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It is well known that most rhythm-generating neuronal ensembles are multifunctional and can generate 
different motor rhythms in different contexts. This implies that coordination of multifunctional networks 
must also be flexible or multi stable. Coordination of radula movements and gut contractions was studied 
in semi-intact preparations of L. stagna lis using video registration and an event recorder. Several context
dependent stable variants of radula-gut coordination were detected. Our data suggest that this preparation 
is a promising model for studying mechanisms of multistable motor rhythm coordination. 
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Significant attention has been paid to the mechanisms of fixed coordination of motor 
rhythms. Today, it is well known that most rhythm-generating neuronal ensembles are 
multifunctional and can generate different motor rhythms in different contexts [2]. 
This implies that coordination of multifunctional networks must also be flexible or 
multistable. 

The feeding network of Lymnaea stagnalis controls two distinct but interacting 
motor rhythms responsible for radula movements and gut contractions, respectively. 
The rhythm of radula is generated by the well-characterized buccal central pattern 
generator [1]. Besides the standard three-phase rhythm, a number of other fictive 
radula rhythms can be observed in preparations of isolated CNS [3, 9] which suggests 
that buccal CPG is a multifunctional ensemble. Among central neurons, controlling 
gut contractions, a symmetrical pair of the B2 bursting neurons is best studied [8]. 
Several types of coordinations between the buccal CPG and the 82 neurons were 
detected in preparations of isolated CNS [4, 5] thus suggesting that this interplay can 
be considered to be a candidate model for investigation of general mechanisms under
lying multistable coordination of motor rhythms. 
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Fig. 1. Coordination of gut contractions and fast buccal rhythm. The duration of feeding cycles, the start 
of different phases of buccal rhythm and gut contraction. The start of the first phase of buccal rhythm 
(radula protraction) corresponds to zero on Y axis. The second phase (radula retraction) is indicated with 
circles, the third phase (swallowing) is shown with squares, gut contraction is indicated with black 

rhombs. Horizontal line shows start of the next cycle 

The fecdi ng cycle number 

Fig. 2. Coordination of gut contractions and slower buccal rhythm. All symbols as in Fig. 1 
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Here, we studied the above coordination in semi-intact preparations of L. stagna lis 
using video registration and computer program for analysis of behavioral events. 
Snails were anaesthetised with an injection of 0.1 M MgCl2 and pinned down to 
Sylgard in a chamber. After a dorsal cut of the skin, it was pinned down to reveal the 
CNS, the buccal mass and the gut. The motor activity of the buccal mass and gut 
contractions normally occurred within a few minutes after MgCI2 replacement with 
Ringer. 

Gut contractions are differently coordinated with different modifications 
of buccal rhythm 

Rhythmic foregut contractions could occur in the absence of the buccal rhythm. 
During the buccal rhythm, they were coordinated with the feeding cycles. 

Only two of sixteen preparations demonstrated standard fast feeding (4-6 sec 
period). In these, foregut contracted weakly during the second phase (radula retrac
tion) of the buccal rhythm (Fig. 1). In one of these two preparations, visible foregut 
contractions attributed to the second phase disappeared after 16 feeding cycles, and 
only the fast radula rhythm could be observed. 

Most preparations (n = 10) demonstrated slower regular radula rhythm of 12-20 
sec period. Some modifications of the standard three phase rhythm were also 
observed, for example, the repeated contractions of the anterior j ugalis muscle after 
the third phase (swallowing). In all these preparations, strong contraction of the 
foregut characteristically occurred in 2-3 sec after the third phase (Fig. 2). The 
transection of the dorsal buccal nerves resulted in slowing down of the radula rhythm 
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Fig. 3. Coordination of gut contractions and slow irregular buccal rhythm. All symbols as in Fig. 1 
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and in loss of coordination between buccal mass movements and gut contractions. In 
preparations which demonstrated very slow rhythm or irregular feeding cycles, the 
gut contraction also occurred after the third phase of the radula rhythm, and weaker 
contractions could repeat several times before the next cycle started (Fig. 3). 

Stimulation of the distal part of the esophagus has context-dependent 
effect on activity of buccal CPG 

The role of signals from the rostral part of gut in termination of radula rhythm has 
been demonstrated [6]. Rostral and distal parts of the esophagus are known to contain 
different neurochemical subpopulations of neurons in gastropods [7]. We tested 
whether distal part of the esophagus may have impact on buccal rhythm generation 
as well. The distal part of the intact foregut was placed in a small plastic container of 
2 mm in diameter. Then container was hermetically sealed by mixture of vaseline, 
parafilm and wax. The selected area of esophagus was stimulated either by adding 
0.1 M KCI to the container or by a glass rod touch. 

When the buccal mass was at rest, stimulation of distal esophagus caused rhyth
mic movements of buccal mass (n = 6). Physical stimulation of distal esophagus 
initiated one or two cycles of standard three-phase rhythm of buccal mass. Stimu
lation by 0.1 M KCI under similar conditions caused a series of about 10 cycles of 
standard rhythmic movements (Fig. 4). No effect of distal esophagus stimulation on 
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Fig. 4. Rhythmic movements of the buccal mass stimulated by KC!. All symbols as in Fig. 1, X scale here 
shows time in minutes 
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buccal rhythm was observed in preparations which demonstrated buccal rhythm 
initially. 

To conclude, main finding of this work is that, in semi-intact preparations, the 
coordination between buccal rhythm and gut contractions is flexible and context 
dependent. We detected several stable variants ofradula-gut coordination. The choice 
of coordination type depended partially upon the frequency and type of the radula 
rhythm. Signalling from the gut had in its turn context-dependent impact on the activ
ity of radula ePG. Our data suggests that this model is suitable for studying mecha
nisms of multistable context-dependent rhythm coordination. 
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