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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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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).  

Key words. C a n t h a r i d i n ;  taste;  g lossopharyngea l  nerve;  A m p h i b i a ;  Meloidae.  

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 
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Whole glossopharyngeal nerve activity (Rana catesbiana) dm'ing the 
100 ms preceding and 1500 ms following stimulus onset. Vertical line at 
0 ms denotes stimulus onset. A-C; median response to cantharidin (fine 
line), and to the paired Ringers control (heavy line). D; non-stimulus 
condition. The three cantharidin concentrations tested (can -5, can -6, 
can -7) correspond respectively to 1.3x10 -5, 1.3x 10 -6, and 
1.3 x 1 0  - 7  M cantharidin in Ringers solution. 

tongue pinned outstretched to a holder, and surgically 
prepared by standard procedure for exposure of the lin- 
gual branch of the glossopharyngeal nerve 1 o- 12. Stimu- 
lation (room temp. 23 _+ 2 ~ was with Ringers solu- 
tion i3, and with cantharidin (Sigma Chemicals, St. 
Louis, MO) in Ringers at three concentrations: 
1.3 x 10 -5, 1.3 x 10 - 6 ,  and 1.3 x 10 - 7  M (henceforth 
given as can -5, can -6, and can-7). 
Stimulus presentation was through two automated repet- 
itive micropipets 10, one for delivery of eantharidin solu- 
tions, the other for delivery of Ringers. Pipet tips were 
kept positioned for the duration of experimentation with 
each frog, at 0.6 mm above the frog tongue, and 0.4 mm 
from one another. Each stimulus (10 _+ 0.003 gl) flowed 
for 70 _+ 7 ms at 150 _+ 10 gl/s and was allowed to remain 
on the tongue for 10 s. Prior to administration of a stim- 
ulus, the tongue was always flooded with 10 ml Ringers 
and left thus wetted for 2 min. As determined through 
preliminary testing, this sufficed to induce neural adapta- 
tion to Ringers. Cantharidin presentations were each fol- 
lowed by a control stimulation with Ringers, and were 
repeated 10 times per frog for each concentration. The 10 
presentations per concentration were administered in 
two groups of five, in randomized sequence with the 
groupings for the other concentrations. 
Recordings from the glossopharyngeal nerve were in ac- 
cord with the convention 11, ~ .  Amplified neural activity 
was processed with a digitally controlled summat0r, 
which integrated the input over time 14-16. Integration 
intervals (10 ms) were digitized at 500 Hz for 1600 ms. 
The results, summed for the five frogs (fig.), clearly show 
a concentration-dependent glossopharyngeal sensitivity 
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to cantharidin. While with can-  5 and can-  6 the response 
relative to Ringers and the non-stimulus control was 
significantly positive (p < 0.001; Friedman's non-para- 
metric analysis of variance), with can-  7 it was not. The 
bullfrog is evidently gustatorily sensitive to cantharidin 
at concentrations 3 or more orders of magnitude below 
those prevailing in blister beetle blood. Responses to the 
highest concentration tested (can-5) were at a par with 
those we recorded for 10 -3 M CaC1 z 10, a solution typi- 
cally used as a frame of reference in frog gustatory stud- 
ies 17. It is clear that R. catesbiana must be able to taste 
blister beetles when it flips these into its mouth with the 
tongue. Blister beetles externalize their cantharidin by 
'reflex bleeding' when disturbed 3. Even the slightest 
emission of blood on their part should be tasteable to a 
bullfrog. 
One wonders why an animal that is seemingly tolerant of 
a poison should have the gustatory capacity to detect it. 
Might cantharidin be of long-term toxicity to amphibi- 
ans, and the bullfrog eventually, on the basis of  experi- 
ence with blister beetles, able to develop a gustatory aver- 
sion to the compound? Or is the sensitivity to cantharidin 
in no way an adaptive concomitant of co-evolution with 
blister beetles? Might the receptors responsible for can- 
tharidin sensitivity in the bullfrog be attuned to other 
molecules as well, molecules more fundamental to the life 
of this animal? 
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