
The pond snail, Lymnaea stagnalis, can locomote on its back utilizing the surface tension of the water.

We have called this form of movement ‘back-swimming’. In order to perform this behavior, the snail

must flip itself over on its back so that its foot is visible from above. Little is known about the mecha-

nism of this back-swimming. As a first step for the elucidation of this mechanism, we measured the speed

of back-swimming of Lymnaea at the different times of the day. They back-swam significantly faster in

the morning than just before dark. These data are consistent with our earlier findings on circadian-timed

activity pattern in Lymnaea. Lymnaea appear to secrete a thin membrane-like substance from their foot

that may allow them to back-swim. To confirm the existence of this substance and to examine whether

this substance is hydrophobic or hydrophilic, we applied a detergent onto the foot during back-swim-

ming. A single drop of 1% Tween 20 drifted Lymnaea away that were still kept at the water surface.

These results suggest that Lymnaea secrete a hydrophobic substance from their foot that floats to the

water surface allowing Lymnaea to back-swim. 
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INTRODUCTION

The pond snail, Lymnaea stagnalis, can often be observed to flip itself over on its

back and locomote at the water surface in an aquarium; we have termed this behav-

ior as ‘back-swimming’. When performing this locomotory behavior, they appear to

float passively but sometimes they ‘swim’ actively. Little is known either about the

speed of this back-swimming and how it is controlled. When we make careful obser-

vations of back-swimming, it appears that a thin membrane-like substance is secret-

ed from the foot. We hypothesize that this substance allows Lymnaea to back-swim.

We thus need to confirm the existence of this membrane-like substance and to deter-

mine whether this substance is hydrophobic or hydrophilic.

In the present study, we first measured the speed of back-swimming in Lymnaea
at the different times of the day. We then compared these results with our previous

data that examined circadian-timed activity patterns in Lymnaea [2]. We next con-

firmed the existence of the membrane-like substance secreted from the foot during

back-swimming and determined whether this substance was hydrophobic or

hydrophilic. We thus applied a detergent onto the foot during back-swimming,

because if this substance was hydrophobic, a drop application of detergent was

expected to drift Lymnaea away that would be still kept at the water surface.

Our present findings are thus consistent with the hypothesis that Lymnaea secrete

a hydrophobic substance from their foot that ‘sticks’ to the surface of the water

enabling Lymnaea to back-swim.

MATERIALS AND METHODS

Speed of back-swimming of snails

We used adult snails, Lymnaea stagnalis, of 15–25 mm shell length. They were

reared locally in dechlorinated water and fed with lettuce. These snails were main-

tained in a container containing dechlorinated water at 18–20 °C in order to observe

back-swimming. The experiments were performed at the three different times of the

day: 1) 10:00–13:00, 2) 13:00–16:00, and 3) 16:00–19:00. The container was cov-

ered with a transparent acrylic plate and transparent food-wrap. We used a felt-tip

pen to trace the movements of the snails on the food-wrap. We also timed the dura-

tion of the back-swimming. Thus, we could calculate their back-swimming velocity.

Effect of a detergent on back-swimming

When Lymnaea started back-swimming in the container, a 100 μl drop of detergent,

polyxyethylene (20) sorbitan monolaurate (Tween 20, its concentration 0.1% to 1%;

Wako, Osaka, Japan), was applied onto the foot of the snail. The experiments were

performed at the water temperature of 18–23 °C during the day time.



Statistics

The data were expressed as mean ± SEM. The statistical significance was evaluated

by Student t-test. Significance was at the 0.5 level.

RESULTS AND DISCUSSION

Lymnaea back-swam, gliding silently on the surface tension at the air-water interface

(Fig. 1). A thin membrane-like substance appeared to be secreted from the foot of the

snail. The speed of back-swimming was determined to be 1.2 ± 0.1 (mm/s, n = 12) at

10:00–13:00; whereas it was 1.0 ± 0.1 (n = 10) at 13:00–16:00. Finally at 16:00–

19:00 it was 0.8 ± 0.1 (n = 12; Fig. 2). When we compared the speed at 10:00–13:00

vs. 16:00–19:00, we found that snails were significantly faster in the morning

(P < 0.01). These data show that Lymnaea back-swam faster in the morning than just

before dark. Previously, we have found that Lymnaea have a circadian rhythm of

activity with the peak of activity occurring in the morning [2]. Our present results for

the speed of back-swimming are consistent with those data. Further, we could con-

clude that Lymnaea back-swim actively. 

In the second part of the present study, we attempted: 1) to confirm the existence

of a membrane-like substance that we hypothesize is secreted from the foot; and 2)

to determine whether this substance is hydrophobic or hydrophilic. To perform these

experiments, we applied a single drop of Tween 20 onto the foot of a back-swimming

snail and documented the consequences of application of the detergent. In each
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Fig. 1. Back-swimming of Lymnaea. Lymnaea back-swim on the water surface
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experiment, 5 Lymnaea were used at each concentration of 0.1% and 1% Tween 20.

When we used a concentration of 0.1%, back-swimming was not affected. However,

at a concentration of 1%, the applied Tween 20 interrupted back-swimming in 3 of

the 5 snails. That is, upon application of 1% Tween 20, the detergent drifted the snails

away; and thus the snails fled that area. These results suggest that the thin membrane-

like substance is hydrophobic, because the detergent absorbed and spread quickly on

the water surface. As a result, Lymnaea attached with this thin membrane-like sub-

stance were thought to be drifted away with the spreading speed of detergent.

Lymnaea, as do other molluscs, possess extra-ocular photoreceptors. We have

begun to electrophysiologically examine how the extra-ocular dermal photo-input is

conveyed into the central nervous system [1]. Photic stimulation of the foot evokes

inhibitory inputs to neurons in the pedal ganglia via the inferior pedal nerves. This

inhibitory activity is specific to the dermal photoreceptors in the foot and is not due

to photo stimulation of the eyes. The neurons in the pedal ganglia play a large role in

the mediation of locomotory activity in the snail. Thus, it is plausible that Lymnaea
sense light by the extra-ocular dermal photoreception located in the foot during back-

swimming.

In conclusion, Lymnaea are capable of active back-swimming on the surface ten-

sion of the water, facilitated in part by the secretion of a membrane-like hydropho-

bic substance from the foot. The speed of back-swimming is determined in part by

the circadian activity cycle of the snail. We thus hypothesize that Lymnaea actively

secrete the substance from their foot in order to facilitate back-swimming. This sub-

stance floats on the undersurface of the water enabling Lymnaea to use it as a

foothold for locomotion just beneath the water surface.

Fig. 2. Speed of back-swimming. The experiments were performed at 10:00–13:00, 13:00–16:00, and

16:00–19:00. The significant difference (P < 0.01) was observed between the speed at 10:00–13:00 and

that at 16:00–19:00. The numbers of Lymnaea examined were 12 at 10:00–13:00; 10 at 13:00–16:00;

and 12 at 16:00–19:00
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