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Abstract .  In "inactive" stick insects ramp-wise stretch- 
ing of the femoral chordotona l  organ excites the slow 
extensor tibiae motoneuron .  In "active" animals  the 
same st imulus decreases the firing rate of this moto-  
neuron.  The . t ime-course of increased and decreased 
firing rate is different. The same difference in re- 
activity of this m o t o n e u r o n  can be seen with t r iangular  
s t imulat ion.  

neu rona l  level recordings of the activity of the nerve 
supplying the extensor tibiae muscle were made. This 
muscle is innervated  by three motoneurons .  One of 

t h e m ,  the slow extensor tibiae neuron  (ET 1), is easily 
recognized by its spontaneous  activity in resting 
animals  (Godden,  1972). Therefore the firing rate of 
this n e u r o n  was examined as a funct ion of movement  
of the chordotona l  apodeme in "active" and "in- 
active" animals.  

Introduction 

In  electrophysiological  l i terature dealing with the 
control  of movemen t  in ar thropods  there seems to be 
general agreement  that  reflexes are always working 
quali tat ively in the same way. Only  the gain of the 
reflex loop appears to change. As an example Burrows 
and  Horr idge  (1974) report  that  the reflexes they 
studied in locusts "are stable, not  easily blocked or 
changed in gain, and  persist through other move- 
ments".  In  behavioura l  studies on stick insects I have 
found that  the react ion to a part icular  st imulus de- 
pends on the behavioura l  state of the animal  (B~issler, 
1973, 1974, in preparation).  The different kinds of re- 
actions in these different in ternal  states of the animal  
could be due to act ivat ion of different motoneurons .  
To test th is -hypothes is  the reversal of a relatively 
simple reflex should be examined in neurona l  terms. 

An example of such a simple reflex is the reaction 
to stretching of the femoral chordotona l  organ in re- 
strained stick insects. In  "inactive" animals  (animals 
which only move the st imulated leg) this st imulus 
causes an extension of the femur-t ibia- joint  of the 
s t imulated leg. In "inactive" animals  (animals which 
move also other legs) stretching the femoral chordo- 
tonal  organ causes a flexion of the jo in t  (B~issler, 
1973, 1974). In  order to examine this reversal at the 
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M e t h o d  

It is very difficult to make intact restrained animals "active" for 
long periods under daylight conditions. Therefore most of the ex- 
periments were performed with decerebrated animals. These are 
active for some time after a disturbance. The only disadvantage is 
that the gain of the "inactive" reaction is lower than in intact 
animals. The stick insects were decerebrated as described in 1973. 

The animals were fixed ventral side down on a cork-plate, the 
femur-tibia-joint of the tested leg outside the edge of the plate. 
The animal was fixed in a way that at least two tibias of non-tested 
legs were free to move. Round the inner two thirds of the femur of the 
tested leg there was a small basin filled with stick-insect-saline. The 
femur was opened from the dorsal side. The extensor tibiae muscle 
was removed. Then the receptor-apodeme of the femoral chordo- 
tonal organ and the nerve supplying the extensor-muscle are free. 
This nerve is a mixed nerve, its sensory part coming from tactile 
hairs and from sense organs near the femur-tibia-joint and the end 
of the apodemes of extensor and flexor muscles. To maintain the 
afferences from these sense organs the impulses were recorded en 

passant by a 50 gm silver-wire hook surrounded by petroleum jelly. 
The impulses were amplified by a Grass P 15 amplifier and recorded 
on tape (together with the stimulus). 

The receptor-apodeme of the femoral chordotonal organ was 
held by a clamp. Before the receptor-apodeme was clamped the 
angle between femur and tibia was 90 ~ . So in the experiments the 
mean position of the receptor-apodeme corresponds to a 90 ~ 
position of the joint. After fixing it, the receptor-apodeme was cut 
between clamp and tibia. Movement of this clamp was produced by 
a pen-motor. The amplitude of all stimuli was 300 I.tm. 

From behavioural experiments it is known that the best way 
to obtain a definite "active" reaction is to use a rampwise stimula- 
tion of the chordotonal organ. Therefore the form of the most fre- 
quently used stimulus was a ramp with a time of rise of 100 ms. 
The interval between two ramps was between 0.5 and 5 s. In some 
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experiments steps and triangular stimuli were applied to the re- 
ceptor-apodeme. 

I have defined (B~issler, 1973) the "active" state as that state in 
which tibiae other than that of the tested leg move. 

Results 

Figure 1 shows typical recordings from "active" 
animals. One can see three motoneurons active with 
different spike-amplitudes. The neuron with middle 
spike-amplitude is spontaneously active in "inactive", 
non-stimulated animals. It is therefore the slow ex- 
tensor tibiae motoneuron described by Godden (1972). 
The large unit appears to be another excitatory unit 
while the small unit may be an inhibitory neuron. The 
sensory units running in the same nerve have much 
smaller spikes which are not to be seen in the figures. 
They will be described in another article. 

In the following presentation I have only payed 
attention to the slow extensor tibiae neuron. There- 
fore in the other figures only the activity of this neuron 
is shown. This neuron has normally an impulse rate of 
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Fig. 1. Two records from the nerve supplying the extensor tibiae 
muscle during ramp-wise stimulation of the femoral chordotonal  
organ. Decerebrated "active" animals. Upper  trace: Record from 
the nerve. The middle-sized spikes belong to the slow extensor 
tibiae motoneuron.  Second trace: Stimulus. Upward means stretch- 
ing the chordotonal  organ. Third trace: Time (100 ms) 
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Fig. 2. Activity of the slow extensor tibiae motoneuron during 
ramp-wise s(imulation of the femoral chordotonal  organ. Upper  
trace: Stimulus, Upward means stretching the chordotonal organ, 
Second trace: Activity of the neuron in an "inactive" animal. Each 
vertical line corresponds to a spike. Third-sixth trace: "active" 
animals, otherwise like second trace. 3 rd, 4 th, 6 th trace: decerebrated 
animals, 5 th trace: intact animal. Last trace: Time (100 ms) 

about 5/s to 10/s. When the animal becomes "active" 
the impulse rate increases very much. In "active" 
movements the impulse rate can change very quickly. 

Figures 1 and 2 show some typical records from 
decerebrated animals with ramp-stimulation. They show 
that stretching the femoral chordotonal organ in 
"inactive" animals excites the neuron but in "active" 
animals the firing is stopped. That means, the same 
stimulus can give reverse reactions dependent on the 
state of activity of the animal. 

One can see that the time between the beginning 
of the outward movement of the receptor-apodeme 
and the beginning of an increase in firing rate in "in- 
active" or reduction of firing rate in "active" animals 
is nearly equal. Evaluation of more than one hundred 
reactions in each state show that this time in "inactive" 
animals is between 10 and 45 ms, in "active" animals 
between 10 and 100 ms. 

The increase in firing rate in "inactive" animals 
lasts a very long time. This was to be expected from 
behavioural experiments. However, the reduction of 
firing rate in "active" animals only lasts for a very 
short time. In 158 "active" reactions of four decere- 
brated animals the time during which no spike oc- 
cured was between 30 and 210ms (mean value 
110 ms). 

In some animals the tibia was free to move. In 
other ones it was fixed in about a 90~ No 
difference between these two groups of animals could 
be seen. 

Releasing the chordotonal organ (inward move- 
ment of the receptor-apodeme) in "inactive" animals 
reduces the firing rate of the slow extensor tibiae 
motoneuron. In "active" animals no response to this 
kind of stimulus could be seen. This agrees with re- 
sults of behavioural experiments where only stretch- 
ing the chordotonal organ had an influence on leg- 
movement in "active" animals. At the end of a period 
of activity the animal not being totally inactive, 
sometimes stretching and releasing the chordotonal 
organ reduces the impulse rate of the neuron (Fig. 2, 
6 th trace). The reaction on stretching seems to be an 
"active" one, the reaction on releasing seems to be an 
"inactive" one. Similar results have been obtained in 
behavioural experiments (Biissler, 1974). 

Some experiments were performed with intact 
animals. The results were more or less the same as in 
decerebrated animals (Fig. 2, 5 th trace). 

Step-wise stretching the femoral chordotonal organ in 
"inactive" animals excites the slow extensor tibiae 
motoneuron with latencies of about 10 ms (Fig. 3). 
Very rarely, in "active" animals a reduction of firing 
rate is seen. An example is given in Figure 3. The 
latencies of these "active" responses are large. They 
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Fig. 3. Activity of the slow extensor tibiae motoneuron during 
step-wise stimulation of the femoral chordotonal organ. Decere- 
brated animals. Signature and time as in Figure 2. First trace: 
Stimulus. Second trace: "inactive" animal. Third trace: "active" 
animal 
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Fig. 4. Activity of the slow extensor tibiae motoneuron during 
triangular stimulation of the femoral chordotonal organ. Decere- 
brated animals. First trace: Stimulus. Second trace: "inactive" 
animal. Third trace: "active" animal 

are for 40 definite "act ive" responses  of  four de- 
cerebra ted  an imals  between 100 and 300 ms. The t ime 
dur ing which no spike occured is within the same 
range as tha t  fol lowing ramp-wise  s t imulat ion.  

Triangular  s t i m u l a t i o n  in "inact ive" animals  causes an 
exci ta t ion  of  the neuron  dur ing  s tretching the chordo-  
tona l  organ.  In "act ive" animals  dur ing  the same 
s t imulus  a decrease  in firing rate  is observed (Fig. 4). 
The du ra t i on  of  this phase  is much longer  with this 
k ind  of s t imula t ion .  Thus with this k ind  of  s t imula-  
t ion the slow extensor  t ib iae  m o t o n e u r o n  is active in 
" inact ive"  an imals  dur ing  s t re tching the cho rdo tona t  
o rgan  and in "act ive" an imals  dur ing  releasing the 
c h o r d o t o n a l  o rgan :  The reac t ion  is reversed. 
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Discussion 

The exper iments  show that  the effect of  s t re tching the 
femoral  c h o r d o t o n a l  organ  on the slow extensor  t ibiae  
m o t o n e u r o n  depends  upon  the state of act ivi ty of the 
animal .  The changes are not  merely  a l te ra t ions  in the 
la tency or s t rength  of  the reac t ion  but  involve a com- 
plete reversal  of  the sign of  the reflex. Thus  a re- 
sistance reflex in the " inact ive" an imal  becomes  an 
assis tance reflex in the "active" animal .  As the t ime 
course of increased firing rate  in " inact ive" and of de- 
creased firing rate in "active" animals  is different, one 
must  a r g u e  that  the in fo rmat ion  for increas ing and 
decreas ing the firing ra te  flows over different channels.  
It is not  clear whether  these different channels  a re  
formed only by different in te rneurons  or  also by  
different units of  the c h o r d o t o n a l  organ.  

The  decrease in firing rate  in "act ive" an imals  is 
unl ikely  to be a centra l  p r o g r a m m e  only t r iggered by 
s t re tching the c h o r d o t o n a l  organ.  Otherwise  it must  
be more  s te reo type  in length. 
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