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(ABSTRACT) 

This study compared male response to playback and 

interspecific vocal imitation in two White-eyed Vireo 

populations, in southwestern Virginia and eastern North 

Carolina. White-eyed Vireos are hypothesized to imitate 

notes from other birds which transmit efficiently through 

dense habitat. Male White-eyed Vireos did not respond 

differently to playback of each other's songs. The song 

repertoires between Virginia and North Carolina were not found 

to include strikingly different imitations despite the 

different sound environments. Degradation and attenuation of 

White-eyed Vireo song notes was also compared between the two 

locations. There was no statistically significant difference



in degradation or attenuation of notes when compared to native 

or foreign habitat. Notes occurring more frequently in the 

population did not transmit more efficiently. Notes unique 

to North Carolina did transmit more efficiently in their 

native habitat, but this difference was explained by the 

relatively less dense habitat in North Carolina.
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LITERATURE REVIEW AND GENERAL INTRODUCTION 

Batesian and Mullerian mimicry describe the evolution of 

a visual resemblance of one species to a noxious species. 

The purpose of the mimicry is to warn or deceive potential 

predators (Curtis, 1983). The mimic thus’ reduces its 

probability of predation. The term mimicry, as used in 

ornithology, describes occasions when vocalizations of one 

species sound like vocalizations of another species (Thorpe, 

1961; Gramza, 1972; Hartshorne, 1973; Baylis, 1982). In many 

instances, it is not clear if the bird is using mimicry 

deceptively. It is difficult to determine the advantage of 

avian vocal mimicry. Ornithologists have thus discussed what 

to name this phenomena (Dobkin, 1979; Baylis, 1982). Dobkin 

suggested four phrases which identify the different origins 

and uses of mimicry. His phrases are: vocal appropriation, 

vocal imitation, vocal convergence and vocal mimicry (Dobkin, 

1979). The phrase vocal mimicry would be reserved for those 

occasions when one species reproduces the calls or songs of 

other species to deceive the listener. The other three 

phrases describe situations in which the vocalizations of one 

species sound like those of another species, but the function 

is either unknown or not deceptive. Dobkin's attempt at 

restructuring the language was important for two reasons:



First, he tried to correct inconsistencies in terminology. 

Second, he tried to focus attention on the different types of 

mimicry. He also recommended that future research explore 

questions of evolutionary or functional advantage. Correct 

use of Dobkin's terminology requires knowledge of the function 

of mimicry. As the function of mimicry for most mimics is not 

known, including White-eyed Vireos (Vireo griseus), I use the 
  

term vocal imitation to describe the resemblance of White-eyed 

Vireo song notes to call notes of other species. I use the 

term mimicry when discussing the phenomenon in general 

(Baylis, 1982). 

Mimicry is widespread, both geographically and 

taxonomically (for a list of mimics, see Kroodsma and Baylis, 

1982). Because recognition of mimicry relies upon the human 

listener's familiarity with bird songs and calls, mimicry may 

be more taxonomically widespread than is currently realized 

(Gramza, 1972; Baylis, 1982). Baylis (1982) compared known 

mimics with respect to habitat type, geographic location and 

life history characteristics. He found no patterns suggestive 

of a single unifying evolutionary or ecological reason for 

mimicry (Baylis, 1982). 

Because mimicry is so widespread, ornithologists have 

proposed many hypotheses to explain the evolution of mimicry. 

Few experiments have tested these hypotheses. The proposed 

hypotheses include interspecific territoriality (Hartshorne, 
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1973; Dobkin, 1979), the Beau Geste hypothesis (Rechten, 

1978), mimicry of predators (Morton, 1976; Fraga, 1987), 

mimicry of prey (Witchell, 1896; Marshall, 1950) and mimicry 

of host bird species by parasitic bird species (Payne, 1976). 

Below I will review the many hypotheses which have been 

proposed to explain the evolution or functions of mimicry. 

The interspecific territorality hypothesis of vocal 

imitation was tested experimentally in two species of sparrow. 

In two experiments on sympatric populations of White-crowned 

Sparrows (Zonotrichia leucophrys) and Song Sparrows (Melospiza 

melodia), Baptista and Catchpole (1989) demonstrated that 

White-crowned Sparrows and Song Sparrows not only sing each 

other's songs, but respond aggressively to the imitations of 

each other's songs. Catchpole and Baptista suggested that the 

need for interspecific territorial defense in the sympatric 

sparrow populations resulted in the evolution of interspecific 

song learning. (Catchpole and Baptista, 1988; Baptista and 

Catchpole, 1989). 

The Beau Geste hypothesis is one evolutionary explanation 

for large song repertoires (Krebs, 1977). A bird with many 

song types could exclude more birds from his territory than 

a bird with few song types. An individual bird possessing a 

multiple song repertoire would sound to conspecifics as if he 

was many birds. Mimics could likewise use the songs of other 

species, in addition to the songs of their own species, to 
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exclude both conspecifics and heterospecifics from their 

breeding territories (Rechten, 1978). 

Birds also may use mimicry in the presence of avian 

predators either to confuse the predator or to enlist the aid 

of other bird species in defense. Fraga (1987) documented the 

use of Roadside Hawk (Buteo magnirostris) vocalizations by the 

Epaulet Oriole (Icterus cayanensis). Fraga suggested the 

Epaulet Oriole mimicked Roadside Hawk calls as an 

“interspecific threat" which might serve to keep the hawks 

away from their territories (Fraga, 1987 p. 137). The Thick- 

billed Euphonia (Euphonia violacea), rather than mimicking the 

predator's calls, mimics alarm calls of other birds. It uses 

the imitated alarm calls in the presence of the imitated 

species to instigate interspecific mobbing of predators 

(Morton, 1976). 

Witchell (1896) proposed one of the earliest hypotheses 

about the function of mimicry. He suggested that some shrike 

species (Family Laniidae) lure in small song birds by singing 

their vocalizations. Thus lured in, the shrikes would then 

feast upon the songbirds (Witchell, 1896; Marshall, 1950) No 

empirical evidence exists to support or refute this 

hypothesis. 

Finally, male parasitic Indigo-birds (Vidua sp.) mimic 

the songs of their host species (Payne, 1976). Female Indigo- 

birds select their mates according to the type of songs they 
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Sing. The resulting pair produce eggs which correctly mimic 

those of the host species. The nestlings also display the 

mouth markings of the host species. The selection of the 

correct mate and host species by the female Indigo-bird is 

vital to the survival of the nestlings. 

Additional hypothesized functions include the use of 

mimicry to construct large repertoires (Howard, 1974), use of 

mimicry to facilitate reproductive isolation (Dowsett-Lemaire, 

1979; Baylis, 1982) and the use of mimicry to facilitate 

individual recognition (Thorpe, 1961). 

Ornithologists have proposed many hypotheses to explain 

the evolutionary advantages of large song repertoires (Krebs 

and Kroodsma, 1980). Mimicry may have evolved in birds as a 

means of increasing the size of their repertoires. A species 

which copies songs would not have to create their own new 

songs. The Northern Mockingbird (Mimus polyglottos), a 

mimicking species with a large repertoire, supports this 

hypothesis (Howard, 1974). 

Mimicry may facilitate reproductive isolation. Marsh 

Warblers, (Acrocephalus palustris), are Palearctic migrants 

that mimic species from both the breeding grounds in Europe 

and the wintering grounds in Africa (Dowsett-Lemaire, 1979). 

Female Marsh Warblers may use vocalizations to select mated 

which match their own migration patterns. Assortative mating 

may result in selection for genes coding for migration 
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strategies (Baylis, 1982). 

Thorpe (1961) suggested that mimics copy vocalizations 

from different individuals, resulting in distinctive 

repertoires. Distinctive repertoires permit individual 

recognition. However, starlings learn heterospecific 

vocalizations from conspecifics (Eens, 1992). Individual 

distinctiveness would then arise from voice quality 

differences or other parameters and not note differences 

alone. 

Mimicry is not a prerequisite for large repertoires, 

reproductive isolation or individual recognition because these 

behaviors are found in birds which do not mimic. Rather, 

mimicry is an alternative solution to these common problems. 

In response to the need for a large repertoire, the result in 

one species may have been the evolution of brain or behavioral 

mechanisms necessary to create large song repertoires. The 

capacity to copy vocalizations evolved in another species 

(Marshall, 1950; Dobkin, 1979). 

Other hypotheses for the evolution of mimicry stress the 

importance of efficient signal transmission. Early 

ornithologists (Witchell, 1896; Marshall, 1950), who noted 

that some mimics lived in dense habitats, thought they copied 

sounds with maximum signal propagation efficiency from other 

species. Empirical evidence supports the idea that birds have 

songs adapted for optimal transmission in particular habitat 
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types. Gish and Morton (1981) demonstrated that Carolina Wren 

(Thryothorus ludovicianus) songs propagate best their native 

habitat. Gish and Morton recorded songs from Carolina Wrens 

in Maryland and Florida. They played the Maryland songs in 

Florida and the Florida songs in Maryland. They broadcast the 

songs from a tape recorder and re-recorded them 10 and 50 

meters from the source. They measured the energy loss ina 

song relative to time and found songs transmitted best in 

their original habitat. A mimic colonizing a new area, or 

forced into a suboptimal habitat could potentially increase 

its signalling capabilities and therefore its reproductive 

fitness by copying locally adapted songs or calls. Local 

songs or calls would presumably be adapted for optimal 

transmission through the local habitat. 

Mimicry could also have evolved as a kind of "jamming 

device." Least Flycatchers (Empidonax minimus) and Red-eyed 

Vireos (Vireo olivaceus), sympatric species, alter song 
  

delivery to avoid temporal overlap (Ficken et al., 1974). 

Birds may compete for an uncrowded channel in the dawn chorus 

cacophony just as they compete for food or mates. Mimicked 

songs could interfere with the songs of the model species. 

Observation of mimics singing at the same time, diurnally and 

seasonally as the models, indirectly supports this hypothesis 

(Harcus, 1977; Robinson, 1974, suggests otherwise). However, 

mimics and models could be singing on the same temporal 
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schedule for other reasons. For example, sound transmits with 

less attenuation at higher humidity (Piercy et al., 1977). 

Humidity is often higher in the early morning than at other 

times of the day (Wiley and Richards, 1982). Mimics and 

models might sing in the morning because of optimal sound 

transmission and not because the mimics are trying to 

interfere with their models. Similarly, mimics and models may 

breed at the same time seasonally, and are therefore courting 

and singing simultaneously. Available resources determine 

breeding schedules. Therefore, avoiding signal interference 

may not be the primary factor influencing seasonal song 

behavior. 

Mimics, which are passerines and thus learn their songs 

(Kroodsma, 1982), learn songs from two possible sources. The 

prevailing wisdom is that mimics learn their songs directly 

from interspecific models. The striking resemblance between 

the repertories of mimics and their neighbors supports the 

interspecific song learning hypothesis. This pattern of 

resemblance has been studied in European Starlings, Sturnus 

vulgaris, (Hindmarsh, 1984) and Marsh Warblers, Acrocephalus 

palustris (Lemaire, 1975; Dowsett-Lemaire, 1979). The 

repertoires of both species contain songs and calls of species 

found locally. 

Mimics also learn songs from conspecifics (Saunders, 

1923; Saunders, 1929; Guttinger, 1977; Baylis, 1982; Kroodsma, 
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1982; Eens, 1992). A song or note may be copied from the 

model by one bird, and subsequent generations learn that 

imitation as they learn conspecifc songs. 

Birds may mimic other species when few conspecifics are 

present to provide models (Hartshorne, 1973; Kroodsma and 

Pickert, 1984). A dearth of conspecific models may be the 

reason Northern Mockingbirds (Mimus' polyglottos) sing 

relatively more mimicked songs in the northern areas of their 

expanding range relative to more densely populated southern 

regions (Hartshorne, 1973). Kroodsma and Pickert (1984) 

showed that the Marsh Wren (Cistothorus palustris), a species 

not previously known to mimic, could learn the songs of other 

wren species. They suggest that species with large 

repertoires possess a looser system for learning songs, 

resulting in interspecific vocal imitation. This could 

include Northern Mockingbirds and the Marsh Warbler, both of 

which have large repertoires (Kroodsma and Pickert, 1984). 

Therefore, mimicry may not have an adaptive function (Gould 

and Lewontin, 1979); it may be the consequence of the 

passerine ability to learn songs (Kroodsma and Pickert, 1984). 

Finally, the similarity between songs of mimics and 

models could be due to convergent evolution (Baylis, 1982). 

One very good example of convergence is the similarity of 

songs between Meadowlarks, which live in North America, and 

Longclaws, which live in the African grasslands. These 
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unrelated birds not only look alike, but live in similar 

habitats, sing similar songs and respond to playbacks of each 

other's songs. This is probably a case of convergent 

evolution resulting from similar habitat constraints. For 

species which live sympatrically, distinguishing between 

convergence and mimicry is difficult, but one should not 

ignore the possibility (Baylis, 1982). 

Despite the prevalence of mimicry and the abundance of 

North America's mimics, there has been little experimental 

research about mimicry. The methodological approaches have 

fallen into three categories: description, qualitative 

description and experimentation. 

Descriptive studies include the many written accounts of 

one species mimicking one or more model species. The authors 

speculate as to when or from whom the mimic learned the song 

and suggest possible functions for mimicry, but conduct no 

tests of these hypotheses (Townsend, 1924; Saunders, 1923; 

Saunders, 1929). 

The second category, qualitative description, utilizes 

sound spectrograms to compare qualitatively mimic and model 

vocalizations, allowing researchers to be more certain about 

the accuracy of their auditory judgments. Dowsett-Lemaire 

used this method to demonstrate Reed Warbler (Acrocephalus 

palustris) mimicry of species on two continents (Dowsett- 

Lemaire, 1979). Hindmarsh (1984) used this approach in his 
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studies on geographic variation of European Starling mimicry 

(Hindmarsh, 1984), as did Adkisson and Conner (1978) to 

confirm mimicry in the White-eyed Vireo, a species which 

imitates call notes. 

Few experimenters have tested hypotheses about the 

functions of mimicry. Brenowitz (1982) used mockingbird 

imitations of Red-winged Blackbird (Agelaius phoeniceus) as 

a playback stimulus. He found that the blackbirds responded 

as strongly to the imitated song as to conspecific song. 

Lemaire (1975) apparently conducted a similar experiment on 

Marsh Warblers (Acrocephalus palustris) with similar results. 

Baptista and Catchpole (1988, 1989) conducted experiments to 

test the response of White-crowned (Zonotrichia leucophrys) 

and Song Sparrows (Melospiza melodia) imitations of each 

other's songs. In both series of playbacks, neither species 

responded differently to the imitation and the model. 

Imitation in White-eyed Vireos 

The White-eyed Vireo (Vireo griseus) is a Nearctic migrant 

which breeds in secondary deciduous scrub in the eastern 

United States (Graber et al., 1985). Five subspecies are 

recognized by the American Ornithologists' Union (A.0.U., 

1957), two of which, V. g. griseus and V. g. novaboracensis, 

are migratory (A.0.U., 1957). V. gg. micrus, V. gq. 
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bermudianus, and V. g. maynardi are year-round residents. 

Barlow (1980) refers to an additional subspecies, V. gq. 

perquisitor, which is also a year-round resident. In V. gq. 

novaboracensis, the males are site faithful to their breeding 

and wintering territories; the degree of female site fidelity 

is unknown. Of 46 males color-banded from 1986-1990, all 

returned in subsequent years to the same territory. Thirty 

nestlings and fledglings banded on the breeding grounds in 

southwestern Virginia were not seen again (Hopp et al., 

unpublished MS). Data from the Office of Migratory Bird 

Management yielded one record of a fledgling banded on the 

breeding grounds recovered the following year 21 kilometers 

from its banding site. The pattern of natal dispersal is 

unknown in other vireo species. 

Male White-eyed Vireos have an average of 13 song types 

in their repertories, with a range of 5 to 18 song types 

(Bradley, 1981; Borror, 1987). The song types average 1.13 

seconds (Borror, 1987) or 1.02 seconds (Bradley, 1981) long 

and consist of approximately 6 notes (Bradley, 1981). Bradley 

found 150 different note types in repertoires of 40 Vireo 

griseus griseus (Bradley, 1981). 

There is considerable song type sharing in White-eyed 

Vireos. A single well-sampled population of 45 male White- 

eyed Vireos V. g. novaboracensis shared 27 song types. Twelve 

birds had unshared song types (Hopp et al., unpublished data). 
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A comparison of song spectrograms recorded of 45 Virginia 

White-eyed Vireos and song spectrograms of 38 Ohio White-eyed 

Vireos found the same song types in both locations, but at 

different occurrence frequencies (Hopp et al., unpublished 

data). Vireos in North Carolina, V. g. griseus, share song 

types with other North Carolina White-eyed Vireos, but vireos 

do not share song types between North Carolina and Virginia. 

The high incidence of shared song types, the small number of 

song types in a population, and field observations (Bradley, 

1981) suggest that White-eyed Vireos learn their song types 

from conspecifics. 

The song notes are similar to call notes from other 

species (Townsend, 1924; Bent, 1950; Adkisson and Conner, 

1978; McNair and Forster, 1983). Although more than one 

listener has identified call notes from a number of species, 

the list may not be complete. White-eyed Vireos winter in 

the southern United States, Mexico and Central America 

(Barlow, 1980). The possibility exists that they, like the 

Marsh Warbler, mimic notes from wintering ground species. 

Listeners unfamiliar with Central American and Mexican bird 

vocalizations might misidentify or fail to identify some 

notes. Appendix A is a list of the known species imitated by 

White-eyed Vireos. 

The following is an examination of the hypotheses for 

interspecific vocal imitation as related to White-eyed Vireos. 
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I will first discuss those hypotheses which are not 

applicable, and then address those with merit. 

Some hypotheses proposed for the functions of mimicry 

clearly do not apply to the song system of White-eyed Vireos. 

White-eyed Vireos do not imitate their prey as has been 

suggested for some shrike species (Witchell, 1896; Marshall, 

1950). They are not imitating a host species to facilitate 

interspecific nest parasitism (Payne, 1976). It is unlikely, 

based upon the known list of model species, that they are 

using the imitation to confuse predators as none of the known 

models regularly prey upon birds. 

One cannot ignore the possibility that White-eyed Vireo 

notes resemble other species' vocalizations due to shared 

selection pressures, but neither should one blindly assert 

that no notes are imitations. Some notes may well be chance 

similarities, others are clearly imitations; people familiar 

with White-eyed Vireos and other birds are able to distinguish 

at least some of the latter category. 

While there is evidence that White-crowned Sparrows, Song 

Sparrows (Catchpole and Baptista, 1988; Baptista and 

Catchpole, 1989) and Northern Mockingbirds (Howard 1974; 

Moore, 1978; Dobkin, 1979; Baylis, 1982) use mimicry for 

interspecific aggression, it is unlikely that White-eyed 

Vireos use imitation for this purpose. 

First, at least some White-eyed Vireo song notes match 
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mobbing calls of other species. Adkisson and Conner (1978) 

recorded bird calls as they mobbed a stuffed Screech Owl. 

The mobbing calls recorded from the Carolina Chickadee (Parus 

carolinensis), Wood Thrush (Hylocichla mustelina), Acadian 

Flycatcher (Empidonax virescens), Carolina Wren (Thryothorus 

ludovicianus), Gray Catbird (Dumatella carolinensis) , Kentucky 

Warbler (Qporornis formosus), and Rufous-sided Towhee (Pipilo 

erythrophthalmus) matched White-eyed Vireo song notes. If 

interspecific imitation in White-eyed Vireos evolved to repel 

other species, why then would White-eyed Vireos appropriate 

notes which function to attract other species? 

Second, White-eyed Vireos are eventual variety singers, 

i.e., they sing several repetitions of a song type before 

switching to another (Bradley, 1981; Borror, 1987). They 

average 46 repetitions of a song type, sung at an average rate 

of 12.6 songs per minute (Borror, 1987). At that rate, other 

species would habituate to the songs rather quickly, and the 

model species would cease responding. 

Third, it is not clear why White-eyed Vireos would 

exclude from their territories the species they regularly 

imitate. Adkisson and Conner (1978) and others identified a 

total of 26 species, many of which do not occupy the same 

habitat niche. If there is no niche overlap, then vireos are 

probably not expending energy to exclude these species. There 

is a resource for which all song birds compete, being "air 
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time," and I will discuss the relevance of competition for 

this resource below. 

Thorpe (1961) hypothesized that mimicry evolved to impart 

individually distinctive characteristics to the mimics' song. 

I have already discussed the limitation of this hypothesis. 

As applied to White-eyed Vireos an additional consideration 

is that they presumably learn their songs from conspecifics. 

Thus a previous generation may have copied the mimicked call 

notes. Each subsequent generation of White-eyed Vireo 

learning a song type from a father or neighbor would by 

default learns any mimicked call notes. If this scenario is 

plausible, it rules out the use of mimicry for creating 

individually distinctive songs. 

Because White-eyed Vireos are migratory, they may use 

song characteristics to identify certain conspecific 

populations. Mimicry of breeding ground or wintering ground 

species may result in distinct song or note types representing 

specific wintering grounds. Females could thus’7~ use 

familiarity or unfamiliarity of a song or note type as a mate 

selection criterion. Mating with a male from the appropriate 

migratory population would increase the probability of 

offspring possessing the genes appropriate to the migratory 

path. This is the scenario suggested for Marsh Warblers 

(Baylis, 1982). This is an attractive hypothesis, but the 

methodology renders a test of this idea difficult at best. 
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Increasing repertoire size is another hypothesis for the 

evolution of interspecific vocal mimicry. White-eyed Vireos 

have an average of 13 song types (range 7 - 21; Hopp et al., 

unpublished data) so it is possible that they used imitation 

to increase repertoire size or complexity. Large repertoires 

increase male attractiveness, increasing reproductive 

opportunities. Female Canaries (Serinus canarius) exhibit 

increased breeding behavior in response to large Canary song 

repertoires (Kroodsma, 1976). They increased string 

gathering, which is a measurement of nesting readiness. Song 

Sparrows (Melospiza melodia) also responded with significantly 

more copulation solicitations to larger song repertoires 

(Searcy and Marler, 1981). One way of evaluating this 

hypothesis in White-eyed Vireos would be to correlate the time 

it takes a male to pair with a female with his repertoire 

size. If a large repertoire is an important factor, either 

inherently or as a signal for some other feature of male 

fitness, males with larger repertoires should pair more 

quickly than males with smaller repertoires. Hopp et al., 

(unpublished data) found no correlation between date of 

pairing and repertoire size. 

Birds with large repertoires possess a looser learning 

template (Kroodsma and Pickert, 1984). Interspecific vocal 

imitation can be thought of as an epiphenomenon which occurs 

not due to some benefit inherent in the types of songs 
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imitated but simply because White-eyed Vireos are passerines 

which learn songs. Imitation arises because of a loose 

learning template which permits interspecific vocal learning. 

Exposing White-eyed Vireos to conspecific tutors and 

heterospecific tutors would be one way to test this 

hypothesis. In the absence of conspecific tutors, vireos 

should increase the amount of imitation. This has merit but 

testing would require hand-rearing birds. 

Lastly, White-eyed Vireos may imitate call notes which 

transmit well through dense habitat (Adkisson and Conner, 

1978). Their habitat certainly provides visual obstruction, 

making the evolution of an effective auditory signal 

necessary. As a result of superior transmission, certain 

notes would have a greater probability of being learned than 

others. (Hansen, 1979; Nottebohm, 1985). 

I chose to test the hypothesis that White-eyed Vireos 

evolved the use of imitation to maximize the _ signal 

transmission properties of their songs. 

There is little information available on the development 

of song types at either a population or individual level in 

White-eyed Vireos. Available evidence suggests that White- 

eyed Vireos learn their songs from conspecifics (Bradley, 

1981). In addition, the song types remain stable over many 

generations. Spectrograms of White-eyed Vireo songs obtained 

from the Borror Lab of Bioacoustics showed that song types 
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recorded at least 20 years ago in Ohio were the same as 

recently recorded White-eyed Vireo songs from Virginia (Hopp 

et al., unpublished data). Despite the relatively fixed 

nature of the song types, both across time and space, 

variations exist. When new notes are substituted, song types 

change slightly. Substitutions result in variants of common 

song types or, if enough substitutions occur, result in new 

songs. This process is called cultural mutation (Jenkins, 

1977). 

No one knows how often a note enters a White-eyed Vireo 

song population or how long it takes for notes to become 

widely used. New notes may be incorporated in every 

generation, or songs may remain stable for many generations. 

A new note may be substituted for an old note of the same 

type. For example, a fledgling White-eyed Vireo just learning 

to sing may pick up a new Rufous-sided Towhee note and insert 

it in exactly the same place in an existing song type, a 

substitution that would go unnoticed if one were analyzing 

entire songs versus single notes. This type of structured 

substitution could occur as a result of some as yet 

unidentified set of rules for song assembly, or a 

physiological constraint on sound production in the species 

(Westneat et al., 1993). 

White-eyed Vireos could imitate any of the numerous 

sounds in their habitat. My hypothesis is that those sounds 
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most likely to be imitated are those with the best 

transmission. Sounds must be heard in order to be imitated. 

Hansen (1979) was the first to propose that habitat not only 

effects transmission of sounds, but also serves asa "filter," 

limiting what a young bird or "pupil" learns. Nottebohm 

expressed a similar thought as, "over a period of generations, 

and assuming philopatry and a low influx of birds from other 

areas, sounds less distinctly heard would tend to disappear 

from the song repertoire" (Nottebohm, 1985, p. 112). 

Not only is there theoretical support for a similar 

scenario in White-eyed Vireos, but it has been shown 

experimentally that young captive Carolina Wrens (Thryothorus 

ludovicianus) preferentially learn undegraded versions of 

songs versus the same songs degraded by re-recording (Morton 

et al., 1986). 

This model for interspecific vocal imitation in White- 

eyed Vireos generates several predictions. One is that the 

imitated species in a White-eyed Vireo song population will 

not be the same species present in White-eyed Vireo habitat. 

White-eyed Vireos inhabit secondary deciduous scrub, a habitat 

which is often abandoned pasture in transition to forest. 

White-eyed Vireos occupy the pasture fringes, thickets 

festooned with honeysuckle and greenbriar, tangled fence rows 

or seeps. In short, undisturbed places where cattle or farm 

machinery would not or could not venture. In this habitat, 
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White-eyed Vireos may be exposed to open field birds such as 

Grasshopper Sparrows (Ammodramus Savannarum) and Meadowlarks 

(Sturnella magna), and to forest species such as American 

Redstarts (Setophaga ruticilla). While these species may be 

common adjacent to White-eyed Vireo territories, their 

vocalizations may not transmit well in the dense scrub of 

White-eyed Vireo habitat. This is due to the structure of the 

vocalizations of open field species. Open field species tend 

to have vocalizations characterized by more rapid modulation 

than forest species (Morton, 1975). Hence, one prediction is 

that the call notes of open field species would not be 

represented in a White-eyed Vireo song population. This 

phenomenon should be even more noticeable in coastal North 

Carolina. There, the local avifaunas include many shorebird 

species, with calls which should not be adapted to transmit 

well ina habitat with dense vegetation. 

A second prediction is that notes occurring frequently 

in a song population, those notes which have been retained in 

the population due to successful transmission qualities, will 

transmit better through White-eyed Vireo habitat than 

infrequently occurring notes. Uncommon notes should represent 

those notes which are more likely to "disappear" from the 

population (Nottebohm, 1985) due to inadequate transmission 

qualities. 

The overall goal of this study was to compare the 
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imitative behavior of White-eyed Vireos between North Carolina 

and Virginia. To accomplish this objective, I established 

three goals. 

The first objective was to determine if White-eyed Vireos 

of North Carolina and Virginia responded to playbacks of each 

other's songs. The A.O.U considers these vireos to be two 

different subspecies. In addition, vireos in North Carolina 

and Virginia sing different song types. If I were to compare 

populations in these locations, some criterion had to be used 

to decide if the birds were similar enough for a comparison 

to be valid. 

The second objective was to compare the signal 

transmission efficiency of North Carolina and Virginia notes 

in the habitat of their origin and in the opposing habitat. 

The third objective was to determine if the species 

imitated in Virginia differed from those imitated in North 

Carolina, and, tangentially, to determine if White-eyed Vireos 

imitate species from their wintering grounds. 
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SUBSPECIES PLAYBACK 

INTRODUCTION 

The A.O.U. (1957) recognizes five subspecies of White- 

eyed Vireo: V. gq. novaboracensis, V. g. griseus, V. gq. 

maynardi, V. g. bermudianus and V. g. micrus. The subspecies 

were originally determined by differences in size and color 

(Borror, 1987). White-eyed Vireos in southwestern Virginia 

are Vireo griseus novaboracensis and those of eastern North 
  

Carolina are Vireo griseus griseus. 

Borror (1987) analyzed the songs of all five subspecies. 

He compared the songs on song length, number of notes in the 

song, modulation rate, note length and song type. He also 

divided the entire song sample into five categories by the 

morphology of the first note in the song. Although he did 

find song differences among the subspecies, he stated that 

White-eyed Vireos should not be considered different 

subspecies on the basis of differences in their songs. 

Johnson et al. (1988) were struck by the rather large 

allozyme differences in gene loci between Vireonid subspecies. 

They speculated that the subspecies recognized within Vireo 

griseus could be considered separate species. 

Field observations and visual comparison of spectrograms 

indicate that vireos in North Carolina and Virginia sing 

different song types. If the songs are compared using all the 
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notes, rather than splitting them into categories based only 

on the first note, White-eyed Vireos in southwestern Virginia 

share the same song types as birds in Ohio, but share no song 

types with birds in eastern North Carolina (Hopp et al., 

unpublished data). Yet pilot playbacks of southwestern 

Virginia song types to North Carolina birds showed no dramatic 

difference in response to song (pers. obs.). 

As a result of the conflicting information about the 

taxonomy of this genus, I designed this study to determine 

the response of two subspecies of White-eyed Vireos, griseus 

novaboracensis and griseus griseus, to playback of each 

other's song. If these subspecies of White-eyed Vireos 

display striking genetic differences then they could also 

display subtle differences in response to playback of each 

other's songs. In some species, males respond differentially 

to the songs of their own and other dialects (Milligan and 

Verner, 1971; Baker et al. 1981) so one could expect 

measurable differences in response intensity between these two 

subspecies groups with different song types. 

METHODS 

I recorded song repertoires from sixteen male White-eyed 

Vireos eastern North Carolina from May to July 1992 at the 

Cape Hatteras National Seashore and Pea Island National 

Wildlife Refuge in Dare County. Steven L. Hopp provided 
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additional recordings of six male White-eyed Vireos recorded 

during the breeding season of 1988 in the Green Swamp, 

Brunswick County in eastern North Carolina. Twelve male 

White-eyed Vireos were tape recorded in southwestern Virginia 

in Marion, and two males were recorded near Emory from April 

to August during the breeding seasons of 1987 through 1990. 

Seven male White-eyed Vireos were recorded near Blacksburg in 

May of 1992. 

Recordings were made using a Uher 4200 report monitor or 

a Sony TCM 5000 recorder (flat frequency response in the 

bandwidth of interest, 90-9,000 Hz). A Dan Gibson parabola 

and microphone, a Sennheiser K3U power unit with either a ME88 

spot head or a ME80 head inverted in a Sony (PBR-330) 30 cm 

parabolic or a Gibson 45 cm parabolic dish was used for 

recording the vocalizations. 

The songs were computer digitized (Gateway 2000 486/25c 

and A/D board) at a rate of 25 kHz per second and low-pass 

filtered at 10 kHz (Frequency Devices 901) before entry into 

the computer using the Signal Sound Analysis Computer System 

(Beeman, 1989, Engineering Design, Belmont MA). 

Twenty different song types from both Virginia and North 

Carolina were randomly selected to be used as playback stimuli 

from the repertoires of the forty-three male White-eyed 

Vireos. Two sets of tapes were made, one set with Virginia 

song types and one set with North Carolina song types. Songs 
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were converted from digital to analog form and recorded on the 

tapes in random order. Each trial consisted of three minutes 

of pre-playback silence, one minute of song playback and three 

minutes of post-playback silence. The one minute of song 

playback consisted of eleven repetitions of song, the average 

song rate in this species (Borror, 1987). 

In North Carolina the experiments were conducted at the 

Cape Hatteras National Seashore in May 1993, and in Virginia 

at Marion, Saltville and Burress Fields, in Bland County, in 

June 1993. All trials but one were conducted between 0530 and 

1020. The sole exception, the second trial for subject N14, 

on Hatteras Island, was conducted at 1439. The tapes were 

played from a Sony TCM 5000 recorder suspended 1.3 meters off 

the ground on a camera tripod. The amplitude of the playback 

was kept consistent by setting the volume knob at 8 for each 

trial. 

Twenty male White-eyed Vireos were used as subjects in 

North Carolina and twenty-one male White-eyed Vireos were used 

in Virginia. Each subject was presented with a song from 

each state, Virginia and North Carolina. Selection of the 

first song was determined by a coin toss. The presentation 

of the second song, with the exception of subject N14, 

occurred no sooner than 24 hours after the presentation of the 

first song. The experimental design follows’ the 

recommendations of Kroodsma (1989) for testing the hypothesis 
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of differential response by males in one population to the 

songs of another population. 

The broadcast speaker was set up in the interior of a 

male's territory, with the interior being determined by 

observation 1-4 days prior to experimentation. The location 

of the broadcast speaker on the second day, to prevent 

location bias, was the same as the location on the first day. 

Any trials which resulted in response by more than one male 

were discarded, as were any trials which resulted in no 

response. The following response variables were measured: 

Number of songs sung by the male in the pre-playback, playback 

and post-playback intervals (PRESONG, PLAYSONG and POSTSONG, 

respectively); number of flights within a 4.5 meter diameter 

circle around the speaker during the pre-playback, playback 

and post-playback intervals (POSTFLY); and the time, measured 

in seconds, for the subject to fly into a 9 meter diameter 

Space around the broadcast speaker (APPROACH). In addition, 

three qualitative responses were recorded: presence or absence 

of a female (FEMALE), use of rambling song (RSONG) (Bradley, 

1981) and the use of the chatter (CHATTER) vocalization, 

indicative of agonistic interactions (Bradley, 1980). Six 

abiotic variables were measured to determine their effect on 

song rate. The variables were time of day, date, cloud cover, 

temperature, relative humidity and wind speed. Cloud cover 

was estimated as a percentage between 0 (cloudless) and 100 
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(completely overcast). Temperature was measured in degrees 

Celsius. Relative humidity was measured using a _ sling 

psychrometer. Wind speed was measured using a wind gauge. 

A Wilcoxon matched-pairs signed-ranks test was used to 

determine if there was a difference in response for males in 

Virginia and North Carolina (Siegel and Castellan, 1988). A 

Chi-square Test was used to test for differences among the 

qualitative variables. An analysis of variance was used to 

determine if there was any effect on response relating to the 

order of stimulus presentation and to determine if the overall 

level of response in one state, Virginia or North Carolina, 

was higher than the other. A correlation analysis and a 

multiple regression analysis were used to analyze the effect 

of the abiotic variables on PRESONG rate. All statistical 

analyses were performed using SAS (SAS Institute, Inc., 1987, 

Cary, NC.; Scholtzhauer and Littel, 1987). 

RESULTS 

For the six variables measured, responses of Virginia 

White-eyed Vireos to playback were similar to the responses 

of North Carolina White-eyed Vireos (P > 0.05, Table 1). The 

only response difference which came close to significance was 

Virginia White-eyed Vireos' number of flights during the 

playback period (P = 0.06). 

Likewise, there were no. statistically significant 
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differences in the qualitative variables measured; presence 

or absence of a female (FEMALE), use of rambling song (RSONG) 

and the use of the chatter (CHATTER) vocalization (Table 2). 

Stimulus order (North Carolina or Virginia song first) 

had no statistically significant effect on the strength of the 

response as measured by the variables PRESONG, PLAYSONG, 

PLAYFLY, APPROACH, POSTSONG and POSTFLY. The multiple 

comparison procedures, Fisher's Least Significant Difference 

and Tukey's Honestly Significant Difference also found no 

statistically significant differences in the response at the 

0.05 level (Table 3). 

The stimulus order also had no effect on the amount of 

CHATTER or RSONG produced by the subjects. Females were 

present in too few of the trials to conduct statistical 

analysis (Table 3). 

The response magnitude was significantly different 

between Virginia White-eyed Vireos and their North Carolina 

counterparts. Differences in pre-playback song rate (PRESONG) 

were nearly significant (P< 0.06), with the mean song rate 

higher in North Carolina than Virginia (6.445 and 4.398, 

respectively). Song rate during playback (PLAYSONG) was 

Significantly higher (P< 0.03) within North Carolina than 

Virginia (mean rates of 4.738 and 2.625, respectively). 

Number of flights during playback (PLAYFLY) was not 

significantly different between states (P< 0.24). Approach 
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time, as measured in seconds, was significantly different (P< 

0.01) with the North Carolina subjects approaching the speaker 

more quickly than Virginia subjects (72.32 seconds and 37.10 

seconds, respectively). Post-playback song rate and post- 

playback flights over the speaker did not differ significantly 

between Virginia and North Carolina (P< 0.73 and P< 0.18, 

respectively). The North Carolina post-playback song rate was 

slightly higher than the Virginia post-playback song rate. 

The number of post-playback flights over the speaker was 

greater in Virginia (Table 4). 

Only one of the three qualitative variables, the presence 

of a female, was significantly different (Chi-square P< 0.04). 

More females were sighted in Virginia than North Carolina. 

Occurrence of the chatter vocalization and rambling song did 

not differ between Virginia and North Carolina (P< 0.89 and 

P< 0.08, respectively, Table 4). 

Pre-playback song rate was analyzed with a number of 

abiotic variables to determine their effect on pre-playback 

song rate. A correlation analysis between pre-playback song 

rate and each of these variables separately found a 

significant negative correlation between pre-playback song 

rate and time of day for both Virginia and North Carolina (r=- 

-3297, P< 0.0025). This relationship held for the North 

Carolina data alone (r=-.3385, P< 0.0326) and was nearly 

significant in Virginia (r=-.285, P< 0.0673). Significant 
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correlations were not obtained by comparing pre-playback song 

rate and the other variables. Relative humidity was strongly 

correlated with time of day (r=-.338, P< 0.001, Table 5). 

Multiple regression analysis on the pooled data showed 

no significant differences between pre-playback song rate and 

time of day, date, cloud cover, temperature, relative humidity 

and wind speed. When the data for each state were considered 

separately, temperature had a significant effect on PRESONG 

rate in North Carolina (P< 0.01, Table 5). 

DISCUSSION 

Male White-eyed Vireos did not respond differently to 

songs from their own location versus songs from a distant 

location despite differences in song types. This is not to 

imply that the vireos do not recognize novel song type 

patterns, only that they do not show a different response to 

then. Of the nine response variables measured, PRESONG, 

PLAYSONG, PLAYFLY, APPROACH, POSTSONG, POSTFLY, CHATTER, RSONG 

and FEMALE, none were significantly different in either 

location. 

The lack of significant differences response to stimulus 

order indicated that a within-subjects design was appropriate. 

The subjects were not responding to one group of songs to a 

greater or lesser degree because of the presentation order. 

The lack of significant differences indicates that 24 hours 
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was a sufficient "recovery time" for the subjects. 

The higher overall level of PRESONG, PLAYSONG, APPROACH 

and POSTSONG of the North Carolina subjects may be related to 

the time of year the playbacks were conducted or to the 

breeding status of the males. That more females were observed 

with Virginia males than North Carolina males, (Chi-square P< 

0.044) suggests one of two things: either the North Carolina 

males were unpaired, which might cause a higher song rate, or 

the North Carolina males were paired but due to an advanced 

breeding schedule, the females were incubating and thus not 

visible. During incubation song rate returns to the pre- 

paired rate (Hopp et al., unpublished data). Although the 

Virginia experiments were begun two weeks after the North 

Carolina experiments, the Virginia subjects appeared to be at 

an earlier stage in their breeding cycle. This may account 

for the differences in overall level of responding between 

Virginia and North Carolina. The lack of difference in post- 

playback response, POSTSONG, between Virginia and North 

Carolina is probably due to some upper level of possible 

response; males simply have an upper limit of possible song 

rate delivery, which was reached in both locations following 

playback. 

It is not surprising that the PRESONG rate declined with 

time of day as this is common in song birds (Henwood and 

Fabrick, 1979; Garson et al. 1979; Kowalski, 1983). That the 
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regression analysis did not reveal any other significant 

effects of date, cloud cover, temperature, relative humidity 

and wind speed may be an indication of the relatively 

consistent environmental conditions. 

These data are interesting when considered in relation 

to Borror's song data and the genetic data published by 

Johnson et al. (1988). While the former did not feel the 

differences in song warranted the separation of Vireo griseus 

into subspecies, the latter suggested that the subspecies of 

White-eyed Vireos were different enough based on allozyme 

analysis to be considered different species. My data suggest 

that males do not behave differently when presented with their 

own songs or songs from the other population. The question 

then arises, what factor might have produced such large 

genetic differences without an immediately recognizable 

behavioral difference? 

It would be of interest to know if female White-eyed 

Vireos distinguish between the song types. Further, it would 

be important to determine if the females base their selection 

of mates on song types. If the song types of the two 

subspecies are similar, then females would not be predicted 

to respond differently. In birds with clearly recognized 

dialects, such as White-crowned Sparrows (Zonotrichia 

leucophrys), females respond preferentially to songs of their 

natal dialects (Baker, et al., 1982; Spitler-Nabors and Baker, 
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1983). One possibility is that selection of mates by female 

White-eyed Vireos is resulting in population differences which 

are not apparent in the response of the males to playback. 
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Table 1. Responses to song playback of male White-eyed Vireos 

  

N Mean SD Min Max P= 
Virginia White-eyed Vireos 
Presong 
VA 21 4.47 4.46 0 16.60 1.00 
NC 21 4.32 4.68 0 14.30 
Playsong 
VA 21 5.10 4.16 0 13.0 0.54 
NC 21 4.38 4.64 0 12.0 
Playfly 
VA 21 1.10 1.41 0 4.0 0.06 
NC 21 0.43 0.68 0 2.0 
Approach 
VA 21 35.94 37.13 10 160.0 0.91 
NC 21 38.75 18.87 11 63.0 
Postsong 
VA 21 9.38 4.11 0.80 16.80 0.31 
NC 21 8.23 4.66 0 16.0 

Postfly 
VA 21 0.66 0.80 0 2.0 0.85 

NC 21 0.76 0.94 0 2.0 

North Carolina White-eyed Vireos 

Presong 
VA 20 6.59 5.33 0 16.60 0.89 
NC 20 6.31 5.21 0 19.30 
Playsong 
VA 20 2.50 3.79 0 11.0 0.82 
NC 20 2.75 4.69 0 17.00 
Playfly 
VA 20 0.30 0.80 0 3.0 0.63 
NC 20 0.60 1.60 0 6.0 
Approach 
VA 20 63.67 39.07 18.0 149.0 0.95 
NC 20 80.44 83.52 9.0 265.0 
Postsong 
VA 20 8.54 5.73 0 18.60 0.31 
NC 20 9.81 5.22 0 17.40 
Postfly 
VA 20 0.30 0.57 0 2.0 0.18 
NC 20 0.65 0.88 0 3.0 
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Table 2. Responses of male White-eyed Vireos to song playback 

  

  

Variable Chi-Square Value P= 
Chatter 
VA 1.11 0.29 

NC 0.13 0.72 

Rsong 
VA 0.36 0.55 

NC 0.63 0.43 

Female 
VA 1.00 0.32 

NC 0.23 0.63 
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Table 3. Response of male White-eyed Vireos to stimulus 
presentation order 

  

Analysis of Variance and Multiple Comparisons (LSD and Tukey) 
Analysis of Variance 

Mean F af P= 
Presong 5.30 0.0 1 0.96 
Playsong 3.71 3.18 1 0.08 
Playfly 0.61 0.13 1 0.72 
Approach 55.30 0.35 1 0.56 
Postsong 8.99 0.26 1 0.61 
Postfly 0.60 0.46 1 0.50 

Multiple Comparison 

N Mean* Order 
Presong 41 5.4225 2 

41 5.371? 1 

Playsong 41 4.561° 2 
Al 2.854? 1 

Playfly 41 0.659° 2 
41 0.561° 1 

Approach 28 59.71 ° 2 
32 51.44 3 1 

Postsong 41 9.263° 1 
41 8.707° 2 

Postfly 41 0.659° 1 
41 0.537° 2 

*Means followed by the same letter are not significantly 
different at the 0.05 level (experimentwise) using Tukey's 
HSD and Fisher's LSD. 

Chi Square 
Value P= 

Chatter -248 -618 
Rsong - 105 - 746 
Female * * 

*sample size too small to do the test 
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Table 4. Responses of male White-eyed Vireos to playback 
between North Carolina and Virginia 

  

Analysis of Variance and Multiple Comparisons (LSD and Tukey) 

Analysis of Variance 

  

  

Mean F af P< 
Presong 5.40 3.63 1 0.06 
Playsong 3.71 4.97 1 0.03 
Playfly 0.61 1.38 1 0.24 
Approach 55.30 6.99 1 0.01 
Postsong 8.99 0.12 1 0.73 
Postfly 0.60 1.79 1 0.18 

Multiple Comparison 

N Mean* State 

Presong 40 6.445° N 
42 4.398° V 

Playsong 42 4.738° N 
40 2.625° V 

Playfly 42 0.762° V 
40 0.450° N 

Approach 31 72.32 3 N 
29 37.10 © V 

Postsong 40 9.175° N 
42 8.805° V 

Postfly 42 0.714° V 
40 0.475° N 

*Means followed by the same letter are not significantly 
different at the .05 level (experimentwise) using Tukey's HSD 
and Fisher's LSD. 

Chi-square 
Value P= 

Chatter 0.894 0.894 
Rsong 2.916 0.088 

Female 4.072 0.044 
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Table 5. White-eyed Vireo song rate (songs per minute) and 
time of day, wind speed and relative humidity 

  

Regression Analysis 

Song Rate by: 
Pooled NC Only 

r= P= r= = 
Time -0.33 0.002 -0.34 0.03 

Wind 0.08 0.51 -0.04 0.83 
Hum 0.02 0.85 0.11 0.52 

Relative Humidity by: 
Pooled NC Only 

r= P= r= = 

Time -0.51 0.0001 -0.69 0.0001 

Multiple Regression Analysis 

Song Rate by: 
Pooled NC Only 
P= P= 

Order 0.67 0.35 

Time 0.31 0.70 
Date 0.30 0.56 

Cloud 0.87 0.40 

Temp 0.40 0.01 

Hum 0.99 0.54 

Wind 0.50 0.44 

VA Only 
r= 

-0.29 

-0.16 
0.57 

VA Only 
r= 

-0.34 

VA Only 

0.73 
0.29 

0.33 
0.36 

0.37 
0.54 
0.74 

p= 

0.07 
0.33 
0.73 

0.04 
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SIGNAL TRANSMISSION HYPOTHESIS 

INTRODUCTION 

In a homogenous medium, sound amplitude decreases at a 

rate of 6 dB for every doubling of distance from the sound 

source (Michelsen, 1977). Simply put, this means that under 

ideal situations, any sound coming from a source will lose 

energy and thus volume at greater and greater distances. 

Other factors, such as environmental variables, reduce the 

volume over and above this theoretical constant. If one 

thinks about a bird singing in a natural habitat, it is 

readily apparent that the acoustic situation is anything but 

ideal; there are numerous habitat and atmospheric variables 

which affect the propagation of bird sounds in the 

environment. Wind, humidity, substrate conditions, 

temperature gradients and vegetation are just some of the 

myriad factors affecting the distance over which a singer will 

be heard (Michelsen, 1977; Piercy and Embleton, 1977; Henwood 

and Fabrick, 1979; Wiley and Richards, 1982). 

A significant body of literature suggests that, despite 

the many habitat and atmospheric variables which further 

impede the transmission of sound, certain song or behavioral 

features have evolved which ameliorate the loss of 

information. With respect to frequency ranges, bird songs 

have specific frequency characteristics which tailor them to 

specific habitat types. For example, it has been determined 
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that high frequency sounds lose more energy in forest habitats 

than in open habitats (Morton, 1975; Wiley and Richards, 

1982). In at least some cases, birds in forested habitats 

sing lower frequency songs than birds of open, less dense 

habitats (Morton, 1975; Anderson and Conner, 1985). It also 

has been determined that lower frequency sounds carry better 

in marshes due to the absence of the ground effect. A porus 

substrate will adversely affect the energy content of low 

frequencies. Marshes, with a hard water surface, do not 

exhibit the ground effect. This explains why marsh birds are 

observed to sing lower frequencies than species living in open 

habitats (Aylor, 1971; Cosens and Falls, 1984). 

Songs may also be structured differently according to 

the type of habitat (Morton, 1975). Birds living in open 

grassland habitats typically exhibit songs with more complex, 

frequency modulated structures, in comparison with the 

relatively pure tones found in forest habitat species (Morton, 

1975). This is due to the potentially detrimental effect of 

wind upon song structure. Pure tones do not withstand the 

effect of wind without significant loss of information content 

(Henwood and Fabrick, 1979). Repetitious, frequency modulated 

songs are not impervious to information loss, but are better 

suited to turbulent habitats. The repetitions insure that 

some information still gets through. 

A singer may also compensate behaviorally for 
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environmental variation. It has been suggested that the 

primary reason for the dawn chorus is the existence of 

superior transmission qualities present in the early morning 

hours. Typically, wind and turbulence are lower. Humidity 

is often higher and sounds transmit better in conditions of 

higher humidity (Piercy and Embleton, 1977; Wiley and 

Richards, 1982). The result is a window of time early in the 

day which offers an advantage to the communicator (Henwood and 

Fabrick, 1979). Singers further realize an advantage if they 

sing and listen for vocalizations some distance off the 

ground. Thus they avoid the presence of a shadow zone, an 

area directly in front of and below the singer through which 

sound does not transmit. The shadow zone is produced by the 

combined effects of ground and temperature gradients. The 

size of the shadow zone varies with temperature and air 

movement (Henwood and Fabrick, 1979). Singing and listening 

birds can compensate for the shadow zone by singing from 

elevated perches (Lemon et al., 1981; Dablesteen et al., 

1993). 

It has been suggested that mimicry evolved as another 

way of compensating for inhospitable transmission conditions. 

Rather than creating signals of their own, mimics copy sounds 

produced by other organisms, usually birds, in order to 

maximize signal propagation through dense habitats. This 

hypothesis for the evolution of mimicry was probably one of 
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the earliest suggested (Marshall, 1950) yet there is no 

empirical evidence to support it. 

There is evidence to support the prediction that species 

which live in particular habitat types have songs adapted for 

optimal transmission. Gish and Morton (1981) demonstrated 

that Carolina Wren (Thryothorus ludovicianus) songs propagate 

best in the habitat in which they are sung. Gish and Morton 

recorded songs from Carolina Wrens in Maryland and Florida. 

They played the Maryland songs in Florida and the Florida 

songs in Maryland. These songs were broadcast from a tape 

recorder and re-recorded 10 and 50 meters from the source. 

They measured the energy loss in a song relative to time and 

found that the songs transmitted best in the habitat from 

which they originated. To extend this scenario to mimics, a 

mimic colonizing a new area could adapt by copying songs or 

calls of local species, presumably adapted for optimal 

transmission through the local environment. 

It has been proposed that White-eyed Vireos use imitation 

as a means of obtaining notes in their repertoires which would 

transmit well through dense habitat (Adkisson and Conner, 

1978). White-eyed Vireos inhabit secondary deciduous scrub 

habitat, and due to the limited visual range in this type of 

habitat, probably rely heavily on auditory signals for 

communication. The signal transmission hypothesis for 

interspecific vocal imitation in White-eyed Vireos leads to 
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several predictions. 

One prediction is that common notes, which are presumably 

successful and retained by a population, will transmit better 

through White-eyed Vireo habitat than uncommon notes. 

Uncommon notes should represent those notes which are “on 

their way out" or not frequently copied in a population due 

to inferior transmission qualities. 

A second prediction is that notes which are unique to a 

particular population of birds should transmit better in their 

location of origin. Shared notes, or notes in common to birds 

in both locations should transmit equally well in both 

locations. 

This study was conducted to determine if some White-eyed 

Vireo imitations transmit with less attenuation than others. 

I tested this by broadcasting a sample of the note types in 

North Carolina and Virginia. I then measured signal 

attenuation. I compared the note type performance based upon 

the note occurrence frequency in the population, the location 

of origin and whether or not the notes were shared by birds 

in both locations. 

METHODS 

Twenty-two male White-eyed Vireos were tape recorded in 

eastern North Carolina from May to July 1992 at the Cape 
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Hatteras National Seashore and Pea Island National Wildlife 

Refuge in Dare County. Additional recordings of male White- 

eyed Vireos recorded during the breeding season of 1988 in 

the Green Swamp, Brunswick County in eastern North Carolina 

were obtained from Steven L. Hopp and included in the 

analysis. Twenty-three male White-eyed Vireos were tape 

recorded in southwestern Virginia in Marion and near Emory 

from April to August 1987 through 1990. Repertoires were 

obtained by listening to and recording songs from over 900 

repetitions of songs. A minimum of 10 repetitions of each 

song type were recorded. As the vireos in North Carolina were 

not banded, I tried to complete taping of each male in a 

Single session to better keep track of the subject. The 

vireos in Virginia were individually color-banded and were 

recorded throughout the breeding season. 

Recordings were made using a Uher 4200 report monitor or 

a Sony TCM 5000 recorder (flat frequency response in the 

bandwidth of interest, 90-9,000 Hz). A Dan Gibson 45 cm 

parabolic and microphone, a Sennheiser K3U power unit with 

either a ME88 spot head or a ME80 head inverted in a Sony 

(PBR-330) 30 cm parabolic were used. 

The songs were digitized using a Gateway 2000 486/25c 

and A/D board with a sampling rate of 25 kHz per second and 

low-pass filtered at 10 kHz (Frequency Devices 901) before 

entry into the computer, using the Signal Sound Analysis 
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Computer System at the Department of Psychology (Beeman, 1989, 

Engineering Design, Belmont MA). 

A random sample of song types from southwestern Virginia 

and eastern North Carolina were selected from the complete 

repertoires of the 45 male White-eyed Vireos (VA=23; NC=22) 

to represent the song types commonly found in a population. 

A song type was judged as different from another song type if 

it contained more than three note insertions, deletions or 

substitutions. One to four song types were randomly chosen 

from the repertoires of 45 male White-eyed Vireos (VA=23; 

NC=22). Of each of these randomly selected song types, the 

clearest recordings were selected for use. 

Note types were determined by visual inspection of the 

spectrograms. I selected a note from a spectrogram and 

assigned the note a number. I then inspected each of the 

spectrograms for the presence of that note type. Each time 

a note type was encountered, the type was noted on the 

spectrogram. In categorizing the note types, some of the 

notes appeared to be related to others, based on their shape 

and frequency. In these cases, related notes were given the 

same number, along with a letter, to indicate their similarity 

to other notes. 

Because each of the original 137 songs which made up the 

sample were stored on the computer, I could auditorially 

compare the various representations of the note types. I did 
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this by first displaying each of the songs containing a 

particular note type, storing each note type ina buffer, and 

then transferring the buffers on to a cassette tape. I could 

then listen to the note type categories to determine if all 

of the notes sounded similar to the other notes in that 

category. The visual and auditory categorization yielded 137 

note types. A single representative of each of the note types 

with the highest available recording quality was stored in the 

computer. 

Prior to selecting a sample of the 137 note types for 

use in the broadcast portion of this study, I compared the 

note types from the different locations to determine if they 

were measurably different. I also wanted to determine if the 

note types were spread randomly across the frequency spectrun, 

or if notes tended to be clustered around particular 

frequencies. In addition, I wanted to determine if note 

frequency was in any way related to the frequency of 

occurrence of a note in the population. In other words, did 

notes with particular frequencies of occurrence appear more 

often in the population, indicating a frequency which might 

be especially effective for signal transmission. 

To this end, I subjected the note types to a number of 

measurements. For this analysis, I measured the thirty-six 

note types unique to Virginia and the sixty-six note types 

unique to North Carolina. For the shared notes, I measured 
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one from each of the locations, to pick up subtle variations 

in notes of the same type found in Virginia and North 

Carolina. 

Sound spectrograms for each of the note types were 

created using the SIGNAL sound analysis program. This program 

allows the conversion of sound from analog to digital forn. 

Signals are stored in computer files. Thus stored, signals 

can be displayed on a monitor and measured to examine the 

characteristics of the signal. Measurements can then be 

compared between signals to quantify the amount of similarity. 

The following display parameters were used: frequency 

resolution of 49 Hz; time resolution of 20.5 msec; length in 

time of each FFT was 1.5 msec; FFT size of 512K using a 

Hanning window; display detail set at Lo -40dB and Hi -6dB. 

Using the on-screen cursor, the following parameters were 

measured: note duration in msec, high and low frequency in 

Hz, frequency range and median note frequency. The frequency 

range was calculated by subtracting the low frequency of each 

note from its high frequency. Median note frequency was 

determined by dividing the note range by two. 

A two-way ANOVA was used to determine if the note types 

differed on the above variables by state of origin (Virginia 

or North Carolina) or frequency of occurrence of a note in 

the population. The analysis was conducted using the SAS 

statistical package (SAS Institute, Inc., 1987, Cary, NC.; 
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Scholtzhauer and Littell, 1987). 

Sixty of the 137 note types were selected for broadcast 

in White-eyed Vireo habitat in North Carolina and Virginia. 

Notes appearing in the population with a higher frequency of 

occurrence were included more often in the sample than notes 

occurring with a lower frequency of occurrence. The 60 note 

types were converted from digital to analog and recorded in 

random order on a cassette tape with approximately two seconds 

between each of the notes. 

Fourteen White-eyed Vireo territories in North Carolina 

and ten White-eyed Vireo territories in Virginia were selected 

for the broadcasts. Territories were selected if they were 

known to have been in use as breeding territories during the 

current breeding season and if they contained relatively flat 

terrain. A control broadcast was performed in each state by 

broadcasting the note types over a mown grassy field with no 

intervening foliage. 

The broadcast trials were set up with two stations, a 

broadcast station and a recording station. The broadcast 

station consisted of a Sony TCM 5000 recorder (flat frequency 

response in the bandwidth of interest, 90-9,000 Hz) and a SME- 

SC-A9 broadcast speaker (Saul Mineroff Electronics) mounted 

1.8 meters off the ground on a camera tripod. For each 

broadcast, the speaker amplifier was turned on and the speaker 

and tape recorder volume checked and set the same for each 
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trial. The recording station consisted of a Uher 4200 Report 

Monitor and a Dan Gibson 45 cm parabolic dish and microphone 

unit mounted on a camera tripod with the microphone 1.8 meters 

off the ground. At the recording station, the recording level 

was set for each territory, so a tone measured 10 meters from 

the speaker registered 64 dB. The dB at 10 meters was also 

checked using a hand-held dB meter (Realistic/Tandy Corp.) and 

was standardized at 64 dB. The tape speed for broadcast and 

recording was 9.5 cps. 

Three recording distances were used, 10, 30 and 40 

meters. The ten meter recording distance was used as the 

standard against which the decrease in decibel level was 

compared at 30 and 40 meters. The direction of the recording 

station relative to the broadcast station was determined by 

randomly selecting a number between one and 360, corresponding 

to compass direction. A tape measure was used to measure a 

straight line from the broadcast station in the compass 

direction selected. The microphone and speaker were aligned 

by ear using a two minute tone. 

Five trials from each state, one control and 4 territory 

trials, were selected for analysis. Trials were selected for 

analysis on the basis of minimal wind, flat terrain, high 

humidity, and little or no fluctuation in either temperature 

or humidity during the trial. Temperature fluctuation was 

three degrees celsius or less; relative humidity fluctuation 
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was 8% or less. 

I measured signal attenuation by comparing transmission 

efficiency of the notes broadcast in Virginia and North 

Carolina. To determine if notes from Virginia or North 

Carolina attenuated significantly more than the control, I 

subtracted the values of the control notes from the values of 

the trial notes to obtain a value representing additional 

attenuation, that due to the effect of habitat differences. 

I measured attenuation in two ways. First, I measured the 

greatest signal volume reached by each note (variable PEAK). 

I determined the greatest signal volume by measuring the point 

of loudest volume on the signal waveform. The second measure 

of attenuation I used entailed calculating the integrated 

value of each of the notes to determine the total amount of 

energy in each note (variable dB). The PEAK and dB values for 

each of the four trials were subtracted from the state 

appropriate control. These resulting values were then 

compared within each state to determine the effect of habitat 

differences on the notes. 

Degradation is the change in acoustic structure over time 

and distance (Wiley and Richards, 1982). To measure 

degradation, I divided the total possible frequency range of 

the sample of notes, 1000 to 9000 Hz, into nine frequency 

ranges. The nine ranges were: Band 1 - 1000 to 1750; Band 2 

- 1750 to 2500; Band 3 - 2500 to 3250; Band 4 - 3250 to 4000; 
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Band 5 - 4000 to 4750; Band 6 - 4750 to 5500; Band 7 —- 5500 

to 6250; Band 8 - 6250 to 7625; Band 9 - 7625 to 9000. Using 

the BAND command on SIGNAL, the total integrated energy in dB 

for each of the bands was calculated. Then I compared the 

loss of energy for each of the notes at different frequency 

bands (variable BAND). By comparing the amount of energy lost 

in each note across these bands, between states, I was trying 

to determine if certain frequency ranges degraded differently. 

The differences in the peak energy, total energy and total 

energy within the nine frequency bands were compared using an 

ANOVA with the PROC GLM statement of SAS. 

Using the data for energy loss, I split the data set into 

three analyses. I first looked for differences in energy loss 

according to the state of origin of the notes. In other 

words, did the state of origin of the note determine the 

effectiveness of its transmission? I then analyzed the data 

in terms of the frequency of occurrence of the note in the 

population to determine if notes occurring more frequently 

transmitted with less energy loss. Notes occurring four or 

more times were considered as "HIGH" incidence notes and less 

than four as "LOW" incidence notes. The data were also 

analyzed in terms of the actual incidence. Finally, I 

analyzed the data in terms of note sharing to determine if any 

of three categories, shared note, unshared North Carolina 

notes and unshared Virginia notes propagated with less energy 
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loss in their own versus a foreign habitat. 

Differences in habitat density between Virginia and North 

Carolina were quantified using a habitat density cover board. 

The habitat density cover board measured 305 centimeters by 

6 centimeters. The board was divided into 12 sections, 

alternately painted black and white and numbered from one to 

twelve in descending order from top to bottom. Territories 

selected for measurement were the same as for the propagation 

and playback experiments. Twenty-seven habitat density 

measurements were made in Virginia; forty were made in North 

Carolina. Photographs were taken 5 meters from the habitat 

density cover board. The direction of the placement of the 

board relative to the photographer was determined by randomly 

selecting a number between one and 360, corresponding to 

compass direction. 

Slides of the habitat density coverboard were displayed 

on a wall and a transparency of a grid was placed over the 

image. The size of each block on the board (1-12) was 

adjusted slightly using the lens of the slide projector until 

it contained 64 blocks on the transparency grid. The entire 

image of the habitat density cover board measured 64 x 12 or 

768 possible squares. I counted the number of blocks which 

were covered by vegetation to calculate the percentage of 

vegetation cover. The mean and standard deviation for each 

Slide was calculated and the differences between states were 
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calculated using a Students T-test. 

RESULTS 

The notes were not different when compared between states 

on maximum frequency (P=0.11), minimum frequency (P=0.51), 

frequency range (P=0.21), median frequency (P=0.29) and note 

length (P=0.49). Maximum frequency (P=0.20), minimum 

frequency (P=0.08), frequency range (P=0.64), median frequency 

(P=0.22) and note length (P=0.15) were not significantly 

different with respect to the incidence of the notes in the 

song population. Because no differences were found, the notes 

were randomly sampled for the signal transmission trials. 

The notes did not transmit with significant differences 

in their habitat of origin versus a foreign habitat. 

Transmission efficiency was not significantly different at 

both the 30 and 40 meter broadcast differences for the 

variables db, PEAK and BANDs 1-9 (Tables 1-4). 

Do high incidence notes, those that occur more than four 

times in the sample, transmit better than low incidence notes? 

The answer is a qualified yes. Only those notes originating 

in the state of Virginia for the variable dB show an effect 

of incidence (P=0.004) while notes originating in North 

Carolina do not (P=0.15). If the notes are then analyzed for 

the variable dB within each state, the effect of incidence is 

not significant for either state (Virginia P=0.90 and North 
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Carolina P=0.13). The notes did not differ significantly on 

the variables PEAK or BAND (Tables 5 and 6). 

Significant differences resulted from splitting the data 

set into the categories of shared notes, unshared North 

Carolina notes and unshared Virginia notes. The data should 

be reviewed with caution: all notes played in the state of 

Virginia lost more energy for all variables measured, 

presumably due to the greater habitat density of this state 

over North Carolina. Data for the variable PEAK indicated 

that shared notes lost significantly more energy in Virginia 

than in North Carolina (P< 0.0293, Table 7). Unshared North 

Carolina notes also lost more energy in Virginia than in North 

Carolina (P< 0.0009, Table 7). Unshared Virginia notes lost 

more energy in Virginia than North Carolina (P< 0.0006, Table 

7). There was no interaction between the state in which the 

notes were played and the three categories of sharing (P< 

0.7075). 

Data for the variable dB indicated that only unshared 

Virginia notes were significantly different, losing more 

energy in Virginia than North Carolina (P< 0.0179). There 

was also no interaction between the state in which the notes 

were played and the three categories of sharing (Table 7). 

BANDS 2 - 6 were significantly different when the data 

were split into the shared categories and as with the data 

for the variable PEAK, the notes were more likely exhibit a 
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greater loss of energy in Virginia than North Carolina (Table 

8). 

The habitat was significantly less dense in North 

Carolina than Virginia (P< 0.01, Table 9). This difference 

is apparently due to the difference of habitat density in the 

lower half of the board. There was no significant difference 

in habitat density on the upper six blocks of the board 

between Virginia and North Carolina (P=0.53, Table 9). There 

was a significant difference between the states with regards 

to the bottom six blocks. The habitat in North Carolina was 

less dense than the habitat in Virginia (P< 0.0003). The 

height of the broadcast speaker was 1.8 meters, or 

approximately in block #7 on the habitat density cover board. 

At that height in a block by block analysis, there was no 

statistically significant difference between the habitat 

density in the two states, although there was a trend for the 

habitat to be slightly more dense in Virginia than North 

Carolina (Table 9). 

DISCUSSION 

Previous studies have shown that specific frequencies 

transmit better in some habitat types than others. In these 

studies, pure tones were broadcast through habitats and the 

loss of energy quantified. The researchers then compared the 

frequencies which transmitted best with the frequencies sung 
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by the species occupying those habitats. There are clear 

correlations between the frequencies which transmit with less 

energy loss and those used by the species occupying those 

habitats. Low frequencies tend to transmit with less energy 

loss than do high frequencies, if the sound source is greater 

than one meter off the ground (Marten and Marler, 1977). 

Locating the sound source near the ground results in the 

attenuation of lower frequencies due to the ground effect 

which means lower frequencies are likely to be absorbed by the 

soft surface of the soil. In marsh habitats, where the ground 

effect is removed due to the hard surface of the water, low 

frequencies are always optimal for transmission regardless of 

the height of the sound source (Cosens and Falls, 1984). 

Other studies utilized reciprocal comparison of sound 

attenuation and degradation to assess the quality of 

particular bird songs. Actual bird songs were broadcast in 

different habitat types of the same species. One study of 

this type was conducted using songs of Carolina Wrens 

(Thryothorus ludovicianus) recorded in Maryland and Florida. 

There were no differences in the songs from the two states in 

frequency range and mean frequency. Despite the lack of 

differences, the study demonstrated that songs lost less 

energy in their native habitat than in a foreign habitat (Gish 

and Morton, 1981). A similarly designed study conducted using 

Song Sparrows (Melospiza melodia) had results which conflict 

57



with the Carolina Wren data. In this study, reciprocal 

playbacks were conducted in two habitat types of Song 

Sparrows, old field and small islands in the Potomac River. 

Here, there were no significant differences between the type 

of habitat and the amount of degradation: songs as likely to 

transmit poorly in a native versus a foreign habitat (Shy and 

Morton, 1985). The authors suggest that the songs evolved to 

transmit with as little degradation as possible, within the 

territory size of the typical Song Sparrow (Shy and Morton, 

1985). 

A third study was conducted using American Redstarts 

(Setophaga ruticilla). This habitat was specifically designed 

to address the possibility that dialect differences are a 

result of differential signal transmission in a range of 

habitat types. Differences were found in the song types 

between deciduous, coniferous and open forest habitats, but 

the differences were not stable across successive breeding 

seasons. There were also no habitat specific trends in 

transmission efficiency. The authors of this study suggest 

that the formation of song dialects may not be related to 

signal transmission and that songs may in fact evolve to be 

rather general in their transmission efficiency (Date and 

Lemon, 1993). 

The results of the present study suggest that White-eyed 

Vireos are not preferentially imitating notes which transmit 
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with less attenuation and degradation. 

I analyzed my data in three parts. In the first part, 

I considered only the state in which the notes had originated. 

For all three of the variables measure, dB, PEAK and the nine 

BANDs, the state of origin was not significant. In other 

words, the notes were just as likely to transmit well in their 

native habitat as in a foreign habitat. These data are 

contrary to those of Gish and Morton, but similar to those of 

Shy and Morton (1985) and Date and Lemon (1993). 

In the second part, I considered the frequency of 

occurrence of the notes. This too had no significant effect 

on the data. In other words, notes which were common in the 

sample transmitted as well as notes which were uncommon. 

In the third part, I considered what effect note type 

sharing might have on the transmission efficiency of the 

notes. In this portion of the study, there were significant 

results. For the variable PEAK, shared notes were 

significantly more likely to lose energy. They lost the most 

energy in the state of Virginia. Unshared North Carolina 

notes lost significantly more energy in Virginia, as did 

unshared Virginia notes. Overall, all of the notes lost more 

energy in Virginia. This is likely due to the greater density 

of the habitat in Virginia than North Carolina, rather than 

due to any habitat specificity of the notes. 

So, what we have essentially are notes which do not show 
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habitat specificity, and this result is robust no matter how 

the data set is divided. 

This finding leads us back to the original question: do 

White-eyed Vireos select notes which transmit well through the 

habitat? I think we can conclude that there are no striking 

data in support of this idea. Despite differences in the note 

types, notes do not appear to transmit any better in one state 

than the other. The data are consistent with data from other 

studies which have used a similar design. 

This would seem then to suggest that the imitated notes 

are not selected on the basis of any superior transmission 

qualities, and that notes occurring more frequently in the 

population are not found more often because they transmit 

better. 

The differences between the song types found in North 

Carolina and Virginia are still puzzling. The entire eastern 

United States has gone through major changes due to the 

disruptive farming practices, logging and the blight of the 

American Chestnut. Any changes that have occurred in the 

habitat have produced changes in the acoustical habitat of 

these birds. Bent (1950) quotes Maurice Brooks as saying " 

the white-eye is partial to brushy country , rather than to 

the larger forests, conditions which have followed the death 

of the American chestnuts from bark disease have favored the 

spread of the birds. A typical region in which the birds are 
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abundant will have a fringe of standing dead chestnut trees, 

surrounded by numerous chestnut sprouts, and covered with 

grape vines, Virginia creeper, and other climbers. Here the 

birds seem completely at home" (Bent, 1950). 

Conner et al. (1983) states that White-eyed Vireos occupy 

a wide range of habitats. This would in part support the idea 

that the sounds they use would need to be generalizable, and 

thus identifiable trends in transmission efficiency would not 

be apparent. The drastic changes in the habitat may also 

suggest rapid colonization of these areas, and with rapid 

colonization may have come the rapid evolution of song 

behavior. 

In conclusion, there does not seem to be any striking 

evidence that the notes White-eyed Vireos in Virginia and 

North carolina select confer any transmission advantage. 

White-eyed vireo songs, by virtue of the type of habitat they 

live in, must be acoustically adapted to transmit through any 

type of suitable habitat. 

This leads us back to an even more fundamental question: 

why imitate in the first place? Having not found any clear 

evidence that the notes were selected for superior 

transmission qualities, do any other of the hypothesis for 

mimicry in White-eyed Vireos bear consideration? Two possible 

hypotheses bear further exploration. The first is that White- 

eyed Vireos evolved the use of imitation to enhance their 
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repertoire, or as Nottebohm so aptly phrased it, "this kind 

of mimicry may be looked upon as a case of wearing borrowed 

regalia" (Nottebohm, 1972, p.122). The second possibility 

is that the imitation is simply a result of their ability to 

learn songs, an ability shared by all members of the order 

Passeriforms (Kroodsma and Pickert, 1984). 
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Table 1. Mean integrated decibel level and note 
broadcast location. 

Distance Note Origin 
(meters) NC VA 

Notes Played in North Carolina 
30m -17.74 ~13.20 

40m -11.99 -7.09 

Notes Played in Virginia 
30m -15.23 ~18.55 

40m -10.41 ~7.08 
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Table 2. Mean peak decibel level and note origin and broadcast 
location. 

Distance Note Origin 
(meters) NC VA P= 

Notes Played in North Carolina 
30m -19.11 -13.83 0.13 

40m -15.25 -11.55 0.46 

Notes Played in Virginia 
30m -33.11 -29.42 0.51 

40m -17.73 -14.07 0.54 
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Table 3. Mean integrated decibel level for nine frequency 
bands of notes played in North Carolina 

  

30 Meters 40 Meters 
Band Origin N Mean Origin N Mean 

1 VA 42 -~72.96 VA 28 -85.95 

NC 48 -59.00 NC 32 -82.19 

2 VA 84 -62.87 VA 60 -84.05 

NC 93 -54.40 NC 65 ~84.40 

3 VA 90 -74.73 VA 66 ~83.82 

NC 100 -75.39 NC 72 -85.94 

4 VA 66 -77.72 VA 49 -89.43 

NC 79 -79.36 NC 58 -90.20 

5 VA 46 -~73.93 VA 34 -91.92 

NC 65 -69.41 NC 48 -91.27 

6 VA 38 -77.24 VA 28 -92.11 

NC 42 -75.55 NC 32 -90.68 

7 VA 27 -81.64** VA 20 -91.03 

NC 28 -76.24** NC 21 -89.99 

8 VA 16 -71.72 VA 12 -82.32 
NC 17 -71.64 NC 13 -81.39 

9 VA 6 ~60.05 VA 5 -70.71 

NC 8 ~46.48 NC 6 -~66.18 

  

**Statistically significant at P< 0.05 

65



Table 4. Mean integrated decibel level for nine frequency 
bands of notes played in Virginia. 

  

30 Meters 40 Meters 
Band Origin N Mean Origin N Mean 

1 VA 42 -67.02 VA 56 -78.06 

NC 48 -66.75 NC 64 -75.22 

2 VA 100 -80.33 VA 100 -87.06 

NC 109 -80.49 NC 112 -86.46 

3 VA 100 ~86.17** VA 100 -93.31** 

NC 109 ~-87.97** NC 112 -94.60** 

4 VA 68 ~93.95 VA 68 ~96.42 

NC 82 -93.03 NC 84 -96.44 

5 VA 48 -94.31 VA 48 -~95.72 

NC 67 -93.39 NC 68 -95.06 

6 VA 40 ~93.28 VA 40 -94.63 

NC 40 ~94.67 NC 40 -96.14 

7 VA 28 ~89.28 VA 28 -90.52 

NC 28 -86.24 NC 28 -89.17 

8 VA 16 -74.37 VA 16 -76.50 

NC 16 ~80.30 NC 16 -84.02 

9 VA 4 ~70.73 VA 4 -70.73 

NC 8 -46.84 NC 8 -50.31 

**Statistically significant at P< 0.05 
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Table 5. Comparison of high and low incidence. 

  

Note Origin 

Virginia North Carolina 

Peak Decibel Level 
H/L N Mean SD H/L N Mean SD 

H 110 -22.74 24.53 H 136 -19.37 23.55 
L 214 -17.71 23.27 L 281 -21.01 21.46 

Decibel Level 
H/L N Mean SD H/L N Mean SD 

H 109 -20.43** 19.33 H 136 -15.24 20.55 
L 214 =-16.39** 20.03 L 281 -17.85 15.57 

  

**x P<0.05 
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Table 6. Integrated decibel level in frequency bands 1-9 

  

High and low incidence Virginia notes broadcast in Virginia 

  

Band Mean High N Mean Low N P= 

1 -73.05 65 -75.62 117 0.34 

2 -76.62 127 -79.87 217 0.23 

3 -83.61 118 ~85.46 238 0.34 

4 -88.86 90 -89.81 161 0.59 

5 -~89.68 60 -88.50 116 0.38 

6 -91.49 58 -87.77 88 0.11 

7 -86.98 43 -88.65 60 0.36 

8 -67.64 2 -76.10 58 0.52 
9 * * * k * 

*insufficient data 

  

High and low incidence North Carolina notes broadcast in North 
Carolina 

  

Band Mean High N Mean Low N P= 

1 -68.56 91 -71.05 116 0.57 

2 -74.42 125 ~77.56 254 0.31 

3 -85.48 129 -86.68 264 0.55 

4 -89.33 101 -90.14 202 0.54 
5 -88.77 103 -86.00 145 0.13 

6 -90.37 77 ~87.65 77 0.15 
7 -84.81 47 -85.34 58 0.90 

8 -76.25 32 ~82.17 30 0.20 
9 -42.27 15 -~60.80 15 0.04 

  

68



Table 7. Comparison of mean decibel level and P values for 
shared notes, unshared North Carolina notes and unshared 
Virginia notes. 

  

  

Variable Shared Unshared (NC) Unshared (VA) 

Peak 

Mean VA -26.82 -31.26 -22.71 

Mean NC -17.99 -13.18 “9.90 

P= 0.05 0.0009 0.0006 

Interaction P=0.70 

aB 
Mean VA -16.87 -26.06 ~-12.93 

Mean NC -19.76 -19.72 “11.92 

P= 0.42 0.86 0.02 

Interaction P=0.09 
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Table 8. Integrated decibel level in frequency bands 1-9 

  

Shared Notes 

  

Band NC Mean N VA Mean N P= 

1 -72.44 75 ~71.99 119 0.92 

2 -66.77 141 -83.87 197 0.0001 

3 -79.60 160 -90.94 205 0.0001 

4 -82.20 142 -94.46 174 0.0001 

5 -80.78 120 -95.12 143 0.0001 

6 -82.61 93 -94.46 104 0.0001 

7 -83.87 63 -88.19 72 0.03 

8 -72.36 39 -76.56 40 0.36 

9 ~57.29 18 -53.07 16 0.66 

  

Unshared North Carolina Notes 

  

Band NC Mean N VA Mean N P= 

1 -67.96 45 -69.57 72 0.70 

2 -68.18 104 -83.25 144 0.0001 

3 -79.63 102 ~90.90 122 0.0001 

4 -84.62 73 -95.70 88 0.0001 
5 -77.53 57 -93.78 72 0.0001 

6 -81.34 35 -94.88 40 0.0001 

7 -81.02 21 -87.58 24 0.09 

8 -88.47 7 -89.80 8 0.75 

9 -70.30 5 -61.73 8 0.44 

  

Unshared Virginia Notes 

  

Band NC Mean N VA Mean N p= 

1 ~81.41 30 ~74.34 48 0.06 

2 -76.57 57 -89.53 80 0.004 

3 -77.68 66 -89.24 88 0.0001 

4 -85.49 37 -95.43 40 0.0001 

5 -81.57 16 ~93.05 16 0.002 

6 -88.31 12 -95.61 16 0.006 

7 -88.70 12 -93.40 16 0.09 

8 -80.82 12 -~78.90 16 0.73 

9 -49.99 2 eK 0 ke 

kkk insufficient data 
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Table 9. Habitat density 
Differences between North Carolina and Virginia for each 

  

block: 

Block St N Mean Std Dev Std Error DF P= 

12 NC 40 30.27 25.61 4.04 55.3 0.46 
VA 27 25.51 26.03 5.01 65.0 

11 NC 40 31.20 25.37 4.01 55.7 0.72 

VA 27 33.40 25.51 4.91 65.0 
10 NC 40 25.22 24.49 3.87 55.5 0.33 

VA 27 31.18 24.80 4.77 65.0 

9 NC 40 31.52 24.61 3.89 55.5 0.95 

VA 27 31.14 24.89 4.79 65.0 

8 NC 40 38.10 25.00 3.95 57.3 0.09 

VA 27 27.59 24.15 4.64 65.0 

7 NC 40 39.77 21.85 3.45 50.1 0.08 

VA 27 29.18 25.43 4.89 65.0 
6 NC 40 40.22 19.85 3.13 49.1 0.09 

VA 27 30.66 23.70 4.56 65.0 

5 NC 40 42.82 24.08 3.80 56.8 0.002 

VA 27 23.88 23.51 4.52 65.0 

4 NC 40 31.35 25.83 4.08 61.0 0.002 

VA 27 11.70 22.35 4.30 65.0 

3 NC 40 31.07 27.49 4.34 65.0 0.003 

VA 27 7.88 18.14 3.49 65.0 

2 NC 40 29.62 26.76 4.23 64.5 0.001 

VA 27 5.18 16.43 4.23 65.0 
1 NC 40 13.50 20.51 3.24 64.2 0.07 

VA 27 4.96 15.34 2.95 65.0 

Differences between overall means for North Carolina and 

  

Virginia: 
State N Mean Std Dev P= 

NC 40 32.05 17.61 0.01 

VA 27 21.83 15.63 

Differences between 
blocks: 

the top six blocks and the bottom six 

  

Top 

State N Mean Std Dev P= 

NC 40 32.70 19.00 0.53 

VA 27 29.66 20.04 
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Bottom 

  

  

State N Mean Std Dev DF p= 

NC 40 31.42 19.31 61.4 0.0003 

VA 27 14.04 16.46 65.0 

Reliability data: 
Trial N Mean Std Dev DF P= 

1 10 29.93 20.16 18.0 0.87 

2 10 28.46 19.65 18.0 
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NOTE IDENTIFICATION 

INTRODUCTION 

Two hundred and thirty five species of birds incorporate 

other species' vocalizations into their song repertoires 

(Baylis, 1982). This phenomenon, which has been called 

mimicry, interspecific vocal imitation, vocal appropriation, 

vocal imitation, vocal convergence or vocal mimicry (Dobkin, 

1979; Baylis, 1982), has puzzled researchers for decades. It 

represents a puzzle because there does not seem to be a 

distinct ultimate cause driving its evolution. The lack of 

a distinct explanation for the phenomenon has resulted in a 

number of hypotheses concerning the possible functions for 

this behavior. Baylis (1982) reviewed the voluminous 

literature on the subject and describes in detail the 

hypotheses for the evolution of mimicry. 

While many hypotheses’ exist, few studies have 

experimentally tested these hypotheses. One barrier to 

experimentation is the accurate determination of model 

species. Knowing the model species would allow an 

investigator to focus research on a single hypothesis and 

its alternatives. If a researcher only knows that some of 

the bird's vocalizations are imitations of other species, then 

the choice of research questions is limited or focused 

inappropriately. 
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Determining which species are being imitated can be a 

daunting task. The members of the family Mimidae, for 

example, are not only known as mimics, but also as having very 

large song repertoires (Borror, 1964). In species with large 

repertoires, the identification of the mimicked species raises 

questions of reliability when done by a single listener. A 

more reliable method might be to have multiple independent 

listeners identify the model species. Gramza (1972) discusses 

the merits of multiple independent listeners in interspecific 

vocal imitation research. 

The White-eyed Vireo is a species which is known to 

imitate call notes of other birds. A population of White-eyed 

Vireos has approximately twenty-five song types. Individual 

males average 13 song types and each song type consists of 6 

notes (Bradley, 1981; Borror, 1987). Of these six notes as 

many as 4 are call notes imitated from other birds (Bent, 

1950; Adkisson and Conner, 1978). Like mockingbirds, White- 

eyed Vireos represent a mimicking species with a _ large 

repertoire. White-eyed Vireos learn their songs’ from 

conspecifics and notes are learned from other’ species 

infrequently (Bradley, 1981). White-eyed Vireos are thought 

to imitate notes which transmit efficiently through dense 

foliage (Marshall, 1950; Adkisson and Conner, 1978). If this 

is so, then the White-eyed Vireo notes heard today represent 

those notes which most successfully transmit through their 

74



habitat. 

This study was designed to determine the species imitated 

by White-eyed Vireos. The rationale was that if the vireos 

imitate notes randomly, then the birds reflected in their 

repertoires would be roughly proportional to their occurrence 

in the environment. If, however, notes are _ selected 

preferentially, including superior signal transmission, then 

only notes from certain species would be present in White-eyed 

Vireo repertoires I chose two locations with different sound 

environments from which to record White-eyed Vireo 

repertoires, southwestern Virginia and eastern North Carolina. 

I hypothesized that White-eyed Vireos in southwestern Virginia 

would imitate species found in their region. I hypothesized 

that if White-eyed Vireos in eastern North Carolina imitated 

sounds at random, then calls of shorebird species would be 

represented in their repertoires. If, however, they imitated 

sounds which transmitted efficiently through the environment, 

they would preferentially imitate birds in their habitat. 

The methodology used to identify the imitated 

species is unique. Fifteen bird vocalization experts were 

recruited to identify the birds imitated by White-eyed Vireos. 

The experts were given audio tapes of White-eyed Vireo song 

notes and asked to list the birds they thought the vireos 

might be imitating. 

The results obtained using the auditory survey technique 
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were consistent with other studies of White-eyed Vireo 

imitation. Below I report the results obtained and suggest 

ways to improve this technique. 

METHODS 

I recorded song repertoires from sixteen male White-eyed 

Vireos eastern North Carolina from May to July 1992 at the 

Cape Hatteras National Seashore and Pea Island National 

Wildlife Refuge in Dare County. Steven L. Hopp provided 

additional recordings of six male White-eyed Vireos recorded 

during the breeding season of 1988 in the Green Swamp, 

Brunswick County in eastern North Carolina. Twelve male 

White-eyed Vireos were tape recorded in southwestern Virginia 

in Marion, and two males were recorded near Emory from April 

to August during the breeding seasons of 1987 through 1990. 

Seven male White-eyed Vireos were recorded near Blacksburg in 

May of 1992. 

Complete vireo repertoires were recorded from 900 song 

repetitions. A minimum of 10 repetitions of each song type 

were recorded. The vireos in North Carolina were not color- 

banded. Therefore, I completed taping each male in a single 

session to avoid losing sight of the subject. The vireos in 

Virginia were color-banded@ and recorded throughout’ the 

breeding season. 

Recordings were made using a Uher 4200 Report Monitor or 
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a Sony TCM 5000 recorder (flat frequency response in the 

bandwidth of interest, 900-9,000 Hz). A 45 cm Dan Gibson 

parabola and microphone, a Sennheiser K3U power unit with 

either a ME88 spot head or a ME80 head inverted in a Sony 

(PBR-330) 30 cm parabolic or a Dan Gibson 45 cm parabolic dish 

were used record the songs. 

The songs were digitized using a Gateway 2000 486/25c 

computer and A/D board. The signals were sampled at a rate 

of 25 kHz per second and low-pass filtered at 10 khz 

(Frequency Devices 901) before entry into the computer. All 

Signal analysis was conducted using the Signal Sound Analysis 

Computer System in the V.P.I. & S.U. Department of Psychology 

(Beeman, 1989, Engineering Design, Belmont MA). 

One to four song types were randomly chosen from the 

complete repertoires of 45 male White-eyed Vireos (VA=23; 

NC=22). Song types were judged as different from any other 

song type if they contained more than three note insertions, 

deletions or substitutions. Each of the selected song types 

represented the best quality recording available. 

Note types were determined by visual inspection of the 

spectrograms. I selected a note from a spectrogram and 

assigned the note a number. I then inspected each spectrogram 

for the presence of note types of similar shape and frequency. 

Each time I found a match, the note type was written on the 

spectrogram. In addition to visual comparisons, I compared 
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the notes of each type by ear. I first displayed all 

representatives of a note type on screen and then listened to 

each of the notes to determine if they were similar. The 

visual and auditory categorization yielded 137 note types. 

A single note type representative with superior recording 

quality was stored in the computer. 

Participant Selection 

Experienced field ornithologists were selected as 

participants. The ornithologists were selected using a 

combination of the following criteria: many years field 

ornithology experience, experience with Neotropical birds, 

Breeding Bird Survey experience or other similar 

ornithological experience. When making the initial requests 

by letter, I asked the potential participant if he or she 

would be interested in participating and to recommend other 

people with a similar number of years and location experience. 

I wrote to twenty-six ornithologists. Fifteen agreed to 

participate. Twelve of the 15 surveys were completed; one 

returned the survey uncompleted and two people failed to 

return the survey. 

The groups consisted of the following individuals: 
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GROUP 1 GROUP 2 GROUP 3 
Danny Bystrak Barbara Dowell David Holmes 
Bill Evans Sam Droge Bruce Peterjohn 
Anthony Futcher John Rappole Michael O'Brien 
Eugene Morton Kevin Winker 
George Reynard 

Due to the number of note types (137) and the number of 

participants (15), I divided the participants and note types 

into three groups. No one participant was asked to identify 

all 137 note types. The participants were randomly assigned 

to one of three groups. Likewise, the note types were 

randomly assigned to one of three groups. 

I included check notes to establish the reliability and 

validity of the participants. I defined reliability as the 

ability of a participant to identify a note twice as belonging 

to the same species. I defined validity as the ability of a 

participant to correctly identify known bird call notes. To 

test reliability, each group received a randomly selected 

sample of 10 notes twice. To test validity, all participants 

received call notes recorded from the following species: Grey 

Catbird (Dumetella carolinensis), Rufous-sided Towhee (Pipilo 

erythrophthalmus), Wood Thrush (Hylocichla mustelina), 

Carolina Wren (Thryothorus ludovicianus), Great Crested 

Flycatcher (Myiarchus crinitus), Summer Tanager (Piranga 

rubra), White-breasted Nuthatch (Sitta carolinensis) , Red-eyed 

Vireo (Vireo olivaceus) and Common Nighthawk (Chordeiles 
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minor). 

Participants assessed their own confidence in their 

selections. For each note they were asked to rate their 

confidence as Very Confident, Somewhat Confident or Not 

Confident. Overall participant confidence was obtained by 

assigning each level of confidence a number. Very Confident 

equalled 1, Somewhat Confident equalled 2 and Not Confident 

equalled 3. Each participant's total number of responses were 

tallied. The number of responses in each category was totaled 

and multiplied by the confidence level number. The three 

products were added, and divided by the total number of 

responses to obtain a confidence score. Had the participants 

been able to Very Confidently identify all the notes the 

result would have been a confidence score of 3.00. Notes 

identified with lesser levels of confidence would have 

resulted in confidence scores of 2.00 and 1.00 for the 

categories Somewhat Confident and Not Confident, respectively. 

Participants were mailed a data sheet on which to write 

their responses. The data sheet included space to write their 

confidence in their selections. 

The participants were sent audio recordings of their 

notes. Each new note was introduced by number. Each note 

type was presented three times, with approximately 5 seconds 

between each repetition. Participants recorded their choices 

on the corresponding line on the data sheet. 
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The data sheets included space for the participants to 

list three choices for each note type. Less than one percent 

of the total responses were third choices. For each note 

type, I first considered only the first choice and I counted 

the number of species listed. Perfect agreement between 

participants would result in one species; total non-agreement 

would equal the number of responses. I then considered the 

best possible agreement between responses, regardless of their 

being first or second choice. I counted the number of species 

listed and compared that with the number of responses. 

Finally, I considered the agreement between responses for taxa 

higher than species, e.g. genus or family. For example, one 

participant listed a note type as sounding like that of an 

Acadian Flycatcher (Empidonax virescens) while another 

participant listed the same note as sounding like that of a 

Yellow-bellied Flycatcher (Empidonax flaviventris). At the 

species level, these two responses would be scored as non- 

agreement. At a higher taxon level, they could be scored as 

a match. This is assuming the call notes genus members sound 

more Similar to each other than to non-generic calls. 

RESULTS 

Notes and Identities of Model Species 

One hundred and thirty-seven different note types were 
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identified by visual and auditory inspection. Thirty-six note 

types were found only in Virginia, 66 note types were found 

only in North Carolina and 35 note types were shared. 

When only first choices were considered, 16 of the 137 

note types were identified (11.6%). When first and best 

choices were considered together, twenty-two of the note types 

were identified (16%). Considering taxa level higher than 

species, genus and family, yielded the identification of an 

addition 6 notes, although this had no bearing on the overall 

number of species identified. Altogether, ten species were 

identified as being model species for White-eyed Vireos. The 

note types and model species are listed in Appendix B. 

Participant Validity, Reliability and Confidence 

The participants in general had little difficulty 

correctly identifying the call notes recorded from the model 

species. Five of the twelve participants correctly identified 

all of the notes from the model species. The other seven 

participants incorrectly identified only one of the model 

species. Two of the participants commented on the data sheets 

that the notes did not belong to White-eyed Vireos, suggesting 

that they were "ringers." The reliability of the participants 

was lower than the validity. Reliability was based on the 

ability of the participants to identify a note twice as 

belonging to the same species. Seven of the twelve 
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participants identified the pairs of notes as belonging to the 

same species on 60% or more of the notes. This is actually 

much greater than chance when one considers the possible pool 

of choices as being the model species occupying the eastern 

United States. Validity and reliability scores are reported 

in Table 1. 

Many of the participants reported in the comments section 

of the data sheets that they were not confident about their 

identifications. The overall mean confidence rating for the 

group was 1.56, with a range of scores from 2.06 to 1.09. 

DISCUSSION 

The number of model species identified using this 

technique was consistent with previously published studies. 

In addition, this study verified previously identified model 

species, and identified one new model species, the Veery 

(Catharus fuscescens). Using spectrograms alone, Adkisson 

and Conner (1978) identified 13 model species. Townsend 

(1924), Bent (1950), and McNair and Forster (1983) apparently 

using the observations of multiple listeners, identified 

White-eyed Vireos as imitating five, sixteen and nine species, 

respectively, although the list of species given may not have 

been complete (McNair and Forster, 1983). One new species 

can be added to the list of possible model species for the 

White-eyed Vireo, the Veery (Catharus fuscescens). There were 
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no positive identifications of tropical species although three 

participants identified three different notes from their 

Samples as belonging to tropical species. Two participants 

suggested two different notes resembled the chirp note of the 

Eastern Chipmunk (Tamias striatus). Three participants 

Suggested three different notes resembled various Buteo 

species, the Red-tailed Hawk (Buteo jamaicensis), Broad-winged 

Hawk (Buteo platypterus) and Red-shouldered Hawk (Buteo 
    

lineatus). 

One possible reaction to the small number of species 

identified (10), relative to note types sampled (137), would 

be to assume the evaluators were unable to identify the notes 

due to their inexperience or unfamiliarity with bird sounds. 

The validity data suggest otherwise. The participants were 

quite able to identify bird calls. The accuracy with which 

the participants identified calls of known species ranged from 

eighty to 100 %. The small number of species identified 

indicates either there are very few notes which are imitations 

or the tape design needs to be altered. Given the agreement 

of this study with previous studies, I feel confident about 

the participant identifications. Any obstacles to be overcome 

in perfecting this technique lie in the tape design and not 

in the abilities of the participants. 

One challenge, mentioned by two participants, was the 

aifficulty of identifying bird sounds out of their natural 
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context. Anyone who has spent time in the field is aware of 

the importance habitat plays in species identification. Even 

if a bird is not seen, the number of possible choices can be 

narrowed by observing habitat type. A listener standing in 

an open field will not expect to hear Blackburnian Warblers 

(Dendroica fusca), a species found in woodlands and conifers. 

The notes given to the participants obviously did not contain 

visual cues, and any auditory cues in the form of background 

vocalizations were removed as well. The sterility of the tape 

made the identification process difficult. 

A second consideration was accuracy of the White-eyed 

Vireo imitations. The participants may have had difficulty 

because White-eyed Vireos have altered the note structure to 

the point that identification is impossible. This idea is 

supported by an interesting field observation. The same tapes 

that were given to the participants were played to White-eyed 

Vireos. The vireos responded. The response was not as 

aggressive as typical White-eyed Vireo response to conspecific 

song playback, but the birds appeared to show more than a 

casual interest in the sounds emanating from the speaker. 

This indicates that some characteristic White-eyed Vireo 

qualities remained in the notes despite their separation from 

whole songs. This could also indicate that the vireos have 

altered the notes to such an extent that they are no longer 

recognizable as imitations, or that the notes are unique to 
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White-eyed Vireos. 

Several alternative designs might be tried to increase 

the effectiveness of this technique. First, if the number of 

song types were smaller or the pool of available listeners 

larger, entire songs could be given to the listeners. Although 

White-eyed Vireo songs are short, less than 1.5 seconds long, 

it is possible to detect imitations in intact songs. Three 

of the participants, upon learning of this study or upon 

returning the survey, commented that they had heard White-eyed 

Vireo imitations. This indicates that these participants 

could hear imitations imbedded within the songs. Allowing the 

participants to identify the notes in the context of the songs 

might have increased the number of notes identified. 

A second design improvement would be to provide the 

participants with an auditory context in which to hear the 

notes. For example, notes could be dubbed over a tape of a 

dawn chorus in White-eyed Vireo habitat. This would provide 

a realistic sound environment in which to hear the notes. 

Alternatively, the participants could have been given the 

recording locations for each note. Neither of these 

approaches were used to prevent possible participant bias. 

Because no information exists as to the dispersal patterns of 

young White-eyed Vireos, it was felt the participants needed 

to consider model species in the entire breeding and wintering 

range of White-eyed Vireos. The disadvantage of concealing 
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the locations may have meant that fewer notes were identified. 

Researchers studying mimicry will still want to consider 

using multiple independent listeners to identify and verify 

potential model species. They will want to consider the 

suggestions for improving the present study when designing 

their own studies. Further, they will want to use this 

technique in conjunction with spectrograms. 
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Table 1. Reliability and validity scores for independent 
evaluators 

  

Reliability Validity 

Name Group % Correct % Correct 

Bystrak 1 63 100 
Droge 2 60 100 
Dowell 2 70 80 
Evans 1 72 100 
Futcher 1 90 88 
Holmes 3 60 88 
Morton 1 36 100 

O'Brien 3 80 88 
Peterjohn 3 50 88 
Reynard 1 55 88 
Rappole 2 40 88 
Winker 2 40 100 
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CONCLUSIONS 

Research into ultimate explanations for vocal imitation 

has not proceeded at a rapid pace. In part this may be due 

to the difficulty surrounding identification of model species. 

It may also be that thinking about this issue has not yet 

reached a critical mass, given the myriad species which have 

been documented to imitate. The hypotheses which have been 

proposed are interesting, but few have seemed to spark the 

interest necessary to fire significant research. 

This study was undertaken to further address the reasons 

for imitation in White-eyed Vireos. I specifically chose to 

test the hypothesis that White-eyed Vireos imitate notes which 

transmit well through dense habitat. This study yielded 

information about the natural history of this species and 

suggests what vireos are not doing with their imitations. 

As a result of the subspecies playback study we know that 

the males do not behave differently when played each other's 

songs. This may suggest that there are no differences in the 

songs or that what have been call subspecies should be lumped 

under a single species. This finding does not necessarily 

contradict the finding of Johnson et al., but it does raise 

interesting questions as to the reasons for the large genetic 

differences between the subspecies. 

As a result of the signal transmission study we know that 
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there appears to be no location specificity in transmission 

efficiency of the notes. There is also no relationship 

between occurrence frequency and transmission efficiency and 

no relationship between shared notes and signal efficiency. 

So one cannot make a strong case that the song notes are the 

result of imitation for superior signal transmission. 

As a result of the note identification study we have 

further confirmatory evidence about the species imitated. 

We did add one additional species to the list, the Veery. 

The methodology needs revision and/or to be used in 

conjunction with spectrograms. But, it would seem that if 

any spectacular results were to have been found, the group of 

people selected would have found them. That the same species 

keep turning up tells us something. Particularly with respect 

to what might have been found in North Carolina we can 

reasonably conclude that vireos do not appear to randomly 

reproduce every available sound in the environment. This may 

be due to several reasons: 1) the vireos only imitate note 

which fall into some, unidentified category. 2) the vireos are 

imitating sounds randomly, but because the rate at which notes 

enter the population is very slow, only a few model species 

are represented. 3) the vireos are operating under some type 

of physiological constraint that limits the type of sounds 

they can imitate. 4) they no longer imitate or 5) imitations 

occur only in the relative absence of conspecifics and there 

90



may be more of those now. Shrikes have probably benefitted 

from farming and so have Red-tails and so have kestrels. 

White-eyed Vireo note imitation may have taken place long ago, 

when there were relatively fewer White-eyed Vireos and they 

were scattered about in little pockets of habitat. With 

extensive clearing and then succession, conspecific models 

became more prevalent. This study's strengths lie in the 

directions it suggests for future research. While this study 

did not prove that vireos use imitation for improvement of 

Signal transmission, ruling it out suggests research which 

might prove fruitful in the future. The research suggested 

does not relate solely to imitation, but would provide 

additional needed information which should be known before 

further studies of imitation proceed. 

One critical piece of research that is begging to be done 

on this species is the generational evolution or cultural 

evolution of the songs. A sedentary population of birds, 

located perhaps in Florida or Bermuda, should be banded and 

recorded for several generations. Alternatively, raising 

White-eyed Vireos in different sound environments would shed 

some light how they learn their song types. Knowing if or how 

frequently new imitations occur might shed some light on why 

they occur. If new imitations happen frequently, this might 

argue for the need to have a really larger repertoire. 

Relatively few new imitations might argue for a learning 
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mistake or that imitation is an epiphenomenon of some other 

process. 

If research into White-eyed Vireo imitation is to 

proceed, others will need to consider testing the other 

hypotheses for imitation. I think the following hypotheses 

merit exploration. 

The epiphenomena hypothesis is, I think, the most 

promising area of research into why vireos imitate. This 

hypothesis would test the idea that birds imitate in the lack 

of conspecifics. The way to test that would be to raise 

captive young White-eyed Vireos in four kinds of sound 

environments; one, a dawn chorus environment without White- 

eyed Vireo songs; two, a dawn chorus environment with White- 

eyed Vireo songs; three, a mixture of non-bird sounds and 

four, no sound at all. If they indeed learn songs, rearing 

in a no-sound environment should result in unrecognizable 

sounds. If they learn songs from conspecifics, in White-eyed 

Vireo environment they should copy those songs. In the dawn 

chorus environment without White-eyed Vireos, they should 

imitate other sounds if the imitation results from a lack of 

conspecifics. 

The reproductive isolation hypothesis could be explored 

by asking female White-eyed Vireos which song populations they 

prefer. Also one would need to show, through extensive field 

surveys, that there are distinct breeding and wintering 
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populations. It also might be necessary to show that these 

particular populations are adapted to habitat niches. 

Further research into signal transmission should focus 

on entire songs. The design should include transmission and 

reception from different heights. Dabelsteen et al. (1993) 

in an innovative study found that the variable with the 

greatest impact is the microphone height, or the height of 

the listener. Birds may ascend into the canopy not to 

broadcast better, but to better hear the responses from their 

neighbors. 

Future research concerning signal transmission should be 

framed within consideration given to the ranging hypothesis. 

It needs to be determined what the females are listening 

to, both from a stimulus perspective and from a signal 

detection perspective. In other words, what might the females 

be hearing from low in the bushes. It might be interesting 

to track females and males with focal animal sampling to see 

what heights the males sing from in relation to the females. 

Then signal transmission studies could be designed to test 

what the signals are doing when they reach the females from 

an indirect path. This might further support the need for 

signal generality. 

Experiments should also be designed to test the abilities 

of males and females to discriminate between different song 

types. Based on work by Searcy and Brenowitz (1988), it is 
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not unlikely that the females attend to different song 

features than males. 

Another interesting experiment would be to assemble 

random songs from notes and have real songs and test the 

differences between the two. If the notes are assembled 

according to some rules of signal efficiency, then the real 

songs should do better than the random songs. Otherwise, this 

would argue for some other criteria for song assembly. The 

songs should be tested within one habitat type, for example 

Southwest Virginia. Several replicates could be used, both 

within and between habitats. Another related piece of 

research would be to see if there are differences in the way 

the birds in Virginia and North Carolina assemble songs. A 

generalist hypothesis would argue that there should be no 

difference because they might be used in both places. 
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APPENDIX A 

Model species reported in the literature 

Townsend, 1924 

American Goldfinch 
Carolina Wren 
Common Bobwhite 
Gray Catbird 
Whip-poor-will 

Bent, 1950 

American Robin 
Carolina Wren 
Gray Catbird 
House Wren 
Rufous-sided Towhee 
Summer Tanager 
Whip-poor-will 
Yellow-breasted Chat 

Adkisson and Conner, 1978 

Acadian Flycatcher 
Carolina Chickadee 
Downy Woodpecker 
Hairy Woodpecker 
Rufous-sided Towhee 
White-breasted Nuthatch 
Yellow-throated Vireo 

McNair and Forster, 1983 

Carolina Wren 
Gray Catbird 
Yellow-billed cuckoo 

This study, 1994 

Acadian Flycatcher 
Carolina Wren 
Gray Catbird 
Summer Tanager 

White-breasted Nuthatch 

American Robin 
Common Flicker 
Eastern Wood Peewee 

Song Sparrow 

American Goldfinch 
Common Flicker 
Great-crested Flycatcher 
House Sparrow 
Song Sparrow 
Warbling Vireo 
Wood Thrush 

Carolina Wren 
Common Flicker 
Gray Catbird 
Kentucky Warbler 
Summer Tanager 

Wood Thrush 

Common Bobwhite 
Red-cockaded Woodpecker 

American Robin 
Chickadee sp. 
Rufous-sided Towhee 
Veery 
Wood Thrush 
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APPENDIX B 

Note types identified by independent experts 

The note types and the species identified from first choices 
were: 

la - Carolina Wren 
1f - American Robin 
2a - Carolina Wren 
2d - Carolina Wren 
2e ~- Carolina Wren 
7 - Wood Thrush 

14 - White-breasted Nuthatch 
16d- Summer Tanager 
18b- Rufous-sided Towhee 
19b- Veery 
22 - Acadian Flycatcher 
23 - Rufous-sided Towhee 
23a- Rufous-sided Towhee 
23g- Rufous-sided Towhee 
26a~- American Robin 
77 - Summer Tanager 

Additional note types identified from best choices were: 

2c - Carolina Wren 
5c - Veery 
10 - Acadian Flycatcher 
16f- Summer Tanager 
20 - Grey Catbird 
28 - Chickadee sp. 

Note types identified at a taxon level higher than species 
were: 

13 - Vireo 
15b - Troglodytidae 
16e - Troglodytidae 
19 - Turdidae 
75 - Empidonax 
84 - Mimidae 
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