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Abstract

Chicks hatched from eggs incubated in the dark (D-chicks) or from eggs exposed to light during the last 3 days before hatching (L-chicks)
were trained on day 4 to peck at small cones for food reinforcement. The cones had different patterns (checked or striped) and were locate
in different positions (either on the left or on the right of a rectangular arena) so as both object-specific (pattern) and position-specific cues
could be used to discriminate cones that contained or that did not contain food. After learning, the position of the cones was reversed so the
object- and position-specific cues provided contradictory information. No effect of light incubation was observed in binocular chicks that
chose cones on the basis of object-specific cues. Monocular D-chicks also tended to approach and peck the cones with the correct pattern
the wrong position, whereas monocular L-chicks did not show any clear choice. Initial choices for one side or other of the arena were mostly
determined by the first side visible through the non-occluded eye in D-chicks, particularly when using their left eye. These results suggest tha
light exposure of the embryo makes neural mechanisms that do not receive direct visual input (i.e., those of the occluded side) more availabl
to be used in assessment of novelty.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction rary occlusion of one eye, which largely confines processing
of visual information to the hemisphere contralateral to the
The domestic chick is used widely as a model system stimulated eye.
for research on cerebral lateralisation of functif49-21, Using monocular tests it has been proven that the
34,36,40] This species possesses features such as a nearlghick’s brain is lateralised for control of a range of visual
complete decussation of the fibres at the optic chiasma, rela-responses. The right eye/left hemisphere system (RES)
tively poor interhemispheric connections compared to mam- attends to categorisation of visual stimuli and it seems to be
mals (but se¢6]) and independent scanning by the two eyes responsible for the visual control of a considered response
[2]. This makes it possible to study the separate functions of (see for reviewg21,38). The RES superiority in visual
the two hemispheres using the simple technique of the tempo-discrimination learning has been demonstrated in other
avian species besides chicld®], namely in pigeon$10],
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experience by attending to the details of individual stimuli Lateralisation of spatial cognition has yet not been inves-
[29,31,32] tigated for possible effects of asymmetric light stimulation
Some of these behavioural asymmetries have been assoin embryo. This is in spite of the fact that spatial cognition
ciated with neuroanatomical asymmetries caused by the ex-is probably among the best studied lateralised functions in
posure of the right eye of the embryo to light during the later the chick (see for a reviel85]). A well-established fact, that
stages of development before hatching. The chick embryo isseems to hold also for other species of birds (see e.g., for pi-
oriented in the egg so that only the right eye receives light geong11]), is that the two hemispheres of the chick’s brain
stimulation passing through the shell and the membranes,tend to attend differently to object-specific local cues and to
whereas the left eye is covered by the rest of the a8y position-specific, large scale, global cues. For instance, Tom-
This asymmetric light stimulation in embryo promotes asym- masi and Vallortigar§26] trained chicks to find food hidden
metric development of the visual projections that originate below sawdust on the floor by ground-scratching in the cen-
from the left side of the thalamus (fed by the right eye) and tre of a closed uniform arena: the centre was indicated by a
continue to the visual WulgR3]. This has been revealed by conspicuous landmark. After learning, the landmark was re-
injecting fluorescent tracers in the Wulst and then looking for located to a novel position and chicks were tested binocularly
ipsi- and contra-lateral labelled cell bodies in the thalamus. or with only one eye in use. A striking asymmetry appeared:
The exposure of the right eye to light leads to an increasedbinocular chicks and chicks using only their left eye searched
number of visual projections from the left side of the thala- at the centre (ignoring the landmark), whereas chicks using
mus (which receives inputs from the right eye) to the right only their right eye searched at the corner (ignoring purely
Waulst region of the forebrain compared to the equivalent and spatial information). Clayton and Krefs] tested the mem-
opposite projection from the right side of the thalamus to the ory of food-storing and non-food-storing birds for feeders
left visual Wulst[23]. Intriguingly, in the pigeon a similar  that had a trial-unique location in an experimental room as
asymmetry has been found, but in the tectofugal rather thanwell as a trial-unique colour pattern. When, after a short re-
in the thalamofugal pathwa@]. The exposure of the right  tention interval, birds were given dissociation tests in which
eyeto lightleads to anincreased number of visual projectionsthe correct feeder changed its position and a different feeder
from the right tectum to the contralateral rotundus. It could was placed at the original location, all birds searched by pref-
be that the difference in the pathway involved has something erence using position-based cues when tested with only their
to do with the different developmental pattern of the two left eye and using feeder-specific cues when tested with only
species, the pigeon being an altricial species the chicks beingtheir right eye. More recently, using a working memory rather

a precocial ong7]. than a reference memory test, Regolin e{Hb] found that
Embryos incubated in completely dark conditions do not both object- and position-specific information is available to
develop any asymmetry in the visual pathw§33]. More- the two cerebral hemispheres in working memory; however,

over, withdrawing the embryo’s head from the egg 2 days when a conflict between cues arises, the right hemisphere

before hatching, occluding the right eye with a patch and preferentially attends to position-specific cues, whereas the

allowing the left eye to be stimulated by light, reverses the left hemisphere tends to attend to object-specific cues (and

pattern of asymmetry, with an increased number of visual see als¢25,30,38).

projections from the right thalamus to the contralateral Wulst ~ The aim of this paper was to investigate whether asym-

(summarised iffi7]). metric light stimulation of the embryo may affect relative re-
Asymmetrical light exposure of embryos has been shown liance on object-specific and position-specific cues in chicks

to affect some forms of behavioural lateralisation after hatch- hatched from eggs exposed to light in the last days before

ing. For example, performance in the pebble floor task, in hatching or maintained in darkness.

which chicks are required to categorise grains of food as dis-

tinct from pebbles, is impaired only by glutamate-treatment

of the left (and not the right) visual Wulst in L-chicks; this 2. Materials and methods

asymmetry is absent in D-chick8,7]. Lateralisation of at-

tack responses shows the same dependency on light expo2.1. Subjects and rearing conditions

sure of the eggfl6,18]. In this case, the response is higher

in chicks using their left eye than it is in chicks using their ~ The subjects were 458 Hyballus galluschicks (a local va-

right eye, provided that the eggs have been exposed to |ightriety derived from the White Leghorn bree(_JI). The_fertilized eggs

[24]. In chicks hatched from eggs incubated in the dark, the came from two local cqmmerc@ hatcheries (Avicola Berlandg

levels of attack are the same when they use the left or right 510 and C. Snc, Carmignano di Brenta, Padua, Italy and Agri-

eye. cola Berica, Montegalda, Vicenza, Italy) and were delivered to

S . our laboratory weekly when the eggs were at day 14 of incuba-
There are other forms of lateralisation in chicks that, how- tion. Thereafter, and until day 18, the eggs were incubated in the

ever, do notdepend onlightexposure of the embryo, and theseyark in the laboratory in an automatically turning incubator FIEM
include imprinting and social recognitig87,3,8] response  snc, MG 100H (45 cnx 58 cmx 43 cm), under controlled tem-

to olfactory versus visual cugg2,33] and lateralisation of  perature (37.7C) and humidity (about 50-60%) conditions. On
auditory responsdg]. day 18 of incubation, the eggs were separated into two incubators
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(60 cmx 65 cmx 66 cm), with a capacity of about 100 eggs, under
the same temperature conditions and at a lower humidity level until
hatching (which occurs on day 21). Half of the eglys=(117) were

kept in complete darkness also from day 18 of incubation onwards
(D-chicks); the other halfiy=112) were exposed to light from day

18 of incubation (L-chicks). A 25W incandescent light bulb pro-
vided about 250 Lux within of the incubator. After hatching, the
chicks were housed in pairs in metal home cages (22 cm wide, 30 cm
large and 40 cm high) illuminated continuously by 30 W fluorescent
lamps (placed 45 cm above the cages) and kept in standard rearing
conditions (28-31C temperature and 68% humidity) withfoodand  (a) (b)

water available ad libitum. Chicks were reared in 229 pairs homo-

geneous with respect of gender: 122 pairs of males and 107 pairs

of females (in this strain of chicks the sex can be determined soon f

after hatching by the arrangement of the wing feathers).

2.2. Procedure ..
The procedure consisted, for all pairs of chicks, of a training

phase, in which chicks were required to learn to find food located

in small cones on the floor of an arena (for details of the original (c) o

procedure sefl3]), followed by test trials within the same arena

in which orienting cues to the food were experimentally manip- Fig. 2. The matrix of the stimuli employed for the learning trials and the test
ulated. The test situation and the apparatus are shoviginL (a). The 3D stimulus folded to contain some grains of food (b). (c) The two
The apparatus consisted in a white plastic rectangular arena (50 cnfiifferent kind of textures: the white and black striped texture (positive cone)
long, 30 cm wide and 10 cm high). The floor of the arena was uni- 2nd the white and black checked texture.

formly covered by a grey waterproof sheet of paper. The arena had

low edges from which the animals could observe the outside envi- same time projected on the connected television screen. The ex-
ronment and spot the more relevant landmarks in the room to be perimenter’s position varied systematically between the pairs, but
possibly used as cues when orienting. The apparatus was placedever changed between the various trials for the same pair. Also the
on the ground of the experimental room, exactly in its centre. The arena was randomly rotated by t8@etween testing of each pair
room was 2m long, 5m wide and 2.5m high and provided some in order to exclude the possible effect of cues not experimentally
large visual cues, such as a blue door, a tripod and a video cam-controlled.

era, a white table with a television set and a video recorder on ~ Small cones (3 cm high with an open base of 1 c¢cm in diameter)
it, and a red chair for the experimenter. The room had no other were used both for training and testirigd. 2a). The conical shape
doors or windows and it had white walls. The experimenter stood was obtained by accurately folding a little piece of waterproof ma-
by the arena throughout the testing trials in order to check the an- terial (3 cm high and 2.5 cm wide as showrFiig. 2b) and the space
imals’ behaviour which could also simultaneously be monitored inside of each cone could be used either to contain some grains of
through the video image recorded by the video camera and at thefood to be used as reinforcement (reinforced cones) or could be left

Fig. 1. The apparatus used for training and testing, with the two chicks and the position of the two sets of cones.
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empty (not reinforced cones). There were a total of eight cones, half perimenter’s position) were identical to those experienced during
of them were white and black striped, the other half were white and the learning trials. For the test (lasting 90s), the position of the
black checkedKig. 2c). The two types of cones were comparable cones was reversed but not the position of the whole arena, which
for amount of black and white surface. In preliminary trials, some was the same in the training and test trials for any given pair of
birds were trained on either type of cone to exclude any preferencechicks.
for one of the two textures. Since neither learning differences (time  The white and black striped cones (reinforced) were positioned
to reach learning criterion) nor any kind of preferences (number of along the side of the arena where the checked cones had been placed
spontaneous pecks) for one particular type of cone were detectedduring training. For all of the measurements, “O” (object-specific
we decided to arbitrarily choose one type of texture (the striped cues) indicates that the first choice made by the chick was for the
cones) and to use it as the positive (reinforced) stimulus throughoutreinforced pattern of the cones (but now in the incorrect position)
the experiment. and “P” (position-specific cues) indicates the choice for the position
In the late evening of day 3 all chicks were food deprived. Allthe of the cones that had been reinforced during the learning trials (but
pairs underwent training and, thereafter, testing on day 4, starting now of the incorrect pattern).
in the early morning. For training, each pair of chicks was brought The test was video recorded and video recordings were subse-
in turn in a little cardboard box to the experimental room nearby quently scored: the arena was divided into two lateral sectors (12 cm
the rearing room, in which temperature and humidity were con- wide) containing the cones, and a central sector (6 cm wide); in this
trolled (respectively, 25C and 70%); the room was illuminated way the experimenter could watch from above the animals while
with four neon bulbs of 58 W each. Chicks were placed in the same moving and categorise the choice for a side when a chick moved
apparatus that would be later used for the testing, and trained totowards a particular type of cone (a choice was considered to have
learn to find some food previously hidden by the experimenter in- been made when the chick’s head and most of its body had entered

side the reinforced cones. The eight cones were positioned care-a given side sector).

fully in the arena so that all of the cones with the same pattern

Every measurement was recorded for each of the two chicks

were located together on the same, longer side, of the arena, at an a pair, but was then combined in order to classify the couples:
regular distance from one another. During the training, only the “OQO” and “PP” labelled those pairs in which both chicks expressed
four positive cones (i.e., the striped ones) were reinforced (i.e., the same choice (i.e., “PP”=both chose the position of the cones,
they contained some grains of chick crumbs); the checked cones,"O0” both went for the reinforced pattern of the cones); “PO” was

in contrast, were never reinforced (i.e., they never contained any the label indicating a non-homogeneous choice by the two chicks

food).

in a pair, i.e., the chicks each entered a different compartment or

Each pair of chicks underwent five learning trials: the first lasted pecked at the two different types of cones.

2min, the other four lasted 1 min only each. From one trial to the
next chicks were placed back into the closed cardboard box to wait
about 2 min for the apparatus to be ready for the next trial (the arena
was cleaned any grains of food, the cones were filled with some new
grains and correctly positioned in the arena). At any new training

trial, as well as during testing, the starting position of each chick _

(i.e., at which end of the arena it was placed) was fully balanced
across individuals.

All of the pairs of chicks learned quite rapidly to search for the
hidden food within the striped cones, only requiring one or two trials
in order to do so and no pair was discarded due to poor learning
(i.e., three or four incorrect trials). After the first or second trial

all chicks consistently pecked spontaneously only at the reinforced .

cones (ignoring the other type of cones).

After the learning trials, chicks were placed back into their home
cage and randomly assigned to one of three viewing conditions.
The monocular condition involved closure of the right eye for LE
group (left eye-in-use) and the left eye for RE group (right eye-
in-use). A total of 56 pairs were tested in RE condition, 56 pairs
in LE condition and 117 in binocular condition (Binocular, BIN).
The patching procedure is minimally disturbing for the animal, re-

quiring handling for only a few seconds (the same time of handling _

was applied to the chicks of the binocular condition without ap-

2.3. Data analyses

The behavioural indices observed were:

First side of entrance choice and first peck choice, labelled OO
when the two members of the same couple expressed the same
choice in the direction of the reinforced pattern but in the wrong
spatial position, PP when they chose the cones in the correct spa-
tial position (the same of the learning trials, but of different pat-
tern) and PO when the two chicks expressed a different choice
from each other.

Latency of first side of entrance and latency to first peck calculated
for each pair as the mean (expressed in seconds) of the two chicks’
latencies. “Latency” is the time elapsed from placement in the
arena of the two chicks and the entrance of each chick in one of
the two lateral sectors (by one particular type of cone), or the first
peck assigned. The mean of each pair was considered as a single
data point because the behaviour of the two members of a pair
cannot be considered as independent, as the members of a same
pair might influence one another’s behaviour.

Time spent close to each of the two type of stimuli, expressed as
mean of the times scored by the individual members of the pair.

plying any removable eye patch); it consists of gently placing a . Total number of pecks to both types of cones expressed as mean
special removable tape onto one eye (the tape is cup-shaped and pecks assigned by each pair of chicks.

does not prevent the normal movements of the chick’s eye lid).
Following patching, all chicks were allowed 30 min in their own

For the ANOVA, the between-subject factors were: sex (male

home cages to become accustomed to the new monocular condiversus female), eye in use (LE versus RE versus BIN) and hatching

tion.
For the test, chicks were brought again into the experimen-

(dark versus light).

Data for choice were analysed by chi-square tests; data for laten-

tal room and gently placed in the arena each at a different end. cies, time spent in each sector and number of pecks were analysed
The room conditions and the main landmarks (including the ex- by analysis of variance (ANOVA).
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3. Results The results for monocular chicks are shownTaible 1
. . _ . Overall, first side of entrance in the monocular condition re-
3.1. First side of entrance and first peck choice vealed no differences between D- and L-chicks (three cate-

, . , ) gories:x(zz):5.234, n.s.; two categories (OO and PP only):
Results for first side of entrance and first peck for binocular ~,

chicks are shown ifiable 1 There was no significant hetero- X(Zr)] ;ig'?]go’hn'fv')'v\/\r/hen Iconrsgjif(?rlpgnsepar;at(raly éh(;twio r?f/e
geneity between L- and D-chicks for either first side of en- co ons, however, a clea erence emergec. A signit-

trance ﬁ((22)20.299, n.s.) and first peck choicg(zi):o.488, icant difference between the two hatching conditions was

n.s.). Also, no significant heterogeneity associated with sex 'obs.erved n Ieft-gyed gh'Cks‘gZ) =7.418,p=0.025), but not
was apparent for either first side of entrance (D-chicks: in right-eyed chicks £(;) =0.476, n.s.). The effect was due
(xfp=3-293, n.s.; L-chicksf, =0.393, n.s.) and first peck tE a higher vglu(_e of r;e(:)terﬁg_eneous_ <r:]h0|ce arr_lon? cr:ucks_ of
- ehicker2 = 1 ehickay? = the same pair (i.e., choices, with one animal choosing
;:]hsm)ce (D-chicksixz) =2.112, n.s.; L-chicksy(z) =1.637, position and the other choosing the pattern of the cones) in
. Lﬁmping together data for the two sexes and the two left-eyed chicks °°m"?9 frgm eggs maintained in.darkne_ss.
light-exposre conditions, it appeared that binocular chicks Alm?gr? dlsg-s)yzit[e);ctwgkssi(;tesfaecri?\edtLheangito?né?va;feﬂnk])-
showed preferential choice for object characteristics, ei- {Dh)é eve-patch (binomial one-ta'leg 007435/3 ithout bein y
ther when all three categories of choice were considered affect)t/ed I[lJ)y the(c;1araclteristics olf the .cones)’(v\\,/vrllen lcionsildgr
ot i 2 — e . -
(first side of entrancey(, =16.615,p=0.0002; first peck ing only the homogeneous groups, OO and PP, no differences

choice:x(zz) =22.741p=0.0001) orwhenonly homogeneous yare observedx(zl =0.033, n.s.).

choices were considered (first side of entrangg;=3.375; First peck choice in the overall monocular group revealed a
p=0.066; first peck choiceg(zl) =19.000;p=0.0001). Thus, striking difference between incubation conditions: D-chicks
analyses of first choices (entrance and peck) in binocularpecked mostly at the cones with the correct pattern, ig-
chicks revealed that the animals seemed to choose on thenoring position (three categories of choigg, =13.852,
basis of the specific characteristics rather than on the basigp=0.017; two categories (OO and PP On|)(|§1): 12.848,

of the position of the cones; no differences between the two p=0.005); L-chicks, in contrast, did not show any clear

hatching conditions were apparent. choice ¢, =1.841, n.s.). Thus, D-chicks preferred at first
to peck at the cones with the correct pattern largely ignor-
Table 1 ] ] ) ing their position. In contrast, no clear choice appeared in
First side of entrance and first peck choices for the Binocular, LE and RE L-chicks
conditions .
First side of entrance First peck
3.2. Total number of pecks
00 PO PP 00 PO PP
BIN Results for total number of pecks at the position of
F dark 16 3 13 12 9 6 the cones or pattern are shownFfig. 3 The analysis of
M dark 15 7 7 17 7 3
Total dark 31 10 20 29 16 9 -
10
F light 16 6 10 16 9 5 ) Males
M light 10 5 9 12 3 5 w 81
) 6- <hi
Totallight 26 11 19 28 12 10 =5 MD:chicks
S w 4 OL-chicks
LE s 5
F dark 11 1 5 0 2 = il| ﬁ
o 0 : . ‘ . ,
M dark 3 o 2 5 2 0 = RE LE BIN RE LE BIN
Total dark 4 20 3 10 2 2 S~————EYEINUSET———~—"
. Object-specific cues Position-specific cues
F light 9 4 3 3 1 3
M light 2 7 4 4 3 3 i
_ o 10 Females
Total light 11 11 7 7 4 6 T g
L
maw
RE Sy 6 m D-chicks
F dark 1 11 1 5 0 2 2 Q. e
M dark 3 9 2 5 2 0 Sa
= 2
Total dark 4 20 3 10 2 2 5 o . i | . W . iﬁ |
F light 9 4 3 3 1 3 L RE LE BIN RE LE BIN
M light 2 7 4 4 3 3 S———EYEINUSE~¥——~—
Object-specific cues Position-specific cues
Total light 11 11 7 7 4 6

F, females; M, males. Fig. 3. Total number of pecks (group mean$.E. are shown).
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variance with sex (male versus female), eye in use (LE ver-
sus RE versus BIN) and hatching (dark versus light) as

between-subject factors and choice (pecks on pattern ver-

sus pecks on position), revealed the significant main ef-
fects of eye E(2217)=53.366,p=0.0001) and of choice
(F@,217)=40.406,p=0.0001).

An analysis restricted to the two monocular conditions
revealed, however, a significant eydnatching interaction
(F(1,104y=4.574,p=0.0348). Separate analyses for the LE
and RE conditions revealed a significant effect of choice
for LE chicks F(1,52)=5.558,p=0.0222) and for RE chicks
(F(1,52)=12.748,p=0.0008) but no other main effects nor
interactions (LE sexF(;,52)=0.002,p=0.9669; hatching:
F(1,52)=1.863, p=0.1781; sex hatching: F(152=0.114,
p=0.7367. RE sexF(,52=3.007, p=0.0888; hatching:
F1,52=1.477, p=0.2297; sex hatching: F(;52)=1.167,
p=0.2851). As can be seen froRig. 3, it seems therefore
that, irrespective of whether pecks were directed at the pat-
tern of the cones or position, in RE-chicks there was more
pecking by D-chicks, whereas in LE-chicks there was more
pecking by L-chicks.

3.3. Latencies of first side of entrance and to first peck

15

[
_E_’ 50 Males
b 40
2y
0O 30 m D-chicks
w 0 L-chicks
o o 20
g 10
-
< 0 ; ;
-l RE LE BIN

EYE IN USE
5 50- Females
o«
|8 40+
'u_, é 304 m D-chicks
w I 0 L-chicks
% o 20 "
w 104
'—
< o4 :
- RE LE BIN

EYE IN USE

Fig. 5. Latencies to first peck (group mean$S.E. are shown).

p=0.3251; eye< hatching: F( 136=0.353, p=0.7031;
sexx eyex hatching:F, 136=0.760,p=0.4696).
Overall, females showed longer latencies of first side

Here the analyses were restricted to the homogeneous (PRf entrance than males. However, an analysis restricted to

and OO) pairs only, to avoid lumping together in a single data
point the pair latencies in cases of heterogeneous choice (i.e.
PO choices).

Results for latencies of first side of entrance are
shown in Fig. 4 The ANOVA revealed significant
main effects of sex K 136=3.977, p=0.0481) and
eye in use F(,135=13.805, p=0.0001) as well as of
the sexxeye interaction K 136=3.603, p=0.0299).
There were no other significant effects (hatching:
F(1,136)=0.002,p=0.9656; sex hatching:F(,136=0.975,

40 Males

6
w 30/

n O i
g <Zt 20. m D-chicks
=z o L-chicks
w
= & 1o
_‘ -_L

o4

RE LE BIN
EYE IN USE
w 40 Females
Su |
w0 Ié)" 30 4
W= ‘ _
og 204 m D-chicks
E E ‘ O L-chicks
=

B0
_I

0 -

RE LE BIN
EYE IN USE

Fig. 4. Latencies of first side of entrance (group meaSsE. are shown).

the monocular groups revealed a significant main effect
of sex F(1,44)=4.195,p=0.0465), without any sex eye
(F(1,44y=0.075,p=0.7855) interaction, thus revealing that
sex differences were apparent only in the monocular con-
ditions but not in the binocular condition. This was likely
due to a floor effect, because binocular chicks had shorter
latencies than monocular chicks. Post hoc analyses (Fisher
Protected LSD) revealed that latencies of BIN were shorter
than those of both RE$E0.0001) and LESH=0.0066),
whereas latencies of LES tended to be shorter than those of
RES =0.0916).

Latencies to first peck are shown iRig. 5 The
ANOVA did not reveal any statistically significant effect
(sex:F(1,136=0.490,p=0.4852; eye in usé > 136)= 1.984,
p=0.1415; hatchingF(1,136)=0.532,p=0.4670; sex eye:
F(2’136): 1.809,p: 0.1677; sex hatching:F(l,lgs): 1.860,
p=0.1749; eye< hatching: F( 136=0.324, p=0.7237;
sexx eyex hatching:F 136=1.151,p=0.3192).

4. General discussion

First choices (entrance and peck) showed that choices of
binocular chicks were mainly based on object-specific cues
(the characteristics of the cones) rather than on position-
specific cue (the location of the cones). Thus, it seems that
in this task object-specific cues are dominant. No differences
were observed between L- and D-chicks in the binocular con-
dition.

Monocular tests revealed, however, some interesting dif-
ferences between D-and L-chicks. D-chicks preferred to peck
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firstatthe cones with the correct pattern, largely ignoring their that L- and D-BIN chicks do differ in their relative use of
position. They thus behaved mostly as binocular chicks did. allocentric spatial cues and object-specific cues provided that
In contrast, no clear choice was seen in L-chicks. This lack the difference between the stimuli is large. Another, more
of choice was unlikely to be due to a difficulty in performing intriguing possibility is that the effect of light stimulation is
the discrimination. It seemed as if L-chicks were affected by to make it possible for the non-stimulated hemisphere to take
cues that were instead ignored by D-chicks. part in the control of overt behaviour. What is striking in the
Another difference between D- and L-chicks was that, behaviour of eye-patched D-chicks is that their choice seems
although no evidence for a difference between LE and RE to reflect only the visual information available to the non-
chicks was apparent for pecking choice, D-chicks tended to occluded side. This means that the hemisphere, which does
use the eye not occluded for choice of first entrance and thisnot receive input takes no part in the decision on the course
was particularly striking for LE chicks. Assuming (see Sec- of action. In L-chicks, in contrast, choice seems to take into
tion 1) that the left eye (right hemisphere) should be mainly account positional cues even when only the right eye is in
attending to spatial cues, this suggests that D-chicks tend touse (i.e., even when the left hemisphere, which is allegedly
neglect positional cues, whichwould also agree with evidence not specialised for attending to spatial cues, is receiving the
of choice for object-specific cues infirst pecking by D-chicks. main sensory input). This strongly suggests that in L-chicks,
If this is correct, then lack of clear choice in L-chicks could but not in D-chicks, the hemisphere which does not receive
be due to the fact that these chicks were more affected bysensory input (because of the eye patching) is nonetheless
positional cues than D-chicks, which might have resulted in able to affect the behaviour of the “seeing” hemisphere. This
an imbalance in choice between object- and position-specificaccount of the data may explain why no effects of light and
cues in L-chicks. dark conditions can be observed in binocular chicks, as in
Irrespective of whether pecks were directed at the cones’ binocular chicks both eyes receive direct sensory inputs.
pattern or position, in RE chicks more pecking was scored  Of course the hypothesis is still speculative and will re-
by D-chicks, whereas in LE chicks more pecking was scored quire further research. Itis also unclear, at present, how these
by L-chicks. There is evidence that the left hemisphere drives effects of light stimulation of the embryo can be related to
pecking to feed more than the right hemispH&m. Since RE the known anatomical asymmetries in the thalamofugal path-
D-chicks are exclusively dependent on the left hemisphere way (see Sectiof). But, if correct, the hypothesis suggests
(see below) they would have a stronger tendency to peck.that the role of asymmetric light stimulation of embryos may
The LE chicks would need to access the left hemisphere, have to do more with interhemispheric communication than
done better by the L- than the D-chicks. with the allocation of separate functions into the left and right
In general, BIN chicks appeared to be more active than hemispheres.
monocular chicks (they pecked more and made choices more
rapidly). This was expected because the eye-patching proce-
dure might producg some distgrbance to the animals. How- Acknowledgements
ever, there was an intriguing difference between RE and LE
chicks in latencies of first choice: monocular chicks were in The experiments comply with the current Italian and Eu-

general the slower group to make a choice, but particularly ropean Community laws for the ethical treatment of animals.

when the right eye was in use. LE chicks were faster than RE 1ha research was supported by grants MIUR Cofin 2004,
chicks, but slower than binocular chicks. RE chicks, always 5404070353002 “Intellat” and MIPAF “Benolat” to G.V.
slower than the other groups, spent most of the time close

to the same type of cone: once they chose using a local or
a global feature (the pattern or the position) they tended to
remain in the same spatial position. It could be that LE chicks
were similar in behaviour to BIN chicks because of a major o _ _ _ _ o
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