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Abstract

Color  vision  in  animals  has  been  under  ongoing  investigation  since  Karl  von  Frisch 
demonstrated its existence in bees in the early 1900s. Research has therefore led to the discovery 
of tetrachromacy in a majority of birds, including domestic fowls, as opposed to the trichromatic 
visual  system  found  in  humans.  Chickens  (Gallus  gallus)  have  four  types  of  single  cone 
photoreceptors used for color vision: a UV-sensitive (UVS), a short-wave-sensitive (SWS), a 
medium-wave-sensitive  (MWS),  and  a  long-wave-sensitive  (LWS).  These  are  used  in  the 
process of color perception but further research is needed on color categorization in birds, since 
most studies so far have been performed on primates. It therefore remains unknown if chickens 
categorize primary colors and in what way, if they can see secondary colors (color mixtures that 
do not have the retinal mechanisms of primary colors but are perceived as primary colors) and, 
if so, how many. Thus, research is needed to investigate how they perceive color mixtures. For 
example, humans perceive a mix of blue and green lights as cyan while red and green lights 
combined appear yellow and not reddish-green. What about chickens? Do they see the chicken 
blue-chicken  green,  chicken  green-chicken  red  and  chicken  UV-chicken  blue  mixtures  as 
mixtures  of  primary colors  (e.g.  cyan  for  humans)  or  as  a  secondary color  (e.g.  yellow for 
humans)? We investigated these questions using behavioural  responses to colored-LED-light 
stimuli. We selected 20 chickens, divided into four groups, each one corresponding to one of the 
four  cone  photoreceptors.  Each  group  was  trained  to  associate  one  specific  wavelength, 
matching approximately the highest spectral sensitivity of the corresponding single cone for that 
group, with a food reward. We found that chickens do not seem to perceive secondary colors 
between pairs of spectrally consecutive primary colors (chicken UV and blue, chicken blue and 
green, chicken green and red) and that they classify spectral colors into four categories: chicken 
UV, chicken  blue,  chicken green,  and  chicken  red.  This  brings  some more  support  for  the 
nativist theory of origin of color categorization, which states that color categorization is encoded 
in color genes and therefore does not necessitate any prerequisites such as language, culture, or 
experience.
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Introduction

John Endler (1978) defined the color of an object as being a property of the visual system of the 
organisms perceiving the light reflecting off that object rather than being an inherent property of 
the object itself. 

Consequently, in nature, color can serve as means of communication between animals among 
and within species and between animals and plants. For instance, in bowerbirds, as in many 
other bird species, color plays a major role in sexual selection; it helps female bowerbirds to 
recognize  high-quality  males  of  their  own  species  based  on  the  coloration  of  the  males 
themselves  and that  of the bower they decorate  to  impress  females  (Frith  and Frith,  2004). 
Different color patterns are exhibited by reef fishes to communicate with potential mates as well 
as to escape predators using a camouflage strategy (Marshall, 2000). Also, in order to reproduce, 
many  plants  use  color-changing  fruits  to  signal  the  animals  acting  as  seed-dispersers  and 
pollinators when their fruits are ready to be eaten, which coincides with the time the seeds are 
ready to be dispersed (Wheelwright and Janson 1985; reviewed by Gerl and Morris, 2008). 

Therefore, so as to understand the existence of that extreme diversity of color patterns found in 
nature, it becomes very important to investigate how different species perceive colors because in 
fact, different species have different visual abilities. Indeed, humans enjoy trichromatic color 
vision (due to the presence of three types of cone photoreceptors in the retina; see Theoretical 
Background) along with Old World monkeys, the New World Howler monkey, apes, and bees, 
while  most  mammals  are  dichromatic  (Jacobs,  1993).  Some of  the  most  complicated  visual 
systems can be found in birds, many of which are tetrachromatic, including jungle fowls (Osorio 
et al., 1999; Kelber et al., 2003). Some birds, notably pigeons, have been hypothesized to enjoy 
pentachromacy (Palacios and Varela, 1992; Thompson et al., 1992) which was also reported in 
butterflies (Arikawa et al., 1987) and potentially in lampreys (Davies  et al., 2007). Therefore, 
different species can have very different visual abilities, although those differences remained 
unaccounted for until fairly recently. Up to the mid-1990s, virtually all scientists studying avian 
color vision based their research on what was known about the human visual system (Bennett et  
al., 1994; Bennett and Théry, 2007) thereby simply assuming that birds perceived colors in the 
same way as humans did. This assumption was greatly debated by Bennett and Cuthill (1994) 
following the work of Burkhardt  (1982 and 1989) which led to the discovery of ultraviolet 
vision in many birds, thus giving them potential for tetrachromacy (Bennett and Cuthill, 1994; 
reviewed by Bennett and Théry,  2007). As soon as it became evident that avian color vision 
studies had to be based on the birds’ visual abilities instead of the humans’, scientists had to 
create adequate spectrophotometers which eventually revolutionized the science of animal color 
vision (Bennett and Théry, 2007). 

From that point on, different methods were used to investigate color vision in animals (reviewed 
by Gerl and Morris, 2008). Post-mortem analysis of an animal’s eye allows scientists to observe 
the types and proportions of photoreceptors found in the retina. Although it gives a fairly good 
idea of the type of color vision system the animal uses, it is not sufficient. Another method 
based on the molecular analysis of the genes responsible for color vision, called opsin genes, 
uses  DNA  sequencing  to  determine  what  type  of  opsins  are  found  in  the  retina  of  the 
investigated species. However, as duly noted by Gerl and Morris (2008), the presence of a gene 
does not necessarily imply the proper production and/or activation of the corresponding protein. 
Fortunately, a third method, probably the most reliable one, consists of conducting behavioural 
tests after having trained the animal to recognize a feeding station based on  colored patterns. 
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This concept was invented by Nobel-Prize-winner Karl von Frisch when he demonstrated color 
vision in bees (1964), and has been widely used ever since, including in the present study of 
color vision in domestic chickens (Gallus gallus domesticus). 

The present study investigates the existence of secondary colors in chickens as well as their 
categorization of colors, based on behavioural responses to colored-light stimuli. I test whether a 
light spectrum that stimulates two single-cone classes simultaneously is perceived as a mixture 
of two primary colors or as a secondary color (color mixture that  does not have the retinal 
mechanisms of a primary color but is perceived as one). For instance, in humans, green and red 
lights together is perceived as the secondary color yellow, not reddish-green, whereas green and 
blue lights together is perceived as a greenish-blue mixture, cyan. 

On top of being interesting from a curiosity point of view, this research can yield some quite 
useful results, notably in terms of animal welfare, aircraft safety, and crop protection. Indeed, 
the artificial  lighting  under which chickens  are raised is  known to have negative  effects  on 
behaviour and development mainly because the currently-existing regulations on poultry house 
lighting are based on human spectral sensitivity (ONCE Innovations Inc., 2010).  Studies have 
shown  that  improper  lighting  in  poultry  houses  disturbs  the  normal  feeding  and  social 
behaviours,  thus  leading  to  increased  pecking  and  aggression  between  confined  birds, 
sometimes leading to cannibalism (Prescott et al., 2003). Disregard of these issues also results in 
economic losses in addition to the animal welfare concerns; hence the need for further research 
so  as  to  establish  adequate  regulations  on  light  properties  in  poultry  houses,  including 
wavelength spectrum and intensity (Prescott  et al.,  2003; Rubene,  2009; ONCE Innovations 
Inc., 2010). 

Another issue that could be improved with avian color vision research is aircraft safety. In the 
U.S, wildlife strikes, of which 97% involve birds (Federal Aviation Administration, 2010), have 
resulted in the loss of 219 human lives, countless animal lives, and 200 aircrafts from 1988 to 
2008 (Dolbeer and Wright, 2008; reviewed by Blackwell  et al., 2009). The annual worldwide 
economic  cost  of  bird  strikes  on  commercial  air  carriers  was  estimated  at  US$ 1.2  billion 
between 1999 and 2000 (Allan and Orosz, 2001) and with many bird populations expanding, 
both  in  North America  and Europe  (Buurma,  1996;  Dolbeer  and  Eschenfelder,  2003),  it  is 
becoming more and more important to make airports and aircrafts visually conspicuous to birds. 
The same goes for other man-made structures such as power lines (Martin and Shaw, 2010) and 
of course wind turbines, which cause huge amounts of collisions, especially during migration 
periods (Hüppop et al., 2006). 

Finally,  avian  pests  have  always  been  an  issue  for  agriculture,  and  crop  protection  has 
consequently become a very important area of research.  The National Wildlife Research Center 
of the Wildlife Services of the U.S Department of Agriculture has been looking into non-lethal 
avian repellents and found that low-power long-wavelength (630-650nm) lasers turned out to be 
very effective, at least in a majority of species studied, while remaining harmless to animals and 
the environment (Blackwell et al., 2002). However, several bird species do not respond to these 
lasers,  and  further  research  is  therefore  needed  to  determine  the  ideal  laser  (wavelength, 
intensity, beam width, etc...) that would lead to their dispersal, and some of our findings might 
be useful.  

Even though the domestic fowl is not known as a pest species in agriculture nor as a common 
victim of collisions with man-made structures, it is probably one of the easiest birds to train. 
Hopefully, the results of the present study can apply to some other tetrachromatic birds and thus 
be used for crop protection and wildlife strike mitigation.  
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Theoretical Background

Avian Photoreceptors

Because birds rely predominantly on their visual sense to gather information in nature, they have 
evolved  some  of  the  most  sophisticated  visual  systems  among  vertebrates  (Walls,  1942; 
Goldsmith, 1990; reviewed by Hart, 2001). Their complex retina serves them greatly in foraging 
(Burkhardt, 1982; reviewed by Bennett & Cuthill, 1994), species recognition, and mate selection 
(Burkhardt, 1989; reviewed by Bennett & Cuthill, 1994). Most diurnal species possess one type 
of rod and five types of cones associated with oil droplets: four types of single cones and one 
type of double cone (reviewed by Hart, 2001). 

Rods

Rods  are  cylinder-like  photoreceptors  found  in  the  retina.  They  have  a  much  slower 
photoresponse than cones but, because they are up to 100 times more sensitive to light than 
cones, they are used for vision at low illumination levels, which is called scotopic vision (Yau, 
1994;  Yokoyama  and  Yokoyama,  1996;  reviewed  by  Hart,  2001).  As  a  consequence, 
proportions of rods to cones in the retina can vary widely depending on the species’ lifestyle, 
therefore being much higher in nocturnal birds than diurnal birds (Yokoyama and Yokoyama, 
1998;  Hart,  2001;  Rubene,  2009).  Rods  possess  a  visual  pigment  called  rhodopsin  whose 
maximum absorbance  λmax varies  between  500 and 509nm,  which  happens  to  be  spectrally 
similar to the MWS pigment within and across species (Hart, 2001). Highly light-sensitive, it 
changes conformation, “bleaches”, when exposed to light, and is very slow to convert back to its 
original state in the dark.  

Single Cones

Single cones are conical photoreceptors sensitive to wavelengths ranging from the ultraviolet to 
the far red part of the spectrum, therefore capable of mediating daylight (color) vision. They are 
much  less  sensitive  to  light  than  rods,  and  thus  recover  their  sensitivity  much  faster  after 
exposure to bright light. Most diurnal birds, including the domestic fowl, possess four types of 
single cones: an ultraviolet or violet sensitive cone (UVS or VS respectively, generally called 
SWS1), a short-wavelength sensitive cone (SWS, generally called SWS2), medium-wavelength 
sensitive cone (MWS), and a long-wavelength sensitive cone (LWS). Each type of single cone 
consists of one type of visual pigment (a cone opsin to which is bound an organic molecule 
called retinal) associated with one type of oil droplet (for more information on oil droplets, see 
below). Most passerines, as well as all Psittaciformes so far studied (Carvalho  et al., 2010), 
possess a UVS cone (instead of a VS cone), the pigment of which has a λmax ranging from 360 to 
380nm (Bowmaker et al., 1997). In domestic chickens (Gallus gallus domesticus), the pigments 
of the VS cone, SWS2 cone, MWS cone, and LWS cone have their λmax at approximately 419, 
455, 508, and 570nm respectively (Okano, 1989; Bowmaker  et al., 1997; reviewed by Hart, 
2001).  However,  the presence of  a  colored oil  droplet  filtering  the incoming light  before it 
reaches the pigment alters the actual spectral sensitivity of the cones, which can be found in 
Table 1. The four classes of single cones do not have the same proportions across the retina: the 
SWS1 and SWS2 cones  make  up only  10% of  all  cones  while  the  LWS and MWS cones 
account for 30-40% of all cones found in the chicken retina (Bowmaker and Knowles, 1977; 
reviewed by Bowmaker et al., 1997 and Bowmaker, 2008).
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Double Cones

The bird retina is dominated by double cones,  photoreceptors consisting of two members:  a 
principal member and an accessory member. They make up 50 to 60% of all cone cells found in 
the  chicken  retina  (Bowmaker  and  Knowles,  1977;  reviewed  by  Bowmaker  et  al.,  1997; 
Bowmaker,  2008). Both members comprise an LWS visual pigment of λmax at 570nm in the 
chicken, while only the principal member has been found to have a colored oil droplet (see next 
section on oil droplets; Okano  et al., 1995; Hart, 2001). The role of the double cones is still 
unsolved but their being involved in light intensity discrimination (i.e. achromatic vision) and in 
motion detection has been suggested by Okano et al., 1995, and Campenhausen and Kirschfeld, 
1998, respectively. Although it has been found that some reef fishes might use the double cones 
in color discrimination (Pignatelli  et al., 2010), research in avian vision has led to believe that 
they do not in birds (Okano et al., 1995; Hart, 2001). 

Oil droplets

All five classes of cones (four single cone classes and one double cone class) possess colored oil 
droplets that filter the incoming light before it reaches the visual pigment. Oil droplets can be 
found in all classes of vertebrates but brightly-colored oil droplets have only been observed in 
birds (mostly diurnal birds) and in turtles (Walls, 1942; reviewed by Hart, 2001; Bowmaker, 
2008). These pigmented spherical organelles are located at the distal (ellipsoid) end of the inner 
segments of the cone and consists mostly of lipids and, except for the T-type oil droplet,  of 
carotenoids  (Hart,  2001).  They  therefore  act  as  long-pass  cut-off  filters  by  blocking  short 
wavelengths and consequently shift the absorbance curve of the cones towards the red end of the 
spectrum (Hart, 2001). Oil droplets are defined by their cut-off wavelength λcut, which is the 
point at which no light of shorter wavelength can be transmitted (Lipetz, 1984). Each type of 
cone has a different type of oil droplet with a different λcut: in the chicken, the SWS1 cone has a 
T-type (transparent) oil droplet, which does not contain carotenoids and thus does not shift the 
absorbance curve of the cone (Bowmaker et al., 1997; reviewed by Hart, 2001); the SWS2 cone 
has a C-type (colorless, clear) oil droplet which has a λcut of 450-454nm (Goldsmith et al., 1984; 
Okano et al., 1995; Hart, 2001); the MWS cone has a Y-type (yellow) oil droplet with a λcut of 
about 500-520nm (Bowmaker and Knowles, 1977; Okano et al., 1995; Hart, 2001); the LWS 
cone has a R-type (red) oil droplet that cuts off wavelengths below 570-585nm (Bowmaker and 
Knowles, 1977; Okano  et al., 1995; Hart, 2001); finally,  the principal member of the double 
cone contains a P-type oil droplet with a λcut ranging from 410 to 500nm depending on where the 
double cone is located in the retina 
(Okano et al., 1995; Hart, 2001).

Oil droplets have been hypothesized 
to  play  several  important  roles  in  color  vision: 
narrowing the spectral sensitivities of the associated cones (Bowmaker, 1977; Bowmaker et al., 
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Figure  1:  Absorbance  curves  of  the  four 
single cones of the chicken (Gallus gallus  
domesticus).  The  dashed  lines  represent 
the  absorbance  curves  of  the  visual 
pigments alone and the continuous lines 
represent  the  absorbance  curves  of  the 
visual  pigments  as  corrected  by  their 
associated oil droplet.  Figure from Okano 
et  al.,  1995,  with  permission  from  the 
publisher.



1997;  Hart,  2001,  Goldsmith,  2006)  thus  reducing  the  overlap  between  sensitivity  curves 
(Figure 1), improving chromatic contrast (Vorobyev et al., 1998), reducing chromatic aberration 
and glare (Walls, 1942; Vorobyev, 2003), protecting the outer segment of the cone from UV 
damage (Varela et al., 1993; Douglas and Marshall, 1999), and improving color discrimination 
in diurnal animals (Vorobyev, 2003). Oil droplets therefore give birds the ability to discriminate 
more colors than they would if they were lacking these colored organelles (Goldsmith, 2006). 

Table 1: Five types of cones with visual pigments, associated oil droplets, corresponding λcut values, and resulting spectral 
sensitivities of cones in domestic chickens (Gallus gallus domesticus). (*Okano et al., 1995; **Hart, 2001; ***Okano et al., 
1995, and Hart, 2001).

 

From the retina to the brain

Before it reaches the retina, the light has to pass through the cornea, the pupil, and the lens. 
Once it reaches the photoreceptors located in the retina, the opsin protein found in the receptors 
absorbs  photons  and  signal  transduction  begins.  Once  a  signal  is  produced  by  the 
photoreceptors, it  is transmitted to the bipolar cells 
which synapse  onto the retinal  ganglion cells,  the 
axons of which bundle up together to form the optic 
nerve  en route to the brain (Husband and Shimizu, 
2004;  Lamb  et  al.,  2007;  Goldstein,  2009).  Two 
other types  of cells  mediate  the lateral  transfer of 
information  across  the retina:  the horizontal  cells, 
involved  in  the  lateral  interactions  between 
photoreceptors and bipolar cells,  and the amacrine 
cells,  involved  in  the  lateral  interactions  between 
bipolar  cells  and  retinal  ganglion  cells  (Figure  2; 
Husband  and  Shimizu,  2004;  Lamb  et  al.,  2007; 
Goldstein, 2009). 

The interactions between these neurons can in fact 
explain  why rods are  more  sensitive  to  light  than 
cones. First of all, less light is required to stimulate 
a  rod  than  a  cone.  But  there  is  a  second  reason: 
indeed, the vertebrate eye, in general, contains a lot 
more rods than cones, and there are usually many 
more photoreceptors than there are retinal ganglion 
cells.  This  implies  that  one  retinal  ganglion  cell 
receives  several  messages  from  many  different 
photoreceptors,  a  phenomenon  called  neural 
divergence,  and  since  there  are  more  rods  than 
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Cone
λmax of visual 
pigment (nm)

Oil droplet 
associated

λcut of oil 
droplet 
(nm)

Resulting spectral 
sensitivity of cone 

(λmax in nm)

SWS1 419 T-type -- ~ 415*

SWS2 455 C-type 450-454 ~ 470*

MWS 508 Y-type 500-520 ~ 540**

LWS 570 R-type 570-585 ~ 610**

Double (principal member) 570 P-type 410-500 ~ 570***

Figure 2: Diagram of the avian retina and the cells 
involved  in  signal  transduction  for  color  vision. 
Figure  from Husband  and  Shimizu,  2004,  with 
permission from the authors.



cones, one retinal ganglion cell is usually connected to more rods than cones. As a consequence, 
the  incoming  signals  from rods  converge  more  than  that  of  cones,  meaning  that  the  firing 
threshold of the retinal ganglion cell is reached faster when rods are activated than when cones 
are activated; hence the observed higher light sensitivity of rods (Husband and Shimizu, 2004; 
Goldstein, 2009).    

 

Color Vision in Domestic Chickens

Birds rely very heavily on their visual sense and have consequently developed some of the most 
complex visual systems amongst vertebrates (Walls, 1942; Goldsmith, 1990; reviewed by Hart, 
2001). Visual systems are indeed some of the best examples of adaptation to specific lifestyles: 
from spectral sensitivity of the photoreceptors to the size and shape of the eyes, evolution has 
optimized the visual system of animals to best fit  their ecology (Yokoyama and Yokoyama, 
1996) such that  most  diurnal  birds,  such as domestic  fowls,  have come up with great color 
vision.  This  ability  necessitates  the  comparison  of  responses  between  two  or  more 
photoreceptors and is extremely important when it comes to seed dispersal and pollination (as 
developed in the Introduction). Furthermore, as main predators of invertebrates, it is important 
for birds to  recognize the different  color signals  that  invertebrates  have evolved as survival 
tactics: crypsis, mimicry, and warning coloration of poisonous species for instance (Nennett et  
al., 1994). 

Spectral Sensitivity

The domestic chicken (Gallus gallus domesticus), a common model organism in research, is in 
fact a domesticated form of the Red Junglefowl (Gallus gallus) and therefore shares the same 
visual features. Since the Red Junglefowl lives in the forest under a green canopy that shades the 
incoming radiance,  the spectral  characteristics  of  the light  reaching  the eyes  depend on the 
transmission  of  chlorophyll,  which  peaks  at  550nm  (Bowmaker  and  Knowles,  1977).  The 
domestic fowl should consequently be the most sensitive in the 550nm-region of the spectrum 
and indeed, Prescott and Wathes (1999) found their overall highest sensitivity at 533-577nm. 

The  spectral  sensitivity  of  the  chicken  is  very  different 
from that of the human, obviously because they have very 
different  ancestors  with  different  lifestyles  and  ecology. 
Humans,  just  like  chickens,  have  rods  and single  cones; 
however,  they  do  not  possess  any  type  of  double  cone. 
Only three types of single cones are found in the human: 
SWS1, MWS, and LWS, also known as the blue,  green, 
and red cones respectively.  The maximum absorbance of 
the visual pigments SWS1, MWS, and LWS, are different 
from those of chickens, peaking at approximately 419, 531, 
and 558nm respectively (Figure 3). 
 
As  previously  mentioned,  chickens  possess  one  type  of 
double  cone,  hypothetically  used  for  luminance 
discrimination and motion detection (Okano  et al.,  1995; 
Campenhausen and Kirschfeld, 1998), one type of rod used 
for dim-light vision and four types of single cones: SWS1, 
SWS2,  MWS,  and  LWS  with  maximum  spectral 
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Figure 3: Absorbance spectra of visual pigments 
in single cones of (A) chickens (normalized at the 
absorption  maxima)  and  (B)  humans.  Figure 
from Yoshizawa, 1994, with permission from the 
publisher.



sensitivities λmax at approximately 415, 470, 540, and 610nm respectively (Okano et al., 1995; 
Bowmaker et al., 1997; reviewed by Hart, 2001). All four singles cones have been found to be 
involved in color vision but the possibility of a role played by double cones has not yet been 
completely rejected (Osorio et al., 1999) although evidence suggests that they mediate motion 
detection  and  intensity  discrimination  (Okano  et  al.,  1995;  Campenhausen  and  Kirschfeld, 
1998),  not  color  vision.  As opposed to  many other  animals,  whose yellowish  ocular  media 
absorbs short wavelengths, the ocular media of the chicken, consisting of the vitreous body of 
the eye, the cornea and the lens, is transparent to UV light (Govardovskii and Zueva, 1977) such 
that short wavelengths can be perceived down to 360nm (Prescott and Wathes, 1999). 

Tetrachromacy 

Having four single cones (with four different sensitivity spectra) used for color vision gives the 
domestic fowl the potential for tetrachromacy. It is important, however, to distinguish retinal 
tetrachromacy  and  functional  tetrachromacy.  Retinal  tetrachromacy  is  the  condition  of 
possessing four types  of single cones in the retina,  whereas functional  tetrachromacy is  the 
ability to use these four types of cone cells such that an individual can discriminate a larger 
number of colors than a trichromat (Jameson, 2005). The chicken was found to have four types 
of  single  cones  (Bowmaker  and  Knowles,  1977)  which  makes  it  a  retinal  tetrachromat. 
However, in the last decade or so, researchers have gathered good evidence showing that the 
chicken uses all of its four single cones to convey color information to the brain and thus to 
recognize object by discriminating colors (Okano et al., 1995; Osorio et al., 1999). 

The chicken is thus assumed to be a functional tetrachromat, as opposed to the human whose 
three types of single cones restrict him to trichromacy. Two non-exclusive theories have been 
accepted to explain trichromacy in humans: the Trichromatic theory from Young and Helmholtz 
and the Opponent-Process Theory from Hering.  Both were proposed in  the 1800s based on 
behavioural tests but physiological evidence only came a century later. 

The Trichromatic theory of color vision suggested that for all perceivable wavelengths, the three 
types of cone cells were stimulated at different degrees resulting in different activity patterns 
which  could  be  recognized  and translated  by the  brain  into  a  color  (Goldstein,  2009).  The 
resulting three-dimensional color space found in humans was represented as a triangle, the three 
vertices of which correspond to the three types of pigments SWS1, MWS, and LWS (Figure 
4B).  Each  wavelength  that  is  perceivable  by  humans  can  then  be  represented  as  a  point 
somewhere in the triangle according to the relative stimulation of the three types of single cones 
(Yoshizawa, 1994; Okano et al., 1995; Goldsmith, 2006). It has been suggested by Burkhardt 
(1989) and Goldsmith (1990) that this theory can be expanded to tetrachromacy such that for all 
perceivable wavelengths, the four types of single cones would be stimulated at different degrees, 
leading  to  different  activity  patterns  in  the  receptors  which  would  result  in  perception  of 
different colors. This would lead to a four-dimensional color space which could be represented 
as a tetrahedron where the four vertices correspond to the four visual pigments (Figure 4C). 
Thus,  all  perceivable  wavelengths  could  be  represented  as  points  according  to  the  relative 
stimulation of the four types of single cones (Yoshizawa, 1994; Okano et al., 1995). For both 
the color triangle and the color tetrahedron, the distance from a point in the color space to every 
side corresponds to the relative absorbance of the visual pigment represented at the opposite 
apex (Yoshizawa, 1994; Okano et al., 1995).
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Figure  4:  Chromaticity  diagrams  for  human 
trichromacy  and  chicken  tetrachromacy.  (B)  Color 
triangle  representing  the  trichromatic  color  space of 
humans (absorption spectra of SWS1, MWS, and LWS 
pigments were normalized at the peaks).  The closed 
circles  represent  monochromatic  lights  at  5nm-
intervals and the distances R, B, and G are equidistant 
such that the center point corresponds to white light. 
(C) Color tetrahedron representing the color space of 
chickens. Open circles represent monochromatic lights 
at  5nm-intervals  without  the  filtering  of  colored  oil 
droplets  while  the closed circles represent  the same 
with the filtering of colored oil droplets.  Figure from 
Okano  et  al.,  1995,  with  permission  from  the 
publisher.

The theory explained above therefore describes what is happening at the beginning of the visual 
system, in the photoreceptors of the retina, such that at least three wavelengths are required to 
match any perceivable wavelength (Goldstein, 2009). The second theory that was accepted to 
explain color vision in humans describes the biological events further down in the process of 
color  vision  and  is  known as  the  Opponent-process  theory,  which  was  firstly  proposed  by 
Hering and later developed by Hurvich and Jameson (1957). It states that three pairs of neural 
mechanisms, based on opponency, convey color information to the human brain via opponent 
neurons (Goldstein, 2009). One mechanism is used for discrimination between black and white 
(based  on  illuminance)  while  the  remaining  two  mechanisms  serve  the  purpose  of  color 
discrimination: one mechanism compares the output between LWS cones and MWS cones, i.e. 
red-green opponency, and another one compares the combined output of LWS and MWS cones 
to the output of the SWS1 cones, i.e. yellow-blue opponency (Figure 5; Goldstein, 2009). The 
brain processes as follows: for example,  if  a green light  reaches  the retina,  the blue-yellow 
opponent  mechanism  signals  it  is  neither  blue  nor  yellow,  while  the  red-green  opponent 
mechanism signals it is not red, therefore it must be green; if a yellow light reaches the retina, 
the blue-yellow opponent mechanism signals that it is not blue, while the red-green opponent 
mechanism signals it is both red and green; therefore it must be yellow (Anders Ödeen, personal 
comment). Hering found these opponent mechanisms when realizing that it is very hard, maybe 
impossible, to imagine a mixture of blue and yellow or a mixture of red and green. 
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Figure 5: Diagrams of the opponent mechanisms used for color vision in 
humans as described by the color opponency theory of Hering.



However, it still remains a mystery 
whether  opponent  mechanisms 
exist  in  the  chicken.  Because 
opponency in humans allows for a 
clearer  and more  efficient  way to 
discriminate  between wavelengths 
than the simple ratio of responses 
by single cones (Goldstein, 2009), 
it is expected that birds possess the 
same type of mechanism. Wioland 
and Bonaventure hypothesized the 
existence of green-red and red-far 
red opponent mechanisms back in 

1981 based on an electroretinography of the chicken retina. Nearly two decades later, it was 
suggested that at least three opponent mechanisms existed in the chicken: SWS1-SWS2, MWS-
LWS, and SWS2-MWS and/or LWS (Figure 6; Osorio et al., 1999). However, no compelling 
evidence  has  yet  been  found to  confirm the  existence  of  any  opponent  mechanisms  in  the 
chicken. 

Color Categorization

Humans,  like other  animals  with color  vision abilities,  use colors  to  recognize  objects.  But 
unlike non-verbal animals,  humans found a way to facilitate communication and recognition 
using color naming. Indeed, they categorize colors using names that are usually short and easy 
to  remember.  Each name or  category describes  a  part  of  the  color  continuum delimited  by 
definite boundaries and contains one wavelength representing the ideal example of that category 
(Boynton and Olson, 1987; Jones et al., 2001). It has been suggested that the six Hering primary 
colors,  consisting of black,  white,  blue,  green,  red,  and yellow,  “may constitute  a universal 
foundation for color naming” in humans (Regier  et al., 2005). Linguistics,  environment, and 
culture have been found to influence color categorization both at the individual level and at the 
population level; nevertheless, the six Hering primary colors result in cross-cultural similarities 
in color naming (Komarova et al., 2007). 

On the other hand, color categorization in chickens has not yet been resolved. Jones and his 
colleagues  (2001) raised a very important  point  by asking if  the existence of language was 
necessary for a species to develop color categorization, a question to which Davidoff (2001) 
answered affirmatively. Jones  et al. (2001) found that chickens interpolate between colors but 
do not extrapolate past the limits of the example colors, meaning that they can divide the color 
continuum into categories. Furthermore, chicks were found to interpolate between some pairs of 
colors such as red and yellow, but not between blue and yellow, a phenomenon found in humans 
as well. Therefore, similarities in color categorization exist between humans and chickens.

The location of the color categorization process in the human brain remains currently unknown, 
although it  is  mainly believed to  take place  in  the cortex.  There is  some evidence that  the 
chromatic mechanisms resulting in color categorization operate somewhere before the visual 
area  V4 in  the  visual  cortex  (Walsh  et  al.,  1992).  Since  most  investigations  were  done  on 
humans and other primates, further research regarding the biological processes involved in color 
categorization is needed, both in humans and other organisms.   
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Figure  6:  Diagrams  of  the  opponent  mechanisms  used  for  color  vision  in 
chickens, as suggested by Osorio, Vorobyev, and Jones, 1999. 



This  study  uses  behavioural  responses  to  colored-light  stimuli  in  order  to  investigate 
categorization  of  color  mixtures  stimulating  simultaneously  two  types  of  single  cones  in 
domestic  chickens:  are  these  mixtures  perceived  as  a  secondary  color  (such  as  yellow  in 
humans) or as a mixture of two primary colors (such as cyan in humans)? The purpose of this 
study was to find how many color categories are used in chicken color vision of spectral colors 
and what their categorical boundaries are.

Materials and Methods

Experimental Arena

I used an operant conditioning chamber (also known as Skinner box), an experimental device 
invented by the American psychologist B.F. Skinner to study animal behaviour. The box was 
designed by Diana Rubene, an Uppsala University master student who studied flicker sensitivity 
in  chickens  for  her  Master  degree  project  in  2009,  and which in  turn is  similar  to  the one 
depicted and used by Prescott and Wathes (1999). 

The Skinner box I used was a black rectangular wooden box of size 550x650x550mm lacking a 
bottom and a roof (Figure 7). The floor serves as bottom, and no roof is necessary since most 
chickens do not fly out of the box (and the absence of a roof makes the chickens feel  less 
trapped and less stressed in the box). One of the long sides of the box contains two circular 
holes of 20mm of diameter, 250mm apart from one another, located at pecking height (50mm 
from the floor), in both of which an aluminium tube equipped with 5mm-LED (Light Emitting 
Diodes)  lights  could  slide  and serve as  a  light  source.  Each aluminium tube  had the  same 
diameter as the holes but their length varied between 40, 80, and 120mm. The number of LEDs 
inside the tube varied between one and six depending on the wavelength represented, but they 
were positioned in such a way that the shape of the diodes could not be distinguished through 
the diffusion filter.  Attached to the outer wall  of the box were two UV-transparent Perspex 
panels through which the light stimuli had to pass. The diffusion filter (and neutral density filter 
if needed) was located between the Perspex panel and the light source at both holes. In order to 
prevent  external  light  from  altering  the  light  stimuli,  a  “light-box”  of  dimensions 
200x200x40mm covered  each of  the  two holes  and contained  the  light  source,  the Perspex 
panel,  and the diffusion filter.  A feeder, with a sliding opening mechanism giving access to 
pieces of cooked spaghetti, was located between the two light boxes at 50mm above floor level 
(Figure 7). Each of the two light sources was connected to its own function generator (2 MHz, 
GW Instek, Suzhou, China) which was sending a signal of 20000Hz, therefore perceived as 
steady light by both chickens and humans.

Figure  7: The Skinner box. To the left, photograph of 
the box, with the two light boxes from which protrude 
the two aluminium tubes (light sources) connected to 
two generators. To the right, a photograph from the 
inside of the box showing a hen choosing between the 
two  light  stimuli  (the  closed  feeder  can  be  seen 
between the two light sources).

12



Experimental Treatments

In  total,  I  used 13 LED light  stimuli  of  different  wavelengths  ranging from 382 to  689nm 
ordered  from LED  supply  (Randolph,  Vermont,  USA)  and  Roithner  Lasertechnik  (Vienna, 
Austria).  To  prevent  any  influence  of  the  double  cone  for  color  discrimination  in  this 
experiment, the intensity of all stimuli must be fairly similar; therefore I calibrated all the light 
stimuli so the intensity variation would be +/- 20% (it seems like a large difference, but since the 
chickens  were trained to  ignore intensity  differences  when discriminating  colored stimuli,  it 
does not have much importance). The intensity of each light stimulus was measured, using a 
spectrophotometer  (AvaSpec-2048  connected  to  an  Avantes  CC-UV/VIS  cosine  corrector) 
associated with a computer software (AvaSoft 7.0), on the surface of the Perspex panel such that 
the  light  had  to  pass  through the  diffusion  filter  (75% transmittance;  Lee  Filters,  Andover, 
England)  and,  in  some  cases,  through  neutral  density  filters  (15%,  25%,  50%,  and  65% 
transmittance; Lee Filters, Andover, England) before reaching the spectrophotometer. 

The relative  number of photons (quantum catch)  reaching the chicken retina was calculated 
according to the spectral sensitivity of the species  Gallus gallus for all single cone types. The 
total amount of light perceived by chickens was adjusted so it would fit in a +/- 20% interval 
(such that the sum of relative quantum catch (I) was 5.8365x1023 < I < 7.1335x1023 counts per 
sec). The following formula was used to calculate the sum of relative quantum catch (I) for all 
wavelengths between 300 and 750nm:

with      L = counts (s-1)
             S = summed relative cone sensitivity (Gallus gallus)

 K = calibration coefficient 
 W = photon energy (Jnm-1s-1).

The intensity of the light stimuli was adjusted to fit the interval by varying the number of LEDs, 
the length of the LEDs’ legs, and the distance from the light source to the Perspex panel (length 
of  the  aluminium  tube),  and/or  adding  neutral  density  filters  of  15%,  25%,  50%,  or  65% 
transmittance. 

LEDs of some wavelengths contained traces of other wavelengths in their spectrum and had to 
be corrected using color effect filters (Lee Filters, Andover, England). Here below, I present a 
table  (Table  2)  showing  the  labelled  and  actual  wavelengths  of  all  13  stimuli  used,  their 
references  in the market,  their  corresponding quantum catch,  and the adjustments needed to 
correct the spectrum and the intensity. 
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Table 2: The 13 light stimuli, their labelled and actual wavelengths, quantum catch, color effect filter (if needed) to correct traces of unwanted wavelengths, and the intensity adjustments 
required: length of aluminium tube (corresponding to distance between light source and Perspex panel), number of LEDs, and type(s) of neutral density filter(s).  The neutral density filters 
are designated according to the supplier’s naming (Lee Filters, Andover, England), such that 0.15ND filters have a 65% transmittance, 0.3ND have a 50% transmittance, 0.6ND have a 25%  
transmittance, and 0.9ND have a 15% transmittance. 

Labelled 
wavelength 

(nm)

Actual 
wavelength 

(nm)

Quantum 
catch 

(counts.s-1)

Tube 
length 
(mm)

Number 
of LEDs

Neutral density filters 
(if needed) Color effect filter 

(if needed)
Supplier of
the LED(s)

Part number Angle 
(deg)0.15

ND
0.3
ND

0.6
ND

0.9
ND

380 378 6.10x10^23 120 3
Roithner 

Lasertechnik
RLS-UV380 30

399 402 6.63 x10^23 120 2 X unknown unknown unk.

440 450 6.10 x10^23 80 6 Jaywinter blue LED supply L4-0-P5TH15-1 15

470 463 6.83 x10^23 120 2 X LED supply L1-0-B5TH30-1 30

490 486 6.08 x10^23 120 2 X
Roithner 

Lasertechnik
LED490-03U 24

490 491 6.31 x10^23 120 1 X X
Roithner 

Lasertechnik
LED490-03U 24

525 525 6.14 x10^23 80 2 X X Oklahoma yellow LED supply L1-0-G5TH30-1 30

572 575 6.89 x10^23 40 5
Roithner 

Lasertechnik
B5-433-20D 30

594 602 6.08 x10^23 80 2 X unknown unknown unk.

610 617 6.82 x10^23 120 2 X X LED supply L4-0-O5TH30-1 30

630 645 5.94 x10^23 80 4 X X X LED supply L2-0-R5TH20-1 20

655 652 6.72 x10^23 120 2 X X
Roithner 

Lasertechnik
RLS-655-3-25 25

680 689 5.84 x10^23 80 6 X
Roithner 

Lasertechnik
ELD-680-524 20
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Subjects

Twenty  female  domestic  fowls  (Gallus  gallus  domesticus)  of  old  Swedish  game  breed 
“Gammalsvensk dvärghöna” were used in this study. They are part of a randomly-bred, mixed-
age, and mixed-sex population that was born and raised at Tovetorp Zoological Research station 
(Stockholm University, Nyköpings kommun) under relaxed selective pressures. The birds, fed 
with normal bird feed, are housed inside during the winter and outside the rest of the time (when 
temperatures allow it).  The Tovetorp chicken population is used in behavioural research on a 
regular  basis  and the birds have proven to  quickly and accurately learn to  respond to  light 
stimuli  in  several  previous  experiments  (Diana  Rubene,  personal  comment).  The  testing 
laboratory was equipped with a window that allowed sunlight in, such that the light levels in the 
room,  when the light  stimuli  were turned off,  ranged from 10 to 15 lux (depending on the 
weather of the day). No additional lighting inside or outside the Skinner box was used. The birds 
were not starved before training or testing. Instead, I used pieces of cooked spaghetti as food 
reward since these chickens show great appetite and motivation for them even when they are not 
hungry. Unlike chicks, adult hens did not need to be trained and tested in pairs, since they did 
not exhibit any stress from solitary confinement. The hens that were used were between one and 
five years of age.  The training and testing periods overlapped since all birds do not learn the 
procedure at the same pace.  The training lasted for 3 weeks while the testing took about 2 
weeks.

Training

Chickens have been found to remember color accurately in previous experiments (Osorio et al., 
1999; Jones et al., 2001; Rubene et al., 2010) and so I trained them to remember, recognize and 
associate  a  particular  wavelength  with food reward.  The twenty hens,  of random age,  were 
divided into four groups of five, following four different treatments. Some hens were randomly 
assigned to a group while others were assigned to a specific group according to the training they 
received in previous visual experiments so that the training would go faster. Four light stimuli 
(402nm, 463nm, 525nm, and 617nm) were used during training, corresponding to the available 
wavelengths that were the closest to the λmax of each of the four single cones.

The birds were trained to choose or reject  colored light 
stimuli  responding to  different  single  cones  and correct 
choices were rewarded with food. The training treatments 
were  designed  so  as  to  avoid  the  overlap  between 
sensitivity curves of the single cones involved: SWS1 vs. 
MWS, SWS2 vs.  LWS, MWS vs.  SWS1, and LWS vs. 
SWS2 (Table 3). Double cones have been hypothesized as 
capable of detecting variations in intensities (Okano et al., 
1995). Such variations may still be present after calibration 
and  therefore  may  influence  stimuli  discrimination.  In 

order to avoid such effects in the testing procedure, the chickens were trained to ignore intensity 
differences  while  discriminating  colored  stimuli,  as  we often  changed the  intensity  of  both 
training stimuli (positive and negative) using neutral density filters. Also, positive and negative 
stimuli were randomly switched from one side to the other so as not to create any association 
between one specific panel and food reward. 
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Table 3:  The four groups of five hens and their 
corresponding training treatments.

Group Rewarded 
wavelength 

/ correct 
choice (nm)

Non-
rewarded 

wavelength / 
incorrect 

choice (nm)
1 402 525
2 463 615
3 525 402
4 617 463



A typical trial consisted in turning on both training lights at the same time, wait, and as soon as 
the hen identified the correct signal and pecked at the correct panel 4 or 5 times (depending on 
the individual), both lights were turned off at the exact same moment as the reward tray opened 
to  give  a  two-second access  to  the  food.  This  procedure was repeated  until  ten  trials  were 
completed for each of the test colors.

Testing procedure

I started testing individuals once they were capable of identifying the correct test stimulus at 
least 90% of the time. The goal of the testing procedure was to investigate the birds’ responses 
to intermediate stimuli using new ones: the rewarded/positive stimulus contained more or less of 
the  rewarded  training  signal  while  the  non-rewarded/negative  stimulus  was  of  the  other 
wavelengths that were not the non-rewarded/negative signal used in training and did not belong 
in the spectral  sensitivity curve of the studied single cone (the one used for recognizing the 
rewarded training signal). Table 4 summarizes the testing procedure for each group:

Table 4: Testing procedure for the four chicken groups. For each trial, one panel shows a rewarded test stimulus containing 
some of the positive training signal while the other panel shows a non-rewarded signal that is neither the negative stimulus 
used in training, nor a signal found within the spectral sensitivity of the tested single cone. 

Group
Tested 

single cone 
Trained to 

identify
Rewarded/positive test signal (nm)

Non-rewarded/negative signal 
(nm)

1 SWS1 402nm 378, 450, 463, 491, 525 575, 602, 617, 645, 652, 689
2 SWS2 463nm 402, 450, 486, 491, 525 378, 602, 645, 652, 689
3 MWS 525nm 450, 463, 486, 491, 575, 602, 617 378, 450, 645, 652, 689
4 LWS 617nm 575, 602, 645, 652, 689 378, 402, 450, 486, 491, 525

The  negative  signals  used  during  testing  were  made  different  from  the  one  used  in  each 
respective training group in order to avoid that the hens used the process of elimination during 
testing. 

For each positive test signal of every group, 10 trials were recorded and the resulting percentage 
of correct choice was calculated in order to determine which wavelength was categorized as 
which color by fowls.

Before each testing period, the individual was given 10 trials with training stimuli to remind her 
of the training procedure. During the testing procedure, the positive and negative signals were 
randomly  associated,  used  in  random  order,  displayed  at  equally  energetic  intensities  (as 
calibrated above), and randomly switched from side to side, so as not to create any association 
in the chicken’s brain. Also, since the testing procedure can create confusion for the chickens, 
two training trials were done between every seven testing trials in order to remind the chickens 
of the original positive color and ensure that the resulting confusion did not lead to randomness 
in the choice made by the chickens.

80% was chosen as the cut-off value such that if the percentage of correct choice for a specific 
wavelength  was  above or  equal  to  80%,  that  wavelength  is  considered  to  be  perceived  by 
chickens as the color corresponding to their respective group.
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Results

The results of the present study suggest that chickens do in fact 
categorize colors. In order to simplify the following explanation, 
color naming will be borrowed from humans such that the colors 
perceived by the chicken brain as a result of responses from the 
single cones SWS1, SWS2, MWS, and LWS will be referred to 
as chicken violet, blue, green, and red respectively. 
 
For all five chickens of each of the four groups, the percentage of 
correct choice was calculated for each tested wavelength. Then 
for  each  tested  wavelength  of  each  group,  an  average  was 
calculated with four percentage values chosen out of the obtained 
five, such that the most extreme value was excluded in order to 
account for behavioural error (Table 5). Indeed, some hens were 
very bold and confident, whereas others were more shy, hesitant, 
and confused by the experiment, sometimes leading to non-sense 
percentage values.    

Based on the cut-off value of 80% of correct choice, the results 
suggest that 

- wavelengths from 378 to 491nm stimulate the SWS1 
cone  most  and  are  thus  perceived  as  chicken violet 
(after curve fitting, the drop at 450nm was found non-
significant as it was included in the 95% confidence 
interval of the fitted curve; Figure 8),

- wavelengths from 402 to 491nm stimulate the SWS2 
cone most and are thus perceived as chicken blue,

- wavelengths  from  463  to  602nm  stimulate  the  MWS  cone  most  and  are  thus 
perceived as chicken green,   

- and wavelengths  from 602 to 689nm stimulate  the LWS cone most  and are  thus 
perceived as chicken red.

The results were analyzed using the XLfit add-in (version 5.2.0.0 from ID Business Solutions 
Ltd.) for data curve fitting in Microsoft Excel. The data were fitted with appropriate models 
such that  the goodness of fit  as  measured by the coefficient  of determination  R² and F-test 
significance  were  over  0.95  (Table  6  and  Figure  8).  The  coefficient  of  determination  R² 
describes the proportion of variation in the dependent variable (percentage of correct choice) 
that  can be explained by the regression line (Olle Håstad, personal comment) and the F-test 
significance represents the probability of the difference between fitted and observed data being 
down to chance (as defined in the XLfit application). Therefore, the higher the R² and F-test 
significance values, the better fitted the curve is. 
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Table  5:   Average  percentage  of 
correct choice according to tested 
wavelength  and  group  (the  most 
extreme  of  the  five  percentage 
values was omitted to account for 
behavioural error). 
Test 

group
Tested 

wavelength 
(nm)

Average 
of correct 

choice 
(%)

1 378 100
1 402 100
1 450 77.5
1 463 85
1 491 90
1 525 60
2 402 100
2 450 82.5
2 463 100
2 486 85
2 491 95
2 525 45
3 450 67.5
3 463 80
3 486 87.5
3 491 92.5
3 525 100
3 575 100
3 602 85
3 617 70
4 575 65
4 602 100
4 617 100
4 640 100
4 652 100
4 689 100
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As can be seen on the fitted data (Figure 8), the curves overlap greatly,  meaning that some 
wavelengths are perceived as several colors simultaneously,  i.e. color mixtures. For instance, 
wavelengths ranging from 402nm to 491nm are categorized as both chicken violet and blue, 
wavelengths  from  463nm  to  491nm  are  categorized  as  both  chicken  blue  and  green,  and 
wavelengths from 602nm to 617nm are perceived as both chicken green and red. According to 
the obtained results, chicken color vision consists of four primary colors (UV, blue, green, and 
red);  however,  chickens  do  not  seem to  perceive  any secondary  colors  (such  as  yellow  in 
humans)  when  stimulated  by  mixtures  of  consecutive  primary  colors.  This  leads  to  a 
classification of spectral colors into four color categories: chicken UV, chicken blue, chicken 
green and chicken red.

Because of the small sample size of our data, a repeated-measures-ANOVA would not show any 
accurate or reliable results. 
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Group data R² values
F-test 
value

F-test 
significance

Model 
df

Model used to fit

1 (SWS1 cone) 0.975508 1.025108 0.981403 4 353: Sigmoidal Equilibrium Model
2 (SWS2 cone) 0.969926 1.031072 0.974031 4 353: Sigmoidal Equilibrium Model
3 (MWS cone) 0.979096 1.017343 0.983882 3 751: Reciprocal Quadratic Model
4 (LWS cone) 0.999907 1.003054 0.997141 4 251: Sigmoidal Model from A to A+V

Table  6:   Curve fitting  of  obtained  data  for  each  group by  XLfit:  models  used,  degrees  of  freedom used in  the  model, 
coefficient of determination values (R²), and F-test values and significance.  

Figure 8: Categorization of colors within the visible spectrum of the chicken: Percentage of correct choice according 
to group and tested color. The violet curve represents the SWS1 group’s response, the blue curve represents the 
SWS2 group’s response, the green curve represents the MWS group’s response, and the red curve represents the 
LWS group’s response. The framed points represent data points that were outside of the 95% confidence intervals of 
the fitting curves and therefore not included in the data to be fitted.



Discussion

Overall comparison to previous studies concerning the chicken

The present study differs from most of the color vision studies done on chickens in that we used 
light  stimuli  rather  than  printed  stimuli.  Using  two  monochromators  would  have  made  the 
experiment more accurate and simple to interpret, but budget restrictions limited me to using 
LED lights, the spectra of which are relatively wide. 

It was suggested by Jones  et al. (2001) that chickens do in fact divide the spectral continuum 
into categories. The authors found that chickens interpolate but do not extrapolate between two 
training colors. For instance, they interpolated between the following pairs of chicken colors: 
red and yellow, blue and green, red and blue, and red and green, but not between blue and 
yellow.  This coincides with the present results: mixtures of red and green do not seem to be 
perceived as a secondary color (yellow for humans) but instead as a color mixture of primary 
colors red and green; similarly, the mixture of blue and green is perceived as a color mixture 
(cyan for humans). The fact that a mixture of red and green is perceived as a color mixture in 
chickens whereas it is perceived as the secondary color yellow in humans suggests the existence 
of substantial differences in color perception and categorization between humans and chickens. 
However,  the fact  that  both chickens  and humans  perceive  a  blue-green mixture  as a  color 
mixture (and not a secondary color) and seem to be incapable of interpolating between blue and 
yellow suggests the existence of similarities in color perception between the two species.

Our results  suggest that  three or four color categories exist  in the chicken:  chicken red and 
chicken green would be two distinct categories, whereas chicken UV and chicken blue could 
fuse  in  the  same  category  (short-wave)  because  their  respective  curves  overlap  so  much. 
However, it has been found that UV and blue can be easily discriminated from one another 
(Osorio  et  al.,  1999)  and  our  results  show  that  perception  of  UV  drops  at  much  shorter 
wavelengths than that of blue. Chickens probably categorize blue and UV in the same short-
wave category but are in fact  capable of discriminating between the two. We will  therefore 
assume four color categories in the chicken color classification.  

The important  overlapping  between color  categories  in  chickens,  due to perception of color 
mixtures and not secondary colors (such as yellow in humans), makes it hard to identify the 
boundaries. The categorical boundaries of fowls may be much less sharp than those of humans. 
However,  it  was  suggested  by  Ham  and  Osorio  (2007)  that  chickens  should  have  sharp 
categorical boundaries based on their collected evidence and that found for the pigeon (see next 
section).  Unfortunately,  my  results  cannot  provide  any  concrete  idea  about  the  boundaries 
between color categories in chickens: I find that the UV and blue spectra overlap quite a lot, 
which may be in part due to the fact that the SWS2 gene is derived from the SWS1 (Yokoyama 
and Yokoyama, 1996; Yokoyama, 2000; Trezise and Collin, 2005), and also that evolution has 
formatted the visual capacities of birds to high sensitivity for shortwave light. The blue and 
green spectra overlap enough to make the boundary indiscernible, but I would suggest 490nm as 
an approximation. Finally, the green and red spectra do not overlap, so one could suggest 600nm 
as a categorical boundary between chicken blue and chicken green, but the lack of data between 
575nm and  602nm would  make  it  inaccurate.  I  can  then  only  suggest  that  the  categorical 
boundary  between  chicken  green  and  chicken  red  is  located  somewhere  between  575  and 
602nm. Further research is needed to clearly identify those categorical boundaries. 
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It also remains theoretically possible that some much more complicated opponent mechanisms 
give  birds  the potential  to  perceive  a  color  mixture  and the  primary  colors  making  up that 
mixture, both at the same time. This possibility also calls for future examination.

Overall comparison to previous studies concerning other species

In 1965, Boynton and Gordon conducted an experiment on color categorization in humans and 
arrived at four color categories: blue (450-495nm), green (495-565nm), yellow (565-585nm), 
and red (585nm and over). An interesting observation is that the boundary between blue and 
green in humans seems fairly similar to that of chickens that we hypothesized earlier (490nm). 

Regarding other species, macaques have been shown to classify wavelengths according to the 
same  four  categories  as  humans:  blue,  green,  yellow,  and red  (Sandell  et  al.,  1979).  Since 
primates do not share the same culture as we humans do, we would expect differences in color 
categorization if they were a result of experience, learning, and culture. However, macaques and 
some other primates seem to classify colors the same way humans do, which may thus be a 
result  of the re-evolution of trichromacy among primates.  Indeed,  according to phylogenetic 
analysis of visual pigments, the most common ancestral vertebrate would have had the LWS, 
SWS2, and SWS1 pigments as well as an Rh pigment which would have served as the origin for 
the  Rh1  and  Rh2  pigments  found  in  rods  and  MWS  cones  respectively  (Yokoyama  and 
Yokoyama, 1996; Yokoyama, 2000; Bowmaker, 2008). Therefore, the members of Placodermi, 
consisting of archaic jawed fishes, would have possessed the entire set of visual pigments found 
in  the  color  vision  system currently  found in  reptiles,  birds,  and  most  amphibians:  SWS1, 
SWS2,  Rh2,  and  LWS.  However,  most  mammals  have  lost  the  Rh2  and  SWS2 pigments, 
presumably due to the long nocturnal phase of their ancestors, and are consequently dichromats 
today,  left  with  LWS  and  SWS1  pigments,  (Bowmaker,  2008).  Some,  notably  marine, 
mammals, lost an additional visual pigment in SWS1, and are therefore monochromats, left with 
only LWS pigments in a rod-dominated retina. However, some mammals re-evolved new visual 
pigments to accommodate their new lifestyle:  in some primates, the LWS gene underwent a 
gene duplication that led to a new pigment called MWS which has its maximum absorbance in 
the green spectrum (Bowmaker, 2008). These primates, including humans, are thus trichromatic, 
and  according  to  evidence,  share  the  same  color  categories.  As  previously  mentioned,  the 
macaques have the same four categories as found in humans, and so do chimpanzees. It was 
shown  by  Matsuzawa  (1985)  that  chimpanzees  can  group  colors  according  to  a  fairly 
complicated classification using 10 categories also found in humans: black, grey, red, orange, 
yellow,  green,  blue,  purple,  pink,  and  brown.  Sandell  et  al. (1979)  suggested  that  color 
categorization was a result of trichromacy rather than cultural training, and indeed, it was found 
that chimpanzees classify colors whether they are thoroughly trained for it or not (Matsuno et  
al., 2004). However, the longer the training for color discrimination and color naming is, the 
more consistent the color categorization becomes (Matsuno et al., 2004). 

Therefore, color categorization should exist in all trichromatic primates and be similar to that of 
humans, and can be improved by cultural training which is then not a prerequisite. Bornstein 
(1987) suggested that language, culture, and experience were not necessary for an organism to 
exhibit the capacities for color categorization since, so far, all species that both can see colors 
and have been investigated for color categorization have shown division of the visible spectra in 
some  way.  In  fact,  different  species  have  different  visible  spectra  that  they  divide  in  very 
different ways, with varying number of categories and categorical boundaries, but whether it is a 
bee,  a  monkey,  or  a  bird,  they  both  seem to  categorize  colors  someway.  Even  with  such 
overwhelming  evidence,  some  studies  contradict  this  point  of  view  and  suggest  that  color 
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categorization is a human-only characteristic that can only be developed through high levels of 
cognition allowing language (Fagot et al., 2006). 

According to the previously mentioned studies, we can assume that most trichromatic primates 
classify  spectral  colors  in  the  same  way  as  humans  do,  and  therefore  possess  the  same 
categorical boundaries. Chickens should therefore have a blue-green boundary fairly similar to 
that of most trichromatic primates (approximately 490-495nm). 

Color categorization in honeybees was investigated by Von Frisch (1964) and although no clear 
categorical boundaries were proposed, they were found to divide their visible spectrum in some 
way. Later on, pigeons were found to categorize colors in a very different manner from that of 
humans: 540nm and 595nm were found as transition points between green and potential yellow, 
and between potential yellow and red (Wright and Cumming, 1971). However, the authors could 
not obtain any conclusive evidence as to whether the mixture of red and green was perceived, 
and thus categorize,  as a  secondary color  (such as yellow in humans)  or simply as a color 
mixture. The categorical boundaries in the pigeon seem very different from those of humans: 
540nm is found in the middle of the green spectrum in humans and 595nm does not correspond 
to any transition point in humans (Wright and Cumming, 1971). Although 540nm is also found 
in the middle of the green spectrum of the chicken, 595nm could potentially be a transition point 
common to both pigeons and chickens,  since 595nm belongs to the previously-hypothesized 
interval for the green-red categorical boundary of the chicken.  

Many experiments on other species are based on hue matches by color mixtures which allow 
researchers to find out how many cones are involved in color vision. These experiments consist 
of  finding  out  the  required  amount  of  two  primary  colors  to  be  combined  to  match  an 
intermediate color. In many of these, it is hard to say if the match values correspond to an exact 
match or to an approximation resulting from the possibility that the organism may be capable of 
generalizing for hue. This is the case for the goldfish, which was shown to be tetrachromatic 
through  color  mixtures  experiments,  but  it  remains  unknown  if  the  match  values  for 
intermediate wavelengths were exact or approximations by generalization for hue (Neumeyer, 
1992).  Further  research  is  needed  to  investigate  color  categorization  in  the  goldfish. 
Interestingly, Neumeyer also showed that an additive mixture of four primary wavelengths was 
necessary and sufficient to match white light, which could mean that there is an equivalent to the 
Trichromatic Theory for tetrachromacy. 

Bird Behavior

I was very lucky to work with adult chickens that had previously been trained in a Skinner box, 
as chicks or young adults, by Diana Rubene. Most of them were therefore very comfortable in 
the box and already knew the procedure. While the training would have taken over a month if 
they had never been in such an experiment, it only required two or three weeks depending on the 
individuals.  We  selected  chickens  according  to  performance  in  previous  experiments  and 
according to treatment (so that memories of previous trainings would not affect the results): for 
instance, those that were previously trained for red light became part of group 4, those that were 
trained for UV became part of group 1, and so on. 

Time required for training varied according to age and personality. Older hens were more fearful 
and stressed, and took longer to train, but after four training sessions or so, they finally started to 
relax and performed the training procedure fairly quickly. Most of the younger hens were bolder 
than the older ones, and were very easy and quick to train. Some of them even showed a lot of 
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excitement when entering the box as the memory of spaghetti being rewarded there seemed to 
come back to them. Basically, different personalities led to different training time periods, but in 
the end, all of them recognized their training color over 90% of the time. 

Chickens  have  been  found to  learn,  recognize,  and remember  colors  accurately in  previous 
studies,  and although the wavelength and intensity of the positive stimuli  were changed for 
every trial during testing, we suspect that chickens might have started to learn the new positive 
stimuli used during testing as they were used several times. However, if they had, the drop in 
percentage of correct choice would not have been as obvious as it was for all four groups in our 
results. Another worry was that of chickens using the process of elimination rather than actually 
recognizing the positive stimulus, such that they would look for the negative stimulus and peck 
at the other stimulus. Even if that were the case during training, the birds had to change strategy 
when the negative stimuli during testing would go from short-wave to long-wave (in the case of
groups 2 and 3) or would vary over a range of 110nm (in the case of groups 1 and 2).   For 
further research, testing would be more accurate if a wider choice of LED wavelengths were 
available.

Even  with  all  the  measures  taken,  some birds  outsmarted  me.  One hen  was  so  smart  that, 
although she performed perfectly (100% correct choice) during training, she would look at both 
stimuli during testing and, realizing that none of the stimuli were of the exact wavelength that 
she had been trained for, she remained passive. However, as soon as we put the training lights 
back on, she was back to her best performance. Therefore, some individuals are too smart for 
such experiments but can surely be used for more complicated ones that would exploit their true 
potential. 

A very interesting  fact  is  that  about  a  quarter  of  the  hens,  even some of  the  boldest  ones, 
exhibited fearful behaviour (screamed and jumped back) when the 450nm stimulus was turned 
on; others looked very hesitant in their pecking on that stimulus, and yet others did not react in 
any  special  way  at  all.  This  atypical  behaviour  can,  at  least  partially,  explain  the  drop  in 
percentage  of  correct  choice  observed at  450nm for  group 2.  Could  it  be  that  450nm is  a 
wavelength  that  they associate  to  some sort  of  danger  (predator),  that  they perceive  it  as  a 
secondary color rather than a color mixture, that they never came across that color before and 
were startled by it, or simply that the 450nm-LED lights showed some atypical characteristics 
(compared to the other LEDs used) that remained undetectable to my eyes? The answers remain 
unknown, but further investigation regarding that particular wavelength could be very useful in 
the contexts of crop protection and prevention of wildlife collisions with man-made structures 
such as power lines, buildings, aircrafts, and wind turbines.    
  

Future research and possible applications

As shown by our results and so many found in the literature, many animals divide their visible 
spectrum into very different categories from those found in humans, especially if the animals are 
dichromatic or tetrachromatic. Consequently, it is important for researchers to use caution when 
labelling experimental stimuli using human color naming. For instance, what appears green to 
us humans might appear bluish, yellowish, or reddish to other animals, hence the importance to 
stop assuming that animals see the same way humans do. 

Further research regarding categorization of color in both primates and other animals is needed 
in order to establish which theory is responsible for color classification in humans and in other 
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animals. Indeed, three main hypotheses exist: nativism, which assumes that color categorization 
is encoded in color genes, empiricism,  which suggests that  color categorization results from 
inductive learning from the environment, and culturalism, which states that color categorization 
results  from social  interactions  (Tanumara  et  al.,  2006).  Studies  done  on  primates  tend  to 
support  the  nativist  theory  but  learning  has  been  shown  to  improve  constancy  in  the 
classification of colors (Matsuno et al., 2004).

Our study is the first that investigates boundaries of color categories in chickens, and the first 
for  a  tetrachromatic  bird.  Indeed,  chickens  and pigeons  seem to  have  fairly  different  color 
categorical  boundaries (Wright and Cumming,  1971), maybe because pigeons hypothetically 
possess five single cones instead of four in the chicken. Further investigation regarding color 
categorization in birds would be very interesting to better understand and enjoy the extremely 
colourful displays that make birds so very special. However, the use of more LED wavelengths 
with narrower spectra is recommended for more accurate data; better yet, using monochromators 
would make data interpretation much easier. Also, it remains theoretically possible that some 
complicated opponent mechanisms could give birds the potential to perceive a color mixture and 
the primary colors making up that mixture, simultaneously.

Finally, further investigation of the observed fearful behaviour at 450nm could be very useful in 
the agricultural and conservation aspects: if tetrachromatic birds (or at least fowls) are in fact 
scared off by the 450nm-wavelength, it might become very effective to use as repelling lasers 
for  crop  protection,  and  as  “warning  painting”  on  man-made  structures  like  wind  turbines 
which, every year, cause so many wildlife losses especially during migration periods.
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