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Short communication

Disorientation combined with bilateral parietal cortex lesions
causes path integration deficits in the water maze
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Abstract

The navigational abilities of rats were examined using the water maze after disorientation induced by rotation and/or swimming
in darkness. Control and light-disoriented groups performed similarly, whereas the dark group and the dark-disoriented groups
were initially much slower but improved to control levels. After receiving bilateral parietal lesions, multiple start position tests
showed that both rotation groups were severely impaired in finding the hidden platform. The effects of disorientation induced by
darkness and by rotation are therefore separable. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is known that performance in the water maze is
extremely sensitive to hippocampal lesions [6]. The
hippocampal-based navigational system is thought to
be an environment-centred (allocentric) spatial repre-
sentation in which environmental events, cues or places
are represented in relation to each other, rather than
the animal itself. However, the brain also uses non-allo-
centric, internally-generated cues for spatial representa-
tion and navigation (see Ref. [11] for review).

‘Path integration’ is the determination of current
position using self-motion cues [3]. This information
can be used to estimate current position relative to an
origin or an estimate of a trajectory towards a target.
Many studies suggest that parietal cortex is one brain
area where this egocentrically-based information con-
verges [3,9]. It has been suggested that the parietal
cortex acts as an interface for this egocentric coding
and for allocentric information processed by the
hippocampus [9]. Moghaddem and Bures [5] found that

rats learned the platform position in darkness in the
water maze, relying presumably on internally-generated
cues to compute their position, although they learned
more slowly than controls. Subsequently, Save and
Moghaddem [8] found parietal cortex-lesioned rats had
impaired water maze acquisition relative to controls in
darkness, although retention was less impaired.

We further examine here the effects of disorientation
by rotation/translation and/or darkness on water maze
acquisition and subsequently of parietal cortex lesions
combined with disorientation on reacquisition of the
water maze.

2. Materials and methods

Twenty-three male Wistar rats (mean weight 200 g)
were used. Rats were housed in groups of three on a
12:12-light/dark cycle with free access to food and
water. The water maze was a black circular pool (2
m/diameter; 35 cm/deep; water 2091°C) filled to 31
cm. Rats could escape by climbing onto a hidden
platform (29 cm×9 cm). The maze was surrounded by
retractable black curtains and had an overhead
videotracking camera. The rats wore a table tennis ball
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containing a small LED visible to the camera. The
computer and video monitor were in one corner of the
experimental room.

The rats received eight trials/day for each phase of
the experiment, with a 1-min inter-trial interval and a
2-min trial limit, after which the rat was led to the
platform. Group one (normal controls; n=6) was
trained under standard water maze protocol conditions;
Group two (light-rotation; n=5) was disoriented by
taking the rats to the experimental room from their
cages in an opaque covered box along a pathway
involving multiple lateral displacements and complete
rotations. The disorientation procedure was continued
in the experimental room, prior to the rats being placed
in the water maze. This group had a clear view of the
experimental room. Group three (dark; n=6) was
trained in complete darkness, with the curtains around
the maze closed. The behaviour of the animals was
monitored on the video screen located outside the
enclosed maze area. Group four (dark-rotation; n=6)
was disoriented in an identical fashion to the light-rota-
tion group and also trained in the dark. The phases of
the experiment were as follows:
1. Normal training: All rats were trained from a con-

stant start position to a constant platform position
(7 days, eight trials per day).

2. Variable start-position: The rats were placed in the
pool from four start positions (N, S, E, W) for a
further 3 days. After this phase all rats in all four
groups underwent bilateral parietal cortex lesions
(see below).

3. Post-surgery retraining: All rats were retrained for 5
days under normal conditions, as described above.

4. Variable start-position: All rats had 3 more days of
variable-start position training (see (ii) above).

Each rat received a total of 144 trials over the four
phases (18 days) of training; four animals did not
complete all phases of the experiment and their data
were discarded.

3. Results and discussion

For the surgery, rats were anaesthetised with pento-
barbitone (50 mg/kg). Bilateral trephine openings were
made A/P 2–6 mm and L 1.5–5.5 [4,7] and the under-
lying cortex was gently aspirated. Rats were allowed to
recover for a minimum of 5 days before testing recom-
menced. At the end of the experiment, all rats were
anaesthetised, transcardially perfused with saline fol-
lowed by 4% formolsaline; the brains were removed
and photographed prior to further histological process-
ing. The largest and smallest lesions are presented in
Fig. 1 (a, b).

The following results were found for each phase:
Phase one: Although all rats acquired the task prior
to lesioning, there were significant differences be-
tween the groups. Fig. 2 (a) demonstrates that the
escape latencies decreased across trials; (paired t-tests
for all conditions day 1×day 7, all cases PB0.001).
It can also be seen from Fig. 2 (a) that the rats in the
dark conditions (groups three and four) were slower
to learn than those in the light conditions; a one-way
ANOVA (condition× latency) found a significant
overall difference between groups, F(3, 1066)=7.01,
PB0.001). Post hoc testing (Newman–Keuls) re-
vealed that groups three and four were significantly
different from groups one (controls) and two (light-
rotation) (PB0.05). We also conducted a series of
ANOVAs comparing performance within days. In-
spection of Fig. 2 (a) demonstrates that on days 1
and 2 all groups started with approximately the same
level of performance (both ANOVAs were NS).
However, the groups were significantly different from
each other on days 3 through 7 (all ANOVAs PB
0.001; df 3, 180).
Phase two: All rats across all conditions showed
equally good performance when tested from variable
starting positions. There were no significant differ-
ences between any of the groups for any of the
possible comparisons. Inspection of trial blocks 8, 9
and 10 shows that all animals have similar escape
times.
Phase three: Parietal lesions were conducted prior to
this phase of the experiment. All animals in all
groups were significantly impaired in their initial
performance after lesion compared to their terminal
performance prior to lesions; (paired t-tests for all
conditions day 10×day 11, all cases PB0.001). Fig.
2 (b) indicates that escape latencies decreased across
trials for all groups in this phase of the experiment

Fig. 1. (a): Parietal lesions, dorsal aspect. The numbers to left indicate
to which group each of the rats belonged, as follows: group 1:
controls; group 2: light-rotation; group 3: dark swimming; group 4:
dark-rotation. (b) Maximal and minimal extent of the parietal lesions;
the hatched areas indicate the extent of tissue at three different levels
relative to bregma.
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Fig. 2. (a): Effects of training from a standard start position on finding the hidden platform from differing start positions. On days 3 through 7,
the asterisks refer to significant within-day differences between groups at PB0.001. (b) Effects of training from a standard start position on
finding the hidden platform from different start positions after parietal lesions. On all days, the asterisks refer to significant within-day differences
between groups with probability values ranging from B0.03 to B0.001 for different days and which are specified in the result sections for phases
3 and 4.

(paired t-tests for all conditions: day 11×day 15, all
cases PB0.001). There was also a significant differ-
ence between groups for all days from day 11
through day 15 (all ANOVAs PB0.001; df 3, 140,
except day 15, PB0.01). Post hoc tests indicated that
across days 11–15 groups one and three were signifi-
cantly different to groups two and four (PB0.05),
indicating that groups one and two were significantly
faster in re-acquiring the task post-lesion, compared
to groups two and four. In contrast to phase one of
the experiment, the performance of group two was
the slowest between days 11 and 14, and was slower
than groups one and three on day 15. The perfor-
mance of this group mirrored that of group four
(dark-rotation). The groups subjected to rotation
were the most significantly impaired across all days
of this phase of the experiment.
Phase four: In contrast to phase two, there were large
differences in the performance of all groups in the
final phase of the experiment through all experimen-
tal blocks (all ANOVAs PB0.001; df 3, 140, except
day 16, PB0.01). Post hoc tests indicated that across
phase four of the experiment group four (dark-rota-
tion group) was significantly slower at finding the
platform from a variable start position compared
with all other groups; group two (light-rotation
group) was also significantly slower than the other
groups on day 18. At the end of the experiment, the

escape latency (mean9SEM) for groups two and
four were 41.198.5 s and 74.697.7 s, respectively.
This experiment examined the effects of disorienta-

tion (through visual deprivation and/or rotations/trans-
lations) and parietal cortex lesions on path integration
in the water maze. There were three main findings: (i)
disoriented animals (whether induced by darkness and/
or rotations and translations) are capable of finding a
hidden platform in the absence of external cues, al-
though at a slower rate than under normal illuminated
conditions; (ii) the parietal lesions used in this experi-
ment greatly disrupted the reacquisition of the original
task and effectively abolished reacquisition in the dark
rotation group; and (iii) the additive effect of rotation
to swimming in the light or the dark greatly disrupts
performance after bilateral lesions compared to swim-
ming in the dark or light with a lesion alone.

Possibly the simplest interpretation of the first find-
ing is that the period of disorientation forced the ani-
mals to rely entirely on self-generated motion cues and
to ignore any possible maladaptive visual cues that may
have been present. Animals without a parietal cortex
subjected to vestibular stimulation show deficits in per-
formance relative to those who have not; this situation
is mirrored in studies with humans with right parietal
lesions [1,2].

These finding extend those of Moghaddem and Bures
[5], and Save and Moghaddem [8]. The fact that ani-



S. Commins et al. / Beha6ioural Brain Research 104 (1999) 197–200200

mals in the present experiment were capable of finding
the platform rapidly and easily from a variety of different
start positions prelesion, despite training from just a single
start position suggests that, under normal conditions,
egocentrically-based experience may map onto an allocen-
tric representation under a range of conditions. The
animals were not trained to find the platform from
multiple start positions and did not experience multiple
trained trajectories from differing positions at the
boundary of the maze. This rules out simple route learning
strategies for finding the platform. A greater reliance on
auditory cues during training for both dark groups
compared to the two light groups cannot be ruled out.

The present results provide further evidence that the
effects of disorientation induced by darkness and by
rotation can be separated. In addition, they support the
idea that the rodent parietal cortex, in a manner similar
to that of the primate, may act as an interface for both
allocentric and egocentric information [9,10].
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