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Abstract

Aesthetic attractivity stands as an underestimated yet fundamental feature of species 

in conservation biology, significantly driving disproportionate protection efforts towards 

charismatic species. Despite the evidence, few attempts sought to precisely quantify 

the impact of aesthetic attractivity in defining priority of species for conservation 

actions (e.g. inclusion in International Union for Conservation of Nature red lists and 

protection lists). This study protocol describes the setting of an online test (available 

from April 2022 to April 2023 at www.unveiling.eu) designed to i) quantify the aesthetic 

attractivity to humans of the 496 European butterfly species and ii) identify which 

features (both in the perceived animal and in the perceiver) influence the aesthetic 

attractivity of a given butterfly species. The test is divided in 5 sections (personal data, 

ranking, single morphological features, emotional engagement, dispositional 

variables) aimed at profiling the relation each participant has with the species 

examined. In the long-term, evaluating butterflies' aesthetic attractivity could facilitate 

the critical assessment of current conservation strategies, such as the process of 

selection of flag and umbrella species by research institutions, environmental 

associations and Non Governative Organizations. This is expected to provide the 

much-needed evidence to set up unbiased biodiversity conservation strategies and 

counteract the selective anthropogenic pressure which favours the extinction of 

unattractive species, being no or less protected compared to charismatic species. 

 

 

http://www.unveiling.eu/
http://www.unveiling.eu/
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Introduction  

Aesthetic values play a substantial role in almost every aspect of human everyday 

experience [1,2]. This is the case even with domains, apparently more objective and 

less obviously influenced by human aesthetic choices, such as scientific disciplines 

(mathematics, physics, biology etc.; see [3–5]). With specific reference to conservation 

biology, it has been argued that processes such as the choice of the subjects of 

interest by conservationists, the choice of representative animal species for raising-

awareness projects by NGOs, and even the allocation of public funds for research 

initiatives are influenced by aesthetic values [6–15]. As a result, in the last few years 

the study of aesthetics has started to emerge as a key topic in conservation, as 

witnessed by a growing amount of research over very wide branches of the tree of life 

[16–25].  

It is indeed well known that some groups like birds [16,19,20], coral reef fishes [17] 

and big mammals [26] are generally recognized by humans as natural beauties. For 

this reason, they are considered ambassadors of biodiversity (flag species [27,28]) 

and harnessed by environmental organisations like WWF to gain public support for 

their campaigns and to motivate people to invest resources in conservation. The same 

scenario applies to butterflies which constitute a marked exception within insects. 

Indeed, while insects are generally not considered as popular and charismatic animals 

[29,30], an extraordinary aesthetic merit is attributed to butterflies [14,31,32]. This is 

likely due to their striking and charming colours and forms, to their “friendly” 

appearance (butterflies are generally perceived as harmless) and to their increasingly 

recognized role as pollinators.  

Europe hosts more than 500 butterflies species, whose huge morphological variability 

in wing patterns, shapes and colours, due to mimetic, thermal and sexual strategies, 



4 

provides a rich substrate for aesthetic attractivity. Indeed, in the history of Western 

aesthetics, features such as variation, novelty, extravagance have been traditionally 

understood as highly aesthetic [33–35], as recognized by Charles Darwin himself in 

his attempt at making sense of the human and non-human aesthetic dimension within 

the evolutionary framework [36–38]. 

In conservation biology, functional features such as those related to morphology (e.g. 

body size), feeding (e.g. ingestion rate), life history (e.g. reproduction mode), 

physiology (e.g. temperature tolerance), behaviour (e.g. dispersal mode) [39] 

represent the key-features determining a species’ fitness and survival in a given 

environment. Arguably, each species’ aesthetic attractivity to humans constitute a still 

underappreciated yet fundamental feature driving disproportionate conservation 

efforts towards charismatic species [14] and facilitating their persistence in highly 

human-impacted landscapes (“anthropogenic selection”, [40]). Butterflies seem to suit 

this framing [14]. 

Yet, only few studies [41–43] have attempted to design protocols to rigorously quantify 

the aesthetic attractivity (less precisely, "beauty") of butterflies and its potential impact 

on conservation policies. For this reason, the “Unveiling” research project, led by the 

University of Florence (Italy), aims to test the hypothesis that aesthetic attractivity to 

humans increases the chances of survival of endangered butterfly species. In this 

paper, we describe the protocol of an online test (available at www.unveiling.eu) 

designed to i) quantify the aesthetic attractivity of European butterflies to humans; ii) 

identify which features (both in the perceived animal and in the perceiver) influence 

the aesthetic attractivity of a given butterfly species. 

In the long-term, evaluating butterflies’ aesthetic attractivity will provide the much-

needed evidence to set up unbiased biodiversity conservation strategies and 

http://www.unveiling.eu/
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counteract, therefore, the selective anthropogenic extinction of unattractive species 

[40,44].  

 

Materials and Methods  

The first aim of our study is to assess aesthetic attractivity of 496 European butterfly 

species. Previous studies have mostly addressed the topic of aesthetic attractivity “per 

se” [17–20], i.e. tracing it back to properties in the animal (as “causes” of the perceived 

attractivity). In our perspective, the aesthetic attractivity of a species should be 

considered as a relational functional feature, resulting from the interaction between 

the item/object and the human perceiver. What humans aesthetically like is indeed 

deeply influenced by what they feel, know, are interested in [45]. For this reason, we 

first evaluated i) the importance of some butterfly species’ morphological features in 

influencing the perceived attractivity, and then considered ii) the type and extent of 

emotional engagement elicited by butterflies’ images in the survey participants and iii) 

the participants’ dispositions and interests towards natural sciences and aesthetics 

and the arts.  

The test, available for mobile and desktop devices at the link www.unveiling.eu, 

consists of 6 different parts which are thoroughly described below (to see the full list 

of questions see S3 Appendix) and summarised in Fig 1.  

 

Before starting the test, the participant is presented with an introductory page which 

provides some preliminary information such as: test duration (about 10 minutes); 

presence of a timer indicating that a limited amount of time is available for some 

answers; invitation to spontaneously answer the questions without thinking too much 

http://www.unveiling.eu/
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over them; declaration that no personal data are collected (in accordance to the 

European Regulation 2018/1725); the reward provided to the participant at the end of 

the test (butterfly pdf guides, reading suggestions); butterfly photo credits (available 

for download) based on iNaturalist dataset. After these introductory remarks, the 

participant starts the test, which is divided into five different sections.  

 

Section n. 1: Personal data 

It has been shown that factors such as gender, level of education, cultural background, 

age etc. can substantially influence our aesthetic preferences, appreciation, liking and 

disliking [46–49]. The first section comprises questions aimed at collecting general 

participant data anonymously: gender (male, female, non-binary), age, nationality, 

level of studies, employment sector, colour blindness. This section, together with the 

sections about interests and dispositions (see below), is expected to contribute to 

unveil the role of personal features in the aesthetic appreciation of endangered 

animals. 
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Section n. 2: Ranking 

In this section participants are presented with a panel of 9 pictures of different butterfly 

species, and they are asked to attribute a score (from 1 to 10) to each of them in 

response to the question “How beautiful do they look to you?”. For each species we 

have collected up to 8 images of living individuals in their natural environment, 

representing all the combinations of: i) sex (male or female), ii) dorsal or ventral view, 

iii) flower or neutral backgrounds. For monomorphic species, whose sexual 

morphological differences are indistinguishable in pictures, only four pictures were 

collected. In some cases it has not been possible to obtain 8 pictures per species. For 

example, some species rarely visit flowers (e.g. Charaxes jasius) making it impossible 

to take pictures of them on flowers. Many lateral basking butterflies do not open their 

wings while resting, so photos of the species’ dorsal view were unavailable (e.g. 

Gonepteryx spp.). The poor contactability of a few rare species made it impossible to 

gather all 8 images. The list of butterfly species along with the collected pictures is 

provided in S1 Table. 

To ensure a similar number of tests per species, the probability of a species to be 

selected is inversely proportional to the times it has been chosen in previous tests. 

This is done by attributing a random number between 0 and 1 to each species which 

was summed to the standardised number of times each species was chosen (times 

chosen divided by maximum number of times chosen in the dataset). For each test, 

each species potentially ranged from a minimum of 0 to a maximum of 2, and we 

selected the 9 species showing the lowest values. Once the species are selected, the 

choice between the pictures referring to that species is random.  

No time limit applies to this section of the test; the participant can linger on each image 

as long as they want, also zooming on each photo to appreciate every detail before 
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providing their score.  

The pictures have been obtained by iNaturalist citizen science platform, selecting only 

the images with a Creative Commons (CC) licence, and the author photo credits list is 

available for download in the first introductory section of the test. Furthermore, for a 

little set of species pictures, not available as CC in iNaturalist platform, we directly 

asked the authors permission. The following websites also provided significant 

iconographic material: www.farfalleitalia.it; www.leps.it; www.pyrgus.de; 

www.europebutterflies.com; www.flickr.com; www.lepidoptera.eu; www.lepiforum.org; 

http://kajsnatur.dk. 

 

Section n. 3: Single morphological features 

In this section, 10 pairs of butterfly-drawings created ad hoc are shown to each 

participant in random positions (left-right). A 10 seconds’ countdown timer is displayed 

in order to invite the participant to make their choices quickly and instinctively. In each 

pair, one drawing faithfully represents the morphological-perceptual key-features of a 

particular species of butterfly, while the other represents the same key-features but 

altered. As for the features, on the basis of a substantial body of research both in 

empirical aesthetics and in conservation biology [45,50–54], we selected: i) butterfly 

dimension, ii) colours of the wings contrast intensity, iii) grouping and order of the 

design patterns of the wings, iv) forewing/hindwing proportion, v) presence or absence 

of wing eyespots, vi) wing eyespots dimensions, vii) presence or absence of wing tails, 

viii) wing tail length, ix) smooth or jagged wing edges. 

The species reproduced in the drawings (see Table 1) have been chosen because of 

the high perceptual perspicuity of the key-features. An example is shown in Fig 2, 

where two Aglais io drawings are compared, one of them presenting eyespots in the 

http://www.farfalleitalia.it/
http://www.leps.it/
http://www.pyrgus.de/
http://www.europebutterflies.com/
http://www.flickr.com/
http://www.lepidoptera.eu/
http://www.lepiforum.org/
http://kajsnatur.dk/
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wings (natural aspect, Fig 2A), the other one lacking them (modified butterfly aspect, 

Fig 2B). All the couples of drawings with respective features analysis are available in 

S2 Appendix.  

 

Table 1. Single morphological features analysed in the third section of the 

“Unveiling” test. 

Morphological features Butterfly species  Number of cases 

Butterfly dimension Nymphalis antiopa 2 (natural, 36% smaller) 

Colours of the wings 

contrast intensity  

Charaxes jasius 3 (natural, 40% brighter 

and 0% contrast, 40% 

less bright and 40% 

more contrast) 

Grouping and order of the 

design patterns of the 

wings 

Charaxes jasius; Erebia 

medusa 

2 (natural, modified with 

an unordered and 

random arrangement of 

wing elements) 

Forewing / hindwing 

proportion  

Kirinia roxelana 2 (natural, modified with 

altered fore wing / hind 

wing proportion) 

Presence or absence of 

wings eyespots 

Aglais io; Erebia medusa 2 (natural, modified 

aspect without wing 

eyespots) 
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Wings eyespots 

dimensions 

Aglais io; Erebia medusa 3; 2 (natural, modified 

aspect with 100% 

smaller (only for A. io) 

eyespots, modified 

aspect with 100% bigger 

eyespots) 

Presence or absence of 

wings tails 

Iphiclides podalirius; 

Charaxes jasius 

2 (natural, modified 

aspect without wing tails) 

 

Wings tails length  Iphiclides podalirius; 

Charaxes jasius 

2 (natural, modified with 

20% longer wing tails for 

I. podalirius and 15% 

longer wing tails for C. 

jasius) 

 

Smooth or jagged wings 

edges 

Polygonia c-album 3 (natural, modified with 

jagged edges, modified 

with smooth edges) 

 

In this table are the single morphological features analysed in the third section of the 

“Unveiling” test, butterfly species associated with them and number of cases for each 

feature according to the classification shown in S2 Appendix. 
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Fig 1. “Unveiling” test. In this figure are presented the 5 sections of the online 

“Unveiling” test. For each section a screenshot, a brief description and the summary 

of objectives are provided.  

 

Fig 2. Two Aglais io drawings. (A) One butterfly drawing is with eyespots (natural 

aspect) (B) and the other is without eyespots (modified aspect) on posterior wings. 

 

Section n. 4: Emotional engagement  

In this section the participant’s emotional engagement is investigated. Emotions 

significantly affect our aesthetic experiences [55–57]. In order to assess the role of 

emotions in butterfly aesthetic attractivity, we present the participant with a selection 

of 5 images of butterflies and we ask them to identify the emotion that comes closest 

to what they feel, also quantifying the emotional intensity in a scale range from 1 to 

10. Relying on previous studies in the field of empirical aesthetics [45,58–60], we 

selected the following emotions: awe, confusion, joy, disgust, fear, cuteness, feeling 

of challenge or none of these [61–63]. This section is time-constrained: the participant 

is invited to make their choices in 20 seconds, 10 to express their emotion and 10 to 

quantify it. As for the species represented in each selection of five pictures, we have 

selected 26 species representative of the 5 families of European butterflies: 5 

Papilionidae (Iphiclides podalirius, Papilio machaon, Parnassius apollo, Archon 

apollinus, Zerynthia cassandra), 5 Pieridae (Gonepteryx cleopatra, Colias hyale, 

Aporia crataegi, Anthocharis cardamines, Leptidea sinapis), 5 Lycaenidae (Lycaena 

dispar, Callophrys rubi, Satyrium w-album, Agriades orbitulus, Polyommatus icarus), 

6 Nymphalidae (Issoria lathonia, Argynnis paphia, Aglais io, Charaxes jasius, 

Polygonia c-album, Coenonympha oedippus), 5 Hesperiidae (Heteropterus morpheus, 
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Carterocephalus silvicola, Ochlodes sylvanus, Spialia therapne, Pyrgus sidae). 

The species listed above cover only the first 2,500 tests that will be carried out. After 

the first 2,500 answers, the 26 pictures will be changed to obtain a higher 

representativity of the butterfly species diversity (subfamilies and tribes). 

 

Section n. 5: Dispositional variables. Interests and inclinations 

Being interested into and favourably predisposed towards the natural sciences, on the 

one hand, and the arts and aesthetic experiences on the other hand are among the 

most crucial individual differences which influence people’s response to nature and 

the environment, and to beauty and the aesthetic [19,20,64–69]. In this section, we 

collect data about the participants’ dispositions towards natural science and the arts 

in general. We present the participant with a questionnaire which is a modified version 

of a model (about subjective dispositions towards the arts) administered and validated 

by Chamorro-Premuzic & Furnham [70]. To reduce the fatigue effect [71,72], we 

shortened the original questionnaire from 36 to 18 questions.  

The participant is offered a 5-point Likert scale (strongly agree; agree; neither agree 

nor disagree; disagree; strongly disagree) from which to select a response. In 

compliance with the Likert scale standard protocol, the 18 questions are asked half in 

a negative form, half in a positive one; the order of positive and negative questions 

randomly occurs, so as to avoid possible acquiescence effects [73,74].  

 

Our test is freely available in both Italian and English language on our dedicated 

website www.unveiling.eu. The test has been online since April 2022 and can be 

accessed without limitations of age, nationality, education and socio-cultural 

http://www.unveiling.eu/
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background. So far, the “Unveiling” test has been advertised by means of the 

“snowballing” technique [75], i.e. through national magazines in Italy, direct mailing to 

researchers’ contacts as well as social media, asking the participants to forward the 

test to their own families and contacts. Moreover, it has been promoted through a wide 

array of public engagement events in Italy (museums, libraries, university events, 

edutainment and citizen science events, during “bioblitz” in Italian National Parks etc.). 

The main target of the test are European citizens, in line with the biodiversity 

conservation strategies our project is focused on. To obtain a sample size able to 

support reliable analyses, we plan to involve at least 5,000 participants, corresponding 

approximately to 100 scores for each species in the ranking section. The test will 

presumably be online until April 2023.  

 

What outcomes will be measured, when and how  

Section n. 2: Ranking 

Single species mean scores obtained in the “ranking” section of the test will provide a 

first index of the aesthetic attractivity. Such an index is expected to be strongly variable 

among pictures and less accurate for those species with high sexual dimorphism and 

strong differences between dorsal/ventral sides. For these reasons we will compute a 

second index, only considering the mean scores of the sex/side of each species 

reaching the highest scores in the test. A source of possible uncertainty in the results 

is the disposition of participants to provide higher or lower scores. For this reason we 

will calculate a third index as the mean scores scaled and centred among those of the 

same participant. These three different indexes (species mean scores, mean scores 

of the best aspect [sex and dorsal/ventral wing view], mean scaled scores) will be 
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submitted to a PCA (Principal Component Analysis) in order to extract an expected 

single factor, accounting for the combination of these three indexes. This factor can 

be considered as the aesthetic attractivity value, which will be tested for accuracy by 

using two intrinsic features of butterflies: 

 

1) Since highly phylogenetically related butterfly species are more similar to each 

other, we expect to find a strongly significant phylogenetic signal in the 

aesthetic attractivity value. This will be tested using the recently published time-

calibrated phylogenetic tree of European butterflies [76] and a typical test for 

phylogenetic signal, the phylosig function of the phytools R package [77]. 

2) European butterfly cryptic taxa, objectively identified by Voda et al. [78], should 

obtain more similar scores to each other than random pairs. 

 

Section n. 3: Single morphological features 

The preference for either the natural or the altered version of different butterfly features 

will be assessed by using a Chi-squared test. We will also evaluate the possible 

interaction between the participant’s preference for a specific version of a given feature 

and their dispositional variables. For example, participants self-reporting higher-than-

average knowledge in butterflies and strong interest in natural sciences might prefer 

the drawing portraying the non-altered version of the species.  

Then, it will be possible to score the presence and/or the magnitude of these features 

in the European butterflies (e.g. with presence-absence variables or with more 

complex morphological analyses) and to verify which of them most explain the 

aesthetic attractivity value (section “ranking”) by a phylogenetic regression [79] using 

aesthetic attractivity value as a response variable, the scores for morphological 
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features of each species as predictors while correcting for phylogenetic autocorrelation 

using the phylogenetic tree of European butterflies [76]. 

 

Section n. 4: Emotional engagement 

In this section we will provide the analysis of the data concerning the emotional 

engagement of the participants. Since representatives for all butterfly subfamilies will 

be included in this section, we will perform a chi-squared test to assess whether 

images of phylogenetically distant species of butterflies with different morphological 

features are associated with different elicited emotions, while phylogenetically close 

species should arouse similar emotional responses. For example, we would expect 

paler coloured and smaller butterflies, such as the Hesperiidae family, to be associated 

with cuteness and lower emotional intensity, whereas brighter coloured and bigger 

ones (e.g. Papilionidae) should arouse awe [80–82] and in general a higher intensity. 

Moreover, we could expect to find an interaction between the self-reported level of 

knowledge and interest and the kind of emotions elicited: notably, experts should 

experience fear and/or disgust less frequently [45,83–85]. 

 

Section n. 1 and section n. 5: Personal data and dispositional 

variables 

We will use a PCA (Principal Component Analysis) algorithm (like dudi.mix of the ade4 

R package) on personal data and dispositional variables datasets in order to extract 

the main factors (PCs) associated with specific characteristics of the user. Such 

principal components will then be used to detect the possible influence of experiences 

and dispositions of each participant in the answers given to the questions concerning 
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the first three sections of the test (ranking, emotional engagement and single 

morphological features). As a general rule we expect that dispositional factors show 

significant interactions in the relationships between species attributes and participant 

responses in all the sections of the test.  

 

Preliminary assessment of test appreciation 

The first period of beta testing (April 1 2022 to May 22 2022) provided the results for 

the first 500 participants. Among them, 453 entered the “ranking” section of the test 

and 94.5% of them ranked all the 9 proposed species; 428 participants entered the 

“single morphological features” section and 418 of them expressed their preferences 

to all the 10 pairs of butterfly drawings; 412 participants entered he “emotional 

engagement” section and 402 of them evaluated all the five proposed species; 376 

participants entered the “dispositional variables” section; 361 out of 376 answered all 

the questions. Overall, about three quarters of the participants went through all the 

main sections of the test and more than 90% answered all the questions in each 

section.  

 

The status and timeline of the study  

Our study started on April 1 2021, in May 22 main bugs were fixed. The test will be 

online until April 2023.  

April 2021/May 2022 

Development and beta testing. 

May 2022 

Launch of the website. 
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May 2022/April 2023 

Advertisement of the test and dissemination activities 

March 2023 

End of data collection. 

April 2023 

Statistical processing of collected data 

September 2023 

Publication of results 

 

Discussion  

In our view, aesthetic attractiveness of different butterfly species to humans represents 

a feature influencing their possibility to survive in the Anthropocene. A choice of which 

species to protect influenced by their aesthetic value may not be an optimal strategy 

to maintain ecosystem functionality. Indeed, charismatic species selected on aesthetic 

grounds belong to a few phylogenetic clades, thus encompassing a disproportionately 

low fraction of evolutionary and functional diversity [14,17]. Being such an aesthetic 

attractivity driven protection undesirable, we need to determine and quantify the 

aesthetic attractivity of target species in order to evaluate the occurrence of such bias 

in conservation policies and activities (red lists, funds for establishment of 

conservation actions).  

This is not to overlook that, in other cases, aesthetic attractivity can indeed work as a 

fly-wheel and a booster, rather than a brake, for biodiversity protection. Flag and 

umbrella species are often chosen among the most attractive taxa and their 

importance in advertising diversity loss is widely known [86]. 
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The protocol described here is designed to determine and quantify the aesthetic index 

and to analyse its interconnection with different kinds of emotions and with a set of 

dispositional variables in the human perceiver. The long-term goal of our project is to 

set up targeted educational strategies to re-modulate people’s current (non-functional) 

aesthetic experience regarding the different species of butterflies, so as to make it 

more effective for conservation purposes. Our aesthetic experience of the same 

objects and phenomena can indeed change over time, and aesthetic standards and 

principles are not set in stone. For instance, we tend to be more attracted by the things 

we know more, i.e. to get attached to the things we are most frequently exposed to 

[87–89], although boredom is notoriously a limiting condition of the exposure effect 

[90]. On the other hand, it is not always true that the better informed our aesthetic 

judgements are, the stronger or more pleasurable is the aesthetic experience we get 

[91], since a pivotal role in aesthetic experience is also played by personal 

engagement, openness and other dispositional variables [92]. In this sense, by 

providing people with more information about butterflies, by offering them more 

valuable occasions to interact with the natural world and with insects in particular, and 

by fostering their interests and openness to nature by means of targeted educational 

activities [93], it could be possible to re-tune the public aesthetic experience of 

butterflies towards a more functional set of target species and to take advantage more 

effectively of the fascination that butterflies exert. Instead of being attracted exclusively 

by beautiful butterflies, for instance, people could start to care also for unusual, 

original, surprising, “diverse” forms and colours [94]. 

Fitness and Expected Impact 

In conservation biology, many traits are available for European butterflies and they 

typically describe intrinsic functional traits (such as size, host plants, phenology and 
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behaviour) and variables referring to habitat preferences (temperature, precipitation, 

altitude and vegetational units) [39]. These traits have been largely used to predict the 

decline of species under current environmental changes [95–98]. 

Adding a new relational aesthetic dimension to biological conservation can facilitate 

the critical assessment of current conservation strategies, such as the process of 

selection of certain species (over others) as flag species and umbrella species by 

research institutions, environmental associations and NGOs and the selection of the 

species of butterflies to be included into national, international and European 

conservation actions (e.g. CEE habitat directive, LIFE projects, IUCN red lists, local 

red list, National and regional protection lists). 
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Limitations and improvements of the study design  

Our test has so far been disseminated mainly through the snowballing technique, 

initially including our research group closest contacts (friends, relatives and 

colleagues) and subsequently expanding the diffusion range to “contacts of contacts". 

This allows an effective spreading of the test, but at the same time it compromises the 

representativeness of the sample. Indeed, people involved will be in the majority direct 

or indirect contact of the researchers and/or more involved in the field of conservation 

biology and of natural sciences than the general public. Moreover, our study sample 

includes a large number of participants (at least 5000 planned), but it is still a limited 

sample in relation to the European population whose representativeness is sought. In 

fact, it is very difficult to obtain an effective representativeness of all the various 

segments of the European population (age, geography, sociocultural aspects etc.). 

That said, however, it should be pointed out that in the case of this study the test will 

not investigate in detail the population's sociocultural aspects and how these affect the 

aesthetic appreciation, although the same test could be reproposed and distributed in 

a more oriented way to study the various sociocultural segments in future research. 

Another possible limitation of our study is the technological mediation, that is the 

device through which the participants carry out their aesthetic experience to the vision 

of the butterflies' images. In fact, the butterfly images presented on the PC, tablet or 

mobile phone may not accurately reflect the real appreciation of butterflies in nature. 

Static images (digital reproductions) of dynamic living beings are evaluated [99], while 

the appreciation in nature would include aspects related to the dynamism of the 

organisms (e.g. butterfly flight diversity in the four dimensions of space) that are 

impossible to include in the test. Surely, these are interesting aspects to be considered 

in future studies, in which we could test the aesthetic appreciation of people towards 
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certain animal species directly in nature or more easily using new technologies such 

as VR (virtual reality), in order to ensure dynamism and immersivity during the 

experience [100,101]. 

 

Measures to maximise impact: dissemination, exploitation 

and communication of results. 

At the academic level, the release of scientific papers in high-ranking journals is 

expected; in line with the Open Access policy, every research product will be freely 

available online. As the project targets specific grounds for action, public and private 

institutions and organisations managing protected areas are relevant addressees of 

the study. Stakeholders as the six national parks of the Central-Northern Italian 

Apennines and institutions such as the Italian Ministry of Ecological Transition, 

Butterfly Conservation Europe, W.W.F., Legambiente, ALI (Associazione 

Lepidotterologica Italiana) will be involved in the design of specifically thought-of 

events at both specialist and non-specialist level (i.e. bioblitz, guided nature walks, 

field trips, talks and workshops). These events are expected to take place starting from 

September 2022 with the discussion of the preliminary results and, from September 

2023, with the disclosure of the final results of the study. Schools and students 

represent a further target of the dissemination activities; we have planned a series of 

seminars aimed at engaging students from secondary schools to universities, mainly 

in the city of Florence (IT) and neighbouring areas. The coverage of the project results 

will also involve public media such as newspapers, television and social media; regular 

updates on the main social networks (i.e. Twitter, Facebook and Instagram), along 

with online videos and podcasts, are also planned.  
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S1 Table. The list of butterfly species pictures. The list of butterfly species along 

with the collected pictures used in section n.1 of “Unveiling” test.  

S2 Appendix. Single morphological features drawings. All the couples of drawings 

with respective features analysis are available in this file.  

S3 Appendix. Test question list. All the questions proposed to the participants during 

the test are collected together with their answer options in this file. 
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S1 Table 

In this Table the list of butterfly species used in the test along with the collected pictures is provided. For each species is indicated with 

an x the presence of a photo where the butterfly is as male/female (M/F in the first letter of the acronym), in dorsal/ventral position (D/V 

in the second letter of the acronym), with a neutral background/background with flower (B/F in the third letter of the acronym). 

Species number Species name Dimorphism MDF MDB MVF MVB  FDF FDB FVF FVB 

1 Iphiclides podalirius no x x x x     

2 Iphiclides feisthamelii no x x x x     

3 Papilio alexanor no x x x x     

4 Papilio machaon no x x x x     

5 Papilio hospiton no x x x x     

6 Parnassius mnemosyne no x x x x     

7 Parnassius phoebus yes x x x x x x x x 

8 Parnassius apollo yes x x x x x x x x 

9 Archon apollinus no x x x x     

10 Zerynthia cerisy no x x x x     

11 Zerynthia cretica no x x x x     



2 
 

12 Zerynthia caucasica no  x x x     

13 Zerynthia rumina no x x x x     

14 Zerynthia polyxena no x x x x     

15 Zerynthia cassandra no x x x x     

16 Heteropterus morpheus no x x x x     

17 Carterocephalus 

silvicola 

no x x x x     

18 Carterocephalus 

palaemon 

no x x x x     

19 Pelopidas thrax no x x x x     

20 Borbo borbonica no x x x x     

21 Gegenes pumilio yes x x x x x x   

22 Gegenes nostrodamus yes x x x x x x   

23 Ochlodes sylvanus yes x x x x x x x x 

24 Hesperia comma yes x x x x x x x x 

25 Thymelicus christi yes x x x x x x x x 



3 
 

26 Thymelicus acteon yes x x x x x x x x 

27 Thymelicus hyrax yes x x x x x x x x 

28 Thymelicus sylvestris yes x x x x x x x x 

29 Thymelicus lineola yes x x x x x x x x 

30 Spialia phlomidis no x x x x     

31 Spialia sertorius no x x x x     

32 Spialia therapne no x x x x     

33 Spialia rosae no x x x x     

34 Spialia orbifer no x x x x     

35 Carcharodus tripolinus no x x x x     

36 Carcharodus alceae no x x x x     

37 Muschampia cribrellum no x x x x     

38 Muschampia tessellum no x x x x     

39 Muschampia proto no x x x x     

40 Carcharodus lavatherae no x x x x     

41 Carcharodus orientalis no x x x x     



4 
 

42 Carcharodus floccifera no x x x x     

43 Carcharodus stauderi no x x x x     

44 Carcharodus baeticus no x x x x     

45 Erynnis tages no x x x x     

46 Erynnis marloyi no x x x x     

47 Pyrgus malvoides no x x x x     

48 Pyrgus malvae no x x x x     

49 Pyrgus carthami no x x x x     

50 Pyrgus sidae no x x x x     

51 Pyrgus centaureae no x x x x     

52 Pyrgus cacaliae no x x x x     

53 Pyrgus andromedae no x x x x     

54 Pyrgus serratulae no x x x x     

55 Pyrgus armoricanus no x x x x     

56 Pyrgus alveus no x x x x     

57 Pyrgus warrenensis no x x x x     



5 
 

58 Pyrgus foulquieri no x x x x     

59 Pyrgus onopordi no x x x x     

60 Pyrgus carlinae no x x x x     

61 Pyrgus cirsii no x x x x     

62 Pyrgus cinarae no x x x x     

63 Leptidea duponcheli yes   x x   x x 

64 Leptidea morsei yes   x x   x  

65 Leptidea juvernica yes   x x   x x 

66 Leptidea sinapis yes x x x x     

67 Leptidea reali yes   x x     

68 Gonepteryx rhamni yes x x x x   x x 

69 Gonepteryx cleobule yes x  x x   x x 

70 Gonepteryx cleopatra yes x x x x x x x x 

71 Gonepteryx maderensis yes   x x   x  

72 Gonepteryx farinosa yes  x x x     

73 Catopsilia florella yes x  x x x x x x 
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74 Colias hyale yes x x x x x  x x 

75 Colias alfacariensis yes x  x x x x x x 

76 Colias phicomone yes x  x x  x   

77 Colias aurorina yes x x x x  x x x 

78 Colias chrysotheme yes   x x   x x 

79 Colias erate yes x x x x  x x x 

80 Colias crocea yes x x x x x x x x 

81 Colias myrmidone yes x x x x  x   

82 Colias caucasica yes   x x x    

83 Colias palaeno yes x x x x x x x x 

84 Colias tyche yes   x x   x x 

85 Colias hecla yes  x x x   x  

86 Colotis evagore yes x x x x x x x x 

87 Aporia crataegi no x x x x x x x x 

88 Pontia chloridice yes x x x x   x x 

89 Pontia callidice yes x x x x x x x x 
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90 Pontia edusa yes x x x x x x x x 

91 Pontia daplidice yes x x x x x x x x 

92 Pieris krueperi yes x x x x x x x x 

93 Pieris brassicae yes x x x x x x x  

94 Pieris wollastoni yes         

95 Pieris cheiranthi yes  x x x x x x  

96 Pieris rapae yes x x x x x x x x 

97 Pieris mannii yes x x x x x x x x 

98 Pieris ergane yes x x x x x x x x 

99 Pieris bryoniae yes x x x x x x x x 

100 Pieris napi yes x x x x x x x x 

101 Pieris balcana yes x x x x x x x  

102 Euchloe tagis no x x x x     

103 Euchloe eversi no x x x x     

104 Euchloe 

grancanariensis 

no x x x x     
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105 Euchloe hesperidum no x x x x     

106 Euchloe belemia no x x x x     

107 Euchloe insularis no x x x x     

108 Euchloe crameri no x x x x     

109 Euchloe simplonia no x x x x     

110 Euchloe ausonia no x x x x     

111 Euchloe charlonia no x x x x     

112 Euchloe penia no x x x x     

113 Euchloe bazae no  x x x     

114 Zegris pyrothoe no   x x     

115 Zegris eupheme yes x x x  x  x  

116 Anthocharis 

euphenoides 

yes x x x x x x x x 

117 Anthocharis cardamines yes x x x x x x x x 

118 Anthocharis gruneri yes x x x x x x x  

119 Anthocharis damone yes x x x x x  x x 
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120 Hamearis lucina no x x x x     

121 Lycaena dimorpha yes         

122 Lycaena helle yes x x x x x x x x 

123 Lycaena alciphron yes x x x x x x x x 

124 Lycaena thetis yes x x x x x x   

125 Lycaena thersamon yes x x x x x x   

126 Lycaena dispar yes x x x x x x x x 

127 Lycaena hippothoe yes x x x x x x x x 

128 Lycaena candens yes x x x x x x x x 

129 Lycaena ottomanus yes x x x x x x x x 

130 Lycaena bleusei yes x x x x x x   

131 Lycaena phlaeas no x x x x     

132 Lycaena virgaureae yes x x x x x x x x 

133 Lycaena tityrus yes x x x x x x x x 

134 Cigaritis acamas no   x x     

135 Thecla betulae yes  x x x x x x x 
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136 Favonius quercus yes  x x x  x   

137 Laeosopis roboris yes x x x x  x x x 

138 Tomares ballus yes   x x   x x 

139 Tomares nogelii yes   x x     

140 Tomares callimachus yes   x x     

141 Callophrys avis no   x x     

142 Callophrys suaveola no    x     

143 Callophrys rubi no  x x x     

144 Callophrys 

chalybeitincta 

no   x x     

145 Neolycaena rhymnus no   x x     

146 Satyrium pruni no   x x x x x x 

147 Satyrium ilicis yes   x x x  x x 

148 Satyrium esculi no  x x x  x x x 

149 Satyrium ledereri no   x x     

150 Satyrium w-album no   x x   x x 
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151 Satyrium spini no x  x x x    

152 Satyrium acaciae no   x x   x x 

153 Leptotes pirithous no x x x x     

154 Cyclyrius webbianus yes x x x x x x   

155 Azanus ubaldus yes  x x x  x   

156 Azanus jesous yes  x x x x x   

157 Lampides boeticus no x x x x     

158 Cacyreus marshalli no x x x x     

159 Celastrina argiolus yes x x x x x x   

160 Tarucus theophrastus no x x x x     

161 Tarucus balkanicus no x x x x     

162 Phengaris alcon yes x x x x x x   

163 Phengaris arion yes x x x x x x   

164 Phengaris teleius yes x x x x x x   

165 Phengaris nausithous yes x x x x  x   

166 Turanana taygetica yes  x x x x    



12 
 

167 Pseudophilotes bavius yes x x x x x x   

168 Pseudophilotes 

barbagiae 

no x x x x     

169 Pseudophilotes 

abencerragus 

yes x x x x  x   

170 Pseudophilotes 

panoptes 

yes x x x x x    

171 Pseudophilotes vicrama yes x x x x x x   

172 Pseudophilotes baton yes x x x x x x   

173 Scolitantides orion yes x x x x x x   

174 Praephilotes anthracias no    x     

175 Iolana iolas yes x x x x x x   

176 Iolana debilitata yes   x x     

177 Glaucopsyche 

melanops 

yes x x x x x x   

178 Glaucopsyche paphos yes x x x x x x   

179 Glaucopsyche alexis yes x x x x x x   
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180 Zizeeria knysna yes x x x x x x   

181 Zizeeria karsandra yes x x x x x x   

182 Tongeia fischeri yes   x x x x   

183 Cupido argiades yes x x x x x x   

184 Cupido decoloratus yes  x x x  x   

185 Cupido alcetas yes x x x x x x   

186 Cupido osiris yes x x x x x x   

187 Cupido minimus no x x x x     

188 Cupido lorquinii yes x x x x x    

189 Luthrodes galba no    x     

190 Freyeria trochylus yes x x x x x x   

191 Plebejus argus yes x x x x x x x x 

192 Plebejus idas yes x x x x x x   

193 Plebejus bellieri yes x x x x x x   

194 Plebejus argyrognomon yes x x x x x x x x 

195 Agriades orbitulus yes x x x x x x   
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196 Agriades optilete yes x x x x  x   

197 Agriades pyrenaicus yes x x x x x x   

198 Agriades dardanus yes x x x x x x   

199 Agriades zullichi yes x x  x  x   

200 Agriades glandon yes x x x x x x   

201 Agriades aquilo yes  x x x  x   

202 Plebejidea loewii yes  x x x x x   

203 Eumedonia eumedon no x x x x     

204 Kretania psylorita yes  x x x  x   

205 Kretania hespericus yes         

206 Kretania eurypilus yes  x x x  x   

207 Kretania trappi yes x x x x     

208 Kretania sephirus yes  x x x  x   

209 Kretania pylaon yes  x x x  x   

210 Cyaniris semiargus yes x x x x x x   

211 Glabroculus cyane yes x  x x     
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212 Aricia morronensis no x x x x x x   

213 Aricia anteros yes x x x x x x   

214 Aricia cramera no x x x x     

215 Aricia nicias yes x x x x x x   

216 Aricia artaxerxes yes x x x x x x   

217 Aricia montensis no x x x x     

218 Aricia agestis no x x x x     

219 Neolysandra coelestina yes x x x x x x x x 

220 Lysandra hispana yes x x x x x x x x 

221 Lysandra corydonius yes  x  x     

222 Lysandra bellargus yes x x x x x x x x 

223 Lysandra coridon yes x x x x x x x x 

224 Lysandra caelestissima yes x x x x x x x x 

225 Lysandra albicans yes x x x x  x x x 

226 Polyommatus escheri yes x x x x x x x x 

227 Polyommatus thersites yes x x x x x x x x 
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228 Polyommatus daphnis yes x x x x x x x x 

229 Polyommatus amandus yes x x x x x x x x 

230 Polyommatus golgus yes x x x x x x   

231 Polyommatus nivescens yes x x x x x x x  

232 Polyommatus dorylas yes x x x x x x x x 

233 Polyommatus celina yes x x x x x x x x 

234 Polyommatus icarus yes x x x x x x x x 

235 Polyommatus eros yes x x x x x x x x 

236 Polyommatus damon yes x x x x x x   

237 Polyommatus damone yes   x      

238 Polyommatus damocles yes   x      

239 Polyommatus admetus yes x  x x x x   

240 Polyommatus ripartii no x x x x x x   

241 Polyommatus 

nephohiptamenos 

yes x x x x x    

242 Polyommatus iphigenia yes x x x x x    



17 
 

243 Polyommatus violetae yes x x x x x x   

244 Polyommatus fulgens no x x x x     

245 Polyommatus fabressei yes x x x x x x   

246 Polyommatus dolus yes x x x x x x x x 

247 Polyommatus 

humedasae 

no x x x x     

248 Polyommatus timfristos yes x  x x x x   

249 Polyommatus orphicus yes         

250 Polyommatus 

aroaniensis 

no x x x x     

251 Neptis sappho no x x x x     

252 Neptis rivularis no x x x x     

253 Limenitis reducta no x x x x     

254 Limenitis populi no x x x x x x  x 

255 Limenitis camilla no x x x x     

256 Issoria lathonia no x x x x x x   
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257 Issoria eugenia yes    x x x   

258 Brenthis hecate no x x x x x x   

259 Brenthis ino no x x x x x x   

260 Brenthis daphne no x x x x     

261 Argynnis paphia yes x x x x x x   

262 Argynnis pandora yes x x x x x x x x 

263 Argynnis laodice no x x x x     

264 Speyeria aglaja yes x x x x x x   

265 Fabriciana elisa no x x x x     

266 Fabriciana niobe no x x x x     

267 Fabriciana adippe no x x x x     

268 Boloria eunomia yes x x x x  x x   

269 Boloria graeca no x x x x     

270 Boloria pales yes x x x x x x   

271 Boloria alaskensis no x x x x     

272 Boloria napaea yes x x x x x x   
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273 Boloria aquilonaris yes x x x x x x   

274 Boloria tritonia yes         

275 Boloria polaris yes  x  x  x   

276 Boloria thore yes x x x x x x   

277 Boloria selene yes x x x x x x   

278 Boloria euphrosyne no x x x x     

279 Boloria dia no x x x x     

280 Boloria improba no x x x x     

281 Boloria frigga no x x x x     

282 Boloria freija yes x x x x x x x x 

283 Boloria selenis yes x x  x  x   

284 Boloria oscarus no  x  x     

285 Boloria titania no x x x x     

286 Boloria chariclea no x x x x     

287 Boloria angarensis no x  x x     

288 Apatura iris yes x x x x x x   
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289 Apatura metis yes x x  x  x   

290 Apatura ilia yes  x  x  x   

291 Araschnia levana no x x x x x x x x 

292 Vanessa virginiensis no x x x x     

293 Vanessa cardui no x x x x     

294 Vanessa vulcania no x x x x     

295 Vanessa atalanta no x x x x     

296 Aglais io no x x x x     

297 Aglais urticae no x x x x     

298 Aglais ichnusa no x x  x     

299 Polygonia egea no x x x x x x   

300 Polygonia c-album no x x x x x x  x 

301 Nymphalis vaualbum no  x  x     

302 Nymphalis polychloros no x x x x     

303 Nymphalis xanthomelas no x x x x     

304 Nymphalis antiopa no  x  x     
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305 Hypolimnas misippus yes x x x x x x x x 

306 Euphydryas desfontainii yes x x x x x x   

307 Euphydryas aurinia yes x x x x x x   

308 Euphydryas cynthia yes x x x x x x x x 

309 Euphydryas iduna yes  x x x x x   

310 Euphydryas maturna no x x x x     

311 Euphydryas intermedia no x x x x     

312 Melitaea trivia yes x x x x     

313 Melitaea didyma yes x x x x x x   

314 Melitaea arduinna yes x x x x x x   

315 Melitaea aetherie yes x x x x x    

316 Melitaea phoebe yes x x x x x x   

317 Melitaea ornata yes x x x x x x   

318 Melitaea cinxia yes x x x x x x   

319 Melitaea diamina yes x x x x x x   

320 Melitaea celadussa yes x x x x x x   
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321 Melitaea deione yes x x x x x x   

322 Melitaea britomartis yes x x x x x x   

323 Melitaea athalia yes x x x x x x   

324 Melitaea varia yes x x x x x x   

325 Melitaea parthenoides yes x x x x x x   

326 Melitaea aurelia yes x x x x x x   

327 Melitaea asteria yes x x x x     

328 Libythea celtis no x x x x     

329 Danaus plexippus no x x x x     

330 Danaus chrysippus no x x x x     

331 Charaxes jasius yes  x  x  x  x 

332 Coenonympha phryne no         

333 Coenonympha oedippus no  x x x     

334 Coenonympha dorus no x  x x     

335 Coenonympha thyrsis no x  x x     
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336 Coenonympha 

pamphilus 

no x x x x     

337 Coenonympha tullia no   x x     

338 Coenonympha 

rhodopensis 

no  x x x     

339 Coenonympha amaryllis no   x x     

340 Coenonympha glycerion no x  x x     

341 Coenonympha corinna yes  x x x     

342 Coenonympha leander no   x x     

343 Coenonympha hero no x x x x     

344 Coenonympha gardetta no  x x x     

345 Coenonympha orientalis no   x x     

346 Coenonympha arcania no  x x x     

347 Kirinia roxelana yes  x x x   x x 

348 Kirinia climene yes  x x x  x x x 

349 Lopinga achine yes  x x x  x x x 



24 
 

350 Pararge xiphia no x x x x     

351 Pararge xiphioides no x x x x     

352 Pararge aegeria no x x x x     

353 Lasiommata maera yes x x x x x x   

354 Lasiommata deidamia yes x x x x x    

355 Lasiommata 

petropolitana 

yes x x x x x x   

356 Lasiommata 

paramegaera 

yes x x x x x x   

357 Lasiommata megera yes x x x x x x   

358 Melanargia russiae no x x x x     

359 Melanargia larissa no x x x x     

360 Melanargia lachesis no x x x x     

361 Melanargia galathea no x x x x     

362 Melanargia ines no x x x x     

363 Melanargia arge no x x x x     
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364 Melanargia pherusa no x x x x     

365 Melanargia occitanica no x x x x     

366 Hipparchia fatua yes  x x x  x x x 

367 Hipparchia statilinus yes x x x x x x x x 

368 Hipparchia tilosi yes    x     

369 Hipparchia bacchus yes    x     

370 Hipparchia wyssii yes    x  x   

371 Hipparchia tamadabae yes    x  x   

372 Hipparchia gomera yes  x x x     

373 Hipparchia fidia yes  x x x  x  x 

374 Hipparchia neomiris yes x x x x x x x x 

375 Hipparchia autonoe yes  x x x x    

376 Hipparchia hermione yes  x x x  x  x 

377 Hipparchia syriaca yes  x  x  x  x 

378 Hipparchia fagi yes  x x x  x  x 

379 Hipparchia mersina yes  x  x     
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380 Hipparchia miguelensis yes   x x     

381 Hipparchia azorina yes  x x x     

382 Hipparchia senthes yes  x x x     

383 Hipparchia maderensis yes   x x  x   

384 Hipparchia semele yes x x x x  x x x 

385 Hipparchia blachieri yes  x x x     

386 Hipparchia aristaeus yes x x x x x x   

387 Hipparchia volgensis yes    x     

388 Hipparchia neapolitana yes    x     

389 Hipparchia leighebi yes   x x     

390 Hipparchia pellucida yes  x x x     

391 Hipparchia sbordonii yes   x x     

392 Hipparchia cypriensis yes   x x  x  x 

393 Hipparchia cretica yes x x x x     

394 Hipparchia christenseni yes  x  x     

395 Minois dryas yes x x x x x x x x 
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396 Brintesia circe no x x x x     

397 Arethusana arethusa no x x x x x x   

398 Oeneis tarpeia no    x     

399 Oeneis bore yes  x x x    x 

400 Oeneis ammon no    x     

401 Oeneis melissa no    x     

402 Oeneis magna no   x x     

403 Oeneis jutta yes  x x x  x  x 

404 Oeneis norna yes  x x x  x  x 

405 Oeneis polixenes yes   x x     

406 Oeneis glacialis yes  x x x  x x x 

407 Satyrus ferula yes x x x x x x x x 

408 Satyrus virbius yes   x x    x 

409 Satyrus actaea yes  x x x  x x x 

410 Chazara briseis yes x x x x x x x x 

411 Chazara prieuri yes  x x x  x x x 
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412 Chazara persephone yes  x x x   x x 

413 Pseudochazara geyeri yes   x x    x 

414 Pseudochazara graeca yes x x x x     

415 Pseudochazara 

amymone 

yes  x x x     

416 Pseudochazara 

anthelea 

yes x x x x x  x x 

417 Pseudochazara 

amalthea 

yes    x     

418 Pseudochazara 

williamsi 

yes    x     

419 Pseudochazara euxina yes    x     

420 Pseudochazara 

mercurius 

yes         

421 Pseudochazara 

cingovskii 

yes   x x     
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422 Pseudochazara 

tisiphone 

yes    x     

423 Pseudochazara orestes yes   x x     

424 Ypthima asterope no x x x x     

425 Proterebia phegea yes  x x x x x  x 

426 Hyponephele huebneri yes         

427 Hyponephele lycaon yes  x x x x x x x 

428 Hyponephele lupina yes  x x x x  x x 

429 Aphantopus hyperantus yes  x x x x x x x 

430 Pyronia cecilia yes x x x x x x x x 

431 Pyronia tithonus yes x x x x x x x x 

432 Pyronia bathseba yes x x x x x x x x 

433 Maniola jurtina yes x x x x x x x x 

434 Maniola nurag yes x x x x x    

435 Maniola chia yes x x x x  x x x 

436 Maniola megala yes  x       
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437 Maniola cypricola yes  x x x x x x x 

438 Maniola telmessia yes x x x x x x x x 

439 Maniola halicarnassus yes x   x     

440 Erebia edda no    x     

441 Erebia fasciata no   x x     

442 Erebia discoidalis no   x x     

443 Erebia rossii no  x x x     

444 Erebia cyclopia no  x  x     

445 Erebia embla no  x  x     

446 Erebia disa no x x x x     

447 Erebia meolans no x x x x     

448 Erebia dabanensis no  x  x     

449 Erebia jeniseiensis no  x       

450 Erebia claudina no x x x x     

451 Erebia manto no x x x x     

452 Erebia ottomana no x x x x     
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453 Erebia hispania no x x x x     

454 Erebia rondoui no x x x x     

455 Erebia callias no x x x x     

456 Erebia tyndarus yes x x x x x x x x 

457 Erebia cassioides yes x x x x x x x x 

458 Erebia nivalis no x x x x     

459 Erebia neleus no    x     

460 Erebia calcaria no x x x x     

461 Erebia arvernensis no x x x x     

462 Erebia oeme no x x x x     

463 Erebia gorge no x x x x     

464 Erebia sthennyo no x x x x     

465 Erebia pandrose no x x x x     

466 Erebia eriphyle no x x x x     

467 Erebia epistygne no x x x x     

468 Erebia euryale no x x x x     
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469 Erebia palarica no x x x x     

470 Erebia ligea no x x x x     

471 Erebia pluto no x x x x     

472 Erebia aethiopellus no x x x x     

473 Erebia gorgone no  x  x     

474 Erebia rhodopensis no x x x x     

475 Erebia mnestra no x x x x     

476 Erebia alberganus no x x x x     

477 Erebia sudetica no x x x x     

478 Erebia melampus no x x x x     

479 Erebia triarius no x x x x     

480 Erebia polaris no  x  x     

481 Erebia medusa no x x x x     

482 Erebia aethiops no x x x x     

483 Erebia pharte no x x x x     

484 Erebia christi no x x x x     
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485 Erebia orientalis no x x x x     

486 Erebia epiphron no x x x x     

487 Erebia flavofasciata no x x x x     

488 Erebia montanus no x x x x     

489 Erebia styx no x x x x     

490 Erebia stirius no x x x x     

491 Erebia scipio no x x x x     

492 Erebia pronoe no x x x x     

493 Erebia melas no x x x x     

494 Erebia lefebvrei no x x x x     

495 Erebia zapateri no x x x x     

496 Erebia neoridas no x x x x     

 



S2 Appendix  

In this appendix all pairs of butterfly drawings with natural and altered appearance are 

listed and subdivided into paragraphs, where it is made explicit which morphological 

feature of the species has been altered and how. Drawings are presented according 

to Table 1 order.  

 

Table 1. Single morphological features analysed in the third section of the 

“Unveiling” test. 

 

Morphological features Butterfly species  Number of cases 

Butterfly dimension Nymphalis antiopa 2 (natural, 36% smaller) 

Colours of the wings 

contrast intensity  

Charaxes jasius 3 (natural, 40% brighter and 

0% contrast, 40% less bright 

and 40% more contrast) 

Grouping and order of the 

design patterns of the wings 

Charaxes jasius; 

Erebia medusa 

2 (natural, modified with an 

unordered and random 

arrangement of wing elements) 

Forewing / hindwing 

proportion  

Kirinia roxelana 2 (natural, modified with 

altered fore wing / hind wing 

proportion) 

Presence or absence of 

wings eyespots 

Aglais io; Erebia 

medusa 

2 (natural, modified aspect 

without wing eyespots) 



Wings eyespots dimensions Aglais io; Erebia 

medusa 

3; 2 (natural, modified aspect 

with 100% smaller (only for A. 

io) eyespots, modified aspect 

with 100% bigger eyespots) 

Presence or absence of 

wings tails 

Iphiclides podalirius; 

Charaxes jasius 

2 (natural, modified aspect 

without wing tails) 

 

Wings tails length  Iphiclides podalirius; 

Charaxes jasius 

2 (natural, modified with 20% 

longer wing tails for I. 

podalirius and 15% longer 

wing tails for C. jasius) 

 

Smooth or jagged wings 

edges 

Polygonia c-album 3 (natural, modified with 

jagged edges, modified with 

smooth edges) 

 

Single features analysed in the third section of the “Unveiling” test, butterfly species 

associated with them and number of cases for each feature. 

 

 

 

Morphological feature: butterfly dimension 

Butterfly species: Nymphalis antiopa 



 

(A)  (B)  

 

 

Fig 1. Two Nymphalis antiopa drawings. Two Nymphalis antiopa drawings with 

different dimensions (A) standard drawing dimension (B) modified drawing 

dimensions: butterfly B is 36% smaller than the other butterfly drawing.  

 

Morphological feature: colours of the wings contrast intensity  

Butterfly species: Charaxes jasius 

 

(A)     

(B)   (C)  



 

 

Fig 2. Three Charaxes jasius drawings. Three Charaxes jasius drawings with 

different colours of the wings contrast intensity (A) natural aspect (B) modified colour 

contrast (40% brighter and 0% contrast) (C) modified colour contrast (40% less bright 

and 40% more contrast).  

 

Morphological feature: grouping and order of the design patterns of the 

wings 

Butterfly species: Charaxes jasius 

 

(A) (B)     

 

Fig 3. Two Charaxes jasius drawings. Two Charaxes jasius drawings with different 

Grouping and order of the design patterns of the wings (A) natural aspect (B) modified 

with an unordered and random arrangement of wing elements.  

 

Butterfly species: Erebia medusa 



(A) (B)  

 

Fig 4. Two Erebia medusa drawings. Two Erebia medusa drawings with different 

grouping and order of the design patterns of the wings (A) natural aspect (B) modified 

with an unordered and random arrangement of wing eyespots (butterfly B has 10 more 

eyespots than butterfly A).  

 

Morphological feature: fore wing / hind wing proportion  

Butterfly species: Kirinia roxelana 

(A) (B)  

 

Fig 5. Two Kirinia roxelana drawings. Two Kirinia roxelana drawings with different 

fore wing / hind wing proportions (A) natural aspect (B) modified with altered fore wing 

/ hind wing proportion: bigger hind wings (7.5%) than natural dimensions.  

 

Morphological feature: presence or absence of wings eyespots  



Butterfly species: Aglais io 

 

(A)     (B)  

 

Fig 6. Two Aglais io drawings. Two Aglais io drawings with and without wing 

eyespots (A) natural aspect with wing eyespots (B) modified aspect without wing 

eyespots. 

 

Morphological feature: presence or absence of wings eyespots  

Butterfly species: Erebia medusa 

(A) (B)  

 

Fig 7. Two Erebia medusa drawings. Two Erebia medusa drawings with and without 

wing eyespots (A) natural aspect with wing eyespots (B) modified aspect without wing 

eyespots 

 

Morphological feature: wings eyespots dimensions 



Butterfly species: Aglais io 

 

(A)     

 

(B) (C)  

 

Fig 8. Three Aglais io drawings. Two Aglais io drawings with wings eyespots 

dimensions (A) natural aspect (B) modified aspect with 100% smaller eyespots (C) 

modified aspect with 100% bigger eyespots. 

 

 

 

 

 

Butterfly species: Erebia medusa 



(A) (B)  

 

Fig 9. Two Erebia medusa drawings. Two Erebia medusa drawings with wing 

eyespots dimensions (A) natural aspect (B) modified with 100% bigger eyespots. 

 

Morphological feature: presence or absence of wings tails 

Butterfly species: Iphiclides podalirius 

 

 (A)    (B)    

 

Fig 10. Two Iphiclides podalirius drawings. Two Iphiclides podalirius drawings 

with or without wing tails (A) natural aspect with wing tails (B) modified aspect 

without wing tails. 

 

 

Butterfly species: Charaxes jasius 



 

(A)     (B)  

 

Fig 11. Two Charaxes jasius drawings. Two Charaxes jasius drawings with or 

without wing tails (A) natural aspect with wing tails (B) modified aspect without wing 

tails. 

 

Morphological feature: wings tails length  

Butterfly species: Iphiclides podalirius  

(A)   (B)   

 

Fig 12. Two Iphiclides podalirius drawings. Two Iphiclides podalirius drawings with 

different wing tails length (A) natural aspect (B) modified with 20% longer wing tails.  

Butterfly species: Charaxes jasius 

 



(A)     (B)  

 

Fig 12. Two Charaxes jasius drawings. Two Charaxes jasius drawings with different 

wing tails length (A) natural aspect (B) modified with 15% longer wing tails.  

 

Morphological feature: smooth or jagged wing edges 

Butterfly species: Polygonia c-album 

 

(A) (B)  

(C)  

 

Fig 13. Three Polygonia c-album drawings. Three Polygonia c-album drawings with 

smooth or jagged wing edges (A) natural aspect (B) modified with jagged edges (C) 



modified with smooth edges. 



 

S3 Appendix  

In this appendix all the questions proposed to the participants during the test (available 

on the website https://www.unveiling.eu/) are collected together with their answer 

options. 

 

Section n.1 : Personal data 

- You’re…? male / female / other 

- How old are you? 1- 99 

- And your nationality is…? Italian / British / German / French / Spanish / Other  

- What's your qualification? Compulsory education / graduation / bachelor’s or 

master's degree / PhD 

- Which of the following occupational fields appeals to you the most? Services-

administration / productive (crafts,trade,etc.) / scientific technical / teacher / 

artistic-cultural / student / other  

- What number do you see? 71 / 74 

 

Section n.2 : Ranking 

In this section participants are presented with a panel of 9 pictures of different butterfly 

species, and they are asked to attribute a score (from 1 to 10) to each of them in 

response to the question “How beautiful do they look to you?”. The list of all images of 

the different species is available in Appendix 1 

 

Section n.3 : Single morphological features 

 

In this section, 10 pairs of butterfly-drawings created ad hoc are shown to each 

https://www.unveiling.eu/


 

participant in random positions (left-right). The list of all drawings submitted is available 

in Appendix 2 

 

Section n.4 : Emotional engagement  

 

emotion that comes closest to what they feel, also quantifying the emotional intensity 

in a scale range from 1 to 10. The possibilities of response are: joy / feeling of change 

/ fear / disgust / cuteness / confusion / awe / none of these.  

Every 2,500 answers, the pictures will be changed to obtain a higher representativity 

of the butterfly species diversity.  

 

Section n.5 : Dispositional variables. Interests and inclinations  

 

A questionnaire in which a 5-point Likert scale (strongly agree; agree; neither agree 

nor disagree; disagree; strongly disagree) from which to select a response is 

presented to the participants. Participants have to agree/disagree with 18 statements: 

1. I find apps with scientific content (e.g. apps to identify constellations or to spot 

animal or plant species) uninteresting! 

2. When I go on nature walks, I love to take pictures of the species of animals 

and plants I encounter. 

3. I do not believe that my expertise in scientific matters is superior to that of the 

average person. 

4. I think I have a deeper knowledge of the butterfly world than the average 

person. 

5. I don't find it particularly interesting to observe animals in their natural habitat. 



 

6. If I were to define myself, I'd say I have an interest in science. 

7. I don't think I could stare at a beautiful painting too long: it would bore me, 

after a while! 

8. Practicing some form of art (painting, acting, playing, sculpting, etc.) is not 

among my favorite activities. 

9. Being in a natural environment (instead of a city, for example) gives me a 

sense of wellness. 

10. I really enjoy creating beautiful things in one or more artistic fields such as 

visual art, music, dance, writing, etc. 

11. In my spare time, I often go visiting art galleries or museums (not counting the 

recent COVID-19 restrictions). 

12. I regularly read books or art magazines (also online). 

13. I think my moods are very much influenced by the beauty of my surroundings. 

14. I really value the scientific point of view in my everyday life. 

15. I don't think I'm interested in art and beauty more than the average. 

16. If I had to give a definition of myself, I would say that I am interested in art. 

17. When I see something beautiful, in my everyday life, I rarely get passionate 

about it. 

18. When I come across a programme on television or online about science, I 

rarely get excited. 


