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Abstract 
 
Flicker sensitivity in birds has been less well explored than spectral sensitivity. Research done 
on domestic fowls indicates that birds can perceive flickering light of higher frequencies than 
humans can, i.e., they have higher critical flicker fusion frequency (CFF). It has been 
suggested that properties of CFF, as a function of light intensity, are affected by the spectral 
composition of light. This study measured CFF in white laying hen chicks, using four 
different light treatments and four light intensity levels. The light treatments were white, full 
spectrum (white with addition of ultraviolet (UV)), yellow (590 nm) and UV (400 nm). Four 
levels of light intensity were measured for each of the light treatments and adjusted to the 
relative cone sensitivity of the chicken (Gallus gallus), to obtain equally energetic stimuli. 
These responded to 290, 174, 86 and 43 cdm-2 respectively, for the white light treatment. Sine 
wave and square wave functions were used to produce flicker and also analysed as different 
treatments. Results showed significantly higher CFF values for full spectrum (74, 65, 57 and 
47 Hz) compared to white (63, 57, 50 and 45 Hz) light. The slope of CFF as a function of 
light intensity was also significantly different between the full spectrum and white light 
treatments. The yellow and UV light treatments had to be excluded from the statistical 
analysis due to insufficient number of subjects, but both treatments resulted in relatively high 
CFF: 76, 70, 60, 58 Hz for yellow and 83, 75, 65, 55 Hz for UV light. The results for full 
spectrum versus white light indicate that, despite generations of rearing in artificial light 
environments, the visual system of the chicken responds better to a light environment that it 
has originally been adapted to. Higher CFF for full spectrum light also suggests that the 
presence of UV light, previously shown to affect mate choice and foraging, could also be 
important for visual functions like flicker sensitivity. No significant difference between the 
two wave functions was observed, indicating that results from studies that have used different 
methods to produce flicker are directly comparable.  
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Introduction 
 
Bird vision is different from human vision and more advanced in many aspects. Humans, on 
one hand, have trichromatic colour vision, which involves three types of single cone 
photoreceptors in the retina with maximum absorption (λmax) at 420 nm, 530 nm and 560 nm. 
These are commonly referred to as blue-, green-, and red-sensitive cones. Birds, on the other 
hand, possess four distinct types of single cones and a double cone (Bowmaker et al. 1997). 
The additional single cone type in the bird retina, which is involved in the colour vision, 
makes birds potentially tetrachromatic, i.e. theoretically capable of distinguishing twice as 
many colours compared to humans (Goldsmith 1990; Osorio, Vorobyev & Jones 1999). This 
fourth type of single cone can be either ultraviolet- or violet-sensitive (Gowardowskii and 
Zueva 1977), and birds possessing each of these cone types are sometimes referred to as being 
ultraviolet-sensitive (UVS)(Maier 1992) or violet-sensitive (VS)(Fager & Fager 1980; Hart 
2002), respectively. In both cases, the sensitivity is extended towards shorter wavelengths and 
allows birds to see into the near ultraviolet (UV), a part of spectrum that is invisible to 
humans. Birds use UV vision to make decisions about mate-choice (Bennett et al. 1996) and 
foraging (see e.g.Viitala et al. 1995). Apart from differences in colour perception, birds also 
have been shown to detect light flickering at higher frequencies than humans (Nuboer et al. 
1992a; Jarvis et al. 2002), and to have a more rapid response to visual stimuli (Barbur et al. 
2002) due to a shorter neural pathway. 
 
Understanding how bird vision functions is important for several reasons. Research on bird 
behaviour, ecology and sexual selection is often based on the interpretation of visual signals 
and responses. Until recently, this interpretation has been based on human visual perception, 
assuming that birds and humans see colours, patterns and contrasts in a similar way. Today 
we know that this is often not the case: properties of avian visual systems indicate that birds 
do not perceive hues, brightness and saturation in the same way as humans do (Bennett, 
Cuthill & Norris 1994) and they rank plumage colours and contrasts differently (Håstad & 
Ödeen 2008). Understanding bird perception and responses to different types of light has also 
been of importance for assessing the welfare of poultry. Artificial lighting in poultry houses 
can differ significantly from natural light and have undesirable effects on bird behaviour and 
welfare (Boshouwer & Nicaise 1992; Nuboer et al. 1992a; Prescott et al. 2003). Inappropriate 
lighting can increase pecking damage, cannibalism and aggression among birds, which in turn 
have negative effects on bird welfare (Prescott & Wathes 1999; Prescott et al. 2003). Severe 
feather pecking also leads to economic loss for the egg producer because a bird with impaired 
feather cover must consume more feed to keep warm. These problems could be significantly 
reduced or eliminated if the light properties (wavelength spectrum, intensity) could be 
adjusted to allow birds to perceive important visual cues necessary for social interactions and 
mate choice (Nuboer et al. 1992a; Prescott et al. 2003). 
 
When it comes to wild birds interacting with civilization, knowledge about how bird vision 
operates could be used to improve safety for both humans and birds. Bird collisions with 
vehicles, buildings, air planes and wind generators have long been a problem. By 
understanding bird response to different types of light stimuli, one could design, for example, 
appropriate colouration or lighting to avoid or diminish bird collisions, e.g. the minimisation 
of  motion smear created by rotating wind turbines (Hodos 2003). Buildings and other 
structures could, theoretically, be made more visible or less attractive to birds, thereby 
decreasing the collision risks. Today, our knowledge is insufficient to be applied with 
confidence for creating solutions for purposes of conservation, animal welfare and improved 
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safety for traffic on the roads and for aircraft safety. Many aspects of the visual systems of 
birds need further investigation. 
 
The flicker sensitivity of birds is a visual function that has not been studied extensively and is 
not as well understood as their spectral sensitivity. Flickering light is generally perceived as 
disturbing and causes discomfort and headaches in humans (Wilkins et al. 1989). If this were 
true for the birds as well, flickering light could be used to discourage birds from approaching 
certain objects. Since birds can discriminate significantly higher flicker frequencies than 
humans (Jarvis et al. 2002; Nuboer et al. 1992a), the lighting would not cause discomfort in a 
human observer, who would perceive the light as continuous. Bird sensitivity for flickering 
light stimuli is not constant, though. The intensity of light, emitted wavelengths and 
modulation of the flickering signal are factors that affect the highest flicker frequency that a 
bird can perceive (Jarvis et al. 2002; Nuboer et al. 1992a). The frequency at which the 
stimulus can no longer be perceived as flicker and appears continuous to the observer is called 
the critical flicker fusion frequency (CFF). 
 
This study tests avian response to flickering light stimuli and estimates CFF for different 
wavelengths and a range of light intensities. The purpose is to obtain more data on CFF in 
birds and to better understand how spectral properties of light affect perception of flicker. 
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Theoretical background 
 
Photoreceptors of the bird eye 
 
There are several classes of photoreceptors in retinas of diurnal birds: rods, four types of 
single cones and double cones. Birds posses a very well developed colour vision mechanism, 
which is among the most advanced within vertebrates (Goldsmith 1990), and makes birds 
presumably tetrachromatic (Maier 1992; Osorio, Vorobyev & Jones 1999). 
 
Rods 
The rods are more sensitive to light than the cones; they mediate the scotopic (dim light) 
vision of birds, but cannot distinguish colours. The visual pigment of the rods is rhodopsin 
and it has a wavelength of maximum absorbance (λmax) around 505-509 nm (Bowmaker & 
Knowles 1977). Absorption of light causes a change in conformation of rhodopsin, known as 
“bleaching”. This is the reason why rods do not contribute to daylight vision: they are 
constantly bleached in bright light. In dark environments, the rhodopsin is converted back to 
its original form by enzymes. The abundance of rods in the retina varies a lot among birds, 
being relatively higher in nocturnal than in diurnal birds. 
 
Single cones 
The single cones are involved in photopic (daylight) colour vision. They are sensitive to a 
range of wavelengths from the near ultraviolet to the red part of the spectrum (Bowmaker & 
Knowles 1977; Gowardowskii & Zueva 1977; Maier 1992; Maier & Bowmaker 1993; 
Bowmaker et al. 1997; Hart 2002). There are four classes of single cones and four spectrally 
distinct cone visual pigments have been identified: a long wave-sensitive (LWS) cone 
pigment with a λmax (wavelength of maximum absorption) at 565-570 nm, a medium wave 
sensitive (MWS) cone pigment with λmax at 500-510 nm and short wave-sensitive (SWS2) 
cone pigment with a λmax at 430-460 nm, which are rather similar across species, and a fourth 
pigment (SWS1) with a peak absorbance around 409-418 nm in VS species (e.g. pigeon and 
chicken), but in the near UV (360-380 nm) in UVS species (e.g. budgerigar and zebra finch) 
(Bowmaker et al. 1997). Generally, all passerines and the budgerigar are UVS, while other 
species are VS. The LWS and MWS cones comprise together around 30-40 % of the cones in 
bird retina, while the more rare SWS2 and SWS1 cones comprise approximately 10 % 
(Bowmaker & Knowles 1977, Bowmaker et al. 1997). The photoreceptors can be distributed 
asymmetrically between the retinas of both eyes, e.g. in European starlings the left eye 
contains a larger proportion of all single cone types, while the right eye contains more double 
cones (Hart, Partridge & Cuthill 2000).  
 
Double cone 
The double cones are the most common photoreceptor type in the bird retina, making up 50-
60 % of all receptor cells (Bowmaker & Knowles 1977; Bowmaker et al. 1997). A double 
cone consists of two members: a principal member and an accessory member. Both members 
of the double cone contain the LWS visual pigment (Bowmaker et al. 1997). The function of 
the double cones is unclear, despite the fact that they are very abundant. It has been suggested 
that they are involved in achromatic vision and motion detection (Campenhausen & 
Kirschfeld 1998).  
 
Oil droplets 
The cones contain coloured oil droplets that function as cut off (long pass) filters, and thereby 
change the peak sensitivity of the cone towards longer wavelengths (Bowmaker & Knowles 
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1977; Bowmaker et al. 1997; Partridge 1989; Maier & Bowmaker 1993). The different types 
of oil droplets have distinct absorbance spectra, and can be used to distinguish the different 
classes of cones, since each type of single cone combines consistently with a particular type 
of oil droplet (table 1). Five types of oil droplets have been characterised: R-, Y-, T-, C-type 
droplets associated with the single cones, and P-type found in the principal member of the 
double cone (Bowmaker et al. 1997). Five types of oil droplets (R-, Y-, P- and C-) function as 
cut-off filters narrowing the spectral sensitivity of associated cone photoreceptors, while the 
T-type absorbs very little light and therefore does not significantly affect the sensitivity of its 
associated (SWS1) cone (Partridge 1989; Bowmaker et al. 1997; Vorobyev 2003). The oil 
droplets also seem to enhance colour discrimination by reducing overlap in cone sensitivity 
(Vorobyev 2003). There is some variation in abundance of the oil droplets between species 
and across different areas of retina (Partridge 1989; Bowmaker et al. 1997). Proportions of 
different oil droplets and cone photoreceptors in different species are often associated with 
their visual ecology, e.g. habitat, foraging behaviour, and specialization of the visual system 
(Goldsmith, Collins & Licht 1984; Partridge 1989; Hart 2001). 
 
Table 1. Five types of oil droplets with associated cones and cutoff wavelengths. 

Oil droplet Associated cone Cut off wavelength (λcut) 
R-type LWS 560 - 580 nm 
Y-type MWS 500 - 540 nm 
C-type SWS2 410 - 450 nm 
T-type SWS1                      - 
P-type Double 410 - 480 nm 

 
 
Study species 
 
The chicken (Gallus gallus domesticus) or the domestic fowl is a widely studied bird species 
and has long been used as a model organism in biomedical, physiological and behavioural 
research. The visual system of the chicken is therefore quite well understood. The chicken is a 
VS bird (Gowardowskii & Zueva 1977; Fager & Fager 1980). The colour vision is well 
developed and the ocular media (cornea, lens and vitreous body of the eye) of the species is 
transparent to UV light (Gowardowskii & Zueva 1977), so chickens can perceive short 
wavelengths down to 360 nm (Prescott & Wathes 1999).  
 
Spectral sensitivity 
The spectral sensitivity of the chicken has been studied microspectrophotometrically, as well 
as with behavioural methods. The highest overall sensitivity has been observed around 533-
577 nm, while sensitivity is lowest at both extremes of the spectrum followed by areas at 415 
and 600 nm (Prescott & Wathes 1999). Four visual pigments are present in chicken retina and 
the maximum absorption of these pigments occurs at 413, 467, 507 and 562 nm 
(Gowardowskii & Zueva 1977, Fager & Fager 1980). Rhodopsin, the pigment present in rods, 
has absorption maximum at 506 nm. The cone photoreceptors have five types of coloured oil 
droplets (Bowmaker et al 1997), four of them functioning as cut off filters at 575, 520, 497, 
454 nm (Bowmaker & Knowles 1977). Domestic fowls have been shown to effectively 
discriminate between different colour stimuli. Their colour vision is supposedly 
tetrachromatic, with three opponency mechanisms coding the four single cone outputs: UV 
versus SW, MW versus LW, and SW versus LW and/or MW (Osorio, Vorobyev & Jones 
1999). It has also been suggested that domestic fowls do not use the double cones for colour 
vision, just the four types of single cones (Osorio, Vorobyev & Jones 1999). 
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Chicken pupil response 
Birds have striated iris muscles, which, together with a shorter neural pathway compared to 
humans, contribute to create a much shorter response latency of the pupil. Chickens pupil 
responses are much more rapid, with a response latency of only 105 ms, compared to human 
responses, where the response latency is 434 ms, while the response amplitude is much 
smaller than in humans. Large change in luminance induces only a small constriction of the 
chicken’s pupil, but a large pupil response can be induced with a red light stimulus. This 
indicates that size of the chicken pupil does not only respond to luminance changes, but also 
to other types of stimuli. Importance of different visual stimuli in birds could be assessed and 
quantified by studying the pupil response (Barbur et al. 2002). 
 
Visual perception in artificial environments 
Domestic fowls are today mostly reared indoors under artificial lighting. The chicken 
originated from the jungle fowl, and its vision system has therefore evolved in a very different 
light environment from that of poultry houses. The natural habitat of the jungle fowl is forest 
vegetation, where the incoming light is shaded by the green canopy. This leads to a light with 
spectral characteristics related to transmission of chlorophyll, which peaks at 550 nm 
(Bowmaker & Knowles 1977). Ability of the chicken visual system to operate at its full 
potential may depend on the spectral properties of the incident light and luminance levels 
(Prescott, Wathes & Jarvis 2003).  
 
Artificial lighting in poultry houses can be very different from natural light, since it does not 
emit the same range of wavelengths. It may have inappropriate spectral output or insufficient 
luminance levels. Fluorescent sources emit very little red light, while incandescent sources 
emit a lot, and might therefore appear quite red-saturated to the fowl. Probably the most 
important difference is that UV light is hardly present at all in artificial lighting (Prescott & 
Wathes1999; Prescott, Wathes & Jarvis 2003). The light in poultry houses is not adapted to 
the spectral sensitivity of the fowl and may hinder important behaviours like social 
interactions and recognition of conspecifics (Prescott, Wathes & Jarvis 2003). The 
inappropriate light environment might prevent the birds from correctly assessing visual 
signals associated with particular colours (wavelengths). Further, the development of the 
chicken eye might be affected by inappropriate light conditions early in development (Yinon 
1980; Troilo et al. 1995; Prescott & Wathes 1999). 
 
A lack of UV light, which is biologically important to birds, might have negative effects on 
social interactions and mating behaviour (Prescott & Wathes 1999; Prescott, Wathes & Jarvis 
2003). Absence of UV light has been shown to increase levels of stress hormone and alter 
behaviour in chickens and European starlings (Maddocks et al. 2001; Maddocks, Goldsmith 
& Cuthill 2002). The high red-saturation of incandescent light could increase pecking damage 
(Prescott & Wathes 1999; Prescott, Wathes & Jarvis 2003). Preferences of broiler chickens 
for different light environments have been studied by Kristensen et al. (2007), who found that 
the birds prefer fluorescent (white or daylight) lighting over incandescent or spectral-
sensitivity matched light, but have no preference for light intensity.  
 
Assessing the effects of artificial lighting can be rather difficult and problematic. Illumination 
in poultry houses and other artificial environments is usually measured in lux or cdm-2 units. 
These units are based on the photopic spectral sensitivity of the human vision system and do 
not provide an appropriate and meaningful measure of illumination as perceived by the birds 
(Nuboer et al. 1992b). Different light sources, which are perceived as isoluminant by humans, 
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would most likely have different brightness levels for the chicken. It is currently not possible 
to compare perceived brightness for a particular environment (Prescott, Wathes & Jarvis 
2003). Nuboer et al. (1992b) have suggested that the spectral power distribution of the light 
source should be multiplied by the relative spectral sensitivity distribution of the chicken to 
obtain a measure of “galluminance”, a more informative illumination unit. 
 
 
Flicker sensitivity 
 
Flicker sensitivity describes the ability of a subject (human or animal) to distinguish 
flickering light from continuous light at different frequencies or light intensities. The ability to 
perceive flicker depends strongly on light intensity and it is better perceived at high 
luminance levels. Flicker with high modulation is also easier to detect than flicker with low 
modulation, modulation being a “measure of the magnitude of illuminance-change through a 
flicker cycle” (Prescott et al. 2003). 
 
Human 
Human flicker sensitivity has been widely studied for medical purposes, for example, to test 
effects of brain damage (Lovett Doust 1976; Chang, Ciuffreda & Neera 2007). Low frequency 
fluorescent light has been shown to cause headaches and eyestrain in humans (Wikins et al. 
1989). The shape of the human flicker sensitivity function has been measured and modelled 
by Rovamo et al. (1996) and Rovamo, Raninen & Donner (1999) and shown to depend on 
luminance: the function has a band-pass (low sensitivity at low and high frequencies) shape at 
medium and high luminance levels, but a low-pass (low sensitivity at high frequencies) shape 
at low luminance levels. Addition of strong external temporal noise to the model results in the 
low-pass shape being displayed at all luminances (Rovamo et al. 1996; Rovamo, Raninen & 
Donner 1999). 
 
Chicken 
The flicker sensitivity of the chicken has been measured and compared to the human flicker 
sensitivity (Jarvis et al. 2002, Nuboer et al. 1992a). The shape of the chicken flicker 
sensitivity function is similar to that of the human, exhibiting a high- and low-frequency fall-
off in sensitivity, and increasing with higher luminance. The chickens have peak sensitivity at 
higher frequencies, around 15 Hz, compared to humans, but a lower overall sensitivity 
response (Jarvis et al. 2002). The model for human flicker sensitivity (Rovamo et al. 1996, 
Rovamo, Raninen & Donner 1999) can be adapted to obtain a good fit to the chicken data 
(Jarvis et al. 2002). Chicken CFF values measured in different studies show that chickens can 
perceive light flickering at higher frequencies than humans (Nuboer et al. 1992a, Jarvis et al. 
2002; Railton et al. 2009). The highest flicker frequencies perceived by humans are around 40 
– 60 Hz, compared to 39–71 Hz for chickens for luminance levels between 10–1000 cdm-2 
(Jarvis et al. 2002). Railton et al. (2009) measured CFF of 70-95 Hz for luminance 300 cdm-2 

in chickens. The CFF of the chicken seems to vary quite a lot, depending on the light 
environment, and changes not only with luminance but also with wavelength. Tests with 
monochromatic flickering stimulus yielded CFF values ranging from 70 Hz to as high as 105 
Hz, the highest being observed for a blue stimulus of 476 nm (Nuboer et al. 1992a).  
 
Interest in the chicken’s sensitivity for flickering light has partially arisen from concerns 
about welfare of domestic poultry. Commonly used fluorescent lamps produce flickering light 
at 100 or 120 Hz (Prescott, Wathes & Jarvis 2003). If this flicker is detected by the poultry, it 
might create discomfort and increase stress. There are somewhat contrary results on whether 
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chickens see the fluorescent light as flickering. Critical flicker frequencies measured by Jarvis 
et al. (2002), suggest that flicker of 100 Hz is not perceived. Also, the commercially found 
illuminances and modulation depths of the fluorescent light sources do not seem to be 
sufficient for the flicker to be perceived, even if it might at higher illuminances (Prescott, 
Wathes & Jarvis 2003). Results obtained by extrapolation of measured CFF function by 
Nuboer et al. (1992a) indicate that chickens might see light from low-frequency fluorescent 
lamps as flickering, something that seems to be supported by the findings of Boshouwer & 
Nicaise (1992), that broilers exposed to low-frequency lighting display reduced physical 
activity. Studies on European starlings indicate that they detect a difference between low 
frequency (100 Hz) and high frequency (>30 kHz) fluorescent lighting and have a preference 
for the high frequency conditions, even though the low frequency light does not seem to 
impose stress on the birds (Maddocks, Goldsmith & Cuthill 2001; Greenwood et al. 2004). 
 
Optimization of visual response 
Two different types of retinal ganglion cells mediate signals from the photoreceptors, via a 
network of interneurons: “sustained” or on- and off- centre cells and “transient” or on-off 
cells. The function of sustained cells is registration and analysis of spatial characteristics and 
contrast, and stimulus recognition. The transient cells function in orientation, respond to 
temporal variation in visual stimuli and bring an object into focus (Ikeda & Wright 1972).The 
properties of chicken flicker sensitivity and pupil response seem to indicate that perception of 
novel stimuli is prioritised over steady-state stimuli in the visual system (Barbur et al. 2002; 
Jarvis et al. 2002) The signal processing is faster in chickens than in humans, as indicated by 
pupil dynamics. Only minor steady-state changes in pupil size occur as a response to changes 
in illumination. This suggests that transient cells dominate the input to the pupilloconstrictor 
neurones in chickens (Barbur et al. 2002). Chickens exhibit a particularly low response to 
flicker at very low frequencies, which might also indicate that chickens respond poorly to 
steady state stimuli. Presence of temporal transient information is needed to optimize the 
chicken’s visual response, i.e. moving or suddenly appearing stimuli (Jarvis et al. 2002). A 
common behaviour in chickens as well as in jungle fowls is headshaking. The behaviour 
seems to be connected to appearance of novel and disturbing stimuli, both social and 
environmental, and has been described as an “alerting response” when increased attention of 
the bird is important (Hughes 1983). This type of rapid head movements might help to excite 
transient-responding cells in the retina (Ikeda & Wright 1972). Due to the lower response to 
the steady state stimuli, chickens are probably able to react more readily and optimally to 
novel stimuli that appear in their field of view, i.e. their visual system is biased toward 
transient inputs. This could have certain benefits for the bird, like effective detection of an 
appearing predator (Jarvis et al. 2002). 
  
This study used different light treatments to estimate CFF in chickens. Several light intensity 
levels were tested to estimate the shape of CFF as a function of luminance. Two broad 
spectrum light stimuli were tested: white and full spectrum, as well as two narrow spectrum 
stimuli, which explore bird’s sensitivity for UV wavelengths (400 nm) and for peak 
sensitivity of the double cone (590 nm). Two wave functions were used to produce flicker, to 
explore the effects of different methods. 
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Methods 
 
Experimental arena 
 
I designed an operant conditioning chamber (also known as “skinner box”), similar to the one 
described and used by Jarvis et al. (2002) and Prescott & Wathes (1999). A wooden box, size 
550x650x550 mm, was used as the skinner box. In the long side wall of the box, there were 
two circular holes (20 mm in diameter and spaced 250 mm apart), behind which light sources 
were located. Each of these consisted of three light emitting diodes (LEDs) (5mm, 30DEG, 
Avago technologies [Malaysia], Hero [South Korea]) placed triangularly inside 40 or 80 mm 
long aluminium tubes with the same diameter as the holes in the wall. The light stimuli were 
projected through two UV-transparent Perspex panels attached to the outer wall of the box, 
with neutral density and diffusion filters placed between the panels and the light sources. The 
light sources, panels and filters were placed inside “light boxes” (200x200x40mm) to prevent 
light from outside from entering and affecting the stimuli produced by the LEDs (figure 1). 
The two circular light stimuli, as presented to the birds, were located 50 mm above the floor 
level. A feeder was located between the panels at the floor level. The light flicker functions 
were produced using two function generators (2 MHz, GW Instek, Suzhou, China) connected 
via a switch so that the signal from each generator could be interchanged between the two 
light sources, from one side to the other. 
 

Figure 1. The Skinner box. To the left: photograph of the outer wall with the two light boxes, the feeder 
(between the light boxes and the switch (top of the wall) for interchanging stimuli. To the right: schematic view 
of the box showing placement and dimensions of the different components.  

 
 
Experimental treatments 
 
I used several light treatments to test CFF. Three types of LEDs (white, UV (single peak at 
400 nm) and “amber” (single peak at 590 nm)) were used to create four different light stimuli: 
white UV-free (three white LEDs), white full spectrum (two white, one UV LEDs), UV (three 
UV LEDs) and yellow (three “amber” LEDs), see figures 2 and 3. The function generators in 
combination with neutral density (50% transmittance and 25% transmittance; Lee Filters, 
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Andover) and diffusion (75% transmittance: Lee Filters, Andover) filters were used to create 
flickering or continuous light of various frequencies and intensities. The UV-transparency of 
the filters confirmed using spectrophotometer measurements. Light intensity was also 
adjusted by changing the distance between the light sources and Perspex panels. Two wave 
functions were chosen to create flickering stimulus: sine wave (100% modulation) and square 
wave (80% modulation), since the flicker produced by the two functions differs and that 
might affect the CFF value.   
 

 
 
 
 
 
 
 
 

Figure 2. Four light stimuli used in the experimental light treatments, from the left: yellow, full 
spectrum, white and ultraviolet. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Four light intensity levels were used in the study, corresponding approximately to 43 
(Intensity 1), 86 (Intensity 2), 174 (Intensity 3) and 290 (Intensity 4) cdm-2 for the white UV-
free stimulus. The light spectrum produced by each of the four LED combinations was 
measured on the surface of the Perspex panels using a spectrophotometer (AvaSpec-2048 
connected to an Avantes CC-UV/VIS cosine corrector) and a computer program (AvaSoft 
7.0). The total amount of light for the part of the spectrum between 300 and 750 nm was then 
calculated as relative number of photons (quantum catch) for each light stimulus and every 
intensity (see table 2). Data on relative spectral sensitivity of Gallus gallus for all cone types 
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Figure 3. Spectra produced by the four light treatments, from top left: yellow, full spectrum, white and UV. 

 10



and each wavelength was used in calculations, to estimate the amount of light emitted by the 
LEDs, which was perceived by the birds. The purpose was to use light stimuli that are 
perceived as equally energetic by the chickens, even though they have different spectral 
properties. Sum of relative quantum catch (I) for all wavelengths between 300 nm and 750 nm 
was calculated using the formula: 
 

 750

300=λ λ

λλλ

W

KSL
=I  

 
where L = counts (s-1), S = summed relative cone sensitivity (Gallus gallus), K = calibration 
coefficient and W = photon energy (Jnm-1s-1). 
 
 
Table 2. Light intensity levels, estimated in cdm-2 and lux (ambient light at the Perspex panel) for the white light 
treatment, and in relative number of photons for all light treatments. 

 
Light intensity 
(cdm-2) 

Light intensity 
(lux) 

Light intensity 
(relative number of photons) 

Intensity 1 43 75 1.02 · 1023 

Intensity 2 86 150 2.04 · 1023 

Intensity 3 174 300 4.08 · 1023 

Intensity 4 290 500 7.55 · 1023 

 
Also, the ratio of relative number of photons between the UV-part of the spectrum, up to 425 
nm (emitted by the UV-LED) and the rest of wavelengths (emitted by two white LEDs) was 
calculated for the full spectrum light treatment. The light was then adjusted to match as 
closely as possible, the spectral distribution natural daylight, approximately a ratio of 1:10 
(UV: white). CIE standard data on spectral power distribution of sunlight (D65) was used in 
calculations. 
 
 
Subjects 
 
Sixty white laying hen chicks (genotype Bovans) were used in the study. The birds were 
reared indoors, at Dept. Animal Nutrition and Management, SLU (Swedish University of 
Agricultural Sciences), Funbo-Lövsta (Uppsala) from day one under a combination of shaded 
natural daylight and high-frequency fluorescent light (on average, 150 lux). Light period was 
successively decreased from 24 h on day one to 16 h during the first week. Birds were fed a 
standard diet of bird feed (Fenix Start PK SK, Lantmännen, City, for first 6 weeks and 
Allfoder PK SK, Lantmännen, City, thereafter). Chickens were randomly assigned into eight 
treatment groups according to light treatment and wave function: all light treatments were 
combined with both wave functions. The birds were both trained and tested in pairs to avoid 
distress induced by isolation. Each treatment group consisted of four pairs, two of which were 
trained to peck at the flickering stimulus and two that were trained to peck at the continuous 
stimulus to receive a food reward from the feeder. Each pair was tested for all four luminance 
levels and the testing order of these was randomized. Formation of pairs was random from the 
start, but had to be changed in some cases during the training period. This was necessary, 
since behavioural interactions between the two birds disturbed the learning process (see 
discussion). Chickens were trained between one and ten weeks of age and tested between five 
and twelve weeks of age. Periods of training and testing overlapped, because individual birds 
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learned the procedure at different pace. The birds were starved for a period of three hours 
prior to each training or testing session. There was no additional lighting inside the skinner 
box and the light levels there were 2–4 lux, when the light stimuli were switched off. 
 
 
Testing procedure 
 
Testing was started once birds successfully identified the test stimulus at least 80 % of the 
time.  During the testing procedure, the flickering frequency of the stimulus was increased in 
10 Hz increments, starting from 20 Hz. Immediately before testing, the birds were given five 
minutes to adapt to the light conditions inside the experimental arena, while the alternative 
stimulus (the one that birds were not trained to peck) was lit in both lamps. Five pecks at the 
panel with test stimulus were required for successful discrimination and gave three-second 
access to the feeder. During the reward, the alternative stimulus was lit in both lamps. Each 
testing-frequency was repeated and increased only if a correct choice (pecking the test 
stimulus as trained) was made both of the times. When the bird failed to peck at the correct 
panel once, the frequency was repeated for a third time. This was done to minimize 
behavioural noise (Nuboer et al. 1992a), when birds occasionally peck at the incorrect panel 
even at low frequencies that they can easily discriminate. In this way, the bird was allowed to 
correct one incorrect choice, if it proceeded successfully thereafter. If another incorrect choice 
was made, frequency was decreased in steps of 5 Hz until discrimination was correct again; 
thereafter it was again increased by 1 Hz at a time to obtain a CFF value. CFF was defined as 
the frequency at which the flickering stimulus appeared continuous, i.e. 1 Hz above the 
highest frequency birds could discriminate correctly, e.g., if a highest correct choice was 
made at 60 Hz, the CFF was 61 Hz. A single value was estimated for each pair, since only one 
bird in a pair learned the task successfully. The slower learner of the two birds was not 
motivated to peck at the panels, since it could receive some food when the other bird was 
pecking actively. I used light flickering at 2000 Hz as the continuous stimulus and 20 Hz as 
the flickering stimulus during training. During testing, the continuous stimulus was a 
frequency hundred times higher than the particular flickering frequency.  
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Results 
 
Chicken CFF values determined in this study ranged from 44 Hz (white UV-free light, 
intensity 1) to 83 Hz (UV light, intensity 4). The highest CFF values were observed for 
yellow and UV light treatments, followed by the full spectrum light (table 3, figures 4 and 5). 
CFF values for the white UV-free light appear to be lower compared to rest of the light 
treatments. The statistical analysis could only be done on treatment groups for full spectrum 
(white-UV) light and white UV-free light (sample size – eight subjects) as an insufficient 
number of birds were able to learn the testing procedure for the yellow (three subjects) and 
UV (two subjects) light treatment groups.  
 
Table 3. CFF values (means ± SD), measured for all light treatments and all light intensity levels. 

Light treatment  Intensity 1 Intensity 2 Intensity 3 Intensity 4 

Full spectrum 47.37 (±1.06) 56.75 (±2.82) 64.88 (±2.36) 73.88 (±1.46) 

White 45 (±1.77) 49.62 (±1.99) 57 (±3.12) 63 (±3.12) 

Yellow 57.66 (±2.53) 60.33 (±4.73) 70 (±1) 76.33 (±3.06) 

UV 55.32  65.36  75.17  83.9  

 
 
The results were analyzed using Statistica 8.0 software, as a repeated measures ANOVA 
design, with light treatment and signal function as between-subjects factors and intensity level 
as a within-subjects factor (repeated measures). Effects of both light treatment and intensity 
level on CFF were highly significant (see table 4).  
 
Table 4.  Results: Repeated Measures Analysis of Variance, sigma-restricted parameterization, effective 
hypothesis decomposition. 

 SS 
Degrees of  
Freedom 

MS F p 

Intercept 216690.3 1 216690.3 28379.62 0.0000 

Light treatment 798.1 1 798.1 104.52 0.0000 *** 

Wave function 0.0 1 0.0 0.00 1.0000 

Light treatment*Wave function 0.6 1 0.6 0.07 0.7907 

Error 91.6 12 7.6   

Intensity 4442.0 3 1480.7 274.23 0.0000 *** 

Intensity*Light treatment 148.7 3 49.6 9.18 0.0001 ** 

Intensity*Wave function 1.3 3 0.4 0.08 0.9719 

Intensity*Light treatment*Wave 
function 

15.2 3 5.1 0.94 0.4326 

Error 194.4 36 5.4   

 
There was also a significant interaction effect between the two factors (light treatment and 
intensity level), meaning that the slope of the CFF as a function of light intensity differs 
between full spectrum light and white UV-free light (figure 4). 
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No effect of the wave function on CFF could be observed in this study (F = 0.00; p = 1.000), 
the mean for square wave treatment group was 57.19±9.59 and the mean for sine wave 
treatment group 57.19±9.92 (figure 6). 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4. CFF as a function of light intensity for 
full spectrum and white light treatments. The data 
points are means with standard deviations. 

Figure 6. CFF (means with standard deviations) 
for the two different wave functions. 
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Figure 5. CFF as a function of light intensity for 
yellow and UV light treatments. The data points 
are means with standard deviations. 
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Discussion 
 
Overall comparison to previous studies 
 
Overall, results of this study support earlier findings about CFF in chickens. Values for the 
white light treatment, which can be directly compared to previous studies, seem to be  
slightly higher than those measured by Jarvis et al. (2002). The difference can most probably 
be explained by the slightly different methods used, e.g. different criteria for correct 
discrimination. In this study, birds had to peck the panel five times, while ten times were 
necessary in the study by Jarvis et al. (2002).  I noted that when flicker frequency increased 
up to levels that were more difficult to perceive, birds became more hesitant in their pecking 
activity. This could possibly lead to a situation where the bird does not peck enough times to 
“pass” the particular frequency – a greater risk with ten than five required pecks. Jarvis et al. 
(2002) also regarded apparent disinterest and confusion as a sign of incorrect discrimination. 
These types of behaviour were so common for the birds used in this study that regarding them 
in the same way would, in most cases, lead to not being able to obtain a valid result at all. 
Also, the age of chickens differed, Jarvis et al. (2002) used adult birds, while I used young 
chicks. 
 
In comparison to the CFF obtained by Railton et al. (2009) for a light intensity of 300 cdm-2, 
however, frequencies estimated in this study are lower. I am not completely confident, 
though, that the light intensity used in the study was the same, since it is somewhat unclear 
how it was measured (the typical brightness of a lamp does not exactly describe the amount of 
light that birds were viewing in the particular testing environment). Also, the fact that 
variation between individual birds was very large in the study of Railton et al. (2009) 
compared to mine might indicate that the methods and results are not directly comparable.  
 
It is rather difficult to make a comparison to the work of Nuboer et al. (1992a), since they 
used light of different wavelengths and intensities were quantified in a different way to the 
methods used in this study, although the range of CFF values is similar. There are some 
conclusions that can be drawn from the study by Nuboer et al. (1992a) as well as mine: values 
of CFF differ, depending on the wavelengths tested, and the slope of CFF, as a function of 
luminance, also varies with the spectral properties of the light. Results from my study also 
indicate that CFF in chickens does not follow the Ferry-Porter law (Hecht and Shlaer 1936), 
since the slopes for the light treatments tested in this study do not appeared parallel. The law 
states that, in humans, monochromatic light of different wavelengths is assumed to produce 
parallel curves for CFF versus light intensity.  
 
 
Bird behaviour  
 
In this study I used a genotype of white laying hen hens (Bovans). I choose to use laying hen 
hens because laying hens grow slower and require less food compared to broilers, something 
that might be important if birds are studied for a long period of time. White laying hen chicks 
are also more readily available for purchase compared to brown laying hen chicks and not as 
prone to pecking each other if distressed (R.Tauson, pers. comm.). However, their behaviour 
had aspects that complicated the handling and training considerably, something that we were 
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not quite aware of prior to starting experiments. Even though the chicks were regularly 
handled from day one by the same person, they were extremely cautious and fearful towards 
novel objects, including the experimental arena and the light stimuli. For example, even an 
appearance of small flying insects inside the arena could cause freezing and apparent distress. 
Approaching and pecking the panels and even taking food from the feeder took weeks of daily 
training for the most fearful individuals. Despite the fact that they were hungry, the chicks 
often just froze or lay passively during a training session, even when food was offered to them 
from the feeder. Overall, the birds lacked a strong interest for food and were difficult to 
motivate using food as a reward. There was noticeable variation in behaviour of individual 
birds, though. I observed that the boldest, most social and active birds learned faster and 
apparently easier. These were also not distressed by handling or human presence in general. 
The spectral properties of the light treatment turned out to have an effect on the learning 
process, as well. Birds that were trained using white and full spectrum light learned to peck 
the panels without apparent difficulties, while those trained with UV and yellow stimuli, 
seemed to be afraid of or distressed by the light, and hesitated to approach the panels. To 
facilitate the learning process, I changed to training all birds with white (substituting yellow) 
and full spectrum (substituting UV) light and switched back to the original light treatment 
once they had learned the procedure. Even then, only three birds could be tested with yellow 
light and only two with UV light stimuli.  
 
Chicken behaviour also affected assignment into pairs. As mentioned above, only one bird in 
a pair learned the procedure. In a few cases, though, both birds learned to peck the lit panels. 
These pairs were then separated, since it was not possible to consistently reward correct 
pecks, if the two birds pecked at both panels simultaneously. The birds were then provided 
with a more passive “partner” each. Also in cases were birds showed aggression towards each 
other, especially, if the passive individual disturbed the procedure by e.g. monopolising 
access to the feeder, pairs were separated.  
 
The particular genotype studied in this study may not have been the optimal choice. Based on 
experiences and observations from my experiments, I would generally not recommend using 
white laying hen hens in this kind of behavioural studies, however, they may be useful when 
the aim is to study fear reactions like e.g., tonic immobility. 
  
 
Effect of light treatment, intensity and wave function on CFF 
 
The results of this study indicate that birds can perceive higher frequencies of flickering light 
if some UV light is added to the stimulus, compared to only white light. Even though the full 
spectrum light used here is not identical to natural daylight, it gives a good representation of 
wavelengths that are perceived by birds, and stimulates all the types of cone photoreceptor 
cell in the retina. The presence of UV wavelengths in the light environment has already been 
shown to have important biological effects on mate choice (Bennet et al.1996) and foraging 
(Viitala et al. 1995). I propose that it might even have significant effects on other visual 
functions, such as flicker sensitivity. The difference in CFF between white and full spectrum 
light also suggests that, despite processes of artificial selection imposed on domestic poultry, 
the domestic fowls visual system responds better to a light environment that it has originally 
been adapted to. Even the relatively high CFF values obtained for the UV treatment show that 
many generations of selection and rearing in poor lighting conditions have apparently not led 
to lowered sensitivity for UV light. There is also a possibility that high sensitivity to UV light 
can be explained by the age of the birds – young chickens might be more sensitive to UV than 
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adult birds, since UV cone loss and changes in transmittance of the ocular media with age 
have been observed in fish (Calreton et al. 2008; Hart et al. 2008; Bowmaker 1995). These 
findings should be interpreted with some caution, though, due to the low number of subjects 
tested with UV light. Due to an intensity measurement error, the CFF values for UV light 
were estimated for slightly lower intensity (approximately 5-10 %) than other treatments. 
Values presented here were obtained from a trend line (R2 = 0.95) fitted to the estimated 
values and adjusted to correct intensity. 
 
The yellow light treatment also yielded apparently higher CFF values than those for full 
spectrum and white light. The peak wavelength of this treatment was chosen to match the 
peak sensitivity of the double cone. The function of the double cone is unclear and it has been 
suggested that it is involved in motion detection (Campenhausen & Kirschfeld 1998), so it 
might also be involved in flicker detection. If the double cone were, to a greater extent than 
other cone types, involved in flicker detection, I would expect higher CFF values for this 
treatment. The results from this study are insufficient to suggest such a function of the double 
cone, since no statistical analysis could be done. The few subjects tested with both yellow and 
UV light showed little variation between individuals, which suggests that the CFF values 
were estimated correctly and could be used to plan future studies. Overall, the individual 
variation seems to be low among all birds, perhaps indicating low genetic variation due to 
artificial selection.  
 
Results from this study show an increase in CFF with increasing light intensity, confirming 
previous findings of Jarvis et al. (2002) and Nuboer et al. (1992a). The light levels that could 
be obtained were limited by capacity of the LEDs, and also the fact that intensity had to be 
equal for all light treatments, and was therefore adjusted to the lowest intensity LEDs. The 
highest light level I tested was 290 cdm-2 (for white light). This intensity is probably not 
sufficient to estimate the absolute maximum values of CFF in birds, domesticated or wild. I 
would expect that a further increase in light intensity could yield higher values, e.g., study by 
Jarvis et al. (2002) reported an increase in CFF up to 1000 cdm-2. At some point, after 
reaching its maximum value, the CFF would be expected to decrease. This happens when 
light becomes too intense, due to blinding effects. The decrease was not observed in this 
study, indicating that maximum values have not been reached.  
   
The different wave functions did not show any effects on CFF. There were, though, some 
complications trying to produce the wave functions. In order to obtain the same light intensity 
for both functions, the square wave had to have a slightly lower modulation (80 %) than the 
sine wave (100 %). Also, the sine wave produced by the generators did not have a perfect 
sinusoidal shape, due to properties of the LEDs. Still, these factors were not likely to have an 
important effect on the results, since modulation down to approximately 35% is only expected 
to have a slight effect on the CFF values (van de Grind et al. 1973). The aim of comparing the 
two different functions was to show that flickering stimuli produced by slightly different 
methods results in similar estimations of CFF. Therefore, results from studies that have used 
different wave functions or, e.g. a chopper disc can be directly compared without major 
concerns about properties of the flicker affecting the results. Theoretically, a slight difference 
might still exist, and this study failed to find it due to low number of experimental subjects. If 
a difference exists, I would expect that the effect size is too low to be discovered using 
behavioural approach, since number of subjects is always limited in such studies, and some 
variation will always be observed. One might need to use more exact methods, like ERG 
(electroretinography), to register this type of small effect.  
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Future research and possible applications 
 
Further studies are required to fully describe flicker sensitivity in chickens. The shape of the 
CFF curve as a function of light intensity could be better understood by increasing the light to 
such levels that allow estimation of the absolute maximum CFF values. The involvement of 
all five cone types in flicker sensitivity also needs to be further explored. Since light of 
different wavelengths yields CFF functions with different heights and slopes (Nuboer et 
al.1992a; this study), the contribution of individual cone types to flicker detection might 
differ as well. It would also be interesting to find out, if and how the relative abundance of 
each cone type in the retina relates to the CFF. 
 
Most CFF research has so far been done on domestic birds, like chickens, and is not sufficient 
to make implications about visual functions in wild species or about possible differences 
between species in general. It would be interesting to know, whether maximum CFF for a 
species is affected by evolutionary adaptation to a particular light environment. If so, the CFF 
of species like jungle fowl (domestic fowl), could be expected to be lower than the CFF of 
more openly-living species, like starling (Sturnus vulgaris). This type of knowledge is 
essential if properties of the avian visual system are to be used for practical purposes, e.g. 
designing avoidance lighting for objects with high bird-collision risks. For the same purposes, 
it is important to have a reliable comparison between bird and human perception of flickering 
light. The approach used in this study, by using cone sensitivity to quantify the amount of 
light perceived by birds, could be useful when trying to compare birds and humans, e.g. 
testing CFF for equal levels of perceived light rather than emitted light.  
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