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Abstract

The exotic pet trade is a wicked problem involving economic, social, political, ethical, and environ-
mental dimensions, which cannot be resolved using conventional management strategies that are
informed by restricted expertise. In 2023, we surveyed 26 government agency personnel and 57
academic researchers in the United States who focus on the risks of the exotic pet trade to ascertain
how experts characterize the wicked problem of the exotic pet trade and their support for conven-
tional versus collaborative management of the trade. Both academic and agency respondents framed
the ecological risks associated with the exotic pet trade similarly, expressing greatest concern about
species invasions and pathogen transmission to native species. Respondents exhibited low levels of
trust in stakeholders in the exotic pet trade, considering it likely that all stakeholders (except the
commercial industry) would fail to comply with pet trade regulations. Agency respondents tended to
agree that current regulations have been effective in mitigating invasion risks while academic respon-
dents disagreed that current regulations adequately mitigate the invasion and disease risks of the pet
trade or overexploitation of species. Agency respondents were more likely to agree that regulations are
enforceable. All respondents were supportive of additional federal regulations of the exotic pet trade.
Our findings are consistent with the argument that wicked problems are perpetuated because man-
agers and scientists default to conventional cause-effect problem statements and top-down manage-
ment approaches that focus on management structure and execution. Transitioning from top-down
regulatory approaches to collaborative decision making, in which agencies, scientists, and exotic pet
trade stakeholders work together to resolve the wicked problem of the exotic pet trade, would build

trust and allow for flexible, adaptive management of the trade.

Key words: Collaborative management, disease risk, invasion risk, management, policy, regulation,

structured decision-making

Introduction

Current conservation conflicts are typically wicked problems, which cannot be
resolved using conventional management actions (Game et al. 2014; Mason et al.
2018). In their seminal paper, Rittel and Webber (1973) coined the term ‘wicked

problem’ when they argued that policy problems are not mathematical problems
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that can be efficiently resolved using scientific methods based on Newtonian
mechanistic physics (which assumes that the universe is predictable, controllable,
and law-abiding). Rather, conservation conflicts are complex, multifaceted issues
with no clear solutions due to their interconnectedness, ambiguity, and diverse
stakeholder involvement (Adams et al. 2019; Cosens et al. 2020). According to
Rittel and Webber (1973), scientists and agencies fail to attain desirable, socially
acceptable outcomes because they adopt an engineering approach in which scien-
tific knowledge and models are applied to problems without first critically defining
and locating problems. Scientists and agencies thus fail to distinguish between
observed and desired conditions, assess the true causes of conflicts, or acknowledge
that actions within complex socio-ecological systems may generate more severe
problems (Rittel and Webber 1973; Game et al. 2014; Mason et al. 2018). The
result is that the public and stakeholders lose trust in scientists and managers, who
do not account for diverse and competing interests and world views, unintended
and irreversible consequences of policy actions, and inequities (Rittel and Webber
1973; Game et al. 2014; Mason et al. 2018).

The exotic pet trade is indeed a wicked problem. Trade in exotic pets is a key
driver of global environmental change (Robinson et al. 2015; Auliya et al. 2016b),
contributing to invasion and disease risks, overexploitation of species, extinction
of imperiled species, ecological disruptions, and biodiversity loss (Brown 2006;
Hulme 2015). However, the exotic pet trade also involves social, economic, po-
litical, and ethical dimensions (Sinclair et al. 2021), intersecting with issues of
animal welfare, public health risks (e.g., zoonotic diseases), economic well-being,
cultural practices, competing stakeholder interests, and power inequities (Smith et
al. 2012; Bush et al. 2014; Lockwood et al. 2019; Marra 2019). In defining the
problem of the exotic pet trade, scientists and managers must account for ecosys-
tem impacts, the welfare of traded animals (Pasmans et al. 2017; Warwick et al.
2018), legal frameworks (Pratt et al. 2024), social, psychological, and economic
drivers of the pet trade (Hausmann et al. 2023; Pienaar and Sturgeon 2024), and
different spatial scales at which impacts of the trade are manifest (Sinclair et al.
2021). Unfortunately, growing social and political conflicts pertaining to the ex-
otic pet trade clearly demonstrate that conventional management strategies have
failed to resolve the problems posed by the trade (Episcopio-Sturgeon and Pienaar
2019). We focus on the wicked problem of the exotic pet trade in the United States
of America (US). The US contains the largest volume and most diverse array of
exotic pets globally (Stringham et al. 2021) but inconsistent and incomplete regu-
lations pertaining to the exotic pet trade have failed to mitigate the risks posed by
the trade (Burgos-Rodriguez & Burgiel 20205 Pratt et al. 2024).

When considering the exotic pet trade, researchers have largely analyzed the
ecological consequences of introducing non-native species into new environments
(Brown 2006; Auliya et al. 2016a; Lockwood et al. 2019; Gippet and Bertelsmei-
er 2021), and the welfare of traded animals, specifically transportation, housing,
and the psychological and physical well-being of exotic pets (Baker et al. 2013;
Warwick et al. 2016; Whitehead 2016; Toland et al. 2020). Government agencies
and NGOs, on the other hand, have typically focused on regulations to control
and manage the trade, aiming to curb illegal trafficking and regulate ownership
(Baker et al. 2013; Pratt et al. 2024). Agencies and NGOs have also focused on
outreach efforts designed to educate the public about the ethical and ecological
implications of the exotic pet trade and to reduce demand for and release of exotic
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pets. However, these efforts have been undermined by unintended consequences
(Levin et al. 2012), resistance by stakeholders with vested interests or conflicting
world views (Waddock and Lozano 2013), changing societal values, technological
advancements that make current efforts outdated, and increased online commerce
(Bammer 2005; Oppenheimer 2011; Bertuol-Garcia et al. 2018). Management
of the exotic pet trade has been further complicated by lack of comprehensive
data on the number and species of exotic pets in the trade (Rhyne et al. 2012;
Sinclair et al. 2021), limited agency resources and personnel to monitor and en-
force written policies (Reeve 2006; Fonseca et al. 2021), jurisdictional barriers
to interagency management of the exotic pet trade, and inconsistent regulations
pertaining to the exotic pet trade (Pratt et al. 2024).

Despite clear evidence that the exotic pet trade is a wicked problem, manag-
ers and scientists may be resistant to pivoting from conventional “best practice”
management approaches that are designed to address single objectives in simple
environments to developing strategies that address complexity (Game et al. 2014;
Mason et al. 2018). “Best practice” actions that treat the exotic pet trade as a con-
ventional cause-effect problem are far easier to implement because they replicate
past, known practices and are suited to current institutional structures (Game et
al. 2014). Conventional management involves top-down decision making, which
is informed by restricted expertise, and fails to predict the potential impacts of
management decisions on complex, dynamic environments (Game et al. 2014;
McEachran et al. 2024; Cook et al. 2025). Although agencies claim to engage
in adaptive management, management actions are typically focused on feedback
controls because this reduces cognitive effort and resources needed for planning by
allowing managers to apply simple mental models and rules of thumb (Game et al.
2014; McEachran et al. 2024). Rather than investing in understanding complex
systems, managers focus on management structure and execution (Game et al.
2014), which may result in a “Type III error’ (finding a good solution to the wrong
problem; Mitroff and Silvers 2010).

To help inform efforts to improve the management of the exotic pet trade in the
US, we conducted an initial, exploratory investigation of how experts characterize
the wicked problem of the exotic pet trade and their support for conventional
versus collaborative management of the trade. We focused on invasion scientists
who work for state and federal government agencies and academic institutions in
the US because these individuals comprise the experts who typically inform policy
and management efforts. Although the US Fish and Wildlife Service (USFWS) is
the primary federal agency that enforces laws related to the exotic pet trade, states
retain most regulatory authority over the trade (Pratt et al. 2024). State agencies
use a mix of prohibited lists of species that may not be legally imported or owned
(commonly referred to in the wildlife trade literature as ‘blacklists’) and lists of
approved species for import and ownership (commonly referred to as ‘whitelists;
Hulme 2015; Bowen 2021) to regulate the pet trade within their state (Pratt et al.
2024). We examined agency personnel and academic researchers’ 1) perceptions
of the risks and benefits posed by the exotic pet trade, 2) knowledge of current
exotic pet regulations, 3) perceptions of the effectiveness of current regulations in
mitigating risks, 4) opinions on the constraints to effective regulation of the trade,
and 5) support for additional management of the exotic pet trade. We further ex-
amined whether experts believed that state agencies’ risk perceptions pertaining to
the exotic pet trade match their personal risk perceptions.

NeoBiota 97: 279-299 (2025), DOI: 10.3897/neobiota.97.137706 281



Elizabeth N. Pratt et al.: Scientists' perspectives of exotic pet trade

Methods
Questionnaire design

We designed an online questionnaire to be administered to individuals specializing
in invasion science and working for universities or state and federal wildlife or
agricultural agencies. In addition to asking respondents their gender, age, and edu-
cation level, we collected information about their professional experience, the state
they work in, the agency or university they work for, and their job titles.

Perceived risks and benefits associated with the exotic pet trade

Before asking agency personnel about the risks that the exotic pet trade poses, we
asked them to indicate the exotic pets (hereafter, species) over which their agency
has regulatory authority (‘birds’, ‘rodents’, ‘large carnivores’, ‘primates’, ‘other mam-
mals’, ‘reptiles’, ‘amphibians’, ‘fish’, ‘mollusks’, ‘crustaceans’, ‘insects/arachnids’).
Agency personnel who stated that their agency had no regulatory authority over
exotic pets, or they did not know which exotic pets their agency regulated, were
asked to identify which species they thought posed risks within their state. We asked
academic researchers which species they study or consider risks within their state.

For each of the species that respondents selected, we asked how concerned they
were that trade in these species as pets would result in 1) transmission of patho-
gens to humans, native animals, and agricultural industries, 2) species invasions,
3) unregulated harvest of wild populations of species, and 4) extinction of native
species (‘not at all concerned’, ‘slightly concerned’, ‘moderately concerned’, ‘con-
cerned’, or ‘very concerned’). We also asked respondents to indicate their state
agency’s concern pertaining to trade in these species as exotic pets (‘N/A; I do
not know’ response provided for respondents who were uncertain about their
agency’s regulatory authority over the exotic pet trade). Finally, all respondents
indicated their personal and agency concern about whether exotic pet owners
would voluntarily comply with exotic pet regulations.

As a further measure of risk perceptions, we asked respondents the likeli-
hood that the commercial pet industry (large wholesale and retail enterprises
that breed or sell exotic pets at high volumes, and may be part of a national chain
of stores), the hobbyist industry (smaller home-based enterprises that breed or
sell pets at low volumes, and specialize in specific taxa or species of pets), the
exposition industry (enterprises that participate in events where pet breeders and
sellers gather to exhibit and sell pets, e.g. Repticon, https://repticon.com/), and
exotic pet owners (who do not breed, sell, or exhibit exotic pets) would comply
with existing exotic pet regulations, or engage in illegal behavior pertaining to
the trade and release of pets (‘very unlikely’, ‘unlikely’, ‘neither likely nor unlike-
ly’, ‘likely’, ‘very likely’, ‘I do not know/I do not have any experience with this
group’). We also asked respondents how likely they thought it was that these dif-
ferent stakeholders in the pet trade would contribute to invasion risks, pathogen
transmission risks, overexploitation of wild populations, and species extinctions
in the US (‘not at all likely’ to ‘extremely likely’). Respondents indicated what
percentage of the animals traded by the commercial, hobbyist, and exposition
industries they thought were healthy (i.e., free of pathogens). Finally, respon-
dents stated how often they thought exotic pet owners deliberately released their
pets into the wild (‘never’, ‘rarely’, ‘sometimes’, ‘often’).
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We assessed respondents’ perceptions of the benefits of the exotic pet trade by
asking them whether they agreed that the exotic pet trade is beneficial to the econ-
omy, and the exotic pet trade helps conserve endangered species (‘strongly dis-
agree’, ‘disagree’, ‘neither agree nor disagree’, ‘agree’, ‘strongly agree’).

Knowledge of exotic pet regulations

We assessed all respondents’ knowledge of current exotic pet regulations in their state
(I know ‘all’, ‘some’, or ‘none’ of the exotic pet regulations in my state). To measure
agency respondents’ knowledge of their agency’s regulatory authority over the exotic
pet trade, we asked if their agency had jurisdiction over the exotic pet trade (‘yes,
all exotic pets, ‘yes, some exotic pets’, ‘maybe/l am not sure’, and ‘no’), as well as
what type of regulation their agency uses (‘whitelists’, ‘blacklists’, ‘both whitelists
and blacklists’, ‘neither’). We further asked if respondents were familiar with pro-
posed amendments to the federal Lacey Act (‘yes', ‘no’, ‘I do not know’). Recently,
to promote increased enforcement of regulations for the exotic pet trade, the House
of Representatives proposed HR 4521 (i.e., America COMPETES Act or Lacey Act
Amendments; hereafter, Lacey Act Amendments). Three fundamental changes to the
importation of species into the US and interstate trade of animals were proposed,
namely: 1) the creation of a list of approved species that can be imported into the US,
where any animal not listed is treated as an injurious species by default and banned
from importation; 2) changes to the Lacey Act shipment clause to ban the interstate
transport of species listed as injurious; and 3) conferral of new emergency powers that
would provide the USFWS with the ability to prohibit the importation of injurious
species for up to three years. If passed, the Lacey Act amendments would reduce
inconsistencies in exotic pet trade regulations. Finally, we asked agency respondents
to list other agencies (if any) with jurisdiction over the exotic pet trade in their state.

Perceptions of current exotic pet regulations

All respondents indicated how effective they thought exotic pet regulations in their state
(as currently written) were in preventing invasion risks, disease risks, overexploitation
of species, and species extinction (‘not at all effective’, ‘slightly effective’, ‘moderately ef-
fective’, ‘effective’, ‘very effective’, ‘I do not know’). To obtain further insights, we asked
respondents if; to the best of their knowledge, current regulations are being enforced,
or can realistically be enforced in their state. Respondents also indicated whether they
agreed that 1) jurisdictional barriers between agencies, 2) lack of agency funding and,
3) lack of trained agency staff prevents effective regulation of the pet trade, and that
4) agency staff have difficulty in identifying different species (‘strongly disagree’ to
‘strongly agree’). As a final measure of respondents’ perceptions of the effectiveness of
regulations, we asked whether they agreed that current regulations adequately mitigate
invasion risks, disease risks, overexploitation of species, and extinction risks, and that
current regulations are enforceable (‘strongly disagree’ to ‘strongly agree’).

Support for altered regulation and management of the exotic pet trade

Respondents indicated whether they supported trade in native and non-native
animals as pets within their state (‘strongly oppose’, ‘somewhat oppose’, ‘nei-
ther oppose nor support’, ‘somewhat support’, ‘strongly support’). We assessed
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respondents’ support for proposed exotic pet regulations by asking them wheth-
er they support the Lacey Act Amendments. Respondents also stated wheth-
er they thought collaboration between their state agency and the commercial,
hobbyist, and exposition industries (i.e., co-management of the exotic pet trade)
would be 1) likely to occur (‘not at all’ to ‘extremely’ likely), and 2) effective in
improving compliance with exotic pet regulations (‘not at all’ to ‘very’ effective).
Finally, respondents indicated whether the risks associated with the exotic pet
trade would be effectively mitigated by implementing 1) a three-day waiting
period before a potential owner can collect a pet from the store, 2) allowing
owners to return their animal to the pet store at no penalty to them, 3) tagging
animals through skin or pit tags before they can be taken home so owners of
released pets can be identified, and 4) adding a sales tax to exotic pet purchases
to help fund agency efforts to regulate the pet trade.

Pretesting and ethics approval

We pretested this survey with four human dimensions, strategic communica-
tion, and invasion ecology experts. The Institutional Review Board at the Uni-
versity of Georgia reviewed the final survey and determined it was exempt (ID:

PROJECT00006638).

Data collection

Data collection occurred from January to April 2023. We compiled a list of pub-
licly available email addresses for adults (aged > 18 years) who engaged in inva-
sion science and worked for universities or state or federal wildlife or agricultural
agencies across the US. We targeted these experts because they are most likely to
inform or implement management actions, based on their understanding of 1)
which species pose invasion risks within the state in which they reside, 2) what
measures (e.g., trade regulations) are needed to mitigate these invasion risks, and
3) how state agencies have responded to invasion risks. We sent an initial email
invitation to participate in our study, followed by < 9 reminders (-2/month) if par-
ticipants had not completed the survey. Once participants completed the survey,
they did not receive reminders. Individuals who elected not to participate in our
study received no follow-up emails.

Data analysis

We performed all statistical analyses with SPSS version 28.0 and R version 4.0.4.
We used Kruskal Wallis H tests to test for differences in 1) survey responses by
agency personnel and academic researchers and 2) responses pertaining to personal
versus agency risk perceptions.

Results

We received 26 agency personnel responses from 99 email-delivered surveys (-26%
response rate), with 20 responses from state agency representatives and six from
federal agency representatives. We received 57 academic researcher responses from
146 email-delivered surveys (-39% response rate).
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Most respondents (62.7%) identified as male (Table 1). The median age category
for respondents was 45—54 years, and the median education level was an advanced
degree. Most academic respondents had > 11 years of professional experience in inva-
sion science, with job titles including associate professor, unit leader, and research bi-
ologist/ecologist. Most agency respondents had > 11 years of professional experience,
and had worked 35 years in their current position, with job titles including conser-
vation biologist, division director, program coordinator, and research manager.

Perceived risks and benefits associated with the exotic pet trade

Agency respondents most frequently reported that small mammals (excluding ro-
dents, 61.5%), reptiles (53.8%), amphibians (50.0%), birds (50.0%), and fish
(50.0%) were the species over which their agency had regulatory authority (Suppl.
material 1: table S1). Academic respondents most frequently reported that they re-
searched or were concerned about risks posed by fish (63.2%) and mollusks (54.4%).
Agency and academic respondents expressed similar levels of concern pertaining to
species invasions, pathogen transmission to native species, agricultural industries, and
humans, unregulated harvest, and extinction of wild populations owing to the exotic
pet trade (Fig. 1; Suppl. material 1: tables S2-S7). However, agency and academic
respondents differed in their perceptions of the state agency’s concern about trade in
crustaceans resulting in the extinction of wild species (H(1)=3.888, p = 0.049).

Table 1. Demographic characteristics and professional experience of survey respondents, January-April 2023 (n = 83).

Agency (n = 26) Academic (n = 57) Total (n = 83)
Number % Number % Number %
Gender
Male 15 57.7 37 64.9 52 62.7
Female 10 38.5 20 35.1 30 36.1
Prefer not to say 1 3.8 0 0.0 1 1.2
Age
25-34 years 1 3.8 4 7.0 5 6.0
35-44 years 9 34.6 17 29.8 26 31.3
45-54 years 11 42.3 16 28.1 27 32,5
55—64 years 5 19.2 14 24.6 19 22.9
265 years 0 0.0 6 10.5 6 7.2
Education
Bachelor’s degree 7 26.9 0 0.0 7 8.4
Advanced degree 19 73.1 57 100.0 76 91.6
Length of employment
<1 year 0 0.0 1 1.8 1 1.2
1, 2 years 0 0.0 0 0.0 0 0.0
3-5 years 2 7.7 4 7.0 6 7.2
6-10 years 6 23.1 10 17.5 16 19.3
211 years 18 69.2 42 73.7 60 72.3
Time in current position
<1 year 3 11.5 - - - -
1, 2 years 4 15.4 - - - -
3-5 years 7 26.9 - - - -
6-10 years 6 23.1 - - - -
>11 years 6 23.1 - - - -
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Agency respondents Academic respondents
Birds (n=13) Birds (n=11)
Rodents (n=12) Rodents (n=6)
Mammals (n=16) Mammals (n=9)
Reptiles (n=14) Reptiles (n=20)

Amphibians (n=13) Amphibians (n=16)

Fish (n=13) Fish (n=36)
Mollusks (n=12) Mollusks (n=31)

Crustaceans (n=10) Crustaceans (n=24)

Insects/arachnids (n=4) Insects/arachnids (n=13)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Not at all concemed = Slightly concerned m Moderately concerned m Concemed m Very concerned Not at all concemed = Slightly concerned m Moderately concerned m Concemed m Very concemned

(A) Risk of species invasions

Agency respondents Academic respondents
Birds (n=14) Birds (n=11)
Rodents (n=12) Rodents (n=6)
Mammals (n=19) Mammals (n=9)
Reptiles (n=18) Reptiles (n=20)

Amphibians (n=18) Amphibians (n=16)

Fish (n=18) Fish (n=36)
Mollusks (n=14) Mollusks (n=31)

Crustaceans (n=11) Crustaceans (n=24)

Insects/arachnids (n=10) Insects/arachnids (n=13)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 1
Not at all concerned = Slightly concerned m Moderately concerned m Concerned m Very concerned Not at all concerned = Slightly concerned m Moderately concerned m Concerned m Very concerned

(B) Risk of pathogen transmission to native species

g

Birds (n=14) B Birds (n=11) —
Rodents (n=12) [ Rodents (=6) I
Nemmals (n=19) I Memmals (n=0) |
Reptiles (n=18) I Reptiles (n=20) ey |
Amphibians (n=18) - s Amphibians (n=16) ]
Fish (n=18) | Fish (n=36) IS
Wollusks (n=14) o . Wollusks (n=31) I
Crustaceans (n=11) I ] Crustaceans (n=24) ]
Insects/arachnids (1=10) - I Insects/arachnids (n=13) B
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Not at all concerned = Slightly concerned ® Moderately concerned  Concerned m Very concerned Not at all concerned = Slightly concerned m Moderately concerned  Concerned m Very concerned
(C) Risk of pathogen transmission to agricultural industries (livestock, poultry, aquaculture)
Agency respondents Academic respondents

Figure 1. Respondents’ risk sensitivity to threats posed by the exotic pet trade. Respondents answered the question: “How concerned are you
about the possibility that trade in the following animals (as pets) will result in A species invasions B pathogen transmission to native species
C pathogen transmission to agricultural industries (livestock, poultry, aquaculture), and D pathogen transmission to humans in your state

E unregulated harvest of wild species, and F extinction of wild species within the US?” ‘Mammals exclude rodents, primates, and large carnivores.

Agency respondents’ personal concern about the risks posed by the exot-
ic pet trade was similar to their perceptions of how concerned agencies were
about these risks. Academic respondents’ personal concern about pathogen
transmission risks and the risks of unregulated harvest of wild populations
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Bids (=14) ] Bics (1=11) ]
Fodents (=12) — | Fodents (-6) .
arrmal (=19 P ] ) ]
Reptiles (n=18) by ] Reptiles (n=20) L ]
Amphibians (n=18) . Amphibians (n=16) ]
Fish (n=18) ey | Fish (n=36) ]
Mollusks (n=14) ey | Mollusks (n=31) | |
Crustaceans (n=11) ey | Crustaceans (n=24) ]
Insects/arachnids (n=10) ] Insects/arachnids (n=13) I
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Not at all concerned = Slightly concerned m Moderately concerned m Concerned m Very concerned Not at all concerned 1 Slightly concerned m Moderately concerned m Concerned m Very concerned
(D) Risk of pathogen transmission to humans

Birs =14 I Bids (n=11) I

Rodents (n=12) ] Rodents (n=6)
Mammals (n=19) e ] Memmals (n=9) . |
Feplies (1=18) [ Repties (1=20) L .
mptibians (1=18) — ] mptibians (1=16) L I—
Fish (n=18) | | sh (n=36) |
Mollusks (n=14) ] Mollusks (n=31) -
Crustaceans (n=11) ] Crustaceans (n=24) -
Insects/arachnids (n=10) | | Insects/arachnids (n=13) |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Not at all concerned ightly [ ] yconcerned m Concerned m Very concerned Not at all concerned 1 Slightly concemed m Moderately concerned m Concerned m Very concemned
(E) Risk of unregulated harvest of wild species
Agency respondents Academic respondents

Birds (n=14) Birds (n=11)

Rodents (n=12) Rodents (n=6)

Mammals (n=19) Mammals (n=9)

Reptiles (n=18) Reptiles (n=20)

Amphibians (n=18) Amphibians (n=16)

Fish (n=18) Fish (n=36)
Mollusks (n=14) Mollusks (n=31)

Crustaceans (n=11) Crustaceans (n=24)

Insects/arachnids (n=10) Insects/arachnids (n=13)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Not at all concerned 1 Slightly concemed m Moderately concerned m Concerned m Very concemned Not at all concerned 1 Slightly concemed m Moderately concerned m Concerned m Very concerned

(F) Risk of extinction of wild species

Figure 1. Continued.

was also similar to perceived agency concern about these risks. However, ac-
ademic respondents stated that, in their opinion, they were more concerned
than agencies were that trade in pet amphibians and reptiles (median=‘very
concerned’) would result in species invasions (amphibians: median="mod-
erately concerned’s H(1)=5.847, p = 0.016; reptiles: median="concerned’;
H(1)=5.168, p = 0.023; Fig. 2). Similarly, academic respondents stated that
they were more concerned (median=‘concerned’) than agencies (median="mod-
erately concerned’) that trade in pet reptiles would result in extinction of wild

populations (H(1)=4.969, p = 0.026).
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Figure 2. Academic respondents’ personal concern about the invasion and extinction risks associated with the exotic pet trade, and their
perceptions of state agencies’ concern about these risks. Respondents who stated that they did not know how concerned the state agency

was about these risks are excluded from the figure.

On average, agency and academic respondents were concerned about exotic pet
owners voluntarily complying with pet trade regulations (Suppl. material 1: table
S8). Agency respondents indicated that their concern about pet owners complying
with regulations was similar to the state agency’s perceived concern about compli-
ance. In contrast, academic respondents argued that their concern about pet own-
ers complying with regulations exceeded agency concern (H(1)=8.588, p = 0.003).

Academic and agency respondents expressed similar opinions about which
pet trade stakeholders would comply with current regulations and illegally trade
and release exotic pets. They considered that hobbyist breeders and sellers, the
exposition industry, and exotic pet owners were unlikely to comply with reg-
ulations and were likely to illegally trade and release exotic pets, whereas the
commercial industry would be likely to comply with regulations and unlikely
to engage in illegal behaviors (Suppl. material 1: fig. S1, tables S9, S10). Agen-
cy and academic respondents also expressed similar opinions about the prob-
ability that these four stakeholder groups would contribute to invasion risks
(mean responses for agency respondents ranged from 6.2—7.0, mean responses
for academic respondents ranged from 6.9-8.0 where ‘not at all likely’=0 and
‘extremely likely’=10; Suppl. material 1: fig. S2), pathogen risks (agency respon-
dents: 6.5<mean<7.0, academic respondents: 6.1<mean<7.1; Suppl. material 1:
fig. $3) and species extinctions in the US (agency respondents: 4.1<mean<4.6,
academic respondents: 4.3<mean<4.9; Suppl. material 1: fig. S4, Table S11).
However, academic respondents thought the hobbyist industry was more likely
to contribute to the overexploitation of wildlife in the US (6.3 * 2.7) than agen-
cy respondents (4.8 £ 2.6; t = -2.454, p = 0.009; H(1)=5.873, p = 0.015; Suppl.
material 1: fig. S5). On average, respondents thought that 57.8% of animals
traded by the commercial industry were healthy, 55.0% of animals traded by the
hobbyist industry were healthy, and 50.2% of animals traded by the exposition
industry were healthy (Suppl. material 1: table S12). Most respondents (90.4%)
thought exotic pet owners deliberately release their exotic pets into the wild at
least sometimes (Suppl. material 1: table S13). Most respondents also disagreed
that the exotic pet trade benefits the economy (54.2%) or helps to conserve
endangered species (88.0%; Suppl. material 1: table S14).
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Knowledge of exotic pet regulations

In total, 10 agency respondents (38.5%) and 7 academic respondents (12.3%)
were aware of all exotic pet regulations in their state (42.3% of agency respon-
dents and 68.4% of academic respondents were aware of some regulations).
The majority of respondents (65.4% of agency respondents, 66.7% of academic
respondents) were unaware of the Lacey Act amendments prior to the survey.
Regarding regulatory approaches, 33.3% of agency respondents indicated that
their agency uses lists of prohibited species, while 4.8% reported using lists of
species that may be legally owned and traded. Additionally, 33.3% of agency
respondents stated that their agency employs both types of lists (prohibited and
authorized species), 23.8% reported using neither type of list, and 4.8% were
uncertain or unaware of their agency’s regulatory approach. Finally, 81.0% of
agency respondents reported shared jurisdiction over the exotic pet trade, pri-
marily between the state agricultural and wildlife agencies.

Perceptions of current exotic pet regulations

On average, agency respondents considered current exotic pet regulations
in their state to be moderately effective in preventing disease risks, invasion
risks, overexploitation of species, and extinction, whereas academic respon-
dents considered regulations to be slightly effective (Suppl. material 1: fig. S6,
table S15). Agency respondents were more likely to agree that current reg-
ulations adequately mitigate invasion risks (median=‘somewhat agree’) than
academic respondents (median="somewhat disagree’; H(1)=4.884, p = 0.027;
Fig. 3, Suppl. material 1: table S16). Agency respondents were also more like-
ly to agree that current regulations adequately mitigate species overexploita-
tion (median=‘neither agree nor disagree’) than academic respondents (medi-
an=‘somewhat disagree’; H(1)=6.552, p = 0.010).

Respondents most frequently stated that current regulations are enforced
sometimes (61.9% of agency respondents, 45.7% of academic respondents;
Suppl. material 1: table S17). Only seven agency respondents (33.3%) and
11 academic respondents (23.9%) thought regulations could realistically be

Agency respondents (n=21) Academic respondents (n=46)

Current regulations adequately mitigate invasion risks

Current regulations adequately mitigate disease risks

Current i mitigate

Current regulations adequately mitigate extinction risks

Current regulations are enforceable

Current regulations adequately mitigate invasion risks _

Current regulations adequately mitigate disease risks

Gurent ‘ miigate ot _ I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly disagree m Somewhat disagree i Neither agree nor disagree m Somewhat agree m Strongly agree m Strongly disagreem Somewhat disagree = Neither agree nor disagree ® Somewhat agree m Strongly agree

Figure 3. Respondents’ agreement with statements about exotic pet regulations in their state.
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enforced in their state. Agency personnel were more likely to agree that cur-
rent regulations are enforceable (median="somewhat agree’) than academic re-
searchers (median="somewhat disagree’; H(1)=5.468, p = 0.019). Respondents
most strongly agreed that lack of agency funding prevents effective regulation
of the exotic pet trade (Fig. 4, Suppl. material 1: table S18). On average,
respondents neither agreed nor disagreed that agency staff have difficulty in
identifying different species in the pet trade.

Support for altered regulation and management of the exotic pet trade

On average, both agency and academic respondents somewhat opposed the
sale of non-native animals as pets in the US (Suppl. material 1: table $19).
However, agency respondents were more opposed to the sale of native spe-
cies as pets in the US than academic respondents (H(1)=12.951, p < 0.001).
Agency and academic respondents did not differ in their support for proposed
Lacey Act amendments (Table 2). Most respondents supported the creation of
a whitelist of approved species that can be imported, changing the Lacey Act
shipment clause to ban the interstate transport of species listed as injurious,
and new emergency powers allowing the USFWS to prohibit the importation
of injurious species for up to three years.

Academic respondents considered it more likely that state wildlife agencies
and the commercial industry would collaborate to manage the exotic pet trade
(5.2 £ 2.6; range: 0 to 10) than agency respondents (3.6 + 3.3; range 0 to 10;
H(1)=5.474, p = 0.019). Agency and academic respondents did not differ in their
assessment of the likelihood that the hobbyist (agency respondents: 3.6 + 2.8;
academic respondents: 3.9 * 2.1) and exposition industries (agency respondents:
3.2 £ 2.8; academic respondents: 3.6 + 2.2) would collaborate with the state wild-
life agency to manage the pet trade.

On average, respondents indicated that collaboration between the state agen-
cy and the hobbyist and exposition industries would be moderately effective at
enforcing pet trade regulations (Fig. 5, Suppl. material 1: table S20). However,
academic respondents believed that co-management of the pet trade with the

Agency respondents (n=26) Academic respondents (n=57)

Jurisdictional barriers between agencies prevents

effective regulation of the pet trade

Jurisdictional barriers between agencies prevents
effective regulation of the pet trade

Lack of trained agency staff prevents effective regulation I

Lack of trained agency staff prevents effective regulation
of the pet trade

of the pet trade

in the pet trade in the pet trade

Lack of agency funding prevents effective regulation of Lack of agency funding prevents effective regulation of
the pet trade the pet trade

Agency staff have difficulty in identifying different species I Agency staff have difficulty in identifying different species I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly disagree m Somewhat disagree = Neither agree nor disagree ® Somewhat agree m Strongly agree m Strongly disagree m Somewhat disagree © Neither agree nor disagree ®m Somewhat agreem Strongly agree

Figure 4. Respondents’ opinions on barriers to effective regulation of the exotic pet trade. Note: We found no statistical difference in the

distribution of responses across agency and academic respondents.
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Table 2. Respondents’ support for proposed Lacey Act amendments, January-April 2023 (n = 83).

Strongly Somewhat = Neither support | Somewhat | Strongly

Median | N
oppose | oppose nor oppose support support
Agency respondents:

Create a list of approved species that can be imported, where | Somewhat | 26 | 0 (0.0%) | 4 (15.4%) 4 (15.4%) 10 (38.5%) | 8 (30.8%)
any animal not listed is treated as an injurious species by support

default and banned from importation into the US.

Change the Lacey Act shipment clause to ban the interstate | Somewhat | 26| 0 (0.0%) | 0 (0.0%) 2 (7.7%) 13 (50.0%) 11 (42.3%)
transport of species listed as injurious. support

Establish new emergency powers that would provide the US Strongly | 26| 0 (0.0%) | 0 (0.0%) 3(11.5%) 8 (30.8%) | 15 (57.7%)
Fish and Wildlife Service (USFWS) with the ability to prohibit | support
the importation of injurious species for up to three years.

Academic respondents:
Create a list of approved species that can be imported, where | Somewhat | 57 | 2 (3.5%) | 1 (1.8%) 10 (17.5%) 19 (33.3%) | 25 (43.9%)

any animal not listed is treated as an injurious species by support

default and banned from importation into the US.

Change the Lacey Act shipment clause to ban the interstate Strongly | 57| 2 (3.5%) | 0 (0.0%) 3 (5.3%) 17 (29.8%) 35 (61.4%)
transport of species listed as injurious. support

Establish new emergency powers that would provide the US Strongly | 57| 1 (1.8%) | 0 (0.0%) 5 (8.8%) 17 (29.8%) | 34 (59.7%)

Fish and Wildlife Service (USFWS) with the ability to prohibit | support

the importation of injurious species for up to three years.

Agency respondents (n=26) Academic respondents (n=57)

Commercial industry Commercial industry

Hobbyist industry

Hobbyist industry

Exposition industry Exposition industry

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Not at all effective = Slightly effective = Moderately effective m Effective m Very effective Not at all effective = Slightly effective = Moderately effective m Effective m Very effective

Figure 5. Distribution of responses to the question, “How effective would a collaboration between your state wildlife agency and the

following groups be at helping enforce pet trade regulations?”

commercial industry would be more effective at enforcing pet trade regulations
(median="effective’) than agency respondents (median=‘moderately effective’;
H(1)=7.908, p = 0.005). Academic respondents also believed that adding a sales
tax to exotic pet purchases to help fund agencies responsible for regulating the pet
industry would be more effective at reducing the risks associated with the exotic
pet trade (median = ‘effective’) than agency respondents (median = 2.5 where
‘slightly effective’ = 2 and ‘moderately effective’ = 3; H(1) = 15.453, p < 0.001;
Fig. 6, Suppl. material 1: table S21). Agency and academic respondents did not
differ in their agreement on the effectiveness of a three-day waiting period for
pet purchases (median=slightly effective’), skin or pit tags for exotic pets (medi-
an="moderately effective’), and allowing owners to return unwanted pets (medi-
an for agency respondents="moderately effective’, median for academic respon-
dents="effective’) in mitigating the risks of the exotic pet trade.
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Agency respondents (n=26)
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Academic respondents (n=57)
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Figure 6. Distribution of responses to the question, “Assuming that the following management actions could be implemented in your

state, please indicate how effective they would be at reducing the risks associated with the exotic pet trade”.
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Discussion

The exotic pet trade presents a wicked problem, where researchers play a pivotal
role in understanding the potential risks of the trade and government agencies
play a pivotal role in managing these risks. We recognize that not all research
scientists focus on applied research that is intended to inform management and
decision-making. We specifically targeted managers and academics who focus on
invasion science within the larger fields of wildlife, fisheries, and agriculture be-
cause most authority for managing the exotic pet trade lies with wildlife, fisheries,
and natural resource agencies (Pratt et al. 2024), whose personnel are likely to
be trained in biological and veterinary sciences. As such, current and proposed
management of the exotic pet trade in the US are largely informed by restricted ex-
pertise. Our findings are consistent with arguments that decision and governance
impediments result in managers and scientists defaulting to conventional cause-ef-
fect problem statements and piecemeal management approaches, rather than col-
laborative solutions that would more effectively address the wicked problem of the
exotic pet trade (Game et al. 2014; Mason et al. 2018; Cook et al. 2025).

There were logical inconsistencies in how invasion scientists at academic and gov-
ernment institutions in the US framed the wicked problem of the exotic pet trade,
their evaluation of the effectiveness of current top-down management approaches,
and their stated support for additional top-down regulation of the exotic pet trade.
Agency and academic respondents often framed the ecological risks associated with
the exotic pet trade similarly, disagreeing that the exotic pet trade helps to conserve
endangered species, expressing greatest concern about species invasions and pathogen
transmission to native species, and suggesting that over half of the animals in the
exotic pet trade are not healthy. However, respondents were less concerned about
pathogen transmission to humans and agricultural industries and unregulated har-
vest of species — which are important adverse consequences of the exotic pet trade.
Agency respondents may have expressed less concern about zoonotic and livestock
disease risks because existing agency mandates and directives undermine incentives for
wildlife agencies to manage zoonotic and livestock pathogen risks, which are largely
under the authority of agricultural and human health agencies (Cook et al. 2025).
Both agency and academic respondents agreed that lack of agency funding prevents
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effective regulation of the pet trade, which is consistent with arguments that limited
agency resources and capacity hinder management (Cook et al. 2025). Agency re-
spondents also acknowledged that their agencies only regulate a subset of the species
in the exotic pet trade, which limits their authority to mitigate exotic pet trade risks
(Pratt et al. 2024; Cook et al. 2025). Yet, agency respondents tended to agree that
current regulations are enforceable and have been ‘moderately effective’ or ‘effective’ in
mitigating risks posed by the pet trade. This was inconsistent with most respondents’
beliefs that exotic pet owners sometimes or often release their exotic pets into the wild,
and that all stakeholders (except the commercial industry) are unlikely to comply with
pet trade regulations and are likely to engage in illegal behavior pertaining to the trade
and release of pets. Academic respondents demonstrated fewer logical inconsistencies,
disagreeing that current regulations adequately mitigate the risks posed by the pet
trade. Despite concerns about the trade in, and release of, pets that pose invasion
and pathogen risks, respondents expressed doubts about implementing measures that
would provide exotic pet owners with time to reconsider the purchase of a pet, the
ability to return unwanted pets (academic respondents considered this to be more
effective than agency respondents), identifying which owners release pets through skin
or pit tags, and increased agency funding through the implementation of a sales tax on
exotic pets (academic respondents considered this to be more effective than agency re-
spondents). Rather, most respondents supported additional federal regulations in the
form of the Lacey Act amendments — possibly because federal regulations would ad-
dress inconsistencies in state regulations and would provide agency respondents with
clear rules pertaining to management of the exotic pet trade (Pratt et al. 2024). How-
ever, it is not clear how federal regulations would address limited agency resources and
personnel to monitor and enforce written policies (Reeve 2006; Fonseca et al. 2021).

Strong arguments can be made that multi-sector, collaborative governance is nec-
essary to attain improved management of the exotic pet trade (Mason et al. 2018).
Transitioning to co-management approaches, in which exotic pet trade stakeholders
collaborate with scientists and government agencies to design and implement inter-
ventions, may result in increased trust between agencies, scientists, and stakeholders
in the pet trade, and improved management of the exotic pet trade (Mason et al.
2018; Episcopio-Sturgeon and Pienaar 2019). Strategies from decision science and
negotiation theory can be used to transition to collaborative governance of the exotic
pet trade (Cook et al. 2025), even when experts have differing views and there is un-
certainty about the likely effectiveness of different policies. Structured decision-mak-
ing (SDM) is a formal values-based decision analytic framework and process that in-
tegrates social and ecological data to identify 1) clearly defined decision problems, 2)
different objectives that reflect what different groups care about most, 3) alternative
management actions, 4) barriers to decision-making (e.g., incomplete knowledge,
risk, uncertainty, resource limitations, limited authority), and 5) tradeoffs among
objectives (Runge et al. 2020). Agencies (managers), experts (scientists), and stake-
holders (exotic pet trade) could engage in participatory SDM to identify possible
interventions to mitigate the ecological and disease risks of the exotic pet trade while
also considering the socio-psychological values and economic priorities of the trade.

The SDM process ensures that decision-making related to complex, contentious
issues incorporates science and values in a transparent process that is robust to un-
certainty (Runge et al. 2020). SDM uses data and expert opinion as the basis for
predicting the likelihood that each alternative policy will fulfill the various desired
objectives. Our study shows that experts differ in their assessments of how well
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different interventions would achieve various objectives for exotic pet regulation.
Differences in expert opinions about outcomes of interventions are a challenge
for policymaking related to wicked problems. SDM is a particularly helpful tool
for navigating that challenge. SDM explicitly incorporates the uncertainty that
arises due to differences in expert opinion, tracking it through complex chains of
cause-effect relationships, from intervention to expected outcomes. The likelihood
of resulting predictions is adjusted to account for that uncertainty, thus offering a
robust basis for decision-making even under uncertainty.

Importantly, SDM can build trust between agencies, scientists, and stakeholders
(Robinson et al. 2016). This is a critical consideration in addressing the wicked
problem of the exotic pet trade. Respondents’ current lack of trust in pet trade
stakeholders was manifest in their opinion that state agencies, hobbyist breed-
ers and sellers, and exposition industries are unlikely to collaborate to manage
the exotic pet trade, and that such collaboration would be moderately effective in
enforcing regulations. However, agency respondents thought it was moderately
likely that state agencies and the commercial industry would collaborate to manage
the trade, and academic respondents thought collaboration between state agencies
and the commercial industry would be effective at enforcing regulations. Engaging
agency and academic researchers in decision-making processes that rigorously ex-
plore collaborative management alternatives could foster productive dialogue and
reduce political and social conflicts between the exotic pet trade, scientists, and
managers (Stout et al. 1999; Harris et al. 2010; Stern and Coleman 2015; Epis-
copio-Sturgeon and Pienaar 2019). Involving the exotic pet industry in collabora-
tive management could generate a sense of ownership and responsibility, thereby
encouraging industry stakeholders to adhere to regulations, voluntarily adopt best
practices to mitigate the risks of the trade, and participate in conservation efforts.

Objectives identified through a multi-sector, multi-disciplinary SDM  process
could be used to identify possible management actions or interventions. For exam-
ple, interventions may include changes to exotic pet regulations (Pratt et al. 2024),
redistribution of resources to improve the capacity of agencies to respond to the risks
posed by the exotic pet trade, education and communication campaigns that promote
behavior change by exotic pet owners, and expanded adoption networks for unwant-
ed exotic pets (Episcopio-Sturgeon and Pienaar 2019). Social scientists would play an
important role in the SDM process by eliciting exotic pet trade participants’ feedback
and suggestions on different management objectives, a critical step to building trust
between the exotic pet trade, scientists, and decision-makers (Robinson et al. 2016).
Expert elicitation, empirical data, statistical and simulation models, and surveys of
the exotic pet trade can be used to predict the consequences of different management
actions in terms of invasion and disease risks, economic impacts, and support by the
exotic pet trade (Robinson et al. 2016). Finally, the relative costs and impacts of differ-
ent management actions can be determined, allowing participants to clearly see how
each intervention is likely to satisfy each objective, and have transparent discussions
about which interventions are preferable, given constraints and tradeofts.

SDM related to the exotic pet trade should include experts in invasion science,
public health (Can et al. 2019; van Roon et al. 2019), animal health, welfare, and
transport (de Vos et al. 2017; Sutherland et al. 2021), social sciences (Robinson et al.
2016), strategic communication, and law, in order to identify management objectives
with the potential to minimize the risks of the exotic pet trade while also securing the
economic and social benefits of the trade. Disease ecologists and public health experts
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provide important scientific insights on pathogen transmission through the exotic
pet trade and actions that would reduce the risk of pathogen transmission to native
species, domesticated animals, and humans. Social scientists provide insights into
human behavior, motivations, and decision-making processes (Bennett et al. 2017),
and can assist in navigating transdisciplinary collaboration (Marchini et al. 2021).
Specialists in strategic communication offer valuable insights into effective messag-
ing and conflict resolution strategies (Gregg et al. 2022). Strategic communication
ensures that decisions are communicated clearly, the rationale for decisions is under-
stood, and buy-in is obtained from relevant parties, thereby fostering collaboration
in the implementation of decisions and reducing misconceptions (Werder 2014).
Involving legal experts in decision-making ensures that policies and regulations are
legally sound and comply with existing laws and regulations (Schwarz 2008; McEI-
downey et al. 2013), and reduces loopholes and opportunities for non-compliance.
Addressing the wicked problem of the exotic pet trade requires collaborative en-
gagement between different scientific disciplines, government agencies, and key
stakeholders in the exotic pet trade to identify management actions. This is an ex-
tremely challenging task that requires scientists and managers to pivot from current
conventional scientific and management models to embrace uncertainty and com-
plexity. We recognize that SDM requires time, effort, and active engagement by dif-
ferent government agencies, an array of different scientific disciplines, and the exotic
pet trade. However, collaborative, multidisciplinary management can generate shared
understanding between stakeholders that facilitate innovative, adaptive problem-solv-
ing, particularly in addressing wicked problems where complexity and uncertainty
of management arise (Stout et al. 1999; Lauber et al. 2011). SDM has been used to
address conflicts related to game species harvests (Robinson et al. 2016), wildlife dis-
ease management (McEachran et al. 2024), and species invasions (Pepin et al. 2022).
Reframing management of the exotic pet trade with decision analysis can re-establish
trust in scientists and managers by accounting for diverse and competing interests
and world views, the consequences of policy actions, and power dynamics related to
the exotic pet trade (Rittel and Webber 1973; Game et al. 2014; Mason et al. 2018).
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