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ABSTRACT. -Female Song Sparrows (Melospizu melodia) perform more court- 
ship display in response to large repertoires of song types than in response to 
small repertoires. This preferential response to large repertoires might be due to 
a positive correlation between repertoire size and male quality; therefore, females 
might benefit by responding more strongly to males singing many song types. We 
tested for such a correlation, using several measures of male quality. We found 
no evidence that repertoire size is related to male age, dominance status within 
captive flocks, territory size, date on which males settle on their territories, wing 
length, or weight. We suggest that adaptive explanations for the evolution of 
preference for large repertoires in this 
preference may be a phyletic holdover. 

One set of explanations for the evolution of 
repertoires of redundant song types assumes 
that conspecific females show some type of 
preferential response to multiple song types 
(Krebs and Kroodsma 1980, Slater 198 1). Such 
a preferential response could occur in mate 
choice or in reproductive activities after pair- 
ing. In Song Sparrows (Melospiza melodia), 
captive females perform more copulation so- 
licitation display in response to multiple song 
types than in response to single song types 
(Searcy and Marler 198 1). They continue to 
respond more strongly to larger repertoires 
across the entire range of repertoire sizes found 
among males of a study population (Searcy 
1984). Solicitation display in Song Sparrows 
occurs, for the most part, well after pairing, 
and repertoire size appears to have no effect 
on mate choice (Searcy 1984). In other species, 
multiple song types have been shown to have 
a stimulatory effect on mate choice (Catchpole 
1980), solicitation display (Searcy et al. 1982), 
and nest building (Kroodsma 1976). While 
these findings support the hypothesized ad- 
vantage of repertoires for males, they concur- 
rently raise another evolutionary question: why 
have females evolved preferential response to 
repertoires? Various authors have suggested 
that repertoire size is linked with some aspect 
of male quality. For example, it has been sug- 
gested that preferential response to large rep- 
ertoires might be advantageous to females if 
males with large repertoires tended either to 
be older and more experienced (Catchpole 
1980, Krebs and Kroodsma 1980), or to have 
better territories (Catchpole 1980) than males 
with small repertoires. 

species are unsupported, and that this 

A second set of explanations for the evolu- 
tion of repertoires assumes that repertoires 
function in territory defense (Krebs and 
Kroodsma 1980, Slater 198 1). This possibility 
has not been investigated in Song Sparrows, 
but, in other species, experiments have dem- 
onstrated that multiple song types are more 
effective than single song types in excluding 
intruders from the territory (Krebs et al. 1978, 
Yasukawa 198 1). Again, one possible expla- 
nation for these results is that repertoire size 
is correlated with male quality. For example, 
it has been suggested that non-territorial males 
might avoid territory owners with large rep- 
ertoires because such males are either them- 
selves large (McGregor et al. 198 l), or are older 
and more experienced (Krebs and Kroodsma 
1980, Yasukawa 198 1). 

We investigated the relationship between 
song repertoire size and various measures of 
male quality in Song Sparrows. Our first mea- 
sure of male quality was age. Parental ability 
has been shown to increase with age in many 
species of birds (e.g., see Perrins and Moss 
1974, Ryder 1980); therefore, male age is a 
logical measure of male quality-from the 
viewpoint of females. Success in aggressive en- 
counters increases with age in some birds (e.g., 
Ketterson 1974, Searcy 1979); therefore, age 
of the territory owner is also a possible index 
of male quality-from the viewpoint of in- 
truding males. Repertoire sizes are known to 
increase with age in some species (Nottebohm 
and Nottebohm 1978, Yasukawa et al. 1980), 
while they are known not to change with age 
in others (Dowsett-LeMaire 198 1, McGregor 
et al. 198 1). We tested for a relationship be- 
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tween age and repertoire size in Song Sparrows 
by determining whether repertoires of indi- 
vidual males increase in size from one year to 
the next. 

Our second measure of male quality was ag- 
gressive dominance, measured as ability to de- 
feat other males in encounters in flocks of cap- 
tive birds. We assumed that a male’s ability 
to defeat others in these flocks is positively 
correlated with his ability to defeat rivals when 
he is acquiring or defending a territory. This 
assumption is supported by Knapton and 
Krebs’s (1976) demonstration that young male 
Song Sparrows that are successful in aggressive 
encounters in flocks are especially likely to be 
successful in claiming a territory. If this as- 
sumption is valid, then aggressive dominance 
is a logical measure of male quality from the 
viewpoint of intruding males. Females might 
benefit from responding preferentially to males 
of high aggressive dominance if such males 
tend either to own better territories or to be 
better at defending their mates from interfer- 
ence. 

As a third measure of male quality, we used 
the quality of the territory owned by the male. 
Reproductive success of females in many 
species is affected by territory quality; female 
choice is often affected by territory quality as 
well (Searcy 1982). All else being equal, how- 
ever, we can see no reason to expect intruding 
males to avoid good territories. We used two 
measures of territory quality: territory size and 
date of male settlement. Krebs (1977a) showed 
that repertoire size is correlated with territory 
size in the Great Tit (Parus major). Territory 
size has been shown to affect female choice in 
some species of birds (Verner 1964, Howard 
1974, Nolan 1978), but not in others (Willson 
1966, Holm 1973). Catchpole (1980) argued 
that the date when a male settles on a territory 
is a measure of territory quality because males 
should settle first on the best territories. In 
Song Sparrows, female preferences for mates 
have been shown to be correlated with date of 
male settlement (Searcy 1984). 

Morphological measurements of size (i.e., 
wing length and weight) provided our final 
measures of male quality. Aggressive domi- 
nance increases with size in many animals (e.g., 
Collias 1943, Barnett 1963, Searcy 1979), so 
size is a possible measure of quality from the 
viewpoint of intruding males. McGregor et 
al. (198 1) found no correlation between body 
size and repertoire size in Great Tits. 

METHODS 

Fieldwork was conducted at the Cary Arbo- 
retum of the New York Botanical Garden in 
Dutchess County, New York. Song Sparrows 

held territories in riparian woodland, old fields, 
and marshes. In 198 1 and 1982, we recorded 
males during March, April, and May. All but 
three males were caught and color-banded be- 
fore being recorded; for the three males that 
were banded after being recorded, comparison 
of the recorded songs with those sung by the 
banded bird convinced us that the same in- 
dividual was recorded and banded in each case. 

Sound spectrograms were produced using a 
Princeton Applied Research Real Time Spec- 
trum Analyzer, and then sorted into song types. 
In 198 1, we estimated repertoire size by count- 
ing the number of distinct song types for any 
male for whom at least 200 renditions had 
been recorded. We occasionally found, how- 
ever, an additional song type after the 200th 
song, so, for 1982, we raised our criterion and 
estimated repertoire size only for males for 
whom at least 300 renditions had been re- 
corded. 

We estimated repertoire size for 22 males in 
198 1 and for 20 in 1982. Morphological mea- 
surements were made when males were caught 
for color-banding. Wing length was measured 
to the nearest 0.5 mm as the length of the 
flattened wing. Males were weighed to the 
nearest 0.5 g using a 100-g Pesola scale. 

Observations of singing males were plotted 
on large scale maps provided by the Cary Ar- 
boretum. Territory sizes were calculated as the 
areas of the smallest convex polygons contain- 
ing all observations for individual males. We 
determined dates when males settled by cen- 
susing the study area for singing males at least 
three times per week, starting before any ter- 
ritorial males had settled on the area, and con- 
tinuing until settlement ended. 

We performed two experiments to examine 
the relationship between song repertoire size 
and dominance. In the first experiment, we 
determined both dominance and repertoire size 
in captive birds. In the second experiment, we 
determined repertoire size from field record- 
ings, and then captured the males and deter- 
mined dominance. 

Subjects in Experiment 1 were 20 adult male 
Song Sparrows captured on their territories at 
scattered sites in Dutchess County late in the 
breeding season of 198 1. The males were 
housed from August to October in individual 
cages; during this period, the subjects were able 
to hear each other, although they sang little or 
not at all. Early in October, they were assem- 
bled into four groups of five birds, and housed 
in outdoor aviaries. Each group was observed 
during October and November for 20 periods 
of 25 min. Focal animal sampling was used in 
recording displacements, fights, and chases. All 
birds were color-banded to allow individual 
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TABLE 1. Repertoire sizes of male Song Sparrows re- 
corded in two successive years. 

Male 

Repertoire 
size in 

Repertoire 
Number of size in Number of 

1981 recordinas 1982 recordinns 

: 9 8 247 209 8 9 300 300 
3 9 335 300 
4 9 295 ; 300 
5 9 118 9 300 

identification of the winner and loser in each 
encounter. 

In mid-November, the birds were moved 
back into the laboratory and housed in indi- 
vidual cages. Over the course of the next four 
months, we took them five at a time, treated 
them with implants of testosterone to induce 
singing, and placed them in individual sound 
attenuation chambers. Most males began sing- 
ing one to three weeks after treatment. We 
usually recorded them for 1 h between 06:OO 
and 09:00, five days a week. Many of the birds 
initially sang highly variable “plastic” songs. 
These songs were ignored; only after songs were 
judged (by ear) to be crystallized were they 
transferred to edit tapes for analysis. 

Sound spectrograms were produced for all 

edit songs and then sorted into song types to 
determine repertoire sizes. Different codes were 
used for identifying males during the flock ob- 
servations than those used during recording so 
that determination of repertoire sizes could not 
be biased by knowledge of dominance. In ana- 
lyzing the spectrograms, we found that these 
laboratory-recorded songs were more variable 
than typical field-recorded songs. Further- 
more, males in the laboratory usually sang each 
song type only once before switching to another, 
whereas males in the field usually repeated each 
song type many times before switching. 

We based our estimates of repertoire sizes 
in the laboratory-recorded males on the first 
30 bouts recorded for each male. A bout was 
simply defined as the consecutive repetitions 
of one song type. For six males, we did not 
obtain enough recordings to estimate reper- 
toire size. In addition, one male died before 
his song was recorded. Thus, we obtained es- 
timates of both aggressive dominance and rep- 
ertoire size for 13 of the original 20 males. 

We performed Experiment 2, in which field 
recordings of males were used to estimate rep- 
ertoire sizes, because we could not be certain 
that the laboratory-recorded songs from Ex- 
periment 1 revealed natural repertoire sizes. 
In Experiment 2, we used as subjects, males 
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FIGURE 1. Sonograms of the repertoire of male 1 (Table 1) from 198 1. 
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FIGURE 2. Sonograms of the repertoire of male 1 (Table 1) from 1982. 

that we had previously recorded on their ter- 
ritories in 1982. The birds were captured in 
July, 1982 and held for 24 h in an outdoor 
aviary. Two groups of males were caught and 
observed, one of six and the other of five in- 
dividuals. As in Experiment 1, we noted the 
identities of the winners and losers in all dis- 
placements, fights, and chases. Observations 
in Experiment 2 were made using ad lib sam- 
pling. The group of five males was observed 
for 9 h, and the group of six for 11 h. 

Repertoire sizes for the birds in Experiment 
2 were estimated by a person who had no 
knowledge of the outcome of the flock obser- 
vations. For one of the 11 males, we had in- 
sufficient recordings to estimate repertoire size; 
therefore, we obtained estimates of dominance 
and repertoire size for 10 males. 

Relationships between repertoire size and 
our indices of male quality were examined by 
calculating Spearman rank correlation coeffi- 
cients. Statistical significance was accepted at 
the 0.05 level. 

RESULTS 

AGE AND REPERTOIRE SIZE 

Five males were recorded in both 198 1 and 
1982. For four of these birds (l-4 in Table l), 
we obtained enough recordings to meet our 

criteria for estimating repertoire sizes in 198 1 
(200 songs) and in 1982 (300 songs). Reper- 
toire sizes were identical in the two years for 
all four males. In addition, we obtained a sam- 
ple of 118 recorded songs for a fifth male in 
198 1 (male 5 in Table 1). Although this sample 
was below our criterion for estimating reper- 
toire sizes, we nevertheless found an equal 
number of song types in this small sample as 
in our 1982 sample of 300 songs. We conclude 
that for these five males, repertoire sizes did 
not change from one year to the next. 

Nice (1943) provided repertoire sizes for two 
different years for two male Song Sparrows, 
based in each case on observations of many 
hundreds of songs. Her male 1 M sang six song 
types in 1929 and six in 1930. Male 9M sang 
nine song types in 1929 and nine in 1935. 
Again, repertoire sizes did not change with age. 

For the five males in Table 1, not only did 
repertoire sizes not change from year to year, 
but also each repertoire consisted of the same, 
individual song types each year. Nice (1943) 
reported that the same was true for the rep- 
ertoires of her two males. As an example, Fig- 
ure 1 shows the repertoire of male 1 in Table 
1 as sung in 198 1, while Figure 2 shows the 
corresponding song types for the same male in 
1982. Not ail the song types were absolutely 
identical in the two years. Song type “a” had 



226 W. A. SEARCY. P. D. McARTHUR AND K. YASUKAWA 

100 - X 
X X 

$ 80- 

?! 
2 60- X X 
E X 

O-G-Fe-T 
Repertoire size 

FIGURE 3. The relationship between song repertoire 
size (recorded in the laboratory) and percentage of en- 
counters won in captive flocks for 13 male Song Sparrows 
(from Experiment 1). The relationship is not significant 
(r* = 0.186, P > 0.10). 

five syllables in the second trill in 198 1 vs. 
four syllables in 1982, and the terminal notes 
differed slightly in the two years. Song type 
“h” also had slightly different endings in 198 1 
and 1982. Small changes such as these also 
occurred within years. Despite such changes, 
we had an overall impression of strong con- 
servatism in the repertoire from year to year. 

AGGRESSIVE DOMINANCE AND 
REPERTOIRE SIZE 

In both of our experiments with captive flocks, 
well-defined dominance hierarchies were es- 
tablished. As one measure of aggressive dom- 
inance, we determined position in the hier- 
archy by constructing winner-loser matrices 
following the method of Brown (1975). The 
hierarchies determined in this way were all 
entirely linear, except for a single non-transi- 
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FIGURE 4. The relationship between song repertoire 
size (recorded in the field) and percentage of encounters 
won in captive flocks for 10 male Song Sparrows (from 
Experiment 2). The relationship is not significant (I, = 
-0.400, P > 0.10). 

TABLE 2. Spearman rank correlation coefficients relat- 
ing Song Sparrow repertoire size and morphological mea- 
surements (sample sizes in parentheses). 

Yew Wing length 

1981 -0.099 (18) 
1982 -0.117 (19) 

Weight 

-0.165 (15) 
0.059 (18) 

tive triad in one group in Experiment 1. We 
also calculated the percentage of all encounters 
that an individual won as a second estimate 
of dominance. The Spearman rank correla- 
tions between the two estimates of aggressive 
dominance ranged from +0.7 to + 1 .O; four of 
the five correlations were significant (P < 0.05). 
Since these two measures of dominance were 
so strongly correlated, the results of our sub- 
sequent analysis did not depend on which 
measure we used. 

For the 13 laboratory-recorded males in Ex- 
periment 1, the correlation between repertoire 
size and percentage of encounters won was 
positive but non-significant (Y, = 0.186, P > 
0.10; see Fig. 3). For the 10 field-recorded males 
of Experiment 2, the correlation between per- 
centage of encounters won and repertoire size 
was negative but non-significant (rs = -0.400, 
P > 0.10; see Fig. 4). We conclude that rep- 
ertoire size is not related to aggressive domi- 
nance in Song Sparrows. 

TERRITORY QUALITY AND 
REPERTOIRE SIZE 

Territory size. For 22 males in 198 1, we found 
no evidence of a correlation between territory 
size and repertoire size (rs = -0.228, P > 
0.10). For 15 males in 1982, we again found 
no significant correlation between territory size 
and repertoire size (r, = -0.214, P > 0.10). 

Date of male settlement. If territory quality 
is positively correlated with repertoire size, then 
repertoire size should be negatively correlated 
with date of male settlement, since the best 
territories should be occupied first. For 21 
males in 198 1, the correlation between rep- 
ertoire size and date of settlement was positive 
though not significant (rs = 0.190, P > 0.10). 
For 15 males in 1982, the correlation was neg- 
ative but not significant (rs = -0.107, P > 
0.10). We conclude that repertoire size is not 
related to territory quality in Song Sparrows. 

SIZE AND REPERTOIRE SIZE 

We used two measures of overall body size, 
wing length and weight, neither of which was 
significantly correlated with repertoire size in 
either 198 1 or 1982 (see Table 2). We conclude 
that repertoire size in Song Sparrows is not 
related to a male’s body size. 
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DISCUSSION 

We found no indication of a relationship be- 
tween repertoire size and any of our measures 
of male quality in Song Sparrows. Repertoire 
sizes did not increase with age either in our 
sample of five males recorded in two years, or 
in Nice’s (1943) sample of two males. Rep- 
ertoire size was not correlated with aggressive 
dominance in either of two experiments with 
captive flocks. For each of two years of field 
observations, repertoire size was not correlat- 
ed with measures of territory size and quality, 
nor with measures of male size. Although other 
measures of male quality may exist, we believe 
we have looked at, and eliminated, the most 
important ones. 

If repertoire size is not an indicator of male 
quality, why then do females in laboratory ex- 
periments show a preferential response to large 
repertoires (Searcy and Marler 198 1, Searcy 
1984)? (We leave aside the question of why 
intruding males might avoid large repertoires, 
since such avoidance has not yet been dem- 
onstrated in Song Sparrows.) One possibility 
is that, in species in which males possess song 
repertoires, females have evolved heightened 
response to repertoires to facilitate species rec- 
ognition; for example, female Song Sparrows 
might solicit more strongly for males with rep- 
ertoires since all conspecific males possess rep- 
ertoires and it is costly to copulate with a het- 
erospecific individual. This hypothesis, 
however, does not explain why female Song 
Sparrows prefer increasingly larger repertoires 
within the range of repertoire sizes possessed 
by conspecific males. Furthermore, this hy- 
pothesis of species recognition predicts that in 
species in which males sing only one song type, 
females would respond more strongly to single 
song types than to repertoires. Females in such 
species, however, actually show no discrimi- 
nation between single and multiple song types 
(Searcy and Marler 1984). A second possibility 
is that the female preference has evolved by 
runaway sexual selection (Catchpole 1980). 
Models of female choice predict that runaway 
selection will produce female preferences for 
traits that are otherwise non-adaptive or even 
maladaptive in males (e.g., O’Donald 1980, 
Lande 198 1). One difficulty is that these models 
are meant to apply to situations involving 
choice of mates, whereas female choice of mates 
is not affected by repertoire size in Song Spar- 
rows (Searcy 1984). It might be possible, how- 
ever, to extend the models to cases in which 
females “choose” to be differentially stimu- 
lated by males after pairing. A second difficulty 
in applying these models to female response 
to repertoires is that the models require that 

the male trait in question be heritable, since 
females benefit from responding to the trait 
only if their sons inherit the trait and its at- 
tendant attractiveness. Since song types are 
learned, repertoire size can be expected to have 
low heritability. In the only species for which 
data exist, the Great Tit, the father-son cor- 
relation of repertoire size is actually slightly 
negative (McGregor et al. 198 1). 

The remaining possibility is that female 
preferences for large repertoires are non-adap- 
tive, the product of phyletic inertia (Gould and 
Lewontin 1979). Note that we are proposing 
only that the female response to repertoires is 
non-adaptive, and not that the repertoire itself 
is non-adaptive. The proximate mechanism 
that produces preferential response to reper- 
toires is, at least in many cases, habituation 
(Krebs 1976, 1977b; Searcy et al. 1982). Thus, 
female Song Sparrows may solicit more often 
and more intensely in response to large, rather 
than to small, repertoires because several dis- 
tinct song types are more effective in prevent- 
ing habituation by females than one or a few 
song types. Krebs (1977b) argued that habit- 
uation can be altered by selection; however, 
we might expect, given the general prevalence 
of habituation throughout the vertebrates, that 
habituation will occur in the absence of selec- 
tion against it. We suggest then, that prefer- 
ential response to repertoires is a phyletic hold- 
over, with no real selective cost or benefit. 
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