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Outline

Some basic fields that have to be considered for 
evaluating species specific cognitive capacities

• The perceptual world of animals

• Signal-detection theory, eavesdropping

– Receiver psychology – sensory “drugging”

• Search and attention

• Sensory laterality  and Stress 

• Object permanence
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The perceptual world of animals

– Vision

– Olfaction

– Hearing

– Magnetic sense

– Electric sense
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Vision

• visual field

• visual streak

• acuity

• dimension

• colour discrimination

• brightness discrimination ( + under photoptic
conditions)
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Visual field
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Depends on 

• position of the eyes at 
the head (frontal or
lateral)

binocular visual field

monocular visual field



Visual field
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© Felix Abraham, 
wikimedia

© BS Thurner,
wikimedia

• frog ca. 330°

• fly ca. 300° (facette -
eye)

• falcon ca. 300°

• crocodile ca. 290°

• owl ca. 160°



Dimensions
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Three dimensional sight through binocular vision
(stereoopsis)

• proven with behaviour test „railroad tie phenomenon“ in 
horses and camels (Timney and Keil 1999, Timney 2008).

• Ideas on the experimental procedure ???



Anatomy of the mamalia eye
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Decisive for visual perception
are:

• Density of ganglion cells
– Visual streak

• Nr. of rods and cones (types)

Image of the human retina



Seite  9

Visual streak

Hebel 1976: report of the visual streak: 
In the temporal portion of the streak, ganglion cell density reached a
peak of 6500 cells mm-*. Outside the streak, the ganglion cell density 
was the lowest of all of the species examined by Hebel (pig, sheep, 
ox, and dog), at ~500 cells mm-*.



Acuity
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Timney and Keil 1992

Acuity depends on density of ganglion
cells in the visual streak

• In Europe measured in Winkel-
minutes

1‘ Winkel-minute = two objects with
distance of 1.5 mm visual at  5 m 
distance

• falcon: 0.4′
• human: 0.4′ bis 2.0'
• cat: 5′
• frog: 7′
• elefant: 10.3′
• horse: 23.3‘
• rat: 40′



Colour discrimination
Nr of cones are decisive for colour vision

• 2 cones = dichromates, most mammals (blue / 

green-yellow)

• 3 cones = trichromates, humans and apes (blue / 

green-yellow / red)

• 4 cones = tetrachromates, fish, reptiles, birds, 

amphibiens, insects (blue / green-yellow / red / 

ultraviolet)

• 5 cones = pentachromates, pigeons, turtles

rods = cones = 



Wavelength Starling (incl. UV)
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Colour vision horse

Horse: spectral peaks at 429 nm and 545 nm (Macuda and Timney 1999, Caroll et al. 2001)



How does a horse see a „kinder garden“?



?



How does a horse see a „school class“?



?



Olfaction
• finding food 

• avoiding predators

• protection from poisonous / foul substances

• communication

– Scent marks 

– Habitat protection

• recognition of group members

• orientation (pigeons)

• many mammals (dogs, rats, mice) much more 
sensitive than humans 18



Anatomy Olfaction

• Nasale tubes
– about 350 Receptors in mucus membrane

• Vomero nasal organ (Jacobsonsches Organ)
– many mammals / reptiles
– humans only embryonic state
– both sides of the nasal septum, papilla ductus to oral 

cavity
– for detection of pheromones / individual recognition, 

recognition of breeding state
– exposed by flehmen or lambency (Züngeln)
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Vomero nasals organ
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Flehmen

papilla



Scent marks, equids

21

Hans Klingel 1972

Grevyi Zeebra Dung heaps
at habitat border

Only weakly developed in Equids with overlapping
habitats:

Equus Quagga, plains zebra
Equua zebra, mountain zebra
Equus Przewalski, wild horse

Well developed in Equids with defined habitats:
Equus Grevyi, zebra
Equus africanus, african wild ass
Equs heminonus, asiatic wild ass

©Klingel

©Klingel



Social olfaction - Olfactory recognition 
of individual competitors in horse, 

Flauger et al. 2011
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• Horses were tested 
within their social groups

Experimental procedure



Social olfaction - Olfactory recognition 
of individual competitors in horse, 

Flauger et al. 2011
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African elephants have expectations about the 
locations of out-of-sight family members, Bates 

et al. 2008
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Urine earth samples were picked up with a jeep 
and placed in front of individuals of moving 
elephant groups, in Amboseli National Park, 
Kenya



Hearing

• finding food 

• avoiding predators

• protection from dangers

• communication

• recognition of group members

• orientation
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Threshold of
hearing

• decreases with

increasing age and

decreasing wellness

• depending on sound volume (dB) and
frequency (Hz - kHz)

• most mammals‘ hearing threshold is better
than humans in low (infra sound) and high 
frequencies (ultra sound)
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Human threshold of hearing,  © Tehdog, wikimedia



Echolocation,
Yovel & Au (2010), Jones (2005)

• Biosonar

• for orientation and hunting

• in dim light or darkness

• in bats (e.g. Corynorhinus townsendii), dolphins (e.g. 
Tursiops truncatus), birds (e.g. Tenrec ecaudatus), 
insectivores (e.g. Aerodramus maximus)

• Lazzaro Spallanzani (1793)showed that bats could
navigate without eyes, and Luis Jurine (1794) showed
that bats with wax plugged ears could not navigate.

• Echolocation in bats was proven by Donald 
Griffin (1915 – 2003), the founder of the
„Cognitive Ethology“ 
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Echolocation
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© Petteri Aimonen, wikimedia
© Martin-rnr,  wikimedia

Echolocation dolphins
• Sound produced by phonic lips and dorsal 

bursa
• Sound emitted by the melon (focusses 

sounds)
• Whistling species: (clicks at 40 – 70 µs, at 

high frequency: 120 – 145 khz)
• Non-whistling species: (slow sounds, 120 -

200 µs, at low frequency, 10 kHz)
• Reflection of sounds perceived by middle 

and inner ear

Echolocation bats
• sound (8 – 160 kHz) produced in larynx
• Reflection of sound perceived by ear
• speed of echo important for building a 3 

dimensional image of located object or 
barrier



Communication
• Long distance calls

– for: 
• staying in touch with other animals
• marking boundearies
• attraction of mating partners

– usually loud, species specific calls

• Social calls
– for:

• individual recognition
• emotinal arousal / contagion
• food exchange
• mating
• communication with offspring, …..

– usually low volume grunts, barks, hums
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Semantic combinations in primate calls
Putty-nosed monkeys (Cercopithecus nictitans) rely on two 
basic calling sounds to construct a message of utmost urgency 
(Arnold and Zuberbühler 2005)
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Relationship between the occurrence of sequences 
in male call series and the distance travelled in 
response to the calls 
a, Call series experimentally elicited by leopard 
growling: the group travelled significantly farther 
after hearing call series that contained at least one 
pyow–hack (P–H) sequence (n9) compared with the
distance moved in response to all other sequences
(n8). 
b, Naturally occurring call series: the
habituated study group travelled significantly
farther following call series containing at least
one P–H sequence (‘P–H’; n29) compared with
the distance moved in response to other series
that included no P–H sequences (‘other’; n43)
or when there were no calls made by the male
(‘none’; n65).



Magnetoperception

• Orientation on the magnetic field
• In many insects, birds, amphibian, reptiles, fish, 

mammals
• Anatomic basis not proven! May be through:

– decay of radicals in the retina (eye)?
– development of magnetit in the nose?

• For:
– Navigation (example in pigeons at the end of the 

perception session)
– Migration
– Magnetic alignment
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Magnetic alignment in grazing and 
resting cattle and deer (Begall et al. 2008)
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Animals‘ mean vector of body position

Cattle Roe deer Red deer

Analysis of grazing or lying direction on google pictures

Animals were orientated in any direction when they were underneath high 
voltage power lines



Electric perception
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Gnathonemus petersii (uper fish)
& Campylomormyrus tamandua

• For orientation and hunting in bad vision

• In electric fish, some aphibians and mammals

• Best studied: Electric African Fish
(Mormyridae)

• electroc organ in the tail , composed
of electrocytes

• activation of electrocytes creates
dipole field

• objects are recognized by their
conductivity



Further reading, peception
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Break
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Signalers and Receivers

for:

• signal production / broadcasting / detection 

• communication

• numerous models (and complexities)

36



Signalers and Receivers

• Earliest, simple Model: 

Shannon-Weaver-Modell (1940th) 
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Sender – Receiver Model after Shannon and Weaver, 
© Abby M. , wikimedia



Signalers and Receivers

• More complex models used in Communication 
Theory 

38



Eavesdropping

a subject has the opportunity to monitor, or 
eavesdrop upon, an interaction between two 
other animals, A and B. The subject then uses 
the information obtained through these 
observations to assess A’s and B’s relative 
dominance or attractiveness as a mate (e.g. Mennill

et al., 2002; Ch. 2).
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Eavesdropping on social information, 
baboons, Cheney and Seyfarth 1999
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B, the more dominant of the subjects; E, the more subordinate; B1 
and E1, the subjects’ close kin; A, C and D, signallers unrelated to 
either subject.

• What could we test with this experimental set up?



Eavesdropping on social information, 
baboons, Cheney and Seyfarth 1999
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Test for: 

• individual recognition

• effect of social rank on response to playback

• kin / non kin recognition

• recognition of relationship between individuals



Know thine enemy: fighting fish gather
information from observing conspecific interactions, 

Oliveira et al. 1998
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a) acclimatization for 20min. 
b) only S could see the subject for 10min to 

control for familiarization effects . 
c)   fishes W and L fought, but S could only see 
the interaction on the left
d) S was confronted with all the fish in turns

Observed winners received less fin spreading 
and gill cover erection displays than observed 
loosers

= winner - loser effect



Audience effect

• Animals alter their behaviour towards a 
second party (animal) in the presence of a 
third party (animal)
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The effect of an audience on intrasexual
communication in male Siamese fighting fish,

Betta splendens, Doutrelant et al. 2000
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Interaction 
between males (Ma and Mb)

• with female (F) and male (M) 
audience

• with audience present and
absent



The effect of an audience on intrasexual
communication in male Siamese fighting fish,

Betta splendens, Doutrelant et al. 2000
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Receiver psychology – sensory 
“drugging”
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Olfaction – Trust and risk game, 
Baumgartner et al. 2008

• Oxytocin injected intranasal, in humans

Persons play a trust and risk game game
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Olfaction – Trust and risk game, 
Baumgartner et al. 2008

• Oxytocin injected intranasal

Persons transfer in the trust and risk game game
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Olfaction – Trust and risk game, Baumgartner et al. 2008
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Brain regions showing stronger activation in the placebo group 
compared to the Oxytocin group



Further reading, signalling

• Cheney, D. l., & Seyfarth, R. M. (2004). Social 
complexity and the information acquired 
during eavesdropping by primates and other 
animals. In P. K. McGregor (Ed.), Animal 
Communication networks. Cambridge, 
Massachusetts: Cambridge University Press.
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Laterality

An indicator of 

information assessment 

and processing

A tool for evaluating 

animal cognitive processes
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Laterality of the brain, senses and the body



54

Behaviour
+

Welfare

Body Asymmetrie

Motor Laterality Sensory Laterality

Laterality of the senses and the body
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Body Asymmetry ?
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Body Asymmetry ?

Motor Laterality?
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Body Asymmetry ?

Motor Laterality?

Sensory Laterality?



59

Body Asymmetry ?



Body Asymmetry
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80 - 90 % in humans (Kanchan et al. 2008), cane toads 

(Robins and Rogers 2002), chicken (Levin 1995), horses

(Lucidi et al. 2013, Lerbs and Krueger unpublished), etc.

mostly bend to the left after birth or hedging

Body asymmetry is innate (irregular 

distribution of organs) and increased in fetus 

development

(Lucidi et al. 2013)
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Motor Laterality?



Motor Laterality

Preference for using the 

left or right hand, front 

leg or paw 

(handedness)

© Luncz et al., Current Biology62



Motor Laterality

Preference for using the 

left or right hand, front 

leg or paw 

(handedness)

?
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Motor Laterality

Preference for using the 

left or right hand, front 

leg or paw 

(handedness)

or rather

Preference for bearing 

body weight with the left 

or right leg
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Motor Laterality Preference for using the 

left or right hand, front 

leg or paw 

(handedness)

or rather

Preference for bearing 

body weight with the left 

or right leg

 Causes  inconsistencies 

in  measuring motor 

laterality within and 

between species (Chapelain

et al. 2009, Rogers 2010, Tomkins et 

al. 2010a).65



Sensory Laterality

• One-sided 

sensory 

perception

• Information 

intake with one  

ear, eye or nostril 66



Sensory Laterality

 horses approach objects from one side
(Austin and Rogers 2007, Larose et al. 2006, De Boyer Des Roches et al. 2008)
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Sensory Laterality
horses approach humans from one side
(Farmer et al. 2010)

Fig. 3 - Group 2 - Bilaterally trained horses
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• vertebrates approach social partners from one side (Hamilton und Vermeire 1988, Pierce 

et al. 2000, Guo et al. 2009, Karenina et al. 2010, Austin and Rogers 2014)

Karenina et al. 

2010

Sensory Laterality
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Sensory laterality in dairy cows
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Phillip et al. 

2015



Sensory laterality in dairy cows

71

interactions between 2 cows and between cows and people were visually 
lateralized

losing and subordinate cows were more likely to use their left eyes to view 
winning and dominant cattle and unfamiliar humans.

Phillip et al. 

2015



Laterality of brain hemispheres

(Gehirn Pferd: 

nach Nickel et al. 1997)
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Laterality of brain hemispheres

left, proactive 

hemisphere

• rationale decisions

• learning behaviour

• routine situations

• language, 

communication

(Gehirn Pferd: 

nach Nickel et al. 1997)
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Laterality of brain hemispheres

left, proactive 

hemisphere

• rationale decisions

• learning behaviour

• routine situations

• language, 

communication
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(Gehirn Pferd: 

nach Nickel et al. 1997)
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Laterality of brain hemispheres

left, proactive 

hemisphere

• rationale decisions

• learning behaviour

• routine situations

• language, 

communication

right, reactive 

hemisphere

• unpredictable situations 

/ emergencies

• strong emotions

• endocrine functions

• heart rate

• social informationto
p

-d
o
w

n
 p

ro
ce

ss
in

g

(Gehirn Pferd: 

nach Nickel et al. 1997)

75



Laterality of brain hemispheres

left, proactive 

hemisphere

• rationale decisions

• learning behaviour

• routine situations

• language, 

communication

right, reactive 

hemisphere

• unpredictable situations 

/ emergencies

• strong emotions

• endocrine functions

• heart rate

• social information
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nach Nickel et al. 1997)
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Laterality of brain hemispheres

left, proactive 

hemisphere

• rationale decisions

• learning behaviour

• routine situations

• language, 

communication

right, reactive 

hemisphere

• unpredictable situations 

/ emergencies

• strong emotions

• endocrine functions

• heart rate

• social information

depends on information quality

information transfer between hemispheres
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(Gehirn Pferd: 

nach Nickel et al. 1997)
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Laterality of brain hemispheres

depends on information quality

and the existence of a pons (Corpus Callosum)

information transfer between hemispheres

© Nickel et al. 1997
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Information Transfer

© Nickel et al. 1997
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Information Transfer

The majority of information is 

transferred to the brain hemisphere on 

the contralateral side 

© Nickel et al. 1997
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Information Transfer

The majority of information is 

transferred to the brain hemisphere on 

the contralateral side 

motor information

cross over of nerve tracts in 

hindbrain

© Nickel et al. 1997 81



Information Transfer

The majority of information is 

transferred to the brain hemisphere on 

the contralateral side 

motor information

cross over of nerve tracts in 

hindbrain

sensory information

cross over of nerve tracts from 

eyes and ears 

© Nickel et al. 1997 82



Information Transfer

The majority of information is 

transferred to the brain hemisphere on 

the contralateral side 

motor information

cross over of nerve tracts in 

hindbrain

sensory information

cross over of nerve tracts from 

eyes and ears 

no cross over of nerve tracts 

from the nose
© Nickel et al. 1997 83



Examples for the Overlap of Body 
Asymmetry and Laterality

dogs wag their tail more to the right the more aggressive they are 
(Vallortigara 2013)

• Primary asymmetry
– Body Asymmetry

• Secondary Asymmetry 

caused by 

sided us of:
– tail

(motor laterality)

– sensory organs (sensory laterality)
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Motor laterality, an indicator for long term
cognitive reactions to stress?
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Motor laterality stronger in sick lions (Zucca

et al. 2010) and frightened horses (Austin und 
Rogers 2007 / 2012 / 2014)

86

Motor laterality, an indicator for long term
cognitive reactions to stress?



Motor laterality stronger in sick lions (Zucca

et al. 2010) and frightened horses (Austin und 
Rogers 2007 / 2012 / 2014)

Motor laterality develops after stress in 

early age,  (asymmetric Hypocampus

dominance, cortical laterality, Yang 2001)

 Neuromodulation (Yang 2001) and / or,
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Motor laterality, an indicator for long term
cognitive reactions to stress?



Motor laterality stronger in sick lions (Zucca

et al. 2010) and frightened horses (Austin und 
Rogers 2007 / 2012 / 2014)

Motor laterality develops after stress in 

early age,  (asymmetric Hypocampus

dominance, cortical laterality, Yang 2001)

 Neuromodulation (Yang 2001) and / or,

Personality-Aspect : individual 

predisposition for strong motor laterality 

during situations of physical and /or mental 

stress (Rogers et al. 2008)

 Cognitive Bias 88

Motor laterality, an indicator for long term
cognitive reactions to stress?
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Cognitive bias  - motor bias

Pessimists expect a box in a neutral position to be empty

Optimists expect a box in a neutral position to be full

Pessimists tend to be left handed



• visual laterality increases with increasing emotionality (mostly to the left) 

in horses (Larose et al. 2006, deBoyer et al. 2008), meercats (de Latude et al. 2009), 

and dogs (Siniscalchi et al. 2010).

90

Sensory  laterality, an indicator for cognitive 
reactions on acute stress?



response to whinnies

to the right = known 

whinnies

to the left = unknown 

whinnies

(Basile et al., 2009)
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Sensory  laterality, an indicator for cognitive 
reactions on acute stress?
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Stress when horses were moved from group to individual housing
causes left shift in semsory and motor laterality (Marr, Farmer, 

Stefanski, Krueger, eingereicht)

enhanced stress hormones (GCM, Glucocorticoid Metabolites)

Stress

Parameter decreased (non sign.) immune parameter (IgA, Immunoglobulin A )



93
(Smith et al., 2016)

horses’ response to 

human expressions



94(Smith et al., 2016)

horses’ response to 

human expressions

negative expression 

increased the left eye 

preference



Further reading, laterality
• Cochet, H., & Byrne, R. W. (2013). Evolutionary origins of human handedness: 

evaluating contrasting hypotheses. Animal Cognition, 16(4), 531–542.
• Fabre-Thorpe, M., Fagot, J., Lorincz, E., Levesque, F.,, & Vauclair, J. (1993). 

Laterality in cats: Paw preference and performance in a visuomotor activity. Cortex, 
29, 15–24.

• Magat, M., & Brown, C. (2009). Laterality enhances cognition in Australian parrots. 
Proc. Roy. Soc. Lond. B Biol. Sci., 276(1676), 4155–4162.

• Marr, I., Farmer, K., & Krueger, K. (2018). Evidence for Right-Sided Horses Being 
More Optimistic than Left-Sided Horses. Animals, 8(12), 219. doi: 
10.3390/ani8120219 

• Marr, I., Preisler, V., Farmer, K., Stefanski, V., & Krueger, K. (2020). Non-invasive 
stress evaluation in domestic horses (Equus caballus): impact of housing conditions 
on sensory laterality and immunoglobulin A. Royal Society Open Science, 7(2), 
191994.doi: 10.1098/rsos.191994

• Rogers, L. J. (2000). Evolution of hemispheric specialization: advantages and 
disadvantages. Brain Lang, 73(2), 236–253.

• Siniscalchi, M., Sasso, R., Pepe, A. M., Dimatteo, S., Vallortigara, G., & Quaranta, A. 
(2010). Catecholamine plasma levels following immune stimulation with rabies 
vaccine in dogs selected for their paw preferences. Neuroscience Letters, 476(3), 
142–145.

• Ventolini, N., Ferrero, E. A., Sponza, S., Della Chiesa, A., Zucca, P., & Vallortigara, G. 
(2005). Laterality in the wild: preferential hemifield use during predatory and 
sexual behaviour in the black-winged stilt. Anim. Behav., 69(5), 1077–1084.
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Object permanence

97

Jean Piaget, 
1896 - 1980

• Cognitive ability of knowing about the 
existence of imperceptible objects / 
individuals

• Develops in 6 stages, with age (starting with 
8 month in humans) 

• Proven in some animals, but on a lower level 
than in humans



Object permanence

98

Jean Piaget, 
1896 - 1980

• Most animals tested reached stage 4 

• For example, dogs reach stage 4, making the “A but not B 
error” (do not find objects that were hidden at A and 
then removed to B) (Miller et al. 2009)

• Some birds and primates, and hand reared wolves 
reached stage 6



2b. Kiste mit Karotte wird von Ort A 
zu Ort B verschoben

?

Verständnis für Objektpermanenz bei Pferden
„A aber nicht B Suchfehler“ 

1a. Karotte verschwindet in einer Kiste am Ort A 1b. Pferd sucht Karotte in der Kiste am Ort A

2a. Karotte verschwindet erst in einer Kiste am Ort A

2c. Pferd sucht Kiste mit Karotte an 
Ort A, aber nicht  an Ort B

Ort AOrt A

Ort A

Ort B

Ort A



6 stages of object permanence, after Piaget

100

• 0–1 months: Reflex Schema Stage – Babies learn how the body can move and work. Vision is blurred and 
attention spans remain short through infancy. They aren't particularly aware of objects to know they have 
disappeared from sight. However, babies as young as 7 minutes old prefer to look at faces. The three primary 
achievements of this stage are: sucking, visual tracking, and hand closure.

• 1–4 months: Primary Circular Reactions – Babies notice objects and start following their movements. They 
continue to look where an object was, but for only a few moments. They 'discover' their eyes, arms, hands and feet 
in the course of acting on objects. This stage is marked by responses to familiar images and sounds (including 
parent's face) and anticipatory responses to familiar events (such as opening the mouth for a spoon). The infant's 
actions become less reflexive and intentionality emerges.

• 4–8 months: Secondary Circular Reactions – Babies will reach for an object that is partially hidden, indicating 
knowledge that the whole object is still there. If an object is completely hidden however the baby makes no 
attempt to retrieve it. The infant learns to coordinate vision and comprehension. Actions are intentional but the 
child tends to repeat similar actions on the same object. Novel behaviors are not yet imitated.

• 8–12 months: Coordination of Secondary Circular Reactions – This is deemed the most important for the 
cognitive development of the child. At this stage the child understands causality and is goal directed. The very 
earliest understanding of object permanence emerges, as the child is now able to retrieve an object when its 
concealment is observed. This stage is associated with the classic A-not-B error. After successfully retrieving a 
hidden object at one location (A), the child fails to retrieve it at a second location (B).[8]

• 12–18 months: Tertiary Circular Reaction – The child gains means-end knowledge and is able to solve new 
problems. The child is now able to retrieve an object when it is hidden several times within his or her view, but 
cannot locate it when it is outside their perceptual field.

• 18–24 months: Invention of New Means Through Mental Combination – The child fully understands object 
permanence. They will not fall for A-not-B errors. Also, a baby is able to understand the concept of items that are 
hidden in containers. If a toy is hidden in a matchbox then the matchbox put under a pillow and then, without the 
child seeing, the toy is slipped out of the matchbox and the matchbox then given to the child, the child will look 
under the pillow upon discovery that it is not in the matchbox. The child is able to develop a mental image, hold it 
in mind, and manipulate it to solve problems, including object permanence problems that are not based solely on 
perception. The child can now reason about where the object may be when invisible displacement occurs.



Piagetian object permanence and its 
development in Eurasian jays (Garrulus

glandarius), Zucca et al. 2007

101



Piagetian object permanence and its 
development in Eurasian jays (Garrulus

glandarius), Zucca et al. 2007

102

4 jays were tested 

at 15 tasks 

developed 
by Uzgiris and Hunt 
(1975)
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Success of the 4 
jays in the tasks

with increasing 
age



Questions

Why do dogs but not hand reared 
wolves make the “A but not B error”?

Why where cats underestimated in 
their object permanence skills?
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