fect the balance between inhibitory and
excitatory effects of serotonin on behav-
ior. The present model might be useful
for testing such interactions.
MicHAEL DAvis
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Female Mate Choice in a Neotropical Frog

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.

Darwin (/) 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 ), 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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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 (I1). 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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(I1). T attempted to determine whether
the chuck contains information about
male size that females might utilize in
choosing mates. The fundamental fre-
quency of anuran vocalizations is deter-
mined largely by the passive components
of the vocal apparatus, especially vocal
cord mass (I2). A negative correlation
between size and the fundamental fre-
quency of the advertisement call has
been demonstrated for several anuran
species (13, 14).

The fundamental frequency of the
chuck component of the calls of 136
males was determined during 1978 and
1979 (15). There was a significant nega-

4 —
a b
3 — - -
o > ®
I - L J
X
= - .
>
2 o - -
Q =
=] &
o -
2 -
= -
[ J
1 — - -
\\‘ \
- e
(o]
I

0 0.5
Time (seconds)

N
o

Fig. 1 (left). Differential mating success of male P. pustulosus. Hatched bars represent the
frequency of successful males (at least one mating) in each male size class; the numerator is the
number of successful males and the denominator is the total number of males. Open bars show
the frequency of total matings for each size class; the numerator is the number of matings and

the denominator is the number of males.

Fig. 2 (right). Natural and synthesized advertise-

ment calls of P. pustulosus. (a) Sonogram of a natural advertisement call, a whine followed by a
chuck; (b) sonogram of a synthesized advertisement call. All synthesized calls had the same
whine component, but the fundamental frequency of the chuck was varied.
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Fig. 3. Fundamental frequency of the chuck component of the advertisement call plotted against

male size (snout to vent) for 136 P. pustulosus.
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tive correlation between male size (26.0
to 33.5 mm) and fundamental frequency
(200 to 270 Hz, r = —.53, P < .01) (Fig.
3). The size range of these individuals
was similar to that of males observed in
the field (25.0 to 34.0 mm). The results
indicate that the chuck component does
contain information that might allow fe-
males to discriminate in favor of larger
males. The coefficient of determination
(** = .28) indicates a low predictability
for the size-frequency correlation and
suggests that this information might be
reliable only for discrimination among
males of large size differences.

During 1979, I tested the hypothesis
that females are capable of choosing be-
tween males at extremes of the size
range on the basis of differences in the
fundamental frequency of the chuck
component. Advertisement calls were
synthesized that contained identical
whine components but that had chucks
of different fundamental frequencies
(Fig. 2). The testing apparatus consisted
of an octagonal arena 150 cm in diame-
ter, with a burlap wall around the perim-
eter and two speakers opposite each oth-
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
edge of the perimeter. A ‘‘speaker re-
sponse’’ was noted if the female con-
tacted the burlap wall in a section adja-
cent to a speaker (within 12 cm) (16).

Eight females were presented calls
containing chucks with fundamental fre-
quencies of 200 and 260 Hz and with an
intensity of 70-dB sound pressure level
(SPL) in the center of the arena. Each
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
spectral components used in species rec-
ognition suggests that intraspecific mate
choice based on small frequency dif-
ferences might be a widespread phenom-
enon in anurans (/7).

Sexual selection theory predicts that
female choice is based on material or ge-
netic benefits provided by the male (I8,
19). 1 have no evidence that females re-
ceive different material benefits (such as
differences in nest quality) from males,
although this possibility is being investi-
gated.

Growth of amphibians is indeter-
minate;<in general, larger males are old-
er. There might be some inconsistencies
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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 (/9) 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
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