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Abstract Crabs (Chasmagnathus granulatus) were
trained monocularly and then tested after 24 h, in order
to study interocular transfer (IOT) in two habituation
paradigms. 1) Habituation of the escape response to an
iterated visual danger stimuli. Monocular crabs exhib-
ited retention after 24 h when trained and tested with
the same uncovered eye, but not with different un-
covered eyes. 2) Habituation of the exploratory activity
to a novel environment. This long term habituation of
the exploratory activity is exhibited after 24 h in mono-
cular animals trained and tested with the same un-
covered eye but not with different uncovered eyes. An
explanation of this failure of IOT will be discussed in
terms of retrieval impairment due to a) a different
perception of training and testing stimuli, b) lateraliz-
ation of memory storage, or c¢) the existence of two
symmetrical, independent and redundant lateral stor-
age sites.

Key words Interocular transfer - Memory processing -
Habituation - Crabs - Lateralization

Introduction

If an animal that learns to respond to a visual stimulus
presented to only one eye can continue to respond
accurately when the stimulus is presented to the other
eye, it is said to exhibit interocular transfer (IOT) (Weh-
ner and Miiller 1985). IOT is an important phenom-
enon relating to mechanistic aspects of acquisition and
retention of long-term memory. The occurrence of IOT
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is shown to depend on the following factors: a) the
degree of difficulty in a task to be learned (Muntz 1961;
Schulte 1957, Menkhaus 1957; Ingle 1968), b) the
amount of training given on a particular discrimination
problem (Catania 1963), ¢) the type of response re-
quired from the subject (McClearly 1960), d) the speci-
fic stimuli employed (Ingle 1965), e) the experimental
paradigm used (Green et al. 1978), f) the amount of
crossed and uncrossed retinal projections in vertebrates
(Robinson 1982; Cowie and Parkinson 1973; Ingle
1965; Van Hof 1970; Cowan et al. 1961; Sharma 1972;
Mohn and Steele Russell 1983) or g) the position of the
discriminated stimuli on the retina (Levine 1945;
Graves and Goodale 1977; Mallin and Delius 1983).

In vertebrates, mainly in birds, a number of studies
aimed at assessing IOT have demonstrated that mono-
cular testing may reveal hemispherical lateralization
and brain asymmetries in visual perception and mem-
ory (Sherry et al. 1981; Rogers 1986; Clayton 1992a;
Clayton and Krebs 1993, 1994), suggesting in addition,
that the memory traces are not stably stored at the sites
of their original registration but that are rather grad-
ually transferred to different neural locations (Tiunova
1994; Clayton 1992a; Clayton and Krebs 1993, 1994b).
In studies with invertebrates, the desert ant Cataglyphis
exhibits no IOT when it uses landmarks for orientation
but complete transfer when the insect navigates by the
pattern of polarized light in the sky. The former result
has been understood as indicating some contribution
from monocular mechanisms peripheral to binocular
convergence, while the latter, as suggesting that the
locus of the function would be downstream from the
place where information from the two eyes is combined
(Wehner and Miiller 1985). Thus, studies on transfer of
visual information using monocular occlusion, could
contribute to elucidate the localization of the memory
trace.

Two learning paradigms have been extensively
studied in the crab Chasmagnathus granulatus during
the last years, namely, long-term habituation of the
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Fig. 1A-D Experimental design: Horizontal bars stand for left and
right eyes; black bars: covered eye; white bars: uncovered eye. Full
arrows: TR: training session; TS: testing session. Hatched arrow:
TR-CT: Animals are placed in the experimental device but no actual
training occurs

escape response to a visual danger stimulus, and long-
term habituation of the exploratory behavior to a novel
environment (e.g. Brunner and Maldonado 1988; Mal-
donado et al. 1989; Lozada et al. 1990; Dimant and
Maldonado 1992; Hermitte 1994). Both memory pro-
cesses are based on visual information which seems to
be mainly processed in the optic lobes, two extremely
lateralized masses of nervous tissue that account for
a significant part of the brain (Sandeman 1990). The
aim of this research at our laboratory is to study
localization and kinetics of the memory trace in these
processes. As part of such approach, the present work
was conducted to ascertain whether or not IOT occurs
in both learning paradigms.

Material and methods

Animals

Animals were adult male Chasmagnathus crabs 2.6-2.9 cm across the
carapace, collected from water less than 1 m deep in the rias (narrow
coastal inlets) of San Clemente del Tuy(, Argentina, and transported
to the laboratory, where they were lodged in plastic tanks
(35 x 48 x 27 cm) filled to 2 cm depth with water, at a density of 35
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crabs per tank. Water used in tanks and other containers during
experiments was prepared with hw-Marinex (Winex-Germany) (sa-
linity 0.10-0.14%, pH 7.4-7.6). The Holding room was maintained
on a 12 h light-dark cycle (light on 07: 00-19: 00 h). Animals were fed
rabbit pellets (Nutrientes SA, Argentina) every 3 days and after
feeding the water was changed. Temperature of both holding and
experimental rooms as well as the alley between them was main-
tained within a range of 19-24°C.

Experiments were carried out within the first week after the
animal’s arrival and between November and June (i.e. late spring,
summer and fall). Each crab was used only in one experiment.

Before animals were appointed for an experiment, they underwent
a selection test: each crab was turned on its back and only animals
that immediately returned to their normal position were used. The
rationale behind this selection is that crabs with a slow righting
reaction show a low responsiveness to a large diversity of stimuli,
and at a later time, they usually present unhealthy symptoms. No
more than 10% of tested crabs were eliminated.

Experimental design

To test IOT the animals were trained after covering one of the eyes
with a light-tight black elastic strip (10 mm x 30 mm) cemented
dorsally (prothoraxic region) and ventrally (sub-orbital region) on
the carapace (DAY 1, Fig. 1A, B). All the animals were then kept in
their home tanks for 48 h and trained on DAY 3. After training was
complete the strip from the naive eye was removed and either
replaced over the same eye (SAME-TR, Fig. 1A) or switched to the
trained eye (SWITCH-TR, Fig. 1B). All the animals were then kept
in their home tanks for 24 h and tested on DAY 4. During testing,
the performance of trained groups (SAME-TR, SWITCH-TR;
Fig. 1A,B) was compared between them and with the control
groups, which though having experienced monocular occlusion had
not been trained (SAME-CT, SWITCH-CT; Fig. 1C,D).
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Two learning paradigms

Long-term habituation of the escape response. The apparatus is de-
scribed in detail elsewhere (Romano et al. 1990). Briefly, the experi-
mental unit was the actometer: a bowl-shaped plastic container with
a steep concave wall and a circular central flat floor 10 cm diameter,
covered to a depth of 0.5 cm with water. The crab was placed in the
container which was suspended by three strings from an upper
wooden framework (23 x23 x 30 cm) and illuminated by a 10 W
lamp fixed 30 cm above the animal. An opaque rectangle screen (a
strip of 25 x 7.5 cm) could be moved horizontally by a motor over
the animal and across the upper surface of the framework in 2.3 s.
Screen displacements provoked a crab’s running response and con-
sequently container oscillations. A stylus was centrally cemented to
the bottom of the container and connected to a piezoelectric trans-
ducer. Container oscillations induced, through the transducer, elec-
trical signals proportional to the velocity of the oscillations (Cady
1964). Such signals were amplified, integrated during the recording
time (9 s) and translated into numerical units ranging from zero to
1530, before being processed by computer. Thus, the scores were
correlated proportionally to the velocity and number of the con-
tainer oscillations recorded during 9s. The amplification of the
voltage changes was kept at such a gain that scores remained below
1530. The experimental room had 40 actometers, isolated from each
other by partitions.

A computer was employed to program trial sequences, trial dura-
tion and intertrial intervals, as well as to monitor experimental
events.

Trained crabs (SAME-TR and SWITCH-TR) received a training
session of 30 trials with 180-s intertrial intervals. Control animals
(SAME-CT and SWITCH-CT) were kept in the actometers during
the entire training session but without screen presentation. The
testing session had 2 trials. Each trial lasted 9 s and consisted of
passing the screen 4 times over the actometer, recording the crab’s
activity during the entire trial time. Crabs were individually housed,
during the intersession interval, in plastic containers covered to
a depth of 0.5 cm with water and kept inside drawers dimly lighted.
Both training and testing session were preceded by a 15-min adapta-
tion time in the actometers.

Long-term habituation of exploratory activity. The apparatus is de-
scribed in detail elsewhere (Dimant and Maldonado 1992). Each
experimental unit (the choice-chamber) consisted of a plastic box
(25%x25x15cm) divided in two compartments of equal size
(25%x12.5x 15¢m) by a central partition: the dark compartment
(DC) and the light compartment (LC). DC had its walls painted
black and a removable roof that prevented stray light from entering.
LC was illuminated by a 10 W lamp and had its wall painted white.
A sliding door in the central partition, which could be raised or
lowered by a motor, allowed a crab to pass from DC to LC or vice
versa. The floor of DC was covered by a 0.5 cm deep layer of water,
and a 1 cm high door step prevented the solution from entering LC.
Absence of water in LC did hindered not influence the crab’s mobil-
ity in the choice chamber, while its presence in LC the operation of
the sliding door. An infrared emitter—receptor system (ER), mounted
on an arcade-like device, was located in LC. A computer monitored
the sliding door and recorded the interval elapsing between the
moment when the door was raised and when the infrared beam was
first interrupted by the crab. This time interval is called the latency
value. Forty such choice-chambers were set up in the isolated experi-
mental room.

Twenty-four hours before the animals were monocularly oc-
cluded, they were numbered on their backs with white paint. For the
training session, trained crabs (SAME-TR and SWITCH-TR) were
moved from their home tanks and individually placed in DC of the
choice-chambers with the sliding doors close. After 10 min of ad-
aptation time, the doors were raised, crabs entered LC, their first
latencies were recorded and then, they were allowed to explore the
choice-chamber for 2 h. Control crabs (SAME-CT and SWITCH-
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CT) were individually housed in circular plastic transparent cylin-
ders (18 x 16 cm) deprived of internal partitions and evenly illumin-
ated, which they were allowed to explore for 2 h. During the entire
intersession interval, both trained and control crabs were collective-
ly housed in the home tanks and then underwent a 4-trial testing
session in the choice-chambers. During each testing trial, animals
were placed in DC and after 10 m of adaptation time, the doors were
raised and latencies to enter LC were recorded.

Data analysis and evaluation of memory retention

Long-term memory was assessed by focusing the data analysis on
testing scores. Rescorla (1988) argued convincingly in favor of using
this type of analysis instead of a paired training-testing comparison,
stressing the need to distinguish clearly between time of input (train-
ing session) and time of assessment (testing session).

To compare mean training scores an ANOVA of repeated
measures was performed.

Interocular transfer was assessed with a Duncan Multiple Range
Comparisons performed on testing data of the four groups, namely,
SWITCH-TR, SWITCH-CT, SAME-TR and SAME-CT.

Results
Habituation of the escape response

Pilot experiments with bilaterally blinded crabs
showed that animals do not respond at all to the
movement of the opaque screen speaking for the effec-
tiveness of the occlusion technique.

A first experiment was carried out to compare the
performance of binocular and monocular animals in
a paradigm of long-term habituation to the repeated
presentation of a visual stimulus (the opaque screen
passing overhead in the actometer). One group of 66
crabs had both eyes uncovered (BI-group) and another
one of the same number had one eye occluded (MO-
group). Half of the animals in each group underwent
a 30 trial training session (TR-groups), 180 s intertrial
interval, and the other half remained in the actometers
during the time corresponding to the training session
(2 h), but without being stimulated by the passing
screen (CT-groups). Thus, four groups of 33 crabs each
were obtained and named: BI-CT, BI-TR, MO-CT and
MO-TR. A 2-trial testing session took place after a 24-h
intersession interval.

Results are shown in Fig. 2. Performance of trained
groups (BI-TR and MO-TR) during the 30-trial train-
ing session exhibit a similar profile though the response
level of binocular crabs was sharply higher than that
of monocular ones (Fig.2A). A 2x15 ANOVA of
repeated measures of 2-trial block data disclosed signif-
icant main and trial effects [ F (1, 64) =18.45; P < (0.05)
and F (14, 896) = 2.25; P < (0.05), respectively, but not
group x trial interaction [F (14, 896) = 0.58]. A Dun-
can test on data corresponding to the 2-trial testing
session (Fig. 2B) revealed a significant difference both
for binocular (BI-CT vs BI-TR) and monocular groups
(MO-CT vs MO-TR), and both between trained groups
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Fig. 2A,B Acquisition and retention of long term habituation to
a visual danger stimulus in binocular (both eyes uncovered) and
monocular (one eye uncovered) crabs (n = 33). A Training session.
Ordinate: 2-trial blocks response scores. B Testing session. CT:
control groups, TR: trained groups. Duncan test: d P < 0.05 for
MO-CT VS BI-CT, a P < 0.05 for BI-CT vs BI-TR, ¢ P < 0.01 for
BI-TR vs MO-TR, b P < 0.005 for MO-CT vs MO-TR. Ordinate:
2-trial blocks response scores

(BI-TR vs MO-TR) and between control groups (BI-
CT vs MO-CT).

Thus monocular crabs, as binocular ones, can build
up a long-term habituation to an iterated visual stimu-
lus, in spite of showing a clearcut lower response level
during training. This result suggests that habituation
does not depend either on the response level, a view
supported by several previous works (Peeke 1984;
Tomsic et al. 1991), or on the formation of a central
“binocular” image.

To test whether or not monocular crabs can acquire
the habituated response regardiess of the eye used dur-
ing training, a second experiment was performed. One
group of 80 monocular animals had the right eye un-
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Fig. 3A,B Acquisition and retention of long term habituation to
a visual danger stimulus in monocular crabs (n = 40). A Training
session. B Testing session. LE: left eye uncovered in training and
testing; RI: right eye uncovered in training and testing. Duncan test:
a P <005 for LE-TR vs LE-CT; b P < 0.05 for RI-TR vs RI-CT.
Ordinates as in Fig. 2

covered (RI-groups) and another group of 80 animals
had the left eye uncovered (LE-groups). Half of the
animals in each group underwent the usual 30-trial
session (TR-groups) and the other half were not trained
(CT-groups). Accordingly, four groups of 40 crabs each
were formed and named: RI-TR, RI-CT, LE-TR and
LE-CT. A 2-tnal testing session was carried out after
24 h.

Results are displayed in Fig. 3. A2x 15 ANOVA of
repeated measures on 2-trial block training scores
(Fig. 3A) showed neither significant main effect nor
group X trial  interaction (F(1,78) =146 and
F (14, 1092) =0.67, respectively). A Duncan multiple
range test on data of testing (Fig. 3B), revealed
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Fig. 4A,B Acquisition and retention of long term habituation to
a visual danger stimulus in crabs trained and tested with the same
uncovered eye (SAME) or with different uncovered eyes (SWITCH,
left in training and right in testing) (n = 40). A Training session.
B Testing session. Duncan test: a P < 0.05 for SAME-TR vs SAME-
CT, b P <0.05 for SAME-TR vs SWITCH-TR. Ordinates as in
Fig.2

a similar significant retention for both RI-TR and LE-
TR groups respectively, but no significant difference
between control or trained groups.

Therefore, crabs seem to acquire the habituated re-
sponse with either trained eye.

In the following experiment the design described in
Fig. 1 was adopted. Namely 160 monocular animals
were distributed in 4 groups of 40 each and were
named: SAME-CT, SAME-TR, SWITCH-CT and
SWITCH-TR. A training-to-testing interval of 24 h
was used.

A 2x15 ANOVA of repeated measures of 2-trial
block data of SAME-TR and SWITCH-TR at training
showed neither a significant between-group difference
nor a group x trial interaction [F (1,78) = 1.04 and
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F (14, 1092) = 0.16], respectively, (Fig. 4A). A Duncan
test on data of the 2-trial testing session (Fig.4B),
disclosed a significant difference either for SAME-CT
vs SAME-TR or between trained groups (SAME-TR vs
SWITCH-TR), but not significant difference either for
SWITCH-CT vs SWITCH-TR or between controls
(SAME-CT vs SWITCH-CT).

Thus, long-term retention of the habituated response
is shown when crabs are tested with the trained eye but
not with the naive eye. In other words, no IOT is
exhibited by the crab Chasmagnatus in long-term ha-
bituation to an iterated visual danger stimulus.

Habituation of the exploratory activity

The habituation of the escape response and that of
exploring activity share the condition of both being
habituation processes but differ in the target behavior,
namely, the former implies a decline in a defensive
reaction while the latter in exploratory activity; one
implies habituation to a visual danger stimulus and the
other habituation to novelty (Dimant and Maldonado
1992). Given such notable differences, the purpose of
experiments in this section was to test whether failure of
10T is also found in exploratory habituation.

Experiments were conducted using the choice-cham-
ber. The group formation was as above, that is, there
were four groups of 40 monocular crabs each, termed:
SAME-CT, SAME-TR, SWITCH-CT and SWITCH-
TR. During the 2-h training session, trained crabs (TR-
groups) explored the choice-chamber while controls
(CT-groups) explored the plastic transparent cylinders.
After a 24-h training-to-testing interval, all the animals
underwent the 5-trial testing session in the choice
chamber. The latency of each trained crab correspond-
ing to its first entering to LC was recorded.

Results was exhibited in Fig. 5A. Similar perfor-
mance were observed during training. A t-test on the
mean training scores of these groups showed no signifi-
cant differences (t = 0.67). In contrast, a Duncan test
performed on data of the 3-trial testing session
(Fig. 5B), disclosed a significant difference either be-
tween SAME-CT and SAME-TR or between trained
groups (SAME-TR and SWITCH-TR), but no signifi-
cant difference either between SWITCH-groups or be-
tween controls (SAME-CT vs SWITCH-CT).

These results together with those from the previous
section seem to support the conclusion that IOT is not
exhibited in long-term habituation, either of the escape
response or of the exploratory activity.

Discussion

We failed to find interocular transfer in either learning
paradigms tested in the crab Chasmagnathus
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Fig. 5A, B Acquisition and retention of long term habituation of
exploratory behavior in crabs trained and tested with the same
uncovered eye (SAME) or with different uncovered eyes (SWITCH,
left in training and right in testing) (n = 40). A Training session.
B Testing session. Duncan test: a P < 0.01 for SAME-TR vs SAME-
CT, b P < 0.01 for SAME-TR vs SWITCH-TR. Ordinates: Latency
to enter LC

granulatus. Three hypotheses may be suggested to ac-
count for these results.

First, testing performance when crabs use the naive
eye could be simply the result of using different eyes
during training and testing. Under this hypothesis, IOT
cannot be discarded. Retrieval impairment may result
as a consequence of poor congruence between encoding
and retrieval stimuli Peck and Ader 1974; Santucci and
Riccio 1986; Spear 1973, 1978). However two lines of
evidence appear not to support this explanation.

a) Either right- or left-monocular crabs show similar
latencies to enter LC in the choice-chamber, similar
exploratory behaviour (Hermitte 1994) and compara-
ble profiles of the training curves in habituation of the
escape response (Fig. 3). This latter result is specially
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relevant since any time that the disparity between
stimuli proved to be sufficiently large, clearcut differ-
ences in the training curves’ profiles were found
(Romano et al. 1991; Rakitin et al. 1991).

b) Binocular crabs shown generalization in both
paradigms even when sharp differences between train-
ing and testing stimuli are provided (Hermitte 1994;
Lozada 1994).

Thus it seems unlikely that a disparity in the visual
perception of the two eyes could account for the failure
to find 1OT.

According to a second hypothesis, the outcome of the
present experiments may be interpreted as evidence of
failure to find IOT (Sherry et al. 1981). Memories formed
by one eye system would not be accessible to the con-
tralateral system because each eye system attends to
different types of memory. Most relevant to this ap-
proach are the studies of Rogers (1986), Andrew (1988,
1991), Rashid and Andrew (1989), Mench and Andrew
(1986) and Clayton and Krebs (1994a) in avian species.

A different type of lateralization in birds has also
been suggested (Rogers 1986; Graves and Goodale
1977 and Clayton and Krebs 1994a) that would also
render lack of IOT. One hemisphere would suppress
the other one via some arrangement of interhemis-
pheric coupling in order to minimize a conflict that
would impair performance. In experiments of the pres-
ent paper no differences in the performance of both
types of monocular crabs were found (Fig. 2A, B).
These results do not rule out the possibility of an
interlateral inhibition because any potential competi-
tion between memories was prevented by monocular
training, thereby allowing only one kind of memory to
be stored (Rogers 1986; Gaston and Gaston 1984,
Clayton and Krebs 1994a).

Further, recent studies on lateralization in birds,
(Clayton 1992; Clayton and Krebs 1993, 1994b),
showed retention after 24 h, only in monocular animals
tested with the right eye uncovered, even when that eye
was covered during training, indicating that memory
once accessible to left eye becomes available only to the
right eye and only in the food storing species. Regard-
ing our experiments with crabs, results suggest that this
type of lateralization is not likely to be present, at least
after 24 h, since no IOT was found in the SWITCH-
group and performance of both SAME-groups was
equally good.

It is worth noting a difference concerning the func-
tional significance attributed to lateralization in birds
and crabs. In birds, it is assumed to prevent conflict of
information arising from the visual input of laterally
placed, independent (largely monocular) eyes with little
binocular overlap. This may not be the case in crabs,
whose eyes placed at the top of two peduncles are
endowed of widespread movements probably produ-
cing a significant binocular overlap.

The third explanation is based on the work with the
desert ant Cataglyphis (Wehner and Miiller 1985) on
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interocular transfer. The locus of the visual memory for
both learning processes described so far, may indicate
the contribution from monocular mechanisms peri-
pheral to binocular convergence. Therefore, when
a monocular crab is tested with the naive eye it could
not use the information which entered through the
other eye and was stored in the contralateral optic lobe.
However, monocular animals could either use the in-
formation stored in the ipsilateral locus if trained and
tested with the same eye, or use an integrated memory if
trained binocularly. In other words, it is assumed that
crabs acquire two identical monocular memories, each
recalled independently by stimuli entering through the
respective eye. There would be two symmetrical eye
systems playing the same role and thus mnemonic
mechanisms would be redundant. This hypothesis does
not deny binocular convergence of visual information
but assumes it is not involved in the engram.

Further experiments are required in order to test
which of these hypotheses are correct.

If there is no IOT and the last hypothesis is fitting,
then one might predict that memories formed with one
eye should be as accurate as binocular memories, that
is, retention tested with both eyes uncovered should be
equally robust either when one, or both eyes are used
during acquisition.

A further point to be investigated concerns the per-
sistence of memory trace in its original place of storage.
A kinetic study of the visual memory trace as that
performed with birds is required. Such research could
elucidate whether the putative system of two monocu-
lar memories involves stores definitively separated; or
whether the information is unilaterally transferred with
a rather slow time course (Clayton 1992; Clayton and
Krebs 1993).

Electrophysiological recordings from the optic lobe
(Nalbach 1990) and from the visual interneurones in
the optic nerve (Wiersma and Yamaguchi 1966, 1967;
Glantz 1977) could provide a valid contribution to our
understanding of where the putative monocular memo-
ries are localized.

Finally, one important point is that lateralization
should be examined thoroughly by binocular training
and monocular testing in order to exclude an explana-
tion in terms of suppression or competition between
two different storing locations.
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