
RESEARCH ARTICLE

Trends in illegal wildlife trade: Analyzing

personal baggage seizure data in the Pacific

Northwest

Rosemary T. HitchensID
1☯*, April M. H. BlakesleeID

2☯

1 Department of Biology, Miami University, Oxford, Ohio, United States of America, 2 Department of Biology,

East Carolina University, Greenville, North Carolina, United States of America

☯ These authors contributed equally to this work.

* hitchert@miamioh.edu

Abstract

The illegal import of wildlife and wildlife products is a growing concern, and the U.S. is one of

the world’s leading countries in the consumption and transit of illegal wildlife and their deriva-

tives. Yet, few U.S. studies have analyzed the illegal wildlife trade (IWT) on a national or

local scale. Moreover, to our knowledge, no studies have specifically examined the trends

associated with IWT moving through personal baggage. This work aimed to better under-

stand the magnitude of illegal wildlife importation into U.S. ports of entry by determining

trends associated with illegal wildlife products from personal baggage seizures, using the

Pacific Northwest (PNW) as a specific case study. To identify the most influential factors

determining the numbers and types of personal baggage seizures into PNW, we analyzed

1,731 records between 1999 and 2016 from the Fish and Wildlife Service’s (FWS) Law

Enforcement Management Information System (LEMIS) database. We found five significant

contributors: taxonomic classification of wildlife, categorical import date, wildlife product,

source region, and the Convention on International Trade in Endangered Species of Wild

Fauna and Flora (CITES) status. While wildlife seizures across taxonomic categories have

generally decreased in the PNW since 2008, other findings provide a reason for concern.

More specifically, mammals were identified as the largest animal group of seized wildlife,

and temporal trends indicate increases in seizures for this and several other taxonomic

groups. Many of the seizures originated from overseas, with East Asia serving as the largest

source. Our PNW case study can be a model for how large-scale geographical seizure data

can be used to inform about the major factors that have historically and presently contribute

to IWT, with conservation implications globally.

Introduction

Due to the rapid proliferation of the transnational illegal wildlife trade, the global community

now considers it a serious crime to illegally import endangered species [1], with far-reaching

consequences. Although the full extent of worldwide IWT is unclear, it is cited as one of the
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largest global black markets, generating lucrative monetary gains for those involved [2]. As the

demand for endangered wildlife and their derivatives persist, suppliers use illicit methods and

have facilitated a multitude of technological advances to expand the IWT black market [3].

The current dimension and growth of IWT pose a significant risk to global biodiversity, as

well as to social and economic development [4]. IWT is a primary mechanism of global over-

exploitation and is driving a number of species to extinction [5]. The trade’s transnational

nature also acts as an avenue for the spread of invasive species [6] and disease [7]. Lastly, social

and economic concerns, such as the link between IWT and lost tourism revenue, have been

raised [8]. These implications, among others, stress the importance of regulatory bodies and

institutions to effectively monitor and restrict IWT [9].

To combat IWT, regulation has been implemented at international, national, and local lev-

els. Each country has its own legislation regulating wildlife trade, but internationally, wildlife

trade of parts and products (hereafter, all referred to as ‘wildlife’) is regulated under the Con-

vention on International Trade in Endangered Species of Wild Flora and Fauna (CITES).

Today, CITES has 181 signatory members and provides three levels of protection (Appendix I,

II, and III) to over 35,000 species globally [10]. While scholars recognize the success of CITES

as a platform for international cooperation [11], others note its limitations [12], particularly

that species do not necessarily benefit from CITES without additional legislation and enforce-

ment measures on a state and/or local level [13].

In the United States (U.S.), the FWS Office of Law Enforcement (FWS-OLE) is the primary

authority for monitoring and intercepting wildlife trade regulated under CITES and domestic

laws. Of the 328 U.S. ports of entry, eighteen are designated for wildlife shipments [14] and are

staffed by a mere 130 inspectors spread throughout the country. It is commonly accepted that

FWS enforcement officials are burdened by an overwhelming workload and thwarted by inad-

equate budget and staffing. This is especially noteworthy considering the U.S. is a key player in

the IWT [15].

In fact, the U.S. is one of the largest consumer and transit countries of IWT worldwide,

with an estimated market value of $2 billion per year [16], demonstrating a reasonable cause

for concern [17]. Despite this, little is known about the scale and mechanisms of IWT in the U.

S. [18]. A handful of studies have analyzed illegal wildlife in the U.S. [19–27]; yet the bulk of

this literature examines broader international trafficking patterns [28–29] or focuses on a spe-

cific taxonomic group [30–34] and tend to be descriptive in nature, with a few exceptions [35–

36].

To appropriately address wildlife crime on all levels, research needs to focus on remaining

gaps in the literature, which are largely attributed to incomplete and unreliable data, as well as

the difficult nature of studying the clandestine trade [37]. Nevertheless, seizure records

obtained by law enforcement bodies can provide readily available data that may be used to

evaluate the scale of IWT. Seizure records primarily come from the CITES database [38–40],

the TRAFFIC database [41], the EU-TWIX database [42] or the U.S. FWS’s Law Enforcement

Management Information System (LEMIS) database [43–50]. Using these databases, research-

ers can investigate illegal patterns and trade routes over a period of time and determine the

major factors that drive IWT [51–52].

To our knowledge, no scholarly work has yet examined illegally transported species that are

moved through personal baggage. Personal baggage seizures are a growing global concern as

international travel has increased with time [53], with concomitant increases in the transfers

of illegal wildlife through the air transport sector [54]. Moreover, there is often a general lack

of knowledge surrounding the illegal import of living wildlife or wildlife derivatives moving

internationally within a traveller’s personal baggage [55]. Understanding the factors that con-

tribute to the transfer of wildlife derivatives in personal baggage can help reveal the most
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vulnerable wildlife groups, the types of wildlife products being moved, where the products are

coming from, the conservation status of the illegally imported wildlife, as well as changing

trends through time.

Here, we present a case study of personal baggage seizures in the growing Pacific Northwest

(PNW) region of North America. Together with the Port of Tacoma, the Port of Seattle is the

fourth largest container gateway in North America [56] and is home to the largest airport in

the PNW, Seattle-Tacoma International (Sea-Tac), which ranks among the fastest growing air-

ports worldwide [57]. Our study was borne out of a desire to understand IWT’s extent and

scale in such a major U.S. shipping region, thus providing wildlife crime law enforcement a

greater understanding of the what, why, when, and where of IWT in the PNW region, espe-

cially as situational crime becomes a popular topic in the literature [58]. Our study also adds to

the growing understanding of worldwide IWT by analyzing large-scale geographical seizure

data using a highly important global port as our model system.

Theoretical framework

When holistically addressing illicit wildlife seizures in passenger baggage, we consider both

consumer demand for wildlife and wildlife parts as well as the environment enabling wildlife

crime. This approach follows previous efforts to combine cultural and green criminologies in

an attempt to interpret the underlying demand embedded in illegal trade of wildlife [59] while

still accounting for opportunities enabling wildlife crime. Wildlife species are illegally traded

for various reasons, and it is largely understood that demand is driven by social and cultural

reasons. For example, animal skins and furs are used for clothing and accessories [60,61], fish

are traded for food delicacies, like caviar [62], small mammals, reptiles, and birds are removed

from their wild environment for the pet trade [63–65], tiger bone and rhino horn are harvested

for traditional Asian medicine (TAM) [66], and elephant ivory is sought after as a status sym-

bol [67]. Alongside socio-cultural demand patterns, IWT is influenced by opportunity struc-

tures in the environment. A growing number of studies by criminologists examine IWT

through the lens of environmental criminology [68–72]. (For a comprehensive overview of

applying environmental criminology to IWT see Kurland and Pires [73] and Boratto and

Gibbs [74]). While multiple disciplines lend theoretical models to help explain IWT, environ-

mental criminology entered the landscape to further understand the crime event itself, focus-

ing more on situational influences and less on the dispositional factors influencing individual

actors to engage in illicit behaviour. According to the opportunity framework put forth by

criminologists, declines in crime follow when opportunities to commit such types of crime are

reduced [75]. In the context of IWT entering the PNW through personal baggage, the opportu-

nity framework would expect concentrations as they relate to the exporting country, types of

wildlife products, and groupings of taxonomic groups, among other variables. Once these con-

centrations are identified, focused response strategies deriving from situational crime preven-

tion (SCP) techniques and our understanding of socio-cultural dynamics can be used to devise

interventions and curb demand. In our study, environmental crime is used as a multifaceted

framework [76] rather than a rigorous theoretical model [77] and as such, we draw on both

opportunity theory and socio-cultural explanations when analysing our findings and formulat-

ing our policy recommendations.

Methods

This study includes a 17-year (1999–2016) analysis of seized wildlife illegally entering four

PNW ports: Seattle (Washington), Bellingham (Washington), Portland (Oregon), and Sumas

(Washington). Data were acquired from the LEMIS database, through a formal Freedom of
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Information request made on August 11, 2016, which included all available refused, seized

items in personal accompanying baggage at these PNW port (in the LEMIS dataset, ‘refused’ is

the action, ‘seized’ is the disposition, and ‘personal accompanying baggage’ is the transporta-

tion code). U.S. seizure data show that most enforcement activity pertaining to IWT takes

place at ports of entry, rather than at domestic entrances [78], providing a strong rationale for

collecting data from these four PNW ports. We received 1,731 seizure records of metazoan

animals dating back to January 1999, distinguished by port of import, country of origin, coun-

try of import/export, intended purpose (e.g., personal, educational), source (e.g., wild speci-

mens, animals bred in captivity), wildlife product (e.g., whole dead animal, ivory jewelry),

estimated value, size of shipment by quantity of individuals, generic name, and taxonomic

classifications, including genus, species, and subspecies.

From the 1,731 incidents recorded in the original database, a duplicate database was cre-

ated, and 593 records were removed by combining shipments that were discovered to be from

the same seizure, which likely occurred when one seizure contained multiple species. These

duplicate entries were determined as those where the shipment data, country of import, port

of entry and taxa were all the same. After merging duplicates, we categorized variables into

new groupings to produce reasonably sized variables for comparison purposes. First, countries

of export (Country IE) were grouped into their respective geographic region (e.g., Asia) to cre-

ate the variable Region. Second, dates (mm/dd/yyyy) were grouped into three-year timeframes

(1999–2001; 2002–2004; 2005–2007; 2008–2010; 2011–2013; 2014–2016) in order to create ade-

quately sized categorical groupings to assess temporal effects of IWT into PNW. Third, our

dataset was classified into ninety-four wildlife descriptions (e.g. baleen, feather, horn carving)

that we placed into fourteen broader Wildlife Products categories (Bone; Body/Parts; Coral/
Shell; Ivory; Live; Leather; Food; Medicine; Feather; Jewelry; Clothing; Other; Horn; Rug; S1

Table).

Lastly, more specific taxonomic categories (e.g., genus, species) were appropriately grouped

into larger taxonomic categories to provide an understanding of the major types of animals

involved in IWT. These primarily represented taxonomic classification at the Phyla and Class

levels (Actinopterygii, Artiodactyla, Carnivora, Cnidaria, Mollusca, Reptilia, Aves, and Other
Mammal), but they were not entirely consistent in ranking because some animal groups (e.g.,

mammals) are much better studied/understood at lower taxonomic levels than are other

groups (e.g., cnidarians); moreover, illegal trade is not consistent with taxonomic level, and

some groups are more likely to be included in IWT than others. These became our decided

approaches to create the most meaningful data for analyzing influential factors of IWT seizures

in the PNW region. For the purposes of this study, we treated each entry row as a unique inci-

dent while independently considering seizure quantities (i.e., number of individuals per sei-

zure) when appropriate. We also note here that we could only analyze whole number counts,

not weight, as it is difficult to compare weights of different species (e.g. the weight of 660 sea-

horses cannot be appropriately compared to the weight of one grevy’s zebra).

We further analyzed data in terms of species type and protected status by manually adding

information pertaining to species protection and taxonomic categorization into the LEMIS

derived database. Species protection was obtained from both CITES and the International

Union for Conservation of Nature (IUCN). The IUCN Red List [79] assesses the extinction

risk of threatened species and classifies them into one of three categories: vulnerable, endan-

gered, or critically endangered. CITES regulates the wildlife trade by assigning species into one

of three Appendices: I, II, and III. If identifiable, each seizure was also classified as marine or

terrestrial. In addition, after grouping wildlife descriptions into the fourteen product catego-

ries, they were designated as either dead or alive (97% of seized wildlife were dead–often trans-

formed into a product; S1 Table). It should be noted that 563 (32.5%) wildlife specimens and
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products in the database were not identified to species level, likely owing to inherent difficul-

ties in distinguishing an animal or product to species level for reasons such as sample degrada-

tion, unfamiliar taxa, transformation into a product, etc.

Statistical analyses

To identify the most significant factors driving IWT seizures in the PNW, we fit a negative

binomial (log link) generalized linear mixed model (GLMM) to the data with quantity of

seized animals (counts) as our response variable, port code as a random effect, and the follow-

ing parameters as fixed effects: CITES status, IUCN status, Marine/Terrestrial, taxonomic

Class, Wildlife Product grouping, Region of origin, and Categorical Date (S2 Table). Since the

database included a number of possible independent variables that could influence the quan-

tity of seized wildlife in personal baggage, we chose to analyse the data using information crite-

ria. This approach evaluates a number of possible models to determine the model(s) (and their

included factors) that best fit the data. We therefore evaluated an exhaustive suite of models

using the parameters and statistical methodologies described above, and then compared each

model to one another using the corrected Akaike’s Information Criterion (AICc). The model

possessing the lowest AICc value is identified as the best performing model. However, other

models may be statistically as likely (or close to likely) as the model with the lowest AICc, mak-

ing these additional models also potential candidates for the data. To determine if we had mul-

tiple high performing models, we first determined the model with the lowest AICc and then

calculated each model’s ΔAICc value and corresponding AICc weight (wi). This provided a

measure of model likelihood normalized by the sum of all model likelihoods. Models with

higher model weight values represent greater proportional likelihood than those with lower

model weights, thereby providing a measure of the strength of the best fitted model against all

other evaluated models. This information criteria approach has been utilized in a number of

published analyses across multiple biological disciplines, including conservation related topics

[e.g., 80–82]. Of the evaluated parameters, five (IUCN, Class, Products, Region, and Date)

were revealed as significant fixed effects (see Results). These were expanded upon using

descriptive statistics and visual aides to determine relationships between and among variables,

when appropriate. Data analysis were performed using JMP Pro v14.0.

Results

Between January 9, 1999 and September 29, 2016, a total of 1,731 seizures were recorded,

involving a total of 583,735 individuals from 4 ports in the PNW. Over this 17-year period, the

total number of imported wildlife shipments denied clearance each year ranged from 27 in

1999 to 179 in 2006, with an annual average of 96 seizures. Seized wildlife at all four PNW

ports originated from a total of 72 countries.

Our GLMMs generated a number of models with extremely low AICc weights, and only

two models had AICc weights>0.01 (Table 1), suggesting strong support particularly for the

top model. The best fit model had a model weight of 0.981 and included two parameters: Class

(F = 2.407; p = 0.011) and Categorical Date (F = 0.419; p = 0.836) (Fig 1). The second model

had a weight of 0.011 and included three parameters: Class (F = 2.310; p = 0.014), Categorical

Date (F = 0.199; p = 0.963), and Region (F = 0.247; p = 0.941). The third and fourth models

had low model weights of 0.004 and 0.002, respectively. These two models included Class, but

additionally two new parameters, IUCN status and Wildlife Product grouping (Table 1, Fig 2).

Taxonomic grouping (Class; Fig 1A) and temporal investigations of IWT (Fig 1B) revealed

that while trade in wildlife is still occurring in the PNW, overall seizures have decreased over

time since their highest peak in the mid-2000s (Fig 2). This finding also highlights how seizures

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 5 / 22

https://doi.org/10.1371/journal.pone.0234197


across many of the taxonomic groups (excluding Actinopterygii) increased to their highest

level in the 2005–2007 time period and have steadily been decreasing since the 2008–2010

period.

In addition to temporal and taxonomic classifications, the second model also included

Region as an influential factor (Fig 2A). In our dataset, we grouped 72 countries into larger

regional categories (S2 Fig), finding East Asia (46%) to be the region from which the greatest

proportion of personal baggage had been seized for illegal wildlife products, followed by North

America (22%), Asia (18%), Africa (9%), Eurasia (3%) and lastly South America (1%) (S1 Fig).

In addition, 19% of seizures to PNW were of unknown origin.

While models one and two did not consider CITES or not IUCN status as a significant fac-

tor, the third and fourth models included IUCN status (Fig 2B). When examined more closely,

we found that the majority (60%) of total seizures by IUCN Red List status were organisms

classified as Least Concern, and that the remainder were identified as Vulnerable (26%),

Endangered (5%), Near Threatened (5%), and Critically Endangered (4%) (S2 Fig).

Finally, the third model also considered Wildlife Product grouping as a significant parame-

ter (Fig 2C). After collapsing the types of wildlife products into broader groups, we found that

Table 1. Information theory approach for determining best fit models of illegal seizures of wildlife (counts) into PNW.

Model Parameters # Para-meters AICc ΔAICc wi

1 Class, Date 2 17713 0 0.981

2 Class, Date, Region 3 17722 9 0.011

3 IUCN, Class, Product 3 17724 11 0.004

4 IUCN, Class, Region 3 17725 12 0.002

Each model represents a negative binomial mixed model with fixed parameters of CITES status, IUCN status, Marine/Terrestrial, taxonomic Class, Wildlife Product

grouping, Region of origin, and Categorical Date (see Table 1), and Port Code as a random effect. F = F statistic; P = p value; AICc = corrected AIC; ΔAICc = subtracts

the lowest AICc value from the AICc value being assessed; wi = refers to the model weight as a proportion of all possible model weights. The table represents all models

with model weights greater than 0.002.

https://doi.org/10.1371/journal.pone.0234197.t001

Fig 1. Factors identified as influential to personal baggage wildlife seizures in the PNW in the top model. Panel A demonstrates the taxonomic Class of

organisms that were seized from personal baggage in the PNW (ACTI = Actinopterygii (Bony Fish), ANTH = Anthozoa (corals), AVES = Aves (birds), BIVA =

Bivalvia (bivalves), GAST = Gastropoda (snails/slugs), MAMM = Mammalia (mammals), REPT = Reptilia (Reptiles). Panel B refers to the categorical date

(3-year periods) of the seizures, including 1999–2001, 2002–2004, 2005–2007, 2008–2010, 2011–2013, and 2014–2016.

https://doi.org/10.1371/journal.pone.0234197.g001
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illegal wildlife products related to medicinal use, coral/shell, and leather had the highest mean

counts across all those seized in personal baggage during the 17-year period.

Discussion

Our results suggest that a disproportionate share of taxonomic groups, time, export regions,

wildlife product, and species at-risk status account for a majority of the incidents in our data-

set, as is expected under an opportunity-based framework. Digging further into these trends

using socio-cultural research will help us explain why such patterns occur among the signifi-

cant variables analysed in our dataset. Below, we discuss our major findings using the PNW as

a case study and then put our results into the larger context of IWT around the world.

Fig 2. Three other factors identified as potentially influential in explaining patterns of personal baggage wildlife seizures in the PNW. Panel A represents

the continent of origin into the PNW, including Africa, Asia, Eurasia, North America, South America. UNKN refers to unknown origin. Panel B demonstrates

IUCN status (CR = critically endangered, EN = endangered, VU = vulnerable; NT = near threatened, and LC = least concern). Panel C demonstrates different

wildlife product groupings among the seizures (BONE = bones and bone products; BO/PA = whole bodies and various body parts; CO/SH = coral and shells;

IVORY = ivory products; LIVE = live organisms; LEATH = leather products; FOOD = food items; MEDI = medicinal items; FEATH = feathers;

JEWEL = jewelry; CLOTH = clothing; OTHER = miscellaneous items; HORN = whole horns or horn products; RUG = items made into a rug).

https://doi.org/10.1371/journal.pone.0234197.g002

Fig 3. Seizures in the PNW by taxa across time. The figure includes the number of seizures in the PNW by

taxonomic classes analyzed throughout the study period (1999–2016).

https://doi.org/10.1371/journal.pone.0234197.g003

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 7 / 22

https://doi.org/10.1371/journal.pone.0234197.g002
https://doi.org/10.1371/journal.pone.0234197.g003
https://doi.org/10.1371/journal.pone.0234197


PNW personal baggage seizures over time

Although illegal trade in wildlife is still occurring in the PNW, overall personal baggage sei-

zures across most taxonomic groups (excluding Actinopterygii) have steadily been decreasing

since the 2008–2010 time period after reaching their highest peak between 2005–2007 (Figs

1A–1E, 2 and 3). Despite the fact that wildlife trafficking involves distinct markets, each with

their own dynamics, the data suggest that regardless of species or taxonomic group, wildlife

seizures across multiple taxonomic groups in the PNW may collectively be affected by particu-

lar events or circumstances through time. We suggest three possible factors that may help

explain the decline in personal baggage seizures in the PNW since the mid-2000s. First and

seemingly most likely, is the elimination of an international mail facility located at Sea-Tac

International Airport prior to 2010. Before its removal, this mail facility presumably received a

high volume of wildlife shipments, some of which could have been documented as personal

baggage. For example, inspection blitzes in 2005 and 2009 examined over 500 shipments,

which resulted in six seizures of the succulent, Hoodia, as well as CITES Appendix II butter-

flies, and coral and shell jewelry [83]. Second, illegal wildlife products in personal baggage

could be slipping through inspections undetected, but according to the Country Enforcement

Index, the U.S. successfully detects and seizes illegal wildlife products traveling through its air-

ports 84.6% of the time [84]. This high number indicates effective enforcement among

FWS-OLE officers. The third possible reason for the decline in personal baggage seizures

through time is that the PNW trends reflect national or global trends, such as lower demand

for certain products or taxa groups. According to FWS-OLE officers in the PNW, the quality

of TAM has altered, driving different specimens and their products through personal baggage.

It remains unclear which of these, or other factors influenced the decrease in seizures in the

PNW in the late 2000s; and moreover, whether the peak in seizures between 2005–2007 is only

high relative to the retrospective drop with the elimination of international mail facility; never-

theless, these observations raise interesting questions about the temporal fluctuations that can

occur in IWT.

PNW seizures by taxonomic class

Wildlife seized at the four PNW ports over the 17-year period belonged to five primary groups

—mammals, birds, marine invertebrates, reptiles and bony fish (Table 2, Fig 1B). A study ana-

lyzing U.S. national seizures found relatively similar results: 94% of species seized at U.S. ports

of entry between 2003 and 2013 belonged to six groups—mammals, molluscs, birds, reptiles,

fish and coral—with mammals and reptiles making up more than half of seizures [85].

The most noteworthy taxonomic group represented in the PNW seizure data were mam-

mals, which showed the highest number of seized products at 450,446 in total. This finding is

consistent with other seizure analyses that find mammal and mammal derivatives to constitute

a majority of overall seizures [86]. As seizures in the PNW appear to be representative of IWT

on a national level, this suggests that domestic trends are relevant and tractable. Of mammals,

the family Felidaes accounted for the highest seizure count (n = 122), which included a large

number of leopards (n = 93) and tigers (n = 14). Twelve of the 14 (86%) tiger seizures in our

dataset were classified as medicinal products. Similarly, 92% of leopard seizures were catego-

rized as medicine and the other 7 as body/parts. This finding aligns with the global trend of

tiger skin declines from 2000–2015, replaced by an increase in seizures of tiger bones that are

used in traditional medicines [87]. In the PNW, FWS wildlife inspectors have observed a surge

in ‘higher-quality’ traditional Asian medicine products, including pills and plasters made with

leopard products [88]. A study conducted by the WWF and World Conservation found that

nearly half of their surveyed shops in seven North American Chinatowns, including those in
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Vancouver and Seattle, sold illegal wildlife products (note: Vancouver was not included in our

study as we obtained data from the USFWS under LEMIS and did not pursue data from the

Canadian government, but the close proximity of Vancouver to Seattle suggests similar trends

could traverse these neighboring large cities) [89]. The sale and availability of TAM in Seattle

and Vancouver is believed to be due to their high Asian populations, which are relatively

greater than other cities in North America. In fact, 43% of Vancouver residents and 13% of

Seattle residents have an Asian heritage [90]; this number increases as you consider the cities’

suburban populations, like Redmond, Bellevue, and Richmond [91].

Also in the group Mammalia, the Moschidae or Musk Deer, accounted for 20% of the sei-

zures. The majority (94%) of the musk deer seizures originated from China and were catego-

rized as medicine. This aligns with global musk deer trade routes, which tend to originate in

Russia or Mongolia and are transported to China or other parts of East Asia for use in TAM.

Concern for the illegal poaching of musk deer in Russia and Mongolia arose as early as the

1950s and prior research suggests a problem with enforcement measures and trade controls in

these countries [92]. In addition, the Ursidae family made up 11% of mammals in our dataset,

and seized bear products were primarily categorized as body/parts (25%) and medicine (51%).

Bear paws and claws are considered a delicacy in Asia and bear gall bladders, as well as the bile

that is derived from the gall bladders, are used in traditional medicine to treat a number of ail-

ments [93]. Of the seized products belonging to the Elephantidae family, 45% were ivory prod-

ucts. In an effort to deter elephant ivory imports, which have been illegal by federal and

international law for decades, West Coast states are passing their own laws. In the state of

Washington, Initiative 1401 criminalized ivory sales throughout the state, and in Oregon, Bal-

lot 100 effectively did the same. While an ivory seizure is not a common occurrence at PNW

ports, it occasionally transpires, and the U.S. continues to remain a large ivory market [94].

Lastly mentioned is the Phocidae family, accounting for 6% of mammal seizures, which were

largely made up of seal medicine products. This aligns with global trends of increasing seal

derivatives in the TAM market, like a fur seal’s penis, which can be purchased from Beijing res-

taurants for USD $400 [95] due to its popularity as an aphrodisiac.

At 15%, Aves (birds) made up the second largest class in our dataset. While the illicit trade

in birds is often attributed to the pet trade [96], the high seizure count of Aves in our case

study is likely attributed to U.S. federal law, existing independently of international CITES

protections. The Migratory Bird Treaty Act (MBTA) makes it illegal to import, export, or

transport any migratory bird, or the parts, nests, or eggs of such a bird without a permit. When

analysing our dataset, we found a number of migratory bird species, including but not limited

to Red-Tailed Hawk (B. jamaicensis), Bald Eagle (H. leucocephalus) and Great Blue Heron (A.

Herodias). The most prevalent bird represented in our dataset was the Canada Goose (B. Cana-
densis), a non-threatened species making up just over 10% of all Aves seizures in the form of

feathers and meat. In all of these cases, the Canada Goose was imported from Canada, an

Table 2. Top 5 most frequent taxonomic classes by number of seizures.

Rank Class Number of Seizures Percentage of Seizure

1 Mammalia 783 45.20%

2 Aves 265 15.20%

3 Anthozoa 160 9.24%

4 Reptilia 142 8.20%

5 Actinopterygii 106 6.12%

The data in this table include taxonomic classes and their ranks in terms of number of seizures and percentage (out of 100%) among all seizures.

https://doi.org/10.1371/journal.pone.0234197.t002
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important country for bird-related seizures, accounting for 84% of all Aves seizures. This is not

particularly surprising considering the proximity of the PNW designated ports to the U.S.-

Canada border. While our dataset did contain non-migratory birds and their derivatives, such

as a seizure of 6,480 Indian peafowl (P. cristatus) feathers from China, these cases were few and

far between. Another noteworthy finding is that 72% of Aves seizures in our dataset were

feather products. These findings suggest that the MBTA is being enforced and upheld by

enforcement officers in the PNW. Moreover, it’s possible that travellers are unknowingly traf-

ficking migratory bird parts. Despite the fact that the MBTA is among the oldest wildlife pro-

tection laws in the U.S., there is little research on public perceptions of the act, which might

change as the USFWS solicits public input and seeks to clarify the scope of the act [97].

The third largest class represented in our dataset, Anthozoa (marine invertebrates), make

up just over 9%. Marine invertebrates (e.g., staghorn coral), alongside marine tropical fish, are

in high-demand for U.S. home and public aquariums, driving a major global black market

[98] that introduces foreign species to local communities and thus may contribute to the

spread of invasive and nuisance species [99], along with a decline of these organisms in their

source regions [100]. The U.S. is the world’s largest consumer and importer of coral reef asso-

ciated species for ornamental purposes and Seattle has been identified as a primary point of

entry for shipments of corals, coral products and reef associated species [101]. Of the Anthozoa
seizures represented in our dataset, 80% were reported under the generic order Scleractinia,

with few references to specific families or species within that order, a data deficiency also

observed on a national level [102]. Scleractinia includes all stony corals, a group of hard skele-

ton marine animals that are under pressures as they seemingly prepare for a mass extinction,

according to recent research [103]. Most of the coral seizures (77%) were classified as coral/
shell, with a small handful of jewellery and live seizures. Live specimens comprised 14% of

Anthozoa seizures, suggesting the role of the marine aquarium curio trade. The Anthozoa sei-

zures in our dataset largely originated from the Philippines (61%) and were imported from the

Philippines (54%), suggesting a strong trade route between the Philippines and PNW ports of

entry in marine invertebrates.

The fourth largest taxonomic group represented in the PNW seizure data were reptiles at

8%. This contrasts with global trade analyses, which find reptile skins trafficking to be a rela-

tively uncommon practice [104]. In the U.S., the illicit trade in live reptiles is largely attributed

to their growing popularity as pets [105,106], which is highlighted by large-scale smuggling

operations, one even reaching Washington state when a reptile smuggler was charged with

importing more than 230 reptiles from Thailand [107]. Our findings differ from such patterns

observed. Among PNW seizures, 95% of Reptilia specimens were dead, 32% of which were cat-

egorized as leather products and 31% as dead body/parts. Furthermore, while Latin America is

a frequent source of reptiles destined for the U.S. [108], the majority of Reptilia seizures in this

dataset originated from Asia (42%). On an international level, the heightened demand for rep-

tiles is increasingly leading to overexploitation of species [109] and research suggests that rep-

tile species, like crocodile skinks are overlooked by CITES [110]. The illicit trade of reptile

skins often runs parallel to the legal trade, which is facilitated by the fashion industry in U.S.

and European markets [111]. In the U.S., states are taking their own action to protect reptiles.

California, which is believed to be 30% of the world’s alligator skin market [112], instituted a

ban in alligator and crocodile products in 2019 in an effort to curb wildlife trafficking. While

most California skins are produced from farmed and legally hunted alligators in southern U.S.

states like Louisiana and Florida, it is believed that a portion of these products are derived

from illegally caught species, as poaching activity suggests [113]. Our high seizure count of rep-

tile body parts and products raises concern about an illicit reptile skin trade derived from Asia,

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 10 / 22

https://doi.org/10.1371/journal.pone.0234197


and also raises questions about policy responses to a convoluted trade of legal/illegal reptile

parts and products.

Lastly, Actinopterygii (bony fish) accounted for just over 6% of our dataset. As most all of

the bony fish observed in our dataset were sturgeon, we attribute the high seizure count in

bony fish to sturgeon international trade laws and enforcement efforts in the U.S. and Russia,

as well as the development of a global aquaculture industry for sturgeon. Our data show that

bony fish seizures were at their highest level in the late 1990s, which is likely due to the collapse

of sturgeon management systems alongside the dissolution of the Soviet Union, leading to the

large-scale criminalization of wild sturgeon stocks [114]. Moreover, in 2000, the OLE joined

efforts with Russian authorities on caviar trade issues [115], and PNW wildlife inspectors

focused their efforts on preventing illegal imports of caviar, resulting in the confiscation of 22

pounds of sturgeon caviar worth more than $16 million USD in 2001 [116]. Presumably, these

targeted enforcement efforts led to the ongoing high level of Actinopterygii seizures in the

PNW in the early 2000s. By the mid-2000s, sturgeon stocks had plummeted from overfishing

and poaching in locations like the Caspian Sea, with the U.S. consuming over half the world’s

export of beluga caviar [117]. The U.S. reacted by instituting a unilateral ban on beluga

imports in 2005, and two years later, Russia implemented bans on sturgeon harvest [118].

These bans on sturgeon capture and import correspond with a decrease in PNW Actinopterygi
seizures (Fig 2) and North American beluga imports [119].

Alongside regulatory and enforcement efforts, market changes also help explain declining

Actinopterygii seizures in the PNW. As sturgeon populations dropped in the late 20th century,

an aquaculture industry for farmed sturgeon developed to meet demand, primarily for caviar

[120]. With wild sources disappearing and becoming more difficult to obtain, farmed products

gradually overtook the market [121]. The market shift from wild to captive bred sturgeon is

likely another reason for the decrease in Actinopterygii seizures in the PNW. Adding farmed

agriculture to the market makes illegal trade less lucrative, assuming that farming increases

supply, thereby reducing prices and incentives to illegally capture wild stocks.

Actinopterygi seizures increased again in the PNW during the 2007–2010 period despite the

fact that wild caviar supplies were declining [122]. One possible explanation for this increase

in seizures amongst dwindling stocks and protectionary measures for wild sturgeon is the

increase in illegal sturgeon exports, as North America became a supplier of caviar. This was

highlighted in a FWS-OLE FY 2008 Annual Report, which detailed multiple cases of caviar

dealers illegally exporting and selling shovelnose sturgeon in the U.S. [123]. The correlations

between bony fish seizures in the PNW and such wildlife trade policies suggest that regulatory

and enforcement measures do play a key role in the IWT for particular taxonomic groups that

are prized as commodities.

PNW seizures by geographic region of origin

In regional analyses, our findings support the commonly held notion that most seizures origi-

nate from East Asia (46%) and the remainder of Asia (18%) (S1 Fig). Similarly, a 2010 study by

Rosen and Smith analysed 12 years of international seizure records, finding that most products

were exported from Southeast Asia, also a hotspot of emerging infectious diseases [124]. Glob-

ally, Asia functions as a supplier for multiple aspects of IWT, including traditional medicine,

the pet trade, food, and trophies [125]. In one case, a resident of Snohomish County, Washing-

ton was caught smuggling protected Asian reptile species, including but not limited to, Gila

monsters, three-toed box turtles, and the critically endangered Arakan forest turtle, with an

estimated value between $120,000 and $200,000 [126]. North America accounted for just

under a quarter of the seizures, over 90% of which originated and were exported from Canada.
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Both Canada and the U.S. are large consumers and suppliers of IWT [127]. While Mexico is a

top country for export of illegal wildlife shipments into the U.S. [128,129], our findings suggest

that Canada dominates the trade of illegal wildlife into the PNW. This is likely due to the

shared border between Canada and the state of Washington. Africa, on the other hand,

accounted for 9% and Eurasia 3%, but this is likely because Europe is recognized as more of a

consumer and transit region of IWT rather than an export region [130]. South America

accounted for a mere 1% of PNW seizures and Central America less than 1%, which is surpris-

ing considering the high amount of IWT detected at other U.S. ports of entry for products like

tortoiseshell bracelets [131]. It is also of note that 19% of the seizures were classified as having

an unknown origin, which is a problematic classification because it cannot provide research-

ers, department personnel, and policy-makers with an understanding of where the products

are coming from, likely leading to management uncertainty and inaction.

PNW seizures by at-risk status

Regarding trends based on IUCN status, the majority of the seized species in the PNW were

considered of “Least Concern” by the IUCN Red List (S2 Fig). In the U.S., regulation in wildlife

is largely determined by CITES legislation and agreements with other signatory nations, but

species are not necessarily protected or regulated if they appear on the IUCN Red List. There-

fore, it is possible that wildlife are seized due to CITES protection measures rather than Red

List status. Even so, this does not necessarily mean that those species classified as “Least Con-

cern” are not endangered; in fact, evidence finds that the IUCN may be underestimating the

number of species at risk of extinction [132] and the listing process can be lengthy and stalled

by political decision-making [133].

PNW seizures by wildlife product type

Lastly, wildlife products, specifically those related to medicinal use, coral/shell, and leather

were found to be significant in our third and fourth model (Fig 2C), which suggests that cer-

tain types of wildlife parts or products (e.g. horn or ivory carvings) could be influential in driv-

ing ITW. As mentioned, traditional medicine is a primary driver of IWT across the world

[134]. The curio trade is also an influential driver of IWT, which accounts for a variety of coral

and shell parts and products, like red coral jewellery [135]. A National Geographic reporter

found that just one facility in India processes as many as 100 tons of shells a month to meet

demand for the curio trade, despite the fact that many of the shell species handled are pro-

tected under India’s Wildlife Protection Act [136]. Previous research finds that mollusc shells

are one of the most heavily confiscated wildlife products at ports of entry across the U.S. [137].

Of increasing concern is the role tourism plays in the illicit trade of shells and coral to meet

demand for souvenirs [138–140]. Lastly, leather products account for a high number of PNW

seizures. Commonly seized leather products at U.S. ports of entry include leather boots, hand-

bags, and wallets made from protected reptile and marine species, like sea turtles, caimans,

crocodiles, lizards, and snakes [141].

Data limitations

There is ample research to support the contention that wildlife seizure data provide a baseline

understanding of the impact of IWT; however, such studies still remain plagued by discrepan-

cies [142]. For one, using wildlife seizures as a measure of impact is complicated because it can

be difficult to csompare among species. For example, a seizure in the LEMIS dataset containing

280,800 Kaluga sturgeon eggs is inherently different from a seizure of 1 Burmese python.

Therefore, using variables such as quantity alone, makes it difficult to get a true picture of the
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scope of the issue. However, these data provide some level of quantitative understanding of

IWT into the U.S. Secondly, this study, among others analyzing seizure data [143], do not

account for the ecological impact of seizures. For example, the ecological impact of illegally

imported mallard ducks (Anas platyrhynchos) from Canada might be less severe than seizures

of Atlantic Puffins (Fratercula arctica) from Iceland. Thirdly, seizure data is dependent on the

data source and only captures trafficking attempts that were unsuccessful. Accordingly, sei-

zures can be evidence of effective enforcement rather than high volumes of IWT. Continued

research related to these knowledge gaps are therefore needed.

Conclusions and significance to global IWT

This study contributes to the growing body of IWT research that has identified and explained

major trends and patterns of illegal wildlife imports into the U.S. Our case study in the PNW

found that illegal wildlife is disproportionately coming in certain forms (i.e. product type), at-

risk status, taxonomic groupings across time, and from particular export regions. These pat-

terns are most likely a reflection of socio-cultural demands for certain products and opportu-

nities to illicitly traffic. While overall IWT in the PNW region decreased over the time period

analyzed, it is reasonable to assume that it continues to be a persistent threat for law enforce-

ment and regulatory bodies to contend with, especially considering the current and projected

growth of the PNW region.

The PNW region is currently experiencing a booming economy [144] and a rapidly grow-

ing population [145]. Moreover, it is a large U.S. seaport with notable affluence—all factors

that have the ability to facilitate greater illegal wildlife imports and exports. To respond to the

region’s growth, Sea-Tac is expanding its North Satellite and will open a new International

Arrivals Facility in 2020, which will allow the facility to process 2,600 passengers per hour

[146]. Sea-Tac currently offers a number of flights to Asia [147], which is a ‘hotspot’ region for

IWT, as ours and other data have shown for international trade patterns [148]. In fact, it is

expected that these international routes will continue to expand. This suggests that demand

reduction practices are appropriate for curbing IWT among personal travellers in PNW ports,

which complements current efforts by local FWS-OLE and the Port of Seattle to educate travel-

lers departing and entering PNW ports.

While we do not know whether there is a general lack of awareness related to most personal

baggage seizures, it is assumed that at least some portion of seizures are due to unknowing

travellers bringing in souvenirs or trinkets purchased while abroad [149]. Globally, a lack of

awareness is cited as one of the main reasons for the illegal trade in endangered species [150]

and a WildAid sponsored survey found that only one in five Americans know anything about

the illegal wildlife trafficking problem in the U.S. [151]. Furthermore, according to the

UNODC [152], “while enforcement agents must seize non-compliant shipments, many of

these incidents appear to be the result of ignorance or negligence, not criminal intent.” There-

fore, a public awareness campaign targeted at unknowing travellers entering and exiting ports

of entry could have an impact on decreasing the number of seizures.

The results of the PNW case study here can also provide a better understanding of how

management may be targeted to address and combat the issue of IWT around the globe. In

particular, the SCP framework (described in the Theoretical Framework section) can offer

ways to better understand management and policy actions that could address IWT. The frame-

work focuses on situational determinants that reduce the opportunity to commit wildlife

crime and make it more difficult and less rewarding. This model focuses on ‘near’ situational

causes of crime by understanding how crimes are committed, and not why someone commits

a crime; however, this does not suggest that the why is of lesser importance. SCP could be a
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readily adaptable model for port enforcement agencies, such as Customs and the USFWS, and

is likely to have considerable impact in the short-term, especially considering that changing

cultural and consumer demands in other countries on a wide-scale might be outside the scope

of U.S.-based enforcement agencies.

The SCP framework offers prevention techniques grouped into the following categories:

increasing risk, increasing effort, reducing reward, reducing provocations, and removing

excuses [153]. The policy recommendations suggested by Petrossian et al. in their 2016 analysis

on seized illegal wildlife entering the U.S could be adapted to high-trafficked regions like the

PNW [154]. First, the Seattle-Tacoma International Airport could increase the risk of detec-

tion by increasing the number of USFWS OLE trained officers. The number of officers that are

enforcing wildlife laws and policies today across the U.S. has remained largely unchanged

since the agency was created 30 years ago [155]. Second, agencies in the PNW could work col-

laboratively with popular wildlife trade origin countries, such as those in Asia, to encourage

exist screens before illegal wildlife arrive in the U.S. For example, given the strong illicit trade

route of Scleractinia corals between the PNW and the Philippines (as identified in this study),

U.S. enforcement agencies could encourage exit screening at Manila Ninoy Aquino Interna-

tioal Airport (MNL) and other high-traffic ports of entry in the Phillippines. Third, ports of

entry could alert travellers of the risk associated with IWT by posting visual signs and aids at

ports of entry indicating that the import of illegal wildlife is a crime and will be punishable.

While “top-down,” enforcement-led responses will continue to play an essential role in curb-

ing IWT, they can overshadow the payoffs associated with multi-faceted interventions that

engage the local community in solutions to curb illegal wildlife trade. As argued by [156], engag-

ing and supporting local populations through community-based conservation (CBC) creates the

“necessary backbone for enforcement by providing an enabling environment.” In an effort to

stem the trade in illegal wildlife and wildlife parts, it is essential that intervention combine both

“top-down” enforcement and community-engagement approaches as appropriate. The findings

of this study raise a number of important questions that require further analysis; nevertheless,

they will likely serve as a useful reference tool to local law enforcement and management bodies.
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S2 Fig. Total seizures by IUCN status. This figure shows total PNW seizures during the study

period (1999–2016) by IUCN Red List status.

(TIFF)

Acknowledgments

This work would not have been possible without the support of Miami University’s Project
Dragonfly. We thank Dr. Laura Avila and R.H.’s graduate peers for assisting with the final

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 14 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234197.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234197.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234197.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234197.s004
https://doi.org/10.1371/journal.pone.0234197


editing and publication of this article. We acknowledge the FWS personnel that provided the

inspiration and means for this research, particularly Michael Jenkins, USFWS Management

Analyst. RH also thanks John Goldman, Supervisory Wildlife Inspector at the OLE in the

PNW, for his continued guidance, support, and expertise throughout the process. This

research was not funded by any specific grant from any funding agency, or commercial or not-

for-profit sectors.

Author Contributions

Conceptualization: Rosemary T. Hitchens.

Data curation: April M. H. Blakeslee.

Formal analysis: April M. H. Blakeslee.

Investigation: Rosemary T. Hitchens.

Methodology: April M. H. Blakeslee.

Project administration: Rosemary T. Hitchens.

Software: April M. H. Blakeslee.

Supervision: April M. H. Blakeslee.

Visualization: Rosemary T. Hitchens, April M. H. Blakeslee.

Writing – original draft: Rosemary T. Hitchens.

Writing – review & editing: Rosemary T. Hitchens, April M. H. Blakeslee.

References
1. CITES. CITES Secretariat welcomes UN General Assembly Resolution on tackling illicit trafficking in

wildlife. 2015 July 30 [cited 10 December 2019]. In: CITES Press Releases [Internet]. Available from:

https://www.cites.org/eng/unga_resolution_wildlife_trafficking_150730

2. Zimmerman ME. The black market for wildlife: combating transnational organized crime in the illegal

wildlife trade. Vand J Transnat’l L. 2003; 36:1657.

3. Roe D. Trading nature: a report, with case studies, on the contribution of wildlife trade management to

sustainable livelihoods and the Millennium Development Goals. Gland, Switzerland: TRAFFIC; 2007

[cited 2019 Dec 10]. Available from: https://portals.iucn.org/library/node/9614

4. Wilcove DS, Rothstein D, Dubow J, Phillips A, Losos E. Quantifying threats to imperiled species in the

united states. BioScience. 1998 Aug; 48(8):607–15.

5. World Wildlife Fund. Living planet report 2016: Risk and resilience in new era [Internet]. Gland, Swit-

zerland: WWF International; 2016 [cited 2019 Dec 10]. Available from: https://www.worldwildlife.org/

pages/living-planet-report-2016

6. Garcı́a-Dı́az P, Ross JV, Woolnough AP, Cassey P. The illegal wildlife trade is a likely source of alien

species: illegal wildlife trade and invasion risk. Conservation Letters. 2017 Nov; 10(6):690–8.

7. Karesh WB, Cook RA, Bennett EL, Newcomb J. Wildlife trade and global disease emergence. Emerg

Infect Dis. 2005 Jul; 11(7):1000–2. https://doi.org/10.3201/eid1107.050194 PMID: 16022772

8. Naidoo R., Fisher B., Manica A. & Balmford A. (2016) Estimating economic losses to tourism in Africa

from the illegal killing of elephants. Nature Communications, 7, 13379. https://doi.org/10.1038/

ncomms13379 PMID: 27802262

9. Cooper ME, Rosser AM. International regulation of wildlife trade: relevant legislation and organisa-

tions: -EN- -FR- -ES-. Rev Sci Tech OIE. 2002 Apr 1; 21(1):103–23.

10. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

11. Mofson P. The Behavior of States in an International Wildlife Conservation Regime: Japan, Zimbabwe

and CITES. MD: University of Maryland; 1996.

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 15 / 22

https://www.cites.org/eng/unga_resolution_wildlife_trafficking_150730
https://portals.iucn.org/library/node/9614
https://www.worldwildlife.org/pages/living-planet-report-2016
https://www.worldwildlife.org/pages/living-planet-report-2016
https://doi.org/10.3201/eid1107.050194
http://www.ncbi.nlm.nih.gov/pubmed/16022772
https://doi.org/10.1038/ncomms13379
https://doi.org/10.1038/ncomms13379
http://www.ncbi.nlm.nih.gov/pubmed/27802262
https://doi.org/10.1371/journal.pone.0234197


12. Sas-Rolfes M ‘t. Does CITES work? Four case studies [Internet]. London: IEA Environment Unit; 1997

[cited 2019 Dec 11]. Report No.: 0–255 36442–3. Available from: https://iea.org.uk/publications/

research/does-cites-work-four-case-studies

13. Zimmerman ME. The black market for wildlife: combating transnational organized crime in the illegal

wildlife trade. Vand J Transnat’l L. 2003; 36:1657.

14. Kurland J, Pires SF. Assessing U.S. wildlife trafficking patterns: how criminology and conservation sci-

ence can guide strategies to reduce the illegal wildlife trade. Deviant Behavior. 2017 Apr 3; 38(4):375–

91.

15. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

16. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

17. Lawson K, Vines A, Royal Institute of International Affairs. Global impacts of the illegal wildlife trade:

the costs of crime, insecurity and institutional erosion. London; 2014.

18. Reuter P, O’Regan D. Smuggling wildlife in the Americas: scale, methods, and links to other organised

crimes. Global Crime. 2016 Apr 3; 18(2):77–99.

19. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

20. Kurland J, Pires SF. Assessing U.S. wildlife trafficking patterns: how criminology and conservation sci-

ence can guide strategies to reduce the illegal wildlife trade. Deviant Behavior. 2017 Apr 3; 38(4):375–

91.

21. Martin E, Stiles D. Ivory Markets in the USA. 2008. Available from: http://savetheelephants.org/wp-

content/uploads/2016/11/2008IvoryMarketsUSA.pdf

22. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

23. Rice SM, Moore KM. Trade secrets: a ten year overview of the illegal import of sea turtle products into

the United States. Marine Turtle Newsletter. 2008 Dec; 121:1–5.

24. Rhyne AL, Tlusty MF, Schofield PJ, Kaufman L, Jr JAM, Bruckner AW. Revealing the appetite of the

marine aquarium fish trade: the volume and biodiversity of fish imported into the United States. PLOS

ONE. 2012 May 21; 7(5):e35808. https://doi.org/10.1371/journal.pone.0035808 PMID: 22629303

25. Rhyne AL, Tlusty MF, Szczebak JT, Holmberg RJ. Expanding our understanding of the trade in marine

aquarium animals. PeerJ. 2017 Jan 26; 5:e2949. https://doi.org/10.7717/peerj.2949 PMID: 28149703

26. Schloegel LM, Picco AM, Kilpatrick AM, Davies AJ, Hyatt AD, Daszak P. Magnitude of the US trade in

amphibians and presence of Batrachochytrium dendrobatidis and ranavirus infection in imported

North American bullfrogs (Rana catesbeiana). Biological Conservation. 2009 Jul; 142(7):1420–6.

27. van Uhm D, Pires FS, Sosnowski M, Petrossian G. Comparing and Contrasting Wildlife Seizures

made at EU and US Entry Points. In: Lynch MJ, Pires SF, editors. Quantitative Studies in Green and

Conservation Criminology: The Measurement of Environmental Harm and Crime. 1st ed. London:

Routledge; 2019.

28. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

29. van Uhm D, Pires FS, Sosnowski M, Petrossian G. Comparing and Contrasting Wildlife Seizures

made at EU and US Entry Points. In: Lynch MJ, Pires SF, editors. Quantitative Studies in Green and

Conservation Criminology: The Measurement of Environmental Harm and Crime. 1st ed. London:

Routledge; 2019.

30. Martin E, Stiles D. Ivory Markets in the USA. 2008. Available from: http://savetheelephants.org/wp-

content/uploads/2016/11/2008IvoryMarketsUSA.pdf

31. Rhyne AL, Tlusty MF, Schofield PJ, Kaufman L, Jr JAM, Bruckner AW. Revealing the appetite of the

marine aquarium fish trade: the volume and biodiversity of fish imported into the United States. PLOS

ONE. 2012 May 21; 7(5):e35808. https://doi.org/10.1371/journal.pone.0035808 PMID: 22629303

32. Rhyne AL, Tlusty MF, Szczebak JT, Holmberg RJ. Expanding our understanding of the trade in marine

aquarium animals. PeerJ. 2017 Jan 26; 5:e2949. https://doi.org/10.7717/peerj.2949 PMID: 28149703

33. Rice SM, Moore KM. Trade secrets: a ten year overview of the illegal import of sea turtle products into

the United States. Marine Turtle Newsletter. 2008 Dec; 121:1–5.

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 16 / 22

https://iea.org.uk/publications/research/does-cites-work-four-case-studies
https://iea.org.uk/publications/research/does-cites-work-four-case-studies
http://savetheelephants.org/wp-content/uploads/2016/11/2008IvoryMarketsUSA.pdf
http://savetheelephants.org/wp-content/uploads/2016/11/2008IvoryMarketsUSA.pdf
https://doi.org/10.1371/journal.pone.0035808
http://www.ncbi.nlm.nih.gov/pubmed/22629303
https://doi.org/10.7717/peerj.2949
http://www.ncbi.nlm.nih.gov/pubmed/28149703
http://savetheelephants.org/wp-content/uploads/2016/11/2008IvoryMarketsUSA.pdf
http://savetheelephants.org/wp-content/uploads/2016/11/2008IvoryMarketsUSA.pdf
https://doi.org/10.1371/journal.pone.0035808
http://www.ncbi.nlm.nih.gov/pubmed/22629303
https://doi.org/10.7717/peerj.2949
http://www.ncbi.nlm.nih.gov/pubmed/28149703
https://doi.org/10.1371/journal.pone.0234197


34. Schloegel LM, Picco AM, Kilpatrick AM, Davies AJ, Hyatt AD, Daszak P. Magnitude of the US trade in

amphibians and presence of Batrachochytrium dendrobatidis and ranavirus infection in imported

North American bullfrogs (Rana catesbeiana). Biological Conservation. 2009 Jul; 142(7):1420–6.

35. van Uhm D, Pires FS, Sosnowski M, Petrossian G. Comparing and Contrasting Wildlife Seizures

made at EU and US Entry Points. In: Lynch MJ, Pires SF, editors. Quantitative Studies in Green and

Conservation Criminology: The Measurement of Environmental Harm and Crime. 1st ed. London:

Routledge; 2019.

36. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

37. U.S. Government Accountability Office (GAO). Combating wildlife trafficking: agencies are taking

action to reduce demand but could improve collaboration in southeast asia. Government Printing

Office, Washington DC [Internet]. 2017 Oct 12;(GAO-18-7). Available from: https://www.gao.gov/

products/GAO-18-7

38. D’Cruze N, Macdonald DW. A review of global trends in CITES live wildlife confiscations. Nature Con-

servation. 2016 Sep 22; 15:47–63.

39. Gomez L, Shepherd CR. Trade in bears in Lao PDR with observations from market surveys and sei-

zure data. Global Ecology and Conservation. 2018 Jul; 15:e00415.

40. Wyatt T. A comparative analysis of wildlife trafficking in Australia, New Zealand and the United King-

dom. Journal of Trafficking, Organized Crime and Security. 2016 Jul 11; 2(1):62–81.

41. Souviron-Priego L, Fa JE. Main features of illegal trade in endangered species worldwide [Internet].

TRAFFIC; 2015. (TRAFFIC Bulletin). Available from: https://www.researchgate.net/publication/

295911176_Main_features_of_illegal_trade_in_endangered_species_worldwide

42. van Uhm D, Pires FS, Sosnowski M, Petrossian G. Comparing and Contrasting Wildlife Seizures

made at EU and US Entry Points. In: Lynch MJ, Pires SF, editors. Quantitative Studies in Green and

Conservation Criminology: The Measurement of Environmental Harm and Crime. 1st ed. London:

Routledge; 2019.

43. Ferrier P. The Economics of Agricultural and Wildlife Smuggling. Rochester, N.Y.: Social Science

Research Network; 2009 Sep. (USDA-ERS Economic Research Report). Report No.: 81.

44. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

45. Kurland J, Pires SF. Assessing U.S. wildlife trafficking patterns: how criminology and conservation sci-

ence can guide strategies to reduce the illegal wildlife trade. Deviant Behavior. 2017 Apr 3; 38(4):375–

91.

46. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

47. Rhyne AL, Tlusty MF, Schofield PJ, Kaufman L, Jr JAM, Bruckner AW. Revealing the appetite of the

marine aquarium fish trade: the volume and biodiversity of fish imported into the United States. PLOS

ONE. 2012 May 21; 7(5):e35808. https://doi.org/10.1371/journal.pone.0035808 PMID: 22629303

48. Rhyne AL, Tlusty MF, Szczebak JT, Holmberg RJ. Expanding our understanding of the trade in marine

aquarium animals. PeerJ. 2017 Jan 26; 5:e2949. https://doi.org/10.7717/peerj.2949 PMID: 28149703

49. Rice SM, Moore KM. Trade secrets: a ten year overview of the illegal import of sea turtle products into

the United States. Marine Turtle Newsletter. 2008 Dec; 121:1–5.

50. van Uhm D, Pires FS, Sosnowski M, Petrossian G. Comparing and Contrasting Wildlife Seizures

made at EU and US Entry Points. In: Lynch MJ, Pires SF, editors. Quantitative Studies in Green and

Conservation Criminology: The Measurement of Environmental Harm and Crime. 1st ed. London:

Routledge; 2019.

51. Nijman V. An overview of international wildlife trade from Southeast Asia. Biodivers Conserv. 2010

Apr; 19(4):1101–14.

52. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

53. UNWTO World Tourism Barometer and Statistical Annex, January 2020. UNWTO World Tourism

Barometer (English version) [Internet]. 2020 Jan 20 [cited 2020 Mar 10];18(1). Available from: https://

www.e-unwto.org/doi/abs/10.18111/wtobarometereng.2020.18.1.1

54. ROUTES Partnership, C4ADS. In Plane Sight: Wildlife Trafficking in the Air Transport Sector. 2018

[cited 2020 Mar 10]. Available from: https://routespartnership.org/industry-resources/publications/in-

plane-sight

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 17 / 22

https://www.gao.gov/products/GAO-18-7
https://www.gao.gov/products/GAO-18-7
https://www.researchgate.net/publication/295911176_Main_features_of_illegal_trade_in_endangered_species_worldwide
https://www.researchgate.net/publication/295911176_Main_features_of_illegal_trade_in_endangered_species_worldwide
https://doi.org/10.1371/journal.pone.0035808
http://www.ncbi.nlm.nih.gov/pubmed/22629303
https://doi.org/10.7717/peerj.2949
http://www.ncbi.nlm.nih.gov/pubmed/28149703
https://www.e-unwto.org/doi/abs/10.18111/wtobarometereng.2020.18.1.1
https://www.e-unwto.org/doi/abs/10.18111/wtobarometereng.2020.18.1.1
https://routespartnership.org/industry-resources/publications/in-plane-sight
https://routespartnership.org/industry-resources/publications/in-plane-sight
https://doi.org/10.1371/journal.pone.0234197


55. Focus: Illegal wildlife trafficking—Killing by numbers [Internet]. Air Cargo News. 2017 [cited 2020 Mar

10]. Available from: https://www.aircargonews.net/freight-forwarder/focus-illegal-wildlife-trafficking-

killing-by-numbers/

56. The Northwest Seaport Alliance. Cargo stats [Internet]. The Northwest Seaport Alliance; [date

unknown; cited 2019 Dec 10]. Available from: http://www.nwseaportalliance.com/stats-stories/cargo-

stats

57. Community Attributes Inc. Sea-Tac International Airport Economic Impacts. Report [Internet]. Com-

munity Attributes Inc.; 2018. Available from: https://www.portseattle.org/sites/default/files/2018-02/

180131_CAI_sea_tac_airport_economic_impacts.pdf

58. Pires SF, Moreto WD. The Illegal Wildlife Trade. Oxford University Press; 2016. (Oxford Handbook

Online; vol. 41).

59. van Uhm DP. The social construction of the value of wildlife: A green cultural criminological perspec-

tive. Theoretical Criminology. 2018 Aug; 22(3):384–401. https://doi.org/10.1177/1362480618787170

PMID: 30245576

60. Wyatt T. Exploring the organization of Russia Far East’s illegal wildlife trade: two case studies of the

illegal fur and illegal falcon trades. Global Crime. 2009 Feb; 10(1–2):144–54.

61. Tricorach P, Nowell K, Wirth G, Mitchell N, Boast LK, Marker L. Pets and Pelts: Understanding and

Combating Poaching and Trafficking in Cheetahs. In: Nyhus P, Marker L, Boast L, editors. Cheetahs:

Biology and Conservation. 1st ed. Academic Press; 2018. pp. 191–205.

62. Petrossian GA, Clarke RV. Explaining and controlling illegal commercial fishingan application of the

craved theft model. Br J Criminol. 2014 Jan 1; 54(1):73–90.

63. D’Cruze N, Singh B, Morrison T, Schmidt-Burbach J, Macdonald DW, Mookerjee A. A star attraction:

The illegal trade in Indian Star Tortoises. NC. 2015 Nov 9; 13:1–19.

64. Pires SF. The illegal parrot trade: a literature review. Global Crime. 2012 Aug; 13(3):176–90.

65. Van Uhm DP. Monkey business: The illegal trade in Barbary macaques. Journal of Trafficking, Orga-

nized Crime and Security. 2016; 2(1):36–49.

66. Ellis R. Tiger bone & rhino horn: the destruction of wildlife for traditional Chinese medicine. Washing-

ton: Island Press / Shearwater Books; 2005.

67. Martin E, Stiles D. Ivory Markets in the USA. 2008. Available from: http://savetheelephants.org/wp-

content/uploads/2016/11/2008IvoryMarketsUSA.pdf

68. Lavorgna A. Wildlife trafficking in the Internet age. Crime Sci. 2014 Dec; 3(1):5.

69. Lemieux AM. Situational prevention of poaching. Hoboken: Taylor and Francis; 2014.

70. Petrossian GA, Clarke RV. Explaining and controlling illegal commercial fishing: an application of the

craved theft model. British Journal of Criminology. 2014 Jan 1; 54(1):73–90.

71. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

72. Pires SF, Clarke RV. Sequential foraging, itinerant fences and parrot poaching in bolivia. British Jour-

nal of Criminology. 2011 Mar 1; 51(2):314–35.

73. Kurland J, Pires SF. Assessing U.S. wildlife trafficking patterns: how criminology and conservation sci-

ence can guide strategies to reduce the illegal wildlife trade. Deviant Behavior. 2017 Apr 3; 38(4):375–

91.

74. Boratto R, Gibbs C. Advancing interdisciplinary research on illegal wildlife trade using a conservation

criminology framework. European Journal of Criminology. 2019 Nov 22;14773708198875. https://doi.

org/10.1177/1477370818764840

75. Wilcox P, Cullen FT. Situational opportunity theories of crime. Annu Rev Criminol. 2018 Jan 13; 1

(1):123–48.

76. Lavorgna A. Wildlife trafficking in the Internet age. Crime Sci. 2014 Dec; 3(1):5.

77. Felson M, Clarke RVG. Opportunity makes the thief: practical theory for crime prevention. London:

Home Office Policing and Reducing Crime Unit, Research, Development and Statisticss Directorate;

1999.

78. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

79. International Union for Conservation of Nature and Natural Resources. IUCN red list categories and

criteria. Gland, Switzerland: The World Conservation Union; 2012. Report No.: 3.1. Second edition.

80. Symonds MRE, Moussalli A. A brief guide to model selection, multimodel inference and model averag-

ing in behavioural ecology using Akaike’s information criterion. Behav Ecol Sociobiol. 2011 Jan; 65

(1):13–21.

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 18 / 22

https://www.aircargonews.net/freight-forwarder/focus-illegal-wildlife-trafficking-killing-by-numbers/
https://www.aircargonews.net/freight-forwarder/focus-illegal-wildlife-trafficking-killing-by-numbers/
http://www.nwseaportalliance.com/stats-stories/cargo-stats
http://www.nwseaportalliance.com/stats-stories/cargo-stats
https://www.portseattle.org/sites/default/files/2018-02/180131_CAI_sea_tac_airport_economic_impacts.pdf
https://www.portseattle.org/sites/default/files/2018-02/180131_CAI_sea_tac_airport_economic_impacts.pdf
https://doi.org/10.1177/1362480618787170
http://www.ncbi.nlm.nih.gov/pubmed/30245576
http://savetheelephants.org/wp-content/uploads/2016/11/2008IvoryMarketsUSA.pdf
http://savetheelephants.org/wp-content/uploads/2016/11/2008IvoryMarketsUSA.pdf
https://doi.org/10.1177/1477370818764840
https://doi.org/10.1177/1477370818764840
https://doi.org/10.1371/journal.pone.0234197


81. Zhang L, Tan C, LeBlond D. Aicc for calibration model selection in assay validation. Statistics in Bio-

pharmaceutical Research. 2017 Oct 2; 9(4):379–83.

82. Reardon JT, Whitmore N, Holmes KM, Judd LM, Hutcheon AD, Norbury G, et al. Predator control

allows critically endangered lizards to recover on mainland New Zealand. 2012 May 2; 36(2):141–

150.

83. U.S. Fish and Wildlife Service Office of Law Enforcement. Annual Report FY 2017 [Internet]. U.S.

Fish and Wildlife Service Office of Law Enforcement; 2018 Available from: https://www.fws.gov/le/

annual-reports.html

84. Utermohlen M, Baine P. Flying Under the Radar: Wildlife Trafficking in the Air Transport Sector.

USAID Reducing Opportunities for Unlawful Transport of Endangered Species (ROUTES) Partnership

and C4ADS; 2017.

85. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

86. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

87. Stoner S, Krishnasamy K, Wittman T, Delean S, Cassey P. Reduced to skin and bones re-examined

—Wildlife Trade Report from TRAFFIC [Internet]. Petaling Jaya Selangor, Malaysia: TRAFFIC; 2016

[cited 2019 Dec 10]. Available from: https://www.traffic.org/publications/reports/reduced-to-skin-and-

bones-re-examined/

88. Wu S. Meet Benny the dog, Washington’s newest weapon in the fight against illegal wildlife trafficking.

The Seattle Times [Internet]. 2018 Jun 22; Available from: https://www.seattletimes.com/seattle-

news/meet-benny-washingtons-newest-weapon-in-the-fight-against-illegal-wildlife-trafficking/

89. WWF. Undercover Investigation: Illegal Sales of Endangered Species Up in New York, Down in San

Francisco. [Press Release] 2004 May 18; Available from: https://www.worldwildlife.org/press-

releases/undercover-investigation-illegal-sales-of-endangered-species-up-in-new-york-down-in-san-

francisco

90. Todd D. Vancouver is the most ‘Asian’ city outside Asia. Vancouver Sun [Internet]. 2017 Mar 27 [cited

2019 Dec 11]; Available from: https://vancouversun.com/life/vancouver-is-most-asian-city-outside-

asia-what-are-the-ramifications

91. Todd D. Vancouver’s Asian population more than double Seattle’s. Vancouver Sun [Internet]. 2011

[cited 2019 Dec 11]. Available from: https://vancouversun.com/news/staff-blogs/vancouvers-asian-

population-more-than-double-seattles

92. World Wildlife Fund. Musk Deer Under Threat In Russia and Mongolia: New WWF Report Details Con-

tinued Use in Traditional Medicine Despite Conservation Laws Prohibiting Trade [Internet]. 2004 Jul.

Available from: http://www.worldwildlife.org/press-releases/musk-deer-under-threat-in-russia-and-

mongolia

93. Burgess EA, Stoner SS, Foley KE. Brought to Bear: an analysis of seizures across Asia (2000–2011)

[Internet]. Petaling Jaya, Selangor, Malaysia: TRAFFIC; 2014. Available from: https://www.traffic.org/

site/assets/files/2552/brought_to_bear_report.pdf

94. Banse T. What’s Poaching in Africa Got To Do With Western U.S. States? [Internet]. 2015 Oct 27

[cited 2019 Dec 2]. Available from: https://www.knkx.org/post/whats-poaching-africa-got-do-western-

us-states

95. Campbell C. Traditional Chinese medicine is powerless to stop the rare animal trade [Internet]. Time.

2016 [cited 2019 Dec 10]. Available from: https://time.com/4578166/traditional-chinese-medicine-tcm-

conservation-animals-tiger-pangolin/

96. Dell’Amore C. Have parrots become too popular for their own good? [Internet]. National Geographic.

2018 [cited 2020 Mar 10]. Available from: https://www.nationalgeographic.com/magazine/2018/06/

photo-ark-parrots/

97. U. S. Fish & Wildlife Service. U.S. Fish and Wildlife Service Solicits Public Input on Proposed Rule and

Environmental Impact Statement for Migratory Bird Treaty Act [press release]. 2020 Jan 30 [cited

2020 Feb 28]. Available from: https://www.fws.gov/news/ShowNews.cfm?ref=u.s.-fish-and-wildlife-

service-solicits-public-input-on-proposed-rule-and-&_ID=36517

98. Rhyne AL, Tlusty MF, Schofield PJ, Kaufman L, Jr JAM, Bruckner AW. Revealing the appetite of the

marine aquarium fish trade: the volume and biodiversity of fish imported into the United States. PLOS

ONE. 2012 May 21; 7(5):e35808. https://doi.org/10.1371/journal.pone.0035808 PMID: 22629303

99. Garcı́a-Dı́az P., Ross J.V., Woolnough A.P., & Cassey P. (2017). The illegal wildlife trade is a likely

source of alien species. Conservation Letters, 10(6), 690–698. https://doi.org/10.1111.conl.12301

100. Lawson K, Vines A, Royal Institute of International Affairs. Global impacts of the illegal wildlife trade:

the costs of crime, insecurity and institutional erosion. London; 2014.

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 19 / 22

https://www.fws.gov/le/annual-reports.html
https://www.fws.gov/le/annual-reports.html
https://www.traffic.org/publications/reports/reduced-to-skin-and-bones-re-examined/
https://www.traffic.org/publications/reports/reduced-to-skin-and-bones-re-examined/
https://www.seattletimes.com/seattle-news/meet-benny-washingtons-newest-weapon-in-the-fight-against-illegal-wildlife-trafficking/
https://www.seattletimes.com/seattle-news/meet-benny-washingtons-newest-weapon-in-the-fight-against-illegal-wildlife-trafficking/
https://www.worldwildlife.org/press-releases/undercover-investigation-illegal-sales-of-endangered-species-up-in-new-york-down-in-san-francisco
https://www.worldwildlife.org/press-releases/undercover-investigation-illegal-sales-of-endangered-species-up-in-new-york-down-in-san-francisco
https://www.worldwildlife.org/press-releases/undercover-investigation-illegal-sales-of-endangered-species-up-in-new-york-down-in-san-francisco
https://vancouversun.com/life/vancouver-is-most-asian-city-outside-asia-what-are-the-ramifications
https://vancouversun.com/life/vancouver-is-most-asian-city-outside-asia-what-are-the-ramifications
https://vancouversun.com/news/staff-blogs/vancouvers-asian-population-more-than-double-seattles
https://vancouversun.com/news/staff-blogs/vancouvers-asian-population-more-than-double-seattles
http://www.worldwildlife.org/press-releases/musk-deer-under-threat-in-russia-and-mongolia
http://www.worldwildlife.org/press-releases/musk-deer-under-threat-in-russia-and-mongolia
https://www.traffic.org/site/assets/files/2552/brought_to_bear_report.pdf
https://www.traffic.org/site/assets/files/2552/brought_to_bear_report.pdf
https://www.knkx.org/post/whats-poaching-africa-got-do-western-us-states
https://www.knkx.org/post/whats-poaching-africa-got-do-western-us-states
https://time.com/4578166/traditional-chinese-medicine-tcm-conservation-animals-tiger-pangolin/
https://time.com/4578166/traditional-chinese-medicine-tcm-conservation-animals-tiger-pangolin/
https://www.nationalgeographic.com/magazine/2018/06/photo-ark-parrots/
https://www.nationalgeographic.com/magazine/2018/06/photo-ark-parrots/
https://www.fws.gov/news/ShowNews.cfm?ref=u.s.-fish-and-wildlife-service-solicits-public-input-on-proposed-rule-and-&_ID=36517
https://www.fws.gov/news/ShowNews.cfm?ref=u.s.-fish-and-wildlife-service-solicits-public-input-on-proposed-rule-and-&_ID=36517
https://doi.org/10.1371/journal.pone.0035808
http://www.ncbi.nlm.nih.gov/pubmed/22629303
https://doi.org/10.1111.conl.12301
https://doi.org/10.1371/journal.pone.0234197


101. Craig V, Allan C, Lyet A, Brittain A, Richman E. Review of trade in ornamental coral, coral products

and reef associated species to the United States. Washington DC: World Wildlife Fund; 2011.

102. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

103. Dishon G, Grossowicz M, Krom M, Guy G, Gruber DF, Tchernov D. Evolutionary traits that enable

scleractinian corals to survive mass extinction events. Scientific Reports. 2020 Mar 3; 10(1):1–10

https://doi.org/10.1038/s41598-019-56847-4

104. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

105. Bush ER, Baker SE, Macdonald DW. https://www.ncbi.nlm.nih.gov/pubmed/24661260. Conservation

Biology. 2014 Mar 24; 28:663–76. https://doi.org/10.1111/cobi.12240 PMID: 24661260

106. TRAFFIC. Wildlife Trade in South-east Asia. Selangor, Malaysia: TRAFFIC Southeast Asia; 2005.

Report No.: Vol 20. No. 2.

107. Collis AH, Fenili RN. The Modern U.S. Reptile Industry [Internet]. Georgetown Economic Services,

LLC; 2011 Jan. Available from: https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/

oira_1018/1018_04182011-3.pdf

108. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

109. Rosser AM, Mainka SA. Overexploitation and species extinctions. Conservation Biology. 2002 Jun; 16

(3):584–6.

110. Janssen J, Shepherd CR. Challenges in documenting trade in non CITES-listed species: A case study

on crocodile skinks (Tribolonotus spp.). Journal of Asia-Pacific Biodiversity. 2018 Dec 1; 11(4):476–

81.

111. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

112. Sheeler A. California’s ban on sales of alligator boots drawing a lawsuit from Louisiana. The Sacra-

mento Bee [Internet]. 2019 Dec 19; Available from: https://www.sacbee.com/news/politics-

government/capitol-alert/article238282048.html

113. Ebersole R. Florida Opened a Fake Alligator Farm to Catch Poachers. National Geographic [Internet].

2017 Nov 15; Available from: https://www.nationalgeographic.com/news/2017/11/wildlife-watch-

alligator-hunting-investigation-florida/

114. van Uhm D, Siegel D. The illegal trade in black caviar. Trends Organ Crim. 2016 Mar; 19(1):67–87.

115. U.S. Fish and Wildlife Service Office of Law Enforcement. Annual Report FY 2000 [Internet]. U.S. Fish

and Wildlife Service Office of Law Enforcement; 2001. Available from: https://www.fws.gov/le/annual-

reports.html

116. U.S. Fish and Wildlife Service Office of Law Enforcement. Annual Report FY 2001 [Internet]. U.S. Fish

and Wildlife Service Office of Law Enforcement; Available from: https://www.fws.gov/le/annual-

reports.html

117. Barringer F. U.S. to Ban Imports of Beluga Caviar. The New York Times. 2005 Sep 29.

118. van Uhm D, Siegel D. The illegal trade in black caviar. Trends Organ Crim. 2016 Mar; 19(1):67–87.

119. Zabyelina YG. The “fishy” business: a qualitative analysis of the illicit market in black caviar. Trends

Organ Crim. 2014 Sep 1; 17(3):181–98.

120. Bronzi P., Chebanov M., Michaels J. T., Wei Q., Rosenthal H., & Gessner J. (2019). Sturgeon meat

and caviar production: Global update 2017. Journal of Applied Ichthyology, 35(1), 257–266. https://

doi.org/10.1111/jai.13870

121. Tensen L. (2016). Under what circumstances can wildlife farming benefit species conservation?

Global Ecology and Conservation, 6, 286–298. https://doi.org/10.1016/j.gecco.2016.03.007

122. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

123. U.S. Fish and Wildlife Service Office of Law Enforcement. Annual Report FY 2008 [Internet]. U.S. Fish

and Wildlife Service Office of Law Enforcement; 2002. Available from: https://www.fws.gov/le/annual-

reports.html

124. Rosen G.E. & Smith K.F. (2010). Summarizing the Evidence on the International Trade in Illegal Wild-

life. EcoHealth, 7(1), 24–32. https://doi.org/10.1007/s10393-010-0317-y PMID: 20524140

125. Rosen G.E. & Smith K.F. (2010). Summarizing the Evidence on the International Trade in Illegal Wild-

life. EcoHealth, 7(1), 24–32. https://doi.org/10.1007/s10393-010-0317-y PMID: 20524140

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 20 / 22

https://doi.org/10.1038/s41598-019-56847-4
https://www.ncbi.nlm.nih.gov/pubmed/24661260
https://doi.org/10.1111/cobi.12240
http://www.ncbi.nlm.nih.gov/pubmed/24661260
https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/oira_1018/1018_04182011-3.pdf
https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/oira_1018/1018_04182011-3.pdf
https://www.sacbee.com/news/politics-government/capitol-alert/article238282048.html
https://www.sacbee.com/news/politics-government/capitol-alert/article238282048.html
https://www.nationalgeographic.com/news/2017/11/wildlife-watch-alligator-hunting-investigation-florida/
https://www.nationalgeographic.com/news/2017/11/wildlife-watch-alligator-hunting-investigation-florida/
https://www.fws.gov/le/annual-reports.html
https://www.fws.gov/le/annual-reports.html
https://www.fws.gov/le/annual-reports.html
https://www.fws.gov/le/annual-reports.html
https://doi.org/10.1111/jai.13870
https://doi.org/10.1111/jai.13870
https://doi.org/10.1016/j.gecco.2016.03.007
https://www.fws.gov/le/annual-reports.html
https://www.fws.gov/le/annual-reports.html
https://doi.org/10.1007/s10393-010-0317-y
http://www.ncbi.nlm.nih.gov/pubmed/20524140
https://doi.org/10.1007/s10393-010-0317-y
http://www.ncbi.nlm.nih.gov/pubmed/20524140
https://doi.org/10.1371/journal.pone.0234197


126. U.S. Department of Justice. Snohomish county man who smuggled protected reptiles sentenced to

prison [Internet]. U.S. Department of Justice; 2014 [cited 2019 Dec 10]. Available from: https://www.

justice.gov/usao-wdwa/pr/snohomish-county-man-who-smuggled-protected-reptiles-sentenced-

prison

127. Office of Congressional and Legislative Affairs. Impacts of Illegal Wildlife Trade: Testimony of Benito

A. Perez, Chief of Law Enforcement [Internet]. Impacts of Illegal Wildlife Trade. 2008 [cited 2019 Dec

11]. Available from: https://www.doi.gov/ocl/hearings/110/IllegalWildlifeTrade_030508

128. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

129. Deines T. Illegal wildlife Trade Booming Across U.S.-Mexico Border [Internet]. National Geographic

News. 2017 [cited 2019 Dec 11]. Available from: https://www.nationalgeographic.com/news/2017/03/

wildlife-watch-wildlife-trafficking-reptiles-mexico-united-states/

130. Sina S, Gerstetter C, Roberts E, Smith LO, Klaas K, et al. Wildlife crime | ecologic institute: science

and policy for a sustainable world [Internet]. Brussels: European Parliament; 2016 [cited 2019 Dec

10]. Available from: https://www.ecologic.eu/13647

131. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

132. Ocampo-Peñuela N, Jenkins CN, Vijay V, Li BV, Pimm SL. Incorporating explicit geospatial data

shows more species at risk of extinction than the current Red List. Sci Adv. 2016 Nov; 2(11):

e1601367. https://doi.org/10.1126/sciadv.1601367 PMID: 28861465

133. Ando AW. Waiting to be protected under the endangered species act: the political economy of regula-

tory delay. The Journal of Law and Economics. 1999 Apr; 42(1):29–60.

134. EIA International. World Health Organisation urged to condemn traditional Chinese medicine utilising

wild animal parts—Environmental Investigation Agency [Internet]. 2019 [cited 2019 Dec 11]. Available

from: https://eia-international.org/press-releases/world-health-organisation-urged-to-condemn-

traditional-chinese-medicine-utilising-wild-animal-parts/

135. Craig V, Allan C, Lyet A, Brittain A, Richman E. Review of trade in ornamental coral, coral products

and reef associated species to the United States. Washington DC: World Wildlife Fund; 2011.

136. Deines T. Seashell souvenirs are killing protected marine life. National Geographic [Internet]. 2018 Jul

16 [cited 2020 Mar 11]; Available from: https://www.nationalgeographic.com/animals/2018/07/wildlife-

watch-seashells-illegal-trade-handicrafts/

137. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

138. Deines T. Seashell souvenirs are killing protected marine life [Internet]. Animals. 2018 [cited 2019 Dec

11]. Available from: https://www.nationalgeographic.com/animals/2018/07/wildlife-watch-seashells-

illegal-trade-handicrafts/

139. Nijman V. “Souvenirs, Shells, and the Illegal Wildlife Trade.” Journal of Ethnobiology 39(2), 282–296,

(17 June 2019). https://doi.org/10.2993/0278-0771-39.2.282

140. Craig V, Allan C, Lyet A, Brittain A, Richman E. Review of trade in ornamental coral, coral products

and reef associated species to the United States. Washington DC: World Wildlife Fund; 2011.

141. Goyenechea A, Indenbaum RA. Combating Wildlife Trafficking From Latin America to the United

States: The illegal trade from Mexico, the Caribbean, Central America and South America and what

we can do to address it. Washington, D.C.: Defenders of Wildlife; 2015.

142. Janssen J, Shepherd CR. Challenges in documenting trade in non CITES-listed species: A case study

on crocodile skinks (Tribolonotus spp.). Journal of Asia-Pacific Biodiversity. 2018 Dec 1; 11(4):476–

81.

143. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

144. Community Attributes Inc. Sea-Tac International Airport Economic Impacts. Report [Internet]. Com-

munity Attributes Inc.; 2018. Available from: https://www.portseattle.org/sites/default/files/2018-02/

180131_CAI_sea_tac_airport_economic_impacts.pdf

145. Washington State Office of Financial Management. Population growth in Washington remains strong.

Office of Financial Management [Internet]. Olympia, WA: Washington State Office of Financial Man-

agement; 2017. Available from: https://ofm.wa.gov/about/news/2017/06/population-growth-

washington-remains-strong#:~:targetText=The%20April%201%2C%202017%2C%20population,

compared%20to%2016%2C300%20in%202016.

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 21 / 22

https://www.justice.gov/usao-wdwa/pr/snohomish-county-man-who-smuggled-protected-reptiles-sentenced-prison
https://www.justice.gov/usao-wdwa/pr/snohomish-county-man-who-smuggled-protected-reptiles-sentenced-prison
https://www.justice.gov/usao-wdwa/pr/snohomish-county-man-who-smuggled-protected-reptiles-sentenced-prison
https://www.doi.gov/ocl/hearings/110/IllegalWildlifeTrade_030508
https://www.nationalgeographic.com/news/2017/03/wildlife-watch-wildlife-trafficking-reptiles-mexico-united-states/
https://www.nationalgeographic.com/news/2017/03/wildlife-watch-wildlife-trafficking-reptiles-mexico-united-states/
https://www.ecologic.eu/13647
https://doi.org/10.1126/sciadv.1601367
http://www.ncbi.nlm.nih.gov/pubmed/28861465
https://eia-international.org/press-releases/world-health-organisation-urged-to-condemn-traditional-chinese-medicine-utilising-wild-animal-parts/
https://eia-international.org/press-releases/world-health-organisation-urged-to-condemn-traditional-chinese-medicine-utilising-wild-animal-parts/
https://www.nationalgeographic.com/animals/2018/07/wildlife-watch-seashells-illegal-trade-handicrafts/
https://www.nationalgeographic.com/animals/2018/07/wildlife-watch-seashells-illegal-trade-handicrafts/
https://www.nationalgeographic.com/animals/2018/07/wildlife-watch-seashells-illegal-trade-handicrafts/
https://www.nationalgeographic.com/animals/2018/07/wildlife-watch-seashells-illegal-trade-handicrafts/
https://doi.org/10.2993/0278-0771-39.2.282
https://www.portseattle.org/sites/default/files/2018-02/180131_CAI_sea_tac_airport_economic_impacts.pdf
https://www.portseattle.org/sites/default/files/2018-02/180131_CAI_sea_tac_airport_economic_impacts.pdf
https://ofm.wa.gov/about/news/2017/06/population-growth-washington-remains-strong#:~:targetText=The%20April%201%2C%202017%2C%20population,compared%20to%2016%2C300%20in%202016
https://ofm.wa.gov/about/news/2017/06/population-growth-washington-remains-strong#:~:targetText=The%20April%201%2C%202017%2C%20population,compared%20to%2016%2C300%20in%202016
https://ofm.wa.gov/about/news/2017/06/population-growth-washington-remains-strong#:~:targetText=The%20April%201%2C%202017%2C%20population,compared%20to%2016%2C300%20in%202016
https://doi.org/10.1371/journal.pone.0234197


146. Community Attributes Inc. Sea-Tac International Airport Economic Impacts. Report [Internet]. Com-

munity Attributes Inc.; 2018. Available from: https://www.portseattle.org/sites/default/files/2018-02/

180131_CAI_sea_tac_airport_economic_impacts.pdf

147. Moseley J. Connecting the west coast to asia: seattle and san diego [Internet]. AirlineGeeks.com.

2016 [cited 2019 Dec 10]. Available from: https://airlinegeeks.com/2016/12/20/connecting-the-west-

coast-to-asia-seattle-and-san-diego/

148. Felbab-Brown V. Foreign Policy at Brookings [Internet]. 2011 Jun 28;Working Paper No. 6. Available

from: https://www.brookings.edu/research/the-disappearing-act-the-illicit-trade-in-wildlife-in-asia/

149. The Guardian. Wildlife souvenirs. [Internet]. 2007 Aug 15 [cited 2019 Dec 10]; Available from: https://

www.theguardian.com/environment/gallery/2007/aug/15/endangeredspecies.internationalnews

150. Challender DWS, Harrop SR, MacMillan DC. Towards informed and multi-faceted wildlife trade inter-

ventions. Global Ecology and Conservation. 2015 Jan; 3:129–48.

151. KRC Research. Americans Support Wildlife Conservation, Know Very Little about Illegal Wildlife

Trade [Internet]. San Francisco, CA: WildAid; 2016. Available from: http://stopwildlifetrafficking.org/

images/content/report/KRC_Poll_Summary.pdf

152. United Nations Office on Drugs and Crime. World wildlife crime report: trafficking in protected species,

2016. New York: United Nations; 2016. 97 p. (United Nations publication).

153. Shariati A, Guerette RT. Situational crime prevention. In: Teasdale B, Bradley MS, editors. Preventing

Crime and Violence [Internet]. Cham: Springer International Publishing; 2017 [cited 2020 Mar 11]. p.

261–8. (Advances in Prevention Science). Available from: https://doi.org/10.1007/978-3-319-44124-

5_22

154. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

155. Petrossian GA, Pires SF, van Uhm DP. An overview of seized illegal wildlife entering the United

States. Global Crime. 2016 Apr 2; 17(2):181–201.

156. Cooney R, Roe D, Dublin H, Phelps J, Wilkie D, Keane A, et al. From poachers to protectors: engaging

local communities in solutions to illegal wildlife trade: engage communities against illegal wildlife trade.

Conservation Letters. 2017 May; 10(3):367–74.

PLOS ONE Trends in illegal wildlife trade

PLOS ONE | https://doi.org/10.1371/journal.pone.0234197 June 10, 2020 22 / 22

https://www.portseattle.org/sites/default/files/2018-02/180131_CAI_sea_tac_airport_economic_impacts.pdf
https://www.portseattle.org/sites/default/files/2018-02/180131_CAI_sea_tac_airport_economic_impacts.pdf
https://airlinegeeks.com/2016/12/20/connecting-the-west-coast-to-asia-seattle-and-san-diego/
https://airlinegeeks.com/2016/12/20/connecting-the-west-coast-to-asia-seattle-and-san-diego/
https://www.brookings.edu/research/the-disappearing-act-the-illicit-trade-in-wildlife-in-asia/
https://www.theguardian.com/environment/gallery/2007/aug/15/endangeredspecies.internationalnews
https://www.theguardian.com/environment/gallery/2007/aug/15/endangeredspecies.internationalnews
http://stopwildlifetrafficking.org/images/content/report/KRC_Poll_Summary.pdf
http://stopwildlifetrafficking.org/images/content/report/KRC_Poll_Summary.pdf
https://doi.org/10.1007/978-3-319-44124-5_22
https://doi.org/10.1007/978-3-319-44124-5_22
https://doi.org/10.1371/journal.pone.0234197

