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Abstract Unihemispheric sleep is an aspect of cerebral
lateralization of birds. During sleep, domestic chicks show
brief periods during which one eye is open whilst the other
remains shut. In this study, time spent in sleeping and in
monocular-unihemispheric sleep (Mo-Un sleep) was inves-
tigated following the monocular learning of a spatial dis-
crimination task. Two groups of experimental chicks from
day 8 to day 11 post-hatching were trained in a spatial para-
digm based on geometrical and topographical clues. One
group performed the task with left eye open (LE-chicks),
whilst another group performed the task with the right eye
open (RE-chicks). LE-chick learned the task, whilst RE-
chicks were unable to learn. Time spent in binocular sleep
and right Mo-Un sleep (right eye closed and left hemi-
sphere sleeping) was equal in both groups of chicks. Time
spent in left Mo-Un sleep (left eye closed and right hemi-
sphere sleeping) was signiWcantly higher in LE-chicks than
in RE-chicks. Laterality index reveals that LE-chicks had a
signiWcant bias towards more left Mo-Un sleep at any
recording day, whilst RE-chicks showed a signiWcant bias
towards more right Mo-Un sleep at day 8 and 9 but not at
days 10 and 11. RE-chick bias at days 8 and 9 could be
attributed to a recovery process in left hemisphere con-
nected to its activation/use eVect during trials whilst recov-
ery would be absent at days 10 and 11. LE-chicks bias
would be associated with the formation of a spatial memory
trace and with a recovery process in right hemisphere.

Keywords Sleep · Unihemispheric sleep · Local sleep · 
Spatial learning · Domestic chick · Lateralization

Introduction

An important aspect of the cerebral lateralization of birds
(Ball et al. 1988) is the phenomenon of monocular-uni-
hemispheric sleep (Mo-Un sleep). During sleep, birds show
brief and transient periods in which one eye is open whilst
the other one remains shut (Spooner 1964; Ball et al. 1988;
Mascetti et al. 1999: Mascetti and Vallortigara 2001). Elec-
trophysiological recordings revealed that the hemisphere
contra-lateral to the open eye shows an EEG with fast
waves typical of wakefulness, whilst the EEG in hemi-
sphere contra-lateral to the closed eye shows a typical pat-
tern of slow wave sleep. Bilateral eye closure is associated
with bihemispheric slow wave and REM sleep as widely
reported (Ookawa and Takagi 1968; Ookawa 1971; Ball
et al. 1988; Rattenborg et al. 1999; Bobbo et al. 2002).

The experience during wakefulness inXuences subse-
quent patterns and the homoeostasis of sleep (i.e. Horne
and Walmsley 1976; Horne and Minard 1985; Borbely
2001; Martinez-Gonzalez et al. 2008, Rattenborg et al.
2009; Hanlon et al. 2009). In addition, several studies have
pointed out that sleep has a regional aspect named local
sleep, which is dependent on the speciWc activation of brain
regions during wakefulness (i.e. Kattler et al. 1994; Huber
et al. 2004). That is, when one part of the brain is involved
in a speciWc learning process, that part would subsequently
have more sleep than other parts less or not at all involved
in that learning. The increase in local sleep would be bene-
Wcial to the local plastic changes actively involved in the
learning task (Huber et al. 2004). It has been proposed that
Mo-Un sleep of birds may be considered as a kind of local
sleep.

Nelini et al. (2010) studied the relationship between the
Mo-Un sleep pattern and spatial learning in domestic chicks
using a paradigm of geometric modules (Vallortigara et al.
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1990). They reported that experimental chicks were able to
learn the spatial task, subsequently showing a signiWcant
bias towards more left Mo-Un sleep. That bias was associ-
ated with a predominant engagement of the right hemi-
sphere during trials because several studies had reported
that chick’s right hemisphere has a preferential involve-
ment in topographic orientation behaviour (Rashid and
Andrew 1989; Rogers and Anson 1979; Vallortigara 2000;
Vallortigara and Andrew 1991; Vallortigara et al. 1996;
Vallortigara and Rogers 2005). Control chicks that did not
learn the task showed no eye-closure bias at the Wrst 2 days
of training and a slight bias for more right eye closure at the
latter two. It was assumed that there was an absence of
hemispheric dominance in former days and an activation of
the left hemisphere in latter ones (Nelini et al. 2010). In
Nelini et al. (2010) study, experimental chicks were trained
binocularly, and therefore a right hemisphere dominance
during trials was safely inferred from previous behavioural
studies (Rashid and Andrew 1989; Rogers and Anson 1979;
Vallortigara et al. 1996). Nelini et al. (2010) suggested that
the bias for more left Mo-Un sleep of experimental chicks
was associated with the consolidation of spatial memory in
the right hemisphere, even though an additional process of
recovery process after a higher activation (use eVect) of
right hemisphere was not excluded.

The rationale of present study would rely on two aims:
(1) the association between spatial learning and sleep (Mo-
Un sleep and Bin-sleep) was more precisely veriWed
because training on the spatial task was performed monocu-
larly thereby lateralized to only one eye-hemisphere sys-
tem; (2) the training paradigm and subsequent sleep data
could clarify the roles of learning and hemispheric activa-
tion (use eVect) on the pattern of Mo-Un sleep which was
only assumed in the Nelini et al. (2010) previous paper.

Materials and methods

Subjects

The subjects were 12 female Hybro domestic chicks (Gal-
lus gallus) hatched from eggs obtained from a commercial
hatchery (“Agricola Berica”, Montegalda, Vicenza, Italia).
The eggs were incubated in the laboratory, in an automati-
cally turning incubator FIEM snc, MG 100H
(45 £ 58 £ 43 cm), under constant temperature (37.7°C),
humidity (about 50–60%) and in darkness because previous
studies showed that light stimulation in ovo aVects the pat-
tern of Mo-Un sleep (Bobbo et al. 2002). We used 8-day-
old chicks because they show a consistent pattern of sleep
behaviour during the second week post-hatching and stable
feeding and drinking behaviour. Moreover, at this age, they
are already imprinted and their body growth and motor

activity are suitable for the learning–training used in this
experiment.

Apparatus

The apparatus used for chick rearing and sleep recording
has been described elsewhere (Bobbo et al. 2002, 2006;
Mascetti et al. 1999, 2004a, b; Nelini et al. 2010). BrieXy, it
consisted of two glass home-cages (30 £ 40 £ 40 cm) with
semi-transparent cloths along the wall serving as one-way
screen (Fig. 1). Each cage was continuously lit from above
by a 60-W electric light bulb. Two transparent glass con-
tainers provided water and food for the whole duration of
the experiment. The imprinting object was suspended freely
in the middle of the cage at about head height for the chick.

The apparatus for spatial training has been described
elsewhere (Nelini et al. 2010). BrieXy, it consisted of a rect-
angular-shaped arena which walls were 120 cm (longer
walls) and 60 cm (shorter walls) length and 40 cm height
(Fig. 2). Transparent glass containers (diameter 5 cm,
height 6 cm) were positioned at the four corners and Wlled
with food and having a thin plastic net glued over the top
opening. Only one container also had a small hole (diame-
ter 2 cm) cut on top of the net, to allow chicks the access to
food. The top of the arena was covered by a veil and three
light bulbs (25 W each), positioned at the top homoge-
neously illuminated the arena.

Procedure

The experimental paradigm used for spatial learning phase
was the paradigm of the geometric module (rectangular
arena), which allows the evaluation of the re-orienteering
abilities of animals based exclusively on geometrical and
topographical clues (Vallortigara et al. 1990). The procedure

Fig. 1 Apparatus for chicks rearing and sleep recording
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was similar to that reported in the study of Nelini et al.
(2010) for the experimental animals, but in present study,
chicks were trained monocularly. Immediately after hatch-
ing, chicks were placed singly into the glass home-cages
and kept there from day 1 to day 8 post-hatching. At day 7,
chicks were placed singly into the training arena for 30–
40 min, allowing to explore and peaking for food at the cor-
ners. Thereafter, chicks were deprived of food for 13 h in
order to induce the necessary level of motivation.

Training sessions were carried out at days 8, 9, 10 and
11 post-hatching. Each session consisted of three blocks of
10 trials, each one separated by a 3-min interval. A trial
lasted 2 min maximum. At the beginning of each trial,
chick was taken from a cardboard box with one hand, after
being disoriented, taking care to cover its eyes with the
other hand for entire duration of displacement; the animal
was placed in the middle of the arena in a random orienta-
tion with respect to the sagittal axis of the body. During the
inter-trial interval, the chick was placed back into the card-
board box and was slowly rotated for 5–10 s, in order to
exclude the use of compass or inertial information. Mean-
while, the Xoor of the arena was accurately cleaned from
any trace of food and any other debris.

Six chicks were trained with the right eye occluded and
the left eye open (LE-chicks) and six chicks were trained
with the left eye occluded and the right eye open (RE-
chicks). Eye occlusion was performed with an easy-remov-
able sticky black patch made of canvas (Fig. 3).

All chicks were trained singly in the spatial task in
which only one container, positioned in the corner A of the
arena (Fig. 4a), having a hole on the top thus making the
food available. A trial ended either when the animal chose
the reinforced container (A) and eat some food (few pecks
were allowed) or when the chick failed to chose it. The Wrst
corner the chick selected and approached was scored.
Given the shape of the arena, two pairs of positions can be
identiWed: (1) the “correct corner” includes both the rein-
forced corner and its rotational equivalent (corners A and C
in Fig. 4a) (the long wall of the arena was at the left side of
chick’s body); a correct trial was scored either the chick
Wrst approached corner A or corner C. (2) the “incorrect
corner” includes the other two corners (corners B and D in

Fig. 4a) (the long wall was at the right side of chick’s body)
and when they were approached, an incorrect trial was
scored. The choice of reinforcing only one of the two cor-
rect corners was made in order to be sure that both were
really indistinguishable for the chicks. The learning crite-
rion was achieved when the animals chose the correct cor-
ners in 24 or more trials out of 30. The animals that not
reached that criterion at any of the training days were dis-
carded (20%). At day 11, both groups of chicks were Wrst
submitted monocularly to 20 training trials and thereafter to

Fig. 2 Apparatus used for spatial training

Fig. 3 Chick with the sticky patch made of canvas that covers one eye
and the object of imprinting

Fig. 4 Arenas used in: a training paradigm for spatial learning. b test
session paradigm
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two test blocks of 7 trials each. In the “test condition,” the
procedure was the same of training but food was not acces-
sible at any of the four containers (Fig. 4b), so that test was
conduced in an extinction paradigm. Criterion was attained
when experimental chicks chose the corners A or C in at
least the 80% or more of test trials that was reached by all
experimental chicks.

At the end of each one of the training session and after
the test session, chicks were returned singly in their home-
cage and sleep behaviour (eye closure and body positions)
was scored for 3 h hours consecutively by direct observa-
tion. Small mirrors mounted on rods allowed the experi-
menters to approach the animal and to check for the eye
state (open or closed) when the chick’s position or posture
hindered observation from outside. The experimenter
recorded the number and duration of episodes of Bin-sleep
(both eye closed) and Mo-Un sleep (one eye was open
whilst the other remained shut). The experimental scheme
is shown in Fig. 5.

Data analysis

For learning, the mean percentages of correct choices (cor-
ner A or corner C) on the total choices showed by chicks
during training and test sections were calculated. Data were
analysed by ANOVA repeated measures with Group (LE-
chicks and RE-chicks) as a between-subjects factor and
Day (8, 9, 10, and test day 11) as a within-subjects factor.
Moreover, we calculated one-sample two-tailed t tests. Sig-
niWcant departures from chance level (50%) in mean per-
centages of corrects choices indicated signiWcant choice for
the correct position.

For sleep, the time (calculated in seconds) of total sleep
(binocular plus monocular), Bin-sleep, Mo-Un sleep (right
plus left), left and right Mo-Un sleep were analysed by
ANOVA repeated measures (after checking for homogene-
ity and normality of data distributions) with Group as
between-subjects factors and Day (days 8, 9, 10 and 11) as
within-subjects factors.

In order to evaluate the Mo-Un sleep biases, we used a
proportional measure of the time spent exactly, because we

wanted to check for left–right diVerences irrespective of the
absolute amount of Mo-Un sleep. The “laterality index”
was calculated for time spent in right or left monocular
sleep using the following formula: {[time (number of epi-
sodes) spent with the left eye closed] ¡ [time (number of
episodes) spent with the right eye closed]/[time (number of
episodes) spent with the left eye closed] + [time (number of
episodes) spent with the right eye closed]} £ 100. Lateral-
ity index was analysed by ANOVA repeated measure (after
checking for homogeneity and normality of data distribu-
tions) with Group as between-subjects factors and Day
(days 8, 9, 10 and 11) as within-subjects factors. SigniWcant
departures (biases) from chance level (0%) in the “laterality
index”, which indicated signiWcant bias towards more right
or left eye closure, were estimated by one-sample two-
tailed t test.

Results

Learning

The results of spatial learning are reported in Fig. 6. They
represent the percentage of the Wrst choice in each position
(correct position: corners A or C; and wrong position: cor-
ners B or D) during 3 successive days of training and a
short training session at day 11 before the test. ANOVA
showed a main eVect of condition (F(1,10) = 71,359,
P < .001) and a main eVect of day (session) (F(4,40) = 3,413,
P < .020) whilst the interaction condition £ session was not
signiWcant (F(4,40) = 4,452, P = ns). The data indicated a
systematic improvement in searching behaviour at corner A
or C (correct position) for LE-chicks, whilst the perfor-
mance of RE-chicks remained at chance level. One-sample
two-tailed t tests calculated for LE-chicks at each day
revealed: day 8, t(5) = 1,709, P = ns; day 9, t(5) = 7.427,
P = .002; day 10, t(5) = 8,226, P = .001; day 11, t(5) = 6,345,
P = .003; test at day 11, t(5) = 26,245, P < .001). LE-chicks
learning performance was above chance level at all days:
below criterium level at day 8 and above that level at days
9, 10 and 11. RE-chicks performance remained around
chance level. Overall, LE-chicks learned the task, whilst
RE-chicks did not.

Time spent sleeping in Bin-sleep

ANOVA repeated measures reveals that time spent in Bin-
sleep was not diVerent between LE-chicks and RE-chicks
(Fig. 7) (Day: F(3,30) 2,486, P = n.s.; Group: F(1,10) 1,079,
P = n.s.; interaction Day £ Group, F(3,30) 2,486, P = n.s.).
Both groups of animals showed the same time spent in Bin-
sleep.

Fig. 5 The experimental scheme
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Monocular/unihemispheric sleep

Total time spent in Mo-Un sleep and time spent in Mo-Un
are shown in (Figs. 8 and 9a, b). ANOVA repeated mea-
sures on the total time spent in Mo-Un sleep (right and left
together) revealed no signiWcant eVects (Day: F(3,30) 0,655,
P = n.s.; Group F(1,10), P = n.s. and interaction Day £
Group F(3,30) 0,737, P = n.s.) (Fig. 8). ANOVA revealed no
signiWcant eVects of time spent in right Mo-Un sleep (right
eye closed/left eye open): Day (3,30) 1,243, P = n.s.; Group (1,10)

3,198, P = n.s.; interaction Day £ Group F(3,30) 0,737,
P = n.s.) (Fig. 9a). ANOVA on the time spent in left Mo-
Un sleep (left eye closed/right eye open) revealed no sig-
niWcant eVects of Day (F(3,30) 0,203, P = n.s. and interaction
Day £ Group F(3,30) 1,717, P = n.s.) but there was a signiW-
cant eVect of Group (F(1,10) = 20,596, P = .001) (Fig. 9b).
Overall, total time spent in Mo-Un sleep and time spent in
right Mo-Un sleep were similar in both groups of animals,

whilst time spent in left Mo-Un sleep was signiWcantly
higher in LE-chicks than in RE-ones.

Laterality index of Mo-Un sleep

Laterality index of the percentage of time spent in Mo-Un
sleep is shown in Fig. 10. ANOVA repeated measures
revealed a signiWcant main eVects only on Group
(F(1,10) = 20,596, P < .001) but Day (F(3,30) 1,435 P = n.s.)
and interaction Group £ Day (F(3,30) 1,764, P = n.s.) were
both not signiWcant. LE-chicks showed a preference of left
Mo-Un, whilst RE-chicks chicks showed a reverse pattern.

Fig. 6 Learning curves of LE-chicks and RE-chicks

Fig. 7 Total time spent in binocular sleeping (in seconds). Bars repre-
sent standard errors of means

Fig. 8 Total time spent sleeping in monocular sleep (in seconds). Bars
represent standard errors of means

Fig. 9 a Time spent in right monocular sleep (seconds). b time spent
in left monocular sleep (seconds). Bars represent standard errors of
means
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This eVect was consistent during all training and test ses-
sions. ANOVA data indicate that post hoc analysis was not
allowed. But, laterality biases were evaluated with t tests
(one-sample two-tailed) comparing laterality score (%) of
each group-per-day with chance level (0%). SigniWcant
departures towards more left Mo-Un sleep for LE-chicks
after all training sessions were found: (day 8, t(5) = 3,936,
P = .011; day 9, t(5) = 5,795, P = .002; day 10, t(5) = 4,235,
P = .008 and day 11(test sessions) (t(5) = 4,427, P = .007).
The t tests on RE-chicks revealed signiWcant departures
from chance level (0%) with a signiWcant bias towards for
more right Mo-Un sleep only after training sessions of days
8 and 9 (day 8, t(5) = ¡ 4,387, P = .007; day 9, t(5) = 5,431,
P = .003), but there was no signiWcant departures at days 10
and 11 (day 10, t(5) = ¡ 1,379, P = n.s.; day 11 (test ses-
sions), (t(5) = ¡ 1,289, P = n.s.).

Discussion

It is known that sleep plays a role in memory consolidation
(i.e. Ambrosini et al. 1988; Smith and Butler 1982; Winson
1993; Smith 1996; Graves et al. 2001; Maquet, 2001;
Walker and Stickgold 2004, 2006; Orban et al. 2006). In
fact, waking experiences (i.e. learning) inXuence subse-
quent duration, pattern and homoeostasis of sleep (Horne
and Walmsley 1976; Horne and Minard 1985; Borbely
2001; Martinez-Gonzalez et al. 2008; Rattenborg et al.
2009; Hanlon et al. 2009). In present study, the total dura-
tion of both Bin-sleep and Mo-Un sleep was similar in both
groups of chicks, indicating that monocular training was
not followed by changes in the duration of sleep irrespec-
tive that there was learning (LE-chicks) or there was not
(RE-chicks). In other words, the functional involvement of
one hemisphere during training was not followed by an
increase in time spent sleeping. In a previous study of
Nelini et al. (2010), chicks of experimental group were
trained binocularly, thereby both hemispheres were simul-

taneously involved during trials. Subsequently, those
experimental chicks showed an increase in the duration of
Bin-sleep, whilst that increase was not found in the control
chicks that were not submitted to the learning procedure. A
reasonable question could be formulated: would a signiW-
cant increase in time spent in sleeping takes place only
when the whole brain is activated during trials but it would
not when half brain is directly involved in a task whilst the
other half remains quiescent? Data from present study
would provide a positive answer but previous studies on
unilateral brain stimulation and sleep do not give clear cues
so that issue would remain open. In humans, Kattler et al.
(1994) showed that unilateral stimulation of left somatosen-
sory cortex during wakefulness resulted in a small but sig-
niWcant increase in NREM sleep in the central EEG
derivation relative to baseline which meant a shift of power
towards the left hemisphere. But, there were no signiWcant
diVerences between the NREM and REM sleep baseline
values and latencies, and the same sleep measures recorded
after unilateral somatosensory stimulation. Vyazovskiy
et al. (2000) submitted rats to unilateral whiskers stimula-
tion, whilst whiskers of the other side were previously cut.
Besides an increase in sleep on the hemisphere contra-lat-
eral to the intact whiskers, they also reported an increase in
NREM and REM sleep relative to corresponding baseline
values. Sleep recordings were performed after a 6-h sleep
deprivation during dark period, and consequently, the
increase in both sleep stages would be associated with both
deprivation and/or to unilateral whiskers stimulation. In
humans, Huber et al. (2004 and 2006) submitted subjects to
motor learning, which involved a speciWc brain region of
one hemisphere whilst one arm was immobilized. They
reported regional increase in SWS in the hemisphere that
controlled the arm used for learning and a regional decrease
in SWS in the hemisphere connected with immobilized
arm, but values of NREM and REM were not signiWcantly
diVerent between experimental subjects and control ones.
In a study on human subjects, Cajohem et al. (2008) found
that a 2 h of light stimulation of a left visual hemiWeld
caused an attenuation of the waking alfa EEG activity and a
decrease in EEG delta activity during subsequent sleep in
the right visual cortex, but no eVect was recorded on the left
visual cortex after right visual hemiWeld. However, total
sleep and sleep eYciency did not change in experimental
subjects as compared with non-light stimulated controls
(Cajohem et al. 2008).

LE-chick learned the task whilst RE-chicks did not and
both groups of chicks diVered in the pattern of Mo-Un sleep.
Time spent in right Mo-Un sleep was similar in both groups
of chicks, whilst time spent in left Mo-Un sleep was signiW-
cantly higher in LE-chicks than in RE-chicks. In addition, t
tests on laterality index scores revealed that LE-chicks
showed a signiWcant bias for more left Mo-Un sleep after

Fig. 10 Laterality index of monocular sleep. Bars represent standard
errors of means
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every training session (days), which should be associated
with the competence of right hemisphere on the control of
spatial behaviour which allowed LE-chicks to learn the task.
Right hemisphere preferential involvement in topographic
orientation tasks has been reported by several authors (Ras-
hid and Andrew 1989; Rogers and Anson 1979; Vallortigara
2000; Vallortigara and Andrew 1991; Vallortigara et al.
1996; Vallortigara and Rogers 2005). LE-chicks bias was
similar to the bias recorded in experimental chicks in Nelini
et al. (2010) study. Three points should be discussed regard-
ing the correlation between learning performance and left
Mo-Un sleep. Learning performance of LE-chicks improved
gradually from day 8 to day 11. The amount of time spent in
left Mo-Un sleep was similar at all days, which would not
correlate with gradual increase in learning level. But lateral-
ity index (a behavioural measure that allows to check for
left–right diVerences irrespective of the absolute amount of
Mo-Un sleep) showed that the amount of bias towards more
left Mo-Un sleep in LE-chicks increased gradually from day
8 to day 11 correlating closely with the gradual increase in
the level of learning performance. Several studies indicate
that duration, pattern and homoeostasis of sleep correlated
with waking experiences (i.e. learning) (Horne and Walms-
ley 1976; Horne and Minard 1985; Borbely 2001, Martinez-
Gonzalez et al. 2008; Rattenborg et al. 2009; Hanlon et al.
2009). In adult pigeon, Lesku et al. (2011) stimulated one left
eye (right hemisphere) for 8 h and found that SWA during
subsequent sleep was asymmetrical and higher in the right
visual hyperpallium but not in the non-visual mesopallium
(Lesku et al. 2011). If passive left eye stimulation was fol-
lowed by an increase in SWS in the contra-lateral visual
hyperpallium, it is reasonable to assume that an active behav-
iour such as monocular learning should be able to elicit a sig-
niWcant bias towards more left Mo-Un sleep, which is in
close correlation with the level of leaning performance and
causing an extension of sleep time in the right hemisphere.

RE-chicks were unable to learn because left hemisphere
should be incompetent for solving the spatial topographic
task. The time spent in right Mo-Un sleep of RE-chicks was
similar to that recorded in LE-chicks. Laterality index
revealed a signiWcant bias for more right Mo-Un sleep at
days 8 and 9 and a bias absence at days 10 and 11. The bias
at days 8 and 9 could be associated with a high activation or
use eVect of left hemisphere (i.e. Lesku et al. 2011) likely
caused by the initial submission to the training procedure
(novelty eVect) along with an intense motivation for search-
ing the only container in which food was available (chicks
were food-deprived). Left hemisphere activation would
decrease at days 10 and 11 probably because novelty eVect
faded away and searching the proper food container
became easier.

The issue that should be discussed is whether the Mo-Un
bias of LE-chicks could be associated with the establish-

ment of a spatial memory trace and/or to a process of recov-
ery after right hemisphere activation (use eVect). LE-chicks
learned the task and it is reasonable to assume that a mem-
ory trace should be formed in the right hemisphere. In a
recent study in adult pigeon, Lesku et al. (2011) stimulated
the left eye (the right one was covered) for 8 h and found
that SWA during subsequent sleep was asymmetrical and
higher in the right hyperpallium but symmetrical in the
non-visual mesopallium. In addition, the slope of SWS-
relater slow waves was steeper in the right stimulated
hyperpallium, which indicate a sort of synaptic potentiation
in that structure (Lesku et al. 2011). If a passive visual
stimulation was able to cause plastic changes in right
hyperpallium, it seems reasonable to suggest a presence of
plastic changes after an active and highly motivated behav-
iour such as spatial learning of topographic cues in right
hemisphere of LE-chicks. The more left Mo-Un sleep (time
and bias) would cause an slight extension of sleep time in
the right hemisphere (Bin-sleep plus Mo-Un sleep), which
could be in favour to the establishment of a memory trace.
It is known that sleep plays a role in memory consolidation
(i.e. Ambrosini et al. 1988; Smith and Butler 1982; Winson
1993; Smith, 1996; Graves et al. 2001; Maquet 2001;
Walker and Stickgold 2004, 2006; Orban et al. 2006).
However, a recovery process after a right hemisphere acti-
vation (use eVect) during trials would have also a role in
causing the more time spent/bias for more left Mo-Un
sleep. A support comes from RE-chicks that did not learn
but their use of right eye-left hemisphere during trial was
able to trigger a signiWcant bias for more right Mo-Un sleep
at day 8 and 9 but not at days 10 and 11 (although not sig-
niWcant there was a tendency at latter days).

Finally, this study further conWrms that sleep, whilst
being a global process in birds as in mammals, also shows a
regional aspect called local sleep (Huber et al. 2004; Lesku
et al. 2011). That is, when one part of the brain is strongly
stimulated (Cajohem et al. 2008; Lesku et al. 2011) or
involved in a speciWc learning process (Huber et al. 2004)
that part would subsequently have more sleep than other
parts less or not at all involved in learning.
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