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Stimulus anticipation in following rhythmic acoustical patterns by tapping 1 
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Summary. Subjects followed rhythmic acoustical sequences by finger-tapping. Tapping onset preceded stimulus onset 
by a value close to 30 ms. It is suggested that this temporal difference might correspond to one cycle of a hypothetical 
timing mechanism in the brain which has been observed with other experimental paradigms. 
Key words. Brain timing; rhythmic acoustical stimulation; stimulus anticipation. 

Following rhythmic acoustical patterns by finger-tap- 
ping is characterized by a systematic error in synchro- 
nization; i.e., responses occur in advance of the stimulus 
with an anticipation interval close to 30 ms 2- 6. The neu- 
ral basis of this phenomenon is still unclear. In the light 
of  findings on the significance of temporal quanta and 
neuronal oscillations in brain timing v-13, one possible 
explanation is that motor  responses during repetitive 
tasks are shifted by about one temporal unit, or possibly 
by multiples of such a unit, prior to the onset of the 
stimuli. The aim of the present experiments was to test 
this hypothesis further. 

Material and methods 
An IBM PC-AT computer was used to generate stimulus 
sequences which consisted of repetitive acoustical pat- 
terns composed of four tones, the first (accentuated) last- 
ing 200 ms and the other three lasting 100 ms each, with 
intervals between tone onsets of either 500 ms (sequence- 
condition 1) or 700 ms (sequence-condition 2). Each se- 
quence consisted of 55 consecutive patterns following 
each other without interruption for about 2 - 3  min. The 
subjects listening to the stimuli presented through head- 
phones had to tap a response key with their index fingers 
in synchrony with the stimuli. The pitch of the tones was 
262 Hz. Experiments were performed with 10 subjects. 
Time intervals corresponding to the difference between 
the onset of tones and the onset of key-touching were 
recorded and then analyzed. 
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It was observed that individual anticipatory interval his- 
tograms were often bi- or even multi-modal. One such 
example is given in the figure. As can be seen, there was 
a tendency in this subject to anticipate stimulus occur- 
rence either by an interval close to 30 ms or one close to 
60 ms. This was a regular finding in many subjects. Some 
other subjects showed response peaks close to 0 ms or to 
30 ms. The multimodalities with an intermodal distance 
close to 30 ms, and the average anticipation interval close 
to 30 ms, support the notion that sensorimotor synchro- 
nization is controlled by a discrete temporal mechanism. 
The large variabilities observed (see table) using standard 
statistical techniques (arithmetical mean and standard 
deviation) are due to the fact that the underlying data- 
generating mechanism is apparently of a discontinuous 
nature, creating response preferences within different 
temporal windows. This leads to a spread of response 
values along the time axis. It is worth mentioning that the 
subjects were not aware of  their systematic anticipatory 
error during synchronization. Even those subjects who 
knew about their anticipatory strategy could not prevent 
it voluntarily. 
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Results and discussion 2o 
Anticipation of the onset of stimuli by the tapping re- 
sponse was a regular finding, as was reported previously. 
The average values for the whole group of anticipatory 
intervals with standard deviations, before the consecutive l0 
tones in patterns, are given in the table. The average 
anticipation intervals are all close to 30 ms. The variation 
around the mean values is, however, quite large. The 
question is whether, in spite of the large variability, the 0 
anticipation interval of approximately 30ms corre- -i50 
sponds to the hypothetical time quantum of the same 
duration which has been described by other experimental 
paradigms 7.8. lo, 11 
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Histogram of stimulus anticipation in an experiment on sensorimotor 
synchronization. Abscissa: Anticipation time (negative values) in ms. 
Ordinate: Number of trials. 
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Anticipatory intervals (average values with standard deviation) 
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Tones in pattern Before 1st tone Before 2nd tone Before 3rd tone Before 4th tone 

Sequence-condition 1 
(500 ms intertone interval) - 32.6 (_ 36.7) - 31.8 (• 38.4) - 30.4 (• 35.2) - 32.3 (+ 34.8) 

Sequence-condition 2 
(700 ms intertone interval) - 28.6 (+_ 37.3) - 30.4 (+_ 39.4) - 36.9 (_+ 42.6) - 34.1 (_ 38.4) 

Minus sign means tapping onset precedes stimulus onset. For details see text. 

The  acoust ic  system is capable  of  dif ferent ia t ing m u c h  
shorter  t ime intervals  be tween  tones  t h a n  30 ms 14. It  is 
therefore obvious  that  the an t ic ipa tory  error  in  fol lowing 
rhy thmic  s t imuli  is n o t  caused by  func t iona l  l imi ta t ions  
of  hearing.  Ins tead,  it  is appa ren t ly  related to t empora l  
p r o g r a m m i n g  o f  a highly au tomat ized ,  s tereotypical ly 
repeated sequence of  simple an d  p r o b a b l y  ballist ic move-  
ments .  Because the response is an t ic ipa tory  it is obvious-  
ly no t  related to the s t imulus  p roper  b u t  to the preceding 
s t imulus,  500 or 700 ms earlier. As there is no  difference 
in  an t i c ipa t ion  for the two in ters t imulus  cond i t ions  (see 
table), the discrete t empora l  advance  by approx imate ly  
30 ms is embedded  in a higher  order  t empora l  cont ro l  
mechanism.  Thus ,  n o t  on ly  t empora l  cont ro l  in  the per- 
ceptual  doma in ,  bu t  also in  the sensor imotor  d o m a i n  
appears  to be organized  in a hierarchical  way  15. 
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Gustatory  sensitivity o f  an anuran to cantharidin 1 
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Summary. Glossopharyngea l  nerve s t imula t ion  of  the bul lfrog,  Rana eatesbiana, revealed responsiveness  to low levels 
o f  can tha r id in  (1.3 x 10-6  M), p rov id ing  a first d e m o n s t r a t i o n  of  neura l  gus ta tory  sensit ivity of  a n  an ima l  to this 
defensive chemical  f rom blister  beetles (Meloidae).  
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Can tha r id in ,  the active pr inciple  of  'Span i sh  F ly ' ,  is one 
of  the o ldes t -known poisons  of  insect  or igin  2. Present  as 
a defensive agent  in  the b lood  of  blister beetles (family 
Meloidae)  at concen t ra t ions  in the order  of  10 -1  to 
10-3  M, it  is a s t rong  feeding deter rent  to ants  a n d  cara- 
b id  beetles a, a n d  toxic to m a n y  vertebrates  4. N o n e t h e -  
less, several inver tebra tes  3, 5, as well as ver tebrates  such 
as Japanese  quai l  6, a rmadi l los  7, an d  a n u m b e r  of  A m -  
ph ib ia  s, 9, are able  to eat  blister beetles wi th  appa ren t  
impuni ty .  We here present  evidence tha t  in  one k n o w n  

p reda to r  o f  bl ister  beetles, the bul l f rog Rana catesbiana 9 
the abi l i ty  to consume  these insects is no t  a t t r ibu tab le  to 
an  inabi l i ty  to taste can thar id in .  We have shown this frog 
to have a h igh neura l  gus ta tory  sensit ivity to this com- 
p o u n d ,  a capaci ty  n o t  previous ly  demons t r a t ed  for an  
animal .  
The  exper iments  were carried ou t  on  5 wi ld-caught  bul l-  
frogs (I thaca,  New York;  body  mass 48 -t- 14g).  Each  
was anesthet ized (10% aqueous  ure thane ,  in t raper i -  
toneal ,  20 mg/kg  b.wt), placed vent ra l  s ide-up with the 


