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Snakes and primates have coexisted for thousands of years. Given that snakes
are the first of the major primate predators, natural selection may have favored
primates whose snake detection abilities allowed for better defensive behavior.
Aligning with this idea, we recently provided evidence for an inborn mechanism
anchored in the human brain that promptly detects snakes, based on their
characteristic visual features. What are the critical visual features driving human
neural responses to snakes is an unresolved issue. While their prototypical
curvilinear coiled shape seems of major importance, it remains possible that the
brain responds to a blend of other visual features. Coloration, in particular, might
be of major importance, as it has been shown to act as a powerful aposematic
signal. Here, we specifically examine whether color impacts snake-specific
responses in the naive, immature infant brain. For this purpose, we recorded
the brain activity of 6-to 11-month-old infants using electroencephalography
(EEG), while they watched sequences of color or grayscale animal pictures
flickering at a periodic rate. We showed that glancing at colored and grayscale
snakes generated specific neural responses in the occipital region of the
brain. Color did not exert a major influence on the infant brain response but
strongly increased the attention devoted to the visual streams. Remarkably, age
predicted the strength of the snake-specific response. These results highlight
that the expression of the brain-anchored reaction to coiled snakes bears on
the refinement of the visual system.

infancy, snakes, steady-state visual evoked potential, color, EEG

Introduction

Snakes and primates have coexisted for thousands of years. Given that snakes are the first
of the major primate predators (Isbell, 2009), natural selection may have favored primates with
appropriate defensive behavior that increased their chances of survival. Such defensive behavior
requires quick and efficient prior detection of the danger, and many studies have indeed
demonstrated that human and non-human primates developed, accordingly, the propensity to
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rapidly detect snake-like visual cues. As a consequence, they detect
snakes faster than non-snakes in a collection of pictures (Soares et al.,
2014; Kawai and Koda, 2016). This predisposition is functional early
in development, sensitive to snake characteristic features such as their
coiled aspect, and subtended by a neurobiological substrate (Bertels
etal,, 2020), as evidenced notably by the existence of thalamic neurons
in the macaque brain that selectively respond to snake pictures (Van
Le et al., 2013).

Several studies support the idea of an inborn predisposition. As a
matter of fact, human infants, who have no idea of how dangerous
snakes can be and have never experienced these animals, are
remarkable snake detectors, like their older peers and non-human
primates (Deloache and Lobue, 2009; LoBue and DeLoache, 2010;
Bertels et al., 2018). Recently, we provided electrophysiological
evidence that glancing at snakes engenders specific occipital responses
in the infant brain (Bertels et al., 2020). Indeed, we recorded the brain
electrical activity of 7- to 10-month-olds when they watched a series
of animal pictures flickering at 6 Hz. Depending on the sequences,
snake, frog, or caterpillar images appeared every five images (i.e., at
1.2Hz). We observed a snake-specific neural response at 1.2 Hz and
its harmonics, which was larger in amplitude than that generated by
frogs or caterpillars. These results support that humans are, very early
on, equipped with a brain-anchored mechanism sensitive to snake
prototypical features, functional from the first months of life and
independent of any prior exposure to snakes.

What are the critical features driving that response to snakes in
infants, and more generally in primates, is an unresolved issue. Their
prototypical curvilinear coiled shape is of major importance (e.g.,
Lobue and Deloache, 2011; Van Strien et al., 2016; Gomes et al., 2018).
Indeed, caterpillars, which are elongated as snakes, but not coiled, do
not elicit any specific brain response in the occipital brain areas
(Bertels et al., 2020). Nevertheless, it could still be that the infant brain
responds to a mix of snake-like physical traits (Kawai, 2019), including
their scale patterns (Isbell and Etting, 2017; Van Strien and Isbell,
2017), striking posture (Masataka et al, 2010) and coloration
(Masataka et al., 2010; Hayakawa et al., 2011). These traits were mixed
up in Bertels et al. (2020). In the present study, we aim at specifically
examining whether, in human infants, color affects the neural
response to coiled snakes.

Color information is a critical cue when processing natural scenes,
for several reasons. When applied to images, color is not only
capturing attention more than grayscale variations (Zhu et al., 2013)
but it also facilitates their segmentation from the background
(Delorme et al., 1999; Gegenfurtner and Rieger, 2000), eases
discrimination between different categories of stimuli, and contributes
to the generalization of variant exemplars of the same category (Or
etal, 2019). Accordingly, the importance of color cues for recognition
and categorization of natural scenes has already been demonstrated in
adults (Gegenfurtner and Rieger, 2000; Oliva and Schyns, 2000;
Goffaux et al., 2005). At a neural level, Goffaux et al. (2005) evidenced,
for example, that chromatic information speeds up early scene
categorization. More recently, Or et al. (2019) showed that color
contributes to the rapid detection of faces among natural images,
eliciting larger brain responses over occipitotemporal areas than
grayscale face pictures.

Regarding snake detection, color information might be especially
important. Although snakes do not share a single diagnostic color,
their bright, conspicuous coloration could act as an aposematic signal,
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serving to repel predators and warn preys (Ruxton et al., 2004; Stevens
and Ruxton, 2012; Souchet and Aubret, 2016; Prokop et al., 2018).
Also, snakes’ coloration might, in conjunction with their diagnostic
shape, act as a trigger for the rapid detection and the fear responses in
primates (Souchet and Aubret, 2016). However, the exact contribution
of color cues to snake detection is mixed. Although children detect
aposematically colored snakes faster than cryptically colored snakes
(Hayakawa et al,, 2011; Fancovicovd et al., 2020), their rapid detection
also operates for grayscale pictures in children, adults, and monkeys
(e.g., Shibasaki and Kawai, 2009; Masataka et al., 2010; Hayakawa
etal, 2011; Lobue and Deloache, 2011; He et al., 2014). Color would
therefore not be necessary for children to rapidly detect snakes. In
infants, the question remains unsolved. As they are naive subjects with
immature visual systems and who have not yet learned to fear these
reptiles, they could especially benefit from combined visual cues,
including color, being indicative of danger.

The present study investigates whether color information
contributes to the specific neural response to snakes in the infant
brain, using fast periodic visual stimulation combined with
electroencephalography, in trichromat infants, i.e., who discriminate
colors in the green-red part of the spectrum. We first aimed at
replicating Bertels et al’s (2020) findings of a specific response to
fleeting pictures of snakes in their natural background, in comparison
to threat-irrelevant creatures. We then assessed how the colorful
nature of the stimuli impacted these responses, and finally evaluated
to what extent these responses develop with age.

Methods
Participants

Twenty-two full-term infants (6-11 months old; mean + SD age,
271 +£43 days; 9 males) with no known neurodevelopmental disorder
were included in the study. Infants from the color group (n=11) were
presented with the color versions of the pictures, while those of the
grayscale group (n=11) were presented with their grayscale versions.
Questions to the parents revealed they were not especially familiar
with snakes or frogs. The parents gave informed consent prior to
testing. The CUB Hopital Erasme Ethics Committee approved the
experimental protocol. The experiments were carried out in
accordance with the approved guidelines and regulations.

Stimuli and procedure

Infants were presented with pictures of animals in their natural
habitat, from various angles, as in Bertels et al. (2020) (see Figure 1).
Infants viewed either color or grayscale versions of the pictures.
Both sets were equalized in terms of luminance and contrast using
Matlab (Mathworks, United States) and further resized to
200 % 200 pixels.

Snake and frog pictures (29 exemplars of each category) were
taken from a set of pictures from LoBue and DeLoache (2008).
Snakes were all depicted coiled, none in an attack posture. Frogs
were used as non-snake control stimuli since they resemble snakes
in texture, brightness, and color, and since they are as unfamiliar to
infants as snakes are (LLobue and Del.oache, 2008). Other animal
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Schematic illustration of the experimental paradigm. Animal pictures were presented by sinusoidal contrast modulation at a rate of 6 per second
(F=6Hz). Snake or frog pictures were presented every fifth stimulus (F=6/5=1.2Hz), in different trial sequences. Half of the infants were presented with
color pictures, the other half with grayscale versions of the same pictures.

pictures were taken from a set of 130 pictures of 13 different
species.'

Pictures were presented centrally on a 800 x 600 pixels resolution
monitor, on a light grey background. Monitor refreshment rate was
60Hz. Viewed from 40 cm of distance, images spanned a visual angle
of ~13x13 degrees.

Visual stimulation was performed using the Psychtoolbox 3.0.9
software for Windows running on Matlab 7.6 (MathWorks Inc.).
Images appeared on the screen within 24-s sequences, including a 2-s
fade-in and a 2-s fade-out. There was a total of 144 different images
per sequence. Each image lasted for 166.7 ms, yielding a presentation
rate of 6 Hz (stimulation frequency). The intensity at every pixel was
modulated by a squared-sine wave with null contrast at the beginning
and end of stimulus presentation and reaching maximal contrast at
83.35ms (see Figure 1).

Sequences were built as alternations of 4 non-frog non-snake
animal pictures followed by 1 frog or snake picture, in frog and snake
sequences, respectively. Half of the infants within each group started
with a snake sequence. In this setting, the repetition rate of frog or
snake images was therefore of 1.2 Hz (6 Hz/5), hereafter referred to as
the category-selective frequency. Discrimination by the infant’s visual
system of frogs or snakes would therefore lead to the identification, in
the EEG spectrum, of a response at 1.2 Hz.

Infants were tested in a dimly lit and quiet room. They were sitting
in a car seat, with a caregiver behind. The experimenter monitored
their looking behavior with a webcam and started each sequence once
the infant looked at the screen. Infants watched as many sequences as
they could (M =13, SD=2.8, range=9-17 in the color group; M =8,
SD =2.72, range 5-12 in the grayscale group). Testing lasted 3-10 min.

1 https://calphotos.berkeley.edu/fauna
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Electroencephalography acquisition

Electroencephalography recordings were obtained using a
32-channel BioSemi Active2 system (Amsterdam, Netherlands), with
electrodes including standard 10-20 system locations and 2 additional
reference electrodes. Signal was recorded at 1024 Hz. The offset of each
electrode was kept between +25 4V by injecting each electrode with
saline gel.

Triggers were used to indicate, at the beginning of each sequence,
whether infants viewed a frog or a snake sequence. They were also sent
at each image presentation, when its contrast was of 0%.

Electroencephalography pre-processing

To pre-process EEG signals, we used Letswave 6° running on
MATLAB R2017a (Mathworks Inc.), and followed a standard
procedure (e.g., Liu-Shuang et al., 2014).

Individual EEG signals were first band-pass filtered (0.1-100 Hz)
and resampled to 250Hz. Trials of 28s were extracted from the
continuous data, from 2s before sequence onset to 2's after sequence
offset (see, e.g., de Heering and Rossion, 2015). Trials were further
examined for possible channel artifacts. Noisy channels (maximum 3
per infant) were reconstructed by linear interpolation of 2 surrounding
clean channels. This was done for six infants. EEG signals were then
re-referenced to their common average, and trimmed to exclude the
fade-in and fade-out. This resulted in 20-s stimulation sequences.

We then applied a Fast Fourier Transform (FFT) to these 20-s
sequences (frequency resolution, 1/20s=0.05Hz). The Fourier

2 http://letswave.org
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coeflicients of each sequence were further converted into signal-to-
noise ratios (SNRs) by taking the ratio between the amplitude at a
frequency bin of interest and the mean amplitude at the 12
surrounding frequency bins (6 on each side, excluding the immediately
adjacent bins, see Peykarjou et al., 2017; Barry-Anwar et al., 2018).
Given that the infant brain should not synchronize to the
stimulation frequency if they are not watching the pictures, sequences
with an SNR below 2 at 6 Hz (stimulation frequency) at all the medial
occipital electrodes (O1, O2, and Oz) were discarded (see de Heering
and Rossion, 2015; Peykarjou et al., 2017; Bertels et al., 2020). This step
led to rejecting 2.55 +2.36 (mean + SD; range, 0-7) sequences per infant.
The number of sequences kept in the frog (4.14+ 1.75; range 1-8) and
snake condition (3.95+1.86; range 1-8) did not differ significantly
(p>0.40). The number of sequences retained was 87 for snake (55 color
and 32 grayscale) and 91 for frog sequences (58 color and 33 grayscale).
Four frog sequences (3 color and 1 grayscale) were also randomly
discarded to ensure comparability of SNR measures between conditions.

Frequency domain analyses

Custom-made MATLAB scripts were used for the analyses. For
each remaining sequence, corresponding Fourier coefficients were
divided by a single normalization factor taken as the mean amplitude
of the Fourier coefficients for frequencies within 0.6-1.8Hz, a
frequency range that surrounded the category-selective frequency
(1.2Hz). This procedure ensured all sequences were given about the
same weight at 1.2 Hz, even when they contained excessive movement
artifacts. To restore the usual units and scales of the Fourier
coefficients, they were all multiplied by the median across sequences
of the normalization factor. Raw amplitude spectra were obtained for
each condition and electrode as the modulus of the averaged
sequences of Fourier coefficients, at the subject level and the group
level (averaging the 55 color sequences, and the 32 grayscale
sequences, disregarding their origin in terms of participants’ identity).
These raw spectra at each channel were further corrected by
subtracting from the amplitude at each frequency bin, that averaged
2021;

Supplementary Figure S1). In addition, raw amplitude spectra were

across the 12 surrounding bins (see Rekow et al,

converted to SNR responses as described above. SNR responses were
further averaged across the 3 occipital electrodes (O1, O2, and Oz)
where the responses were observed in Bertels et al. (2020).

In view of statistical appraisal, we also estimated Z-scores at the
group and the individual level. Z-scores were obtained as the
difference between amplitude at each frequency bin and mean
amplitude at the 12 surrounding frequency bins (excluding the
immediately adjacent bins, see below) divided by the standard
deviation of the amplitude at these 12 surrounding bins.
We hypothesized that stronger responses will be generated at 1.2 Hz
and harmonics, for snake than frog pictures.

Statistics

We tested the statistical significance of responses at category-
selective frequency (1.2Hz) and harmonics under 12Hz (i.e., 1.2, 2.4,
3.6,4.8,7.2,84,9.6,and 10.8 Hz, see Retter et al., 2021). The significance
of category-selective responses in infants indeed never exceeds the first
harmonics (Peykarjou, 2022). To do so, we used a statistical test akin to
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a permutation test (Nichols and Holmes, 2002). The test was applied to
both group-and subject-level responses for frog and snake sequences
separately. The null hypothesis under testing was that frog and snake
stimuli would elicit responses of similar amplitude as non-frog
non-snake stimuli, leading to a Z-score at 1.2Hz (and harmonics) that
does not depart significantly from values expected by chance. To test this
hypothesis, we used a previously published test specifically designed to
overcome the difficulty linked to the fact that a single Z-score was
obtained for all participants’ data. The test was applied to amplitude at
01, Oz and O2, considered here as the channels of interest (Bertels et al.,
2020). The starting point was to re-estimate the Z-scores at each tested
frequency, averaged across the three occipital electrodes, based on
sequences in which either the first or last cycle was removed. In that
framework, a permutation distribution (1,000 permutations) for that
Z-score was built from sequences trimmed in a way that randomizes the
position of the frog or snake images while preserving synchrony in
image presentation. Namely, for each permutation, we removed the data
corresponding to the # first images and 5-n last images, n being a
random integer between 0 and 4. With this approach, the phase-locking
of possible responses specific to frog or snake images was disrupted.
We considered the proportion of values in the permutation distribution
that were above the observed value is a robust statistical estimate of
response (and Z-score) significance.

When comparing the SNR between groups or conditions, it is
generally statistically advantageous to consider the SNR response
averaged across multiple harmonics. This approach is well grounded
given that multiple harmonics do not have a direct meaning in terms
of underlying pathophysiological processes (Heinrich, 2010; Norcia
etal, 2015). In adults, a common approach is to consider all harmonics
before the first non-significant one (e.g., Liu-Shuang et al., 2014).
However, in infants, responses are usually confined to fewer harmonics
(<3, maximum 9, see Peykarjou, 2022, for a systematic review) that are
not necessarily subsequent (e.g., Peykarjou et al.,, 2022). Therefore, in
a second step, we considered the average of the responses across the
successive harmonics of 1.2 Hz until the last significant response (i.e.,
until 7.2Hz, see “Results” section). This selection of harmonics is
warranted by the fact that considering non-significant harmonic
responses has no detrimental effect on the quantification of the
response (Rossion et al., 2020; Peykarjou et al., 2022).

To compare group-level responses between frog and snake
sequences, separately at category-selective and stimulation (6 and
12 Hz) frequencies, we also used a statistical test akin to a permutation
test (see above). In that test, the Z-scores were contrasted between
conditions, and this contrast was compared to a permutation
distribution (1,000 permutations) wherein the contrast value was
obtained after having shuffled frog and snake sequences. The same
procedure was used to compare group-level responses between
colorful and grayscale sequences.

Finally, we used Spearman correlations to test the relationship
between the infants’ age and their neural responses to snakes
and frogs.

Results
Stimulation responses (6 and 12Hz)

Grand-averaged SNR spectra performed on the selected sequences
showed clear responses at the stimulation frequencies (6 and 12 Hz),
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which attested for the successful synchronization of the infants’ visual
system to the fast presentation of animal pictures. For both snake and
frog sequences, these responses were characterized by a medial
occipital topography (mean SNRs over the occipital electrodes in the
snake sequences at 6 and 12Hz=17.57 and 7.88, z-scores = 33.08 and
11.91; mean SNRs in the frog sequences=19.08 and 11.74,
z-scores =40.37 and 24.81; see Figure 2A).

The comparison between the z-scores associated with the occipital
SNR values in snake and frog sequences at the stimulation frequencies
did not reveal any significant difference (both p>0.45).

Correlational analyses revealed no significant relationship
between the infants’ age and the responses at the stimulation
frequencies, neither for snake or frog sequences (at 6 Hz: r,=—0.003,
p=0.990 and r,=—0.163, p=0.468; at 12Hz: r,=0.169, p=0.451 and
r,=—0.167, p=0.459).

Category-selective responses (1.2Hz and
harmonics)

Significant responses to snake pictures were observed at 1.2, 3.6,
and 7.2 Hz in the occipital region (mean SNRs=3.04, 1.59 and 2.56;
Pps<0.05, z-scores =2.35, 2.23 and 3.40; see Figure 2A). The same was
however not true for frog sequences, at any of the harmonics before

10.3389/fpsyg.2023.1027872

12Hz (ps>0.05; see Figure 2A). As a consequence, the averaged brain
response across the first 6 harmonics (i.e., until the last significant
harmonic for either frog or snake sequences; see Methods) revealed a
significant brain signal, in the occipital region, in response to snake
(SNR=1.78, p<0.001; see Figure 2B) but not frog pictures (SNR=0.91,
p>0.70; see Figure 2B). Importantly, the z-score associated with the
SNR value in the occipital region averaged across the first 6 harmonics
was significantly higher for snakes compared to frogs (p<0.01).

These results thus replicate Bertels et al. (2020)'s findings of a
specific response in the infant brain to pictures of snakes in their
natural background, in comparison to similarly colorful and
unfamiliar but threat-irrelevant animals.

We estimated the correlations between the infants’ age and the
category-selective response averaged on the first six harmonics, for snake
and frog sequences (see Figure 3). These analyses revealed that the older
the infant, the higher the response to snakes (r,=0.426, p=0.048). This

association was not significant for frog sequences (r,=—0.124, p=0.583).

Effect of color on category-selective
responses

We further analyzed data separately for the color and grayscale
infant groups to examine the role of color on the snake responses.

™ Snake sequences

15+

10+

SNR

5t * *

12 24 36 4.8 6 72

Frequency [Hz]

Frog sequences
20 - gseq

6
Frequency [Hz]

FIGURE 2

o AP T RT W TR WO QPTRA KA G0 | QTR |

84 9.6 10.8 12

0

2

(A) Signal-to-noise ratio (SNR) spectra of category-selective and stimulation responses until 12Hz, in the occipital region (data have been averaged
across O1, Oz, and O2), and topographical maps of SNR over posterior scalp regions at stimulation frequencies, for snake and frog sequences (n=87
and 91, respectively). The topographies at 6 and 12Hz are shown on their individual maximal color scales. The asterisk indicates a significant
discrimination response in the occipital region, of colorful snake pictures. (B) Topographical maps of SNR averaged on the first six harmonics of the
category-selective response, for snake and frog sequences (upper and lower part, respectively).
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FIGURE 3
Associations between infants’ age and SNR values averaged on the first six harmonics of the category-selective response, for snake and frog
sequences. Red dots refer to infants in the color group, grey dots refer to infants in the grayscale group.

Analyses of colorful snake sequences revealed significant
brain responses at 1.2 and 7.2 Hz (mean occipital SNRs =3.39 and
2.10; ps<0.03, z-scores =3.69 and 2.02; see Figure 4A), and a
significant averaged response across the first 6 harmonics
(SNR=1.74, p<0.001; see Figure 4B). Grayscale snake sequences
led to a similar pattern with significant occipital responses
observed at 3.6 and 7.2 Hz (mean SNRs=1.57 and 1.98; ps <0.03,
z-scores=2.11 and 2.01; see Figure 4A), as well as a significant
averaged response across the first 6 harmonics (SNR=1.32,
Pp<0.05; see Figure 4B).

To quantify differences between colorful and grayscale snake-
specific responses, we compared the z-scores associated with the
occipital SNR values in colorful and grayscale snake sequences. As
the number of snake sequences considered in each group differed
(55 in the color vs. 32 in the grayscale group), we randomly
discarded 23 colorful sequences to ensure comparability of SNR
measures between conditions. Analyses were run on 20 random
selections of sequences to ensure the observed pattern did not
depend on the selection of colorful sequences. No significant
difference emerged between SNR values averaged across the first six
harmonics, nor at 3.6 and 7.2 Hz (ps > 0.10). Comparisons at 1.2 Hz
revealed higher responses to colorful than to grayscale snake
pictures but the significance of that difference depended on the
selection of sequences, with about half the selections leading to a
significant difference.

Associations between age and category-selective responses—
though positive—did not reach significance when considering
separately colorful and grayscale snake sequences (r,=0.405, p=0.216
and 7,=0.337, p=0.311; see Figure 3).

Of note, no significant frog-selective responses were observed,
either in the color or in the grayscale group (ps>0.05; see
Supplementary Figure 52). No association was observed between the
infants’ age and the non-significant category-selective responses to
colorful or grayscale frogs (both r,<—0.10, p>0.80).
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Discussion

Humans are remarkable snake detectors, and this ability would
have evolved from the vital need to react adequately in the presence
of these ancient, major predators. We recently demonstrated that this
evolved predisposition to rapidly detect snakes is brain-anchored and
already effective in infants (Bertels et al., 2020). As a matter of fact,
snake pictures elicited specific neural responses in the infant occipital
brain regions compared to similarly unfamiliar and elongated but
uncoiled animals. However, in Bertels et al. (2020) the coiled shape of
snakes was blended with other possibly critical visual features, notably
their coloration. Yet, coloration has been shown to contribute to the
rapid processing of faces and natural scenes (Goffaux et al., 2005; Or
etal, 2019), and acts as a powerful aposematic signal (Stevens and
Ruxton, 2012). Here, we aimed at clarifying the role of color
information in the infants’ brain responses to snakes by contrasting
the effects of colorful vs. grayscale images.

While we replicated Bertels et al. (2020)‘s findings of a selective
neural response to snakes, the results do not provide convincing
evidence that color information plays a critical role in this response.
As a matter of fact, snake-specific responses were not only observed
when snakes were depicted in color, but also when grayscale versions
of these reptiles were presented to the infants. These results further
support that the shape of snakes is a crucial factor in their rapid
detection (Lobue and Deloache, 2011). They mirror previous findings
in children, adults, and non-human primates that color is not
necessary to detect snakes faster than non-snake controls (Shibasaki
and Kawai, 2009; Masataka et al., 2010; Hayakawa et al., 2011; Lobue
and Deloache, 2011; Kawai and Koda, 2016). Using neurophysiological
measures, our results extend these findings to human infants below
1year of age.

In our study, responses were however stronger—though not
significantly so—when infants were exposed to colorful rather than
grayscale snakes. Color information could therefore contribute, albeit
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(A) Signal-to-noise ratio (SNR) spectra of category-selective and stimulation responses until 12Hz, in the occipital region (data have been averaged
across O1, Oz, and O2), and topographical maps of SNR over posterior scalp regions at significant category-selective frequencies, for colorful and
grayscale snake sequences (n=55 and 32, respectively). The topographies at the harmonics are shown on their individual maximal color scales. The
asterisk indicates a significant discrimination response in the occipital region, of colorful and grayscale snake pictures. (B) Topographical maps of SNR
averaged on the first six harmonics of the category-selective response, for colorful and grayscale snake sequences (upper and lower part, respectively).

slightly, to the rapid categorization of snakes, as it does for faces that
are also highly relevant stimuli for the survival of the species (Or et al.,
2019). This observation echoes recent findings that trichromat
humans—as are most representatives of our species by 3 months
(Teller, 1998)—outperform dichromats in detecting predators (Pessoa
etal, 2014; de Moraes et al., 2021). These findings have been taken as
evidence in favor of the trichromatic advantage for predator detection
hypothesis (Pessoa et al., 2014) according to which trichromatic color
vision evolved in humans and closely related primates due to its
evolutionary advantage in detecting predators. In this view, predation
pressure, as well as the urge to detect food (Sumner and Mollon, 2003)
and mate (Changizi et al., 2006), acted as selective factors to favor
trichromacy in humans and Old World monkeys. This hypothesis and
its supporting evidence further emphasize the role that color, and
color vision more generally, plays in predator detection.

Color does not have a decisive influence on the detection of frogs
either. As a matter of fact, we did not observe any frog-selective
response whether frogs were presented in color or in black and white.
Of note, the absence of a significant response to colorful frogs
contrasts with previous findings by Bertels et al. (2020). Yet the
number of participants and frog sequences included in both studies is
comparable (n=22 vs. 26, and n=91 vs. 109). We hypothesize this
result to rise from the fact that the neural responses to frogs are less
robust than those to snakes, in infants.

Frontiers in Psychology 07

While color only slightly influenced snake detection in our study,
and had no effect on neural responses to frogs and other animals, it
nevertheless largely impacted the overall amount of attention that
infants devoted to flickering stimuli. In fact, infants attentively looked
at almost twice as many colored sequences as grayscale ones. This
result is in line with studies showing that color stimuli grab more
attention than grayscale stimuli (Zhu et al,, 2013) and that, from
4months of age, infants prefer colorful to grayscale exemplars of the
same stimuli (Spears, 1966). Color also eases figure-ground
segmentation (Delorme et al., 1999; Gegelﬂhrtner and Rieger, 2000),
which probably made our pictures more interesting to look at when
presented in their color than grayscale versions.

Remarkably, the neural categorical responses to colorful and
grayscale snakes increased with age during the second half of the first
year, with older infants showing stronger responses to snakes. This
finding could be attributed to the general maturation of the visual
system. Indeed, even though infants discriminate black-and-white
patterns from their first days of life (Fantz and Miranda, 1975), detect
complex visual stimuli such as animal or human faces in grayscale image
arrays already at 3months (Simpson et al., 2019), and have an advanced
perception of color (Skelton et al., 2022) and visual acuity close to adult
levels at 8months (Courage and Adams, 1990), visual discrimination
takes years to refine (Skelton et al., 2022). Obviously, infants also gained
more experience during that period, notably with animals, being
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progressively able to recognize them and discriminate between species.
However, if the growing experience was the main cause for that increased
response to snakes, we should have observed a similar increase in the
brain responses to frogs, which we did not. Rather, there seems to be a
specific development in the ability to detect snakes, although throughout
the age range tested infants remain naive about their potential danger.
We would therefore argue that the observed improvement in the ability
to detect snakes between 6 and 11 months of age relates to the specific
development of the visual system with respect to evolutionary-relevant
shapes embedded in complex backgrounds, rather than to increased
experience with animals, in general.

Overall, this study reveals that color information is not necessary
for infants to swiftly detect snakes in natural scenes. Together with
previous studies on infants and older individuals, it corroborates that
the coiled shape of snakes is the critical feature driving fast response
to snakes in primates. It also provides evidence that snake-specific
neural responses increase as the visual system matures. Future studies
should investigate larger age ranges, from birth on, and explore, using
stimuli adapted to the infants’ visual abilities (e.g., contrasting stimuli
with saturated colors and a background mask), how these responses
evolve with developing visual systems, growing life experience,
accumulated learning and possible fear experience.
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