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Abstract
SONG OF THE RUFOUS~SIDED TOWHEE

by

David Ewert

Adviser: Dr. Wesley E. Lanyon .

I studied geographical variation in song, response to broadcast
song and the development of song in the Rufous-sided Towhee (Pipilo
erythrophthalmus) on Long Island, New York. Song repertoires of towhees
are stable from year to year and largely comsist of individually unique
song-types. Only about 5% of L1l different song-types were shared by
two or more birds and only 30% of 166 individuals from three localities
on Long Island shared a song-type with one or more birds. While many
syllables of song were shared between individuals, the distribution of
birds having shared syllables was frequently not restricted te contiguous
individusls. Consequently, populations of towhees on Long Island do not
appear to have dialects. Banding data suggest that few juvenile birds
return to their home site to breed. I believe that meny young birds fail
to locate their natal site after migrating north from their wintering
grounds. Thus, migration, as a corollary of increased dispersal, may
inhibit the formation of dialects in towhees. Data from other studies
of song of resident and migratory populations of towhees from other
parts of the United States and of White-crowned Sparrows (Zonotrichia
leucophrys) and Song Sparrows (Melospiza melodia) tend to support the
contention that migratory populations of these species are less likely
to have dialects than resident populations.

I conducted playback experiments with towhees on Long Island with
songs of towhees recorded from New York, California, and Guatemala; with
songs of Common Yellowthroats (Geothlypis trichas), White-crowned Sparrows
and Green-tailed Towhees (Pipilo chlorurus); with one song of an
acoustically isolated male and with variously isolated parts of songs
recorded on Long Island. Towhees did not respond to broadcasts of song
of other species nor to the song of the Rufous-sided Towhee from
California. The song of the acoustically isolated male and individual
syllables of song evoked weak responses while complete songs and songs
consisting of either & note-complex or trill phrase elicited moderate to
strong responses. The results from these experiments suggest that towhees
recognize song of conspecifics on the basis of a combihation of syntax,
frequency and temporal features of song. This redundancy is probably
necessary to ailow for identification of individuals and to allow for
locally distributed environmental factors which may differentially distort
or attenuate different properties of song.
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One male towhee raised in acoustic isolation from the egg failed
to develop song typical of wild towhe»s. The sequence of syllables of
the song was not as predictable as the sequence of syllables of free-
living towhees and the tempo of the songs was slower then songs of
wild birds. The isolated male had no songs containing a trill, unlike
wild towhees, where every individual I recorded had at least one song—type
containing a trill.
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INTRODUCTION

The study of song in birds has provided a great deal of
information on the processes thet affect acoustic communicetion
and how and why these systems develop. In only a few species
however, most notably the Indigo Bunting (Passerina czanea.)’ has
enough information been gathered to begin to understand how

. song is used to broadcast information and how the received

information is used by other conspecifics. Yet, it is
difficult to generalize the ‘results from these studies
to species having more complex repertoires. Thus, in this
dissertation I present data on various aspects of song in
the Rufous-sided Towhee (Pipilo erythrophthelmus), a species
where most individuals have several song-types, many of
which are individually-specific, in an attempt to understand
why the repertoire of this species is so complex. Here
I report on the variation of song within and between populations,
the response of birds to playback experiments, and the
development of song. Each section is presented as a
separate paper. The results from‘ each section are interwoven
into the discussions of other sections so that no final

conclusion is presented.
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Geographical variation in avian song has received much
attention (for mqst récent reviews see Thielcke, 1969; Lemon,
1975), but the factors governing the occurrence end meintenance,
of dia.lects remain poorly understood. Although the interaction
of dispersal and learning is important in determining whether
dialects occur, few hy?otheées predict wheél dialects should
boccur based on this interaction and other aspects of singing
behavior and the environment. In this paper I ass.ess one
aspect of dispersal on the formation of dislects by comparing
the results of studies of song from migratory and resident
populations of the Rufous-sided Towhee (Pipilo erythrophthalmus)
with other species. Based on these data, I explore the possibility
that increased dispersal, as a corollary of migration, ma.y inhibit,
‘the formation of dialects. I relate these data to the
hypothesized functions of dialect, and disc_:uss how generally these
conclusions may be applied.

This paper is largely based on geographical variation in the
song of the Rufous-sided Towhee at three localities on Long
Island, New York. At one of these localities I studied song of
color-banded males over a seven-year per‘iod to see 'whethef
locally distributed features of song remained in the population
over several breeding seasons. The analysis of micfc-geographical
variation in song and .of year to year varivation in song at one
locality has not appeared in most studies of geographical variation

in song.
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METHODS AND MATERTALS

I recorded songs of Rufous-sided Towhees from 1969 through
1975 at the Kalbfleisch Field Research Station, Huntington, Suffolk
County, New York (40° 50'N, 73°20'W), during 1973.at Connetquot
River State Park, Isiip, Suffolk County, New York (140”46’11',
73°09" W), and in 1972 at the J.F. Kennedy Sanctuary (Tobay Beach)
on the barrier beachv in Nassau County, New York (L40° éT'N, 73° 27'W’)
(see Fig. 1 )._ The straight line distance between Kalbfleisch
and Connetquot is ebout 11 miles (15 km), vbeﬁweén Kalbfleischhaad
To'bay.Beach 16.5 miles (19 km), and between éometquot and Tobay
Beach 20 miles (28 km). Towhees at Kalbfleisch inhabitéd
deciduous woodland dominated by oak (Quercus spp.), Flowering
Dogwood (Cornus floride), and Red Maple (Acer rubrum), that was
interspersed with shrubby woodlands of birch (Betula populifolia

and B. lenta), oak, bayberry (Myrica pensylvanica) and other

trees and shrubs. The dense ground and vine cover at Kalbfleisch
was dominated by catbriar (Smilax rotundifolia) and poison ivy

(Rbus radicans). At Connetquot oak and pitch pine (Pinus rigida),

with an understory of Vaccinium spp. occurred in most towhee
territories. At Tobay Beach dense thickets of >10— to 15-foot (3 to

4 m) wild cherry (Prunus serotina), chokeberry (Pyrus spp.), bayberry
and poison ivy grew between the leeward side of a barrier beach

and a salt marsh. Towhees selected these thickets for their

territories.
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I analyzed 441 songs of 166 individuals from the three
localities. Practically all territorial males at Kalbfleisch
were recorded during each of the seven years, where I recorded
a total of 39 birds. I recorded 13 males at Tobay Beach.
Approximately 11% of the territorial males (one pair per 1.25
hectares, 1225 hectares of habitat, 11h of an estimated 980
males present) were recorded at Connetquot. The location of
the territories of individuals at Kalbfleisch during 1969
through 1975 are depicted in Figs. 2 through 8 and at Con.ne?squot
in Fig. 9. Data on the occurence of individuals at Kalbfleisch
from 1969 through 1977, including banding data, are presented in
Appendix l . .The number of different song-types and different
syllables. per individu}a.l, along with a list of different song-types
recorded from each individual and the location on tape from which
a sonogram was made are presented in Appendices 2, 3, and L.
Banding methods. At Kalbfleisch I banded males, some females,
and as.ms.uy nestlings and fledglings as possible with United States
Fish and Wildlife Service bands and with unique combinations of
three plastic bands of various colors. Males were attracted to
mist nets and captured. by broadcasting song from a speaker placed
under a net. In some ;:ases a mumified male towhee was mounted on
& tripod and placed neer the center of the net. Because females
did not respond to playback they could be banded only if
nestlings were located in nests on the éround, or if fledglings could

be captured. A trap coéuld then be placed over the nest or fledgling
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and the female captured as she came to the nest or to feed the
young. This technique was also used to capture males feeding
young. The birds recorded at Connetquot and Tobay Beach were not
‘banded.

Sampling methods. Individuals at Kalbfleisch were observed at
different times of the day and breeding season, and I monitcred these
‘birdé until no familiar songs were heard or recorded. All song-types
were sung throughout the breeding season. Birds at Connetquot and
Tobay Beach were usvally recorded on only one day for periods ranging
from 15 to 45 minutes, although some birds subjected to playback
experiments were recorded on two dsys.

I believe I tape recorded the complete repertoires of 31 individuals
at Kalbfleisch (see Table 1) and 37 individuals at Connetquot (see
Table 2). Seventeen birds at Kalbfleisch were recorded for two or
more breeding seasons to determine whether repertoires were stable
from year to year. Of these individuals (see Table 1), I recorded
six thét had no repertoire changes from year to year (K7,K17T ,K23,K38;
K39,K40), two where I recorded fewer song-types only during the
second year of four years recording (K2,K32), and eight where I
recorded more song-types for up to two years after the first year of
recording (K1,K3,K18,K19,K22,K30,K31,k42). In these cases cnly new
song-types were added to the repeftoire previously recorded. I
recorded K37 for only two years and recorded fewer song-types during
the second year. I believe this variation is due to uneven

recording efforts from year to year and does not
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indicate annuael changes in repertoire size. Conseguently,
calculation of repertoire size for each individual is based
on the m‘aximu.m repertoire size observed even though not all
song-types may have been recorded each year.

The dats from the Kalbfleisch population are largely based
on color-banded birds but also include unbanded birds recorded
continually in one area that’were recordéd four or more days
during a breeding season. ‘I‘hev unbanded birds were recognized
by associating particular song-types with specific locaticns.
Repertoire size of birds from Connetquot is based on those birds
recorded two or more days, usually just prior to and after
blayback experiments. None of the Connetquot birds were
banded and I associated a set of song-types with a territory
site to identify .individuals. »

Instrumentation. I made tape recordings with a Uher L4000-L
tape recorder with a Uher M512 microphone mounted at the focal
point of a 2h-inch pa.raboiic reflector made of fiberglas. A
Uher preamplifier was used. Most recordings were followed by
recording the LLO Hz fundamental of a pitch pipe to check the
relative accuracy of recordings made at different times.
Sonograms were made with a Kay Electric Co. Model 6061-B
Sonograph using the FL-1 filter. I made‘ sorograms with both
‘the wide and narrow band filters to obtain temporal and frequency
characteristics, respectively, for each song. :

Terminology. The terminology used here largely follows
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Mulligan (1966) and Kroodsma (197k4), with minor modifications
(see Fig.'lo). A comprehensive review of terminology used to
describe bird song has been made by Shiovitz (1975).

Note. A continuous trace on the sonogram.

Syllable. A note or group of notes identified as a discrete
component of a song; syllables forming part of the trill are
designated by numbers, and all other syllables are designated
by letters.

Trill. Consecutive rendition of the same syllable three or more
times.

Phrase. A section of a song, either a note-complex (that part of
the song composed of unrepeated syllables or those repeated once
only) or trill (that part of the song composed of syllables
repeated two or more times).

Song-type. A stereotypic sequence of phrases repeated in a
consistent manner in the repertoire of an individual.

Bout. A series of songs, usually of the same song-type, separated
by silent intervals of at least 60 secs from another series of
songs.

Geographical variation. Used in the broad sense of variation in song
at different localities and without the connotation of Nottebohm
(1969) that refers to "differences in song over long distances
and between populations which normally do not mix."

Dialect. Variation "appearing as a consistent difference in
the predominant song type between one population and
another of the same species" (Marler and Tamura, 1962).

I felt that other definitions of dialect (for example, Harris
and Lemon, 1972) were ambiguous. Much of this embiguity arises
when & song-type or syllable, occurring in two or mcre localities
but not in the songs of most individuals at any one locality, is
used to designate dialect areas. In such cases it i$§ possible

that the distribution of differeﬁt song-types or syllables would

not ve concordant; the delineation of dialect areas then becomes
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a subjective impression of relative similarity. I believe,

then, that those definitions of dialect requiring only that

there bé some geographical localization of syllables are too
inclusive and consequently I use the term in the relatively

s‘trict sense of Marler and Tamura (1962).

Classification of Notes and Syllables. Notes and syllables
were traced from the sonograms onto tracing paper. I then
arranged them in different groups based on their frequency, ter;lporal and
shape characteristics; notes on a gradient were designated by
thessame code. Thus, similar but non—ident_ics_l notes or syllables
céuld be designated by the same code. I re-examined my
arrangement twice before I made the final classification of
notes and syllables. This classification of syllables is
essentially subjective and these data on the distribution of
notes and syllables must be considered only an approximation of
the differences between populations.

Statistical Analysis. Most data were analyzed using the SPSS
packages at the CUNY/University Computer Center of“the City
University of New York. Some data were analyzed with the Hewlett-
Packard 9810A calculator, using programs available with it. The
.05 significance level was used for testing null hypothes®s.

Time measurements were taken from the sonograms by drawing
perpendicular lines t_o the base line at the peginning and end of
each component of song. In a very few caseé the limits of a part

of song were so indistinct or faint on the sohogram that no
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measurements could be made. Measurements were made to the nearest
tenth of a millimeter and multiplied by 0.007 to convert the
measurements to time in seconds. I measured frequency to the
nearest tenth of a kilohertz.

For this analysis of geographical variation in song and
repertoire size I analyzed (1) temporal characteristics of song
(length of song, length of note-complex a.qd tﬁll phrases and
syllables, the time between syllabies and phrases) and
frequency characteristics of song (the meximum, minimum and
frequency range of a song and its phrases and syllables) using
univariate F-tests and t-tests and the multiveriate technique of
discriminent analysis ; (2) the number of syllables per phrase;
(3) the rate of delivery of syllables in each phrase; (4) the
organization of song into various combinations of note-complex
and trill phrases; (5) the distrii:ution of syllables of the
note-complex and trill phrases and of shared Qong—types within
and between populations; and (6) the repertoire size of Kalbfleisch
and Connetquot populations. ’

RESULTS

Differences in song between localities ha_ve been expressed in
several ways, the most common method being that of delineating
geographical areas where distinctive song-types or poxtiﬁns of
song-types occur. In this study I analyze song with this method in
addition to comparing other aspects of song between the three

Long Island localities.
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- Repertoire size. The number of different song-types per
individual averages 3.5 and was not significantly different
between yeers at Kelbfleisch (df=6; Kruskal-Wallis ﬁ=8.63; p>.05)
or between Kalbfleisch and Cometziuot (af=7; Kruskal-Wallis H=10.1k;
P> .05)'. At Tobay Beach estimated repertoire sizes were two to
8ix, which is identical to the range of repertoir_e sizes at
Kalbfleisch and very similar to that at Connetquot, but incomplete

) sampling methods at Tobay Beach do not permit a more detailed
comparison. These data suggest that repertoire size does not
vary geographically on Long Island.

The repertoire size of Rufous-sided Towhees averages more
than one song-ty-pg per individual throughout the range of the
species, but different sampling techniques make it difficult to
compare the repertoire sizes of other populaiions with the Long
Island populations. Kroodsma (1971) reported that of four
color-banded males of the subspecies orégonus recorded on five
or more morninés, two had repertoires of seven song-types and
one each had a repertoire of eight and nine song-types. Three
less intensively studied males had repertoires of four, five
and six song-types. Molnar (1977) found that repertoire sizes
of three to eight (X = L.5) occurred among six males of the
subspecies erythrophthalmus in New Jersey. One individual from
Florida was reported to have eight song-types (Borror, 1959a) and
another from Ohio had 22 song-types (Borror, 1972), although Borror
probably used different criteria for defining a song-type than

I used in this study. Davis (1958), who did not tape record
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songs, stated that "there are five basic types of song in the
repertoire of most individuals" thus implying that the
repertoire size of at least one California population of the
race megalonyx was at least five. Bent (1968) stated that
one bird of the race montanus, of the southern Rocky Mountains
and northern Mexico, sang six song-types during 42 minutes of
singing in one morning. Another Rufous-sided Towhee recorded
in Chihuahua, Mexi¢o had five basic song-types (Marler and Isaac, 1960a).
In central Mexico, Sibley (1950) determined that at least two
Rufous-sided Towhees had two or more songfty';;es and he
believed that some birds at San Felipe, México had only one
song-type. Cody and Brown (1970) hovever, implied that Réfous-
sided Towhees at SQn Felipe had up to two or three song-types.
Neither Sibley nor Cody and Brown providéd documenté.tion for
their cohclusic;ns and no investigators, except Kroodsma and
Molnar, worked w‘ith individually marked birds. These fragmetary
data i‘ndice.te hpvever that repertoires of Rufous-sided Towhees
are typically larger than one, perhaps being at ieast five along
the Pacific coast of the United States. Samples are too small
to warrant generalizing on the size of the repertoire in other
areas away from the New York City area.

Organj.zation of song. Song is organized info note-complex and
trill phrases (see Fig. 10). There are only minor differences on
Long Island in the proportion of song-types in each population

containing songs of each of four categori_es: (1) only a note-complex
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phrase; (2) one or more trill phrases but no note-complex phrase;
(3) one note-complex phrase followed by one trill phrase; or

(4) other combinations of note-complex and trill phrases (see
Table 3). Approximately 88% of the song-types in all three
populations have one note-complex phrase followed by one tri]_i
phrase and all other categories of song are rare (11.6%). Thus,
the three populations on Long Island can not be differentiated by
these fea.turels of song. These data are similar to those of
Borror (1975), who found that only 13k of 765 song-types (17.5%)
of the race erythrophthalmus were not of the one note-complex
phrase followed by one trill phrase sequence‘. However,

" individuals of other reces of the Rufous-sided Towhee, particularly
those in the western United States, frequently have songs with
reduced note-complex phrases or with enly trill phrases (Kroodsma,
1971; Borror, 1975).

Number and rate of delivery of syllables. There were no
significant differences (one-way analysis of variance) in the gverage
number of syllables per note-complex phrase (df=6,32; F=1.90;

p >.05) or per trill phrase (df=6,32; F=1.20; p}.05) or in the
average rate of delivery (syllables/sec) of syllables of the
note-complex phrase (df=€,32; F=1.19; p>.05) or trill phrase
(ar=6,32; F=0.97; p».05) between years at Kalbfleisch. ﬁese
results are based on the average numﬁer and rate of delivery of
syllables per phrase for all songs of 2 bird and where eagh bird
was included in the analysis only during the first year of its

appearance at Kalbfleisch. Consequently these populations were
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treated as one population. Variation in the number of syllables
per phrase and the rate of delivery of syllables per phrase within
one song-type of one individuel were not rigorously analyzed.

There were no" significant differences between Kalbfleisch,
Tobay Beach and Connetquot in the average number of syllables in
the note-complex phrase (df=2,163; F=2.60; p ».05) or in the trill
phrase (df=2,163; F=2.6T; p ».05). These results are summarized in
Table 4. Borror (1975) reported that the race erythrophthalmus
has an average of 2.3 syllables (ra_uge 1 to T; N=323 songs) per
introductory (=note-complex) phrase. and 7.3 syllables (range 1 to
18; N=232 songs) per trill phrase. These data, although based
on the characteristics.of every song rather than the ave.rage
characteristics of song of different individuals, are similar to
those of Kalbfleisch. ’

Individuals of the three populations differed in the rate
at which they sang syllables of the note-complex phrase (df=2,153;
F=13.h1; p £.005) but not in the rate at which they sang syllables
of the trill phrase (df=2,163; F=2.34; p)».05). Birds at Tobay
Beach sang syllables of the note-complex phrase at a significantly
faster rate than birds at both Kalbfleisch (df=49; t=5.30; p< .001)
and Connetquot (df=115; t=4.62; p £.001), while birds at Kalbfleisch
and Connetquot were not significmitly different from eaqh other
(af=142; t=0.82; p ».05). The rate of delivery of syllables of
the trill phrase for tl;e race erythrophthalmus was reported to
be 11.3 syllables/sec (range L.k to 40; N=232) by Borror (1975),

which is considerably slower than the Long Island populations
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sempled (see Teble 4). The rate of delivery of syllables of
the note-complex phrase was not summarized in Borror (1975).
Sharing of song-types. Few song-types were shared among
tovhees on Long Island. Of 21 song-types (5.13% of 409 song-types
and their variants) occurring in the repertoires of two or more
birds, 19 vere restricted to birds of one loca.lity.» Six song-types
were shared by neighboring birds within a population, two were
shared by both neighboring and non-neighboring birds within a
population, eight were shared by non-neighbors within a populetion
and three song-types occurred in the repertoires of different
individuals that were found at the same locality in different years
(see Table 5). Only three song-types were shared by three or
more birds (see Table 5). Forty-six individuals (‘27.2% of birds
recofded) sang song-types shared with other birds. There is then,
little basis for delineating dialects on the basis of the
distribution of shared song-types.

. The. proportion of song-types shared among birds see;ns to
vary geographically. Borror (1975) found that 118 of 950 (12.4%)
song patterns (= song-types) of an estimated 492 birds recorded
throughout the United States and in Ontario, but largely from the
qorthea.stern United States, were shared by two or more birds.
Within one locality, Blendon Woods, Franklin County, Ohio, 20.8%
of the song-types were shared among birds but only 1.8% to 6.9%
of the Blendon Woods song-types occurred in areas as ~close as

other parts of Franklin County, Ohio to as far away as North
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Dakota (see Table 6; Borror, pers. comm.). Four of 274 Blendon
Woods song-types occurred in other states (Maine, Virginia, North
Carolina, and North Dakota; Borror, pers. comm.). Kroodsma (1971)
found that 26 of 31 song-types recorded from four color-banded
males in Oregon that held adjacent territories were shared between
them, including three song-types that all four banded males
possessed. Seven of 11 song-types (63.5%) of near neighboring
males were similar to song~types of the four banded males in
contrast to only 10.7% of 32 song-types of more distant males
found up to 2 km away.

Data from Borror on the distribution of shared song-types
seems to be similar to Long Island data. In both areas a small
proportion of song-types were shared between birds and these
song-types usually were shared between only two individuals of
one population. The data from Kroodsma differs in that a
much larger proportion of song-types were shared among several
birds. Thus, there appears to be more homogeneity in song in
Oregon compared to equivalently sized areas in Ohio and Long
Island.

Sharing of syllables. From 44l songs of 166 individuals I
defined T9 distinct syllables in the note-complex éhrase and 62
distinct syllables in the trill phrase. These syllables are
illustrated in Figs. 11 and 12 respectively. Examples of the
variation occurring within designated syllables are shown in

Fig. 13. The distribution of syllables of both note-complex
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end trill phrases is listed in Appendices 5 and 6 respectively.
These data indicate that approximately 60% of all syllables
were endemic to a single locality, about 22% were found in two
of the three localities and 18% were found in all three
localities (see Table 7).'

At least some syllables found in all three Long Island
populations occur outside Long Island. Of the 11 syllables of
the trill phrase that were most widespread in all three Long
Island populations, 10 occurred in the songs of birds in areas
sampled by Borror (1959a; see Table 8). Nine of the 10 syllables
occurred in Ohio where Borror did most of his recording while a
small proportion of these 10 were recorded in Maine, West Virgiria,
North Carolina, Florida and Michigan. Only trill syllable 51
(illustrated in Figs. 10 and 12) was widespread on Long Island but
not recorded by Borror (1959a). The syllable sequence of V followed
by D (illustrated in Fig. 10), which is included in the note-
comple);: phrase of more birds on Long Island than any other sequence
of syllables, also occurs in Ohio and Michigan (see Fig. 27 of Plate
2 and Table 1 of Borror, 1959a). Except for syllable 51, then,
syllables that occur in a relatively large proportion of birds
from Long Island are also found outside Long Island. Thus, the
Long Island population is not strongly differentiated from other
populations of the subspecies erythrophthalmus on the basis of
its most widely distributed syllables. .

For any one locality on Long Island endemism varied from 24% to
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52% for the syllables of the note-complex phrase (see Table 9)
and 12% to 48% for the syllables of the trill phrase (see .Table
10). Thé populetion at Connetquot had more endemic syllables
than either Kalbfleisch or Tobay Beach but because the

number of endemic syllablés increases with sample size I believe
this difference is an artifact of sample size.

The distribution of syllables shared between localities
indicates that Kalbfleisch and Connetquot birds share proportionately
more syllables with each other than either does with Tobay Beach
(see Tables 9 and 10). Tobay Beach birds appear to share more
syllables with Connetquot birds than with Kalbfleisch birds.
Thus, the towhees on this barrier beach off Long Island seem
to have developed a relatively distinct set of syllables compared
to the populations on the mainland of Long Island.

Of the 85 syllables endemic to one population, 52 (61.‘2%)
occurred in the repertoire of only one bird, 28 syllables (32.9%)
occurred in the repertoires of two to five birds of a population
and only five syllables (5.9%) occurred in the repertoires
of six or more birds (see Table 11). All five syllables
found in the repertoires of six or more birds were recorded at
Connetquot. Four of these five syllebles (J,TIT,38, and 46)
were found in either six or seven birds (5.3% and 6.2% of
Connetquot birds) and one syllsble (31) was found in 15 birds

(13.4% of Connetquot birds). Thus, syllables endemic to a
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single population tended to be found in only a few individuals
in each population.

In contrast, syllables found in two or more populations
usually occurred in more birds in each population than endemic
syllables (see Table 12). These data suggest that_
syllables endemic to a populatiol_'l are frequently restricted to one
individual and can not serve to characterize populations, while
syllables that are more widespread geographically also tend
to be more common within a population.

Sharing of syllables between individuals whose complete
repertoires were recorded at Kalbfleisch suggests that an
individual is as likely to share syllables with neighboring
birds as it is with non-neighbors. For 30 individuals fram
Kalbfleisch ( see Table 1 for a list of these individuals; K16
not included in this analysis) about 15.4% of the syllables in
the repertoires of neighboring birds were shared and 14.6% of
the syllables of non-neighboring birds were shared. On the
basis of sharing of syllables, then, towhees at Kalbfleisch
differ from those in Oregon, where syllables are more likely to
be shared between neighbors compared to non-neighbors (Kroodsma, 1971).

The distribution of the 71 syllables recorded at Kalbfleisch
through t_he seven year period shows that some syllables were
present all seven years while others appeared in fewer years.

The occurrence of the different syllables at Kalbfleisch varied

in the number of years a given syllable was present and in the
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proportion of birds having the syllable in different years
(see Tables 13 and 14). Many syllebles appeared only in the
repertoire of one individual and were present only as long as
that individual returned to Kalbfleisch but the proportion
of individuals having other syllables steadily increased
through successive years (seé Tables 13 and 1L).

Of the 22 syllables restricted to Kalbfleisch, however, only
one syllable of the note-complex phrase (CCC) and one syllable
of the trill phrese (17) were present for five or more years,
and these two were never part of the repertoires of more than
two of the approximately 11 territorial males present’ in any
given year. Consequently, the particular characteristics of
& sylleble probably could not be used efficiently by birds to
identify the towhee population at Kalbfleisch over periods as

short as several breeding seasons.

Temporal and Frequency Characteristics of Song
Univeriaste methods. Univariate F-tests demonstrated that

only two of 63 variables were significmtly different among all
three populations: the minimum frequency of the trill phrase
(a£=2,397; F=12.63; p <.001) and the length of the trill
phrase (df=2,401; F=23.91; p< .001). Yet, these same variables
also were significantly different between at least two different
years at Kalbfleisch (d£=6,109; F=L.12; p<.001;,df=6,113; F=k.29;

p<.001, respectively). Thus, these data suggest that no single

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20

varisble of the song could be used by birds to distinguish any
of the three populations from each other.
Multivariate methods. Although no single variable may be
 used to associate song with a particular locality, birds may
use a combination of variables simultaneously to associate
songs with a pa.rt‘icula.r locality. .Consequently, I used a
stepwise, multiple discriminant program described by Klecka (1975),
which maximally separates groups on the basis of the variables
entered in the analysis. This was done to determine which set
of -variables would i’l&ve the highest probability of being
associated with a population. This analysis of 13 variables
of song, the length of song, and its' note-complex and trill
phrases, the length of time betwen the note-complex and trill
phrase, and the minimum and maximum frequency and frequency
range of the song and its note-complex and trill phrases,
showed that only three variables, the length of the note-complex
phrase (INTRPlTI), the length of the trill phrase (TRLP1TIM),
and the minimum frequency of the note-complex phrase (INTPMIF),
contributed significantly to the separation of the populations.
The results of this analysis are based on the average value of
each of these three variables for all songs of eabh individual.
The mean + standard deviation of these values for each population
are presented in Table 15.

Table 16 shows which populations differed significantly from
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each other based on these three variables. Individuals first
appearing at Kalbfleisch in any given year were usually more
similar in their characteristics of song to newly-sppearing
birds in other years at Ka.'l.bfleisck.l then they were to birds from
Connetquot or Tobay Beach (see Table 16). The Tobay Beach and
Connetquot populations differed from each other and from most
Kalbfleisch populations.

These data suggest that birds from different localities
differed more from each other then birds which appeared in
diffe:"ent years at Kalbfleisch. ' Thus, some continuity of features
of song occurred in the populations from Kalbfleisch.

Of the three discriminant functions derived, two contributed
significantly to the separation of the p_opulations (see Table 17).
The relative loadings of each of the three variables to the two
significant standardized discriminant functions are shown in
Table 18. These two functions accounted fo.r 91% of the total
varian;e (see Fig. 14). The minimum frequéncy of the note-complex
phrase (INTPMIF) contributed most to the first function and
served to separate Connetquot, which had the lowest minimum
frequency of Fhe note-complex phrase v(see Table 15). The length
of the note-complex phrase (INTRP1T®) contributed most to the
second function, and it separated Tobay Beach, which had the
shortest note-complex phrase, from all other populations. The
length of the trill phrase (TRLP1TIM) contributed most to the

third function. Thus, the Connetquot and Tobay Beach populations
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and, to a lesser extent, the 1969 Kalbfleisch population, could
be distinguished relatively well from each other and from the
other Kalbfleisch populations on the basis of these three
variables of song, whereas the 1970—11975 Kalbfleisch populations
were reletively similar to each other and clustered together.

_The classification of the groups using these ‘discri_minant
functions shows, however, that the individuals could be classified
into their correct group only aﬁout 55.4% of the time (see Table 19).
This poor discrimination seems to be a result of the tight
clustering of the group centroids coupled with a large amount
§f intrapopulational veriation in song. The centroid for each
group, which is the group mean along each of the discriminant
functions, are tightly clustered for most of the Kalbfleisch
populations so that songs from each population would have to be
extremely similar to each other for these populations to be
discriminated. Where the songs of the populations are variable,
then, discrimination would be poor. The data indicate there is
considerable variability of song (see Table 15) and individuals
of groups that cluster together are frequently not classified to
either their own population or to populations that cluster with
it (see Table 19). Thus, these three characteristics of song are
relatively variable within each group, so that birds could
assoéiate song with a specific population with only about 55%
accuracy, on the average. Where sample sizes were reasonably large,

those populations that were classified more accurately also
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tended to be separated most clearly along the first two discriminant
axes.
Dispersal and Populetion Dynamics

Dispersal and population dynamics data are available only
‘from the population at Kalbfleisch, where towhees are present
from late April through October. Banding data from Kalbfleisch
demonstrate that about 60% of adult males (AHY) return the
subsequent yeer (based on observations of color-banded males
during this study) and these individuals live a.n average of 2.4
years (range one to seven years;' based on returns of birds banded
during their hatching year). Although no utended nestlings of
known parentage have returned to Kalbfleisch, about 7% of the
males banded as juveniles at Kalbfleisch returned to Kalbfleisch
as adults (see Table 20). Most Jjuveniles probably die prior
to breeding but the dispersal of surviving juveniles that do not
return to Kalbfleisch remeins largely unknown. There have been
only two foreign recoveries of birds banded as juveniles at
Kalbfleisch; one female (65-185394) banded at Kalbfleisch b September
1964 was recovered one mile (1.7 km) from Kaibfleisch on 17 Mey
1966 and another femsle (68-103506) banded 15 July 1965 at
Kalbfleisch was found dead 13 miles (21.7 km) from Kalbfleisch at
Westbury, New York on 15 May 1966. Although most Long Island
towhees are on territory by mid-May, it is possible these birds
were not yet on territory. However, these data suggest- that female

Jjuveniles, and presumably males, which do not return to Kalbfleisch,
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may become established at relatively short distances from
Kalbfleisch.
The number of young produced per year at Kalbfleisch

is difficult to evaluate but is important for determining

whether production of young males is sufficient to replace those

that die, and thereby determine whether it is possible for

song traditions to be maintained over time. Males are

monogemous, except for one mele (K23) that was polygamous

during one of its seven breeding seasons. Parasitism by

Brown-headed Cowbirds (Molothorus ater) is uncommon but may

reduce productivity slightly. Clutch sizes at Kalbfleisch vary

from three to six, with most late nestings being due to the

failure of earlier nests. Assuming that each female raises

one brood, that the average clutch size at Kalbfleisch is 3.5 eggs,

and that the sex ratio of the eggs is 1:1, the expected number of
" males produced annually by the 11 pairs is 19. Since only about

T% of these .19 return to Kalbfleisch, and about 5 of the -

established males die each year, it appears that only one male

can be recruited from the Kalbfleisch population to replace the

loss of established males. Thus, it would be difficult to

maintain a dialect. These results are concordz‘mt with the song

date; there is some continuity of song characteristics but little

persistence of endemic elements.

Song Development

Rufous-sided Towhees probably learn most of their songs by
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copying songs, or parts of songs, from other male towhees.

This interpretation is Supported by an analysis of the repertoires
of two males that were banded as juvenile males at Kalbfleisch in
years when I recorded the repertoires of all meles at Kalbfleisch.
These two males, K23 and K30, had a large proportion of the
syllables of their repertoires, T1.4% and 60.0% respectively,
composed of syllables found in the repertvoires of Kalbfleisch
birds tha£ were present during the year they hatched. This suggests
that these birds copied parts of song fram other males in the
Kalbfleisch population during their first summer and incorporated
these components in their songs. The ability of towhees to

copy songs and calls and incorporate them into song is demonstrated
by the fact that a very small proportion of towhee songs contain
songs and calls of other species (Borror, 19’{7.; Richards, MS;
Greenlaw, pers. comm.; Ewert, pers. obs.), including those of the
Common Flicker (Colaptes auratus), Tufted Titmouse (Parus bicolor),
Carolina Wren (Thryothorus ludovicianus), American Robin (Turdus

migratorius), and Field Sparrow (Spizella pusilla). Additionally,

one young towhee, raised in captivity with an Ortolan Bunting
(Emberiza hortulana) developed at least one song similar to the
Ortolan Bunting but lacked any songs resembling that of the

towhee (Anon., 1900). Another mele, raised in acoustic isolation,
developed an aberrant song-type that failed to elicit responses fxopz
territorial males (Ewert, in pr;p.), suggesting that towhees need

to hear towhee song for normsl development of song to occur.
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However, the relatively low rate of sharing of song-types
and of syllables mey reflect the occurrence of imprecise copying,
improvisé.tion (Borror, 1975) or the dispersal of young from hatching
sites may be so great that few instances of sharing of song-types
are observed. All three factors may contribute to the variation of
song seen in Rufous-sided Towhees, although the relative importance

of each of these factors to song variation probably varies geographically.

DISCUSSION
Local differences in-some temporal and frequency features of
. song on Long Island occur at localities no more than 30 km apert snd
appeared to consistently differentiate the Kalbfleisch populations
fram the Tobay Beach and Connetquot populations. However, song-types
are rarely shared between birds and no syliables endemic to a
population occurred in more than 14% of the birds of a population.
Of those syllables endemic to Kalbfleisch, few remained in a
population for several years. Consequently, dialects can not be
delineated either spatially or temporally for Rufous-sided Towhees
on Long Island. Thus, there is variation in song over short distances,
with some contihuity of features of song at one locality over time,
but differences in song are insufficient to distinguish most birds
of one locality from other localities.
Dispersal and varistion in song on Long Island. This variation
in song is consistent with data on dispersal of towhees on Long
Island. Apparently enough young meles return to a particular

locality so that some continuity of features of song persists, but
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young birds fram other locelities, presumably having repertoires
different from birds in the area in which they establish territories,
replace some of the males which fail to return, so that no dialects
result. The overall similarity in song between birds from Ka.lbfleflsch
and Connetquot compared to Tobay Beach may be a result of more
exchange of first year individuals between Kalbfleisch and Connetquot.
This may occur not only because Kalbfleisch and Connetquot are closer
‘together than either is to Tobay Beach, but also because the osk and oask/
pine hebitats at Kalbfleisch and Connetguot, respectively, a;:e

more similar to each other than either is with the Myrica and Rhus
dominated thicket habitat on the barrier beach at Tobay Beach.
Consequently, birds returning to breed for the first time and unable
to establish territories at their home localities, may select

nearby areas with similar habitats. Such dispersal, coupled with

a system where song is learned from the father or from nearby males
during a bird's first summer or fall, could account for the
geogra.p‘hical variation of song observed on Long Island.

Variation in song in other populations of Rufous-sided Towhees.
Geographical va.z_‘iation in song of migratory and resident populations
of* Rufous-sided Towhees has been extensively Qtudied by Borror (1959a,
1975), while Kroodsma (1971) intensively studied song of four
individuals of a resident population in Oregon. Borror (1972) found
no evidence of dialects in the Rufous-sided Towhee, although most
areas were not sampled intensively. At Blendon Woods, Franklin Co. s

Ohio, where Borror has recorded 2Th song-types (Borror, pers. comm.)
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over a period of several years, only a small proportion of the
song-types, introductory ( = note-complex) and trill phrases
occurred in two or more birds and were endemic to Biendon Woods

(see Table 6). This indicates that dialects are absent from
populations of towhees in central Ohio. Data from other areas
sampled by Borror suggest that dialects do not occur elsewhere

in the eastern United States but more intensive recording of
individuelly merked birds in more populations is required to
clarify this point. However, populations from Long Island and
Blendon Woods do not have dia_lt;.cts because so few components of
song are shared 'among individuels within a population. In contrast,
Kroodsma (1971) found considerable sharing of song-types among '
neighboring males with "a continuous but relatively rapid change

in song structure over short distances", suggesting that highly
localized dialects mey occur. However, sampling more males over

a larger area is needed to determine vhether dialect regions

could be delinesated.

Of the three arees éampled where data are sufficient to characterize
populations for the presence or absence of dialects, the migratory
.populations of Long Island and Franklin County, Ohio, do not have
dialects while the resident population in Oregon has a dialect,

or at least approaches the stereotyped variation in song seen in
dialects. At least t!;ree variables, the presence or aﬁse}zce of

migration, the density of the population, or the distribution of
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aveilable habitat, could influence where young birds establish
territories and hence whether dialects occur. This discussion
assumes that the chronology of the development of song does not
vary between the populations.

Two variables, population density and habitat distribution,
do not seem to vary between the eastern and wes’cerp populations.
Territory size on Long Island averages 1.25 ha., and towhees are
abundant and widespread. Althoﬁgh data on population densities of
the subspecies oreéonus in Oregon are lacking, towheés are reported
to be very common permanent residents in western Oregon, where
they inhabit second-growth (Gabrielson and Jewett, 1940). At
Point Reyes, California densities of male towhees of the subspecies
falcifer are reported to range from 20 males/L0.5 ha. to 45 males/
40.5 ha. in chaparral and from 20 to 26 males per 40.5 ha. in mature
Douglas Fir (Pseudotsuga menziesii) forest (American Birds, 25-
29 (6)). This is equivalent to an average territory size of 0.99 ha.
in chaparral and 1.72 ha. in mature Douglas fir forest, assuming
each of the territories lay completely within the study site and
all areas of the study sites were occupied by towhees. Towhees are
apparently common and widespread on both the east and west coasts
of the United States, and differences in population density or the
distribution of favorable habitat do not account for the differences
in geographical variation in song.

The third variabié, the migratory habits of the populations,

is the most obvious difference between the population from Oregon
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end the populetions from Long Islend and Ohio, that might effect
dispersal of young birds. The non-migratory and presumably less
mobile p;apulation from Oregon (see Kroodsma, 1971 for data on
movement of birds from Washington) has characteristics of a
dialect while the migratory populations do not. Presumably this is
‘because many young of migratory populations of birds fail to
re-locate their natal site and thus disperse over a relatively
wide area (Kendeigh, 19T4; p. 280), as seems to be the case
wi.th Song Sparrows (Melospize melodia; Nice, 1937; Johnston, 1956).
If this holds true for towhees, migration might affect local
dispersal of young sufficiently to contribute to the differences’
in variation of song observed between the migratory and non-
migratory populetions. Thus, given the present data, the
differences in migration provide the simplest mechanism or
explanation that can be cited to account for differences iﬁ the
occurrence of dialects between these populations of towhees.
Dialects may not serve an importent comrmunicatory function in
the Rufous-sided Towhee. Where repertoire sizeé are relatively
large, as in the Oregon population, each individual mey have too
large a repertoire for shared song-types to be associated with
a particuler locality. Probably the identification of a locality
by song is least ambiguous when one song-type is shared among all .
birds of one population. The occurrence of larger repertoire
sizes suggests that other selection pressures become importent in

governing the compostion of the repertoire of a bird. Towhees
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fram Oregon have repertoires where it may be possible to

associate several song-types with one locality but this could

simply be a nc_m-adaptive result of the interaction between

short distance dispersal and the timing of song development.

Further, the absence of dialects may not be adaptive. DeWolfe

et al (197k4) postulated that individuals of migrato.ry populations

of White-crowned Sparrows (Zonotrichia leucophrys) are under

strong selective pressure for characteristics of song thet

facilitate individual recogntion, so that energy is conserved in

re-establishing territories and attracting mates each breeding

season. Thus, selection would favor individually-specific song

within a migratory population and a repertoire size skewed toward

one. While migratory populations of towhees have a smaller

average repertoire size, and have a higher proportion of components

of song that are individually 'specific than the resident‘popul&tion,

the va.zjiation in song is still complex enough that recognition

of individuals would involve associating up to six song-types

with an individual. These data do not suggest that there is

strong selective pressure for a simplified repertoire among indiviﬁua.‘l.s

of migrabory populations. Thus, the absence or occurrence of dialects

in towhees are probably not a~result of selection pressure to permit

birds to associate particular localities with particular song-types.

but may be an artifact of how individuals of a population disperse.
: VIt is not known, however, whether dialects serve an adaptive

function in populations of towhees from the west coast of the United
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States. While populations that are comprised of individuals
that are permanent residents may be more likely to have dialects
then migratory populeations, other factors, not yet determined,
may correlate with or contribute to the occurrence of dialects.
Further study of the singing behavior and response of towhees
to song are needed to determine if localized features of song
serve a specific function. Such studies could deter;xxine whether
dialects have an adaptive function or are a secondary and
non-adaptive result of other selective pressures or are some
combination of both factors. It remains speculative, then,
whether the occurrence or absence of dialects in towhees
is. a result of selective pressure acting on the association
of song with a specific locaelity or habitat.
Other species where geographical variation in song
has been described for migratory and resident populations

Data on geographical variation of song of other species
where béth resident and migratory populations have been studied
show that most populations of one species either have or lack
dialects and that intrepopulational variation in song tends to
be greatest in migratory populations. These species include
three emberzine finches, the White-crowned Sparrow, Rufous-collared
Sparrow, and Song Sparrow and a cardueline finch, the House Finch
(Carpodacus mexicanus).

White-crowned Sparrow. Geographical variation in song of
White-crowned Sparrows has received more attention than that in

any other species. Song has been studied in migratory populations
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of the subspecies gambelii in Alaska (DeWolfe et al, 1974), in
oriantha in Ca.liforn‘ia. (Orejuela and Morton, 1975) and Colorado
(Baker, 1975) and in pugetensis (Baptista, 1977). Song
variation of resident populations of the race nuttalli has

been described by Marler and Temura (1962), Baker (1974, 1975)
and Baptista (1975). Most individuals of >these populations

have one song-type per individual .and one triil phrase is shared
by most members of a population. White-crowned Sparrows have
much less variation in song than Rufous-sided Towhees, even where
populations are not reported to have dialects.

Dislects were not reported by DeWolfe et al in migratory
populations of gambelii in Alaska or by Baker (1975) for a
migratory population of oriantha. However, Baker found that
approximately 60 males from the East River watershed in Colorado
shared a similar song-type that differed from song-types recorded
from a disjunct population of birds occurring 16 km away at
Kebler .Pa.ss. More extensive sampling may reveal that dialects
occur in White-crowned Sparrow populations in Colorado (Baptista,
pers. comm.). DeWolfe et 2l noted that most birds of a population
shared a similar trill phrase but othér parts of the song, the
whistle and warble, showed considerable variation within populations.
The relative abundance of two of the warbles changed in one
population from 1967 to 1971. White-crowned Sparrows in Alaska
have enough variation in song within a population that DeWolfe

et al did not consider these populations to have dialects.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3k

- Baptista (1974, 1977) found dialects in migratory populations
o; Pugetensis from Oregon to British Columbia but stated that "the
trained eye can distinguish a greater amount of individual
variation in the songs of local populations of pugetensis then in
any population of nuttalli so far described" (Baptista, 1974).
In a more recent analysis of dialects of pugetensis, Baptista
(1977) delineated two dialects that were considered to be part of
a northern theme group. The two theme groups were differentiated
primarily 'by‘ the sequence of the buzz, complex syllables and trills
following the introductory whistle while different dialects were
defined primarily by the distribution of temiﬁal trills. Some
local populations within a dialect could be distinguished from
each other by their complex syllables. From these date, Baptista
concluded that migratory populations of pugetensis have dialects
that are not as localized as those of nuttalli, but that
intrapopulational variation in song was similar to nuttalli
in fivebof the six dialects except in the area’ sampled in British» -
Columbia where it was apparently greater. Orejuela and Morton
(1975) found that most populations of the migratory subspecies
oriantha in the Sierra Nevada of California had dialects, except
at Lassen National Park, where no dialects occurred. They found
the greatest amount of intrapopulational variation in song among
small populations in suboptimal habitat and that dislects were
best defined where habitat barriers separated large populations. Thus,

both Baptista and Orejuela and Morton delineated dialect regions
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in migratory populations of White-crowned Sparrows, in contrast
to DeWolfe et al. These data suggest that at least some migratory
populations exhibit greater variation in song than resident
populations, and that _the characteristics of song of same )
migratory populations are not stable over time. Further, the
occurrence of dialects is effected by the size and stability of
popﬂations and the distribution of favorable habitat.

All resident populations of the subspecies nuttalli that
have been studied are reported to have dialects (Marler and Tamura,
1962; Baker, 1974, 1975; end Baptista, 1975). These dialects
may arise by chance because some young males who become established
in recently disturbed habitat before development of song is completed,
develop a slightly different song-type from -that of birds from
their natal site (Baker, 1975). The boundaries between dialects
are well defined (Baker, 1975; Baptista, 1975), do not always
coincide with habitat differences or physiographic discontinuities
(Ba.ker,‘l975; Baptista, 1975) and these dialects appear to be
stable over time where environments remain stabie (Marler and
Tamura, 1962; Baptista, 1975). Occasionally an individual of a
dialect area is observed that hs‘,s & song typical of another dialect,
including that of another subspecies, or an individual may have a
song which has components of song from two dialects (summarized in
Baptista, 1977). This usually occurs at the bou.nda‘ry between
dialects or in areas where recent habitat disturbance hds occurred

(Beptista, 1975). Thus, the dialects of nuttalli are relatively
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well delineated and seem to be stable over periods of two to ten
years, suggesting that resident populations have better defined
dialects btha.n some migratory populations in the White-crowned
Sparrow.

Rufous-collared Sparrow. The song of the Rufous-collared
Sparrow has been most extensively studied in Argentina where most
birds have one song-type (Nottebohm, 1969;} Nottebohm and Selander,
1972; King, 1972; Handford and Nottebohm, 1976) although Nottebohm
(1975a) has also reported on song variation outside Argentina.
Dialects have been described for these populations, most of
which are resident. The only possible migratory populations
that have been studied for geographical variation in song are
those from the Andes near Tafi del Valle (Nottebohm and Selander,
1972; Handford and Nottebohm, 1976).

The results of these studies have demonstrated that the
hcundaries. of dialects, defined by the rate of delivery of trills,
usua.'L‘L}.' coincide with changes in life-zones, or with changes in
altitude. Changes in dialects may be abrupt or gradual. Where
there are habitat differences within a life-zone, contiguous
populations of capensis may have a significantly different
proportion of different themes (King, 1972). The data suggest
that differences in .song between habitats occur irrespective of
the migratory status . of the population. Thus, Rufous-collarei
Sparrows appear to have a system of dialects where the .distribution
of different song-types coincides with differences in habitat,
the dialects are not as sharply defined as they are in White-crowned

Sparrows, and the occurrence of dialects cannot be correlated with
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migratory hebits. However, deta from migratory populstions
are required to determine whether these populations typically have
dialects.

Song Sparrow. Geographical variation in the song. of Song
Sparrows has been studied in migratory (Borror, 1965; Harris and
Lemon, 1972) and resident (Mulligan, 1966; E;berha.rdt and Baptista,
1977) populations. The results of’these studies demonstx"ate
that Song Sparrows have such large repertoires (five to 1l in the
east; 5 to 23 in the west) and exhibit so much individual variation
in song that dialeéts can not be delineated like those of
White-crowned Sparrows or Rufous-collared Sparrows. Although
intrapopulaetional variation in song may be greater in migratory
popuiations of Song Sparrows than in resident populations, this

v interpretation is tentative since the treatment of data are
considerably different in these four studies.

Borror (1965), working with migratory populstions in Maine,
found that relatively few syllables and -only 12 of 54l song-types
were shared between birds and these were usually shared between
birds in the same population or in nearby populations. Harris
a.nd.Lemon (1972) reported that no song-types w‘ere- shared between
birds from three localities in Quebec but found that 20% to 40%
of the syllebles were shared between birds, with bi‘rds from the
same locality being much wore likely to shs.re'syllables than birds
from different localities. Thus, Borror (1965) and Harris and

Lemon (1972) found that those features of song shared by two or
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more birds are more likely to be shared between birds from
one locality and consequently they called these areas dialects.
However, it is not clear if these localized differences in song
distinguish most members of any population from enother
population as they do in White-crowned Sparrows.

Resident populations studied in California by Mulligan
(1966) and Eberhardt and Baptista (1977) also have considerable
individual variation in song but meny individuals shared one
10 three song-types with other individuals, frequently that of
their neighbor. Eberhardt and Baptista found that some individuals
did not share any'song-types with other individuals but 85% to .
100% of the syllablés in the repertoire of each of nine individuals
were shered with others. However, no syllables were shared by all
members of a population. Mulligan found that more syllables
were shared between birds than were song-types. Thus, a higher
proporfion of song-types and syllables seem to be shared be*t".ween
birds in resident populations of Song Sparrows in California than
in migratory pc;pule.tions from northeastern North America.

House Finch. Song of the House Finch has been studied in
the New York City area by Mundinger (1975) and in the Los Angeles
area by Bitterbaum and Baptista (MS). House Finches have more
than one song-type per individual, are resident in California
and at least partially migratory in the New York City area. The
song of House Finches is complex so that the variation in song is

comparable to that in towhees.
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Mundinger found that small discrete dialects occurred in
the New York City area with most individuals of each population
having a repertoire of songs that distinguished them from any
other population. These dialects are stable over time and
boundaries between dialects are relatively sharp. A few birds,
usually near the boundaries of dialects, had repertoires containing
elements of twc; adjacent dialects. Thus, these populations of
House Finches have dialects.

Bitterbaum and Baptista (MS) réported that House Finches do
not have dialects in the Los Angeles area they sampled. Although
many syllables within a population were shared between birds,
they found no évidence that complete song-types were shared
between birds. Consequently, it appears that dialects do not
o;:cur among these resident populations of House Finches.

These results are in contrast to the towhee, White-crowned
Sparrow and Song Sparrow, where intrapopuletional variation in song
was greater in migratory than in resident populations. Part of
this difference may be explained by the mu;ual population dynamics
of the introduced populations of the House Finch in eastern North
America. At least some House Finches that summer together in the
New York area have been found away from New York at the same locality
during the winter (Mundinger, 1975), so that group cohesiveness
could be maintained throughout the year. Consequently, increased
dispersal of young birds would not necessarily result from

migration. With such a social system, dialects might be expected
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in the eastern populations, particularly since the founding
colonies may have been established from several populations
whose repertoires may have been different from each other.

It is also possible that the recently established populations of
House Finches are below the carrying capacity so that young birds
can establish territories near their natal site, ip contrast to
populations of House Finches in Los Angeles where high population
densities may force young birds to disperse over relatively long
distances to establish a territory. However, the results from
the west coast are clearly not consistent with expected results

based on the effects of migration.

Geographical variation in song of those species where only
migratory or resident populetions have been studied. Data from
other species where only migratory or resident populations
have been studied meke it even more difficult to separate the
effect of migration from other variables which affect the
occurrence of dialects. However, the effect of dispersal on
the formation of dialects can be examined indirectly by
comparing those species where geographical variation in song
of 'either resident or migz;atory populations has been studied.

I have treated these data cautiously since the tem'dia.'l.e;t
has not been used consistently nor have standardized sampling
methods been employed. In some cases, I reclassified a species
as having or not having a dialect, contra the original author,

to conform with the definition of dialect I have used in this paper.
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Thus, the data cited are useful as a crude comparison with those
species discussed in detail. The species characterized as having
or lackiﬁg dialects are listed in Table 21. These data

are summarized in Table 22. A chi-square analysis showed that
neither the migratory (df=1; X2=l.5; P> .05) nor the non-migratory
populatiox;s (ar=1; X2=0; p>.05) had a tendency to either have

or lack dialects.

Geographical variation of song of other species compared
Rufous-sided Towhees, White-crowned Sparrows, and Song Sparrows
seem to have more intrapopulational varistion in song than
resident populations, the difference being most pronounced in_
towhees and least in the White-crowned Sparrow. On the other
hadd, House Finch populations that are partially migratory have
dialects while a resident population lac‘ks dialects. The
scanty data on migratory populations of Rufous-collared
Sparrows suggests that both migratory and resident populations
have dielects. Thus, of these five, specieé, three are consistent
with the observation that migration, as a ccroilary of increased
dispersal, reduces the_ frequency of occurrence of dialects.

Of the other species, more data on the song of the Rufous-collared
Sparrow are needed, while the rapid colonization of eastern North
America by House Finches, along with their complex post-breeding
dispersal, makes it difficult to compare migratory popl.xla.tions

with resident populations of that species. For those species
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where only a migratory or resident set of populations have been
studied, it does not appear that proportionately morec resident
populations have dialects than migratory populations. Thus, it
is obvious that other selective pressures also affect whether
dialects occur.
Why do dialects occur ? . The results of studies on geographical
varie.ticn'in song allow few generalizations on why dialects
occur except that the occurrence of dialects must be a complex
problem that centers primarily around when song is learned
(the "sensitive period"), where, when and why young birds disperse
from their natal site, a.nd.perhaps on the structural complexity of
song. Migration is’ one factor that may contribute to or correlate
with increased dispersal of young birds, but the previously
bverlooked effects of migration on the formation of dialects
may vary between species because of differences in population
structure, the distribution of the favored habitat of a species,
the function of song, or the chronology of song development.
Hence, how migration affects the dispersal of young birds and
consequently the occurrence of dialects is difficult to evaluate.
Migration and development of song. Migration itself is
caused by ecological factors so migration can bnly be a proximate
correlate with a reduction in dialects. Thus, factors which affect
dispersal of young will DPartially determine whether dialects occur
by determining from whom song is learned and where birds establish

territories. In populations which do not migrate, young should
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disperse to nearby unoccupied habitat favorable for that species,
and attempts to establish territories should begin when that

site is found. This can occur soon after young birds become
independent in Bewick's Wrens (Kroodsma, 197k) and Song Sparrows
(Nice, 1937). This‘should lead to increased selective pressure
for any behavior thaf enchances a bird's ability to defend

a territory, such as development of song at an early age. Thus,
dialects might be & result of selection for early developmer;t

of song. Dialects, in these cases, will not be selected for a
specific function. This interaction of dispersal and song development
maey also account for the relatively high rate vot‘ song sharing
o!:gserved among neighboring birds in non-migratory populations

of birds that do not have dialects, such as the Bewick's Wren
(Kroodsma., Op. cit.), Carolina Wren (Borror, 1965) and Mockingbird
(Mimus polyglottos; Howard, 197h). Migratory populations however,
would not be under such strict Pressure, since territories could
not be established until the following spring. Consequently,

song could be learned either in the fall or early in the following
spring, or both. This could lead to greeter va.riabililty of

song of individuals that would be compounde@ by birds dispersing
over a large area. Consequently, dialects would be less likely to
occur, although neighbors might share song-types if song is
learned in the spring (see Thompson, 1970). However, studies

are required to determine whether there are differences in the
period when song is learned in resident and migratory pc;pulat.ions

of the same species.
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Other correlates of dialects. Other correlates of dialects
will be briefly discussed although it is evident that any
dialect system will be a consequence of a complex interesction of
at least some of these variables. More complete discussions of
the variables affecting dialects have been presented elsewhere
(Thielcke, 1969; Lemon, 1975; Payne, unpubl.). ‘Table 23
Tepresents a synopsis of these variables. The more complete
discussion of migration in this paper is not meant to imply
that migration plays a larger role in the formation of dislects
than any other variable.

The function of song may be primarily to attract females
and/or repel males. Where individual recognition is important,
dialects are less likely to occur but where song is used to
attract femeies, and females search for males with a song-type that
is associated with & locality or habitat where the female was
raised and where her fitness is presumably greatest, dialects
should 1"esult. Songs, once learned, should not change appreciably
from year to year in these areas, but where song expresses male
dominance, especially in colonial species, songs may vary from yearto year
to resemble those of the alpha male (Payﬁe, unpubl. ).

Colonial species, or species inhabiting isolated patches of
habitat, may have little intrapopulational variation in song
because young birds may be exposed to relatively few song-types.

This may contribute to the occurrence of dialects in Phaethornis

(Wiley, 1971), Vidue spp. (Payne, 1973), Ammodramus sendwichensis

beldingi (Bradley, 1977) , Dolichonyx oryzivorus (Avery and Oring, 1977),
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and Certhia brachydactyle in Spain (Thielcke, 1976), although
these dialects are probably a result of different selective
pressures. In Ammodramus, Dolichonyx, and Certhia dislects may
be used to maintain a deme but for Phaethornis and Vidua, which
are lek species, it is more likely that the dialect is a result
of se2ective pressure related to sexual selection. However,
regardless of the function of the dialect, a tendency to have
@ielects might be re-enforced wixere numbers are stable from
Year to year so that recruitment comes from the home colony
every year, and where colonies are far enough apart so movement
of individuals from colony to colony is reduced (see Table 23).
The same sele;:tive pressures effect non-colonial species but
dialects might be less likely to occur since there would be
fewer opportunities to learn song from individuals with similaa;
song-types. This might result in individuals copying song from
other individuals less accurately, or favor birds developing new
song—ty;pes ("improvising"). However, data are not consistent
for even the simple case of populations from islands. Song of
scmé species on islands diverges from song on the mainland (Marler,
1952; Mirsky, 1976; Chappuis, 1976) but in oth‘er species
song does not change (Thielcke, 1974; Chappuis, 1976). Thus,
it becomes difficult to identify those selective pres'slures which
r;gulate the occurrence of a dialect system.

Function of dialects. While there are no data to‘suggest that
dialects serve a function in towhees, they may be functional
with other species. Dialects may function to reduce the complexity

of song to simplify its' communicative properties (Thielcke, 1969),
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or j:hey could simply be a consequence of environmental constraints
on song (Chappuis, 1971; Morton, 1975). Dialects mey also be

used by birds to associate a specific song-type with a locality
since males of at least some species can distinguish songs from
different populations and respond sélectively to song from

their own popu?ation (see Milligan and Verner, 1971; Lemon, 1967,
197h4; Kreutzer, 1974b; Harris and Lemon, 197h; however, for those
species where many song-types are individually-specific it is
importent to determine whether different song-types from the

same populetion elicit different responses before responses to
songs of different localities can be evaluated). Further Baptista
and Wells (1975) reported that one first year male Zonotrichia
leucophrys nuttalli had one song-type like some pugetensis from
Oregon and was not mated when observed on 5 June 1974 although it
was not known if song played a role in preventing this bird from
obtaining a mate. However, Baptista (1973, 19TL4) found that
females of Zonotrichia leucophrys puttalli will mate with males
having song-types of the race pugetensis and Payne (1973) reported
that Vidua finches do not distinguish songs of their dialect from
other dialects. These observations suggest that dialects may not
serve to isolate some populations. Attempts have been made to see
whether the distribution of dialects coincides with the distribution
of populetion demes by correlating the distribution of dialects
with the distribution of enzyme polymorphisms. Thus far the results
are ambiguous. Nottebohm end Selander (1972) and Handford and

Nottebohm (1976) found no correlation in the distribution of enzyme
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polymorphisms with dialects of Zonotrichia capensis. However,
Baker (1975) found a boundary between two dialects of the White-
cri.u/ned Spa.rrow in California that coincided with a change in
enzyme polymorphisms. As Baker pointed out, this could be

a consequence of dispersal patterns and not of any function of
dialects. Thus, the functional aspects of dialects remain
conjectural.

Finally, I believe that dialects are simply a result of
strong sélective pressure for stereotyped song within a
populetion. This may be a result of any number of variables, and
maey or may not be selected so that one song-type, phrase, or
syllable can b; associated with a specific locality or habitat.
The study of geographical variation in song requires concomitant
study of the function of song, dispersal, song development, and the
social system of a population before the function of dialects
can be understood. Diaslects are not as simplistic as they have

been frequently portrayed.
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TABLE 1. ¥HE NUMBER OF SONG-TYPES RECORDED BY YEAR FOR
INDIVIDUALS FROM KALBFLEISCH.

Individual Number of song-types recorded in
1969 1970 1971 19712 1973 1974 1975
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TABLE 2. NUMBER OF SONG-TYPES PER INDIVIDUAL FROM CONNETQUOT FOR BIRDS
WHOSE COMPLETE SONG REPERTOIRES WERE RECORDED.

Number of song-types Individual(s)
1 c8k.
2 €39,49,74,90,95.
3 v c1,8,22,57,58,6%4,70,76,80,92,100.
3 c2,4,12,19,29,53,62,66,71,73,79,81,82,106.
5 C75,77,86,115.
6 €28,93.
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TABLE 5. SONG-TYPES SHARED BY TWO OR MORE INDIVIDUALS.

Song-type Individual

C,EE-25 C13, C1k Neighbors
E-25 K25, C6

EE-b4 cko, c100 Non-neighbors
I,V,D-51 K23, KLO Neighbors
MM,S,D-40 c2, Ch ) Non-neighbors
S,D-39 c56, C5T ’ Neighbors
S,H-24 c25, cko Non-neighbors
V,D-1 cL8, c93 Non-neighbors
V,D-25 c18, ¢55, CT3, C76, C90 Non-neighbors

V,D-39 * C11, €98 X Non-neighbors

V,D-39 ¥ K36, C29

V,D-39 ¥ c80 with c81, €82, C83 Non-neighbors
€81 with €80, €82, €83 Non-neighbors
c82, 83 Neighbors

V,D-L9 c8, c29 Non-neighbors

V,D-51 ¥ c58, €59 Neighbors

V,D-51 ¥ K31, K37 Neighbors

K31, K46. K7 with K31, K37, K46 Non-neighbors
K37 (1973, 1974), K6 (1975)

V,D-52 K2 (1969-1972), K38 (1974, 1975)

2,D-29 K32, Kik Neighbors
Z,V,D-17 K12 (1969), K18 (1970, 1971)

%,V,D-53 K25 (1971), K33 (1973)

2,C-40-13 €106, C122 _ Non-neighbors

1-FF-50 T1, T3 Neighbors

* Variations of one song-type
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TABLE 6. OCCURRENCE OF SONG-TYPES FOUND IN TWO OR MORE RUFOUS-SIDED
TOWHEES AT BLENDON WOODS, OHIO (after Borror, pers. comm.;
data through 1976).

Song- Miles
Location Note-complex Trill type avay
Blendon Woods 126 80 274
(number)
Blendon Woods k9.2 66.2 27.4
(per cent of each type
of phrase and song-
type, respectively)
Per cent found:
In 2 or more Blendon 7.9 8.8 k4.6
Woods birds only
In 2 or more Blendon 22.2 33.8 6.2
Woods birds, and also .
elsewhere
Also in Blacklick Woods 23.0 31.2 6.9 10-11
Also elsewhere in 23.0 31:2 3.3 up to 20
Franklin County
Also in the Delaware 6.4 10.0 2.6 20-25
Wildlife Areas
Also in Clear Creek 9.5 15.0 2.2 35-40
Valley
Also in northern or 11.9 26.2 2.6 50-120
southern Ohio
Also in adjacent 13.5 15.0 2.6 125-330
states
Also farther away 13.5 27.5 1.8 400-2000
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TABLE 8. SYLLABLES OF THE TRILL PHRASE, ILLUSTRATED IN BORROR . (1959a)
THAT OCCUR ON LONG ISLAND. :

Equivalent syllable in Borror (1959a) Occurence outside

Syllable (Plate #, Fig. # respectively) Long Island
1 33 (5,85), 34 (5,863 5,87), Maine, West Virginia,
" 35 (5,88; 6,89), 36 (6,90), ' Ohio
ko (6,93)

9 31 (5,83), 47 (6,105), 5k (6,116) Ohio, Michigan, Florida
13 5 (5,575 5,58) Ohio, North Carolina
19 9 (5,62), 53 (6,115) Ohio, West Virginia
25 43 (6,96) Maine
28 50 (6,110) Maine, Ohio
39 47 (6,102; 6,103; 6,104) Ohio
ko 17 (5,70), 18 (5,71), 19 (5,72), Maine, Ohio,

26 (5,79) West Virginie

45 22 (5,75), 23 (5,76), 24 (5,77) Ohio
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TABLE 12. MEAN PERCENT OF INDIVIDUALS HAVING SYLLABLES ENDEMIC TO A
LOCALITY COMPARED WITH SYLLABLES FOUND IN TWO OR MORE POPULATIONS.

Percel;t of individuals having each syllable 2
Endemic to one ) Found in two or
Locality N1 population more populetions
Kalbfleisch 39 3.4 13.5
Tobay Beach 13 9.5 19.2
Connetquot 11k 2.2 9.8

1 Number of birds from each locality.

Average for all syllables in each population for each category.
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TABLE 13. PERCENT OF INDIVIDUALS AT KALBFLEISCH WITH EACH NOTE-COMPLEX
SYLLABLE IN THEIR REPERTOIRE.

No. years Year 1969 1970 1971 1972 1973 19Tk 1975
Syllable recorded No. ind. 10 11 10 12 10 9 10

D 7 70.0 90.9 100.0 100.0 100.0 100.0 100.0
F 7 10.0 9.1 10.0 25.0 10.0 11.1 10.0
H T Lko.0 5h.5 k0.0 66.6 L40.0 33.3 k0.0
s 7 k.0 L45.% 20.0 33.3 20.0 Lk.k 60.0
v 7 70.0 90.9 100.0 100.0 90.0 100.0 100.0
Z 7 0.0 k5.4 50.0 50.0 140.0 55.5 70.0
E 6 10.0 18.2 10.0 - 10.0 11.1 20.0
I 6 - 18.2 10.0 8.3 10.0 =22.2 30.0

W 6 - 18.2  20.0 8.3 10.0 11.1 30.0

cce 6 - 9.1  10.0 8.3 10.0 22.2 30.0
[ 5 10.0 18.2 20.0 16.7 10.0 - -

FF 5 10.0 18.2 10.0 8.3 - - 10.0

AAA 5 - 9.1 10.0 8.3 - 11.1  10.0

PP L - 9.1 10.0 - - 11.1  20.0

HHH 3 - - - 8.3 10.0 11.1 10.0

Y 3 20.0 - - - - 22.2  20.0
YY 2 - 9.1 10.0 - - - -

U 2 - 9.1 10.0 - - - -
RR 2 - 9.1 10.0 =~ - - -
ss 2 - 9.1 10.0 - - - -
T 2 - 9.1 10.0 =~ - - -

w 2 - 9.1 10.0 =~ - - -

bed 2 - 9.1 10.0 - - - -

III 2 - - - 8.3 10.0 - -

I3 2 - - - - - 11.1  10.0
A 1 10.0 - - - - - -
Ap 1 - 18.2 - - - - -
EE 1 - - 10.0 - - - -
II 1 - - 10.0 - - - -

DDD 1 - - 10.0 - - - -

EEE 1 - - 10.0 = - - -

FFF 1 - - 10.0 - - - -

uu 1 - - - 8.3 - - -

GGG 1 - - - 8.3 - - -
L 1 - - - - 10.0 - -

Bop) 1 - - - - 10.0 - -
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TABLE 14. PERCENT OF INDIVIDUALS AT KALBFLEISCH WITH EACH TRILL

SYLLABLE IN THEIR REPERTOIRE.

No. years Year 1969 1970
Syllable recorded No. ind. 10 11
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TABLE 17. DISCRIMINATORY ANALYSIS OF THREE FEATURES OF SONG FROM
164 INDIVIDUALS FROM THREE LOCALITIES ON LONG ISLAND.

Disriminant Relative Degrees of
Axis Chi-square % Freedom Probability
1 119.52 67.93 2y .000
2 42.92 23.37 14 ' .000
3 12.17 8.70 6 .058
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TABLE 18. LOADING OF THE THREE VARIABLES OF SONG ON THE STANDARDIZED
DISCRIMINANT FUNCTION COEFFICIENTS (DISCRIMINANT AXES).
ONLY THE FIRST TWO DISCRIMINANT FUNCTIONS CONTRIBUTE
SIGNIFICANTLY TO THE SEPARATION OF THE POPULATIONS.

Variable

L1 2 3
INTRP1TT 0.13086 0.91794 0.44893
TRLP1TIM -0.25120 0.67002 -0.78911
INTPMIF 0.90055 0.31055 -0.4628)
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TABLE 22. THE NUMBER OF TAXA THAT HAVE DIALECTS BY MIGRATORY

STATUS. *
Migratory Non-migratory
Dialect b T
No dialect 8 . 7

* Excludes Certhia brachydactyla and Spizella passerina.
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FIG. 1... Location of study sites on Long Island, New York.
Stippling represents that portion of New York City
on Long Island.
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FIG. 2. Location of towhee territories at the Kalbfleisch
Field Research Station in 1969. Stippled areas
represent fields or other habitats not occupied
by towhees.
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FIG. 3. Location of towhee territories at the Kalbfleisch
Field Research Station in 1970.
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FIG. 4. Location of towhee territories at the Kalbfleisch
Field Research Station in 1971.
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FIG. 5. Location of towhee territories at the Kalbfleisch
Field Research Station in 1972. K29 was last
observed on 18 May; K3 was last observed on 21 May;

. K31 first appeared on 26 May.
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FIG 6. Location of towhee territories at the Kalbfleisch
Field Research Station in 1973.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8k

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



85

FIG. T. Location of towhee territories at the Kalbfleisch
Field Research Station in 197h.
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FIG. 8. Location of towhee territories at the Kalbfleisch
Field Research Station in 1975.
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FIG. 9. Map of territories of towhees recorded at Connetquot
River State Park in 1973. The numbers on the map
represent the location of the territories and
correspond with the Connetquot birds listed in
Appendix 4. The location of some territories was not
noted but their approximate location is indicated
on the map (6,7,11,15,25,26,43,48,52,122). The
location of the territory of 118 is not known.
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FIG. 10. Sonogram of a song of a towhee recorded on Long
Island used to illustrate terminology used in
text. See text for a description of the terms
illustrated here.
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FIG. 11. Illustration of the syllebles of the note-complex
phrase.
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FIG. 12. Illustration of the syllables of the trill phrase.
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FIG. 13. TIllustration of the variation within syllables C, F,
H, 1, 25, and ko.
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FIG. 14. Multiple discriminant analysis of three variasbles of
song from different years at Kalbfleisch (1969-1975),
and from one year each at Tobay Beach (T) and
Connetquot (C), Long Island, New York. Mean of each
population is shown in the first (Dy = 67.9%) and
second (D, = 23.4%) discriminant axes. Stendardized
coordinates are represented by the direction of each
vector coming from the grand mean. The length of
each vector represents one standard deviation of the
measurement. INTRPITI = length of the note-complex
phrase; INTPMIF = minimum frequency of the note-
complex phrase; TRLP1TIM = length of the trill phrase.
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How parts of song identify a male as a conspecific to other
males of its species has been studied experimentally with the
European Nightjar (Caprimulgus europieus; Abs, 1963), Weod Lark
(Lullula arborea; Tretzl, 1965), Winter Wren (Troglodytes troglodytes;
Bremond, 1968a, 1976a), Gray Catbird (Dumetelle carolinensis) and
Brown Thrasher (Toxostoma rufum; Boughey and Thompson, 1976),
European Robin (Erithacus rubecula; Bremond, 1965, 1967, 1968c),
Willow Warbler (Pylloscogus trochilus; M. Schubert, 1971),
Chiffchaff (P. collybita, G. Schubert, 1971), Bonelli's Werbler
(P. bonelli; Bremond, 1972a, 1976b), Wood Warbler (P. sibilatrix;
Bremond, 1968b, 1972a), Goldcrest (Regulus regulus) and Firecrest
(R. ignicapillus; Becker, 1978}, Yellowhammer (Emberiza citrinella;
in Thielcke, 1976), White-throated Sparrow (Zonotrichiz albicollis;
Falls, 1963, 1969), Field Sparrow (Sgizells.v pusilla; Goldman, 1973),
Indigo Bunting (Passerina cyanea; Emlen, 1972; Shiovitz, 1975),
Golden-winged Warbler (Vermivora chrysoptera; Ficken and Ficken,1973),
Ovenbird (Seiurus aurocapillus; Falls, 1963), Common Yellowthroat
(Geothlypis trichas; Wunderle, 1976), and Chaffinch (Fringilla coelebs;
Bremond, 1972b).

These studies, typically done with birds having e single song-type,
have revealed that the song of each species has its own set of
features thet it contains to be recognized by conspecific males.
Hovever, there has been little work on how songs of conspecifics are
recognized in bird species that have more than a single song-type

per individual, except for the studies of the Yellowhammer
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(in Thielcke, 1976) and the Gray Catbird and Brown Thrasher
(Boughey and Thompson, 1976). Thus, I undertook the present
study to determine what components of song contribute to species-

recognition in the Rufous-sided Tovhee (Pipilo egﬂhroghthalmus),

& species in which males have at least two song-ty?és (Borror,
1959a, 1972, 1975; Kroodsma, 1971; Richards, MS; Ewert, in wep.).
The results of this study ere then compared with results of playback
experiments done with species that are sympatric with the Rufous-
sided Towhee over large areas of eastern North America.

With this type of comparison it is possible to outline the

features of song that are most likely to facilitate identification

of conspecific song within a community of species.

METHODS AND MATERTIALS .

Playback experiments were conducted during May, June and July from
1972 through 1977 at the Kelbfleisch Field Research Station of
the América.n Museum of Natural History, Huntington, Suffolk
County, New York; Connetquot River State Park, Islip, Suffolk
County, New York and Nissequogue River State Park, Smithtown,
Suffolk Covunty, New York. I usually ren experiments in the morning
except when it was cool or cloudy, when experiments were conducted
throughout the day.

Territories were delimited by observation or by ‘broedcasting
tape recordings of towhee song to delineate the area defended
by an individual. When I broadcast recordings of towhee song
to define territorial limits I played a tape only a few times

to minimize a bird's experience with pleyback. Experiments were
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donie near the center of a territory and the breeding status of
the birds was noted whenever possible. With few exceptions,
only males responded to playback of song.ami the analysis of
the data is based solely on the responses of males. Playback
experiments were done with Uher Repdrt-L-L000 tape recorders
connected by 50 foot (15.2 m) cables to Electrovoice speakers
placed on the ground.

Most playback tapes were made to determine how the syntax
of song affects recognition of song. A few tapes were made to
study” the role that temporal and frequency aspects of song play in
song recognition. Playback tapes were made by recording a song
at 1 7/8 ips (4.8 cm/sec) from another recording (see Appendix 7).
I did any required splicing of these tapes, and constructed a
tape loop. Each loop was constructed so there was one vocalization
broadcast every six seconds, the usual amount of time between
songs :_af towhees. I then recorded a five-minute long playback
tape at 7 1/2 ips (19 cm/sec) from the loop. I filtered out
extraneous sounds on the tape loop below and above the frequency
range of the taped vocalization with a Krohn-Hite filter, Model
310~-AB. Fourteen different tapes, representing rearrangements and
parts of towhee songs, songs of different individuals from home
and foreign localities, one song of an acoustica.]_'l.y.isolated male,
and one song of a Green-tailed Towhee (Pipilo chlorurus) were used
in these experiments. These vocalizations are describéd and

illustrated in Table 24 and Fig. 15 respectively.
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Synthesized song made with the pattern synthesizer (described
by Cooper et al, 1951) at Haskins Laboratory, New Haven, Conn.,
failed to evoke responses from towhees.

Procedures for experiments. Playback procedures were modified
from those described by Lanyon (1963). Two tepes were played
simultaneously from two separate speakers placed approximately
100 feet (30.4 m) apart near the center of a territory. This allowed
each bird to choose to respond to one of the two tapes. No mounts
were used. After a bird approached and remained within 30 feet (9 m)
of one of the speakers for 45 seconds, cables connecting the
recorders with the speakers were switched so that each of the
taped sounds was broadcast from the other speaker; this insured
that the response was independent of the location of the speaker.

I conducted three successive experiments with each bird. Approximately
10 minutes of silence elapsed between each of the five-minute
experiments. Each bird was tested with two pairs of test tapes and one
pair of control tepes. Four different test tapes were usually pleyed
to each individual, to minimize effects of habituation, and I

began the series of experiments with the pair of tapes I thought

would evoke the weakest response. This was done so that habituation

or residual effects from tapes eliciting strong responses would not
bias responses to tapes eliciting weak responses. The control

tapes were played at the end of the series of experiments and

each bird received only one series of three experiments. Not

every combination of tapes was played. Attempts were made to
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use pairs of tapes that could provide tests for hypotheses
concerning song recognition.

I evaluated the response of a bird by counting the number
of times it approached each of the two tapes. If there was no
approach to within 30 feet (9 m) of either tape I concluded that
the tapes elicited little or no response. If the bird approached
both tapes an equal number of times I interpreted the results
to mean that both tapes had the same stimulus value. If one
tape was approached one more time than the other I considered
the response to be equivocal but with a tendency to react more
strongly to that tape; if there were two or more approaches to
one tape over the other I considered this 10 be positive
discrimination of that tape over the other.

I conducted k41 dual-speaker experiments with six birds at
Kalbfleisch during June 1971 but those data are not directly
comparable with data collected after 1971, because I used a mount
of a R{lfous—sided Towhee at each speaker; I conducted more than
three experiments with a bird; I switched cables only once
during each experiment and I did not have a control set of tapes
following each series of experiments. Consequently, these experiments
are cited only for comperison with data obtained in subsequent
years.

Data were analyzed with the Wilcoxon Signed-Rank Matched-Pairs
Test (Siegel, 1956) using a .05 significance level and.a two-tailed

test. The raw data are presented in Appendix 8.
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Description of song. On Long Island, most songs consist of
& note-complex phrase of one to five (usually two) syllables followed
by a trill consisting of three or more identical syllables uttered
in rapid succession (see Fig. 10). A few songs lack either a
note-complex or a trill phrase or have the note-complex phrase
following the trill phrase. Most syllables are composed of several
notes and many syllables have a wide frequency range, particularly
those occurring in the trill phrase. A list of several
features of song of towhees from Long Island is presented
in Table 25. Most males on Long Island have two to six song-
types, most of which are unique to that male. Approximately
29.2% of the individuals recorded shared one or more song-types
with other males. Dialects do not occur among populations of
towhees in the northeastern United States (Borror, 1975; Ewert,
in prep.) but a relatively high proporti‘on of song-types are
shared between birds in Oregon (Kroodsma., 1971; Heinemann,
pers. .camm.) )

RESULTS

The results from every pair of tapes used in this study
are presented in Teble 26. These results were used to rank the
tepes. The ranking of the tapes was made to estimate the relative
stimulus value of thé tapes, and to infer the relative stimulus
value of tapes that were not played together. The ranking of the
tapes is summarized in Table 27. It was obtained by determining

if there were stetistically significant differences in the number
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of, approaches to each tape of a pair of tapes. By using this ﬁethcd
of analysis for every pair of tapes that was played together a ranking
of these tapes was derived. I then determined if the average number
of approaches to a tape was consistent with the number of experiments
that the tape elicited more response than the tape it was played
against (see Table 26). This was particularly useful when differences
in response to tapes were not significantly diffez"ent. In only one
case did the average number of approaches to a tape not agree with
the number of times that it elicited more response than the other
tape (see Table 26; Tapes 29,31). Thus, these methods of analysis
resiilted in a consistent ranking of these tapes.

I roughly classifiedthe tapes into five categories to facilitate
the interpretation of Table 27; these categories do not serve an
analytic purpose. The (1) control tape (Tape 1, see Fig. 15;1) elicited
the most response, followed in order of decreasing response, by (2) an
unaltered song lacking & trill (Tape 4; Fig. 15;4) and the control song
splicéd such that the trill phrase preceded the note-complex phrase
(TPape 28; Fig. 15;8); (3) then by a Guatemala song (Tape 5; Fig.15;5),
and the note-complex (Tape 2; Fig. 15;2) and trill phrases (Tape 3;
Fig. 15;3) of Tape 1; (%) by two different syllables (Tapes 29, 32;
Fig. 15;9 and 12 respectively) presented alone, the trill phrase of
the Guatemela song (Tape 33; Fig. 153;13), the song of a male kept in
sound isolation (Tape 31; Fig. 15;11) and where the time interval
between syllables of Tape 2 was increased by about fi.v,e times

(Tape 34%; Fig. 15; 1k4)
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and finally by (5) the second syllable of Tape 2 (Tape 30; Fig. 153
10), a song recorded from Celifornia (Tape 27; Fig. 1537), and
e song of a Green-tailed Towhee (Tape 26; Fig. 15;6).

Species recognition. The results of these experiments indicate
‘that Rufous-sided Towhees cen distinguish their own song, or
ever parts of it, from that of the Green-tailed Towhee, which
also has a song composed of both note-complex And trill phrases.
Playback experiments done in 1971 with one song each of the
White-crowned Sparrow (Zonotrichia leucoghrﬁ), recorded at
Moosonee, Ontario, and the Common Yellowthroat, recorded on Long
Island, New York, showed that Rufous-sided Towhees did not respond
to these songs, even though the song of the White-crowned
Sparrow is composed of note-complex and trill phrases. Thus,
towhees seem to respond only to the song of their own species.

This seems to be true even when the song of a towhee is like
that of another species (Richards, MS).

Po‘mlation recognition. Rilfous—sided Towhees on Long Island
responded less vigorously to a towhee song recorded in Guatemala
than to songs from Long Island, and only a few birds responded
(vgry weakly) to a song from California. The response to the
Guatemala song was moderately strong but less than that to complete
songs or a complete note-complex or trill phrase from Long Island,
but more than to tapes consisting of single syllables of the
note-complex phrase. This moderate response to Guatemala song is
probably due to the similarity of the structure of the Guatemala

song to most Long Island songs, both of which consist of e note-
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complex phrase followed by a trill phrase. The structure of the
California song is, however, different from that of any song
recorded on Long Islend, since it is a rapidly modulated trill
with no note-complex phrase and it sounds much "buzzier" than
any song I recorded on Long Island.

These results suggest that towhees might be able to recognize
and respond less vstrongly to songs from different localities, as
do Winter Wrens (Kreutzer, 1974b), Cardinals (Richmondena
cardinalis; Lemon, 1967), and White-crowned Sparrows (Milligan
and Verner, 1971), and perheps Song Sparrows (Melospiza melodia;
Harris and Lemoﬂ, 1974). Similarly, Thielcke (1973a) found that
Short-toed Treecreepers (Certhia brachydactyla) from Germany did
not respond to song of brachydactyla recorded in Morocco. However,
it is difficult to determine whether these differences in response
are a consequence of the properties of a partic;xlar song, when
there is as much individual variation in song as there s in
tovhees and Song Sparrows. A lack of response to some songs of
conspecifics should be expected where characteristics of song
are quite \.ra.ria'ble within, and particularly between localities.

Song recognition. Towhees apparently recognize several

features of song to identify another male towhee. At least the
syntax of song (the arrangement or ordering of syllables within a
song), and the time interval separating parts of song and perhaps
the frequency range of the song may contribute to song recognition,

as discussed below. But, the fact that a tape consisting of
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a single syllable could evoke a response suggests that the
song of towhees contains+additional sources of information for
species-i’ecognition. Thus, the problem becomes one of determining
whether any of these variables are more important for species-
recognition than others.

Syntex of song. The syntax of the song of a towhee affects
whether a song is recognized by other towhees.b This is suggested
by the fact that as more of the song of Tape 1 was omitted from
playbe.« tapes the weaker the response became, and that when
the sequence of phrases was reversed the response was less than
‘that evoked by normal song. In order from strongest to weakest
response, the tapes were ranked as follows: (1) normal song consisting
of two syllables in a note-complex phrase followed by a trill
phrase (Tape 1; Fig. 15;1); (2) song of Tape 1 changed so that the
trill phrase preceded the note-complex phrase (Tape 28; Fig.15;8);
(3) the trill phrase of Tape 1 played alone (Tape 3; Fig. 15;3);

() thé note-complex phrase of Tape 1 played alone (Tape 2;Fig. 153;2);
(5) the first syllable of the note-complex phrase of Tape 1

(Tape 29; Fig. 15;9); and (6) the second syllable of the note-
complex phrase (Tape 30; Fig. 153;10) alone (see Table 27).

The results obtained with Tape 1 and its parts, suégest that
towhees most readily recognize song consisting of two phrases,
especially when a note-complex phrase is followed by a trill phrase.
A song containing both phrases elicits a stronger response than a
song containing only one phrase even if the sequence of phrases

is reversed. If only one phrase is present, the trill phrase
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apparently elicits a stronger response than the note-complex
phrase. Complete note-complex or trill phrases, in turn, evoke
stronger responses than a single sylleble taken from that phrase.
These results are consistent with the fact that 88% of the towhee
songs I recorded from Long Island consisted of one note-complex
phrase followed by one trill phrase and that every male I recorded
had at least one song-type with a trill phrase.

However, results from other tapes are somewhat different
fram those of Tape 1, and its variously isolated components.
Although isoleted syllables taken from other songs evoked responses
similar to those isolated from Tape 1, end were ranked similarly, two
complete songs were ranked differently than would have been
expected from results obtained by menipulating the song on Tape 1.
Tape I, a song without & trill phrase (see Fig. 15;4), elicited
a stronger response than Tape 28 (see Fig. 1538). Thus, at least
one soy_:g lacking a trill evokes a stronger response than a song
having both note-complex and trill phrases in reverse order.

Tape 5 (Fig. 15;5), a song recorded in Guatemala and having a
note-complex phrase followed by a trill phrase, elicited less
response then tapes having a note-complex phrase alone (Tape 2;
Fig. 15;2) or a trill phrase alone (Tape 3; Fig. .15;3). These
results suggest that responses to songs having a particular syntax
are modified by other characteristics of song.

._’I:J._nie_. The duration of song probably has little influence on

species-recognition of song in towhees, since a single syllable
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can elicit a fairly strong response, even though the coefficient
of variation of the duration of song is fairly low. Other
temporal features of song were found to affect response to
playback, however. When the time interval between two syllables
of the note-complex phrase was increased by about five times,
the response to thet tape was significantly less tl_rnm to the
same note-complex phrase with a normal time intervel between

syllables. This suggests that relatively long time intervals

between components of song reduce the response tec Z -
It is not known if increasing departures from the average rate
of delivery of trill components (17.0 syllables/sec) result in
decreased responses.

Frequency. The frequency range may play a role in recognition
of conspecific song by towhees. One nearly pure-tone syllable
(see Fig. 15;10) from the note-complex phrase of Tape 1 elicited
virtually no response. Other syllebles (see Fig.15 ;9,12),
having frequency ranges more than 2.3 kHz,.elicited stronger
responses than the nearly pure-tone syllable; although the
response to these tapes was relatively weak. Experiments done
in 1971 with another nearly pure-tone syllable (freguency 5.5 to
6.0 kHz), also elicited no response. Thus, these data suggest that
there may be a minimum frequency range '.: necessary for species~
recognition, but because syllables having different structures
were used in these experiments this remains conjectural.

Song of isolate male. The song of the isolete male elicited

very little response from wild territorial male towhees. This
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suggests that learning of song may be essential for the development
of a song that would be effective in defending a territory, at

least early in the breeding season. These results are similar

to those from pleyback experiments done with Coal Tits (P;a.m ater;
Thielcke, 1973b), Wood Thrushes (gxlocichla mustelina; Lanyon, MS),
and Indigo Buntings (Shiovitz, 1975), where there was little

response to song of acoustically isolated males by wild

territorial males, except for one Kasper Hauser song of an
acousfic&uy isolated male Brown-headed Cowbird (Molothrus _aﬁe_r)., that
elicited more response from captive females then normal song

(King and West, 1977).

DISCUSSION

The results of these experiments indicate that towhees use
several characteristics of song to recognize songs of conspecific
males, although some songs of towhees may elicit no response
becanse they lack characteristics of song associated with towhee
song at that locality. At least some species, then, may have so
much geographical variation in song that the characteristics of
song used to identify conspecifics vary geographically. For
tovhees in esstern North America the syntax of song and the time
interval between syllables of the note-complex phrase of the
song piay a part in facilitating recognition of conspecifics.
There might also be a minimum frequency range necessary for species-
recognition but this remains to be determined. Features of the

song not investigated, such as frequency and amplitude modulatior
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and more detailed aspects of temporal and frequency features

of the song may also contribute to species recognition. This
might in;:lude the time interval between the notg—ccmplex and
trill phrases and the maximum frequency and frequency range

of the trill phrase, which did not differ significantly between
individuals. However, towhees apparently use several features
of song to identify song of conspecific males and the minimal
requirements for song recognition can be present in one syllable
of a song.

These results are similar to other findings (for examples
see Falls, 1963; Emlen, 1972; Shiovitz, 1975; Eoughey and
Thompson, 1976; Wunderle, 1976) where it was shown that each
species uses more then one feature of song to identify song
of conspecifics. Thus, there may not be any single species-
specific characteristic which permits identification but each
species may have a distinctive set of features of song, which
may vary geographically, that it relies upon to accurately
distinguish their own song from song of sympatric species. This
redundancy is probably necessary to permit individual recognition
of song and to allow for locally distributed environmental
factors that influence efficient transmission of different sounds.

The set of characteristics of song which permit species
identification should differ. from the characteristics of song
that identify other species if song facilitates species-identification.

Additionally, the structure of song presumably reflects the
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constraints imposed on it by what sounds can be produced and

by characteristics of the air medium and vegetation structure

which affect transmission of sound (see Morton, 1975; Cheppuis, 1971;
Marten end Marler, 1977; Marten et al, 1977; Wiley and Richards, in
press). Here I focus on how songs of species of birds sympatric
with the Rufous-sided Towhee in eastern North America are
distinguished from each other. Only those species of birds’ in
which playback experiments have been designed to study species-—
recognition aspects of song will be discussed. Conseguently,

the lack of data from other species that are sympatric with towhees
limits the scope of this discussion.

Playback experiments designed to find "species-specific"
characteristics of song have been conducted with six species of
birds that are extensively sympatric with Rufous-sided Towhees.

The characteristics of the song of these species and of the
Rufous-sided Towhee are presented in Table 28 and the results of
play'bac;k experiments with these species are presented in Table 29.

As Emlen (19’{2) noted, the characteristics of song that
ornithologists cite as being characteristic of a species may not
be essential for birds to recognize song of conspecifies. Thus, the
repetition of a syllable is not required for species-recognition in
Indigo Buntings or Brown Thrashers, although the repetition of similar
or identical syllables facilitates species recognition in Brown
Thrashers.. Nor is the organization of song into twq phrases in

Rufous-sided Towhees or the increasing loudness toward the end of song
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of the Ovenbird essential for species-recognition. In the
Field Sparrow however, the increasing tempo of the song seems
to be critical for species-recognition.

Since these distinguishing properties of song of different
species are frequently not essential or perhaps important for
species-recognition, other variables of song must be used by
birds to distinguish conspecific song from song of other species.
The tempo of song appears to be an important cue in species-
recognition. The available data suggest that the time interval
between syllables of song differs between each of these species
(see Table 28). Altering the silent interval between syllables
of a song has resulted in reduced responses compared to control songs
by Ovenbirds, Common Yellowthroats, Indigo Buntings, Rufous-sided
Towhees and Field Sparrows. Changing the time interval between
syllables of normal song by as little as 0.05 sec resulted in
significantly reduced responses by Indigo Buntings and Common
Yellowthroats. Thus, the tempo of song may be an important cue to
the species identity of a singer with this group of sympatric
species. This is consistent with the fact that birds may be able
to resolve differences in time as small as 1 to 10 msec (Konishi,
196Qa; Wilkinson and Howse, 1975), so thet the smell differences in
the inter-syllable time interval of these seven species could be
an importent and efficient method of coding species-identity in
song. Thus, birds in one area may be able to focus on one feature

of song for species-identification. Where two species have songs
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with a similer tempo other features of song would become important
for species-identification. In other areas, or even among other
teaxonomic groups of birds other than mimids, parulids and emberizines,
the tempo of the song may not be an important cue to species-
identity (see Emlen, 1972).

Details of syllables seem to play an important role in species-
recognition of song by Ovenbirds, Common Yelloﬂhroats, and Indigo
Buntings (Falls, 1963; Wunderle, 1976; Emlen, 1972, respectively).
The sequence of notes or components of each syllable seems to
be important in eliciting responses to song by Indigo Buntings
and Ovenbirds but it is not known what aspect of the syllable
structure is used in recognizing conspecific song. In Yellowthroats
minor details of syllables ("hooks") are not important species—
identification cues but the syllables must be repeated at least
twice and each syllable should ¢onsist of two notes, one an upslur,
the other a downslur.

O't.:her aspects of song apparently play a role in eliciting
species-specific responses. Single syllables of towhee song with a
relatively wide frequency range elicit more response than those with
a narrow frequency range. Yellowthroats responded less to songs
where the frequency range had been compressed and the sbsolute
frequency range had been lowered compared to normel ‘song. But,
since most songs of most species occurring with towhees fall within a
frequency range of 2.0 to 7.0 kHz, it msy be that song.of species

that inhabit this second-growth habitat must be within these limits
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to minimize distortion and attentuation. Thus, although certain
frequency variables of song may be relatively unimportant for
species identity there may be critical properties of the
frequency of a song that a song must have to minimize degradation
during tresmission in particular habitats (Morton, 1975; Wiley
and Richards, MS).

The results of playback experiments wi‘th Rufous-sided Towhees
and six symyatric species illustrate the variety of acoustical cues
birds use to associate song with conspecific individusls. Each species
relies on severa? cues to identify a conspecific singer and the
tempo of song may be especially important for species identification
of‘ song among this group of species. Much remains to be learned
hovever, since few precise statements can be made concerning how
a species is able to distinguish its song from soﬁg of other species.
Further, it is extremely difficult to determine what parts of
song are primarily evolved for individual recognition or, whether
song is ‘selected to communicate only some of this information.

The interpretation of the behavior of the birds cen also be
difficult to evaluate. Aside from the usual problems of estimating
intensity of behavioral responses and designing experiments‘ to
minimize responses to stimuli independent of those created by an=
experiment, it is essential to know what sounds birds are capable
of responding to. Konishi (l9é9b) found that the hearing threshold
curve of three species of passerines roughly correlsted with the
highest frequency of their vocalizations but these same species

did not produce sounds below 1 kHz even though they could hear
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sound below 1 kHz. Using more elaborate procedures, Leppelsack
and Vogt (1976) demonstrated that neurons of the caudal
neostriatum of Starlings (Sturnus vulgaris), respond to a variety
of sounds, including some that are species-specific. Different
neurons responded to a single variable, different combinations

of variables, or to all the variables that constitute a sound.
Thus, based on playback results and the results of Leppelsack
and Vogt, it seems that sounds produced by birds have co-evolved
with the ability to selectively respond to these same sounds.
Species that have large and diverse repertoires might respond to
a large variety of stimuli to insure that song of conspecifics
would be recognized. Or, a "species-specific" sound may occur
in different parts of song to allow for variation in song. More
experimental data are needed to determine how species-identity of

song occurs.
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TABLE 25. FEATURES OF SONG OF THE RUFOUS-SIDED TOWHEE FROM LONG
ISLAND, NEW YORK.

Variable Mean * S.D. (N)  Range cv. t
Temporal features

(secs)
Song length 1.11 # 0.217 (4kz) o0.L4-1.92 20.38

Note-complex phrase length® 0.48 + 0.202 (M12) 0.02-1.7% L2.26
Trill phrase length2 0.53 + 0.097 (404) 0.22-0.59 18.L1

Time between nc_te—-coy:nplex2 0.10 * 0.039 (399) 0.02-0.k2 39.80
and trill phrase

‘Length of first syllable 0.13 + 0.075 (L437) 0.01-0.29 59.06
of note-complex phrase
Length of second syllable 0.18 + 0.073 (353) 0.01-0.%0 L41.01
of note-complex phrase

Length of syllable of2

0.06 + 0.025 (427) 0.01-0.13 43.86
trill phrase .

Time between s},r_llahles2

of trill phrase

0.02 + 0.015 (426) 0 -0.11 88.88

Time between sylleblesS 0.18 + 0.068 (351) 0.01-0.47 38.57
of note-complex phrase

Frequency features

(kHz)

Highest freq. of song 6.4 +1.03 (4l1) L.k - 8.6 16.23
Lowest freq. of song 2.0 +0.39 (41) 1.2 - 3.5 19.16
Freq. range of song 43 +1.10 (kh1) 2.3 -7.1 25.37
1 5o coni =

Coefficient of variation (C.V.) = (s/x) 100.
2 Data from songs having either one note-complex phrase/song or one

trill phrase/song or one note-complex and one trill phrase.
3

Time between first and second syllables of note-complex phrase only.
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FIG. 15. Sonograms of songs, and their components, used in
playback experiments. Sonograms 1 through 5 are
graphs of songs and their components of Tapes 1
through 5, respectively. Sonogrems 6,7,8,9,10,11,
12,13, and 1k are graphs of songs and their
components on Tapes 26,27,28,29,30,31,32,33, and
34 respectively. See Table 24 for a description
of these tapes. .
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Passerine birds raised in acoustic isolation or deafened at
an early age typically develop songs which ere more varisble,
"buzzier", and less well orgenized than songs of wild conspecific
birds (Marler,Kreith and Tamura, 1962; Konishi, 196lb Konishi and
Nottebbhm, 1969; Marler et al, 1972; Nottebohm, l975b). Few
researchers however, have studied song development in passerine
birds raised from the egg, either with foster.parents (for
exceptions see Mulligan, 1966; Kroodsma, 1977) or without foster
parents (see Lanyon, 1976; Lanyon, MS). Because embryos of some
non-passerines are sensitive to sound (Gottleib, 1966) and because
passerines can selectively respond to (but not necessarily learn
to repeat) spec.ific sounds when they are three days old (Messener in
Thielcke, 1976), it is preferable to stud}‘r song development
with acoustically isolated birds that have been raised from the
egg. I raised one male Rufous-sided Towhee (Pipilo
erythrophthalmus) to maturity from an egg, recorded its song
and conducted playback experiments with the song. This report
represents the first study of development of song in the Rufous-
sided Towhee. Results from the playback experiments will be
presented elsewhere (Ewert, MS).

METHODS AND MATERIALS

I collected three eggs from a nest at the Kelbfleisch Field
Research Station, Huntington, Long Island, New York on 15 July 19Tk.
The eggs were approximately nine days old when teken from the
nest. They hatched 18 July 1974 in a sound isolation .chamber.

The two males and one femele were kept together in the sound
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isolation chamber until 11 August 1974 when each male was
transferred to its own sound isolation chamber at the American
Museum of Natural History, and the femele was kept in a cage in
an office. The birds were not deafened and cculd hear themselves.
I moved them at night in a car so they would not hear other
birds during the move. One male died shortly after being
placed in a sound chamber. Following establishment of the
surviving male in the chamber I periodically monitored and tape
recorded the bird. Recordings were made with a Uher 4000-L tape
recorder and a Uher M512 microphone. The photoperiod was
adjusted to roughly correspond with the natural photoperiod
except in early spring when I lengthened the photoperiod to
induce singing by early April.

The male was first heard singing subsong (terminology follows
Nottebohm, 1975b) on 28 August 1974, when he was 42 days old.
"Warble" song was heard by 17 February 1975 and "plastic" or
full song on 13 April 1975. Recordings used for this analysis
of song development were made on 8 Sevtember 1974 (subsong),

13 April and 1 June 1975 ("plastic" or full song), and 10 and 25
Mey 1976 ("plastic" or full song). I analyzed 111 songs for

this study. In Appendix 9 these songs are listed in the order

in which they were sung. The terminology used to describe song
follows Kroodsma (1974). A continuous spectrum.analyzer (described
by Hopkins, Rossetto, and ILutjen, 1974) was used to graph the

songs from tapes played at one-quarter speed. Measurements
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were taken from photogrt‘a.phic paper copies of the graphs of the
recordings. Because the within variance of songs of the isolate
male is not comparable to the variance of eight songs of eight
males from Kalbfleisch, it was not possible to test for
significant differences between the songs of the isolated male
and the eight free-living males.
RESULTS
Song morphology and orgenization
At least 23 syllables could be defined from tape recordings
of subsong made on 8 September 1974. These syllables were given
consistently throughout the recording period but were not organized
into songs. Some of these syllables may have been homologues
to the eight syllables that appeared in "plastic" or full song
) (illustrated in Fig. 16), but because so few recordings were
made this is not certain. The mu;:ber of syllables in the repertoire
of the "plastic" or full song of the isolated male is similar to that
of wiid birds having repertoires of three songs. The number of
syllables in the repertoire of a bird, then, appears to be
species-specific for a given repertoire size, as it is in other
species. Like other passerines, the number of syllables that
occurred in subsong of this towhee was greater than the number of
syllables that occurred in later stages of song development
(Nottebohm, 1975b), and these syllables were more variable than )
syllables of wild birds. .
Although too few recordings were made to determine whether
the acoustically isolated male ever developed full song, "plastic"

song may have been the final stage of song development achieved
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because’songs were soO variable from one recording session to
another, even when the bird was two years old. On each of the
four days when I recorded the male, a different song va.ria.n\;,
(a unique sequence of syllables) was sung proportionately more
than other variations of song, and none of the 39 different
song varie.t;ts were recorded on all four days (see Table 30 ).
The most frequent song variant of the isolate male recorded on
each of the four days is illustrated in Fig. 17 . Only one of
the song variants that prevailed on one of the four days was
tape recorded another day. The songs of this bird mey then
differ from indivi&ually isolated Red-winged Blackbirds
(Agelaius phoeniceus), Western Meadowlarks (Sturnella neglecta),
and Song Sparrows (Melospiza melodia) and deafened Dark-eyed

Juncos (Junco hyemalis oregonus) and Yellow-eyed Juncos (J.

gha.ecnotus), in which songs developed by their first spring
remained relatively stable (Marler et al, 1972; Lanyon, pers.
comm.; Kroodsma, 1977; Konishi, 1964b respectively). Songs of
one year old wild towhees also differ from those of the isolate
male in that the sequence of syllables of each song-type is
relatively stereotypic and each song-type is repeated in a
sequénce of songs (a song bout) that is separated from a bout of
another song—ty‘pe; by several minutes of silence (Ewert, unpubl.).
Although the most common variant of three of the four days
consisted of only three syllables, the number of syllables in other

song variants ranged from one to eight. Certain syllables however,
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tended to occur in specific parts of song (see Table 31 ). Syllables
1 and 6 occurred more often at the end of song than the

beginning of song whereas syllables 2 and 3 were found at the

end of song much more often than the beginning of song.

Syllable 3 occurred at the end of 18 of 39 of the song variants

and the modal song of each day ended with syllable 3.

Syllable 3, which had the highest pitch of any syllable I recorded,
always appeared at the end of song except in two song va;'iants
where it was the penultimate Syllable.. Syllable 1 was at the
beginning of more song variants (23) than the total number of

song variants (16).that began with syllables 2,4,6, and T, the only
other syllables that were at the beginning of song. On days when

I heard, but did not record the towhee, songs that resembled

songs having a syllable sequence of 1,2,3 or 6,8,3 were frequently
heard. Thus, there was a tendency for this bird to initiate

songs with syllable 1 and to terminate songs with syllable 3 but
other.syllables could be interspersed between t.hese two syllables
or, occasionally, other syllables were used at the beginning

or ending of song. )

In the 37 song variants composed of two or more syllables the
sequence of syllables was not random (see Table 32 ). The expected
number of times a given sequence of two’ syllables should occur randomly
was calculated using the expression (from Chatfield and Lemon, 1970):
e,. = N2 P(i) P(j), where I‘I2 = total number of pairs, :

ij
P(i) = probability of encountering i, and P(j) = probability of
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encountering j. The probability of encountering each syllable
independently of all othersyllables is listed in Table 33 .
Comparing the expected occurrence of pairs of syllables with the
observed values showed that syllable 1 tended to be followed by
syllables 2 and 4 and syllable 2 was frequently followed by
syllable 3. The sequence of syllables 4,1 and 4,2 occurred more
than expected but did not deviate from expected values as much

as the sequences 1,2; 1,4; or 2,3. Comparisons of expected with
observed sequences with syllebles 5,6,7 and 8 was not possible
because expected values are so small. These results demonstrate
however, that the sequence of syllables in the song of the isolate
male are not independent events and thus fit a first order Markov
model. To determine whether a second order Markov model fits any
sequent‘:e of  syllables in songs of the isolate male I compared the
frequency of observed values of different series of three syllables
(triplets) with expected values. Expected values were calculated
using the formula (from Lemon and Chatfield, 1973):

13K = :3 :iJ n‘jk where N2 and l\'I3 equél the tot;l number of

27 . .

pairs and triple?:s respectively and n; 3 and nyx equal the frequency
in the ith rov;r and jth column, and the jfh row and kth column
respectively of the transition matrix and n‘_l equals the sum of the
Jth row of the transition matrix. Although this formula underestimates
the expected v&iues and is only approximate (Lemon and Chatfield, 1973),

the results indicate that the sequence of syllables 1,1,2 and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

1,2,3 occur much more than expected while the sequences of 4,1,1
and 14,1,2 seem to occur less than expected (see Tablé 3h).

Some songs then, are structured to fit at least a second order
Markov model. Thus, the sequence of syllables in songs of the
isolate male follows a general order where song begins with
syllable 1, ends with syllable 3 and the sequence of syllables
are not independent of each other. ﬁere is however, considerable
variation in the sequence and location of syllebles so that the
sequence of syllables in songs of the isolate male are less
predictable than in songs of free-iiving males;

No songs of this isolate male contained trills (rendition of the
same syllable three or more times in rapid succession), unlike wild
tovhees, where every individual I recorded had at least one song-type
that had a trill phrase. Although songs of some wild birds lack a
trill, the isolate male was the only'inaividual I recorded where
at least one song of the individual did not have a trill.

As in wild towhees, some syllablss occurring in song were also
given as calls. Syllable 7, which was given as an alarm call,
appeared in several songs on 10 May 1976.

Quantitetive Features of Song

Characteristics of four songs of the isolate male (the most
frequent song of each of the four days that I reeordéd the male)
were compared with the same characteristics of eight songs that
lacked a trill pﬁrase that T recorded from eight individuals at
Kalbfleisch (see Table 35 ). The raw data are presented in

Appendices 10 and 11.
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Although sample sizes were small, consistently large differences
occurred ‘in the length of the longest syllable in a song, in the
averagel number of notes per syllable, and in the rate of delivery
of syllables of the song, with the isolate male having longer
syllables, fewer notes per syllable, and a slower rate of
delivery than wild birds. Less consistent or smaller differences
were found between the isolate male and the wild males in the
duration of song, the frequency range, maximum and minimum
frequency of the song and in the duration of’ the syllebles. The
tempo of songs of the isolate tended to be slower than those of the
wild males because both the song and its syllables were relatively
long. The frequency range of the songs of the isolate was
relatively compressed because the maximum frequency of its songs
tended to be lower than in wild birds.
DISCUSSION

The results of this experiment indicate that auditory
feedback from othersinging conspecific males is necessary for
normal development of song to occu‘.r in the Rufous-sided Towhee.
Although cex’hai;z characteristics of song of the isolate male were
similar to songs of free-living males that lacked a trill phrase,
other characteristics of song, such as the longer length of the
longest syllable of the song, the reduced number of notes per
syllable, and the slower rate of delivery of song, seemed to
distinguish song of the isolate male from song of wild birds.
These differences, coupled with the harsh sound of the isolate

song, and the variability of successive songs, easily
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distinguished songs of the isolate male from songs of wild birds.
Thus, while the songs of the isolate towhee exhibited some
aspects of normal song they lacked the precision and complexity
of song of wild birds. And, the repertoire of the isolate male
differed from that of all free-living males that I recorded on
Long Island in that it had no song variants with a trill phrase.
These data are consistent with findings from the
development of song of other species of finches (see Table 2 of
Kroodsma, 1977), where the song of individually isolated males
differed from the song of wild birds in that their syllables
had relatively few notes, were relatively long and were 'sung at
a relatively slow rate and their songs had a relatively narrow
frequency range. Similarly both individually isolated Song
Sparrows and towhees produced song that was relatively long, that
had a narrow frequency range, that had a low maximum frequency, that
sang at a slow rate and that had longer syllables or no‘tes compared
to song of wild birds (see Table 1 of Kroodsma, 1977). However,
songs of the isolate male towhee had fewer phrases and a lower
minimum frequency than songs of the wild males in contrast to Song
Sparrows wherev songs of isolates had more b'phrases per song and a
higher minimum frequency than songs of wild males. Larger sample
sizes with acoustically isolated towhees under a variety of
experimental conditions will be required to determine if the
similarities and differences in isolate and wild song of each
species represent real differences in song development between these

species.
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NUMBER OF SONGS OF EACH SYLLABLE SEQUENCE BY DATE.

TABLE 30.

Number of songs

1976
10 May 25 May

(0=17).

(n=17)

(n=56)

13 April 1 June
(n=21)

Syllable sequence
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TABLE 31. OCCURRENCE OF SYLLABLES AT THE BEGINNING OR ENDING OF

SONG.
Number of times
Syllable Begin End Binomial probability
1 22 2 .005k4 ‘
2 1 11 0054
3 0 18 .0000
L 6 4 2344
5 o 1 +5000
6 6 o L0156
T 2 0 .2500
8 0 1 .5000
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TABLE 33. PROPORTION OF THE TOTAL NUMBER OF SYLLABLES IN 37 SONG
VARIANTS IN EACH OF THE EIGHT TYPES OF SYLLABLES.

Type of

syllable N Frequency
1 56 0.389
2 25 0.17k
3 20 0.139
4 29 0.201
5 1 0.007
6 8 0.056
T 3 0.021
8 2 0.014

Total 1hY 1.001
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TABLE 34. OBSERVED AND EXPECTED FREQUENCIES OF TRIPLETS OF
SYLLABLES OF THE ISOLATE MALE.

Triplets Observed Expected
1,1,2 9 3.12
1,1,3 1 0.55
1,1,4 3 2.93
1,1,7 1 0.18
1,2,3 9 2.54
1,3,2 1 0.97
1,3,3 1 0.97
1,41 8 5.18
- 1,k,2 3 2.59
1,4,3 1 0.43
1,44 1 1.30
1,4,6 1 0.43
1,6,1 1 0.49
1,7,4 1 0.k}
4,1,1 6 2.19
b,1,2 5 2.49
L,1,4 1 2.35
4,2,3 k4 2.54
b,h,1 1 0.97
4,k,2 1 0.97
4,45 1 0.08
4,6,1 1 0.k9
6,1,1 4 1.10
6,1,2 1 1.25
6,8,3 1 0.08
Toh,h 1 0.2k
Total 68 36.87
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TABLE 35. COMPARISON OF CHARACTERISTICS OF SONG OF ONE ISOLATE MALE
AND SONGS RECORDED FROM KALBFLEISCH THAT CONSISTED OF ONE
NOTE-COMPLEX PHRASE.

Individual Wild Kalbfleisch
isolate males
Duration of song (secs) 1.28 + 0.649 (4)% 0.7h + 0.133 (8)
Freq. range of song (kHz) 3.3 #1.17 (k) 3.5 +1.08 (8)
Max. freq. of song (kHz) 5.5 + 0.95 (k) 6.0 +o0.00 (8)
Min. freq. of song (kHz) 2.2 +0.38 (k) 2.4 +0.36 (8)
Longest syllable in 0.58 + 0.316 (k4) 0.20 + 0.063 (8)
song (secs)
Duration of syllables 0.32 + 0.205 (6) 0.15 + 0.083 (13)
(secs
No. notes/syllable . 1.3 +0.33 (6) L.+ 4.69 [(1h)
Rate of delivery of 2.52 + 1.031 (k) 3.91 + 0.641 (8)

syllables (syllables/sec)

& Mean + standard deviation (N)
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FIG. 16 . Tracings of eight syllables recorded from the
isolate male in 1975 and 1976.
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FIG. 17 . Tracings of sonograms of the modal song of the
isolate male recorded on four dates in 1975 and
1976.
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APFENDIX 5. DISTRIBUTION OF SYLLABLES OF THE NOTE-COMFLEX PHRASE BY
INDIVIDUAL AND BY POPULATION.

Population*

Syllable KT¢C Individuals with syllable

A X K5.

B X ciak.

c XXX K2,19,29,34. T73,7,8,11,13. C12,13,14,15,52,
62,64 ,66,75,80,81,88,93,95,106,108,109,111,
115,120,122,128,131.

D XXX K1-7,11,12,16-19,22-33,35-L2,44 45,16,
T2,3,7,8,11,12,13. C1,2,4,6,8,9,11,12,13,18,
19,22,26,28,29,31,36,44,46,48,49,54-60,62,6k,
65,66,69,71,73,76,79-86,88,89,90,92-94 ,96-98,
100,102,103,105-107,109,112,115-117,119-121,
123,126,127,131.

E X X © KT7,25,34,38,46. C6,14,28,39,47,54,92,100.

F . X X K2,32. ¢k40,50,61,68,75.

G XX T10. €13,43,49,53,58,71,74,77,82,93,128.

H XXX X1,3,4,5,6,16,17,22,23,26,27,28,29,34,35,38,40,
L4, ‘T1. C6,7,12,15,17,25,26,28,33,34,38,k0,
48,49,50,53,66,68,73,74,75,77,78,79,81,82,89,
93,95,101,109,118,124,129,130,131.

I XXX K1k,23,40,44. 7. C54,65,73,79,109.

J X €3,54,61,74,75,77,83.

K X €105.

L X K34, T5.

M X €101.

N X €100.

P X €1,53,68.

Q X " e53.

R X C54,70,7L,77.
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APPENDIX

Syllable

S

BB
cc
DD

EE

GG

1T

5. (continued).

Ponulation
KTC

XXX

XX
X X

XXX

XXX

XXX

XX

X X

XXX

187

Individuals with syllable

X2,6,7,11,16,23,26,31,39,40,45,46. Th4,12,13.
c2,4,6,9,1%,15,17,19,22,25,28,39,40 ,50,53,56,
57,58,61,70,75,76,78,82,90,93,101,114,115,121,
124,125, .

T12. C32.

K19. €25,26,78,93.
K1-T,12,16,17,18,19,22-33,35-42, 4k, 15,46,
11,3,8,11,12,13. C1,2,4,6,8,11,12,13,18,19,22,
26,28,29,31,36,4k,46,48,49,55-62,61,69,71,73,T6,
79-86,88,90,92,93,94,96,97,98,100,103,106,107,
109,110,116,119,120,123,126,127,131.

€66,107.

c125.

K5,13,39,40. . C21,58.
K1,5,11,12,13,16,18,19,22,25 ,28,29,31,32,33,38,
39,40,41,4k,46. T3,5,6,12. C1,2,6,8,15,17,19,
20,22,39,40,43,47,48,53,54,57,62,66,68,71,77 578,
79.80,81,85,87,92,94,95,101,106,112,122,124,131.

Kik,16. T2,9. €29,86,121.

713, €8,91.
CT5.
€66,90,109,127.

K2k. ©7,13,14,15,26,32,39,40,71,75,87,93,100,131.

K5,16,19,29,kk. 1T1,3,9,11. C6,17,26,29,50,57,
58,66,86,95,110,114,115,120,127.

TT. €3,9,130.
Cl.

K2k,
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APPENDIX 5. (contiaued).

Population
Sylleble KT C Individuals with syllable
JJ X Kbh2.
KK X T9.
LL X T9.
MM X c2,h.
NN X C57,62.
PP XXX Ki7,b2,45. T10. C15,65,76.
QQ X c87.
RR A X K18.
ss X X Ki8. cC12,53.
T XXX Ki8. T9,12. c8,28,53,73.
uu XXX K29. T10. Ck,15,70,77,92,97.
w XX K18. T12.
W X X K18,22,39,45,46. cL,25,43,52,73,76,86,87,106,115.
xx X K. '
Yy XXX K19. T9,11,12. C15,61.
27 X €93,101.
AMA X X K3,h2. cCh.
BBB X - C53,76.
cce X K23,40,45.
DDD X X2k,
EEE X X K2h. CS6.
FFF X K2k,
GGG X K26.
HHH X K30,39.
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APPENDIX 5. (continued).

Population
Syllable KTC Individuals with syllable
IIT ) X X K30. C28.
333 XXX ¥36. T8. C12,15,21,56,93,101,104,112,121.
KKK XX T3. C102.
LLL X 5.
MM X 75,13.
NNN X C115.
PPP T ox 78,11.
QQQ X T9.
RRR X T10.
sss X c1,2,4,78,82.
TTT X c2,6,29,30,66,127.
U X C6,8,94.
wv X cé. -
WWW X c22.
XXX X ce2.
Yy X ca6.
222 X ca9.
AAMA X c38
BBEB X c80,82.
ccee X €50,71,101,111,127.
DDDD b c50.

* K = Kalbfleisch: T = Tobay Beach; C = Connetquot.
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APPENDIX 6. DISTRIBUTION OF SYLLABLES OF THE TRILL PHRASE BY
INDIVIDUAL AND BY POPULATION.

. Population® .

Syllable KTC Individuals with syllable

1 XXX K1,2,16,18,27,28,31,35,38,41 ,42,44,45,16.
T1,3,8. C1,2,12,17,19,28,29,30,38,48,54,56,
58,6,70,76,82,86,93,94,95,96,106,118,119.

2 X X X1,16. €20,12%.

3 X X 1\3 c21,26,33,40,68,91,101,107,121.

L X €109,115,120.

5 X X K36. c12k.

6 XX 73,11,13. ©50,87,130.

T X C75.

8 XX K13,17. T5.

9 X xix K3,5,16,19,22. T3,11. C€19,39,48,71,81,105,
106,112,124, . .

10 X c8.

11 X K45,

12 X cT1.

13 XXX Ki,2,5,19,27,38,45. T2,13. C12,13,22,34,71,90,
92,106,116,122,127,131.

1k X K39.

15 X . K3,22.

16 X c129.

17 X K12,18,31.

18 X cks.

19 XX T9. C6,121,127.

20 X €100.

21 X céb.
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APPENDIX 6. (continued).

Population

Syllable KT C Individuels with syllable

22 X X K35. (€28,73,76,118.

23 X X K22. (€69,77,79,92.

24 X €25,40,77,78.

25 XXX K3,13,14,25,29,34. 1T4,8,10,11. C6,9,13,1k4,
15,18,26,28,43,44,49,50,53,55,62,66,71,73,75,
76,79,81,86,88,90,93,103,111,128,131.

26 X K28.

27 X co2.

28 XXX K2k, 16,12, 0©52,73,75,83,125.

29 X K32,44.

30 X c54,55,78,82,109.

31 x c28,53,5k4,62,64,70,80,90,92,93,106,108,109,115,
131.

32 IXX K1k,35. T12. (€95.

33 X K2k,

T X Kbb.

35 X C115.

36 X K2k,

37 X €65,89.

38 X c2,48,61,73,78,86,94.

© 39 XXX K4,19,26,26,29,31,34,36,38,39,40,42,46.
17,9,11,13. C6,11,12,28,29,46,50,53,56,57,
66,68,70,74,75,80,81,82,83,92,98,121,123,126.

Lo XXX X2,7,26,37,46. T5,7,12. C1,2,3,4,6,7,12,19,
29,32,39,48,57,61,70,79,80,681,106,117,122,127,86.

41 X Kh2.

k2 X T10.
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APPENDIX 6. (continued).

Population

Syllable KTC Individuals with syllable

43 X C70,79.

b X X K22. C14,38,40,100,109.

45 XX 73,5,8. €68,84,115.

46 X (g ;56,60,80,93,107. ’

L7 X X K39. Ch.

48 X c6,22.

k9 X X X2,32. (8,29,64,100.

50 XXX K42, 7T1,3,7,9,11. C26,40,43,54,57,58,61,62,
86,87,69,93,98,104,106,112,11k.

51 XXX K4,7,14,16,17,23,26,28,30,31,32,33,37,40,46.
72,7,8. C1,4,15,17,28,31,36,49,50,53,58,59,
61,66,79,85,88,93,97,101,102,108,112,120,131.

52 XXX K2,11,28,36,38. T8,12. C110.

53 X X K25,33. C26.

5k . X 56.

55 X Kh40.

56 X K1,18.

57 X T11.

58 X : K6.

59 X X K5,6,16. C2,115.

60 X cla.

61 X CT4,77,129.

62 X €17,5%,66,109. ’

* K = Kalbfleisch; T = Tobay Beach; C = Connetquot.
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APPENDIX 9. SEQUENCE OF SONGS OF AN ACOUSTICALLY ISOLATED MALE
FROM RECORDINGS MADE IN 1975 AND 1976. - NUMBERS
DESIGNATE SYLLABLES. SONGS ARE SEPARATED BY

SEMICOLONS.
1975
13 April. 1,2,3; 1,2,3; 13 1,45 1,25 1,2,3; 1; 1,1,2; 1,2,3;
1,1,4; 1,13 2,35 1; 1,2,3; 13 1; 1,45 1,1,4; 1,2,3;5
15 1,2,3. .
1 June. 1,k4,2; 1,L,1,1,3,2; 1,3,3; 1,1,2,3; 4,1,1,2; 1,4,4,5;
1,2,3; 1,3; 1,3; 1,4,1,2; 13 1,4,3; 1,35 1,35 1,35 1,35 1,4%;
1,3; 1,33 1,43 1,35 13 1,35 1,33 13 13 1,35 1,35 1,33
1,33 1,3; 1,4; 1,2,3; 1,%,1,1,2,3; 1,35 1,3; 1,33
1,4,1,1,4,1,2,3; 1,k; 1; 1,4,1,2,3; 4,1,1,25 6,1, 1,4,1,1,2;
6,1,1,2; 6,1,1,2,3; 1,4,1,1,25 1,6,1,1,2,3; 1,45 1,4,2,3;
1,4,6,1,2,3; 1,3; incomplete song; 1,4,3; 1,3,3; 1,4,6,1,2,3;
1,45 1,3.
1976
10 Mey.  1,1,7,43 1,1,4; T,b; T,4.151,25 1,k,25 4,25 bs k,1,4,2,3;
4,2,3; 4,1,2,3; 4,2,3; b,4.2,35 4,1,2,3; 4,2,3; 4,2,3;
4,2,3; 4,2,3.
25 Mey.  6,8,3; 6,8,3; 6,8,3; 6,8,3; 6,8,3; 6,8,3; 6,8,3; 6,8,3;
6,8,3; 6,8; 6,8,3; 6,1; 6,8; 6,8,3; 6,8,3; 6,8,3; 6,8,3.
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