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Reproductive Development in a Female Songbird:

Differential Stimulation by Quality of Male Song

Abstract. Female canaries exposed to playback of large repertoires of male songs
built nests faster and laid more eggs than did those females exposed to smaller song
repertoires: females are attentive to attributes of male song, and their choices have
played a role in the evolution of oscine singing behaviors.

The vocalizations of male birds, in ad-
dition to repelling other territorial males,
attract and stimulate mates. Darwin (/)
championed the ‘“‘melody of voice’ as
functioning in the ‘‘charming of fe-
males,’”” and enhancement of female re-
productive development by male sounds
has subsequently been demonstrated (2).
With females exerting the choice in mate
selection (3), female discrimination is im-
plicated as a significant selective force in
the evolution of the bewildering diversity
of male singing behaviors that exist
among the songbirds. I now report that
female reproductive behavior is differ-
entially stimulated by variations in the
complexity of intraspecific song.

The experimental subjects were select-
ed from an inbred strain of Belgian
“Wasserschlager’” canaries (Serinus ca-
narius). In these birds, a typical male
song repertoire consists of 30 to 40 dis-
tinct note patterns or syllables. Four 10-
minute experimental tapes were pre-
pared by selective editing of a large num-
ber of recordings of natural canary song.
Two tapes had large song repertoires of
approximately 35 syllable types, and two
had small song repertoires of only five
syllable types ). For the two with large
repertoires, 15 songs averaging 30 sec-
onds in length were selected from tapes
of each of two normal males. For each
of the tapes with smaller song reper-
toires, songs of a normal male were
searched for five naturally occurring se-
quences of five different syllable types
(for example, ABCDE), chosen because
of their relatively high frequency of oc-
currence in the songs; these sequences
were edited and spliced together in ran-
dom order to make 15 different 30-sec-
ond songs. Because of inequalities in
total song lengths in the different cate-
gories, a final editing of tapes yielded, in
the two small-repertoire tapes, 14 songs
totaling 450 seconds and 15 songs total-
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ing 441 seconds, and in the two large-rep-
ertoire tapes, 14 songs totaling 439 sec-
onds and 15 songs totaling 447 seconds.
The 14 or 15 songs for each experimental
tape were then spliced together, with 10
seconds between songs, to form singing
bouts.

During September and October 1974,
24 virgin female canaries were selected
for uniformity of age (6 to 7 months) and
gonadal development (the largest fol-
licle size was < 0.4 mm). On 17 De-
cember four treatment groups were es-
tablished, with siblings distributed
among the groups. The six birds in each
group were paired randomly. Each pair
was housed in a metal canary cage (27 by
28 by 52 cm); a partition divided the cage
between the two birds and allowed audi-
tory but not visual contact. Each of
the 12 cages was placed in a sound
attenuation chamber (IAC model AC-1)
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Fig. 1. The median number of strings gathered
by 12 female canaries exposed to either large
(®) or small (W) male song repertoires. There
were significant differences between the two
groups during period 11, 12, 14, and 15
(Mann-Whitney U test; *; P < .05; *+,
P < .025).

Median number strings gathered per bird

equipped with loudspeakers. To prevent
the birds from looking at themselves (5),
the reflective interior window of each
chamber was covered. Day lengths prior
to 17 December were natural, but during
the experimental period, the light : dark
cycle was constant (9.5:14.5).

At 1200 hours on 21 January 1975 (day
1 of the experiment), each bird was sup-
plied with a metal-wire nest cup and a
bundle of 75 10-cm strings attached to
the side of the cage. Each day at 1200
hours, all eggs that were laid and all
strings that were pulled from the bundle
and left on the cage floor or placed in the
nest cup were removed and counted; the
string bundle was then replenished to 75
strings. Gathering of strings from a dis-
penser is a sensitive assay of reproduc-
tive development, for, in photoperiodi-
cally induced reproductive development
in female canaries, string gathering is
highly correlated with the diameter of
the largest ovarian follicles and with ovi-
duct weight, and the latter is highly corre-
lated with plasma levels of luteinizing
hormone (6).

Even though recorded songs had not
yet been played on day 6, three females
were building feverishly (7), and one fe-
male laid an egg. A fourth female began
gathering all 75 strings on day 7. Begin-
ning at 1200 hours on day 7 and contin-
uing through day 36, the females were ex-
posed to the 10-minute male song bouts
12 times during 3-hour periods in the
morning and in the afternoon. The group
including the female that laid an egg on
day 6 was intentionally placed in the
small song repertoire group (8). Subjects
for the other three treatment groups were
selected at random.

String-gathering scores were tabulated
for 36 days, 6 preceding and 30 during ex-
posure to songs. Individual string-gath-
ering scores were summed over succes-
sive 2-day periods. By days 21 to 22 (pe-
riod 11) the median number of strings
pulled by the 12 female canaries exposed
to the larger song repertoires significant-
ly exceeded the number pulled by the 12
canaries exposed to the small song reper-
toires (Fig. 1). Even if the three or four
birds exhibiting high string-gathering
scores prior to their exposure to the song
stimuli are culled from the experiment, the
difference between the groups remains
statistically significant (9). Correlated with
the high levels of string gathering were
higher levels of egg laying. By day 36 of
the experiment, five females exposed to
the larger song repertoires had laid 15
eggs, while two birds exposed to the
smaller song repertoires had laid only
five eggs; monitoring of eggs (but not

SCIENCE, VOL. 192



nest building) continued through day 54,
by which time the egg ratio had reached
28 to 10 (large repertoire, five birds to
small repertoire, three birds). Thus, fe-
males exposed to male song with a larger
number of syllable types were stimulated
into reproductive condition faster than
were those females exposed to male song
with a smaller number of syllable types.
The rate at which eggs are laid (and thus
offspring produced) is a significant com-
ponent of fitness, and the sooner the
males can attract and stimulate females
into reproductive condition, the higher
will be their relative fitness.

There are several interpretations for
the mechanism involved in this female re-
sponse to the quality of male song.

1) Both males and females of many
songbird species learn and are capable of
singing the details of songs heard during a
sensitive period early in life. Whether fe-
males sing these learned songs naturally
(10) or, as in most species, only after tes-
tosterone therapy (/1), the female gener-
ally sings the ‘‘native dialect’” (/2).
Males generally respond strongest to
songs most like their own, that is, songs
of their own dialect (/3); it is conceivable
that females will also be most stimulated
by (and therefore may select) a mate
whose songs most closely match her own
song or song template (/4). In this experi-
ment, it was more probable that song
components learned by females would
be matched by the large than by the
small repertoire of male songs. This
would result in greater stimulation of the
females exposed to the 33 rather than to
the five syllable types. Mate selection and
stimulation based on vocal signals com-
mon to the two sexes is highly possible
(I4) and could [together with possible
sexual differences in dispersal times and
distances (/5) and possible sexual differ-
ences in the relative timing of the sensi-
tive period for song learning) play a cru-
cial role in the population biology of
many species.

2) A greater diversity of male song
stimuli could reduce habituation and
maximize stimulation during male-fe-
male interactions. Female stimulation
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and gonadal development might then be
achieved in proportion to the size of the
male song repertoire, which could, in
turn, be an index of the overall vigor of a
male: Male Bewick’s wrens (Thryo-
manes bewickii) hatched late in the
breeding season develop smaller song
repertoires than do those hatched earlier
(16). In general, birds hatched later have
a poorér chance of surviving (17); song
repertoire size could then be an index of
the date of hatching as well as a male’s
potential survival and vigor. By chance

alone, the larger the repertoire of song

components, the larger will be the num-
ber of components that are shared with
the early experiences of potential mates
—the size of the repertoire and the de-
gree of matching could interact in a man-
ner to stimulate females maximally.

3) A third possibility is that not all com-
ponents of a male’s song serve the same
function, and that the females hearing
the larger repertoires were exposed to
the ‘‘mate stimulation song com-
ponents,’”” whereas by chance the tapes
of the smaller song repertoires lacked
those components. No data are avail-
able, but the literature for some wood
warblers (Parulidae) suggests this possi-
bility (18).

Whatever the mechanism involved, fe-
male canaries are attentive to the quality
of male advertising signals. The highly
*“skilled salesmanship among the males”’
has led to an ‘‘equally well-developed
sales resistance and discrimination
among the females’’ (/9). Epigamic selec-
tion has played a key role in orches-
trating the diversity of male singing be-
haviors.

DoNALD E. KROODSMA
Rockefeller University,
New York 10021
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