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Summary. In breeding assemblages of Pseudacris streckcri the mating call of 
one individual often occurs immediately after that of another. Calling by one male 
then becomes entrained to that of another even though their intrinsic call periods 
are different. The mechanism underlying entrainment was analysed by presenting 
acoustic stimuli to isolated males in the laboratory. 

2. When trains of acoustic stimuli at various rates were presented, males could 
entrain to stimuli with periods up to 60 msec (18%) shorter and 50 msec (15%) 
longer than their intrinsic call periods (Fig. 3). This range of periods corresponds 
to that found in natural populations (Table 1). 

3. Each call-period consisted of three phases: (1) refractory phase--between 
beginning of period and up to 80 msec before next call; (2) excitatory phase-- 
between end of refractory phase and beginning of call activation phase; (3) call 
activation phase~as t  5-30 msec of call period. An acoustic stimulus presented 
during the excitatory phase normally evoked a call 30 msec after the end of the 
stimulus, thus shortening the period by up to 50 msec. Stimuli occurring during 
the refractory or call activation phases did not evoke calls. 

4. Since call periods can be lengthened by up to 50 msec, there must be a 
lengthened refractory or excitatory phase in the cycle following an acoustic 
stimulus; this is supported by the fact that the first free-run period following an 
evoked call is longer than the average call period (Fig. 6). Lengthening probably 
occurs in the excitatory phase. 

5. The call activation phase probably represents neural transmission time 
between sound arriving at the ear and the resulting evoked call. 

6. The acoustic system of P. streckeri is discussed in terms of a central pacemaker 
with initiates each call and whose activity is modified in a predictable fashion 
by appropriate auditory input. 

I n t r o d u c t i o n  

In  m a n y  species of animals, rapidly  repeated,  rhythmic ,  communi-  

eatory signals are emi t t ed  over long periods of t ime. The regular i ty  wi th  

vzhieh these signals occur has led to the  idea tha t  a central  neural  pace- 
maker  drives the  motor  system producing the signal. Acoustic  signalling 

* Present address: Museum of Zoology, The University of Michigan, Ann Arbor, 
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in insects  (Jones,  1966; Shaw, 1968; Hei l igenberg,  1969; Walker ,  1969) 
and  amph ib ians  (L i t t l e john  and  Mart in ,  1969; Lemon,  1971), and  phot ie  
s ignall ing in insects  (Hanson et al., 1971) have  been  s tud ied  wi th  th is  idea  
in  mind.  I n  all of these  cases, p roper t i e s  of the  hypo thes ized  pacemaker  
were de t e rmined  b y  modi fy ing  the  normal  signall ing r h y t h m  wi th  appro-  
p r i a t e  sensory  st imuli .  

I nd iv idua l s  of m a n y  insect  species a l t e rna te  or synchronize  signall ing 
ac t iv i ty .  However ,  in te rac t ions  be tween  frogs usua l ly  involve  a sequent ia l  
phenomenon  where  one ind iv idua l  signals i m m e d i a t e l y  af ter  ano the r  and  
t hen  a r e l a t ive ly  long in t e rva l  occurs before the  f irst  an imal  signals aga in  
(see Loftus-Hil ls ,  1971). This  l a t t e r  t y p e  of in te rac t ion  has  been  descr ibed  
for a n u m b e r  of ann ran  species (Schmidt ,  1964; Capranica,  1965; Loftus-  
Hil ls ,  1971 ; Lemon,  1971) and  occurs in  Pseudacris streclceri, the  subjec t  
of th is  paper .  I t  has  been  sugges ted  t h a t  the  adap t ive  significance of th i s  
phenomenon  m a y  be t h a t  i t  minimizes  the  acoust ic  in ter ference  t h a t  
would resul t  f rom cal l -over lap (Loftus-Hil ls ,  1971). 

I n  t he  p resen t  s tudy ,  a v a r i e t y  of acoust ic  s t imul i  were p resen ted  to  
males  of P. streclceri while t h e y  were emi t t i ng  ma t ing  calls in  a confined 
s i tua t ion  in  the  l abora to ry .  The  responses  of these  males  to  sounds  re- 
sembl ing  m a t i n g  calls a p p e a r e d  s imilar  to  the  acoust ic  in te rac t ions  which 
have  been observed  in n a t u r a l  b reed ing  assemblages.  A t t e m p t s  were m a d e  
to  de t e rmine  the  range  of call r a t e s  in  a na tu ra l  popula t ion ,  t he  range  of 
s t imulus  ra tes  to  which a male  can be en t r a ined  1, and  the  mechanism 
of en t ra inment .  I t  was hoped  t h a t  such in fo rmat ion  would p rov ide  the  
f r amework  for a mode l  of the  pos tu l a t ed  pacemaker  sys tem in P. streclceri. 

Materials  and Methods 

Field Recording and Analysis o] Mating Calls 
Mating calls of males of Pseudacris strec]ceri were recorded at a locality about 

12.8 km NW of Bastrop, Texas with a Uher 4000 Report S tape recorder and 
Uher M514 dynamic or Sony C-22 condenser microphone. All animals were calling 
from water. Water temperature was taken at each calling site. The recordings 
were analysed with a sound spectrograph (Kay 6061-A Sona-Graph) and storage 
oscilloscope. 

Experimental Studies 
)/[ales of P. strec]ceri were collected from breeding assemblages 12.8 km N.W. 

of Bastrop or about 5 km W. of Austin, Texas. In order to maintain spontaneous 
calling in the laboratory it was found necessary to inject each animal intra- 
peritoneally with human chorionic gonadotrophin (•.B. Co.) a few days before it 
was used in an experiment. Total dosage per animal varied from 200-1000 I.U. 

Males were individually housed in small, cylindrical terraria each 12.7 cm in 
diameter and 17.8 cm high. A smaller container (diameter about 8 cm and height 

1 Throughout this paper entrainment is used to describe a one to one association 
between stimulus and response. 
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about 7 cm) inside each terrarium was filled with water. The frogs usually called 
from the water. 

Most experiments were performed when the frog had begun to call spontaneously. 
The terrarium, with frog inside, was placed in the center of an anechoic enclosure 
(114: • 69 • 52 cm) and about 40 cm from a loudspeaker (Nagra D.H. audio- 
amplifier). Microphones (Uher M514 dynamic) were placed next to the terrarium 
and loudspeaker respectively and fed into a stereo tape recorder (Uher 4400 Report). 
Only one animal was tested at any one time. 

Acoustic stimuli were formed by modulating the amplitude of a pure tone with 
a light-sensitive resistor and light-emitting diode driven in combination by an 
electrical stimulator (Grass S-5). Frequency, and rise and decay times of the 
resulting tone bursts were fixed at values similar to natural calls (see Results): 
2125 Hz and 5 msec respectively. These acoustic stimuli were then fed into the 
Nagra D.H.  unit. 

Stimulus intensity at the position of the frog was measured with a General 
Radio Co. Type 155-A sound level meter and was set at approximately 95 dB SPL 
(re 0.0002 dynes/cm2). Field measurements of call intensity have not been made 
for this species but call intensities of the closely related form Pseudacris ornata 
(Gerhardt, 1973) and other hylids of comparable size (Loftus-Hills and Littlejohn, 
1971) suggest that  95 dB SPL was a realistic value. 

Ambient temperature during experiments was 22.5 ~= 1 ~ C. 
The results were analysed with a PDP-8 digital computer {DEC Lab. 8/e) using 

programs for time interval histograms (DEC-LB-U42C-PB) and post stimulus time 
histograms (DEC-LB-U40B-PB). In some cases, stimuli and responses were fed 
into a two-channel pen recorder. 

Results 

Field Recordings 

Calls of s e v e n  ma les  w e r e  ana ly sed  and  t h e  p r inc ipa l  call  cha rac te r -  
is t ies  for  each  i n d i v i d u a l  a re  shown  in  T a b l e  1. 

Experimental Studies 

S p o n t a n e o u s  Cal l ing 

T i m e  i n t e r v a l  h i s t o g r a m s  were  m a d e  of seve ra l  m i n u t e s  of cal l ing for 

f i ve  i n d i v i d u a l s  (Fig. 1). F o r  i n d i v i d u a l s  Nos.  3, 4, 5 and  6 no s t imu lus  

was  p r e s e n t e d  d u r i n g  call ing.  F o r  i n d i v i d u M  No.  2, i t  was  f o u n d  neces sa ry  

t o  i n d u c e  cal l ing w i t h  an  acous t ic  s t imu lus ;  t h e  s t imu lus  was  a con- 
t i n u o u s  t o n e  of 2125 H z  a t  a b o u t  95 dB  SPL.  N o t e  t h a t  call  pe r iods  2 

a r e  s imi lar  to  those  of f ie ld  r e c o r d e d  calls (see T a b l e  1), i n d i c a t i n g  t h a t  

ca l l ing  b e h a v i o r  in  t h e  l a b o r a t o r y  a n d  in  t h e  f ie ld  is  s imilar .  

E f f ec t s  of V a r y i n g  S t i m u l u s  P e r i o d  2 

E a c h  of f ive  an ima l s  was  p r e s e n t e d  w i t h  22 -25  series of s t imul i ,  each  
ser ies  h a v i n g  a d i f f e ren t  s t imu lus  per iod.  E a c h  series l a s t ed  for  30 sec 
w i t h  30 scc i n t e r v a l s  b e t w e e n  series ( ind iv idua l  No.  2, No.  3 a n d  No.  4) 

2 Call period and stimulus period are the reciprocals of call repetition rate and 
stimulus repetition rate respectively. 
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Table 1. Mating call characteristics of seven males of Pseudacris streckeri 

Indi- Temperature Dominant Call Duration Rise Fall 
vidual of water frequency period time time 

(~ C) (Hz) (msec) (msec) (msec) (msec) 

1 19.7 2507 251 25 4 6 
2 19.7 2355 294 29 5 4 
3 19.7 2380 319 35 7 8 
4 19.0 2279 295 27 5 4 
5 20.0 2254 289 27 6 5 
6 19.5 2279 261 26 7 7 
7 19.5 2431 254 23 6 6 

Mean 19.6 2355 280.4 27.4 5.7 5.7 

or 60 sec wi th  45-90 sec in te rva l s  be tween  series (No. 5 and No. 6). 
S t imulus  per iods  va r i ed  f rom 70 to 600 msec. S t imulus  du ra t ion  was 
25 msec. Order  of p re sen ta t ion  of series was random.  

A t ime  in te rva l  h i s togram of call per iods  dur ing  s t imulus  presenta-  
t ion  was m a d e  for each series. F o r  s t imulus  per iods  s imilar  to  the  spon- 
taneous  call periods,  h i s tograms  typ ica l ly  showed a single peak  wi th  
s t imulus  and  call per iods  t he  same (e.g. Fig.  2A).  F o r  shor te r  or longer 
s t imulus  periods,  call per iods  were more  var iab le  (e.g., Fig.  2B).  F o r  
each series the  call per iod  which occurred most  of ten was de t e rmined  
f rom the  t ime  in t e rva l  h i s tog ram and  was p lo t t ed  agains t  s t imulus  per iod  
(Fig. 3). The  occurrence of e n t r a i n m e n t  can be seen wherever  the  poin ts  
fal l  on a slope of 45 ~ which begins at  the  origin. F o r  all individuals ,  
t he re  were several  s t imulus  per iods  for which the re  was en t ra inment .  A t  
much  shor ter  and  much  longer s t imulus  periods,  call per iods  were s imilar  
to  those which occurred dur ing  spontaneous  calling (see Fig.  3). 

Effects  of Vary ing  S t imulus  D u r a t i o n  

Six animals  were p resen ted  wi th  series of s t imul i  which va r i ed  in 
dura t ion .  I n  most  cases t he  s t imulus  du ra t ion  was changed wi thou t  a n y  
pause  in  the  p resen ta t ion ,  b u t  in some exper iments  in te rva ls  of 30 see 
or more  occurred be tween  series. S t imulus  du ra t ion  was va r ied  f rom 10 to 
200 reset .  Pos t  s t imulus  t ime  h i s tograms  revea led  one fea ture  t h a t  was 
common to all ind iv idua l s  t e s t ed :  in  a lmost  all h i s tograms  there  were 
two d i s t inc t  response- la tencies  s s epa ra t ed  b y  27-46 msec in ind iv idua ls  
No. 1, No. 3, lqo. 4, No. 5, and  No. 6 (Table 2 and  Fig.  4A,  B) and  60 to  
114 msec in ind iv idua l  I~o. 7 (Table 2 and  Fig.  40 ,  D). The ac tua l  l a tency-  
t ime  in re la t ion  to  t he  s t imulus  du ra t ion  va r i ed  be tween  individuals .  F o r  

3 Response-latency corresponds to the time from the end of a stimulus to the 
begimfing of the next call. 
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Fig.  2 A a n d  B. T i me  in terva l  h i s t o g r a m  showing  call per iods  f rom two expe r imen t a l  
series in wh ich  acous t ic  s t imul i  were p re sen t ed  to one ind iv idua l  eve ry  285 msee  
in one ease (A) a n d  eve ry  256 msec  in t he  o ther  (B). B in  w id th :  10 reset .  Ar rows  
indica te  s t i m u l u s  periods.  No te  t h a t  t h i s  ind iv idua l  (No. 5) was  en t r a ined  in one 

case (A) b u t  n o t  in t he  o the r  (B) 
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Fig. 3. Call per iod p lo t t ed  against  s t imulus  per iod for five individuals.  Each  value 
was ob ta ined  f rom a t ime  interval  h i s togram (for example  see Fig.  2) represent ing  
30 or 60 sec of s t imulus  presenta t ion .  Wherever  en t r a inmen t  occurred,  values fall 
on a 45 ~ line beginning a t  t he  origin. Arrows indicate  mean  spontaneous  call 
per iods t aken  f rom Fig. 1. No ar row is shown for No. 2 because the  spontaneous  

call per iod was no t  de te rmined  for th is  individual  

Table 2. Time f rom beginning of s t imulus  to beginning of response for s t imuli  of 
different  durat ions .  E a c h  value is t aken  f rom a pos t  s t imulus  t ime his togram 
similar to those  shown in Fig. 4. Wherever  two latencies occured, two values are 
given. E a c h  number  in paren theses  is the  t ime f rom the  end  of the  s t imulus  to the  
f i rs t  response- la tency.  N.C. indicates  t h a t  latencies were inconsis tent  and  hence,  

no typical  value could be determined.  Values are in msec 

Indi-  St imulus  dura t ion  (msec) 
vidual  

10 25 50 100 200 

1 43 (33) 51 (26) 100 (50) N.C. - -  
3 43,70 (33) 52, 82 (27) 45, 75 (- -5)  126 (26) N.C. 
4 - -  52, 82 (27) 81 (31) 131, 170 (31) 226 (26) 
5 - -  93 (68) - -  130 a, 173 a (20) 200 (0) 
6 44, 90 (34) 56 (31) 85, 117 (35) 137, 173 (37) - -  
7 50, 110 (40) 53 b, 117 b (33) 51, 115 (1) 50, 140 (0) - -  

a St imulus  was l i 0  msec. 
b St imulus  was 20 msec. 
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Fig. 4A--D. Post stimulus histograms showing time from beginning of stimulus to 
beginning of response for two individuals presented with stimuli at different dura- 
tions: 10msee in A, C; 100msec in B, D. A, B, Individual No. 6. C, D, Indi- 
vidual No. 7. Stimulus period was 310 mscc for No. 6 and 440 msec for No. 7. Bin 

width: 5 msec 

ind iv idua ls  No. 1, 57o. 3, 570.4 and  57o. 6, the  f irst  response most  of ten 
occurred 26-37 msec af te r  the  end of the  st imulus.  Thus,  the  end of t he  
s t imulus  mus t  no rma l ly  be responsible  for t r igger ing the  response.  F o r  
57o. 5, la teneies  were var iable .  F o r  57o. 7, the  f irst  response a lways  
occurred abou t  50 msee af te r  the  beginning  of the  s t imulus  even though  
the  response ove r l apped  wi th  t he  s t imulus  a t  dura t ions  of 50 and  100 msec 
(Table 2 and  Fig.  4). 57o pa r t i cu la r  p a t t e r n  was diseernable  in the  re la t ive  
occurrence of the  shor ter  or longer response- la tencies  nor  d id  bo th  these  
response- la tencies  ever  resul t  f rom a single st imulus.  

Response -La tency  

Pos t  s t imulus  t ime  h i s tograms  made  f rom s t imulus  series where  e11- 
t r a i n m e n t  occurred showed the  expec ted  concent ra t ion  of shor ter  and  
longer response- la teneies .  However ,  series in  which there  appea red  to  be 
no e n t r a i n m e n t  st i l l  showed concentra t ions  of the  two response-latencies .  
Fu r the r ,  the re  were always two ni l -per iods (mean values  f rom end of 

6 E. comp. ]Physiol., Vol. 90 
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men t  did and did not  occur. Note t ha t  in those cases where ent ra inment  occurred, 
the  phase of each stimulus would not  be random relative to the  previous response. 
This would result  in somewhat more occurrences at  55 and 100 msec than  would 
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a two channel pen recorder showing individual No. 2 
entrained to a group of stimuli and continuing calling after the  stimulus was 
stopped. Note t h a t  the  call period immediately after the last stimulus was longer 
than  normal free-run periods whether  the frog was entrained to a relatively long 
(upper tracings) or short  (lower tracings) stimulus period. All values are in msec 

s t i m u l u s  fo r  a l l  i n d i v i d u a l s :  5 . 0 - 2 1 . 8  m s e c  a n d  3 6 . 8 - 5 5 . 8  msec )  d u r i n g  

w h i c h  v e r y  f ew cal ls  o c c u r r e d .  F o r  e x a m p l e ,  i n  Fig .  5 t h e  p o s t  s t i m u l u s  

t i m e  h i s t o g r a m  w a s  f o r m e d  b y  c o m b i n i n g  a l l  927 l a t e n c i e s  of n i n e  

d i f f e r e n t  se r ies  v a r y i n g  i n  s t i m u l u s  p e r i o d  f r o m  120 t o  593 msec .  I n  all  

ser ies ,  s t i m u l u s  d u r a t i o n  w a s  25 msec .  
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Variation in Call Period Following Entrainment 

Short trains of stimuli were presented to three individuals (No. 1, 
No. 2, and No. 4) so that the frogs entrained to the stimuli for a few 
seconds, then called spontaneously for a few seconds, then resumed 
entrainment and so on. In all cases, the period between the first spon- 
taneous call after the last stimulus in a train and the previous call was 
longer than the normal spontaneous call period. The following periods 
tended to be shorter and more like normal periods. Examples of this 
phenomenon are shown in Fig. 6. 

Discussion 

The following model is presented as an hypothesis which is most 
compatible both with the results obtained and with previously described 
models of pacemaker systems (e.g. Hanson et al., 1971). A central pace- 
maker initiates each call and has a cycle length equal to the spontaneous 
call period. The call period may be divided into three phases. After each 
call, a re/ractory phase occurs and may last until 80 msec or less before 
the next call. The remainder of the call period consists of the call activa- 
tion phase which occurs immediately prior to the next call and the 
excitatory phase which occurs between the refractory phase and call 
activation phase (see Fig. 7). During the excitatory phase, an acoustic 
stimulus will evoke a call which occurs about 30 (or in some cases 75) 
msec after the end of the stimulus. This results in the occurrence of two 
nil-periods in post stimulus time histograms (Fig. 5). An acoustic stimulus 
presented during the refractory phase or call activation phase does not 
evoke a call. 

The call activation phase represents the minimum total time taken 
for an acoustic stimulus to arrive at the auditory receptor (1-2 msec 
for the sound to travel from the loudspeaker to the frog), and then 
impulses to pass along the afferent pathway, and then for efferent motor 
fibers to produce the call by activating the appropriate musculature. Any 
stimulus which occurs in the call activation phase will be too late in that  
cycle to produce an evoked call because a spontaneous call would 
already have been initiated before the stimulus reached the call initiating 
center. A value of 5 msec for the call activation phase was determined 
from post stimulus time histograms and is the time from the end of the 
stimulus to the beginning of the first nil-period (e.g. Fig. 5). Stimuli 
falling within this 5 msec period consistently failed to evoke a response. 
However, it is difficult to envisage the entire neural transmission pro- 
cess described above taking place within 5 msec. One possibility is that  
the beginning of the stimulus effectively halts the production of the next 
spontaneous call and the end of the stimulus actually evokes (triggers) 
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Fig. 7. Diagram showing how, according to the model proposed, a male of P. strec#eri 
could maximally shorten or lengthen its call period and entrain to an acoustic 
stimulus with a period different from its spontaneous call period. An evoked call 
is triggered by the end of each stimulus. The excitatory phase begins 80 msec 
before the end of the call period so that, when the stimulus occurs at the beginning 
of the excitatory phase, the call period will be shortened by 50 msec. Note that 
the excitatory phase lengthens by 25 msec after an evoked call. Thus, the call 
period is lengthened by 50 msee when the stimulus occurs at the end of the 
excitatory phase. The call activation phase is shown as 5 msec but may be as long 

as 30 msec (see Discussion). All values are in msec 

a response. The call ac t iva t ion  phase may  then  be as long as 25 ~-5 
---- 30 msec. Tha t  there might  be a complex in te rac t ion  be tween the  effects 
of the  beginning  and  the  end of the  s t imulus is indica ted  by  the fact 
t ha t  the evoked call of one ind iv idua l  (No. 7) was consis tent ly triggered 
by  the  beginning  of the  s t imulus regardless of the  s t imulus dura t ion  
(T~ble 2) ; on the  other hand,  for four of the  other five individuals  tested,  
there  was, on 13 out  of 15 occasions, a cons tant  delay of 26-37 msec 
be tween the end of the  s t imulus  and  the beginning of the response, 
suggesting t ha t  in  these cases the  response was triggered by  the end of 
the  st imulus.  

After an  evoked call, the  exci ta tory phase increases somewhat  in  
length  (Fig. 6), so t ha t  e n t r a i n m e n t  will occur for a range of s t imulus  
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periods considerably longer than the spontaneous call period (Fig. 7). 
(The possibility that  the refractory phase increases in length is not com- 
patible with the shortening process described below.) The maximum 
increase in the call period ranged from 35 msec (No. 4) to 50 msec 
(No. 5) (see Fig. 3). Stimulus periods somewhat shorter than the spon- 
taneous call periods will be entrained to because a stimulus occuring 
early in the excitatory phase, say at the beginning of an excitatory 
period 75 msec long, will result in a call 30 msec later. Hence, this 
evoked call will occur 50 msec earlier than the next spontaneous call 
could have occurred (Fig. 7). Shortening of the period by 60 msec re- 
presents an upper limit (e. g., Fig. 3, No. 5). Apparently, in some indi- 
viduals the excitatory phase is very short or non-existent and stimulus 
periods shorter than the spontaneous call periods cannot be entrained to 
(e.g., Fig. 3, No. 4). Examples of maximum lengthening and shortening 
of the call period are shown diagrammatically in Fig. 7. 

Individual No. 2, when presented with a continuous tone, called at 
two different rates, one probably corresponding to its spontaneous call 
rate (call period about 265 msec) and one a little slower (call period 
about 295 msec) (compare data for No. 2 in Figs. 1 and 3). There was 
no pattern discernable during the calling and it remains unclear as to 
why the two periods were present. 

There is now evidence from behaviorally and neurophysiologically 
determined auditory thresholds that  not all frequencies to which the 
auditory system of P. streckeri is sensitive will evoke calling. Further, 
in order to evoke a call, acoustic stimuli must be presented at pro- 
gressively higher intensities as the stimulus frequency is raised or lowered 
relative to the call frequency (Capranica, Moffat and Loftus-Hills, un- 
published data). This situation may be similar to that  described for two 
other species, Limnodynastes dumerili (Loftus-Hills, 1971) and Pseudo- 
phryne semimarmorata (Loftus-Hills, 1973) in which it has been postulated 
that  input from the basilar papilla (one of the two auditory organs known 
in frogs) influences a central pacemaker. 

Presumably, a number of complex factors apart from sound influence 
the activity of the proposed pacemaker. The fact that  calling normally 
occurs only during the night and only during certain months of the year 
(observations by the writer) indicates that  internal (e.g., hormonal) 
and/or external (e.g., visual) cues are involved. Although not enough 
is known to warrant speculation about possible anatomical regions that  
might be associated with pacemaker activity, it should be mentioned 
that  Schmidt (1971) has identified a number of neural centers involved 
with vocalization, one of which is supposedly influenced by hormonal 
input. 
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The entrainment behavior of P. streckeri shows certain similarities to 
the synchrony and flash entrainment described for certain species of 
firefly (Hanson et al., 1971). These authors proposed tha t  an oscillator 
driving normal flashing is reset by an appropriate stimulus. Major 
differences between the firefly and frog behavior include: (l) in the case 
of the firefly, a stimulus immediately resets the rhy thm whereas in the 
frog a stimulus triggers a response and resetting occurs in the next 
cycle; (2) a stimulus resets to the normal flee-running rhythm in the 
firefly; (3) the firefly has no refractory phase. In  spite of such differences, 
the calling behavior of P. strec]ceri can usefully be considered within 
the general framework of the model of Hanson et al. (1971). For example, 
difference (2) above can be explained in terms of the firefly model by  
supposing tha t  in the frog, the oscillator is discharged more completely 
when triggered by  an acoustic stimulus. This may  result in a longer 
spontaneous period immediately after a triggered cycle, regardless of 
whether tha t  triggered cycle was abnormally short or long (Hanson et hi., 
1971). l~esetting of the call cycle also is known to occur in the frogs 
Limnodynastes dumerili (Loftus-Itills, 1971) and Leptodactylus albilabris 
(G. E. Drewry, pers. comm.). 

The behavioral analysis made in this paper has led to certain pre- 
dictions about the acoustic entrainment of one frog by another. The 
range of call periods to which a frog will entrain includes most of the 
natural  variations of spontaneous call periods (Table 1). Thus, most 
males should be able to entrain to other conspecific males in a breeding 
assemblage. As mentioned previously, the adaptive significance of this 
behavior may  lie in a form of t ime sharing; by entraining to other 
individuals, a male may  signal more effectively by minimizing call over- 
lap and the resulting acoustic interference (Loftus-Hills, 1971). Obviously 
many  questions remain unanswered. For example, what determines 
which of two frogs will entrain to which ? What  happens when three 
frogs are a t tempting to entrain to each other ? What  is the significance 
of the second, longer response-latency ? Does leading or following confer 
any reproductive advantage ? This last question is particularly important  
and there is evidence tha t  in one anuran species, Engystomops pustulosus, 
tha t  the leader of a group of calling males has the greatest reproductive 
success (Brattstrom and Yarnell, 1968). All these questions may  best 
be answered by studies of acoustic interactions in natural  breeding 
choruses. 
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