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General summary

The global widlife trade involves thousands of species and is relied upon by millions of
people for nutrition and income. Reconciling the demand for species with their conservation is
crucial, resulting in a need for a greater understanding of the volumes in whitdssgre traded and
whether this is likely to harm their populations. Most previous work has focused on the trade patterns
of specific species (e.g., pangoipp) or cumulative trade totals across entire taxonomic groups. The
former assumes we are alrgaavare of species that need action or study, while the latter risks
obscuring speciespecific deviations from the wider trend. This thesis broadly addresses the need for
large scale, specieevel studies of the impacts and management of the wildlifietia Chapter 2, |
conducted a metanalysis of 31 studies examining the impacts of wildlife trade on terrestrial
vertebrate species abundance. | found evidence of mean declines in species abundance of 62% where
trade occurred relative to untraded locasipbut also a swathe of systematic geographic and
taxonomic biases, underpinned by great wsggecific variation in severity of impact from minimal to
local extirpation. Chapters 3 and 4 focus on unpicking spéies nuance in the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) trade database, which
comprehensively captures the legal international trade in GIIBES species. In Chapter 3, |
developed hierarchical Bayesian hurdle models to unpick the spegstsccurrence and volumes of
1025 wildsourced birds, mammals, amphibians, and reptiles in commercial trade. Across species and
threat status (as assessed by the International Union for Conservation of Nature, [IUCN)-the wild
sourced trade is largely dethg to absence. However, traded volumes were largely unconnected to
changes in a species6é threat status, often becau
some cases, because trade continued unchanged despite increasing extinctioGhegiteind, |
applied modified hierarchical Bayesian hurdle models to contrast the eagiitvevildsourced
international trade in 779 commercially traded CIHIE&d bird species and their relative
associations with key reproductive traits. This revealpdrvasive specidsvel shift from wild to
captivesourced trade, with adult survival, age at first reproduction and longevity reproductive traits
associated with captive trade volumes. In combination, the results across the thesis highlight the
critical importance of speciespecific data to generate informed conclusions on trade, with impacts,
volumes, and trends varying by orders of magnitude for both closely related and demographically
similar species. Integrating transparent assessments of shaiigimato CITES processes is key to

both protecting species and ensuring a future for sustainable use and trade.
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Chapter 1:

General Introduction



1.1 The biodiversitycrisis

There have been five mass extinction events that drastically reshaped global biodiversity. In
each, up to 95% of all biodiversity was I¢Benton and Twitchett, 2003ftach separate
extinction event was caused by geophysical or atmospheric processes, including marine
anoxia, warming, acidification, acrdin and ozone damagBond and Grasby, 2017)

Scientists now believe we are in the sixth mass extinction event, a hdriveam occurrence,
where regional ecosystem collapse is already a ré@léiallos et al., 2020The loss of
ecosystem functioning will have profound implications on a range of ecosystem functions
which we as a species rely on, including food secuhs/water cycle and carbon
sequestratiofMace et al., 202). The haunting reality of the current extinction crisis is not

that we are awaiting the arrival some uncontrollable phenomenon, but that we sleep walked
and subsequently leapt headfirst into a crisis of our own making. Even with increasing
awareness,teempts to halt the crisis are failing, in both 2010 and 2020 we failed to meet any
selfimposed targets to slow biodiversity Iq8utchart ¢ al., 2010; Secretariat of the

Convention on Biological Diversity, 2020)

Five factors are considered the key drivers of extinction and biodiversity collapsesknd
change, exploitation, climate change, pollution and invasive sp@eRES, 2019)The

severity and relevance of edtineat varies by taxa and ecosystem specific factors, for

example the greatest threats facing insular species are invasive species, exploitation, and land
use change for cultivatiofieclerc et al., 2018)Conversely, primates are principally

threatened by land use clggnfor agriculture, ranching or logging, and exploitafiéstrada

et al., 2017)Where multiple threats eoccur, sgcieslevel extinction risk intensifies leading

to both population declingSymes et al., 201&nd aloss of population resilience

(Capdevila et al., 2022)

As our population expands and land use change intensifies throughoutttivg @daxwell

et al., 2016; Sala et al., 2000¢ will place ever greater strain on the planets natural

resources. Exploitation through hunting for either commercial or subsigianueses is a
fundamental practice for millions across the global s@Niblsen et B, 2018) and also

drives average population declines 58% in mammals and 83% in(Bed&ezLbpez et al.,

2017) Balancing the needs of those reliant on exploitation and species persistence remains an
unresolved challenge for many communities and species. A crucial facet of exploitation is the
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global commercializationfawvildlife. The trade in wildlife is not restricted to the common
and flawed perception of small markets predominantly outside the global (N@tgulies et
al., 2019) The reality is instead millions of plants and animals shipped around the globe each

year contributing income to both marginalised communities and global corporations.

1.2 What is wildlife trade?

Wildlife trade as adrm covers a vast range of practices, generally here | define it as the
extraction and commercialization of a plant or animal or its derivatives. This definition

includes the often overlooked trade in plants, the lucrative trade in timber often discussed
separately as logging, and the trade in aquatics and commercial fishing. Trade occurs at a
diverse array of scales. At the local scale, wild meat trade offers both subsistence and
additional income for up to 154 million households across the global 8dietken et al.,

2018) In contrast the international legal trade alone moves 10®@mifidividuals around

the world annuallfHarfoot et al., 2018a)lhe legal trade is a burgeoning commercial
enterprise with its values estimated at 0249
of this figure(Engler and Parrdones, 2007)n comparison estimates for the illegyade

range from $7.8 10 billion, however quantifying illicit networks remains challenging so

these estimates are likely conservatidaken, 2011)A further important distinction

between forms of trade is between the legal and illegal, and the sustainable and unsustainable
trade. These are two separate distoms that should not be conflated e.g. legal does not

equate to sustainable and illegal does not equate to unsustdinalileRdfes st al., 2019)

Across these types and scales of wildlife trade, the reality of traded species and products
manifests itself in astounding diversity. Many species are traded as food products both within
local communitiegRao et al., 2011and further afield as a luxury product (e.g. cavigan

Uhm and Siegel, 2016%pecies are further traded in a catalogue of derived products

including souvenirs (e.g. she(dijman, 2019)or carvings(Sims et al., 20118tc.) and

medicinal products (e.g. for traditional Chinese medigitasley et al., 2020) A large pet

trade also thrives across a diversity of taxa including birds, mammals, reptiles, amphibians,
and arachnids, with some species becoming rapidly exploited immeditigglypeing
describedBush et al., 2014; Hughes et al., 2021; B. Marshall et al., 2020; Marshall et al.,
2022) Species are also traded for a further variety of culturally specific purposes including



merit or prayer release across Southeast Asia. In Phnom Penh alone over 600,000 birds were

sold for this purpose in a I8onth periodGilbert et al., 2012)

It is estimated that 24% of terrestrial vertebrates are traded globally, including 4576 bird,
1238 mammal, 542 amphibian and 1282 reptile sp¢Bidseffers et al., 2019Hotspots for

traded species are found across South America, Central and Southwest Africa, Southeast Asia
and Australia. Traded birds were mainly found in Southeastwish the majority traded for

the burgeoning pet trad8cheffers et al., 2019; Shepherd and Cassey, 2Uhi#)trade has

given rise to the concerning sgivird crisis in the regio(Shepherd and Cassey, 201Based

on phylogenetic relatedness a further four thousand additional species are also at risk of
entering the wildlife trade in the futu(8cheffers et al., 2019Jrade also effects nen

vertebrate species, where a litany of taxa are traded for a diversity of purposes: molluscs for
food, medicine or souvenirs (shells), corals for building matetada) lime production, or
souvenirs, crustaceans for food, and insects and arachnids for the p@tuiaddima et al.,
2020) It is estimated that up to 23% of vascular plants, 10% of Basidiomycota fungi, 14% of
molluscs, 4% of arthropods, 20% of echinoderms and gl0&aidarians assessed by the

IUCN (Fukushima et al., 202@ye also traded in some form.

Forty percent of all species assessed by the IUCN are recorded as being intentionally used,
for 11% of species this is contributing to elevated extinction(Msksh et al., 2021)As one

of the key drivers of the current biodiversity cri@BBES, 2019)reconciling current

wildlife demand with the conservation of species never been more urgent. The potential
threats of the wildlife trade are numerous and interwd@®emith et al., 2009)The direct

removal of individuals can contribute to population declines and extinctio(Brésktez

Lépez et al., 2017; Symes et al., 20I®ade futher provides an avenue for invasive species
to enter and establish, potentially to the detriment of native sg&aesiaDiaz et al., 2017)

The large scale trade in species further provides paths for disease transmission including past
outbreaks of severe acute respiratory syndrome (SARS}lawld outbreaks in humans

linked to the trade in primates and small carnivores respec{ikahgsh et al., 20Q5and

H5N1 influenza outbreak in poultry which was linked to the illegal import of Mountain hawk
eagles Nisaetus nipalensjgVan Borm et al., 2005)The devastating current coronavirus
pandemic itself is believed to have originated from live animal markets in Wuhan, China.

Establishing effective regulatory and legal fravoeks to manage the vast wildlife trade must



be a conservation priority to enhance global biosecurity, protect species and safeguard

livelihoods.

1.3 Trading to save species or saving traded species

Overexploitation and trade are key threats to specesliavers of the extinction crisis, and

this is widely acknowledged. However, the best solutions for tackling this are a topic of great
debate. On one side many advocate the development of sustainable use and a wider shift in
what we view as conservatigRoe et al., 2020)While others instead view the end of global
trade as the only strategy able to halt current precipitous wildlife de€lileé c r uz e et
2020) These polarised views present a clashing dichotomy in both research and policy
(Dickman et al., 2019)

1.3.1 Sustainable trade and conservation

Sustainableise of wildlife is at the forefront of current global conservation efforts to combat
the biodiversity crisigConvention on Biological Diversity, 2020yundamental to this is the
fact that nearly all of humanity uses wildlife in some form and will continue to do so, as for
many it is a necessity rather than a chdldaetton and Leadewilliams, 2003) Therefore,

any changes to the use and trade of wildlife must consider not only conservation outcomes,
but also the socteconomic, financial, and cultural outcosnef chang€Cooney et al.,

2021)

Sustainable use when carefully implemented has the potential for a diversity of benefits
(Abensperglraun et al., 2011)The Urial Qvis vigne) and Suleiman MarkhoCapra

falconeri jedoni) were experiencing precipitous declines in Pakistan due to widespread
poaching prior to the 19806s. A community
local tribes people, and established a limited trophy hunting program where the income
derived from paying hunters was used to fund guards and various community infrastructure
projects including transport, healthcare and agricultural expansion thus reducing livestock
dependencé-risina and Tareen, 2008 ince implementation populations of both species
have been increasing steadifrisina and Tareen, 2008)he success of such programs

stems in part from the commity engagement and leadership, the imposition of a hunting

ban from national authorities would have likely have failed, due to the established rights and

traditions of local people.
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Similarly, in the United States of America (USA) the American alligéadiigator
mississippiens)s has hi storically been exploited sint
industry(Thorbjarnarson, 1999) argely indiscriminate exploitation decimated populations
before moving on to a new area. Contemporary estimates posit more than 3 million alligator
skins passed through just six Louisianan towns in-pea period (88071 1933)

(Mcllhenny, 1935) However, strong law enforcement and subsequent sustainable use
programs have facilitated the recovery of the species across nearly all its historical range.
Alligator aguaculture now generates millions in yearly revenue, withthetbkins and meat
being sold. In the USA alligator farming currently has limited wider community benefits
beyond the owners and workers of the farm or ranch, except potentially tourism or wildlife
education opportunities. Outside of the USA however, tiseggidence of wider community
benefits with communities deriving income by harvesting the wild eggs or neonates for
ranching(J. Nickum et al., 2018)

Key to sustainable trade regardless of the scale are the livelihoaacante benefits it can
provide for those reliant on wildlife. Often these are as simple as providing the predominant
yearly household income or being a supplementary income source in conjunction with other
variable income sources e.g. agricult(C®oney et al., 2015Extraction and trade is

attractive to many economically poorer households and communities globally because of the
often lowentry skills and year round availability of many products. In rural communities in
Madagascar the trapping and trade of amphibians, reptiles and invertebrates is highly
profitable compared to other livelihood options and contributed a quarter of households
yearly incomegRobinson et al., 2018However, the practice was still viewed as an

unreliable income source by trappers especiallyivelad jobs further up the supply chain

e.g. exporters. Trappers are estimated to receive less than 2% of the final sale price, and
because collection permits are held by exporters rather than collectors there are few
opportunities to move up the supplyaah or increase their inconfRobinson et al., 2018)

Thus in many cases trade can provide income, but not actually alleviate povedstimaty
improve livelihoods.

A key issue at both the individual and wider landscape level remains that the benefits of
sustainable use often can be outweighed by the immediate, often status quo, benefits of
continued unstainable use. In the Peruvian Amashifting hunting practices away from

vulnerable species and to a more sustainable model was estimated to drive a 36.4% decrease
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in annual economic benefit, therefore national development projects would be needed to
offset this significant loss in incaa{Bodmer and Lozano, 20Q1Jimilarly, surveys of
ungulate species in Pakistan highlight that while community led measures have protected
populations of trophy hunted species, other species not regarded as intpaptaas have
suffered further decling&han et al., 2014)

1.3.2 Unsustainable trade

Conceptual economic theory posits that species extinction is unlikely to be caused solely by
economic exploitation. As individuals become scarcer the resources expended on locating
them wil increase ultimately to the point where the costs exceed the benefits and exploitation
ceases to be viab{€ourchamp et al., 2006 However, where the commercial value of

species negatively correlates with its abundanattas rarity fuels demand, exploitation

can remain viable inducing a positive feedback loop driving species to extinction
(Courchamp et al., 2006y heory is now reality as pangolin species suffer extreme

population declinefom rampant collection and trade, with all species assessed as
Threatened and declining (as per the IUCN Red List). The continued exploitation of these
species despite numerous national and international efforts to proteditbemch et al.,

2016) has been attributed to demand for both meat as a luxury food and their scales for
traditional medicinglngram et al., 2018; Nash et al., 2016)

Across Southeast Asia the trade in passerine songbirds for pets and competitions has emerged
as a key threat forumdreds of species, prompting an international conservation response
(Shepherd and Cassey, 201FYyen species receiving international attention and national
legislation are commonly found in markets across the region, with critically endangered
species present in markateluding species while less than 250 individuals remain in the

wild (Nijman et al., 2017)Even historically abundant species such as the Sunda
laughingthrushGarrulax palliatug - one of tle most abundant species in Indonesian markets
T are now declining with soaring prices and declining numbers of individuals offered for sale
suggesting the s (epenetalp20d0;Sbeprera stald20i6pr i t y
Sumatra less than half of the remaining forestsremee than 5km from road access and
trapping has already depleted high value bird populations along this di@tkras et al.,

2017) As wild populations for desirable species plummet (e.g. Steaded bulbul,

Pycnonotus zeylanic§Bergin et al., 2018)Javan pied starlingsracupica jalla(Nijman et
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al., 2021) and Blackwinged mynaAcridotheres melanopteryslijman & al., 2017)
individuals of nearly extinct species are increasingly drawn from calptaae sourcesAs yet

this has not translated to benefits for wild populatidtipnan et al., 2021)

Population declines are not limited to charismatic speidsnternational markets but often
stem from local practices and markets. In Nepal, the sought after caterpillar fungus
(Ophiocordyceps sinenigsed predominantly in medicinal practices is rapidly declining in
the face of increasing demand and the iasiey number of harvesters exploiting the high
prices and potential additional incorf@hrestha and Bawa, 2013 imilarly, across the

global south the hunting and trade in meat (or bushmeat) is a key protein and income source
for participantgNielsen et al., 2018 Across SuiSaharan Africa we are seeing the

extirpation of larger mammals across hunted areas as these vulnerable, slower reproducing
species are unable to pstsagainst market demaiidachmann et al., 2020A common end
result around established bushmeat markets is the loss of such species and a switch to
smaller, faster reproducing species (e.g. rodents) that can meet market datmauid
declineg(Cowlishaw et al., 2005)Where it occurs unsustainable extraction and trade

undoubtedly has the potential to decimate species populations across a range of taxa.

1.4 CITES andtrade regulation

The potential threats posed by the trade in wildlife has been historically recognized by

international conservation bodies as early as the Second IUCN General Assembly in 1950,

where songbirds bought from local traders were displayedaini@as a protest against this
commerciali sation. 't wasndét wuntil Sevent h C
countries t o nareanimalsiharmongpith the exporolédws d@f the country
oforigino. The s ubs e qlyweanttfurtieRafd3callédsfos an international

convention to draft legislation regarding to the import, export and transit of threatened

species. In Washington, 10years later, the Convention on International Trade in Endangered
Species of Wild Fauna andoFa (CITES) opened for signatures and was ratified by tie 10

signature on the*1July 1975. That original text clearly outlines CITES aims and the Parties

original commitment to prevent unsustainable trade:

Recognizinghat wild fauna and flora in themany beautiful and varied forms are an

irreplaceable part of the natural systems of the earth which must be protected for this and the
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generations to come;

Consciousof the evemgrowing value of wild fauna and flora from aesthetic, scientific,

cultural, recreational and economic points of view;

Recognizingthat peoples and States are and should be the best protectors of their own wild

fauna and flora;

Recognizing in addition, that international coperation is essential for the protection of

certain sgcies of wild fauna and flora against owexploitation through international trade;

Convincedof the urgency of taking appropriate mea

There are currently 184 Parties to the Convention (although a smaller number have accepted
subsequet amendments to the Text of the Convention). Parties are required to designate at
least one Management and Scientific Authority to implement the Convention. The
Management Authorities primary duty is communicating with the CITES Secretariat, issuing
permis, determining exemptions and liaising with the Scientific Authority. The Scientific
Authority primarily determines whether import or exports of species is not detrimental to

their survival, track permits and actual exports to ensure compliance contiuspecies

survival and a litany of national tasks including but not limited to: interpreting nomenclature,
advising on confiscated specimens, assess status of traded species. Crucially, the

Management Authority must consult with the Scientific Authomityen issuing permits.

The primary mechanisms outlined in the Convention are the three Appendices, these are lists

of selected species, subspecies and broader taxonomic groups, each subject to differing trade
restrictions. Appendix | isthe moststringenhd as per the Calnventi on
species threatened with extinction which are or may be affected by tradeA | | commer ci
trade in these species is prohibited, but trade for other purposes e.g. scientific research, is
permitted when both impoand export permits have been granted. Currently there are over

1000 species of plant and animal listed in Appendix |. Appendix Il includes all species

fiwhich although not necessarily now threatened with extinction may become so unless trade
inspecimensdduch species i s s uThereaecurrerdly notethanct r e g\

37,000 species listed in Appendix Il, however orchid species comprise the vast majority of

10



these specigdlinsley et al., 2018)All orchid species (bar a small number listed in Appendix

) are listed under Appendix Il due to the precautionary-aldée principle as the taxa is

often subjectd misidentification. Crucial to trading either Appendix | or Il species is

evidencing that the export of a species will not be detrimental to the survival of the species in

the form of a Non Detriment Finding (NDF). An NDF should be based on the bestevide

available and include data on population sizes and trends, species role in ecosystems,

moni toring approaches, species ecology and h
should be whether the proposed export will be detrimental or what offtakiee taken

without threatening the species survival. Finally, Appendix Il can include any species

requested by a Party, that the Party already regulates the trade of but requires international

cooperation to prevent detrimental or illegal trade

The efectiveness of CITES in the modern day arena has been called into question on
numerous fronts. The CITES Appendices do not cover every species (nor are they designed
to) but in some cases it has been slow to recognize and respond to species that aredthreate
by trade with up to 28% of species threatened by international use not listed on the Appendix
and a further 35% of species threatened by international trade only protected after the IUCN
already recognized the thrg&rank and Wilcove, 2019When CITES does act strongly by
listing or up liging species to Appendix | (a near ban on international trade), this can
compound risk and stimulate trade, as in the case of Kleinmanns toftessedo

kleinmann) when traded volumes peaked during the transition péRodlan et al., 2007)
Similarly, while inclusion in Appendix | is often falsely regarded as a conservation success,
the implication of such trade bans are ofpeorly considered. Often such bans have adverse
consequences for those reliant on trade and can even contribute to emerging illegal markets
and further risk to threatened spedi€sallender et al., 2019dRegardless of these
shortcomings, as the worldds | argest binding
will play a pivotal role in tackling overexploitation. Whether that is in its current form or an

amendedrersion better able to guarantee conservation and societal goals remains to be seen.

1.5 Thesis overview

Reconciling the commercial and socioeconomic importance of trade with its combined

potential for great benefit and great harm to biodiversity istaivo stem the ongoing
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biodiversity crisisThe largest gaps in our understanding of trade revolve around two

principles, both key to averting biodiversity loss and enabling equitable and effective
sustainable use. Firstly, the impacts of trade on spaesften poorly known and rarely
evidenced. And secondly, are the measures we enact to combat unsustainable trade effective?
These are both utterly fundamental concepts that need quantifying for trade management to
move forward. The key difficulty in quiifying either issue stems from the scale of trade.

The overall aim of this thesis was to determine the spémiesimpacts of the wildlife trade

and assess whether international trade patterns were likely to benefit or damage species

populations.

Firstly, | conducted a global me#aalysis to compare species abundances between sites
where species were extracted for commercialisation and where they were not. Ranges of
ecological and geographic variables were extracted from the literature to exanpa#dies

of trade impacts. Next, | used the CITES trade database and hierarchical hurdle models to
examine species presence and volume in the wildlife trade, explicitly to compare whether
species becoming more or less threatened moderated their prestrecwvildlife trade.

Finally, using the processed CITES data and modified hierarchical Bayesian hurdle models |
examined the variation in life history traits between the captive and wild trade to assess the
prevalence of ‘faster’ and “slower” speciesadd and whether we are witnessing a species

level switch from wild to captivesourced trade.

Chapter 2: Impacts of wildlife trade on terrestrial diversity

Research has quantified the impacts of many key threats to biodiversity including
deforestationland use change and climate change. However, the impacts of commercial
extraction on species remains largely unknown. Despite this, the literature is rife with
contradictory claims of trade both decimating species abundances and benefiting species. The
objective here was to formally investigate species abundance changes where trade occurs in
species by conducting a metaalysis. Specifically | investigated (1) the general impact of

trade across species, (2) how the impact of trade varied with accessébsnaaud finally, (3)

whether protected areas effectively reduced any impact of trade on species.

Chapter 3: Mixed protection of threatened species traded under CITES
The international wildlife trade is known to encompass thousands of species. A furalament

basis for trading a CITES listed species internationally is that the extraction and trade will not
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further harm or endanger wild populations. Therefore, species presence and volume in this
trade should largely reflect how threatened individual specgeesviore threatened species

are unlikely to be able to sustain the same levels of offtake as comparatively less threatened
and more abundant species. Using the CITES yearly traded volumes for over a thousand bird,
mammal, amphibian, and reptile speciesValoped Bayesian hurdle models to contrast

species presence and volume in trade through time and across individual species threat
assessments. The objectives of this chapter were to (1) assess whether threatened and non
threatened species were differeltyizraded, (2) did CITES own Appendix | and Il listings

differ in trade patterns through time, and (3) when a species became rarer did traded volumes

change.

Chapter 4: Contrasting life-history traits in captive and wild-sourced trade over time

There iscurrently a broad shift in the international bird trade away from wild sourced
individuals. As the captive trade grows, understanding whether it in fact trades a distinct
plethora of species or a subset of those that were previously traded from wikkssurc

crucial. Ecological theory indicates species will fall along a spectrum of slow to faster life
history traits,with faster traits including lower adult survival and lower body mass, and
slower traits being longer lived and higher ages at first reptmoiu We used phylogenetic
logistic regressions and modified hierarchical Bayesian hurdle models to examine the effect
of four life history traits on the captive and wild bird trade through time. The objectives of
this chapter were to (1) examine whetdemographic traits correlated with the probability of

a species being CITES listed or trade, (2) assess whether trade volumes varied with species
life-history traits and whether these patterns remains consistent in both captive and wild
sourced trade, arfthally (3) whether specielevel captive and wilssourced volumes have

varied through time.

13



14



Chapter 2:

Impacts of wildlife trade on terrestrial biodiversity

Published asMorton, O., Sche#irs, B.R., Haugaasen, T., and Edwards D.P. (2021) Impacts
of wildlife trade on terrestrial biodiversitiNature Ecology and Evolution, 540 548.
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2.1 Abstract

Wildlife trade is worth billions of dollars annually and affects most major taxonomic
groups.Despite this, a gl obal understanding of
populations is lacking.We performed a quantitative metaanalysis of wildlife trade that
synthesised 506 specidsvel effect sizes from 31 studies, estimating traetfriven

declines inmammals (452 effect sizes), birds (36) and reptiles (18pverall, species
declined in abundance by 62% (20 to 82%) where trade occurs. Reductions were
greatest involving national or international trade, driving declines of 76% (36 to 91%)
and 66% (12— 87%), respectively. The impacts of trade were pervasive, requiring over
102 hours of travel time from settlements for trade to have no mean effect. Current
protective measures fail species, with significant declines even where the harvesting for
trade occus in protected areas. Population declines tracked species threat status,
indicating heightened extirpation and extinction risk in traded species. Critically, for
such a severe global threat to wildlife, our analysis unearthed a limited number of
studies wsing treatment versus control comparisons, and no studies on amphibians,
invertebrates, cacti or orchids. Improved management, tackling both unsustainable
demand and trade reporting, must be a conservation priority to prevent rampant trade

induced declines
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2.2 Introduction

The wildlife trade is a burgeoning global industry worth US28 billion per yeaiHaken,

2011) This encompasses both regulated, legal trade, and poorly regulated, illegal trade, co
occurring at local to international levéBager Olseret al., 2019; Patel et al., 2015; Tittensor
et al., 2020)At least 100 million plants and animals are internationally trafficked each
yealHarfoot et al., 2018bjnvolving a hypediversily of speciegScheffers et al., 2019¥or
instance, 24%N = 7638)of terrestrial vertebrate species, spanning 75% of terrestrial
vertebrate families, have recently been or are currently tréfigteffers et al., 2019)
Understanding the drivers and impacts of wildlifede is therefore one of the key challenges

for modern conservatiofMaxwell & al., 2016)

Localscale trade for both food and income security supports an estimated 150 million
rural households involved with the extraction or commercialisation of busliNietgen et
al., 2018) Conversely, the national to international trade in pets, medicines and luxury meats
often involves a small number of highly specialipadgties extracting and trafficking species
of high commercial value. At all scales, trade has the potential to support livelihoods and
even protect species from extinctiprd t -Rd¥es st al., @19; Cooney et al., 201, Ayith
sustainable trade potentially as lucrative as unsustainable mé¢Bumtiaer and Lozano,
2001) But at its worst, intensive extraction and trade is a prominent driver of extinction risk
and a global threat to speci@dcClenachan et al., 2016)his is demonstrated by the ivery
fueled declines of African elephar{i/ittemyer et al., 2014}he killing of the last Javan
rhinoceros of the subspeciasnamiticudor its horn in Vietham in 201(Brook et al., 2011)

and the rapid demise of pangolin species across Asia and &fiedarich et al., 2016)

A gquantitative global assessment of trade impact on individual species, and the
prevalence and strength of positive and negative effects is sorely lacking. Stigdi@sgin
positive outcomes of trade have synthesised evidence from secondary literature and market
trends to assess sustainability, but generally have not directly examined trade impacts on
species abundances in the w(ld t -Rdfes st al., 2019; Cowlishaw et al., 2005; Hutton and
Webb, 2003)Potentially positive results include the sustainable extraction and tradeef m
tolerant species, although at the cost of less tolerant sfg€oedishaw et al., 2005)Those

inferring negative outcomes of trade synthesized evidence fromspelties market
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surveys, comining expert opinion with market share trends, to infer population changes
(Harris et al., 2015)Such studies suggest that current volumes of animals traded are
unsustainable and likely contribute to sesaileclines. However, they can be confounded by
pre-existing market trenddviiiner-Gullandand Clayton, 2002and concurrent threats driving
species losses, including deforestation, subsistence hunting, and climate (Searitpz

Lopez et al., 2017; Gibson et al., 2011; Thuiller et al., 2006)

Our study quantifies the impact of wildlife trade on species abundances via-a meta
analysis comparing traded sites withexploited, control sites. We answer three key
guestions: (1) what is the impact of wildlife trade on species abundance; (2) how does the
impact of trade vary with spatial scale and access to markets; and (3) how effective are
current measures designedtotect species? Without precise quantification of the effects of
trade, future policies managing trade fail to be eviddrased and thus cannot claim to

safeguard species.

2.3 Results and Discussion

Trade-i nduced i mpacts on species abundance
We perfomed a systematic search of the primary and secondary literature for studies
comparing the impact of wildlife trade between traded (treatment) and untraded (control)
sites on vertebrate, invertebrate, orchid and cacti species abundance. We incorporated all
forms of wildlife trade, ranging from local, to national and international scales, and spanning
both legal and illegal trade. From suitable studies (see Supplementary Information), we
extracted the location, reported purpose, scale of trade, speciesrat®radal associated
variance. We calculated effect sizes as the log response ratio (RR) of the abundances in
traded and untraded sites; for clarity in interpretation, in the main text we present RR as
percentage change in abundance (Supplementary Metlnds3ystematic search obtained

506 effect sizes (452 mammals, 36 birds, and 18 reptiles, no suitable studies were found for
other taxa) from 31 studies comparing the impact of wildlife trade between traded (treatment)
and untraded (control) sites (all ngispacdor-time substitution, none using befeater

comparisons; Figure 1; Supplementary Table 1).
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We uncovered several alarming patterns in geographic coverage and taxonomic
representation of studies using robust methods to characterize aburedguorees to trade.
First, there was a predominance of studies in the South American and African tropics,
whereas there were only four studies from As@éaknown hotspot of trade diversity
(Scheffers et al., 2018)one from North America, and none in Europe (Figure 1;
Supplementary Table 11). Second, we document asynchrony between taxa represented in
research and those listed by CITES agarging attention. For example, there is a
dominance of mammalian studies (Figure 1B) even though mammals account for only 47.5%
(318/689 species) of CITES Appendix | and just 10.4% (513/2171 species) of Appendix Il
listed animalgCITES, 2020a) Our findings also lgihlight the absence of paired studies on
the impacts of trade for several highly traded taxonomic groups, including amphibians,
lepidopterans, arachnids, orchids and cacti (Figure 1). Orchids represent >70% of all CITES
listed species and marklesed stués suggest overharvesting and population declines
(Phelps and Webb, 2015)
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Figure 1. Distribution of A) the 31 data sources and B) the 506 extracted effect sizes for
birds, mammals and reptiles included in he metaanalysis.Shaded countries contain at

least one study and points denote locations of individual study sites. Antarctica was removed
from this graphic as no studies were present.

Overall, wildlife tradeassociate@ 61.6% decline in species abunda (Figure 2A),
with local species extirpations observed in 16.4% of the cases (83 out of 506 reported effect
sizes). Although mammals made up the majority of species (76% of 145 species) included in
our metaanalysis, mean declines were comparable ataassand on par with our overall

estimates (Figure 2B and S5).

Only 15.8% of effect sizes (n=80) were positive. We closely reviewed the original data
sources for this positive subset, revealing three audported causal links (Supplementary
Table 11) First, relatively low demand within trade, especially when a species is less
palatable and only traded as-tgtch(Davies et al., 20085econd, the extirpation of
intensively traded largbodied species facilitated tipeoliferation of lesdrequently traded
smalkbodied squirrel and bird species via competitive rel@aseer and Oates, 2011)

Third, inaccessible habitats served as sources for nearby traded areagGslirtdgsand
Edwards, 2017)These three points underscore how maintaining lovied# and retaining
no-hunting and widerness areg$Vatson et al., 201&an be effective. Without more
speciedevel understanding of offtake limits it remains a research frontier to robustly

guantify sustainabiljt for most species.
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Extraction for bushmeat trade (subsistence studies were not inchateslated with
significant declines of 59.7% (95% CI: 12.81.5%), while pet trade precipitated extreme
declines of 73.0% (95% CI: 32i189.2%) (Figure 2C). Ofife trade purposes recorded,
88.1% of effect sizes were for bushmeat trade. Despite the enormous scale of pet trade
globallyd up to 84 million songbirds are kept in Java alideMarshall et al., 20208)just
5.1% of effect sizes focused on the pet trade. This may reflect the difficulty of finding
suitable control sites nalready impacted by tradElarris et al., 2017)Our study highlights
an important deficit in the field of cemrvation biologg that although the scale of the
wildlife trade is immenséScheffers et al., 201@nd our evidencbased analyses shie
striking declines in abundances, our understanding of splevielsmpacts lags behind our
knowledge of other key threats to biodiversity, including deforestation, forest degradation
(Gibson et al., 2011gnd overhunting(BenitezLopez et al., 2017)This underlines an urgent

need for a diversification of trade studies across taxa, biogeographic realms, and purposes.

21



a I b |
| Reptilia = 1 (18)
| |
* %,
| |
I Mammalia = (452)
1 |
| |
I Aves T (36)
I 1 1 ! T
| 4 2 0 2
c .
|
Pet —— (26)
|
' Bushmeat ' s
| |
1 |
| Assorted — (34)
. . . ! - . . | .
-15 -10 -5 0 5 -4 -2 0 2
Log response ratio Log response ratio

Figure 2. Individual, class, and purpose effect size estimates) 506 taxawide effect size
estimates showing the 95% confidenaterval. Weighted mean population declines of

61.6% (95% CI: 20.0 81.6%) are shown by the red line and the dashed black line denotes

no impact of trade. Extremely negative results indicate local extirpations (population

declines of 100%). B) Taxspeciic effect size estimates. C) Stated trguepose estimates

of effect size. Assorted includes ivory, traditional medicine and laboratory use. Points show
weighted means and lines 95% confidence intervals. Estimates obtained through single mixed

metaregressions.

Trade impacts across spatial scales

National and international trade significantly reduced species abundance by 76.3% (95% CI.
35.81 91.2%) and 65.8% (95% CI: 11i.86.7%), respectively, (Figure 3A and

Supplementary Table 4), whereas local éradd limited impacts. This finding demonstrates
how distant demand pressures cause disproportionate losses to targe{Spesso et al.,
2017)and highlights the need for more effective and transparent documentation of trade

volumes(Blundell and Mascia, 2005)
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We used a spatial travel time layer accounting for road quality, most likely
transportation mode, slope, and surface type to derive estimates of travéNeises et al.,
2019) Tradeinduced declines were greatest when travel time to human settlements of >5000
inhabitantgNelson et al., 2019% shortest (Figure 3B). A travel time of 102auins from
settlements was required for no mean effect of trade on species abundarc2d63.56, df
=1, p<0.00019 an estimate that is considerably longer than previously published estimates
for huntinginduced (~3342 hours) population declingBenitezLépez et al., 2017)Greater
expenditures on travel are likely dieehigher monetary rewards of trade than personal
consumptionRao et al., 201)bFor example, in Indonesia, Harris and colleaffdagis et
al., 2017)found that bird trapping had depletidget populations across an entire remoteness

gradient.

Local trade negatively affected species abundance at all observed travel times to
settlements (Figure 3C;Mx 2426.73, df = 1, p < 0.0001). Similarly, for natiosahle trade,
the speciegevel impact declined to no effect only after 8 hours of travel away from
settlements (Figure 3D;MXx 651.37, df = 1, p < 0.0001). Such distances indicate that where
people are present, few locations can be deemed beyond the reach of the wildlife trade
(Symes et al., 2018)

Impacts of internationadcale trade decline more rapidly with distance, to reach no net
effect 5 hours away from settlements (Figure 3&=3%0.53, df = 1, p < 0.0001). While
local and national trade have tangible links to nearby settlements, international trade is likely
decoupled from proximate settlements, with supply affected by tistances of demand.
This is particularly worrying given plans to synergise the traditional Chinese medicine trade
into Chinads Belt and Road Initiative, <creat
(Hinsley et al., 2020)This expansion is recognized as a key threat to biodivétgthner et
al., 2018) increasing both access and potential demand for medicinally prized species,
including brown beardrsus actoyand snow leopardP@nthera uncia(Farhadinia et al.,
2019; Hinsley et al., 2020pcaling uprade networks without a robust understanding of
current impacts could be disastrous to species conservation, accelerating population losses

and species extinctions.
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Figure 3. Effect of trade on species abundance with travel time to settlements (with a
population greater than 5000) A) Effect size estimates across levels of trade. Error bars
correspond the estimates 95% confidence interval. B) The effect of travel time on species
across all trade levels, from local to international. Effect sizes ofl tienefor C) local, D)
national and E) international trade. Extremely negative results indicate local extirpations
(population declines of 100%). Points denote the raw effect sizes, solid red line is the mean
predicted effect size, dotted red line is thedel extrapolation, and black lines denote the

95% confidence intervals. Point size corresp

Effectiveness of conservation measures

Species declines increased with threat status (Figure 4A), indicating a substknbia
tradecompounded extinctions. Species classified as least concern or near threatened do not
suffer significant declines, whereas endangered species suffer significanhtracked

declines of 81.2% (95% CI: 35(194.6%) (Supplementary Table £ndangered species at

particular risk of decline include spider monkey spedsles belzebut{99.9%, 95% CI:

95.71 99.9%) andAteles chame{©9.9%, 95% CI: 77.7 99.9%),and Bai rTapres Tapi r
bairdii, (99.9%, 95% CI: 78.6 99.9%)(Supplementar Figure 5). The correlation between

threatened species, which typically have smaller populations, and greater declines highlight
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the risk of tradedriven extinctions and the need for proactive management of species most at
risk (Courchamp et al., 2006pata deficient species display mixed responses to trade,
highlighting the need for more research, especially given that many such species will likely

be of conservation concefdetz and Freckleton, 2015)

Where the extraction for trade occurred in globedigognisegrotected areas the
impact oftrade was significantly lower compared to in unprotected areas ((39.06, df =
2, p <0.0001 and Tukey HSD, p < 0.001). However, trade still drove declines of 56.0% (95%
Cl: 2.51 80.2%) in protected areas compared to 70.9% (95% CIlii38649%) in
unprotected areas. Locally protected areas (Figure 4C), where guards enforce trade bans (see
Supplementary Methods), also significantly reduced tiadeced declines in abundance
(Qu = 25.07, df = 2, p < 0.0001 and Tukey HSD, p < 0.001). Where there isalo lo
protection we find declines of 64.6% (95% CI:, 26.83.0%) compared to 38.9% (95% CI:,
-31.3- 71.5%) in areas with protection. That protected area status offers an imperfect outlook
for preventing tradéenduced declines is of particular concern givleat urbanisation and
transport routes are predicted to expand throughout the céBuwilac, 2013)increasing the
catchment for trade, and necessitating the existence of truly protected areas (Figure 4B).

25



a ! b |
! I
LC —— (202) I
| o Yo el  (279)
1 = |
| = I
175}
NT I (54) < |
I o I
I <
No - —a— | (219
9 VU : (106) I
® |
()] 1 I
Z T
O 1 c
= EN B | (48) I
1 |
| _5 Yes —8—1 (78)
| © |
CRA o (23) &
1 S] |
I = I
©
I 9 I
. = NoH — (430)
DD — (7) |
| |
. : : . l . . . . — .
-4 -3 2 -1 0 1 2 3 2 0 1
Log response ratio Log response ratio

Figure 4. Impact oftrade on species conservation and protected area status) Trade

induced population declines by IUCN threat status. Aggregated species effect sizes excluded.
B) Effect of internationally listed protected areas. C) Effect of local protection, see
Supplematary Methods for details on classification. Points denote the mean weighted effect
size, lines the corresponding 95% confidence interval and the dashed black line no impact of
trade. Estimates obtained through single mixed yrefjeessions, Tukey HSD pdsic tests

used to assess differences within panels B) and C).

Key predictors of trade and conservation action

The most importanpredictorsof changes in species abundance highlighted in an optimum

multiple metaregression were travel time to the neasestlements, protected status and the
interactions between travel time and both levels of protected status (Supplementary Table 6

and S7). The model was highly significant according to VWgbé omnibus tests (@=

5191.1P< 0. 0001, Mc FRAd d®e.nD%7 ,p sMaulaad deRl®s pseudo
0.296). This further emphasises that successful conservation of many traded species is

intertwined with improved integrity of protected areas and maintenance of true wilderness
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(Gilroy and Edwards, 2017; Watset al., 2016)Where unavoidable, infrastructural
expansion into such areas must be designed to minimize negative exterj\élélaset al.,
2020) Significant residual heterogeneity remained in the model, likely attributable to the
dynamic nature of the wildlife trade and its quex links to distant demand pressures, local
food security issues, transnational trends, and evolving reguléGbadiender et al., 2015a)

There are two possible biases in the underlying data used in our study, which could
inflate the declines we have found. Firstly, some speciegéiited sites could exhibit more
cryptic behaviour to avoid detection, reducing apparent species abundances relative to control
sites(Papworth et al., 2013pecondly, although we carried out numerous supplementary
analyses and testsdetect bias in the literature some of the original studies might have
deliberately focused on sites for which there wasiori knowledge of extreme exploitation
induced declines relative to other exploited locations, but did not report this in thieadsiet
As such, there is a possibil i tcyastehda td escol men eosf

exploitation for wildlife trade.

In presenting multisource evidence that extraction for the wildlife trade drives large
population declines there araucral considerations for conservation management and policy.
We examined 1807 peeeviewed articles and >200 TRAFFIC reports, yet found no support
for a quantified, existing sustainable trade (but(3etedcAceves et al., 2014)wider
environmental beefits, nor evidence of an infrastructure for population monitoring and data
acquisition to create sustainable trade. We urgently need quantitative studies in support of
sustainable wildlife trade and the potential faiiwnanaged trade to reduce the rnaga
impacts of other conservation issii€hallender et al., 2019bAssessing the sustainability
of trade and its longerm impact on the myriad of traded populations is critical knowledge
that takes significant time and funds to generate. Our study neither evidences unsustainability
nor sustainability, as a global understanding of carrying capacity anéefévels is
missing. Rather, we reveal where the exploitation for trade causes populations to decline
significantly in abundancéuture work should exploit population records through time to
truly assess sustainability. Analyses using the Living Pliaugetx, highlight temporal
popul ation trends for fAusedo species are hig
(Leung et al., 2020; Tierney et al., 2014)
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We must betteprotect traded species in the wild, via enhanced enforcement or
improved local awareness of trade and hunting [@ashmann, 2008However, these
approaches can unfairly punish the economically marginalized, such as smallholders reliant
on bushmeat for income and supplementary pr¢@aoney et al., 2017and so they must
be combined with programs for 1gilling or income guarantees for local peoglésoney et
al., 2017) Finally, international wildlife trade requires a globalboedinated and funded
response to generate and synthesize data, plus enact focused trg@atador et al.,
2019)and appropriate policing. We need to combine this with enhanced global education and
awareness to reduce glolimand before local extirpations become global extinctions.

2.4 Methods

Search Methodology

Suitable studies for inclusion were identified through a systematic literature search. Searches
were conducted via ISI Web of Science, SCOPUS, Google Scholtiemdite Rose thesis

repository. Within Web of Science the following accessible databases were searched: the

Core Collection, Data Citation Index, SciELO Citation Index, K®lorean Journal

Database, BIOSIS Index, MEDLINE and Zoological Record. The Beas completed over

December 2019 and January 2020, with the final study list extracted orftbar2mry 2020.

A napve Boolean search string of Aawi ldlife t
used initially, resulting in 247 results. The citati@cord and abstracts of all 247 results were

then exported forkeywordemc cur r ence net wor k dGranesesal.,s usi n
2019) in R 3.6.1(R Core Team, 2019 his was used to create a comprehensive Boolean
search string written as A("bushmeat* tradef*
"wildlif* trade*") AND (popul* OR specie*) AND ("appendix* ii" OR "biodivers* loss*"

OR ™sustainab*" OR "conserv* status*' OR "continu* declin*" OR "extinct* risk*" OR

“lucn* red list*" OR "main* threat*" OR "major* threat*" OR "negat* impact*" OR "relat*

abund*' OR "sever* impact*" OR "signific* impact*" OR "signific* threat*" OR "sfec

rich*" OR "spec* surviv*"™ OR impac* OR "*sus
used to search the ISI Web of Science databases, and modified search strings were used for

the other databases.
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As search term length in SCOPUS is limited, ashodeness t r i ng of A( " bushme:
"pet trade*' OR "wildlif* trade*") AND (popul* OR specie*) AND ("biodivers* loss*" OR

"conserv* status*' OR "continu* declin** OR "extinct* risk*" OR "relat* abund*"* OR

"I mpact*" OR "spec?* r i cbetl.'Googldrscholarsalie*to handle vi v *
longer Boolean search strings but does not recognize wildcard components (*) so the search
string used was A("bushmeat trade”™ OR "illeg
AND (population OR species) AND (aendix ii" OR "biodiversity loss" OR "sustainable"

OR "conservation status" OR "continuing decline” OR "extinction risk" OR "iucn red list"

OR "main threat" OR "major threat" OR "negative impact" OR "relative abundance” OR

"severe impact” OR "significaminpact" OR "significant threat" OR "species richness" OR
"species survival" OR impact)o. The White RO
search strings so two simple searches were used and the results pooled for screening,

AWi Il dlifettoadempaptuba and ABushmeat trade p
In addition, publications by TRAFFIC (The Wildlife Trade Monitoring Network) were

reviewed for suitability. An exploratory review was conducted whereby all TRAFFIC

Reports and Publications for birds£r24) and all TRAFFIC Bulletins for the years 2017 to

2019 were read in full. However, we found that despite performing detailed and

comprehensive studies of wildlife trade market dynamics, conditions, and trends, TRAFFIC

did not perform studies investiyag the direct impacts of the trade in the control and

treatment experimental design we required for this rastdysis.

Finally, we reviewed the bibliography of a recent hunting rast@ysis and read the full text

of all referenced studies to revieveth for inclusionBenitezLopez et al., 2017)

Inclusion and Exclusia Criteria

Studies were screened by title and abstract, before finally being selected based upon whether
they met the following criteria. 1) Evaluates the impact of the wildlife trade on wild
populations. 2) Contains data to the species or genus lev®p8yts changes in abundance

in areas hunted for trade and a control area. However,no studies were removed for the sole
reason they presented only preseabsence data. 4) Assesses only areas without internal
confounding factors, unless such factors wenesistent across both the treatment site and the
control site. An example of this would be the presence of agriculture or logging. Such studies
are included if both the control and treatment site are subject to the same degree of
agriculture or logging. t8dies will be included if they are assessing the impacts of hunting on

wild populations and the stated purpose of the hunt is for trade.
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Furthermore, this analysis focuses specifically on the impacts of the commercial trade of
species rather than theirtmistence consumption. Therefore, where studies reported control
and treatment data for numerous species but explicitly stated that only certain named species
were predominantly traded, only traded species from that study were included. For example,
in EspnosaAndrade(2012)only 13 of the 25 reported species are included in our aralysi

Data Extraction

The data were structured into a source, study, species {gffegthierarchy. A source was

taken as any single thesis, publication or pegrewed article. Within each source there

could be more than one study. Numerous studiesgiarsiburce were typically found if the

effect of trade was assessed in treatment and control sites where groups of paired sites are
either temporally or spatially separated. For example, if the same pair of sites were assessed
in 2005 and then again in ZBlboth years would represent a distinct study within a data

source and the value would not be directly comparable across years. Additionally, each study
should follow identical methodological protocols; for example, if the effect of trade was
assessed itwo treatment and two control sites, where one pair of sites was assessed using
daylight transect surveys and the second pair assessed using nocturnal transect surveys, these
pairs of sites would each represent a distinct study. This facilitates theatialtelffect sizes

by comparing observations within a single study. Each study typically contained data for at
least one species where the density was recorded in both control and treatment

plots/sites/transects.

For each species within each study, wiaeted the following information: the mean

abundance, the standard deviation, the standard error, the variance, the confidences interval,
the sample size, the transect length (where reported), any reported distances to local markets,
the reported scale tfade (local, national, international) and the reported purpose of trade

(i.e. bushmeat, pet, laboratory, ivory, etc.). This information was extracted for both the
treatment and control plots/sites/transects. We further recorded details of the methods and
units of abundance (i.e. Individuals/kngroups/km or encounters/km). Where the data

required was not reported in the main body of the text, tables, supplementary information and
after the authors had been contacted regarding data sharing, figurésicgnitee required

data were digitized using GetGraph Digitizer (Version 2.26) software.

30



Where possible we also extracted the coordinates of both treatment and control sites from the
study. Where this was not possible or not reported, we georeferenctddsite maps

using QGIS 3.12.0. For a small number of studies the exact coordinates either given or
marked in figures were not given, in most cases this was due to the authors choosing not to
publish the exact coordinates so not to increase the resktiaiction for their isolated control
populationgSchoppe etla 2010) Where this was the case we attempted to contact the
authors for the locations. The extracted data was further supplemented with [JUCN
(International Union for Conservation of Nature) data, which included threat status,
population trends, whetherological resource use is a knowhreat the details of the

species recorded levelsdée and TradeWe used EltonTraits 1.Wilman 4 al., 2014)o

include the body mass and feeding guild of each mammal and bird species. The feeding guild
of a species was deduced from the relative proportions of each dietary component and were
as follows, carnivore (>50% of the diet is vertebrate igggcinsectivore (>50% of the diet is
invertebrate species), herbivore (>50% of the diet is from plants), frugivore (>50% of the diet

is fruit and seeds) or an omnivore (where no previous categorisation applies).

In certain cases, aggregated speciea datre presented. This was common for certain
inconspicuous taxa, such as duikers (of the g@hilantomla andCephalophuk In such

cases, we deduced mean body masses from EltonTraits by taking the averages of all species
within that genus known to occur the area, the same process was applied to feeding guild.
For reptiles, the same approach was applied to body mass using the Slave(R0ld)al

dataset.

In total, our database included 506 spedevel effect sizes from 31 studies (mammé§,

birdsi 6 and reptiles 7; noting the total does not sum to 31 because 3 studies considered both
birds and mammalgAquino et al., 2016; Aquino and Calle, 2003; Carrillo et al., 2000;

Cronin, 2013; Dasgupta and Hilaluddin, 2012; Davied.e2008; De Thoisy et al., 2005;
EspinosaAndrade, 2012; Fay, 1991; Gamble and Simons, 2004; Gonzalez, 2003; Gray and
Phan, 2011; Hall et al., 1997; Klemens and Moll, 1995; Kiimpel et al., 2008; Linder and
Oates, 2011; Magige et al., 2009; Maldonadd.e2809; Maldonado and Peck, 2014;
Muchaal and Ngandjui, 1999; Nuitiezt ur ri | and Howe, 2007; O6Bri
al., 2011; Poulsen et al., 2011; Remis and Kpanou, 2010; Rist et al., 2009; Rovero et al.,
2012; Schoppe et al., 2010; Segura Andvedo, 2019; Sung et al., 2013; Tejgrgensen et

al., 2009; Yasuoka, 2006)he 506 effect sizes are comprised of 452 for mammals, 36 for
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birds and 18 for reptile. This included 82 treatment sites (manin&sbirdsi 11 and

reptiles- 14) and 44 cotrol sites (mammals 30, birdsi 7 and reptiles 10). Note- the totals

again do not sum to the overall site count as 3 studies considered both mammals and birds at
the same sites. The dataset includes 144 species (or groups of similar speciesoitsat auth

were unable to distinguish in the field), comprising 110 mammals, 25 birds and 10 reptiles.

By trade purpose, 115 species were involved in the bushmeat trade, 16 species in the pet trade
and24 speciesn an assortment of trade purpogeste, these doot sum to 144 total species,

because some species appear in multiple studies in which the purpose differed).

Spatial Variables

For each study we extracted the locations of both the treatment and control sites (Fig. S1). All
travel and spatial metrics weecalculated from control and treatment sites. This was to ensure

our analysis accounted for the variable O6qua
hypothetical example, (Fig. S1) it is possible that in Study 1 the conira§ @uch closr to

the settlement that the control used in Study-Ar@ therefore may have reduced species

densities solely due to this closer proximity to the treatment site and the settlement itself. For

this reason, both the control site distance and the treasienlistance were recorded and

included in regression analyses.

From the available georeferenced coordinates of each control and treatment site we extracted
further information (despite efforts, for 45 effect sizes, locations and therefore travels time
could not be extracted from maps, methods or authors). Using the travel time raster layers
formulated in Nelson et al2019) we calculated the travel in time in minutes from each

control and treatment sites to urban centres with a populat@®0>fmean, maximum :

minimum time, Control [502.889, 7 : 2145], Treatment[414.543, 0 : 2047]). The raster layers
calculate travel time based on the existing topography, terrain, infrastructural network along
the route, and use the most common mode o$pram used in the pixel (e.g. walking, car,

boat etc.). We further assessed the protected area status of each site using two methods.
Firstly, we crosseferenced each location with the World Database of Protected Areas
(UNEP-WCMC and IUCN, 2Q0). Secondly, we recorded the level of protection each site

was described as having in the original data source. For example, this was scored as yes if the
traded area was recorded in the study as having guard patrols or active enforcement of quotas

etc.All spatial analysis and extraction were completed using QGIS JQ&05
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Development Team, 202@nd R 3.6.1R Core Team, 2019All spatial operations were
completed using Mollweide equahbrea projectioflUNEP-WCMC, 2019)

Effect Size Calculations
We used log response ratios (RR) to calculate effect sizes (Eq. 1), as is common in ecological
and environmental met@nalyses when comparing twyooups (treatment and control) where

the expectation for zero values is I@Medges et al., 1999)

YY I 1T— (Equation 1)

Effect sizes were calculated for individual species from sites within each study. Each effect
size is calculated from a treatmeét | and control ¢ ) mean abundance per stu@y.(The

control sites were those where the extraction of species for trade was not thought to occur or
was stated to occur to at very minor levels, and was not confounded by the extraction of
species for subsistence consumption. Where the RR for any specigatiseéRR < 0) this
represents a decrease in species abundance where the extraction for trade occurs; similarly, a
positive RR (RR >0) indicates that species abundances are greater where trade occurs. A RR

equal to 0 would indicate there is no impactrafle on species.

At certain treatment sites the extraction for trade has driven species abundance to zero,
representing localised extirpations. This results in a division of zero values by the control
mean(® ) giving an unlogged effect size of peand a mathematically undefined logged
value. Therefore, we performed a transformation (Eg. 2) on zero abundance values using a
modified version of the approach proposed by Smithson and VerKadé6) as used in

similar metaanalyses, where:

D) T letY —

Y — (Equation 2)
Here, RO6 can be used to calculate the RR. Su
unlogged values to now minutely favour higher values (all unlogged sffes before
transformation (median, minimum : maximum) [0.58391, 0 : 38], and after [0.58487, 0.00096
: 38.00096]. For mammals before transformation [0.58824, 0 : 38], and after [0.58919,
0.00096 : 38.00096]. For birds before transformation [0.6919Q166667], and after
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[0.692861, 0.00096 : 21.66762]. For reptiles before transformation [0.2400000, O : 8.34426],
and after [0.24096, 0.0009@.34522].

Our observed effect sizes (RR) were not weighted using the inverse sampling variance, as
weightingin such a manner negates the complex random effects structure used in these
analyses. Instead, we used the inverse marginal varc@mvegiance matrix which weights
across the entire matrix as calculated using.mv As a small number of studies did not
report the standard deviation, standard error or confidence intervals we imputed the missing
values using Brackens 1992 approfchjeunesse, 2013ye also calculated the missing
values by assuming the data followed a Poisson distribution and theigfore , and also
using the HotDeck NN approa¢Rubin and Schenker, 199Due tothe presence of zero
densities at a number of treatment sites necessitated a continuity correctiorkfaétgr (
(Sweeting et al., 2004As all results were highly similar (Supplementary Table 10) the
Bracken imputations were used, thus avoiding potestiiaftcoming of the correction factor

approach for the SD valuéSweeting et al., 2004)

Modelling

All metaregressions were undertaken usingtafor2.4-0 (Viechtbauer, 2010therma.mv
function was used to fit multilevel mixesffects metaegressions. This approach was taken

to account for the nested structure and-malependence of having multiple effect sizes from

a single data source. The subsequent modelling was separated into three distinct stages, a
randomeffects mixeeeffects regession, single mixedffects regressions and multiple
mixed-effects regression models. In all cases, models were assessed using the Bayesian
Information Criterion (BIC). This criterion was selected over the first and semaled

Akaike Information Critean (AIC, AICc) for two reasons 1) it is known to perform better
where there is large heterogeneity in the data and 2) the BIC penalises additional parameters
to a greater degree than the AICc. However, we report the AIC, AICc and BIC values for

reference $upplementary Table 3, S5).

The randorreffects only model was used to assess the overall impact of trade on species
abundance, the final BIC selected model structure was ~ 1 | Study + 1 | Order/Species. This
structure was then carried forward to be usetha optimal random structure for both the

single and multiple meteegressions. We applied the same process to deduce optimal random

effects structures for the local, national and international subset (Supplementary Table 4).
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Single mixedeffects modelsvere used to estimate how the impact of trade varied depending

on certain continuous and categorical moderators (Supplementary Table 4). However, as

trade is a multifaceted and complex threat we used multiple reiffedts metaegressions

to control forinteractions and multiple effects. We staggered our complex multiple

regressions into three distinct facets; spatial, spagesific and humaimduced variables.

This was then used to inform a global multiple regression to assess the complex prefdictors o

the wildlife trade, additional interactions across categories were also tested (i.e.
WDPAstatus*TradelLevel, as protected status may be more effective at curtailing local level
trade than international trade) .cetdassessshed T u Kk
i mpact of trade | evel maltoothp pp a tHothanetdal., st at us u
2016) and all p values presented are adjusted to account for multiple comparisons.

The most supported model was assessed for its approximate residual heterogeneity using

Co c hr a n)@dGoch@n, 198%; Hoaglin, 2016An Omnibus test of parameters was used

to assess the heterogeneity explained by the given combination of moderator variaples (Q

We used profile likelihood plots of variance to assess whether the models were over
parametrizedSupplementary Figure 7). Finally, we assessed the quality of fit of the meta
regressions using two met ho d?§Eqg.6)andfiballyavithl y u s i
Mc Faddeno6s p s?éBg.dowhiehgpé¢nalises modielsRor oxmmplexity

(McFadden, 1977)

Y p —F—- (Equation 5)

Y p (Equation 6)

The model estimates are presented in the text as percentages for clarity. The following
formula was used to convert log response ratios to percentage declines (Equation 7).
b QQoma QPQIQ zpmnm (Equatbn 7)

Publication Bias and Diagnostic Tests
In our metaanalysis, we only used studies published in international journals (we did not find

a single suitable report from TRAFFIC): thus each was subject to rigorous peer review.
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Furthermore, interrogatioof each study revealed that traded sites were selected randomly
(i.e. without prior knowledge of the intensity of exploitation), having initially stratified site
selection by undisturbed controls versus impacted locations or across a disturbance gradient.
These approaches follow standard scientific practice in research on the impacts of
anthropogenic disturbances on biodiversity, including deforestation and Id@gibspn et

al., 2011)or hunting(BenitezLopez et al., 2017)

We performed two broad classof diagnostic test to assess publication bias. First, we
assessed publication bias visually through funnel plots of the inverse variance and effect size
residuals (Fig. S3). There was little potential for bias across the whole dataset. Second, we
usedtwo analyses to assess the validity of the calculated effect sizes (RR). We used the
original methods proposed by Ge#&t®30) whereby effect sizes are viewed as valid when

the standardised meanaither group is greater than 3 (Eq. 4). We then further tested our
effect sizes using a small sample size corrected version as proposed by Laj@0idgse

which was moded#id to assess validity with greater accuracy where small sample sizes are

present, as is the case here (EqQ. 5).

Vo, 0 o (Equation 3)
- o (Equation 4)
Effec t sizes were either a NPasso or nFail o fo

assumed where either the treatment or control variable for a given effect size failed either
diagnostic assessment. We then compared our results after excludiegdsults that failed

the diagnostic tests and found the results highly similar (Supplementary Table 9).

We also ran two single mixeeffects metaegressions to further examine the potential for
publication bias. Firstly, we assessed whether estimatesdtudies that directly quantified

the intensity of trapping at the sites (trap density, hunter counts etc.) differed significantly to
those that simply stated that hunting for trade occurred. Secondly, we assessed whether
studies that compared a singlepped site with a single untrapped versus those that

compared an untrapped site with multiple sites on a gradient of trapping pressure (distance,
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accessibility etc.).We found effect size estimates were not significantly different whether
trapping level wa assessed or not (Tukey HSByatue= 0.543,p = 0.587) or whether the

study design was paired or across a gradient of trapping pressure (Tukey-¥hik-=z-

0.554,p = 0.580). In combination, these three broad categories of evidence strongly support
that there is no cryptic bias in the literature in terms of seeking sites that are known to be

particularly heavily traded.

Fail-safe Numbers and Precautionary Reanalysis

We confirmed the confidence of our findings by calculatingdafe numbers as proged by
Rosentha(1979)and Rosenber(2005) which describs the number of additional null

studies that would be needed to increase thalye to greater than 0.05. A low number

suggests that the results are unlikely to robust and could easily be influenced by missing or

new studies not included inthe analyiso t h Rosenber g 6 s-safe nuhbeBos ent |
are high enough for us to confident in our robust effect sizes for the whole dataset and the

tradelevel subsets (Supplementary Table 8).

Many ecological studies suffer from small, true, sample sizashan comparing the impacts

of trade, certain studies used only a single site where the extraction of species for trade occurs
and a single site where it does not (mean sample size = 5.004). This is expected, as the
logistics involved finding, reaching drsampling such sites is complex. However, at each site
many km of transects are walked, which can be viewed as another metric of sample or study
size. Therefore, we recalculated our effect sizes and sampling variances using the total
transect length anadind that our original estimates using the true sample size were robust to

a more general measure of study size (Supplementary Figure 3), and the total decline in
abundance was found to highly similar. Results v@dr2% with a 95% CI: 23.1. 83.3%

usingtotal transect length comparedab.6% witha 95% CI: 20.G 81.6% using the true

sample sizeTherefore, the results we present are calculated using the true sample size.

2.5 Authorcontributions

OM, BRS and DPE conceived the study. OM led the liteeasearch, data extraction and

analysis, with BRS, TH and DPE assisting with methodological development and evaluation
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of results. OM wrote the first draft of the manuscript with BRS, TH and DPE contributing to

the revisions.

2.6 Data availability

The data used in this study are publicly available in an institutional repository at
https://doi.org/10.15131/shef.data.13525679.
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2.7 Supplementary aterials

S~ T2
S

Distance

Supplementary Figure 1 Hypothetical spatial distribution of treatment and control (C andtd3 si

around a single common settlemest for two studies (1 and 2).
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Supplementary Figure 2 PRISMA flow chart of the completed search process
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Supplementary Figure 3. Effect sizes and sampling variances as recalculated using total transect
length per study. 506 taxa wide effect size estimates showing the 95% confidence interval. Overall
weighted population declines of 64.2% (95% CI: 2388.3%) are shown by the dashed red line.
Points show weighted means and lines 95% confidence intervals. Ddatletirie at zero denotes no
impact of trade. Estimate obtained through randdfects metaegressions. Extremely negative

results indicate where traded populations were locally extirpated (population declines of 100%), see

Supplementary Methods for ddgai
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Supplementary Figure 4 Funnel plot for complete dataset showing the raetysis residuals and

the inverse variance for the complete dataset.
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Perissodactyla 1
Pilosa
Squamata 1
Galliformes 1
Proboscidea
Pholidota
Artiodactyla 1
Testudines
Carnivora
Gruiformes 1
Cetartiodactyla q
Tubulidentata -

Bucerotiformes

Taxonomic order

Didelphimorphia 1
Rodentia
Cingulata

Psittaciformes 1
Primates 1
Columbiformes
Musophagiformes 1

Struthioniformes

Lagomorpha 1

Log response ratio

Supplementary Figure 5 Effect size estimates of taxonomic order. Bars show the effect size

estimate95% confidence intervals. Estimates obtained using single mixedremgtssions (R=
21.5824, df = 22, P = 0.4850).

43



A) Critically endangered
Astrochelys radiata

Malacochersus tornieri
Siebenrockiella leytensis
Gorilla gorilla

Filiocolobus pennantii

B) Endangered
Ateles belzebuth
Rhampholeon temporalis
Kinyongia matschiei
Tapirus bairdii
Ateles chamek
Cephalophus spadix
Smutsia gigantea
Phataginus tricuspis
Lagothrix lagothricha
Ateles geoffroyi
Pan troglodytes
Psittacus erithacus
Mandrillus leucophaeus
Cercocebus torquatus
Platysternon megacephalum
Cercocebus sanjei
Sylvilagus brasiliensis
Kinyongia tenuis
Kinyongia vosseleri
Piliocolobus badius
Cercopithecus diana

5
Log response ratio

Supplementary Figure 6.Effect size estimates of A) critically endangered and B) endangered
species. Bars show the effect size estirBa8 confidence intervals. Estimates obtained using single

mixed metaregressions.
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Supplementary Figure 7. Profile likelihood plots of the variance components included in the
optimal multiple meta-regression.A) Study level variability. B) Taxonomic oed level variability.

C) Nested species within order level variabilithe clear peaks corresponding to the model REML
estimates indicate the models are not over parametrized. If they were over parametrized, we would
expect to see sections of the profikelihood or its entirety running flat. Which would suggest some

parameters are largely arbitrary and cannot be clearly identified.
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Supplementary Table 1. List of included studiesincludes the source type (e.g. peeviewed
article or doctoral thesisgountry the research was conducted in, the taxonomic class studied and the

number of unique species the study covered.

Source Type Country Class Number of species
(Aquino and Calle, 2003) Article Peru Mammalia 14
(Aquino et &, 2016) Article Peru Mammalia 3

(Carrillo et al., 2000) Article Costa Rica Mammalia 20

(Cronin, 2013) Doctoral Equatorial Mammalia 6.
thesis Guinea
(Dasgupta and Article India Aves 5

Hilaluddin, 2012)

(Davies et al., 2008) Chapter SierraLeone Mammalia 8

(De Thoisy et al., 2005) Article French Guiana Mammalia 6

(EspinosaAndrade, Doctoral Ecuador Mammalia 10 and 2 species
2012) thesis and Aves
(Fay, 1991) Article Central Mammalia 1
African
Republic
(Gamble and Simons,  Article USA Reptilia 1
2004)
(Gonzalez, 2003) Article Peru Aves 11

(Gray and Phan, 2011) Article Cambodia Mammalia 2
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(Hall et al., 1997) Article
(Klemens and Moll, Article
1995)

(Kumpel et al., 2008) Article

(Linder and Oates, 2011) Article
Article

(Magige et al., 2009)

(Maldonado et al., 2009; Article
Maldonado and Peck,

2014)

(Muchaal and Ngandjui, Article

1999)

(Nunez, 2007) Doctoral
thesis

(O6Brien et Atrtcle

(Patrick et al., 2011) Article

Democratic
Republic of
the Congo
Tanzania
Equatorial
Guinea
Cameroon

Tanzania

Peru

Cameroon

Peru

Madagascar

Tanzania

Mammalia

Reptilia

Mammalia

Mammalia

Aves

Mammalia

Mammalia

Mammalia

and Aves

Reptilia

Reptilia

|_\

Aggregate of

species.

17

35 and 3 species
(including 3
aggregate classes
unidentified

primates by size).

1

5
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(Poulsen et al., 2011)

(Remis and Kpanou,
2010)

(Rist et al., 2009)

(Rovero et al., 2012)

(Schoppe et al., 2010)

(Segura and Acevedo,
2019)

(Sung et al., 2013)

(Topp-Jorgenseret al.,
2009)

(Yasuoka, 2006)

Article

Article

Article

Article

Article

Article

Article

Article

Article

Democratic
Republic of
the Congo
Central
African

Republic

Equatoral

Guinea

Tanzania

Philippines

Morocco

China

Tanzania

Cameroon

Mammalia 11 and 8 species.

and Aves

Mammalia 8

Mammalia 14

Mammalia 5
Reptilia 1
Reptilia 1
Reptilia 1

Mammalia 11

Mammalia 2
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Supplementary Table 2. Moderator variables used for single and multiple mixed metagressions.

Moderator variable Units/levels Source
Speciedevel
Body mass Kg EltonTraits 1.qWilman et al., 2014&nd Slavenko et #2016)
Bushmeat, Pet, Assorted
Purpose of trade (traditional medicine, 4 The corresponding data source.
ivory, laboratory, etc.).
Current IUCN threat status DD, LC, NT, VU, EN, CR. 7 (IUCN, 2019)
Herbivore, Carnivore,
Trophic guild Omnivore, Frugivore, 5 EltonTraits 1.qWilman et al., 2014)
Insectivore.
Study level
Africa, Asia, Central
Continent America, North America, 5 The corresponding data source.
South America.
Trade level Local, National, 3 The corresponding data source.

Travel time to large settlement

(population > 5000)

Protected area statuss(per WDPA)

Local protection (i.e. guards, patrols et

International.

Yes, No
Yes, No.

Minutes(by both
treatment and control)
2
2

(Nelson et al., 2019)

The corresponding data source.
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Presence of logging in both treatmen
and control sites.
Presence of agriculture in both treatme

and control sites.

Yes, No.

Yes, No.

The corresponding data source.

The corresponding data source.
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Supplementary Table 3. Random effects structure selectioRandom effects structures were compared without the fixed effects structures. Final effects
structures were compared using the seeamdér Akaike Information Criterion (AICc). Bayesian Information Criterion (BIC) and-firder Akaike

Information Criteria (AIC) presented for reference. BIC values in bold show the final random effects structure useddwa.each

Complete Dataset Mammalia Subset
Effects structure BIC AIC AlCc BIC AIC AlCc
~1]1 60171.16 60166.93 60166.94 37944.43 37940.32 37940.33
~ 1| Study 54227.20 54218.75 54218.78 34131.25 34123.03 34123.06
~ 1] Source 55123.92 55115.47 55115.50 35035.69 35027.47 35027.50
~ 1| Species 24073.91 24065.46 24065.48 22533.80 22525.58 22525.61
~ 1| Order 54063.58 54055.14 54055.16 36302.50 36294.28 36294.31
~ 1| Source/Study 54228.73 54216.05 54216.10 34139.43 34127.10 34127.15
~ 1| Order/Species 24014.82 24002.15 24002.20 22474.83 22462.50 22462.56
~ 1| Source + 1 | Order 50281.28 50268.61 50268.65 33475.99 33463.66 33463.71
~ 1| Study + 1 | Order 49332.25 49319.58 49319.63 32519.39 32507.07 32507.12
~ 1| Source + 1 | Species 21804.20 21791.52 21791.57 20287.04 2027472 20274.77
~ 1| Study + 1 | Species 21456.56 21443.89 21443.94 19925.90 19913.57 19913.62
~ 1| Source/Study + 1 | Order 49333.68 49316.79 49316.87 32527.59 32511.16 32511.25
~ 1| Source/Study + 1 | Species 21461.28 21444.38 21444.46 19930.29 19913.% 19913.94
~ 1| Source + 1 | Order/Species 21765.23 21748.34 21748.42 20248.03 20231.59 20231.68
~ 1| Study + 1 | Order/Species 21419.73 21402.83 21402.91 19888.80 19872.36 19872.45
~ 1| Source/Study + 1 | Order/Species 21424.75 21403.63 21403.75 19893.58 19873.04 19873.17
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Supplementary Table 4. Trade level subset random effects structure selectidgdandom effects structures were compared without the fixed effects

structures. Final effects structures were compared using the samrdAkaike Infomation Criterion (AICc). Bayesian Information Criterion (BIC) and

first-order Akaike Information Criteria (AIC) presented for reference. BIC values in bold show the final random effects sgedtimeaach taxa.

Local National International
Effects structure
BIC AIC AlCc BIC AlIC AlCc BIC AlIC AlCc
~1]1 43155.95 43152.36 43152.37 15944.19 15940.81 15940.83 430.04 429.15 429.40
~ 1| Study 39522.17 39514.99 39515.03 14323.32 14316.56 14316.61 375.92 374.14 374.94
~ 1| Source 39600.73 39593.55 395%®8.59 15155.21 15148.45 15148.51 366.24 364.46 365.26
~ 1| Species 14905.92 14898.73 14898.78 7981.80 7975.04 7975.09 295.04 293.26 294.06
~ 1| Order 37452.66 37445.48 37445.52 12178.21 12171.45 12171.51 391.99 390.21 391.01
~ 1| Source/Study 39526.00 39515.22 39515.31 14328.70 14318.56 14318.67 369.13 366.46 368.17
~ 1| Order/Species 14911.49 14900.71 14900.80 7987.86 7977.72 7977.83 297.93 295.26 296.98
~1|Source +1|
ord 34623.56 34612.79 34612.88 11981.07 11970.93 11971.04 368.48 365.81 367.52
rder
~1|Study +1|
ord 34543.81 34533.03 34533.12 11605.35 11595.21 11595.32 378.17 375.50 377.22
rder
~1| Source +1|
] 13766.18 13755.41 13755.50 7123.59 7113.45 7113.56 297.93 295.26 296.98
Species
~1]|Study +1 |
) 13766.48 13755.70 1375579 6768.42 6758.28 6758.40 297.93 295.26 296.98
Species
~ 1| Source/Study +
34547.78 34533.41 34533.57 11610.73 11597.21 11597.40 371.37 367.81 370.88

1| Order
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~ 1| Source/Study +
1| Species
~1|Source +1|
Order/Species
~1|Study +1 |
Order/Species

~ 1| Source/Study +
1 | Order/Species

13766.68

13774.10

13774.38

13774.61

13752.32

13759.74

13760.02

13756.66

13752.47

13759.89

13760.17

13756.89

6773.80

7132.33

6777.28

6782.66

6760.28

7118.81

6763.76

6765.76

6760.47

7119.00

6763.95

6766.05

300.82

300.82

300.82

303.71

297.26

297.26

297.26

299.26

300.34

300.34

300.34

304.26
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Supplementary Table 5. Single mixegffects metaregression coefficients and effect size estimat&ignificance denotes whether results are significantly

different from zero i.ethe null hypothesis that trade has no effect on species abundance (effect size = 0).

Fixed effect Mean effect size 95% Confidence interval Significance Test of Moderators (Qu)
Lower Upper
TravelTimer)
Intercept -3.0616 -3.9369 -2.1862 <0.001 Qm = 2868.5561, P =
TravelTimer) 0.0001
0.3509 0.3380 0.3637 <0.001
Trade purpose
Bushmeat -0.9091 -1.6859 -0.1324 <0.05 Qm =8.2729, P = 0.0407
Pet -1.3066 -2.2264 -0.3868 <0.001
Assorted -0.9036 -2.4901 0.6830
Trade level
Local -0.6347 -1.4584 0.1890 Qw =10.9366, p = 0.0121
National -1.4390 -2.4342 -0.4437 <0.01
International -1.0720 -2.0194 -0.1247 <0.05
WDPA status
No -1.2334 -2.0297 -0.4370 <0.01 Qm = 789.0634, p = 0.0001
Yes -0.8220 -1.6183 -0.0258 <0.05
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Local PA status
No

Yes

Where trade cenccurs with logging
No

Yes

Where trade cenccurs with
agriculture
No

Yes

IUCN status
DD
LC
NT
A4V,
EN
CR

-1.0395
-0.4920

-1.1353
0.1348

-0.9473
-1.0856

-0.4867
-0.5756
-0.8763
-1.2027
-1.6712
-2.1640

-1.7731
-1.2543

-1.8599
-0.6103

-1.6811
-1.8363

-3.6916
-1.4547
-1.9699
-2.2926
-2.9107
-4.4259

-0.3059
0.2703

-0.4107
0.8799

-0.2136
-0.4448

2.7181
0.3035

0.2172
-0.1129
-0.4318
0.0980

<0.01
<0.05

<0.01

<0.05
<0.01

<0.05
<0.01

Qm = 25.0662, p = 0.0001

Qm = 153.1707, p = 0.0001

Qm =9.0256, p = 0.0110

Qw = 17.2544, p = 0.0084
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Supplementary Table 6. Multiple regression global model selectiofixed effects structures were compared gisive optimal random effects structure as

shown in Supplementary Table 2. Final effects structures were compared using the Bayesian Information Criterion (Bid)s€astarder Akaike

Information Criteria presented for reference. P denotes theedegféreedom in each structure.

Model BIC AlC AlCc P
Human

Hypothesisi Trade level will have a significant impact on species abundances, with interna

trade being more detrimental than local trade.

Null 21419.73 21402.83 21402.91 1
TradeLewel 21420.13 21394.81 21394.98 3
TradeLevel + ControlTraded 21420.26 21390.73 21390.96 4
TradelLevel + TradePurpose 21423.16 21376.84 21377.39 8
TradelLevel + TradePurpose + TradelLevel*TradePurpose 21425.65 21370.97 21371.72 18
TradelLevel + TradePuose + TradelLevel*TradePurpose + ControlTraded 21425.45 21366.59 21367.46 19
TradeLevel + TradePurpose + Agriculture 21428.16 21377.66 21378.30 9
TradeLevel + TradePurpose + Agriculture + Logging 21288.71 21234.03 21234.78 10

Species
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Hypothesisi Spedges with a larger bodymass are more likely to traded and impacted due to
CONSpPiCUOUSNESS.

Null

Bodymass

Guild

Bodymass + Guild

Spatial

Hypothesis— The effects of trade would be greatest where there is the shortest travel time t
human settlements and where the land is not protected (WDPA or Local PA).

TravelTimer)

TravelTimer, ¢

TravelTimer, ¢y + LocalPA

TravelTimer, c) + WDPA

TravelTimer, ¢y + Continent

TravelTimer, c) + TravelTimen*PA + PA

21419.73

21352.41

21369.34

21322.15

17418.26

17275.74

17276.35

16497.23

17271.70

17275.06

21402.83

21331.30

21335.61

21284.22

17397.61

17250.98

17247.47

16468.36

17234.61

1724208

21402.91

21331.42

21335.90

2128458

17397.74

17251.17

17247.72

16468.61

17235.02

17242.40

(=Y
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TravelTimer, ¢y + TravelTimen*WDPA + WDPA

TravelTimer, ¢y + TravelTimen*WDPA + TravelTimen*PA + PA + WDPA

TravelTime(r, ¢y + TravelTimer)*WDPA + TravelTime (1)*PA + Continent + PA + WDPA

Global Model*
TravelTimer, ¢y + TravelTimen*WDPA + TravelTimgr*PA + Continent + PA + WDPA

TravelTimer, ¢y + TravelTimen*WDPA + TravelTimgn*PA + Continent + PA #VDPA +

Bodymass

TravelTimer, c) + TravelTimer*WDPA + TravelTimen*PA + Continent + PA + WDPA +

TradelLevel + TradePurpose

TravelTimer, c) + TravelTimen*WDPA + TravelTimgn*PA + Contirent + PA + WDPA +
Guild

TravelTimer, c) + TravelTimer*WDPA + TravelTimen*PA + Continent + PA + WDPA +

TradeLevel* TravelTimg,

TravelTime(r, ¢) + TravelTimemn*WDPA + TravelTime )*PA + Continent + PA + WDPA +
Guild + Logging + Agriculture

15317.74

15319.43

15316.82

15316.82

15214.96

15325.95

15263.04

15308.17

15147.34

15284.76

15278.25

15263.37

15263.37

15157.43

15235.95

15193.43

15238.43

15069.47

15285.09

15278.75

15264.21

15264.21

15158.39

15238.36

15194.73

15239.85

15071.26

13

11

12

24

15

15

17
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Supplementary Table 7. Optimum global model coefficientA ppr oxi mat e r esi dual het er oge ngg and yWalddaype c al c u |

Omnibus test oparameters was used to assess the heterogeneity explained by the combination of moderator vayiables (Q

Fixed effect Estimate Standard error Z value Lower 95% ClI Upper 95% CI P-value estimate
Intercept -5.74927 1.075287 -5.34673 -7.85679 -3.64175 0.000
TravelTimer 0.164002 0.008662 18.93254 0.147024 0.18098 0.0000
TravelTimeg) 0.408501 0.050406 8.10427 0.309708 0.507294 0.0000
LocalPA (Yes) 2.624566 3.235707 0.811126 -3.7173 8.966435 0.4173
WDPA (Yes) -2.03738 0.072741 -28.0087 -2.17995 -1.8944 0.0000
Continent (Asia) 0.736568 1.793299 0.410733 -2.77823 4.25137 0.6813
Continent (Central America) 0.41486 1.870166 0.221831 -3.2506 4.080317 0.8244
Continent (South America) -1.95424 0.932906 -2.09478 -3.7827 -0.12577 0.0362
Guild (Frugivore) 2.304816 0.975835 2.361892 0.392216 4.217417 0.0182
Guild (Herbivore) 1.262718 1.03483 1.220217 -0.76551 3.290948 0.2224
Guild (Insectivore) 0.913619 1.209922 0.755106 -1.45778 3.285023 0.4502
Guild (Omnivore) 1.910277 0.976298 1.956653 -0.00323 3.823786 0.0504
Logging (Yes) 1.216157 0.107452 11.31812 1.005554 1.426759 0.0000
Agriculture (Yes) 0.123521 0.08975 1.37628 -0.05239 0.299428 0.1687
TravelTimen*LocalPA

(Yes) -0.47578 0.646324 -0.73614 -1.74256 0.790989 0.4616
TravelTimen*WDPA (Yes) 0.425®4 0.012355 34.40351 0.400848 0.449279 0.0000
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Qm =5191.1 P<0.0001), @ =50937.1P< 0. 0001), Mc Ra=d dle.n2 %7 p(sdefudo 19) , -Rie F a (
0.296 (df = 19)
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Supplementary Table 8. Falsafe numbers for the taxa wide daset and the mammal subset.

Assuming a target significance level of 0.05

Fail-safe Method

Rosenthal Rosenberg
Taxa wide 928169 177789
Mammal Subset 905220 317815
Trade level Subsets
Local 278882 47036
National 134127 35101
International 4715 3480

Supplementary Table 9. Results of Geary diagnostic testBercentage declines are shown for a
reanalysis after the removal of studies that failed the diagnostic methods, and remain highly similar to
our overall estimates (61.6%, 95% CI: 20.81.6%).

Estimate Lower CI Upper CI
Original Geary diagnostic 64.49 19.83 84.27
Small sample adj Geary
63.93 17.65 84.20

diagnostic

62



Supplementary Table 10. Estimated trade induced declines using three different methods to fill

in missing standard devations. We used the most conservative, Bracken1992 imputation approach

for our analysis.

_ _ 95% Cl Percentage declines
Imputation method used Estimate
Lower Upper (95% ClI)

Poisson assumption -1.532 -2.289 -0.774 78.4 (53.41 89.9%)
Bracken

-0.958 -1.693 -0.224 61.6 (20.0' 81.6%)
(Bracken, 1992)
HotDeck_NN
(Rubin and Schenker, -1.332 -2.077 -0.587 73.6 (44.41 87.5%)
1991)
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Supplementary Table 11. Examination of significantly positive individual effeesizes for potential conservation insightsThese effect sizes comige

15.3% of our dataset. For this purpose significance was defined as effect sizes where the 95% confidence intervassidetotvczero.

Source Country Class Species Guild Estimate Lower Upper Relevant conservation information
Cl Cl
Sung2013 China Reptilia Platysternon ~ Omnivore 0.513 0.102 0.924  Authors state despite trapping occurring at this si
megacephalum no traps were observed during their study period
potential for recent, unrecorded cessation of
trapping. This is compared to the otsées where
traps were observed during the study period.
Rist2009 Equatorial Mammalia  Cercopithecus Frugivore 1.204 0.999 1.410
Guinea cephus
Rist2009 Equatorial Mammalia  Cercopithecus Frugivore 0.273 0.067 0.478
Guinea nictitans
Rist2009 Equatorial Mammalia  Mandrillus Frugivore 0.511 0.306 0.717
Guinea sphinx Authors state coars&cale interactions between
Rist2009 Equatorial Mammalia Pan Frugivore 0.917 0.711 1.122 habitat heterogeneity, hunting, logging roads and
Guinea troglodytes agricultural poximity each may confound the
Rist2009 Equatorial Mammalia Pan Frugivore 1.042 0.836  1.247 species level impacts of hunting on abundance.
Guinea troglodytes
Rist2009 Equatorial Mammalia Cephalophus Herbivore 0.244 0.038 0.449
Guinea ssp
Rist2009 Equaorial Mammalia Cephalophus Herbivore 0.694 0.488 0.899
Guinea ssp
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Rist2009 Equatorial Mammalia Potamochoerus Omnivore 3.638 3.432 3.843
Guinea porcus
Rist2009 Equatorial Mammalia Potamochoerus Omnivore 3.367 3.162 3.573
Guinea porcus
Rist2009 Equatgial Mammalia Potamochoerus Omnivore 2.708 2503 2913
Guinea porcus
Rist2009 Equatorial Mammalia  Syncerus caffer Herbivore 0.442 0.237 0.648
Guinea
Rist2009 Equatorial Mammalia  Cricetomys Omnivore 1.036 0.831 1.242
Guinea emini
Rist2009 Equatorial Mammalia  Cricetomys Omnivore 0.799 0.594 1.004
Guinea emini
Rist2009 Equatorial Mammalia  Cricetomys Omnivore 0.636 0.431 0.842
Guinea emini
Rist2009 Equatorial Mammalia  Phataginus Insectivore 0.891 0.686 1.097
Guinea tricuspis
Rist2009 Equatorial Mammalia  Phataginus Insectivore 0.224 0.019 0.429
Guinea tricuspis
Yasuoka2006 Cameroon Mammalia Cephalophus Herbivore 0.337 0.047 0.628 No reason suggested why this species had a pos
ssp effect when others were negative.
Aquino2003  Peru Mammalia Cebusapella Omnivore 0.287 0.146  0.429
No reason suggested why these species had a
Aquino2003  Peru Mammalia  Saimiri Omnivore 0.398 0.256  0.540 . )
boliviensis positive effect when others were negative.
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Magige2009 Tanzania Aves Struthio Herbivore 0.511 0.425 0.598 Authors state current populations are high within
camelus Serengeti, so potentially protected and unprotectt
areas are buffered by this. However, the promine
of ostrichderived products for sale to tourists
indicate it may be a developing protvidikely to get
worse.
Linder2011 Cameroon Mammalia  Cercopithecus Frugivore 1.329 0.919 1.740 Authors state the ecological flexibility of the two
erythrotis positively affected species, compared to the
Linder2011 Cameroon Mammalia  Cercopithecus Frugivore 0.511 0.101 0.922 specialists suffering declines allow these species
pogonias proliferate through competitive release.
Dasgupta201z India Aves Ducula badia  Frugivore 1.014 0.896 1.132  Authors state the ecological flexibility of tiducula
pigeons, How this species to proliferate through
competitive release, where hornbill species
abundances decline.
Davies2008 Sierra Mammalia  Cercopithecus Omnivore 0.300 0.170 0.430
Leone diana
Davies2008 Sierra Mammalia  Cercopithecus Omnivore 0.300 0.170 0.430 Authors state that as species are traded a
Leone diana considerable distance frowhere they are extractec
Davies2008 Sierra Mammalia  Cercopithecus Frugivore 0.167 0.037 0.297 certain species such as th€srcopithecuspare
Leone campbelli less sought after compared to species such as
Davies2008 Sierra Mammalia  Cercopithecus Frugivore 0.300 0.170 0.430 Piliocolobus sgas their meat is more oily and
Leone campbelli therefore difficult to transport.
Davies2008 Sierra Mammalia  Cercopithecus Omnivore 1.050 0.920 1.180
Leone diana
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Davies2008 Sierra Mammalia  Cercopithecus Omnivore 0.344 0.214 0474
Leone petaurista
deThoisy2005 French Mammalia Cebus apella  Omnivore 0.723 0.312 1.133
Guiana
deThoisy2005 French Mammalia Cebus Omnivore 1.764 1.353 2.174
Guiana olivaceus
deThoisy2005 French Mammalia Cebus Omnivore 1.504 1.094 1915
Guiana olivaceus
deThoisy2005 French Mammalia Cebus Omnivore 0.511 0.101 0.922
Guiana olivaceus
deThoisy2005 French Mammalia Cebus Omnivore 1.872 1.461 2.283
Guiana olivaceus Authors state commercial hunters preferentially
deThoisy2005 French Mammalia Pithecia Omnivore 0.917 0.506 1.327 targetAllouatta andAteles sgor markets,
Guiana pithecia suggesting that potentially these listed species ar
deThoisy2005 French Mammalia Pithecia Omnivore 0.965 0.555 1.376 subjected to reduced pressures.
Guiana pithecia
deThoisy2005 French Mammalia Pithecia Omnivore 0.486 0.075 0.897
Guiana pithecia
deThoisy2005 French Mammalia  Saguinus Frugivore 0.694 0.283 1.104
Guiana midas
deThoisy2005 French Mammalia  Saguinus Frugivore 1.253 0.842 1.664
Guiana midas
deThoisy2005 French Mammalia  Saguinus Frugivore 2.354 1.943 2.765
Guiana midas
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Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012
Espinosa
Andrade2012

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Mammalia

Mammalia

Mammalia

Mammalia

Mammalia

Mammalia

Mammalia

Mammalia

Mammalia

Aves

Aves

Aves

Tayassu pecari

Tapirus
terrestris
Mazama
americana
Mazama
gouazoubira

Cuniculus paca
Cuniculus paca
Eira barbara
Eira barbara
Eira barbara
Penelope
jacquacu
Penelope
jacquacu

Penelope

jacquacu

Frugivore

Herbivore

Herbivore

Herbivore

Omnivore

Omnivore

Carnivore

Carnivore

Carnivore

Frugivore

Frugivore

Frugivore

1.106

0.527

0.196

0.979

0.530

0.149

1.289

0.620

0.083

3.076

2.428

2.428

1.025

0.446

0.115

0.898

0.448

0.066

1.208

0.539

0.000

2.995

2.347

2.345

1.187

0.608

0.277

1.060

0.611

0.232

1.370

0.700

0.166

3.157

2.508

2.511

Authors stat that despite the extraction being
modelled as over sustainable levels, population
viability among species is maintained via the
immigration of individuals from inaccessible areas

of the reserves.
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Espinosa Ecuador Mammalia  Priodontes Insectivore 0.102 0.021 0.183
Andrade2012 maximus
Espinosa Ecuador Mammalia  Priodontes Insectivore 0.228 0.148 0.309
Andrade2012 maximus
Poulsen2011 Republic  Mammalia  Funisciurus Frugivore 0.700 0.595 0.806
of the lemniscatus
Congo
Poulsen2011 Republic  Mammalia  Protoxerus Frugivore 0.755 0.554  0.956
of the stangeri
Congo
Poulsen2011 Republic  Aves Bycanistes Frugivore 0.546 0.473 0.619 )
o Authors state that the targeted extraction of large
of the albotibialis _ _ . . N
c bodied species shifted the community compositio
ongo
. _ _ to favour smaller frugivorous mammals and birds
Pouls@2011 Republic  Aves Bycanistes Frugivore 0.587 0.481 0.693 ) ) ] ) )
Which despite being hunted proliferate via
of the fistulator -
competitive release.
Congo
Poulsen2011 Republic  Aves Ceratogymna  Frugivore 0.782 0.638 0.925
of the atrata
Congo
Poulsen2011 Republic  Aves Corythaeola Frugivore 1.598 1.482 1.715
of the cristata
Congo
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Poulsen2011 Republic  Aves Psittacus Frugivore 0.609 0.511 0.707
of the erithacus
Congo
Poulsen2011 Republic  Aves Lophoceros Frugivore 0.245 0.100 0.390
of the fasciatus
Congo
Remis2010  Central Mammalia  Philantomba  Frugvore 1.116 0.008 2.223  Authors state the secondary forest mosaic habita
African monticola preferred byDuiker species currently can support
Republic high abundances, maintaining population viability
Remis2010  Central Mammalia Cephalophus Herbivore 1.367 0.375 2.359 despite hunting pressures. However, the authors
African ssp caution that the growing trend fgun and night
Republic hunting in the region may place these species in
jeopardy.
Nunez2007  Peru Mammalia  Puma concolor Carnivore 0.694 0.283 1.104
Nunez2007  Peru Mammalia Nasua nasa Frugivore 0.694 0.283 1.104
Nunez2007  Peru Mammalia  Tapirus Herbivore 0.694 0.283 1.104 ) )
) Authors state that theberbivore species may be
terrestris N N
) ) . benefiting from competitive release as slower
Nunez2007  Peru Mammalia  Sylvilagus Herbivore 1.099 0.688 1.510 ] ] ) )
o breeding species suffer decreases disproportiona
brasiliensis -
_ . faster. Additionally the prevalence of nearby refug
Nunez2007 Peru Mammalia Dasypus Insectivore 0.848 0.437 1.258 .
may also act as buffers for these species.
novemcinctus
Nunez2007  Peru Mammalia  Didelphis Carnivore 0.848 0.437 1.258
marsupialis
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Nunez2007  Peru Mammalia  Saguinus Frugivore 1.275 0.855 1.696
fuscicollis
Nunez2007  Peru Mammalia  Saimiri Omnivore 1.038 0.530 1.546
sciureus
Nunez2007  Peru Mammalia  Aotusnigriceps Omnivore 0.410 0.163 0.657
Nunez2007  Peru Mammalia  Potos flavus Frugivore 0.686 0.413 0.959
Nunez2007  Peru Mammalia  Sciurus Frugivore 0.686 0.440 0.933
spadiceus
Cronin2013  Equitorial Mammalia Piliocolobus Herbivore 1.569 1332 1.806
Guinea pennantii Authors state the niche speciality of certain speci
Cronin2013  Equitorial Mammalia Cercopithecus Frugivore 1.071 0.834 1.308 predispose them to be particularly vulnerable to ¢
Guinea pogonias exploitation and conversely certain generalists ca
Cronin2013  Equitorial Mammalia  Cercopithecus Frugivore 0.486 0.196 0.777  exploit these extractieinduced declines.
Guinea erythrotis
Fay1991 Central Mammalia Loxodonta Herbivore 1.017 0.606 1.427 Authors state despitedti hunting pressures at the
African africana site, its densely forested nature impedes easy hu
Republic access and provides a refuge for the local elepha

population.
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Chapter 3:

Mixed protection of threatened specis traded under
CITES

Published asMorton, O., Scheffers, B. R., Haugaasen, T., and Edwards, D. P. (2022). Mixed
protection of threatened species traded under CITHES8ent Biology 32(5), 99910089.
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3.1 Abstract

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

Flora (CITES) regulates international legal trade to prevent detrimental harvest of
wildlife. We assess volumes of threatened and nahreatened bird, mammal,

amphibian, and reptile species in CITESmanaged tradeand how this trade responded

to species changing IUCN Red List categories between 2000 and 2018. In this time, over
a thousand wild-sourced vertebrate species were commercially traded. Species of least
conservation concern had the highest yearly volumesx@uding birds), while species in
most Red List categories showed an overall decrease in reoccurrence and volume
through time, with most species unlikely to reoccur in recent trade. Charismatic species
with populations split-listed between Appendices | andl were traded in substantially

lower yearly volumes when sourced from morghreatened Appendix | populations.
Species trade volumes did not systematically respond to changes in Red List category,
with 31.0% of species disappearing from trade before chaimpg category and the

majority of species revealing no difference in trade volume prdo postchange. Just

2.7% (12/432) of species volumes declined and 2.1% (9/432) of volumes increased after a
category change. Our findings highlight northreatened specie dominate trade, but

reveal small numbers of highly threatened species in trade and a disconnect between
species trade volumes and changing extinction risk. We highlight potential drawbacks

in the current regulation of trade in listed species and urgentlgall for open and

accessible assessmentsion-detriment findings—robustly evidencing the sustainable

use of threatened and nofthreatened species alike.
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3.2 Introduction

International wildlife trade spans the tree of life, involving thousands of speulawnillions

of individuals per yeafHarfootet al., 2018a; Scheffers et al., 201Bjfective management

of wildlife trade is a necessity for human health, livelihoods, and species persistence. This
management requires multifaceted processes, including population assessments, global
economic inveshent, law enforcement, and livelihood considerations along the supply chain
(Blair et al., 2017)

For over 40years, the legal international trade in many species has been regulated by the
Convention orinternational Trade in Endangered Species of Wild Fauna and Flora (CITES).
As a binding international agrwlefsueanand CI TES
flora against ovefexploitation through international tra@€CITES, 1973) Since 1994,

CITES Paties have applied the precautionary princijidéckson, 1999)advocating the
prohibition of trade that threatens any negative impacts on species, even where there is
scientific uncertainty regarding the severity of impd@&s'ES, 2004) CITES lists species in

two Appendices with differing constraints on trade (plus Appendix Il where Parties seek
cooperation to prevent unsustainable trade). Appendix | prohibits commercial trade in
species threatened with extinction tha ar may be affected by trade (except in special
circumstances, e.g., captive breeding), while Appendix Il covers species that may become
threatened if trade is not appropriately managed (plusdtik&s that could be misidentified

as a listed species).Mre different populations of a single species face varied levels of threat
from trade, they can be splisted between Appendix | and I, aiming to prevent detriment to

at-risk populations while allowing sustainable use of others.

Parties to the Convénn are required to only allow the export of Appendix | and Il species

(or populations) after a positive Ndretriment Finding (NDF), and only then in the volumes
evidenced to be nedetrimental. There is currently no central repository nor-pegewed
assessment of NDFs outside of Parties own scientific authorities (excluding specidic

guotas set directly by the Conference of Parties or Scientific Committees). Given that NDFs

are the basis for legally trading CITHSted species their accuraydritical, especially

since CITES trade should be sustainabl e and

some selregulated NDFs have been criticized for lacking evidence, incorrectly affirming
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sustainability, and facilitating detrimental tra@&astello and Stewart, 2010) Gi ven CI TES
central role in the legal international trade, appropriate processes to prevent harmful trade are

paramount.

The presence of threatened species (Vulnerable [VU], Endangered [EN], or Critically
Endangered [CR], as defined by the Internatidsnion for Conservation of Natui&ICN)

in trade does not inherently equate to tramtkiced threat nor unsustainable trade. However,
trade in threatened species can directly drive population losses and inflate extinction risk
(Morton et al., 2021)Trading threatened species can also compound concurretraden

threats. For instance, avifaunal species primarily threatened by deforestzfter

exacerbated population declines when exploited for the cage bird ®wues et al., 2018)

while threatened species with inherently small populations have increased risk of stochastic
extinction potentially exacerbated by harvesting for tiduigce et al., 2008)A non

detriment finding in such cases must indicate that the removal of individuals from an already
threatened population will neither further threaten that population nor exacerbate synergistic
threats(Smith et al., 2011)Anecdotal evidence of trends or abundances cannot accurately
forecast the impact of compounded threats, instead requiring complex consideration and
offtake modelling(Foster and Vincent, 2021)

Where high levels of potentially unsustainable trade have already occurredrttae Pave
previously overlooked the externalities and implications of decisions. Asian pangolin species
were historically threatened by high levels of both legal and illegal trade, thus triggering their
inclusion in the Review of Significant Trade (R$¥Fpcess in 1988Challender et al.,

2015b) Consequently, zerexport quotas were established for all wslolirced Asian species

in 2000 at CoP11. This reduced wisurced legal trade, but was ineffective at tackling the
illegal trade threat. It was not until 2010 this was further addressed, and until 2016 that the
Parties again paid concerted attention to both legal and illegal tyadsuing a reporting
mandate for all Parties to submit data on illegal pangolin (@dallender et al., 2015b)
Similarly, when speies face a multitude of threats an understanding of these is essential. The
Appendix IHisted Arapaimagigasis concurrently threatened by habitat degradation, by

catch, and overfishing for local subsistence and aquaculture, with current populations and
trends unknowiriCastelloand Stewart, 2010) his paucity of baseline data and the

magnitude of threats led to scepticism that positive NDFs for the species were evidence

based, despite its presence in international tf@dstello and Stewart, 201@&nd local
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extirpations have occurred outside ofragement aregSinovas et al., 2017 onsidering
the negative externalities and interactions between trade ardagenthreats is crucial when

determining offtake and polidfCooney et al., 2021)

Understanding and effectively managing legal wildlife trade is a conservation priority and
global necessity to achieve wider sustainalde and development goals. We apply a multi
level Bayesian modelling framewoté provide a datdriven assessment of patterns of threat
(as defined by IUCN Red List categories) in the vatdirced, commercial trade in CITES

listed vertebrate species between 2000 and 2018. We first hypothesise that trade volume
under CITES should bdominated by notthreatened species as extinctibneatened species
are less likely to demonstrate the requisite positive NDF and, where they do, it would likely
be for smaller numbers of individuals. Where species populations arbssetit we

hypothesise more threatened Appendix | populations to be less likely to appear in trade and
when they are, it would be in smaller volumes. Lastly, we hypothesise that proactive,
precautionary trade management under CITES would be responsive to species becoming
more threatened (as assessed by IUCN Red list category changes). We hypothesise this
regardless of whether a Red List change was due to trade threat, since species becoming rarer
due to any driver are less likely to endure the previous levels of exploitattbthus the

NDF recommendation would likely be for smaller volumes than it would be absent other

threats.

3.3 Results

Threatened species in trade

Birds, mammals, amphibians, and reptiles in trade are dominated by least concern (LC)
species, with teor fewer EN or CR species from each taxa present annually since 2000
(Figure 1AD). Most species (47.6%, 488/1025) were traded for the first time as LC, with
13.7% (140/1025) classed as threatened (VU, EN, CR) when first traded (Figlre 1A

On averagelUCN Red List categories showed either decreasing or uncertain trends through
time for probability of occurrence in tradeuj and volumes when tradech() (Figure 1E

H). For birds, trade occurrence and volume of LC and NA (Not evaluated + DD catggories
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decreased over time (Figure 1E, Table S2), reflected in steep declines in their joint estimates
(Figure 1I), whereas trade occurrence and volumes for NT, VU, EN, and CR remained stable
(Figure 1E). Here, volumes were comparatively low over time (Figir&dr mammals, LC

and VU had decreasing presence in trade through time (Figure 1F and J, Table S2), while
trends for all other categories remained stable (Figure 1F) at similar volumes (Figure 1J). For
amphibians, trade volumes of threatened and NA grékigure 1G and K, Table S2), and

trade presence of EN species decreased through time (Table S2), whereas LC and NT had
increasing and stable volumes in trade, respectively (Figure 1K). Similarly, CR, EN, and NA
reptiles showed decreasing volume trendguie 1H and L). LC reptiles had increasing, and

NT and VU reptiles had stable volume trends over time (Figure 1L).

These results support our hypothesis that trade under CITES is dominatedthyeatened

species. Nevertheless, the presence of thredtspecies in trade since 2000 necessitates

rigour in evidencing nowletriment, especially for those at highest risk of extindiMarton

et al., 2021)In specific instances, trade has proved an effective conservation management

tool, especially where local collectors and stakeholders are incorporated as species managers
(Robinsonetal.,,2018) Under pi nned by f edehrad atstatugaud @t i or
under the US Endangered Species Act in 1987, persistent trade, monitoring, and management

of American alligator Alligator mississippiensjded to increasing wild populations

(currently northreatened; LC) and large economic returns for stakehdldleickum et al.,

2018) Developing sustainable use thus has the potential to proteqiapidations and

incentivise conservation, but this must be evidenced and enforced.
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Figure 1. Summary of CITES trends through time.A- D, summary plot of traded species richness

per year. H H, slope coefficients for IUCN Red List categories throtigte (IUCN*Year) forhu

(probability of occurrence intrade) anti( v ol ume when { whaledagdnismn WOEOG s
equivalent) distributional parameters. Points are medians, solid lines the 90% highest density

continuous interval (HDCI), and dashed line® alti L, joint hurdledistribution estimates of traded

volume through time for the average species in w
median values. The lagged volume term was fixed at the Red List category mean per class. IUCN

categoies are respectively coloured dark grey (Not assessed or Data defidigntred (Critically

endangered CR), orange (EndangeréfN), yellow (VulnerablevU), pale blue (Neathreatened

NT), and dark blue (Least concekR). See also Table S2.

Overall,54.2% (504/930) of species commercially traded from a wild source that were still
listed in the Appendices in 2018 had median estimated volumes below 1 in 2018, suggesting

that the majority of species across taxa and IUCN categories are no longeresfatk the
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richness of CITESraded birds since 2000, the majority of these species (76.3%, 305/401)
had estimated median volumes less than 1 in 2018 (Figure 2A). Only 6.7% (27/401) of bird
species were estimated to still occur in volumes >100, and oalyg®@winged Amazon

(Amazona amazonigaRedfronted ParrotRoicephalus gulielm)j and Senegal Parrot
(Poicephalus senegalug.7%, 3/401) occurred in volumes >1000, each popular in pet trade
(Gonzalez, 2003; Rowan O Martin, 2018)milarly, 42.1% of mammal species (85/202) had
estimated median volumes less than 1 in 2018 (Figure 2B), but a larger proportion of species
traded n higher volumes, with 13.4% (27/202) estimated in volumes >100 and 5.0% (10/202)
in volumes >1000 (Figure 2B). This includes VU WHifgped PeccaryTayassu peca);

whose populations are declining and threatened by a combination of subsistence and

commecial hunting, deforestation, and fragmentatieuroghlian et al., 2013)

Despite the relatively low number of amphibian species in trade, 34.1% (15/44) are estimated

in volumes >100 and threeC MalagasyMantella(6.8%, 3/44) in volumes >1000 (Figure

2C). Reptiles have 42.0% of species (119/283) estimated at volumes >100 and 18.4%

(52/283) in volumes >1000 (Figure 2B). Of these, 67.3% (35/52) were LC species. However,

the VU Southeast Asian Bdlurtle (Cuora amboinensjsvas traded in volumes >17,000

WOEOGs annually since 2000, anwlidespreadnterksie was r
exploitatoro f or pets, food, an({Cothaeta.d?D20)i onal Chi ne

Only 19.7% of species (183/930) retained a high probability of reoccurring in recent trade (in
2018,hu> 0.9) and 62.3% (114/183) of these species were classed as LC. Wiag speci
appear and disappear from trade remains unclear for the majority of cases. Attempts to
predict which species may be traded in the future have used phylogenetic aoaisedit
interpolation (e.g(Scheffers et al., 2019)but linking this to realvorld drivers remains a
research frontier. Predicting trade volumes is an even greater challenge, particularly
considering future unknowrisincluding zero quotas, sudden novel demand, economic
development, and societal change, all occurring across regional to international scales
(Nijman and Nekaris, 2017)

Across taxa, on average LC species had the highest median volumes (except in birds). LC
mammal and amphibian species were traded in substantially higher vohan&sR, EN, or

VU species (Table S3, Figure 2F and G), while LC reptile species were traded in
substantially higher volumes than CR and §iécies (Table S3, Figure 2H). Volumes traded
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for birds remained low across all Rést categories (Table S3). Thessults (Figure 1 and
2) suggest that netinreatened species dominate CITES trade in richness, reoccurrence, and

volume.

The low reoccurrence and volume of most species in trade could result from at least three
starkly contrasting drivers. First, altdreupply of species owing to overexploitation and
reduced accessibility; for instance, in southern Sumatra, extensive field surveys revealed
several threatened, sougdfter species for the cagebird trade were depleted across a
remoteness gradie(tdarris et al., 2017)Second, changing demand, where preferences drive
changes in demand; for example, songbird owmglishJava has seen a decadal shift to-non
native speciefH. Marshdl et al., 2020a) Third, effective national or international legislative
protection can remove or limit trade, such as the EU-galdght bird import ba(Cardador

et al., 2019) although such approaches often do not stop &atleely and may shift global
trade patterns (both spatially and to illicit forniReino et al., 2017) Trade will be further
influenced byother interconnected regional to international factors, such as supply and

demand infrastructure, economic development, and social change.
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mammal (B, n = 202), amphibian (C, n = 44), and reptile (D, n = 283) species, respectively. An

adjustment of 0.1 was added to the entire posterior to aid visualigditipecies estimated at volumes

approaching 0. H

in 2018, excluding specidsvel variability, for birds, mammals, amphibians and reptiles respectively.
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endangered CR), orange (EndangerdtN), yellow (VulnerablevU), light blue (Near threatened

NT), and dark blue (Least conceltR), respectively. Points denote median volumes #as Ithe
90% HDCI. See also Table S2.
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Managing differentially threatened populations

Split-listed species represent some of the most charismatic megafauna traded, including
Southern white rhinocero€ératotherium s. simunAfrican lion Panthera led, African
elephanti(oxodonta africang and Nile crocodileGrocodylus niloticuls For all nine split
listed species evaluated, estimated median traded volumes for the Appendix | populations
were lower than for Appendix Il populations in 2018 (Figure ®adian differences -16.11,
90% HDCI:-63.77 t0-0.91,pd = 99.90%). For crocodilian species, this difference in volume
was at least three orders of magnitude (Figure 3A). Overall, Appendix | and Appendix Il
populations show stable trends through time obpbility of trade occurrence (Figure 3A

and C) and volume when traded (Figure 3B and C). However, Appendix | populations
retained median probabilities of reoccurrence less than 0.16, whereas Appendix Il
populations always had a probability greater th&9.0n 2018, Appendix | populations are
estimated to be 92% (90% HD€.00 to-0.79,pd = 99.83%) less likely to be present in

trade.

This indicates threatened populations of diied species are less likely to be traded plus
likely to be traded indwer volumes. Splilisting has clear potential to achieve synergistic
benefits, protecting aisk populations while providing livelihood benefits and legal supply
(Lewis, 2009) Robust mechanisms are needed to differentiate between populations of a
species in trade, and traceability is complex to guarantee and efBare et al., 2018;
Doukakis et al., 2009)herefore, while sphtisting suggests CITES policy can provide
populationspecific protection and management, the tools and infrastructure to identify
individuals to specific populations aresgnt for many taxa. Species can have populations
that are better or worse suited to utilisation (including4igtiéd species), but for the vast
majority of species spatial variation in suitability for harvesting between populations is not
considered. Tiis, relatively common species could experience local extirpations if smaller
declining populations are overexploited, even if their global population trends are stable
(Marsh et al., 2021)Considerations of the resilience of individual populations of species
through space and time remains a research and policy frontier. By including only species that
were wildsaurced and commercially traded at least once in both Appendices during our
timeframe, we exclude certain sgigted species (e.§/licugna vicugnaonly traded under
Appendix Il (thus the more threatened Appendix | populations were not traded(beail3,
2009) suggesting that the effectiveness of split listing may be even greater.
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Figure 3. Effed of split listing species populationsA. Joint distributional volume estimates per

listing for each split listed species in 2018. Grey lower panel shows popdatErestimates for
Appendix | (red) and Il (blue) groups, excluding spetée®| variallity. Points are medians and the
interval is the 90% HDCI. The-axis on a log scale for clarity (an adjustment of 0.1 was added to

the entire posterior to aid visualisation of species estimated at volumes approaching 0), the dashed
line shows a yearlyolume of 1 WOE. B. Estimated probabilities of occurring in trdmg through

time for Appendix | and Il listed populations. C. Estimated volumes when trad¢dhrough time

for Appendix | and Il listed populations. D. Populatievel slope coefficierstfor populations listed

in Appendix | and Il through time (Appendix*Year) for bdib (probability of being traded) andu
(volume when traded) distributional parameters.

CITES response to changing extinction risk

The final key step in examining CITHBted trade considers whether trade responds to

changes in IUCN Red List categories. Species change Red List category to reflect updated
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knowledge of populations, threats, or previous errors. Between 2000 and 2018, 395 wild
sourced species commercialtgded under CITES changed or were given their first Red List
assessment, equating to 432 spelgesl category changes (35 species changed Red List
category more than once). There was substantial variation in volumes tradedporst

change in Red Listategory (Figure 4A H). However, contrary to our hypothesis that

species would be less likely to reoccur or occur in smaller volumes after becoming
threatened, changes in volume were not broadly associated with changes in Red List
category, irrespectivef change type, and individual species responses varied greatly (Figure
4A - D).

On average, only birds and reptiles revealed anytprngostchanges in volume, with birds
that became nethreatened slightly increasing in volume (median difference8=90%

HDCI: 0.0 to 0.7pd = 99.84%) and reptiles that became threatened decreasing in volume
(median difference =8.0, 90% HDCI-32.6 t0-0.11,pd = 99.76%) (Figure S1/A and

Table S4). Similarly, there was limited evidence that changing categatiyedio species

that did not change category led to a difference in volume for the average species (Figure
S1EH and Table S4). Birds that became +ibreatened were estimated to reappear in higher
volumes than those that did not change (Table S4). Masranal reptiles that stayed
threatened and amphibians that stayedthosatened or became threatened were estimated

to be traded in lower volumes in 2018 than those that did not change category (Table S4).

Of individual Red List category changes, 45.8098/432) showed minimal change in traded
volume pre to postchange {1 < median difference < 1, clustered on the dashed zero lines in
Figure 4). This can largely be attributed to 31.0% of changes (134/432) having a median pre
and posichange volume of &, suggesting the species presence in trade had already declined
to near zero before an Red List category change (stopped being traded) or whildiSIE(ES

had not yet been traded. Also contributing to the apparent lack of change in volumes are
specieshat remained traded at similar volumes-poepostchange. For instance,

Madagascar Bigneaded TurtleErymnochelys madagascariendmad no identifiable change

in volume after a reassessment from EN to CR in 2008 (median differe@c3-90%

HDCI: -23.7 to 22.6). Similarly, Saker falcoir#élco cherrug remained traded in the

hundreds (median difference = 273.8, 90% HDE61.4 to 936.6) following reassessment
from LC t o E Madegouatel 00dtrblledvaaptuine fofi the falconry trade g i v e n

as «planation for the reassessmé@airdLife International, 2004)As hypothesised for many
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species that became or stayed-timeatened, there was no change in volumes-plahge.

For example, after Northern resthouldered macaviD{opsittaca nobili§ was first assessed in
2014 (as LC) it remained traded in the hundreds (median difference = 225.3, 90%-HDCI:
207.7 to 749.3) with tide not considered to be a thr@irdlife International, 2016a; Herrar
and Hennessey, 2007)

In 2.7% (12/432) of specidavel changes, volumes fell pr® postchange (negative lower

and upper 90% HDCI bounds). For example, Grey paPsttacus erithacugnhedian

volumes decreased by 3588.3 (90% HD8#19.9 to-437.7) after reassessment from VU to

EN in 2016. Conversely, only 2.1% (9/432) of spetée®l changes were associated with
increased volumes, the majority of which had stayed or becarmhreaiened. For instance,
Common longtailed macaqueMacaca fascicudris) volumes increased sharply immediately

after reassessment from NT to LC in 2008 (difference = 2833.4, 90% HDCI: 430.0 to

6696.7). Volumes have since decreased, with the species reassessed in 2020 as VU owing to
declines from hunting (local consumpt)jaand extraction for international trade (taken for

breeding or directly exportedEudey et al., 2020)

It is important to consider both these static changes in volumewgrestchange, with the
associated changes in volume and occurrence trends throughtauehope et al., 2020)

Such an approach is necessary as volumes may remain constant just after a change, but there
may be longeterm changes in voluméisrough time, e.g., posthange the volumes may
gradually decrease. We considered these trend differences in both présigaoe (folume

(mu) using specietevel trend coefficients. Only five species category changes (1.2%)
displayed negative occurrentrend u) differences (90% HDCI below zero), i.e., a species
is decreasing in occurrenpeobability more rapidly posthan prechange (Figure 4E H).
Thirty-eight species (8.8%) had substantial positive difference in occurrence trends (HDCI
above zer)) suggesting species presence trends were more positive after a change than
before. For example, although Golden mantéarftella aurantiaca decreased

substantially in traded volume when reassessed from VU to CR, it shifted from a declining
occurrencdrend prechange to an increasing trend posange. Care must be taken with
interpretation where specisvel reoccurrences asymptotically approach either O or 1 e.g. a
pre-change trend towards zero (negative trend), and achasige trend asymptotiativ zero

(flat trend), would also have a positive trend difference {pbahge trend pre-change

trend), hence trend changes must be erefsenced with the absolute values. Only 0.4%
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(2/432) of species saw negative volume treifterences, i.e., voimes falling faster post
than prechange. For Southern lechwopus lechwe, v ol umes were | ow ( <:
year!) and stable prior to reassessment from NT to LC in 2008, but immediatelyhaosie
volumes peaked in the hundreds then rapidly fell. Camher2.7% of species (12/432) had
positive volumetrend differences suggesting volumes increased at a faster rathpoge;

in all but one case (VU to NT), the move was from not assessed to LC or NT.

Recently, numerous species have been reassessiael IJCN into a higher threat categories
with trade given as justification following rigorous assessment of species populations or
threats and opeaccess, peaeview(Birdlife International, 2018, 2016bpespite IUCN
assessments reflecting changing trade impacts, we find an unclear response from CITES.
NDFs are nbpublically available, in part owing to a lack of central dadaing (excluding

36 NDFs and 29 NDF Guidelines), making it impossible to scrutinise the evidence or
methods used in creating an NDF. Updating NDFs in light of changing threats or population
trends is a key step for proactive trade management. Crucially, this could reduce the risk that
species highly threatened by anthropogenic stressors are additionally traded and suffer
subsequent Allee effects or stochastic extinction. For example, vubeces critically
endangered by poisoning are still being trafddtec Tomas and LpezBao, 2020) Well-
managed trade in threatened species is crucial tete@yngconservation goals, making

sharing and building on successful NDF approaches of utmost impo(fariesworth et al.,
2020; Foster and Vincent, 2021

Our analyses are limited to the legal wddurced commercial trade, which is regulated,
guantified, and aims to promote sustainable use. However, this represents only a fraction of
trade, overlooking all illicit international trading and all legalli@gal within-country trade.
Patterns of threat in illegal trade could plausibly run opposite to the patterns we find in legal
trade(Courchamp et al., 2006) he same could be true for captive trade, as the general
volumeand presence decline across species in thesweiliced trade (Figure 1) could be

indicative of a shift to captive sources, as found in previous st(ldafoot et al.2018a)
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Figure 4. Differences in trends and volumes preto post Red List category changeA i D.
Speciedevel estimated volume differencesyéar pre to 1-year posichange. Each point represents a
speciedevel change for birds (n = 127), mammais=(103), amphibians (n = 39), and reptiles (n =
163) respectively. Negative values denote an estimated decrease in traded volionpgstehange,
vice versa for positive values.iEH. Difference in specielevel slope coefficients (Change*Year)
pre- to postchange per change for bdib andmudistributional parameterdlegative values denote
the change is associated with a decreasing trendn(idrdecreasing volume, fdrui decreasing
presence) through time relative to the species prior catégny, vice versa for positive values.
Points are posterior medians, error bars the 90% HDCI per point and legend acronyms are as follows:
BNT - became noithreatened, SNTstayed nofthreatened, BTbecame threatened, and S3tayed
threatened. Pointdang the dashed lines denote no differendeunr mutrends, or joint

distributional volume estimates. See also Table S4
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3.4 Discussion

Implications for CITESregulated trade

Our study highlights that leghreatened species, including sfisted Agoendix I

populations, dominate CITES trade in richness, occurrence, and volume. However, we find

limited evidence that when individual species became or remained threatened they were less

likely to appear in future trade or be traded at lower volumeslltegge in threatened

species places considerable onus on the accuracy and robustness of the CITES NDF

procedure. A process that has been effectively used to bolster conservation efforts and species
recovery (e.g. for Southern white rhifdmin et al., 2006 and American alligatofd.

Nickum et al., 2018) but has also been plagued with controversy concerning its rigour and
trangarency(Castello and Stewart, 2010; Cohen et al., 2020; Nijman, 28irie 2008,

Thailand has been subjectto a CITE¥YReew of Signi ficant Trade (|
have been queried for four heavily exported seahorse species to assess whether such export

was evidenced as natetrimental. Ultimately, Thailand was unable to produce positive

NDF&6s f or (Ayldsworttsepad,202@dsnd t hei r tr aulgent was cl as ¢
concerm by the CI TES (ATEB,m@Ll4)Cothpoemdingtthte gadidity of

NDF6s is whether they exi st aRterogdrpuss Wor k e x a
erinaceuj trade from Ghanafound no#pd at e sci enti fic NDF, despi
presence in tradiea norcompliance issue in clear contradiction of the Convention

(Dumenu, 2019)

A 2020 CITES Report of the Secretariat on Mi@triment Findings examined the 36

publically available NDFs, concluding standards vary gr€@IyES, 2020b)Only 44%

(16/36) fully considered netrade threats and the overall threats to species, 42% (15/36)

considered speciespecific biology or lifehistory factors influencing their Werability, 36%

(13/36) clearly considered the precautionary principle, and just 17% (6/36) fully considered
historical and current patterns of harvest and mortality. A single NDF considered the role of

the species in the ecdagywset eoem, mondce mgodilBR he sre
data, multiple indicators, triangulation, or peeview/stakeholder consultation). Given this

and our results, we urgently call for greater transparency and gradual transition to publishing

all NDFs.
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Processes shas the RST exist to identify and respond to species/populations at risk of
unsustainable CITES trade, but this makes two problematic assumptions: 1) that
unsustainable trade can be recognized by other Parties; and 2)adtetilgade has occurred

is anappropriate response. Discerning unsustainable or ecologically harmful trade from trade
data alone (i.e., independent of populatfievel data) is almost impossible, yet that is the

main data source used to identify species for the RIBIEP-WCMC, 2020) We posit that
unsustainable offtake for trade should be recognized to its occurrence. This could be
achieved through a review of NDF documents confirming the analyses include robust
evidence, demonstrate that relevant ecologicalmétion was used, and ultimately justify
offtakes appropriate to ensure species survival. @penc e ss NDFo&s woul d be
this. There are clear logistical challenges, primarily that under the current Convention there is
no provision for making\DF data, methods, or results available and any change would
require a considerable amendment to the Convention text. Similarly, there are risks to sharing
species data openly, but geographic data can be anonyfNigegen et al., 2019)

Additionally, there are major challenges to sourcing the necessary expertise and finances to
perform NDF reviews. Reviewers could potentially be found within the research community
or Scientifc Authorities of other Parties, but acquiring the funding and standardising the
process would be netnivial. While ideally the process would be managed within individual
Parties, the initialisation and oversight would need to come via the Animal arid Plan
Committees. Given the challenges, we suggest this would be developed gradually, starting
initially with sharing and reviewing methods, and culminating in results being open access.
As individual Parties have autonomy to implement the Convention andMi2ike as they

see appropriate, the review would represent a judgement of the validity of an NDF, flagging
where it is inaccurate. Exporting Parties could appeal with evidence if they believed the
review was in error, and in such cases decisions to samctioot could come from a panel

from the Animal and Plants Committees. Any trade undertaken by a Party that was justified
by an inaccurate NDF could then be viewed in breach of the Convention (lack of a valid
NDF) and subject to followap action includinganctions. However, initially these reviews

would be used to build capacity and develop consistent methods; trade could be allowed
under inaccurate NDFs for a set number of years while processes and methods were fully

developed.
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Making space for controvesy and debate

Wildlife trade science is diverse. It spans those focusing on protecting species from
overexploitation to those working to ensure continued livelihoods. From researchers utilising
large quantitative datasets to those using qualitative evadémd from independently

supported researchers to those at least in part supported by the trade industry (e.g., the luxury
fashion industryfNatuschet al., 2021) , wi t h associated risks of
model(Legg et al., 2021)or by animal welfare groups and their potentially-#matile stance.

Such a diversity of researchers offers gpesiential to overcome one of the greatest

challenges faced by biodiversity and humaiityow to deliver sustainable offtake that

protects species whilst delivering on societal needs. At present, this diversity has resulted in
increasingly entrenched apdlarised viewpoints about how to assess and manage wildlife

trade.

Some of the approaches, recommendations, and discussion points we highlight contradict the
opinions of others, in particular our integration and interpretation of the IUCN Red List with
CITES trade data, and the suggestion of reforms to CITES NDF policies. We have
emphasised that threatened species (VU, EN, or CR) can appear-sowiteéd trade and not

be threatened as a result. However, we need greater consideration of how conceaent th

to species are considered. It is robustly evidenced that habitat loss and extraction (for trade or
consumptionfRomereMufioz et al., 2020, 2019; Symes et al., 2048 climate change

and extractiorfChen et al., 2015)an drive synergistic declinestarget species. There is a

need to evidence, not assume, that exploiting a species for which trade is not the primary
driver of loss will noffurther contribute to declines. This is embodied in the Text of the
Conventiomi Tr ade i n s pecieutdoparticéarlyrstrist tegulaten i arderj

not to endanger (CIOESSI®BY their survivalo

It has become common to see examples of species benefiting from legal trade (predominantly
of large, commercialised reptile&oanen et al., 2021; Natusch et al., 2014 up as
counterpoints to the risk of unsustainability and thus the need for regulatory reforms.
Sustainability must be evidenced; an example from a different species (or indeed Class)
merely highlights that for most species there is no available evidence otdeneleclines

(Morton et al., 2021)The precautionary principle mandates caution in the absence of

evidence.
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Reforms to CITES are natnew phenomenon (for examples kallender et al., 2015b;
Frank and Wilcove, 2019; Rivera et al., 202but reforms or amendments take time to
disseminate and enforce.@Bonn and Gaborone amendments were proposed in 1979 and
1983, respectively, but currently are only accepted by 149 and 102 of the 183 Parties,
respectively. An amendment requiring Parties
would be complicatednd controversial. But the mere fact that the Review of Significant
Trade (RST) process has uncovered instances of detrimental trade and missing NDFs
highlights that assuming these documents are robust and up to date is ins@Bicreanu,
2019; Foster and Vincent, 202The logistical and political difficulties of implementing
change should not censure criticism of regulatory processe®batedof the status quo.
Rather, it should offer space for constructive collaboration across the diversity of wildlife

trade scientists to ensure that Parties to CITES deliver on its mission.

Conclusions

The dynamic nature of international wildlife tragled the huge diversity of species involved
necessitates a nuanced consideration of trade. While we apply novel analytical methods and
indicators to find that CITES trade is dominated by-titoeatened species, with unclear
responses in trade to changingaes threat category, this is no substitute for transparent,
accurate, and upp-date NDF procedures evidencing the populatewel effects of trade for

all species. Indeed, trade can promote species rec@veadyckum et al 2018) but this

cannot be assumedpriori for all species without datdriven justificationi conservation

outcomes must be evidenced to avoid compounding species extinction risk.
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3.7 STAR Methods

Resource availability
Lead contact
Further information and requests for resources should be directed to and will be fulfilled by

the Lead Contact, Oscar Morton (omortonl@sheffield.ac.uk).

Materials availability

This study did not generate newigue reagents.

Data and code availability

All data used in this analysis are from publically available sources and no new datasets are
generated. Code to reproduce the analysis have been deposited in a freely available
institutional repository (10.1513Hef.data.17151449) available upon publication. Any
additional information is available from the lead contact upon request.

Experimental model and subject details

CITES data extraction

The CITES Trade database stores all reported wildlife trade (exportenports) by CITES
Parties. These reports are compiled in official annual reports and deposited in the CITES
Trade Database. All deposited records were downloaded in bulk (version 2020.1,

https://trade.cites.orfy/which resulted in a database with 21,635,430 unidirectional trade

records. Comprehensive detail of the data structure can be found at the point of access.

We follow established protocols for cleaning and preparing the(ldatéoot et al., 2018a;

Robinson and Sinovas, 201&)pr a full summary of the data curation pipeline see Table S1.

In summary, all reexports were removed to avoid double counting (keeping only original

exports, where the exporter matches thened origin), because where trades ultimately

pass through multiple countries they may be reported multiple times artificially inflating their
presence in the data. Similarly, we focused only on expmparted values as it is known

that import permitgare not required for Appendix Il species and as such can lead to

underreported figures for these species if trade is not reg&tdinson and Sinovas, 2018)
However, there is not one (O6correctdé) standa

and using only exports could be viewed as an overesbimid some records reflect granted
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permits, but not realised trade. Therefore, we include a complateatgsis of all hypotheses

using import data (processed identically to the export data). In the supplementary methods we
present all main text figuresplicated using importdrsased values and all supplementary

results tables are marked (*, **, etc.) where values differ to those from the expastt

data. We find no systematic differences between the datasets that affect our overall

conclusions.

We also removed all records where species were not traded under any specific Appendix (I, Il

or 1 11), coded ANO. Al |-soturceda rof uswwegetheeeportéda s s e d
AfSourceo codes. We follow estastwildsosrdeé d criter
where the source code Iis W, X or R (this res
wildo, fASpecimens taken in the marine enviro
and ARanched speci mens: s mrelledenveommentptdken@asn i mal s

eggs or juveniles from the wild, where they would otherwise have had a very low probability
of sur vi vi n dHarfoot etald 2018bRecoaddIlistged s A UO (Unknown)
[Blank] could also refer to wild sourced records. However, they may also refer to records
sourced from nowvild sources but lacking documentation. Retrospectively, we cannot know
with certainty the reasons enforcement officers arouedjlibbe recorded these thus they are

also excluded. All subsequent analyses focus solely on thessawitded trade records.

Records with a source code of C, D, A, F, |, O, U or [Blank], were all excluded at this point.
Similarly, as species are tradéuidugh CITES for a range of reasons including scientific

research and reintroduction, we focus only on trade reported as being for a commercial or
per sonal purpose (purpose codes 6T6 and O0P06)
include personal faliwing previous studies to potentially capture watelirced pet trades

(Bush et al., 2014)As a result, we exclude the codes B, E, G,H,L, M, N, Q, S, Z or

[Blank]. Some commercial movememigy potentially be excluded under the medical code

(M) or the circus trade (Q), but equally these codes can represeacomonercial trades. Due

to this uncertainty, M and Q are excluded. Therefore, all subsequent reference to the data or
trade data is ineference to only the wiltdourced and commercially traded records. We limit

our time frame to 2000 2018 to best understand recent trade. Despite data being present in

the CITES data for up to 2021 we conservatively only include records up to andngclud

2018.
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Trade quantities are reported in many AdTer ms
which make comparisons of fAQuantityo mislead
individuals, but four small leather pieces or four teethatogpresent anything from one to

four individuals. Therefore, all records were standardised to whole organism equivalents
(WOEG6s) foll owi ng t heHanmmtehab, @0d8aphigsallevesamare | | ne d
robust comparison across trade records as one WOE represents one individual, regardless of
taxa or original term. Building on a published WOE conversion protbtasfoot et al.,

2018a) we use their published vertebrate conversion factors and add five additional terms

which each denote 1 WOE (gall bladder, eggs, eggs (live), specimen and trunk). We applied
thisconversion protocol to recor dNAdenotingr e t he
Anumber of speci menso. Records are reported
bottles, flasks, kilograms, cubic feet, sets, etc. but reconciling this unit tyvensiains a
research frontier. I n total 19.67% of verte
These unconvertable records were removed. We then further focused on bird, mammal,
amphibian and reptilian trade data from 20018 and removed akcords where species

were reported as clearly unknown suclirako spp. orFelis spp.

Species presence in trade is highly variable with some species being traded consistently each
year (2000° 2018) and others only being traded certain years. This cattrieited to two

distinct processes: 1) the species may not have been (reported) in trade that year; or 2) the
species was not formally CITES listed prior to (or after) a particular date and as such its trade
was not recorded. We cressferenced the higrical CITES listings, which record the year
individual species, genera, families, or orders are listed, and matched this information to the
processed CITES trade data. Species were marked as absent from trade (a traded volume of
0) if they were not recded traded but were CITES listed in that year, while species that were
added to CITES, deleted from CITES, or added, deleted, and added again to the Appendices
have shorter time series. For example, if a species was recorded in trade from 2010, but was
list ed in 2003, we record that speciesd time s
volume being 0 for the years 2002009, and then the reported trade volume from 2010

onwards.
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Method details

IUCN data

We obtained IUCN assessments (includitidnistorical assessments) for all wigiburced
commercially trade terrestrial vertebrates (2000 1 8) wuwedlistgy paek ige. We
convertedpr 000 codes (Il r/cd/ nt) and r enareov eodr al |
ACTO, ¢ o mme r ened asimgre recent assessments before 2000 had been done. The
pre2 000 codes were converted were converted t
t hr eat e n e d)-threatenked) Al spécieq thrateware returned as not assessed were
checked manuallfor spelling conventions, synonym use or older classification style. Species
that had genuinely not been assessed or had been taxonomically split were included as not
assessed. As the IUCN assessment data includes the year the assessment was published,
species that were in trade preceding a full IUCN assessment were coded as Not evaluated

until the year their assessment was published. We also grouped assessments that concluded a
species was Data deficient (DD) with the Not evaluated species as a DI finfeirs that

there was inadequate information to make an assessment and subsequently refer to this group

as fANot assessedo. All species assessments

We removed one Extinct speci€3hglonoidis nigeras a likelymisidentification, as

assessments of wild and captive populations show all individuals have <80% of the
Chelonoidis nigegenome. We removed one Extinct in the Wild (EW) speegX

dammah only 4 records). The records may have been listed as noinbcagtivity if the

captive breeding did not meet the stringent requirements for CITES classification as bred in
captivity. We also removed all instances where species were identified as hybrids such as
fiFelish y b r i Bisonhoyrbrfi d o ( 8 types wWer removed). The revieived
database of species assessments through time were then incorporated into our database of
wild-sourced commercial CITES trade, giving a database of species traded volumes (WOES)
and presence in trade through time with ugate IUCN assessment (LC, NT, VU, EN, CR

and Not assessed) data for each year. Of the 1053 taxa present in the data, 491 were first
traded as LC, 71 as NT, 83 as VU, 36 as EN, 26 as CR and 346 were either not
evaluated/recognized or assessed as DD (1038/¢ould be included in the final models,
species were lost where they could be resolved for inclusion in the phylogenetic matrices, see
Table S1). All references to threat categories made in the main text are solely based on the
IUCN Red List, i.e., Endagered refers to the Red List category not species classed under the

US Endangered Species Act or other authority. Similarly, we explicitly use the terms
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threatened to describe species assessed as Vulnerable, Endangered or Critically Endangered
by the IUCNRed List, and noithreatened to include species assessed as Least Concern or

Neakrthreatened.

To examine whether trade presence is responsive to perceived changes in species threatened
categories, we assessed the difference between species precedingepaes subsequent

presence. IUCN changes were modelled with 6 levelshaoge i.e. species that did not

change categories at all, pgbange i.e. for species that do change the time period preceding

the first change, (changed but) stayed threateneBNé¢o CR, (changed but) stayed non

threatened i.e. NT to LC, (changed and) became threatened i.e. LC to VU and (changed and)
became noithreatened i.e. EN to NT. We considered that when species not assessed or

assessed as DD by the IUCN were in tradethed changed or were assessed for the first

time this change could either be became threatened (i.e. DD to VU or not assessed to VU ) or
became notthreatened (i.e. DD to LC or not assessed to NT ). We classed a species

transition from Not evaluatedto D&s -6 Nangedé as this stildl i nfe
inadequate information to make a full assessment. However, we removed the three species

that transitioned from an assessed state (LC, NT, VU, EN or CR) to DD from this analysis, as

this cannot be classed a change in perceived threat. In total 113 birds (127 unique

changes), 87 mammals (103 unique changes), 33 amphibians (39 unique changes) and 162
reptiles (163 unique changes) changed or was assessed for the first time between 2000 and

2018 (totalling 35 species and 432 changes). Of the 127 changes in birds, 62 became non
threatened, 26 became threatened, 18 changed but stay#deaiened and 21 changed but

stayed threatened. Of the 103 changes in mammals, 33 becaitieeaianed, 24 became

threaterd, 29 changed but stayed rbineatened and 17 changed but stayed threatened. Of

the 39 changes in amphibians, 19 becamethratened, 13 became threatened, 1 changed

but stayed noithreatened and 6 changed but stayed threatened. Of the 163 changes in

reptiles, 119 became ndhreatened, 33 became threatened, and 11 changed but stayed
threatened. I n total, 1000 species (includin
in the final models, species were lost where they could be resolved foranalushe

phylogenetic matrices and where species changed status to DD or only had 1 year of trade

data preor postchange, see Table S1. In the supplementary information, we present the

methods and results of a simplified analysis considering simplywhe s peci es Ol ncr ¢
0Decreased6 in extinction risk, crucially the
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We hypothesise that becoming threatened would lead to a decrease in trade presence in some
cases and more often a reduction in voluelative to the preceding state and vice versa for
becoming nofthreatened. We hypothesised there to be a weak or null effect of staying
threatened or nethreatened relative to a species previous state. This approach allowed us to
infer multiple changem a single species relative to that species preceding state. For

example, a species could beprenge (2000 2009), stay noifthreatened (20102014)

and become threatened (2018018). Here we would assess the two changes relative to the
preceding (pe-changé to staying northreatened and then staying Abineatened to

becoming threatened). We did not centre each speciesdrnes change year to the year

zero, as numerous species changed category multiple times.

CITES splitlisting

All species rported in trade in >1 CITES Appendix in the processed-solgrced

commercially traded CITES database were subsetted, as potentially being split listed. Each
species in this subset was then manually checked to confirm its split listed status via the

histoiic CITES listings data portah{tps://checklist.cites.org/#/erSpecies appearing in two

Appendices because they had reservations taken out by member parties were excluded, this
occurs when a party deres it will not be bound by the Convention for trade concerning a

given species. Although parties with active reservations are treated-asendrer states

with regard to that species, such species could appear in multiple Appendices if they were an
Appendix | species and the party with a reservation agreed to report trade as if the species

was listed in Appendix II. A small number of species were also listed in multiple Appendices
with no explanation or reason found in the historic listings and suclespegere also

excluded. This checking process resulted in the inclusion of time series for explicitly split

listed species traded at least once in both Appendices at least once since 2000 (9 species). We
summed WOEOGs, per s pec efameeach specieswapbethsplit x f or
listed and CITES listed.

Limitations of the CITES trade data

All analyses using CITES data could be subject to unknown reporting errors, unfulfilled

permits or trades reported in the subsequent(Rarinson and Sinovas, 2018)ere we

attempt to standardize the datalaur approach to get as wider picture of trade while
ensuring accuracy. By converting t fHarfockat a t o
et al., 20183)we standardise a wide variety of the terms used by CITES Parties and the final
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data values represent number of individual animals. However, a great many terms and units

cannot be converted unavoidably meaning we do fail to capture some reported trade.

Similarly, datahandling choices have the potential to unintentionally bias the interpretation

of trade data. Rather than attempt to reconcile importer and exporter reported values as a
single Atrueo value, we pr esmrthetmaihtexeankix port er
the supplement we provide the importer reported analysis results (Ta#|d-sRire S2 and

3).

Quantification and statistical analysis

Data analyses

All trade data was modelled in a Bayesian framework. This approach was selectedidu

high number of individual species, the need to incorporate the known phylogenetic signal of
species threatened category with multiple observati@nszalezdelPliego et al., 2019; Jetz

and Freckleton, 2015and to allow derived difference calculations of the posterior. We

included species phylogenetic relatedness in our models due to the sheer number of species
traded,as thee are not truly independent units as they come from the same phylogenetic tree.
Thus, the dependency between species should be consi@medentionally applied

phyl ogenetic | east squares (PGLSgpeatkagey ses o
(Orme et al., 2018Jo not handle repeated measurements per species (i.e. trade presance for
given species across a number of years) or the additional inclusion of taxon as an independent
group effect. Multiple Bayesian packages have since been developed to accommodate this
(Burkner, D17; Hadfield, 2010)Accordingly, all phylogenetic multilevel models were

i mpl ement eldmsu sp a Rlrkndpre201i)

The amphibian, avia(Ericson) and mammalian phylogenies of species in our database were
generated from 250 sampled trees which were then used to generate a consensus tree

(phylogenies available fromttp://vertlife.org/phyloabsetssee als¢Jetz et al., 2012; Jetz

and Pyron, 2018; Upham et al., 2019 reptile phylogeny of the species traded was sourced
from http://timetree.org(Kumar et al., 2017)The phylogenetic correlation matrices (where

diagonal elements are equal t¢de Villemereuiland Nakagawa, 2014 ¥or each class were
computed using the a p packaggParadis and Schliep, 20190\ small number of reptilian
species names could not be resolved and could not be included in subsequent analyses

(detailed in Table S1). The taxonompesies names listed in the Appendices were conserved
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throughout the data pipeline. Where the CITES Appendices records a number of taxa
separately, that are resolved to a single species in the phylogenies, we maintained the yearly
volume structure for indidual CITES taxa and incorporated their variation dependant on
phylogeny under the phylogenetically recognized species. For example, CITES lists the
Marco polo argali, Tianshan argali, and the Gobi argali subspecies separately (so we track
these yearly rawrds separately for each species), thus their variation independent of
phylogeny is modelled separately (tdgael group effect). However, as their exact

relatedness is not quantified in the phylogenies available, the variation dependant on
phylogeny forthe three subspecies was included via the recognized s@aegammon

(Argali).

All data, across hypotheses, were modelled using the hurdle negative binomial (HNB)
distribution. This is parametrised by 00 6'®hy o '@ 1) ‘Qwheren is the outcomehu

is the probability of a nozero value (presencejuis the mean or location parameter of a
negative binomial distribution arghape(or phi) is the over dispersion. The processed

CITES trade dta contains a high proportion of zeros (years where a species is listed but did
not appear in the data). The HNB models the absence of trade and the volume of trade as two
distinct processes. A Bernoulli regression (parametrisduipgstimates the probdity of

being in tradeq p). A truncated negative binomial regression then estimates the volumes
when trade occurs (i.e.> 0). The distributional parametdra andmuare distinctly

estimated as a unique function of predictors (details below), and shape we only constrain to
be positive. The joint estimates of the response (HNB) distribution therefore incorporate two
key features: 1) whether a species is likely to be traded at all, and 2) if traded what volume
this would be in.

Weakly informative priors were specified for eanbdel parameter (see equation details

below). All models were visually assessed to ensure chains were mixing and had achieved
stable convergence. All Rhat (potential scale reduction factor) values were checked to be
<1.05, indicating between and withihain estimates had converged. Post predictive checks
were also completed using the predictive distribution, such checks were only used to assess
individual model adequacy and check for systemic discrepancies between features of the real

and simulated dat@elman et al., 2IB).
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Traded presence/volume across Red list categonesbabilities ofn > 0 (hu-0) and

volumes whem >0 (mu ‘ are modelled as functions of the standardised laggkone
traded the previous year, yearly Red List category (IUCN) and YeaD (2018, reduced to
07 18 and standardised), and the interaction of IUCN category and Year .-[Baebn

variance independent of phylogeny was included as a distinct group effect (indgxed by
andk for * ). IUCN, Year, and their interaction wareorporated as phylogenetically
independent group effects (Equation 1). We incorporated variation dependant on phylogeny
via phylogenetic correlation matrices as a separate group effect fohb@thdmu)

distributional parameters (matrices omittechir&g. 1 for clarity). Weakly informative priors
were specified for model sloge)( intercept|() and standard deviation ) (a defaultkj(1)

prior was used for the correlations between grouping fattoos shown here). This model
was run for a total of 4000 iterations, including 2000 wapnterations, for 4 chains with no
thinning per taxonomic class. We note when checking the reptile model, we identified a
single species the model overestimated traded volupeoegcnemis unifilisexponentially
increased in traded volumes starting from 8 in 2002 (0 for 2000 and 2001), #16834

2017, with volumes regularly more than doubling between years. Therefore, in 2018, our
model does predict this continued growth, but the volumes actually decline to 363363. For

clarity, we removed this species from the Figure 2D plot.

Trade volumesvere contrasted for the average species in each IUCN threat category by using
only the populatiodevel effects and excluding the speeiegel variability. For contrasts the
year was set at 2018 to most closely represent recent trade, and the laggedvedumeld at
the threat category average per taxonomic class (Table S3). Slope coefficients through time in
both occurrence and volume for the average species of each clash€re extracted for the

whole posterior and then summarised.
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Equation 1

Trade presence/volume per appendix for split listed spegiesbabilities ofn > 0 (hu-0)

and volumes when> 0 (mu * are modelled as functions of the standardised lagged
volume tradedhe previous year, population Appendix and Year (202018, reduced to 0
18 and standardised), and the interaction of Appendix and Year. -Tevavariance
independent of phylogeny was included as a distinct group effect (indexdoriyandk for

). IUCN, Year, and their interaction were incorporated as phylogenetically independent
group effects (Equation 2). As splisted species in trade are few in number and range across
classes, we analysed all classes in one model without incorgopattogeny. Weakly
informative priors were specified for model slop@, (intercept|() and standard deviation

( ) (a defaultkj(1) prior was used for the correlations between grouping fattoos shown
here). These models were run for a total di®@erations, including 1000 warap

iterations, for 4 chains with no thinning.
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Equation 2

Trade presence after species change Red list catedopiexbabilities ofn > 0 (hu-0) and
volumes whem >0 (mu * are modelled as functions of the standardisegddgolume

traded the previous year, species change category (Change) and YearZ2@80reduced

to 07 18 and standardised), and the interaction of Change and Year -[Earbmariance
independent of phylogeny was included as a distinct group éifieleixed byj for 0 andk for

). Change, Year, and their interaction were incorporated as phylogenetically independent
group effects (Equation 1). We incorporated variation dependant on phylogeny via
phylogenetic correlation matrices as a separate group effect fofnbahdmu)

distributional parameters (matrices omitted from Eq. 1 for clarity). Weakly informative priors
were specified for model sloge)( intercept|() and standard deviation ) (a defaultikj(1)

prior was used for the correlations between graypactorsi not shown here). This model
was run for a total of 4000 iterations, including 2000 wapniterations, for 4 chains with no

thinning per taxonomic class.

In the Supplementary Methods we also present a simplified precautioremgilyesis

cons dering only whether species Aincreasedo0 o
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of this approach and the results are detailed there (Figure S4), crucially these are in line with

the method we present here.
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Equation 3

We contraged the absolute difference in expected posterior volumes betwesar2pre and

1-year postthange at the species level (if a species was reassessed in 2010 we contrast 2008
with 2011). We specify these periodsjaed posichange rather than the whaee and

postchange series per species as we are specifically assessing the impact of change.

Therefore, each species categonange has its own comparison timeframe. Comparing

between the whole prand post hange ti me seri es onclesions.lFar | e ad
example, take a species that was present in tradeyiears, then absent forygars before

increasing in perceived threat category and then remaining absent for the remainder of the
series. Comparing the entire pead posichange poster at all year values would reveal

overall the species was less present-phange when actually the change was irrelevant as

the species was already absent from trade prior to the change.

We further estimated the difference in trend or slope thraughlietween preand post

change. This approach aims to detect changes in trend before and after a change e.g. whether
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a species was increasing in traded volumes through time and theshpoge volumes

decreased through time. We extracted both spémiesdistributional coefficientshuand

mu,; ) for each change type. The difference was then calculated between the species pre
change slope coefficient through time and the specieschasge coefficient through time

( @ Ch an goa rreg* All differences were calculated from thdl fposterior.

We additionally contrasted populatitevel estimates assessing the impact of change on the
average species. This took two forms. Firstly, we contrasted whether for the average species
if changes associated with any change in volumetpmgostchange. Each change was
contrasted at the class average year of change for each change type. Secondly, whether
species that changed category were traded in different volumes to those that remained
unchanged in 2018. Thus, assessing whether voluniesitedter a change was different to

the baseline across species that did not change. This final comparison examines whether
species that changed category were systematically present in different volumes to those
species that did not change category (Figlteand Table S4). Both comparisons here were

using the populatiotevel effects only to consider a category change for the average species.

We assess directional differences between Red List categories, before and after a change, and
between the CITES Agendices for splhtisted species, using the direct probability of

direction pd) (Makowski et al., 2019b, 2019a)hepd provides evidencef directional

effect existence (or the certainty that effect goes in a particular direction, i.e. if endangered
species are more likely to reoccur in trade than least concern species in a given year). We
term substantial to denotgd >97.5%, a value ghly correlated with a twsidedp-value of
0.05(Makowski et al., 2019b, 2019a)hepdis calculated from the difference of the full

poserior, not a sample or summary. For example, the difference between the pogeiation
posterior volume of the average least concern and vulnerable reptile in a given year. For the
presence and split listing analysis we set the year ati20i8most reent year in CITES
records. We present 90% HDCI 6s (highest dens
uncertainty not 95% intervals, as 90% has been deemed more(Kraisiehke, 2014)

All statistical analyses were carried out using R version 4f0Qore Team, 2020Pata
curation and pr oces gdplymog 1wickiedmetalr, 20R1pldtting ut u s i

us i ggglotah 3 (Wackham,2016) f i gur e ar reggn gk@Adui& using N
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2019)a n ¢ngfi O (Utban&ék,2013) . Al |l phyl ogeni @& Werde lhand

(Paradis and Schliep, 2019 odel fitting, checking and paegirocessing was done using
fibrm 2 . (BlBknef 2017) bafiestests 0 (M&kowsski et al., 2019a9 n ddybayes
2.3.1(Kay, 2020)

Precautionary reanalyses
The method presented in Eq. 3 and Figure 4, using thepbsa nge categori es,

threatenedot hBeabemesddonii St ay ed-tthhrreead teenreaddq

picks up important nuae on directional change and whether the change moves the species

to a threatened or nghreatened category. The key result of this analysis is that a change
does not systematically change species reoccurrence. To confirm this we ran a simpler model
soley considering a directional change- Here

changeo, @Al ncr ea schangederaddendtBsahe sama as & the mar e

W

met hods. Here Al ncreasedo refers to @GR i ncrea

etc. ). Conversely, ADecreased is any decreas

etc.). The simplicity of these models required a number of species (changes) to be removed.
All species that changed category more than once were removed cadkssgeanging to or

from Data Deficient (DD) or changing from Not evaluated (NE) were also removed as
changes to or from DD or NE should not be considered an increase or decrease in extinction
risk. Therefore, this ranalysis focused only on the most watiderstood species that were
reassessed into a different category, with full assessments pre aictignoge. As before the

same criteria as applied in the main text models applied here mainly all species must have at
least 2years data preor postchang. The number of species modelled was therefore

severely reduced (36 birds, 42 mammals, 3 amphibians and 16 reptiles, totalling 97 species).
The basic structure of the models remained the same as that in the main text. Due to the
reduced number of speciglis model does not account for relatedness between species we
do however account for species variation and class level differences by nesting species within
taxonomic classes in the models grdenel effects (see Equation 5). The smaller number of
spedes meeting the prerequisites for this reanalysis prevent a more nuanced analysis fully
separating classes and accounting for speciesna@pendence.
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Equation 5

This simplified approach has merit but also severe limitations as LC to NT, WU, tor EN

to CR are all <c¢classed equally as fAlncreases?o
limited interpretation as it is dubious all changes are equally likely to prompt policy or
management measures. Crucially, these results mirror ourtexaifindings. There is no

systematic change in species traded volumes aftetqpestlUCN change. This was true

across species and for the average species changing to-thmneatened (Increase) or less

threatened (Decrease) status, there was naaguitad directional effect on traded volumes

(Figure S4). There are a number of reasons why species may show no response to a change,

107



namely that species presence is ephemeral and that species may have ceased to be traded (but

remain listed) years beforled IUCN reassessment and status change.
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Figure S1.Average (populationtlevel) results, columns represent Aves, Mammals, Amphibians

and Reptiles respectively. Related to Figure 4A 1 D. Represent the volume differencedar pre

to 1-year postthange for each change type. Change year modelled as the most common change year
per class (Aves 2013, Mammal$ 2007, Amphibian$ 2003, Reptile$ 2010), lagged volume fixed

at the Class median.iEH. Estimated volumes trad&a 2018 for each change type and those that did

not change, lagged volume fixed at the Class median. Points are medians and lines the 90% HDCI,
calculated from the entire posterior.
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Figure S2. Replication of main text findings (Figures 1 and 2) usindné Importer reported
results (rather than exporter). Related to STAR MethodsPoints are medians and lines the 90%
HDCI, calculated from the entire posterior.
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Preliminary cleaning steps

Step Description Records Notes
CITES Trade database Versic
1 20211 22,616,522
2 Remove all reexports 12,880,243
3 Focus on target Classes 3,770,437
80.0% of records could be convertec
By Class 5.7% of Amphibian, 2.6% c
4 Convert records to woes 3,015241 bird, 19.8% of Mammal and 34.5% o
Reptile records couldat be
converted.
5 Focus on 2000 to 2018 1,864,275
6 Focus on Exporter data 991,417 872,858 Importer records
Commercial and not wilkdourced =
350,491.
Focus on the wild sourced Non-commercial and not wildourced
7 . 284,091 _
commercial trade =67,129.
Non-commercial and wilegsourced =
289,706.

Final dataset species numbers

Total species present  Total that could be resolved %

in CITES data to include in the model
Presence (Figure 1 and 2)
Aves 486 486 100.0
Mammalia 207 207 100.0
Amphibia 44 44 100.0
Reptilia 316 288 91.1
Total 1053 1025
IUCN change (Figure 4)
Aves 482 482 100.0
Mammalia 201 201 100.0
Amphibia 40 40 100.0
Reptilia 301 277 92.0
Total 1024 1000

Table S1. Summary of the CITES data curation pipeline and numbers of spies present in the

data and the number that could be included in the phylogenetic models. Related to STAR

Methods. Initial data download accessed hatws://trade.cites.orgSpecies were lost from the
PresenceHigure 2) analysis only if they could not be resolved to a phylogeny. Care was taken to
check for incorrect naming, updated names etc. We used the CITES naming as the authority so we
retained sukspecies names in the phylogenetically independent grougisffat the suspecies

where grouped under the known species name for the phylogenetically dependent group effect. But
some species still could not be included. Notehile 1024 could be modelled, when discussing
species in recent trade (2018) we onipgider the 926 species still listed in the Appendices at that
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point. Species were lost from the IUCN change (Figure 4) analysis for the same reason, but
additionally where species changed status to DD or only had 1 year of trade datgppstchange.
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Class I[UCN mu 90% HDCI pd hu 90% HDCI pd

Aves CR -0.20 -0.83t00.39 70.21 -0.35 -1.32t0 0.69 72.16*
EN -0.48 -1.37t00.41 80.41 -1.15 -2.27to-0.15 97.32*
LC -0.78 -0.90t0-0.64 100.00 -1.41 -1.57to-1.25 100.00
NA -0.73 -1.00to-0.44 100.00 -1.96 -2.43to-1.51 100.00
NT -0.05 -0.461t00.43 57.66 -1.19 -1.681t0-0.73 100.00
VU 0.01 -0.64t00.63 51.26* -0.53 -0.97 to-0.07 97.27*
Mammalia CR -0.09 -0.66t0 0.53 58.92 -0.27 -0.891t00.44 75.46
EN -0.06 -0.82t00.69 55.17 -1.22 -2.210-0.26 98.21
LC 0.02 -0.13t00.18 58.81 -0.34 -0.56t0-0.11 99.08
NA 0.01 -0.38t00.38 50.90 -0.05 -0.39to00.27 59.13
NT -0.04 -0.471t00.38 55.75 -0.32 -0.64 t0-0.01 95.33
VU -0.12 -0.41t00.18 74.94 -0.46 -0.78 to-0.12 99.02
Amphibia CR -0.59 -1.011t0-0.20 98.40 -0.15 -1.831t01.32 56.65
EN -1.18 -1.81t0-0.53 99.35 -3.77 -7.11t0-0.71 99.25
LC 0.01 -0.30t00.34 51.80 0.71 -0.39t0 1.94 84.85
NA -0.86 -1.40t0-0.28 98.92** -0.54 -2.11t0 0.85 74.22
NT -0.64 -1.281t00.08 93.(8 1.09 -252t05.31 71.83
VU -1.20 -1.72to-0.61 99.10 -2.45 -6.081t00.28 94.33
Reptilia CR -0.75 -1.221t0-0.27 99.33 -1.47 -2.27 t0-0.64 99.90
EN -0.83 -1.26 t0-0.42 99.85 -0.66 -2.10to 0.62 80.97"
LC 0.22 0.02t00.41 97.50 -0.07 -1.42to0 1.22 53.57
NA -0.22 -0.331t0-0.10 99.83 -1.09 -1.401t0-0.81 100.00
NT 0.27 -0.39t00.90 75.25 -0.62 -3.141t01.76 67.70
VU 0.07 -0.271t00.42 63.80 -0.11 -0.891t0 0.80 57.90

Table S2. Slope coefficients for IUCN statuses through tim&elatedto Figure 1. Coefficients

were derived for each status for both volumes when tradgdaind for presence in tradedj. The

90% HDCI is calculated from the entire posterior draw of coefficientspillie used to show the

certainty of direction, whether slope coefficient is increasing, decreasing or uncertain. We colours
slopevalueswitpdd s > 97.50% indicating a very high certe
coloured red, those that increase blue.

*Importer based results suggests thatrtiative me trend through time for VU is increasing (pd >
97.5%) and théutrend through time for CR, EN and VU species is also substantially negative in
direction (>97.50%).

** Importer based results suggest that the relativgrend through time foNA species is no longer
substantially negative, however the pd remains at 97.25%.

" Importer based results suggests that the relativeend through time for CR, EN and LC species is
no longer clearly positive or negative (pd < 97.50%). Additionallymbetrend for NT species is now
substantially positive.

" Importer based results suggests that the relatiteehd through time for EN species is now
substantially negative (pd > 97.50%)
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Class Status Absolute difference Pd (%)
contrast ( WOE'™ s, 90 %

Birds CR-LC  0.09 €0.10 to 0.73) 80.87
CR-NT  0.07 (0.18 to 0.80) 74.01
ENi LC -0.03 ¢0.12 to 0.04) 87.47
ENi NT -0.04 ¢0.23 to 0.05) 87.53
VUi LC 0.03¢0.06 to 0.25) 77.54
VU-NT 0.02¢0.16 to 0.28) 65.08
Mammalia CR-LC  -0.88 ¢3.09 to 0.01) 98.65*
CR-NT  -0.62 (2.66 t0 0.16) 96.08
ENT LC -1.07 ¢3.32 t0-0.1) 99.83
ENi NT -0.80 ¢2.75 t0-0.06) 99.71
VUi LC -0.69 (2.57 to 0.12) 97.88*
VU -NT  -0.42 €2.15 to 0.32) 91.33
Amphibia CR-LC -11.72 (41.66 to 0.01) 99.70
CR-NT  -1.30 ¢10.28 to 2.70) 76.00
ENi LC -12.59 (43.38 t0-0.19) 100.00
ENi NT -2.03 ¢10.55 to 0.27) 95.08
VUi LC -12.48 ¢43.02 t0-0.07) 99.90
VU -NT  -1.89 ¢10.52 to 1.14) 90.80
Reptiia  CR-LC -32.37 (134.26 t0-0.98)  100.00
CR-NT  -8.30 (64.61 to 1.40) 97.08**
ENi LC -31.56 ¢131.2310-0.97)  100.00
ENi NT -7.38 ¢(65.76 to 4.72) 90.77

VUTLC -20.00¢103.87t08.80)  95.33
VU -NT  -0.09 (51.49 to 53.69) 50.40

Table S3. Contrasts in traded voles across IUCN statusefelated to Figure 2.Contrasts taken
with Year fixed at 2018 and the lagged volume term held at the status median.

* Importer based results suggests that the absolute difference between CR and LC, and VU and LC is
no longer cledy positive or negativepd < 97.5%) however the probability of direction for both
remaining negative remains above 94.00%.

** Importer based results suggests there is an absolute difference between CR and NT traded volumes
(pd = 98.12%).
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In 2018 relative to no Pre- to post change for the

change average species
Class Contrast  Absolute Pd (%) Contrast  Absolute difference Pd (%)
difference (90% HDCI)
(90% HDCI)
Birds NCi BT -0.16 ¢€0.68 to BT-PC 0.06 €0.23t0 0.56) 69.21
0.04) 96.54
NC-BNT -0.26(-0.69 to BNT-PC 0.28 (0.02t00.74) 99.84
-0.02) 100.00
NCi ST -0.02 ¢0.18 to ST-PC -0.06 ¢0.34 to 0.15) 79.67
0.05) 72.19*
NCi SNT -0.13 ¢0.87 to SNT-PC  0.00 ¢0.33t0 0.60) 50.99
0.06) 90.96
Mammalia NCi BT 0.58 (0.35t0 91.36 BT-PC -0.13 €0.75t0 0.47) 73.01
2.38)
NC-BNT 0.17¢1.22to 64.30 BNT-PC 0.17 ¢€0.28t0 0.98) 79.39
1.75)
NCi ST 0.88¢0.01to 97.50* ST-PC 0.08 (0.83t01.49) 58.11
2.99)
NCi SNT 0.70¢0.19to- 96.11 SNT-PC  0.36 ¢0.20t0 1.69) 90.00
2.49)
Amphibia NCi BT  10.20 ¢0.08to 99.76 BT-PC 2.70 €9.09 to 22.68) 77.80
49.37)
NC-BNT 1.23¢20.29to 57.24 BNT-PC 5.12 (3.51to 28.30) 92.73
42.00)
NCi ST 9.12(6.14to0 94.08 ST-PC 3.38 €22.00 to 64.49
55.92) 59.44)
NCi SNT 10.40 (0.49to 99.44 SNT-PC  -1.11 €40.09 to 60.89
51.43) 72.41)
Reptilia NCi BT 9.23¢252to0 97.39 BT-PC -7.87 €33.73 to- 99.70
44.73) 0.15)
NC-BNT -7.04 ¢52.60to 83.16 BNT-PC 2.60 €2.96 to 14.90) 90.00
13.12)
NCi ST 9.44(1.93to- 97.60 ST-PC -6.45 (34.74 to 93.15"
45.21) 5.80)

Table S4. Summary of IUCN status change differences. Related to Figurelditially we contrast

the volume traded for species that changed status with those that did not change. Thus assessing
whether species that changed were broadlyed in any higher or lower volumes. Red shading
indicates species that did change were traded in lower volumes (blue for higher volumes) than those
that did change. Secondly, we contrasted the differencetogrestchange for the average species
(udng the change year as the year that class most frequently changed status and the median lagged
volume). Red shading indicates a decrease in volumagp®st change and blue an increase.

* Importer based results suggests that the average specieilthat dnange was traded in lower
volumes than those that stayed threatepdd-(97.85%).

** Importer based results suggests that the average species that did not change was no longer traded in
substantially lower or greater volumes than those that sthyeatenednd < 97.50%).

" Importer based results suggests that the average species no longer saw a substantial increase in
volume pre to postchange after becoming nahreatenedgd = 84.05%).
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" Importer based results suggests that the average spesiesaw a substantial decrease in volume
pre- to postchange after changing status but staying threatgyted 99.76%).
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Chapter 4.

Contrasting life-history traits in captive- and wild-sourced
trade over time
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4.1 Abstract

The wildlife trade is a vast global business, involving millions of people, thousands of
species, and tens of millions of individual organisms. Unravelling whether trade targets
demographically distinct species and, in turmwtirade varies between captive and wild
sources through time is a crucial question. We used a comprehensive list of traded birds and
the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES) Listings and trade records,dombination with a suite of avian demographic
parameters to ask whether trade correlates with particular facets of demography. Across
general trade, CITES Listing, and CITES trade, the same traits are associated with trade or
listing. This includes speaewith relatively high longevity and body mass, and those with
relatively low adult survival rates. We then used the comprehensive CITES trade database to
examine the prevalence of liféstory traits across time between captive and wild sources.
There wadimited evidence that trade volumes from captive and wild sources target different
demographic facets. Captive trade was correlated with both adult survival, age at first
reproduction, and species longevity, but the witdirced trade showed no such asdmn.

Within species, captiveourced trade dominates and is increasing, while-saldrced trade

is declining or absent, with evidence of a switch from wtibddcaptivesources in many

species. While a booming captibeed trade can reduce pressure verdarvested and

imperilled species, without transparent oversight cagtougced trade can easily harm wild
populations via laundering into captive facilities. If captherirced trade is the future of

species utilisation, more scrutiny and oversigbtrageded to prevent wild populations from

being adversely impacted.
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4.2 Introduction

Trade in wildlife affects 24% of all terrestrial vertebratgsheffers et al., 2019¢ontributes
to elevated extinction risk for many specjstarsh et al.2021) and can correlate with
declines in species abundan¢elerton et al., 2021)Trade is also a vast global industry
involving the ma@ement of millions of individuals annual({arfoot et al., 2018agnd worth
billions of dollars(Haken, 2011)Consequently, trade provides crucial livelihoods and
sustenance for hundreds of millions of pegpleelsen et al., 2018 Reconciling the demand
and supply of species to meet societal needstivtltonservation of wildlife in a changing

world is one of the key challenges for our generation.

The Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES) sets regulations for Parties to the Convention to implemerdst@ievent
international trade from threatening the survival of listed species. CITES makes provisions
for both wild- and captivesourced trade and has advocated captive breeding as a potential
conservation tod|CITES, 2010)despite criticism that illegal trade and laundering have
proliferatedunder the guise of captivaourced trad€TRAFFIC, 2016) Many heavily
commercialized species are now predominantly traded from ranched or dapteding

facilities (J. Nickum et al., 2018)ver wild sources. Yet such a ptt is not consistent

across all taxa or regions and varies tempo(aibrfoot et al., 2018a; Nijman, 2010)

Presence in wildor captivesourced trade w | | vary according to spec
captive breedingChallender et al., 2019ajemanedriven preference for a particular source

( Hi ns | e y-Rdifes,d2020)and tharslative availability and costs of either source. In
certain cases, trade from captimeed sources offers an avenue to relieve pressure on wild
populations, especiallyose that are threatened or declinfignsen2016) assuming that

an increased captive supply does not cause harm by disproportionately raising demand
(Tensen, 2016)For example, the continued use of wild populations to restock Siamese
crocodile Crocodylus siamensigarms led to local extirpations across its ra(@ezuijen et

al., 2013; Tensen, 2016) combination of traits that predispose a species to be susceptible to
overhavesting, such as high ages of maturity or longevity, may make them less suitable for
captive breeding. Research has considered the viability of individual species for captive
breeding(Challender et al., 2019&)ut a key question is whether captiaad wildsourced

trade target different dimensions of life history (e.g., whether captive trade focuses on faster

reproducing or smaller species to maximizgput or space). Crucially, this begs the question
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as to whether captivand wildsourced trades are compensatory on a global scale for
individual species, i.e. as volumes from one source decrease is there a compensatory increase

in the other, therefommaintaining a largely stable overall volume through time.

A

Speciesbd6 response to extraction and trade (e
can be viewed as a combination of the level of extraction, the presence of concurrent threats,

and peciesspecific life-history (or demographic) traits describing species reproductive

output and survival. Accurately assessing sustainable offtake for either subsistence or trade

can be attempted in a myriad of ways (for detail(8&er-Gulland and Akcakaya, 2001)
However, al most all approaches require knowl
abundances, yet knowledge of targeted population parameters is scarce especially when

thousands of species (and populations) are traded.

Cosi dering whether tr adedr isspkdistohechhrapteristisse ss mo
at a global scale has not been broadly considered. Ecological theory indicates that specific
combinations of traits may rsteategidfQuetglasetéf ast er
al., 2016) Characteristics like early maturation, rapid growth, or large numbers of offspring

(often correlated with low adult survival and longevity) typically predispose species to be

robust to high offta&s. For example, reticulated pythoMafaypython reticulatushave

historically been traded in the thousands (and tens of thousands) without evidence of decline,

a result attributed to both their large clutches, ecological flexibility and cryptic behaviou

(Shine et al., 1999 Conversely, combitions of slower traits, including high longevity, high

age at maturity, and low reproductive rates can predispose species to declines from even light
collection pressurglolly et al., 2021)Whether legal international wH@r captve-sourced

trade captures a part or all of this variation in-history traits is largely unknown.

Here, we investigate how traded demographic diversity is partitioned between captive and
wild sources, which is urgently needed to guide effective consamv&Ve consider the
association between |distory traits and trade in two parts. Firstly, we use comprehensive
data on traded speci€Scheffers et al., 2019CITES listing, and presence in the legal trade

to broadly consider whether IH@story traits are associated with a species' probability of
being traded or CITES listed. We hypothesise an increasing probability of beirgtwade
associate with body mass as seen in previous studies, and with fadiestdifg trends (i.e.,
decreasing adult survival, ages at first reproduction and maximum longevity). Secondly, we

used the comprehensive CITES trade database to examine wthedlrerolumes are also
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associated with species hfastory traits; again, we hypothesise increasing volumes with
broadly faster traits in both wHénd captivesourced trade. We further consider whether
yearly traded volumes vary between wild and catimerces for threatened and non
threatened species. We hypothesise a decline inswildced trade and an increase in

captivesourced trade through time across threat statuses.

4.3 Methods

Data sources

We used a published datag¢stheffers et al., 2019¥ all bird species and whether they are
known to be traded or not. We further downloaded the full list of all current CITES listings
(December 2021 accessed from https://checklist.cites.org/#/en). For data on the wildlife trade,
we used the most tip-date version of the CITES trade database (version 2021.1), which
tracks the international legal trade in CITESed species. This relsiin a database with
21,635,430 unidirectional trade records. Comprehensive detail of the data structure can be
found at the point of access. A recently published database of aviaistibey

characteristics for all speci€Bird et al., 2020Wwas used for species demographic traits. Four
traits of particular interest were selected and used for subsequent analysis. 1) Aalual a
survival is measured as a proportion, where lower values indicate a faster life history. 2)
Body mass (grams), where smaller species would indicate faster life histories, but a larger
size is a known correlate of hunting and trade in {ikg=sane et al., 2005; Scheffers et al.,

2019) 3) Age at first reproduction (years), where lower values would indicate faster life
histories and a greater reduative output all other traits held constant. 4) Maximum

longevity (years), where similarly lower values would indicate faster life histories and greater

reproductive output.

For incorporation in subsequent models that include species phylogenetionedatete
crossreferenced the updated avian taxonomy used in SchefferéSethaiffers et al., 2019)

with the avian phylogeny develap@ Jetz et alJetz et al., 2012Where the updated avian
taxonomy used in Scheffers et al included recently split species that can be resolved back to a
single species in the phylogeny this was done. This resulted in a list of 10,254 updated bird
species which all resolved back to 98p@aes included in the phylogeny, thus there were

multiple instances where a single species in the phylogeny links to multiple species in the
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updated Scheffers et al data. To this, we matched the avidnislitey database. Trait data

was missingforsis peci esd® | ongevity, age at first bre
of species), and for 45 species' body mass values (0.46% of species). We calculated the

phyl ogenetic signal of e a(Goolshyr2@16)Alltraitshach g Page
a spnificant and strong signad{ > 0. 9, p < 0. Obylgeneficher ef or e,
imputation using one maximum clade credibility tree derived from 1000 possible avian
phylogeniegJetz et al., 2012p estimate these missing values under Brownian motion

assuming uncorrelated traits. Testiong phylogenetic signal and trait imputation used the
fiRphylopare (Goolsby et al., 201§)ackage.

Data preparation
Part 1- Traits in trade and listings

We minimally processed the CITES data to get a list of species traded each year (see
Supplementary Méods for details). From this final list, we then extracted the number of
unique species names traded from 2000 (historic tradel,277) and the number of names
traded since 2015 (recent trades 840). The CITES species hames extracted from the
CITES database cover a range of resolutions includingspaties and sometimes multiple
species are listed under a variety of synonyms, thus this naming diversity must be resolved
with our processed species lists of traded species. Similarly, we resolved teeofath

CITES isted bird speciesn(= 1509, again some species considered synonymous are listed
separately, and some listed names correspond to more than one recognized species. Thus, to
our list of 10,254 bird species (where 4259 are recorded asl toadeall), we recorded 1243
species CITES traded since 2000, 823 CITES traded since 2015, and 1473 as currently
CITES listed.

Part 217 Contrasting life history and temporal patterns in captivend wild-sourced trade

This analysis focused on commerdialde from captive and wild sources, requiring a greater
level of processing following established methfidarfoot et al., 2018a; Morton et al., 2022;
Robinson and Sinovas, 201@ge Supplementary Methods for details). This resulted in a
cleaned specidgvel database of yely traded commercial volumes from captive and wild

sources. Note that as part of this, and the previous analysis we use the exporter reported
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values in the CITES database, as these are known to differ in some cases from the importer
reported values we oapleted a full reanalysis of all presented results using importer reported
values (see Supplementary Methods and Figure0SE€rucially, the conclusions remained

largely unchanged.

We further used the Red List API (accessed via the Red List API usifigedéstdo R

package) to extract historical threat assessments for all traded species. Where species had pre
2000 standalrod,cdoiio dats)d (®h egys e Aiwer e convelroted to
became LeastcdCoamdt rbire;c agerdateieed We converted all

assessments into threatened (T) andthomatened (NT) classes for subsequent analyses.
Threatened describes species classed as Vulnerable, Endangered, or Critically endangered,
and nonrthreatened describes Least concernldedr Threatened assessments. For each

species, we added these tioaibrated threat assessments to their captive and wild time

series. We also included the period's species were not assessed and described them as not
evaluated (NE). We considered spe@ssessed as Data deficient (DD) as NE, as a DD
assessment concludes there was inadequate information to make a full assessment and as
such the species threatened or-tlmeatened status cannot be implied. All use of the terms
threatened, nothreatenedand specific statuses such as vulnerable or endangered are based

on the IUCN Red List assessments, not regional or cogpggific terminology such as

endangered or threatened as per US Endangered Species Act.

To this final dataset, we add the previoudaned and imputed |Hiistory trait database.

This resulted in a final database of 779 traded bird species each with two series of up to 19
years each (20002018, one for captive and one for wild trade) with corresponding threat
statuses calibratedrtiugh time and specidsvel life-history traits (final data contained

27,640 records).

Statistical analysis
Part 1- Traits in trade and listings

To examine the first set of hypotheseghether certain lifdhistory traits correlate with a
species probality of being traded (generally or through CITES) or CITES$ed, we
modelled whether a species was traded generally, CliEES or CITES traded (recently

since 2015, or historically since 2000) against the speciesidifery traits. We ran four
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sepaate models (probability of a species being traded generally, Cliste8 and CITES

traded recently and historically), each assuming a Bernoulli distribution. THeditey

traits modelled were log body mass, log age at first breeding, annual adivakrates, and

log maximum longevity, each was standardised prior to analysis (mean centred and
standardised). All logs were taken using base two, this was done to lessen the influence of a

very small number of extremely high values (Figure S1). Duleetamlikely, but possible

scenario that some of our demographic traits are perfectly correlated, we assessed this prior to
fitting using Pearsond6s correlation coeffici
0.75), multicollinearity was assesgeastfitting see below.

In addition to these four populatidevel effects, we incorporated species phylogenetie non
independence. From published avian phylogeflie& et al., 2012ye downloaded 1000
complete trees covering 9993 species. As described previously, we resolved our 10,254
species to 9839 distinct species in the phylogenies (resolving instances where species once
considered synonymous are now split or wherespéries are now classed as separate
species). From the 1000 complete trees, we resolved this to one maximum cléduigycred

tree and pruned this to our species list. From this, we calculated the phylogenetic variance
covariance matrix. We then fitted our model as a phylogenetic multilevel model,
incorporating this describes the covariance between species as per theSuakr a model
specifically asks whether species with a high trait (e.g., body mass) for their combination of
other traits (e.g., longevity, age at first reproduction and adult survival) are more likely to be
traded/listed. A commonly used alternativetinoel to examine associations between several
traits would be to fit each separately as the sole predictor, we did not do this because such a
method could mask redundant associations (e.g. there is no value in also knowxg trait
traity is known). Addiionally, independent simple models ignore potentially hidden
relationships common with correlated demographic traits (e.g. whether having a high body

mass for your other trait values is associated with an increased probability of trade).

Priors were spefied to be weakly regularising to aid convergence begtred and diffuse
as we had little prior certainty of direction or magnitude of effects (normally distributed,
mean = 0, SD = 1). Each model was run for a total of 1000 iterations, including 5@@uwar

iterations, for 4 chains with no thinning.

Convergence was visually assessed using trace plots to ensure comprehensive chain mixing.

All parameter Rhat values (scale convergence factors) were further checked to be < 1.05
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indicating between and withichain estimates had converged. Posterior predictive checks

using the predictive distribution were used to assess individual model adequacy and check for
systemic discrepancies between features of the real and simulated data. We further examined
the postewr coefficient estimates of each model for evidence of multicollinearity between
coefficients. Highly correlated coefficient estimates would be indicative of potentially

redundant parameters and inflate variance estimates, e.g., two variables individyally
affect presence (being traded) but once you
We found no evidence of this with all Pearson correlation coefficients being < 0.5@ud >

in all models.

Part 217 Contrasting life history and temporalgiterns in captiveand wild-sourced trade

We formulated the simplest theedyiven model of CITES trade through time that respected

the structure of the data (namely the tisggies nature of observations and the hierarchical
structuring of repeated obsations across nemdependent species). The data contained a

high proportion of zeroes (years when species that have been traded are not), e.g., a species
may have all zeroes for its captive sourced time series if it is only ever traded from wild
sourcesSimilarly, a species may be traded for some years from both wild and captive
sources but then not be traded at all, for example, if trade in a given species was largely
banned through effective legislation. To account for this we used a hierarchical joint
distributional model, accounting for two separate processes, species not being traded and
species volumes when traded. The model uses a hurdle negative binomial distribution
(parametrised in Eq.1), where a Bernoulli distribution is used to model spezsesge and
absence in trade, and a truncated negative binomial distribution to model the volume species

occur at when they are traded.
¢ DHu r 4N Bef M6 Eq. 1

In our parametrisatiod (subsequently termehli) is the probability of a nemero value

(presence), (mu) is the mean or location parameter of a negative binomial distribution and
%o(described as shape mini) is the overdispersion. This method has particular utility to trade
data, where separate patterns may associate with species occurrence and volumes, e.g. for a

given species, presence may be constant through time but volume may be declining.
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The minimum mod| necessary to respect the structure of the data was defined as the fixed
effect of time (the years 20002018, reduced to 018), source (a binary variable indicating

wild or captive source), threat category (ge®el category, nethreatened, threated and not
evaluated). We further included then@y interaction (and lowesrder 2way interactions) of

the three variables. This is necessary as previous research on a coarser scale has shown the
diverging trends for captiveand wild-sourced tradéHarfoot et al., 2018and at the species

level that threat correlates with differing temporal trefMsrton et al., 2022)Logically, this

is also essential as national legislation and therefore trade, varies depending on whether the
source is wildand captive and less abundant threatened species are less likely to be traded in
comparable volumes to more abundant-ttoeatened species. We used a hierarchical

structure allowing species intercepts to vary per source and the temporal year trepd to var
per source within species (including the main effect of year). Again this is essential to capture
the many species only traded from one source and allow species trends to vary freely, as
assuming the temporal trend for all wddurced species to onlydrease or decrease (fixed

effect only) is inherently flawed. To incorporate residual temporal fluctuations or shocks
(such as largscale bans e.g. EU wild bird ban or novel avian diseases e.g. HS5N1), we
created a categorical year variable (19 levels)iacwrporated this as a group effect with

varying intercepts per source. Allowing fluctuations to vary per source is logical, from a
simply legislative view wild or captive sourced trade will be subject to varying legislative

shocks.

To this theorybased rmimum model, we added the fixed effects of our relevanhligeory

traits. Body mass, maximum longevity, age at first reproduction (all logged using base 2 to

lessen the influence of extreme values), and adult survival. We allowed these variables to

vary by source to examine whether traits associate differently by source. This is logical as

certain combinations of traits are potentially less amenable to captive breeding. As discussed
previously, we did not fit the traits independently in separate mdatets due to the

previously mentioned reasons and the structure of the data necessitating additional terms.

Li kewise, we donodot use variable selection fo
parameter estimates, instead, we present the @deiras outlined aboy&orstmeier and

Schielzeth, 2011; Freckleton, 201A)Jl continuous variables were meaantred and

standardised. We examined whether any traits were perfectly correlated priordaiBttig
Pearsondés correlation coefficient, and found
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multicollinearity was assessed pditting see below. This full model structure was used to

parametrise both presendri and volume when tradech() submodels.

We incorporated taxonomic variation dependent on phylogeny via phylogenetic covariance
matrices as a separate group effect for botandmu These covariance matrices were
derived using the same method as discussed previdgstycentred, diffus priors

(normally distributed mean = @D = 1) were specified for model slopé9 (intercepts|(),

and standard deviations)((a defaultkj(2) prior was used for the correlations between
grouping factors). Weakly informative zecentred priors were used to guard against
overfitting as they reflect scepticism of large valaad shrink posterior estimates towards
zero(Winter and Burkner, 2021Yhis model was run for a total of 4000 iterations, including
1000 warrmup iterations, for 4 chains with no thinning. See Figure S2 for a summary of the

full model parameter estimates

Convergence was visually assessed using trace plots to ensure comprehensive chain mixing.
All parameter Rhat values (scale convergence factors) were equal to 1.00 indicating between
and within chain estimates had converged. All effective sample sizesmwiiie thousands.
Posterior predictive checks using the predictive distribution were used to assess individual
model adequacy and check for systemic discrepancies between features of the real and
simulated data. Due to the extreme spread in trade dafaan particular attention to

checking the dispersion and the proportion of predicted zeros of our predictive distribution.
Standardised residuals were visually inspected to ensure no clear underlying temporal or trait
based trends were present. We furéneamined the posterior coefficient estimates for

evidence of multicollinearity between coefficients and found no evidence of this with all
Pearson correlation coefficients being < 0.5 an@.& indicating no strong correlations

between estimated coefignts.

Model interpretation
Part 1- Traits in trade and listings

Estimated coefficients and their distribution were used to assess the association of traits with
trade presence or presence in the CITES listings. Due to the relatedness of demographic

traits, the direct association of each trait must be viewed as the estimated change when other
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traits are held constant. To aid visualisation we plotted the marginal effect of each trait for

the average species when the other traits are held constant a&athe m

Part 21 Contrasting life history and temporal patterns in captha&nd wild-sourced trade

Estimated coefficients and their distribution were used to assess the association of variables
with trade presence and volume when traded. We explored wietitehave contrasting
associations between trade sources, e.g., does increasinggsiciate with increased

captive trade presence but decreased wild trade presence for the average species. To
determine whether associations differed between cagtigtevild trade we contrasted the

fixed effects from each source (for both hu and mu separately, see Table S4 and 5).

For the temporal trend for the average species (excluding spewstyariation), we

calculated the marginal fixed effect of time peurs® and threat (e.g., wikburced and

threatened, captive and threatened etc.). For this, we assumed the mean value of all traits.
This can then be interpreted as the per standard deviation increase in year what is the change

in presence or volume fora@haverage species (direct association).

The significance of fixed effects and contrasts was assessed using both effect size and
direction. The direction of an association was determined using the probability of direction
(pd, also termed the maximum prdiiéty of effect) which evidences whether a positive or
negative correlation exists. We term a substantial positive or negative effect as one with a
pd> 97.50%, a value shown to be highly correlated with adidedp-value of 0.05

(Makowski et al., 2019b)Thepd was always calculated from the full posterior distribution.
All figures with ridge plots show the full posterior distribution, all points are posterior
medians and all uncertainty intervals are the 90% highesitgeontinuous interval (HDCI)

calculated from the full posterior.

The separate parts of the modal &ndmu) are informative individually, but together the

joint hurdle negative binomial distribution offers greater insight. However, as a combination
of the two distributions this has no simple coefficients of its ownkEseé). To understand

the associations of increasing values of year and trait (body mass, adult survival, age at first
reproduction and maximum longevity) on this joint distributionapproximated the first
derivative using the finite differences approach (see mei(@gpson, 2018xnd

supplementary methods for details).
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All draws were used to estingathe first derivative estimates and these were then summarised
to the median and 90% HDCI. The first derivatives were taoksformed from the mean

centred and standardised forms back to the relevant variable scales to aid in interpretation.
Therefore, he first derivative in the year 2000 can be directly interpreted as the estimated
change in volume (WOESs) when the year increasesymal (see Supplementary methods

for details of this). The same protocol was followed for traits, with one focal trait per
calculation of the first derivative, all other traits were held at their mean and year held as
2018. Representative values were selected for each trait at which the first derivative was
calculated (0.3, 0.4 and 0.5 for adult survival, 100 g, 1000 g, @@Dlg for body mass, 1, 3,

and 5 years for age at first reproduction and, 5, 15 and 30 years for maximum longevity). For
body mass, age at first reproduction and maximum longevity the first derivative can be
interpreted as the per year or gram chang®lame. As adult survival is bounded by 0 and

1, a change of 1 is uninformative, we transformed the derivative here so it can be interpreted
as the per 0.1 change in adult survival effect on volumes. Joint distributional plots of the
posterior expectatiowere further made to ease visualisation. These marginal effects held

each norfocal trait at its mean, and the year was held at 2018.

To examine whether trade from captive and wild sources were diverging within a species, we
repeated this at the speciegde The first derivatives of the joint distribution at reference

years (2000, 2010 and 2018) for each species were derived. Trait values correct for each
species were used. We then calculated the difference in these slopes (difference = captive

slopei wild slope, per species, per reference year). Here a positive value would mean captive
slopes are more positive than wgdurced slopes and vice versa. Differences in volumes

between captive and wisburced trade per species were calculated directly thiem

processed trade data for the same years. Here we assessed the slopes and differences in slopes
as whether the 90% HDCI included zero.

All data handling and analysis were done using R 4.0.2. Subsequent data processing was
compl et d@pyro@Wickharg et &l., 2021 )phylogenetic imputation and handling of

t r e e sRphybmad (Gbholshy et al., 2017) aped (Parédis and Schliep, 2019)
model s were fitt lerd(Binkder, 3047 tdibayesiKay, 2020)agd i
fibayestest®(Makowski et al., 2019&nd all plott n g u s e d (Witkham 2006) 2 o
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4.4 Results

Life -history traits in trade

The association between all lifestory traits and the probability of species being generally
traded, CITESisted, and CITES traded historically (2000 to 2018) or recently (2015 to

2018) remained largely consistent (Figure-13). As hypothesised, species probability of
occurring in general trade and CITES trade (Table S1) was greatest for low adult survival
rates, and no clear association was seen with species listing. There was no clear correlation
between species age at first bregdand the probability of species being in general trade,
CITES/isted, or historically traded under CITES (only in recent trade was there an
association). As in previous studigcheffers et al., 2019body mass had a clear positive
association (Figure 1A, B, C and D, Table S1), with the highest probability of being traded or
listed at high body mass values (Figure 1G). Contrary tendtial hypotheses, increasing
species longevity was associated with a greater probability of being in trade and CITES
traded (both historically and recently). Only a CITES listing showed no clear association with

species longevity (Table S1).
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Contrasting traits in CITES trade

The association between HFestory traits and traded volumes varied by the source of traded
species (Figures 2 and S4). For the averagdhmeatened species traded volumes were
greatest at lower rates of adult survival. At low values of adult survival (Figure 2A and B), an
increase of 0.1 in survival was associated with a decrease of 14.94 WOEs (90% HDCI:

50.54 to-0.54,pd = 99.89%), with his decrease shrinking at increasing values of adult
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survival (Figure 2B). Adult survival had no clear association with-addrced trade (Table
S6).

Body mass had a minute and uncertain association with both captive armburibeéd trade
for the averag species (Figure 2C, D and Table S7). However, within the individual
reoccurrencehl) and volumes when tradech() models, the average reoccurrence of a-wild

sourced bird increased with body mass (Table S2 and Figure S4C).

Species age at first reprodwact only correlated with volumes in captigeurced trade, with

greater volumes at lower ages (Figure 2E). An increase of 1 year (from age 1) was associated
with a 1.57 WOE decrease in volume for the averagetm@atened species (90% HDEI:

5.07 to 0.06Figure 2E and F, for reference ages 3 and 5 see Table S8). Similarly, there were
no clear directional correlations with reoccurrenag ¢or captive or wild-sourced trade

(Figure S2E, Table S2). For volumes when tradeg),(only captive trade showed an

association, with increasing ages associated with decreasing volumes (Figure S2F, Table S3).

Maximum longevity correlated with trade from both sources, with the highest captive sourced
volumes at high values and watburced volumes highest at low valdessthe average nen
threatened species (Figure 2G). Considering species reoccuiinehaad volume when

traded (mu) coefficients separately, captive reoccurrences and volumes increased with
increasing longevity (Figure S4 and Table S2), whereas fromswildces increasing

longevity correlated with decreasing in volumes when traded (fothreatened and

threatened species, Figure S4 and Table S3). Maximum longevity was the only trait where the
associations with captivand wildsourced trade reoccur@mincreased with divergent trait
values (Table S4 and S5).

There is mixed evidence that general trade (Figure 1) or CITES trade (from either captive or
wild sources, Figure 2) associated specifically with biologically faster or slower reproducing
speciesFor example, both species with high longevities for their combination of other traits
(e.g.,Poicephalusspecies, londived but comparatively smaller bogyjzed) and species with
relatively low adult survival rates (e.8gapornisspecies, comparativelgw survival for

their longevity) are prevalent in trade.

Evidence is also mixed as to whether captared wildsourced trade is associated with
different spectra of species traits (Figures 2), with multiple traits associated with increasing
captive volumes but fewer associated with the waldurced trade. This potentially reflects

the greater influence of traits in determining what species are suitable to be-bagxi\at
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scale. The starkest difference remains in the magnitude at which trade octtuvsi)avi

sourced trade, regardless of trait value, remaining low (Figure 2).
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Figure 2. Joint volume estimates across trait value3he first column shows marginal effect plots

for the posterior of the full model for the average Htlmreatened speciesthithe year fixed at 2018,

with all traits bar the focal trait held at their mean. Panels show the marginal plots for adult survival
(A), body mass (C), age at first reproduction (E), and maximum longevity (G). Estimates for captive
trade are in magenta@mwild-sourced trade in black, these are shown in separatgasigis for

clarity due to magnitudes of difference. Traits were transformed back to their original scale with only
body mass presented on a log10 scale for clarity. The second column (B) Bhé&ws the first

derivative, the change in volume per 1 unit (gram or year) change in trait at reference values. For
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adult survival, the changs per 0.1 increase in survival. Solid points and lines are posterior medians and
dashed intervals are the pasor 90% HDCI. See Figure S4 and Tabled $B for a further breakdown of
this.

Global temporal trends in the captive and wild trade through CITES

Overall, trade sees initially high wicaught volumes declining dramatically in 2007 and

then remainingow (Figure 3A), with species richness declining similarly. Threatened

species have consistently comprised a low portion of both richness and volume. Captive trade
did not follow the inverse pattern (Figure 3). Volumes were also initially high in 20Gfrebef

a more gradual decline to their lowest in 2007, followed by a subsequent increase. The 2007
drop in wildsourced trade can partly be attributed to the EU wild bird ban that came into
effect in October 2005, which was largely aimed at reducing thedspfeaian flu and other
diseaseg¢Cardador et al., 2019)

Captivebred richness across threat statuses remained relatively stable through time,
indicating that not all species lost from the wasldurced trade are compensatethin
captivesourced trade. This loss suggests a high temporal turnover in traded species, further
highlighting the need for more research on why species disappear from wild trade and why
they do or do not reappear in captive trade. Part of this is likeyaldifferent traits more

likely to occur from each source. For example, abundant sHimedrspecies more common

in wild-sourced trade, potentially opportunistically extracted and traded, may be less likely to
make the shift to captiveourced tradehased on the relative costs and benefits of setting up

and maintaining facilities for breeding.
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Estimated volumes of trade for the average not assessed species were low and frooertain
captive sources (Figure 4A), while wigiburced volumes declined rapidly in 2000. Similarly,
wild-sourced trade for the average rtbhreatened species fell rapidly from 2000 (median

yearly change =0.41 WOEs, 90% HDCE1.42 to 0.01pd = 100.00%, gure 3D), whereas

the captivesourced trade increased ever faster (Figure 4B and E). Volumes for the average
threatened species were low and uncertain from captive sources, while tsewviddd trend
showed a gradual increase (Figures 3C and F, ané Bd4l). These trends were reflected in

both species presence and volumes when traded when both parts of the model are examined
individually (Figure S5 and Table S10).

As nonthreatened species represent the majority of traded species, this is indicatoleanf

shift in speciedevel trade from wildsourced species in 2000 to the dominance of captive

bred trade by 2018 (Figure 4B). While the trade in not assessed and threatened species shows
less clear change, they reveal the consistent dominance wkeeaper wild-sourced trade,

with this becoming clearer in more recent years for threatened species (Figure 4A and C).
Even accounting for yearly fluctuations (ledgshed lines Figure 4A, B and C), these

patterns hold (Figure S3).
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Figure 4. Contrasting captive and wildsourced trends through time.A-C. Joint marginal

estimates of traded volume for the average Not evaluated (A}tiMeatened (B) and Threatened (C)
species (all traits set to their mean). The ldiagh lines denote the posterior medahgen the

modelled sourcearying yearly fluctuations are included, uncertainty not shown for clarify. The
change in volumes per increase igelar at reference values (2000, 2005, 2010 and 2015) for Not
assessed (D), Nethreatened (E) and Threaten&(. Lines and points are posterior medians, and

error bars and dotted error ribbons are 90% highest density continuous intervals (HDCI). See Figure
S5 and Tables S101 for a further breakdown of this.

Species trends in the captiveand wild-sourced trade

While traits can cevary subtly with average trade volumes and presence, syjeceds

variation dominates legal trade. Even among demographically similar species (or within a
species across multiple years) traded volumes span magnitudes. A variampa@ion
analysis of the joint posterior predictive distribution yielded a median variance ratio of

0. 99¢é (90 %-1M0),indi€ating &ndost all the variance in yearly traded volumes is
recovered by the hierarchical temporal and spdeiss effects.

139



While many species are drawn from both captive and wild sources, few do so consistently
through time. Our conceptual basis for how spelaesl captive and wildsource trends and
volumes vary results in four distinct scenarios (Figure 5A). In 2@@0highest proportion of
speciesrf = 236/503, 46.9%) fell into the upper left panel scenario, where wild traded
volumes exceed captive traded volumes, but median captive volumes are increasing at a
faster yearly rate (Figure 5B). However, by 2010, rspsties fell into the upper right panel
scenariof = 238/346, 68.8% with a positive median slope and volume difference),
indicating greater specidsvel volumes from captive than wildources, and that these
captivesourced volumes are increasing refatio the wildsourced trade.

By 2018, this remained true for 69.6% of species in trade (n = 236/339). For 20.0% of these
species (n = 68/339), the 90% HDCI was all > 0 indicating greater certainty in the difference.
Out of the 75 threatened species tchoe2018, only 8 are traded from wild sources, with 4
traded exclusively from wild sources (less than 20 individuals per species in 2018). Of
threatened species, 11 had greater captive volumes and increasing slope differences (upper
right panel), and allvere not traded from wild sources. This includes the heavily traded,
Endangered Sun Parakeatdtinga solstitialig, with captive trade rising steadily since 2009

to annual volumes greater than 20,000 WOEs.

Only two species fell fully (including the diffence in slope 90% HDCI) into the potentially
concerning |l ower | eft -donmcerrdMonkprarakedtifiopsiidni s was
monachugin 2000 (then not evaluated). In 2000, the Monk Parakeet was traded in 11633
WOEG6s mor e fr om aptive add tratavidrtrade was tapiddy imcreasing.

Trade in the Monk Parakeet has since sharply flipped with the captive trade now dominating

and the wildsourced trade nearly absent. The other species was the Papuan hornbill

(Rhyticeros plicatus) in 201@hich was rarely present in captive trade but traded

intermittently in low and increasing volumes from wild sources.

At the species level, there is evidence in the upper left panel (Figure 5D) of species recently
(2018) being traded predominantly from a@vources but where captigeurced volumes are
increasing faster through time. This is the case for 12 species (where the slope 90% HDCI
does not cross 0), an example being the Least Concern Gxamged AmazonAmazona
amazonicg which has historicalljpeen traded in volumes magnitudes greater from wild than
captive sources. However, in recent yearssddrced trade has dramatically declined, with

captive trade consistently increasing. From our results, it seems possible that the captive trade
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will soon dominate trade for this and other species. The opposite pattern, when captive

species are traded in higher volumes but have decreasing trends relative to wild sources

occurs in only ten species. In all cases weitdirced trade was absent, while captwearced

trade declined rapidly, thus indicating overall trade declines in these species (E.g. Pale

headed Rosell&latycercus adscitys
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Figure 5. Speciedevel comparisons of differences in captive and wildourced trade volumes

and trends through time. A. Conceptual interpretation of +glopes and volume differences. Red

(wild-sourced) and black (capthswurced) lines show volumes through time for a figurative species,

the illustrative scenarios are examples of volumes and trends that wouldoféfieihtjuarter they are

not the only possible scenarios. The lower left panel in red highlights a potentially concerning

scenario where for a given time wikdurced volumes are greater than captive and theseildced
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trend is more positive than the dapttrend. The upper right green panel denotes the opposite where

for a given time both captive volumes and trends are greater thasawitded. B, C and D, show
speciedevel differences in traded volume on thexis and median yearly trend differen¢si®pe,

see methods) on theakis for a given year (2000, 2010 and 2018). Inggves the number of

species traded from either source in the given year, species that were not traded from any source in the
selected years were not included here. E, F@Gstow the zoomeih central density of points

highlighted in B, C and D. Point colour denotes species threat status in that year. Vertical error bars
show the 90% HDCI for differences in species slope, differences in volume have no quantifiable

uncertairty as they were calculated directly from the processed CITES trade data.

4.5 Discussion

This study emphasises the large and widening discrepancy between the expanding captive
and shrinking wildsourced legal trade in wildlife at the species level.Hasrmhore, we

highlight certain traits have clear associations with either caginweild-sourced trade.

While certain traits have been examined in the context of species desirability in trade
(Hinsley et al., 2015)we highlight key lessonsidered traits that may be crucial in mediating
species availability in different types of trade.

Traits in trade

As in previous studieéScheffers et al., 2019; Yin at., 2020) we find body mass correlates
with species probability of trade and add adult survival and maximum longevity as further
demographic traits associated with species presence in both general trade and specifically
CITES trade. Largebodied indivduals have been historically targeted to maximize hunter
cost per unit effor(Jerozolimski and Peres, 20@8)d globally such species have increased
extinction risk(Ripple et al., 2017)While body mass had aeer association with presence in
trade, the lack of association between body mass and volumes likely stems from the
abundance of small and meditgized species (e.g. lovebirdsgapornisspecies) in trade.

The increasing volumes of captigeurced trade &m proportionately longédived species is
likely due to the popularity of large, lofiiyed Psittacidae in trad&anchezMercado et al.,

2020) a group commonly traded in large volumes and amenable to captive breeding.
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The increasing volume of trade with decreasing adult survival in the cdgpéddrade,

suggests a complementary associatioh watatively fastereproducing species for their size

or |l ongevity. The prevalence of 10006s (of
(Yellow-fronted Parakee€Cyanoramphus auricepannual adult survival of <48%) and

slower breeding (Yelloverowned AmazonAmazonachrocephalamaximumlongevity of

56-yearg species in captive trade suggest captive breeding can supply species across the
demographic spectrum, rather than focusing only on small, faster reproducing species.
Further research coutkamine whether breeding facilities bird choice is consciously

mediated by the ease of breeding or whether the perceived demand for species outweighs
this.

The general lack of consistent trait associations within-solarced trade suggests that

broadly ife-history traits may have less influence on this trades could be because wild

sourced trade is more opportunistic, dependent on habitat and range features determining how
accessible species are, or other-psantifiable traits could be mediatingrdand and

therefore their volumes. These traits could include song beauty or complexity, plumage

pattern or colour, or specific utility (e.g. raptors for sport huntitenter et al., 201R)As
captivesourced trade eclipses witburced trade in both volume and diversity, attention

must now be on ensuring the captsaurced trade is well regulated and does no detriment to

wild populations, ad where possible benefits them.

Captive breeding opportunities and pitfalls

Evidence of the success of managed captive breeding or ranching for trade exists for a variety
of reptilian species, most notably American alligatédigator mississippiens)qJ. Nickum
etal.,2018) and Morel etds, Australian freshwater
(Crocodylus moreletii, C. johnstoni, C. nilocticus and C. porpélisorbjarnarson, 1999)n
Australia, historical commercial hunting of saltwater crocodiles decimated wild populations
(Webb, 2002)but subsequent captive and ranching programs have seen the industry blossom
in the Northern Territory, with populations recovering more than 5% ann(zalyry et al.,

2016) This further stimulated other businesses, with tourism ventures growing in tandem

with the recovered populations, and both commercial facilities and indigenous teardow

deriving income from harvested eggs and hatchl{bgdtry et al., 2016)However the

benefits are not always consistent. Vietnam is estimated to have >1100 crocodile farms,
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predominantly stocked with Siamese crocodilés¢odylus siamengisbut native wild

populations and those in neighbouring Laos have been decimated to stodkregBaltry

et al., 2016) A 2008 Wildlife Conserivunitversaly Soci ety
accepted that it was wildlife farms that have caused the near extirpation of this species in
Vietnam and continue to deplete popul ations

Captive trade is often discussed as inherently benefi®ialvalova et al., 2017)put due to
absent regulation and oversight there is a high risk of laundering. A study in Kalimantan
found all permitted captive breeding businesses had no active breeding programs, thus
appearing as little more than a front for wildught specie@Rertschlar et al., 2018)here

are thus considerable implicit risks in expanding cagtnezl trade without sufficient

regulatory rigour. Nijman and Shephé&Nijman and Shepherd, 201f)porton the trade of

the Papuan hornbilRhyticeros plicatys where between 1995 and 2011 over a thousand
captivebred individuals were imported from the Solomon Islands (>70% of the hornbill trade
in that period). The lack of any known commercial breedinditi@as on the Solomon Islands
and hornbillsé highly specialised breeding s
being captivebred(Nijman and Shepherd, 2015)

For species hedy persecuted by trade such as the Endangered Blatked Myna
(Acridotheres melanopteryswvhich has a wild population estimated at 1500 (BirdLife
International, 2021 )captive breeding has supplied Indsian markets for over 20 years,
resulting in up to 40,000 individuals in private ownergiNpman et al., 2018)This vast
demand puts pressure on wild populations if even a tiny portion of ilisesbfrom wild
populations, which current research suggests is thgldgs®an et al., 2018)To avoid

further scenarios where species are extinct in the wild but have robust private populations,
cgptive breeding programs must be interwoven with conservation outcomes (e.g.,

reintroduction) and have transparent traceability to guard against laundering.

CITES legislation has supported the expansion and maintenance of captive breeding to
supplythetrad i n | i st ed speci e sgentives i captigoreBdingt i es t o
operationsé such as faster processing of per
fee® (specifically r eddTES 20i@® HoAwpvpreemedforx | s peci
Appendix | species only relatively sparselbgical information and a legal acquisition

finding for the parental stock is submitted to the Secretariat, with the main responsibility

falling on the Scientific and Management Authorities of the exporting Party. For instance, the
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Indonesian captivereedng production plan used inaccurate or unrealistic biological

parameters for 76.7% € 99/129) of species, 88 species had lower reproductive outputs

when corrected parameters were used, and 38 species had quotas set that even exceeded the
maximum possibleutput when the inaccurate parameters were (setssen and Chng,

2018) The flawed parameter values and unrealistic quotas further questions whether this was
an unintentional mistake or another example of operations utilising wild individuals under a
captive label. This type of overt error is why oversight, sestsscking or review must be a

prerequisite to trade.

Policy recommendations and conclusions

The literature is comparatively sparse on the success of captive breeding displacing wild
trade in bid species. For example, in Java successful efforts to increase captive bird
popularity have been largely nullified by a complementary expansion of theavifght trade
in native birdgH. Marshall et al., 2020bRReasons for this could include a lack of access to
captivebred birds in areas of high demand and their comparatively high price or the
perception that captive individuals are worse singers than their wildexpartgBurivalova

et al., 2017)

We echo our previous call for more public and accessible(Batdon et al., 2022)egarding

how CITES Parties and facilities determine captive breeding parameters and the evidence to
ensure wild populations are not adversely affected (e.g. being used to stock facilities). This
data shouldt least include the publication of breeding facilities' stock, its origins, and the
expected annual production (supported byhifgory parameters). There are currently more
than 500 CITES registered captive breeding facilities for Appendix | spécres @ppendix

I facilities are not recorded). Implementing any form of review or checking of facilities
records would be a monumental undertaking, but we can see two possible mechanisms.
Firstly, it could be centralised from the CITES Committees andeftinidrectly by the CITES
Trust Fund, however this would be unwieldy to implement, ‘@mxesuming and stretch

existing funding. Secondly, if breeders were mandated to submit such data to an openly
accessible platform the data would be easily accesseddarchsrs, nogovernmental
organisations and other Parties' Scientific authorities. This approach avoids necessarily
checking the records for every facility but makes the data available in the case of suspicious
or unlikely seeming trade records. How thvsuld feed into CITES regulations and policy is
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uncertain. At a minimum, frameworks could be implemented to embed this data collection in
the existing Review of Significant Trade process, ensuring for species of potential concern it

is available.

In conclwsion, the declining wilsourced trade and compensatory rise in cajitree trade
have great conservation potential to maintain livelihoods and income based on utilisation
while sparing species unable to sustain extraction from the wild. However, withmoted
transparency and either greater P#etyel scrutiny or the introduction of a form of
independent oversight, declaring captive breeding a-agdée success would seem naive.

4.6 Author Contributions

O.M., B.R.S., T.H., and D.P.E. conceived #tedy idea; O.M. collated the data; O.M.
analysed the data and produced the figures with input from B.R.S., T.H., and D.P.E.; and
O.M. wrote the first draft of the manuscript with allaothors substantially contributing to

revisions.

4.7 Data Availabiity
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4.10 Supplementary mateiis

Data preparation (Part 1)

We focused our analysis on traded bird species and then removeexbrts to avoid double

counting (keeping only original exports, where the exporter matches the recorded origin or no origin

is given). Where trades ultinedy pass through multiple countries, they may be reported multiple

times artificially inflating their presence in the data. All trade records listed aprention

specimens or seizure events were similarly excluded. All listed trades from any setedeept

(subsequent analyses work with subsets classified as eithesavitded or captivered). We further
removed all records where the species We®,indete
i ésppd orhybfidd) or wh e rwasnbthisted in p @TES appendix (Appendix code

ANO) . We f oc us eaportedvalues far the reain pert.rHbveever, using only exports

could be an overestimation if some records reflect granted permits, not realised trade, so we also

present aupplementary analysis using imposnteported values..

Data preparation (Part 2)

After focusing onl y o rexportsaaleaemoved thavoiddsublumingy e s 0 )
only original export records were retained, and only expoejgortedvalues were used to avoid

duplicating records. We further removed all species not clearly traded under a CITES Appendix,
specified in the data as Appendi x ANO. Subsequen
captive, wild, or removed. Using tli3TES "Source™ variable, we class widurced trades as the

codes W, X, or R, captiveourced trades as codes A, C, D, or F, and removed records where the code
was U,NA, I, and O (unknown, not recorded, denoting seizures, an@@ngention specimens,

respectively). Commercial trade was defined as all trades with a "Purpose” code T or P, the code P

was included following previous studies to capture aspects of the pe(Brusteet al., 2014All

other codes and NA values were excluded; while some commercial trade may be done under codes
such as M (medical) or Q (circus), such codes could also represecbmonercial trades and in light

of this uncertainty were excluded.

Volumes in CITES trade areported as an array of "Terms’ (live, skulls, skin fragments, teeth, etc.),
which make direct use of the reported "Quantity” misleading. We standardised all records to whole
organism equivalents (WOEs) as proposedHnrfoot et al., 2018a)his allows direct comparison

as 1 WOE denotes 1 individual. Building on the existing conversion protocol, we add three additional
terms each denoting 1 WOE (eggs, eggs (live), andrapal. We applied this conversion protocol

only to records where the “Unit” was giverN#sdenoting the number of specimens. This is
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necessary as sometimes records are reported in a diverse range of units (Bags, cubic metres, boxes,
etc.), which cannot baccurately converted to meaningful WOES. In total, only 2.9% of avian records
could not be converted to WOEs and were discarded. We focused our timeframe on the ydars 2000
2018; while the current CITES data release has records up to 2021, the rdporegocgnt years is

still being collected so we conservatively only include data to 2018.

Using the historic CITES listings, we constructed time series for each species source (captive or wild)
combination corresponding to when it was listed (and/or rethoveelisted). For example, a species

may have been traded consistently from 2005, but not recorded in the database before that. This could
be because the species was simply not traded for those years, or that the species was not listed in
Appendices unit2005 so its trade was not recorded. In the former, those years the species was not
traded (2000 2004) would be recorded as zeroes, whereas in the second case those years would be
absent with the species time series only starting in 2005. Speciggetieadnly traded from one

source were given a complete zero series for the other source (e.g., a species listed from 2000 to 2018
only traded from wild sources has that wild source series and a captive source series of all zeroes).
Similarly, we maintainednly wild-sourced trade records where the exporter for each record was
recorded as a range country for the species as per the IUCN geographic range (accessed via the Red
List APl radlsto nB paekége) .

Model Interpretation (Part 2) — First derivative approach

This first derivative can be interpreted as the slope or instantaneous rate of change at specific values
of a variable when others are fixed. A difference valli®{0.0001 was used, values of 0.01 and

0.001 were also tested and results remained consistent. To calculate the model estimated change in
volume per increase in year in this way, we selected representative year values (2000, 2005, 2010, and
2015), heldall traits fixed (at their mean) and calculated the expectation of the entire posterior
distribution for the average species. This was then repeated with the year shifted by the small

difference value and the change (slope) between the two points calqiates).

0QIAD QU w689 Eqg. 3

Supplementary reanalysis

As both importing and exporting parties report data to CITES, trades are often reported more than

once, although for a number of valichs®ns these importer and exporter reported records rarely
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match up. While we present the main text results using the exporter reported values, it is important to
acknowledge that the importer reported data may not reflect the same patterns. Theref@wsente p
a full reanalysis of all data using the importer reported values. The data cleaning and modelling

process used was identical in every other way to the main methods.
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Figure S1. Raw trait distributions. Columns of figures show the distribution oflwas for each trait
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for each trait for all species, all traded species, all CITES listed species, all historically CITES traded

species and all recentGITES traded species. Red dashed lines show the median values in each panel.

150



hu_WildSourceYes
hu_Threat_codeNotassessed 4
hu_Threat_codeThreatened 4

hu_SYear

hu_SAdult_survival q

hu_SLogBodymass 1

hu_SFirst_repro 4

hu_SMax_longevity
hu_WildSourceYes:Threat_codeNotassessed
hu_WildSourceYes:Threat_codeThreatened 4
hu_WildSourceYes:SYear 4

Parameters

hu_Threat_codeNotassessed:SYear q
hu_Threat_codeThreatened:SYear
hu_WildSourceYes:SAdult_survival 4

hu_WildSourceYes:SLogBodymass 1
hu_WildSourceYes:SFirst_repro q
hu_WildSourceYes:SMax_longevity 4

hu_WildSourceYes:Threat_codeNotassessed:SYear -

hu_WildSourceYes:Threat_codeThreatened:SYear q

Possible parameter values

WildSourceYes 4
Threat_codeNotassessed
Threat_codeThreatened
SYearq

SAdult_survival
SLogBodymass -
SFirst_repro 4
SMax_longevity q

WildSourceYes:Threat_codeNotassessed -

WildSourceYes:Threat_codeThreatened q

WildSourceYes:SYear q

Parameters

Threat_codeNotassessed:SYear 4
Threat_codeThreatened:SYear q
WildSourceYes:SAdult_survival

WildSourceYes:SLogBodymass -

WildSourceYes:SFirst_repro 4

WildSourceYes:SMax_longevity 1 —‘—A* :
WildSourceYes:Threat_codeNotassessed:SYear q i—

WildSourceYes:Threat_codeThreatened:SYear 4

4 0 1
Possible parameter values

Figure S2. Summary plot of possible modelled parameter valueA. hurdle (prefixed by hu) parameter
values. B. Negative binomial parameter values. Ridge plots show thepargiegior distribution of each
parameter. We caution against the interpretation of any one effect in isolation due to the hierarchy of
interactions, e.g. examiningildSourceYes:SYe#r understand the difference in effect (slopes) between
captive (referace level SYea) and wildsourced trade is specifically only relevant to the reference threat
level (nonthreatened) due the higher order thvesy interaction of source, threat and time. To contrast
temporal trends across sources for other threat lemelsnust further incorporate the interactions of threat
and time, and threat, source and time. See Tablés$Sar such results and summed parameters showing

more clearly the estimated association of year for all combinations of source and threat.
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Figure S3. Modelled yearly fluctuations in trade reoccurrence and volumesirst row refers tanu(log
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Figure S4. Contrast captive and wildsourced trait relationships. The left side column examines

thehu (reoccurrence) parameter and the rightrthgvolume when traded) parameteRaws reflect

each trait, adult survival, bodymass, age at first reproduction and maximum longevity respectively A,

B, C and D. Point and line colours denote wild (magenta) or captive (black) source. A positive value

denotes increasing volumes when tratad) or occurrence in tradé) is associated with increasing

trait values. Lines and points are posterior medians, and error bars and error ribbons are 90% highest

density continuous intervals (HDCI). Dashed reference lines at zero. The further matgiaation

of year with traits is set to O for interpretation.
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Figure S5. Contrasting captive and wildsourced trends through time.Coefficients for year by source
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for interpretation. Background colours denote threat status (Not evaiudEed\Nonthreatened NT and

Threatened T, respectively grey, blue and light red) and point and line colours denote wild or captive

source (respectivelied and black). Dashed reference line at zero. Points are posterior medians and error

bars are 90% highest density continuous intervals (HDCI).
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Figure S7. Joint volume estimates across trait values using importeeported data. The first column

shows marginal effect plots for the posterior of the full model for the average species with the year fixed at
2018, with all traits bar the focal trait held at their mean. Panels show the marginal plots for adult survival
(A), body mass (C), age at first reproduction (E), and maximum longevity (G). Estimates fgpwited

trade have a grey background (right) and capdimerced trade a white background (left), these are shown

in separate supanels for clarity due to magudes of difference. Traits were transformed back to their
original scale with only body mass presented on a log10 scale for clarity. Lines differ in length as each
threat category was not extrapolated beyond the highest observed value of the foTaktsetond

column (B, D, F H) shows the first derivative, the change in volume per 1 unit (gram or year) change in
trait at reference values. For adult survival, the change is per 0.1 increase in survival. Solid points and lines
are posterior medians addshed intervals the posterior 90% HDCI. See Figure S4 and TalleSS?r

a further breakdown of this.

156



157



A. B. 1000 F 2000

2001

~d
3]
o

7504 F 1500
< <
o o
1501 c (=
@ 3 2 3
[) — (] —
(= 500 = c -
) 8 © 5004 L 10008
2 g £ 500 1oooc2
2100 o > »
5 o 9
> s > =
o o
m m
k250 & -
2 F500 £

= 2504
501 \/\\A,/\/V\

01 ro 01 - ro

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year

- Non-threatened. Not assessed == Threatened

Figure S8. Species captiveand wild-sourced volumes 2008 2018 using importer reported data A.

Species richness (line) from wild sources taidron total traded volume (bars) from wild sources. B.
Species richness (line) from captive sources overlaid on total traded volume (bars) from captive sources.
Colours denote threat status blue (Nbreatened), grey (Not assessed) and red (threateévetd) the

different scales between plots.

158



Joint volume estimates (WOE'spP
S

Joint volume estimates (WOE's

Joint volume estimates (WOE'sp?

0 5 10 15 0 5 10 15 0 5 10 15

o.oo-———‘—— Eih A e
-0.05

-0.10 1

o
m
m

0"'?"‘TT——1'-—9-'—- : 0-—-0———o-r---ov——o--—-

Change in volume
Change in volume
Change in volume

-0.154

0 5 10 15 0 5 10 15 0 5 10 15
Year Year Year

== Captive == Wild
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Figure S10. Speciegvel comparisons of differences in captive and wildourced trade volumes and
trends through time using importer reported data.A. Conceptual interpretation of +glopes and

volume differences. Red (wilslourced) and black (captig®urced) lines show volumes through time for a
figurative species, the illustrative scenarios are examples of volumes and trends that would fall into that
guarter they are not the onlpgsible scenarios. The lower left panel in red highlights a potentially
concerning scenario where for a given time vatiirced volumes are greater than captive and the wild
sourced trend is more positive than the captive trend. The upper right greedquantes the opposite

where for a given time both captive volumes and trends are greater thesowitetd. B, C and D, show
speciedevel differences in traded volume on thexs and median yearly trend differences (slope, see
methods) on the-gxis fora given year (2000, 2010 and 2018). Imsgives the number of species traded
from either source in the given year, species that were not traded from any source in the selected years
were not included here. E, F, and G show the zoemedntral densitpf points highlighted in B, C and

D. Point colour denotes species threat status in that year (red = threatened, bkibreatened and black
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= not assessed). Vertical error bars show the 90% HDCI for differences in species slope, differences in
volume have no quantified uncertainty as they were calculated directly from the processed CITES trade

data. Scales used for the main text figure retained here for comparisons.
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Table S1. Estimated marginal coefficients shown in Figure Medians and 90% HDCI callated from
the full posterior distribution. Thed provides evidence of the direction of effect (positive or negative),

parameters with a high certainty of directigu & 97.50%) are shaded grey.

Model Trait Coefficient ~ 90% HDCI Pd (%)
median
Traded aper Adult survival -0.74 -0.86 t0-0.62 100.00
Scheffers et al Age at first breeding 0.00 -0.18t0 0.16 50.35
20109. Bodymass 0.89 0.67 to 1.08 100.00
Max longevity 0.77 0.621t0 0.91 100.00
Listed as per Adult survival -0.10 -0.35t0 0.17 72.%
CITES Age at first breeding 0.15 -0.21t0 0.47 76.00
Bodymass 1.49 1.04 to 1.97 100.00
Max longevity 0.12 -0.17t0 0.4 75.40
CITES traded Adult survival -0.25 -0.45 t0-0.05 98.05
since 2000 Age at first breeding 0.30 0.03t0 0.55 96.85
(historic trade) Bodymass 0.78 0.43t01.16 99.95
Max longevity 0.43 0.20to 0.66 99.90
CITES traded Adult survival -0.48 -0.72 t0-0.26 100.00
since 2015 (recen Age at first breeding 0.34 0.06 to 0.59 98.05
trade) Bodymass 1.03 0.66t01.43 100.00
Max longevity 0.58 0.34t0 0.85 100.00
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Table S2.Estimated marginal coefficients for probability of being traded (hu) shown in Figure 2All
estimates are the direct effect assuming other traits and the year are held ddesiiants and 90% HDCI
calculated fran the full posterior distribution. Thed provides evidence of the direction of effect (positive
or negative), parameters with a high certainty of directal™>(97.50%) are shaded grey. Marginal

coefficients assume year remains at the mean and threatikreatened.

Trait Source Par Coefficient  Interval Pd (%)
median

AS Captive hu -0.63 -0.98 t0-0.26 99.77
AS wild hu -0.31 -0.74t00.13 88.36
BM Captive hu -0.02 -0.53t0 0.55 51.98
BM wild hu 0.8 0.23t01.4 98.54
FR Captive hu -0.46 -0.89 to-0.06 96.88
FR wild hu 0.48 -0.01to1 93.88
ML Captive hu 2.18 1.8to 2.58 100
ML wild hu -0.7 -1.111t0-0.27 99.72
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Table S3.Estimated marginal coefficients for volume when traded (mu) shown in Figure All
estimates are the direct effect assunatiter traits and the year are held constslietdians and 90% HDCI
calculated from the full posterior distribution. Tp@provides evidence of the direction of effect (positive
or negative), parameters with a high certainty of directal>(97.50%) arelsaded grey. Marginal

coefficients assume year

Trait Source Par Coefficient Interval Pd (%) remains at the mean and
median threat is northreatened.
AS Captive mu -0.63 -0.87 10-0.39 100
AS wild mu -0.27 -0.58 to 0.03 93.24
BM Captive mu 0.25 -0.11 to 061 87.1
BM wild mu -0.4 -0.81t0 0.01 94.96
FR Captive mu -0.33 -0.59 t0-0.06 97.94
FR wild mu -0.02 -0.37 t0 0.37 52.97
ML Captive mu 0.81 0.591t01.03 100
ML wild mu -0.03 -0.32t0 0.25 56.02
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Table S4. Contrasting the direct effets of each trait between captive and wilegsourced for

probability of being traded (hu). Medians and 90% HDCI calculated from the full posterior distribution.

Thepd provides evidence of the direction of effect (positive or negative), parameters with Gehanty

of direction pd > 97.50%) indicating a substantial difference are shaded grey. Marginal coefficients

assume year remains at the mean and threat #thneaitened.

Trait Par Median Interval Pd (%)
AS hu -0.32 -0.81t00.12 86.86
BM hu -0.81 -1.29 t0-0.34 99.78
FR hu -0.95 -1.49 to-0.4 99.77
ML hu 2.88 2.43 10 3.32 100

Table S5. Contrasting the direct effects of each trait between captive and wikburced for volumes

when traded (mu).Medians and 90% HDCI calculated from the full postedigtribution. Thepd

provides evidence of the direction of effect (positive or negative), parameters with a high certainty of

direction pd> 97.50%) indicating a substantial difference are shaded grey. Marginal coefficients assume

year remains at the mp and threat is netfireatened.

Trait Par Median Interval Pd (%)
AS mu 0.36 0.06 to 0.66 97.25
BM mu -0.65 -0.97 t0-0.34 99.97
FR mu 0.31 -0.05 to 0.65 92.89
ML mu -0.84 -1.11 to-0.55 100
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Table S6. First derivatives (slopes) at specified value$ adult survival. All other traits were held

at their mean, the year fixed at 2018 and-tloratened set as the threat reference level. The median
value is interpreted as the change in WOEs per 0.1 unit increase in adult survival at the specified
value.This method has utility, as the joint distribution is a+#liaear combination of both the

Bernoul | i and negative binomi al sub model s, S0
estimated changes in volumes, whereas this approach does.éfkalirst the 90% HDCI, and thel

is the direct probability of direction, slopes with a clearditfection od> 97.5%) are highlighted in
grey.

Adult survival Source Median Interval Pd (%)
0.3 Captive -14.94 -50.54 t0-0.54 100.00
wild -0.01 -0.07 to0 95.83
0.4 Captive -8.16 -25.15t0-0.4 100.00
Wwild 0.00 -0.03t0 0 95.63
0.5 Captive -4.35 -12.39t0-0.24 100.00
Wild 0.00 -0.02to 0 95.35
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Table S7. First derivatives (slopes) at specified values of body ma&#.other traits were held at

their mean, the year fixed at 2018 and tloreatened set as the threat reference level. The median
value is interpreted as the change in WOESs per 1 gram increase in body mass at the specified value.
This method has utility, as the joint distribution is &iaear combination of both the Bernoulli and
negative binomi al sub models, so the separate
changes in volumes, whereas this approach does. The interval is the 90% HDCI,mhd the

direct probabiliy of direction, slopes with a clear-#irection pd> 97.5%) are highlighted in grey.

Body mass (g) Source Median Interval Pd (%)
100 Captive 0.00051 -0.00158 to 0.00325 75.08
Wild 0 0 to 0.00002 91.04
1000 Captive 0.00007 -0.0002 to 0.00054 74.28
Wild 0 OtoO 94.54
10000 Captive 0.00001 -0.00002 to 0.00009 73.79
Wild 0 OtoO 96.63
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Table S8. First derivatives (slopes) at specified values of age at first reproductidil other traits

were held at their mean, the year fixed at 2018 andim@atened set as the threat reference level.

The median value is interpreted as the change in WOEsymarlincrease in age at first reproduction

at the specified value. This method has utility, as the joint distribution is-ns@m combination of

bot h the Bernoul | and negative binomial sub mod:¢
reflect estimated changes in volumes, whereas this approach does. The interval is the 90% HDCI, and
thepdis the direct probability of direction, slopesthwva clear +/direction pd > 97.5%) are

highlighted in grey.

Body mass (Q) Source Median Interval Pd (%)
1 Captive -1.57 -5.07 to 0.06 99.58
wild 0.00 OtoO 90.97
3 Captive -0.17 -0.48 t0-0.01 99.63
Wwild 0.00 OtoO 92.52
5 Captive -0.06 -0.1700 99.60
Wild 0.00 0to 0.01 92.95
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Table S9. First derivatives (slopes) at specified values of maximum longeviddl other traits were
held at their mean, the year fixed at 2018 andthomatened set as the threat reference level. The

median values interpreted as the change in WOEs pgedr increase in maximum longevity at the

specified value. This method has utility, as the joint distribution is dinear combination of both

the Bernoulli and negative binomial sub models, so the sepamte €oi ci ent s

donot

estimated changes in volumes, whereas this approach does. The interval is the 90% HDCpdnd the

is the direct probability of direction, slopes with a clearditfection od> 97.5%) are highlighted in

grey.

Body mass (g) Source Median Interval Pd (%)
5 Captive 0.00123 0.00003 to 0.00517 100.00
Wild -0.00306  -0.02013 to 0.00015 99.67
15 Captive 0.10447 0.00579 t0 0.27616 100.00
wild -0.00019  -0.0009 to 0.00001 99.58
30 Captive 0.32008 0.05274 t0 0.79215 100.M
Wild -0.00003  -0.00014to O 99.48
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Table S10.Estimated marginal coefficients for year shown in Figure 4All estimates are the direct

effect assuming all traits are held constant at their médadians and 90% HDCI calculated from the full
posteriordistribution. Thepd provides evidence of the direction of effect (positive or negative), parameters
with a high certainty of directiorp@ > 97.50%) are shaded grey. Threat terms NE, NT and T denote not

evaluated not threatened and threatened categirileat respectively.

Par Source Threat Median 90% HDCI Pd (%)
Hu Captive NE -0.23 -0.51t0 0.02 92.75
NT 0.19 0.05t0 0.33 98.62
T 0.17 -0.02 t0 0.37 92.28
wild NE -1.86 -2.28t0-1.41 100
NT -1.47 -1.74 t0-1.19 100
T -0.29 -0.71t0 0.14 86.25
Mu Captive NE 0.13 -0.03t0 0.31 90.72
NT 0.19 0.05t0 0.32 98.71
T 0.15 -0.01t0 0.3 94.52
wild NE -0.53 -0.8 t0-0.25 99.88
NT -0.65 -0.84 t0-0.46 100
T -0.25 -0.67 t0 0.17 83.26
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Table S11. First derivatives (slopes) at spedi values of yearAll traits were held at their mean.

The median value is interpreted as the change in WOEsymarincrease in time at the specified

value. This method has utility, as the joint distribution is aliveear combination of both the

Bermoul | i

estimated changes in volumes, whereas this approach does. The interval is the 90% HDCpdnd the

and

negati ve

bi nomi al

sub

model s,

is the direct probability of direction, slopes with a cleardirection od> 97.5%) are highlighted in

grey.
Year Source Threat Median Interval Pd (%)
0 Captive Threatened 0.01685 -0.00135 t0 0.05179 97.97
Non-threatened 0.02151 0.00116 to 0.05984 99.86
Not assessed -0.00702 -0.04458 t0 0.02413 72.73
wild Threatened -0.00057 -0.0051 to 0.00028 93.42
Non-threatened -0.40947 -1.42224 t00.0095 100.00
Not assessed -0.28923 -1.16305 t00.00425 100.00
5 Captive Threatened 0.02094 -0.00216 to 0.06437 98.07
Non-threatened 0.02754 0.00102 to 0.07713 99.88
Not assessed -0.00656 -0.04305 to 0.02668 72.55
wild Threatened -0.00034 -0.00246 to 0.00029 93.00
Non-threatened -0.07359 -0.28528 t0:0.00169 100.00
Not assessed -0.0389 -0.16695 t0-0.00061 100.00
10 Captive Threatened 0.02562 -0.00211to0 0.08184 98.07
Non-threatened 0.03512 0.00112 to 0.10113 99.88
Not assessed -0.00598 -0.04446 to 0.02525 72.14
wild Threatened -0.0002 -0.00132 to 0.00018 92.60
Non-threatened -0.01213 -0.04901 to0.00032 100.00
Not assessed -0.00487 -0.02061 to-0.00009 100.00
15 Captive Threatened 0.03149 -0.0025 to 0.10488 98.08
Non-threatened 0.04467 0.00148 to 0.13286 99.87
Not assessed -0.00534 -0.04159 to 0.02668 71.85
wild Threatened -0.00012 -0.00076 to 0.00012 92.19
Non-threatened -0.00205 -0.00834 to0.00004 100.00
Not assessed -0.00062 -0.00271 t00.00001 100.00
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Chapter 5

General discussion

172



5.1 Summary

Overexploitation is a key driver of the current biodiversity crisis, reconciling this with
sustainable use and consation outcomes is imperative. The scale of human reliance on
wildlife trade productgNielsen et al., 2018nd the number of species potentially affected

by trade(Fukushima et al., 2020; Marsh et al., 2021; Scheffers et al., Bt this a

substantial challenge. Sustainable use will be part of the solution to achieve both conservation
and socioeacoomic outcomegHutton and Leadewilliams, 2003) Yet there is continuing

need to provide evidence that such practices do not become unsustainable and where they do
that this is remedied swiftly. Poorly regulated or illegal trade has tieafoea for great harm

to species, globally pangolin species are heavily threatened due t(Heaaiech et al.,

2016) High global demand for their scales and meat for traditional medibeled to

global trade bans (the Convention on International Trade in Endangered Species of Wild
Fauna and Flora [CITES] Appendix | listings) and a growing illicit trgtleet al., 2016)

However, where deerent and enforceable management plans are in place trade has the
potential to provide a sustainable food source, income and conservation l&adtitset

al., 2016) Examples of this include communityientated trophy hunting operations (e.g.

Uriel and Suleiman Markhor in Pakistéfrisina and Tareen, 2008nd largescale farms

ranching crocodilians for leather and meat (e.g. Australian FreshevatedilesCrocodylus
johnsonj and Saltwater crocodile§rocodylus porosysn Australia(Corey et al., 2018;

Daltry et al., 2016)

However, trade does not only concern a handful of chatisisecies, but instead a litany of
species, with some traded globally in huge numbers and others only opportunistically and in
certain regions. A global phenomenon like trade requires a global response, and since 1975
and the signing of the Conventioraries to CITES have sought to enable the international

legal trade in wildlife while preventing unsustainable and harmful trade. How well it is
achieving this aim and how best to continue to approach trade management and policy remain
at the heart of dismrse surrounding CITE&hallender eal., 2015a)However, across the
spectrum of opinion, a call for greater evidence and transparency is prevalent in both policy
and academic reviews of CITEShallender et al., 2015a; Cooney et al., 2021; Phelps et al.,
2011) The main aims of this thesis were to contribute to this debatk) lblygwing together

and synthesizing data on the impacts of trade on species populations, (2) develop methods to

better use the comprehensive CITES trade database and examine the effectiveness of trade

173



regulation in protecting threatened species and (®)duunpick the divergence in the
captive and wilesourced trade of CITEsted species and probe for lifestory traits

correlated with these sources.

In Chapter two | conducted a megaalysis of the abundance impacts of trade. Research
efforts werefocused across the tropics with studies from South America an@&wdran

Africa dominating. Taxonomically, research was also heavily skewed to mammals, with a
large number of studies concerning only the impacts of the bushmeat trade. Overall, where
tradeoccurred species abundances declined by 62% on adtagen et al., 2021)Studies
looking more broadly at hunting in the tropics aligith these findings, showcasing mean
declines of 58 and 83% for birds and mammals respeciiBelyitezLopez et al., 2017)
Declines were more strongly correlated with largesile national and international trade
(rather than local) and proximity to human settlement. This is evident in Northern Sumatra,
the expansion afbad networks into the forests has facilitated trappers to deplete bird
populations within 5km of roa(Harris etal., 2017) However, nuance dominates species
responses, with many spec&te abundance responses showing uncertain impacts of trade.
Chapter 1 does not advocate an end to trade, nor that trade is inherently incompatible with
conservation, but it doegiantify a baseline and highlights how poorly the impacts of trade

have been quantified.

The remaining Chapters focused on the comprehensive CITES trade database which holds
over 22 million trade records between CITES parties. Previous studies have flacgeed

on individual species trade trends through time, e.g. grey and Timneh pBsittsc(s
erithacusandPsittacus timnen(R O Martin, 2018)which provide a detailed discussion of
exact yearly volumes between imporexporter pairs. A potential shortcoming of this
approach is that it assumes we afgiori aware of species that need sting (e.g. are

threatened by unsustainable trade), so such an approach is unlikely to uncover newly
threatened species but rather confirms existing expectations that trade occurs in high levels.
Such research is crucial as it provides valuable evidencdiseulirse for some of the most
threatened species in trade. However, attempts must be made to look further across multiple
species and taxonomic groups. Much of the work currently on multiple species looks across
the broad total volumes of trade acroggven group, e.g. the total trade in birds to and from
China(Li and Jiang, 2014)oaised studies of individual species risk missing less well

known species that are also of concern, similarly broad totals summing over many species

obfuscate individual species trends thus losing nuance.
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Chapters 3 and 4 focused on applying methods al®tiz| the hundreds of CITHSted

species in international trade at the spetggsl, not summed across taxa. Crucial to this was
incorporating the many species infrequently traded, i.e. only traded for 5 years-year20

period. To do this | appliedierarchical Bayesian hurdle models able to handle the diversity

of traded species and their frequent appearance and disappearance from trade. In Chapter 3, |
explored how wildsourced trade volumes varied across species extinction risk for 1025 bird,
mamnal, amphibian, and reptile species. Trade richness, volume and reoccurrence were
dominated by Red List Least Concern species, and across threat statuses trade volumes are
either falling or uncertain for the average species across taxa. The only exceystibeast

Concern reptiles where volumes for the average species have increased steadily through time.
Of the diversity of species traded between 2000 and 2018, it should be noted that few are
consistently traded throughout this time, and most are estimatéd reoccur in recent trade.

| further examined how responsive trade is to an assessment of threat or extinction in two
ways. Firstly, some CITES species are died between Appendix | and II, with more
threatened populations in Appendix | ancsléweatened species in Appendix Il. Trade from

the Appendix Il populations was higher for nearly all species, with trade from the Appendix |
populations nearly always absent. This indicates that for a select pool of species CITES is
protecting vulnerablpopulations from international demand while meeting international
demand from more robust, less threatened populations. Secondly, a broader analysis of
whether trade volumes and reoccurrence correlate with updated IUCN Red List assessments
revealed a genallack of association between the two. In many cases, this was because by

the reassessment year the species was already absent from trade. For other species, it
highlights a potentially concerning disconnect between species' increasing rarity and trade
volumes. This develops on previous work that suggested the CITES listing process lags
behind the |1 UCNOGs assess nfrankasd Wildovef2B19)e at s at t

The decline of the wilgourced trade, in CITERBsted species, and the rise of captbred
volumes have been well documeshia the summed total volumes traded for many major
taxonomic classe@iarfoot et al., 2018aChapter 3 built on this and provides evidence of
speciedevel declnes in the wildsourced trade. Chapter 4 develops this further to contrast
the speciegevel international captive and wikburced trade in 779 listed bird species and
examine whether these distinct sources associate with different spectra of speus®iife
Captive sourced trade volumes correlated with species longevity, adult survival and

maximum survival while wilesourced trade only had weak associations with longevity.

175



Despite this, independent speelegel variation dominates the trade in CE-Ested species,

with some closely related and demographically alike species differing greatly in their
reoccurrence and volume in trade. The analysis further highlighted extensive switches from
wild-sourced trade to captisourced trade for many spegiasth the wildsourced trade

declining through time and the captive trade increasing or uncertain. The switching of species
and the emergence of new species from captive sources puts a great onus on the effectiveness
of CITES and the Patrties to prevenirdering and detrimental leakage to wild populations
(Janssen and Chng, 2018; Lyons and Natusch, 2011; Nijman and Shepherdl2815)

Chapter built on previous studies, finding strong associations between species presence in
trade and body magScheffers et al., 201@)nd the number of individuals in the Australian

pet trade associated with body mass and annual feciditynes et al., 2022)n contrast,

the international trade in captimed listed spees focused on a broad range of demographic

values, not specifically just those that are typically faster or slower reproducing (Chapter 4).

5.1.1 Wider applicability of findings

The generalisability of the findings of this thesis should be approachedusly,

particularly regarding Chapter 1. The relatively small number of studies, limited taxonomic
and geographic range, and lack of trade purposes quantified mean that the abundance declines
found should not be extrapolated to other parts of the worigecific instances of trade. In

reality, there is a sore need for population and corgeetific data on species to truly ask
whether trade is harmful or sustainable, a task compounded by the number of species traded.
Chapter 3 is more widely applicahio global trade and does offer the fullest possible picture

of the wild-sourced vertebrate trade in listed species. It highlights a number of threatened
species subject to relatively high trade levels that may be sustainable but require evidence to
suppat that. However, the models were parametrised to examine temporal trends and their
association with species threat, not predict future trends. Predictive modelling of CITES trade
remains a research frontier, hampered partly by the high specedwaridility and more

notably by the varying pool of listed species able to appear in the CITES trade database
(subject to a formal listing at the CITES Conference of the Parties). Chapter 4 provides life
history traits that correlate with captive avian trads tequire further study as to whether

these traits are prevalent due to their inherent attractiveness or rather just indicative of their
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suitability for captive breeding. It does however have relevance in highlighting a growing
number of captivdred speies traded in high volumes whose provenance (e.g., the
feasibility of actually being captivered) requires investigating. The CITES trade database is
the largest and most coherent record of international trade at the species level available.
However, thee is growing evidence of substantial international trade from other sources
including the dark welHarrison et al., 201&)nd various legal selling sit@dughes et al.,

2021; B. M. Marshall et al., 2020; Marshall et al., 202@jure work should aim to

standardise and incorporate multiple data sources to build a truly full picture of global trade.

The remainder of this Chapter focuses oniplathe implications of these findings in the
wider global context and looks in greater depth at CITES policy mechanisms underpinning
sustainable trade. Specifically, this focuses on the need for transpareswliigtaand

evidenced assessments of spe’csustainable use in international trade.

5.2 Evidencebased policy

Trade has the potential to both greatly benefit and greatly harm sflaeen et al., 2021;
Mambeya et al., 2018ven where species are subject to vast international demand, well
managed offtiee in large enough volumes to meet supply needs is still possible. More than
300,000 reticulated pythonBython reticulatusare harvested from Indonesia and Malaysia
annually to supply both skins and meat, yet repeat surveys show no discernible impacts o
populationgNatusch et al., 2016However, generalising sustainability beyond a single focal
species is challenging. Demographic surveys of the closely related blood @ytioon
brongersmai) in Indonesia do show a detrimental response to collection pressure, with
smaller individuals and fewer juveniles passing through processing facilities ir22Q65
compared to 1998997 (Natusch et al., 2019The contrast in responses of the two species
can be attributed to their varying ecologies with blood pythons potentially being easier to
access due to their pegce in humasaltered landscapes (e.g. oil palm plantations), lack of
dispersal between patches and their reduced clutch size compared to reticulated pythons. This
nuance is reflected across thousands of traded species and between populations of a single
species, underscoring that sustainability can rarely be assumed without explicitly being

evidenced.
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5.2.1 Evidence in practice

International policy instruments have embraced attempting to evidence sustainability in
international trade. For Parties to CISEThe Convention on International Trade in

Endangered Species of Wild Fauna and Flora) to trade a CITES Appendix | or Il listed
species sourced from wild populations they must evidence both that the specimen was legally
obtained and that its trade will nlee to the detriment of the species (for Appendix | listed
species trade must also not be primarily for commercial purposes). From a sustainable use
perspective evidencing that trade will not be detrimental to a species viadehionent

Finding (NDF) s crucial.

Over the years CITES and the Parties have tried to establish global standards, guidelines and
requirements for NDFs to include. The most recently published example emphasises making
scientifically informed NDFs and guides making NDFs for Appehidimber/tree species

(Wolf et al., 2018) The outlined process explicitly covers overcoming initial issues including
taxonomic uncertainty and the early application of any mitigating factors or exclusions (e.g.
only certan derivative products are covered by the Appendix listing). An extensive process is
then suggested to evaluate the potential risk of trade including considering the species
conservation concern (e.g. recent IUCN Red List Assessments), biological msks (e.
distribution, habitat specificity, resilience etc.) and the impacts of harvest (e.g. areas affected,
annual offtake, growth and mortality rates etc.). Further steps then consider the impacts
relative to the numbers being traded, e.g., are volumes rowen than the agreed quota, are
volumes much higher than the expected annual production and how large and certain is any
illegal trade in the species. The final suggested step considers what mitigation action is
underway and how harvested areas are managawtect species populations. A pivotal
component of this process is collecting relevant information from all appropriate sources,
which can include expert opinion, local knowledge, various databases (e.g. The IUCN Red
List, The CITES UNERPNCMC trade dtabase etc.) and field surveys. This exhaustive and

robust evidence can then be used to support a positive or negative NDF (and a quota).

There is great concern that despite clear and robust advice, the NDF process is often reduced
to a cursory appraisahat cannot be said to protect species. In 2003 the Solomon Islands (at
this time not a Party to the Convention), captured 94-Palcific bottlenose dolphins (CITES
Appendix Il listed) and later traded a number of these with Mexico, the United Arab Emirate
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and the Philippine@Parsons et al., 2010pespite the Solomon Islands RBartystatus,

Parties to the Convention should not accept exports fronPacies without certification of
nortdetriment and evidence that the specimens were acquired legally. The IUCN Cetacean
Specialist group indicated great concern over allowing the ttadsscur, pointing to the

complete lack of studies on the species in the vicinity and therefore the impossibility of a
rigorous evidencéased NDRCITES, 2008) Despite thisthe evidence of nedetriment

was accepted by the Importing Parties and the CITES Secfetagral\Wijnstekers, 2007)
Concerningly, as part of the Secretariats statement emphasis was placed on other interested
groups presenting evi dretariatpas ce€eivad ncsevidencatona b | y
demonstrate that trade which is now taking place, or is intended to take place, will have a
detrimental impact upon wild dolphin populations Thi s sharply flips th
written position on NDFs, which highlngs evidence that trade wiibtbe detrimental is

required, not that others must provide evidence that tsatitrimental. The former being a

much more precautionary stance than the latter.

5.2.2 Barriers to improving evidence use

An impediment to djging deeper into the evidence used to ratify sustainable use is that

NDFs are not required to be submitted, reviewed or archived anywhere centrally. The lack of
centrality has two key repercussions, (1) potentially detailed population assessments of great
conservation relevance to wider groups (e.g. researchers) are kept out of the public domain
and (2) it is impossible for the evidence of retriment to be reviewed openly in cases

where sustainability is questioned. In Chapter 3, | explicitly examiregheh CITES trade is

able to respond to changing evidence of species extinction risk (changes in Red List status),
the general lack of association between volumes and presence with new assessments suggests
a disconnect. | further highlight a number of specthat despite being assessed into more
threatened statuses, (often with trade given as a key reason for this) resulted in no change in
trade volumes. Given that intentional use contributes to elevated extinction risk for at least
2752 species (out of 98 assessed speci€s)arsh et al., 2021 )evidencing the sustainability

of trade is crucial.

In 1994 CITES eplicitly adopted the precautionary principle that where a lack of scientific
certainty exists around the outcome (whether trade will cause detriment to the species), action
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should be taken to avert potential (and implicitly unknown) hi@iokson, 1999)The

principle is simple to understand yet hard to implement effectively. Trade never affects only
the species traded and all trade has wider links to a diverse array of livelihoods and thus
financial and socioeconomic effects on those involved in the trade. Thhbs, fecce of

scientific uncertainty on the detrimental impact on a species, yet the certainty of financial
harm to harvesters, how then should the principle be applied? Also, it is likely to be
impossible (especially on meaningful timescales) for Partiesn®foc Authorities to gather

and collate populatiespecific data on harvest impacts for all traded species and thus be
certain of no detriment for some species. The NDF process is therefore inherently laden with
judgement calls where data is absentrisieof detriment is uncertain, and sources conflict
(Aylesworth et al., 2020However, the available evidence should still support the final
judgement. In Brazil NDFs fokrapaima spphave been criticed for ovefreliance on

@ echnical o tpat do hod require evidencet, Isading to largely unregulated
fishing offtakes and estimated population declif@@sstello and Stewart, 2010)

There are clear knowledge gaps in the preparation of NDFs. A review of available NDFs
highlighted the following areas are not always considered (or included): species
identification, source, ecosystem roles, population trends, threats, inherent vulnerability (e.g.
reproductive strategy), ongoing management and/or monitoring, the likelihadtehal

trade, inclusive knowledge (e.g. academic research, grey literature, surveys, expert opinion,
local knowledge etc.), transparent sources (and analysis), inclusivity (joint decision making
and/or stakeholder involvement), multiple sources aewe, and how the precautionary
principle appliegCITES, 2020b)Developing the robust inclusion of all these areas is a
necessity thatagquires both the development of monitoring schemes and formalised processes
to consistently make judgements based on missing data. Some of these required areas remain
largely open biological questions, for example, the wider impacts of harvesting footrade
ecosystems as a whole are largely unknown. Insights from the wider hunting literature
suggest in some cases persistent removal can result in dramatic effects including direct
effects on forest structure and functi@bernethy et al., 2013and the potential

proliferation of smaller notarget specie@arychka et al., 2021Bimilarly, where

harvesting and other threats-cocur consideration of the potential synergistic impacts

(Symes et al., 201&)nd the cumulative impact of multiple threats potentially destabilising
populationgCapdevila et al., 20223 crucial and yet currently absent for many NDFs.
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5.2.3 Bans

It would be remiss to not briefly discuss trade bans (or more commonly listing in CITES

Appendix 1), given tk results presented in this thesis detail potential negative impacts of

trade (Chapter 2) and highlight a number of tridteatened species traded in high volumes

(Chapter 3). Trade bans are frequently advocated anddaade or global bans have been

cdled for by severalgrougsD6 cr uze et al ., 2020; Xndao et al
charities (including World Animal Protection and End The Trade) in recent years. Proponents

ofabansuggestthati | dl i fe consumption isnbét an essent
(Xiaoetal.,,202), harbours too greater risk of zoonc
conservationgoak D6 cruze .et al ., 2020)

The apparent simplicity of bans can be attractive. However, there is com@lidence that
trade bans do more harm than good. Primarily, they have the potential to stimulate trade
while bans are implementé¢Rivalan et al., 2007)r simply shift trade from legal to illegal
mediumg(Challender et al., 2019c; Challender and MacMillan, 20%#hilarly, there is

limited evidence that blanket trade or consumption bans would significantly reduce zoonotic
disease riskE and J, 2020)ith some recent outbreaks originating from commercial meat
farms (e.g. HIN1 influenza likely originated from commercial Néwherican swine farms
(Mena et al., 2019. Further consideration must be given to the nutritional, cultural and
societal factors driving trade and consumption, as without engaging fully with these issues
any interventions and bans will be doomed to fail in the face of unchanged market demand
(ThomasWalters et al., 2021, 2020)he only equitable way to reconcile conservation,
development and society is through a reformed and transparent sustainable use infrastructure,
not a shorsighted ban (asutlined here, detailed in Chapter 3 and similarly echoed in the
wider literaturg(Aylesworth et al., 2020; Challender et al., 2015b; Foster and Vincent, 2021,
Frank and Wilcove, 2019; Smith dt,&2011).

5.3 Conclusions and recommendations

This thesis attempts to tackle key questions on the impacts, management and patterns of the
wildlife trade, using both published data and the trade records from the CITES trade database.
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There are four maifindings stemming from this work. Firstly, we have a generally poor
knowledge of the specidavel impacts of trade from rigorous field studies. The studies that
exist are both geographically and taxonomically clustered and at the sieeeledisplay a

range of positive and negative responses to trade. Secondly, at the-Eyetiedd-sourced

trade in CITESlisted species is broadly declining with few notable exceptions. Thirdly, trade
volumes in listed species are largely disconnected from chamgpsdies extinction risk.

Often this is because trade has declined and disappeared prior to change occurring, but in a
few cases highlights persistent trade as species become more threatened. And finally, at the
speciedevel captivesourced trade is regting the wildsourced trade and expanding the

pool of traded species. The expansion of the captive trade does broadly associate with species
reproductive traits but spans a range of faster and slower trait values indicating the flexibility
of supply. A ke takeaway from this, in my opinion, is the importance of spdeied

variability in both trade volumes and trade impacts. Scaling up or extrapolating data from one
species to inform us of another carries great risk without cespedific data encompsiag

both the target species biology and the wider economic, market, socioeconomic forces

governing the species trade.

Future research should focus on (1) attempting to quantify the abundance impacts of trade for
a wider range of species including thosssleharismatic and often ignored taxonomic groups
(e.g. amphibians, invertebrates etc.), (2) developing the use of large Speeiaaodels of

trade presence and volume beyond vertebrate taxa, and (3) unpicking key biological
guestions regarding the widenpacts of trade, including ecosystéenel effects of

harvesting for heavily traded species, and whether species traits mediate species response to
trade. Beyond research, global policy must also respond to best ensure the sustainable trade in
CITES isted species. To further this aim, the Parties should begin a transition process to
open and accessible NDFs, highlighting what available evidence was used and where there
was uncertainty how was this resolved to a judgement. The inclusion of such indormati

crucial and could be used to support conditional NDFs, where trade is permitted but
agreements are made to put in place additional measures (e.g. implementing community

offtake records or enforcement upskilli@ylesworth et al., 2020)

182



Bibliography
0t -Rdlées, M., Challender, D.W.S., Hinsley, A., Verissimo, D., Mi@adland, E.J.,

2019. lllegal Wildlife Trade: Scale, Processes, and Governameel. &Rev. Environ.
Resour. 44, 20228. https://doi.org/10.1146/annurerviron101718033253

Abenspergl r aun , M., Roe, D., O6Criodai n, c. , 201
an international symposium on fAiThe rel evan
sustainable use of CITEISi st ed species in exporting coul

Abernethy, K.A., Coad, L., Taylor, G., Lee, M.E., Maisels, F., 2013. Extent and ecological
consequences of hunting in Central African rainforests in the twestyentury.
Philos. Trans. R. Soc. B Biol. Sci. 368. https://doi.org/10.1098/rstbh.2012.0303

Amin, R., Thomas, K., Emslie, R.H., Foose, T.J., Van Strien, N. V., 2006. An overview of
the conservation status of and threats to rhinoceros species in the wild. Int. Zbo Yea
40, 96 117. https://doi.org/10.1111/j.174890.2006.00096.x

Aquino, R., Calle, A., 2003. Evaluation of the conservation status of the game mammals: A
comparative model in communities of the Pacaya Samira National Reserve (Loreto,
Peru). Rev. Peru. Bliol10, 163 174.

Aquino, R., Lopez, L., Garcia, G., Charpentier, E., Arevalo, ., 2016. Conservation status and
threats to Atelids in the Northeastern Peruvian Amazon. Primate Consie2®. 21

Augui e, B. , 2019. egag: Ext entenm Thenes, Plair figgpl o
Alignment, Labelled Panels, Symmetric Scales, and Fixed Panel Size.

Aylesworth, L., Foster, S.J., Vincent, A.C.J., 2020. Realities of offering advice to
governments on CITES. Conserv. Biol. 34, 8333. https://doi.org/10.1111/cobi.13451

Bachmann, M.E., Nielsen, M.R., Cohen, H., Haase, D., Kouassi, J.A.K., Mundry, R., Kuehl,
H.S., 2020. Saving rodents, losing primété&hy we need tailored bushmeat
management strategies. People Nat. 2 889. https://doi.org/10.1002/pan3.10119

Bager OlsenM.T., Geldmann, J., Harfoot, M., Tittensor, D.P., Price, B., Sinovas, P., Nowak,
K., Sanders, N.J., Burgess, N.D., 2019. Thsityyears of legal and illegal wildlife trade
entering the USA. ORYX. https://doi.org/10.1017/S0030605319000541

Barychka, T., Mce, G.M., Purves, D.W., 2021. The Madingley general ecosystem model

183



predicts bushmeat yields, species extinction rates and ecodgstimmpacts of
bushmeat harvesting. Oikos 130, 10B®42. https://doi.org/10.1111/0ik.07748

Bauer, H., Nowell, K., Sill®-Zubiri, C., Macdonald, D.W., 2018. Lions in the modern arena
of CITES. Conserv. Lett. 11 8. https://doi.org/10.1111/conl.12444

BenitezLopez, A., Alkemade, R., Schipper, A.M., Ingram, D.J., Verweij, P.A., Eikelboom,
J.A.J., Huijbregts, M.A.J., 201The impact of hunting on tropical mammal and bird
populations. Science (80. 356, 180183. https://doi.org/10.1126/science.aaj1891

Benton, M.J., Twitchett, R.J., 2003. How to kill (almost) all life: The-Bedmian extinction
event. Trends Ecol. Evol81 358 365. https://doi.org/10.1016/S016347(03)000931

Bergin, D., Chng, S.C.L., Eaton, J.A., Shepherd, C.R., 2018. The final straw? An overview of
Strawheaded Bulbul Pycnonotus zeylanicus trade in Indonesia. Bird Conserv. Int. 28,
126 132. https://dobrg/10.1017/S0959270917000302

Bezuijen, M.R., Cox, J.H., Thorbjarnarson, J.B., Phothitay, C., Hedemark, M., Rasphone, A.,
2013. Status of siamese crocodile (Crocodylus siamensis) schneider, 1801 (Reptilia:
Crocodylia) in Laos. J. Herpetol. 47,i4b. httgs://doi.org/10.1670/3:157

Bird, J.P., Martin, R., Akgakaya, H.R., Gilroy, J., Burfield, I.J., Garnett, S.T., Symes, A,
Taylor, J., kekerciojlu, ¢.H., Butchart, S
birds and their implications for extinctiorski. Conserv. Biol. 34, 1252261.
https://doi.org/10.1111/cobi.13486

Birdlife International, 2018. Pycnonotus zeylanicus. IUCN Red List Threat. Species.

Birdlife International, 2016a. Diopsittaca nobilis. The IUCN Red List of Threatened Species
2016: e.T6958763A95183956. [WWW Document]. URL
https://dx.doi.org/10.2305/I[UCN.UK.2048RLTS.T61958763A95183956.en.

(accessed 9.22.21).

Birdlife International, 2016b. Garrulax bicolor. IUCN Red List Threat. Species 2016.

BirdLife International, 2021. Acridotheresatanopterus, The IUCN Red List of Threatened
Species 2021: e.T22710909A201845082. A201845082.en.

BirdLife International, 2004. Falco cherrug. The IUCN Red List of Threatened Species 2004
e.T22696495A27986261 [WWW Document]. URL

184



https://www.iucnredlist.orgpecies/22696495/2798626 1#assessiméotmation
(accessed 9.29.21).

Blair, M.E., Le, M.D., Sethi, G., Thach, H.M., Nguyen, V.T.H., Amato, G., Birchette, M.,
Sterling, E.J., 2017. The Importance of an Interdisciplinary Research Approach to
Inform Wildlife Trade Management in Southeast Asia. Bioscience 67,1993.
https://doi.org/10.1093/biosci/bix113

Blundell, A.G., Mascia, M.B., 2005. Discrepancies in reported levels of international wildlife
trade. Conserv. Biol. 19, 202R025. https://doi.org/10.1131¥5231739.2005.00253.x

Bodmer, R.E., Lozano, E.P., 2001. Rural development and sustainable wildlife use in Peru.
Conserv. Biol. 15, 1163.170. https://doi.org/10.1046/j.152339.2001.0150041163.x

Bond, D.P.G., Grasby, S.E., 2017. On the causes of rasst®ns. Palaeogeoqgr.
Palaeoclimatol. Palaeoecol. 47829. https://doi.org/10.1016/j.palae0.2016.11.005

Bracken, M.B., 1992. Statistical methods for analysis of effects of treatment in overviews of
randomized trials. Effective care of the newbornnbf®xford University Press,
Oxford.

Brook, S., Van Coeverden De Groot, P.J., Mahood, S., Long, B., 2011. Extinction of the
Javan Rhinoceros (Rhinoceros sondaicus) from Vietham. WWF Report.

Burivalova, Z., Lee, T.M., Hua, F., Lee, J.S.H., Prawiradilag®l. Dwilcove, D.S., 2017.
Understanding consumer preferences and demography in order to reduce the domestic
trade in wildcaught birds. Biol. Conserv. 209, 4231.
https://doi.org/10.1016/j.biocon.2017.03.005

Burkner, P.C., 2017. brms: An R package for &agn multilevel models using Stan. J. Stat.
Softw. 80. https://doi.org/10.18637/jss.v080.i01

Bush, E.R., Baker, S.E., Macdonald, D.W., 2014. Global trade in exotic pet2Q0R6
Conserv. Biol. 28, 663%76. https://doi.org/10.1111/cobi.12240

Butchart, SH.M., Walpole, M., Collen, B., Van Strien, A., Scharlemann, J.P.W., Almond, R.,
Baillie, J., Bomhard, B., Brown, C., Bruno, J., Carpenter, K.E., Carr, G.M., Chanson, J.,
Chenery, A.M., Csirke, J., Davidson, N.C., Dentener, F., Foster, M., Galli, A.,
Galloway, J.N., Genovesi, P., Gregory, R.D., Hockings, M., Kapos, V., Lamarque, J.,
Leverington, F., Loh, J., McGeoch, M.A., McRae, L., Minasyan, A., Morcillo, M.H.,

185



Oldfield, T.E.E., Pauly, D., Quader, S., Revenga, C., Sauer, J.R., Skolnik, B., Spear, D.,
Stanwell-Smith, D., Stuart, S.N., Symes, A., Tierney, M., Tyrrel, T.D., Vie, J., Watson,
R., 2010. Global Biodiversity: Indicators of Declines. Science. (8328, 116A11168.

Capdevila, P., Noviello, N., McRae, L., Freeman, R., Clements, C.F., 2022. Glabaipa
of resilience decline in vertebrate populations. Ecol. Lett. 25,2510
https://doi.org/10.1111/ele.13927

Cardador, L., Tella, J.L., Anadén, J.D., Abellan, P., Carrete, M., 2019. The European trade
ban on wild birds reduced invasion risks. Conskett. I 7.
https://doi.org/10.1111/conl.12631

Carrasco, L.R., Chan, J., Mcgrath, F.L., Nghiem, L.T.P., 2017. Biodiversity conservation in a
telecoupled world. Ecol. Soc. 22, 24. https://doi.org/https://doi.org/10.57519&43
220324

Carrillo, E., WongG., Cuarén, A.D., 2000. Monitoring Mammal Populations in Costa Rican
Protected Areas under Different Hunting Restrictions. Conserv. Biol. 147 1580.
https://doi.org/10.1111/j.1528739.2000.99103.x

Castello, L., Stewart, D.J., 2010. Assessing CITESdeinment findings procedures for
Arapaima in Brazil. J. Appl. Ichthyol. 26, ¥86. https://doi.org/10.1111/;.1439
0426.2009.01355.x

Ceballos, G., Ehrlich, P.R., Raven, P.H., 2020. Vertebrates on the brink as indicators of
biological annihilation and theixth mass extinction. Proc. Natl. Acad. Sci. 117,
201922686. https://doi.org/10.1073/pnas.1922686117

Chal |l ender ,-RdliesWL., 8des, G.W4U., Chia, 9.S.C., Chidin Sun, N.,
Chong, J. lian, Connelly, E., Hywood, L., Luz, S., Mohapatra, R&Qrnellas, P.,
Parker, K., Pietersen, D.W., Roberton, S.I., Semiadi, G., Shaw, D., Shepherd, C.R.,
Thomson, P., Wang, Y., Wicker, L., Wu, S.B., Nash, H.C., 2019a. Evaluating the
feasibility of pangolin farming and its potential conservation impact. Gdobl.
Conserv. 20, e00714. https://doi.org/10.1016/j.gecco.2019.e00714

Challender, D.W.S., Broad, S., Brockington, D., Brooks, T., Butchart, S.H.M., Cremona, P.,
De Meulenaer, T., Di Minin, E., Duffy, R., Hiltehaylor, C., Hinsley, A., Hoffman, R.,
Hutton, J.M., Jenkins, R., Kolby, J.E., Malsch, K., Masse, F., Miaelland, E.J.,

186



Ol dfi el d, T. E. E. | fRolfes, M.,Verissin®,tDa Hdffrman,d,, C.

2019b. Mischaracterization of wildlife trade threat. Sci.

Challender, D.W.S., Harrop, ., MacMillan, D.C., 2015a. Towards informed and multi
faceted wildlife trade interventions. Glob. Ecol. Conserv. 37 128.
https://doi.org/10.1016/j.gecco0.2014.11.010

Challender, D.W.S., Harrop, S.R., MacMillan, D.C., 2015b. Understanding markets to
corserve tradeghreatened species in CITES. Biol. Conserv. 1871 289.
https://doi.org/10.1016/j.biocon.2015.04.015

Challender, D.W.S., Hinsley, A., Milngulland, E.J., 2019c. Inadequacies in establishing
CITES trade bans. Front. Ecol. Environ. 17,118®. https://doi.org/10.1002/fee.2034

Challender, D.W.S., MacMillan, D.C., 2014. Poaching is more than an Enforcement Problem.
Conserv. Lett. 7, 484194. https://doi.org/10.1111/conl.12082

Chen, S., Fan, Z., Roby, D.D., Lu, Y., Chen, C., Huang, Q., Chenghu, J., 2015. Human
harvest, climate change and their synergistic effects drove the Chinese Crested Tern to
the brink of extinction. Glob. Ecol. Conserv. 4, 1345.
https://doi.org/10.1016/j.gecco.2015.06.006

CITES, 2020a. CITES trade statistics dedifom the CITES trade database. UNEP World

Conservation Monitoring Centre, Cambridge, UK.

CITES, 2020b. AC31 Doc. 14.1/PC25 Doc. 17. Interpretation and implementation matters,
Report of the Secretariat, in: Joint Sessions of the 31st Meeting of the Animal
Committee and the 25th Meeting of the Plants Committee Geneva (Switzerland), 17 July
2020.

CITES, 2014. Review of significant trade of Appendix Il Species. Animals Committee
Working Group 7.

CITES, 2010. Resolution Conf. 12.10 (Rev. CoP15) Registrati@Qperations that Breed
Appendixl Animal Species in Captivity for Commercial Purposgs8.1

CITES, 2008. AC23 Doc 8.5.1, Review of Significant Trade in specimens of App#ndix
species: Selection of the Solomon Islands population of Tursiops aduncudueioin

in The Review of Significant Trade. Geneva, Switzerland.

187



CITES, 2004. CITES and the Precautionary Principle (submitted by the United Kingdom).
CoP13 Inf. 44, in: Thirteenth Meeting of the Conference of the Parties. Bangkok.

CITES, 1973. Text of th€onvention: Convention on International Trade in Endangered
Species of Wild Fauna and Flora. Washington, DC.

Cochran, W.G., 1954. The Combination of Estimates from Different Experiments. Biometrics
10, 101 129.

Cohen, J.E., Williams, H.N., Strong, Y.Eisker, H.C.E., 2020. Nedetriment findings for
international trade in wild orchids from developing countries; A case study for
Broughtonia sanguinea in Jamaica. J. Nat. Conserv. 56, 125840.
https://doi.org/10.1016/j.jnc.2020.125840

Convention on BiologidaDiversity, 2020. Customary Sustainable Use: Summary of Key
Activities and Decisions Under the Convention. Nairobi, Kenya.

Cooney, R., Challender, D.W.S., Broad, S., Roe, D., Natusch, D.J.D., 2021. Think Before
You Act: Improving the Conservation Outcon®sCITES Listing Decisions. Front.
Ecol. Evol. 9, 16. https://doi.org/10.3389/fevo.2021.631556

Cooney, R. , Kasterine, A., Ma c Mi | |-Rolfes, D. , Mi
M., 2015. The Trade in Wildlife. A Framework to Improve Biodiversihd Livelihood
Outcomes. Geneva, Switzerland. https://doi.org/10.4324/9781849773935

Cooney, R., Roe, D., Dublin, H., Phelps, J., Wilkie, D., Keane, A., Travers, H., Skinner, D.,
Challender, D.W.S., Allan, J.R., Biggs, D., 2017. From Poachers to Pretector
Engaging Local Communities in Solutions to lllegal Wildlife Trade. Conserv. Lett. 10,
367 374. https://doi.org/10.1111/conl.12294

Corey, B., Webb, G.J.W., Manolis, S.C., Fordham, A., Austin, B.J., Fukuda, Y., Nicholls, D.,
Saalfeld, K., 2018. Commercinhrvests of saltwater crocodile Crocodylus porosus eggs
by Indigenous people in northern Australia: Lessons for-teng viability and
management. Oryx 52, 68708. https://doi.org/10.1017/S0030605317000217

Cota, M., Hoang, H., Horne, B., Kusrini, M., Kormack, T., Platt, K., Schoppe, S.,
Shepherd, C., 2020. Cuora amboinensis. The IUCN Red List of Threatened Species
2020: e.T5958A3078812. [WWW Document]. URL
https://dx.doi.org/10.2305/IUCN.UK.202DRLTS.T5958A3078812.en. (accessed

188



9.16.21).

Courchamp, F Angulo, E., Rivalan, P., Hall, R.J., Signoret, L., Bull, L., Meinard, Y., 2006.
Rarity value and species extinction: The anthropogenic allee effect. PLoS Biol. &, 2405
2410. https://doi.org/10.1371/journal.pbio.0040415

Cowlishaw, G., Mendelson, S., Rolffe, J.M., 2005. Evidence for postepletion
sustainability in a mature bushmeat market. J. Appl. Ecol. 42 4460
https://doi.org/10.1111/j.1368664.2005.01046.x

Cronin, D.T., 2013. The Impact of Bushmeat Hunting on the Primates of Bioko Island,
Equdorial Guinea. Drexel University.

D6cruze, N. , Gr e e fBurbadh, J,, 20E0. Wwading,tacties: Time$oadthmk d t
the global trade in wildlife. Animals 10j 10. https://doi.org/10.3390/ani10122456

Daltry, J.C., Langelet, E., Solmu, G.C.nwder Ploeg, J., van Weerd, M., Whitaker, R., 2016.
Successes and failures of crocodile harvesting strategies in the Asia Pacific, in: Tropical

Conservation. Oxford University Press, New York, USA, ppi3632.

Dasgupta, S., Hilaluddin, 2012. Differentififects of Hunting on Populations of Hornbills
and Imperial Pigeons in the Rainforests of the Eastern Indian Himalaya. Indian For. 138,
902 9009.

Davies, G., Schultélerbriiggen, B., Kimpel, N.F., Mendelson, S., 2008. Hunting and
Trapping in Gola Forests, 8trEastern Sierra Leone: Bushmeat from Farm, Fallow
and Forest. Bushmeat Livelihoods Wildl. Manag. Poverty Redut8115
https://doi.org/10.1002/9780470692592.ch1

De Thoisy, B., Renoux, F., Julliot, C., 2005. Hunting in northern French Guiana and its
impact on primate communities. Oryx 39, 1497.
https://doi.org/10.1017/S0030605305000384

de Villemereuil, P., Nakagawa, S., 2014. General Quantitative Genetic Methods for
Comparative Biology. In: Garamszegi L. (eds) Modern Phylogenetic Comparative

Methods ad Their Application in Evolutionary Biology. Springer, Berlin, Heidelberg.

Dickman, A., Cooney, R., Johnson, P.J., Louis, M.P., Roe, D., 2019. Trophy hunting bans
imperil biodiversity. Science (80). 365, 874+.
https://doi.org/10.1126/science.aaz0735

189



Dickson, B., 1999. The precautionary principle in CITES: A critical assessment. Nat. Resour.
J. 39, 211228.

Doukakis, P., Parsons, E.C.M., Burns, W.C.G., Salomon, A.K., Hines, E., Cigliano, J.A.,
2009. Gaining traction: Retreading the wheels of marineereason. Conserv. Biol.
23, 841 846. https://doi.org/10.1111/j.1523%39.2009.01281.x

Dulac, J., 2013. Global land transport infrastructure requirements: Estimating road and
railway infrastructure capacity and costs to 2050. International Energy Agears/, P

Dumenu, W.K., 2019. Assessing the impact of felling/export ban and CITES designation on
exploitation of African rosewood (Pterocarpus erinaceus). Biol. Conserv. 236,324
https://doi.org/10.1016/j.biocon.2019.05.044

E, E.A., J, C.C., 2020. Ovetberg wildlife trade bans will not bolster conservation or
pandemic preparedness. Lancet 4,i21%. https://doi.org/10.1007/s00:820-0599%

x.Bizzarro

Engler, M., Parndones, R., 2007. Opportunity or Threat: The Role of the European Union in
Gobal Wildife Trade, TRAFFIC Europe. https://doi.org/10.7748/ns.9.22.22.541

EspinosaAndrade, S.R., 2012. Road development, buhmeat extraction an Jaguar
conservation in Yasuni Biosphere Reser#&zuador.
https://doi.org/10.1017/CB09781107415324.004

Estrada, A., Gdrer, P.A., Rylands, A.B., Roos, C., Fernan@emjue, E., Di Fiore, A.,
Nekaris, K.A:1., Nijman, V., Heymann, E.W., Lambert, J.E., Rovero, F., Barelli, C.,
Setchell, J.M., Gillespie, T.R., Mittermeier, R.A., Arregoitia, L.V., de Guinea, M.,
Gouveia, S., Dorovolski, R., Shanee, S., Shanee, N., Boyle, S.A., Fuentes, A,
MacKinnon, K.C., Amato, K.R., Meyer, A.L.S., Wich, S., Sussman, R.W., Pan, R.,
Kone, ., Li, B. , 2017. | mpending extincti
primates matter. Sci. Adv. 3tths://doi.org/10.1126/sciadv.1600946

Eudey, A., Kumar, A., Singh, M., Boonratana, R., 2020. Macaca fascicularis (errata version
published in 2021). The IUCN Red List of Threatened Species 2020:
e.T12551A195354635. [WWW Document]. URL
https://dx.doi.org/1@2305/IUCN.UK.20262.RLTS.T12551A195354635.en. (accessed
9.21.21).

190



Farhadinia, M.S., Maheshwari, A., Nawaz, M.A., Ambayl H. , Gritsina, M. A.
M.A., Rosen, T., Hinsley, A., Macdonald, D.W., 2019. Belt and Road Initiative may
create new supplies for illegal wildlife trade in large carnivores. Nat. Ecol. Evol. 3,
1267 1268. https://doi.org/10.1038/s415699-0963 6

Fay, J.M., 1991. An elephant (Loxodonta africana) survey using dung counts in the forests of
the Central African Republic. J. Trop. Ecol. 7] 26.
https://doi.org/10.1017/S0266467400005022

Forstmeier, W., Schielzeth, H., 2011. Cryptic multiple hypothesstmy in linear models:
Overestimated effect sizes and t hié5. wi nner 6
https://doi.org/10.1007/s00268.0-10385

Foster, S.J., Vincent, A.C.J., 2021. Holding governments accountable for their commitments:
CITES Reviev of Significant Trade for a very higéolume taxon. Glob. Ecol. Conserv.
27, e01572. https://doi.org/10.1016/j.gecco.2021.e01572

Frank, E.G., Wilcove, D.S., 2019. Long delays in banning trade in threatened species.
Science (80 ). 363, 686688. https://di.org/10.1126/science.aav4013

Freckleton, R.P., 2011. Dealing with collinearity in behavioural and ecological data: Model
averaging and the problems of measurement error. Behav. Ecol. Sociobioli B%]1.91
https://doi.org/10.1007/s00268.0-10456

Frisina, M.R., Tareen, S.N.A., 2008. Exploitation Prevents Extinction: Case Study of
Endangered Himalayan Sheep and Goats, in: Dickson, B., Hutton, J., Adams, W.M.
(Eds.), Recreational Hunting, Conservation and Rural Livelihoods: Science and Practice.
Blackwell Publishing Ltd., pp. 141156. https://doi.org/10.1002/9781444303179.ch9

Fukushima, C.S., Mammola, S., Cardoso, P., 2020. Global wildlife trade permeates the Tree
of Life. Biol. Conserv. 247, 108503. https://doi.org/10.1016/j.biocon.2020.108503

Gamble, T.Simons, A.M., 2004. Comparison of harvested and nonharvested painted turtle
populations. Wildl. Soc. Bull. 32, 1269277. https://doi.org/10.2193/0091
7648(2004)032{[}1269:COHANP]2.0.CO;2

GarciaDiaz, P., Ross, J. V., Woolnough, A.P., Cassey, P., 2017llég& Wildlife Trade
Is a Likely Source of Alien Species. Conserv. Lett. 10 698.
https://doi.org/10.1111/conl.12301

191



Geary, R.C., 1930. The Frequency Distribution of the Quotient of Two Normal Variates A. J.
R. Stat. Soc. 93, 44246.

Gelman, A., Cdin, J.B., Stern, H.S., Dunson, D.B., Vehtari, A., Rubin, D.B., 2013. Bayesian
data analysis. CRC Press.

Gibson, L., Ming Lee, T., Pin Koh, L., Bradshaw, C.J.A., Laurance, W.F., Lovejoy, T.E.,
Sodhi, N.S., 2011. Primary Forests are Irreplaceble for Susgarropical Biodiversity.
Nature 478, 378381. https://doi.org/10.1038/nature10425

Gilbert, M., Sokha, C., Joyner, P.H., Thomson, R.L., Poole, C., 2012. Characterizing the
trade of wild birds for merit release in Phnom Penh, Cambodia and associatéal risks
health and ecology. Biol. Conserv. 153j 16.
https://doi.org/10.1016/j.biocon.2012.04.024

Gilroy, J.J., Edwards, D.P., 2017. Sou&iek Dynamics: a Neglected Problem for
Landscapescale Biodiversity Conservation in the Tropics. Curr. Landsc. EepoRs
2, 511 60. https://doi.org/10.1007/s408237-0023 3

GonzélezdelPliego, P., Freckleton, R.P., Edwards, D.P., Koo, M.S., Scheffers, B.R., Pyron,
R.A., Jetz, W., 2019. Phylogenetic and TBégtsed Prediction of Extinction Risk for
DataDeficient Amphbians. Curr. Biol. 29, 15571563.e3.
https://doi.org/10.1016/j.cub.2019.04.005

Gonzalez, J.A., 2003. Harvesting, local trade, and conservation of parrots in the Northeastern
Peruvian Amazon. Biol. Conserv. 114, 4346. https://doi.org/10.1016/S0006
320703)000715

Goolshy, E.W., 2016. Rphylopar&xample 3: Phylogenetic Signal [WWW Document].
URL https://github.com/ericgoolsby/Rphylopars/wiki/ExamplePhylogenetieSignal

Goolsby, E.W., Bruggeman, J., Ané, C., 2017. Rphylopars: fast multivariate phgtimge
comparative methods for missing data and widpecies variation. Methods Ecol. Evol.
8, 22 27. https://doi.org/10.1111/204110X.12612

Grames, E.M., Stillman, A.N., Tingley, M.W., Elphick, C.S., 2019. An automated approach
to identifying search tems for systematic reviews using keywordaxxurrence
networks. Methods Ecol. Evol. 10, 164%54. https://doi.org/10.1111/2041
210X.13268

192



Gray, T.N.E., Phan, C., 2011. Habitat preferences and activity patterns of the larger mammal
community in Phnom PricWildlife Sanctuary, Cambodia. Raffles Bull. Zool. 59, B11
318.

Hadfield, J.D., 2010. MCMC methods for mulisponse generalized linear mixed models:
The MCMCglmm R package. J. Stat. Softw. 3R A.
https://doi.org/10.18637/jss.v033.102

Haken, J., 2011ITransnational crime in the developing world, Global Financial Integrity.

Hall, J.S., Inogwabini, B.I., Williamson, E.A., Omari, |., Sikubwabo, C., White, L.J.T., 1997.
A survey of elephants (Loxodonta africana) in the KalBiega National Park lowland
sedor and adjacent forest in eastern Zaire. Afr. J. Ecol. 35,213
https://doi.org/10.1111/j.1368028.1997.0889088.x

Harfoot, M., Glaser, S.A.M., Tittensor, D.P., Britten, G.L., McLardy, C., Malsch, K.,
Burgess, N.D., 2018a. Unveiling the patterns medds in 4Q/ears of global trade in
CITES isted wildlife. Biol. Conserv. 223, 4B7.
https://doi.org/10.1016/j.biocon.2018.04.017

Harfoot, M., Glaser, S.A.M., Tittensor, D.P., Britten, G.L., McLardy, C., Malsch, K.,
Burgess, N.D., 2018b. Unveiling the patterns tadds in 40 years of global trade in
CITES isted wildlife. Biol. Conserv. 223, 4B7.
https://doi.org/10.1016/j.biocon.2018.04.017

Harris, J.B.C., Green, J.M.H., Prawiradilaga, D.M., Giam, X., Giyanto, Hikmatullah, D.,
Putra, C.A., Wilcove, D.S., 2015 shg market data and expert opinion to identify
overexploited species in the wild bird trade. Biol. Conserv. 18%6&1
https://doi.org/10.1016/j.biocon.2015.04.009

Harris, J.B.C., Tingley, M.W., Hua, F., Yong, D.L., Adeney, J.M., Lee, T.M., Marthy, W.,
Prawiradilaga, D.M., Sekercioglu, C.H., Suyadi, C.H., Winarni, N., Wilcove, D.S.,
2017. Measuring the impact of the pet trade on Indonesian birds. Conserv. Biol. 31,
394i 405. https://doi.org/10.1111/cobi.12729

Harrison, J.R., Roberts, D.L., Hernandeastrq J., 2016. Assessing the extent and nature of
wildlife trade on the dark web. Conserv. Biol. 30, Q4.
https://doi.org/10.1111/cobi.12707

193



Hedges, L. V., Gurevitch, J., Curtis, P.S., 1999. The 1aetdysis of response ratios in
experimental ecology. Btogy 80, 11501156. https://doi.org/10.1890/0012
9658(1999)080[1150: TMAORR]2.0.CO;2

Heinrich, S., Wittmann, T.A., Prowse, T.A.A., Ross, J. V, Delean, S., Shepherd, C.R.,
Cassey, P., 2016. Where did all the pangolins go? International CITES trade inrpangol
species. Glob. Ecol. Conserv. 8, 22%3. https://doi.org/10.1016/j.gecco.2016.09.007

Herrera, M., Hennessey, B., 2007. Quantifying the illegal parrot trade in Santa Cruz de la
Sierra, Bolivia, with emphasis on threatened species. Bird Conserv. 1885.300.
https://doi.org/10.1017/S0959270907000858

Hi ns | ey ,-RoMes, M., 2020. VBld assumptions? Questioning simplistic narratives
about consumer preferences for wildlife products. People Nat. 9892
https://doi.org/10.1002/pan3.10099

Hinsley, A., De Boer, H.J., Fay, M.F., Gale, S.W., Gardiner, L.M., Gunasekara, R.S., Kumar,
P., Masters, S., Metusala, D., Roberts, D.L., Veldman, S., Wong, S., Phelps, J., 2018. A
review of the trade in orchids and its implications for conservation. Botnd. Soc.

186, 43%455. https://doi.org/10.1093/botlinnean/box083

Hinsley, A., MilnerGulland, E.J., Cooney, R., Timoshyna, A., Ruan, X., Lee, T.M., 2020.
Building sustainability into the Belt and
trade. Nat. 8stain. 3, 96100. https://doi.org/10.1038/s418939-0460-6

Hinsley, A., Verissimo, D., Roberts, D.L., 2015. Heterogeneity in consumer preferences for
orchids in international trade and the potential for the use of market research methods to
study demandor wildlife. Biol. Conserv. 190, 8(86.
https://doi.org/10.1016/j.biocon.2015.05.010

Hoaglin, D.C., 2016. Mi sunder st andanalygis about
Stat. Med. 35, 48%195. https://doi.org/10.1002/sim.6632

Hothorn, T., Bretz, FF Westfall, P., Heiberger, R.M., Schuetzenmeister, A., Scheibe, S.,
2016. Package 0 multcomp 6. Simultaneous i

Hughes, A.C., Marshall, B.M., Strine, C.T., 2021. Gaps in global wildlife trade monitoring
leave amphibiamvulnerable. Elife 10,i23. https://doi.org/10.7554/eLife.70086

Hutton, J.M., LeadeWilliams, N., 2003. Sustainable use and incentvigen conservation:

194



Realigning human and conservation interests. Oryx 37,2265
https://doi.org/10.1017/S00306053IW395

Hutton, J.M., Webb, G., 2003. Crocodiles: legal trade snaps back. In: S. Oldfield (Ed.), The
Trade in Wildlife: Regulation for Conservation. Earthscan Publications Ltd, London.

Ingram, D.J., Coad, L., Abernethy, K.A., Maisels, F., Stokes, E.J.,,BaBq Breuer, T.,
Gandiwa, E., Ghiurghi, A., Greengrass, E., Holmern, T., Kamgaing, T.O.W., Ndong
Obiang, A.M., Poulsen, J.R., Schleicher, J., Nielsen, M.R., Solly, H., Vath, C.L.,
Waltert, M., Whitham, C.E.L., Wilkie, D.S., Scharlemann, J.P.W., 2018egsing
Africa-Wide Pangolin Exploitation by Scaling Local Data. Conserv. Lett. 19, 1
https://doi.org/10.1111/conl.12389

IPBES, 2019. Summary for policymakers of the global assessment report on biodiversity and
ecosystem services, Intergovernmental ismd>olicy Platform on Biodiversity and

Ecosystem Services.

IUCN, 2019. The IUCN Red List of Threatened Species. Version-2Q¥@WVW

Document]. URL https://www.iucnredlist.org/

J. Nickum, M., Masser, M., Reigh, R., Nickum, J.G., 2018. Alligator (Alligator
mississippiensis) Aquaculture in the United States. Rev. Fish. Sci. Aquaci 28, 86
https://doi.org/10.1080/23308249.2017.1355350

Jachmann, H., 2008. Monitoring laenforcement performance in nine protected areas in
Ghana. Biol. Conserv. 141, 8%9. htts://doi.org/10.1016/j.biocon.2007.09.012

Janssen, J., Chng, S.C.L., 2018. Biological parameters used in setting-begetiieg quotas
for I ndonesiabs breedings.facilities. Conse

https://doi.org/10.1111/cobi.12978

Jerozolimski, A., Pese C.A., 2003. Bringing home the biggest bacon: A esitesanalysis
of the structure of hunteill profiles in Neotropical forests. Biol. Conserv. 111, #15
425. https://doi.org/10.1016/S003207(02)0031&5

Jetz, W., Freckleton, R.P., 2015. Towards a General Framework for Predicting Threat Status
of DataDeficient Species From Phylogenetic, Spatial and Environmental Information.
Philos. Trans. R. Soc. B Biol. Sci. 370,1D. https://doi.org/10.1098/rstb.200016

Jetz, W., Pyron, R.A., 2018. The interplay of past diversification and evolutionary isolation

195



with present imperilment across the amphibian tree of life. Nat. Ecol. Evol. 23850
https://doi.org/10.1038/s41558.805155

Jetz, W., Thomas, G.H.,y0J.B., Hartmann, K., Mooers, A, O., 2012. The global diversity
of birds in space and time. Nature 491,1448. https://doi.org/10.1038/nature11631

Joanen, T., Merchant, M., Griffith, R., Linscombe, J., Guidry, A., 2021. Evaluation of Effects
of Harveston Alligator Populations in Louisiana. J. Wildl. Manage. 85, 686.
https://doi.org/10.1002/jwmg.22028

Jolly, C.J., Von Takach, B., Webb, J.K., 2021. Slow life history leaves endangered snake
vulnerable to illegal collecting. Sci. Rep. 11, 5380. httpsi/brg/10.1038/s4159821-
847451

Karesh, W.B., Cook, R.A., Bennett, E.L., Newcomb, J., 2005. Wildlife trade and global
disease emergence. Emerg. Infect. Dis. 11, 110002.

Kay, M., 2020. tidybayes: Tidy Data and Geoms for Bayesian Models.
https://doi.0og/10.5281/zenodo.1308151

Keane, A., Brooke, M.D.L., McGowan, P.J.K., 2005. Correlates of extinction risk and
hunting pressure in gamebirds (Galliformes). Biol. Conserv. 126,2385
https://doi.org/10.1016/j.biocon.2005.05.011

Keuroghlian, A., Desbiez, A., ReynaHurtado, R., Altrichter, M., Beck, H., Taber, A.,
Fragoso, J.M.V., 2013. Tayassu pecari. The IUCN Red List of Threatened Species 2013:
e.T41778A44051115 [WWW Document]. URL
https://dx.doi.org/10.2305/IUCN.UK.204BRLTS.T41778A44051115.en (acceds
9.16.21).

Khan, M.Z., Khan, B., Ahmed, E., Khan, G., Aimal, A., Ali, R., Abbas, S., Ali, M., Hussain,
E., 2014. Abundance, distribution and conservation of key ungulate species in Hindu
Kush, Karakoram and Western Himalayan (HKH) mountain ranges a$tRakint. J.
Agric. Biol. 16, 10501058.

Klemens, M.W., Moll, D., 1995. An assessment of the effects of commercial exploitation on
the pancake tortoise, Malacochersus tornieri, in Tanzania. Chelonian Conserv. Biol. 1,
197 206.

Kruschke, J., 2014. Doing Basian Data Analysis: A Tutorial with R, JAGS, and Stan, 2nd

196



Editio. ed. Academic Press.

Kumar, S., Stecher, G., Suleski, M., Hedges, S.B., 2017. TimeTree: A Resource for
Timelines, Timetrees, and Divergence Times. Mol. Biol. Evol. 34, 1'BAT9.
https://di.org/10.1093/molbev/msx116

Kiampel, N.F., MilnerGulland, E.J., Rowcliffe, J.M., Cowlishaw, G., 2008. Impact of-gun
hunting on diurnal primates in continental Equatorial Guinea. Int. J. Primatol. 29, 1065
1082. https://doi.org/10.1007/s107688-92549

Lajeunesse, M.J., 2015. Bias and correction for the log response ratio in ecologieal meta
analysis. Ecol. Soc. Am. 96, 2058)63.

Lajeunesse, M.J., 2013. Recovering missing or partial data from studies: A survey of
conversions and imputations for metaalyss, Handbook of Metanalysis in Ecology
and Evolution. Princeton Unviersity Press, Princeton, New Jersey, USA.
https://doi.org/10.23943/princeton/9780691137285.003.0013

Lechner, A.M., Chan, F.K.S., Camp8sceiz, A., 2018. Biodiversity conservation shoblel
a core value of Chinads Belt i@®wd Road I nit
https://doi.org/10.1038/s41558 7-0452-8

Leclerc, C., Courchamp, F., Bellard, C., 2018. Insular threat associations within taxa
worldwide. Sci. Rep. 8,iB. https://doi.or$fL0.1038/s4159818247330

Legg, T., Hatchard, J., Gilmore, A.B., 2021. The Science for Profit Mddel and why
corporations influence science and the use of science in policy and practice. PLoS One
16, I 24. https://doi.org/10.1371/journal.pone.0253272

Leung, B., Hargreaves, A.L., Greenberg, D.A., McGill, B., Dornelas, M., Freeman, R., 2020.
Clustered versus catastrophic global vertebrate declines. Nature 1
https://doi.org/10.1038/s4158820-2920-6

Leupen, B.T.C., Gomez, L., Shepherd, C.R., Nekarig, dmron, M.A., Nijman, V., 2020.
Thirty years of trade data suggests population declines in a once common songbird in
Indonesia. Eur. J. Wildl. Res. 66.

Lewis, M.G., 2009. Cites and rural livelihoods: The role of cites in making wildlife
conservation athpoverty reduction mutually supportive. J. Int. Wildl. Law Policy 12,
248 275. https://doi.org/10.1080/13880290903433014

197



Li, L., Jiang, Z., 2014. International Trade of CITES Listed Bird Species in China. PLoS One
9. https://doi.org/10.1371/journal.pon@85012

Linder, J.M., Oates, J.F., 2011. Differential impact of bushmeat hunting on monkey species
and implications for primate conservation in Korup National Park, Cameroon. Biol.
Conserv. 144, 73845. https://doi.org/10.1016/j.biocon.2010.10.023

Lyons, JA., Natusch, D.J.D., 2011. Wildlife laundering through breeding farms: Illegal
harvest, population declines and a means of regulating the trade of green pythons
(Morelia viridis) from Indonesia. Biol. Conserv. 144, 303381.
https://doi.org/10.1016/j.bamn.2011.10.002

Mace, G.M., Collar, N.J., Gaston, K.J., Hiltdaylor, C., Akcakaya, H.R., Lead®Vvilliams,
N., Milner-Gu | | and, E. J., Stuart, S. N. , 2008.
system for classifying threatened species. Conserv. Bipll4224 1442.
https://doi.org/10.1111/j.1528739.2008.01044.x

Mace, G.M., Norris, K., Fitter, A.H., 2012. Biodiversity and ecosystem services: A
multilayered relationship. Trends Ecol. Evol. 27} 26.
https://doi.org/10.1016/j.tree.2011.08.006

Magige, F.J Holmern, T., Stokke, S., Mlingwa, C., Rgskaft, E., 2009. Does illegal hunting
affect density and behaviour of African grassland birds? A case study on ostrich
(Struthio camelus). Biodivers. Conserv. 18, 1i36373. https://doi.org/10.1007/s10531
00894816

Makowski, D., BerShachar, M., Ludecke, D., 2019a. bayestestR: Describing Effects and
their Uncertainty, Existence and Significance within the Bayesian Framework. J. Open
Source Softw. 4, 1541. https://doi.org/10.21105/joss.01541

Makowski, D., BerShaclar, M.S., Chen, S.H.A., Lidecke, D., 2019b. Indices of Effect
Existence and Significance in the Bayesian Framework. Front. Psychoi. 140, 1
https://doi.org/10.3389/fpsyg.2019.02767

Maldonado, A.M., Nijman, V., Bearder, S.K., 2009. Trade in night monkeyss spp. in
the BrazitColombiaPeru triborder area: International wildlife trade regulations are
ineffectively enforced. Endanger. Species Res. 9 14Q
https://doi.org/10.3354/esr00209

198



Maldonado, A.M., Peck, M.R., 2014. Research and in situ caais@mof owl monkeys
enhances environmental law enforcement at the Coloriteamvian border. Am. J.
Primatol. 76, 658669. https://doi.org/10.1002/ajp.22260

Mambeya, M.M., Baker, F., Momboua, B.R., Koumba Pambo, A.F., Hega, M., Okouyi
Okouyi, V.J., OnangaM., Challender, D.W.S., Ingram, D.J., Wang, H., Abernethy, K.,
2018. The emergence of a commercial trade in pangolins from Gabon. Afr. J. Ecol. 56,
601 609. https://doi.org/10.1111/aje.12507

Margulies, J.D., Wong, R. W.AYs.i,a nD uSfufpye,r RCo,n s2u0
critique of demand reduction campaigns for the illegal wildlife trade. Geoforum 107,
216 219. https://doi.org/10.1016/j.geoforum.2019.10.005

Marsh, S.M.E., Hoffmann, M., Burgess, N.D., Brooks, T.M., Challender, D.W.S., Cremona,
P.J, Hilton-Taylor, C., de Micheaux, F.L., Lichtenstein, G., Roe, D., Bohm, M., 2021.
Prevalence of sustainable and unsustainable use of wild species inferred from the [UCN
Red List of Threatened Species. Conserv. Biol4l https://doi.org/10.1111/cobi.188

Marshall, B.M., Strine, C., Hughes, A.C., 2020. Thousands of reptile species threatened by
underregulated global trade. Nat. Commun. 1i1124. https://doi.org/10.1038/s41467
020-185234

Marshall, B.M., Strine, C.T., Fukushima, C.S., Cardoso, P., Q€, NHughes, A.C., 2022.
Searching the web builds fuller picture of arachnid trade. Commun. Biol. 5.
https://doi.org/10.1038/s420aR2-033740

Marshall, H., Collar, N.J., Lees, A.C., Moss, A., Yuda, P., Marsden, S.J., 2020a- Spatio
temporal dynamics of esumer demand driving the Asian Songbird Crisis. Biol.
Conserv. 241, 108237. https://doi.org/10.1016/j.biocon.2019.108237

Marshall, H., Collar, N.J., Lees, A.C., Moss, A., Yuda, P., Marsden, S.J., 2020b.
Characterizing birckeeping usegroups on Java reats distinct behaviours, profiles
and potential for change. People Nat. 2,i8BB. https://doi.org/10.1002/pan3.10132

Martin, Rowan O, 2018. The wild bird trade and African parrots: past, present and future
challenges. Ostrich 89, 18%43. https://doi.or(.0.2989/00306525.2017.1397787

Martin, R O, 2018. Grey areas: temporal and geographical dynamics of international trade of
Grey and Timneh Parrots (Psittacus erithacus and P. timneh) under CITE3wStral

199



Ornithol. 118, 11B125. https://doi.org/10.10801584197.2017.1369854

MateoTomas, P., LopeBao, J. V, 2020. Poisoning poached megafauna can boost trade in
African vultures. Biol. Conserv. 241. https://doi.org/10.1016/j.biocon.2019.108389

Maxwell, S.L., Fuller, R.A., Brooks, T.M., Watson, J.E.M., 20&&diversity: The ravages
of guns, nets and bulldozers. Nature 536, 143. https://doi.org/10.1038/536143a

McClenachan, L., Cooper, A.B., Dulvy, N.K., 2016. Rethinking T+Bd&en Extinction
Risk in Marine and Terrestrial Megafauna. Curr. Biol. 26,016646.
https://doi.org/10.1016/j.cub.2016.05.026

McFadden, D., 1977. Quantitative Methods For Analyzing Travel Behaviour Of Individuals:
Some Recent Developments. Cowles Foundation Discussion Paper No. 474. Cowles

Found. Discuss. Pap.

Mcllhenny, E.A., 198. Chapter VII: Enemies, in: The Alligators Life History. Boston, USA,
pp. 76 79.

Mena, I., Nelson, M.l., Quezaddonroy, F., Dutta, J., Cortdsernandez, R., LatBuente,
J.H., CastrePeralta, F., Cunha, L.F., Trovao, N.S., Lozéhdernard, B., RambalA,,
Van Bakel, H., Garci&astre, A., 2016. Origins of the 2009 H1N1 influenza pandemic
in swine in Mexico. Elife 5,121. https://doi.org/10.7554/eLife.16777

Milner-Gulland, E.J., Akgakaya, H.R., 2001. Sustainability indices for exploited populations.
Trends Ecol. Evol. 16, 68®92. https://doi.org/10.1016/S016347(01)0227&

Milner-Gulland, E.J., Clayton, L., 2002. The trade in babirusas and wild pigs in North
Sulawesi, Indonesia. Ecol. Econ. 42, 1633. https://doi.org/10.1016/S0921
8009(02)0004-2

Morton, O., Scheffers, B.R., Haugaasen, T., Edwards, D.P., 2022. Mixed protection of
threatened species traded under CITES. Curr. Biol.i32,.1
https://doi.org/10.1016/j.cub.2022.01.011

Morton, O., Scheffers, B.R., Haugaasen, T., Edwards, D.P., 2021.tthgdacildlife trade
on terrestrial biodiversity. Nat. Ecol. Evol. 5, 5%@8. https://doi.org/10.1038/s41559
021-01399y

Muchaal, P.K., Ngandjui, G., 1999. Impact of Village Hunting on Wildlife Populations in the

200



Western Dja Reserve , Cameroon. Consel. B3, 385 396.

Nash, H.C., Wong, M.H.G., Turvey, S.T., 2016. Using local ecological knowledge to
determine status and threats of the Critically Endangered Chinese pangolin (Manis
pentadactyla) in Hainan, China. Biol. Conserv. 196 189.
https://doi.@g/10.1016/j.biocon.2016.02.025

Natusch, D.J.D., Aust, P.W., Shine, R., 2021. The perils of flawed science in wildlife trade
literature. Conserv. Biol. 35, 1306404. https://doi.org/10.1111/cobi.13716

Natusch, D.J.D., Lyons, J.A., Mumpuni, Riyanto, A.ifeh R., 2019. Harvest Effects on
Blood Pythons in North Sumatra. J. Wildl. Manage. https://doi.org/10.1002/jwmg.21790

Natusch, D.J.D., Lyons, J.A., Mumpuni, Riyanto, A., Shine, R., 2016. Jungle giants:
Assessing sustainable harvesting in a diffitodsurvey species (Python reticulatus).
PLoS One 11,i114. https://doi.org/10.1371/journal.pone.0158397

Nelson, A., Weiss, D.J., van Etten, J., Cattaneo, A., McMenomy, T.S., Koo, J., 2019. A suite
of global accessibility indicators. Sci. data 6, 266. https:6dy10.1038/s4159019
02655

Nguyen, A., Tran, V.B., Hoang, D.M., Nguyen, T.A.M., Nguyen, D.T., Tran, V.T., Long, B.,
Meijaard, E., Holland, J., Wilting, A., Tilker, A., 2019. Caménap evidence that the
silver-backed chevrotain Tragulus versicolom@gns in the wild in Vietham. Nat. Ecol.
Evol. 3, 16501654. https://doi.org/10.1038/s415699- 10277

Nielsen, M.R., Meilby, H., Smitidall, C., Pouliot, M., Treue, T., 2018. The Importance of
Wild Meat in the Global South. Ecol. Econ. 146, 6B65.
https//doi.org/10.1016/j.ecolecon.2017.12.018

Nijman, V., 2019. Souvenirs , Shells , and the lllegal Wildlife Trade. J. Ethnobiol. 39, 282
296.

Nijman, V., 2015. CITESistings, EU eel trade bans and the increase of export of tropical
eels out of Indonesia. MaPolicy 58, 3641.
https://doi.org/10.1016/j.marpol.2015.04.006

Nijman, V., 2010. An overview of international wildlife trade from Southeast Asia.
Biodivers. Conserv. 19, 1101114. https://doi.org/10.1007/s1056809-97584

201



Nijman, V., Campera, M., Ardissyah, A., Balestri, M., El Bizri, H.R., Budiadi, B., Dewi, T.,
Hedger, K., Hendrik, R., Imron, M.A., Langgeng, A., Morcatty, T.Q., Weldon, A. V.,
Nekaris, K.A.l., 2021. Largscale trade in a songbird that is extinct in the wild.
Diversity 13. https://dodrg/10.3390/d13060238

Nijman, V., Langgeng, A., Birot, H., Imron, M.A., Nekaris, K.A.l., 2018. Wildlife trade,
captive breeding and the imminent extinction of a songbird. Glob. Ecol. Conserv. 15.
https://doi.org/10.1016/j.gecco.2018.e00425

Nijman, V., Nelaris, K.A.l., 2017. The Harry Potter effect: The rise in trade of owls as pets
in Java and Bali, Indonesia. Glob. Ecol. Conserv. 11984
https://doi.org/10.1016/j.gecco.2017.04.004

Nijman, V., Sari, S.L., Siriwat, P., Sigaud, M., Nekaris, KLA.I.l., 2017. Records of 4
Critically Endangered songbirds on the markets of Java suggests domestic trade is a
major impediment of their conservation. Bird. ASIA 27i 2¥.

Ni j man, V., Shepher d, -bG.eRl.0o, b2 Oildss. fTrroard e hoef Six
A closer look at the global trade in hornbills. Malayan Nat. J. 67, 2883
Nufeziturril, G., Howe, H.F., 2007. Bushmeat and the Fate of Trees with Seeds Dispersed
by Large Primates in a Lowland Rain Forest in Western Amazonia. Biotropica 39, 348
354.
Nunez, G.E.l., 2007. The Effects of Hunting on the Regeneration of Trees In Mature
Floodplain Forests. University of lllinois.
O6Brien, S., Emahal al a, E.R., Beard, V., Ra k

Coulson, T., 2003. Decline of the Madagaseaiated tortoise Geochelone radiata due
to overexploitation. ORYX 37, 33843. https://doi.org/10.1017/S0030605303000590

Orme, D., Freckleton, R.P., Thomas, G., Petzoldt, T., Fritz, S., Isaac, N., Pearse, W., 2018.
caper: Comparative Analyses of Phylogeos and Evolution in R. R package version
1.0.1.

Panter, C.T., Atkinson, E.D., White, R.L., 2019. Quantifying the global legal trade in live
CITES/isted raptors and owls for commercial purposes overyedd period. Avocetta
43, 23 36. https://doi.ordl0.30456/av0.2019104

Papworth, S., MilneGulland, E.J., Slocombe, K., 2013. Hunted Woolly Monkeys (Lagothrix

202



poeppigii) Show Threabensitive Responses to Human Presence. PLoS One 8.
https://doi.org/10.1371/journal.pone.0062000

Paradis, E., Schliep, K.029. Ape 5.0: An environment for modern phylogenetics and
evolutionary analyses in R. Bioinformatics 35, 62883.
https://doi.org/10.1093/bioinformatics/bty633

Parsons, E.C.M., Rose, N.A., Telecky, T.M., 2010. The trade in livePagddic bottlenose
dolphins from Solomon Islanda CITES decision implementation case study. Mar.
Policy 34, 384388. https://doi.org/10.1016/j.marpol.2009.08.008

Patel, N.G., Rorres, C., Joly, D.O., Brownstein, J.S., Boston, R., Levy, M.Z., Smith, G.,
2015. Quantitative methodad identifying the key nodes in the illegal wildlife trade
network. Proc. Natl. Acad. Sci. U. S. A. 112, 704853.
https://doi.org/10.1073/pnas.1500862112

Patrick, D.A., Shirk, P., Vonesh, J.R., Harper, E.B., Howell, K.M., 2011. Abundance and
roosting eology of chameleons in the Eastern Arc Mountains of Tanzania and potential

effects of harvesting. Herpetol. Conserv. Biol. 6,14231.

Phel ps, J., Webb, E.L., 2015. Al nvisiblebo
illegal trade in wild ornamentallants. Biol. Conserv. 186, 26805.
https://doi.org/10.1016/j.biocon.2015.03.030

Phelps, J., Webb, E.L., Bickford, D., Nijman, V., Sodhi, N.S., 2011. Boosting CITES. Sci.
Policy Forum 330, 1752.753.

Poulsen, J.R., Clark, C.J., Bolker, B.M., 2011. Detiogpghe efect of logging and hunting
on an Afrotropical animal community. Ecol. Appl. 21, 181836.
https://doi.org/10.2307/23023120

QGIS Development Team, 2020. QGIS Geographic Information System 3.12.0. Open Source

Geospatial Foundation Project.

Quetghs, A., Rueda, L., AlvareBerastegui, D., Guijarro, B., Massulti, E., 2016. Contrasting
responses to harvesting and environmental drivers of fast and slow life history species.
PLoS One 11,i115. https://doi.org/10.1371/journal.pone.0148770

R Core Team, ZD. R: A language and environment for statistical computing. R Foundation

for Statistical Computing, Vienna, Austria.

203

Wi



R Core Team, 2019. R: A language and environment for statistical computing. R Foundation

for Statistical Computing.

Rao, M., Zaw, T., HtunS., Myint, T., 2011a. Hunting for a Living: Wildlife Trade, Rural
Livelihoods and Declining Wildlife in the Hkakaborazi National Park, North Myanmar.
Environ. Manage. 48, 15867. https://doi.org/10.1007/s0026711-9662z

Rao, M., Zaw, T., Htun, S., MyinT., 2011b. Hunting for a living: Wildlife trade, rural
livelihoods and declining wildlife in the Hkakaborazi National Park, north Myanmar.
Environ. Manage. 48, 15867. https://doi.org/10.1007/s0026711-9662z

Reino, L., Figueira, R., Beja, P., ArauMd,B., Capinha, C., Strubbe, D., 2017. Networks of
global bird invasion altered by regional trade ban. Sci. Advi 3, 1
https://doi.org/10.1126/sciadv.1700783

Remis, M.J., Kpanou, J.B., 2010. Primate and ungulate abundance in responseusenulti
zoningand human extractive activities in a Central African Reserve. Afr. J. Ecol. 49,
70i 80. https://doi.org/10.1111/j.136%28.2010.01229.x

Rentschlar, K.A., Miller, A.E., Lauck, K.S., Rodiansyah, M., Bobby, Muflihati, Kartikawati,
2018. A Silent Morning: Th&ongbird Trade in Kalimantan, Indonesia. Trop. Conserv.
Sci. 11. https://doi.org/10.1177/1940082917753909

Ripple, W.J., Wolf, C., Newsome, T.M., Hoffmann, M., Wirsing, A.J., McCauley, D.J., 2017.
Extinction risk i s most alestwdrtebrates ProctNate wor |
Acad. Sci. U. S. A. 114, 1067¥80683. https://doi.org/10.1073/pnas.1702078114

Rist, J., MilnerGulland, E.J., Cowlishaw, G., Rowcliffe, J.M., 2009. The Importance of
Hunting and Habitat in Determining the Abundance of Tralgt@rest Species in
Equatorial Guinea. Biotropica 41, A0ALO. https://doi.org/10.1111/j.1744
7429.2009.00527.x

Rivalan, P., Delmas, V., Angulo, E., Bull, L.S., Hall, R.J., Courchamp, F., Rosser, A.M.,
LeaderWilliams, N., 2007. Can bans stimulate wildlifrade? Nature 447, 52880.
https://doi.org/10.1038/447529a

Rivera, S.N., Knight, A., McCulloch, S.P., 2021. Surviving the wildlife trade in Southeast
Asia: Reforming the o6disposal é of ¢&onfi sca
20. https://doi.cg/10.3390/ani11020439

204



Robinson, J.E., Fraser, L.M., St John, F.A. V, Randrianantoandro, J.C., Andriantsimanarilafy,
R.R., Razafimanahaka, J.H., Griffiths, R.A., Roberts, D.L., 2018. Wildlife supply chains
in Madagascar from local collection to global estp8iol. Conserv. 226, 14452.
https://doi.org/10.1016/j.biocon.2018.07.027

Robinson, J.E., Sinovas, P., 2018. Challenges of analyzing the global trade inrlSté&S
wildlife. Conserv. Biol. 32, 1203.206. https://doi.org/10.1111/cobi.13095

Roe, D., Deckman, A., Kock, R., Milnegulland, E.J., Rihoy, E., Saslfes, M., 2020.
Beyond banni ng wtlD donsefvationtandalevelopmentQ/oxid Dev.
136, 105121. https://doi.org/10.1016/j.worlddev.2020.105121

RomereMufioz, A., Benited.0pez, A.,Zurell, D., Baumann, M., Camino, M., Decarre, J.,
Castillo, H., Giordano, A.J., Gbm@zalencia, B., Levers, C., Noss, A.J., Quiroga, V.,
Thompson, J.J., Torres, R., Velilla, M., Weiler, A., Kuemmerle, T., 2020. Increasing
synergistic effects of habitat steuction and hunting on mammals over three decades in
the Gran Chaco. Ecography (Cop.). 43,1%86. https://doi.org/10.1111/ecog.05053

RomereMufioz, A., Torres, R., Noss, A.J., Giordano, A.J., Quiroga, V., Thompson, J.J.,
Baumann, M., Altrichter, M., McBde, R., Velilla, M., Arispe, R., Kuemmerle, T.,
2019. Habitat loss and overhunting synergistically drive the extirpation of jaguars from
the Gran Chaco. Divers. Distrib. 25, 1760. https://doi.org/10.1111/ddi.12843

Rosenberg, M.S., 2005. The fitkawe problem revisited: A general weighted method for
calculating falsafe number in metanalysis. Evolution (N. Y). 59, 46468.
https://doi.org/10.1521/00332747.1958.11023140

Rosenthal, R., 1979. The file drawer problem and tolerance for null resulktboRHull. 86,
638 641.

Rovero, F., Mtui, A.S., Kitegile, A.S., Nielsen, M.R., 2012. Hunting or habitat degradation?
Decline of primate populations in Udzungwa Mountains, Tanzania: An analysis of
threats. Biol. Conserv. 146, 1896. https://doi.org/10.101tbiocon.2011.09.017

Rubin, D.B., Schenker, N., 1991. Multiple imputation in healhe databases: an overview

and some applications. Stat. Med. 10, 1598.

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, E., Bloomfield, J., Dirzo, R.,-Saberald,
E., Huenneke, L.F., Jackson, R.B., Kinzig, A., Leemans, R., Lodge, D.M., Mooney,

205



H.A., Oesterheld, M., Poff, N.L.R., Sykes, M.T., Walker, B.H., Walker, M., Wall, D.H.,
2000. Global biodiversity scenarios for the year 2100. Scienee)(&B7, 17701774.
https://doi.org/10.1126/science.287.5459.1770

SancheaMercado, A., Asmussen, M., Paul Rodriguez, J., Moran, L., Carfdodaneta, A.,
Isabel Morales, L., 2020. lllegal trade of the Psittacidae in Venezuela. ORYXi®BB.77
https://doi.org/10.1017/S0030605310120X

Scheffers, B.R., Oliveira, B.F., Lamb, |., Edwards, D.P., 2019. Global wildlife trade across
the tree of life. Science (80). 76, 7176.

Schoppe, S., Matillano, J., Cervancia, M., Acosta, D., 2010. Conservation Needs of the
Critically Endangere@hilippine Forest Turtle, Siebenrockiella leytensis, in Palawan,
Philippines. CHELONIAN Conserv. Biol. 9, 14553. https://doi.org/10.2744/CCB
0783.1

Secretariat of the Convention on Biological Diversity, 2020. Global Biodiversity Outlook 5:

Summary for Plicymakers. Montréal.

Segura, A., Acevedo, P., 2019. The importance of protected and unprotected areas for the
Mediterranean sptthighed tortoise demography in Northwest Morocco. Amphibia
Reptilia. https://doi.org/10.6084/m9.figshare.7751783.v1

ShepherdC.R., Cassey, P., 2017. Songbird trade crisis in Southeast Asia leads to the
formation of IUCN SSC Asian Songbird Trade Specialist Group. J. Indones. Nat. Hist.
5,35.

Shepherd, C.R., Eaton, J.A., Chng, S.C.L., 2016. Nothing to laugh-ablo@tongoing
illegal trade in laughingthrushes (Garrulax species) in the bird markets of Java,
Indonesia. Bird Conserv. Int. 26, 5580. https://doi.org/10.1017/S0959270916000320

Shine, R., Ambariyanto, Harlow, P.S., Mumpuni, 1999. Reticulated pythons in Sumatra:
Biology, harvesting and sustainability. Biol. Conserv. 87, 359.
https://doi.org/10.1016/S00a&207(98)00068B

Shrestha, U.B., Bawa, K.S., 2013. Trade, harvest, and conservation of caterpillar fungus
(Ophiocordyceps sinensis) in the Himalayas. Biol. Condéi®, 514 520.
https://doi.org/10.1016/j.biocon.2012.10.032

Simpson, G.L., 2018. Modelling palaeoecological time series using generalised additive

206



models. Front. Ecol. Evol. 6] 21. https://doi.org/10.3389/fevo.2018.00149

Sims, M.E., Baker, B.W., HoescR,M., 2011. Tusk or bone? An example of ivory substitute
in the wildlife trade. Ethnobiol. Lett. 2, 484. https://doi.org/10.14237/ebl.2.2011-.40
44

Sinovas, P., Price, B., King, E., Hinsley, A., Pavitt, A., 2017. Wildlife Trade In The Amazon
Countries: Amanalysis of trade in CITES listed species. Technical report prepared for
the Amazon Regional Program (BMZ/DGIS/GIZ).
https://doi.org/10.13140/RG.2.2.33501.00482

Slavenko, A., Tallowin, O.J.S., ltescu, Y., Raia, P., Meiri, S., 2016. Late Quaternary reptile
extinctions: size matters, insularity dominates. Glob. Ecol. Biogeogr. 25| 132@.
https://doi.org/10.1111/geb.12491

Smith, K.F., Behrens, M., Schloegel, L.M., Marano, N., Burgiel, S., Daszak, P., 2009.
Reducing the risks of the wildlife trade. Sciel(i@é-. ). 324, 594595.
https://doi.org/10.1126/science.1174460

Smith, M.J., BeniteDiaz, H., Clement®ufioz, M.A., Donaldson, J., Hutton, J.M., Noel
Mc Gough, H., Medellin, R. A. , Mor gan, D.
Schippmann, U., William$R.J., 2011. Assessing the impacts of international trade on
CITES isted species: Current practices and opportunities for scientific research. Biol.
Conserv. 144, 881. https://doi.org/10.1016/j.biocon.2010.10.018

Smithson, M., Verkuilen, J., 2006. A batiemon squeezer? Maximdikelihood regression
with betadistributed dependent variables. Psychol. Methods 11,154
https://doi.org/10.1037/108289X.11.1.54

Sung, Y-H., Karraker, N.E., Hau, B.C.H., 2013. Demographic Evidence of lllegal
Harvesting ofan Endangered Asian Turtle. Conserv. Biol. 27, 14228.
https://doi.org/10.1111/cobi.12102

Sweeting, M.J., Sutton, A.J., Lambert, P.C., 2004. What to add to nothing? Use and
avoidance of continuity corrections in metaalysis of sparse data. Stat. M28, 1351
1375. https://doi.org/10.1002/sim.1761

Symes, W.S., Edwards, D.P., Miettinen, J., Rheindt, F.E., Carrasco, L.R., 2018. Combined

impacts of deforestation and wildlife trade on tropical biodiversity are severely

207



underestimated. Nat. Commun. 9, 406i2ps://doi.org/10.1038/s4146¥18-065792

Tensen, L., 2016. Under what circumstances can wildlife farming benefit species
conservation? Glob. Ecol. Conserv. 6, ?2388.
https://doi.org/10.1016/j.gecco.2016.03.007

ThomasWalters, L., Hinsley, A., Bergi)., Burgess, G., Doughty, H., Eppel, S.,
MacFarlane, D., Meijer, W., Lee, T.M., Phelps, J., Smith, R.J., Wan, A.K.Y., Verissimo,
D., 2021. Motivations for the use and consumption of wildlife products. Conserv. Biol.
35, 483491. https://doi.org/10.1111/cob3578

ThomasWalters, L., Verissimo, D., Gadshy, E., Roberts, D., Smith, R.J., 2020. Taking a
more nuanced look at behavior change for demand reduction in the illegal wildlife trade.
Conserv. Sci. Pract. 2 10. https://doi.org/10.1111/csp2.248

Thorbjamnarson, J., 1999. Crocodile tears and skins: International trade, economic constraints,
and limits to the sustainable use of crocodilians. Conserv. Biol. 184465
https://doi.org/10.1046/].1528739.1999.00011.x

Thuiller, W., Broennimann, O., Hughes,,@lkemade, J.R.M., Midgley, G.F., Corsi, F.,
2006. Vulnerability of African mammals to anthropogenic climate change under
conservative land transformation assumptions. Glob. Chang. Biol. 1244124
https://doi.org/10.1111/].1368486.2006.01115.x

Tierrey, M., Almond, R., StanweBmith, D., McRae, L., Zéckler, C., Collen, B., Walpole,
M., Hutton, J., De Bie, S., 2014. Use it or lose it: Measuring trends in wild species
subject to substantial use. Oryx 48, 42P9.
https://doi.org/10.1017/S00306053130686

Tittensor, D.P., Harfoot, M., Mclardy, C., Britten, G.L., Keecsgy, K., Malsch, K., 2020.
Evaluating the relationships between the legal and illegal international wildlife trades.
Conserv. Lett. 110. https://doi.org/10.1111/conl.12724

ToledoAceves,T., GarciaFranco, J.G., LopeBarrera, F., 2014. Bromeliad rain: An
opportunity for cloud forest management. For. Ecol. Manage. 3291389
https://doi.org/10.1016/j.foreco.2014.06.022

Toomes, A., Garci®iaz, P., Stringham, O.C., Ross, J. V., Mitchel],Cassey, P., 2022.

Drivers of the Australian native pet trade: The role of species traits, socioeconomic

208



attributes and regulatory systems. J. Appl. Ecol. 59, I1P583.
https://doi.org/10.1111/1368664.14138

Topp-Jorgensen, E., Nielsen, M.R., MarshAlLR., Pedersen, U., 2009. Relative densities of
mammals in response to different levels of bushmeat hunting in the Udzungwa
Mountains, Tanzania. Trop. Conserv. Sci. 3,80
https://doi.org/10.1177/194008290900200108

TRAFFIC, 2016. Captive Breeding aRé&nching: The case for a new CITES mechanism for
reviewing trade. TRAFFIC Brief.i}.

UNEP-WCMC, 2020. Selection of species for inclusion in the Review of Significant Trade
following COP18: Extended Analysis. AC31 Doc.13.4 Annex 2.

UNEP-WCMC, 2019. User Mnual for the World Database on Protected Areas and world
database on other effective areabased conservation measures: 1.6WINEP,

UNEP-WCMC and IUCN, 2020. Protected Planet: The World Database on Protected Areas
(WDPA). Cambridge, UK: UNERVCMC and ILCN.

Upham, N.S., Esselstyn, J.A., Jetz, W., 2019. Inferring the mammalSpeeiedevel sets

of phylogenies for questions in ecology , evolution , and conservation. PLoSiBidl. 1
Urbanek, S., 2013. png: Read and write PNG images.

Van Borm, S., Thomas, |., Hanquet, G., Lambrecht, B., Boschmans, M., Dupont, G.,
DecaesteckeiM., Snacken, R., Van Den Berg, T., 2005. Highly pathogenic H5N1
influenza virus in smuggled Thai eagles, Belgium. Emerg. Infect. Dis. 117082
https://doi.org/10.3201/eid1105.050211

van Uhm, D., Siegel, D., 2016. The illegal trade in black caviand&®rgan. Crime 19, 67
87. https://doi.org/10.1007/s121-016-92645

Viechtbauer, W., 2010. Conducting metaalyses in R with the metafor. J. Stat. Softw. 36,
1i 48. https://doi.org/10.18637/jss.v036.i03

Vilela, T., Harb, A.M., Bruner, A., Da Silva Arrud¥.L., Ribeiro, V., Alencar, A.A.C.,
Grandez, A.J.E., Rojas, A., Laina, A., Botero, R., 2020. A better Amazon road network
for people and the environment. Proc. Natl. Acad. Sci. U. S. A. 1177 7093.
https://doi.org/10.1073/pnas.1910853117

209



Watson, J.BM., Shanahan, D.F., Di Marco, M., Allan, J., Laurance, W.F., Sanderson, E.W.,
Mackey, B., Venter, O., 2016. Catastrophic Declines in Wilderness Areas Undermine
Global Environment Targets. Curr. Biol. 26, 282934.
https://doi.org/10.1016/j.cub.2016.08.049

Wauchope, H.S., Amano, T., Geldmann, J., Johnston, A., Simmons, B.l., Sutherland, W.J.,
Jones, J.P.G., 2020. Evaluating Impact Using T8ades Data. Trends Ecol. Evol. xx,
1i 10. https://doi.org/10.1016/}.tree.2020.11.001

Webb, G.J.W., 2002. Conservatiand sustainable use of wildliféAn evolving concept.
Pacific Conserv. Biol. 8, 126. https://doi.org/10.1071/pc020012

Wickham, H., 2016. ggplot2: Elegant Graphics for Data Analysis.

Wickham, H., Francois, R., Henry, L., Muller, K., 2021. dplyr: A Graanmiof Data
Manipulation.

Wijnstekers, W., 2007. Secreta@/e ner al 6 s st atements: Trade in

Document]. URL https://cites.org/eng/news/sundry/2007/dolphin.shtml

Wi | man, H., J., B., J., S. , C. ,SpecieHevel L . R. |, M.
foraging attributes of the worldodos birds a

Winter, B., Burkner, P.C., 2021. Poisson regression for linguists: A tutorial introduction to
modelling count data with brms. Lang. Linguist. Compass 153.1
https://abi.org/10.1111/Inc3.12439

Wittemyer, G., Northrup, J.M., Blanc, J., Dougldamilton, I., Omondi, P., Burnham, K.P.,
2014. lllegal killing for ivory drives global decline in African elephants. Proc. Natl.
Acad. Sci. U. S. A. 111, 1311¥3121. https://doiy@/10.1073/pnas.1403984111

Wolf, D., Oldfield, T.E.E., McGough, N., 2018. CITES ndetriment findings for timber: a
nine-step process to support CITES Scientific Authorities making scieased non
detriment findings (NDFs) for timber/tree species liste@ITES Appendix Il: version
3.0. Bundesamt fur Naturschutz (BfN), Federal Agency for Nature Conservation, Bonn,

Germany.

Xiao, L., Lu, Z., Li, X., Zhao, X., Li, B. V., 2021. Why do we need a wildlife consumption
ban in China? Curr. Biol. 31, R168172.https://doi.org/10.1016/j.cub.2020.12.036

210



Xu, L., Guan, J., Lau, W., Xiao, Y., 2016. An Overview of Pangolin Trade in China.
TRAFFIC Brief. 1 10.

Yang, N., Liu, P., Li, W., Zhang, L., 2020. Permanently ban wildlife consumption. Science
(80-.). 367, 143141345. https://doi.org/10.1126/science.abb1938

Yasuoka, H., 2006. The sustainability of duiker (cephalophus spp.) hunting for the baka
huntergatherers in southeastern cameroon. Afr. Study Monogr. 33205

Yin, R.Y., Ye, Y.C., Newman, C., Buesching, C.Macdonald, D.W., Luo, Y., Zhou, Z.M,,
2020. Chinads online parrot trade: Generat
volume via price. Glob. Ecol. Conserv. 23, e01047.
https://doi.org/10.1016/j.gecco.2020.e01047

211



