
How Snails “See” an Invisible Trail
In the 1998 DreamWorks movie “Ants” the ant colony is
threatened by termit invaders.  In a “Patton-like” scene the
ant general stands in front of his troops and gives an inspira-
tional speech as he sends his soldier ants into battle.  Al-
though entertaining, this scene does not ring true to a biolo-
gist. Animal behaviorists have long known that ants do not
communicate through audio or visual cues, but rather
through chemical senses.  Ants who are threatened release a
chemical into the air warning others in the colony of dan-
ger.  This chemical, called an alarm pheromone, is sensed
by soldier ants who rush to defend the colony. How do they
know where to go? They follow “up” the concentration gra-
dient of the pheromone, a path which leads them to the
danger. 

Pheromones are also used in attracting a mate.  These
chemicals, called sex pheromones are released into the air,
usually by the female, and are detected by males of the same
species.  The males follow in the direction from which the
pheromone came leading them to the female.  The sex
pheromone released by the female gypsy moth can be de-
tected by males at very low concentrations (one molecule of
pheromone per 1017 molecules of air), while the sex
pheromone of the female silkworm moth can be detected
from several miles away.

Although pheromones released into the air are distrib-
uted over large areas and travel great distances, for some an-
imals air-borne pheromones aren’t always an ideal means of
communication.  For animals such as snails that spend some
of their time in water, air-dispersed pheromones are useless.
But a snail’s mode of locomotion -- sliding along a slime
that it secretes -- offers a novel opportunity for chemical
communication:  Pheromones left in the mucous trail can
direct other snails to follow.

But imagine that you are a snail and encounter a trail left
by another snail of the same species that you want to follow-
-which way do you turn, left or right?  A concentration gra-
dient of pheromones is the method most often used by ani-
mals to detect trail polarity (the direction in which a trail is
laid down), and it is logical to surmise that snails use this ap-
proach. According to the so-called  “concentration macro-
gradient hypothesis”, as the snail crawls along, a chemical is
deposited by the snail in its mucous trail.  The concentra-
tion of this tracking pheromone is highest closest to the
snail, and dissipates from the trail slowly, with the result that
the pheromone’s concentration is lower the further away
from the snail it is detected. This hypothesis predicts that a
conspecific (of the same species) snail would be able to de-
tect the concentration gradient of the chemical, and to cor-

rectly select the polarity of the trail by heading in the direc-
tion of the higher concentration.  

Researchers attempted to test this hypothesis by experi-
mentally reversing the concentration gradient -- but, unex-
pectedly, the snail followed the original (correct) trail polar-
ity and not the experimentally applied trail polarity!
Researchers also rendered the trail polarity ambiguous ex-
cept for a misleading concentration gradient that they ap-
plied, and the snails exhibited random directional choices
rather than following the manufactured concentration gra-
dient.  These results do not support the concentration
macro-gradient hypothesis of trail polarity in snails.

Paul Hamilton of the University of Central Arkansas has
approached the question of the mechanism used to detect
trail polarity from a different angle.  Instead of studying the
mechanism with experiments that manipulate trail polarity,
he and his students focused on identifying the sensory organ
involved in detecting trail polarity.  Some gastropod snails
use paired lips, anterior lateral folds, or the oral lappets for
detecting mucous trails.  These structures all come into con-
tact with the mucus deposited on the substrate.  The marsh
periwinkle snail, Littoraria irrorata, instead moves the two
cephalic tentacles on the top of its head up and down, alter-
nately, as it moves along the substrate, touching the substra-
tum an average of 16 to 20 times per minute.  The cephalic
tentacles are known to have a tactile function, so they offer a
likely location for sensory receptors involved in detecting
trail polarity.  By amputating the cephalic tentacles, Hamil-
ton was able to examine the role that the tentacles play in
detecting trail polarity. 

Crawling Snail.  As a snail crawl along, it deposit a slime trail that
other snails of its same species can follow.  But how does a snail
detect the trail and know in which direction to follow?
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EXPLORE THE ISSUE BEING INVESTIGATED


