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Abstract

Molluscs are second largest phylum of the animal kingdom
which transmits disease directly or they may serve as intermediate
host/ vectors for parasites of human and animals. Gastropods have
evolved specialized behavioral patterns to detect, acquire and ingest
food. The most striking feature of gastropod feeding is its flexibility.
In most gastropods, feeding consists of a variable sequence of food-
finding movements, followed by a series of rhythmic movements in
which food is consumed. Most snail species are herbivores, feeding
plant material whereas other species are scavengers, feeding on
dead plant or decomposing animals, while others are predators.
Food-finding movements are often effected by muscles of the head
and foot that also produce movements unrelated to feeding. A well-
developed olfactory system plays an important role in snails for
locating food, homing or pheromone communication and in predator
risk assessment.
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Introduction

Molluscs contribute the second largest invertebrate groups on
earth next only to insects and they have adapted to terrestrial, marine
and freshwater habitats all over the globe, although most molluscs are
marine [1]. Snails may directly transmit disease, or they may serve
as intermediate host/ vectors for parasites of human and animals [2].
Layton et al. [3] described in his review that few species of gastropods
are external or internal parasites of other invertebrates including mites
and a wide variety of nematodes. The slug mite, Riccardoella limacum,
is known to parasitize several dozen species of mollusks, including
slugs, such as Agriolimax agrestis, Arianta arbustrum, Arion ater, Arion
hortensis, Limax maximus, Milaxbudapestensis, Milax gagates and
Milax sowerbyi [4]. Gastropods have evolved specialized behavioral
patterns to detect, acquire and ingest food [2]. Bouchard [5] reported
that food-related behavior includes all actions exhibited by an animal
in response to hunger or to searching and perception of food and an
interesting observation is that most of the snail species tend to keep
company when feeding, as they do in other situations. Murphy [6]
reported that feeding behaviours in a number of gastropod mollusks
are the most striking feature of gastropod feeding is its flexibility.
Wentzell et al. [7] reported that in most gastropods, feeding consists
of a variable sequence of food-finding movements, followed by a series
of rhythmic movements in which food is consumed. Thus, examining
gastropod feeding addresses a problem of general interest to all
neurobiologists, understanding how the nervous system generates a
flexible series of movements. However, the neurones and the neural
circuitry that organize and modulate gastropod feeding are amenable
to the detailed cellular analysis that has provided seminal insights into
the modulation of withdrawal reflexes in gastropods by serotonin and
small peptides [8]. Ju and Bassett [9] reported in his article neural
systems generating feeding have begun to provide rich insights into
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how complex regulatory phenomena arise from the properties of
individual neurones and their interconnections. Investigations in
some genera, notably Aplysia, have taken a top-down approach,
beginning by characterizing behavior and then proceeding to the
nervous system. Feeding has been studied in both carnivorous and
herbivorous gastropods [8]. Olivera et al. [10] reported that many
carnivorous gastropods are limited to whatever prey can be chased
down at a snail’s surroundings, but the Conidae have developed a
series of venomous needles, and after injecting the prey with toxins
it becomes immobilized and can easily be consumed. Valarmathi
[11] reported a number of investigations and observations that snail
species have an ability to choose and to recognize their preferred food
stuffs subsequently. The objective of this study was to clarify the roles
of the various structures involved in food- feeding behavior of the
Gastropod mollusk.

Food of the Snails

The diet of gastropods differs according to the group considered
[12]. Kiss [13] reported that most snail species are herbivores, feeding
plant material and terrestrial species consume leaves, bark, seed-
lings and fruit, while marine species can scrape algae off the rocks on
the sea floor. Other species are scavengers, feeding on dead plant or
decomposing animals, while others are predators [13].

Feeding Habits

In gastropods the feeding habits are as varied as their shapes and
habitats, but all include the use of some adaptation of the radula
[14]. Steneck and Watling [15] reported that many gastropods are
herbivorous, rasping off particles of algae from a substrate. They
also reported that some herbivores are grazers, some are browsers,
and some are planktonic feeders. Some snails are scavengers, living
on dead and decayed flesh and some others are carnivorous, tearing
prey apart with their radular teeth [16]. It is also reported that most
pulmonates (air breathing snails) are herbivorous, but some live on
earthworms and other snails. Some sessile gastropods, such as slipper
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shells, are ciliary feeders that use the gill cilia to draw in particulate
matter, which they roll into a mucous ball and carry to their mouth
and in ciliary feeders the stomachs are sorting regions and most
digestion is intracellular in the digestive gland [17]. Beninger [18]
reported that most bivalves are suspension feeders. They have Gland
cells on the gills and labial palps secrete copious amounts of mucus,
which entangles particles suspended in the water going through gill
pores [18]. Ciliary tracts move the particle-laden mucus to the mouth.
In the stomach the mucus and food particles are kept whirling by a
rotating gelatinous rod, called a crystalline style. Solution of layers of
the rotating style frees digestive enzymes for extracellular digestion.
Ciliated ridges of the stomach sort food particles and direct suitable
particles to the digestive gland for intracellular digestion. Mooi et
al. [19] reported that some, such as oyster borers and moon snails,
have an extensible proboscis for drilling holes in the shells of bivalves
whose soft parts they find delectable and some even have a spine
for opening shells. Shipworms feed on the particles they excavate
as they burrow in wood [20]. They also reported that the symbiotic
bacteria live in a special organ in these bivalves and produce cellulase
to digest wood. Jantzen et al. [21] reported that other bivalves such
as giant clams gain much of their nutrition from the photosynthetic
products of symbiotic algae living in their mantle tissue. Villanueva
et al. [22] reported that cephalopods are predaceous, feeding chiefly
on small fishes, molluscs, crustaceans, and worms. Their arms, which
are used in food capture and handling, have a complex musculature
and are capable of delicately controlled movements and they are
highly mobile and swiftly seize prey and bring it to the mouth. Strong,
beaklike jaws grasp prey, and the radula tears off pieces of flesh [22].
Ponte and Modica [23] reported that octopods and cuttlefishes have
salivary glands that secrete a poison for immobilizing prey. Digestion
is extracellular and occurs in the stomach and cecum. In addition to
internal factors, such as hunger, internal clock and stage of maturity,
external ones may contribute to the feeding behavior, as well [23].
External factors that influence foraging behavior include abundance
and distribution of food material, presence of competitors, risk of
predators, season and time of day. Food preference determines the
food ingested by an animal which in turn improves its physiological
condition and fitness [24]. Tobie et al. [25] reported in his review
that the concept of food preference comprises two features of the
food, attractiveness and palatability. Therefore, the diet choice of an
animal may be constrained by nutrient requirements or digestive
limitations. Mand et al. [26] reported that snails need to consume a
considerable amount of calcium to develop and preserve their shells as
hard as possible. Lah et al. [27] reported that the low acceptability of
natural food could possibly relate to volatile and nonvolatile chemical
compounds present indifferent plant species or to a low nutritional
contents. They also noted that food preference of gastropods does not
correlate linearly with energy content of the available food, but instead
it correlates with the efficiency of digestion. Hagele and Rahier [28]
reported that many terrestrial gastropods have narrow and distinct
dietary preferences and regularly occur in close association with their
food species, while others tend to feed on a variety of items found in
their natural habitat and it is also observed that herbivorous gastropods
may also consume decomposing materials including those of animal
origin. Tiwari and Singh [29,30] reported the behavioural responses
of snail L. acuminata against different amino acids and carbohydrates
and found that the greater attraction of the snail L. acuminata to starch
and maltose in the bait is possibly due to fact that in nature starch is the
major carbohydrate stored in aquatic plants and maltose is released by
some epiphytic algae which form a part of the snail modular system
where snail are found. Kumar et al. [31] studied that the behavioral

responses of snails to binary combinations of carbohydrate and
amino acid in bait formulation. Among all the binary combination
of carbohydrate+amino acid+molluscicide after 2h of experiment,
highest attraction of snail (54.71%) was observed towards the Snail
Attractant Pellets (SAP) containing starch+histidine+limolene.
Srivastava et al. [32] reported that feeding of baits containing sub-
lethal concentration of (80% of 24h LC, ) eugenol caused a significant
reduction in fecundity, hatchability and survival of young snails.
Srivastava et al. [33] reported that feeding of bait containing 40% of
24hLC,; of piperine with attractant starch caused maximum (1124
eggs/20 snails) and minimum (327 eggs/20 snails) fecundity in the
month of June and November, respectively. Whereas feeding of bait
containing 40% of 24hLC_ of piperine with attractant serine caused
maximum (1028 eggs/20 snails) and minimum (352 eggs/20 snails)
fecundity in the month of June and November, respectively. Srivastava
and Singh [34] reported that the effect of sub-lethal feeding of bait
formulations containing molluscicidal component of Syzygium
aromaticum (eugenol) with attractant (starch/serine) on biochemical
changes in the ovotestis/nervous tissue of snail Lymnaea acuminata in
each month of the year Nov-2011-Oct-2012. Bait containing eugenol
caused significant reduction in the level of free amino acid, protein,
DNA, RNA and AChE activity in the snail Lymnaea acuminata.
Srivastava and Singh [35] reported that feeding of SAP containing
papain on certain biochemical parameters in the gonadal/ nervous
tissue of the vector snail Lymnaea acuminata and noted that feeding
of snail attractant pellets containing papain (40% of 24hLC, ) caused
significant reduction in the level of protein, amino acids, DNA, RNA
and AChE activity in the Lymnaea acuminata.. Tripathi et al. [36]
noted trapping of snails with the help of light stimulant of different
wavelengths acts as an attractant. Presence of different types of
photoreceptors in the eyes of Lymnaea acuminata plays the vital role
in attraction. Under natural condition, the spectral composition of
light in the water is different because sunlight is compressed in the
long wavelength part of the spectrum due to water’s high absorption
of red light.

Structure of the Feeding System

Elliott and Susswein [8] reported in his review that the food-
finding movements are often effected by muscles of the head and
foot that also produce movements unrelated to feeding and after
food has been localised, in herbivorous gastropods it is ingested by
repeated movements of the radula, a sheet of semi-hardened tissue
covered with rows of chitinous teeth. They also reported that many
carnivorous molluscs capture prey via specialised organs that may
be adaptations of structures present in herbivores e.g. the pharynx
in Pleurobranchaea or that may be unrelated to such structures (e.g.
buccal cones in Clione). Gill [37] reported in his dissertation that in
most gastropods, food is eventually engaged by the radula, which is
controlled by the buccal muscles and these muscles cause the radula to
protract out of the mouth towards the food and then to pull the food
into the buccal cavity, or to rasp the food, with a retraction movement.
Wentzell et al. [38] reported that in some gastropods like Aplysia and
Pleurobranchaea, a fold in the centre of the radula acts as a hinge that
allows the two radula halves to open and close and their buccal mass is
innervated by the paired buccal ganglia, which connect to the cerebral
ganglia by the paired cerebrobuccal connectives. They also reported
that the cerebral ganglia innervate the anterior portion of the animal,
including many structures related to feeding, such as the rostral foot,
the head, the sensory anterior and posterior tentacles (rhinophores),
the lips and the mouth. Hartenstein [39] reported that the cerebral
ganglia also innervate extrinsic buccal muscles, which cause forward
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and backward movements of the whole buccal mass. These ganglia
also communicate with the rest of the central nervous system.

Role of Octopamine in Feeding

Vehovszky et al. [40] reported that the distribution of octopamine
immuno reactive neurons was described in the central nervous system
of Lymnaea spp. where they occurred in the buccal, cerebral and pedal
ganglia. Brown et al. [41] reported that the highest concentration
of Octopamine (OA) was measured in the paired buccal ganglia in
Aplysia, Helix and Lymnaea and these ganglia contain the main
elements of the feeding network: one of the most studied neuronal
systems in gastropods. Benjamin [42] reported that in Lymnaea
stagnalis the feeding network in the buccal ganglia is composed of
motoneurons (B1, B2, B3, ... B10 cells) central pattern generator inter
neurons (N1, N2, N3 interneurons) and higher order inter neurons
(SO, N1L). They reported that these nerve cells act together with the
cerebral interneurons to produce a rhythmic pattern (active feeding)
which corresponds to the alternating cycles of the radula movements
and the motoneurons play no part in the production of the rhythm,
which is generated by the central pattern generator interneurons [42].
Crabe et al. [43] described in his review that the protractor premotor
cells (N1) are cholinergic, whereas the retractor N2 inter- neurons
probably use glutamate and these cells are activated during feeding by
the modulatory interneurons SO, N1L and CGC, of which the first two
are cholinergic and thelatter serotonergic. They also reported that these
modulatory cells are stimulated by inputs from chemo-and mechano
sensory cells, which probably use Nitric Oxide (NO) as a transmitter.
Straub and Benjamin [44] reported that in feeding, serotonin (5HT)
is thought to be the predominant modulator substance, released
mainly by the giant neurons (CGCs) located in the paired cerebral
ganglia. Dopamine (DA) is considered to be another possible feeding
modulator in gastropods as it initiates the feeding pattern in isolated
CNS [44]. Miller et al. [45] reported that in Aplysia, a DA-containing
buccal neuron is identified, which is capable of initiating the feeding
activity of the buccal network. In addition, the role of modulatory
peptides cannot be ruled out in feeding. Santama et al. [46] reported
that In the buccal ganglia of Lymnaea stagnalis myomodulin, buccalin,
Small Cardioactive Peptide (SCP), and FMR Famide-related peptides
were shown to co-localize with'classical’ transmitters in the cell body
of both feeding motoneurons (B2, B3, B7 cells) and inter neurons (N1,
N2, SO, CGC). Although OA-immunoreactive neurons have been
visualized and the existence of OA receptors has also been proved
both in Lymnaea and Helix CNS [46].

Role of Chemo Receptors in Locating Food

The major chemosensory organs of gastropods include the anterior
and posterior tentacles and lips of terrestrial pulmonates [47]. Batts
[48] reported that terrestrial pulmonates are characterized by two
pairs of tentacles on the head region. Pola et al. [49] reported that the
anterior tentacles are small and situated near the lateral margins of
the mouth and the posterior (optic) tentacles are much larger and are
situated more dorsally and posteriorly on the head. Srivastava et al.
[50] updated in his chapter that snails of the Basommatophora have
one pair of tentacles and a single osphradium and the osphradium,
consisting of only a ciliated channel or pit located near the mantle
collar, is not as well developed as in prosobranchs. They also described
that at the blind end of the channel is a specialized sensory epithelium
receiving innervation from a small associated peripheral ganglion.
Lindberg and Ponder [51] reported that a number of different
organs have been implicated as chemoreceptors in the prosobranchs.

They showed that applications of food extracts to the cephalic and
metapodial tentacles, the anterior margin of the foot and the siphon
tip all elicited behavioural responses and the mantle tentacles have
received special attention as chemoreceptors since they appear to
be the primary sensory organs mediating avoidance behaviour of
the limpet Acmaea (Notoacmea) to sea stars. The tips of the mantle
tentacles bear densely packed ciliated sensory cells [52]. Srivastava
et al. [50] also described in his chapter that another organ in Tegulu
for sensing sea star odours. The osphradia in prosobranchs appear to
be involved in chemoreception. While Archaeogastropoda generally
have paired osphradia the Mesogastropoda and the Neogastropoda
generally only have a single osphradium. These structures are often
more developed in prosobranchs than in the pulmonates. The well
developed osphradia in Buccinum or Busycon look superficially
like miniature ctenidia with their bipectinate structures and all
osphradia receive intensive innervation, thus suggesting a sensory
role [53]. Croll [53] also reported that chemosensory organs of the
opisthobranchs are the rhinophores. Gobbeler and Kolb [54] reported
that like the posterior tentacles of the pulmonates, the rhinophores
are situated dorsally on the head region and contain an extensively
innervated specialized epithelium. Kiss [13] reported that a well-
developed olfactory system plays an important role in snails for
locating food, homing or pheromone communication and in predator
risk assessment. For example, it is observed that odor strongly
influences locomotor behavior of Helix pomatia because the snail
steadily crawls toward attractive odorants. Terrestrial gastropods use
their olfactory organ in searching for food and selecting a place to live
[1]. Some terrestrial gastropods can track the odor of food persistently
comparing stimulus intensity by paired sensory receptors on both
sides of the body using their tentacles (tropotaxis) or track airborne
chemical plumes (anemo-taxis) delivered by wind [13]. Nikitin et
al. [55] reported in his research article that in terrestrial snails the
concentration of odor reaching the olfactory organs is important
for displaying adequate experience-dependent feeding behavior.
Although chemoreception is the most important sensory modality
informing gastropods to the presence of food in the environment
[56]. Groendahl et al. [57] reported that gastropod feeding responses
are subjected to modification by experience, including hunger,
habituation, sensitization, satiation, quality of food, intensity of
the feeding chemostimulus, and associative learning. It has been
investigated that the snails use chemical senses as the principle
modality for locating food sources as like other gastropods mollusks
[57]. Ribeiro et al. [58] shows that the Mitogen-Activated Protein
Kinase (MAPK) can be detected in the Lymnaea Central Nervous
System (CNS), and that MAPK activation by phosphorylation is
necessary for food-reward classical conditioning. They also reported
that Phosphorylated MAPK was detected in the nuclei of neurons in
the feeding circuitry located in the buccal ganglia and in neurons and
neuropile located in other parts of the CNS, including the lip nerves.
These lip nerves contain the axons of primary chemosensory [58].

Conclusion

Gastropods especially terrestrial snails and slugs, aquatic snails are
major pests of agricultural/horticultural plants and carrier of most
devastating diseases in cattle/human population. Control of these
pestiferous gastropods is one of most neglected field in pest control
measures. Initial control of these snails was performed by biological/
mechanical methods. Simultaneously, chemical control was also very
effective in control of pestiferous gastropods because gastropods
use chemoreception for feeding and locate distant food sources,

Henry Publishing Groups
OSrivastava AK, et al., 2021

30f 6

Volume: 5 | Issue: 1 | 100013
ISSN: 2565-571X


https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=22510302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Straub%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=11222666
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=11222666
https://pubmed.ncbi.nlm.nih.gov/?term=Santama+N&cauthor_id=7912700
https://www.researchgate.net/scientific-contributions/Katrin-Goebbeler-73029638
https://www.researchgate.net/profile/Annette_Klussmann-Kolb

Citation: Srivastava AK, Singh VK (2021) Feeding Behaviours in Gastropod Molluscs. ] Cell Mol Bio 5: 013.

and to discriminate between potential foods. Amino acids appear as  19. Mooi R, Smith VG, Burke MG, Gosliner TM, Piotrowski CN, et al. (2007)
likely candidates for attractants and phagostimulants for gastropod Animals of San Francisco Bay A Field Guide to the Common Benthic Spe-
feedi . . . . cies. Published by the California Academy of Sciences875 Howard Street,
eeding. Gastropod feeding responses are subjected to modification . -

. 5 ; . . . O San Francisco, California 94103 USA.

by experience, including hunger, habituation, sensitization, satiation,

quality of food, intensity of the feeding chemostimulus, and associative ~ 20. Distela DL, Altamia MA, Linc Z, Shipwaya JR, Hand A, et al. (2017) Dis-

learning. It has been investigated that the snails use chemical senses covery of chemoautotrophic symbiosis in the giant ship worm Kuphus

- . . . polythalamia (Bivalvia: Teredinidae) extends wooden-steps theory. PNAS
as the principle modality for locating food sources as like other E "
arly Edition 1-7.

gastropods mollusks.

21. Jantzen C, Wild C, Zibdah ME, Quiaoit HAR, Haacke C, et al. (2008) Pho-
ererences tosynthetic performance ot giant clams, Iridacna maxima and 1. squamo-

Ref ynthetic perf f giant clams, Trid: i dTsq

sa, Red Sea. Mar Biol 155: 211-221.

1. Singh DK, Singh VK, K P (2012) Pestife t hei
Sing Sing umar & ( .) s 1 erous gastropods and their 22. Villanueva R, Perricone V, Fiorito G (2017) Cephalopods as Predators:
control. LAP Lambert. Academic Publication: 1-152. . s 8 .

A Short Journey among Behavioral Flexibilities, Adaptions, and Feeding

2. Srivastava AK, Singh DK, Singh VK (2014) Influence of abiotic factors on Habits. Front Physiol 8: 598.
anti- reproductive activity of bait containing papain in Lymnaea acumina- . . .
ta. Annu Res Rev Biol 4: 223-237. 23. Ponte G. Modica MV (2017) Salivary Glands in Predatory Mollusks: Evo-

lutionary Considerations. Front Physiol 8: 580.

3. Layton KKS, Rouse GW, Wilson NG (2019) A newly discovered radiation
of endoparasitic gastropods and their coevolution with asteroid hosts in ~ 24. Drakeley M, Lapiedra O, Kolbe JJ (2015) Predation Risk Perception, Food
Antarctica. BMC Evol Biol 19: 180. Density and Conspecific Cues Shape Foraging Decisions in a Tropical Liz-

ard. PLoS One 10: e0138016.

4. Waki T, Shimano S, Asami T (2019) First Record of Riccardoella (Pror-
iccardoella) triodopsis (Acariformes: Trombidiformes: Ereynetidae) from  25. Tobie C, Péron F, Larose C (2015) Assessing Food Preferences in Dogs and
Japan, with Additional Morphological Information. Species Diversity 24: Cats: A Review of the Current Methods. Animals (Basel) 5: 126-137.
11-15.

26. Mand R, Tilgar V, Leivits A (2000) Calcium, snails, and birds: A case study

5. Bouchard A (2018) Snails are more likely to take Risks When they’re Hun- 1: 63-69
gry.TrendingPlants & Animals.

) o ) ) 27. Lah RA, Smith J, Savins D, Dowell A, Bucher D, et al. (2017) Investigation

6. Murphy AD. (2001) The neuronal basis of feeding in t.he snail, Helisoma, of nutritional properties of three species of marine turban snails for human
with comparisons to selected gastropods. Prog Neurobiol 63: 383-408. consumption. Food Sci Nutr 5 14-30.

7. Wentzte)lll f/IM’ Iflubi%.CM,’ M}illler MV\}II’ l\b/lurp};ly AD 1(2009) qumpazatiﬁe 28. Hagele BE, Rahier M (2001) Determinants of seasonal feeding of the gener-
Neluro 10l0gy ol lFee lmg n t ¢ Olpls.t obranc S?; S ug Ap ysia ,an }tl € alist snail Arianta arbustorumat six sites dominated by Senecioneae. Pub-
Pulmonate Snail, Helisoma: Evolutionary Considerations. Brain Behav lished in Oecologia 128: 228-236.

Evol 74: 219-230.

8. Elliott CJH, Susswein AJ (2002) Comparative neuroethology of feeding 29. learl }l:’ Smg{lhDK (2fOO4a). ?ttractlvon to amlr};) acids by lL y;nna:ef aium(i

control in mollusks Journal of Experimental Biology 205: 877-896. inata, the snail host of Fasciola species. J. Brazilian Journal of Medical an
Biological Research 37: 587-590.

9. JuH, Bassett DS (2020) Dynamic representations in networked neural sys- o ) . )
tems. Nat Neurosci 23: 908-917. 30. lear} E, Singh DK (2004b) Be~haV10u.ra1 responses of the snail Lyrpnaea

acuminata to carbohydrates in snail-attractant pellets. Naturwissen-

10. Olivera BM, Corneli PS, Watkins M, Fedosov A (2014) Biodiversity of schaften 91: 378-380.

Cone Snails and Other Venomous MarineGastropods: EvolutionarySuc- ] ) o o )
cess Through Neuropharmacology. Annu Rev Anim Biosci 2: 487-513. 31. Kumar P, Singh VK, Singh DK (2011) Combination of molluscicides with
attractant carbohydrate and amino acid in bait formulation against the

11. Valarmathi V (2017) Food preference and feeding behaviour of the land snail Lymnaea acuminata. European Review for Medical and Pharmaco-
snail Cryptozona bistrialisin Nagapattinam, Tamil Nadu India. Interna- logical Sciences 15: 550-555.
tional Journal of Zoology and Applied Biosciences 2: 90-94.

) ) 32. Srivastava AK, Singh DK, Singh VK (2013) Abiotic factors and anti-repro-

12. Fong JM, Lai S, Yaakub SM, Ow YX, Todd PA (2018) The diet and feeding ductive action of bait containing eugenol against Lymnaea acuminata. Sci-
rates of gastropod grazers in Singapore’s seagrass meadows. Botanica Ma- entific Journal of Biological Sciences 2: 76-85.
rina 61: 181-192.

. . 33. Srivastava AK, Tripathi AP, Srivastava P, Singh DK, Singh VK (2014)

13. Kiss T (2017) .Do terrestrial gastroPods use olfactory cues to locate and Change of Seasonal Variation and Feeding of Bait Containing Piperine on
select food actively? Invert Neurosci 17: 9. Reproduction and Certain Biochemical Changes of Fresh Water Snail Lym-

14. Padilla DK (2003) Form and function of radular teeth of herbivorous mol- naea acuminate FBLS 2: 53-61.
luscs: Focus on the future. American Malacological Bulletin 18: 163-168. 34. Srivastava AK, Singh VK (2015a) Action of Bait Containing Eugenol (Syz-

15. Steneck RS, Watling L (1982) Feeding Capabilities and Limitation of Her- ygium aromaticum) on Biochemical Changes in Fresh Water Snail Lym-
bivorous Molluscs: A Functional Group Approach. Marine Biology 68: naea acuminata. Biochemistry & Molecular Biology 3: 1-6.

299-319.
99-319 35. Srivastava AK, Singh VK (2015 b) Feeding of Snail Attractant Pellets (SAP)

16. Herbert DG, Moussalli A (2010) Revision of the Larger Cannibal Snails Containing Papain on Certain B}ochemical Param'eters in the Gonadal/
(Natalina s. 1.) of Southern Africa-Natalina s. s., Afrorhytida and Capitina Ner Vous.Tls§ue of the Vector Snail (Lymnaea acuminata). Singapore Jour-
(Mollusca: Gastropoda: Rhytididae) African Invertebrates 51: 1-132. nal of Scientific Research 5: 12-19.

17. Shumway SE, Ward JE, Heupe E, Holohan BA, Heupe J et al. (2014) Obser-  36. Tripathi AP, Singh VK, Singh DK (2013) Behavioral Responses of the Snail
vations offeeding in the common Atlantic slipper snail Crepidula fornicate Lymnaea acuminata towards photo and chemo attractants: A new step in
L., with special reference to the “mucus net” Journal of Shellfish Research control program of fasciolosis. International Journal of Zoology 1-6.
33:279-291.

37. Gill EP (2020) Neural correlates of adaptive responses to changing load in

18. Beninger PG (2009) Directions in bivalve feeding. Aquat Biol 6: 175-180. feeding Aplysia.

Henry Publishing Groups 40f6 Volume: 5 | Issue: 1 | 100013

OSrivastava AK, et al., 2021

ISSN: 2565-571X


https://www.amazon.sg/Pestiferous-Gastropods-Their-Control-Dinesh/dp/3659158402
https://www.amazon.sg/Pestiferous-Gastropods-Their-Control-Dinesh/dp/3659158402
https://www.amazon.sg/Pestiferous-Gastropods-Their-Control-Dinesh/dp/3659158402
https://www.researchgate.net/publication/271265036_Influence_of_Abiotic_Factors_on_Anti-reproductive_Activity_of_Bait-containing_Papain_in_Lymnaea_acuminata
https://www.researchgate.net/publication/271265036_Influence_of_Abiotic_Factors_on_Anti-reproductive_Activity_of_Bait-containing_Papain_in_Lymnaea_acuminata
https://www.researchgate.net/publication/271265036_Influence_of_Abiotic_Factors_on_Anti-reproductive_Activity_of_Bait-containing_Papain_in_Lymnaea_acuminata
https://www.researchgate.net/publication/271265036_Influence_of_Abiotic_Factors_on_Anti-reproductive_Activity_of_Bait-containing_Papain_in_Lymnaea_acuminata
https://www.jstage.jst.go.jp/article/specdiv/24/1/24_240103/_article
https://www.jstage.jst.go.jp/article/specdiv/24/1/24_240103/_article
https://www.jstage.jst.go.jp/article/specdiv/24/1/24_240103/_article
https://www.jstage.jst.go.jp/article/specdiv/24/1/24_240103/_article
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://jeb.biologists.org/content/205/7/877
https://jeb.biologists.org/content/205/7/877
https://www.nature.com/articles/s41593-020-0653-3
https://www.nature.com/articles/s41593-020-0653-3
https://www.annualreviews.org/doi/abs/10.1146/annurev-animal-022513-114124
https://www.annualreviews.org/doi/abs/10.1146/annurev-animal-022513-114124
https://www.annualreviews.org/doi/abs/10.1146/annurev-animal-022513-114124
https://www.degruyter.com/document/doi/10.1515/bot-2017-0091/html
https://www.degruyter.com/document/doi/10.1515/bot-2017-0091/html
https://www.degruyter.com/document/doi/10.1515/bot-2017-0091/html
https://bioone.org/journals/african-invertebrates/volume-51/issue-1/afin.051.0101/Revision-of-the-Larger-Cannibal-Snails-Natalina-s-l-of/10.5733/afin.051.0101.full
https://bioone.org/journals/african-invertebrates/volume-51/issue-1/afin.051.0101/Revision-of-the-Larger-Cannibal-Snails-Natalina-s-l-of/10.5733/afin.051.0101.full
https://bioone.org/journals/african-invertebrates/volume-51/issue-1/afin.051.0101/Revision-of-the-Larger-Cannibal-Snails-Natalina-s-l-of/10.5733/afin.051.0101.full
https://www.researchgate.net/publication/238713585_Directions_in_bivalve_feeding
https://www.researchgate.net/publication/263162888_Animals_of_San_Francisco_Bay_a_field_guide_to_its_common_benthic_species
https://www.researchgate.net/publication/263162888_Animals_of_San_Francisco_Bay_a_field_guide_to_its_common_benthic_species
https://www.researchgate.net/publication/263162888_Animals_of_San_Francisco_Bay_a_field_guide_to_its_common_benthic_species
https://www.researchgate.net/publication/263162888_Animals_of_San_Francisco_Bay_a_field_guide_to_its_common_benthic_species
https://link.springer.com/article/10.1007/s00227-008-1019-7
https://link.springer.com/article/10.1007/s00227-008-1019-7
https://link.springer.com/article/10.1007/s00227-008-1019-7
https://www.frontiersin.org/articles/10.3389/fphys.2017.00598/full
https://www.frontiersin.org/articles/10.3389/fphys.2017.00598/full
https://www.frontiersin.org/articles/10.3389/fphys.2017.00598/full
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0138016
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0138016
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0138016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494339/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4494339/
https://www.researchgate.net/publication/253506793_Calcium_snails_and_birds_A_case_study
https://www.researchgate.net/publication/253506793_Calcium_snails_and_birds_A_case_study
https://link.springer.com/article/10.1007/s004420100644
https://link.springer.com/article/10.1007/s004420100644
https://link.springer.com/article/10.1007/s004420100644
https://link.springer.com/article/10.1007/s00114-004-0538-4
https://link.springer.com/article/10.1007/s00114-004-0538-4
https://link.springer.com/article/10.1007/s00114-004-0538-4
https://pubmed.ncbi.nlm.nih.gov/21744751/
https://pubmed.ncbi.nlm.nih.gov/21744751/
https://pubmed.ncbi.nlm.nih.gov/21744751/
https://pubmed.ncbi.nlm.nih.gov/21744751/
https://www.researchgate.net/publication/343264281_Abiotic_factors_and_anti-reproductive_action_of_bait_containing_eugenol_against_Lymnaea_acuminata_A_R_T_I_C_L_E_I_N_F_O
https://www.researchgate.net/publication/343264281_Abiotic_factors_and_anti-reproductive_action_of_bait_containing_eugenol_against_Lymnaea_acuminata_A_R_T_I_C_L_E_I_N_F_O
https://www.researchgate.net/publication/343264281_Abiotic_factors_and_anti-reproductive_action_of_bait_containing_eugenol_against_Lymnaea_acuminata_A_R_T_I_C_L_E_I_N_F_O
https://www.researchgate.net/publication/343523317_Change_of_Seasonal_Variation_and_Feeding_of_Bait_Containing_Piperine_on_Reproduction_and_Certain_Biochemical_Changes_of_Fresh_Water_Snail_Lymnaea_acuminata
https://www.researchgate.net/publication/343523317_Change_of_Seasonal_Variation_and_Feeding_of_Bait_Containing_Piperine_on_Reproduction_and_Certain_Biochemical_Changes_of_Fresh_Water_Snail_Lymnaea_acuminata
https://www.researchgate.net/publication/343523317_Change_of_Seasonal_Variation_and_Feeding_of_Bait_Containing_Piperine_on_Reproduction_and_Certain_Biochemical_Changes_of_Fresh_Water_Snail_Lymnaea_acuminata
https://www.researchgate.net/publication/343523317_Change_of_Seasonal_Variation_and_Feeding_of_Bait_Containing_Piperine_on_Reproduction_and_Certain_Biochemical_Changes_of_Fresh_Water_Snail_Lymnaea_acuminata
https://www.researchgate.net/publication/343523251_Action_of_Bait_Containing_Eugenol_Syzygium_aromaticum_on_Biochemical_Changes_in_Fresh_Water_Snail_Lymnaea_acuminata
https://www.researchgate.net/publication/343523251_Action_of_Bait_Containing_Eugenol_Syzygium_aromaticum_on_Biochemical_Changes_in_Fresh_Water_Snail_Lymnaea_acuminata
https://www.researchgate.net/publication/343523251_Action_of_Bait_Containing_Eugenol_Syzygium_aromaticum_on_Biochemical_Changes_in_Fresh_Water_Snail_Lymnaea_acuminata
https://scialert.net/abstract/?doi=sjsres.2015.12.19
https://scialert.net/abstract/?doi=sjsres.2015.12.19
https://scialert.net/abstract/?doi=sjsres.2015.12.19
https://scialert.net/abstract/?doi=sjsres.2015.12.19
https://www.hindawi.com/journals/ijz/2013/439276/
https://www.hindawi.com/journals/ijz/2013/439276/
https://www.hindawi.com/journals/ijz/2013/439276/
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&p10_accession_num=case1579795905638273
https://etd.ohiolink.edu/apexprod/rws_olink/r/1501/10?clear=10&p10_accession_num=case1579795905638273

Citation: Srivastava AK, Singh VK (2021) Feeding Behaviours in Gastropod Molluscs. ] Cell Mol Bio 5: 013.

38.

39.

40.

Wentzell MM, Rubio CM, Miller MW, Murphy AD (2009) Comparative
Neurobiology of Feeding in the Opisthobranch Sea Slug, Aplysia, and the
Pulmonate Snail, Helisoma: Evolutionary Considerations. Brain Behav
Evol 74: 219-230.

Hartenstein V (2018) Development of the Nervous System of Invertebrates.
The Oxford Handbook of Invertebrate Neurobiology.

Vehovszky A, Elliott CJH, Voronezhskaya EE, Hiripi L, Elekes K (1998)
Octopamine: A New Feeding Modulator in Lymnaea. Philosophical Trans-

49.

50.

. Batts JH (1957) Anatomy and Life Cycle of the Snail Rumina Decollata

(Pulmonata: Achatinidae). The Southwestern Naturalist 2: 74-82.

Pola M, Cervera JL, Gosliner TM (2005) Four new species of Tambja burn,
1962 (Nudibranchia: Polyceridae) from the Indo-pacific. Journal of Mol-
luscan Studies 71: 257-267.

Srivastava AK, Srivastava P, Singh VK (2015) Bioindicator and Chemoat-
tractive behavior of pulmonate snails 7: 118-149.

actions: Biological Sciences 353: 1631-1643. 51. Biological Diversity and Ecology, ENV books series DPH PVT LTD New
Delhi, India.

41. Brown JW, Schaub BM, Klusas BL, Tran AX, Duman AJ et al. (2018) A role
for dopamine in the peripheral sensory processing of a gastropod mollusc. ~ 52- Lindberg DR, Ponder WF (2001) The influence of classification on the
PLoS ONE 13: €0208891. evolutionary interpretation of structure a re-evaluation of the evolution of

the pallial cavity of gastropod molluscs1: 273-299.

42. Benjamin PR (2012) Distributed network organization underlying feeding

behavior in the mollusk Lymnaea. Neural Syst Circuits 2: 4. 53. Ruthensteiner B, Schaefer K (2002) The cephalic sensory organ in veliger
larvae of pulmonates (Gastropoda: Mollusca). Journal of Morphology 251:

43. Crabe R, Aimond E, Gosset P, Scamps F, Raoul C (2020) How Degeneration 93-102.
of Cells Surrounding Motoneurons Contributes to Amyotrophic Lateral
Sclerosis. Cells 9: 25-50. 54. Croll RP (1983) Gastropod chemoreception. Biological Reviews 58: 293-

319.

44. Straub VA, Benjamin PR (2001) Extrinsic Modulation and Motor Pattern
Generation in a Feeding Network: A Cellular Study. J Neurosci 21: 1767-  55- Gobbeler K, Kolb AK (2008) A comparative ultrastructural investigation of
1778. the cephalic sensory organs in Opisthobranchia (Mollusca, Gastropoda).

Tissue and Cell 39: 399-414.

45. Miller N, Saada R, Fishman S, Hurwitz I, Susswein AJ (2011) Neurons o
Controlling Aplysia Feeding Inhibit Themselves by Continuous NO Pro- 6. Nikitin ES, Korshunova TA, Zakharov IS, Balaban PM (2008) Olfactory ex-
duction. PLOS ONE 6: e17779. perience modifies the effect of odour on feeding behaviour in a goal-related

manne. ] Comp Physiol A 194: 19-26.

46. Santama N, Brierley M, Burke JE, Benjamin PR (1994) Neural network
controlling feeding in Lymnaea stagnalis: Immunocytochemical localiza- 57 Groendahl S, Fink P (2017) High dietary quality of non-toxic cyanobacte-
tion of myomodulin, small cardioactive peptide, buccalin, and FMRF am- ria for a benthic grazer and its implications for the control of cyanobacte-
ide-related peptides. ] Comp Neurol 342: 352-365. rial biofilms. BMC 17: 20.

47. Matsuo R, Kobayashi S, Yamagishi M, Ito E (2011) Two pairs of tentacles 58 Ribeiro MJ, Schofield MG, Kemenes I, O’Shea M, Kemenes G, et al. (2005)
and a pair of procerebra: Optimized functions and redundant structures in Activation of MAPK is necessary for long-term memory consolidation fol-
the sensory and central organs involved in olfactory learning of terrestrial lowing food-reward conditioning. Learn Mem 12: 538-545.
pulmonates. Journal of Experimental Biology 214: 879-886.

Henry Publishing Groups 50f 6 Volume: 5 | Issue: 1 | 100013

OSrivastava AK, et al., 2021

ISSN: 2565-571X


https://pubmed.ncbi.nlm.nih.gov/20029185/
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://pubmed.ncbi.nlm.nih.gov/20029185/
https://www.jneurosci.org/content/21/5/1767
https://www.jneurosci.org/content/21/5/1767
https://www.jneurosci.org/content/21/5/1767
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017779
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017779
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017779
https://pubmed.ncbi.nlm.nih.gov/7912700/
https://pubmed.ncbi.nlm.nih.gov/7912700/
https://pubmed.ncbi.nlm.nih.gov/7912700/
https://pubmed.ncbi.nlm.nih.gov/7912700/
https://jeb.biologists.org/content/214/6/879
https://jeb.biologists.org/content/214/6/879
https://jeb.biologists.org/content/214/6/879
https://jeb.biologists.org/content/214/6/879
https://www.researchgate.net/publication/262313784_Four_new_species_of_Tambja_burn_1962_Nudibranchia_Polyceridae_from_the_Indo-Pacific
https://www.researchgate.net/publication/262313784_Four_new_species_of_Tambja_burn_1962_Nudibranchia_Polyceridae_from_the_Indo-Pacific
https://www.researchgate.net/publication/262313784_Four_new_species_of_Tambja_burn_1962_Nudibranchia_Polyceridae_from_the_Indo-Pacific
https://www.sciencedirect.com/science/article/pii/S1439609204700239
https://www.sciencedirect.com/science/article/pii/S1439609204700239
https://www.sciencedirect.com/science/article/pii/S1439609204700239
https://pubmed.ncbi.nlm.nih.gov/11746470/https:/www.researchgate.net/journal/0362-2525_Journal_of_Morphology
https://pubmed.ncbi.nlm.nih.gov/11746470/https:/www.researchgate.net/journal/0362-2525_Journal_of_Morphology
https://pubmed.ncbi.nlm.nih.gov/11746470/https:/www.researchgate.net/journal/0362-2525_Journal_of_Morphology
https://pubmed.ncbi.nlm.nih.gov/17881026/
https://pubmed.ncbi.nlm.nih.gov/17881026/
https://pubmed.ncbi.nlm.nih.gov/17881026/
https://pubmed.ncbi.nlm.nih.gov/18026734/
https://pubmed.ncbi.nlm.nih.gov/18026734/
https://pubmed.ncbi.nlm.nih.gov/18026734/
https://bmcecol.biomedcentral.com/articles/10.1186/s12898-017-0130-3
https://bmcecol.biomedcentral.com/articles/10.1186/s12898-017-0130-3
https://bmcecol.biomedcentral.com/articles/10.1186/s12898-017-0130-3

Henry Journal of Acupuncture & Traditional Medicine

Henry Journal of Anesthesia & Perioperative Management
Henry Journal of Aquaculture and Technical Development
Henry Journal of Cardiology & Cardiovascular Medicine

Henry Journal of Case Reports & Imaging

Henry Journal of Cell & Molecular Biology

Henry Journal of Tissue Biology & Cytology

Henry Journal of Clinical, Experimental and Cosmetic Dermatology
Henry Journal of Diabetes & Metabolic Syndrome

Henry Journal of Emergency Medicine, Trauma & Surgical Care
Henry Journal of Haematology & Hemotherapy

Henry Journal of Immunology & Immunotherapy

Henry Journal of Nanoscience, Nanomedicine & Nanobiology
Henry Journal of Nutrition & Food Science

Henry Journal of Obesity & Body Weight

Henry Journal of Cellular & Molecular Oncology

Henry Journal of Ophthalmology & Optometry

Henry Journal of Perinatology & Pediatrics

Submit Your Manuscript: https://www.henrypublishinggroups.com/submit-manuscript/

Henry Publishing Groups, 41341 Red Birch Dr, Aldie, VA, 20105, USA
Tel: +1 571-275-4480; E-mail: contact@henrypublishinggroups.org

https://www.henrypublishinggroups.com/



contact@henrypublishinggroups.org
https://www.henrypublishinggroups.com/
https://www.henrypublishinggroups.com/submit-manuscript/
http://www.heraldopenaccess.us/journals/Anesthesia-&-Clinical-care/
https://www.henrypublishinggroups.com/henry-journal-of-acupuncture-traditional-medicine/
https://www.henrypublishinggroups.com/henry-journal-of-anesthesia-perioperative-management/
https://www.henrypublishinggroups.com/henry-journal-of-aquaculture-technical-development/
https://www.henrypublishinggroups.com/henry-journal-of-cardiology-cardiovascular-medicine/
https://www.henrypublishinggroups.com/henry-journal-of-case-reports-imaging/
https://www.henrypublishinggroups.com/henry-journal-of-cell-molecular-biology/
https://www.henrypublishinggroups.com/henry-journal-of-tissue-biology-cytology/
https://www.henrypublishinggroups.com/henry-journal-of-clinical-experimental-cosmetic-dermatology/
https://www.henrypublishinggroups.com/henry-journal-of-diabetes-metabolic-syndrome/
https://www.henrypublishinggroups.com/henry-journal-of-emergency-medicine-trauma-surgical-care/
https://www.henrypublishinggroups.com/henry-journal-of-hematology-hemotherapy/
https://www.henrypublishinggroups.com/henry-journal-of-immunology-immunotherapy/
https://www.henrypublishinggroups.com/henry-journal-of-nanoscience-nanomedicine-nanobiology/v
https://www.henrypublishinggroups.com/henry-journal-of-nutrition-food-science/
https://www.henrypublishinggroups.com/henry-journal-of-obesity-body-weight/
https://www.henrypublishinggroups.com/henry-journal-of-cellular-molecular-oncology/
https://www.henrypublishinggroups.com/henry-journal-of-ophthalmology-optometry/
https://www.henrypublishinggroups.com/henry-journal-of-perinatology-pediatrics/

