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Preface

Rachele Malavasi

SEE, School of Ethical Equitation and Study Center for Natural Horse Management,  
Localitá La Praduscella, 54013 Moncigoli di Fivizzano (MS)

In the last forty years, the interest towards the mental skills of non-human animals (from now on, 
animals), their cognitive abilities and, more broadly, their behavior, has grown. The Cultural 
Revolution began during the 70s, born from the tail of behaviorism and flourishing in the new 
cognitivist paradigm of Piaget and colleagues. Already in 1872, Charles Darwin had granted 
animals the ability to feel and express emotions in his book “The Expression of the Emotions in 
Man and Animals”; yet, it was only in 1971 that psychology made its debut into ethology, when 
Mason revealed the mental component of stress (Mason 1971). By addressing specifically 
research on monkeys, Mason proposed the psychological apparatus as the main activator of the 
pituitary-adrenal cortex axis, refusing the widespread idea that stress was triggered mostly by 
physiological reactions. According to his hypothesis, the mental representation of the stressful 
event would be more stressful than the event itself. 

It was a breakthrough. Although Pavlov, Skinner, Thorndike and other behaviorists had already 
tested animals for their mental abilities (in particular, learning skills), they did it from a 
perspective that clearly avoided considering the investigation of mind. Their studies of 
associative learning suggested that simple mechanisms such as the direct association between a 
conditioned stimulus and an action could explain most of the apparently complex behaviors, 
excluding mentalist explanations. Konrad Lorenz, one of the fathers of ethology, similarly 
described behavior patterns as “organs” evolved to fulfil specific functions (Lorenz 1974).

In this framework, Mason’s hypothesis that animals were able to form mental representations of 
reality was the first step into the study of animals’ mental states. From there on, research into the 
mental skills of animals multiplied, covering a broad range of topics from short-term memory to 
individual recognition, social learning, and intentional communication. Because of this, and 
thanks to the growing demand of attention towards animal rights from activists and the broad 
public, findings are now integrated into European politics and local rules. The year 1977 marked 
a milestone in animals’ rights: the EU included a Protocol in the Treaty of Amsterdam declaring 
animals as 'sentient beings'; this was intended to introduce legal obligations for animal welfare. 
A sentient animal is motivated by the need to feel good and avoid pain (Webster 2005).

Now that we can rightfully use the expressions “feeling good” and “suffering” as related to 
animals, to what extent are we going to use them? Which animal species may be granted the 
ability to feel good and pain? In identifying animals that may be granted the ability to feel good 
and pain, most readers from the general public would point to non-human primates, because of 
their genetic closeness to humans, while others might choose elephants due to their ability to 
recognize themselves in a mirror. Many will agree on granting dogs the ability to feel pleasure 



and affection because, among other reasons, they are so plain in expressing their feelings to the 
point of establishing an attachment bond with the owner (see Chapter Six). Similarly, cats lived 
in our houses for millennia and even evolved the ability to elaborate their vocalization by 
including the vocal elements of baby’s cries that solicit human females to provide the desired 
treats (see Chapter Three).

Yet, in our city, block, building, or even in our apartment live many other visible (and invisible) 
species with incredible cognitive skills, single individuals that are motivated by the need to feel 
good and avoid pain as well. To “avoid pain” may be for example translated as “to avoid thirst or 
hunger.” So, fruit flies travel over 15 kilometers to find a water spot, and from taking-off to 
navigation and landing, sophisticate sensory-motor and cognitive abilities are needed (see 
Chapter Seven). 

To “feel good” includes being able to express species-specific skills. Horses can travel up to 
30km/day, and the functionality of their digestive system works at best in motion; they can 
recognize conspecifics and live in complex fission-fusion societies. Even so, many owners keep 
horses in “boxes” where their movements are deeply limited and their social life is reduced to a 
minimum (see Chapter Two). Similarly, iguanas, which may be present in domestic contexts as 
exotic pets, have a social life that includes peculiar forms of greeting, such as body and chin 
rubbing, tail wagging, head bobs, mutual tongue licking, and allogrooming (see Chapter Five). 
Keeping iguanas in isolation excludes the possibility for them to perform these displays and 
engage in affiliative interactions with peers.

Other animals scarcely considered for their intellectual skills, yet often present on our plates, are 
chickens. To “avoid pain” also means to “have access to cures.” When given the opportunity, 
chickens prefer to feed on food integrated with painkillers: this act of self-medication suggests 
that chickens do perceive their pain and act to alleviate it (see Chapter One). 

Even fish, for which the ability to perceive pain is still debated, should have the right to “feel 
good” in terms of “feeling safe”: some fish species engage in cooperative behaviors where they 
swim together toward a potential predator to inspect its degree of dangerousness (see Chapter 
Four). Safety is in numbers!

The aim of this volume is to promote, through knowledge, the welfare of some of the species that 
live closest to humans: pets (here, in particular dogs, cats, and reptiles kept as exotic pets), 
animals exploited for their meat (chickens, fish), engaged in work or recreational activities with 
humans (horses), or living in our houses unknown to the tenants (fruit flies). Precisely for this 
reason, we choose to use a simple and accessible language: this volume may not only be of 
interest to academics but also to the broad public and associations for animal rights or 
safeguarding animal welfare. They would find in this volume an objective and accurate guide 
towards a deeper understanding of these species.

We provide here an overview of the cognitive skills and their ontogeny of dogs, cats, fish, 
chickens, horses, fruit flies, and reptiles, without demanding completeness but rather focusing on 
some peculiar skills or aspects of each one. All contributions included in this volume come from 
Italian researchers in support of the cultural excellence of this country.

BACK TO THE INDEX
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Chapter One

Rara Avis (Among The Others): The Intellectual Abilities Of 
The Domestic Chicken

Cinzia Chiandetti

University of Trieste, Department of Life Sciences
Psychology Unit "Gaetano Kanizsa", via L. Giorgieri 5, I-34127 Trieste, Italy

In the past, birds have long been mistreated by Neurosciences and Cognitive Sciences because 
they were thought to be only capable of instinctual responses. Yet, they are nowadays in the 
spotlight of comparative investigation, because accumulating behavioural observations testify 
that, both in laboratory and in natural environments, avian species possess abilities typical of 
superlatively intelligent creatures. 

Birds are evolutionarily distant from human beings and different in several respects, but they still 
have intellectual capacities comparable to ours. Among the numerous species of birds, chickens 
have a poor reputation. They are usually referred to as “bird brains,” meaning annoyingly stupid 
creatures; however, this chapter will review their astonishing social and cognitive abilities, which 
make them able to navigate and reason about their surroundings. Hens, roosters, and their chicks 
will appear in a new light. It will be unveiled that chickens are a real example of rara avis. 
Among all the other bird species. 

No bird brain

For a long time, birds’ behavior has been thought to be entirely guided by unlearned 
stereotypical responses. Although this view dominated even the academic scenario until recently, 
we know now that it is completely wrong. Two main reasons account for its persistence. The first 
reason is that, from the anatomical point of view, the brain of a bird is markedly different from 
that of a mammal. At the beginning of the past century, anatomists started applying innovative 
techniques in the coloration of nerve cells, even to birds’ brains (first devised by Nissl and 
Golgi).They found that birds lack a neocortex, which was believed to be essential for a high and 
flexible behavioral repertoire (Elliot-Smith 1901). Birds’ brain is composed of nuclei forming 
basal ganglia, which in mammals are responsible for instinctual behaviors and endocrine 
regulation. Such neural architecture led scientists to conclude that birds are incapable of 
sophisticated behaviour. This interpretation suffered from a resilient tendency to classify 
organisms, from the simplest to the most complex, which is the second reason explaining the 
prejudices on birds’ cognitive abilities. We intuitively arrange organisms on a linear ladder 
(Figure 1.1, leftmost) of increased complexity for both anatomy (from simple worms to complex 



monkeys) and intellectual capabilities (from the automatic reflexes of insects to the empathy 
shown by dogs). The ladder is traditionally rooted in the idea of the Scala Naturae, or the Great 
Chain of Being. By combining the concept of evolution and the ladder, as first proposed by the 
father of comparative neuroanatomy Edinger (1855-1918), evolution would have “progressed” 
from simple avian brains made by nuclei regulating instinctual responses, to brains of “more 
evolved” organisms such as monkeys and humans. By placing the cortex (a very refined 
structure) side by side to the nuclei, evolution would have “culminated” in the human cerebrum, 
which allows higher and more flexible behaviors than those shown by birds.

Such an idea has been gradually abandoned in favour of the correct interpretation of Darwin’s 
Tree of Life (Figure 1-1, rightmost). Evolution has shaped species-specific mechanisms, 
developed to deal with specific prob¬lems, for instance, the verbal language in our species or 
enhanced spatial skills in food-hoarding birds. But evolution has also shaped general-purpose 
mechanisms, developed to solve problems that pertain to all ecological niches and are common 
to all species, for instance, associative learning mechanisms, whose signature is physiologically 
identical in all organisms. A recent central tenet in Cognitive Sciences is that a set of basic 
mechanisms exists that is shared by all species and independent from experience that serves to 
deal with common physical, social, spatial, and numerical problems (Spelke and Kinzler 2007; 
Vallortigara 2012). Further skills would be built on these core foundations and would develop 
later on during ontogeny. Indeed, mental pro¬cesses underwent the same pressure that moulded 
throughout phylogenetic history all other anatomical characteristics, natural selection. Within 
this perspective, each species shows intelligent behaviours with respect to its own ability to adapt 
to specific ecological pressures, and some of these behaviours are comparable even in 
phylogenetically distant organisms. 

Nevertheless, we are still reluctant to believe that all living species are equally evolved, and birds 
are an example of this mental attitude, as they have long been classified as intellectually inferior 
to mammals. Such permeating view affected the way scientists looked at avian models so that, 
for most of the past century, studies on avian behaviour have been limited almost exclusively to 
pigeons (Columba livia) and devoted to understanding their allegedly marginal learning abilities 
(e.g., Skinner 1948). The results were not interpreted in terms of mental abilities; rather, they 
included exclusively mechanical stimulus-response associations, i.e., pigeons could learn to 
respond to a certain stimulus to obtain the food reinforcement, without a mental representation of 
the causal relation between their response and obtainment of food (Skinner 1948). 

However, during the same historical time window, European ethologists Konrad Lorenz and 
Niko Tinbergen (later acknowledged with a Nobel Prize for Physiology or Medicine together 
with von Frisch in 1973) started to witness remarkably complex attachment responses, 
hierarchies’ formation, and cognitive reasoning in “humble” barnyard animals as greylag geese 
(Anser anser). They initiated a process that, in the past 50 years, thanks to rigorous scientific 
analyses made in the laboratory and in the field, reframed completely the evolutionary 
framework including the thousands of living avian species. Anatomists accepted that differently 
organized brains can solve similar problems (for a review: Shimizu 2009), and birds earned a 
relevant role within the Cognitive Sciences domain, subverting their presumed cognitive 
inferiority to mammals to the point of being compared to “feathered primates” (Emery 2006). 
Despite the difference in telen¬cephalic organisation, both avian and mammalian species have 
developed a high-level forebrain structure to support complex behaviour. 



Birds are now animal models for complex mental abilities, for instance, comprehension of how 
things work (Kea (Nestor notabilis): Huber and Gajdon 2006), planning for the future (western 
scrub jay (Aphelocoma californica): Raby et al. 2007), vocal learning (African grey parrot 
(Psittacus erithacus): Pepperberg 2010; zebra finch (Taeniopygia guttata): Tchernichovski and 
Marcus 2014), use of optical illusions (Great Bowerbird (Ptilonorhynchus nuchalis): Kelley and 
Endler 2012), self-awareness in mirror test (magpie (Pica pica): Prior et al. 2008), self-control 
(Goffin’s cockatoo (Cacatua goffini): Auersperg et al. 2013) and analogical reasoning (crow 
(Corvus corone): Smirnova et al. 2015).

They are cocky, never chicken out

The chicken (Gallus gallus domesticus), the central focus of this chapter, is a peculiar kind of 
bird because it neither flies (except for reaching fences of branches) nor sings. It is raised for the 
production of eggs and meat, and this makes the broad public consider it merely as a factory 
farming animal. Most people would probably ignore that galliformes (as chickens, turkeys, 
quails, pheasants, etc.) have a very complex social life and they entertain in sophisticated social 
behaviors.

Single members alert to an approaching predator to defend conspecifics, putting their life at risk 
for the benefit of the group. They can even selectively inform whether the danger is travelling 
via land or via sky, allowing conspecifics to adopt the best defence strategy. If one finds food, it 
can signal its presence to conspecifics or it can choose to remain silent (Mench and Keeling 
2001; Nicol 2004): if the rooster is alone with the food, calls are almost absent; if another male 
individual is in the surroundings, calls are more frequent (though sometimes are just alarm calls); 
instead, when in the presence of a female, food-specific calls are sensibly higher in number. 
These calls are meant to attract the female toward the food source, so that females may feed 
safely close to males, and males will take advantage of the females’ proximity to mate.

Calls are also modulated on the basis of food quality. A reduced number of calls at low 
frequencies indicates a kind of food not extremely tasty, thus decreasing the chances that a 
female would approach the food and hence the male. One could wonder whether roosters are 
earnest in signalling the quality of the food they find and whether they honestly inform females. 
An ingenious study by Marler and collaborators (1986) demonstrated that roosters are artful 
deceivers instead. When the food is not savoury, males emit 50% more calls when they see an 
unfamiliar female than a familiar one, demonstrating that they intend to inform (or better, to 
cheat!) the audience to a precise aim. Males compromise their reputation apparently only, 
because there are minimum costs associated with the adoption of this strategy with unfamiliar 
hens. Unfamiliar hens will not necessarily be again in contact with them in the future, whereas 
familiar hens are encountered on a regular basis and deceiving them comes with an extreme cost.

They brood, henpeck, and crow

Chicks learn spontaneously to discriminate what is edible from what is not during the first days 
immediately after hatching. However, mother hens can signal to their baby chicks the proper 
source of food by using a distinct call, hence speeding up the chicks’ process of learning and 
reducing the risk that the chicks may ingest potentially dangerous elements. In an elegant 
experiment (Nicol and Pope 1996), mother hens were allowed to observe two distinct groups of 



chicks. One group had access to food of a colour that mother hens had previously learned to 
associate with palatable food; whilst the other group pecked at the food of a colour associated by 
mother hens with an unpalatable taste. Hence, chicks of this second group were making a 
mistake in the mother hens’ perspective. The behaviour displayed by the mother hens turned out 
to be strikingly different between the two groups: when seeing chicks eating the not edible food, 
the mother hens responded by emitting calls at a higher intensity, by increasing the number of 
pecks on the ground and the ground scratching activity. These behaviors were very likely 
displayed to encourage baby chicks to modify their behavior and hence avoid the risk to ingest 
noxious food. 

Sensitivity to chicks’ errors is one of the criteria defining teaching. When teaching, no 
immediate advantage follows for the teacher who usually has to modify its own actions in order 
to facilitate learning in the naïve observers, by keeping online track of their responses (Caro and 
Hauser 1992). Teaching is rarely conclusively observed in non-human species: cautious scrutiny 
reveals that apparent teaching events, instead of satisfying all these features, are characterised by 
the young learning through individual trials and errors after observing the adults, who do not 
adjust their own behaviour depending on pupils’ necessity. Conversely, hens make a display 
directed at the chicks (for instance, they peck at grains without eating, but releasing them on the 
ground so that, by falling, they attract chicks’ attention) and seem susceptible to chicks’ actions 
because they change their display accordingly. By examples and redirection, mother hens thus 
guide baby chicks in their first steps in the world.

Later on in life, chicks will need to fight to get access to food resources. A strict dominance 
hierarchy applies to food access: higher individuals dominate subordinate ones and can approach 
food first. Direct fighting between two individuals is the means through which hens and roosters 
determine the pecking order (Rushen 1982). Chickens can individually recognize group 
members, draw up the list and ascertain the rank of each one; by means of transitive inference, 
they can avoid a direct encounter with a dominant individual they have never directly fought 
with (Daisley et al. 2010). Transitive inference develops in children at around 5 years of age, and 
it allows the application of two mental processes to a single problem at the same time (Andrews 
and Halford 2002). Consider we have to order three girls depending on their height, Charlotte, 
who is taller than Ashely and Ashely, who is taller than Emily. We have to consider that Ashely 
is at the same time shorter than Charlotte and taller than Emily. This two-processes reasoning 
will lead to a conclusion that Charlotte is also taller than Emily. Thanks to this very same ability, 
chickens can infer, by the sole observation of fight encounters between other members, which is 
the rank of the individual they are facing and hence whether it is better to safely wait for their 
turn at the…table. The same linear hierarchy is also reflected in the order that roosters follow to 
announce the break of the dawn (Shimmura et al. 2015), so that the lower ranking rooster always 
waits for the higher-ranking one to crow the “cock-a-doodle-do,” despite that each rooster is 
potentially able to initiate the crow at the new dawn.

Pecks to establish the pecking order are directed toward the head region (Kjaer 2000). This is not 
by chance, rather because the head and facial features allow to discriminate the exact identity of 
the fighting opponent and to recognise it in novel situations. As soon as the chick hatches, it 
immediately recognizes the head region (Johnson and Horn 1988) and pays attention to faces 
even when they are presented in the form of schematic face-like layouts. A few hours after 
drying, once it comes out of the egg, the baby chick clearly displays a preference for layouts with 
3 dark blobs organised in a triangular shape and resembling our emoticons, where the two darker 



shadows in the upper part signal the eyes and the one on the bottom corresponds to the 
mouth/beak (Rosa Salva et al. 2010). Identical schematic face-like layouts are chosen by our 
newborns when they are only 24 to 120 hours old (Rosa Salva et al. 2011). This finding indicates 
that vertebrates that are distantly located on the branches of the phylogenetic tree are endowed 
with comparable predispositions.

By means of comparative studies investigating preferences in humans’ newborns and baby 
chickens, it has been possible to understand that face preference is an innate predisposition that 
emerges independently from specific and direct experience with members of their own species. 
The chick, indeed, belongs to so-called precocial species, i.e., it may walk around and explore 
the environment immediately after hatching thanks to a rapid sensory-motor development. As 
such, already at birth the chick has to have some crucial social abilities at its disposal; for this 
reason, it is likely that preferring images that represent faces layouts is a predisposed mechanism 
to address attention to relevant social stimuli. At the very beginning, the mechanism does not 
consent the discrimination between conspecific and heterospecific faces; during the 
development, on this raw schema, a second advanced mechanism will come into play, allowing 
the learning of the distinctive features of specific social partners (Johnson 1992). The features 
that will be encoded and memorised first are those of the mother hen and of all the peers (Figure 
1-2). When adult, at around 4-5 months of age, each chicken will know and remember every 
group member’s face. Comparably, adult pigeons use facial features to discriminate between 
familiar and unfamiliar humans (Stephan et al. 2012). Just like us, the more these birds have 
experience of different faces, the better they become at distinguishing them; they are aware of 
who they know, being ready to avoid dangerous interactions.

The chicks start peeping a few hours before hatching, and the mother hen responds in a dialogue-
like form by making soothing sounds. In this way, a pre-hatching bond is forming, although it is 
from the 4th day of life that the chick can distinguish its mother from the other hens on the basis 
of her personal clucks. When baby chicks cry out loud, the mother hen responds with her specific 
cluck and the baby chicks start diminishing, until extinguishing, their distress calls (Bermant 
1963). However, baby chicks need to hear the mother hen’s call to maintain this selective 
distinction with respect to the calls of the other adult hens. Apparently, a few hours of isolation 
or separation from the mother hen after the 4th day post-hatching are sufficient to compromise 
this acoustic distinction (at least in the conditions described in the study by Kent 1987). Specific 
height, frequency, and intensity may be preferable to others, because chicks hatch with a 
predisposed raw model of maternal calls (Kent 1993), in line with the mechanism responsible for 
inborn preference for face-like layouts. Moreover, baby chicks like consonant sounds (Chiandetti 
and Vallortigara 2011). These are sounds that we as human perceive as pleasant and harmonious, 
and that are preferred by our infants as well. The harmonic relation between frequencies of 
consonant sounds is typical of vocal calls, and it is not present in other natural sounds arising 
from inanimate objects (Bowling and Purves 2015). It might be that chicks (and human infants) 
like consonant sounds because they signal the presence of animate objects, hence helping in 
distinguishing organisms from inanimate objects by a raw, primitive mechanism acting like a 
“life detector” (Chiandetti 2016). Starting from this initial distinction, once grown up each 
chicken will know and remember every group’s member typical call, comparable to what 
happens in the visual domain starting with face-like stimuli. Comparably, adult carrion crows 
can differentiate familiar from unfamiliar jackdaw calls and human voices (Wascher et al. 2012).



They do not run around like chickens with heads cut off

Young domestic fowls are particularly suitable to address, experimentally, the question of 
whether primitive inborn concepts would exist, allowing organisms to live in and cope with a 
challenging environment, and to what extent they are independent of specific experiences. 
Besides being precocial species, indeed, chicks provide researchers with other uniquely co-
occurring features, such as early exposure learning (associated with filial imprinting, see the 
Box) and the possibility to exert an accurate control of their sensory experiences. For these 
characteristics, the neuroscientist Rose calls the chick the “God’s organism” (2002). Chick’s fast 
development and learning by imprinting have been fruitfully combined also to address whether 
neural mechanisms to deal with space are inbuilt in animals’ brains. 

Euclidean geometry is a formal system for characterizing shapes in accord with the distance, 
angle, and directional relationships among their parts. Young of several animal species, 
including humans, get their bearings by relying on distances, lengths and angles among surfaces 
(Spelke et al. 2010). These features are part of the so-called ‘geometric’ information used in 
combination with the left-right directional sense when reorienting in space (for reviews see 
Cheng et al. 2013; Tommasi et al. 2012). In the room exemplified in Figure 1-3, animals relocate 
the positive corner (in the figure, the one identifiable by the position of a red object, panel ii) or 
the corner located on the opposite side of the room along the same diagonal (both defined by a 
long wall on the right and a short wall on the left) even when provided with no other information 
within the room. Hence, after disorientation, animals and also chicks do not behave at random; 
rather, they recognise the metric arrangement of the walls at the two corners and choose well 
above chance the two equivalent correct positions. 

Taking advantage of chicks’ spontaneous responses to re-join the imprinting object as soon as it 
is displaced, and combining it with a working memory version of the paradigm, it has been 
possible to eliminate all previous experience in a geometrically structured environment, in order 
to evaluate immediate responses to geometry after birth. Baby chicks hatched in darkness and 
exposed to the imprinting object directly in the rectangular testing environment, first observed 
the object moving in a particular corner (Figure 1-3, panels i-ii).They were then disoriented in 
darkness under a black cylinder, while four identical replicas of the imprinting object were 
placed at the four corners (Figure 1-3, panel iii). Chicks were finally released for a reorientation 
choice (Figure 1-3, panel iv) and showed to spontaneously recover their bearings by making use 
of distances between surfaces and directional left-right relations to reorient themselves to the 
imprinting object (Chiandetti et al. 2014).

Chicks demonstrate that they can use geometry in the absence of the experience of navigating in 
a geometrically structured environment. Data coming from studies on rodents, for instance, 
confirms that different classes of neurons, encoding different metric properties of the 
environment, are already functioning when the rat pups navigate for the first time ever (Bjerknes 
et al. 2014). Although specific cells dealing with boundaries and geometry have not yet been 
identified in the avian brain, comparable mechanisms seem to be at play across species (Mayer et 
al. 2015).

They are aware of walking on eggshells



For successful interactions to occur, objects are classified not only depending on whether they 
are animate or inanimate, but also according to other physical properties. To make an example, 
when playing hide and seek, to be effective in the choice of where to hide one has to 
simultaneously ponder the physical dimensions of both itself and the occluder. Chicks proved 
able to choose the barrier of the appropriate size for concealing a certain object behind it 
(Chiandetti and Vallortigara 2011). In the experiment, different groups of chicks were reared 
with imprinting objects of different sizes (either tall, short or stout) and then were shown their 
specific object hiding behind one or the other of two identical barriers (Figure 1-4): chicks could 
first see the imprinting object moving along a straight line towards the middle of the two 
barriers. Then, their view was blocked by an opaque partition, while the identical barriers were 
substituted in a manner that one barrier, but not the other, had the proper relative size to conceal 
the imprinting object behind it. When the chicks were released and freely went to search for the 
imprinting object, they had no doubt with respect to the adequate size of the occluder.

While chicks seem able to use height to infer where to look in occlusion events very soon after 
hatching, human infants, in comparison, appear to be able to use such information only later in 
development (i.e., around 3.5 months of age; Luo and Baillargeon 2005). Considering the 
difference in the ecology of the two species, it makes sense that chicks are ready from birth to 
look for their conspecifics: while human babies need a long time to become behaviorally 
independent from parental care, chicks are instantly mobile, and the ability of joining the mother 
and the peers is essential for their survival. 

Nevertheless, human infants as young as 2.5 months attribute specific physical properties to 
objects like permanence, solidity and impenetrability (Aguair and Baillergon 1999). By scoring 
the infants’ reaction in front of physically possible (a panel that is prevented from falling down 
horizontally because an object is behind it) and impossible events (the same panel falling 
completely horizontally after a magic disappearance of the object behind it), it has been 
demonstrated that infants look longer, because surprised, at impossible situations. With the same 
testing strategy described for reasoning about height and width, baby chicks have shown a 
comparable capacity to that of human infants. Chicks decided to look for their imprinting object 
behind a panel that presented a slant of a degree compatible with the presence of the object 
beneath it, instead of visiting other impossible occluding combinations (Chiandetti and 
Vallortigara 2011). Rooks too possess the same basic concepts (Bird and Emery 2010), but 
results with chicks are important in that they clarify that organisms do not need specific 
experience with the properties of the objects in order to adopt physical concepts to their choices. 
Preventing them touching or pecking at objects, hence avoiding any kind of experience about 
their solidity, does not compromise the performance at test, hence this confirms that basic 
intuitive reasoning is possible starting immediately from birth.

Ready to get your hackles up?

The origin of chicken domestication is highly debated. Recent analysis indicates crucial events in 
the South-East of Asia and in North-Western China (Miao et al. 2013). Chickens are pivotal in 
feeding human populations to the point that no culinary tradition lacks chicken-based recipes and 
nearly 100 million tons of meat and more than a trillion eggs are produced annually. The strict 
association between chickens and food makes it difficult to believe that domestication was 
boosted by cockfighting at the times of Ancient Persia, about 4000 BC, a practice that is still 



active in the Philippines and has been only recently banned in the U.S. The second boost to 
chicken domestication derives from religious ceremonies. People kept chickens for millennia 
idolizing them in sacred rituals in South America or in West Africa, venerating them in Egypt, 
and consulting them before combat during the Roman Empire to prophesy the outcome of the 
fighting. But the chicken meat also provided Roman people with daily meals to the point that the 
government regulated its consumption with a law in 161 BC by limiting it to one chicken per 
meal. The protein content of meat and eggs has made the domestic fowl one of the world’s most 
ubiquitous barnyard animal throughout centuries and the fortification with antibiotics and 
vitamins allowed intensive chicken breeding in modern times in factory farms. 

The effect of this more recent domestication is the production of actual industrial chickens, 
whose consequences on modern chicken evolution have also been studied thanks to genome 
mapping techniques (Hillier et al. 2004). Mutation in the TBC1D1 gene, linked to obesity in 
humans, affects the rate of growth so that nowadays factory chickens grow very fast, up to half 
the time needed by our grandfathers’ chickens (Zuidhof et al. 2014). Also, mutations in the 
TSHR gene, known to regulate metabolism and the photosensitive period for reproduction, allow 
industrial chickens to mate and lay eggs throughout the year, rather than only during the natural 
reproductive seasons (Rubin et al. 2010). There are secured commercial and hence economical 
high-profit advantages related to these modifications, but what about the negative effects of such 
intensive breeding on chickens? The cruelty of modern chicken farming has been extensively 
described (for a review see Duncan 2001). The fast rate of growth condemn chickens to a 
comparably rapid end because soon during development their heavy breast cannot be adequately 
supported by their legs and joints. This sentences them to an unbearable aching condition for the 
rest of their life which, anyway, won’t last long: in industrial farming, the “slaughter weight” 
comes after just 6-7 weeks of age, against the natural life span of 10 to 15 years. A study found 
that, when given the possibility to feed with normal food or food that was integrated with 
painkillers, chickens preferred the drugged feed and authors have speculated that it acted as self-
medication (Danbury et al. 2000), demonstrating that chickens do perceive pain and act to 
alleviate it.

Another experimental study investigated specifically the neurobiological effects of intensive 
breeding (Patzke et al. 2009). Chickens raised in the 3 most common industrial conditions have 
been compared. The first group of chickens lived in ‘battery cages’: 5 birds were reared each in a 
cage with nearly 500cm2 of space where it was almost impossible to spread their wings, but with 
food and water available ad libitum. The second group of chickens lived each in larger cages of 
about 2500cm2 of space, with food and water available ad libitum and also nests and trays with 
sand for dust-bathing, used in natural conditions by the birds to get rid of parasites. The third 
group of chickens was free range: 12000 birds were free to move in a space of about 600m2 split 
in 4 areas with 3000 chickens each. Only in this last group, were the chickens also free to exit to 
a further external area of about 4 hectares. Effects of intensive breeding are measurable mainly in 
two distinct brain areas, one being the hippocampus, relevant for memory and spatial orientation. 
According to the results of the study, free range conditions furnish the animals with the 
possibility of a continuous exploration of an environment more stimulating than a regular cage 
and hence chickens show a large number of neurons in the hippocampus. The extra surface 
where birds can walk acts in the form of an enriched environment (Renner and Rosenzweig 
1987). The other area used to determine the effects of intensive farming is the caudal lateral 
nidopallium, supposed to be analogous of the human prefrontal cortex. This brain area is 
particularly affected by social deprivation and chronic stress. In free range conditions, chickens 



suffer more of inappropriate social rearing conditions and the caudal lateral nidopallium show 
some anomalies with respect to chickens raised in battery cages. If we consider what was 
previously discussed about chickens’ social life, we can easily understand that living in groups of 
3000 individuals makes the establishment of stable hierarchies impossible. Optimal composition 
of groups of fowls does not exceed 30 individuals with only one dominant male. In the free range 
condition imposed for farming, instead, each chicken encounters a number of individuals 100 
times higher, which clearly exceeds the memory span limits of individual recognition for the 
pecking order. In this rearing situation, the birds are subjected to extreme stress since they have 
to continuously re-establish their own rank within the social hierarchy. As a result, firstly vicious 
head pecking compromises the external appearance of the feathers; then, irreparable damages to 
the brain follow. Both the factory breeding in battery cages and free ranging are disgraceful for 
multiple reasons. What the systematic neurobiological study showed is that they also severely 
compromise cerebral structures. 

What we should treasure from this lesson is that taking care of the physical conditions of farmed 
chickens (by distributing antibiotics, vitamins, or keeping the animals in free range conditions) is 
not sufficient to conclude that we are paying attention to chickens’ welfare. The effects of 
different rearing procedures often combine in a way such that it is difficult to disentangle the role 
of single variables to establish the best conditions for factory farming breeding (for example see 
Tahamtani et al. 2014). Another very important aspect to consider is the ecology of the species. 
When the optimal group size for chickens is neglected, and the only factor considered is to 
provide chicks with the possibility of walking in large areas rather than keeping them crammed 
in narrow cages, we are anyway heavily affecting their well-being. This is a key warning that 
should apply indiscriminately to all conditions in which animals are moved aside from their 
proper natural environmental niche and brought into our world, for whatever purpose.

It’s time to hatch ideas

Thanks to a passionate investigation conducted by several researchers, we now know a lot about 
other animals’ cognition. Much advancement in our understanding has also been possible thanks 
to amateurs who, due to accessible and portable technological devices, documented single rare 
cases of astonishing abilities, thus allowing further rigorous experimental investigations starting 
from anecdotal reports (as described for birds in the examples reported in Box and for horses in 
the Innovative Behaviour Project). 

Chickens, animals retained to be the epitome of banality (maybe for the bizarre way they look at 
us, sideways) are instead shown able to master social, spatial and physical tasks. And even their 
apparently odd behaviour of looking by completely turning the head, and hence by looking at us 
with one eye at the time, is not just the consequence of physical constraints (i.e., laterally placed 
eyes); in fact, it is actually motivated by sophisticated brain organization. Domestic chickens are 
strongly lateralized, meaning that the two cerebral hemispheres are specialized to encode 
different aspects of the outer world. Each eye projects information principally to the contralateral 
hemisphere and, being that the eyes are placed laterally, the chicken prefers to examine you with 
the right eye/left hemisphere because that side of the brain is specialized for categorizing 
conspecifics and heterospecifics, or to distinguish food from companions. With the opposite side 
of the head, by using the left eye/right hemisphere, instead, the chicken recognizes whether the 
animal it is facing is of a higher or lower rank in its group (Rosa Salva et al. 2012). All 



organisms possess the very same hemispheric difference (Vallortigara et al. 2011). The more the 
animal is lateralized, the better it coordinates in social situations. Indeed, some theories have 
been put forward (Humphrey 1976) in support of the idea that complex cognitive functions 
would have evolved to cope with complex social life, as for instance individual recognition, 
behaviour comprehension, signalling understanding, hierarchical order monitoring, and so forth. 

Among birds, chickens are equipped with these abilities, as well as geese (Anser anser, Weiss et 
al. 2010) and several corvids (Bond et al. 2003). Chickens are, then, intellectually more 
sophisticated and similar to us than we give them credit for. We should eventually begin to look 
at and treat chickens differently, although it would be more correct to say that we should go back 
to how we considered them before the massive industrialization era. As the titles of the 
paragraphs in this chapter show, we owe much to the fowl: our language shows an inextricably 
ancient link to it. Indeed, we forgot that chickens were a model of good parenting and regarded 
as everything but unintelligent. Still, nowadays chicks are far more numerous than the 
combination of cats, dogs, pigs, cows, and rats, but we simply ignore this fact. We neglect their 
presence, especially because we do not see them. We eat them for proteins, and we take three of 
their eggs for each dose of flu vaccine. And yet most of us do not know that chickens have the 
same preferences for the human faces of our university students (Ghirlanda et al. 2002).

BACK TO THE INDEX

Front-page birds

Darwin’s finches and the Evolution Theory – or were they Darwin’s chickens?

The most common description about how Darwin formulated the Theory of Evolution describes 
his arrival at Galápagos Archipelago, the observation and collection of the finches, their 
classification and the theorization of the "descent with modification." A deeper analysis of his 
papers shows that the story was different , but still the finches remain a microcosmic and 
efficacious instance of the natural selection mechanism. On the basis of finches’ beak 
morphology, 13 different species have been classified, all deriving from the same original 
population and presenting a peculiar adaptation of the beak to different foraging habits. Chickens 
have been everything but ignored by Darwin, whose chapter on domestication in his On the 
Origin of Species was inspired by several studies on chickens’ morphology and impressive 
colour variation across breeds.

Martina and the description of imprinting

In his studies, Lorenz hatched some eggs of geese (Anser anser) and found that baby geese 
started following him, exactly as they would have done with their natural mother, as soon as he 



showed himself to the babies and moved away emitting the typical species-specific call. Martina, 
a goose who created a special bond with Lorenz, followed him everywhere and called to him to 
attract his attention, has been lovingly described in this set of behaviors defining imprinting . 
This is a type of learning by which a young animal learns the features of the first object it is 
exposed to. Technically, the first object does not necessarily need to be an animated one (some 
of Lorenz’s geese were imprinted on his boots). The consequence of this learning is that the 
young animal is highly motivated to follow the object.

G.I. Joe and homing

On October 18th, 1943, the village of Calvi Risorta, in Italy, was intended to be bombed by the 
Allies. The British troops, on the same day, were just arrived in Calvi. G.I. Joe, a homing pigeon 
serving the US Army, was quickly delivered and, thanks to its effectual orientation ability typical 
of all homing pigeons, had flown a long distance in few minutes and arrived just in time to 
deliver the message to the Allies, thus preventing the planes taking off for the bombing. 
Thousands of lives (Italian and British) were saved .

Chickens embryo and the nerve growth promoting factor

The discovery of the first Nerve Growth Factor (NGF) by Rita Levi-Montalcini, later 
acknowledged with a Nobel Prize in Physiology or Medicine in 1986, depended on her 
pioneering studies investigating mouse tumoral tissue transplants in chicks’ embryos and 
showing comparable effects as intra-embryonic transplants .

Canaries and neurogenesis definition

The neuroscientific dogma holding that new neurons could not be produced in adulthood hence, 
could not be replaced after injuries, has been challenged in the 80s . Studying the neurobiology 
of vocal learning in songbirds, Nottebohm discovered that new neurons were continually 
produced in adulthood: canaries learn new songs every year and neurons are generated to replace 
older cells. Also, the replacement of the new neurons varied as a function of their use, showing a 
novel form of plasticity. This finding led to the formulation of the concept of neurogenesis that 
nowadays extends to all vertebrates, with massive therapeutic effects for humans.

Alex and the potential verbal and cognitive abilities

The African Grey Parrot (Psittacus erithacus) Alex, raised by Irene Pepperberg since the 
beginning of her doctoral studies, learned to make verbal requests and to give answers about 
differences between objects (discriminating them on the basis of categories like colour, shape, 
size, material). Alex’s ability paved the way for the investigations of sophisticated higher level 
learning possibilities – not just associative – in a non-human species. Pepperberg describes Alex, 
on his last evening in 2007, saying to her his usual goodnight “You be good. I love you. Will you 
be here tomorrow?” .

Betty and tool use

New Caledonian crows make spontaneous use of tools in natural environments and can 
manufacture them from large leaves, starting from the narrow tip and cutting in up to the wider 
end, ripping it back to remove the tool from the leaf. Such tools are used to extract insects from 
trunk cavities. Betty, in the lab, wedged one end of a straight wire bending it with her beak into a 
hook-shaped tool to successfully retrieve some meat placed in a small bucket at the bottom of a 
transparent jar . New Caledonian crows use many different tool types, make their own tools, and 



select tools according to each task, like chimpanzees. Their understanding of physical aspects of 
the interaction between objects is extraordinary and nowadays is well documented.

Figaro and emulation

The Tanimbar corella or Goffin’s cockatoo (Cacatua goffini) does not use tools in natural 
environments. However, in captivity, Figaro the cockatoo showed spontaneous ability to learn 
how to make small sticks in order to pull nuts that were placed out of reach. Furthermore, a 
group of cockatoos that watched Figaro creating and using the tool proved to be quicker than 
others in creating proficient tools and use them to retrieve the nuts. Amazingly, these individuals 
went beyond Figaro’s technique and personally adjusted the steps needed to develop and use the 
tool. This process can be deemed as emulation rather than true imitation since it was creatively 
stimulated by social interaction .

Snowball and rhythmical synchronisation

A YouTube video clip featuring Snowball, a cockatoo (Cacatua galerita eleonora) head bopping 
and shaking its legs following the rhythm of a famous Backstreet Boys’ song, was brought to the 
attention of some researchers. Thanks to a rigorous mathematical analysis of its movements, 
researchers showed that all that wiggling was synchronous with the song beat. Even when the 
beats per minute are increased, Snowball still is able to adjust its movements consequently, in 
order to move in perfect rhythmical synchronisation , similarly to what happens in several other 
species.

The Birds by Alfred Hitchcock and a neurotoxin

For his famous 1963 thriller, The Birds, Hitchcock was inspired by a poisoning event with which 
he assisted by chance, and that only recently has been explained by marine biologists. In the 
summer of 1961, thousands of seabirds pelted down onto the houses in Monterey Bay, in 
California. This was later explained by the presence of toxins such as the domoic acid that was 
retrieved in fish eaten by the birds. The toxin can reach the central nervous system provoking 
symptoms like confusion, disorientation and seizures to the point of pelting and dying . 

BACK TO THE INDEX
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Chapter Two

Horses In The Mirror

Pia Lucidi

Laboratory of Animal Cognition and Welfare, University of Teramo, Via Renato Balzarini  
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The study of animal cognition can no longer ignore the close relation between mind, body and 
social context, without sounding anachronistic. This assumption is particularly true when 
considering horses’ cognitive abilities. Despite their nature – as social and lazily dynamic 
animals – domestic horses are often forced to live at the limit of their mental and physical needs 
from an early age. The pet-like status imposes on horses extreme living conditions, where the 
cognitive-emotional side of their equine essence remains overlooked, and their body is 
compelled to endure heavy stress. Despite the many investigations over the past years, we still 
cannot predict many factors influencing horse welfare and cognition in domestic settings. In 
particular, we are not yet able to protect these animals from the various issues that can 
undermine their psychological/health balance and also affect their athletic performance. 

This chapter aims at providing readers (and riders) with the tools to manage horses respectfully, 
both in terms of their physical (first section) and their mental well-being (second section). 
However, we will consider here only some skills of horses that may be relevant in the context of 
equitation, without claiming to have written a review of horse cognition to date. This chapter 
talks directly to people working with horses and in horse facilities, and it aims at providing them 
with extra scientific knowledge of the perceptual world of these animals thus developing higher 
levels of competency in horses’ management.

Healthy minds in healthy bodies 

The legal status of horses is not clear. The EU considers horses “food-producing” animals, but in 
local legislations they are often managed as “agricultural” (working) or otherwise “recreational” 
animals. Most owners, however, would consider horses as their pet. Such confusion makes the 
safeguarding of horse welfare extremely difficult to legislate. Nonetheless, even when raised as 
pets (though unlike other pets), it seems somehow that horses need to earn a place next to their 
human partner to actually deserve this rank. Differently from what people expect from other 
companion animals, in fact, the involvement of horses in human lives comes at a price. 

Apart from a few fortunate exceptions, today most sport and leisure horses live in a condition of 
modern slavery, under the looming spectre of insanity. The latter may seem a risky comparison, 
but it is not. The condition of stabled horses brings to mind some psychiatric asylum of the past; 



those places, supposed to help patients regain their health, were too often responsible for 
preventing their recovery. In 1964, Basaglia described the physical and social neglect suffered in 
psychiatric asylums as “able to drive to mental illness even healthy individuals.” Unfortunately, 
the living conditions we offer horses often mirror those out-of-date psychiatric institutions, and 
consequently, the emergence of “behavioral problems” is quite common within the equestrian 
setting. The link among traditional management, impaired welfare, and behavioral problems in 
horses is supported by an increasing number of scientific publications addressing horses’ 
depression, learned helplessness, stereotypies, compulsive behaviors, and aggression toward 
humans (Luescher et al. 1998, McBride and Hemmings 2005, Cooper and McGreevy 2007, 
Mason et al. 2007, Hall et al. 2008, Parker et al. 2008, Normando et al. 2011, Fureix et al. 2012, 
Price 2013, Sarrafchi and Blokhuis 2013, Hockenhull and Creighton 2015). This is not only a 
matter of ethics: adapting the domestic environment to the animal’s needs rather than to the 
requests of their owners may be the solution to behavior problems and health issues, which come 
of course with an economic impact. 

Conditions not suitable for the individual’s biological needs are causes of suffering for any 
creature and, since mind, body, and social environment are intrinsically linked together, such 
unsuitable conditions include both the physical and the psychological realm. Paying attention to 
them can make the difference between promoting either physical/mental health or physical 
detriment and mental insanity. This view is also sustained by the emerging culture of the 
embodied cognition, according to which cognitive processes are deeply grounded in the ability of 
the body to interact with its environment (Wilson 2002). The breakthrough of embodied 
cognition claims that the environment is part of the cognitive system, cognition serves for action, 
and off-line cognition (e.g. the memory of experiences) is body-based. The embodiment of 
cognition is supported by research on artificial intelligence, with the study of behavior-based 
robots, which emphasizes routines for interacting with the environment rather than internal 
representation used for abstract thoughts (Wilson 2002). Accordingly, even the astonishing 
ability of clever Hans – the horse able to count – was explained as a straightforward perceptual 
coupling to its environment rather than a cognitive explanation, i.e. an internal ability to count 
(Wilson and Golonka 2013). 

This field of research demonstrates that cognition can be influenced and biased by perceptual 
states of the body or the environment. Bearing that in mind, we firstly aim at exploring the 
horse’s body and its reasonable demands. We are going to address the cognitive abilities of 
horses later on, underlying why cognitive skills can be better expressed only when body’s 
requirements are equally met. 

Healthy bodies

Horses are large-sized, hindgut fermenter herbivores, with a quite small digestive tract. When 
offered a choice, horses behave as selective grazers, avoiding short herbage contaminated with 
soil (Naujeck et al. 2005). Horses feed mainly on stem and leaves, characterized by high fibre 
content and low content of easily digestible carbohydrates (Janis 1976). Although the equine 
gastrointestinal tract cannot digest fibre in itself, the microbiota (i.e. the population of symbiotic 
bacteria) in the caecum and colon can break their chemical bonds, thus enabling horses to absorb 
the volatile fatty acids produced from the fermentation of cellulose and to extract nutrients even 
from poor quality pastures. Such high tolerance to fibre content in the diet, coupled with a fast 



gastrointestinal transit, imposes horses to assume a great quantity of food per unit of body weight 
(Janis, 1976, Steuer et al. 2013). The equine stomach has a limited capacity of approximately 8-
15 litres (Cichorska et al. 2014), nearly as big as a rugby ball: horses evolved to chew small 
quantities of food almost uninterruptedly and adopted a nocturnal ingestive behaviour (Greening 
et al. 2013). Under free-range conditions and depending on the season, horses spend half of their 
daily time budget to up to 68-77% searching for food and selecting grass to meet their body's 
energy requirement (Boyd and Bandi 2002, Menard et al. 2002, Lamoot and Hoffman 2004, 
Souris et al. 2007, Ransom 2010, Sigurionsdottir et al. 2012). 

Therefore, the need to chew almost continuously cannot be considered a “vice” or a bad habit, as 
it often happens in equestrian settings, but rather the result of a species-specific evolutionary 
feature. Conversely, the nutritional routine of domestic horses (one to three meals per day) 
hardly complies with the animal's needs (Figure 2-1). Among other reasons, the difference 
between the domestic feeding management and the natural habit of the species lies at the origin 
of compulsive behaviours, such as oral stereotypies (Table 2-1; Cooper and McGreevy 2007, 
Nagy et al. 2008, Wickens and Heleski 2010, Sarrafchi and Blokhuis 2013).

The continuous feeding ensures a full stomach and a constant buffering by the saliva protects the 
mucosa from gastric acids. Contrarily, when horses are fed on a grain-rich diet and are deprived 
of food before exercise, the mucous membrane lining in the stomach is exposed to gastric acids 
for prolonged periods, thus causing ulcers (Buchanan and Andrews 2003, Al Jassim and 
Andrews 2009). Moreover, a concentrate-rich diet can overload the capacity of the horse’s 
stomach, and an excessive fermentation occurring in the large intestine can cause acidosis, 
metabolic syndrome, Cushing’s disease, colic, laminitis, and insulin resistance (Al Jassim and 
Andrews 2009, Cichorska et al. 2014). Finally, the arrival of food may be such an exciting event 
for stabled horses that feed times turn into periods of excessively high arousal, also leading to 
behavioral problems such as aggression, frustration, and stereotypies (Hockenhull and Creighton 
2014). Generally speaking, horses should be fed on ad libitum forage and small quantities of 
concentrates. 

Lack of forage and gastric discomfort (together with stress and frustration caused by stall 
restriction and social isolation) have been suggested as a causal basis for cribbing in horses (see 
Table 2-1); such stereotypic behavior, never recorded in feral horses, has been found in 
Przewalskii horses in zoos (Hemman et al. 2014). 

When Lamoot and Hoffman (2004) studied a whole year time-budget of a herd of domestic 
horses released into the wild, they reported that, on average, horses spent 68% of their time 
grazing (with peaks of 78% in winter), 18% resting (of which only 1% lying down), 8% walking 
and 3% standing alert; any other behaviour (drinking, breastfeeding, defecating, urinating, 
rolling on the ground, etc.) amounted to only 4% of the daily activities (Figure 2-2). These 
values could deceive the reader into thinking that physical activity is unimportant for horses. 
Although horses run (trot or gallop), buck, jump, and roll on the ground (the so-called sand bath) 
for a very short time compared to how much they spend eating grass, they typically walk when 
grazing, taking on average more than 10,000 strides per day (Sarrafchi and Blokhuis 2013). This 
probably allows for food intake while exploring the environment by moving from one patch to 
the other (Naujeck et al. 2004). Therefore, by considering the time spent walking while grazing, 
plus the time devoted to other movements (see Figure 2-2), horses spend most of their time-
budget in motion – what we can call a lazy dynamism. 



This opportunity for movement is denied to stable horses. In fact, the majority of owners prefer 
to shelter their horses in stables (Hockenhull and Creighton 2015), and is considered “proper 
management” (Trentini et al. 2012). Sometimes stables are even called “boxes”: as the word 
itself suggests, this place is actually too small to meet the necessary motor activity of any Equid, 
and prevents horses from keeping a simultaneous view on both sides of the horizon (Cooper et 
al. 2000) – resulting in a highly stressing condition. Horses are forced to “live” inside the box, 
that is: to eat, drink, sleep, defecate, and urinate, all in the few available meters, with outcomes 
on the medical side as well, given the broad spectrum of harmful gas produced in a stable all day 
long. Kwiatkowska-Stenzel and Witkowska (2014) report that in a typical medium-sized (4x4m) 
single stable facility, where horses were allowed to go out and graze for 2-6 hours, harmful 
concentrations of different gases (ammonia, sulphur dioxide, carbon monoxide, hydrogen 
cyanide, nitrogen dioxide, carbonyl sulphide, and methane) were produced, despite the removing 
of manure and humid straw three times a day and the complete replacement of the litter every 
four days. 

Altogether, the conditions in which owners usually confine their horses could be compared to 
those of slaves: kept under stressful and detrimental frames and yet still requested to fulfil 
various, and often highly demanding, tasks. We would be unlikely to impose such a condition on 
other pets: who would hold cats in cat carriers (similar to horse stables) for a lifetime, allowing 
them to go out one or twice a week, and only to work? 

Training horses for their wellness

Further confirmation of the unfair treatment imposed on horses is how people experience them. 
Traditional riders hardly consider the simple pleasure of spending some time together with their 
horses, as happens with dogs or cats. Horses are usually considered for some agonistic, human-
centred recreational and therapeutic activities; when judged no longer able to fulfil their duties, 
horses are often sold and replaced by subjects pledging higher performances. Accordingly, some 
professional riders hold the relationship with their horses deliberately at a distance, to succeed 
better at pushing the animals to perform at maximum (van Dierendonck and Goodwin 2005). 
Alternatively, mounted Police operators, who rely on the horse’s confidence for their safety and 
for the success of their activities, spend many hours a day with their horses (Lawrence 1988).

Too often, we treat horses as tools (used and replaced at convenience), forgetting they are 
sentient beings. Even tools, however, must be appropriate for their particular use and maintained 
or somehow checked now and then. As far as horses, “being appropriate to use” calls into play 
their genetics; while “being maintained or checked” means that they must be trained for the tasks 
they are asked to perform in order to avoid injuries. A proper training aims at achieving the 
conditions that the General Officer L’Hotte (1825-1904) defined as the priorities of equitation: 
horse calm, forward, straight (L’Hotte 1906). Of these three goals, the last one may not precede 
the achievement of the first two emotional goals, as we may say. Although formerly related only 
to the long-standing experience of General L’Hotte, the need for a calm horse has been proved 
valid about a hundred years later. In fact, Christensen et al. (2012) linked poor performances in 
novel environments to an increased heart rate, and Ellis et al. (2014) found that excessive stress 
underpinned the scarce investigative behavior shown during a novel object test. Calmness is thus 
required because a nervous, anxious, or stressed horse cannot perform properly and shows low 
learning performance (Hall et al. 2008; Fureix et al. 2012). Moreover, in stressful contexts horses 
may show flight reactions that may damage both horses and riders; conversely, calm subjects can 



even calm down fearful conspecifics with their presence (Christensen et al. 2008a). These 
findings also seem to suggest that a calm horse could be more open to the relationship with 
humans. A forward-oriented horse refers to its willingness to work, i.e. to the “desire” of 
contributing to the working partnership (Hockenhull and Creighton 2013; but see McGreevy et 
al. 2009 for a different perspective). In other words, horses should not be intended as mere tools 
under human control, simply responding to mechanically-learned stimuli (stimulus-response), 
but they should “equitate” through a voluntary action and be leading actors with men. 

L’Hotte posed straightness as the last goal. Straightness is the condition of a balanced horse, able 
to bear the weight of a saddle and a rider without being physically damaged (Figure 2-3 b), an 
ability that is not natural for a horse. The barycentre of untrained horses is shifted forward: the 
condition of carrying more weight on the forefeet is natural and undamaging for young or feral 
horses that have to bear just their body weight (Kroekenstoel et al. 2006). The same condition, 
when found in an equitation setting, represents an alteration of the balance (Wiggers et al. 2015), 
which implies that horses have not been trained properly. Moreover, horses have a natural 
functional asymmetry as well – i.e. one side of their body is, as is for humans, stronger than the 
other side. Such condition, although not harmful in a natural setting, becomes deleterious in 
equitation by overloading of one specific forehand, especially when horses turn in a circle 
(Lucidi 2014). Because of their natural asymmetry, horses can move smoothly in a circle 
following the direction opposite to their preferred, powerful side (Lucidi et al. 2013). For 
example, being the right side of the horse in Figure 2-3a and 2-4a the strongest one, it draws a 
perfect circle counterclockwise, whereas it derails when turning on the other side (Figure 2-4b). 
The physical reason of this imbalance is a minor engagement of the more powerful hind leg 
underneath the horse’s body and a minor flexibility toward the same side. 

Even foals following their mothers in a round pen tend to “cut the circle” (derailing) in the 
direction of their sidedness, unable to follow mares’ tracks (Figure 2-4b). Helping horses to 
overcome their asymmetry and to achieve a balanced condition (as the straight horse in Figure 2-
3b) is imperative for their welfare in equitation: if able to bend in both directions, horses can 
carry the weight of a saddle and a rider without muscular or skeletal damage, because of the 
counterbalanced thrust on the rear. In the equestrian practice, the natural asymmetry can (and 
should) be overcome through a skilful lunging, which helps horses to bend on both sides. 
Lunging should be performed daily by competent handlers only. If properly done, it allows 
shifting the horse’s barycentre backward, correcting the first natural imbalance, and to engage 
equally with the hind legs, thus overcoming the natural lateralisation (Lucidi et al. 2013; Lucidi 
2014), finally making the horse's back stronger and the animal flexible. Although unnatural for 
horses, moving in a circle is the only way, together with some specific under saddle exercises 
(e.g. shoulder-in) to strengthen their back (Steinbrecht 1886; Mazzoleni 2014). Conversely, the 
habit of riding horses in their natural imbalance has been linked to various bone and muscle-
tendon pathologies (Van Heel et al. 2010, Ringmark et al. 2014). Unbalanced horses must deal 
not only with their asymmetry but also with the asymmetry of their lateralised riders (right or 
left-sided). 

Today, we know that the forces applied to the horses’ back mainly depend on the riders’ seat and 
on the gait they adopt (Clayton et al. 2015). Therefore, in many riding schools it is common to 
observe horses carrying more weight on their front legs (what shall resemble a swimming 
session), “lateralised” horses (falling-in to one direction, derailing to the other), or even so-called 



“saddled” horses, whose lack of an adequate training is evident as a hypotonic back musculature 
(Figure 2-5). 

Training riders for the wellness of horses

Lunging horses is still not enough. Because equitation is a sport where two living beings perform 
synchronized movements in a mutual contact, if the signals transferred by the rider’s body and 
the riding harnesses – known as aids – are incoherent, the consequent misinterpretation can result 
in unsafe conditions for both horse and rider. The animal, in fact, will adjust its movements to 
the pressures (or actual pain) received, assuming damaging postures or unbalanced gaits to 
escape them, up to concrete attempts to unsaddle the rider.

The force exerted by a rider on a horse has a direct influence on the mechanical load experienced 
by the horse and consequently on its motion pattern (de Cocq 2012). The rider’s weight per se 
(even if lightweight) brings about an extension of the horse’s thoracolumbar column that may 
cause injuries to soft tissues and eventually the kissing-spine syndrome (de Cocq et al. 2004, de 
Cocq 2012). A rude tension (both sudden and long-lasting) of the reins can cause back pain too, 
a very frequent condition in horses (Allen et al. 2010, Lesimple et al. 2010).

Uncomfortable tack (saddles, bits, etc.) can lead to painful sores. Thus, to avoid harming their 
horse, riders should learn both to seat “lightly” and to use the aids properly. More simply, being 
ridden by an expert rider or a beginner can make the difference for a horse (Terada 2000, Münz 
et al. 2014, Greve and Dyson 2015), being the majority of the riders are apparently unbalanced 
(Hobbs et al. 2014). Postural asymmetry of a rider is a common problem, with the degree and 
type of asymmetry appearing to be exaggerated during motion (Longhurst and Lesniak 2013). 
These factors are particularly problematic in riding schools, where several riders a day/week, 
each with a personal “style”, can ride a single horse. In addition to physical problems, having 
three rather than one regular rider has been associated with an increased likelihood of extreme 
conflicting behaviors (Hockenhull and Creighton 2012). Riders have such an effect on horses’ 
movement dynamics and consequent behavior that it also imposes on them a training with an 
intensity similar to that of horses.

Whereas a plan to improve riders' skills and knowledge is strongly needed, equitation supports 
incompetent users with strong artificial aids: more and more evil bites, use of draw reins, 
martingales, etc. The industry is full of “prodigious” tools to help riders make horses more 
obedient, resigned, but helpless and depressed (Hall et al. 2008). Such unaware, ignorant 
equitation (as for example, riders using rollkur; von Borstel et al. 2009) triggers further 
problems, in a clumsy attempt to solve the old ones. Consequently, back pain often results in 
laminitis and behavioral issues, not to mention possible injuries to riders – a primary cause of 
dismissing horses for euthanasia or slaughter (Ödberg and Bouissou 1999, Landman et al. 2004, 
Trotter 2008, von Borstel et al. 2009).

Compared to how much the equitation industry invests in horses and tack, too little is conversely 
invested in the riders’ education and training, as any risky sport such as equitation would require. 
We can ride a horse or a motorbike, but many people do not consider they need training for the 
first of these two means of transport. People driving motorbikes are required to learn how the 
engine works, the specifics of the fuel, the dynamics of driving, the different balance at slow and 
fast speed, and all the related rules for their own and others’ safety. On the contrary, anyone can 
pretend to ride horseback without the slightest bases for a balanced seat or the right knowledge 



of the horse's dynamics at the various gaits, as long as they pay (after all, some people consider it 
unthinkable to lend their car to someone who has no driving license, but would find nothing 
wrong in offering their horse to beginners). Riders should think of themselves as athletes; 
therefore, stretch training, yoga, Pilates, and stability work, are recommended to improve 
physical fitness, together with the knowledge of the general principles of exercise physiology 
such as warming up before mounting (Clayton et al. 2015).

The fact that horseback riding involves living beings rather than mechanical instruments should 
induce respect for their bodies. Under these premises, riders should also consider that there could 
be some days when animals are unavailable, slowed down by specific or general discomfort, just 
as a human could be. The need for “off-days” may follow excessive sensitization to painful 
stimuli, for example, dirty housings, blisters, sores on the delicate skin of horses, or horses may 
even have suffered from some erratic pain the previous night… Nevertheless, it seems that “off-
days” are not granted to these pet instruments.

Social contact: good for the body and the soul

Another critical aspect that is too often neglected by owners is the need for physical (social) 
contact among horses. The social nature of this species is an adaptive strategy that, while 
implying potential disadvantages (e.g. diseases transmission, within-herd aggressions), increases 
the chance of defending the group against predators and decreases the time individually spent in 
searching for food (van Dierendonck and Spruijt 2012). This shared vigilance allows horses to 
graze quietly for longer times and is fundamental to the welfare of all herd members. Horses 
seem able to enter the REM sleep only when lying on the ground – a behavior that is possible 
only if one or more conspecifics monitor the herd (Wöhr and Erhard 2008). 

As demonstrated by the extraordinary history of the New World horses, originated from few 
subjects during the Spanish colonization (Luis et al. 2006), equines can easily return feral. Away 
from humans, horses quickly form groups and demonstrate appropriate communication and 
survival skills, revealing how domestication has had little influence on their social organization 
(Kolter 1984, Waran 2001, van Dierendonck and Spruijt 2012). Social interaction is an 
ethological need that has to be considered in the domestic management inasmuch as horses 
isolated from conspecifics experience a feeling of deep anguish (Alexander et al. 1988, Strand et 
al. 2002, Erber et al. 2013, Yarnell et al. 2015). Since the expression of social behavior mediates 
the release of neurotransmitters linked to the experience of pleasure (Panskepp et al. 1980, 
Panskepp et al. 2002, Insel 2003, Berridge and Kringelback 2008, Skuse and Gallagher 2009, 
Trezza et al. 2010, Russell and Phelps 2013), horses may become “addicted” to the expression of 
social behavior. If unable to do so, it is not surprising that these expressions become ritualised in 
the form of stereotypies, as compensation for a situation of chronic distress (van Dierendonk and 
Spruijt 2012).

In a herd of horses, affiliative behaviors occur between both kin and non-kin (Fraser 1992, 
Waran 2001, Cameron et al. 2009) and are characterized by play, proximity, and mutual/allo-
grooming. Play is essential for a broad range of adaptive functions, including development and 
maintenance of fitness and stamina: a tonic musculoskeletal apparatus and cardiovascular 
function; it also prepares young horses for reproductive activity, and allows the acquisition of 
social and communicative skills, environmental investigation, bond formation and preparation of 
harems (McDonnel and Paulin 2002, Yarnell et al. 2015). Play is a characteristic behavior of 



foals, juveniles but also adult horses (Hausberger et al. 2012), more prevalent in mixed groups 
and bachelor's bands, less frequent between females or mothers/foals dyads (Fraser 1992).

Grooming is performed between two favorite subjects (mutual grooming); two animals place 
themselves antiparallel and gently rub and nibble the other with their teeth (Kimura 1998). In this 
interaction, each animal allows the other to get into its intimate space (Hall 1966) without 
reducing the overall vigilance because this position enables the couple to maintain a horizontal 
sight of nearly 360° (each horse scanning a 180° range on its side). Mutual grooming has a 
relaxing effect, as it is associated with a reduction in cortisol concentration and heart rate (Feh 
and de Mazieres 1993, McBride et al. 2004). It benefits horses in the short (through relaxation) 
and long-term (easing social cohesion; Boissy et al. 2007), so that its decrease or absence can be 
considered an alteration of the physical and psychological condition of the animals.

Although social life clearly represents a primary need for this species, in most European riding 
facilities, horses are housed in individual confinement up to 20-23 hours a day for years 
(Hockenhull and Creighton 2015). One of the main reasons inducing horse owners to avoid 
keeping horses in groups is the fear of physical assaults (Hartmann et al. 2015). Many owners 
think about the herd in terms of one dominant horse engaging in bloody fights during the 
breeding season, sometimes even among males and females. Far from it, observations of feral 
horses have conversely recorded that ranks are maintained primarily through submission or 
escaping behaviours and ritualised threats (Fureix et al. 2012). Even in bands of stallions, 
extreme aggressions occur rarely, although bands can count up to 15 individuals, including 
young stallions, waiting to form their own harem, and older stallions, which have lost their own 
one (Sigurjonsdottir et al. 2012, Briefer Freymond et al. 2013). Recent studies have shown that 
also between domestic unrelated animals, stallions can peacefully coexist with one another with 
negligible aggressive displays, rather applying avoidant or ritualised behaviours; animals would 
compete using visual, olfactory, and acoustic signals rather than engage in fights (Hartmann et 
al. 2012, Briefer Freymond et al. 2013). Truly aggressive encounters would occur, however, 
when an imbalance in the ability to fight between two contenders is uncertain. Since the 
availability of pasture and free access to water seem to keep the aggressions under control 
(Briefer Freymond et al. 2013), we should consider if aggressive behaviors in domestic settings 
are a “horseness” feature rather than a matter of insufficient space to avoid contenders.

Because horses are deeply social animals, the effect of social deprivation in this species is 
devastating. In the absence of physical contact with peers, horses experience a state of chronic 
pressure, developing stereotyped compulsive behaviors, which exacerbate if they are kept 
confined in small spaces (for more extensive discussions see: Cooper and McGreevy 2007, 
Wickens and Heleski 2010, Sarrafchi and Blokhuis 2013, Hockenhull and Creighton 2015, 
Yarnell et al. 2015). Such a condition becomes particularly severe for young individuals that 
have already undergone considerable stress from premature separation from their mothers 
(Parker et al. 2008, Waran et al. 2000, 2008, Weary et al. 2008). Accordingly, these young 
horses lack the ability to cope with social challenges because they did not have the chance to 
acquire social-related skills – those skills that foals should have learned in a naturally managed 
herd (Bourjade et al. 2008).

Useless or only temporary is the relief with which both some researchers and industries attempt 
to deal with these problems: mirrors (McAfee et al. 2002) to fight loneliness, instead of open 
doors. Probably, under the same living conditions (20-23 hours of inactivity in a small space 



without social contacts, and only one hour of passive obedience) any animal, including humans, 
would be sentenced as mentally ill.

Healthy minds

Love for horses is not often balanced by an equal understanding of their perceptual and cognitive 
world (for a complete review of horses’ cognitive abilities see Brubaker and Udell 2016). These 
animals are still seen by many people as dumb, irrational, instinctive, barely capable of 
conditioned responses and available to work only when humans assume a leading position 
toward them. On the contrary, by handling everyday problems, a horse brings into play complex 
skills and it is up to us to recognize those skills as abilities. The possibility to develop, and thus 
to express, these abilities depends on the experience that each horse has of the world: fear, 
frustration, pain or, on the other hand, pleasure and self-confidence, pave the way to higher 
cognitive performances (learning, memory, categorization, etc.) for all living beings, horses 
included. For example, the socially deprived management style we discussed earlier, can also 
influence horses’ learning abilities: grazing-kept horses learn easier and faster than individually 
housed horses in stables (Søndegaard and Ladewig 2004).

Horses quickly learn to associate a stimulus with pleasant or unpleasant outcomes, thus 
anticipating events by conditioned learning – for instance, a groom bringing a bucket of food or a 
veterinarian approaching with a syringe (Hanggi 2005). When given the opportunity, they deal 
with new stimuli through exploration (Winskill et al. 1996), thus learning to fear or not to fear 
the stimulus itself. Such ability can be nurtured by rewarding the wanted behavior with positive 
reinforcement. The underlying mechanism is called associative learning, i.e. the ability of linking 
a stimulus to another and of associating an action to the delivery of a reward (e.g. food, positive 
reinforcement), or with the removal of something the animal considers being unpleasant (e.g. 
physical pressure or pain, negative reinforcement; Innes and McBride 2008, Hockenhull and 
Creighton 2013). Positive reinforcement is a more effective training method than its negative 
counterpart, and can improve the relationship with humans and the horses’ ability to memorize 
and generalize events to new situations (Innes and McBride 2008, Sankey et al. 2010, Briefer-
Freymond et al. 2013). The evidence that rewarding approaches are beneficial not only in 
equestrian exercises but also to cope with unwanted or problematic behaviors (such as those 
arising from fear), may suggest that positive reinforcement works on a different basis than 
negative reinforcement, perhaps more related to emotional aspects. Addressing the emotional 
status of horses rather than training them to suppress their fear responses may help for safer 
riding (Hockenhull and Creighton 2013).

Positive reinforcement in the form of food rewards, as compared to grooming, increases the 
horses’ selective attention towards the operator leading to faster learning performances (Rochais 
et al. 2014). However, the training method most used so far has been the negative reinforcement. 
For example, instead of encouraging horses to load into the trailer by rewarding their attempts, 
most professional loaders stress them from behind with sticks or ropes until they do. The 
discrepancy between what researchers discover and what many riding schools put into practice 
shows how much remains to be done in the field of scientific communication. Similar 
considerations can concern the taming procedures: actually, if given the chance to make any 
experience in a pleasant environment, no horse would need to be tamed. When new challenges 
(equipment, people) are gradually and gently introduced into the foals’ perceptual world, they 



will have no reason to fear them and will always approach novelties with curiosity and interest, 
with no need for coercion. Horses are, indeed, capable of learning to learn, especially in contexts 
stimulating positive attitudes (Murphy and Arkins 2007). Such ability allows horses to adapt 
their behavioral responses to the context, and solve new problems or deal with the old ones in a 
new appearance (discrimination reversals, Martin et al. 2006), thus also increasing the safety of 
the riders. Owners should learn to let their horses freely experience new domains (e.g. to explore 
new objects or conspecifics). This would not only produce more self-confident and balanced 
horses but would also enhance the riding experience, as most riders would be more pleased to 
have “confident” rather than “tamed” horses.

Regarding the ability of horses to generalize information, most school horses can adapt their 
movements to very different, ambiguous signals from various riders of various equestrian 
abilities (Christensen et al. 2008b; Hanggy and Ingersoll 2009). On the other hand, dressage 
horses are capable of discriminating subtle stimuli coming from their rider's body (Hanggi 2005). 

Social learning in the equestrian environment

Social cognition is a set of cognitive processes that operate on information derived from, or 
relevant to, other animals (Rooney and Bradshow 2006). Such a feature of cognition is critical 
for the ability of horses to cope with environmental challenges. Horses recognize familiar 
individuals from strangers and can remember the rank of every other horse in the herd (Murphy 
and Arkins 2007). They transfer such ability to humans as well: horses, in fact, can discriminate 
familiar vs. non-familiar human faces, and they even match a recorded voice or a photo to a 
particular person (Proops and McComb 2012). Those skills demonstrate a high versatility of this 
species to store multimodal memories for each significant human (LeBlanc and Duncan 2007, 
Murphy and Arkins 2007, Proops and McComb 2012). Anecdotally, it is already known that 
horses build a mental “identity card” for each human individual, with a positive or negative value 
depending on previous experiences. Stored memories help horses to recognize known 
individuals, even when they are not in the visual field, i.e. from the noise of their car, or from the 
particular sound and rhythm of their steps (multimodal recognition). 

By observing a conspecific interacting with humans, horses can obtain valuable information and 
reuse it later if asked to face the same tasks (Krueger and Heinze 2008; Krueger et al. 2014). 
Horses apply this skill, however, only if the “demonstrator” is a subject of particular 
significance, for example, a relative or a higher ranked horse; contrarily, they ignore unknown or 
lower rank demonstrators. From a practical point of view, such ability is very relevant in 
equestrian settings: when facing new challenges (such as new paths or even unknown objects), 
young horses could learn how to behave by observing well-known or highly-ranked teachers 
(horses, of course; see also Rørvang et al. 2015), instead of being forced by riders or handlers to 
overcome it. For example, in some well-managed equestrian centres, foals are introduced for the 
first time in the round pen together with their mothers; later on, they will re-approach the pen 
with a calm attitude because they associate positive emotions with that particular place (Lucidi et 
al. 2013).

Another example of how the selective ability of horses to learn from their peers can be applied in 
equestrian settings is found when a horse is introduced for the first time in a riding centre, where 
it may be quickly asked to perform tasks unknown to it. On the contrary, horses should be 
allowed to “decant” for a time of different duration from one individual to another, and let them 
observe other horses at work. Such a gentle approach, the opposite of being abruptly involved in 



new activities, could reduce the stress induced by this unsolicited change. It is common 
knowledge that horses are bought at low prices or even hand-passed between equestrian centres 
and private individuals: animals coming from agonistic sectors can later be employed as riding 
school or therapeutic horses. Often, during such a sad downward path and despite coming from 
completely different contexts, horses can be called to immediate performances in a new area of 
application. Too often people expect them to work with competence as if they should already 
know what to do without a period of “running-in” to learn. The comparison comes very easily: 
horses’ experience in these situations would be similar to that of a middle-aged man, perhaps 
even ailing, forced to change home overnight, feeding, work mates and manager, to take a job 
that no one has even taught him, and being punished if he does not work properly.

Other cognitive skills of horses

Horses can form categories and concepts (reviewed by Murphy and Arkins 2007). The former is 
the capacity to put together similar stimuli into specific categories: for example, in endurance 
races, horses can deal with new locations and events without having to be educated specifically 
on each of them since they can immediately classify barriers never seen before and adjust their 
movements accordingly (Hanggi 2005). 

The ability to form concepts is a higher cognitive function and consists in understanding if very 
different stimuli refer to the same concept or mental representation. Such skill allows a horse to 
identify, for example, a shed, a stable, a tarpaulin, or a tree with a large canopy as a shelter: 
whereas different, all these objects can serve to protect from elements. Understanding the extent 
to which horses can form abstract concepts could help in disclosing their food strategies in 
natural environments (e.g. by time representation, Miletto-Petrazzini 2014), or in understanding 
how much spatial and long-term memory contribute to finding water or food in changing 
environments (McLean 2004, LeBlanc and Duncan 2007, Hanggi and Ingersoll 2009, Sankey et 
al. 2010). 

Recently, an elegant experiment proved the ability of horses to use referential communication. 
Horses were asked to communicate with a human observer about the location of the desired 
target, a bucket of food out of reach (Malavasi and Huber, 2016). The attentional state of humans 
varied across four conditions to test for the intentional meaning of the communicative attempts 
from the horses. Horses used specific signals to attract the attention of humans. However, when 
an experimenter was backward oriented to horses, they used fewer visual signals, thus suggesting 
they had realized that visual attention was needed to communicate a visual signal. Moreover, 
horses alternated their gaze between humans and the bucket, proving their intention to focus the 
operator’s attention on the goal (Malavasi and Huber, in press). Being an intentional agent means 
to be able to communicate needs and to act on the surrounding in order to have those needs 
satisfied – one more reason to provide horses with an adequate living environment.

We are still at the beginning of exploring cognitive abilities in horses, the first studies dating 
back only a few decades. At present, we can but ask ourselves the same questions Federico Tesio 
left in his diary: “How is it possible that in such a desolate region as the Argentinean Pampas, 
horses can find the shortest way to water without having ever travelled there before,” or how can 
they “take measures to defend themselves against wind storms when the air is still static” (Tesio 
1947, Montanelli 2004). 



Finally, contrary to people thinking of horses as dumb and instinctive animals, many owners 
would be willing to bet on their animals having almost human qualities, such as the case of 
Beautiful Jim Key, whose “sense of humour” is described in the book of Mark Bekoff “The 
emotional lives of animals” (Bekoff 2007). Among the many anecdotes about this horse, one was 
the ability to “talk through a spelling board.” Jim Key's tales are no less controversial than those 
of Clever Hans – the horse believed to be capable of mathematical operations and later turned 
out to be an amazing interpreter of human facial expressions (Pfungst 1911). Today we will 
probably see many of those alleged skills (reading, writing, doing calculations) as answers to 
unsuspected signals. The history of Jim is, however, remarkable for another reason: Dr William 
Key, his owner, used a training method based on patience rather than force. He spent his life by 
teaching people that sweetness is a formidable weapon to allow horses express their skills and 
abilities, triggering the emergence of human movements for animal rights in the United States. 

Conclusion

It should be a matter of greater concern that the use of horses by humans is, with few exceptions, 
regulated by a mere economic market. “Animal-renters” treat (and teach novices to treat) horses 
as mere objects for profit or entertainment, omitting the responsibility that entails managing the 
life of sentient beings. At least in Europe, few horses spend their lives under a single owner: 
whenever horses change hands, their fate depends on the experience and knowledge of new 
owners as well as on the degree of their demands and expectations they have. Horses trained 
under a method and used to certain signals are requested to adapt quickly to the new 
environment, which causes an incredible load of physical and mental stress to the animals.

The data and information we have collected to build up the present chapter strongly support that 
horses should (and easily can) be managed differently. As consumers, riders have the numbers to 
also support and promote a change in the unfortunate conditions of stabled horses, given that 
equitation today counts many millions of enthusiastic and assiduous participants. For this change 
to happen, riders should expand their knowledge and become able to discern whether to 
challenge that consumer logic of “disposable horses” or to favour it. Today we know that many 
horses’ behavioral and physical problems are the result of incorrect management, which causes 
suffering similar to that of people in asylums. These afflictions could, however, be overcome if 
we adapt the barn environment to the horses’ needs and become ambassadors of a cultural 
revolution leading to an “open doors” system for horses as well. 

Finally, as a take-home message, we propose here the ETHORSE, an acronym that summarizes 
some suggestions for a wise and healthy human-horse relationship (Table 2-2), possibly allowing 
for a better and safer equitation.

BACK TO THE INDEX



Intelligent horses

Beautiful Jim Key (1889-1912)

The owner of Jim Key, Dr. William Key – a former slave and a Civil War veteran – was 57 
when he started teaching his horse, Jim. According to Rivas (2005), Jim demonstrated an 
inexplicable ability to read, write, do math, open doors, roll over and play dead like a dog. But 
Jim Key was also famous for being able to spell with a spelling board. It was William Key’s 
habit to let reporters interview Jim out of his presence to prove that he was not signalling the 
horse to replay in any particular way to their questions. The following event epitomizes the 
“sense of humor” of Beautiful Jim Key. All the reporters knew that Jim liked receiving treats. 
One day a Post-Standard reporter, however, forgot to bring the treat, and could not get Jim to 
spell his name at his spelling stand. When Dr. Key returned and asked Jim, “Well, how was it?” 
Jim began to spell, lining up the letters “f-r-u-i-t-l-e-s-s.” Jim and William Key’s work 
represented light in a dark period of American history when Civil Rights were still in their 
infancy (e.g. black people were denied the right to vote) and there was little consideration for 
animal welfare. In less than a decade, they spread a message of patience, respect, kindness and 
education to millions of people not only toward animals but also toward abused or disabled 
children and women. “At first, humane leaders were wary about aligning themselves with an 
‘animal activist’; but then the visionary Bostonian George T. Angell, a member of the 
Massachusetts Society for the Prevention of Cruelty to Animals and the American Humane 
Education Association, saw in Beautiful Jim Key the live embodiment of the humane movement. 
A quote attributed to Time Magazine declared, ‘This wonderful horse has upset all theories that 
animals have only instinct, and do not think and reason’ ”.

The reports on Beautiful Jim Key have been extensively retraced in a book by Mim Rivas , and a 
collection of different pictures, letters, newspapers, etc., related to Jim’s talent are stored in the 
Tennessee State Library & Archives (http://www.tn.gov/tsla/TeVAsites/JimK/).

(see Figure 2-6. Beautiful Jim Key with her speeling board)

Clever Hans & Co.: the Elberfeld horses

In the early years of the twentieth century, a math teacher and his stallion were travelling Europe 
showing the horse’s math skills: they were known as von Osten and Clever Hans. Some years 
later, a scientific commission headed by the psychologist Oskar Pfungst judged this peculiar 
horse skill. The commission found that Hans capacities arose from its amazing ability in reading 
subtle human signals rather than being the result of an inner thought. After the death of von 



Osten, Clever Hans was adopted by a Westphalian gentleman: Karl Krall from Elberfeld. Krall’s 
life was devoted to the study of the animal mind through the research of an interspecies 
telepathy. He founded the first scientific laboratory for the study of parapsychology in Germany. 
Within a few years, other horses, all of them reportedly capable of counting and talking with 
different skilful degrees, joined Hans. Krall’s life and money were devoted to the study of the 
ability of autonomous thinking in animals (not only horses). Krall’s book “Thinking animals: 
experimental contributions to the knowledge of the animal mind” ran against Pfungst’s 
assumptions, which he perceived as an erroneous and unjust reduction of the animal from a 
proactive individual to a mere reacting mechanism.

Sad to say, the “Hans effect” triggered by Pfungst had markedly conditioned the analysis of 
animal intelligence, sometimes posing an excuse to deny the nature of animals’ minds and 
reducing them to learning machines, only able to answer for positive or negative rewards. Today, 
on the contrary, the history of Elberfeld’s horses should be considered an important, if neglected 
so far, chapter in the history of experimental parapsychology (De Sio and Marazia 2014). 

(see Figure 2-7. The famous Hans while being tested for his cognitive abilities)

BACK TO THE INDEX
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About 10000-8000 years ago, cats silently entered human houses and hearts, becoming one of 
the most widespread pets in the world. At first, their ability to hunt and to control the rodent 
population, then their aesthetic beauty, their tameness and social ability, determined their 
introduction and adoption into the human environment. Despite the peculiar domestication 
process and the reduced artificial selection on this species, until recently, life with humans 
probably adjusted and emphasised cats’ ability to understand human cues and emotional 
expressions. The acquired behavioral set of cats set the basis to create strong relationships with 
humans and hence live with them. In this chapter, we revise cats’ social status, how this affected 
the domestication process and the consequent origins and characteristics of the human-cat 
relationships and communication. We will also revise the social life of cats, concluding that 
viewing the cat as a solitary species belongs to a widespread misunderstanding of its nature. 
Instead, understanding its social life can improve the welfare of domestic cats and owners’ 
satisfaction as well.

Understanding cat-human communication and relationships

Despite being one of the most popular pets in the world (in the USA only, one-third of the 
population shares its life with a cat), with more than half a billion individuals living in human 
environments (85 million only in the USA; APPA 2015), domestic cats (Felis silvestris catus) are 
still poorly considered in scientific discussion. Further, cats are almost the only animals, together 
with dogs, granted the opportunity to live cage-free within domestic households.

Instead, exploring cat-human relationships and communication is particularly relevant for the 
welfare of the domestic cat, contributing to a better understanding of their needs in contrast to an 
anthropomorphic interpretation of these (Bernstein et al. 2000). For example, behavioral changes 
towards conspecifics and the owner may be caused by a painful condition, and their correct 
interpretation could help in administering the most appropriate analgesic therapy (see Merola and 
Mills 2015a for a review on pain assessment in cats). 
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Further, despite the already well-known positive psychological and physical effects of this 
relationship (Straede and Gates 1993, Lewis et al. 2009), many owners complain about 
“annoying” behaviors from their pets. Although these behaviours can be maladaptive and non-
functional for the subject itself, they often arise from a lack of understanding of the animal’s 
needs or from unrealistic expectations of the owners (Heidenberg 1997, Mills 2003). These 
“behavioral problems” most often express the animal’s discomfort, but as a final result prove 
problematic to the owner. 

Therefore, this review may encourage discussion about the effects of domestication processes on 
cat-human communication and how domestic cats evolved strictly domestic-related abilities, and 
will also contribute to clarifying cats’ ethological needs, thus reducing both cats’ and owners’ 
distress. We hope this discussion will stimulate further research on cat behaviour, which at the 
present is very scarce. 

Erroneous beliefs on this species may have misled the scientific community and lowered its 
interest towards the study of cat behavior. First, the history of cat domestication was incorrectly 
dated at about 4000 years ago (Turner and Bateson 2000, Serpell 2000), suggesting a short 
period of cohabitation with humans that could not have allowed this species to evolve specific 
social communication with humans. Second, domestic cats have long been considered solitary 
hunters, territorial, aggressive, rarely sharing their home range with other cats and people 
(Serpell 2000, Cafazzo and Natoli 2009). On the contrary, social species have always attracted 
the interest of researchers especially as related to domestication. In fact, an increasing amount of 
research explored the effects of domestication following the study of social skills in domestic 
animals, e.g. in dogs (Bensky et al. 2013, Kaminski and Nitzschner 2013, Prato-Previde and 
Marshall-Pescini 2014 for recent reviews) and in horses (Proops and McComb 2010, Krueger et 
al. 2011, Malavasi and Huber 2016). Finally, cats are often considered to have a minor attitude to 
respond to human instructions and have always been addressed as “self-centered” and 
“independent” as opposed to dogs for example. 

Despite all this, cats have arrived in millions of houses, and on sofas and beds in almost every 
country. Why?

Why cats live with us: domestication and reciprocal benefits

For a long time, books and beliefs reported Egyptians as the first population to keep cats as pets 
(about 3.600 y.a.) (cited in Clutton-Brock 1999, Bradshaw et al. 2000, and discussed in Faure 
and Kitchener 2009). Nevertheless, recent studies based on genetic and archaeological findings 
revised that date, positioning the origin of the domestic cat to about 8,000–10,000 y.a. (Vigne et 
al. 2004, Driscoll et al. 2009). Thus, like dogs (Canis familiaris), cats began to live in association 
with humans in ancient times, although dogs’ history of domestication is still considered longer 
(Savolainen et al. 2002, von Holdt et al. 2010, Wang et al. 2013, Skonglud et al. 2015). 

Genetic studies have also showed that cat domestication started in a single locale, the Middle 
East, from the Middle Eastern wildcat (Felis silvestris lybica) (Driscoll et al. 2007), a species 
more tolerant towards human contact than other Felidae and geographically closer to the first 
human establishments in Africa (Vigne et al. 2012). Thanks to these genetic investigations, it is 
now possible to mark the historical movement of cats in the past 10.000 years. It seems, in fact, 
the history of cat-human relationships started around the area of Israel only to arrive later, around 



3600 y.a., in Egypt, where cats were idolised in the form of the goddess Bastet, as an 
intermediary between the divinity and the believers (Zivie and Lichtenberg 2005). Thus, cats 
arrived in Egypt at least 5000-6000 years after the beginning of their primary domestication 
process. Mummification, with iconographical and written sources, documented the importance 
the cat had in the Egyptian profane and religious world during the so-called “New Kingdom 
period” (e.g. drawings show cats in human contexts such as under chairs, eating at bowls, and 
sometimes dressed in collars). These archaeological findings are the main cause for cat-human 
relationships being wrongly dated about 4000 y.a. before genetic studies could reject this 
hypothesis. However, Egyptians (in particular, the religious, social elite) were the first to 
perform artificial selection on cats, thus strongly influencing their domestication and genetic 
history (Faure and Kitchener 2009), as we will discuss later. 

From Egypt, cats reached the rest of Europe mainly through sea routes such as those of 
Phoenician traders. They arrived in Greece around 3400 y.a. in sporadic groups (Sanquist and 
Sanquist 2002) but, according to Herodotus (Herodotus 450BC), they settled in the country as 
objects of worship around 2500 y.a. (more details in Hughes 2003). The expansion of the Roman 
Empire contributed to the spread of cats all around Europe. Afterwards, cats also travelled on 
Viking ships (see Faure and Kitchener 2009 for a review). Later, when the Christian church 
named cats as animals of the devil and companions of witches, worship rapidly changed to 
hatred (Serpell 2000). 

While a branch of them travelled towards Europe, from the Middle East other cats reached 
ancient China and India. From previous studies, it seems that cats arrived in these countries 
about 2000 y.a. (Faure and Kitchener 2009): in China in particular, where native wildcats were 
absent, this allowed specific oriental breeds to reproduce and develop distinctive features from 
the original domestic cat (e.g. Korat and Siamese). From the microscopical analysis of the 
skeletal parts of eight cats found around the village of Quanhuncun in Shaanxi (China), Hu et al. 
(2014a) instead dated the presence of cats in China about 5500 y.a. showing an earlier presence 
of this species in the country. However, this study is controversial as it is not clear if the animals 
studied were indeed domesticated cats (Bar-oz et al. 2014) or if instead they interbred with Asian 
wildcats, as the authors themselves report. Further, the low number of subjects studied by Hu et 
al. (2014a) probably represents an isolated event, instead of evidencing the presence of a 
different population of cats in the area.

European explorers and colonists were the first responsible for the spread of cats in America and 
Australia around 1500-1800 (Faure and Kitchener 2009), as also suggested by the similarity of 
genetic traits between these cats and Western Europan Felidae (Lipinski et al. 2008, Faure and 
Kitchener 2009). 

Cats are different: breeds

The first cat breeds were selected during Egyptian times, as already mentioned, when 
interbreeding with wild cats was still ongoing (Faure and Kitchener 2009). After this first event, 
a long time passed before cats underwent a second artificial selection: only 5 breeds took part in 
the first cat exposition, held in 1871 at the Crystal Palace in London. Today the International Cat 
Association of the USA (TICA, www.TICA.org) recognises about 57 different breeds, defined 
mostly by phenotypic characteristics. They distinguished one another during a relatively short 
history of selection, the most ancient being dated only 100-150 y.a. (mainly selected between 
American and European breeds) and the most recent about 50-75 y.a. (Menotti-Rymond et al. 



2008, Lipinski 2008, Kurushima et al. 2012). The genetic differences between most of these 
breeds is scarce, based on a single-mutation variant (e.g. the Himalayan, a variant of the Persian, 
generated from crosses with the Siamese to introduce a “pointed” phenotype; Menotti-Rymond 
et al. 2008) or at maximum reaching one third of the genetic variation of the natural breed 
(Menotti-Rymond et al. 2008, Driscoll et al. 2009). Breeds differ mainly from their different 
combinations of coat colour, patterning, texture, and hair length, etc. (Vella and Robison 1999). 
Contrary to other domestic species, cat breeds were mostly selected on aesthetic traits rather than 
based on the utility of specific skills to humans: as Lipinski et al. 2008 reported, “cats did not let 
themselves to become herders, workers of the hunt, or guardians, but their grace and beauty have 
always been obvious.” Cats are still commonly classified into breed and non-breed (mongrel) 
types, with the latter representing most of cat population.

Few studies have been conducted to evaluate differences among breeds as far as they concern the 
cat-human relationship. These are mainly based on surveys and questionnaires from owners and 
veterinarians, with only a few studies designed for experimental set-up. In one of these surveys, 
Asselinau et al. (2012) showed a clear difference in the friendliness between cat breeds and 
mongrels in France, reporting the former as friendlier (with the Sphynx being the friendliest of 
all). Unfortunately, this study has been only presented as an abstract, and no further information 
is available. Takeuchi and Mori (2009) found significant behavioral differences between breeds 
emerging from a survey of veterinarians, with aggressiveness and nervousness scoring high for 
Chinchilla, Abyssian, Siamese, and Russian blue breeds, whereas the American shorthair and the 
Japanese domestic cat had the most “positive” tracts like friendliness and playfulness. Siamese 
cats have been identified as more demanding and more vocal toward their guardians compared to 
other breeds, and these cats also show the highest tendency of behavioral problems (for example, 
wool sucking; Turner and Bateson 2000). At present, only two studies evidenced cognitive 
differences between breeds: Marchei et al. (2009, 2011) designed an experimental paradigm to 
compare Oriental/Siamese/Abissin (OSA) versus Norwegian Forest kittens (NFO). They 
reported different behavioral responses towards novel objects and new environments between the 
two breeds, with NFO kittens showing poor habituation and memory detention compared to OSA 
kittens.

Finally, a few studies explored behavioral expressions and personality traits in cats not as related 
to breeds, but to fur color. In these studies, orange cats have been reported as friendly (Delgado 
et al. 2012), whereas grey-and-white and black-and-white female cats were reported as more 
aggressive toward humans (Stelow et al. 2015). It may seem odd that fur color may influence 
behavior. Yet, it is true that people perceive differently colored cats as having different 
behavioral traits: black cats are seen as wild and unpredictable, and the color of the fur seems to 
influence the likelihood of cats to be adopted from a shelter (Lepper et al. 2002, Kogan et al. 
2013). Unfortunately, most of these studies were once again based on surveys and questionnaires 
filled out by cat owners and still there is a lack of objective behavioral observation to explain the 
relationship between fur color, or better cat behaviors and genetic evidence. Most likely, cats 
perceived as unfriendly based on fur color only, are treated as such and then become unfriendly 
as a result. Also, the questionnaire did not consider environmental causes that could explain 
these differences in behaviors, such as home setting (in particular, environmental enrichments; 
see Ellis 2009 for a review), time of adoption, etc.

Unlike what was formerly thought, the history of cat domestication was long, giving cats time to 
share their life with humans and to evolve specific communication skills. However, careful 



consideration is required when defining cat domestication: the uncontrolled reproduction of 
mongrels, the frequent inbreeding with wildcats (where present), together with the proteic diet of 
cats (for which, as opposed to dogs, human food alone was not enough for survival), poorly 
relate to a strict definition of domestication. The introduction of cats into the human environment 
seems instead to have followed a more “independent” route when compared to other domestic 
animals and should be considered an ongoing process (e.g. a new breed, the first hypoallergenic 
cat, was only created in 2006).

When and why cat-human relationships began

According to the most widespread domestication hypothesis, the relationship between people 
and cats began because of mutual advantages. On the side of wildcats, gaining access to the 
human environment meant reaching two relevant food sources: food scraps and the growing 
presence of house mice attracted by humans’ stocks of grains and cereals were, therefore, a great 
attraction for the Fertile Crescent area, where humans were settled (Driscoll et al. 2009). 
Gradually, these human-accustomed cats diverged from the wildcat population in a “self-
domestication” process, as defined by Russell (2002, see also Clutton-Brock 1994). On the other 
hand, humans grew in their tolerance towards cats thanks to their help in regulating the mice 
population. Despite being one of the most accredited, the “mutual-advantage” hypothesis does 
not completely match with recent archaeological findings. In 2004, Vigne and colleagues 
reported archaeological evidence of an adult human buried close to an eight-month-old cat in 
Cyprus, at the site of Shillourokambos, together with other items such as stone tools and 
seashells, suggesting the importance of the cat-human relationship in this burial. This gravesite 
was dated about 9500 y.a. Further, the bodies were found in Cyprus and not in Israel (where 
domestication probably started), suggesting that humans brought (at least) this cat onto the 
island, which highlights once again the importance that this subject (or maybe this species) 
already had for humans. Thanks to this discovery, we can hypothesise that, instead of 
considering cats first as helpers against rodents, humans began to domesticate them for their 
companionship. The findings of Hu et al. (2014a, 2014b) point to a similar direction. Of the eight 
cats found in the community of Quanhucun in China and analysed through isotope and 
archaeological analysis (but see Bar-oz et al. 2014), two, in particular, attracted the attention of 
Hu and colleagues: one that lived until a considerable age and another that probably fed on both 
meat and grains. These suggest both human involvement in cats’ feeding habits and hence a 
commensal relationship, and that cats in this community probably had a particularly close 
relationship with humans, stronger than expected if they were only considered for their predatory 
abilities.

Further studies are needed to define the real path of cat domestication. Probably, the two main 
hypotheses (one based on cats being primary mice predators and the other on cats being primary 
pets) ran parallel in time, with some cats kept as companion animals and some others, probably 
the majority, living freely in the human environment and also contributing to control of the 
rodent populations. The latter are nowadays described as “feral” cats and live in cities and 
villages without being in direct contact (living together) with humans. They are the living 
example of a singular ability of cats: that of being able to create strong relationships with people 
and yet to maintain the ability to live independently from them. 

Cats in modern human society: reciprocal benefits



As mentioned before, cats are very popular and widespread pets. The cat-human bond has been 
described as “one of the purest forms of relationship among living creatures,” due to the 
emotional intimacy that so deeply bonds the two (Downey and Ellis 2008). Indeed, even if cats 
can play as “workers” (e.g. hunting rodents), they have not been selected for working purposes, 
but rather for a long time humans have selected cats mostly for their companionship skills 
(Rochlitz et al. 1996). 

Both a cat’s personality and appearance are relevant when choosing a pet for adoption 
(Podberscek and Blackshaw 1998). As for aesthetics, one of the most common traits searched for 
in cats is the neotenic trait: neoteny is a process where the rates of development slow down and 
juvenile stages of ancestors become the adult features of the descendants (Shea 1989, Gould 
1981). Therefore, large eyes, small size, and a round forehead positively influence a human in 
choosing a cat as a pet (Driscoll et al. 2009), together with their adaptability to a variety of 
environments (Casey and Bradshaw 2008).

Probably, the same people that choose cats for their neotenic traits also perceive them as partners 
that apparently do not judge or observe critically (similarly to new-borns, Karsh and Turner 
1988). In fact, animals relate to people independently of their social or economic status, 
appearance or mood variation (Zasloff and Kidd 1994), differently from what happens with 
humans, whose relational conflicts may be related to societal status. Other owners tend to 
anthropomorphize them, i.e. imbue the animals with human characteristics, or are affected by 
nostalgia and adopt a cat to alleviate it (Downey and Ellis 2008). As a result, 76% of owners 
consider their cat almost as a family member. This particularly holds true for women, often 
responsible for feeding and caring of the animal (Karsh and Turner 1988, Lewis et al. 2009). 
Most cat owners consider their cat “the ideal one” (Heidenberg 1997) and many report of talking 
with their cat as if it were a child (Voith and Borchelt 1986) or believe that cats are able to feel 
their emotional difficulties (Zasloff and Kidd 1994).

As owners reported that their cats provided beneficial effects on their lives, some studies 
explored the subject and tested whether these were perceived or real benefits, i.e. if cat owners 
did experience a tangible positive change in their life. Cat-human relationships resulted in fact in 
stress relief and in increased companionship (Bernstein et al. 2000). Further, owners experienced 
better health (including fewer occurrences of minor health problems such as cold and flu) and 
social benefits, such as more positive moods and promotion of social interactions (Serpell 1991, 
Bernstein et al. 2000, Turner et al. 2003, Lewis et al. 2009). 

Even though different studies focused on the beneficial effects of cats on owners’ lives, only a 
few of them investigated the favorable effects of owners’ behaviors and their living environment 
on the well-being of domestic cats. In a survey, owners who played daily with their cat for more 
than 5 minutes, referred to less behavioral problems from their pet as compared to owners who 
played for less than 1 minute, suggesting a positive effect on cat welfare from playing with 
humans (Strickler and Shull 2013). Similarly, gentle stroking, a physical contact found to reduce 
stress in a wide range of domestic animals (such as dogs, Handlin et al. 2011; cows, Waiblinger 
et al. 2004; rats, Maruyama et al. 2012; horses, Feh and Mazières 1993) has been linked to 
emotional well-being in cats, as well as reducing the risk of respiratory disease (Gourkov et al. 
2014). But not all kinds of stroking is perceived positively by cats. Ellis et al. (2014; see also 
Rodan 2010) found that cats had more negative behaviors if stroked on the tail compared to the 
facial region (temporal and peri-oral areas), suggesting the latter is preferred for stroking 
whereas the caudal region should be avoided (as already mentioned by Soennichsen and 



Chamove 2002). Curtis (2008) reported that petting lasting too long could cause the cat to 
become aggressive toward the owner, thus earning the opposite of the desired outcome; Turner 
(1991) found that cats tolerated longer interactions if it was they who started them, whereas they 
cut it short when the interaction was initiated by humans. Both of these results suggest that more 
studies should be conducted on communicative misunderstandings between cats and humans (see 
paragraph 4 of this chapter for details).

True or myth: are cats social or solitary animals?

Although studies on both domestic (Felis silvestris catus) and wild cats (Felis silvestris lybica) in 
captivity showed species-specific behaviors to be more similar between the two species than was 
previously thought (Smithers 1968, Berteselli et al. 2014), domestic cats differ from their 
ancestors Felis silvestris from both a behavioral and a genetic perspective. Felis silvestris catus is 
a non-obligatory social animal, a solitary predator living in environments with a low 
concentration of other predators and consuming a large part of its time sleeping to recover the 
energy spent from predation (see Shreve and Udell 2015 for a review). Domestic cats are 
considered generally more social than their ancestors (Crowell-Davis et al. 1997, Macdonald et 
al. 2000), have a less pronounced marking behavior, and more self-grooming tendencies 
(Berteselli et al. 2014) (Figure 3-1). Further, domestic cats show intraspecific communication 
with more than a dozen types of vocalizations. The complexity of their vocal repertoire is linked 
to the need for communicating over short and long distances, nocturnal activity, that reduces the 
visual support, and the long period of association between mother and kitten (Bradshaw 2014). 
Interestingly, part of domestic cats’ vocal repertoire seems to develop along with the interaction 
with humans (Nicastro 2004, Yeon et al. 2011). In fact, vocal signals of domestic cats have 
different patterns and characteristics if compared with both wild and feral cats (Nicatro and 
Orwen 2003, Nicastro 2004, Yeon et al. 2011). Feral cats growl and hiss more often during 
agonistic interactions and produce fewer and shorter meow calls, similarly to wildcats (Nicastro 
2004). Also, the context of the emission of a meow call is different between domestic and feral 
cats, with the latter using meows when approaching a caretaker, a dog, or another cat, and the 
former using this vocal call mainly during their interaction with humans (Yeon et al. 2011).

Domestic cats are non-obligatory social animals, flexible in their ability to live solitarily or in 
groups. The choice seems to depend primarily on the density of conspecifics, rather than on the 
availability of food, shelter and mates. At low density (less than 5 cats/km2), free-roaming 
domestic cats (not living under a domestic roof and self-sufficient), are predominantly solitary: 
because they depend on prey for their living, a high density of conspecifics would be a 
disadvantage. Alternatively, at higher densities (up to 250 cats/km2 in rural areas), they form 
small groups of (mainly) relatives that depend on food provided by humans and, if this is 
enough, they can reach a density of 2000 cats/km2 (Liberg et al. 2000). However, environmental 
restrictions and overpopulation, when coupled with a scarcity of resources, increase the conflicts 
and anxiety-related behaviors (Bradshaw 2014), which undermine the possibility to grow 
multiple preferential relationships.

Colonies of free-roaming domestic cats do not assemble randomly simply according to food 
distribution, but they join a group also following preferential relationships towards certain 
subjects. Several studies confirmed that cats build strong intra-specific relationships. Those 
living in colonies spend about half their sleeping time in direct bodily contact with preferred 



companions and select only certain partners for resting, playing, allogrooming, i.e. one cat licks 
another, and allorubbing, i.e. two cats rub part of their body against one other, with all gender 
combinations (Voith and Borchelt 1986, Heidenberger 1997, Curtis et al. 2003, Crowell-Davis et 
al. 2004). Cats selected their preferred partner based on kinship but also familiarity, which 
highlights the need for stable social relationships in domestic cats as has also been documented 
for other animals (e.g. horses, Waring 1983). In colonies, cases of females collaborating in the 
care of kittens are well documented (e.g. Natoli et al. 2001). Males show social behaviors as 
well, but mostly if neutered and indoors (Barry and Crowell-Davis 1999, Macdonald 2000). 

Interspecies sociality: cats as human companions

Cats extend their social habits to humans as well (Mertens 1991, Rieger and Turner 1999). Both 
allorubbing and the same body contact searched for with other cats when sleeping are also 
sought with human partners, with cats commonly sleeping with a family member, greeting their 
owners when they arrive back home (Voith and Borchelt 1986) and increasing time spent in their 
proximity. 

Two main characteristics influence cat behavior towards humans: reciprocal personalities 
(Shreve and Udell 2015) and housing conditions (Ellis 2009). As for personalities, two main 
traits are reported by owners as key for a “good” cat personality. One is friendliness, intended as 
reduced fear response towards humans in general and search of interaction with them, the other 
is affectionate behaviors, intended as outwardly expressed behaviours towards the owner, such as 
allorubbing, vocalizations, physical closeness (Zasloff and Kidd 1994, Archer 1997). Their 
amplitude is influenced by the interaction between genetic and learning experiences (Mendl and 
Harcourt 2000). The juvenile period, extending to around 4-5 months of age, is the most 
sensible. In particular, kittens experience a particularly sensitive phase of socialization towards 
humans between their second and seventh week of life (Karsh 1988). During this period, the 
presence of the mother, the time exposed to humans, the number and the gender of people 
interacting with them and the amount of time spent in handling affect the sociality towards 
humans (Karsh 1988). For example, kittens tend to develop a friendlier attitude towards humans 
if they are gently touched in the presence of the mother (at this age, representing both a social 
model and a secure base), not when they are sleeping or eating, and according to their initiative 
for contact (as suggested by Turner 1991). The memory of this socialization lasts for a long time, 
at least one year, and is generalised to non-familiar humans as well (Rochlitz 2000). Owners of 
“socialised” cats also report a higher level of attachment from the cat’s side (Casey and 
Bradshaw 2008). During the juvenile period, interactions with other species may also influence 
the natural tendency of cats to prey on them. For example, cats that interacted in early life stages 
with rats have less predatory responses towards them when adult (Kuo 1930). 

Cats that have experienced socialization with humans may form a social relationship with them, 
showing some of the characteristics of an attachment bond (Edwards et al. 2007). This subject is 
still highly controversial (Potter and Mills 2015). Attachment is a common behavior in 
mammals, necessary for their survival: thanks to the offspring-mother attachment, the former can 
survive and the latter can secure genetic transmission (in humans, Ainsworth et al. 1970; in dogs, 
Palmer and Custance 2008). Historically, the attachment bond has been empirically tested in 
humans through the Ainsworth’s Strange Situation test (SST) (Ainsworth et al. 1970): in this 
standardized condition, the infant and the caregiver are in the same unfamiliar room, where they 
are introduced to a stranger in a subsequent order of separation and reunion episodes (in dogs, 



see this volume, chapter six). If separation elicits the attachment system so that the infant feels 
distressed and seeks the reunion, the test is positive. Edwards et al. (2007) used a similar test 
with cats. Subjects showed behavioral signs of distress after separation from the owner: moved 
around longer and played with only in their presence, whilst in their absence and in the presence 
of a stranger they vocalised and showed more alertness. These results are in line with a previous 
study reporting that cats were distressed when separated from their owners (showing 
inappropriate elimination, excessive vocalization, and destructiveness), which were hence 
identified as attachment figures (Schwarts 2002). 

Recently, Potter and Mills (2015) questioned the definition of attachment between cats and 
humans by adopting a counterbalanced paradigm of the SST. They found that only vocalizations 
were truly representative of the distressed state of cats when separated from their owners, 
whereas they identified no other element of the attachment bond evidenced by Edward et al. 
(2007). The authors do not exclude that cats may have social preferences or establish strong 
bonds with their owners, but they suggest that this relationship is not built on owners acting as a 
safe and secure base for their cats. Probably, the mild selection that cats underwent during their 
domestication allowed them to live with humans without the need to establish an attachment 
bond. Conversely, although the SST is already used for the dog-human and the child-mother 
bond, it may not be the most proper method to explore cat-human relationships. This procedure 
was in fact devised to study infant behaviors, whereas the prey nature of cats and their peculiar 
social/solitary lifestyle may need other “ad hoc” tests to identify which behaviors could signal 
distress in the species. Further, personality traits were not considered, even though they can be 
highly influential on the ability to form attachment bonds. There is indeed scarce knowledge on 
personalities of cats, yet some traits have been already suggested, such as “boldness,” intended 
for individuals who actively approach novel stimuli, or “shyness,” which describes individuals 
showing the opposite behavioral pattern (see Shreve and Udell 2015 for a review). 

In conclusion, cats can form strong relationships with their owners. However, we still don’t 
know if this relationship has different characteristics from the dog-human one, with far less 
attachment between the owner and the pet, or if instead we still need to find the correct 
experimental design to study this behavioral trait in cats.

Cat-human communication: what do we understand of each other?

Through the process of domestication, cats have adapted to the human social environment by 
establishing long-term social relationships with them (Miklósi et al. 2005), with a consequent bi-
directional emotional sharing (Downey and Ellis 2008). However, only a few studies have 
investigated cat’s cognitive abilities and social cognition, as well as its use of human 
communication (e.g. Miklósi et al. 2005, Pisa and Agrillo 2009, Pan et al. 2013, Saito and 
Shinozuka 2013).

Cats recognize humans individually, both via vocal communication (Saito and Shinozuka 2013), 
as well as visually during face-to-face interactions (Collard 1976, Casey and Bradshaw 2008). In 
particular, cats orient their ears and head toward a known voice, distinguishing that of a stranger 
from their owner. They show these active behavioral responses only if the subject is “close at 
paw,” i.e. not if the owner calls from outside a door (Saito and Shinozuka 2013).



When trying to locate hidden food in an object-choice task, cats show the ability to interpret four 
types of human pointing differing in visibility and duration of the given cue (momentary and 
permanent pointing) and in the distance between the end of the fingertip and signalled object (till 
a maximum of 80 cm) (Miklósi et al. 2005). This ability is similar to that of dogs that, contrarily 
to cats, were selected for working with humans and hence based on their ability to understand 
human signalling (see Miklósi et al. 2005 for a comparison between the ability of the two species 
to understand human cues). Since humans have not selected cats for their ability to understand 
human bodily communication, this skill may evidence a side effect of domestication, possibly 
widespread in other species as well (for example horses, Proops and McComb 2010). 
Nevertheless, humans could have selected cats for tameness and aesthetic features, making them 
more attentive and used to cooperating with humans. 

Cats understand human pointing, but they are not as good when asking for human’s attention. In 
the second part of their comparative study, Miklósi et al. (2005) tested both dogs and cats in a 
problem situation in which food was hidden and unreachable. Cats were not able to call for the 
attention of a human observer to lead it to the food, whereas dogs gazed more often and for 
longer at the owner and showed more gaze alternation between the hidden food and the human. 
These results suggest that cats and dogs have similar abilities in interpreting human signals (i.e. 
pointing), but they differ in their tendency or ability to communicate with humans in a problem 
situation, such as the impossibility of reaching food. 

Social referencing in cats

It seems that humans have a low influence over cat’s food preferences (Chijiiwa et al. 2014): cats 
chose randomly between two containers of food, although they previously saw an unfamiliar 
person eating from one of these two. The study capitalized on the presence of food, but because 
cats are predators and prefer not to have other individuals around when eating their prey, this 
may not be the best choice to test for the influence of human behavior. Conversely in fact, in a 
different experimental context, cats tended to refer to humans in a potentially dangerous context, 
looking at the owner to evaluate the level of risk (Merola et al. 2015b). This process is called 
social referencing, and it is characterized by the subject using another individual’s perception 
and interpretation of a situation to form its own understanding of it and guide actions accordingly 
(Feinman 1982). In their study, Merola et al. (2015b) introduced an ambiguous object (one to be 
feared or not; in this case, an electric fan) in a room with both the cat and the owner (Figure 3-
2a). The aim was to evaluate if cats alternated their view between the owners and the object as 
needing information about the object (referential looking) and if cats thus adjusted their 
behaviour based on the owners’ emotional expression (observational conditioning). 79% of the 
24 cats included in the study looked referentially towards their owner (similarly to dogs, 76%; 
Merola et al. 2012a, 2012b), suggesting that cats also refer to their owners when faced with 
ambiguous situations. Also, this study showed that cats could discriminate between the owner’s 
reactions toward the fan (fearful or happy): when the owner showed fear, they looked for a way 
out quicker and longer, or started interacting with and rubbing the owner, probably looking for 
security (Figure 3-2b).

Conversely, infants and dogs remained static in a similar negative emotional condition (Hornik 
et al. 1987, Merola et al. 2012a, 2012b), evidencing the different behaviors between cats and 
dogs in ambiguous domestic contexts. Nevertheless, as already stated, cats probably do not refer 
to their owners as secure bases (we still do not know if they develop an attachment bond sensu 



strictu), and therefore, may rely more on other environmental features to cope with stress, such 
as species-specific hiding places (e.g. cat trees or any vertical space allowing the cat to climb up 
it; see the box at the end of the chapter). 

Anyhow, although cats showed relevant skills in reading human signals, the different results 
obtained for dogs calls for a review of the methods used to explore cat behavior. Three factors 
need to be considered when comparing dog and cat behavior: (1) their natural behavior, being 
cats at the same time prey and predator, while dogs are mainly predator; (2) the domestication 
process, driven mostly by aesthetic reasons in cats, in contrast to dogs that were selected mainly 
for their willingness to cooperate with humans; and (3) their social organization, with cats living 
in colonies or simply tolerating social situations, whereas dogs are clearly a social species. A 
new investigative paradigm may contribute to reducing some owners’ perception that cats may 
be the equivalent of small dogs (a form of “dog-morphism?”), and to produce observations based 
on a cat’s species-specific communication.

What do we understand of cat behavior?

If studies on cat’s ability to read human signals are present, even if still in minimal number, 
those looking at a human’s ability to read cat behavior or emotional states are definitely lacking. 
People seem generally good at assigning emotional states to cats, as Foster et al. (2011) showed 
by using a simple image tagging application (Tagpuss). However, participants tagged too 
complex human emotions and motivation to cats, showing a high tendency to anthropomorphise 
them. 

Most owners seem able to distinguish between different purrs as well. Cats use purrs mainly in 
human-related contexts, reminiscent of their infancy when they were dependent on their mother. 
With humans, domestic cats even modulate their purr’s spectral structure according to their 
needs (McComb et al. 2009). In this study, owners could distinguish between purrs produced for 
requiring food (characterised by high-frequency peaks) versus non-soliciting purrs (such as those 
produced during resting). Owners perceived the soliciting purrs as more urgent and less pleasant 
than the others, interpreting their emotional request. The authors suggest that cats could use high-
frequency cries (similar to those of baby cries) to increase the appeal of the call. However, the 
degree of consciousness of cats in the use of high-frequency purrs remains to be investigated.

A recent study showed that most veterinarians fail to assess pain in cats based on the sole 
evaluation of their facial expressions (Holden et al. 2014). These results call for the need to 
develop tools to help owners and professionals in understanding emotional expressions of 
pleasure and pain in cats. A scientific-based vocabulary of cat signals, interpreted according to 
their different emotional content, would be helpful in converting the empathic emotional 
assessment from owners in a careful scientific evaluation, such as Cafazzo and Natoli (2009) did 
when translating tail movements (Figure 3-3). This would reduce the detrimental welfare effects 
of misinterpreted signals from cats (as we mentioned about cat stroking).

Conclusions

Domestic cats are spread worldwide. The peculiar social relations they created with humans 
granted them a privileged position in the human environment (according to statistics, in the USA 
cats outnumbered dogs, APPA 2015) and contributed to building a genuine interest toward this 
species in the broad public (#cat is the second most common hashtag on Twitter). Their 



domestication started about 10.000 y.a. mainly following a process of self-domestication and 
natural selection without a strong selection pressure for particular characteristics, a process that 
is still ongoing. This provided cats with the possibility to preserve an independent attitude 
towards humans and to choose, according to the conditions, whether to live solitarily, to establish 
strong affiliative relationships or simply to tolerate social situations. 

This peculiar social/non-social lifestyle, with its double-sided nature of prey and predator, 
contributes to the myth of being an “independent” and “difficult” species and gives a reason for 
the unusual responses reported during observational studies. Future research should consider the 
peculiar nature of cats and propose ad hoc experimental conditions or observations in contexts 
that ease their natural behavioral expression. For example, Ellis (2009) evidences some 
environmental needs of cats that may also prove useful in experimental contexts. Data on cats’ 
personalities and communicative skills are among the most needed. Cats indeed can show very 
different individual preferences even in social behavior that need to be addressed. Their 
emotional, communicative repertoire (vocal, facial, and bodily) should be explored in different 
social and non-social contexts, and according to different breeds.

BACK TO THE INDEX

Home sweet home

Establishing a correct human-cat interaction is fundamental for easing the integration of a new 
cat into the domestic environment. The first place for this interaction to occur is usually within 
the domestic walls. To guarantee the cat not only physical but also a good psychological welfare, 
owners should structure their house in consideration of their cat’s needs. As we like furnishing 
the house with particular objects and disposing of furniture as we please, similarly cats like to 
shape the environment where they live and prefer some objects and places to others. 

Let’s see some suggestions for a “cat’s dream house.” Such a cat’s dream house reduces the risk 
of behavioral problems and helps the cat in becoming more confident with its living 
environment. (See Merola et al. 2015c and Ellis et al. 2009 for further suggestions on 
environmental enrichment for cats).

Hide and seek

Cats are prey as well as predator; they like to hide in safe and small places, especially when 
resting, to control the outside surrounding. Open sided boxes, bags or cat carriers (opened), the 
inside of wardrobes would be perfect places for cats to hide (Figure 3-4a). It is important that 
these places are always accessible to the cat and that he/she will be able to go in and out easily, 



but also that they are out of reach from unwanted hands. For example, when too exuberant kids 
are in the house, it is essential the cat knows he can be out of reach when he prefers.

The three dimensions 

Vertical spaces make cats feels safe, providing a good place to scan the environment… they also 
like being off the ground. Cat trees, shelves, empty spaces, on/in furniture are important places 
for the cat to show active behavior, such as jumping, and add to the other safe hiding places 
(Figure 3-4b).

Let’s go to bed

Cats often like to change their sleeping place. Every soft, warm, and cosy space can be perfect 
for a little nap, and considering cats can rest up to 20 hours a day, finding the perfect place to 
sleep is definitely worthy! Small warm carpets, soft pillows, wool patches, blankets, etc., located 
in various places around the house, both in ‘plain-air’ and in hiding places, are greatly 
appreciated (and also contribute to saving unattended clothes from cat’s fur) (Figure 3-4c, 3-4d, 
3-4e). They can be located for example on the sofa, on the bed, on a chair, inside a box or 
luggage and become a favourite sleeping location.

Need to wee!

Litter boxes are the essential furniture in a “cat’s dream house”: they facilitate the correct 
elimination sequence and reduce the risk of inappropriate elimination behavior. They should be 
always be accessible, located in quiet places, faraway from feeding and resting points, and be of 
a dimension proportional to the cat size. The number of litter boxes should be counted as the 
number of cats in the household plus 1 (e.g. in a house with three cats there should be four litter 
boxes, in a house with one cat there should be two). Some cats prefer closed boxes (it is always 
better to remove the flap door to guarantee an easy entrance and exit) while others prefer open 
ones: consider at first buying two different boxes to check for your cat’s preference. The type of 
litter most preferred is the fine-grained clumping clay litter. The litter box has to be cleaned at 
least once per day.

What’s on TV?

Cats are predators, attentive on what is going on around and searching for prey even when they 
are well fed (at least, most are!). Balconies and terraces are important for cats to express this 
behavior (safety has to be assured) (Figure 3-4f). Alternatively, it is a good idea to locate a cat 
tree (or a similar item) close to a window (safely locked) to provide the cat with the opportunity 
to scan the outside and, also, have some distraction from the domestic life. This may also 
become a nice resting place!

Here I am

Through scratching behavior, cats leave a visual and an odour trace (in the form of pheromones) 
of their presence. This is a normal behavior and it shows that the cat is shaping the place where 
he/she lives. To address this behavior on some specific substrate, different scratching posts such 
as cat trees, paper boxes, soft puzzle play mat, can be located close to entrances and exit doors, 
and close to the spots where the cat prefers to sleep (for example, near the sofa) (Figure 3-4g, 3-
4h). Some cats prefer vertical surfaces for scratching, others horizontal ones. The scratching 
posts have to be higher (if vertical) or longer (if horizontal) than the cat’s length to allow the 
correct sequence for scratching, or the cat will not use them.



BACK TO THE INDEX
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The study of animal cognition has traditionally focused on mammals and birds. Attention has 
only recently been paid to investigating the cognitive abilities of other vertebrate species, such as 
fish. For a long time, fish were considered to be simple organisms that only display a series of 
actions in response to specific environmental stimuli. However, in recent decades, an increasing 
number of studies have demonstrated that fish possess several cognitive abilities and exhibit 
sophisticated behaviours that were previously believed to be uniquely present in species with 
complex brains. Nonetheless, most people still do not perceive fish as intelligent animals and do 
not think they are capable of suffering: as a consequence, there is a general lack of interest in 
their welfare. Here, I will briefly summarize some aspects of fish cognition; in particular, I will 
show how fish have become useful model systems for studying non-verbal numerical abilities in 
humans. All of the studies reported here demonstrate that fish are much more complex than was 
ever thought and hence deserve protection like any other animal.

Introduction

Traditionally, comparative research has mainly investigated the presence (or absence) of human 
cognitive skills in other closely related species, such as non-human primates, with the aim of 
tracking continuities and discontinuities between human and non-human abilities. However, 
since the 1970s, the study of animal cognition has broadened the spectrum of the species under 
study, including to fish. In particular, interest in fish cognition has exploded in recent years, and 
we have witnessed a change conception of fish cognitive skills in scientific research, for which 
they are now one of the most studied animals (Bolis et al. 2001; Best and Alderton 2008; Stewart 
et al. 2014). Nonetheless, the image of fish as automatons, namely, simple organisms with fixed 
behaviour driven by instinct, is still alive, and most people think about fish as pets or food rather 
than as “intelligent” animals.

It is worth noting that fish are the most ancient vertebrates (the first fossils date back to ~500 
million years ago, Shu et al. 1999) and that the other vertebrates evolved from lobe-finned fishes 
about 450 million years ago (Kumar and Hedges 1998). Contrary to what has been believed, fish 
have diversified over these millions of years; today, more than 32,000 known species exist 
(representing about 50% of vertebrates; Diana 2003) that have adapted to live in almost every 
aquatic niche. Consequently, fish cope with many social and environmental problems on a daily 
basis just like birds and mammals do, and there is no reason to believe that selective pressures 



have favored the evolution of complex cognitive abilities and behaviors only in the latter. In 
addition, the richness of the species and the diversity of the habitats they occupy provide a useful 
tool with which to investigate the role of phylogeny and ecology in the development of specific 
cognitive skills. For instance, closely related species living in different niches may have evolved 
different behaviors and abilities in response to different ecological constraints. Conversely, 
distantly related species that share the same habitats may have evolved similar strategies to cope 
with similar problems. 

Our attitude toward fish is probably influenced by the fact that they live in the water, do not have 
recognizable facial expressions and do not produce sounds that we can hear (although many 
species are able to produce acoustic signals with specific meanings; Amorim 2006). We are in 
fact more sensitive to the needs of other pets with a long history of domestication, like dogs and 
cats, with whom we have lived closely for thousands of years, to the point that this prolonged 
cohabitation seems to have affected the mutual understanding of social and communicative 
signals (e.g., Miklósi and Soproni 2006; Proops and McComb 2010). Moreover, fish are 
phylogenetically distant from our species compared to other aquatic mammals, which makes it 
even more difficult to develop empathic behaviors toward fish. In fact, although dolphins and 
whales live in the water, the mere fact that they are mammals affects our concern regarding their 
welfare. On the contrary, we are still far from giving as much attention to fish. This attitude is 
related to the belief that fish are not even able to feel pain, contrary to the other more intelligent 
vertebrates. People usually think that the more intelligent animals are, the greater capacity for 
suffering they have. Because of the poor perception we have of fish intelligence, fish welfare is 
still a controversial topic. 

There is an ongoing debate over whether fish perceive pain. Compelling evidence shows that fish 
possess nociceptors (receptors activated by noxious stimuli) similar to those found in mammals 
and birds (Sneddon 2013). In recent years, an increasing number of studies have shown that 
different fish species learn to avoid objects and contexts potentially harmful and that noxious 
stimuli produce physiological and behavioral changes that might affect fish survival (reviewed in 
Huntingford et al. 2006). For instance, rainbow trout injected with acetic acid solution showed 
less avoidance response to novel objects compared to control fish (injected with saline solution); 
however, these symptoms are relieved by morphine (Sneddon 2003). In this sense, fish have the 
potential to feel pain and suffering. On the other hand, some authors argue that fish cannot feel 
pain, since suffering is an entirely conscious and emotional experience (Rose 2002; Rose et al. 
2014). From this point of view, it is important to distinguish between nociception and pain. Pain 
is not felt at the level of nerve fibers; rather, the neocortex plays a key role in its conscious 
experience. Fish possess a nociceptive system for processing noxious stimuli and producing 
reflexive responses, but since they lack a neocortex, they would be incapable of pain. This strict 
definition of feeling pain would exclude most vertebrates, since only mammals possess a 
neocortex. However, it is worth nothing that different brain structures may be involved in 
processing the same information in different animals. For example, numerosity is encoded into 
the prefrontal and posterior parietal neocortices in humans and primates (Piazza et al. 2004; 
Nieder et al. 2002; Sawamura et al. 2002, 2010), whereas in birds—which show sophisticated 
numerical skills despite lacking a neocortex—numerosity is encoded in the nidopallium 
caudolaterale (NCL) (Ditz and Nieder 2015). Despite clear morphological and histological 
differences between the brains of fish and of other vertebrates, there is evidence that the medial 
and lateral pallia of fish are respectively involved in emotional learning and spatial learning, with 
functional similarities to the mammalian amygdala and hippocampus, respectively (Portavella 



and Vargas 2005). Hence, we cannot exclude the possibility that different parts of the brain other 
than neocortex could generate the conscious experience of pain in fish.

Despite the debate on fish possibility of suffering, there is no doubt about the existence of 
sophisticated cognitive skills in fish that enabled them to adapt to multiple contexts. Numerous 
researches showed that fish exhibit complex behaviours far from stereotyped even with a 
relatively small brain compared to mammals and birds (Bshary et al. 2002; Brown et al. 2011). 

Here I will briefly provide some examples of cognitive abilities of which fish are capable and 
that we largely ignore. Then, I will discuss in more detail one of the most-investigated issues in 
the last decade in fish cognition studies: the numerical abilities of teleost fish.

Cognitive abilities in fish

According to Shettleworth (2001), cognition “includes perception, learning, memory and 
decision making, in short all ways in which animals take in information about the world through 
the senses, process, retain and decide to act on it” (p. 278). This broad definition includes 
multiple aspects of animal information processing and is not necessarily limited to mammals and 
birds. 

Indeed, recent studies have shown that fish possess some cognitive abilities comparable to those 
observed in many land vertebrates (Bshary et al. 2002; Brown 2015). Contrary to what was 
previously thought, fish not only remember the characteristics of new objects for at least 24 h 
(Lucon-Xiccato and Dadda 2014), but many species also have long-term memories: for instance, 
carp (Cyprinus carpio) or rainbow fish (Melanotaenia doboulayi) keep their escape response 
from a potential predator for over one year (Beukema 1970; Brown 2001). Different intertidal 
fish species are able to return to their “home pool” even after being captured and held in 
captivity for six months (Green 1971), or after being displaced by meters (White and Brown 
2013) or even kilometers (Carlson and Haight 1972) from the place they were caught, showing 
them to have long-term spatial memory, which is not exclusive to birds and mammals. 

Fish can also recognize and distinguish between individuals on the basis of previous interactions 
and experiences, showing a preference to shoal with familiar over unfamiliar individuals 
(Magurran et al. 1994). Both olfactory and visual cues can be used in social recognition. For 
example, three-spined sticklebacks (Gasterosteus aculeatus) require the presence of odor cues 
and tend to associate with both conspecifics and heterospecifics that had experienced similar 
habitats and diets (and are hence likely to smell similar to themselves), compared to individuals 
with which they had previously interacted but that express different olfactory cues (Ward et al. 
2003, 2005). Conversely, guppies (Poecilia reticulata) can discriminate between up to 40 
different individuals, eventually by using visual cues alone (Griffiths and Magurran 1997, 1998). 
The ability to recognize individuals and then associate with familiar fish provides advantages in 
multiple contexts. For example, it reduces the likelihood of being preyed upon because familiar 
shoals are more cohesive (Chivers et al. 1995), and influences mate-choice decision, with males 
showing a preference for unfamiliar females to increase their reproductive success (Simcox et al. 
2005). Familiarity is fast achieved: in small groups, guppies develop a shoal preference for 
familiar individuals after only 12 days and maintain this preference even if they have been 
separated for 5 weeks (Bhat and Magurran 2006).



Over the last 20 years, numerous studies have shown that social learning—which involves the 
acquisition of new behaviors or information through observation and/or interaction with other 
individuals—is not peculiar to birds and mammals; rather, this skill is also widespread among 
fish (Brown and Laland 2003). Learning from more knowledgeable individuals allows fish to 
quickly improve their antipredator behaviors by learning to recognize and avoid predators 
without incurring risks (Suboski et al. 1990), but it is also useful for learning to forage on novel 
prey (Brown and Laland 2002) or new strategies to get food (Schuster et al. 2006). Both field 
and laboratory studies have shown that young and inexperienced fish are able to learn new routes 
to foraging sites by observing and following older individuals (Helfman and Schultz 1984; 
Laland and Williams 1997). In some circumstances, fish can even exploit information that has 
been unintentionally transmitted between third parties: a phenomenon known as “eavesdropping” 
(McGregor 1993). In most cases, the observer can get information on the competitive abilities of 
conspecifics and accordingly decide to attack the “loser” and avoid the “winner” (Oliveira et al. 
1998). Consequently, male fish pay more attention to fighting than to non-interacting conspecific 
males, probably because interacting fish exchange social information that is useful for the 
bystanders, as reported for zebrafish (Danio rerio; Abril-de-Abreu et al. 2015). Through 
observation, fish also proved be able to make inferences about the dominance hierarchy within 
the group (if A > B and B > C, then A > C; Grosnick et al. 2007; in this book, the same ability is 
described for chicks, in Chapter 1, which provides evidence of a logical ability (transitive 
inference) that was previously reported only in non-human primates (Gillian 1891), rats (Davis 
1992) and birds (Bond et al. 2003). 

Fish also provide examples of cooperative behavior and have become a model system for 
studying cooperation in animals. A well-known example is the predator inspection behavior that 
occurs when one or several individual fish leave their shoal and approach (inspect) a potential 
predator to gather information about its dangerousness (Pitcher 1991). This behavior has been 
observed in many fish species, including sticklebacks (Gasterosteus aculeatus) (Milinski 1987), 
guppies (Poecilia reticulata) (Dugatkin and Alfieri 1991) and minnows (Phoxinus phoxinus) 
(Pitcher et al. 1986). Of course, inspection is quite dangerous for the inspectors because they 
have a greater probability of being attacked by the predators. Nonetheless, fish have been 
observed swimming close to each other toward a predator to share the risk of being captured, 
alternating their movements, or more often, with one fish proceeding and the others following. 
However, if one fish stays behind or swims away from the predator (defeat), another inspector 
will rush back itself yet forgive the partner’s move by continuing to inspect with it once it comes 
back (Dugatkin 1988). The mechanism underlying this behavior consists of cooperating on the 
first move and subsequently copying the partner’s last move. This strategy, known as tit-for-tat, 
was first proposed to describe how cooperation can persist in a human population (Axelrod and 
Hamilton 1981), but can be applied to other species that are even distantly related to us. Tit-for-
tat not only involves the ability to recognize partners, but also to remember the outcome of 
previous interactions—skills both found in fish. For instance, sticklebacks and guppies prefer to 
associate with partners that had previously been cooperative (Milinski et al. 1990; Dugatkin and 
Alfieri 1991). 

The case of numbers

The study of numerical abilities represents one the main research topics in experimental 
psychology. Although only our species has achieved a high level of mathematical reasoning, 



numbers are not a human prerogative, and rudimentary numerical abilities have also been 
reported in several non-human animals (for a review on the topic, see Agrillo and Bisazza 2014).

The ability to discriminate between quantities can be beneficial in several ecological contexts to 
increase animals’ reproductive success and survival rate. For instance, numerical abilities are 
useful for regulating social interactions between groups: chimpanzees and hyenas are more 
willing to approach intruders when they outnumber the potential opponents (Wilson et al. 2002; 
Benson-Amram et al. 2011). Numerical capacities can also influence foraging decisions to 
maximize the amount of food intake: searching behavior for food among golden orb-web spiders 
(Nephila clavipes) increases with prey numerosity (Rodríguez et al. 2015). Furthermore, 
numerical information is useful for anti-predator strategies—as selecting the larger group of 
social companions reduces the possibility of being spotted by predators (e.g., redshanks, Tringa 
totanus; Cresswell 1994)—and for mate choice: the more males that are present, the wiser 
mealworm beetles (Tenebrio molitor) consider it to be to guard their females (Carazo et al. 
2012).

Since fish face the same environmental problems as other taxa, it is not surprising that selective 
pressures in favor of processing quantitative information have also acted in these animals. Some 
predator species, such as pike cichlids (Crenicichla frenata), acara cichlids (Aequidens pulcher) 
and wolf-fish (Hoplias malabaricus), increase their capture success by attacking large groups of 
prey, which are easier to detect than single fish (Botham et al. 2005). As prey, fish tend to join a 
larger group of conspecifics when exploring an unfamiliar and potentially dangerous 
environment to increase their overall vigilance and predator confusion (Buckingham et al. 2007). 
Being able to discriminate between quantities allows energy intake to be optimized as well: 
hungry sticklebacks (Gasterosteus aculeatus) avoid large groups of social companions due to the 
increased level of competition for food in large shoals (Krause, 1993). However, being able to 
discriminate between two groups does not necessarily imply that animals are able to count the 
number of items. In nature, numerosity normally co-varies with several physical attributes (e.g., 
the overall space occupied by the stimuli, their cumulative surface area or their total contour 
length), hereafter called “continuous quantities”, and animals can use these non-numerical cues 
as a proxy to estimate which group of items is larger/smaller (for a review, see Agrillo et al. 
2015). For example, prey group size could be inferred either by the total amount of movements 
perceived or by the number of individuals. In both cases, it is tricky for researchers to understand 
which information is used: the information may be numerical, continuous or a combination of 
multiple cues. Controlled laboratory experiments are therefore required to investigate this issue 
in animals, including fish.

Numerical skills in fish are commonly explored by means of two experimental methods: free-
choice tests and training procedures. In free-choice tests, subjects are commonly presented with 
two groups of biologically-relevant objects that differ in numerosity, with the assumption that, if 
they are able to discriminate between the two quantities, they will spontaneously select the most 
profitable one. In training procedures, subjects undergo extensive training, in which neutral 
stimuli of given numerosities are associated with a reward, and the capacity to learn a numerical 
rule is taken as evidence of their numerical abilities.

Free choice tests



As is known, many fish live in social aggregates. A single individual that happens to be in an 
unfamiliar environment tends to join other conspecifics; if two shoals are present, it prefers the 
largest one—an anti-predatory strategy that is supposed to reduce the chance of being spotted by 
predators (Hager and Helfman 1991; Pritchard et al. 2001). Several studies have taken advantage 
of this behaviour to assess the limits of quantity discrimination (Buckingham et al. 2007; 
Gómez-Laplaza and Gerlai 2011a, b). Typically, a single subject is moved into an unfamiliar 
tank where two groups of social companions differing in number are presented. The proportion 
of time the subject spends near the larger shoal is taken as a measure of discrimination (Figure 4-
1).

Agrillo et al. (2008) found that mosquitofish (Gambusia holbrooki) can discriminate between 
shoals differing by one unit for up to 4 items (1 vs. 2, 2 vs. 3 and 3 vs. 4). A closely-related 
species, the guppy, exhibited the same limit (Agrillo et al. 2012a), while angelfish (Pterophyllum 
scalare) were found to discriminate between 1 vs. 2 and 2 vs. 3 but not 3 vs. 4 fish (Gómez-
Laplaza and Gerlai 2011b). Larger quantities could be also discriminated but only by increasing 
the numerical distance: mosquitofish could discriminate 8 vs. 16 (1:2 ratio) but not 8 vs. 12 (2:3); 
their accuracy decreased as the ratio increased between the smaller and larger numerosities, in 
agreement with Weber’s law. Similar performances in the large-number range were also found in 
guppies (Agrillo et al. 2012a), angelfish (Gómez-Laplaza and Gerlai 2011a) and swordtails 
(Buckingham et al. 2007).

It is worth noting that, in all of these studies, continuous quantities that co-vary with number 
(e.g., cumulative surface area) were available; hence, it was not possible to establish whether fish 
used numerical abilities. An experimental strategy to assess which mechanism is used by fish 
consists of controlling one continuous quantity at a time. For example, Agrillo et al. (2008) set 
up a control experiment to assess the influence of cumulative surface area by placing larger 
individuals in the smaller shoal in 2 vs. 3 and 4 vs. 8 discrimination tasks. In this way, the overall 
area occupied by the stimulus fish was the same for each test. Interestingly, mosquitofish did not 
discriminate either 2 vs. 3 or 4 vs. 8, suggesting the importance of cumulative surface area in 
their shoal choices. More recently, Gómez-Laplaza and Gerlai (2013) studied whether the ability 
of angelfish to select the larger shoal (5 vs. 10 discrimination) was affected by the density of the 
two shoals. To keep this variable constant, the volume of the stimulus compartment was reduced 
by 50% for the smaller group: the subjects were unable to select the larger shoal in this 
condition, indicating a spontaneous use of density in shoal choice decisions. 

The quantity of movement among stimulus fish is another critical factor that might reveal the 
numerosity of a shoal, since the total activity is likely to be greater in larger shoals. One 
procedure used to control for this cue consists of varying the water temperature of the aquaria, 
because swimming activity varies together with water temperature. Pritchard et al. (2001), 
Agrillo et al. (2008) and Gómez-Laplaza and Gerlai (2012) adopted this technique to study shoal 
choice. They found that zebrafish, mosquitofish and angelfish (respectively) preferred the larger 
shoal when the two stimulus shoals were in water of the same temperature, whereas this 
preference was reduced if the larger shoal was placed in a tank with colder water (thus reducing 
their tendency to move). 

The most appropriate procedure in free-choice tests to control for different continuous quantities 
at the same time is probably the so-called “item-by-item presentation” which is commonly used 
with mammals (e.g., monkeys: Hauser et al. 2000; elephants: Perdue et al. 2012) and birds (New 
Zealand robins: Garland et al. 2012). This technique is based on the sequential presentation of 



items within each set, rather than presenting the whole groups together. The subjects thus have to 
build a representation of the contents of the sets on the basis of the items that come into view, 
one after the other. This technique was recently applied to fish as well (Dadda et al. 2009). 
Researchers used a modified version of the shoal choice test (in which each stimulus fish was 
confined in a separate compartment of the tank) by adding several opaque screens that made it 
impossible for the subjects to see more than one stimulus fish at a time. Mosquitofish were 
required to compute the number of stimuli on one side, make the same operation on the other 
side and then compare the two numerosities: fish spent more time near the larger shoal, which 
suggests a spontaneous number representation in this species. Further control experiments for the 
density of the individuals and the overall space occupied by the stimulus shoals showed that no 
other variable could be advocated to explain the choice of the larger shoal. Similar results were 
then reported in guppies (Bisazza et al. 2010, Figure 4-2).

Thus, even though different fish species tend to make use of continuous quantities to select the 
larger shoal, it seems that they can also process numerical information in shoal-choice tests. 

Apart from the numerosity of conspecifics, fish (as well as other taxa) have been tested for 
discrimination between food quantities. When given the choice between two sets containing a 
different number of food items, guppies preferred the larger one only for numerosities up to a 0.5 
ratio (1 vs. 4 and 2 vs. 4 but not 2 vs. 3 and 3 vs. 4). However, in control experiments, guppies 
chose sets with a larger cumulative surface area of food items, rather than those with higher 
numerosity. Also, when presented with items that differed in size, they preferred the largest one, 
probably because in nature it is more important to select the most profitable food item due to the 
high competition for food (Lucon-Xiccato et al. 2015). Comparison with shoal-discrimination 
tasks suggests that numerical acuity in guppies depends on the context, maybe in response to 
different ecological needs. The ability to select the larger shoal is a useful anti-predatory 
strategy, and a precise estimation of numerosities is crucial for individual survival, to minimize 
the risk of being spotted by predators (higher numerical acuity results in higher probability of 
survival). On the other hand, non-numerical cues (e.g., cumulative surface area) might play a 
primary role in foraging decisions because they can be more informative about the total energy 
intake than numerosity can. These results speak in favor of the existence of distinct 
quantification systems characterized by domain specificity (Miletto Petrazzini et al. 2014; Spelke 
2000).

Training procedures

Studies using training procedures require subjects to learn a numerical rule in order to receive a 
reward. In fish studies, both social and food rewards have been used. With the former type of 
reward, Agrillo et al. (2009) trained mosquitofish to discriminate between 2 and 3 two-
dimensional figures. By using two-dimensional figures, researchers had the possibility to finely 
control for all continuous quantities: cumulative surface area, brightness, overall space 
encompassed by the most lateral figures and density. The subjects were inserted into an 
unfamiliar environment with two doors: one with 3 geometric figures depicted on it and the other 
with 2. To re-join their social companions, the subjects were required to select the door 
associated with the larger group. Fish proved able to learn the discrimination, showing that the 
neuro-cognitive systems of a small fish can use numerical information not only in ecological 
tasks, such as shoal-choice tasks (Dadda et al. 2009), but also in more abstract numerical 
discriminations with two-dimensional stimuli. This result also provides evidence that the ability 



to use number is not limited to mammals (Cantlon and Brannon 2007; Yaman et al. 2012; Vonk 
and Beran 2012) and birds (Rugani et al. 2008; Emmerton 2001; Pepperberg 2006). 
Subsequently, Agrillo et al. (2010) showed that mosquitofish have virtually no upper limit in 
their numerical discrimination, as they can discriminate 4 vs. 8 as well as 100 vs. 200 elements if 
the numerical ratio is at least 0.5, although their accuracy decreases when the ratio becomes finer 
(0.67 and 0.75), as reported for several other species (Beran 2007; Vonk et al. 2014; Bogale et al. 
2011).

Training studies with fish also make use of food as a reward. Similarly to when social 
companions are used, fish needed to discriminate between two groups of two-dimensional 
figures to get the reward (Agrillo et al. 2012b, Figure 4-3). The outcome of this training method 
showed a complete overlap with the results previously obtained in mosquitofish by using social 
reinforcement (Agrillo et al. 2009; Agrillo et al. 2010), and the method was then used to compare 
numerical abilities among five fish species (redtail splitfin, Xenotoca eiseni; guppies; zebrafish; 
Siamese fighting fish, Betta splendens; angelfish,). The finding that even distantly related species 
with different ecological adaptations showed similar capacities points to the existence of shared 
numerical systems among fish (Agrillo et al. 2012c).

Recently, researchers have shown that fish can flexibly learn to use different numerical strategies 
according to the context (Miletto Petrazzini et al. 2015). Guppies initially trained to discriminate 
between 6 and 12 figures were then presented with a novel numerical contrast that paired the 
familiar numerosity (either 6 or 12) with a novel one (3 or 24, respectively). If guppies learned to 
select a specific value of numerosity (absolute numerosity rule), then they should have selected 
the set reinforced in the previous training phase (e.g., 6), even though 6 represented the larger 
group compared to 3. On the contrary, if they learned to select the larger or smaller group 
regardless of the absolute numerosity of the arrays (relative numerosity rule), then they should 
have selected the smaller group composed of 3 items, even though the numerosity previously 
reinforced was also available (6). Fish preferred the novel set, in accordance with a relative 
numerosity rule, despite the fact that applying a relative rule is considered more complex 
because it requires the subject to compare the stimuli and then derive a general rule, instead of 
forming a single association. However, guppies were also able to select a specific value of 
numerosity if properly trained, a capacity that has previously been reported only in mammals and 
birds (Davis 1984; Jordan et al. 2008; Pepperber 2006). In particular, they selected 4 objects 
against several alternatives (4 vs. 1, 4 vs. 2, 4 vs. 8, 4 vs. 10, 4 vs. 3 and 4 vs. 6 items).

Fish have even been tested for numerical abilities in a non-visual modality (Bisazza et al. 2014). 
Phreatichthys andruzzii is a species that lived isolated for two million years beneath the 
Somalian desert in caves without natural predators; as a result of their adaptation to this peculiar 
ecological niche, they became completely blind. Fish were trained to discriminate between two 
groups of sticks to obtain a food reward (Figure 4-4). Even in blindness, fish proved able to 
select the larger set and to generalize the learned rule to a novel numerical contrast, but only 
when both number and continuous quantities were available (that is, only when the sticks 
differed both in numerosity and volume). However, if they were trained from the beginning by 
using only stimuli controlled for continuous quantities, they showed the ability to solve the task, 
suggesting that the presence of multiple cues in the first part of the training is crucial in 
determining which information (numerical/continuous) will be adopted by fish. As these fish 
could not use visual information, the authors hypothesized that the lateral line played a key role 
in assessing the numerosity of the objects submerged in the tank.



Inborn numerical abilities?

Humans partially display non-symbolic numerical abilities at birth, which increase in precision 
during development, well before the emergence of symbolic language. For instance, newborns 
can discriminate between large quantities with a 1:3 ratio (Izard et al. 2009); six-month-old 
infants can discriminate between 1:2 ratios but not 2:3 ratios (Xu and Spelke 2000), and 10-
month-old infants also discriminate between 2:3 ratios (Xu and Arriaga 2007). In non-human 
species, little is known about numerical abilities in non-adult individuals, with the exception of 
research on domestic chicks (Rugani et al. 2008). 

Recently, Bisazza et al. (2010) investigated the ontogeny of numerical abilities in guppies. They 
used a small-scale version of the experimental apparatuses adopted in free-choice tests for adult 
fish. At birth, guppies were able to discriminate between shoals differing by one individual in the 
range 1–4. Nevertheless, they failed when the quantities were larger, even when the numerical 
ratio was potentially easy (e.g., 4 vs. 12), suggesting that large-quantity discrimination is absent 
or highly approximate at birth. Indeed, the authors found that this type of discrimination only 
emerges later, as a result of both individual maturation and social experience. 

However, more recently, Piffer et al. (2013) investigated whether large-number discrimination 
develops only with social contact (and therefore, with age) or instead whether newborn fish 
could be trained to learn a rule to discriminate between large numbers of items. Four to nine-day-
old individuals successfully learned to distinguish between arrays of objects with a 1:2 (i.e., 7 vs. 
14) ratio, both when the number and continuous quantities were simultaneously available and 
when only numerical information was present. This fact suggests that large-number 
discrimination is not completely absent at birth; instead, the resolution of such ability is likely to 
increase through prolonged experience in numerical discriminations, and is not necessarily 
related to social contact.

Is processing numerical information much cognitively demanding?

As the readers may have noted, both free-choice tests and training procedures have shown that 
fish are able to use both number and continuous quantities (i.e., cumulative surface area) in 
judging relative numerosity. In particular, some of these studies suggest that, when both forms of 
information are available, continuous quantities are often used as primary cues. 

These results may suggest that fish use numerical information as a “last-resort” strategy, as 
previously advanced in other species (Davis and Perusse 1988; Kilian et al. 2003), raising the 
question of whether processing numerical information is more cognitively demanding than 
processing continuous quantities. To specifically address this issue, Agrillo et al. (2011) 
analyzed the number of trials required for mosquitofish to learn a discrimination task based on 
number only with one based on continuous quantities only. If number was more difficult to use, 
then the mosquitofish would need a larger number of trials to learn the task when only numerical 
information was available (2 vs. 3 dots matched for area), compared to when only continuous 
quantities were available (1 vs. 1 discrimination with a 2:3 ratio between the areas). Nonetheless, 
no difference in learning rate emerged, thus suggesting that processing number does not seem to 
be more complex than processing continuous quantities. Mosquitofish only reached the criterion 
more quickly when provided with a combination of number and continuous quantities, proving 
that this was the easiest condition, a finding that aligns with previous literature on humans and 



non-human species (Neil et al. 2006; Suanda et al. 2008). After all, the combination of 
continuous quantities and number is unlikely to be violated in natural contexts: larger shoals 
have larger cumulative surfaces, and it is not surprising that fish and other species evolved 
mechanisms to use multiple sources of information to estimate quantities (Gebuis and Reynvoet 
2012).

Conclusions

Traditionally, the study of fish behavior and cognition has centered on teleost fish (bony fish), 
with particular interest in small freshwater species (guppies, zebrafish, goldfish and 
sticklebacks), since they are easier to maintain in laboratories. Studies on marine fish have 
mainly focused on cod (Gadidae) and salmon (Salmonidae), both commercially important 
species (Guttridge et al. 2009). 

However, in recent years, researchers have paid more attention to the cognitive abilities of 
cartilaginous fishes (sharks, rays and chimaeras). Although sharks have rarely been investigated, 
probably because of their negative public image and the difficulties associated with maintaining 
these animals and working with them, recent studies on learning, memory and visual 
discrimination have shown that sharks possess cognitive skills that are more complex than 
previously thought (Schluessel and Bleckmann 2012; Fuss et al. 2014; Schluessel 2015). I leave 
the pleasure of discovering them to the readers. 

Here, I have just reported a few examples of cognitive abilities in teleost fish, but there are still 
many other aspects to explore. As you can see, fish have much to tell us but unfortunately do not 
have the tools to do so. Rather, we have not yet developed the skills or perhaps even the interest 
to understand them. Since the public opinion on animal welfare is closely related to our 
perception of their cognitive abilities, I hope to have shown in these few pages that even small 
brains are capable of complex behaviors and sophisticated skills comparable to those observed in 
land vertebrates. 

BACK TO THE INDEX

Not everyone knows that…

Optical illusions are fishy for fish too!

Optical illusions are a useful tool to understand the neurocognitive systems underlying our 
perception of the world. Recently, optical illusions have been experimentally proposed for use 
with non-human species too, with the assumption that, if animals show a human-like perception 



of illusory patterns, it is likely that they share similar perceptual mechanisms with humans. In 
this sense, optical illusions represent a sort of window into the animal mind. Non-human 
primates were shown to perceive different illusory phenomena: chimpanzees perceive the 
Delboeuf illusion (Parrish and Beran 2014), macaques perceive the Zöllner illusion (Agrillo et al. 
2014) and the Regular-random numerosity illusion (Beran 2006), and capuchin monkeys 
perceive the Müller–Lyer illusion (Suganuma et al. 2007). Human-like perception has also been 
described in species more distantly related to humans, such as in cats (subjective contours: Bravo 
et al. 1988) and in the domestic chicken (Ebbinghaus illusion: Rosa Salva et al. 2013).

Optical illusions have also been investigated in basal vertebrates, such as fish. For instance, the 
redtail splitfin (Xenotoca eiseni) seems to perceive the Kanizsa triangle (Figure 4-5). Subjects 
were initially trained to distinguish between a triangle and a square; subsequently, they were 
presented with an illusory pattern and a control stimulus. Fish trained to select the triangle in the 
previous phase selected the illusory pattern, showing that they perceived subjective contours 
(Sovrano and Bisazza 2009). 

Fish perceive motion illusions as well, namely static patterns that give us the impression of being 
dynamic. Guppies (Poecilia reticulata) and zebrafish (Danio rerio) were trained to discriminate 
between static and dynamic arrays; in particular, they were required to reach the side of the tank 
associated with the dynamic array to obtain a food reward. After reaching the learning criterion, 
the subjects were presented with the rotating snake illusion (a well-known motion illusion) and a 
control static stimulus that also appears static to human observers. Both species selected the 
rotating snake array more often than chance, showing them to perceive some sort of apparent 
motion (Gori et al. 2014). This finding suggests that the perception of static and dynamic arrays 
in fish is partially similar to that of humans, raising the intriguing possibility that the origin of 
our perceptual systems is more ancient than previously thought, dating back to as far as the 
divergence between fish and land vertebrates. 

Although there is general agreement in ascribing the perception of illusions to higher-level 
processing in the cortex, studies on fish suggest that a mammalian cortex is not a conditio sine 
qua non for perceiving illusion and support the hypothesis that same information can be 
processed in different brain structures.

It's a matter of personality

As known, inter-individual behavioural differences in our species are strictly related to 
differences in personality. Personality can be defined as: “Those characteristics of individuals 
that describe and account for temporally stable patterns of affect, cognition, and behaviour” 
(Gosling, 2008). Is personality a human prerogative? Although Darwin (1872/1998) described 
animals as having emotions, scientists have been reluctant for a long time to use the term 
personality for animal species because of their concerns about anthropomorphism. There has 
been renewed interest in studying animal personality since the 1990s, and comparative studies 
have now described different inter-individual ways to react to the same contexts that resembles 
human personality traits. For instance, if you look at an aquarium, there are often individuals that 
swim close to the glass and others that hide themselves behind vegetation. This seems to reflect 
different levels of boldness among individuals. There are several methods to measure boldness in 
fish, such as measuring the time necessary to come out from a shelter and explore an unfamiliar 
environment (Brown and Braithwaite 2004), the time require to feed in the presence of a 



potential predator (Ward et al., 2004) and the total time required to explore a new object (Wright 
et al. 2003).

Forming a broader comprehension of the temperamental aspects of fish might have important 
implications for aquaculture. For example, fish grown in farms are generally more aggressive 
and bolder than wild conspecifics (e.g., brown trout, Salmo trutta), and their reintegration in 
nature can be harmful because they tend to outcompete the wild individuals (Sundström et al. 
2003, 2004). Also, more timid fish in aquacultures are subjected to more attacks by other 
conspecifics, which represents a source of stress for several individuals in the tanks (Huntingford 
2004). As the readers can understand, this research field does not interest only basic science but 
might also have potential applications to optimizing the welfare of fish raised in aquaculture 
farms.

BACK TO THE INDEX
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Most of the studies on animal cognition have involved mammals and birds while only a handful 
have focused on reptiles. By focusing on spatial and social cognition, we show that reptiles 
present interesting cognitive abilities that provide good reasons to improve our knowledge in this 
field. 

Reptiles started to diverge around 280 Ma from birds and mammals. Over such a long time 
cognitive abilities evolved independently in these taxa and different solutions to survival 
possibly emerged. Although no reptiles living today represent a primitive form of mammals or 
birds, nevertheless some species, such as tortoises, are thought to differ very little from their 
ancestors living around 225 Ma, whereas other groups, such as lizards and snakes (order 
Squamata), went through more substantial changes. Hence comparative analysis can highlight 
both plesiomorphies (“ancestral states”) and apomorphies (“derived states”). Moreover, 
comparisons across taxa can help test different hypotheses on the evolution of cognition. 

Consistently taking this into consideration, studies on spatial cognition pointed out the presence 
of cognitive mechanisms in reptiles similar to those observed in birds and mammals, plus some 
intriguing, and supposedly alternative strategies. For example, tortoises use simple but efficient 
response-base strategies to navigate in an environment with poor cues, whereas when more cues 
are available they switch to visual-cue-based navigation. Interestingly, the same spatial learning 
abilities seem to be supported by different but functionally homologue brain structures in reptiles 
and mammals. 

As for social cognition, in recent years tortoises have shown to be able to follow the gaze of 
conspecifics and turtles have recently been claimed to produce vocalizations to orient their 
hatchling, the first documented example of post-hatching parental care was in Chelonians. It 
seems the picture of reptile cognition is becoming more and more interesting as researchers dig 
into this relatively unexplored domain. 

General characteristics of reptiles

Reptiles are tetrapod vertebrates as most of them have four limbs or descend from four-limbed 
ancestors (as for snakes). A relevant feature of reptiles is the amniotic egg. In fact reptiles were 



the first vertebrate group to evolve egg membranes with both the purpose of protecting the 
embryo and transporting oxygen to it, and to keep it hydrated out of water. The hard shell of 
reptilian eggs allowed reptiles to complete reproduction and development entirely on dry land, an 
ecological niche that had not yet been colonized by other vertebrate groups. 

As ectothermic creatures, reptiles are deeply influenced by their behaviour, and possibly limited, 
by their metabolic rate. Compared to mammals of similar size, reptiles need much less energy 
intake and they can survive longer periods without food, providing an advantage especially in the 
presence of limited food resources. On the other hand, relying on external sources of heat means 
that they are much more dependent on their activity on all sorts of environmental fluctuations. 
Nevertheless reptiles can maintain efficiency over a greater range of internal temperatures than 
mammals or other warm-blooded animals, i.e. being 24-35° the optimum body temperature for 
some lizards (Huey and Bennett 1987). 

Present-days reptiles include more than 10,000 species. They are traditionally divided into four 
subgroups (orders), the largest of them being the order Squamata (i.e. snakes and lizards) as it 
includes over 9,600 species, exceeding by 22 times the total number of species belonging to the 
other subgroups (Testudines, Sphenodontia, Crocodilia). Living reptiles consist of nearly 220 
species of turtles and tortoises, 4680 species of lizards, 2824 species of snakes, 26 species of 
crocodilians, 2 species of tuataras (Vitt and Caldwell 2009). 

Because brains and behaviour do not fossilize, evolutionary history of modern living beings has 
to be reconstructed by comparing cognitive abilities and cortical organization in living 
vertebrates (Northcutt and Kaas 1995). As it occurs for all body structures, the brain is a mixture 
of both primitive and derived characters, so no living species as a whole represents the supposed 
ancestral condition. Notably, we cannot automatically attribute ancestral traits to taxonomic 
groups that have appeared before the others (reptiles on mammals, for example), since their 
evolution has progressed to the present day producing also a wide variety of modern 
specializations.

How can we therefore distinguish primitive from derived characters to reconstruct the 
evolutionary history of a trait? Homologies and character polarity (primitive versus derived 
traits) can be inferred from similarities in characters and phylogenetic continuities, as suggested 
in phylogenetic studies in comparative anatomy. For example, a high degree of similarity 
occurring in closely related taxa usually indicates the presence of homologous characters; that is, 
characters present in a common ancestor.

Structure and evolution of the reptilian brain

Differently from what was believed for a long time, molecular and neurobiological data have 
clarified that the reptile brain is not just a mammalian brain lacking some “modern” structures. 
This is quite obvious if we consider that evolution is not a linear, but an intricate and branching 
process. Identification of conserved brain subdivisions shows that all mammals’ brain regions 
have homologies in reptiles (Naumann et al. 2015). This is a relevant point since mammals are 
supposed to be evolved from reptilian-like ancestors (therapsids) through a gradual 
differentiation of structures, not a combination of disappearance and appearance of traits. Thus, 
the close evolutionary relationship of reptiles with mammals, with the high diversity of reptilian 



adaptations, makes the reptilian brain a great model for testing questions on the evolution of 
vertebrate brain in general, both from a structural and a functional point of view (Figure 5-1). 

Despite the undeniably structural differences between the reptilian and the mammalian brain 
(Northcutt 2013), both the resulting structures develop from subdivisions of the same brain part, 
the pallium. The mammalian cerebral cortex develops from the dorsal pallium, whereas the 
reptilian dorsal ventricular ridge (DVR) is a derivative of the ventral pallium, i.e. the pallial 
region located next to the pallium-subpallium boundary (Figure 5-2). Transcription factors (such 
as Pax6, Emx1 and Tbr1) involved in the development of the telecephalon (and pallial) 
subdivision are in fact highly conserved in all vertebrates (Puelles et al. 2013), supporting the 
hypothesis of the homology of the pallium across vertebrates (Jarvis 2009).

The cerebral cortex evolved most likely before the split between reptiles/birds and mammals, 
subject to the different adaptations within each taxonomic group. Nonetheless, the reptilian 
cerebral cortex is structurally similar to mammal neocortex in that it is a three-layer structure. Of 
course it contains far fewer subdivisions than that of mammals and simpler cortical circuits: it is 
usually subdivided into a medial cortex (hippocampus), a lateral cortex (equivalent to the 
piriform cortex in mammals) and a dorsal cortex (processing multimodal inputs, especially visual 
inputs) (Figure 5-3). The lateral cortex receives inputs from the olfactory bulb and projects to the 
medial cortex. The dorsal cortex receives inputs from the thalamus and also reaches the medial 
cortex (Naumann et al. 2015, Northcutt 2013). Due to this simplicity, the reptilian brain is a 
perfect candidate for the study of ancient cortical function and the origins of cortex.

Northcutt (2013) investigated the variation in reptilian brain, including brain subdivisions, 
comparing it with that of birds and mammals. Despite the remarkable lack of data available 
about reptilian brains and their cognitive abilities, Northcutt drew quite a reasonable picture. 
Relative brain size for a given body weight varies six-fold among reptiles class, with crocodiles, 
turtles and lizards having relatively large brains and snakes having relatively small brains. 
However, the variation is large also within the same class. For example, slow-worms (Anguis 
fragilis) and skinks (Chalcides chalcides) have the smaller brains among examined lizards, 
whereas monitor lizards (Varanus spp.) have relatively large brains. As for turtles, the snapping 
turtle (Chelydra serpentina) has a relatively small brain, whereas the green sea turtle (Chelonia 
mydas) and the Florida softshell turtle (Trionyx ferox) have relatively large brains. Crocodilians 
have the largest brains among living reptiles (if we exclude birds, see Box 1). Data on the 
relative size of major brain division among tetrapods, although limited, suggest that 
telencephalus and cerebellum account for much of the variation in relative brain size. For 
example, the telencephalic hemispheres of anuran amphibians accounts for approximately 20% 
of the total brain weight, whereas the same brain division in reptiles account on average for 
about 40% of the total brain weight. Interestingly enough, the relative weight of the telencephalic 
hemisphere of monitor lizards (Varanus sp.) and Caimans is close to that of some supposed to be 
basal birds and basal mammals, such as domestic chicken (Gallus gallus) and american short-
tailed shrew (Blarina sp.).

Brain structure and the modulation of behaviour

Most of the variation on the reptilian telencephalon occurs in the pallium. Despite the scarcity of 
data on the telencephalic size in reptiles and particularly of pallial divisions, it seems likely that 
the enlargement of the dorsal ventricular ridge (DVR) is responsible of much of the pallial 
evolution in reptiles. DVR is a structure unique to reptiles and birds, divided into an anterior (A-



DVR) and a basal portion (B-DVR, called archistriatum in birds). Their basic connectivity is 
common to reptiles and birds: A-DVR receives visual, auditory and somatosensory information 
from sensory areas and sends outputs to the B-DVR and basal ganglia. Therefore, the basic 
organization of the DVR may serve as an interface between sensory inputs and motor outputs to 
modulate behaviour (Ulinski 1983), which is the basic function of the cortex in mammals as 
well. That is to say, despite the morphological differences between DVR and mammalian 
cortexes, they still process information similarly.

The DVR is also divisible into two different pattern types based on the distribution of neurons. 
The Type I DVR, with a corticoid band core arrangement, is found in snakes, tuatara, turtles and 
most lizards (Ebbesson 2012). In birds and crocodiles a second organization is present, called 
Type II DVR, with a nuclear arrangement. Type I DVR is considered a basic organization, 
whereas Type II DVR probably emerged during the evolution of archosaura (i.e. crocodiles and 
birds), reflecting a sensory sophistication trend. The increased volume of Type II DVR, along 
with a tendency to a nuclear configuration, is linked with active predation (or active avoidance of 
predation) in lizards, snakes, crocodiles and birds. It was therefore assumed that Type II DVR 
evolved to support the processing of more complex information and allowing an increase in 
behavioural flexibility in the responses to stimuli (Ebbensson 2012). As confirmation of the role 
of DVR in improving overall cognitive skills, we must note that birds show striking cognitive 
abilities that can be compared in complexity almost only to those of apes. Corvids are among the 
most intelligent birds as they can perform complex cognitive tasks, such as problem solving 
using tools (Weir et al. 2002), recall specific past events (Clayton and Dickinson 1998), plan for 
the future (Raby et al. 2007), imagine another’s point of view (Dally et al. 2006). All these skills 
are supported, in mammals, especially by the cerebral cortex and prefrontal cortex.

Unfortunately, the overall exact role of the dorsal ventricular ridge (DVR) in behaviour is still 
not clear and in fact, the evolutionary relationship with other vertebrates’ cortex divisions is still 
debated (Northcutt and Kaas 1995; Northcutt 2013). Some researchers propose that it was 
transformed into the mammalian neocortex, along with a portion of the dorsal cortex. Others 
think the reptilian dorsal ventricular ridge and the mammalian neocortex are non-homologous 
structures (i.e. have different evolutionary origin). However, it seems obvious that the 
enlargement of this pallial derivative is somehow involved in complex cognition and social 
behaviours in reptiles and for this reason it is especially important in behavioural studies. 

The Medial cortex is another crucial and relatively widely studied portion of the reptilian brain. 
It is a telencephalic division involved in turtle’s navigation abilities, as lesions in this area cause 
retrograde spatial memory impairment, i.e. the inability to form a map-like representation of 
space (Rodriguez et al. 2002). Therefore, the medial cortex is supposed to be a homologous of 
the mammalian and avian hippocampus. Lopez et al. (2003) investigated the performance of 
medial-cortex damaged tortoises (Pseudemys scripta) trained in locating a goal using different 
landmarks existing in an arena. Medial-cortex lesioned turtles displayed a retrograde spatial 
memory impairment and could not solve the task when some of the cues located close to the goal 
were occluded from view. Conversely, when all the cues were visible, they were able to reach 
the learning criterion again following a post-operative training session. 

Overall the results suggest that the representation (and navigation abilities) of lesioned subjects 
crucially depended on the cues closest to the goal, as without this set of cues the performance of 
tortoises was disrupted. Similarly, in birds and mammals hippocampal regions are involved in 
the formation of a map-like landmark representation, allowing intact animals to navigate and 



orient using a more flexible memory system than that based on a “guidance strategy” (Benhamou 
et al. 19965; Sherry et al. 1992; Lopez et al. 2003). Subjects with an intact hippocampal 
formation use this map to compute the direction required to reach the target, without being 
strictly bonded to the presence of specific cues. Lopez and colleagues (2003) suggest that, on the 
contrary, lesioned subjects use a strategy based on an approaching response to cues, ignoring the 
rest of extramaze visual cues, which in turn explains the dramatic decline in performance when 
some of the cues near the goal were concealed (Lopez et al. 2003). To possess navigation 
abilities based on map-like landmark representations, instead of based on the presence of specific 
cues has a clear adaptive value, as it allows animals to orient themselves in the case of dramatic 
changes in the environment as well (Roth and Krochmal 2015).

Are reptiles social animals?

Reptiles are often described as non-social vertebrates. This statement, and therefore behavioural 
and cognitive traits connected to it, can be counted among the features that contribute to 
distinguish reptiles and birds into two classes (see Box 1), as most bird species are known to be 
social. However, results from studies on reptiles ecology, behaviour and cognition raise some 
doubts on this assumption, considering it at least too simplistic. In fact, the presence of cognitive 
social abilities in reptiles can be interpreted in two different ways: 1) as evidence that some 
social abilities may emerge also in non social-contexts, hence as pre-adaptions of more complex 
forms of sociality; 2) more radically, as the demonstration that defining reptiles as non-social 
animals is wrong. 

It seems undeniable that social behaviours in animals span a continuum from solitary to highly 
social, which makes it incorrect to create a dichotomy between either social or non-social 
species. However, the correct position of reptiles within this framework remains uncertain, 
mostly because of the far less attention in terms of ethological studies received by reptiles 
compared to birds, mammals and fish. The behavioural literature reveals a particularly strong 
bias toward birds, as 44% of all articles on vertebrates refers to this Class, even though birds 
represent only 20% of vertebrate diversity (Bonnet et al. 2002). 

Studies on the behavioural ecology of different species of reptiles may help us in handling the 
question. Temporal aggregation of individuals has often been considered the most elementary 
form of social behaviour (Allee, 1958). Nevertheless, subjects can aggregate according to the 
presence of favourable resources such as food or to microclimate features rather than being the 
result of a social attraction from conspecifics. According to an old series of experiments and field 
observations, snakes (Thamnophis sirtalis and Storeria dekayi) tend to aggregate in situations 
that rules out any of the previous explanations (Burghardt 1977). The author suggested that 
“snake aggregation can be an innate species-typical social phenomenon”. Common iguanas 
(Iguana iguana) tend to leave nest holes in groups of 2 or 8, remaining in a partially emerged 
position for 15 or more minutes as if they were avoiding to leave the nest alone. Interestingly 
enough, lizards emerging from two or more nest holes have been observed to begin to leave the 
holes at the same time (Burghardt et al. 1977). Some more complex forms of social behaviour 
have also been observed: newborn snapping turtles (Chelydra serpentina) seem to form a 
hierarchy based on experience and individual recognition when approaching food (Froese and 
Burghardt 1974), whereas adult iguanas interact each other with a series of supposed social 



behaviour such as body and chin rubbing, tail wagging, head bobs, mutual tongue licking and 
allogrooming (Burghardt 1977).

Parental care

Parental care is either absent or rudimentary in reptiles species and males do not provide any 
help to the female or offspring (Uller and Olsson 2008), as most reptiles are precocial and 
independent after birth or hatchling. Although 97% of all reptile species abandon their eggs soon 
after laying them, it is well known that crocodilians show some sophisticated forms of parental 
care (Doody 2012). For example, some species of crocodilians display maternal cares for eggs 
and hatchlings that include vocal communication, excavation, carrying hatchlings to water and 
protecting them up to few days after birth. Caimans and alligators have advanced forms of 
cooperative offspring care, where juveniles form groups protected by more than one female 
(Doody et al. 2013).

It is reasonable to affirm that social behaviour starts in the egg, as crocodilian embryos vocalize 
both to synchronize hatching and to stimulate mothers to open the nest to carry hatchlings to 
water (Vergne et al. 2009). If such parental behaviours in crocodilians have long been known, 
evidence has only recently been found of embryo vocalization in turtles, as a way to synchronize 
hatching and then increase survival (Doody et al. 2012, Ferrara et al. 2014). Turtles and tortoises 
are not notoriously noisy and talkative animals, but recent studies unexpectedly found that the 
vocal repertoire of Podocnemys expansa (Amazon River Turtle) includes 11 different types of 
sounds. These include both frequency-modulated harmonic and nonharmionic bands, probably 
used to coordinate behaviour among individuals (Ferrara et al., 2012). Among those, short 
repetitive sounds have characteristics that would enable location of the sender by conspecifics, 
being similar to high frequency sounds that birds and mammals use to influence receivers to 
approach the sender. Also, vocalization during courtship are frequent across terrestrial tortoises 
(Sacchi et al. 2003).

Parental care in chelons is limited to pre-hatching maternal behaviours (i.e. nest-site choice by 
female), whereas post-hatching parental care has only recently been described. However, 
Manouria emys and Gopherus agassizii (two terrestrial species) remain close to their nests to 
defend themselves against possible predators (Agha et al. 2013, Barrett et al. 1986).

Squamates, despite being widely the richest in species of all the reptiles class, show a narrower 
range of parental care behaviours, generally restricted to the egg stage (Doody et al. 2013). 
Several lizard species form stable social groups, the most interesting of them being those of the 
lizard genus Egernia that include kin-based social groups and kin recognition (Gardner et al. 
2001, Lanham and Bull 2004). Juvenile iguanas engage in group vigilance after hatching (Doody 
et al. 2013) and snakes display anti-predatory group behaviours (Clark et al. 2012).

Mating systems in reptiles include a high level of polygyny and polyandry, while monogamy is 
more rarely observed though not absent (Bull 2000). Multiple paternity is ubiquitous in reptiles 
and female promiscuity is very frequent, as it has been documented in all the investigated 
species, affecting over 50% of clutches (Uller and Olsson 2008). Despite the evolutionary causes 
of sperm storage in female is still debated, it occurs in all major reptilian taxa, promoting sperm 
competition in males and cryptic female choice (Uller and Olsson 2008). Therefore, reptiles 
evolved mating behaviours to increase their reproductive success. For example, American 
Alligators engage in courtship dances involving up to a hundred animals (Dinets 2010), lizards 



guard their mate (Doody et al. 2012) and tortoises use mating calls. The number of such calls 
correlates with mounting success in Testudo marginata tortoises, therefore this is a possible trait 
selected by females for high quality males (Sacchi et al. 2003). 

Evidence coming from research in behavioural ecology strongly support the idea that reptiles are 
far from being completely non-social. An overview of behavioural literature in reptiles rather 
explains the current reputation of reptiles as solitary creatures mostly as a deficiency in the 
attention they received by behavioural research, in contrast to other more appealing taxonomic 
groups, i.e. mammals and birds.

Social cognition

Whatever the correct interpretation of reptilian cognitive abilities is, either adaptations not 
directly linked to a social life or behavioural traits of social animal species incorrectly labelled as 
non-social, clearly they underpin overall reptile social behaviour. These abilities include 
behavioural flexibility in the acquisition of novel behaviours, spatial and social cognition.

One of the most relevant cognitive abilities shown in reptiles is behavioural flexibility, a skill 
linked to many other aspects of cognition, such as spatial and social cognition. The ability to 
develop novel responses to changing environmental stimuli is favoured by the complexity of the 
ecological biology of the species, such as elaborated foraging strategies and complex social 
structures (Reader 2003). According to the current paradigm, just because many reptiles lack 
complex social structure and have simple foraging strategies, they also have limited cognitive 
abilities and display mostly stereotyped behaviours (Leal and Powell 2012). However, this is not 
always the case. 

Recent research contributed to reverse this scenario. Lizards and tortoises solved tasks requiring 
problem-solving abilities and showed behavioural flexibility across multiple tasks. For example, 
rock monitors (Varanus albigularis) learned to obtain food hidden in transparent tubes by 
inserting their heads through hinged doors (Manrod et al. 2008). The solution to this task 
requires skills that wild varanids use in everyday activities and indeed all subjects learned to 
open the tube and capture the prey within 10 minutes already on the first trial. By the second 
trial, both mean latency to access the tube and capture time decreased significantly, showing that 
varanids learned how to use the novel apparatus efficiently. In contrast to this study, tropical 
lizards (Anolis evermanni) were exposed to tasks requiring a variety of skills not exhibited in 
their natural foraging behaviour, such as removing a disc to access a worm placed in a well (Leal 
and Powell 2012). Lizards devised a novel solution, this being one of the main criteria to 
recognize behavioural flexibility, suggesting that the cognitive abilities shown by this species 
were comparable with those of other vertebrate species renowned for their flexible behaviour, 
such as birds (i.e. song sparrows, Melospiza melodia, and Black-capped chickadees, Poecile 
atricapillus) (Leal and Powell 2012, Roth et al. 2010). The results obtained from these studies 
strongly suggests the need to review our understanding of the evolution of behavioural 
flexibility, which is most probably driven by other environmental factors apart from complex 
social structures or foraging strategies.

Learning and imitation

Imitation is one of the key components of cultural evolution in humans, together with the human 
ability to transfer information through language. Many reports of supposed imitation in non-
human animals consider cases where the imitator couldn’t see the demonstrated behaviour while 



performing it; yet, we cannot refer to all of them as “true” imitation behaviours (Zentall 2006). In 
fact, various other forms of social influence and social learning can explain such behaviours, 
such as local (or stimulus) enhancement, i.e. where an inadvertent demonstrator draws the 
attention of another individual to a certain stimulus. For example, the sight of a duck passing 
through a hole in a pen may draw attention to the hole in other ducks and eventually induce them 
to try to pass through it as well (Lorenz 1935), without possessing true imitation abilities.

Assumed at first to be exclusive to the human species, “true” imitation abilities have been found 
afterwards in several other animals, for example in mammals including monkeys and apes (Call 
2001, Voelkl and Huber 2000, Subiaul et al. 2004), and in birds (Klein and Zentall 2003; Akins 
and Zentall 1996). Imitation is thought to be both useful and cognitively complex: useful, since it 
allows to find a solution avoiding the costly process of trial and error learning; cognitively 
complex, in that the observer has to draw inferences about both the observed behaviour and the 
intentions of the model in order to obtain useful information (Kis et al. 2015). For example, dogs 
can distinguish whether another dogs is pressing a lever with its pad (observed behaviour) 
because it is simpler than using the nose or because it has to be done that way (it understands the 
intention of the model) (Range et al. 2007). For these reasons, imitation is expected to be more 
common in social species, allowing it not only to learn from the knowledge of others but also, 
and more generally, favouring the transmission of behavioural patterns within a group. 

Nevertheless, the bearded dragon (Pogona vitticeps) – which is a non-social species-has been 
found capable of social learning that cannot be explained by local enhancement or goal 
emulation, as they copied precisely a specific movement pattern of the demonstrator instead of 
roughly focusing on the same area. Overall results indicate that bearded dragons learned by 
subjects through observation (Kis et al. 2015). In another study (Wilkinson et al. 2010), red-
footed tortoises (Geochelone carbonaria) were involved in a detour task. Four tortoises had to 
solve the task through individual learning, whereas four were allowed to watch a conspecific 
demonstrator completing the task in the right direction. While all non-observer animals failed in 
reaching the goal, all the observers succeeded. Authors assume local or stimulus enhancement 
cannot exhaustively explain results since while demonstrations were made only in a rightward 
direction, tortoises responded approaching the goal from both directions. 

Following the gaze of another individual can help focusing the attention of the observer on 
biologically relevant features of the surrounding environment, for example by helping the 
follower in responding faster to the presence of a predator. This gaze sensitivity has in fact 
supposedly evolved to be as an antipredator response (Hampton 1994). As for imitation, also the 
ability to correctly use the information coming from the gaze of others is predictably mostly 
linked with being social and living in groups. While it doesn’t surprise that social mammals and 
birds display the simplest form of gaze sensitivity (Tomasello et al. 1998, Kaminski et al. 2005, 
Bugnyar et al. 2004, Jaime et al. 2009), some evidence suggests that also some “non-social” 
reptiles possess it. Black iguanas (Ctenosaur a similes) responded differentially if a person was 
either looking at them or in a different direction, with a faster response in the first instance 
(Burger et al. 1992). Red-footed tortoises (Geochelone carbonaria) are able not only to generally 
monitor eye direction, but also to follow the gaze of a conspecific, orienting their response 
according to it (Wilkinson et al., 2010). Authors suggest that this cognitive ability may have 
evolved initially from a common ancestor, as it is present both in social animal species and 
species that do not form permanent groups. 



Reptiles exhibit complex cognitive behaviour similar to that observed in mammals and birds, 
suggesting that both learning by imitation and the ability to correctly infer useful information 
from observing the gaze of the others are cognitive abilities based on ancient mechanisms 
(Wilkinson and Huber 2012).

Spatial cognition

The ability to orient and navigate in space is a key cognitive ability for animals moving in their 
environment and it appears to be supported by a quite wide range of strategies: some of which 
used by reptiles are shared with other vertebrates classes, rather others are specific to a particular 
family of cold-blooded animals. Migratory movements in the marine environment reach 
extremes in many vertebrate species but sea turtles are undoubtedly among the most impressive 
navigators in the entire animal kingdom. 

Born from eggs laid on the shore, new hatchling sea turtles have to move offshore as quickly as 
possible to avoid predation. How can they recognize the correct direction just a few minutes after 
birth and how are they able to move offshore for months without any obvious reference point in 
the ocean? At least three mechanisms have been detected in this regard. Newborns of 
loggerheads (Caretta caretta) and leatherback (Dermochelys coriacea) sea turtles have a strong 
tendency to orient toward the brightest direction and thus use the moonlight reflected into the sea 
as an early cue in guiding their movements towards sea (Lohmann and Lohmann 1996a, Lutz 
and Musick 1996). Moreover, loggerheads and green turtles can detect the orbital movements of 
waves to move off the coast just by swimming perpendicular to the wave crest (Wyneken et al. 
1990). Finally, in the open sea, these turtles can use the magnetic field of the Earth to both 
maintain an offshore direction in the featureless ocean and to remain within the current of 
optimal water temperature in which they mature (the North Atlantic Gyre for loggerheads turtles) 
(Lohmann and Lohmann 1996b). 

Whereas different species of sea turtles show different migratory strategies (some roam widely 
and unpredictably and some station within coastal foraging areas), one unifying aspect of their 
migration is that all return to specific nesting sites year after year. Mithocondrial DNA analysis 
demonstrated that green turtles are also able to return to the specific beach where they hatched 
(Russell et al. 2005). It is well known that loggerhead turtles draw both directional and positional 
information from the Earth’s magnetic field, but the mechanism underlying has not been entirely 
determined. Nevertheless, results obtained by Irwin and Lohmann (2005) are consistent with the 
hypothesis that the sea turtles magnetoreception system is, at least in part, based on the presence 
in turtles of biogenic crystals of magnetite. With the aim to determine if magnetite is involved in 
turtle magnetoreception, C. caretta hatchlings were exposed to pulsed magnetic fields to alter the 
magnetic dipole moment of biogenic magnetite crystals. During tests in dark conditions, turtles 
exposed to magnetic pulses did not oriente themselves in an offshore migratory direction while 
the control group did it correctly. Therefore, it seems that at least part of the sea turtle 
magnetoreception system is based on magnetite.

Spatial cognition abilities shared among vertebrates include the use of a single or a few salient 
cues to identify the goal (guidance learning), path integration (dead reckoning), and creating a 
map-like representation of space (place learning). In mammals and birds – the most studied 
species of vertebrates – at least some of such strategies are found together in the same species or 
even in the same subject. Since orientation in natural habitats creates similar difficulties to 



different animal species, it is expected to find similar spatial abilities in different classes of 
vertebrates, despite the relatively large differences we can found in the structure of their brains. 
This seems to be the case, as one of the most relevant and surprising differences between reptiles 
and other vertebrate classes is that the former apparently do not possess any hippocampal 
formation. The hippocampus is involved in creating spatial relationships among a certain number 
of different landmarks (place learning) in mammals and birds. Nevertheless, selective 
impairment of the hippocampal formation does not affect spatial cognition as whole, as subjects 
remain able to find the goal supported by guidance strategies. Many studies support the 
hypothesis that the medial cortex region of the reptilian brain could be the homologue of the 
avian and mammalian hippocampus (Striedter 2015). In fact, tortoises with a damaged medial 
cortex region could not reach a goal when extramaze cues and distal landmarks were removed 
(Lopez et al. 2003): lesions affected the subjects’ ability to form a map-like representation of the 
environment.

Navigation abilities have been described in reptiles for a long time but results are not always 
consistent with each other, or possibly they suggest the use of different strategies across different 
species. For example, Holtzman et al. (1999) showed that corn snakes (Elaphe guttata) could find 
a hidden goal in an open field task using a guidance learning strategy, i.e. with the use of a single 
or a few salient cues. Conversely, two species of lizards used a trial-and-error strategy instead of 
exploiting local cues, as they rarely approached the goal directly (Day et al. 1999). The first 
evidence of use of a cognitive map (the same system used by mammals and birds) from reptiles 
comes from pound turtles (Pseudemys scripta), that failed in in approaching a goal when the 
extramaze cues were removed (Lopez et al. 2003). 

Wilkinson et al. (2007) tried to investigate tortoises’ spatial learning abilities coupled with 
working memory using an eight-arm radial maze. The experiment was set-up in order to test 
tortoises’ ability to both discriminate different locations of food (placed at the end of the eight 
arms of the maze) and to remember which places they had already visited. Tortoises did not 
return to the arms previously visited, showing spatial learning abilities comparable to those 
observed in mammals; however, the role of extramaze cues had to be determined. In a further 
experiment (Wilikinson et al. 2009), the extramaze environment was covered with a curtain and 
four cues (geometrical shapes) have been attached to it. The unexpected result was that tortoises 
stopped using the available cues to orientate, shifting to a turn-by-one-arm strategy, i.e. entering 
the arm next to the one they had just visited. When the curtain was removed, the use of the turn-
by-one-arm strategy reduced to chance level, demonstrating a high flexibility in spatial 
behaviour achieved through a combination of two navigation strategies, the first one based on 
visual cues, the latter involving a simple response-based strategy. 

Conclusion

Evidence coming from both observations on behaviour of wild reptiles and from controlled 
experiments in the laboratory, suggest that reptiles display forms of social behaviour and some 
cognitive abilities in the social domain. Some degree of social interaction has been found in all 
Reptilia orders, reaching its peak in crocodilians, which show advanced parental care including 
maternal communication with offspring. New evidence of communication and vocalization 
commonly used in coordinating individuals and synchronizing hatching are now also coming 
from recent studies in chelons. Social aggregation is quite common among lizards and snakes, 



with common iguana showing particularly sophisticated forms of gathering, that include body 
and chin rubbing, head bobs, mutual tongue licking and allogrooming, behaviours usually found 
only in animals traditionally considered social species.

Reptiles certainly possess cognitive abilities linked to the social domain such as learning from 
conspecifics, and others such as developing new responses to novel stimuli and challenges. They 
are also able to navigate and orient highly efficiently by means of a variety of not mutually 
exclusive strategies. Within the animal kingdom, sea turtles can be considered among the most 
impressive navigators, with the use of some outstanding adaptations as magnetoreception by 
means of biogenic magnetite crystals.

Reptiles’ cognitive abilities have been found sometimes similar to those of basal birds, as 
observed in Pogona vitticeps for social learning and Anolis evermanni for problem solving. 
Given the evolutionary relationship between reptiles and other vertebrates, and their complex 
and intriguing link with birds (reptiles and birds are both so close to each other but at the same 
time so different), they are the ideal candidates to investigate the origin and the evolutionary 
trends of many cognitive abilities commonly found among vertebrates.

The widespread idea of reptiles as non-social animals is strongly affected by a considerable lack 
of available experimental and observational data. Given the promising results in the current 
investigations, it is essential to carry forward research on social cognitive abilities in reptiles, 
together with the description of spontaneous social behaviour in the natural environment of these 
relatively poorly known animals.

BACK TO THE INDEX

Reptile Classification And Evolution

Reptiles originated about 310-320 years ago, during the Carboniferous period, from reptilomorph 
labyrinthodonts amphibians (Laurin and Reisz 1995). They were the first group of amniotes 
appearing on earth and to date the most primitive known reptile is Casineria, whose fossils are 
dated 316 Ma. 

Reptiles radiation, which lead to dinosaurs and many other reptilian forms, started about 305 Ma 
after the so-called “Carboniferous rainforest collapse”. This minor extinction event, consisted of 
the climate changing to a cooler and drier climate, affecting all species not fit enough to tolerate 
the resulting drier conditions (i.e. amphibians). Shell-eggs bearing animals acquired and invaded 
new ecological niches vacated by the declined labyrinthodont amphibians, which resulted in a 
differentiation of reptiles following the close of Carboniferous. 



A widely used classification of modern and ancient reptiles uses the number of temporal 
fenestrae in the head skull, bilaterally symmetrical holes (fenestrae) placed on the sides of the 
skull behind the eyes. Reptiles are classified on the basis of temporal fenestrae as follow: 

- Anapsida (no fenestrae): tortoises and turtles;
- Synapsida (one fenestra): ancient “mammal-like reptiles” (therapsids) including modern 
mammals;
- Diapsida (two fenestrae) lizard, snakes, crocodilians, tuatara, dinosaurs, birds.

During Permian (about 240 Ma), diapsid reptiles (evolving from primitive anapsid forms) split 
into two main lineages: the archosaurs and the lepidosaurs, the first being the ancestors of 
crocodiles and dinosaurs (birds included), the latter being ancestors of snakes and lizards. 
Tortoises and turtles are classically included in the primitive anapsid group, but research agrees 
to identify them as diapsid which very early reverted into the primitive anapsid state (Rieppel 
and DeBraga 1996, Schoch and Sues 2015). During the Mesozoic era, diapsids became the 
dominant vertebrate group.

At the end of Cretaceous most of the Mesozoic reptilian megafauna disappeared (together with 
about 75% of all living species). Among marine reptiles, only turtles survived, whereas among 
terrestrial large reptiles, only crocodiles and small feathered birds came to the present day.

An overview on the actual reptile taxonomic status clarifies the great diversity observed as well 
as the differences in cognitive abilities and social behaviour between related classes of 
vertebrates, for example birds. Above all, since reptiles and mammals share a common ancestor, 
investigating similarities and differences in their cognitive skills in the light of their phylogenetic 
relationship, is essential in understanding the evolution of cognition itself.

Turtles and tortoises

According to the classification based on temporal fenestrae, turtles and tortoises would be 
taxonomically separated from other modern reptiles. However, in spite of the popularity of such 
classification, it has been recently revised to fit the real phylogenetic relationships. In fact, both 
DNA analyses and fossils records strongly suggest that the anapsid condition of modern turtles 
and tortoises is not a primitive trait as previously believed, but instead a derivate one, as the 
putative ancestor of turtles (Pappochelys rosinae) had two fenestrae (Schoch and Sues 2015). 
Consequently, turtles would not be the last surviving members of the anapsid lineage, but they 
belong to the diapsid branch of the reptilean family tree. Recent molecular analysis (Hedges 
2012) suggest that turtles are the sister-group to archosaurs (a subclass including birds and 
crocodiles) and not the sister-group of all other reptiles, as previously believed . Therefore, 
chelons seems to be more closely related to crocodiles and birds than previously believed, 
although separated from them by many years of independent evolution. Turtles and tortoises 
evolution produced well discernible features, such as a bony shell as well as behavioural traits 
linked to these features. 

Snakes and Lizards

Snakes cluster together with lizards in Squamata and in fact they are believed to derive from 
anguimorph lizards. If the phylogenetic relationship of snakes with other reptiles seems well 
understood, the ecological history of the snakes’ body elongation and of the limb reduction is 
still debated. However, the recent discovery of a cretaceous transitional form (Longrich et al. 



2012) suggests that snakes morphology evolved from burrowing lizards, which support the 
hypothesis of their terrestrial (and not aquatic) origin (Vidal and Hedges 2009). 

Crocodiles and birds

Crocodilians are more closely related to birds than to the rest of the extant reptiles and this 
constitutes an issue in determining what a “reptile” should be. Reptiles are defined as non-avian, 
non-mammalian amniotes: the class Reptilia has been traditionally defined by their missing 
features, instead than by the phylogenetic relationships among its members. Therefore, the 
traditional class Reptilia is not a clade defined by synapomorphies, as would be the proper way 
to describe animals groups by an evolutionary, cladistic point of view, but it rather is a 
paraphyletic group, as it excludes both birds and mammals (which evolved respectively from 
dinosaurs and therapsids reptiles). A definition that certainly disappoints many researchers.

From a practical point of view, the issue seems to be mostly linked to the awkward position of 
the class Aves with respect to reptiles, as birds are classified as Theropoda, being them the last 
survival of the reptiles clade Dinosauria (Figure 5-4).

 The restraints in including birds in the same group of reptiles is due to the outstanding and 
distinct adaptations that are unique of this highly specialized taxonomic group, i.e. feathers and 
beaks, without forgetting elaborate social behaviours and cognition abilities, arising from a 
highly specialized brain. Such unique features have emerged probably because of the occupation 
of new and uninhabited ecological niches, which favoured the morphological and behavioural 
diversification of these feathered reptiles in a relatively short period of time.

BACK TO THE INDEX
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Dog domestication can be dated back to 15,000-27,000 years ago and since then Homo sapiens 
and Canis familiaris have shared the same environment. The long evolutionary history with 
humans makes the dog an interesting subject for investigating the relationship between humans 
and domestic animals, and for comparative cognition research.

In this chapter, we will examine the peculiarity and the uniqueness of this relationship and its 
ontogeny. In the first part of this chapter, we present scientific studies that provide evidence of 
the extraordinary ability of dogs to share with humans a relationship similar to a child-parent 
bond. In the second part, we focus on the social-cognitive abilities of dogs that make it an 
amazing companion for humans. 

The dog-human bond

“Jack is part of our family”
“Minnie is like a child; she only lacks word”
“When Honey died, I grieved her for a long time and I still miss her”

These and many other similar statements are common, at least in Western countries, among 
dogs’ owners (Power 2008). Living with a dog is an intense experience that only other dogs’ 
owners can understand and share. Why dogs are animals so special for millions of women, men 
and children? Why the dog is defined as ‘the man’s best friend?’

According to various archaeological and genetic studies, the dog (Canis familiaris) was the first 
animal to be domesticated and it seems likely that domestication occurred around 15,000-27,000 
years ago. For those readers interested in the complex and still contradictory theories about wolf/
dog domestication, literature is abundant (Vilà et al. 1997, Wayne and Ostrander 1999, Boyko et 
al. 2009, Pang et al. 2009, Vonholdt et al. 2010, Ding et al. 2012, Larson et al. 2012, Druzhkova 
et al. 2013, Thalmann et al. 2013, Wang et al. 2013, Freedman et al. 2014, Skoglund et al. 2015). 
Dogs and humans walked side by side for longer than any other species. Humans selectively bred 
dogs for various working roles such as hunting, herding, pulling loads, guarding, military forces, 
companionship, and aiding disabled people, although in some cultures dogs are still considered 



as a source of meat or are viewed as ‘unclean’ animals. Before the pioneering works of Scott, 
Fuller, Fox, and Bekoff in the sixties and seventies, scientists ignored the dog in their studies. 
They considered dogs problematic research subjects because of their complex domestication 
history, strong relationship with humans and the extreme variability of experience, living 
conditions, training, and breed selection, that make it difficult to generalize experimental 
evidence from a bunch of tested dogs to the Canis familiaris (Miklósi et al. 2007). The last 20 
years saw instead a renovated interest in dogs as a model for comparative research (Gosling et al. 
2003, Miklósi et al. 2004, Hare and Tomasello 2005, Kubinyi 2007, Hare et al. 2010). From this 
revived research field, it emerges that dogs’ success as companion animals is due to their 
abilities to engage in communicative, relational, and cooperative interactions with humans 
(Bensky et al. 2013, Kaminski and Nitzschner 2013). 

Domestic dogs are indeed entirely dependent on human care for their welfare, protection, and 
affect, and can develop an attachment bond toward their owners that is similar to the bond 
infants develop for their caregivers (Topál et al. 1998, Prato-Previde et al. 2003, Palmer and 
Custance 2008). Attachment is a particular form of affectional bond that endures over time and 
involves a specific individual, which is not interchangeable with anyone else (so-called 
‘attachment figure’). Attachment is emotionally significant and promotes a series of behaviors 
aimed to maintain proximity and contact with the attachment figure. Moreover, in the presence 
of this figure, an infant displays confident behavior (‘secure base’ effect) such as exploring the 
environment and playing with objects and with an unfamiliar person, whereas it protests and 
shows distress on an involuntary separation from the mother or equivalent (Ainsworth 1989). 

To characterize attachment relationships in human infants, Ainsworth (Ainsworth and Bell 1970) 
developed a standardized experimental procedure called the ‘Strange Situation,’ that elicits 
attachment and exploratory behavior under conditions of increasing though moderate stress 
(Table 6-1 and Figure 6-1). The subject’s behavioral responses are monitored while it is left in an 
unfamiliar room, introduced to an unfamiliar adult (the stranger), and subjected to three short 
episodes of separation from the attachment figure. Psychologists have widely used the Strange 
Situation procedure in the study of mother-infant attachment allowing classification of four 
different infant-attachment styles: secure, avoidant, resistant, and disorganized/disoriented 
(Table 6-2). These conditions aimed at inducing mild stress in dogs, with the general goal to 
assess whether they displayed the three behavioral components characterizing the attachment 
system: proximity seeking-maintenance, separation distress, and secure-base effect. Overall, the 
experimental evidence collected by these numerous studies showed that dogs had explorative 
behaviors and played more in the presence of their owners compared to the strangers, greeted 
their owners more enthusiastically than the strangers during reunion episodes, and stood by the 
door more when separated from their owner than from the stranger. Dogs also accepted play with 
the stranger more in the presence of their owner than during his/her absence. The reaction of the 
tested dogs strongly resembles the behavioral pattern of proximity and contact seeking, protest 
and secure-base effect of human infants, although dogs do not show avoidance of the strangers as 
human infants do and human infants do not scratch at the door when left alone in the room! 

Despite the affective bond that ties a dog to its owner, it is not rare that the latter abandons the 
dog. There is a huge variety of situations and reasons that lead to the relinquishment of an owned 
dog (Mondelli et al. 2010), and the analysis of this phenomenon is behind the purpose of this 
chapter. Whichever reason an owner might have to give up with her/his dog, this event is always 
traumatic for the dog that suffers from being in a novel and stressful environment (e.g., shelter), 



without its attachment figure. Are these abandoned dogs still able to form a new attachment bond 
despite the experience of abandonment? Most dog owners would joyfully declare that yes, dogs 
adopted when adult are beloved companions as are dogs grown up in the family. Yet, Prato-
Previde and Valsecchi (Prato-Previde and Valsecchi 2007) wanted to test this belief. They used 
the Strange Situation to highlight the potential in attachment behavior between dogs adopted 
from rescue shelters and pet dogs reared in the same family home from puppy-hood. It resulted 
in that abandoned dog form attachment bonds to their owners as strong as pet dogs, even if some 
of them were less prone to play because they got more anxious and distressed during the test. 
Adopted dogs are not a ‘second choice’ companion: they form with the new owner a firm bond 
having all the characteristics of the attachment bond. Of course, some may be more sensitive 
than pet dogs to certain situations that include restraint, isolation, separation from the owner, 
such as when left in boarding kennels during holidays (which is, by the way, a choice not 
recommended: instead, take your dog with you during the holidays, share your free 
time/activities with it and have fun together!). 

The crucial role that the relationships with the owner plays for dogs is emphasized in many other 
studies. For example, dog’s manipulative behavior (such as chewing an object) is emphasized 
when the owner is present, irrespective of its behavior (encouraging the dog or silent) (Horn et 
al. 2013). Object manipulation is correlated with cognitive abilities, and this study confirms the 
remarkable similarity between the secure base effect in dogs and in human children even within 
the cognitive realm. 

By using the Strange Situation Test on a set of dyads of cohabitants dog, Mariti and colleagues 
revealed instead the specificity of the dog-human bond (Mariti et al. 2014): a dog is to another 
dog a good companion, probably unique in many features such as playing as a dog, but yet a 
human companion remains the figure to which a dog shows its greatest attachment. The study 
shows indeed that the presence of a cohabitant dog mitigates the distress of being alone to the 
same extent as an unfamiliar person, but dogs did not show each other the preference they had in 
the SST toward the owner. This should not be surprising, as for thousands of years we selected 
dogs for their amicability towards humans, and now we are special for them. Yet, such a 
significant relationship does not always guarantee dogs the quality of life they deserve. Too 
many dogs are bred for quantity, not quality, so genetic defects and personality disorders are 
passed on from generation to generation. Too many dogs live in rescue shelters without any 
regard to their welfare. Too many dogs are relinquished every year for lack of responsibility of 
their owner and for their inadequacy in respecting their nature and behavioral needs. Too many 
dogs live chained or alone in the garden to guard our properties while owners ignore their strong 
need for social contact and affection. We have walked a long way with Canis familiaris but 
before consider us as ‘dog’s best friend’ we need to learn the meaning of the word ‘respect.’

Social and cognitive skills

Living among humans for the last thousands of years has shaped dogs’ unique social and 
cognitive skills. The dog has become ‘man’s best friend’ not only because it can develop an 
attachment bond with the owner and has undeniable loyalty: it can communicate with us in a 
very special way.



Pointing and gazing: how dogs read our referential gestures and cues

Dogs can interpret our referential gestures as pointing with a finger, hand, an arm or the look to 
an interesting spot, object or person (Hare and Tomasello 1999, Soproni et al. 2002). This kind 
of non-verbal communication is widespread among humans and we use it towards dogs in many 
different situations, assuming that its understanding is an extremely simple process. Shepherds 
point at the herd with their arm, however, dogs neither have arms nor use fingers to point 
something: their understanding of our gestures requires a deep cognitive effort. 

Most research on dogs’ understanding of referential gestures have linear experimental 
procedures: the dog has to choose between two recipients, only one is hiding a food treat. An 
experimenter sits in the proximity of the recipient and indicates one of them by looking, 
pointing, or being oriented towards it (according to the test). Most often, dogs do not randomly 
choose which recipient to approach, but instead, they more frequently reach that indicated by the 
experimenter. Hare and Tomasello (Hare and Tomasello 1999) were among the first to test dogs 
for their ability to read human cues. They tested 10 dogs in four different situations: a human 
informant giving a proximity cue (standing close to the target), a human informant gazing and 
pointing at the target with the contralateral hand, and a dog informant substituting the human in 
the two previous situations (pointing with the whole body at the target). Most dogs performed 
significantly above chance in more than one situation, demonstrating their ability to read 
human’s and other dog’s cues, regardless of breed, gender, or age of the dogs.

 Soproni et al. (2002) wanted to test the extent to which dogs could read human cues and 
designed a test where an experimenter, sat between two recipients, pointed at one with his finger 
alone (by keeping at the same time the arm along the body), hand, arm, elbow or a stick. It 
resulted that dogs only recognized the pointing signal when the experimenter protruded the arm 
or oriented to the target with its body. Similar results were found by Miklósi and colleagues 
(Miklósi et al. 2005) when comparing dogs’ and cats’ ability to use visual communicative signals 
in the interactions between them and humans. Both dogs and cats were able to retrieve hidden 
food following four different pointing actions and they performed equally. However, there were 
significant differences in cats among the results of the pointing gestures. They performed better 
with the proximal dynamic pointing than with both proximate and distal momentary pointing, 
while no differences were found in dogs. This confirms that dogs need only a brief momentary 
gesture to correctly interpret human communication gestures. 

It is not clear which evolutionary path led dogs into developing the ability to read human cues: in 
fact, dogs and wolves use their whole body, not just their paws, to point to something in the 
environment, i.e. a prey. Also, dogs can establish eye-contact with us more easily than wolves 
(Gácsi et al. 2009). The ability to read human cues has been found in many other species such as 
goats (Kaminski et al. 2005), wolves (Udell et al. 2008), foxes (Hare et al. 2005), different 
species of primate (Anderson et al. 1995, Itakura and Tanaka 1998, Vick and Anderson 2003), 
ravens (Bugnyar et al. 2004), dolphins (Pack and Herman 2004), and horses (McKinley and 
Sambrook 2000, Proops et al. 2010). It was probably the domestication process that led to select 
this characteristic in dogs, so they are now naturally equipped to understand human 
communicative gestures (Call and Tomasello 1994, Herman et al. 1999, Hare et al. 2002, Hare et 
al. 2005, Kaminski et al. 2005, Miklósi and Soproni 2006, Virányi et al. 2008, Pika and Bugnyar 
2011). Supporting this theory, Hare and colleagues (Hare et al. 2005) found that captive foxes 
selected for their tameness for generations could correctly interpret human referential gestures 



compared to non-selected foxes; on the other hand, young wolves raised by hand cannot interpret 
human referential gestures as well as dogs (Virányi et al. 2008). Against the theory claiming a 
natural predisposition of dogs in understanding human non-verbal communication, there are 
other studies that have compared the same skills in wolves socialized with humans, owned dogs 
and rescued dogs hosted in shelters (Udell et al. 2008, 2010). Wolves were better than rescued 
dogs in following experimenter’s cues, and they performed as well as owned dogs. Rescued dogs 
needed more training to reach the same level of wolves’ and owned dogs’ performance. The 
authors speculate that environment, experiences during ontogeny, and socialization with humans 
are key factors for dogs in developing their peculiar social cognitive skills (Wynne et al. 2008).

But the talent of dogs in understanding human social cues goes beyond the simple sense of duty 
toward owners: the act itself gives pleasure to the dogs, literally. Oxytocin is a neuropeptide 
normally produced by the hypothalamus and stored in the poster pituitary gland and is involved 
in the expression of different behaviors as social recognition, maternal behaviors, and pair 
bonding (Lee et al. 2009). Specifically, oxytocin mediates not only intraspecific but even 
interspecific bonds, such as in the case of humans and dogs: urinary oxytocin concentration 
increases in humans proportionally to the duration of their dogs’ gaze at them (Nagasawa et al. 
2009), and in both humans and dogs after positive interactions (Odendaal and Meintjes 2003). 
Oliva and colleagues (Oliva et al. 2015) investigated the effect of intranasal oxytocin 
administration on domestic dogs’ ability during an ‘object choice task’ (where cues are given 
from an experimenter to the subject to find a target). They postulated that if oxytocin enhances 
interspecific bonds and if the dogs’ ability to follow human social cues is involved in human-dog 
bonding, so intranasal oxytocin should improve dogs’ performance in an object choice task. The 
experiment was carried out with sixty-two dogs and all of them received both intranasal oxytocin 
and a saline control in a counterbalanced order. In both conditions, dogs were tested with gaze 
and pointing cues. The use of oxytocin improved the performance of dogs in both cases, with an 
effect that lasted 5-15 days. On the other hand, oxytocin seemed to have no effect for gazing 
cues; however, the authors reported that in previous studies dogs had given a negative 
interpretation of the gaze cue, and they avoided the bowl to which the experimenter gazed but 
this effect was dampened in the oxytocin set-up. They concluded that oxytocin increased dogs’ 
trust in the human social cue, even if the dogs did not seem to be able to actually use this cue.

Nevertheless, dogs are not perfect in understanding our non-verbal communication, and there is a 
limit to their ability to read our cues. In a modified version of the ‘object choice task,’ Moore and 
colleagues (Moore et al. 2014) tested if dogs were able to understand indirect pointing, that is 
pointing made not directly with the body but instead mediated by an object. An experimenter, 
instead of actively pointing or gazing at the target, lifted and shook it via a centrally pulled rope 
in ways that were intended to be intentional or accidental (respectively, addressed or not to the 
subject). Dogs did not understand the experimenter’s action during the intentional situation, and 
further pulling of the rope worsened dogs’ performance. This could be because dogs’ 
communicative system is more dependent on bodily markers. Thus, dogs likely need bodily cues 
for an efficient non-verbal communication.

Better use a poker face: dogs can read our emotions

After evaluating the communicative skills of dogs, scientists focused on their ability to interpret 
emotions: being able to recognize others’ emotions, reading facial expressions would have huge 
advantages in social relationships. This skill allows adapting one’s own behavior to others’ 



emotional state, thus simplifying group life and promoting a better understanding of the social 
environment (Nelson and Russell 2011). Dogs seem able to discriminate different human faces 
with different expressions (Morisaki et al. 2009, Deputte and Doll 2011, Nagasawa et al. 2011, 
Racca et al. 2012, Müller et al. 2015). Müller and colleagues (Müller et al. 2015) showed how 
dogs use an emotional human facial expression as a discriminative cue. At first, they divided 
dogs into two groups and taught them to discriminate between happy and angry faces in a 
picture, although for one group only the upper halves of the faces were shown and for the other 
group only the lower halves. Subsequently, dogs were tested in four different situations: the same 
half of the faces as in the training, but of novel faces, the other half of the faces used in training, 
the other half of novel faces, and the left half of the faces used in training. The first important 
result is that dogs performed significantly above chance in all the tests, proving that they were 
able to transfer their skills from the training session to novel stimuli. Besides, the authors 
claimed that dogs recognize an angry face as an adverse stimulus. In fact, dogs for which the 
happy faces were rewarded during the training learned the discrimination more quickly than dogs 
for which the angry faces were rewarded during the training. Coupling an adverse stimulus 
(angry face) with a reward is more difficult than the reward with a positive stimulus (happy 
face). 

What if the emotion is referred to a target different than the dog itself? Does the owner’s emotion 
toward an external object influence the emotional state of the dog towards that object? A recent 
study by Merola and colleagues (Merola et al. 2014) tried to answer these questions. They 
conducted a series of experiments with five groups of dogs observing happy, fear, or neutral 
reactions of the owner toward two identical objects hidden from dogs’ view behind a barrier. It 
resulted that dogs can distinguish between the owner’s happy and scared expressions, and that an 
object that elicited a positive emotion in the owner is more attractive than one associated with 
neutral or negative emotions. This is probably why dogs prefer to chew your cell phone than 
their play ball.

This study follows one by the same author (Merola et al. 2012) aimed to investigate social 
referencing in dogs. Social referencing is defined as using the emotional information provided by 
a sender about a novel object or stimulus to decide how to interact toward it. In their study, the 
authors tested adult dogs in a social referencing experiment involving an electric fan with plastic 
green ribbons attached to it (a potentially scary object). The paradigm involved four different 
situations: the owner or a stranger acting as the sender delivering either positive or negative 
emotional information. Most dogs looked referentially at the sender, regardless of them being the 
owner or a stranger; besides, when the owner delivered a positive message about the fan, dogs 
changed their behavior, looking at the owner more often and spending more time approaching 
the fan. Similarly, dogs that received a negative message took longer to approach the fan. 
However, the authors noticed fewer differences in the dog's behavior towards the fan between 
positive and negative message when the informant was the stranger; this may suggest the 
relationship between the human and the dog may influence the dog's response.

Recognising another’s emotions does not mean sharing it, and thus ‘being emphatic.’ Empathy is 
defined as “the naturally occurring subjective experience of similarity between the feelings 
expressed by self and others without losing sight of whose feelings belong to whom” (Decety 
and Jackson 2004). In 2008, Joly-Mascheroni (Joly-Mascheroni et al. 2008) found the first 
evidence of interspecific contagious yawning in dogs and the first evidence of this phenomenon 
outside primates. Contagious yawning is observed when a person yawning elicits another yawn 



in an observer. Different studies bound this reflex to the ability of experiencing empathy or 
emotional contagion (Preston and de Waal 2002, Platek et al. 2003, Porter and Platek 2012). 
Twenty-nine dogs were tested while observing a human yawning or making control mouth 
movements. In response, twenty-one dogs yawned when they observed a human yawning, but 
control movements did not elicit yawns. Later, Custance and Mayer (Custance and Mayer 2012) 
exposed dogs to a conversation between the owner and a stranger in which one of them suddenly 
began to cry or hum without giving any previous clue. Dogs gazed more often at the crying 
person, being it the owner or the stranger, and they tended to approach the crying one in a 
submissive way. Children may have a similar reaction: when exposed to crying individuals, they 
offer toys and try to hug or pet the one who seems to be in distress. Sometimes they even look 
for the assistance of a third person, which is a very complex empathic response. Most of the 
experimental dogs behaved in a way that resembled an emphatic reaction, trying to offer comfort 
and approaching the person in a submissive, playful, calm, or alert way. However, according to 
the authors it was not possible to catalogue dogs’ reactions as being elicited by empathy or by 
emotional contagion, which is a much simpler phenomenon. Whereas empathy is the ability to 
share and understand another’s emotion and feelings, emotional contagion is just the tendency to 
feel emotions that are similar to those of others and to be influenced by them.

Sneaky dogs and other stories

There is something else dogs like to do other that ruining your precious phone: stealing from 
under your nose. People always say cats are sneaky, but look at what dogs do. In an experiment 
by Call and colleagues (Call et al. 2003), the owners had to forbid their dogs to eat some treats: 
indeed, they did not eat while the owner was gazing at them, but as soon as they left the room or 
were distracted (turned in another direction, with eyes closed or engaged in some other activity), 
then the dogs ate the treats. Moreover, cheeky dogs that decided to eat even if the owner was 
looking reached the food using a long path and took fewer treats. Dogs can use a human’s gaze 
to obtain information and are sensitive to our attentional state, by understanding if our gaze is 
oriented toward them or not they will modify their course of action.

The study from Call et al. (2003) stimulated a new line of research, no longer about the ability of 
dogs to use human’s cues, but the reversed skill: exploring if dogs could use their own look to 
communicate with humans. In fact, it was known that dogs could direct an owner’s attention to 
hidden food by means of body postures (Hare et al. 1998), but what about gazing? Human-
directed gazing is considered a way dogs use to communicate with humans, and it has been 
observed in different situations, usually when dogs need human help. For example, if dogs are 
facing an unsolvable problem, they will gaze towards owner seeking for help (Miklósi et al. 
2000). Besides, it is important to notice how this is a common behavior in dogs while it is rare in 
hand-reared wolves (Miklósi et al. 2003); this leads to the idea that it is a specific product of 
domestication. To explore this skill, Marshall-Pescini et al. (2009) proposed dogs a task that was 
impossible to solve without help from a human. Resolving an impossible task is a widespread 
paradigm in cognitive studies: the subject has to resolve a given task several times, then it 
becomes suddenly impossible to solve, and the subject’s reaction to this change is observed. 
Specifically, in the Marshall-Pescini’s experiment, treats were placed on a wooden platform in a 
transparent plastic container that could be easily overturned by dogs during the first three trials, 
whilst during the fourth run, the container was stuck to the platform so that dogs could neither 
overturn nor move it to reach the treats. Thirteen dogs were divided into three groups according 



to their training, so to understand if different life experiences could modify the human-dog 
interaction: search and rescue dogs (S&R), agility trained dogs and untrained pet dogs. The study 
shows that during the first three trials (solvable task), search and rescue dogs looked back at the 
owner fewer times compared to agility dogs; the latter alternated their gaze between the owner 
and the container more than pet dogs. Furthermore, during the fourth trial (unsolvable task), all 
the groups looked back at the owner after the same amount of time, agility trained dogs 
maintained their gaze longer, and S&R dogs barked more often than the other two groups. 
Finally, S&R dogs alternated their gaze between the person and container more often than pet 
dogs while agility dogs showed an intermediate result. In sum, the authors concluded that dogs 
use communicative looking behavior directed to humans and that personal and training 
experiences have a significant influence on these behaviors.

Other astonishing abilities of dogs were revealed by the famous Border Collie Rico. This dog 
knew the labels of over 200 items and could learn new labels by using an exclusion learning 
process (Kaminski et al. 2004). An unknown item was placed with familiar items in an adjacent 
room: Rico was initially requested to bring a familiar item, then the novel one. Four weeks later, 
he could retrieve the correct item in most of the sessions. The authors suggest that these results 
supported the idea that a linguistic ability is not exclusive to human children and that it could be 
present in dogs as well, mediated by simpler cognitive building blocks.

Many YouTube videos show dogs’ guilty looks after a reproach, a phenomenon studied by 
Ostojić and colleagues (Ostojić et al. 2015). The guilty look is defined as a greeting behavior that 
indicates the dog’s ‘guilt’ after a misdeed. Current literature suggests that dogs perform this 
behavior as a response to being reproached by their owners (Hecht et al. 2012). However, some 
anecdotes report that dogs can perform this behavior even if they are not scolded, so Ostojić and 
colleagues investigated whether dogs’ own actions or evidence of the misdeed might serve as 
triggering cues. They manipulated whether the dogs ate or did not eat a forbidden treat, and if 
this food was visible or not upon the owners’ return. After that, owners were asked to judge if 
dogs were guilty or not based on their behavior, and results show the owners did not state that 
their dog had eaten the food above the chance level. Furthermore, dogs’ greeting behavior was 
not affected by their action or by the food. Hence, the authors’ findings cannot support the 
hypothesis that dogs show this guilty behavior without a negative triggering cue by the owner.

Besides, many owners claim their dogs to be near them every time they cry, and newspapers 
often tell stories about dogs saving owners from deadly hazards. Unfortunately, it is not easy to 
set up a protocol to replicate some episodes or, more likely, scientists’ protocols are neither 
refined nor realistic enough to stimulate a proper reaction from the dogs. Macpherson and 
Roberts (Macpherson and Roberts 2006) tried to simulate an emergency situation to see if dogs 
could recognize it as dangerous and seek help, but dogs failed in every proposed set-up.

Conclusions

Dogs are the result of a unique combination of natural evolutive forces and human selection: 
from a highly social and intelligent animal, the wolf, our ancestors selected a versatile 
companion that adapted to man and to the captive environment. Whether the domestication 
occurred as a result of wolf (self-domestication) or human initiative (human domestication), we 
are now the primary social partner of dogs.



Dogs’ social and cognitive abilities have been forged across their long evolutionary history at 
our side. They can interpret human referential gestures, recognise human emotional states and 
associate them to specific events to guide their actions. Further studies showed that dogs direct 
owner’s attention to hidden food, or attract it to be assisted in an impossible task. How these 
affective and social cognitive abilities evolved and which are the cognitive mechanisms involved 
is still controversial. Yet, it is important to bear in mind the complexity of dogs’ social, 
emotional, and cognitive lives to guarantee an adequate welfare level both in domestic and in 
kennel context.

In fact, owners should not expect dogs to be obedient robots just because they have developed 
these amazing skills. A dog is more than a piece of malleable clay to be trained; it needs respect, 
affection, and protection. Hence, owners should be willing to invest emotion, time and energy to 
realize a full relationship with their dog because all these skills are far from being obvious, yet 
they are often taken for granted. In sum, go out, play with your dog and enjoy his natural 
behavior!

BACK TO THE INDEX

The special case of guide dogs

Guide dogs, also known as seeing-eye dogs, are assistance dogs trained to lead blind and visually 
impaired people around obstacles. The first guide dog training schools were established in 
Germany during World War I to enhance the mobility of returning veterans who were blinded in 
combat. Nowadays, many schools for guide dogs exist all over the world, and thousands of 
visually impaired people are assisted by one of these special dogs in their everyday life. Guide 
dogs are valuable subjects for researchers interested in the topic of human-dog attachment since 
in their lives guide dogs have to establish three affectional bonds with different attachment 
figures: the puppy-walker, with whom they live for the first year as a ‘normal’ pet; the trainer, 
with whom they share training activity for 6-8 months at the school; and lastly the blind owner, 
with whom they live for the rest of their life, safely guiding them through the complexities of 
pedestrian travel. Thus, guide dogs experience the formation and breakdown of two affectional 
bonds before reaching their final owner. The rationale for giving 2-month-old puppies to families 
(so-called ‘puppy-walkers’) for the first year relies on the observation that familiarizing with 
various people and environments in puppyhood improves the probability to succeed in becoming 
guide dogs (Pfaffenberger et al. 1976). Fallani and colleagues (2006, 2007) carried out a series of 
studies to evaluate possible negative effects of multiple breakdowns on the attachment with their 
final owner, the blind one. In particular, the authors tested three groups of dogs from the 
National School for Guide Dogs (Scuola Nazionale Cani Guida per Ciechi – Regione Toscana) 
together with the attachment figures they were living with during the test period: custody dogs 



were still living with their puppy-walkers; apprentice dogs were living at the school with their 
trainers; guide dogs were living with their blind owners. These three groups of dogs were 
compared with a group of pet dogs who had lived with their owner since puppyhood. The results 
of these studies highlighted two different patterns: dogs living with the puppy-walker and those 
still under training had a relaxed reaction to the test characterised by a high play activity, 
whereas pet dogs reacted anxiously, with a high degree of proximity seeking behaviors. Guide 
dogs scored intermediate between these two extremes, expressing their attachment to the blind 
owners with proximity seeking behaviors, greetings, and physical contact, yet at the same time, 
they showed less distress when left alone in the room (fewer protests and more passivity). 
Interestingly, despite this apparent high degree of self-control, monitoring of the cardiac activity 
of guide dogs (by means of a Polar telemetry system, the same used by humans to monitor their 
heart rate during physical training) showed strong cardiac activation comparable to that of pet 
dogs when left alone in the room. Since heart rate is influenced by both physical activity and 
emotional activation, this result suggests that guide dogs remained calm and quiet during 
separation from their blind owner, perhaps as a result of the training received, but still they were 
emotionally involved. 

BACK TO THE INDEX
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How Fruit Flies Colonize The World 
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Human beings and fruit flies (Drosophila genus) have been living together for millions of years. 
These insects travelled with our ancestors, colonizing regions far from Africa and settling almost 
everywhere. Besides being passively transported, fruit flies can travel for kilometres by using 
their effective flight and navigation abilities, and integrating visual and olfactory cues. Species-
specific behaviour shaped by natural selection – such as the unlearned preference that D. 
melanogaster exhibits for citrus – and the ability to modify their behaviour in response to 
experience help fruit flies adapt to different niches. Some of the features that granted the success 
of flies in nature also make these animals highly suitable for investigation in the laboratory: wide 
availability, ease of maintenance, fast generation cycle and complexity of behavioural responses 
have helped fruit flies colonize experimental laboratories, too. Its advantages make Drosophila 
one of the leading models for the study of behaviour, its genetics and evolution. A recent 
challenge has shed more light on fruit flies: the fast spread of the invasive species Drosophila 
suzukii that Western countries are experiencing has attracted even more attention as to how fruit 
flies have colonized the world.

Fruit flies: cosmopolitan commensals and masters of specialization

As our ancestors, we share food and kitchen space with fruit flies. Commensalism between 
human beings and species of the genus Drosophila (Nunney 1996), in particular Drosophila 
melanogaster and Drosophila simulans, is not sporadic. This association has lasted for millions 
of years (Keller 2007). The parallel path of human beings and the eight sister species of the D. 
melanogaster subgroup starts in Africa, where both had their origin (Lachaise et al. 1988), as it 
has been inferred from the range of drosophilid species and from genetic data. It is now accepted 
that D. melanogaster (see Figure 7-1) expanded out of Africa, to Europe and Asia, after the last 
glaciation, between 10 and 15 thousand years ago (David and Capy 1988). The more recent 
colonization of America, Oceania and other regions far from the Old World was in large 
mediated by human transportation. The result is a cosmopolitan presence of D. melanogaster (as 
well as other Drosophila species, see Nunney (1996)) in all tropical and temperate regions of the 
world (Markow and O’Grady 2006). 



But endemic species of Drosophila also exist, showing striking examples of specialization. 
Among food specialists, the cases of Drosophila sechellia and Drosophila pachea are 
paradigmatic. The first is endemic to the homonymous archipelago and has specialized on the 
morinda fruit, which is toxic to other organisms. Drosophila pachea is endemic to the Sonoran 
Desert of North America and depends on the cactus Lophocereus schottii, whose alkaloids 
cannot be tolerated by other Drosophila species. Together with this food specialization, D. 
pachea shows adaptation to the extreme temperatures associated with its habitat, which can 
approach 50˚C. As Markow (2015) points out, these species provide an ideal opportunity for 
understanding the phenotypic and genetic bases of adaptations to extreme situations. The 
cosmopolitan species D. melanogaster e D. simulans are on the other hand generalists that have 
been incredibly successful in adapting to diverse habitats. Because of this massive colonization, 
it is now easy to find fruit flies outdoors, close to food processing waste from wine or fruit 
manufacturers, as well as indoors, especially in temperate environments such as in cellars of 
store warehouses, where fruit flies can survive through the winter. The Drosophila genus hence 
shows examples of generalist and specialized species, thus constituting a good system model for 
studying the evolution of diverse behavioural traits.

Sensory-motor abilities for dispersal

The worldwide colonization of fruit flies does not exclusively rely on human transportation. To 
investigate the dispersal mechanisms of fruit flies, several authors (Jones et al. 1981; e.g. Coyne 
et al. 1982) have used the mark-and-recapture paradigm in the wild but delimited environment of 
the Death Valley, a desert area in California that contains some oases (see Figure 7-2). These 
experiments have shown that these small insects can travel 

a distance of 15 kilometres between oases in 12 hours. Hence, D. melanogaster and D. simulans 
have the capacity to disperse over long distances, a behaviour important in colonizing new areas 
as well as in surviving in the presence of changing environments. 

To master the tasks of taking-off, navigating and landing, sophisticated sensory-motor and 
cognitive abilities are needed. Recently, Dickinson (2014) reviewed the sensory-motor modules 
that had most likely been used by fruit flies in the mark-and-recapture experiments conducted in 
the Death Valley. By using high-speed videos, Trimarchi and Schneiderman (1995) could 
distinguish flights that initiate “voluntarily” with a precise control of the individual fly (with a 
pre-flight phase characterized by elevating and rotating the wings from their resting positions 
prior to a jumping phase) and more erratic reactions in response to external stimuli (these 
episodes include only the jumping phase). After this stage, to reach the traps located 15 
kilometres apart, flies had to move along a straight route instead of rotating in erratic circles. In 
fact, only straight trajectories could have brought them so far in such a short amount of time. 

Visual abilities have been extensively studied in fruit flies (Borst 2009; Heisenberg and Wolf 
1984) and we know they can orient using visual cues and exhibit spatial learning (Foucaud, 
Burns, and Mery 2010). By using a heat maze heated to reach a high temperature, Foucaud et al. 
(2010) measured the number of times required by flies to reach a spot with a comfortable 
temperature. Flies were able to use both local cues (a spot on the floor) or distal cues (the 
configuration of patterns located on the walls) to locate the comfortable spot. The capacity to 
estimate rate turning and minimize it can be determined by using local sensors. Flies integrate 
inputs from the visual system and halters (these mechanoreceptors work as giroscopes) and can 



adjust their behaviour to minimize rotational input (Sherman and Dickinson 2003; Dickinson 
1999). To follow a straight route over long distances, conspicuous landmarks can work as global 
cues for orientation and spatial navigation along a fixed course. Processing visual cues is 
important not only for maintaining a straight trajectory, but also for flying at a specific speed and 
height from the ground (Fry et al. 2009; Straw, Lee, and Dickinson 2010). Two antagonist 
reflexes control these flight properties: attraction to certain features (e.g. vertical stripes) and 
avoidance of expanding objects, which are usually approaching objects. The quick movement 
that enables flies to change direction and avoid looming objects is a rapid (5300° s−1) banked 
turn (Muijres et al. 2014). Beside terrestrial navigation cues, it is possible that flies used sky 
polarization to orient (Weir and Dickinson 2012; Wernet et al. 2012).

Flies are also very effective at using olfactory stimuli for orientation. The sensilla located on the 
antennae are the main olfactory organs used by fruit flies (Vosshall and Stocker 2007). Flies 
track an odour plume by using the odour gradient between the right and the left antenna. 
Experiments in which this bilateral comparison was prevented by cutting one antenna (Borst and 
Heisenberg 1982) or by unilateral occlusion of the olfactory sensilla (Duistermars, Chow, and 
Frye 2009) showed a significant bias towards the intact antenna. When only one antenna is in 
use, flies turn toward the antenna that is exposed to the higher concentration.

The preferences and aversive responses of fruit flies to different compounds have been 
extensively studied (Knaden et al. 2012; Hallem and Carlson 2006). Olfactory preferences have 
been shaped during Drosophila’s evolution, so that the attraction responses exhibit considerable 
interspecific differences (R’Kha, Capy, and David 1991), and have been shown to have a genetic 
bias (e.g. Arya et al. 2015; Rollmann et al. 2010). To list examples of olfactory preferences 
beside those for fermented media, D. sechellia is specialized on the morinda fruit, D. pachea for 
a cactus containing alkaloids, the D. virilis (Carson and Stalker 1951) and D. pseudoobscura 
(Dobzhansky and Queal 1938) are attracted to the tree sap, D. obscura and D. subobscura feed on 
leaves within the canopy (Begon 1975; Shorrocks 1975) and D. mojavensis is specialized on 
photosynthetic tissue of fermenting cactus (Date et al. 2013).

Either when visual stimuli or olfactory cues drive flight, its final stage is landing. Landing as 
well includes a sequence of sensory-motor modules: first the fly fixates the target by orienting 
towards it, deceleration starts at a distance that depends on the current speed of flight. In the last 
phases the fly extends its legs and lands on the tarsal segments (see Dickinson 2014 for 
references). Immediately after landing, fruit flies can perceive the taste of the substrate through 
the gustatory receptors located on their legs (Montell 2009).

In many Drosophila species, such as D. melanogaster and D. simulans, the same media are used 
for feeding and oviposition. When fruit is ripe but not fermented, orange media are consistently 
preferred over different fruits (strawberry, banana, peach…). This preference seems to be 
mediated by the presence of limonene (it disappears with oranges containing a reduced presence 
of limonene) (Dweck et al. 2013). The predisposition to prefer citrus media likely evolved as 
behavioural defence against parasitic wasps which are predators of drosophila larvae 
(Leptopilina boulardi). In fact, differently from fruit flies, this parasitic species has a higher level 
of fitness in the absence of limonene. 

Social skills



In recent years our knowledge about insect social skills has greatly improved (Chittka and 
Leadbeater 2005; Wong, Meunier, and Kölliker 2013). While eusocial species such as honeybees 
have been known for decades to exchange information on food and locations, more recently it 
has been discovered that insects that do not belong to a colony are also influenced by information 
provided by other insects and can learn by observation, in the absence of direct reward (see 
Coolen, Dangles, and Casas 2005 for wood crickets and predation threats). In fruit flies 
aggregation is common (Simon et al. 2012; Lefranc et al. 2001) and affects dispersal so that new 
patches are expected to be colonized by small groups instead of single individuals, with 
consequent costs induced by competition and benefits by the presence of reproductive partners. 
Aggression has been studied particularly in males. Males defend territories by forcing other 
males to leave a territory and are aggressive towards conspecifics in the pursuit of mates or food. 
The territorial male raises himself on his hindlegs and then lunges down on his opponent, 
pushing him away. This behaviour can end in fights, in which opponents face each other on their 
hindlegs and tussle with their forelegs. Competition and aggression are observed in both male 
and female flies, with some interesting qualitative and quantitative differences (Nilsen et al. 
2004). Although some behaviours are shared (e.g. approach, fencing, lunge, and retreat), the 
frequency and transitions between them differ between genders. Moreover females do not show 
the higher-intensity components of fights, such as boxing, tussling, and do not exhibit sustained 
hierarchical relationships. In fact, while in male fights the subordinate fly retreats from the food 
resource without returning to it, in the female fight both involved females return to the food 
resource and have repeated interactions (see Figure 7-3). In Drosophila, aggression and 
territoriality are complex traits affected by several interacting genes whose expression depends 
on the environment and gene-environment interactions (Hoffmann 1989; Edwards et al. 2006; 
Nilsen et al. 2004; Wang et al. 2008).

Non-aggressive interactions have been observed in adults, that are able to transfer information 
about palatability of food associated with specific odours (Battesti et al. 2015; Battesti et al. 
2012). Socially transmitted information can help flies to take faster decisions: in fact group 
escape responses to the aversive odour of CO2 are faster than individual responses (Ramdya et 
al. 2014). It has been recently shown that transfer of information can be mediated by 
mechanosensory interactions, with flies that touch each other influencing the behaviour of other 
individuals (Ramdya et al. 2014).

In more than one Drosophila species, social information influences individual behaviour way 
before adulthood, as shown in D. melanogaster and D. simulans, where larvae spontaneously 
prefer to aggregate (Durisko et al. 2014). Given that larvae aggregate more on media with broken 
surfaces, it has been suggested that a potential benefit of aggregation at this stage is the 
enhancement of digging and burrowing into the food. Durisko et al. (2013) have shown that 
larvae are able to learn a novel odour associated with the presence of other larvae, highlighting a 
previously unknown degree of behavioural plasticity in flies before adulthood. 

Overall, increasing evidence shows that even in species that do not share a nest, show limited 
parental care and little overlap between generations, social information between non-related 
individuals can have a strong influence on dispersal and behavioural responses in general. 
Evidence about social learning in drosophila adds to decades of research (McGuire, Deshazer, 
and Davis 2005; Giurfa 2013) that showed how these small and apparently anonymous insects 
can learn and memorize different types of sensory cues as predictors of reward or punishment 



and form memories that can be retrieved at different times after learning (Tabone and de Belle 
2014).

Very successful in biomedical research

Many of the reasons that explain the spread of cosmopolitan Drosophila species have contributed 
to establish their success as laboratory models, especially for biomedical research (Kohler 1994), 
including behavioural studies (Versace and Vallortigara 2015). The entomologist Woodworth 
started rearing D. melanogaster at the beginning of the 20th century, but it was with Thomas 
Hunt Morgan at Columbia University that Drosophila became a central model in genetics. In this 
model, observing the effects induced by genetic modifications is quite easy, because a new 
generation needs only 10 days to hatch when fruit flies are maintained at 25 °C, and the protected 
environment of the laboratory is ideal to raise large and controlled progenies at low cost. The 
impact of Drosophila melanogaster in research went well beyond its genus. Discoveries that were 
awarded the Nobel prize and involve this species include the role of chromosomes in heredity 
(Thomas H. Morgan), the mutagenic effect of X-rays (Herman J. Muller), the genetic control of 
early embryonic development (Edward B. Lewis, Christiane Nüsslein-Volhard and Eric F. 
Wieschaus) and the activation of innate immunity (Jules Hoffmann). 

After the genome of D. melanogaster was sequenced (Adams 2000), unexpected parallels and 
similarities between this species and human beings have emerged. For instance, it has been 
estimated that about 75% of genes involved in human diseases have a homologue in Drosophila 
(Reiter et al. 2001; Lloyd and Taylor 2010). The development of genetic tools that allow to 
easily manipulate the genome of fruit flies (Jenett et al. 2012; Gratz et al. 2013) makes this 
model even more appealing. By isolating specific behavioural traits, genetic variants or 
molecular pathways it is possible to use this model to investigate complex behaviours or 
pathologies that affect the nervous system such as learning (Mery and Kawecki 2002; T. 
Kawecki and Mery 2005), aggression (Shorter et al. 2015) , courtship (Turner, Miller, and 
Cochrane 2013; Turner and Miller 2012), social interaction (Battesti et al. 2012; Battesti, 
Pasquaretta, Moreno, Teseo, Joly, Klensch, Petit, Sueur, Mery, et al. 2015), circadian rhythms 
(Hardin 2011), addiction (Devineni and Heberlein 2009) and Alzheimer disease (Fernandez-
Funez, de Mena, and Rincon-Limas 2015), to give but a few examples. Translational 
applications include the development of personalized cancer treatments. Drosophila was used 
also in the experimental study of Wolbachia (Versace et al. 2014), an endosymbiont found in 
arthropods that can be used to control the spread of mosquitoes and infective diseases with tragic 
effects, such as the dengue virus (Hoffmann, Ross, and Rašić 2015; Bian et al. 2013; Walker et 
al. 2011).

An advantage connected to the fast life cycle of fruit flies is the possibility to investigate the 
ongoing process of evolution, by monitoring subsequent generations while experimenters check 
the selective pressures to which flies are exposed, a procedure known as experimental evolution 
(Kawecki et al., 2012). Among other traits, researchers have imposed selection for large/small 
body size (Turner et al. 2011), duration of the interval between vibrational pulses used by males 
during courtship (Turner and Miller 2012), adaptation to fluctuating temperature (Tobler et al. 
2014; Orozco-terWengel et al. 2012), enhanced learning capabilities (Mery and Kawecki 2002). 
In this last study researchers conditioned fruit flies to avoid odours associated to aversive food 
and then selected as founders of the next generation only the eggs laid by individuals that 



performed well in a recall task. After few generations of selection they observed a significant 
increase in the percentage of “good learners”. Thanks to the advancement of sequencing 
methods, it is possible to analyse not only the phenotypic but also the genomic change of 
populations experimentally evolved. An affordable approach consists of sequencing groups of 
flies (Pool-seq), in order to have a comprehensive idea of population dynamics at the genomic 
level (Versace 2015; Schlötterer, Kofler, et al. 2014; Schlötterer, Tobler, et al. 2014). This 
method, already used to investigate morphological and physiological traits in fruit flies, has great 
potential for locating alleles responsible for hereditable variation and also for behavioural and 
cognitive traits (Versace 2015).

Recent spread of an invasive Drosophila species: D. suzukii

What we have learned about flies’ dispersal and behaviour is important to understand evolution 
and adaptation in general but also to address practical issues. Studies on the evolution and 
dispersal of Drosophila species are gaining more and more relevance for agricultural sciences 
due to the recent spread of Drosophila suzukii (also known as spotted-wing drosophila, after the 
spots on males’ wings, see Figure 7-4) in Europe (Cini, Ioriatti, and Anfora 2012) and North 
America (Goodhue et al. 2011). The western invasion, with almost simultaneous outbreaks in 
North America and Europe, suggests that founder individuals had arrived through fruit shipments 
from Easter countries (Rota-Stabelli, Blaxter, and Anfora 2013). Fruit containing D. suzukii 
larvae are unmarketable or with reduced fruit quality (Walsh et al. 2011), determining large 
observed and potential economic losses (Walsh et al. 2011; Bolda, Goodhue, and Zalom 2010; 
Ros et al. 2009). The threat posed by D. suzukii is better understood by comparison. Differently 
from closely related species, which oviposit only on decaying or rotten fruits, D. suzukii can lay 
eggs on unripe and undamaged fruits. Using a morphological adaptation, an enlarged serrated 
ovipositor, female D. suzukii can cut the skin of small and stone fruits, before fermentation. It is 
not yet clear though which sensory and behavioural specializations are crucial to attract these 
flies onto ripening fruit for oviposition, and how to neutralize them.

The peculiar ecology of this species makes D. suzukii a promising an economically relevant 
model for the study of the origins and bases of behavioural innovations, as well as for 
evolutionary dynamics. How fruit flies colonize the world – through which routes and by means 
of which mechanisms and specializations – is a key question for basic and applied research.

BACK TO THE INDEX
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Figures and Tables

Chapter 1

Figure 1-1. Evolution: Inheritable variation.

All modifications that augment individual fitness and its reproductive success may be obtained 
with an increase or a decrease in complexity. Therefore, evolution cannot be depicted as 
progressive and unilinear, with all organisms placed on a ladder from lower to higher examples 
of anatomy and intelligence (leftmost). Correct representation of species should be in the form of 
a phylogenetic tree (rightmost), where snakes are not differently ranked than a shark; rather, 
branches can be used to understand the degree of relationship between species because 
intersections stand for common ancestors. Empty ends of the branches represent extinct species 
(depicted in grey): in between tortoises and birds, for example, there were dinosaurs, gone 
extinct millions of years ago.
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Figure 1-2. Chicks and mother-hen.



One day old baby chick of brown variety (leftmost) and nine day old chickens of white variety 
with their mother-hen (rightmost). They all look the same to us despite the fact that, just like us, 
they can also be discriminated by peers, who learn the facial features to recognise each single 
individual readily after hatching.
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Figure 1-3. Spatial cognition: Natural geometry in chicks. 

A chick, inserted in the rectangular testing arena immediately after hatching in darkness, is 
shown an imprinting object moving (i) and hiding behind a semi-transparent panel placed in a 
corner (ii). The chick is then disoriented in darkness, and 4 identical replicas of the imprinting 
object are placed in each corner (iii). When the chick is released to make a free choice (iv) it 
orients using the metric arrangement of the surfaces together with the left-right directional sense 
(means of correct choices in bold). See Chiandetti et al. 2014 for a full description.
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Figure 1-4. Intuitive physics: Naïve physics reasoning in chicks. 

Different chicks are reared (i) either with a large (leftmost) or thin (rightmost) imprinting object 
and, 2 days after, they are shown their object disappearing behind either the left or the right of 
two identical barriers. At test, they observe their object moving along a straight line towards the 
middle of the two identical barriers (ii) and while their view is prevented by an opaque partition, 
the size of the barriers is changed. When free to reach the object presumably hidden behind the 
barriers (iii), chicks reared with the large object only search behind the larger barrier (leftmost); 
chicks reared with the thin object search behind both barriers because both have adequate size to 
completely occlude the object (rightmost). See Chiandetti and Vallortigara 2011 for a full 
description of the experiments and the results.
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Chapter 2



Figure 2-1. Free-ranging horses in the natural park Gran Sasso-Laga (Italy).

Picture taken by P. Lucidi.
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Figure 2-2. Time-budget (annual and seasonal) of domestic horses kept in semi-feral 
conditions. 

Percentages are based on the average time spent each day on the various activities based on data 
from Lamoot and Hoffmann 2004.
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Figure 2-3. Asymmetry and balance in the ridden horse.

The horse in (a) is ridden in a condition of natural asymmetry: the animal overloads the left 
foreleg; horse (b) is in a condition of straightness. Balanced horses can distribute the weight 
homogeneously on their four legs and bear the riders’ weight without damage (from Chambry 
1990, modified).
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Figure 2-4. Naturally asymmetry in horses.

The drawing represents a foal with a stronger right side moving in a round pen behind the 
mother’s tracks (outer circle) at the trot. The foal can easily follow the mare when she turns to 
the left (a. falling-in), but tends to cut the circle clockwise (b. derailment). A straight horse 
would perform equally well in both directions (from Lucidi et al. 2013).
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Figure 2-5. Different degrees of dorsal muscle hypotrophy in horses.

Mild (a), Extreme (b) (pictures taken by P. Lucidi).
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Figure 2-6. Beautiful Jim Key with her spelling board
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Figure 2-7. The famous Hans being tested for his cognitive abilities
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Table 2-1. Most common stereotypic behaviours in horses (Sarrafchi and Blokhuis 2013)
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Table 2-2. Ethorse: healthy minds in healthy bodies. 

This acronym summarizes what good owners should provide to guarantee the welfare of their 
horses.
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Chapter 3

Figure 3-1. Sociality in wild and domestic cats.



Domestic cats are considered generally more social than wild Felidae. When confronted in 
captivity by wild cats (b), Domestic cats (a) display less pronounced marking behaviour and 
more self-grooming tendencies. (Pictures kindly shared by Greta Berteselli).
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Figure 3-2. Social referencing paradigm.

(a) Sketch of the experimental set-up from above, showing the position of the cat, owner, and the 
ambiguous object (electric fan). (b) Referential looking behavior toward the owner. From Merola 
et al. 2015a.
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Figure 3-3. Tail communication.

Domestic cats show tail-up behaviour during affiliative interactions. Tail movements mediate 
communicative interactions in cats: the tail up and relaxed signals a friendly attitude (Cafazzo 
and Natoli 2009). Picture kindly shared by Simona Cafazzo.
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Figure 3-4. Examples of environmental enrichments for a “cat’s dream house.”

See text for details.
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Chapter 4

Figure 4-1. Free-choice test using social companions as stimuli.

A single fish is placed in the middle of a new, unfamiliar tank, and two groups of social 
companions differing in numerosity are presented at the opposite ends. This procedure is based 
on the natural behaviour of social species to join other conspecifics when placed in a novel 
environment and is used to study the limit of numerical discrimination in fish.
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Figure 4-2. Apparatus used for the item-by-item presentation of the stimuli.



The subject is inserted into the middle of the tank but can only see one stimulus fish at a time 
from any position of its compartment because of vertical, green screens placed in each choice 
area facing the stimulus tanks. 
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Figure 4-3. Training procedure using food as reward.

At the beginning of each trial, two stimuli differing in numerosity are simultaneously inserted at 
the two opposite ends of the experimental apparatus, and the food reward is released in 
correspondence with the reinforced numerosity. The proportion of time spent near the positive 
stimulus is used as a measure of discrimination learning. 
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Figure 4-4. Numerical discrimination in blind cavefish.

Blind cavefish were initially trained to discriminate between two sets of three-dimensional 
objects not controlled for continuous quantities to get a food reward. Fish selected the larger 
group but their performance dropped to chance level when the stimuli were controlled for 
continuous quantities in the test phase. However, the subjects proved able to learn to solve the 
task when they were trained from the beginning with only stimuli controlled for continuous 
quantities, thus providing the first evidence of non-visual numerical discrimination in fish. Photo 
credit: Luca Scapoli
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Figure 4-5. The Kanizsa Triangle
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Chapter 5



 

Figure 5-1. Evolution of the pallium in reptiles and birds. 

Some of the most used subdivisions of the Vertebrate subphylum are also represented in the 
cladogram. Figure modified from Jarvis 2009.
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Figure 5-2. Schematic cross-section of the forebrain of a basal vertebrate. 

Reptiles have a pallial structure unique to non-mammalian amniotes, i.e. reptiles and birds, 
called dorsal ventricular ridge (DVR). It is probably a derivative of the ventral pallium, the 
region located next to the pallium-subpallium boundary. 
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Figure 5-3. Structure of pallium in reptiles (gecko).

a: medial cortex; b: dorsal cortex; c: lateral cortex; d: anterior dorsal ventricular ridge. Figure 
modified from Butler and Hodos 2005. 
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Figure 5-4. Figure 5-4. Classification of Diapsids (Birds and Reptiles).
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Chapter 6

Table 6-1. The eight episodes of the original Strange Situation Procedure (SSP), used to measure 
the attachment bond between the infant and its parent (based on Ainsworth et al. 1978). 
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Table 6-2. Description of the four attachment styles based on the original work of Ainsworth et 
al. 1978. 
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Figure 6-1. The seven experimental episodes of a strange situation test. Episode 1: Owner 
and Dog (3 min). Episode 2: Owner, Dog, and Stranger (3 min). Episode 3: Stranger and Dog (3 
min, 1st separation episode). Episode 4: Owner and Dog (3 min, 1st reunion episode). Episode 5: 
Dog alone (3 min, 2nd separation episode). Episode 6: Stranger and Dog (3 min, 3rd separation 
episode). Episode 7: Owner and Dog (3 min, 2nd reunion).

BACK TO THE CHAPTER

Chapter 7



Figure 7-1. A male exemplar of Drosophila melanogaster. 

Picture by André Karwath aka Aka-Own work.
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Figure 7-2. Dispersal skills of fruitflies.

The illustration  shows a  portion  of  the Death  Valley,  where  the famous  mark-and-recapture 
experiments were performed in 1981. The two release sites near Salt Creek were approximately 
1 km apart, inside an oasis, the other in the open desert, on California Route 127. Fly cohorts 
from the two locations carried different fluorescent tags. Flies from both sites reached the oases 
at Saratoga Spring and Sheep Creek Spring. Modified from Map data © 2015 Google, Imagery, 
© TerraMetrics 
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Figure 7-3. Consecutive wins of a pair of virgin females (above) and a pair of males 
(below) in a fight. In the male fight,  the subordinate  fly retreated from a food cup without 
returning after the last encounter. In the female fight instead, both females were on the food cup 
for the 30 minutes period, and we observe five reversals in the pattern of consecutive wins. From 
Nilsen et al. (2004).

BACK TO THE CHAPTER

Figure 7-4. A male of Drosophila suzukii, with its characteristics black spots on the wings. 
Picture by Martin Hauser Phycus Eigenes Werk Template:Hauser).
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Endnotes

We wish to thank you for reading this book. Our aim was to promote, through knowledge, the 
welfare of some of the species that live closest to humans: pets (here, in particular dogs, cats, and 
reptiles kept as exotic pets), animals exploited for their meat (chickens, fish), engaged in work or 
recreational activities with humans (horses), or living in our houses unknown to the tenants (fruit 
flies). We hope reading this volume encouraged you to further explore the cognitive abilities of 
these amazing species, for example by reading other scientific books (search Smashwords for 
other remarkable readings), by watching documentaries or even by observing yourself some of 
the astonishing behaviours of our closest neighbours. Respect comes with knowledge. Enjoy!
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