
Sexual Differences in the Auditory System 

of the Tree Frog Eleutherodactylus coqui 

Abstract. Acoustic playback experiments with calling males in their natural habi- 
tat and two-choice orientation experiments with females indicate that males and fe- 
males of the neotropical tree frog Eleutherodactylus coqui respond to different notes 
in the two-note call of the male. This functional dichotomy of the two notes in the 
male's call reflects a difference in the distribution of the best excitatory frequencies 
of primary auditory neurons for the males andfemales. To the best of our knowledge, 
Eleutherodactylus is the first known example of a vertebrate in which the peripheral 
auditory sensitivity shows a sexual difference. 

Eleutherodactylus coqui (Thomas) is a 
neotropical leptodactylid frog whose 
range is restricted to the island, of Puerto 
Rico and includes several small in- 
troduced populations in Miami, Florida, 
and in St. Thomas and St. Croix, U.S. 
Virgin Islands (1). Males emit a two-note 
call ("Co-Qui") each evening from sun- 
set until midnight or shortly thereafter 
(2). If a "resident" calling male is ap- 
proached by a second calling male, the 
resident will drop the second note of his 
call and emit only the "Co" note. If the 
intruder continues to approach to within 
about 0.6 m of a calling male, the resi- 
dent will initiate a biting, butting attack 
on the intruder (3). 

Acoustic playback experiments were 
conducted in the high-altitude rain forest 
near El Yunque Peak (altitude 900 m) in 
the Luquillo Mountains of eastern 
Puerto Rico in order to determine which 
features of the two-note E. coqui call 

were critical in evoking the single "Co" 
note response observed during male- 
male interactions. A series of natural and 
synthetic sounds were played to calling 
males with a Nagra IV-D tape recorder 
and a Nagra DH speaker-amplifier. The 
intensity of the acoustic stimulus was 
measured with an impulse sound-level 
meter (Bruel & Kjaer 2204) and was ad- 
justed to a level to which the animal read- 
ily responded [80-db sound pressure lev- 
el (SPL) at 2 m]. Three recorded calls 
were presented at a rate of one every 4 
seconds for 3 minutes: a natural two- 
note "Co-Qui" call (stimulus a), a syn- 
thetic "Qui" (stimulus b), and a synthet- 
ic "Co" (stimulus c). These were pres- 
ented in random order to each male E. 
coqui, and the stimulus and the evoked 
vocal responses were recorded on a sec- 
ond, identical, tape recorder. A total of 
16 males were tested. 

In general, the stimuli elicited two 
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Fig. 1. Representative histograms of vocal responses of male E. coqui to acoustic playback of natural and synthetic calls shown in sonagram 
tracings below each histogram. The solid vertical bars in the histograms represent two-note "Co-Qui" responses; the striped bars represent one- 
note "Co" responses. The horizontal bars below the histograms represent stimulus duration. Abbreviations: NST, number of stimulus repetitions 
presented to the male during the 3-minute test period: NC, total number of calls given by the male during the same period. The bin width is 50 
msec. (A) Responses to the natural call. The mean percentage of one-note responses to the natural call is a = 42.2 percent (based on four males). 
(B) Responses to the "Qui" note presented alone; i3b = 0.9 percent (ten ma18), which is significantly lower (P < .0005) than Pa for the natural 
call. Exponentially and linearly swept "Qui" notes were used; they were equally ineffective in evoking a one-note response from a test male. (C) 
Responses to "Co" note alone;p, = 39.8 percent (13 males), which is not significantly different (P > .05) fromi5a for the natural call. 

classes of responses from a male: a two- 
note "Co-Qui" call that tended to alter- 
nate with the stimulus, and a one-note, 
short-latency (100-msec) "Co" response 
that appeared to be time-locked with the 
stimulus. The number of one-note "Co" 
responses was divided by the number of 
natural calls (stimulus a) presented dur- 
ing the 3-minute playback period to yield 
the percentage of one-note responses, 
PNa The Pa values for all of the individ- 
uals tested with the natural call were 
averaged, obtaining Paa. In a similar fash- 
ion, pb and 5, of one-note responses 
were obtained for the other two stimuli. 
The values of pb and P5 were then tested 
by pairs for differences with Pa (2 by 
2 x2 test for homogeneity). 

Histograms of the males' responses 
and sound spectrogram tracings of the 
corresponding stimuli (4) are shown in 
Fig. 1. The mean percentage of one-note 
responses for the natural call, -a 42.2 
percent, was used as a standard against 
which the responses to other stimuli 
were compared (Fig. 1). The "Co" note 
of the intruding male's call (or of the syn- 
thesized playback of the male's call) is 
sufficient to evoke the one-note "Co" re- 
sponse from the resident; however, the 
"Qui" note was relatively ineffective in 
evoking this response. 

Behavioral studies were conducted to 
determine which notes of the male's call 
are most attractive to a female (2). Adult 
females were placed in a screened 
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container midway between two loud- 
speakers (Nagra DH) 4 m apart. Through 
each loudspeaker a different acoustic 
stimulus could be broadcast by means of 
recorded calls played on separate tape 
recorders (Nagra IV). In some cases on- 
ly one stimulus was presented (one- 
choice trial), whereas in other cases stim- 
uli were presented simultaneously 
through both loudspeakers (two-choice 
trial). The stimuli used in these trials 
were identical to those in our study of vo- 
cal responses of males. 

After a female had settled down, play- 
back was begun and the screened con- 
tainer was removed. The orientation and 
approach behavior of the female reflect- 
ed the hierarchy of preferences for the 
different stimuli. A trial period of 20 min- 
utes was chosen since female E. coqui 
move slowly and may pause five or more 
minutes between hops. Only trials in 
which the animals showed deliberate, ori- 
ented responses were used; escape at- 
tempts were not included when com- 
piling the results. When given a choice 
between two calls, the females respond 
equally well to either the two-note call or 
the "Qui" note alone (Table 1). On the 
other hand, the "Co" note by itself has 
relatively little attraction for the female. 

Our behavioral studies thus indicate 
that the two-note call of E. coqui con- 
veys a different significance for each sex. 
The first note functions in male-male in- 
teractions and may serve to maintain 
spacing between adjacent males but does 
not attract a female. The second note 
serves to attract conspecific females and 
apparently plays no role in male-male en- 
counters. 

The peripheral auditory systems of 
anurans are specialized to detect the ma- 
jor spectral and temporal features of the 

Table 1. Results of female orientation experiments. A two-plus (+ +) response was scored if a fe- 
male approached within 0.5 m of a speaker (close approach); an orientation, an approach toward a 
speaker, or both, were scored as a one-plus (+) response if the distance from the female to the 
speaker at the end of the 20-minute trial period was greater than 0.5 m but less than the initial 2.0 m 
(weak approach). The U response denotes a preliminary approach to the active speaker followed 
by a midcourse correction and subsequent escape. For the two-choice trials an underlined re- 
sponse corresponds to an orientation toward the speaker presenting the underlined stimulus; 
N.S., not significant. 

Stimuli Trials Females Results P 
(No.) (No.) 

One-choice experiment 
Co-Qui 7 5 6++, 1+ <.01* 
Co 4 4 2+, 2U t 
Qui 3 2 1++, 2+ t 

Two-choice experiment 
Co,Qui 6 6 1+; 3+, 2++ <.025t 
Co-Qui, Co 7 5 4+, 2++; 1+ <.025t 
Co-Qui,Qui 7 6 3+; 2+, 2++ N.S. 

*Rayleigh statistic (16). tBecause of the small number of trials, P was not calculated for these 
stimuli. tG-test with a weighted response scheme (17). 

male's species-specific mating call (5, 6). 
The inner ear contains two separate audi- 
tory organs, the amphibian papilla and 
the basilar papilla (7). The different fre- 
quency ranges to which these two organs 
are tuned often correspond to the energy 
present in sounds of biological signifi- 
cance (8). Since E. coqui exhibits a sex- 
ual difference in its behavioral response 
to the male's two-note call, we wondered 
whether there might be a difference in 
neural sensitivity somewhere in the audi- 
tory system. The response properties of 
auditory fibers were therefore studied 
electrophysiologically in the eighth cra- 
nial nerve of males and females to deter- 
mine whether this selectivity could occur 
at the level of the peripheral auditory sys- 
tem. 

Adults of both sexes were immobilized 
with d-tubocurarine chloride (Calbio- 
chem) injected intramuscularly (2 Aul per 
gram of body weight; 5 mg/cm3); addi- 
tional doses were administered when 

needed to maintain immobility. The sur- 
gical procedure, recording, and stimulus 
system in our laboratory have been de- 
scribed (6). The responses of 563 single 
units to tone-burst stimuli were recorded 
extracellularly in the eighth nerve of 29 
animals (284 units in 20 males and 279 
units in 9 females). Thresholds for these 
fibers ranged from 17 to 105 db SPL, 
which is consistent with the wide range 
for unit thresholds reported in other anu- 
ran species (6, 8). When a single unit was 
isolated, its best excitatory frequency 
(BEF) and threshold were measured (9). 
If the unit could be held long enough, a 
tuning curve was taken and the unit's re- 
sponse to the addition of a second, inhib- 
itory tone was recorded (10). 

Three populations of fibers were found 
(Fig. 2A): one group is inhibitable and 
has BEF's below about 600 to 700 hertz; 
a second group is noninhibitable and has 
BEF's below about 1400 hertz; a third 
group, noninhibitable, has BEF's distrib- 
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Fig. 2. Histograms of best excitatory frequencies (BEF's) for auditory units recorded from the eighth cranial nerve of E. coqui. The striped bars 
within the histogram represent units tested for two-tone inhibition. The distribution of energy in each of the two call notes based on a sample of 16 
males is indicated below the histogram. (A) Results for 284 auditory units of 20 male E. coqui. (B) Results for 279 single fibers 
recorded from nine female E. coqui. The three populations are shifted with respect to the corresponding populations in the males' histogram. The 
high-frequency population is now clustered around the "Qui" note frequency and the relative number of units with BEF's at the "Co" note 
frequency is reduced. 

23 APRIL 1976 379 



uted between 1800 and 3700 hertz. The 
low- and mid-frequency units probably 
derive from the amphibian papilla, 
whereas the high-frequency units origi- 
nate in the basilar papilla (11). The histo- 
gram reveals a large population of fibers 
with BEF's in the range of the "Co" 
note, whereas there are few units with 
BEF's in the range of the "Qui" note. 
Neither the low-frequency nor the high- 
frequency populations in this histogram 
coincide with the energy in the male's 
call. Low-frequency sensitivity may play 
a role in detection of predators for some 
anuran species (8). The role played by 
the high-frequency fibers is not obvious. 
Occasionally the male E. coqui emits a 
call whose function is unknown and 
which contains energy as high as 2700 
hertz (12). Perhaps the high-frequency fi- 
bers provide the basis for detection of 
this call. The mean BEF of the low-fre- 
quency units is not significantly different 
in males and females (P > .05); however, 
the differences between the mean BEF's 
of both the mid- and high-frequency 
units are significantly different for the 
two sexes (P < .001) (13). 

The sharpness of tuning of an auditory 
nerve fiber is given by its Q value (the 
BEF divided by the bandwidth of its tun- 
ing curve at 10 db above threshold). The 
sharpness of tuning of the fibers sensitive 
to low and middle frequencies was not 
significantly different in males and fe- 
males. However, the high-frequency 
units showed a distinct difference in tun- 
ing sharpness between the two sexes, for 
females, the average Q of the high-fre- 
quency fibers was 0.91 whereas in males 
it was 1.34 (14). 

The fibers sensitive to high fre- 
quencies in females tend to have lower 
BEF's and broader tuning than those in 
males. This indicates that the basilar pa- 
pilla in the inner ear is tuned differently 
in males and females. Such sexual selec- 
tivity in the response properties of the 
anuran's auditory organs is yet another 
adaptation for peripheral stimulus filter- 
ing. Partitioning the call so that it serves 
(at least) two functions, and differ- 
entially adjusting the peripheral sensitiv- 
ities to enhance reception of the parame- 
ters of the call of interest to each sex, 
provides a novel mechanism whereby a 
male can simultaneously communicate 
with both sexes in a complex sound envi- 
ronment (15). 
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Incentive Contrast in Honey Bees 

Abstract. Bees trained to come to the laboratory for a 20 percent sucrose solution 
accept it readily, but bees trained with a 40 percent sucrose solution and tested with 
the 20 percent solution show a pattern of interruptedfeeding that may lastfor several 
minutes. Bees trained with 20 percent and tested with 40 percent sucrose are 
undisturbed. When the animals are offered two samples of the 20 percent solution 
simultaneously, they drink to repletion from whichever they first taste on each visit, 
but if both a 20 percent and a 40 percent drop are offered the 20 percent solution is 
rejected after a single experience of the 40 percent solution. Although these results are 
analogous in many respects to incentive contrast effects found in mammals, they can 
be understood in sensory terms and do not require the assumption of learning about 
reward. 

In diverse mammalian species, experi- 
ence with a preferred food may reduce 
the acceptability of a less favored food. 
Monkeys will eat lettuce from a cup they 
have earlier seen baited with lettuce but 
not from one earlier seen baited with 
banana (). .Rats trained with bran mash 
in a maze or a problem box will not 
accept sunflower seeds substituted for 
the mash, although sunflower seeds are 
readily accepted by rats trained with 
them from the outset (2). Goats will nor- 
mally eat grain, but not in a situation in 

which they have previously found both 
grain and bread (3). These results have 
been cited in support of the view that 
rewards do not serve simply to strength- 
en response tendencies as reinforcement 
theorists have proposed (4), but that re- 
wards may be learned about, and antici- 
pation of their specific properties may 
play an important role in instrumental 
behavior (5). Incentive contrast does 
not, however, necessarily imply learning 
about reward. In honey bees (Apis mel- 
lifera). I have found contrast effeck di- 
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