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Habituation
Unconditional reflexes 
become weaker by 
stimulus-specific  
adaptation.

Dishabituation
Complete activation of 
a behavioural reaction, 
which had previously 
been reduced by habi-
tuation.

Reflexes represent a direct connection 
between stimulus and reaction. They are 
genetically determined and mainly occur in 
the same way. This is guaranteed by a reflex 
arc, which, in the simplest case, is made up 
of two nerve cells (see p. 24). They mediate 
between stimulus uptake and the reaction of 
a muscle or a gland.

The regulation of reflexes on a cellular basis 
can be readily examined by using the 
primitive nervous system of the sea slug 
Aplysia. If one strokes the back of the slug, 
it reacts by retracting its gills. This with-
drawal reflex involves sensory cells in 
addition to sensory and motor neurons 
(fig. 2). 

By using a light source and a photo cell that 
is illuminated more intensely when the gills 
are withdrawn, the strength of contraction 
can be measured (fig. 1). The results show 
that the strength of the reaction decreases 
continuously after repeatedly stimulating 
the back. This effect is called habituation. If 
the slug is then touched in another place, it 
reacts once again with the original strength 
(dishabituation). Thus, fatiguing of the 
organs responsible for the reaction can be 
excluded as a reason for habituation. 

Extremely fine electrodes allow the excitati-
on of the involved neurons to be recorded. 
This has shown that, whenever the strength 
of the stimulus remains the same, the motor 
neurons (adaptation phase) become less 
excitable after repeated stimulation, even 

though the stimulation forwarded by the 
sensory cells does not decrease (fig. 2). 
Neurophysiological investigations have 
provided evidence that the change of 
reaction strength of a reflex is made 
possible by additional nerve cells (interneu-
rons). These are connected in parallel to the 
reflex arc and have an inhibiting or stimula-
ting effect on the reflex centre. During 
habituation of the gill-withdrawal reflex, the 
impulses between the sensory neuron and 
motor neuron decrease, as do the impulses 
between the interneuron and motor neuron.

Tasks

 Explain the measurement results of the 
repeated stimulation of Aplysia 
(fig. 78. 1).

 Compare figure 1 with the figure of the 
reflex arc (fig. 25. 1).

 If you move your head, the surroundings 
are still seen as fixed. If the eye ball is 
moved by pressing it lightly with a finger, 
the surroundings seem to move. 
Compare both actions and explain the 
differences.

 If you walk around a market with a 
shopping basket, every weight change is 
automatically balanced. Explain.

More precise muscle coordination is 
needed for other genetically determined 
behavioural patterns that are more complex 
than reflexes and whose occurrence and 
intensity can additionally be influenced by 
the internal conditions of the animal. Stick 
insects react to weak blowing by slow 
swinging movements thereby resembling a 
branch in the wind. Stronger stimuli such as 
strong shaking lead to a form of stiffness 
(catalepsy). They can remain in this stiff 
position for up to 15 min. If a person 
carefully lifts one of its legs, the leg is moved 
extremely slowly to its original position as if 
in slow-motion. 

Both behavioural patterns have the function 
of not disturbing the camouflage of the 
animal. Because of their branch-like body 
shape, posture and colouring, stick insects 
are extremely well adapted to their environ-
ment and any fast movements would reveal 
their presence to predators. 

The animal reacts with the slow resetting 
reflex only if the external stimuli have 
signalled, to a higher nerve centre, that a 
possible danger exists. Through the 
connection via specific interneurons, the sti-
mulating and inhibiting signals from the 
insect brain are transferred to the motor 
neurons of the leg muscles (fig. 1). The fast 
reaction of the flexor is inhibited. In any 
stage, blowing or careful touching can lower 
the readiness to fall into the stiff state. The 
animal immediately moves normally once 
again.

Reflexes can be influenced

Stick insects only have about a few thousand nerve cells in total. Despite 
this, they are able to coordinate their 6 legs and 18 joints while walking 
and in any other body position when hanging on a branch. In the simplest 

case, they walk like all other insects: 
three legs are in the air and swing to the front, 
while the others are stable on the ground, 
support the body and push it frontwards. Each 
step cycle requires the control of several 
antagonistic muscles that are controlled by 
extensor and flexor neurons. 

In the standing animal, the body posture 
remains the same because of the resistance 
reflex, even if a leg is lightly touched. Sensory 
cells located in the leg segments are stimula-
ted by stretching. The motor neurons of the 
extensor fire and thus counteract a flexion. 

Stick insect 1 Neuronal connections in the stick insect 1 Gill-withdrawal reflex in Aplysia 

2 Impulses on sensory cells and motor neurons

Walking with six legs
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