
Ann. Anim. Sci., Vol. 15, No. 3 (2015) 565–589         DOI: 10.1515/aoas-2015-0031

Perception of environment in farm animals – A review*  *

Krzysztof Adamczyk1♦, Aleksandra Górecka-Bruzda2, Jacek Nowicki3, Małgorzata Gumułka3,  
Edyta Molik4, Tomasz Schwarz3, Bernadette Earley5, Czesław Klocek3

1Institute of Animal Sciences, Department of Cattle Breeding, University of Agriculture in Krakow,  
Al. Mickiewicza 24-28, 30-059 Kraków, Poland

2Department of Animal Behaviour, Institute of Genetics and Animal Breeding of the Polish Academy  
of Sciences, Postępu 36A, Jastrzębiec, 05-552 Magdalenka, Poland

3Institute of Animal Sciences, Department of Swine and Small Animal Breeding,  
University of Agriculture in Krakow, Al. Mickiewicza 24-28, 30-059 Kraków, Poland

4Department of Animal Biotechnology, University of Agriculture in Krakow, Rędzina 1B,  
30-274 Kraków, Poland

5Animal and Bioscience Research Department, Animal & Grassland Research and Innovation Centre, 
Teagasc, Grange, Dunsany, Co. Meath, Ireland
♦Corresponding author: rzadamcz@cyfronet.pl

Abstract
Perception of the environment by farm animals is fundamental for expression of behaviour and of 
their adaptation to different environmental conditions. From a breeding-environmental perspec-
tive, perception becomes increasingly important when a production system negatively impacts 
on animals such that their normal expression of behaviour is compromised. Therefore, research 
on the perceptual abilities of farm animals is of crucial importance to understand the animal-
environment relationship. This review is focused on research related to sensory perception of farm 
animals. It should be stressed that the world of animal senses is very difficult to explore, we have 
limited knowledge of the complexity of the animal’s ability to perceive and process environmental 
stimuli.
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Perception of the environment by farm animals has an important effect on their 
general behaviour and cognitive/learning ability (Jezierski, 2004; Broom, 2010; 
Mery, 2013). It is recognized that domestic animals generally have smaller brains 
and are less sensitive to environmental stimuli compared to their ancestors (Price, 
1999; Diamond, 2002). Recent decades have seen a rapid change in the husbandry 
systems of the main species of farm animals – cattle, pigs and poultry (Diamond, 
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2002; Robinson et al., 2011). As a consequence the animal-environment relation-
ships, in which senses play a key role, have changed (Holloway, 2007; Hemsworth 
and Coleman, 2011; Eadie, 2012). This mainly affects animals maintained under 
intensive production conditions, such as domestic fowl, pigs, and high-yielding dairy 
cows, especially when environmental factors (i.e. limited visibility, poor ventila-
tion) are negatively affected, thereby impacting on animal welfare (Halverson, 2001; 
Thornton, 2010; Butterworth, 2013).

Basic and applied research of the senses, which are crucial for perception of the 
environment by animals, has been conducted for many years in different livestock 
species. Generally, relevant environmental stimuli, affecting important life process-
es, are complicated and in evolutionary adaptation may involve more than one of the 
senses. For example the sense of sight with wide field of vision is one of the most 
important adaptation responses of herbivore ungulates, providing them with the abil-
ity to protect against attacks by predators. However, defense or escape is such an 
important part of animal life that with every sense of distance, perception is engaged 
in searching and identifying predators (Lima and Dill, 1990). Cooperation of far-
sighted wide vision, sensitive hearing and smell, enables an animal to use its space 
optimally and at the same time ward off predator attacks (Kie, 1999; Laundré et al., 
2001). Most farm animals are relatively safe from predators, however, free ranging 
domestic animals like sheep and goats sometimes must confront predation pressure, 
and research has shown that such species portray anti-predator behaviour (Shrader et 
al., 2008). The second important part of life is the acquisition of food. The sense of 
sight cooperating with smell allow distance recognition of plants according to aroma, 
shape, brightness, colours, and even patterns on a leaf (Favreau-Peigné et al., 2013). 
The sense of smell can cooperate with taste and touch in food selection in direct 
contact allowing firstly acceptance of smell, then physical characteristic of food and 
finally taste giving global stimulation of oro-pharyngeal area and enabling avoiding 
of toxic plants (Favreau-Peigné et al., 2013). The senses of sight, smell, hearing and 
touch cooperate in establishing and maintaining relationships among animals and 
thus influence reproduction through male and female effect (Delgadillo et al., 2009). 
In seasonal species the sense of sight allows detection of day length influencing 
physiology and endocrinology, however, the sense of smell and taste cooperate with 
sight allowing recognition of seasonal changes in food quantity and/or quality (Dohi 
et al., 1996; Duarte et al., 2010). Biological and evolutionary significance of the 
senses and perception is crucial for every life process as well as the adaptation abil-
ity of animals to their environment. Consequently, research in this area is important 
with regard to assessing and ensuring optimum conditions that meet the minimum 
requirements for animal welfare protection (Jensen, 2009; Broom, 2011).

The aim of the present review was to analyze and summarize current knowledge 
regarding sensory perception in farm animals with regard to species specificity.

Senses in farm animals
Cattle
Cattle are diurnal animals that show preference for places with diffuse lighting 

and avoid areas with excessive sun exposure. The optimal photoperiod for adult dairy 
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cows is 16–18 hours (Dahl and Petitclerc, 2003). Accordingly, vision is the dominant 
sense in cattle, as they obtain almost 50% of their information visually. Bovines 
have been shown to identify a wide spectrum of colours, but perceive warm colours 
(yellow, red, orange) more easily than cold colours (purple, blue, green). Moreover 
bovines can distinguish between geometric figures (triangles, circles, straight lines) 
(Gilbert and Arave, 1986; Phillips, 2002; Blackshaw, 1986/2003). Due to the shape 
of the head and the location of the eyes, cattle have a large binocular field of vision 
(about 330°) and a small binocular field (25–50°). Compared to humans, the visual 
accommodation of cattle is poor. Animals pay greater attention to moving objects 
than to static ones, but their perception of motion is less fluid than in humans. There-
fore, sudden movements by humans may cause anxiety and even panic reactions in 
animals (Phillips, 2002; Blackshaw, 1986/2003; Heffner and Heffner, 2010; Gran-
din, 2014).

Research shows that cattle have a hearing range of 20 Hz to 35 kHz. Bovines are 
more sensitive to high-pitched sounds than humans, for whom the hearing threshold 
is 10–18 kHz depending on age and noise level. However, the poor sound localization 
abilities of cattle may make them more fearful (Ahmed et al., 2001; Phillips, 2002).

The sense of taste is very well developed in cattle (Roura et al., 2008). Animals 
of this species can distinguish the four primary tastes (sweet, salty, bitter and sour), 
with the strength of taste perception depending largely on the animal’s current food 
requirement. Cattle are unwilling to consume feeds that are bitter in taste (potential 
presence of harmful substances) and show a marked preference for sweet (energy 
value of the feed) and salty feeds (proper electrolyte balance of body fluids). In turn, 
their sensitivity to sour taste helps them to maintain optimal ruminal pH (Phillips, 
2002; Ginane et al., 2011).

Olfaction is the least understood of the senses in cattle. This sense has not been 
conclusively shown to play a major role in the selection of feed. Yet, cattle are con-
sidered macrosmatic animals, i.e. those with a keen sense of smell as they possess 
the vomeronasal organ/Jacobson organ (VO). Olfactory substances reach it during 
the behaviour known as flehmen. In general, animals use their smell to “expand” the 
information gathered by other senses, although in the case of social and reproduc-
tive behaviours it is a key source of information (Lyons and Machen, 2000; Phillips, 
2002).

Tactile sensations in cattle are detected mainly by mechano- and thermorecep-
tors as well as nociceptors (pain receptors) located on the skin and muzzle, which 
are used most frequently when animals explore their environment (Blackshaw, 
1986/2003; Phillips, 2002; Herskin et al., 2004). 

It is perceived that cattle feel physical pain in a similar way to humans. However, 
since they are a natural part of the food chain they do not show obvious signs of pain. 
This stems from the fact that under natural conditions the signs of pain shown by ani-
mals may provoke an attack from predators (Bomzon, 2011). Moreover, the fact that 
the cerebral cortex of animals is less developed than in humans does not necessarily 
mean that cattle have a much lower capacity to feel mental pain, but may indicate 
that these animals suffer less psychologically from the long-term consequences of 
pain (fear, depression) (Iggo, 1984; Phillips, 2002).
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Sheep
The sense that is particularly sensitive to information processing in sheep is vi-

sion. The structure and position of the eyes in this species is evidence that they 
have adapted to the environment as potential victims of predatory animals. Eyes are 
positioned to give a wide field of vision, about 290°, with small movements of the 
head. The extensive visual field allows a sheep to maintain eye contact and spatial 
relationships with animals not only in front of it, but also behind it and on both sides. 
A large eyeball with a well developed reflective membrane increases sensitivity of 
the retina by the reflected light, which allows the sheep to see well in low light. Like 
other ungulates sheep show dichromatic vision, unlike humans who are trichromats 
(Jacobs et al., 1998). Two-colour vision can probably provide more accurate motion 
detection, thus avoiding danger. Dichromatic vision limits the vision of all the col-
ours so that the sheep cannot see the colour red. For red/orange objects sheep sense 
it as gray or light yellow, depending on the intensity of the colour. In addition, sheep 
sense green colour as yellowish, which is why there is no visual difference between 
grass in the pasture and hay (Kendrick, 2008). Thus allowing the sheep flock to 
stay together enables quick communication among them (Piggins and Philips, 1996). 
Sheep are also able to visually identify pasture sward (e.g. grass and clover), which 
enables them to follow their own feeding preferences on the pasture (Bazely, 1988; 
Kendrick, 1992). Tests to identify geometric shapes revealed that sheep can learn to 
distinguish basic geometric shapes (Baldwin, 1981). Visual cues are very important 
for the social relations between members of the flock and are essential for the bond-
ing of the mother to her offspring. Research shows that ewes learn to identify their 
lambs by their faces. White lambs that had their faces dyed dark were not identified 
by their dams from a large distance (Shillito-Walser, 1977). A subsequent study dem-
onstrated that sheep can discriminate between human faces, those of other sheep, and 
faces within their breed according to sex and earlier acquaintance (Kendrick et al., 
1995).

A survey showed that sheep have a similar hearing sensitivity to humans (about 
10 dB). Sheep hear low frequency better (125 Hz) than humans (20–40 Hz).

High frequencies are heard by sheep in the field of ultrasound (42 kHz), it is  
a much higher range than in humans (20 kHz) and slightly lower in dogs (50 kHz) 
(Kendrick, 2008). It is therefore necessary to bear in mind the potential effects of 
exposure of sheep to stressful impact of ultrasound, which man is not able to hear 
(for example, the sounds made by machines). In social animals, the manifestation of 
emotions is an important means of communication. Different emotions are expressed 
by body posture and changes in facial features. In sheep, this is limited to presenting 
negative feelings such as stress or anxiety (protruding eyes, narrow pupils, flared 
nostrils and flattened ears), while the absence of these emotions plays an important 
role during social communication (Tate et al., 2006). Observations of sheep show 
that they are very sensitive to sounds and quickly identify their sources (Kendrick, 
2008). Research demonstrates that ewes learn to recognize their lambs also by audi-
tory cues and a sheep can recognize the voice of her lambs soon after birth (Shillito, 
1975). It is well recognized that ewes can recognize individual flock members and 
humans based on their voices. Experiments using a Y-maze showed that sheep can 
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discriminate between sheep and human vocalizations (Kendrick et al., 1995). When  
a sheep wants to express different emotional states, they use different pitched sounds, 
but these differences are not always recognizable by humans. 

Taste is based on the integrated olfactory, tactile and thermal sensations. Taste 
receptors distributed around the mouth are the beginning of the taste trail. In seasonal 
animals which include sheep, stimulating taste receptors plays an important role in 
the activities of food intake, and therefore metabolic hormone secretion (ghrelin, 
leptin, orexin) (Henry and Clarke, 2008; Abizaid, 2009). Taste impulses reaching the 
limbic system (mainly the hypothalamus and amygdala) are relevant for the assess-
ment of food. 

Olfactory signals from the environment are received by two anatomically and 
physiologically independent sensory systems, the olfactory epithelium and VO. The 
olfactory epithelium is primarily used to collect distributed odour molecules in the air 
while the VO to detect more volatile molecules, such as pheromones, which belong 
to the semiochemical substances for the transfer of information between individu-
als of the same species (Swaney and Keverne, 2009). The sense of olfaction plays  
a significant role in forming the ewe-lamb relationship. Ewes learn to recognize their 
lambs by olfaction within 1–2 h of giving birth. The characteristic odour, by which 
the ewe learns to identify her lambs, comes mainly from the lamb’s wool, skin and 
genital area (Kendrick et al., 2001). Odour cues are also important for recogniz-
ing other members of the same flock. When animals from several different flocks 
were mixed together, they had no problem in recognizing their flock mates. The 
characteristic odour of a flock will comprise the odours of different individuals and 
environmental odour cues (soil, vegetation) (Arnold, 1985). Like in other domesti-
cated mammals, environmental olfactory cues are received by two anatomically and 
physiologically independent sensory systems: the olfactory epithelium and the VO. 
The olfactory epithelium serves to capture odorant molecules from the air, while the 
VO is used to detect pheromones (Galez and Fabre-Nys, 2007).

The sensory receptors located in different layers of the skin react to mechanical 
stimuli from the external environment. In sheep, not only external feeling is impor-
tant but also deep internal feeling regarding motor functions (for example arrange-
ment of limbs) (Bell et al., 1994).

Sensation of pain and adverse temperature changes in sheep are associated with 
animal stress. Sheep demonstrated the occurrence of stress-induced (fleece) hyper-
thermia (SIH). After the surcease of the stress factor, cortisol levels and body tem-
perature returned to normal. Sheep are resistant to low temperatures, and less tolerant 
of cold blasts of air (draft) (Doyle et al., 2011).

Goats
As social browser animals, goats are well adapted to the environment not only 

from nutritional and reproductive point of view, but also due to the development of 
the sensory organs (Langbein et al., 2008).

Caprine field of vision is similar to other ruminants 320–340° of monocular field, 
with similar eye anatomy including specific, rectangle shape of retina (Chiao et al., 
2000; Blackshaw, 1986/2003). Different breeds of goats have similar but not identi-
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cal field of vision which is mainly related to housing conditions and environment, 
causing differences in ocular morphometry (Olopade et al., 2005). A disadvantage of 
such large peripheral vision is binocular field of vision reduced to 20–60° and thus 
small ability of stereoscopic vision. Additionally, goats are farsighted, and poorly 
perceive space in front of them and image depth (Blackshaw, 1986/2003). The in-
ability to assess the distance accurately is compensated by possibility for quick and 
effective detection of move in long distance, which is much more important to avoid 
predator attack (Shrader et al., 2008). The caprine eye is characterized by large size 
of retina and presence of well developed tapetum lucidium, which allows good night 
vision helping to avoid night predators attack (Ollivier et al., 2004). Caprine colour 
perception is different than in humans, because goats are dichromats having two 
types of cones, sensitive to short wavelength which enable them to see bright purple, 
or long wavelength which enable them to see yellow-green colour. The eye of the 
goat can receive only two ranges of colours (purple and yelowish-green). However, 
the brain is able to “mix” the signals from the eye thereby enabling goats to distin-
guish between colours (orange, yellow, green, blue, violet) (Buchenauer and Fritsch, 
1980; Chiao et al., 2000).

A very important sense of goats which enables orientation in space, identification 
of own flock members and recognition of dangers, is hearing. The range of audi-
tory perception in goats is broad, between 60 Hz and 40 kHz, however, maximum 
sensitivity is attained at 2 kHz. Precision in sound localization is about 18°, which 
is a much worse result in comparison to humans or predators (Hefner and Hefner, 
1992). Caprine sense of hearing is selective, which enables precise identification of 
individuals (animals and humans). They also have very good sound memory. Re-
search has shown that mother doe never forgets the voice of her offspring (Briefer 
and MacElligott, 2011, 2012; Briefer et al., 2012).

Senses of taste, smell and also touch cooperate during food recognition, its selec-
tion and during food intake. However, smell seems to be more important as it plays a 
role both in early food recognition, cooperating with sight, and also in final selection 
when all above mentioned senses work together during global stimulation of oro-
pharyngeal area (Favreau-Peigné et al., 2013). Goats, similar to other ruminants are 
able to recognize five basic tastes, with strong preference for sweet and the strongest 
sensitivity to bitter which is not preferred (Goatcher and Church, 1970; Ginane et 
al., 2011). The sensitivity of caprine sense of taste to sweet is lower than in cattle, 
but higher than in ewes; however, as browser animals goats are the least sensitive to 
bitter taste compared to grazing ruminants (Glendinning, 1994).

Olfaction is an important and also versatile sense of goats participating in food 
selection, recognition of dangers, but also in inter-individual relations in flock as 
well as in reproductive processes. Mutual sniffing is very important for recognition 
of own flock members as well as strange animals that try to introduce into the group 
(Rutter, 2002). The main glands responsible for synthesis of odour enabling recogni-
tion are pedal scent glands and a gland under the tail. The main system of detection 
consists of two types of sensors. The olfactory epithelium is responsible for volatile 
odorant detection while the main olfactory bulb captures chemical signals – phero-
mones (Wakabayashi et al., 2002). Pheromones by transferring the sense of olfaction 
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directly stimulate the central nervous and endocrine system through interindividual 
contact among conspecifics. This interaction leads to changes in reproductive physi-
ology, behaviour and performance (Delgadillo et al., 2009).

Main function of sense of touch is establishing and maintaining relationships 
inside the flock, however, its importance in goats is less clear than in sheep mainly 
because of the individual composition of the flock. Goats show positive reaction to 
physical contact with humans, especially to stroke, and can be tamed more easily 
than cattle or sheep (Kaminski et al., 2005). Mechanisms for sensing pain in goats 
are probably similar to that in cattle, and humans, however, compared to cattle or 
sheep, goats have lower pain threshold and show earlier responses to pain (Huozha 
et al., 2011).

Horses
Detailed studies on equine vision showed that horses possess vision acuity and 

colour discrimination lower than humans, however they are able to see better in 
light-limited conditions, and they have almost panoramic vision and binocular trans-
fer of optical cues (reviewed by Murphy et al., 2009). Horses’ eyes, like in most farm 
animals, are situated on both sides of the head, with the narrow blind zone to the rear. 
However, the horse is able to kick with its hindlegs with high precision as it can only 
slightly turn the head to eliminate the effect of blind zone. It has also been found that 
horses possess depth perception, better at a distance of more than few meters, as they 
evolved in open areas (McGreevy, 2004). 

Equine hearing range is 55 Hz to 33.5 kHz, but they are the most sensitive to 
sounds in the range from 1 to 15 kHz (McGreevy, 2004). Thanks to tremendous mo-
bility of ears a horse has an ability to focus on the stimulus without turning the head 
to hear it with both ears. 

The senses of smell and taste have raised much lower scientific interest, probably 
because of their lower significance to equitation. However, the sense of smell plays 
an important role in learning about olfactory features of other individuals and is cru-
cial for social behaviour, reproduction, and mother-young recognition (reviewed by 
Saslow, 2002). It is suggested that horses, having a large nose, have also a large area 
of olfactory mucosa (McGreevy, 2004). Like almost all mammals, the horses have 
a VO. It seems that flehmen, a behaviour that in horses involves the eversion of the 
upper lip, eye rolling back and some flicking of the tongue is the most prominent in 
horses among all farm animals. 

It is reported that horses are able to distinguish between salt, sour, sweet and 
bitter taste in the feed (McGreevy, 2004). The sense of taste is involved in food 
recognition and preference and probably in avoiding particular area of the pasture, 
the behaviour particularly characteristic of horses. This sense is very important in 
conspecifics’ recognition in horses engaged in mutual grooming.

Interestingly, the horses’ sense of touch has received little attention as a subject of 
in-depth scientific studies despite its main function. The sense of touch is involved in 
gaining information about aversiveness of certain environmental elements (e.g. elec-
tric fences) and of positive ones (e.g. mutual grooming). The horses can be sensitive 
to the touch of the pressure of only 0.008 g (Lansade et al., 2008) but tolerate pushing 
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by other horses or humans, without visible discomfort. Apart from tactile receptors, 
similarly to other animals, the skin of the horse is an organ responsible for the detec-
tion and the reaction to changes of the ambient temperature and the sensation of pain 
thanks to thermo- and noci-receptors. The lips and the whiskers are an important 
organ of equine touch. As outlined by McGreevy (2004), the vibrissae (whiskers) 
have an important role in grazing and in detecting small, inedible objects in the feed, 
but also in general perception of space restrictions.

Pigs
It is recognized that pigs do not have a particularly well developed sense of sight 

(Hutson et al., 1993, 2000; Lomas et al., 1998). Tanaka et al. (1998) and Zonderland 
et al. (2008) report that this species has poor visual acuity and performs poorly in 
discriminating objects based on colour alone (Tanida et al., 1991). This suggests 
that pigs do not rely solely on visual cues when evaluating and adapting to the en-
vironment (Lomas et al., 1998). Pigs use vision only to collect information on what 
is immediately in front of them (Koba and Tanida, 2001), despite the fact that the 
visual angle of adult pigs was estimated to be 310° (Prince, 1977). This allows them 
to observe their surroundings all the time but may reduce their ability to determine 
the distance from objects (Grandin, 1980). In another study, Tanida et al. (1996) esti-
mated the visual angle of pigs to be 250°. Impaired vision in pigs can be questioned 
by the anatomical structure of the porcine eye and some research findings which 
indicate that pigs may be able to discriminate colours (Tanida et al., 1991; Eguchi 
et al., 1997; Klocek et al., 2010). The presence of cones and rods suggests that pigs 
are able to discriminate between different light wavelengths and thus are capable of 
discriminating colours. Zonderland et al. (2008) concluded that light intensity is less 
important for pigs than the size of objects being identified. Tanida et al. (1991) sug-
gest that pigs may have difficulty discriminating red from green, but can discriminate 
blue from green. 

The pigs’ ear perceives frequencies ranging from 42 to 40500 Hz, while a hu-
man’s range of hearing is between 31 and 17600 Hz (Heffner and Heffner, 1992; 
Heffner, 1998), which carries a risk that pigs are exposed to jarring sounds (including 
ultrasound) inaudible to humans. Like all farm animals, pigs use hearing not only to 
detect environmental sounds, but also to communicate with one another. Fourteen 
different sounds were distinguished by Kiley (1972). Each of them is connected with 
different situations. For example, short, single grunts are typical during exploration, 
contact and greeting long grunts are typical for movement and squeals are associated 
with distress (Marchant et al., 2001).

The taste receptors of pigs are sensitive to a wide range of tastes, including those 
described by humans as bitter, salty, sweet and sour (Jones et al., 2000 a). 

There is no question that olfaction (Perry, 1992; Kristensen et al., 2001; Jensen, 
2002; Nowicki and Klocek, 2012) and taste (Cairns et al., 2002; Studnitz et al., 2007) 
are the senses that help the pig to adapt to their way of life. Pigs need these senses 
when foraging and they are of crucial importance to social contacts (Mendl et al., 
2002), including information about hostility (McGlone, 1990). Pheromones are es-
sential for mutual recognition of animals and thus for establishing a stable hierarchy 
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(Mendl et al., 2002). It has also been found that pigs emit alarm pheromones. Ac-
cording to Croney et al. (2003), both olfactory and visual stimuli are equally impor-
tant to pigs during learning and memorization processes. 

The tactile stimulation plays a very important role in the pig world. Neurotrans-
mitters and mechano-receptors render it possible for the pig to interact with their 
environment (Simmons and Young, 1999). The snout of the pig is the area with very 
high concentration of touch receptors (Kruska, 1988) and it is the reason why pigs are 
better at rooting and biting. Such activities enable pigs to search for food but under 
intensive conditions pigs experience a lack of environmental stimuli whereby they 
cannot investigate their environment by using rooting, sniffing, biting and chewing 
(Studnitz et al., 2007). Touch is also responsible for feeling of pain. The function of 
pain is to protect tissues which become damaged. Thus, the presence of nociceptors 
and pain detecting receptors as well as chemical receptors which are activated under 
painful conditions ameliorate the painful stimuli (Livingston et al., 1992).

Poultry
Domestic fowl have a well-developed sense of vision with high visual acuity, 

perception and colour sensitivity. Eyes are relatively large compared to head size, 
with lateral eye sockets. This ensures a visual field of more than 300°, with only 26° 
of binocular vision. Poultry surpass other farm animals in colour discrimination, 
with spectral sensitivity of the eye ranging from 326 nm to 694 nm (Prescott and 
Wathes, 1999). Birds are classified as having tetrachromatic vision and can poten-
tially distinguish twice as many colours as humans (Osorio et al., 1999). As regards 
the anatomic structure of the eye, they have 4 classes of single cone as well as dou-
ble cones (Bowmaker et al., 1997). They perceive colours in the ultraviolet range 
(Prescott and Wathes, 1999).

Poultry are most sensitive to sounds in the range 3000–5000 Hz with hearing 
range between 250 and 8000 Hz. In general, birds have ears on both sides of head 
with external opening surrounded by specialized feathers which protect the open-
ing but not obstruct sound transmission. In anatomy they differ from mammals as 
concerns the middle ear in which they have only single ossicle the columella (Mills, 
1994). Columella transmit vibrations from the tympanic membrane to the oval win-
dow. The hens were found to express about 20 distinct calls depending on specific 
situations. Clear and harsh sounds, mainly in the range between 400 and 6000 Hz, 
ensure suitable response from individual birds (Tefera, 2012). It is now accepted 
that hearing begins in the chicken embryo on about day 12 of incubation (Rubel and 
Fritzsch, 2002). In the final stages of embryo development, chicks use acoustic com-
munication to synchronize hatching (Rumpf and Tzschentke, 2010). 

It is thought that avian species are less sensitive to taste compared to mammals. 
Domestic fowl have much fewer taste buds (60 to 350) than other farm animals, such 
as pigs and cattle, which possess around 20000 taste buds (Roura et al., 2008). How-
ever, in relation to the size of oral cavity, their number is probably higher in poultry 
compared to mammals. What is more, these buds are mainly located in the upper and 
lower parts of the oropharynx, near the openings of the salivary glands, and in the 
last section of the dorsal part of the tongue (Kurosawa et al., 1983). The response 
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of chickens to different tastes was found to be stable from the growth period until 
sexual maturity (Ganchrow et al., 1990). Furthermore, differences were reported be-
tween hen types both in the number of taste buds and in taste sensitivity (Kudo et al., 
2008; Kudo et al., 2010). Meat-type chickens are more sensitive to taste of diets than 
layer-type chickens. In general, hens discriminate between substances with an inten-
sive taste, especially those dissolved in water. Feeds with strongly acidic, bitter and 
salty taste are not accepted. In addition, poultry are highly sensitive to the calcium, 
protein and fat in feed. Probably the main function of the sense of taste is to identify 
potentially harmful substances and the nutritive value of the diet (Roura et al., 2013).

The sense of smell in poultry has received limited attention to date. The nasal 
cavity is well developed. Histological examination showed that the olfactory epithe-
lium has similar structure to that of mammals. Chicks raised with a dominant odour 
in the environment were found to prefer it in novel and potentially dangerous situ-
ations. In addition, in response to olfactory stimuli they modify their behaviour in  
a Y-maze choice test (Jones and Gentle, 1985). One-day-old chicks exhibit different 
sensitivity in their response to changes in the concentration of selected odours (Burne 
and Rogers, 1996; Porter et al., 1999). Furthermore, for several days after hatching 
they associate specific feed odour with negative post-ingestive consequences and 
adjust their feeding behaviour accordingly (Turro et al., 1994). 

As with other farm animals, tactile sensations in domestic fowl are detected 
mainly by mechano- and thermoreceptors as well as nociceptors (Gentle, 1989). The 
receptors are located on the skin, especially in areas with few feathers. The surface 
of the beak contains mechanoreceptors acting as a tactile sensory organ to enable the 
birds to identify feed (Gentle and Breward, 1986).

The role of livestock perception in farm conditions
Cattle
The sense of sight is important for cattle as under natural conditions their physi-

cal activity is highest during circadian rhythm, reaching a maximum at sunrise and 
sunset (Linnanea et al., 2001; Guliński et al., 2014). Under production conditions, 
however, the maximums occur during certain animal management practices. For ex-
ample, under loose-housing conditions, the maximum daily physical activity of dairy 
cows generally occurs during milking and feeding, depending on the extent to which 
the feeding system is voluntary/involuntary (Wagner-Storch and Palmer, 2003;  
Adamczyk et al., 2011 a, b).

In addition to smell and hearing, sight plays a major role in cattle reproduction, 
especially in connection with the mating and insemination of the animals (Petherick, 
2005; Balasundaram and Jayalalitha, 2013). By way of example, bulls identify the 
inverted U shape as the hindquarters of a cow, which plays a significant role in using 
a phantom to collect bulls’ semen (Phillips, 2002; Houpt, 2005).

Furthermore, sight is the basic sense used by cattle in human-animal relation-
ships, especially during handling, for these animals are able to discriminate humans’ 
faces and distinguish between the colours of their clothes. This is of importance 
to stockpersons/milkers whose activities must be positively perceived by the cows 
because negligence will reduce animal welfare and milk production (Munksgaard et 
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al., 1997; Rybarczyk et al., 2001). Similarly, sight and hearing play an important role 
during the handling of bulls, which should be accounted for by the handlers to ensure 
safe handling procedures for the bulls (Kirkpatrick and Hopkins, 2007). In general, 
Grandin (2015) recommends that anthropomorphic perception of animals by humans 
should be avoided in human-cattle relationships. For instance, the author states that 
cattle prefer diffuse lighting and are afraid of the play of light and shadow, which 
may discourage animals from moving in this direction, because, unlike humans, they 
are incapable of abstract perception and reflection.

As the living environment of cattle becomes increasingly exposed to the sun, the 
ambient temperature also increases (Herbut and Angrecka, 2013). Especially sensi-
tive to this are high-yielding cows, in which increasing ambient temperature above 
24–25°C induces heat stress, leading to a rapid decrease in milk yield and fertility 
(St. Pierre et al., 2003; West, 2003; Jaśkowski et al., 2005; Brouček et al., 2009; 
Herbut et al., 2015). At sub-zero temperatures, it is of prime importance to protect 
animals from hypothermia, to provide them with dry and insulated lying areas (straw, 
mattresses), and to ensure appropriate amounts of fresh, high-quality feed. In this 
way, adult cows are able to tolerate temperatures as low as –20°C (Phillips, 2002; 
Praks et al., 2007; Angrecka and Herbut, 2015).

Cattle perception ability is also used to characterize individual animal behaviours 
under farm conditions – especially social behaviour. For example the effect of sepa-
ration on dairy cows and calves was studied on the basis of animal perception (vi-
sion and hearing) as important factors in the cow-calf relationship. It was found that 
early separation of dairy calves (within 1 h of birth) was less stressful for calves than 
late separation (>2 days post-birth) (Hopster et al., 1995; Weary and Chua, 2000; 
Marchant-Forde et al., 2002).

It is also reported that cattle generally prefer the taste of concentrates rather 
than roughages, which is why during the preparation of Total Mixed Ration (TMR) 
the feed should be properly ground and mixed (Leonardi and Armentano, 2003; 
Beauchemin and Yang, 2005; DeVries et al., 2005). Moreover a stimulatory effect of 
calm music on the voluntary approach of cows to the Automatic Milking System was 
also reported (Uetake et al., 1997). 

Since high-pitched noise stimulates cattle and low-pitched noise has a calm-
ing effect, handlers should generally be calm and use low-pitched sounds (Phillips, 
2002). The appropriate use of sound and touch may relieve stress and help animals 
adjust to barn conditions (Abramowicz et al., 2013).

Sheep
Sheep are gregarious animals, therefore very strong social bonds exist among 

them. These animals get to know each other and maintain social interaction. In  
a well-integrated flock of sheep, the past record of affiliations among sheep facili-
tates the establishment of strong social contacts among them (Molik and Pieronkie-
wicz, 2011).

Sheep watch each other and get to know each other. The behaviour of the animal 
in the full reproductive cycle is affected by many external factors. Special time for 
mothers rearing offspring is a period when you can see how strong their maternal 
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instinct is. At this time mothers’ body functions are determined not only by the needs 
of the body, but primarily by the needs of their offspring. The most important mo-
ment of creating motherly bonds, recognition and acceptance of the lamb takes only 
a few hours, while the lamb learns to recognize the ewe for 3–6 days (Assante et al., 
1999). The rearing period is very important also for the lambs as they learn to acquire 
feed. Learning is based on observation of the adult sheep, on the basis of which – in 
addition to the innate taste preferences – lambs learn to collect and identify specific 
foods and recognise pastures they can eat and which to avoid (Provenza et al., 1992). 
Moreover, this dependency is applicable only to lambs and their mothers: lambs do 
not imitate taste preferences of unrelated adult sheep (Mirza and Provenza, 1990; 
Thorhallsdottir et al., 1990). Proper care of the offspring by the mother is crucial not 
only for the survival of lambs, but also for their subsequent breeding value indica-
tors. 

An important factor influencing the behaviour of the animals in the herd is op-
erating behaviour. People who handle sheep firmly but gently have a calming influ-
ence on them. This species is able to feel the kindness and strength attached to such 
behaviour, gets attached to the stockperson who is treated as an individual endowed 
with leadership qualities, and submits to them. Sheep react easily to a short com-
mand or gesture, but indecisive behaviour (continuous shouting) is not accepted. The 
visual memory allows sheep to remember the breeder, and auditory memory allows 
recognizing his voice, moreover, sheep have the ability to sense human intentions. 
It is central that every breeder should have an understanding of the social behaviour 
of sheep, as well as the practical use of the information collected. These senses are 
most useful in relation to the sheep-shepherd dog. Cooperation with a sheep dog is 
via the specific communication between the one and the other animal. Many dogs 
used for herding and guarding animals are endowed with an innate instinct called 
pastoral (Molik and Milejska, 2012). It results in specific behaviours, consisting for 
example of the tendency to rounding the herd and forcing the animals to remain in 
a tight group, as well as racing in a specific direction. In the case of Merino sheep 
that are more skittish, dogs need to be quiet, fast, viable, working in a wide range 
of the flock of sheep, without unduly disturbing the sheep. For other sheep breeds 
(long-woollen, meat) the best are dogs working near the herd. These behaviours have 
biological conditions resulting from biochemical changes in the body. Grazing sheep 
with the use of shepherd dogs is an interesting ethological element of mutual rela-
tions (Alvarez-Cordoba et al., 1999).

Goats
All senses in goats influence their productive potential and ability, as well as can 

be used by breeders and producers to optimize and maximize production. The sense 
of sight is mainly important for day length recognition. In the case of reproduc-
tive physiology goats are seasonal short day animals (Duarte et al., 2010). This is  
a disadvantage and makes caprine products also seasonal. Due to housing of goats 
in artificial light conditions with shortening day it is possible to break seasonal anes-
trus and introduce males and females to breeding season against natural day length 
(Delgadillo et al., 2002). The sense of hearing from the point of view of production is 
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only supplementary to others. It makes possible to recognize offspring by the mother 
so as to maintain specific order in the flock. The socio-sexual relationship between 
sexes, called male effect, can be used to stimulate sexual activity of does during 
seasonal anestrus, or to synchronize and increase reproductive processes in females 
during breeding season (Delgadillo et al., 2009; Hawken and Martin, 2012). 

The major sense responsible for reception of male effect is olfaction acting 
through male pheromones uptake, however, the other senses, like sight, hearing and 
touching are also important, increasing physiological and behavioural reaction of 
females (Perkins and Fitzgerald, 1994; Vielma et al., 2009). Senses of taste, smell 
and also touch cooperate during food recognition and selection. They can be used 
to increase food intake by composition of feedstuff with more preferable plants, or 
addition of substances intensifying or changing flavour to more preferable (Najrisse 
et al., 1996; Robertson et al., 2006). It is important in production conditions during 
periods of increased demand of organism with decreased appetite, like mating time, 
or parturition and early lactation. Increasing of appetite is especially important in 
nutritional flushing treatment aiming to improve reproductive performance (Dohi 
et al., 1996). Relatively low pain threshold and loud signaling of pain can be useful 
for shepherds housing goats in extensive outdoor system, making easier a search for 
injured or ill animals. 

There are also some disadvantages of well developed sensory organs, high intel-
ligence level and good memory (Langbein et al., 2008). Goats are difficult to lead 
as a flock, because of strong individual behaviour. They quickly learn to use equip-
ment in livestock building which enables them the possibility to escape, or to dam-
age farmyard and neighborhood facilities (Langbein et al., 2009). A goat’s mouth is 
unaffected by hard and sharp parts of plants and thus they can potentially damage 
crops as well as ornamental plants, shrubs and trees (Cheeke and Dierenfield, 2010).  
As social animals, goats show a hierarchic structure of flock, establish dominance 
and sometimes display aggressive behaviour, which can be potentially a danger for 
humans or other livestock, especially in contact with large bucks (Shrader et al., 
2007).

Horses
The most frequently in-depth studied equine sense is vision, probably due to its 

direct impact on horse’s performance and rider’s safety. When competing in dis-
ciplines involving jumping the fences, the horse approaches (usually differently 
coloured) obstacles in high speed (in canter), thus it should properly assess their 
height and width. Moreover, the visual recognition and generalisation of humans and 
objects plays a vital role when using the horse. It is commonly acknowledged that 
horses have poor generalisation of objects (Christensen et al., 2005, 2008). This af-
fects the safety of rider as a horse may shy violently to the objects of different colours  
and shapes, or to the same objects that the horse sees for the repeated time but from 
another side. However, horses are able to differentiate visually between individual 
humans (Proops and McComb, 2012) and connect them to positive, neutral or nega-
tive experience (Stone, 2010) which is important for further horse-human interac-
tions.
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As per hearing, horses are particularly sensitive to sudden, loud sounds (Mc-
Greevy, 2004). The animal may react with instantaneous whole body orientation 
towards the source of the sound which may jeopardize the safety of both human and 
the horse.

Selective taste and smell in horses may be a reason for a refusal of feeding or 
drinking from unfamiliar buckets, which often happens when the horse is in a novel 
environment, e.g. at competitions. The role of smell which plays an incontestable 
role in equine reproduction is often neglected in equine breeding systems. It has been 
observed that adult males engage in olfactory investigation of other conspecifics and 
their secreta (Jezierski et al., 2015 a, b). The recognition of olfactory signals from an 
estrous mare is one of the elements of precopulatory ritual in horses. The absence of 
olfactory communication between males and females in semen production systems 
may be detrimental to stallions’ behaviour and to semen production.

The high role of touch is incontestable for a horse to be a good mount, as in 
equitation and less in driving, the horse should be sensitive to particular tactile sig-
nals, but reduce the reaction to other ones, like for instance girth pressure or overall 
rider’s weight. The possibility of the development of precise tactile human-horse 
communication is distinctive when compared to other farm animals and constitutes 
equine ‘workability’. The insight into the literature concerning impressive ability of 
the horse to differentiate tactile signals in equitation goes beyond the frames of the 
present review. However, it should be noted here that also the mouth, the tongue, the 
diastema, the jaw and the palate are highly innervated organs which play a major 
role in tactile communication between the horse and its rider or handler. Coercive 
use of bits is one of major abuses in horse industry (Cook, 2003). Similarly, the role 
of whiskers, important tactile organs, is often neglected by persons clipping them for 
different reasons.

Pigs
Well-experienced pig producers are able to recognize the behavioural needs of 

pigs, which mostly result from the development of the senses. For example vision 
in pigs which is commonly known as rather poor, in fact enables discrimination 
between familiar and non-familiar people (Tanida and Nagano, 1998). Piglets have 
a preference for certain colours (Deligeorgis et al., 2006) and consume more water 
from red and blue drinkers compared to green drinkers. The time spent at the drinker 
to consume water was shorter for the green drinker compared to blue drinker. The 
results of Klocek et al. (2010) also indicate that pigs distinguish between colours and 
have a preference for certain colours, in particular red and blue. When pigs had food 
provided in blue, red and yellow feeders they mostly chose red and blue feeders. 
Moreover, Taylor et al. (2006) found that pigs prefer mostly to stay in the dim illumi-
nation (2.4 lx) and they avoid staying in the highly illuminated (400 lx) environment. 
It is suggested that pigs should rest at a light intensity of 2.4 lx for at least 6 h per 
day (Taylor et al., 2006).

Some of the sounds produced by pigs serve specific functions: nursing sows 
summon piglets to suckle by grunting, with grunt rate increasing during a short pe-
riod when milk is secreted and can be consumed by the piglets (Whittemore, 1993), 
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whereas piglets and their mothers use other forms to communicate (Hutson et al., 
1992). Vocalizations are an important mode of communication between the sow and 
her piglets (Hutson et al., 1991) and may save the latter from crushing (Nowicki and 
Schwarz, 2010). So far the meaning of a relatively large number of sounds emitted 
by pigs has been identified. These include vocalizations (usually low-pitched) used 
for social communication; distress calls and fright calls (usually longer and louder 
high-pitched vocalizations, heard as shrieks) (Schrader and Todt, 1998; Manteufell 
et al., 2004). These sounds may reflect low welfare levels when pigs, which are gre-
garious animals, live in unnatural isolation (Weary et al., 1997), but are also gener-
ated by piglets in other highly stressful situations of compromised welfare: during 
castration (Taylor et al., 2001) and later after weaning (Weary et al., 1997). Proper 
interpretation of the vocalizations (especially high-pitched sounds) may consider-
ably help determine the causes of compromised welfare in pigs. 

Preference of pigs to specific flavours can be easily measured on farm by the ob-
servation of food consumption (Baldwin, 1976) but reliable results are only possible 
to obtain when there is ad libitum access to feed (Cairns et al., 2002). When given 
a choice, pigs show the strongest preference for sweet taste (Kennedy and Baldwin, 
1972).

In the farming systems familiar odours of food are used to reduce fear of pigs 
(McLaughlin et al., 1983). Pigs are attracted to odours associated with familiar 
animals (Morrow-Tesch and McGlone, 1990; Parfet and Gonyou, 1991), however, 
Jones et al. (2000 b) found that the presence of artificial odourant Ambi-Pur had no 
effect on the pigs’ readiness to enter the novel arena from a sheltered area or on other 
fear-related behaviours following entry. On the other hand, Nowicki and Klocek 
(2012) found that aromatized chewable and destructible toys can reduce the aggres-
sion in newly weaned piglets. Kristensen at al. (2001) found that pigs use the olfac-
tory cues in social recognition and chronic exposure to ammonia did not disturb this 
ability. Olfaction is an efficient way of transmitting social information between pigs 
on farm. The sexual information, social status and aggressive attitude is transferred 
by the olfaction sense (Pearce et al., 1988; McGlone, 1990; Mendl et al., 2002). 
Pheromones play the important role in dominance hierarchy formation (Mendl et al., 
2002), but they are also responsible for the transfer of alarm signals and influence the 
behaviour of conspecifics when the pig is stressed, for example during transport and 
slaughter (Amory and Pearce, 2000).

All the senses in the pig work together to receive environmental stimuli. This 
is important in establishing the requirements for an enriched environment for pigs. 
They should stimulate all senses and must be edible, chewable, rootable and de-
structible (Studnitz et al., 2007).

Poultry
In farm conditions vision ability of poultry is important in locating and exploring 

sources of water and food (Roper and Marples, 1997; Gamberale-Stille and Tull-
berg, 2001; Chagneau et al., 2003). In free range housing birds should effectively 
find additional food sources located outside the building in a much more complex 
environment than in intensive production. Moreover, colour, postures, displays and 
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vocalizations are the basis for communication between individuals within the flock 
(Mench and Keeling, 2001). These senses play an important role in courtship se-
quences as part of mating rituals (Bilcik and Estevez, 2005; Duncan, 2009). They are 
also used when giving alarm calls, providing information about social status (Marler 
et al., 1986; Prescott et al., 2003), and forming the relationship between chicks and 
adults during social learning (Wauters et al., 2002; Melaku, 2012). Communication 
within the flock is particularly important when birds have access to an outdoor area, 
where they are potentially at risk of being attacked by predators.

The fact that domestic fowl can detect and respond to a wide range of light re-
gime and sound changes has important practical implications. An artificial lighting in 
the production environment is of use as an effective tool to manipulate food intake, 
reproduction efficiency and social communication. In intensive rearing conditions 
chicks are stimulated to learn how to drink water by differentiating the pressure in 
nipple drinkers. By absorbing the eyes, shiny surfaces encourage the birds to peck 
(Appleby et al., 2004). Moreover, chicks can be attracted towards food by playing 
hen vocalization (Woodcock et al., 2004) near the feeder. The role of UVA perception 
in mate choice has potential applications in intensively-bred reproduction flocks in 
which problems with fertility are noted (Jones et al., 2001). In addition, the use of 
different colours of equipment during production of hatching and consumption eggs 
may increase the efficiency of resources such as nests (Huber-Eicher, 2004; Zupan et 
al., 2007) and environmental enrichments (Jones and Carmichael, 1998; Taylor et al., 
2003). Also, light intensity and light wavelength via coloured light may be altered 
to reduce aggression in poultry flocks both during rearing and production. Activity 
levels in hens and turkey are reduced when exposed to blue light (Manser, 1996).

Physical characteristics of the food such as taste, colour and particle size affect 
food intake in poultry. Taste is probably important in food selection in the context of 
avoiding potentially toxic substance. Recently (Harlander-Matauschek et al., 2010), 
aversion to consume substance of intensive bitter taste was used to prevent aggres-
sion behaviour connected with feather pecking.

Nowadays, even if the interest for olfaction in birds has increased, knowledge 
about the possible role of odours in controlling feeding and social interactions in 
poultry production is still low. It has been suggested that in mallard ducks and Japa-
nese quail, body odours may play a role in reproductive behaviour (Caro and Balt-
hazart, 2010). In ducks the uropygial gland has a sexual olfactory signaling function.

Conclusions
Farm animals rely on information about the external environment, which they 

receive from the sense organs. The current state of research in this area reflects ani-
mal species specificity. All farm animals make extensive use of their senses so as to 
ensure optimal survival in their environments. This knowledge is all the more im-
portant considering that in the present production systems, especially the intensive 
ones (poultry, pigs, high-yielding dairy cows), farm animals have less opportunity 
to meet their sensory stimulation needs. It is necessary to emphasise that this knowl-
edge is limited due to our failure to comprehend the sensory world of animals and 
the complex abilities of animals to receive and process environmental stimuli. This 
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is particularly difficult in the case of phenomena that are intractable to humans, such 
as ultrasonic, infrasonic or chemical communication. Furthermore, the reception of 
a stimulus does not necessarily induce a behavioural change visible to humans, de-
spite the fact that it will be evident for an animal of the same species. Thus, further 
research that will address the perceptual abilities of animals will be of great cognitive 
and practical significance in the future.

References

A b i z a i d  A. (2009). Ghrelin and dopamine: new insights on the peripheral regulation of appetite.  
J. Neuroendocrinol., 21: 787–793.

A b r a m o w i c z  P., G o ł ę b i e w s k i  M., G ó r e c k a - B r u z d a  A., B r z o z o w s k i  P. (2013). Ef-
fectiveness of “natural stockmanship” training in cattle. Arch. Tierzucht, 56, p. 16.

A d a m c z y k  K., G i l  Z., F e l e n c z a k  A., S k r z y ń s k i  G., Z a p l e t a l  P., C h o r o s z y  Z. (2011 
a). Relationship between milk yield of cows and their 24-hour walking activity. Anim. Sci. Pap. 
Rep., 29: 185–195.

A d a m c z y k  K., S ł a n i a  A., G i l  Z., F e l e n c z a k  A., B u l l a  J. (2011 b). Relationship between 
milk performance and behaviour of cows under loose housing conditions. Ann. Anim. Sci., 11: 
283–293.

A h m e d  H.O., D e n n i s  J.H., B a d r a n  O., I s m a i l  M., B a l l a l  S.G., A s h o o r  A., J e r - 
w o o d  D. (2001). High-frequency (10–18 kHz) hearing thresholds: reliability, and effects of age 
and occupational noise exposure. Occup. Med. (Lond), 51: 245–258.

A l v a r e z - C o r d o b a  I.., P a t o n  D., T o v a r  I., C a l e r o  R. (1999). Comparative behaviour of 
Merino and Merino Precoz breeds of ram during a training period for artiffical insemination. Arch. 
Zoot., 48: 273–284.

A m o r y  J.R., P e a r c e  G.P. (2000). Alarm pheromones in urine modify the behaviour of weaner pigs. 
Anim. Welfare, 9: 167–175.

A n g r e c k a  S., H e r b u t  P. (2015). Conditions of cold stress development in dairy cattle kept in free 
stall barn during severe frosts. Czech J. Anim. Sci., 60: 81–87.

A p p l e b y  M.C., M e n c h  J.A., H u g h e s  B.O. (2004). Poultry behaviour and welfare. CABI Pub-
lishing, Wallingford, UK, 276 pp.

A r n o l d  G.W. (1985). Associations and social behavior. In: Ethology of farm animals: a comprehen-
sive study of the behavioural features of the common farm animals, Fraser A.F. (ed.). Elsevier Sci-
ence, Amsterdam, pp. 233–248.

A s s a n t e  Y.A., O p p o n g - A n a n e  K., Aw o t w i  E.K. (1999). Behavioural relationships between 
Djalonke and Sahellian ewes and their lambs during the first 24h post-partum. Appl. Anim. Behav. 
Sci., 65: 53–61.

B a l a s u n d a r a m  B., J a y a l a l i t h a  V. (2013). Reproductive behaviour in cattle. Adv. Bio. Tech., 
12 (07S): 10–11.

B a l d w i n  B.A. (1976). Quantitative studies on taste preference in pigs. Proc. Nutr. Soc., 35: 69–73.
B a l d w i n  B.A. (1981). Shape discrimination in sheep and calves. Anim. Behav., 29: 830–834.
B a z e l y  D.R. (1988). Foraging behaviour of sheep (Ovis aries L.) grazing on swards of perennial 

ryegrass (Lolium perenne L.). Doctoral thesis, University of Oxford, 180 pp.
B e a u c h e m i n  K.A., Ya n g  W.Z. (2005). Effects of physically effective fiber on intake, chew-

ing activity, and ruminal acidosis for dairy cows fed diets based on corn silage. J. Dairy Sci., 88:  
2117–2129.

B e l l  J., B o l a n o w s k i  S.J., H o l m e s  M.H. (1994). The structure and function of Pacinian cor-
puscles: a review. Prog. Neurobiol., 42: 79–128.

B i l c i k  B., E s t e v e z  I. (2005). Impact of male-male competition and morphological traits on mat-
ing strategies and reproductive success in broiler breeders. Appl. Anim. Behav. Sci., 92: 307–323.

B l a c k s h a w  J.K. (1986/2003). Notes on some topics in applied animal behaviour. Judith K. Black-
shaw Bibliography, (source: http://animalbehaviour.net).

B o m z o n  A. (2011). Pain and stress in cattle: a personal perspective. Isr. J. Vet. Med., 66: 12–20.



K. Adamczyk et al.582

B o w m a k e r  J.K., H e a t h  L.A., W i l k i e  S.E., H u n t  D.M. (1997). Visual pigments and oil drop-
lets from six classes of photoreceptor in the retinas of birds. Vision Res., 37: 2183–2194.

B r i e f e r  E.F., M c E l l i g o t t  A.G. (2011). Mutual mother-offspring vocal recognition in an ungulate 
hider species (Capra hircus). Anim. Cogn., 14: 585–598.

B r i e f e r  E.F., M c E l l i g o t t  A.G. (2012). Social effects on vocal ontogeny in an ungulate, the goat, 
Capra hircus. Anim. Behav., 83: 991–1000.

B r i e f e r  E.F., P a d i l l a  d e  l a  T o r r e  M., M c E l l i g o t t  A.G. (2012). Mother goats do not forget 
their kids’ calls. Proc. Biol. Sci., 279: 3749–3755.

B r o o m  D.M. (2010). Cognitive ability and awareness in domestic animals and decisions about obliga-
tions to animals. Appl. Anim. Behav. Sci., 126: 1–11.

B r o o m  D.M. (2011). A history of animal welfare science. Acta Biotheor., 59: 121–137.
B r o u č e k  J., N o v á k  P., Vo k ř á l o v á  J., Š o c h  M., K i š a c  P., U h r i n č a ť  M. (2009). Effect 

of high temperature on milk production of cows from free-stall housing with natural ventilation. 
Slovak J. Anim. Sci., 42: 167–173.

B u c h e n a u e r  D., F r i t s c h  B. (1980). Color perception in domestic goats (Capra hircus L.).  
Z. Tierpsychol., 53: 225–230.

B u r n e  T.H., R o g e r s  L.J. (1996). Responses to odorants by the domestic chick. Physiol. Behav., 60: 
1441–1447.

B u t t e r w o r t h  A. (2013). On-farm broiler welfare assessment and associated training. Braz. J. Poul-
try Sci., 15: 71–78.

C a i r n s  M.C., C o o p e r  J.J., D a v i d s o n  H.P.B., M i l l s  D.S. (2002). Association in horses  
of orosensory characteristics of food with their post-ingestive consequences. Anim. Sci., 75:  
257–266.

C a r o  S.P., B a l t h a z a r t  J. (2010). Pheromones in birds: myth or reality? J. Comp. Physiol. A, 196: 
751–766.

C h a g n e a u  P.L., B o u v a r e l  I., L e s s i r e  M., P i c a r d  M. (2003). Does the color of the feed influ-
ence the choice of the turkey? Brit. Poultry Sci., 44: 801–803.

C h e e k e  P.R., D i e r e n f i e l d  E.S. (2010). Comparative animal nutrition and metabolism. CABI 
Publishing, Wallingford.

C h i a o  C.-C., Vo r o b y e v  M., C r o n i n  T.W., O s o r i o  D. (2000). Spectral tuning of dichromats to 
natural scenes. Vision Res., 40: 3257–3271.

C h r i s t e n s e n  J.W., K e e l i n g  L.J., N i e l s e n  B.L. (2005). Responses of horses to novel visual, 
olfactory and auditory stimuli. Appl. Anim. Behav. Sci., 93: 53–65.

C h r i s t e n s e n  J.W., Z h a r k i k h  T., L a d e w i g  J. (2008). Do horses generalise between objects 
during habituation? Appl. Anim. Behav. Sci., 114: 509–520.

C o o k  W.R. (2003). Bit-induced pain: a cause of fear, flight, fight and facial neuralgia in the Horse. 
Pferdeheilkunde, 19: 1–8.

C r o n e y  C.C., A d a m s  K.M., Wa s h i n g t o n  V.G., S t r i c k l i n  W.R. (2003). A note on visual, 
olfactory and spatial cue use in foraging behaviour of pigs: indirectly assessing cognitive abilities. 
Appl. Anim. Behav. Sci., 76, 135–156.

D a h l  G.E., P e t i t c l e r c  D. (2003). Management of photoperiod in the dairy herd for improved pro-
duction and health. J. Anim. Sci., 81 (Suppl. 3): 11–17.

D e l g a d i l l o  J.A., F l o r e s  J.A., Ve l i z  F.G., H e r n a n d e z  H., D u a r t e  G., V i e l m a  J. (2002). 
Induction of sexual activity in lactating anovulatory female goats using male goats treated only with 
artificially long days. J. Anim. Sci., 80: 2780–2786.

D e l g a d i l l o  J.A., G e l e z  H., U n g e r f e l d  R., H a w k e n  P.A.R., M a r t i n  G.B. (2009). The 
“male effect” in sheep and goats – revisiting the dogmas. Behav. Brain Res., 200: 304–314.

D e l g a d i l l o  J.A., V i e l m a  J., H e r n a n d e z  H., F l o r e s  J.A., D u a r t e  G., F e r n a n d e z  I.G. 
(2012). Male goat vocalization stimulate the estrous behavior and LH secretion in anestrus goats that 
have been previously exposed to bucks. Horm. Behav., 62: 525–530.

D e l i g e o r g i s  S.G., K a r a l i s  K., K a n z o u r o s  G. (2006). The influence of drinker location and 
colour on drinking behaviour and water intake of newborn pigs under hot environments. Appl. 
Anim. Behav. Sci., 96: 233–244.

D e V r i e s  T.J., v o n  K e y s e r l i n g k  M.A.G., B e a u c h e m i n  K.A. (2005). Frequency of feed 
delivery affects the behavior of lactating dairy cows. J. Dairy Sci., 88: 3553–3562.



Perception in farm animals 583

D i a m o n d  J. (2002). Evolution, consequences and future of plant and animal domestication. Nature, 
418: 700–707.

D o h i  H., Ya m a d a  A., F u k u k a w a  T. (1996). Effect of organic solvent extracts from herbage on 
feeding behavior in goats. J. Chemic. Ecol., 22: 425–430.

D o y l e  R.E., L e e  C., D e i s s  V., F i s h e r  A.C., H i n c h  G.N., B o i s s y  A. (2011). Measuring 
judgement bias and emotional reactivity in sheep following long-term exposure to unpredictable and 
aversive events. Physiol. Behav., 102: 503–510.

D u a r t e  G., N a v a - H e r n á n d e z  M.P., M a l p a u x  B., D e l g a d i l l o  J.A. (2010). Ovulatory ac-
tivity of female goats adapted to the subtropics is responsive to photoperiod. Anim. Reprod. Sci., 
120: 65–70.

D u n c a n  I.J.H. (2009). Mating behaviour and fertility. In: Biology of breeding poultry, Hocking P. 
(ed.). CABI Publishing, UK, pp. 111–132.

E a d i e  E.N. (2012). Understanding animal welfare: an integrated approach. Springer–Verlag Berlin 
Heidelberg, Series: Animal Welfare (Book 13), 128 pp.

E g u c h i  Y., T a n i d a  H., T a n a k a  T., Yo s h i m o t o  T. (1997). Color discrimination in wild boars. 
J. Ethol., 1: 1–7.

F a v r e a u - P e i g n é  A., B a u m o n t  R., G i n a n e  C. (2013). Food sensory characteristics: their un-
considered roles in the feeding behaviour of domestic ruminants. Animal, 7: 806–813.

G a l e z  H., F a b r e - N y s  C. (2007). Sexual behavior in ewes and other domestic ruminants. Horm. 
Behav., 52: 18–25.

G a m b e r a l e - S t i l l e  G., T u l l b e r g  B.S. (2001). Fruit or aposematic insect? Context-dependent 
color preferences in domestic chicks. Proceedings of the Royal Society B: Biological Sciences, 268: 
2525–2529.

G a n c h r o w  J.R., S t e i n e r  J.E., B a r t a n a  A. (1990). Behavioral reactions to gustatory stimuli in 
young chicks (Gallus gallus domesticus). Dev. Psychobiol., 23: 103–117.

G e n t l e  M.J. (1989). Cutaneous sensory afferents recorded from the nervus intramandibularis of Gal-
lus gallus var domesticus. J. Comp. Physiol. A, 164: 763–774.

G e n t l e  M.J., B r e w a r d  J. (1986). The bill tip organ of the chicken (Gallus gallus var. domesticus). 
J. Anat., 145: 79–85.

G i l b e r t  B.J., A r a v e  C.W. (1986). Ability of cattle to distinguish among different wavelengths of 
light. J. Dairy Sci., 69: 825–832.

G i n a n e  C., B a u m o n t  R., F a v r e a u - P e i g n é  A. (2011). Perception and hedonic value of basic 
tastes in domestic ruminants. Physiol. Behav., 104: 666–674.

G l e n d i n n i n g  J.I. (1994). Is the bitter taste rejection always adaptive? Physiol. Behav., 56:  
1217–1227.

G o a t c h e r  W.D., C h u r c h  D.C. (1970). Review of some nutritional aspects of the sense of taste.  
J. Anim. Sci., 31: 973–981.

G r a n d i n  T. (1980). Livestock behaviour as related to handling facilities design. Int. J. Stud Anim. 
Prob., 1: 33–52.

G r a n d i n  T. (2014). Livestock handling and transport. CABI Publishing, 4th edition, 496 pp.
G r a n d i n  T. (2015). Behavioral principles of livestock handling. American Registry of Professional 

Animal Scientists, source: http://www.grandin.com.
G u l i ń s k i  P., S a l a m o ń c z y k  E., M ł y n e k  K. (2014). Feeding behaviour of dairy cattle (in Pol-

ish). Wiad. Zoot., 2: 57–69.
H a l v e r s o n  M.K. (2001). Farm animal health and well-being. Supplementary Literature Summary 

and Technical Working Paper for the Minnesota Generic Environmental Impact Statement on Ani-
mal Agriculture, 324 pp.

H a r l a n d e r - M a t a u s c h e k  A., B e c k  P., R o d e n b u r g  T.B. (2010). Effect of an early bitter 
taste experience on subsequent feather-pecking behaviour in laying hens. Appl. Anim. Behav. Sci., 
127: 108–114.

H a w k e n  P.A.R., M a r t i n  G.B. (2012). Sociosexual stimuli and gonadotropin-releasing hormone/
luteinizing hormone secretion in sheep and goats. Domest. Anim. Endocrinol., 43: 85–94.

H e f f n e r  H.E. (1998). Auditory awareness. Appl. Anim. Behav. Sci., 57: 259–268.
H e f f n e r  H.E., H e f f n e r  R.S. (1992). Auditory perception. In: Farm Animals and the Environment, 

Philips C.J.C., Piggins D. (eds). CABI Publishing, Wallingford, UK, pp. 159–184.



K. Adamczyk et al.584

H e f f n e r  R.S., H e f f n e r  H.E. (2010). Explaining high-frequency hearing. Letter to the Editor. Anat. 
Rec., 293: 2080–2082.

H e m s w o r t h  H., C o l e m a n  G.J. (2011). Human–livestock interactions: the stockperson and the 
productivity of intensively farmed animals. CABI Publishing, 2nd edition, 208 pp.

H e n r y  B.A., C l a r k e  I.J. (2008). Adipose tissue hormones and the regulation of food intake. J. Neu-
roendocrinol., 20: 842–849.

H e r b u t  P., A n g r e c k a  S. (2013). Forecasting heat stress in dairy cattle in selected barn zones with 
the help of THI and THIadj indexes. Ann. Anim. Sci., 13: 837–848.

H e r b u t  P., B i e d a  W., A n g r e c k a  S. (2015). Influence of hygrothermal conditions on milk produc-
tion in free stall barn during hot weather. Anim. Sci. Pap. Rep., 33: 49–58.

H e r s k i n  M.S., M u n k s g a a r d  L., L a d e w i g  J. (2004). Effects of acute stressors on nociception, 
adrenocortical responses and behavior of dairy cows. Physiol. Behav., 83: 411–420.

H o l l o w a y  L. (2007). Subjecting cows to robots: farming technologies and the making of animal 
subjects. Environ. Plann. D, 25: 1041–1060.

H o p s t e r  H., O’C o n n e l l  J.M., B l o k h u i s  H.J. (1995). Acute effects of cow-calf separation on 
heart rate, plasma cortisol and behaviour in multiparous dairy cows. Appl. Anim. Behav. Sci., 44: 
1–8.

H o u p t  K.A. (2005). Domestic animal behavior for veterinarians and animal scientists. Blackwell Pub-
lishing, 4th edition, 506 pp.

H u b e r - E i c h e r  B. (2004). The effect of early colour preference and of a colour exposing procedure 
on the choice of nest colours in laying hens. Appl. Anim. Behav. Sci., 86: 63–76.

H u o z h a  R., R a s t o g i  S.K., K o r d e  J.P., M a d a n  A.K. (2011). Electroencephalographic changes 
during experimental pain induction in goats. Vet. Arhiv., 81: 359–368.

H u t s o n  G.D., D i c k e n s o n  L.G., L u x f o r d  B.G. (1991). The response of lactating sows to novel 
visual, olfactory and tactile stimuli. Appl. Anim. Behav. Sci., 32: 129–137.

H u t s o n  G.D., A r g e n t  M.F., D i c k e n s o n  L.G., L u x f o r d  B.G. (1992). Influence of parity and 
time since parturition on responsiveness of sows to a piglet distress call. Appl. Anim. Behav. Sci., 
34: 303–313.

H u t s o n  G.D., D i c k e n s o n  L.G., W i l k i n s o n  J.L., L u x f o r d  B.G. (1993). The response of 
sows to novel visual, olfactory and tactile stimuli. Appl. Anim. Behav. Sci., 35: 255–266.

H u t s o n  G.D., A m b r o s e  T.J., B a r n e t t  J.L., T i l b r o o k  A.J. (2000). Development of a behav-
ioural test of sensory responsiveness in the growing pig. Appl. Anim. Behav. Sci., 66: 187–202.

I g g o  A. (1984). Pain in animals. Third Hume Memorial Lecture, 15th November 1984. Potters Bar: 
Universities Federation for Animal Welfare, London.

J a c o b s  G.H., D e e g a n  J.F., N e i t z  J. (1998). Photopigment basis of dichromatic color vision in 
cows, goats and sheep. Visual Neurosci., 15: 581–584.

J a ś k o w s k i  J.M., U r b a n i a k  K., O l e c h n o w i c z  J. (2005). Heat stress in dairy cows – disorders 
of fertility and their prevention (in Polish). Życie Wet., 80: 18–21.

J e n s e n  P. (2002). Ethology of domestic animals: an introductory text. CABI Publishing, Wallingford, 
UK, 1st edition, 218 pp.

J e n s e n  P. (2009). The ethology of domestic animals: an introductory text. CABI Publishing, Walling-
ford, UK, 2nd edition, 264 pp.

J e z i e r s k i  T. (2004). Methodology of ethological researches. In: Ethology, protection and mainte-
nance of farm animals (in Polish), Herbut E., Knapik J. (eds). ZWiP IZ, Balice, pp. 77–85.

J e z i e r s k i  T., J a w o r s k i  Z., S o b c z y ń s k a  M. G ó r e c k a - B r u z d a  A. (2015 a). Olfactory 
control faeces by Konik polski stallions in breeding season. Proceedings of International Conference 
on Biotechnology and Welfare in Animal  Husbandry, Krakow, 15–16 June 2015, p. 145.

J e z i e r s k i  T., J a w o r s k i  Z., S o b c z y ń s k a  M., K a m i ń s k a  B., G o r e c k a - B r u z d a  A., 
Wa l c z a k  M. (2015 b). Excreta-mediated olfactory communication in Konik stallions: prelimi-
nary study. J. Vet. Behav., 10: 353–364.

J o n e s  E.K.M., P r e s c o t t  N.B., C o o k  P., W h i t e  R.P., Wa t h e s  C.M. (2001). Ultraviolet light 
and mating behaviour in domestic broiler breeders. Br. Poultry Sci., 42: 23–32.

J o n e s  J.B., C a r m i c h a e l  N.L., Wa t h e s  C.M., W h i t e  R.P., J o n e s  R.B. (2000 a). The effects 
of acute simultaneous exposure to ammonia on the detection of odourized food by pigs. Appl. Anim. 
Behav. Sci., 65: 305–319.



Perception in farm animals 585

J o n e s  J.B., Wa t h e s  C.M., W h i t e  R.P., J o n e s  R.B. (2000 b). Do pigs find a familiar odourant 
attractive in novel surroundings? Appl. Anim. Behav. Sci., 70: 115–126.

J o n e s  R.B., C a r m i c h a e l  N.L. (1998). Pecking at string by individually caged adult laying hens: 
colour preferences and their stability. Appl. Anim. Behav. Sci., 60: 11–23.

J o n e s  R.B, G e n t l e  M.J. (1985). Olfaction and behavioral modification in domestic chicks (Gallus 
domesticus). Physiol. Behav., 34: 917–924.

K a m i n s k i  J., R i e d e l  J., C a l l  J., T o m a s e l l o  M. (2005). Domestic goats, Capra hircus, follow 
gaze direction and use social cues in an object choice task. Anim. Behav., 69: 11–18.

K e n d r i c k  K.M. (1992). Cognition. In: Farm animals and the environment, Phillips C., Piggins D. 
(eds). CABI Publishing, Oxford, UK, pp. 209–231.

K e n d r i c k  K.M. (2008). Sheep senses, social cognition and capacity for consciousness. In: The wel-
fare of sheep, Dwyer C.M. (ed.). Springer, Berlin, pp. 135–158.

K e n d r i c k  K.M., A t k i n s  K., H i n t o n  M.R., B r o a d  K.D., F a b r e - N y s  C., K e v e r n e  B. 
(1995). Facial and vocal discrimination in sheep. Anim. Behav., 49: 1665–1676.

K e n d r i c k  K.M., H a u p t  M.A., H i n t o n  M.R., B r o a d  K.D., S k i n n e r  J.D. (2001). Sex differ-
ences in the influence of mothers on the sociosexual preferences of their offspring. Horm. Behav., 
40: 322–338.

K e n n e d y  J.M., B a l d w i n  B.A. (1972). Taste preference in pigs for nutritive and non–nutritive 
sweet solutions. Anim. Behav., 20: 716–718.

K i e  J.G. (1999). Optimal foraging and risk of predation: effects on behaviour and social structure in 
ungulates. J. Mammal., 80: 1114–1129.

K i l e y  M. (1972). The vocalisation of ungulates, their causation and function. Z. Tierpsychol., 31: 
171–222.

K i r k p a t r i c k  F.D., H o p k i n s  F.M. (2007). Safety considerations in working with cattle. University 
of Tennessee Extension Info Series AS-B 369.

K l o c e k  C., N o w i c k i  J., K o c z a n o w s k i  J., J u r c z a k  M. (2010). Observations on the use of 
colored balls as an environmental enrichment of piglets’ rearing (in Polish). Rocz. Nauk. PTZ, 6: 
167–171.

K o b a  Y., T a n i d a  H. (2001). How do miniature pigs discriminate between people? Discrimination 
between people wearing coveralls of the same colour. Appl. Anim. Behav. Sci., 73: 45–58.

K r i s t e n s e n  H.H., J o n e s  R.B., S c h o f i e l d  C.P., W h i t e  R.P., Wa t h e s  C.M. (2001). The 
use of olfactory and other cues for social recognition by juvenile pigs. Appl. Anim. Behav. Sci., 72: 
321–333.

K r u s k a  D. (1988). Mammalian domestication and its effect on brain structure and behavior. In:  
Jerison H.J.,  Jerison I. (ed.) Intelligence and Evolutionary Biology. Berlin, Springer-Verlag.,  
pp. 211–250.

K u d o  K., S h i r a i s h i  J., N i s h i m u r a  S., B u n g o  T., T a b a t a  S. (2010). The number  
of taste buds is related to bitter taste sensitivity in layer and broiler chickens. Anim. Sci. J., 81: 
240–24.

K u d o  K.I., N i s h i m u r a  S., T a b a t a  S. (2008). Distribution of taste buds in layer-type chickens: 
Scanning electron microscopic observations. Anim. Sci. J., 79: 680–685.

K u r o s a w a  T., N i i m u r a  S., K u s u h a r a  S., I s h i d a  K. (1983). Morphological studies of taste 
buds in chickens. Jpn. J. Zoot. Sci., 54: 502–510.

L a n g b e i n  J., S i e b e r t  K., N u e r n b e r g  G. (2008). Concurrent recall of serially learned visual 
discrimination problems in dwarf goats (Capra hircus). Behav. Process., 79: 156–164.

L a n g b e i n  J., S i e b e r t  K., N u e r n b e r g  G. (2009). On the use of an automated learning device 
by group-housed dwarf goats: Do goats seek cognitive challenges? Appl. Anim. Behav. Sci., 120: 
150–158.

L a n s a d e  L., P i c h a r d  G., L e c o n t e  M. (2008). Sensory sensitivities: components of a horse’s 
temperament dimension. Appl. Anim. Behav. Sci., 114: 534–553.

L a u n d r é  J.W., H e r n a n d e z  L., A l t e n d o r f  K.B. (2001). Wolves, elk, and bison: re-establishing 
the “landscape of fear” in Yellowstone National Park, USA. Can. J. Zoolog., 79: 1401–1409.

L e o n a r d i  C., A r m e n t a n o  L.E. (2003). Effect of quantity, quality, and length of alfalfa hay on 
selective consumption by dairy cows. J. Dairy Sci., 86: 557–564.

L i m a  S.L., D i l l  L.M. (1990). Behavioral decisions made under the risk of predation: a review and 
prospectus. Can. J. Zoolog., 68: 619–640.



K. Adamczyk et al.586

L i n n a n e a  M.I., B r e r e t o n b  A.J., G i l l e r a  P.S. (2001). Seasonal changes in circadian grazing 
patterns of Kerry cows (Bos taurus) in semi-feral conditions in Killarney National Park, Co. Kerry, 
Ireland. Appl. Anim. Behav. Sci., 71: 277–292

L i v i n g s t o n  A., L e y  S., Wa t e r m a n  A. (1992). Tactile and pain perception. In: Phillips C.J.C., 
Piggins D. (ed.). Farm Animals and the Environment. Wallingford, UK: CABI, pp. 201–208.

L o m a s  C.A., P i g g i n s  D., P h i l l i p s  C.J.C. (1998). Visual awareness. Appl. Anim. Behav. Sci., 
57: 247–257.

L y o n s  R.K., M a c h e n  R.V. (2000). Interpreting grazing behavior. L-5385. In: Texas AgriLife Exten-
sion Service. Grazing Management, source: http:// animalscience.tamu.edu/files/2012/04/beef–in-
terpreting–grazingbehavior. pdf

M a n s e r  C.E. (1996). Effects of lighting on the welfare of domestic poultry: a review. Anim. Welfare, 
5: 341–360.

M a n t e u f f e l  G., P u p p e  B., S c h ö n  P.C. (2004). Vocalization of farm animals as a measure of 
welfare. Appl. Anim. Behav. Sci., 88: 163–182.

M a r c h a n t  J.N., W h i t t a k e r  X., B r o o m  D.M. (2001). Vocalisations of the adult female domestic 
pig during a standard human approach test and their relationship with behavioural and heart rate 
measures. Appl. Anim. Behav. Sci., 72: 23–39.

M a r c h a n t - F o r d e  J.N., M a r c h a n t - F o r d e  R.M., We a r y  D.M. (2002). Responses of dairy 
cows and calves to each other’s vocalisations after early separation. Appl. Anim. Behav. Sci., 78: 
19–28.

M a r l e r  P., D u f t y  A., P i c k e r t  R. (1986). Vocal communication in the domestic chicken: II. Is  
a sender sensitive to the presence and nature of a receiver? Anim. Behav., 34: 194–198.

M c G l o n e  J.J. (1990). Olfactory signals that modulate pig aggressive and submissive behavior In: 
Social stress in domestic animals, Zayan R., Dantzer R. (eds). Kluwer Academic Press, Dordrecht, 
pp. 86–109.

M c G r e e v y  P. (2004). Equine behaviour. A guide for veterinarians and equine scientists. Saunders, 
Elsevier Ltd., 369 pp.

M c L a u g h l i n  C.L., B a i l e  C.A., B u c k h o l t z  L.L., F r e e m a n  S.K. (1983). Preferred flavours 
and performance of weanling pigs. J. Anim. Sci., 56: 1287–1293.

M e l a k u  T. (2012). Acoustic signals in domestic chicken (Gallus gallus): a tool for teaching veterinary 
etiology and implication for language learning. Ethiop. Vet. J., 16: 77–84.

M e n c h  J., K e e l i n g  L.J. (2001). The social behaviour of domestic birds. In: Social behaviour in 
farm animals, Keeling L.J., Gonyou H (eds). CABI Publishing, UK, pp. 177–210.

M e n d l  M., R a n d l e  K., P o p e  S. (2002). Young females can discriminate individual differences in 
odours from conspecific urine. Anim. Behav., 64: 97–101.

M e r y  F. (2013). Natural variation in learning and memory. Curr. Opin. Neurobiol., 23: 52–56.
M i l l s  R. (1994). Applied comparative anatomy of the avian middle ear. J. R. Soc. Med., 87: 155–156.
M i r z a  S., P r o v e n z a  F. (1990). Preference of the mother affects selection and avoidance of foods 

by lambs differing in age. Appl. Anim. Behav. Sci., 28: 255–263.
M o l i k  E., M i l e j s k a  P. (2012). Hereditary behaviours in sheep and the ways of their intercommuni-

cation (in Polish). Przeg. Hod., 3-4: 18–19.
M o l i k  E., P i e r o n k i e w i c z  D. (2011). Biological determinants of maternal instinct in sheep (in 

Polish). Przeg. Hod., 7: 21–22.
M o r r o w - T e s c h  J., M c G l o n e  J.J. (1990). Sources of maternal odours and the development of 

odour preferences in baby pigs. J. Anim. Sci., 68: 3563–3571.
M u n k s g a a r d  L., D e  P a s s i l l é  A.M., R u s h e n  J., T h o d b e r g  K., J e n s e n  M.B. (1997) 

Discrimination of people by dairy cows based on handling. J. Dairy Sci., 80: 1106–1112.
M u r p h y  J., H a l l  C., A r k i n s  S. (2009). What horses and humans see: a comparative review. Int. 

J. Zool., ID 721798: 1–14.
N a j r i s s e  H., M a l e c h e k  J.C., O l s e n  J.D. (1996). Influence of odor and taste of monoterpenoids 

on food selection by anosmic and intact sheep and goats. Small Rum. Res., 23: 109–115.
N o w i c k i  J., K l o c e k  C. (2012). The effect of aromatized environmental enrichment in pen on social 

relations and behavioural profile of newly mixed weaners. Ann. Anim. Sci., 12: 403–412.
N o w i c k i  J., S c h w a r z  T. (2010). Maternal responsiveness of sows housed in two farrowing envi-

ronments measured in behavioral tests. Ann. Anim. Sci., 2: 179–186.



Perception in farm animals 587

O l l i v i e r  F.J., S a m u e l s o n  D.A., B r o o k s  D.E., L e w i s  P.A., K a l l b e r g  M.E., K o m á r o -
m y  A.M. (2004). Comparative morphology of the tapetum lucidum (among selected species). Vet. 
Ophthalmol., 7: 11–22.

O l o p a d e  J.O., K w a r i  H.D., A g b a s h e  I.O., O n w u k a  S.K. (2005). Morphometric study of the 
eyeball of three breeds of goat in Nigeria. Int. J. Morphol., 23: 377–380.

O s o r i o  D., Vo r o b y e v  M., J o n e s  C.D. (1999). Colour vision of domestic chicks. J. Exp. Biol., 
202: 2951–2959.

P a r f e t  K.A.R., G o n y o u  H.W. (1991). Attraction of newborn piglets to auditory, visual, olfactory 
and tactile stimuli. J. Anim. Sci., 69: 125–133.

P e a r c e  G.P., H u g h e s  P.E., B o o t h  W.D. (1988). The involvement of boar submaxillary  
gland secretion in boar induced precocial puberty attainment in the gilt. Anim. Reprod. Sci., 6: 
125–134.

P e r k i n s  A., F i t z g e r a l d  J.A. (1994). The behavioral component of the ram effect: the influence 
of ram sexual behavior on the induction of estrus in anovulatory ewes. J. Anim. Sci., 72: 51–55.

P e r r y  G.C. (1992). Olfaction and taste. In: Farm animals and the environment, Phillips C.J.C., Piggins 
D. (eds). CABI Publishing, Wallingford, UK, pp. 185–199.

P e t h e r i c k  J.C. (2005). A review of some factors affecting the expression of libido in beef cattle, and 
individual bull and herd fertility. Appl. Anim. Behav. Sci., 90: 185–205.

P h i l l i p s  C. (2002). Cattle behaviour and welfare. Blackwell Publishing, 2nd edition, 264 pp.
P i g g i n s  D., P h i l l i p s  C.J. (1996). The eye of the domesticated sheep with implications for vision. 

Anim. Sci., 62: 301–308.
P o r t e r  R.H., H e p p e r  P.G., B o u c h o t  C., P i c a r d  M. (1999). A simple method for testing odor 

detection and discrimination in chicks. Physiol. Behav., 67: 459–462.
P r a k s  J., P o i k a l a i n e n  V., Ve e r m a e  I., S o s s i d o u  E. (2007). Cattle. In: Farm animal welfare, 

environment and food quality interaction studies, Sossidou E., Szücs E. (eds). National Agricultural 
Research Foundation, WELFOOD Partners, pp. 201–237.

P r e s c o t t  N.B., Wa t h e s  C.M. (1999). Spectral sensitivity of the domestic fowl (Gallus g. domesti-
cus). Brit. Poultry Sci., 40: 332–339.

P r e s c o t t  N.B., Wa t h e s  C.M., J a r v i s  J.R. (2003). Light, vision and the welfare of poultry. Anim. 
Welfare, 12: 269–288.

P r i c e  E.O. (1999). Behavioural development in animals undergoing domestication. Appl. Anim. Be-
hav. Sci., 65: 245–271.

P r i n c e  J.H. (1977). The eye and vision. In: Dukes physiology of domestic animals, Swenson M.J. 
(eds). Cornell University Press, NY, pp. 696–712.

P r o o p s  L., M c C o m b  K. (2012). Cross-modal individual recognition in domestic horses (Equus 
caballus) extends to familiar humans. Proceedings of Royal Society B, 279: 3131–3138.

P r o v e n z a  F., P f i s t e r  J., C h e n e y  C. (1992). Mechanisms of learning in diet selection with refer-
ence to phytotoxicosis in herbivores. J. Range Manage., 45: 36–45.

R o b e r t s o n  E., G o r d o n  I.J., P e r e z - B a r b e r i a  F.J. (2006). Preferences of sheep and goats for 
straw pellets treated with different food-flavouring agents. Small Rum. Res., 63: 50–57.

R o b i n s o n  T.P., T h o r n t o n  P.K., F r a n c e s c h i n i  G., K r u s k a  R.L., C h i o z z a  F., N o t e n -
b a e r t  A., C e c c h i  G., H e r r e r o  M., E p p r e c h t  M., F r i t z  S., Yo u  L., C o n c h e d d a  G., 
S e e  L. (2011). Global livestock production systems. Rome, Food and Agriculture Organization of 
the United Nations (FAO) and International Livestock Research Institute (ILRI), pp. 152.

R o p e r  T.J., M a r p l e s  N.M. (1997). Colour preferences of domestic chicks in relation to food and 
water presentation. Appl. Anim. Behav. Sci., 54: 207–213.

R o u r a  E., H u m p h r e y  B., T e d o  G., I p h a r r a g u e r r e  I. (2008). Unfolding the codes of short-
term feed appetence in farm and companion animals: a comparative oronasal nutrient sensing biol-
ogy review. Can. J. Anim. Sci., 88: 535–558.

R o u r a  E., B a l d w i n  M.W., K l a s i n g  K.C. (2013). The avian taste system: Potential implications 
in poultry nutrition. Anim. Feed Sci. Tech., 180: 1–9.

R u b e l  E.W., F r i t z s c h  B. (2002). Auditory system development: primary auditory neurons and their 
targets. Annu. Rev. Neurosci., 25: 51–101.

R u m p f  M., T z s c h e n t k e  B. (2010). Perinatal acoustic communication in birds: why do birds vo-
calize in the egg? The Open Ornithology J., 3: 141–149.



K. Adamczyk et al.588

R u t t e r  M.S. (2002). Behaviour of sheep and goats. in: P. Jensen (ed.) The Ethology of Domestic Ani-
mals – An Introductory Text. CABI Publishing, Wallingford, UK, pp. 145–158.

R y b a r c z y k  P., K o b a  Y., R u s h e n  J., T a n i d a  H., d e  P a s s i l l é  A.M. (2001). Can cows dis-
criminate people by their faces? Appl. Anim. Behav. Sci., 74: 175–189.

S a s l o w  C.A. (2002). Understanding the conceptual world of horses. Appl. Anim. Behav. Sci., 78: 
209–224.

S c h r a d e r  L., T o d t  D. (1998). Vocal quality is correlated with levels of stress hormones in domestic 
pigs. Ethology, 104: 859–876.

S h i l l i t o  E.E. (1975). A comparison of the role of vision and hearing in lambs finding their own dams. 
Appl. Anim. Ethol., 1: 369–377.

S h i l l i t o - Wa l s e r  E.E. (1977). Importance of visual cues from various body regions in maternal 
recognition of the young in Merino sheep (Ovis aries). Appl. Anim. Ethol., 3: 137–143.

S h r a d e r  A.M., K e r l e y  G.I.H., K o t l e r  B.P., B r o w n  J.S. (2007). Social information, social 
feeding, and competition in group-living goats (Capra hircus). Behav. Ecol., 18: 103–107. 

S h r a d e r  A.M., B r o w n  J.S., K e r l e y  G.I.H., K o t l e r  B.P. (2008). Do free-ranging domestic 
goats show ‘landscapes of fear’? Patch use in response to habitat features and predator cues. J. Arid. 
Environ., 72: 1811–1819.

S i m m o n s  P., Yo u n g  D. (1999). Nerve cells and animal behaviour. Cambridge University Press, 
2nd edition, 266 pp.

S t .  P i e r r e  N.R., C o b a n o v  B., S c h n i t k e y  G. (2003). Economic losses from heat stress by US 
livestock industries. J. Dairy Sci., 86 (E. Suppl.): E52–E77.

S t o n e  S.M. (2010). Human facial discrimination in horses: can they tell us apart? Anim. Cogn., 13: 
51–61.

S t u d n i t z  M., J e n s e n  M.B., P e d e r s e n  L.J. (2007). Why do pigs root and in what will they root? 
A review on the exploratory behaviour of pigs in relation to environmental enrichment. Appl. Anim. 
Behav. Sci., 107: 183–197.

S w a n e y  W.T., K e v e r n e  E.B (2009). The evolution of pheromonal communication. Behav. Brain 
Res., 200: 239–247.

T a n a k a  T., M u r a y a m a  Y., E g u c h i  Y., Yo s h i m o t o  T. (1998). Studies on visual acuity of pigs 
using shape discrimination learning. Anim. Sci. Technol., 69: 260–266.

T a n i d a  H., N a g a n o  Y. (1998). The ability of miniature pigs to discriminate between stranger and 
their familiar handler. Appl. Anim. Behav. Sci., 56: 129–159.

T a n i d a  H., S e n d a  K., S u z u k i  S., T a n a k a  T., Yo s h i m o t o  T. (1991). Color discrimination in 
weanling pigs. Anim. Sci. Technol., 62: 1029–1034.

T a n i d a  H., M i u r a  A., T a n a k a  T., Yo s h i m o t o  T. (1996). Behavioural responses of piglets to 
darkness and shadows. Appl. Anim. Behav. Sci., 49: 173–183.

T a t e  A.J., F i s h e r  H., L e i g h  A.E., K e n d r i c k  K.M. (2006). Behavioral and neurophysiological 
evidence for face identity and face emotion processing in animals. Philos. Trans. R. Soc. Lond. B. 
Biol. Sci., 361: 2155–2172.

T a y l o r  A.A., We a r y  D.M., L e s s a r d  M., B r a i t h w a i t e  L.A. (2001). Behavioral responses of 
piglets to castration: the effect of pig age. Appl. Anim. Behav. Sci., 73: 35–45.

T a y l o r  N., P r e s c o t t  N., P e r r y  G., P o t t e r  M., L e  S u e u r  C., Wa t h e s  C. (2006). Prefer-
ence of growing pigs for illuminance. Appl. Anim. Behav. Sci., 96: 19–31.

T a y l o r  P.E., S c o t t  G.B., R o s e  P. (2003). The ability of domestic hens to jump between horizontal 
perches: effects of light. Appl. Anim. Behav. Sci., 83: 99–10.

T e f e r a  M. (2012). Acoustic signals in domestic chicken (Gallus gallus): a tool for teaching veterinary 
ethology and implication for language learning. Ethiop. Vet. J., 16: 77–84.

T h o r h a l l s d o t t i r  A., P r o v e n z a  F., B a l p h  D. (1990). Ability of lambs to learn about novel 
foods while observing or participating with social models. Appl. Anim. Behav. Sci., 25: 25–33.

T h o r n t o n  P.K. (2010). Livestock production: recent trends, future prospects. Philos. Tr. Soc. B, 365: 
2853–2867.

T u r r o  I., P a r t e r  R.H., P i c a r d  M. (1994). Olfactory cues mediate food selection by young chicks. 
Physiol. Behav., 55: 761–767.

U e t a k e  K., H u m i k  J.F., J o h n s o n  L. (1997). Effect of music on voluntary approach of dairy cows 
to an automatic milking system. Appl. Anim. Behav. Sci., 53: 175–182.



Perception in farm animals 589

V i e l m a  J., C h e m i n e a u  P., P o i n d r o n  P., M a l p a u x  B., D e l g a d i l l o  J.A. (2009). Male 
sexual behavior contributes to the maintenance of high LH pulsatility in anestrous female goats. 
Horm. Behav., 56: 444–449.

Wa g n e r - S t o r c h  A.M., P a l m e r  R.W. (2003). Feeding behavior, milking behavior, and milk 
yields of cows milked in a parlor versus an automatic milking system. J. Dairy Sci., 86: 1494–1502.

Wa k a b a y a s h i  Y., M o r i  Y., I c h i k a w a  M., Ya z a k i  K., H a g i n o - Ya m a g i s h i  K. (2002). 
A putative pheromone receptor gene is expressed in two distinct olfactory organs in goats. Chem. 
Senses, 27: 207–213.

Wa u t e r s  A.M., R i c h a r d - Y r i s  M.A., Talec N. (2002). Maternal influences on feeding and general 
activity in domestic chicks. Ethology, 108: 529–540.

We a r y  D., C h u a  B. (2000). Effects of early separation on the dairy cow and calf 1. Separation at  
6 h, 1 day and 4 days after birth. Appl. Anim. Behav. Sci., 69: 177–188.

We a r y  D.M., R o s s  S., F r a s e r  D. (1997). Vocalisations by isolated piglets: a reliable indicator of 
piglet need directed towards the sow. Appl. Anim. Behav. Sci., 53: 249–257.

We s t  J.W. (2003). Effects of heat–stress on production in dairy cattle. J. Dairy Sci., 86: 2131–2144.
W h i t t e m o r e  C. (1993). The science and practice of pig production. Longman Scientific & Techni-

cal, Longman Group UK Ltd. Harlow, Essex, UK, 661 pp.
Wo o d c o c k  M.B., P a j o r  E.A., L a t o u r  M.A. (2004). The effects of hen vocalizations on chick 

feeding behavior. Poultry Sci., 83: 1940–1943.
Z o n d e r l a n d  J.J., C o r n e l i s s e n  L., Wo l t h u i s - F i l l e r u p  M., S p o o l d e r  H.A.M. (2008). 

Visual acuity of pigs at different light levels. Appl. Anim. Behav. Sci., 111: 28–37.
Z u p a n  M., K r u s c h w i t z  A., H u b e r - E i c h e r  B. (2007). The influence of light intensity during 

early exposure to colours on the choice of nest colours by laying hens. Appl. Anim. Behav. Sci., 
105: 154–164.

Received: 26 XI 2014
Accepted: 14 IV 2015


