(USFWS) Ofhice of Law Enforcement (OLE), which employs wildlife
inspectors (WIs) to support customs officers (USFWS OLE, n.d.-b).
Imports and exports of wildlife products are required to follow specific
additional processes beyond those required by USCBD, including addi-
tional declaration processes and required submission of permits and cer-
tificates (USC Title 50 C.ER. § 14.61; USC Title 50 C.ER. § 14.63;
Rhyne et al., 2017). The USFWS ostensibly records all wildlife trade
through LEMIS, a multi-purpose resource management tool that, among
other things, records wildlife trade data for wildlife commodities imported
to and exported from the US (Eskew et al., 2020; Weissgold, 2024).
LEMIS data is generally considered to be one of the most robust wildlife
trade data sources available (Smith et al., 2008; Eskew et al., 2020).
However, despite being developed and applied to specifically address
international wildlife trade, both LEMIS and CITES Trade data have
severe limitations that must be understood to properly evaluate the data
they contain (Weissgold, 2024).

CITES in Brief

CITES represents a cooperative agreement between signatories to control
trade in certain wildlife species (CITES, 2024a). The CITES framework
functions by providing a blueprint for monitoring and regulating inter-
national wildlife trade alongside customs protocols. While the precise
monitoring mechanisms vary between countries, similarities in import
procedures enable relatively simple ways to implement CITES require-
ments. When a commodity enters a country’s borders, it likely does so
under bond. The freight is removed from its conveyance and enters a
physical location, such as a warehouse (Johnson & Bade, 2010). The
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commodity remains in bond until an agent representing the importer
provides documentation to warehouse staff that proves all legal require-
ments for importing the commodity are satisfied. This usually includes
fulfilling CITES requirements by furnishing the appropriate CITES
export permit to the Division of Management Authority (DMA) repre-
sentatives or their delegates, as well as satisfying any additional declara-
tion obligations, such as those required by USFWS. Export processes are
slightly different in that the CITES export permits must be presented to
officials alongside the commodity prior to entering bond in the country
of export. Once all administrative conditions are satisfied the item enters
bond and may be exported.

One especially important facet of CITES compliance is that it only
applies to species listed on one of the three Appendices (Tlusty et al.,
2023; Easter & Carter, 2024).

Appendix I confers the highest level of protection, where wildlife or
wildlife products require a CITES export permit, issued by the exporting
country, and a CITES import permit, issued by the destination country.
Generally, no commercialized trade in Appendix I specimens is allowed.
Some exceptions exist, whereby Appendix I specimens may be commer-
cialized if originating from a registered captive breeding institution.
Examples of CITES I species that are produced from registered captive
breeding operations include Asian Arowana (Scleropages Formosus) and
Gyrfalcons (Falco rusticolus). Appendix 11 consists of species that may be
threatened by international wildlife trade, but regulated trade is allowed
for any purpose. CITES Appendix II also includes “look-alike” species
that are not themselves threatened by trade, but closely resemble those
that are and would provide enforcement challenges if not also listed
(Kolby, 2019). Consistent monitoring of trade in these species is relevant
to ensuring long-term conservation and economic interests. A CITES
export permit is required for these species.

Species listed in Appendix III do not typically meet the same “proof-
of-threat” requirements as those in Appendices I and II. Appendix III
consists of species that individual countries list unilaterally in order to
protect native species that might only be threatened by trade through
part of their range. Trade in Appendix III species must be accompanied
by a Certificate of Origin document rather than a CITES export permit.
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Like a CITES export permit, the Certificate of Origin facilitates moni-
toring and regulation of species that are traded internationally. Party
countries are expected to enforce Certificate of Origin requirements for
Appendix III species coming from the specified populations.

Trade in CITES-listed wildlife specimens typically occurs as follows:
anticipating an export, an exporter or broker applies for a CITES export
permit. Once obtained, the freight is prepared for export and both the
CITES permit and the freight are made available to a relevant authority
acting on behalf of the exporting country’s DMA (USFWS, 2008;
CITES, 2024a). This authority confirms the veracity and accuracy of the
permit information and stamps the permit, thus validating it. The valida-
tion process may include a physical inspection of the freight at the vali-
dating officer’s discretion. Once validated, the permit accompanies the
freight along its transit route, although the reality of international busi-
ness processes results in exceptions. Once the freight reaches its import
destination, the CITES permit and the freight are made available to the
importing country’s DMA or delegated authority, where the accuracy
and the veracity of the permit are once again compared to the contents of
the imported freight (AHPA, 2023). Like before, this may include physi-
cal inspection at the discretion of authorities. The original CITES permit
is retained by the authority, a copy is issued to the importer or their
agent, and the remaining importation process is allowed to proceed
(CITES, 2024a).

CITES Trade data is primarily collected at two points; export data is
collected by the issuing or validating authority for the country of export
and import data is derived from the documentation process employed by
the importing country’s inspection authority. Both records are sent to the
CITES secretariat as part of each country’s annual reporting require-
ments. Within the CITES Trade Database, the import and the export
may be displayed as two separate trade events denoted by the
“ReporterType variable” (Full CITES Trade Database Download, 2023).
They are linked in the CITES Trade Database by a randomized CITES
permit number stand-in. Discrepancies between linked trade events can
occur for several reasons (Berec et al., 2018).

The volume of internationally traded wildlife commodities is impos-
sible to physically inspect in full with the current distribution of resources
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reserved for wildlife trade control (Tlusty et al., 2023). When a physical
inspection fails to occur during the export, import, or both phases of the
trade process, the possibility for a data discrepancy increases. A validated
CITES export permit includes two quantity fields (CITES, 2016). One
field indicates the maximum quantity of a specified wildlife product that
is allowed to be contained in the relevant shipment. It also denotes the
appropriate units of measurement for describing said quantity. This field
is typically pre-printed when the permit is created (OG pers. 0bs.). The
second quantity field is completed by the validating official and repre-
sents the actual contents of the shipment. The validating official can
determine the actual quantity by inspecting shipment documentation
such as invoices and packing lists or by completing a full physical
inspection.

Half-measures exist for both processes. Quantity verification is often
completed on the basis of minimal information. Overwhelmed inspec-
tors lack the time to complete exhaustive reviews of all documentation,
let alone full physical inspections, and so must judge shipments based on
the amount of risk they identify within a timeframe deemed appropriate
by their agency standards (Tlusty et al., 2023). Additionally, it is not
uncommon for the exporter to provide one set of supporting documents
to the export-side inspecting officer while the import-side inspecting offi-
cer receives a different set of documents (Rhyne et al., 2012; Slibova
et al., 2021). Such an event is not always nefarious, and may result from
miscommunication between brokers and traders or even last-minute
modifications to drafted invoices. The high volume of trade and the nec-
essary expediency of international business interfere with inspectors’ abil-
ities to fully verify the accuracy of every CITES permit, and so the second
quantity field may be completed inaccurately. When an inspector encoun-
ters a CITES permit that is completed incorrectly, they conduct a physi-
cal inspection of the freight and document the actual contents they find.
If the actual contents of the freight are less than the allowed quantity, this will
not invalidate the legality of the permit or the transaction. This usually
occurs because exporters submit stock applications with prefilled whole
number values or there are last-minute changes to the shipment due to
the exporter’s available inventory (OG pers. 0bs.). If the actual contents of
the freight exceed the permitted amount, the entire shipment may be



Understanding and Navigating International Wildlife Trade... 247

subject to seizure, although actual enforcement actions may vary between
parties. Each country submits an annual report to the CITES Secretariat
based on their records, resulting in mismatching records between the
exporter and importer reported quantities in the CITES Trade Database
(Sldbova et al., 2021). Missing records on either side can occur when
either or both responsible authorities are denied the opportunity to pro-
cess the freight accordingly. This is typically a violation of CITES guide-
lines, and thus illegal, but processes exist to allow for the correction of
honest mistakes or events that fall outside the control of the importer
(CITES, 2018).

Interpreting CITES Data

The practical implementation of the CITES framework means unique
characteristics of the CITES Trade Database must be considered
when assessing wildlife trade. For example, reported illegal activity only
represents events that were identified and acted upon by empowered
authorities. Even then not all illegal activity that is identified is reported
to the CITES Secretariat when parties submit their annual reports (‘tSas-
Rolfes et al., 2019). This may be due to concern over criticism or fund-
ing. To overcome this challenge, the CITES Secretariat recently
implemented the CITES Seizure Database, which, unlike the CITES
Trade Database, is not available for public interrogation (United Nations,
2022). Another challenge is the completeness, or lack thereof, of annual
report submissions. Parties are required to submit annual reports every
year and may be subject to sanctions if delinquencies carry on too long
(CITES, 2019). Nevertheless, delinquencies inevitably occur. Missing
annual reports from one or two countries can have severe impacts on the
completeness of available data, particularly when they are major import-
ers or exporters of wildlife (CITES, 2024b). CITES Trade data is also
used to measure biodiversity present in international wildlife trade
(Sheffers et al., 2023). This type of analysis conflicts with the design of
the CITES framework.

While there are over 40,000 species of plants and animals listed
under CITES across various taxonomic levels, biodiversity is not evenly
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represented in the CITES Appendices (Hughes et al. 2021; CITES,
2023; Donald et al., 2024). Approximately 6600 of CITES listed spe-
cies are animals. This is important because the CITES Trade Database
is not capable of reflecting trade in any wildlife species that are not
listed in its appendices. Species will also not appear in the CITES Trade
Database unless they appear in international trade after they are listed
in the appendices. Similarly, species will cease to appear in the database
once they are un-listed. Not all species listed in the CITES appendices
are subject to regular trade, or even any trade at all (Harfoot et al.,
2018; Morton et al., 2022). Figures 10.1 and 10.2 suggest that ~12-16
of CITES-listed species are traded annually. A CITES listing is meant
to confer legal protections and required monitoring to species who,
being subject to any number of human, environmental, and geographic
threats, may be pushed further towards extinction by trade-based pres-
sures. Furthermore, CITES listings may be extended towards “look-
alike” species, which can be perceived to be economically substitutable
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known failure to document imports has been observed by Robinson &
Sinovas (2018)
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Fig. 2 Average rows of data per CITES permit as reported by exporting countries
to the CITES Secretariat. “Rows"”, or the number of different commodities listed
on a permit, provide an imperfect indicator of shipment complexity

for—or difhicult to visually distinguish from—threatened species and
therefore pose challenges for enforcement (Alfino & Roberts, 2019).
Due to these factors, analyses of the biodiversity present in interna-
tional trade using the CITES Trade Database will likely indicate, as
observed by Hughes et al. (2021), that the number of CITES-listed
species in trade is largely static, with major fluctuations apparently cor-
relating with listing/de-listing decisions made at Conference of the
Parties (CoP) events. This phenomenon occurs even as volumetric indi-
cators of trade suggest overall increases in the frequency and size of
individual shipments (see Figs. 1, 2, 3, and 4). Lastly, the CITES data-
base provides limited means to measure trade volume by shipment.
Rows of data are generally linked to permits, which are randomized to
preserve anonymity. However, a single shipment can contain wildlife
linked to several separate CITES permits. In the last 20+ years, the
number of items per CITES Export permit has decreased substantially
while the number of Export permits used to conduct trade has risen (see

Figs. 3 and 4).
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LEMIS

LEMIS is another source of wildlife trade data commonly used to evalu-
ate international wildlife trade. LEMIS is a multi-purpose resource man-
agement platform used by USFWS OLE to keep track of investigations,
evidence, case subjects, violations, and a range of other information
(Tlusty et al., 2023: Weissgold, 2024). LEMIS allows WIs to interface
with the online declaration system used by importers and exporters. It
enables the USFWS to process and store declaration information and it
houses a repository of pre-built codes that provide crude, but standard-
ized species categorization without overburdening the system with typos,
synonyms, and errata. Additionally, it necessarily only reflects wildlife
trade data where a US actor is either the importer or the exporter (Eskew
etal., 2020). LEMIS data may still be reflective of global trends as the US
is one of the largest single-country importers of wildlife products in the
world (Eskew et al., 2020; Center for Biological Diversity, 2023).

USFWS and US Wildlife Trade

In order to better understand LEMIS trade data, a fundamental under-
standing of how the US manages wildlife trade is necessary. Like any
other commodity, when a wildlife part or product is imported to the US,
it must remain in bond until the legal requirements for release are met
(USCBP, 2023b). USCBP makes the final determination to release any
trade goods in bond. USCBP is assumed to verify that a declaration has
been provided to the USFWS, and, if so, to further verify that the
importer has proof that the USFWS reviewed and cleared (approved) the
declaration (USCBP, 2023a; USC Title 19 C.ER. § 113).

When wildlife or wildlife products are imported to the US, the
importer or their agent must complete a declaration form known as a
USFWS Form 3-177 (USC Title 50 C.ER. § 14.61). This form docu-
ments characteristics of the proposed shipment, including taxonomic
classifications and commodity types (USFWS, 2017). A Form 3-177
must be accompanied by supporting documentation, including relevant
CITES permits, invoices, bills of lading, waybills, and customs entry
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forms. A USFWS W1 will review the declaration form and the document
package and assign it one of several statuses: “cleared”, “refused”, or
“rejected” (Eskew et al., 2020; Easter & Carter, 2024). A cleared declara-
tion has been approved and can continue through the remainder of the
import process. A refused declaration has likely been found to be in viola-
tion of US law, subjecting the property to enforcement action. A rejected
declaration must either be corrected or presented to the USFWS for
physical inspection so the contents can be verified against the declaration
information. Once a declaration is processed, that record is stored in
LEMIS where it can be accessed by the public in accordance with the US
Freedom of Information Act (FOIA) 1967 (Eskew et al., 2020).

Interpreting LEMIS Data

Despite the relative robustness of LEMIS data compared to other wildlife
trade data sources, effective analyses require careful consideration of a
number of caveats. When an importer completes a declaration form, they
are expected to describe the species in box 16a of the Form 3-177
(USFWS, 2017). A WT uses this information, in conjunction with sup-
porting documentation and a physical inspection, to verify the species in
the shipment and assign an appropriate Species Code. A Species Code is
a two- to four-digit alphanumeric sequence assigned by USFWS to rep-
resent a species, genus, and/or family name (USFWS, 2023a). These
codes enable USFWS to standardize taxonomic information in declara-
tions and can include detailed information differentiating sub-species
populations.

The breadth of biodiversity recordable in LEMIS is superficially lim-
ited by Species Codes. When LEMIS data is obtained through a FOIA
request, the Genus and Species columns (and any other taxonomic data
columns) are populated based on the corresponding Species Code, not
the actual information provided by the importer, exporter, or WI (OG
pers. 0bs.). For some taxonomic records, it can appear that wildlife trade
is not being recorded at a species level. This does not necessarily mean
W1s are approving declarations that lack species information. If a Species
Code for a species does not exist, a WI may have to use a code
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corresponding to the genus, family, or class in order to process the decla-
ration record. In such an instance, the WI can write the precise species
name in box 16a of the Form 3-177. However, correct species names
written in this way have not typically been made available when LEMIS
datasets are requested through FOIA (OG pers. obs.). Instead, the taxo-
nomic fields are filled according to the standardized information associ-
ated with the Species Code. This creates a disparity between the quality
of wildlife trade data that is recorded and the quality of wildlife trade data
that is shared for research and policy development. Furthermore, some-
times a code of “****” is assigned to a declaration record. This code indi-
cates that no Species Code exists for the recorded taxonomic information
and enables the information entered into box 16a to be returned in a
FOIA query exactly as written.

In other instances, the overreliance on Species Codes causes data-loss.
Until 2005, both freshwater and marine ornamental fish were recorded
using “TROP” (all tropical fish including goldfish) (Smith et al., 2008).
After 2005, new codes were created to provide alternatives to TROP:
“FWTEF” (freshwater tropical aquarium fish), “MATF” (marine aquar-
ium tropical fish), and a diversity of codes for Carassius species (USFWS
2023a). Thousands of species are imported annually under MATF alone,
but the use of these bundled codes allows importers to obfuscate data
(Rhyne et al., 2012, 2017).

Species Codes limit the extent to which biodiversity in wildlife trade
can be measured in LEMIS. However, the difference between CITES and
LEMIS recording parameters allows unique insights into trends affecting
non-CITES specimens. For one, biodiversity in the international wildlife
trade appears more varied than that recorded by the CITES Trade
Database (see Fig. 5). Additionally, biodiversity appears to increase annu-
ally, although this pattern is confounded by the limitations of Species
Codes. New Species Codes are created over time, and limited informa-
tion is available to indicate when a Species Code was first created, so
actual changes in biodiversity may vary from what can be measured cur-
rently (Smith et al., 2008; Rhyne et al., 2012; Tlusty et al., 2017).

Procedural issues also affect LEMIS data. While most declaration
forms are submitted electronically, all ports provide paper declaration
forms upon request. Some ports receive more paper declarations than
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Fig.5 Annual reported unique taxa, as indicated by LEMIS Species Codes. Unique
species codes may be duplicative, whereby some codes record taxa at the genus
or family level when LEMIS has the capacity to record them at the species or sub-
species level. Additionally, some Species Codes are duplicates of each other

others. Summary analyses of LEMIS data reveal time lags between three
events: shipment, disposition, and electronic record creation. Processed
LEMIS declarations are assigned a ten-digit code that begins with a four-
digit assignation indicating the year in which it was created. LEMIS data
suggests some shipments have not been processed for up to 13 years after
the documented shipment date. Comparison between LEMIS and
CITES trade data suggests time lags can distort annual trade reports. For
example, the authors identified 130 Chlorocebus saebus, imported into the
US in 2015 per LEMIS, that appear to be documented as traded in
2017 in the CITES Trade Database, the same year the electronic LEMIS
record was created (UNEP-WCMC, 2023). These desynchronizations
largely affect ports which rely more heavily on paper declarations.
LEMIS presents a robust record of reported wildlife trade with US
partners, but it passes through too many opaque filters to be consistently
reliable for driving quantifications of actual wildlife trade. Approximately
100 WIs are tasked with regulating international wildlife trade in the US,
and it would be unreasonable to assume that these officers are experts in
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identifying all taxa they intercept (USFWS, 2020). While these officers
are experts in the international wildlife trade process, the expectation that
such a small number of officers can detect, inspect, and identify hundreds
of thousands, if not millions of specimens annually without interfering
with the necessary expediency of international commercial trade is opti-
mistic (Tlusty et al., 2023). Furthermore, except when published through
FOIA requests or academic articles, these data are not subject to audits
for quality or accuracy. This leads to the continued creation of records,
such as those for American Black Bear trophies, Ursus americanus, that,
although originally from Canada, are codified in both LEMIS and the
CITES Trade Database as imported from Namibia (Berec et al., 2018;
UNEP-WCMC, 2023). In this case, the issue results from erroneously
entering permit values of ‘N/A’” as NA, the ISO-2 code for Namibia when
the coder most likely meant to convey that the Country of Export was
“Not Applicable” as the trophies were exported from their Country
of Origin.

Seizure Data

Many published reports of trends in wildlife trade rely on records of sei-
zures and other enforcement actions to form conclusions. Records of
seized wildlife are available in both LEMIS and the CITES Trade
Database, as well as a range of other sources. Generally, seizure records
provide limited information regarding the purported violations (USFWS,
2022; TRAFFIC International, 2024; C4ADS, 2024b). Additionally,
smuggling, trafficking, administrative errors, and exceeded permit allow-
ances can all warrant similar enforcement action, despite having disparate
criminality (Moreto & Pires, 2018; Margulies, 2022). Seizure databases
largely fall into two categories: those developed for government/law
enforcement use and those that are developed and maintained by NGOs.
Examples of databases that fall into the latter category include the Center
for American Defense’s (C4ADS) Wildlife Defense Platform and
TRAFFIC’s Wildlife Trade Portal. Records added to these databases are
largely informed by media articles and other publications documenting
law enforcement responses to illegal wildlife trade (C4ADS, 2024a;
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TRAFFIC International, 2024). As a non-primary source of data, these
publications are strongly affected by the quality of reporting, which can
frustrate the codification of accurate and reliable records. While these
databases typically have processes in place to improve the overall truthful-
ness of added records, some inaccuracies inevitably fall outside of the
control of the curating team (Esmail et al., 2020; C4ADS, 2024a). For
example, customs authorities in India frequently intercept captive-bred
reptiles, indicated by morphologies specific to captive-bred animals
(Madhav, 2023; Venkadasan, 2023). Without sufficient contextual detail,
such interceptions can be indistinguishable from interceptions of smug-
gled wild-caught animals, leading to potentially misinformed analyses of
stress on native populations.

Examples of government initiatives to document wildlife seizures
include the EU’s TWIX, the United Nations Office of Drugs and Crime’s
World WISE database, and various national-level seizure record compi-
lations. Many of these databases are unavailable for public inquiry or are
only selectively available. When these databases are available, they can be
rife with errors and incomplete documentation, such as those described
in Petrossian et al. (2016) and van Uhm (2016b). Brazil’s environmental
authority (IBAMA) make their documentation of infractions publicly
available; however, these infraction records are not always well-organized,
evidenced by the categorization of Sporophila, Podocnemis, Caiman, and
Paroaria species as ‘anfibio’ (Amphibians) (IBAMA, 2023). The use of
seizure data as a tool to evaluate wildlife trade and trafficking is also com-
plicated by the scope of infractions addressed—wildlife trafficking is a
specific illegal activity, and international wildlife trafficking necessarily
differs from domestic wildlife trafficking. National laws that enable the
enforcement of CITES requirements might not empower authorities to
regulate domestic wildlife trade. When seizure records fail to differenti-
ate between these types of infractions, they can easily be used to misrep-
resent wildlife trade (Kolby, 2019; Esmail et al., 2020; Challender
etal., 2021).

Besides being subject to issues with detail and accuracy, sometimes
these seizure databases conflate international wildlife trafhicking with
regional, or even domestic wildlife trafhcking. Sometimes they are inter-
related, such as jaguar poaching in Bolivia—but other times they are not;
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the illegal trade in sea turtle eggs in Costa Rica apparently caters mostly
to domestic demand, although such trends are subject to change
(Goetschel, 2021; Pheasey et al., 2023). Seizure records often lack the
kind of context that enables analysts to navigate these complexities
effectively.

Specific Examples of Data Issues
Grouped Codes

As discussed previously, the USFWS uses some Species Codes that pro-
vide for the grouping of species with taxonomic or function-linked “spe-
cies groups”. Previously mentioned examples include FWTF and MATE,
but others exist (see Table 1). The USFWS even allows for the use of
family- or genus-level codes, some of which see use despite containing
CITES- or ESA-listed species. In a previous analysis, Rhyne et al. (2012)
obtained invoices and other documentation for marine ornamental fish
shipments to compare against LEMIS records. Using optical character
recognition, they identified several challenges affecting the accuracy of
LEMIS records documenting trade in “species groups”. Through their
automated invoice scanning process, they identified CITES Appendix II
Humphead wrasse, Cheilinus undulatus, present on invoices for ship-
ments that were declared as only containing non-CITES marine orna-
mental fish. Additionally, they counted the number of individual fish
described on the invoices and found an almost 50% difference between
that and the invoice records (Rhyne et al., 2012; Rhyne et al., 2017). This
difference is partially attributed to the use of MATF to obfuscate impor-
tations of live goldfish, Cassius auratus, which require commercial impor-
tation permissions from USDA that marine ornamental fish do not.

Misdeclaration

Analyses of wildlife trade and wildlife trafficking records are substantially
hampered by their vulnerability to human error. In the legal wildlife
trade, declarations for import, whether into the United States or another
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Table 1 Some of the Species Codes used by USFWS LEMIS platform to record
trade records at less detailed taxonomic levels and the number of times each was
used between 2015 and 2020

Common
Species Class_ "“Genus” "Species” Name
Code Code Description  Description Information Frequency
B000O B UNKNOWN  CITES BIRD BIRD 5
Bl## B AVES ALL BIRDS 5
BUTT | NONCITES BUTTERFLIES 6693
FWTF F TROPICAL_ FRESHWATER 48,994
FISH
M000 M UNKNOWN  CITES MAMMAL MAMMAL 12
MA## M MAMMALIA ALL 12
MAMMALS
MATF  F TROPICAL_ MARINE 55,173
FISH
NONA A NONCITES AMPHIBIANS 1031
NONB B NONCITES BIRDS 1263
NONC Z NONCITES NON CITES 3131
ENTRY
NOND D NONCITES CORAL 1035
NONF F NONCITES FISH 11,094
NONI | NONCITES INSECTS 27,766
NONJ J NONCITES ARACHNIDS 4008
NONL C NONCITES CRUSTACEANS 18,080
NONM M NONCITES MAMMALS 1719
NONR R NONCITES REPTILES 1095
NONS S NONCITES MOLLUSCS 1956
NONV Z NONCITES INVERTEBRATES 9132
RE## R REPTILIA ALL REPTILES 4
TROP F ALL LIVE (INCL. GOLDFISH) 8
TROP. FSH

Less descriptive codes such as these are used disproportionately. MATF, FWTF,
NONI, and NONV are used frequently while M0O00 and MA## are primarily used
to describe seizure records. These Species Codes account for 6.5% of all trade
events documented in this period

country, are usually handled by customs brokers or freight forwarders
(Reneau, 2011; USFWS OLE, n.d.-a). These are agents whose expertise
lies in navigating the administrative process of international trade.
Outside of a small number of specialist brokerages, they are not experts
in wildlife, so when they receive shipping documents, they declare the
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species taxonomy as they are written in invoices or packing lists provided
by manufacturers or other agents along the supply chain (OG pers. 0bs.).

Gerson and Remmal (2021) identified a case where an agent imported
live flounder into Canada from Korea as Paralichthys californicus,
California Flounder. P californicus is native to the Pacific Coast of North
America and does not extend to Korean waters. Further scrutiny of the
shipping documents suggested the correct species was Olive Flounder,
Paralichthys olivaceous, which cannot be imported live into Canada with-
out an Aquatic Animal Health Import Permit issued by the regulatory
authority of Canada. Such a misdeclaration could be intentional or a
result of negligence. The author, in a previous career as a wildlife inspec-
tor, identified a case where an importer was bringing hundreds of pounds
of dried sea cucumber into the US declared as a single species (OG pers.
0bs.). After genetic testing, it was apparent that more than five species of
sea cucumber were in the shipment, four of which were not described in
any of the shipping documentation, nor on the exporter’s website.

The trade in seafood and other fisheries products exemplifies some of
the most challenging aspects of wildlife trade regulation. An environment
where high-value commodities that are shipped in high volumes bear little
to no risk of punishment for violating laws invites a standard operating
procedure that leaves little room for effective regulation. Large shipments
of perishable or live goods must be processed immediately, or risk spoil-
ing, or killing, the cargo (Tlusty et al., 2023). If a violation is discovered,
USFWS looks to partners to provide facilities for perishable goods or care
for live animals (USFWS, 2023b). If partners are unavailable, the USFWS
must consider other options, such as re-export or civil penalties. Trathcking
in species that are not considered conservation priorities but are neverthe-
less common in wildlife trade is typically met with the least severe response.

Conclusion

Quantitative analyses of international wildlife trade are critical to the
sustainability of wildlife as a vital component of the environment as well
as economic resources. These analyses depend on informed investigation
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of reliable data. Fortunately, there are several robust datasets available
for public use, and still more available through cooperative relation-
ships. The increasing abundance of data sources means that triangula-
tion is becoming increasingly easy, although every dataset is bound to
have its quirks. Additionally, the diversity and accessibility of available
secondary data ensures that researchers are not limited by geography or
funding as much as they might be capturing data in the field—although
this point further stresses the need to promote cooperation as much as
possible.

While researchers may find their ability to navigate wildlife trade
data hampered by their lack of familiarity with the corresponding data-
set, they can overcome these challenges by familiarizing themselves
with the process through which these data are derived. For example,
conservative analyses of LEMIS data can certainly provide insight into
temporal and geospatial trends in international wildlife trade, and pos-
sibly even wildlife trafficking, but analysts are recommended to remem-
ber that LEMIS data, and CITES Trade data, can only ever describe
recorded wildlife trade events. Recorded wildlife trade events may not
always accurately reflect reality (as in the case of the Namibian Black
Bears). As discussed previously, these data are prone to inaccuracies
that can influence perceptions of trends. Researchers are encouraged to
investigate outliers and other “weird” elements in order to better
expand their comprehension of wildlife trade. In a recent study, Hughes
et al. (2023) found millions of individuals imported into the US in
single shipments. Further scrutiny revealed that these shipments were
not typographical errors and consisted of agricultural mites meant to
protect industrial crop fields from pests. Ultimately, the suitability of
the data is most impacted by the appropriateness of the research ques-
tion. Robust and appropriate wildlife trade analyses can provide valu-
able information crucial to research, conservation, and policy
development.

Forcing wildlife trade data to conform to inappropriate research ques-
tions can negatively affect the ability of researchers and policy analysts
to decipher trends. Scheffers et al. (2019) and Hughes et al. (2023)
showcase robust analyses of phylogenetic and geographic characteristics
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of select species in trade but they do so by assuming that a species’ pres-
ence in the CITES Appendices is proof of its presence in trade. This
chapter provides clarification necessary to improve these analyses.
Furthermore, analyses can have significant real-world policy implica-
tions. Despite a consistent failure to provide evidence of accurate record-
keeping of illegal wildlife trade interventions, Homeland Security
Investigations (HSI), a US agency under the Department of Homeland
Security, continues to receive an increasing budgetary allowance for
combatting wildlife trafficking (DHS, 2021; Fed Agent, 2023). This
leads to jurisdictional overlap between HSI and USFW and results in,
among other things, inconsistent documentation and disposal of bio-
logical materials that might pose zoonotic or conservation risk. This
continued jurisdictional overlap can also further contribute to the
obfuscation of IWT events, excluding them from relevant databases
such as LEMIS and CITES.

These issues matter as security and conservation are becoming increas-
ingly intertwined, and few issues exemplify this relationship quite as
well as international wildlife trade (Massé et al., 2018; Dufly, 2022).
This only makes the reliability and accessibility of wildlife trade data
platforms that much more important. Without data-informed strate-
gies, security-based interventions run the risk of introducing unwar-
ranted harms, igniting tensions between law enforcement, NGOs, and
local communities. Some organizations, such as LINI, have found suc-
cess through working with local communities to enhance the benefits
provided by trading wildlife resources, indicating that militarized strate-
gies may not always be warranted (Watons & Roberts, 2015;
OATA, n.d.).

Competent analyses of appropriate data support the development of
effective interventions and help to ensure that policies designed to curb
illegal, unsustainable, or risky wildlife trade are fair to the people affected,
effective for the wildlife affected, and yield tangible results. This requires
coordinated advocacy for improving monitoring capacity and transpar-
ency globally. Without transparent processes, wildlife trade regulatory
processes will remain unreliable and ineffectual for successfully conserv-
ing at-risk species.
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