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Demand for exotic pets is a substantial driver of the illegal wildlife trade. Previous work has suggested that this demand could be reduced by conservation marketing messaging highlighting the potential consequences to individual purchasers, in the form of zoonotic disease risks, or legal ramifications. Such work, however, has been limited only to respondents from culturally Western countries, and has not accounted for how underlying attitudes to the keeping of exotic pets may influence desire to own one, or affect the effectiveness of demand reduction messaging. We surveyed 1,000 respondents in each of Brazil, China, USA and Vietnam, showing each five mammal, bird, and reptile pets in random order. Each pet was accompanied with either a “control” statement, describing the species' diet, or one of four types of “treatment” statement describing zoonotic disease, animal welfare, legal or species conservation consequences. Respondents were asked to rate how much they would like to own the pet on a 1–10 scale. All respondents demonstrated decreased desire to own a given exotic when shown any of the types of treatment information, but disease information provoked the greatest decrease, relative to controls (a mean decrease of 26.9%, compared with 16.2, 17.9, and 18.9% for legality, welfare and conservation information, respectively). We also found that respondents with the highest stated likelihood of purchasing pets possessed a series of beliefs that could facilitate this purchase while maintaining an ethical self-image: in particular they believed that shops were well-regulated, and that they were able to distinguish captively-bred from wild caught animals. In summary all respondents of any nationality were motivated particularly to avoid the risk of zoonotic disease, and we recommend that demand reduction campaigns leverage this desire, particularly in the new context of COVID-19.
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INTRODUCTION

Recent decades have witnessed a substantial increase in the keeping of exotic (non-domesticated) companion animals (Grant et al., 2017; Ribeiro et al., 2019; Lenzi et al., 2020). Demand for exotic pets accounts for almost a fifth of global wildlife trade reports (Baker et al., 2013) making them a key driver of a global wildlife trade that is worth (excluding fisheries and timber) an estimated $30.6–42.8 billion annually, of which ~$22.8 billion is legal (Engler and Parry-Jones, 2007), and $7.8–20 billion illegal (Haken, 2011; Pires and Moreto, 2011). Many of the exotic pets bought by consumers are sourced from wild populations (Bush et al., 2014; Harrington, 2015) after being poached from the wild (Pires and Moreto, 2011) and then distributed through criminal organizations to consumers (Engler and Parry-Jones, 2007; Dalberg, 2012; Ayling, 2013). While captive breeding facilities meet some of the global demand for pets, many launder wild-caught individuals into the captive-bred market (Nijman and Shepherd, 2009; TRAFFIC International, 2012). As a consequence, purchasers of exotic pets in consumer regions support, whether knowingly or not, the illegal trade in wildlife (TRAFFIC International, 2012)—and thereby a substantial, and growing, threat to global biodiversity, species conservation and animal welfare (Sodhi et al., 2004; Grieser-Johns and Thomson, 2005; Pires and Moreto, 2011; Fernandes-Ferreira et al., 2012; Baker et al., 2013; Dutton et al., 2013; Challender et al., 2015).

Efforts to stem illegal and/or unsustainable wildlife trade have traditionally focussed on tackling the supply of products, through enforcement and regulation (Veríssimo et al., 2012; Challender and MacMillan, 2014). There is, however, an increasing, additional, focus on measures to reduce consumer demand through educational and public awareness campaigns (Courchamp et al., 2006; Dalberg, 2012; Baker et al., 2013; Veríssimo and Wan, 2019). At present the relative effectiveness of demand reduction approaches often remains untested and under-reported (Olmedo et al., 2018; Veríssimo et al., 2018; Veríssimo and Wan, 2019). To be effective campaigns must understand the factors that influence customers' behavior, and deliver the correct message through the right communications medium (Dalberg, 2012; Challender et al., 2015). While a lack of information can be a barrier to changing behavior (Schultz, 2002), not all information will motivate individuals to alter their behavior (Stern, 2000). As an example, Moorhouse et al. (2017a) demonstrated that consumers' desire to purchase exotic pets was reduced by 39% by the provision of information concerning the negative legal and zoonotic disease consequences of purchasing exotic animals, but not by messages about the negative welfare or conservation consequences for the animals. Moorhouse et al. (2017a) concluded that information campaigns could be useful to reduce demand for exotic pets, or redirect demand onto non-exotic species, or those sourced from rescue centers or legitimate captive breeders, likely to be most successful through leveraging consumers' desire to avoid zoonotic disease and/or legal consequences.

A key limitation of the above study was that 90% of its respondents derived from only a relatively small number of principally English-speaking countries: the USA, UK, Australia and Canada, with 10% from eight other countries or of unknown origin. Attitudes toward wildlife (Tao et al., 2004; Cong et al., 2014) and responses to demand reduction messaging surrounding the ownership and use of that wildlife (Moorhouse et al., 2017b, 2019) can vary between nationalities and so it is unknown whether Moorhouse et al. (2017a) findings may be applicable outside of these countries. While there are no exact figures on patterns of global exotic pet ownership, the exotic pet market is known to be expanding rapidly as living standards improve in regions such as Asia and South America (Ding et al., 2008; McNeely et al., 2009; da Nóbrega Alves et al., 2010). For example the compound growth rate of China's pet industry was 49.1% from 2010 to 2016, the fastest among all industries, attributed to the population's increasing wealth (Yiwei, 2020). Principal consuming regions for the global wildlife trade are the United States, the Middle East, South East Asia, South America and the European Union (Haken, 2011; Bush et al., 2014) and insofar as exotic ownership is a driver of this trade, the attitudes—and their amenability to change—of a substantial proportion of consumers of exotic pets therefore remains untested.

In this study we employ an experimental survey to assess the potential for demand reduction messages to influence the desire of respondents to buy exotic pets of respondents in Brazil, China, and Vietnam, as representatives of key consuming regions. We also analyse the demographic factors that correlate with respondents' desire to own exotics, and examine whether this desire influences the effectiveness of treatment messaging or respondents' attitudes and beliefs regarding the impacts of exotic pet ownership.



METHODS

We surveyed 4,000 respondents, comprising 1,000 from each of Brazil, China, the USA and Vietnam. Respondents from the USA were included to permit comparison with results from Moorhouse et al. (2017a). Our sample size in each country was sufficient to meet the statistical power required for our experimental design. All questions were professionally translated from English into respondents' local language, and translations independently verified by native speakers. All questions were presented to all respondents: they answered six initial questions about their sex, age, educational level, income, occupation and household composition (whether respondents lived alone, with adults, or with children under 15 years of age). They were then asked “How do you feel about exotic pets?”—which we defined as “animals that are traditionally not domesticated for farming or in the house in close interaction with humans”—and asked to select one response from: “I have never owned an exotic pet and don't want to,” “I have never owned an exotic pet but would like to,” “I own at least one exotic pet” and “I have previously owned an exotic pet but don't at the moment.” Respondents who stated either that they had previously or currently, or would like to, own a pet, were then asked “How likely are you to buy an exotic pet in the next 2 years?” with options “Very likely,” “Quite likely,” “Neither likely nor unlikely,” “Quite unlikely” and “Very unlikely.”

Following these questions all respondents were shown the statement: “We're going to show you a series of exotic pets, with some information about each one. Some of the information may not be true about the pet, but for this exercise please assume that it is, and based on the information you are given, say how interested you would be in owning this” and sequentially shown 15 different pets, each accompanied by information about it. The identity of each pet was randomly selected from eight mammals, eight birds and eight reptiles, with five of each shown to any given respondent. Information for any pet was randomly selected from five possible types, of which one was control information and four types were treatment information. Control information comprised information about the pet's diet in captivity (Supplementary Table 1; Figure 1). Treatment information comprised text outlining the potential negative impacts of owning the pet for human disease/human harm, animal welfare, and the conservation status of the pet's wild populations, as well as the negative legal consequences of owning the pet (Supplementary Table 1; Figure 1). For any given pet all information presented was accurate [see Moorhouse et al., 2017a], with a small number of exceptions: of 120 statements (five statements for each of 24 different pets), 102 were accurate, and 18 were fabricated. Fabricated statements may or may not have been true (we found no evidence to support them, but they were nonetheless likely to be true—for example individuals from the majority of pet reptile species are likely to act as reservoirs for cryptosporidium; Supplementary Table 1), but were designed to sound plausible. These instances are highlighted in Supplementary Table 1. A further four statements were augmented with an additional word (again highlighted). This limited use of non-verified statements was required to permit full availability of control and treatment information across all experimental treatments—this in turn allowed for a balanced experimental design, minimizing the number of species required to deliver complete tests of each experimental treatment. For each pet/information combination respondents were asked to select a response from an eleven-point Likert-type scale (from 1—“I would never want to own this”—to 10—“I would definitely want to own this”) before being shown the next pet.


[image: Figure 1]
FIGURE 1. An example set of control and treatment statements for one species, the Russian tortoise, Testudo horsfieldii. From left to right, top to bottom are control, disease, welfare, legality, and conservation information statements.


Once all pets were rated, we asked respondents—from the USA and Brazil only, because respondents from China and Vietnam were required to participate in a further survey, the results from which are published elsewhere [see Moorhouse et al. (2020)]—to rate their level of agreement with eleven attitudinal statements divided across five broad, non-exclusive subject areas: (1) the likely source of exotic pets (wild caught or captively bred); (2) the degree of regulation of the market for exotic pets (3) consumer responsibilities (4) conservation impacts and; (5) welfare impacts (Table 1).


Table 1. Attitudinal statements, and the effect of respondents' stated likelihood of future purchase on their level of agreement with these figures.
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Statements within these subject areas were presented in random order. Ratings were made on a ten-point Likert-type scale, ranging from 1 = Disagree strongly to 10 = Agree strongly. Respondents from China and Vietnam were not asked to rate these statements, but were instead presented with another series of questions on a different topic [of traditional medicinal usage; see Moorhouse et al. (2020)], their answers to which would have been influenced by these attitudinal questions.

The survey was conducted in September 2018 and designed in collaboration with, and conducted by, a professional market-research company (Touchstone Partners Limited, http://www.touchstonepartners.co.uk) who coordinated respondent recruitment online through proprietary market research panels. Our sample size of 4,000 respondents was achieved after removing those who took less than one third of the median response time (a market research industry standard action to exclude disengaged respondents), and replacing these with additional respondents until the desired sample size was reached. Panelists were familiar with online surveys but not contacted so frequently as to have become unrepresentative of the wider population. All research was subject to ethical approval, references R57894/RE001, Oxford University CUREC.


Statistical Analysis

Initially we wished to understand what demographic factors might be associated with respondents' stated likelihood of purchasing an exotic pet in the future. We conducted an ordinal logistic regression analysis (implemented in Program R; Christensen, 2015; Christensen and Christensen, 2015) with a response variable derived from respondents' answers to the questions of “How do you feel about exotic pets” and the follow-up “How likely are you to buy an exotic pet in the next 2 years?” to create a six-point Likert-type scale. The lowest score (1) was awarded to the response “I have never owned an exotic pet but would like to” to the initial question, and then responses to the follow-up question were rated from 2 (=“Very unlikely”) to 6 (=“Very likely”) to construct a single metric ranging from 1 (=non-purchase) to 6 (=“very likely” to purchase). Available explanatory variables were respondents' age, sex, country or origin, level of education (six point scale from “high school certificate” to “PhD”), their relative income (a seven point scale in local currency), whether they had previously owned an exotic pet, and whether they had children under the age of 15 living in their house (included to discern the extent to which the presence of children was a motivation for adults to buy exotics).

We assessed the effect of the experimental treatment on desire to own each pet using repeated measures ordinal logistic regression (Christensen, 2015; Christensen and Christensen, 2015). We analyzed each taxon (mammals, birds, reptiles) separately, because, a priori, different taxa may have different levels of attractiveness for respondents from different countries, arising from cultural norms (e.g., Herzog, 2014; Statista, 2016), which could potentially affect responses to treatment messaging. For each analysis, therefore, the response variable was respondents' selected desire to own (a 1–10 Likert-type scale) each of five pets from a given taxon. Available explanatory variables were respondents' age (entered as a covariate), sex, country, education, treatment (a factor with five levels encoding the type of information accompanying each pet for a given respondent: control, conservation, disease, legality, welfare), education-level and the identity of each animal. We also included respondents' previously stated likelihood of purchasing an exotic (on a 1–6 scale) as a covariate, because this was likely to correlate both with their desire to possess a given animal, but also their response to treatment information. We included, a priori, an interaction between purchase likelihood and treatment to test for this effect. We also included a variable encoding the order in which each animal, with its accompanying information, was shown to the respondent in question (a covariate with a value of 1–15 where 1 was the first animal shown, 15 the last). This was included to account for the possibility that the repetition of treatment messages for each respondent may alter the effectiveness of different types of treatment information. We included the interaction of treatment*order to test whether the size and direction of the effect of treatment information might vary with repetition of treatment information. See Table 2 for a full list of explanatory variables.


Table 2. Factors affecting respondents' stated likelihood of purchasing an exotic pet in the new 2 years.
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We analyzed factors affecting the responses of participants from the USA and Brazil to the follow-up attitudinal questions using separate single measure ordinal logistic regression analysis for each statement (n = 11). Available explanatory variables were respondents' age, sex, country, education and income, and their previously stated likelihood of purchasing exotic pets (entered as a covariate, see Table 1).




RESULTS


Overview

We received full responses from 4,000 respondents, with 1,000 respondents from each of Brazil, China, the USA, and Vietnam for the 2018 survey. Exceptions to this were to the attitudinal questions, for which we elicited and received responses only from 2,000 respondents from the USA and Brazil.



Likelihood of Future Purchase

Likelihoods of purchasing exotic pets in the future varied between respondents' country of origin (Table 2), such that overall Chinese respondents were approximately half as likely to select higher purchase likelihoods than were respondents from Brazil, the reference level (post-hoc Wald test, z = −6.494, P < 0.01; odds ratio = 0.55). Respondents from the USA had equal likelihoods of future purchase to Brazilian respondents (post-hoc Wald test, z = −0.835, P = 0.404) while respondents from Vietnam were marginally more likely to select higher purchase likelihoods than those from the USA or Brazil (Wald test, Z = 2.003, P = 0.045; odds ratio = 1.19).

Respondents who had already owned an exotic were over nine times more likely to select a higher likelihood of purchasing one in the future than were respondents who had not (Table 2; odds ratio for the effect of prior ownership = 9.34). Of prior owners 77.3% stated that they were “quite likely” or “very likely” to buy an exotic, vs. 24.8% of those who had never owned an exotic. Conversely, 54.1% of non-owners stated they did not want to buy an exotic, vs. 0% of prior owners. Respondents' country and prior ownership were, however, partially conflated, such that 44.7% of Brazilian and 48.4% of Vietnamese respondents stated they had owned an exotic at some point, whereas in the USA and China these figures were 35.7 and 30.3%, respectively.

Older respondents selected lower future purchase likelihoods than did younger respondents. Of respondents under 34 (n = 1,994), 56.8% stated they were “quite likely” or “very likely” to purchase an exotic in the future, and 21.1% stated they did not want to buy one. For respondents over 55 (n = 424) these figures were 15.8% (likely) and 64.4% (did not want), respectively. Respondents with children in the home were 1.39 times more likely to select higher purchase likelihoods.



Effect of Experimental Treatment on Desire to Own

Respondents shown images of exotic pets accompanied by any type of treatment information selected a lower desire to own them than respondents shown the same images and control information (Figure 2). With control information, respondents' mean selected desire to own any animal (on a 1–10 scale) was 3.50 (s.d. 3.50) for mammals, 5.09 (s.d. 3.71) for birds and 3.05 (s.d. 3.47) for reptiles (Figure 2). When presented with treatment information these figures were 2.79 (3.33) for mammals, 4.04 (3.76) for birds and 2.49 (3.25) for reptiles, such that desire to own was 17.8, 16.1, and 18.3% lower, respectively (Tables 3A–C) in separate analysis of each taxon (Figure 2).


[image: Figure 2]
FIGURE 2. The mean desire to own a given pet, on a 1–10 scale, of respondents from each country, given each type of experimental treatment, for birds (open rhomboid symbols), mammals (closed circle symbols), and reptiles (open circle symbols). Error bars represent standard error.



Table 3. Factors affecting respondents' selected desire to purchase a given pet, for (A) mammals (B) birds (C) reptile.
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Wald tests for the effect of levels of treatment (disease, legality, welfare, conservation) revealed that disease information provoked a greater decrease, relative to controls, than did legality, welfare or conservation information (Figure 2): respondents' mean selected desire to own was lower by 27.2% (mammals), 25.5% (birds), and 28.1% (reptiles) when shown disease statements, but decreases relative to controls were smaller when respondents were shown legality (16.3, 15.2, 16.7% lower for mammals, birds, reptiles, respectively), welfare (18.1, 17.2, 18.5%) or conservation (20.0, 15.9, 19.8%) statements (Wald tests for relative effect of disease, compared with legality, welfare and conservation Z > 5.92, P < 0.01 for all taxa and treatment levels; Figure 2). There was no consistent evidence across different taxa of any substantial difference in the size of the effect of the remaining treatment levels (legality, welfare, conservation): across all taxa and statements the maximum difference in desire to own was 3.2% (Figure 2).

Respondents' selected desire to own a given pet was strongly correlated with their previously stated likelihood of future purchase (Figure 3). For mammals, mean desire to own increased from 1.08 (s.d. 2.17) to 5.07 (3.61); for birds these figures were 1.94 (2.90) to 6.57 (3.44), and reptiles 0.870 (2.00) to 4.69 (3.72). The relative effectiveness of treatment statements, however, did not vary with likelihood of future purchase in models in which this interaction term was entered (LRT effect of treatment*likelihood of purchase <4.5026, p > 0.3422 in all analyses).
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FIGURE 3. Mean desire to own (on a 1–10 scale) across all taxa and respondents, showing how this, and responses to experimental treatments, varies with respondents' previously stated likelihood of purchasing an exotic in the next 2 years.


Each analysis revealed a main effect of the order in which treatment messages were shown (Tables 3A–C), but repetition of treatment messages reduced selected desire to own by a mean of ≤ 7% across all analyses of bird, mammal and reptile pets, suggesting that the effect size was small.



Respondents' Agreement With Attitude Statements

Attitude statements were shown only to respondents from Brazil and the USA. Across all attitude/belief statements in the 2018 survey respondents' level of agreement with a given statement correlated strongly with their stated likelihood of future purchase (Figures 4A,B; Table 1).
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FIGURE 4. Mean level of agreement (or disagreement) of high likelihood purchasers of exotic pets (“+” symbols), medium likelihood purchasers (open circles) and low likelihood purchasers (“ × ” symbols) with attitudinal statements describing (A) the source of exotic pets, and the regulation of impacts of the purchase and (B) Consumers' responsibilities, and the conservation and welfare impacts of purchasing exotics.


For statements concerning the source of exotic pets, mean level of agreement with the statements “I can tell if an animal for sale was bred in captivity” and “I'm not worried about buying a pet that was caught from the wild” was low (respectively, 3.39 and 4.21 out of 10; Figure 4A). Odds rations reveal that respondents who had earlier selected the highest purchase likelihoods were, respectively, 5.58 and 4.30 times more likely to agree with these propositions than were non-buyers (Figure 4A; Table 1).

With respect to beliefs about market regulation, respondents disagreed overall with the propositions that “If buying exotic pets was bad for [conservation or animal welfare] shops wouldn't be allowed to sell them” (mean agreement 4.86 and 4.93 for conservation and animal welfare, respectively; Figure 4A) but high likelihood purchasers were 3.10 and 4.12 times more likely to agree (Table 1), such that their mean response was to express agreement with these propositions (Figure 4A). All respondents disagreed with the statement “I can trust traders not to sell animals from illegal sources” (mean agreement 3.33) but high likelihood purchasers were 5.97 times more likely than non-purchasers to select higher levels of agreement (Figure 4A; Table 1).

Regarding consumer responsibilities, all respondents disagreed with the proposition “It is not my responsibility to make sure exotic pets come from a sustainable source” (mean 3.70/10), but high-likelihood purchasers were twice as likely (odds ratio 1.88) to agree than were non-purchasers (Figure 4B; Table 1). They were also half as likely to agree that “People have a duty to make sure they don't buy pets that come from the wild,” although still agreeing with the proposition (odds ratio 0.45; mean agreement 7.72/10; Figure 4B; Table 1).

All respondents selected high agreement with the proposition that buying exotic pets could be bad for species conservation and animal welfare (means of 7.86 and 8.02, respectively) but high-likelihood purchasers were approximately half as likely to select higher levels of agreement than were non-purchasers (Figure 4B; Table 1). Similarly, respondents selected low agreement with “I'm not worried if buying exotic pets decreases wild populations” (conservation) and “I can give an exotic pet a better life than it would have in the wild” (welfare), but high-likelihood purchasers were, respectively, 3.13 and 7.61 times more likely to selected higher agreement with these than were non-purchasers (Figure 4B; Table 1), such that they overall agreed with the latter proposition (Figure 4B).




DISCUSSION

Respondents from all countries, and across all taxa, demonstrated a reduced desire to own a given exotic pet when shown any of the types of negative treatment statement in this study—but effect sizes of treatments were not equal. Statements describing the potential for transmission of zoonotic disease reduced stated desire to own by a mean of 26.9% relative to controls, compared with 16.1, 17.9, and 18.2% lower, for legality, welfare or conservation statements, respectively (Figure 2). These findings accord with the principal conclusion of Moorhouse et al. (2017a), that information campaigns focusing on the zoonotic disease consequences of exotic pet ownership were likely to have the greatest effect in lowering purchase desire. Our results confirm that the same conclusion applies to respondents across a range of nationalities and cultural backgrounds, not just to those from culturally Western countries. There was no evidence that respondents from Brazil, China or Vietnam responded to the treatment statements differently either to each other or to respondents from the USA (Figure 2).

A key correlate of respondents' desire to own a given exotic pet was their prior stated likelihood of purchasing an exotic in the next 2 years: the highest likelihoods correlated with desires to own that were ~3–5 times higher than those who selected the lowest likelihoods of future purchase (Figure 3). The relative effect of treatment statements remained the same across all likelihoods of future purchase: treatment respondents consistently gave stated desires to own that were lower than those of control respondents, albeit that for those with higher prior likelihoods of future purchase the relative stated desires of both control and treatment groups were comparatively higher than for those with lower future purchase likelihoods (Figure 3).

Respondents' stated likelihood of future purchase of exotics was most strongly influenced by a combination of their prior ownership of pets, their nationality and age. Respondents' age had a substantial effect on likelihood of future purchase, which declined across the range of ages in the survey (18–92) by 95%. Similar findings have been shown among purchasers of traditional medicines, with younger respondents expressing a greater desire to buy than older respondents (Coals et al., 2020; Moorhouse et al., 2020). The inverse correlation between age and desire to buy both medicines and pets suggests that older consumers do have different attitudes to the consumption of wildlife products to younger consumers, but we possess no data which would allow us to attribute a cause to the difference. Further work focussing on this topic is required. We have two speculative, and competing, explanations for our finding that prior ownership correlated with a 9-fold increase in respondents' wish to buy further exotics. This association could arise if a set proportion of any population possessed a high desire to own an exotic pet, with these people likely both to have already possessed exotics and to wish to do so in the future. More plausibly, familiarity with exotic pets (e.g., through prior ownership or contact with other pet owners) may increase people's desire to own one. This latter scenario would imply that if exotic pet ownership becomes increasingly common in a society, then increasingly more people would wish to own one. Our data tentatively support this latter interpretation, given that nationality (which, however, only partially acts as a proxy for various cultural and social norms; (Taras et al., 2016) was a primary correlate of desire to own an exotic, with Chinese respondents, for example, being substantially less likely to wish to buy an exotic in the future, compared with respondents from Brazil or the USA, who in turn expressed lower likelihoods than Vietnamese respondents. Taken together the above findings accord with the arguments of Herzog (2014) in suggesting that desire to own certain types of exotic pet is to some extent culturally embedded. As such these desires are likely to be highly amenable to change (Herzog, 2014), but this would require sufficient people's behavior to be influenced.

Repetition of different treatment types increased their overall effect in lowering respondents' desire to own pets. This effect was, however, minor: respondents rated 15 different animals, but mean desire to own was <7% lower for the last animal shown compared with the first. These findings permit the conclusion that having seen one message did not predispose respondents either to disregard the next, or conversely to treat the next message as substantially more serious than would otherwise have been the case. There was also no evidence that this repetition interacted with the type of message: repetition of statements did not have differential effects on different message types. Overall, therefore, we have a high degree of confidence that our experimental design, in testing multiple different animals and messages for each respondent, did not prejudice our results in favor of any given treatment.

Attitudinal questions were asked only of participants from the USA and Brazil, due to the Vietnamese and Chinese respondents being required for a separate, follow-on survey [see Moorhouse et al. (2020)]. Responses to these questions correlated strongly with respondents' stated likelihood of future purchase (Table 1; Figures 4A,B). In particular the mean response of high-likelihood buyers (those who stated they were “quite” or “very” likely to purchase an exotic pet in the future) appear to believe that buying exotic pets from shops would not give rise to negative welfare or conservation outcomes: their mean response to the proposition “If buying exotic pets was bad for [conservation or animal welfare] shops wouldn't be allowed to sell them” was to agree, whereas respondents with low likelihoods (non-buyers and those who chose “quite” or “very” unlikely) and moderate likelihoods (“Neither likely nor unlikely”) disagreed (Figures 4A,B). Similarly, high likelihood buyers also agreed with the proposition that they could identify wild animals that had been bred in captivity and that they could provide a better quality of life for an exotic pet than it could have in the wild, while other respondents disagreed. These findings in particular, and responses shown in Figures 4A,B in general, indicate that high-likelihood purchasers possess a set of beliefs that enable them to justify buying exotic pets on the grounds that their purchases would not give rise to negative outcomes for those animals—and indeed may improve those animals' lives.

The trade in wildlife for pets, medicines and luxury items is now the joint largest driver of the global decline in biodiversity (along with agriculture): of the species listed as threatened or near-threatened by the IUCN, 72% are being exploited at unsustainable rates (i.e., at rates that cannot be compensated for by reproduction or regrowth) for commerce, recreation or subsistence (Maxwell et al., 2016). The conditions in which species are transported and the purposes for which they are used also create substantial animal welfare concerns globally (Baker et al., 2013). As a tool for combating the demand underpinning this trade, social marketing campaigns arguably are not achieving their potential—at least partially due to a lack of reporting of the effectiveness of approaches and correlates of success (Olmedo et al., 2018; Veríssimo et al., 2018; Veríssimo and Wan, 2019). A recent study concluded that of 236 such campaigns, only a quarter reported on outcomes (e.g., changes in the target audience regarding, for example, knowledge, attitudes, or behavior) and <9% reported on conservation impacts (Veríssimo and Wan, 2019). Our approach in this study has been to experimentally test which messages are likely to be successful as a step toward improving impacts, by providing data to underpin the initial selection of messaging, so campaigns can focus on those messages most likely to influence consumers' behavior.

In conclusion, informing potential pet owners of the negative impacts of the purchase, in particular of the potential zoonotic disease impacts, was shown to lower demand for exotic pets. We also speculate that societal norms are likely to influence individuals' desires to own exotic pets. Respondents' nationality, age, and previous ownership of exotic pets all predispose them to be more likely to wish to buy a given exotic, notwithstanding that all of our respondents, regardless of background and prior disposition, reacted similarly to similar information. Taken together our evidence argues that demand reduction approaches on this topic are suitable for application to diverse audiences, but that the reduction in purchase desire of audiences that have a higher underlying disposition toward pet purchase is likely to still result in substantial numbers desiring to buy an exotic (Figure 3). Finally, our study reveals that the respondents most likely to buy pets in the future possess a series of beliefs that could facilitate this purchase while maintaining a self-image of being ethical (e.g., Bazerman et al., 1998; Tenbrunsel and Messick, 2004; Sezer et al., 2015). In particular they believed that shops were well-regulated, and that they were able to distinguish captively-bred from wild caught animals. Future research might investigate whether messaging designed to combat these beliefs may be effective at further lowering purchase desire among high-likelihood purchasers.

On the basis of these results, and those of Moorhouse et al. (2017a), we strongly recommend leveraging consumers' desire to avoid zoonotic disease consequences—especially in the light of the COVID-19 pandemic, which this study preceded (see submitted short communication)- by highlighting the zoonoses each species is known to harbor (see Supplementary Table 1). Our suggestion is not that demand reduction campaigns should indiscriminately invoke fear of disease to achieve their goals but that when consumers are made aware of the existence of genuine, potential disease risks, this awareness negatively influences their desire to acquire particular species. This approach could be used to encourage the substitute purchase of non-exotic species, or to advise that exotics are sourced either from rescue centers or from legitimate captive-breeders in the consuming country, thereby reducing the global demand for wild-caught individuals.
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