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a b s t r a c t

Tigers are indisputably in danger of extinction due to habitat loss and demand for their
parts. Tigers are extirpated in the wild from every country bar one in mainland East and
Southeast Asia. Although consumption of tiger products is known to be established in
China, less is known about demand for tiger products in Southeast Asia. In this study, we
investigate tiger product demand in Vietnam, a major illegal wildlife consumer country.
There has been little research into consumption, in particular the level of use, the products
being consumed, variation in use of products between areas, and the motivations of
consuming tiger products. Through a quantitative survey of 1120 individuals, we show that
use of tiger products could be as high as ~11% of the sample in both urban centers of
Vietnam, Hanoi and Ho Chi Minh City. Tiger bone glue is the predominant product used,
for medicinal purposes. In Hanoi, it is generally purchased by the individual for self-use,
while in Ho Chi Minh City it is generally purchased as a gift. In both cities, individuals
were generally highly satisfied with the product, indicating entrenched belief in efficacy
among consumers. Ultimately, our results show that tiger product use is relatively
pervasive. We suggest that conservation organizations should focus on behavior change
campaigns that are informed by the results here, and that are specific to each area and to
the specific use of tiger product glue for medicine. By reducing demand, beleaguered tiger
populations will have a greater chance of stabilization and eventual growth.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Vietnam has become a significant wildlife consumer country, in part due to increasing overall wealth (e.g. Dang Vu and
Nielsen, 2018 and Olmedo et al., 2018). Although wildlife does continue to be exported out of the country, the scale of
wildlife consumption in Vietnam points to a wide and sufficiently affluent internal market (e.g. Cao and Wyatt, 2012, Davis
et al., 2019a, Nguyen et al., 2010, and Sandalj et al., 2016). The scale of consumption within Vietnam in turn has spurred
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significant focus on Vietnam by researchers and practitioners in illegal wildlife trade (IWT). A significant focus of IWT re-
searchers working in and/or “on” Vietnam has been on rhino horn, with a slew of recent studies investigating characteristics
of consumption (Dang Vu and Nielsen, 2018), possible methods of consumption mitigation (e.g. Hanley et al., 2018), and
evaluations of rhino horn demand reduction campaigns in the country (e.g. Olmedo et al., 2018). Wild meat consumption has
also been a significant focus (e.g. Drury, 2009, 2011; Shairp et al., 2016), as has the rapid and alarming decline in pangolins,
mostly to fuel wild meat consumption and medicine (e.g. Aisher, 2016; Harrington et al., 2018; Heinrich et al., 2016; Shairp
et al., 2016). Vietnam has also been a large focus of bear conservation due to the rapid decline in bear populations (Crudge
et al., 2016; 2018), with levels of bear bile consumption still at alarmingly high levels (Davis et al., 2019a). Cataloguing all
of the wildlife in Vietnam that is threatened and ensnared in IWT is beyond the scope of this article; consequently, this article
is focused on the understudied consumer dynamics of tiger part consumption.

Wild tiger populations have declined by about 50% globally over the past twenty years (Goodrich et al., 2015). This decline
has been partially driven by the illegal wildlife trade (IWT) of tiger parts, which are internationally traded and consumed,
with both China and Vietnam identified as major consumer countries (Goodrich et al., 2015; Nowell, 2010; Stoner et al., 2016;
Wong, 2015), so much so that tigers are “gravely imperilled by black market demand” (Goodrich et al., 2015). Border countries
like Lao PDR (hereafter Laos) and Myanmar have been identified as wildlife ‘supply’ areas for the Chinese market
(Krishnasamy et al., 2018; Nijman and Shepherd, 2015), although less is known about trade from and within Vietnam. Due to
widespread illegal and legal hunting in Vietnam, tigers are likely extirpated from the wild (Goodrich et al., 2015), as they
probably are in the neighboring countries of China and Cambodia (Stoner et al., 2016). In Lao PDR, a beleaguered ‘population’
of two tigers was detected in 2013, but it is highly probable that intensive poaching pressure has caused their extirpation
(Rasphone et al., 2019). More generally, there is continued extirpation of tigers across the Southeast Asian region and un-
certain futures for tigers throughout other areas of South Asia, such as India and Bangladesh (e.g. Aziz et al., 2017 and Kolipaka
et al., 2018).

Tigers are largely consumed for medicinal purposes in both China and Vietnam (Drury, 2011; Nowell, 2010), although their
skins are also a desirable commodity (Stoner et al., 2016). China is known to have a preference for tiger bone glue, which is a
medicinal product made from boiled tiger bones, with the boiling process turning the bones into a sticky, thick “glue” (Nowell,
2010). This product is also consumed in Vietnam (Drury, 2011; Stoner et al., 2016), although to date there have been no
estimates of the prevalence of use there. Fake tiger bone glue (which is bone glue made from other animals besides tigers) are
known to be widespread in the tiger part medicine trade in China (Nowell, 2010), although the prevalence of fakes in the
Vietnamesemarket is largely unknown. Stoner et al. (2016) argue that Russian tigers are amajor supply for Vietnam, although
they note that lion bones, likely from South Africa (e.g. Coals et al., 2019) have been found in Vietnam as substitutes for
genuine tiger bone. Jaguar bone glue is also beginning to be found in China (e.g. Lemieux and Bruschi, 2019), and it could be
filtering into Vietnam as well.

Greater enforcement is needed to effectively conserve the remaining wild tiger populations; however, even increased
enforcement measures can fail when confronted with the ubiquity of poaching and snaring throughout Southeast Asia (Gray
et al., 2018; Rasphone et al., 2019). This has been unfortunately exemplified by the plight of the remaining tigers in Nam Et
Phou Louey National Protected Area (NEPL). They were made the focus of the conservation measures, specifically greater
enforcement and patrolling, enacted by the park management. Nonetheless, it is likely they were poached (Rasphone et al.,
2019), and it is strongly probable that their bodies and subsequently their parts were funnelled either up to China or over to
Vietnam through Lao PDR’s porous border (e.g. Environmental Investigation Agency (EIA), 2015).

Demand for tiger parts, therefore, is overcoming the capabilities of many parks and conservation organizations
working to enforce protections of the remaining tigers in the wild. The fate of the tigers in NEPL strongly indicates that
demand reduction initiatives must be implemented in high consumption countries such as China and Vietnam. Effective
demand reduction initiatives necessitate an understanding of the extent of the consumptive behavior in question, the
motivations behind the behavior, and what individuals are likely to be performing the behavior (Kanagavel et al., 2014;
Veríssimo et al., 2012; Veríssimo, 2013). Without such an understanding of the consumers, demand reduction initiatives
can be ineffective (Olmedo et al., 2018 and Dang Vu and Nielsen, 2018). At the same time, obtaining such an under-
standing is challenging when the product in question is illegal. Specialized questioning techniques (SQTs), for example, are
increasingly being used to obtain accurate understandings of wildlife consumption behaviors (e.g. Davis et al., 2019b and
Ibbett et al., 2017), by overcoming biases from respondent deceit. In this study, we employ the SQT of Unmatched Count
Technique (Olmedo Castro et al., 2019 and Nuno and St. John, 2015) to attempt to gain an accurate picture of tiger product
use in urban Vietnam.

Beyond obtaining simple prevalence estimates, it can also be challenging to gain a complete understanding of
motivations for consuming wildlife products. Respondents themselves may not know, or be able to articulate, exactly
what compels them to use a product. For example, in Laos bear bile may be taken in social settings with friends,
which is maintained by the powerful motivator of social approval; yet, the respondents themselves may state rather
vague medicinal motivations of “fatigue” mitigation (Davis et al. forthcoming). Beyond such underlying motivations, a
plethora of motivations may also work together. Dang Vu and Nielsen (2018) show this in their study on Vietnamese
use of rhino horn, where respondents would mention a combination of motivations including familial obligations,
psychological peace of mind, and practicality.

Despite these challenges, there is a great need for reducing the demand for illegal wildlife products. Across the Southeast
Asian regionmany animal populations are in continued decline (e.g. Brook et al., 2014; Gray et al., 2018; Harrison et al., 2016),
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despite decades of work by conservation organizations and government agencies. A variety of factors have contributed to a
lack of overall success, including lack of governmental buy-in and/or corruption (e.g. Wyatt et al., 2018), as well as a lack of
research, and a lack of robust evaluation of “awareness-raising”/behavior change campaigns (e.g. Milner-Gulland et al., 2018;
Greenfield and Veríssimo, 2019). Although it is not within the bounds of this paper to address corruption or evaluate the
success of conservation initiatives, we do attempt here to provide a clear view of tiger product use in Vietnam, which can in
turn provide clarity on tiger conservation priorities within the country.

In this study, we focus on the two urban centers of Vietnam, Hanoi (in the north) and Ho Chi Minh City (in the south). Both
cities continue to have high documented highwildlife consumption (Davis et al., 2019a; Shairp et al., 2016), despite decades of
work by conservationists to reduce demand for wildlife products (e.g. ENV, 2015).With the recognition that effective behavior
change will not be possible without a full understanding of consumer characteristics, this study’s aims are to provide an
analysis of the motivations and behaviors of consumers of tiger products, which can be used to inform well-designed and
evaluated demand reduction initiatives around the consumption of tiger products in urban Vietnam.

2. Methods

2.1. Study area and survey protocol

This study was conducted in Hanoi and Ho Chi Minh City (HCMC). These were chosen as study sites as they are the
two largest cities in Vietnam, with documented high wildlife consumption. Surveys were conducted between March 2017
and April 2017. The sampling method was a combination of cluster random sampling method and semi-random sampling
strategy, with a total of 1120 individuals surveyed. This number was determined according to a formula designed by
TRAFFIC that incorporated insights from prior research (Appendix I). The target sampling size was over the calculated
number of 1101 both for greater ease in dividing between administrative districts, and to ensure that broad patterns could
be identified, and to ensure a ‘buffer’ of additional data in case of missing and/or incomplete data. Due to the difference in
the urban population, fewer structured-interviews were conducted in Hanoi (n ¼ 360) than HCMC (n ¼ 760). Two wards
in each district were randomly selected, with 20 households in each ward randomly selected, to ensure a proportional,
random sample was obtained. Specifically, we used a three-step sampling process: first, purposive sampling was
employed to target only adults (older than 18) in urban districts of Hanoi (nine districts in total) and HCMC (19 districts in
total); second, cluster random sampling was used, where the study population was divided into two clusters, including
primary sampling units (districts) and secondary sampling units (wards), with 2 wards in each district selected using
probability proportional to size approach; and finally random sampling was used in the field where surveyors selected 20
households in each ward using the random walk method. Cluster sampling specifically was used due to the geography of
both cities. Hanoi and HCMC both have distinct character clines (e.g. Kim, 2015; Labb�e et al., 2010; Vind and Fold, 2010;
Waibel, 2004), and cluster sampling is an appropriate way to ensure that the diversity of demographics, occupations, and
other human population attributes are captured. In addition, cluster sampling is useful for places with large populations
(Newing, 2011), as both Hanoi and HCMC are.

We surveyed only one person per household. The interviewers were instructed to select respondents based on their
gender and age range in order to draw a representative sample. For example, if the interviewers surveyed a man in the
first household, they then interviewed a woman in the second household and alternated throughout the day. If they
interviewed an older woman at one house, they sought to interview a younger man at the next house. If there were other
people in the same place, the interviewers were instructed to find a private place to talk to the chosen person. The
surveys were conducted by Vietnamese interviewers employed and trained in administration of face-to-face interviews by
TRAFFIC.

2.2. Survey instrument

A quantitative questionnaire was used to conduct structured-interviews with potential consumers in Hanoi and HCMC.
The following methods were used to pre-test and evaluate quality while finalizing the questionnaire:

- Expert opinion method: Six staff members of the international NGO TRAFFIC, who have many years of experience in
developing and implementing demand reduction initiatives in Vietnam were consulted about the appropriateness,
feasibility and usefulness of survey questions within the context of Vietnam;

- ‘Role play interviews’ by enumerators: During the training workshops, nine enumerators who had previously conducted a
number of social-economic surveys tested the questionnaire to identify inconsistencies and ambiguities in terms of logic
and translation, and interviewed 18 people;

- Pilot survey: The researchers conducted a small pilot survey (n¼ 20) on randomly selected pedestrians in a public venue in
Hanoi, Vietnam to identify any remaining issues with the questions and answer values.

The instrument was designed using questions tested and used in similar studies in the region and known to be effective at
eliciting information in the Southeast Asian context (Davis et al., 2016 and Davis et al., 2019a). The information was collected
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according to conservation social marketing and behavior change theory, which emphasizes, in brief, the investigation of
consumer characteristics, motivations, social networks, and the uncovering of “actionable insights” that can directly influence
behavior change campaigns (e.g. Greenfield and Veríssimo, 2019).

The final quantitative questionnaire used in this study was divided into several sections (the full instrument can be found
in Appendix II). Respondents were asked for demographic information about themselves (e.g. gender, place of residence), as
demographic characteristics are known to be important in determining which audiences to target in behavior change ini-
tiatives, particularly those influenced by conservation marketing (Kanagavel et al., 2014). as well as the types of medicine that
they had used. As some individuals in Vietnam are known to practice medical pluralism (i.e. utilizing multiple medicinal
systems) (Wahlberg, 2006), respondents could choose whether they had used only Western, traditional, other, or some
combination.

Individuals who had consumed tiger products were then asked about their consumption. They were asked directly
whether they had consumed tiger products (yes/no) and were asked through a specialized questioning technique (SQT),
unmatched count technique (UCT), whether they had used tiger products. UCT is part of a suite of methods that are designed
to reduce bias in estimates of sensitive behaviors (Nuno and St. John, 2015). As the use of illegal wildlife products can be
sensitive and subject to respondent bias (Davis et al., 2019b), we determined that using UCT could be useful for eliciting more
truthful responses from our respondents.

UCT is also called a “list experiment”, because respondents are given a list of behaviors and asked to state the number of
these behaviors they have done. One group is the control and given a list of non-sensitive behaviors, while another group is
the treatment group, and given the same list of non-sensitive behaviors, plus the sensitive behavior of interest (e.g. Olmedo
Castro et al., 2019). In our study, the behaviors weremedicinally-related, since prior research has indicated that tiger products
tend to be used for medicinal purposes in Vietnam (Stoner et al., 2016) (Table 1). The non-sensitive behaviors in this study
were used in a similar consumption investigation in Cambodia (Davis et al., 2019b).

As is the case for many SQTs, UCT is vulnerable to error. The addition of the sensitive item on the list can affect individuals’
responses to the list and thereby introduce bias, an effect known as “design effect” (Blair and Imai, 2010). Moreover, UCT is
vulnerable to high rates of standard error, which generally necessitates large sample sizes (e.g. Coutts and Jann, 2011).

They were also asked a variety of questions around the consumption of the product; for example, why they had consumed
the product, with provided responses of ‘medicine’, ‘gift’, ‘protection’ etc. This information can help with designing the
message and identifying the target audience for a future behavioral change campaign (e.g. Bennett et al., 2017; Phelps et al.,
2016). Respondents were always given an ‘other’ option, in case the given responses did not accurately reflect their con-
sumption. They were also asked about the time frame of when they had used the product, with response categories of ‘within
the last year’, ‘in the last 1e5 years’, ‘5e10 years’, etc.

Individuals who had purchased tiger products were then asked a set of questions related to purchasing, for example, who
the product was purchased for, if not for themselves (with categories of ‘close family’, ‘extended family’, ‘close friends’, and so
on), as well as their level of satisfactionwith the product, measured through a standard 5-point Likert-type scale (e.g. Glikman
et al., 2019) that ranged from 1 ‘not at all satisfied’ to 5 ‘very satisfied’. Using a Likert-type scale, they were also asked whether
they would be likely to purchase the product again in the next twelve months, with categories ranging from 1 ‘Not at all
likely’” to 5 ‘Very likely’. All structured-interviewswerewritten in/conducted in Vietnamese. The instrument was anonymous.
Ethical approval was obtained fromMiami University Ohio IRB for Human Subject Research, Protocol Number FWA00023676.

2.3. Statistical analysis

We accepted quantitative questionnaires for analysis if they had the demographics section completed, but respondents
may not have answered every question. As such, each question analyzed has differing sample sizes depending on the number
of responses to that question. We tested data for normality and homogeneity of variances using both the Shapiro-Wilk and
Bartlett’s Tests (Bartlett, 1937; Srivastava and Hui, 1987). We found the data to be non-normal. Transformations were not
attempted on the data, as survey data are often non-normal (Vaske, 2008). Thus, we used standard non-parametric unpaired
two-sample Wilcoxon tests for comparisons between two groups, while the chi-squared test and Kruskal-Wallis non-para-
metric test were used for comparisons between multiple groups (Kruskal andWallis, 1952). We considered results significant
with 95% confidence intervals (p-value< 0.05). All statistical analyses were performed in R (R Core Team, 2019), and all figures
were created using ggplot2 (Wickham, 2016). We used the standard UCT formula for obtaining the average UCT prevalence
estimate (as in Davis et al., 2019b and Olmedo Castro et al., 2019). Obtaining confidence intervals from the formula neces-
sitated the use of the “list” package and its functions (Blair and Imai, 2010). Specifically, we found the maximum likelihood

Table 1
The behaviors that were asked in the unmatched count technique (UCT).

Control Treatment

Taken painkillers Taken painkillers
Seen a medical practitioner Seen a medical practitioner
Broken a bone in your arm Broken a bone in your arm
Had heart surgery Had heart surgery

Purchased tiger products

E.O. Davis et al. / Global Ecology and Conservation 22 (2020) e009604



estimates (MLE) for each city and for both cities together and generated predicted prevalence estimates and corresponding
confidence interval estimates from the MLE regression model (Blair and Imai, 2010).

3. Results

3.1. Participant characteristics

In both cities the individuals sampled were approximately 37 years old, Kinh ethnic group (the dominant ethnic group in
Vietnam), did not practice a religion, andmade between 0 and 10million dong (432 USD) amonth. The samplewas split along
the gender ratio of Vietnam, with women slightly more dominant.

The majority (80%) of individuals had used Western medicine in the past twelve months in both cities, while 20% of re-
spondents had used mostly traditional medicine (Appendix III). There were no apparent differences in what medicine was
primarily used between the entire sample and users of tiger products.

Both participants in the entire sample and respondents who had used tiger products stated that theyweremost influenced
by their close family, followed by close friends. In the full sample, participants were third most influenced by their extended
family, while in the smaller group of tiger product consumers, the third most influential group was extended family and
colleagues (Appendix III).

3.2. Prevalence of use

The prevalence estimate for unmatched count technique (UCT), when directly calculated using the UCT formula, was 11.3%
in both cities, and 7.2% in Hanoi (n¼ 360) and 13.6% in Ho Chi Minh City (HCMC) (n¼ 760). Using “list” (Blair and Imai, 2010),
the predicted prevalence estimate for the use of tiger products in both cities was 6% (CI:�7.1, 19) (total n¼ 1120). In Hanoi the
predicted prevalence was 6.1% (CI: �10.48, 22.66), while in HCMC the predicted prevalence was 3.5% (CI: �16.64, 23.65).
Using the “list” package (Blair and Imai, 2010) there was found to be no design effect acting in the experiment. For direct

Fig. 1. Prevalence estimates and 95% confidence intervals, compared between DQ and the predicted estimates of UCT calculated using the “list” package (Blair and
Imai, 2010). Estimates were calculated between the entire sample (n ¼ 1120) and Hanoi (n ¼ 360) and Ho Chi Minh City (n ¼ 760). DQ and UCT overlap in all sites.
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questioning (DQ), there was an overall 5.8% (CI: 4.4, 7.2) direct admittance of tiger part use in both cities, with 6.9% (CI: 4.3,
9.6) of participants in Hanoi directly admitting to use, and 5.2% (CI: 3.7, 6.9) in HCMC (Fig. 2).

The predicted UCT is higher than DQ for all sites compared but is lower than DQ for the two cities individually (Fig. 1).
However, the UCT prevalence estimate obtained when calculated using the standard formula is higher than the DQ estimates.

3.3. Models of consumer characteristics on UCT and DQ estimates

3.3.1. UCT
Using the list package, models were runwith a number of independent variables (Appendix IV, Table 1) on the dependent

variable of the stated number of UCT behaviors (0e4 for the control group, 0e5 for the treatment group).
Due to the relatively low sample size for UCT estimation (e.g. Hinsley et al., 2017), the model did not generate sensible

estimates and by extension, did not show any strong characteristic specific to tiger part consumers (full model presented in
Appendix IV).

3.3.2. DQ
We ran several generalized linear models on the direct question (DQ) data. In the full model we found significance for four

variables: age, education, income, and an individuals’ social network (Table 2 for the significant variables and their corre-
sponding estimates, standard error, z-value, and p-value, Appendix V for the full model). Individuals who were older were
more likely to have used tiger products, as well as individuals who had only achieved a secondary school education, and
individuals whose statedmonthly incomewas “over 10e32 million Vietnamese dong” (approximately 431 USD to 1381 USD).
Individuals who knew of no one who had used tiger products previously or who would use in the future were significantly
less likely to use products themselves (see Table 2)

When we reduced the models to each variable, we found that a very slight association could be found between age group
and whether individuals had used tiger products, i.e. individuals 45þ were slightly more likely to use tiger products. When
broken down for education, however, we found no actual effect on tiger product use, when the educational categories were
compared against each other. This was also true when income was also the only variable in the model, and for the variables
about tiger product consumers within the individuals’ social group. All of these models can be found in Appendix V.

Fig. 2. Products directly stated to have been used most frequently by tiger part consumers in both cities surveyed (Hanoi: n ¼ 23, Ho Chi Minh City: n ¼ 40). Tiger
bone glue is the most popular product. (Background image is by Antoine-Louis Barye, “Tiger Walking”. Image from Wikimedia Commons).

Table 2
Significant variables in the generalized linear model (GLM) of direct admittance to tiger product use and the effect of demographic and social factors.

Variable Estimate Std. Error z-value p-value

Age Group 1.001 0.020 5.115 3.13e-07 ***
Education:: Secondary School 1.817 0.076 2.387 0.017 *
Income:: Over 10e18 million VND 1.353 0.053 2.573 0.010 *
Income:: Over 18e32 million VND 2.019 0.073 2.775 0.006 **
Number of friends and family who have used previously:: None �2.100 0.035 �6.003 1.93e-09 ***
Number of friends and family who will use in the next year:: None �1.088 0.052 �2.081 0.037 *
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Following this full sample comparison, we explored the nature of consumption among the sub-sample of direct admit-
tance tiger part consumers (n¼ 65 for both cities, n¼ 25 for Hanoi and n¼ 40 for Ho Chi Minh City). This is presented below.

3.4. Products used

For both cities, respondents who directly admitted that they used tiger products were most likely to consume tiger bone
glue (Fig. 2). Tiger claw, teeth, meat, and skin were all consumed by less than 10% of the self-stated consumers. Two women
from Hanoi stated that they had used “other” for a tiger product. One woman elaborated that she had used tiger bile, and
another had used “tiger tea cake”.

3.5. Why tiger consumers use the products

In Hanoi, consumers stated that they only used tiger products for medicine or to protect themselves or others. Individuals
in (HCMC) also stated these reasons, as well asmultiple other reasons for using tiger products that Hanoians did not, e.g. using
the products to show others (Table 3).

3.6. How individuals received tiger products

Overall most participants stated that they either purchased themselves or received tiger products as a gift (Fig. 3). A chi-
squared test between cities did not find a statistically significant difference in how tiger products were obtained (c2 ¼ 2.3459,
df ¼ 4, p ¼ 0.6724). However, in HCMC a greater percentage of individuals were given tiger products as a gift, while in Hanoi
individuals were more likely to have purchased it for themselves.

3.7. Individuals’ satisfaction with the product

In Hanoi, no individuals were dissatisfied with the tiger product they used; whereas some individuals did express
dissatisfaction in HCMC (Fig. 4). Generally, our results show tiger part consumers in urban Vietnam as satisfied with tiger
products.

3.8. Last time tiger products were purchased

Consumption of tiger products continues in urban Vietnam, as evidenced by our results of when consumers had last
purchased tiger products (n ¼ 65). Consumers were more likely to have bought the products within the last year, versus the
other time frames asked.

3.9. Who products were purchased for

Tiger part consumers generally bought the products for themselves (59%, n ¼ 13/22). Two of the consumers bought for
themselves and their close family (9%), and 50% (n¼ 11/22) of the consumers stated that they had bought the tiger product for
their close family.

3.10. Likelihood of purchasing products again in the next twelve months

Tiger part consumers mostly stated that they were ‘not at all likely’ to purchase tiger products in the next twelve months
(49%, n ¼ 32/65), although 13% of consumers did state that they were ‘somewhat likely’ to do so (n ¼ 9/65).

None of the tiger product consumers stated a reason not to purchase the products. In terms of tiger product origin
influencing use, 72% (n ¼ 47/65) of the consumers stated that they cared where the product came from, with the majority
(89%, n ¼ 42/47) preferring wild tiger products over farmed.

Table 3
Self-stated reasons tiger consumers used tiger products. Medicine was the predominant reason individuals used
tiger products, in both cities (Hanoi consumers n ¼ 25; HCMC consumers n ¼ 40). In HCMC individuals had more
diverse reasons for consuming tiger products.

Hanoi Ho Chi Minh City

Medicine 76% (n ¼ 19) 67.5% (n ¼ 27)
Protect self and/or others 8% (n ¼ 6) 5% (n ¼ 2)
Show to others 0% 5% (n ¼ 2)
Gift 0% 5% (n ¼ 2)
Tradition 0% 2.5% (n ¼ 1)
Keep for future use 0% 0%
Investment 0% 0%
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3.11. Factors influencing the decision to purchase tiger products again

Tiger part consumers were asked what factors were most likely to influence their decisions to purchase tiger products.
Quality was the biggest concern for buyers of tiger products, closely in tandemwith whether the product was genuine or not
(Table 4). Price was the third most influential factor, and the overall least influential variable was “place to buy”.

4. Discussion

Little has been previously known about consumer demand for tiger products in Southeast Asia. Vietnam is involved in the
farming and trade of tigers (as well as the farming and trade in lions as tiger substitutes) (Williams et al., 2017), but peer-

Fig. 3. How individuals in Hanoi (n ¼ 25) and Ho Chi Minh City (n ¼ 40) obtained tiger products, according to direct questioning. In Ho Chi Minh City tiger
products were primarily given as a gift, while in Hanoi individuals directly purchased the products.

Fig. 4. Level of satisfaction tiger product consumers directly admitted they had with the product they used (Hanoi n ¼ 25; Ho Chi Minh City n ¼ 40).

Table 4
Factors influencing tiger consumers when purchasing tiger products. Quality was the predominant influencer, in both cities (Hanoi
consumers n ¼ 25; HCMC consumers n ¼ 40). In HCMC individuals were more evenly split in which factors they found most influential,
compared to Hanoi. Note: percentages are greater than 100% because individuals were asked to choose up to three influential factors.

Hanoi Ho Chi Minh City Total

Genuine 52% 32.5% 41.5%
Quality 68% 32.5% 46.2%
Price 24% 25% 24.6%
Place to buy 8% 10% 9.2%
Reputation of sellers 16% 20% 18.5%
Other 4% 25% 16.9%
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reviewed studies on consumer demand have been lacking. This study is one of few and represents an essential first step in
filling these key information gaps. Using a specialized questioning technique, unmatched count technique (UCT) to overcome
deceit, we found the calculated prevalence to be that approximately 10% of the people in our sample were using tiger
products. However, the relatively low sample sizes for each city resulted in lower predicted prevalence and wide confidence
intervals, when predicted by the maximum likelihood estimation (MLE) model. Theoretically, the “true” prevalence of use
could be as high as 23% of the sample (in Ho Chi Minh City (HCMC)), or as low as 0%. However, we suspect that the “true”
prevalence is more akin to the predictions calculated from the direct UCT formula, which were (in order of “all”, “Hanoi” and
“HCMC”) 11.3%, 7.2%, and 13.6%. Considering the variability in the data, the “true” prevalence is unlikely to be as high, but we
do not believe that it is a stretch to infer that the prevalence is greater than the ~6% calculated through DQ.

Nonetheless, the similarity between our UCT and DQ responses (Fig. 1) indicates that consuming tiger products may not be
a very sensitive behavior to admit to in Vietnam. The reasons for this are unclear. It could be that urban Vietnamese are
unaware that it is illegal to sell, or advertise tiger, or perhaps the consumption of tiger products is relatively accepted in urban
Vietnam. Future research is needed that employs qualitative methods, to gain a better understanding of why individuals may
be comfortable admitting to tiger product use.

We found that tiger bone glue was by far the most prevalent tiger product consumed in urban Vietnam (Fig. 2). Ten years
ago, Drury (2009) argued that use of tiger bone glue was ‘sufficiently rare’ in Vietnam and thus ‘retained symbolic value’. As
tiger bone glue consumption was not a focus of her study, it is possible that either its prevalence was under-estimated in
Hanoi at the time, or that consumption has grown in the ensuing thirteen years since that data collection. A few years later
other researchers claimed that tiger bone glue was part of an “emerging sub-culture” in Vietnam (Stoner et al., 2016);
however, the report the claim was based on was unresearched speculation of use as something ‘risky’ and therefore enticing
for the ‘mystique’. Ultimately, there is little consensus on whether tiger bone glue is a recent trend in Vietnam, or whether it
has been used for decades, under-recorded by conservation researchers as their research methods focused on surveying
product availability rather than consumers.

It is also worth noting that without employing comprehensive DNA testing, it is impossible to know how much of this
consumption is of lion bone or other fakes, e.g. ‘tiger bone glue’ that does not contain any discernible level of tiger bone. There
is precedence for this mixing of felid parts, as a report by Stoner et al. (2016) in Vietnam found that in a spate of tiger product
seizures, lion bones had been found along with tiger bones. There is also a new trend in China of use of jaguar bone glue
(Lemieux and Bruschi, 2019), which could potentially further ‘muddy the waters’, if traders to Vietnam market jaguar bone
glue as tiger bone glue, and/or if Vietnamese tiger part consumers try and begin to desire jaguar bone glue as well. Un-
published data from Bolivia indicates that the jaguar is being marketed in China as “the tiger of South America”, and such
marketing may resonate for the Vietnamese tiger part consumers identified here as well (M. Arias, pers. comm.).

The GLM analyses that explored respondent characteristics failed for UCT results, possibly as a result of the relatively low
sample size, as well as the comparatively low level of tiger part consumption generally, which has been seen to affect UCT
estimations (e.g. Ibbett et al., 2017). When a full model was applied on the direct questioning (DQ), we found that there is
slight evidence for tiger product consumption to be more likely when the individual was 45þ, in medium-low income
brackets, and possessing secondary school education as their highest level of education. Although these effects were insig-
nificant when the model was reduced to solely those variables, the full model results challenge assumptions that tiger
products are only available to the wealthy, and confirm that older individuals are the most likely users. However, we caution
that these results are solely based on DQ for reporting income and for use. Individuals with higher incomes may have lied
about their income, and/or higher income individuals may not have been accessed (e.g. Vyas and Kumaranayake, 2006).

Importantly, the full model results also indicate to the significance of one’s peers in influencing use; if individuals did not
know others who had used tiger products, they were significantly less likely to do so themselves. This points to trends seen
elsewhere in another wildlife product, bear bile, where growing evidence indicates that users tend to be embedded in
networks of other uses (Davis, 2019 and Davis et al., 2019a). Altogether, tiger product demand reduction campaigns should
focus primarily on individuals who are 45þ, mid to low income, and who know other individuals who use tiger products.

Generally, tiger product users had few distinguishing characteristics. Like non-tiger product consumers, they were more
likely to use Western medicine, rather than traditional medicine, and they were aligned demographically in predominantly
having no religion, mostly being Kinh, and primarily stating that theymake 0e10million dong (roughly 0e430 USD) a month
(Appendix VI). The primary difference between tiger product consumers and all other participants in this study was that tiger
product consumers tended to be older than the rest of the sample. As tiger products were stated as being primarily consumed
for medicinal purposes, this makes logical sense. Generally, older individuals will be both more likely to have health ailments,
and to have treated those over time (e.g. Ross andWu, 1996). There is also evidence that older individuals may be more likely
to turn to traditional medicine (both herbal and wildlife) compared to younger individuals (Doughty et al., 2019); however,
age variations in medical pluralism has not, to our knowledge, been formally tested in Vietnam. Another possibility related to
the differences in age that we noted is that younger, urban Vietnamese who have used tiger products were reluctant to
directly admit to having used, considering the increasing amount of pro-conservation awareness enacted by NGOs and the
Vietnamese government, particularly in urban areas (e.g. Nguyen et al., 2016).

Consumers of tiger products were generally satisfied with the product they had been given or purchased, although there
were a few confirmed users in HCMC who were not satisfied (n ¼ 5). These individuals had all purchased tiger bone glue
(rather than being given it); however, the consumers were not asked why they had felt dissatisfied with their purchase of
tiger bone glue. This is an important void, as finding and using motivating factor(s) barring the use of wildlife products can be
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powerful in enacting effective demand reduction. Nonetheless, our respondents’ satisfaction with the glue made from the
bones of large, vulnerable big cats is alarming, in light of recent research that has highlighted Chinese demand for jaguar bone
glue (Lemieux and Bruschi, 2019). The tiger product consumers identified in this study are a potential user group for
consuming these types of products as well, considering the perceived lack of barriers against consumption.

Tiger products were primarily bought for consumers’ personal use, although two individuals stated that they would share
with their close family as well, and 50% stated that they bought the product solely for their close family. Consequently, we
found that between cities there was an observable difference in how individuals obtained the products they used. In HCMC,
tiger products were generally given as gifts, compared to Hanoi, where individuals were more likely to purchase the product
directly. A chi-squared test did not find significance between the cities and how they obtained tiger products; nonetheless,
these results are important for what they indicate about the disparity in how use of tiger products (and other wildlife
products) may occur between the two major cities of Vietnam.

The most important qualities that tiger part consumers stated determined their purchase were whether the product was
genuine, and whether it was of good quality. Price was the third most influential factor, but was overall only stated as being
important by a quarter of the tiger part consumers surveyed. Although we did not directly ask what price tiger parts were, we
can infer that tiger products are not exorbitantly priced, considering our additional findings about consumers’ being cate-
gorized as low-to-middle income. The price of illicit products such as tiger parts depends on a plurality of factors, including
the risk involved in trading the product (Wong, 2015), as well as the availability of the product (e.g. South and Wyatt, 2011).
The persistence of tiger farms in Vietnam and relatively low levels of wildlife enforcement in Vietnam (EIA, 2019) could be
facilitating achievable prices for the “average” urban Vietnamese. However, there are likely also a sufficient amount of fakes
circulating, as the respondents’ themselves indicate through their concerns over the quality and legitimacy of the products.

Tiger farms are persistent across Southeast Asia and China, with an overall increase in tiger trade across the region and in
the captive bred population (EIA, 2013, 2019; Stoner et al., 2016). This is increasing the available supply of tiger products,
which may increase consumer use. Increase in availability arguably facilitates use for potential users who may otherwise be
put off by the expense, time, or effort necessary in obtaining the product. In the same vein, we note and are concerned by the
similarities of tiger product demand to the demand for bear-bile. Although bears are one of the few remaining large carnivore
species in Vietnam, they are unfortunatelywell-established as a farmed animal, just like tigers, and their bile is ubiquitous as a
medicinal product (Crudge et al., 2018; Davis et al., 2019a). The farming of bears for their bile is illegal in Vietnam (since 2005)
and bear farms are indeed declining across the country; however, “deficiencies” in enforcement have maintained the pres-
ence of bear farms to date (Crudge et al., 2018). The number of tiger farms, meanwhile, appears to be increasing, with 17 farms
holding a total of 199 tigers reported in 2019 (EIA, 2019), double the number reported by Brunner (2012). There are “untold
other [tiger farms]” in Nghe An province (EIA, 2019), thought of as the epicenter of bear bile farming (Crudge et al., 2018). At a
broader scale, tigers are increasingly (and illegally) being farmed across Southeast Asia and China, which likely increases the
overall market availability of tiger products, considering the relatively porous borders in the region (e.g. Contreras, 2016).
Although bear farming and tiger farming are at distinctly different stages, they share important similarities in their current
trajectory and in the overall regional context; one important similarity is that China legalizes both types of farming. Generally,
the examples from bear farming shows that there is every possibility that tiger farming will continue to grow in the region,
with this increasing availability ensuring tiger products become as pervasive and accepted as bear bile.

4.1. Limitations and future research

The estimates of UCT that were generated directly from the formula were higher than the DQ estimates, which indicated
that therewas some bias in answering. However, the predicted UCTestimates were lower than the DQ estimates in both cities.
In addition, the UCT estimates had the very high standard errors that distinguish UCT in practice (Hinsley et al., 2017). As we
discuss above, our UCT data was limited by the relatively small total sample size (and particularly each cities sample size),
which made the identification of important characteristics difficult. Sample sizes generally need to be very large to fully
encapsulate meaningful patterns (e.g. Hinsley et al., 2017).

It is possible that the variability in the predicted estimates was a result of the non-sensitive behaviors not being sufficiently
high and/or medium prevalence in the sample, e.g. not enough individuals sampled were likely to have taken painkillers or
seen amedical practitioner. It is recommended that future studies employing UCT in Vietnam enactmore extensive piloting of
UCT behaviors, to ensure an even spread of behaviors and minimization of potential error. UCT has also been criticized for its
limited ability to tease out other factors that are significant in understanding consumption, such as the characteristics of the
individuals who are more likely to lie, and why. It is possible that individuals who lie are those who are aware that they are
being “tricked” in some way (e.g. Davis et al., 2019b), and not necessarily those individuals who use the product more. As we
discuss in other sections of this manuscript, this can be addressed through the application of qualitative techniques such as
interviews, although interviews are themselves not without possibilities for bias (e.g. Drury, 2009).

Another limitation of this research is the lack of data on income. Although the income question was designed to reduce
some of the biases associated by keeping the categories relatively vague, individuals may still have lied about their true
income. Future studies that includemore focus on income, price of tiger products, and their interplay could benefit from using
techniques such as choice experiment (CE), which has been successfully used to understand prices’ role in determining
consumption of rhino horn (Hanley et al., 2018), turtle meat (Nuno et al., 2018), and general “bushmeat” (Moro et al., 2013).
Our study seems to indicate that tiger product consumption is more affordable than rhino horn, which is price inelastic due to
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the high demand of the wealthy for whom price is not a factor (e.g. Dang Vu and Nielsen, 2018); however, this was not fully
explored, and could therefore be only a small piece of the tiger consumption picture.

In conjunction with the above, another limitation of this study was the lack of qualitative data that could be used to more
deeply explain some of the key points noted here. For example, qualitative data could have elucidated why some individuals
in HCMC were dissatisfied with tiger bone glue, as well as why individuals in HCMC may be more compelled to give (and
receive) tiger products as a gift. We suggest that further research be undertaken in both major cities of Vietnam, to build on
these results and offer greater insights that can be used to build effective targeted behavior change initiatives.

An avenue of further research in tiger product consumption is the possibility of herbal alternatives being promoted in
place of tiger bone glue. Encouraging the consumption of bear bile leaf or safflower rather than bear bile has been a focus of
behavior change campaigns in Vietnam; however, there is evidence that individuals believe the medicinal efficacy of the
wildlife product is higher than the herbal alternative (Davis et al., 2019a), and therefore these individuals will be unlikely to
adopt herbal consumption in lieu of bear bile. Despite this challenge, future studies into tiger product consumption should
interrogate this aspect and assess whether campaigns around herbal alternatives in lieu of tiger products will have efficacy in
shifting behaviors.

Finally, wewere unable to answer the question of whether consumption of tiger bone glue is a modern trend, or a behavior
with a long history. Although our instrument did ask about the time frame of when tiger product consumers last purchased
the product, only a few of the self-identified users answered that question, in either city.We therefore feel unable to speculate
on any possible trends in use. However, traditional research can assume consumption of wildlife products over time through
their market availability rather than surveying the population directly. It is of critical importance that both types of research
continue to take place to be able to deliver and evaluate the impact demand reduction programs and other efforts to tackle
illegal wildlife trade have on the expected conservation outcomes.

5. Conclusion

Our results are intended to feed directly into evaluated, targeted behavior change initiatives around halting the con-
sumption of tiger products in Vietnam. In this study, we could not find any strong identifying characteristics of consumers of
tiger products, apart from the slightly older ages of the consumers. By extension, tiger part consumers could potentially be
any individual in urban Vietnam. Importantly, we have found different motivations for consuming tiger parts between Hanoi
and Ho Chi Minh City (HCMC), with Hanoians more likely to purchase the product for their own use, and individuals in HCMC
more likely to gift it. Behavior change (BC) campaigns in Hanoi, therefore, could encourage consultation with Western
doctors, over purchasing something ‘untested’, while BC campaigns in HCMC could discourage the gifting of endangered
wildlife products, which subsequently forces others into obligations. We have also shown that tiger product use is sensitive to
admit to in both Hanoi and HCMC. It is therefore essential to incorporate specialized questioning techniques into the eval-
uation of any BC campaigns that are implemented, to ensure that tiger product consumption prevalence is accurately
assessed.

Tigers are one of the world’s most vulnerable charismatic species, and even the relatively ‘minor’ amount of demand
identified here can have significant and devastating effects on the fragmented, beleaguered tiger populations left. This is the
case even for populations in relatively stable range countries; previous studies of tiger demand have noted that tigers traded
into Vietnam has come from as far away as Russia (Stoner et al., 2016). Published research such as this is essential for
providing evidence into the plural aspects of illegal wildlife trade, e.g. market availability and consumer demand, particularly
for a species that is as yet under-researched in IWT, compared to other megafauna such as rhinos. Ultimately, the alarming
state of tiger populations worldwide demands that all actions to reduce the threats to the species must be made a priority.
Evidence, and collaborative and effective actions are all necessary to tackle the complex social issues surrounding illegal
wildlife trade, and to ultimately prevent the extinction of tigers.
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