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Abstract: Aquatic gastropods, both freshwater and marine, often crawl along the water surface with the 
sole of the foot facing upward. Differential regulation of the activity of cilia on the sole turns the gliding 
mechanism into pedal surface collecting, by which food particles floating on the water are collected on the 
sole. Over the last 300 years, surface crawling and pedal surface collecting have been studied in numerous 
species, but the accumulated knowledge has fallen victim to scientific amnesia. Today, pedal surface collecting 
usually is considered a unique behaviour that evolved in the family Ampullariidae (Caenogastropoda), 
which includes the genus Pomacea with some of the globally worst invasive pests. Consequently it may 
appear feasible to tackle invasive Pomacea species specifically by delivering molluscicides via the water 
surface. Based on a review of our forgotten literature, I here argue that such an approach would have 
potentially devastating, unintended effects on native gastropod faunas.
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INTRODUCTION: SCIENTIFIC AMNESIA

Aquatic gastropods like the great pond snail 
(Lymnaea stagnalis [L., 1758]; Lymnaeidae), a common 
holarctic omnivore, frequently move along the water 
surface (Fig. 1). Observing such common behaviour 
in the wild or in captivity is as easy as observing gas-
tropods emerging from their shells, and hypotheses 
concerning the mechanism(s) of surface crawling 
have been developed and discussed since at least 
the 18th century. Modern malacologists addressing 
malacologist audiences therefore feel no need to ex-
plain what surface crawling is. When surface crawl-
ing is mentioned in the malacological primary liter-
ature where it is not the actual object of study, it is 
hardly ever described in detail (for instance, Pyron 
& Brown 2015: p. 388; for a recent example in this 
journal, see Lombardo et al. 2021: table 1 on p. 124).

When students unfamiliar with a species’ natu-
ral history notice a lack of explicit descriptions of 
its common activities in the recent literature, they 

may conclude that the species’ behaviour is poorly 
known. This seems likely to happen when a spe-
cies becomes a ‘model system’ (as L. stagnalis did; 
Davison & Neiman 2021) for laboratory studies 
that are conducted by scholars who not necessarily 
are experts in the species’ behavioural ecology. For 
example, Aono et al. (2008: p. 272) reported surface 
crawling in L. stagnalis, stating that “little is known 
about the mechanism of this upside-down gliding”. 
Seemingly unaware of the older and some of the 
not-so-old literature, the authors apparently thought 
they had discovered “that upside-down gliding is an 
efficient active process involving the secretion of mu-
cus ... to serve as a substrate upon which cilia beat 
to cause locomotion at the underside of the water 
surface” (Aono et al. 2008: p. 272). Having passed 
peer review at Biological Bulletin, a well-respected 
international journal with a focus on neurobiology 
and behaviour, the paper has been cited eight times 
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according to the Clarivate Web-of-Science database 
(accessed through the library system of Washington 
State University on 26 June 2022). This figure is not 
insignificant; half of the 47 papers published in the 
same year that had the word ‘Lymnaea’ in their titles 
were cited less frequently. One has to conclude that 
readily accessible published knowledge has become 
terra incognita for parts of the community working 
in the field. In fact, locomotion was not mentioned in 
a recent review that explicitly claimed to “present the 
essential background information on the natural his-
tory of this freshwater snail” for scholars employing 

L. stagnalis as a model in diverse disciplines (Fodor 
et al. 2020: p. 2). The scientific amnesia also cov-
ers pedal surface collecting, a type of surface-feeding 
behaviour that is closely related mechanistically to 
surface-crawling locomotion. Such unawareness of 
existing knowledge can foster misjudgments with 
potentially severe ecological consequences. Here I re-
view classical work on surface-crawling locomotion 
and pedal surface collecting, hoping to clarify how 
our forgotten knowledge bears on current efforts to 
contain some of the globally most devastating inva-
sive pests.

SURFACE CRAWLING LOCOMOTION, A BRIEF HISTORY

Attempting to identify the discoverer of a com-
mon natural phenomenon that everybody can easily 
observe would be naive. This certainly holds for the 
surface crawling of aquatic gastropods, and one must 
expect to find casual references to this behaviour 
in the older literature. For example, Martin Lister 
mentioned that “aquatiles vero cochleae, ope pedis, 
in summa aqua expansi quasi pendent, natantque ” 
(aquatic snails use their foot to hang, as it were, sus-
pended from the top of the water and swim; Lister 
1694: p. 8. All translations are my own). The earliest 
explicit statement concerning the mechanism of sur-
face crawling that I am aware of is by Richard Bradley, 
who suggested that air serves the same mechanical 
role for surface-crawling snails as hard substrates do 
for animals creeping on the ground:

“The periwinkles or watersnails, whether in the 
sea or in the rivers, have the same mode of motion; 
we may observe them swimming on the surface of 
the waters, with their whole body and shell reversed 
in the water; so that they seem to take hold of the air, 
and to receive that resistance from it, which common 
snails do from the earth, or other solid bodies which 
they creep upon” (Bradley 1721: p. 56).

It is noteworthy that Bradley speaks of both fresh-
water snails (compare Figs 1–4) and marine species 
(compare Fig. 5). Evidently he was not considering 
an exotic phenomenon rarely seen in a few specific 
animals, but a commonly observed behaviour exhib-
ited by various inhabitants of different habitats.

In the early 19th century, surface crawling in ma-
rine slugs was reported by Antoine Risso (1826: 
Duvaucelia manicata [Deshayes, 1853]; Philinopsis 
depicta [Renier, 1807]) and discussed in some de-
tail by Armand de Quatrefages (1843: Aeolidiella 
glauca [Alder et Hancock, 1845]). The latter author 
noted that while it was known that “presque tous 
les Gastéropodes” (almost all gastropods) were able 
to crawl hanging down from the water surface, the 
mechanism of surface crawling had remained obscure. 
He rejected Bradley’s (1721) hypothesis cited above, 

pointing to the much larger density of water compared 
to air: it seemed physically impossible that the sole of 
the gastropod’s foot acting on air could produce the 
force required to overcome the mechanical resistance 
of water. As an alternative, de Quatrefages (1843: 
pp. 309–310) transferred the locomotory mechanism 
known to operate in planarians to molluscs. He had 
observed cilia on the entire body surface of Aeolidiella, 
and suggested that these cilia – not necessarily those 
on the sole – produced the force that drove the move-
ment of surface-crawling gastropods.

To my knowledge, the first printed image of a snail 
moving along the water-air interface was George 
Johnston’s (1850) Lymnaea in the characteristic sur-
face-crawling posture seen from above (Fig. 2). The 
description accompanying this figure summarized 
common knowledge of the time and deserves to be 
quoted at length:

“All gasteropods are not confined, however, to 
crawl on the solid bottom: many of them can ascend 
to the surface, and make the water a liquid pavement, 
along which they creep in the same manner as they 
do on land, with the difference only of having their 
body and shell in a reversed position. The Aplysiæ, 
and many of our nudibranchial mollusca, may be 
seen crossing pools on our shore in this way; and 
there is reason to believe that all the marine naked 
mollusca possess the faculty [...] but it is the fresh-
water snails [...] which exhibit this not unremark-
able mode of progression in the most perfect man-
ner. On a summer’s day any one may see Limnæi 
[reference to the drawing reproduced here as Fig. 2] 
and Planorbes thus traversing the surface of ponds 
and ditches in an easy undulating line; or suspended 
there in luxurious repose [...] When thus suspended 
they will sometimes relax their hold and drop at once 
to the bottom, from which, in general, they emerge 
by crawling up some solid body; but occasionally I 
have seen them rise up direct through the water – a 
fact I can explain only by supposing that they have 
the power of compressing, in the first instance, the 
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air in their pulmonary cavity, and of again allowing it 
to expand and dilate so as to render the body light-
er than the medium in which they live” (Johnston 
1850: pp. 129–130).

Johnston (1850: pp. 129–130) commented on 
the mechanism of surface crawling only in a foot-
note. He expressed doubts about the ciliary mecha-
nism proposed by de Quatrefages (1843), based on 
the observation that the movement of marine slugs 
along the water surface could stop while the cilia ap-
peared to beat continuously. The possibility that this 
could be due to a switch from coordinated to non-co-
ordinated ciliary beating seemed obvious to few 
researchers in the 19th century (e.g., Brockmeier 
1887: p. 116).

A German translation of Johnston’s (1850) 
above-quoted passage appeared in Brehms Thierleben, 
a popular encyclopedia of zoology that was widely 
distributed in central Europe in the late 19th century 
(Schmidt 1878: pp. 242–243; a later edition included 

the image reproduced here as Fig. 4). While Oscar 
Schmidt emphasized the significance of cilia for 
movement, he followed Johnston regarding the role 
of air in the pulmonary cavity in producing buoyancy. 
This, however, seemed insufficient. Schmidt (1878: 
p. 243) noted that the sole of surface-crawling snails 
was slightly concave, and that snails sank immediate-
ly when they flattened the contour of their sole. He 
concluded that the somewhat boat-shaped foot actu-
ally worked like a boat, contributing to the buoyancy 
that kept surface-crawling animals afloat.

At the turn of the century, malacologists like 
Heinrich Brockmeier (1887) maintained  that cil-
iary action was too weak to propel macroscopic ani-
mals. If so, alternative mechanisms such as muscu-
lar waves had to be invoked. Heinrich Simroth’s 
(1878, 1879) analyses of crawling land snails led him 
to conclude that a hydrostatic skeleton could not 
explain the locomotory process. He postulated that 
the muscular system of the gastropod foot consisted 

Figs 1–6. Surface-crawling locomotion and its representation in the older literature: 1 – Lymnaea stagnalis crawling along 
the water surface (shell length 36 mm; animal from a pond in a forest near Frankfurt, west central Germany); 2 – 
The apparently first printed image of a surface-crawling gastropod by Johnston (1850: fig. 21 on p. 129) presents a 
surface-crawling Lymnaea sp. seen from above; 3 – Lymnaea ovata floating under the water surface (top), turning over 
actively (center), and crawling along the surface (bottom; from Willem 1888: figs 2, 3, and 4 on the plate following p. 
430); 4 – Lymnaea stagnalis crawling on submerged plants (bottom) and along the water surface (top; part of the plate 
following p. 192 in Taschenberg & Schmidt 1929); 5 – As an example of a surface-crawling marine species, Peringia 
ulvae is shown crawling up the wall of an aquarium to reach the water surface (Newell 1962: fig. 5 on p. 54; slightly 
modified); 6 – Cells of the epithelium (epit) of the sole of Physella acuta, showing the cilia acting on a mucus layer (muc; 
from Kaiser 1960: fig. 2, labels added)
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not only of the usual contractile fibres but also of ex-
pansive one. While this hypothesis soon faced rejec-
tion (Sochaczewer 1881, Car 1897, Jordan 1901, 
Carlson 1905), his observation of mucus tracks left 
by surface-crawling snails (including Lymnaeidae, 
Physidae, Planorbidae, and Viviparidae; Simroth 
1882: pp. 28–30) had a lasting impact. Simroth 
(1882) realized that the animals did not glide along 
the water surface as such, but on a layer of non-wet-
table mucus that was less dense than water and did 
not mix with it. This ribbon of mucus was continu-
ously expanded at the front part of the sole and driv-
en backwards over the posterior margin of the foot 
into the water, providing the force that moved the 
snail forward.

Mucus tracks left on the water surface by freshwa-
ter snails were discovered independently by Victor 
Willem (1888), who reached similar conclusions 
concerning their role in surface crawling as Simroth 
(1882) had. Abigail Dimon (1905: pp. 37–38) con-
sidered mucus essential for the surface crawling of 
two marine species (Ecrobia truncata [Vanatta, 1924], 
as Rissoa minuta; Ilyanassa obsoleta [Say, 1822], as 
Nassa obsoleta). But how did the snails push the mu-
cus backwards across the posterior edge of the sole 
to generate forward thrust? Jean Dawson (1911: pp. 
46–49) studied the production and movement of the 
mucus ribbon in some detail for Physella sp. and L. 
stagnalis. Movement of the animal and mucus flow 
both correlated with what appeared to be small-scale, 
irregular muscular contractions on the sole, but she 
refrained from claiming causal relationships. Less 
cautiously, Herbert Walter (1906: p. 31) conclud-
ed from his studies on the lymnaeid Ladislavella elodes 
(Say, 1821) (as Lymnaeus elodes) that “the mechanism 
of locomotion consists in a complex muscular foot 
clothed on the ventral surface with cilia which act 
on a mucus track”. At the time, problems with the 
routine detection of beating cilia prompted contra-
dictory interpretations. For example, Parker (1911: 
pp. 157–158) felt unable to explain the movements 
of Ilyanassa obsoleta as he found evidence neither for 
muscular waves nor for the presence of cilia on the 
sole of the foot. In contrast, Manton Copeland 
(1919) observed active cilia in the same species, per-
forming experiments that established a correlation of 
speed of locomotion with the rate of ciliary activity. 
He also demonstrated cilium-mediated locomotion 
in Neverita species (Naticidae, Caenogastropoda), 

“the largest animals which have been reported as 
exhibiting ciliary locomotion” (Copeland 1922: p. 
132). While he observed surface crawling locomotion 
in this genus only once (Copeland 1922: p. 133), 
the fact that the crawling on solid substrates of these 
large gastropods demonstrably was cilium-driven put 
Brockmeier’s (1887) argument concerning size lim-
its for ciliary locomotion to rest.

In 1960, Peter Kaiser set out to settle lingering 
doubts about the mechanism of surface crawling. He 
generally found the sole epithelium ciliated in species 
exhibiting this behaviour. However, distinguishing 
muscular waves from ciliary action was difficult as co-
ordinated activity of the cilia often resulted in macro-
scopically visible waves propagating along the mucus 
that covered the sole (Kaiser 1960). Moreover, mus-
cular activities related to adjustments of the concave 
shape of the sole rather than to locomotion regularly 
occurred in surface-crawling snails (Kaiser 1960). 
Therefore he selectively inhibited the cilia by localized 
application of various salts, and found that muscular 
action alone was insufficient to produce smooth glid-
ing locomotion. Thus Kaiser (1960) thought he had 
confirmed that surface-crawling snails moved forward 
because their sole cilia pushed mucus backwards (Fig. 
6). Not everyone was convinced, though. In a relative-
ly recent study, Lee et al. (2008) modeled the mech-
anism of surface crawling assuming that the snails’ 
movements were driven by muscular waves acting on 
the mucus layer. The authors justified this assump-
tion by reference to macroscopically visible undula-
tions on the sole (Lee et al. 2008: p. 2). Such obser-
vations, however, do not rule out a ciliary mechanism, 
as Kaiser (1960) had shown. To clarify the issue, it 
would be desirable to examine the species Lee et al. 
(2008) had worked on. Unfortunately, “Sorbeoconcha 
physidae”, which the authors stated to have collected 
in the wild, is not a species but a combination of the 
names of a higher-level taxon (Sorbeoconcha Ponder 
et Lindberg, 1997) and a family (Physidae Fitzinger, 
1833). Nonetheless, in commentaries in outlets from 
Nature (Ball 2008) to the New York Times (Imbler 
2021) and even in the primary literature (Gould & 
Valdez 2021), “Sorbeoconcha physidae” became cited 
as if it were the archetypical surface-crawling snail.

Copeland’s (1919) experiments had convinced 
him not only that ciliary action was necessary for 
locomotion in certain gastropods, but also that the 
activity of the ciliated epithelium of the sole was un-
der neuronal control. The latter interpretation subse-
quently became firmly established (e.g., McKenzie 
et al. 1987, Syed & Winlow 1989, Longley & 
Peterman 2013). Deliagina & Orlovsky (1990a, 
b) investigated the ciliated epithelium on the sole of 
Gyraulus acronicus (J.B. Férussac, 1807) (as Planorbis 
corneus), and found it divided into six functional 
blocks, the left and right anterior, middle, and pos-
terior zones. Ciliary activity in each of these zones 
is controlled by separate efferent locomotor neurons 
(see fig. 1 in Deliagina & Orlovsky 1990b). Thus 
the animals appear capable of switching their pedal 
cilia on and off, as it were, in each of the six zones 
independently. To fully reveal the significance of this 
fact, let me take a detour and introduce a devastating 
invasive pest.
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PEDAL SURFACE COLLECTING AND INVASIVE PESTS

The pantropical apple snail family (Ampullariidae) 
includes some 150 freshwater species (Hayes et al. 
2009). In the late 20th century, alien apple snails 
were introduced to various regions for food and as 
aquarium pets (Rawlings et al. 2007, Hayes et al. 
2008, Horgan et al. 2012). At least two of them, 
Pomacea canaliculata (Lamarck, 1822) and P. maculata 
Perry, 1810, became major invasive pests, especially 
in rice (Halwart 1994, Horgan 2018); their expan-
sion is continuing (Buddie et al. 2021). They also 
can have devastating effects on native ecosystems 
(Carlsson et al. 2004, Cattau et al. 2010, Hayes 
et al. 2015) and are listed among the most problem-
atic invasive taxa (Lowe 2004, Cowie et al. 2009, 
Nentwig et al. 2018). Various countermeasures are 
being applied with mixed success, and unintended 
effects on non-target taxa have been recorded for 
chemical (e.g., Olivier et al. 2016, Horgan et al. 
2018) as well as biological (e.g., Wong et al. 2009, 
Chen et al. 2012) agents.

Invasive apple snails tend to eat more and fast-
er than native gastropods, including non-invasive 
family members (Kwong et al. 2010, Morrison & 
Hay 2011). Most Ampullariidae are omnivorous, and 
some may exploit food floating on the water surface 
(Martín et al. 2019). As Johnson (1952) first de-
scribed in Pomacea paludosa (Say, 1829), a snail sens-
ing food on the surface will ascend on plants or other 
structures. Upon reaching the surface, the animal 
forms a funnel with the anterior part of its foot but 
remains attached to the vertical substrate by the pos-
terior foot (Fig. 7). Then, cilia of the anterior sole 

“beat in such a rhythmical fashion so as to create a 
small current” into the funnel, leading to an accumu-
lation at the funnel base of mucus carrying particles 
from the water surface (Johnson 1952: p. 4). The 
material collected on the posterior sole eventually 
is eaten. Johnson (1952) seemed to believe that he 
had reported a novel phenomenon. The only other 
case of a “ciliary feeding mechanism” he mentioned 
was the suspension-feeding Viviparus viviparus (L., 
1758), which collects suspended particles in its man-
tle cavity rather than on the sole of its foot (Cook 
1949, Höckelmann & Pusch 2000). Four years 
later, Cheesman (1956) published a less detailed 
description of the same behaviour in P. canaliculata 
without citing Johnson (1952) or any other mala-
cological references. Taking the accumulating mucus 
for denatured protein, Cheesman (1956) asserted 
that protein films on the water surface were the only 
quantitatively relevant targets of the surface-feeding 
activity. This was not in line with a subsequent, more 
thorough experimental study. McClary (1964: pp. 
95–96) rather confirmed Johnson’s (1952) conclu-

sion that the unusual feeding behaviour was triggered 
by the presence of various kinds of food particles on 
the water surface, which the snails evidently could 
sense from below. Johnson’s (1952) report was ex-
tended by further research in Pomacea (Cazzaniga 
& Estebenet 1984) and Lanistes (Louda & McKaye 
1982). The peculiar behaviour, originally termed 
ciliary feeding, today is called pedal surface collecting 
(Saveanu & Martín 2013). In general terms, pedal 
surface collecting in gastropods is the collection of 
material from the water surface by means of currents 
that are actively generated by the sole of the foot.

The ability to switch between herbivory and sur-
face feeding may explain why invasive apple snails 
persist after they have eradicated native macrophytes 
in the invaded ecosystems (Carlsson et al. 2004, 
Saveanu & Martín 2015). This obviously suggests 
that the apparently unique surface collecting behavior 
of invasive apple snails might allow for specific ways 
of applying molluscicides for their control (Saveanu 
& Martín 2020). Unfortunately, the targeting of 
pedal-surface-collecting invaders by molluscicides 
administered through the surface layer would not be 
as specific as it may seem. After all, the first apple 
snail in which pedal surface collecting was described, 
P. paludosa (Fig. 7), is native to Florida, where its 
habitats are under threat by its invasive congeners 
(Rawlings et al. 2007, Conner et al. 2008, Posch et 
al. 2013). Analogous situations must be expected in 
other invaded regions since native Ampullariidae are 
found throughout the humid tropics and subtropics. 
In Thailand, for example, invasive Pomacea species 
appear to be replacing native ampullariids of the ge-
nus Pila (Ng et al. 2020).

The problem is of a more general nature, though. 
Von Linden (1891) noted that snails applied sur-
face crawling to reach potential food such as floating 
leaves of aquatic plants. Surface-crawling snails also 
took up small floating food items directly by mouth, 
and larger items that had become trapped on the sole 
were transferred to the mouth and eaten — the snails’ 
foot “combined the usefulness of a locomotory organ 
with that of a gripper tool” (von Linden 1891: p. 
766). But snail feet proved even more versatile. As 
discussed above, surface-crawling snails generate 
forward thrust by cilium-driven backward translo-
cation of mucus on the sole (Kaiser 1960). When 
ciliary action ceases on the posterior sole but contin-
ues on the sole’s front, the snail stops moving while 
mucus accumulates on the posterior sole together 
with particles that keep drifting onto the anterior 
sole from the water surface (Fig. 8). After some time, 
the head bends back ventrally to ingest the collect-
ed material. Brockmeier (1898) had first described 
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this “Planktonfischen” (plankton fishing) in the lym-
naeid Peregriana (as Limnaea). His observations were 
confirmed in other Lymnaeidae (Ladislavella: Walter 
1906, as Lymneus; Lymnaea: Dawson 1911) as well 
as in Physidae (Physella: Dawson 1911, as Physa) 
and Planorbidae (Gyraulus: Deliagina & Orlovsky 
1990a, as Planorbis; Fig. 9).

Evidently, caenogastropods such as Pomacea as well 
as heterobranchs like Lymnaea and Gyraulus conduct 
pedal surface collecting as defined above. In doing 
so, heterobranchs are mostly observed floating while 
Pomacea species commonly attach to solid substrates. 
This, however, merely reflects different frequencies 
of these behaviors. In P. paludosa, “the rear part of the 
foot usually adhered to the aquarium wall or some 
other solid surface, although on occasion a snail fed 
while suspended from the surface film” (McClary 
1964: p. 96). Gyraulus also performs floating as well 
as attached pedal surface collecting (Deliagina & 
Orlovsky 1990a; compare Figs 9, 11). Lymnaea may 

“attach themselves to aquatic plants with their tail 
end” (Kaiser 1960: p. 374), or, as documented here 
(Fig. 10), hold on to solid structures while collecting 

surface material. In this posture, Lymnaea resembles 
a surface-collecting Pomacea that adheres to an aquar-
ium wall (compare Figs 7 and 10). For videos show-
ing the described activities in Lymnaea, see Peters 
(2022).

Hardly surprisingly, older malacologists con-
cluded that the “surface layer plays a more or less 
significant role in the nutrition of most species” of 
freshwater gastropods (Frömming 1956: p. 132). 
This knowledge has faded from the literature, as re-
cently noted by Ponder et al. (2020: p. 176). In the 
most detailed investigation into the surface feeding 
of Pomacea available at the time, McClary (1964: 
p. 100) still found it reasonable to hypothesize that 
the Lymnaea-style pedal surface collecting by floating 
animals “may anticipate” the pedal surface collect-
ing by snails holding on to solid substrates. When 
reviewing suspension feeding in gastropods three 
decades later, Declerck (1995: pp. 552–553) stated 
that both Ampullariidae and Lymnaeidae performed 

“ciliary feeding” (while somewhat confusingly listing 
the former as using a “mucus net” to collect food) on 
the water surface. At the same time, however, pedal 

Figs 7–11. Pedal surface collecting in aquatic gastropods: 7 – Surface-feeding Pomacea paludosa seen through the glass wall 
of an aquarium to which it attaches with the flat posterior part of its foot (from Johnson 1952: fig. 1 on p. 4). The 
anterior foot forms a funnel the rim of which is kept at the level of the water surface. Active cilia on the sole of the 
anterior part of the foot drive a stream of mucus and particles from the water surface into the funnel. These materials 
accumulate at the narrow base of the funnel and eventually are eaten; 8 – Lymnaea stagnalis performing pedal surface 
collecting while floating upside-down at the water surface. Mucus with captured particles has accumulated on the 
posterior sole (shell length 37 mm); 9 – In surface-crawling Gyraulus acronicus, the velocity of particle transport is 
homogeneous on the entire sole (crw) but decreases in the posterior direction when animals sense food on the water 
surface and commence pedal surface collecting (coll; from Deliagina & Orlovsky 1990a: fig. 4d, modified); 10 – L. 
stagnalis attached to a solid vertical surface with the posterior part of its foot conducting pedal surface collecting with 
the funnel-shaped anterior foot (shell length 34 mm); 11 – Pedal surface feeding in G. acronicus with the posterior foot 
attached to a solid substrate (from Deliagina & Orlovsky 1990a: fig. 4c, modified). Arrows indicate particle trans-
port. While larger particles are taken up directly by the snail’s mouth, most particles and mucus accumulate on the 
posterior sole (dotted lines). Photographs of L. stagnalis (8, 10) show animals from a pond in a forest near Frankfurt, 
west central Germany
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surface collecting began to be portrayed as a peculi-
arity of the Ampullariidae in general treatments of 
freshwater gastropod ecology (Hutchinson 1993: 
p. 189, Dillon 2000: pp. 98–99) and in the primary 
literature (Saveanu & Martín 2013: p. 17, 2015: p. 
75, 2020: p. 165, Joo et al. 2020: p. 1).

In surface-crawling Lymnaea and Gyraulus, the cil-
iated sole serves as a locomotory machine when all 
cilia work coordinatedly, but turns into a food col-
lecting apparatus when the cilia on the posterior sole 
stop beating (Figs 8–11). Similarly, in Pomacea per-

forming pedal surface collecting, no ciliary activity is 
noticeable on the posterior sole, “indicating remark-
able regional control and coordination of the pedal 
cilia” (Johnson 1952: p. 5). If the ciliated epithelium 
of the sole is functionally subdivided into six zones 
as it is in Gyraulus (Deliagina & Orlovsky 1990b), 
an inhibition of ciliary activity of the left and right 
posterior zones of the sole will be sufficient to turn 
the locomotor into a food collector. This function-
al switch could be controlled by two neurons only 
(Deliagina & Orlovsky 1990b).

CONCLUSIONS

The mechanisms of pedal surface collecting and 
surface crawling are closely related. In a sense, ped-
al surface collecting represents a malfunction of the 
locomotory machinery – a mechanistically minor but 
functionally consequential variation of the mecha-
nism of surface crawling. This remarkable versatility 
of the foot’s structure-function relationship and its 
evolution deserve renewed attention.

Since surface crawling is common among marine 
and freshwater gastropods, it is hardly surprising 
that pedal surface collecting has been observed in nu-
merous species. As a consequence, attempts to tack-
le invasive Ampullariidae specifically by delivering 
molluscicides via the water surface predictably will 
affect native gastropod faunas. In the history of our 
efforts to control pest molluscs, lacking familiarity 

with the biology of non-target species has contribut-
ed to misjudgments with devastating consequences 
(Christensen et al. 2021). This short review hope-
fully will help to avoid adding another failure to the 
list.
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