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The desire to own a pet amphibian is growing, and with it a growth in amphibian
trade and in negative impacts on native populations, including disease transmission
and invasive amphibian populations. We know very little about how or why people
choose amphibians as pets, but amphibian owners share large numbers of videos
on freely accessible platforms, such as YouTube. We aimed to use videos of captive
amphibians to determine which species are kept, their life-history stage and the types
of videos uploaded. We watched and categorized 1,162 videos by video type, type of
amphibian behavior and amphibian taxonomy (superfamily, family, and species). We used
data on the amphibian trade from the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES), on conservation status from the International
Union for Conservation of Nature (IUCN) red list, and on potential environmental impact
from published Environmental Impact Classification of Alien Taxa (EICAT) records, to
determine potential conflicts of owning pet amphibians. We recorded 173 captive species
in 847 videos with a taxonomic overrepresentation of salamandroids and pipoids, and
an underrepresentation of ranoids and plethodontoids. When compared to videos of
wild amphibian species, videos of captive animals featured disproportionate amounts of
adults feeding, being handled and moving. The videos watched had a smaller proportion
of threatened amphibian species, but a higher proportion of invasive species, than would
be expected by chance, with the proportion present in CITES appendices (18%) being
non-significant. We suggest that such data can be used to profile potential pets for trade
and attempt to avoid conflicts with threatened and highly impacting alien species.
Keywords: Anura, Caudata, Gymnophiona, pet trade, invasive species, pathways

INTRODUCTION
Few would deny that amphibians are fascinating animals. Metamorphosis intrigued Aristotle (350
BP; Thompson, 1907) and other early philosophers, and continues to draw major lines of inquiry
(e.g., Laudet, 2011). The subject remains in the curricula of primary school students around the
world. But amphibians draw interest from a wide section of society for many other reasons,
including their diverse body forms, reproductive modes, striking colors, advertisement calls and
amphibious nature (Burghardt, 2017). Documentaries show a bewildering array of species with
diverse behaviors in naturalistic settings to an increasingly urban audience (Wigginton et al., 2016)
detached from the natural world (Miller, 2005). Is it any wonder that a wider section of society is
becoming interested in having their own pet frog, salamander, or caecilian?
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2013) has spurred many studies in the last decade. These include
studies on canine tail chasing (Burn, 2011), spontaneous motor
entrainment to music (Schachner et al., 2009), yawning (Gallup
et al., 2016) and behavior of true shrikes (Dylewski et al., 2017).
Burn (2014) reviewed some of the caveats and advantages to
using data from YouTube, including: non-random sampling,
internal validity, large samples, and the free and ubiquitous
availability. Video sharing platforms allow insight into how
people perceive their pets inside their homes, and likewise the
interactions that are commonly experienced with animals in the
wild. So how can such data be used to assess the desire to have
amphibians as pets?
We reasoned that people would upload videos of what they
consider to be interesting aspects of pet amphibian ownership
and wild amphibians, and that the videos uploaded would reflect
amphibian taxa that are kept as pets, without reference to lists
of species known to be traded. In order to gain insight into why
people have amphibians as pets, we used YouTube videos to
examine (i) which amphibians (species and life-history stages)
members of the public are uploading videos on, (ii) whether
there are conflicts for amphibians kept as pets with species that
are trade restricted (listed in CITES appendices), considered
threatened (according to the IUCN red list) or impacting
invasive species (using the EICAT scheme), and (iii) the types of
amphibian videos and behaviors that are most uploaded.

Trade in amphibians for pets is rising (Schlaepfer et al.,
2005; Carpenter et al., 2014; Herrel and van der Meijden, 2014),
but such inferences are made on a small number of databases
that actually record trade in select areas of the world (Auliya
et al., 2016). Most of the world’s trade in amphibians likely goes
unrecorded (Herrel and van der Meijden, 2014). Trade drives
the collection of wild amphibians, directly leading to decline
of some species (Natusch and Lyons, 2012; Alroy, 2015), and
this is the justification for trade bans and/or restrictions (e.g.,
CITES). Trade is often injurious to the animals traded, either
during transport (Ashley et al., 2014) or as a result of malnutrition
and poor husbandry (Pasmans et al., 2017; Warwick et al., 2018).
Trade carries disease (Fisher and Garner, 2007; Peel et al., 2012;
Kolby et al., 2014; O’Hanlon et al., 2018) and specimens in
trade act as reservoirs for disease (Spitzen-van der Sluijs et al.,
2011). Trade can lead to alien populations becoming invasive
(Hulme et al., 2008; Kraus, 2008) and these can have a wide
array of impacts (Bucciarelli et al., 2014; Measey et al., 2016).
Like it or not, the amphibian trade is here to stay (Garner et al.,
2009). Even in the face of regional bans (Gray et al., 2015; Yap
et al., 2015), illegal trade likely continues to carry the same
problems (e.g., Pistoni and Toledo, 2010; De Paula et al., 2012).
Despite increasing calls for banning trade, the current consensus
calls for the promotion and continuation of responsible pet
ownership (Pasmans et al., 2017).
Trade is fickle and subject to trends and fashions that are
difficult to predict. Knowledge of what people want in a pet
amphibian might help make predictions about which species may
be future problems both in export and import areas. For example,
the trade in dendrobatid frogs (poison arrow frogs) grew in
the 1980s and 1990s (Gorzula, 1996; Carpenter et al., 2014),
and was, at some point, considered unsustainable (Schlaepfer
et al., 2005); however, trade in wild-caught dendrobatid frogs
has now greatly diminished due to CITES and to the success in
captive breeding of many of these species (Nijman and Shepherd,
2010). The African clawed frog was once exported from South
Africa in large quantities (Van Sittert and Measey, 2016), but
now animals are bred in and exported from China (Measey,
2017). Other examples are newts of the genus Tylototriton that
have been exported in large numbers from Asia (Rowley et al.,
2016), flooding the EU and USA markets, and consequently
discouraging good husbandry (Auliya et al., 2016; Pasmans et al.,
2017). Many amphibian species are difficult to keep and do not
make good pets (Pasmans et al., 2017). However, we are still
profoundly ignorant of what drives the amphibian pet trade,
exactly what traits of species are desirable, and how can the future
of trade be predicted (Reed and Kraus, 2010).
The upsurge in social media websites has been driven, in
part, by the availability of cheap electronics that are able
to capture sound, images, and video (Silvertown, 2009). The
video-sharing website YouTube (www.youtube.com) has become
extremely popular since its launch in 2005. Users can upload
any video material and choose to have it available on a global
platform. YouTube can censor content and users can take down
videos, such that the website is somewhat dynamic. The massive
potential of YouTube videos in elucidating animal behavior and
human-animal interaction on a large scale (Nelson and Fijn,
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MATERIALS AND METHODS
We chose to use YouTube (www.youtube.com) as a source for
prevailing interest in amphibians. We used broad search terms
associated with amphibians (Supplementary Table 1), as well as
those more specific to Anura, Caudata, and Gymnophiona, and
translations of these terms in commonly used languages such as
French, German, Italian, Portuguese and Spanish. Although we
used search terms that were biased toward captive animals, the
main subject of focus in this study, we also came across and
scored videos of wild amphibians. This was done in order to
understand and be able to compare behaviors found in videos of
captive and wild amphibians. It was easy to determine whether
videos were shot in captivity or wild scenarios, by referring
to the setting in which the video was taken. However, we
acknowledge that we have no information on how long any
individual amphibians had been in captivity when they were
filmed. To avoid dependence in searched videos, all searches were
made in “incognito mode” using the Chrome browser (Davidson
et al., 2010); using incognito mode allows searching without
previous search history influencing the results.
From each video, we recorded the video URL, date posted,
date accessed, and country of origin (Supplementary Table 2).
Although “country of origin” was recorded as a variable, this
information was present for only 42% of the dataset. We first
identified the species of amphibian shown most prominently
in the video, either by using information present on the video
or by using expert knowledge of the authors. The video was
then scored on the life-history stage of the amphibian shown,
as egg, larvae, juvenile or adult. Video type was divided into
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Comparison of Behavior in Amphibians Filmed in
Captivity and the Wild

wild capture, showcasing/unboxing, behavioral, culinary, captive
care, educational or advertising, and scored based on our
perception of the main aim of the videographer for making the
video. We further subdivided the behavior of the amphibian
shown into the following categories: moving, molting, mating,
laying eggs, immobile, hatching, handling, feeding, dead, calling,
as prey and aggression. No videos that appeared to have
been made professionally or that could have been reproduced
from a previously broadcasted program were included. We
also avoided any re-postings of existing videos and, in cases
of doubt, the content with the oldest date of video posted
was chosen. The sampled videos were uploaded between 2006
and 2016.
From our identification of the subject species, we obtained
the Order, Superfamily and Family according to Frost (2018)
and Pyron (2014). Videos that could not be ascribed to a
confirmed genus or species by the viewer were removed from
analyses that required species level data but, where known,
were included in Superfamily and Family groupings. This
means that the dataset size differed between analyses, with a
full dataset of 1,162 videos available for comparisons between
taxonomic representation, video type, behavior category, and
potential conflicts.

We conducted a Wilcoxon signed rank test in R on numbers
of video types (not including “Wild Capture”) and behavioral
categories, comparing videos of wild amphibians to those
in captivity.

RESULTS
Taxonomic Representation in YouTube
Videos
We identified 173 captive species from 847 videos, representing
33 amphibian families (22 families and 6 superfamilies of
Anura; 6 families of 3 superfamilies of Caudata; and 5
families of 2 superfamilies of Gymnophiona). For the captive
amphibian videos, the majority of superfamilies were represented
proportionately, the only over-represented superfamilies being
the Salamandroidea and Pipoidea, while Plethodontoidea and
Ranoidea were both under-represented (Figure 1). Similarly,
most families were proportionately represented, but that some,
particularly urodeles (Ambystomatidae, Salamandridae) and
caecilians (Siphonopidae, Caeciliidae), were overrepresented,
while frogs were generally underrepresented (Figure 1). Of the
frog families, Scaphiopodidae, Ceratophryidae, Dendrobatidae,
Pipidae, and Bufonidae were all over-represented. Only two
families appear to have been under-represented, the plethodontid
salamanders and microhylid frogs (Figure 1). The majority of
videos featured only adults (88.6%), with very small numbers
of videos showing the remarkable metamorphic process of
tadpoles turning into juveniles (0.3%). Of the 173 different
species of captive amphibians in videos, the most widely
videoed frog was the Argentine horned frog, Ceratophrys
ornata (5.6% of all videos; Table 1) all of which were filmed
in captivity.

DATA ANALYSES
Taxonomic Representation
To assess over- or under-representation of amphibian orders,
superfamilies or families in videos, we compared the number
of species at each taxonomic level with the total number of
known amphibian species (Frost, 2018), assuming a random
expectation generated using the hypergeometric distribution
(see Van Wilgen et al., 2018) in R (3.4.0; R Core Team,
2018). Families outside the 95% confidence intervals were
deemed either over- or under-represented in our sample of
YouTube videos.

Trade, Conservation, and Invasive Status

Trade, Conservation, and Invasive Status

We compared species names from videos of captive amphibians
with their known CITES Appendices (I, II, and III on October
4, 2017). Although the list only has 45 entries, many are for
entire genera. Using Frost (2018), we determined the current
composition of each genus listed under CITES, totaling 163
species/entries. Because the genus Rheobatrachus only has two
species that are both specifically excluded, we did not include
this genus. We took the same approach with the IUCN
red list status, comparing species on our list to the red list
status of all amphibian species (Critically Endangered CR;
Endangered EN, Vulnerable VU, Near Threatened NT and Least
Concern LC on October 4, 2017). Lastly, we compared our
list to species of recorded invasive amphibians with known
EICAT scores [Massive MV, Major MR, Moderate MO, Minor,
MN, Minimal MC, Data Deficient DD, using (Kumschick
et al., 2017)]. We tested the proportion of animals in the
categories named above from our list with the proportion
of all amphibians using a paired Wilcoxon signed rank
test in R.

The comparison of all amphibian species on CITES Appendices
I–III with captive amphibians in YouTube videos was not
significantly different (V = 10; P = 0.125; Figure 2A). Despite
this, we found videos of two species listed on CITES Appendix
I (Atelopus zeteki and Andrias davidianus), and we found that
more than 15% of species videoed were listed on Appendix
II. Proportions of threatened species (CR, EN, VU, NT) were
lower in YouTube videos of captive amphibians than might be
expected by chance (V = 21; P = 0.031; Figure 2B), although
we did find videos of 13 Critically Endangered species in
captivity. The number of invasive species with known impact
levels (MV, MR, MO, MN, MC) in videos of captive amphibians
was higher than might be expected by chance (V = 36;
P = 0.014; Figure 2C), including species with Massive Impact
(Ambystoma tigrinum) and some with Major Impact (Rhinella
marina, Xenopus laevis, Duttaphrynus melanostictus, Lithobates
catesbeianus). In fact, our list of captive amphibians accounts for
27.5% of alien amphibians with known impact, and 22% of all
known alien amphibians.
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FIGURE 1 | Taxonomic patterns in amphibian (A) orders, (B) superfamilies, and (C) families present in the species identified in captive YouTube amphibian videos. The
median (green line) and 95% confidence intervals (brown lines above and below), adjusted for multiple comparisons, were estimated from the hypergeometric
distribution. The points that fall between the 95% confidence intervals are not significantly over or under-represented, relative to the number of amphibian species
worldwide. Those labeled orders, superfamilies or families that fall above the 95% confidence intervals are over-represented and those below are under-represented in
our sample of YouTube videos.

DISCUSSION

Comparison of Behavior in Amphibians
Filmed in Captivity and the Wild

Why do people want to own amphibians? Our data suggest that
captive amphibians afford their owners opportunities to observe
behaviors that are not observed in wild amphibians. For example,
the behavior most filmed in captive amphibians, feeding,
was rarely captured in videos of wild animals. Additionally,
amphibians included in YouTube videos emphasized that
amphibian pet ownership may be in conflict with conservation,
as many species were listed as protected or threatened, as well
as invasive. Our amphibian video species list contained species
in all IUCN Red List threat categories (except EX and EW) but,
of more concern, is that they featured a disproportionately high
number of invasive species, some of which with known Massive
(MV) or Major (MR) impacts. This is generally not surprising,
given the high numbers of known invasive species present in
the pet trade (Herrel and van der Meijden, 2014). However, we
found cane toads (Rhinella marina) to be popular captive pets
which, given their known mjor impacts is especially concerning.
More than 17% of species videoed were CITES listed, with two
listed on Appendix I. Of four videos of the Panamanian golden
frog, Atelopus zeteki, one of those species, two were shot in zoos,
while the provenance of the other two could not be verified. The
video of a Chinese giant salamander, Andrias davidianus, was

We watched 315 videos of wild amphibians, where we identified
133 species (from 22 families of the same 6 superfamilies of
Anura; 8 families of the same 3 superfamilies of Caudata;
and 5 families of the same 2 superfamilies of Gymnophiona).
Types of videos were significantly different between wild and
captive animals (V = 70; P < 0.0001; Figure 3A), with
videos featuring different behaviors being the most frequent
for both groups (49.1 and 46.8% for captive and wild videos,
respectively). Behaviors of different categories were significantly
different between wild and captive videos (V = 76; P = 0.036;
Figure 3B), indicating that behaviors that could be filmed in
captivity were not the same as those filmed in wild animals.
For example, the most popular behavior category in captive
animals, feeding (31.4%), only made up 3% of videos of wild
animal behavior; for the latter, the most popular behavior
filmed was movement (29.5%), which featured in only 18.7%
of captive amphibian videos. Indeed, there were more films
of immobile captive amphibians (26.1%) than those showing
movement. The next most popular video type was showcasing
or unboxing (24.8% of all videos), videos that featured newly
arrived species and equipment obtained from commercial
suppliers (Figure 3A).
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TABLE 1 | The 20 most frequent captive species with videos on YouTube.
Species name

No.
videos

% Videos

CITES IUCN Red
appendix
List

Ceratophrys ornata

65

7.70

NT

Typhlonectes natans*

53

6.28

LC

Pyxicephalus
adspersus

31

3.67

LC

Litoria caerulea

29

3.32

LC

Anaxyrus americanus*

28

3.20

LC

Ambystoma
mexicanum

26

3.08

II

EICAT
score

DD

CR

Ambystoma tigrinum

24

2.84

Anaxyrus sp.*

23

2.73

LC

Dendrobates tinctorius

23

2.73

Hypselotriton orientalis*

22

2.61

LC
LC

MR

LC

MR

II

LC

Rhinella marina

22

2.61

Bombina sp.*

20

2.37

Xenopus laevis

19

2.13

Dendrobates
leucomelas

15

1.78

Lithobates
catesbeianus

13

1.54

LC

Salamandra
salamandra

13

1.54

LC

Bombina orientalis

12

1.42

LC

Hymenochirus sp.

12

1.42

Siren intermedia*

12

1.42

Agalychnis callidryas

11

1.30

Total

473

55.69

II

MV

LC
MR

DD

LC
II

LC

For each species, the CITES appendix (if any), IUCN red list status, and EICAT score
are indicated. A * against the name denotes the absence of this species from recently
published lists of traded species (see text for details).

filmed in a Chinese kitchen and showed culinary preparation of
a live animal, an act that does not contradict CITES regulations.
That we found a relatively high proportion of videos with species
listed in CITES Appendix II is not necessarily a conflict and
may simply reflect the high numbers of these species present in
the amphibian trade. Alternatively, there could be fewer CITES
species in captivity because they are harder to obtain, or those
that are in captivity could be filmed more frequently because of
the greater interest in their rarity. However, we have no reason to
think that either explanation is driving trends in our dataset.
Of the well-recorded problems associated with amphibian
trade (over-exploitation, poor husbandry, disease, etc.), our
data highlights the conflicts with amphibian conservation and
presence of invasive species. It is not necessarily problematic that
captive amphibians have a threatened status, as many threatened
species are legitimately bred in captivity with legal distribution.
Indeed, it could be argued that ex situ breeding and successful
captive populations are positive aspects of the amphibian trade
(Zippel et al., 2011). Problems associated with captive species
that are also invasive are of more concern, as each ex situ
population may become a potential new invasion, if animals are
released or escape (e.g., Kraus, 2008). Invasions are linked to
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FIGURE 2 | Percentages of amphibian species identified in captive YouTube
videos (gray bars) with (A) listed in CITES appendices, (B) IUCN Red List
status, and (C) EICAT scores, compared to all amphibians (black bars). Note
that in (A) categories “Extinct” (EX) and “Extinct in the wild” (EW) are not
included, and in (B) the group “Not Alien” (NA) is not included, but represented
85.9% of species identified in YouTube videos (n = 184) and 98.3% of all
amphibians. Similarly, in (C), species not on a CITES appendix are not
included and represented 82.6% of species identified in YouTube videos
(n = 184) and 97.5% of all amphibians.

the spread of disease to native amphibian populations (Daszak
et al., 1999), hybridization with native species (Ryan et al., 2009),
and it is well-established that pets support a reservoir of disease
(Kolby et al., 2014). Indeed, stressed individuals are likely to be
immunocompromised and thus more likely to harbor increased
levels of disease (Titon et al., 2017; Assis et al., 2018).
YouTube videos may not represent all people who have
amphibians as pets, although we know of no reason why our
sample may be biased toward particular species or behavior types.
We acknowledge that the high numbers of videos “showcasing”
or “unboxing” amphibians are likely to have inflated the total
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could increase prevalence of disease in natural communities
(see Assis et al., 2018). The movement of wild amphibians into
captivity without involving trade was given as a reason for the
decline of native European species in the past (e.g., Beebee, 1973;
Spellerberg, 1976). It could be an indication of the classic reason
for keeping amphibians as pets: witnessing metamorphosis. We
are certain that this still happens (e.g., Vigni, 2013), but does
not appear to be a popular subject for YouTube videos, perhaps
because it is not an easy process to film. That so few videos
featured life-history stages other than adults suggests that there
is proportionately little breeding of captive amphibians or, at
least, being filmed. Further, if observing metamorphosis would
be a prime motivation for keeping non-traded amphibians, we
would expect to see a higher proportion of videos than the 8%
that featured larvae and or metamorphosing amphibians.
Our search terms probably influenced our results in terms of
the over-representation of salamanders and caecilians. Because it
was not possible to search for amphibians and continue to find
sufficient videos on which to conduct a study, we were forced
to use more specific search terms. Nevertheless, the inclusion of
these groups in our study does provide an opportunity to show
that there are many species in captivity that were not previously
considered (Schlaepfer et al., 2005; Tapley et al., 2011; Carpenter
et al., 2014; Herrel and van der Meijden, 2014; Rowley et al.,
2016). In future, it would be interesting to conduct a similar
exercise on captive salamander videos to determine the effect
of recent trade bans (Yap et al., 2015), especially to answer
whether sufficient policy actions have taken place (Gray et al.,
2015). Another potential source of bias in our analysis could be
geographical origin of videos (Brodersen et al., 2012). However,
given the lack of location information for more than 50% of
the dataset (Dylewski et al., 2017), we did not investigate such
patterns further. The stability of the observed patterns, in the face
of the rapid growth of YouTube (Cheng et al., 2008), is a concern.
However, a year-wise analysis of sampled videos does not reflect
a drastic increase from 2010 to 2016, leading us to infer that the
observed patterns will hold for the near future.

FIGURE 3 | Percentage values of (A) video types and (B) behavior categories
exhibited by amphibians in captive (gray bars; n = 847) or wild (black bars;
n = 315) YouTube videos.

number of species recorded, increasing the proportions of species
that are rarely traded. However, these videos represented species
in very low frequencies; 65% of species were only represented
by one or two videos, suggesting that we could have missed
a number of unusual species that are being kept in captivity.
Videos featuring only the most frequent 15 captive species
(video frequency >3) represented 75% of all videos watched.
This species list included 10 out of the top 15 species imported
live into the US (93% of individuals recorded in Schlaepfer
et al., 2005; 92% of total numbers imported; Herrel and van der
Meijden, 2014), 5 out of 11 species mentioned by Carpenter et al.
(2014), and 11 of the 29 species available for sale in the UK
(Tapley et al., 2011). The bias toward US imports may, to some
extent, reflect the languages that were used in our search terms,
which excluded Asian languages. Our list had only 14 of the 45
species exported live from Hong Kong (21.19% of total numbers
exported; Rowley et al., 2016). Asia is clearly an important region
for the amphibian trade, and conducting a comparative study on
local video platforms there would be of great interest.
Our results featured groups of amphibians that, to our
knowledge, are not traded, but presumably obtained directly
from the wild, like the American toad, Anaxyrus americanus.
Given that this was one of the most popular species videoed,
taking amphibians directly from the wild to keep as pets may
be an underappreciated aspect of amphibian captive activities.
Although such instances may appear benign, releasing of
immunocompromised animals from captivity back into the wild
Frontiers in Ecology and Evolution | www.frontiersin.org

SUMMARY
There has been a marked increase in research into the size and
effect of the pet trade, but very little attempt to explain what
drives it. In this novel approach, which reaches into the homes
of the owners of pet amphibians, we found that people are most
interested in amphibian behavior, especially feeding. We find that
behaviors filmed in captive amphibians are different from those
that YouTube contributors are able to film in the wild, which we
think provides insight into why people want pet amphibians: to
watch feeding and movements, as well as being able to handle
individuals. Our data also upholds the validity of a previously
documented trend (Beebee, 1973; Spellerberg, 1976) that has
received little or no recent attention: collecting native amphibians
to keep as pets. Such habits may have important repercussions
as these captive animals have a propensity for harboring disease
(e.g., Titon et al., 2017; Assis et al., 2018), as well as other
implications for conservation. Whether recent restrictions in
trade will augment the collection of individuals from the local
environment as pets remains to be seen. However, we caution
6
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that even in the absence of trade, keeping local amphibians as
pets is still hazardous for wild populations. Lastly, our study
contributes to the rapidly emerging stream of using social media
to quantitatively understand human-animal interactions and
further predict motivations for future interactions.

greatly improved an earlier version of our manuscript. We
all thank the DST-NRF Centre of Excellence for Invasion
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a MeaseyLab publication: http://john.measey.com/Publications/
MeaseyLab-publications.

AUTHOR CONTRIBUTIONS

SUPPLEMENTARY MATERIAL

All authors conceived the ideas and collected the data. JM
analyzed the data and led the writing.

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fevo.
2019.00052/full#supplementary-material

ACKNOWLEDGMENTS

Supplementary Table 1 | Search terms used in ‘incognito mode’ of Chrome to
search YouTube for videos of amphibians.

We’d like to thank Erin Jooste, Jen Fill, Likho Sikutshwa,
Hendre van Rensburg, Zishan Ebrahim, and Corey Thorp for
watching and evaluating videos. The comments of two reviewers

Supplementary Table 2 | Videos watched (URL), date posted, date accessed,
and country of origin. Species are identified (with Order, Superfamily, Family and
Species). Videos are divided into type and subdivided into behavior.

REFERENCES

De Paula, C. D., Pacífico-Assis, E. C., and Catão-Dias, J. L. (2012).
Batrachochytrium dendrobatidis in amphibians confiscated from illegal
wildlife trade and used in an ex situ breeding program in Brazil. Dis. Aquat.
Organ. 98, 171–175. doi: 10.3354/dao02426
Dylewski, Ł., Mikula, P., Tryjanowski, P., Morelli, F., and Yosef, R. (2017). Social
media and scientific research are complementary—YouTube and shrikes as a
case study. Sci. Nat. 104:48. doi: 10.1007/s00114-017-1470-8
Fisher, M. C., and Garner, T. W. (2007). The relationship between the
emergence of Batrachochytrium dendrobatidis, the international trade in
amphibians and introduced amphibian species. Fungal Biol. Rev. 21, 2–9.
doi: 10.1016/j.fbr.2007.02.002
Frost, D. R. (2018). Amphibian Species of the World: An Online Reference. Version
6.0. New York, NY: American Museum of Natural History. Available online
at: http://research.amnh.org/herpetology/amphibia/index.html
Gallup, A. C., Church, A. M., and Pelegrino, A. J. (2016). Yawn duration predicts
brain weight and cortical neuron number in mammals. Biol. Lett. 12:20160545.
doi: 10.1098/rsbl.2016.0545
Garner, T. W., Stephen, I., Wombwell, E., and Fisher, M. C. (2009). The amphibian
trade: bans or best practice? EcoHealth 6:148. doi: 10.1007/s10393-00
9-0233-1
Gorzula, S. (1996). The trade in dendrobatid frogs from 1987 to 1993. Herpetol.
Rev. 27:3.
Gray, M. J., Lewis, J. P., Nanjappa, P., Klocke, B., Pasmans, F., Martel,
A., et al. (2015). Batrachochytrium salamandrivorans: the North
American response and a call for action. PLoS Pathogens 11:e1005251.
doi: 10.1371/journal.ppat.1005251
Herrel, A., and van der Meijden, A. (2014). An analysis of the live reptile and
amphibian trade in the USA compared to the global trade in endangered
species. Herpetol. J. 24, 103–110.
Hulme, P. E., Bacher, S., Kenis, M., Klotz, S., Kühn, I., Minchin, D., et al.
(2008). Grasping at the routes of biological invasions: a framework
for integrating pathways into policy. J. Appl. Ecol. 45, 403–414.
doi: 10.1111/j.1365-2664.2007.01442.x
Kolby, J. E., Smith, K. M., Berger, L., Karesh, W. B., Preston, A., Pessier, A. P.,
et al. (2014). First evidence of amphibian chytrid fungus (Batrachochytrium
dendrobatidis) and ranavirus in Hong Kong amphibian trade. PLoS ONE
9:e90750. doi: 10.1371/journal.pone.0090750
Kraus, F. (2008). Alien Reptiles and Amphibians: A Scientific Compendium and
Analysis, Vol. 4 (Dordrecht: Springer Science & Business Media).
Kumschick, S., Vimercati, G., de Villiers, F. A., Mokhatla, M. M., Davies, S.
J., Thorp, C. J., et al. (2017). Impact assessment with different scoring
tools: how well do alien amphibian assessments match? Neobiota 33:53.
doi: 10.3897/neobiota.33.10376
Laudet, V. (2011). The origins and evolution of vertebrate metamorphosis. Curr.
Biol. 21, R726–R737. doi: 10.1016/j.cub.2011.07.030

Alroy, J. (2015). Current extinction rates of reptiles and amphibians. Proc. Nat.
Acad. Sci. 112, 13003–13008. doi: 10.1073/pnas.1508681112
Ashley, S., Brown, S., Ledford, J., Martin, J., Nash, A. E., Terry, A., et al. (2014).
Morbidity and mortality of invertebrates, amphibians, reptiles, and mammals
at a major exotic companion animal wholesaler. J. Appl. Animal Welfare Sci. 17,
308–321. doi: 10.1080/10888705.2014.918511
Assis, V. R., Titon, S. C. M., and Gomes, F. R. (2018). Acute stress, steroid plasma
levels, and innate immunity in Brazilian toads. Gen. Comp. Endocrinol. 273,
86–97. doi: 10.1016/j.ygcen.2018.05.008
Auliya, M., García-Moreno, J., Schmidt, B. R., Schmeller, D. S., Hoogmoed, M.
S., Fisher, M. C., et al. (2016). The global amphibian trade flows through
Europe: the need for enforcing and improving legislation. Biodivers. Conserv.
25, 2581–2595. doi: 10.1007/s10531-016-1193-8
Beebee, T. J. (1973). Observations concerning the decline of the British Amphibia.
Biol. Conserv. 5, 20–24. doi: 10.1016/0006-3207(73)90050-5
Brodersen, A., Scellato, S., and Wattenhofer, M. (2012). “Youtube around the
world: geographic popularity of videos,” Proceedings of the 21st International
Conference on World Wide Web (Lyon: ACM).
Bucciarelli, G. M., Blaustein, A. R., Garcia, T. S., and Kats, L. B. (2014). Invasion
complexities: the diverse impacts of nonnative species on amphibians. Copeia
2014, 611–632. doi: 10.1643/OT-14-014
Burghardt, G. M. (2017). Keeping reptiles and amphibians as pets: challenges and
rewards. Vet. Rec. 181, 447–449. doi: 10.1136/vr.j4912
Burn, C. C. (2011). A vicious cycle: a cross-sectional study of canine tail-chasing
and human responses to it, using a free video-sharing website. PLoS ONE
6:e26553. doi: 10.1371/journal.pone.0026553
Burn, C. C. (2014). “Social media offers new insights into human and animal
behavior: how to harness them scientifically,” in Proceedings of Measuring
Behavior 2014, eds A. J. Spink, E. L. van den Broek, L. W. S. Loijens,
M. Woloszynowska-Fraser, and L. P. J. J. Noldus (Wageningen: Noldus
Information Technology), 254–257.
Carpenter, A. I., Andreone, F., Moore, R. D., and Griffiths, R. A. (2014). A review
of the international trade in amphibians: the types, levels and dynamics of trade
in CITES-listed species. Oryx 48, 565–574. doi: 10.1017/S0030605312001627
Cheng, X., Dale, C., and Liu, J. (2008). “Statistics and social network of youtube
videos,” in IEEE 16th International Workshop on Quality of Service, IWQoS 2008
(Enschede: IEEE).
Daszak, P., Berger, L., Cunningham, A. A., Hyatt, A. D., Green, D. E., and Speare,
R. (1999). Emerging infectious diseases and amphibian population declines.
Emerg. Infect. Dis. 5:735. doi: 10.3201/eid0506.990601
Davidson, J., Liebald, B., Liu, J., Nandy, P., Van Vleet, T., Gargi, U., et al. (2010).
“The YouTube video recommendation system,” in Proceedings of the Fourth
ACM Conference on Recommender Systems (Barcelona: ACM).

Frontiers in Ecology and Evolution | www.frontiersin.org

7

March 2019 | Volume 7 | Article 52

Measey et al.

Pet Amphibians in YouTube

Silvertown, J. (2009). A new dawn for citizen science. Trends Ecol. Evol. 24,
467–471. doi: 10.1016/j.tree.2009.03.017
Spellerberg, I. F. (1976). The amphibian and reptile trade with particular
reference to collecting in Europe. Biol. Conserv. 10, 221–232.
doi: 10.1016/0006-3207(76)90036-7
Spitzen-van der Sluijs, A., Martel, A., Wombwell, E., Van Rooij, P., Zollinger, R.,
Woeltjes, T., et al. (2011). Clinically healthy amphibians in captive collections
and at pet fairs: a reservoir of Batrachochytrium dendrobatidis. AmphibiaReptilia 32, 419–423. doi: 10.1163/017353711X579830
Tapley, B., Griffiths, R. A., and Bride, I. (2011). Dynamics of the trade in reptiles
and amphibians within the United Kingdom over a ten-year period. Herpetol.
J. 21, 27–34.
Thompson, D. W. (1907). The History of Animals—Aristotle. London: John Bell.
Titon, S. C. M., Assis, V. R., Titon Junior, B., Cassettari, B. O., Fernandes, P. A. C.
M., and Gomes, F. R. (2017). Captivity effects on immune response and steroid
plasma levels of a Brazilian toad (Rhinella schneideri). J. Exp. Zool. Part A Ecol.
Integr. Physiol. 327, 127–138. doi: 10.1002/jez.2078
Van Sittert, L., and Measey, G. J. (2016). Historical perspectives on global exports
and research of African clawed frogs (Xenopus laevis). Transac. Roy. Soc. S. Afr.
71, 157–166. doi: 10.1080/0035919X.2016.1158747
Van Wilgen, N. J., Gillespie, M. S., Richardson, D. M., and Measey, J. (2018). A
taxonomically and geographically constrained information base limits nonnative reptile and amphibian risk assessment: a systematic review. PeerJ
6:e5850. doi: 10.7717/peerj.5850
Vigni, F. L. (2013). A Life for Reptiles and Amphibians, Vol. 1 (Frankfurt: Edition
Chimaira).
Warwick, C., Steedman, C., Jessop, M., Arena, P., Pilny, A., and Nicholas,
E. (2018). Exotic pet suitability: understanding some problems and
utilizing a labeling system to aid animal welfare, environment, and
consumer protection. J. Vet. Behav. 26, 17–26. doi: 10.1016/j.jveb.
2018.03.015
Wigginton, N. S., Fahrenkamp-Uppenbrink, J., Wible, B., and Malakoff, D.
(2016). Cities are the future. Science 352:904. doi: 10.1126/science.352.
6288.904
Yap, T. A., Koo, M. S., Ambrose, R. F., Wake, D. B., and Vredenburg, V. T.
(2015). Averting a North American biodiversity crisis. Science 349, 481–482.
doi: 10.1126/science.aab1052
Zippel, K., Johnson, K., Gagliardo, R., Gibson, R., McFadden, M., Browne, R., et al.
(2011). The Amphibian Ark: a global community for ex situ conservation of
amphibians. Herpetol. Conserv. Biol. 6, 340–352.

Measey, G. J., Vimercati, G., Villiers, F. D., Mokhatla, M., Davies, S. J., Thorp, C.
J., et al. (2016). A global assessment of alien amphibian impacts in a formal
framework. Divers. Distrib. 22, 970–981. doi: 10.1111/ddi.12462
Measey, J. (2017). Where do African clawed frogs come from? An analysis of trade
in live Xenopus laevis imported into the USA. Salamandra 53, 398–404.
Miller, J. R. (2005). Biodiversity conservation and the extinction of experience.
Trends Ecol. Evol. 20, 430–434. doi: 10.1016/j.tree.2005.05.013
Natusch, D. J., and Lyons, J. A. (2012). Exploited for pets: the harvest and trade of
amphibians and reptiles from Indonesian New Guinea. Biodivers. Conserv. 21,
2899–2911. doi: 10.1007/s10531-012-0345-8
Nelson, X. J., and Fijn, N. (2013). The use of visual media as a tool
for investigating animal behavior. Animal Behav. 85, 525–536.
doi: 10.1016/j.anbehav.2012.12.009
Nijman, V., and Shepherd, C. R. (2010). The role of Asia in the global
trade in CITES II-listed poison arrow frogs: hopping from Kazakhstan
to Lebanon to Thailand and beyond. Biodivers. Conserv. 19, 1963–1970.
doi: 10.1007/s10531-010-9814-0
O’Hanlon, S. J., Rieux, A., Farrer, R. A., Rosa, G. M., Waldman, B., Bataille, A., et al.
(2018). Recent Asian origin of chytrid fungi causing global amphibian declines.
Science 360, 621–627. doi: 10.1126/science.aar1965
Pasmans, F., Bogaerts, S., Cunningham, A. A., Braeckman, J., Hellebuyck, T.,
Griffiths, R. A., et al. (2017). Future of keeping pet reptiles and amphibians:
towards integrating animal welfare, human health and environmental
sustainability. Vet. Rec. 181:450. doi: 10.1136/vr.104296
Peel, A. J., Hartley, M., and Cunningham, A. A. (2012). Qualitative risk
analysis of introducing Batrachochytrium dendrobatidis to the UK through
the importation of live amphibians. Dis. Aquat. Organ. 98, 95–112.
doi: 10.3354/dao02424
Pistoni, J., and Toledo, L. F. (2010). Amphibian illegal trade in Brazil: what do we
know? S. Am. J. Herpetol. 5, 51–56. doi: 10.2994/057.005.0106
Pyron, R. A. (2014). Biogeographic analysis reveals ancient continental vicariance
and recent oceanic dispersal in amphibians. Syst. Biol. 63, 779–797.
doi: 10.1093/sysbio/syu042
R Core Team (2018). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing. Available online at: http://
www.R-project.org
Reed, R. N., and Kraus, F. (2010). Invasive reptiles and amphibians:
global perspectives and local solutions. Animal Conserv. 13, 3–4.
doi: 10.1111/j.1469-1795.2010.00409.x
Rowley, J. J., Shepherd, C. R., Stuart, B. L., Nguyen, T. Q., Hoang, H. D., Cutajar,
T. P., et al. (2016). Estimating the global trade in Southeast Asian newts. Biol.
Conserv. 199, 96–100. doi: 10.1016/j.biocon.2016.05.001
Ryan, M. E., Johnson, J. R., and Fitzpatrick, B. M. (2009). Invasive hybrid tiger
salamander genotypes impact native amphibians. Proc. Nat. Acad. Sci. 106,
11166–11171. doi: 10.1073/pnas.0902252106
Schachner, A., Brady, T. F., Pepperberg, I. M., and Hauser, M. D. (2009).
Spontaneous motor entrainment to music in multiple vocal mimicking species.
Curr. Biol. 19, 831–836. doi: 10.1016/j.cub.2009.03.061
Schlaepfer, M. A., Hoover, C., and Dodd Jr, C. K. (2005). Challenges in evaluating
the impact of the trade in amphibians and reptiles on wild populations.
BioScience 55, 256–264. doi: 10.1641/0006-3568(2005)055[0256:CIETIO
]2.0.CO;2

Frontiers in Ecology and Evolution | www.frontiersin.org

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 Measey, Basson, Rebelo, Nunes, Vimercati, Louw and Mohanty.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

8

March 2019 | Volume 7 | Article 52

