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Abstract

Attention directed at different species by society and science is particularly relevant within the field of conservation, as
societal preferences will strongly impact support for conservation initiatives and their success. Here, we assess the
association between societal and research interests in four charismatic and threatened species groups, derived from a
range of different online sources and social media platforms as well as scientific publications. We found a high level of
concordance between scientific and societal taxonomic attention, which was consistent among assessed species groups
and media sources. Results indicate that research is apparently not as disconnected from the interests of society as it is
often reproached, and that societal support for current research objectives should be adequate. While the high degree of
similarity between scientific and societal interest is both striking and satisfying, the dissimilarities are also interesting,
as new scientific findings may constitute a constant source of novel interest for the society. In that respect, additional
efforts will be necessary to draw scientific and societal focus towards less charismatic species that are in urgent need of

research and conservation attention.

Keywords: societal attention; charisma; birds of prey; Primates; Carnivora; marine mammals

1. Introduction

Species receive uneven attention in terms of scientific research (Clark and May, 2002; Proenca et al.,
2008; De Lima et al., 2011; Murray et al., 2015; Donaldson et al., 2016; Fleming and Bateman, 2016). This uneven
scientific focus is driven by diverse factors, such as geographic location, species accessibility, suitability for use as
model species, conservation status, and researchers’ own personal interests (Jari¢ et al., 2015). Society, however, can
also influence research focus through policy and funding agendas, while science in turn influences societal attention
through scientific communication and media representation. Contrastingly, choices of studied species are sometimes
criticized as leading to a waste of societal resources when they do not appear to match the immediate interest of
taxpayers.

Based on the main drivers of societal and scientific taxonomic attention identified so far in the literature,
we suggest that there are at least three general categories of drivers of societal and scientific taxonomic attention: 1)
intrinsic, species-related factors, which can also be considered as elements of species charisma, 2) population-level or
spatial factors, and 3) socio-economic factors. Major intrinsic factors include body size, unique morphology, distinctive
coloration patterns, anthropomorphism, behavior, social structure and neotenic features (Moustakas and Karakassis,

2005; Stokes, 2007; Wilson et al., 2007; Martin-Féres et al., 2013; Zmihorski et al., 2013; Kim et al., 2014). Other
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recognized proxies for scientific and societal taxonomic preferences are phylogenetic distance from humans and
structural complexity (Proenca et al., 2008; Martin-Lopez et al., 2011; Martin-Fores et al., 2013), although both are
associated with already listed factors such as anthropomorphism and body size. Population-level or spatial factors
include abundance, range size, range proximity to or overlap with developed nations, extinction risk, and habitat
accessibility (Wilson et al., 2007; Brooks et al., 2008; Sitas et al., 2009; Trimble and van Aarde, 2010; Fisher et al.,
2011; Zmihorski et al., 2013; Dos Santos et al., 2015; Jari¢ et al., 2015; Zhang et al., 2015). Socio-economic factors are
represented by the species economic value (e.g. as an object of trade or tourism), its pest status, potential threat to
humans (e.g. venomous or aggressive species), presence of key ecological values or ecosystem services, and various
cultural values (i.e. traditional, religious, etc.) (Moustakas and Karakassis, 2005; Wilson et al., 2007; Proenca et al.,
2008; Jari¢ et al., 2015; Zhang et al., 2015; Donaldson et al., 2016; Roll et al., 2016).

While previous research has addressed the factors underlying uneven taxonomic attention, the actual
level of overlap between societal and scientific attention has been poorly quantified. In the current information age,
society has access to and produces much more content than any previous generation. Due to the sheer amount of
accessible information, it becomes necessary to make choices regarding the attention scope. Consequently, it may be
interesting to compare the species chosen by scientists and by the rest of the society. This question was previously
addressed in the seminal work of Wilson et al. (2007), however this was based on a rather limited sample. While it has
not received further attention so far, this issue remains highly relevant, particularly within the field of conservation
biology. As stated by Stokes (2007), societal preferences are just as important for the success of conservation efforts and
survival of many endangered species as are common ecological determinants, such as minimum population size and
habitat requirements. Societal preferences can play a wide range of roles. People express their views and interests using
various widespread media, and not all have the opportunity to express their interest in a more active way, such as
engagement in conservation non-profit organizations. Societal attention towards particular species can be beneficial if it
helps society to understand the need for conservation action and to support it. Approaches that aim to attract societal
attention towards conservation goals, such as flagship species concept, have proven to be successful in attracting
societal support and funding (Verissimo et al., 2011, 2017). On the other hand, increased attention might sometimes lead
people to exert increasing negative pressure on the species they are interested in, akin to the Anthropogenic Allee Effect
(Courchamp et al., 2006), or alternatively to contest actions against invasive alien species (Courchamp et al., 2017).

Here we take advantage of emerging culturomic techniques (Michel et al., 2011; Ladle et al., 2016;
Sutherland et al., 2018) to assess the similarities and differences in the societal and scientific interests in different

species, based on scientific publications and a range of different online sources and social media. We assessed the
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relationship between the scientific and societal taxonomic attention within four species groups that predominantly
consist of charismatic and threatened animals: carnivorans, primates, marine mammals and birds of prey. We discuss the
drivers of observed relationships and overlaps, and address their implications for conservation planning and

management.

2. Methods

Data retrieval was based on the approach proposed by Jari¢ et al. (2016) and Correia et al. (2017).
Species lists, comprising diurnal birds of prey (orders Accipitriformes, Falconiformes and Cathartiformes), Carnivora,
Primates and marine mammals (cetaceans and pinnipeds), were obtained from the [UCN Red List database (JUCN,
2017). Extinct species and those described after 1995 were excluded from the analysis, which resulted in a total of 1058
species in the dataset (318 birds of prey, 252 carnivorans, 370 primates and 118 marine mammals). Search of scientific
publications and online media sources was conducted by using both species scientific names and scientific synonymes,
each placed in parentheses, within a same search query (i.e., [“species name” OR “synonym #I1” OR “synonym #2”
OR...]). This resolved the problem of potential double entries, and the results were thus expressed as the number of
unique records per species. Scientific names represent a reliable proxy and preferable alternative to vernacular names,
due to a strong and culturally independent association between their representation in digital corpora (Jari¢ et al., 2016;
Correia et al., 2017, 2018). At the same time, search based on scientific names avoids numerous problems related to
vernacular language, such as frequent vernacular synonyms and homonyms (Roll et al., 2018), differing names among
languages, as well as lack of vernacular names for some species (Jari¢ et al., 2016). Accounting for taxonomic
synonyms is also critical, as they can strongly affect the accuracy of species data retrieval (Correia et al., 2018).

Research attention was defined as the number of scientific articles indexed within the Web of Knowledge
(available at www.isiknowledge.com) for a given species. The search was conducted within titles, abstracts, and
keywords of referenced publications published during 1996-2016. Keywords that are automatically assigned by the Web
of Knowledge (i.e. Keywords Plus) were not considered in the analysis, due to their low reliability (Wilson et al., 2007;
Fisher et al., 2011).

Media coverage for each species was estimated based on the following five online sources: Internet pages
containing the species name, online articles in selected major international newspapers (The New York Times, The
Guardian, Le Monde, Washington Post, and Asahi Shimbun), Twitter, Facebook, and pictures posted on the Internet for
each of the studied species (Jari¢ et al., 2016). Media coverage data collection was performed in line with the approach

by Correia et al. (2017), by using the Google’s Custom Search Engine API. Searches were carried out during June 2017,
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with search queries for each of the online sources based on Jari¢ et al. (2016): 1) Internet pages — [“species name”], 2)
Twitter — [“species name” site:twitter.com], 3) Facebook — [“species name” site:facebook.com], 4) Newspapers —
[“species name” (site:nytimes.com OR site:theguardian.com OR site:lemonde.fr OR site:washingtonpost.com OR
site:asahi.com)], and 5) Photographs — [“species name” (filetype:png OR filetype:jpg OR filetype:jpeg OR filetype:bmp
OR filetype:gif OR filetype:tif OR filetype:tiff)].

The resulting dataset features the number of records per species and per assessed sources. Since the
variables were not normally distributed (Kolmogorov-Smirnov test, p<0.001), nonparametric tests were applied.
Relationship between the number of scientific publications and the five online media sources, within each of the four
studied species groups, was assessed using a Spearman’s Rank test, with Bonferroni correction. We also conducted
ranking, by ordering species based on the number of results for each of the five online media sources assessed and

estimating the average rank across the sources; ranking was also performed for scientific publications.

3. Results

The average number and range of records obtained for each species group, for scientific publications and
each of the five assessed online media sources, are presented in Table S1 (Supplementary material). Results indicated
strong correlations (0.751 mean correlation coefficient, p<0.001) between the number of scientific publications per
species and the number of results from each of the online media sources assessed, in each of the four studied species
groups (Fig. 1; Table 1). Correlations were strongest in carnivorans and lowest in primates (0.836 and 0.696 mean
correlation coefficients, respectively). Regarding the media sources assessed, correlations with the number of scientific
articles per species were strongest for Internet pages and lowest for newspaper articles (0.889 and 0.550 mean
correlation coefficients, respectively; Table 1). All correlations remained significant following a Bonferroni correction.
Proportion of online media coverage and scientific articles per each studied species group (Fig. 2) indicated differences
in the overall relative coverage among media sources and species groups. Birds of prey were consistently more
represented than other species groups. The proportionial representation of species in relation to scientific articles was
higher in internet webpages, Facebook posts and photographs, but lower in Twitter and online news.

Overall species ranks within social media had strong positive correlations with their ranking based on
scientific publications (Table 1). Lists of top-ranked species based on their overall presence in social media were fairly
similar to those that reached top ranks within scientific publications (Table 2). Common bottlenose dolphin (7ursiops
truncatus) was the most popular marine mammal species within the scientific community, and the second-highest

ranking marine mammal species for the general society. Top-ranked birds of prey in science and among the general
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society, as well as top-ranked carnivorans in science, are exclusively represented by European and North American
species. On the other hand, top-ranked carnivorans among the general society also comprised two big cats from Africa
and Asia, lion (Panthera leo) and tiger (P. tigris). Top-ranked primates were dominated by macaque species (Macaca
sp.) such as rhesus macaque (Macaca mulatta), the highest ranked primate within both sources, as well as by big apes

(Table 2).

4. Discussion

The literature indicates that species coverage may differ among different media (Jacobson et al., 2012).
However, in our study all five assessed online media sources provided similar results, which suggests that they can
potentially be used interchangeably as a measure of societal taxonomic attention. Yet, most of them either represent
specific sectors, such as newspaper articles, or are generated by different processes, and therefore may provide
essentially different information. Although they have been relatively rarely used so far, web-based images also seem to
represent a suitable tool for data mining (Barve, 2014; Jari¢ et al., 2016; Ladle et al., 2017; Sherren et al., 2017a,
2017b). Images and other visual media may be especially adequate for culturomic studies that are focused on species
attractiveness and charisma, which is particularly relevant for the field of conservation biology. As our study
demonstrates, the use of images within this field can go beyond the analysis of cultural ecosystem services (Willemen et
al., 2015; Martinez Pastur et al., 2016; Hausmann et al., 2017). Use of social media in conservation science is still
somewhat limited (Di Minin et al., 2015), but is rapidly increasing. Twitter and Facebook represent dominant social
media platforms, which makes them suitable research tools (Miller, 2011; Roberge, 2014; Papworth et al., 2015). They
are rapidly changing communication and information sharing dynamics, and are increasingly used as communication
platforms by the scientific community and other groups from the biodiversity conservation field (Naaman et al., 2011;
Bombeaci et al., 2015). Online news media have a wider reach than traditional printed newspapers, and are considered
suitable to reflect societal attention and popular attitudes (Verissimo et al., 2014; Papworth et al., 2015). However, we
observed very low presence of species in newspaper articles (Table S1). As much as 68% of the assessed species had no
newspaper articles, while only 20% of the species had more than a single result. This issue may be partly due to the
search conducted by using only scientific species names, although such approach has been validated (Jari¢ et al., 2016)
and does not seem to be an issue with the other online sources, such as web-based images. To a certain extent, this may
be due to news media commonly focusing on only a small proportion of high-profile species (i.e., charismatic species,
or those with high economic value), while the majority of other species seem to end up being neglected. Additionally,

low species coverage by online news media may stem from inappropriate publishing practices. Wildlife observers or
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photographers often strive to provide the scientific name of the species they are posting about on the web, while
journalists do not. Due to potential implications for science education and societal outreach, it would be valuable to
explore this issue further.

Based on all these various representations of societal attention, our analysis unveiled a high level of
concordance between scientific and societal taxonomic attention, and this was consistent among assessed species groups
and online media sources. This shows that scientific focus is not remote from societal attention towards different
species, and vice versa, a finding also reported by Wilson et al. (2007). On the one hand, this can be interpreted as a
positive outcome, since scientists are apparently well aligned with societal attention, which is what the general society,
as providers of public funding, and consequently the funding agencies, would request. On the other hand, if research
focus and societal attention are both considered to be biased (Clark and May, 2002; Sitas et al., 2009; Kim et al., 2014;
Roberge, 2014; Donaldson et al., 2016; Wilson et al., 2016; Troudet et al., 2017), it is of special importance to
understand the mechanisms that produce such biases. They are likely represented by a similar set of drivers that are
influencing societal and scientific attention, as well as by the interaction between the two groups. However, as stated by
Troudet et al. (2017), while the presence of interaction between the scientists and the general society is not
questionable, it remains particularly challenging to clarify the actual direction and causality of influence between the
two groups. It is important to emphasize that our study focused only on the level of overlap among the coverage of
different media sources and scientific publications, and not on the actual media content or mechanisms that are driving
public and scientific attention.

The top five ranked species in each of the four studied species groups revealed a substantial overlap between
scientific and societal focus (Table 2). Popularity of common bottlenose dolphin within the scientific community is
mainly due to its use as a model species in experiments on a wide range of topics, such as echolocation, behaviour,
intelligence, swimming and communication (Jari¢ et al., 2015). At the same time, its popularity for the general society
probably comes from its ubiquity and high presence in both captivity and popular culture. Dominance of European and
North American birds of prey and carnivores points to commonness and range overlap with developed countries as
major drivers of taxonomic attention. Lion and tiger, African and Asian carnivores that were among the top-ranked
species by the general society, were previously identified as the two most charismatic animals globally, while the gray
wolf (Canis lupus), highest-ranked carnivoran within both sources in the present study, was identified in the same study
as the 9" most charismatic animal (Courchamp et al., 2018). Among the primates, those that are prominently used as
model species dominated the ranking. Based on the individual checking of internet sources and online news for the

rhesus macaque, it seems that its high presence in online media is mainly due to health- and medicine-related content,
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where the species is mentioned as a study system (e.g. efforts at developing HIV vaccine). Big apes are among the most
charismatic primate species (Courchamp et al., 2018), mainly due to higher levels of anthropomorphism and
comparatively larger body size than in other primates. Use as model species is likely a less important attention driver
for the society, which may explain why big apes are more prominent among the top-ranked primates for the general
society than for science. This might have also contributed to the weaker correlations between the societal and scientific
attention for primates than in the other three assessed species groups.

It is important to note the potential risk of a statistical bias when using a measure of societal interest that
depends on the capacity of people to interact with the Internet. Users from developed countries and the related content
are likely to be overrepresented, and those regions are also where most of the scientific output originates, which might
make species from those areas also more prominent in both of the assessed sources (Martin et al., 2012; Amano and
Sutherland, 2013; Amano et al., 2016; Wilson et al., 2016). This calls for caution when interpreting presented results.
On the other hand, the potential problem of biased media coverage when focusing studies of online media on only a
single language (Bhatia et al., 2013; Funk and Rusowsky, 2014) was resolved here by using scientific names as search
keywords (Jaric et al., 2016; Correia et al., 2017).

Understanding of societal and scientific attention is especially relevant within the field of biodiversity
conservation, due to its potential impact on the general support for conservation efforts (Stokes, 2007; Kiley et al.,
2017; Liordos et al., 2017). The biodiversity conservation arena is generally considered to be represented by four
distinct, interacting sectors: the scientific community, policy makers, news media, and the general society (Papworth et
al., 2015). The extent to which the four sectors align in their focus depends on their sensitivity and susceptibility to each
of the three general taxonomic attention drivers listed in the introduction (i.e., intrinsic, population-level/spatial, and
socio-economic), as well as on the level of inter-sectoral interaction. The scientific community is strongly influenced by
research funding and science policy. If both funding and the policy follow wider societal preferences, such as species
charisma, scientific attention will correspond well to that of the general society. Scientists in turn also influence societal
interests by communicating information and new knowledge to the general society, both directly, through different
outreach activities, and indirectly, through news media and by informing and guiding policy development and
conservation decision making (Moustakas and Karakassis, 2005; Trimble and van Aarde, 2010; Papworth et al., 2015).
Certain levels of dissimilarity between scientific and societal attention can also produce positive effects, by bringing
new centers of interest to the general society. Each of the sectors is also subject to its own internal mechanisms that
generate or maintain existing taxonomic attention patterns. For example, research inertia may contribute to perpetuated

biases in taxonomic attention in science (Jari¢ et al., 2015; Troudet et al., 2017). Researchers often focus on well-
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studied species they are familiar with, with proven potential to attract funding, and past research in one area will
therefore have a tendency to generate more research in the same area (Martin-Lopez et al., 2009; Dos Santos et al.,
2015; Correia et al., 2016a). This contradicts to an extent the general view of science as objective in its pursuit of new
knowledge, especially if such focus towards charismatic species leaves numerous other, less appealing species largely
neglected. Non-charismatic taxa and species groups, such as invertebrates, tend to receive poorer scientific and
conservation attention and funding, even though they may be in greater need of research and management efforts
(Muiioz, 2007; Cardoso et al., 2011; Fisher, 2011; Brambilla et al., 2013). Biased scientific publishing practices, such as
"taxonomic chauvinism" (Bonnet et al., 2002), will also contribute to maintaining taxonomic biases in research.

The same drivers of taxonomic attention can impact both scientific community and the general society,
while working within each of the two sectors through different mechanisms. For example, for many species, range
proximity and population abundance seem to be two important drivers of societal attention, recognized as species
commonness or familiarity (Zmihorski et al., 2013; Schuetz et al., 2015; Correia et al., 2016b). At the same time, they
are also relevant drivers of scientific attention, by contributing to improved species accessibility, reduced logistical
challenges and lower research costs (Dos Santos et al., 2015; Jari¢ et al., 2015). It is also important to bear in mind that
scientists also represent members of the general society, with their own interests and susceptibility to drivers such as
species charisma (Lawler et al., 2006; Lorimer, 2007; Wilson et al., 2007; Smith et al., 2009). It is therefore possible
that, in cases where liberty of choosing research topic exists, societal and scientific interests will essentially be the
same.

One implication arising from the results is that environmental education projects or programs should target
species beyond the focus of the general society, to allow the discovery and promote interest in such species. At the same
time, properly directed marketing campaigns can effectively increase funding availability towards less charismatic
species (Verissimo et al., 2017). Another alternative would be to focus on the very species that both scientist and the
general public are interested in, provide more knowledge on those species, and thus further strengthen societal support
for current research efforts. One of the often-advocated measures in this respect is to intensify and improve the
effectiveness of science communication (Dietz, 2013; Campos et al., 2018; Liordos et al., 2018). However, for science
communication to accomplish the desired aims, a first step would be to consider mechanisms that shape societal
attention, and to ensure that science outreach initiatives are structured based on identified societal beliefs, values,
information gaps and misconceptions (de Bruin and Bostrom, 2013). Meanwhile, and despite its biases, the scientific
community and conservationists should try to make the most of existing societal attention by taking advantage of

flagship species to attract conservation funding and support for a wider range of species (Clark and May, 2002; Jepson
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and Barua, 2015).

5. Conclusion

Societal interest in the fate of endangered species is a crucial prerequisite for effective conservation
programs, given that the general society is likely to protect only what it recognizes as important (Stokes, 2007; Kim et
al., 2014). Societal awareness and societal values will largely determine whether conservation initiatives will receive
necessary support and lead to adequate policy change (Papworth et al., 2015). On one hand, societal attention is closely
associated with scientific attention, which should ensure that the societal support for current research objectives should
not be lacking. This also implies that scientists are not so disconnected from the rest of society. On the other hand,
societal and scientific interests are not perfectly aligned, which indicates that there is room for studies of species not a
priori interesting to the society. In fact, scientists may still remain free of the potential biases of societal taxonomic
interests, while they are at the same time in good position to provide novel knowledge and new points of interest to the

society.

Acknowledgements

1J acknowledges the sponsorship provided by the The J. E. Purkyné Fellowship of the Academy of Sciences of the
Czech Republic, Alexander von Humboldt Foundation and the German Federal Ministry of Education and Research
(BMBF), as well as by the Project No. 173045, funded by the Ministry of Education, Science and Technological
Development of the Republic of Serbia. RAC is currently supported by a post-doctoral grant from Fundagao para a
Ciéncia e Tecnologia (SFRH/BPD/118635/2016). FC acknowledges the support by the Invacost research program

(ANR and BNP Paribas). Authors thank two anonymous reviewers for providing helpful comments and suggestions.

References

Amano T, Sutherland WJ (2013) Four barriers to the global understanding of biodiversity conservation: wealth,

language, geographical location and security. Proc Roy Soc B 280:20122649. https://doi.org/10.1098/rspb.2012.2649

Amano T, Gonzalez-Varo JP, Sutherland WJ (2016) Languages are still a major barrier to global science. PLoS Biol

14(12):€2000933. https://doi.org/10.1371/journal.pbio.2000933

Barve V (2014) Discovering and developing primary biodiversity data from social networking sites: a novel approach.

10



301
302
303

304
305
306

307
308
309

310
311
312

313
314
315

316
317
318

319

320
321
322

323
324
325

326
327
328

329

330

Ecol Inform 24:194-199. https://doi.org/10.1016/j.ecoinf.2014.08.008

Bhatia S, Athreya V, Grenyer R, MacDonalds DW (2013) Understanding the role of representations of human-leopard

conflict in Mumbeai through media-content analysis. Conserv Biol 27(3):588-594. https://doi.org/10.1111/cobi.12037

Bombaci SP, Farr CM, Gallo HT, Mangan AM, Stinson LT, Kaushik M, Pejchar L (2015) Using Twitter to communicate

conservation science from a professional conference. Conserv Biol 30(1):216-225. https://doi.org/10.1111/cobi.12570

Bonnet X, Shine R, Lourdais O (2002) Taxonomic chauvinism. Trends Ecol Evol 17(1):1-3.

https://doi.org/10.1016/S0169-5347(01)02381-3

Brambilla M, Gustin M, Celada C (2013) Species appeal predicts conservation status. Biol Conserv 160:209-213.

https://doi.org/10.1016/j.biocon.2013.02.006

Brooks TM, Collar NJ, Green RE, Marsden SJ, Pain DJ (2008) The science of bird conservation. Bird Conserv Int

18(S1):S2-S12. https://doi.org/10.1017/5S0959270908000427

Campos JLA, de Lima Aratijo E, Gaoue OG, Albuquerque UP (2018) How can local representations of changes of the
availability in natural resources assist in targeting conservation? Sci Tot Environ 628:642-649.

https://doi.org/10.1016/j.scitotenv.2018.02.064

Cardoso P, Erwin TL, Borges PA, New TR (2011) The seven impediments in invertebrate conservation and how to

overcome them. Biol Conserv 144(11):2647-2655. https://doi.org/10.1016/j.biocon.2011.07.024

Clark JA, May R (2002) Taxonomic bias in conservation research. Science 297:191-192.

https://doi.org/10.1126/science.297.5579.191b

Correia RA, Malhado ACM, Lins L, Gamarra NC, Bonfim WAG, Valencia-Aguilar A, Bragagnolo C, Jepson P, Ladle

RJ (2016a) The scientific value of Amazonian protected areas. Biodivers Conserv 25:1503-1513.

https://doi.org/10.1007/s10531-016-1122-x

11



331

332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359

360

Correia RA, Jepson PR, Malhado ACM, Ladle RJ (2016b) Familiarity breeds content: assessing bird species popularity

with culturomics. Peer]J 4:e1728. https://doi.org/10.7717/peerj.1728

Correia RA, Jepson P, Malhado AC, Ladle RJ (2017) Internet scientific name frequency as an indicator of cultural

salience of biodiversity. Ecol Indic 78:549-555. https://doi.org/10.1016/j.ecolind.2017.03.052

Correia RA, Jari¢ I, Jepson P, Malhado ACM, Alves JA, Ladle RJ (2018) Nomenclature instability in species culturomic

assessments: why synonyms matter. Ecol Indic 90:74-78. https://doi.org/10.1016/j.ecolind.2018.02.059

Courchamp F, Angulo E, Rivalan P, Hall RJ, Signoret L, Bull L, Meinard Y (2006) Rarity value and species extinction:

the anthropogenic Allee effect. PLoS Biol 4(12):¢415. https://doi.org/10.1371/journal.pbio.0040415

Courchamp F, Fournier A, Bellard C, Bertelsmeier C, Bonnaud E, Jeschke J, Russel JC (2017) Invasion biology:

specific problems and possible solutions. Trends Ecol Evolut 32(1):13-22. https://doi.org/10.1016/j.tree.2016.11.001

Courchamp F, Jari¢ I, Albert C, Meinard Y, Ripple WJ, Chapron G (2018) The paradoxical extinction of the most

charismatic animals. PLoS Biol 16(4):¢2003997. https://doi.org/10.1371/journal.pbio.2003997

de Bruin WB, Bostrom A (2013) Assessing what to address in science communication. Proc Natl Acad Sci USA

110(S3):14062-14068. https://doi.org/10.1073/pnas.1212740110

De Lima RM, Bird JP, Barlow J (2011) Research effort allocation and the conservation of restricted-range island bird

species. Biol Conserv 144:627-632. https://doi.org/10.1016/j.biocon.2010.10.021

Di Minin E, Tenkanen H, Toivonen T (2015) Prospects and challenges for social media data in conservation science.

Front Environ Sci 3:63. https://doi.org/10.3389/fenvs.2015.00063

Dietz T (2013) Bringing values and deliberation to science communication. Proc Natl Acad Sci USA 110(S3):14081-

14087. https://doi.org/10.1073/pnas.1212740110

12



361

362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384

385

386

387

388

389

390

Donaldson MR, Burnett NJ, Braun DC, Suski CD, Hinch SG, Cooke SJ, Kerr JT (2016) Taxonomic bias and

international biodiversity conservation research. Facets 1:105-113. https://doi.org/10.1139/facets-2016-0011

Dos Santos JG, Malhado AC, Ladle RJ, Correia RA, Costa MH (2015) Geographic trends and information deficits in

Amazonian conservation research. Biodivers Conserv 24(11):2853-2863. https://doi.org/10.1007/s10531-015-0981-x

Fisher DO (2011) Cost, effort and outcome of mammal rediscovery: neglect of small species. Biol Conserv

144(5):1712-1718. https://doi.org/10.1016/j.biocon.2011.03.005

Fisher R, Radford BT, Knowlton N, Brainard RE, Michaelis FB, Caley MJ (2011) Global mismatch between research
effort and conservation needs of tropical coral reefs. Conserv Lett 4:64-72. https://doi.org/10.1111/j.1755-

263X.2010.00146.x

Fleming PA, Bateman PW (2016) The good, the bad, and the ugly: which Australian terrestrial mammal species attract

most research? Mammal Rev 46:241-254. https://doi.org/10.1111/mam.12066

Funk SM, Rusowsky D (2014) The importance of cultural knowledge and scale for analysing internet search data as a

proxy for public interest toward the environment. Biodivers Conserv 23:3101-3112. https://doi.org/10.1007/s10531-

014-0767-6

Hausmann A, Toivonen T, Slotow R, Tenkanen H, Moilanen A, Heikinheimo V, Di Minin E (2018) Social media data

can be used to understand tourists' preferences for nature-based experiences in protected areas. Conserv Lett (in press)

https://doi.org/10.1111/conl.12343

TUCN (2017) The IUCN Red List of Threatened Species. Version 2017-1. www.iucnredlist.org. Accessed 1 June 2017

Jacobson SK, Langin C, Carlton S, Kaid LL (2012) Content analysis of newspaper coverage of the Florida panther.

Conserv Biol 26(1):171-179. https://doi.org/10.1111/j.1523-1739.2011.01750.x

13



391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419

420

Jari¢ I, Knezevi¢-Jari¢ J, Gessner J (2015) Global effort allocation in marine mammal research indicates geographical,

taxonomic and extinction risk related biases. Mammal Rev 45:54-62. https://doi.org/10.1111/mam.12032

Jari¢ I, Courchamp F, Gessner J, Roberts DL (2016) Data mining in conservation research using Latin and vernacular

species names. Peer] 4:¢2202. https://doi.org/10.7717/peerj.2202

Jepson P, Barua M (2015) A theory of flagship species action. Conserv Soc 13(1):95-104. https://doi.org/10.4103/0972-

4923.161228

Kiley HM, Ainsworth GB, van Dongen WF, Weston MA (2017) Variation in public perceptions and attitudes towards

terrestrial ecosystems. Sci Tot Environ 590:440-451. https://doi.org/10.1016/j.scitotenv.2016.12.179

Kim JY, Do Y, Im RY, Kim GY, Joo GJ (2014) Use of large web-based data to identify public interest and trends related

to endangered species. Biodivers Conserv 23:2961-2984. https://doi.org/10.1007/s10531-014-0757-8

Ladle RJ, Correia RA, Do Y, Joo GJ, Malhado ACM, Proulx R, Roberge JM, Jepson P (2016) Conservation

culturomics. Front Ecol Environ 14:270-276. https://doi.org/10.1002/fee.1260

Ladle RJ, Jepson P, Correia RA, Malhado A (2017) The power and the promise of culturomics. Front Ecol Environ

15(6):290-291. https://doi.org/10.1002/fee.1506

Lawler JJ, Aukema JE, Grant JB, Halpern BS, Kareiva P, Nelson CR, Ohleth K, Olden JD, Schlaepfer MA, Silliman

BR, Zaradic P (2006) Conservation science: a 20-year report card. Front Ecol Environ 4(9):473-480.

https://doi.org/10.1890/1540-9295(2006)4[473:CSAYRC]2.0.CO;2

Liordos V, Kontsiotis VI, Anastasiadou M, Karavasias E (2017) Effects of attitudes and demography on public support

for endangered species conservation. Sci Tot Environ 595:25-34. https://doi.org/10.1016/j.scitotenv.2017.03.241

Liordos V, Kontsiotis VJ, Kokoris S, Pimenidou M (2018) The two faces of Janus, or the dual mode of public attitudes

towards snakes. Sci Tot Environ 621:670-678. https://doi.org/10.1016/j.scitotenv.2017.11.311

14



421

422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

449

450

Lorimer J (2007) Nonhuman charisma. Environ Plann D 25:911-932. https://doi.org/10.1068/d71j

Martin LJ, Blossey B, Ellis E (2012) Mapping where ecologists work: biases in the global distribution of terrestrial

ecological observations. Front Ecol Environ 10:195-201. https://doi.org/10.1890/110154

Martin-Lopez B, Montes C, Ramirez L, Benayas J (2009) What drives policy decision-making related to species

conservation? Biol Conserv 142:1370-1380. https://doi.org/10.1016/j.biocon.2009.01.030

Martin-Lopez B, Gonzélez JA, Montes C (2011) The pitfall-trap of species conservation priority setting. Biodivers

Conserv 20(3):663-682. https://doi.org/10.1007/s10531-010-9973-z

Martin-Forés I, Martin-Lopez B, Montes C (2013) Anthropomorphic factors influencing Spanish conservation policies

of vertebrates. Int J Biodivers 2013:142670. https://doi.org/10.1155/2013/142670

Martinez Pastur G, Peri PL, Lencinas MV, Garcia-Llorente M, Martin-Lopez B (2016) Spatial patterns of cultural

ecosystem services provision in Southern Patagonia. Landsc Ecol 31:383-399. https://doi.org/10.1007/s10980-015-

0254-9

Michel J-B, Shen YK, Aiden AP, Veres A, Gray MK, Pickett JP, Hoiberg D, Clancy D, Norvig P, Orwant J et al. (2011)

Quantitative analysis of culture using millions of digitized books. Science 331:176-182.

https://doi.org/10.1126/science.1199644

Miller G (2011) Social scientists wade into the tweet stream. Science 333:1814-1815.

https://doi.org/10.1126/science.333.6051.1814

Moustakas A, Karakassis I (2005) How diverse is aquatic biodiversity research? Aquat Ecol 39:367-375.

https://doi.org/0.1007/s10452-005-6041-y

Muiioz J (2007) Biodiversity conservation including uncharismatic species. Biodivers Conserv 16(7):2233-2235.

15



451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479

480

https://doi.org/10.1007/s10531-006-9147-1

Murray HJ, Green EJ, Williams DR, Burfield 1J, Brooke MD (2015) Is research effort associated with the conservation

status of European bird species? End Spec Res 27:193-206. https://doi.org/10.3354/es100656

Naaman M, Becker H, Gravano L (2011) Hip and trendy: characterizing emerging trends on Twitter. J Assoc Inf Sci

Technol 62(5):902-918. https://doi.org/10.1002/asi.21489

Papworth SK, Nghiem TPL, Chimalakonda D, Posa MRC, Wijedasa LS, Bickford D, Carrasco LR (2015) Quantifying
the role of online news in linking conservation research to Facebook and Twitter. Conserv Biol 29(3):825-833.

https://doi.org/10.1111/cobi.12455

Proenca VM, Pereira HM, Vicente L (2008) Organismal complexity is an indicator of species existence value. Front

Ecol Environ 6:298-299. https://doi.org/10.1890/1540-9295(2008)6[298:0CIAIO]2.0.CO;2

Roberge JM (2014) Using data from online social networks in conservation science: which species engage people the

most on Twitter? Biodivers Conserv 23:715-726. https://doi.org/10.1007/s10531-014-0629-2

Roll U, Mittermeier JC, Diaz GI, Novosolov M, Feldman A, Itescu Y, Meiri S, Grenyer R (2016) Using Wikipedia page

views to explore the cultural importance of global reptiles. Biol Conserv 204:42-50.

https://doi.org/10.1016/j.biocon.2016.03.037

Roll U, Correia RA, Berger-Tal O (2018) Using machine learning to disentangle homonyms in large text corpora.

Conserv Biol 32:716-727. https://doi.org/10.1111/cobi.13044

Schuetz J, Soykan CU, Distler T, Langham G (2015) Searching for backyard birds in virtual worlds: Internet queries

mirror real species distributions. Biodivers Conserv 241147-1154. https://doi.org/10.1007/s10531-014-0847-7

Sherren K, Smit M, Holmlund M, Parkins JR, Chen Y (2017a) Conservation culturomics should include images and a

wider range of scholars. Front Ecol Environ 15(6):289-290. https://doi.org/10.1002/fee.1507

16



481

482
483
484

485

486
487

488

489
490

491

492
493

494

495
496
497

498

499
500

501

502
503

504

505
506

507

508

509

510

Sherren K, Parkins JR, Smit M, Holmlund M, Chen Y (2017b) Digital archives, big data and image-based culturomics
for social impact assessment: opportunities and challenges. Environ Impact Assess Rev 67:23-30.

https://doi.org/10.1016/j.eiar.2017.08.002

Sitas N, Baillie JEM, Isaac NJB (2009) What are we saving? Developing a standardized approach for conservation

action. Anim Conserv 12:231-237. https://doi.org/10.1111/j.1469-1795.2009.00244 .x

Smith RJ, Verissimo D, Leader-Williams N, Cowling RM, Knight AT (2009) Let the locals lead. Nature 462(7271):280-

281. https://doi.org/10.1038/462280a

Stokes DL (2007) Things we like: human preferences among similar organisms and implications for conservation. Hum

Ecol 35(3):361-369. https://doi.org/10.1007/s10745-006-9056-7

Sutherland WJ, Butchart SHM, Connor B, Culshaw C, Dicks LV, Dinsdale J, Doran H, Entwistle AC, Fleishman E,

Gibbons DW et al. (2018) A 2018 horizon scan of emerging issues for global conservation and biological diversity.

Trends Ecol Evolut 33(1):47-58. https://doi.org/10.1016/j.tree.2017.11.006

Trimble MJ, van Aarde RJ (2010) Species inequality in scientific study. Conserv Biol 24:886-890.

https://doi.org/10.1111/j.1523-1739.2010.01453 .x

Troudet J, Grandcolas P, Blin A, Vignes-Lebbe R, Legendre F (2017) Taxonomic bias in biodiversity data and societal

preferences. Sci Rep 7(1):9132. https://doi.org/10.1038/s41598-017-09084-6

Verissimo D, MacMillan DC, Smith RJ (2011) Toward a systematic approach for identifying conservation flagships.

Conserv Lett 4(1):1-8. https://doi.org/10.1111/j.1755-263X.2010.00151.x

Verissimo D, MacMillan DC, Smith RJ, Crees J, Davies ZG (2014) Has climate change taken prominence over

biodiversity conservation? BioScience 64(7):625-629. https://doi.org/10.1093/biosci/biu079

17



511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530

531

532
533
534
535
536
537
538
539

540

Verissimo D, Vaughan G, Ridout M, Waterman C, MacMillan D, Smith RJ (2017) Increased conservation marketing
effort has major fundraising benefits for even the least popular species. Biol Conserv 211:95-101.

https://doi.org/10.1016/j.biocon.2017.04.018

Willemen L, Cottam AJ, Drakou EG, Burgess ND (2015) Using social media to measure the contribution of Red List
species to the nature-based tourism potential of African protected areas. PLOS One 10(6):¢129785.

https://doi.org/10.1371/journal.pone.0129785

Wilson JR, Proches S, Braschler B, Dixon ES, Richardson DM (2007) The (bio) diversity of science reflects the

interests of society. Front Ecol Environ 5(8):409-414. https://doi.org/10.1890/060077.1

Wilson KA, Auerbach NA, Sam K, Magini AG, Moss ASL, Langhans SD, Budiharta S, Terzano D, Meijaard E (2016)
Conservation research is not happening where it is most needed. PLoS Biol 14:¢1002413.

https://doi.org/10.1371/journal.pbio.1002413
Zhang H, Hu Y, Zhang Y, Li W (2015) Evidence of the Matthew effect in scientific research on mammals in the Chinese
First-class National Protected Animals list. Biodivers Conserv 24(11):2883-2886. https://doi.org/10.1007/s10531-015-

0983-8

Zmihorski M, Dziarska-Patac J, Sparks TH, Tryjanowski P (2013) Ecological correlates of the popularity of birds and

butterflies in Internet information resources. Oikos 122:183-190. https://doi.org/10.1111/j.1600-0706.2012.20486.x

18



541  Tables

542

543  Table 1. Relationship between the scientific attention (Web of Science) and coverage within different media sources
544  (Internet pages, Twitter, Facebook, newspapers, and photographs posted on the internet) in different species groups
545  (Spearman's non-parametric correlation test, p<0.001; also see Fig. 1); see the text for information on overall ranking

546  approach.

547

Correlation Number of scientific publications
Carnivora Primates Marine mammals Birds of prey
coefficients

Posted pictures 0.893 0.817 0.850 0.837
Internet pages 0.906 0.897 0.894 0.860
Twitter 0.854 0.612 0.629 0.761
Facebook 0.842 0.685 0.700 0.782
Newspapers 0.685 0.470 0.545 0.498
Overall ranking 0.891 0.645 0.803 0.843
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Table 2. Top five ranked species from the four analyzed species groups, based on the frequency of their presence in

scientific publications and the level of societal attention, estimated as the average ranking across five assessed online

sources.
Species Carnivora Primates
Scientists Society Scientists Society

rank

1 Gray wolf (Canis Gray wolf (Canis Rhesus monkey Rhesus monkey
lupus) lupus) (Macaca mulatta) (Macaca mulatta)

2 Red fox (Vulpes Lion (Panthera leo) Chimpanzee (Pan Indri (Indri indri)
vulpes) troglodytes)

3 Brown bear (Ursus Wild cat (Felis Crab-eating macaque Western gorilla
arctos) silvestris) (Macaca fascicularis) (Gorilla gorilla)

4 American mink Red fox (Vulpes Common marmoset Celebes crested
(Neovison vison) vulpes) (Callithrix jacchus) macaque (Macaca

nigra)

5 Coyote (Canis latrans)  Tiger (Panthera tigris)  Southern pig-tailed Bonobo (Pan paniscus)

macaque (Macaca
nemestrina)
Marine mammals Birds of prey
Scientists Society Scientists Society

1 Common bottlenose Killer whale (Orcinus Peregrine falcon Peregrine falcon (Falco
dolphin (Tursiops orca) (Falco peregrinus) peregrinus)
truncatus)

2 Harbor seal (Phoca Common bottlenose Bald eagle (Haliaeetus  Golden eagle (Aquila
vitulina) dolphin (Tursiops leucocephalus) chrysaetos)

truncatus)

3 Harbour porpoise Blue whale Northern goshawk Eurasian buzzard
(Phocoena phocoena) (Balaenoptera (Accipiter gentilis) (Buteo buteo)

musculus)

4 Humpback whale Humpback whale Golden eagle (Aquila Bald eagle (Haliaeetus
(Megaptera (Megaptrera chrysaetos) leucocephalus)
novaeangliae) novaeangliae)

5 Killer whale (Orcinus Sperm whale (Physeter ~ American kestrel Griffon vulture (Gyps
orca) macrocephalus) (Falco sparverius) fulvus)
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574  Figures

575

576  Fig. 1. Relationship between the scientific attention (Web of Science) and coverage within different media sources
577  (Internet pages, Twitter, Facebook, newspapers, and photographs posted on the internet) in different species groups
578  (Carnivora, Primates, marine mammals and birds of prey); axes represent logarithmic scales. Presented data were

579  transformed using X < x + 1, in order to allow presentation in log-plots of results with the value of zero.
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Fig. 2. Proportion between the species coverage within different media sources (Internet pages, Twitter, Facebook,

newspapers, and photographs posted on the internet) and scientific publications (Web of Science) in different species

groups (Carnivora, Primates, marine mammals and birds of prey). Presented data were transformed using x «— x + 1,

and the proportions were consequently log-transformed, using the following equation: proportion = log[(xm + 1) / (Xs +

1)], where x. and X, respectively represent coverage within specific media source and scientific publications.
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