
Research

Cite this article: Biondi L, Silva F, Gomes N, Maior RS, Silva
S, Soares SC. 2026 From fascination to fear and disgust:
cross-cultural assessment of emotional and aesthetic
responses to snake imagery. Proc. R. Soc. B 293: 20261328.
https://doi.org/10.1098/rspb.2026.1328

Received: 17 November 2025
Accepted: 7 July 2026

Subject Category:
Behaviour

Subject Areas:
behaviour, cognition, evolution

Keywords:
snake detection theory, fear, cross-cultural study,
morphological heuristics, threat assessment, emotional
clusters

Author for correspondence:
Sandra C. Soares
e-mail: sandra.soares@ua.pt

From fascination to fear and disgust:
cross-cultural assessment of emotional
and aesthetic responses to snake imagery

Luiz Biondi1, Fábio Silva1, Nuno Gomes2, Rafael S. Maior3, Samuel Silva4 and
Sandra C. Soares1

1William James Centre for Research, Department of Education and Psychology, Universidade de Aveiro, Aveiro,
3810-193, Portugal
2William James Centre for Research, ISPA – Instituto Universitário, ISPA, Lisbon, 1149-041, Portugal
3Institute of Biology, Department of Physiological Sciences, Laboratory of Neurosciences Metabolism and
Behavior, Universidade de Brasilia, Brasília, DF, 70910-900, Brazil
4Department of Electronics, Telecommunication and Informatics (DETI)/Institute of Electronics and Informatics
Engineering (IEETA), Universidade de Aveiro, Aveiro, 3810-193, Portugal

LB, 0000-0002-4568-7315

The primate visual system is thought to have evolved under selective pres-
sures favouring rapid detection of snakes, ancestral predators that shaped
perceptual and attentional mechanisms. Yet, the transition from visual de-
tection to subjective fear remains poorly understood and may depend on
specific morphological cues. Here, we examined how snake morphology
modulates human emotional and aesthetic responses across ecological and
cultural contexts. A total of 377 participants from Portugal (low snake biodi-
versity) andBrazil (high snake biodiversity) rated images of 92 snake species
on fear, disgust, beauty, valence, arousal andperceived size. Cluster analyses
revealed three consistent emotional profiles across populations: a High-Fear
cluster (mainly viperids, boids and mimics with threatening traits), a High-
Valence cluster (mostly harmless colubrids and dipsadids), and a smaller
High-Disgust cluster (fossorial or limbless reptiles). Clustermembershipwas
unaffected by country, indicating cross-cultural consistency in emotional
evaluations of snakemorphology. Species in the High-Fear cluster exhibited
higher edge density. By contrast, greater exposure to snakes, particularly in
natural environments, was associated with lower Snake Fear Questionnaire
scores. These results support the view that humans rely on evolutionarily
conservedmorphological heuristics (e.g. triangular heads, keeled scales and
disruptive patterns) to assess potential threats, while individual predisposi-
tions and experience modulate response intensity.
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. Introduction
nakes (suborder Serpentes, order Squamata, class Reptilia) exhibit remarkable
iversity in morphology, ecology, behaviour and physiology, reflecting com-
lex evolutionary trajectories shaped by interactions with both biotic and abi-
tic factors [1]. Although invariably limbless and elongated predators, snake
pecies differ substantially in colouration, body proportions, scalation, head
orphology and pigmentation patterns [2,3]. These phenotypic traits are often

inked to deeper functional characteristics, such as venom composition, denti-
ion and trophic roles, that structure ecological interactions and position snakes
s both predators and prey within food webs. Such dynamics have long fu-
lled coevolutionary processes consistent with Darwin’s struggle for existence
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[ uch as venom specialization and toxin resistance
[ ].

ory (SDT), integrating Darwin’s perspective with
S SDT posits that recurrent predation pressure from
s snakes (e.g. Viperidae and Elapidae), shaped the
v dentification and increasing survival. Supporting
e y and physiologically adapted for efficient snake
d yptic strategies [12], snake stimuli gain privileged
a es than other categories of visual stimuli [24–26].

for rapid and automatic visual detection, largely
o nsition from detection to subjective fear appears
t by general shape features, subjective fear seems
t cues such as head shape, scalation, body propor-
t rvers lack explicit knowledge about the species’
d and fear, although related, rely on partly distinct
m

itute the entry point to the broader psychophysio-
l etection, capuchin monkeys (Sapajus spp.) modify
t imics thereof) or harmless species, and this ap-
p p, with monkeys and snakes assuming the roles
o ecies-specific features modulates the intensity of
e In many cultures, snakes are not only associated
w aling and knowledge, or simply admired for their
b acts that snakes exert on humans, which extend
w

of snakesmust be carefully considered in studies
w ncing behavioural and emotional outcomes. Such
d ction of snakes presented outside the foveal field
o akes and in studies assessing subjective fear (for
a nses, see [32]). Previous findings indicating that
m atic colouration, modulate subjective responses
[ ns across multiple species rather than relying on
g

rent snake species are associated with subjective
r wopopulations, in Portugal andBrazil. This cross-
c diversity (Brazil) and onewith comparatively low
d nses cluster according to snake morphology, and
w ts. In addition, we examined whether participant
c akes and individual differences in snake-related
i

cies or large constrictors (e.g. Viperidae, Elapidae
a ics will also elicit elevated fear and arousal; and
( positive valence. Despite ecological and cultural
d ations, in line with evidence that morphological
f addition, with respect to participant characteris-
t e expect variations that may reflect snake-related
i subjective evaluations in distinct ecological and
c the evolutionary, perceptual and cultural bases of
t

2
(
A an = 32.8, s.d. = 12.9) were recruited in Brazil and
P razilian subsample included 186 participants (118
f ubsample included 191 participants (133 females,
1 as conducted through social media platforms and
i study was approved by the University of Aveiro
R
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4], later conceptualized as evolutionary arms races [5], involving adaptations s
6,7], mimicry [8,9], aposematism [10], caudal luring [11] and camouflage [12,13
Building on this framework, Isbell [14,15] proposed the Snake Detection The

eligman’s Preparedness Theory [16] and Öhman andMineka’s Fear Module [17].
nakes, particularly ancestral constricting snakes (e.g. Boidae) and venomous
isual systems of anthropoid primates, enhancing rapid snake detection and i
vidence indicates that both humans and non-human primates are anatomicall
etection and preferential attention [14,15,18–21]. Despite the effectiveness of cr
ccess to human awareness [22,23] and elicit stronger and faster neural respons
This body of evidence suggests that snakes represent a universal stimulus

wing to their elongated and curvilinear body shape [27–32]. However, the tra
o involve different processes [27]. Whereas initial detection may be triggered
o arise after species-level recognition and is more sensitive to morphological
ions or colouration [33–35]. Crucially, these responses occur even when obse
anger, as cross-cultural studies demonstrate [35,36], suggesting that detection
orphological mechanisms [19,37].
This functional dissociation aligns with the notion that detection biases const

ogical cascade described by the fear module [38,39]. For instance, after visual d
heir behaviour depending on whether they encounter venomous snakes (or m
arently determines the ecological relationship that may subsequently develo
f predator or prey [40]. Similarly, in humans, the conscious recognition of sp
motional responses [33,35]. However, these responses are not limited to fear.
ith fear and death but may also be venerated as gods, revered as symbols of he
eauty (e.g. [41]), underscoring the importance of studying the emotional imp
ell beyond fear.
Taken together, these considerations suggest that themorphological diversity
here the subjective evaluation of snake stimuli represents a key variable influe
iversity may be less relevant in research focusing on rapid and automatic dete
f vision, but it becomes crucial in paradigms involving foveally presented sn
review on differences between subjective fear and automatic defensive respo
orphological traits, such as triangular heads, pronounced scalation or aposem

33,35] highlight the importance of examining emotional and perceptual reactio
eneric snake stimuli.
The present study expands on this idea by examining how images of diffe

atings of fear, disgust, valence, arousal, perceived beauty and estimated size in t
ultural design contrasts responses in a regionwith exceptionally high snake bio
iversity (Portugal). Specifically, we test whether emotional and aesthetic respo
hether these patterns generalize across distinct ecological and cultural contex
haracteristics, such as environmental exposure, previous encounters with sn
magery, contribute to variation in self-reported snake fear.

We hypothesize that (1) morphological traits characteristic of venomous spe
nd Boidae) will be associated with higher fear ratings; (2) non-venomous mim
3) harmless species lacking such traits will receive higher ratings of beauty and
ifferences, we expect overall response patterns to be consistent across popul
eatures can trigger subjective fear even when the species is unfamiliar [35]. In
ics potentially associated with snake fear questionnaire (SNAQ) [42] scores, w
magery across cultural contexts. By directly linking morphological diversity to
ultural settings, this study advances a more comprehensive understanding of
he complex and multifaceted relationship between humans and snakes.

. Methods
a) Participants
total of 377 participants (257 females and 1 non-binary) aged 18–74 years (me
ortugal to complete an online questionnaire and image evaluation task. The B
emales; age range = 18–65 years, mean = 31.8, s.d. = 12.0) and the Portuguese s
non-binary; age range = 18–74 years, mean = 33.7, s.d. = 13.8). Recruitment w
nstitutional mailing lists. All participants provided informed consent, and the

esearch Ethics Committee (7-CE/2025).
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Figure 1. Examples of standardized stimuli. (A)Trachyboa boulengeri (Tropidophiidae). (B) Incaspis simonsii (Dipsadidae), source: [2].

(
A tiles of Ecuador project [2]. Permission for use was
g nake species, a small number of limbless or elon-
g uded owing to their strong morphological resem-
b rimarily associated with phylogenetic identity or
w 300 pixels. Additional taxonomic and ecological
i m of two species randomly per taxonomic genus,
w odontinae and Colubrinae) contain substantially
m amily was allowed to vary to preserve taxonomic
r gainst a completely white background (figure 1).

process all images to quantify a set of low-level
v ground segmentation. The use of a uniform white
b confounds. These variables, previously associated
w our statistical model. The operational definitions
f

es indicating lighter scenes.
images; the average edge strength quantifies the

via brightness thresholding, indexing the propor-

e (HSV) colour space, with higher values indicat-

(
A ic questionnaire. They reported their lifetime ex-
p uency of encounters with snakes across different
c d the valence of these encounters, irrespective of
c very frequently). These measures reflect subjec-
t ironment. Participants then completed the SNAQ
b

t replacement from the full set of 92 stimuli. For
e rt scales:

ing the image-rating task, participants answered
a (e.g. when responding to the SNAQ). Specifically,
t g 7-point Likert scales. These included imagined
h gined width-to-length ratio, imagined distinction
b = 1; ground= 4; top of the trees= 7) and imagined
v o base their responses on their own mental image
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b) Stimuli
total of 92 colour photographs of snake species were obtained from the Rep
ranted by the project coordinator. Although the dataset primarily comprised s
ate squamates (e.g. Amphisbaenidae and Gymnophthalmidae) were also incl
lance to snakes. This allowed us to assess whether emotional responses are p
ith visual morphology. All images were standardized to a resolution of 300 ×

nformation was obtained from different sources [43,44]. We selected a maximu
hen available. Because some families and subfamilies (e.g. Dipsadinae, Xen
ore genera than others (e.g. Boinae and Elapinae), the number of species per f

epresentativeness. All images depicted the animals in highly similar postures a
Following image selection, we employed custom Python scripts to batch-

isual variables computed from the foreground (i.e. the snake body) after back
ackground allowed reliable foreground extraction and minimized contextual
ith affective and aesthetic evaluations (see e.g. [45–50]), served as predictors in

or each variable were as follows:

— Mean luminance: overall brightness of the image, with higher valu
— Edge density is calculated by applying a Sobel filter to grayscale

amount of fine structural detail.
— Foreground ratio: proportion of non-background pixels, estimated

tion of the image occupied by the snake.
— Saturation: mean saturation value from the hue, saturation and valu

ing more vivid colouration.

c) Procedure
fter providing informed consent, participants completed a sociodemograph
osure to urban, rural and forested/natural environments, as well as their freq
ontexts (media, captivity and natural settings). In addition, participants rate
ontext. All responses were provided using 7-point Likert scales (1 = never, 7 =
ive self-reports rather than objective quantifications of time spent in each env
efore proceeding to the main experimental task.
Each participant was randomly presented with 30 images sampled withou

ach image, participants provided ratings on six dimensions using 7-point Like

1. Fear: 1 = very weak, 7 = very strong
2. Disgust: 1 = very weak, 7 = very strong
3. Beauty: 1 = very ugly, 7 = very beautiful
4. Valence: 1 = very negative, 7 = very positive
5. Arousal: 1 = low arousal, 7 = high arousal
6. Size estimation: 1 = <0.5 m; 4 = 1.5–2 m; 7 = >3 m

Each image remained on screen until all six ratings were provided. Follow
dditional questions regarding their mental representation of a ‘typical snake’
hey rated a set of imagined morphological and ecological characteristics usin
ead–neck differentiation, imagined scale salience, imagined body length, ima
etween fangs and other teeth, imagined vertical habitat position (belowground
enom potency (no poison = 1; fatal poison = 7). Participants were instructed t
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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o re capture subjective representations rather than
o

e lasted approximately 30–40 minutes.
nd per country [50]. This thresholdwas exceeded,

w ge = 51–73) and 62.15 in the Portuguese sample
(

3
A six subjective measures (Fear, Disgust, Valence,
A ility using the Hopkins package [52]. The optimal
c ierarchical clustering (Ward’s D2 method) across
k

ed to compare cluster quality between methods,
w analyses, the final cluster analysis used k-means
c ploring possible significant differences between
v oni correction), cluster three (n = 7) was excluded
g

hip, again excluding cluster three because of its
l cluster type as the dependent variable. Predictors
d on this procedure, edge density, saturation, mean
l el, selected through backward stepwise reduction,
r

mposition, two independent clustering analyses
w bove. A chi-square test of independence was then
c

tween SNAQ values and both sociodemographic
v ith snakes in captivity, in nature, or through me-
d ted variables derived from participants’ subjec-
t ined scale salience, imagined body length, imag-
i , imagined vertical habitat position and imagined
v Brazilian participants. To evaluate whether cor-
r sher’s z-transformation was performed on the co-
e sted for multiple comparisons using Bonferroni’s
c

al predictors jointly explain variation in the mul-
t d using permutation-based ANOVA (999 permu-
t predictor. The results for the permutation-based
A e unique variance explained by each statistically
s

erived features, as well as the full species list, are
p

4
(
C ipants using the 92 species. Three consistent clus-
t by elevated fear ratings; a High-Valence cluster
( ust cluster (HD), defined by elevated disgust rat-
i rticipants had lived for most of their lives (Brazil
v 2.43, p = 0.297; Cramer’s V = 0.12; n = 184). Con-
s a final distribution of 34 species in the HF cluster,
5 g each cluster profile are shown in figure 3.

further comparisons, which were therefore re-
s

rceived sizewhen comparedwith those in theHV
c cting more positive emotional appraisals. Beauty
r t remain significant after Bonferroni correction
(
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f a generic snake, rather than on any specific species. These variables therefo
bjective biological traits.
Finally, a debriefing message explained the study’s objectives. The procedur
The studywas designed to obtain at least 50 independent ratings per image a
ith a mean of 60.54 ratings per image in the Brazilian sample (s.d. = 5.72, ran

s.d. = 5.00, range = 52–75).

. Statistical analysis
ll statistical analyses were performed using R [51]. For the cluster analysis,
rousal, Beauty and Size) were z-score standardized and assessed for clusterab
luster number was determined using NbClust [53] with both k-means and h
= 2–10 solutions.
Silhouette analysis, using the cluster package [54], was subsequently perform
hich supported the selection of k-means clustering. Based on these previous
lustering with k = 3 clusters. Final cluster sizes were 34, 51 and 7. When ex
ariables across clusters, using independent sample Welch t-tests (with Bonferr
iven its low representation.
To investigate which image features were associated with cluster members

ow representation, we fitted a generalized linear model (binomial family) with
erived from the image analysis were first screened for multicollinearity. Based
uminance, contrast and texturewere entered as initial predictors. The finalmod
etained edge density, saturation and mean luminance.
To assess whether Portuguese or Brazilian participants differed in cluster co
ere performed using the same procedures and number of clusters described a
onducted after verifying that its assumptions were met.
Spearman correlation analyses were conducted to assess the association be

ariables (time spent in urban, rural and forested areas, previous encounters w
ia, emotional valence of those encounters) and imagery/habitat/venom-rela
ive mental representation of snakes (imagined head–neck differentiation, imag
ned width-to-length ratio, imagined distinction between fangs and other teeth
enom potency). This analysis was performed individually for Portuguese and
elation coefficients between these two samples are statistically significant, a Fi
fficients using the package cocor [55]. All p-values in these analyses were adju
orrection.
Redundancy analysis (RDA) was used to examine how visual and individu

ivariate outcome set (fear, disgust and beauty). Model significance was assesse
ations), including a global test of the full model and marginal tests for each
NOVA are shown visually through a variance-partitioning plot depicting th
ignificant predictor relative to the total constrained variance.
Descriptive statistics for all species, including emotional ratings and image-d

rovided in the supplementary materials.

. Results
a) Cluster analysis
luster analyses were conducted separately for Portuguese and Brazilian partic
ers emerged in both national cohorts: a High-Fear cluster (HF), characterized
HV), associated with more positively emotional evaluations; and a High-Disg
ngs. A chi-square test of independence revealed that the country in which pa
s. Portugal) was not significantly associated with cluster membership (χ2(2) =
equently, data were merged to construct a unified cluster solution, resulting in
1 in the HV cluster and 7 in the HD cluster (figure 2). Z-score centroids definin
Given its low representativeness, the HD cluster (n = 7) was excluded from

tricted to HF versus HV clusters.
Species in theHF cluster elicited higher ratings of fear, disgust, arousal and pe

luster. Conversely, species in the HV cluster were rated higher in valence, refle
atings were lower for HF species (p = 0.042), although this difference did no
p = 0.255; table 1).
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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Figure 2. Density distributions of emotional responses (fear, disgust, valence and arousal) and aesthetic judgments (beauty and size estimate) across three identified
clusters: HF (high fear, red), HV (high valence, green) and HD (high disgust, orange). The x-axis represents rating scores for each variable, and the y-axis shows probability
density (area under each curve= 1).

Table 1. Pairwise comparisons between the High-fear (HF) and High-valence (HV) clusters across the evaluated variables (independent samples t-tests with Bonferroni-
corrected p-values).

variable t df p p (corr.)

fear 13.17 74.22 <0.001 <0.001
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

disgust 7.00 51.53 <0.001 <0.001
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

valence −8.08 59.69 <0.001 <0.001
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

arousal 11.64 69.21 <0.001 <0.001
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

beauty −2.07 63.03 0.042 0.255
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

size estimate 3.76 55.18 <0.001 0.002
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(
C taxa. The HF cluster contained all Viperidae, both
T sadidae. The HV cluster was primarily composed
o ossorial taxa and limbless or elongate squamates,
i

(
C istically significant (χ2(3) = 18.09, p < 0.001). Edge
d ndicating that higher edge density was associated
w d statistical significance (β = 6.965, s.e. = 3.557,

Downloaded fro
by Instituto Univ
on 01 October 2
b) Taxonomic composition
luster membership broadly reflected phylogenetic relationships among snake
ropidophiidae, most Boidae, two Elapidae and subsets of Colubridae and Dip
f Colubridae and Dipsadidae species. The HD cluster consistently included f
ncluding non-snake species such as amphisbaenians and a gymnophthalmid.

c) Low-level visual features
oncerning image features and cluster membership, the overall model was stat
ensity was a strong predictor (β = −37.333, s.e. = 11.412, z = −3.27, p = 0.001), i
ith lower odds of belonging to the HV cluster. Mean luminance approache
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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Figure3. Z-score centroids characterizing cluster profiles. Values represent standardized deviations from the overallmean, highlighting each cluster’s distinctive response
pattern.

Table 2. Spearman’s correlations between SNAQ and sociodemographic variables for Portuguese and Brazilian participants, including Fisher’s z-tests comparing correla-
tion coefficients between groups (p-values corrected for multiple comparisons).

variable PT rs PT p-value BR rs BR p-value Fisher’s z p-value

lifetime forest exposure −0.06 1.000 −0.28 0.001 2.15 0.224
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

lifetime rural exposure 0.08 1.000 −0.19 0.072 2.63 0.063
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

lifetime urban exposure −0.04 1.000 0.13 0.620 −1.56 0.840
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

snake media exposure −0.32 <0.001 −0.18 0.097 −1.42 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

snake observation in captivity −0.21 0.020 −0.25 0.004 0.41 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

snake encounters in natural settings −0.24 0.006 −0.25 0.004 0.14 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

valence of snake encounters −0.71 <0.001 −0.56 <0.001 −2.41 0.112
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

z HV cluster. Lastly, saturation narrowly failed to
r

(
S ween SNAQ scores and self-reported lifetime ex-
p f previous encounters with snakes (table 2). Time
s sample (rs = −0.28, p = 0.001), though not in the
P t in rural or urban areas and SNAQ scores.

lower SNAQ scores, particularly for exposure on
s l settings (rs = −0.24, p = 0.006). A similar pattern
w contact in natural settings (rs = −0.25, p = 0.004)
a 0.18, p = 0.097).

gly and inversely with SNAQ scores in both Por-
t

ients across countries after Bonferroni correction,
i as consistent: greater exposure to snakes across
c
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= 1.96, p = 0.050), with higher values suggesting greater odds of being in the
each statistical significance (β = −0.017, s.e. = 0.009, z = −1.94, p = 0.053).

d) SNAQ and sociodemographic variables
pearman correlation analyses were conducted to examine the association bet
osure to different environments, as well as frequency and affective valence o
pent in forested areas correlated negatively with SNAQ scores in the Brazilian
ortuguese sample. No significant relationships were found between time spen
For Portuguese participants, higher contact with snakes was associated with

creens (rs = −0.32, p < 0.001), in captivity (rs = −0.21, p = 0.020) and in natura
as found for Brazilians, with negative correlations between SNAQ scores and
nd in captivity (rs = −0.25, p = 0.004), but not through screen exposure (rs = −
As expected, the perceived valence of previous encounters correlated stron

uguese (rs = −0.71, p < 0.001) and Brazilian participants (rs = −0.56, p < 0.001).
Fisher’s z-tests revealed no significant differences between correlation coeffic

ndicating that, despite minor differences in effect sizes, the overall pattern w
ontexts was associated with lower SNAQ scores.
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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Figure 4. Permutation-based ANOVAmarginal tests from the RDAmodel showing the unique (semi-partial) variance explained by each statistically significant predictor.

Table 3. Spearman’s correlations between SNAQ and subjective imagery-, habitat- and venom-related variables for Portuguese and Brazilian participants, including
Fisher’s z-tests comparing correlation coefficients between groups (p-values corrected for multiple comparisons).

variable PT rs PT p BR rs BR p Fisher’s z p-value

imagined head–neck differentiation −0.200 0.034 −0.28 0.001 0.74 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

imagined scale salience 0.040 1.000 −0.03 1.000 0.73 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

imagined distinction between fangs and other teeth 0.090 1.000 0.11 0.865 −0.24 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

imagined vertical habitat position −0.030 1.000 −0.05 1.000 0.26 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

imagined body length 0.220 0.015 0.11 0.942 1.09 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

imagined width-to-length ratio 0.003 1.000 0.05 1.000 −0.49 1.000
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

imagined venom potency 0.490 <0.001 0.19 0.074 3.28 0.007
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(
S ts’mental representations of snakes (i.e. subjective
i . Among Portuguese participants, higher SNAQ
s .20, p = 0.034), greater imagined body length (rs =
0 9, p < .001). Among Brazilians, SNAQ scores were
s ut the correlation with imagined venom potency
a 0.074 and rs = 0.11, p = 0.942, respectively). No
s istinctiveness, imagined vertical habitat position,
o

(
T tion of variance in the multivariate outcome space
( being unconstrained (60.6%). The first constrained
a subsequent axes contributed minimally (RDA2 =
0

5
E titutes the primary visual feature enabling their
e 27–32]. By contrast, subjective fear emerges later,
f It is therefore crucial to distinguish detection and
i , processes that, although interconnected, rely on

Downloaded fro
by Instituto Univ
on 01 October 2
e) SNAQ and imagery-/habitat-/venom-related variables
pearman correlations between SNAQscores and variables related to participan
magery-, habitat- and venom-related characteristics) are presented in table 3
cores were associated with lower imagined head-neck differentiation (rs = −0
.22, p = 0.015), and particularly with higher imagined venom potency (rs = 0.4
imilarly related to imagined head-neck differentiation (rs = −0.28, p = 0.001), b
nd imagined body length did not reach statistical significance (rs = 0.19, p =
ignificant associations were found for imagined scale salience, imagined fang d
r imagined body width-to-length ratio.

f) Redundancy analysis and predictor-explained variances
he RDA indicated that the full set of predictors explained a substantial propor
constrained inertia= 1.18, 39.4%of total variance),with the remaining variance
xis accounted for the majority of explained variation (RDA1 = 1.11), whereas
.043; RDA3 = 0.023), as shown in figure 4.

. Discussion
xtensive evidence suggests that the sinuous, elongated body of snakes cons
arly and automatic detection, a process supported by subcortical pathways [
ollowing a more detailed identification of features that confirm the threat [37].
dentification processes from subsequent emotional and behavioural reactions
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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d enced by the dissociation between very early (P1)
a t study examined the subjective emotions elicited
a ering both the visual properties of snake stimuli
a

uguese samples: (i) species eliciting high fear and
a ntly linked to disgust. This convergence occurred
d indicating robust perceptual–emotional patterns
a

istent with their salient morphology (triangular
h utionary role as major selective pressures [14,15].
C y smooth or ring-like scales, small size, reduced
h gust cluster. Most colubrids and dipsadids, par-
t high-valence cluster, although several exceptions
e as prototypical fear-evoking snakes and fossorial
o

th the Pathogen Avoidance Theory, which posits
t in this framework, smooth, vermiformmorpholo-
g lved avoidance mechanisms. Empirical evidence
s ust-eliciting rather than fear-eliciting, with traits
s s [33,56]. At the same time, this patternmay not be
u co-activation of fear and disgust even for stimuli
t ntegrated into a broader defensive response [58].
B rast or aposematic colouration, tend to elicit fear
r

pidophiidae, Aniliidae and several colubrids and
x blance to genuinely dangerous snakes (e.g. robust
b ns resemblingMicrurus spp.) appeared sufficient
t conspicuous traits with boids (large constrictors)
a g. Similarly, some species, such as Erythrolamprus
m learlymimic the aposematic colouration pattern of
v man perceptual system on salient morphological
h y [16], the fear module framework [38] and the
S ely dangerous taxa may reflect an adaptive trade-
o cation based on perceptual heuristics (e.g. [61]) is
f nderscores the evolutionary preparedness of the
h

relevant visual cue of danger, despite functional
d glands and musculature for efficient toxin deliv-
e tures facilitate the capture and ingestion of large
p ximum prey mass [65], highlighting the adaptive
s

rature, withMicrurus spp. (elapids) exemplifying
a signal to predators [66]. Plasticine models with
c attacks from avian predators [67–69]. Although
v ators [10,70]. Collectively, these findings suggest
t ators and humans alike, with snakes displaying
s further indicates that banded patterns (e.g. black-
w and beauty can vary independently [72]. Studies
o d spontaneous categorization, with respondents
c ration and the presence of banded patterns [73].
H dicating that colour pattern interacts with broader
m , cross-cultural evidence shows that body width,
r s interspecific sensitivitymay reflect evolutionary
c ger signals [14,38].

her edge densitywere less likely to be included in
t evant cue. This aligns with broader evidence that
l ur pattern, affect affective evaluations [76]. In this
c higher edge density and more negative valence.
H gled ones [77,78], with angular features perceived
a e to naturally threatening stimuli, including teeth,
h nce that sharp-angled images increase amygdala
a
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istinct neural mechanisms and unfold across different temporal scales, as evid
nd late (LPP) event-related potentials in response to snakes [19,27]. The presen
fter this initial detection and during sustained attentional engagement, consid
nd participant characteristics.
Cluster analyses revealed three consistent profiles across Brazilian and Port

rousal, (ii) species associated with positive valence, and (iii) species predomina
espite pronounced ecological differences in snake diversity and familiarity,
cross populations, consistent with previous cross-cultural findings [35,36].
As expected, all viperids and most boids clustered in the fear group, cons

eads, large body size in both taxa and keeled scales in viperids) and their evol
onversely, fossorial snakes and limbless non-snake reptiles, characterized b
ead–neck differentiation and a worm-like appearance, were placed in the dis
icularly slender species with smooth morphology [2,3], were included in the
merged. This pattern closely replicates previous findings identifying viperids
r limbless taxa as predominantly disgust-eliciting stimuli [33,35,36,56].
The concentration of fossorial species in the disgust cluster is consistent wi

hat disgust evolved as a mechanism to minimize pathogen exposure [57]. With
ies constitute plausible cues of pathogen risk and may therefore activate evo
upports this interpretation: fossorial snakes are often rated by humans as disg
uch as small eyes andminimal patterning contributing to higher disgust rating
niform across individuals. In particular, snake-fearful respondents may show
hat are generally associated with disgust, suggesting that disgust can also be i
y contrast, snakes with salient features, such as triangular heads, strong cont
esponses [36,58].
Anotable findingwas the inclusion of numerous harmless species, such as Tro

enodontines, within the high-fear cluster. In these cases, morphological resem
odies, keeled scales, triangular heads or red-black-white/yellow colour patter
o evoke fear. Tropidophiids, for example, although small and harmless, share
nd viperids (highly venomous), probably explaining their unexpected clusterin
imus (mimetic false-coralsnake) orHydrops triangularis (trianglewatersnake), c
enomousMicrurus spp. Such findings highlight the apparent reliance of the hu
euristics rather than ecological accuracy, consistent with preparedness theor
nake Detection Theory [14,15]. The clustering of harmless mimics with genuin
ff consistent with the Error Management Theory [59,60], in which rapid identifi
avoured over the potentially lethal cost of false negatives. This prioritization u
uman visual system to respond to threat-relevant morphological cues.
The triangular or broad head of snakes appears to serve as a biologically

ifferences across families. In viperids, wide heads accommodate large venom
ry [62,63], whereas in boids, robust mandibular musculature and cranial struc
rey [64]. In macrostomatan species, head width correlates positively with ma
ignificance of cranial morphology.
Colour patterns in elapids and their mimics are well documented in the lite

posematism, as their distinctive colouration functions as an evolved warning
onspicuous patterns, either through head shape or colouration, suffer fewer
ipers are typically cryptic, their contrasting patterns also appear to deter pred
hat both colour and pattern function independently as salient cues for pred
uch traits perceived as more threatening [36,58,71, 72]. Experimental evidence
hite or red-black-yellow) are associated with higher perceived fear, while fear
n milk snakes show that such patterns also influence aesthetic preferences an
lustering species according to the relative proportions of red and black colou
owever, aposematic colouration alone does not fully explain fear responses, in
orphological and structural cues when shaping perceived threat [74]. Indeed
ather than colouration or pattern, most strongly predicts fear of snakes [75]. Thi
alibration, consistent with the notion of a prepared fear of visually salient dan
Visual feature analyses further supported this interpretation: species with hig

he high-valence cluster, suggesting that structural complexity acts as a fear-rel
ow- andmid-level visual features, including angularity, curvilinearity and colo
ontext, salient scales and complex angular contrast patterns may contribute to
umans and great apes generally prefer smoothly curved shapes over sharp-an
smore threatening [79]. Such associations probably stem from their resemblanc
orns, angry facial expressions [80] and snake scales [72], supported by evide
ctivity [81].
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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imics appeared relevant to the inclusion of these
s or in this study, the spatial arrangement of colours,
w ing that structural pattern complexity, rather than
c n.

is important to distinguish subtle aspects of early
v nake detection is often assumed to be intrinsically
t e pronounced in the visual periphery and relies on
l suring rapidity but not necessarily subjective fear
[ inence, engaging cortico-amygdalar interactions
t minantly capture and sustain attention, as shown
i uous shape and posture of snakes act as efficient
a gled features, such as salient scales, fangs, and the
t frequency processing, exerting stronger influence
o

SNAQ scores described lower differentiation be-
t nsistent with the cluster results, in which species
w ever, this apparent discrepancy probably reflects
a he specific morphological features that maximize
p iliarity or generic category representations, fear
r y robustness, and pattern complexity.

lso grouped in the high-fear cluster. BothMicrurus
a from the rest of the body, differing anatomically
a ad–neck differentiation alone does not determine
f ological cues contribute to perceived threat. Taken
t rily correspond to the features that most strongly
d euristics rather than a single prototypical config-
u

lity is further supported by the redundancy anal-
y ticipant-level variables to multivariate emotional
r ed to explaining variation, individual differences,
p e total variance. This pattern indicates that while
m threatening, individual predispositions primarily
m gree on the relative threat value of different snake
m ions.

hat visual features not only elicit fear but also en-
h idence from studies on low-level visual properties
a r independently modulate subjective fear ratings,
w ]. Evaluations of visual complexity, which capture
f ciatedwith arousal, reflecting both perceptual pro-
c lso been shown to systematically increase arousal
a effects modulated by saturation–brightness inter-
a st and structural complexity in certain snakesmay
s ral responses. This interpretation is also consistent
w venomous and viper-like snakes than to fossorial
d

udy. Although represented by only three species
o s not included in the fear cluster but in the valence
c imicMicrurus spp. were classifiedwithin the fear
c e aposematic colouration of Micrurus species, the
a sters, and even the Latin epithet of this venomous
s ues for future research on the interplay between
b owing that fear and aesthetic evaluation of snakes
a

nd Portugal, but within-country patterns pointed
t duced SNAQ scores, whilemedia representations
w ample. At the same time, Portuguese participants
s nom potency with increased SNAQ scores, asso-
c iodiversity alone does not shape attitudes; rather,
a en screen-mediated, may play a critical role, with
i .

some characteristics of snakes may facilitate the
e the notion of an evolutionarily prepared module
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Moreover, the aforementioned colour pattern of Micrurus spp. and their m
pecies in the high-fear cluster. Although saturationwas not a significant predict
ith abrupt transitions between hues, probably increases edge density, suggest
olour vividness per se, plays a more critical role in modulating threat perceptio
Regarding this topic (edge density, structural complexity and angularity), it

isual detection from those involved in subsequent emotional appraisal. Early s
ied to fear, yet evidence suggests otherwise [23,39]. Early snake detection ismor
ow spatial frequency features [23] processed via direct subcortical pathways, en
61]. When stimuli enter foveal vision, high spatial frequency features gain prom
hat contribute to conscious emotional evaluations. Smoothly curved lines predo
n humans and great apes [75,76]. Within the SDT framework, the general sin
ttentional cues without being intrinsically fear-inducing. By contrast, sharp-an
riangular heads of viperids and boids, depend on foveal vision and high spatial
n subjective fear and negative valence, as corroborated by our findings.
Interestingly, in the mental imagery questionnaire, participants with higher

ween head and neck in their imagined snake. At first glance, this appears inco
ith triangular heads (e.g. viperids) elicited the strongest fear responses. How
distinction between the prototypical mental representation of a ’snake’ and t
erceived threat. Whereas imagined snake prototypes may be shaped by fam
esponses appear to rely on evolutionarily salient cues such as head shape, bod
At the same time,many snakes thatmimic venomousMicrurus specieswere a

nd their mimics typically exhibit narrow, rounded heads with little distinction
nd functionally from viperids and boids. This pattern further indicates that he
ear responses, reinforcing the idea that multiple, partially independent morph
ogether, these findings suggest that imagined snake prototypes do not necessa
rive fear, and that fear elicitation is supported by a flexible set of perceptual h
ration.
This distinction between shared perceptual structure and individual variabi

sis (RDA), which examined the joint contribution of visual features and par
esponses. Although low-level visual properties such as edge density contribut
articularly SNAQ scores, accounted for a substantially larger proportion of th
orphological features reliably structure which snakes are perceived as more
odulate the intensity of these responses. In other words, participants tend to a
orphotypes, but differ in how strongly they experience these emotional react
Notably, the high-fear cluster coincided with high arousal scores, showing t

ance physiological and attentional activation. These findings convergewith ev
nd affective perception. It has been demonstrated that both contrast and colou
ith colour primarily influencing decision criteria and overall perceived fear [82

ormal properties such as edge density and feature congestion, are strongly asso
essing and affective engagement [83]. Colour saturation and brightness have a
nd physiological responses, including skin conductance amplitude, with hue
ctions [84]. Together, these findings suggest that vivid colouration, high contra
ynergistically amplify both fear and arousal, reinforcing preparatory behaviou
ith psychophysiological evidence showing stronger autonomic responses to
isgust-eliciting species [71].
A particularly relevant case concerns the elapid species included in this st

wing to limited taxonomic availability, one of them (Micrurus ornatissimus) wa
luster instead. This finding is intriguing, asmost harmless species that clearlym
luster. While the small number of elapids precludes definitive conclusions, th
bsence of significant differences in beauty ratings between the HF and HV clu
pecies (ornatissimus, meaning ‘very decorated’), together suggest fruitful aven
eauty and fear. More broadly, this pattern is consistent with previous work sh
re at least partially independent dimensions [56,72].
Cross-national comparisons revealed no direct differences between Brazil a

o contextual influences. In Brazil, greater forest exposurewas associatedwith re
ere unrelated to SNAQ scores, a pattern that contrasted with the Portuguese s
ignificantly associated higher imagined snake length and greater imagined ve
iations absent among Brazilian participants. These findings underscore that b
ccess to natural habitats and the frequency and quality of encounters, even wh
mplications for conservation strategies across cultural and ecological contexts

Our findings, in line with the Snake Detection Theory [14,15], suggest that
mergence of fear and arousal in a relatively universal way, consistent with
m royalsocietypublishing.​org/​rspb/​article-pdf/​doi/​10.​1098/​rspb.​2026.​1328/​6163838/​rspb.​2026.​1328.​pdf
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[ on cultural and contextual influences. As shown
b tionary terms elicited distinct emotional patterns
a ly associated with fear, disgust, or even positive
e s constitute a privileged stimulus category with
s animals and objects may be more malleable and
c

dological limitations.Although cross-cultural, the
s lization. Recruitment was also conducted online,
w one photograph per species, excluded important
e to influence threat perception (e.g. [25,28,82–84]).
F gap. Finally, while validated measures such as the
S uding causal inference, particularly regarding the
r g the value of incorporating psychophysiological
o gical data to disentangle the relative contributions
o search.

en by the interaction of salient visual features and
i t and individual differencesmodulating response
i s, keeled scales, robust body forms and patterns
w pecies. The convergence of structural complexity
a nergistically to enhance emotional engagement.
S tes that contributed to shaping human perceptual
s
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17,38]. At the same time, other classes of stimuli appear to dependmore heavily
y Gomes and collaborators [50], certain images less directly relevant in evolu
cross populations, with cultural context shaping whether they were primari
motions such as happiness. This contrast supports the view that while snake
trong cross-cultural consistency [35,36], broader affective responses to other
ulturally grounded.
These interpretations, however, should beweighed against the study’smetho

amples from Portugal and Brazil share a Western background, limiting genera
hich may have biased the sample. Our reliance on static images, with only
cological cues such as posture, habitat andperceived distance,which are known
uture studies employing dynamic or virtual-reality stimuli could address this
NAQwere employed, all participants’ emotional data were self-reported, precl
elationship between fear intensity and environmental exposure, and highlightin
r behavioural indices, as well as integrating snakemorphometric and physiolo
f snake features and individual differences to emotional responses in future re
In conclusion, our results demonstrate that humanperception of snakes is driv

ndividual predispositions, withmorphological cues structuring perceived threa
ntensity. Morphological heuristics that predict danger, such as triangular head
ith high edge density, strongly bias fear responses, even towards harmless s
nd colour salience with arousal further indicates that visual properties act sy
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