
Reproductive Condition and the Response of 

White-Crowned Sparrows (Zonotrichia leucophrys nuttalli) to Song 

Abstract. The pattern of responses of both male and female white-crowned sparrows to 
playback of recorded song depends on whether the female has eggs, nestlings, or fledg- 
lings, and on the behavior under consideration. These patterns can be understood in the 
context of the behavior patterns appropriate during each of the different stages of the re- 
productive cycle. 

Both naturalistic observations and sys- 
tematic investigations of the function of 
birdsong have led to an understanding of 
some of the functions of song in a variety 
of avian species (1). 

The most useful method of studying the 
function of song has been to play recorded 
songs to birds and to observe their re- 
sponses (2). Most such studies assess the 
relative strength of one or a few salient re- 
sponses selected from the total response 
repertoire elicited by the recorded songs. 
In the usual method of data analysis either 
nominal categories of response strength or 
contrasts of response levels are used. The 
sessions are usually of short duration and 
are, thereby, influenced by momentary 
fluctuations in responsiveness. We have 

analyzed an extensive time sample of an 
almost complete sample of the behavioral 

responses to recorded songs. This reduces 

the likelihood that the conclusions drawn 
reflect only a restricted aspect of the be- 
havior system and reduces the impact of 
short-term changes in responsiveness. 

Songs of territorial males in the local 
dialect were tape-recorded and played to 
pairs of territorial white-crowned sparrows 
(Zonotrichia leucophrys) of the sedentary 
Nuttall race. These birds were all mated, 
and the females were either brooding eggs 
(E), caring for nestlings (N), or had newly 
fledged young (F). The experiments were 
performed between 22 April and 30 June 
1972 (N = 9), and between 24 March and 
18 June 1974 (N = 24) at several sites in 
California: Point Reyes, Sunset Beach, 
Twin Peaks, and the Presidio of San 
Francisco. Before the experimental day 
the nests were located, the pair was iden- 
tified, and the territorial boundaries were 
mapped through observation. On the ex- 

Table 1. Mean number of responses to recorded birdsong by males and females with eggs (E), with 
nestlings (N), or with fledglings (F), and the significance levels for the common regression coefficient 
(R), intercept (I), and slope (S). The means are expressed over the 4-minute playback period. The to- 
tal mean is taken over trials 2 to 8. The interval between songs (ISI) and the time in view are ex- 

pressed in seconds; N.S., not significant. 

Responses 

Songs 
Group Songs 

Flights Chinks Trills Flutters In view 
Full Partial ISI (No.) (No.) (No.) (No.) (seconds) 

(No.) (No.) (seconds) 

Males 
E 

Trial 2 32.41 5.67 5.95 11.67 1.67 2.67 3.33 
Total 30.27 3.16 6.10 11.02 0.64 1.11 1.50 

N 
Trial 2 28.86 1.43 5.86 7.14 0.57 0.14 1.71 
Total 23.82 1.39 6.64 8.14 2.16 0.31 0.78 

F 
Trial 2 19.50 1.50 8.69 10.75 23.25 0.75 4.00 
Total 15.60 0.96 9.50 7.57 9.50 0.21 1.43 

P values 
R N.S. N.S. < .01 N.S. < .05 N.S. N.S. 
I < .01 < .01 N.S. N.S. N.S. 
S < .05 N.S. N.S. N.S. < .01 

Females 
E 

Trial 2 1.50 1.33 5.25 2.42 14.50 
Total 1.27 0.79 3.11 1.83 26.30 

N 
Trial 2 2.43 2.00 0.43 0.00 37.57 
Total 2.12 1.10 0.12 0.02 26.84 

F 
Trial 2 13.00 24.75 3.00 0.75 136.50 
Total 11.18 12.32 4.46 3.71 124.93 

P values 
R N.S. < .01 N.S. < .01 N.S. 
I < .01 < .01 < .01 
S N.S. N.S. N.S. 
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perimental day, each pair of birds received 
eight playback trials. Each trial consisted 
of ten presentations of the 2-second song 
with an 1 1-second interval between songs, 
a 1-minute silent period, another ten song 
presentations, and a 5-minute silent period 
(3). In 1972, two observers recorded the 
occurrence of each flight and of each song 
by the male. In 1974, responses were 
recorded continuously by two observers, 
with a portable 20-pen Esterline-Angus 
event recorder. One observer recorded the 
following male behaviors: full songs, par- 
tial songs, flights, distance from the speak- 
er, fright chinks, trills, wing flutters, and 
the number and length of attacks on other 
birds. The other observer recorded the 
number of counter songs by neighboring 
birds and the following female behaviors: 
flights, fright chinks, trills, flutters, and 
time in view. In addition, we noted the 
date and the time of day, the distance be- 
tween the speaker and the nest, the dis- 
tance between the experimenters and the 
nest, and whether another bird flew to 
within 15 m of the speaker (4). 

Our primary interest was to determine 
potential differences in the response levels 
of the three groups (E, N, and F) (5), 
whether the change in the response level is 
the same across trials for the different 
groups, and whether this change is signifi- 
cant for each group. A direct way to obtain 
an answer to these questions is, first, to 
test for differences between regression co- 
efficients for each of the three groups on 
each trial, for each of the response mea- 
sures (6). If there are no significant differ- 
ences, we can conclude that the slopes of 
the response curves are parallel; if there 
are significant differences, this means that 
there is an interaction between group 
membership and change over trials. If the 
regression coefficients can be considered to 
be from the same population, we can then 
test whether or not the common regression 
coefficient is significant; that is, whether 
the response level changes over trials. If 
the regression coefficients are the same, we 
can also test whether the intercepts for the 
groups are different, that is, whether the 
mean response levels differ. 

For the males, the slope of the curves for 
the number of full songs per minute is 
common for the three groups and there is 
a significant decrement in response over 
trials for all three groups (7, 8). The inter- 
cepts are significantly different; group E 
sings the most, group N not as much, and 
group F the least (Table 1). For partial 
song, the curves are parallel, the slope is 
not significant, but the intercepts are dif- 
ferent; group E emits more partial songs 
per minute than either groups N or F, 
which do not differ from one another. The 
curves for both trills and flights are paral- 
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lel, there is no change in response rate over 
trials, and there are no differences between 
any of the three groups. The curves for 
flutters are parallel, the decrease in re- 
sponse level over trials is significant, and 
there are no differences between groups. 
The slopes are not parallel for either the in- 
tervals between songs or fright chinks. This 
means that there is an interaction between 
group membership and response. For in- 
tersong interval, the interaction results 
from the fact that group F has a longer in- 
terval than groups E and N, and the inter- 
val for this group increases slightly, while 
the interval is constant for the other two 
groups. With chinks, F is higher and de- 
creases over trials, while the response level 
for the other two groups is very low. 

For the females (9) (who do not ordi- 
narily sing), the curves for both flight and 
the time in view are parallel, the slopes are 
not significant, and group F is at a higher 
level than groups E and N, which are the 
same. The picture for female flutters is the 
same, except that both groups E and F are 
the same and are higher than group N. The 
curves for female chinks are not parallel; 
group F is higher than E and N, which are 
both at zero, and there is a significant de- 
crease in the F curve over trials. The curves 
for female flutters are not parallel; group 
N is at zero throughout, groups E and F 
are both at a slightly higher level, and 
group E significantly decreases over trials. 

How are all of these results to be inter- 
preted? First of all, it should be empha- 
sized that, if we had arbitrarily chosen only 
one or a selected few of these variables as 
the dependent variables for study, it would 
be possible to argue that there are no dif- 
ferences in response level as a function of 
reproductive condition (if we had looked 
only at male flights, trills, and flutters), 
that there is a large difference in level (by 
looking only at song), that birds with eggs 
respond more than those with young (by 
measuring only partial song), or that birds 
with fledglings respond more than any oth- 
er group (by counting only female flight 
and time in view). Similarly, by selecting 
variables, we could conclude that response 
level does not change over trials (male 
flight, trill, partial song, female flight, trill, 
and time in view), that it decreases over tri- 
als (male song and flutters), or that females 
with fledglings show a slight increase, while 
those with eggs show a slight decrease (fe- 
male flutters). If no attention were paid to 
the reproductive condition of the birds, a 
major modulating influence would be left 

uncontrolled. This is especially serious 
since the breeding cycles of these birds 
tend to be highly synchronous. Therefore, 
if the research is done during a short seg- 
ment of the total breeding period, it is like- 
ly that most of the birds will be in the same 
reproductive condition and the outcome 
will be biased accordingly. 

Although the pattern of the above re- 
sults might seem complex and confusing 
when considered in isolation, it is more 
readily understood in the context of the on- 
going behavior during the different stages 
of the reproductive cycle. When the female 
is brooding eggs, she is not in view a great 
deal. Having no young to warn, she issues 
practically no fright chinks but does trill 
and flutter in response to the playback on 
the rare occasion when she aoes come into 
view. These last two behaviors seem to 
serve an aggressive function for both males 
and females; the male does not chink but 
he trills and flutters at the outset and 
ceases to do so as the playback progresses. 
He, then, behaves in a manner similar to 
that of a paired territorial male prior to the 
nesting season: he sings and flies about a 
great deal. 

The female with nestlings flies about and 
is in view very little. She emits few trills, 
flutters, or chinks. In short, she is cryptic in 
her behavior; if she was in the nest bush 
when the recorded song began, she stayed 
there quietly; if, she was out of the nest 
bush foraging, she remained concealed 
away from the nest. The male is less re- 
sponsive at this stage of the reproductive 
cycle and stays away from the immediate 
region of the nest. 

With fledglings, the female is in view 
most of the time and flies about issuing a 
large number of fright chinks. Since the 
fledglings tend to cease moving and to stop 
emitting begging calls when either the male 
or female chinks, this enhances the con- 
cealment of the young. The female also 
flutters and trills at a fairly high rate. The 
male sings less than in the other two condi- 
tions, the interval between songs is longer, 
he flies less, he initially chinks and flutters 
at a high rate, but stops doing so as the tri- 
als progress. At this stage the male is tak- 
ing a more active role in the care of the 
fledglings, and the defensive and warning 
behaviors (chinks, trills, and flutters) drop 
out as trials progress; the male often begins 
to forage for insects to feed the fledglings 
during the later playback trials. 

The data suggest that the response to 
song is determined by a complex inter- 

action in which internal states may influ- 
ence the intensity of the response system of 
both males and females, and the stage of 
the reproductive cycle influences the re- 
sponse typography. 
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