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Predispositions  orient  newborn  babies  and chicks  towards  animate  objects.
Subcortical/subpallial  structures  may  be sufficient  to support  social  predispositions.
Social  Behaviour  Network  areas  might  be  involved  in  unlearnt  social  behaviours.
Hormones  facilitate  preferences  for  predisposed  stimuli  and  social  attachment.
Social  predispositions  are  impaired  in  newborns  at  high  genetic  risk  for  autism.
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a  b  s  t  r  a  c  t

To  what  extent  are  filial  responses  the outcome  of  spontaneous  or  acquired  preferences?  The  case  of
domestic  chicks  illustrates  the  connection  between  predisposed  and  learned  knowledge  in  early  social
responses.  In  the  absence  of specific  experience,  chicks  prefer  to approach  objects  that  are  more  similar  to
natural  social  partners  (e.g.  they  prefer  face-like  configurations,  biological  motion,  self-propelled  objects
and  those  that  move  at variable  speed).  Spontaneous  preferences  are  complemented  by  filial  imprint-
ing,  a powerful  learning  mechanism  that enables  chicks  to  quickly  learn  the  features  of specific  social
partners.  While  neurobiological  studies  have  clarified  that the  substrates  of  spontaneous  and  learned
preferences  are at least  partially  distinct  in chicks,  evidence  shows  that  spontaneous  preferences  might
orient  and  facilitate  imprinting  on  animate  stimuli,  such  as  the mother  hen,  and  that  hormones  facilitate
and  strengthen  preferences  for predisposed  stimuli.  Preferences  towards  animate  stimuli  are  observed
in human  neonates  as  well.  The  remarkable  consistency  between  the  perceptual  cues  attended  to  by
newborn  babies  and  naïve  chicks  suggests  that  the  attentional  biases  observed  in  babies  are  unlikely  to
result  from  very  rapid  post-natal  learning,  and  confirms  that research  on  precocial  species  can  inform  and
guide human  infant  research  with  regards  to both  typical  and  atypical  development.  This  has  potentially

important  biomedical  implications,  opening  new  possibilities  for the early  detection  of  subjects  at  risk  for
autism spectrum  disorders.  We  show  how  the  parallel  investigation  of  predispositions  in naïve  chicks  and
human  infants,  both  benefiting  from  contact  with  social  partners  since  the  beginning  of  life, has  greatly
improved  our  understanding  of  early  responses  to  social  stimuli  at the  behavioural  and  neurobiological

level.

©  2016  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Predispositions to preferentially attend to living things, in
articular social partners, have been investigated across phyloge-
etically distant species. These predispositions might be crucial for
urvival [1,2] and have a role in the typical development of mech-
nisms for social cognition [3,4]. Predispositions for visual stimuli
ave been investigated in the chicks of nidifugal bird species, such
s galliformes [1,5], in non-human primates [6] and in human
eonates (e.g., [7,8]). Precocial avian species offer some notable
dvantage for this kind of research because their precocial nature
llows testing to take place immediately after hatching, before any
isual experience has occurred. While in primates (and other mam-
als) practical and ethical constraints hinder controlled-rearing

tudies, in precocial chicks a precise control of embryos [9–11] and
f newly hatched animals until the moment of test (see for instance
12–14]) is feasible. Despite the clear differences in the level of
evelopment at birth between human and non-human primates,
n the one hand, and nidifugal birds on the other, to some extent
hey have similar needs at the beginning of their life. In fact, in a
recocial species such as the domestic fowl (Gallus gallus),  parental
are still plays an important adaptive role: even if chicks can move
nd feed autonomously soon after birth, the mother hen provides
armth, protection and facilitates learning, e.g. about the location

r appearance of suitable food items [15]. In this work, we thus
ocus on the parallel investigation of human newborns’ and chicks’
arly filial responses at the behavioural and neurobiological level.

Predispositions for attending to stimuli associated with animate
bjects soon after birth were first described for chicks of precocial
ird species (e.g. mallard and chicken) and later on confirmed also

n newborn babies (reviewed in [1], see Sections 2 and 5). Direct
vidence of predisposed preferences comes from naïve animals: in
he absence of previous visual experience, dark-hatched chicks pre-
er to approach a stuffed jungle fowl hen over an artificial object, or
ven over a scrambled version of the same stimulus [5] (see Fig. 1a).
hicks’ spontaneous preferences extend to schematic face-like con-
gurations [16] (see also [17,18]) (see Fig. 1b), similar to what has
een reported for newborn babies, who prefer to direct their gaze
owards face-like stimuli [7,19–21] (see also [6] for non-human pri-

ates). In both cases, this has been attributed to a predisposition
or stimuli that match a very broad template of a face, reflecting
he action of an early, not learned, orienting mechanism called
ONSPEC, as opposed to a subsequent learning mechanism called
ONLERN [7].

Although predispositions were originally identified for
pproaching static features (see also Section 3), in general
oving objects are more attractive than static objects [22,23], and

redispositions have been observed for both static and dynamic
ues [24,25]. The more recent investigations on dynamic cues (see
ection 2) have refined our understanding of the predisposition
or moving stimuli, namely that biological motion is preferred
ver rigid and random motion [12,26], self-propelled objects are
ore attractive than objects that do not initiate motion [27],

nd accelerating/decelerating objects are more attractive than
inear moving objects [28]. Overall, chicks’ preferences for static
nd dynamic cues reveal an attraction for animacy cues, that is,

eatures associated with the presence of animate objects [1]. This
orpus of evidence, obtained in naïve subjects, has allowed the
stablishment of this animal as a behavioural and neurobiological
odel for the origins of knowledge, the so-called core-knowledge
 . . . . . . . . . . .  . . .  . . . . .  . . . . .  . . . . .  . . .  .  . . . .  . . .  . . .  . .  . .  .  . . . .  . . .  .  .  .  . . . .  .  . . . . .  . . . . .  . . . 99

systems, and the corresponding substrates, including social cogni-
tion (reviewed in [1,29–31]). Recent research showed that chicks
from different breeds differ in their approach responses towards a
stuffed-hen stimulus (i.e., predisposed stimulus) [32]. A substantial
body of evidence shows that the expression of predisposed visual
preferences changes during the course of the first few days of life,
often increasing a few hours after a specific stimulation [5,33–35].
Although the preference for hen-like stimuli does not require any
experience with similar stimuli, different kinds of stimulation can
enhance the predisposed preferences: motor activity, experience
with diffuse or patterned light, acoustic stimulation, handling of
the subjects [5,33,35,36].

It has been suggested that one of the adaptive functions of early
approach preferences could be to ensure attachment towards social
companions over inanimate objects (see Section 2). This is par-
ticularly relevant for precocial avian species endowed with the
dedicated system of filial imprinting [24,37–40], a learning mech-
anism that restricts subsequent affiliative responses to the first
conspicuous objects experienced (in the case of acoustic stimuli,
this process can start even before hatching, during the last days
of incubation [41]). After a brief exposure, chicks learn the fea-
tures of their imprinting object and develop a social preference for
it (this learning mechanism is important for the development of
sexual preferences too, a phenomenon called sexual imprinting,
see [42–46]. Crucially, naïve chicks do not merely absorb informa-
tion from the environment but actively search for stimulation from
conspicuous objects (e.g. [47]). In natural conditions, chicks usu-
ally imprint on the mother hen, but the mechanism of imprinting
is general enough that they can develop filial responses both for
naturalistic objects, including members of other species (before
Konrad Lorenz [48,49], there was  already a widespread interest
on this phenomenon, as it had already been noticed by Spalding
[50]; and see [51] for ducklings), and artificial visual and acoustical
stimuli, reviewed in [24]).

The interplay between spontaneous predispositions and
acquired preferences is well exemplified by the case of chicks’ spon-
taneous preferences for naturalistic vs. artificial objects, which is
driven mostly by the configuration of features present in the head
region [5], and the filial imprinting phenomenon. While chicks
exhibit a spontaneous preference for naturalistic stuffed animals,
without any selectivity for the own mother or species, the recog-
nition and preference for specific individuals emerges after the
imprinting process [7]. Asymmetrical reversibility of imprinting
towards naturalistic objects (a mother hen) compared to artificial
objects is one of the first, although indirect, pieces of evidence on
the presence of social predispositions. When naïve domestic chicks
were initially exposed to an artificial imprinting object followed by
a naturalistic object, they could reverse their preference, while this
did not happen when the naturalistic object was the first object
presented [52–56]. This evidence suggests a close link, as well as
a difference, between spontaneous and learned preferences (see
also Sections 2 and 5). Neurobiological evidence also suggests that
learning a preference for a specific stimulus through filial imprint-
ing and predispositions to approach certain stimuli in the absence
of any exposure to them are separate processes [3] (see also Section
3).
In this review, we  discuss how the parallel investigation of
predispositions in naïve chicks and human infants has greatly
improved our understanding of early responses to social stimuli at
the behavioural and neurobiological level. Specifically, in Section 2
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ig. 1. Visual stimuli employed in tests for predispositions for static configurations o
nly  its visual texture (known as “texture fowl”); b) schematic face-like and non-fa

e will discuss recent advances in our understanding of the pre-
isposition for the motion of animate creatures. In Sections 3 and 4
e will present the current understanding of how predispositions
ay  be processed by brain nuclei within the visual pathway and

he influence of hormones on facilitating and strengthening pref-
rences for predisposed stimuli. Lastly, in Section 5 we will present
ecent research of biomedical relevance for the early detection of
utism spectrum disorder (ASD) that is based on testing preferences
or social stimuli, including predisposed stimuli, in newborns that
re at high familial risk for developing ASD.

. Predispositions for the motion of living creatures

In recent years, particular attention has been devoted to the
tudy of social predispositions for motion cues that are typical
f animate creatures. A well-known case is that of semi-rigid
iological motion, represented by animation sequences of point-

ight-displays (PLDs) where a few light points are placed on the
oints of a digitalised image of a moving animal, and all remain-
ng two-dimensional information about the shape of the moving
bject is excluded [57] (see Fig. 2). Research in naïve chicks (Gal-

us gallus)  revealed spontaneous preferences towards biological
otion displays characterised by semi-rigidity, compared to rigid

r random motion. Interestingly, also in this case, as for the face-
ike configurations, chicks’ predisposition was not specific for the
otion pattern of their own species [12]. However, similar to what
s known for human adults [58–62], chicks’ processing of PLD of
iological motion is orientation-specific (i.e., limited to displays
resented in the canonical upright orientation, rather than upside
res in naïve chicks: a) stuffed fowl and scrambled version of the stimulus preserving
e configurations. Adapted from [31] and from [16] respectively.

down) [26]. Intriguingly, this orientation sensitivity of chicks is
influenced by the degree of brain lateralization and is associated
with a right hemispheric dominance, akin to what is known for
adult humans and few-month-old infants [63–65]. Furthermore,
chicks’ preference for semi-rigid PLD of biological motion has been
shown to result in increased imprinting learning after exposure to
the predisposed motion patterns, suggesting again a role of social
predispositions in directing subsequent filial responses and social
learning [66] (see also [67]).

Following the initial reports on chicks, subsequent research
showed that even medaka fish (Oryzias latipes)  respond socially
to biological motion stimuli [68], while female marmosets (Cal-
lithrix jacchus) prefer to inspect similar biological motion patterns
as chicks do [69]. Also, human newborns are attracted to the same
stimuli that elicit chicks’ preferential approach (see also Section 5),
showing higher looking times for the PLD representations of semi-
rigid biological motion of an upright walking chicken over rigid
motion, random motion and even over the upside down version
of the walking stimulus [8,70]. In adult observers, the inversion
effect for biological motion perception depends on whether the
vertical acceleration of the dots representing the feet is consistent
with gravity direction. The two  feet-dots presented in isolation, but
with the correct acceleration profile, are sufficient to elicit biolog-
ical motion processing and animacy perception in adult observers
[59,71,72]. It has been theorised that this local motion property,
which is independent from the global species-specific shape of the

moving animal, is computed by a spontaneous and evolutionarily
conserved mechanism for the fast, pre-attentive detection of ani-
macy [73–75] (see also Section 3). This mechanism computing local
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Fig. 2. Point light displays (PLDs) representing biological motion used for domestic chicks. Structure of the PLDs and sample frames for the animation sequences of a walking
h ïve chicks). The animations were obtained from actual video recordings of the walking of
t  point of light. Adapted from [12].
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Fig. 3. Schematic representation of the animation sequence presented to chicks in
order to obtain imprinting for one of the two objects (A and B, in red and purple,
respectively). Subsequent representative frames of the sequence are ordered from
top to bottom. In this animation, object A was perceived by human observers as self-
propelled, whereas object B seemed to be passively put in motion by the impact with
object A. After exposure to this stimulus, chicks tested for their preference between
objects A and B, preferred to approach the first, indicating that during the initial
en  and a walking cat (both examples of biological motion, equally preferred by na
he  two animals: the filled dots in the leftmost images indicate the location of each

cceleration profiles interacts with another system that processes
he global configuration of the moving body, which is sensitive to
he position of the feet-dots in the overall configuration, above or
elow the body. Due to the activity of this second system, the verti-
al location of the dots representing the feet might be another cue
o discriminate living creatures from inanimate objects [76,77]. The
atter mechanism would be individually acquired through experi-
nce [72]. In fact, newborn babies’ preferences are already tuned
o the local vertical acceleration profile of the feet dots when pre-
ented in isolation, even though the global body configuration can
nfluence this effect. On the contrary, the vertical location of feet-
ots in the array per se is not enough to drive babies’ preferences
78].

Despite the success of paradigms based on biological motion
s depicted by PLD, predispositions for elementary aspects of
bjects’ velocity profile can be better studied with stimuli showing
he motion of a single shape. Research on the human perception
f animacy and agency based on the cinematic of simple two-
imensional objects dates back to Heider and Simmel [79] and
ichotte [80]. With a reference to Aristotle’s categorisation of living

nd non-living entities [81], it has been theorised that automatic
nimacy perception would happen in response to motions imply-
ng an internal energy source to the moving object. The most well
tudied cue implying self-propulsion is probably “start from rest”,
isplayed by an object when it starts to move autonomously as
pposed to being put in motion by physical contact with another
bject. This visual cue elicits “mandatory” animacy attribution not
nly in adult observers [82,83], but also in infants, who by a few
onths of age already seem to attribute an internal energy source

o an object that starts to move on its own. In fact, they are not sur-
rised if such object spontaneously changes its trajectory or moves
gainst gravity [84–87]. In line with that, dark-hatched chicks
evealed preferential imprintability for an object whose motion
tarted spontaneously from a resting state, over another object,
hich was set in motion by the push from the first object (see

ig. 3). Control conditions showed that the effect was not influenced
y which object started to move first, initiated physical contact (in
he absence of physical causation) or had a causal role [13]. In a

ater study, Di Giorgio et al., [88] showed that even human new-
orns prefer to look at objects that clearly display movement that
tarts from rest, compared to objects that appear on the screen
lready in movement (i.e., without any information about the onset
exposure they imprinted preferentially on the self-propelled object. Adapted from
[13]. (For interpretation of the references to colour in this figure legend, the reader
is  referred to the web  version of this article.)

of motion). This shows that sensitivity to this cue is present from
birth also in humans (see also Section 5). However, movement that
starts from a resting state is not the only cue of self-propulsion
that elicits animacy perception in human observers. Greater ani-

macy is attributed also to objects that move quickly, move against
gravity and change autonomously speed or direction of motion
[83,89–92]. Changes in direction and speed automatically attract
adults’ attention [93], while the visual preferences of infants that
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Fig. 4. Schematic representation of the speed-change stimuli (on the left) and of the constant-speed stimuli (on the right) used with chicks. The letters A and B, in the first
panel,  indicate the points where the visible speed change occurred. Arrows indicate the relative speed of the object for different portions of the trajectory (with thicker
c ly by d
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ontinuous lines representing the higher speed, followed by thinner ones and final
hange are visible, whereas the two bottom ones represent equivalent stimuli whe

re a few months old seem to be driven more by speed than by direc-
ion changes [94]. In line with this, in our recent work we showed
hat naïve chicks have a preference to attend to objects that change
heir speed over objects that move at a constant speed [28]. Chicks
ere presented two displays, in each one a red circle appeared on

he screen already in motion, moved linearly along the azimuth,
nd then disappeared at the opposite side of the screen. In one of
he two displays, the object abruptly accelerated at one third of
he way and decelerated to the original speed at two  thirds of the
ay. In the second display, the other object moved constantly at

he same average speed (see Fig. 4). Dark-hatched chicks showed a
lear preference for the object in the first display. In additional con-
rol trials, we showed that matching the variability of the control
speed-constant’ stimulus to that of the “speed-change stimulus”
id not alter chicks’ preference for the latter. In order to do so, two
ifferent speeds were alternated for the control stimulus in sub-
equent cycles. This increased its perceptual variability (the ratio
etween the lower and the faster speed was also matched between
he two stimuli), even though in the control stimulus there were
till no visible speed changes. In fact, in the new version of the con-
rol stimulus, the red object was still moving at a constant speed

or the whole length of its trajectory, but alternating two different
peeds in subsequent cycles. That is to say that when traveling in
ne direction (e.g., appearing from the left side of the screen disap-
earing from the right one) the stimulus was moving at a constant
otted lines). The two  top panels represent stimuli in which the moments of speed
 speed change were occluded. Adapted from [28].

slow speed. Then, when it appears again from the right side of the
screen, the object is traveling back in the opposite direction at a
constant speed, which is faster than the previous one, and so on.
However, chicks’ preference was  suppressed by adding two occlud-
ers on both displays, positioned along the stimulus trajectory in
such a way  that the moment of speed change was  occluded (Fig. 4),
showing that the moment of speed change needs to be directly
visible to elicit chicks’ preferential approach.

An important distinction between animacy and intentional
agency is that the latter property defines entities capable of goal
directed, efficient and rational actions. While attribution of ani-
macy should be operated by the core-system for physical reasoning,
based on the presence of motion features indicating an internal
energy source for self-propelled motion, attribution of intentional
agency should depend on the core-system for naïve psychology,
based on cues that indicate that the object has autonomous con-
trol over its actions [95–97]. This applies to objects that respond
contingently to events or environmental constraints, and the rela-
tionship between these two levels is not obvious. For example,
even though in some instances infants attribute intentional agency
based on self-propelled motion (e.g., [98,99]), this is not always

sufficient or even necessary (e.g., [95,97,100–102]). Visual patterns
determining the attribution of various levels of agency by infants
or adult observers usually involve at least two visual objects that
move in a spatially or temporally contingent manner, which sug-



l Brain

g
a
A
a
s
C
i
w
c
s
c
h

3

b
l
o
h
n
i
p
d
o
o
h
t
t
d
f
p
g
f
s
f
d
s
s
c
h
t
s

p
w
c
r
t
c
s
b
f
u
d
T
e
s
c
p
m
b
m
n
s

E. Di Giorgio et al. / Behavioura

ests a social interaction (e.g., [97,101]) or a reaction from the
gent to an inanimate element in the environment [89,103,104].
lso, variability of goal-directed behaviour seems to induce agency
ttribution in infants [95]. Interestingly, chicks of two galliform
pecies (bobwhite quails, Colinus virginianus,  and Japanese quails,
oturnix japonica) revealed preferential visual or auditory imprint-

ng towards stimuli that had motion or acoustical emissions that
ere contingent on the chicks’ own calls [105–107]. Future studies

ould thus investigate whether direct evidence of social predispo-
itions for contingency and other cues of agency occur also in naïve
hicks, in line with what has been suggested by the literature on
uman infants.

. Neural bases of biological predispositions

Face preferences of newborn babies have been hypothesised to
e mediated by subcortical structures, such as the superior collicu-

us, the pulvinar complex and the amygdala [3]. This view is based
n multiple, but indirect, lines of evidence. First of all, given that in
uman infants the retino-geniculo-cortical pathway is most likely
ot fully functional before the age of two months [108–114], until

nfants reach this age, visual function is mediated mainly by the
recortical part of the retino-collicular visual pathway. This age-
ependent role of the retino-collicular system is supported by the
bservation that in human newborns and adults the preferential
rienting toward faces is limited to stimuli in the temporal visual
emifield [115]. The retino-collicular system has indeed propor-
ionally greater input from the temporal hemifields, with respect
o the geniculo-striate system [116–118]. Moreover, residual face
etection abilities persist after cortical lesions in patients suffering
rom hemi-neglect, prosopagnosia or blindsight [119–122]. These
atients lack the ability to process face-identity information, sug-
esting a mechanism that responds in a non-selective way to any
ace-like stimulus. Such a mechanism probably operates on low
patial frequency only, which carries the visual information needed
or face detection, whereas high spatial frequency provides more
etailed information (e.g. face identity) [3]. In fact, neuroimaging
tudies have shown that neurons in the amygdala, pulvinar and
uperior colliculus respond exclusively to the low spatial frequency
ontent of face stimuli [123]. Overall, this points to a role of the
uman retino-collicular system in face preferences and of the cor-
ical structures for learning detailed visual information about these
timuli.

This view, derived mainly from the human literature, is also sup-
orted by indirect evidence from different animal models, which
e will briefly review below. One important first point is that the

andidate subcortical structures’ response properties may  enable
ecognition of predisposed stimuli. In fact, even early stations of
he visual system respond to complex objects, including biologi-
ally relevant stimuli. For example, the superior colliculus, which
hows remarkable functional conservation among different verte-
rate species [124], contains neurons with diverse and complex
unctional properties that respond to both static and moving stim-
li [125–135]. Already at this level, the visual system recognises
ifferent categories of visual stimuli [125,126,128,133,136–140].
he superior colliculus (optic tectum in other vertebrates) is also
ssential for the spontaneous recognition of biologically relevant
timuli. In mice, collicular cells respond to each of the simple visual
onfigurations commonly used in studies of amphibian prey and
redator recognition [141–144]. In a more recent study with pri-
ates, also pulvinar neurons have been shown to differentiate
etween categories of biologically relevant stimuli, such as snakes,
onkey faces, monkey hands or geometric shapes [145]. Likewise,

eurons have been found in the monkey amygdala that respond
electively to stimuli such as faces and direct gaze [146,147]. Over-
 Research 325 (2017) 90–104 95

all, in birds, as in mammals, visual information is simultaneously
processed by two major visual pathways [148,149]. The thala-
mofugal pathway runs from the retina via the nucleus opticus
principalis thalami (OPT) to the visual Wulst. The OPT is assumed to
be homolog of the mammalian lateral geniculate nucleus (LGN) and
the visual Wulst is considered to be a homolog to the primary visual
cortex (V1) [150–152]. The tectofugal pathway proceeds from the
optic tectum in the mesencephalon, through the nucleus rotundus,
within the thalamus to the entopallium in the telencephalon [153].
Optic tectum is considered homologous to the superior colliculus
in mammals, while the nucleus rotundus is homologous to the pul-
vinar complex. The entopallium is probably equivalent to several
areas of mammalian extra striate cortex [150,154]. Of particular
interest for the topic of this review, among the motion properties to
which tectal neurons of domestic chicks respond are some motion
cues that elicit the display of social predispositions in this species,
such as changes in speed [155] (see Section 2).

Another crucial observation, based on the literature on animal
models, is that the candidate subcortical structures may  be suffi-
cient to elicit the behavioural responses required for the expression
of predispositions. For example, it is well known that the supe-
rior colliculus is necessary for orienting responses towards stimuli
[156–158], which are at the basis of social predispositions’ expres-
sion. At a very general level, there is evidence that subcortical
structures can support visually guided behaviours independently
from cortical structures. Moreover, of particular relevance for the
current topic, these behaviours seem to not be learned, as they are
displayed by naïve individuals and/or shortly after birth (hatching).
For example, in rats, behaviours that are observed in naïve rodents
after exposure to a predator for the first time [159,160], can be also
elicited by stimulation of the superior colliculus [161–163]. Anu-
rans, which have been more heavily studied for their spontaneous
forms of visual recognition of biologically relevant objects, such as
conspecifics, preys and predators [141], do not have a visual cortex
as such. Their visually guided behaviours are presumably medi-
ated by medullary, pontine, mesencephalic and thalamic structures
[164], with a major contribution of optic tectum, since lesions to
this structure cause a total loss of responses to moving predator and
prey objects [165–167]. However, for the discrimination of ‘prey-
like’ and ‘predator-like’ stimuli, pretectal areas are also important
[168].

In birds, many visually guided behaviours do not require pal-
lial structures, because they can be displayed after complete
removal of the telencephalon [169]. These behaviours seem to
be not dependent on experience, because they are displayed by
naïve-decerebrated animals right after hatching. For example,
decerebrated newly hatched chicks show the same spontaneous
preferences for colour and shape combinations of potential food
items as intact chicks do [170]. Also, after bilateral hemispherec-
tomy domestic chicks and quails continue to approach moving
objects or flickering lights [169,171]. Spontaneous early colour
preferences of newly hatched quails have been studied to inves-
tigate the mechanisms by which the brain stores and processes
preference information [172,173]. It has been discovered that,
while removal of the telencephalic hemispheres prevents Japanese
quail chicks from forming a memory of coloured imprinting stim-
uli, it spares the spontaneous preference for particular colours and
patterns [171,174]. In a more detailed study, lesions of several
diencephalic structures diminished quail chicks’ spontaneous pref-
erence for the colour red [175]. Although the authors do not specify
which brain regions of the medial diencephalon were lesioned, it
is reasonable to assume the preoptic area was also lesioned, and

perhaps even the anterior and/or the ventro-medial hypothala-
mus. It has been argued [124] that these particular deficits in quail
chicks may  be due to the loss of motivational inputs to premo-
tor and motor structures: at least the preoptic area is involved in
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otivational processes [176,177] and also in mammals lesions to
omologous structures cause deficits in behavioural responses to
xternal stimuli [160,178–180].

It can thus be expected that also chicks’ visual predispositions
or social stimuli should involve subcortical structures, with the
ptic tectum and the tectofugal visual pathway having particu-
ar importance. On the contrary, subsequent imprinting learning
f the detailed visual information originated by exposure to those
timuli (see Section 1) would require pallial structures of the
elencephalon (homologous to the mammalian cortex). Several
allial structures of the avian brain are involved in learning this
ind of detailed visual information. For example, the intermediate
edial mesopallium, IMM  (IMHV, intermediate medial hyperstria-

um ventral in the old nomenclature) is crucial for filial imprinting
n chicks [181–186], whereas the lateral meso-nidopallium (LMN)
s involved in sexual imprinting in zebra finches [187–189]. On
he contrary, bilateral lesioning of IMM  does not affect chicks’
redisposition for approaching stuffed hens [190], in line with
he evidence on spontaneous colour preference in quails. Inter-
stingly, we recently found that IMM  activity in naïve chicks is
ifferently modulated by exposure to a predisposed or a non-
redisposed stimulus (a stuffed hen or a scrambled version of the
ame stimulus, in which the face configuration is absent) (Fig. 1)
31]. Nevertheless, the data on IMM  lesions suggest, again, that
reference for hen-like objects is processed in earlier brain sta-
ions.

The diencephalic areas likely affected in the study of Csillag
nd colleagues [175] on quails spontaneous colour preferences,
epresent some of the nodes of the social behaviour network
SBN) [191]. In the literature on the neural bases of animal social
ehaviour, this is defined as a network of areas that contain sex
teroid receptors and are reciprocally interconnected, also com-
rising the subcortical part of the amygdala (medial extended
mygdala), that controls multiple forms of social behaviour [192].
he social behaviour network is present in all vertebrates and
xhibits extensive similarities between mammals and birds in its
onnections, histochemistry, and locations of sex steroid receptors
193–204]. Given the importance of this network for social func-
ions, it is surprising that so far no studies directly investigated its
ole in early social behaviours of newborn animals (see also Section
).

In order to shed some light on this issue we  have recently
tarted to study septal activity of newly hatched visually naïve
hicks exposed to different social stimuli. The lateral septum rep-
esents one of the nodes of the social behaviour network [191]
nd is also connected to the mesolimbic reward system, making
t a key element in a larger social decision making network [205].
ndeed, many studies in mammals and in birds have implicated
he lateral septum in a variety of social behaviours, such as social

emory, communication, gregariousness, individual recognition,
ominance hierarchies, territoriality, aggression, sexual behaviour,
air-bonding, parental and anxiety-related behaviours, which are
ainly mediated through neuropeptide signalling based on vaso-

ressin and oxytocin receptors (or its avian homologous vasotocin
nd mesotocin) [199,202,206,207–237]. We  found that simple
xposure of visually naïve animals to an alive, behaving conspe-
ific selectively activated septal areas, showing their involvement
n recognition of animate creatures directly after birth [238,274].
n a second experiment, we found that the animate motion of an
live social partner alone is sufficient to activate septal nuclei, as
pposed to the rigid motion of a similarly looking stimulus (i.e.,

 stuffed chick rotating at a constant speed). To narrow down the

nterpretation of these results, in a further study we also investi-
ated if a simple object that changes its speed (by accelerating or
ecelerating), which is known to be preferred by newly hatched
isually naïve chicks to an identical object that moves at constant
 Research 325 (2017) 90–104

speed [28], will selectively activate septal nuclei. Also in this case,
we found higher activity in septum of chicks that were exposed
to the preferred social stimulus [239]. This new evidence of septal
involvement in response to animate motion indicates that previous
visual experience and specific learning events are not necessary to
establish this septal function, which is present shortly after birth.

4. Hormones and predispositions

Hormones are key in controlling the timing of hatching, yet
little is known about whether they play a permissive role in the
expression of predispositions. Although there are few studies on
the effects or roles of hormones in predispositions per se, findings
from imprinting studies that have been generated to date, have
provided evidence that circulating hormones and their effects in
specific brain nuclei may  very well be linked to facilitating condi-
tions that allow the expression of predispositions.

In chicks, the periods that comprise the sensitive window for
imprinting (post-hatch days 1–4) as well as the eventual detach-
ment from imprinted objects (weeks 6–10), are characterised by
specific hormonal profiles [240,241]. For instance, a couple days
before hatching, corticosterone and thyroid hormone T4 begin a
transient increase that peaks on the day before hatching, and the
peaking time of circulating levels of T3 coincides with the day
of hatching [242]. Interestingly, chicks exposed to corticosterone
prenatally (by injecting the egg) fail to successfully imprint, but
they also spend more time close to the live stimulus chick that is
used for imprinting training compared to vehicle-injected control
chicks [243]. These authors interpreted these results as showing
that corticosterone increased approach behaviour towards predis-
posed stimuli despite subsequent impairment of imprinting.

Yamaguchi et al. [242] made an important discovery regard-
ing the role of thyroid hormone (T3): it is necessary for the onset
of the sensitive period for imprinting learning (post-hatch days
1–4) and if it is injected intravenously in non-imprinted chicks
after day 4, it is sufficient for reopening the sensitive window and
chicks are able to imprint as if they were intact chicks within the
naturally occurring sensitive window. Interestingly, injection of
inhibitors of thyroid hormone signalling in the IMM  (intermediate
medial mesopallium) prevented successful imprinting. However,
with respect to predispositions, it has been shown that the IMM
is not required for the display of the spontaneous preferences (see
Section 3). Specifically, predispositions are unaffected by IMM  abla-
tions, whereas filial imprinting is completely abolished with such
lesions [190]. Therefore, although thyroid hormone signalling is
critical for enabling imprinting learning, whether and how it is
involved in the display of predispositions remains an open ques-
tion.

The effects of testosterone on imprinting, especially for predis-
posed stimuli, have been shown through its administration under
a number of conditions. For example, chicks treated with intra-
muscular testosterone injections upon hatching and then trained
to imprint on a stuffed fowl, have higher preference scores com-
pared to vehicle-injected, stuffed fowl imprinted controls [244]. In
that study, circulating levels of testosterone were also shown to cor-
relate with the strength of imprinting for animal-like stimuli, but
not artificial stimuli like coloured boxes. Interestingly, the effects
of testosterone depend on when it is administered, either prior to
imprinting or after imprinting has taken place. Specifically, after
chicks have been imprinted on a specific object, testosterone injec-
tions given on the third and fourth weeks post-hatch will induce

detachment from the imprinted object, which in intact chicks does
not begin until the sixth week of age [241]. Altogether, this suggests
that brain regions sensitive to androgens may  change significantly
during the first days and weeks of development, and most impor-
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antly, the effects of testosterone on preferences for imprinted
timuli are both stimulus and age dependent.

These data suggest that knowledge of the distribution of andro-
en receptors in the brain, at the time of hatching may  reveal areas
hat are functionally associated with the proper development of
redispositions. Preliminary immunohistochemical analyses show
hat on the day of hatching, cells in the paraventricular nucleus
PVN) show relatively higher expression of androgen receptors
ompared to other hypothalamic brain nuclei (Loveland, J. L. and
allortigara, G., unpublished). Given mesotocin- and vasotocin-
roducing cells are located in this nucleus, future investigations
hat focus on discerning whether the activation of these neurons
hows any specific pattern associated with predisposed stimuli are
eeded. Furthermore, the potential roles of these nonapeptides in
redispositions is promising given evidence of their effects on gre-
ariousness in adults of other bird species. For example, in the
ebra finch, Taeniopygia guttata, independent experiments show
hat bilateral injections of vasopressin V1a antagonist to the lateral
eptum, as well as the transient knockdown of vasotocin levels in
eurons of the medial bed nucleus of the stria terminalis (BSTm)
y injection of vasotocin antisense oligos, result in a reduction in
regariousness compared to saline-injected controls [245]. As an
nitial step in this direction, based on the model that peripheral
elease of substance P (SP) mediates the effects of vasotocin on
pproach behaviour [246], we have investigated how intraperi-
oneal SP injections affect preferences for the stuffed jungle fowl
en (predisposed stimulus, see Fig. 1a). We  have found that in
ales, but not females, SP injection increased the preference for

he predisposed stimulus compared to vehicle-injected controls
247].

Although much of the evidence for how hormones affect the
reference for predisposed stimuli is indirect, that is, it is derived
rom imprinting studies where examining predispositions was not
he central focus, it is reasonable to speculate that certain aspects
f neural activation (or inhibition) that are required for predispo-
itions to be expressed, as a precursor to imprinting may  be at
east in part, under hormonal control. Therefore, further research
n the neuroendocrine system and underlying mechanisms of hor-
onal effects on the behaviour of visually naïve chicks to prefer

redisposed stimuli promises to yield important advances.

. Impairments in social predispositions early in life and
heir relevance to the ontogeny of autism spectrum
isorders (ASD)

Human newborns, like newly-hatched chicks (see Section 1
nd 2), soon after birth, preferentially orient to faces [7] and also
emonstrate a preference for biological motion patterns over rigid
r random motion patterns [8]. Based on these phenomena, it has
een hypothesised that the expression of these predispositions

s controlled, in part, by subcortical attention orienting mecha-
isms that are influenced by, and responsive to, social stimuli
3,7,73,248,249] (see also Section 3). These mechanisms may  serve
ot only to detect the presence of social stimuli and enable new-
orns to orient towards them, but also to bias the relevant input to
he developing cortical circuitry over the first weeks and months
f life to promote proper development of brain regions that will
ecome specialised for processing social stimuli [3]. From this point
f view, social predispositions that are restricted to the first days
f life may  be considered as a precursor to the typical develop-
ent of social cognition and communication. Accordingly, some
uthors have put forth the hypothesis that impairments in one or
ore of these early-emerging mechanisms (i.e., around the time

f birth) prevent newborns from focusing their attention on social
timuli and as a consequence, typical development of social abili-
 Research 325 (2017) 90–104 97

ties become compromised and symptoms associated with autism
spectrum disorder (ASD) are more likely to appear [250–252].

A challenge in testing this hypothesis is that, although ASD is an
early-onset neurodevelopmental disorder, to date, confirmed diag-
noses can only be made once children have reached, roughly, two
to three years of age, despite the fact that some behavioural traits
that culminate in ASD symptoms are evident in the first year of
life [253]. Therefore, particular interest has recently been devoted
to the study of social attention impairments in infants who have
older siblings with a confirmed diagnosis of ASD. These subjects
are considered at high-risk for developing ASD because as a group,
1 out of 5 will go on to be diagnosed with ASD [254,255]. In contrast,
for ‘low-risk’ infants who  have older siblings that have developed
in a typical manner (and have never been diagnosed with ASD), the
likelihood that they will develop ASD is much lower compared to
the high-risk group.

Interestingly, the overall picture that emerges from studies that
use the low- and high-risk group distinction is not conclusive. Some
studies report early social attention impairments in infants at high
risk for ASD [256–258]. For example, 6-month-old high-risk infants
when presented with talking faces showed reduced visual attention
to facial features [258] compared to low-risk infants. In another
study with infants of the same age, compared to low-risk infants,
the high-risk group exhibited diminished visual attention to a social
scene. Even when high-risk infants were paying attention to the
scene, they looked less at the actress in general, and at her face
in particular [256]. Further, significant differences in the atten-
tion engagement to social stimuli during a habituation task were
observed between infants who  did and did not receive ASD diagno-
sis by 24 months [257]. Specifically, at 6 months of age, infants who
later met  the criteria for ASD had shorter looking times than other
infants, suggesting impairments in sustained attention and a delay
in when they start paying more attention to faces over objects, sug-
gesting delayed engagement of “sensitization” to social stimuli. Of
note, these differences were less apparent at 12 months, in line with
other studies that demonstrated that some deficits in basic aspects
of development present early in life appear to resolve during later
stages [259,260].

In contrast, other studies have failed to find social orienting
impairments early in life in infants at high risk for autism. For
instance, one study reported that both 7- and 14-month-old infants
from high- and at low-risk groups showed typical patterns of ori-
enting to a target face when it was presented among other objects
that were intended to function as distractors [261]. Another study
showed that at 2 months of age, there was no difference between
high- and low-risk groups in time spent looking at eyes. However,
over time, a difference in looking at the eyes of others emerges
between 2 and 6 months of age: infants later diagnosed with ASD
showed a decrease in looking at the eyes of others whereas typi-
cally developing infants showed an increase in looking at the eyes of
others during this period [262]. The authors interpreted these data
as evidence that infants at high and low risk for ASD share the same
social predisposition to attend to social stimuli at 2 months of age,
and accordingly, the early-emerging orienting mechanisms must
be “intact” in infants of this age even if they will later be diagnosed
with ASD. However, it is important to note that 2-month-old babies
have already had plenty of visual experience with social stimuli,
which may  allow for learning related compensatory mechanisms to
occur and, further, that at that age developing cortical areas already
influence responses to social stimuli [3,7]. For this reason, data col-
lected from newborns is key for testing hypotheses about the state
of social orienting mechanisms at a developmental stage when very

little (i.e. from a few hours to a few days) opportunity for visual
experience has been present.

In a recent report, Di Giorgio et al. [4] found that the pre-
dispositions to attend to and prefer social stimuli and biological
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Fig. 5. Pairs of visual stimuli used to test newborn babies at low- and high-risk for ASD. Each baby was presented with all the four pairs, in random order: a) schematic face-like
and  non-face-like stimuli; b) face pictures with direct and averted gaze; c) representative frame of the animation sequence for PLDs of semi-rigid biological motion and
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igid  motion d) for semi-rigid biological motion and random motion. Significant diff
etween the predisposed and non-predisposed stimuli of the pairs a) and d).

otion differed between newborns at high- and at low-risk for ASD.
isual preferences, already employed with typically-developing
ewborns, towards face-like stimuli [7,263], images of real faces
isplaying direct eye-gaze [264], and biological motion stimuli
8,70] were investigated in high- and low-risk newborns. The pre-
iction was that if some impairment in one of the early-emerging
echanisms for social visual orienting is present from birth in

nfants at high-risk for ASD, then their visual preferences for social
ace stimuli and biological motion should be absent or reversed
nd consistently lower compared to the low-risk group. Results
howed that visual predispositions to attend to social stimuli, such
s upright face-like patterns (compared to inverted ones) and bio-
ogical motion (compared to the random motion pattern), differ
etween high-risk and low-risk newborns (Fig. 5). Specifically, it
as been observed that high-risk newborns, compared to low-risk
nes, were more interested in paying attention to the inverted
ace-like pattern and the random motion stimulus. This is the first
vidence that impairments in the orienting mechanisms respon-
ible for biasing newborns’ visual attention to social stimuli, in
his case the mechanism mediating orientation toward face-like
onfigurations and the mechanism mediating orientation toward
iological motion, are present very early in life in newborns at
igh-risk for autism. We  are hopeful that with continued work and
rogress in this line of research we will be able to develop a stan-
ard setup and screening protocol that is simple to use and could be

mplemented by clinicians, allowing for a widespread application
f early screening for ASD.

To conclude, since some of the key behavioural traits that char-
cterise ASD, which is an early-onset neurodevelopmental disorder
efined by core deficits in social cognition and communication,
re severe impairments in the perception and processing of social
timuli, there is growing interest in the study of ASD as a model
yndrome to investigate the ontogenesis of the social brain [265].

ithin the interactive specialization framework (see [266–268]),
t is plausible to hypothesise that, as a developmental disorder,
SD likely emerges from a complex interaction between initial

enetic vulnerabilities and the infant’s environment (interestingly,
ifferences in the approach response towards predisposed stim-
li has been found by investigating genetically distinct breeds of
omestic fowl, which suggests there may  be a genetic basis to
es in visual attention between the two  risk groups were evident for the comparison

this behaviour [32]). This alters the development of brain struc-
ture and function, compromising the infant’s ability to learn from
its social world [267]. Early impairments in some of the social ori-
enting mechanisms prevent newborns from paying attention to
the relevant social stimuli, changing their experience of the social
environment and, as a consequence, restricting its social learning
opportunities [269]. Of note, this is in line with a vast literature
on human early sensitive periods related to social exposure (i.e.,
stress, maltreatment, abuse, etc.) and its consequences on neural
and cognitive/affective development [270,271]. For instance, chil-
dren reared in institutions show diminished intellectual (mental
retardation) and affective performance (i.e., facial expression pro-
cessing), as well as reduced metabolic activity in both the temporal
and frontal cortical areas [272], compared to children reared in
foster care or in their families of origin [273].

6. Conclusion remarks

Here we have reviewed, in parallel for human newborns and
naïve precocial chicks, behavioural evidence of predispositions
for various static and dynamic features typical of animate crea-
tures (e.g. [7,12,13,16,88]). We  have also considered the neural and
physiological mechanisms underlying the expression of social pre-
dispositions, with particular attention to the data made available by
research in animal models, suggesting a set of candidate areas and
hormonal mechanisms that might be involved. We  argue that the
response properties of candidate subcortical structures, potentially
involved in social preferences, are such to indeed enable recogni-
tion of predisposed stimuli (see also [1]). Moreover, the available
evidence indicates that the candidate subcortical structures may
also be sufficient to elicit the behavioural responses required for
the expression of predispositions. We  also highlight a partial over-
lap between some of the traditional candidate areas suggested
for predispositions and the so-called social behaviour network,
comprising interconnected areas, rich in sex steroid receptors and
controlling multiple forms of social behaviour in adult animals

[192]. By reviewing some of our most recent evidence, we  sug-
gest an involvement of one of the network’s nodes in naïve chicks’
responses to animate, biological motion. Moreover, we  suggest that
the distribution of androgen receptors in the brain of newly hatched
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hicks might reveal areas that are functionally associated with the
evelopment of predispositions. Finally, we have explored the role
f predispositions in the typical and atypical development of sub-
equent, more sophisticated, mechanisms of social cognition in our
pecies, by comparing social attention in babies at high- and low-
isk for autism spectrum disorders (ASD) [4].

Some general points emerge from all these diverse approaches.
irst of all, there is a remarkable consistency between the per-
eptual cues attended to by newborn babies and naïve nidifugal
hicks, confirming on the one hand that these are appropriate mod-
ls for the investigation of social predispositions in the human
pecies, and suggesting on the other hand that the attentional
iases observed in babies are unlikely to result from very rapid
ost-natal learning. Moreover, in both models there seems to be
n analogous dissociation between early detection mechanisms
or orienting towards the most basic properties that characterise
nimate creatures, and subsequent learning mechanisms for finer
rocessing of social stimuli. The early detection mechanisms seem
o be tuned very broadly to the recognition of few fundamental
erceptual templates of animacy. Finer distinctions, for exam-
le between the motion or appearance of conspecifics and other
pecies, as well as individual recognition of social companions,
epend on subsequent learning (see Sections 1 and 2). This dissoci-
tion is also apparent in the division between the neural substrates
f predispositions, which are hypothesised to be mostly subcor-
ical (subpallial), and the neural mechanisms of learned social
ehaviours (e.g., individual recognition of the familiar imprinting
bject), in which cortical (pallial) regions have an important role
e.g., [190], Section 3). Suggestive dissociations are also apparent
hen considering the hormonal correlates of predisposed prefer-

nces and filial imprinting learning in chicks (e.g., [244], Section 4).
owever, there is a crucial interplay between the action of the early
redispositions and the subsequent development of social learn-

ng mechanisms. This is clearly apparent in animal models, where
e find recurrent demonstrations of a facilitation for imprinting

n predisposed stimuli (e.g., [13,66]). This supports the view that
ne of the adaptive functions of the early biases for predisposed
timuli may  be to direct subsequent learning mechanisms towards
ppropriate objects (Sections 1 and 2). This interaction between
he two sets of mechanisms is also reflected at the neuroanatom-
cal level, as revealed by our recent evidence that activity in an
rea responsible for imprinting learning is modulated by expo-
ure to predisposed versus non predisposed stimuli ([31], Section
). The evidence of anomalies in visual attention for predisposed
ocial stimuli in babies at high risk of ASD ([4], Section 5) further
upports and confirms this hypothesis, indicating that social pre-
ispositions in human newborns might be instrumental for the
ypical functional and neural specialisation of cortical circuitry
pecifically devoted to the perception and processing of social stim-
li.
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