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Summary

Aerial respiratory behaviour in Lymnaea stagnalisvas  ‘standard’ context but prevented from performing aerial
operantly conditioned using a procedure that results in respiration in the ‘carrot-odor’ context (and vice versa
long-term memory (LTM) persisting for 1 but not 3 days. did not extend their memory. These data are consistent
By manipulating the snails’ post-training environment, i.e.  with the hypothesis that forgetting is due to interfering
preventing Lymnaeafrom performing aerial respiratory events, that occur following learning and memory
behaviour, memory persistence was significantly extended. consolidation.

Memory retention, however, is only extended if snails are
prevented from performing aerial respiration in the same  Key words: associative learnind,ymnaea stagnaljsforgetting,
context in which they were trained. Snails trained in the operant conditioning, memory.

Introduction

The pond snailLymnaea stagnaljsexhibits associative ‘spaced-training’ results in a much longer-lasting memory (i.e.
learning and long-lasting memory (Benjamin et al., 2000; Itdess forgetting; Rowe and Craske, 1998; Carew et al., 1972;
et al., 1999; Taylor and Lukowiak, 2000). We have chosen tblermitte, 1999; Lechner et al., 1999; Lukowiak et al., 2000).
study operant conditioning of aerial respiration primarilyMemory persistence is also dependent, among other things, on
because a 3-neuron central pattern generator (CPG), whabe number of training sessions, the previous history of the
sufficiency and necessity has been established, mediates thisimal, and the schedule of reinforcement used (Mackintosh,
behaviour (Syed et al., 1990, 1992). In the operant conditioning974). So too, is the effect that stress has on memory retention;
procedure snails are placed in a hypoxic environment antl can positively or negatively affect the persistence of the
receive a tactile stimulus to their respiratory orifice, theanemory (de Quervain et al., 2000).
pneumostome, every time they attempt to open the In dealing with the subject of forgetting we have to be
pneumostome. Snails associatively learn not to perform aeriapecific about the form of memory we are discussing. Memory
respiration and, depending on the training procedure usedan be categorized into two forms: declarative and non-
long-term memory (LTM) persists from 1 day to several weeksleclarative (Milner et al., 1998). The form of memory
(Lukowiak et al., 1998, 2000). Sindgymnaeaare bi-modal examined in this paper is non-declarative, and is stored within
breathers, satisfying their respiratory neada cutaneous the same neural circuit that mediates aerial respiration (Milner
and/or aerial respiration, we are able to perform experimentt al., 1998; Scheibenstock et al., 2002). We thus avoid the
such as preventing aerial respiratory behaviour withouproblem of whether memory is forgotten or rather just
harming them. inaccessible (McGeoch, 1932; Capaldi and Neath, 1995;

Learning and memory are two distinct but related processeSchacter, 2001), because if the snail can perform the behaviour
each with its own forms and rules (Milner et al., 1998;(i.e. access the neural circuit) the memargnnot be
McGaugh, 2000). We define learning as the acquisition of maccessible. In declarative memory, different neural circuits
skill while memory is the ability to retain that skill. Forgetting, from those that mediate the learning subserve memory storage.
or memory transience, is the loss of the learned respon¥ge will not venture into the realm of how forgetting might
(Squire, 1987; Schacter, 2001). While forgetting is ofteroccur within the structures necessary for declarative forms of
correlatedwith the passage of time, the passage of time alonmemory (for a thoroughly enjoyable exposé of memory and
does notauseforgetting (Jenkins and Dallenbach, 1924).  forgetting, see Schacter, 2001). At least five theories have been

Memory persistence depends in part on the trainingroposed to explain forgetting: (1) Decay, (2) Consolidation,
procedure used. For example, ‘massed-training’ and ‘space(B) Interference, (4) Retrieval failure and (5) Repression (Reed,
training’ result in similar behavioural phenotypes; however2000). While each of the theories has their particular strengths,
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all suffer from failure of mechanistic explanation at theoperant conditioning training was initiated by gently pushing
neuronal level. Moreover, since we are studying nonthe snails beneath the water surface. Between the training
declarative memory ihymnaeaat least two of these theories sessions and between the training and the memory test
are inappropriate (e.g. retrieval failure implies the memory isessions, as in all our previous experiments, snails were placed
there but not accessible, and Freud’s theory of Repression). We eumoxic pond water where they were allowed to freely
have hypothesized, as have others (Jenkins and Dallenbaglerform aerial respiration. We did not monitor the snails’
1924; McGeoch, 1932; Minami and Dallenbach, 1946) thabreathing behaviour during the periods they were in their
memory transience is due to ‘interfering events’, which occueumoxic home aquaria.
after memory formation and result in the loss of the memory.
By manipulating the snails’ post-training environment in a way! he 30 min associative training procedure
that prevents ‘interfering events’ from occurring, it may be In this operant conditioning training protocol (Figs 1-4),
possible to extend the persistence of memory. snails received two 30 min training sessions separated by a 1h
The results we report here on the post-training extension oést interval. A 30min memory test session was given to
LTM are consistent with the hypothesis that forgetting is duseparate cohorts of snails either the next day or 3 days later
to interfering events (i.e. the theory of interference) and thathe 1- and 3-day memory tests, respectively).
decreasing the occurrence of these events improves memory
retention. Submersion experiments
A 30min associative training procedure including both the
) standard and carrot-odorant contexts was used in these
Materials and methods experiments. Immediately following the last training session,
Lymnaea stagnali., the animal model we used for all of half of the snails were placed in an uncovered eumoxic
our experiments, were bred and raised in the snail facility @quarium. The other half was placed in a eumoxic aquarium
the University of Calgary. All snails used (2.5-3.0cm shelkontaining a plastic barrier. Snails were placed beneath the
length) were maintained at room temperature and hagarrier, thus preventing them from reaching the water’s surface
continuous access to lettuce in their home eumoxic aquaria.and performing aerial respiration. The barrier had small holes
o . in it, so that air bubbles could not accumulate on its
Operant training and memory testing procedures undersurface. Atmospheric air, to create eumoxia, was
The reinforcing tactile stimulus to the pneumostome continuously bubbled while the snails were maintained under
Individually labeled snails were placed in a 1 liter beakethe barrier. Routing the air first through a 750 ml Erlenmeyer
containing 500 ml of water made hypoxic by bubbling N flask with chopped carrots created the carrot-odor context. All
through it 20 min prior to and during training. We refer to thisgroups had continuous access to food (lettuce) during the
as the ‘standard’ hypoxic training procedure. We also utilize atervals between training and testing. Snails placed beneath
‘different context’ training procedure, which we will refer to the barrier were never observed to escape nor were they
as the ‘carrot context’. To create the ‘carrot context wds  observed to perform aerial respiratory behaviour. 3 days after
first bubbled through a 750 ml Erlenmeyer flask with choppedtraining, both control and submerged snails were given a
carrots and water before being bubbled into the training beakaremory test. In some experiments, 2 h later, the submerged
(for complete details, see Haney and Lukowiak, 2001). Thgroup received a test in the other context to control for
term ‘change of context test’ means that snails were tested imresponsiveness.
the context that they weret trained in. This test is used as a

control to show that following a given procedure, which may Breathing behaviour observations
extend memory, snails are still as responsive as they were inNaive snails were placed in a 1-liter beaker filled with
the initial training session. 500ml of water made hypoxic by bubbling through it

In all of the training, memory test and change of context te€20 min prior to and during observations. Animals were allowed
sessions, a gentle tactile stimulus (a sharpened wood@nl1l0min acclimatization period before being gently poked
applicator) was applied to the pneumostome area (thender the water to signify the beginning of the observation
respiratory orifice) every time the snail began to open itperiod. Total breathing time and the number of pneumostome
pneumostome to perform aerial respiration. This tactil@penings were measured during a 30 min period.
stimulus only evoked pneumostome closure; it did not cause
the animal to withdraw its foot and mantle area (i.e. the whole- Yoked control experiments
animal withdrawal response), nor did pneumostome To show that the changes in behaviour resulting from
stimulation cause the snails to sink to the bottom of the beakeyperant conditioning training are due to associative processes,
The time of each attempted opening was recorded ansle performed yoked control experiments, as previously
tabulated. described (Lukowiak et al., 1996, 2000; Spencer et al., 1999).

In all experiments, the snails were first given a 10 minYoked controls were used for the 30min (Table 1) training
acclimatization period, where they could perform aeriaprocedure. Briefly, yoked animals received a tactile stimulus
respiration without receiving reinforcement. The onset oto their pneumostome area whenever the animal to which they
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Table 1.Mean number of attempted pneumostome openingsas in previous studies (Lukowiak et al., 1996, 2000; Spencer
for yoked controls before and after training (30 min session) et al., 1999). Associative learning is defined as a significant
Number of attempted effect. of training on the ngmber of. attempted pneumostome
pheumostome openings openings [one-way analysis of variance (ANOVR}0.05;
Session N (mean $S.EM.) followed by apost-hocFisher’s LSD protectetitest,P<0.05,
within each separate group]. The number of pneumostome
openings in the final training session has to be significantly
less than the number of attempted openings in the first session.
Pre-test and Post-test were not significantly diffef@s,.05. The criteria for long-term memory (L_TM) "?‘re: (1) the number
of attempted pneumostome openings in the memory-test
session is not significantly different from the number of
were yoked attempted to open its pneumostome. That is, themtempted openings in the last training session; (2) the number
was not a contingency between pneumostome opening aondfl attempted openings in the memory-test session is
application of the tactile stimulus in the yoked animals. significantly less than the number of attempted openings in the
We made use of the fact that a single 30 min training sessidinst session.
does not result in LTM to demonstrate that yoked control
animals do not form an association (i.e. do not exhibit Statistics
associative learning) (Lukowiak et al., 2000). The A paired student-test was used to compare differences in
‘responsiveness’ of the yoked control snails was first found ibreathing time and number of pneumostome openings between
a ‘pre-test’ hypoxic session (30min). In this session the snailsohorts of snails tested following the submersion experiments
received a tactile stimulus to the pneumostome whenever theg well as for the yoked-control experiments.
attempted to open it (i.e. contingent stimulation), but the single
30 min session does not have an effect on the next day’s session
(Lukowiak et al., 2000). On the following day(s) the yoked Results
control snails were again placed in the hypoxic test beaker but A cohort of snails=24) received an operant conditioning
now received the tactile stimulus to the pneumostome ardeaining procedure consisting of two 30 min training sessions
whenever the snail to which they were yoked attempted to opexeparated by a 1h interval. This procedure was sufficient to
its pneumostome. 24 h after the last yoked control session, thpeoduce learning (Fig. 1). That is, as the number of attempted
yoked control snails were again placed in a hypoxic test beakaypenings in Session 2 was significantly different from Session
and received the ‘post-test’. In the ‘post- test’ session a tactile, we conclude, based on our operational definition of learning,
stimulus was again applied to the pneumostome area whenevbkat learning had occurred. We randomly selected 12 of these
they attempted to open their pneumostome. If the yoked-contrehails and tested (Session 3) their memory retention 1 day later,
procedure had an effect on how the snails responded in tiéile the other 12 snails were tested for memory 3 days later.
hypoxic environment, then the number of attemptedn the group of snails tested 1 day later there was memory. That
pneumostome openings in the post-test session should I the number of attempted openings in the memory test
significantly different than in the pre-test session. On the otheression (Session 3) was not different from Session 2 but was
hand, if the yoked procedure did not result in an associativegnificantly different from Session 1, satisfying the criteria for
effect then there should be no difference in the number ahemory. We found, however, that the memory did not persist
attempted pneumostome openings between the ‘pre-test’ afar 3 days. That is, the number of attempted openings in the 3-
the ‘post-test’ sessions. The data in Table 1 show that there wday memory test session (Session 3) was significantly different
not a significant decrease or increase in the number of attemptedm the last training session (Session 2) but was not different
pneumostome openings between the ‘pre- and ‘post-tesfom Session 1 (i.e. the criteria for memory were not met).
sessions (pairedtest,P>0.05), and thus we concluded that theTable 1 shows data for animals given two 30 min yoked control
significant changes seen in the operant training procedures weraining sessions. The pre-test was not significantly different

Pre-test 10 6.8+1.28
Post-test 10 7.6£6.27

genuine examples of associative learning. from the post-test, again demonstrating that the significant
_ _ _ change in breathing behaviour (Fig. 1) are true examples of
Blind testing of snails associative learning. We conclude that two 30min training

With the exception of the experiments in Figs 1 and 2, alsessions separated by a 1h interval is sufficient to produce
experiments were performed blindly. That is, the experimentassociative learning and LTM that persists for 1 but not for 3
performing the memory test had no knowledge of the previoudays. Hence, loss of memory occurs during the time the snails
training, context, whether the snail was submerged, etc. Onbre in their eumoxic home aquaria.
after all the results were tabulated did we know the outcome We next asked whether the disappearance of the memory

of the various experiments. between the last training session and the 3-day memory test
_ o _ session was due to the occurrence of un-reinforced aerial
Operational definitions of learning and memory respiratory behaviour (i.e. the hypothesized ‘interfering event’)

We used the same criteria to define learning and memoiat occurs when the snails are in their home aquaria. If our
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Fig. 1. The 30min training procedure results in a 1-day, butnota: 2

day memory. A cohort of snailsl€24) received operant conditioning Before After

training of two 30min training sessions separated by a 1h interval ) ) o

(Sessions 1 and 2). In the first randomly picked groupl?), we Fig. 2. Preventlng aerial _resplratlon for _3 da)_/s does not alt_er
tested for long-term memory (LTM) 1 day later (Session 3). TherSubsequent aerial  respiratory ~ behaviour in the hypoxic
was a significant effect between Sessions 1 and 2 (ANOVA; Fisher{raining/testing apparatus. 12 snails were tested (Before) in the
LSD protected-test, P<0.01), demonstrating learning (asterisk). As NYPOXiC testing apparatus as described in Materials and methods. 1
can be seen, LTM was also demonstrated, i.e. there was no significd@y following training they were placed for 3 days in a eumoxic
difference (NS: Fisher's LSD protectegtest, P>0.05) between aduarium with a barrier that prevented them from _reachln_g t_he
Session 2 and the 1-day memory test Session 3, and the SigniﬁCisurface of the water, so that they could not perform aerial respiration.

difference from Session 1 remained (asterisk). The second gro/fter 3 days the snails were tested (After) in the hypoxic
of snails, was tested 3 days later (3 days) and LTM was ncraining/testing apparatus and responded no differently (pabesd;

demonstrated, i.e. there was a significant difference (Fisher's LsNS: P>0.05) than they did before being placed in a situation where
protectedt-test, P<0.01) between Session 2 and the 3-day memoryth€Y Were not able to perform aerial respiration.
test Session 3, but not between this session and Session 1.

memory were met). As a further control to show that
hypothesis is correct, preventing aerial respiration (precludingreventing aerial respiration in trained snails did not result in
an ‘interfering event’) should extend memory persistence. ‘abnormal’ activity, we changed the context (CC) of the test

However, before proceeding with those experiments, weession. As can be seen, the snails responded as if they were

first had to show that preventing aerial respiration for 3 daysaive (i.e. there was no significant difference between Session
does not significantly alter subsequent aerial respiratory and the change of context test). We conclude that memory,
behaviour. Aerial respiratory behaviour was thereforewvhich in control snails only persisted for 1 day (Fig. 1), can
monitored before and after snails were submerged undernedid extended for at least 3 days by preventing un-reinforced
a barrier for 3 days that prevented them from coming to thbehaviour.
air—water interface to open their pneumostomes. We found that To show that this extension of memory is not a ‘trivial’
this submerging/preventing aerial respiration did not alter theiiinding we performed two further sets of experiments utilizing

subsequent aerial respiratory behaviour (Fig. 2). the fact that learning and LTM are context dependent in
With this finding we were able to test our hypothesisLymnaegaHaney and Lukowiak, 2001; McComb et al., 2002).
regarding memory extension. A cohort of naive sndlisléd; In the first of these experiments (Fig. 3B) a cohort of naive

Fig. 3A) was operantly conditioned using the trainingsnails N=14) was trained in the ‘carrot-odor’ context with the
procedure in Fig. 1 (i.e. two 30 min sessions separated by a Tihocedure that results in LTM persisting for 1 day. These snails
interval). Immediately following the last training session theywere then submerged for 3 days in a eumoxic ‘carrot-odor’
were placed below the barrier in a eumoxic aquarium andontext. Memory for the ‘carrot-odor’ context was maintained
prevented from performing aerial respiration for 3 days. Whemwhen tested 3 days later, but if challenged in a standard context
we tested these snails for memory, it was still present 3 daysst, the snails responded as they did in the first session. We
after the last training session. That is, the number of attemptednclude that submerging snails for 3 days in the context that
openings in the memory test session was not significantlhey were trained in extends the persistence of memory for that
different from the number in Session 2 but was significantlycontext.

different than the number in Session 1 (i.e. the criteria for We could now ask the question, would submerging snails in
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A Day 1 Day 4 ‘carrot-odor’ context for 3 days and were then given the
memory test. As can be seen no memory was shown. That is,
14 4 the number of attempted openings in the memory test session
was significantly greater than in the last training session
12 1 (Session 2) and was not different from the number in Session
1. Likewise, training snailsN=14) in the carrot-context and
104 submerging them in the ‘standard-context’ (Fig. 4B) produced
g * similar results (i.e. memory was not extended). Since the
" criteria for memory were not met, we conclude that prevention
2 6 * of aerial respiratiomlonewas not sufficient to extend memory
@ retention.
S 4.
£
3 2| Discussion
% A number of different factors affect, in both positive and
g 0+ negative fashions, the persistence of memory; and these factors
B may occur before or after the learning and memory
g consolidation processes. Previously, our thinking was that the
=1 149 training procedures usdaefore memory consolidation were
5 45 ] l the major factor in determining how long memory persisted.
g For example, ‘massed’ training and ‘spaced’ training in
5 10 Lymnaeaesult in a similar level of performance; yet ‘spaced’
= training results in a memory that is significantly longer lasting
8 . (Carew et al., 1972; Rowe and Craske, 1998; Lukowiak et al.,
2000). A greater number of training sessionsyimnaeaesult
6 * in a longer lasting memory. Thus, two 30 min training sessions
separated by a 1 h interval produce LTM that persists for 1 but
44 Carat not 3 days (Fig. 1), whereas three 45min training sessions
spread over a 1.5-day period results in LTM that persists for
2 up to 5 days (McComb et al., 2002). Even more impressive is
the finding that associative training over a 2-week period
0 1 5 3 cC B results in LTM that persists for at least 1 month (Lukowiak et

) al., 1998). LTM memory persistence was also prolonged
Sesson following the formation of intermediate-term memory (ITM,

Fig. 3. Submerging in the same context after operant trainingvhich only persists for 3—4 h) even if the ITM was no longer
prolongs the memory for operant conditioning. (A) Two 30minobservable (Smyth et al., 2002). Finally, memory retention is
sessions separated by 1h in the standard context were followed bypeolonged following the switch to a partial reinforcement
days of submersion in the standard context. The test session dghedule after learning acquisition (Sangha et al., 2002). How
standard context was significantly different (asterisk; Fisher's LSDy|| of these pre-memory consolidation procedures/factors, and
protectedt-test, P<0.01) from Session 1, demonstrating a 3-dayiners not mentioned here, alter memory persistence are not
memory. A change of context test (carrot, CC) was not significantly(nown since it is not clet;lr what the underlying neuronal

different from Session 1 (Fisher's LSD protectetbst, P>0.05, hani ff i N f th d theori
N=14). (B) Two 30min sessions separated by 1h in carrot contexfi€cnanisms ot forgetling are. None ot thé propose eories

were followed by 3 days of submersion in carrot context. The teé?f for.gettlng explains all facets of memor}’ tr"’!ns'ence'
session in carrot context was significantly different (asterisk; Fisher§specially at the neuronal level (Reed, 2000). Since it has been
LSD protected-test, P<0.01) from Session 1, demonstrating 3-day argued (Squire, 1987; Squire and Kandel, 1999; McGaugh,
memory. A change of context test (standard; CC) was no2000) that learning and its consolidation into memory are due
significantly different from Session 1 (Fisher's LSD protedtesst, to specific changes in neuronal morphology (e.g. change of
P>0.05,N=14). synaptic architecture, etc.) we suggest that forgetting would
have to be due to alterations (i.e. returning back towards their
a different contexto the one in which they were trained also original state) in those specific changes.
extend memory? If memory extension wsadely due to the We show here that proceduresdter the consolidation
prevention of aerial respiration, then memory even for grocess can also significantly alter memory persistence. Our
different context should be extended. These data are presentedrking hypothesis is that forgetting of the learned behaviour
in Fig. 4. A naive cohort of snailsN€14; Fig. 4A) was in the snail (a non-declarative memory) is the result of
operantly conditioned in the ‘standard’ context. Immediatelyinterfering events’, specifically the occurrence of un-
after the last training session the snails were submerged inr@inforced aerial respiratory behaviour that happens when the
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snails are placed back into their home, eum
aquaria, between the training and the memory
session. These interfering events result in mel
loss. Therefore the longer they are maintained il
eumoxic aquarium (increased number of interfe
events) the greater the probability of men
deterioration. The finding that preventing ae
respiration between the last training and memory
session prolongs memory is consistent with

hypothesis that ‘interfering events’ expl
forgetting. However, (Fig.4) preventing
reinforced aerial respirationper se does no

necessarily extend memory. Snails prevented
performing aerial respiratory behaviour idiéerent
contextover the same time periath not have thei
memory extended (Fig. 4). Only snails trained
submerged in theamecontext have their memo
extended (Fig. 3). Thus it is not just the phys
prevention of un-reinforced aerial respirat
behaviour that prolongs memory retent
Forgetting was delayed only if aerial respira
activity was prevented in a context that was the ¢
as training. Perhaps the reason animals forget
submerged in a different context to that which
were trained in is that the switch in context ma
perceived as an ‘interfering event’ and thus lee
forgetting.

The hypothesis that forgetting is due to interfe
events is not new (Jenkins and Dallenbach, 1924
has been tested before in both vertebrates
invertebrates. Jenkins and Dallenbach (1924) fi
in human subjects that after periods of sl
retention of nonsense syllables was superior
after corresponding periods of normal wak
activity in the same subjects. McGeoch (19
reviewing his and other work, also proposed
forgetting was due to ‘interfering events’ t
occurred post-learning Similarly, Minami ant
Dallenbach (1946) demonstrated using cockroe
that after intervals of inactivity in which t
cockroaches were immobilized in small boxes fi
with tissue paper, memory retention and relear
was far superior to those insects that rece
corresponding intervals of normal rest. In addit
this same study illustrated that forced acti

Day 1 Day 4
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Submege for 3 days
24 Carrd |

Day 1

12 -|—
10 T

Day 4

Numbe of attenpted pneunpstome openings

44 Submege for 3 days
Standard |

1 2 Ted

Fig. 4. Submerging snails in a different context does not prolong the memory
for operant conditioning. (A) Two 30 min operant conditioning training sessions
separated by 1h in standard context were immediately followed by 3 days of
submersion in carrot context. The test session in standard context was
significantly different (pairetttest,P<0.01,N=14) from Session 2 but not from
Session 1, showing that memory was no longer present. (B) Two 30 min operant
conditioning training sessions separated by 1h in the carrot context were
immediately followed by 3 days of submersion in the standard context. The test
session in the carrot context was significantly different (paitedt, P<0.01,

N=14) from Session 2 but not from Session 1, showing that memory was no
longer present.

following learning led to savings scores that were much pooref forgetting, it should make no difference in which context
than after corresponding intervals of normal rest. Togethethe submerged snails were maintained. As we found (Fig. 4),
these studies demonstrate that it is not the passage of time th@s was not the case; only when the context of the submersion
results in memory decay; rather it is a result of interferencevas similar to the context of training would memory be

from new events (Minami and Dallenbach, 1946).

extended. It is more likely that memory transience is the result

Our data likewise suggest that forgetting is not due to thef interference or the elimination of the ‘old’ memory by a new
‘decay’ of memory occurring with the passage of time. If decaynemory that resembles the naive state. The ‘new memory’ is
with time was the primary source of forgetting, then the ratethe result of an active process in which the snail associatively
of forgetting should be similar in the submerged and contrdearns and remembers that opening of the pneumostome does
groups, and we showed they were not (Figs 1, 3). Moreovenot result in tactile stimulation of the pneumostome.
even in the submersion experiments, if decay were the causeAssociative learning can be defined as two events being
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linked to each other due to past experiences (Kimble, 1961gchner, H. A., Squire, L. R. and Byrne, J. H.(1999). 100 Years
Dudai, 1989; Milner et al., 1998; Kapp et al., 1998). The data ©f consolidation-remembering Muller and Pilzeckeearn. Mem6, 77-

presgnted here Squqrt.the idea that forgetting is_a form QLkoWiak, K., Ringseis, E., Spencer, G., Wildering, W. and Syed, N.
learning as new associations are being made, specifically, therg1996). Operant conditioning of aerial respiratory behaviouryimnaea

is an association between the behaviourramckinforcement. stagnalis J. Exp. Biol 199, 683-691.

A if th . | t all dt £ L ukowiak, K., Cotter, R., Westley, J., Ringseis, E., Spencer, G. and Syed,
S a consequence, | € animals are not allowed 1o performy (1998). Long term memory of an operantly conditioned respiratory

the behaviour in the proper context then there is memory behaviour inLymnaea stagnalisl. Exp. Biol 199, 683-691.

extension, because there is no new association made. Sirtégowiak, K., Adatia, A., Krygier, D. and Syed, N. (2000). Operant
conditioning inLymnaeaEvidence for intermediate and long-term memory.

forgetting appears to involve two ‘linked" events, it iS | eam. vemz, 140-150.
reasonable to view forgetting as a process that involvegackintosh, N. J. (1974). The Psychology of Animal Learningondon:

learning new associations. These new associations should‘cademic Press. _
th f lead to th i f th | ch tthComb, C., Sangha, S., Qadry, S., Yue, J., Scheibenstock, A. and
ererore lead to the reworking o € neuronal changes aLukowiak, K. (2002). Context extinction and associative learning in

occurred in neurons during the initial learning and memory LymnaeaNeurobiol. Learn. Men78, 23-34.
consolidation. Future experiments will determine if this is'\"cz(;iugh' J.(2000). Memory, a century of consolidati@tiencez87, 248-

indeed the case. McGeoch, J.(1932). Forgetting and the law of disuBsychol. Rex39, 352-
370.
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