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ABSTRACT

The use of vocal mimicry by Lesser Goldfinches
(Carduells psaltrla) was studied in riparian and pine-oak
woodlands in southeastern Arizona.
birds and one mammal were detected.

Imitations of 39
Goldfinch repertoires

range from 68 to 96 phrases, 49.1 to 56.3% of which are
mimicked.

54.4 to 58.4% of phrases used in songs are

mimicked.

No relationship was found between use of

mimicry and exposure to vocalizations of other birds in
the breeding habitat.

Hypotheses proposing non-adaptive,

interspecific and intraspecific explanations of avian
vocal mimicry were evaluated with respect to use of
mimicry by goldfinches.

It was concluded that mimicry by

Lesser Goldfinches is not used in interspecific communica
tion and is best explained as a way of increasing reper
toire size.

Song-learning in goldfinches extends at least

into the first winter.

Modification of constraints on

song-learning was suggested as a possible route for the
evolution of larger repertoires through the use of
mimicry.
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CHAPTER 1

INTRODUCTION

Most passerine birds depend on song as an
important means of mate attraction and/or territorial
defense.

Species-specific songs are acquired by most

oscine birds through learning (Kroodsma 1982).

If

conspeciflcs are the intended recipients of these signals,
the use of interspecific mimicry would appear to decrease
the value of the song for intraspecific communication.
This apparent contradiction has raised questions about the
function and evolution of avian vocal mimicry (Baylis
1982; Dobkin 1979).
The ability of some birds to learn musical
passages and songs of other species was observed by cagebird owners at least as early as the 18th century and was
used as evidence that birds learned their songs
strong 1963).

(Arm

Avian vocal mimicry occurs in a diversity

of families throughout the world.

Kroodsma and Baylis

(1982) listed over 120 species of birds from more than 25
families that mimic to varying degrees and this list is
undoubtedly incomplete. Although many accounts of vocal
mimicry are anecdotal (Gander 1929; McNair and Foster
1984; Snow 1974), mimicry has continued to be discussed as
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evidence of song-learning (Dickey 1922; Kroodsma and Baylis 1982; Lasky 1944; Townsend 1924).

The function and

evolution of mimicry have also received attention since
the 19th century (Chisolm 1932; Darwin 1871; Dobkin 1979;
Gramza 1972; Marshall 1950; Robinson 1975; Vernon 1973;
Witchell 1896) and the topic was thoroughly reviewed by
Baylis (1982).
During casual observations of Lesser Goldfinches
(Carduelis psaltria) I noticed their songs seemed to
include imitations of the vocalizations of several famil
iar species of birds.

I found that this behavior was not

generally known and had not been adequately documented,
even though the Lesser Goldfinch is a common and rela
tively well-known species within its range.

My initial

investigations revealed that imitations occur regularly
and frequently in goldfinch songs, and that the vocaliza
tions of many different kinds of species are mimicked
accurately.

As a result of these findings, I became

interested in the use and function of vocal mimicry by
Lesser Goldfinches.
Avian imitative repertoires and the relationships
of these repertoires to the vocalizations of the heterospecific models from which the mimics presumably learn are
poorly studied, but see Carter (1982) and Hindmarsh
(1984).

Therefore, I decided to document the use of vocal
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mimicry by Lesser Goldfinches, to compare the imitative
repertoires of goldfinches in two different habitats and
to relate the imitative repertoires of goldfinches to the
vocalizations of other birds in the same environment.
I have followed Baylis* (1982) use of the term
"avian vocal mimicry", but also use the term "vocalcopying" interchangeably.

Baylis (1982) separates vocal

mimics into three categories: casual mimics which use
mimicry rarely or occasionally; consistent mimics In which
some, but not all males regularly use mimicry in their
songs; and persistent mimics which frequently and regular
ly imitate vocalizations of other species.
Dobkin (1979), Krebs and Kroodsma (1980) and
Baylis (1982) agree that vocal mimicry cannot be accounted
for by a single explanation.

The hypotheses which have

been proposed to explain the functions of vocal mimicry
have been broken down into three categories by Baylis and
others:

1) Null hypotheses, proposing no adaptive

function;

2) intraspecific functions; and 3) interspe

cific functions.

Hypotheses 2 and 3 are not mutually

exclusive.
Null hypotheses about vocal mimicry are based on
the supposition that the resemblance in vocalizations is
due entirely to non-adaptive causes such as chance, shared
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environmental factors or deprivation of exposure to conspecifics during song development rather than imitation
(Baylis 1982).

While it is difficult to disprove that at

least some resemblance is due to these factors, in many
cases it has been demonstrated that the imitations
produced by the supposed mimic are extremely faithful
reproductions of the sounds of the model both to the ear
of a trained field obse'rver and by comparison to sonagrams
or recordings of the model.
Mimicry may function in intraspecific inter
actions.

Males may use mimicry to increase their

repertoire size.

It has been hypothesized that large

repertoires confer advantages in attracting mates (Catchpole 1980; Howard 1974; Krebs and Kroodsma 1980), increase
reproductive stimulation of females (Kroodsma 1976; Marler
and Searcy 1984), confer superiority in song-matching with
males on adjacent territories (Krebs, Ashcroft and Webber
1978), reduce habituation in individuals listening to the
song (Hartshorne 1973; Kroodsma 1978), and cause other
males to avoid a potential territory by imitating com
peting individuals or species (Krebs 1977).

Another in-

traspecific function for mimicry was proposed by DowsettLeMaire (1979) who has suggested that the Marsh Warbler
(Acrocephalus palustris), which imitates calls of species
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heard on its African wintering grounds, uses the song to
locate mates which frequent similar wintering areas.
Interspecific functions have also been proposed
for avian vocal mimcry.

Imitations of alarm or mobbing

calls may be used to attract other species to mob a preda
tor while allowing the mimic to remain hidden and out of
danger (Morton 1976; Remsen 1976).

Mimicry of predators

or competing species might discourage competing species
from using an area being defended by the mimic.

Brood

parasites may mimic vocalizations of their hosts to locate
their nests (Nicolai 1974; Payne 1973 and 1976).
There are many studies that document or describe
the use of vocal mimicry in a particular species. These
include the use of casual mimicry in species which do not
ordinarily mimic (Baptista 1972; Baptista and Morton 1981;
Goodfellow 1966; Cooper and Murphy 1985) as well as
studies of species which use vocal mimicry more exten
sively (Adkisson and Connor 1978; McNalr and Foster 1983;
Morton 1976; Snow 1974).

There are relatively few species

in which mimicry has been intensively studied.

Dowsett-

LeMaire (1979) found that Marsh Warblers mimic songs of
both European and African species.

This observation was

also used to discuss both the function of mimicry and the
timing of song-learning.

Hindmarsh (1984) studied vocal

mimicry in European Starlings (Sturnus vulgaris), includ
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ing both individual and microgeographic variation and
factors influencing what is mimicked.

Both Hindmarsh's

study of Starlings and Robinson's studies of Lyrebirds
(1974 and 1975) (Menura spp.) also considered some of the
factors involved in selection of models and the types of
vocalizations that are mimicked.
Although several studies have looked at the rela
tive abundance of potential model species in relation to
the sounds actually mimicked, (Carter 1981; Hindmarsh
1984), no study has considered the relative frequency with
which the vocalizations of these species are heard.

The

frequency of repetition of sounds produced by potential
models might be more important than the numerical presence
of individuals in determining what sounds are mimicked.
A number of studies characterize the nature of
vocalizations imitated, such as mobbing or alarm calls, or
distinguish among the types of species that are mimicked,
such as predators or competitors.

However, the lists of

the models themselves are rarely used to obtain more
information about the process of song-learning in
which mimic.

species

Robinson (1975), Dowsett-LeMaire (1979), and

Hindmarsh (1984) do address this topic to some extent.
Review of the imitated species can provide information
about the timing of song-learning.

One approach to this
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question would be to look at mimicry In one species at
different sites where the acoustical background differs.
Although there has been some study of geographic
variation in mimics (Carter 1982; Hindmarsh 1984), few
studies have have examined local variation within a
species in different habitats.
Vocal copying by Lesser Goldfinches was first
noted by Dawson (1923), but escaped the notice of most
subsequent researchers.

Coutlee (1971) described the

vocalizations of three species of North American gold
finches in detail, but did not recognize the use of
mimicry by either Lesser Goldfinches or Lawrence's Gold
finches (C^ lawrencel). Coutlee described the songs of the
Lesser Goldfinch as

. probably among the longest and

most varied of passerine songs, (excluding of course,
birds'which mimic other songs)."

Remsen, Garrett and

Erickson (1982) described the use of mimicry by Lawrence's
and Lesser Goldfinches and listed 28 species imitated by
Lesser Goldfinches, but did not document their findings
with recordings or sonagrams.
I studied Lesser Goldfinch vocalizations to
describe the basic organization of the song and to fully
document their use of vocal mimicry. I asked the following
questions; my findings will enable me to examine the
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possible function of vocal mimicry and some aspects of the
ontogeny of vocal learning in Lesser Goldfinches:
1) What species are imitated by Lesser Goldfinches?
2) What proportion of goldfinch song is made up of
imitated syllables, and how are imitated and or
iginal syllables organized within the song?
3) Is there variation in the imitative repertoires of
goldfinches recorded in two different habitats in
southeastern Arizona?
4) Are vocalizations imitated by goldfinches corre
lated with calls and songs they have heard in
their nesting habitat?

CHAPTER 2

NATURAL HISTORY OF THE LESSER GOLDFINCH

The Lesser Goldfinch is a passerine bird endemic
to western North America.

It weighs about 9.5 grams

(Dunning 1984) and is almost almost exclusively granivorous.

In Arizona it nests in a variety of habitats

including lowland riparian, transition zone woodlands and
open scrubby oaks (Phillips, Marshall and Monson 1964).
In winter it occurs in flocks in various habitats includ
ing riparian woodlands and Sonoran desertscrub.
Nesting in southern Arizona usually begins in late
March or early April, but Lesser Goldfinches have been
known to nest in nearly every month of the year, including
February and November (Phillips et. al).

Winter flocks

break up with an increase in agonistic behavior among both
males and females.

After a week or two of aggressive

activity between the males, they spread out and solitary
individuals call and sing from conspicuous perches to
attract females (Coutlee 1968).
gamous.

Goldfinches are mono

The male does not begin to defend a territory

until the nest site has been selected, and the area is
defended only for nesting.

Territories are about 30
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meters in diameter but nests are sometimes clustered in a
loose colony (Coutlee 1968).

Singing usually takes place

in the top of the tallest tree in the territory but I
occasionally observed more than one individual using the
same tree.

Singing may be triggered by hearing another

males's song or by the presence of another male In the
territory.

Song flights, during which the male sings

vigorously and displays white patches in its wings and
tail, are given as part of the territorial defense.
ing activity declines as incubation progresses.

Sing

CHAPTER 3
METHODS

Fieldwork was conducted between March 1982 and
August 1982.

The dates of recordings analyzed in this

study are listed in Appendix A.

Study Areas
I recorded Lesser Goldfinches at five locations in
southeastern Arizona (Fig. 1).

The primary study sites

were the George Whittell Wildlife Preserve in Aravaipa
Canyon, and Carr Canyon in the Huachuca Mountains.

I also

used recordings obtained along Arivaca Creek, about two
miles east of Arivaca, along the Santa Cruz River one mile
south of Turaacacori and in upper Garden Canyon in the
Huachuca Mountains.

Aravaipa Canyon
The George Whittell Wildlife Preserve is located
at the east end of Aravaipa Canyon, approximately 70 miles
northwest of Willcox, Graham County, Arizona.

This pro

perty is owned and managed by Defenders of Wildlife.

The

study area is at an elevation of approximately 1100
meters.

Aravaipa Creek, a perennial stream, flows west

ward across the study site.

The canyon varies from less
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than one hundred to more than several hundred meters In
width.
The habitat includes many species character
istic of interior riparian communities in Arizona,
including Arizojia Sycamore (Platanus wrightii), Fremont
Cottonwood (Populus fremontil), Arizona Walnut (Juglans
major), and Box Elder (Acer negundo).

Some of the

important understory species include willows (Sallx spp.),
Seepwillow (Baccharis salicifolia) and (Hymenoclea monogyra).

These plants provide cover and nesting sites for

the goldfinches.

I observed and recorded goldfinches

wherever they occurred within this area, however they were
most abundant along the edges of the pasture about one
mile east of the preserve boundary.
The riparian vegetation is strictly limited to the
canyon bottom and the surrounding community is primarily
juniper scrub. The bird community inhabiting the scrub
area is quite different from that associated with the
riparian community along the stream.

Although this area

is located quite close to the study area, I rarely ob
served goldfinches using habitats away from the riparian
zone during the study.
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Carr Canyon
Carr Canyon-is located in the Coronado National
Forest in the Huachuca Mountains, Cochise County, Arizona,
nine miles south of Sierra Vista.

The study area is

situated on a plateau above the canyon, at an elevation of
approximately 2300 meters.
The vegetation is primarily pine-oak woodland, but
was severely burned by a forest fire during 1977.

Scat

tered groves of Apache Pine (Pinus latifolia) and
Chihuahua Pines (P^_ chihuahuana) remain, surrounded by
brushy, resprouting Silver Leaf Oaks (Quercus hypoleucoides) and manzanita (Arctostaphylos pungens).
Recordings were made along the last mile of the
dirt access road and on the gentle slopes located south
and east of the road.

The terrain on the north and west

side of the road drops abruptly and steeply into Carr
Canyon, preventing access into this area.

The habitat is

similar and relatively homogeneous throughout most of the
-surrounding area.

Arivaca
This site is located about two miles east of the
town of Arivaca, Santa Cruz County, Arizona, along Arivaca
Wash, at an

elevation of about 1250 meters.

The habitat

is a typical lowland, interior riparian community, domin
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ated by Fremont Cotton-wood (Populus fremontll). Desert
Hackberry (Celtis pallida), Seepwlllow (Baccharls salicifolia), and willows (Salix spp.).

There is a fairly dense

border of mesquite along the edge of the riparian habitat.
The surrounding community is arid Sonoran desertscrub.

Santa Cruz River
This site is located about one mile south of
Tumacacori along the Santa Cruz River, at an elevation of
about 1100 meters.

Dominant species of vegetation here

are similar to those in the other two riparian study
sites, however more of the immediate surroundings are
disturbed by human activities.

Several residences, a

well-travelled dirt road, fields and pastures are immedi
ately adjacent to the study area and a major highway is
located about one-half mile to the west.

The native

riparian vegetation is limited to a narrow strip along the
river.

Upper Garden Canyon
Upper Garden Canyon is located on Fort Huachuca
Army Base, about five miles south of Sierra Vista, Cochise
County Arizona, at an elevation of approximately 1800
meters.

There is a small, intermittent stream flowing in

the canyon bottom.

Associated with this stream are sever

al large sycamores, but the riparian community is not well
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developed and it is restricted to a very small area imme
diately adjacent to the streambed.

Most of the vegetation

in the canyon consists of oaks (Quercus spp.) and
tor Junipers (Juiiiperus deppeana).
rounded by steep, wooded slopes.

Alliga

The canyon is sur
Goldfinches canyon

congregated around the streamside areas, but used the
surrounding woodland extensively.

Field Methods
I recorded Lesser Goldfinches using a Uher 4000
Report-L tape recorder, a

41 cm aluminum parabolic re

flector and a Uher M516 microphone.

I used a Kay model

6061B Songagraph to prepare sonagrams used in the analysis
of the recordings.

Edited recordings of songs were ana

lyzed on a continuous spectrum analyzer by Roberta Pickert
at the Field Research Station of Rockefeller University
in Millbrook, New York.
I attempted to band and colormark male goldfinches
on the study site in Aravaipa Canyon in order to study the
songs of known individuals. The birds proved difficult to
capture and I obtained very few recordings of the indivi
duals that were colorbanded.

Because of this I directed

most of my efforts toward recording as many songs as
possible on my study areas, even though I was unable to
distinguish between the individuals that I was recording.
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I collected examples of calls and songs of many
species which were imitated by goldfinches in order to
compare sonagrams of model species and imitations of these
sounds produced by goldfinches.

Whenever possible, I

recorded these vocalizations myself, and prepared sona
grams of them.

When X was unable to obtain recordings of

model species, I used examples of sonagrams which were
from the published literature or provided by other
researchers.

Acoustic Censuses
In order to determine the types of calls and songs
that goldfinches heard most frequently in their breeding
areas, I conducted a series of acoustic censuses.

All

censuses were conducted between the hours of 0530 and 1100
when vocal activity was relatively high.

In each census I

tallied the total number of vocalizations given by each
species heard during a five minute period.

I did not

distinguish between different types of vocalizations given
by a single species.

Twenty-three acoustic censuses were

conducted at Aravaipa Canyon and 10 were conducted at Carr
Canyon during May, June and July, at times when I was
recording goldfinches in those areas.

Da ta Analysis
I viewed each of the real time analyzer films
while listening to the tape from which it was made.

I

assigned unique code numbers to each phrase that I identi
fied and labeled all phrases on the real time analyzer
films.

I prepared at least one sonagram of each phrase

type and placed a xeroxed copy of it in a reference
volume.

Sonagrams were also prepared for many songs or

sections of songs which were not clearly readable on the
films.

I transcribed the coded series from the films for

all numerical analyses of the data.
To compare characteristics of goldfinch songs in
different areas, I performed one way-analyses of variance
on characteristics of songs such as length, number of
phrases etc. by the area in which they were recorded.

Th

identity of individual males which I recorded usually
could not be determined, and many songs from each Individ
ual male were included in each sample, therefore the
samples used in the analyses were not completely independ
ent.

For this reason, I did not consider differences to

be statistically significant unless p values were less
than .01.

At Aravaipa Canyon, I distinguished between

songs recorded during March while the birds were congre
gating in flocks, and songs which were recorded after the
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birds had paired for breeding, and treated them as sepa
rate samples in these analyses.

Terminology
I have followed the suggestions of Shiovitz (1975)
for most of the terms relating to vocalizations.
are provided in Figure 2.

Examples

A syllable is defined as a

sound which produces a single, complete and distinct
impression, uninterrupted by silences greater than 2
centi-seconds.

A phrase represents the primary or largest

subdivision of a song, and may be composed of several
syllables.

Goldfinch songs are defined later on (See

Organization and Characteristics of Goldfinch Songs in
Results).

A repertoire is the number of unique phrases

used by an individual goldfinch, and thus not the number
of combinations of phrases.

A: Denotes a syllable
B: Denotes a phrase

8.0

7.0

6.0

t
*•

r

1 ft

tr
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H.O

3.0
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I.0
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Time

Figure 2.

1.0
in Seconds

Examples of Syllables and Phrases in Goldfinch
Songs.

CHAPTER 4

RESULTS

Organization and Characteristics of Goldf'lnch Songs
Lesser Goldfinches are continuous singers (as
defined by Hartshorne 1956), singing long, rambling series
of phrases separated by occasional pauses.

These series

vary in length from as few as three to as many as 78
phrases (Table 1).

Singing bouts are also quite variable,

and range from a few seconds to many minutes.

Most inter-

phrase intervals, or pauses, within a series of phrases
are less than .2 seconds in length (x° .107, st. dev =
.078, n = 101).

Therefore, I defined songs as groups of

phrases separated by pauses of .5 seconds or more.
Samples of song sequences are illustrated in Figure 3.
Despite the range and unpredictability of song
lengths, the mean song length of birds recorded in all
study sites was not significantly different (Table 1).
Although the songs recorded at Arivaca appear somewhat
longer, there is no significant difference in song length
among areas, or between flocking and paired birds at
Aravaipa.

Only 20 songs were obtained from Arivaca, and

these may have been recordings of a single individual.
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TABLE 1.

Characteristics of Lesser Goldfinch Songs*

Song Length (sec)
Area

N songs

Aravalpa (flock)
Aravaipa (breed)
Arivaca
Santa Cruz
Garden Canyon
Carr Canyon

63
228
20
44
44
50

mean
5.61
5.52
8.05
6.07
5.70
6.08

st. dev
3.38
3.37
3.31
3.83
2.83
3.44

range
(1.6-14.8)
(0.9-26.0)
(3.2-14.7)
(1.4-20.7)
(1.4-11.9)
(1.8-19.5)

5.78
3.40
(0.9-26.0)
449
All areas
(0.9-26.0)
429
3.37
5.67
w/o Arivaca
ANOVA results (all areas) F= 2.19, DF« 448, P<.056 (NS)
ANOVA results (w/o Arivaca) F® .46, DF= 428, P<.787 (NS)
Phrases per song
Aravaipa (flock)
Aravaipa (bre ed)
Arivaca
Santa Cruz
Garden Canyon
Carr Canyon

63
228 '
20
44
44
50

12,.49
12,
.34
.45
17,
.54
14,
12,.89
14,
.18

7.19
7.19
7.82
8.11
5.94
8.18

<3-•34)
(3-•46)
(6-•34)
(4-•41)
(3-26)
(5-•46)

All areas
13,
(3-•46)
449
.06
7.38
(3-46)
w/o Arivaca
429
12..86
7.30
ANOVA results (all areas)' F- 2.56, DF** 448, P< .027 (NS)
ANOVA results (w/o Arivaca) F" .81, DF - 428, P<: .259 (NS)
Syllables per song
Aravaipa (floick)
Aravaipa (breied)
Arivaca
Santa Cruz
Garden Canyon
Carr Canyon

63
228
20
44
44
50

20.,63
21.,92
30.,55
23.,50
20..93
24.,26

12.03
12.75
13.40
13.61
10.95
13.59

(3-57)
(4-78)
(15-65)
(7-69)
(5-46)
(8-68)

(3- 7 8 )
449
22.,4l
All areas
12.79
(3-78)
429
22,,06
w/o Arivaca
12.65
Anova results (all areas) F" 2.36, DF° 448, P<.040 (NS)
Anova results (w/o Arivaca) FH 0.81, DF =428, P<.517 (NS)
Note: Because samples were not completely independent,
differences were consiered non-significant unless P< .01.
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feel that the apparent difference is an artifact of a
small sample which included several lengthy songs, rather
than an indication of a real difference in songs in this
population.

All of the songs recorded at Aravaipa fall

well within the range of song lengths the other study
sites.

When the same analysis was run without including

the sample from Arivaca, the p value was >.75, rather than
.056.
The number of phrases and the number of syllables
per song are closely correlated with song length.

As with

song length, there are no differences between areas,
flocking and breeding goldfinches at Aravalpa or between
areas in either number of phrases or number of syllables
per song, when songs from Arivaca are excluded from the
analyses (Table 1).
Phrases are rarely repeated within a single song
unless it contains more than about 15 phrases.
of phrases appears to be nonrandom.

The order

Although a particular

phrase may appear in combination with a variety of other
phrases, some combinations appear more frequently than
others.

These sequences of phrases are sometimes repeated

within a series of songs.

The length and composition of

the sequences is variable and sometimes a phrase will be
added or dropped from the sequence.

The most frequent

combinations are composed of a series of phrases copied
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from one model, such as Bewick's Wren or House Finch.
The same combinations of phrases are used by goldfinches
In several of my study sites, and they often appear In the
same or a similar order (Figure 4).

Occasionally, isolated

single phrases may be sung, separated by pauses of 0.5
seconds or more.

Types of Phrases
There are three general types of phrases used in
goldfinch song (Figure 5).

I will discuss some of these

in greater detail in later sections*

Some phrases used

within goldfinch songs are call notes which are also used
in non-singing contexts.
Type I phrases.

I refer to these call notes as

Many of these Type I notes are given by

females as well as by males.

Although they may be used at

any point within a song, a disproportionate number of
songs begin with a phrase that falls within this category
(Table 2).
Type II phrases are those which are clearly imita
tions of calls or songs of other species.

These mimicked

phrases comprise the largest group of phrase types.

Com

parisons of goldfinch mimicked phrases and phrases of
model species are given in Appendix B.
Type III phrases do not fit either of the previous
categories.

These may be phrases which are exclusively or
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Table 2.

Use of Goldfinch (Type I) Notes at the
Beginnings of Songs.

Location

Typ e I notes used/
total notes
%

ft songs

F value

Aravaipa (flocking)

116

/

787

.15

29/63

Aravaipa (breeding)

311

/

2809

.11

93/228

55

/

350

.16

18/20

88.20 ***

107

/

640

.17

35/44

124.83 ***

Garden Canyon

81

/

530

,15

25/41

165.00 ***

Carr Canyon

81

/

709

.11

21/51

71.45 ***

Arivaca
Santa Cruz

77.74 ***
205.60 ***

Note: this * Refers to the number of songs starting with
Type I note / total number of songs
***

P < .001

29

uniquely produced by goldfinches. In some instances they
may be imitations of other species which I was unable to
recognize, or which were originally imitations of other
species but have been altered by the goldfinches in some
way.

I do not have any data which allows me to determine

which of these explanations is correct, and there do not
appear to be any observable differences between Type II
and Type III phrases.

Repertoire Size
I was unable to determine the actual repertoire
size of individual males because I lacked multiple record
ings of marked birds.

However, I was able to calculate a

minimum estimate of the repertoire size for the seven
individuals from which I had recorded 20 or more songs
(Table 3).

I am using repertoire size to describe the

number of phrases used by a single male, rather than the
total number of songs represented by unique combinations
of these phrases.

This approach has been used for other

continuous singers with large repertoires (Boughey and
Thompson 1981; Howard 1974).
For each of the Individuals described above, I
plotted the number of new phrases introduced against the
total number of phrases sung (Appendix C),

The slopes of

these plots are initially steep, Indicating that many
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Table 3.

Estimated Repertoire Size of Lesser Goldfinches.

measured
rept.

est.*
rept.

30

96

105

2 April

27

82

84

Aravalpa

13 April

48

75

75

4.

Aravaipa

30

May

31

87

89

5.

Arivaca

30 March

20

71

71

6.

Garden

22

May

27

70

70

7.

Carr

18

July

20

68

71

bird

location

date

1.

Aravalpa

14 March

2.

Aravaipa

3.

N of
songs

* As calculated from Wildenthal (1965)
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phrases are introduced into songs before the bird begins
to include repetitions of earlier ones.

As the bird

continues singing, fewer new phrases are introduced.

To

the extent that a single bout is representative of the
bird's entire repertoire, the total number of phrases
estimated by determining the asymptote of the curve pro
vides an approximation of the individual's total
repertoire size.

If the phrases used by a single male

vary considerably between bouts, this technique underesti
mates repertoire sizes.

To calculate an estimate of total

repertoire size, I used Wildenthal's (1965) formula, n =
N(l-e~^^), where n = the number of unique phrase types,
T = total number of phrases in the sample and N = total
number of phrases in the repertoire. The repertoires which
I measured for goldfinches range between 68 and 96 phrases
(Table 3).

Repertoire sizes estimated using Wildenthal's

formula are between 70 and 105.

Use of Mimicry
A substantial proportion of the repertoire is
composed of mimicked phrases (Table A).

There is no

difference between the proportion of mimicry in the songs
of goldfinches from any of the study sites and/or between
the flocking and paired individuals at Aravaipa Canyon.
(Table 4).

For the 7 individuals for which I had recorded
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Table 4.

Proportion of Mimicry in Leaser Goldfinch Songs,
by Area.

location

%

st.dev

Aravaipa

(flocking)

.584

.194

Aravaipa

(breeding)

.574

.182

Arivaca

.544

.121

Santa Cruz

.572

.160

Garden

.557

.199

Carr

.545

.172

An arcsin transformation was performed on the data before
running the ANOVA. F® .939, DF" 448, P <.455 (NS)
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20 or more songs, I looked at two measures of the the
proportion of Type II (mimicked) phrases used by gold
finches.

First, I calculated the proportion of the

repertoire that was composed of Type II phrases.

Then I

measured the proportion of Type II phrases actually used
within songs (Table 5).

Four of the seven individuals

used significantly more mimicked phrases as measured by a
Chi squared analysis than would be expected based on the
proportion of mimicked phrases within the repertoire.

For

example, in the repertoire of a male from Aravaipa Canyon,
57.7 percent (45/87) of the phrases in his repertoire were
imitations, but in 31 recorded songs, 63 percent (218/346)
of the phrases sung were mimicked.
Goldfinches mimic vocalizations from a wide range
of species (Table 6);

39 species of birds, and one mammal

were mimicked on my study areas.

Imitations of vocaliza

tions of birds include both closely related species such
as the Pine Siskin (Carduelis pinus)and House Finch (Carpodacus mexicanus) and members of different orders such as
the Black-chinned Hummingbird (Archilochus alexandri) and
American Kestrel (Falco sparverius).
The types of sounds which are copied are similarly
varied, ranging from simple pure tones to sounds with
complex frequency structure and modulation.

The range of
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Table 5.

Proportion of Repertoire Composed of Mimicked
Phrases and Proportion of Sung Phrases Which Are
Mimicked Phrases. (Disproportionately greater
use of mimicked phrases is indicated)

no. of
bird songs rep.

mimicry
rep. (%)

aim. phrases/
tot. phrases (%)

X1

slg.

1.

30

96

54 (56.3)

259/437 (59.3)

1.58

NS.

2.

27

82

39 (47.6)

182/325 (56.0)

8.98

**

3.

48

75

48 (50.6)

331/544 (60.8)

16.60

***

4.

31

87

46 (52.9)

218/346 (63.0)

14.21

***

5.

20

71

36 (50.7)

199/358 (55.6)

3.23

NS.

6.

27

70

32 (45.7)

204/362 (56.4)

16.65

*#*

7.

20

68

31 (45.6)

116/236 (49.1 )

.64

NS.

** p< .01
*** p< .001
NS not significantly different
Note: Dates and locations of recordings for each bird are
given in Table 3.
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Table 6:

Species Imitated by Lesser Goldfinches In
Southeastern Arizona.

Species

Location

American Kestrel (Falco sparverlus)
Bl.-chinned Hummingbird (Archilochus alexandri)
Ladder-backed Woodpecker (PlcoideB Bc'alarls)
Northern Flicker (Colaptes auratus)
Tufted Flycatcher (Mltrephanes phaeocercus)
Western Wood-Pewee (Contopus sordiduluip
Buff-breasted Flycatcher (Empidonax fulvifrons)
Black Phoebe (Sayornls nigricans)
Say's Phoebe (Sayornls saya)
Ash-throated Flycatcher (Mylarchus clnerascens)
Cassln'B Kingbird (Tyrannus vociferans)
Thick-billed Kingbird (T. crasslrostrie)
Violet-green Swallow (Tachyclneta thalasslnus)
N. Rough-winged Swallow
(Stelgldopteryx acutlpennis)
Scrub Jay (Aphelocoma coerulescens)
Gray-breasted Jay (A. ultramarina)
Bridled Titmouse (Parus wollweberi)
Verdin (Aurlparus flavlceps)
White-breasted Nuthatch (Sitta carollnensls)
Rock Wren (Salplnctes obsoletus")
Canyon Wren (Catherpes mexlcanus)
Bewick's Wren (Thryomanes bewlckll)
House Wren (Troglodytes aedon)
American Robin (Turdus mlgratorlus)
Northern Mockingbird (Mimus polyglottos)
Curve-billed Thrasher (loxoBtoma curvirostre)
Crlssal Thrasher (T^_ dorsalis)
Phainopepla (Phalnopepela nltens)
Solitary Vireo (Vlreo solitarlus)
Summer Tanager (Plranga rubral
Cardlnalls sp.
Green-tailed Towhee (Pipllo
chlorurus)
Lfip
Brown Towhee (P_;_ fuscuT)
Rufous-crowned Sparrow (Almophlla ruficeps)
Song Sparrow (Melospiza melodia )
Hooded Oriole (Icterus cucullatus)
House Finch (Carpodacus mexlcanus)
Pine Siskin (Carduelis plnus)
House Sparrow (Passer-domestlcus)
Rock Squirrel (Cltellus varlegatus)

12
12
1 2
12

3
3
3
3

12 3
12
12
12
1
2
12
1

3
3
3
3
3

4 5
4
4 5
4 5
5
4 5
5
4 5
4 5
4 5
4 5
4 5
5

12
4 5
1
3 4 5
1
3 4 5
12 3 4 5
1
3
1 2 3 4 5
12 3 4 5
12 3 4 5
12 3 4 5
12 3 4 5
12 3 4 5
12 3 4 5
12 3 4 5
1
3 4 5
1
3 4 5
12 3 4
1
3 4
12 3 4 5
1 2 3 4 5
12 3 4 5
12 3 4
12 3 4 5
12 3 4 5
12345
1
3 4 5
1
3 4 5

Key to locations: 1- Aravaipa; 2- Arlvaca; 3- Santa Cruz;
4- Garden Canyon; 5- Carr Canyon.
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frequencies of imitated sounds is also broad, from about
1000 Hz to over 7000 Hz. (see Figure 5).
Goldfinches do not produce exact reproductions of
the models' vocalizations.

Although the mimicked vocali

zations are easily recognized by observers familiar with
the calls, comparisons of sonagrams show slight variations
in structure and frequency of the sounds (Appendix B).
One characteristic of nearly all phrases used in goldfinch
songs, not merely those which are copied from other spe
cies, is that they tend to be relatively short, (x=.26
sec, st dev .167, (N=100).

As a result, most imitated

phrases are call notes which tend to be shorter than
primary songs.

Short segments of longer vocalizations are

rarely but occasionally mimicked.

Variation in Imitative Repertoires
Songs of goldfinches recorded in different breed
ing habitats vary with respect to the species that are
mimicked within the song and the relative frequency of
occurrence of the imitations.

(Table 7).

Some of the

observed differences may be due to individual differences,
but I was unable to determine the extent of individual
variation due to the lack of marked birds.

There was a

high degree of similarity between the relative frequency
of species mimicked by flocking birds that I recorded at
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Table 7. A Comparison of the Similarity of Use Mimicry
Between Selected Study Sites.

Aravalpa
Breeding

Aravalpa
Flocking

Arlvaca

.811***

.613***

Arlvaca
Santa Cruz
Garden

Spearman rank correlations
* p< .025
** p< .01
*** p< .001

Santa Cruz

.573***

Garden

Carr

.334*

.555**

.461**
.541**
.415**
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Aravaipa Canyon in March and the birds I recorded breeding
there later in the spring (Table 7).

Correlation between

birds in other areas was not as strong but still signifi
cant.
Many model species are imitated by goldfinches at
all of the sites where I recorded.

The calls of some of

these species are consistently among the 10 most frequent
imitations used by goldfinches (Table 8).

Bewick's Wren

(Thryomanes bewicki), House Finch and Verdin (Auriparus
flaviceps) fall into this category at all 6 areas, and
Fine Siskin is within this category at 5 of the 6 sites.
Buff-breasted Flycatcher and Tufted Flycatcher were imi
tated at only one site.

Results of comparisons with acoustic censuses
I used the results of acoustic censuses to deter
mine the relative frequency of calls and songs of other
species to which goldfinches were exposed during the
breeding season at Aravaipa and Garden Canyons, respect
ively (Tables 9 and 10).

I compared lists of the vocali

zations heard in each habitat, ranked by frequency, to
ranked lists of species mimicked by goldfinches in that
habitat in order to test the hypothesis that goldfinches
use mimicry in proportion to what they hear in their
breeding habitat. There is no relationship between the

Table 8.

Breeding
Aravaipa
BEWR 12.1
HOFI 10.0
VERD 7.0
BRTO 5.8
PISI 5.5
ROWR 4.6
BLPH 3.9
SCJA 3.6
CAWR 3.4
AMKE 3.3

% tot. 59.2
AMRO
AMKE
BCHU
BEWR
BLPH
BRTI
BRTO
CAWR
CBTH
CRTH
GBJA
GTTO
*

Comparison of the 10 Most Frequently Imitated
Species at Each Site as Shown by the % of All
Imitations Used by Goldfinches at That Site.

Flocking
Aravaipa

Arivaca

Santa Cruz

Garden

Carr

HOFI 12.2
BEWR 9.6
VERD 5.6
CAWR 5.4
AMRO 4.5
SCJA 4.2
BLPH 4.0
RCSP 4.0
PISI 3.5*
LBWO 3.5*
NOFL 3.5*

HOFI 16.6
VERD 12.7
CAWR 6.1
BEWR 5.7
HOWR 5.2
CBTH 4.8
MOCK 4.8
BRTO 4.4
AMRO 3.9*
BLPH 3.9*
CRTH 3.9*

VERD 11.8
HOFI 10.1
PISI 6.5
BEWR 6.0
BRTO 4.9
HOWR 4.5
ROWR 4.1
BLPH 3.7
CBTH 3.3*
BCHU 3.3*
GBJA 3.3*

BEWR 18.6
HOFI 11.6
VERD 11.6
AMRO 7.6
CBTH 4.0
CRTH 4.0
NOFL 3.7
RCSP 3.0*
BRTO 3.0*
AMKE 3.0*
PISI 3.0*

BEWR 12.7
HOFI 10.2
PISI 9.2
AMRO 5.4
VERD 5.4
BRTI 4.6
SOVI 4.1
RCSP 3.8
HOWR 3.5
BRTO 3.3*
GTTO 3.3*

56.5

68.1

61.1

70.1

62.2

Ht American -Robin
m American Kestrel
» Black-chinned Hummingbird
n Bewick's Wren
as Black Phoebe
B Bridled Titmouse
- Brown Towhee
- Canyon Wren
•s Curve-billed Thrasher
- Crissal Thrasher
- Gray-breasted Jay
K Green-tailed Towhee

denotes tie for tenth rank

HOFI
HOWR
LBWP
MOCK
NOFL
PISI
RCSP
ROWR
SCJA
SOVI
VERD

-

m

•

»

m

House Finch
House Wren
Ladder-backed Woodpecker
Northern Mockingbird
Northern Flicker
Pine Siskin
Rufous-crowned Sparrow
Rock Wren
Scrub Jay
Solitary Vireo
Verdin

Table 9. Comparison of Acoustic Censuses and Mimicry at
Aravalpa Canyon.
Species detected on acoustic
censuses, ranked by frequency
of detection (N = 3021)

Most frequently Imitated
species at Aravalpa
Canyon (N *" 914)

Yellow Warbler
Yellow-breasted Chat
Bell's Vlreo
Brown-crested Flycatcher
Gila Woodpecker
Cassin's Kingbird*
Bewick's Wren*
Lucy's Warbler
Summer Tanager*
Canyon Wren*
Western Wood Pewee*
White-winged Dove
Hooded Oriole*
Lesser Goldfinch
Mourning Dove
Bunting spp. (Lazuli/Indigo)
Rock Wren*
House Pinch*
Black Phoebe*
Violet-Green Swallow*
European Starling
White-throated Swift
Abert's Towhee
Northern Oriole
Brown-headed Cowblrd
Gambel's Quail
Ladder-backed Woodpecker*
Blue Grosbeak
Ash-throated Flycatcher*
Phainopepla*
Northern Cardinal*
Vermilion Flycatcher
Black-chinned Hummingbird
Yellow-billed Cuckoo
Say's Phoebe*
Rufous-crownned Sparrow*
Northern Beardless Tyrannulet
Western Kingbird
Warbling Vireo
Red-tailed Hawk

•Bewick's Wren
*House Finch
+Verdin
*Brown Towhee
Pine Siskin
*Rock Wren
*Black Phoebe
+Scrub Jay
*Canyon Wren
American Kestrel
*Hooded Oriole
Curve-billed Thrasher
•Ladder-backed Woodpecker
*Ash-throated Flycatcher
+Bridled Titmouse
*Rufous-crowned Sparrow
•Western Wood Pewee
American Robin
•Northern Flicker
Crissal Thrasher
*Black-chinned Hummingbird
*Say's Phoebe
*Violet~green Swallow
Solitary Vireo
Green-tailed Towhee
•Northern Cardinal
House Sparrow
House Wren
•Phainopepla
Northern Mockingbird
Gray-breasted Jay
•Cassin's Kingbird
•Summer Tanager
+Song Sparrow
•White-breasted Nuthatch

* occurs on both lists
+ present but not detected on acoustic 'censuses
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Table 10. Comparison of Acoustic Censuses and Mimicry at
Carr Canyon.

Species detected on acoustic
censuses, ranked by
frequency (N " 1148)

Rufous-sided Towhee
Western Wood Pewee*
Greater Pewee
Solitary Vireo*
American Robin*
Black-headed Grosbeak
Yellow-eyed Junco
Bewick's Wren*
White-breasted Nuthatch
Violet-green Swallow
Rufous-crowned Sparrow*
Lesser Goldfinch
Acorn Woodpecker
Northern Flicker*
Eastern Bluebird
Painted Redstart
Steller's Jay
Hepatic Tanager
Cassia's Kingbird
Dusky-capped Flycatcher
Buff-breasted Flycatcher*
House Finch*
Bronzed Cowbird

Species imitated at
Carr Canyon, ranked by
frequency
(N • 341)

•Bewick's Wren
*House Finch
Pine Siskin
•American Robin
Verdin
*Bridled Titmouse
•Solitary Vireo
•Rufous-crowned Sparrow
House Wren
Brown Towhee
Green-tailed Towhee
•Cassln's Kingbird
Mockingbird
Curve-billed Thrasher
Ladder-backed Woodpecker
Black Phoebe
Crlssal Thrasher
•Violet-Green Swallow
+Gray-breasted Jay
+Canyon Wren
Hooded Oriole
Ash-throated Flycatcher
•Western-wood Pewee
Black-chinned Hummingbird
House Sparrow
Phalnopepla
Tufted Flycatcher
•Buff-breasted Flycatcher
American Kestrel
Say's Phoebe
Scrub Jay
Rough-winged Swallow
Northern Cardinal
Summer Tanager
Rock Squirrel

* on both lists
+ in the area but not detected on acoustic censuses
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vocalizations that goldfinches imitate and those recorded
on the acoustic census.

Ranked correlations were not

performed because there was insufficient correspondence
between the two lists.

Many species frequently imitated

by goldfinches at Aravalpa Canyon do not occur in the
riparian habitat at all during the breeding season.

Some

species imitated by goldfinches inhabiting riparian wood
land are restricted to mountain habitats for breeding, or
do not occur in southeastern Arizona at all during the
major portion of the goldfinches breeding season.

These

include the American Robin (Turdus migratorlus), Pine
Siskin, Gray-breasted Jay (Aphelocoma ultramarina) and
Green-tailed Towhee (Plpllo chloruris).

Similarly, gold

finches breeding in the pine-oak woodlands of Carr Canyon
imitated many desert species, such as the Verdin, Curvebilled Thrasher (Toxostoma curvirostre) and Ladder-backed
Woodpecker (Picoldes scalarls).
Species which dominated the acoustic censuses are
not necessarily among the most frequently imitated
species.
all.

In many cases these species are not imitated at

For example, I never detected mimicry of such spe

cies as Lucy's Warbler (Vermivora luclae) and Yellow Warb
ler (Dendrolca petechia), Brown-crested Flycatcher (Mylarchus tyrannulus) and Gila Woodpecker (Melanerpes uropyglalis) at Aravaipa, and Greater Pewee (Contopus pertinax),
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and Rufous-slded Towhee (Plpilo erythrothalmus) at Carr
Canyon, even though these were among the most common
species heard on the censuses.
Although goldfinches do not imitate models in
proportion to their occurrence in the acoustic environ
ment, some of the variation in the goldfinches* reper
toires of Type II phrases appears to be influenced by the
t
likelihood of an encounter vith a specific model. For
example, I detected imitations of Thick-billed Kingbirds
(Tyrannus crasslrostris) only along the Santa Cruz River,
which is one of the few areas that Thick-billed Kingbirds
occur in Arizona.

Scrub Jays (Aphelocoma coerulescens)

are fairly common in the hills surrounding Aravaipa Canyon
and imitations of Scrub Jays were more common at Aravaipa
Canyon than at any other of the recording localities.
Scrub Jays do not occur in the vicinity of the other sites
(pers. observation).

Similarly, mimicry of American

Robins was more common at Garden Canyon, where Robins
breed, than at Aravaipa Canyon where they are found only
in winter and very early spring.

Although many species

which goldfinches imitate are not found in the areas where
they breed, most of them might be encountered in areas
where goldfinches flock during fall and winter.

CHAPTER 5

DISCUSSION

This study was not specifically designed to test
hypotheses about the function of vocal mimicry in Lesser
Goldfinches or to test hypotheses which have been proposed
to explain vocal mimicry.

However, the data collected in

this study make it possible to evaluate these hypotheses
to determine which of them are likely to provide the best
explanations for the function of vocal mimicry in gold
finches.
Dobkin (1979) proposed a classification scheme for
vocal mimicry, which he termed vocal copying phenomena,
based on the function of the imitations and the intended
recipient of the signal.

This classification includes the

following four categories of vocal copying phenomena: 1)
vocal appropriation, in which vocalizations of other spe
cies are incorporated into songs solely as a way of
increasing repertoire size; 2) vocal imitation, in which
songs of conspecifics are Imitated; 3) vocal convergence
or non-diverg'ence, in which calls or songs of sympatric
species which are close relatives or ecological competi
tors are imitated; and 4) vocal mimicry, which is the use
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aggressive, predatory or otherwise noxious.

Dobkin further

subdivides vocal mimicry into additional categories
depending on the probable reason for the deception and the
identity of the intended recipient.

Categories 3 and 4

involve interspecific communication, while vocal appro
priation and vocal imitation are used intraspeclfIcally.
Baylis (1982) criticized Dobkin's system of class
ification because there is little or no evidence that any
species fit some of the proposed categories and because it
is difficult to fit some forms of mimicry into any of
Dobkin's categories.

He argued against using this classi

fication because of the confusion of terms and because the
classification assumes that all vocal mimicry has a
function.

In addition, he argued that since mimicry is a

behavior pattern, it should be described in ways that do
not imply function or mechanism if it is to be studied
objectively.

Despite these objections, Dobkin's scheme

provides a framework for Interpreting the function of
vocal mimicry and predicts what types of species should be
imitated depending on the function of the mimicry.

Function of Vocal Mimicry by Goldfinches
Non-adaptive Hypotheses
Hypothesis 1:

The similarity between vocaliza

tions of Lesser Goldfinches and those of other species is
due to a chance resemblance (Baylis 1982).

Predictions: If all of the observed similarity is
due to chance, goldfinch songs would be expected to con
tain a small proportion of phrases which appear to be
imitations.

I would expect to see high variability with

respect to how precisely the goldfinch and non-goldfinch
phrases resemble each other.
Sonagrams of goldfinch phrases and those of vocal
izations of model species shown in Appendix 1 are very
similar.

Although some chance resemblance cannot be

entirely ruled out, 45% to 56% of the phrases in the
repertoires of the individuals I recorded resemble vocali
zations of species regularly encountered by goldfinches
(Table 5).

Some Type III phrases may also be imitations.

In addition, a the resemblance between the sonagrams of
goldfinch vocalizations and the presumed models is
consistently very high (Appendix 1).

I feel it is unlike

ly that these similarities are due to chance.
Hypothesis 2:

Similarity between the vocaliza

tions of Lesser Goldfinches and those of other species is
due to an environmental factor common to both goldfinches
and the species they appear to imitate (Baylis 1982).
Predictions: There should be identifiable environ
mental factors (such as acoustical properties of the envi
ronment) which favor the propagation of certain types of
sounds.

Lesser Goldfinches inhabit a variety of habitats
in the breeding season.

In addition, they mimic a large

number of species which nest in a wide diversity of envi
ronmental conditions. Therefore, there seems to be llttl
evidence that shared environmental conditions could
account for similarities between vocalizations of gold
finches and those of other species.
Hypothesis 3: The use of vocal mimicry is a resu
of deprivation of exposure to con-specific models during
the song-learning period (Baylls 1982).
Predictions: Deprivation of exposure leading to
mistakes in song-learning is most likely to occur in the
wild as a result of low-density populations, late-season
hatchings or when the parents of one species foster the
young of another.

This would not be likely to result in

widespread mimicry in all members of the population.
The Lesser Goldfinch is a highly social species
which forms feeding flocks during most of the year and
loose nesting colonies (Coutlee 1968).

Although nesting

sometimes occurs as late as November (Linsdale 1957), th
timing of nesting seemed to be synchronized among gold
finches I observed and there were no Instances of foster
ing by any other species.

Without exception, all of the

goldfinches I have observed use mimicry in their songs.
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Interspecific Functions
Hypothesis 4:

Mimicry is used to exclude poten

tial predators from the vicinity of the nest (Dobkin
1979).
Predictions: Dobkin proposes three categories of
mimics using mimicry to exclude predators.

Bateslan

acoustic mimics, which are "harmless", and Mullerian
acoustic mimics, which are predators, would be expected to
mimic the vocalizations of predators or aggressive spe
cies.

Dobkin's final category, which he terms Lincolnian

acoustic mimics, imitate mobbing calls of other species to
incite them to mob predators, and would therefore be
expected to mimic these calls preferentially.
Lesser Goldfinches are neither noxious nor preda
tory,

so Mullerian Acoustic Mimicry does not apply to

them.

The American Kestrel, Scrub Jay and Gray-breasted

Jay are the only potential predators of goldfinches that
were mimicked by the goldfinches that I recorded.

Lins-

dale (1957) observed an American Kestrel attacking gold
finches and reported attempted nest predation by Scrub
Jays in California.

Gray-breasted Jays are also nest-

robbers and could potentially prey on goldfinch eggs or
nestlings.

None of these species are mimicked exclusively

or preferentially by goldfinches.
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Vocal mimicry by Violaceous and Thick-billed Euphonlas and by White-eyed Vireos includes many mobbing
calls, and has been suggested as a means of attracting
other species to mob a predator while the mimic remains
safely hidden (Adkisson and Conner 1978; Morton 1976;
Remsen 1976; Snow 1974).

Unlike these species, most of

the vocalizations copied and used by goldfinches are not
mobbing or alarm calls and they are not used to attract
other species to mob predators.
Hypothesis 5: Mimicry is used by nest-parasites to
locate potential hosts (Nicolai 1974; Payne 1973; 1976).
Predictions: A species which uses mimicry to lo
cate potential hosts should imitate the host species ex
clusively.
This hypothesis does not apply to Lesser Goldfin
ches, which are not nest parasites.
Hypothesis 6: Mimicry Is used for interspecific
territorial defense.
Predictions: The Beau Geste hypothesis (Krebs
1977), as applied to vocal mimicry by Rechten (1978),
suggests that by copying the sounds of enemies and compet
itors the mimic may reduce the apparent suitability of its
habitat to potential competitors.

Therefore, competitors

and/or predators should be preferentially mimicked.

Simi

larly Dobkin's (1979) category of ecological convergence
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or non-divergence predicts the use of vocalizations of
sympatric close relatives or ecological competitors.

Spe

cies which fit Dobkin's categories of competitive Batesian mimics and competitive Mullerlan mimics are predicted
to mimic predators in a manner analogous to the the Batesian and Mullerlan acoustic mimics.
There are problems in defining exactly what con
stitutes a potential competitor of a goldfinch.

Like many

carduelids, Lesser Goldfinches defend limited nesting
territories which do not include feeding areas (Conder
1948; Coutlee 1968; Marler and Mundinger 1975).

Lesser

Goldfinches primarily defend their territories against
intruding male goldfinches.

Thus while Lesser Goldfinches

may depend on some of the same food resources as other
granivorous species such as House Finches, these resources
are not defended by the use of territorial song.

Physical

aggression toward individuals of other species has not
been documented.
Goldfinches probably do not compete with other
species for nest sites.

Nests are built in a variety of

trees and shrubs (Linsdale 1957, Coutlee 1968).

Placement

may be at the ends of branches or at the top of a small
tree or shrub.

Frequently goldfinches nest in loose colo

nies and some apparently suitable nesting areas are not
inhabited (Coutlee 1968).

As in European Goldfinches
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(CarduellB carduells), territorial defense does not begin
until the nest-site is selected (Conder 1948).

Therefore, it is difficult to identify any species
which goldfinches would attempt to exclude from their
territories as competitors, and thus few mimicked vocali
zations can be labeled as those of potential competitors.
Even if all species whose diet or nesting requirements
overlap those of goldfinches are defined as competitors,
these species make up less than 10% of the models listed
in Table 6.
Since goldfinches do not appear to mimic either
potential predators or competitors preferentially, hypo
theses which use interspecific territoriality to explain
mimicry can be ruled out as explanations for vocal mimicry
by Lesser Goldfinches.

This conclusion was also reached

by Remsen et. al. (1982), using an approach similar to
mine.

An additional argument against an explanation based

on interspecific territorial defense or the exclusion of
predators can be made.

A species using mimicry for

effective interspecific communication or deception should
use copied vocalizations in such a way that they are
clearly audible and distinguishable as the calls of the
model species.

Goldfinches do not appear to do this.

Mimicked phrases are not repeated within songs nor are
they easily distinguished from non-mimicked phrases.

Al
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though I did not measure the volume of the songs of
goldfinches and model species, goldfinch song is not par
ticularly loud and does not carry very far.

Mimicked

phrases are not sung more loudly than non-mimicked phrases
and are frequently sung much more quietly than the vocali
zations given by the models.

Finally, many of the mim

icked vocalizations are not complete territorial songs,
but call notes or short fragments of songs.

Xntraspecific Functions
Hypothesis 7: Mimicry may function in reproductive
isolation or in locating a mate from the approprite
breeding area (Dowsett-LeMaire 1979; Guttinger 1977).
Predictions: There should be recognizable differences
between the species mimicked by populations breeding in
different areas, and these should reflect the models pre
sent in breeding or wintering areas or both.
There are differences in the species mimicked in
the two habitats where I recorded Lesser Goldfinches
(Table 8), however these differences do not clearly re
flect differences between models found in either breeding
or wintering areas.

These individuals probably'do not

belong to separate or isolated breeding populations.
Hypothesis 8: Mimicry is a means of increasing
individual repertoire size (Armstrong 1963; Dobkin 1979;
Krebs and Kroodsma 1980; Baylis 1982).

Predictions: A species using vocal mimicry as a
way to increase repertoire size should mimic a variety of
models, without any showing a preference for predators,
competitors or sympatric relative.
This hypothesis offers the best explanation for
the function of vocal mimicry in Lesser Goldfinches.

Dob

kin refers to this type of vocal copying as vocal appro
priation.

The function of large repertoires is not

completely understood, but both intra- and intersexual
functions have been suggested and these hypothetheses
were reviewed by Krebs and Kroodsma (1980).

Large reper

toires may be used as cues for mate choice (Catchpole
1980; Hiett and Catchpole 1982; Howard 1974), to reproductively stimulate females (Kroodsma 1976; Marler and
Searcy 1984) or in interactions between males (Hartshorne
1956; Krebs 1977; Kroodsma 1977; Krebs, Ashcroft and
Webber 1978; Lein 1978).

While goldfinch songs are used

for both mate attraction and in aggressive interactions
between males, the nature of territoriality in goldfinche
makes it unlikely that the primary function of large
repertoires in this species involves the establishment or
defense of territories.

My data do not allow me to dif

ferentiate between the use of large repertoires for mate
attraction and male-male competition.
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Darwin (1871) suggested that sexual selection
might be responsible for the evolution of elaborate songs,
just as it has brought about elaborate plumages.

Large

repertoires could evolve if females exhibit a preference
for males with larger repertoires or if males with larger
repertoires are more successful at competing among them
selves.

Catchpole (1982) discussed some of the differ

ences between the effects of Intersexual and intrasexual
selection on the evolution of birdsong.

He argued that

that long, complex and variable songs have evolved through
intersexual selection and are primarily used for mate
attraction, while songs which are short, stereotyped and
repeated have evolved through intrasexual selection and
are mainly used in territorial defense (Catchpole 1980,
1982).

Song Structure, Species Specificity and Repertoire Size
A potential problem facing species in which inter
specific imitations constitute a large portion of the
repertoire is the need to maintain the specific Identity
of the singer.

An important way in which Lesser Gold

finches constantly reinforce their specific identity is by
incorporating many call notes such as contact notes and
courtship calls into song sequences and by interspersing
many calls between songs.

A disproportionately large

number of songs begin with goldfinch call notes (Table 2).
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For many species which are vocal mimics or which
have very large repertoires, the higher order structure of
the song, such as the syntax or the temporal patterns of
the song are important (Aubin and Bremond 1983; Boughey
and Thompson 1976; Dowsett-LeMaire 1979; Howard 1974;
Robinson 1974; Wildenthal 1965).

For example, Northern

Mockingbirds, Gray Catbirds and Brown Thrashers use very
similar types of phrases in their songs, some of which are
imitations.

However, the number of repetitions of phrases

is distinctive in each species (Boughey and Thompson 1976;
Wildenthal 1965).

In many birds which use vocal mimicry,

imitations of other species are sung quickly, with few
pauses and little repetition (Dowsett-LeMaire 1979; Robin
son 1974).

This pattern is characteristic of goldfinch

song, as shown in Figure 3, and may reduce negative
effects of interspecific mimicry on species specificity.
Some features of goldfinch songs are extremely
variable, e.g., the ranges of song lengths and the number
and types of phrases used in each song.

Despite this

variability, there are no differences in the mean values
of these characteristics among the goldfinch songs that I
recorded in different areas.

Thus the average values of

these parameters may be important for species specificity
of goldfinch songs. Songs of Gray Catbirds, Brown
Thrashers and Northern Mockingbirds show similar patterns
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of large ranges, but distinctive average values for song
parameters (Boughey and Thompson 1976).

Repertoire Size
Repertoire size in goldfinches is fairly large,
between 70 and 100 phrases.

This is well within the range

of some other mimicking and non-mimicking species but not
as large as for some others species.

Marsh Warblers, for

example, have repertoires of approximately 80-100
(Dowsett-LeMaire 1979), but Brown Thrashers have reper
toires as large as 2000 (Boughey and Thompson 1981).
Slightly more than half of the phrases found in the reper
toires of the goldfinches that I studied were mimicked.
Some goldfinches use mimicked phrases more often than
other types of phrases (Table 5), but this trend is not
consistent among all of the individuals that I recorded.
I do not have any explanation for this pattern.

Mimicry and Learning in Goldfinches
Goldfinches clearly do not learn and use mimicry
in proportion to their exposure to the calls and songs of
other species heard in their nesting areas as shown in
Tables 9 and 10.

This suggests that simply hearing the

vocalizations of other species is not sufficient for gold
finches to learn them, and that other factors are
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involved.

This also raises questions about why certain

species are imitated and not others.

Possible Factors Influencing Selections of Models
Some taxonomic groups such as flycatchers, are
imitated frequently, perhaps because these species are
often extremely vocal.
are never imitated.

Yet some some highly vocal species

In some cases only one member of a

pair of congeneric species is imitated, even when the nonmimicked species is heard frequently during the breeding
season.

For example the Brown-crested Flycatcher is ex

tremely vocal at Aravaipa Canyon, but I have not heard any
of its vocalizations imitated although the closely related
Ash-throated Flycatchers is frequently mimicked.
A few investigations have searched for relation
ships between the relative abundance of local species and
the species imitated by a vocal mimic.

Carter (1981)

measured the relationship between the local species and
use of mimicry indirectly.

He found no relationship be

tween the similarity of the local avifauna at his study
sites and the degree of syllable pattern overlap in Nor
thern Mockingbirds at these sites.

He stated that mimicry

by mockingbirds might be independent of the frequency of
exposure to interspecific models but felt that this did
not fully explain the lack of a correlation.

Carter

suggested birds on study sites which were situated in
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migratory flyways might receive greater exposure to the
calls of migrants.

Hindmarsh (1984) found that abundance

was the best predictor of the species mimicked by European
Starlings but that structural features of the sounds were
also important.
Physical constraints on their abilities to produce
certain frequencies or structurally complex sounds may
affect the ability of goldfinches to learn or imitate some
types of sounds to which they are exposed.

Both mimicked

and non-mimicked phrases occur in a range from about 1kHz
to at least 7 kHz.

(See figure 6).

Goldfinches do not

imitate dove or quail calls, perhaps because these calls
are low frequency sounds.

Many vocalizations copied by

goldfinches have complex features such as frequency modu
lations or multiple frequencies.

Structural complexity

does not seem to limit the types of phrases that are
imitated.

Since most phrases in goldfinch songs are rela

tively short, some vocalizations of potential models may
not be imitated because of their length.

This could

explain why so few territorial songs are mimicked.
One factor that may influence which species are
mimicked frequently is the effect of interaction between
goldfinches and the other species.

It has been shown that

song-learning is reinforced and improved by visual contact
as well as auditory exposure to a model (Baptista and
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Petrinovich 1984; Kroodsma and Pickert 1984b).

Similarly,

West and Stroud (1983) found that European Starlings which
experienced direct social interactions with human care
givers learned to mimic human speech, while birds which
were exposed to human activities and sounds without such
interactions did not.

Goldfinches frequently occur in

mixed feeding flocks with House Finches and Pine Siskins
during the non-breeding season.

These two species are

both quite vocal and give many contact notes and flight
notes while feeding or flying.

The interactions in flocks

may reinforce learning of House Finch and Pine Siskin
notes by goldfinches, as both of these species are among
the most commonly mimicked species by Lesser Goldfinches
(Table 8).

In California, where Lawrence's Goldfinches

occur with Lesser Goldfinches, the calls of each species
are mimicked by the other (Remsen et. al. 1982).
Goldfinches may associate mimicked calls with the
models that are being imitated.

In cases where more than

one vocalization of a particular species is copied, two or
more of these phrases will frequently be sung in
succession.

Timing of Song-learning in Goldfinches
The list of species mimicked by goldfinches (Table
6), and comparisons of vocalizations that goldfinches are
exposed to and those which are imitated (Tables 9 and 10),
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provide some

information about the timing of song-

learning in this species.

There is no obvious time constraint

to song-learning in goldfinches, since some of the species
which are imitated are encountered only on the wintering
grounds or during migration, while contact with others is
restricted to the summer months. Many species imitated by
goldfinches do not occur in habitats where goldfinches
nest.

Nestling or fledgling goldfinches could not be

directly exposed to calls or songs of these species until
after they dispersed from the breeding areas.

Young gold

finches do not encounter some model species until fall or
winter when these models return to winter in Arizona.
Goldfinches recorded in both riparian habitat and montane
woodlands mimic many species which are quite vocal during
the fall and winter.

Many of these models are permanent

or winter residents of riparian habitat and desertscrub,
where goldfinches frequently occur in winter.

The Tufted

Flycatcher (Mitrephanes phaeocercus), a species mimicked
in Carr Canyon, has never been observed in the United
States.

Goldfinches in Arizona would only be able to

encounter this flycatcher by wandering into Sonora, Mexico
during the winter.
Some song-learning evidently takes place during
spring or summer.

For example Black-chinned Hummingbird,
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Summer Tanager and Hooded Oriole could only be encountered
by goldfinches during the summer months.
These conclusions about the timing of songlearning are based on the assumption that mimicked vocali
zations are learned directly from the models.

If goldfin

ches learn some parts of their songs by listening to other
goldfinches then I cannot be certain that imitations ac
tually reflect exposure to particular models at particular
times.

However, some imitations must have been originally

learned directly from models which could not have been
encountered during the spring and summer months.

Goldfin

ches wander widely during the winter and might pass on
imitations when flocking with individuals from distant
nesting areas, but this seems unlikely since goldfinches
sing very little during the winter.

I believe it is

likely that goldfinches do learn from each other as well
as from the model species.

This might explain why many

non-mimicked phrases are shared among individuals.

Some

of these phrases may have originated as imitations but
have been altered beyond recognition by generations of
transmission between goldfinches.
Research on sensitive periods for song-learning
has shown that in some species the sensitive period is a
short,

fixed period during the first few months following

fledging (Thorpe 1958, Marler 1970, Mulligan 1966, Notte-
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bohm 1969).

However, this period Is not as rigidly fixed

as previously thought (Baptista and Petrinovich 1984) and
may depend on social interactions between young birds and
their models.

Sensitive periods may also depend on phy

siological and environmental factors such as hormonal
levels, day-length, fledging date and the degree of expo
sure to adult songs (Kroodsma and Fickert 1980, 1984a,
1984b; Nottebohm 1969).

Some species are also known to

add to their repertoire after their first year or through
out life (Lasky 1944; Rice and Thompson 1968; Yasukawa et.
al. 1981).

Several species of carduelids, including the

American Goldfinch (Carduelis tristis) and Pine Siskin
have been shown to learn or modify call notes as adults
(Mundinger 1970, 1979) and vocal learning also occurs in
some species during molt periods (Poulsen 1960).

My re

sults indicate that the sensitive period in Lesser Gold
finches lasts into at least the first winter if not later.
Studies of ontogeny of song in a variety of birds
have shown that in some species, there exists an auditory
template, which is genetically controlled (Thorpe 1958,
Marler 1970, Nottembohm 1972).

The auditory template

provides some basic structural features of the song, while
learning and practice perfect the detailed aspects of the
song.

Nottebohm (1972), suggested that a relaxation of

the specificity of the auditory template might lead to
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interspecific mimicry, providing one means by which large
repertoires might develop.

Kroodsma and Pickert (1984b)

found evidence for a relationship between large reper
toires and an ability for learning both conspecific and
heterospecific
tris).

songs in Marsh Wrens (Cistothorus palus-

The data collected in this study is consistent

with Nottebohm's theory that relaxation of the auditory
i
template could lead to development of large repertoires
through interspecific mimicry.
Invention and imitation are two ways that reper
toires can be substantially enlarged.

In a species with

complex and well developed song-learning behaviors, very
large and rapid changes in repertoire size could occur if
the constraints on song-learning described previously were
relaxed to allow young birds to learn from heterospecific
as well as conspecific models.

This might entail a rela

tively simple change in the learning behavior, perhaps
only lengthening the period during which the young male is
receptive to learning.

In this way, a female preference

for males with larger repertoires would not bring about a
gradual increase in repertoires as a result of runaway
sexual selection, but instead a sudden large increase
would take place as a result of the addition of mimicked
syllables.
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Carduelid finches show a great deal of flexibility
in vocal learning behavior and there are numerous examples
of both intra- and interspecific imitations within
the family.

As discussed previously, some species show

the ability to learn or modify calls as adults.

The

Purple Finch (Carpodacus purpureus)t Cassin's Finch (C.
casslni), Lawrence's Goldfinch and the Greenfinch
(Carduelis chloris) have all been shown to use interspeci
fic mimicry in their songs (Dawson 1923, Remsen et. al.
1983, Guttinger 1977).

The plasticity of vocal learning

behavior in carduelids suggests that interspecific mimicry
in Lesser Goldfinches and other carduelids may have
evolved through the process described above.
If vocal mimicry evolved as a result of modifica
tions of song-learning behaviors, the mimics might be
expected to produce very faithful imitations of the calls
of model species.

This would occur if the original song-

learning process involved accurately reproducing the songs
of conspecifics.

This could explain why vocal imitations

in some species are so similar to the vocalizations of the
models, even when the mimicry does not function*in inter
specific communication.

This study showed that song-

learning in Lesser Goldfinches extends well beyond the
first few months of life, and may well continue throughout
life as it does in other Carduelids (Poulsen 1960, Mun-
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dinger 1970, 1979).

Selection pressure for larger reper

toires may have brought about changes in the timing of
song-learning and thus may have been responsible for the
evolution of vocal mimicry in Lesser Goldfinches.

APPENDIX A

DATES AND LOCALITIES OF RECORDINGS

Aravalpa Canyon
7
8
14
17
18
2
10
13
30
2
8
28
30
6
9
10

March
March
March
March
March
April
April
April
April
May
May
May
May
June
June
June

1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982

Garden Canyon
20
22
27
2

May
May
May
June

1982
1982
1982
1982

Carr Canyon
9
17
18

July 1982
July 1982
July 1982

Arlvaca
30 March 1982
Santa Cruz
31 March 1982
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APPENDIX B

COMPARISONS OF MIMICKED VOCALIZATIONS BY LESSER GOLDFINCHES
AND VOCALIZATIONS OF THEIR MODELS

The examples of mimicked vocalizations of
Lesser Goldfinches and those of the models which follow
are arranged in phylogenetic order.
examples.

There are two sets of

The paired sonagrams include both the mimicked

vocalizations and those of models for which I was able to
obtain sonagrams of the model species.

The second set

shows only the goldfinches' mimicked vocalization.

I

recorded and produced sonagrams of all of the model
species with the exception of Western Wood-Pewee, Pyrrhuloxla and House Sparrow which were taken from Bondeson
(1977) (denoted by a single asterisk) and House Finch was
taken from Webb (1982)(denoted by a double asterisk).
letter

nan

The

designates the goldfinch phrase and the letter

"bn designates that of the model.
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APPENDIX C

PLOTS OF NUMBERS OF PHRASES SUNG VS. NUMBER OF UNIQUE
PHRASES IN THE REPERTOIRE

These graphs show the minimum estimate of the
repertoire sizes of seven male Lesser Goldfinches.

The

graphs also show that during a single bout of singing,
most phrases in the repertoire are sung during the first
few songs and relatively few additional phrases appear
during later songs.
Each graph is labelled with the location and date o
recording.

All graphs were prepared from bouts containing

at least 20 songs.
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