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Abstract. The majority of female Red-winged
Blackbirds (Agelaius phoeniceus) given exogenous es-
tradiol responded to playback of male song with cop-
ulation solicitation. Nine females given no exogenous
estradiol all failed to give any displays in response to
playback. We conclude that estradiol treatment is nec-
essary to elicit response to playback in captive female
Red-winged Blackbirds. Given the task of discrimi-
nating full conspecific song from a partial song, fe-
males treated with a double dose of estradiol showed
a degree of discrimination nearly identical to that
shown by females treated with a single dose. Variation
in estradiol dosage appears not to have a strong effect
on discrimination.
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A widely used method of measuring female response
to male song in birds is the solicitation display assay
(Searcy 1992). In this method, captive females are ex-
posed to playback of male songs, and they respond
with copulation solicitation, a courtship display given
before and during copulation in many species of birds.
Number, intensity, or duration of displays can be used
to quantify response to different playback treatments.
Because the response measured is so tightly coupled
to copulation, the assay arguably gives a fairly un-
ambiguous indication of female sexual preferences.
Following Searcy and Marler (1981), almost all ap-
plications of the solicitation display assay have primed
subjects with estradiol prior to testing with playback.
In the very first use of the assay, however, King and
West (1977) tested untreated female Brown-headed
Cowbirds (Molothrus ater), and in this and further
studies observed strong response to song in their sub-
jects (e.g., King et al. 1980, West et al. 1981). Re-
cently, females have been shown to solicit in response
to song without estradiol treatment in a second species,
the Canary (Serinus canaria) (Nagle et al. 1993, Le-
boucher et al. 1994). Only in Eurasian Blackbirds
(Turdus merula) is there direct evidence that females
will respond to song with solicitation display when
treated with estradiol, but will not respond when un-
treated (Dabelsteen 1988). Taken together, these results
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raise the question of whether estradiol treatment ac-
tually is necessary to obtain female response to song
in most species. Here we address this question for Red-
winged Blackbirds (Agelaius phoeniceus).

We also examine whether estradiol dosage affects
discrimination in female Red-winged Blackbirds. Con-
cern has been expressed, in peer review of past papers,
that estradiol treatment may tend to distort female pref-
erences for song. Some reviewers have worried that
high levels of estradiol might cause females to show
preferences that they might not otherwise exhibit, but
to us the more logical argument would be that estradiol
might lower discrimination by making females hyper-
responsive to all songs. Previous work has shown that
female Red-winged Blackbirds respond preferentially
to full conspecific songs over partial ones (Searcy and
Brenowitz 1988, Searcy 1990); here we present this
same discrimination task to two groups of females giv-
en different dosages of estradiol.

METHODS

Subjects were 53 adult female Red-winged Blackbirds
captured in the vicinity of the Pymatuning Laboratory of
Ecology, Crawford County, Pennsylvania. We tested
groups of 10, 10, and 7 females during May and June,
1990, and groups of 10, 10 and 6 females during May
and June, 1991. Subjects were released unharmed after
testing.

Estradiol treatments were in the form of crystalline
17-8-estradiol in silastic tubing of 1.96 mm outer diam-
eter, sealed at both ends with adhesive. We used four
dosage treatments: (1) one implant of 18 mm length con-
taining 14 mm of hormone (*‘1-X”’), (2) two implants of
18 mm length (“2-X”’), (3) one implant of 12 mm length
containing 7 mm of hormone (“%-X"’), and (4) one im-
plant of 18 mm length filled with glue (“sham”). The
1-X dose is the same as that used in previous experiments
with female Red-winged Blackbirds (Searcy 1988, 1990).
This dose is modeled on that used by Moore (1983) in
White-crowned Sparrows (Zonotrichia leucophrys), and
found to produce plasma estradiol levels in the upper part
of the range shown by breeding females in that species
(Wingfield and Famner 1978). The Red-winged Blackbird
dose is increased over that used for White-crowned Spar-
rows by scaling up relative to body size raised to the 0.7
power (Searcy 1992). We placed implants under the skin
of the back after application of a topical anesthetic.

We randomly assigned subjects in the first four groups
to the 1-X, 2-X, and sham treatments in the approximate



ratio of 2:2:1. We randomly assigned subjects in the final
two groups to the 1-X, %-X, and sham treatments in the
same approximate ratio. After testing, implants were re-
moved, again following application of a topical anesthet-
ic. One subject in the 1-X group and six in the 2-X group
were found to have lost one or more of their implants,
and these were dropped from the analysis.

After treatment, subjects were housed in cages with-
in sound attenuation chambers and maintained on a 16:
8 hour light:dark cycle. Songs were presented to sub-
jects from a Tandberg TB15 tape recorder over a Re-
alistic 40-1272 speaker (effective range 90-20,000 Hz)
inside the chamber. Responses were observed using a
video camera mounted on the chamber window. The
response measure was the number of copulation solic-
itation displays performed.

Subjects were tested on day 4 after hormone admin-
istration with a tape of four song types, each recorded
from local, conspecific males. Each song type was re-
peated eight times at the rate of one song per 10 sec,
for a total of 32 songs. Subjects were tested on day 8
with a second tape, containing a different set of four
conspecific song types in the same format. Between 9
and 11 days after hormone administration, subjects
were tested on each of two days with 12 repetitions of
a full Red-winged Blackbird song (‘“‘full song™) and
12 repetitions of the same song with the introductory
notes removed (“trill’”). The full song and trill were
presented in random order to a subject on the first day
of testing and in the reversed order on the second day,
with at least three hours between tests within a day.
The original full song used was recorded in Ithaca,
New York (Searcy and Brenowitz 1988).

RESULTS

Of the nine females given sham implants, none ever
displayed during testing. Of those given the %-X dose,
2 of 7 displayed (29%); of those given the 1-X dose,
15 of 20 displayed (75%); and of those given the 2-X
dose, 5 of 10 displayed (50%). The variation in pro-
portion displaying across dosage category was signif-
icant (x*; = 15.2, P = 0.002). Lumping all the estra-
diol dosages together, those given exogenous estradiol
were significantly more likely to display than were
controls (x%, = 10.3, P = .001).

Among the females that responded to song, 2-X sub-
jects gave slightly fewer displays to both full song and
trill than did 1-X subjects (Fig. 1), but in neither case
was the difference between dosage groups significant (P
> 0.50 by Mann-Whitney U-tests). To compare the de-
gree of discrimination shown by subjects in the two treat-
ment groups, we examined the proportion of displays giv-
en to the full song out of the total given to full song and
trill. This proportion was nearly identical for the 5 2-X
subjects (mean = 0.68) as for the 14 1-X subjects (mean
= (.69) that responded during the full vs. trill trials. The
slight difference in discrimination was not significant
(Mann-Whitney U = 36.5, z = —0.14, P = 0.89).

DISCUSSION

Captive female Red-winged Blackbirds in our experi-
ments gave no copulation solicitation displays in re-
sponse to song playback unless previously treated with
estradiol. Dabelsteen (1988) found the same pattern in
Eurasian Blackbirds. Female White-crowned Spar-
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FIGURE 1. Mean (= se) number of copulation so-
licitation displays performed by female Red-winged
Blackbirds in response to full song and trill. Subjects
were given either one implant (1-X) or two implants
(2-X) of estradiol. There is no significant difference in
discrimination between the two estradiol treatment
groups.

rows, observed with males but without playback, sim-
ilarly give displays when treated with estradiol but
give none if not treated (Moore 1983). By contrast,
female Brown-headed Cowbirds (King and West 1977)
and Canaries (Nagle et al. 1993, Leboucher et al. 1994)
do produce displays without estradiol treatment. Ca-
naries, which of course breed in captivity, display only
during a limited time before and during egg-laying
(Leboucher et al. 1994). Female Brown-headed Cow-
birds copulate in captivity (Eastzer et al. 1985), and
West and King (1996) imply that females only display
when in breeding condition. The trend seems to be that
females in species that will mate and produce eggs in
captivity (Canaries, Brown-headed Cowbirds) give so-
licitation displays in response to male stimuli as cap-
tives without estradiol treatment, whereas females in
species that will not breed readily in captivity (Red-
winged Blackbirds, Eurasian Blackbirds, White-
crowned Sparrows) seem to require exogenous estra-
diol if they are to give solicitation displays as captives.

Our second conclusion is that the estradiol dose giv-
en to female Red-winged Blackbirds does not change
their discrimination between two song stimuli. Sub-
jects given the 1-X and 2-X doses showed virtually
identical discrimination between the full song and trill.
We cannot report plasma estradiol levels in our sub-
jects, but in general steroids diffuse through silastic
tubing at a rate proportional to the surface area of the
implant (Dzwik and Cook 1966, Stratton et al. 1973),
so twice as much should diffuse from two implants as
from one. Moore (1983) showed that plasma estradiol
levels in female White-crowned Sparrows increase in
direct proportion to the number of implants they are
given. The 2-X treatments in our experiments thus
should have produced plasma estradiol levels roughly
twice as high as for the 1-X treatments. We conclude
that changes in estradiol levels of this magnitude do
not affect song discrimination.
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