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Background 

With growing concerns over amphibian populations in recent decades, researchers and stakeholders in 

the amphibian trade network have become increasingly interested in understanding how shipping and 

husbandry practices in trade could impact the prevalence of pathogens and beneficial microbes. To fill 

this knowledge gap, the need for conducting a comprehensive survey of businesses (importers, 

breeders, retailers, wholesalers) and consumers (i.e., pet owners) involved in amphibian trade was 

realized. 

The University of Tennessee Institute of Agriculture (UTIA) collaborated with the Pet Industry Joint 

Advisory Council (PIJAC) and other partners involved in the amphibian trade to identify science-based 

solutions that promote and foster amphibian wellbeing, minimize revenue losses due to harmful 

pathogens, and decrease opportunities for pathogen spillover from captive to wild populations. A 

Memorandum-of-Understanding (MOU) and Memorandum-of-Agreement (MOA) were established in 

2021 between UTIA and PIJAC to guide this project, with financial support provided by the UT One 

Health Initiative to conduct a pilot study. Other amphibian care community partners and collaborators 

include Josh’s Frogs, Reptiles by Mack, Washington State University, Michigan State University, 

University of Massachusetts-Boston, and Rutgers University. 

Information collected in the surveys will be useful in identifying potential opportunities and barriers to 

developing an industry-led healthy trade program that ensures animal well-being, reducing disease-

related financial losses for businesses, and increasing customer satisfaction. Additionally, information 

will enable researchers to provide recommendations on best strategies to reduce pathogens and 

increase prevalence of beneficial microbes in trade. 

The specific objectives of the study were to: 1) characterize the size and composition of the US pet 
businesses that are engaged in the pet amphibian trade; 2) understand the awareness and attitudes that 
amphibian pet businesses and owners have with respect to harmful and beneficial microbes; 3) estimate 
the value businesses and owners place on amphibians free of pathogens such as Ranavirus (Rv), 
Batrachochytrium dendrobatidis (Bd), and Batrachochytrium salamandrivorans (Bsal); and 4) 
characterize the current husbandry practices of amphibian pet dealers and owners, and their willingness 
to engage in proactive strategies that promote beneficial microbes and reduce harmful microbes in their 
facilities and the broader amphibian pet trade. 

Approach 

Data needed to meet the objectives of this project were collected by designing and administering an 

online survey of pet amphibian owners and businesses in the US. In collaboration with the industry 

partners (PIJAC, Josh’s Frogs, Reptiles by Mack), the investigators developed a semi-structured 

questionnaire survey that included questions addressing numerous aspects of the amphibian trade 

ranging from awareness and knowledge of pathogens (Bd, Bsal, and Rv), current husbandry and disposal 

practices, agreement with statements regarding biosecurity practices, and motivations and values 

(willingness-to purchase, willingness-to-pay etc.) regarding acquiring pathogen-free amphibians. 

The anonymous and voluntary survey instrument and protocols used were approved by the University of 

Tennessee Knoxville (UTK) Institutional Review Board for human subjects’ research (Approval#: UTK IRB-

21-06494-XM). The survey questionnaire was then formatted and administered using the Qualtrics 



4 
 

online survey platform. The survey was initially launched in mid-July 2021 with an email message sent 

from our industry partners to businesses and consumers in their membership list and contacts within 

their business network. A link to complete the survey was also placed on the project website 

(https://onehealth.tennessee.edu/pijac/) located in the public domain of University of Tennessee.  

Of the 478 respondents who initiated the survey over a period of 6 weeks, 392 finished the survey. The 

first question on the survey was a screening question for respondents to identify their role or 

relationship with the amphibian trade network. Of the 469 respondents that responded to the question, 

85% identified themselves as amphibian pet owners/consumers, 18% as amphibian breeders, 17% as 

retailers, 4% as wholesalers, and 1% as amphibian importers. Those who identified themselves as 

consumers or pet owners only were directed to a module specific to consumers only, whereas those 

identifying themselves as business only were sent to a separate module specific to amphibian 

businesses. Those who identified themselves as both consumer and business (36% of those that 

responded to the question) were given an opportunity to complete both modules. This summary 

presents the results from all the responses completed by September 10, 2021. 

Results 

Amphibian owner/consumer survey 

Consumer characteristics: Of 357 consumer respondents, one-half (50%) of respondents were female, 

40% male, 6% non-binary/third gender, and 3% preferred not to say. Eighty-eight percent of 

respondents identified themselves as White, 1% Asian, 1% Black or African American and 8% identified 

as another race or ethnicity. About 48% reported being under 35 years old, 34% indicated they were 

between 35 and 55, and the remaining 17% reported being older than 55. In terms of education 

attained, 38% reported attending “Some college”, 31% reported having completed a bachelor’s degree, 

18% completed a graduate degree, and 12% completed high school. 

Ownership history: Participation in the consumer module of the survey was limited to consumers who 

indicated they either currently owned, or had owned, an amphibian in the past. Fifty-seven percent of 

consumer respondents reported owning amphibians for more than 4 years, and 64% reported having 

owned more than 4 amphibians.  

Ninety-five percent of consumers indicated they currently own or have previously owned a frog or toad, 

while 38% reported owning, or having owned a newt/salamander. Thirty-six percent of consumers 

reported owning more than one species of amphibian and eighty-one percent reported either currently 

or previously also owning a reptile(s). Thirty-five percent of consumers reported owning amphibians for 

over 10 years. 

Acquisition: Ninety-two percent of consumers indicated they had purchased an amphibian(s), while 

24% indicated they had rescued or found a pet amphibian(s) and 19% reported having collected a pet 

amphibian from the wild. The majority (59%) of consumers reported having purchased an amphibian(s) 

from an “In-store retailer/pet store”, while 49% reported having purchased from an online retailer. One-

half (50%) of consumers reported paying $1-$25 per month to care for their pet amphibian while 39% of 

consumers indicated they spent between $26-$75 for their most recently acquired amphibian;  

https://onehealth.tennessee.edu/pijac/
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Ownership importance: Consumers were presented with 7 factors potentially influencing their 

decision to own their most recently acquired amphibian. Scientific or educational value, sense of 

companionship, and aesthetic and environmental values were relatively more important than religious 

significance, cultural significance, and family favorites. Most consumers indicated being at least 

moderately familiar with general knowledge of amphibians, the role of amphibians in the environment, 

status/trends of amphibian populations, and benefits to humans from amphibians. 

Care and disposal of amphibians: Consumers mainly acquired information about caring for their pet 

amphibian(s) from websites (92%), personal experience (87%), and scientific journals (61%). Ninety-one 

percent of consumers indicated they had never become unable to keep or been forced to get rid of a pet 

amphibian. Of those that had been forced to get rid of an amphibian, the most common reason (41%) 

was family relocation, followed by inability to care for it (22%). No respondents indicated they had 

released the animal into nature. 

Sixty-three percent of consumers indicated their amphibians receive veterinary care or diagnostic tests 

as needed, and 99% indicated a willingness to seek veterinary care or administer treatment at home if 

their pet amphibian showed signs of illness. Seventy-nine percent of consumers reported having had a 

pet amphibian die; 61% of those disposed of the animal through burial. 

Awareness of and concerns regarding pathogens: A majority of consumer respondents (63%) 

indicated that before reading the survey they were unaware of Bacillus mycoides or other beneficial 

microbes, and their ability to impede growth of harmful microbes and increase disease resistance in 

amphibians. Seventy percent of consumers indicated, prior to reading the survey, they were aware that 

the Bd, Bsal, and Rv pathogens can be transmitted through the pet trade. Most consumers (64%) 

indicated they were “not at all concerned” when acquiring their most recent amphibian that the animal 

may have been previously infected with Bd, Bsal, or Rv, while 23% reported being “very concerned”. 

Ninety-six percent of consumers reported having never detected harmful pathogens in their 

amphibians. One respondent reported that Bsal was detected in their pet amphibian(s), although this 

response is highly surprising, because: (1) only a limited number of U.S. laboratories are known to be 

testing for Bsal infection (using qPCR) and confirming the disease Bsal chytridiomycosis (via 

histopathology), (2) it is best practice for laboratories that record positive results for a novel pathogen 

to have a second laboratory confirm a positive Bsal result to minimize uncertainty, and (3) known Bsal 

testing laboratories have been instructed to report results to the North American Bsal Task Force, which 

has not occurred to date.  

Perception of threats: Eighty-four percent of consumers agreed the threat of transmission of Rv, Bd, 

and Bsal pathogens from pets to natural areas is serious and 92% percent somewhat or strongly agreed 

that protecting natural populations of amphibians from Rv, Bd, and Bsal is important, although only 36% 

of consumers somewhat or strongly agreed they know what it takes to keep amphibians free of Rv, Bd, 

and Bsal. The majority of consumers indicated they were extremely likely to take prescribed steps to 

limit the spread of harmful pathogens to natural areas. 

Value of pathogen-free amphibians: Seventy-nine percent of consumers indicated it would be 

extremely or very important that the animal they acquire be free of the Bd, Bsal, and Rv. Seventy-six 

percent indicated they would be willing to pay more for an amphibian that is certified free of the Bd, 

Bsal, and Rv pathogens. 
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Business survey 

Business characteristics: Of 143 business responding businesses, 59% identified themselves as 

amphibian breeders, 57% as retailers, 14% as wholesalers, and 5% as amphibian importers. Twenty-five 

percent of businesses identified as more than one type of business.  

Seventy-five percent of amphibian business respondents indicated they deal with both reptiles and 

amphibians, while 16% deal with amphibians only. Eighty-one percent of businesses reported obtaining 

their amphibians from breeders, followed by hobbyists (66%), wholesalers (60%), retailers (26%), 

importers (24%) and wild caught (14%). Eighty-four percent of business respondents indicated they sell 

to hobbyists, 67% to households, 29% to breeders, 26% to retailers and 11% to wholesalers. Almost a 

third (29%) of businesses indicated they had been in the amphibian business for over 20 years, while 

19% reported having been in business for 11-20 years; another 19% indicated they had been in business 

for 6-10 years. In terms of annual business sales, 30% reported less than $5,000 while 20% reported 

annual sales of over $1,000,000. Of the remaining businesses, 17% indicated annual sales of $5,000-

$50,000, 13% reported $500,000-$1,000,000, 11% reported $200,000-$500,000, and 8% reported 

$50,000-$200,000. The Midwest region of the country accounted for the most business respondents to 

the survey (33%), followed by the Southeast (20%), with respondents being relatively evenly distributed 

across the other regions of the country. Eighty-two percent of respondents indicated they only conduct 

business with buyers and sellers of amphibians in the United States. 

Share of amphibian business: Approximately half (51%) of businesses indicated that amphibians 

accounted for less than 10% of their total sales, while 23% reported amphibians accounted for 10%-25% 

of total sales, 12% reported 76%-100%, 8% reported 26%-50% and the remaining 6% reported 

amphibian sales accounted for 51%-75% of their total sales. 

Factors important in business decisions: When asked to rate the importance of various factors in 

making business decisions, a high level of importance was placed on issues of ethics, social concerns, 

and legal compliance. 

Awareness of and concerns regarding pathogens: Most businesses (53%) indicated that before 

reading the survey they were unaware of beneficial microbes, such as Bacillus mycoides, that can inhibit 

growth of pathogens and increase disease resistance in amphibians. Almost half (47%) of businesses 

indicated that they would definitely consider administering treatment to their amphibian(s) using 

“probiotics” such as Bacillus mycoides, while 53% indicated they would need more information. Eighty-

one percent of businesses indicated, prior to reading the survey, they were aware that the pathogens 

Bd, Bsal, Rv can be transmitted through the pet trade.  

Seventeen percent of businesses indicated a harmful pathogen had been detected at their facility. Two 

percent of respondents (2 businesses) indicated detecting Bsal at their facilities. This response is highly 

surprising for the same reasons stated above. To date, no known detections of Bsal have been reported 

in North America. 

Perception of threats: More than half (55%) of businesses indicated they were very concerned that 

transmission of pathogens through the trade network of pets or pet products may impact the 

amphibians in their facility.  
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Experience and attitudes toward amphibian health: Sixty-three percent of businesses reported 

having an amphibian die of illness or disease at their facility. The average approximate value of total loss 

(including treatment, care, and disposal cost) resulting from the illness or death was $940. Eighty-five 

percent of businesses indicated they somewhat or strongly agreed the threat of transmission of the 

Bd, Bsal, and Rv pathogens from pets to natural areas is serious, 87% indicated they somewhat or 

strongly agreed protecting natural populations of amphibians from Bd, Bsal, and Rv is important to their 

business, and 90% somewhat or strongly agreed businesses should actively take part in preventing 

transmission of Bd, Bsal, and Rv in the pet trade network. 

Biosecurity practices: While most (92%) businesses indicated they use disinfectants to clean surfaces 

and tanks, use gloves when handling animals (60%) and quarantine new animals in a separate room 

(66%), fewer businesses test new acquisitions for pathogens (18%), conduct testing to monitor for 

disease (22%), or treat recirculating water (23%) or wastewater (24%) prior to disposal. Only a quarter 

(25%) of respondent businesses indicated having the capacity to improve biosecurity practices at their 

facility without increasing costs. 

Value of pathogen-free amphibians: Eighty-six percent of businesses indicated it was extremely or 

very important that animals be healthy and free of the Bd, Bsal, and Rv pathogens when introduced to 

their facility. Ninety-seven percent indicated they would be interested in acquiring an animal that is 

certified as free of the Bd, Bsal, and Rv pathogens and 59% indicated they would be willing to pay more 

for an animal that is certified as free of the Bd, Bsal, and Rv pathogens. Of those willing to pay more, 

22% indicated they would be willing to pay 1%-5% more, 36% indicated 6%-10% more, and 28% 

indicated they would be willing to pay 11%-20% more.  

Conclusions:  

Amphibian businesses and consumers in the United States acquire their animals from a variety of 

sources and are concerned about the potential for pathogen transmission. Consumers and businesses 

alike believe that the threat of harmful pathogens to their pets and natural areas is serious, which 

indicates the severity of risk as perceived by stakeholders. While a substantial portion of respondents 

showed interest in beneficial microbes, relative lack of awareness about their benefit(s) indicates that 

some outreach and education may be needed to create a demand for this treatment option. Finally, 

both consumers and businesses expressed a strong preference for amphibians that are free of harmful 

pathogens and indicated a willingness to pay a significant price premium to acquire certified disease-

free animals. This implies a viability of a market-based certification mechanism to help promote a clean 

trade, free of the Bd, Bsal, and Rv pathogens, and the long-term sustainability of the amphibian pet 

industry. Finally, these findings are based on a pilot study of a limited number of respondents and a 

more detailed study is warranted to enhance the generalizability of these conclusions. 
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