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DELAYED ACCESS TO LOCAL SONGS PROLONGS VOCAL

DEVELOPMENT IN DIALECT POPULATIONS OF
BROWN-HEADED COWBIRDS!

ADRIAN L. O’LOGHLEN?
Department of Biology, University of California at Santa Barbara, Santa Barbara, CA 93106

Abstract. A recent study by O’Loghlen and Rothstein (1993) found that ontogeny of the
Mammoth dialect flight whistle (FW) and repertoires of local perched songs (PS) was not
complete by the first breeding season for male Brown-headed Cowbirds (Molothrus ater
artemisiae) in the eastern Sierra Nevada of California. To determine how typical of the
region these results were, I compared adult and yearling vocal behavior in the Convict dialect
adjacent to Mammoth and the Round Valley dialect, 55 km south and 900 m lower elevation.
In the Convict group, a majority of 20 yearlings produced either incomplete local (35%) or
foreign (35%) FWs. In the Round Valley, 15 of 19 yearlings (79%) gave foreign whistles. In
both dialects, yearling PS repertoires lacked local song types, and in Convict, repertoires
were significantly smaller than those of local adults. As was found in the Mammoth dialect,
incomplete FWs of yearlings were resistant to modification during the season, and modi-
fication of yearling PS repertoires was also arrested. I propose a scheme for vocal devel-
opment in these Sierran populations and discuss possible reproductive consequences of
delayed vocal learning.

Key words:  Songbirds; vocal development; song learning; dialects; cowbirds; Molothrus

ater.

INTRODUCTION

Most temperate region songbirds are assumed to
memorize their species-typical songs during their
hatching year and to produce fully developed
song by the time they are one year old and be-
ginning their first breeding season (Slater 1983,
Konishi 1989). For most birds, these will be the
songs they sing for the rest of their lives (Thorpe
1958, Marler 1970, Lemon 1975, Marler and
Peters 1982a, Konishi 1989), although subse-
quent addition of new song or syllable types has
been reported to occur in some species (Rice and
Thomson 1968, Marler et al. 1972, Payne 1973,
Jenkins 1977, Nottebohm and Nottebohm 1978,
Lemon et al. 1994). A recent study of wild birds
from a migratory population of the brood par-
asitic Brown-headed Cowbird (Molothrus ater
artemisiae), in the eastern high Sierra Nevada of
California, suggests a novel vocal development
(O’Loghlen and Rothstein 1993). The goal of this
paper is to determine the extent to which results
for this population characterize other cowbird
populations in the region.

! Received 1 October 1994. Accepted 19 January
1995.
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Male cowbirds possess two types of songs, the
flight whistle and the perched song (Rothstein et
al. 1988). Flight whistles (FW) show well-defined
and often highly divergent dialects (Rothstein
and Fleischer 1987). Males usually sing only one
FW variant. Generally, perched songs (PS) also
vary geographically but always conform to cer-
tain structural rules (King et al. 1980), and males
have repertoires of two to seven PS variants
(Dufty 1985, West and King 1986, Yokel 1987).
The previous study of vocal development in wild
cowbirds was conducted during the 1989 breed-
ing season in the Mammoth FW dialect (O’Logh-
len and Rothstein 1993). Results from the Mam-
moth study indicated that it takes two years for
the great majority of cowbirds to achieve vocal
repertoires comparable to those of local adults
(two years or older). During their first breeding
season, yearling males trapped locally produced
incomplete versions of the Mammoth FW given
by nearly all local adults. Furthermore, the PS
repertoires of yearlings were smaller than and
lacked the PS types common to the repertoires
of local adults.

The incomplete vocal development of Mam-
moth yearlings was attributed to limited access
to local song models during their hatching year
(O’Loghlen and Rothstein 1993). The Mammoth
dialect is at an elevation extreme for breeding
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populations of cowbirds in this region (Rothstein
et al. 1980). At this elevation (2,380 m), the
breeding season is brief (Fleischer et al. 1987)
and many if not most young cowbirds are fledged
by host species after cowbird breeding activity,
including singing, has ceased (Rothstein et al.
1980). In addition, many if not most adult cow-
birds migrate from the area before many young
cowbirds fledge (Rothstein et al. 1987), a situa-
tion unlikely to occur in nonparasitic species.

The first objective of my study was to deter-
mine whether the delayed vocal development ev-
ident during the 1989 season in the Mammoth
dialect is typical of cowbird populations in the
eastern Sierra Nevada. Using the procedures of
O’Loghlen and Rothstein (1993), I looked for
evidence of delayed vocal development in two
additional FW dialects in the region: the Convict
dialect adjacent to Mammoth and at approxi-
mately 220 m lower elevation, and the Round
Valley dialect, 55 km south of Mammoth at 900
m lower elevation. The elevation and climate of
this latter dialect is more typical of the Great
Basin where distribution of the artemisiae sub-
species is widespread (Rothstein et al. 1980).

The start and duration of the breeding season
in the Mammoth and Convict dialects (late-May
to mid-July) are similar (Fleischer et al. 1987,
pers. observ.), although fledged cowbirds appear
several days earlier in the Convict dialect. Thus,
opportunities for cowbirds to hear adult singing
during their hatching year should be comparable
in each dialect, and vocal development in these
two populations would not be expected to di-
verge significantly. In contrast, the breeding sea-
son in the Round Valley starts earlier (roughly
two weeks) than in Mammoth and Convict but
finishes at approximately the same date (second
week of July, pers. observ.) or later (Rothstein
et al. 1980). Temporal overlap between fledging
of young cowbirds and cowbird breeding activity
should be greater in the Round Valley, and the
limiting effects of access to local song models
should be less pronounced than in the higher
elevation dialects.

A second objective of this study was to assess
the general validity of an unexpected feature of
vocal development discovered in the Mammoth
dialect. There was no evidence that FWs record-
ed from yearlings trapped later in the breeding
season more closely matched the whistles of local
adults than those of different yearlings trapped
at the start of the season. Thus, there was an
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apparent lack of modification of the incomplete
FWs of yearlings as the season progressed due to
some unknown constraint (O’Loghlen and Roth-
stein 1993). However, the number of cowbirds
involved in this analysis was small and the pos-
sibility of a Type II statistical error was high. In
other words, the sample size may have been too
small to detect a trend that in fact existed. More-
over, the previous study did not assess whether
development of local PS repertoires in yearlings
progressed during the course of the breeding sea-
son. Using data from all three dialects, this paper
assesses whether yearlings show any continued
FW and PS development as the season advances.

METHODS
DIALECTS SITES

I trapped male cowbirds in three flight whistle
dialects located on the eastern slope of the Sierra
Nevada of California during the 1989, 1990, and
1991 breeding seasons. In the Mammoth FW
dialect near the town of Mammoth Lakes, Mono
County, cowbirds were trapped from 6 May to
11 July 1989 at three sites using seed-baited Pot-
ter traps. In 1990, cowbirds were trapped from
6 May to 10 July in a permanent decoy trap (2
x 2 x 2 m) located in riparian habitat where
cowbirds commonly breed (Rothstein et al. 1980)
along Convict Creek in the Convict dialect, the
neighboring dialect south of Mammoth (Roth-
stein and Fleischer 1987). In addition, six Con-
vict males were captured with seed-baited Potter
traps at a site about 200 m from this decoy trap.
The Convict and Mammoth dialects are sepa-
rated by areas of sagebrush up to 10 km wide
which are rarely frequented by cowbirds. How-
ever, there are small areas of overlap between
these dialects, and males in these areas are often
bilingual (Rothstein and Fleischer 1987). Cow-
birds were trapped in Round Valley, Inyo Co.,
from 11 May to 9 July 1991 using a decoy trap
located in riparian habitat where cowbirds breed.

PROCEDURES FOR RECORDING BIRDS

Captive males were aged as yearlings or adults
based on their plumage (Selander and Giller
1960), subjected to a standardized set of mor-
phological measurements (Fleischer and Roth-
stein 1988), and uniquely color banded. Mam-
moth and Convict birds were housed at the Uni-
versity of California’s Valentine Reserve at
Mammoth Lakes, and Round Valley birds at the
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FIGURE 1.

Audiospectrograms of the three dialect flight whistles. Round Valley elements R1 and R2 are the

most frequently heard whistle in the dialect. Round Valley elements R3 and R4 are given less frequently and
are occasionally given in combination with the R1 and R2 whistle. Of the 19 adults trapped in the Round Valley
and given testosterone in the present study, 14 produced local FWs and 11 of these 14 adults (78.6%) produced

all four elements, although not always in combination.

Sierra Nevada Aquatic Research Laboratory of
the University of California 15 km south of
Mammoth Lakes. To encourage singing (Baltha-
zart 1983), birds received Silastic implants (Dow
Corning, 1.69 mm outer diameter) packed with
a 10 mm length of testosterone (Sigma) on either
the day of their capture or the following morning.
Birds were held in individual cages for five days,
out of visual but in audio contact. On the fourth
day after receiving their implants, each male was
placed in turn in a sound attenuation chamber,
and I recorded their responses to playback of the
female cowbird call known as ‘chatter’ (Fried-
mann 1929) on a Marantz PMD 340 cassette-
recorder. On the fifth day, responses to female
chatter and to FW and PS playbacks were re-
corded in the chamber. Later that day, each bird
was recorded (Sony Professional Walkman with
a Sennheiser Directional ME-80 microphone)
out-of-doors as he interacted with the local wild

males (O’Loghlen and Rothstein 1993). I then
removed the implants and released the birds at
their site of capture. Individual birds were treat-
ed with testosterone and tested on only one oc-
casion during a breeding season with the excep-
tion of two Convict yearlings that were tested
twice.

Vocal behavior in nine of the above birds was
studied in both their first and second breeding
seasons. As yearlings, these birds gave either in-
complete local or foreign whistles. All were lo-
cated as adults in the same dialect areas in which
they were trapped when yearlings. Six were year-
lings from the Convict dialect. Four of these males
were re-captured and tested as adults, and the
remaining two recorded in the wild. Also, at the
start of the 1992 breeding season I recorded FWs
from three adult males in the wild in the Round
Valley that I had implanted and recorded as year-
lings in 1991.
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FIGURE 2. Schematic representations of audiospectrograms of the three dialect whistles used to score FWs
for completeness drawn approximately to scale from the sonagrams of actual FWs shown in Figure 1. These
scoring systems are based on the naturally occurring variation found in the incomplete FWs of yearlings in the
respective dialects. No Round Valley yearling ever produced elements R3 and R4 shown in Figure 1. Absence
of any of the elements indicated by the arrows reduced the maximum possible score for a whistle by one. Foreign

FWs were given scores of zero.

FLIGHT WHISTLES

The first two syllables in all three whistles are
clearly similar but can be distinguished by quan-
titative characteristics (Fig. 1). Males in the
Round Valley also give whistles consisting of syl-
lables R3 and R4 (Fig. 1) and less frequently, of
a full combination of all four syllables. However,
no yearlings trapped in the Round Valley ever
gave syllables R3 and R4, and these syllables
have been excluded from analyses of Round Val-
ley FWs. Thus, comparisons in vocal develop-
ment between Round Valley adults and yearlings
are conservative because the majority of adults
gave whistle combinations which included R3
and R4,

Cowbirds recorded in the wild and in captivity
occasionally produce FWs in which terminal syl-
lables are entirely absent (Rothstein and Fleisch-
er 1987), and these have been described as “par-
tial” FWs (O’Loghlen and Rothstein 1993). “In-
complete” FWs referred to in the current report
differ from partial whistles in that they contain
syllables which are themselves incomplete (see
Fig. 2, O’Loghlen and Rothstein 1993), or they
lack a non-terminal syllable, e.g., syllable C3 of
the Convict FW (Fig. 1).

Recordings were analyzed using a Uniscan Real
Time Analyzer (Model 4500), and a Kay Digital
Sona-graph 7800 Dual Channel Spectrograph and

7900 Sona-graph Printer. Representative au-
diospectrograms (90 kHz band filter, 0-16 kHz)
of all different FW types given by each male were
printed. I compared FWSs using tracings on ac-
etate sheets taken directly from the Uniscan
screen of a still image of the whistle played at
half speed.

I classified whistles with reference to the pre-
dominant FW type (Fig. 1) in each dialect area
and developed a scoring system for each dialect
based (Fig. 2) on the incomplete FWs of locally
caught yearlings as in O’Loghlen and Rothstein
(1993). Note that homologous syllables in dif-
ferent dialects are scored via identical criteria.
These scoring systems allowed me to make quan-
titative comparisons of the differences among in-
dividual males and between age classes within
each dialect. Although it is not known whether
the foreign FWs given by yearlings are complete,
there is conclusive evidence that these birds
switch to local whistle types by their second sea-
son (O’Loghlen and Rothstein 1993; this study).
Thus, all foreign whistles were awarded scores
of zero.

PERCHED SONGS

The number of different types of PS recorded
from each bird was determined using acetate
tracings and printed audiospectrograms as de-
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scribed for FWs. I placed PSs into different cat-
egories based on similarities in all elements vis-
ible on the audiospectrograms; these elements
included the low-frequency note clusters at the
start of the song, middle elements, and the “whis-
tle” phrase at the end (King et al. 1980). There
was high agreement (>90%) between mine and
another individual’s independent categorization
of these PSs.

Cowbirds tend to run through their repertoire
of different PS types quickly. For eastern cow-
birds, a recording session of at least 12 songs is
likely to contain a male’s full PS repertoire (West
and King 1983, Dufty 1986). I used data from
males with eight or more PSs recorded to esti-
mate repertoire sizes. Estimating repertoire size
on this basis may underestimate true repertoire
size. However, O’Loghlen and Rothstein (1993)
showed that any underestimate from using an
eight song criterion is likely to be slight for the
Mammoth sample described in the current re-
port. I will present evidence below that this is
probably true for repertoire sizes estimated for
birds giving eight or more PSs in the Convict
and Round Valley dialects. For consistency in
comparisons among dialects, I have used this
eight song criterion for males to be included in
the analyses of PS repertoire sizes in all dialects.

Perched song types could be classified as
“shared,” i.e., found in the repertoires of two or
more birds of either age class in the local dialect,
or “unique,” i.e., found exclusively in the rep-
ertoire of one bird (O’Loghlen and Rothstein
1993). Analyses of PS sharing within FW dialects
was based on all birds giving one or more PSs
since number of songs recorded per individual
does not affect this property of PSs.

DATA ANALYSES

All non-parametric statistical tests were per-
formed by Abstat (AndersonBell) or Systat (Sys-
tat, Inc.). Probabilities are two-tailed unless oth-
erwise stated. I expected to find that yearlings
would be less advanced vocally than adults with-
in each dialect based upon previous work (Roth-
stein and Fleischer 1987), and I used one-tailed
probabilities in these comparisons.

RESULTS

FLIGHT WHISTLES

A total of 117 male cowbirds from the three FW
dialects were treated with testosterone and their

vocalizations recorded; 50 (42.7%) were adults
and 67 (57.3%) yearlings. Flight whistles were
recorded from 46 (92.0%) adults and 55 (82.1%)
yearlings. There were no significant differences
in average number of FWs recorded per bird
between the age classes in any of the dialects
(O’Loghlen 1993).

Adult vocal behavior was extremely consistent
in each of the dialects studied. Most adults
(87.0%) gave complete renditions of the FW type
most frequently heard from wild males (Roth-
stein and Fleischer 1987) in the area where they
were trapped, and there were no differences
among the dialects in the proportion of adults
doing so (Fig. 3. G = 0.520, df = 2, P > 0.5).
Six adults (13.0%) gave whistle types other than
the local FW of the area in which they were
trapped.

In contrast to adults, only nine (16.4%) of 55
yearlings from whom FWs were recorded ever
gave a complete correct local whistle (Fig. 3. G
= 55.280, one-tailed P < 0.001 for 40 of 46
adults versus 9 of 55 yearlings). The percentage
of yearlings who gave complete local whistles
ranged from 30.0% in the Convict dialect to 5.3%
in the Round Valley and did not vary signifi-
cantly among the three dialects (Fig. 3. G = 4.696,
df = 2, P > 0.05). Yearlings generally produced
either incomplete versions of the local whistle
(36.4% of all yearlings), or foreign FWs (47.3%,
Fig. 3).

Average scores for FWs given by yearlings were
significantly below those for adults in each dia-
lect (Table 1). Mean scores for adult FWs ranged
from 89.6% to 79.0% of the potential maximum
score in the dialects compared to a range of 49.2%
to 15.5% for yearlings. In the Mammoth and
Convict dialects, mean yearling scores were 54.9%
and 53.9% of the respective adult averages, and
in Round Valley, the average score for yearling
FWs was 19.6% of that for local adults (Table
1).

ARRESTED DEVELOPMENT OF
LOCAL FWS IN YEARLINGS

There was no evidence in any of the dialects that
yearlings altered their incomplete local whistles
or foreign whistle types during the course of the
breeding season. There was no association be-
tween the date on which yearlings were tested
and average FW scores of individual yearlings
as a proportion of the total average for adults in
each dialect (Fig. 4a). The number of yearlings
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FIGURE 3. Proportion of males giving complete, incomplete local and foreign FWs by age class in each dialect
and for all males in each age class. Data are based on all males giving at least one FW. Note that no adults gave
incomplete local FWs. Numbers of males are shown in parentheses. M = Mammoth, C = Convict, LV = Lee

Vining.

in the Round Valley sample who actually gave
the local FW type was insufficient (n = 4) to
detect any change that might have occurred in
whistle score during the season. Nevertheless,
Round Valley yearlings with foreign whistles (Fig.
4a, zero scores) were as likely to be trapped dur-
ing the first half (15 May-13 June) as in the latter
half (14 June-13 July) of the breeding season (G
= 0.368, P > 0.5 for 10 of 12 versus 5 of 7
yearlings with zero FW scores).

In the Round Valley, 13 (54.1%) of the 23 test
yearlings were captured more than once in the
local decoy trap, and 11 (47.8%) were trapped at
least once at the start of the season in May and

again at the end in July. In the Convict dialect,
ten (50.0%) of the yearlings were trapped on more
than one occasion and six (30.0%) were caught
both in May and July. Comparable trapping data
for the Mammoth yearlings are not available be-
cause the trapping method used in that dialect
captured only a small proportion of local birds.

Figure 5 shows the changes that occurred in
the whistles of three Round Valley males who
were tested as yearlings using testosterone in 1991
and recorded in the wild a year later as adults at
the start of the 1992 breeding season. As year-
lings all three birds gave non-local FWs. When
recorded in May 1992, all three birds gave com-

TABLE 1. Average flight whistle (FW) scores for all cowbirds giving FWs (local and foreign) from the Mammoth,

Convict, and Round Valley dialect populations.

Adults Yearlings
Mean’ Max? Median Mean' % Median
Dialect (+SE) (%) (range) n (xSE) max? adult* (range) n
Mammoth 4.5(0.5) 5(89.6) 5.0(0-5 11 25(0.4) 49.2 549 2.6(0-5) 16*
Convict 52(0.5) 6(86.3) 5.9(0-6) 18 28(0.5) 46.5 539 29(0-5.9) 20*
Round Valley  3.2(0.4) 4(79.0) 4.0(0-4) 17 06(0.3) 155 196 0(0-3.5) 19*

! See text and Figure 2 for explanation of scoring system.

2 Potential maximum FW score and mean FW score as a percentage of potential maximum for each dialect.

3 Mean yearling FW score as a percentage of the potential maximum score in each dial

ect.

* Mean yearling FW score as a percentage of the mean for adults in each dialect. .
* Comparisons of adult versus yearling FW scores; Mann-Whitney U-tests, all one-tailed Ps < 0.002.
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FIGURE4. The relationship between, (a) average FW scores, and (b) estimated PS repertoire sizes of individual
yearlings as a proportion of the total average FW scores and estimated PS repertoire sizes for adults in each
dialect, and the number of days lapsed since 9 May (day 0), the earliest date a bird was tested. Some yearlings
had average FW scores greater than the average for all adult FWs in their respective dialect, hence the points
above the line representing average adult scores in Figure 4a. See text and Figure 2 for an explanation of the
scoring systems in each dialect. PS repertoire sizes in Figure 4b are based on local adult-shared songs (songs
shared by two or more adults) for all birds with eight or more PSs recorded. Numbers in parentheses are multiple
data points. Spearman rank correlations for FW scores; Mammoth n = 16, r, = 0.30, P > 0.1, Convict n = 20,
r,=0.20, P > 0.1, Round Valley n = 19, r, = 0.31, P > 0.1. Spearman rank correlations for PS repertoire sizes;
Mammoth n = 13, r, = 0.31, one-tailed P > 0.1, Convict n = 15, r, = 0.11, one-tailed P > 0.25, Round Valley
n=15,r,= —0.09, one-tailed P > 0.25.
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FIGURE 5.

(a) Examples of flight whistles of three testosterone-treated yearlings trapped in the Round Valley

in 1991. Males RV 1 and 2 showed some variation in their FWs and the most complex produced is shown. (b)
Flight whistles recorded from these birds in 1992 when they were adults. As adults, the three birds gave all of
the whistle syllables shown (see text and Figure 1 for explanation), although not always as one vocalization.

plete renditions of the two syllable whistle most
frequently heard from Round Valley adults (see
Fig. 1). These three males also gave the other
whistle elements (R3 and R4) commonly heard
in the Round Valley area.

PERCHED SONGS

At least one perched song was recorded from 97
(82.9%) of the 117 males trapped during the three-
year study period, 54 (55.7%) of whom were
yearlings and 43 (44.3%) adults. Yearlings were
just as likely to produce at least one PS as adults
(G=10.598, P> 0.1 for 54 of 67 [80.6%] yearlings
versus 43 of 50 [86.0%] adults), and there were
no significant differences between dialects in the
proportions of each age class that gave PSs
(O’Loghlen 1993).

For Mammoth and Round Valley adults, there
was no association between estimated repertoire
sizes and number of PSs recorded for all birds
giving eight or more PSs. For Convict adults with
eight or more PSs recorded, estimated repertoire
sizes and number of songs were correlated
(Spearman rank correlation, # = 10, r, = 0.692,
one-tailed P < 0.05). Fifteen or more PSs were
recorded from nine of the adults in this latter
sample and there was no correlation between es-
timated repertoire sizes and number of PSs re-
corded for these birds (Spearman rank correla-
tion, n = 9, r, = 0.589, one-tailed P < 0.1).
Average repertoire size estimated for Convict
adults with eight or more PSs recorded (n = 10)
was 4.40 + 0.37 song types; for adults with 15

or more PSs recorded (n = 9), the equivalent
average was 4.56 = 0.38. Thus, any underesti-
mation of repertoire size for Convict adults due
to use of the former sample is likely to be small
and, therefore, conservative in comparison with
the relatively small repertoire sizes of yearlings.

Adults had repertoires of three to seven song
types, and means ranged from 4.0 (£0.3) in
Round Valley to 5.5 (£0.6) types in Mammoth
(Fig. 6). Yearlings had one to six song types.
Estimated repertoire sizes for yearlings were
smaller than those of adults in all three dialects,
and the differences between age classes were sig-
nificant in Mammoth and Convict (Fig. 6). Aged-
based differences in repertoire sizes are likely to
be conservative for Mammoth and Round Val-
ley males because significantly more PSs were
recorded from yearlings than adults taken from
these dialects (O’Loghlen 1993, O’Loghlen and
Rothstein 1993). There was no difference be-
tween Convict adults and yearlings in numbers
of PSs recorded (O’Loghlen 1993).

One particular song type was found in the ma-
jority of repertoires of both age classes in all
dialects. Seventy of the 97 (72.2%) males from
whom one or more songs were recorded gave this
song, and there was no difference among the di-
alects or within the age classes in proportions of
males with this song. As stated elsewhere
(O’Loghlen and Rothstein 1993), this song type
occurs throughout the range of the three cowbird
subspecies (Rothstein and O’Loghlen, unpubl.
ms.). Thus, this song type is less informative than
other types in studies of local song learning, and
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FIGURE 6. Average number (+SE) of different PS types given by adults and yearlings for all birds giving eight
or more PSs in each dialect. In the Mammoth and Convict dialects, adult and yearling repertoire sizes were
significantly different (Mann-Whitney U-tests, P = 0.004 and 0.002 respectively). Local adult-shared PS types
(solid bars) are songs shared by two or more adults in a dialect. Yearling repertoires of local adult-shared PSs
were significantly smaller than equivalent adult repertoires in all dialects (Mann-Whitney U-tests, one-tailed P’s

< 0.001). Numbers in parentheses are sample sizes.

it has been excluded from estimates of repertoire
sizes used in analyses of local song sharing.

Excluding the above song type, the Convict
dialect had eight song types that were shared by
two or more local adults; Mammoth had seven
and Round Valley, six. As a measure of local
song matching, I compared average size of rep-
ertoires for birds meeting the eight song criterion,
based solely on these local adult-shared song
types. Whereas 31 of 43 (72.1%) adults had rep-
ertoires based entirely on these local adult-shared
songs, only 5 of 54 (9.3%) yearlings did so (G =
43,718, P < 0.001), and in all three dialects,
adults had significantly larger adult-shared rep-
ertoires than yearlings (Fig. 6. Mann-Whitney
U-tests, all one-tailed P’s < 0.001).

ARRESTED DEVELOPMENT OF LOCAL PS
REPERTOIRES IN YEARLINGS

There was no evidence that yearling males in any
of the dialects altered either the size or content
of their PS repertoires during the breeding season
to better match the repertoires of local adults.

There was no correlation between date tested and
estimated repertoire sizes for yearlings with eight
or more PSs recorded in any of the dialects
(Spearman rank correlations. Mammoth, n= 13,
r, = —0.082, P > 0.25; Convict, n = 15, r, =
—0.091, P > 0.25; Round Valley, n = 15, r, =
—0.380, P > 0.05). Yearling repertoires showed
no increase in the number of local adult-shared
songs as the season progressed. There was no
correlation between individual yearling reper-
toire sizes based on these shared songs as a pro-
portion of the average repertoire size for all local
adults and date when tested in any dialect (Fig.
4b. Spearman rank correlations, all P’s > 0.1).

Perched songs were recorded from six males
trapped as yearlings in Convict in 1990 and again
in 1991 when these birds were adults. All were
treated with testosterone in 1990, and four re-
ceived testosterone in 1991; the remaining two
were recorded as free-living adults in the wild.
In 1990, all six males met the criterion of eight
or more PSs recorded for estimating repertoire
sizes, and in 1991 only four did, so comparisons
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TABLE 2. Total numbers of perched songs (PSs) and numbers of different PS types recorded from Convict
dialect males as yearlings and as adults in two consecutive years.

Yearling in 1990 Adult in 1991
Number of Number of
PS types PS types

Date of Total PSs Total Adult- Date Total PSs Adult-

1st test rec’d (unique) shared! tested rec’d Total shared!
Convict 1 16 May 54 3 1 9 May 38 6 5
Convict 2 21 May 55 4(3) 0 9 May 5 4 4
Convict 3 22 Jun 20 2(1) 0 9 May 4 3 2
Convict 4 27 Jun 11 2(0) 2 19 May 16 3 3
Convict 5 3 Jul 139 3(0) 3 12 Jul 41 3 3
Convict 6 3 Jul 8 4(0) 3 10 Jun 9 6 5

! Based on PS types shared by two or more Convict adults in 1990 and excluding the PS found throughout the species range. Wilcoxon test, P =

0.02 for numbers of adult-shared PSs in 1990 versus 1991.

are conservative. Average repertoire sizes for
these males based on all songs recorded increased
between their first and second breeding seasons
(Table 2). Repertoire sizes based on 1990 local
adult-shared song types increased significantly
from an average of 1.50 (+0.56) songs in 1990
10 3.67 (£0.49) in 1991 (Table 2, Wilcoxon test,
one-tailed P = 0.02).

Qualitative changes were apparent in the adult
repertoires of these Convict males when com-
pared with their yearling repertoires. With the
exception of males Con 2 and 5, all had increased
their repertoire size by adding local adult-shared
songs. However, the adult repertoire of Con 2
contained four adult-shared types not found in
his yearling repertoire. There were two new adult-
shared songs in the adult repertoire of Con 5.
These new songs were types shared exclusively
by adults in 1990 and apparently replaced two
types found in both adult and yearling reper-
toires. The three males who gave unique songs
in 1990 appeared to have dropped them from
their adult repertoires. Thus, all songs given by
the six males in 1991 were types shared by two
or more adults in 1990,

DISCUSSION

The delayed vocal development shown by the
majority of cowbirds in the Mammoth dialect
(O’Loghlen and Rothstein 1993) is not confined
to that dialect. In the Convict and Round Valley
dialects, vocal ontogeny was also not complete
by the first breeding season, and most males did
not appear to achieve typical adult repertoires
until the start of their second season.

Results from the Convict dialect corroborate
those of the earlier Mammoth study (O’Loghlen
and Rothstein 1993), and as predicted there was

no significant distinction between these two di-
alects in numbers of yearlings giving different
categories of FWs. Furthermore, Convict year-
lings did not appear to alter their incomplete
local whistles during the course of the season to
more closely match the FWs of local adults. This
occurred despite the fact that many of these year-
lings were exposed to the singing of local adults
throughout the season as suggested by repeated
trapping of these individuals. In the Round Val-
ley where the majority of yearlings produced for-
eign whistle types, there was also no evidence of
birds switching to the local FW type as the season
progressed. Data on repeated trapping of indi-
viduals also argue against differential immigra-
tion of foreign yearlings during the season as an
explanation for the latter finding. Lack of change
in size or content of yearling PS repertoires dur-
ing the course of the season in all three dialects
supports the premise that the above constraint
on FW modification is a general restriction on
production that affects the entire vocal repertoire
of individuals in these populations.

Two characteristics distinguished the Round
Valley dialect from the two higher elevation di-
alects; the proportion of yearlings with foreign
FW types and the relatively large size of yearling
PS repertoires compared with that oflocal adults.
It is not known how these differences between
the dialect populations arose, but they may both
relate to prior experience in other dialects by
Round Valley yearlings. Round Valley yearlings
may have been fledged in dialects located at low
elevations where exposure to local FW and PS
types was not as restricted during their hatching
year. The composition of the yearling PS rep-
ertoires supports this proposition. Perched song
repertoires of Round Valley yearlings contained
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FIGURE 7. A proposed scheme for development of an adult vocal repertoire based on local song types in
eastern Sierra Nevada flight whistle (FW) dialect populations. The “crystallized” vocal repertoires of yearlings
are distinguished from adult repertoires by their incomplete local or foreign FWs and by their smaller perched
song (PS) repertoires and lack of local PS types. Young cowbirds do not appear to modify their vocal repertoires
during the course of their first breeding season. When males return from wintering for their second season, they
have complete local FWs and enlarged PS repertoires based on the local PS types of the dialect area where they

spent their first breeding season.

mostly non-local PS types, and yearling reper-
toires based solely on local adult-shared types
were significantly smaller than adults.

WHEN DO SIERRAN COWBIRDS LEARN
THEIR ADULT REPERTOIRES?
Generally, cowbirds overwinter in large flocks
with other icterine species drawn from a wide
geographic area (Dolbeer 1982, Rothstein et al.
1989). Banded males from the study dialects have
been found to winter in locations as far apart as
Santa Cruz, CA and Yuma, AZ (S. I. Rothstein,
pers. comm.). In addition, wintering cowbirds
seldom give well articulated FWs (O’Loghlen and
Rothstein 1993), and in general, their PSs are
poorly structured (King and West 1988). Thus,
while young cowbirds may practice vocalizations
during the winter (King and West 1988), there
is practically no opportunity to acquire local
songs. Whatever learning may occur in a dialect
prior to the start of their first breeding season, it
is clearly limited and insufficient for the majority
of yearlings to produce the local songs.
Learning at the start of the breeding season is
also a possible explanation for the complete local
vocalizations of two-year-old males returning for
their second season. However, the period during
which birds could acquire and learn to produce
local songs prior to the beginning of the season
is limited because cowbirds from these high el-
evation populations return from wintering in mid
to late April (Yokel 1986), and breeding activity
begins early to late May depending on the dialect
(Fleischer et al. 1987, Yokel 1986). Also, there
was no indication of learning, e.g., plastic song,
in the vocalizations of adult cowbirds trapped in
early May, including birds who had been re-

corded as yearlings with incomplete vocal de-
velopment the previous year.

In Figure 7, 1 present a proposed outline for
development of an adult repertoire of local songs
based on the results of this study. Sierran cow-
birds appear to memorize much of their adult
repertoires during their first breeding season, but
they do not produce these adult songs until later
prior to the start of their second season. Thus,
these results appear to provide a natural dem-
onstration of the segregation of the memoriza-
tion and production phases of song learning. Once
in full adult song, cowbirds in the wild are not
known to change FW type (S. 1. Rothstein, pers.
comm.) or alter the content of their PS reper-
toires (Dufty 1985).

I tentatively describe yearling vocal repertoires
as “crystallized” because frequently they contain
songs with properties not fully consistent with
the concept of crystallized song. Crystallization
is generally considered as the final stage in de-
velopment of full song and is characterized by
high levels of stereotypy (Marler and Peters
1982b). At this stage, songs are assumed to be
complete and not liable to further modification
(Marler 1970, Marler and Peters 1982b, Konishi
1989). The local FWs of Mammoth and Convict
yearlings were stereotyped (O’Loghlen and Roth-
stein 1993, unpubl. data), and these FWs ap-
peared resistant to change but were also often
incomplete, although not permanently so.

Changes that occur in the FWs of cowbirds
from these dialects between their first breeding
season and the start of their second have been
described in a previous report on four testoster-
one-treated Convict birds (males Con 1, 2, 3, 4,
Table 2 in the present report) and one free-living
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Mammoth cowbird (O’Loghlen and Rothstein
1993). These birds learned either to complete
their incorrect renditions of the local whistle or
to switch whistle type completely from a foreign
to the local type. Equivalent changes in the FWs
of three Round Valley yearlings are presented in
Figure 5. All three males gave only foreign whis-
tles when tested in 1991 as yearlings. In 1992 as
free-living adults, they gave all of the whistle
combinations (Fig. 1) typically heard in the wild
in the Round Valley area. Changes also occurred
in the PS repertoires of all six Convict birds re-
corded as yearlings and a year later as adults.
Some of these changes were extensive (Table 2)
and involved both addition and deletion of song
types.

REPRODUCTIVE CONSEQUENCES OF
ARRESTED VOCAL DEVELOPMENT

There is evidence that the arrested vocal devel-
opment shown by yearling cowbirds during their
first breeding season could have detrimental con-
sequences on their reproductive success. Estra-
diol-primed female cowbirds from these dialect
areas are less likely to adopt the precopulatory
lordosis posture (King and West 1977, Ratcliffe
and Weisman 1987) in response to playback of
foreign FWs, and this may also be true for in-
complete local whistles (O’Loghlen and Roth-
stein, in press). Captive females from eastern US
populations of cowbirds adopt the lordosis pos-
ture more frequently for certain PS types, and
males whose repertoires contain these types are
more likely to obtain copulations (West et al.
1981). Although yearling cowbirds in the study
region are sexually mature, they rarely obtain
copulations (Yokel 1986), and lack of the ap-
propriate FW and PSs may play a part in this
failure (O’Loghlen and Rothstein 1993). The PS
repertoires of adult and yearling cowbirds are
indistinguishable in eastern populations studied
by Dufty (1985), and yearlings in eastern pop-
ulations have equal success in competing for fe-
males (Dufty 1982). However, it is not known
whether eastern birds show adult-yearling dif-
ferences in FWs.

In other species with correlations between vo-
cal behavior, age and mating success (Yasukawa
et al. 1980, Loffredo and Borgia 1986, Eens et
al. 1991), a restriction on vocal modification dur-
ing the breeding season could be an important
mechanism maintaining differences between age
classes. In populations where there are age-re-
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lated vocal differences, such a restriction may
make vocal behavior a signal of age and expe-
rience resistant to cheating.
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