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1 Introduction 

Wildlife trade pertains to the notion of the sale or exchange of wild animals, plants, 

and fungi by people (Broad et al., 2002; Hinsley et al., 2024). Globally, the 

International Union for Conservation of Nature Red List of Threatened Species 

(IUCN Red List) identifies almost 39000 wildlife species as affected by use and trade 

(The IUCN Red List of Threatened Species Version 2024-1, 2024). Spanning back 

millennia, wildlife through trade has been utilized both functionally to provide 

materials, medicine, food and labour, as well as symbolically through status and 

religion (van Uhm, 2016), though the main modern motivations for the trade and 

consumption of wildlife include experiential, social, functional, financial, and 

spiritual (Thomas‐Walters et al., 2021).  

All global regions are involved in the wildlife trade, with variations in flora and fauna 

availability often dictating a regional primary taxonomic association (UNODC, 2016). 

The supply chain for trade in wildlife products, across countries, is understood to be 

made up of source (supply), transit, and destination (demand) countries, though this 

is not limited to international trade as one country can serve as multiple components 

within the supply chain (UNODC, 2022). This trade is also not uniformly distributed, 

as certain species and regions endure the largest effects of this trade (Liew et al., 

2021; UNODC, 2016). This has led to devastating results on wildlife species 

populations with terrestrial populations experiencing a near 62% decline in 

abundance, due at least in part to this trade (Morton et al., 2021). 

Laws to regulate regional and domestic wildlife trade began coming into effect by the 

1910s in some of the most biodiverse (megadiverse) countries worldwide, including 

Brazil, China, and Indonesia (Petrossian et al., 2024; ‘t Sas-Rolfes et al., 2019). While 

these national laws were typically well defined for domestic wildlife trade, there were 

often legal gaps in the legislation that failed to define rules and regulations when it 

came to international wildlife trade, the importation of wildlife protected in a source 

country but unprotected in a different destination country (UNODC, 2016). As such, 

the Convention on International Trade in Endangered Species of Wild Fauna and 

Flora (CITES) was developed between global parties “to ensure that international 

trade in specimens of wild animals and plants does not threaten the survival of the 

species” (CITES, 2022). Wildlife trade performed in violation of these local, national 
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and international laws and regulations is therefore illegal. This constitutes the 

subsection of wildlife trade that composes the illegal wildlife trade (IWT) industry 

(Turner & Usher, 2021), which includes “the illegal trade, smuggling, poaching, 

capture, or collection of endangered species, protected wildlife (including animals or 

plants that are subject to harvest quotas and regulated by permits), derivatives, or 

products thereof” (South & Wyatt, 2011).  

IWT continues to increase in scope and scale alongside the increases in human 

population and emerging economies within developing countries (D’Cruze & 

Macdonald, 2016), and is estimated in value at between US$7 and $23 billion per 

year (Mozer & Prost, 2023; TRAFFIC, 2024; United Nations Environment 

Programme, 2016) though the exact value remains highly contested (Tow et al., 

2021). As a proportion of all wildlife trade globally, seized shipments of IWT 

increased between 2017 - 2021 alongside an increase in the value of the seized 

products, despite an overall reduction in the total number of seizures across the same 

period (UNODC, 2024). These seizures can occur at any step along trade routes, like 

supply chains, including the country of origin (supply), countries of transit, or the 

country of destination (demand) (UNODC, 2022, 2024).  

Due to the volume and veracity of this trade as well as the emergence of online 

marketplaces, there has been a limited ability for research to determine the scope and 

scale of IWT globally (‘t Sas-Rolfes et al., 2019). IWT is also a highly complex and 

dynamic globalized problem which necessitates the application of multi-disciplinary 

approaches to begin understanding some of its key underlying drivers (Fukushima et 

al., 2021; Mozer & Prost, 2023). Historically, IWT has been primarily limited to 

physical marketplaces, where most illegal trade was limited to a few key centralized 

locations (Siriwat, 2020). However, over the past few decades, the emergence of the 

internet and online marketplaces has transformed the ways in which IWT can occur 

(Lavorgna, 2014). This global expansion and decentralization of IWT has negatively 

impacted the ability of authorities, both locally and globally, to enact adequate 

enforcement measures (Fukushima et al., 2021; Global Initiative Against 

Transnational Organized Crime, 2024).  

Furthermore, there exist certain biases and gaps, both geographically and 

taxonomically within the literature surrounding IWT. Most publicly available 

information on IWT comes from a select number of seizure databases, many of which 
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are geographically biased as they only report information from a single country or are 

overly broad in their reporting and require careful interpretation for use in data 

analysis (Hinsley et al., 2024; Hu et al., 2024). Literature on and data collection of 

IWT also tends to be biased towards charismatic animal species, like Loxodonta spp. 

(elephants) and Rhinocerotidae spp. (rhinoceros) (Macdonald et al., 2021; Siriwat, 

2020). Non-charismatic species, while receiving less attention than their charismatic 

counterparts, have the additional challenge of being more difficult to identify and 

distinguish between different species especially when dealing with derivative 

products. This leads to a large amount of literature dedicated to identification 

methods for these species, such as shark, ray, and Elasmobranchii spp. (chimera 

fins) for example (Alvarenga et al., 2024; Holmes et al., 2009; Murillo Rengifo et al., 

2024). At a greater taxonomic level, research on, and funding for animal conservation 

greatly outnumbers that of plants (Adamo et al., 2022; Siriwat, 2020), while fungi are 

almost entirely absent (Bashyal & Roberts, 2024; Gonçalves et al., 2021; Oyanedel et 

al., 2022).  

This research aims to investigate: 

(i) What are the temporal trends and geographic distributions of and within 
the literature on IWT? 

(ii) What is the taxonomic focus and their associated countries in the literature 
on IWT, and to what extent does the literature reflect the global geographic 
distribution of wildlife potentially affected by IWT? 

(iii) What species are most prominently reported in the literature on IWT, and 
what are their associated flows of wildlife products? 
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2 Background 

2.1 Wildlife use and trade 

Food has always been a requirement for human survival with wildlife products being 

a key nutritional staple in diets all the way back to our hunter gatherer days (Phillips, 

2015). Agriculture would eventually develop and become standard practice around 

10,000 years ago, with animal husbandry following (Phillips, 2015). Animal products 

provide humans with basic needs including clothing and food, while live animals 

provide functional labour for work and transportation (van Uhm, 2016), engraining 

wildlife trade as an important aspect of human development (Broad et al., 2002).  

“Wildlife trade involves live animals and plants, or a diverse range of products needed 

or prized by humans” (Nijman, 2010). Wildlife has been used as a commodity for 

millennia, being traded globally stemming back to ancient Egyptian times around 

3500 to 500 BCE (van Uhm, 2016). Like independent settled regions before them, 

Egyptians developed their own versions animal-centred mythology (Phillips, 2015; 

van Uhm, 2018). Gods were often anthropomorphized figures, in which key species 

were chosen based on their qualities and considered sacred (van Uhm, 2018). 

Mythology, religion and spirituality were not exclusive with their exhibition of 

animals as status symbols at this time, as the use of exotic species and tamed non-

domesticated animals were common with the elite of Egypt and subsequent notable 

societies (van Uhm, 2016, 2018). Overtime the wildlife trade has continuously 

evolved, “ranging from live animals and ornamental plants to a vast array of wildlife 

products … Fish and other food products, exotic leather goods, musical instruments, 

timber, tourist curios and medicines and other wildlife commodities” (Broad et al., 

2002). 

Recent technological developments have facilitated a shift in wildlife trade onto 

online platforms, including websites, online marketplaces, and social media 

platforms (Lavorgna, 2014; Rinne et al., 2023). This shift has not only decentralized 

much of the wildlife trade that once primarily occurred in select physical 

marketplaces but also increased the accessibility of wildlife trade while allowing both 

buyers and sellers to remain anonymous while doing so (Harrison et al., 2016; 

Lavorgna, 2014).  
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2.2 Drivers of wildlife use and trade 

Driving all wildlife use and trade is a framework comprising several key motivators 

for humans to consume wildlife products, including experiential, social, functional, 

financial, and spiritual (Thomas‐Walters et al., 2021).  

Personal success and pride stemming from satisfying personal needs was observed 

through interviews with South African hunters who noted a sense of achievement as a 

resulting outcome of the experience (Radder & Bech-Larsen, 2008). This along with 

other experiential motivators that include recreational and sensorial experiences are 

based on human desire for hedonism (Thomas‐Walters et al., 2021). Further 

examples of this can be found demonstrated in the collection of orchids for aesthetic 

beauty (Mackenzie & Yates, 2016), or with the collection of songbirds based on the 

quality of their singing and beauty (Fernandes-Ferreira et al., 2012).  

Wildlife products have historically been traded because of the pertinence they play 

when it comes to enacting traditional religious and cultural practices (Alves et al., 

2012; Green et al., 2022; van Uhm, 2016). This can include the purchasing of wildlife 

products pertaining to various species because of their effects within magico-religious 

practices in Brazil (Alves et al., 2012), as well as the collection of Protium attenuatum 

(Lansan tree) exudate for use as incense in religious ceremonies and to ward off evil 

spirits in Saint Lucia (Daltry et al., 2015). Certain plants and animals may be 

considered sacred or protected, and effectively conserved through traditional belief 

systems, as is the case with sacred groves and traditional forests of the Yoruba in 

Nigeria (Berkes, 2013). Motivations for wildlife trade can also vary across 

geographies for the same species or product, such as the trade of slow and slender 

lorises where Cambodian trade is primarily motivated by their use in traditional 

medicine compared to Indonesia where they are more commonly kept as pets due to 

their own localized set of myths (Nekaris et al., 2010). Religion and spirituality in this 

regard are often also interlinked with cultural practices (Thomas‐Walters et al., 

2021), but are also sometimes linked to functional motivations, namely medicine, 

through the practice of ethnopharmacology (Williams & Whiting, 2016).  

Relating back to humans’ initial uses for animals and animal products are their 

functional provisions (van Uhm, 2016), including nutrition, medicine, material, and 

labour (Thomas‐Walters et al., 2021). On a global scale wildlife products are traded 
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constantly for the provision of feeding people and other animals as is required for 

survival (Hinsley et al., 2024; van Uhm, 2016). In rural populations, wild animals are 

often caught for their nutritional value where they can be a vital source for fats and 

nutrients (D’Cruze et al., 2021; Hinsley et al., 2024). Fish through fisheries makes up 

most of the global animal-based food trade (Broad et al., 2002), with the value of 

globally traded fish alone having increased from US$40 billion to $180 billion 

between 1996 and 2018 (A. C. Hughes, 2021). Use of plants and animal products in 

medicines has been an important component of medicines historically, and continues 

to be relevant to this day, both regarding modern and traditional medicine practices 

(A. C. Hughes, 2021; Lev, 2003; van Uhm, 2016; Williams & Whiting, 2016). 

Medicinal plants which contain active ingredients are highly sought after in both 

modern and traditional medicine for their effects, though they may be 

indiscriminately harvested alongside other non-medicinal plants and sold in mass 

(Okigbo et al., 2008). Traditional medicine practices remain popular globally, with 

global trade in traditional medicine products being worth US$60 billion annually and 

trade value in China alone having been expected to reach US$123 billion by 2023 (A. 

C. Hughes, 2021). This large demand for traditional medicines, especially traditional 

Chinese medicines, brings with it a demand for several high-profile animal products 

like those from rhinoceros, Pholidota spp. (pangolins), Ursidae spp. (bears), and 

Reptilia spp. (reptiles) (Chan et al., 2024), many of which have legal protections both 

locally and internationally (Broad et al., 2002; Cheung et al., 2018). Animal products 

have well documented uses as functional materials for art, décor, jewellery, fashion, 

and furniture (UNODC, 2016), such as reptile skin which is often used as leather in 

the fashion industry (Natusch & Lyons, 2014) or with cacti as pigment (Senanayaka et 

al., 2024). 

Social motivators, including reputations, social influence, and relationships, are 

based social relationships and the human desire to form or strengthen them 

(Thomas‐Walters et al., 2021). Animals have long been collected by humans as 

companions as far back as recorded history goes (Bush et al., 2014; van Uhm, 2016). 

Despite certain animal species having been domesticated for this purpose, there 

remains a large demand for wild-caught or exotic pets (Bush et al., 2014; UNODC, 

2016). Social motivations can also be linked to experiential motivation, as is the case 

with the large demand for songbirds and parrots (Fernandes-Ferreira et al., 2012; 

Mackenzie & Yates, 2016; UNODC, 2016). Additionally social motivations are often 
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linked to financial motivations where expensive or rare wildlife products are used to 

convey wealth and status as a means of social influence or impression (Thomas‐

Walters et al., 2021), such as in places like Vietnam (Shairp et al., 2016) and China 

(Ribeiro et al., 2020). 

As previously mentioned, the IWT market is estimated in value at between US$7 and 

$23 billion per year (Mozer & Prost, 2023; TRAFFIC, 2024; United Nations 

Environment Programme, 2016). This value is spread unevenly across the entire 

illicit supply chain however, with each of the supply, transport/intermediary, and 

demand/consumer stages of IWT with their own financial value, key actors and 

motivations (Basu, 2014; ‘t Sas-Rolfes et al., 2019). As wildlife or wildlife products 

progress through the supply chain, their value increases significantly while 

subsequently, the incomes generated by actors at each stage also increases 

accordingly (UNODC, 2020). This is because of both the increase in coordination 

costs as well as transactional risk the further into the supply chain one is (Basu, 

2014). The supply side consists of harvesters, farmers, and poachers who collect 

wildlife or wildlife products through various means (Basu, 2014; ‘t Sas-Rolfes et al., 

2019). These activities are typically performed to generate income in poorer areas 

without alternative means of supporting livelihoods, or as an opportunistic way to 

generate some additional income (South & Wyatt, 2011; Thomas‐Walters et al., 2021; 

UNODC, 2016). Transporters/intermediaries concerns those who smuggle and 

physically transport wildlife and/or wildlife either domestically or internationally, 

bridging the gap between the supplier and the demand/consumer, (Basu, 2014; ‘t 

Sas-Rolfes et al., 2019). Like suppliers before, transporters/intermediaries are 

financially motivated to generate income from the illicit activity (UNODC, 2020). 

While consumers may be driven by one of the other primary drivers of IWT 

(experiential, social, functional, or spiritual), it may also be the case they are driven 

financially, either for immediate or future profits through the commodification of 

wildlife or wildlife products (Thomas‐Walters et al., 2021; UNODC, 2020). This 

commodification can work in conjunction with the other drivers, such as an increase 

in value of wildlife and wildlife products based on their experiential or social value 

such as the songbird trade where birds are valued based on the quality of their 

singing and beauty (Fernandes-Ferreira et al., 2012). 
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2.3 Regulating wildlife trade 

The overuse and exploitation of wildlife brought with it the need for rules and 

regulations surrounding its acquisition and trade. There was growing public concern 

over the disappearance of key species in notable areas and the complete extinction of 

others, which led to the creation of national parks such as Kruger National Park in 

South Africa (van Uhm, 2016). This also led to the creation of agreements on wildlife 

trade between western countries (van Uhm, 2016). Laws regulating wildlife use and 

trade typically have to do with a concern for animal health and welfare (Cooper & 

Rosser, 2002). This establishes a general understanding of which flora and fauna can 

be extracted from the natural environment for use and trade at the regional or 

national level, and those which are protected under these laws. Subsequently there 

are also laws at the international level which regulate the trade of these protected 

species (Cooper & Rosser, 2002). 

Despite this, there remained incongruencies at the international level when it came to 

the legality of certain wildlife trade. Wildlife products or species may be allowed to be 

traded in the destination country while banned from being traded in the supply 

country, leading to an opaque market for wildlife trade (UNODC, 2016). To account 

for this, an international trade agreement for wildlife was required through the 

creation of CITES (Cooper & Rosser, 2002; van Uhm, 2016).  

CITES “is an international agreement between governments. Its aim is to ensure that 

international trade in specimens of wild animals and plants does not threaten the 

survival of the species.” (CITES, 2022). Entering into force in 1975, CITES currently 

has 184 global parties (as of 2024) and allows for the integration of wildlife trade 

reporting and regulation between parties signed to the convention (CITES, 2022; 

Cooper & Rosser, 2002; van Uhm, 2016). More pertinently, CITES regulates 

limitations on the trade of specific species between signatories based on a series of 

appendices maintained by the treaty (Table 1), with each appendix determining the 

level of protection afforded to each species (CITES, 2024). 
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Table 1: The CITES appendices. 

Appendix Definition 

Appendix I “species threatened with extinction. Trade in specimens of these species is 
permitted only in exceptional circumstances.” 

Appendix II “species not necessarily threatened with extinction, but in which trade must be 
controlled in order to avoid utilization incompatible with their survival.” 

Appendix III “species that are protected in at least one country, which has asked other CITES 
Parties for assistance in controlling the trade.” 

 

As Appendix I species are both threatened with extinction as well as significant 

exploitation through use and trade, the trade restrictions applicable are the most 

severe. The trade restrictions on the subsequent appendices are less severe but are 

still limiting because of their considerable reporting and approval requirements. 

There can be geographical differences in where a species appears in CITES 

appendices. For example, Loxodonta africana (African elephant) is listed in 

Appendix I globally except for Botswana, Namibia, Zimbabwe, and South Africa 

where it is listed in Appendix II because of higher species populations in those 

countries (Lawson & Vines, 2014). It should also be noted that CITES regulations do 

not overrule local laws and regulations. Early 2016 had all pangolin species listed in 

Appendix II, however species with geographic origins in Asian countries all had zero 

export quotas from their source countries, meaning that all wild-sourced products 

and specimens were effectively banned from being traded (United Nations 

Environment Programme, 2016). Since 2016 though, all pangolin species have been 

moved to Appendix I.  

More recently adopted in December of 2022, The Kunming-Montreal Global 

Biodiversity Framework is modern global framework that builds on the United 

Nations (UN) sustainable development goals to “reach the global vision of a world 

living in harmony with nature by 2050” (CBD Secretariat, 2024b). Target 5 of the 

framework, “Ensure Sustainable, Safe and Legal Harvesting and Trade of Wild 

Species” aims to: 

Ensure that the use, harvesting and trade of wild species is sustainable, safe 

and legal, preventing overexploitation, minimizing impacts on non-target 

species and ecosystems, and reducing the risk of pathogen spillover, applying 

the ecosystem approach, while respecting and protecting customary 
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sustainable use by indigenous peoples and local communities (CBD 

Secretariat, 2024a). 

Trade of wildlife in violation of these laws, rules, and regulations, whether they be 

regional, national, or international, is ultimately what defines IWT.  

2.4 Outcomes of IWT 

The outcomes resulting from IWT are vast and result in a large interconnected series 

of impacts, broadly falling under the categories of environmental (e.g. population 

decline, extinction, and invasive species), human (e.g. zoonosis and the loss of 

ecosystem services (ESS)), and economic (e.g. loss from tourism, loss of natural 

resources, and loss from ESS) (Mozer & Prost, 2023). 

Many species affected by IWT have been pushed to a critical IUCN conservation 

status due to human use and trade, including IWT (Ceballos et al., 2020). With use 

comes overuse, often succumbing to the ‘tragedy of the commons’ where a common 

resource is overused in the short-term leading to the decimation over the long-term 

(Hardin, 1968; Pires & Moreto, 2011). Overexploitation of charismatic species 

including elephants, Panthera leo (lions), and Hippopotamus amphibius 

(hippopotamus’) caused their disappearances in Roman and Greek times (van Uhm, 

2016). Similarly, text from ancient Greece discusses the disappearance of animals 

from places of past abundance like the total disappearance of Panthera pardus 

(leopards) and Hyaenidae spp. (hyenas), while “bears, [Lynx spp. (lynxes)], [Canis 

lupus (wolves)] and [Canidae spp. (jackals)] were limited to the mountains” (Cabeza 

et al., 2024; J. D. Hughes, 2003). The clearing of forests for increased agricultural 

production and trade has led to a decrease in wildlife populations as well as Insecta 

spp. (insect) biodiversity (Raven & Wagner, 2021; van Uhm, 2016), while modern 

growth in wildlife trade has caused a reduction in Cetacea spp. (whale) populations 

around the Norwegian territory of Svalbard due to demand for baleen and lubrication 

oils (van Uhm, 2016). Cactaceae spp. (Cacti), with their multi-purpose use as food 

and medicine as well as their popularity as ornaments has left a high proportion of 

their species at risk of extinction (Goettsch et al., 2015). Given that IWT is 

unregulated and operates in exclusion of the law, there are often several health and 

safety concerns for the specific wildlife involved in the trade, for example Psittacus 
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erithacus (African grey parrots) have a mortality rate typically between 60-66% but 

up to 90% for individuals being transported as part of IWT (Mozer & Prost, 2023).  

It is also the case that this overuse and exploitation has several compounding effects 

which continually reduce biodiversity (Cooper & Rosser, 2002). Reductions in 

biodiversity when it comes to the loss of key predator species can result in a harmful 

increase in prey species, both fauna and flora which further harm the ecosystem 

(Costanza et al., 1997; UNODC, 2024). Invasive species can arise from the 

abandonment of exotic species, particularly those kept as wild pets in areas outside of 

their native range (Lockwood et al., 2019; Wyatt et al., 2022). Without natural 

predators, these invasive alien species decimate the local ecosystems further 

compounding biodiversity losses (Butchart et al., 2010).  

Zoonosis, or zoonotic pathogens are infectious diseases which have originated in 

vertebrate wildlife and been transmitted to humans (Taylor et al., 2001; World 

Health Organization, 2020). Zoonosis is not exclusively caused by IWT, or wildlife 

trade for that matter, but the rate of occurrence is considerably increased through 

these activities (Chomel et al., 2007; Karesh et al., 2005). Research suggests that the 

outbreak of COVID-19 was likely facilitated through IWT in wildlife markets 

(Ceballos et al., 2020; UNODC, 2020, 2024; Wyatt et al., 2022). COVID-19, alongside 

many other zoonotic diseases like SARS, HIV and Ebola continues to be a globally 

significant cause of human illness and death (Chomel et al., 2007; Karesh et al., 

2005; Wyatt et al., 2022). Ecosystem services (ESS) are the goods and services that 

humans receive from a functioning ecosystem, including for example food, water 

supply and regulation, biological control that are required for human survival 

(Costanza et al., 1997). With the reduction of biodiversity and extinction of wildlife 

species comes with it the reduction or breakdown of these ESS (Cardinale et al., 2012; 

Ceballos et al., 2020).  

Zoonosis drives considerable economic losses, as well as being able to cause 

significant disruptions to global travel, logistics, and domestic security. All told the 

COVID-19 pandemic is likely to have cost between US$5.8 and $8.8 trillion, with 

some estimates upwards of US$15.8 trillion (Dobson et al., 2020; Wyatt et al., 2022), 

as well as causing disruptions globally like those previously stated (Wyatt et al., 

2022). The supply of wildlife and wildlife products for IWT through activities like 

poaching often causes damage to humans and human communities alongside the 
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affected wildlife. For example, the over-poaching of charismatic species such as 

rhinos, lions, and Panthera tigris (tigers) from key areas limits both the financial 

viability of the poaching activity and subsequent financial activities related to those 

species (i.e. ecotourism) (Mozer & Prost, 2023; UNODC, 2022). The breakdown of 

key ESS due to IWT is estimated to cost US$15 million yearly, though this estimate is 

likely undervalued as most ESS have not had formal values associated with them 

(Mozer & Prost, 2023). 

It cannot be stated however that the outcomes of IWT are purely negative, especially 

on the human side. Given the social, functional, and spiritual drivers of IWT there are 

inherent benefits for many of the people and communities that participate in the 

trade. Poverty is a large factor that drives people to participate in the IWT, providing 

a means for employment, livelihoods, and a source of income in regions where these 

opportunities are limited (United Nations Environment Programme, 2016). The 

Daasanach community of Northern Kenya uses skins for their traditional coming-of-

age ceremony, including those of Acinonyx jubatus (Cheetah) and Leopard. As 

participation in this ceremony is the only way for men to acquire the status of elder, 

becoming a true and respected member of the Daasanach community, halting it could 

result in the loss of important cultural heritage (Torrents-Ticó et al., 2023). 

Additionally, within the Congo Basin, bushmeat (from forest mammals) provides the 

bulk of daily recommended protein intake for four out of the five countries in that 

region. To withdraw from all bushmeat consumption would heavily impact those 

countries unable to produce adequate protein by other means, likely leading to an 

increase in regional food insecurity and malnutrition (Fa et al., 2003).  

2.5 Challenges in understanding IWT 

2.5.1 Proxy data 

Unlike the legal wildlife trade, IWT is inherently more difficult to study because of its 

illegality. The clandestine nature required of IWT actors and trade networks limits 

the ability of data collection (Hu et al., 2024; Macdonald et al., 2021; ‘t Sas-Rolfes et 

al., 2019). As such, proxy data is utilized to provide some understanding of the scope 

and scale of IWT (Esmail et al., 2020). The limited data that is available tends to 

come from a limited number of seizure databases (Hinsley et al., 2024; Hu et al., 

2024). 
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Seizure databases can range in scope and scale including international like the CITES 

Trade Database and the Traffic International Wildlife Trade Portal (WTP) and, down 

to the more regional and federal scales like the U.S. Fish and Wildlife Service Law 

Enforcement Management Information System (LEMIS) or the Europe Trade in 

Wildlife Information Exchange (EU-TWIX) (Stringham et al., 2021). 

The WTP, while also openly accessible and global scale (Stringham et al., 2021), 

sources its data from other open data sources like news articles and press releases 

which ends up creating a taxonomic bias towards charismatic species (Jiao & Lee, 

2022; Stringham et al., 2021; Svensson et al., 2023). Smaller scale seizure databases 

like LEMIS and EU-TWIX benefit from more detailed and taxonomically 

comprehensive data (Arroyo-Quiroz & Wyatt, 2019; Stringham et al., 2021), but are 

not openly accessible geographically limited (D’Cruze & Macdonald, 2016; Stringham 

et al., 2021). Though across all seizure databases there remains the inherent 

limitations of the data available which is limited to movements of wildlife and wildlife 

products which were unable to evade authorities (Hitchens & Blakeslee, 2020; Hu et 

al., 2024; Macdonald et al., 2021; Smith et al., 2017; ‘t Sas-Rolfes et al., 2019), and 

hindered by species-level taxonomic identification by authorities that leads to 

missing or inaccurate information (Gomez, Kala, et al., 2023; Hinsley et al., 2018; 

Khanwilkar et al., 2022; Petrossian et al., 2016; Smith et al., 2017; Tow et al., 2021). 

The CITES Trade Database is more unique than other similar databases as it is both 

openly accessible and global scale (D’Cruze & Macdonald, 2016; Stringham et al., 

2021), but reports on a limited amount of illegal and domestic trade as its primary 

purpose is to document legal, international trade (Bager Olsen et al., 2021; Beastall et 

al., 2016; Jiao & Lee, 2022; Stringham et al., 2021; Tricorache et al., 2018) Other 

limitations include poor, inconsistent, and mismatched trade reporting as well as 

wide scale absent data (Bashyal et al., 2023; Beastall et al., 2016; D’Cruze & 

Macdonald, 2016; Gomez, Kala, et al., 2023; Hinsley et al., 2018; Khanwilkar et al., 

2022; Li & Jiang, 2014), and taxonomic restrictions to just those species listed within 

the CITES appendices (Arroyo-Quiroz & Wyatt, 2019; Bager Olsen et al., 2021; Jiao & 

Lee, 2022).  

According to the UNODC World WISE Database, key wildlife species most seized 

based on an aggregation of standard values include rosewood, elephants, pangolins, 

rhinoceros, reptiles, Acipenseridae spp. (sturgeon), Panthera spp. (big cats), Cnidaria 
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spp. (corals), Psittaciformes spp. (parrots), agarwood, Aves spp. (raptors), Testudines 

spp. (tortoises, fresh water, and marine turtles), and Anguilliformes spp. (eels) 

(UNODC, 2020). Though it has been estimated that seizure data accounts for less 

than 10% of all IWT (Esmail et al., 2020), with the aforementioned limitations and 

weaknesses that further obscure our understanding of the full scope and scale of IWT.  

Other common methods for the identification of IWT include analysis on the 

consumer side of trade through market analysis, both physical and online. Physical 

market analysis involves visitations to physical marketplaces to conduct surveys on 

the wildlife and wildlife products available for sale (Ghorbani et al., 2014; Kasper et 

al., 2020; Nijman & Shepherd, 2015; Shiping et al., 2006). These surveys can provide 

needed insight into both the domestic and international IWT as well as to help 

characterize consumer demand preferences, market prices, and trade dynamics 

(Gaubert et al., 2024; Gomez & Min Sheng, 2024; Uddin et al., 2024), but are 

geographically limited. Online market analysis represents a relatively new form of 

marketplace analysis which comes alongside the emergence of decentralized online 

marketplaces (Lavorgna, 2014). Like physical market analysis, online market analysis 

can provide both domestic and international scale trade information (Fukushima et 

al., 2021; Lavorgna, 2014) and is able to help characterize consumer demand 

preferences, market prices, and trade dynamics (Fukushima et al., 2021; Global 

Initiative Against Transnational Organized Crime, 2024). However, unlike physical 

markets, analysis of online markets can be performed on a broader range of 

marketplaces at one time through automated detection and web scraping methods 

(Fukushima et al., 2021; Harrison et al., 2016; Rinne et al., 2023).  

Limitations for both sets of market analysis remain. The clandestine nature of IWT 

actors remains an issue for both sets of markets (Barber-Meyer, 2010; UNODC, 

2020), which can take the form of sellers hiding certain wildlife products in physical 

markets and requiring the use intermediaries (Nijman et al., 2019), or the use of 

private groups and forums as online markets (Grimwood et al., 2024). The similar 

issue of taxonomic identification, as well as issues of product authentication also arise 

in both sets of markets (Feddema et al., 2020; Fukushima et al., 2021; Leupen et al., 

2022; Phelps & Webb, 2015; Stringham et al., 2023; van Uhm & Zhang, 2022). To 

address these challenges and improve the understanding of IWT dynamics, 
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researchers often turn to robust methodological approaches for data collection and 

analysis (Nijman et al., 2022; Siriwat & Nijman, 2020).  

2.5.2 Research methods 

At a fundamental level, the ability to perform any kind of analysis first requires some 

form of data collection, which can include primary or secondary data (Sandelowski, 

2000). One such method of secondary data collection is the systematic literature 

review which is a way of systematically identifying, selecting, and collecting data 

based on a prior explicitly formulated question (Moher et al., 2009). Data collected 

through the literature review process can then be analysed (at least in part) through a 

meta-analysis (Moher et al., 2009). This data analysis primarily consists of either 

qualitative or quantitative methods, or a combination of the two with the use of 

mixed-methods (Sandelowski, 2000). 

Qualitative methods are those used to explore or describe the data, which in the 

context of IWT can include the identification of geographic areas or taxonomic 

groups which have been identified as being involved in IWT (see Abdullah et al., 

2024; Boratto et al., 2024; Gomez & Min Sheng, 2024; Kalra et al., 2024). 

Quantitative methods are those used to explore measurements or quantities within 

the data, which in the context of IWT can include the frequency of geographic areas 

or taxonomic groups (see Abdullah et al., 2024; Boratto et al., 2024; Gomez & Min 

Sheng, 2024; Kalra et al., 2024) which have be identified as being involved in IWT, 

but can also include distributions (see Haq et al., 2023; Machado et al., 2018; 

Massingham et al., 2023), flows (see Gomez, Toropov, et al., 2023; Gondhali & 

Petrossian, 2023; Uddin et al., 2023), biases and gaps (see Alvarenga et al., 2024; 

Fukushima et al., 2020; Pitogo & Saavedra, 2024) in the data. 

Exploratory spatial data analysis through the identification of biases and gaps is a 

form of quantitative cluster analysis (Sandelowski, 2000). Cluster analysis is a 

statistical technique which spatially identifies groups of areas consisting of either 

homogenous or distinctive features (Sandelowski, 2000), and can be used to help 

describe the presence spatial autocorrelation (Fávero et al., 2023). Spatial 

autocorrelation refers to the analysis of spatial patterns of a studied phenomenon, 

and the tendency for adjacent spatial observations to be like each other (Getis, 2008). 

This can be done as a measure of a whole (global) or by identifying local areas of 
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contiguous homogenous or distinctive features (Fotheringham, 1997). Moran’s index 

was one of the first measures of spatial autocorrelation developed, which compares 

the similarities of features and their associated values that are in proximity to one 

another (Moran, 1950).  

There has been a limited amount of research in the past which aimed to investigate 

trends and distributions of IWT with a systematic literature review, especially on a 

broader scale. This research has either taken place by using a crime, corruption, or 

criminology perspective on a broad scale (Anagnostou & Doberstein, 2022; Pires & 

Moreto, 2016), or by constraining the scope of IWT, either geographically (Luong, 

2022) or taxonomically (Panek et al., 2021). Other systematic literature reviews have 

been done taxonomically constrained examining the effects of wildlife trade on iconic 

species, but not exclusively looking at illegal trade (Hiller & ’t Sas‐Rolfes, 2025). 

Analysis methods in these studies using data from the literature review process have 

included qualitative, quantitative, and mixed-methods of data analysis, including a 

descriptive analysis of included literature (see Anagnostou & Doberstein, 2022; 

Luong, 2022; Panek et al., 2021), taxonomic assessments (see Anagnostou & 

Doberstein, 2022; Luong, 2022; Pires & Moreto, 2016), systematic mapping (see 

Anagnostou & Doberstein, 2022; Luong, 2022; Panek et al., 2021), research 

convergences (see Anagnostou & Doberstein, 2022; Luong, 2022; Panek et al., 2021; 

Pires & Moreto, 2016), and categorical clustering, though not spatially (see Panek et 

al., 2021).  

While valuable, these studies have either narrowed their focus thematically or applied 

specific disciplinary lenses. As such, there remains a need for a comprehensive and 

broad-scale systematic literature review on IWT without the restrictions of a 

geographic, taxonomic, or disciplinary frame. This review aims to synthesize the 

existing literature across disciplines and taxa to better understand and characterize 

the global landscape of IWT research. 
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3 Methodology 

The full workflow for this thesis can be found visualized within Figure 1. The 

workflow was conducted using a combination of Excel (Version 2501), GeoDa 

(Version 1.22.0.4) (Anselin et al., 2006), QGIS (Version 3.28 LTR) (Open Source 

Geospatial Foundation Project, 2025), and Python 3 (Version 3.12) via JupyterLab 

(Version 4.2.1-1), including the Pandas (Version 2.2.3) (The pandas development 

team, 2024), Matplotlib (Version 3.10.1) (The Matplotlib Development Team, 2025), 

NumPy (Version 2.2.0) (Harris et al., 2020), and Requests (Version 2.32.3) (Reitz, 

2025) Python libraries. Data pre-processing was done using Excel and Python, while 

data processing and visualization was done using QGIS, Python, and GeoDa. Source 

code is available at https://github.com/riley-kemp/thesis.

https://github.com/riley-kemp/thesis
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Figure 1: Flow chart displaying the data collection, preparation, and visualization workflow.
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3.1 Data collection 

3.1.1 Primary data collection: systematic literature review 

Primary data for this thesis was collected through a systematic literature review that 

followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement (see Moher et al., 2009).  

IWT inherently consists of three components: “illegal”, “wildlife”, and “trade”. As 

such, three sets of queries were utilized to retrieve articles which fully pertained to 

IWT (Table 2).  

Table 2: Keyword search strings. 

Keyword Search String 

Illegal "black market" OR "black-market" OR "illegal" OR "crime" OR "illicit" OR 
"illegitimate" OR "banned" OR "ban" OR "criminal" OR "prohibited" OR 
"unsustainable" 

Wildlife "wildlife" OR "animal" OR "mammal" OR "plant" OR “fungi" OR "fish" OR "bird" OR 
"avian" OR "reptile" OR "marine" OR "ornamental" OR "timber" OR "orchid" OR 
"species" OR "bushmeat" OR "wild meat" OR "endangered" OR "threatened" 

Trade "commerce" OR "trade" OR "trading" OR "purchase" OR "purchasing" OR 
"transaction" OR "traffic" OR "trafficking" OR "sale" 

 

The review was based on queries from three abstract and citation databases: Scopus 

(https://www.scopus.com/), Web of Science (https://www.webofscience.com/) and 

ProQuest (https://www.proquest.com/). Due to the limitations of the search 

functionality of each database, a custom query was created for each database which 

combined each of the keyword search strings with the “AND” operator to ensure each 

aspect of IWT was included in the search results (Table 3).  

  

https://www.scopus.com/
https://www.webofscience.com/
https://www.proquest.com/
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Table 3: Database search strings. 

Database Search String 

Scopus (TITLE-ABS-KEY("wildlife" OR "animal" OR "mammal" OR "plant" OR "fungi" OR 
"fish" OR "bird" OR "avian" OR "reptile" OR "marine" OR "ornamental" OR 
"timber" OR "orchid" OR "species" OR "bushmeat" OR "wild meat" OR 
"endangered" OR "threatened") AND TITLE-ABS-KEY("commerce" OR "trade" 
OR "trading" OR "purchase" OR "purchasing" OR "transaction" OR "traffic" OR 
"trafficking" OR "sale") AND TITLE-ABS-KEY("black market" OR "black-market" 
OR "illegal" OR "crime" OR "illicit" OR "illegitimate" OR "banned" OR "ban" OR 
"criminal" OR "prohibited" OR "unsustainable")) 

Web of Science ALL=("wildlife" OR "animal" OR "mammal" OR "plant" OR "fungi" OR "fish" OR 
"bird" OR "avian" OR "reptile" OR "marine" OR "ornamental" OR "timber" OR 
"orchid" OR "species" OR "bushmeat" OR "wild meat" OR "endangered" OR 
"threatened") AND ALL=("commerce" OR "trade" OR "trading" OR "purchase" 
OR "purchasing" OR "transaction" OR "traffic" OR "trafficking" OR "sale") AND 
ALL=("black market" OR "black-market" OR "illegal" OR "crime" OR "illicit" OR 
"illegitimate" OR "banned" OR "ban" OR "criminal" OR "prohibited" OR 
"unsustainable") 

ProQuest noft("wildlife" OR "animal" OR "mammal" OR "plant" OR “fungi" OR "fish" OR 
"bird" OR "avian" OR "reptile" OR "marine" OR "ornamental" OR "timber" OR 
"orchid" OR "species" OR "bushmeat" OR "wild meat" OR "endangered" OR 
"threatened") AND noft("commerce" OR "trade" OR "trading" OR "purchase" OR 
"purchasing" OR "transaction" OR "traffic" OR "trafficking" OR "sale") AND 
noft("black market" OR "black-market" OR "illegal" OR "crime" OR "illicit" OR 
"illegitimate" OR "banned" OR "ban" OR "criminal" OR "prohibited" OR 
"unsustainable") 

 

Selected articles were required to have a focus on IWT, where the trade was 

understood by the authors to be illegal and related to wildlife or wildlife derivatives, 

including animals, plants, fungi, or some combination of these. The included articles 

consisted of both published research and grey literature, with a publication date 

criterion up to and including June 10th, 2024. Included articles were written in 

English, Portuguese, Spanish, Italian, or Russian, with Google Translate 

(https://translate.google.com/) utilized to translate these articles into English when 

applicable.  

Articles were excluded when they had no or limited relevance to IWT, such as those 

that only mentioned IWT in an isolated or limited capacity. This included genetic and 

forensic studies that focused only on testing methodologies. Article types apart from 

published research and grey literature were also excluded, including biographical 

items, corrections/corrigendum, items about an individual, poetry, and anonymous 

documents that could not be verified for accuracy. 

https://translate.google.com/
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All articles following the removal of duplicates and an initial screening which met the 

literature inclusion criteria were subject to the PRISMA guidelines for the reporting 

of systematic reviews (Figure 2). All available abstracts were screened for relevancy 

towards the study topic (N=1973), where outright irrelevant publications were 

excluded (n=1297). The remaining full-text articles (N=676) were reviewed and 

assessed, where any articles meeting the exclusion criteria were deemed ineligible 

and removed from the qualitative synthesis (n=110). All remaining articles were 

included in the qualitative synthesis (N=566) (Appendix 1: Table 7). 

 

Figure 2: PRISMA Flowchart summarizing the literature review process (adapted from Moher et al., 
2009). 

All articles included in the qualitative synthesis (N=566) had their relevant 

information manually extracted and entered into a spreadsheet. For each article, a 

series of categorical variables were extracted based upon the text provided, including 

both the main publication and any accessible supplemental or supplementary 
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information (Table 4). Variables were selected based on their relevance to prior IWT 

research methodologies, including descriptive analysis, taxonomic assessments, and 

research convergences. Variable data was extracted verbatim where possible, with 

some careful interpretation occasionally required. Data that could not be confidently 

interpreted were omitted. 
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Table 4: Literature review variables. 

Category Variable Name Variable Description Variable Example 

Bibliographic Label Unique identifier per article Van.Der.Grijp2007341 

Publication Year Year the article was published 2007 

Taxonomic Kingdom Taxonomic rank of kingdom Animalia 

Class Taxonomic rank of class Mammalia 

Class (Common Name) Common name for the taxonomic rank of class Mammals 

Species Taxonomic rank of species Physeter macrocephalus 

Species (Common Name) Common name for the taxonomic rank of species Sperm Whale 

Study 
Information 

Continent Continent(s) for which illegal wildlife trade is focused on in the article Oceania 

Country Countries(s) for which illegal wildlife trade is focused on in the article Fiji, Tonga 

Year of Data Collection Year(s) for which data on the illegal wildlife trade has been collected 2003 

Trade 
Routes 

Trade Route Type Classification for an observed illegal wildlife trade route International 

Supply Continent Continent for which illegal wildlife trade is observed to be supplied from Oceania 

Supply Country Country for which illegal wildlife trade is observed to be supplied from Fiji 

Transit Continent Continent[s] for which illegal wildlife trade is observed to be transited through Oceania 

Transit Country Country/countries for which illegal wildlife trade is observed to be transited 
through 

Tonga 

Demand/Consumer Continent Continent for which illegal wildlife trade is observed to be supplied to North America 

Demand/Consumer Country Country for which illegal wildlife trade is observed to be supplied to United States 

Wildlife 
Products 

Wildlife Product The illegally traded wildlife product Derivative 

Wildlife Product Type A product category for which the illegally traded wildlife product belongs to Teeth 
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3.1.2 Additional data collection 

For visualization purposes, species-level spatial data for terrestrial vertebrate species 

was gathered from two sources: the IUCN Red List (The IUCN Red List of Threatened 

Species Version 2024-1, 2024) as well as BirdLife International (BirdLife 

International and Handbook of the Birds of the World, 2022).  

Wildlife silhouettes were obtained from PhyloPic (Keesey, 2025). 

A list of all Animal and Plant species affected by use and trade, as deemed by a series 

of search criteria was obtained from the IUCN Red List (The IUCN Red List of 

Threatened Species Version 2024-1, 2024) (Table 5). 

Table 5: IUCN Red List Use and Trade search criteria. 

Search Filter Filter Values 

Red List Category CR – Critically Endangered 

DD – Data Deficient 

EN – Endangered 

LC or LR/lc – Least Concern 

NT or LR/nt – Near Threatened 

VU - Vulnerable 

Use and Trade Food - human 

Food - animal 

Medicine - human & veterinary 

Poisons 

Manufacturing chemicals 

Other chemicals 

Fuels 

Fibre 

Construction or structural materials 

Wearing apparel, accessories 

Other household goods 

Handicrafts, jewellery, etc. 

Pets/display animals, horticulture 

Sport hunting/specimen collecting 

Other (free text) 

Systems Terrestrial 

Include Species 
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3.2 Data preparation 

Due to the nature of manual data entry, it was necessary to take a second pass over 

the literature review database to ensure that the database was well-defined and free 

from any errors and mistakes. This process included verifying that the bibliographic 

and study information was fully complete, as well as harmonizing taxonomic, trade 

route, and wildlife product data entries. 

As taxonomic classifications are modified and refined over time, there was a need to 

ensure that all the recorded taxonomic information was up to date. To achieve this, 

the Global Biodiversity Information Facility API (GBIF Secretariat, 2023) was used to 

update and standardize any out-of-date taxonomies, as well as to complete any 

missing taxonomic rank information. Further taxonomic standardization was 

performed by shortening any trinomial taxonomic species to a binomial form, and 

summarizing any wildlife listed only by a common or generic name to the lowest 

taxonomic level possible (e.g. Geckos, Lizards, and Snakes would be summarized to 

the order Squamata). 

3.3 Data analysis and visualization 

For each subsequent analysis and visualization step, all variables were extracted from 

the literature review database outlined in Table 4 unless otherwise specified. 

3.3.1 Temporal trends and geographic distributions of and within the literature on 

IWT 

To investigate the temporal trends of literature on IWT, publication date and data 

collection variables across all articles were summarized and visualized using Python. 

To investigate the geographical distribution of IWT research, a subset of study 

information and trade route variables including primary study locations and 

encountered locations for all articles was created.  

Primary study locations refer to the main country (or countries) that authors 

identified as the focus of their research. Encountered study locations are those 

countries involved within the broader IWT supply chain which the authors have 

observed in relation to the primary study locations. Illegal wildlife and wildlife 

products originate in encountered supply locations and may be transported through 
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encountered transit locations, ultimately reaching their destinations as encountered 

demand locations. 

The subset of data was pivoted to provide counts for each primary and encountered 

study location and visualized in QGIS as separate proportional symbol maps. A 

continental-scale breakdown of the encountered study locations was visualized using 

Python. 

3.3.2 Taxonomic focus and their associated countries in the literature on IWT, and 

the extent that the literature reflects the global distribution of wildlife potentially 

affected by IWT 

To investigate the most studied taxa involved in IWT, a subset of taxonomic variables 

was created. Two counts for each non-species taxonomic rank were created (i.e., 

kingdom and class), the frequency of each taxon at the lowest available taxonomic 

rank within the articles, and the number of articles which the taxon was observed. 

Since species was the lowest available taxonomic rank recorded, the two aggregation 

methods became identical so only one count was utilized. All counts were visualized 

using Python. 

While the limited number of plant observations in the literature made it possible to 

analyse geographic patterns at the kingdom level, the same cannot be said for 

animals. As such animals were studied via a proxy of the top four terrestrial classes 

observed in the literature, amphibians, birds, mammals, and reptiles. Only a single 

geographic instance of fungus was observed and was not included in the visualized 

kingdom level analysis. 

To investigate spatial trends of IWT occurrences studied in the literature, a series of 

global maps were created for each of the kingdoms of animals and plants, and the 

four taxonomic classes which make up the kingdom of animals. A subset of 

taxonomic variables and encountered locations was created and pivoted to create a 

list of countries and an associated count of articles observing IWT occurrences for 

each applicable taxon. Each count was visualized in QGIS as a proportional symbol 

map. 

Because the primary data collected for this systematic map was gathered with a 

systematic literature review, the results presented ran the risk of conflating the 
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spatial extent of research on IWT with the actual extent of IWT itself. As previously 

discussed, much of the data sourced for published research on IWT comes from proxy 

sources like seizure databases or is based off observational research that is limited by 

the clandestine nature of illicit activities. To best address this, the creation of a 

synthesized baseline of all wildlife affected by use and trade was done to help 

contextualize the results presented from the literature.  

For this reason, two proportions were calculated for each taxon at the country level. 

The first proportion compared the number of species noted as illegally traded in each 

country to the global total, based on the literature review data. The second proportion 

compared the number of species noted being affected by use and trade in each 

country to the global total, based on species range data. Data for the second 

proportion was created by summarizing the count of habitat ranges for species 

affected by use and trade, per country, for each applicable taxon. Both proportions 

were logarithmically scaled, and a ratio was taken between them to create a new 

continuous variable. Countries with a value close to -1 were relatively 

underrepresented in the literature for that taxon, while countries with a value close to 

1 were relatively overrepresented in the literature. This variable allowed for a means 

of contextualizing the results of the systematic map, highlighting the potential spatial 

over- and under-representation of wildlife from the literature. 

To analyse spatial patterns of the representation of wildlife in the literature, the local 

spatial autocorrelation method of Local Moran's I was calculated for countries 

belonging to each applicable taxon using GeoDa. Local Moran’s I tests for the 

similarities of features and their values in proximity to one another. Local Moran's I 

results are generated by GeoDa as a series of classes representing statistically 

significant features. Spatial clusters are classified as either High-High (H-H) meaning 

areas of high representation, or Low-Low (L-L) meaning areas of low representation, 

while spatial outliers are classified as either Low-High (L-H) or High-Low (H-L). This 

research aims to study spatial over- and underrepresentation of taxonomic groups in 

the literature, so only spatial clusters were considered. In the case of this study, 

global countries with literature representation for each taxonomic group are the 

features, and proximity was calculated using Queen contiguity weights across one 

order of continuity. The use of Queen contiguity weights meant that countries were 

considered in proximity to each other if they shared at least one edge or vertex, while 
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one order of continuity meant that proximity was limited to immediate neighbouring 

countries only. 

The logarithmically scaled representation value for each taxonomic group was 

visualized in QGIS as a choropleth map, with any potential spatial clusters (H-H and 

L-L) overlaid. 

3.3.3 The species most prominently reported in the literature on IWT, and their 

associated flows of wildlife products 

To provide a better understanding of the global context of the most studied species, 

species-specific global maps were created for a subset of species that were mentioned 

in 10 or more articles. Limiting this research to well-represented species from the 

literature both highlights the taxonomical biases present in the research and ensures 

that the results are meaningful and representative of widespread research.  

Trade route segments, domestic trade routes, and incomplete trade route locations 

were parsed and counted for each species, with all resulting data generalized at the 

taxonomic rank of class for visualization purposes. For each taxonomic class 

aggregation and species, a map was created showing habitat ranges, IWT 

encountered countries, and trade routes. To create the breakdown of IWT product 

types, a count of each product category was created and visualized using Python. 
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4 Results 

4.1 Temporal trends and geographic distributions of and within the literature 

on IWT 

4.1.1 Temporal trends in IWT literature across taxonomic kingdoms 

The publication years of the articles were heavily skewed towards the mid-2010s and 

into the 2020s, with a similar number of articles published within the 2020s (n=279) 

than all the years prior to this decade (n=287) (Figure 3a). The earliest article was 

published in 1979, while 2023 was the year with the highest number of publications 

(n=79). Similarly, data collection for these articles also experienced an increase over 

time. The earliest data collection year was 1969, with 2014 being the year with the 

largest amount of data collection (n=126) (Figure 3b).  

 

Figure 3: Literature review articles across all full years: a) Count of articles published by year, b) Count 
of data collection years of articles. 
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4.1.2 Primary study locations of IWT literature 

Full tables of primary study locations can be found in Appendix 2: Geographic data 

tables, specifically Table 8 and Table 9. 

At the continental level, Asia was the most studied continent (43%, n=214), followed 

by South America (17%, n=86), Africa (14%, n=69), North America (13%, n=65), 

Europe (10%, n=51), and Oceania (2%, n=11). As some articles had multiple primary 

study locations, it should also be noted that the numerical total here exceeds the total 

number of articles selected for the study.  

At the country level, China was the most studied country (n=44), followed by Brazil 

n=42), Indonesia (n=41), United States (n=32), and Vietnam (n=21) (Figure 4).  

 

Figure 4: Primary study locations from the literature. All subsequent maps are presented in the 
Robinson projection (ESRI:54030). A lighter and smaller symbol indicates a lower number of 
observations while a larger and darker symbol indicates a higher number of observations. 
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4.1.3 The geographical distribution within IWT literature: encountered supply, transit 

and demand locations 

Full tables of encountered locations can be found in Appendix 2: Geographic data 

tables, specifically Table 10 and Table 11. 

Observing the encountered supply component of IWT at the continental level, Asia 

was the most frequently identified supply continent (44%, n=453), followed by Africa 

(22%, n=232), South America (13%, n=133), North America (9%, n=98), Europe (9%, 

n=94), and Oceania (2%, n=22). At the country level, Indonesia was the most 

identified supply country (n=71), followed by China (n=55), Brazil (n=51), Vietnam 

(n=38), and Mexico (n=33) (Figure 5a). 

When observing the encountered transit component of IWT at the continental level, 

Asia was the most frequently identified transit continent (46%, n=125), followed by 

Africa (21%, n=58), Europe (17%, n=46), North America (8%, n=23), South America 

(4%, n=11), and Oceania (3%, n=9). At the country level, Vietnam was the most 

identified transit country (n=14), followed by the United States (n=12), Hong Kong 

(SAR) (n=11), and Malaysia, Thailand, and Uganda (n=9) (Figure 5b). 

When observing the encountered demand component of IWT at the continental level, 

Asia was the most frequently identified destination continent (56%, n=532), followed 

by Europe (14%, n=129), North America (10%, n=95), South America (9%, n=88), 

Africa (8%, n=78), and Oceania (2%, n=20). At the country level, China was the most 

identified demand country (n=130), followed by the United States (n=59), Vietnam 

(n=50), Indonesia (n=47), and Hong Kong (SAR) (n=45) (Figure 5c). 
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Figure 5: Encountered locations in the literature. a) encountered supply locations, b) encountered transit locations, c) encountered demand locations. 
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Across all encountered locations, a total of 160 countries were mentioned in the 

literature.  

When summarizing the proportions of encountered study locations at the continental 

level, Africa (63%), South America (57%), North America (45%) and Oceania (43%) 

were mainly involved with encountered supply locations, while Asia (48%) and 

Europe (48%) were mainly involved with encountered demand locations (Figure 6).  

 

Figure 6: Continental distribution of encountered study locations. 
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4.2 Taxonomic focus and their associated countries in the literature on IWT, 

and the extent that the literature reflects the global distribution of wildlife 

potentially affected by IWT 

4.2.1 Focus and representativeness of research on the most studied wildlife at the 

taxonomic rank of kingdom 

Full tables of geographic results presented in this section can be found in Appendix 2: 

Geographic data tables. 

When summarized at the taxonomic rank of kingdom, Animalia were the most 

mentioned group across all articles, followed by Plantae (Plants) and Fungi (Fungus) 

(Figure 7). 

 

Figure 7: IWT observations of rank kingdom summarized by unique mentions per article. 

Not included within the subsequent kingdom-level figures is a single instance of a 

fungus observed as illegally traded in the country of Bhutan.  
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IWT mentions per country in the literature 

At the continental level, Asia had the highest number of animal-based observations in 

articles (49%, n=751), followed by Africa (17%, n=258) and Europe (13%, n=200), 

while Oceania had the least (2%, n=33). At the country level, China had the highest 

number of animal-based observations in articles (n=148), followed by Vietnam 

(n=77) and the United States (n=69) (Figure 8a).  

Plants had the highest number of continental observations in Asia (49%, n=49), 

followed by North America (16%, n=16), Europe (14%, n=14), Africa (11%, n=11), 

South America (7%, n=7), and Oceania (2%, n=2). At the country level, China had the 

highest number of plant-based observations in articles (n=9), followed by both 

Mexico and the United States (n=8) (Figure 8b). 

There are some similarities in the ranking of continents between animals and plants, 

with Asia having the highest and Oceania having the lowest number of observations 

in both. While there are some similarities between countries with the most 

observations within each taxonomic kingdom in articles (China and the United 

States), the number of plant observations are lower compared to animal observations 

in all countries except for Turkey, Azerbaijan, and Cyprus (Figure 8).  
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Figure 8: Observations of IWT per country in the literature of a) Animals, b) Plants. 

Number of species mentioned in the literature as being illegally traded, 

per country 

At the continental level, Asia had the highest number of animal-based observations of 

species in articles (44%, n=1427), followed by South America (28%, n=916), North 

America (12%, n=381), Africa (7%, n=234), and Europe (7%, n=219), while Oceania 

had the least (3%, n=103). At the country level, Brazil had the highest number of 

animal-based observations in articles (n=450), followed by China (n=243) and 

Indonesia (n=214) (Figure 9a).  

Plants the highest number of observations continentally in Asia (45%, n=183), 

followed by North America (23%, n=93), Oceania (18%, n=72), Europe (8%, n=32), 

and Africa (4%, n=16), while South America had the least (2%, n=7). At the country 
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level, Nepal had the highest number of plant-based observations in articles (n=89), 

followed by Mexico (n=88) and Australia (n=72) (Figure 9b). 

Asia ranking first and North America contained in the top three ranks are about the 

only continental similarities between the taxonomic kingdoms, with no overlapping 

rankings of countries in the top three. Similar to the article counts above, the number 

of animal species exceeded the number of plant species observed in all countries, 

except in the cases of Nepal, Iran, Czechia/Czech Republic, and Azerbaijan (Figure 9). 

 

 

Figure 9: Number of species observed in the literature as being illegally traded, per country for a) 
Animals, b) Plants. 
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Spatial representativeness and associated patterns of the literature 

relative to all wildlife potentially affected by IWT 

When comparing the count of animal species observed as illegally traded (Figure 9a) 

to global patterns of animal species potentially affected by illegal trade (through use 

and trade) (Appendix 2: Figure 18a), some continental patterns can be observed in 

the balanced to overrepresentation in North America, Southern and Eastern Asia, 

and Oceania, with a mix of all representations in South America (Figure 10a). 

Conversely, balanced to underrepresentation can be observed across much of Central 

America, Europe, and Africa (Figure 10a). Three significant clusters of 

underrepresentation in the literature can be seen observed for the animal species in 

western and central Africa, as well as in central Asia, while multiple clusters of 

overrepresentation in the literature can be observed in North America, South 

America, central Europe, northern Africa, and much of southern and south-eastern 

Asia (Figure 10a). 

When comparing the count of plant species observed as illegally traded (Figure 9b) to 

global patterns of plant species potentially affected by illegal trade (through use and 

trade) (Appendix 2: Figure 18b), much of the world is largely either underrepresented 

not represented in the literature, excluding Nepal as the only country strongly 

overrepresented in the literature, with Mexico, Iran, India, and Australia all also 

slightly overrepresented (Figure 10b). Statistically significant clusters of 

underrepresentation in the literature can be seen observed for plants in South 

America, while a statistically significant cluster of overrepresentation in the literature 

can be seen in southern Asia (Figure 10b). 

Comparatively between countries with both animal and plant representation, animal 

representation was higher in most countries (80%, n=35) compared to plant 

representation (20%, n=9), while globally there are more countries missing all 

representations of plants compared to animals (Figure 10). Similarities in statistically 

significant clusters between kingdoms are limited to just those overrepresented 

clusters containing both India and Nepal (Figure 10). 
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Figure 10: Species representation in the literature compared to those potentially affected by IWT 
(through use and trade), with statistically significant clusters highlighted for a) Animals, b) Plants. 
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4.2.2 Focus and representativeness of research on the most studied wildlife at the 

taxonomic rank of class 

Full tables of geographic results presented in this section can be found in Appendix 2: 

Geographic data tables. 

Mammalia (Mammals) were the class observed across the largest number of articles, 

followed by Aves (Birds) and Reptilia (Reptiles) (Figure 11).  

 

Figure 11: IWT observations of rank class, summarized by unique mentions per article. 

IWT mentions per country in the literature 

Observations of illegally traded amphibians were the lowest of all terrestrial 

vertebrate classes within the literature. Both Asia and South America were the 

continents with the largest proportion of illegally traded amphibian observations 

(27%, n=8), followed by Europe (23%, n=7), North America (17%, n=5), and Oceania 

(7%, n=2), while Africa had no observations at all. At the country level Peru had the 

highest number of observations (n=3), while China, Mexico, Japan, Australia, Brazil, 

Netherlands, and Colombia all had the second highest (n=2) (Figure 12a). 



41 
 

Continental observations of illegally traded birds were the largest in Asia (45%, 

n=101), followed by South America (20%, n=44), North America (14%, n=31), Europe 

(13%, n=29), and Africa (8%, n=17), while Oceania had the least (1%, n=2). At the 

country level Brazil had the highest number of observations (n=20), followed by both 

China and Indonesia (n=18) (Figure 12b).  

Observations of illegally traded mammals were the highest of all terrestrial vertebrate 

classes in the literature. Continental observations of mammals were the largest in 

Asia (49%, n=485), followed by Africa (22%, n=221), Europe (13%, n=124), North 

America (7%, n=73), and South America (6%, n=64), while Oceania had the least (1%, 

n=19). At the country level China had the highest number of observations (n=97), 

followed by Vietnam (n=52) and the United States (n=34) (Figure 12c). 

Continental observations of illegally traded reptiles were the largest in Asia (55%, 

n=157), followed by Europe (14%, n=40), North America (14%, n=39), Africa and 

South America (7%, n=20), while Oceania had the least (3%, n=10). At the country 

level China had the highest number of observations (n=31), followed by the United 

States (n=21) and Indonesia (n=18) (Figure 12d).  

Asia ranking first or being tied for first is about the only continental similarity across 

all the taxonomic classes, while Oceania ranked the lowest in three of the four classes 

(excluding amphibians). At the country level, similarities include China raking within 

the top three of all the classes, while the Brazil, Indonesia, and the United States were 

ranked in two of the four classes.  
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Figure 12: IWT observations per country in the literature of a) Amphibians, b) Birds, c) Mammals, d) Reptiles. 
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Number of species mentioned in the literature as being illegally traded, 

per country 

Continental observations of amphibian species were the largest in South America 

(62%, n=43), followed by Europe (16%, n=11), Asia (13%, n=9), North America (7%, 

n=5), and Oceania (1%, n=1), while Africa did not have any. At the country level 

Brazil had the highest number of amphibian species observed (n=37), followed by 

Russia (n=6), and Colombia (n=4) (Figure 13a).  

Continental observations of bird species were the largest in South America (43%, 

n=628), followed by Asia (38%, n=556), North America (10%, n=151), Europe (5%, 

n=70), Africa (2%, n=34), and Oceania (1%, n=8). At the country level Brazil had the 

highest number of bird species observed (n=358), followed by Indonesia (n=150), 

and Colombia (n=96) (Figure 13b).  

Continental observations of mammal species were the largest in Asia (47%, n=457), 

followed by Africa (18%, n=179), South America (15%, n=151), Europe (11%, n=106), 

North America (7%, n=71), and Oceania (1%, n=12). At the country level China had 

the highest number of mammal species observed (n=68), followed by Colombia 

(n=52), and India and Nepal (n=41) (Figure 13c).  

Continental observations of reptile species were the largest in Asia (51%, n=405), 

followed by North America (20%, n=154), South America (12%, n=94), Oceania (10%, 

n=82), Europe (4%, n=32), and Africa (3%, n=21). At the country level the United 

States had the highest number of reptile species observed (n=119), followed by China 

(n=97), and Australia (n=79) (Figure 13d). 

Asia and South America each had two of the highest proportion of species observed 

across the taxonomic classes, while Oceania ranked last in three of the four 

proportions. Likewise, Colombia ranked in the top three for three of the four 

taxonomic classes, while China and Brazil ranked in the top three twice. 
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Figure 13: Number of species observed in the literature as being illegally traded, per country for a) Amphibians, b) Birds, c) Mammals, d) Reptiles. 
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Spatial representativeness and associated patterns of the literature 

relative to all wildlife potentially affected by IWT 

When comparing literature observations of amphibian species being illegally traded 

(Figure 13a) to global patterns of amphibian species potentially affected by illegal 

trade through all use and trade (Appendix 3: Figure 19a), nearly all of the countries 

appearing in the literature fall into the literature overrepresentation categories 

excluding China which is balanced, though for most of the countries globally there 

was no representation in the literature (Figure 14a). No statistically significant over- 

or underrepresented clusters of countries occur in the literature representation of 

amphibian species (Figure 14a).  

When comparing literature observations of bird species being illegally traded (Figure 

13b) to global patterns of bird species potentially affected by illegal trade through all 

use and trade (Appendix 3: Figure 19b), of the countries represented in the literature, 

much of the world appeared underrepresented (Figure 14b). This may be due to the 

high number of bird species with both range data available and that are potentially 

affected by illegal trade through use and trade. Of the overrepresented countries, 

Brazil were the only ones strongly overrepresented while Cuba, Spain, Vietnam, and 

Indonesia were slightly overrepresented (Figure 14b). One statistically significant 

cluster of overrepresentation in the literature was observed in South America while 

there were no statistically significant clusters of underrepresentation (Figure 14b). 

When comparing literature observations of mammal species being illegally traded 

(Figure 13c) to global patterns of mammal species potentially affected by illegal trade 

through all use and trade (Appendix 3: Figure 19c), much of North and South 

America as well as Europe, Asia, and Oceania fell between balanced and 

overrepresented in the literature (Figure 14c). While much of Africa was between 

balanced and underrepresented, some countries in Northern Africa were slightly 

overrepresented, with Madagascar as the only strongly overrepresented country in 

the continent (Figure 14c). New Zealand stands out in this case as having had no 

native mammal species potentially affected by use and trade despite having an 

observed instance of a mammal species being illegally traded in the country (Figure 

14c). Two significant clusters of underrepresentation in the literature were seen 

observed for mammals in western and central-southern Africa, while multiple 

significant clusters of overrepresentation in the literature were seen in western South 
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America, central-western Europe, as well as much in central and south-eastern Asia 

(Figure 14c).  

When comparing literature observations of reptile species (Figure 13d) to global 

patterns of reptile species potentially affected by illegal trade through all use and 

trade (Appendix 3: Figure 19d), all of continental North America (excluding Central 

America), along with much of South America, Western Europe, and Eastern and 

Southern Asia were overrepresented in the literature (Figure 14d). Conversely, much 

of eastern Europe, central Asia, and nearly all of Africa were not represented in the 

literature with only a few sporadic countries being balanced (Figure 14d). Only one 

significant cluster of underrepresentation in the literature was observed for reptiles in 

southern Africa, while two significant clusters of overrepresentation were observed 

North America and central Europe (Figure 14d). 
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Figure 14: Species representation in the literature compared to those potentially affected by IWT (through use and trade), with statistically significant clusters 
highlighted for a) Amphibians, b) Birds, c) Mammals, d) Reptiles. 



48 
 

4.3 The species most prominently reported in the literature on IWT, and their 

associated flows of wildlife products 

4.3.1 Focus of research on the most studied wildlife at the taxonomic rank of 

species 

When summarized at the taxonomic rank of species there is no longer the inclusion of 

the taxonomic kingdom of Plantae, as well both aggregation methods become 

identical (Figure 15). Panthera tigris (Tiger) was the most observed species in the 

articles, followed by Panthera pardus (Leopard) and Psittacus erithacus (Grey 

parrot) (Figure 15). 

 

Figure 15: IWT observations of rank species, summarized by unique mentions per article. 
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4.3.2 Observed IWT trade routes and products 

A total of 26 species were identified as illegally traded across 10 or more articles in 

Figure 15 above. Of these 26 species, 24 had species range data available from the 

IUCN Red List (Table 6). As such, within Appendix 4: IWT trade routes of frequently 

observed species in the literature are global maps of those species, with each map 

containing the species native habitat range, as well as international, domestic, and 

incomplete (partial) IWT trade routes as identified in the literature review as well as a 

proportion of the available product types for each species (Appendix 4: Figure 20 - 

Figure 43). 

Species of the class Reptilia (Reptiles) (n=4) had the highest proportion of countries 

involved in illegal trade compared to their native species ranges, where each species 

had more countries observed within the IWT than countries in their native ranges 

(for those species with spatial data available), compared to only certain species of 

Mammalia (Mammals) (n=10) and Aves (Birds) (n=9) where this occurred (Table 6). 
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Table 6: Species observed across 10 or more articles (n=24). 

Scientific Name Common Name Class Count of Articles 
Observed in 

Count of Countries 
Encountered in Articles 

Count of Countries in 
Species Native Range  

Panthera tigris Tiger Mammalia 58 36 12 

Panthera pardus Leopard Mammalia 27 28 59 

Psittacus erithacus Grey Parrot Aves 24 18 16 

Panthera onca Jaguar Mammalia 23 22 18 

Loxodonta africana African Elephant Mammalia 19 26 23 

Ara ararauna Blue-And-Yellow 
Macaw 

Aves 16 11 10 

Ara macao Scarlet Macaw Aves 16 13 16 

Panthera leo Lion Mammalia 14 18 27 

Geochelone elegans Indian Star Tortoise Reptilia 14 15 3 

Geoclemys hamiltonii Spotted Pond Turtle Reptilia 13 16 5 

Amazona aestiva Turquoise-Fronted 
Amazon 

Aves 12 5 4 

Leopardus pardalis Ocelot Mammalia 12 17 20 

Amazona amazonica Orange-Winged 
Amazon 

Aves 11 7 10 

Amazona ochrocephala Yellow-Crowned 
Amazon 

Aves 11 7 11 

Gracula religiosa Common Hill Myna Aves 11 6 16 

Sicalis flaveola Saffron Finch Aves 11 2 10 

Manis crassicaudata Indian Pangolin Mammalia 11 10 6 

Astrochelys yniphora Ploughshare Tortoise Reptilia 11 15 1 

Anguilla anguilla European Eel Actinopterygii 10 18 65 
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Scientific Name Common Name Class Count of Articles 
Observed in 

Count of Countries 
Encountered in Articles 

Count of Countries in 
Species Native Range  

Anodorhynchus 
hyacinthinus 

Hyacinth Macaw Aves 10 8 3 

Manis pentadactyla Chinese Pangolin Mammalia 10 16 11 

Pantholops hodgsonii Chiru Mammalia 10 16 2 

Prionailurus bengalensis Mainland Leopard Cat Mammalia 10 5 20 

Astrochelys radiata Radiated Tortoise Reptilia 10 10 1 
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Across all the taxonomic classes identified in Table 6, some form of illegal wildlife 

trade was observed within the native habitat range (Figure 16). Only ray-finned 

fishes, with its single species lacked observations of illegal domestic trade (Figure 

16c). However, all other classes had some form of illegal trade observed. This 

included both incomplete and international trade routes, with at least one 

international trade route originating from a country found within the applicable 

native species ranges as well as incomplete trade routes occurring outside of the 

native range (Figure 16). For all classes except for ray-finned fishes, there were 

observations of illegal domestic trade in countries located outside of the native range 

(Figure 16a, b, d). Additionally for the classes of ray-finned fishes and reptiles, there 

were observations of illegal international trade between two countries outside of the 

native range without an additional link to a country within the native range (Figure 

16c, d). Though, at the species level this phenomena was observed for certain species 

of the classes birds and mammals including Ara ararauna (Blue-and-yellow macaw) 

(Appendix 4: Figure 25), Loxodonta Africana (African elephant) (Appendix 4: Figure 

33), Manis Crassicaudata (Indian pangolin) (Appendix 4: Figure 34), Manis 

Pentadactyla (Chinese pangolin) (Appendix 4: Figure 35), Panthera Tigris (Tiger) 

(Appendix 4: Figure 39), and Psittacus Erithacus (Grey parrot) (Appendix 4: Figure 

42). 
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Figure 16: Species habitat ranges, global IWT trade routes, country occurrences, and product types for the most traded species of a) Birds, b) Mammals, c) 
Ray-finned fish, d) Reptiles. Symbology of the trade routes is scaled in size proportional to the count of articles they were observed in.
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The main proportions of product types observed illegally traded can be broken down 

into trends by each of the individual taxonomic classes. For mammals, a higher 

proportion of illegal trade was observed with dead animals/animal derivatives as 

opposed to live animals (Figure 17b), while for the single Ray-finned fish, birds, and 

reptiles, the converse was true (Figure 17 a, c, d). These trends also held true at the 

species level for all the taxonomic classes, except for the Chinese pangolin where 

there was a higher proportion of illegal trade with live animals as opposed to dead 

animals/animal derivatives (Appendix 4: Figure 35). 

 

Figure 17: Product types observed for the most illegally traded species of a) Birds, b) Mammals, c) 
Ray-finned fish, d) Reptiles. 
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5 Discussion 

5.1 A growth in IWT research over time 

There has been an increase in research being performed about IWT across taxonomic 

kingdoms over time, demonstrated both by the increases in the number of 

publications, and the lagging but similar increase in data collection over time (Figure 

3). The number of articles published increased in six of the ten most recent full years, 

with each increase representing a new annual high in the publication count. 

There are various potential reasons for this ongoing increase in IWT literature. 

Research has shown that on the global scale, biodiversity loss has not only continued 

but has been increasing in recent years (Cardinale et al., 2012). This increase is 

occurring despite the development of international policies, agreements, and 

frameworks over the same period aimed at reducing this biodiversity loss (Cardinale 

et al., 2012; Petrossian et al., 2024).  

Though, it is the case that many countries including those with the highest levels of 

wildlife product consumption have only recently introduced legislation to address 

and reduce demand for illegal wildlife (UNODC, 2022). The onset of the COVID-19 

pandemic and the early connections of the disease being potentially zoonotic in origin 

also brought with it increased attention to IWT, to the public but also specifically to 

lawmakers (Ceballos et al., 2020; Hinsley et al., 2024; Hu et al., 2024; Siriwat & 

Nijman, 2020; Wyatt et al., 2022). Increases in performance of analytical software 

and rapid development of artificial intelligence and machine learning tools has 

enhanced the ability to detect patterns and gaps in collected data, which has aided 

both research and enforcement efforts alike (UNODC, 2022).  

The increase in published research also coincides with the indication of increases in 

both the scope and scale of IWT alongside increases in human population and 

emerging economies within developing countries (D’Cruze & Macdonald, 2016). 

Similarly, it is also occurring at a time when IWT is becoming increasingly 

decentralized through the emergence of online marketplaces (‘t Sas-Rolfes et al., 

2019). 

Future research on the temporal trends of IWT research should explore how the 

geographic distribution and taxonomic coverage of said research have evolved over 
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time. This can include how the emergence of online marketplaces has changed the 

possibilities for IWT research but also taking advantage of tools which utilize 

machine learning and artificial intelligence to full effect.  

5.2 IWT impacts wildlife globally, but research is geographically concentrated  

Research on, and observations of IWT have taken place in most countries globally. 

Similarities exist in both the extent and quantity of literature observations between 

the primary and encountered study locations. Primary study locations are 

comprehensive across continental North and South America, and throughout most of 

Asia, while gaps in the research can be seen in northern and eastern Europe, 

throughout Africa, central Asia, and across many island nations (Figure 4). Each 

primary study location occurs in at least one of the encountered study location 

components (either supply, transit, or demand). Of the top five primary study 

locations, each occurred within at least one of the top five encountered study 

locations, with China occurring in supply and demand, Brazil occurring in supply, 

Indonesia occurring in supply and demand, the United States occurring in transit and 

demand, and Vietnam occurring in supply and demand. It is also the case that four of 

the top five primary study locations (excluding Vietnam) are megadiverse countries, 

or those hosting the largest amount of biodiversity (Petrossian et al., 2024). 

The data also shows continental-level trends across the trade route components. 

While all continents have IWT occurrences reported for each of the three trade route 

components, there is a majority trade route component observed in each continent. 

Additionally, countries from Asia make up at least three of the top five countries 

mentioned across all primary and encountered location counts. 

Biases in the occurrences of primary and encountered study locations were largely 

expected due to the indications in previous research, in part because most of the 

publicly available information on IWT comes from a select few sources including 

seizure databases (Hinsley et al., 2024; Hu et al., 2024). Many of these seizure 

databases are often more representative of higher-income, western countries and 

their primary trading partners, largely due to better detection and reporting 

capabilities for illegally traded wildlife and wildlife products but also because of their 
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higher overall trade volumes (Hinsley et al., 2024; Hu et al., 2024; ‘t Sas-Rolfes et al., 

2019).  

There is an additional western influence, at least within the criminology perspective 

with which IWT falls under, where minimal attention provided to crimes outside of 

the western or northern world because of the influence of western governments, 

enforcement organization, NGOs, and institutions which fund and perform this type 

of research (van Uhm, 2016). A large variability also exists between governments 

regarding the support for research of IWT, with certain nations less open and not 

collaborative with researchers and institutions out of concern that their policies, laws, 

and systems may be criticized (UNODC, 2022). The gap in research outside of the 

purview of western institutions creates a geographic blind spot of certain regions and 

risks an inference that IWT only occurs in those regions where it is studied (van Uhm, 

2016). Funding for this type of research is also not uniform within individual 

countries either, as variations in funding of research can be observed at the sub-

national level (see Alvarenga et al., 2024). 

A western bias can also be seen represented within the design of this study. Article 

results from the three abstract and citation databases for this study consisted of those 

primarily, though not exclusively written in the English language. A non-insignificant 

number of results were excluded outright because they did not meet the language 

inclusion criteria. While not conclusive, this language limitation does potentially limit 

the general applicability of the findings of this research (see Petrossian et al., 2024). 

The increased quantity of published IWT research in recent years, as observed in 

section 4.1, also coincides with a reduction in the overall number of IWT seizures 

(UNODC, 2024). Additionally, the ongoing decentralization of IWT through online 

marketplaces has limited the ability of authorities to enact adequate enforcement 

measures (Fukushima et al., 2021; Global Initiative Against Transnational Organized 

Crime, 2024). 

Together these factors limit the quality and availability of new data used to analyse 

the evolution of trends in IWT while also reinforcing the geographic biases found in 

the source data. The overrepresentation of certain geographic regions can directly 

cause the underrepresentation of others, risking a conflation that IWT does not occur 

in those underrepresented regions or creating a skewed understanding of global IWT 
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dynamics. This then runs the risk of potential global gaps in wildlife conservation for 

those regions underrepresented in the literature, but also the exclusion of those 

regions in global policy aimed at combating biodiversity loss and IWT (Esmail et al., 

2020).  

Future research on the geographic trends of IWT should consider these geographic 

biases in seizure databases and look towards improving data collection methods in 

low-income countries. Additionally, further research into online marketplaces could 

allow for a better understanding of the evolving nature of IWT, particularly its 

decentralization.  

5.3 Geographic biases in animal-centric research: overlooking plants and 

fungi 

Literature on IWT is overwhelmingly focused on members of the taxonomic kingdom 

of animals, where this preference for animals can be seen across all the studied 

taxonomic levels (Figure 7, Figure 11, Figure 15). This aligns with past research which 

highlights the underrepresentation of plants and fungus in both IWT literature and 

within wildlife conservation efforts (Adamo et al., 2022; Bashyal & Roberts, 2024; 

Gonçalves et al., 2021; Oyanedel et al., 2022; Siriwat, 2020). 

The limited research on plants is geographically reinforced by the vast 

underrepresentation of plant species by country in the literature review (Figure 10b). 

The most common plants being researched were those belonging to taxonomic 

classes of flowering plants, which include species of cactus, along with ferns and tree 

classes like cycads and conifers. The limited literature written about the illegal trade 

of plants tends to focus on timber, orchids, and cactuses, aligning with the results of 

this study (Siriwat, 2020). Flowering plants, like orchids, are often targeted for novel 

reasons, typically the aesthetic beauty which they provide which is valued as a 

collector or showcase type item (Goettsch et al., 2015; Siriwat, 2020), while several 

tree species are targeted for both functional and aesthetic purposes (Goettsch et al., 

2015).  

While the literature on IWT overwhelmingly focuses on animals, a large portion of 

that is made up of literature on mammals, birds, and reptiles, which along with 

amphibians, make up the grouping of taxonomic classes known as terrestrial 
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vertebrates. The highest intensities of both country and species mentioned in the 

literature across all these terrestrial vertebrate classes tend to be shared with those 

countries which make up the most mentioned primary study locations (Figure 4, 

Figure 12, Figure 13), which also tend to include the megadiverse countries of the 

world (Petrossian et al., 2024). These areas then also unsurprisingly almost always 

balanced or over-represented in their literature representation for all the terrestrial 

vertebrate classes (Figure 14). Amphibians were largely not represented in the 

literature, and those few countries which did appear mostly consisted of 

overrepresentation in literature per country (Figure 14a).  

One prevailing geographic trend can be seen across all the terrestrial vertebrate 

classes of the near universal underrepresentation or missing representation of 

countries from Africa in the literature, and the occurrence of statistically significant 

clusters of underrepresentation found within Africa (Figure 10, Figure 14). This 

underrepresentation also aligns with the research gaps presented in section 5.2 which 

outlines the western bias of primary and encountered study locations in the 

literature. 

Building upon the results identified in section 4.1.2, seizures make up the primary 

data source for literature written about IWT. It is then no surprise that all the most 

mentioned species in the literature are those belonging to the most commonly seized 

taxonomic groups (UNODC, 2022). Like plants, there is a focus on animal species 

which are generally aesthetically pleasing such as parrots and songbirds, alongside 

large charismatic mammals, large or distinctive reptiles, and those mammals 

commonly utilized in traditional medicine (Figure 15). Past research has shown this 

to be the case with literature and data collection on IWT tending to be biased towards 

charismatic animal species (Macdonald et al., 2021; Siriwat, 2020). 

Seizures of wildlife products require both the knowledge and skills to detect and 

identify illegally traded wildlife and wildlife products, which is easier done with those 

aesthetically pleasing, distinctive, and charismatic animal species (Hinsley et al., 

2024; UNODC, 2020, 2024). There are often large volumes of trade in wildlife 

species, such as many fish and plant species which are not easily identifiable and are 

subject to large quantities of unidentified trade where potential illegal trade remains 

unobstructed and unreported (Alvarenga et al., 2024; Holmes et al., 2009; Murillo 

Rengifo et al., 2024; Siriwat, 2020; UNODC, 2016). Similar identification limitations 
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can similarly be extended to research involving physical and online market visits and 

analysis. 

Future research should aim to address the geographic research gaps outlined 

throughout Africa, central Asia, South America, and across many island nations. It 

should also put additional focus on species within the taxonomic kingdoms of plants 

and fungus, as well as putting additional focus on the less traditionally appealing, 

distinctive, and charismatic wildlife species.  

5.4 Complex IWT trade routes: knowledge gaps and product specificity 

The identified trade routes across all the taxonomic classes studied reveal a complex 

and interconnected system of IWT (Figure 16). Despite having just one additional 

species included within the class aggregation, there is a distinct jump in extent, 

complexity, and quantity of illegal trade routes when comparing birds (n=9) (Figure 

16a) to mammals (n=10) (Figure 16b).  

Building upon the results of sections 5.2 and 5.3, interpretations of these results need 

to account for not only the geographic biases found within wildlife product seizure 

data, but also the kinds of IWT these databases report on (Hinsley et al., 2024; Hu et 

al., 2024). Seizures typically occur within the context of international trade but can 

occur at any point along the trade route (supply, transit, or demand) (UNODC, 2022). 

As an example, one of the largest countries reporting on seizures, but also one of the 

largest countries trading goods globally is the United States (Hinsley et al., 2024; Tow 

et al., 2021; UNODC, 2024), a country also occurring within the top primary study 

locations found in this literature review (Figure 4). IWT trade involving the United 

States can be observed in some capacity across all the taxonomic class trade route 

maps (Figure 16). This also includes significant quantities of illegal international 

trade between the United States and other countries, where neither country is 

contained within the native species ranges of the class of species being traded.  

The over-reliance on seizure data needs to be extended to the interpretation of the 

other trade route types as well. All taxonomic classes had some amount of illegal and 

domestic trade reported in the literature, excluding the class Actinopterygii (Ray-

finned fishes) which did not report any illegal domestic trade (Figure 16). Because 

domestic trade is not contained within these seizure databases, records and 
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observations need to be performed on a case-by-case basis, typically through 

snowball sampling methods like market observations, media reports, or interviews 

with key actors or enforcement agencies (Hu et al., 2024; Siriwat, 2020; van Uhm, 

2016). These kinds of reporting also can sometimes lead to fuzzy or incomplete data, 

both as they require species-level interpretation from authors or enforcement agents 

as discussed in section 5.3, but also can lack information about the actual origin the 

traded wildlife (Macdonald et al., 2021; Siriwat, 2020; UNODC, 2016) as can be seen 

in the widespread illegal incomplete trade observed across the studied taxonomic 

classes (Figure 16).  

These factors highlight the need for further research to connect the missing links 

within IWT. These missing links include trade between countries within species 

native ranges and those countries outside the native ranges, trade to those countries 

with only incomplete trade route data available, as well as increased consideration for 

domestic trade routes.  

There are also general trends in the product types being illegally traded when 

summarized at the class level. Higher proportions of live animals for those species of 

birds and reptiles can likely be explained by their popularity in the exotic pet trade 

(Bush et al., 2014; Mozer & Prost, 2023), though there is still a large market for 

reptile derivatives for use aesthetically (Mozer & Prost, 2023). While conversely, 

higher proportions of dead or animal derivatives for mammals is likely because of 

their popularity for consumption as bushmeat or use in traditional medicine (D’Cruze 

et al., 2021; Mozer & Prost, 2023; United Nations Environment Programme, 2016), 

their functional uses like clothing (D’Cruze et al., 2021; South & Wyatt, 2011), and as 

status symbols such as trophies (Lawson & Vines, 2014; UNODC, 2016), though there 

is still a demand for live mammals as exotic pets as well (Bush et al., 2014; Mozer & 

Prost, 2023).  

Future research should look further into these trends of IWT product types, 

particularly in a geographic context to help aid with species identification techniques. 



62 
 

5.5 Study limitations and conclusion 

This work examined the current breath of published literature available on IWT, 

identifying both geographic and taxonomic biases in the literature that are reinforced 

by the limitations of the most popular publicly available IWT data sources.  

This study has several potential limitations. Concessions had to be made when it 

came to the initial selection criteria for the inclusion of literature in the study, like 

those of the language criteria but also with publication type restrictions that may 

have inadvertently excluded valuable insights. There were also issues with accessing 

certain articles published by journals that the university does not subscribe to, 

leading to even more potentially missed information. Finally, as observed in Figure 3, 

the amount of literature published about IWT has been increasing overtime. While a 

publication date criterion must be set for practical purposes, there is likely a 

significant amount of literature that has been published since that criterion.  

Several aspects of the data entry process for the literature review could be improved 

upon. Quite a bit of time was spent on my part fixing a lot of the data I manually 

recorded, due to a variety of factors. There are several features within Excel which I 

had used to try and speed up the data entry process, which includes using many of 

the “Get & Transform Data” tools available. These automated tools are not perfect, 

and have several limitations based on the formatting of data made available in 

articles. Better quality control techniques and general foresight on my part should 

have been exhibited to reduce the number of errors introduced at this stage. Despite 

the limitations of the language selection criteria limitations outlined in section 5.2, 

the translation of non-English articles to English created additional issues when it 

came to understanding author context, as well as mistranslations of certain scientific 

terminology such as taxonomic nomenclature.  

The formatting of my data collection excel table led to issues when it came to certain 

data analysis and visualization steps. Previous systematic literature reviews have 

outlined a series of data collection methods which I did not implement, including the 

use of coding sheets and data extraction protocols for Excel-based data collection (see 

Hiller & ’t Sas‐Rolfes, 2025), the use of alternative or relational database software like 

NVivo 12 (see Luong, 2022). Better identification methods on my part could have 

been implemented for recording the data sources of IWT observations found within 
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the included articles, with an added data level identifier (e.g. first party, second party, 

etc.).  

A better understanding of research outcomes and scope of the systematic mapping 

would be beneficial before undertaking the literature review process. The data 

collection process through the variables I chose ended up being overly broad, and 

contained a considerable number of variables which did not end up being included in 

the literature map. More time could have been dedicated to deepening the level of 

data collected for the variables which did end up being utilized (e.g. identifying sub-

national regions of observed IWT).  

My interpretation of observations and data presented in articles was perhaps overly 

cautious at times. Many statements of IWT in the literature lacked explicit taxonomic 

or geographic information or used broad statements to refer to IWT in a general 

sense. These issues of broad data reporting have been brought up in past systematic 

literature review articles about IWT as well (Anagnostou & Doberstein, 2022). Each 

of the component terms of IWT (illegal, wildlife, and trade) all have a long list of 

synonyms or equivalent terms as demonstrated in the keyword search strings of 

Table 2. Based on individual author writing styles and this series of IWT 

identification key words, it was difficult at times to determine if an author was 

discussing illegal wildlife trade, or the broader wildlife trade. Careful interpretations 

of observed IWT locations and trade route types were also required based on the 

primary data sources utilized in each individual article. These trade route 

interpretation limitations can be seen affecting the results presented in Figure 16 with 

the substantial number of incomplete trade route points. 

There is also a slight methodological issue when it comes to the spatial over- and 

under-representation of plant and animal species in the literature. While the first 

proportion calculated includes species from all encountered study locations (supply, 

transit, and demand), the second proportion is derived from species' native ranges 

and thus only reflects the encountered supply component. This then requires a 

careful interpretation of the resulting data visualized in the maps but provides the 

best possible data synthesis that could be completed in the time frame I had 

available.  
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Finally, there is the larger inherent issue when it comes to the covert nature of IWT. 

The research performed in this study can only assess the extent, biases, and gaps in 

the knowledge of IWT, not of IWT itself. It is not able to be representative of the 

actual extent of IWT due to the primary and proxy data source limitations outlined in 

section 5.4. Taxonomic and geographic biases in the research are also likely only 

further amplified in this research because of the limited number of data sources 

utilized within the literature, meaning the same source data has likely been recorded 

by me in the literature review process multiple times across a series of articles 

included in the analysis. Attempting to understand the true extent and scale of IWT 

would require the synthesis of literature data with other external data, something I 

had hoped to accomplish with this research but was unable to due to time constrains.  

Despite these limitations, trends were observed in both geographic literature 

representation, as well as with trade routes and product types across the most studied 

taxonomic classes. IWT remains an ongoing and pertinent issue which requires 

continued research moving forward. More effort in research should be placed on data 

collection in the regions identified as under-represented in this work, research 

regarding the IWT of non-charismatic animals, plants, and fungi, as well as research 

to better understand the dynamics of domestic IWT. Future research should also 

investigate the feasibility of synthesizing IWT proxy data with other data sources to 

better represent the true scope and scale of IWT. With this, a more comprehensive 

and unbiased understanding of all aspects of IWT could better inform conservation 

and enforcement efforts to ensure biodiversity remains intact, globally. 
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Alejandro and PachecoCoronel and Noé and 
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Domínguez, J. L. C., Quiroz, I. A., Martínez, M. T. 
V., and Salazar, J. I. C. 

Trafficking of emblematic lizards of the genus 
Abronia (Squamata: Anguidae) ; [El tráfico de 
lagartijas emblematicas del género Abronia 
(Squamata: Anguidae)] 

MorenoLara and Israel and CruzElizalde and 
Raciel and SuazoOrtuño and Ireri and 
RamírezBautista and Aurelio 



113 
 

Article Title Author(s) 

Trafficking of Ornamental Fish in the Brazilian 
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Appendix 2: Geographic data tables 

Primary study locations 

Table 8: Primary study locations aggregated to the continental level. 

Continent Count Proportion 

Africa 69 14% 

Asia 214 43% 

Europe 51 10% 

North America 65 13% 

Oceania 11 2% 

South America 86 17% 

 

Table 9: All primary study location countries. 

Country Continent Count 

Algeria Africa 5 

Argentina South America 3 

Australia Oceania 9 

Azerbaijan Asia 1 

Bangladesh Asia 3 

Belgium Europe 2 

Belize North America 2 

Benin Africa 3 

Bolivia South America 7 

Botswana Africa 1 

Brazil South America 42 

Bulgaria Europe 1 

Cabo Verde Africa 2 

Cambodia Asia 3 

Cameroon Africa 3 

Canada North America 3 

Cayman Is. (T) North America 1 

Central African Rep. Africa 1 

Chile South America 1 

China Asia 44 

Colombia South America 7 

Congo Africa 2 

Costa Rica North America 2 
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Country Continent Count 

Côte d'Ivoire Africa 3 

Cuba North America 4 

Cyprus Europe 1 

Czechia Europe 2 

Dem. Rep. Congo Africa 2 

Ecuador South America 5 

Egypt Africa 1 

France Europe 2 

Gabon Africa 2 

Germany Europe 2 

Ghana Africa 3 

Greece Europe 1 

Guatemala North America 2 

Guinea Africa 1 

Honduras North America 1 

Hong Kong (SAR) Asia 7 

India Asia 18 

Indonesia Asia 41 

Iran Asia 3 

Italy Europe 3 

Japan Asia 6 

Kazakhstan Asia 1 

Kenya Africa 2 

Laos Asia 4 

Lebanon Asia 1 

Madagascar Africa 5 

Malaysia Asia 5 

Mexico North America 18 

Morocco Africa 3 

Mozambique Africa 1 

Myanmar Asia 10 

Nepal Asia 9 

Netherlands Europe 2 

New Zealand Oceania 2 

Niger Africa 1 

Nigeria Africa 2 

Norway Europe 2 
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Country Continent Count 

Pakistan Asia 11 

Palestine Asia 1 

Peru South America 17 

Philippines Asia 5 

Poland Europe 2 

Portugal Europe 1 

Romania Europe 2 

Russia Europe 7 

Serbia Europe 1 

Singapore Asia 4 

Slovenia Europe 1 

Somalia Africa 1 

South Africa Africa 11 

South Korea Asia 1 

Spain Europe 7 

Tanzania Africa 5 

Thailand Asia 13 

Togo Africa 1 

Tunisia Africa 1 

Turkey Asia 2 

Uganda Africa 5 

Ukraine Europe 1 

United Kingdom Europe 11 

United States of 
America 

North America 32 

Venezuela South America 4 

Vietnam Asia 21 

Zambia Africa 1 

Zimbabwe Africa 1 

SAR: Special Administrative Region, T: Territory 
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Encountered locations 

Table 10: Encountered locations aggregated to the continental level. 

Continent Supply Proportion Transit Proportion Demand Proportion 

Africa 232 22% 58 21% 78 8% 

Asia 453 44% 125 46% 532 56% 

Europe 94 9% 46 17% 129 14% 

North America 98 9% 23 8% 95 10% 

Oceania 22 2% 9 3% 20 2% 

South America 133 13% 11 4% 88 9% 

 

Table 11: All encountered location countries. 

Country Continent Supply Transit Demand 

Afghanistan Asia 2 0 1 

Algeria Africa 6 0 4 

Angola Africa 1 0 0 

Argentina South 
America 

5 0 5 

Armenia Europe 0 0 1 

Australia Oceania 10 2 11 

Austria Europe 0 0 2 

Azerbaijan Asia 1 2 0 

Bahrain Asia 0 0 1 

Bangladesh Asia 7 4 6 

Belarus Europe 1 0 0 

Belgium Europe 2 3 9 

Belize North 
America 

4 0 2 

Benin Africa 4 0 3 

Bhutan Asia 3 0 2 

Bolivia South 
America 

14 2 8 

Bosnia and Herz. Europe 1 0 0 

Botswana Africa 5 0 1 

Brazil South 
America 

51 5 43 

Brunei Asia 1 1 0 

Bulgaria Europe 0 2 1 

Burkina Faso Africa 2 0 0 

Burundi Africa 3 0 0 
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Country Continent Supply Transit Demand 

Cabo Verde Africa 2 0 2 

Cambodia Asia 14 1 7 

Cameroon Africa 13 1 5 

Canada North 
America 

13 4 8 

Cayman Is. (T) North 
America 

1 0 1 

Central African Rep. Africa 5 1 1 

Chile South 
America 

2 1 2 

China Asia 55 8 130 

Colombia South 
America 

8 1 5 

Comoros Africa 0 0 1 

Congo Africa 7 1 3 

Costa Rica North 
America 

4 0 2 

Côte d'Ivoire Africa 6 2 3 

Croatia Europe 1 0 0 

Cuba North 
America 

4 0 4 

Cyprus Europe 1 0 0 

Czechia Europe 3 3 4 

Dem. Rep. Congo Africa 13 1 4 

Denmark Europe 1 0 0 

Djibouti Africa 1 1 0 

Ecuador South 
America 

7 1 4 

Egypt Africa 4 1 3 

El Salvador North 
America 

1 0 0 

Eq. Guinea Africa 2 1 0 

Estonia Europe 0 1 0 

Ethiopia Africa 3 2 0 

Fiji Oceania 3 2 0 

Finland Europe 1 1 0 

France Europe 6 3 12 

Gabon Africa 7 1 2 

Georgia Europe 1 0 1 

Germany Europe 5 4 9 
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Country Continent Supply Transit Demand 

Ghana Africa 3 1 4 

Greece Europe 1 1 4 

Guatemala North 
America 

5 0 1 

Guinea Africa 1 1 1 

Haiti North 
America 

1 0 0 

Honduras North 
America 

1 0 0 

Hong Kong (SAR) Asia 18 11 45 

Hungary Europe 1 0 1 

India Asia 29 6 25 

Indonesia Asia 71 7 47 

Iran Asia 5 1 3 

Iraq Asia 0 0 1 

Ireland Europe 0 0 1 

Italy Europe 7 1 10 

Japan Asia 13 5 26 

Jordan Asia 1 1 1 

Kazakhstan Asia 3 1 2 

Kenya Africa 19 7 7 

Kuwait Asia 1 1 4 

Kyrgyzstan Asia 1 0 0 

Laos Asia 19 1 9 

Latvia Europe 1 0 0 

Lebanon Asia 1 0 2 

Liberia Africa 0 1 0 

Liechtenstein Europe 0 1 0 

Luxembourg Europe 0 1 0 

Macao (SAR) Asia 2 1 2 

Madagascar Africa 10 0 4 

Malawi Africa 2 1 2 

Malaysia Asia 22 9 19 

Marshall Is. Oceania 1 0 0 

Mexico North 
America 

33 7 18 

Micronesia Oceania 1 0 0 

Moldova Europe 0 1 0 

Mongolia Asia 3 0 0 
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Country Continent Supply Transit Demand 

Morocco Africa 7 3 3 

Mozambique Africa 5 2 1 

Myanmar Asia 24 4 13 

Namibia Africa 5 0 1 

Nepal Asia 18 4 14 

Netherlands Europe 3 3 12 

New Caledonia Oceania 0 0 1 

New Zealand Oceania 2 2 7 

Nicaragua North 
America 

3 0 0 

Niger Africa 1 1 1 

Nigeria Africa 11 3 3 

North Korea Asia 1 0 0 

Norway Europe 1 1 2 

Oman Asia 0 1 3 

Pakistan Asia 16 4 11 

Palau Oceania 1 0 0 

Palestine Asia 1 0 1 

Panama North 
America 

3 0 0 

Papua New Guinea Oceania 1 2 0 

Paraguay South 
America 

1 0 0 

Peru South 
America 

29 1 16 

Philippines Asia 18 4 7 

Poland Europe 1 2 5 

Portugal Europe 3 1 4 

Puerto Rico (T) North 
America 

1 0 0 

Qatar Asia 1 0 4 

Romania Europe 2 1 3 

Russia Europe 24 6 8 

Rwanda Africa 2 0 0 

S. Sudan Africa 5 0 0 

Saudi Arabia Asia 2 1 5 

Senegal Africa 2 2 0 

Serbia Europe 1 0 1 

Seychelles Africa 1 0 0 
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Country Continent Supply Transit Demand 

Singapore Asia 9 6 14 

Slovakia Europe 1 0 0 

Slovenia Europe 1 2 2 

Solomon Is. Oceania 1 0 0 

Somalia Africa 3 0 1 

South Africa Africa 30 4 9 

South Korea Asia 6 5 14 

Spain Europe 9 3 10 

Sri Lanka Asia 1 2 4 

Sudan Africa 1 3 1 

Suriname South 
America 

4 0 0 

Sweden Europe 1 0 3 

Switzerland Europe 2 1 5 

Syria Asia 1 1 0 

Taiwan Asia 7 2 9 

Tajikistan Asia 1 0 0 

Tanzania Africa 17 3 5 

Thailand Asia 28 9 32 

Togo Africa 1 3 1 

Tonga Oceania 1 1 1 

Trinidad and Tobago North 
America 

1 0 0 

Tunisia Africa 1 0 0 

Turkey Asia 4 2 3 

Uganda Africa 8 9 2 

Ukraine Europe 3 0 2 

United Arab Emirates Asia 4 4 13 

United Kingdom Europe 9 4 17 

United States of 
America 

North 
America 

23 12 59 

Uruguay South 
America 

2 0 0 

Uzbekistan Asia 1 0 1 

Vanuatu Oceania 1 0 0 

Venezuela South 
America 

10 0 5 

Vietnam Asia 38 14 50 

Yemen Asia 0 2 1 
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Country Continent Supply Transit Demand 

Zambia Africa 7 0 0 

Zimbabwe Africa 6 2 0 

SAR: Special Administrative Region, T: Territory 
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Kingdom: Article Count 

Table 12: Observations of IWT in the literature per taxonomic kingdom, aggregated to the continental 
level. 

Continent Animals Proportion Plants Proportion 

Africa 258 17% 11 11% 

Asia 751 49% 49 49% 

Europe 200 13% 14 14% 

North America 148 10% 16 16% 

Oceania 33 2% 2 2% 

South America 136 9% 7 7% 

 

Table 13: Observations of IWT in the literature per taxonomic kingdom, per country. 

Country Continent Animals Plants 

Afghanistan Asia 3 - 

Algeria Africa 6 - 

Angola Africa 1 - 

Argentina South America 6 1 

Armenia Europe 1 - 

Australia Oceania 17 2 

Austria Europe 4 1 

Azerbaijan Asia 0 1 

Bahrain Asia 1 - 

Bangladesh Asia 8 - 

Belarus Europe 1 - 

Belgium Europe 14 1 

Belize North America 4 - 

Benin Africa 3 - 

Bhutan Asia 3 - 

Bolivia South America 15 - 

Botswana Africa 5 - 

Brazil South America 40 2 

Brunei Asia 1 - 

Burkina Faso Africa 1 - 

Burundi Africa 3 - 

Cabo Verde Africa 2 - 

Cambodia Asia 10 1 

Cameroon Africa 13 - 

Canada North America 14 - 
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Country Continent Animals Plants 

Cayman Is. (T) North America 1 - 

Central African Rep. Africa 6 - 

Chile South America 5 1 

China Asia 148 9 

Colombia South America 13 - 

Comoros Africa 1 - 

Congo Africa 10 1 

Costa Rica North America 4 - 

Côte d'Ivoire Africa 7 - 

Cuba North America 4 - 

Czechia Europe 6 1 

Dem. Rep. Congo Africa 10 1 

Denmark Europe 1 - 

Djibouti Africa 2 - 

Ecuador South America 8 1 

Egypt Africa 5 - 

El Salvador North America 1 - 

Eq. Guinea Africa 2 - 

Estonia Europe 1 - 

Ethiopia Africa 5 - 

Fiji Oceania 4 - 

Finland Europe 1 - 

France Europe 11 2 

Gabon Africa 7 1 

Georgia Europe 2 - 

Germany Europe 18 2 

Ghana Africa 7 - 

Greece Europe 3 1 

Guatemala North America 4 - 

Guinea Africa 2 - 

Honduras North America 1 - 

Hong Kong (SAR) Asia 50 2 

Hungary Europe 2 - 

India Asia 45 5 

Indonesia Asia 64 5 

Iran Asia 6 2 

Iraq Asia 1 - 
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Country Continent Animals Plants 

Ireland Europe 1 - 

Italy Europe 13 - 

Japan Asia 38 - 

Jordan Asia 2 - 

Kazakhstan Asia 3 1 

Kenya Africa 23 2 

Kuwait Asia 6 - 

Kyrgyzstan Asia 1 - 

Laos Asia 16 1 

Latvia Europe 1 - 

Lebanon Asia 2 - 

Liberia Africa 1 - 

Liechtenstein Europe 1 - 

Luxembourg Europe 1 - 

Macao (SAR) Asia 3 - 

Madagascar Africa 8 1 

Malawi Africa 3 - 

Malaysia Asia 34 2 

Mexico North America 40 8 

Mongolia Asia 3 - 

Morocco Africa 8 - 

Mozambique Africa 5 - 

Myanmar Asia 31 1 

Namibia Africa 7 - 

Nepal Asia 23 3 

Netherlands Europe 22 1 

New Zealand Oceania 8 - 

Nicaragua North America 3 - 

Niger Africa 2 - 

Nigeria Africa 12 1 

North Korea Asia 1 - 

Norway Europe 8 - 

Oman Asia 3 - 

Pakistan Asia 18 1 

Palestine Asia 3 - 

Panama North America 2 - 

Papua New Guinea Oceania 3 - 
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Country Continent Animals Plants 

Paraguay South America 1 - 

Peru South America 30 2 

Philippines Asia 17 1 

Poland Europe 4 - 

Portugal Europe 2 - 

Puerto Rico (T) North America 1 - 

Qatar Asia 5 - 

Romania Europe 2 - 

Russia Europe 23 1 

S. Sudan Africa 5 - 

Saudi Arabia Asia 6 - 

Senegal Africa 2 - 

Serbia Europe 1 - 

Seychelles Africa 1 - 

Singapore Asia 23 1 

Slovakia Europe 1 - 

Slovenia Europe 4 2 

Somalia Africa 3 - 

South Africa Africa 29 2 

South Korea Asia 13 - 

Spain Europe 18 1 

Sri Lanka Asia 5 1 

Sudan Africa 5 - 

Suriname South America 4 - 

Sweden Europe 3 1 

Switzerland Europe 6 - 

Syria Asia 1 - 

Taiwan Asia 9 2 

Tajikistan Asia 1 - 

Tanzania Africa 16 1 

Thailand Asia 45 5 

Togo Africa 3 - 

Tonga Oceania 1 - 

Turkey Asia 3 3 

Uganda Africa 14 1 

Ukraine Europe 3 - 

United Arab Emirates Asia 16 - 
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Country Continent Animals Plants 

United Kingdom Europe 21 - 

United States of 
America 

North America 69 8 

Uruguay South America 2 - 

Uzbekistan Asia 1 - 

Venezuela South America 12 - 

Vietnam Asia 77 2 

Yemen Asia 2 - 

Zambia Africa 6 - 

Zimbabwe Africa 7 - 

SAR: Special Administrative Region, T: Territory 

 

Kingdom: Article Species 

Table 14: Number of species observed in the literature as being illegally traded per taxonomic 
kingdom, aggregated to the continental level. 

Continent Animals Proportion Plants Proportion 

Africa 234 7% 16 4% 

Asia 1427 44% 183 45% 

Europe 219 7% 32 8% 

North America 381 12% 93 23% 

Oceania 103 3% 72 18% 

South America 916 28% 7 2% 

 

Table 15: Number of species observed in the literature as being illegally traded per taxonomic 
kingdom, per country. 

Country Continent Animals Plants 

Afghanistan Asia 3 - 

Algeria Africa 20 - 

Angola Africa 1 - 

Argentina South America 9 1 

Armenia Europe 1 - 

Australia Oceania 91 72 

Austria Europe 4 2 

Azerbaijan Asia 0 1 

Bahrain Asia 1 - 

Bangladesh Asia 12 - 

Belarus Europe 1 - 
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Country Continent Animals Plants 

Belgium Europe 29 - 

Belize North America 2 - 

Benin Africa 8 - 

Bhutan Asia 3 - 

Bolivia South America 41 - 

Botswana Africa 2 - 

Brazil South America 450 2 

Brunei Asia 1 - 

Burkina Faso Africa 4 - 

Burundi Africa 2 - 

Cabo Verde Africa 1 - 

Cambodia Asia 6 1 

Cameroon Africa 10 - 

Canada North America 13 - 

Cayman Is. (T) North America 1 - 

Central African Rep. Africa 2 - 

Chile South America 23 1 

China Asia 243 7 

Colombia South America 185 - 

Comoros Africa 2 - 

Congo Africa 10 1 

Costa Rica North America 5 - 

Côte d'Ivoire Africa 3 - 

Cuba North America 30 - 

Czechia Europe 5 9 

Dem. Rep. Congo Africa 4 1 

Denmark Europe 1 - 

Djibouti Africa 2 - 

Ecuador South America 45 1 

Egypt Africa 3 - 

El Salvador North America 1 - 

Eq. Guinea Africa 1 - 

Estonia Europe 1 - 

Ethiopia Africa 3 - 

Fiji Oceania 3 - 

Finland Europe 1 - 

France Europe 7 6 
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Country Continent Animals Plants 

Gabon Africa 7 1 

Georgia Europe 2 - 

Germany Europe 13 5 

Ghana Africa 8 - 

Greece Europe 2 1 

Guatemala North America 3 - 

Guinea Africa 2 - 

Honduras North America 3 - 

Hong Kong (SAR) Asia 80 1 

Hungary Europe 2 - 

India Asia 114 47 

Indonesia Asia 214 3 

Iran Asia 17 18 

Iraq Asia 1 - 

Ireland Europe 1 - 

Italy Europe 5 - 

Japan Asia 32 - 

Jordan Asia 2 - 

Kazakhstan Asia 3 1 

Kenya Africa 9 2 

Kuwait Asia 5 - 

Kyrgyzstan Asia 1 - 

Laos Asia 35 1 

Latvia Europe 1 - 

Lebanon Asia 4 - 

Liberia Africa 3 - 

Liechtenstein Europe 1 - 

Luxembourg Europe 1 - 

Macao (SAR) Asia 1 - 

Madagascar Africa 33 1 

Malawi Africa 1 - 

Malaysia Asia 25 2 

Mexico North America 115 88 

Mongolia Asia 3 - 

Morocco Africa 12 - 

Mozambique Africa 1 - 

Myanmar Asia 48 1 



134 
 

Country Continent Animals Plants 

Namibia Africa 6 - 

Nepal Asia 55 89 

Netherlands Europe 14 2 

New Zealand Oceania 6 - 

Nicaragua North America 4 - 

Niger Africa 7 - 

Nigeria Africa 11 1 

North Korea Asia 1 - 

Norway Europe 9 - 

Oman Asia 2 - 

Pakistan Asia 29 1 

Palestine Asia 79 - 

Panama North America 2 - 

Papua New Guinea Oceania 2 - 

Paraguay South America 1 - 

Peru South America 101 2 

Philippines Asia 111 1 

Poland Europe 6 - 

Portugal Europe 2 - 

Puerto Rico (T) North America 1 - 

Qatar Asia 4 - 

Romania Europe 2 - 

Russia Europe 25 2 

S. Sudan Africa 3 - 

Saudi Arabia Asia 3 - 

Senegal Africa 2 - 

Serbia Europe 1 - 

Seychelles Africa 1 - 

Singapore Asia 25 1 

Slovakia Europe 1 - 

Slovenia Europe 6 3 

Somalia Africa 2 - 

South Africa Africa 20 7 

South Korea Asia 14 - 

Spain Europe 54 1 

Sri Lanka Asia 6 1 

Sudan Africa 3 - 
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Country Continent Animals Plants 

Suriname South America 3 - 

Sweden Europe 3 1 

Switzerland Europe 4 - 

Syria Asia 3 - 

Taiwan Asia 7 - 

Tajikistan Asia 1 - 

Tanzania Africa 11 1 

Thailand Asia 73 3 

Togo Africa 2 - 

Tonga Oceania 1 - 

Turkey Asia 3 3 

Uganda Africa 4 1 

Ukraine Europe 4 - 

United Arab Emirates Asia 11 - 

United Kingdom Europe 10 - 

United States of 
America 

North America 201 5 

Uruguay South America 2 - 

Uzbekistan Asia 1 - 

Venezuela South America 56 - 

Vietnam Asia 144 1 

Yemen Asia 1 - 

Zambia Africa 4 - 

Zimbabwe Africa 4 - 

SAR: Special Administrative Region, T: Territory 
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Class: Article Count 

Table 16: Observations of IWT in the literature per taxonomic class, aggregated to the continental level. 

Continent Amphibians Proportion Birds Proportion Mammals Proportion Reptiles Proportion 

Africa - 0% 17 8% 221 22% 20 7% 

Asia 8 27% 101 45% 485 49% 157 55% 

Europe 7 23% 29 13% 124 13% 40 14% 

North America 5 17% 31 14% 73 7% 39 14% 

Oceania 2 7% 2 1% 19 2% 10 3% 

South America 8 27% 44 20% 64 6% 20 7% 
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Table 17: Observations of IWT in the literature per taxonomic class, per country. 

Country Continent Amphibians Birds Mammals Reptiles 

Afghanistan Asia - - 3 - 

Algeria Africa - 3 2 1 

Angola Africa - - 1 - 

Argentina South America - 1 4 1 

Armenia Europe - 1 - - 

Australia Oceania 2 2 6 7 

Austria Europe 1 - 2 1 

Azerbaijan Asia - - - - 

Bahrain Asia - 1 - - 

Bangladesh Asia - - 5 3 

Belarus Europe - - 1 - 

Belgium Europe - 4 6 4 

Belize North America - - 4 - 

Benin Africa - - 3 - 

Bhutan Asia - - 3 - 

Bolivia South America - 4 11 - 

Botswana Africa - - 5 - 

Brazil South America 2 20 12 6 

Brunei Asia - - 1 - 

Burkina Faso Africa - - 1 - 

Burundi Africa - - 3 - 

Cabo Verde Africa - - - 2 

Cambodia Asia - - 10 - 

Cameroon Africa - 1 12 - 

Canada North America - 2 10 2 

Cayman Is. (T) North America - - - 1 

Central African Rep. Africa - - 6 - 

Chile South America - 1 3 1 

China Asia 2 18 97 31 

Colombia South America 2 2 6 3 

Comoros Africa - - - 1 

Congo Africa - 1 8 1 

Costa Rica North America 1 - 2 1 

Côte d'Ivoire Africa - - 7 - 

Cuba North America - 4 - - 

Czechia Europe - 1 3 2 
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Country Continent Amphibians Birds Mammals Reptiles 

Dem. Rep. Congo Africa - 1 9 - 

Denmark Europe - - - 1 

Djibouti Africa - - 2 - 

Ecuador South America - 2 4 2 

Egypt Africa - - 5 - 

El Salvador North America - - 1 - 

Eq. Guinea Africa - - 2 - 

Estonia Europe - - 1 - 

Ethiopia Africa - - 5 - 

Fiji Oceania - - 3 1 

Finland Europe - - 1 - 

France Europe - 1 8 2 

Gabon Africa - - 7 - 

Georgia Europe - - 2 - 

Germany Europe 1 3 9 5 

Ghana Africa - 1 5 1 

Greece Europe - - 3 - 

Guatemala North America - - 2 2 

Guinea Africa - - 2 - 

Honduras North America - - 1 - 

Hong Kong (SAR) Asia - 4 31 15 

Hungary Europe - - 2 - 

India Asia - 7 28 10 

Indonesia Asia - 18 28 18 

Iran Asia 1 1 3 1 

Iraq Asia - - 1 - 

Ireland Europe - - 1 - 

Italy Europe - 1 9 3 

Japan Asia 2 1 24 11 

Jordan Asia - 1 1 - 

Kazakhstan Asia - 1 2 - 

Kenya Africa - - 21 2 

Kuwait Asia - 1 5 - 

Kyrgyzstan Asia - - 1 - 

Laos Asia - 1 14 1 

Latvia Europe - - 1 - 

Lebanon Asia - 2 - - 
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Country Continent Amphibians Birds Mammals Reptiles 

Liberia Africa - - 1 - 

Liechtenstein Europe - - 1 - 

Luxembourg Europe - - 1 - 

Macao (SAR) Asia - - 3 - 

Madagascar Africa - - 3 5 

Malawi Africa - - 3 - 

Malaysia Asia - 3 18 13 

Mexico North America 2 12 14 12 

Mongolia Asia - 1 2 - 

Morocco Africa - 2 3 3 

Mozambique Africa - - 5 - 

Myanmar Asia - 4 23 4 

Namibia Africa - 1 5 1 

Nepal Asia 1 2 18 2 

Netherlands Europe 2 4 11 5 

New Zealand Oceania - - 7 1 

Nicaragua North America - - 3 - 

Niger Africa - - 2 - 

Nigeria Africa - 1 11 - 

North Korea Asia - - 1 - 

Norway Europe - 2 4 2 

Oman Asia - - 3 - 

Pakistan Asia - 3 12 3 

Palestine Asia - 1 1 1 

Panama North America 1 - 1 - 

Papua New Guinea Oceania - - 2 1 

Paraguay South America - - 1 - 

Peru South America 3 9 13 5 

Philippines Asia 1 3 8 5 

Poland Europe - - 3 1 

Portugal Europe - - 2 - 

Puerto Rico (T) North America - - 1 - 

Qatar Asia - - 5 - 

Romania Europe - 1 - 1 

Russia Europe 1 5 16 1 

S. Sudan Africa - - 5 - 

Saudi Arabia Asia - 3 3 - 
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Country Continent Amphibians Birds Mammals Reptiles 

Senegal Africa - - 2 - 

Serbia Europe - 1 - - 

Seychelles Africa - - - 1 

Singapore Asia - 1 15 7 

Slovakia Europe - - 1 - 

Slovenia Europe - 1 2 1 

Somalia Africa - - 3 - 

South Africa Africa - 5 22 2 

South Korea Asia - - 12 1 

Spain Europe 1 3 9 5 

Sri Lanka Asia - - 3 2 

Sudan Africa - - 5 - 

Suriname South America - 1 3 - 

Sweden Europe - - 1 2 

Switzerland Europe - - 6 - 

Syria Asia - 1 - - 

Taiwan Asia - 1 6 2 

Tajikistan Asia - - 1 - 

Tanzania Africa - 1 15 - 

Thailand Asia - 9 25 11 

Togo Africa - - 3 - 

Tonga Oceania - - 1 - 

Turkey Asia - - 3 - 

Uganda Africa - - 14 - 

Ukraine Europe - - 2 1 

United Arab Emirates Asia - 3 11 2 

United Kingdom Europe 1 1 16 3 

United States of America North America 1 13 34 21 

Uruguay South America - 1 1 - 

Uzbekistan Asia - - 1 - 

Venezuela South America 1 3 6 2 

Vietnam Asia 1 10 52 14 

Yemen Asia - - 2 - 

Zambia Africa - - 6 - 

Zimbabwe Africa - - 7 - 

SAR: Special Administrative Region, T: Territory



141 
 

Class: Article Species 

Table 18: Number of species observed in the literature as being illegally traded per taxonomic class, aggregated to the continental level. 

Continent Amphibians Proportion Birds Proportion Mammals Proportion Reptiles Proportion 

Africa - 0% 34 2% 179 18% 21 3% 

Asia 9 13% 556 38% 457 47% 405 51% 

Europe 11 16% 70 5% 106 11% 32 4% 

North America 5 7% 151 10% 71 7% 154 20% 

Oceania 1 1% 8 1% 12 1% 82 10% 

South America 43 62% 628 43% 151 15% 94 12% 

 



142 
 

 

Table 19: Number of species observed in the literature as being illegally traded per taxonomic class, 
per country. 

Country Continent Amphibians Birds Mammals Reptiles 

Afghanistan Asia - - 3 - 

Algeria Africa - 13 4 3 

Angola Africa - - 1 - 

Argentina South America - 1 6 2 

Armenia Europe - 1 - - 

Australia Oceania 1 8 3 79 

Austria Europe 1 - 2 1 

Azerbaijan Asia - - - - 

Bahrain Asia - 1 - - 

Bangladesh Asia - - 3 9 

Belarus Europe - - 1 - 

Belgium Europe - 3 21 5 

Belize North America - - 2 - 

Benin Africa - - 8 - 

Bhutan Asia - - 3 - 

Bolivia South America - 35 6 - 

Botswana Africa - - 2 - 

Brazil South America 37 358 8 47 

Brunei Asia - - 1 - 

Burkina Faso Africa - - 4 - 

Burundi Africa - - 2 - 

Cabo Verde Africa - - - 1 

Cambodia Asia - - 6 - 

Cameroon Africa - 3 7 - 

Canada North America - 2 3 8 

Cayman Is. (T) North America - - - 1 

Central African Rep. Africa - - 2 - 

Chile South America - 9 12 2 

China Asia 1 77 68 97 

Colombia South America 4 96 52 33 

Comoros Africa - - - 2 

Congo Africa - 1 8 1 

Costa Rica North America 1 - 3 1 

Côte d'Ivoire Africa - - 3 - 
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Country Continent Amphibians Birds Mammals Reptiles 

Cuba North America - 30 - - 

Czechia Europe - 1 2 2 

Dem. Rep. Congo Africa - 1 3 - 

Denmark Europe - - - 1 

Djibouti Africa - - 2 - 

Ecuador South America - 25 18 2 

Egypt Africa - - 3 - 

El Salvador North America - - 1 - 

Eq. Guinea Africa - - 1 - 

Estonia Europe - - 1 - 

Ethiopia Africa - - 3 - 

Fiji Oceania - - 2 1 

Finland Europe - - 1 - 

France Europe - 1 4 2 

Gabon Africa - - 7 - 

Georgia Europe - - 2 - 

Germany Europe 1 4 5 3 

Ghana Africa - 1 5 2 

Greece Europe - - 2 - 

Guatemala North America - - 2 1 

Guinea Africa - - 2 - 

Honduras North America - - 3 - 

Hong Kong (SAR) Asia - 9 11 60 

Hungary Europe - - 2 - 

India Asia - 52 41 21 

Indonesia Asia - 150 32 32 

Iran Asia 3 6 5 3 

Iraq Asia - - 1 - 

Ireland Europe - - 1 - 

Italy Europe - 1 3 1 

Japan Asia 1 3 12 16 

Jordan Asia - 1 1 - 

Kazakhstan Asia - 1 2 - 

Kenya Africa - - 7 2 

Kuwait Asia - 1 4 - 

Kyrgyzstan Asia - - 1 - 

Laos Asia - 4 25 6 
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Country Continent Amphibians Birds Mammals Reptiles 

Latvia Europe - - 1 - 

Lebanon Asia - 4 - - 

Liberia Africa - - 3 - 

Liechtenstein Europe - - 1 - 

Luxembourg Europe - - 1 - 

Macao (SAR) Asia - - 1 - 

Madagascar Africa - - 30 3 

Malawi Africa - - 1 - 

Malaysia Asia - 2 13 10 

Mexico North America 2 64 25 24 

Mongolia Asia - 1 2 - 

Morocco Africa - 3 5 4 

Mozambique Africa - - 1 - 

Myanmar Asia - 6 35 7 

Namibia Africa - 1 4 1 

Nepal Asia 1 11 41 2 

Netherlands Europe 1 3 8 2 

New Zealand Oceania - - 5 1 

Nicaragua North America - - 4 - 

Niger Africa - - 7 - 

Nigeria Africa - 1 10 - 

North Korea Asia - - 1 - 

Norway Europe - 1 7 1 

Oman Asia - - 2 - 

Pakistan Asia - 17 6 6 

Palestine Asia - 59 8 12 

Panama North America 1 - 1 - 

Papua New Guinea Oceania - - 1 1 

Paraguay South America - - 1 - 

Peru South America 1 53 40 7 

Philippines Asia 2 35 20 54 

Poland Europe - - 5 1 

Portugal Europe - - 2 - 

Puerto Rico (T) North America - - 1 - 

Qatar Asia - - 4 - 

Romania Europe - 1 - 1 

Russia Europe 6 9 9 1 
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Country Continent Amphibians Birds Mammals Reptiles 

S. Sudan Africa - - 3 - 

Saudi Arabia Asia - 1 2 - 

Senegal Africa - - 2 - 

Serbia Europe - 1 - - 

Seychelles Africa - - - 1 

Singapore Asia - 1 9 15 

Slovakia Europe - - 1 - 

Slovenia Europe - 2 2 2 

Somalia Africa - - 2 - 

South Africa Africa - 9 10 1 

South Korea Asia - - 13 1 

Spain Europe 1 41 7 5 

Sri Lanka Asia - - 2 4 

Sudan Africa - - 3 - 

Suriname South America - 1 2 - 

Sweden Europe - - 1 2 

Switzerland Europe - - 4 - 

Syria Asia - 3 - - 

Taiwan Asia - 1 5 1 

Tajikistan Asia - - 1 - 

Tanzania Africa - 1 10 - 

Thailand Asia - 14 34 25 

Togo Africa - - 2 - 

Tonga Oceania - - 1 - 

Turkey Asia - - 3 - 

Uganda Africa - - 4 - 

Ukraine Europe - - 3 1 

United Arab Emirates Asia - 3 5 3 

United Kingdom Europe 1 1 7 1 

United States of America North America 1 55 26 119 

Uruguay South America - 1 1 - 

Uzbekistan Asia - - 1 - 

Venezuela South America 1 49 5 1 

Vietnam Asia 1 93 29 21 

Yemen Asia - - 1 - 

Zambia Africa - - 4 - 

Zimbabwe Africa - - 4 - 

SAR: Special Administrative Region, T: Territory 
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Appendix 3: Wildlife species potentially affected by illegal trade as assessed 

through all use and trade 

  

Figure 18: Number of species potentially affected by IWT (through use and trade), per country for a) 
Animals, b) Plants. 
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Figure 19: Number of species potentially affected by IWT (through use and trade), per country for a) Amphibians, b) Birds, c) Mammals, d) Reptiles.
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Appendix 4: IWT trade routes of frequently observed species in the literature 

 

Figure 20: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Amazona aestiva. 
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Figure 21: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Amazona amazonica. 
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Figure 22: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Amazona ochrocephala. 
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Figure 23: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Anguilla anguilla. 



152 
 

 

Figure 24: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Anodorhynchus hyacinthinus. 
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Figure 25: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Ara ararauna. 



154 
 

 

Figure 26: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Ara macao. 
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Figure 27: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Astrochelys radiata. 
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Figure 28: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Astrochelys yniphora. 
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Figure 29: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Geochelone elgans. 
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Figure 30: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Geoclemys hamiltonii. 
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Figure 31: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Gracula religiosa. 
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Figure 32: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Leopardus pardalis. 



161 
 

 

Figure 33: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Loxodonta africana. 
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Figure 34: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Manis crassicaudata. 
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Figure 35: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Manis pentadactyla. 
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Figure 36: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Panthera leo. 
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Figure 37: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Panthera onca. 
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Figure 38: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Panthera pardus. 
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Figure 39: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Panthera tigris. 
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Figure 40: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Pantholops hodgsonii. 
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Figure 41: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Prionailurus bengalensis. 
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Figure 42: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Psittacus erithacus. 
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Figure 43: Species habitat range, global IWT trade routes, country occurrences, and product types for 
Silalis flaveola. 


