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Abstract

To test for lateralisation of visuospatial orientation during homing, pigeons who had binocularly learned the homeward route
from remote release sites were tested monocularly on either their left or their right eye for homing performance. In two
experiments with three different release sites, birds using their right eye showed considerably better homing performance. If sun
compass information was available, there was no difference in the direction of vanishing. Without this information, a difference
between pigeons using their left or right eye emerged. Results show that visuospatial orientation in birds can be lateralised in
favour of the left brain hemisphere and lend further support to the view that vision is important for pigeons homing on a familiar
route. Cognitive mechanisms which might account for the observed pattern of lateralisation are discussed. © 1999 Elsevier Science
B.V. All rights reserved.
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1. Introduction

From laterality patterns of visual information pro-
cessing in humans it has been concluded that the left
and right brain hemispheres differ fundamentally in
their specific contribution to visuospatial cognition
[22,36,37]. Similarly, findings in birds, particularly
chicks, provide evidence for a difference between the
left (right eye system ‘sensu’ Andrew [2]) and the right
brain hemisphere (left eye system), in that the right
hemisphere of the avian brain constructs a detailed
organisational and topographical map of the environ-
ment, whereas the left hemisphere is mainly concerned
with discriminating and categorising stimuli [8].

In humans, many studies are consistent with the
hypothesis of a right-hemispheric advantage in spatial

information processing, such as perception of line ori-
entation [5], recognition of complex patterns [54], and
identification of objects from unusual viewpoints [60].
However, several recent studies indicate that both brain
hemispheres contribute to spatial cognition [34,42]. As
in birds, human spatial orientation appears to be a
multi-component task [32,33]. This view is supported
by computational models [35,39–41]. Recent studies in
humans additionally stress the importance of real world
information. For example, an activation of the right
hippocampus was found if subjects had to make use of
real world topographical information [46,47], but not if
virtual environments were used [1].

In birds, there is by now good evidence for left-hemi-
spheric superiority in visual discrimination learning (re-
view in [30]), but lateralisation of spatial cognition is
still a moot point. Although some studies support a
role in spatial tasks for the right hemisphere [19,48,55],
findings in food-storing birds show both right- and
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left-hemispheric superiority for visuospatial memory
[18,19], perhaps due to different retention intervals. As
only a few species have been tested for visuospatial
memory, it is not yet clear as to whether differences
between avian studies are due to the species used, the
retention interval used, or the type of task.

In the homing pigeon (Columba li6ia), one of the
most studied models of spatial orientation in verte-
brates, there is now considerable evidence for a superi-
ority of the right eye/left hemisphere in discrimination
of food objects and visual patterns [27,28,57]. These
findings are due to differences in central visual process-
ing and not to differences in peripheral vision since left
and right eye visual acuity is equal in pigeons [29]. It
has also been demonstrated that pigeons show a prefer-
ence for the position rather than the colour of two
otherwise identical home lofts, indicating selective pro-
cessing of stimulus components [53]. The latter study,
however, did not include testing for laterality and so far
no investigation has been carried out on possible later-
alisation of visuospatial behaviour in adult pigeons.
Also no study has addressed lateralisation of spatial
orientation of birds or any other vertebrate in complex
large scale environments.

Thus, the aim of our study was two-fold: first, to
obtain information on the possible lateralisation of
visuospatial behaviour in pigeons within a complex real
world environment; and second, to obtain further infor-
mation on the role of vision in pigeon homing which is
still a matter of discussion [12,58].

Though many details concerning the environmental
cues and the mental representations used by homing
pigeons remain to be resolved (see Ref. [6] for a recent
review), what a pigeon does during a typical homing
experiment can be outlined briefly as follows:

When released at a remote site, pigeons depart in a
direction which is often close to the homeward direc-
tion. This direction is calculated by the pigeons by
estimating their displacement using sensory cues (pre-
sumably olfactory and/or magnetic ones) and by
determining the homeward direction against a gen-
eral directional reference. If the sun is visible, the
position of the sun and an internal clock are used to
establish a sun compass, although other compass
systems cannot be excluded. As indicated by at least
some evidence, homing can be increasingly guided by
vision if pigeons are released repeatedly from the
same place [7].
Thus, the first important point in the design of our

study was that the pigeons should be sufficiently famil-
iar with release site and homeward route since under
this condition homing is likely to be at least in part
visually guided. To test for visual asymmetry, binocular
training was subsequently followed by monocular test-
ing [8]. Monocular occlusion in pigeons allows for
selective visual input to the left or right brain hemi-

sphere since fibres of the optic nerve of birds cross
almost completely. Thus, both of the pigeon’s brain
hemispheres can compete freely for control of visually
guided behaviour during the binocular training stage of
the experiment. If one of the brain hemispheres estab-
lishes a more accurate representation of the visual
scenery and/or is dominant in the job of handling these
visual representations, a clear prediction can be made
with regard to subsequent monocular tests: birds using
the eye contralateral to the dominant hemisphere
should show superior homing performance.

In experiment 1, pigeons learned the route from a
release site south-eastern (ESE) from their loft. After
establishing left-hemispheric superiority of visually
guided homing, experiment 2 was designed to test
whether this effect would occur independently of the
release site used. Although lateralisation of visuospatial
long-term memory was the most likely explanation for
the results of experiment 1, several alternatives should
be evaluated: (1) when pigeons home on a familiar
route from a south-eastern release site at roughly the
same time of day (between noon and late afternoon in
experiment 1), the sun is predominantly seen by the
birds with their left eye; (2) predominant landmarks
might be available to a different extent on the left and
right side of the direct route to the loft; and (3) the
earth’s magnetic field, which can provide an alternative
cue to sun compass information and landmark based
navigation, shows local variability and different average
variation along the east–west and the north–south
axis. To control for these environmental factors, in
experiment 2 pigeons were trained and tested from two
new release sites arranged along the north–south axis.
Furthermore, experiment 2 provided a serendipitous
control for the possible effect of sun-compass informa-
tion. While the weather was sunny with no or only a
few clouds during all tests of experiment 1, there was
complete overcast during all tests of experiment 2.

2. Materials and methods

2.1. Experiment 1: south-eastern release site, clear
skies

2.1.1. Animals
Forty-one homing pigeons from the breeding stock

of the Schweizerische Brieftaubenstiftung SBS were
tested, 21 using their right eye during monocular testing
and 20 using their left eye. Eighteen birds were born
during the years 1993–1996 in Switzerland and were
pre-experienced in returning to mobile lofts from differ-
ent sites [45]. Twenty-three birds hatched in April and
early May 1997 at the place of the experiment. The
birds were housed in two mobile lofts placed on a large
meadow on Bochum University campus. Water was
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available ad lib. They were fed a standard pigeon diet
once or twice a day. On days of releases regular feeding
was done after the birds had returned.

2.1.2. Procedure
After arrival of the mobile lofts at Bochum, pigeons

were first habituated to the new site by remaining
confined to their loft with access to the wire-mesh
outdoor aviary. After 2 weeks, a familiarisation pro-
gram started during which the birds were brought to
nearby release sites up to 7 km and released. Young
birds hatched at Bochum were included into the train-
ing program as soon as they were independent and
commenced regular flights around the loft.

For binocular and monocular releases during the
main experiment, pigeons were collected from their
lofts in the morning and put in pigeon baskets with free
circulation of air. They were brought by car to a release
site ESE from Bochum near the city of ‘Iserlohn’
(distance 32 km, homeward direction 300° with regard
to north). Birds were released in groups of five to ten
on the first binocular releases, then pairwise, and
finally, for three to four releases, singly. The total
number of binocular training releases per bird was
10.190.27 (mean9SEM).

Birds then made a binocular and subsequently a
monocular test release. For monocular testing, eyecaps
were adjusted 1 day or several days before a test, and
after fixing the eyecaps birds made a test flight around
the loft. If they could fly and orient without problems,
they were considered for a test release. The eyecap was
removed and fitted again when the birds were collected
for the test. Older birds had been adjusted to eyecaps in
Switzerland before transport to Bochum in order to
prevent a conditional discrimination of location and
eyecap condition. The eyecaps were circular caps of
cardboard (diameter 25 mm). They were fixed to a ring
of Velcro that was attached to the skin around the eye
by means of a non-toxic and water-soluble glue after
clipping a circular strip of feathers. When birds had
entered the loft after a monocular test, eyecaps were
removed by the experimenter. All birds for which exact
homing times are available were observed arriving with
eyecaps fitted. Two birds who came late and were
checked the next morning had their eyecaps off, but the
eyecaps were found at the loft (eyecaps were labelled
with the birds’ numbers). Thus, all birds made the
homeward journey with eyecaps on.

Before training and test flights, birds stayed at the
release site for at least 30 min and were then released
singly by tossing them randomly from the hand of the
experimenter. Vanishing bearings were taken by observ-
ing the pigeons with 10×40 glasses using a standard
procedure. Vanishing times were taken as the times
between releasing the birds and disappearing from the
release site. An observer at the loft checked the incom-

ing individuals which were labelled by a unique pattern
of coloured leg rings. Arrival of individual birds at the
loft was electronically measured using a TIPES™ sys-
tem. Since all birds entered the loft promptly after
returning, performance scores are based on electroni-
cally measured times. Binocular releases were carried
out during July and August 1997 and subsequent
monocular tests on August 25, 27 and 31. Different
subgroups of birds were released on each monocular
test day. During the binocular and monocular tests
weather conditions were similar, with bright sunny
weather, no or only a few clouds, and a light to
moderate wind from SE to SSE.

2.1.3. Statistics
Average vanishing directions were calculated as mean

direction and angular deviation. The preference for the
mean direction by birds of a certain group is indicated
by mean vector length. Significant preferences for the
homeward direction were evaluated with V-tests and
differences between the experimental groups were as-
sessed using Watson’s U2-test [4]. Vanishing times and
homing times were calculated as mean9SEM. Mean
vanishing times during monocular tests were compared
by one way–ANOVA. Homing times were analysed by
three-way ANOVA (release date×group× test;
group= tested on left or right eye; test=repeated mea-
sure binocular versus monocular test) followed by
planned comparisons (Fisher’s LSD) between the ex-
perimental groups (left eye/right eye) in the binocular
and monocular tests, and between the binocular and
monocular test for each group.

2.2. Experiment 2: northern and southern release site,
o6ercast

2.2.1. Animals
Like in experiment 1, pigeons from the breeding

stock of the Schweizerische Brieftaubenstiftung SBS
were used. Birds were housed in two mobile lofts at the
same site as in 1997 and, again, about half of the birds
were experienced birds hatched in the years 1993–1997
and the other birds hatched in spring 1998 at the site of
the experiment. Pretraining and feeding were done as in
1997.

2.2.2. Procedure
Training from the release site of the main experiment

and testing were done as in experiment 1 except for that
two new release site along the north-south axis were
used. The northern release site was between the cities of
‘Haltern’ and ‘Recklinghausen’ (distance to the loft 25
km, homeward direction 170°) and the southern release
site was near the city of ‘Wuppertal’ (24 km, 8°). In
contrast to the weather conditions during experiment 1,
on both test days there was complete overcast with
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Fig. 1. Vanishing bearings during last binocular release and monocular test release from south-eastern release site under clear skies. Individual
vanishing points are indicated by small circles. There were no differences between the left eye (open circles, n=20) and right eye (filled circles,
n=21) group during binocular and monocular test flights. A significant preference for the homeward direction was present in both groups during
binocular as well as monocular testing (all: PB0.0001). N=north. Azimuth of the home direction (open arrowhead)=300°. Vector diagrams by
program VECTOR ROSE 3.0™ (P.A. Zippi, PAZ Software, Garland, Texas, paz@airmail.net).

spells of rain. Tests were carried out on August 25
(binocular) and August 27 (monocular), simultaneously
from the northern and southern release site.

2.2.3. Statistics
The same statistics were used as for the data of

experiment 1, with two exceptions: In one case (left eye
group, monocular test flight) where no significant pref-
erence for the home direction was found in the V-test,
a Rayleigh test was used to evaluate whether there was
any directional preference at all. As all birds performed
the binocular or monocular test on the same day, but
from two different release sites, design of the three-way
ANOVA analysing homing times was release site×
group× test (release site=northern vs. southern release
site; group= tested on right vs. left eye; test=binocular
vs. monocular test flight (repeated measure)).

3. Results

3.1. Experiment 1: south-eastern release site, clear
skies

Results from the tests on different days showed a
similar pattern with regard to measured parameters and
were thus combined for further analysis. On monocular
test flights, birds equipped with eyecaps flew without
visible problems. Usually, they approached the loft with
high speed without circling over the loft before landing.
They landed on the loft very precisely (smooth landing

on top of the aviary with maximum distance of 150 cm
to the entrance), even if their last turn was toward the
covered eye.

During binocular and monocular tests, most of the
birds took a vanishing direction close to the homeward
direction (300°). Birds tested with their right eye (n=
21) vanished in a mean direction of 312° (angular
deviation: 9.8°, mean vector length: r=0.986) on the
last binocular release and 312° (19.7°, r=0.943) on the
monocular test release. In birds tested with their left
eye, the respective values are 309° (19.3°, r=0.945) on
the last binocular release (n=19, one missing value)
and 306° (23°, r=0.923) on the monocular test release
(n=20). Analysis of vanishing bearings revealed no
significant difference between pigeons using the left or
the right eye (Watson’s U2-test, U2=0.069, P\0.5)
and a significant preference for a vanishing direction
close to the homeward direction in both groups under
the binocular as well as under the monocular condition
(V-tests, all: PB0.0001, Fig. 1).

Birds using their right eye (n=21) vanished after
2.990.32 min whereas individuals using their left eye
(n=20) were out of sight after 4.190.75 min. This
difference is not significant (F1,39=2.215, P\0.1).

Except for one bird (left eye seeing), all birds re-
turned home. Two pigeons (one per group) came back
late after end of electronic time measuring. Thus, exact
homing times are available for 38 birds. Homing times
(Fig. 2) of birds using their right eye were 55.298.1
min. They are somewhat (36%) longer than on the last
binocular release (40.392.8 min). By contrast, homing
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times of pigeons using the left eye (116.7925.7 min)
were more than twice as long as in the right eye group
as well as in comparison to the last binocular release of
the same birds (129%). Three-way ANOVA revealed no
significant main effect of release date (F2,32=0.009,
P\0.9), a significant main effect of experimental group
(F1,32=6.306, PB0.025), and a significant difference
between binocular and monocular tests (F1,32=5,966,
PB0.025). There were no significant interactions of
release date×group (F2,32=0.128, P\0.8), release
date× test (F2,32=0.323, P\0.7), and no significant
three-way interaction (F2,32=0.128, P\0.8). There was
a trend for an interaction experimental group× test
(F1,32=2.261, PB0.1). Planned pairwise comparisons
show a significant difference in birds using their left eye
between the binocular and monocular test (PB0.01),
but not in birds using their right eye (P\0.4), and a
significant difference between both experimental groups
in the monocular test (PB0.025), but not in the binoc-
ular test (P\0.6).

3.2. Experiment 2: northern and southern release site,
o6ercast

Like in experiment 1, birds equipped with eyecaps
flew without visible problems. Although the overall
pattern of vanishing bearings from both release sites
was similar, there appeared a slight difference in the
divergence of the monocular groups (Fig. 3). Therefore,
vanishing bearings were analysed separately for the
northern and southern release site. As both compari-
sons between the left eye and right eye group tested the
same hypothesis, a sequential Bonferroni correction
(Dunn–Sidák method) was used. Vanishing times and

homing times showed no difference between both sites
and were combined for further analysis. Except for
three pigeons (two using their left eye, one using the
right eye), all subjects returned home. After excluding
birds returning late after end of electronic time measur-
ing from homing times analysis and those without
vanishing bearings in both tests from analysis of van-
ishing bearings, a data set of 47 pigeons (northern
release site: using left eye n=13, right eye n=11;
southern release site: left eye n=12, right eye n=11)
was available for analysis of vanishing bearings and
vanishing times, and of 42 pigeons (left eye n=24, right
eye n=18) for evaluation of homing times.

From the northern release site (home direction 170°),
birds of the left eye group vanished in a mean direction
of 215° on the binocular test (24.5°, r=0.819, V-test:
u=2.9516, PB0.005) and birds of the right eye group
had a mean vanishing bearing of 230° (35.5°, r=0.808,
u=1.8946, PB0.05). During monocular testing, birds
of the left eye group disappeared in a mean direction of
154° (21.3°, r=0.931, u=4.562, PB0.0001) and in
birds of the right eye group the mean direction was
194° (47.2°, r=0.660, u=2.828, PB0.005). While
there was no difference between the left eye and right
eye group in the binocular test (U2=0.0274, P\0.5), a
significant difference was present in the monocular test
(U2=0.1999, PB0.05).

From the southern release site (home direction 8°),
birds of the left eye group vanished in a mean direction
of 341° on the binocular test (50.0°, r=0.620, u=
2.7055, PB0.005) and birds of the right eye group had
a mean vanishing bearing of 346° (35.0°, r=0.813,
u=3.5365, PB0.0001). During monocular tests, birds
of the left eye group disappeared in a mean direction of
289° (29.4°, r=0.869). There was no significant prefer-
ence for the homeward direction (u=0.8120, P\0.1),
but a significant preference for the mean direction
(Rayleigh test: z=9.062, PB0.001). In birds of the
right eye group the mean direction was 2° (56.8°,
r=0.508, u=2.3716, PB0.01). While there was no
difference between the left eye and right eye group in
the binocular test (U2=0.0659, P\0.5), a significant
difference was present in the monocular test (U2=
0.3961, PB0.001).

Birds using their left eye (n=25) vanished after
3.290.68 min whereas pigeons using their right eye
(n=22) were out of sight after 2.390.21 min. This
difference is not significant (F1,45=1.260, P\0.25).

Homing times (Fig. 4) of birds using their right eye
were 41.095.0 min during binocular testing and
63.799.9 min on the monocular test (+55%). Homing
times of pigeons using their left eye (102.5918.4) were
much longer than in the right eye group as well as in
comparison to the last binocular release of the same
birds (39.094.1 min, +163%). Three way ANOVA
revealed no significant main effect of release site

Fig. 2. Homing times from last binocular release and monocular test
release. Mean and SEM. Homing times of birds using the right eye
(n=20) were somewhat, but not significantly higher as compared to
binocular performance, whereas homing times of pigeons seeing with
their left eye (n=18) were more than twice as high as compared to
binocular performance (PB0.01). Left eye and right eye group differ
significantly on the monocular test (PB0.025).
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(F1,38=0.196, P\0.6), and no significant interactions
of release site×group (F1,38=0.366, P\0.5), release
site× test (F1,38=0.000, P\0.9) as well as no signifi-
cant three-way interaction (F1,38=0.508, P\0.4).
There was a trend for a main effect of experimental
group (F1,38=2.227, PB0.1), a significant difference
between binocular and monocular test (F1,38=14.067,
PB0.0001), and a significant interaction group× test
(F1,38=3.207, PB0.05).

Planned pairwise comparisons showed a significant
difference in birds using their left eye between the
binocular and monocular test (PB0.01), but not in
birds using their right eye (P\0.2), and a significant

difference between both experimental groups in the
monocular test (PB0.025), but not in the binocular
test (P\0.9).

4. Discussion

Results from both experiments showed that pigeons
homing monocularly on a familiar route evinced a
considerable increase in homing times if using the left
eye. This pattern emerged similarly under different
environmental conditions (release site, weather).
Whether the direction of vanishing differs between

Fig. 3. Vanishing bearings during last binocular release and monocular test release from northern (a) and southern (b) release site under overcast.
Individual vanishing points are indicated by small circles. (a) Northern release site, homeward direction (open arrowhead)=170°. While there was
no difference between both groups during binocular testing, a difference in directional preference between the left eye (open circles, n=13) and
right eye (filled circles, n=11) group occurred during monocular testing (PB0.05). Both groups had a significant preference for the homeward
direction during binocular (left eye: PB0.005; right eye: PB0.05) as well as monocular testing (left eye: PB0.0001; right eye: PB0.005). (b)
Southern release site, homeward direction (open arrowhead)=8°. Whereas there was no difference between both groups on the binocular test
flight, a difference between the left eye (open circles, n=12) and right eye (filled circles, n=11) group emerged on the monocular test (PB0.001).
Both groups had a significant preference for the homeward direction on the binocular test while on the monocular test only the right eye group
significantly preferred the home direction. Birds using their left eye had, however, a significant preference for this group’s mean direction
(PB0.001). N=north.
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Fig. 4. Homing times from last binocular and monocular test releases.
Mean and SEM. Homing times of birds using the right eye (n=18)
were somewhat, but not significantly higher as compared to binocular
performance, whereas homing times of pigeons seeing with their left
eye (n=24) were more than twice as high as compared to binocular
performance (PB0.0002). Left eye and right eye group differed
significantly on the monocular test (PB0.025).

combination of dead reckoning [23] and use of land-
marks near the loft. However, though not reaching
significance, the difference in vanishing times between
pigeons using their right eye and those using their left
eye (experiment 1: +41%; experiment 2: +43%) rather
indicates that a factor in favour of the right eye system
was already present at the release site. This suggests
that pigeons were using visual information derived
from topographical cues along the whole homeward
route and were thus relying on a navigational process
generally referred to as familiar landmark navigation
[6].

At the present stage of knowledge, two types of
visual cognitive processes are likely candidates which
might—alone or together—account for left-hemi-
spheric superiority for visual orientation during hom-
ing: (1) processing of direction information related to
landmarks; and (2) visual ‘snapshot’ memory for land-
marks and landscapes.

(1) The importance of directional information for
spatial orientation in pigeons was demonstrated in the
field [59,63] as well as in laboratory studies [13–
17,51,52,64]. As laboratory studies [15,16] indicate use
of directional information also in small-scale environ-
ments well known to the birds, directional information
could play an important role for vision in the loft area
only or along the whole route. Therefore, left-hemi-
spheric superiority for visually guided homing might
indicate lateralised processing of directional informa-
tion in birds and perhaps other vertebrate species,
including humans [38].

(2) In addition or alternatively, pigeons might have
memorised multiple locations along the homeward
route and the loft area by taking ‘snapshots’ and form-
ing associations between these snapshots and the home-
ward direction (using their sun compass or magnetic
compass as reference). It can be assumed that compass
readings are available continuously so that every ‘snap-
shot’ can be associated with unique directional informa-
tion. Left-hemispheric superiority in homing
performance would then be due to left-hemispheric
specialisation for visual long-term memory of landmark
features. Regarding the direction of lateralisation, this
interpretation is fairly consistent with results showing
left-hemispheric superiority for visual long-term mem-
ory for complex patterns in discrimination learning [57].
High capacity of the pigeon’s memory for such patterns
[56] and the pigeon’s ability to discriminate two-dimen-
sional stimuli (photographs) showing familiar places
[62] are consistent with a role of this cognitive feat in
visually guided homing. Since pigeons in the present
study were trained for a sufficient number of times on
the homeward route, a stable, long-lasting memory for
topographical cues could have been formed and stored
predominantly in the left brain hemisphere. If so, in
terms of the direction of lateralisation, present results

birds using their left or right eye appears to depend on
environmental factors.

Consistent with findings from earlier studies which
manipulated visual input in homing pigeons [49,50]
results hint at two different and partially independent
mechanisms contributing to homing performance. The
first is a sun compass which is not visually lateralised.
The second mechanism is lateralised and vision-based.
It facilitates homing while tracking the route and/or
while approaching the loft.

A role for vision under conditions of familiarity is
supported by studies which used the method of pre-
viewing familiar landscapes [9–12] or other controls for
visual information [26,58]. Whereas the support for the
use of visual cues might sometimes be confounded by
experimental co-manipulation of other sensory input
[12], the present findings provide methodologically in-
dependent and rather clear-cut evidence since they are
based on different conditions of visual input. The slight
difference between binocular and right eye performance
is consistent with earlier findings on complex visual
behaviour in birds indicating that co-operation of the
neural systems fed by both eyes yields the best results
[20,57,61].

4.1. Visual lateralisation during homing

The main effect of the present study is a lateralisation
of homing times. The difference in homing times could
have arisen at different stages of the journey. If birds
had flown directly to the area of their loft by means of
non-visual cues and then—after visually recognising
the loft—had steered directly towards it, the difference
between the experimental groups could be due to a
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would square quite well with findings in food-storing
birds which showed a right-hemispheric preference for
spatial memory after a short retention interval of 5 min
[19], but a left-hemispheric advantage after long-term
memory formation (e.g. 24 h retention interval) [18].
Thus, remembrance of cache sites in food-storing birds
and of landscape features in homing pigeons would
both involve visual long-term memory processes pri-
marily left hemisphere based. Superiority of the left
brain hemisphere in avian visual long-term memory is
also indicated by findings of unilateral memory and
unilateral memory transfer to the left hemisphere in
chicks [3,24,25]. As in chicks [21], a possible neuronal
basis of lateralised representation in pigeons is an
asymmetric organisation of the visual system [31].

4.2. Sun compass information

The most likely account for the lateralisation differ-
ence in vanishing bearings between experiments 1 and 2
is the availability of sun compass information in exper-
iment 1 (clear skies), but not in experiment 2 (complete
overcast). This suggests that under clear skies a highly
precise compass orientation can be established via ei-
ther eye and hence by either brain hemisphere. Under
overcast, pigeons have to rely upon alternative compass
mechanisms as well as to a higher degree upon visual
information stemming from the surrounding landscape.
Compared to the mean direction of both monocular
groups, birds using their left eye slightly deviated to the
left side and vice versa. Compared to the home direc-
tion, mean orientation of birds homing from the south-
ern release site (Fig. 3(b)) was close to the direction of
the loft. This should, however, not be taken as better
orientation in birds using their right eye, since left
monocular and binocular data suggest a general release
site bias towards the left side. As under overcast, in
monocular indoor experiments birds often show a slight
turning bias towards the open eye. The sun compass
can obviously completely suppress this tendency, re-
gardless of whether the right or the left brain hemi-
sphere controls behaviour.

4.3. Future perspecti6es

Homing in pigeons is a complex process requiring the
integration of sensory, motivational and environmental
factors. For example, homing performance can vary
according to weather conditions and peculiarities of
individual release sites. Successful replication of the
main findings from experiment 1 in the second experi-
ment in which several environmental variables differed,
indicates a fairly robust effect of lateralised visual input
on overall homing performance. A next important step
in analysing the underlying cognitive processes will be a
more detailed analysis of homing patterns using ad-

vanced route recording techniques. This will permit to
observe the part of the home route in which the pigeons
using the left eye only have difficulties. Similarly, it
might be of interest to test homing at night, when
pigeons returning on familiar routes appear to use little
visual information [44].

5. Conclusions

To summarise, the results of this study provide the
first evidence for a left-hemispheric superiority for visu-
ospatial orientation during piloting in homing pigeons
and lend further support to the view that vision is used
by pigeons when orienting in familiar areas. Together
with recent studies on humans and rats [43], present
findings indicate that the notion of right-hemispheric
superiority for ‘spatial’ memory or behaviour should be
reconsidered and replaced by models considering differ-
ent visuospatial processes which may constitute differ-
ent patterns of lateralisation depending on task and
species.
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[31] Güntürkün O, Hellmann B, Melsbach G, Prior H. Asymmetries
of representation in the visual system of pigeons. Neuroreport
1998;9:4127–30.

[32] Hellige JB. Hemispheric Asymmetry: What’s Right and What’s
Left. Cambridge, MA: Harvard University Press, 1993.

[33] Hellige JB. Hemispheric asymmetry for components of visual
information processing. In: Davidson RJ, Hugdahl K, editors.
Brain Asymmetry. Cambridge, MA: MIT Press, 1995.

[34] Hellige JB, Michimata C. Categorization versus distance: hemi-
spheric differences for processing spatial information. Memory
Cognition 1989;17:770–6.

[35] Jacobs RA, Jordan MI, Barto AG. Task decomposition through
competition in a modular connectionist architecture: the what
and where vision tasks. Cogn Sci 1991;15:219–50.

[36] Kimura D. The functional asymmetry of the brain in visual
perception. Neuropsychologia 1966;4:275–85.

[37] Kimura D. The asymmetry of the human brain. Sci Am
1973;228:70–8.

[38] Kitchin RM. Methodological convergence in cognitive mapping
research: investigating configurational knowledge. J Environ
Psychol 1996;16:163–85.

[39] Kosslyn SM. Seeing and imagining in the cerebral hemispheres:
a computational approach. Psychol Rev 1987;94:148–75.

[40] Kosslyn SM, Chabris CF, Marsolek CJ, Koenig O. Categorical
versus coordinate spatial relations: computational analyses and
computer simulations. J Exp Psychol Hum Perc Perf
1992;18:562–77.

[41] Kosslyn SM, Chabris CF, Marsolek CJ, Jacobs RA, Koenig O.
On computational evidence for different types of spatial relations
encoding: reply to Cook et al. (1995). J Exp Psychol Hum Perc
Perf 1995;21:423–31.

[42] Laeng B, Peters M. Cerebral lateralization for the processing of
spatial coordinates and categories in left- and right-handers.
Neuropsychologia 1995;33:421–39.

[43] LaMendola NP, Bever TG. Peripheral and cerebral asymmetries
in the rat. Science 1997;278:483–6.

[44] Lipp H-P. Nocturnal homing in pigeons. Comp Biochem Physiol
A 1983;76:743–9.

[45] Lipp H-P. ‘Columba militaris helvetica’: Biologie und Verhal-
tensleistungen der Schweizerischen Armeebrieftauben [Biology
and behavioral performance of Swiss army pigeons]. Acta Bio-
logica Benrodis 1996;3(Suppl.):85–103.

[46] Maguire EA, Frackowiak RSJ, Frith CD. Learning to find your
way: a role for the human hippocampal formation. Proc Royal
Soc Lond (B) 1996;263:1745–50.

[47] Maguire EA, Frackowiak RSJ, Frith CD. Recalling routes
around London: activation of the right hippocampus in taxi
drivers. J Neurosci 1997;17:7103–10.

[48] Rashid N, Andrew RJ. Right hemisphere advantage for topo-
graphical orientation in the domestic chick. Neuropsychologia
1989;27:937–48.

[49] Schmidt-Koenig K, Schlichte HJ. Homing in pigeons with im-
paired vision. Proc Nat Acad Sci USA 1972;69:2446–7.

[50] Schmidt-Koenig K, Walcott C. Tracks of pigeons homing with
frosted lenses. Anim Behav 1978;26:480–6.

[51] Spetch ML, Cheng K, MacDonald SE. Learning the configura-
tion of a landmark array: I. touch-screen studies with pigeons
and humans. J Comp Psychol 1996;110:55–68.

[52] Spetch ML, Cheng K, MacDonald SE, Linkenhoker BA, Kelly
DM, Doerkson SR. Use of landmark configuration in pigeons
and humans: II. generality across search tasks. J Comp Psychol
1997;111:14–24.

[53] Strasser R, Bingman V. The relative importance of location and
feature cues for homing pigeon (Columba li6ia) goal recognition.
J Comp Psychol 1996;110:77–87.
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[57] Von Fersen L, Güntürkün O. Visual memory lateralization in
pigeons. Neuropsychologia 1990;28:1–7.

[58] Wallraff HG, Kiepenheuer J, Streng A. The role of visual
familiarity with the landscape in pigeon homing. Ethology
1994;97:1–25.

[59] Wallraff HG. Seven theses on pigeon homing deduced from
empirical findings. J Exp Biol 1996;199:105–11.

[60] Warrington EK. Neuropsychological studies of object recogni-
tion. Phil Trans Royal Soc Lond (B) 1982;298:15–33.

[61] Watanabe S, Hodos W, Bessette BB. Two eyes are better than
one: superior binocular discrimination learning in pigeons. Phys-
iol Behav 1984;32:847–50.

[62] Wilkie DM, Wilson RJ, Kardal S. Pigeons discriminate pictures
of a geographic location. Anim Learn Behav 1989;17:163–71.

[63] Wiltschko, R., The navigational system of birds, Proceedings of
the AISB workshop on ‘Spatial reasoning in mobil robots and
animals’, Technical Report Series, Department of Computer
Science, Manchester University, Manchester, 1997.

[64] Wiltschko W, Balda R. Sun compass orientation in seed-caching
Scrub jays (Aphelocoma coerulescens). J Comp Physiol
1989;164:717–21.

.


