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Abstract. Photo-, computo-, and videographic pietures have been 
popular stimuli in experimental studies on the cognitive capacities of 
pigeons. Most authors have simply considered them as complex stimuli 
but some authors have talked about them as being natural stimuli. More 
popular accounts of these studies have mostly assumed that the pigeons 
were recognising the equivalencies between the pietures presented and 
the objects or scenes that were represented on them. We argue that this 
assumption may often not be warranted because pieture technology is 
adjusted to fool human vision but not pigeon vision. Mammalian and 
avian visual systems have a long divergent evolutionary history . Ana
tomical, physiologieal, and behavioural investigations indicate that 
colour, depth, flicker, movement and other aspects of vision are prob
ably sufficiently different from humans in pigeons and other birds, 
enough for pictures to appear to them quite different from reality. We 
review a number of studies in pigeons and chickens that were concemed 
with the cross-recognition of real objects or scenes and pictures thereof. 
The conclusion is that these animals are capable of some gross transfer 
of recognition between pictures and reality and vice-versa but that when 
the behavioural tasks require more complex or refined discriminations 
this transfer generally brakes down. 
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INTRODUCTION 

With the arrival of the so-called cognitive revolution in the field of 
animal behaviour, the use of quite complex pictures as discriminatory 
stimuli in learning experiments has become widespread. The domestic 
pigeon (Columba livia), a laboratory species known to be a proficient 
learner and thought to have excellent vision, has been a popular subject 
of experiments in which such pictures are used. Several hund red papers 
published during the last few decades report results obtained in pigeons 
with complex photographic or computographic stimuli. There are also a 
number of publications on domestic chickens (Gallus gallus). This spe
eies has been a popular subject in more ethologically-oriented experi
ments involving videographic stimuli (for a review, see D'Eath, 1998); 
we shall mention some of these studies later. A few studies with 
pictures have been carried out on other avians, such as budgerigars 
(Melopsittacus undulatus; Trillmich, 1976; Brown & Dooling, 1992), 
bluejays (Cyanocitta cristata; Pietrewicz & Kamil, 1979; Bond & 
Kamil, 1998), zebrafinches (Taenopyygia guttata; Bischof, 1980; Adret, 
1997), Bengalese finches (Lonchura striata; Watanabe, Yamashita, & 
Wakita, 1993), and tree sparrows (Spizella sp.; Hebrard, 1978). Since 
real rather than pictorial objects, conspeeifics, and scenes will be rele
vant later, it is also worth mentioning that although there have been 
only a few studies using such discriminanda with pigeons (Cumming, 
1966; Verhave, 1966), quite a number have presented real items to 
chickens and some other bird species. This research has been mainly 
concerned with the study of learning by imprinting (Bolhuis, 1996). 
Readers will also want to consult the several other thematically cognate 
papers in this journal issue. 

Photographs 

The use of complex pictures in learning experiments with pigeons 
really started in 1964, when Herrnstein and Loveland first trained pi
geons to distinguish pictures containing humans from ones that did not. 
They then showed that pigeons could transfer this ability to other pic
tures that did or did not include human figures. These authors projected 
a collection of 80 randomly ordered colour transparencies onto a small 
screen. The collection included a great variety of scenes, half of which 
showed a human figure and half of which did . not. Hungry pigeons saw 
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the screen through a transparent pecking key. Several responses to any 
stimulus showing a human yielded a grain reward. Responses to any 
stimulus without a human failed to produce areward. After about 700 
trials, the pigeons responded more frequently to the pictures with hu
mans than to ones without. They were then exposed to a collection of 80 
human and non-human transparencies that they had not previously seen. 
The pigeons immediately preferred to peck at the novel pictures show
ing a person or people rather than those not showing anyone. They thus 
demonstrated that they could apply the categorisation principle they had 
learned with one set of pictures to another novel set of pictures. With 
analogous methods, it has been shown that pigeons can learn to classity 
many other categories shown in photographs. Such categorisation exper
iments have involved discriminating pictures of trees from pictures of 
non-trees, pictures of fish from underwater pictures lacking fish, pic
tures of water from pictures without water, even pictures of a particular 
person from pictures of other people, or pictures of a particular scene 
from pictures of another scene (Herrnstein, Loveland, & Cable, 1976; 
Honig & Stewart, 1989; Herrnstein, 1990). Pigeons' capacity to cate
gorise extends not only to photographs representing natural objects and 
scenes, such as they might come across in their normal environment, 
but also to computographs of rather artificial scenes such as impres
sionist and cubist paintings (Watanabe, Sakamoto, & Wakita, 1995). 

Which features pigeons attend to when categorising such complex 
pictures is not at all certain. Surprisingly, Greene (1984) found that 
pigeons able to discriminate pictures containing humans from those not 
containing humans re lied predominantly on unidentified features of the 
background, rather than on the presence or absence of a human. Only 
when Edwards and Honig (1987) carefully used a collection of pairs of 
pictures in wh ich one picture always showed a person against a given 
background and the other picture showed exactly the same background 
without aperson, did the pigeons learn to rely on the presence or ab
sence of the human as the discriminatory feature. Fersen and Lea (1990) 
showed that when classitying a set of photographs of buildings, only 
some of their pigeons could be trained to combine additively all five 
dichotomous features intended by the experimenters. The five features 
were architecture (public bar, university building), orientation (vertical, 
oblique), view (from below, from above), distance (near, far) , and light 
(sunny, cloudy). Several pigeons only attended to·some of these features 
and only a few pigeons to all five of them. 
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Computographs 

Wright, Cook, Rivera, Sands, and Delius (1988) used colour com
putographic pictures of objects such as a bee, a camel, an accordion, a 
screwdriver, a book, and a windmill to train individual pigeons on the 
so-called matching-to-sample task. These cartoon-like stimuli were pre
sented on a computer monitor, and pecks on them were detected by a 
touch-sensitive screen. On a given trial of the training procedure a sam
pIe picture of, say, the bee was shown first on the middle of the screen. 
After the pigeon had pecked the sampIe stimulus, two comparison 
stimuli were presented left and right of the sampIe. In our example, one 
comparison picture was that of the bee again and the other was, say, the 
book. The pigeon was rewarded for pecking the matching picture of the 
bee with a few seeds delivered next to the picture, and penalised with 
time out for pecking the non-matching picture of the book. For training, 
stimulus triplets were randomly assembled from 152 different pictures. 
When the pigeons had learned to respond to these training triplets at a 
rate of 75 % correct after about 6500 trials, they were confronted with 
20 stimulus trip lets constructed from 40 pictures of objects they had 
never seen before (mouse, artichoke, whistle, and so on). On this trans
fer test they performed at an 80% correct level, indicating that they had 
learned to respond to an identity relation between pictures, independent
ly of what particular objects were depicted. Pigeons who were trained 
on 4 triplets based on only 2 different pictures learned the matching task 
faster, requiring only about 1200 trials to reach the 75% correct crite
rion. But they only reached a 55 % correct response rate on the transfer 
test with novel pictures. This group cIearly had not really learned the 
identity rule. Macphail and Reilly (1989), who used a large number of 
photographic slides, and Todd and Mackintosh (1990), who used a large 
collection of computographic pictures, employed a successive rather 
than a simultaneous variant of the matching-to-sample procedure. In 
fact, the task for the pigeons in both of these studies was more one of 
picture familiarity/novelty discrimination than of identity/oddity dis
crimination. These authors showed that pigeons were capable of detect
ing the novelty or familiarity of a very large number of pictorial stimuli. 
This is something the birds can only have done by combining a large 
number of features to decide whether, overall, a picture was one they 
had or had not seen before. 
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Attitudes 

In these studies and in many others of their kind, investigators in the 
behaviourist tradition mainly regard the pictures they use as plain 
stimuli. They are purportedly not at all concerned with the issue of 
whether the pigeons perceive the pictures as representations of the 
objects or scenes they depict. In spite of the fact that they promoted the 
cognitive revolution in the field of animal behaviour, neo-behaviourists 
have remained highly sceptical about the variables and mental processes 
involved. Some authors do talk of photographs that depict real objects, 
and of scenes as being natural stimuli, as if to distinguish them from the 
simpler abstract geometrical designs (triangles, circles, crosses, bars) 
traditionally used in earlier times. But beyond that, some authors seem 
to assurne that what pigeons see in such natural pietures must be much 
the same as what we humans see in them, that is, natural scenes. See
ondary sourees, such as popular books or newspaper articles, are even 
more apt to make this assumption. They often suggest, based for exam
pIe on the findings of Herrnstein et al. (1976), that pigeons have been 
shown capable of learning to reeognise a particular person from other 
people, regardless of the view and the context in which these people 
were presented. In fact, all that has been strietly shown by these authors 
is that some pigeons learned to recognise certain pictures as worth peek
ing for food and eertain other pictures as not worth peeking. On which 
eharaeteristics of the pictures this discriminative behaviour was based 
remains largely undetermined. 

The problem at its extreme is that, much as in humans, it is not easy 
to discover what the subjective experiences of pigeons are when they 
look at pictures. But the question that ean potentially be answered is 
whether pigeons are prepared to view pictures as standing for, or as 
being equivalents of, the objeets or seenes that they depict. Remember 
that in humans, equating pictures with objects is by no means a trivial 
proeess and it might indeed only arise through fairly specific experi
enees. Very young ehildren have trouble with this equating proeess, 
possibly beeause their visual apparatus is not yet fully developed (Slater, 
Rose, & Morrison, 1984). Individuals with poor spatial-visual abilities 
may persistently have trouble with pictorial representations such as geo
graphie maps or teehnieal drawings of real seenes and objects (potegal, 
1982). Human adults who live in eultures that are not regularly exposed 
to pictorial representations often have diffieulty equating pictures with 
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the objects or scenes they depict (Deregowski, 1989). Even people who 
are visually intelligent and pictorially conversant occasiona11y fai! to 
recognise familiar objects or scenes on photographic, cinematographic, 
computographic, or videographic pictures. However, even with the best 
pictorial technology, humans never have more than transient problems 
deciding whether they are viewing real things or depictions of them. 
The simple fact is that pictorial images lack, or misrepresent to various 
degrees, a number of sensory cues that normally support the recognition 
of real things. Leaving aside stereoscopic pictures, which are difficult to 
employ with animals, this has to do firstly with the inevitable two
dimensionality of pictures and the three-dimensionality of objects and 
scenes. Secondly, it has also to do with the inherent technical shortcom
ings of pictures in depicting even the purely two-dimensional properties 
of objects and scenes (restricted spatial and temporal resolution, poor 
luminous and chromatic replication, unnatural size/distance correspon
dence, eonstrained spatial extent, artifactual surface refleetions, ete.). 

Evolution 

Technological advances are intended to minimise these defects of pic
tures but naturally only with the perceptual apparatus of human clients 
in mind. When pictures are used with animals, there is a propensity 
among researchers to ignore the fact that the visual functions of speeies, 
breeds, and even individuals may differ as a consequence of their differ
ing phylogenetic and ontogenetic histories. In fact, concerning the mis
taken equation of pigeon and human vision, one must remember that 
these species stern from two different reptile clades, the therapsids and 
the theropods, which went separate evolutionary ways some 310 million 
years aga (Kumar & Hedges, 1998). Mammals arose from the former 
about 250 million years aga and birds from the latter about 150 million 
years ago. A succession of geoecological scenarios steered the two line
ages along quite different evolutionary pathways (Ahlberg & Milner, 
1994; Feduccia, 1996). For a long time, reptiles dominated almost a11 
niches aecessible to cold-blooded vertebrates. The ancestral mammalian 
stock stayed mainly terrestrial but managed to spread into the noctumal 
habitat thanks to homeothermy. Their noctumal habits diminished the 
demands on the visual system and increased demands on their forebrain
based olfactory system. The early birds remained diurnal but moved 
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instead into the aerial niehe. Perhaps due to the need to out-compete the 
reptilian pterosaurs, whieh were also diurnal and aerial, these early 
birds similarly developed warm-bloodedness (Ruben, 1995). When the 
reptile lineages were badly decimated right at the end of the Cretaceous 
period (68 million years aga) by a cold phase brought about by the 
impact of a large meteorite, the climatically better buffered avians and 
mammals largely took over. The birds continued to be selected for a 
predominantly diurnal-aerial habitat that demanded ever more perfor
mance from their fundamentally reptilian, midbrain-based visual system. 
Some mammalian lineages, however, began to move into the diurnal
terrestrial habitats left vacant by the saurian mass extinction. The 
increased visual demands on them led to the expansion of a forebrain
based, mammalian visual system. Humans naturally descend from one 
of these diurnallineages. The upshot of all this prehistory is that human 
and pigeon vision share some functional similarities which are less the 
product of homologies due to common ancestry than the result of con
vergences due to their only recently shared diurnality (Delius, Siemann, 
Emmerton, & Xia, 1999). 

Pigeons are highly visual animals, as are nearly all birds, including 
even those secondarily turned somewhat nocturnal, for exarnple, owls 
and nightjars. The sophistication of the pigeon's visual system is sig
nalled anatomically by their relatively large eyes, which are each about 
1 m1 in volume. Beyond that fact, gross estimates suggest that about one 
third of the pigeon's nervous system, with its 2.5 m1 volume and ap
proximately 109 neurons, is mainly engaged in visual functions. This 
provides the pigeon with a visual-neural network involving perhaps 
some 1011 synaptie connections and, which, in principle, equips them 
with information-processing eapacities sufficient for the most sophisti
cated picture and objeet pereeption eonceivable (Delius et al., 1999). 
However, with due respect to the earlier phylogenetie arguments it is 
important to stress that, though it is the best studied species, the pigeon 
cannot stand as a representative for all avian species. This eaveat is true 
even for the not-so-unrelated, but meanwhile rather terrestrial, chicken. 
Comparative data, although rather limited, suggest that the divergenee 
of visual anatomy and physiology arnong birds is indeed eonsiderable 
(Martin, 1993; D'Eath, 1998; Güntürkün, 1991). Even within the do
mestic pigeon it may not be wise to assurne too readily that the various 
artificially selected breeds (homing, earneaux, strasser, fantail, ete.) are 
entirely equal in their visual anatomy or functions (Jahnke, 1984). 
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PIGEON VISION 

In line with the fact that, geologically speaking, the visual systems of 
pigeons and humans diverged for a long time and only converged for a 
short time, the vision of pigeons differs from our own in very many 
respects. But not all the differences are directly relevant to the question 
of whether pigeons recognise the equivalence between real natural 
scenes and artificial pictures. In this brief overview we only focus on 
the aspects that clarify the latter issue. 

Depth vision 

Pigeons differ from us in the fact that their eyes are placed laterally 
in the head. Each eye has a visual field of about 170 degrees, but when 
both eyes are at rest, the overlapping binocular field of view is only 
about 20 degrees wide (Nalbach, Wolf-Oberhollenzer, & Remy, 1993). 
This means that pigeons mainly view their surroundings monocularly. 
They then fIXate with their central monocular foveae, achieving this 
with head movements and eye movements, the latter being largely inde
pendent for each eye. Some head and eye movements, however, rou
tinely serve to maintain relatively stable retinal images while the pigeon 
walks about (Wohlschläger, Jäger, & Delius, 1993). The foveae are 
characterised by locally high densities of cones and retinal neurons. 
Monocular viewing is naturally devoid of stereoscopic vision, which de
pends on the disparities between the retinal images of two eyes viewing 
the same scene. The fact that the eyes of pigeons are placed closer 
together than ours reduces the magnitude of the inter-retinal mismatches 
on which they can rely. This relative emphasis on monocular vision 
might be thought to contribute to pigeons perceiving two-dimensional 
pictures and three-dimensional scenes as equivalent. However, it has 
been shown that when pigeons approach, fixate, and peck at objects and 
pictures from a range of about 30 cm (Goodale, 1983), as they are often 
expected to do in experimental settings, they can exhibit true binocular 
stereoscopy (McFadden, 1993). This is undoubtedly aided in part by the 
fact that, as they prepare to and then actually peck, pigeons regularly 
increase the size of the binocular field overlap to almost 40 degrees by 
means of convergent eye movements (Bloch, Leimeignan, & Martinoya, 
1987; Wohlschläger, Jäger, & Delius, 1993). The deftness with which 
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pigeons can rapidly pick up even small food items from variable loca
tions suggests that they can indeed precisely assess the depth of targets 
(Siemann & Delius, 1992). Incidentally, the convergence effort itself 
mayaiso be used by pigeons for non-stereoscopic depth gauging (Marti
noya, LeHouezec, & Bloch, 1988). Because of their pronounced loco
motor and neck mobility, pigeons can also easily bring items of interest 
into their stereoscopic range. Stereoscopy is connected with the pre
sence of fairly large, specialized areas in the dorsoposterior region of 
the retinae. These so-called red areas have high densities of cones and 
associated neurons and they project binocularly into the visual field sur
rounding the tip of the beak. Within the red area of each retina, there is 
a smaller area dorsalis with a particularly high retinaI element density. 
This area dorsalis, although not associated with a retinal depression, 
obviously functions as a binocular fovea (Galifret, 1968). Pigeons tend 
to attend preferentially to small visual features when they peck (Jenkins 
& Sainsbury, 1970; Lindenblatt & Delius, 1988). This is consistent with 
the reduced extent of the high-resolution binocular field but possibly 
also relates to pigeons' reluctance to swallow larger items. The pigeon's 
eye shape is such that at accommodative rest, the lower half of the 
visuaI field is somewhat myopic while the upper field is emmetropic 
(Fitzke, Hayes, Hodos, Holden, & Low, 1985). However, the accom
modation power ofpigeons' eyes is considerable, about 10 dioptres, and 
the two eyes can accommodate independently (Schaeffel, 1994). The 
elear innermost portion of the nictitating membrane that is drawn over 
the eyes during pecks may contribute to elose-range accommodation 
because it has an optical magnifying effect (Ostheim, Krug, & Schlotter, 
1999). It is also probable that a partial lid elosure during pecking, in in
terplay with the pupil, acts as an aperture-limiting device that augments 
the depth of focus (Ostheim, 1997a, b). Contrary to an earlier belief that 
pigeons elose their eyes as they peck, it is now clear that they continue 
seeing throughout this motion (Hörster, 1997; Hörster, Krumm, & 
Mohr, 1999). 

Apart from stereoscopy, there are several other mechanisms that can 
provide visual depth information without requiring binocular image 
overlap. Those we can expect to play an important role in pigeons be
cause of their body and head mobility depend on successive monocular 
image disparities, that is, on position and movement parallax effects. 
Direct proof that pigeons use optic flow fields is stilliacking. But there 
is at least indirect evidence that rotating stimulus arrays that, to us, 
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appear to expand or contract (Le., stimulation that mimics looming or 
receding scenes) can induce the corresponding illusions in pigeons 
(Martinoya & Delius, 1990; see also Frost, Wylie, & Wang, 1994; Sun 
& Frost, 1998, for neural correlates). Other depth cues are potentially 
provided by occlusion patterns, perspective size, texture gradients, 
shading patterns, and accommodation efforts. The extent to which 
pigeons utilise these depth cues is still uncertain. Generally we would be 
inclined to assume that they do so in their natural environment because, 
at the high speeds at which pigeons fly through cluttered spaces, monoc
ular information about visual depth must be essential for safe naviga
tion. Some studies have already addressed the question of whether 
pigeons can discriminate pictorial or computer-generated stimuli on the 
basis of one or other of these cues. To date, pigeons have treated oc
cluded figures as equivalent to incomplete shapes, rather than complet
ing the occluded parts. However, these studies have only been limited to 
two-dimensional pictures of geometric shapes or cartoon figures 
(Cerella, 1980; Sekuler, Lee, & Shettleworth, 1996). 

Pigeons have also been tested for their ability to distinguish pictures 
of objects from similar pictures in which depth cues based on either 
shading or perspective have been removed or manipulated (Reid & 
Spetch, 1998). Pecks towards a picture that contained both types of 
depth cues, as solid objects do, were rewarded, whereas the choice of a 
picture in which one or the other depth cue was lacking was not re
warded. The birds were able to make these discriminations and to trans
fer them to novel stimulus displays: They also discriminated pictures of 
three-dimensional objects (e.g., a cube with shading and perspective 
cues) from a two-dimensional shape of similar aspect (e.g., a uniformly 
shaded square). Since the stimuli were displayed on a computer moni
tor, they were all physically two-dimensional, but this study does sug
gest that birds might be able to utilise some depth cues, even in pictorial 
representations. Pecking preferences for variously shaded three- and 
two-dimensional stimuli indicate that naturalistic shading patterns also 
act as a three-dimensionality cue for neonate domestic chickens 
(Dawkins, 1969; Hershberger, 1970). Pigeons probably have little diffi
culty distinguishing the two-dimensionality of pictures and the three
dimensionality of real scenes and objects. Additionally, when they actu
ally peck at stimuli, pigeons can assess the flatness or solidness of these 
stimuli through tactile (haptic) cues (Schall & Delius, 1991). 
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Colour vision 

The retina of pigeons is, like our own, equipped with rod (twilight 
vision) and cone (daylight vision) photoreceptors. However, pigeon 
cones come in two easily identifiable varieties, double cones and single 
cones. Furthermore, there are five morphologically distinguishable cone 
types (Emmerton, 1983a). The principal cone of the double variety is 
characterised by a higWy refractive glycogen ellipsoid that fiUs the neck 
of its outer segment. The accessory cone adheres tightly to it except for 
its outer segment. Most if not all pigeon cones include a so-called col
oured oil drop let at the base of the photopigment-bearing outer seg
ments. All light entering these segments passes through the oil droplets. 
They contain lipid-dissolved carotenoid pigments and occur in red, 
orange, yellow, pale yellow, colourless, and clear varieties. Microspec
trophotometry has revealed that the oil droplets act as long-wavelength 
light pass filters with differing short-wave cut-off flanks (Bowmaker, 
1977). The same technique has also been used to show that, apart from 
the rhodopsin contained in the free oil-droplet rods, there are at least 
three different cone pigments with absorption maxima in the red, green, 
and blue regions of the spectrum. Further evidence indicates the pres
ence of a photopigment peaking in the violet region of the spectrum 
(Varela, Palacios, & Goldsmith, 1993). Electroretinographic and behav
ioural spectral sensitivity measurements have shown that, besides a main 
sensitivity maximum in the spectral region visible to humans, there is a 
secondary maximum in the near-ultraviolet region which is not visible to 
humans (Remy & Emmerton, 1989). The ocular media of pigeons, 
including the lens and certain oil droplets, are fully transparent to near
ultraviolet light, and pigeons are not only capable of visual shape 
discrimination in this wavelength range (Emmerton, 1983b), but also 
exhibit good wavelength discrimination down to at least 360 nm 
(Emmerton & Delius, 1980). The presence of an additional ultraviolet 
absorbing photopigment is thus probable in pigeons. Recently, pigeons 
were found to exhibit a higher visual near-infrared sensitivity than 
humans, but nothing is yet known about its physiological basis or its 
functional consequences (Ostheim, 1998). 

Combinations of the various photopigments and oil-droplets in differ
ent cones yield cones with differing effective action spectra (Bowmaker, 
1977). Furthermore there are regional differences in the spectral cut
offs of the different oil droplets, and in the frequency of the cones with 
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different oil-droplet/photopigment combinations. In the red area of the 
retina (the dorso-temporal quadrant of the retina projecting into the 
lower frontal field of view; Galifret, 1968), where the cones contain 
mostly red and orange oil droplets, there are at least six different cone 
types. In the remainder of the retina, the yellow area, where the cones 
chiefly bear yellow oil drop lets , there are at least five cone types 
(Emmerton, 1983a). The small fovea centralis located within this yellow 
area is also rich in cones containing red and orange oil droplets; it may 
be like a red area in terms of its cone types. 

The two major retinal areas are associated with different spectral sen
sitivities, with the yellow field exhibiting a relatively higher sensitivity 
for shorter wavelengths than the red field (Remy & Emmerton, 1989). 
Beyond this, it is likely that the colour perception differs between the 
two areas (Delius, Jahnke-Funk, & Hawker, 1981). More generally the 
colour vision of pigeons, as one would expect from the numbers of the 
different cone types, is quite complex. One of the funct10ns that partial
ly characterises the performance of colour vision systems is the wave
length discrimination function. At each light wavelength, this function 
shows the smallest wavelength difference that the species can discrimi
nate behaviourally. The curve of human trichromats has two minima 
that lie very roughly at the points where the absorption spectra of their 
red-, green-, and blue-absorbing cones overlap. Human dichromats 
display only one minimum that lies between their blue and longer-wave
length cone absorption spectra (usually they lack either the green
absorbing or the red-absorbing cones: Neitz & Neitz, 1998). The wave
length discrimination function of a pigeon for frontally presented 
spectral stimuli exhibits four minima, suggesting that its vision is penta
chromatic and based on cones with five different effective absorption 
spectra (Emmerton & Delius, 1980; Varela, Palacios, & Goldsmith, 
1993). This would mean that, while all hues that humans see can fit into 
a three-dimensional space (usually presented collapsed into a two
dimensional colour triangle), the hues a pigeon can see requires a five
dimensional space. More practically speaking, whereas three basic 
colours are sufficient to mix all hues humans can see (the principle on 
which colour photography, computography, and videography are 
based), five different basic colours would probably be needed to do the 
same for pigeons. Though the rules of colour mixing have not yet been 
fully determined for pigeons or for any other bird species, the results 
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available so far suggest the presence of an at least tetrachromatic colour 
vision (Jitsumori, 1976; Palacios & Varela, 1992). 

The differentiation of the retina of pigeons mayaiso be related to 
their sensitivity to the polarisation plane of light. Evidence concerning 
this sensitivity in pigeons reported some time aga (Kreithen & Keeton, 
1974; Delius, Perchard, & Emmerton, 1976) has recently been chal
lenged (Coemans, Vos, & Nuboer, 1990), but there is much evidence of 
the presence of polarisation sensitivity in various other bird species 
(Able & Able, 1997). The polarisation of sky light, which is undoubted
ly used by these birds for navigational purposes, happens to be maximal 
in the ultraviolet range. Delius et al. (1976) suggested that polarisation 
sensitivity in pigeons may be restricted to the yellow area of the retina 
and be connected with its higher ultraviolet sensitivity. In the case of 
pictures, this area may enhance the perception of surface reflections that 
tend to be strongly polarised. Burkhardt (1989) showed in turn that 
many natural objects likely to be of interest to birds (plumages, berries, 
etc.) are ultravioletly coloured. 

Other factors 

As in all non-mammalian vertebrates, the optic nerves of birds cross 
over almost totally into the contralateral side of the brain (Bagnoli, 
Porciatti, Fontanesi, & Sebastiani, 1987). Information from the two 
eyes is kept largely separate in the two contralateral brain hemispheres 
throughout the visual system areas, the interhemispheric commissures in 
pigeons being of small calibre (Güntürkün, 1991). Behavioural evidence 
shows that pigeons display some degree of hemispheric specialization, 
with pecking, for example, being predominantly controlled visually by 
the left hemisphere, that is, by the right eye (Güntürkün, Emmerton, & 
Delius, 1989; Güntürkün, Hellman, Melsbach, & Prior, 1998). These 
birds also have some difficulty with interhemispheric (interocular) trans
fer of visual information. Having learned a visual task when seeing with 
one eye, pigeons often cannot master it weIl when they are tested with 
the other eye. They have less trouble when viewing stimuli in the fron
tal, normally binocular visual fields than when viewing them in the 
lateral, monocular visual fields (Remy & Watanabe, 1993). Pigeons also 
exhibit information transfer asymmetries when viewing with just one 
eye. Visual discrimination tasks learned with stimuli presented in the 
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frontal field are poorly performed when the stimuli are subsequently 
presented in the lateral field of the same eye. The transfer of perfor
mance is markedly better in the other direction (Mallin & Delius, 1983; 
Remy & Ernmerton, 1991; Roberts, Phelps, Macuda, Brodbeck, & 
Russ, 1996). But pigeons nevertheless have a relatively hard time dis
criminating stimuli presented laterally when they have to respond by 
pecking a key viewed frontally (Güntürkün et aI. , 1989). This is prob
ably related to the fact that there is partial separation of the projections 
of the red (binocular) and yellow (monocular) areas of the retina into a 
tecto-thalamo-telencephalic pathway and a thalamo-telencephalic path
way (Remy & Güntürkün, 1991; Güntürkün, 1999). 

The detection and or increment thresholds for various visual vari
ables have been determined psychophysically for the frontal visual field 
of pigeons. The threshold for brightness and size is about 10% of a 
given magnitude, for tilt it is about 10 degrees, for acuity it is about 0.1 
degrees of visual angle, and for movement it is about 5 degrees of visu
al angle per sec. These values are generally worse than those deter
mined for humans. But note that they have usually been obtained with 
successive stimulus presentation methods. Successive discrimination 
paradigms are likely to be affected by pigeons' less durable short-term 
memory compared to humans (Wright, 1989). In cases where measure
ments with simultaneous presentation techniques are available, the 
thresholds obtained are markedly better (brightness: HOdos, 1993; size: 
Schwabl & DeIius, 1984; movement: Martinoya & Delius, 1990). Inci
dentally, acuity is definitely better for lateral viewing than for frontal 
viewing (Hahmann & Güntürkün, 1993). In general, animal psycho
physical measurements are known to improve when the measurement 
techniques are carefully adapted to a given species' propensities and 
peculiarities. There is still much to be done in this respect with pigeons. 
Visual flicker fusion frequency, a temporal resolution index, has been 
found to be considerably higher in pigeons (reaching about 150 cycles 
per sec at high luminance levels; Powell & Smith, 1968) than in 
humans. 

Recognition of visual stimuli depends mainlyon the interaction of 
several parameters. This brings up the question of how weIl pigeons can 
cope with the so-called constancy or invariance aspects of picture and 
scenes. Concerning size/distance constancy, i.e., recognition of a stimu
lus as large or small independently of whether it is elose by or far away, 
the pigeon's abilities may be somewhat limited (McFadden, 1993). Re-
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garding size invariance, i.e., recognising a silhouette shape regardless 
of its size, pigeons seem to be even more limited (Lombard i & Delius, 
1990; Cerella 1990). But for orientation invariance Le., the recognition 
of silhouette shapes independently of their orientation, pigeon perfor
mance is exceHent (Delius & Hollard, 1995; Jitsumori & Ohkubo, 
1996). Silhouette shapes presented in differing contrasts and colours are 
reasonably weH recognised as equivalent. Outlines of silhouette shapes 
and silhouette shapes of structured/shaded drawings of objects are easily 
recognised, but outline tracings of the latter are not (Lombard i & 
Delius, 1989; Cook, Wright, & Kendrick, 1987). Complex movements 
of simple stimuli are weH discriminated by pigeons, perhaps in 
agreement by the ubiquitous motion sensitivity of their visual neurons 
(Emmerton, 1986; Dittrich & Lea, 1993; Frost, Wylie, & Wang, 1994). 
Pigeons derive motion-in-depth information from two-dimensional opti
cal flow displays (Martinoya & Delius, 1990). It mayaiso be that, con
trary to earlier opinions (Cerella, 1990), pigeons recode successively
presented, two-dimensional pictures of objects or scenes viewed from 
different angles into a unified three-dimensional memory representation 
(Spetch, Kelly, & Lechelt 1998; Cook & Katz, 1999). 

PICTURE/OBJECT EQUIV ALENCE 

Let us return to the quest ion of whether for pigeons, two-dimensional 
pictures actually represent the three-dimensional objects and scenes they 
depict. 

Objects 

Some of the first experiments concerning this question were of a 
mixed behaviouristic-ethological nature. When pigeons that peck a key 
for a food reward are exposed to areduction in the reinforcement ratio 
per response, or to long intervals between rewards, these frustrating 
events usuaHy induce aggression. If the experimental pigeons are pro
vided with a live pigeon or a stuffed model in their training chamber, 
they attack it by pecking it. They have also been reported to attack their 
reflection in a mirror, life-size colour photographs, black and white 
silhouettes, and even line drawings of a pigeon.' The attacks on the last 
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three were recorded using an electric switch (Looney & Cohen, 1974). 
Whether peeking attacks on these images did or did not occur partly de
pended on the pigeons' previous experience with Jive or stuffed targets. 
Generally , readiness to attack decreased as less and less realistic images 
or pictures were used. Unexpectedly, however, the pigeons pecked the 
upper parts of the pictures when they were shown upside down: nonnal
ly pigeons attack by pecking the head of live or stuffed targets. Ramirez 
and Delius (1978) found that, compared with live pigeons, colour 
pictures were quite ineffeetive as targets of such schedule-induced 
aggression. Moreover, they found that marked individual differences in 
aggressiveness exhibited by a number of experimental pigeons vis-a-vis 
live target pigeons were not apparent when the photographie targets 
were used. In a variety of bird species, mirror images have been found 
in field experiments to elicit transitory displays, mostly of an aggressive 
kind but sometimes also courtship-related (Smith & Hosking, 1955; 
Tinbergen, 1959). Rapid waning of these responses is the rule, how
ever, presumably because of the various limitations that mirror images 
have as social partners (limited frame, impenetrability, mimicking' prop
erty). However, soeially isolated, possibly mirror-imprinted birds, 
including pigeons, may persistently seek out their mirror-image and pro
duce social displays to it (personal observation). 

Cabe (1976) trained pigeons to discriminate two three-dimensional 
objects, a rectangular white block and a white cross. The stimuli were 
presented in succession behind a transparent pecking key and against a 
dark grey background. Pecking was food-rewarded when one object was 
presented, but no reward was given for any responses made when the 
other object was shown. When the pigeons discriminated the objects 
weIl they were tested in transfer trials, using black and white photo
graphs, line drawings or white-on-black silhouettes of these objects. The 
transfer tests demonstrated that the photographs and the silhouettes, but 
not the drawings, were treated as equivalent to the objects they were 
supposed to represent. But since the birds could easily 1earn to discrimi
nate any of the pictures from the objects they represented, the equi
valence was not total. Lumsden (1977) trained pigeons to discriminate a 
rewarded target object of a particular shape presented in a standard 
oblique orientation from two other similarly sized but differently shaped 
non-rewarded distractor objects when these objects were shown succes
sively behind a transparent pecking key. Onee the pigeons had learned 
the diserimination, they were tested on extinction tests for response 
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generalisation to the target object presented at different orientations , to 
cut-out black and white photographs, and to cut-out line drawings of the 
object at the corresponding orientations. The generalisation response 
rates were about the same with the object and with the photographs but 
were lower on the drawings. However, when pigeons were trained on 
the harder task of discriminating the above target object shown in two 
symmetric oblique orientations, and were again tested with the object 
and the photographs, the generalisation rates on the photographs were 
quite low. 

Spheres 

Delius (1992) trained two groups of pigeons to categorise up to 72 
small three-dimensional, diversely coloured objects according to the 
somewhat abstract physical property of being spherical or non-spherical. 
Aseries of different object trip lets mounted on small metal plates 
attached to an automated conveyor chain were successively presented. 
Each triplet consisted either of two spheres and one non-sphere or of 
one sphere and two non-spheres. The pecking-grasping responses to the 
objects, which provided haptic stimulation, were sensed by piezo
ceramics positioned beneath each set of object-plates when the chain had 
moved a triplet into place. The apparatus was controlled by a micro
computer. If a bird grasped a spherical shape, it received areward of 
several seeds, whereas if it pecked a ~on-spherical object, aperiod of 
darkness followed. The animals learned the discrimination task, reach
ing the 85% correct criterion very quickly (within 150 trials), probably 
because of the realism of the stimuli, which offered tactile as weIl as 
visual cues. Familiar training objects were thereafter readily discrimi
nated by the pigeons, even when they were presented on novel back
ground plates. Several tests with sets of new spherical and non-spherical 
objects showed that the birds generalised their categorisation by dis
criminating at a 75 % level or better. The test objects, incidentally, were 
routinely added to the repertoire of training objects so that, together 
with some other new objects that were introduced, the pigeons ended up 
discriminating a total of up to 260 objects. 0nly when a test set 
consisted of novel transparent spherical and non-spherical objects, all of 
which inc1uded non-spherical opaque intrusions, did the pigeons fai! to 
show a performance transfer. However, after some training with these 
objects, even they were correctly classified as spherical and non-spheri-
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cal. Other tests revealed that the pigeons would also categorise objects 
on a relative basis without any special training, meaning that when pre
sented with non-spherical objects only, they would preferentially choose 
those which human observers also judged to be the most spherical ones. 

The pigeons were also tested with photographic pictures of spherical 
and non-spherical objects pasted onto stimulus plates. Tests with a total 
of up to 54 colour photographs yielded an average correct discrimina
tion rate of 69%. Tests with up to 36 black and white photographs 
yielded a significantly better average score of 79 %. In fact, a test with 
18 black and white pictures of spheres and non-spheres drawn by an 
artist yielded a better result (71 % correct) than tests with colour photo
graphs. The average discrimination score during comparable tests with 
36 real objects was 84 %, which was significantly better than that 
achieved with the black and white photographs. Delius (1992) inter
preted these results as suggesting that pigeons could transfer a categoris
ing discrimination behavior leamed purelyon the basis of real objects to 
pictures of objects, although only with a decline in performance. The 
reason for this decrement was seen in the fact that, when the birds clas
sified the real spheres and non-spheres, they could benefit from the 
visually available stereoscopic and parallax cues. Their attention to 
these depth cues was possibly enhanced by the additional availability of 
haptic cues. Neither depth nor haptic cues were available when the birds 
discriminated the pictures. Colour photographs were thought to have 
yielded the worst results because, by being suited to human trichromatic 
colour vision within the blue to red range, they probably presented a 
false colour representation for the pigeons with their ultraviolet to infra
red, pentachromatic vision. These false colours probably also disturbed 
the three-dimensionality cues which photographs retain, such as shading 
and texture gradients. The latter may have been more veridical in the 
black and white pictures and even in the black and white drawings than 
in the colour pictures. The idea that colour photographs are deficient 
pictures of reality is backed by another experiment. Pigeons exhibit an 
excellent discriminatory behaviour when they feed on milo grains mixed 
with stone grit, and they needed virtually no training for this task 
(Jäger, 1990). However, when they were required to operantly discrimi
nate slides that were back-projected onto pecking keys and either 
showed milo grains on a stone grit background or the latter background 
without grains, pigeons could not satisfactorily master this discrimina
tion, even after lengthy training (Jäger, 1995). 
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Photographs 

Note that the experiment by Delius (1992) showed that categorical 
discrimination of sphericity and non-sphericity established with real ob
jects was transferred, albeit with some decline, to pictorial representa
tions of the objects. However, the author did not examine whether 
pigeons could achieve the opposite task, that is, learn to categorise pic
tures representing spherical and non-spherical objects and then transfer 
that competence to the classification of real objects. Watanabe (1993) 
trained pigeons to discriminate four kinds of edible seeds and grains 
(corn, pea, wheat, and buckwheat) and four kinds of junk (stone, twig, 
screw-nut, and paper clip). These items were placed in small containers 
fixed to an automated conveyer-belt device and presented to pigeons 
behind a transparent, vertically arranged pecking key. There were three 
groups of pigeons: one learned to discriminate between the grain and 
the junk, with responses to the grain being rewarded with food, and no 
reward for responses to the junk; the second learned the same discrimi
nation, but with the junk rewarded and the grains not rewarded; and the 
third learned to discriminate two grains plus two junk items from the 
other two grains and junk items. When tested with photographic colour 
prints of the objects, instead of the objects themselves, the first two 
groups showed substantial transfer, but the last group did quite poorly. 
Another set of three groups of pigeons learned to discriminate the pic
tures first and were then tested with the objects. They showed a very 
similar pattern of transfer. These results suggested that for pigeons, 
photographs convey sufficient information about real objects to allow 
for general categorical cross-recognition of objects, but that they do not 
carry sufficient information to allow for a precise identification of a par
ticular individual object. However, Watanabe also trained pigeons to 
discriminate real corn kernels from real stones and found that they 
transferred the discrimination to other grains and junk objects rather 
weIl. But when other pigeons were trained on colour slides of the same 
kernels of corn and the same stones, there was virtually no transfer to 
the other grain and junk objects (Watanabe, Lea, & Dittrich, 1993). 
This suggests that photographic pictures can only supply a fraction of 
the visual cues that real objects are capable of conveying to pigeons. 

More recently, Watanabe (1997) trained pigeons to discriminate be
tween four different kinds of edible seeds and grains (corn, safflower, 
wheat, and soya) and four kinds of non-edible junk (stone, twig, screw-
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nut, and paper staple). One group of pigeons learned the grain/junk 
discrimination, the other the object/picture discrimination. They were 
then tested with new kinds of seeds (buckwheat, red bean) and new 
kinds of junk (resistor, paper clip). Both groups showed good general i
sation of discrimination to these novel objects. In a second test the ob
jects were displayed horizontally rather than vertically. The transfer was 
good, that is, the pigeons showed invariance with respect to orientation 
changes. On the third test, all objects were painted matt black and the 
photographs were of these blackened objects. The transfer was good in 
the object/picture group, but was very poor in the grain/junk group, 
indicating that the pigeons could discriminate between flat and solid 
stimuli despite adegradation of cues, but could not maintain an object
c1ass discrimination under these conditions. Finally, the subjects of the 
object/picture group were retrained with either the right or the left eye 
seeing. Discrimination performance was good with both eyes. Interest
ingly, lesions of the ectostriatal end-projection of the tecto-thalamo
telencephalic visual pathway (Güntürkün, 1991), were found to impair 
sUbstantially the grain/junk discrimination, but had less effect on the 
object/picture discrimination. Watanabe argued that the dissociation 
could not be due to a simple difference in task difficulty because both 
were initially learned equally fast. However, the blackening results sug
gest that there may nevertheless have been a more subtle difference in 
task difficulty. 

Locations 

There has been a great deal of interest in the transfer from realloca
tions to pictures of the same locations, or vice versa, in connection with 
the role visual locality cues play in the near-range orientation of 
pigeons. Earlier studies claimed that pigeons with experience of real 
localities were at an advantage when they learned to discriminate colour 
photographs of these localities, compared to pigeons that lacked such 
experience, but these studies were not weIl controlled or were not re
ported in sufficient detail (Wilkie, Willson, & Kardal, 1989; Kendrick, 
1992; Wilkie, Willson, & MacDonald, 1992). We summarise the results 
of two relatively recent, better-designed studies on this topic. Cole and 
Honig (1994) trained pigeons to discriminate between pictures showing 
two ends of a room and then put them in the real room and rewarded 
them for choosing one end of the room rather than the other. One group 
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of pigeons (congruent) was rewarded for entering the end that had been 
rewarded during training. The other group (incongruent) was rewarded 
for entering the unrewarded end. The first group learned the real room 
task significantly faster than the second one. However, a further control 
group of pigeons that was first trained to discriminate pictures unrelated 
to the room learned the room task as fast as the birds in the congruent 
group. In other words, the incongruent picture training seems to have 
slowed down the real-room learning task, rather than the congruent pic
ture training having facilitated it. A different set of pigeons was trained 
first with the real room task and then tested with the picture task. Here 
the congruent and incongruent groups showed no difference in perfor
mance. Thus, there was apparently some sort of weak transfer from pic
tures to objects but not from objects to pictures. Dawkins, Guilford, 
Braithwaite, and Krebs (1996) worked with two groups of pigeons. 
While the birds were held in wire-mesh cages at six different view
points, they were pre-exposed to views of a common's medow or a 
sports field. The pigeons were highly unlikely to have seen these loca
tions before. Both groups were then trained to discriminate 55 different 
colour slides taken at the relevant sports field from another 55 colour 
slides taken at an unrelated public park. The slides were back-projected 
in random order on a screen located some inches behind a transparent 
pecking key, and responses to the sports field pictures were rewarded. 
There was no significant difference in the number of sessions the 
pigeons in either group needed to reach a predefined discrimination 
criterion, nor was there a difference in transfer performance when they 
were tested with 40 new slides of both locations. This means that the 
pigeons who had been pre-exposured to the real sports field made no 
use of that experience while discriminating between the pictures of that 
field and the park. This is probably due to the fact that they did not 
recognise the equivalence between the photographs and the real scenes. 
But an alternative explanation is that simple pre-exposure to one of the 
stimuli does not facilitate its discrimination from other stimuli. With 
quite simple visual stimuli, there is evidence that mere pre-exposure 
does not always facilitate subsequent discrimination by pigeons. Indeed, 
in some cases it even retards it (Channel & Hall, 1981). 

In a kind of follow-up study, Dawkins and Woodington (1997) had 
two groups of chickens learned to discriminate pairs of chicken-sized 
junk objects on the basis of their colour or srulpe. The objects were 
presented either elose by (about 15 cm) or further away (120 cm). The 
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results revealed that the chickens performed better under the c10se con
dition than under the far condition, regardless of group, although the 
colour group performed better overall. When the objects were replaced 
with colour prints showing these objects in natural size, there was sub
stantial transfer in the colour group but rather Httle in the shape group. 
The authors accordingly concluded that the pigeons I failure in the 
earlier experiment may not have been due so much to the false colours 
in the slides, but rather to the fact that the slide pictures were small and 
close by, whereas the real scenes were big and further away. They did 
not see this as being a size/distance inconsistency, a factor that might be 
suspected as important given the limited size invariance and better 
size/distance constancy pigeons exhibit when recognising simple shapes 
(Lombardi & Delius, 1990; Cerella, 1990; McFadden, 1993). Instead, 
they considered it to be a potential lateral/frontal viewing inconsistency 
problem connected with the fact that chickens and pigeons have the hab
it of looking at more distant items laterally (monocularly) and at nearer 
objects frontally (binocularly). The recognition of individual birds 
apparently only occurs after visual inspection from c10se up (Dawkins, 
1995). 

Mimicry 

A vian predators are a major selective factor in the evolution of the 
shapes, colours, and movements of insects. Most insect predators hunt 
using visual cues. Insects have evölved a number of defensive ploys, 
including the so-called Batesian mimicry. Several wasp species have dis
tinct markings and colours, and birds leam to avoid capturing them once 
they have been stung. Some fly species, themselves inoffensive, have 
evolved a morphology that mimics the shape, marking, and colouring of 
these wasps. In some species this mimicry is very precise; in others it is 
less exact. It is c1ear that in the former case, bird predators may be 
fooled into avoiding the mimics, but what about the latter? The degree 
of precision in the mimicry has traditionally been assessed by human 
observers, but our vision may differ from that of avian predators, in the 
sense that imperfect mimics to us may in fact be quite good mimics to 
birds. Dittrich, Gilbert, Green, McGregor, and Grewcock (1993) had 
pigeons learn to discriminate pictures of model wasps and pictures of 
flies that were definitely non-mimics. Once tlie pigeons had learned to 
make this discrirnination, they were given tests with pietures of fly spe-
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cies that were good, medium, and poor wasp mimics. The pigeons were 
found to judge the mimicry of the various flies in much the same way as 
humans do, so the authors concluded that the imperfect mimics were 
indeed exactly that. Cuthill and Bennet (1993), however, drew attention 
to the fact that photographic colour slides are adjusted to trichromatic, 
red-to-blue human colour vision, and that there is evidence that pigeon 
colour vision is tetra- if not pentachromatic, extending from red to ultra
violet, the latter being a light quality that cannot at all be reproduced in 
slides. Upon this critique Green, Gentle, Peake, Scudamore, McGregor, 
Gilbert, and Dittrich (1999) partially repeated their experiment using 
dead specimens of wasps and flies as stimuli. The pigeons viewed the 
specimens through a pecking key that was transparent to both "visible" 
and ultraviolet light. They obtained much the same results as in the first 
study: pigeons considered flies classified as medium mimics by humans 
to be visually intermediate between model wasps and non-mimicking 
flies. Yet to be determined is whether pigeons would show precise 
transfer between real insects and pictures of them, and vice versa. There 
is also the more general point that it is not certain whether actual insec
tivorous predators, presumably flycatcher species, have a colour vision 
that is comparable to granivorous pigeons, although this was implicitly 
assumed in the above study. The available evidence suggests that colour 
vision in different avian species probably differs considerably (Varela et 
al. , 1993), although ultraviolet sensitivity appears to be widespread 
among birds (Chen & Goldsmith, 1986). Whereas humans perceive 
dead insects as equivalent to live ones, this might not be the case for 
birds, since at least some of the mimicry probably relies more on simil
arity of movement than on similarity of shape and colour. Flycatchers 
are more likely to capture their prey when it is moving than when it is 
at rest (Srygley & Ellington, 1999). 

Videographs 

There are only a few studies on whether pigeons recognise video
graphed sequences as equivalent to live moving scenes. Ryan and Lea 
(1994) found that pigeons do not respond to video sequences of conspe
cifics as they do to live birds, since they tend to show avoidance rather 
than approach to video images. Rather than relying on pigeons' natural 
responses to video images, Jitsumori, Natori, and Okuyama (1999) 
trained their birds to discriminate videographed scenes. The pigeons 
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were first trained to distinguish moving videographs of two different 
conspecifics displaying different types of action (key pecking and cir
cling). Transfer tests to novel scenes that included a new bird as weIl as 
a new movement pattern (pacing) suggested that the particular type of 
activity the birds had seen in the training sequences was the most salient 
feature of the video scenes. However, when specifically trained to do 
so, the pigeons could also leam to base their discrimination on either the 
particular behavioural activity, or the specific bird shown in the video. 
They then transferred their discrimination ability to scenes of a different 
bird showing the same activity as in training phases, where activity was 
the relevant feature, and to a different activity performed by the same 
bird as in the training, when the specific individual was relevant. 

In another test, static frames from the videographs used in the latter 
type of training were presented. Not only did the birds continue to dis
crirninate specific pigeons when they had been trained to recognize par
ticular conspecifics, but also and more surprisingly, they discrirninated 
static images of particular activities. Also, rather revealingly, the direc
ti on (either normal or reversed) in which the moving video scenes were 
played had no effect on their ability to discriminate the scenes. Although 
Jitsumori et aI. concluded that pigeons can learn to recognize either 
specific individual birds or their patterns of activity in video images, 
they warn us that pigeons still might not see the video images as show
ing proper birds in normal motion. Rather, they may perceive the 
images as aseries of stroboscopically presented, false colour frames. At 
no point did this study attempt to examine whether there was any cross
recognition from pigeon pictures to real pigeons or vice versa. 

It is important to note here that videos normally operate at 25 or 30 
frames per second, weIl below the temporal fusion frequency of 
pigeons. (Some special, but more expensive equipment can operate at 
higher frequencies, see Watanabe & Furuya, 1997.) Incidentally, the 
high temporal resolution of pigeons might also impair their perception 
when real objects and scenes are illuminated with certain fluorescent 
lamps that flicker at SOor 60 Hz. More studies with animation have 
been performed on chickens. An early study attempted to use cinemato
graphie pictures (16 frames per sec) of moving stick insects but found 
that chicks were unresponsive to them, even though they were respon
sive to real stick insects. With elegant experiments, including one show
ing that chicks would respond to continuously' but not to intermittently 
illuminated shadows of moving stick insects, the same study made it 
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seem quite likely that the unresponsiveness was chiefly due to the low 
temporal resolution of the cinematographic display, good enough for 
humans but too poor for chickens (Robinson, 1966). More recent video
graphie experiments on chiekens have been thoroughly reviewed by 
D'Eath (1998), but 1et us mention some of them. Keeling and Hurnik 
(1993) found that chicks would feed more if they were shown a video of 
a hen feeding than if they were not. But this facilitative effect can also 
be obtained with quite primitive mechanical hen surrogates (Turner, 
1965). McQuoid and Galef (1993) reported that chicks that saw a video 
of a hen feeding from a particular coloured bowl, later preferred that 
bowl to another bowl from which they had not seen her feeding. But the 
authors did not check whether the chicks recognised a hen in the video 
images or just responded to something that nodded into the bowl in 
question. Evans and Marler (1991) showed that cockerels would give 
alarm calls in response to an aerial predator model when either real hens 
or videos ofhens were presented. However, to a lesser extent, real bob
white quail or videos of the same quail also had this effect. The fact that 
live individuals of two species of quite different appearance were capa
ble of yielding the facilitative effect suggests that the videos mayaiso 
h:lve provided only coarse similarity to the live actors. 

D'Eath and Dawkins (1996) showed that chickens feed more readily 
and closer to live, familiar flock mates than to live, unfamiliar conspe
cifics. The chickens did not exhibit this discrimination, however, when 
colour videos of familiar or unfamiliar conspecifics were substituted for 
live companions, even though they did respond with avoidance behav
iour to videos showing hens displaying threat postures. Related to this 
latter finding is the fact that pigeons have been found to display fear and 
aggressive responses merely to an approaching wooden stick (Ramirez 
& Delius, 1986). Using colour slides, Bradshaw and Dawkins (1993) 
obtained no evidence of recognition, by experimental chickens, of indi
viduals actually discriminated in real life. Patterson-Kane, Nicol, 
Foster, and Temple (1997) trained three groups of chickens with food 
rewards in a Y -shaped maze to discriminate red and green coloured 
cards, a brown live chicken from no chicken, and a white live chicken 
from no chicken. When videos of these stimuli were presented after 
training, there was good transfer with the colour card group, some 
transfer with the brown chicken group, but no transfer with the white 
chicken group. In another experiment, two groups of chickens were 
trained either to discriminate areal brown chicken from a brown basket-
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ball, or to discriminate videos of these objects. The first group learned 
very fast, but the second learned quite slowly. When the groups were 
tested with videos and objects, respectively, the first group showed no 
generalisation and the second showed some. Coinciding with what 
D'Eath (1998) concluded after a more comprehensive review, this small 
sampIe of studies is already enough to claim that for chickens and 
pigeons, videos at best only very partially represent the objects they de
pict. Videos may enable some cross-recognition when the discrimination
tasks are comparatively easy, or when the response used to assess re
cognition is normally triggered by fairly unspecific real stimuli. Inciden
tally, D'Eath pointed out that when live subjects are involved, the 
noises and vocalisations they produce must also be considered. The 
videos used in the relevant studies have often not reproduced these 
sounds. Even when acoustic stimuli were included, it is questionable 
whether the video soundtrack replicated them with sufficient accuracy 
for birds, as these animals generally have an extended low frequency 
sensitivity (down to fractions of a cycle per sec) compared to humans 
(DeIius & Emmerton, 1978; Kreithen & Quine, 1979; Necker, 1983). 
Ordinary audio technology does not reproduce these infra-sound fre
quencies. 

CONCLUSIONS 

Our general conc1usion must be that pigeons and chickens are capa
ble of recognising at least some equivalence between photographic, 
videographic, or computographic pictures and the objects or scenes the 
pictures represent. But at the same time, it must be conc1uded that this 
equivalence is seriously limited, in such a way that when a behavioural 
task requires a relatively precise correspondence, then artificial pictures 
cannot be substituted for the real thing. This is in many ways what in
formed common sense would lead one to suspect. Pictorial technology, 
whether photo-, cinemato-, video-, or computographic, is designed with 
the peculiarities of comparatively less-sophisticated, human vision in 
mind, and even then with technical and economic constraints very much 
in the foreground. After aIl, although we ourselves recognise a lot of
objects and scenes in such pictures, our performance is by no means 
anywhere near perfect. Even the most perfect, outlandishly priced imita
tion that virtual reality technology can presently off er (for example, 
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simulators for pilot training) cannot fully fool humans into believing that 
they are truIy looking at the real world. Our research grant institutions 
are disappointingly, but understandably, hesitant to support the develop
ment of anything like a simulator optimally adapted to the requirements 
of pigeons or chickens, whatever its exact specifications might be. In 
the meantime, researchers have to settle for the cheaper, off-the-shelf 
pictorial technology that is designed for humans and is poor on three 
dimensionality. Under these circumstances, scientists cannot hope to 
satisfactorily fool pigeons, chickens, and other birds, given the overall 
superiority of avian vision. In any case, birds as necessarily less-pam
pered realists may not be as dumb and willing as we are to engage in the 
make-belief of virtual worlds. 
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Les photographies, les images informatiques ou videos sont devenues 
des stimuli souvent utilises dans les etudes experimentales testant les 
capacites cognitives des pigeons. La plupart des auteurs ont simplement 
considere que ces stimuli sont complexes, sans faire l'hypothese qu'ils 
representent des objets natureIs aux yeux des sujets, alors que d'autres 
les considerent comme des stimuli natureIs. De plus, les articles de 
vulgarisation qui se rererent aces travaux laissent souvent penser que 
les pigeons reconnaissent une equivalence entre les images qui leur sont 
presentees et les objets ou les scenes que ces images representent. Cette 
interpretation n'est pas justifiee, notamment parce que la technologie 
permettant la creation des images est faite pour, tromper l' <:eil humain, 
pas celui du pigeon. Les systemes visuels des mammireres et des 
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oiseaux ont une longue histoire evolutive divergente. Les etudes condui
tes aux niveaux anatomique, physioIogique et comportemental indiquent 
que Ia perception de la couleur, de la profondeur, du clignotement, du 
mouvement, ainsi que d'autres aspects de la vision du pigeon sont pro
bablement suffisarnment differents de la perception humaine pour que 
les images apparaissent aux pigeons comme differentes de la realite. 
Nous passons en revue un certain nombre d'etudes qui se sont interes
sees, chez le poussin et le pigeon, a la reconnaissance d'objets reels ou 
de scenes sur des images. Nous concluons de cette revue que les 
animaux peuvent montrer un transfert de discrimination des images a la 
realite (ou vice versa) dans des täches de discrimination grossieres, mais 
que ce transfert n'a plus lieu lorsque la täche comportementale implique 
des discriminations plus compIexes ou raffinees. 
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