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Abstract

The ivory trade is of global interest due to its potential impacts on elephant conservation.
Thailand permits the domestic trade of ivory from registered Thai domesticated
elephants. The legal status of privately owned, captive elephants differs from that of wild
individuals, with consequences for the lawful use of ivory from captive animals. Tusks
from privately-owned elephants continue to be trimmed for reasons of human safety and
elephant welfare, providing an ongoing source of ivory from live animals. In addition,
whole tusks are harvested from Asian elephants that die naturally. Nonetheless, the Thai
domestic ivory trade is controversial because of the perception that it is unsustainable and
inadequately controlled and may mask an illegal market for ivory from both African and

other Asian elephants.

A sustainable domestic ivory market in Thailand has the potential to benefit the local
economy, the individual livelihoods of actors in the domestic ivory supply chain and the
conservation of Asian elephants. My research aimed to inform the evidence base for a
sustainable ivory market in Thailand using comprehensive and novel approaches involving
both natural and social science methods. To achieve the aim, I addressed two main objectives:
1) To investigate how control mechanisms relevant to the domestic ivory trade in Thailand
could be strengthened; and 2) To understand the market interactions related to the legal
domestic ivory trade in Thailand. These objectives were expanded into five sub-objectives,

each addressed in a data chapter in this thesis.

For the ivory control mechanism (Objective 1), I reviewed Thai legislation related to the
control of domestic ivory trade and compliance with the CITES convention. There are
eight laws relevant to the control of ivory depending on the legal status of the source
elephants. The relevant legislation, reformed in 2015, meets CITES obligations and
enables the control of both the international and domestic ivory trade. However, this
complex legal framework imposes a significant compliance burden on relevant users due to
its complexity and high transaction costs. Elephant owners, ivory traders and ivory
consumers are aware of these laws, particularly about the illegality of ivory from African
and wild Asian elephants, as well as the restrictions around the domestic trade and the
export and import of ivory. However, I found that the accuracy and scope of knowledge

varied among groups of actors in the ivory supply chain. Some elephant owners were
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confused about the administrative procedures resulting from multiple laws, although their
overall perception of the system was generally positive. [vory consumers were generally
unclear about the legal status of domesticated elephant ivory. Ivory traders are the actors
holding the greatest knowledge of the legal situation and play a key role in educating the
other two groups of actors (i.e., elephant owners and ivory consumers) via their trading

activities.

Effective control is essential to maintaining a legal market for ivory. To support the
monitoring by field officers, I investigated the capacity of non-destructive Near Infrared
(NIR) spectroscopy, combined with Partial Least Squares Discriminant Analysis (PLS-
DA), to discriminate between ivory from African, wild Asian and domesticated Asian
elephants. The results confirmed the potential of NIRS to differentiate elephant ivory
provenance at both the interspecies (African and Asian elephant ivory), and within species
(wild and domesticated Asian elephant ivory) levels. Further development of handheld
NIRS devices for enforcement has the potential to support officers in identifying elephant
ivory and prevent the laundering of illegal ivory, an important pre-requisite for a

sustainable legal market.

In addressing Objective 2, I found that the legal, domestic supply chain in Thailand
comprises five key actor groups: elephant owners, intermediaries, manufacturers, retailers,
and ivory consumers. Ivory supply is influenced by several factors. Tusks cutting is a non-
lethal, long-established and necessary practice in domestic elephant keeping, whilst selling
tusks is increasing due to the rising costs of Thai elephant owners, and market demand.
The legal ivory trade provides extra income for Thai elephant owners, but market access is
not equal among them. The limited legal knowledge of elephant owners narrows their
market access. Elephant keeping networks facilitate the flow of raw ivory to buyers. Each
year, Thai domesticated elephants supply, at least, ~375 kg of legal raw ivory. About 65%
of this is possessed privately; the remaining 35% supplies the commercial manufacturing

of ivory products.

The ivory purchasing decisions of shop customers are strongly influenced by factors
related to their trust in, and the credentials of, traders. This is presumably because of the
customers’ concerns over the authenticity and legality of the ivory products that they wish
to purchase. The attitudes of customers could be further leveraged to facilitate and increase

legal compliance amongst consumers. Attitudes to elephant ivory consumption in Thailand
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are linked to the extraordinary cultural and religious value of Thai elephants, and the
legality of domesticated elephant ivory. Most of the transactions of annual raw ivory
supply are conducted privately rather than from ivory shops. Further in-depth study of the

motivations of all ivory consumers would benefit management

My findings establish the key dimensions of the Thai ivory trade and have the potential to
inform management initiatives that strengthen the Thai government’ efforts towards
sustainability. Enforcement and trade controls would benefit from the potential capacity of
Near Infrared Spectroscopy to differentiate between the ivory from domesticated

Asian elephants and illegal ivory (i.e., wild Asian and African elephant ivory). Simplified
laws would facilitate legal compliance, especially if these laws took advantage of positive
perceptions towards laws particularly among elephant owners. The legal awareness of
elephant owners and ivory consumers needs to be raised by harnessing the education
potential of ivory traders. The legal ivory trade is based on trust-orientated transactions. |
identified the importance of ivory traders, as being in the central and trusted position in the

supply chain, for planning awareness raising, as well as promoting legal compliance.

Behavior change interventions should be based on connections between ivory and
elephants in Thailand. Interventions should focus on customers’ concerns about the
authenticity and legality of ivory products. Mechanisms, such as a central market that
facilitates a more equitable trade of raw ivory, would maintain the value of legal Thai ivory
and support ivory trade regulation. Supply knowledge, both from supply chain study and
the annual local ivory volume, provides valuable information for management and

enforcement.

My synthesized findings, which represent a significant, original contribution to the
knowledge of the Thai ivory trade, have the potential to inform the management of the
legal Thai ivory market. These reforms, together with the existing efforts of Thai
government to regulate the domestic ivory trade, would benefit by actively involving Thai

people in their implementation and enhance elephant conservation.
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Introduction

Chapter 1: Introduction

This introductory chapter reviews the relevant literature on the international wildlife trade,
the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), the conservation status of elephants and the elephants ivory trade, and outlines

the rationale, objectives and structure of this thesis.
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1.1 Wildlife trade

Human activities, both direct and indirect, have devastated many species of wild animals
and plants (WWF, 2018). Habitat loss and fragmentation are major causes of local
extinction (Ferraz et al., 2007; Rogan & Lacher, 2018; WWF, 2018). Forest fragmentation,
especially caused by deforestation, divides contiguous forest areas into small fragments
(Fitzsimmons, 2003; Laurance, 2000). The detrimental effects to wild species living in
fragmented forest include loss of suitable habitat and connectivity (De Angelo et al., 2011;
Hennings, 2010; Olsoy et al., 2016), decreased reproductive success (Hinam & Clair,
2008), high hunting exposure (Canale et al., 2012), diminished persistence and abundance
(Michalski & Peres, 2017) and high forest fire incursion (Alencar et al., 2004). The
introduction of invasive species can also have devastating impacts on wildlife; for
example, the extinction of Guam native birds by exotic Brown Tree Snake (Boiga
irregularis) (Rodda & Savidge, 2007). Feeding and trampling by feral hard-hoofed
mammals, such as goats, have changed plant communities and ecosystem structures

(Chynoweth et al., 2013).

The trade in wildlife is another pressing threat causing wildlife population declines and
even species’ extirpation (Symes et al., 2017). The wildlife trade has both illegal and legal
elements. Unsustainable levels of trade directly impact the survival of traded species
(Broad et al., 2003). For example, the growing demand for ivory has resulted in the loss of
about half of the African elephant (Loxodonta spp.) population since 1981 (Thouless et al.,
2016); for instance, Tanzanian elephant numbers declined by 60%, from ~109,000 in 2009
to ~43,330 in 2014 (Mathiesen, 2015). Likewise, around 50% of the elephant population in
Mozambique was poached within a five-year period (2009-2014) (Mathiesen, 2015). Even
today, elephant populations in Central and West Africa face illegal hunting for their ivory
(CITES, 2017).

The white (Ceratotherium simum) and black (Diceros bicornis) rhinoceros, are also
poached to supply the medicinal and trophy trade in Asia (Emslie et al., 2019). Poaching of
both species of rhinoceros is estimated to have increased since 2006 and reached a peak in
2015 with about four animals a day poached across their range states. Poaching levels are
declining although still at high levels with c. three rhino/day poached in 2017 (Emslie et
al., 2019). The remaining populations of both rhino species combined was estimated to be

~23,500 animals in 2017 (Emslie et al., 2019). The white rhinoceros is now listed on the
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IUCN Red List of Threatened Species as “Near Threatened”, whilst the black rhinoceros is
listed in the “Critically Endangered” category (Emslie, 2020a, 2020b).

The pangolins (Manidae spp.), or scaly anteaters, is another group affected by the high
demand for medicinal products. Pangolins are considered to be the most heavily trafficked
wild mammal in the world (Challender et al., 2014). Pangolin scales are used for a variety of
purposes in traditional medicines, whilst their meat is also widely consumed in both their
African and Asian range states (Challender & Waterman, 2017). The illegal trade of all eight
pangolin species, between 1999 and 2017, is estimated at ~192,500 individuals (Challender
& Waterman, 2017). China was the key destination for large shipments of scales and whole
animals that were seized during the period 2010-2015, while large shipments of body parts
(e.g., skins, leather products, medicines) were mainly destined for the USA (Heinrich et al.,
2017). The increasing demand for pangolins, in particular the international demand, has led
to unsustainable harvesting, depleting populations in most of their range states. For example,
the population of the Chinese pangolin has declined in excess of 90% in China and its
immediate surrounds (Wu, 2004). The IUCN categorises three pangolin species as Critically
Endangered, three as Endangered and two as Vulnerable (IUCN Redlist, 2022).

A sustainable, legal trade in wild animals and plants can benefit long-term economies at
local, national and international levels (Broad et al., 2003). In 2005, the estimated global
value of the legal wildlife trade was A$390 billion (Engler & Parry-Jones, 2007). The annual
value of the legal wildlife trade in the European Union (EU) accounts for 38% of the global
trade, worth A$138 billion, $149 million of which comes from the reptile skin trade (Duffy,
2016). Australia supplies about 60% of the global trade in crocodile products, two-thirds of
which comes from the Northern Territory (Simmons, 2017). In 2012, the EU and the USA
were the key markets for premium crocodile skin products (Ernst & Young, 2017). The
crocodile farming business in the Northern Territory generated about $106 million for the
Territory’s economy in the financial year 2014/15. In addition to skin sales, this economic
output was generated through a variety of farm-related activities e.g., construction, operation,
tourism, veterinary service, as well as employment for the surrounding communities,

including remote Indigenous communities. (Ernst & Young, 2017).
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Despite concerns around the unsustainability of the illegal trade of rhino horn, legalization
of the rhino horn trade could generate economic benefits both for local communities and
rhino protection (Biggs et al., 2013; Di Minin et al., 2015; Rubino & Pienaar, 2020). Under
an optimal scenario of maintaining the rhinoceros population above its current size, a legal
trade in rhinoceros horn has been estimated to potentially generate annual profits of
$717,000,000 to South Africa, almost five times greater than the $147,000,000/year costs
of enforcement without trade legalization (D1 Minin et al., 2015). The domestic rhino horn
trade in South Africa is expected to provide an economic incentive to keep rhinos on
private ranches and fund the cost of protection and management (Rubino & Pienaar, 2020).
Accessible legal stocks can reduce the price of illegal horns resulting in a decrease in
poaching incentive (Biggs et al., 2013). Non-lethal harvested horns from wild or farmed

sources offer renewable resources to supply consumption (Taylor et al., 2017).

Trade in the wool from the vicuna (Vicugna vicugna), a wild South American camelid,
which lives in the high alpine areas of the Andes, is a well-recognized example of
sustainable legal wildlife trade that benefits species and habitat conservation as well as the
livelihoods of local communities (Gordon, 2008). The vicuna populations of Argentina,
Bolivia, Chile and Peru, are listed in CITES Appendix-II, which allows international
commercial trade (CITES, 2022a). These countries have different approaches to harvesting
the fine wool from vicuna; in Peru, some populations are enclosed within ranches; in Chile
there are attempts to domesticate vicuna; whilst in Argentina and Bolivia wild vicuna are
corralled, shorn and released (Gordon, 2008). Peru, the largest exporter, generated USD
2.5 million in 2017 from vicuna wool and its products (Kasterine & Lichtenstein, 2018).
The wool is largely exported to Italy for manufacturing premium cloth and garments that
are re-exported to end-user markets in several countries e.g., China, the US, Switzerland,
Japan (Kasterine & Lichtenstein, 2018). Trade in this species is conducted in accordance
with the Convention on International Trade in Endangered Species of Wild Fauna and

Flora (CITES).
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1.2 Convention on International Trade in Endangered Species of

Wild Fauna and Flora (CITES)

CITES, which entered into force in 1975, is an international Agreement between 184
signatory states parties, that aims to govern the international trade in wild animals and
plants to ensure that the trade does not threaten the survival of traded species (CITES,
2018). Thailand ratified the CITES convention in 1983 (CITES, 2022b). CITES regulates
through a permit system for the species of wild animals and plants that are listed in the
Agreement’s appendices; permit(s) or certificate(s) are required for international trade of
CITES-listed species (CITES, 2019). Import and export permissions are needed for species
in Appendix I, while an export document such as permit or certificate is required for

species under Appendix II and III.

The species protected under CITES are categorized into Appendices I, 11, and III, reflecting
the level of protection required (from high to low respectively). CITES Appendix I
includes species threatened with extinction; these species are generally prohibited from the
international trade for commercial purposes. International commercial trade of Appendix 11
and III species and their products is allowed, with restrictions. The present CITES
Appendices include over 35,000 animal and plant species, a diverse group, traded in either

their live and dead forms, or as parts and products.

Both African and Asian elephants are under the protection of this international treaty.
CITES classifies the African savanna elephant (L. africana) and African forest elephant

(L. cyclotis) as a single species i.e., African elephant (Loxodonta africana) (CITES, 2022a;
UNEP-WCMC (Comps.), 2019). The African elephant populations are largely in Appendix
I of CITES, except for populations in four countries: South Africa, Botswana, Namibia and
Zimbabwe, which are listed on Appendix II (CITES, 2022a). Elephant specimens from
Appendix II populations can be traded under conditional provisions, e.g., authorized one-
off sales for raw ivory, a trophy-hunting quota and traditional products. All Asian elephants,
including both wild and domesticated individuals, are listed as CITES Appendix I (CITES,
2022a; UNEP-WCMC (Comps.), 2019).
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1.3 Conservation status of elephants

The African savannah elephant is categorized as Endangered, while the African forest
elephant is listed as Critically Endangered on the [IUCN Red List of Threatened Species
(Gobush, Edwards, Balfour, et al., 2021; Gobush, Edwards, Maisels, et al., 2021).
According to the 2016 status report for the African elephant (Thouless et al., 2016), the
current population of African elephants is estimated to be between 510,000 and 570,000
individuals across 37 African countries. Most of the population (42%), lives in the
Southern Africa region, which includes Botswana, Mozambique, South Africa, Zambia.
Eastern Africa (e.g., Ethiopia, Kenya, Tanzania, Uganda,) supports 28% of the population,
followed by Central Africa e.g., Cameroon, Congo, Democratic Republic of Congo, Gabon
(25%), and West Africa e.g., Benin, Cote d'Ivoire, Mali, Nigeria (5%). The population
continues to experience threats causing decline. Illegal poaching for ivory is considered a
major threat to the survival of the African elephant, while habitat loss and human conflict

are increasing over the continental range (Thouless et al., 2016).

TUCN considers the Asian elephant to be Endangered and number between 45,000 and
53,000 individuals (Asian elephant range states meeting 2017 final report, 2017; Sukumar,
2006; Williams et al., 2020). Asian elephants live in 13 range state countries in Asia i.e.,
India, Nepal, Bhutan, Bangladesh, Sri Lanka, Myanmar, China, Vietnam, Lao PDR,
Cambodia, Thailand, Malaysia, and Indonesia. The main threats to their survival include
human-elephant conflict and habitat loss/fragmentation and challenges in managing
captive populations, while the illegal trade in elephant parts (e.g., ivory, skin) and live
elephants are reducing their populations in some countries (4sian elephant range states
meeting 2017 final report, 2017; Williams et al., 2020). Captive or domesticated
populations of Asian elephants account for around one fourth of the total. Myanmar has the
highest number of captive elephants around 5,000 individuals, Thailand and India have
similar numbers of captive elephant, each 3500-4000 individuals (4sian elephant range

states meeting 2017 final report, 2017).
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1.4 Ivory trade perceptions

1.4.1 Legal trade of ivory under CITES

The term “ivory” is applied to mammalian teeth and tusks (large modified teeth projecting
beyond the lips) that are large enough for carving and manufacturing into products (Espinoza
& Mann, 1999). Ivory can be obtained from many species of large living mammals, e.g.,
elephants, hippopotamus, dugongs, whales, and the extinct mammoth (Espinoza & Mann,
1999). Ivory largely consists of the calcium-containing component and collagenous proteins,
which provide material suitable for carving into a variety of products (Espinoza & Mann,
1999; Identifying Different Types of Ivory, n.d.). In this research context, the term ‘ivory’ is
limited to elephant tusks.

CITES has allowed two one-off sales of Appendix II listed African ivory with a single
shipment per destination. The first ivory shipment of 50 tons was sold to Japan in 1999; the
second sale of around 108 tons was bought by China and Japan in 2009 (CITES, 2008;
Japan's Ministry of the Environment, 2018). CITES authorized China and Japan as
importing countries for these legal sales for domestic consumption (CITES, 2008).
Resolution Conf. 10.10 (Rev. CoP18): Trade in elephant specimens (CITES Res.Conf.
10.10 (Rev. CoP18), 2019) stipulates the process required for trade in ivory at both
international and domestic levels, e.g., trade in hunting trophies, trade in raw ivory for
commercial purposes, ivory marking and provides guidance as to how this process should

be implemented.

Ivory from elephants is domestically tradable in some countries. Markets vary in scale and
regulation (CITES SC74 Doc. 39, 2022; TRAFFIC, 2004). Although the legal domestic
trade has been prohibited in some non-range state countries, exemptions can be provided in
certain circumstances. For instance, exemptions have been given for some small products,
antiques, items with high artistic or cultural values, or those acquired before the dates of
the relevant CITES provisions applied to ivory, in the United States, the United Kingdom
(UK), and European Union (EU) countries (CITES SC74 Doc. 39, 2022; European Union,
2017; TRAFFIC, 2004; U.S. Fish and Wildlife Service, 2016; UK's Department for
Environment, 2018). In Japan, commercial trade in ivory is allowed for: 1) pieces obtained
before the ivory ban periods; 2) pre-convention ivory; and 3) stocks from the one-off sales

of African ivory (Japan's Ministry of the Environment, 2018). In African elephant range
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states, South Africa and Zimbabwe permit the trade of ivory from local stocks (CITES
SC74 Doc. 39, 2022; Nkoke et al., 2017; TRAFFIC, 2004). Likewise, Thailand allows the
use of, and trade in, the ivory of privately-owned local Asian elephants (Elephant Ivory
Act B.E. 2558, 2015).

1.4.2 Global tension of ivory trade

The ivory trade is an example of the tension between international and national attempts to
conserve species important in the wildlife trade. Elephant ivory is a long-standing and
controversial agenda item in the CITES forum because member states have different values
and needs, arguing either for a ban on, or for the legalization of, the ivory trade. Prior to
African elephants being transferred to CITES Appendix I, southern African nations
unilaterally argued against a ban on the commercial trade of African ivory. Their rationale
was that they already employed practices for managing overabundant elephant populations
and that these practices provided both ecological and economic benefits (Stiles, 2004).
Elephants from countries with healthy populations were later transferred to Appendix II to

facilitate sustainable conservation practices (CITES, 1997, 2000).

However, the legalization of some ivory trade has raised concerns about demand
stimulated by the legal trade, complication of enforcement efforts, and the link to poaching
and the illegal ivory trade. Legal trade can provide a cover for trade in illegal ivory
(Mundy, 2014; U.S. Fish and Wildlife Service, 2016). For example, two New York City
jewellers, selling legally-claimed ivory, were charged with illegal ivory trade in 2012 (U.S.
Fish and Wildlife Service, 2016) and fake antique ivory made from new ivory in Portugal,
and age-suspicious ivory items were claimed as antiques in Belgium (Mundy, 2014). The
leaking of ivory products from legal domestic markets to other countries, via both offline

and online traders, is also a problem (Kitade & Nishino, 2018).

This situation has led to calls for the total closure of the legal ivory trade (Aryal et al.,
2018; CITES CoP17 Doc. 57.2, 2016; Dasgupta, 2016; WWF, 2022). The responses of
various member countries has varied. For example, CITES parties that have no access to
locally supplied ivory implemented ban of commercial domestic trade of ivory such as
USA in 2016 followed by China in 2018, while the ban in Hongkong, Israel, Singapore and
UK came into force during 2021 - 2022 (CITES SC74 Doc. 39, 2022; Singapore's National
Parks Board, 2021; U.S. Fish and Wildlife Service, 2016; UK's Department for
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Environment, 2019). The EU and its Member States have been in the process of finalizing
restrictive measures for ivory trade within the EU, while New Zealand is considering the
need for further restrictions regarding the small-scale domestic ivory market (CITES SC74
Doc. 39, 2022).

The 2016 TUCN conference accepted the resolution calling for governments to close their
domestic markets for commercial trade in raw or worked elephant ivory (IUCN, 2016). Most
member countries voted for a non-legally binding motion to close the domestic ivory trade,
whereas Japan, Namibia and South Africa, all countries with regulated domestic markets,
argued for continued regulation (Dasgupta, 2016). The United Nations General Assembly
adopted a resolution to reinforce the need to secure legal domestic markets, and implement
Resolution of the Conference of the Parties 10.10 of CITES to close legal domestic ivory
markets, as a matter of urgency, if these markets contribute to poaching or illegal trade
(UNGA A/71/L.88, 2017). Countries with active domestic ivory markets, including
Thailand, are still being pressured to close them (Kent, 2019; WWF-Thailand, 2016).

1.4.3 Thailand domestic ivory trade

Ivory use and trade has existed for centuries in Thailand (Stiles, 2003; Thailand's Fine Arts
Department, 2013). Ivory obtained from domesticated elephants is legally tradable. Prior to
2015, lack of comprehensive legislation in regulating domestic trade contributed to illegal
trade of African elephant ivory both at domestic and international levels (CITES CoP16 Doc.
53.2.2 (Rev. 1), 2013). Concern about this illegal trade led to the reform of related laws to
address the illegal ivory trade in Thailand during 2014 - 2015 (CITES SC66 Doc. 29 Annex
8,2015). As a CITES member country with a domestic ivory market, Thailand is required to
comply with the Resolution Conf. 10.10 (Rev. CoP18) about control of domestic ivory trade.
Failure to follow this recommendation can result in trade sanction on CITES-listed species.
Since introducing the new legal framework, there is no full assessment, if this enables

compliance with this CITES resolution.

The control of the ivory trade in Thailand is based on the legal protections provided to
elephant types with three different legal status: African and wild Asian elephants are under
protection of the Wild Animal Reservation and Protection Act B.E. 2562 (2019), while
domesticated Asian elephants are privately-owned and under control of the Draught Animals

Act B.E. 2482 (1939). Distinguishing ivory types for a prosecution under the appropriate law
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is a challenging task for enforcement. A simple and non-destructive identification tool would
be preferable for enforcement officers and in-field monitoring (S. Kong-Ngoen, pers. comm,
2017). However, such a technique for differentiating domesticated Asian elephant ivory from

wild Asian elephant sources had not been developed prior to my research.

Destructive identification techniques e.g., DNA analysis, spectroscopy techniques, isotopes,
are well recognized as capable of differentiating sources of elephant ivory (Buddhachat et al.,
2016; Edwards et al., 2006; Shimoyama et al., 2004; Shimoyama et al., 2003; Singh et al.,
2006; Wasser et al., 2004; Ziegler et al., 2016). Ivory identification is mainly dependent on
environmental and diet variations between different groups of elephants (Prozesky et al., 1995;
Raubenheimer et al., 1998; Singh et al., 2006). There is a difference in the food regimes
between domesticated elephant populations in Thailand and wild populations. A low diversity
of cultivated plants and agricultural produce comprises the main diet of domesticated elephants
todays (Godfrey & Kongmuang, 2009), whereas wild elephants eat a much wider variety of
plants. There is a possibility that there is a difference in the chemical composition of ivory
resulting from this dietary difference. However, before I started my thesis research, none of
identification techniques had been used to detect differences between domesticated and
wild populations of Asian elephants. A technique that can be practically use in fields to
distinguish different sources of elephant ivory could improve the efficiency of Thai ivory

trade controls, especially the laundering of illegal ivory.

The Thai ivory market is legally supplied only by ivory from Thai domesticated elephants.
Elephant tusks grow throughout an animal’s life (Sukumar, 2003) and there is thus the
potential to provide a renewable resource to supply the domestic ivory trade. However,
little is known about the potential ivory production of privately-owned elephants. Thai
domesticated elephants were estimated to produce c. 300 - 400 kg of ivory annually (Stiles,
2009), providing an additional income for elephant owners (Chomdee et al., 2013). This
trade also supports local craftsmen and maintains the traditional knowledge of ivory
carving (Stiles, 2003). Previous estimates of the ivory supply are questioned by
international organizations (Environmental Investigation Agency, 2018). There is a lack of
comprehensive supply knowledge of the Thai ivory trade, e.g., supply chain and

relevance factors.

The ivory trade in Thailand aims to satisfy domestic consumption, which is generally

associated with belief in the spiritual benefits of ivory e.g., protection (USAID Wildlife
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Asia, 2018). A wide range of jewellery items are the main products found in ivory shops
(Krishnasamy et al., 2016). The Elephant Ivory Act 2015 regulates commercial trade via
authorized ivory shops (Chaitae, Gordon, et al., 2022; Elephant Ivory Act B.E. 2558,
2015). Consumption knowledge should be obtained specifically from target groups, rather
than a broader audience (Greenfield & Verissimo, 2018). Knowledge of ivory shop
customers, including factors influencing ivory consumption, could provide insights into
present ivory demand, the risks of an illegal trade, as well as enabling government to

customise behavioural intervention policy toward target audiences.

1.5 Thesis objectives and structure

1.5.1 Objectives

The domestic ivory trade in Thailand is an important part of the livelihood of the Thai
people involved. However, a domestic trade must also minimise effects on the survival of
domestic and wild elephant populations. The aim of this research is to inform the
evidence base for a sustainable ivory market in Thailand, I address this aim via the two

primary objectives, detailed below:

Objective 1: To investigate how the control mechanisms relevant to the domestic ivory
trade in Thailand could be strengthened.
I have addressed this objective using three approaches:
1.1 Review current Thai legislative mechanisms for regulating ivory trade to
comply with CITES obligations
1.2 Assess the legal understanding of ivory trade actors in related regulations

1.3 Explore a non-destructive ivory identification technique to support enforcement

Objective 2: To understand the market interactions related to the legal domestic ivory
trade in Thailand.
This objective has been addressed in two ways:
2.1 Study domestic, legal ivory supply chain, and factors influencing ivory supply
for manufacturing

2.2 Explore ivory shop consumers’ consumption behaviors and attitudes

In addition, I have synthesized my findings to provide recommendations for strengthening

the controls on the Thai ivory market.
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1.5.2 Structure

This thesis is divided into two major sections: control mechanisms (3 chapters); and
market interactions (2 chapters) reflecting the main objectives above, together with an
introduction and final discussion. Its schematic structure is presented in Figure 1.1 and

outlined below.

Chapter 1: Introduction (this chapter) outlines the rationale for the research and reviews

the relevant literature.

Section 1: Control mechanisms (chapters 2 — 4)

Chapter 2: Ivory trade controls with respect to CITES obligations provides the
contextual background about the development and structure of a legal framework
governing elephants and their ivory in Thailand and links to the Thai government’s
commitment to the Convention for International Trade in Endangered Species of Wild
Fauna and Flora (CITES), as a signatory state (objective 1.1). This chapter has been
published in Oryx (Chaitae, Gordon, et al., 2022).

Chapter 3: Legal awareness and compliance of relevant ivory trade actors assesses
how key groups of actors (elephant owners, ivory traders, and ivory consumers) understand
regulations in relevant to their ivory activities. The chapter also documents the results
using the Unmatched Count Technique (UCT) for assessing legal compliance for a group
of ivory consumers. The manuscript associated with this chapter is currently under revision
and will be submitted for publication in a peer reviewed journal. This chapter addresses

objective 1.2.

Chapter 4: Developing a forensic technique to differentiate ivory provenance applies
the Near Infrared Spectroscopy (NIRS) technique for differentiating ivory sourced from
African, wild Asian, and domesticated Asian elephants. Details of the resultant successful
use of NIRS for ivory identification have been published in Conservation Science and

Practice (Chaitae et al., 2021). This chapter associates with objective 1.3.
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Section 2: market interactions (chapters 5 — 6)

Chapter 5: Insights into the ivory supply chain and an estimation of stock provides
information about the Thai ivory supply chain and factors influencing the supply to
addresses objective 2.1. The annual raw ivory supply produced by domesticated elephants
was based on government records. The corresponding manuscript has been published in

Human Dimensions of Wildlife (Chaitae, Addison, et al., 2022).

Chapter 6: Ivory demand consumption and purchasing factors explores the
consumption behaviour of ivory shop customers, including factors influencing their
decision making. The resultant manuscript will be submitted for publication in a peer

reviewed journal. This chapter addresses objective 2.2.

Chapter 7: Synthesis and discussion provides a summary of chapters 2 - 6 and discusses
their key findings in the context of their potential to strengthen control measures for the
domestic ivory trade in Thailand. This chapter discusses the management implications of

my research in accordance with the overall aim of my thesis.

Chapter 1

Introduction

Chapter 2 El
Thailand Ivory trade controls

with respect to CITES obligations ——=—-

Chapter 3
Legal awareness and compliance
of relevant ivory trade actors

Chapter 5

)
g@j Insights into the supply chain
and an estimation of stock
Chapter 6
Ivory demand consumption
and purchasing factors

Chapter 7

Synthesis and discussion

Chapter 4

Developing a forensic technique
to differentiate ivory provenance

Figure 1.1: Schematic illustrating the structure of this thesis. Colours represent sections of
this thesis. grey; introduction and discussion chapters; orange: research chapters 2 - 4 address the
control mechanisms; and blue: research chapters 5 -6 related to market interactions. This
schematic is repeated on the introductory page of each chapter as an aid to the reader.
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My research is interdisciplinary and includes both natural and social sciences. The
methodology involves three different main approaches: policy review, Near Infrared
Spectroscopy and mixed methods, as summarized in Figure 1.2. Details are provided in the

corresponding chapters.

1
Policy review | Thailand ivory trade controls
with respect to CITES
obligations
2
3 Legal awareness and
Near infrared compliance of
Spectroscopy De\'reloping f' forens'ic ‘;’v‘ relevant ivory trade actors Mixed methods
(NIRS) technique to differentiate A
i 1) o Surveys
ivory provenance

o Interviews
o Document analysis
L Insightsinto the supply
chain and an estimation
5 of stock

Ivory demand
consumption and
purchasing factors

Figure 1.2: Methodology employed in the thesis.
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Chapter 2: Ivory trade controls with respect to

CITES obligations

This chapter addresses objective 1.1 by providing the contextual background of the legal
framework governing elephants and their ivory laws in Thailand. The chapter includes a
literature review about the development and structure of the relevant laws, the 2015 legal
reform, as well as the ivory trade control provisions stipulated by the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES). I then assess
if the existing laws enable Thailand to comply with the obligations under the CITES

convention as a member country.

Chapter 1

Introduction

Chapter 2
Thailand Ivory trade controls
with respect to CITES obligations
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A version of this chapter has been published as:

Chaitae, A., Gordon, I. J. Addison, J., and Marsh, H. Protection of elephants and
sustainable use of ivory in Thailand. (2022). Oryx, 56(4), 601-608.
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2.1 Introduction

Ivory from African Loxodonta spp. and Asian elephants Elephas maximus has been traded
for centuries (Feinberg & Johnson, 1982; Ibn Muhammad Ibrahim, 1972; Kunz, 1916;
Thailand's Fine Arts Department, 2013). Although Asian elephant ivory is less valuable
than African ivory (St. Clair & Mclachlan, 1989), it is still highly valued and has been a
source of income in Thailand for hundreds of years. Records can be traced back to the 14th
and 15th centuries, with trade involving merchants from India, China, and Arabian and
European countries (Ibn Muhammad Ibrahim, 1972; Pallegoix, 2000; Thailand's Fine Arts
Department, 2013). During the 17th—19th centuries, ivory was used to make musical
instrument parts, art objects and high-value decorative items (Feinberg & Johnson, 1982;
Johnson, 1978; Kunz, 1916; Walker, 2009). Carved products, made from imported raw
ivory, were exported to Western and South-east Asian countries during 1800—-1850
(Thailand's Fine Arts Department, 2013). After World War II, the predominant global
destinations for ivory products shifted from Europe to Asia (Lindsay, 1986). Ivory markets
in China and Thailand expanded significantly in the late 1980s and 1990s, coinciding with

the development of regional economies and tourism in Asia (Stiles, 2004, 2009).

This significant global growth in demand for ivory led to increased killing and
consequently population declines of African elephants (Wittemyer et al., 2014), and in
1989 the African elephant was uplisted from CITES Appendix II to Appendix I (CITES
CoP7 Prop. 26, 1989; Sukumar, 2003). As discussed in Chapter 1, all Asian and most
African elephants are currently listed in CITES Appendix I, and international commercial
trade in their ivory is therefore banned (CITES, 1973, 2022a). Trade in ivory from African
elephants listed in CITES Appendix II (populations from South Africa, Botswana, Namibia
and Zimbabwe) is permitted under strict conditions (CITES, 2022a). Penalties for non-
compliance with CITES regulations are harsh, and offending states face sanctions in the
form of suspension of all international trade of any CITES-listed animal and plant species

(CITES, 1973).

Thailand had high levels of illegal ivory trade during 2009 - 2011, largely because it lacked
effective legal provisions to control trade in ivory sourced from Thailand’s captive
elephants or to criminalize illegal ivory from Africa (CITES CoP16 Doc. 53.2.2 (Rev. 1),
2013). CITES recommended sanctioning Thailand by 31 March 2015, if it did not
undertake satisfactory action to address this illegal ivory trade (CITES SC65 Com. 7,
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2014). This prompted a revision of Thailand’s National Ivory Action Plan, including
legislative reform through the new Elephant Ivory Act (2015), to regulate trade in locally
sourced ivory, and the listing of the African elephant as a protected species (CITES SC66
Doc. 29 Annex 8, 2015). This reform facilitates comprehensive monitoring of the ivory
trade and allows authorities to address the illegal trade in African ivory. The resulting
significant decrease in the domestic ivory market, together with large-scale seizures of
smuggled ivory, eventually enabled Thailand to exit the National Ivory Action Plans
Process (CITES SC70 Sum. 2 (Rev. 1), 2018). Nonetheless, as a country with a domestic
ivory trade, Thailand continues to be bound to implement Resolution of the Conference of the
Parties 10.10 (CITES Res.Conf. 10.10 (Rev. CoP18), 2019). Requirements include control of
the domestic market to prevent illegal activities related to the international ivory trade, and
recommendations to close the legal domestic ivory trade if it involves illegal activities in other

countries (CITES Res.Conf. 10.10 (Rev. CoP18), 2019).

This review draws on peer-reviewed and grey literature to describe the challenge of
managing elephants and ivory sustainably in Thailand, where such management is driven
by a complex mix of cultural, livelihood and conservation values, and where there is a
discrepancy between domestic needs and international obligations. I discuss the challenges
of implementing the laws related to elephants and ivory in Thailand, and make

recommendations to inform future conservation management.

2.2 Elephants in Thailand: past and present

Since the 13th century, Thai people have captured wild elephants and taken advantage of
their strength and resilience for transportation, farm and forestry work (Ibn Muhammad
Ibrahim, 1972; Pallegoix, 2000; Pravorapakpibul, 1961; Thailand's Fine Arts Department,
2013). In historical times, elephants were also used to administer punishments, either to
frighten offenders or execute criminals (Ibn Muhammad Ibrahim, 1972). The establishment
of the Elephant Department during the early Ayutthaya period (1420s) reflected the
importance of elephants in warfare (Pravorapakpibul, 1961; Thailand's Fine Arts
Department, 2013); during this time, kings went to battle on the backs of elephants
(Thailand's Fine Arts Department, 2013), and there is still a unit under the Royal Office
responsible for royal elephants (Thailand's Fine Arts Department, 2013). From the 1600s
onwards, trained elephants were exported largely to India (Pallegoix, 2000; Thailand's Fine

Arts Department, 2013). Trade in both elephants and ivory was permitted under the King’s
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administration until the initial period of Thailand’s Rattanakosin Era in the early 1800s

(De La Loubeére, 1969; Thailand's Fine Arts Department, 2013). With technological
advancements, the use of elephants as draught animals began to decline. Captive elephants in
Thailand are now largely used in tourism (Phuangkum et al., 2005), but they still hold
considerable cultural value (Thailand's Fine Arts Department, 2013). There are estimated to
be c. 3,800 captive and nearly 3,500 wild Asian elephants in Thailand (4sian elephant range
states meeting 2017 final report, 2017; Thailand's Department of National Parks, 2020).

In 1998 the Thai government designated 13 March as Thai Elephant Day, and in 2001 the
Asian elephant was officially declared to be the national animal, to recognize the species’
significance for the country’s monarchy, history and culture (Thailand's Fine Arts
Department, 2013; Thailand's Office of the Prime Minister, 1998, 2001). Elephants with
distinctive characteristics (e.g., exceptionally pale or darker skin than usual) are legally
recognized as so-called auspicious elephants and are required to be presented to the King
under Wild Elephant Protection Act B.E. 2464 (1921). Auspicious elephants are a symbol
of the power and authority of the King as a divine God, bringing propitiousness and
agricultural productivity, and were also traditionally used for royal transport (Thailand's
Fine Arts Department, 2013). Religious beliefs include the reincarnation of the Buddha as
a white elephant (Sukumar, 2003). In addition, elephants have been depicted in various
official symbols, including the national flag used during 1817-1917, with a white elephant
in the centre of a red flag (Thailand's Fine Arts Department, 2013). The Kui people regard
knowledge about elephants as an important part of ethnic identity, and a component of

Thailand’s cultural heritage (Thailand's Ministry of Culture, 2018).

The oldest ivory artefacts in Thailand date to almost 4,000 BCE (Na Nakhonphanom,
2013). Ivory carving was among the traditional Thai art forms dated from the Ayutthaya
era. Later, Rattanakosin’s Kings established a department producing traditional art pieces
and utilities, including ivory carving, for royal use (Teanpewroj, 2015). Ivory has also been
kept in temples for worship, and presented to revered persons, as some Thai people believe
a supernatural spirit protects elephants (Bangkokbiznews, 2014). A pair of polished tusks,
mounted on wooden bases, is often kept in Thai houses, near altar-tables or in meditation
areas. A recent demand survey indicated that 2—3% of Thai people are ivory consumers,
with ivory purchases often tied to their belief in its supernatural benefits (USAID Wildlife

Asia, 2018). Jewellery is the most common ivory product found in Thai markets, followed
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by sacred objects and decorative items, with individual items priced at Thai Baht 500—

80,000 (c. USD 16-2,580) (Bank of Thailand, 2019; USAID Wildlife Asia, 2018).

Commercial ivory carving probably began in the late 1930s at Phayuhakhiri in Nakhon
Sawan province in central Thailand, to satisfy the demand for worship items blessed by
revered monks. Carvings included Buddha amulets, knives with ivory sheaths and handles,
and animal figurines (Stiles, 2003, 2009). With the growth of tourism in Thailand in the
1970s, manufacturing shifted to products desired by foreigners such as jewellery, East
Asian figurines and utilities, and expanded to adjacent areas ( (Stiles, 2003). People in
Uthai Thani, a nearby province, specialize in making steel and silver products decorated
with ivory, and in Manorom in Chai Nat province, south of Phayuhakhiri, people carve
Singha (lion figurines) and other sacred items (Stiles, 2009). In the north-east, Thatum in
Surin province has many captive elephants and traditional knowledge about elephants and
their training has been passed down through many generations of Kui people (Chomdee et
al., 2013). In the past, raw ivory was mainly privately kept or sold as sacred items.
Historically, some ivory was carved into Buddha figurines, but since the 2000s,
commercial carving into a wide range of jewellery has become common in Thatum, to

meet market demand.

Captive Asian elephants are a source of ivory in Thailand and other Asian countries such
as Myanmar and Lao PDR (Sukumar, 2003; Vigne & Martin, 2017, 2018). In the past, the
tusks of captive elephants were not usually cut, as the animals were left to roam freely in
forests during periods when they were not required for work. There, the elephants used
their tusks for defence, foraging and digging, which naturally shortens the tusk (Sukumar,
2003; Vanapithak, 1995). Now most captive elephants have less access to forests and
limited use for their tusks. This can lead to tusks growing overly long or crossing over at
the tips, which needs management for animal welfare reasons. Tuskers also face the risk of
being killed or injured by ivory poachers. Prominent tusks are mainly produced by male
elephants and grow throughout life (Sukumar, 2003), by c. 17 cm per year (Phuangkum et
al., 2005). Tusks of live elephants are usually trimmed every 2 - 3 years from 15 years of
age (Stiles, 2009), and whole tusks are removed from dead individuals (Chomdee et al.,
2013; Phuangkum et al., 2005; Stiles, 2009). The price of elephant tusks, after the reform
of ivory control laws, is fetched to Baht 40,000-60,000/kg (c. USD 1,290 - 1,935/kg; S.
Arbhassarosakul, pers. comm., 2020) (Bank of Thailand, 2019).



Section 1: Control mechanisms (Thai legislations) 21

Since the legislative reform in January 2015, the ivory trade in Thailand appears to be in
decline. Whereas 339 shops trading ivory were identified prior to the January 2015
legislative reform, this number decreased to 117 by 2018 (CITES SC66 Doc. 29 Annex 8,
2015; CITES SC70 Doc. 27.4 Annex 21, 2018), and the quantity of products offered for
sale in physical shops also decreased (Krishnasamy et al., 2016). However, the online trade
is of concern and requires better law enforcement (Indraswari et al., 2020; Krishnasamy et
al., 2016; WWF-Thailand, 2016). The shrinking of the ivory business is also evident in the
decreasing number of active ivory craftsmen, mainly in Phayuhakhiri, one of the most
important location for the manufacturing of ivory products: there were an estimated 50—
100 in 1989, but only 50 - 60 in 2008 (Stiles, 2009). In the early 2000s, prior to the
disruption of the illegal ivory trade by the Thai government in Phayuhakhiri, ivory carvers
received a daily income of Baht 1,000 - 2,000 (c. USD 32-64). As trade restrictions
reduced the demand for ivory carvings, some carvers began to work with other materials
(e.g., wood, cattle and ostrich bones), and others ceased carving entirely (Bank of
Thailand, 2019; MGR Online, 2018). The switch from ivory to cattle bone reduced the
income of carvers by a mean of 35% (Stiles, 2003). In addition to the immediate effects on
income, there is concern about the loss of the cultural knowledge of ivory carving (Stiles,

2003).

2.3 Elephant protection in Thailand

Elephant protection in Thailand (Figure 2.1) dates back to the 17th century, when Thai
people were permitted to capture, but not kill, wild elephants (De La Loubére, 1969). Early
legal provisions were designed to protect privately owned elephants (Draught Animals Act
R.E.110, 1891), and included registration requirements, identification documents and
import/export records. These measures are still in place (Draught Animals Act B.E. 2482,
1939; Pravorapakpibul, 1961, 1962).

Wild elephants are mainly protected by the Wild Elephant Protection Act and Wild Animal
Reservation and Protection Act (WARPA). The former specifically imposes measures to
protect wild Asian elephants such as controlling capture and procedures related to
auspicious elephants (Wild Elephant Protection Act B.E. 2464, 1921; Wild Elephant
Protection Act R.E. 119, 1900). The latter involves regulations concerning wildlife
generally, and wildlife parts and products. It also prohibits hunting of any animals in

protected areas (Announcement of the National Executive Council No. 228, 1972; Wild
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Animal Reservation and Protection Act (No. 3) B.E. 2557, 2014; Wild Animal Reservation
and Protection Act B.E. 2503, 1960; Wild Animal Reservation and Protection Act B.E.
2535, 1992; Wild Animal Reservation and Protection Act B.E. 2562, 2019).

Wild Asian elephants have been protected under WARPA since 1975, with a complete ban
on commercial uses since 1992 (Ministerial Notification on prescribing possession limit of
protected animals according to the Wild Animal Reservation and Protection Act B.E. 2503,
1976; Ministerial Regulation No. 4 (B.E. 2537) issuing under the Wild Animal Reservation
and Protection Act B.E. 2535, 1994; Ministerial Regulation No. 10 (B.E. 2518) issued
under the Wild Animal Reservation and Protection Act B.E. 2503, 1975; Wild Animal
Reservation and Protection Act B.E. 2535, 1992). In 2015, the African elephant was the
first non-native species to be added to the list of protected animals under WARPA
(Ministerial Regulation on prescribing protected animals (No. 3) B.E. 2558, 2015). The
Act does not apply to animals protected by the Draught Animal Act, including captive
Asian elephants (Wild Animal Reservation and Protection Act B.E. 2535, 1992). WARPA
was amended in 2019 to increase penalties and extend control over the possession and
domestic trade of CITES-listed species (Wild Animal Reservation and Protection Act B.E.
2562, 2019).

Thai laws currently categorize elephants into three groups: captive Asian elephants
(draught elephants and their offspring) are registered as draught animals under the Draught
Animals Act, whereas wild Asian elephants and African elephants are protected species

under WARPA (see Table S2.1 for details).
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® 1600s
Prohibited to kill wild elephants. Live captures allowed.
@ 1877
Applied identification document to elephants under the Buffalo and Cattle Act.
® 1891

Enacted the Draught Animals Act replacing the Buffalo and Cattle Act.
Elephant defined as a draught animal.

® 1900
Enacted Wild Elephant Protection Act.
® 1960
Enacted WARPA.
Wildlife poaching prohibited in protected areas.
® 1975

Listed wild Asian elephant as
protected animal under WARPA.

2015

Listed African elephant as
protected animal under WARPA.

Domesticated Asian elephant Wild Asian elephant African elephant

Figure 2.1: Timeline of the legal status of elephants in Thailand.

The timeline shows distinctive periods in the developing legal status of elephants. Asian

elephants Elephas maximus have been considered as draught animals since 1891 (captive Asian
elephant), and identification documents for elephants were employed more than a decade earlier.
Regulations related to the capture of wild Asian elephant were prescribed by enactment of the Wild
Elephant Protection Act R.E. 119 (1900). The wild Asian elephant has been protected under the
Wild Animal Reservation and Protection Act (WARPA) since 1975, although hunting of all wildlife
in protected areas has been prohibited upon the issuance of WARPA in 1960. The Act later
included the African elephant (Loxodonta africana) in the category of protected animal, and this
species now receives the same protection as the wild Asian elephant.
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2.4 Legal framework for the regulation of ivory possession and trade

Current regulations regarding the transport, possession, domestic trade, import and export of
elephant ivory in Thailand are complex and reflect the differences in the legal status of the
three categories of elephants (Figure 2.2). Although the Wild Animal Reservation and
Protection Act B.E. 2562 (2019), and the Elephant Ivory Act B.E. 2558 (2015) are the major
laws controlling activities related to ivory, there are six additional laws that require
enforcement by five authorities from four ministries (7able S2.1). Members of the Royal
Thai Police also serve as enforcement officers under the two main acts. In addition, in 2013
the illegal exploitation of natural resources for commercial purposes (including ivory-related
activities) was included as a case offense under the Money Laundering Control Act B.E.
2542 (1999), thereby allowing proceedings for asset forfeiture in addition to prosecution
under the main laws (Money Laundering Control Act (No. 4) B.E. 2556, 2013). Illicit export
or export of ivory may also result in prosecution under the Prevention and Suppression of

Involvement in Transnational Crime Organization Act B.E. 2556 (2013).

Asian elephant ivory
Domesticated Wild

Customs Act

I | @ Import/export
Commercial Registration Act # Domestic trade

o @ pPossession/movement

Animal Epidemics Act @@

Accounting Act  #

' Elephantivory i Wild Animal Reservation and
. Act @@ Protection Act ©&:@

Figure 2.2: The complexity of current legislation for the three types of ivory in Thailand.
Activities relating to ivory from domesticated Asian elephants are mainly regulated by the Elephant
Ivory Act and five supportive laws. Wild Asian and African elephants are protected under WARPA,
thus activities involving these ivory types are governed by six and five pieces of legislations,
respectively. Export regulations under the Export and Import of Goods Act are only applied to
Asian elephants. Regulations concerning key activities such as possession, transport, domestic
trade, export and import vary among ivory types.
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The Elephant Ivory Act B.E. 2558 (2015) requires ivory to be registered, with information
including evidence of ivory acquisition i.e., a certificate of origin for elephant ivory issued
by registrars of the Draught Animal Act (Thailand's Department of National Parks, 2017).
People who possess ivory must notify the relevant official of changes in ownership, place
of possession and ivory modification or manufacturing. Inter-provincial movement of raw
ivory also requires a permit, upon presentation of the certificate of origin for elephant
ivory, according to Animal Epidemics Act B.E. 2558 (2015). Trade in ivory is controlled
by at least three different laws: (1) permission and compliances under the Elephant Ivory
Act (2015) (Ministerial Regulation on permission application, 2015), (2) registration under
the Commercial Registration Act B.E. 2499 (1956) (Notification of the Ministry of
Commerce on registration requirement of business (No. 8) B.E. 2547, 2004), and (3)
accounts keeping under the Accounting Act B.E. 2547 (2000) (Notification of Ministry of
Commerce on prescribing the duty of accounts maintenance for ivory-related entrepreneurs
B.E. 2551, 2008). A trade permit under the Animal Epidemics Act B.E. 2558 (2015) is also

required if trade involves raw ivory.

Specific official permits are required by law for the export and import of all three types of
ivory; however, permission is granted only for non-commercial purposes. Import and
export permits are required under the Elephant Ivory Act B.E. 2558 (2015) for the ivory
obtained from draught elephants, and WARPA permits are mandatary for ivory from wild
Asian and African elephants (Wild Animal Reservation and Protection Act B.E. 2562,
2019). In addition, the export of Asian elephants (both wild and captive), including their
parts and derivatives, requires a permit under the Export and Import of Goods Act B.E.
2522 (1979) (Notification of the Ministry of Commerce on specifying elephant as a goods
required a license prior to export B.E. 2555, 2012). All elephants are also governed by the
Animal Epidemics Act B.E. 2558 (2015), and export and import permits are required for
raw elephant ivory. Given the legal provision of ivory, import and export of all ivory types

must also comply with the Customs Act B.E. 2560 (2017).
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2.5 Discussion

In circumstances such as those in Thailand, ivory could be treated as a renewable resource,
the sustainability of which is achieved through a highly-regulated legal trade. The
reformed Thai legislation regarding ivory has the potential to align with both the principles
of the CITES convention and Thailand’s economic interests and cultural value, if barriers
to enforcement can be overcome. The complex nature of current legislation regarding
ivory-related activities makes compliance difficult. For example, the way in which
certificates of ivory origin are issued, and the implementation of relevant regulations,
largely depends on the legal understanding of local registrars (S. Arbhassarosakul, pers.
comm., 2018). The permit for inter-provincial movement is issued only after the
presentation of a certificate of origin (Notification of the Department of Livestock
Development on prescribing criteria, 2015). However, certificates cannot be issued
retrospectively, which makes interprovincial movement of old stocks of ivory (pre-2015)
impossible. The need to visit a regional office to register ivory possession presents barriers
in the form of travel costs and time, an effort that is difficult to justify particularly for small
ivory items (S. Arbhassarosakul, pers. comm., 2018). For ivory traders, certain legal
requirements posed by the Accounting Act and Elephant Ivory Act create a procedural
burden. There is thus a need to streamline the legal framework and consolidate laws related
to elephants and ivory. This change would not only reduce the administrative effort for
traders, but also facilitate product registration for buyers, thereby contributing to increased

compliance.

Legal domestic ivory markets that contribute to poaching or illegal trade need to be closed
as a matter of urgency (CITES Res.Conf. 10.10 (Rev. CoP18), 2019). Enforcement efforts
are essential for maintaining a closed Thai domestic market, as the activity of illegal
businesses is directly influenced by the effectiveness of law enforcement. Comprehensive
trade controls should prevent both the entry of illegally sourced ivory into the domestic
market and the export of ivory products from the country. Significant effort is required to
monitor the online trade, because illegal online commerce could hamper the control of the
legal trade. The new WARPA can facilitate the prosecution of people involved in the
illegal online trade of ivory (Wild Animal Reservation and Protection Act B.E. 2562,
2019). The use of electronic databases and software systems could help monitor the trade

and enable information exchange amongst relevant authorities.
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Ivory identification is a challenge for enforcement officers, and the use of modern
technologies could facilitate this. Considering the three types of ivory covered by Thai
laws, practical tools to differentiate between them are needed to ensure effective control of
the ivory trade. Samples of DNA from domesticated elephants (CITES SC70 Doc. 27.4
Annex 21, 2018) would facilitate verification of ivory from domesticated individuals.
Advances in technology (e.g., analysis of chemical composition and genetics) potentially
offer methods for distinguishing ivory from different species and locations, based on diet,
habitat use and genetics (Raubenheimer et al., 1998; Shimoyama et al., 2004; Wasser et al.,
2008; Ziegler et al., 2016). Spectroscopic techniques could offer simple and non-
destructive ways to assist field officers in identifying ivory (Buddhachat et al., 2016;
Shimoyama et al., 2004). Isotopic analyses are effective in differentiating between wild
and captive animals of the same species such as wolves Canis spp. and pythons Python
spp. (Kays & Feranec, 2011; Natusch et al., 2017). The development of practical
techniques for distinguishing ivory from domesticated elephants from that originating from
illegal sources would strengthen the enforcement capacity of Thai authorities (Chaitae et

al., 2021; Chapter 4).

Given that the legal ivory trade in Thailand requires a supply from local domesticated
Asian elephants, the domestic ivory trade could be sustainable if locally sourced ivory can
satisfy local demand. Understanding the nature of local consumption would provide a

reference for evaluating the capacity of local ivory stock to meet this demand.
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2.6 Chapter summary

(0]

The historical relationship between elephants and culture influences the legal
framework regarding elephants and ivory in Thailand. Thai laws allow the
exploitation of domesticated elephants and ivory as private assets, although the
country is bound by CITES provisions for international activities. Ivory from
African elephant and wild Asian elephants is completely protected from

commercial uses by laws.

Prior to 2015, the lack of comprehensive measures to control the Thai ivory market
enabled the laundering of illegally sourced ivory in the country resulted in the
legislation review in 2015. The laws now enable comprehensive control over the
possession and domestic trade of ivory from domesticated Asian elephants, and

aligning the protection of African elephants and their ivory with CITES regulations.

However, the complexity of the legal system presents barriers to effective implementation

due to confusion and legal complexity, as well as a high transaction cost.

Integration of relevant regulations, especially those specifically related to control of
live elephants, their parts and products of domesticated elephants, into a single law
could benefit law enforcement and compliance in the long run. In the interim,

simplifying existing regulations may facilitate compliance.

Moreover, use of an electronic database would improve the monitoring of ivory

movements and aid the implementation and enforcement of laws.
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Chapter 3: Legal awareness and compliance of

relevant ivory trade actors

Ivory trade control measures can be strengthened by the compliance of relevant actors. To
achieve compliance, it is important that relevant actors have knowledge of relevant laws.
Given the complex legislation documented in the Chapter 2, I further explore the legal
understanding of groups of key actors (elephant owners, ivory traders, and ivory
consumers) related to their activities in the trade. I use interviews and survey to collect data
from the three main groups of actors in different regions of Thailand. This research enables
an understanding of the current awareness of these actors and could inform strategies to
enhance their knowledge, and thus compliance. I also explore the compliance of a group of

ivory consumers using the Unmatched Count Technique (UCT).
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3.1 Introduction

Legal awareness is an initial step to achieving compliance with relevant laws (Keane et al.,
2011). Some people voluntarily obey the law as they accept the rules based on their
normative view; compliance is also frequently obtained via punishment and enforcement
(Tyler, 1990). Awareness can deter illegal behaviours; for example, wildlife poisoning was
low among pastoralists in Kenya who were likely aware of the measures and punishments
outlined in the relevant law (Didarali et al., 2022). Knowledge of regulations is important
regardless of the compliance mechanism. Such knowledge is often inadequate among
actors (Fukushima et al., 2021; Keane et al., 2011; St. John et al., 2015). Around half of
Cambodian hunters were either unaware or mistaken about the rules concerning using
snares around farms (Ibbett, Keane, et al., 2021). Varied understanding of fisheries
regulations is common, resulting in non-compliant fishing (Collins et al., 2021). Similarly,
Davis et al. (2016) found that locals in Luang Prabang had less knowledge of the laws
around protection of bears, Ursus thibetanus and Helarctos malayanus, than Chinese
visitors did. Along with perception, legal awareness can influence compliance (van Rooij,

2021). It is crucial that actors have sufficient understanding of relevant laws.

As explained in Chapter 2, legislative control of the Thai ivory trade involves
implementation of multiple laws. In this chapter, I further explore the legal understanding
of the actors in Thailand’s ivory trade chain. I know of no other assessment of the legal
knowledge across key actors in the ivory trade since the implementation of reforms in
Thailand in 2015 (see Chapter 2 for the details of the reforms). I also assessed the legal
compliance of a group of ivory consumers using the Unmatched Count Technique (UCT).
UCT (also known as the List Experiment) has been used for studying sensitive topics in
various disciplines including conservation research concerning wildlife consumption
(Davis et al., 2019; Nuno et al., 2018), hunting (Ibbett, Keane, et al., 2021), and trade
(Hinsley et al., 2017). These findings are designed to inform policies aimed at enhancing
the legal awareness of the key actors as an important step toward achieving higher levels of

compliance with Thai ivory laws.
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3.2 Methods

3.2.1 Data collection

I structured the data collection in accordance with the roles of the actors in the ivory supply
chain (Figure 3.1) using different approaches with different groups of actors (elephant
owners, ivory traders, and ivory consumers) taking account of the expected variation in

their literacy and accessibility.

» Ivory traders :
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Figure 3.1: A framework of key actors and their potential activities in relation to ivory.

3.2.1.1 Elephant owners and ivory traders

Data were collected between November 2019 and February 2020 in four regions of
Thailand to cover regional variation, see Figure 3.2 for locations and general description of
sampling areas in Table 3.1). I conducted semi-structured interviews in Thai, with elephant
owners and ivory traders (Info S3.1). All interviewed participants gave verbal consent to be
interviewed anonymously and audio recorded, as approved by the James Cook University
Human Ethics Committee (H7873). Verbal consent was obtained due to the combination of

poor literacy of potential participants, and their potential hesitancy in signing documents.

Twenty-three elephant owners were recruited from the North (5), Northeast (13), and
South (5) using purposive and snowball sampling, and were interviewed face-to-face, or
via telephone. Elephant owners were asked about their knowledge of the laws pertaining to
cutting or removing raw ivory from elephants, as well as other activities such as

transferring ownership and moving ivory across provinces.
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I conducted face-to-face interviews with 17 ivory traders (11 manufacturers and 6 product
retailors), from the North, Northeast, and Central regions, based on my pre-existing
contacts followed by snowball sampling. Interview questions focussed on ascertaining the
traders’ knowledge of the legal requirements regarding trading ivory, and the ways in

which they learnt about these requirements.
3.2.1.2 Ivory consumers

Ivory consumers were surveyed in Thai to elicit information about the following: 1) their
awareness of the laws relevant to ivory-related activities, i1) their compliance with Thai
ivory laws, using the Unmatched Count Technique (UCT), and iii) demographic
information (/nfo S3.2).

1,500 anonymous ivory possessors residing in Bangkok (750 males and 750 females), who
had previously provided their postal address to the Thai Department of National Parks,
Wildlife and Plant Conservation (DNP), were randomly selected by Department officers
from the database of the domesticated elephant ivory registration comprising ~45,000
possessors. The surveys were posted to the addresses of participants with an invitation
letter, an information sheet, and a stamped envelope for returning the survey to an assigned
postbox. Informed consent was given in the form of implied consent as completion of the
questionnaire was voluntary and participants were anonymous, as approved by the James
Cook University Human Ethics Committee (H7927). The study was conducted between
May 2020 and May 2021.

Legal awareness
I studied the legal understanding of each ivory possessor via two principal questions:
e Question 1 (“tradable status of ivory”): Can any of these types of ivory (African,
wild Asian, and domesticated Asian elephants) be legally traded within Thailand?
The aim of this question was to assess whether the respondents understood the
different legal status of the three ivory types (sourced from African, wild Asian,
and domesticated Asian elephants).
e Question 2 “ivory-related restrictions”: Do any of the following activities require an
appropriate authorization? Activities included trading ivory as a business, wearing
ivory jewellery out of/into Thailand, owning a piece of raw ivory, importing or

exporting of ivory out of/into Thailand, trimming tusks from a domesticated
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elephant, carving/cutting registered ivory, translocating registered ivory. The aim of
this question was to explore the ivory consumers’ awareness of the legal details of

key activities relevant to them.

Each question included terms or statements, to which the participants were asked to mark
“yes”, “no” or “do not know”. The “do not know” option enabled respondents to express
their uncertainty regarding any question; “yes” or “no” answers should reflect more

confidence.

Legal compliance (Unmatched count technique - UCT)

I used four sets of statements to assess four aspects of the legal compliance of ivory
consumers: possession of ivory, ivory purchasing, ivory sales, and smuggling. Respondents
were randomly allocated into control and treatment groups of equal size for each aspect
(two groups). The control groups received the version of UCT survey that contained only
non-sensitive statements, whilst the treatment respondents received the same set of non-

sensitive statements plus one statement about breaking laws (sensitive statement).

For each list, each respondent reported only the number of statements applying to them.
Thus, the respondent did not identify which statement(s) (sensitive or non-sensitive) were
relevant to them. I used a pilot study to select the non-sensitive statements for the main
study. Non-sensitive statements were developed around ivory-related activities that were
familiar to ivory consumers, to sensitive statements to blend in with them. The final non-
sensitive statements for each list contained a pair of negatively-associated statements and a
pair with a mixture of high and low prevalence statements to avoid ceiling (all statement
selected) and floor (no statement selected) effects (Glynn, 2013). I piloted the surveys with
the first 100 participants; the remaining 1400 participants were used for the main phase,
resulting in 27 completed responses from the pilot phase and 470 from the main study

(total response rate = 33%)).
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« Nonthaburi (NT)
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' NORTHEAST
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Figure 3.2: Map showing sampling areas in four different regions of Thailand.
Green coloured provinces show sampling areas for elephant owners, province names with *
indicate ivory trader sampling, and # indicates location of the ivory consumer respondents.
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Table 3.1: General description of sampling areas related to ivory trade chain. See Figure

3.2 for locations.

Region & Province

Description

North
e Phrae

e Sukhothai

e Nakhon Sawan

Elephants mostly work in the tourism industry. These elephants are
either locally-owned, or have owners based elsewhere e.g., Surin
(Tipprasert, 2002).

Nakhon Sawan and Uthai Thani are currently important ivory product
manufacturing areas. Ivory carving business in Thailand started from

e Trang

e Uthai Thani ; o . .
these areas with early stage of production involving sacred items and
* Petchabun later expanded to a wide range of jewellery and products (Stiles,
2003).
Central
e Bangkok Most ivory consumers in Thailand live in Bangkok (Krishnasamy et
o Nonthaburi ?11., 20‘16). There are 'ivory retailers in Bangkok and metropolitan areas,
including Nonthaburi.
Northeast
e Surin Thatum in Surin is known to be the ‘home of the domesticated
elephant’. Elephant keeping is an important cultural and livelihood
value for the Kui ethnic group (Chomdee et al., 2013). Surin elephants
either remain locally or work in tourism businesses in other area
(Tipprasert, 2002).
Surin is another significant manufacturing site (Krishnasamy et al.,
2016). There are about 40 registered ivory traders in Surin, most of
whom are centred at the Ta-klang elephant village in Thatum ("Deputy
commissioner-general visited the city of elephant for inspecting ivory
businesses ", 2016).
South
e Nakhon Si There are many elephants working in elephant camps (elephant tourist
Thammarat businesses) in tourist hotspots (e.g., Phuket), which largely originated
«Krabi from Northern provinces and Surin of Northeast. Some the elephants
log in the rubber plantations (Chotikasemkul, 2019; "Elephants from
* Phangnga the North and the Northeast increasingly moved to the South to

support tourism and labour uses," 2017; Tipprasert, 2002).
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3.2.2 Analysis

3.2.2.1 Elephant owners and ivory traders

Legal awareness

All interviews were conducted and transcribed in Thai to preserve the contextual meanings
and perspectives of the participants. Quotations that are part of the Results are presented in
English. The translation of these quotations represents the meaning expressed by the
participants for research validity (van Nes et al., 2010). Description and language
amendments to facilitate reading are in square brackets. Coding was conducted in English
using NVivo (QSR International Pty Ltd., 2018). I conducted open coding to generate
concepts and categories for refining perception and attitudes toward the laws. Different parts
of each transcription were coded and marked with appropriate labels for identification
during analysis (codes). The codes were further grouped under the same category based on

relationship and similarity.
3.2.2.2 Ivory consumers

Legal awareness

I used Chi-square tests to compare respondent demographics with that of the broader Thai
population (National Statistical Office, 2018 2021). For assessing legal awareness, the
answers for each sub-question were marked and counted as “correct”, “wrong”, and “do
not know”. Overall understanding of ivory regulations was based on the number of correct
answers (score) achieved by the 497 respondents. The relationship between respondent
characteristics and their overall legal awareness was analysed using non-parametric tests as
the data were not normally distributed. The Mann Whitney U test was used for comparing
between genders, while the Kruskal-Wallis test was used to compare between multiple
categories. Due to the small sample sizes in certain categories (7able 3.2), 1 recategorized
data according to age class and ivory possession volume to enable statistical testing (7able
3.3). Religious information was excluded from the relationship analysis due to the
overwhelming dominance of Buddhists (97.2%). I calculated the correct to non-correct
ratio to represent the knowledge level of respondent categories. “Wrong” and “do not
know” answers were combined as non-correct responses. Thus, higher ratios indicate
correct understanding of the law. Statistical analyses were performed sing IBM SPSS

Statistics 27 (IBM Corp, 2020).
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Legal compliance (Unmatched count technique - UCT)

Analysis was conducted using the 470 responses obtained from the main study using the
List package 9.2 of Program R (Blair et al., 2020; R Core Team, 2021). The difference-in-
means between the control and treatment groups was calculated using the ictreg function to
provide prevalence estimates of law-breaking behaviour (Blair et al., 2020). This function
has been specifically used to conduct multivariate regression analyses of survey data using
UCT. I explored design validation using ict.test function with the null hypothesis of no
design effect which occurs when response of individual to the non-sensitive items changes

upon the treatment status (Blair et al., 2019; Blair & Imai, 2012).

3.3 Results

3.3.1 Elephant owners

Elephant owner interviewees were generally aware of the ivory laws, apart from a few
unclear and misunderstood aspects. Their legal awareness included the requirements
related to obtaining raw ivory from their elephants, and transportation and registration of
ivory. Elephant owners involved in trading showed a higher understanding than those not
involved with trading. Most elephant owners were positive about the Elephant Ivory Act

2015 despite some complaints about the complicated legal provisions.

Surin elephant owners demonstrated a more accurate understanding of the regulations than

owners from South Thailand did. For example:

Today, there is the ivory law. There is an inspection by district office for issuing
document about origin of ivory. Then we can register the ivory at the DNP office at
Ubol Rachathani. Having these documents is good for elephant owners, no one
steals tusks from elephants as no registration can be done, it is worthless. If I sell

or give it to someone, cut [tusks], or move to a new place I have to inform the Ubol

Rachathani office. [EO11, Surin]

Legal knowledge was also high among elephant owners who acted as intermediaries in the
supply chain, searching for ivory within their local area or through established connections.

These elephant owners learnt from their trader contacts.
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[We] either cut ivory or once took from a dead elephant, we have to inform a
district office, and then register with a forestry office [DNP] by 30 days. We did not
inform an officer in early days when cutting ivory, but very strict now. Olfficers
check if it is legal ivory. Transferring to someone have to be done at the forestry
office too. There is a fine for the delay, it is expensive. At first,  was confused about
many offices to contact. The ivory trader, I help them sourcing ivory, told me what 1

have to do. [EO13, North]

Besides their legal understanding about the regulations relevant to their activities, some
owners demonstrated knowledge of trade permit requirements, the illegal status of African
ivory compared with domesticated ivory, prohibition of exporting and importing ivory, and

compliance with CITES. For example:

The law aims to prevent bringing in foreign [African] ivory to follow CITES. This
created a better control. Trading ivory have to get a permit. An ivory document

shows about where ivory is from. It is hard to get illegal ivory into the system.

[EO9, Surin]

In contrast to elephant owners from Surin, owners residing in the South and the North
(Figure 3.2) had incomplete or mistaken knowledge about the need to register raw ivory
with DNP. They believed that the registration of raw ivory under the Elephant Ivory Act
2015 was required only under certain circumstances rather than always being mandatory.

Southern elephant owners and their connections demonstrated similar misunderstandings.

If the cut tusk weight is less than half of kilo, [there is] no need to inform a forestry
office [DNP]. Those tusks sometimes were small, either were cut or accidently
broken. We must register, only, tusks took from a dead elephant, they were large,
with a forestry office within 30 days otherwise we are guilty and must be fined. |
have to contact the forestry office again when selling the tusks. EO18, South

[ learned that we must have evidence and pictures when cutting tusks to get an
ivory certificate issued by a district office. It is all done, [we have] no more contact

with other offices. [EO22, North (native to the South)]
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Some owners demonstrated a lack of clarity about the details and procedures required by
different legal frameworks. These respondents have not cut elephant ivory since the
introduction of the new law. They expected a clear understanding from contacting officers,

ivory traders and other elephant owners.

We must inform officers everything about ivory, but do not know how to do. [Ivory]
traders know well, I will sell [ivory] to them, they will help me do this. Since having
the law, I have not cut ivory yet. [EO12, Surin]

Livestock Development officers taking care of my elephants told me that I have to
inform a district office and Livestock Development office. I am not sure in details,

never do this. [EO23, North]

An elephant owner, who was an intermediary, explained the problems with information
access for certain groups of elephant owners, a factor contributing to their lack of legal

awareness and compliance.

Some elephant owners live in remote, mountainous areas of the North. Many of
them are not educated, so they only learn from asking others. When people do not
understand, so they worried about being arrested, and then avoid participation. I
explained to people I contacted with, about law, so they knew. There are still this
groups of elephant owners [who are] unsure about law. It is so confused for

general elephant owners. [EO13, North]

3.3.2 Ivory traders

Overall, the traders showed strong knowledge of the laws related to obtaining raw ivory,
manufacturing ivory into products, and selling ivory items to retail customers. Their most
frequent responses about trading regulations related to obtaining legal ivory for
manufacturing, the keeping of records and reports, and the issue of ivory sale certificates to
customers. They obtained their legal knowledge from the training provided to them by
government officers, casual inquiries, and regular monitoring measures. They also

educated their contacts, including elephant owners and ivory buyers, about the regulations.

Ivory businesses can be involved in manufacturing and/or retailing of finished products.
Ivory traders in Nakhon Sawan, Uthai Thani and Surin are important manufacturers,

producing ivory products from raw material. Their businesses involve both wholesaling to
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other ivory traders and retailing ivory items to general customers. Their legal knowledge
thus covered a wide range of such activities and they transferred information to elephant

owners and ivory buyers during trade activities.

For registering raw ivory with the DNP, I need the ivory certificate from a district
office [Department of Provincial Administration]. A movement permit from
Livestock Development office is needed when I moved ivory from other provinces
into my shop. When we manufacture into products, I have to report for inspection
before selling. The ivory shop must report all records by the 10th each month. We
have to show the trade permit. New buyers mostly ask me about ivory, is it real,
how to distinguish ivory, is it from a legal source or if elephants were killed. But
for existing buyers, they trust us, then [we receive] no such questions from them.
We always give buyers the document so they can register ivory bought from us, the

document is the evidence of ivory legality and authenticity. [TM12, Uthai Thani]

1 once travelled up North to collect a pair of tusks from a dead elephant. The owner
gave me a document certified by a police officer, which cannot be used for proofing
legality of ivory. I told them to get the right documents and register ivory as the law
needs. ... I explain [the law to] many elephant owners who do not understand the

law well. [TM3, Surin]

1 give customers the document [ivory sale certificate] for registering their ivory
items. I tell them to contact a DNP office responsible for their residential areas
within 30 days. Then they, very frequently, complain about timing, distance, and
complication of procedures. Everyday, I have to answer customers’ question about

laws related to ivory, and if ivory is real. Before, they did not ask about law.
[TM17, Nakhon Sawan]

Retailors were well aware of legal requirements related to selling the ivory products:

I bought products from a shop at Nakhon Sawan. I used the document as legal
evidence for my stock. I do not do any manufacturing, just sell what I got. What 1
have to do is report the sale record every month and issue the document for the

customer. [TR13, Bangkok]
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Some other restrictions noted by traders include export prohibition and the fixed location

of ivory shop:

1 do not sell ivory to foreigners, because it is not allowed to be exported. [TR14,
Nonthaburi]

1 told my customers that they cannot wear it when traveling to other countries. This

ivory is only for use in the country, CITES does not allow it. [TR9, Sukhothai]

Today, we are not allowed, by law, to sell ivory at any temporary events or markets
as we did before. We lost many customers. I can trade only here at my shop. [TMS,

Nakhon Sawan]

Misunderstandings by traders about their about legal requirements were illustrated by
statements such as “Customers have to register their bought items within 15 days” TS,
Surin, and “Buyers cannot sell their bought ivory because they do not have an ivory trade
permit” T15, Nakhonsawan. Actually, ivory must be registered within 30 days of
acquisition, whereas occasional ivory sales by private users is not considered to be

commercial trade and no trade permit is needed.
Ivory traders highlighted the mechanisms by which they gain legal understanding:

Officers come to my shop every month; they check records and give me advice

about doing all the paperwork. [TM1, Surin]

At first, we did not understand regulation well, it was hard. DNP office did some
workshops and taught us about doing records the law needs. I regularly do it, so

now, I understand and can do all paperwork myself. [TM3, Surin]
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3.3.3 Ivory consumers

3.3.3.1 Respondent characteristics

The gender, age class and religious affiliation of my sample of ivory consumers in
Bangkok differed from the Bangkok and national populations (7able 3.2). Ivory
consumers, who responded to my survey, were disproportionally male (51%) and older
than 60 years (56%). Their modal education level was a Bachelor’s degree. About half of

the respondents were retired or did not work. Most (60%) possessed 1 - 4 pieces of ivory.

Table 3.2: Characteristics of ivory consumers in Bangkok and results of Chi squared
tests comparing their demographic profiles with the Bangkok and national populations
for gender, age class and religion.

Chi-square test

Characteristic Category
Value p
Gender Male Female
Study respondents 254 (51.1%) 243 (48.9%) 6.210 0.013
Bangkok residents’ 45.50% 54.50%
Age class (years) 21-30 31-40 41 -50 51-60 261
Study respondents 6 (1.2%) 30 (6.0%) 63 (12.7%) 118 (23.7%) 280 (56.3%) 334.327 <0.001
Bangkok residents’ 17% 18% 20% 19% 25%
Religion Buddhist Christian Muslim None*
Study respondents 483 (97.2%) 11 (2.2%) 2 (0.4%) 1(0.2%) 28.753 <0.001
National residents? 93.50% 1.10% 5.40% =
Primary

Education level High school Diploma Bachelor Graduate

school
Study respondents 17 (3.4%) 53 (10.7%) 26 (5.2%) 209 (42.1%) 192 (38.6%)

Business Private Government
owned employee employed
Study respondents 245 (49.3%) 142 (28.6%) 76 (15.3%) 34 (6.8%)

Occupation Do not work

Possessed ivory

quantity (pieces) 1-4 5-10 11-15 16 -20
Study respondents 282 (60%) 91 (19.4%) 32 (6.8%) 12 (2.6%)
21-25 26 -30 231

11 (2.3%) 8 (1.7%) 34 (7.2%)

Note: ' 2021 demographic data of Bangkok residents aged 21 years old and above (National
Statistical Office, 2021), ? 2018 religious affiliation of the total population in Thailand (National
Statistical Office, 2018 ), * “None” category of religion excluded from Chi square test due to the
unavailability of comparable data.
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3.3.3.2 Legal awareness

Twenty-three percent of my sample of 497 ivory consumers were aware of the different
legal status of the three ivory types (score 3); 19% of them had no knowledge about this
provision (score 0) (Figure 3.3). Most respondents (44.3%) provided two correct answers;
two was also the median score. Knowledge of ivory-related restrictions (Question 2) had a
median score of five. 18.5% correctly knew all seven legal requirements, while 7.4% were
either unaware or misunderstood all of these requirements. Legal awareness about the
tradable status of ivory (Question 1) varied with gender. Scores for both questions differed
between education levels (7able 3.3). The level of understanding of each respondent group
presented as a ratio between correct and non-correct answers indicated a greater knowledge
in male respondents, and more highly educated respondents in general (Figure 3.4, see

ratios in Tables S3.1 and S3.2).

Q1: Tradable status ofivory

0 1 27
19,39, 13.3% 44 3%

Q2: Ilvory-related restrictions

0% 20% 40% 60% 80% 100%

Percentage of respondence

Figure 3.3: The legal knowledge scores of respondents based on number of correct
answers. Maximum scores for Question 1 and Question 2 are 3 and 7 respectively. * indicates the
median scores for each question. Question 1: Can any of these ivory (African, wild Asian, and
domesticated Asian elephants) be legally traded within Thailand? Question 2: Do any of the
following activities require an appropriate authorization? Activities included trading ivory as a
business, wearing ivory jewellery out of/into Thailand, owning a piece of raw ivory, importing or
exporting of ivory out of/into Thailand, trimming tusks from a domesticated elephant,
carving/cutting registered ivory, translocating registered ivory.
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Figure 3.4: Ratios of correct (“correct”) and non-correct (“wrong” plus “do not
know?) responses.Question 1: Any of these ivory can be legally traded within Thailand?,
and Question 2: Any of the following activities required an appropriate authorization?,
categorized by i) Gender, ii) Age class, iii) Education level, iv) Occupation, and v) Ivory
possession volume. Values on Y axes are ratios between correct and non-correct answers.
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Table 3.3: Significance of the differences between the legal understanding scores and
respondents’ demographic variables. Question 1: Can any of these ivory (African, wild Asian,
and domesticated Asian elephants) be legally traded within Thailand? Question 2: Do any of the
following activities require an appropriate authorization? Activities included trading ivory as a
business, wearing ivory jewellery out of/into Thailand, owning a piece of raw ivory, importing or
exporting of ivory out of/into Thailand, trimming tusks from a domesticated elephant,
carving/cutting registered ivory, translocating registered ivory.

Q1 tradable Q2 ivory-related
status of ivory restrictions
Demographics df
Value p Value p
Gender Female, Male 1 35013.5 0.006* 33324 0.119
Age class 21-40, 41 - 50, 3 4.541 0.209 5.198 0.158
51-60, 261 years old
Education level < Diploma, 2 8.063 0.018* 13.539  0.001*
Diploma/bachelor,
> Bachelor
Occupation Business owned, 3 4.251 0.236 6.197 0.102
Government employed,
Private employee,
Do not work
Possessed ivory 1-4,5-15,16 - 25, 3 6.226 0.101 3.909 0.271
quantity =26 pieces

Almost 70% of respondents knew that trade is prohibited from both African and wild
Asian elephants. One-third of participants correctly understood the tradable status of ivory
from domesticated Asian elephants (Figure 3.4, Q1). Of the seven legal restrictions in
Question 2, awareness around the export/import and domestic trade of ivory was highest
amongst participants at 85.1% and 84.1%, respectively. In general, more than half of
participants knew all the restrictions, except for the “wearing ivory jewellery out/in of
Thailand”, a restriction which most respondents were either unaware (44.1%) or

misunderstood (16.9%) (Figure 3.4, Q2).
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Figure 3.5: The detailed legal understanding of 497 respondents in relation to the
tradable status of ivory (Question 1) and ivory-related restrictions (Question 2). Numbers
represent the number of respondents, whose responses were correct, wrong, or “do not know”.
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3.3.3.3 Legal compliance using the UCT method

The UCT values ranged between - 0.05 and 0.13 (Table 3.4) suggesting that the prevalence
of illegal activities was low. These results must be interpreted with caution. The negative
prevalence value for List 2 (purchasing) is inconclusive (control > treatment) and all
standard error values were high. I explored the estimated proportion of each respondent
type to check for design effects for the three lists with positive prevalence values: two of
three lists (List 3 and List 4) yielded negative estimates for respondent proportions (7able
3.5). Together with the small affirmative response to the sensitive items, these results
suggest a violation of the underlying assumptions (age-biased sample) or an extremely
small number of respondents undertaking illegal activities, or a combination of both

factors. The results were thus inconclusive.

Table 3.4: Legal compliance results using the UCT method. Pilot and main study results for
each of the four UCTs showing list mean, prevalence estimates, standard error (S.E.) and 95%
confidence interval. All respondents received the four lists of statements: there are four non-
sensitive statements in each list for the control group, while the treatment group received five
statements, including a sensitive statement in each list. Prevalence values of illegal activities were
the difference in means between the two groups of respondents.

List Group i Prevalence S.E. 95% CI
mean

1. lllegal possession of Control 1.95 0.09 0.06 [-0.03,0.2]

ivory product(s) Treatment  2.04

2. Buying ivory from Control 1.74 -0.05 0.06 [-0.17,0.07]

unauthorized selling Treatment 1.69

3. lllegal trade of ivory Control 1.88 0.13 0.07 [-0.01, 0.27]

Treatment 2.01

4. lvory smuggling Control 1.55 0.02 0.08 [-0.14,0.18]
Treatment 1.57
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Table 3.5: Estimated proportions of respondent type by total number of affirmative
answers responses to control and sensitive statements for the lists. (Y, Z) where Y is the
count of affirmative responses to the control items from 0 to 4, Z = 0 or 1 represented negative or
affirmative response to the sensitive item, respectively. Note: The results for List 2 are not
presented here because the analysis reported a constant data error of unknown aetiology.

List 1 List 3 List 4
(Y,2) llegal possession of ivory product(s) llegal trade of ivory lvory smuggling
est. s.e. est. s.e. est. s.e.

0, 1) 0.0000 0.0000 -0.0071 0.0118 -0.0246 0.0220
(1,1) 0.0289 0.0362 0.0570 0.0409 0.0643 0.0461
(2,1) 0.0214 0.0328 0.0630 0.0374 -0.0220 0.0288
(3,1) 0.0230 0.0154 0.0030 0.0111 -0.0015 0.0120
(4,1) 0.0122 0.0070 0.0122  0.0070 0.0041 0.0041
(0,0) 0.0000 0.0000 0.0204 0.0090 0.0735 0.0167
(1,0) 0.1755 0.0243 0.2275 0.0284 0.4246 0.0350
(2,0) 0.6364 0.0356 0.4614  0.0409 0.3643 0.0383
(3,0) 0.0970 0.0262 0.1615  0.0267 0.1037 0.0231
(4,0) 0.0055 0.0113 0.0011  0.0104 0.0137 0.0097

3.4 Discussion

3.4.1 Raising legal awareness of ivory trade actors

Although there is complexity in the relevant legislation as discussed in Chapter 2, overall,
actors in the Thai ivory trade chain have a strong understanding of the relevant laws.
Nonetheless, different groups of actors vary in their detailed understanding, reflecting the
scope and depth of their involvement in various stages of the ivory trade chain. Elephant
owners generally aware of regulations pertaining to raw ivory. Ivory traders have
considerable legal knowledge of trading activities from sourcing raw ivory, manufacturing
it into products, through selling products to ivory consumers. The awareness of ivory

consumers is focussed on ivory possession and related activities.

This pattern of differential awareness is also evident in other industries. In an ecotourism
study, tourist guides and other groups of individuals involved with tourism and
community-based resource management, held a greater knowledge of protected species in

Madagascar than did farmers and non-members of forest management associations (Keane
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et al., 2011). Similarly, hunters and animal husbandry workers in Mediterranean protected

areas are more knowledgeable of species than are tourists (Cortés-Avizanda et al., 2022).

Ivory traders played an important role in educating other actors in the trade chain,
presumably as a result of their intermediate position. Trade in ivory involves other actors
trusting ivory traders at several points in the chain e.g., elephant owners following their
legal advice in selling raw ivory, users buying ivory from a trusted sources such as a
familiar shop. Ivory traders are thus important for raising the awareness of other actors in
the chain and could be used more effectively by government to increase compliance.
Effective intervention to targets could be more effective by use of the right

communications medium along with the right message (Challender & MacMillan, 2014).

Different mechanisms are used to disseminate information across actors in the ivory trade
chain. All actors access common knowledge about the illegal ivory types and restrictions
on international and domestic trading were efficiently accessed via public education
campaigns undertaken by the Thai government and conservation organizations since 2014
(CITES SC66 Doc. 29 Annex 8, 2015). The legal knowledge of ivory traders was
substantially increased through comprehensive control mechanisms (CITES SC66 Doc. 29
Annex 8, 2015). These mechanisms include training in the regulations and consistent
enforcement activities, meaning traders had greater knowledge than the other groups of
actors. Elephant owners spread information by word of mouth via their established owner
networks. It would be beneficial for government officers, who interact regularly with
owners, to use these networks to transfer accurate messages to improve the legal

understanding of owners.

To enhance legal understanding, outreach materials need to be presented in language
accessible to lay people (van Rooij, 2021) and tailored to particular groups of actors (Kidd
et al., 2019). For example, material for Bangkok ivory consumers should be targeted to
retired seniors, and highlight information about ivory ownership transfer, along with other
knowledge gaps. The level of education of residents in Bangkok is higher than that of
people residing in other parts of Thailand (Thailand's Office of the Education Council,
2022) and, therefore, ivory consumers in other areas are expected to have lower levels of
legal knowledge than my respondents did. The results of this study should not be
interpreted as nationally representative. Future study of the legal knowledge of users at a

national level would enable customised communication intervention. Many other studies
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have emphasised the need for outreach to be tailored to the literacy level of the audience
e.g., bear conservation knowledge held by Lao nationals and Chinese tourists (Davis et al.,
2016), wildlife conservation measures in game reserve in Tanzanian local community

(Hariohay et al., 2018).

3.4.2 Legal compliance

Questions related to illegal or sensitive activities could potentially lead to inaccurate
replies because of participants’ concern around the social acceptance and/or legal
consequences of their behaviours (Blair et al., 2019; Nuno & St. John, 2015). Direct
questioning (DQ) is thus less efficient in protection of privacy of participants, which could
result in biased responses. Specialized questioning techniques (SQs) are advantageous
because they provide protection, privacy and anonymity of respondents, and reducing
response bias caused by social desirability. Nonetheless, such techniques are low in
statistical precision and require comprehensive design and implementation to overcome
their inherent statistical weakness (Blair et al., 2019; Hinsley et al., 2019; Ibbett, Jones, et
al., 2021). UCT and Randomised Response Techniques (RRT) are indirect questioning
techniques that have been increasingly used in conservation research (Hinsley et al., 2019).
UCT requires a careful selection of statements by the researcher and is easy to use for
participants as they have merely to specify the number of statement that apply to them, an
approach which enables the researcher to choices in administering the survey including a
self-administrated survey (Hinsley et al., 2019). A RRT study needs a randomization
device for selecting questions to be answered by participants, as well as comprehensive
understanding of the method by the participants. Consequently RRT research has
sometimes been conducted in face-to-face to enable the respondents to be supported by the
research team (Ibbett, Jones, et al., 2021). As such, the RRT methods requires reasonable

resources to be available to the research team.

UCT has been successfully used to estimate the proportion of non-compliance in several
conservation studies such as CITES non-compliance in the orchid trade, and wildlife
poisoning in pastoral areas (Didarali et al., 2022; Hinsley et al., 2017). My UCT study,
however, did not provide clear results, perhaps because of the violation of assumptions
inherent to the UCT approach as well as a low level of illegal activities among the non-
working age respondents that comprised 60% of my sample. UCT assumes that: 1) the

inclusion of sensitive statements has no effect on responses to the control statements; and
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2) respondents answering the sensitive item truthfully (Blair et al., 2019; Blair & Imai,
2012). Assumption violations result from careless responses and administrative errors
(Blair et al., 2019), as well as a lack of understanding of the UCT procedure (Droitcour et
al., 2011) violating the assumption of truthful answers, leading to misleading results (Blair
et al., 2019) and contributing to unsuccessful use of the approach (Davis et al., 2019;
Ibbett, Keane, et al., 2021). My prevalence estimates were either negative or low with large
variance. Negative estimates of prevalence are unrealistic (Nuno et al., 2018), while the
small sample sizes would have contributed to the large variances (Droitcour et al., 2011;
Hinsley et al., 2019) and low precision (Davis et al., 2019). The statistical limitations of
UCT make this technique ineffective for studying populations in which criminal behaviour
is rare (Hinsley et al., 2019). My experience illustrates the importance of analysing
respondents’ demographics to ensure appropriate application of specialized techniques
such as UCT. Qualitative methods, such as focus group interviews, are more effective than
a SQ for study that the sensitive behaviours are rare and/or limited by a small sample size
(Davis et al., 2022; Ibbett, Jones, et al., 2021). Following-up, focus group, interviews
would benefit in validating and describing the results obtained from this UCT study.

I did not use any questioning technique other than UCT. Thus I am unable to use another
method to evaluate my results (Hinsley et al., 2019). This approach was due to the
expected concerns of participants about their privacy and the legal consequences from
answering DQ questions as the survey was sent to their physical residence, information
which was available as contact detail for target participants, as well as constraint of

resource and randomization device for conducting RRT.
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3.5 Chapter summary

(0]

Thai ivory laws are complex, as discussed in Chapter 2. Since the 2015 legal
reform, the legal knowledge of relevant actors has not been investigated.
Understanding the legal awareness of groups of relevant social actors is an initial

step towards increasing legal compliance.

In this chapter, I explored the legal knowledge of key actors in the Thai domestic
ivory trade: elephant owners, ivory traders, and ivory consumers using interviews
and survey. Results suggest that, in Thailand, elephant traders have greater legal
knowledge than elephant owners and ivory consumers. The scope and level of the
knowledge of each group of actors were limited by the information accessible to
them. Mutual awareness among different group of actors included the illegality of
ivory from African and wild Asian elephants, as well as the restrictions around

domestic trade and the export and import of ivory.

I found evidence of ivory traders raising the awareness of the other two groups of
actors. Given their position in the middle of the ivory trade chain, traders could be
formally used by Thai government to disseminate legal knowledge and distribute
educational materials to elephant owners and ivory buyers, taking advantage of

their trusted relationship with the other actors.

There are different mechanisms of knowledge raising among actor groups. The
awareness of ivory traders is largely a result of enforcement activities,
communication among elephant owners effectively works via personal connections,
while public education is widely accessible for ivory consumers. Capitalizing on
pre-existing mechanisms of knowledge dissemination could improve the

knowledge of relevant actors and improve overall compliance.

Compliance is also affected by the perceptions individuals have of the law.
Practical and simpler procedures would make compliance easier, while regular
enforcement could discourage rule breaking. My information might be used to
inform a strategic plan for public education about the legal requirements imposed

by the national laws on the elephant trade in Thailand.
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0 I also assessed the extent of law breaking by ivory consumers using the Unmatched
Count Technique. However, the estimates I obtained are inconclusive, likely as a
result of: 1) my study violating the assumptions of the technique and/or 2) the low

law breaking of my sample, which was biased towards seniors.
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Chapter 4: Developing a forensic technique to

differentiate ivory provenance

Identification of the provenance of the ivory is a challenging task for Thai enforcement
authorities, particularly as the three ivory types are governed by different laws. In this
chapter, I apply the Near Infrared Spectroscopy (NIRS) technique, combined with Partial
Least Squares Discriminant Analysis (PLS-DA), to differentiate ivory sourced from
African, wild Asian, and domesticated Asian elephants. I hope my findings will support
enforcement and trade monitoring to prevent the laundering of illegal ivory, which is a

major concern for the legalization of the wildlife trade.
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4.1 Introduction

As explained in Chapter 2, Thailand permits a domestic trade in ivory from domesticated
Asian elephants. This trade must comply with the Elephant Ivory Act, while ivory from both
wild Asian elephants and African elephants is prohibited from commercial use. Consequently,
given the different legal provision of ivory from these three different sources in Thailand,
there is a need for a reliable, non-destructive method to identify the provenance (African, wild
Asian, or domesticated Asian elephants) of ivory objects to enable the comprehensive control
of the domestic ivory trade in Thailand (Chaitae, Gordon, et al., 2022; Chapter 2). Having such
a methodology would ease international pressure to close the trade, an action that would

jeopardize the livelihoods of local merchants along the supply chain (see Chapter 5).

An elephant tusk is mainly composed of dentine, surrounded by a thin outer layer of
cementum (Baker et al., 2020). The surface of the tip is coated with a layer of enamel.
Dentine largely consists of inorganic components embedded in an organic matrix of
collagenous proteins (Locke, 2008; Raubenheimer et al., 1998). Hydroxyapatite is the main
inorganic component, while major amino acids in the collagen include glycine, proline,
and hydroxyproline (Godfrey et al., 2002). The chemical components in ivory are
determined by the elephant’s physiology and diet, and the environment in which it lives
(Prozesky et al., 1995; Raubenheimer et al., 1998; van der Merwe et al., 1990). The vast
ranges of Asian and African elephants (Gobush, Edwards, Balfour, et al., 2021; Williams
et al., 2020), result in location-specific chemical signatures in ivory reflecting
environmental and geographical conditions (Prozesky et al., 1995; Raubenheimer et al.,
1998; Singh et al., 2006). The isotope ratios of carbon, nitrogen, hydrogen, sulphur, and
oxygen have proved useful for pinpointing the origins of African ivory (Ziegler et al.,
2016). Different elemental and amino-acid signatures have also been documented for ivory
obtained from different parts of the range of African elephants (Prozesky et al., 1995;
Raubenheimer et al., 1998). Asian and African sourced ivory has also been successfully
distinguished based on elemental variation (Singh et al., 2006). Whilst these approaches
have potential for forensics to support law enforcement, they are destructive and require
specialized laboratories and expertise, making them unsuitable for routine inspection or

screening (Baker et al., 2020).

Near-Infrared spectroscopy (NIRS) is an approach suitable for examining the composition

of intact samples, using the light absorption of chemical bonds within a range of the NIR
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spectrum (700-2500 nm) (Osborne, 2006). Prominent NIR absorption in ivory reflects
protein (C-H from collagenous protein, N-H from protein residues), and water (O-H)
interacting with proteins (Power et al., 2019; Shimoyama et al., 2004). The NIRS technique
has successfully distinguished elephant ivory from other ivories, bones and horns (Power

et al., 2019; Shimoyama et al., 2004), and documented differences in the NIR absorption of
the soft and hard ivories of African elephants (Shimoyama et al., 2004). None of these NIR

studies assessed Asian ivory derived from both domesticated and wild populations.

Here, I investigate the potential for the NIRS technique to discriminate between ivory
derived from African, wild Asian, and domesticated Asian elephants. As this is an
exploratory study, I used three devices developed for the Thai agricultural industry to
enable comprehensive spectral coverage from Visible to Long-wave NIR. My study was in
response to enquiries from Thai enforcement officers involved in the routine inspection of
ivory about the availability of non-destructive, rapid techniques to screen tusks during

routine trade monitoring to identify the provenance of the ivory.

4.2 Methods

4.2.1 Samples

Data were collected from 86 samples of raw ivory from 64 elephants as follows:

1) Thirty samples of African elephant ivory (hereafter African ivory), which were
cut pieces of confiscated ivory that had been securely stored at the Thai
Department of National Parks, Wildlife and Plant Conservation. The exact origins
of the African ivory samples were not known. I assumed that each specimen was
from a different animal. For the purpose of this study, the African ivory samples
referred to ivory originated from all groups of African elephants and considered as

single species based on CITES Appendix as discussed in Chapter 1.
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2) Thirty samples of wild Asian elephant ivory (hereafter wild Asian ivory), mostly
whole tusks, which had been removed from 17 free-living elephants from
different protected areas in Thailand. These samples were held by the Department
of National Parks, Wildlife and Plant Conservation.

3) Twenty-six samples of domesticated Asian elephant ivory (hereafter domesticated
Asian ivory) were tusk tips, and whole tusks with trimmed tips, which had been
removed from 17 government-owned elephants. The elephants were raised in
captivity, at Lampang province by the Forest Industry Organization, and
regularly provided with a diet of agricultural crops (e.g., banana, sugar cane,
corn), cultivated grasses (e.g., Bana (hybrid Pennisetum spp), Napier
(Pennisetum purpureum), Pangola (Digitaria eriantha), and pelleted food. The

animals could also access wild forage such as grass and bamboo.

The ivory samples varied in size, shape (e.g., pieces, complete tusks) and tusk position
(e.g., tip, base) (Figure 4.1). Additional information such as sex was available for some of
the Asian elephant ivory samples, most of which was from male elephants. Due to the
uncontrolled nature of the sources of the ivory, I ignored factors relating to the host
animals (e.g., sex, age), and the ivory (e.g., storage condition and duration), reflecting the

situation facing enforcement officers.
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Figure 4.1: Examples of ivory samples varying in size and shape.
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4.2.2 Data collection

NIR spectra were collected using three NIRS portable devices that collectively cover the
wavelengths between 600 and 1700 nm. All three devices were developed by the Near
Infrared Technology Laboratory, Department of Food Engineering, Faculty of Engineering
at Kamphaeng Saen, Kasetsart University, Nakhon Pathom, Thailand (Figure 4.24) for use

in the agriculture industry. The wavelengths covered by each of the devices follow:

e Device 1 (600 — 1100 nm) at 0.46 nm scanning resolution;
e Device 2 (700 — 1200 nm) at 0.23 nm scanning resolution, and;

e Device 3 (900 — 1700 nm) with scanning resolution of 2.50 nm.

Device 1 and Device 2 collected data in interactance mode; the NIR light penetrates
under the scanned surface before reflecting to the device’s detector (Pasquini, 2003). For
longitudinal positions (see below), therefore, scans of these two devices included data
from both cementum and dentine. Whereas the reflectance device, Device 3, sampled the
cementum content only. The scans of the cross-sectional cuts for all three devices

measured dentine constituents. See Table S4.1 for the device specifications.

The spectra measurements were taken at positions along and around the sample
(longitudinal plane), as well as in the cross-section plane, if possible. Scanning positions
avoided areas with notable dirt, cracks and markings. The scanning positions were
cleaned with a dry cloth and temporarily marked with tapes to guide positioning. The
scans were conducted on a clean area, ensuring that the device’s reading probe did not
overlap with the markings. The reading probe was placed against a smooth surface in a
perpendicular position to prevent external light interference (Figure 4.2B). Each reading
area covered 50 mm. diameter. Teflon material was used as a reference before measuring
the absolute absorbance of ivory samples. The number of scans per tusk sample varied

from 2-9.
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Figure 4.2: Handheld NIR spectrometers(A): Device 1 (i), Device 2 (ii) and Device 3 (iii)
used for making a spectral measurement of an ivory sample (B).

4.2.3 Analysis

The spectral data were processed and analyzed using Unscrambler 11 software (CAMO,
Oslo, Norway). Exploration of the raw spectra was conducted using line plotting and
resulted in the removal from the analyses of spectra that were incomplete due to over-
absorption. The few scans at tusk tips, which included enamel, were excluded from
analysis due to the small sample size. The numbers of spectra from Device 1, Device 2 and
Device 3 used in the analyses were 391, 410, and 406, respectively (Table §4.2). Analyses
were conducted for the longitudinal, and cross-sectional planes (if available) for each
device. To prevent pseudo-replication, multiple ivory spectra from each elephant
individual were averaged to obtain a single mean spectrum for further analyses, resulting in

the following samples sizes for testing:

1) Interspecies classification
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The data from the two types of Asian elephant ivory, wild and domesticated, were
combined into one group for comparison with the African ivory samples. Across both
Asian and African ivory sources, the sample size was 64 in the longitudinal plane, and 43

in the cross-sectional plane.
2) Within species classification

Because few samples of wild Asian ivory were cut in cross-section, only longitudinal scans
sourced from Asian ivory, were used for distinguishing between wild and domesticated

populations. Across Asian elephant types, the total sample size was 34.

To eliminate noise, mean spectra were processed using a combination of Savitzky-Golay
smoothing and derivatives, and standard normal variate (SNV) before further analysis
(Table §4.3). IBM SPSS Statistics 26 software was used to divide the data into calibration
(Training) and validation (Test) sets in a 2:1 ratio. In recognition of the limitations of my
small sample size, [ undertook ten repeated samplings to generate ten random calibration

and validation sets to examine the robustness of the results.

Discrimination models were developed using the Partial Least Squares Discriminant
Analysis (PLS-DA). Each spectrum was assigned a dummy variable (ivory type) as a
reference value. The model was then developed from the calibration data sets by regressing
the spectral data against the assigned reference value. Samples were classified according to
ivory type based on non-overlapping cut-off value(s). The correct classification rate (CC)
was based on the percentage of non-overlapping samples to the total sample. The PLS-DA
results of the ten samplings were similar in both interspecies (longitudinal and cross-
sectional planes), and within species classifications. I present CC medians and ranges for
the ten samplings (7able 4.1) and illustrate the first sampling for the classification results.

Details for each sampling are in Tables S4.4 — §4.6.
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4.3 Results

In each case, only spectra collected from the best performing NIRS device is presented and
discussed here. Additional information on differences between the results obtained using

three devices are in Info $4.3.

4.3.1 Partial Least Squares Discriminant Analysis: Interspecies classification

The correct classification rates ranged from 83-100% for the 10 samplings of the 42
spectra obtained in the longitudinal plane with an overall median value of 96% using
Device 3 (Table 4.1 section 1i). All 21 of the cross-sectional samples were correctly
classified as African or Asian ivory using Device 1 (Table 4.1 section 1ii). See Tables
S4.4 and S4.5 for the results of each sampling.

4.3.1.1 Longitudinal plane samples

Ivory spectra clustered within species with some overlap (Figure 4.34). NIR light
absorbance varied between the two species as noticeable layers in the same wavelength
region of the processed spectra (Figure 4.3B). Negative peaks of the regression coefficients
of the PLS-DA model showed the important variables for classification of the ivory types,
including the regions at 1150, 1215, 1385, 1430 and 1585 nm (Figure 4.3C).

4.3.1.2 Cross-sectional plane samples

The classification results correspond with the grouping of samples illustrated in the PCA
score plot (Figure 4.44). Absorption of NIR light clearly diverges around the 650-830
nm region (Figure 4.4B). The discrimination of the ivory species in cross-section scans

was influenced by peaks within this region and at 960 nm (Figure 4.4C).

4.3.2 Partial Least Squares Discriminant Analysis: Within species classification

In distinguishing between domestic and wild Asian elephant ivory, Device 3 was 100%
correct for both the calibration and the validation sets for all ten samplings (Table 4.1 section

2). The specific results of the ten repeated samplings are presented in Table S4.6.
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Separation of ivory sample types were clearly depicted by the PCA score plot (Figure
4.54). Spectra from the ivory from the wild and domesticated Asian elephants were
generally similar in the pattern of light absorption, with the appearance of peaks in the
same region, but with differences in absorbance intensities (Figure 4.58). The separation
between the spectra of the two Asian elephant ivory types was apparent where spectra of
each ivory types were close together and formed separate layers (Figure 4.5B). The within
species classification was significantly influenced by absorption regions at 1405 nm,

coupled with variables at 960 and 1550 nm (Figure 4.5C).

Table 4.1: PLS-DA results for 1) interspecies classification and 2) within species
classification of ivory. Medians and ranges of correct classification rates (CC) obtained from the
ten repeated samplings of the results. Ivory types.: Af: African, As: Asian, WAs: wild Asian, DAs:
domesticated Asian ivory.

Calibration Validation Total
Ivory

CC CC CC
source N N N

Median Range Median Range Median Range

1) Interspecies classification
i) Longitudinal plane (Device 3)
Af 20 100% 90.00-100% 10 90.00%  60.00-100% 30 96.67%  83.33-100%
As 22 100% 90.91-100% 12 91.67%  58.33-100% 34 95.59%  85.29-100%
Overall 42  100% 92.86-100% 22 9091%  59.09-100% 64  96.09%  84.38-100%

ii) Cross-sectional plane (Device 1)

Af 12 100% 100% 7 100% 100% 19 100% 100%
As 9 100% 100% 5 100% 100% 14 100% 100%
Overall 21 100% 100% 12 100% 100% 33 100% 100%

2) Within species classification
Longitudinal plane (Device 3)
WAs 11 100% 100% 6  100% 100% 17 100% 100%
DAs 11 100% 100% 6  100% 100% 17 100% 100%
Overall 22 100% 100% 12 100% 100% 34 100% 100%
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Figure 4.3: PCA score plots for differentiating between African and Asian ivory in the longitudinal plane, processed spectra, and regression
coefficients using Device 3. Orange markers/lines: African ivory, blue markers/lines: Asian ivory. There was no clear separation of data between two ivory
species in PCA score plots (4). However, difference in light absorption intensity was apparent in the longitudinal plane spectra (B). The classification of ivory
types was largely based on wavelengths 1150, 1215 and 1585 nm (C).
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Figure 4.4: PCA score plots for differentiating between African and Asian ivory in cross-sectional plane, processed spectra, and regression
coefficients obtained from Device 1.0Orange markers/lines: African ivory, blue markers/lines: Asian ivory. Dentine data were different between two ivory
species as presence of the data cluster of Asian ivory in PCA score plots (4). Region 650 - 830 nm included the majority of distinctive spectra with different
light absorption (B) and corresponded to the interspecies classifications (C).
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Figure 4.5: PCA score plots for differentiating between wild and domesticated sources of Asian ivory in longitudinal scans, processed spectra
and regression coefficients obtained from Device 3.Black markers/lines: wild Asian ivory, blue markers/lines: domesticated Asian ivory. Separation of
the data was noticeable both in the PCA score plot (A) and ivory spectra (B). Within species classification was enabled by differences between the spectra in
the absorption regions at 960, 1405 and 1550 nm (C).
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4.3.3 NIR bands of ivory

67

The PLS-DA classification models were largely determined by wavelengths that diverged

in absorbance as negative peaks in the regression coefficients (Figures 4.3C, 4.4C and

4.5C). Table 4.2 presents the important bands for the discrimination of ivory in my

samples.

Table 4.2: NIR wavelength regions for ivory discrimination.

Region Classification Absorbing
(nm) (LP: Longitudinal plane, functional Reference
XP: Cross-sectional plane) group
685 Interspecies: XP C-H (Workman & Weyer, 2008)
740 Interspecies: XP O-H and C-H (Shimoyama et al., 2004)
C-H (Osborne et al., 1993)
770 Interspecies: XP O-H (Osborne et al., 1993)
815 Interspecies: XP N-H (Osborne et al., 1993; Stuart, 2004)
960 Interspecies LP, N-H and O-H (Shimoyama et al., 2004)
within species: LP O-H (Kolmas et al., 2015)
1150 Interspecies: LP C-H (Burns & Ciurczak, 1992; Power et
al., 2019; Workman & Weyer, 2008)
1215 Interspecies: LP C-H (Burns & Ciurczak, 1992; Power et
al., 2019)
1385 Interspecies: LP - (Kolmas et al., 2015)
1405  Within species: LP - (Kolmas et al., 2015)
1430 Interspecies: LP N-H (Vincke et al., 2014)
O-H (Kolmas et al., 2015)
1550  Within species: LP (Workman & Weyer, 2008)
1585 Interspecies: LP - (Workman & Weyer, 2008)
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4.4 Discussion

4.4.1 Ivory classification using NIR spectroscopy (NIRS)

My findings concurred with the previous studies that indicated the great potential for the
NIRS technique as a non-destructive method of compositional analysis for identify the
source of the ivory (Power et al., 2019). I was able to use NIRS to discriminate ivory from
African and Asian elephants, and demonstrate, for the first time, that the technique can also

be used to differentiate between wild and domesticated sources of Asian ivory.
4.4.1.1 Interspecies classification

NIRS discriminated between African and Asian ivory in both planes (Table 4.1 section 1).
Similar to other studies of ivory using NIRS devices, my scans also showed differences in
the NIR spectra in regions influenced by protein and water (Power et al., 2019; Shimoyama
et al., 2004). Protein contents in ivory are associated with peaks in the N-H and C-H
functional groups. Collagenous protein, the main organic component in ivory, largely
comprises glycine, proline and hydroxyproline amino acids (Godfrey et al., 2002). N-H
absorption likely represents the presence of these protein residues as they are abundant in
ivory (Raubenheimer et al., 1998). In previous studies using NIRS, C-H bonds have been
attributed to the chemical constituents of collagen such as CH, CH» and CH3 overtones and
stretching of proteins (Power et al., 2019; Shimoyama et al., 2004). Mineralized tissues,
including teeth, contain around 10% water per dry weight (Godfrey et al., 2002). In this
study, O-H bonds were important for classifying ivory in different wavelength regions,
including 740, 960, and 1385 nm. In a study of hydroxyapatite in human teeth, O-H bands
involving hydroxyapatite were attributed to water, structural hydroxyl O-H groups and

surface P-OH groups (Kolmas et al., 2015).

Like other teeth, tusks mainly comprise inorganic and organic components, but the
proportion of these components varies among species and teeth structures. The ratio of
inorganic to organic matter in human dentine is about 70:20, excluding water (Dorozhkin
& Epple, 2002; Godfrey et al., 2002). The organic fraction is higher in cementum than
dentine (D’souza et al., 2020). Both dentine and cementum are richer in collagen, and less
mineralized than enamel (Hillson, 1986). Fresh African elephant ivory contained about

65% inorganic matter (Godfrey et al., 2002). An ivory classification study, using Raman
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spectroscopy, indicated that the dentine of African ivory has higher mineral content and
lower organic component in comparison with Asian ivory (sourced from Thailand)
(Edwards et al., 2006). Other authors, using X-Ray Fluorescence to distinguish ivory,
reported differences of about 20 elements between the two elephant species e.g., African
ivory has higher calcium content, while phosphorus is greater in both Indian and Thai
(Nganvongpanit et al., 2015; Singh et al., 2006). Indian ivory also had higher concentration
of hafhium and strontium than African ivory (Singh et al., 2006).

Geochemical factors and the availability of food and water contribute to the composition
and properties of ivory (Raubenheimer et al., 1998). The brittle tusks of African elephants
living in arid areas, where vitamin C is in short supply show low concentrations of amino
acids and under-hydroxylation of protein (Raubenheimer et al., 1998). As collagen
synthesis requires vitamin C for the hydroxylation of proline and lysine (D’souza et al.,
2020), insufficient vitamin C results in under-hydroxylation and likely further decreased
strength in the collagen structure (Raubenheimer et al., 1998). Water content also affects
the mechanical properties of ivory e.g., elasticity, strength, toughness (Vollrath et al.,
2018). It is common knowledge among Asian craftsmen that African ivory, from dry
regions, (soft ivory) cracks easily, whilst hard ivory from Asian elephants and African
forest elephants is denser and tougher and more suitable for carving (Martin & Stiles,

2003; Walker, 2009).

The origin of my African ivory samples was unknown but assumed to represent the large
range of elephants on the African continent, while my samples of Asian ivory were locally
sourced in Thailand. This difference is a plausible explanation for the spectra of African
ivory being more dispersed in the PCA score plots (Figures 4.34 and 4.44). The PCA
score plots (Figure 4.3A4) indicate that the differences between the spectra of African ivory
and domesticated Asian ivory are greater than those between African ivory and ivory
sourced from wild Asian elephants. This similarity of spectral data might be associated
with forest African elephants and Asian elephants inhabiting forests in the two continents,
which are the sources of the hard ivory. Moreover, free access to diverse food by free-
living African and Asian elephants might also minimizes differences in their ivory
composition. The spectral differences between domesticated Asian ivory and African ivory
were more obvious in the cross-sectional scans in which the Asian ivory was mostly from

domesticated sources, (Figure 4.44), resulting in 100% correct classifications for all 10
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samplings. Thus, the variation across the range of ivory from African elephants lies outside
the signature provided by domesticated Asian elephant ivory, indicating that the NIRS
technique is potentially useful for distinguishing the legally-tradable ivory from domestic

elephants in Thailand from illegal ivory from African sources.
4.4.1.2 Within species classification

The NIRS device correctly identified the source of each sampled of Asian elephant ivory
with 100% accuracy (Table 4.1 section 2). The variation in the cementum spectra
contained useful information for the classification of the two types of Asian elephant ivory
(Figure 4.54). The important contents responsible for classifying two Asian ivory were

water (O-H) and protein residues (N-H) (Table 4.2).

Domesticated elephants were transferred into the tourism industry after the 1989 logging
ban in Thailand, and now have less opportunity to forage on their natural diet (Godfrey &
Kongmuang, 2009; Phuangkum et al., 2005). Thai domesticated elephants regularly feed
on agricultural crops, non-native cultivated grasses, and pelleted food plus pineapple plants
common in elephant camps in different parts of Thailand. These crops also increase
exposure to agricultural chemicals (Phuangkum et al., 2005). In contrast, free-ranging
Asian elephants forage on hundreds of different plant species across forest types and
seasons; for example, at least 260 plant species of browse and grass plants are consumed
by elephants in Thailand’s Huai Kha Khaeng Wildlife Sanctuary (Sukmasuang, 2003).
Thus, there is diet overlap between the wild and domesticated elephants. Wild elephants
have been observed feeding on crops bordering their natural habitats in Thailand
Vinitpornsawan et al., 2016; van de Water & Matteson, 2018; Pla-Ard et al., 2020), while
domesticated elephants may occasionally access to natural forage. This overlap in forage is

likely to be reflected in the NIR spectra from the two ivory types.

Studies of carbon isotopes in elephant tooth enamel indicate that browse plants dominate
the diet of wild elephants today (Cerling et al., 1999). Like Indian elephants (Joshi &
Singh, 2008), wild elephants in Thailand spend larger amounts of time browsing than
grazing (Sukmasuang, 2003). The protein content of browse plants is higher than grasses,
and can contribute about 70% of organic carbon for bone collagen synthesis in Asian
elephants (Sukumar, 2003; Sukumar & Ramesh, 1995). The food provided to two

domesticated populations of Thai elephants was low in protein and calcium (Romain et al.,
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2014). These elephants mainly obtained protein from Bana grass, corn cobs, and pellets.
Calcium is the most abundance mineral in ivory (Nganvongpanit et al., 2015;
Raubenheimer et al., 1998) and is part of hydroxyapatite crystals that account for the
rigidity of the tusk (Vollrath et al., 2018). Tusk material is largely composed of dentine,
the main component of ivory products (Baker et al., 2020). Further NIRS work on dentine

will be beneficial for identifying products of Asian ivory.
4.4.2 Application of NIRS technique for ivory trade control

Reliable identification of the source of ivory has been an important challenge facing
enforcement officers, particularly for in-field tasks (Baker et al., 2020). In circumstances
such as those found in Thailand, where the legal domestic trade is only allowed for ivory
derived from domesticated Asian elephants, ivory identification is challenging and
important. Ivory investigations include screening and routine inspections, which need to be
conducted in a non-destructive manner. A portable identification tool, like that used in the
analysis presented here, has the potential to facilitate in-field investigations by enforcement
officers. Moreover, separate analyses between longitudinal and cross-sectional spectra
from tusks would improve discrimination between major ivory forms; i.e., use of
longitudinal discrimination for whole tusk, applying cross-sectional analysis for identifying

ivory products.

The NIRS technique is already widely used by the agro-food industry and pharmaceutical
industries (Osborne, 2006; Workman & Weyer, 2008). A portable NIR spectrometer costs
less than the equipment and chemicals used in conventional analyses. Commercial
handheld NIR spectrometers can be manufactured at low cost, and are easy for non-
specialists to use (Bec¢ et al., 2020; Vance et al., 2016). The locally built NIRS devices I
used cost around USD5,000 for each of these prototype models. I applied available NIRS
devices varying in specifications (e.g., measuring mode, resolution, wavelength) to expand
coverage of my exploratory study. My results can inform the customization of an NIR
spectrometer for ivory discrimination. The rapid and reliable results I obtained fulfil the
needs of enforcement officers, particularly for routine inspection or initial screening. The
modest cost of this approach should facilitate their accessibility for existing regional
wildlife enforcement units in Thailand. Availability of commercial devices could further

enable use in wider enforcement communities.
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It is important to note that my findings are based on local samples of Asian elephant ivory
in Thailand. The application for other uses and in other countries needs to be done with
caution as different geological and environmental conditions influence ivory composition.
Complete characterization of spectra peaks needs comprehensive attention in relation to
the chemical aspect because of the broad overlapping appearance of spectra in the NIR

region (Stuart, 2004).
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4.5 Chapter summary

0]

0]

A significant source of concern over the legalization of ivory trade involves legal
ivory market masking the laundering of the illegal supply. Thailand’s situation is
particularly contentious because of the different legal status of different types of
elephant ivory. Thai law allows the local sale of ivory from domesticated Asian
elephants, which creates challenges for Thai enforcement officers in identification

of ivory provenance.

I investigated the capacity of non-destructive Near Infrared (NIR) spectroscopy
(600 -1700 nm), combined with Partial Least Squares Discriminant Analysis (PLS-
DA), to discriminate between ivory from African, wild Asian and domesticated
Asian elephants. This study clearly established the potential of NIRS to
discriminate between both: (i) Asian and African ivory, and (i1) wild versus
domesticated Asian ivory. Also, separate longitudinal and cross-sectional analyses

improve discrimination between major ivory forms.

NIRS technology is very simple to use in the field, and has the potential for
enforcement officers using portable NIR spectrometers undertaken timely and cost-
efficient identification of ivory. Equipping enforcement officers with such devices
should enable efficient and effective screening and routine inspection of ivory in

the field.

Implementation of this technique, particularly for confiscation and prosecution, will
require further research to capture the variation in ivory among elephants with
diverse feeding regimes and the development of a customized device. This advance
would enable the effective implementation of the Thai laws designed to enable the
sustainable use of ivory derived from the routine management of domesticated

Asian elephants.
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Chapter S: Insights into the ivory supply chain and

an estimation of stock

The first part of my study on market interactions involved an exploration of the supply-
side. I interviewed elephant owners and ivory manufacturers to understand the legal supply
chain mechanism and relevant factors influencing the local supply from Thai domesticated
elephants. I also quantify annual supply obtained from Thai domesticated elephants based

on relevant government records.
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5.1 Introduction

The international trade in wildlife parts and products is of significant conservation concern.
The global demand for ivory, for example, is considered to be a significant threat to
African elephant populations (Loxodonta spp.) as elaborated in Chapter 2. Such trade
involves multiple actors at different levels of the supply chain. The illegal ivory trade
involves a complex supply chain that includes elephant poachers in African countries,
organised operations of local and national dealers to ship the raw materials, and consumers
across multiple continents (Underwood et al., 2013; UNODC, 2020b). These supply chain
actors constitute a sophisticated network that ultimately facilitates, and perhaps drives, the

operation of the illegal trade.

Both simple and complex relationships between supply chain actors also exist in the legal,
domestic supply of wildlife parts and products. Supply chains in the bushmeat trade vary
between animal species and contexts (Cowlishaw et al., 2005). These chains can begin
with either commercial operators or farmer/hunters, before moving through a network of
traders to consumers (Cowlishaw et al., 2005). Alternatively, the supply chain can be
relatively simple with non-commercial hunters sourcing bushmeat for subsistence or local
consumption (Cowlishaw et al., 2005; Delisle et al., 2018). Non-destructive consumption,
such as in the vicuna (Vicuna vicuna) luxury wool trade, can involve relationships between
communities and herders, national and international manufacturers, exporters and traders
(Kasterine & Lichtenstein, 2018). These types of legal trades in animal products can bring
significant incomes to local communities, maintain traditional practices and values, as well

as being of conservation benefit (Gordon, 2008).

Thai ivory market is dependent on the supply from local domesticated elephants only.
Knowledge of ivory supply is critical to evaluating the feasibility of a long-term legal
market in Thailand. This chapter consists of two sections. In the first section, I map the
domestic, legal ivory supply chain, and conduct a supply chain analysis to explore factors
influencing ivory supply. I quantify the annual supply of raw ivory produced by Thai

domesticated elephants in the section second section.
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5.2 Methods

5.2.1 Domestic, legal ivory supply chain
5.2.1.1 Data collection

Data were collected via 32 face-to-face semi-structured interviews and two telephone
interviews with 23 elephant owners, and 11 ivory manufacturers. My questions for the
elephant owners were around decisions in tusk harvesting and uses e.g., how, and why
tusks or parts thereof (hereafter tusks) of elephants were taken, how the tusks were used,
and why and how they were sold. The ivory manufacturers were asked about tusk supply:
their sources of raw tusks and how they were sourced. See details of interviews in Info S3.1.
The interviews were conducted in Thai to facilitate understanding of the interviewees and
their responses. The data were collected between November 2019 and February 2020 in
different provinces in the North, Northeast, and South regions of Thailand (See locations in

Figure 3.2).

Participants were chosen using purposive and snowball sampling. The interviews began in
the two main ivory manufacturing hotspots: Nakhon Sawan and Uthai Thani in the North,
and Surin in the Northeast, based on my pre-existing contacts. Additional elephant owner
interviewees were referred by the interviewed participants, as well as local officers of the
Department of National Parks, Wildlife and Plant Conservation (DNP), and Department of
Livestock Development (DLD). The interviews of elephant owners were carried out among
groups of elephant owners living in the South, North and Northeast to cover variation
among regions (see Table 3.1 for area description). All participants gave verbal consent to
be anonymously interviewed and audio recorded, as approved by the James Cook
University Human Ethics Committee (H7873). Verbal consent was obtained due to a
combination of poor literacy of potential participants, and potential hesitancy associated

with the signing of documents. The interviews continued until data saturation was reached.
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5.2.1.2 Analysis

All transcription were conducted in Thai to preserve the contextual meanings and
perspectives of the interviewees. Quotations that are part of the Results are presented here
in English. The translation of these quotations represents the meaning expressed by the
participants for research validity (van Nes et al., 2010). Description and language
amendments were put in square brackets to facilitate reading. Coding was conducted in
English using NVivo (QSR International Pty Ltd., 2018). I conducted open coding to
enable a regeneration of concepts and category to refine the legal supply chain map and

analysis of the supply chain.
Supply chain mapping

At the beginning of the study, I created a simple supply chain composed of three stages:
source, manufacturing, and consumption, to guide data collection. To allow a more
comprehensive understanding of the Thai ivory trade, I refined the supply chain using data
from interviews with elephant owners and ivory manufactures, drawing on elements of
grounded theory (Corbin & Strauss, 2015). Grounded theory uses empirical data to
generate concepts and construct theories, thereby permitting interpretation and themes to
be discovered within the data. As I focused on supply side information, the discussion in
this study relates to the connections between elephant owners and ivory product

manufacturers.
Supply chain analysis

As I employed open coding, different parts of each transcription were coded and marked
with appropriate labels for identification during analysis (codes). The codes were grouped
under the same category based on relationship and similarity. I created a conceptual model
describing the process and drivers of ivory supply based on all categories and their

relationships.

Coding began with groups of elephant owners to set up initial concepts/categories based on
their perceptions as supply sources. I later coded the data from ivory manufacturers and
combined the codings of ivory manufacturers to those of the elephant owners. This

integration allowed data matching, and connected links between the two stakeholder
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groups. After generating an initial conceptual model, codes were then reworked to refine

and validate the model.
5.2.2 Annual ivory supply from domesticated elephants

Data about raw ivory were extracted from three sources for the period 22 April 2015 (pre-
existing ivory traders must apply for trade permit within 90 days after the Elephant Ivory
Act B.E. 2558 (2015) coming into effect 22 January 2015) — 31 December 2019:

e Acquisition records of raw ivory reported by ivory traders under Elephant Ivory
Act 2015 obtained from DNP. The data were drawn from eighteen ivory traders
who involved in manufacturing ivory products in two hotspots: Surin province of
Northeast, and Nakhon Sawan and Uthai Thani provinces of North. These records
represented commercially-held stocks.

e Certificate of ivory origin issued by local registrars of Department of Provincial
Administration with notifying either changes of domesticated elephants’ physical
characteristics or death of domesticated elephant under the Draught Animals Act
1939.

e Inter-provincial movement permits under the Animal Epidemics Act B.E. 2558
(2015). The permits have been issued by DLD for regulating transporting raw ivory

across pI’OVil’lCGS .

Data were extracted from hard copies in Thailand during May 2020 - June 2021. The data
from three sources have been matched by relevant information, including quantity and
weight ivory, identification number, timing of activity, source and destination of ivory.
Unmatched data were included into the dataset to complete missing records. Constraints
imposed by the COVID 19 pandemic prevented international travel and full validation of
the raw data. I used validated records for estimates, therefore these estimated numbers

represent minimum volumes. Weight was shown in Kilograms (kg.)
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5.3 Results

5.3.1 Thai ivory supply chain map

Figure 5.1 illustrates the supply chain of the Thai ivory trade, presented as supply chain
actors engaged in the trade. The chain consists of activities of five key groups of supply
chain actors: elephant owners, intermediaries, ivory product manufacturers, product
retailers, and ivory consumers. Interaction of the main actors within the chain is illustrated
in Table 5.1. Raw tusks enter the chain by direct transaction involving the elephant owners
or via an intermediary. Some tusks are purchased by users without the manufacturing step.
These tusks are generally pairs of complete tusks, which are mostly used for decorative

purposes.

Ivory manufacturers preferred to source ivory directly from elephant owners rather than
from ivory possessors because of concerns about the certification of sources and ivory
quality.

I choose to buy ivory recently cut or removed from elephants as I am

quite sure this ivory are from domesticated elephants and have

documents [certificate of ivory origin, movement permit etc]. That will

not give me [legal] trouble. Also, old ivory is, sometimes, not good for

making products...too dry and crack. [TM17, Nakhon Sawan]

Ivory products, such as jewellery or sacred items, are manufactured in two main areas:
Surin in the Northeast, and Nakhon Sawan and Uthai Thani in the North. Manufacturers in
Surin source tusks from Surin-based elephants that are either living locally or working in
other areas. Raw tusks sourced from the South and the North have lower prices than from
Surin. Tusks from Southern owners are mainly sold to Surin manufacturers; some are
supplied to manufacturers in Nakhon Sawan. Tusks from Northern elephants mainly go to
within-region manufacturers i.e., in Uthai Thani and Nakhon Sawan. Flows of tusks to
manufacturers occur mainly through networks of elephant owners and prior contacts that

elephant owners establish during their travels as illustrated by the following quote:
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1 brought my elephants to wander in different provinces [earning money
from getting people to pay for the food of the elephant] when it was not
prohibited. [From these travels] I [then] know many people. I sometimes
gave my phone number to them. They can reach me when it is needed
[regarding the sale of elephants or tusks]. Also, there are networks of
elephant owners who dispersedly work at [elephant] camps around the

country. [EO14, Surin]

Intermediaries are important supply chain actors for the trade of raw ivory, particularly in
connecting sources with buyers from outside the area. Locals, either traders or (ex)
elephant owners, take advantage of their knowledge of ivory availability within the area to

gain extra income through facilitating ivory trades.

I bought tusks from either the South, Northeast or North. I myself do not
know many elephant owners, but there are middlemen who know where
elephant tusks will be cut. They are Surin locals who connect buyers with
elephant owners. Surin elephant owners work countrywide. Elephants
working or doing shows in the South are also from Surin. They are

connected easily today using [social media platforms] Line and

Facebook. [TM9, Nakhon Sawan]

Ivory manufacturers sell finished products to retailers countrywide. There are also
transactions of both raw ivory and finished products between manufacturers in two
regions. Northern manufacturers are known to be skilled at making elaborate carvings,
while Northeast producers are considered capable in making products for the mass market.
Manufacturing may involve work carried by freelance carvers and traditional jewellers.
Domestic users purchase ivory items from manufacturers’ and retailers’ shops.

Manufacturers also obtain raw ivory owned by processors or ivory consumers.
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Figure 5.1: The supply chain of the Thai ivory trade involves five supply chain actors.
Tusks harvested by elephant owners are passed to manufacturers either via direct trade between
elephant owners and ivory manufacturers or via intermediaries, who are particularly important for
manufacturers without access of local ivory e.g., Nakhon Sawan and Uthai Thani of the North.
Finished ivory products are passed along the chain to final users through networks of
manufacturers and product retailers. While the flow of ivory from sources to users mostly involves
monetary transactions, some elephant owners may transfer ivory to relatives and friends for in-
kind and sentimental purposes. The width of the arrows represents the proportional volume of
activities.
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Table 5.1: Main supply chain actors and their interactions in the supply chain of Thai

ivory trade.

Supply chain
actors

Descriptions

Elephant
owners

Owners of the elephants either keep elephant themselves or pay
mahouts (keepers) to take care of the animals. Elephant owners from a
‘mahout family’ tend to domesticate elephant themselves and earn
significant income from elephant uses (e.g., hiring for tours and shows)
and elephant keeping. In my sample, this group of elephant owners
generally own fewer than 5 elephants. The group of owners having up
to more than 20 elephants primarily pays mahouts to take care of their
elephants. These elephants either work for family-owned elephant
tourist businesses, locally known as elephant camps, or are hired for
work in the tourist businesses countrywide.

Manufacturers

Manufacturers make finished ivory items from raw tusks.
Manufacturing varies from polishing the tusks and preparing bases for
a decorative tusk pair, through to elaborate carvings. The main sites for
manufacturing ivory products are: Nakhon Sawan and Uthai Thani,
two adjacent provinces, in the North, and Surin in the Northeast.
Commercial carving began in the Northern provinces around 90 years
ago with ivory supplied from other areas, including Surin. Surin was
initially a source of supply as well as producing small amounts of plain
sacred ivory items (e.g., Buddha amulets). Over the last two decades,
villagers obtained knowledge of fine carving from the North, coupled
with Thai government promotion of local crafts to increase the income
of residents. Surin ivory business have thus become a major
manufacturing site. Ivory manufacturers sell ivory items both
wholesale to other traders and retail to end users.

Intermediaries

Intermediaries are locals in areas with elephants. Some elephant
owners take this role to seek supply for manufacturers who previously
bought their own tusks. Some intermediaries are ivory traders and
former elephant owners. Buyers, including manufacturers, tend to stick
with a specific, trusted intermediary.

Retailers

Retailers occur in different provinces. They are mostly small family
businesses without employees. They tend to trade in ivory in addition
to their other businesses or occupations. Ivory is sold amongst other
merchandise in their shops, including jewellery and souvenirs made
from other materials e.g., bones of cattle and ostrich, wood, gold,
silver. Ivory retailers sell ivory either at their residences or in rented
stalls/shops. Most Surin retailers operate small shops at the Elephant
Study Centre in Ta-Klang and are closely related e.g., siblings,
relatives.

Ivory
consumers

Ivory consumers include possessors of ivory, either in the form of raw
tusks or finished products. They have acquired ivory through means
including purchase, gifting or inheritance.
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5.3.2 Supply chain analysis of Thai ivory trade

I found three steps in the decision making of elephant owners regarding selling ivory: tusk
harvesting, tusk use and sale destination (Figure 5.2). I discuss the influences on decision
making at each stage of the supply chain in the following sections. In summary, ivory supply
is significantly influenced by the financial needs of elephant owners and market factors.
Elephant use and management, sentimental values, ivory beliefs, tusk forms, and legal
awareness are secondary factors affecting decisions relating to the flow of ivory from

elephant owners.
1) Tusk harvesting: a common practice in elephant domestication

To understand the start of the supply chain, I asked elephant owners how the tusks were
sourced from elephants (Section 1 of Figure 5.2). Elephant owners cited two forms of
ivory obtained from domesticated elephants: cut pieces and whole tusks, the choice of
which is associated with elephant management practices and the financial needs of

elephant owners.
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IVORY SUPPLY

Cut piece

Figure 5.2: Elephant owners’ decision making and factors influencing ivory supply for
manufacturing.lvory supply from elephant owners in Thailand is driven by multiple factors at
each step. The financial needs of elephant owners have a strong effect on decisions related to tusk
harvesting and use. Tusk use and sale destination are influenced by market factors (price and
access). Other influences on ivory supply include elephant use and management, sentimental
values, ivory beliefs, legal awareness and tusk forms.
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Elephant management. Whole tusks are removed from dead animals. In contrast, pieces of
tusk are cut or trimmed throughout the lifespan of male elephants. All elephant owners
emphasized that cutting tusks causes no harm to the elephants as illustrated by this

response by a Surin elephant owner:

We cut tusks of the elephants at one-third of the length protruding out of
the lip; this will not hurt animals. Cutting period cannot be fixed, [it]
depends on tusk growth. Tusks grow about 3 - 10 cm a year. The growth
rates are different among tusk types. Hin [stone] tusks grow slower than
Yuak [banana trunk] and Wai [rattan] tusks. My 50 year-old elephant
has Yuak tusks, which are now about 180 cm in length. I cut his tusks 4
times. 1 got about 80 cm pieces for the first cut, and later 50 - 60 cm
pieces for each cut about every 5 - 6 years. No drug is needed during
cutting, mahout controls the elephant while an elephant shaman cuts

tusks. Only when the elephant dies, we get the whole tusks. [EO4, Surin]

While a plan related to the whole tusks is needed only once the elephant dies, cutting
throughout an elephant’s lifespan requires numerous decisions. As noted by an elephant

owner:

A tusker without tusk cutting will earn more money from parading and
show[ing their elephants] than if those tusks were cut because it looks
much better [more powerful]. Elephant owners must choose to keep long

tusks or cut tusks [for sale] to pay for necessities. [EO6, Surin]

All groups of elephant owners refer to cutting or trimming the tusks of domesticated
elephants as a long-established practice, which is necessary and commonly practised. They

also mentioned that elephants were not kept solely for the purpose of tusk supply:

[ keep elephants because I love them, and no one keeps them for taking
their tusks only. It is an extra [by-product] from having a tusker. [EO7,

Surin]
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Surin elephant owners cut elephant tusks for elephant healthcare and safety, as well as to

prevent the risk of injury to people who get too close to elephants. Trimming is normally

not done on a regular schedule; rather, it is dependent on the growth of tusks and their

maintenance needs (e.g., as a result of a tusk breaking):

[Tusk cutting] is [the main source of] livelihood for elephant keeping.
We cannot avoid cutting if tusks are too long. Very long tusk elephants
have difficulty in living, and it is dangerous for the surrounding people,
and other elephants. Long tusks are heavy too. Elephants with crossed
tusks cannot use their trunk well. Tusks also are worn out around trunk
moving positions. Tusks grow continuously like nails. So if we don’t cut
deep, there is not a problem. But the cuts that reach elephants’ tusk
nerves causes infection. Cuttings, then, must be away from the nerve.
After cutting, elephants feed better. Cuts in young males will increase the
size of tusk bases. All do this, the first cut was done since the males are
less than five-years old, depending on the rate of tusk growth which
differ among individuals. If a tusk was broken, we mostly cut both tusks

to make an equal size and [so it] looks good. [EO2, Surin]

Besides the group of elephants belonging to Surin owners, there are elephants previously

used in forest logging, before the 1989 logging ban, particularly in the North and South

regions. The ex-logging elephants mostly work in elephant camps in tourism areas of the

North and South regions. Some also are used as labour in logging operations in either

rubber plantations or government forest plantations. The practice of cutting the tusks of

labouring elephants is related to maintaining their working competence:

Southern males are still being used in logging, mostly in rubber
plantations, not in the forests like before. Long-tusk elephants cannot
work well and the tusks impede movement. Logging works involve lifting
tree logs, which may crack or damage tusks. Very long tusks are more
prone to be broken than short ones, similarly to long nails that are easily
broken. The deep break causes blood loss and infection. Female

elephants work in tourism. Elephant camps mostly use females,
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especially for ones that let tourists take care of elephants, not for riding.

1t is safe for tourists. [EO17, South]

Financial drivers. In addition to animal management, tusk cutting is expedited by the
financial needs of elephant owners. Elephant owners in all three regions referred to the
financial needs of both their family, and elephant upkeep, which was met by income from

harvested tusks. A Surin elephant owner clearly reflected these factors in tusk harvesting:

I will again cut the tusks if the elephants have difficulties with it or I,
myself, have a financial need. Most elephant owners today will not grow

long tusks because it is worth money, needed for living. [EO2, Surin]

Some elephant owners listed livelihood expenses, including living expenses, school-related
cost of family members, debt payment, vehicle purchase, as well as costs related to
organizing traditional events such as religious ordinations and weddings. The cost of
elephant food was stressed by most of the Surin elephant owners. The Surin mahouts
related the increasing cost of elephant food to the decreased available area of elephant

foraging areas, as this response of an elderly elephant owner illustrates:

Rearing an elephant today is impossible without cost. There were forests
along Mun river where mahouts took elephants for wild foraging during
day. We called elephants to go home at dark. So [we had] no cost of
elephant food. Today, we cannot let elephants roam for food as areas are
owned and crops are now cultivated. [There is] no place for elephants to
forage, so we have to buy food for our elephants which costs us a lot of

money. [EO20, Surin]

The concern about the cost of food for captive elephants was illustrated by Elephant owner

2, who owns a male elephant:

There are many elephants at home today. We have problems with limited
areas for keeping elephants and insufficient elephant food. Elephants are
not allowed in reserved forests because they raid plants, even in some
harvested rice fields as the field ridges are possibly damaged by the

animals. The food problem is very tense during the dry season, we either
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source or buy the food from other provinces or regions which also costs
us fuel. Elephant food in the dry season is mainly sugar cane plants, and
crops after harvesting fruits such as banana, pineapple plants — not
many choices. We pay for harvested banana plants, the whole plant, cut
and brought back here by a truck. The monthly subsidy [subsidization
from government to support elephant keeping] is not enough during the
dry season [Feb-May] to provide a good volume of food for elephants.
Other periods of the year are fine. [During the dry season,] I ordered a
truck of pineapple plants from Rayong in the East for at least 20,000
Baht [c. USD 645] to share with other mahouts. It’s not affordable for
me to pay all myself. We also grow Napier grass, but it can’t do well

without water. [EO2, Surin]

The financial needs of elephant owners have become an important driver for ivory
harvesting as was described by these two interviewees with different financial

backgrounds:

Villagers here [Surin] raise elephants for many generations and we keep
elephants for our living. We are not rich. Cutting of ivory today almost
relates to financial reason. Normal elephant owners like me cut tusks to
meet the cost of living. Rich elephant owners don’t want to cut it, [they]
want to grow it long, and get complete and long tusks once the animal

dies and even refuse any buying offer. [EO3, Surin]

I have about 20 elephants, eight of them are males. I pay mahouts for
keeping all elephants. I only cut small pieces of the tusk tip, particularly,
for five males having sharp-tip tusks which is dangerous for people. [
think elephant owners don’t cut elephant tusks unless they have some
troubles. Money trouble seems to be more for living life of mahouts

todays. [EO11, Surin]
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2) Ivory use: decision making is also influenced by financial need

After obtaining tusks from elephants, about two-thirds of the elephant owners sell the
tusks, whilst the remaining elephant owners non-commercially use or gift (hereafter keep)
the tusks. Non-commercial uses largely reflect the personal retention of tusks by the
owner. A few interviewees mentioned giving tusks to relatives and friends without
payment. Decisions about using the tusks is driven by the financial needs of elephant
owners, market price, sentimental values, and ivory beliefs as outlined in Section 2 of

Figure 5.2.

Financial drivers. Coincident with the harvesting step, financial factors play an important
role in determining whether elephant owners keep or sell the tusks they harvest. About one
third of elephant owners in my study choose to keep tusks. These elephant owners, in all
three regions, referred to their stable financial background and other important sources of
income such as businesses e.g., owning elephant camps, and farming products such as
rubber or oil palm. In contrast, financial factors are highly relevant to elephant owners
whose livelihoods depend on keeping elephants, as described earlier by the Surin elephant
owners. Most elephant owner participants sold the ivory they remove or cut from their
elephants. The selling decisions were related to their financial needs and were largely

aimed at the harvesting step as explained by a Surin elephant owner:

I wanted a truck for transporting my elephants. My son told me to cut
tusks for selling and I did. I used this money about 200,000 Baht [c. USD
6,450] for the down payment of this truck. [EO6, Surin]

When a tusk is cut for selling, arrangements to sell the tusk are usually made in advance.

Most of the elephant owners here talk with local ivory shops about an
incoming tusk cutting, if the shops want to buy tusks, and the prices they
offer. I sold to the one with the highest price or sometimes I sold to the
same buyer who bought my tusks before. When we, myself and tusk
buyer, agree on the price, I cut the tusks. Buyers sometimes know about

cutting from others, so they are the ones who contact me and give offers.

[EO9, Surin]
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Market price. Elephant owners refer to the increasing price of tusks because of increased

market demand. This increase in price influenced their decision to sell:

Elephant owners, in early days, kept cut ivory for their children,
relatives and friends; did not aim profit from tusks. At that time, ivory
price was low or even unable to sell. Later, there were buying offers for

tusks with a high price so elephant owners can earn good money from

selling tusks. [EO11, Surin]

Some selling is also delayed until the ivory price is higher.

Southerner [Southern elephant owners] mostly kept ivory, they may sell
them later when getting a high price, gaining good profit. [EO22, South]

Most elephant owners also related the increase of Thai ivory price to the legal reform

prohibiting entry of African ivory into Thai market such as:

Having law is good, it brings up price of legal tusks. [EO3, Surin]

[There is] no foreign, cheap, tusks now, only Thai tusks, so we can sell

our tusks at a very good price. [EO18, South]

Elephant owners normally earn incomes ranging from 20,000 — 45,000 Baht
(approximately USD 800 — 1,450) per kilogram for cut pieces (Bank of Thailand, 2019).
The value of a pair of complete tusks is higher than for cut pieces; the value reflects not
only weight, but also the shape and other physical characteristics of the ivory. The
reputation of the elephant also influences tusk price. Cut pieces from a popular tusker were

sold for up to three times higher than other elephants’ tusks.

I could get millions of Baht from selling a whole pair of ivory from my
elephant if the animal dies. That money might buy me two elephants.
This elephant has very long tusks. He has been filmed many times, he is
quite well-known. I once offered his cut pieces of tusks to a Royal family
member. His tusks are wanted by anyone. Ivory traders [Manufacturers]
here paid me 60,000 Baht [c. USD 1,935] a kilo, during 2015 - 2016, so
they got these tusks for making items. [EO4, Surin]
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Sentimental values. Elephant owners who desired to keep tusks described the sentimental
values of tusks including the pride of the owners of the elephants, remembrance of family
members, family inheritance, and mahout-elephant bond. The transactions of tusks from

elephant owners to users e.g., family members, relatives, friends, generally do not involve

monetary exchange.

1 mostly keep the tusks and give some to my relatives. My family has
elephants, so we should have elephant tusks for remembrance. I do not
have a money issue, and do not think of selling the tusks, want to keep
them, it is valuable to my feeling. Friends also asked for ivory pieces for
making ivory items for their uses, I also gave some to them. [EO17,

South]

I myself share ivory with my siblings and I want them to keep it. My
father had 5 - 6 elephants and later was killed by an elephant. Our
family had been insulted about keeping inherited elephants after father
died. I have proved that I can take care of all father's elephants. Ivory of
elephant has sentimental values for me to remember my father who took

care of our family with income from elephant uses. [EO22, South]

Beliefs. Beliefs in the protection and propitious properties of ivory were mentioned by
most elephant owners. A naturally broken piece is sought after by believers, a reason for

keeping tusk pieces:

Elephant owners normally sell cut pieces, but we want to keep broken
pieces because it is naturally cracked, not an exploit. It does not happen
frequently, so it is sacred. This protects us from bad things. Even today,
people seek for these. If elephants do not want to give these pieces to
anyone, no one finds those breaks, even if they seek hard. [EO12, North]
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One elephant owner revealed his desire to keep tusks, even though that was likely to be

impossible given his current financial position:

I thought that would be good if I could keep the tusks. If there were no
financial problem, I would keep tusks to inherit [to my] children. Rich
elephant owners keep a lot of tusks from either their own elephants or

buying from others who need money. [EO6, Surin]
3) Sale destination: ivory cuttings to manufacturers

The final factor affecting ivory supply is the sale destination (Section 3, Figure 5.2). When
asking further about tusk buyers, most elephant owners that were interviewed referred to
ivory manufacturers (traders) as the most frequent destinations for cut-pieces. Some Surin
elephant owners sell whole tusks to general users. Factors influencing sale destination

include market access, legal awareness of elephant owners, and the form of the tusk.

Market access. When compared with elephant owners in the North and South regions,
Surin elephant owners have the advantage of ready access to local ivory manufacturers.
The reputation of the Surin elephant village in Thatum also offers the opportunity for
connecting with external markets (either general users or ivory traders). Elephant owners

also sell their tusks to external markets to gain a higher price.

1 will get better price if a buyer is from Bangkok. We can do delivery for
them. My son got about four million Baht from selling four pairs of tusks.
They were all completed tusks. I like to keep tusks long and remove tusks
once the elephant dies because I get more money, and these tusks also

can be sold to general buyers. [EOS, Surin]

Communication about ivory cutting is initially by word of mouth and then spread to
external buyers via intermediaries. The prevalence of social media provides an additional

tool for advertising harvested tusks to a wider market.

Cutting of tusks news is well spread among locals. Buyers are both ivory
traders and rich locals. Outsiders [buyers from outside of the area]

know from locals who is also a middleman. Some also posted in



Section 2: Market interactions (Legal supply) 93

Facebook or Line that there is a legal ivory cutting. So interested people

can contact them. [EO9, Surin]

Ta-klang elephant village in Thatum of Surin is well known countrywide as the home of
domesticated elephants. The village has been promoted for tourism by local authorities,
and the national government. There are hundreds of elephants living within the village and
these animals are a potential source of ivory for general users and attract ivory buyers.
Thus, elephant owners can demand a premium price. This fact was reflected by Surin ivory

manufacturers who seek a lower cost for ivory from other regions.

Elephant owners here (Surin) sell tusks with a high price. Surin is
famous about elephants, and there are ivory manufacturers. I bought
raw tusks from this village [Ta-klang] and areas nearby 4 - 5 times, then
later I sourced from other areas through group of elephant mahouts. 1

mostly now buy raw tusks from the South. [TM3, Surin]

In contrast with the Surin tusk market, tusks from the South and North have limited access
to the general market. Elephants are dispersed across regions and these areas are less
known for elephant husbandry compared with Surin. With established elephant-related
networks, Southern and Northern elephant owners tend to sell the tusks to ivory

manufacturers.

1 sold tusks to a Surin trader who I knew for a long time. Surin people
might know me because I bought a Surin elephant at a high price. We
gather cut pieces until it is much enough to sell. The trader asked me to
source tusks from around here for him too. My friend got 350,000Baht
[c. USD 11,300] for about 10 kilogram of cut pieces. [EO18, South]

There are many elephants in the North. Elephant owners know each
other both within and outside the region. We know others since we
looked for an elephant to buy. I sold my tusks to the same ivory trader in
the North. When other elephant owners asked me where to sell the tusks,
I also suggested the ones I knew. I now source tusks to supply an ivory

manufacturer in the North. [EO6, North]
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1 bought tusk from everywhere both local and other provinces and
regions. I rarely buy tusks from the South. Tusks in my shop are mostly
from the North, for example Nan, Phrae, which is closer. People know [
have an ivory shop, and buy their elephant tusks. They further tell
elephant owners or people want to sell tusk to sell tusks to me. It’s hard
to find general buyers, they don’t know who wants tusks. Also buyers,
themselves, have no idea where to get tusks, except from ivory shops and

Surin. [TM16, Petchabun]

Legal awareness. 1 asked participants about the legal requirements related to tusk-supply
activities, including sales. Their responses demonstrated variable legal understanding.
Variablity in legal understanding influences decisions on sale destination; elephant owners
with limited legal awareness chose to sell tusks to authorised ivory manufacturers, rather
than general users, to avoid legal difficulties. Manufacturers are better educated about legal
requirements than are elephant owners (see Chapter 3). The legal awareness of elephant
owners varies both between and within regions. Surin elephant owners are mostly aware of
the legal provisions related to the cutting of tusks, whilst North and South elephant owners
generally are confused about the complicated requirements of ivory registration. The
manufacturers facilitate the operations of elephant owners who lack legal understanding of
the arrangements required to complete legal requirements e.g., by offering transport to

ivory registration offices, and assistance with consultations with ivory registration officers.

1 do not know details about the ivory-related law. I sold tusks only to
local ivory shops here (Surin) where they arranged all [the paperwork]
for me. [EO2, Surin]

Transfer of tusks will be done at a forestry [DNP] office. If selling to
Surin [ivory] traders, they know very well about legal procedures. They
liaise with authorities which is easy for me. Before having the law, we
did not have to inform the government, only used an elephant

identification document. [EO18, South]
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Some elephant owners in the South do not know the law because they do
logging in remote areas. I spend a week both for traveling and arranging
tusks buying there. Even if it is very far from here, the tusks are much

cheaper. They [the prices] are also negotiable. [TM3, Surin]

A lack of legal awareness amongst general users likely narrows the available market for

elephant owners as explained by a Surin ivory manufacturer:

Today, there are not many raw ivory buyers [general buyers] that
directly get tusks from elephant owners. General buyers are afraid of
buying it because they are unsure about laws. Elephant owners then

have to sell the tusks to us [manufacturers]. [TM4, Surin]

Tusk forms. Tusk form (cut pieces or whole tusks) also determines buyer group. General
users normally seek a pair of complete tusks with sharp tips for decorative purposes. Cut

pieces are largely destined for ivory manufacturers. As this elephant owner explained:

Cut piece are mostly sold to ivory shops [manufacturers], not sold for
use as decorative tusks because there is no tusk cavity, [they are] not
complete and big. Tusks that people use for decoration are those that

were removed from a dead elephant. [EO2, Surin]

Manufacturers also bought whole tusks. Suitable ivory items can be manufactured in
response to tusk size and sharp. A larger size is preferable. For example, a 3.5 inch (c. 9

cm.) diameter piece can produce bangles that would pay back the material cost.
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5.3.3 Annual ivory supply from Thai domesticated elephants

The estimate was based on raw ivory obtained from elephant management cuttings, breaks,
and removals from dead elephants during 2015 - 2019 (7able 5.2). Annual ivory
production from domesticated elephant in Thailand is, at least, ¢.380 kilograms on average.

Around 36% of the weight was under commercial-held possession.

Table 5.2: Minimum stock of raw ivory obtained Thai domesticated elephants during
2015 - 2019. Data from trader acquisition records under Elephant Ivory Act, and issuances of
Transportation permits by Department of Livestock Development, and certificate of ivory origin by
Department of Provincial Administration. The estimate of private-held ivory is a minimum.

Raw ivory stock (kg)
Year

Private Commercial Total
2015 301.8 122.6 424.4
2016 327.8 190.7 518.6
2017 181.2 72.4 253.6
2018 212.7 178.8 3914
2019 176.5 119.5 296.0
Total 1200.0 684.1 1884.0
Average 240.0 136.8 376.8
Percentage 63.7% 36.3% 100%

The flow of commercial stock is shown in Figure 5.3. Key sources of the commercial
stock were Northeast (37%), South (31.5%), and North (31%). Around 70% of the stock
was transferred to Surin ivory manufacturers, who sourced raw material from the
countrywide, whilst half of the proportion was from local elephants followed by raw ivory
from South region. Whereas the key sources for Northern ivory manufactures (Nakhon
Sawan and Uthai Thaini) were mainly the provinces in the North, together with external
source from the South region. There were transfers of raw ivory between ivory

manufactures.
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NORTH

+ Chiang Mai (CM)

« Lampang (LP)

+ Mae Hong Son (MH)
« Nakhon Sawan (NW™*)
+ Phrae (PR)

+ Sukhothai (ST)

+ Tak (TK)

+ Uthai Thani (UT*)

NORTHEAST
« Surin (SR*)
+ Burirum (BR)

CENTRAL
«  Chonburi (CB)

SOUTH

+ Krabi (KB)

* Nakhon Si Thammarat (NS) *
+ Narathiwat (NR) '
+ Patthalung (PL)

+ Phangnga (PG)

+ Songkhla (SK)

« Surat Thani (SN)

+ Trang (TR)

Figure 5.3: Flow of raw ivory to ivory traders. Proportions were calculated based on the total
newly-obtained stock (684.1 kg). Yellow areas marked with * indicated manufacturing sites. The
width of the arrows represents the proportional weight of raw ivory.

In addition to the newly-obtained ivory, ivory traders obtained ivory supply from privately-
held stock. During 2016 - 2019, the annual volume of raw ivory that transferred from pre-
law registration stock (private-held registration) approximately was 30 kg accounting for

17% of annual ivory supplied for ivory trade (170 kg a year).
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5.4 Discussion

5.4.1 Thai ivory supply chain

Supply studies can be beneficial for the management of the wildlife trade. Studies of the
bushmeat supply chain, for example, have recommended comprehensive monitoring and
management of the trade at all steps along the chain (Boakye et al., 2016; Cowlishaw et al.,
2005). Additionally, studies have found that the bushmeat market is driven by supply, thus
policy effort to reduce hunting would likely decrease the market overall (McNamara et al.,
2016). An analysis of the illegal ivory chain provided a comprehensive understanding of
the trade to assist countries in designing appropriate policy responses (UNODC, 2020b). In
that analysis, the structure and mechanism of the chain guided enforcement actions to be
more specific to relevant actors in source countries, while consumption nations should

tailor suitable prevention measures around ivory smuggling.

The legal ivory market is controversial due to its potential to mask the laundering of the
illegal supply (Bennett, 2015). For this reason, comprehensive controls of the market are
needed to ensure that only legal products enter the supply chain. The supply chain of ivory
includes different groups of actors who facilitate the flow of traded items to end users
(UNODC, 2020b). Understanding the role and function of these supply chain actors will

assist in monitoring the trade.

I identified key actors in the Thai domestic ivory supply chain, and their interactions along
the chain. A comprehensive monitoring plan would target these actors. In theory, with
stable demand the availability of illegal stock should decrease the price of Thai ivory.
Regular observation of the raw ivory volume flowing into manufacture, and the market
price, would flag possible market change, as well as indicate the possibility of illegal stock
within the market. The input volume of tusks from existing registered stock or ivory
consumers to the manufacturing process should not be missed as this will be a surplus to

the chain in addition to newly harvested tusks.
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5.4.2 Legal ivory from elephant domestication

Ivory from domesticated elephants is a renewable resource. A substantial number of the
raw tusks supplied to the ivory market come from the management of domesticated
elephants. Dead animals provide one set of whole tusks (Phuangkum et al., 2005), while
live domesticated elephants can provide tusk pieces on multiple occasions during an
animal’s life. Tusk length depends on tusk use and the wear rate, as well as tusk growth
rate (Sukumar, 2003). Wild elephants use tusks to collect food etc., a practice which results
in natural shortening of the tusk via wear and cracks (Vanapithak, 1995). Oversize tusks
can impact the elephant’s quality of life (Sukumar, 2003), therefore cutting the tusks of
domesticated elephants is necessary for elephant healthcare, human safety and work
competence. Tusk cutting is common practice in elephant domestication and conducted in

non-lethal manner in contrast to tusk from wild elephants, especially African elephants.

At the first national registration of the domesticated elephant ivory in Thailand in 2015, c.
160 tons of pre-law raw ivory were privately-held stock and about 500 kg. involved
commercial possession (Krishnasamy et al., 2016). Each year, Thai domesticated elephant
supplied, at least, ~375 kilograms of raw ivory. This volume coincided with the annual
estimation of ivory supply, 300 - 400 kg, produced by Thai domesticated elephants (Stiles,
2009). Recognizing limitation in compiling data under private possession in my study, I
emphasized my estimation as minimum volume. Present government records allow long

term monitoring of the supply to improve this knowledge.

About 36% of the annual supply volume, together with ivory transferred from private-held
possession, accounts for around 170 kilograms of the ivory supplied commercial domestic
trade of ivory in Thailand. On the basis of the volume for the commercial ivory stock flow,
Surin is currently the most important manufacturing site. This situation might be related to
high number of ivory shops within the province (c. 40 shops), elephant tradition reputation
of the area, as well as capability in production of plain product types e.g., beads and parts
of necklace, in high quantity. Fine carvings are known to be produced from the Nakhon
Sawan manufacturing site (North), a practice reflecting the origin of ivory carving in
Thailand (Stiles, 2003, 2009) and the presence of master carvers n (S. Arbhassarosakul,

pers. comm., 2018). Elaborated carvings would take longer period in production with



Section 2: Market interactions (Legal supply) 100

limited number of carvers todays; for example, a master carver in Chainat, bordered to
Nakhon Sawan and Uthai Thani provinces, spent at least a month for a 1 inch (2.5 cm)

elaborate Singha (lion) figurine (S. Arbhassarosakul, pers. comm., 2020).

Decision making in relation to the supply, harvesting and selling of elephant tusks, is
largely driven by the financial needs of elephant owners, in particular mahout elephant
owners, who comprise the majority of elephant owners. A study of domesticated elephants
in the Northern tourism industry reported that almost 40% were owned by mahouts
(elephant keeper), followed by camp owners, and non-mahout owners, respectively
(Godfrey & Kongmuang, 2009). In my study, most of the elephant owners were mahouts
in an uncertain financial situation, who used the extra income from selling elephant tusks
to meet their household and elephant keeping costs. Evidence presented in Chapter 3
demonstrated that many elephant owners have limited knowledge around relevant laws. In
this chapter, I found that this limitation posed a burden to them to access wider market and
likely result of lower price of raw ivory. Thailand’s tourism industry, from which most
elephant owners gain their incomes has been heavily impacted by the COVID pandemic
("COVID 19 pandemic causes many elephants unemployed," 2021; Thai Elephant Alliance
Association, 2021). As such, the financial problems of many elephant owners are likely to

have increased. Sale of ivory would support the cost of living of these elephant owners.

The decision to sell tusks is also affected by their market price. Keeping raw tusks for later
sale, at a higher price, is an option for some elephant owners as ivory can be treated as an
investment due to its durability and minimal storage costs (Moyle, 2014). Legality is also a
significant determinant of ivory market price (Sosnowski et al., 2019); the high value of
ivory is a consequence of the 2015 legislative reform. Effective legal restriction prevents
the entry of illegally sourced ivory, increasing the value of legal sources of ivory (Stiles,
2009). Prices of legal, raw ivory considerably increase about USD 1,000 per kg greater
than 2001’s raw ivory price (USD 100-250/kg) (S. Arbhassarosakul, pers. comm., 2020;
Stiles, 2009). A similar change in the price of raw ivory was also reported in Japan after

the international ivory ban (Menon & Kumar, 1998).
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As the illegal trade impacts on the survival of elephants and violates CITES, that
Convention recommends that the domestic market, which may contribute to elephant
poaching or the illegal ivory trade, be closed as a matter of urgency (CITES Res.Conf.
10.10 (Rev. CoP18), 2019). This action would pose potential risks to the livelihoods of
Thai elephant owners, as well as actors along its supply chain. My research also revealed
the positive attitudes of elephant owners to legislation deterring the entry of illegal ivory,
as consequence of the 2015 legal reforms (Chapter 2), that has resulted in the high price of
legal ivory in Thailand. This economic incentive should result in elephant owners, who
directly benefit from the robust legal measures and existence of the domestic legal market,

complying with the relevant Thai laws.
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5.5 Chapter summary

0 The legal Thai ivory market is dependent on supply from local domesticated
elephants. Knowledge of the supply chain is important for managing this market in
order to achieve sustainable benefits for both wildlife conservation and human

livelihoods.

0 In this chapter, I mapped a legal domestic ivory supply chain, and identified five
key actor groups: elephant owners, intermediaries, manufacturers, retailers, and
ivory consumers. Pre-existing networks of elephant owners facilitate the flow of
raw ivory. Intermediaries are involved in the raw ivory trade, particularly among
regions. The legal knowledge of intermediaries, taking roles as information
breakers, should promote legal transactions of ivory. Recognizing the greater
knowledge of the elephant owners who are intermediaries (Chapter 3), awareness
raising should benefit from this situation in similar way to the potential of ivory

traders educating other connecting actors.

0 The legal ivory trade is clearly beneficial to Thai elephant owners, particularly for
mahout owners, who earn their living from keeping elephants. However, mahout
owners vary in terms of market access. The sale of tusks is increasing through time,
likely due to increased financial pressures on elephant owners and market factors
that increase the price of raw ivory. This chapter documented the importance of

legal awareness among elephant owners (Chapter 3) in accessing to public user buyers.

0 The annual supply of raw ivory from domesticated elephants is, at least ~375 kg,
with around one third if this supplied to ivory product manufacturing. Surin is
currently the most important manufacturing site based on flow volume for the

commercial ivory stock.

O Monitoring the supply chain would provide valuable information on changes in
supply e.g., volume and price, trade pattern, for market management. The insights
from such monitoring would enable the identification of further needs for
investigation and enforcement, particularly using the NIRS technique described in

Chapter 4.



Section 2: Market interactions (Consumption behaviours)

Chapter 6: Ivory demand consumption and

purchasing factors

I explore ivory consumption in regard to knowledge around market dimensions.
Understanding factors influence people’s decision in purchasing ivory is important for
informing targeted behavioural intervention, e.g., communication strategies, social
campaigns. | use self-administrated surveys to explore the attitudes of ivory shop

customers, a group of ivory consumers. This approach aims to collect information on
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factors associated with ivory purchasing, including how ivory shop consumer behaviour in

response to the introduced legal provisions.
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6.1 Introduction

An unsustainable wildlife trade, and trade in wildlife products, threatens both the species
being traded and the long term future of rural economies (Peres, 2010). Measures to
address sustainability concerns include applying enforcement approaches to diminish
illegal supply (Broad et al., 2003; Challender & MacMillan, 2014; Phelps et al., 2014).
Enforcement approaches include investments in policy and resources to prevent poaching
in the species of concern’s countries of origin, along with strengthening detection measure
to curb smuggling across borders (Challender & MacMillan, 2014). Interventions have
been extended to include the ultimate driver of the wildlife trade: demand. Public
education and social marketing have sought to alter behaviour in wildlife consumption
(Verissimo et al., 2020). To maximise the effectiveness of such interventions, insights into
factors such as customer preferences, purchasing behaviours and the social dynamics of
purchasing is necessary (Challender & MacMillan, 2014; Verissimo et al., 2020). These
insights would also be helpful for tailoring interventions on the supply side of the trade

(Thomas-Walters et al., 2021).

Factors related to the individual (e.g., personality), social (e.g., education, age, income,
religion) and information (e.g., knowledge, media) provide the background to consumers’
beliefs about appropriate behaviours and attitudes, norms and perceived constraints to
behaving in certain ways (Ajzen, 1991). Consumption behaviours, therefore, are influenced
by various factors including social, culture, personal, and psychological contexts
(Verissimo et al., 2020). For example, an individual’s perception about how people who
are important to them might perceive a particular consumptive behaviour may influence
how likely that individual is to consume in that particular manner. Similarly, an
individual’s belief about the likely outcome of a particular behaviour, such as that
purchasing a particular item will lead to good fortune, also influences their consumptive
patterns. Understanding the relative strength of specific drivers of consumption, therefore,

allows for the design of more targeted interventions.
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Research into the diverse drivers of consumption of wildlife and wildlife products can
provide recommendations to suit relevant interventions (Thomas-Walters et al., 2021). For
example, a study of ivory consumption in China documented a demand for ivory artwork
as an investment; effective management of ivory consumption should thus involve the
participation of relevant sectors such as the art investment community and cultural
preservation groups (Gao & Clark, 2014). In accordance with a finding that the majority of
Cambodians involved in bear bile consumption trusted biomedical practitioners,
interventions to reduce demand would be most effective if they focussed on biomedical
uses (Davis et al., 2020). Thomas-Walters et al. (2021) suggested evidence-based
strategies, such as: (1) promoting artificial propagation of deliberately coloured cultivated
orchids to displace wild-collected orchids that are targeted for colour, and (2) reducing
demand by targeting traditional medicine practitioners, who prescribe seahorse
medications, rather than their customers, who are likely to be seeking any medicine with a

reputation for curing arthritis.

Thailand permits a commercial ivory trade for domestic consumption, based on raw
material legally sourced from local domesticated elephants. USAID Wildlife Asia (2018)
studied ivory and tiger consumption in different regions in Thailand and estimated that
~2% of Thais owned or used ivory products. Their ivory purchases were largely motivated
by supernatural beliefs e.g., ivory brings good luck, is spiritual, and protects from harm,
whilst ivory aesthetics, value and social image were lesser motivations for purchases. The
purchased items mostly involved small products, e.g., jewellery and spiritual items.
However, the study did not specifically explore the purchasing factors and attitudes of

ivory buyers in relation to ivory shops.

As explained in Chapter 2, the Enactment of Elephant Ivory Act 2015 regulates
commercial trade via authorized ivory shops (Chaitae, Gordon, et al., 2022; Elephant Ivory
Act B.E. 2558, 2015). To address Objective 2 of this thesis, I conducted research aimed at
understanding the attitudes in of people who purchased ivory at specialist shops throughout
Thailand. I sought to explore how characteristics of ivory shops influence the decision
making of their customers in order to provide an evidence base for management of the

Thai domestic ivory trade.
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6.2 Methods

6.2.1 Data collection

I administered a structured survey between April 2020 - June 2021, using purposive
sampling. This technique is a non-probability sampling method to identify prospective

participants who possess characteristics or qualities of research interest (Etikan et al.,
2016). Copies of the self-administered survey were placed in ivory shops and DNP offices
countrywide to maximise its accessibility to (potential) ivory customers who are target
participants. Despite the COVID pandemic, ivory shop customers were recruited either
directly from on-site registered ivory shops or indirectly at the offices of the Department of
National Parks, Wildlife and Plant Conservation (DNP) for those registering purchased
ivory items. The survey asked questions about ivory consumption and participant
demographics (/nfo S6.1). Survey questions included how the buyers learned about the
shop, the nature of ivory items they wished to purchase, factors influencing ivory
purchases, and beliefs and values related to ivory. All participants were provided with
information regarding the survey, which was in Thai. This information contained how
participation was voluntary and anonymous, as well as implied consent as completion of
the survey as approved by the James Cook University Human Ethics Committee (H7873).
In total ninety-two copies of the survey were returned: 83 surveys completed at ivory shops
in Nakhon Sawan, Uthai Thani, Petchabun, Sukhothai and Surin, and 19 copies collected
from DNP Ubol Rachatani and Bangkok offices.

To explore potential differences between ivory consumer groups, I compared demographic
data from the consumption survey respondents with those of Bangkok ivory possessors
obtainable from the legal awareness study by the authors (Chapter 3). The demographic
profiles of the Bangkok ivory possessors were obtained from 497 surveys completed by
anonymous Bangkok respondents who registered ivory under possession with the DNP
under the Elephant Ivory Act 2015. The legal awareness survey was conducted during May
2020 - May 2021 and is reported in Chapter 3. The chance of participants overlapping
between two studies is small as only nine responses to the ivory consumption survey were

obtained from Bangkok.
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6.2.3 Analysis

Statistical analyses were performed using IBM SPSS Statistics 27 (IBM Corp, 2020). Non-
parametric tests were applied as the data were not distributed normally. Demographic data
of the ivory shop customers and the ivory possessors from Bangkok (Chapter 3) were
compared using a Chi-square test. Mann Whitney U and Kruskal-Wallis tests were used for
comparing the difference between categories such as gender. Associations between
variables were explored using the Spearman correlation test. Religious information was
excluded from relationship analysis due to a significant bias in number. Religious
information was excluded from the relationship analysis because Buddhist respondents
comprised 97% of the sample and the consequential very small sample sizes of the
remaining religions. Small and uneven sample sizes prevented categorization by

geographical area.

6.3 Results

6.3.1 Characteristics of ivory consumers

Table 6.1 presented demographic profiles of ivory consumers obtained from ivory shop
visitors and Bangkok ivory possessors, ivory shop visitors consisted of similar proportions
of males and females. The largest proportion of visitors was 41 - 50 years old (30.8%),
followed by the 51 - 60 years old group (26.4%). Most visitors held a university degree
(61%). The visitors were largely employed in either government or private sectors (70%
combined). Almost 32% of the visitors had monthly incomes of between 15,001 and 30
000 Thai Baht (USD 435 - 870), whilst the lowest proportion of the visitors (10%), earned
> 60,001 Baht (USD1,740) per month.

I compared the demographic profiles of the two groups of Thai ivory consumers using Chi-
square tests. There were significantly differences between the respondents and the
Bangkok ivory possessors, with respect to age class, education level and occupation (7able
6.1). More than 55% of the Bangkok ivory possessors were > 61 years old, in contrast to
the consumption study where this age class represented the lowest proportion; about half
the respondents were aged 41 - 60 years. Education level also differed between

respondents in the two studies. People with university education level were the largest
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group in both studies, but varied in proportion among education levels. A university degree
was held by around 80% of Bangkok ivory possessors, while a smaller proportion of
countrywide ivory customers (66%) had the same education level. Around 50% of
Bangkok ivory possessors were non-working people; only 4.4% of the shop visitors did not

work.
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Table 6.1: Demographic profiles of two groups of Thai ivory consumers:1) the ivory shop customers and 2) the Bangkok ivory possessors.
Comparisons were conducted using Chi-square tests on data for both groups. Bold indicated significant difference at the 0.05 level. Sample sizes were 92 for
ivory shop customers, and 497 for the Bangkok ivory possessors.

Chi-square test

Demographic Category
value p
Gender Male Female
Ivory shop customers 50 (54.3%) 42 (45.7%) 0.327 0.568
Bangkok ivory possessors 254 (51.1%) 243 (48.9%)
Age class (years) 19 -30 31-40 41 -50 51-60 261
Ivory shop customers 16 (17.6%) 14 (15.4%) 28 (30.8%) 24 (26.4%) 9 (9.9%) 117.361  <0.001
Bangkok ivory possessors 6 (1.2%) 30 (6.0%) 63 (12.7%) 118 (23.7%) 280 (56.3%)
Religion Buddhist Others
Ivory shop customers 90 (98.9%) 1(1.1%) 0913 0.339
Bangkok ivory possessors 483 (97.2%) 14 (2.8%)
Education level Primary school High school Diploma University
Ivory shop customers 4 (4.3%) 16 (17.4%) 11 (12.0%) 61 (66.3%) 10.822 0.013
Bangkok ivory possessors 17 (3.4%) 53 (10.7%) 26 (5.2%) 401 (80.7%)
Occupation Business owned Private employee = Government employed Do not work Others
Ivory shop customers 22 (24.2%) 29 (31.8%) 34 (37.4%) 4 (4.4%) 2(2.2%) 112.63 <0.001
Bangkok ivory possessors 142 (28.6%) 76 (15.3%) 34 (6.8%) 245 (49.3%) 0
Monthly income (Baht) <15,000 15,001-30,000 30,001-45,000 45,000-60,000 260,001
Ivory shop customers 18 (19.8%) 29 (31.9%) 20 (22.0%) 15 (16.5%) 9 (9.9%)
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6.3.2 Ivory consumption behaviours

6.3.2.1 Shop locator

All age classes of visitors to the ivory shops were largely influenced by recommendations
from others (41.9%), followed by the shop already being known to the visitor (20.4%),
internet search (14%), and other options (Figure 6.1). Such recommendations were
particularly important for visitors aged 51 - 60, 19 - 30, and 41 - 50 years. Knowing the
shop was the major reason for visiting for a quarter of the visitors in all age class, except
the 19 - 30 year old class. The 19 - 30 year old age class were also influenced by shop
location (20%). Internet searching involved people in all age classes, especially customers
aged 31 - 40 year old (33%). Almost 20% of 41 - 50 year old visitors found about the shop
through a promotion event. A small proportion of respondents was passing by (4 - 11%),

especially those 61 years old and above (11%).

Overall
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Figure 6.1: Mechanisms by which ivory shop customers selected the shop to visit by
different age class. “Others” option was excluded from the analysis for age class categories.



Section 2: Market interactions (Consumption behaviours) 111

6.3.2.2 Ivory items

A wide range of jewellery and parts thereof (77%) were of interest to the ivory shop
visitors (Figure 6.2). The most three popular items were necklaces (23%), bangles (16%)
and rings (12%). Belt buckles (13%) and sacred items (8%) were also sought; only 2% of
the visitors aimed to buy raw ivory. Female visitors were most interested in types of
jewellery, except for necklaces and beads/parts, which were largely sourced by males.
Males were also the main buyers of non-jewellery products i.e., belt buckle, sacred

products. Raw ivory was purchase of choice only by male visitors.

Raw ivory
2%
Raw ivory -
Jewelleries
cargs | o
0 5 10 15 20 25 30 35 40
Number of response aM =F

Figure 6.2: Ivory items of interest to the ivory shop visitors.

A Spearman correlation test showed a positive relationship between the number of ivory
items owned and the age class of respondents (p=<0.009). Younger ivory consumers (< 40
years old) owned 1 - 4 pieces; older people owned more with the highest proportion having
> 5 pieces (Figure 6.3). There was also a positive relationship between the number of ivory

pieces owned and income as well as age (p=<0.001).
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Figure 6.3: Number of pieces of items owned by survey respondents classified by age
class and monthly income (a), and their correlations (b); ** and * indicated correlations
significant at the 0.01 and 0.05 levels, respectively.

6.3.2.3 Other characteristic of ivory shop customers

Other consumption behaviours of the ivory shop customers are summarised in Figure 6.4.
Above one-third of the shop visitors lived within 50 km (37%). Most visitors (60%) aimed
to buy an ivory item (usually for themselves) while 34% came to have a look; 5.5% came
for maintenance service. Most shop visitors bought their first ivory item themselves (80%);
19% were given their first piece of the ivory, for 1% the ivory was inherited (Table 2).
One-third of the visitors did not know any ivory consumers, while the remainder indicated
that they knew ivory consumers, either friends or colleagues (48.7%), relatives (31.6%), or
others (19.7%). Most visitors (56%) had 1 - 2 pieces of ivory, followed by 3 - 4 pieces,
only 2% had 7 - 10 pieces, a further 2% > 11 pieces.
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Figure 6.4: General characteristics of ivory shop customers.

Repair refers to customers visiting shops to receive services for repairing damages or maintaining usable condition of ivory items or products e.g. restringing
ivory beads of necklaces, cleaning. Percentage calculations were based on number of respondents for single-response question, or total responses for
multiple-response questions as specified.
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6.3.3 Purchasing factors

Ivory purchase was largely influence by factors relating to the ivory shop. i.e., shop
creditability, trade permission, physical presence of shop, and use of ivory sale certificates
(Figure 6.5-a). Less important were the aesthetics of the ivory purchase and its decorative
features (carving/combined material) with medians of 2 “Strongly agree”. Ivory price,
elephant care, ivory types and ivory authentication ability all had lower median score at 1
“Agree”. Ivory price yielded a higher frequency of positive responses (92.4%) compared
with the other three factors. Most buyers agreed that ivory price influenced their purchase

more than elephant care, ivory type or ivory authentication.

The highest correlations (Figure 6.5-b) between the factors influencing ivory purchase
were among the four shop characteristics (12 0.783 — 0.828 (p=<0.001)). All factors were
significantly correlated (p=0.01) either among or with most characteristics of the shop (i.e.,
creditability, trade permission, physical presence, and issuance of ivory sale certificate), .
Ivory authentication was significantly correlated only with ivory type (p=0.01) and
elephant care (p=0.05). Correlations were significant (p=0.01) among ivory-related factors
‘i.e., ivory quality/beauty belief/value and decorations. All these results need to be

interpreted with caution, given that some could be expected by chance alone.

Some additional influences on the choice of respondents included rarity of ivory,
relationship/connection with elephants, as well as the worship of sacred items linked to
faith in revered monks. Some respondents had a negative response to questions about
belief, indicated by answers such as “No belief at all” [SC44]., “Buying because of ivory
beauty and its fine carving” [SC66].
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Figure 6.5: Percentage frequencies of responses to ivory purchasing factors surveyed (a) and
a matrix of the correlations between the various factors (b).

The dashed line in a) indicates the median for each factor. Correlation matrix (b) with ** and * indicating
significant correlations at the 0.01 and 0.05 levels, respectively. The shading indicates the magnitude of
significant correlation values at the 0.01 level, some of which might occur by chance alone.
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6.3.4 Ivory values and beliefs

The respondents, in general, acknowledged the values and beliefs associated with ivory,
except for the investment value yielding median at “Neutral” (Figure 6.6-a). Beauty was
the most acknowledged value with median of 2 “Strong agree”. Users considered that ivory
had various supernatural benefits (median 1 “Agree”). Purity, luxury and collectability

values also had a median of 1, and the collectability option had the fewest disagreements.
Other interesting beliefs and related opinions provided by respondents included:

e Positive influence for businesses [SC12]

o [vory is spiritual itself. Making things from ivory by revered monks will enhance
spiritual benefits [SC19]

o Ivory from killed elephants brings damnation and bad lucks to life. I bought ivory
from the shop indicated that ivory in the shop is auspicious because no elephants

killed for ivory [SC85].

The strongest correlation was between protection and bringing luck (correlation coefficient
=0.680, p=<0.001), followed by those between respect/powerfulness and luxury
(correlation coefficient = 0.604, p=<0.001) (Figure 6.6-b). Among all ivory value/belief
views, feelings of confidence and respects/powerfulness had strong relationship with most
other variables. For instance, confidence was strongly correlated with respect/powerfulness
and investment. Viewing ivory as an investment was significantly correlated with its
luxury value. Other positive correlations included beauty and bringing luck, protection and

purity, collectability and beauty.
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Figure 6.6: Ivory value and belief in frequency (a), and the association among the ivory
purchasing factors and the statistical test results of association (b).

The dashed line in a) indicates the median for each factor. Correlation values in b) with ** and *
indicate significant correlations at the (.01 and 0.05 levels, respectively. Dark to light shading
indicates the magnitude of significant correlation values at the 0.01 level, with darker shades of
blue denoting higher levels of significance. These results should be treated with caution as some
significant correlations can occur by chance.
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6.4 Discussion

6.4.1 Factors affecting ivory purchase by ivory shop customers

When looking to purchase ivory in shops, I found customers first prioritized factors related
to the shop credentials, followed by the aesthetic attributes of ivory, ivory price,
beliefs/values related to ivory, and source. Most Thai ivory consumers are concerned about
ivory authenticity, but are unable to separate ivory from bone or other materials; they

therefore rely on the seller’s guarantee of authenticity (USAID Wildlife Asia, 2018).

Legal reforms and the resultant transaction costs associated with implementing the legal
requirements (Chaitae, Gordon, et al., 2022) likely increase the price of legal ivory. In
contrast, illegal ivory producers lowered the price of ivory jewellery to reduce competition
with the legal market (Moyle & Conrad, 2014). Buying from the illegal market may be
cheaper but increases the chance of the buyer purchasing fake items (Hinsley & ‘t Sas-
Rolfes, 2020; Moyle & Conrad, 2014) and thus requires the buyer to have authentication
skills.

Ivory sale certificates are issued when buying from authorized shops as evidence of
legally-acquired ivory for further registration; some customers are willing to pay more to
get products with documentation certifying legitimacy, legality, or provenance (Hinsley &
‘t Sas-Rolfes, 2020). Such documents also guarantee the authenticity of the ivory. When
selecting ivory shops, customer decisions were largely based on trust i.e., recommendation
from others, buying from a familiar trader. Buying from an authorized shop likely relieved
customer concerns about ivory authentication and legality. Shops with a physical location
likely facilitate these perceptions of credibility, as well as enable after-sale service e.g.,

repairing bought ivory items.

Aesthetic value, or beauty, is considered a very important ivory attribute by Thai ivory
customers. Besides the ivory material itself, aesthetic values were likely supplemented by
skilful carving and decoration; some ivory jewellery is decorated with gold and gemstones
(Krishnasamy et al., 2016). These features increase both the aesthetic and financial values
of the items. High aesthetic value in the view of the shop customer was likely related to the

nature and use of ivory ornaments, which are the majority of ivory items selling in shops.
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Ivory shop customers viewed ivory price as important. The number of possessed ivory
items was positively correlated with income, as well as age. Most (80%) of the ivory shop
customers, bought their first ivory piece personally, rather than receiving it as a gift or
through inheritance. It is, therefore, logical that high income buyers would be able to
afford to purchase multiple pieces. Given the strong link between age and income, older
people possessed more than 10 ivory items, whereas younger respondents typically owned
less than five items. Around one-third of the shop visitors had a monthly income of USD
435 —870 (15,001 — 30,000 Baht), which was greater than the average income of Thais
USD 413 (14,227 Baht) (estimate based on 28,454 Baht /household with two members)
(Thailand National Statistical Office, 2021). Purchasing power appeared to affect the type
of ivory purchased. Rings, for instance, were the most popular ivory items owned by Thais
due to their affordable price (USAID Wildlife Asia, 2018). In this study, necklaces were of

most interest to potentials buyers.

Similar to a previous survey (USAID Wildlife Asia, 2018), consumption of ivory in
Thailand was largely tied to spiritual beliefs. Most ivory shop buyers believed that ivory
brought personal protection and good luck. These beliefs in supernatural properties are also
behind the consumption of ivory in Asia more generally (Gao & Clark, 2014; National
Geographic and GlobeScan, 2015). For Thais, beliefs related to ivory are typically rooted
in the perceived significance of elephants across the dimensions of culture, monarchy, and
religion (Chaitae, Gordon, et al., 2022). For example, elephants are believed to be
powerful, honourable, and intelligent, thus elephant ivory is likewise considered special
and spiritual. Additionally, beliefs linked with sacred items involve faith and respect of
revered monks. Uses of ivory products among the public involved sacred items such as
lion (singha) figurines, sacred knives with ivory sheath and/or handles) given to believers
(Stiles, 2003) by revered monks. The sacred ivory items of the revered monks were thus in
demand among believers, particularly items from deceased monks (Chainat privince
cultural office & Chainat Pitthayakhom School, N.D.; Nongpho Temple, 2015). This
practice potentially leads to such items having increased monetary and collectible values.
Different types of spiritual items, such as amulets and sacred figurines are still produced by
the main ivory manufacturers in both Surin and Northern provinces (Nakhon Sawan and

Uthai Thani) (Suttanon, 2020), even though Buddhist monasteries have been recommended
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to avoid making sacred items from ivory and wildlife parts since 2014 (The Sangha

Supreme Council of Thailand, 2014).

The purchase of ivory was also linked to its perceived value as an investment, although this
factor was weaker for by ivory shop customers in Thailand than in other countries (Gao
and Clark 2014). For example, in China, carved art pieces of ivory were highly prized for
investment (Gao & Clark, 2014). In contrast, product types in the ivory shops I studied,
largely involved small jewellery, which might be less profitable at resale, because its
investment potential is limited. Investment purchases are more likely to be focussed on
antique sacred items produced by revered monks as discussed above. The resale of such
purchases tends to occur between private individuals, rather than through ivory shops.
Investment value is potentially high for ivory in form of whole tusks contributed by size
and utilization. Knowledge of these variations would provide insights into the demand, as
well as enable designing of suitable measures to address the illegal wildlife trade on the

basis of culture and other factors (Cheung et al., 2021).

A final significant motivation for purchasing ivory is related to social norms and influence
(National Geographic and GlobeScan, 2015; Thomas-Walters et al., 2021). Half the ivory
shop respondents agreed that owning ivory was connected with a feeling of luxury. An
important factor influencing consumption is thus likely to be the desire to meet others’
expectations or social norms (Ajzen, 1991; Miller, 2017). Social norms are well
documented influences on consumption of wildlife or wildlife products. For example,
success in illegal hunting of large mammals maintained valued social relationships within a
community of Ethiopian pastoralists (Tadie & Fischer, 2013). Bird hunting in South China
was associated with cultural preferences for recreation (Commercon et al., 2021).
Consumption of high price and rare wildlife products such as rhino horn, shark fin,
pangolin meat involves social relationships in Asian culture (Fabinyi, 2012; Shairp et al.,

2016; Thomas-Walters et al., 2021).

Understanding the role of social norms in human behaviour could improve the success of
behavioural change interventions by taking cultural and social values associated with such
behaviours into account (Commercon et al., 2021). Suitable approaches should be

grounded in the theory of planned behaviour in which a behaviour results from interactions
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between attitudes (i.e., personal values), subjective norms (i.e., social pressures,
expectations of others), and perceived behaviour control (i.e., ability to engage in a

behaviour).

I consider that recognizing the impact of legalization on reducing stigma (social value)
surrounding illicit consumption and stimulating demand (Fischer, 2004). The legalization
of the trade in Thai domestic ivory is unlikely to expand consumption to levels of concern.
Given the long history of legal ivory from domesticated elephants in Thailand, the 2015
legal reform, (Chapter 2) is likely to enhance awareness of the links between the illegal
ivory trade and elephant conservation and reduce demand. In 2015, 5% of Thais owned
ivory. This proportion was reduced to 2% in a 2018 survey (National Geographic &
GlobeScan, 2015; USAID Wildlife Asia, 2018). For the wider Thai community, possession
of ivory was viewed less favourably as most people considered that ivory consumption was

unacceptable and only 10% felt otherwise (USAID Wildlife Asia, 2018).

6.4.2 Behavioural interventions

In the development of behaviour change interventions, it is important to realize perceived
connections between these values and include these understanding into relevant
conservation policy (Cheung et al., 2021; Commergon et al., 2021; Davis et al., 2020).
Ivory consumption has a long history in Thai culture. Social perceptions around elephant
ivory are linked with the extraordinary value placed on elephants, and the legality of
domesticated elephant ivory (Chaitae, Gordon, et al., 2022; Chapter 2). Suitable
communication messages should avoid any sensitivity in these contexts, and probably
focus on consumption from legal sources of ivory. Behavioural change interventions tend
to be more effective when individuals are provided with information related to their pre-

existing personal interest in the target behaviour (Rothschild, 1999).

Thai ivory consumers’ concerns over about possessing killed-elephant ivory might help
frame communication. For instance, messages highlighting consumer choice about
possessing auspicious ivory from live elephants should be more effective than directly
opposing the consumer beliefs. Education activities that seek to reduce the consumption of
illegal ivory could link the consumption of illegal ivory with harm to elephants through,

for example, aligning legal consumption with the Buddhism precept “refrain from taking



Section 2: Market interactions (Consumption behaviours) 122

life”. A similar strategy has been used to reduce the demand for rhino horn in Viet Nam by
incorporating “the Strength of Will” Chi Initiative by promoting the internal strength of
individual as the source of success and good fortune, rather than these outcomes being

acquired externally from a piece of horn (Offord-Woolley, 2017).

Knowledge of legal provisions and conservation impacts would raise public education
overall and positively influence consumer choice, as well as the implementation of the
legal requirements e.g., transfer of ivory items between private ivory possessors.
Moreover, an increased understanding of the purchasing motivations of target segments of
the ivory market would enable more efficient behavioural change interventions (Thomas-
Walters et al., 2021). The pre-existing high levels of trust in traders by consumers could be
leveraged to facilitate and increase the legality of the ivory trade amongst consumers. The
Thai government has already prioritized enforcement of groups of ivory traders (CITES
SC70 Doc. 27.4 Annex 21, 2018; Elephant Ivory Act B.E. 2558, 2015); It is important to
continue consistent monitoring and comprehensive enforcement to reduce the illegal
supply. Together with consumption management efforts (e.g., awareness raising and
outreach activities), this would reinforce the effectiveness of the domestic ivory trade
controls and ensure implementation of Thailand’s commitments to the Convention on

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

6.4.3 Limitations of this study

Ivory consumption is typically driven by spiritual beliefs related to protection and good
luck. However, there is probably variation around consumption of different item types,
which would contribute to different segments of ivory consumers. Demand consumption is
related to several factors including personal constraint, motivation, social influence
(Verissimo et al., 2020). Economic factor plays an important role in ivory consumption.
Increasing demand for ivory in Asian markets is related to an increase overall economic
growth (Stiles, 2004), Conversely, the decline of ivory name seal consumption was linked
to the 1980s economic recession in Japan (Kitade & Toko, 2016). My study finding
reflected a positive relationship between ivory consumption and income. Well-off ivory
consumers can afford a greater volume of ivory, either in terms of the number or size of

pieces. A complete pair of raw ivory tusks is usually purchased for home decoration
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(Chaitae, Gordon, et al., 2022). Price of this type of decorative ivory, worth a couple of
million Baht, would only be possible for users with high financial resources. Ownership of
such large ivory pieces reflects wealth and social image, as well as providing an
investment similar to art in China (Gao & Clark, 2014). These social attributes may be
more important for users who focus on decorative ivory, in contrast to ivory product
consumers who value aesthetics. Worshippers likely purchase in accordance with their
faith in revered monks. Thus worshippers favour items made by monks and buy them as

collectibles or investments.

I recognise that sampling bias might have resulted in a sample more orientated towards the
legal adherence, given that my sample was collected at authorised ivory shops and
government offices. The ivory shop customers I studied were interested in purchasing a
wide range of manufactured ivory, such as jewellery and other products, that are typically
found in ivory shops (Krishnasamy et al., 2016). I therefore have little information about
ivory consumers, who do not source ivory from an ivory shop. More than 80% of the
registered ivory in Thailand is raw ivory (intact tusks) (Krishnasamy et al., 2016),
potentially sold by non-traders, as evidence for the low interest is such items from the
ivory shop customer I sampled. Two-thirds of annual raw ivory volume are in private-held
possession of general users (Chapter 5). Similarly, potential consumers of sacred items
were not included in this study. I was also unable to study the ivory trade conducted over

the internet as I could not obtain a Human Ethics permit for such research.
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6.5 Chapter summary

0 The legal ivory trade in Thailand operates to satisfy domestic consumption based on
local supply. Exploring the attitudes of customers can improve understanding of consumption.
This knowledge could give insights into future ivory demand, the risks of an illegal

trade, as well as enable tailoring suitable behavioural intervention policy by government.

o In this chapter, I used self-administrated surveys to explore factors influencing
ivory consumption amongst ivory shop customers. When purchasing ivory,
customers prioritized factors related to shop credentials, followed by the aesthetic
attributes of ivory products, ivory price, ivory beliefs, and source of ivory, in order
of importance. The decision to visit a particular ivory shop was mostly based on
recommendations and personal relationships. The importance of ivory shop
credentials to the ivory shop customers presumably links to their concerns about the
authenticity and legality of the ivory products. Trust-orientated attitudes of
customers could be leveraged to facilitate and increase legal compliance around the

ivory trade amongst consumers.

o Ivory shop customers mainly purchase jewellery; raw ivory is less attractive to the
customers of ivory shops. Given that most of the legal annual raw ivory supply is in
private possession (Chapter 5) and less likely to be purchased from ivory shops
(Chapter 6), there are potentially different segments of ivory consumers in Thailand
based on their desire for different types of ivory goods. Further in-depth study of

this aspect would benefit management (Chapter 7).

0 Attitudes to elephant ivory consumption in Thailand are linked to the extraordinary
value of Thai elephants, and the legality of domesticated elephant ivory. With these
in mind, behavioural change interventions seeking to reduce the consumption of
illegal ivory would be more effective if pre-existing beliefs or religious initiatives
were incorporated into communication messages. For example, campaigns should
take advantage of customer’s existing concern around bad power from killed
elephant ivory, to encourage legal and sustainable consumption. This also aligns
with the Buddhism precept “refrain from taking life”, a potentially powerful
deterrent when the overwhelming majority of Thais and ivory consumers are

Buddhists.
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Chapter 7 Synthesis and discussion

This final chapter provides a summary of the outcomes of my thesis. I discuss and
synthesize the key findings of my multidisciplinary approach and their management
implications, which aim to reinforce the control mechanisms on the Thai ivory market. I

finalise the discussion by identifying areas for future research.

Chapter 1

Introduction

Chapter 2
Thailand Ivory trade controls
with respect to CITES obligations

Chapter 3
Legal awareness and compliance
B> of relevant ivory trade actors

Chapter 4 =

Developing a forensic technique Q\‘v‘
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Chapter 6
Ivory demand consumption
and purchasing factors
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@) Insights into the supply chain
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7.1 Revisiting the research problems

The unsustainable trade in wildlife and their products has a significant negative impact on
the survival of wild populations (Broad et al., 2003; Emslie et al., 2019; Thouless et al.,
2016). In contrast, sustainable management can benefit both human economy and wildlife
conservation (Biggs et al., 2013; Broad et al., 2003; Delisle et al., 2018; Gordon, 2008).
The ivory trade causes global concern regarding the conservation of elephants because of
the deliberate slaughter of elephants for their ivory (Thouless et al., 2016). Under CITES,
domestic legal markets for ivory are permitted with comprehensive regulations to prevent
detrimental impacts on elephants from either elephant poaching or ivory smuggling
(CITES Res.Conf. 10.10 (Rev. CoP18), 2019). Nonetheless, countries permitting a legal
trade in ivory are still under pressure to close their markets (CITES CoP19 Doc. 66.3,
2022; Collis, 2019; WWF, 2022).

Closing the commercial markets, including domestic markets, is considered by some to be
an effective preventive measure to mitigate the negative impacts of the elephant ivory trade
(Aryal et al., 2018; CITES CoP17 Doc. 57.2, 2016; Collis, 2019; Dasgupta, 2016; WWF,
2022). In many cases, this stance is advocated without evidence-based information on the
supply chain, market and other socioeconomic factors, resulting in unintended
consequences (Challender et al., 2019; Cooney & Jepson, 2006). Trade bans directly
restrict the quantity of wildlife products coming to market. When demand persists, bans
result in a rise in the commercial value of the product, which in turn incentivizes illegal
trade, further threatening the survival of traded species (‘t Sas-Rolfes, 2000; Conrad, 2012;
Cooney & Jepson, 2006). This effect was evident, for example, in the cases of rhino horn
and elephant ivory where overall prices increased after an international trade ban, fuelling
poaching in range states (‘t Sas-Rolfes, 2000; CITES CoP19 Doc. 66.5, 2022; Conrad,
2012; Milliken et al., 1993; Wittemyer et al., 2014). Economic opportunities to protect
wildlife may diminish and result in ineffective conservation such as reducing the conflict
tolerance towards game or hunting trophy species among local communities (Biggs et al.,
2013; Rubino & Pienaar, 2020; Weber et al., 2015). Such situations have discouraged
Arctic communities from participating in the management of Polar bear (Ursus maritimus)
(Weber et al., 2015). Hunting restrictions on bushmeat in West Africa during the Ebola

virus disease pandemic reduced the sources of income and protein intake of local
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communities, pushing the trade underground to meet their subsistence needs (Bonwitt et
al., 2018). Delisle et al. (2018) concluded that a traditional hunting ban on
dugongs Dugong dugon and green turtles Chelonia mydas would likely result in the loss of

cultural values in Torres Strait Indigenous communities.

Calls for the domestic market in elephant ivory in Thailand to be banned were significant
prior to 2015. Lack of comprehensive legal mechanisms for regulating the trade
contributed to an illegal trade of ivory within Thailand, and ivory smuggling between
Thailand and other countries (CITES CoP16 Doc. 53.2.2 (Rev. 1), 2013). Closure of the
Thai domestic ivory market was seen by some as the simplest and most effective method
of suppressing the laundering of illegal ivory in the Thai market, thereby avoiding broader
sanctions on CITES-listed species, as well as promoting the country’s global leadership in
ivory trade management (WWF, 2014). The parallel persistence of legal and illegal trading
was also believed to cause confusion amongst the public, and necessitate complex

monitoring and enforcement (CITES CoP19 Doc. 66.3, 2022).

Despite these calls, Thailand addressed this situation by revising the relevant legislation to
empower officials to confiscate African ivory within the country, and strengthen control
mechanisms in the use and trade of ivory from Thai domesticated elephants (CITES SC66
Doc. 29 Annex 8, 2015). This decision enabled Thailand to comply with CITES, and to
recognise the domestic and wild Asian elephants in Thailand as having a different legal
status (Siriphanurak & Thaiwadh, 2015). Trade in the tusks of Thai domesticated elephants
is legal in Thailand (Chapter 2), providing an income to elephant owners (Chapter 5). Ivory
harvesting can be carried out legally through the practice of elephant keeping. The selling
of raw ivory is increasing at present to support elephant owners, particularly elephant
owners who are keepers or mahouts, meet the growing costs of living and of raising
elephants. Because of this strong economic driver to sell ivory, I believe that a domestic
trade ban would likely push the ivory trade underground, increasing the cost of
enforcement (Figure 7.1). Similar situations have occurred where local communities

experiencing economic stress depend on a banned resources (Bonwitt et al., 2018; Koh et

al., 2021).
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Figure 7.1: Likely contrasting consequences of alternative scenarios for domestic ivory
trade management in Thailand.The figure assumes that: (1) domestic elephant keeping is
allowed and raw ivory will continue to be obtained through elephant keeping practices, and (2) the
cost of maintaining domestic elephants will continue to be a significant burden for elephant
owners.

Cultural values and history are important factors in determining the suitability of trade
bans (Conrad, 2012). A trade ban policy is likely to be successful when consumption does
not have social legitimacy (‘t Sas-Rolfes et al., 2019). There is a long history of ivory
consumption in Thailand and its link with the lawful ownership of domesticated elephants
is rooted in Thai culture (Chaitae, Gordon, et al., 2022). In addition, ivory is considered a
price-inelastic, luxury good (Conrad, 2012). This means consumption of ivory is relatively
insensitive to price change. Many Asian people buy ivory to help display their social status
(Walker, 2009), a conclusion supported by the results in Chapter 6, which provided
evidence that the ownership of ivory is motivated by a wish to display luxury and wealth.
Although this study suggested that the legality of ivory is important to Thai consumers
(Chapter 6), my results might be biased by the fact that my study was limited to customers
of legal 1vory shops. Users of status goods probably gain social status even when trade in
status products is prohibited (TRAFFIC East Asia, 2010). Thus some users are probably
willing to risk legal punishment to obtain such products (Conrad, 2012). Moreover, trade
restrictions stimulate the desire for ivory as it becomes rarer (Cooney et al., 2015; Hinsley

& ‘t Sas-Rolfes, 2020).
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Thus, both supply and demand forces likely reduce the success of ivory trade restrictions in
Thailand. A total ban is, therefore, unlikely to be an effective solution for managing ivory
in Thailand; instead it would likely cause the loss of both natural resources and cultural
knowledge (Stiles, 2003). Trade regulation potentially offers a better solution. My research
highlights both the need for elephant keepers to trim the tusks of the elephants in their care,
and the economic importance of selling ivory for most Thai elephant owners. The domestic
trade of ivory in Thailand provides economic and livelihoods benefits to a broad range of
actors from elephant owners to shop owners. The effective control of the ivory trade is

necessary to maintain this legal market.

To inform improvement in ivory trade controls in Thailand, I addressed Objective 1 of this
thesis by: (1) studying the current statutory controls, (2) assessing the legal understanding
of the actors in the ivory supply chain, and (3) providing proof of concept for an ivory
identification tool (Chapters 2 - 4). I then addressed Objective 2 (to understand the market
interactions related to the legal domestic ivory trade in Thailand) by investigating the

dimensions of demand and supply of the legal ivory market in Chapters 5 - 6.

My comprehensive findings have the potential to inform the evidence base for a
sustainable ivory market in Thailand. This potential should be enhanced by my role as
CITES officer the Thai Department of National Parks, Wildlife and Plant Conservation

(DNP) as discussed in more detail below.

7.2 Thesis findings

Objective 1: To investigate how control mechanisms relevant to the domestic

ivory trade in Thailand could be strengthened

Control mechanisms are necessary for regulating the domestic trade in ivory. In Chapter 2,
I assessed legal measures of relevance to regulating the ivory trade under Thai laws. These
laws were strengthened in 2015 to enable comprehensive control in compliance with
CITES. The existing legislation now enables effective control of the domestic ivory trade
as CITES requires. However, the complexity of these laws has resulted in some confusion
for lay people around the relevant legislative requirements, as well as high transaction

costs to comply with this legal framework.



Synthesis 130

By exploring the legal awareness of relevant actors in Chapter 3, I found that three groups
of actors are generally aware of ivory-related legislation. Ivory traders had a high level of
awareness about compliance requirements related to the ivory trade. Legal knowledge was
lower amongst groups of elephant owners and ivory consumers, suggesting the need to
raise the of awareness of these groups, along with the simplification of relevant laws. All
three groups of actors have considerable legal knowledge of the trade prohibitions of ivory
from African and wild Asian elephants, as well as international and domestic ivory trade

restrictions.

The strong legal awareness of ivory traders was likely, at least partially, to be the result of
the enforcement activities that prioritized them. In turn, ivory traders play a key role in
raising the legal awareness the other two groups of actors, due to their central position in
the supply chain and their trusted role. Personal connections productively facilitate this
flow of information. Ivory traders advise elephant owners about the process of raw ivory
registration and transfer, increasing the knowledge of elephant owners involved in
commercial trade activities e.g., those who sell raw ivory to ivory traders, or reside in ivory
manufacturing areas. Whilst doing business, ivory traders also provide legal information to

ivory shop customers (users) around the registration of ivory purchased from their shops.

The capacity to prevent the laundering of an illegal supply can enhance the legal market of
wildlife products (Biggs et al., 2013). In Chapter 4, I successfully applied the NIRS
technique in distinguishing three types of ivory in accordance with Thai laws: African,
domesticated Asian, and wild Asian elephant ivory. The translation of this approach has the
potential to enable effective monitoring of the domestic market and prevent the entry of

illegal supply from African and other Asian elephant sources.



Synthesis 131

Objective 2: To understand the market interactions related to the legal

domestic ivory trade in Thailand.

Ivory harvested from live, domesticated elephants supplies the Thai domestic ivory market.
Chapter 5 maps the legal supply chain and identifies the factors influencing the supply that
supports the commercial trade. I identified five key actor groups operating in this supply
chain: elephant owners, intermediaries, manufacturers, retailers, and ivory consumers. Pre-
existing networks of elephant owners facilitate the flow of raw ivory. The legal ivory trade
is clearly beneficial to these elephant owners, particularly mahout owners who earn their
living from keeping elephants. Nonetheless, market access is not equal among these actors.
The sale of tusks is increasing over time, likely due to increased financial pressures on
elephant owners and the market factors that increase the price of raw ivory. This chapter
also documented the influence of limited legal awareness among elephant owners (Chapter
3), especially owners from outside Surin, for instance, elephant owners dispersedly
residing in North and South regions are less known by general buyers of ivory. The annual
supply of raw ivory from domesticated elephants is, at least, ~375 kg. Most of this annual
supply is either retained by, or goes to, general users for private use, while around one

third of this annual volume supplies commercial ivory product manufacturing.

The ivory purchasing of shop customers is influenced by factors related to the trust and
credentials of traders; presumably linked to the customers’ concerns over the authenticity
and legality of the ivory products (Chapter 6). These concerns reflect another important
aspect of the traders in the Thai ivory trade, besides awareness raising (Chapter 3).
Attitudes informing elephant ivory consumption in Thailand are linked to the extraordinary
value of Thai elephants. Ivory shop customers are more interested in purchasing jewellery
rather than raw ivory. Given that most of the legal annual raw ivory supply goes directly to
private possession (Chapter 5) rather than via ivory shops (Chapter 6), there are potentially
different segments of ivory consumers in Thailand based on desire for different types of
ivory goods. Other consumer segments may have a different set of attitudes and

preferences related to ivory than the actors studied in this thesis.
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7.3 Policy and management implications

There are sustainable, legal wildlife trade models internationally from which the Thai ivory
trade could learn. The vicuna trade is a successful example of a sustainable wildlife trade
achieving mutual benefits for wildlife conservation and human livelihoods (Gordon, 2008;
Kasterine & Lichtenstein, 2018) and may be an appropriate exemplar for the domestic
trade of ivory in Thailand. Vicuna wool is a high price material used for luxury garments,
generating significant revenue to improve the livelihoods and fulfil the economic needs of
Andean communities (Kasterine & Lichtenstein, 2018). This economic incentive
contributes to the protection of these valuable animals, as well as enabling locals to
participate in resource management (Lichtenstein, 2009). Importantly, raw wool is
harvested by shearing from live animals offering a sustainable supply to satisfy market
demand (Gordon, 2008; Kasterine & Lichtenstein, 2018). This approach is also a potential
option for rhino horn in South Africa as the horn of rhinos naturally regrow after dehorning

(Biggs et al., 2013; Lindsay & Taylor, 2011).

Nonetheless, the trade in vicuna wool and Thai domesticated elephant ivory differ in
important aspects (Chaitae, Gordon, et al., 2022; Chapter 5; Kasterine & Lichtenstein,
2018); for example, the main destinations for vicuna wool are international markets
(Kasterine & Lichtenstein, 2018), whereas the Thai ivory market is for domestic uses
associated with cultural values. Vicuna wool is sourced from wild, ranched or farmed
animals, reflecting the nature of the ownership of animals in different countries (Gordon,
2008). Elephant keeping is primarily for various uses of the animals e.g., tourism,
entertainment, and logging. The sale of tusks supplements their basic income. Thai
domesticated elephants are owned and cared for by owners who need significant funds to
maintain them, in contrast with some vicunas being ranched or free-range, reducing
relevant keeping costs, especially food costs. Individual ownership of Thai domestic
elephants enables the economic benefit from selling ivory to be earned by their owners;
whereas proceeds from the sale of vicuna wool may be shared among a community. There
are important similarities too: non-lethal practices can be used to harvest the products from
both species i.e., wool of vicunas, ivory tusks of elephants, ensuring the survival of the
animals thereby optimizing the economic benefits from exploitation. Ivory is a high value

product (Conrad, 2012) capable of providing income to alleviate financial pressure on
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elephant owners similar to the way the vicuna wool trade provides income to Andean

communities.

Vicuna wool trade symbolizes the possibility of sustainable wildlife trade by
demonstrating the capacity of non-lethal harvesting for a high value product to enable
long-term use, and providing local communities with an incentive for protecting source
animals. Thai ivory trade shares this feature, and I believe that future management should
focus on enhancing incentives that are consequences of legal domestic ivory trade, among
the relevant actors in wildlife conservation. Based on my research results, I present
proposals to strengthen control mechanisms relevant to the domestic ivory trade in
Thailand, as well as to promote compliance and engagement to aim a sustainable trade of

ivory (Figure 7.2.) below.
7.3.1 Simplification of legal requirements

As explained in Chapter 2, the legal controls on the ivory trade in Thailand are complex
and likely associated with high transaction costs (Chapters 3 and 5). There are a total of 22
DNP offices for ivory registration. A physical visit to one of these offices often involves
significant travel costs for people living outside areas to where these offices are located,
especially as DNP offices open only during weekdays. The costs of registering a 500 Baht
(c.USD15) value small ivory item for a Surin resident at the responsible DNP office in
Ubol Rachathani could involve a 6-hour return car trip and incur fuel costing at least twice
the cost of the ivory item. This estimate does not include the cost of work absence. These

costs disincentivize registration.

Simplification of the relevant laws, particularly for regulations stipulated under the
Elephant Ivory Act, is likely to facilitate compliance and reduce the transaction costs
incurred by physical visits for registration. Unnecessarily complex laws and processes
could be reduced for the registration of ivory products bought from authorized ivory shops.
This simplification should involve enabling use of ivory sale certificates issued by
authorized traders as evidence of legal possession, together with online registration of
ivory. Monitoring and enforcement of these processes could be done using existing legal
practices e.g., shop records, duplicate copies of sales certificates and relevant inspections

of the ivory items being sold in the shop. This simplification could serve the purpose of the
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law (Driesen, 2014), whilst reducing transaction costs that arguably burden and
disincentivize registrations. This approach could reduce the administrative work for
responsible officers, especially with an effective online database, and allow for a greater
investment in enforcement and education activities. An assessment of the registration rate
of ivory bought from ivory shops can provide information on the outcomes of the legal
simplification initiative. Monitoring efficiency and management capacity would also be
enhanced as more information becomes available through increasing the rates of ivory

registration.

In the long run, the streamlining of relevant regulations, especially those related to the
control of animals, and the parts and products of domesticated elephants, into a single law

would reduce complication and confusion among relevant actors.
7.3.2 Incentives and engagement of relevant actors

While regulation is an essential tool for a sustainable wildlife trade, incentives are the key
to legal compliance (Swanson, 2000). Considering the benefits that relevant actors gain
from the laws, elephant owners can sell ivory at higher prices compared to before the 2015
change in the law that relieved concerns around the risk to elephants from ivory smugglers.
Ivory traders can maintain their businesses, while ivory consumers are able to use legal
ivory without concerns around the illegality of possessed ivory. These potential incentives

gained by groups of key actors could be used as strategies to motivate legal compliance.

Benefits from legal wildlife involvement can motivate engagement in conservation by
relevant actors (Cooney et al., 2018). Economic revenue incentivizes the conservation of
vicuna by maintaining long-term renewable production (Gordon, 2008). Similarly, income
from trophy hunting and harvested rhino horns can motivate local communities to protect
these valuable animals (Biggs et al., 2013; Lindsey et al., 2012; Rubino & Pienaar, 2020).
As demonstrated by these examples, regulation of the Thai ivory trade may not involve
direct conservation. However, the engagement of relevant actors and communities can
support conservation through enforcement and compliance. Engaging relevant actors and
local communities as partners can support enforcement (UNODC, 2020a). For example,
the presence of an illegal ivory supply could decrease the volume of ivory bought from

elephant owners and/or reduce the price of Thai ivory. Financial benefits for elephant
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owners selling ivory can be used as a motivation for reporting suspicious changes. In
addition, engaging the general public to report illegal ivory trade incidents via DNP’s anti-

wildlife crime units may be highly beneficial (CITES SC74 Doc. 39, 2022).
7.3.3 Market monitoring

Analysis of a supply chain provides a comprehensive understanding of the trade and
enables the tailoring of appropriate policy responses (Boakye et al., 2016; Cowlishaw et
al., 2005; UNODC, 2020b). The accessibility and cost-effectiveness of the legal supply to
the market are important factors involved in maintaining a non-detrimental market for
wildlife products (Biggs et al., 2013). In Thailand, harvesting the ivory of domestic
elephants is necessary both for elephant husbandry and to support the livelihood of
elephant owners. Ivory can be harvested non-lethally, a practice that allows for a
replenishment of supply until the animal dies naturally. This newly harvested ivory is the
main source of ivory supplying ivory product manufacture; however, the significant
volume of pre-legislation stock provides a surplus. The first national registration of
domesticated elephant ivory in 2015 revealed that c. 160 tons of raw ivory was privately-
held in Thailand (Krishnasamy et al., 2016). My study indicates that about 380 kg of raw
ivory is obtained annually from domesticated elephants; and around two thirds of this
annual production go into private possession while the commercial trade uses about 170 kg

of raw ivory, of which newly-obtained ivory is the major source.

The information on the legal supply in Chapter 5 can be used to inform the monitoring of
the ivory trade. Monitoring of the supply chain, as well as the trade volume and the market
price of the raw ivory will provide useful information about market interactions and the
potential entry of illegal stock. In theory, with stable demand, the increased availability of
illegal stock should decrease the price of Thai ivory and result in the lowering of the legal
supply volume used in manufacturing. Monitoring data should also highlight the
proportional change between newly obtained and pre-legislation stocks in manufacturing.
For example, increasing volumes of the pre-legislation stocks transferred to manufacturers
can indicate market changes e.g., possibility of an increase in demand, decline of annual

ivory supply. NIRS devices could potentially be used to validate ivory sources (Chapter 4).
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In parallel with monitoring supply, it is vital to understand the demand volume. Thai ivory
consumption is not significant in volume and probably in decline: in a 2018 survey 2% of
Thais owned ivory products compared with 5% recorded in 2015 (National Geographic &
GlobeScan, 2015; USAID Wildlife Asia, 2018). Monitoring demand would also reduce
concern around the potential escalation of demand contributed by the legal market.
However, consumption needs to be monitored to capture demand that can change through
time. Growth in demand could be reflected in an increase in the volume of traded ivory and
should be a priority for further investigation. This signal could be caused by an increase in

domestic consumption, leakage of ivory to other countries, or both.

In addition, consistent enforcement effort is required to deter illegal activities. Besides
monitoring the legal market, it is essential to suppress the illegal trade in physical shops
and online channels. The illegal trade can significantly hamper the control of the legal
trade by the entry of detrimental ivory stocks to the system violating CITES provisions, as
well as discouraging authorized traders’ efforts to implement the laws. Comprehensive
trade controls should prevent both the entry of illegally sourced ivory into the domestic

market and the export of ivory products from the country.

7.3.4 Public education and outreach

Public awareness plays an important role in consumer decision making in purchasing
wildlife products (‘t Sas-Rolfes et al., 2019; Hinsley & ‘t Sas-Rolfes, 2020; Liu et al.,
2016). Awareness of the ivory trade among Thais seems to be growing since the new laws
of 2015, as reflected by ivory shop customers’ concerns around the legality of ivory
products (Chapters 3 and 6). Conservation and legal information should be continuously
provided by government to the public, as is currently done in Thailand (CITES SC74 Doc.
39, 2022). Public education has a significant influence on wildlife consumption choice. For
example, by presenting conservation and legal information of related wildlife materials
together with lists of substitutions that may provide the same perceived benefit to
consumers, traditional medicine customers showed a higher acceptability for substitutions,
especially for well-publicized products from endangered species, such as bear bile and
tiger bone (Liu et al., 2016). Regular public education on the ivory trade should highlight

the relationships between illegal ivory purchase and elephant killing, as this knowledge is



Synthesis 137

limited among Thai ivory consumers (USAID Wildlife Asia, 2018). In addition, public
education should take an advantage of the high level of reverence for elephants among

Thais about opposing elephants killing for ivory consumption.

Building a social campaign around wildlife consumption, rooted in Thai culture and
history, should be based on understanding the cultural values aligned with consumption
(Dang Vu & Nielsen, 2021; Thomas-Walters et al., 2021). Thai ivory consumers place an
extraordinary value on Thai elephants, and the legality of the domesticated elephant ivory
is an important factor affecting their ivory consumption (Chapter 6). Legality and
authentication of ivory products are strong concerns in purchasing decisions (Chapters 3
and 6). Interventions to change behaviour should take advantage of customer beliefs about
ivory bringing luck and their concerns around bad power from elephant ivory from
slaughtered elephants to encourage legal and sustainable consumption. Ivory from
authorized shops comes with a sale certificate confirming its legality, analogous to labels
specifying product sources such as geological, eco, and sustainably harvested products
(Brayden et al., 2018; Gallastegui, 2002). For example, vicufia cloth and garments are
labelled with the source country and verification that the wool has been shorn from live
animals (CITES, 2022a). Market-based labelling can increase the value of goods that
customers are willing to pay for (Brayden et al., 2018; Hinsley & ‘t Sas-Rolfes, 2020; Tian
et al., 2022). Knowledge about the conservation impacts of illegal ivory purchase is
essential for customers to reject a cheaper purchase choice of illegal ivory. In addition, an
ivory substitution strategy could be useful for consumption influenced by faith towards
revered monks by encouraging the use of substitute spiritual items made by monasteries
and monks. This approach coincides with the policy implemented in 2014 requiring monks
to avoid using wildlife parts, including ivory, in making spiritual items (The Sangha

Supreme Council of Thailand, 2014).

Interventions could be more effective using communications media and customised
messaging to target audiences (Challender & MacMillan, 2014). For instance,
communication could capitalise on established networks of elephant owners particularly
via word-of-mouth, and frequent contact authorities, through distributing materials and oral
messages via the local offices of the Departments of Provincial Administration and

Livestock Development. The current positive perceptions towards the regulation system
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amongst elephant owners would be supported through education activities. Most
importantly, I stress the potential role of ivory traders in awareness raising. Ivory traders
are very important actors in the Thai ivory trade chain, in regards to both legal awareness
(Chapter 3) and consumption (Chapter 6). Trust-oriented transactions in the ivory trade,
together with the intermediary position of the ivory traders in the ivory supply chain, could
enhance management strategies, including awareness raising and compliance enhancement.
Traders should be equipped with educational materials to enable them to distribute
information opportunistically. Ivory traders also could provide encouragement to ivory
buyers for registering bought ivory, especially if the relevant legal procedures were
simplified, thereby promoting compliance, and enhancing monitoring. These strategies
should be efficient and effective in disseminating ivory-related knowledge to targeted

groups of actors.
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Figure 7.2: Management implications synthesized from research findings.
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7.4 Future research

As mentioned in previous chapters, I have identified several further studies that would
improve understanding of the Thai ivory trade. Here I prioritize potential future directions

of research based on their likely relevance to maintaining a sustainable, legal trade.

Legal compliance can reflect the effectiveness of laws. My Unmatched Count Technique
(UCT) study in Chapter 3 was unable to provide a conclusive result around the extent of
non-compliance. Recognizing the limitations of this approach, future research should be
designed to quantify compliance levels to benefit management. In addition, policy
development would benefit from understanding the attitudes of relevant officers and
enforcement efficiency as Thai ivory trade control involves cooperation among relevant

authorities.

In Chapter 4, I documented the capacity of NIRS devices to differentiate the provenance of
ivory, either between African and Asian ivory sources, or between Asian ivory in wild and
domesticated elephants. I stress the need for further research to capture variation in ivory
among domesticated and wild Asian elephants with diverse feeding regimes and dentine
chemistries. The latter will allow comprehensive monitoring of ivory products, which
primarily consist of dentine. Use of NIRS devices could also be facilitated by their
customization for specific tasks as have been done for other industries, e.g., a commercial
NIR portable model has been developed for measuring plant leaf spectroscopy (CID Bio-
Science, 2022). A local inventor developed an NIR method and network system for online

and offline measurement of qualities of cup lump rubber (Rittiron, 2017).

Online platforms (such as social media) offer a convenient way for consumers to access
illegal sources of wildlife products, and have become a significant challenge to
enforcement (UNODC, 2020a). I agree with the concerns of Indraswari et al. (2020) and
Krishnasamy et al. (2016) about the growth in an online ivory trade after the introduction
of the 2015 restrictions on the ivory trade stores; an illegal trade of ivory could lead to the
closure of the Thai ivory trade (CITES Res.Conf. 10.10 (Rev. CoP18), 2019), with
subsequent negative consequences for the livelihoods of relevant groups of actors.

Unfortunately, whilst I recognise the importance of online trade monitoring, particularly on
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social media platforms, I was unable to conduct this research because I could not obtain the
necessary Human Ethics approvals from James Cook University. Internet trade research
could provide insights into characteristics and context of illegal activities that can inform

future enforcement for combatting this challenge.

At present, Thai domestic ivory trade provides important financial support for elephant
owners in terms of either contributing to household living costs, or for the cost of elephant
keeping, as well for maintaining a livelihood for other relevant actors. As evident from
Chapter 5, this trade of ivory mainly is operated by individuals i.e., raw ivory is sold by
individual elephant keepers/owners. Inequitable access to the market by elephant owners is
likely due to elephant owners residing in areas other than Surin, the well-known home of
elephants (Chapter 5). The limited market access of some elephant owners disadvantages
them in price negotiations. Identification and development of appropriate mechanisms for
allowing a more equitable trade of raw ivory could help maintain the price and value of
legal ivory. Economic incentives could encourage the registration of raw ivory in a way
that benefits compliance. For example, a central market structure has been used in
Thailand for agriculture products, such as rubber, food produces, to facilitate the trade
between seller and buyers (Thailand's Department of Internal Trade, 2022). A similar

arrangement may make the domestic ivory trade more equitable.

My research focuses on the legal trade and my findings are restricted to aspects of this
trade, particularly the compliance of ivory possessors (Chapter 3) and attitudes of ivory
shop customers (Chapter 6). Interpretation of these results should be made with caution.
Additional research could provide further insights into aspects of the trade that were not
fully covered in this study; for example, trade and consumption of raw ivory, spiritual
items made from ivory, legal knowledge of ivory consumer in national level, as well as a

long-term study of supply from Thai domesticated elephants.
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7.5 Concluding remarks

The Thai ivory trade is based on a renewable supply from legal Thai domesticated
elephants. This ivory provides important income to elephant owners, who often have an
unstable financial status. The trade maintains cultural knowledge of ivory carving and
creates licit earnings in local communities for relevant groups of actors in the supply chain.
I agreed with Stiles (2003) that an ivory trade ban is not an appropriate solution for
Thailand at this time, as it could result in loss of cultural knowledge and natural resources.
Like other legal wildlife trades, trade in ivory can be managed sustainability; ivory trade
policy should be nuanced, and comprehensive to enable it to benefit people in a sustainable
manner. I believe that my research has the potential to contribute to evidence-based policy

that ensures that the Thai domestic ivory trade is sustainable.
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Table S2.1: National laws with direct provisions in relevant to elephants and ivory in Thailand

Legislation = Summary of purposes and related provisions Authorities
1. Wild The first version of this law was issued in 1900. The act specifically Department of
Elephant granted protection to wild elephants as under ancient royal tradition Provincial
Protection and laws. As wild elephants are deemed government property, Administration,
Act B.E. capturing them requires government permission. The provisions are Ministry of
2464 (1921)  mainly related to regulation for capturing and protecting elephants Interior

from harm or slaughter, as well as defining the characteristic of

auspicious elephants, and procedures related to auspicious elephants

(Pravorapakpibul, 1962; Wild Elephant Protection Act B.E. 2464, 1921).
2. Draught This act was issued to protect the ownership rights of draught animals
Animals Act  (working livestock) i.e., elephants, horses, cattle, buffaloes, mules and
(Beasts of donkeys, which are considered as an asset. Registered animals have
Burden Act)  identification documentation consisting of owner and animal information.
B.E. 2472 Changes in any physical characteristics and death of the animals need to
(1939) be reported for inspection, correction, and revocation (dead animal) of the

documentation (Draught Animals Act B.E. 2482, 1939). The elephant has

been defined as a draught animal since the first Draught Animals Act R.E.

110 (1891). However, the use of identification documents for elephants
had been employed since 1877 under the Buffalo and Cattle Act, which
was replaced by the Draught Animals Act (Pravorapakpibul, 1961; 1962).
The Draught Animals Act B.E. 2482 (1939) requires each domesticated
elephant to be registered when it is eight years old to obtain an
identification document describing its physical characteristics and owner
details. Elephant owners have to report changes in any physical
characteristics of a domesticated elephant, including tusk trimming
changes to tusk size, and the death of an elephant (may result in obtaining
whole tusks). The registrar of this law administratively issues a certificate

of origin for elephant ivory as evidence of legal ivory acquisition.
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Table S2.1: National laws with direct provisions in relevant to elephants and ivory in Thailand

(Cont.)
Legislation Summary of purposes and related provisions Authorities
3. Elephant This law governs the uses of elephant ivory sourced from Department of

Ivory Act B.E.
2558 (2015)

4. Wild Animal
Reservation and
Protection Act
B.E. 2562
(2019) -
WARPA

domesticated elephants registered under the Draught Animals
Act B.E. 2472 (1939) and their offspring (Elephant Ivory Act
B.E. 2558, 2015). Provisions cover possession, registration, trade
control, and import and export control of domesticated elephant
ivory. Registration of ivory possession requires presentation of
the certificate of origin for elephant ivory. For the ivory trade, in
particular, ivory traders have record-keeping obligations under
this law (i.e., ivory acquisition, manufacturing, trade), and are
required to provide buyers with the ivory sales certificate as
evidence for possession of the relevant registrations (Ministerial
Regulation on application, permission, trade and suspension or

revocation of ivory trade permit B.E. 2558, 2015).

WARPA is the main law for wildlife conservation in Thailand. This
act provides protection for animal species and wildlife habitats from
difference activities of exploitation. For animal protection,
provisions related to hunting, breeding, possession, trade, as well as
the import and export of live and dead specimens of species under
the control e.g., reserved animal, protected animals (WARPA B.E.
2562,2019). As a wildlife species, the wild Asian elephant receives
full protection in protected areas since the enactment of the first

WARPA in 1960 (WARPA BL.E. 2503, 1960).

The wild Asian elephant was first listed as a protected animal under
WARPA 1960 in 1975 (Ministerial Regulation No. 10 (B.E.
2518) issued under WARPA B.E. 2503, 1975), where exploitation
was partly allowable (e.g., live capture, two-elephant possession
limit) (Announcement of the National Executive Council No. 228,
1972; Ministerial Notification on prescribing possession limit of

protected animals according to WARPA B.E. 2503, 1976).

National Parks,
Wildlife
and Plant

Conservation,

Ministry of
Natural
Resources and

Environment
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Table S2.1: National laws with direct provisions in relevant to elephants and ivory in Thailand
(Cont.)

Legislation Summary of purposes and related provisions Authorities

Complete protection was granted to wild Asian elephants from
commercial use upon the updated WARPA 1992 (WARPA B.E.
2535, 1992; Ministerial Regulation No. 4 (B.E. 2537) issuing
under WARPA B.E. 2535, 1994). The African elephant was
included in category of protected animals in 2015 (Ministerial
Regulation on prescribing protected animals (No. 3) B.E. 2558,
2015). Both wild Asian and African elephants currently remain
under the protection of the new WARPA as protected animals, and
are completely protected from commercial use either live or dead

specimens, including their ivory and other parts (WARPA B.E.

2562,2019).
5. Commercial The Commercial Registration Act (1956) was designed to compile ~ Department of
Registration statistical information on specific businesses to enable appropriate Business
Act B.E. 2499 monitoring and control measures. [vory-related businesses Development,
(1956) (manufacturers, retailers and wholesalers) are required to register
. . . . Ministry of
their business with the Department of Business Development
Commerce

(Notification of the Ministry of Commerce on registration

requirement of businesses (No. 8) B.E. 2547, 2004).

6. Accounting This law generally applies to companies and other legal entities,

Act B.E. 2547 as well as certain types of businesses, that are needed to keep

(2000) accounts in relation to trade and finance. Ivory-related
entrepreneurs are required to do bookkeeping their ivory trade
activities and keep the records (Notification of Ministry of
Commerce on prescribing the duty of accounts maintenance for

ivory-related entrepreneurs B.E. 2551, 2008).
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Table S2.1: National laws with direct provisions in relevant to elephants and ivory in Thailand

(Cont.)

Legislation Summary of purposes and related provisions Authorities
7. Animal Control mechanisms are designed to prevent and control animal ~ Department of
Epidemics Act  epidemics, including permit required for trade, movement, and Livestock
B.E. 2558 export and import of various groups animals in both live and Development,
(2015) carcasses. Elephants are animals under control of this law. The Ministry of

import and export, domestic trade, and inter-provincial Agriculture and
movement of raw elephant ivory requires formal permission Cooperatives
(Animal Epidemics Act B.E. 2558, 2015).
8. Export and This act aims to control the international trade of particular goods Department of
Import of for different purposes, for example, economic stability, public Foreign Trade,
Goods Act B.E. health, national security. Asian elephants, their parts and products Ministry of
2522 (1979) are prescribed as goods requiring permission to export under this Commerce
law (Notification of the Ministry of Commerce on specifying
elephant as a goods required a license prior to export B.E. 2555,
2012).
9. Customs Act  The act applies to import and export of goods into/out of Royal Thai
B.E. 2560 Thailand, or transit through the country. Both African and Asian  Customs,
(2017) elephants, including parts and products thereof, are protected Ministry of
under relevant laws e.g., valid import/export permits are Finance

required. Thus the Customs Act is applicable to export, import
and transit of all elephant specimens as restricted goods

(Customs Act B.E. 2560, 2017).
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Supplementary information for Chapter 3

Info S3.1: Interview information and questions used for collecting data from elephant
owners and ivory traders

PROJECT TITLE: The elephant ivory trade in Thailand:
Demand, supply and control

Interview name: Ivory harvesting and use

Participant: Elephant owners and middlemen

INTERVIEW INFORMATION SHEET

You are invited to take part in a project that is studying the elephant ivory trade
in Thailand. The study is being conducted by Apinya Chaitae as part of her Doctor
of Philosophy degree in Agriculture, Environmental and Related Studies at James
Cook University, Australia.

If you agree to be involved in the study, you will be asked to participate in a semi-
structured interview. The interview, with your consent, will be audio-taped, and
should take about 45-60 minutes of your time. We will not disclose your identity.
The interview will be conducted at a venue of your choice (e.g. office, ivory shop,
temple), or via video-conferencing (e.g., Skype) or phone call (the exact
venue/mode will be discussed and confirmed prior to the interview).

Key points for discussion include:

o Elephant ivory harvesting

o Use of harvested ivory

o Flow of harvested ivory into market

o Your general understanding on ivory-related legislation

Taking part in this study is voluntary and you can end your participation at any
time without explanation or prejudice. There are no foreseeable risks to you by
participating in this research project. Your responses and contact details will be
strictly confidential. The data from the study will be used in research publications
and Apinya's doctoral thesis (dissertation) entitled “Sustainability of the elephant
ivory trade in Thailand: Demand, supply and control”, and report to Thai
government. You will not be identified in any way in these publications.

If you have any questions about the study, please contact -

Principal Investigator: Supervisor:

Apinya Chaitae Helene Marsh

College of Science and Engineering College of Science and Engineering
James Cook University James Cook University

Phone: Phone:

Email: Apinya.chaitae@my jcu.edu.au Email: helene marsh@jcu.edu.au

If you have any concems regarding the ethical conduct of the study, please contact: Human Ethics,
Research Office, James Cook University, Townsville, Qid, 4811 Phone: (07) 4781 5011

(ethics{@ jcu.edu. au)
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INTERVIEW QUESTIONS

Introduction
+ Tell me a little bit about yourself
+ Tell me about your elephants and how you use them? (Addition for elephant
owners)
+ How did you get involve in selling ivory? (Addition for Middlemen)

Understanding ivory harvesting
 What are your reasons for harvesting ivory? (Addition for elephant owners)
* How do you harvest the ivory? From how many elephants? (Addition for
elephant owners)

Uses of harvested ivory

+ How would you describe ivory (What are your beliefs about ivory)?

* How do you use harvested tusks (sell, keep etc)? How do your practices
compare with those of other elephant owners? What do they do with the
tusks from their elephants? How does this compare with elephant owners in
earlier times? (Addition for elephant owners)

How do you sell harvested tusks?

Who are your ivory buyers?

What are the raw ivory prices? How you establish the price?

How often you sell harvested ivory in a one- year period? When was the
last time you sold ivory? (Addition for Middlermen)

Legal knowledge
+ What are you legally required to do to own harvested ivory? And to transfer
ownership of ivory to others?
+ How do the new laws affect users of ivory?
* How did you learn about new laws? And what is your opinion about it?
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PROJECT TITLE: The elephant ivory trade in Thailand: demand,
supply and control

Interview name: Raw material supply and ivory manufacturing
Participant: Ivory traders and/or carvers

INTERVIEW INFORMATION SHEET

You are invited to take part in a project that is studying the elephant ivory trade in
Thailand. The study is being conducted by Apinya Chaitae as part of her Doctor of
Philosophy degree in Agriculture, Environmental and Related Studies at James Cook
University, Australia.

If you agree to be involved in the study, you will be asked to participate in a semi-structured
interview. The interview, with your consent, will be audio-taped, and should take about 45-
60 minutes of your time. We will not disclose your identity. The interview will be conducted
at a venue of your choice (e.g. office, ivory shop, temple), or via video-conferencing (e.g.,
Skype) or phone call (the exact venue/mode will be discussed and confirmed prior to the
interview).

Key points for discussion include:

o Your sources of raw ivory, and criteria for ivory purchasing

Your understanding of the flow of raw ivory to manufacturing process
The behavior of ivory users

Aftitude of relevant stakeholders to ivory and related legislation

Your general understanding on ivory-related legislation

oo o0

Taking part in this study is voluntary and you can end your participation at any time
without explanation or prejudice. There are no foreseeable risks to you by participating in
this research project. Your responses and contact details will be strictly confidential. The
data from the study will be used in research publications and Apinya’s doctoral thesis
(dissertation) entitled “Sustainability of the elephant ivory trade in Thailand: Demand,
supply and control”, and reports to Thai government. You will not be identified in any way
in these publications.

If you have any guestions about the study, please contact -

Principal Investigator: Supervisor:

Apinya Chaitae Helene Marsh

College of Science and Engineering College of Science and Engineering
James Cook University James Cook University

Phone: Phone:

Email: Apinya.chaitae@my jcu.edu.au Email: helene marsh@jcu.edu.au

If you have any concerns regarding the ethical conduct of the study, please contact: Human Ethics, Research
Office, James Cook University, Townsville, Qld, 4811 Phone: (07) 4781 5011 (ethics(@jcu.edu.au)
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INTERVIEW QUESTIONS

Introduction
« Tell me a little bit about yourself and your position here.
« How did this ivory trade/carving start?
+ How would you describe ivory (What are your beliefs about ivory)?

Raw material and manufacturing

+ How you get the raw ivory you need, from whom? (Addition to ivory traders)

+ What criteria and quality do you have for ivory purchasing? What are the prices of
raw ivory? (Addition to ivory fraders)

+ Have you been able to access the raw material you need and if not how can you deal
with this problem? (Addition to ivory traders)

+ Please tell me about process of ivory product manufacturing/carving?

« (Can you able to differentiate types of ivory (e.g. Asian wild, Asian domestic and
African ivory), and how?

« Do you have any criteria for accepting an ivory manufacturing/carving job, and what
are the criteria and why?

Ivory consumption behaviour
¢ What did your customers tell you about their use of ivory?
+ |n your experience, how has ivory consumption/use changed in Thailand in recent
years?
+ What are the common questions/concerns raised by customers about buying ivory?
How do you respond to these queries? (Addition fo ivory traders)

Legal knowledge
s Do you tell your customers about ivory registration, and what do you tell them?
(Addition to ivory traders)

+ What is your legal understanding about ivory possession, manufacturing (carving)
and trade?

Legislation effect
+ What do you know about the 2015 ivory-related legislation reforms? What is your
opinion about it, and How do these reforms affect your business plan?

+ How helpful do you find the support from government officers in your efforts to
implement the law properly?
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Info S3.2: Survey used for collecting data from Bangkok ivory possessers (ivory

consumers)

PROJECT TITLE: Assessment of compliance extent
among ivory possessors

Survey name: Ilvory use and legal understanding

Participant: Ivory possessors

SURVEY INFORMATION SHEET

You are invited to take part in a project that is studying the elephant ivory trade in
Thailand. The study is being conducted by Apinya Chaitae as part of her Doctor of
Philosophy degree in Agriculture, Environmental and Related Studies at James
Cook University, Australia.

If you agree to be involved in the study, you will be asked to complete a three-part
survey. The first two parts aims to explore general legal understanding,
background and ivory use behaviour, while the last part comprise of demographic
guestions. The survey should take about 10 minutes of your time. We will not
disclose your identity.

Taking part in this study is voluntary and you can end your participation at any
time without explanation or prejudice. There are no foreseeable risks to you by
participating in this research project. Your responses and contact details will be
strictly anonymous. The data from the study will be used in research publications,
seminars, Apinya’s doctoral thesis (dissertation) entitled *Sustainability of the
elephant ivory trade in Thailand: demand, supply and control®, and reports to Thai
government. You will not be identified in any way in these publications.

Please return the completed survey using stamped envelope attached herewith,

and do not write your name and contact details. You could post the letter at any
street-posting box or post office for free of charge.

If you have any questions about the study, please contact -

Principal Investigator: Supervisor.

Apinya Chaitae ) _ Helene Marsh

College of Science and Engineering College of Science and Engineering
James Cook University James Cook University

Phone: Phone:

Email: Apinya.chaitae@my.jcu.edu.au Email: helene. marsh@jcu.edu.au

If you have any concerns regarding the ethical conduct of the study, please contact: Human Ethics,
Research Office. James Cook University, Townsville, Qld, 4811 Phone: (07) 4781 5011
(ethics(@jcu. edu.au)
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Ivory use and legal understanding survey

Part 1 For each question, please tick « In the box corresponding most c
understanding about the laws assoclated with Ivory.

losely to your

Yes | No Do
not
know

1. Any of these ivory can be legally traded within Thaila

nd?

1.1 African ivory (lvory of elephants naturally live in African continent)

1.2 Domesticated Asian ivory (lvory of domesticated elephants legally owned
by privates in Thailand)

1.3 Wild Asian ivory (lvory from other Asian elephants specified in point 1.2,
including those lives in the wild)

2. Any of the following activities required permission/registration?

2.1 Trading ivory as a business

2.2 Wearing ivory jewellery outfin of Thailand

2.3 Possessing a piece of raw ivory

2.4 Import or export of ivory out/in of Thailand

2.5 Trimming tusks from a domesticated elephant

2.6 Carving/cutting my registered ivory

2.7 Translocating a registered ivory

box, how many of the statement are true for you

Part 2 For each question, please read the statements in left box, and specify, in the right

Questlon 1.

1.1. | have inherited some ivory items.

1.2, [ currently have more than four ivary ifems being not reqistered yet
1.3. | have got a buying offer for ivory.

1.4. | have owned ivory for more than 10 years.

1.5. | have bought all or most of ivory items myself.

Questlon 2.

2.1 | have recommended others to get ivory item.

2.2 My first ivory item is a jewellery or worn spiritual product.

2.3 All of my ivory is raw (not been carved or manufactured).

2.4 | currently have enough number of ivory items.

2.5 [ have bought an ivory from a promotion event in last three vears.

Questlon 3.

3.1 | like characteristics or beautifulness of ivory.
3.2 | can make money from selling ivory regularly.
3.3 | am, currently, unaware of ivory price.

them).
3.5 | am a member of social media group (e.g. Facebook group)
interested in spiritual items.

3.4 In last 3 years, | have not use ivory as its purposes (only keep or store

Questlon 4.

4.1 | am not interested in learning how to distinguish real ivory.

4.2 | have not aware of ivory shop in my living area in last three years.
4.3 | have owned at least one of spiritual ivory items.

44 [ have sentfreceived an ivory across countries in last 3 years.
45 | have seen a foreigner wearing ivory in Thailand.

Note: - ltalic and underined statement indicated sensitive statements that were included only in

treatment survey set)
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Part 3 Please tick v In the box corresponding to you.

1. What is your gender? |
O Male O Female O Other (specify)

| 2. What is your age group? |

Oo<20 o21-30 O 31-40 O41-50 O 51-60 O &1 and over
3. What is your religion? |

O Buddhism O Islam O Christianity O Hinduism O Other (specify)

| 4. What is your education level? |

O Elementary school not completed O Elementary school completed or equivalent

O Junior high school completed or equivalent O High school completed or equivalent

O Diploma or equivalent O Bachelor degree O Higher than Bachelor degree

O Other (specify)

| 5. What is your occupation? |
O Government officer O Employee in government organizations

O Employee in private organizations O Agriculture O Trades and services

O Student O Other (specify) O Mot working (including retirement)

Please also specify your area of work

| 6.  What is the quantity of your ivory items? |
O least than 5 o510 0O11-15 O 16-20 0O 21-25 O 26-30 O more than 30
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Thai translation

= = = e i B
lasan1599e: nsdszsdinn sl UAaIAN)uaNe 109 HATOUATENNIT
e @ o s W 2 < o R
Watan15d159: nalsdsslaminzuazanmaloneanurangwans

L5 ' a
HADUMLUAI3ID: HATDUATDIINT W

L& ﬂﬁﬁﬁﬁﬂﬂ an15d1329

= ' w1 2 d ar Y x 4 5 = = ar
"]JBL‘EEQNWMLﬂﬂiiwﬂjﬁiiﬂﬂ'ﬂﬂﬂiTﬂEllﬂﬂ'ﬁﬂﬂﬂ”l'iﬂ"ld"l‘ﬁ"l-ﬂi%ﬂ‘i:Lﬂﬁ‘L'ﬂEI gaathuniTve ey
= w ' o o = & e @
WIAETIANTUTL 1':'.I ¥ I@iilLﬂum%‘lﬁ%ﬁﬂﬂ-ﬂﬂEI"I%W%‘H':?:@HJH'EWHHJ”']LEHELHW“JH!ﬂi&*ﬁl'iﬂ‘i'ﬁ.l

= - & | .- a ar s
F-IRIARDY LRSI FANEIVMNA TS 8 NH"ITﬂﬂ"IEﬂL’ﬂﬂdaﬂﬂ ﬂ'i:l-ﬂﬂﬂﬂﬁm'ﬂaﬂ

' e o &, = o 2 g =
winvuaaususumsane luessit vimwazsounuudsrafmiums s Tamtan e
n ' ' = w ar ] g
dsrnaylddey 2 s massmusniuTwanaluwnsanend ﬂgﬂm‘lﬂﬁmammmxﬂwlﬁﬂﬁﬂwu
- b = [E e m N = ey
11%1s wazemadnlanlddsAudangwang ensday Tagsun 3 anﬂummawﬂga
- ar me o Er a & A v
dsransemaastiarnuaIviiu msnausuu@mstifiaandszuna 10 wif vekerlignndawme

*’thﬂﬂﬂ‘iti_qlﬁ SauunsYiTuLsatnsla

msTnsavnasvinudunisasiasia Ie aﬁﬁua’lmﬁﬂ‘nq@m‘sﬁmﬁ%mﬂﬁmmnaﬂfﬂﬂﬁrﬁm
= a 1 1 P g g o ol = owe
aTuswsamauasdadisla mslirunigaleliiamuaemmusnamannwld dayanis
= = ' [ " an s - o £
AauKULAIT kAT IsAndsadndavasrhuarldimeszudaeu Iﬂwngamﬂaﬂbﬂuﬂwﬁwuw
e o = = g P a ar oo -
WY MIANNW Inandwsiszauliugnen Ses enwdiaunasmssnndisludsainalng: gd
p D e g w g .
F9R BUVU URSINSAILAY BAZTIBITMARENTNENZ WK ITA Farith uazwuiwg Tnaazlaiimes:y

e ' 2 a g &
Ll Wﬂmﬂﬁ‘l.ll%ﬁ-awmwm AR ﬂﬂﬂl-ﬂ@l

o [ = [y - B ' ol & e = =] -

Wavhunauruuisudnas Tdsahlsmenarunanuuuini wihoe e fnuanuiiFauo
e = - | a g a Jd; o ' b o = a = =

ua?) darn LLazﬁaﬂgj"h.l'mmﬂwmﬂmm'ﬂﬂ'mmﬂﬁlﬂﬂnmm Taa'lddnaloutasna wsa Jayams

ande warliidaagudidngudadnle

' - =] ar : = e o g
‘Iv'l"lﬂﬂ”l%ﬁ“i‘.lﬂﬁﬁ FULAgIAUNTA I HRNIWIIY Tdsaands

wnIAL: ansanilanm:

anman laudt LAY 35T
amsIngmEnsuAsIAInTIN A AN EAT LAz IAINTTUMIRAS
URIINENAL Lauﬁﬂﬂ uuﬁﬂmﬁmauﬁqﬂ

Tns: Tns:

Email: Apinya_chaitae@my jou edu.au Email: helene. marsh@jou.edu.au

wnrudtednafaaudadmuadusiorme Tidmiade muﬁar'r::.lu"luﬁﬁ's_l'lmu*rrf g e ;Jm"'mmé’ﬂmuﬁﬂ‘ﬂ
aavmad®i fgnduduaud 4817 Tt (07) 4787 5017 fethics@jeu. eau.au)



Appendix 193

oy ¢ % 2 ot a W ot of 8
wuvd@rsramsizlselaminmeuazanailangiutanywansiingtag

d | e z @ a = e n ]
g 1 ldsaadwdaanaludiouuanfenseSamans v lugasfinssiuaradnlavasriiuly

UsTiAt g

& . e
1. ndwuazeiadmaindefiasnsasaauanadmaldmalulsanalng

amnald | swdane | lbinsw

w o a
" dauavEa (Fefionduayresd lunTlua i)

" 3 = a e &
" fnatusiatnaRasasing defiidoes dudmivnsu)
- ' | e X =
" et el e rarmnnfesdewd nauseylad )

= @ - w e o A = = = 2 21
2. ITNIEFIIIEDG L R THHITILN 22 AT L& W ﬂiﬂﬂiﬂﬂi'ﬂ]ﬂmﬂﬂﬂ “5ﬂﬂaﬂ%q1mmﬁuﬂg“mﬂ

daoude | bidonde | Linsw

: = = o § o
u "f"l’l']j'iﬂ'ilﬂ"lil’lHdﬁ’fﬁﬁfﬂﬂﬂﬂm‘?‘lﬁﬂ‘ﬁ"l-ﬁ

A e -
" dmesssdszduandiatantudssinasiosananndszinalng

d W o = o
® Sedheddslindssuniounsadn) 1w « Tu lunsauasas

" ymsntoen lddsdszma wiathadadhanludssnalng

o v o e
" gmpastneu (daRe)

o | wecd v a
" derauilatunadan s Tluneean

- d o oa o e 13
B JasnuiiAuineadnamandaetinde

e ' - \ Y a v g = x el = d 4 a -
a2ui 2 lissawidarmalutasdudnaiia umlwmammmmaw aanuAnsUulutasRwmR ausuamia

2 ' = R c - =] e 1
a1 Iﬂ?‘ﬂﬂ"luﬂﬂﬂ?ji.|'ﬂﬂlﬂuu;ﬁF!'i:']al"-i.'l"lu?uﬂﬂﬂmﬂﬂquﬂﬂﬁ'ﬂﬂﬂﬂju

o P & e 3
1.1 awldsvusaniuntrumiadumand
a = 2 o e W owe e . > A a 2 [
1.2 dudufnadmsTingei g iRuTsnsauasasnmii 4 Fu oo infasteainss
=y o P .
LT BT ITET SIUNE AT 99315615 9)

= s ar & - a
13 ﬂJﬂuLﬂElLEl’lLEI‘TJﬂéﬂx‘ﬂ"ﬁﬂﬁf”ﬂﬁ]ﬂﬂ%dﬁmﬁ'}mﬁﬂu
- o as & - '
14 dussaussasntanianussrdsenuaannnin 10 D

. a a 1 1 & v
15 au%awﬁ‘wmamﬂm%mfﬁamuiﬁmuﬁnmm-ﬂmﬂﬂumﬂ

2 | = R c - = = 1
a2 Iﬂ?'ﬂﬂ"luﬂﬂﬂ?ji.|'ﬂﬂlﬂuu;ﬂ"!'i:'lalﬁrlu?uﬂﬂﬂmﬂﬂ?juﬂmﬁ-ﬂﬂﬂﬂ“lu

o = o owdd = e [
21 dwasuusiila gau%mmﬁwmnmﬂmmmﬁw
4 e oo = e =& = e dy 1 oa o e e
2.2 yrdsfunsnuasdwduntslsdy wiantasringuanatilanianndnd 14
Y - [ = = \ = o
2.3 ydvrasduimaadunlrivianndsneandufmiaviaundslaldudssl

WAZFEN
w A a o e 3 o "
2.4 luilgtiuil dulindwrfadamindwlulBnaiismawi
= o = e = [
25 lugas 3 Sfiun dwnsdansrmiaiaalng e nauuaniSud1a1s 9 g

Fulanay




Appendix 194

Y ) v R P w = = 1
ua 3 Iﬂ'iﬂﬂ'-I"l-'a'ﬂEIﬂT-I”'ﬂﬂ1”“”@1'i:']al'-ﬂ'-lu?uﬂ]ﬂﬁmﬂﬂ?quﬂﬂﬁ-ﬂﬂuﬂqu

3.1 dufleufivraudneaewarnumaenasnd i Fum Fils1 w1
3.2 {E’ﬂﬁﬁ&r?ﬁ'ﬁ"?uﬁﬁ@mﬂﬂﬁmﬂﬁiﬁm\rﬁﬂﬂ“ﬁmﬁﬂﬁeaggﬂuﬂﬁzﬁ

a o v = e & a
3.3 m&lmmummmmamnmﬂmmwﬁ’ﬂa‘luﬂ'{l@uu

\ d & a ! o ar & w as X W '
3.4 174 3 Dhehuanit Suldldlfnwrdaniadasingmesdu wu T ldmala s

= A o e "M o £ a o w
wsedLssdurdnguenn ldldysrieguens ToldneloiwSadssdunnudsinu il

msiiushwnan )
a o ' = =l P = £ o [ ' -
3.5 dwiumninvasndugmilafmduinnmasludwansidn wu nguwedn

& ' x WS ) - =l a4
a4 I‘]J'WlﬂWuﬂﬂﬂﬁjuﬂﬂiﬂu%ﬂ'?'iﬁampl HIWWESTDEIIUFIAFTIUNIU

e = E] P e w =
4.1 ﬂu‘.ﬁJﬁJFI'?I"IiJml'-IILTIEI?ﬂLl'lﬁﬂﬁ'iﬁx‘]LﬂﬂEIx‘l’l’ﬁ"lﬁLm
d & e ' o - v = a amoal e - '
42 T4 3 fl‘nmu.mu ﬂui&lLﬂEILWlLTIiLﬂ"I\‘]"Pﬁ’I\‘]fNﬂﬁlﬂmmﬂ’]'ﬁ"lx‘ll‘lﬁl-ﬂH’J'@Iﬂﬂuﬂ"lﬂﬂﬂg
- o a & o e & =l @
43 Qu&lw‘.’l"l‘f"lx‘i.l'ﬂﬂﬂﬂmﬂ-ﬂ"l’f"lﬂﬂL‘ﬂu’?ﬂ‘QN\‘]ﬂﬂﬁ?ﬂLﬂ"iﬂ-ﬂ'T"I\‘]']Jﬂ\‘]‘llﬂ\‘i

 , A . o ar . &
44 lugizs 3 Sfikinani dwesssntrvaindneiigreaan llksilema wiada

NEERaA T IInE L Enmean

o = ] = - e [
45 dwaswuRurdstfisnulaesosdedvndludsznalng

- ar ol e x
(‘ﬁ'ﬂﬂﬁﬂ'ﬁ?!ﬂﬂﬁﬂﬁﬁtﬂ?ﬁ i1 fid) LW ISR LA TR ?ﬂﬂﬂﬁﬂﬂ}

d & = d = a1
AU 3 LRENTINATEIRUTY W luﬁawﬂﬂmiﬁﬂﬂﬂﬂlu

1. [ﬂiﬁﬁxqmﬁmaﬁﬁ’m

O swasne O e [ Sug (s2)

2 ﬁ’mﬁanmqmaaﬁ’m
Oénndr208 O21-208 Oz1-408 Oa1-s508 Osi-s08 st Huly

2 yhwilufamaula

O wng O Sasw O e2ad O Sun O Suq (521)

4. [ﬂ‘iﬁﬁziil‘izﬁuﬂ1'§ﬁﬂm1mﬂﬁ1%

O éninie O 1 6 wiasfawwh O sawiadouwihn O w6 nha 3 siadfiaui
' ' e & =
O awiBgannha wiaflsuwn O Bagnet O gendeeduBygned 2wl O Suy

5 m%wwﬁ’nﬂmmﬂuﬂﬁﬁ'ﬂﬁaﬁaﬁlﬂ

O drsamsmiinnueessy O wihousesmsandmbanueesss O wihmmbenueang
O inwasns M fwnamssians O sirdowsinfine

O fuq (s21) O lailévinsu (rafismaniamany)

ﬂ"a;ﬂl:"l'i:‘l!ﬂ’lil’lﬂ"l“?.lﬂﬁfh“
» a o = . x w o | -
VL WETUTR f3 thasneaTuEzaIn URTTNNTAINEAnET S0 st aUnagas Al it

6. 1BsmnsasauasasEHERAMT I sTasTwaatale wnwdudwriawi)
Osaenins Os1o O11-s Owe-z0 Oo212s Oo2sa0 O warinao




Appendix

195

Table S3.1: Number of responses and ratios between correct and non-correct (“wrong”
and “do not know”) answers for Question 1: Do any of this ivory be legally traded within
Thailand? categorized by i) Gender, ii) Age class, iii) Education level, iv) Occupation, and
v) Ivory possession volume.

Q1: Tradable status of ivory

African Wild Asian Domesticated Asian
Characteristic Cor- Non-correct . Cor- Non-correct . Cor- Non-correct ;
Do not Ratio ¢ Do not Ratio ¢ Do not Ratio
R Wrong Total rec Wrong Total rec Wrong Total
know know know

i) Gender

Female 148 10 85 95 1.6 164 10 69 79 21 72 72 99 171 0.4

Male 185 1 58 69 2.7 183 19 52 71 2.6 99 72 83 155 0.6
ii) Age class

21-40 27 2 7 9 3.0 36 2 7 9 4.0 15 8 13 21 0.7

41-50 46 1 16 17 2.7 49 3 11 14 3.5 21 20 22 42 0.5

51-60 85 3 30 33 2.6 92 2 24 26 3.5 35 41 42 83 0.4

261 year old 175 15 90 105 1.7 179 22 79 101 1.8 100 75 105 180 0.6
iii) Education level

<Diploma 41 4 25 29 1.4 46 5 19 24 1.9 25 15 30 45 0.6

Diploma&bachelor 146 8 81 89 1.6 150 14 71 85 1.8 80 63 92 155 0.5

> Bachelor 146 9 37 46 3.2 151 10 31 41 3.7 66 66 60 126 0.5
iv) Occupation

Business ow ned 101 2 39 41 25 103 8 31 39 2.6 55 41 46 87 0.6

Government 23 2 9 11 21 23 3 8 11 21 12 8 14 22 0.5

employed

Private employee 57 2 17 19 3.0 59 2 15 17 3.5 23 28 25 53 0.4

Do not w ork 152 15 78 93 1.6 162 16 67 83 2.0 81 67 97 164 0.5
v) Ivory possession volume

1-4 195 4 83 87 22 204 8 70 78 2.6 85 81 116 197 0.4

5-15 77 4 42 46 1.7 81 8 34 42 1.9 48 33 42 75 0.6

16-25 19 0 4 4 4.8 21 0 2 2 10.5 12 7 4 1 1.1

226 pcs 27 1 14 15 1.8 26 1 15 16 1.6 19 3 20 23 0.8
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and “do not know”) answers for Question 2: Do any of the following activities require an
appropriate authorization?, categorized by i) Gender, ii) Age class, iii) Education level, iv)
Occupation, and v) Ivory possession volume.

Q2: Ivory-related restrictions

Triming tusk

Possessing a raw ivory

Translocating ivory

Carving

Characteristic

Non-correct

Non-correct

Non-correct

Non-correct

Cor- Ratio | %7 —————————Ratio | C°" ———————Ratio | °°"" Ratio
rect Wrong [Pl ki Total rect Wrong Do wati Total rect Wrong Do mati Total rect Wrong 1D e Total
know know w
i) Gender
Female 134 17 92 109 1.2 | 166 36 41 77 22 | 127 46 70 16 141 130 27 86 113 1.2
Male 152 18 84 102 15 | 173 38 43 81 21 143 45 66 111 1.3 | 149 23 82 105 1.4
ii) Age class
21-40 23 1 12 13 1.8 26 6 4 10 2.6 26 6 4 10 2.6 23 5 8 13 1.8
41-50 45 2 16 18 25 38 12 13 25 1.5 27 15 21 36 0.8 33 9 21 30 1.1
51-60 72 7 39 46 1.6 85 12 21 33 26 70 18 30 48 15 73 5 40 45 1.6
261 year old 146 25 109 134 141 190 44 46 90 21 147 52 81 133 141 150 31 99 130 1.2
iii) Education level
<Diploma 32 4 34 38 0.8 42 13 15 28 15 30 10 30 40 0.8 32 9 29 38 0.8
Diploma&bachelor 131 21 83 104 1.3 | 156 38 41 79 20 | 123 51 61 12 14 129 25 81 106 1.2
> Bachelor 123 10 59 69 1.8 | 141 23 28 51 28 | 117 30 45 75 1.6 | 118 16 58 74 1.6
iv) Occupation
Business ow ned 81 4 57 61 1.3 94 18 30 48 2.0 74 27 41 68 11 83 14 45 59 1.4
Government 20 5 9 14 14 21 1 2 13 1.6 20 7 7 14 14 18 4 12 16 1.1
employed
Private employee 55 3 18 21 26 50 13 13 26 1.9 49 10 17 27 1.8 44 6 26 32 1.4
Do not w ork 130 23 92 115 141 174 32 39 71 25 | 127 47 7 18 141 134 26 85 111 1.2
V) Ivory possession volume
1-4 161 9 112 121 1.3 | 204 22 56 78 26 | 150 40 92 132 141 148 22 112 134 14
5-15 7 4 42 46 1.7 82 19 22 41 2.0 72 20 31 51 14 77 9 37 46 1.7
16-25 17 2 4 6 2.8 15 7 1 8 1.9 12 8 3 1" 11 14 4 5 9 1.6
226 pcs 21 3 18 21 1.0 24 13 5 18 1.3 22 10 10 20 11 26 2 14 16 1.6
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Table 8$3.2: : Number of responses and ratios between correct and non-correct (“wrong”
and “do not know”) answers for Question 2: Do any of the following activities require an
appropriate authorization?, categorized by i) Gender, ii) Age class, iii) Education level, iv)
Occupation, and v) Ivory possession volume. (Cont.)

Q2: Ivory-related restrictions

Characteristic

Domestic trade

Wearing jewellery across country

Exporting/import ivory

Non-correct

Non-correct

Non-correct

O Ratio S Ratio Goxe Ratio
rect Wrong D et Total rect Wrong P i Total rect Wrong Do i Total
know know
i) Gender
Female 198 6 39 45 4.4 82 48 113 161 0.5 207 7 29 36 5.8
Male 220 4 30 34 6.5 112 36 106 142 0.8 216 6 32 38 5.7
ii) Age class
21-40 30 0 6 6 5.0 16 6 14 20 0.8 33 0 3 3 11.0
41-50 56 0 7 7 8.0 25 10 28 38 0.7 55 0 8 8 6.9
51-60 106 1 1" 12 8.8 48 20 50 70 0.7 101 2 15 17 5.9
261 year old 226 9 45 54 4.2 105 48 127 175 0.6 234 11 35 46 5.1
iii) Education level
<Diploma 54 3 13 16 3.4 23 14 33 47 0.5 55 4 1 15 3.7
Diploma&bachelor 195 5 35 40 4.9 87 39 109 148 0.6 195 7 33 40 4.9
> Bachelor 169 2 21 23 7.3 84 31 77 108 0.8 173 2 17 19 9.1
iv) Occupation
Business ow ned 121 0 21 21 5.8 64 16 62 78 0.8 122 0 20 20 6.1
Government 27 3 4 7 3.9 9 8 17 25 0.4 29 3 2 5 5.8
employed
Private employee 66 0 10 10 6.6 41 12 23 35 1.2 65 1 10 11 5.9
Do not w ork 204 7 34 41 5.0 80 48 117 165 0.5 207 9 29 38 5.4
v) Ivory possession volume
1-4 231 0 51 51 4.5 113 35 134 169 0.7 239 1 42 43 5.6
5-15 110 0 13 13 8.5 51 18 54 72 0.7 110 0 13 13 8.5
16-25 23 0 0 0 23/0 12 4 7 11 1.1 20 2 1 3 6.7
226 pcs 37 0 5 5 7.4 10 8 24 32 0.3 37 0 5 5 7.4
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Supplementary information for Chapter 4

Table §4.1: Specifications of NIR spectrometers used in the study.

Wavelength Resolution

Device (nm) (nm) Measuring mode* Light source
1 600 — 1100 0.46 Interactance 7 watt halogen
2 700 — 1200 0.23 Interactance 7 watt halogen
3 900 - 1700 2.50 Reflectance 5 wattx 2 LED

* The interactance mode allows the NIR light to penetrate under a surface to interact with the
sample and reflect from the sample to the detector mounted in the device. The reflectance mode
merely reflects from the surface.

Table §4.2: Ivory and spectral sample numbers used in the study.
LP: Longitudinal plane, XP: Cross-sectional plane
* There is no cross-sectional analysis for within species classification

Average spectra (N)

(Number of animals) Number of scans

Device Sources (Number of tusks)

LP XP* LP XP Total

1 African (29) 29 19 95 21 116
Wild Asian (30) 17 2 154 3 157
Domesticated Asian (26) 17 12 103 15 118

Total (85) 63 33 352 39 391

2 African (30) 30 29 106 32 138
Wild Asian (30) 17 2 153 3 156
Domesticated Asian (26) 17 12 101 15 116

Total (86) 64 43 360 50 410

3 African (30) 30 29 101 31 132
Wild Asian (30) 17 2 155 3 158
Domesticated Asian (26) 17 12 101 15 116

Total (86) 64 43 357 49 406
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Table §4.3: Transformation of NIR data obtained from the three devices.

. e Within species
[} Interspecies classification ] -
g classification
3 Longitudinal Cross-sectional Longitudinal
1 1. 2" Savitzky-Golay Derivative 1. 2" Savitzky-Golay . 2" Savitzky-Golay
Polynomial Order:2 Derivative Derivative
Smoothing Points:169 Polynomial Order:2 Polynomial Order:2
2. Savitzky-Golay Smoothing Smoothing Points:89 Smoothing Points:123
Polynomial Order:2 2. Savitzky-Golay Smoothing . Savitzky-Golay Smoothing
Smoothing Points:53 Polynomial Order:2 Polynomial Order:2
Smoothing Points:63 Smoothing Points:53
. SNV
2 1. Savitzky-Golay Smoothing 1. SNV . 2" Savitzky-Golay
Polynomial Order:2 2. Savitzky-Golay Smoothing Derivative
Smoothing Points:79 Polynomial Order:2 Polynomial Order:2
2. 2" Savitzky-Golay Derivative Smoothing Points:193 Smoothing Points:197
Polynomial Order:2 3. 2" Savitzky-Golay . Savitzky-Golay Smoothing
Smoothing Points:193 Derivative Polynomial Order:2
3. Savitzky-Golay Smoothing Polynomial Order:2 Smoothing Points:165
Polynomial Order:2 Smoothing Points:191 . SNV
Smoothing Points:69 4. Savitzky-Golay Smoothing
4. SNV Polynomial Order:2
Smoothing Points:77
3 1. 2" Savitzky-Golay Derivative 1. 2" Savitzky-Golay Derivative 1. 2" Savitzky-Golay

Polynomial Order:2
Smoothing Points:27

2. Savitzky-Golay Smoothing
Polynomial Order:2
Smoothing Points:35

Polynomial Order:2
Smoothing Points:31

2. Savitzky-Golay Smoothing
Polynomial Order:2
Smoothing Points:15

Derivative
Polynomial Order:2
Smoothing Points:27

. Savitzky-Golay Smoothing

Polynomial Order:2
Smoothing Points:23
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Table S4.4: PLS-DA results from ten repeated samplings in the longitudinal plane for
interspecies classification: African and Asian ivory. Results are presented as percentage of correct
classification for calibration (Cal), validation (Val) and total datasets, n: represents sample size,
PC: number of principal components used for developing each classification model. Number of
samples: African ivory = 30 (29 for Device 1), Asian ivory = 34.

Device 1 Device 2 Device 3
Sampling PC Cal Wal Total PC Cal Val Total PC Cal Wal Total
n=41 n=22 n=63 n=4.2 n=22 n=h4 n=42 n=22 n=64

Sampling 1 g g9 3

African 94 74% B80.00% B9.66% 100% 100% 100% 100%  80.00% 93.33%

Asian 95.45% 91.67% 94.12% 100% 100% 100% 100%  83.33% 94.12%

Overall 9512% B86.36% 92.08% 100% 100% 100% 100%  81.82% 93.75%
Sampling 2 12 G 9

African 100% 100% 100% 95.00% 80.00% 90.00% 100%  90.00% 96.67%

Asian 100% 100% 100% 100%  91.67% 97.06% 100%  83.33% 984.12%

Overall 100% 100% 100% 97.62% B86.36% 93.75% 100%  86.36% 95.31%
Sampling 3 g8 12 9

African 100%  80.00% 93.10% 100% 100% 100% 100%  90.00% 96.67%

Asian T2T73% 3333% 5B.82% 100% 100% 100% 100%  91.67% 97 .06%

Overall 85.37% 5455% T4.60% 100% 100% 100% 100%  90.91% 96.88%
Sampling 4 g T g

African 89.47% 1000% 93.10% 85.00% 50.00% 73.33% 90.00%  90.00%  90.00%

Asian 100%  91.67% 97.06% 100%  75.00% 91.18% 95.45% 91.67% 94.12%

Overall 9512% 95.45% 95 24% 92 86% 63.64% B8281% 0286% 90.91% 92.19%
Sampling 5 4 12 10

African 89.47% TO0.00% B2.76% 100% 100% 100% 95.00% G0.00% 83.33%

Asian 81.82% B8333% B235% 100% 100% 100% 100%  58.33% B85.29%

Overall 85.37% TT.27% B2.54% 100% 100% 100% 97.62% 59.09% 84.38%
Sampling 6 g 11 11

African 100%  B8000% 93.10% 100%  70.00% 90.00% 100%  80.00% 93.33%

Asian 100%  B8333%  9412% 100%  BG.67% 88.24% 90.91% 75.00% 85.29%

Overall 100%  B182% 93.65% 100%  68.18% B89.06% 0524% 77 27% B9.06%
Sampling 7 9 10 9

African 100%  FOO0% B9.66% 100% 100% 100% 100% 100% 100%

Asian T727% TH00% 7647% 100% 100% 100% 100% 100% 100%

Overall 87.80% T273%  B254% 100% 100% 100% 100% 100% 100%
Sampling 8 8 4 7

African 100% 100% 100% 90.00%  90.00% 90.00% 100% 100% 100%

Asian 100% 100% 100% TP2T%  B8333% To41% 100% 100% 100%

Overall 100% 100% 100% 83.33% B6.36% B84 .38% 100% 100% 100%
Sampling 9 10 12 11

African 100%  90.00% 96.55% 100%  80.00% 93.33% 100% 100% 100%

Asian 9545%  100%  97.06% 100%  8333% 9412% 100% 100% 100%

Overall 97 56% 95.45% 96.83% 100%  81.82% 9375% 100% 100% 100%
Sampling 10 a8 10 10

African 100%  90.00% 96.55% 100%  90.00% 96.67% 100% 100% 100%

Asian 100%  9167% 97.08% 100%  58.33% B8529% 100% 100% 100%

Owerall 100% 90.91% 96.83% 100% 72.73% 90.63% 100% 100% 100%
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Table §4.5. PLS-DA results from ten repeated samplings in the cross-sectional plane for
interspecies classification: African and Asian ivory. Results are presented in percentage of correct
classification for calibration (Cal), validation (Val) and total datasets, n: represented sample size,
PC: number of principal components used for developing each classification model. Number of
samples: African ivory = 29 (19 for Device 1), Asian ivory = 14.

Device 1 Device 2 Device 3
Sampling PC Cal Val Total PO Cal Wal Total PC Cal Val Total
n=21 n=12 n=33 n=28 n=15 n=43 n=28 n=15 n=43
Sampling 1 4 9 7
African 100% 100% 100% 100% 100% 100% 100%  100%  100%
Asian 100% 100% 100% 100% 100% 100% 100% 100%  100%
Owverall 100% 100% 100% 100% 100% 100% 100%  100%  100%
Sampling 2 3 ] a
African 100% 100% 100% 100% a0.00%  93.10% 100%  100%  100%
Asian 100% 100% 100% 100% G0.00%  85.71% 100%  100%  100%
Cwverall 100% 100% 100% 100% 7333%  90.70% 100%  100%  100%
Sampling 3 4 7 G
African 100% 100% 100% 100% 100% 100% 100% 100%  100%
Asian 100% 100% 100% 100% 100% 100% 100%  -100%  100%
Owverall 100% 100% 100% 100% 100% 100% 100%  100%  100%
Sampling 4 5 B 5
African 100% 100% 100% 100% 90.00%  965.55% 100%  100%  100%
Asian 100% 100% 100% 88.89% 6000% V8.57% 100%  100%  100%
Cverall 100% 100% 100% 96.43%  80.00%  80.70% 100%  100%  100%
Sampling 5 4 5 a
African 100% 100% 100% 100% B0.00%  93.10% 100%  -100%  100%
Asian 100% 100% 100% 100% a80.00%  92.86% 100%  100%  100%
Cwerall 100% 100% 100% 100% a0.00%  93.02% 100%  100%  100%
Sampling 6 4 3 G
African 100% 100% 100% 100% 90.00%  965.55% 100%  100%  100%
Asian 100% 100% 100% 100% a0.00%  92.86% 100%  100%  100%
Crverall 100% 100% 100% 100% 86.67% 95.35% 100% 100%  100%
Sampling 7 5] 7 fi
African 100% 100% 100% 100% 90.00%  96.55% 100%  100%  100%
Asian 100% 100% 100% 88.89%  8000% B5.71% 100%  100%  100%
Cwerall 100% 100% 100% 96.43% B6G67%  03.02% 100%  100%  100%
Sampling 8 g g a
African 100% 100% 100% 89.47% 80.00%  B6.21% 100% 100%  100%
Asian 100% 100% 100% 100% a0.00%  92.86% 100% 100%  100%
COwverall 100% 100% 100% 92.86% 80.00% BB.37% 100%  -100%  100%
Sampling 9 3 9 7
African 100% 100% 100% 94 74%  70.00%  B6.21% 100%  100%  100%
Asian 100% 100% 100% 100% 40.00%  T8.57% 100%  100%  100%
Cverall 100% 100% 100% 96.43% 60.00% B3.72% 100%  100%  100%
Sampling 10 il g 5
African 100% 100% 100% 100% 90.00%  96.55% 100% 100%  100%
Asian 100% 100% 100% 100% a80.00%  92.86% 100%  100%  100%

Overall 100%  100%  100% 100%  B6.67% 05.35% 100%  100%  100%
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Table §4.6: PLS-DA results from ten repeated samplings in the longitudinal plane for
within species classification: wild and domesticated Asian ivory. Results are presented in
percentage of correct classification for calibration (Cal), validation (Val) and total datasets, n:
represented sample size, PC.: number of principal components used for developing each
classification model. Number of samples: wild Asian ivory = 17, domesticated Asian ivory=17.

Coangiling & Device 1 Device 2 Device 3
ivory source B Ccal Wal Total PC Ccal Yal Total PG Cal Wal Total
n=22 n=12 n=34 n=22 n=12 n=34 n=22 n=12 n=34
Sampling 1 10 4 3
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dom. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Overall 100%  100% 100% 100%  100%  100% 100%  100%  100%
Sampling 2 g 4 3
Wild Asian 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Dom. Asian 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Owerall 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Sampling 3 g 4 2
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dam. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Overall 100%  100% 100% 100%  100%  100% 100%  100%  100%
Sampling 4 10 ¥ 3
Wild Asian 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Dom. Asian 100% B83.33% 94.12% 100%  100%  100% 100%  100%  100%
Overall 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Sampling 5 g 5 3
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dom. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Overall 100%  100% 100% 100%  100%  100% 100%  100%  100%
Sampling 6 10 a 3
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dom. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Overall 100%  100% 100% 100%  100%  100% 100%  100%  100%
Sampling 7 10 4 3
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dom. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Overall 100%  100% 100% 100%  100%  100% 100%  100%  100%
Sampling 8 g 5 3
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dom. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Owerall 100%  100% 100% 100%  100%  100% 100%  100%  100%
Sampling 8 10 g 3
Wild Asian 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Dom. Asian 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Owerall 100% 83.33% 94.12% 100%  100%  100% 100%  100%  100%
Sampling 10 8 5 3
Wild Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%
Dom. Asian 100%  100% 100% 100%  100%  100% 100%  100%  100%

Overall 100%  100% 100% 100%  100%  100% 100%  100%  100%
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Info S$4.3: PLS-DA results of the three NIR spectrometers

1. Interspecies classification

The results of Partial Least Squares Discriminant Analysis (PLS-DA) obtained from 10 repeated
samplings separately analyzed in longitudinal and cross-sectional planes for all three devices is
presented in Table R4.1. Overall interspecies classification results for the longitudinal plane
spectra ranged from 74 - 100% of corrected classification rates with Device 3 providing highest
median at 96.09% (Section i). Device 1 and Device 3 always correctly classified at 100%, the ivory
samples from Asian or African elephants for both the calibration and the validation data sets for the

cross-sectional analyses (Section ii).

Table R4.1: PLS-DA results for interspecies classification: African versus Asian ivory, obtained
firom the three NIRS devices. CC, correct classification rates, presented in median and corresponded
ranges obtained from the ten repeated samplings. Ivory types: Af: African, As: Asian ivory.

Device/ Calibration Validation Total
It‘;,(:,rg N CcC CC range N CcC CC range N CcC CC range
i) Longitudinal plane
Device 1
Af 19 100% 89.40-100% 10 85.00% 70.00-100% 29 93.10% 82.76-100%
As 22 97.73%  72.73-100% 12 91.67% 33.33-100% 34 9559% 58.82-100%
Overall 41 96.34% 85.37-100 % 22 88.64% 54.55-100% 63 94.44% 74.60-100%
Device 2
Af 20 100% 85.00-100% 10  90.00% 50.00-100% 30 95.00% 73.33-100%
As 22 100% 77.27-100% 12 87.50% 58.33-100% 34 95.59% 79.41-100%
Overall 42 100% 83.33-100% 22 86.36% 63.64-100% 64 93.75% 82.81-100%
Device 3
Af 20 100% 90.00-100% 10 90.00% 60.00-100% 30 96.67% 83.33-100%
As 22 100% 90.91-00% 12 91.67% 58.33-100% 34 95.59% 85.29-100%
Overall 42  100% 92.86-100% 22 90.91% 59.09-100% 64 96.09% 84.38-100%
ii) Cross-sectional plane
Device 1
Af 12 100% 100% 7 100% 100% 19 100% 100%
As 9 100% 100% 5 100% 100% 14 100% 100%
Overall 21 100% 100% 12 100% 100% 33  100% 100%
Device 2
Af 19 100% 89.47-100% 10 90.00% 70.00-100% 29 90.00% 86.21-100%
As 9 100% 88.89-100% 5 80.00% 40.00-100% 14 80.00% 78.57-100%
Overall 28 100%  92.86%-100% 15 83.33% 60.00-100% 43 93.02% 83.72-100%
Device 3
Af 19  100% 100% 10 100% 100% 29 100% 100%
As 9 100% 100% 5 100% 100% 14 100% 100%

Overall 28  100% 100% 15 100% 100% 43 100% 100%
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1.1 Longitudinal plane

Interspecies classification results from the longitudinal plan spectra show overall medians ranging
from 93.75% (Device 2) to 96.09% (Device 3) of corrected classification rates (Table R4.1,
section i). As the results of all replicates were similar (Table S4.4), Principal Component Analysis
(PCA), based on the PLS algorithm, was illustrated for the first sampling data to represent the

information related to the important variables for classification (Figure R4.1).

PCA score plots of all three devices showed overlapping of data samples (Figure R4.1, A). The
ivory spectra (Figure R4.1, B) are presented to compare with regression coefficient plots of each
PLS-DA model developed from each device (Figure R4.1, C). The labelled peaks in the plot show
the major variables needed to predict the ivory types. Peaks around 960, 1060-1070, and 1150 nm
were important in differentiating ivory types for at least two devices (labelled with symbols). NIR
light absorption obtained from Device 1 was noticeably different between ivory types at
wavelengths around 680 - 850 nm (Figure R4.1, B-i), which the corresponding classification
model was largely contributed by the absorbance in the region (C-i). Variables around 1170 nm
were important in differentiating ivory using Device 2 (Figure R4.1, C-ii), while the absorbance in
the region of 1215, 1385, 1430 and 1585 nm were responsible for differentiating the ivory types
using Device 3 (Figure R4.1, C-iii).
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Figure R4.1: PCA score plots for PC-1 and PC-2 for classifying between African and Asian ivory
in longitudinal plane (A), processed spectra (B) and regression coefficients (C) corresponded to
the interspecies classification of dentine and cementum for Device 1 (i) and Device 2 (ii), and
cementum only for Device 3 (iii). Orange markers/lines: African ivory, blue markers/lines: Asian ivory.
There was no clear separation of data between the two ivory species in the PCA score plots obtained from
three devices (A). Device 1 depicted spectra difference of spectra pattern around region 680-850 nm (B-i),
while Device 3 showed variation of light absorbance intensity (B-iii). The coincident variables for
interspecies classification in longitudinal plane included regions at 960, 1060-1070, and 1150 nm (C,
identical symbols indicated the same regions).
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1.2 Cross-sectional plane

For cross-sectional spectra, Device 1 and Device 3 were both 100% correct for both the calibration
and the validation sets for all 10 samplings, while Device 2 had a median of overall correct
classification rates of 93% (Table R4.1, section ii). Individual results for each sampling are
presented in Table S4.5, PCA score plots and regression coefficients from my first sampling was

illustrated here (Figure R4.2).

The classification results correspond with the grouping of samples illustrated in the PCA score
plots (Figure R4.2, A); ivory types were best discriminated by Device 1 and Device 3 (A-i and A-
iii). Spectral differences between the ivory from the two different species of elephant were
noticeable for all devices. Device 1’s processed spectra showed divergent absorption around the
650-830 nm region (Figure R4.2, B-i), whereas Device 2 and Device 3 differed in absorption

intensities along scanning wavelengths (B-ii and B-iii).

Negative peaks at 950-960 nm contributed to the development of all three classification models,
while regions around 800-815 and 990-995 nm were important for discriminating the ivory species
for at least two devices (Figure R4.2, C). Device 1’s classification model was also influenced by
regions at 685, 740 and 770 nm (Figure R4.2, C-i). Important peaks for discriminating between
African and Asian ivory also included 1075 and 1160 nm using Device 2 (Figure R4.2, C-ii), as
well as 1550 nm for Device 3 (C-iii).
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Figure R4.2: PCA score plots for PC-1 and PC-2 for classifying between dentine tissue African
and Asian ivory (cross-sectional plane) (A), processed spectra (B) and regression coefficients (C)
derived from Device 1 (i), Device 2 (ii) and Device 3 (iii). Orange markers/lines: African ivory, blue
markers/lines: Asian ivory. Dentine data are different between two ivory species as evidenced by the data
clustered within ivory type in the PCA score plots (4) and distinct light absorption (B) of all three devices,
particularly more obvious for Device 1 (i) and Device 3 (iii). Classifications are coincidently influenced by
absorbance around 800 — 815 nm, 950 — 960 nm and 990 — 995 nm (C; identical symbols indicated the
same regions).
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2. Within species classification

In distinguishing between domestic and wild Asian elephant ivory, all three devices yielded 100%

of the median of correct classification rates. Device 2 and Device 3 were 100% correct for both the
calibration and the validation sets, while Device 1 ranged from 94.12% to 100% (Table R4.2). The
results of ten repeated samplings were presented in Table S4.6. The PCA score plot and regression

coefficients illustrated here were from the first sampling (Figure R4.3).

Table R4.2: PLS-DA results for within species classification: wild versus domesticated Asian
ivory, in the longitudinal plane, obtained from the three NIRS devices. CC, correct classification
rates, presented in median and corresponded ranges obtained from the ten repeated samplings. Ivory types:
WAs: wild Asian, DAs: domesticated Asian ivory.

Device/ Calibration Validation Total
ivory type N cc CC range N ccC CC range N cc CC range
Device 1
WAs 11 100% 100% 6 100%  83.33-100% 17 100% 94.12-100%
DAs 11 100% 100% 6 100%  83.33-100% 17  100% 94.12-100%
Overall 22 100% 100% 12 100% 83.33-100% 34  100% 94.12-100%
Device 2
WAs 11 100% 100% 6 100% 100% 17  100% 100%
DAs 11 100% 100% 6 100% 100% 17  100% 100%
Overall 22 100% 100% 12 100% 100% 34 100% 100%
Device 3
WAs 11 100% 100% 6 100% 100% 17 100% 100%
DAs 11 100% 100% 6 100% 100% 17  100% 100%
Overall 22 100% 100% 12 100% 100% 34 100% 100%

Ivory sample types are clearly differentiated for the PCA score plot obtained from Device 3
(Figure R4.3, A-iii), while the score plots obtained from Device 1 and Device 2 showed subtle
separation of the spectral data (A-i and A-ii). The spectra from the ivory from wild and
domesticated Asian elephants were generally similar in their patterns of light absorption with the
appearance of peaks in the same region for all three devices, but with differences in absorbance
intensities (Figure R4.3, B). The separation between the spectra of the two Asian elephant ivory
types was apparent in the spectra from Device 3 where the spectra of each ivory types were close

together and formed separate layers (Figure R4.3, B-iii).
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The differentiation between wild and domesticated sources of Asian ivory of the major variables
used in the classification models for Device 1 and Device 2, coincidently corresponded with
regions around the 930 - 1090 nm (Figure R4.3, C-i and C-ii). The variable region at 960 nm was
also important for discriminating the sources of ivory using Device 3 (Figure R4.3, C-iii). In
addition, peaks at 700 and 800 nm also corresponded to classification model of Device 1 (Figure
R4.3, C-i). The classification based on the data from Device 3 was also influenced by absorption

regions at 1405 and 1550 nm (Figure R4.3, C-iii).
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Figure R4.3: PCA score plots for PC-1 and PC-2 for differentiating between wild and
domesticated sources of Asian ivory in longitudinal plane (A), processed spectra (B) and
regression coefficients (C) derived from Device 1 (i), Device 2 (ii) and Device 3 (iii). Black
markers/lines: wild Asian ivory, blue markers/lines: domesticated Asian ivory. The PCA score plot from
Device 3 shows noticeable differentiation of the dentine data between the two Asian ivory types (A-iii), while
dentine and cementum sampled by the two interactant devices show data similarity by PC-1 and PC-2 (A4-i
and A-ii). However, separated layers of light absorbance are also visible between two ivory spectra
presented in Device 2 (B-ii), besides Device 3 spectra (B-iii). The absorption regions at 930-935 nm, 960-
970 nm, 1010-1015 nm and 1080-1090 nm importantly contributes to the classifications in at least two
devices (C; identical symbols indicate the same regions).
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Supplementary information for Chapter 6

Info S6.1: Survey used for collecting data on ivory use and consumption

PROJECT TITLE: The elephant ivory trade in Thailand:
Demand, supply and control

Survey name: lvory use

Participant: Potential ivory buyers

SURVEY INFORMATION SHEET

You are invited to take part in a project that is studying the elephant ivory trade
in Thailand. The study is being conducted by Apinya Chaitae as part of her Doctor
of Philosophy degree in Agriculture, Environmental and Related Studies at James
Cook University, Australia.

If you agree to be involved in the study, you will be asked to complete a two-part
survey. The first part aims to explore your use of ivory, your beliefs about ivory the
reasons you buy. The second part aims to help us understand your background.
The survey should take about 10 minutes of your time. We will not disclose your
identity.

Taking part in this study is voluntary and you can end your participation at any
time without explanation or prejudice. There are no foreseeable risks to you by
participating in this research project. Your responses and contact details will be
strictly confidential. The data from the study will be used in research publications
and Apinya's doctoral thesis (dissertation) entitled “Sustainability of the elephant
ivory trade in Thailand: Demand, supply and control” and reports to Thai
government. You will not be identified in any way in these publications.

If you have any questions about the study, please contact -

Principal Investigator: Supervisor:

Apinya Chaitae Helene Marsh

College of Science and Engineering College of Science and Engineering
James Cook University James Cook University

Phone: Phone:

Email: Apinya.chaitae@my jcu.edu.au Email: helene marshi@jcu.edu.au

If you have any concerns regarding the ethical conduct of the study, please contact:
Human Ethics, Research Office, James Cook University, Townsville, Qld, 4811 Phone:
{07) 4781 5011 (ethicsi@/cu.edu.au)
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Ivory use survey

Part 1 lvory use

| 1. How did you find out about this shop? |
O Recommended by another person O Known to me O Near where | live O Internet
[ leafiet O Passing by 0 Promotion event O Other (specify)

| 2. What is the reason for your visiting this shop today? |
O Buy ivary for myself O Buy ivory for others O Have a look
O Sell’swap ivory O Repair ivory items O Other (specify)

| 3. What is the estimated distance between this shop and your living place? |

O Under 50km O 51-100km O 101-200km O 201-300km O 301-400km O Over 400 km

4. What sorts of ivory products are you interested in buying (tick as many as you
like)? If none, please skip

O Necklace
O Belt buckle
O Other (speciy)

O Brace lace O Bangle
O Knife/sword O Sacred items

O Ring

O Earing

O Bead/parts

O Pendant

O Raw ivory

5. How many ivory items do you own? (including today’s purchase, if any)

oo 0On1-2 0O 3-4

056

0 7-10

O over 10

6. How did you get your first ivory items?

O Bought myself O Inherited

OO0 Been given

O Other (specify)

7. Do any of your family and friends have ivory? O | Don’t know

O Immediate family members/Relatives O Friends/Colleagues [ Other (specify)

| 8. How any of these factors influent your decision in buying ivory? |
Strongly | Agree | Neutral | disagree | Strongly
agree disagree
Beliefivalue

Ivory quality/Beautifulness

Beautifulness/skilfulness of combined
materials

Ability to authenticate ivory

The ivory comes from elephants are
well looked after

Type of ivory (e.g. Asian wild, Asian
domestic and African ivory)

Price

Credibility of the shop

Trade permission of the shop

Shop with physical address

Products comes with the sale
certificate

Dthers (specify)

9. Please share your experience/beliefs regarding ivory

212
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10. Do any of these characteristics of ivory cause you to buy it? |
Strongly Agree Neutral disagree Strongly
agree disagree
Pure
Beautiful

Bring good luck
Protection from bad luck
Makes me feel confident
Makes me feel respected/
powerful

Luxury

Investment

Collectible

Others (specify)

11. Do you believe in the power of any other good luck charms?
O Yes O No If ¥es, please tell me more

Part 2 Demographics and background (Tick one for each question)

| 12.  What is your gender? |
O Male O Female O Other (speciy)

| 13. What is your age group? |
O =20 021-30 O031-40 O41-50 O51-60 O &1 and over

| 14.  What is your religious? |
O Buddnism O lslam O Christianity O] Hinduism 0] Other (speciy)

| 15. What is your education level? |

O Primary education not completed O Primary education completed or equivalent
O Secondary education completed or equivalent O Diploma or equivalent
O University level O Other {specify)

16. What is your occupation?
O Government employed O Private employee O Student
OBusiness owned (e.g Agriculture, trades, services O Other (specify)
0 Mot working
Please also specify your area of work

17. What is your monthly income (Baht)?

[ 15,000 and under 0 15,001 — 30,000 O 30,001 — 45,000
[0 45,001 — 60,000 O 60,001 dand over
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Thai translation
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