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the Duffy group system. These aro reported in the 
previous communication. 
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PSYCHOLOGY 

Learning in the Polychaete Nereis 
THE rapid withdrawal reflex of the polychaetes Nereis 

diversicolor, N. pel,agica and Platynereis dumerilii habi
tuates rapidly to sudden stimuli, such as changes in 
illumination or mechanical stimuli, but if a foreign sti
mulus is interpolated in a series of stimulus presentations 
it is usually followed by greater reactivity to the original 
stimulus. Responses can sometimes be induced to sudden 
decreases in light intensity in completely habituated 
worms by the interpolation of a single tactile stimulus. 
This process of reflex sensitization has already been 
described in the polychaete M ercierella enigmatica•. 

Most species of N ereis are tubiculous or burrowing 
animals which come to the ends of their tubes or burrows 
in order to feed. When feeding they are highly susceptible 
to attack from a wide variety of predators including fishes, 
seabirds and crustaceans. Habituation of the rapid with
drawal reflex is usually interpreted as allowing for a com
promise between the conflicting needs of the animal: to 
respond to stimuli caused by predators but not to respond 
to repeated innocuous stimulation such as shadows caused 
by passing clouds and seaweed floating in the water•. 
Sensitization may be of biological importance because it 
enables habituated N ereis to react to a previously inno
cuous stimulus if there is a sudden change in the back
ground stimulation. 

Recently it has been shown that either sensitization or 
similar processes due to repeated stimulation by an uncon
ditioned stimulus (US) can be important in other learning 
situations. In procedures designed to demonstrate clas
sical conditioning and avoidance learning in Nereis the 
effects of the US have been responsible for modifications 
in behaviour which might otherwise have been interpreted 
as associative learning. 

Attempts to condition the rapid withdrawal reflex in 
N. diversicolor have been made by pairing a sudden change 
in illumination (CS), to which Nereis habituates, with an 
electric shock (US), which invariably elicits withdrawal. 
Controls subjected to the CS alone habituate to it whereas 
worms subjected to a series of US-CS pairings become 
more reactive to the CS. However a similar effect can be 
produced by presenting the US between trials so that it is 
uot paired with the CS (Fig. 1). Furthermore, controls 
habituating to CS presentations become more reactive if 
one or more groups of ten consecutive electric shocks are 
given between trials. Sensitization of the withdrawal 
reflex by repeated effects of the electric shocks is clearly 
a more tenable interpretation of these data than one of 
classical conditioning. 

The repeated effects of US stimulation have also been 
shown to have an important effect in a learning situation 
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Fig. 1. Percentage of worms N. dfoer8iCQ/or reacting to sudden decreases 
in light intensity (CS) dnr!ng the following training procedures in which 
an electric shock has been used as a US: CS-US pairing (continuous line, 
open circles); US between CS presentations ( continuous line, filled circles); 
CS presented alone (broken line). Standard errors are indicated by the 

vertical line• 

previously described by the aut.hor• in which individual 
N. diversicolor, N. virens and P. cuUrifera could learn to 
avoid an electric shock at the end of a 'Perspex' channel. 
Worms introduced into the channel crawl rapidly to the 
end and continue to do so indefinitely as long as they are 
not punished in any way. However, the behaviour of 
worms given slight electric shocks, whenever they reach 
the end of the channel, becomes modified with training so 
that they either reverse in the channel before reaching the 
electrodes or refuse to crawl along it. It has now been 
shown that electric shocks given outside the apparatus are 
as effective in inducing this modified behaviour as shocks 
received at the exit of the channel, and that shocks given 
to worms with no experience in the channel have the same 
effect on subsequent performance as shocks given in the 
apparatus. Strong tactile stimulation as a punishment has 
been shown to have a similar effect. Although an explana
tion of fatigue can be excluded because trained worms 
crawl actively outside the apparatus and refusal itself 
often involves an active reversal by the worm, there is no 
doubt that the acquired behaviour canno~ satisfactorily 
be regarded as associative learning. It is more likely to be 
the result of a process similar to sensitization of the 
reversal response, which is part of the worm's normal 
tubiculous behaviour', and a mechanism which inhibits 
forward movement in a confined space, such as a channel 
or burrow, when the worm is harmfully stimulated. 

The importance of sensitization and processes producing 
similar effects has yet to be evaluated. The effects of 
these processes can be regarded as learning in the sense 
that they are modifications of the animal's behaviour as a 
result of experience but clearly cannot be regarded as 
manifestations of associative learning. Although similar 
processes have not been demonstrated in Nature, the 
possibility of widespread sensitization and non-associative 
learning mechanisms in the lower invertebrates cannot be 
excluded. Indeed, it has already been suggested• that the 
conditioning claimed in flatworms 8 may be due to the 
sensitization effects of electric shocks. A study of these 
processes may be valuable because they may have been 
important in the evolution of the more refined learning 
mechanisms of vertebrates and higher invertebrates. 
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