
Our results demonstrate that at least two 
genes, Sh  and Eag, are involved in this 
control. It is likely that additional genes 
controlling the K' currents remain to be 
identified. Finally it should be noted 
that, although Sh and Eag affect both 
nerve and muscle, the K+ currents in 
Drosophila nerve remain to be analyzed. 
The parameters of these currents and 
their alterations in the mutants may dif- 
fer in detail from those in muscle. 
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Hybrid Tree Frogs: Vocalizations of Males and 
Selective Phonotaxis of Females 

Abstract. Male hybrids of reciprocal crosses between gray and pinewoods tree 
frogs (Hyla chrysoscelis x H. femoralis) that were raised to sexual maturity in the 
laboratory produced distinctive vocalizations. Hybrid females preferred the calls of 
hybrids to calls of gray tree frogs and also chose synthetic calls with a pulse 
repetition rate typical of the hybrids in preference to calls with a rate typical of pine- 
woods tree frogs. 

Information about the extent to which 
sound production and recognition are 
matched or coordinated in interspecific 
hybrids may help to elucidate the mecha- 
nisms and evolution of animal communi- 
cation. Most studies of the acoustic be- 
havior of F1 hybrids have dealt with the 
analysis of sound production ( I ) ,  and 
data on the selective responsiveness of 
hybrids to acoustic signals have been 
available only for insects (2, 3 ) .  We 
report that female hybrids between two 
species of tree frogs preferred the calls of 
male hybrids to those of one of the 
parental species. Females also discrimi- 
nated between synthetic calls that dif- 
fered in a temporal property thought to 
be critical for signal recognition; they 
preferred a stimulus typical of calls pro- 
duced by hybrids. 

Reciprocal hybrids between the gray 
tree frog (Hyla chrysoscelis) and the 

H. ch rysos-  
celis 

Hybrid 
F1-A 

Hybrid 
F1-C 

pinewoods tree frog ( H ,  femoralis) were 
obtained by switching the males of mat- 
ing pairs before oviposition began. The 
rates of fertilization and survival to sexu- 
al maturity were high, and males first 
began calling 7.5 months later. Sounds of 
male hybrids were recorded in a semian- 
echoic, temperature-regulated chamber; 
selective phonotaxis of female hybrids 
was tested in two-speaker playback ex- 
periments conducted at 23" to 25°C in the 
same chamber (4). 

Vocalizations of the parental species 
have been characterized (5). Males of H. 
chrysoscelis produce discrete trains of 
sound pulses. The pulse repetition rate is 
stereotyped and averages 44 sec-I in 
populations in eastern Georgia at about 
24°C. Males of H ,  femoralis produce 
pulses in an irregular, often continuous 
fashion for several minutes; the pulse 
repetition rate varies between 6 and 12 

- 
1 sec 

i?ig. 1. (A) Oscillograms of representative vocalizations of Hyla chrysoscelis, H. femoralis, and 
FI hybrids recorded at 23" to 25'C. These calls were used in playback experiments with female 
hybrids. The calls of the parental species were recorded (tape recorder, Nagra or Uher; 
microphone, Sony C-22 or Sennheiser 815) in eastern Georgia, the region from which the 
parents of the hybrids were collected. Hybrid calls were categorized into three types. F1-A calls 
had shorter pulses than F1-C calls; F,-B calls (not illustrated) had both short and long pulses (4). 
Only part of the vocalization of H.  femoralis is shown; males of this species often call more or 
less continuously; H.  chrysoscelis and hybrids, by contrast, organize pulses into discrete trains 
such as those shown. (B) Oscillograms of synthetic calls modeled after the F1-A hybrid call. The 
two acoustic stimuli differed only in pulse repetition rate, duty cycle (ratio of pulse duration to 
pulse period), and call duration. The pulse repetition rates were chosen to approximate the 
mean rates of H.  femoralis (oscillogram 1, 8 sec-') and Fl hybrids (oscillogram 2, 15 sec-') at 
24" to 25'C. The timing of the two calls during presentation to female hybrids was as shown. 
Each was recorded on and played back from a separate track of a stereophonic recorder (Nagra 
IV-S). When the "fast" root-mean-square sound pressure level (SPL) of the two stimuli was 
equalized, the discrepancy in their peak SPL was only 2 decibels. 
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sec-I (mean, 8 sec-I) at 24OC. Pulses 
produced by H. fernoralis are longer 
and more complex than those of H. 
chrysoscelis. Although the harmonic 
structures of the two parental calls differ, 
the band containing the most sound ener- 
gy (the dominant frequency band) is cen- 
tered at about the same frequency in the 
calls of the two species. 

The vocalizations of F1 hybrids of the 
two reciprocal crosses were indistin- 
guishable. Some acoustic properties 
were similar to one or the other of the 
parental species, and others were inter- 
mediate (Fig. 1A) (6). As in H ,  chrysos- 
celis, male hybrids organized pulses into 
discrete trains. Pulse repetition rate, the 
most stereotyped temporal property (6) ,  
averaged about 15 sec-' at 24" to 25°C; in 
this respect the vocalizations of hybrids 
were more like the calls of H. fernoralis 
than those of H. chrysoscelis. The domi- 
nant frequency bands of calls made by 
hybrids were similar to those of the 
parental forms (7). 

The phonotactic behavior and prefer- 
ences of females of the reciprocal cross- 
es were similar. Females responded by 
moving toward and sometimes touching 
a loudspeaker. Given a choice between 
the calls of H. chrysoscelis and those of 
hybrids (types FI-A and FI-C in Fig. l ) ,  
females preferred the calls of hybrids 
(Fig. 2). Females did not show a prefer- 
ence between the calls of hybrids and 
those of H. fernoralis (Fig. 2). 

The absence of a preference for the 
calls of hybrids to the calls of H ,  ferno- 
ralis might be attributable to two factors. 
First, the pulse repetition rate of the H. 
fernoralis stimulus was highly variable 
and sometimes matched that of the hy- 
brid calls. Second, the pulses of the H. 
fernoralis call were longer and were pro- 
duced more or less continuously; the 
total amount of acoustic stimulation pro- 
duced by this call was thus much greater 
over long test sessions than that pro- 
duced by the hybrid call (Fig. 1A). These 
variables were eliminated or minimized 
by synthesizing the signals depicted by 
the oscillograms of Fig. 1B. The pulse 
repetition rates of these artificial calls 
had values corresponding to the means 
in the vocalizations of F1 hybrids and H. 
fernoralis at 24' to 25"C, that is, 15 sec-I 
and 8 sec-I, respectively. Female hy- 
brids clearly preferred the 15 sec-I call 
to the 8 sec-I call. Experiments with 
females of H. chrysoscelis and its sib- 
ling, H. versicolor, indicate that the 
pulse repetition rate is the most impor- 
tant property for call recognition (8). 

Some properties of a signal produced 
by an animal must constitute a pattern 
that can be identified by another animal 

Fig. 2. Summary of phonotactic responses of 
F, females in two-stimulus playback experi- 
ments at 23' to 25'C (4). The number of 
responses is indicated above each bar of the 
histograms (N, number of females respond- 
ing). Females of the two reciprocal crosses 
responded in the same fashion, and the results 
with the F,-A and F1-C call types were the 
same. If only the first response of each female 
is considered, the results were as follows: 
F, hybrid versus H ,  chrysoscelis, 20:l  
(P < .001); F1 hybrid versus H. fernoralis, 
11:9 (P > . 5 ) ;  and F1 at 15 sec-' versus F1 at 
8 secC1, 8:0 ( P  < .01). P values are results of 
two-tailed binomial tests of the null hypothe- 
sis of no preference. 

of the same species. The two individuals 
communicate by means of a common 
code, even if one sex never produces 
signals but responds to the signals of the 
other sex. In discussing acoustic insects, 
Alexander (9) suggested that the two 
sexes might share a neural network in 
the central nervous system. Regulated 
by the same genes, the network would 
pattern the motor output of the male and 
could serve as a reference or template 
for the processing of afferent activity in 
the auditory system of the female. The 
evolution of the communication system 
thus would be simplified because any 
mutation affecting the network would 
simultaneously modify both sender and 
receiver mechanisms in the same way 
(10). A common code can arise even if 
the sender and receiver mechanisms are 
regulated by few or none of the same 
genes. Only males producing signals 
with "correct" properties will attract 
appropriate mates; similarly, only fe- 
males that respond to signals with the 
correct properties will find an appropri- 
ate mate. 

Hoy et al. (2) showed that female 
hybrids between two species of Austra- 
lian field crickets not only responded 
selectively to the songs of male hybrids 
rather than to those of the parental spe- 
cies, but also preferred those of the same 

reciprocal cross. These authors suggest- 
ed that the sender and receiver mecha- 
nisms in these animals are "genetically 
coupled." By contrast, Helversen and 
Helversen (3) found that hybrids be- 
tween two species of European grass- 
hoppers produced highly variable songs 
and that female hybrids usually dis- 
played little, if any, response specificity 
with respect to hybrid and parental 
songs. As Elsner and Popov (11) and 
Gould (12) point out, genetic coupling is 
probably not a general phenomenon. 

Female hybrid tree frogs were partial- 
ly selective with respect to natural vocal- 
izations and probably completely selec- 
tive with respect to pulse repetition rate. 
Although neither our results nor those of 
Hoy and his colleagues constitute un- 
equivocal evidence for the genetic cou- 
pling hypothesis, the behavior of the 
hybrid crickets and tree frogs is consist- 
ent with the mechanism proposed by 
Alexander (9). The specificity of hybrids 
demonstrated by behavioral studies war- 
rants the search for common neural ele- 
ments in the sound production and rec- 
ognition systems of these animals. 
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Erectile Mechanisms in Man 

Abstract. Increases in penile circumference during sleep-related erections in 
human subjects closely reflecred increases in penile bloodflow, and bursts of activity 
in the bulbocavernosus and ischiocavernosus muscles were temporally related to  
these increases. The penile arterial system and the perineal muscles appear to have 
important coordinated roles in human penile erection. Monitoring sleep-related 
erections and penile blood flow holds promise for the study of erectile mechanisms 
and dysfunction and for screening of drugs. 

Human penile erection is a complex 
psychophysiological phenomenon de- 
pendent on multiple systems, but hemo- 
dynamic processes produce the major 
proximal changes necessary for the initi- 
ation and maintenance of erection. The 
nature of these changes has been postu- 
lated to involve restricted venous out- 
flow, both increased arterial inflow and 
restricted venous outflow, or increased 
arterial inflow (1). Early research on this 
problem relied on anatomical examina- 
tions (2). In more recent studies caverno- 
sography and phalloarteriography have 

been used as attention was directed to 
the dynamics of the process (3). The 
controversy over the relative contribu- 
tions of the arterial and venous systems 
nevertheless remains unresolved. 

Few investigators in this area ascribe 
any role in human erection to the perine- 
a1 muscles. The studies of Bors and 
Comarr (4) and Kollberg et al.  (5) are 
typically cited as evidence negating such 
a role. In the former study, patients were 
diagnosed as having lower motor neuron 
lesions of sacral segments on the basis of 
an absent bulbocavernosus reflex and 
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Fig. 1. Polygraph tracing (0.25 mmlsec) for a representative NPT episode. Channels are 
electroencephalograph (EEG), electrooculograph (EOG), heart rate (HR), blood flow (BF), left- 
and right-leg electromyograph (EMG), bulbocavernosus and ischiocavemosus muscle activity 
(BCA), circumference change at the penile tip (CPT), penile tip circumference baseline, and 
timer. 

abnormal detrusor muscle function. 
None of these patients experienced re- 
flex erections, but some had psychogen- 
ic erections. Absence of the bulbocaver- 
nosus reflex was determined by manual 
examination (6), not by electrophysio- 
logical evaluation, and data on erectile 
function came from patient interviews, 
not from direct observation. Kollberg et 
al.  did an electromyographic study of 
ejaculation achieved by masturbation. 
They did not monitor degree of erection. 
In summarizing some observations made 
from the start of erection, the authors 
stated that activity in the striated mus- 
cles of the pelvic floor sometimes in- 
creased before and during erection. They 
concluded that this activity is not neces- 
sary for the occurrence of erection, but 
noted that its importance in erection 
remains unclear. 

Our previous observations suggest 
that the bulbocavernosus and ischioca- 
vernosus muscles do play a role in hu- 
man erection (7). Bursts of activity in the 
muscles were seen to precede slightly 
and accompany the penile pulsations 
characteristic of early phases of sleep- 
related erections. Penile circumference 
was usually greater after a pulsation than 
before. We speculated that contraction 
of the muscles may sporadically pump 
blood into the penis to assist in the 
initiation and maintenance of erection. 

Failure to achieve erection is a com- 
mon complaint, especially among older 
men. As the U.S. population grows old- 
er, the complaint will become even more 
widespread. The more we learn about 
the mechanisms of erection, the better 
will be the medical care available to new 
victims. Several methodological im- 
provements may pave the way for a 
clearer understanding of both the hemo- 
dynamic and neuromuscular mecha- 
nisms. To our knowledge, in all studies 
to date erections have been induced by 
purely artificial means (saline infusion 
into the corpora cavernosa) or by pre- 
sentation of erotic pictures. In no study 
has detailed simultaneous examination 
of penile erection and penile hemody- 
namics been made by noninvasive mea- 
surement of segmental pulsative blood 
flow. Finally, no study has combined 
examination of penile blood flow with 
monitoring of perineal muscle activity. 

We examined penile blood flow and its 
relation to bulbocavernosus and ischio- 
cavernosus muscle activity (BCA) dur- 
ing nocturnal penile tumescence (NPT) 
episodes in seven healthy, potent men 22 
to 30 years of age. NPT occurs naturally 
and regularly during sleep in all healthy 
boys and men; most of the time it is 
temporally related to rapid-eye-move- 
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