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Abstract:  Domestic sheep (Ovis aries) are among the earliest animals domesticated 
for human use. They are consumed worldwide as mutton, hogget, and lamb, kept as 
wool and milk producers, and used extensively in scientific research. The popular 
stereotype is that sheep are docile, passive, unintelligent, and timid, but a review of 
the research on their behavior, affect, cognition, and personality reveals that they are 
complex, individualistic, and social.  
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“Mary had a little lamb,” “baa, baa, black sheep,” Shari Lewis’s Lamb Chop, and the Serta 
mattress sheep are all examples of how sheep and lambs appear in popular consciousness. 
Images of happy lambs frolicking in fields are used on greeting cards, and as symbols of spring 
and Easter. Groups of sheep and lambs gladly grazing in wide open fields appear in many 
people’s visions of where their sweaters and dinners come from. Collectively viewed as 
passive flocks, these gentle beings, because of their willingness to be led and handled, are 
stereotyped as unintelligent, simple-minded, and dependent. A review of the scientific 
literature paints a more complex picture of sheep as intelligent and highly social individuals. 
 
1. How We View Sheep 
In Christian theology, the worth and worthiness of all beings is arranged hierarchically, giving 
order and value to the universe. The Great Chain of Being (scala naturae), believed to be 
decreed by God, declares that “the cosmos radiates out from its source in a descending order 
of being” (Cobb 2005, p. 204). Thus, all beings have their proper place, and that place is 
preordained according to qualities possessed (or lacked) by groups in each category. Those 
on top have all the qualities of those below them, and then some. This hierarchical concept, 
derived from Greek philosophers such as Plato (Timaeus) and Aristotle (Historia Animalium), 
is also known as the “Ladder of Being” (or Great Chain of Being), depicting God or some deity 
on top, humans below, “higher animals” such as lions and primates next, and rocks (inanimate 
matter) at the bottom (Lovejoy 1936).  
 It is not surprising then that “higher animals” are thought to have the qualities that 
are most admired among humans. For example, lions are viewed as strong, powerful, and 
noble, and so are elephants. The next level down is composed of “useful animals” such as 
dogs, horses, and “docile” animals such as sheep. This hierarchical view has influenced 
thousands of years of treatment of nonhuman animals. In her study of the portrayal of 
animals in children’s early natural history books, Ritvo (1985) notes: 

The animal kingdom, with man in his divinely ordained position at its apex, 
offered a compelling metaphor for the hierarchical human social order, in which 
the animals represented subordinate human groups. Embodying the lower 
classes as sheep and cattle validated the authority and responsibility exercised by 
their social superiors. (p. 80) 

This status is also reflected in language, particularly metaphor. For example, according to 
Goatly (2006):  

HUMAN IS SHEEP: sheep — unthinking imitator or over obedient person; black sheep — 
someone who brings shame to a family; mutton dressed as lamb — older woman trying 
to look young; bleat — complain; pull the wool over someone’s eyes — deceive someone 
by giving false information … a wolf in sheep’s clothing — deceitful and cunning person. 
(p. 26) 

Lakoff and Turner (1989) note that the scala naturae is “a contemporary unconscious cultural 
model indispensable to our understanding of ourselves, our world, and our language” (p. 
167f). The model offers an explanation for the human propensity to determine the value of 
others on the basis of similarity to (or difference from) ourselves. Subordination, viewed as 
a “special bond with [humankind],” is prominent in evaluating the worth of animals: “Like the 
best human servants, the best animals understood their obligations and undertook them 
willingly; the worst were those that not only declined to serve but dared to challenge human 

https://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=11&ved=2ahUKEwjuzq2kvOngAhUNuVkKHQuWDK04ChC3AjAAegQIBxAB&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DWxoYKt65vSQ&usg=AOvVaw0bjxAQ_Nj6NTF_feILLAiC
https://www.youtube.com/watch?v=aOPlg2ko48M
https://www.youtube.com/watch?v=aOPlg2ko48M
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supremacy.” Sheep, who served as meat, milk, and wool, although viewed as “affectionate,” 
were considered “stupid … the equivalent of mindless drudges” (Ritvo 1985, p. 83). 
 Jones (1821) described sheep as “the most useful of the smaller quadrupeds” (p. 84) 
and “the most valuable” (p. 87) because they were sold for wool and milk and valued for their 
obedience. Yet they were not the most appreciated. Species “whose services to mankind are 
greater than those of the sheep, for … they are employed … as beasts of draught and burden” 
(p. 106), received higher regard.   
 Jones (1821) declared the domestic sheep “mild, innocent and gentle in its nature … it 
seems conscious of its defenseless state, and looks to man for that protection, which it seeks 
in vain from its own species” although “the sheep delights in the society of its own species” 
(pp. 84-85). In sum, sheep have generally been considered useful working animals in literary 
cultural contexts, serving as linguistic metaphors for people who are viewed as blindly 
following en masse with no “mind of their own.”  

 Contemporary attitudes towards animals continue to see sheep as valuable only as 
commodities. Mitchell (2012) identified a “discourse of production” (p. 491) that includes 
anthropocentrically loaded language that supports an ideology of domination and use. The 
“use names” we assign to animals we wish to consume or farm operate psychologically as 
moral justification for our practices. This instrumental attitude is supported in phrases such 
as “dual purpose sheep” (wool and lambs), “wool sheep,” and “mutton breeds” (p. 495), as 
well as animals used for reproductive purposes (“stud rams”) (p. 496).  

Naming and labeling “is a possible contributory mechanism for facilitating people’s 
“moral disengagement” (Mitchell 2012, p. 491) and thus facilitates industrialized farming of 
animals. In a three-part study of the personality characteristics attributed to nonhuman 
animals as metaphors (zoomorphs), Sommer and Sommer (2011) found that “most animal 
metaphors, when applied to human beings, are uncomplimentary, reinforcing the perceived 
distance between humans and non-human animal species” (p. 237). Sheep, in particular, were 
viewed in mostly uncomplimentary ways (59%) — “Timid or bashful person, a simpleton. A 
sucker or poor player” (p. 244) — and as predominantly female (57%). Furthermore, the use 
of animals is shaped by their “believed capabilities” (Nakajima, Arimitsu, & Lattal 2002, p. 
35), their perceived similarity to humans, the purpose of their use, and how much knowledge 
people have of how they are used.  

American and Japanese students ranked sheep as 25th in intelligence out of 56 species 
(Nakajima et al. 2002, p. 199). Heleski, Mertig, and Zanella (2006) report a survey in which 
446 veterinary college faculty (VCF) and 157 animal science faculty (ANS) (stakeholders 
involved in farm animal welfare) were more comfortable with current animal agriculture 
production systems for cows and sheep than for chickens. Women were more concerned with 
animal welfare than men. Obstacles to according greater attention to welfare included 
economics, lack of consumer willingness to pay, tradition, producer attitudes, and inadequate 
welfare science research. Many other studies of attitudes towards domestic sheep and their 
welfare report similar findings (Hills 1995; Knight & Barnett 2008). 

The views of sheep described above are consistent with their continued use as 
commodities and create the psychological need to downplay their intelligence and 
individuality. This is evident in the way sheep and lambs are raised under intensive industrial 
conditions for wool, milk, and meat, as well as their ubiquitous use in biomedical research. 
More than 10 million sheep are kept in factory farms. In the United States alone, 2-2.5 million 
individuals are killed each year (National Agricultural Statistics Service (NASS), Agricultural 



 Animal Sentience 2019.206: Marino & Merskin on Sheep Complexity 
 

4 

 

Statistics Board, and USDA 2018). Tail-docked at birth, they are allowed to live a maximum 
of six to eight months before being slaughtered for consumption.  

Sheep and lamb hides are marketed worldwide and sold for hundreds of millions of 
dollars annually (World Statistical Compendium 2016). Sheep are also used extensively in 
biomedical research. According to Sheep 101, about 24,000 are used annually for a range of 
purposes, from the study of Huntington’s disease and heart conditions to orthopedics, organ 
transplants, and genetic research (including cloning). These highly invasive and often 
terminal procedures are not limited or regulated in any significant way because farmed 
animals are not protected by the Animal Welfare Act.  

This article will review the scientific literature with a special focus on identifying 
evidence for complex psychological capacities in sheep, particularly those shared with other 
animals we have little trouble perceiving as complex and intelligent. What follows is a brief 
summary of the evolution, phylogeny, and domestication of sheep; their sensory-perceptual 
capabilities; and their basic life history. The review will also try to identify aspects of sheep 
psychology that are not as thoroughly researched as they could be. As most research on sheep 
is driven by the commercial need to increase the efficiency of processing them as meat, there 
are likely to be many other more basic facets of sheep psychology that are not as well studied 
as those directly relevant to production.  

 
2. Evolution and Domestication 
Sheep are artiodactyls and members of the goat-antelope subfamily within the ruminant 
family Bovidae. They are grazing herbivores who prefer grass and short roughage. There are 
seven species of sheep; the best known is the domestic sheep, Ovis aries. We will focus on the 
domestic species, citing information on others when relevant.  

Well over 1,200 breeds of domestic sheep are identified by the FAO (Food and 
Agriculture Organization of the United Nations 2016). Sheep were among the earliest animal 
species to be domesticated. O. aries is thought to be descended from O. orientalis, a species of 
wild sheep or mouflon ranging in Mesopotamia around 10,000 years ago (Dwyer 2009). 
Primary differences between wild and domesticated species of sheep include coat colors and 
patterns as well as size. An important difference in life history is that domestic sheep are 
neotenic compared with their wild counterparts. Life expectancy in domestic sheep is 12 
years, but living as long as 20 years is not uncommon. 

 
3. Sensory Characteristics 
As prey animals, sheep have excellent vision and hearing. With visual fields of 270° to 320°, 
sheep can see behind themselves without turning their heads (Sheep 101). Sheep also have 
an excellent sense of smell, and like all species of their genus, have scent glands in front of 
their eyes and between the digits on their feet. Taste is an important sense in sheep, 
establishing forage preferences, with sweet and sour plants preferred and bitter plants more 
commonly rejected. Males (rams) use their vomeronasal organ to sense the pheromones of 
females (ewes) and detect when they are in estrus. The female uses her vomeronasal organ 
for early recognition of her neonate lamb. There is also evidence that the primary olfactory 
system has specialized processing capacities for social cues in the brains of sheep (Sanchez-
Andrade & Kendrick 2009). Gestation is 145-150 days with single births or, sometimes, twins. 
Mothers form strong and exclusive bonds with their offspring. Lambs, under natural 
conditions, nurse for at least 6 months. Puberty is reached at 6-12 months.  

http://www.sheep101.info/medicalsheep.html
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
http://www.sheep101.info/sheepbasics.html
https://en.wikipedia.org/wiki/Vomeronasal
https://en.wikipedia.org/wiki/Estrus
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4. Research Method 
To review the scientific and academic literature on sheep cognition and behavior, we first 
conducted searches on the Web of Science Core Collection using terms relevant to 
intelligence, cognition, and behavior. We followed up the searches with online Google-based 
direct searches through all of the major peer-reviewed journals (see Appendix, Table 1) using 
similar general terms as well as key terms from published papers (e.g., intelligence, cognition, 
behavior, learning, memory, personality, sociality, and self-awareness). We also used more 
specific search terms on the Web of Science within these broader categories when necessary. 
In addition, we used these same terms to search on ScienceDaily for relevant news items and 
peer-reviewed papers. We also conducted a complete search of the websites of the major 
authors in these fields for all of their relevant publications. Finally, we searched the reference 
section of each paper to find additional papers in additional journals (not listed in Table 1) to 
ensure that the overall search was comprehensive. We included books, book chapters, 
dissertations, and theses, as well as both empirical and review papers (which provided 
further description and interpretation of the empirical data). The basic comparative 
psychology literature as well as the applied literature were included. No date restrictions 
were placed on articles for inclusion, but priority was given to more recent papers. The 
reference section of the present paper shows the full breadth of the sources consulted. Our 
findings are divided into four broad categories in the four sections that follow: (5) Learning 
and Cognition, (6) Emotions, (7) Personality, and (8) Social Complexity.  
 
5. Learning and Cognition 
Cognition refers to the mechanisms by which an individual acquires, processes, stores, and 
acts upon information; it includes learning, memory, and decision-making (Shettleworth 
2010). Intelligence refers to the rapidity, depth, and complexity of these mechanisms. There 
is always an interplay between “higher-level” cognitive processes and those considered to be 
more basic. Here we summarize what is currently known about cognition in sheep from a 
range of applied and basic studies. 

5.1. Executive Functions. Executive functions are a set of cognitive processes that are 
involved in the monitoring and control of cognition, including the steps necessary to obtain 
goals. Executive functions include attention, cognitive inhibition, working memory, cognitive 
flexibility, and planning; they are based on prefrontal cortical function in humans and other 
mammals. Broom (2010) refers to executive awareness as the ability “to assess, deduce, and 
plan in relation to long-term intention” (p. 4). Diamond (2013) describes executive functions 
as making “mentally playing with ideas” (p. 135) possible.  
 The evidence for sophisticated executive functions in primates, e.g., monkeys, is 
plentiful (Chudasama 2011; Moore et al. 2003, 2009). Executive function has been probed in 
adult sheep using three standard tests: visual discrimination learning, reversal learning, and 
attentional set-shifting. The discrimination tasks start from simple color discriminations to 
compound discriminations to intradimensional (color) shifts and reversal to 
extradimensional (shape) shifts and reversal. Sheep can perform not only the discrimination 
tasks and reversals but also the most complex tasks – the intra- and extra-dimensional set-
shifting tasks – parallelling the performance of humans and macaque monkeys (Morton & 
Avanzo 2011). When the first rule shift occurs, the sheep show visible signs of anxiety and 
frustration. Attentional set-shifting is another challenging executive function in rule learning 
and reversal that sheep perform on a par with primates. 

https://www.sciencedaily.com/
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5.2. Other Learning and Memory Abilities. Sheep have excellent general memory and 
learning abilities. Lambs show robust spatial memory (Nowack et al. 1994); they are able to 
learn basic tasks in as few as two trials (Bremmer, Baggins, & Kilgour 1980). Other studies 
show that sheep perform well on visual discrimination tasks (Morris et al. 2010; Sugnaseelan 
et al. 2013); under some circumstances, however, auditory discriminations might be more 
difficult (Morris et al. 2010). In addition to object discrimination, sheep are competent at 
tasks requiring the learning of spatial navigation. Lee et al. (2006) showed that sheep are 
capable of learning and remembering a fairly complex maze. Testing memory and reversal 
learning using a modified Y-maze, Hunter et al. (2015) found that 18- and 40-week-old sheep 
could remember the maze for at least 22 weeks and that prior experience, not just age, 
correlated with maze performance. In a test of exclusion performance typically used with 
primates, sheep (and goats) had to choose between two cups, one of which was baited and 
covered. The sheep and goats were able to use direct information (the presence of food) to 
choose the correct location of the reward in the task, mastering the choice of baited cups upon 
having seen the cup previously baited (Nawroth et al. 2014). 
 Sheep can learn to discriminate between various flavors and generalize food 
knowledge on the basis of flavor (Launchbaugh 1994; Vilalba & Provenza 2000 a, b). They 
can also use their ability to discriminate tastes to self-medicate when they are ill (Vilalba et 
al. 2006). A number of studies show how sheep learn to discriminate between different edible 
plants using mental categorization. Sheep can categorize plants at the species level (Ginane 
& Dumont 2010, 2011) and can classify food items at an even higher level (including at least 
two species), demonstrating that they are able to create a hierarchical representation of food 
categories, i.e., nested levels of perceptual information (Ginane & Dumont 2010, 2011), in 
much the same way chimpanzees have been shown to classify flowers (Tanaka 2001).  

5.3. Face Perception. Faces are complex configurations of various components, 
making face recognition a complicated mental task. The many aspects of face perception 
include identity, emotional expression, gaze, and attraction (Leopold & Rhodes 2010). Like 
humans and other nonhuman primates such as macaque monkeys, sheep demonstrate 
neural, perceptual, and social specialization for faces. They prefer the faces of conspecifics to 
others and the faces of familiar sheep to unfamiliar conspecifics (da Costa et al. 2004). Using 
facial cues, sheep can also discriminate the breed and sex of other sheep (Kendrick et al. 
1995). They exhibit a right hemisphere advantage for recognizing other sheep, with 
specialized face cells in the right temporal cortex (Kendrick & Baldwin 1987; Peirce et al. 
2000; Broad, Mimmack, & Kendrick 2000; Peirce & Kendrick 2002), but perhaps not for 
recognizing human faces (Peirce et al. 2001).  
 Sheep also show prodigious memory abilities. In a study of twenty adult sheep, 
Kendrick et al. (2001) showed they were capable of remembering fifty other individual sheep 
(by discriminating twenty-five pairs) for over two years. Studies using photographs of 
conspecifics show that sheep are able to discriminate among various individuals even when 
presented with photographs of the individuals at different ages and in different orientations 
(Ferreira et al. 2004). These findings demonstrate the robustness of facial recognition 
abilities in sheep and their ability to pick up invariants across a range of different 
presentations. 

As highly social mammals, sheep are sensitive to emotional expressions and are able 
to distinguish between photographs of sheep with a calm facial expression and those with a 
startled expression (Elliker 2005). They can also recognize the fear in another sheep’s 
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expression (Tate et al. 2006). Discriminating among faces of conspecifics is an important 
component of social cognition, as it is the basis for the formation of relationships and social 
hierarchies of increasing social complexity.  

Sheep also demonstrate sophisticated capabilities for discriminating between human 
faces (Davis et al. 1998; Peirce et al. 2001). In a recent study, eight adult sheep were trained 
to recognize the faces of four popular human celebrities in photographs on a computer 
screen. The sheep showed spatial orientation invariance, recognizing the four celebrities in 
tilted images. They were also able to distinguish a learned familiar face from an unfamiliar 
face, and could recognize a very familiar handler in photos. The authors concluded that sheep 
process faces holistically and have face recognition abilities on a par with those of humans 
and other primates (Knoll et al. 2017). 

5.4. Responses to Mirrors. There are three general sequential stages of responses to 
mirrors: (1) exploratory and social behavior, (2) contingency-checking, and (3) self-directed 
behavior. There is convincing evidence that members of some taxa, including dolphins (Reiss 
& Marino 2001), elephants (Plotnik et al. 2006), great apes (Anderson & Gallup 2011), and 
magpies (Prior et al. 2008), can recognize themselves in mirrors, as they can use the mirror 
to investigate parts of their body (self-directed behavior). These findings are interpreted as 
evidence of a concept of the self comparable to that of humans at least in terms of a bodily 
self-concept. Other animals, such as monkeys (Itakura 1987), dogs (Howell et al. 2013), and 
pigs (Broom et al. 2009; but see Gieling et al. 2014), do not show self-directed behaviors using 
mirrors but can still use mirrors to find hidden food. This too is interpretable as showing 
some self-awareness, as in order to get the food, animals must understand the spatial 
relationship between the mirror image, their own body, and the hidden food.  
 All animals who eventually show self-directed behaviors pass through a contingency-
checking phase in which the individuals seem to be testing the relationship between their 
body movements and those in the mirror image through such behaviors as repetitive head 
movements or popping in and out of the mirror frame. In a study of sheep, three different 
breeds were provided with a mirror and tested to see whether they could use it to find hidden 
food in a maze. All 29 sheep showed the early social/exploratory actions; some of them 
showed repetitive head movements and other behaviors indicative of contingency-checking. 
However, none of the sheep shown the mirror used it to find hidden food (McBride et al. 
2015). Much more research is needed for a fuller picture of what sheep understand about 
mirrors. The fact that some sheep did show contingency-checking is noteworthy and suggests 
there could be more to their abilities than observed in this single study.   

5.5. Summary of Findings on Sheep Cognition. Sheep show competence in many 
cognitive domains including memory and discrimination capacity. They excel especially in 
executive function and face perception, performing on par with some primates. These are 
both high-level abilities based on a number of different neocortical functions, the prefrontal 
cortex for executive function and the temporal cortex for face perception within and across 
species (Kendrick & Baldwin 1987).  
 
6. Emotions 
Emotions are complex multifaceted phenomena sharing fuzzy boundaries with other aspects 
of psychology. Emotions include behavioral, neurophysiological, cognitive, and conscious 
subjective processes (Desire et al. 2002; Mendl & Paul 2004). Emotions shape attention, 
decision-making, and memory and are in turn influenced by factors such as situational 
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awareness and sensitivity to the experience of others. Emotions and cognition are often 
intimately tied together. For example, the memories can generate strong emotions and, in 
turn, modulate  responses to various stimuli (Mendl, Burman, Parker, & Paul 2009; Ohl, 
Arndt, & van der Staay 2008; Paul, Harding, & Mendl 2005). Affective neuroscience 
(Panksepp 2004) has played a key role in confirming that other animals experience emotions 
in ways similar to humans. This is particularly true in mammals despite the fact that there is 
information missing regarding taxonomic distribution (Bekoff 2005).  

Studies of emotions in sheep, as in other animals, have tended to focus on just two 
easily measurable dimensions: valence (positive/negative or pleasant/unpleasant) and 
intensity (weak/strong), varying independently. There is also a growing literature on more 
complex emotions, such as cognitive bias, in sheep and other highly social mammals. Désiré 
et al. (2002) argue that our emphasis on the more basic unidimensional aspects of emotion 
in other animals arises more from our own assumptions about the nature of nonhuman 
emotions and limitations in measuring them rather than from any lack of complexity or 
subtlety in animal emotions.  

The literature on emotions in sheep and other farmed animals is substantial and 
confirms that they experience a wide range of emotions and that some of those responses are 
quite complex. Basic emotional valence (positive/negative) studies indicate that sheep 
express their internal subjective states through multiple behavioral and physiological 
changes.  

Ear posture appears to be an indicator of emotional state in sheep, as it is in cows. 
Proctor and Carder (2014) found that relaxed ear postures in cows, which include backward 
and hanging ear postures, are associated with gentle stroking. Reefman, Kaszàs, Wechsler, 
and Gygax (2009) showed in two separate experiments that ear postures in sheep are 
correlated with situations of inferred negative and positive emotional valence. During 
negative situations (e.g., when given unpalatable food), the number of ear-posture changes 
was the highest, and the proportion of forward and asymmetric ear postures was also high. 
In positive situations (e.g., when given enriched food), the ear posture remained more stable, 
with a high proportion of passive postures (ear hanging loosely). Reefman et al. noted that 
attention increased during negative but not positive emotional circumstances. They 
concluded that ear postures are a reliable measure of emotional states in sheep but that there 
are still complexities and nuances that need to be deciphered.   

In another study, Reefman, Wechsler, and Gygax (2009) observed the reactions of 15 
sheep in negative (separation from the group), intermediate (standing in a feeding area), and 
positive situations (being voluntarily groomed by a favorite human). Several ear postures, 
relative eye aperture, cardio-respiration, body surface humidity, and temperature were 
recorded continuously for up to 4 minutes in each condition. The groomed sheep had the 
fewest ear posture changes and the most relaxed ear postures; sheep in the negative 
condition had the most forward ear postures. Ear postures were also correlated with several 
physiological measures. Reefman et al. (2012) replicated these findings in a study of ear 
posture and other measures of ongoing emotional valence (mood), under different housing 
conditions over a longer term, with comparable results. 

Boissy et al. (2011) also observed a correlation between different ear postures in 
sheep and situations that elicit emotional states, such as sudden events, unfamiliarity, 
uncontrollability, and negative contrast. Horizontal ear posture corresponded to a “neutral” 
emotional state; during unfamiliar and unpleasant, uncontrollable situations (interpreted as 
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fear), the ears were positioned back; during negative but controllable situations (anger), ears 
were positioned straight up; and when surprised, ears were asymmetric (one up and one 
down). Ear posture, along with heart rate and other behavioral and physiological measures, 
confirms that lambs enjoy gentle stroking (Coulon et al. 2015). 

The ear posture studies demonstrate that there are clear behavioral and physiological 
correlates of emotional states in sheep. They also tell us that there is a good deal of complexity 
to unpack, as it is important to clarify the various elements of emotion suggested by these 
findings. 

Fear is probably the most commonly investigated emotion in domestic animals, 
including sheep. Fear is a reaction to perceived danger. Fearfulness has been tested and 
reliably measured in sheep for decades. Although there is wide individual variation in fear 
reactions in sheep based on personality, as a prey species, fear in sheep is typically expressed 
by behaviors such as highly focused visual and auditory vigilance, immobilization (a “frozen” 
posture), fleeing/attempts to escape, and defecation (Bouissou et al. 1996; Rohmeyer et al. 
1992; Vierin et al. 2002).  

In a study of how chronic stress affects fear reactions in the longer term, Destrez et al. 
(2013) exposed five-month-old lambs to six weeks of aversive and unpredictable events 
related to predation and negative handling. They found that, compared with a control group, 
these lambs showed more fearful reactions overall in a range of circumstances: approaching 
humans less often, having less contact with a novel object, and having more vocalizations. 
These findings suggest that the impact of uncontrollable aversive events is more complex 
than just provoking fearfulness at the time the events occur. They appear to affect ongoing 
mood and fearfulness, which, as described below, points to evidence for complex emotions in 
sheep.  

In the cognitive modeling framework known as appraisal theory, emotions are viewed 
as the result of how an individual evaluates a triggering situation, following a sequence of 
checks, including the relevance of the situation (its suddenness, familiarity, predictability, 
and intrinsic pleasantness), its implications for the individual (including consistency with the 
individual’s expectations), the potential for control, and both internal and external standards. 
Studies of appraisal theories have been applied to humans as well as other animals. A series 
of such studies in sheep by Vessier et al. (2009) confirmed that sheep evaluate events in their 
environment according to their suddenness, familiarity, predictability, and the consistency of 
these events with their own expectations and the control they have over the events — the 
same dimensions that shape human emotional responses, according to appraisal theory. 
Based on their responses to various situations that would trigger an emotional response in 
humans, the authors concluded that sheep seem able to experience a wide range of emotions, 
including fear, anger, rage, despair, boredom, disgust, and happiness (Vessier et al. 2009).  

6.1. Complex Emotions. Sheep emotions are not limited to very basic feelings but can 
be complex. Complex emotional experiences are emotional responses which interact with 
other mental domains, such as cognition and sociality. There is evidence for complex 
emotions in sheep in four domains: cognitive (judgement) bias, emotional reactions to 
learning, emotional contagion, and social buffering.  

6.1.1. Cognitive Bias. Cognitive bias, also known as negative (and positive) judgement 
bias, demonstrates the complex interaction between emotions and cognition. Negative 
judgement bias (sometimes referred to as pessimism) refers to negative responses to 
ambiguous stimuli after a negative emotional experience; positive bias (optimism) refers to 
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the effects of positive emotional experiences on cognition. Cognitive bias is a phenomenon 
demonstrated in a wide range of animals including cows (Daros, Costa, von Keyserlingk, 
Hötzel, & Weary 2014), pigs (Douglas, Bateson, Walsh, Bédué, & Edwards 2012), bottlenose 
dolphins (Clegg, Rödel, & Delfour 2017), capuchin monkeys (Pomerantz, Terkel, Suomi, & 
Paukner 2012), and honeybees (Bateson, Desire, Gartside, & Wright 2011). 

The evidence for judgement bias in sheep is strong. Doyle et al. (2011) found that 
exposure to long-term unpredictable aversive events affected the motivation of sheep to 
approach a bucket associated with a discrimination task located in a neutral zone during a 
test. Destrez et al. (2013) found that exposure to chronically stressful situations led to more 
pessimistic judgement biases and learning deficits in lambs. Sheep demonstrate optimism 
and pessimism under the relevant circumstances, providing more evidence for a complex 
interplay between emotions and cognition. Sheep also showed a positive judgement bias in 
various cognitive tasks when they were restrained and then released, compared with sheep 
who were never restrained (Doyle et al. 2010; Sanger et al. 2011).  

The ability to form expectations and then react to those that are violated is a complex 
cognitive capacity. An expectation is knowledge that one event precedes a second or leads to 
a particular outcome based on past experience. This definition assumes there is a mental 
representation of the outcome value, requiring complex cognitive processing, as it involves a 
comparison of actual characteristics of a situation with those that were expected. 
Grieveldinger et al. (2011) designed a study to determine whether lambs are able to form 
expectations and whether they respond emotionally when those expectations are violated. 
When an expected reward for completing a task was less than expected, the lambs responded 
emotionally (with increased cardiac responses and locomotion), particularly when they had 
previously experienced an increased reward. These findings demonstrate that not only can 
sheep form expectations and have feelings about whether those expectations are met, but 
also that they can follow a fairly complex set of events leading to an outcome. The authors 
interpreted the emotions of the lambs after a let-down of their expectations as frustration 
and despair. 

6.1.2. Emotional Reactions to Learning. Emotional reactions to learning refer to the 
emotional effects of improving on a task apart from the reactions to a reward itself: positive 
emotions and excitement when realizing one is controlling a situation and getting closer to a 
goal. Individuals may become excited because they can control the delivery of a reward. It 
has been argued that this kind of complex emotional experience rests upon some level of self-
awareness such as self-referral or self-agency (Hagen & Broom 2004). Hagen and Broom 
(2004) studied the emotional responses of heifers during a period when they were learning 
a task. Heifers were put into a small pen with a gate through which a food bowl could be seen 
20 meters away. If the heifer put her nose into a hole in the wall and broke a light beam, the 
gate opened. When the heifers learned how to open the gate, they showed behavioural 
excitement in the form of jumping and bucking, and an elevated heart-rate response at the 
moment of learning.  
 Matched control heifers that received the same reward after spending the same time 
in the pen did not show this response and neither did heifers that had previously learned the 
task and immediately opened the gate upon entering the test pen. The authors speculated 
that the increased arousal in the experimental group was a direct result of the experimental 
animals’ reaching the point of realizing that their performance on the task had improved: an 
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emotional reaction to a sense of self-efficacy in this situation. These findings have 
implications for the question of self-awareness in cows. 

Similar results were obtained by Broom and Barone (in preparation) in a study on 
learning in sheep. The authors suggest that the sheep may have been aware of their own 
success in solving a problem. They call this phenomenon the “eureka effect” (Broom, personal 
communication). Although much more work needs to be done on this effect in sheep, they 
may indeed, like cows, be reacting emotionally to knowing that they have successfully 
learned a task. 

6.1.3. Emotional Contagion. Emotions can influence more than one individual in a 
group through a process known as emotional contagion. Emotional contagion occurs when 
an individual experience matches the emotional response of others; many authors consider 
it a foundation for empathy (De Waal 2003, 2008; Preston & De Waal 2002; Singer 2006). 
Empathy can be defined as having an emotional state similar to that of another as a result of 
the accurate perception of the other’s situation (Hatfield et al. 1993; Preston & de Waal 2002). 
There is both a cognitive and an emotional component to empathy. De Waal (2008) suggests 
that emotional contagion forms the basis of sympathetic concern (which involves some 
perspective-taking) and can lead to empathy-based altruism. Emotional contagion has been 
demonstrated in many socially complex taxa such as dogs (Joly-Mascheroni, Senju, & 
Shepherd 2008), wolves (Romero, Ito, Saito, & Hasegawa 2014), great apes (Anderson, 
Myowa-Yamakoshi, & Matsuzawa 2004; Palagi, Norscia, & Demuru 2014), pigs (Reimert, 
Bolhuis, Kemp, & Rodenburg 2013, 2014), and cows (Boissy et al. 1998).  

One example of emotional contagion is contagious yawning, in which yawning is 
triggered by another individual’s yawning. Contagious yawning has been demonstrated in 
humans and many other mammals, such as dogs; wolves; chimpanzees (Campbell & deWaal 
2011); rats (Moyaho et al. 2014); and one avian species, budgerigars (Miller et al. 2012). 
Sheep also show contagious yawning. In a study of twelve adult sheep, it was found that when 
visually paired together, if one sheep yawned, the other did so within one minute over 11% 
of the time; they did not do this when they were shielded from one another. Sheep also 
showed synchronized rumination under the same circumstances (Yonezawa et al. 2017).  

Another way sheep demonstrate empathy is through the responses of mothers to their 
offspring. Hild et al. (2011) showed that ewes paid more attention to their lambs when the 
lambs showed they were in pain (e.g., from tail-docking). Interestingly, the ewes did not pay 
more attention when the lambs were stressed. These results indicate that the ewes either 
distinguished between pain and psychological distress or could not detect psychological 
distress in this way. 

6.1.4. Social Buffering. Social buffering occurs when an individual reacts less 
negatively or intensely to stresses and fear-inducing situations when in the presence of 
conspecifics (Kikusui, 2006). The conspecifics act as a social buffer to lessen the emotional 
stress. Social buffering exemplifies the important emotional role the social group plays for 
many animals, including sheep. Social buffering has been demonstrated in humans 
(Thorsteinsson et al. 1998), macaques (Gilbert & Baker 2011), chickens (Edgar et al. 2015), 
and cows (Boissy & Le Neindre 1990; Grignard et al. 2000). 

Not surprisingly, the evidence for social buffering in sheep is substantial. Da Costa et 
al. (2004) reported that when sheep experienced social isolation, the sight of pictures of 
familiar sheep faces (but not goats or geometric shapes) significantly reduced behavioural 
(activity and protest vocalizations), autonomic (heart rate), and endocrine (cortisol and 
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adrenaline) indices of stress. Very similar results were found by Vandenheede et al. (1994) 
and Bousseau et al. (1996): the sheep were also able to distinguish photographs of sheep of 
their own breed from those of another breed, showing less fear toward their own breed. 

6.2. Mother-Offspring Relationship. Ewes and their lambs form strong emotional 
bonds rapidly following birth (Nowack et al. 2000). Ewes stay close to their young lambs and 
encourage following behaviour at the earliest stage (Lent 1974), creating stable mother-
offspring bonds within a mobile flock (Hersher et al. 1963). Lambs also establish a clear 
preference for their mothers rather than other adult females during the early rearing period 
(Arnold & Dudzinski 1975; Nowak et al. 1989; Hernández et al. 2009). Mothers communicate 
with their lambs using low-pitched bleats similar to mother-child vocalizations in many other 
species (Dwyer et al. 1998). As young as 12 hours old, sheep can identify their mothers 
through sight and sound (Poindron, Nowak, Lévy, Porter, & Schaal 1993).  
 The intensity of the ewe-lamb bond changes throughout the lactation period, as the 
lamb gains gradual independence from the mother (Weary et al. 2008). Natural weaning 
begins at around six months but may continue until almost a year (Grubb 1974). Some studies 
show that, if given the opportunity, mothers and their offspring tend to associate with each 
other even after weaning (Hinch et al. 1990; Rowell 1991). Under intensive factory farming 
conditions, ewes and their lambs are separated at as early as one month and typically 
between 2 and 4 months (Napolitano 2008). This practice causes emotional distress for the 
lamb and the mother. During the first days after separation, lambs attempt to reunite with 
their mothers and show a distressed emotional response by vocalizing and pacing (Freitas-
de-Melo et al. 2017; see also Poindron et al. 2007, for a review). These behaviors are exclusive 
to the loss of the mother.  
 When mothers are separated from their lambs during pre-weaning, they show strong 
anxious behaviors such as high-pitched vocalizations, elimination, and increased locomotion 
(Poindron et al. 1994). Napolitano et al. (2008) reviewed evidence that artificial weaning and 
early separation from the mother have negative psychological effects on lambs through 
different phases of their development. The mother-offspring bond in sheep is hence very 
strong early on and vulnerable to negative effects if the natural weaning process is 
interrupted or not allowed to unfold gradually. 

6.3. Play. Play behavior can be a good indicator of positive emotional states in other 
animals (Held & Spinka 2011). Play is related to curiosity, mood, exploration, and innovation; 
it forms the basis for complex object-related and social abilities (Bateson, Bateson, & Martin 
2013) in humans and other animals. Play is also a general expression of a positive mood. 
Mammals and nonmammals engage in play (Bekoff & Byers 1998; Burghardt 2005, 2015). 
Many farmed animals, such as pigs (Horback 2014) and cows (Reinhardt et al. 1978), exhibit 
a range of complex object and social play behaviors. Sheep are no exception. 

After about the first week of life, lambs form play groups (Morgan & Arnold 1974), 
and sex differences become apparent. Males tend to play more aggressively, headbutting and 
mounting each other (Chapagain et al. 2014; Orgeuer et al. 1984); females tend to engage in 
more locomotor play, such as gamboling and frolicking. Both perform exaggerated and 
exuberant body movements like “bucking,” spinning, and whirling around (Spinka et al. 
2001). All these behaviors indicate that sheep, like most other animals, express positive 
emotions in interactions with their environment and one another. 

6.4. Summary of Findings on Sheep Emotions. Sheep have emotions that range 
across the spectrum and  combine with cognition in complex ways. They show evidence of 
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cognitive bias, emotional reactions to learning, emotional contagion (which may be a simple 
form of empathy), and social buffering. In the social realm, strong bonds between mothers 
and their offspring can last for several months. 
 
7. Personality  
Personality is a set of traits that differ across individuals and are consistent over time: “those 
characteristics of individuals that describe and account for temporally stable patterns of 
affect, cognition, and behavior” (Gosling 2008, p. 986). The individuality of personality traits 
has important implications for how we regard and treat other animals. Individual differences 
in personality contradict the view that other animals are one-dimensional, interchangeable 
units within a group, population, or species (as we often think of sheep and other herding 
animals such as cows). Personality also interacts with cognition and emotion, shaping 
behavior and performance on a wide range of tasks (Carere & Locurto 2011).  

Personality traits are ubiquitous in the animal kingdom among mammals and non-
mammals (Vonk, Weiss, & Kuczaj 2017). Personality structure in nonhuman animals maps 
on to the Five-Factor Model representing broad dimensions of human personality (Gosling 
2008; Gosling & John 1999). These include the dimensions of openness, conscientiousness, 
extroversion, agreeableness, and neuroticism (e.g., McCrae & Costa 2008). Although some 
authors refer instead to “behavioral syndromes” or “temperament” in other animals (Reale, 
Reader, Sol, McDougall, & Dingemanse 2007), there is little distinction between these 
phenomena and personalities as observed and documented (Gosling 2008).  

In sheep, too, there is evidence of individual personality. One of the dimensions that 
has been identified is shyness-boldness. Tests of shyness and boldness — based on risk-
taking, reactions to novelty, and levels of exploration, and often correlated with patterns of 
foraging, spatial distribution, and responses to other groups — provide evidence of this 
personality dimension in sheep (Murphy et al. 1994; Sibbald et al. 2009). The shy–bold 
continuum is now recognized as a fundamental dimension of behavioural variation in 
humans and nonhuman animals alike (Wilson et al. 1994) 

Michelena, Sibbald, Erhard, and McLeod (2008) studied the role of individual 
personality under conditions of increased feeding competition. They first identified 
individuals as bold or shy based on their willingness to leave the group in an indoor 
exploration test. The individuals with bold personalities were more likely to split into 
subgroups during grazing experiments on patchy grass, suggesting that individual 
personality can influence spatial organization. Michelena et al. (2009) reported that 
individual differences in boldness and the proportion of bold to shy individuals could affect 
the foraging decisions of the entire group, with bold individuals acting as leaders. 

Another personality dimension is gregariousness. Sheep are a highly social species, 
but individuals differ in gregariousness, which is correlated with behavioural 
synchronization in ewes. Gregariousness can be measured as the time an individual spends 
in close proximity to others. Behavioral synchronization, a fundamental property of social 
cohesion, is the simultaneous occurrence of the same behavior in two or more individuals. 
Hauschildt and Gerken (2015) found that the proportion of gregarious individuals in a group 
predicts behavioral synchronization, showing that the mixture of individual personality traits 
in a group can influence social cohesion. 

Other personality traits in sheep include reactivity, activity level, and 
calmness/anxiety. There is evidence, however, that these labels (and their operational 
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definitions) may be variants of the same trait (Bickell et al. 2009; Murphy et al. 1998) and 
many authors use them interchangeably. (For example, Beausoleil et al. (2012) tested sheep 
characterized as more versus less active in various situations but interpreted the results in 
terms of calmness, reactivity, and anxiety as if they were all a single dimension.) 

Many of these tests involve placing sheep unrestrained but isolated from the social 
group in an unfamiliar setting (such as an open field) in the presence of an unfamiliar human. 
The researchers then measure activity level, escape speed, avoidance, and vocalizations. The 
other option is testing in a restrained situation in a small crate or box (as a proxy for 
handling), measuring levels of agitation, struggling, and vocalization. The correlation 
between these two types of assessments — unrestrained and restrained — is moderate and 
mixed (Dodd et al. 2012). One disadvantage of interpreting behavior in unrestrained tests 
like the novel arena is that high levels of locomotion are ambiguous — interpretable as either 
exploration or anxiety. These two interpretations could represent different personality 
dimensions: either boldness or anxiety.  

Personality traits in ewes also have an impact on maternal behavior and the survival 
of the lamb. Using principle component analysis, Dwyer and Lawrence (2000) found that the 
maternal style of ewes could be consistently characterized by two axes: warmth/maternal 
care versus maternal rejection. Maternal protectiveness is not on the opposite end of a linear 
scale to maternal rejection, and ewes can show high levels of rejecting behaviours without 
showing a reduction in other positive caring behaviors such as grooming. Although the 
frequency of maternal rejection diminished with maternal experience, these two dimensions 
remained distinct across time. The authors suggest that both may be related to the trait of 
emotionality in sheep. Poindran et al. (2007) identified two dimensions of maternal style in 
ewes that heavily influence maternal attachment: maternal responsiveness and maternal 
selectivity. These findings raise the question of whether maternal style itself is a single 
personality trait or a combination of traits. 

7.1. Summary of Findings on Sheep Personality. There is abundant evidence of 
personality traits in sheep, in particular, shyness/boldness and gregariousness. More 
research is needed on other potential dimensions and complexities of sheep personality, in 
particular, the more general personality concepts such as reactivity/anxiety.  
 
8. Social Complexity 
The social complexity of species has conventionally been defined by the number of 
individuals and the number and kinds of differentiated roles and relationships among them 
(Bergman & Beehner 2015). Differentiated relationships are those that require recognizing 
and responding to differences across individuals (e.g., dominance roles, kinship, and other 
more complex multidimensional differences). Seyfarth and Cheney (2015) defined social 
cognition as knowledge about one’s conspecifics. A general definition of social complexity 
arguably includes the number of differentiated relationships, the degree of knowledge about 
conspecifics, and the knowledge of one’s own and other animals' social interactions and 
relationships. There is abundant evidence of a positive correlation between various high-
level cognitive capacities and measures of social complexity in species as diverse as domestic 
pigs (see Marino & Colvin 2015, for a review), dogs (see Bensky et al. 2013, for a review), 
primates (e.g., Dunbar 1998), dolphins and whales (Fox, Muthukrishna, & Schultz 2017; 
Whitehead & Rendell 2015), and birds (Burish et al. 2004).  
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Sheep tend to form groups based on affiliative bonds. Boissy and Dumont (2002) 
reported that ewes placed near familiar companions grazed longer, vocalized less, and were 
less vigilant than ewes surrounded by unfamiliar conspecifics. Social organization in sheep 
can also be quite variable, with bigger differences between populations than genera 
(Shackleton & Shank 1984). Sheep are sexually dimorphic; dominance hierarchies commonly 
develop among males, but are weak or nonexistent in females (Shackleton & Shank 1984). 
Fighting is closely related to horn and head structures, with horns being used for fighting and 
as indicators of social rank (Shackleton & Shank 1984).  

Like other farmed animals, sheep may display more behavioral plasticity than 
previously thought (Estevez, Andersen, & Nævdal 2007) if provided the opportunity outside 
factory farming conditions. There is evidence that personality traits of individual sheep 
influence group movement and distribution (Hauschildt & Gerken 2015), as noted above,  and 
that personality is an important factor in social behavior (Doyle et al. 2016).  
 Michelena, Sibbald, Erhard, and McLeod (2008) showed that boldness and shyness in 
individual sheep influence the tendency for groups to split into subgroups. Social bonds are 
so important to sheep that they prefer to stay with their social group rather than forage at a 
distance for highly prized food (Dumont & Boissy 2000). Special bonds also predict order 
during group movement in a pasture. In a study of nineteen one-year-old ewe-lambs without 
kinship ties, those with preferential bonds were significantly more likely to follow one 
another during group movements (Ramseyer, Boissy, Thierry, & Dumont 2009). Social 
cohesion — the number of times an individual is seen in proximity to another — was also 
measured. Ewe lambs with low social cohesion, that is, a low number of partners with whom 
they shared frequent affinitive interactions, were more often the first individuals to move 
away from the social group in search of more food, showing less attachment to the group.  
Moreover, those individuals with higher cohesion indices were more often in front of the 
group once the group started moving (Ramseyer, Boissy, Thierry, & Dumont 2009). These 
results show that the morphology of a social group and its movements are shaped by the 
personalities of the individuals within the group. 

Social cohesion is also modulated by activity synchrony and social affinity. Michelena, 
Gautrais, Gérard, Bon, and Deneubourg (2008) tested the effects of activity, group size, and 
sex composition on the cohesion of mixed-sex and single-sex Merino groups. The sheep were 
more aggregated than would be expected in a random spatial distribution for all groups and 
sizes. Social cohesion was shaped by the activity level of the group. Individuals were closest 
together when resting and farthest apart when only part of the group was active. Groups that 
were all active maintained close inter-individual distances but were less close when resting.  

Given that social bonds are so important in the lives of sheep, it is not surprising that 
there is strong evidence that being forced to live in isolation causes distress behaviors. For 
example, Lauber, Nash, Gatt, and Hemsworth (2012) observed 96 individually housed 
castrated Merino sheep using 15-minute sampling over a 10-hour period for two consecutive 
days over three weeks. Seventy-one percent of the sheep displayed one or more behaviors 
that are abnormal for sheep, such as pacing and chewing and nosing pen fixtures, for more 
than 10% of the day. The prevalence and incidence of these behaviors were high, especially 
compared to sheep who grazed outdoors and were housed with other sheep. 

8.1. Summary of Findings on Sociality in Sheep. Sheep groupings are not 
homogeneous but hierarchical, dynamic, complex relationships shaped by individual 
personalities and many other factors.  
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9. Conclusions 
We have identified a variety of findings from the scientific literature on learning and 
cognition, emotions, personality, and social complexity showing that contrary to popular 
views and representations of sheep as unintelligent and lacking in individuality or autonomy,  
they have several complex capacities including: 

1. a number of prefrontal lobe executive functions considered on par with primates; 
2. considerable capacity to distinguish and identify faces of other sheep as well as 

humans;  
3. a range of simple to complex emotions, including judgement bias and forms of 

emotional contagion; 
4. distinct personalities;  
5. strong mother-offspring bonds and relationships that shape social groupings beyond 

food availability and distribution. 

Our review contradicts historical perceptions of sheep that fuel and sustain contemporary 
media, popular culture, and farming practices. As discussed earlier, Christian and other 
theologies situate sheep in the contemporary consciousness as obedient, passive, and 
uniform; this view has negative consequences for sheep. Representing farmed animals 
through language as objects, not subjects, of farming, research, and hide-harvesting practices, 
serves to distance humans psychologically from other animals. It is our hope that this 
comprehensive analysis of scientific literature will serve as the foundation for reconsidering 
the use of sheep as commodities in modern agricultural production and in invasive research, 
and will promote learning more about sheep using noninvasive research in more natural and 
noncoercive settings such as sanctuaries. 
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