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ABSTRACT.--Two distinctly different Type A songs characterize eastern and western pop- 
ulations within the breeding range of the Northern Parula (Parula americana). These two song 
variants differ mainly in the last note, but also have other significantly different frequency 
and temporal characters. The eastern-style singers terminate their song with two glissando- 
figures forming an inverted "V" on a sonaRram. The western Type A song ends with a less 
intense buzzy note or vibrato-figure with an up slur. The song length of eastern birds averages 
0.12 s shorter than western singers. Other significant differences include trill duration, trill 
rate, period between the first two syllables and the maximum frequencies of the first and 
last syllables. The two song populations are nearly allopatric, overlapping in southwestern 
Alabama and eastern Kentucky, where the two song forms can be heard in adjacent areas 
but where no intermediate songs are found. Morphological differences coupled with the 
differences in the Type A song suggest that the two populations are recognizable and may 
be in the early stages of allopatric divergence. I suggest that the eastern populations be 
recognized as P. americana americana and the western populations as P. americana ludoviciana. 
Received 30 August 1990, accepted 10 January 1992. 

SONG is an important aspect of avian breeding 
biology that often is used as a guide for species 
relatedness (Payne 1986). Studies dealing with 
geographic song variation have led to the dis- 
covery of distinct song or call differences be- 
tween populations that are morphologically in- 
distinct. Such populations are judged to be either 
geographical races or sibling species when suf- 
ficient behavioral and genetic information ex- 
ists to indicate reproductive isolation. Examples 
of such populations include flycatchers (Empi- 
donax traillii and alnorum; Stein 1958, 1963), Pine 
Grosbeaks (Pinicola enucleator; Adkisson 1981), 
and Marsh Wrens (Cistothorus palustris; Kroods- 
ma 1989). 

The Northern Parula (Parula americana) breeds 
from southeastern Manitoba to Nova Scotia, and 
south to central Texas and central Florida. The 

winter range is mainly in east-central Mexico 
and on the islands of the Greater and Lesser 

Antilles (AOU 1983). Early investigators rec- 

ognized as many as three races of P. americana: 
the northeastern P. a. pusilla (=usneae); the 
southeastern P. a. americana; and the western P. 

a. ludoviciana (=ramalinae) (Brewster 1896, Ridg- 
way 1902, Oberholser 1938, 1974). Parkes (1954), 
however, argued against recognition of these 
populations because of the difficulty in sepa- 
rating specimens by color characters and mea- 
surements. The species is now treated as being 
monotypic (AOU 1957). Some authors (Mayr 
and Short 1970) have considered P. americana to 
be conspecific with P. pitiayumi. 

The Northern Parula has two primary song 
types (see Borror and Gunn 1985). The Type A 
song (Type 1 of Borror and Gunn) is a simple 
and more commonly sung buzzy trill ending in 
a short, separated note. The less frequent, Type 
B song (Type 2 of Borror and Gunn) consists of 
a series of buzzy notes. The Type A song has 
been described as the Accented Ending Song 
and the Type B as the Unaccented Ending Song 
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WESTERN TYPE ß 

N=149 

EASTERN TYPE ¸ 

N=142 

Fig. 1. Distribution of recorded eastern and western Type A songs of Parula americana. See Appendix for 
sample sizes at each location. 

(Morse 1989). There have been no published 
reports of song variation in this species in which 
recorded songs were analyzed spectrographi- 
cally. 

Using audiospectrographic analysis, I discov- 
ered two distinct Type A songs that characterize 
eastern and western populations within the 
species breeding range. The ranges of these two 
variants are sympatric in southwestern Ala- 
bama and eastern Kentucky. The existence of 
these two song forms suggests that the North- 
ern Parula consists of at least two geographic 
races or, perhaps, even two sibling species. 

METHODS 

Type A song recordings of 291 Northern Parulas 
were analyzed in this study. The locations of the re- 

cording sites are listed in the Appendix and are 
mapped in Figure 1. The recordings were made be- 
tween 1953 and 1989, but most (74%) were recorded 
after 1981. A Uher reel-to-reel tape recorder (19 cm/ 
s) with a Dan Gibson P650 parabolic microphone was 
used for 215 recordings. These recordings have been 
deposited in the Texas Bird Sound Library (Depart- 
ment of Biological Sciences, Sam Houston State Uni- 
versity). Copies of 76 additional recordings were ob- 
tained from: Borror Bioacoustic Laboratory (47 
recordings); Library of Natural Sounds (23); Florida 
State Museum (2); Greg Lasley (2); John Arvin (1); 
and W. M. Meriweather (1). A Nagra III recorder (38 
cm/s) was used for 35 of these recordings, and 31 
were made with a Magnemite (38 cm/s). An AKG 
microphone (or an unspecified one) with a parabola 
was used when making these recordings. The make 
of recording equipment for the remaining 10 birds is 
unknown; however, 4 recordings were made on cas- 
sette recorders. 
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Songs for each bird were graphed using the 80- 
8,000 Hz frequency range on a Kay Elemetrics 6061B 
Sona-Graph with a wideband filter. I chose the most 
representative sonagraph for each bird to analyze 
geographic variation in the structure of the Type A 
song. The Northern Parula Type A song consists of 
an initial series of rapidly repeated syllables, termed 
a "trill" or "buzzy-trill," and a terminal note (Fig. 2). 
Visual examination of the sonagrams indicated that 
the terminal note consists of two distinctive types and 
can be used to easily separate birds into eastern and 
western song populations. To determine if other song 
differences existed between the two populations, I 
measured the following nine song variables for 277 
of the 291 song audiospectrographs (Fig. 2): (i) song 
duration; (2) trill duration; (3) duration from end of 
trill to end of song; (4) period between first two syl- 
lables; (5) period between last two syllables; (6) max- 
imum frequency of first syllable; (7) maximum fre- 
quency of last syllable; (8) number of trill syllables; 
and (9) trill rate (no. syllables/s). Measurements were 
made to the nearest 0.5 mm on the spectrographs and 
then converted to the appropriate temporal or fre- 
quency value. Fourteen spectrographs were unusable 
for these measurements, but still had identifiable ter- 

minal notes so that the songs could be classified as 
eastern or western song types. 

Using ANOVA and MANOVA statistical computer 
programs of SAS (version 6.06, 1989; SAS Institute 
1985), I made univariate and multivariate compari- 
sons of all song variables between and within eastern 
and western song populations. A discriminant-func- 
tion analysis (DISCRIM program of SAS) was used to 
predict the percentage of songs that could be correctly 
identified as eastern or western song types based on 
eight song variables. Song duration was not used in 
the MANOVA or DISCRIM analysis, because it is the 
sum of trill duration and duration from the end of 

the trill to the end of the song (variables 2 and 3 in 
Fig. 2). 

RESULTS 

Two distinctively different Type A songs 
characterize eastern and western populations of 
P. americana within its breeding range. As in- 
dicated earlier, the two song forms are distin- 
guished mainly by the terminal note. The ter- 
minal note of eastern birds appears as two fused 
glissando-figures forming an inverted "V", or 
chevron, on a sonagram (Fig. 3). Western birds 
terminate the song with a less intense "buzzy" 
note or vibrato-figure with an up slur (Fig. 3). 
With training, an observer can audibly detect 
the differences in the two song endings. The 
eastern song ending sounds more intense and 
accentuated than that in the western song. No 
bird sang both types of endings, and three birds 

7 

l•--4 I 2 . 3 
Fig. 2. Illustration of seven of nine song variables 

measured and compared statistically for eastern and 
western song types. Variables i-5 are duration mea- 
sures and 6-7 are frequency measures. See text for 
explanation of numbers. Type A is the western-type 
ending, while type B is eastern-type ending. 

did not have one of these terminal notes in their 

song. Figure 4 illustrates some of the variation 
in the two song endings. From a series of spec- 
trographs, I could not visibly detect intra-in- 
dividual variation in the structure of the total 

song pattern. However, some birds occasionally 
would lengthen the trill by adding one or two 
syllables. 

Based on the mapped recording localities, the 
distributions of the two forms of Type A songs 
are nearly allopatric (Fig. 1). Except for two east- 
ern type songs recorded in eastern Texas, I found 
only two areas where the two song populations 
overlap--southwestern Alabama and eastern 
Kentucky. In suitable habitat, other areas of 
overlap probably exist in eastern Tennessee, 
central Ohio, Michigan and Ontario; these 
regions were not sampled extensively in this 
study. The area of overlap in Alabama (Fig. 5) 
is north of Mobile and extends about 140 km 

from the Mississippi-Alabama border to Selma, 
Alabama. Although both eastern and western 
song forms were recorded in adjacent areas, none 
of the recordings made within this area of sym- 
patty indicated intergradation of song types. 

A statistical comparison of nine morphomet- 
ric song measurements revealed several signif- 
icant differences between the eastern and west- 

ern populations (Table 1). The overall song 
duration of eastern singers averaged 0.12 s 
shorter than western singers. Both the trill du- 
ration and the duration from the end of the trill 

to the end of terminal note contributed to the 

shorter duration of the song. Although there 
was no significant difference between the num- 
ber of trill syllables, the trill rate was signifi- 
cantly higher in eastern singers (23.0/s) than in 
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WESTERN TYPE EASTERN TYPE 

Dryden, ON 

I •,• , ,', 

Lincoln Ca., MA 

Dickson Ca., TN Essex Ca., NY 

Ouachita Par., LA 

Walker Ca., TX • 
0.5s 

Fig. 3. 

Tazewell Ca., VA 

• Screven Ca., GA 

Examples of eastern and western Type A songs of Northern Parulas. 

western singers (21.4/s). The higher trill rate 
was reflected also in the significant difference 
in the time between the first two trill syllables. 
Eastern singers had a shorter interval between 
the first two syllables than western singers; the 
eastern singers tended to maintain this interval 
to the end of the trill. Western singers began 
the trill slower (i.e. they had a longer period 
between the first two syllables) and then grad- 
ually increased the rate. There was no signifi- 
cant difference between eastern and western 

singers for the period between the last two syl- 
lables. Eastern singers sang at significantly 
higher frequencies both at the start and end of 
the trill. Discriminant-function analysis of the 
nine variables indicated that no single mea- 
surement can predict correctly the song type 
greater than 80% of the time. When eight vari- 
ables were considered together, 88.7% of the 
eastern songs and 83.7% of the western songs 
were accurately identified. Multivariate analy- 

sis (MANOVA) of eight variables indicated a 
highly significant difference between the two 
song populations (P < 0.0001). 

The situation at the time the songs were re- 
corded was not always indicated by the observ- 
er. Songs were recorded normally (without 
playback stimulus), after song playback (the 
bird's own song or that of another parula), or 
both. The sonagram used for analysis was cho- 
sen for its clarity and could represent a song 
recorded before or after playback. To evaluate 
whether there was any change in the song char- 
acteristics from before to after playback, I an- 
alyzed nine Type A song variables of 11 birds 
(six eastern and five western) with the General 
Linear Model MANOVA (SAS Institute 1985). 
There was a small but significant difference be- 
tween songs recorded before and after playback 
(F = 5.2, df = 8 and 44, P < 0.001). The basic 
change in the song after playback was the ad- 
dition of trill syllables within the same time 
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WESTERN-TYPE ENDING 

a b c d e f g h 

EASTERN-TYPE ENDING 0.2 s 

i j k I m n o p 

Fig. 4. Variation in terminal note of eastern and 
western Northern Parula songs. Western-type end- 
ings: (a-c) Texas, Montgomery and Walker counties, 
respectively; (d) Louisiana, St. Tammany Parish; (e- 
f) Tennessee, Cheatham Co.; (g) Mississippi, Hinds 
Co.; (h) Kentucky, Whitley Co. Eastern-type endings: 
(i-j) Georgia, $creven and Camden counties, respec- 
tively; (k) Alabama, Wilcox Co.; (1) Florida, Calhoun 
Co.; (m-n) North Carolina, Wayne Co.; (o-p) Maine, 
Lincoln Co. 

frame, resulting in a higher trill rate (sylla- 
bles/s). There also was a slightly higher maxi- 
mum frequency (kHz) of the last syllable. How- 
ever, there was no visible change in the basic 
structure of the song pattern. From the same 
analysis, a highly significant difference was ob- 
tained between eastern and western song types 
(F = 179.6, df = 8 and 44, P < 0.0001). There 
was no interaction between the before/after and 
eastern/western factors (F = 1.46, df = 8 and 
44, P = 0.2), indicating that the small playback 
effects on song variables were comparable in 
eastern and western birds. Assuming a more or 
less random choice of songs (with respect to 
playback situations) for analysis, the small play- 
back effects would cancel out in comparisons of 
the nine song variables for eastern and western 
birds. 

I also tested northern and southern song pop- 
ulations within each song type. I found no sig- 
nificant differences between the seven western 

songs recorded in Michigan, Wisconsin, Min- 
nesota and Ontario and the remaining western 
type songs recorded in the south (MANOVA 
F = 0.88, P = 0.54). When I compared eastern- 
type singers north and south of the Virginia- 
North Carolina border, which approximates the 
dividing line between the two eastern subspe- 
cies of Oberholser (1974), I found a small but 

M 

0 EASTERN TYPE N=29 

ß WESTERN TYPE N=18 

Fig. 5. Distribution of recorded Northern Parula 
eastern and western Type A songs in overlap area of 
Alabama. Symbols represent recording sites. Number 
indicates multiple bird samples for particular loca- 
tion. 

significant difference (MANOVA F = 3.12, P = 
0.003) between the two groups. Northern birds 
had a shorter trill duration and a shorter du- 

ration from the end of the trill to the end of 

the song, resulting in an overall shorter song 
duration. The maximum frequencies at the start 
and end of the trill were lower in the northern 

songs. Results of discriminant-function analysis 
of the three populations are shown in Table 2. 
Based on eight variables, 78.3% of the north/ 
eastern-type songs and 61.2% of the south/east- 
ern-type songs were correctly identified. Only 
10 of the 131 eastern-type songs were incor- 
rectly identified as western songs. The two east- 
ern-type singers recorded in Texas were cor- 
rectly identified as having eastern-type songs. 

DISCUSSION 

Two Type A songs characterize eastern and 
western populations of P. americana within its 
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TABLE 1. Means (+SD) and univariate F-values of nine variables comparing eastern and western Type A 
songs of Northern Parulas. a 

Type 

Eastern Western ANOVA • 

Variable (n = 133) (n = 144) F-value 

Song duration (s) 
Trill duration (s) 
No. trill syllables 
Trill rate (syllables/s) 
Song duration - trill duration (s) 
Period between first two syllables (msec) 
Period between last two syllables (msec) 
Maximum frequency, first syllable (kHz) 
Maximum frequency, last syllable (kHz) 

1.19 + 0.20 1.31 + 0.16 28.87** 
1.09 + 0.20 1.18 + 0.15 18.07'* 
24.9 + 7.6 25.1 + 6.7 0.05 
23.0 + 5.7 21.4 + 5.1 6.33* 
0.11 + 0.02 0.14 + 0.03 79.40** 
47.9 + 13.4 56.1 + 14.8 23.02** 
51.3 + 13.6 50.2 + 8.6 0.62 
5.68 + 0.63 5.10 + 0.57 84.60** 
7.47 + 0.47 7.36 + 0.45 6.14' 

MANOVA F-value = 32.04, P < 0.0001. 
* p = 0.01; ** P < 0.001. 

breeding range. The distribution of these east- 
ern- and western-style singers corresponds very 
closely to the ranges of three unrecognized P. 
americana subspecies described by Oberholser 
(1974). The eastern Type A singers range from 
central Ontario east to Maine, and south to 
southwestern Alabama and northern Florida 

(Fig. 1). This distribution encompasses precisely 
the described ranges of the northeastern race 
(P. a. pusilla) and the southeastern race (P. a. 
americana). The distribution of the western race 
(P. a. ludoviciana) matches the western Type A 
singers ranging from Manitoba through west- 
ern Ontario, and south to southeastern Texas 
and southwestern Alabama. Thus, the western 

race and southeastern race overlap in south- 
western Alabama, as do the eastern and western 

song populations. The two eastern-style singers 
recorded in Walker County, Texas, during May 
were probably migrants. Oberholser (1974) re- 
ported specimen records for P. a. americana and 
P. a. pusilla from eastern and southern Texas 
during migration. 

Parkes (1954) argued against subspecific rec- 
ognition of the three P. americana populations, 
because of the extensive overlap in measure- 
ments and the difficulty in distinguishing spec- 
imens by coloration. He admitted that there are 
certain trends in color and size, but recom- 

mended against subspecific recognition. Ober- 
holser (1974) argued in favor of the three races 
based on color characters and measurements. 

He stated that the western race is smaller than 

both eastern races and that pusilla is larger than 
the southeastern race americana. I made wing, 
tail, bill and tarsal measurements of 269 male 
and 94 female adult skins taken from various 

locations throughout the species' breeding range 
and obtained similar results (unpubl. data) to 
those of Oberholser. Separation of the pusilla 
and americana races also is supported by differ- 
ences in the Type A song. Multivariate statistics 
and discriminant-function analysis (Table 2) in- 
dicate significant differences between the songs 
of northern and southern populations of east- 
ern singers, but the differences were in the trill 
characters and are not readily identifiable by 
ear or sonagram. I believe that pusilla and amer- 
icana show some divergence based on skin char- 
acters and song measurements, but these dif- 
ferences are subtle and, as such, are impractical 
for individual recognition (as was argued by 
Parkes 1954). The terminal note of the Type A 
song is distinctive and can be detected audibly 
or visually by sonagram. It is the only reliable 
indicator (essentially 100% accurate) for rec- 
ognition of individuals from the two allopatric 
populations. Thus, based on the characteristic 
chevron ending of the Type A song and its dis- 
tribution within the breeding range, I consider 

TABLE 2. Percentages of eastern- and western-style 
singers correctly identified by discriminant-func- 
tion criteria for eight Type A song variables. 

Correctly 
predicted 

Sample Num- Per- 
Song type size ber cent 

Eastern-type ending 
Northern population 46 36 78.3 
Southern population 85 52 61.2 

Western-type ending 141 114 82.3 
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the eastern-style singers as constituting a single 
population equivalent to the two races pusilla 
and americana. The western-style singers I con- 
sider equivalent to ludoviciana based on the 
characteristic ending and range of the western 
Type A song. I recommend that the two song 
populations be given subspecific recognition 
with the eastern-style singers designated as P. 
a. americana and the western-style singers as P. 
a. ludoviciana. The Tropical Parula (P. pitiayumi) 
has a Type A song similar to the western Type 
A of P. americana. The initial trill is followed by 
a terminal note that is a vibrato-figure ending 
with a downward inflection (Borror and Gunn 
1985). The breeding ranges of P. pitiayumi and 
the western style singers of P. americana meet 
in the Rio Grande Valley of southern Texas. 

Song differences have been used as an indi- 
cator of evolutionary divergence in bird pop- 
ulations that appear to be nearly morphologi- 
cally monomorphic throughout their range 
(Payne 1986). The distinctive terminal notes of 
the Type A song are a recognizable difference 
that suggests divergence within P. americana. 
However, no genetic difference between the 
two populations has yet been detected (i.e. 
mtDNA restriction fragment; Moldenhauer and 
F. Gill, unpubl. data). Song need not have a 
genetic basis (Kroodsma 1989) and evidence for 
vocal learning has been documented for many 
passerine species, including members of the 
subfamily Parulinae (Kroodsma 1982). Nothing 
is known about parula song development and 
its timing, or whether the Type A song with its 
distinctive endings has a genetic or cultural ba- 
sis. 

In the Alabama overlap region, males of the 
two song types were heard and recorded in ad- 
jacent areas (across the road from one another), 
but no intermediate song types were identified. 
Female song preferences are not known. If song 
is learned in the Northern Parula, why are there 
no intermediate songs in the area of sympatry 
(Fig. 5)? This may be due to sample size, or to 
early imprinting of the young before they have 
a chance to hear males other than their fathers. 

Males have been observed singing while the 
young were being fed. Spector et al. (1989) sug- 
gested that the Yellow Warbler (Dendroica pe- 
techia) may learn certain songs as nestlings. 

The wintering distribution of the Northern 
Parula is disjunct. Limited evidence indicates 
that males sing on the wintering grounds, and 
sonagrams of Northern Parula recordings from 

Puerto Rico show a plastic song with a typical 
eastern chevron ending, but with an unrefined 
trill (C. Staicer, pers. comm.). The eastern Type 
A singers may migrate through Florida to the 
Greater and Lesser Antilles, while the western- 

style singers migrate to east central Mexico. This 
could have a reinforcing or modifying effect 
upon song learning. Additional studies in re- 
productive behavior, song development, mi- 
gration and genetics are needed to determine 
the degree of divergence between the two song 
populations of Parula americana and to learn the 
role, if any, that the song endings might have 
on the reproductive biology and evolution of 
the species. 
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APPENDIX. Recording localities for Northern Parula 
eastern and western Type A songs mapped in Fig- 
ure 1. Localities listed by state and county or parish. 
Number of eastern- and western-style singers (E 
and W) found per locale given in parentheses. 

Alabama: Baldwin (2E, 1W), Choctaw (1E, 3W), Clarke 
(1W), Covington (4E), Dale (1E), Dallas (8E, 2W), 
DeKalb (1W), Houston (1E), Macon (3E), Monroe 
(2E, 3W), Washington (3W), Wilcox (7E, 4W). Ar- 
kansas: Madison (2W), Newton (2W), St. Francis- 
Cross (3W). Florida: Alachua (1E), Calhoun (3E), 
Hamilton (3E), Jackson (1E), Leon (1E), Wakulla (3E). 
Georgia: Bulloch (2E), Camden (2E), CharItoh (1E), 
Chatham (1E), Jenkins (3E), Richmond (1E), $crev- 
en (8E). Kentucky: Edmonson (1W), Lyon (4W), 
Whitley (1E, 4W). Louisiana: E. Baton Rouge (1W), 
Ouachita (1W), St. Tammany (6W). Maine: Franklin 
(1E), Hancock (1E), Lincoln (28E), Piscataquis (1E). 
Michigan: Cheboygan (2W). Minnesota: Mahno- 
men (1W), St. Louis (1W). Mississippi: Clarke (3W), 
George (12W), Hancock (4W), Hinds (4W), Wayne 
(1E, 1W). Missouri: Butler (1W), Lincoln (2W). New 
York: Essex (3E), Tompkins (1E). North Carolina: 
Avery (2E), Buncombe (1E), Swain (1E), Wayne (4E). 
Ohio: Franklin (2E), Hocking (6E). South Carolina: 
Berkeley (1E), Charleston (11E), Clarendon (4E). 
Tennessee: Benton (2W), Blount (2E), Cheatham 
(4W), Dickson (1W), $evier (2E). Texas: Bastrop (1W), 
Gonzales (2W), Hardin (6W), Houston (2W), Mont- 
gomery (2W), San Jacinto (2W), San Patriciole (1W), 
Trinity (4W), Uvalde (1W), Walker (2E, 45W). Vir- 
ginia: Smyth (4E). West Virginia: Kanawha (2E). 
Wisconsin: Bayfield (1W). Ontario: Essex (1E), Ke- 
nora (1W), Nipissing (1E), Thunder Bay (1W). 


