
collagenase inhibitory activity suggests a 
possible physiological role for this pro- 
tein in connective tissue metabolism. 
Platelets are normally activated during in 
vivo clot formation or tissue injury. Such 
injury induces an inflammatory reaction 
with attraction of granulocytes to the in- 
jured area. The precise nature of the in- 
teractions among platelets, collagen, re- 
leased PF4, granulocytes, and collage- 
nase remains to be elucidated. 
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similar fashion. 

Several properties of the mating calls 
of the gray tree frog, Hyla versicolor, are 
temperature-dependent (1). Since these 
frogs call over a temperature range of at 
least 13?C (2), the question of whether fe- 
males respond differentially to vocaliza- 
tions produced over this temperature 
range arises (3). In my experiments, fe- 
males discriminated between synthetic 
mating calls on the basis of temperature- 
dependent temporal properties; further- 
more, the females preferred calls with 
temporal properties similar to those pro- 
duced by a conspecific male at about the 
same body temperature as their own. 
Despite the widespread implicit assump- 
tion that this phenomenon, which I term 
temperature coupling, occurs in the 
sound communication systems of poi- 
kilothermic animals (4, 5) my experi- 
ments are, to my knowledge, the first 
demonstration in vertebrates and the 
first corroboration of the classic study of 
crickets published more than 20 years 
ago by Walker (6). 

Synthetic mating calls were generated 
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by summing two phase-locked sinusoids 
of 1.1 kHz (-6 dB) and 2.2 kHz (0 dB), 
modulating this waveform to produce 
pulses of variable pulse-repetition rate 
(PR) and duration (PD), and then super- 
imposing another stage of modulation on 
trains of such pulses to produce calls. 
The PR's were chosen on the basis of a 
linear regression analysis of the mating 
calls of 39 males with body temperatures 
between 12.8? and 260C (Fig. 1) (7). Fur- 
ther analysis indicated that PD was in- 
versely correlated with temperature so 
that the duty cycle (PD divided by pulse 
period) tended to remain constant. [Al- 
though there was a slight tendency for 
the number of pulses per call (PN) to de- 
crease with rising temperature, PN was 
variable within and among individuals; 
therefore I decided to hold PN (14 pul- 
ses) as well as the duty cycle (-0.6) con- 
stant in the two principal experimental 
stimuli (Fig. 2. A and B).] I used three 
additional experimental stimuli: a typical 
natural call (Fig. 2C), recorded at 23?C, 
and two synthetic versions. One synthet- 
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ic call (Fig. 2D) was composed of fre- 
quency-modulated (FM) pulses, and the 
other (Fig. 2E) lacked FM pulses (8). 
Each kind of call was recorded on mag- 
netic tape on one channel of a stereo- 
phonic recorder (Nagra) and had a fixed 
timing relationship to another call on the 
other channel (Fig. 2A) (9). 

Discrimination experiments took place 
in a dimly lit semianechoic, temperature- 
regulated (+ 1?C) chamber (4 m by 2 m by 
1.8 m). A stereophonic recorder (Nagra) 
drove two speakers (Nagra) placed 2 m 
apart on a plywood floor. Sound pres- 
sure levels (SPL's) of the two sounds 
were equalized midway between the 
speakers (10). Twenty-six amplexed 
pairs were collected in Boone County, 
Missouri, in early May 1977. Each gravid 
female was separated from the male and 
either refrigerated at 4?C (to inhibit ovi- 
position) for as long as 18 hours before 
testing or placed directly into the cham- 
ber. After a minimum of 20 minutes of 
acclimation in the chamber, each female 
was placed in a petri dish midway be- 
tween the speakers and restrained with a 
hardware cloth cage until both sounds 
had been played several times. After the 
female was freed, a response was tabu- 
lated if she touched a speaker or came 
within 5 cm of it. The cloacal temper- 
ature of the animal was taken immedi- 
ately with a quick-reading thermometer 
(Schultheis). 

Eighteen females responded in at least 
one discrimination experiment. Twelve 
females, tested at 75 dB, chose the syn- 
thetic call with a PR of 15 sec-1 when 
their body temperatures were about 
16?C. Ten females, tested at 75 dB, 
chose the synthetic call with a PR of 24 
sec-1 and one chose the synthetic call of 
15 sec-1 when their body temperatures 
were about 24?C (Table 1). These re- 
sponses were obtained from a total of 14 
females. Six that first responded at 24?C 
later responded at 16?C; three that first 
responded at 16?C later responded at 
24?C. The one female that chose the 15 
sec-1 call at 24?C initially chose the 15 
sec-1 at 16?C. At least 6 hours elapsed 
between the first test at 75 dB at one tem- 
perature and the second test at 75 dB at 
the other temperature. (Females were re- 
frigerated at 4?C until 20 minutes before 
the second test.) Clearly, the females 
preferred the calls with temperature-de- 
pendent temporal properties similar to 
those produced by a conspecific male at 
about the same temperature as their 
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Tests at 85 dB were conducted within 
a few minutes of the 75-dB test. Each fe- 
male was replaced at the central release 
point, and the stimuli were usually ex- 
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Abstract. The gray tree frog mates over a temperature range of at least 9?C. Grav- 
idfemales, tested at two different temperatures, preferred synthetic mating calls with 
temperature-dependent temporal properties similar to those produced by a male at 
about the same temperature as their own. Thus, the vocalization system and the 
temporal pattern recognition system are affected by temperature in a qualitatively 
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changed between the speakers to avoid 
any possible directional bias. The re- 
sponses of the 14 females (initially tested 
at 75 dB) plus the responses of 4 others 
are given in Table 1. Five of these 18 ani- 
mals responded at both temperatures. At 
16?C, the females chose the 15 sec-l call; 
at 24?C, they failed to discriminate (11). 
At 24?C, the females typically oriented 
and moved first toward one speaker and 
then toward the other as the sounds were 
alternately broadcast. With one or two 
exceptions, other responses at 24?C (75 
dB) and at 16?C (75 dB and 85 dB) were 
much more deliberate. 

Ten animals were tested (at 75 dB) in 
the control experiments within a few 
minutes of the test at 85 dB and 24?C 
(12). The synthetic FM call was as at- 
tractive as the natural call, and the syn- 
thetic call without FM pulses was as at- 
tractive as the call with FM pulses (Table 
1C). These results indicate that the prin- 
cipal synthetic signals were behaviorally 
equivalent to natural mating calls despite 
the absence of FM pulses. Since the two 
principal calls had the same spectral 
properties, temperature coupling was 
based on differences in temporal proper- 
ties. 

60- 
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Hyla hryrsoscelis (Tex. and Mo.) 

y=3.05x-15.8 
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0 

In widespread localities throughout 
the eastern half of the United States, H. 
versicolor breeds in the same ponds with 
its sibling species, Hyla chrysoscelis. 
Since the latter species is a diploid and 
H. versicolor is a tetraploid, matings be- 
tween the two result in the production of 
sterile, triploid hybrids (13). The calls of 
H. chrysoscelis also consist of pulse 
trains in which PR and PD vary with 

temperature (Fig. 1) (14). The PR's of H. 
chrysoscelis calls are considerably high- 
er than those of H. versicolor at the same 
temperature, but at low temperatures 
(<17?C), H. chrysoscelis produces calls 
with PR's similar to those of H. versicol- 
or at high temperatures (>23?C). At the 
low temperature (16?C), females of H. 
versicolor responded exclusively to the 
synthetic call with a lower PR at both 75 

Table 1. Responses of 18 female Hyla versicolor in discrimination experiments. 

Test Number Number 
tem- of of 
pera- Type of call females Type of call females 
ture respond- respond- 
(?C) ing ing 

Responses* at 75 dB SPLt 
16t Synthetic with PR = 15 sec-' 12 Synthetic with PR = 24 sec-1 0 
24? 1 10 

Responses* at 85 dB SPL 
16 Synthetic with PR = 15 sec-W 8 Synthetic with PR = 24 sec-1 0 
24 9 6 

Control experiments at 75 dB SPL 
24 Natural (Fig. 2C) 4 Synthetic with FM (Fig. 2D) 6 
24 Synthetic with FM (Fig. 2D) 5 Synthetic without FM (Fig. 2E) 5 

*For some females, two responses were tabulated, each at a different temperature. tRe 2 x 10-4 jAbar 
root mean square. tCloacal temperatures of the females ranged from 15.2? to 16.8?C, with one exception 
(14.8?C). ?Cloacal temperatures ranged from 23.6? to 25.2?C, with one exception (26?C). 
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to those of "hot" H. versicolor. Fig. 2 (right). (A) Oscillograms of the two principal synthetic calls, showing their timing relationship during 
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and 85 dB (Table 1). At 24?C, females 
failed to discriminate between calls with 
PR's of 15 sec-1 and 24 sec-1 at 85 dB 
(Table 1), but the PR's of H. chrysoscelis 
calls at 24?C are much higher than those 
of H. versicolor, even at 26?C (Fig. 1). It 
will be important to test females at 24?C 
and 85 dB for their ability to discriminate 
between a call with a PR of 24 sec-' and 
a call with a higher PR, in the range of 
variation ofH. chrysoscelis calls at 24?C. 
In any event, the biological significance 
of temperature coupling appears to be 
the refinement of species identification in 
order to avoid mismating and gamete 
wastage (15). 

The phenomenon of temperature cou- 
pling in the gray tree frog provides an ex- 
citing opportunity for the neurophysio- 
logical analysis of temporal pattern rec- 
ognition. Spectral properties of the 
signals are irrelevant, and changes in 
putative neural correlates of temporal 
pattern specificity with temperature can 
be predicted beforehand. Furthermore, 
the existence of temperature coupling in 
tree-frog communication is consistent 
with the hypothesis that the pattern-gen- 
erating system and the pattern-recogniz- 
ing system may share the same or similar 
neural networks as suggested by Hoy 
(16). Alternatively, two independent net- 
works may be affected in a similar fash- 
ion. A more detailed analysis of the tem- 
perature-coupling phenomenon, espe- 
cially at temperature extremes where 
one or both functions may become non- 
linear, may help to eliminate one of these 
hypotheses. Finally, research with elec- 
tric fish (17) and fireflies (18), which use 
signals that have distinctive, temper- 
ature-dependent temporal properties, in- 
dicates that temperature coupling is not 
limited to acoustic communication. 

H. CARL GERHARDT 
Division of Biological Science, 
University of Missouri, Columbia 65201 
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protons available for hydrogen bonding 
(3). 

This permeability increase is remi- 
niscent of the solubilization of inorganic 
cations in artificial and natural mem- 
branes by cyclic antibiotics and cyclic 
polyethers (4, 5). Likewise, the per- 
meability of bullfrog and rabbit gallblad- 
ders membranes toward protonated or- 

ganic amines depends upon the number 
of protons available for hydrogen bond- 
ing (3). These permeability sequences in- 

volving organic cations can be formu- 
lated as RNH3 > R2NH2, > R3NH+. 
The importance of amine transport in 

biological systems has long been recog- 
nized. Organic amines are known to 
block either Na+ or K+ nerve channels 
(3) and in some cases, result in death to 
the organism, for example, "red tide" 
toxin (6). Also, amine groups are con- 
stituents of many biologically important 
compounds (amino acids and drugs, for 
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Cyclic Polyether-Protonated Organic Amine Binding: 

Significance in Enzymatic and Ion Transport Processes 

Abstract. The cyclic polyether, 18-crown-6, reacts with protonated amines in 
methanol to form complexes whose formation constants (log K) decrease in the or- 
der NH4+, RNH3+ > R2NH2+ > R3NH'. In the case of the organic amines, this sta- 
bility order is identical to the earlier observed permeability sequence for protonated 
organic amines in glyceryl dioleate bilayers treated with valinomycin, nonactin, or 
gramicidin, and in bullfrog and rabbit gallbladder membranes. The decrease in log K 
values in the above series is primarily a result of decreased enthalpy change (AH) 
values, the entropy change (TAS) term being essentially constant for the systems 
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