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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, 
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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 



8 

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.  



22 

 

Acknowledgements  

The authors would like to thank Roger Vila, CSIC Research Scientist at the Pompeu 

Fabra University, Institute of Evolutionary Biology, Barcelona, Spain; Alice Chirico, 

Research Fellow at the Catholic University of the Sacred Heart, Department of 

Psychology, Milan, Italy; the colleagues of the University of Florence, Department of 

Literature and Philosophy, Florence, Italy.  

References 

1. Saito Y. Everyday Aesthetics [Internet]. 2007 [cited 2022 Aug 1]. Available from: 

https://academic.oup.com/book/7389 

2. Saito Y. Everyday Aesthetics. Philosophy and Literature. 2001;25(1):87–95.  

3. Breitenbach A. V—Aesthetics in Science: A Kantian Proposal. Proceedings of the 

Aristotelian Society (Hardback). 2013;113(1pt1):83–100.  

4. Breitenbach A. The Beauty of Science without the Science of Beauty: Kant and the 

Rationalists on the Aesthetics of Cognition. Journal of the History of Philosophy. 

2018;56(2):281–304.  

5. Hossenfelder S. Lost in math: How beauty leads physics astray. Hachette UK; 

2018.  

6. Knight AJ. “Bats, snakes and spiders, Oh my!” How aesthetic and negativistic 

attitudes, and other concepts predict support for species protection. Journal of 

Environmental Psychology. 2008 Mar 1;28(1):94–103.  



23 

7. Brambilla M, Gustin M, Celada C. Species appeal predicts conservation status. 

Biological Conservation. 2013 Apr 1;160:209–13.  

8. Colléony A, Clayton S, Couvet D, Saint Jalme M, Prévot AC. Human preferences 

for species conservation: Animal charisma trumps endangered status. Biological 

Conservation. 2017 Feb 1;206:263–9.  

9. Garnett ST, Ainsworth GB, Zander KK. Are we choosing the right flagships? The 

bird species and traits Australians find most attractive. PLOS ONE. 2018 Jun 

26;13(6):e0199253.  

10. Veríssimo D, Campbell HA, Tollington S, MacMillan DC, Smith RJ. Why do people 

donate to conservation? Insights from a ‘real world’ campaign. PLOS ONE. 2018 

Jan 25;13(1):e0191888.  

11. Lundberg P, Vainio A, MacMillan DC, Smith RJ, Veríssimo D, Arponen A. The 

effect of knowledge, species aesthetic appeal, familiarity and conservation need 

on willingness to donate. Animal Conservation. 2019;22(5):432–43.  

12. Lundberg P, Veríssimo D, Vainio A, Arponen A. Preferences for different flagship 

types in fundraising for nature conservation. Biological Conservation. 2020 Oct 

1;250:108738.  

13. Curtin P, Papworth S. Coloring and size influence preferences for imaginary 

animals, and can predict actual donations to species-specific conservation 

charities. Conservation Letters. 2020;13(4):e12723.  

14. Habel JC, Gossner MM, Schmitt T. Just beautiful?! What determines butterfly 

species for nature conservation. Biodivers Conserv. 2021 Jul 1;30(8):2481–93.  



24 

15. Adamo M, Chialva M, Calevo J, Bertoni F, Dixon K, Mammola S. Plant scientists’ 

research attention is skewed towards colourful, conspicuous and broadly 

distributed flowers. Nat Plants. 2021 May;7(5):574–8.  

16. Senior RA, Oliveira BF, Dale J, Scheffers BR. Wildlife trade targets colorful birds 

and threatens the aesthetic value of nature. Current Biology [Internet]. 2022 Sep 

15 [cited 2022 Sep 19];0(0). Available from: https://www.cell.com/current-

biology/abstract/S0960-9822(22)01215-5 

17. Langlois J, Guilhaumon F, Baletaud F, Casajus N, Braga CDA, Fleuré V, et al. The 

aesthetic value of reef fishes is globally mismatched to their conservation priorities. 

PLOS Biology. 2022 Jun 7;20(6):e3001640.  

18. Barbato D, Benocci A, Guasconi M, Manganelli G. Light and shade of citizen 

science for less charismatic invertebrate groups: quality assessment of iNaturalist 

nonmarine mollusc observations in central Italy. Journal of Molluscan Studies. 

2021 Dec 1;87(4):eyab033.  

19. Randler C. Users of a citizen science platform for bird data collection differ from 

other birdwatchers in knowledge and degree of specialization. Global Ecology and 

Conservation. 2021 Jun 1;27:e01580.  

20. Callaghan CT, Poore AGB, Hofmann M, Roberts CJ, Pereira HM. Large-bodied 

birds are over-represented in unstructured citizen science data. Sci Rep. 2021 Sep 

24;11(1):19073.  

21. Frynta D, Lišková S, Bültmann S, Burda H. Being Attractive Brings Advantages: 

The Case of Parrot Species in Captivity. PLOS ONE. 2010 Sep 7;5(9):e12568.  



25 

22. Stokes DL. Things We Like: Human Preferences among Similar Organisms and 

Implications for Conservation. Hum Ecol. 2007 Jun 1;35(3):361–9.  

23. Lišková S, Frynta D. What Determines Bird Beauty in Human Eyes? Anthrozoös. 

2013 Mar 1;26(1):27–41.  

24. Landová E, Marešová J, Šimková O, Cikánová V, Frynta D. Human responses to 

live snakes and their photographs: Evaluation of beauty and fear of the king 

snakes. Journal of Environmental Psychology. 2012 Mar 1;32(1):69–77.  

25. Gunnthorsdottir A. Physical Attractiveness of an Animal Species as a Decision 

Factor for its Preservation. Anthrozoös. 2001 Dec 1;14(4):204–15.  

26. Landová E, Poláková P, Rádlová S, Janovcová M, Bobek M, Frynta D. Beauty 

ranking of mammalian species kept in the Prague Zoo: does beauty of animals 

increase the respondents’ willingness to protect them? Sci Nat. 2018 Nov 

28;105(11):69.  

27. Verissimo D, MacMillan DC, Smith RJ. Toward a systematic approach for 

identifying conservation flagships. Conservation Letters. 2011;4(1):1–8.  

28. Roberge JM, Angelstam P. Usefulness of the Umbrella Species Concept as a 

Conservation Tool. Conservation Biology. 2004;18(1):76–85.  

29. Montgomery GA, Dunn RR, Fox R, Jongejans E, Leather SR, Saunders ME, et al. 

Is the insect apocalypse upon us? How to find out. Biological Conservation. 2020 

Jan 1;241:108327.  

30. Lobo JM. The use of occurrence data to predict the effects of climate change on 

insects. Current Opinion in Insect Science. 2016 Oct 1;17:62–8.  



26 

31. Preston SD, Liao JD, Toombs TP, Romero-Canyas R, Speiser J, Seifert CM. A 

case study of a conservation flagship species: the monarch butterfly. Biodivers 

Conserv. 2021 Jun 1;30(7):2057–77.  

32. Sumner S, Law G, Cini A. Why we love bees and hate wasps. Ecological 

Entomology. 2018;43(6):836–45.  

33. Hume D. Four Dissertations. New York: St. Augustine’s Press; 1757.  

34. Burke E. A Philosophical Enquiry Into the Origin of Our Ideas of the Sublime and 

Beautiful, 1759. Menston, Scolar P.; 1759.  

35. Berlyne DE. Novelty, complexity, and hedonic value. Perception & Psychophysics. 

1970 Sep 1;8(5):279–86.  

36. Darwin C. The descent of man. New York: D Appleton. 1871;  

37. Menninghaus W, Skinner A. Biology à la mode: Charles Darwin’s Aesthetics of 

“Ornament.” History and Philosophy of the Life Sciences. 2009;31(2):263–78.  

38. Menninghaus W. Aesthetics after Darwin: The multiple origins and functions of the 

arts. Academic Studies Press; 2019.  

39. Moretti M, Dias ATC, de Bello F, Altermatt F, Chown SL, Azcárate FM, et al. 

Handbook of protocols for standardized measurement of terrestrial invertebrate 

functional traits. Functional Ecology. 2017;31(3):558–67.  

40. Otto SP. Adaptation, speciation and extinction in the Anthropocene. Proceedings 

of the Royal Society B: Biological Sciences. 2018 Nov 21;285(1891):20182047.  



27 

41. Haas AF, Guibert M, Foerschner A, Co T, Calhoun S, George E, et al. Can we 

measure beauty? Computational evaluation of coral reef aesthetics. PeerJ. 2015 

Nov 10;3:e1390.  

42. Pinho JR de, Grilo C, Boone RB, Galvin KA, Snodgrass JG. Influence of Aesthetic 

Appreciation of Wildlife Species on Attitudes towards Their Conservation in 

Kenyan Agropastoralist Communities. PLOS ONE. 2014 Feb 14;9(2):e88842.  

43. Casalegno S, Inger R, DeSilvey C, Gaston KJ. Spatial Covariance between 

Aesthetic Value & Other Ecosystem Services. PLOS ONE. 2013 Jun 

28;8(6):e68437.  

44. Sullivan AP, Bird DW, Perry GH. Human behaviour as a long-term ecological driver 

of non-human evolution. Nat Ecol Evol. 2017 Feb 21;1(3):1–11.  

45. Leder H, Nadal M. Ten years of a model of aesthetic appreciation and aesthetic 

judgments : The aesthetic episode – Developments and challenges in empirical 

aesthetics. British Journal of Psychology. 2014;105(4):443–64.  

46. Jacobsen T. Beauty and the brain: culture, history and individual differences in 

aesthetic appreciation. Journal of anatomy. 2010;216(2):184–91.  

47. Jacobsen T, Beudt S. Domain generality and domain specificity in aesthetic 

appreciation. New Ideas in Psychology. 2017;47:97–102.  

48. Schabmann A, Gerger G, Schmidt BM, Wögerer E, Osipov I, Leder H. Where Does 

It Come From? Developmental Aspects of Art Appreciation. International Journal 

of Behavioral Development. 2016 Jul 1;40(4):313–23.  



28 

49. Pugach C, Leder H, Graham DJ. How Stable Are Human Aesthetic Preferences 

Across the Lifespan? Frontiers in Human Neuroscience [Internet]. 2017 [cited 2022 

Sep 3];11. Available from: 

https://www.frontiersin.org/articles/10.3389/fnhum.2017.00289 

50. Berlyne DE. Aesthetics and psychobiology. East Norwalk, CT, US: Appleton-

Century-Crofts; 1971. xiv, 336 p. (Aesthetics and psychobiology).  

51. Martindale C, Moore K. Priming, prototypicality, and preference. Journal of 

Experimental Psychology: Human Perception and Performance. 1988;14(4):661.  

52. Nijhout H. Elements of Butterfly Wing Patterns. The Journal of experimental 

zoology. 2001 Oct 15;291:213–25.  

53. Monteiro A, Podlaha O. Wings, Horns, and Butterfly Eyespots: How Do Complex 

Traits Evolve? PLOS Biology. 2009 Feb 24;7(2):e1000037.  

54. Manesi Z, Lange PAMV, Pollet TV. Butterfly Eyespots: Their Potential Influence 

on Aesthetic Preferences and Conservation Attitudes. PLOS ONE. 2015 Nov 

6;10(11):e0141433.  

55. Droit-Volet S, Meck WH. How emotions colour our perception of time. Trends in 

Cognitive Sciences. 2007 Dec 1;11(12):504–13.  

56. Zadra JR, Clore GL. Emotion and perception: the role of affective information. 

WIREs Cognitive Science. 2011;2(6):676–85.  

57. Prinz J. Penetrating Beauty: Knowledge, Culture and Context in Aesthetic 

Perception. In: Perception, Cognition and Aesthetics. Routledge; 2019.  



29 

58. Cupchik GC. Emotion in Aesthetics and the Aesthetics of Emotion. In: New 

directions in aesthetics, creativity and the arts. Amityville, NY, US: Baywood 

Publishing Co; 2006. p. 209–24. (Foundations and Frontiers in Aesthetics).  

59. Silvia PJ, Brown EM. Anger, disgust, and the negative aesthetic emotions: 

Expanding an appraisal model of aesthetic experience. Psychology of Aesthetics, 

Creativity, and the Arts. 2007;1(2):100–6.  

60. Marković S. Components of Aesthetic Experience: Aesthetic Fascination, 

Aesthetic Appraisal, and Aesthetic Emotion. i-Perception. 2012 Jan 1;3(1):1–17.  

61. Menninghaus W, Wagner V, Wassiliwizky E, Schindler I, Hanich J, Jacobsen T, et 

al. What are aesthetic emotions? Psychol Rev. 2019 Mar;126(2):171–95.  

62. Schindler I, Hosoya G, Menninghaus W, Beermann U, Wagner V, Eid M, et al. 

Measuring aesthetic emotions: A review of the literature and a new assessment 

tool. PLOS ONE. 2017 Jun 5;12(6):e0178899.  

63. Lundy DE, Schenkel MB, Akrie TN, Walker AM. How Important is Beauty to You? 

The Development of the Desire for Aesthetics Scale. Empirical Studies of the Arts. 

2010 Jan 1;28(1):73–92.  

64. Lizardo O, Skiles S. Reconceptualizing and Theorizing “Omnivorousness”: Genetic 

and Relational Mechanisms. Sociological Theory. 2012 Dec 1;30(4):263–82.  

65. Specker E, Forster M, Brinkmann H, Boddy J, Pelowski M, Rosenberg R, et al. 

The Vienna Art Interest and Art Knowledge Questionnaire (VAIAK): A unified and 

validated measure of art interest and art knowledge. Psychology of Aesthetics, 

Creativity, and the Arts. 2020;14(2):172–85.  



30 

66. Cotter KN, Chen DF, Christensen AP, Kim KY, Silvia PJ. Measuring art knowledge: 

Item response theory and differential item functioning analysis of the Aesthetic 

Fluency Scale. Psychology of Aesthetics, Creativity, and the Arts. 2021;No 

Pagination Specified-No Pagination Specified.  

67. Tulloch AIT, Szabo JK. A behavioural ecology approach to understand volunteer 

surveying for citizen science datasets. Emu - Austral Ornithology. 2012 

Dec;112(4):313–25.  

68. Troudet J, Grandcolas P, Blin A, Vignes-Lebbe R, Legendre F. Taxonomic bias in 

biodiversity data and societal preferences. Sci Rep. 2017 Aug 22;7(1):9132.  

69. Stoudt S, Goldstein BR, Valpine PD. Identifying Charismatic Bird Species and 

Traits with Community Science Observations [Internet]. bioRxiv; 2021 [cited 2022 

Feb 2]. p. 2021.06.05.446577. Available from: 

https://www.biorxiv.org/content/10.1101/2021.06.05.446577v1 

70. Chamorro-Premuzic T, Furnham A. A possible model for understanding the 

personality-intelligence interface. British Journal of Psychology. 2004;95(2):249–

64.  

71. Chyung SY (Yonnie), Roberts K, Swanson I, Hankinson A. Evidence-Based 

Survey Design: The Use of a Midpoint on the Likert Scale. Performance 

Improvement. 2017;56(10):15–23.  

72. Chyung SY (Yonnie), Barkin JR, Shamsy JA. Evidence-Based Survey Design: The 

Use of Negatively Worded Items in Surveys. Performance Improvement. 

2018;57(3):16–25.  



31 

73. Likert R. A technique for the measurement of attitudes. Archives of Psychology. 

1932;22(140):55–55.  

74. Cronbach LJ. Studies of acquiescence as a factor in the true-false test. Journal of 

Educational Psychology. 1942;33(6):401–15.  

75. Streeton R, Cooke M, Campbell J. Researching the researchers: using a 

snowballing technique. Nurse Researcher. 2004 Sep 1;12(1):35–47.  

76. Wiemers M, Chazot N, Wheat CW, Schweiger O, Wahlberg N. A complete time-

calibrated multi-gene phylogeny of the European butterflies. Zookeys. 2020 Jun 

4;938:97–124.  

77. Revell LJ. phytools: an R package for phylogenetic comparative biology (and other 

things). Methods in ecology and evolution. 2012;(2):217–23.  

78. Vodă R, Dapporto L, Dincă V, Vila R. Cryptic matters: overlooked species generate 

most butterfly beta-diversity. Ecography. 2015;38(4):405–9.  

79. Grafen A, Hamilton WD. The phylogenetic regression. Philosophical Transactions 

of the Royal Society of London B, Biological Sciences. 1989 Dec 

21;326(1233):119–57.  

80. Cowen AS, Keltner D. Self-report captures 27 distinct categories of emotion 

bridged by continuous gradients. Proceedings of the National Academy of 

Sciences. 2017 Sep 19;114(38):E7900–9.  

81. Kakehashi E, Muramatsu K, Hibino H. Perceptual holistic color combination 

analysis of Papilionidae butterflies as aesthetic objects. PLOS ONE. 2020 Oct 

28;15(10):e0240356.  



32 

82. Kakehashi E, Muramatsu K, Hibino H. Computational color combination analysis 

of Papilionidae butterflies as aesthetic objects. Color Research & Application. 

2020;45(1):65–84.  

83. Leder H, Belke B, Oeberst A, Augustin D. A model of aesthetic appreciation and 

aesthetic judgments. British Journal of Psychology. 2004 Nov;95(4):489–508.  

84. Grando G, Bramuzzo S, Callegaro E, Guidolin L, Irato P, Santovito G. Who is afraid 

of insects? A didactic research in the biological field in kindergarten. 

EDULEARN18 Proceedings. 2018;  

85. Papworth S, Curtin P. Information about conservation status is more important 

than species appearance in the species preferences of potential conservation 

donors. Environmental Conservation. 2022 Sep;49(3):146–54.  

86. Ducarme F, Luque G, Courchamp F. What are “charismatic species” for 

conservation biologists ? BioSciences Master Reviews. 2013 Jul 1;1:1–8.  

87. Bornstein RF. Exposure and affect: Overview and meta-analysis of research, 

1968–1987. Psychological bulletin. 1989;106(2):265.  

88. Reber R, Winkielman P, Schwarz N. Effects of perceptual fluency on affective 

judgments. Psychological science. 1998;9(1):45–8.  

89. Winkielman P, Cacioppo JT. Mind at ease puts a smile on the face: 

psychophysiological evidence that processing facilitation elicits positive affect. 

Journal of personality and social psychology. 2001;81(6):989.  

90. Bornstein RF, Kale AR, Cornell KR. Boredom as a limiting condition on the mere 

exposure effect. Journal of Personality and Social Psychology. 1990;58:791–800.  



33 

91. Nanay B. Aesthetics. Oxford University Press, USA; 2019.  

92. Fayn K, MacCann C, Tiliopoulos N, Silvia PJ. Aesthetic emotions and aesthetic 

people: Openness predicts sensitivity to novelty in the experiences of interest and 

pleasure. Frontiers in psychology. 2015;6:1877.  

93. Barthel S, Belton S, Raymond CM, Giusti M. Fostering Children’s Connection to 

Nature Through Authentic Situations: The Case of Saving Salamanders at School. 

Frontiers in Psychology [Internet]. 2018 [cited 2022 Sep 9];9. Available from: 

https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00928 

94. Wilson EO. Biophilia. In: Biophilia. Harvard university press; 1984.  

95. Vandewalle M, de Bello F, Berg MP, Bolger T, Doledec S, Dubs F, et al. Functional 

traits as indicators of biodiversity response to land use changes across 

ecosystems and organisms. Biodiversity and Conservation. 2010;19:2921–47.  

96. Eskildsen A, Carvalheiro LG, Kissling WD, Biesmeijer JC, Schweiger O, Høye TT. 

Ecological specialization matters: long-term trends in butterfly species richness 

and assemblage composition depend on multiple functional traits. Mac Nally R, 

editor. Diversity Distrib. 2015 Jul;21(7):792–802.  

97. Melero Y, Stefanescu C, Pino J. General declines in Mediterranean butterflies over 

the last two decades are modulated by species traits. Biological Conservation. 

2016 Sep 1;201:336–42.  

98. Dapporto L, Cini A, Menchetti M, Vodă R, Bonelli S, Casacci LP, et al. Rise and 

fall of island butterfly diversity: Understanding genetic differentiation and extinction 

in a highly diverse archipelago. Diversity and Distributions. 2017;23(10):1169–81.  



34 

99. Leder H, Hakala J, Peltoketo VT, Valuch C, Pelowski M. Swipes and Saves: A 

Taxonomy of Factors Influencing Aesthetic Assessments and Perceived Beauty of 

Mobile Phone Photographs. Front Psychol. 2022;13:786977.  

100. Ahn SJ (Grace), Bostick J, Ogle E, Nowak KL, McGillicuddy KT, Bailenson JN. 

Experiencing Nature: Embodying Animals in Immersive Virtual Environments 

Increases Inclusion of Nature in Self and Involvement with Nature. Journal of 

Computer-Mediated Communication. 2016 Nov 1;21(6):399–419.  

101. Breves P, Heber V. Into the Wild: The Effects of 360° Immersive Nature Videos 

on Feelings of Commitment to the Environment. Environmental Communication. 

2020 Apr 2;14(3):332–46.  

Supporting Information  

S1 Table. The list of butterfly species pictures. The list of butterfly species along 
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