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Abstract

The burgeoning pet trade is a primary threat to wild freshwater turtles worldwide. Although
the risks from commercial exploitation of turtles have been discussed widely, there is little
empirical research on preferences for pet turtles from a hobbyists’ perspective. We con-
ducted an online survey of nearly 2000 turtle hobbyists recruited via discussion forums
in China. We collected information on turtle-keeping experiences, past purchase behav-
iors, knowledge about the protection status of certain endangered species, and awareness
of legality in the trade. We framed discrete choice experiments around different hypo-
thetical scenarios about wild population statuses and captive-breeding market conditions.
We then used a random parameter logit model and a latent class logit model to identify
key influencing factors and to explore the level of heterogeneity among turtle hobbyists.
Consumers preferred inexpensive turtles, captive-bred turtles for which traders’ certificates
(e.g., business licenses, breeding permits, and proof of legal species origin) were available,
online purchase, and delivery by the postal service. They were especially willing to buy
turtles for which captive-breeding techniques were well developed and turtles that had
wild populations that were stable or increasing. Preferences were sometimes affected by
social factors; for example, some consumers more willingly accepted high-priced turtles
under social influence, rather than when such factors were absent. We identified 3 distinct
types of turtle consumers with heterogeneous preferences: 40.3% preferred cheap turtles,
31.1% preferred captive-bred turtles, and 28.6% preferred both captive-bred and inex-
pensive species. Overall, our results can inform interventions and campaigns to conserve
freshwater turtles by targeting hobbyists with specific profiles.
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INTRODUCTION

Trade in reptiles is burgeoning worldwide and has led to hun-
dreds of wild species being threatened (Marshall et al., 2020;
Valdez, 2021). Freshwater turtles are now some of the most
commonly traded species (Luiselli et al., 2016; Sigouin et al.,
2017). At least 139 species of tortoises and freshwater tur-
tles are listed under the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES), mean-
ing their international trade is subject to regulatory measures
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(CITES, 2010). However, CITES efforts to regulate wildlife
often overlook lower value species, which may result in a lack
of regulation for certain endangered or range-restricted tur-
tle species (Marshall et al., 2020). The extensive international
trade in tortoises and freshwater turtles, whether arising from
regulated species leading to illegal trade or unregulated species
resulting in unsustainable practices, has driven lucrative poach-
ing and cross-border smuggling activities (Chen et al., 2009;
Mendiratta et al., 2017; UNODC, 2020).

Since 1999, China has emerged as one of the largest con-
sumers of freshwater turtles in the world, and international trade
has been cited as the greatest threat to Asian turtles (Gong et al.,
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2009; van Dijk et al., 2000; Zhou & Jiang, 2008). In China, fresh-
water turtles are in demand not only for food and traditional
medicine but also as pets, owing to turtles being revered by
some Chinese as symbols of longevity, tenacity, and good for-
tune (Cheung & Dudgeon, 2006; Gong et al., 2009). To better
conserve wild species of freshwater turtles, the Chinese govern-
ment enacted the Wild Animal Conservation Law and banned
the sales of precious and endangered (List of National Key Pro-
tected Animals) wild freshwater turtle species (Chen et al., 2023;
The National People’s Congress of the People’s Republic of
China, 2023). Species on the list can be traded if they are captive
bred (The National People’s Congress of the People’s Republic
of China, 2023).

The difficulty in distinguishing the provenance of these
species presents a significant challenge for law enforcement
personnel and increases the risk of protected species being
laundered as captive-bred species (Hughes et al., 2023; Tensen,
2016). Thus, some wild endangered freshwater species are
still sold openly, even over mainstream internet sites (Hu,
Lee, et al., 2022). To manage the captive breeding and sale
of freshwater turtles, China plans to introduce a certification
system for turtle breeding farms and a special identification
system for management of individual captive-bred turtles, but
its current status remains unclear (Hong et al., 2022; Ministry
of Agriculture & Rural Affairs of the People’s Republic of
China, 2021). Because law enforcement and policy implemen-
tation do not always fully mitigate threats to species’ survival,
some measures have inadvertently driven markets underground
(Gómez-Rodríguez & Wilson, 2022). Therefore, supplemen-
tary market-based approaches should be considered, with an
emphasis on the trade-offs between supply and demand in the
market to enhance the effectiveness of these strategies (Cramer
& Kittinger, 2021).

Theoretically, flooding the market with captive-bred individu-
als could increase market supply and protect overexploited wild
species, especially when the market is supply dominated (Davies
et al., 2024; Sigouin et al., 2017). Yet, merely increasing the sup-
ply of captive-bred wildlife may inadvertently stimulate latent
demand and normalize purchases, potentially driving up the
demand for target wild species beyond what captive-breeding
farms can supply (Davies et al., 2024; Tensen, 2016). Whether
the legal products serve as substitutes depends on whether
consumers have a preference for wild-caught animals (Tensen,
2016). To effectively supplement regulatory measures, conserva-
tion practitioners are increasingly adopting innovative strategies
to reduce demand for unsustainable wildlife products (MacFar-
lane et al., 2022; Naito et al., 2024; Thomas-Walters et al., 2020;
Veríssimo & Wan, 2019). Although mainstream conservation
efforts are now beginning to use consumer data and insights
from behavioral science to inform campaigns (Hu et al., 2024;
Olmedo et al., 2018; Veríssimo et al., 2020), behavioral interven-
tions often overlook the heterogeneous effects in a population
with diverse preferences.

Pet freshwater turtle hobbyists, particularly because their
preferences can significantly shape market dynamics, have
attracted growing attention in the field of conservation (Haus-
mann, Cortés-Capano, Fraser, et al., 2023; Moorhouse et al.,

2017; Naito et al., 2024). Hobbyists are defined as individu-
als who actively engage in the collection, care, and breeding of
species for personal interest rather than for commercial pur-
poses and who play an important role in the pet trade (Pountney,
2023). A survey of pet markets in southern China estimated
that the volume of freshwater turtles traded as pets could be
as high as 1 million individuals of over 100 different species,
which indicates the large scale of demand driven by hobby-
ists (Cheung & Dudgeon, 2006). Generally, hobbyists value
turtles for their uniqueness, and sellers tend to have a larger
proportion of juvenile animals because they are easier to keep
as pets (Sigouin et al., 2017). Hobbyists specifically seek out
species that are rare in the wild or scarce in the market (Haus-
mann, Cortés-Capano, Fraser, et al., 2023). This may result in
a cycle wherein increased exploitation reduces the population
size, thus increasing a species’ value and ultimately leading to
its extirpation (anthropogenic Allee effect) (Courchamp et al.,
2006; Hausmann, Cortés-Capano, & Di Minin, 2023). Hence,
understanding how hobbyists make their choices, when given
information regarding scarcity and rarity of pet freshwater tur-
tles, is essential for developing targeted interventions aimed at
promoting sustainable trade. Yet, a detailed exploration of how
hobbyists weigh scarcity and rarity against other factors (e.g.,
purchasing channels, seller’s certificate source, and price) when
choosing species has not been conducted.

To rigorously investigate preferences, we used a discrete
choice experiment (DCE). This is an effective tool that allows
researchers to identify consumer preferences and what prod-
uct attributes purchasers seek under certain purchase scenarios
(Byun et al., 2018). DCEs are well known in economics and
have been successfully adapted in studies of sustainable use
(Natali et al., 2022; Zhao et al., 2023). We conducted a sur-
vey of Chinese freshwater turtle hobbyists with a DCE design.
For pet turtle hobbyists, we sought to determine the effect
on purchase choices of preferences for purchasing channels,
seller’s certificate, source, price, turtle wild population trends,
and captive-breeding techniques. We presented combinations of
choice attributes and scenarios on a questionnaire. We aimed to
provide insights for designing future conservation interventions
for freshwater turtles and to improve market management.

METHODS

DCE and survey design

In the DCE part of the survey, respondents compared and
weighed the specific choices according to different character-
istics of their attributes and scenarios. We used qualitative and
quantitative methods in the DCE. To gain relevant and cur-
rent information on baseline conditions for our study area, we
reviewed Chinese and English peer-reviewed and gray literature
published from 2001 to 2020 on consumer and market research;
visited markets in Guangzhou and major exotic pet and pet tur-
tle hobbyist conventions in Shanghai and Guangzhou, China;
and interviewed pet turtle keepers, captive breeders, and policy
makers from 2021 to 2022. Based on this work, we identified 4
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attributes of hobbyists’ purchase choices: method of purchase
(i.e., offline or online), seller’s certificate (i.e., displayed or not),
origin of individual (i.e., captive bred or wild caught), and prices.
The prices used in the DCE were based on actual market prices
for freshwater turtles observed during our visits and reflected
real price variations. Choices were presented in the context
of possible combination scenarios that broadly accounted for
population trends of wild freshwater turtle species (i.e., increas-
ing, stable, and decreasing) and captive-breeding techniques
(i.e., breeding in early development, where wild-caught individ-
uals are more prevalent, or well-developed techniques, where
captive-bred individuals are more prevalent) (Appendix S1).

We used quantitative methods to test the selected DCE
attributes, which helped us refine and finalize the final ques-
tionnaire. We used Ngene 1.0.1 (ChoiceMetrics) to produce a
DCE design with 1000 Sobol draws from a normal distribution
for each parameter prior (Bliemer et al., 2008). We selected the
design with the lowest D error (0.1), which produced 45 alter-
natives and 15 choice sets. The final design included 18 choice
sets that were randomly distributed among 3 blocks so that each
block contained 6 choice sets (one choice set was repeated to
test for consistency in choices and acted as one of the selection
criteria for a valid response). Each choice set included a set of
2 combination scenarios with 2 available options for turtle type
and a “neither of the above” option to opt out (Appendix S2).
We tested the survey by using data on consumer preferences
from a pilot survey of 418 respondents in multinomial logit
(MNL) model used to estimate the characteristics of consumer
choice preferences (Appendix S3). To design the final choice set
efficiently, we incorporated the priors from the MNL model in
a D-efficient Bayesian design that followed the basic structure
of the DCE (Dang Vu et al., 2022; Hinsley et al., 2022).

Our final questionnaire (Appendix S10) was in Chinese and
had 3 major parts. The first part asked for informed consent
(respondents were informed that the survey was anonymous
and would not be traced back to them) and explained the
topic and objective of the survey. After obtaining the written
informed consent from participants, the survey commenced if
respondents indicated they were >18 years old and kept turtles
as pets.

The second part was about the respondent’s experience with
keeping freshwater turtles. For a deeper understanding of this,
we asked whether respondents had ever raised or heard of the
illegal sale of freshwater turtle species (i.e., determined expo-
sure to illegal freshwater turtle species), had knowledge of what
legal captive breeding is (knowledge of the definition of captive

bred), had knowledge of the legality of trade in and protection
statuses of freshwater turtle species (knowledge of freshwater
turtle legality), and had family or friends who kept illegal fresh-
water turtle species (social influence) (detailed survey items in
Appendix S10). We limited the list of freshwater turtle species
to 7. Four species represented illegally traded species: Indo-
Chinese box turtle (Cuora galbinifrons, Cuora bourreti, or Cuora

picturata), keeled box turtle (Cuora mouhotii), Southeast Asian box
turtle (Cuora amboinensis), and big-headed turtle (Platysternon mega-

cephalum). They are critically endangered (CR) and endangered
(EN) species as evaluated by IUCN and were characterized by

underdeveloped captive-breeding techniques, listing in CITES
Appendices I and II, and primarily traded internationally as
pets. For the remaining choices, we used 3 freshwater turtle
species that are legally traded, are the most commonly found
species in the market, are not included in the IUCN Red List and
CITES, and are sourced legally through well-established captive-
breeding practices (Appendix S4): snapping turtle (Chelydra

serpentina), stink-pot turtle (Sternotherus odoratus), and red-eared
slider (Trachemys scripta elegans) (Appendix S4).

The third section was the choice experiment (Figure 1). The
last section contained sociodemographic questions on gender,
residence in the last year (Appendix S5), employment status,
education level, and personal annual income. Each respondent
received a bonus payment of 15 CNY (∼US$2) on completion
of the questionnaire.

Data collection

This project is part of a larger project and was approved by
the Wildlife Conservation Society Institution Review Board (20-
58RN). We conducted the pilot survey in June 2022 with an
online sample panel with single-access survey links on a local
online survey platform (Wenjuanxing, WJX); an online dis-
tribution of links on turtle hobbyists’ discussion forums and
community threads on Baidu Tieba (equivalent of Reddit); an
offline sampling of visitors at a centralized flower, bird, and fish’
market in Guangzhou that is also a hotspot for trading pet tur-
tles; and an offline random sampling of university students from
Sun Yat-sen University (Appendix S6).

The questionnaire was hosted on the WJX online survey plat-
form, and a QR code was generated for the survey (Figure 1).
This QR code was then shared on Baidu Tieba to collect
data. This decision was supported by our preliminary inter-
views, which showed that a significant proportion of freshwater
turtle hobbyists in China are young and often share their
turtle-keeping experiences on online forums, such as Baidu
Tieba. We implemented the survey via an anonymous question-
naire distributed on Baidu Tieba in August 2022. Because our
questionnaire provided a small monetary incentive, it attracted
some respondents who were not freshwater turtle keepers and
were only seeking the monetary reward. To ensure that only
actual freshwater turtle keepers responded to our questionnaire,
we used multiple quality control questions. At the beginning,
respondents were asked a multiple-choice question about which
turtles they had raised. Later in the survey, they were prompted
to write down the specific species of turtle they had owned but
could not return to previous pages to check their earlier answers.
This made it challenging for those who were not actual keep-
ers to provide consistent responses (i.e., they needed to have
a similar answer to 2 questions). We considered questionnaires
with different answers invalid. A total of 9993 questionnaires
were initially collected. Among these, 7662 respondents were
not freshwater turtle keepers; thus, we retained 2331 responses.
We excluded 31 questionnaires after filtering out incomplete
or inattentive responses. We removed an additional 319 DCE
responses in which the same choice set was repeated to test
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• method of purchase
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• individual origin

FIGURE 1 The framework and methodology flowchart of discrete choice experiment (DCE) to determine hobbyists’ preferences in pet freshwater turtles
(MNL, multinomial logit model; RPL, random parameter logit model; LCL, latent class logit model).

for consistency and the answers were inconsistent across the
repeated choice sets, meaning these respondents failed the con-
sistency check. Ultimately, we received 1981 valid questionnaires
(data available upon request from T.L.).

Data analyses

We used dummy coding with categorical variables due to their
equivalence and lower likelihood of misinterpretation (Hu, Sun,
et al., 2022). Each categorical variable was converted into a set
of binary variables in which each category was represented as an
individual variable and compared with other categories. We used
an MNL model for the DCE (Figure 1). We assessed the aggre-
gate preference heterogeneity of respondents with a random
parameter logit (RPL) model (Figure 1). Relative to other dis-
crete choice models, the RPL model relaxes the independence
of irrelevant alternative property by allowing heterogeneity in
hobbyists’ preferences (Train, 2003). Hence, we retained the
RPL output as our main results. We assumed that attributes
(including those in the scenarios) were normally distributed and
the price had a lognormal distribution. We estimated 2 RPL
models with 500 Halton draws (Train, 2003). We sequentially

added the following variables as interactions in the RPL mod-
els: demographics (i.e., gender, age, annual income), exposure
to illegal freshwater turtle species (i.e., high, medium, low),
social influence on target turtle species (i.e., yes if family and
friends had kept illegal freshwater turtles; no if they have not),
score of turtle legality knowledge (i.e., higher score indicates
greater awareness of legality), and score of captive-bred concept
(i.e., higher score indicates greater awareness of the concept of
captive breeding) (Appendix S7). Based on the assessment of
the minimum Akaike information criterion (AIC) and Bayesian
information criterion (BIC) (Natali et al., 2022), we chose 4 RPL
models as the best models.

Then, we estimated the willingness to pay (WTP) for all
attributes, which was consumer willingness to pay for a freshwa-
ter turtle with a particular attribute level, holding other attribute
levels constant (Mariel et al., 2021). The standard errors of WTP
estimates were obtained using the delta method. The variable
βattribute was the estimated parameter of the attribute level, and
μ and σ were the mean and standard deviation of the price
parameter, respectively:

WTP =
𝜌attribute

exp (𝜇 + 𝜎2∕2)
,
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where ρattribute is the estimated coefficient for the attribute of
interest, and μ and σ are the mean and standard deviation of
the price coefficient, respectively, based on an assumption of
lognormal distribution.

We included the covariates in the latent class logit (LCL)
model (Figure 1), which is considered one of the best
approaches to determining heterogeneity in preferences and
class membership (Shen, 2009). With the LCL model, we
classified consumers by preferences, which helped us identify
differences in their decision-making. This segmentation should
allow for more targeted interventions and tailoring of strategies
to the specific needs of each consumer class. Each class was
interpreted as representing a distinct turtle hobbyist type, which
could be helpful in targeting interventions. To understand hob-
byists’ characteristics in each group, we included these covariates
and compared the main statistics across the LCL models for up
to 5 classes. Based on the assessment of the minimum Akaike
information criteria (AIC) and Bayesian information criteria
(BIC) (Natali et al., 2022), we used a 3-class model (Appendix
S8).

The MNL, RPL, WTP, and LCL analyses were conducted
using the APOLLO R package (Hess & Palma, 2019).

RESULTS

The majority of hobbyists were men (73%) under the age
of 35 (80%). Most respondents had full-time jobs, had a
medium or higher level of annual income, and lived in Guang-
dong Province, which accounted for 13.8% of the respondents
(Table 1; Appendix S5). There were significant differences
between the gender and education variables in our sample and
those of the general Chinese population (Table 1).

Freshwater turtle hobbyist preferences

Respondent preferences were qualitatively similar with the
MNL model (Appendix S9) and 4 RPL models (Table 2).
However, we focused on the RPL model because it captures
individual-level preference heterogeneity, as indicated by sig-
nificant standard deviation estimates for all attributes except
population trends in the wild. Nearly 20% of respondents chose
the opt-out option, which had a significantly negative coeffi-
cient and thus suggested a general preference for purchasing a
freshwater turtle over not purchasing one.

All included attributes represented key dimensions of hobby-
ists’ preferences, but their levels of relative importance differed
(Table 2). Price was one of the most important components;
respondents preferred less expensive freshwater turtles. Across
scenarios, respondents expressed a greater willingness to pur-
chase freshwater turtles when wild populations were stable
or increasing and when captive-breeding techniques were well
developed. Respondents were more inclined to choose captive-
bred individuals over wild-caught individuals and preferred
sellers who provided official certificates. Finally, online plat-

forms with mail delivery were generally favored over offline
physical stores.

With the RPL models, we found that the interaction covari-
ates of exposure to illegal freshwater turtle species and social
influence had significant modifying effects on the price of fresh-
water turtles (Table 2). Specifically, even at medium or high
levels of exposure, respondents continued to prefer lower priced
turtles. However, under the influence of social norms, prefer-
ences shifted to more expensive freshwater turtles. We found
a significant negative interaction between social influence and
well-developed captive-breeding techniques.

This pattern was further reflected in the WTP estimates
derived from the RPL models (Figure 2). Across all 4 model
specifications, respondents consistently showed positive WTP
for well-developed captive-breeding techniques and displayed
seller certificates, though effect sizes varied slightly depending
on interaction terms. The WTP for purchasing from offline
physical stores was negative in all models (range −1.39 CNY
to −2.18 CNY), indicating that respondents were willing to pay
1.39–2.18 CNY more for online purchases with delivery than
for buying from a physical store.

Latent class segments of freshwater turtle
hobbyists

The LCL model identified 3 distinct latent classes of freshwater
turtle hobbyists based on their preferences (Figure 3; Table 3).
The hobbyist classes were as follows. Class 1 (28.63% of the
sample) comprised older hobbyists who were aware of endan-
gered or illegal freshwater turtles and were less influenced by
their social circles. They showed a strong preference for sellers
who displayed certificates and favored purchasing captive-bred,
lower-priced freshwater turtles via online delivery, particularly
when breeding techniques were still developing and wild popu-
lations were stable. Class 2 (31.11%) included younger hobbyists
who had kept freshwater turtles before and were easily influ-
enced by their social circles. They tended to disregard whether
certificates were displayed but still preferred captive-bred tur-
tles delivered online, especially when breeding techniques were
developing and wild populations were stable or increasing. Class
3 (40.26%) consisted mainly of younger hobbyists who were
more easily influenced by their social circles. They had kept
freshwater turtles but had never heard of or kept any endan-
gered or illegal freshwater turtles. They preferred to buy cheaper
freshwater turtles when captive-breeding techniques were well
developed and their wild populations were stable or increasing.

DISCUSSION

Interpreting freshwater turtle hobbyists’
preferences

We found that pet freshwater turtle hobbyists were more
inclined to purchase a cheaper, captive-bred freshwater turtle via
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TABLE 1 Sociodemographic information on respondents to a survey of pet freshwater turtle hobbyists in China (1981 survey respondents).

Variables Option Respondents (%) China population (%) za

Gender Male 73.14 51.24 21.80**

Female 26.85 48.76 −21.81**

Age 18–24 40.83

25–29 24.93

30–34 21.10

35–39 8.63

40–44 2.97

45–49 0.75

50–54 0.61

>55 years old 0.15

Education Elementary school or below 0.20 34.94 −21.81**

Middle school 0.90 34.51 −29.25**

High school or vocational school 11.40 15.09 −5.10**

Junior college or university undergraduate and above 87.47 15.47 69.69**

Employment status Full-time employment 68.70

Part-time employment 6.46

Housewife or husband 2.72

Student 13.52

Retired 0.30

Independent or freelance 7.62

Other 0.65

Income <¥10,000 (∼$0–$1400) 0.65

¥10,000–50,000 (∼$1400–$7000) 12.97

¥50,000–100,000 (∼$7000–$14,000) 13.88

¥100,000–150,000 (∼$14,000–$21,000) 23.82

¥100,000–150,000 (∼$14,000–$21,000) 26.55

¥150,000–200,000 (∼$21,000–$28,000) 13.37

¥200,000 and above (∼$28,000 and above) 9.38

Note: China population data from the National Bureau of Statistics of China (https://data.stats.gov.cn/easyquery.htm?cn=C01&zb=A0305&sj=2022).
aSignificance: *p < 0.05; **p < 0.01.

online shops with postal delivery, especially in contexts where
captive-breeding techniques were well developed and wild tur-
tle populations were stable or increasing (Table 2). Freshwater
turtles widely traded in the pet market are generally categorized
as either wild or captive bred (Luiselli et al., 2016). In mar-
kets where many species have well-established captive-breeding
techniques and stable wild populations, hobbyists are better
able to select pets that align with their preferences. More-
over, although hobbyists purchase species as pets, they aim to
avoid negatively affecting the survival of species (Naito et al.,
2024). Therefore, purchasing freshwater turtles in contexts with
mature breeding techniques and abundant wild populations alle-
viates concerns regarding the species’ well-being (Hausmann,
Cortés-Capano, Fraser, et al., 2023).

Consistently, positive WTP for captive-bred turtles and sta-
ble or increasing wild populations further confirmed this
conservation-friendly preference (Figure 2). This finding is con-

sistent with the results of other studies in which wild-sourced
species tend to be the least preferred option. Although wild-
sourced wildlife products are typically more expensive than
farmed ones, the higher price of farmed freshwater turtles,
compared with wild-caught turtles, is due to their lower extinc-
tion risk, lower maintenance needs, and lower mortality rates
(Hong et al., 2022). However, this preference may contradict
consumers’ tendency to favor low-priced products, which may
result in wild species continuing to face significant trade risks
when there is a lack of sufficiently affordable captive-bred
freshwater turtles in the market.

Social media platforms are playing an increasingly influen-
tial role in boosting the online wildlife trade by providing an
easily accessible way to share information, advertise specimens,
and arrange sales (Olden et al., 2021; UNODC, 2020; Ye et al.,
2020). Similar to other wildlife product markets, trade in fresh-
water turtles is shifting from offline to online, which has become

https://data.stats.gov.cn/easyquery.htm?cn=C01&zb=A0305&sj=2022
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FIGURE 2 Estimates of the willingness to pay (WTP) of consumers (1981 survey respondents) for pet freshwater turtles in China based on random parameter
logit (RPL) models: (a) baseline model without interaction terms, (b) model including interactions between choice attributes and respondents’ exposure level to
illegal freshwater turtle species, (c) model including interactions between choice attributes and respondents’ social influence, and (d) model including interactions
between choice attributes and respondents’ exposure level to illegal freshwater turtle species and social influence (bars, WTP values for different attribute levels
relative to their respective reference [ref.] levels; whiskers, SE; *p < 0.05; **p < 0.01).

Captive-bred & cheaper price
hobbyist class

• Age  
• Social influence
• Freshwater turtles kept
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stable
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31.11%

Class 3 
40.26%

1 2 3

FIGURE 3 Model estimates from the discrete choice experiment on consumer preferences (1981 survey respondents) for pet freshwater turtles in China
(upward-pointing arrows, positive correlation between the continuous variable and preference; downward-pointing arrows, negative correlation; checkmarks in a
circle, category positively influences preference; ×, negative influence on preference; checkmarks, attribute level affects consumer preferences, × in a circle, attribute
level does not affect consumer preferences).

a major channel of pet sales (Liu et al., 2021). The prevalence
of online pet trading makes the law enforcement and regulation
fraught with new challenges (Bennett, 2011). For example, when
online sales points are detected by law enforcement, traffickers
simply switch platforms to avoid it (Olden et al., 2021).

However, freshwater turtle hobbyists’ preference for sellers
who provide legal trading certificates can be seen as a promis-
ing finding amid the difficulties in regulating online sales. This
is further supported by their consistently positive WTP for
transactions involving displayed certificates, as shown across
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TABLE 3 Model estimates (latent class logit model) from a discrete choice experiment on consumer preferences for pet freshwater turtles in China (1981
survey respondents), including standard errors in parentheses.

Attributea State

Class 1

Captive bred and cheap

price (SE)b

Class 2

Captive bred (SE)b

Class 3

Cheap price (SE)b

Population trends in the wild (ref.
decreasing)

Increasing 0.10 (0.11) 0.99* (0.36) 1.49** (0.44)

Stable 0.55** (0.17) 1.04* (0.39) 1.57** (0.46)

Captive-breeding techniques (ref. early
development)

Well developed −0.24* (0.12) −1.62** (0.41) 1.99** (0.59)

Method of purchase (ref. online,
delivery by postal service)

Offline, physical store −1.05** (0.16) −4.96** (1.17) −0.01 (0.05)

Relevant seller certificates (ref. not
displayed)

Displayed 1.35** (0.14) −0.90** (0.14) 0.70** (0.06)

Individual source (ref. wild caught) Captive bred 1.09** (0.19) 5.67** (1.17) −0.06 (0.05)

Price per individual −1.49** (0.09) 0.07 (0.07) −0.51** (0.05)

ASC −1.95** (0.14)

Covariate

Age 0.18** (0.06) 0.08 (0.06)

Gender (ref. female) −0.14 (0.15) 0.18 (0.15)

Annual income −0.09 (0.05) −0.02 (0.05)

Number of freshwater turtles kept −0.04 (0.09) −0.22* (0.10)

Breeding year 0.01 (0.08) 0.07 (0.08)

High exposure (ref. low exposure) 0.24 (0.24) 0.09 (0.23)

Medium exposure (ref. low exposure) 0.51* (0.19) 0.04 (0.18)

Social influence (ref. none) −0.48* (0.18) −0.11 (0.18)

Score of captive-bred definition knowledge 0.21 (0.13) 0.14 (0.13)

Score of freshwater turtle legality knowledge 0.04 (0.14) 0.19 (0.14)

AIC 16,565.73

BIC 16,889.77

Log likelihood −10,881.75

Number of individuals 1981

Number of rows 9905

aDefinitions: high exposure, individuals who have raised illegal freshwater turtle species; medium exposure, individuals who haveheard of illegal freshwater turtle species but have never
raised one; low exposure, individuals who have neither raised nor heard of illegal freshwater turtle species; Ref., reference level; ASC, alternative specific constant (opt-out or no-purchase
option); AIC, Akaike information criterion; BIC, Bayesian information criterion.
bSignificance: *p < 0.05; **p < 0.01.

all model specifications (Figure 2). This preference is partly
driven by a social norm of trusting documents issued by Chi-
nese authorities, which are perceived as safeguards for ensuring
transaction legitimacy. According to the Wildlife Protection Law
and the List of National Key Protected Wild Animals, all sell-
ers in China must obtain a license for the artificial breeding of
such species (The National People’s Congress of the People’s
Republic of China, 2023). Thus, enhancing consumer awareness
of relevant legal certificates and strictly regulating the certificate
issuance process may contribute to preventing consumers from
inadvertently purchasing illegally traded endangered species
from sellers to some extent. However, such licenses merely indi-
cate whether the seller is permitted to conduct captive breeding,

which can create opportunities for laundering illegally wild-
caught turtles (ADM Capital Foundation, 2018). In Hong Kong,
for example, where there is no requirement for marking and
identifying specimens, it is challenging to differentiate between
a legally traded, captive-bred freshwater turtle and an illegally
sourced, wild-caught golden coin turtle (Cuora trifasciata) (ADM
Capital Foundation, 2018). Given this, and especially where
captive-breeding techniques remain underdeveloped, both wild-
sourced and captive-bred individuals should be regulated in
parallel, rather than focusing solely on the former. Therefore,
targeted and practical interventions aimed at improving con-
sumer understanding of trading certificate legitimacy are also
crucial (Hu et al., 2024).



CONSERVATION BIOLOGY 11 of 13

Freshwater turtle hobbyist categories and
implications for future interventions

We identified 3 distinct types of hobbyists (Figure 3) and, based
on these categories, developed targeted strategies for future
interventions to promote sustainable freshwater turtle trade.

Given their relatively older age and stable preferences, class 1
hobbyists tend to avoid social influences. For this group, inter-
ventions should focus on educating them about the potential
negative impact of purchasing wild-caught turtles on the mar-
kets and ecosystems (Naito et al., 2024). By framing the higher
cost of captive-bred turtles as an investment to promote sus-
tainability and conservation, these hobbyists can be encouraged
to prioritize sustainable options over cheaper, wild-caught tur-
tles, avoiding impulsive, price-driven purchases (Natali et al.,
2022). The key is to present the ecological and legal ben-
efits of selecting sustainably farmed turtles and guide them
toward more responsible, long-term decisions (Cardoso et al.,
2021).

Class 2 hobbyists, who are younger and more susceptible
to peer influence, often lacked experience in keeping turtles,
making them less likely to prioritize the verification of seller cer-
tificates. Educating them on the importance of verifying legal
certificates before making a purchase is essential (Hu et al.,
2024). Their preference for online shopping with postal deliv-
ery offers an opportunity for targeted intervention (Feddema
et al., 2020). Online platforms could play a role in prompting
them to verify the legitimacy of captive-bred turtle claims and
align their choices with species conservation goals. Given that
they are less price sensitive, the intervention could also stress
the long-term environmental and legal risks of purchasing high-
priced endangered species, helping them make more informed
and sustainable decisions (Naito et al., 2024).

Although class 3 hobbyists were typically younger and more
impressionable, they also possessed previous experience in
keeping turtles, which may lead to overconfidence in their abil-
ity to care for wild and captive-bred species. Interventions for
this group should aim to harness social influence and enhance
their sense of responsibility as caretakers (Wallen & Daut,
2017). By showcasing examples and role models of experienced
hobbyists who prioritize captive-bred freshwater turtles, they
may be encouraged to adopt more conservation-focused prac-
tices (Moorhouse et al., 2017). Incorporating social influence
and ecological responsibility would help guide them toward
more sustainable and ethical purchasing habits (Naito et al.,
2022).

Our study has several limitations. First, our sample was drawn
primarily from younger and more educated individuals who
tend to dominate online survey platforms, which may not fully
represent the broader population of freshwater turtle hobby-
ists in China. Second, the relatively small WTP estimates may
be partly due to the broad price range (100–3000 CNY) used
in our DCE, which was based on real market prices across
various freshwater turtle species. Because we focused on gen-
eral categories rather than specific species, this wide range may
have limited respondents’ sensitivity to price variation. Third,

although our experiment has the potential to develop tech-
niques for studying undesirable preferences, bias in choices
with hypothetical situations cannot be avoided, particularly
when addressing sensitive topics, such as illegal pet wildlife
trade. Future research could address these limitations by adopt-
ing more representative sampling strategies, using narrower or
species-specific price ranges, and further refining methods to
improve validity in sensitive contexts. In conclusion, our DCE
evaluated hobbyists’ preferences for certain pet freshwater turtle
attributes, and our insights could be used to understand con-
sumer demand and help identify target audiences for future
interventions.
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