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Experiments were designed in which some properties of spatial representations in rats could be ex
amined, Adult subjects were trained to escape through a hole at a fixed position in a large circular
arena (see Schenk, 1989).The experiments were conducted in the dark, with a limited number of con
trolled visual light cues, in order to assess the minimal cue requirement for place learning. Three light
cues identical in shape, height, and distance from the table were used. Depending on the condition, they
were either permanently on or alternatively on or off, contingent on the position of the rat in the field.
Two questions were asked: (1) How many identical visual cues were necessary for spatial discrimina
tion in the dark, and (2) could rats integrate the relative positions of separate cues, under conditions
in which the rat was never allowed to perceive all three cues simultaneously. The results suggest that
rats are able to achieve a place discrimination task even if the three cues necessary for efficient orien
tation can never be seen simultaneously. A dissociation between the discrimination of the spatial po
sition of the goal and the capacity to reach it by a direct path suggests that, with a reduced number of
cues, prolonged locomotion might be required for accurate orientation in the environment.
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Although nocturnal, rats are known to rely mainly on
sight to perform most spatial tasks (Fenton, Arolfo, Nerad,
& Bures, 1994; Schenk, Grobety, & Gafner, 1997; Zo
ladek & Roberts, 1978). A computation based on the inte
gration of several distant visual cues is presumed to allow
location of a submerged platform in a circular pool of
opaque water (Morris, 1981). Accordingly, place naviga
tion performance is poor in complete darkness (Arolfo,
Nerad, Schenk, & Bures, 1994; Schenk et al., 1997; Suth
erland & Dyck, 1984). Visual cues do not need to be per
manently available to support place learning and may be
seen only during part of the escape trajectory in the Mor
ris task (Chapillon, 1999; Sutherland, Chew, Baker, &
Linggard, 1987). However, the question remains open as
to whether the cues included in a minimal configuration
(i.e., a configuration with no redundant cue) must be per
ceived simultaneously to allow place discrimination or
whether they can be integrated over a temporal gap.

Learning a single place might be based on a memory
of specific local views, or snapshot memory (Cartwright
& Collett, 1982; Wilkie & Palfrey, 1987). The possibil
ity that rats rely on the specific panorama of visual cues
perceived from the goal area to find the invisible platform
suggests that they would perform accurately only by ad
justing their ongoing position according to a memorized
image of this unique panorama. In agreement with this
hypothesis, rats previously trained in a Morris water maze
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to escape to a fixed position on the basis ofdistant visual
cues were severely impaired in reaching the same posi
tion when the room lights were switched off each time
they reached the central region of the pool, where the
platform was located (Arolfo et al., 1994). When the size
of this central region was reduced, the rats were able to
perform the task (Save, 1997), suggesting that their per
formance depended on the size of the regions from which
they perceived the visual environment. A correct dis
crimination of the escape area was observed in a similar
experimental design on a homing table, where rats had to
enter a hole at a fixed position relative to distant room
cues. Since the room lights were switched off each time
they entered the inner region of the table, where the es
cape hole was situated, the rats did not need to rely on a
unique configuration of cues to recognize the training
position (Schenk, Grobety, Lavenex, & Lipp, 1995). The
rats were also capable of discriminating a spatial posi
tion in a visually homogeneous arena, which they entered
from another region rich in distant visual landmarks (Gro
bety, Morand, & Schenk, in press; Schenk et al., 1997).
Thus, rats can memorize a specific position according to
visual cues that are no longer available when they reach
the target area.

The minimal visual cue requirement has been studied
by Fenton et al. (1994) with a limited number of con
trolled remote visual landmarks. The learning of a new
escape position in the Morris navigation task was simi
lar whether four visible cues or only two cues were avail
able in the dark. In fact, latencies were higher in the first
training trials, when four cues were available, than in the
two-cue condition. This suggests that learning an escape
position with a set of four cues requires more behavioral
adjustments than when only two cues are present. Adding
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two new cues to a set of two familiar cues significantly
delayed escape, whereas removing two cues from a set of
four cues had no detectable effect. Thus, new cues seem
to induce either a phase of reexploration of the pool or
the learning of the relations between the platform loca
tion and the location of each new cue. Finally, optimal
performance, reached during training with two cues, was
abolished when one of these cues was replaced by a new
one, suggesting that both cues contributed to the spatial
adjustment.

The experiments by Fenton et al. (1994) demonstrate
that escape performance is related to the position ofcon
trolled visual cues. However, this study was conducted
with rats previously trained in a normal illumination
condition, which precludes any conclusion as to the value
of these sets of cues in the acquisition of the task by un
trained rats. Moreover, since the available cues remained
permanently on during the task, it is possible that, in these
particular conditions, the cues were used to develop ac
curate visual adjustments to locate the invisible platform.
The reaction described above when two new cues were
added suggests, indeed, that rats are very dependent on
the arrangement of the visual panorama seen from the
surface of the water.

The behavioral data are supported by electrophysio
logical data indicating that, in rats, the firing of hippo
campal units is mainly affected by visual inputs. When
the light is turned off, the place fields of hippocampal
place cells are less stable (Markus, Barnes, McNaugh
ton, Gladden, & Skaggs, 1994). The spatial firing ofhip
pocampal place units or ofpostsubicular directional units
is most often driven by visual cues during reorientation
(Goodridge & Taube, 1995; Hetherington & Shapiro,
1997; Knierim, Kudrimoti, & McNaughton, 1995; Muller
& Kubie, 1987; Taube, Muller, & Ranck, 1990), but a se
lection among ambiguous visual cues is based on path
integration in relation to a starting reference position
(Sharp, Kubie, & Muller, 1990). Relations among dif
ferent places are obviously processed thanks to a simul
taneous integration of local views and cues derived from
the animal's movement (proprioceptive or idiothelic cues;
McNaughton, Knierim, & Wilson, 1995).

Cheng (1986) has also shown that the geometrical
structure of the environment or the set of cues is taken
into account by rats solving a spatial task (O'Keefe & Bur
gess, 1996). The reliability of such a landmark geome
try depends on its stability (Biegler & Morris, 1993, 1996;
Greene & Cook, 1997). This is qualitatively different
from the capacities provided by a snapshot memory that
would simply help to guide accurate approaches. There
fore, both the behavioral performance and the firing of
hippocampal or subicular units suggest that visual cues
are integrated into a multimodal spatial representation of
their relative position that facilitates the selection of rel
evant information (Buresova & Bures, 1981).

The important issue is how different cues contribute to
the elaboration ofa spatial representation to support accu
rate place learning. Three cues are necessary to unam-

biguously define a place in a nonlimited euclidean space.
This is not necessarily the case in a limited environment,
such as an open field or a maze. Geometrically, one or two
cues could define a single place in a circular arena, if the
boundaries are visible or otherwise perceived and subjects
can evaluate their distance from the cue (Collett, 1987;
Collett, Cartwright, & Smith, 1986). Many papers, how
ever, report no place discrimination in the presence of a
single local cue (Pieo, Gerbrandt, Pondel, & Ivy, 1985;
Scharlock, 1954, 1955). The white cue card often used in
place unit electrophysiological studies (Taube et aI., 1990)
provides more information than a unique punctate visual
cue, because it has at least two discrete black and white
contrasts. Such a cue would also allow place discrimina
tion in an arena. In the dark, two distinct visual cues sup
port accurate place discrimination (Fenton et aI., 1994) in
rats previously trained to find the platform at a certain dis
tance from the wall. However, it might depend on whether
the cues are similar or different from each other. Twocues
ofdifferent shapes placed on different heights on the hori
zon provide more spatial information than two identical
cues at the same distance and height. If two distant cues
are completely identical and perceptible simultaneously
from the goal location, one might assume that they repre
sent a snapshot image that would help discriminate a par
ticular location in an experimental field, because their
retinal image viewed from the goal is unique. However, the
question remains as to whether two identical visual cues
might serve as relational cues (Eichenbaum, Stewart, &
Morris, I990}-that is, help identify the position of other
places in the arena relative to that of the target.

We designed a specific experimental setup to analyze
the ability of rats to use visual cues in a spatial memory
representation. The first question was whether rats could
use three identical light cues to learn the position of an
escape hole in the dark. The second question was whether
these cues need to be simultaneously available or whether
rats might combine information perceived in different re
gions of the arena at different times. The third question
(see Experiment 2) was whether rats would be able to dis
criminate a specific goal location in total darkness after
prolonged training and whether that prolonged training
would prevent any further improvement in spatial learning
when visual cues from the environment became available.

EXPERIMENT 1

Rats learned to escape from a location in the central
region of a homing table (Schenk, 1989) with the aid of
controlled light cues. A triangular configuration of three
cues identical in shape, distance from the table, and ver
tical position was used. In one condition, all three cues
were permanently available from any part of the open
field. In a second condition, two cues were on when the
rat was in the periphery of the field. They were switched
off when the rat entered the central region of the table,
from which only the third light cue could be seen. Two
other control conditions were used. In one, only the pair
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ofcues was illuminated when the rat was in the periphery.
In the other, only the single cue was available when the
rat was in the center. These conditions are very similar to
a natural situation, such as in a woodland area, in which
not all visible cues are perceived from all parts of the en
vironment. For further comparisons, spatial discrimina
tion was also assessed in total darkness (no cue) or in
normal illumination conditions (all distant visual room
cues accessible).

In this experimental design, it is possible to compare
spatial discrimination with three simultaneously available
cues and discrimination with the same number of cues
conditionally accessible from different regions of the
table. It was expected that spatial discrimination of the
training position was equally attainable with the set of
three simultaneously or separately available cues, but not
with any of the limited subsets (two or one cue only).
This would indicate that spatial discrimination does not
require a specific local view of all three cues to be seen
from the training position, but that rats could attain ac
curate localization by combining information obtained at
different times in different parts ofthe table. Other com
parisons were aimed at assessing whether the discrimi
nation shown with our controlled cues in darkness was
different from that supported by the distant room cues.

Method
Subjects. Forty-four adult Long-Evans hooded rats (32 females

and 12 males) were used in compliance with Swiss guidelines for
the care and use oflaboratory animals. They were housed in groups
of 4 in large glass containers (40 X 40 X 50 cm), with a wooden nest
box and various wooden pieces encouraging climbing and move
ments through holes. This can be considered as a semi-enriched
rearing condition. Daily food rations were delivered immediately
following testing and were adjusted to prevent any weight increase
throughout the duration of the experiment (i.e., between 4 and
9 days). The animals were kept in a natural lightdark cycle and were
tested in the afternoon.

Apparatus. A large circular board (diam., 170 cm) with no wall
was utilized (Schenk, 1989). The platform was provided with 15
possible escape holes grouped in five triplets, as is shown in Fig
ure I. Each hole was covered with a disk of light plastic, which had
the same color as that of the platform and could easily be removed
by the rats. The detachable fittings ofthe holes are interchangeable
and washable. Only one hole allowed passage to the subject's home
cage placed under the table. The fitting for the goal was connected
to a flexible tube and hidden by a light plastic disk. Dead end holes
were blocked with a thick piece of foam rubber hidden under the
plastic disk. The empty home cage was placed under the table and
connected to the flexible tube, which was curved in order to mini
mize the slope. The extremity of the tube (length, 50 cm) was sim
ply deposited in the open cage. The home cage and the connected
tube could not be seen from the surface of the open field.

The table was lit by two infrared projectors (Infralite IR-RS
4060: narrowband light emission; wavelength, 880 nm) placed in a
false ceiling. An infrared video camera placed directly above the
center of the table allowed recording of each test session. An ob
server was able to view the rat's movements through an infrared
viewer (Find-RsScope 85100, Cotraco Establishment).

Behavioral procedure. All the rats were pretrained, on a small
platform in another room, to enter a covered hole connected to a
tunnel until they removed the cover and spontaneously entered the
hole. Daily sessions on the homing table consisted of five training

trials. Pseudorandom sequences of five different starting positions
on the periphery of the table were used in each training session. In
dividual rats remained on the table until they found the escape hole,
designated at a fixed spatial location throughout training, or until
120 sec had elapsed. Rats not able to locate the escape hole in the
allotted time were gently guided, and, if necessary, the hole was un
covered. Spontaneous exploratory episodes after the rat had located
the escape hole were also limited to the allotted time in the same
manner. During the initial trials, the holes were partially masked by
the covers, which the rats rapidly learned to push aside for entry
into the connected hole. By the end ofthe second session, the holes
were completely covered.

A drop ofcondensed milk was available in the home cage to main
tain a stable escape motivation. After the rat had reached the cage
and found the condensed milk, it was placed in a closed bucket for
the 2-min intertrial interval. The position of the bucket was varied
from trial to trial so that it did not represent a fixed spatial reference
position. The table was rotated between trials in a nonsystematic
fashion (random), and the escape hole and covering were replaced
by clean ones. The intertrial rotation did not affect the configuration
between the cues and the escape location but made olfactory traces
inconsistent.

Probe trials were conducted to assess the spatial bias toward the
training position in the different conditions. In these trials, the hole
on the training position was not connected to the home cage and,
therefore, was not different from the other holes. After 72 sec, the
hole on the training position was connected, and the rat was allowed
access to its home cage. An additional reinforced trial was given
immediately following the probe trial, to compensate for possible
extinction effects.

All the trials were video recorded and analyzed later. The latency
to uncover the escape hole (escape latency) was recorded, and an error
was scored when the rat uncovered an incorrect hole. The trials of
Sessions 4 and 6 and all the probe trials were analyzed by an XY
videotracker. The distance covered to reach the correct hole (escape
distance) was calculated. The time elapsed in each hole sector (diam.,
20 cm) during the probe trials was calculated from recordings of
the 72-sec period during which the hole remained unconnected.

Experimental conditions. Six different conditions were created,
depending on whether the rats were trained with the usual indirect
lights (the light condition), in complete darkness (the no-cue con
dition), or in the dark with controlled light cues. Each cue was made
ofa row of three light-emitting diodes. The cues were placed 50 cm
from the table limit and at the platform level, as is indicated in Fig
ure I. Four different cue-controlled conditions were used, depend
ing on the number of available cues. For one condition, three iden
tical cues were permanently on (the 3-cues condition). For the three
remaining conditions, the cues were on or off, depending on the
rat's position on the table, which was determined by using a video
tracker (Kukam, Lausanne) coupled to a computer. In one condition
(the 2+ I-cues condition), a single cue (see Figure Ib) was on when
ever the rat was in the central part of the table, whereas two other
cues were on when the rat was in the periphery of the table. No cue
was on when the rat (more precisely, the center ofgravity of its dark
contrasted head and shoulders as detected by the tracker) was in a
5-cm-wide annulus between the center and the peripheral zones. In
this way, the three cues were never simultaneously on. In one con
dition, a single cue was on when the rat was in the center of the table
i l-cue-c condition), and none when the rat was in the periphery. In
another condition, two cues were to be seen from the periphery and
none from the center (the 2-cues-p condition). When the three cues
were on, the light intensity on the apparatus was less than 0.00 I lux.

Experimental design. Six different groups of rats were trained
according to the conditions described above. The light, no-cue, and
3-cues groups were considered to be control groups and were. there
fore, composed of a larger number of subjects of both sex, in order
to be representative of the rats in general. The experimental I-cue-c,
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Figure I. Panel A: plan of the homing table with the position of the light cues. Panel B:
overview ofthe homing hole board and of the cue's disposition.

2-cues-p, and 2+ I-cues groups were each composed of 6 females.
No males were included in these groups, because no gender differ
ence was found in the control groups. All the groups were trained
during 4 days, with 5 training trials each day (20 training trials).
They were given two standard probe trials with unchanged cue con
dition at the end of the 2nd and 4th training sessions (see Table I).

Three groups were further trained. The 3-cues group was given
five additional training sessions (for a total of 45 trials), including
2 probe trials. One probe trial was conducted at the end of Ses
sion 6, following a +90 0 rotation of the cues. A second probe trial
was conducted at the end of Session 9, with a single cue that pro
vided more light. The 2-cues-p and 2+ I-cues groups were given
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Table 1
Experimental Design

Sessions

Condition Day I Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9

Light 5 trials 5 trials 5 trials 5 trials
(n = 8; 4F&4M) Tl std T2 std
No-cue 5 trials 5 trials 5 trials 5 trials
(n = 10; 6F&4M) Tl std T2 std
l-cue-c 5 trials 5 trials 5 trials 5 trials
(n = 6; 6F) Tl std T2 std
2-cues-p 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials
(n = 6; 6F) Tl std T2 std T3 std T4 std
2+ l-cues 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials
(n = 6; 6F) Tl std T2 std T3 rotation T42-cues-p
3-cues 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials 5 trials
(n = 8; 4F&4M) Tl std T2 std T3 rotation T4 single-cue

Note-T std, standard probe trial; T rotation, probe trial with the light cues displaced; T 2-cues p, probe trial with no cen
tral cue; T single-cue, probe trial with 2 cues off and one cue providing more light; F,female; M, male.

three additional training sessions (for a total of 35 trials). The 2
cues-p group was given 2 standard probe trials, at the end of Ses
sions 6 and 7. The 2+ l-cues group was given I probe trial follow
ing a +90 0 rotation ofthe cues at the end of Session 6. For this latter
group, training during Session 7 was conducted without the central
cue being turned on. A probe trial was given at the end of this ses
sion with this restricted cue condition. The detailed design is indi
cated in Table 1.

Statistics. Exact p values will not be indicated in the results sec
tion. The .05 level was used as the criterion for statistical significance.

Results
Training trials. The escape latency decreased through

out training, indicating that all the groups learned to es
cape through the connected hole. No differences were
found between females and males for the three control
groups (light, 3-cues, and no-cue groups). Figure 2A re
veals that only the group trained in the light had shorter
escape latencies than the groups trained in the dark with
no light cues. A two-way repeated measures analysis of
variance (ANOVA) was conducted with the six groups
over the first four training sessions. There was a signifi
cant decrease in latency over training [F(3,114) = 53.9],
a significant group effect [F(5,114) = 3.31], and a sig
nificant interaction between groups and training sessions
[F(l5,114) = 1.78].

The group trained in the light had significantly shorter
escape paths during Session 4 (Figure 2B). A one-way
ANOVA conducted on the mean escape distance in Ses
sion 4 indicated that the light group had shorter escape
paths than the other groups (comparisons between the
light group and all the other groups were significant).
ANOVAs conducted with only the five groups trained in
the dark (the no-cue, 3-cues, 2-cues-p, I-cue-c, and 2+ 1
cues groups) revealed no significant effect of the pres
ence of the light cues on either the escape latency or the
path length during Session 4. The number of errors (un
covering incorrect holes) was also the lowest in the light
group, but the ANOVA conducted with the six groups
was not significant.

Training was extended in undisturbed conditions for
the 3-cues, 2-cues-p, and 2+ I-cues groups. Figure 2A
shows a steady decrease in escape latencies. However,the
latencies of the 3-cues and 2-cues-p groups recorded in
Session 6 were still higher than those of the light group
in Session 4 (Fisher tests significant). This was no longer
the case for the 2+ I-cues group.

Standard probe trials. During the standard probe tri
als, the rats were left on the table for 72 sec while the es
cape hole was not connected. Two such probe trials were
conducted, at the end ofSessions 2 and 4. Statistical analy
ses were based on mean results (T I and T2 were combined
for each rat, since there was no difference between the
discrimination in both trials). Figure 3 shows that the rats
in the light condition or in the conditions with three cues
(3-cues and 2+ I-cues conditions) spent significantly more
time in the target sector than in the nontarget sectors. A
two-way ANOVA, with time spent in each sector (repeated
factor) and conditions group as factors, confirmed a sig
nificant effect of group [F(5,38) = 3.6] and of sector
[F( 4,20) = 11.22] and a significant interaction between
the factors [F(20, 152) = 2.76]. A one-way ANOVA ofthe
relative time spent in the training sector by each group
confirmed the significant effect of training condition
[F(5,38) = 4.67]. Those groups with three cues or in the
light condition spent significantly more time in the train
ing sector (the light, 3-cues, and 2+ I-cues groups). The
three groups with fewer than three cues did not signifi
cantly discriminate the training location.

The times spent in the central region and in the pe
riphery ofthe table were compared during the probe trials.
The two groups for which the cues were accessible from
one region of the table only (the I-cue-c and 2-cue-p
groups) spent about 50% of their time in the center and
50% in the periphery of the table. The amount of time
spent in the periphery or in the center was not significantly
affected by access to the light cue.

Probe trial following rotation ofthe light cues. Dur
ing these probe trials for the 2+ I-cues and 3-cues groups,
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Figure 2. Panel A: escape latency through training sessions. Panel B: mean path length (escape distance) during
Sessions 4 and 6.

the light cues were rotated by 90° and the position of the
table was adjusted so as to bring a hole triplet in the new
position defined by the cues. Figure 4 shows that the rep
resentative rats in the groups with three cues (the 3-cues
and 2+ l-cues groups) spent more time near the cue
defined training position. The behavior of rats in the 2
cues-p condition was more erratic, although no cue rota
tion had occurred. Discrimination of the training sector
was only significant in the groups with three cues, sup
ported by a significant interaction between the training
condition and the sector effect [two-way ANOVA, with
sector as a repeated measure, F(8,68) = 2.61]. In fact, one
way repeated measures ANOVAs revealed that the 2+ 1
cues group spent significantly more time in the training
sector [F(4,29) = 8.76], as did the 3-cues group [F(4,39) =
4.84], whereas the 2-cues-p group did not spend more time
in the training sector.

Probe trials with a restricted number ofvisual cues.
The groups trained in the 2-cues-p, 2+ l-cues, and 3-cues
conditions were given extended training in the same con
dition. The last trial was a probe trial, with an unchanged
condition for the rats in the 2-cues-p group. The number
of available cues was reduced for the other groups (only
two cues visible from the periphery for the second group,
only one brighter cue for the group previously trained with
three permanently available cues). Figure 5 shows that the
discrimination ofthe training sector had not improved with
prolonged training in the first (2-cues-p group). More
over, the reduction ofthe number ofavailable cues appears
to prevent the discrimination of the training sector in both
groups (no significant discrimination ofthe training sec
tor in either group).

Discussion
Task acquisition was observed in all the training con

ditions. The rats learned that one of the holes allowed es-

cape into the home cage, as is indicated by a progressive
and significant decrease of escape latencies. However,
the group trained with indirect room illumination showed
significantly lower escape latencies and shorter escape
paths than did the groups trained in the dark with no cue
or with any of the limited-cue conditions. Moreover, all
of the other groups had similar escape latencies and path
lengths. Thus, there was a major difference in acquisi
tion performance between light and darkness conditions
when the training hole was connected with the home cage.
This suggests that limiting the amount and quantity of
relevant spatial information diminishes the accuracy of
the spatial navigation performance.

Performance during the probe trials revealed differ
ences among the groups given limited-cue training. The
discrimination of the training location during Probe Tri
als 1 and 2 was comparable for the two groups trained in
the dark with three cues and for the group in the light
condition, and all expressed significant search biases for
the target sector. In contrast, the l-cue-c, 2-cues-p, and
no-cue groups did not express a sector bias on probe tri
als. For the 2+ I-cues and 3-cues groups, place discrimi
nation was based on the controlled cues, as demonstrated
by the third probe trial following cue rotation. The sim
ilar performances of these two groups show that the dis
sociated access to visual cues did not reduce spatial dis
crimination performance. The rats trained with fewer than
three cues showed no evidence of discrimination of the
goal location, despite prolonged training. Furthermore,
reducing the number of accessible cues for groups pre
viously trained with three cues disrupted spatial discrim
ination, since the cue deletion manipulation eliminated
target bias on the probe test.

The reduction of performance, between the group in
the light condition and the two groups with three light
cues, has such an amplitude that it may not be possible
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to distinguish, in darkness, spatial navigation from a sys
tematic strategy, in terms oferrors or even in terms oftime
spent to reach the escape hole. This could reasonably ex
plain why we are not able to distinguish the groups with
three cues from the groups with fewer than three cues.

From this first experiment, we conclude that rats are
able to use three identical light cues to learn the position
of an escape hole in the dark. The three light cues need
not be simultaneously available. Rats seem to acquire
place discrimination by combining two kinds of inform a
tion, each insufficient to support spatial discrimination
by itself. The spatial bias for the target sector expressed
by the 2+ l-cues group appears to reflect conjoined use
of two separate sets of spatial information successively
integrated over the training experience into a unique spa
tial representation.

It is difficult to evaluate precisely the good performance
of the groups with the controlled light cues after pro
longed training, because the reference group trained with
no cue received only limited training. So it seemed im
portant to examine in a second experiment how the animals
would behave in total darkness after prolonged training.

EXPERIMENT 2

In Experiment I, the rats were trained in total darkness
for only 4 days, and it might be that a prolonged training

period would lead to an improved discrimination based
on hypothetical uncontrolled cues. Thus, the aim of the
second experiment was to examine whether prolonged
training in total darkness would allow acquisition ofdis
crimination of the training location.

The second experiment is important as a reference for
the groups with the controlled light cues ofExperiment I,
given the prolonged training. To the extent that the rats
in this experiment fail to show evidence of spatial dis
crimination at the end ofprolonged training in total dark
ness, we can assume that the high performance after
prolonged training ofthe groups with three cues (Experi
ment I) during the probe trials can be attributed to the
controlled cues and not to the prolonged training.

Method
Subjects. Nine adult Long-Evans hooded rats (5 females

and 4 males) were used. Daily food rations were delivered immedi
ately following testing and were adjusted to prevent any weight in
crease throughout the duration of the experiment (11 days). The ani
mals were kept in a natural light:dark cycle and were tested in the
afternoon.

Apparatus. The apparatus, the behavioral procedure, and the ex
perimental conditions were the same as those in Experiment I.

Experimental design. A unique group of9 rats was trained suc
cessively in two conditions. The rats were all trained first for 7 days
(five trials per day) in total darkness (the no-cue condition) and then
for 4 days under normal light condition (the light condition). They
were given three standard probe trials in total darkness at the end of



PLACE DISCRIMINATION ACROSS VISUAL ENVIRONMENTS 23

25 ** 0 T-2

::§: I D r-i
(fJ 20 • TRN...
0.....
u

BillQ) r-:
(fJ

Q) 15
"0 0 T+2..c:
.5

Q) 10
.5...
~
ro
Q) 5
~

0
2+1 CUES 3 CUES

Figure 4. Top: means of the relative time spent (±SEM) in each hole sector dur
ing the probe trials with no hole connected following a 900 rotation of the cue (TRN,
training sector: T + I and T - I, adjacent sectors; T + 2 and T - 2, opposite sec
tors). The discrimination ofthe training sector in the different groups is based on
separate one-way analyses of variance of the absolute time in each hole sector (*p <
.05; **p < .01). Bottom: representative path (for each record, the training position
is at 12 o'clock) by a rat in each group during the probe trial following displace
ment ofthe cue (900 change of position).

the 2nd, 4th, and 7th training sessions and two standard probe tri
als under light condition at the end of the 9th and 11th training ses
sions. One probe trial was conducted in total darkness at the end of
Session 6, following a +90" rotation of the apparatus. Escape dis
tances were analyzed for Sessions 4,6,7,8, and 11.

Statistics. The criterion was the same as that in Experiment I.

Results
Training trials. All the rats learned to escape through

the connected hole in total darkness, indicated by the sig
nificant decrease in escape latency during the seven first
sessions [Figure 6A; F(6,63) = 12.95]. There was no sig
nificant difference between females and males, and there
was no significant reduction in latency from Session 4 to
Session 7. During further training with illumination of
the room cues (Sessions 8-11), there was a significant de
crease in escape latency [F(3,36) = 13.58] but still no sig
nificant difference between females and males. The change
of the light condition, in Session 8, did not induce any
change of the latency.

A two-way ANOVA shows that there was no significant
change in the escape distances between Sessions 4 and 7
(Figure 6B). But at Session 11, the rats had significant
shorter escape paths, as compared with Session 8 [t(8) =

6.66]. No difference between females and males was
found.

Probe trials. The rats were not able to discriminate the
correct location in total darkness. A two-way ANOVA
for the probe trials combined across Sessions 2 and 4
confirmed that the rats did not spend more time search
ing in the training area than in the other sectors (see Fig
ure 7). During the probe trial following the rotation of
the apparatus and the probe trial of Session 7, the rats
were also not able to discriminate any location. There was
also no difference between females and males.

When the room cues were illuminated (the light con
dition), the rats had no difficulties in discriminating the
training area. They spent highly significantly more time
in the training location during the combined probe trials
ofSessions 8 and 11 [F(4,45) = 50.79]. There was no dif
ferences between females and males [F(I,45) = 0.778].

Discussion
These results indicate clearly that, in our conditions,

the rats did not show any discrimination of the training
position on probe trials following prolonged training in
total darkness, despite the fact that no attempt was made
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Figure 5. Top: means of the relative time spent (±SEM) in each hole sector during
the probe trials with no hole connected and with cue deletion (TRN, training sector;
T + 1 and T - 1, adjacent sectors; T + 2 and T - 2, opposite sectors). The T + 1 ad
jacent sector during Probe Trial 4 was the training sector during the previous train
ing trial. The discrimination of the training sector in the different groups is based on
separate one-way analyses ofvariance ofthe absolute time in each hole sector. Bottom:
representative path by a rat in each group during the probe trials with no hole connected
and with cue deletion (for each record, the training position is at 12 o'clock).

to control auditory or other unknown cues. The decrease
in escape latency observed during the seven training ses
sions was accompanied by a decrease in escape distance.
However, escape distances remained highly variable and
were around 4.5 m, whereas the length ofstraight escape
path was about of 85 cm. The poor spatial performance
was confirmed by the systematic lack of discrimination
during all the probe trials conducted in darkness.

Further training with indirect room illumination led to
a progressive decrease in escape latency and distance,
coupled with a significant discrimination of the training
sector. The slow improvement suggests that the rats
learned to identify and to reach the training location and
that they were not simply motivated to reach the training
hole because of an increased illumination level.

GENERAL DISCUSSION

Rats trained in total darkness showed no sign that they
could discriminate the position of the training hole. Nei
ther did the presence of one or two visual cues support
place discrimination. It is concluded that any uncon
trolled (auditory or otherwise perceptible) cues present

in the test situation were insufficient for place discrimi
nation to occur. Uncontrolled olfactory cues on the table
were made irrelevant by intertrial rotations of the appa
ratus. The odor of the connecting tube might have facil
itated identification of the escape position during the
training trials in all experimental conditions. During the
probe trials, however, there was no connection, and the
hole at the escape position was similar in that respect to
any other hole on the table.

Groups provided with three light cues, whether per
manently on (3-cues condition) or contingent on the rat's
position (2+ I-cues condition), expressed a significant
spatial bias toward the training position defined by the
light cues. Indeed, the spatial relevance of these light cues
was confirmed in probe trials following cue rotation.

However, there was an unexpected dissociation be
tween the escape latency during the training trials and the
spatial bias during the probe trials. During the probe tri
als, the groups trained with three light cues showed the
same clear-cut discrimination of the training area as that
expected from training in the illuminated room. During
the training trials, however, these groups had longer laten
cies and escape distances, as compared with the group
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Figure 6. Panel A: escape latency through training sessions. Panel B: mean path length (escape
distance) during Sessions 4, 6, 7, 8, and 11.

trained in the illuminated room. In fact, all the groups
trained in darkness had prolonged escape paths, irre
spective ofcue availability. Thus, cue-based discrimina
tion of the training position was only significant in the
probe trials. This discrepancy might be due to some dif
ferences in task demands during escape or probe trials.

To succeed in the escape trials, rats need rapid identi
fication of their starting position, so they can head for
the target hole. During the intertrial intervals, the rats were
maintained in a closed bucket, the position of which was
different during successive intertrial intervals. The fact
that all the groups trained in darkness followed longer es
cape paths might be the result of an increased difficulty
in identifying the starting position when only a limited
set of visual cues was provided. Thus, after having been
placed on the table, rats might have needed to walk a cer
tain distance before they were able to identify their posi
tion, relative to the visual cues. This would be instan
taneous in a cue-rich environment, such as that provided
by room illumination. Consequently, task difficulty ap
peared greater at this stage, at which only few environ
mental cues were provided to recognize the starting po
sition, so that no cue-related difference would appear
among groups trained in darkness. The advantage for the
group trained in the illuminated room would be to spend
less time in identifying the starting position. Moreover,
all the rats could eventually find the connected hole by
chance or by following any systematic path from hole to
hole. The uncovering ofthe correct hole (avoiding uncov
ering nonbaited holes) could be triggered by the odor of
the connecting tube.

In contrast, during the probe trials, all the holes were
similar, since the connection was not installed. No olfac
tory cue whatsoever could trigger the uncovering of the
hole at the correct position. Thus, the three light cues
played a major role for the discrimination of the training
position during the normal probe trials and a critical one
in the trials with rotation. Accordingly, a clear-cut spatial

bias was only observed in the groups trained with at least
three visual cues. Rats trained with less than three cues
or no cue showed no discrimination of the training loca
tion. The accurate discrimination during the probe trials
despite prolonged escape latencies indicates that our dis
crete cues do not allow for a short, nearly direct escape
path from the training position during the training trials.
These cues are, nevertheless, able to promote a clear iden
tification of the escape position.

The longer latencies in darkness with three light cues
confirm the previous finding by Liu, Turner, and Bures
(1994), suggesting that, during locomotion, it might be
necessary for the rats to see the light cues for a prolonged
time, in order to allow computation of the target posi
tion. This increased delay should not interfere with the
discrimination of the training position, as measured from
the time spent in this area during the probe trial, but may
explain why rats took longer escape paths in the dark.

These results confirm that a few discrete light cues al
low spatial navigation in the dark, as was shown by Fen
ton et al. (1994). In our experiments, three identical point
light cues were necessary to support accurate spatial dis
crimination. In contrast, Pico et al. (1985), as well as Fen
ton and his colleagues, found that two different cues were
sufficient to support spatial navigation in a cross maze
and in a circular pool, respectively. In our experimental
design, removal of the single light cue in the 2+ I-cues
condition impaired spatial discrimination in a significant
manner. This suggests that, even after prolonged training
in this condition, the rats were not able to obtain enough
information from the two cues seen in the periphery, in
the absence of the centrally available cue.

The discontinuous access to the light cues did not af
fect the rats' spatial performances. The discrimination of
the training sector was equally accurate, whether the three
cues were permanently on or whether their availability
was conditioned on the rat's position. This indicates that
the discrimination was not based on a simple snapshot
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memory ofthe position ofthe cues, as seen from the train
ing hole, but that rats could rely on memory for the po
sition ofthe cues seen in other parts ofthe arena and, con
sequently, at different moments. This memory apparently
bridges both a temporal gap and a spatial gap. In fact,
even in the 3-cues condition, all the cues were probably
not seen simultaneously, owing to their relative position
(see Figure 1). Thus, it is not likely that they allowed for
a simple adjustment between a perceived image and a
memorized image, as is suggested in the simple snapshot
memory model ofWilkie and Palfrey (1987). Moreover,
when the cues were only accessible from some parts ofthe
arena, as in the 2+ I-cues condition, there was a spatial
gap between perception ofdifferent cues, and rats had to
refer their own position to that ofthe set ofcues in an even
more abstract way. Thus, animals perceiving two sets of
cues at different places and at different moments appear to
be able to integrate successively those two pieces of in
sufficient spatial information and to cumulate that infor
mation, in order to achieve a place discrimination task.

Our results are in line with different experiments in
dicating that rats can maintain accurate place discrimi
nation when the light goes off (Quirk, Muller, & Kubie,
1990; Schenk et aI., 1995), when they are in a homoge
nous arena (Schenk et aI., 1997), when all the cues form
ing a controlled environment have been removed (O'Keefe
& Speakman, 1987), or when ambiguity among identical

visual cues can only be solved by path integration (Sharp
et aI., 1990).

From these results, it appears that rats are able to en
code the spatial relationships between a limited number
of visual landmarks despite their discontinuous avail
ability. These isolated pieces of information are integrated
into a spatial representation that may be used to discrim
inate a precise emplacement. To understand the rules un
derlying the integration ofvisual information into abstract
representations and the abstractness of this type ofrepre
sentation, further experiments employing different com
binations ofcues from vision and other sensory modali
ties, such as audition and olfaction, should be conducted.
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