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Summary. Female Mountain White-crowned Spar- 
rows from Colorado were tested in a laboratory play- 
back experiment to determine their response to male 
songs from their own natal dialect and to those from 
an alien dialect of the same subspecies, Zonotrichia 
leucophrys oriantha (Fig. 1). Observations were made 
on locomotor activity and copulation postures pro- 
duced during each experimental test session. 

The subjects gave copulation displays almost ex- 
clusively when hearing their natal dialect and few 
or no displays when hearing the alien dialect (Fig. 2). 
The birds also exhibited significantly greater locomo- 
tor activity when hearing the natal dialect than they 
did when hearing the alien dialect (Fig. 3). 

We conclude that females are sensitized by their 
early song learning experience to be responsive to 
songs from their natal dialect and virtually sexually 
unresponsive to songs from an alien dialect. We spec- 
ulate that the copulation posture given in the experi- 
ment implies that females in natural populations 
would preferably only mate assortatively with males 
from their natal dialect region. 

Introduction 

The Mountain White-crowed Sparrow, Zonotrichia 
leucophrys oriantha, is a migratory subspecies breed- 
ing in high montane meadows in Colorado. Popula- 
tions exhibit dialects in male song; certain syllables 
in the song are common to all males in a local area 
but differ from the syllables characteristic of other 
populations. Other syllables in the same song are vari- 
able among individuals. Females seldom sing. Dialect 
populations often occupy entire drainage systems with 
individuals residing primarily in the willow habitat 
near streams. The typical mating system is monoga- 
mous pairs and territorial defense by males. 

The biological significance of song dialects has 
been a matter of considerable speculation and some 
debate (Nottebohm 1969; Baptista 1975; Payne 1973 ; 
Petrinovich et al. 1981; Baker 1975; Baker and Me- 
waldt 1978, 1981). The important question was posed 
some years ago (Marler and Tamura 1962; Notte- 
bohm 1969) : whether females might preferentially se- 
lect as mates males who sing the dialect on which 
the females had been imprinted during their early 
sensitive period for song learning. This assortative 
mating process would be one possible prediction from 
the theory that dialect populations are adapted to 
local environmental conditions. Such local adaptation 
would suggest that cross-dialect matings would be 
selected against. A great deal of important informa- 
tion has been accumulated on the general problem 
of geographic variation and dialects in song (see 
Krebs and Kroodsma 1980; Baker 1982; for reviews) 
but only recently has the assortative mating hypothe- 
sis been tested. 

Konishi (1965) showed that some female White- 
crowned Sparrows (Z. I. nuttalli) can produce a rea- 
sonably accurate male-type song when implanted with 
testosterone and that these females sang the song dia- 
lect of the local area in which they were captured. 
Building on the small sample of this early study, Bapt- 
ista and Morton (1980) determined the extent to 
which the song dialect of females induced with testos- 
terone was similar to that of their male mates in 
Mountain White-crowned Sparrows in a single popu- 
lation in the Sierra Nevada of California (see also 
Petrinovich et al. 1981). Although the important de- 
tails and sonagraphic data of these studies have not 
been published, the general conclusion of Baptista 
and Morton's study in the Sierras and that of Petrino- 
vich et al. on Nuttalt's White-crowned Sparrow in 
San Francisco, was that most of the females sang 
an alien dialect, not the dialect characteristic of their 
mates. This could be regarded as evidence against 
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Fig. 1. Spectrograms of tutor songs and those of st imulus songs recorded in the natal  (Deadman Pass and Sand Creek) and alien 
(Gothic) dialects of  Mounta in  White-crowned Sparrows 

the assortative mating hypothesis. Surprisingly, quite 
different results have been obtained in a more recent 
attempt to repeat these two studies in a different pop- 
ulation (Tomback and Baker, in preparation). After 
treatment with testosterone in silastic implants, fe- 
males from three different dialects in the Point Reyes 
area of coastal California sang songs containing the 
dialect syllables of the local male population. In con- 
trast to the results of  Baptista and Morton and of  
Petrinovich et al., these results provided evidence that 
supported the assortative mating hypothesis. 

In the study we present here, we have adopted 
a different approach to the question of assortative 
mating. We tested female Mountain White-crowned 
Sparrows for their response to their natal dialect and 
to an alien dialect presented in a laboratory experi- 
ment. 

Materials and Methods 

We captured fledgling (20-25 days old) and adult  females in a 
montane  meadow in Colorado between 24 July and 4 August ,  
maintained them in the laboratory in individual cages in the same 
room on natural  photoperiod, and tutored them for 1.5 h twice 
each day. The sensitive period for song learning in White-crowned 
Sparrows ends at about  50 days of age (Marler 1970). The tutor 
songs were recorded f rom three different males, two from the 
neighborhood where the birds had been captured and one from 
a male three km away but  in the same dialect (Fig. 1). Tutoring 
was by recorded tape played at a rate of  four songs per minute 
to approximate the natural  singing rate of  a male. 

After post-juvenal molt  was completed by the young females, 
about  15 September, tutoring was ended and the group was placed 
on an 8 L: 16D photoperiod for about  6 weeks. The photoperiod 
was then changed to 1 6 L : 8 D  and on 14-17 November  the birds 
were implanted with small sections of silastic tubing containing 
17-B estradiol (Sigma Chemical Co.) plugged at both ends with 
silastic adhesive. Testing of the females began on 24 November.  

Tests were conducted in an enclosed chamber  with a single 
bird in its home cage near a loudspeaker. Each test consisted 
of 3 min of silence followed by three repeated segments each com- 
posed of 3 min of test song and 3 min of silence. Dur ing each 
3 min block of test songs, a subject heard four repetitions of  3 dif- 
ferent songs for a total of  36 songs in each 21 min test. Stimulus 
songs representing the home dialect were recorded from three males 
located 9 km from the site of  juvenile and adult  female capture. 
Thus, these songs were different f rom those used as tutoring songs, 
a l though all were the same dialect. Stimulus songs representing 
an alien dialect were recorded at Gothic, near Crested Butte, Colo- 
rado, about  275 km from the Deadman  Pass area (Fig. 1), refered 
to as the home or natal  dialect. 

We conducted three series of  tests on the females, each con- 
sisting of  a presentation of  the alien dialect on the first day and 
the natal dialect on the second. It would probably be preferable 
to randomize the order of  presentation but  for logistical reasons 
this was not  convenient. The order we did employ would most  
likely bias results toward a stronger response to the alien dialect 
if such a bias had occurred. That  no order effects emerged over 
the three series of  tests suggests that randomizat ion of  stimuli 
would have made no difference in the results observed. A further 
potential improvement  in experimental design would be to obtain 
reciprocal results using a group of females from the alien dialect 
but  tested with the same st imulus songs. The ordering of testing 
sessions through the day was altered for each series so that  each 
individual was tested in morning, mid-day, and afternoon. After- 
ward, an additional experiment was conducted to try to switch 
the response of  two juvenile females who exhibited a preference 
for the natal  dialect during the three series of  regular testing. 
These 2 females were placed in a chamber  and exposed to the 
alien dialect test songs 3 h per day for two days. Then they were 
re-tested on the alien vs natal  dialect stimuli in the manner  outlined 
previously. 

We observed the birds during all test sessions and quantified 
activity level and displays. Activity level was measured by count ing 
perch hopping. Female display behavior was most  commonly  a 
combinat ion of  trilling vocalization and copulation posture, al- 
though occasionally the trill was given without pronounced postur- 
ing or rarely the posture was given without the trill. We grouped 
these events for analysis. The posture given by the females seemed 
to vary in intensity; the essential components  of  the complete 
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Fig. 2. Number of  displays given by each female White-crowned 
Sparrow to natal and alien dialect stimuli during each of  the three 
series of tests. Two birds who did not respond in any test are 
not illustrated 
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Fig. 3. Increase in number of hops above baseline number (presti- 
mulus). Group means plus one standard error of  hopping activity 
during stimulation by alien (A) Gothic dialect and by natal (N) 
Sand Creek dialect are represented by the histogram bars 

display were a slight crouch, wings fluttering, the head tilted up- 
ward, and tail raised�9 The female displays resulting from our experi- 
mental procedures were no different from those observed during 
copulation sequences of free-living females interacting with their 
mates�9 

In the first experimental series, juvenile females 
displayed exclusively to the stimulus songs represent- 
ing their natal dialect and adult females gave similar 
but not identical results. Using each bird as its own 
control, the Wilcoxon matched-pairs signed-ranks test 
showed that the difference between stimuli was signifi- 
cant (P < 0.01, two-tailed, Fig. 2). In the second and 
third series of experiments (Fig. 2), the females also 
responded significantly more to the natal dialect than 
to the alien dialect (Wilcoxon test, series no. 2: P < 
0.01, series No. 3: P < 0.02, both two-tailed). No dis- 
plays were given during the pre-stimulus 3 min com- 
ponents of the testing sessions. 

To analyze changes in activity level attributable 
to the stimuli, we assumed that the amount  of hop- 
ping performed during the pre-stimulus segment of 
the test session was the baseline level over the remain- 
ing 18 min of testing (Fig. 3). The change in amount  
of hopping was determined for each bird on each 
stimulus and tested with the Wilcoxon test. In series 
no. 1 and no. 2, the birds hopped significantly more 
in response to the natal dialect (2 + S.E. series no. 1 = 
132+ 36, series no. 2 =  144_+ 54)than to the alien dia- 
lect (92_+ S.E. series no. 1 = 5 2 + 2 9 ,  series no. 2 = 2 3 +  
24, P < 0.01, P < 0.02, respectively, two-tailed). There 
was no significant activity difference between stimuli 
in series no. 3 (2 + S.E. natal = 47 + 65, alien = 88 + 54, 
P > 0.05). 

Following these three series of tests, we provided 
2 juvenile females extra exposure to the alien dialect 
to see if they would switch preferences. Neither of 
the 2 females changed their response; both displayed 
to the natal dialect almost exclusively (15 : 0, 48 : 2). 
Although these data are preliminary, it does not ap- 
pear that increased adult exposure to an alien dialect 
causes substantial change of female response. 

The estradiol implants were replaced with testos- 
terone implants in the adult females to determine 
what dialect they learned in early life. This was impor- 
tant to do because they were adults at the time of 
capture and we could not be certain of their geograph- 
ic origin. Of the 5 adult females implanted with testos- 
terone, three sang accurate copies of the home (Dead- 
man Pass) dialect (Fig. 4) and two did not sing. 

Discussion 

Results 

The 13 females, 8 juveniles and 5 adults at time of 
capture, all developed fully defeathered brood patches 
by the time of testing. While still in the holding room 
prior to testing, 2 adult females occasionally sang. 
Exposure of the group to these female songs occurred 
well after the critical period for song learning. 

The major conclusion we make from our results is 
that female White-crowned Sparrows are sensitized 
by an early song learning experience to be more re- 
sponsive to male song of their natal dialect and vir- 
tually sexually unresponsive to song from an alien 
dialect. We interpret the female response as an indica- 
tion of sexual arousal since the primary context of 
the display, used here as a bioassay, in natural popula- 
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Fig. 4. Spectrograms of songs of three adult female White-crowned 
Sparrows induced to sing with testosterone implants. To eliminate 
echo noise from the songs, ink tracings were prepared from spectro- 
grams 

tions is copulation solicitation. This function of the 
display, was reported by Blanchard (1941) who de- 
scribed coition: "The  female follows her mate about 
and trills persistently, fluttering her wings and raising 
her tail. Suddenly she flies straight away from her 
mate, and lands either on the ground or in a tree 
some yards distant. Her mate follows and lands near 
her. He hops toward her, crown raised and tail low- 
ered and spread, flutters above her a few seconds 
[copulation], then flies to a nearby perch and sings." 
The copulation sequence and display behavior of fe- 
male White-crowned Sparrows is similar to that ob- 
served in Song Sparrows (Zonotrichia melodia) and 
reported by Nice (1941): "The  female postures by 
spreadings her wings and quivering them, and raising 
her head and tail; the male mounts, balancing himself 
with his wings, the act is consummated in about a 
second, after which he usually flies a short distance 
away."  These early descriptions are similar to obser- 
vations we have made in the field as well. 

The copulatory posture, common in small passer- 
ines, has proved to be a sensitive female bioassay 
of male song. Female Brown-headed Cowbirds distin- 
guish between their own and an alien subspecies song 
by responding differentially with copulation postures 
(King et al. 1980, West et al. 1981 for review). Searcy 
and Marler (1981) have shown that female Song Spar- 
rows respond less to an abnormal temporal pattern 
of  male song, in comparison to natural song pro- 
grams. 

Since the female display indicates sexual readiness, 
the response pattern exhibited by females in the pres- 
ent study has interesting inferential implications for 
the population biology of White-crowned Sparrows. 
For  example, a male who obtains a territory in an 

alien dialect population would be considerably less 
effective in attracting a female mate than would a 
male singing the common local dialect. The unmated 
male might give up and explore elsewhere under these 
circumstances. The net effect would be distinct dialect 
populations rather than a heterogeneous assemblage 
of song types. A female who strays into an alien 
dialect may also form a less effective pair-bond, or 
perhaps not mate at all and simply wander more 
widely until contacting her natal dialect. These views 
of male and female behvior are the most clear possi- 
bilities, and they require a positive correlation be- 
tween copulatory posturing and mate choice. 

It is also possible, although we did not achieve 
it in our laboratory manipulations, to imagine a way 
that females could mate in non-natal dialects as was 
the case in the studies of  Baptista and Morton (1980) 
and of Petrinovich et al. (1981). If  we assume that 
there is an excess of  males in the population, as is 
common for many passerine species (Brown 1969), 
and such bachelor males court and advertise pers- 
istently, then a period of prolonged exposure might 
overcome a tendency of a female to be unresponsive 
to the alien dialect. Thus, a skewed sex ratio in favor 
of excess males might influence the mating system 
in a way that rather distinct and pure dialect popula- 
tions of males are maintained but females show less 
fidelity to their natal areas and constitute the major 
agents of gene flow among populations. 
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