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Abstract. 1. Conservation ‘culturomics’ analyses changes in word frequencies within
large digital sources to gain conservation insights. Studies of mammals and birds have
found little correlation between conservation need and research effort or popular interest.
In this study, we examine research and public interest in 9355 potentially endangered
insect species from the Union for Conservation of Nature (IUCN) Red List.
2. Using search counts from Google search, Google Scholar and Ngram as indicators

of public and research interest (Internet salience), we found that Internet attention is neg-
atively correlated with the level of threat faced by an insect species. All measures of Inter-
net salience and research effort were highly correlated, and searches for an insect’s
scientific name were more likely if it had a common name.
3. Since few past studies have incorporated phylogenetic information into their ana-

lyses, we used search counts and Twitter text content to study the phylogenetic signal
of research interest across 870 insect families. Phylogenetic regressions demonstrate that
species-rich families receive more searches, but research interest is not proportional to
the size of a family. Phylogenetically distinct insect families receive fewer searches per
family and per species.
4. Our results suggest that many endangered insects, unlike vertebrates, have been

largely ignored on the World Wide Web.

Key words. Conservation culturomics, endangered insects, insect conservation, Inter-
net salience, phylogenetic signal, taxonomic bias.

Introduction

Insects are currently experiencing drastic declines in diversity
and abundance (Dunn, 2005; Hallmann et al., 2017; S�anchez-
Bayo & Wyckhuys, 2019; van Strien et al., 2019; Cardoso
et al., 2020), but entomological knowledge and efforts to con-
serve insects are taxonomically biased (Clark & May, 2002).
Compared with birds and mammals, insects are studied dispro-
portionately less often (Leather et al., 2008, Troudet

et al., 2017) and are perceived as unfamiliar by the public
(Simaika & Samways, 2018; Leandro & Jay-Robert, 2019).
They are often ignored in conservation policies
(Berenbaum, 2008). This relative dearth of research effort and
public interest may reflect the intrinsic difficulties of studying
insects, which are small, megadiverse, difficult to track, and
often have immature stages that are difficult to find
(Pawar, 2003; Cardoso et al., 2011). However, considering the
immense ecosystem services that insects provide (Cardoso
et al., 2020), this lack of attention is alarming.

Taxonomic bias exists among insects, too. Cardoso (2012)
summarised the types of bias in a list of 122 arthropods in the
European Habitats Directive as ‘taxonomic, geographic, range,
size, and aesthetic’. Similarly, Leandro et al. (2017) demon-
strated through analysis of 15 traits that protected species in
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Europe are ‘significantly larger, better known, more widespread
and more multi-coloured’ than unprotected insects. Since human
perception of insects influences their pattern of interaction in nat-
ural settings (Shipley & Bixler, 2016), it is valuable to investi-
gate which insect taxa garner the most attention. One such
method is through analysis of word frequencies in large
databases.
Research that gleans conservation insight through analysis of

text corpora has been called ‘conservation culturomics’ (Ladel
et al., 2016). The most common way of quantifying taxonomic
bias in ‘public attention’ for a focal taxon (also called ‘Internet
salience’ or ‘societal preference’) is to quantify the number of
Internet searches made for that taxon ( _Zmihorski et al., 2013;
Kim et al., 2014; Murray et al., 2015; Correia et al., 2016; Trou-
det et al., 2017; Kim et al., 2018). Similarly, number of journal
publications can be used as a proxy for research effort (Fisher
et al., 2011; Fleming et al., 2016; Tensen, 2018; Dos Santos
et al., 2020). Number of Internet searches is likely a reliable mea-
sure of public interest (Wilson et al., 2007) and is strongly corre-
lated with number of published scientific studies (Martín-L�opez
et al., 2009). Results from different search engines and social
media searches are usually similar to one another (Jaric
et al., 2016).
This nascent field of conservation culturomics is not without

caveats. Critics question drawing conclusions from frequency-
based trends that do not reflect the abundance of certain words
(Pechenick et al., 2015; Correia et al., 2019). Furthermore, rely-
ing on simple word counts to measure ‘interest’ leaves the rest of
the social media content, such as written texts or posts, untapped.
These online text corpora reflect individual belief and attitude
beyond simple numeric indicators of interest (Vosoughi
et al., 2018) and can be processed with text sentiment analysis
to reveal hotspots of public interest (Li & Wu, 2010)). Much of
conservation culturomics has yet to realise the field’s true poten-
tial with this information.
It might also be possible to detect cultural differences in atti-

tudes towards particular insect taxa (Ressurreiç~ao et al., 2012;
Kanagavel et al., 2014). This question is most pertinent to the
case of species common names, which differ among languages
and cultures. Although Correia et al. (2017) found consistent
correlations between common and scientific names of birds in
six countries with five different languages, it is uncertain
whether many searches for the common name of an insect spe-
cies correlate with more searches for its scientific name. Con-
firming this relationship could provide an argument for
assigning common names to insect species in need of protection.
To the best of our knowledge, explicit evolutionary relation-

ships among insect taxa have not been considered in previous
conservation culturomics studies on public and scientific appeal
of insects. Despite the observation that research attention is not
proportional to the number of species per taxon (Leather
et al., 2008; Troudet et al., 2017), it is possible that patterns of
interest may be more nuanced. For example, research effort
and public interest could be disproportionately concentrated in
phylogenetically distinctive taxa, or research effort and public
interest could be disproportionately focused on highly diverse,
species-rich taxonomic groups. Since insects have both evolu-
tionarily distinct and species-rich taxa, they are an ideal group

to test hypotheses that relate human preferences to a taxon’s evo-
lutionary history.

We further hypothesised that scientific research and public
attention are not correlated with an insect taxon’s conservation
status (i.e., endangered species do not receive more attention).
This is because the scale of insect conservation is fundamentally
different from the task of conserving well-described vertebrate
taxa. There are fewer than 30,000 species of birds and mammals;
we might reasonably expect the endangered species among them
to receive attention in both scientific literature and public dis-
course (Troudet et al., 2017). In contrast, there are over 1 million
described insect species, and an estimated 5 million species yet
to be described (Stork, 2018). Endangered insects are by defini-
tion among the least-commonly encountered species in this
megadiverse fauna. The immense diversity confronting insect
ecologists, taxonomists, and evolutionary biologists means that
the allocation of conservation resources per endangered insect
species is miniscule compared to their vertebrate counterparts.
Even known insect species are under-studied, and funds to study
and conserve them are scarce (Cardoso et al., 2011). Despite a
few famous exceptions, such as the Lord Howe Island stick
insect (Priddel et al., 2003), it seems unlikely that the majority
of endangered insect species will garner much research attention.
Many insects could go extinct without ever leaving a dent in the
World Wide Web.

Material and methods

We used the tools of culturomics to test hypotheses of taxonomic
bias within public and scientific interest in insects (Supporting
Information Fig. S1). All data were collected between 2 and
9 May 2020. We used several measures of internet salience,
social network salience, and research effort to explore public
and scientific interest in two datasets: (i) 9355 species of insects
listed in the IUCN Red List and (ii) 870 insect taxa sampled
across a family-level insect phylogeny. Both datasets are used
to study whether various measures of internet salience and
research effort are consistent with each other. Further, the first
dataset is used to investigate whether the conservation status of
an insect and whether it has a common name contributes to its
scientific or public interest. The second dataset is used to explore
phylogenetic signal in the scientific community’s choice of
research taxon and social media’s perception of insect families.

The IUCN Red List dataset

We downloaded data pertaining to all 9355 potentially threat-
ened insect species named in the IUCN Red List (global list, ver-
sion 2020.1) from https://www.iucnredlist.org/. The IUCN data
for each insect species include the scientific name of the species,
some English common names (3673), its population trend
(increasing: 46, decreasing: 1236, stable: 1208 or unknown:
6410) plus seven levels of assessment as defined by IUCN (data
deficient: 2505; extinct: 61; critically endangered: 322; endan-
gered: 641; near threatened: 535; vulnerable: 796; least concern:
4495) (Supporting Information Fig. S2).
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For each of the scientific names, we measured the number of
relevant results returned from a Google search (number of search
results from https://www.google.com) and a Google Scholar
search (number of Google Scholar search results, total number
of citations for the first 20 results from https://scholar.google.
com) using SerpApi (2020), and relevant results from an Ngram
search (number of books published since the year 1500 contain-
ing the name, relative frequency of the name in the Ngram cor-
pus from https://books.google.com/ngrams) using PhraseFinder
API (Trenkmann, 2020). We applied the same methods to obtain
the number of relevant results from a Google or Ngram search
for the common name of each species.

Insect family-level phylogenetic dataset

We used the family-level insect phylogeny of Rainford
et al. (2014), which includes relationships among 870 families
inferred from nuclear (CAD, Ef1α, PGD,18S, 28S), and mito-
chondrial (COI, COII, 16S) sequences. While the IUCN list
data are organised by species, this tree includes exemplars of
870 insect families. We cross-referenced the Catalogue of Life
Check List (Roskov et al., 2019) and obtained species tallies for
821 of the 870 (94%) families. We measured how ‘distinct’ a
family is by its average distance from all other branch tips.
For each family name, we then measured the number of rele-
vant results returned from a Google, Google Scholar, and
Ngram search as described above. We used the Twitter pre-
mium API (2020) to obtain the top 500 unique tweets contain-
ing the family name from 2 April to 2 May 2020 (the maximum
timespan allowed for the chosen API), as well as the total num-
ber of retweets. If the content of a tweet was in English
(detected by the pycld2 package in Python), we conducted
two sets of text sentiment analysis, one with the ‘Transformers’
package in Python (Wolf et al., 2020; trained on the Stanford
Sentiment Treebank Dataset: https://deepai.org/dataset/
stanford-sentiment-treebank), and one with the “TextBlob”
package in Python (Loria, 2018), to assign a value between
�1 and 1 to each tweet. High absolute values in the ‘Trans-
formers’ analysis indicates high confidence in assigning a sen-
timent value to the text; positive and negative values in
“TextBlob” analysis indicate levels of positive and negative
sentiments in the text.

Analysis

All analyses were conducted in R v.3.6.2.We log-transformed
the number of Internet searches to use as a standard measure of
‘Internet salience’ (Sitas et al., 2009; _Zmihorski et al., 2013;
Correia et al., 2016). We then constructed a Pearson correlation
matrix of all search results to verify consistency among search
results that are proxies of academic interest (e.g., Google
Scholar), public interest (Google search), and social media inter-
est (e.g., Twitter). By ‘consistency,’ we mean that we expect
search results of the same taxon from different platforms not to
be significantly negatively correlated. We also verified

consistency among search results that are count-based
(e.g., Google Scholar search counts, tweet counts) and impact-
based (Google scholar citation counts, retweet counts). Lastly,
we verified consistency between search results based on scien-
tific names and common names.We conducted principal compo-
nent analysis (PCA) using Google search counts and Google
Scholar search counts and citation counts for each species’ scien-
tific and common names as variables to visualise our result (R;
https://cran.r-project.org).

Using the IUCN Red List dataset, we ran generalised linear
models with Google search counts by scientific name as the
dependent variable (log-linked, Gaussian distribution, R ‘stats’
package), and the following potential explanatory variables:
(i) level of endangerment (only critically endangered, endan-
gered, near threatened, vulnerable, least concern as five numeric
levels, excluding the extinct and data deficient categories);
(ii) estimated population trends (four categories, increasing,
decreasing, stable, unknown); and (3) whether the taxon has a
common name. AIC values were used to select the best model
when differences in residual sums between two models were
not significant. The correlation between level of endangerment
and search counts of a species’ scientific name were then verified
by running the same regressions with search counts of the spe-
cies’ common name as the dependent variable. To avoid con-
founding high search volume common names that do not only
refer to an endangered species (e.g., ‘Apollo’ for Parnassius
apollo), we repeated our common name analysis with only com-
mon names longer than three words (e.g., ‘Lord Howe Island
stick insect’) (n = 1612) to increase the specificity of the com-
mon name reference.

Using the family-level dataset, we examined whether
research and public interest are randomly distributed across
the phylogeny. We calculated Pagel’s λ (Pagel, 1999) to assess
the phylogenetic signal of the following results per family as
continuous traits: Google search counts, Google Scholar search
counts; Google Scholar citation counts; number of unique
tweets in the past 30 days; average sentiment value of tweets
for the family. We also calculated the phylogenetic signal of
species richness and the phylogenetic distinctiveness of each
family – commonly known as the phylogenetic signal of clade
size and clade age (Rabosky et al., 2012). We then calculated
the phylogenetic signal of the number of family searches
divided by species per family (i.e., the number of searches for
each species in a family).

We ran generalised linear models with Google search counts
of family names as dependent variables (log-linked, Gaussian
distribution, R ‘stats’ package) and phylogenetic distinctiveness
of the family as explanatory variables. Since phylogenetic dis-
tinctiveness has a strong phylogenetic signal, we further con-
ducted a phylogenetic generalised least squares analysis (Ives
et al., 2007) to examine whether any signal is detectable after
accounting for phylogenetic structure. In the phylogenetic
regression models, we used either Google search count per fam-
ily or per species as the dependent variable with one of four
explanatory variables: (i) the results of Google search, Ngram
search, Twitter search; (ii) mean sentiment polarity for each fam-
ily; (iii) species count for each family; and (iv) phylogenetic dis-
tinctiveness of each family.
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Results and discussion

Endangered insects receive less attention than common ones

The number of results from searching a species’ scientific
name in Google, Google Scholar, and Ngram were significantly
positively correlated (Supporting Information Table S1;
Fig. S3). In our PCA, the first axis of variation, representing
quantity of search counts (on a log scale), explains 75.7% of
the variation in our data (Fig. 1). Our measures of public interest
and research effort were highly positively correlated
(P < 0.001), which is consistent with the result of public percep-
tion driving scientific funding (Martín-L�opez et al., 2009), or
effectively the converse, with new scientific knowledge driving
public discourse. Further, the positive correlation between
search counts of common and scientific names was highly signif-
icant (P < 0.001), which is consistent with results of Correia
et al. (2017) and Jaric et al. (2016), who found positive correla-
tions between search counts of common and scientific names for
species of birds and mammals. The model that best explains the
Google search count for species scientific names includes
(i) level of endangerment, (ii) population trend, and
(iii) presence of common names, with no interactions between
variables (pseudo-R2= 0.14; Supporting Information Table S4).
Species with increasing population trends have more searches
(P < 0.001), while those of unknown population trends have
fewer searches (P = 0.03) (Supporting Information Fig. S4).
Species with common names received more searches for their

scientific names (P = 0.006), supporting the idea that common
names increase the recognisability of the insect
(Berenbaum, 2008; New, 2008). Alternatively, there is little
impetus to give an insect a common name if it only has locally
constrained ranges or if it is rarely encountered by the non-
scientific public.

The more endangered an insect is, the less often people search
for it. A species’ level of endangerment is negatively correlated
with number of Google searches (P = 0.015). The same is true
of Google Scholar searches, and of both Google and Google
Scholar that search by common name instead of scientific name
(Supporting Information Fig. S6). In fact, across all measures,
public and scientific attention to extinct insects is higher than to
critically endangered insects (Fig. 2; Fig S6)! A similarly nega-
tive relationship between number of searches and degree of
threat was found in a conservation culturomics study of 236 bird
species in Brazil (Corrêa et al., 2016), while a weakly positive
correlation was found by Dos Santos et al. (2020) studying
4108 non-marine mammal species. Kim et al. (2014, 2018) also
found a positive correlation in lists of endangered species (all
taxa) in Korea and Japan. Other researchers found no such pat-
tern in European birds (Murray et al., 2015), coral reefs (Fisher
et al., 2011), felids, and canids (Tensen, 2018).

If one goal of IUCN threat evaluation is to raise awareness
about endangered species, this evidence suggests that while
larger terrestrial mammals enjoy public and scientific recogni-
tion (Kim et al., 2014, 2018; Dos Santos et al., 2020), threatened
insects decline towards extinction in relative anonymity. There

Fig 1. Critically endangered insect species (red dots) from the 9355 species listed on the IUCN Red List are under-researched (left side of principal com-
ponent analysis plot). Arrows indicate increased Google search counts, Google Scholar search counts, and Google Scholar citation counts on a log scale.
Only a few flagship species such as the Lord Howe Island stick insect (Dryococelus australis) are the subject of much public interest and research atten-
tion, while most critically endangered insect species (red dots) are under-researched. Species of least conservation concern (grey circles) are more evenly
distributed.
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are several reasons for this omission. First, compared with verte-
brates, we know relatively little about each of the 8–10 million
potential insect species on earth (Stork, 2018). Endangered or
threatened insects are usually less abundant or only regionally
abundant and therefore infrequently encountered in comparison
with species in less dire IUCN categories. Fewer searches for
these rare insects may reflect the intrinsic difficulty of finding
and studying them (Cardoso et al., 2011). Secondly, most
applied entomological research funding and associated publica-
tions are aimed at killing insect pests or disease vectors, not pro-
tecting them (Kegan & Prokopy, 2009; Smith &
Kennedy, 2009). Insect conservation for the sake of their ecosys-
tem services has only recently gained traction given the signifi-
cant economic implications of the subject (Losey &
Vaughan, 2006; Dangles & Casas, 2019; Cardoso et al., 2020).
Finally, insect conservation is primarily achieved through the
lens of habitat conservation (Hebel et al., 2019), which aims to
preserve insect (meta)communities and their ecological func-
tions. Despite alarm calls about global insect decline, the fate
of endangered insects has not received tailored attention.

In our study, conservation success stories for endangered
insect species tend to be outliers among the critically
endangered and data deficient species in the PCA plots (Fig. 1;
Supporting Information Fig. S5), along with a few charismatic

insects frequently seen on the black market (such as the Golden
Kaiser I-Hind butterfly, Teinopalpus aureus, Wang et al., 2018;
Xing et al., 2019). Most endangered species lie on the left side of
the figure, indicating low to negligible public interest and
research effort. Outside a short list of well-known species, most
endangered insects seem to reside in a forgotten corner of the
World Wide Web.

Species-rich, phylogenetically distinct insect clades receive less
research attention

All measures of Internet salience and research effort measured
on Google, Google Scholar, Ngram, and Twitter are positively
correlated (Fig. S7), mirroring the IUCN search results (-
Table S2). In the PCA plot, the first axis, indicating research out-
put and public interest, accounts for 71.3% of the variation
(Fig. S8). Although our data represent only 1 month of Twitter
posts, we found that insect family names with more Google
and Google Scholar searches are indeed tweeted and re-tweeted
more often. The difference between Tweet counts and Google
search counts explains 11.9% of the variation on the second
PCA axis (Fig. S8), which suggests an incomplete overlap
between the two.

Fig 2. Critically endangered species receive fewer Google and Google Scholar searches than insect species of least concern. Circles and squares indicate
the mean frequency of Google and Google Scholar search counts, respectively, examined for each IUCN Red List category in this study (bars indicate
standard errors).
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The results of our text sentiment analysis are limited to the
English language. Among a total of 8723 tweets, 4855 were in
English (followed by 683 in Spanish, 664 in Japanese, and
568 in Portuguese). Most tweets in English convey a single
sentiment polarity (i.e., bimodal distribution in ‘Trans-
formers’ analysis, Fig. S9) and the average skews towards
slightly positive sentiments (“TextBlob” individual
mean = 0.12, Sc.D. = 0.25, family mean = 0.11, s.
d. = 0.15). We note that tweets are trendy, and this study ana-
lyses tweets from only a single month (April) in 2020. These
tweets could carry seasonal or geographical bias because
users in the northern and southern hemispheres might observe
and tweet about different insects in April. However, if tweets
more closely reflected academic publications, seasonal biases
should be less prominent. In this study, we are also limited by
the number of query words we could access; we might have
missed more nuanced patterns beyond mere mention of insect
family names, such as hashtags of insect common names in
different languages. As Twitter begins to open up its dataset
to researchers (Twitter Developers Forums, 2021), we expect
more temporally, spatially, and linguistically fine-scaled cul-
turomics studies to emerge.
Family names of species-rich families receive more

searches, even accounting for clade size (phylogenetic regres-
sion, R2 = 0.295, P < 0.001; Fig. 3a linear regression), sug-
gesting heightened research interest in hyper-diverse families
such as Curculionidae, Carabidae, and Noctuidae (Fig. 4).
However, this increased interest is not proportional to the spe-
cies richness of a family. The number of searches for a family
per species (i.e., number of searches for a family divided by its
size in terms of number of species) is negatively correlated
with species richness of the family (phylogenetic regression,
R2 = 0.470, P < 0.001)(Fig. 3b). In other words, although
families that are more species-rich receive more searches per
family overall, species in those families receive fewer
searches.
We measured the phylogenetic distinctiveness of each insect

family by calculating its average distance from all other branch
tips. The results of this measurement might be numerically dif-
ferent from the formal definition of ‘evolutionary distinctive-
ness’ ED (Isaac et al., 2007). We found a negative correlation
between the number of searches and the phylogenetic distinc-
tiveness of a family (R2 = 0.070, P < 0.001) (Fig. 3c); this neg-
ative correlation still holds when the number of searches is
normalised by species richness per family (R2 = 0.014,
P < 0.001); although in both cases the variance in searches
explained by phylogenetic distinctiveness is relatively low.
These results provide some evidence that phylogenetically dis-
tinct families receive fewer searches per family and per species.
In contrast, this bias against phylogenetically distinct taxa is not
found in terrestrial mammals (Tensen, 2018; dos Santos
et al., 2020).
Phylogenetic signal was not significant in any of the search

results, nor in sentiments towards families (Table S3). This sug-
gests that interest in insect families is more likely to relate to
their perceived importance or negative impact on humankind
(Lounibos, 2002; Cardoso et al., 2020). As shown in this study,
insect families garnering the highest interest are those that

interact with crop plants or potentially vector disease
(e.g., Apidae see Owen, 2017, Culicidae see Killeen
et al., 2006). Other high-interest families are viewed as pretty
or charismatic (e.g., butterfly families, Fleishman and
Murphy, 2009), or as pests or popular research taxa
(e.g., Formicidae see Leach et al., 2013, Carabidae see
Allen, 1979) (Fig. 4). There is no intrinsic reason why insects
of interest to humans might exhibit phylogenetic signal. On
the other hand, the dual contributions of evolutionary history
and research interest to species richness are difficult to disen-
tangle. Some taxonomic property that has a strong phylogenetic
signal, such as species richness itself, could be correlated with
human interest (Poe et al., 2021). An insect family could be
species-rich because it occurs in parts of the world with longer
traditions of entomological research and thus is more inten-
sively studied.

Fig 3. Google search counts are positively correlated with species rich-
ness and negatively correlated with phylogenetic distinctiveness of insect
families (sensuRainford et al., 2014) (n= 821). (a) Google search counts
for insect families are positively correlated with the number of species in
the family, but (b) the average Google search count per species is nega-
tively correlated with the number of species in its family. (c) Google
search counts for an insect family are negatively correlated with its dis-
tinctiveness, measured as its average distance from all other branch tips
on the phylogeny.
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Fig 4. Google search counts for 870 insect families mapped as a continuous trait onto an insect phylogeny (Rainford et al., 2014 show no phylogenetic
signal but are positively correlated with the species richness for each family. Large insect orders are labelled. The 14 insect families with the most searches
are also labelled.
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