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ABSTRACT

Biodiversity fuels the international wildlife trade, much of which is illegal and/or unsustainable. Border agents
are typically overburdened, having to manually inspect import documents to ensure the legality of contents for
often >100 shipments per day. Delaying shipments for inspection must be balanced against maintaining live
animal welfare and reducing undue costs for traders. Biodiversity within the wildlife trade cannot be accurately
estimated because of the multiple harmonization systems used to organize business transactions. Harmonizing
wildlife trade data ignores species level classifications and aggregates data at less granular taxonomic or com-
modity level groupings. Here we describe a Real-Time Automated Species-Level Detection (RTASLD) system that
assesses shipment declarations and invoices to collect data on species being traded. We use this to demonstrate
how taxonomic imprecision on declarations and invoices can blur trade statistics and, at worst, be intentionally
manipulated to conceal illegal wildlife. We address how taxonomic imprecision can interplay with Convention on
the International Trade in Endangered Species of Wild Fauna and Flora (CITES) listed species. When only one or a
subset of species within a genus are CITES listed, referred to as a Mixed-CITES-Genus, illegal trade can occur by
identifying only to the genus level, and not to the species level which requires a declaration and CITES paper-
work. RTASLD can be used to help border wildlife inspectors identify increased risk or presence of illegal wildlife
trade that is occurring. Accurate species-level collection of trade data will help to better track biodiversity, stop
illegal wildlife trade and maintain business expedience.

1. Introduction

channels (Van Uhm, 2018).
From the business perspective, the World Customs Organization

The global trade of wild fauna and flora is a multi-billion-dollar
business at the intersection of science and commerce (Supplementary
Table S1) that is based on high biodiversity (FATF, 2020). Yet business
and biodiversity science each have different needs. Global trade neces-
sitates speed and efficiency, while biodiversity science requires metic-
ulously detailed taxonomic information. The former relies on
aggregated codes of commercially valuable products, while the latter
relies on a precise species list. However, considering that many species
are threatened or endangered, aggregating data at anything more than a
species level can result in illegal trade (Symes et al., 2018). This is one
primary reason why wildlife trafficking occurs through otherwise legal
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(WCO) developed the Harmonized Commodity Description and Coding
System (HS) to avoid “confusion, lengthy searches and delay” (World
Customs Organization, 2022). The HS is a “goods nomenclature system”
(World Customs Organization, 2022) that relies on classifying all traded
goods into ca. 5000 commodity groups through a six-digit (HS-6) code.
The HS aggregates products under similar codes, and this aggregation
for wildlife trade can be taxonomically “broad” to phylum or class, or
more “specific” to an order, family, genus and on rare occasion, to a
species (Andersson et al., 2021). Harmonized systems such as the WCO’s
HS were never intended to collect biological information. These systems
are used for customs purposes, such as the levying of duties and taxes,
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and in the case of the US Law Enforcement Management System
(LEMIS), to determine the amount of trade and hence staffing needs at
ports. The US LEMIS system is also distinct from the HS in that it is an
alphabet-based code rather than a numerical one.

From the scientific perspective, the Convention on Biological Di-
versity (UNEP, 1992) defines biodiversity as diversity within species,
between species, and of ecosystems. Besides binomial nomenclature,
there are multiple numerical coding systems for species including, but
not limited to, Taxonomic Serial Numbers (Gerson et al., 2008), Inte-
grated Taxonomic Information System (ITIS, 2022), and the Global
Biodiversity Information Facility (GBIF, 2022). Yet mandated reporting
on global wildlife trade to a species level only exists for those listed on
the appendices of the Convention on the International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES; Andersson et al., 2021).
CITES is one of the predominant systems to monitor, manage and (if
necessary) limit the trade in threatened species through both trade bans
and controls (UNEP, 1992). Species considered to be threatened, that
may become threatened by trade, or are look-alikes of a listed species,
are identified on one of three appendices (Supplementary Fig. S1).
Under the CITES system, a traded species that is CITES listed and is not
declared, is declared improperly, or is declared properly without the
appropriate CITES certification, is considered illegal.

Live venomous species imported into the US present another case
where wildlife commodities should be identified to the species level.
Although all venomous species are required to be listed separately on the
USFWS declaration forms, a significant proportion of venomous lionfish
(e.g. Pterois volitans) and rabbitfish (e.g. Siganus vulpinus) are not
declared appropriately. Penalties exist for incorrectly and imprecisely
declaring species, including but not limited to informal warnings, formal
warnings, seizure of property, and civil penalties (Wildlife and Fisheries,
2023a; Wildlife and Fisheries, 2023b; Wildlife and Fisheries, 2023c).
However, these corrective measures must be initiated by already over-
burdened border wildlife inspectors.

The policy around international trade more typically meets the needs
of business over science, as evidenced by the WCO and country specific
HS-based systems. In the US in 2021, 123 US wildlife inspectors handled
157,752 declared shipments (U.S. Fish and Wildlife Service Office of
Law Enforcement, 2021). This overwhelming level of trade initially
justifies the need for harmonized codes and reliance on declarations, so
that inspectors can get through the mountains of paperwork. Yet the
reliance on harmonization accepts taxonomic imprecision that has
important implications for wildlife trade and, at worst, creates gaps
where illegal wildlife trade (IWT) can occur (Symes et al., 2018). There
have been numerous recent calls to increase the granularity of the HS
(Chan et al., 2015; Cawthorn and Mariani, 2017; Drinkwater et al.,
2020; Andersson et al., 2021).

We suggest that, rather than relying solely on HS or equivalent sys-
tems, the best way forward is for all wildlife data to be recorded to a
species level. A decade ago, Smith et al. (2008) claimed that the US was
“drowning in unidentified fishes” since over 100 million fishes were
being imported as marine or freshwater tropical fish (LEMIS codes
MATF or FWTF). In response, Rhyne et al. (2012, 2017) developed a
real-time automated species-level detection (RTASLD) to evaluate
whether declaration data within the USFWS system are equivalent to
what is presented on the invoice. This analytical platform was the grand
prize winner for the USAID Wildlife Crime Tech Challenge. Described by
Rhyne et al. (2017) and branded the Nature Intelligence System (www.
wildlifedetection.org), this system alerts border agents to taxonomic
imprecision and data anomalies on trade paperwork (Fig. 1). Rhyne
et al. (2017) reported that just over 2300 species declared as MATF
species were imported into the US. Here we use this tool first to un-
derstand discrepancies with LEMIS data, and then for CITES listed spe-
cies (Blundell and Mascia, 2005).

CITES species can be intentionally misidentified under a general HS
code, thus hiding them in otherwise legal trade. This opportunity is
amplified when not all species within a genus are CITES listed, a
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Fig. 1. Schematic of the Nature Intelligence System (www.wildlifedetection.
org) featuring Real Time Automated Species-level Detection. Shipment paper-
work contains declarations, certifications and invoices. The Nature Intelligence
System uses optical character recognition to automatically collect species level
information from the invoice along with declaration information. It compares
the information presented to biological, historical, and value data. The Nature
Intelligence System summarizes shipment information for a port inspector. If
declared information agrees with the invoice analysis, the shipment is flagged
to be cleared where if the data do not align, the shipment is flagged for
further inspection.

scenario we refer to as a Mixed-CITES-Genus (MCG, see Graphical ab-
stract). Hence, we also address the prevalence of MCG across all taxa,
and address how declaration of CITES species can intersect with trade of
non-CITES congenerics. We then demonstrate cases of IWT identified
through the RTASLD platform originating from the misidentification of
species that require health certificates on import to Canada. We further
address additional outcomes of taxonomic imprecision beyond IWT,
including the loss and/or erosion of information through trade data
errors. These examples demonstrate that recording wildlife trade data at
anything less granular than the species level will result in low quality
trade statistics and increase the opportunity for IWT.

2. Methods
2.1. RTASLD

This system uses optical character recognition (ABBYY FlexiCapture
9.0) to digitize both invoices and declarations, and from the species data
on the invoice, recreates the shipping declaration, and flags in-
consistencies between the original and recreated declaration (Fig. 1). In
the US, species of interest, such as those that are CITES-listed or
venomous, are to be individually identified on a declaration form
(USFWS Form 3-177). Conversely, non-CITES and non-venomous spe-
cies may be declared using a “group” code, such as MATF, the code for
Marine Aquarium Tropical Fish. More detailed species code data may be
available but are not mandated to be entered into the Law Enforcement
Management Information System (LEMIS, data available at
https://www.fws.gov/library/collections/office-law-enforcement-impo
rtexport-data). The Nature Intelligence System corrects species infor-
mation only when species names were misspelled, listed by only a
common name, or listed under a junior synonym.

Species were identified to the greatest taxonomic detail available as
often as they were listed without a species identity (e.g., ‘Chrysiptera
sp.”), or the species was otherwise ambiguous (e.g., ‘hybrid Acanthurus
tang’). In these cases, the genus (and all higher-level taxonomic
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information) was recorded, and the species would be recorded as “sp.”.
Shipments with inconsistencies between recreated and provided decla-
rations, as well as those with significant taxonomic imprecision are
automatically flagged for inspection by border agents, allowing them to
spend less time sorting through paperwork and more time inspecting
shipments. The initial use of this RTASLD analytical platform was on
19,575 invoices over 4 years (2004/05, 2008, 2009, 2011), with ano-
nymized results available at www.aquariumtradedata.org.

2.2. Mixed-CITES-Genera (MCG)

To evaluate the proportions of species with full CITES coverage and
those in MCG within the kingdoms Animalia and Plantae, we adopted a
multi-step approach, comparing the listings in each CITES appendix
with the current taxonomy and number of species within genera, fam-
ilies and orders recorded in various authoritative taxonomic online da-
tabases. For animals, we used the ‘Catalogue of Life’ (CoL, www.catalo
gueoflife.org) as the primary reference database, cross-checking records
in the Integrated Taxonomic Information System (ITIS, www.itis.gov).
For plants, we used the Royal Botanic Gardens, Kew’s ‘World Checklist
of Selected Plant Families’ (WCSP, http://wcsp.science.kew.org) and
‘Plants of the World Online’ repository (www.plantsoftheworldonline.
org).

We began by creating a database of all current CITES listings (valid
26 Nov 2019; www.cites.org) and recorded the appendix and taxonomic
level (i.e., species, genus, family, order) associated with each listing.
Where entire orders, families or genera were listed, we recorded the
number of species covered by CITES in each and termed these ‘full CITES
coverage’ listings. Where CITES listings were at the species level, we
recorded the number of extant species existing in that applicable genus
as specified in the reference taxonomic databases, as well as the number
of species listed from that genus in CITES. If all known species within a
given genus were CITES listed, we included this with our ‘full coverage’
listings. However, if not all species within a given genus were CITES
listed, the entry was flagged and termed a MCG. Additionally, MCG were
taken to include cases where CITES listings were at the genus level, but
where one or more species within the relevant genera were exempt from
the CITES provisions. Differences in taxonomic classifications in the
CITES list and reference databases were also flagged. The records in our
dataset were then further reduced to determine the number of species
with full coverage due to genus-, family- or order-level listings, as well as
the number of species present in MCG.

2.3. The Canada Border Services Agency (CBSA)

This test used the Nature Intelligence System to analyze 52 paper
transactions from 6 vendors and 17 importers, as well as 18 Integrated
Import Declarations [IID] from 16 vendors, 14 importers, and 12 cus-
toms brokers (Gerson and Remmal, 2021). The transactions included
both freshwater and marine ornamental fish, seafood items, and fresh-
water plants. All documents were anonymized prior to analysis, and part
of this process omitted any CITES or phytosanitary documents with the
invoices. The Nature Intelligence System collected data relevant to
species, origin, and quantity. The shipment data were then automati-
cally assessed for species included on a CITES appendix, or on Canada’s
Aquatic Invasive Species (AIS, https://www.dfo-mpo.gc.
ca/species-especes/ais-eae/about-sur/index-eng.html#species) or
Aquatic Animal Health (AAH, https://inspection.canada.ca/animal-hea
Ith/aquatic-animals/imports/eng/1299156741470/1320599337624)
lists. Efficiency was determined if Border Services Officers appropriately
identified the correct other government department to refer the flagged
species. For AIS, these were to be referred to the Department of Fisheries
and Oceans Conservation & Protection. For CITES species, this were to
be referred to Environment and Climate Change Canada Wildlife
Enforcement. For AAH species, these were to be referred to the Canadian
Food Inspection Agency Operations and Enforcement and Investigation
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Services. The 70 commercial transactions were hand selected by CBSA
personnel (not a randomized trial), and half of the invoices and all of the
IIDs in this test were originally released in error (contained AIS, AAH or
CITES species without certifications).

3. Results
3.1. RTASLD

The total number of individuals imported into the US and reported
within the LEMIS database under wildlife code MATF for 2011 was
11,586,805, while Rhyne et al. (2017) counted 6,892,960 individuals
from the invoice-based data. Similarly, LEMIS listed species codes for
199 marine fish species, and in LEMIS, individuals identified by an
alphabetical species code comprised only 8.1 % of all marine aquarium
fish imported into the US. In contrast, Rhyne et al. (2017) identified
1798 species that particular year.

During the evaluation of nearly 20,000 invoices, the RTASLD came
across the apparent intentional mislabeling of a humphead wrasse
(Cheilinus undulatus) on an invoice (Fig. 2). These five individuals were
not declared as being CITES (no CITES permit was provided, and fish
were not listed on the accompanying Form 3-177). Evidence of inten-
tional misidentification is that these fish were not listed to the proper
scientific name on the invoice, whereas all other species on the same
invoice were correctly described (Fig. 2). We realize this is a singular
case, but in comparing our invoice-based data, LEMIS and CITES data-
sets, further evidence of the illegal trade of C. undulatus is observed. The
RTASLD system (Rhyne et al, 2017) consistently found more
C. undulatus in trade than were reported by CITES or LEMIS (Table 1).
There is also an inconsistent volume of trade reported by trading part-
ners (Supplemental Figs. S2, S3). Of note is the increasing proportion of
individuals that are being identified only to genus as Cheilinus sp. on
invoices that need to be reconciled against the significant C. undulatus
exports reported by Malaysia (Supplemental Figs. S2, S3). A taxonomic
imprecision rate of nearly 40 % for a genus of seven species that contains
one identified as CITES indicates a potential route for IWT.

3.2. Mixed-CITES-Genera (MCG)

Mixed-CITES-Genera (MCG) are extensive and occur across all taxa.
Considering animals and plants, MCG range from <15 each for amphibia
and fishes, to 51 for plants, and through to >60 each for mammals and
birds (Fig. 3, Supplementary Table S2). In the cases of mammals and
birds, 126 and 131 CITES-listed species fall into MCG, respectively,
which in turn corresponds to 14 % and 9 % of all listed species in these
classes (Fig. 4a). Other groups with similarly high proportions of listed
MCG species include amphibians (14 %), fishes (11 %) and reptiles (7
%), whereas such proportions are considerably lower for plants (2 %)
and invertebrates (0.2 %). MCG occur across all CITES appendices,
encompassing 138, 241 and 101 species in Appendices I, II and III,
respectively (Fig. 4a). Within animals, 39 vertebrate orders and 10
invertebrate orders have MCG, of which 13 and 4, respectively, have
100 % of their CITES species in mixed genera (Supplementary Fig. S4a,
b). Within plants, 27 orders have MCG, with eight of those having all
listed species in mixed genera (Supplementary Fig. S4c).

3.3. CBSA testing

CBSA testing indicated that during review and analysis of the 70
commercial transactions, nearly 900 species were found with 10 were
AIS, 15 had AAH requirements, and 50 were CITES listed (Gerson and
Remmal, 2021). For the 17 transactions with CITES species, 13 were
originally released in error, while 15 were referred to ECC or returned
for more information during the test. Ten transactions had AIS violations
and had all been released in error, while all were properly referred to
DFO in the test. Finally, for AAH species, 27 of the 38 transactions were
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Box Scientific name Common nhame Price Ea Qty Total  Fig. 2. Image capture of an invoice from a
shipment of marine aquarium tropical fish.

Bx-07 $ - The first column is the scientific name of the
NAPOLEON WRASSE Colored tropical mameng  $ 1.00 5 $ 5.00 fish, and the second column is the common
OPISTOGNATHUS SPEC. Big mouth goby $ 0.80 1 $ 0.80 name. No further invoice data can be pro-
Arothron Nicropunctatos Dogface pUffer $ 0.60 13 $ 7.80 vided based on adherence to confidentiality
Ostracion Melagri Brown Boxfish $ 1.00 5 $ 5.00 Dorms. Note that the Napoleon (Humphead)

. g . wrasse, a CITES appendix II (A2bd + 3bd)

Ostracion Melagris Blue box fish $ 1.00 4 § 400 species, does not follow the naming

convention for the rest of the species. These
individuals were also not declared on the

associated USFWS Form 3-177, and as such constitute illegal wildlife trade. Also of note is that the big mouth goby is listed only to the genus (Opistognathus) and not
the species level. This is considered misinformation given that all species in this genus are classified as IUCN LC (n = 23) or data deficient (n = 14), and the only
consequence is the loss of trade data for this species complex.

"SI IR |

Table 1

US import totals for live wrasses of the genus Cheilinus over three years. Between 19.5 and 38.6 % of wrasses imported
over the study period were specified on commercial invoices (see aquariumtradedata.org) only to the genus level (i.e.
invoiced as “Cheilinus sp.”). Invoice data identified the CITES-listed C. undulatus only a small number of times, while
the numbers listed in the LEMIS and CITES databases were generally even fewer.

Tla“’_li{.omtl_c Invoice LEMIS CITES [ Invoice LEMIS CITES [ Invoice LEMIS CITES
classification N (%) N N N (%) N N
Total Cheilinus IE:I. m
To genus (Cheilinus sp.) | |259 300
(19.5%) (23.9%)
C. undulatus (CITES) 7 2 2 1 3 6 4 0 0
(0.5%) (0.9%) (0.2%)
C. abudjubbe 14 7
(1.1%) (0.6%)
C. chlorourus 7 8 1
(0.5%) (0.6%) (0.7%)
C. fasciatus 211 229
(15.9%) (18.3%)
C. lunulatus 267 106
(20.1%) (8.5%)
2 - -
C. trilobatus 14 25 54
(1.1%) (2.0%) (2.7%)

Full CITES coverage Mixed CITES coverage

Mammals

Birds [ |

Reptiles ||

Amphibians

Fishes l
Invertebrates

Plants

H
40 20 0 20
er | Family / Genera | Genera (n)

100 40 60 80 100

Fig. 3. Mixed-CITES genus listings within the kingdoms Animalia and Plantae. The number of order-, family- and genus-level listings under which all constituent
species are covered by CITES (left) compared with the number of mixed-CITES-genera (right) within different animal groups and plants. Mixed-CITES-genera are
classified as those containing one or more CITES-listed species, as well as non-CITES species.
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Pteropus spp. (n) ® 10 . 54 «  Pteropus brunneus
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Fig. 4. Two reasons for Mixed-CITES listings. (A) Shows cases where mixed genera arise due to the CITES listing of only certain species within a genus. The
breakdown includes the numbers of CITES species in each appendix that fall into mixed genera (middle, right), and as proportions of all CITES-listed species (left)
within each animal and plant group. (B) Shows cases where mixed CITES genera arise due to genus-level CITES listings, with exceptions made for certain species.
Notes:

*The listing of Rheobatrachus spp. (except for R. silus and R. vitellinus) is peculiar given that this refers to a genus of extinct gastric-brooding frogs native to
Queensland, Australia. The genus consisted of only the latter two exempt species, both of which became extinct in the 1980s.

"Some artificially propagated species are also exempt from CITES.
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released in error, and in the test, 30 of the 38 were properly referred to
CFIA or returned for more information. In one of the cases of an AAH
species, the olive flounder (Paralichthys californicus) was being imported
from Korea (Gerson and Remmal, 2021). P. californicus is not native to
Korea, and these shipments were P. olivaceus, as indicated by olive being
written in Korean after the species name. This is an AAH violation, as in
Canada, live P. olivaceus from Korea requires an Aquatic Animal Health
Import Permit issued by the regulatory authority in Canada and a Zoo-
sanitary Export Certificate from the regulatory authority in the export-
ing country. In this case, a specimen lacking these documents would
represent an illegal shipment. There were several invoices in this test
demonstrating this illegal behavior from the same exporter, and this is
likely to be more prevalent than beyond the transactions explored in this
test.

During this test, HS codes were automatically determined from the
invoices, and six of the 18 IID transactions (33 %) and 46 of the 52 paper
transactions (88 %) had HS errors. Some of these were errors observed
elsewhere (Rhyne et al., 2017) such as declaring a guppy, Poecilia
reticulata, as a marine fish (HS code 0301.19 instead of 0301.11), or the
opposite for the marine unicorn fish, Naso lituratus. Others are more
egregious, where the giant clam, Tridacna maxima, corals such as Fungia
spp. or multiple instances of aquatic plants were declared as marine fish
(HS code 0301.19). We also observed Beluga caviar (HS code 1604.31)
being declared as HS code 2005.99 — Vegetables And Mixtures Of Veg-
etables Prepared Or Preserved Otherwise Than By Vinegar, Acetic Acid
Or Sugar, Not Frozen. HS codes often do not agree with the products as
invoiced.

4. Discussion

Eskew et al. (2020) state that “Characterization of the direct harvest
and subsequent trade in wildlife is conceptually straightforward and
should be aided by existing governmental monitoring programs.” The
work presented here demonstrate that harmonization of taxonomic in-
formation leads to a route for IWT, as well as erroneous and lower
quality data, and an inability to determine the taxonomic richness or
history of any harmonized group of animals or commodities in trade.
The mischaracterization of wildlife trade data can ultimately mislead
development and analysis of policy (Challender et al., 2022). LEMIS
counts of individual marine fish imports to the US based on declared
values being 1.68 times greater than data collected from invoices is
likely a result of invertebrates and freshwater fish species being
mistakenly included in the LEMIS count (Rhyne et al., 2017). This
fundamental difference shows how harmonization of species on decla-
rations can present an incorrect picture of wildlife imports into the US.

4.1. HS reduces information and increases opportunity for INT

Harmonization truncates information causing a lack of taxonomic
precision where individuals are often not identified to the species level,
but rather to a higher taxonomic grouping (Gerson et al., 2008). Along
with the information presented here, other noticeable instances of
intentional mislabeling leading to IWT stand out. In 2017, 7.2 tons of
elephant ivory were labeled as frozen fish and found in the port of Hong
Kong only because a customs official noticed the volume and weight of a
container was lighter than it should have been (Leung and Carvalho,
2017). This follows a 2011 seizure of >2 tons of elephant ivory in
Bangkok (Schearf, 2011) and a 2007 seizure in Hong Kong of 4400 kg of
frozen pangolin carcasses (TRAFFIC, 2007) both hidden as frozen fish.

In India, attempts to halt the trade of the IUCN Red Listed red lined
torpedo barb (a species complex primarily consisting of Puntius denisonii
and P. chalakkudiensis) saw records of this fish species disappear from
trade registries, while there was no overall decrease in the total number
of fish exports (Raghavan et al., 2013). The red lined torpedo barb was
still exported, but its identity on paperwork changed to a broad ‘blanket’
harmonized term (live ornamental fish) or an identification within a
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non-specific group label (e.g. Barb/Puntius Group) (Raghavan et al.,
2013). Harmonized codes may result in many valuable and potentially
threatened taxa eluding monitoring as they are grouped under vague
generic classifications that cannot be later disaggregated into smaller,
distinct taxonomic units (Chan et al., 2015; Cawthorn and Mariani,
2017; Cawthorn et al., 2018).

4.2. MCG

MCG may occur for a variety of reasons. One is because of the use of
exceptions under CITES listings (Fig. 4b). For example, in the case of
Aloe, the entire genus is listed (>500 species), however the commer-
cially important trade in A. vera and finished products of A. ferox
(USFWS, 2019) are exceptions and not CITES listed. Other exceptions
also exist, including certain trades in plant hybrids, seeds, micro-
propagated material, finished timber products and cosmetics packaged
and ready for sale. Because of the time it takes CITES to update their
species lists, it can serve as a latent harmonization mechanism. Arapaima
gigas, a CITES Appendix II species, is traded as an ornamental fish, as
well as for its meat and leather. Although there are currently four extant
Arapaima species (A. agassizii, A. gigas, A. leptosome, A. mapae, Froese
and Pauly, 2021), only the single species, A. gigas, was known when it
was CITES listed. This is the name that must be used on any CITES
permit concerning any Arapaima specimen. The three other species
names are inadmissible on CITES permits and trade documents. Claim-
ing one of the three ‘different’ Arapaima species on a CITES document
would be invalid according to the CITES. Because of this, the level of
trade of A. gigas is overreported while that of the other three species
cannot be determined.

Any lag in updating CITES nomenclature may have serious impli-
cations for newly described species that may also be rare and/or
threatened. As a second exemplar, Paphiopedilum slipper orchids are
listed on CITES Appendix I due to threats from the international horti-
cultural industry. New species continue to be discovered and are highly
sought-after by collectors. However, the CITES listing of this genus was
only recently updated (Govaerts et al., 2019), the first revision since
2006 (McGough et al., 2006). This 13-year lag resulted in none of the
newly described species appearing in the CITES Trade Database (http
s://trade.cites.org) or the Species+ database (https://speciesplus.net).
Specifically, P. vietnamense was described in 1999, only to be declared
‘Extinct in the Wild’ in 2003 (Averyanov et al., 2003). It was over-
collected via poaching (Roberts and Dixon, 2008), and within the first
year of discovery, it is estimated that nearly US$1m had been traded
illegally (Averyanov et al., 2001). Even if this trade had occurred with
the required CITES permits, it would have been recorded as ‘Paphiope-
dilum spp.” As the CITES nomenclature at the time relied on Roberts et al.
(1995), it was not until 2006 that the P. vietnamense species entered the
CITES nomenclature (McGough et al., 2006). Since these slipper orchids
are captured in the CITES trade database only as ‘spp.’, it is not possible
to monitor their trade or to hold Parties accountable for allowing trade
in material from these plants.

4.3. Negligent vs intentional misinformation

Esmail et al. (2020) and Challender et al. (2022) address the
mischaracterization of wildlife trade leading to misinformation as a
means to influence policy and practice. But the cases discussed here span
more than misinformation via negligence in the presentation of infor-
mation. In some cases, there appears to be the intent to deceive through
misinformation. The humphead wrasse example (Fig. 1) and the ivory
smuggled into Hong Kong in 2017 are cases of intentional misinforma-
tion (disinformation) as the intent of the action was to hide the identity
of the commodities. However, other cases, such as identifying fresh-
water guppies as marine fish or not identifying fish to the species level
(Rhyne et al., 2017) are omissions of data or neglectful misinformation,
as they are more likely due to haste than to an attempt to obscure goods.
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For those businesses trading non-CITES species, the penalties for taxo-
nomic imprecision are lower and dependent on the wildlife inspector
being able to catch the violation in real time. The volume of shipments
needing review and clearance each day presents substantial difficulty for
enforcement agents.

Without assistance, such as from the Nature Intelligence System,
inspectors have little time to manually read every single page of an in-
voice to ensure it matches the declaration, and to ensure that illegal
species are not hidden using the taxonomically imprecise “sp.” notation.
It is untenable for inspectors to automatically know all MCG and to
manually scan to ensure a CITES species is not being included through
taxonomic imprecision. Challender et al. (2015) suggest a lack of
knowledge and monitoring of listed species is also an impediment for
successful CITES implementation — the burden of this expectation can be
eased through RTASLD. There is a fine line between accidentally
(misinformation) and intentionally (disinformation) misidentifying
species on trade documents. However, a lack of taxonomic precision on
these documents can be an indication of improper trade practices. In an
industry where there is value in biodiversity and rare species often
attract greater value (Rhyne et al., 2014), taxonomic imprecision in-
dicates a shipment may need further inspection by border agents. The
ultimate distinction between dis- and misinformation depends on how
governments address intent in wildlife prosecutions (United States v.
McKittrick, 1998).

4.4. The need to adopt data intensive solutions

Many countries are changing to digitized data systems rather than
paperwork. However, these new systems need to adopt data intensive
solutions to analyze the detailed species-level information on shipments.
We contend that RTASLD makes it possible for wildlife trade manage-
ment authorities to adopt a data rich species-level assessment (see
Gerson and Remmal, 2021). Taxonomy data can avoid many of the
pitfalls of maintaining multiple systems of harmonized codes at the
global level. Beginning by collecting species-level data, individual
agencies choose to aggregate the species-level data to their own coding
system/trade database (be it CITES, HS, LEMIS or some other system). A
data intensive approach maintains all information and avoids the issue
that once the shipment details are harmonized, the ability for any
detailed analysis of contents is forever lost.

The question of internationally valid trade codes has been prob-
lematic since the 1940s (Viner, 1947), and is still widely contested,
particularly for the trade in wildlife (Blundell and Mascia, 2005; Fragoso
and Ferriss, 2008; Gerson et al., 2008; Smith et al., 2008; Chan et al.,
2015; Petrossian et al., 2016). For the trade in live wildlife, expedience is
important as any delay in processing documents of record or inspections
during import or export can damage or ruin the shipment. Delays can
lead to poor or even fatal welfare conditions for the wildlife, a situation
to be avoided at all costs. Expediency is balanced against the inspection
process to meet legal obligations to ensure shipment contents are
accurately declared and do not include illegal, harmful or injurious
wildlife. For example, in the US, the economic and temporal cost of
wildlife inspection was used to change the agency in charge of inspec-
tion oversight for sea urchins (Echinoidea) from USFWS to the US Food
and Drug Agency (Public Law 115-334 2018). There is also a need to
quickly process live animal shipments that must not interfere with
meeting CITES treaty obligations. As international and regional laws
often differ, sovereign countries may require more detailed information
about species in a shipment than CITES dictates. For instance, the coral
genus Acropora is listed on Appendix II of CITES. Species identification is
challenging and CITES requires only listing any Acropora spp. to the
genus level. However, because the Caribbean corals, A. palmata and
A. cervicornis, are listed on the US Endangered Species Act (ESA), USFWS
requires importers to list all species of Acropora to the species level. This
rule applies to all shipments of Acropora imported into the US regardless
of the country of origin. Collecting species-level data would allow both
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the USFWS to meet ESA requirements, while providing CITES with their
data at a genus level.

Automated data systems are the ideal way to help identify those
shipments likely to contain illegal or unverified wildlife. Such systems
can check CITES lists, as well as national approved/unapproved lists, or
species of concern (Fig. 1). This automated check can help customs and
wildlife inspectors at ports to more effectively find illegal wildlife hid-
den within routine shipments and help curtail wildlife trafficking (Van
Uhm, 2018). We suggest that data intensive methods can maintain the
balance between expediency and veracity by enabling the collection and
analysis of all information from a shipment that is needed for the ship-
ment to be processed both rapidly and effectively. These data-intensive
solutions may also assist agencies with the updating of taxonomic in-
formation. Adding a flag for an emerging concern (presence of a new
disease or invasive species) is a simple process that does not rely on
program updates that occur every three or more years.

The benefit of this invoice-based optical character recognition soft-
ware processing is that machine learning can then evaluate trends in
trade (both in species, and between trading partners). This system can
track historical trading partners, can curtail illegal wildlife trade and
identify the trading partners that facilitate illegal trade. A second benefit
is that a data intensive system provides more accurate taxonomic in-
formation of trade. This can improve management of data deficient
species and allow the tracking of entry of new species into the wildlife
trade. Anomalies in taxonomy, values, quantities or even volumes can be
detected as a first line effort to deter the movement and trafficking of
illegal and injurious wildlife. Having trade partners declare this species-
specific information will avoid the lack of knowledge excuse and that
they did not realize that unregulated wildlife was in a shipment. A data
intensive approach maintains the balance between veracity and expe-
diency of the legal shipments of live wildlife, while better combating and
curtailing the trade in illegal wildlife. This approach will also flag
shipments with anomalies that require further hands-on inspection by a
border agent. A policy level change to a data rich information capture
method will reduce the burden for border agents to sort through hun-
dreds of pages of documents and focus on those shipments likely
harboring illegal wildlife.

5. Conclusion

The guise of “expedient business practices” competes with the need
to illuminate the true extent of biodiversity in wildlife trade and, as a
result, a conflict is created between science and business with policy
caught between. The trade in wildlife has been under recent scrutiny
given it is a source of emerging infectious diseases (Swift et al., 2007;
Challender et al., 2020). Trade adaptations have included the plant
passport, developed in the EU to determine plant movement for contact
tracing of disease (European Commission, 2020). However, changes for
animals have been less pronounced. CITES was set up to monitor,
regulate and where necessary ban trade in those species that are
threatened by trade. By not continually updating taxonomic lists in real
time, they are failing to accurately document trade in some of the most
critically endangered species, such as newly described species. Traders
swiftly react to descriptions of new species (e.g., new species of
Paphiopedilum slipper orchids) and proposed changes in CITES (Leader-
Williams, 1999). The only way this system will be effective is for all fine
detailed information to be recorded to a species level. Then the data can
be parsed out into one of the numerous coding systems without losing
vital underlying information. This data intensive system needs to be
applied to all wildlife trade where details of the immense amount of
biodiversity are currently clouded by harmonization systems.
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