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Gymnophiona (caecilians) are inconspicuous, wormlike amphibians that are often hidden from human sight due
to their aquatic or fossorial lifestyles. While Google Trends data have been widely used within conservation
biology to provide information about the relative interest in species, and therefore of their flagship-making
potential, as well as to identify current taxonomic biases. This study aimed to evaluate public interest in am-
phibians, with a particular focus on caecilians, and possible taxonomic biases of and within the class Amphibia.
Google Trends data from amphibians, reptiles (sauropsids, excluding aves), and fishes (chondrichthyans +

osteichthyans, excluding tetrapods) were analyzed and compared. In addition, a framework for a representation
index and web representation index is presented. The introduced relative representation index was able to
confirm taxonomic bias concerning Amphibia. Differences in worldwide public interest could also be evaluated
within amphibians, indicating severe underrepresentation in public interest for caecilians.

1. Introduction

Recent amphibians (Lissamphibia) form a species-rich and extremely
diverse group of vertebrates that includes three orders: Salientia (mod-
ern frogs, i.e., Anura, and extinct frogs), Caudata (modern salamanders,
i.e., Urodela, and extinct species), and Gymnophiona (modern caeci-
lians, i.e., Apoda, and extinct species). We follow AmphibiaWeb and use
the more commonly used terms Anura, Caudata, and Gymniophiona
without considering any fossil species in our analyses. The taxon
Amphibia comprises over 8,000 described species according to the IUCN
Red List (IUCN Red List version 2021-1), while AmphibiaWeb and
Amphibian Species of the World 6.2 list over 8600 amphibian species in
their databases (as of July 2023) (AmphibiaWeb, 2023; Frost, 2023).
Despite this high number of species, comparable to those of mammals
(Burgin et al., 2018) and birds (Callaghan et al., 2021), and despite their
relatively high endangerment compared to other vertebrate groups,
amphibians suffer from negative taxonomic bias. This has been shown
based upon search interest data with the help of Google Trends (Holmes
et al., 2022).

Google Trends provides a comparison between up to five search
terms or topics to evaluate the relative public search interest of users of
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the Google search engine. As shown by Holmes et al. (2022), a few
mammal species (e.g., lion and tiger) dominate the internet-using pop-
ulation’s search interests in vertebrates. Since these few mammals
dominated the search, and the high interest values levelled out small
differences in the relative search interest, it is important to examine the
introduced representation index for amphibians with a less popular
reference species to work out smaller differences in more detail.
Amphibia are globally distributed, except in the polar regions,
though they are concentrated in the Neotropics. It is currently largely
accepted that Anura and Caudata are more closely related to each other
based upon a molecular basis data than either is to Gymnophiona (Frost
et al., 2006; Hillis, 1991; Hime et al., 2021). Most amphibians pass
through a free swimming (aquatic) larval stage before entering, after a
transformative process called metamorphosis (J. O. Reiss, 2002), the
terrestrial adult stage. However, many exceptions are present and a wide
range of developmental variations (e.g., direct development) and life-
styles have evolved. Larval amphibians have a wide range of feeding
modes (filter feeding, carnivory, herbivory), which are often addition-
ally classified by size (macrophagy, microphagy, megalophagy) and,
while mostly terrestrial, can be found in diverse habitats (aquatic, boreal
etc.) (Altig and Johnston, 1989; de-Oliveira-Nogueira et al., 2023;
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McDiarmid and Altig, 1999; Wells, 2007; J. M. Ziermann, 2019; J. M.
Ziermann and Fratani, 2022). As adults, amphibians are generally
carnivorous, with few exceptions (de-Oliveira-Nogueira et al., 2023).
Most amphibians lay eggs into water bodies which are fertilized by a
male; however, a variety of reproductive and developmental modes
evolved (Wells, 2007). Amphibia is also the class of vertebrates at
greatest risk of extinction (Wake and Vredenburg, 2008). In addition to
climate change, habitat loss and human impact, amphibians are
threatened by chytrid fungi (Batrachochytrium dendrobatidis and
B. salamandrivorans) (Collins et al., 2009; Howard and Bickford, 2014;
Parrott et al., 2017; Sodhi et al., 2008). Therefore, quantifying public
interest in amphibians, and in particular the rather cryptic caecilians, is
a crucial step in understanding how under-informed the public is about
the different groups under threat from the current amphibian crisis.

Gymnophiona forms the smallest recent order in the class Amphibia,
with only around 215 described species, and receives little public
attention. They are worm-like creatures who have lost their limbs and
limb girdles and are mostly fossorial or aquatic, often staying away from
human view. Gymnophiona is not only the least diverse order of am-
phibians, but also a reclusive and relatively understudied order. These
animals are often confused with snakes and worms, but have a place in a
few local myths and also some folklore where they are often stigmatized,
which raises concerns for their conservation (Gower and Wilkinson,
2005; Kotharambath et al., 2013). For example, in the Indian state of
Kerala there are 14 vernacular words in the local Malayalam language
used for caecilians, but none of these are exclusive, and are instead
shared with various snake and worm species (Shamna Rajan et al.,
2020).

Gymnophiona are distributed pantropically except Madagascar and
east of the Wallace line (Duellman and Trueb, 1994; McDiarmid, 1994).
Thus, compared with anurans they have a restricted distribution, are
represented by far fewer species, are harder to see, and do not alert
humans to their presence by vocalising loudly (Duellman and Trueb,
1994; Wells, 2007), resulting in relatively little interest as shown via the
Google search engine. In this study, the interests of the Google-using
population searching for information about different Amphibia species
were examined more closely and compared with that for reptiles (sau-
ropsids, excluding aves) and fishes (chondrichthyans + osteichthyans,
excluding tetrapods). The living Amphibia orders Anura, Caudata, and
Gymnophiona were studied for relative differences in interest among
them.

Several factors, such as body mass, can also have an impact on public
perception and attention to species (Holmes et al., 2022). Therefore, this
analysis also compared and analyzed the frequency distributions of body
mass for all extant Amphibia species and for the most Googled
amphibians.

The study is thus intended to contribute to the framework for better
analyzing data from Google Trends to better assess information about
the relative interest of the public in specific species and higher taxa,
identify gaps in attention, and thus help to make conservation work
more effective.

The objective of this study was to quantify the public awareness of
Amphibia relative to other vertebrate groups (fishes: chondrichthyans +
osteichthyans, excluding tetrapods, and reptiles: sauropsids, excluding
aves), with special emphasis on relative awareness of Gymnophiona in
particular, and potential taxonomic biases of and within the class of
Amphibia.

The following research questions (RQ) are set in this study:

RQ1: How can different taxa be represented based on data from
Google Trends?

RQ2: Are different taxa comparable in terms of popularity over the
Internet?
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2. Methods & data

In this study, data comes from two sources. The first source is the
Google Trends service provided by Google. It is the source for our rep-
resentation index. The second source is the number of results reported
by the Google search engine for English names of species. The search
engine was queried for each species name. It is the source for our web
page representation index. Based on the collected data two indexes are
proposed: representation index (Google Trends) and web page repre-
sentation index (results from Google search engine). Additionally, we
have used the body mass data gathered from the literature. The research
flow method was as follows:

2.1. Google Trends data

Google Trends data have been widely used for investigations (e.g.,
Davies et al., 2018; Holmes et al., 2022; Proulx et al., 2014; Zieger and
Springer, 2019). By default, Google offers the comparison of up to five
search terms or topics. If the search query that contains the peak value is
included in each data set, and remains the peak value, it is possible to
compare more than the five data sets using Google Trends. Therefore, all
data are normalized to this peak value (see Holmes et al., 2022).

In this study, data were collected with the following settings in
Google Trends. The period was set from 2004 to present with a monthly
data resolution. Google Trends data were collected during Octo-
ber-November 2021, if not stated otherwise. Complete years were used
for the evaluation, i.e., the beginning was January 2004, and the end
was December 2020. The region was selected as worldwide, and all
categories and web search were set. In this study, topics rather than
search terms were used because they are more informative as described
elsewhere (Holmes et al., 2022). Topics are a group of search strings that
share the same concept in any language, as opposed to search terms
which are single search strings and therefore less comparable when
trying to compare topics rather than search strings.

The most Googled species from the three extant vertebrate classes
reptiles (sauropsids, excluding aves), amphibians (including orders as
far as data were available), and fishes (chondrichthyans + osteichthy-
ans, excluding tetrapods) were identified from previous studies (Davies
et al., 2018; Holmes et al., 2022). The most Googled species of the three
extant classes, the great white shark (Carcharodon carcharias), was
identified using Google Trends topics and then used as the standardized
peak value. Since a new specimen of the goblin shark (Mitsukurina
owstoni) was caught in 2014 (Driggers et al., 2014), it likely generated a
lot of media attention, leading to an unusually high peak in interest on
Google Trends. This search interest, for example, was also set in relation
to the selected reference species.

The American bullfrog (Lithobates catesbeianus), the most Googled
species among the Amphibia species identified by Davies et al. (2018),
was used as a reference species for the closer examination of the three
amphibian orders.

The selected reference topics were used as a reference in all requests
to Google Trends in order to standardize all results on the same peak
value as indicated. Average relative monthly search interest S; for each
of the m most Googled species i during the examined period was
calculated as well as its mean M; for the taxon j as follows:

M;=> S :m
i=1

According to Holmes et al. (2022) m=20 species were examined for
comparison of the three extant vertebrate classes reptiles (sauropsids
excluding aves), amphibians, and fishes (chondrichthyans +
osteichthyans, excluding tetrapods).

Since Davies et al. (2018) only provided data for 52 amphibian
species that were not omitted from their analysis or that had an insuf-
ficient search volume and the vast majority of the species were Anura,
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only m=10 species (first 10 according to Davies et al. (2018)) were
included in the analysis of this study instead of 20 species. This study
used 10 Caudata species which were identified by Davies et al. (2018).
For the Gymnophiona, we were forced to use the 10 existing taxonomic
families as search topics instead of individual species because not
enough species with sufficient search volumes could be identified
(Davies et al., 2018). This serves to highlight the severe underrepre-
sentation of individual species of caecilians among Google searches, and
therefore near total lack of search interest in them.

This study is based on the most Googled species identified by the
work of Davies et al. (2018). In addition, well-known species such as the
African clawed frog (Xenopus laevis), the axolotl (Ambystoma mex-
icanum), and Typhlonectes natans which not only play an important role
in aquaristics but also in research, were originally evaluated with the
help of Google Trends. One further species of caecilian, Atretochoana
eiselti, showed a massive spike in search interest in August 2012 which
corresponds to widespread media reports of its rediscovery and alleged
resemblance to the human penis (Butler, 2012; Wrenn, 2012). But none
of these species returned enough search data to be listed by Davies et al.
(2018) and therefore were not included in the evaluation process.

2.2. Internet representation

The Google search engine was used to identify the number of web
content as search results.

Google rank web pages (single Internet documents with unique URL
(Uniform Resource Locators)), while websites are collections of web
pages (Ganapathy, 2019).

Data were collected during October—-November 2021, if not stated
otherwise, with the following settings in Google.com: all results and any
time. The operator quotation was used in Google.com for English names,
e.g., “American bullfrog”, to obtain a list containing only results with the
exact term. Otherwise, Google would have shown all pages containing
all words from the query, but not necessarily next to each other and in
the exact order.

In two cases some single keywords for English names, e.g., olm
(Proteus anguinus) or hellbender (Cryptobranchus alleganiensis), refer to
many objects. "Hellbender" for instance stands for the hellbender sala-
mander and a character in Marvels ’Guardians of the Galaxy’. Therefore,
single names were used as olm salamander or hellbender salamander but
without quotations. Gymnophiona families were used as single term
without quotation in Google search.

For the Google Trends analysis performed, the topics were selected
based on the suggestions made by Google Trends. For the analysis of the
web content, analogous to the naming of the topics, the English names
for the searched species were used as far as possible, rather than their
binomial names or names in other languages.

The list of species names for Anura is American bullfrog (1); Cane
toad (2); Australian green tree frog (3); Long-nosed horned frog (4);
Goliath frog (5); Green and golden bell frog (6); Wood frog (7); Ranoidea
chloris (8); Spring peeper (9); Tomato frogs (10). The list of species
names for Caudata is Tiger salamander (1); Plateau tiger salamander (2);
Common mudpuppy (3); Northern crested newt (4); Chinese giant sal-
amander (5); Red salamander (6); Olm salamander (7); Fire salamander
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(8); Hellbender salamander (9); Spotted-tail salamander (10). The list of
names for Gymnophiona is Caeciliidae (1); Chikilidae (2); Dermophiidae
(3); Herpelidae (4); Ichthyophiidae (5); Indotyphlidae (6); Rhina-
trematidae (7); Siphonopidae (8); Scolecomorphidae (9); Typhlonecti-
dae (10).

2.3. Representation index

A representation index Rl; that relates the average of the relative
search interest for the 20 most popular to the total number of species n;
in a taxon j over the course of the investigated period was introduced by
Holmes et al. (2022):

Rl =M;: n;

In this study, the years in the investigation period were considered
individually and an annual RIj was calculated for each year from the
Google Trends data. In order to determine whether a certain taxon j was
over- or underrepresented, the relative representation index rRlI;
(Holmes et al., 2022) values were also determined as the annual rRI; for
each year and averaged, and the mean and standard deviation were
determined. Statistically, p-values were calculated using the Students
t-test. For the analysis of the amphibian orders, 10 instead of 20 topics
were evaluated in accordance with the Google Trends analysis.

2.4. Web page representation index

A representation index Rljyep that relates sum Sjyep of web pages W;
for the m most popular species i to the total number of species n; in a
taxon j for the time of the request to Google was used as:

m
S/'weh = § Wi
i=1

leweb = Sjweb LRy

As a first approximation, it is neglected that web pages dealing with
two or more of the examined species or websites providing different web
pages can be counted multiple times.

For t comparable taxa j, the relative representation index rRIjyep for
web pages was calculated based on the expected value Rlexpweb for each
taxon j as:

t t
Rl e, = E Sjweb * E n;
Jj=1 J=1

r leweb :leweb . RIe.rpwrb

2.5. Body mass data

The body mass data are based mainly on the raw data from O’Gor-
man and Hone (2012), which were kindly provided by Eoin J. O’Gorman
(pers. comm., 29 June 2021). Following Holmes et al. (2022), the fre-
quency distribution of the log; of species body mass [g] was calculated
as a percentage of the total number of species for each log level.
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3. Results

Google Trends data were accessed for 20 selected Amphibia species
(Fig. 1A) and compared with the two extant classes reptiles (sauropsids,
excluding aves) and fishes (chondrichthyans + osteichthyans, excluding
tetrapods) (data not shown [see Table Supplement 1, Figure Supplement
1AD.

Relative search interest in reptiles (sauropsids, excluding aves) and
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fishes (chondrichthyans + osteichthyans, excluding tetrapods) was
dominant in comparison with Amphibia species. This could be proven by
the mean of the average relative monthly search interest for all 20
species combined (data not shown [see Fig. Suppl. 1B]).

The relative representation index was calculated for each year and
averaged (Fig. 1B). The numbers of species were used according to the
estimated number of described species in [IUCN Red List version 2021-1.
The index shows a significant underrepresentation (p << 0.001) for
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Fig. 1. (A) Average relative monthly search interest for the 20 most Googled species (according to Davies et al., 2018): Monthly Google Trends data for the search
topics indicated were obtained from 2004 — 2020 and averaged. Mean values + standard deviations are shown for species of Amphibia. The search topic “Great white
shark” was used as reference in each request in Google Trends. As far as possible, topics were selected based on the suggestions made by Google Trends and Google
Trends values <1 were considered 0. (B) Mean values + standard deviation of the annual relative representation index rRI; of the three examined vertebrate taxa
(period: 2004-2020): An annual relative representation index rRI; greater than 1 indicates a relative overrepresentation and rRI; less than 1 indicates a relative
underrepresentation. Google Trends values <1 were considered 0. Students t-test was calculated, and p-values are shown as insert.
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Amphibia in comparison with the other two taxa [reptiles (sauropsids,
excluding aves) and fishes (chondrichthyans + osteichthyans, excluding
tetrapods)]. The results show the significant overrepresentation of
Reptilia compared to all other examined taxa (Fig. 1B).

With the great white shark as reference, the African clawed frog
generated a medium average relative monthly search interest (Sx.igevis =
2.5) compared to the American bullfrog (Fig. 1A). Deviating from the
aforementioned research by Davies et al. (2018), the search topic axolotl
generated unexpectedly high values (Sa mexicanum = 19-4), which may be
due to its cultural importance in Mexico, use in regeneration research,
and recreational importance as a common pet.

As discussed by Holmes et al. (2022), the frequency distributions of
species body mass of amphibians, reptiles (sauropsids, excluding aves)
and fishes (chondrichthyans + osteichthyans, excluding tetrapods) of all
extant species and for the 20 most Googled species reveal a right shift of
the peak value for the 20 most Googled species by at least one log level.
As an example, the frequency distributions of species body mass are
shown for Amphibia in Fig. 2A.

The three Amphibia orders Anura (Fig. 3A), Caudata, and Gymno-
phiona (data not shown [see Table Suppl. 2, Fig. Suppl. 3A]), were
evaluated with the most Googled Amphibia single species, the American
bullfrog (Lithobates catesbeianus), as a reference. Mean values of the
average relative monthly search interest from each 10 most popular
species (Anura, Caudata) or families (Gymnophiona) also show an
extremely low relative search interest for Gymnophiona (data not shown
[see Fig. Suppl. 3B]). Gymnophiona were examined at family and not at
the species level because there were not enough species with sufficient
search volumes. For example, even Typhlonectes natans, commonly
called “rubber eel”, which is also sold in the pet trade and for which
Google Trends (as of June 2023) provides an own search topic referred
to as T. natans, generated only a negligible search volume in relation to
the American bullfrog as reference.

The relative representation index was calculated for each year and
averaged as shown in Fig. 3B. The numbers of species were used ac-
cording to AmphibiaWeb for the Amphibia orders Anura (7,404 species),
Caudata (766 species), and Gymnophiona (214 species) (according to
AmphibiaWeb (https://amphibiaweb.org), University of California,
Berkeley, CA, USA; data accessed: October 2021). The low interest for
Gymnophiona is evidenced by the annual relative representation index
TRIGymnophiona» Which is far below 1 indicating the relative underrepre-
sentation of this taxon (Fig. 3B).

The frequency distributions of species body mass for all extant spe-
cies and for the 10 most Googled species is shown for Anura and Caudata
(Fig. 2B, 2C). Since families instead of species were used as search topics
in the Gymnophiona, weight assignment was not meaningful here.

The web content was evaluated for orders Anura, Caudata, and
Gymnophiona. Again, species excluded by Davies et al. (2018) like
axolotl could also generate high values of search results (axolotl ca.
2E+07 web pages). A similar situation arises for Typhlonectes natans,
which is common in aquaristics, with about 1E4+04 web pages for
"Typhlonectes natans" and with a similar amount of web pages for the
general term "rubber eel" (each in quotation marks, as of June 2023).
Sum Sjyep of web pages was lowest for Gymnophiona families (Sgymno-
phionaweb €@. 2.1E--05) and by order of magnitude higher for Anura and
Caudata (Sanuraweb €@. 3.3E+06, Scaudataweb €a. 2.2E+06). Taking into
account the number of species, the picture was put into perspective. The
relative representation index rRIjyep was calculated on the basis of the
expected value for each taxon as shown in Table 1. It indicates a clear
overrepresentation of Caudata. Additionally, to compare the relation of
information search to the available information (web) content, the
relation of mean annual rRI; to rRIjyep Was calculated (Tab. 1).

4. Discussion

Clear trends can be demonstrated on the basis of this investigation. In
agreement with a previous study (Holmes et al.,, 2022), the
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underrepresentation of Amphibia in the search interests of the popula-
tion by comparison, especially with Reptilia, was shown. Moreover,
there are clear indications that certain orders of Amphibia, specifically
the Gymnophiona, receive significantly less attention than others. This
shows that Google Trends, in combination with a representation index,
is a valuable tool for investigations about public interest in different
taxa.

Since the most Googled species by Davies et al. (2018) did not
contain Gymnophiona because of insufficient search interest, families
instead of species were examined for this taxon. Popular names of frogs
and salamanders are used by scientists and citizens, while family names
are not commonly known by citizens. This may also have a role in search
volumes. It cannot be ruled out that individual Gymnophiona species, e.
g., Typhlonectes natans, may show some interest, which in view of the
small number of species compared to other amphibian orders, could
then have an impact on the representation index.

The number of web pages (sum Sgymnophionaweb) has also confirmed
the low representation of Gymnophiona. The search interest was also
related to the available information content in the Internet. However,
the current status (2021) of the web content was compared with the
relative search traffic of the past years. Caudata have shown a clear
overrepresentation in both search interest and web page number based
relative indices, whereas Anura were slightly underrepresented for both
parameters, because of their high number of described species. Gym-
nophiona have shown a strong underrepresentation in search interest,
which corresponds to a relatively low number of web pages. But the
relationship between the need for information and the information
offered shows that gymnophionans are the subject of relatively low
search interest in relation to the relatively large size of available web
content in the Google search engine for them. A higher value indicates a
high need for information compared to that on offer. While low values
express an inverse relationship.

Relative web representation index rRIgymnophionaweb iS actually rela-
tively high for Gymnophiona, probably due to the low number of spe-
cies, though it should not be forgotten that the existing families were
used as a criterion for the search. This may cover the information on
offer quite well. In the future, there may be a good opportunity to modify
the web index and compare higher taxonomic units than species.

In answer to the first research question, a representation index was
proposed. This index shows the search interest expressed by Internet
users in the Google search engine for species of a taxon in relation to the
number of species, which can therefore be used to compare different
taxa.

In answering the second research question, a web page representa-
tion index was proposed. This index shows the content coverage over the
web pages on species of a taxon in relation to the species number. Also,
the same three amphibian orders in this study were compared.

However, the relation of search interest to web content available in
search engine does not take into account the interest behind the creation
of such websites or web pages. As Holmes et al. (2022) have already
shown for the five vertebrate classes, a trend towards a higher weight in
the most frequently googled vertebrate species was confirmed in this
study by a closer examination of Amphibia. In addition, this trend could
also be shown for the Amphibia orders Anura and Caudata. This
observed trend could be explained by several factors. Heavier species
tend to be larger and therefore more visible. They also tend to have a
larger range of distribution (Reiss, 1988), resulting in more people being
aware of them. Another issue is that larger species also tend to be more
often in conflict with humans (great white shark near beaches, elephants
and big cats in Asia and Africa, American bullfrog as invasive species)
(Kansky and Knight, 2014; Nyhus, 2016). Some limitations are imposed
by using the database that generates body mass data by extrapolating
length-weight relationship (O’Gorman and Hone, 2012).

Therefore, further investigations on Gymnophiona with regard to the
search interest of all known species and their weight distribution would
be useful. In the case of the Gymnophiona species, an investigation of


https://amphibiaweb.org

B. Holmes et al. Ecological Complexity 58 (2024) 101080

A 70 W 20 most Googled species

Amphibia species*

60 -

50 -

N
o
I

species [%]

w
o
L

20

N ..
3 1 4 2 5 3 6 4 7 5

log 10 body mass [g]

8 6 9 7 10 8 11 9

B M 10 most Googled species
Anura species*

60 -

50

N
o
L

species [%]

w
(=)
L

20

10

log 10 body mass [g]

C 0 M 10 most Googled species

Caudata species*

50

species [%]
=y
o
L

w
o
I

20

a ..-
0 T T T T
2 3 4 5

log 10 body mass [g]

Fig. 2. Frequency distribution of species body mass of Amphibia: Distribution for extant species of Amphibia (A) (according to O’Gorman & Hone, 2012) and for the
20 most Googled species (according to Fig. 1A) are shown. Distribution of species body mass of Anura (B) and Caudata (C) for extant species (according to O’Gorman
& Hone, 2012) and for the 10 most Googled species are shown as indicated. Body mass data were kindly provided by Eoin J. O’Gorman (O’Gorman & Hone, 2012)
and were used also for the most Googled animals where available or data are a best estimate (Holmes et al., 2022). Frequency is shown as a percentage of the
respective total number. [* according to E. OGorman data]



B. Holmes et al. Ecological Complexity 58 (2024) 101080

A
70
o
o~
S
< 60 -+
=
1<)
~
£ 50 -
2
3
£ 40 -
<=
[}
&
2 30
=
£
€20 -
£
(]
& 10 -
(]
: I
©
0 — I L
> RS <
\\x«°°" & &© 8‘@% K\\@Q" \\\@Q" « N & e
&
Nt & <& & & Nl & & & &
S o o QO N O N &
RS () X © ® 5 Q <0
Q <@ > A\ N R
¥ % & S &
v B O Q>
NS S N
N N °
S 9 &
v &
B 100
Anura 1
Caudata 8.5205E-21 1
Gymnophiona (#) 8.418E-25 4.3327E-22 1
x Anura Caudata  Gymnophiona (#)
x 10 A
()]
-]
£ o
<
.2
S
i
c
2
o 1
o
o I
©
=]
c
c
©
[
2
s 0.1 -
@
0.01 T
Anura Caudata Gymnophiona (#)
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the length instead of the weight data could also be expedient. Showing
exceptional large or long specimens, might reach more public interest as
often extremes do. Increased awareness would also improve conserva-
tion efforts. Additional research should be done for the evaluation of
differences in the regional attention for this taxon in the world, to see to
what degree it reflects the groups’ natural geographical range.

There are many possible reasons for the discrepancies in search in-
terest between Caudata, Anura, and Gymnophiona, some of which are
presented here. Where not prohibited by law, both Anura (frogs) and

Caudata (salamanders) are kept as pets, which is rarely the case for
caecilians. An exception is Typhlonectes natans, a caecilian available in
pet stores and bred by aquarists and in some zoos and aquariums (Gower
and Wilkinson, 2005; Reinhard and Kupfer, 2022; Sheehy et al., 2021).
This is directly related to the daily exposure of people to amphibians.
Frogs and toads can be easily heard calling in many parts of the world,
and salamander and frogs are commonly seen in moist forests, swamps,
close to streams and ponds over large part of the globe. They are also
frequently present in zoological gardens. Frogs and salamanders are also
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Table 1

Mean annual relative representation index rRI; (period: 2004-2020), relative
representation index rRljye, for web pages (October - November 2021), and
relation rRI; / rRljyep are shown for Amphibia orders Anura, Caudata, and
Gymnophiona. (# families instead species)

taxon j TR TRTjwep TRI;: TRweb
Anura 0.60 0.65 0.93
Caudata 5.09 4.23 1.20
Gymnophiona (#) 0.07 1.47 0.05

part of culture, legends, myths and may be related to religion (Crump,
2015; Voss et al., 2009; Yang, 2016). Some salamanders and frogs even
became symbols for countries (e.g., the olm, Proteus anguinus, in
Slovenia (Aljancic, 2019); Mexican axolotl, Ambystoma mexicanum, in
Mexico (Bride et al., 2008); Puerto Rican coqui frog, Eleutherodactylus
coqui, in Puerto Rico (Westrick et al., 2022)). Unique appearance (e.g.,
the extremely flat Surinam toad, Pipa pipa), striking drawings and col-
ours, health benefits or toxicity (e.g., Poison dart frogs, Dendrobatidae),
being used as food in cooking, being kept in research or as (exotic) pets
(e.g., Xenopus and Axolotl), or being considered cuddly, certainly play a
role in the attractiveness and thus public interest in certain species or
taxa (Measey et al., 2019). Caecilians (Gymnophiona), however, are
largely invisible burrowing in soil or being aquatic and are restricted to
the wet tropics of South and Central America, Africa, and southern Asia.
Furthermore, their wormlike and often colourless appearance makes
them less attractive to the broader public. Moreover, caecilians are often
confused with snakes or worms and are often stigmatized, which has
implications for their conservation (Gower and Wilkinson, 2005;
Kotharambath et al., 2013).

While Google Trends indicates that amphibians in general seem not
to be very popular in public searches, it is evident that occasionally
specific species break through as the ‘American bullfrog’ shows. How-
ever, even this relatively commonly searched frog is significantly less
often searched as the ‘Great white shark’. The American bullfrog was
often in the media due to its size and as an invasive species outside its
natural habitat where it diminishes local populations of small mammals
and other amphibians due to its large appetite (Ficetola et al., 2007).
Due to its more negative image, the American bullfrog is not ideal to
change the perception of the public or increase the public’s interest in
preservation of amphibians and their habitats. Therefore, our results are
important to increase the awareness of need to focus on more suitable
species to highlight to the public.

All of this contributes to the relative low interest observed in the
Google Trends analyses. However, due to the ecological sensitivity of
most amphibians, they can be used as indicators for the health of a
biotope. Climate change, destruction of habitat, increased air and water
pollution, all contribute to the decline of amphibians, in particular frogs
and caecilians (Campbell Grant et al., 2020). Sparking an increased
public interest in amphibians can result in actions to improve global
protection of habitats, which will not only benefit amphibians, but also
many insects as well as other taxa (Mi et al., 2023). Therefore, it is
important to increase public knowledge about amphibians and their
incredible diversity and adaptability (J. M. Ziermann and Fratani,
2022), to foster scientific advancements and to help ensure ecosystems
are protected from human activities that have globally negative impacts
(e.g., deforestation of the Brazilian Amazon; (Silva et al., 2018; Wearn
et al., 2012)).

5. Conclusions

The data from Google Trends have already proven their usability for
various scientific questions (Springer et al., 2021). Nevertheless, some
limitations are known to exist with this data, which result, especially
with small search volumes, from the fact that Google uses samples of its
dataset for analysis to avoid heavy resource use (Zieger and Springer,
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2019). The exact details of the data collection and analysis process, as
well as the improvements made to the Google Trends data collection
system, have not been disclosed in detail to the public by Google
(Myburgh, 2022; Springer et al., 2023). In addition, Google is not the
most popular search engine in all parts of the world, so different regions
are differentially represented here (Springer et al., 2021), and relatively
small data sets were used in the present study, which make reliable
statistical analysis difficult.

The recent study is based on the preliminary study by Davies et al.
(2018). However, both studies differ in that Davies et al. (2018) used
search terms, while here search topics were used, and were able to
extend the timeframe to 2020. The addition of species not included by
Davies et al. (2018) revealed another limitation of that previous work.
For example, they did not consider well-known and important for
research species such as the axolotl (Reif3 et al., 2015), which generated
a high relative search interest in the present, extended, work. The un-
expectedly high values for the axolotl indicate that individual species
that were not considered in the investigations can nevertheless have a
significant influence on the representation index. Yet, the inclusion of
the axolotl in the present study would only have contributed to an even
stronger emphasis on the annual relative representation index for the
order Caudata. For the species Typhlonectes natans corresponding web-
sites were also found, which underlines not least the importance in
aquaristics. The investigation was limited to the families of Gymno-
phiona. Therefore, variations with other search terms are possible. If the
number of web pages would increase due to the inclusion of T. natans,
the web page representation index would increase. This is an indicator
that the study can be further refined and provides the framework for
future work.

A representation index and a Web page representation index were
presented. The former can be used to show the public search interest in
the Google search engine for species of a taxon in relation to the number
of species. The web page representation shows the content coverage
over the web pages on species of a taxon in relation to the species
number. These indices are also adaptable and can be used for different
taxa. This framework can be used, among other things, to make con-
servation work more effective in the future.

This research identifies bias in the perception of Gymnophiona,
where a lack of attention to and knowledge of the unique biology of
limbless amphibians may also affect our understanding of the evolution
or ecology of all amphibians in certain aspects. For example, the unique
adaptations of the skin in amphibians to different degrees of moisture,
the variability of locomotion or feeding styles, or the diversity of
breeding and developmental modes.

Based on our study, it is evident that scientists, in particular herpe-
tologists, should make a concerted effort to bring more attention to
amphibians. While there are numerous great scientific journals (e.g.,
Amphibia-Reptilia, Herpetological Conservation and Biology, Ichthy-
ology & Herpetology) as well as some for hobby-herpetologists (e.g.,
Reptiles) the community is still quite exclusive and rarely contributes to
the overturning of the common misconception that amphibians are
reptiles instead of their own class.
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