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Darwin (1) proposed that sexual selec- 
tion has two principal components: com- 
petition among males (intrasexual selec- 
tion) and choice by females (intersexual 
selection). The role of male-male com- 
petition has been demonstrated (2); how- 
ever, the importance of choice by fe- 
males, especially choice based on male 
traits, has been disputed since Darwin 
first proposed the theory (3). Studies 
have shown that mate choice by females 
is based at least in part on resources con- 
trolled by males (4), and on male position 
on a lek (5), or rank in a social hierarchy 
(6). Attempts to show that females in 
natural populations prefer certain male 
morphological or behavioral character- 
istics have been frustrated by difficulties 
in separating the effect of these charac- 
teristics from that of the other factors in- 
fluencing mate choice (7). Only laborato- 
ry studies of Drosophila have adequately 
demonstrated female choice based on 
male traits (8). I report that female 
choice of larger males influences male 
mating success in a neotropical frog, and 
that this choice is based on one male 
phenotypic characteristic, the funda- 
mental frequency of an advertisement 
call component, which is correlated with 
size and probably age. 

The breeding behavior of Phys- 
alaemus pustulosus (Leptodactylidae) 
was monitored in a small cement pool on 
Barro Colorado Island, Panama, for 12 
weeks from June to August 1978. Indi- 
viduals were captured, measured (snout 
to vent), and given a toe clip for per- 
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manent identification. Numbered pieces 
of surveyors' flagging were stitched to 
the middorsal surface, allowing undis- 
turbed identification during behavioral 
observations. 

Breeding in P. pustulosus occurs 
throughout the year, but is concentrated 
during the wet season (April to Decem- 
ber). As with most anurans that have a 
prolonged breeding season, the sex ratio 
at the breeding site was skewed toward 
males (9). Males advertised from calling 
sites, and the females approached and 
initiated amplexus. Usually, a female 
was present in the pool only on the night 
she mated. The females seemed to 
choose their mates freely, although on 
several occasions noncalling males inter- 
cepted females that were en route to call- 
ing males. The males often fought each 
other, but in over 500 hours of observa- 
tions during 1978 and 1000 hours in 1979, 
I never saw an unmated male displace a 
male in amplexus. Males constructed 
foam nests during amplexus by beating 
the jelly matrix of the egg mass with their 
hind legs as they fertilized the eggs (10). 
Nest building usually occurred 1 to 4 
hours after the beginning of amplexus. 
The males were not territorial and did 
not defend resources. There was no rela- 
tion between a male's calling site and the 
site used for oviposition or his ability to 
attract mates. 

In 1978, I marked 185 males and ob- 
served 103 matings. As Fig. 1 shows, the 
larger males were more likely to acquire 
mates. However, only some of the males 
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Abstract. Female Physalaemus pustulosus choose their mates and are more likely 
to choose larger males. There is a significant negative correlation between the size of 
the male and the fundamental frequency of one of the components of its advertise- 
ment call. Playback experiments demonstrate that females are capable of choosing 
larger males by distinguishing among differences in spectral components of the ad- 
vertisement call. 
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were present on a given night. There- 
fore, I examined the effect of male size 
on mating success for each night during 
the study. The size of each successful 
male was compared to the mean size of 
males present on that night. Males larger 
than the mean size were more likely to 
acquire mates (P < .0001, one-tailed 
sign test). 

The advertisement call of P. pustu- 
losus has two components, the whine 
and the chuck (11). The whine is always 
present and is followed by zero to six 
chucks (Fig. 2). Males increase the com- 
plexity of the call by adding chucks, and 
females prefer the more complex call 
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). I attempted to determine whether tive correlation between male size (26.0 
; chuck contains information about to 33.5 mm) and fundamental frequency 
le size that females might utilize in (200 to 270 Hz, r = -.53, P < .01) (Fig. 
?osing mates. The fundamental fre- 3). The size range of these individuals 
ency of anuran vocalizations is deter- was similar to that of males observed in 
ned largely by the passive components the field (25.0 to 34.0 mm). The results 
the vocal apparatus, especially vocal indicate that the chuck component does 
rd mass (12). A negative correlation contain information that might allow fe- 
tween size and the fundamental fre- males to discriminate in favor of larger 
ency of the advertisement call has males. The coefficient of determination 
en demonstrated for several anuran (r= .28) indicates a low predictability 
ecies (13, 14). for the size-frequency correlation and 
The fundamental frequency of the suggests that this information might be 
uck component of the calls of 136 reliable only for discrimination among 
tles was determined during 1978 and males of large size differences. 
79 (15). There was a significant nega- During 1979, I tested the hypothesis 

that females are capable of choosing be- 
tween males at extremes of the size 

4-- range on the basis of differences in the 
a b fundamental frequency of the chuck 

component. Advertisement calls were 
synthesized that contained identical 

a--- 3, * ~ *b whine components but that had chucks 
"'ic ~ of different fundamental frequencies 

(Fig. 2). The testing apparatus consisted 
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r of an octagonal arena 150 cm in diame- 

ter, with a burlap wall around the perim- 
- , eter and two speakers opposite each oth- 
, e er and outside the wall. A mirror was 

placed above the arena at an angle that 
permitted observations out of direct 
sight of the frog. The arena was marked 
into eight sections, 50 cm along each 

?o l edge of the perimeter. A "speaker re- 
0 0.5 1.0 sponse" was noted if the female con- 
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dI advertisement call, a whine followed by a intensity of 70-dB sound pressure level 
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f the chuck was varied. female was tested once. All eight re- 

sponded to the speaker producing the 
call with the lower fundamental frequen- 
cy (P = .004, one-tailed binomial proba- 
bility). This indicates that females can 
discriminate among males on the basis of 
spectral differences in the advertisement 

. ?. ? ? call. Reinterpretation of earlier studies of 
* . S ? .? spectral components used in species rec- 
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differences in nest quality) from males, 
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(mm) Growth of amphibians is indeter- 
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in the size-age correlation among males 
due to differences in resource accrual 
ability (20). By choosing larger males, fe- 
males might be selecting mates who have 
demonstrated the adaptiveness of their 
genomes for survival and resource ac- 
crual ability, thus transferring this bene- 
fit to their offspring. Borgia and West- 
Eberhard (19) have disputed many of the 
arguments suggesting that the genetic 
variance in fitness is rapidly depleted by 
female choice based on male genetic 
qualities. 

I am not suggesting that male-male 
competition plays no role in the mating 
system. Males might enhance their mate 
attraction ability by inhibiting other 
males from calling or by being present at 
the breeding site on nights of increased 
female activity. However, I have pro- 
vided an experimental paradigm to dem- 
onstrate the role of female choice as a 
determinant of male mating success in a 
natural anuran population. 

MICHAEL J. RYAN 
Section of Neurobiology and Behavior, 
Langmuir Laboratory, Cornell 
University, Ithaca, New York 14850, 
and Smithsonian Tropical Research 
Institute, Apdo. 2072 Balboa, Panama 

References and Notes 

I. C. Darwin, The Descent of Man and Selection in 
Relation to Sex (Appleton, New York, 1871). 

2. E. O. Wilson, Sociobiology: The New Synthesis 
(Belknap, Cambridge, Mass., 1975); S. T. Em- 
len and L. W. Oring, Science 197, 215 (1977); T. 
R. Halliday, in Behavioural Ecology: An Evolu- 
tionary Approach, J. R. Krebs and N. B. 
Davies, Eds. (Sinauer, Sunderland, Mass., 
1978), p. 180. 

3. A. R. Wallace, Darwinism (Macmillan, London, 
1889); J. Huxley, Evolution: The Modern Syn- 
thesis (Allen & Unwin, London, 1963); G. C. 

Williams, Sex and Evolution (Princeton Univ. 
Press, Princeton, N.J., 1975). 

4. G. H. Orians, Am. Nat. 103, 589 (1969); L. L. 
Wolf and F. G. Stiles, Evolution 24, 759 (1970); 
R. D. Howard, ibid. 32, 850 (1978). 

5. H. K. Buechner and R. Schloeth, Z. Tierpsy- 
chol. 22, 209 (1965); R. H. Wiley, Anim. Behav. 
Monogr. 6, 87 (1973). 

6. J. W. Scott, Auk 59, 477 (1942); I. Devore, in 
Sex and Evolution, F. Beach, Ed. (Wiley, New 
York, 1965), p. 266; R. J. Robel, Anim. Behav. 
14, 328 (1966). 

7. N. B. Davies, in Behavioural Ecology: An Evo- 
lutionary Approach, J. R. Krebs and N. B. 
Davies, Eds. (Sinauer, Sunderland, Mass., 
1978), p. 317; R. Thorhill, in Sexual Selection 
and Reproductive Competition in Insects, M. S. 
Blum and N. A. Blum, Eds. (Academic Press, 
New York, 1979), p. 136. 

8. J. Maynard Smith, J. Genet. 54, 261 (1956); C. 
Petit and L. Ehrman, in Evolutionary Biology, 
Th. Dobzhansky, M. Hecht, W. C. Stere, Eds. 
(Appleton-Century-Crofts, New York, 1969), 
vol. 3, p. 177. 

9. K. D. Wells, Anim. Behav. 25, 666 (1977). 
10. W. R. Heyer and A. S. Rand, J. Herpetol. 11, 

225 (1977). 
11. A. S. Rand and M. J. Ryan, in preparation. 
12. W. F. Martin, in Evolution in the Genus Bufo, 

W. F. Blair, Ed. (Univ. of Texas Press, Austin, 
1972), p. 279. G. E. Drewry, W. R. Heyer, and 
A. S. Rand (in preparation) discuss the laryngeal 
structures that determine the frequencies of the 
whine and chuck components of the P. pustu- 
losus advertisement call. 

13. R. G. Zweifel, Copeia 1968, 269 (1968). 
14. R. S. Oldham and H. C. Gerhardt, ibid. 1975, 

223 (1975); N. B. Davies and T. R. Halliday, Na- 
ture (London) 274, 683 (1978). Zweifel (13), 
however, notes that this phenomenon does not 
occur within populations of some species. 

15. Advertisement calls were recorded with a Senn- 
heiser microphone on a Nagra IV tape recorder 
at a speed of 9.525 cm/sec. Calls were analyzed 
on a Kay sonograph with narrow bandwidth and 
a range of 40 to 4000 Hz. The fundamental fre- 
quency of the chuck was determined by measur- 
ing the frequency distance between the first 
three visible harmonics on the sonogram and di- 
viding by three (Fig. 2). 

16. Playback experiments were conducted in a par- 
tially screened room; temperature during the ex- 
periments was the same as that outdoors. Sound 
intensity was equalized at 70 dB SPL in the cen- 
ter of the arena. Sound intensity measured half- 
way between the speaker and the arena center 
was that predicted by the inverse-square law (76 
dB SPL). Sound intensity of each speaker was 
measured at several places in the arena; at cor- 
responding sites, intensity was within I dB SPL 
for each speaker. Speakers were 150 cm apart; 
frogs at the release site were within one wave- 
length of sounds less than 440 Hz and thus were 

subject to near-field energy from some of the 
chuck harmonics. In the field, however, females 
might approach to within several centimeters of 
a calling male before retreating and proceeding 
to other calling males. The roles of near- and far- 
field energy in the neurophysiological mecha- 
nism of female choice are not known. Calls were 
broadcast by two speakers, each driven by a 
Nagra IV tape recorder, and were switched be- 
tween speakers after each test and between tape 
recorders each night. The call presented first 
was determined by the flip of a coin. A female 
was placed in the center of the arena in a wire 
cylinder. Calls were emitted alternately from the 
speakers every 1 second. The cylinder was re- 
moved 30 seconds after the calls began, and the 
female's behavior was recorded. "No re- 
sponse" was recorded if the female did not con- 
tact the wall before the tape ended (3.5 to 4.0 
minutes). 

17. R. S. Oldham and H. C. Gerhardt (14) demon- 
strated a negative correlation between size and 
frequency of the lower frequency peak in Hyla 
cinerea advertisement calls. H. C. Gerhardt [J. 
Exp. Biol. 61, 229 (1974)] showed that the opti- 
mal low-frequency peak, in terms of female pref- 
erence for synthetic calls, is considerably more 
narrow than the frequency range of the popu- 
lation. E. S. Morton [Am. Nat. 111, 855 (1977)] 
and M. J. Ryan (in preparation) discuss the gen- 
eral relation between function and the spectral 
properties of vocal signals. 

18. R. A. Fisher, The Genetical Theory of Natural 
Selection (Dover, New York, ed. 2, 1958); G. C. 
Williams, Natural Selection and Adaptation: A 
Critique of Some Current Evolutionary Thought 
(Princeton Univ. Press, Princeton, N.J., 1966); 
R. L. Trivers, in Sexual Selection and the De- 
scent of Man, 1871-1971 (Aldine, Chicago, 
1972), p. 81. 

19. G. Borgia, in Sexual Selection and Reproductive 
Competition in Insects, M. S. Blum and N. A. 
Blum, Eds. (Academic Press, New York, 1979), 
p. 19; M. J. West-Eberhard, Proc. Am. Philos. 
Soc. 123, 222 (1979). 

20. R. L. Trivers, Evolution 30, 253 (1976). 
21. I thank K. Adler, R. Capranica, S. Emlen, H. C. 

Gerhardt, H. Howe, E. Leigh, A. S. Rand, R. 
Trivers, K. Wells, and M. J. West-Eberhard for 
their comments on the manuscript and A. S. 
Rand for stimulating comments. A. Moffat gave 
assistance in call synthesis, and R. Capranica 
provided laboratory facilities. This research was 
supported by a Smithsonian Institution visiting 
student research fellowship, a Smithsonian In- 
stitution predoctoral fellowship, a National 
Science Foundation grant (DEB-7908893), the 
Gaige Fund (American Society of Ichthyologists 
and Herpetologists), the Cornell University 
chapter of Sigma Xi, and NSF grant BNS- 
7924525 to K. Adler. 

21 January 1980; revised 4 April 1980 

25 JULY 1980 525 


	Article Contents
	p. 523
	p. 524
	p. 525

	Issue Table of Contents
	Science, Vol. 209, No. 4455, Jul. 25, 1980, pp. 437-536
	Front Matter [pp. 437-450]
	Letters
	Alcohol or Humus? [p. 444]
	Mathematical ``Invasion'' [p. 444]
	Keeler's Gap [p. 444]
	Erratum: [In the Letter by R. L. Brownell, Jr. and H. Omura (30 May, p. 976)] [p. 444]

	Regulation and the Universities [p. 449]
	Water Revisited [pp. 451-457]
	The Phylogeny of Prokaryotes [pp. 457-463]
	Seabed Minerals and the Law of the Sea [pp. 464-472]
	News and Comment
	Making the Multiuniversity More Multiethnic [pp. 473-475]
	NIH Shaken by Death of Research Volunteer [pp. 475-479]
	Behavioral Medicine: An Emergent Field [pp. 479-481]
	Health Committee Investigates Farm Drugs [pp. 481-482]

	Briefing
	Industrial Productivity and the ``Soft Sciences'' [pp. 476-477]
	Reversals for Carter Energy Legislation [p. 477]
	Harvard Nuclear Engineer to Chair the NRC [p. 477]

	Research News
	Changing Global Sea Levels as a Geologic Index [pp. 483-486]

	Book Reviews
	The Capacity for Culture [p. 487]
	Vertebrates in Venezuela [p. 488]
	Peruvian Prehistory [pp. 488-489]
	Magnetosphere and Ionosphere [p. 490]

	Reports
	Volcanic Contribution of Chlorine to the Stratosphere: More Significant to Ozone Than Previously Estimated? [pp. 491-493]
	N-Formylmethionyl Peptide Receptors on Equine Leukocytes Initiate Secretion but not Chemotaxis [pp. 493-495]
	Ion Pairing Techniques: Compatibility with On-Line Liquid Chromatography-Mass Spectrometry [pp. 495-497]
	Human Hepatocellular Carcinoma Cell Lines Secrete the Major Plasma Proteins and Hepatitis B Surface Antigen [pp. 497-499]
	Cerebral Regional Oxygen Consumption and Supply in Anesthetized Cat [pp. 499-501]
	Multiple Mating-Type Specificities in the Flax Rust Melampsora lini [pp. 501-503]
	Limitations of Metabolic Activation Systems Used with in vitro Tests for Carcinogens [pp. 503-505]
	Cell Variants Showing Differential Susceptibility to Ultraviolet Light-Induced Transformation [pp. 505-507]
	(--)Pentobarbital Opens Ion Channels of Long Duration in Cultured Mouse Spinal Neurons [pp. 507-509]
	DDT Contamination at Wheeler National Wildlife Refuge [pp. 509-510]
	Calcium Regulation during Stimulus-Secretion Coupling: Continuous Measurement of Intracellular Calcium Activities [pp. 510-513]
	Initiation of Sulfate Activation: A Variation in C$_{4}$ Photosynthesis Plants [pp. 513-515]
	Carcinogenic Activity of Particulate Nickel Compounds is Proportional to their Cellular Uptake [pp. 515-517]
	Developmental Potential of Somatic Nuclei Transplanted into Meiotic Oocytes of Rana pipiens [pp. 517-519]
	Biochemical Analysis of Human T Lymphocyte Differentiation Antigens T4 and T5 [pp. 520-521]
	Excitatory and Inhibitory Effects of Serotonin on Sensorimotor Reactivity Measured with Acoustic Startle [pp. 521-523]
	Female Mate Choice in a Neotropical Frog [pp. 523-525]

	Back Matter [pp. 490-536]





