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Simple Summary: The UK imports wild animals for commercial purposes from countries all across
the world. We analyse a database of wildlife records from the UK’s Animal and Plant Health Agency
(APHA) to summarise the volume and variety of non-CITES (Convention on International Trade in
Endangered Species) listed wild animal imports over a recent 5-year period (2014–2018). We found
that over 48 million individual animals were imported into the UK from 90 countries across nine
global regions from 2014–2018. In terms of volume (semi-domesticated pigeons and game birds
aside), amphibians were the most commonly imported group (73%), followed by reptiles (17%),
mammals (4%), and birds (3%). The highest number of import records came from Europe and Africa,
but the largest volume of animals came from North America and Asia. We review the potential for
infectious diseases emerging from these vast and varied wildlife imports and discuss the potential
threats they pose to public health. We also draw attention to an observed current lack of detail in
the APHA database and suggest that better record keeping and reporting could help prevent and
manage the introduction of infectious diseases.

Abstract: International wildlife trade is recognised as a major transmission pathway for the movement
of pathogenic organisms around the world. The UK is an active consumer of non-native live wild
animals and is therefore subject to the risks posed by pathogen pollution from imported wildlife. Here,
we characterise a key yet overlooked portion of the UK wildlife import market. We evaluate the trade
in live non-CITES (Convention on International Trade in Endangered Species) wild terrestrial animals
entering the UK over a 5-year period using data reported by the Animal and Plant Health Agency
(APHA). Between 2014 and 2018, over 48 million individual animals, across five taxonomic classes
and 24 taxonomic orders, were imported into the UK from 90 countries across nine global regions.
The largest volumes of wild animals were imported from North America and Asia, and most of the
import records were from Europe and Africa. Excluding Columbiformes (pigeons) and Galliformes
(‘game birds’), amphibians were the most imported taxonomic class (73%), followed by reptiles (17%),
mammals (4%), birds (3%), and arachnids (<1%). The records described herein provide insight into
the scope and scale of non-CITES listed wildlife imported in to the UK. We describe the potential for
pathogen pollution from these vast and varied wildlife imports and highlight the potential threats they
pose to public health. We also draw attention to the lack of detail in the UK wildlife import records,
which limits its ability to help prevent and manage introduced infectious diseases. We recommend
that improved record keeping and reporting could prove beneficial in this regard.
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1. Introduction

Billions of plants, animals, and their products are traded across the globe annually [1], including a
marked amount of wildlife trade for commercial purposes. With an estimated economic value of US
$300 billion per annum, wildlife trade is one of the largest and most complex commerce chains in the
world [2]. In some developing regions, wildlife trade can also benefit local communities economically
by providing local livelihood opportunities and financial incentives to protect wild spaces [3].

Despite these benefits, the increasing trade of wild animals to meet the growing demand from
local and global markets has had significant negative impacts. A global assessment of biodiversity
and ecosystem services in 2019 ranked exploitation among five key drivers of harmful ecosystem
change [4]. Wildlife trade facilitates the introduction of species to new regions, where they compete
with native species for resources, alter ecosystems, damage infrastructure and crops [5], and contribute
to biodiversity loss, pathogen emergence, and lowered food security [2]. The extraction of wild animals
from their habitats, and their transport through global markets, also involves major animal welfare,
health, and conservation concerns [6].

One of the most significant threats posed by wildlife trade is the inadvertent movement of
infectious agents across global boundaries [7]. The introduction of novel pathogens via wild animal
hosts threatens public health, agricultural production, and biodiversity alike [5,8]. Wild animal species
are thought to be the source of at least 70% of all zoonotic emerging infectious diseases [9]. More than
35 infectious diseases have emerged in humans since 1980 [7], the most pertinent example being
COVID-19, the highly contagious coronavirus currently cast as a global health pandemic, which is
thought to have been transmitted from animals to humans during live animal trade in a wet market [10].

Despite the current economic benefits, disease outbreaks associated with wildlife trade also
periodically cause hundreds of billions of dollars of economic damage [11] and millions of human
deaths [12], as illustrated by the recent global COVID-19 pandemic. Unless the nature of wildlife trade
shifts considerably, the increasing rate of biotic exchange indicates there will be greater opportunities
for pathogens to proliferate across the globe [8].

1.1. Global Wildlife Trade

Wildlife trade refers to activities relating to the harvest, transport, commercial exchange, and end
use of wildlife and derived products [3]. Wild animal species are traded for a range of purposes
including fashion, traditional medicine, food consumption, luxury goods, trophies, and exotic pets [13].
Each market is driven by unique economic, cultural, and societal motivations [2], which fluctuate
over time. Socio-economic factors such as increasing access to wealth, the commercialisation of wild
animals in the media, and the diversification of online marketplaces are thought to be contributing
factors to the growing demand for non-domestic animal trade across the world [14,15].

The ownership of non-domesticated animals, or ‘exotic pets’, is a substantial part of the global
trade in wildlife [16]. Wild species that are commonly traded as popular pets, such as snakes, turtles,
and parrots, can carry diseases that cause infections in people [17]. The commercial trading of ‘exotic’
animals for the pet market has been identified as an important driving factor in the emergence
of zoonotic diseases [16,18] and includes a range of taxonomic groups, including birds, reptiles,
amphibians, and mammals [19].

As is the case for other types of wildlife trade, the trade in exotic pets can be legal, illegal,
or a combination of both, depending on how a species is classified as it moves throughout the
market chain [20]. Trade in live animals poses a risk to global human health regardless of legality,
because pathogens transported on host organisms can be circulated regardless of legal conditions [12].
Illegal wildlife trade is characterised by “unlawful activities associated with the commercial exploitation
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and trade of wildlife specimens, either living organisms or harvested parts there-of” [3]. Illegal trade
can be challenging to audit due to the amount of undetected and under-recorded trade that occurs
by way of its illicit nature [6]. Here, we focus on legal trade records, which are readily available and
immediately manageable [7]. We acknowledge that records of legal wildlife trade are not without fault.
Fraudulent activity, inadequate record keeping, and the misidentification and mislabeling of species
have all been attributed to accusations for wild animals traded globally [20].

1.2. Trade Data

The Convention on International Trade in Endangered Species (CITES) Trade Database hosts a
large number of international wildlife trade records, but it only encompasses species that have been
afforded different levels or types of protection from over-exploitation (https://trade.cites.org/). As such,
species traded under the guidance of CITES represent a small fraction of all species that are traded
internationally [19,20]. Broader records of wildlife trade are kept at regional and country-specific levels
(for example the ‘United Nations Statistics Division for Comtrade’ for UN Member countries and the
‘Law Enforcement Management Information System’ (LEMIS) of the USA national government [2]).
These datasets typically enable researchers to quantify the origin, purpose, amount, and diversity of
taxonomic groups in commercial traffic, revealing the extraordinary magnitude of wildlife traded in
each region [5].

The ‘Trade Control and Expert system’ (TRACES) is an online management tool for all non-CITES
listed animals imported in to European Union (EU) countries. This web-based service is the system
used for recording all trade of live animals, germplasm, and other animal-derived commodities into
or through Member States territories. When animal-based consignments are exported to—or traded
within—the EU, TRACES manages and records the trade route. Authorities post relevant documents
online through TRACES, enabling border control authorities to check the consignments and their
accompanying certificates to allow them to travel through the EU.

In the United Kingdom (UK), TRACES data can currently be accessed via submission of a Freedom
of Information (FOI) request to the Animal and Plant Health Agency (APHA). APHA is an executive
agency sponsored by the Department for Environment, Food, and Rural Affairs of the UK government.
The aim of APHA is to “safeguard animal and plant health for the benefit of people, the environment
and the economy” [21]. They are responsible for facilitating international trade in animals and products
of animal origin into and out of the UK, as well as other activities tangentially related to animal
disease surveillance and control, such as infectious disease research and the licensing and registration
of wildlife.

1.3. This Study

Investigating and summarising wildlife trade data have value for scientists and policy makers
because of the trade’s impact on global biodiversity and conservation, animal welfare, and infectious
disease emergence [6]. Understanding wildlife trade requires both the identification of what species
are being traded and where trade routes occur [22]. Such data are freely accessible on the TRACES
database, but to our knowledge, no consolidation or assessment of this information for the UK exists.

Here, we aim to characterise the nature of the UK live terrestrial wildlife import market that
is not currently regulated under CITES. We obtained data pertaining to all consignments of live
non-domesticated animals (excluding CITES listed species and all fish) imported into the UK recorded
on the TRACES database, via a Freedom of Information request to APHA. We evaluate the type and
volume of species entering the UK over a 5-year period, with additional focus on the country of export
for all species. Our aim was to provide an overview of the import data and to highlight some of the
potential pathogens associated with taxa commonly imported in to the UK.

https://trade.cites.org/
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2. Materials and Methods

2.1. Data Collection

Data on the volume of non-CITES listed live wild vertebrates (excluding fish) imported into
the UK between 2014 and 2018 from all other countries was obtained from the UK APHA via
a Freedom of Information Act (FOI) request, which was received on 03.09.19 (Ref: ATIC1797).
Available information regarding the lowest available taxonomic status (e.g., species, genus, family,
order, or class), reported country of origin, country of export, source type (e.g., wild-caught, captive
bred, ranched), and intended purpose (e.g., commercial, zoological, private collection) for all imports
was also specifically requested during this process. Data on species considered as “domesticated”
(i.e., animals that have been controlled and bred for human benefit over many generations, eventually
resulting in changes to their genetic makeup and appearance; e.g., cat (Felis catus), dog (Canis familiaris)
and cattle (Bos taurus)) were specifically excluded from this information request. Fish were also
excluded due to the high number of individuals traded, which would alter the relative proportions
of taxonomic groups and distort our data. Live fish can also be imported for aquaculture, which is a
distinct market that would warrant a separate study of its own.

2.2. Data Management

The APHA dataset consisted of nine columns of information including “country of origin”,
“country of destination”, “commodity”, “species”, “species list”, “species class list”, “species family
list”, “declaration year”, and “total number of animals”. A total of 3100 records were provided in the
original APHA dataset. Information relating to country of origin, country of destination, commodity,
declaration year, and total number of animals were complete with no missing data. Any suspected
duplicate records were removed from the APHA dataset by creating a unique code (using data entered
for “country of origin”, “commodity”, “declaration year”, and “total number of animals”). This resulted
in the removal of 1227 records.

Taxonomic related information was missing for a proportion of the remaining 1873 records
(Species (26%, n = 795), Species list (30%, n = 920), Species Class List (12%, n = 361) and Species
Family List (91%, n = 2833)) and the level of taxonomic detail was inconsistently applied across these
data fields. Given the level of taxonomic uncertainty amongst the APHA records, only taxonomic
class and order-level information (provided directly or added from information in the data column
“species class list”) was used in our analyses. Instances where data on taxonomic status were still
missing were classed as “Not recorded” (13.82%, n = 259). Trade records that referred to multiple taxa
were classed separately as “unknown mixed imports” (19.81%, n = 371). All data relating to the taxa
‘Columbiformes’ (pigeons) and ‘Galliformes’ (‘game birds’) in the APHA database were separated
out and analysed separately due to the high volume of this data (which accounted for 94% of the
individual animals imported). It is likely that these trade records related to semi-domesticated bird
species such as gamebirds, which were not a major focus of this study.

2.3. Statistical Analysis

All analysis was carried out in Excel, R, and RStudio (R Core Team, Vienna, Austria, 2020).
We described the tabulated categorical data using descriptive statistics, including percentages, bar charts,
circle plots, and heat maps. Chi-squared goodness of fit was used to investigate the distributions of
these data across year, taxonomic group, and regions. A pairwise comparison after any significant
chi-squared goodness-of-fit test was performed using the Package ‘RVAideMemoire’. Figures were
produced using ggplot2 (New York, NY, USA) [23]. Trade diagrams were created using the package
“circlize” (Heidelberg, Germany) [24].
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3. Results

3.1. Total Volume Traded

The APHA records show that a total of 1873 individually identified wildlife import records were
reported by the UK between January 2014 and December 2018. The number of annually declared
wildlife import records remained relatively constant during the period examined, with a mean average
of 374.6 (standard deviation (SD) = 17.6) wildlife records reported per year (Appendix A). These import
records included a total of 48,929,569 individual animals. Thus, for the period 2014–2018, an annual
mean average of 9,785,914 (SD = 1,449,534) non-CITES listed live animals were imported into the UK
as recorded in the APHA database.

3.2. Columbiformes and Galliformes

In total, 93% (n = 45,518,548) of the total individual live animals traded between January 2014 and
December 2018 comprised bird species belonging to the Galliforme (c. 99%, minimum n = 12,739,860)
and Columbiforme (<1% minimum n = 3004). These data only accounted for 4% of the actual number
of records (n = 61). Where data existed, references were made to “semi-domesticated” species (e.g.,
Phasianus spp. and Perdix spp.), which were presumed to be “gamebirds”. The quantities of these
imports remained stable across the time period and were nearly always from France (c. 96.6%,
minimum n = 43,968,013; Appendix B).

3.3. All Other Taxa

Of the remaining 7% of records (n = 1812) (excluding Columbiformes and Galliformes), data on
taxonomic class was not available on 630 records (34.8%). However, a total of five different classes
were present in the data (Figure 1). The most frequently traded was “Aves” (Birds) (23.8%, n = 432),
followed by “Mammalia” (Mammals) (22.2%, n = 402), “Reptilia” (Reptiles) (14%, n = 253), “Amphibia”
(Amphibians) (5.0%, n = 91), and lastly “Arachnida” (Arachnids) (0.2%, n = 4). A Chi-squared goodness
of fit revealed that number of records was not evenly distributed across the classes of organisms
traded (X2 = 894.74, df = 5, p < 0.001). A post-hoc pairwise comparison found a significant difference
between all classes (p < 0.001) except Aves and Mammalia. The volume of wild animals traded was
also unevenly distributed (X2 = 8174311, df = 5, p < 0.001). A post-hoc pairwise comparison found a
significant difference between all classes (p < 0.001).

The data comprised a range of taxonomic orders. Aside from Columbiformes and Galliformes,
a total of 24 orders were recorded in the dataset; however, Sauria and Serpentes were combined to
form Squamata, incorporating 23 different taxonomic orders. Several records referred to an order
grouping of “Other birds” in the dataset. Despite a lack of clarity, this was left in due to a lack of further
detail on these records. The taxonomic order most frequently traded was the ‘Psittaciformes’ (parrots)
(11.9%; n = 215), followed by “Other Birds” (10.5%; n = 191), “Artiodactyla” (even-toed ungulates)
(9.4%; n = 171), “Squamata” (lizards and snakes) (8.3%; n = 151), and “Carnivora” (7.2%; n = 130)
(Appendix C).

In relation to the taxonomic class and the actual volume of wild animals traded (Columbiformes
and Galliformes aside), the highest number of individual non-CITES listed live animals entering the
UK during this time period were amphibians (73.1%, n = 2,492,156), followed by reptiles (16.8%,
n = 578,772), mammals (4.4%; n = 150,638), birds (2.9%; n = 99,111), and arachnids (0.03%; n = 1083).
A further 2.6% (n = 89,261) did not have assigned taxonomic data (Figure 2).
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animals traded 2014–2018 as per Animal and Plant Health Agency (APHA) database, with the number 
of records and total volume of individual wild animals. The ‘Aves’ data provided here exclude 
Columbiformes and Galliformes; see Appendix B. 

In reference to specific taxa, Anura (frogs) were the most frequently reported taxonomic order 
(79.06%, min n = 2,492,155), followed by Squamata (snakes and lizards) (10.2%, n = 348,151), 
Testudinata (turtles) (6.6%, n = 224,237), Rodentia (rodents) (3.33%, n = 113,650), and Psittaciformes 
(parrots) (2.2%, n = 74,829). A further 76,512 individuals (2.24%) were recorded as mixed taxonomic 
imports, and 12,749 individuals (0.3%) were missing taxonomic data altogether (Appendix C). 

A Chi-squared goodness of fit revealed that the number of wildlife records was not evenly 
distributed across order of organisms traded (X2 = 3363.4, df = 24, p < 0.001). A pairwise comparison 
test found significant differences across many order pairings (p < 0.05) with Anura, Artiodactyla, 
Carnivora, Aves, Psittaciformes, Squamata, and Testudinata being found to be higher than expected. 
The volume of individual wild animals traded was also unevenly distributed (X2 = 43,555,504, df = 
24, p < 0.001). A pairwise comparison test found significant differences across many order pairings (p 
< 0.05) with Anura, Squamata, and Testudinata being found to be higher than expected. 

Figure 1. Classes of non-CITES (Convention on International Trade in Endangered Species) live
wild animals traded 2014–2018 as per Animal and Plant Health Agency (APHA) database, with the
number of records and total volume of individual wild animals. The ‘Aves’ data provided here exclude
Columbiformes and Galliformes; see Appendix B.

In reference to specific taxa, Anura (frogs) were the most frequently reported taxonomic order
(79.06%, min n = 2,492,155), followed by Squamata (snakes and lizards) (10.2%, n = 348,151), Testudinata
(turtles) (6.6%, n = 224,237), Rodentia (rodents) (3.33%, n = 113,650), and Psittaciformes (parrots)
(2.2%, n = 74,829). A further 76,512 individuals (2.24%) were recorded as mixed taxonomic imports,
and 12,749 individuals (0.3%) were missing taxonomic data altogether (Appendix C).

A Chi-squared goodness of fit revealed that the number of wildlife records was not evenly
distributed across order of organisms traded (X2 = 3363.4, df = 24, p < 0.001). A pairwise comparison
test found significant differences across many order pairings (p < 0.05) with Anura, Artiodactyla,
Carnivora, Aves, Psittaciformes, Squamata, and Testudinata being found to be higher than expected.
The volume of individual wild animals traded was also unevenly distributed (X2 = 43,555,504, df = 24,
p < 0.001). A pairwise comparison test found significant differences across many order pairings
(p < 0.05) with Anura, Squamata, and Testudinata being found to be higher than expected.
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Figure 2. Percentage of taxonomic classes (inner) and respective orders (outer) (excluding
Columbiformes and Galliformes) imported into the UK between 2014 and 2018 according to the
APHA database.

3.4. Country of Export

According to the APHA database, the primary regions exporting non-CITES listed live wild
animals into the UK were Europe and Africa based on number of records, and North America and Asia
for the volume of individual wild animals imported (Figure 3). Between January 2014 and December
2018, non-CITES listed live wild animals were imported into the UK from nine different regions and
from 90 different countries globally (Figure 4, Appendix D).

With regard to individually identified wildlife records for imports to the UK, the highest number
reported in the APHA database were from the Czech Republic (24.5%, n = 444), followed by Germany
(7.84%; n = 142), Belgium (5.63%; n = 102), France (4.8%; n = 87), Italy (4.8%; n = 86), the Netherlands
(4.3%; n = 79), Slovakia (4.1%; n = 74), Spain (3.3%; n = 59), “other parts of the UK” (2.8%; n = 50),
and the US (2.7%; n = 49) (Appendix D).
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Figure 3. Circle plot representing the volume of non-CITES (Convention on International Trade in
Endangered Species) listed live wild animals (excluding Columbiformes and Galliformes) imported
from each of the different geographical regions according to each taxonomic class (log10).

With regard to the volume of individual live wild animals imported into the UK, the top 10
exporting countries reported in the APHA database were the USA (68.0%; n = 2,320,343), Singapore
(6.6%; n = 225,785), the Czech Republic (4.8%; n = 163,491), Ghana (2.6%; n = 87,028), Vietnam (2.3%;
n = 77,234), Indonesia (2.0%; n = 68,231), Spain (1.8%; n = 61,117), Uzbekistan (1.8%; n = 59,524), Italy
(1.6%; n = 53,037), and Hong Kong (1.1%; n = 36,069) (Figure 3, Appendix D).
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Figure 4. Heat map of the volume of non-CITES listed live wild animals (excluding Columbiformes 
and Galliformes) according to taxonomic class and country of export imported into the UK between 
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3.5. Taxa of Concern

Between 2014 and 2018, amphibians were imported into the UK from six global regions (Figure 3)
and 31 countries (Figure 4, Appendix D). The primary exporters of amphibian imports were the US
(n = 7), Indonesia (n = 7), and Singapore (n = 6) based on number of records, and the US and Singapore
based on the total number of specimens/animals imported. There are seven import records from the
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USA to the UK that involved 2,075,312 individual frogs, and six from Singapore to the UK that involved
225,773 individual frogs. All specimens appeared to be anurans (frogs); however, species-specific data
was provided for only one record of 10 frogs, relating to the American bullfrog (Lithobates catesbeianus)
imported from the USA.

Reptiles were imported from eight regions (Figure 3) and 56 countries (Figure 4, Appendix D).
The primary exporters of reptile imports were the USA (n = 18), Ghana (n = 16), the Czech Republic
(n = 12), and Germany (n = 12) based on the number of records, and the USA, Ghana, Uzbekistan,
and Vietnam for the total number of specimens/animals imported. There are 18 import records from
the USA to the UK that involved 240,293 individual reptiles and 16 from Ghana to the UK that involved
69,458 individual reptiles. Species-specific data were provided for one record of 100 freshwater
red-eared slider turtles (Trachemys scripta) from the USA. There are 10 import records from Uzbekistan
to the UK that involved 57,212 individual reptiles.

Mammals were imported from seven different regions (Figure 3) and 51 countries (Figure 4,
Appendix D). The primary exporters of mammal imports were Germany (n = 36), the Netherlands
(n = 33), the Czech Republic (n = 31), France (n = 31), and Spain, the Czech Republic, and Italy based on
number of records. There are 22 import records from Spain to the UK that involved 60,140 individual
mammals. There are 31 records from the Czech Republic to the UK that involved 35,737 individual
mammals. A total of 81 Chiropterans (bats) were imported into the UK from Madagascar (n = 69),
Guyana (n = 2), and the Czech Republic (n = 10). A total of 113,650 individual Rodentia (rodents) were
imported from 19 different countries within Europe. A total of 943 individual Carnivora (carnivores)
were imported from 47 countries across seven different regions.

Birds (excluding Colombiformes and Galliformes) were imported from seven regions (Figure 3) and
34 countries (Figure 4, Appendix D). The primary exporters of bird imports were the Czech Republic
(n = 123), Belgium (n = 45), and Germany (n = 43) based on the number of records, and the
Czech Republic, Slovakia, and Italy for number of specimens/animals imported. There are 123 import
records from the Czech Republic to the UK that involved 75,829 individual birds and 24 from Slovakia
to the UK that involved 6703 individual birds. A total of 74,829 individual Psittaciformes (parrots)
were imported from 20 countries. A total of 18,369 “other birds” were imported from 29 countries
across Africa, Asia, Europe, North America, Oceania, and South America.

4. Discussion

The UK is an active consumer of non-native live wild animals. The records described here
provide an important insight into the scope and scale of non-CITES listed wildlife being imported into
the UK. Over 45 million individual animals, across five taxonomic classes and 24 taxonomic orders,
were imported into the UK during 2014–2018, with an annual mean average of 9,785,914 individual
animals. These wild animals were exported from 90 different countries across nine different global
regions. The international trade of wild animals in such quantities involves the risk of undesired
pathogen pollution (i.e., the introduction of pathogenic viruses, bacteria, fungi and parasites into new
environments) [2], of which the UK is no exception.

A number of zoonotic diseases have been identified in taxa that are commonly traded for the UK
exotic pet market (Appendix E). Brief examples of the potential public health risks associated with the
ongoing UK import of wild animals belonging to each of these taxonomic groups are summarised below.

4.1. Species

Mammals—The majority of emerging human diseases are thought to originate from mammals [25],
and as such, their import represents a particularly prominent concern from a public health
perspective [26]. According to the UK data records, at least 150,638 mammals were imported to the UK
from 51 countries across seven global regions over the five-year study period. These records include
taxonomic groups that are associated with serious emerging zoonotic infections. For example, bats
(of which 81 individuals were imported into the UK from Madagascar, Guyana and the Czech Republic)
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have been implicated in the transmission of COVID-19, Ebola, Hendra, Marburg, SARS-coronavirus,
Nipah, and various rabies-related viruses, all of which can cause currently untreatable diseases in
people, often with high fatality rates [27–29].

The UK import records also include rodents (representing 75% of all UK mammal imports during
the study period), which is a taxonomic group that also has the potential to transmit a number of
diseases to humans (both directly (e.g., Hantavirus Pulmonary Syndrome, Leptospirosis, Plague,
and Rat-bite Fever) and indirectly (e.g., Cowpox, Babesiosis, Lyme disease and Murine Typhus) [30,31].
A recent confirmed case of bubonic plague in Mongolia is thought to have originated from contact
with a dead marmot [32]. The potential public health risks associated with the import of rodents were
demonstrated by an outbreak of monkeypox in the USA during 2003 where a shipment of rodents
originating from Ghana resulted in an outbreak affecting 72 people, which prompted domestic and
international trade restrictions to control transmission [5].

Birds—Birds are also susceptible to many diseases common to humans [33], and there are previous
examples of zoonotic disease emergence from birds imported to the UK. For example, in 2002, cockatoos
(Cacatua alba, Cacatua sulphurea citrinocristata and Cacatua sulphure) entering the UK illegally from
Singapore were found to be infected with psittacosis, which is a zoonotic respiratory infection that
causes severe pneumonia in humans and has a fatality rate of up to 10–15% [34]. Wild caught birds
are also natural reservoir hosts Avian paramyxovirus 1 (which causes Newcastle disease in humans).
Severe outbreaks of Newcastle disease have been recorded in parrots imported into the UK [35].

However, perhaps most notably from a public health perspective, in 2007, the UK government
(along with the EU) posed a permanent ban on imports of wild caught live birds to prevent the spread
of Avian Influenza following the discovery of H5N1-infected birds at a UK quarantine station [12,36].
Yet, this particular trade ban did not extend to birds of captive bred origin [12], which is demonstrated
by the fact that UK import records report that at least 74,829 individual parrots were imported from
20 countries in the period 2014–2018. As such, additional bird-associated diseases in humans including
histoplasmosis, Q fever, allergic alveolitis, salmonellosis, campylobacteriosis, and giardiasis [37]
associated with captive sourced bird imports remains an ongoing potential public health concern in
the UK.

Reptiles and Amphibians—Reptiles imported from tropical countries also have a high possibility
of carrying potentially dangerous pathogens [38]. For example, it is thought that reptiles act as vectors
for diseases that affect human health (such as Q fever and Lyme disease) and are responsible for some
of the UK’s reported human Salmonella cases [39]. In 2011, public health concerns arose when visceral
pentastomiasis (caused by Armillifer armillatus larvae) was diagnosed in a worker at a snake farm in
The Gambia [40]. Similar snake farms (which export wild caught and captive reptiles on to the global
exotic pet market) are in operation in Ghana [41], which exported 16,458 individual reptiles into the
UK between 2014 and 2018.

In terms of trade volume, amphibians were the most frequently reported taxonomic group. In total,
2,492,155 amphibians were shipped from 31 countries across six different regions during the study
period. From a public health perspective, amphibians have the potential to act as vectors for zoonotic
disease transfer; for example, they can be responsible for human cases of infection with Aeromonas spp.,
Mycobacterium marinum, and Salmonella spp. [30], the latter of which cause severe infections in people,
particularly children [39]. Although it is not a threat to human health, chytridiomycosis (a highly
contagious fungal disease among amphibians thought to have contributed to the decline or extinction
of at least 501 amphibian species across six continents [8]) was confirmed in a breeding population of
bullfrogs in the UK in 2006 [42].

It is important to acknowledge that pathogenic agents can also be transported across geographical
boundaries via the natural movement of wild animals, such as migratory species (e.g., some birds and
bats). While there are some zoonotic diseases in humans that appear to have been tied to spillovers from
migratory species, the majority have instead more likely resulted from human activities, particularly
direct contact with wild animals during harvesting and handling, and increased proximity of humans
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and livestock to natural habitats [43]. Consequently, there are concerns that the amount of contact
between wild animals and people throughout the trade chain could place public health at a greater
risk of pathogen transmission than natural migratory processes.

4.2. Exporting Countries

Excluding the potentially semi-domesticated Colombiformes and Galliformes exported from
Europe, the largest volume of wild animals came from North America and Asia, with the greatest number
of records from Europe and Africa. In terms of volume, the majority of the wild animals imported
into the UK were amphibians (73%), many of which were presumably intended for use as exotic pets.
The aquatic nature of such species presents a particular challenge in terms of mitigating the risks of
zoonotic disease introduction, as water is an effective transmission medium for pathogenic organisms,
and survival outside the host may be for a significant duration [44]. In addition, considerations on
how to responsibly dispose of any water used in shipments must also be taken into account when
dealing in aquatic specimens [2].

Many of the wild animals that arrived into the UK were also exported from regions that have been
identified as emerging disease hotspots—for example, in tropical lower latitude areas of Africa, Latin
America, and Asia [9]. In particular, the UK import data show that several countries from these regions,
such as El Salvador, Nicaragua, Cameroon, Madagascar, Singapore, and Indonesia, exported large
volumes of reptiles and amphibians to the UK annually, although some also exported species from
other taxonomic groups (see Figure 4 and Appendix F). Additionally, importing wild animals from
other regions such as Europe is also not without risk. Zoonotic disease emergence is closely associated
with regions of greater mammal biodiversity [45], and Europe has been identified as a hotspot for
mammal zoonosis [25]. These are important considerations given that the UK imports large volumes
of mammals from countries in mainland Europe such as the Czech Republic, Italy, and Spain.

Furthermore, while most current data implicate mammals as the primary zoonotic infection
reservoir, a substantial reservoir of human pathogens also exist in non-mammalian animals in
trade. The potential significance of disease emergence from non-mammalian reservoirs should
not be discounted, and further research should address the under-representation of data for
non-mammalian sources.

4.3. Current Biosecurity Measures

Despite its recognised role as a major transmission pathway for pathogenic organisms, the majority
of regulatory oversight of the international wildlife trade (e.g., CITES) has no focus on preventing
zoonotic disease introduction and no authority for biosecurity regulation [2,46]. Yet, research has
shown that international trade agreements could be an effective way to manage zoonotic disease risk by
limiting the amount of contact between humans and animals [47]. In lieu of establishing an additional
international treaty specifically to address pathogen transmission, CITES is arguably well placed to
adapt and incorporate disease spread via wildlife trade in its international remit [48].

Furthermore, in general, there is a lack of surveillance for key animal diseases in most countries,
and minimal health monitoring systems exist surrounding the trade of some wild animals, heightening
the potential risk for transboundary disease movement [49]. To address the problem of emerging
infectious diseases arising from wild animal pathogens, the World Organisation for Animal Health (OIE)
considers wild animal translocation as a particularly high-risk activity and advocates a prevention-led
approach as part of a four-stage strategy [50]. In light of the high volume and diversity of non-native
live wild animals being imported into the UK from across the globe, it is perhaps logical that prevention
should also be prioritised with regard to pathogenic pollution.

Currently, biosecurity measures (including risk assessments, border controls, and risk-based
post-border surveillance) are in place in the UK to ensure that live animals (and animal products)
entering the UK from third (i.e., non-EU) countries are safe and meet the specific animal and public
health required conditions for import [51]. With regard to live animals from third (i.e., non-EU)
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countries, imports must (1) come from an approved establishment in an approved country; (2) be
accompanied by agreed animal and public health certification as appropriate; and (3) enter the EU at an
approved Border Control Post where checks are carried out to ensure that the consignment meets import
conditions [51]. These animal consignments can then only enter the UK once they have undergone
veterinary checks with satisfactory results and a Common Veterinary Entry Document (CVED) has
been issued clearing the consignment as acceptable for import [51]. For live animal consignments from
EU Member States, at the time of writing, the animals must comply with an Intra-Community Trade
Health Certificate and welfare transport assurances, they need to have undergone a veterinary health
check prior to moving, and they may be subject to post movement checks at destination in the UK but
do not need to enter via a Border Control Post.

4.4. Data Gaps

A lack of detail in the UK import records provided by the APHA limits the extent to which these
data can be used to describe the scope, scale, and dynamics of this trade activity. For example, with
regard to the taxonomic status of wildlife imports, a total of 76,512 individuals (2.24%) were recorded
as ‘mixed taxonomic import’, and for 12,749 individuals (0.37%), no information was provided.
This meant that it was not possible to determine total import quantities for some taxa, which is
something of particular concern when trying to quantify the scale of potential zoonotic transmission
threats. Furthermore, although taxonomic status was recorded by APHA using a ‘Commodity’ number
code, these appeared to be limited to order level. Most (90%) of data records that did provide more
detailed information described taxonomic status to the family level, but only 26% of records did so to
the species level. In addition, the data record entries also do not include other important information
such as the country of origin (rather, only country of export was included), the import purpose (e.g.,
whether the imports were intended for private ownership, commercial use, or zoological purposes)
or the source of the animals (e.g., whether specimens were wild caught, ranched, captive born, or
captive bred—all of which carry some degree of zoonotic disease risk [12]). One further point of note is
that columns of the data were in some cases incorrectly titled (e.g., species order was under a column
‘species class list’), and some orders also appeared to have been grouped (e.g., ‘Other birds’) for no
discernible reason. In addition to reducing the possible applications of the data, these inaccuracies
may in turn lead to transcription errors or missing data due to lack of clarity.

4.5. Study Limitations

We intentionally chose to exclude CITES listed species from this analysis, as we specifically
wanted to focus on non-listed species given concerns that they may be subject to less scrutiny (e.g., [2]).
By omitting CITES listed taxa, there will undoubtedly be species and associated pathogenic organisms
that pose a risk to public health, and/or are regularly imported to the UK, that we do no describe or
discuss here. For example, our dataset does not include any primates because all primates are listed on
CITES appendices. Yet, there are recent news reports expressing concern for the number of primates
entering the UK and their potential to spread disease to humans [52]. This highlights that while this
study provides an important summary of infectious pathogens potentially entering the UK, it is not a
complete inventory of pathogen risk. Similarly, we did not attempt to quantify any illegal UK imports
or any subsequent seizures of wildlife and remained focused on legal trade only. Nor did we focus on
domesticated animal imports, or imports of fish, which can also be responsible for the transmission of
human infectious diseases of zoonotic origin [53].

This study was further limited to UK import records provided by the APHA only and does not
include a comparison with records held by exporting countries or the EU’s TRACES online management
tool. Discrepancies between export and import data in trade databases occur e.g., [41] and may arise
for a number of legitimate reasons [54]. More generally, it is also recognised that wildlife trade records
can be error-prone, incomplete, and characterised by a degree of uncertainty (e.g., [55,56]). Therefore,
there is a risk that our analysis may be an under- or overestimate and may have missed some pertinent
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details that would have been recorded elsewhere. Despite these limitations, to our knowledge, this is
the most comprehensive report of non-CITES listed wildlife trade importation for this time period and
of this scale.

Finally, it was beyond the remit of this study to include a detailed or systematic review of
pathogen spillover potential. Future studies would benefit from including a meta-analysis or other
form of quantitative review of pathogens associated with imported animals, or a specific inventory of
pathogens associated with import taxa of concern.

4.6. Recommendations

Although biosecurity protocols can help to lower the risk of zoonotic disease introduction, effective
surveillance and control is hindered by the wide variety of species involved and the often-complex
natural history of zoonotic agents [57]. Consequently, there are concerns that the current global
approach to surveillance is inadequate for some wildlife diseases [58], and the large volumes of wildlife
imported likely render it challenging and costly to effectively screen all individuals, even if it were
technically possible to do so. For example, the parasitic tapeworm Echinococcus multilocularis was
incidentally spread to the UK via imported European beavers from Germany in 2007 [59]. The case
was particularly concerning because the infected beaver had spent six months in quarantine [60],
where biosecurity measures failed to identify this risk to public health. The infection was contained,
but mainland Europe remains a high-risk region for potential future transmission of this parasite to the
UK, which is the causative agent of alveolar echinococcosis (AE) [61].

It has been suggested that efforts to decrease contact between wild animals and people could prove
to be the most practical and cost-effective approach in reducing the global human health threat posed
by zoonotic diseases [7]. Consequently, from a policy perspective, trade bans have been proposed as a
tool to help achieve these threat reduction goals [12]. There are concerns that wildlife trade bans could
have unintended negative consequences on both wildlife and economically vulnerable communities
if they are implemented in a manner that fails to also adequately address aspects such as consumer
demand, enforcement, and livelihood dependencies [3]. However, the impacts of a global pandemic
can also have far-reaching negative impacts on livelihoods and economies, which is a point brought
into sharp relief by the coronavirus COVID-19 pandemic [62–64].

The potential merits and inferiorities of trade bans aside, given that the import of non-native wild
animals remains an ongoing phenomenon, it is imperative that disease monitoring and surveillance
efforts are maximised, with particular attention to species imported from regions identified as zoonotic
‘hotspots’ [9,45]. Our study serves to highlight that efforts to prevent, detect, and eradicate zoonotic
diseases associated with the import of live non-native wildlife into the UK could be aided by more
detailed and extensive record keeping by the AHPA. As such, we recommend the inclusion of additional
data as currently recorded in the CITES Trade Database (e.g., taxonomic status (ideally to species level),
country of origin, source, and purpose) and improved record keeping will ensure that data records are
as complete and informative as possible.

5. Conclusions

Health issues at the human–animal–environment interface cannot be effectively addressed by one
sector alone [65]. Collaboration across all sectors and disciplines responsible for health is required to
address zoonotic diseases and other shared health threats at the human–animal–environment interface
via an approach often referred to as “One Health” [65]. In the UK, the current regulatory environment
comprises several different governmental departments and agencies that are responsible for different
and overlapping aspects of zoonotic disease prevention and control (e.g., Public Health England’s
National Infections Service (NIS), Public Health Wales’ Communicable Disease Surveillance Centre
(CDSC), Defra’s APHA (which also provides services to the Welsh and Scottish Governments), to name
but a few).
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Although important and informative data are no doubt held elsewhere (e.g., under the auspices
of other relevant government agencies), given the important role of wildlife trade as a transmission
mechanism for zoonotic disease, the AHPA data records relating to non-CITES listed species represent
a valuable source of information that could help efforts to address zoonotic diseases. Such improved
record keeping and reporting would also aid ongoing efforts to better understand and limit the other
unwanted negative impacts associated with this type of trade activity. For example, future areas of study
could include associated negative animal welfare impacts (e.g., whether transport conditions meet
minimum species-specific animal welfare criteria), conservation concerns (e.g., whether unsustainable
numbers are being harvested from species with declining populations), and legal criteria (e.g., whether
wildlife imports are fully compliant with relevant international and domestic trade legislation).
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Figure A1. (A) Number of non-CITES live wildlife records reported per year between 2014 and
2018, and (B) The volume of non-CITES live wild animals reported per year between 2014 and 2018.
The number of wildlife records was not significantly different across years (X2 = 3.3, df = 4, p = 0.5),
but the volume of wild animals traded was significantly different across years (X2 = 858,846, df = 4,
p < 0.001). A post-hoc pairwise comparison found a significant difference between all years (p < 0.001)
except between 2016 and 2018.
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Figure A2. (A) Total number of Columbiformes and Galliformes by year, (B) Total number of
Columbiformes and Galliformes by source, (C) Percentage of Columbiformes and Galliformes by year,
(D) Percentage of Columbiformes and Galliformes by source.
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Appendix C

Table A1. Summary of records across taxonomic order (number of trades, volume of total individuals,
mean volume, percentage of total trades, and percentage of total volume).

Taxa N.
Trades Volume Mean

Volume
N. Trades

(%)
Volume

(%)

Anura 90 2,492,155 27,690.61 4.97 73.06
Arachnida 4 1083 270.75 0.22 0.03

Artiodactyla 171 2839 16.60 9.44 0.08
Carnivora 130 943 7.25 7.17 0.03

Casuariiformes_Rheiformes_Struthioniformes 11 4792 435.64 0.61 0.14
Caudata 1 1 1.00 0.06 0.00

Chiroptera 4 81 20.25 0.22 0.00
Colombiformes 15 1121 74.73 0.83 0.03

Crocodylia 18 2731 151.72 0.99 0.08
Dasyuromorphia 2 15 7.50 0.11 0.00

Diprotodontia 9 73 8.11 0.50 0.00
Insectivorae 4 3203 800.75 0.22 0.09
Lagomorpha 19 29,817 1569.32 1.05 0.87
Not_recorded 259 12,749 49.22 14.29 0.37

Other birds 191 18,369 96.17 10.54 0.54
Perissodactyla 5 7 1.40 0.28 0.00

Pinnipedae 1 1 1.00 0.06 0.00
Proboscida 1 1 1.00 0.06 0.00

Psittaciformes 215 74,829 348.04 11.87 2.19
Rhyncocephalia 2 3653 1826.50 0.11 0.11

Rodentia 52 113,650 2185.58 2.87 3.33
Squamata 151 348,151 2305.64 8.33 10.21

Testudinata 82 224,237 2734.60 4.53 6.57
Unknown mixed import 371 76,512 206.23 20.47 2.24

Xenarthra 4 8 2.00 0.22 0.00

Appendix D

Table A2. Summary of trade records by country of export (number of trades, total individuals,
and mean volume).

Origin Destination Trades Total
Volume

Mean
Volume

Number of
Records (%)

Volume
(%)

Antigua And Barbuda United Kingdom 1 9 9.00 0.06 0.00
Australia United Kingdom 11 96 8.73 0.61 0.00
Austria United Kingdom 27 2506 92.81 1.49 0.07

Barbados United Kingdom 6 1080 180.00 0.33 0.03
Belgium United Kingdom 102 9557 93.70 5.63 0.28

Benin United Kingdom 1 100 100.00 0.06 0.00
Bermuda United Kingdom 1 54 54.00 0.06 0.00

Brazil United Kingdom 3 79 26.33 0.17 0.00
Brunei Darussalam United Kingdom 1 8 8.00 0.06 0.00

Bulgaria United Kingdom 10 90 9.00 0.55 0.00
Cameroon United Kingdom 6 21,379 3563.17 0.33 0.63

Canada United Kingdom 16 242 15.12 0.88 0.01
Chile United Kingdom 1 2 2.00 0.06 0.00

Croatia United Kingdom 5 48 9.60 0.28 0.00
Curaçao United Kingdom 1 1 1.00 0.06 0.00
Cyprus United Kingdom 6 39 6.50 0.33 0.00

Czech Republic United Kingdom 444 163,491 368.22 24.50 4.79
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Table A2. Cont.

Origin Destination Trades Total
Volume

Mean
Volume

Number of
Records (%)

Volume
(%)

Denmark United Kingdom 33 97 2.94 1.82 0.00
Ecuador United Kingdom 1 16 16.00 0.06 0.00

Egypt United Kingdom 6 11,189 1864.83 0.33 0.33
El Salvador United Kingdom 9 14,475 1,608.33 0.50 0.42

Estonia United Kingdom 4 5 1.25 0.22 0.00
Finland United Kingdom 8 307 38.38 0.44 0.01
France United Kingdom 87 4476 51.45 4.80 0.13

Gambia United Kingdom 1 3 3.00 0.06 0.00
Germany United Kingdom 142 9000 63.38 7.84 0.26

Ghana United Kingdom 23 87,028 3783.83 1.27 2.55
Gibraltar United Kingdom 1 30 30.00 0.06 0.00
Greece United Kingdom 11 168 15.27 0.61 0.00
Guinea United Kingdom 1 6 6.00 0.06 0.00
Guyana United Kingdom 10 4330 433.00 0.55 0.13

Hong Kong United Kingdom 12 36,069 3005.75 0.66 1.06
Hungary United Kingdom 23 1559 67.78 1.27 0.05

India United Kingdom 1 2 2.00 0.06 0.00
Indonesia United Kingdom 21 68,231 3249.10 1.16 2.00

Ireland United Kingdom 32 469 14.66 1.77 0.01
Italy United Kingdom 86 53,037 616.71 4.75 1.55

Japan United Kingdom 4 51 12.75 0.22 0.00
Kazakhstan United Kingdom 2 5 2.50 0.11 0.00

Kenya United Kingdom 7 1713 244.71 0.39 0.05
Korea United Kingdom 2 4 2.00 0.11 0.00

Kuwait United Kingdom 2 16 8.00 0.11 0.00
Latvia United Kingdom 5 64 12.80 0.28 0.00

Lebanon United Kingdom 3 4 1.33 0.17 0.00
Lithuania United Kingdom 4 17 4.25 0.22 0.00

Luxembourg United Kingdom 4 90 22.50 0.22 0.00
Madagascar United Kingdom 15 10,070 671.33 0.83 0.30

Malaysia United Kingdom 6 1325 220.83 0.33 0.04
Maldives United Kingdom 1 1 1.00 0.06 0.00

Malta United Kingdom 1 1 1.00 0.06 0.00
Mauritius United Kingdom 8 6552 819.00 0.44 0.19
Mongolia United Kingdom 1 1 1.00 0.06 0.00

Mozambique United Kingdom 5 15,786 3,157.20 0.28 0.46
New Zealand United Kingdom 8 122 15.25 0.44 0.00

Nicaragua United Kingdom 7 13,088 1,869.71 0.39 0.38
Nigeria United Kingdom 8 21,455 2,681.88 0.44 0.63

North Macedonia United Kingdom 3 4800 1600.00 0.17 0.14
Norway United Kingdom 5 103 20.60 0.28 0.00

Peru United Kingdom 4 459 114.75 0.22 0.01
Philippines United Kingdom 1 2 2.00 0.06 0.00

Poland United Kingdom 47 1429 30.40 2.59 0.04
Portugal United Kingdom 7 25 3.57 0.39 0.00

Qatar United Kingdom 1 17 17.00 0.06 0.00
Romania United Kingdom 4 47 11.75 0.22 0.00

Russia United Kingdom 3 5 1.67 0.17 0.00
Serbia United Kingdom 5 8250 1650.00 0.28 0.24

Singapore United Kingdom 10 225,785 22,578.50 0.55 6.62
Slovakia United Kingdom 74 26,805 362.23 4.08 0.79
Slovenia United Kingdom 3 409 136.33 0.17 0.01

Solomon Islands United Kingdom 1 221 221.00 0.06 0.01
South Africa United Kingdom 10 1864 186.40 0.55 0.05

Spain United Kingdom 59 61,117 1035.88 3.26 1.79
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Table A2. Cont.

Origin Destination Trades Total
Volume

Mean
Volume

Number of
Records (%)

Volume
(%)

Sudan United Kingdom 2 331 165.50 0.11 0.01
Suriname United Kingdom 7 2764 394.86 0.39 0.08
Sweden United Kingdom 28 330 11.79 1.55 0.01

Switzerland United Kingdom 42 247 5.88 2.32 0.01
Taiwan United Kingdom 1 1 1.00 0.06 0.00

Tanzania United Kingdom 10 28,277 2,827.70 0.55 0.83
Thailand United Kingdom 5 2396 479.20 0.28 0.07

The Netherlands United Kingdom 79 11,042 139.77 4.36 0.32
Togo United Kingdom 6 7186 1197.67 0.33 0.21

Turkey United Kingdom 6 7319 1219.83 0.33 0.21
UAE United Kingdom 7 528 75.43 0.39 0.02

Ukraine United Kingdom 2 460 230.00 0.11 0.01
United Kingdom United Kingdom 50 817 16.34 2.76 0.02

United States United Kingdom 49 2,320,343 47,353.94 2.70 68.02
Uzbekistan United Kingdom 12 59,524 4960.33 0.66 1.75
Venezuela United Kingdom 1 1 1.00 0.06 0.00
Viet Nam United Kingdom 18 77,234 4290.78 0.99 2.26
Zambia United Kingdom 3 1240 413.33 0.17 0.04

Appendix E

Table A3. Example zoonotic diseases associated with taxonomic groups. Information obtained from
Warwick et al. [66] and references within [67–72]. Terms marked with an asterisk represent * diseases
identified as found in the UK by Public Health England [31].

Source Taxa Zoonotic Disease

Amphibians

Campylobacteriosis *; Endemic relapsing fever; Gastroenteritis;
Mycobacteriosis/Tuberculosis; Salmonellosis *; Streptococcosis *; Yersiniosis;

Vibriosis; Leptospirosis *; Hepatitis-A; Western Encephalitis; West Nile virus;
Coccidiomycosis; Cryptococcosis; Septicaemia

Reptiles

Campylobacteriosis *; Endemic relapsing fever; Gastroenteritis;
Mycobacteriosis/Tuberculosis; Salmonellosis *; Streptococcosis *; Yersiniosis; Q-fever *;
Vibriosis; Leptospirosis *; Western encephalitis; West Nile virus; Coccidiomycosis;
Cryptococcosis; Septicaemia

Birds

Campylobacteriosis *; Gastroenteritis; Mycobacteriosis/Tuberculosis; Salmonellosis;
Yersiniosis; Septicaemia/general infection; Pneumonia;

Dermatitis; Psittacosis *; Q-fever *; Vibriosis; Leptospirosis *; Western encephalitis; Avian
influenza *; Newcastle disease; Cryptococcosis; Septicaemia; Histoplasmosis

Mammals

Campylobacteriosis *; Endemic relapsing fever; Gastroenteritis;
Mycobacteriosis/Tuberculosis; Salmonellosis; Yersiniosis; Septicaemia/general infection;
Bartonellosis; Pneumonia *; Psittacosis *; Q-fever *; Brucellosis

Leptospirosis *; Hepatitis-A; West Nile virus; Herpesvirus simiae-B; Monkeypox;
Molloscum contagiosum; Measles; Rabies *; Haemorrhagic fever; Newcastle disease;
Cowpox *; Coccidiomycosis; Streptothricosis *; Candidiasis; Ringworm *; Histoplasmosis



Animals 2020, 10, 1632 20 of 24

Appendix F

Animals 2020, 10,  21 of 25 

Mammals 

Campylobacteriosis *; Endemic relapsing fever; Gastroenteritis; 
Mycobacteriosis/Tuberculosis; Salmonellosis; Yersiniosis; Septicaemia/general infection; 
Bartonellosis; Pneumonia *; Psittacosis *; Q-fever *; Brucellosis 
Leptospirosis *; Hepatitis-A; West Nile virus; Herpesvirus simiae-B; Monkeypox; Molloscum 
contagiosum; Measles; Rabies *; Haemorrhagic fever; Newcastle disease; Cowpox *; 
Coccidiomycosis; Streptothricosis *; Candidiasis; Ringworm *; Histoplasmosis 

Appendix F 

 
Figure A3. Heat map of the number of non-CITES listed individual animals (excluding Columbiformes
and Galliformes) according to taxonomic order and country of export imported into the UK between
2014 and 2018 (log10).



Animals 2020, 10, 1632 21 of 24

References

1. Robinson, J.E.; Griffiths, R.A.; Fraser, I.M.; Raharimalala, J.; Roberts, D.L.; St. John, F.A.V. Supplying the
wildlife trade as a livelihood strategy in a biodiversity hotspot. Ecol. Soc. 2018, 23. [CrossRef]

2. Smith, K.M.; Zambrana-Torrelio, C.; White, A.; Asmussen, M.; Machalaba, C.; Kennedy, S.; Lopez, K.;
Wolf, T.M.; Daszak, P.; Travis, D.A. Summarizing US wildlife trade with an eye toward assessing the risk of
infectious disease introduction. EcoHealth 2017, 14, 29–39. [CrossRef] [PubMed]

3. ‘T Sas-Rolfes, M.; Challender, D.W.; Hinsley, A.; Veríssimo, D.; Milner-Gulland, E.J. Illegal Wildlife Trade:
Scale, Processes, and Governance. Ann. Rev. Environ. Resour. 2019, 44, 201–228. [CrossRef]

4. IPBES. Global Assessment on Biodiversity and Services of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services; Brondizio, E.S., Settele, J., Díaz, S., Ngo, H.T., Eds.; IPBES secretariat:
Bonn, Germany, 2019.

5. Smith, K.F.; Behrens, M.; Schloegel, L.M.; Marano, N.; Burgiel, S.; Daszak, P. Reducing the risks of the wildlife
trade. Science 2009, 324, 594–595. [CrossRef] [PubMed]

6. Eskew, E.A.; White, A.M.; Ross, N.; Smith, K.M.; Smith, K.F.; Rodríguez, J.P.; Zambrana-Torrelio, C.;
Karesh, W.B.; Daszak, P. United States wildlife and wildlife product imports from 2000–2014. Sci. Data 2020,
7, 1–8. [CrossRef]

7. Karesh, W.B.; Cook, R.A.; Bennett, E.L.; Newcomb, J. Wildlife trade and global disease emergence.
Emerg. Infect. Dis. 2005, 11, 1000. [CrossRef]

8. Greenberg, D.A.; Palen, W.J. A deadly amphibian disease goes global. Science 2019, 363, 1386–1388. [CrossRef]
9. Jones, K.E.; Patel, N.G.; Levy, M.A.; Storeygard, A.; Balk, D.; Gittleman, J.L.; Daszak, P. Global trends in

emerging infectious diseases. Nature 2008, 451, 990–993. [CrossRef]
10. Shereen, M.A.; Khan, S.; Kazmi, A.; Bashir, N.; Siddique, R. COVID-19 infection: Origin, transmission,

and characteristics of human coronaviruses. J. Adv. Res. 2020, 24, 91–98. [CrossRef]
11. Fukushima, C.S.; Mammola, S.; Cardoso, P. Global wildlife trade permeates the Tree of Life. Biol. Conserv.

2020, 247, 108503. [CrossRef]
12. Can, Ö.E.; D’Cruze, N.; Macdonald, D.W. Dealing in deadly pathogens: Taking stock of the legal trade in live

wildlife and potential risks to human health. Global Ecol. Conserv. 2019, 17, e00515. [CrossRef]
13. Baker, S.E.; Cain, R.; Van Kesteren, F.; Zommers, Z.A.; D’cruze, N.; Macdonald, D.W. Rough trade: Animal

welfare in the global wildlife trade. BioScience 2013, 63, 928–938.
14. Norconk, M.A.; Atsalis, S.; Tully, G.; Santillán, A.M.; Waters, S.; Knott, C.D.; Ross, S.R.; Shanee, S.; Stiles, D.

Reducing the primate pet trade: Actions for primatologists. Am. J. Primatol. 2020, 82, e23079. [CrossRef]
[PubMed]

15. Spee, L.B.; Hazel, S.J.; Dal Grande, E.; Boardman, W.S.; Chaber, A.-L. Endangered Exotic Pets on Social Media
in the Middle East: Presence and Impact. Animals 2019, 9, 480. [CrossRef] [PubMed]

16. Warwick, C.; Steedman, C.; Jessop, M.; Arena, P.; Pilny, A.; Nicholas, E. Exotic pet suitability: Understanding
some problems and using a labeling system to aid animal welfare, environment, and consumer protection.
J. Vet. Behav. 2018, 26, 17–26. [CrossRef]

17. Mermin, J.; Hutwagner, L.; Vugia, D.; Shallow, S.; Daily, P.; Bender, J.; Koehler, J.; Marcus, R.; Angulo, F.J.;
Group, E.I.P.F.W. Reptiles, amphibians, and human Salmonella infection: A population-based, case-control
study. Clin. Infect. Dis. 2004, 38, S253–S261. [CrossRef]

18. Moorhouse, T.P.; Balaskas, M.; D’Cruze, N.C.; Macdonald, D.W. Information could reduce consumer demand
for exotic pets. Conserv. Lett. 2017, 10, 337–345. [CrossRef]

19. Bush, E.R.; Baker, S.E.; Macdonald, D.W. Global Trade in Exotic Pets 2006–2012. Conserv. Biol. 2014, 28,
663–676. [CrossRef]

20. Lockwood, J.L.; Welbourne, D.J.; Romagosa, C.M.; Cassey, P.; Mandrak, N.E.; Strecker, A.; Leung, B.;
Stringham, O.C.; Udell, B.; Episcopio-Sturgeon, D.J. When pets become pests: The role of the exotic pet trade
in producing invasive vertebrate animals. Front. Ecol. Environ. 2019, 17, 323–330. [CrossRef]

21. APHA. Animal and Plant Health Agency: Addlestone, UK. 2020. Available online: https://www.gov.uk/

government/organisations/animal-and-plant-health-agency (accessed on 2 August 2020).
22. Scheffers, B.R.; Oliveira, B.F.; Lamb, I.; Edwards, D.P. Global wildlife trade across the tree of life. Science 2019,

366, 71–76. [CrossRef]

http://dx.doi.org/10.5751/ES-09821-230113
http://dx.doi.org/10.1007/s10393-017-1211-7
http://www.ncbi.nlm.nih.gov/pubmed/28176029
http://dx.doi.org/10.1146/annurev-environ-101718-033253
http://dx.doi.org/10.1126/science.1174460
http://www.ncbi.nlm.nih.gov/pubmed/19407185
http://dx.doi.org/10.1038/s41597-020-0354-5
http://dx.doi.org/10.3201/eid1107.050194
http://dx.doi.org/10.1126/science.aax0002
http://dx.doi.org/10.1038/nature06536
http://dx.doi.org/10.1016/j.jare.2020.03.005
http://dx.doi.org/10.1016/j.biocon.2020.108503
http://dx.doi.org/10.1016/j.gecco.2018.e00515
http://dx.doi.org/10.1002/ajp.23079
http://www.ncbi.nlm.nih.gov/pubmed/31876316
http://dx.doi.org/10.3390/ani9080480
http://www.ncbi.nlm.nih.gov/pubmed/31344918
http://dx.doi.org/10.1016/j.jveb.2018.03.015
http://dx.doi.org/10.1086/381594
http://dx.doi.org/10.1111/conl.12270
http://dx.doi.org/10.1111/cobi.12240
http://dx.doi.org/10.1002/fee.2059
https://www.gov.uk/government/organisations/animal-and-plant-health-agency
https://www.gov.uk/government/organisations/animal-and-plant-health-agency
http://dx.doi.org/10.1126/science.aav5327


Animals 2020, 10, 1632 22 of 24

23. Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016;
ISBN 978-3-319-24277-4.

24. Gu, Z.; Gu, L.; Eils, R.; Schlesner, M.; Brors, B. Circlize implements and enhances circular visualization in R.
Bioinformatics 2014, 30. [CrossRef] [PubMed]

25. Han, B.A.; Kramer, A.M.; Drake, J.M. Global patterns of zoonotic disease in mammals. Trends Parasitol. 2016,
32, 565–577. [CrossRef] [PubMed]

26. Olival, K.J.; Hosseini, P.R.; Zambrana-Torrelio, C.; Ross, N.; Bogich, T.L.; Daszak, P. Host and viral traits
predict zoonotic spillover from mammals. Nature 2017, 546, 646–650. [CrossRef]

27. Rajgor, D.D.; Lee, M.H.; Archuleta, S.; Bagdasarian, N.; Quek, S.C. The many estimates of the COVID-19 case
fatality rate. Lancet Infect. Dis. 2020. [CrossRef]

28. Wood, J.L.N.; Leach, M.; Waldman, L.; MacGregor, H.; Fooks, A.R.; Jones, K.E.; Restif, O.; Dechmann, D.;
Hayman, D.T.S.; Baker, K.S.; et al. A framework for the study of zoonotic disease emergence and its drivers:
Spillover of bat pathogens as a case study. Philos. Trans. Royal Soc. B Biol. Sci. 2012, 367, 2881–2892.
[CrossRef]

29. Zhang, T.; Wu, Q.; Zhang, Z. Probable pangolin origin of SARS-CoV-2 associated with the COVID-19
outbreak. Curr. Biol. 2020, 30, 1346–1351. [CrossRef]

30. CDC. Reptiles and Amphibians; Center for Disease Control and Prevention: Atlanta, GA, USA, 2020.
31. PHE. List of Zoonotic Diseases; Public Health England: London, UK, 2020.
32. BBC. China Bubonic Plague: Inner Mongolia Takes Precautions after Case. BBC News, 6 July 2020.

Available online: https://www.bbc.co.uk/news/world-asia-china-53303457 (accessed on 30 July 2020).
33. Benskin, C.M.H.; Wilson, K.; Jones, K.; Hartley, I.R. Bacterial pathogens in wild birds: A review of the

frequency and effects of infection. Biol. Rev. 2009, 84, 349–373. [CrossRef]
34. Rosen, G.E.; Smith, K.F. Summarizing the evidence on the international trade in illegal wildlife. EcoHealth

2010, 7, 24–32. [CrossRef]
35. Simpson, V.R. Wild animals as reservoirs of infectious diseases in the UK. Vet. J. 2002, 163, 128–146. [CrossRef]
36. McGrath, M. EU Ban on Bird Imports Sees “Massive” Cuts in Global Trade. BBC. 22 November 2017.

Available online: https://www.bbc.co.uk/news/science-environment-42068258 (accessed on 2 August 2020).
37. Jorn, K.S.; Thompson, K.M.; Larson, J.M.; Blair, J.E. Polly can make you sick: Pet bird-associated diseases.

Cleve. Clin. J. Med. 2009, 76, 235–243. [CrossRef]
38. Mihalca, A.D. Ticks imported to Europe with exotic reptiles. Vet. Parasitol. 2015, 213, 67–71. [CrossRef]

[PubMed]
39. Pasmans, F.; Bogaerts, S.; Braeckman, J.; Cunningham, A.A.; Hellebuyck, T.; Griffiths, R.A.; Sparreboom, M.;

Schmidt, B.R.; Martel, A. Future of keeping pet reptiles and amphibians: Towards integrating animal welfare,
human health and environmental sustainability. Vet. Rec. 2017, 181. [CrossRef] [PubMed]

40. Tappe, D.; Meyer, M.; Oesterlein, A.; Jaye, A.; Frosch, M.; Schoen, C.; Pantchev, N. Transmission of Armillifer
armillatus ova at snake farm, The Gambia, West Africa. Emerg. Infect. Dis. 2011, 17, 251–254. [CrossRef]
[PubMed]

41. Harrington, L.A.; Green, J.; Muinde, P.; Macdonald, D.W.; Auliya, M.; D’Cruze, N. Snakes and ladders:
A review of ball python production in West Africa for the global pet market. Nat. Conserv. 2020, 41, 1.
[CrossRef]

42. Fèvre, E.M.; Bronsvoort, B.M.d.C.; Hamilton, K.A.; Cleaveland, S. Animal movements and the spread of
infectious diseases. Trends Microbiol. 2006, 14, 125–131. [CrossRef]

43. Preventing the Next Pandemic: Zoonotic Diseases and How to Break the Chain of Transmission; United Nations
Environment Programme and International Livestock Research Institute: Niarobi, Kenya, July 2020;
Available online: https://hdl.handle.net/10568/108707 (accessed on 1 August 2020).

44. Miller, D.; Gray, M.; Storfer, A. Ecopathology of Ranaviruses Infecting Amphibians. Viruses 2011, 3, 2351–2373.
[CrossRef]

45. Allen, T.; Murray, K.A.; Zambrana-Torrelio, C.; Morse, S.S.; Rondinini, C.; Di Marco, M.; Breit, N.; Olival, K.J.;
Daszak, P. Global hotspots and correlates of emerging zoonotic diseases. Nat. Commun. 2017, 8, 1–10.
[CrossRef]

46. Watsa, M.; Wildlife Disease Surveillance Focus Group. Rigorous wildlife disease surveillance. Science 2020,
369, 145–147. [CrossRef]

http://dx.doi.org/10.1093/bioinformatics/btu393
http://www.ncbi.nlm.nih.gov/pubmed/24930139
http://dx.doi.org/10.1016/j.pt.2016.04.007
http://www.ncbi.nlm.nih.gov/pubmed/27316904
http://dx.doi.org/10.1038/nature22975
http://dx.doi.org/10.1016/S1473-3099(20)30244-9
http://dx.doi.org/10.1098/rstb.2012.0228
http://dx.doi.org/10.1016/j.cub.2020.03.022
https://www.bbc.co.uk/news/world-asia-china-53303457
http://dx.doi.org/10.1111/j.1469-185X.2008.00076.x
http://dx.doi.org/10.1007/s10393-010-0317-y
http://dx.doi.org/10.1053/tvjl.2001.0662
https://www.bbc.co.uk/news/science-environment-42068258
http://dx.doi.org/10.3949/ccjm.76a.08018
http://dx.doi.org/10.1016/j.vetpar.2015.03.024
http://www.ncbi.nlm.nih.gov/pubmed/25913453
http://dx.doi.org/10.1136/vr.104296
http://www.ncbi.nlm.nih.gov/pubmed/29051315
http://dx.doi.org/10.3201/eid1702.101118
http://www.ncbi.nlm.nih.gov/pubmed/21291598
http://dx.doi.org/10.3897/natureconservation.41.51270
http://dx.doi.org/10.1016/j.tim.2006.01.004
https://hdl.handle.net/10568/108707
http://dx.doi.org/10.3390/v3112351
http://dx.doi.org/10.1038/s41467-017-00923-8
http://dx.doi.org/10.1126/science.abc0017


Animals 2020, 10, 1632 23 of 24

47. Borsky, S.; Hennighausen, H.; Leiter, A.; Williges, K. CITES and the Zoonotic Disease Content in International
Wildlife Trade. Environ. Resour. Econ. 2020, 76, 1–17. [CrossRef]

48. Weissgold, B.; Knights, P.; Leiberman, S.; Mittermeier, R. How We Can Use the CITES
Wildlife Trade Agreement to Help Prevent Pandemics. Scientific American, 24 August 2020.
Available online: https://www.scientificamerican.com/article/how-we-can-use-the-cites-wildlife-trade-
agreement-to-help-prevent-pandemics (accessed on 25 August 2020).

49. Smith, K.; Machalaba, C.M.; Jones, H.; Caceres, P.; Popovic, M.; Olival, K.J.; Ben Jebara, K.; Karesh, W.B.
Wildlife hosts for OIE-Listed diseases: Considerations regarding global wildlife trade and host-pathogen
relationships. Vet. Med. Sci. 2017, 3, 71–81. [CrossRef]

50. OIE. Training Manual on Wildlife Diseases and Surveillance; World Organisation for Animal Health: Paris,
France, 2010.

51. DEFRA. A Description of the UK System of Controls on Imports of Live Animals and Products of Animal Origin and
Evaluation of its Performance to Protect Public and Animal Health; DEFRA: London, UK, 2017.

52. Dalton, J. Primates imported to UK for laboratory experiments triple in a year to 6752. The Independent, 2020.
53. Morand, S.; McIntyre, K.M.; Baylis, M. Domesticated animals and human infectious diseases of zoonotic

origins: Domestication time matters. Infect. Genet. Evol. 2014, 24, 76–81. [CrossRef] [PubMed]
54. UNEP-WCMC. A Guide to Using the CITES Trade Database; United Nations Environment Program, World

Conservation Monitoring Centre: Cambridge, UK, 2013.
55. Phelps, J.; Webb, E.L.; Bickford, D.; Nijman, V.; Sodhi, N.S. Boosting CITES. Science 2010, 330, 1752–1753.

[CrossRef] [PubMed]
56. Blundell, A.G.; Mascia, M.B. Discrepancies in reported levels of international wildlife trade. Conserv. Biol.

2005, 19, 2020–2025. [CrossRef]
57. Wendt, A.; Kreienbrock, L.; Campe, A. Zoonotic disease surveillance-inventory of systems integrating human

and animal disease information. Zoonoses Public Health 2015, 62, 61–74. [CrossRef]
58. Grogan, L.F.; Berger, L.; Rose, K.; Grillo, V.; Cashins, S.D.; Skerratt, L.F. Surveillance for emerging biodiversity

diseases of wildlife. PLoS Pathog. 2014, 10, e1004015. [CrossRef]
59. Thompson, R.A. Parasite zoonoses and wildlife: One health, spillover and human activity. Int. J. Parasitol.

2013, 43, 1079–1088. [CrossRef]
60. Barlow, A.M.; Gottstein, B.; Müller, N. Echinococcus multilocularis in an imported captive European beaver

(Castor fiber) in Great Britain. Vet. Rec. 2011, 169, 339. [CrossRef]
61. Budgey, R.; Learmount, J.; Smith, G.C. Simulating control of a focal wildlife outbreak of Echinococcus

multilocularis. Vet. Parasitol. 2017, 237, 47–56. [CrossRef]
62. Buheji, M.; da Costa Cunha, K.; Beka, G.; Mavric, B.; de Souza, Y.L.; da Costa Silva, S.S.; Hanafi, M.;

Yein, T.C. The extent of covid-19 pandemic socio-economic impact on global poverty. a global integrative
multidisciplinary review. Am. J. Econ. 2020, 10, 213–224. [CrossRef]

63. Decerf, B.; Ferreira, F.H.; Mahler, D.G.; Sterck, O. Lives and Livelihoods: Estimates of the Global Mortality and
Poverty Effects of the Covid-19 Pandemic; The World Bank: Washington, DC, USA, 2020.

64. Fernandes, N. Economic Effects of Coronavirus Outbreak (COVID-19) on the World Economy. 2020.
Available online: https://ssrn.com/abstract=3557504 or http://dx.doi.org/10.2139/ssrn.3557504 (accessed on
30 July 2020).

65. WHO; FAO; OIE. Taking a Multisectoral, One Health Approach: A Tripartite Guide to Addressing Zoonotic Diseases
in Countries; World Health Organization (WHO); Food and Agriculture Organization of the United Nations
(FAO); World Organisation for Animal Health (OIE): Geneve, Switzerland, 2019.

66. Warwick, C.; Arena, P.; Steedman, C.; Jessop, M. A review of captive exotic animal-linked zoonoses. J. Environ.
Health Res. 2012, 12, 9.

67. Chai, J.-Y.; Murrell, K.D.; Lymbery, A.J. Fish-borne parasitic zoonoses: Status and issues. Int. J. Parasitol.
2005, 35, 1233–1254. [CrossRef] [PubMed]

68. Krauss, H.; Weber, A.; Appel, M.; Enders, B.; Isenberg, H.D.; Schiefer, H.G.; Slenczka, W.; von Graevenitz, A.;
Zahner, H. Zoonoses: Infectious Diseases Transmissible from Animals to Humans; ASM Press: Washington, DC,
USA, 2003.

69. Hubálek, Z.; Rudolf, I. Microbial Zoonoses and Sapronoses; Springer Science & Business Media:
Berlin/Heidenberg, Germany, 2010.

70. Weese, J.S.; Fulford, M. Companion Animal Zoonoses; John Wiley & Sons: Hoboken, NJ, USA, 2011.

http://dx.doi.org/10.1007/s10640-020-00456-7
https://www.scientificamerican.com/article/how-we-can-use-the-cites-wildlife-trade-agreement-to-help-prevent-pandemics
https://www.scientificamerican.com/article/how-we-can-use-the-cites-wildlife-trade-agreement-to-help-prevent-pandemics
http://dx.doi.org/10.1002/vms3.57
http://dx.doi.org/10.1016/j.meegid.2014.02.013
http://www.ncbi.nlm.nih.gov/pubmed/24642136
http://dx.doi.org/10.1126/science.1195558
http://www.ncbi.nlm.nih.gov/pubmed/21205655
http://dx.doi.org/10.1111/j.1523-1739.2005.00253.x
http://dx.doi.org/10.1111/zph.12120
http://dx.doi.org/10.1371/journal.ppat.1004015
http://dx.doi.org/10.1016/j.ijpara.2013.06.007
http://dx.doi.org/10.1136/vr.d4673
http://dx.doi.org/10.1016/j.vetpar.2017.02.022
http://dx.doi.org/10.5923/j.economics.20201004.02
https://ssrn.com/abstract=3557504
http://dx.doi.org/10.2139/ssrn.3557504
http://dx.doi.org/10.1016/j.ijpara.2005.07.013
http://www.ncbi.nlm.nih.gov/pubmed/16143336


Animals 2020, 10, 1632 24 of 24

71. Warwick, C. Zoonoses: Drawing the battle lines. Vet Times 2006, 36, 26–28.
72. Bridges, V.; Kopral, C.; Johnson, R. Reptile and Amphibian Communities in the United States; Centers for

Epidemiology and Animal Health: Fort Collins, CO, USA, 2001; p. 36. Available online: http://www.aphis.
usda.gov/animal_health/emergingissues/downloads/reptile.pdf (accessed on 9 August 2012).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.aphis.usda.gov/animal_health/emergingissues/downloads/reptile.pdf
http://www.aphis.usda.gov/animal_health/emergingissues/downloads/reptile.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Global Wildlife Trade 
	Trade Data 
	This Study 

	Materials and Methods 
	Data Collection 
	Data Management 
	Statistical Analysis 

	Results 
	Total Volume Traded 
	Columbiformes and Galliformes 
	All Other Taxa 
	Country of Export 
	Taxa of Concern 

	Discussion 
	Species 
	Exporting Countries 
	Current Biosecurity Measures 
	Data Gaps 
	Study Limitations 
	Recommendations 

	Conclusions 
	
	
	
	
	
	
	References

