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SHARING OF VOCAL SIGNALS AMONG SONG SPARROWS

MYRON CHARLES BAKER

ABSTRACT.—1In the scrub habitat along the central California coast, Song Spar-
rows (Melospiza melodia) are sympatric with White-crowned Sparrows (Zono-
trichia leucophrys). Songs of male White-crowned Sparrows exhibit dialects and
it was previously thought that these might be initiated by a founder effect. This
hypothesis could be tested weakly by looking for concordant dialect systems
among several songbird species in the same region. Given the known pattern of
song variation in White-crowned Sparrows, I asked if vocal variation in Song
Sparrows matched that of White-crowned Sparrows. Seven Song Sparrows were
recorded at each of four sites located within the boundaries of three dialect areas
of White-crowned Sparrows. Repertoire size of the Song Sparrows ranged from
6-18 songs (median 10). The 22 kinds of trills and 50 kinds of notes most com-
monly sung by Song Sparrows were examined for similarities among individuals
and samples. Vocal sharing was not concordant with the dialects of White-crowned
Sparrows. Only one or two types of notes or trills varied geographically in ac-
cordance with dialect variation in White-crowned Sparrows. Nor was there strong
evidence for dialects in Song Sparrows that were discordant with those of White-
crowned Sparrows. The results did not support the colonization hypothesis for

the origin of dialects.

Dialectal variation in the vocal repertoire of
male songbirds has been thoroughly docu-
mented for a variety of species, progress has
been made in understanding its origins in the
learning process, and advances have been made
in discovering the behavioral and ecological
significance of dialects (Thorpe 1958, Marler
1970, Milligan and Verner 1971, Lemon 1975,
Baptista 1975, Baker 1982, Payne 1982). How
a geographic mosaic of dialect populations be-
comes established in historical time is less well
known.

It has been hypothesized that dialects orig-
inate allopatrically, perhaps as a consequence
of drift in song features during isolation or
perhaps as a result of a founder effect (Thielcke
1973, 1976; Baker 1975; Baptista 1975). Some
suggestive evidence for this general view can
be found in the results of Mundinger (1975)
and Jenkins (1978). Dialects in the resident
White-crowned Sparrow (Zonotrichia leuco-
phrys nuttalli) populations of central coastal
California could represent colonization events
that occurred following major burns of the
habitat (Baker 1975). Both Song Sparrows
(Melospiza melodia) and White-crowned
Sparrows occupy the coastal scrub habitat of
the Point Reyes National Seashore, Marin Co.,
California. The vegetation is a fire climax com-
munity characterized by the woody shrub Bac-
charis pilularis and a variety of forbs (Munz
and Keck 1959). Following a fire, which is typ-
ically fast and ““cool,” Baccharis regrows from
the root and forbs gradually fill in over sub-
sequent years (unpubl. data from observations

on a 5-10 ha burn in the Seashore in 1980).
Young birds of the year may colonize a regen-
erating area after a large-scale burn occurs and
thus initiate a new dialect. For this to happen,
the founders may be either birds who have not
completed song learning, or few in number to
allow vocal drift to occur in subsequent sea-
sons. As the population grows, and young birds
learn from resident males in subsequent gen-
erations, a new dialect would be established.
The rationale for the present report on Song
Sparrows is derived from this general model
of dialect formation. Song Sparrows resemble
White-crowned Sparrows in many aspects of
their general biology. In the Point Reyes area,
they occupy the same scrub habitat, they are
territorial and monogamous, and learning plays
a significant role in the acquisition of song (Nice
1937, Johnston 1956, Mulligan 1966, Halli-
burton and Mewaldt 1976, Kroodsma 1977,
Mewaldt and King 1977). These similarities
led me to hypothesize that dialects of Song
Sparrows might match those of White-crowned
Sparrows. I reasoned that the empty habitat
created by a fire would be colonized by a va-
riety of bird species, resulting in the devel-
opment of dialects among those species that
are capable of doing so. Moreover, if dialects
represent populations of individuals adapted
to local environmental conditions (Notte-
bohm 1969) then one might expect similar lo-
cal adaptations in other closely related bird
species. Ecological geneticists view it as strong
evidence for natural selection when two or more
species have concordant patterns of gene fre-
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FIGURE 1. Map of the study area showing the four re-

cording sites for Song Sparrows within the dialects of White-
crowned Sparrows.

quency change through space (Koehn and Mit-
ton 1972, Clarke 1975, Johnson 1975). My
study did not evaluate genetic variation in the
two species and therefore cannot test directly
the local adaptation hypothesis. Finding con-
cordant dialect variation in two or more species
would constitute evidence for both the founder
and local adaptation hypotheses. To look for
concordant spatial variation in song dialects
of Song Sparrows and White-crowned Spar-
rows, I recorded Song Sparrows at four sites
within three dialect areas of White-crowned
Sparrows.

MATERIALS AND METHODS

I recorded songs of seven male Song Sparrows
at each of four locations in the Point Reyes
National Seashore, Marin Co., California. Each
bird was recorded through several cycles of its
repertoire to ensure thorough sampling of song
types. Song Sparrows may add one or more
new songs with successive cycles through the
repertoire and it is only with exhaustive re-
cording that one can obtain the definitive rep-
ertoire size (Mulligan 1966). My experience
was that 30—-60 min of recording obtained vir-
tually all the song types in the repertoire of an
individual. This period was then used for re-
cording all the birds in this study.

The first recording site was on the Coast
Guard/RCA property immediately south of the
southern end of the National Seashore. The
second site was near Lake Ranch, approxi-
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FIGURE?2. Sonogram of Song Sparrow song with marked
parts to show the terminology used in the paper (note,
syllable, phrase, etc.). The example shown is 2.4 s in total
duration.

mately 4 km northwest of the first site and well
into the National Seashore. Both of these sites
were within the Clear dialect region of White-
crowned Sparrows (Baker 1975). The third site
was about 14 km farther up the coast from
Lake Ranch, south of Limantour Beach and
within the Buzzy dialect of White-crowned
Sparrows. The fourth site was in Muddy Hol-
low, near the trailhead, approximately 3 km
north of the Limantour Beach recording site.
Muddy Hollow was within the Limantour dia-
lect of White-crowned Sparrows (Fig. 1). The
four sample sites will be referred to as Coast
Guard, Lake Ranch, Beach, and Muddy Hol-
low.

Recording was accomplished with a Uher
4200 Report Stereo IC recorder and a Uher
microphone mounted in a 60-cm parabolic re-
flector. Tape speed was 9.5 cm/s. Songs were
transformed to audiospectrograms on a Kay
Elemetrics 7029A sonagraph set on the 80-
8,000 Hz range and wide band (300 Hz) filter
selections. One representative sonogram of
each song type in the repertoire of each bird
was selected for analysis.

Singing behavior of this species is organized
to produce a repertoire of songs. Each partic-
ular song type lasts approximately 2-3 s and
is composed of a sequence of separate notes.
A “note” is a continuous trace on the sono-
gram, a “‘syllable” is a note or combination of
notes that is sequentially repeated in a song,
and this entire unit of repeated syllables con-
stitutes a ““trill” (Mulligan 1966, Harris and
Lemon 1972). A typical song begins with trill
syllables, often with an accelerating tempo, and
contains several unrepeated notes and one or
more additional trills through the remainder
of the song. Most notes are brief but some
whistles and frequency-modulated buzzes are
considerably longer. Figure 2 shows a typical
song and the terminology used in this report.

Previous work showed that on the basis of
whole song patterns, dialects were absent in
the Song Sparrow populations of San Francis-
co Bay, but that on the basis of individual
syllables and notes, dialects were present in
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FIGURE 3. Variation within categories of trill syllables and notes among five different birds for each of three different

types of trill syllables and six different types of notes.

Song Sparrows in Maine and Quebec (Borror
1965, Mulligan 1966, Harris and Lemon 1972).
Furthermore, studies of song learning in the
Swamp Sparrow (Melospiza georgiana) indi-
cate that syllables and notes are probably the
units of cultural inheritance enabled by song
learning during the early sensitive phase (Mar-
ler and Peters 1977). For these reasons, I de-

cided to examine individual notes and sylla-
bles as the units of comparison among
individuals and between samples. All notes and
syllables were classified blindly, without
knowledge of the geographic location of the
birds. Some examples of the range of variation
within categories of trill syllables and note types
are illustrated in Figure 3.
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FIGURE 4. Trill syllable types. The 22 most common are shown.

RESULTS

I adopted the strict meaning of “dialect” for
this study of Song Sparrows, following closely
the definition stated by Mulligan (1966:58) “In
the present context the term dialect means, or
ought to mean, that all or most of the members
of a local population have some peculiarity in
their songs which is distinctive.” Thus, for a

population in my study to have a different di-
alect nearly all the individuals should sing a
shared character in at least one of the songs in
their repertoires. Other populations should sing
this character rarely or not at all. In my sam-
ples of seven birds, I considered a population
to have a dialect if six of seven birds had a
particular song feature that was sung by no
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FIGURE 5. Frequency histograms of trill syllable types.
For each type of trill, the sample locations are arranged
in sequence along the abscissa from left to right Coast
Guard, Lake Ranch, Beach, Muddy Hollow. An X indi-
cates that no individual in the sample sang that type of
trill.

more than one individual in one or more other
samples. These definitional considerations and
the consequences of relaxing them will be dis-
cussed later.

The repertoire size of the 28 birds recorded
ranged from 6 to 18 with a median of 10 songs
per male. As Mulligan (1966) found, males
virtually never shared whole songs, whether
from the same or different samples. Two
neighboring males in the Lake Ranch sample
shared a song and two neighbors in the Coast
Guard sample shared a song. Some birds sang
trill syllables similar to those of other individ-
uals. I selected for analysis the 22 types of trill
syllables most frequently sung by the total
sample of 28 birds. To be included, a trill syl-
lable had to be sung by at least three birds (Fig.
4). In contrast to whole songs for which there
was virtually no similarity among individuals,
trill syllables of various types were often com-
mon to several individuals (Fig. 5). The most
common trill syllable, #13, was found in the
repertoire of 23 of the 28 birds. Of the four
trill syllables that met the criterion of being
common, (13, 14, 15, 16), none followed a
pattern in which one or more of the samples

could be called a dialect. Trill syllable #15 came
close to meeting the criterion since the Coast
Guard and Lake Ranch samples had six and
five birds, respectively, who sang it but only
one and two birds from Beach and Muddy
Hollow, respectively, who sang the syllable.
Similarly, trill syllable #18 had a suggestive
geographic pattern that conformed with White-
crowned Sparrow dialects, but only four of sev-
en birds in each of the Coast Guard and Lake
Ranch samples possessed the syllable.

Examining individual notes (Fig. 6) also
provided no compelling evidence for dialect
patterns over the four samples. To be included
in this analysis, a particular note had to be
sung by at least three individuals of the total
sample of 28 birds. The common notes were
widely shared among the four samples (Fig. 7).
For example, notes 36, 45, 47, and 49 were
found in 27 of 28 birds. Of the 50 notes de-
picted in Figures 6 and 7, none met the criteria
of being common in one or more samples and
rare or absent in the rest. As with trill syllables,
certain patterns of presence and absence sug-
gested concordance between Song Sparrow song
variation and that of White-crowned Sparrows
(e.g., notes 1, 11, 12, 16, 22, 27, 28, 31) but
none met the strict definition of dialect.

To obtain a simple summary index of the
amount of sharing of trill syllables among the
seven individuals within any sample, I deter-
mined the number of trill syllable types sung
by three or more individuals in the sample
(from Fig. 5). Dividing this value by 22, the
total number of trill syllable types, gave the
index of sharing. The value of the sharing in-
dex averaged 33% (range 27-36) for the birds
within the four samples. Treating note types
in the same way (from Fig. 7), the index of
sharing averaged 64% (range 58-68). To ob-
tain a summary index of the amount of sharing
of trill syllable and note types among the four
geographic samples, I determined the number
of trill or note types sung by at least one in-
dividual in all four samples. This index of
sharing was 36% for trill syllables and 58% for
note types.

DISCUSSION

From the data presented here, I conclude that
Song Sparrows in the Point Reyes populations
do not have song dialects that vary concor-
dantly with those of White-crowned Sparrows.
Nor is there any strong evidence for calling
any of the four samples of Song Sparrows dis-
tinct from any other, and therefore these pop-
ulations do not exhibit dialectal variation. On
the basis of entire song repertoires, each male
Song Sparrow was unique. On the basis of
comparisons of whole songs, sharing between
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FIGURE 6. Note types. The 50 most common are shown.

individuals was rare. On the basis of trill syl-
lables, there was considerable sharing among
individuals within samples (33% sharing) and
between samples (36% sharing) but none of
this corresponded to the strict definition of
dialect. Finally, on the basis of individual notes,
the most fundamental component of song, there
was again much similarity between individuals
within samples (64% sharing) and among sam-
ples (58% sharing); none of the sharing patterns
produced dialects.

From his emphasis on songs and trill syl-
lables, Mulligan (1966) concluded that the three
geographic races of Song Sparrows he studied
around the San Francisco Bay also did not

have dialects. He did not, however, present a
note-by-note data base against which careful
comparisons could be made. Different investi-
gators, of course, may differ in the degree of
“splitting” and “lumping” when grouping notes
or trill syllables into categories. Only the birds
can tell us the final answer about categorical
perception.

Harris and Lemon (1972, 1974) demon-
strated the existence of dialects in Song Spar-
rows, but they differed with Mulligan (1966)
and the present study in the meaning of “di-
alect.” Harris and Lemon (1972) studied at
two major locations, Parc Cote Ste. Catherine
and Mont St. Hilaire, Quebec, separated by
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X indicates that no individual in the sample sang that type of note.

about 37 km. They found the average sharing
of syllables among birds within each location
to be 20-40%, but between locations sharing
was practically zero. The minor sharing be-
tween locations fits Mulligan’s definition of di-
alect but the relatively low sharing within a
population does not.

Harris and Lemon (1974) tested for dialect
discrimination between Song Sparrow popu-
lations by experimenting with playbacks to ter-
ritorial males at the Parc Cote Ste. Catherine
site. Despite the low amount of sharing within
dialects, responses to the local and foreign di-
alects differed significantly (they used one-tailed
statistical tests, however). Most interestingly,
Harris and Lemon found considerable varia-
tion in the response of individuals to the play-
back stimulus (e.g., number of songs by each
bird as listed in top of their Table 2). This
could imply that the lack of a dialect marker
common to all individuals caused some con-
fusion for certain subjects of the playback ex-
periments.

Alternatively, the Harris and Lemon (1974)
playback results imply that a particular sylla-
ble type, while sung by only 20-40% of the
birds, is nevertheless common enough to be
familiar to most or all the males in a popu-
lation. This could occur if the 20-40% of the
birds who sang the syllable were scattered
evenly over the population. Similarly, since

virtually no sharing occurred between dialects,
almost any song from an alien dialect would
be unfamiliar. Taken together, these postulates
suggest it is possible that to any particular male
the auditory environments of the local and alien
dialect populations are perceived to be dis-
cretely different. This might occur even though
an observer would have only about a 20-40%
chance of assigning unambiguously a partic-
ular male in the correct dialect, unless of course
the observer memorized the repertoire of every
individual in the population.

Adopting the less restrictive view of dialects
used by Harris and Lemon, and applying it to
my data, still does not show strongly convinc-
ing dialect patterns. Using the criterion that
three of seven birds in a sample (43%) have a
particular trill syllable that is absent in other
samples, there are three such cases (Fig. 5):
syllable #6 distinguishes Muddy Hollow from
the other samples, #18 distinguishes both Coast
Guard and Lake Ranch from the others, and
#20 distinguishes Coast Guard from the rest.
Suggestive patterns are also seen in trill syl-
lables #4, 7, and 19. Applying the same cri-
terion to the distribution of note types also
provides few clear cases (Fig. 7): three in Coast
Guard (#3, 17, 18), one in Lake Ranch (#13),
and none in Beach or Muddy Hollow. Apply-
ing the criterion to the grouped samples of
Coast Guard (CG) + Lake Ranch (LR) in



comparison to Beach (B) and Muddy Hollow
(MH), which groupings are then concordant
with the three White-crowned Sparrow dia-
lects, there is one note (#1) present in 6 of 14
of the combined CG-LR birds that is absent
in both B and MH. There is also one note (#12)
present in both the B and MH samples that is
absent in CG-LR. Notes #16 and 28 also have
suggestive patterns corresponding to dialects
concordant with those of White-crowned Spar-
rows. Other possible groupings of notes in Song
Sparrow samples that do not correspond to
dialects of White-crowned Sparrows can also
be found, for example notes #4 and 19 (Fig.
7). These results do not make a strong case for
the existence of dialects in these Song Sparrows
as only one or two notes in 50, or one or two
trill syllables in 22 distinguish the two dialects.
It is nonetheless conceivable that this degree
of difference is sufficient for the birds to make
a discrimination.

I also calculated patterns of sharing as did
Harris and Lemon (1972) by making all pos-
sible paired comparisons of note sharing with-
in and between samples. This was accom-
plished according to the Harris and Lemon
formulation in which twice the number of notes
shared between two birds is divided by their
total notes and this value converted to percent.
For example, if bird #1 in sample #1 sings 29
different notes and bird #2 in sample #1 sings
28 different notes, of which 24 are shared, then
the percent shared is (24 + 24)/(28 + 29) x
100 = 84%. The standard error on this pro-
portion is 5%. Applying this approach to my
data gave no convincing patterns correspond-
ing to dialects. For example, there was an av-
erage of 71 + 6% note sharing among birds in
the Coast Guard sample, 65 = 7% among birds
in the Muddy Hollow sample (the two samples
most distant from one another), and 59 + 7%
sharing between the two samples. These values
are group averages and the attendant standard
errors of the proportions; therefore, the over-
lap among the three values suggests that they
are not significantly different. Thus, the amount
of note sharing within a sample is not different
from the sharing between samples. Syllable and
note sharing among Song Sparrows studied by
Eberhardt and Baptista (1977) was 56 = 8%.

Both methods of examining similarity of
song between samples suggest an absence of
dialects in my four samples of Song Sparrows.
The significant difference between Harris and
Lemon’s (1972) results and mine may be due
to differences in population structure and dis-
tance between samples. The populations that
Harris and Lemon found to differ in song com-
ponents were 37 km apart whereas the two
most distant samples in my study were 20 km
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apart. Probably more important than distance,
however, is that in the Point Reyes National
Seashore habitat was continuous, posing no
ecological barriers to dispersal. Although Har-
ris and Lemon did not discuss this point, maps
of their study region indicate that their two
populations were isolated by intervening hab-
itat unsuitable for Song Sparrows, probably a
significant barrier to dispersal.

My study yielded no strong evidence that
Song Sparrows have dialects over the same
geographic region where White-crowned Spar-
rows have dialects. The minor evidence that
suggests concordance between the two species
in song variation requires playback experi-
mental evidence to refute it. I tentatively ac-
cept the view that song variation of the two
species is not concordant, which does not sup-
port the colonization hypothesis of dialect for-
mation. This conclusion cannot be considered
a strong refutation of the colonization hypoth-
esis of dialect formation because it rests on
some fairly weak assumptions. First, it as-
sumes that the two species would respond to
the availability of the new habitat in the same
way. This could be erroneous if the two spar-
rows differ in their minimal habitat require-
ments for colonization. Second, it assumes that
both species would generate song variants in
the same way. The experiments of Kroodsma
(1977) on Song Sparrows and of Marler (1970)
on White-crowned Sparrows strongly indicate
that the Kaspar Hauser innate songs of the two
species are qualitatively different. The innate
song of the White-crowned Sparrow is consid-
erably unrefined in comparison to the natural
adult song whereas that of the Song Sparrow
is much closer to the normal adult song struc-
ture. Therefore, even if young Song Sparrows
colonize a new area they may carry along a
suite of song components that is not depau-
perate. Important evidence to test the colo-
nization hypothesis would be obtained by ob-
serving the process through time. Such an
opportunity would arise following a large-scale
fire in the coastal scrub environment.
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Flight of the Storm Petrel.—Ronald M. Lockley. 1983.
Paul S. Eriksson, Middlebury, Vermont. 192 p. $16.95.
Storm-petrels are unfamiliar to many birders although they
inhabit all the oceans except the Arctic and one species is
reputed to be the most numerous sea bird, if not the most
numerous of all birds in the world. It is amazing that such
small birds (one species weighs no more than a Song Spar-
row) manage to survive tempestuous conditions and mi-
grate tens of thousands of kilometers annually. Lockley
has enjoyed a life-long fascination with storm-petrels and
in this book he has synthesized and distilled all that he
and others have learned about them. The first half is de-
voted to Hydrobates pelagicus, by far the best-known of
the 21 species, and the second half deals with the remain-
der. A wealth of information is presented in a clear and
non-technical style, interwoven with Lockley’s own ex-
periences. A good read in natural history, this book con-
veys not only a lot of facts but also the author’s pleasure
in acquiring them. The text is illustrated with many nice
pen-and-ink drawings by Noel W. Cusa. Maps, references,
index.



