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In paired preference tests, domestic chicks innately choose
the colour green over red, and the shape of a frog over a sphere
when both stimuli are green
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Abstract

Many animals express unlearned colour preferences that depend on the context in which signals are encountered. These
colour biases may have evolved in response to the signalling system to which they relate. For example, many aposematic
animals advertise their unprofitability with red warning signals. Predators’ innate biases against these warning colours
have been suggested as one of the potential explanations for the initial evolution of aposematism. It is unclear, however,
whether unlearned colour preferences reported in a number of species is truly an innate behaviour or whether it is based on
prior experience. We tested the spontaneous colour and shape preferences of dark-hatched, unfed, and visually naive domestic
chicks (Gallus gallus). In four experiments, we presented chicks with a choice between either red (a colour typically associ-
ated with warning patterns) or green (a colour associated with palatable cryptic prey), volume-matched spheres (representing
a generalised fruit shape) or frogs (representing an aposematic animal’s shape). Chicks innately preferred green stimuli and
avoided red. Chicks also preferred the shape of a frog over a sphere when both stimuli were green. However, no preference
for frogs over spheres was present when stimuli were red. Male chicks that experienced a bitter taste of quinine immediately
before the preference test showed a higher preference for green frog-shaped stimuli. Our results suggest that newly hatched
chicks innately integrate colour and shape cues during decision making, and that this can be augmented by other sensory
experiences. Innate and experience-based behaviour could confer a fitness advantage to novel aposematic prey, and favour
the initial evolution of conspicuous colouration.
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Introduction

Animals rely on colourful visual signals in a variety of con-
texts including mate attraction, territorial defence, social
interactions, and predator avoidance (Cuthill et al. 2017).
Some colours are very common across different taxa and
geographical regions, despite their different functions. For
example, red is used to attract mates by primates, fish, and
crabs (Ostlund—Nilsson et al. 2006; Baldwin and Johnsen
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2009; Rigaill et al. 2019). Sticklebacks use red signals to
defend territories (Kim and Velando 2014). Red is also a
powerful filial imprinting stimulus for domestic chicks
(Salzen et al. 1971; Miura et al. 2020). In a foraging con-
text, red can be a positive or negative signal. In fruits, red
signals profitability (Schaefer and Schaefer 2006; Albrecht
et al. 2012), but in insects, it can signal unprofitability, as
with aposematic prey (Majerus 2016). Herein lies a prob-
lem for naive signal receivers—how to distinguish between
profitability and unprofitability when the colour signal is the
same. Many animals express unlearned colour preferences
that depend on the context in which signals are encountered
(Salzen et al. 1971; Gamberale-Stille and Tullberg 2001;
Zachar et al. 2008; Paluh et al. 2015; Miura et al. 2020).
These colour biases may have evolved in response to the sig-
nalling system to which they relate (Guilford and Dawkins
1991; Endler 1992; Endler and Basolo 1998; Kokko et al.
2003).
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A variety of aposematic prey have evolved red warning
signals (e.g. ladybirds, heliconius butterflies, poison frogs,
salamanders; Bezzerides et al. 2007; Finkbeiner et al. 2014,
Kraemer et al. 2015; Saporito et al. 2007), which predators
learn to associate with their unprofitability (Ruxton et al.
2019). Given that these conspicuous colours can attract the
attention of naive potential predators that have yet to learn
about the link between unprofitability and conspicuousness,
the initial evolution of aposematism has been described as
paradoxical (Mappes et al. 2005). Neophobia, dietary wari-
ness, and social learning have been proposed to explain how
prey overcome the initial high costs of conspicuousness
(Mappes et al. 2005; Marples et al. 2005; Marples and Map-
pes 2010; Lee et al. 2010; Himél&dinen et al. 2021). Innate
biases against such colours have also been predicted to aid
the origin of aposematism (Lindstrém 1999). Some preda-
tors avoid colours and patterns typical of aposematic chemi-
cally defended prey, despite having never encountered the
prey before (Caldwell & Rubinoff 1983; Smith 1975, 1977).

For instance, wild-caught, young blackcaps (Sylvia atri-
capilla) and domestic chicks prefer green over red insects
(Gamberale-Stille and Tullberg 2001; Gamberale-Stille
et al. 2007). Hand-reared juvenile blackcaps also express
an unlearned preference for red fruits, which is absent in
adults (Schmidt and Schaefer 2004). However, there is some
inconsistency in measured unlearned colour preferences. For
example, young blackcaps and domestic chicks show no col-
our preference between red or green fruits (Gamberale-Stille
et al. 2007; Zachar et al. 2008). Great tinamous prefer red
spherical stimuli over red frog-shaped models but show no
preference for differently coloured frog stimuli (Paluh et al.
2015). This inconsistency could be because colour responses
depend on an interaction between colour and shape (e.g.
prey vs fruits), and the context in which they are encountered
(Kuenzinger et al. 2019).

Inconsistences in unlearned colour preferences could also
be explained by prior experience of the animals tested, who,
in most cases, had experienced food, social partners, parents,
etc., before their colour and shape preferences were tested
(e.g. Mastrota and Mench 1995; Roper 1990; Roper and
Cook 1989; Zachar et al. 2008). This is important because
colour preferences can depend on an animal’s early experi-
ence (Lindstrom et al. 1999; Schmidt and Schaefer 2004;
Teichmann et al. 2020) and can be rapidly updated by other
sensory experiences, i.e. newly hatched chicks can learn the
association between colour and bitter taste in a single trial
(Rose 2000; Tiunova et al. 2020).

Experiencing a novel sound, odour, or bitter taste can also
cause predators to increase their bias against novel foods
or foods with visual traits typically associated with apose-
matism, such as conspicuousness, or a red or yellow colour
(Marples and Roper 1996; Rowe and Guilford 1996, 1999b,
1999a; Jetz et al. 2001; Lindstrom et al. 2001; Rowe and
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Skelhorn 2005; Skelhorn et al. 2008; Siddall and Marples
2008, 2011; Skelhorn 2011). Therefore, when investigating
colour preferences, it is crucial to distinguish between which
components of behaviour are innate and which are experi-
ence dependent.

To test this, we investigated the colour and shape prefer-
ences of newly hatched, visually naive and unfed domestic
chicks (Gallus gallus domesticus). In four experiments, we
presented chicks with a choice between either red (a col-
our typically associated with warning patterns) or green
(a colour associated with palatable cryptic prey), volume-
matched spheres (representing a generalised fruit shape) or
frogs (representing an aposematic animal’s shape). We chose
the frog and sphere shapes for our stimuli because these
represent ecologically relevant shapes for chickens. Chick-
ens are omnivorous, with a natural diet that includes fruits,
grains, and other animals such as invertebrate and vertebrate
prey (Klasing 2005). Chickens have also been used as model
predators to study aposematism in insects (Gamberale-Stille
and Tullberg 1999; Gamberale-Stille 2001; Hauglund et al.
2006) and poison frogs (Darst and Cummings 2006; Darst
et al. 2006; Amézquita et al. 2013; Lawrence and Noonan
2018). But their innate response to frogs (unlike insects)
has not previously been tested, leaving an open question of
whether early foraging biases are limited to a specific prey
category.

Many of the behavioural responses that domestic chicks
show towards aposematic animals have also been docu-
mented in a range of bird species (Smith 1975, 1977; Cald-
well and Rubinoff 1983; Mastrota and Mench 1995; Lind-
strom et al. 1999). Investigating domestic chicks’ innate
behaviours can be useful for understanding the mechanisms
of behaviour (Rosa Salva et al. 2015, 2018, 2019; Di Giorgio
et al. 2017, 2023; Lemaire et al. 2022). Domestic chicks
are an especially useful model organism because they are a
nidifugous species that soon after hatching move around and
spontaneously peck on small objects. The in-egg develop-
ment of chicks also allows for strictly controlling pre- and
post-hatching experiences. In our experiments, the eggs
were incubated and hatched in dark incubators and then
taken directly from the dark incubators to participate in a
choice test between different pairs of stimuli (Fig. 1). This
allows us to be certain that the expressed behaviours are
truly innate.

In each experiment, we provided a chick with a paired
choice test between red and green spheres, red and green
frogs, green frogs and green spheres, or red frogs and red
spheres. We predicted that frog shape would increase the
avoidance of red but not green, because the combination
of frog shape and red colour should increase the perceived
risk of toxicity compared to a green frog. We also predicted
that chicks would be less willing to attack red frogs than
spheres, revealing innate avoidance of warning colour-shape
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Fig. 1 Experimental setup. a
Schematic view from above of a
the test arena with the green and
red spheres. b—e Photos of the
four stimuli

combinations. To determine whether experiencing a bitter
taste would affect or induce any foraging bias (Rowe and
Skelhorn 2005; Skelhorn and Rowe 2005; Skelhorn et al.
2008), half of the animals were presented with a bitter taste
(quinine) before the preference test in all experiments,
whereas the other half was given water. We predicted that
experiencing a bitter taste before encountering the stimuli
would bias chicks’ attacks from red to green, as reported
in previous studies (Rowe and Skelhorn 2005; Skelhorn
and Rowe 2005; Skelhorn et al. 2008). The combination
of choice tests and taste treatments were designed to tease
apart which components of chicks’ responses to colour and
shape are innate and which are dependent on other sensory
experience.

Methods
Subjects

We used 175 newly hatched domestic chicks (Gallus gal-
lus domesticus) of the Aviagen ROSS 308 strain. Fertilised
eggs were obtained from a commercial hatchery (CRES-
CENTI Societa Agricola S.r.l. —Allevamento Trepola—cod.
Allevamento127BS105/2). Eggs were incubated and hatched
within dark incubators (Marans P140TU-P210TU) at
37.7 °C, with 60% humidity in a dark room.

Experimental setup

The experimental cage consisted of a metal rectangle
(28x40x% 32 cm; Wx Lx H) with a circular opening at one

end (Fig. 1a). We covered the inside walls and the floor
with white polypropylene sheets (Poliplak). We divided
the cage into two compartments with a white polypropyl-
ene wall 17 cm (hereafter referred to as an occluder) from
the main opening of the cage. This was done to create a
small area where the stimuli could be kept out of sight of
the chicks before presenting the stimuli to the chicks in the
larger experimental area. The occluder had an opening of
14 x5 cm (L X W) in the middle that was covered with a
movable piece of the same material to allow the insertion
of the stimuli during the experiment. This also provided a
white background against which the stimuli would be pre-
sented to the chicks. Two smaller internal walls were added
within the experimental arena creating a trapezoid area to
encourage chicks to approach the stimuli rather than explore
the corners in the back of the cage. Chicks’ behaviours were
recorded directly to a computer using a webcam (Microsoft
LifeCam Cinema for Business) positioned above the separat-
ing wall. The arena was illuminated by a Philips classic tone
60 W light bulb placed 57 cm above the cage floor. The lamp
provided a homogeneous illumination of the experimental
cage without shades. The irradiance spectrum of the lamp
is shown in Fig. S1.

Stimuli

We obtained 3D-printed spherical and frog-shaped stimuli
from SaviMade (Windsor, Ontario, Canada). Spheres had a
diameter of 11.45 mm and a volume of 785.99 mm® (Fig. 1b,
c¢). The frog stimuli were based on the morphology of the
strawberry poison frog (Oophaga pumilio, Dendrobatidae)
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a species known to be aposematic (Saporito et al. 2007;
Paluh et al. 2013; Rojas et al. 2018), with a snout-to-vent
length (SVL) of 19.5 mm (based on the mean SVL of a
sampled population at La Selva, Sarapiqui, Costa Rica;
Protti-Sanchez et al. unpublished) and a volume of 786.463
mm> (Fig. 1d, e). We thus matched the volume of the stimuli
(~99.9%) to reduce the likelihood that volume differences in
the stimuli could explain the chicks’ responses. Both frog-
shaped and sphere-like stimuli have been readily attacked by
wild birds in field experiments (Saporito et al. 2007; Paluh
et al. 2013, 2015).

We painted the stimuli either red or green using Vallejo
red (“dark vermillion 70.947”) and green (“intermediate
green 70.891”) acrylic paint. We ensured that both green
and red were equally bright according to the chick’s visual
system, so only the hue was manipulated (see Fig. S2 and
Table S1 for visual modelling results). We measured the
stimuli with a QR200-7-UV-BX bifurcal optical fibre con-
nected to an Ocean Optics FLAME-S-XR1-ES spectrometer
and a PX-2 Pulsed Xenon light source. We used a WS1 white
reflectance standard for calibration. We recorded reflectance
spectra using the software Ocean View v. 1.6.7 2013 from
Ocean Optics (Fig. S3). We also measured the reflectance
spectra of the white polypropylene sheets (Poliplak) back-
ground of the experimental cage where the stimuli were
presented to the chicks. We calculated the colour (AS) and
brightness (AL) contrast between the two paint colours and
between each paint colour and the background using the
Vorobyev—Osorio colour discrimination model, which is
based on evidence that colour discrimination is determined
by noise arising in the photoreceptors and is independent
of light intensity (Vorobyev and Osorio 1998). We calcu-
lated the visual contrasts using the package pavo2 (Maia
et al. 2019) in R Studio v. 4.2.2 (R Core Team 2022) and
the visual system of domestic chicken for chromatic (long-
wave, LWS, Amax 418 nm; mediumwave, MWS, imax
455 nm; shortwave, SWS, Amax 508 nm; ultraviolet, UVS,
Amax 570 nm; Hart 2001) and achromatic contrast (ach-
romatic = ch.dc, based on chicken double-cone). We used
a Weber fraction value of 0.06 (Olsson et al. 2015) for
the most abundant cone type and 0.36 for the achromatic
contrast based on the average of brightness discrimination
from Olsson et al. (2015). The density of photoreceptors was
n=1,1.5,2.5,2 (Olsson et al. 2016). We used the irradiance
spectra measured inside the cages with a UPRtek PG100N
PAR spectrometer (Fig. S1).

We attached the painted stimuli with hot glue to white
polypropylene rectangles (4 X 3.5 cm), which were then
attached to a bigger rectangle (14X 3.5 cm) as a base to
maintain both stimuli with the same separation. The distance
between both stimuli remained constant over trials at 10 cm.
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Experimental procedure

To test innate colour preference, we presented chicks with
either two spheres resembling a fruit (green and red, n=44)
or two frogs (green and red, n=42). To test innate shape
preference, we presented chicks with either a green sphere
and frog (n=42) or a red sphere and frog (n=47).

Chicks were caught in the dark on the day of hatching,
placed in a fully covered small black box, and taken to the
experimental room (average temperature =23 °C). There is
no evidence that chicks are impaired either on emergence
or subsequently after having been kept in the dark (Ham
and Osorio 2007). Chicks were randomly assigned to a taste
treatment (bitter taste or control). The chick was removed
from the box, and their eyes were covered by the researcher’s
hand (FPS). The chicks were given 5 ml of the experimental
taste with a 10 ml plastic pipette. Each chick received either
tap water or 10 mM quinine dissolved in water (Alfa Aesar
A10459 99%). This concentration is the same as that used in
a previous study showing clear aversive behaviours in four-
day-old female chicks of the same strain (Protti-Sanchez
et al. 2022). Chicks also react with disgust to quinine on
the first day after hatching (Ganchrow et al. 1990). Both
tastes were kept at room temperature, and a different pipette
was used for each experimental taste. Immediately after
receiving the liquid, chicks were placed in the experimental
arena's releasing site, facing the occluder and at the back
of the arena (Fig. 1a). Once in the arena, chicks were given
1 min to habituate, after which the occluder was lifted. The
stimuli were presented with a fast left—right movement for
5 s to stimulate the chick’s attention towards the stimuli.
Video recording started at this point. Chicks were then given
6 min to approach and peck at the stimuli. Once a chick
pecked at either stimulus, it was given a further 2 min. This
was to ensure that all chicks had the same time with the
stimuli after the first peck. Stimulus position (left—right) was
changed in each trial to remove the effect of any side bias
chicks might have (Vallortigara et al. 1988, 1999; Morandi-
Raikova et al. 2020). After the experiment, chicks were
removed from the experimental arena, sexed and returned
to the animal facilities.

Video analysis

Videos were analysed with the software Boris v.7.12.2 (Fri-
ard and Gamba 2016), and coders were blind to the taste
chicks received. We recorded which stimulus was first
pecked by the chicks and how many times they pecked at
each stimulus for 2 min after the first peck. Both variables
are a measure of preference.
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Statistical analysis

All statistical analyses were conducted and plots were made
using R studio v. 4.2.2 (R Core Team 2022). To test whether
the probability of choosing a stimulus first (i.e. green vs
red or sphere vs frog) depends on the taste received and
sex of the chick, we converted the first choice response to a
binomial variable, with 1 indicating a first choice for green/
sphere, and zero a first choice for red/frog. We then used a
Generalised Linear Model (GLM) with binomial error dis-
tribution, taste and sex as fixed effects, and the interaction
between taste and sex. To test for the significance within this
model, we used a Chi-square test based on log-likelihood
ratios, using the function Anova of the car package (Fox and
Weisberg 2018). If, with this model, the factors (taste and
sex) had no effects and no interactions, we performed a Chi-
square test to determine whether the probability of choosing
a stimulus differed from random. In the presence of a signifi-
cant interaction, we performed further GLM analyses with
a binomial distribution, separately testing the effect of sex
in the two taste groups (quinine and water) and the effect of
taste on the two sexes.

To test whether taste and sex affected the total number
of pecks on the stimuli, we used a GLM with quasibinomial
error distribution, which considered the proportion of pecks
to each stimulus. In addition, this model assessed the statisti-
cal significance of predictor variables with Chi-square tests

Fig.2 Colour preferences. a
Number of chicks that directed
their first choice to green and
red spheres. b Total number
of pecks at green and red
spheres. ¢ Proportion of chicks
that directed their first choice
to green and red frog, plotted
separately for sex and taste
treatment. The proportion of
choices for green is plotted on
the upper portion of each bar. =
d Total number of pecks at the

green and red frog. *Statisti-

cally significant differences
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based on log-likelihood ratios using the function Anova of
the car package (Fox and Weisberg 2018). To test whether
the number of pecks differed between stimuli we conducted
paired t-tests, or Wilcoxon signed-rank tests if normality
assumptions were not met.

Table 1 Results of the GLM analyses for the first pecks (p <0.05 is
highlighted in bold)

Experiment Factors X2 af p
Colour
Green sphere vs. red sphere ~ Taste 0.008 1 0.928
Sex 0.012 1 0.911
Taste*sex 0.603 1 0.437
Green frog vs. red frog Taste 0.001 1 0.979
Sex 2.329 1 0.127
Taste*sex  4.771 1 0.029
Shape
Green sphere vs. green frog ~ Taste 0.151 1 0.697
Sex 1.537 1 0.215
Taste*sex 1.926 1 0.165
Red sphere vs. red frog Taste 0.189 1 0.664
Sex 0.420 1 0.517
Taste*sex 0.106 1 0.744
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Results
Colour preference
Green sphere vs. red sphere

There were no main effects of taste or sex on the chicks’
first pecks and no significant interaction between the two
factors (Table 1). However, significantly more chicks pecked
the green sphere before the red (29 of 44 chose green:
X?=4.4545, df=1, p=0.035; Fig. 2a).

There were no main effects of taste or sex on the num-
ber of pecks at red or green spheres (Table 2). Chicks
directed a higher number of pecks at the green sphere than
the red sphere (mean + SEM, rounded numbers, green:
3.16+0.4; red: 1.5+0.4; V=672.5, p <0.002; Fig. 2b).

Green frog vs. red frog

A significant interaction between taste and sex affected
the probability that a chick first pecked a green or red
frog (Table 1). We first split the dataset by taste and per-
formed a GLM on the animals that received quinine to test
for the effect of sex in this group, which was significant
(X*>=17.04, df=1, p=0.007). A similar number of females
pecked first at either the green or the red frog (9 out of
17 females chose green; X%2=0.0588, df=1, p=0.808,
Fig. 2c), whereas all seven males directed the first peck
to the green frog, showing a significant preference for the
green after receiving quinine (X2 =7,df=1, p=0.008;
Fig. 2¢). Male and female chicks that received water did
not differ in their first choice (X2 =0,056,df=1, p=0.813,
Fig. 2¢). Second, we split the dataset by sex. Males that

Table 2 Results of the GLM analyses for the total number of pecks

Experiment Factors Xx? af p

Colour

Green sphere vs. red sphere Taste 0.314 1 0.575
Sex 0.050 1 0.822
Taste*sex 0.535 1 0.464

Green frog vs. red frog Taste 0.423 1 0.515
Sex 0.370 1 0.543
Taste*sex 0.416 1 0.519

Shape

Green sphere vs. green frog Taste 3.130 1 0.077
Sex 0.338 1 0.561
Taste*sex 0.069 1 0.793

Red sphere vs. red frog Taste 2.712 1 0.1
Sex 0.001 1 0.978
Taste*sex 0.144 1 0.705
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received quinine showed a preference for green frogs over
red frogs compared to those that received water, but this
was not significant at the alpha 0.05 level (X>=3.6267,
df=1, p=0.057). Females showed no significant dif-
ference in preference if they received quinine or water
(X2= 1.1451, df=1, p=0.285). Overall, more chicks
pecked first at the green than the red frog, but this was
not significant at the alpha 0.05 level (13 out of 18 chose
green; X>=13.556, df=1, p=0.059).

There were no significant main effects, or interaction
between taste and sex on the total number of pecks on red or
green frogs (Table 2). Overall, chicks directed significantly
more pecks at green than red frogs (green: 4.55 +0.6; red:
2.05+0.4; V=648, p <0.002; Fig. 2D).

Shape preference
Green sphere vs. green frog

There were no significant main effects or interactions
between taste and sex on the chicks’ first peck (Table 1).
A similar number of chicks pecked first the green sphere
or the frog (17 out of 42 chose spheres; X*= 1.52, df=1,
p=0.217; Fig. 3a).

Chicks pecked significantly more at frogs than spheres
(frog: 3.5+0.5; sphere: 2.05+0.4; r=-2.16, df=41,
p=0.037; Fig. 3b). Chicks also showed a non-significant
trend (p =0.077; Table 2) to peck at both stimuli more after
receiving water (2.9 +0.5) than quinine (2.61 +0.4).

Red sphere vs. red frog

There were no significant main effects or interaction between
taste and sex on the first peck (Table 1). A similar number of
chicks pecked first at red sphere or frog (20 out of 47 chose
the sphere; X?=1.04, df=1, p=0.307; Fig. 3c). Likewise,
the total number of pecks was similar between red spheres
and red frogs (sphere: 3.08 +0.6; frog: 2.31 +0.3; t=—1.13,
df=46, p=0.261; Fig. 3d).

Discussion

Here, we used a paired preference test for stimuli calibrated
to the avian visual receptor responses to investigate the
innate responses of domestic chicks to colour and shape. We
show that dark-hatched, unfed, and visually naive domes-
tic chicks avoid red stimuli in a preference test with green
stimuli. Our experiment also revealed a preference for the
shape of frogs over spheres, but only when the stimuli were
green. When chicks experienced the bitter taste of quinine
immediately before the preference test, the spontaneous
preference for green stimuli increased in male chicks tested
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Fig.3 Shape preferences. a

Number of chicks that directed a 30—
their first choice to the green
sphere and frog. b Total number
of pecks on green sphere and %
frog. ¢ Number of chicks that 5 20—
directed their first choice to the G
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sphere and frog. *Statistically z
significant differences
0 —
C
30—
g
2 20—
[&]
G
o}
e
£ 10—
>
z
0 p—

with frog-shaped objects. Our study is one of the first to test
completely visually naive predators (though see Ham and
Osorio 2007). We demonstrate that predators innately avoid
colours typically associated with aposematism. Our results
also provide evidence that experiencing other sensory cues
can alter innate predispositions and that these affect predator
responses to new food/prey during initial encounters. This is
relevant to understanding the mechanism and adaptive sig-
nificance of colour and shape preferences (e.g. identification
of important resources and resource quality in inexperienced
solitary animals), with added implications for the initial evo-
lution of aposematism.

The preference that we report for green over red items
(regardless of shape) partially aligns with previous evidence
that young chicks prefer green over red insects (Gamberale-
Stille and Tullberg 2001). However, in previous studies,
chicks also showed no preference between red and green
fruits (Gamberale-Stille and Tullberg 2001). In contrast, our
study found that naive chicks prefer green over red spheres
(resembling a fruit's typical shape). Our results suggest that
newly hatched predators have innate predispositions that
promote initial avoidance of any object with colours typi-
cally associated with aposematism, regardless of the stimu-
lus shape, which could be later updated by experience.

In support of this idea, we found no initial preference for
frogs over spheres when both stimuli were red, but older
chicks in other studies preferred shapes of fruit over insects
when the stimuli were both red (Zachar et al. 2008). Like-
wise, 9-day-old chicks selected red stimuli more than green

Number of pecks

N
o w ®» © N O ®
I I N I S

[
Sphere Frog

|
Sphere Frog

stimuli, compared to visually naive day-old chicks that
showed no preference for red over green (Ham and Osorio
2007). In addition, great tinamous in a field experiment pre-
ferred red spherical stimuli over red frogs. Since tinamous
are sympatric with poison frogs, these preferences likely rep-
resent the behaviour of predators that had learned to avoid
red frogs, or to be wary of them (Paluh et al. 2015). The
responses of wild birds to red can also vary across seasons
and years, and be influenced by the abundance of red food
types in the environment, indicating a role of experience
(Hartley 1953; Betts 1995; Teichmann et al. 2020).

An alternative explanation is that visual, textural, and
olfactory differences between the stimulus materials (i.e.
pastry spheres vs real insects in Gamberale-Stille and Tull-
berg (2001) and Zachar et al. (2008), and differences in the
size of the paired stimuli, account for the differences to what
we have found. Size differences in stimuli affect whether
chicks make decisions based on chromaticity or luminance
(Osorio et al. 1999). In our experiment, we controlled the
visual conspicuousness, volume, olfactory cues, and textural
cues of the stimuli. Another possibility is that early experi-
ence with social partners in other experiments explains the
differences between our and other studies, as colour prefer-
ences of older birds are influenced by general experience
(Miklési et al. 2002).

A further possibility with this kind of paired pref-
erence tests that allow simple binomial statistics is an
increased risk of type I and II errors. The forced choice
nature of the test does not allow participants to express ‘no
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preference’. Experimental designs that feature replicate
stimuli, and that require animals to investigate a set num-
ber of items (i.e. Rowe and Skelhorn 2005; Skelhorn and
Rowe 2005), are better able to detect preference or avoid-
ance behaviour. We encourage researchers to take this into
account in designing experiments, as well as using con-
trolled stimuli to investigate colour and shape preferences,
and consider the animal’s age, experience levels and spe-
cies/breed/strain. Standardising methodologies would, in the
future, allow hypothesis-driven meta-analyses on the innate
colour responses.

If our results represent an initial avoidance of red that is
later updated by experience, this could suggest that birds
are able to make adaptive food choices. In further sup-
port for the idea that innate colour and shape preferences
are updated by experience, we found that male chicks
that received the bitter taste of quinine before encoun-
tering the stimuli showed a stronger preference for green
stimuli when both were frog-shaped. This aligns with
research showing that chicks bias their attacks from red
to green after experiencing quinine (Rowe and Skelhorn
2005; Skelhorn and Rowe 2005; Skelhorn et al. 2008).
In contrast to males, the first choices of females that had
received quinine did not differ between green or red frogs.
Sexually dimorphic behavioural differences have previ-
ously been reported in chicks in various tasks (Vallortigara
1992; Miura and Matsushima 2012; Santolin et al. 2020;
Rosa-Salva et al. 2023). Here, we provide the first tentative
evidence of sex differences in responses to taste cues, but
further replication would be beneficial.

We also found that naive birds preferred prey-shaped
targets over round (fruit-shaped) ones, but only when they
were green. This suggests that innate mechanisms can inte-
grate colour and shape cues. We can hypothesise that chicks
initially group our red stimuli into a category of general
biological significance, but distinguish stimuli with colours
less often associated with risk based on their shape. While
our results show that naive chicks respond to differences in
the stimuli’s shape, discriminating e.g. rounded vs legged
objects, we expect finer discriminations to be experience
dependent. We expect that, for naive chicks, both frogs and
insects may belong to the general category of legged prey.
Indeed, avoidance of red prey has been found using both
insect-like (Gamberale-Stille and Tullberg 2001; Zachar
et al. 2008) and frog-like prey stimuli (Paluh et al. 2015;
as in the current study). This supports the idea that chicks’
innate avoidance responses are not restricted to a specific
type of prey but rather encompass more general categories
that have biological significance. This would align with what
is found in studies of innate social behaviours. Innate pref-
erences have been reported for elementary visual features
typically associated with the presence of living creatures,
such as self-propelled biological motion or the presence of
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face-like configurations, rather than for species-specific or
even individual features of social companions (Rosa Salva
et al. 2015; Di Giorgio et al. 2017; Rosa-Salva et al. 2018,
2019, 2023; Lemaire et al. 2022). This has been interpreted
as evidence that the innate predispositions of naive domestic
chicks are typically based on “coarse” representations of var-
ious objects categories (e.g. a self-propelling object of about
a chick’s size will be approached as a social companion; see
Rosa-Salva et al. 2021 for reviews). In agreement with that,
classical neuroethological models (e.g. Ewert 1987) predict
that animals will innately treat objects as potential food if
they are small enough to be manipulated for ingestion, while
objects of about the same size as the animal will be treated
as potential social companions and even bigger objects as
potential predators.

In conclusion, we show that chicks innately prefer green
over red in their first encounters with potential food sources,
regardless of their shape. These innate biases against colours
typically associated with aposematism could increase the
survival of conspicuous prey in the presence of naive preda-
tors that have yet to learn about the link between unprofita-
bility and conspicuousness (Mappes et al. 2005). Our results
also suggest that predators’ early life experiences and social
systems can play a significant role in the evolution of anti-
predator defences in prey (see also Himaéldinen et al. 2021).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10071-023-01821-x.

Acknowledgements We thank the animal house staff at Center for
Mind/Brain Sciences of the University of Trento, Anastasia Morandi-
Raikova and Mari Bonse for their help with logistics involved in data
collection, Lincoln Savi for the 3D-printed stimuli, and Grit Kunert for
statistical advice. Alfonso ‘Poncho’ Aceves-Aparicio for data wran-
gling and visualisation, and Orsola Rosa-Salva for input on the experi-
ments and comments on the manuscript. We also thank John Skelhorn
for comments on a previous version of the manuscript.

Author contributions FP-S: conceptualisation, methodology, for-
mal analysis, investigation, data curation, writing original draft, and
visualisation. UM: conceptualisation, methodology, formal analysis,
resources, writing—review and editing, supervision, project adminis-
tration, and funding acquisition. HMR: conceptualisation, methodol-
ogy, formal analysis, resources, writing—review and editing, supervi-
sion, project administration, and funding acquisition.

Funding Open Access funding enabled and organized by Projekt
DEAL. FP-S is funded by a Max Planck Research School doctoral fel-
lowship and funding from HMR. HMR is funded by the Max Planck
Society. UM is funded by the Center for Mind/Brain Sciences, Uni-
versity of Trento.

Data availability The datasets generated during and/or analysed dur-
ing the current study are available in Edmond—the Open Research
Data Repository of the Max Planck Society: https://doi.org/10.17617/3.
ZHSGVS.


https://doi.org/10.1007/s10071-023-01821-x
https://doi.org/10.17617/3.ZHSGVS
https://doi.org/10.17617/3.ZHSGVS

Animal Cognition (2023) 26:1973-1983

1981

Declarations
Conflict of interest The authors declare no conflicts of interest.

Ethical approval All the experiments were carried out in accordance
with the ethical guidelines current to European and Italian laws. All
the procedures were in accordance with the ethical standards of the
University of Trento. The experiments and experimental procedures
were licensed by the Ministero della Salute, Dipartimento Alimenti,
Nutrizione e Sanita Pubblica Veterinaria (permit number 60/2020-PR).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albrecht J, Neuschulz EL, Farwig N (2012) Impact of habitat structure
and fruit abundance on avian seed dispersal and fruit predation.
Basic Appl Ecol 13:347-354. https://doi.org/10.1016/j.baae.2012.
06.005

Amézquita A, Castro L, Arias M et al (2013) Field but not lab para-
digms support generalisation by predators of aposematic polymor-
phic prey: the Oophaga histrionica complex. Evol Ecol 27:769—
782. https://doi.org/10.1007/s10682-013-9635-1

Baldwin J, Johnsen S (2009) The importance of color in mate choice
of the blue crab Callinectes sapidus. J Exp Biol 212:3762-3768.
https://doi.org/10.1242/jeb.028027

Betts BYMM (1995) The food of titmice in oak. J Anim Ecol
24:282-323. https://doi.org/10.2307/1715

Bezzerides AL, McGraw KIJ, Parker RS, Husseini J (2007) Elytra
color as a signal of chemical defense in the Asian ladybird bee-
tle Harmonia axyridis. Behav Ecol Sociobiol 61:1401-1408.
https://doi.org/10.1007/s00265-007-0371-9

Caldwell GS, Rubinoff RW (1983) Avoidance of venomous sea
snakes by naive herons and egrets. Auk 100:195-198

Cuthill IC, Allen WL, Arbuckle K et al (2017) The biology of color.
Science. https://doi.org/10.1126/science.aan0221

Darst C, Cummings ME (2006) Predator learning favours mimicry of
a less-toxic model in poison frogs. Nature 440:208-211. https://
doi.org/10.1038/nature04297

Darst C, Cummings ME, Cannatella DC (2006) A mechanism for
diversity in warning signals: conspicuousness versus toxicity in
poison frogs. Proc Natl Acad Sci U S A 103:5852-5857. https://
doi.org/10.1073/pnas.0600625103

Di Giorgio E, Loveland JL, Mayer U et al (2017) Filial responses as
predisposed and learned preferences: early attachment in chicks
and babies. Behav Brain Res 325:90-104. https://doi.org/10.
1016/j.bbr.2016.09.018

Endler JA (1992) Signals, signals conditions, and the direction of
evolution. Am Nat 139:5125-S153

Endler JA, Basolo AL (1998) Sensory ecology, receiver biases and
sexual selection. Trends Ecol Evol 13:415-420

Ewert JP (1987) Neuroethology of releasing mechanisms: prey-
catching in toads. Behav Brain Sci 10:337-368. https://doi.org/
10.1017/S0140525X00023128

Finkbeiner SD, Briscoe AD, Reed RD (2014) Warning signals are
seductive: relative contributions of color and pattern to predator
avoidance and mate attraction in Heliconius butterflies. Evo-
lution (n y) 68:3410-3420. https://doi.org/10.1111/evo.12524

Fox J, Weisberg S (2018) An R companion to applied regression.
Sage publications

Friard O, Gamba M (2016) BORIS: a free, versatile open-source
event-logging software for video/audio coding and live obser-
vations. Methods Ecol Evol 7:1325-1330. https://doi.org/10.
1111/2041-210X.12584

Gamberale-Stille G (2001) Benefit by contrast: an experiment with
live aposematic prey. Behav Ecol 12:768-772. https://doi.org/
10.1093/beheco/12.6.768

Gamberale-Stille G, Tullberg BS (1999) Experienced chicks show
biased avoidance of stronger signals: an experiment with natural
colour variation in live aposematic prey. Evol Ecol 13:579-589.
https://doi.org/10.1023/A:1006741626575

Gamberale-Stille G, Tullberg BS (2001) Fruit or aposematic insect?
Context-dependent colour preferences in domestic chicks. Proc
R Soc B Biol Sci 268:2525-2529. https://doi.org/10.1098/rspb.
2001.1814

Gamberale-Stille G, Hall KSS, Tullberg BS (2007) Signals of profit-
ability? Food colour preferences in migrating juvenile blackcaps
differ for fruits and insects. Evol Ecol 21:99-108. https://doi.org/
10.1007/510682-006-9126-8

Ganchrow JR, Steiner JE, Bartana A (1990) Behavioral reactions to
gustatory stimuli in young chicks (Gallus gallus domesticus).
Dev Psychobiol 23:103—-117. https://doi.org/10.1002/dev.42023
0202

Guilford T, Dawkins MS (1991) Receiver psychology and the evolu-
tion of animal signals. Anim Behav 42:1-14. https://doi.org/10.
1016/0166-2236(93)90068-w

Ham AD, Osorio D (2007) Colour preferences and colour vision in
poultry chicks. Proc R Soc B Biol Sci 274:1941-1948. https://
doi.org/10.1098/rspb.2007.0538

Hiamaldinen L, Hoppitt W, Rowland HM et al (2021) Social trans-
mission in the wild can reduce predation pressure on novel
prey signals. Nat Commun 12:1-11. https://doi.org/10.1038/
s41467-021-24154-0

Hart NS (2001) The visual ecology of avian photoreceptors. Prog Retin
Eye Res 20:675-703

Hartley PHT (1953) An ecological study of the feeding habits of the
english titmice. J] Anim Ecol 22:261-288. https://doi.org/10.2307/
1817

Hauglund K, Hagen SB, Lampe HM (2006) Responses of domestic
chicks (Gallus gallus domesticus) to multimodal aposematic sig-
nals. Behav Ecol 17:392-398. https://doi.org/10.1093/beheco/
arj038

Jetz W, Rowe C, Guilford T (2001) Non-warning odors trigger innate
color aversions—as long as they are novel. Behav Ecol 12:134-139.
https://doi.org/10.1093/beheco/12.2.134

Kim SY, Velando A (2014) Stickleback males increase red coloration
and courtship behaviours in the presence of a competitive rival.
Ethology 120:502-510. https://doi.org/10.1111/eth.12224

Klasing KC (2005) Poultry nutrition: a comparative approach. J Appl
Poult Res 14:426—436. https://doi.org/10.1093/japr/14.2.426

Kokko H, Brooks R, Jennions MD, Morley J (2003) The evolution of
mate choice and mating biases. Proc R Soc B Biol Sci 270:653—
664. https://doi.org/10.1098/rspb.2002.2235

Kraemer AC, Serb JM, Adams DC (2015) Batesian mimics influence
the evolution of conspicuousness in an aposematic salamander. J
Evol Biol 28:1016-1023. https://doi.org/10.1111/jeb.12622

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.baae.2012.06.005
https://doi.org/10.1016/j.baae.2012.06.005
https://doi.org/10.1007/s10682-013-9635-1
https://doi.org/10.1242/jeb.028027
https://doi.org/10.2307/1715
https://doi.org/10.1007/s00265-007-0371-9
https://doi.org/10.1126/science.aan0221
https://doi.org/10.1038/nature04297
https://doi.org/10.1038/nature04297
https://doi.org/10.1073/pnas.0600625103
https://doi.org/10.1073/pnas.0600625103
https://doi.org/10.1016/j.bbr.2016.09.018
https://doi.org/10.1016/j.bbr.2016.09.018
https://doi.org/10.1017/S0140525X00023128
https://doi.org/10.1017/S0140525X00023128
https://doi.org/10.1111/evo.12524
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1093/beheco/12.6.768
https://doi.org/10.1093/beheco/12.6.768
https://doi.org/10.1023/A:1006741626575
https://doi.org/10.1098/rspb.2001.1814
https://doi.org/10.1098/rspb.2001.1814
https://doi.org/10.1007/s10682-006-9126-8
https://doi.org/10.1007/s10682-006-9126-8
https://doi.org/10.1002/dev.420230202
https://doi.org/10.1002/dev.420230202
https://doi.org/10.1016/0166-2236(93)90068-w
https://doi.org/10.1016/0166-2236(93)90068-w
https://doi.org/10.1098/rspb.2007.0538
https://doi.org/10.1098/rspb.2007.0538
https://doi.org/10.1038/s41467-021-24154-0
https://doi.org/10.1038/s41467-021-24154-0
https://doi.org/10.2307/1817
https://doi.org/10.2307/1817
https://doi.org/10.1093/beheco/arj038
https://doi.org/10.1093/beheco/arj038
https://doi.org/10.1093/beheco/12.2.134
https://doi.org/10.1111/eth.12224
https://doi.org/10.1093/japr/14.2.426
https://doi.org/10.1098/rspb.2002.2235
https://doi.org/10.1111/jeb.12622

1982

Animal Cognition (2023) 26:1973-1983

Kuenzinger W, Kelber A, Weesner J et al (2019) Innate colour prefer-
ences of a hawkmoth depend on visual context. Biol Lett. https://
doi.org/10.1098/rsbl.2018.0886

Lawrence JP, Noonan BP (2018) Avian learning favors colorful, not
bright, signals. PLoS ONE 13:e0194279. https://doi.org/10.1371/
journal.pone.0194279

Lee TJ, Marples NM, Speed MP (2010) Can dietary conservatism
explain the primary evolution of aposematism? Anim Behav
79:63-74. https://doi.org/10.1016/j.anbehav.2009.10.004

Lemaire BS, Rosa-Salva O, Fraja M et al (2022) Spontaneous prefer-
ence for unpredictability in the temporal contingencies between
agents’ motion in naive domestic chicks. Proc R Soc B Biol Sci.
https://doi.org/10.1098/rspb.2022.1622

Lindstrom L (1999) Experimental approaches to studying the ini-
tial evolution of conspicuous aposematic signalling. Evol Ecol
13:605-618. https://doi.org/10.1023/A:1011004129607

Lindstrom L, Alatalo RV, Mappes J (1999) Reactions of hand-reared
and wild-caught predators toward warningly colored, gregarious,
and conspicuous prey. Behav Ecol 10:317-322. https://doi.org/
10.1093/beheco/10.3.317

Lindstrom L, Rowe C, Guilford T (2001) Pyrazine odour makes visu-
ally conspicuous prey aversive. Proc R Soc B Biol Sci 268:159—
162. https://doi.org/10.1098/rspb.2000.1344

Maia R, Gruson H, Endler JA, White TE (2019) pavo 2: New tools for
the spectral and spatial analysis of colour in r. Methods Ecol Evol
10:1097-1107. https://doi.org/10.1111/2041-210X.13174

Majerus ME (2016) A natural history of ladybird beetles. Cambridge
University Press

Mappes J, Marples NM, Endler JA (2005) The complex business of
survival by aposematism. Trends Ecol Evol 20:598-603. https://
doi.org/10.1016/j.tree.2005.07.011

Marples NM, Mappes J (2010) Can the dietary conservatism of preda-
tors compensate for positive frequency dependent selection
against rare, conspicuous prey? Evol Ecol 25:737-749. https://
doi.org/10.1007/s10682-010-9434-x

Marples NM, Roper TJ (1996) Effects of novel colour and smell on
the response of naive chicks towards food and water. Anim Behav
51:1417-1424. https://doi.org/10.1006/anbe.1996.0145

Marples NM, Kelly DJ, Thomas RJ (2005) Perspective: the evolution of
warning coloration is not paradoxical. Evolution (n y) 59:933-940

Miklési A, Gonda Z, Osorio D, Farzin A (2002) The effects of the
visual environment on responses to colour by domestic chicks.
J Comp Physiol A Neuroethol Sensory, Neural, Behav Physiol
188:135-140. https://doi.org/10.1007/s00359-002-0284-z

Miura M, Matsushima T (2012) Preference for biological motion
in domestic chicks: sex-dependent effect of early visual expe-
rience. Anim Cogn 15:871-879. https://doi.org/10.1007/
s10071-012-0514-x

Miura M, Nishi D, Matsushima T (2020) Combined predisposed prefer-
ences for colour and biological motion make robust development
of social attachment through imprinting. Anim Cogn 23:169-188.
https://doi.org/10.1007/s10071-019-01327-5

Morandi-Raikova A, Vallortigara G, Mayer U (2020) The use of spatial
and local cues for orientation in domestic chicks (Gallus gallus).
Anim Cogn. https://doi.org/10.1007/s10071-019-01342-6

Mastrota FN, Mench JA (1995) Colour avoidance in northern bob-
whites: effects of age, sex and previous experience. Anim Behav
50:519-526. https://doi.org/10.1006/anbe.1995.0266

Olsson P, Lind O, Kelber A (2015) Bird colour vision: Behavioural
thresholds reveal receptor noise. J Exp Biol 218:184—193. https://
doi.org/10.1242/jeb.111187

Olsson P, Wilby D, Kelber A (2016) Quantitative studies of animal
colour constancy: using the chicken as model. Proc R Soc B Biol
Sci 283:20160411. https://doi.org/10.1098/rspb.2016.0411

@ Springer

Osorio D, Miklosi A, Gonda Z (1999) Visual ecology and perception
of coloration patterns by domestic chicks. Evol Ecol 13:673-689.
https://doi.org/10.1023/A:1011059715610

Ostlund-Nilsson S, Mayer I, Huntingford FA (2006) Biology of the
three-spined stickleback. CRC Press

Paluh D, Hantak MM, Saporito RA (2013) A test of aposematism in
the dendrobatid poison frog oophaga pumilio: the importance of
movement in clay model experiments. J Herpetol. https://doi.org/
10.1670/13-027

Paluh DJ, Kenison EK, Saporito RA (2015) Frog or fruit? The impor-
tance of color and shape to bird predators in clay model experi-
ments. Copeia 2015:58-63. https://doi.org/10.1643/CE-13-126

Protti-Sanchez F, Corrales Parada CD, Mayer U, Rowland HM (2022)
Activation of the nucleus taeniae of the amygdala by umami taste
in domestic chicks (Gallus gallus). Front Physiol 13:1-10. https://
doi.org/10.3389/fphys.2022.897931

R Core Team (2022) R: A Language and Environment for Statisti-
cal Computing. R Found Stat Comput Vienna, Austria https://
www.R-project.org

Rigaill L, Higham JP, Winters S, Garcia C (2019) The redder the bet-
ter? Information content of red skin coloration in female Japa-
nese macaques. Behav Ecol Sociobiol. https://doi.org/10.1007/
$00265-019-2712-x

Rojas B, Burdfield-Steel E, De Pasqual C et al (2018) Multimodal
aposematic signals and their emerging role in mate attraction.
Front Ecol Evol 6:1-24. https://doi.org/10.3389/fevo.2018.00093

Roper TJ (1990) Responses of domestic chicks to artificially coloured
insect prey: effects of previous experience and background colour.
Anim Behav 39:466—473. https://doi.org/10.1016/S0003-3472(05)
80410-5

Roper TJ, Cook SE (1989) Responses of chicks to brightly coloured
insect prey. Behaviour 110:276-293. https://doi.org/10.1163/
156853989X00510

Rosa Salva O, Mayer U, Vallortigara G (2015) Roots of a social brain:
developmental models of emerging animacy-detection mecha-
nisms. Neurosci Biobehav Rev 50:150-168. https://doi.org/10.
1016/j.neubiorev.2014.12.015

Rosa-Salva O, Hernik M, Broseghini A, Vallortigara G (2018) Visu-
ally-naive chicks prefer agents that move as if constrained by a
bilateral body-plan. Cognition 173:106—114. https://doi.org/10.
1016/j.cognition.2018.01.004

Rosa-Salva O, Mayer U, Vallortigara G (2019) Unlearned visual prefer-
ences for the head region in domestic chicks. PLoS ONE 14:1-15.
https://doi.org/10.1371/journal.pone.0222079

Rosa-Salva O, Mayer U, Versace E, et al (2021) Sensitive periods for
social development: interactions between predisposed and learned
mechanisms. Cognition 213. https://doi.org/10.1016/j.cognition.
2020.104552

Rosa-Salva O, Hernik M, Fabbroni M et al (2023) Naive chicks do not
prefer objects with stable body orientation, though they may pre-
fer behavioural variability. Anim Cogn. https://doi.org/10.1007/
$10071-023-01764-3

Rose SPR (2000) God’s organism? The chick as a model system for
memory studies. Learn Mem 7:1-17. https://doi.org/10.1101/
Im.7.1.1

Rowe C, Guilford T (1996) Hidden colour aversions in domestic chicks
triggered by pyrazine odours of insect warning displays. Nature
383:520-522

Rowe C, Guilford T (1999a) The evolution of multimodal warning
displays. Evol Ecol 13:655-671. https://doi.org/10.1023/A:10110
21630244

Rowe C, Guilford T (1999b) Novelty effects in a multimodal warning
signal. Anim Behav 57:341-346

Rowe C, Skelhorn J (2005) Colour biases are a question of taste. Anim
Behav 69:587-594. https://doi.org/10.1016/j.anbehav.2004.06.010


https://doi.org/10.1098/rsbl.2018.0886
https://doi.org/10.1098/rsbl.2018.0886
https://doi.org/10.1371/journal.pone.0194279
https://doi.org/10.1371/journal.pone.0194279
https://doi.org/10.1016/j.anbehav.2009.10.004
https://doi.org/10.1098/rspb.2022.1622
https://doi.org/10.1023/A:1011004129607
https://doi.org/10.1093/beheco/10.3.317
https://doi.org/10.1093/beheco/10.3.317
https://doi.org/10.1098/rspb.2000.1344
https://doi.org/10.1111/2041-210X.13174
https://doi.org/10.1016/j.tree.2005.07.011
https://doi.org/10.1016/j.tree.2005.07.011
https://doi.org/10.1007/s10682-010-9434-x
https://doi.org/10.1007/s10682-010-9434-x
https://doi.org/10.1006/anbe.1996.0145
https://doi.org/10.1007/s00359-002-0284-z
https://doi.org/10.1007/s10071-012-0514-x
https://doi.org/10.1007/s10071-012-0514-x
https://doi.org/10.1007/s10071-019-01327-5
https://doi.org/10.1007/s10071-019-01342-6
https://doi.org/10.1006/anbe.1995.0266
https://doi.org/10.1242/jeb.111187
https://doi.org/10.1242/jeb.111187
https://doi.org/10.1098/rspb.2016.0411
https://doi.org/10.1023/A:1011059715610
https://doi.org/10.1670/13-027
https://doi.org/10.1670/13-027
https://doi.org/10.1643/CE-13-126
https://doi.org/10.3389/fphys.2022.897931
https://doi.org/10.3389/fphys.2022.897931
https://www.R-project.org
https://www.R-project.org
https://doi.org/10.1007/s00265-019-2712-x
https://doi.org/10.1007/s00265-019-2712-x
https://doi.org/10.3389/fevo.2018.00093
https://doi.org/10.1016/S0003-3472(05)80410-5
https://doi.org/10.1016/S0003-3472(05)80410-5
https://doi.org/10.1163/156853989X00510
https://doi.org/10.1163/156853989X00510
https://doi.org/10.1016/j.neubiorev.2014.12.015
https://doi.org/10.1016/j.neubiorev.2014.12.015
https://doi.org/10.1016/j.cognition.2018.01.004
https://doi.org/10.1016/j.cognition.2018.01.004
https://doi.org/10.1371/journal.pone.0222079
https://doi.org/10.1016/j.cognition.2020.104552
https://doi.org/10.1016/j.cognition.2020.104552
https://doi.org/10.1007/s10071-023-01764-3
https://doi.org/10.1007/s10071-023-01764-3
https://doi.org/10.1101/lm.7.1.1
https://doi.org/10.1101/lm.7.1.1
https://doi.org/10.1023/A:1011021630244
https://doi.org/10.1023/A:1011021630244
https://doi.org/10.1016/j.anbehav.2004.06.010

Animal Cognition (2023) 26:1973-1983

1983

Ruxton GD, Sherratt TN, Speed MP (2019) Avoiding attack: the evo-
lutionary ecology of crypsis, aposematism, and mimicry

Salzen EA, Lily RE, McKeown JR (1971) Colour preference and
imprinting in domestic chicks. Anim Behav 19:542-547. https://
doi.org/10.1016/S0003-3472(71)80109-4

Santolin C, Rosa-Salva O, Lemaire BS et al (2020) Statistical learning
in domestic chicks is modulated by strain and sex. Sci Rep 10:1-8.
https://doi.org/10.1038/s41598-020-72090-8

Saporito RA, Zuercher R, Roberts M (2007) Experimental evidence
for aposematism in the dendrobatid poison frog Oophaga pumilio.
Copeia 2007:1006-1011

Schaefer HM, Schaefer V (2006) The fruits of selectivity: How birds
forage on Goupia glabra fruits of different ripeness. J Ornithol
147:638-643. https://doi.org/10.1007/s10336-006-0089-x

Schmidt V, Schaefer HM (2004) Unlearned preference for red may
facilitate recognition of palatable food in young omnivorous birds.
Evol Ecol Res 6:919-925

Siddall EC, Marples NM (2008) Better to be bimodal: the interaction of
color and odor on learning and memory. Behav Ecol 19:425-432.
https://doi.org/10.1093/beheco/arm155

Siddall EC, Marples NM (2011) Hear no evil: The effect of auditory
warning signals on avian innate avoidance, learned avoidance and
memory. Curr Zool 57:197-207. https://doi.org/10.1093/czoolo/
57.2.197

Skelhorn J (2011) Colour biases are a question of conspecifics’ taste.
Anim Behav 81:825-829. https://doi.org/10.1016/j.anbehav.2011.
01.017

Skelhorn J, Rowe C (2005) Tasting the difference: Do multiple defence
chemicals interact in Miillerian mimicry? Proc R Soc B Biol Sci
272:339-345. https://doi.org/10.1098/rspb.2004.2953

Skelhorn J, Griksaitis D, Rowe C (2008) Colour biases are more than
a question of taste. Anim Behav 75:827-835. https://doi.org/10.
1016/j.anbehav.2007.07.003

Smith SM (1975) Innate recognition of coral snake pattern by a possi-
ble avian predator. Science 187:759-760. https://doi.org/10.1126/
science.187.4178.759

Smith SM (1977) Coral-snake pattern recognition and stimulus gen-
eralisation by naive great kiskadees (Aves: Tyrannidae). Nature
265:535-536. https://doi.org/10.1038/265535a0

Teichmann M, Thorogood R, Himéldinen L (2020) Seeing red? Colour
biases of foraging birds are context dependent. Anim Cogn 2:2.
https://doi.org/10.1007/s10071-020-01407-x

Tiunova AA, Bezryadnov DV, Gaeva DR et al (2020) Memory reacqui-
sition deficit: chicks fail to relearn pharmacologically disrupted
associative response. Behav Brain Res 390:112695. https://doi.
0rg/10.1016/j.bbr.2020.112695

Vallortigara G (1992) Affiliation and aggression as related to gender
in domestic chicks (Gallus gallus). J Comp Psychol 106:53-57.
https://doi.org/10.1037/0735-7036.106.1.53

Vallortigara G, Zanforlin M, Cailotto M (1988) Right-left asymmetry
in position learning of male chicks. Behav Brain Res 27:189-191.
https://doi.org/10.1016/0166-4328(88)90044-7

Vallortigara G, Regolin L, Pagni P (1999) Detour behaviour, imprint-
ing and visual lateralization in the domestic chick. Cogn Brain
Res 7:307-320. https://doi.org/10.1016/S0926-6410(98)00033-0

Vorobyev M, Osorio D (1998) Receptor noise as a determinant of col-
our thresholds. Proc Biol Sci 265:351-358. https://doi.org/10.
1098/rspb.1998.0302

Zachar G, Schrott A, Kabai P (2008) Context-dependent prey avoid-
ance in chicks persists following complete telencephalectomy.
Brain Res Bull 76:289-292. https://doi.org/10.1016/j.brainresbu
11.2008.02.017

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/S0003-3472(71)80109-4
https://doi.org/10.1016/S0003-3472(71)80109-4
https://doi.org/10.1038/s41598-020-72090-8
https://doi.org/10.1007/s10336-006-0089-x
https://doi.org/10.1093/beheco/arm155
https://doi.org/10.1093/czoolo/57.2.197
https://doi.org/10.1093/czoolo/57.2.197
https://doi.org/10.1016/j.anbehav.2011.01.017
https://doi.org/10.1016/j.anbehav.2011.01.017
https://doi.org/10.1098/rspb.2004.2953
https://doi.org/10.1016/j.anbehav.2007.07.003
https://doi.org/10.1016/j.anbehav.2007.07.003
https://doi.org/10.1126/science.187.4178.759
https://doi.org/10.1126/science.187.4178.759
https://doi.org/10.1038/265535a0
https://doi.org/10.1007/s10071-020-01407-x
https://doi.org/10.1016/j.bbr.2020.112695
https://doi.org/10.1016/j.bbr.2020.112695
https://doi.org/10.1037/0735-7036.106.1.53
https://doi.org/10.1016/0166-4328(88)90044-7
https://doi.org/10.1016/S0926-6410(98)00033-0
https://doi.org/10.1098/rspb.1998.0302
https://doi.org/10.1098/rspb.1998.0302
https://doi.org/10.1016/j.brainresbull.2008.02.017
https://doi.org/10.1016/j.brainresbull.2008.02.017

	In paired preference tests, domestic chicks innately choose the colour green over red, and the shape of a frog over a sphere when both stimuli are green
	Abstract
	Introduction
	Methods
	Subjects
	Experimental setup
	Stimuli
	Experimental procedure
	Video analysis
	Statistical analysis

	Results
	Colour preference
	Green sphere vs. red sphere
	Green frog vs. red frog

	Shape preference
	Green sphere vs. green frog
	Red sphere vs. red frog


	Discussion
	Anchor 19
	Acknowledgements 
	References




