
Phenotypic Variation is Clinal in the Yellow-Throated
Warbler

Author: McKay, Bailey D.

Source: The Condor, 110(3) : 569-574

Published By: American Ornithological Society

URL: https://doi.org/10.1525/cond.2008.8482

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/The-Condor on 13 Jan 2025
Terms of Use: https://complete.bioone.org/terms-of-use



shoRt CoMMuniCations 56�  56�

pHenotypic variation is clinal in tHe yelloW-tHroated Warbler

Bailey D. MCKay1

Department of Biological Sciences, 331 Funchess Hall, Auburn University, Auburn, AL 36849

Manuscript received 17 octo�er 2007; accepted 30 June 2008. received 17 octo�er 2007; accepted 30 June 2008.
1present address: university of Minnesota�� department of ecology�� 
evolution�� and behavior�� 100 ecology building�� 1�87 upper buford 
circle�� st. paul�� Mn 55108. e-mail: mckay117@umn.edu

The Condor, vol. 110�� num�er 3�� pages 56�–574. issn 0010-5422�� electronic issn 1�38-512�.  2008 �y the cooper ornithological society. all rights reserved. please direct 
all requests for permission to photocopy or reproduce article content through the university of california press’s rights and permissions we�site�� http://www.ucpressjournals.
com/reprintinfo.asp. doi: 10.1525/cond.2008.8482

Abstract. su�species are assumed to have unique evolution-
ary histories�� �ut molecular data sometimes contradict su�spe-
cies designations �ased on morphology. a recent genetic survey 
of the yellow-throated War�ler (Dendroica dominica) found that 
none of its three continental su�species qualified as evolutionarily 
significant units. i performed a range-wide morphological as-
sessment of the continental yellow-throated War�ler su�species 
in an effort to quantify their differences and examine if and how 
su�specific differences related to geography. results indicated 
much overlap in the morphological characters most important 
in diagnosing yellow-throated War�ler su�species (�ill length 
and the proportion of yellow in the lores)�� and discriminant func-
tion analysis failed to correctly assign most individuals�� especially  
those collected near a su�species �order. there was a strong 
west-to-east clinal change in �ill length and the proportion of 
yellow in the lores and no evidence of discrete morphological 
groups. i recommend eliminating the su�species D. d. albilora 
and D. d. stoddardi �ecause they cannot �e relia�ly diagnosed �y 
morphology or mtdna. 

Key words:  dendroica dominica��dendroica dominica�� geographic variation, 
subspecies, Yellow-throated Warbler.

la variación fenotípica es clinal en Dendroica dominica

Resumen. se asume que las su�especies tienen historiasse asume que las su�especies tienen historias 
evolutivas únicas�� pero en algunos casos los datos moleculares 
contradicen las designaciones de su�especies que se �asan en la 
morfología. un estudio genético reciente so�re Dendroica domi-
nica encontró que ninguna de las tres su�especies continentales 
cualificó como una unidad con significancia evolutiva. realicé 
una evaluación de la morfología de las su�especies continentales 
de D. dominica a través de toda su área de distri�ución con la in-
tención de cuantificar sus diferencias y examinar�� sí y como las 
diferencias entre las su�especies se relacionan con la geografía. 
los resultados indicaron una alta so�reposición en los caracteres 
morfológicos más importantes para la diagnosis de las su�espe-
cies de D. dominica (largo del pico y la proporción de amarillo 
del área loreal)�� y la mayoría de los individuos no fueron asigna-
dos de forma correcta con un análisis de función discriminante�� 

especialmente aquellos individuos que fueron colectados en los 
�ordes de distri�ución de las su�especies. Hu�o un cam�io clinal 
fuerte desde el oeste hacia el este en el largo del pico y en la 
proporción de amarillo del área loreal�� y no hu�o evidencia de 
grupos morfológicos discretos. recomiendo eliminar las su�e-
species D. d. albilora y D. d. stoddardi de�ido a que éstas no pu-
eden ser diagnosticadas por morfología ni por adnmt de forma 
confia�le. 

the rise of the �iological species concept during the mid-twentieth 
century fostered an increase in the num�er of descri�ed avian 
su�species�� and�� though the utility of the su�species rank was 
questioned (Wilson and brown 1�53)�� it was �elieved that varia-
tion within species represented local adaptations of evolutionary 
significance (Mayr 1�82). the assumption that su�species have 
unique evolutionary histories has led to the use of su�species in 
roles that require their evolutionary independence�� such as taxon-
omy�� comparative studies�� and conservation plans (Zink 2004). 
Many of the morphological traits used to designate su�species�� 
however�� can �e directly affected �y the rearing environment 
(James 1�83)�� and when morphological su�species are su�jected 
to independent tests of evolutionary isolation (i.e.�� neutral molec-
ular markers)�� they often fail to meet the requirements of evolu-
tionarily significant units (ball and avise 1��2�� Zink 2004).

the a�ove situation is exemplified �y the yellow-throated 
War�ler (Dendroica dominica)�� which is a midsized war�ler with 
a �lack face�� white supercilium�� and �old yellow throat patch. it 
is a neotropical migrant that �reeds in the southeastern united 
states and is divided into three continental su�species (a fourth 
su�species is confined to the bahamas and will not �e considered 
here; Hall 1��6). these su�species were not named following any 
rule�� and their description is �ased on approximately 15–20 indi-
viduals per su�species taken from the extreme eastern or western 
portion of their ranges (ridgway 1�02�� sutton 1�51). the su�-
species differ in morphology�� ecology�� and plumage. the eastern 
dominica is reported to have a long �ill (12.4–15.0 mm�� sexes com-
�ined; curson et al. 1��4) and yellow lores�� �reed in mixed forests 
or cypress (Taxodium spp.) swamps�� and to winter mainly in the 
cari��ean (curson et al. 1��4�� Hall 1��6). the western albilora 
is reported to �e larger than dominica (ridgway 1�02)�� have a 
short �ill (10.�–12.7 mm�� sexes com�ined; curson et al. 1��4)�� 
have white lores�� �reed in sycamore (Platanus spp.) �ottomlands 
or cypress swamps�� and to winter mainly in central america 
(Hall 1��6). D. d. stoddardi is confined to coastal ala�ama and 
the panhandle of florida�� where it may �e resident (Hall 1��6). 
it is reported as �eing indistinguisha�le from dominica (curson 
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et al. 1��4) except in having a longer and more slender �ill (14.0–
17.0 mm�� sexes com�ined; sutton 1�51). there is also a mi-
gratory long-�illed form on the delaware-Maryland-virginia 
(“delmarva”) peninsula (ficken et al. 1�68) that is reported to 
�e indistinguisha�le from stoddardi in appearance (stevenson 
1�82)�� despite a geographical separation of over 1000 km. 

distri�utions of eastern and western morphological su�spe-
cies of the yellow-throated War�ler correspond spatially to a phy-
logeographic �reak reported for several verte�rate species (soltis 
et al. 2006)�� including some fish (Wiley and Mayden 1�85�� ber-
mingham and avise 1�86)�� water snakes (lawson 1�87)�� and the 
carolina chickadee (Poecile carolinensis; gill et al. 1���). thus�� 
in a recent evolutionary study of the yellow-throated War�ler�� a 
genetic division was assumed a priori to correspond to the o�-
served morphological partition�� and it was hypothesized that the 
yellow-throated War�ler fit temporally into this comparative phy-
logeographic framework (McKay�� in press). surprisingly�� how-
ever�� mitochondrial dna (mtdna) control region sequences 
indicated a pronounced lack of differentiation �etween yellow-
throated War�ler continental su�species (McKay�� in press). poten-
tial causes for this discrepancy are that morphological traits have 
evolved faster than mtdna or that morphological su�species in 
the yellow-throated War�ler do not correspond to evolutionary lin-
eages. as there has �een no range-wide quantitative assessment of 
phenotypic variation in the yellow-throated War�ler�� it is unknown 
whether variation in the extent of yellow coloration in the face and 
variation in �ill shape varies discretely or gradually across the spe-
cies’ range. Here�� i assess the morphological su�species of the yel-
low-throated War�ler in an effort to quantify their differences and 
examine if and how differences relate to geography.

MetHods

saMples and MeasureMents

during the �reeding season (april and May) of 2006�� i col-
lected 8� specimens from 10 populations located across the  
yellow-throated War�ler’s continental �reeding range (ta�le 1�� 
fig. 1). these specimens were the same as those included in the  
phylogeographic study of this species (McKay�� in press) and have 
�een deposited in the J. f. bell Museum of natural History�� uni-
versity of Minnesota�� st. paul (bMnH46327-415). i measured 
seven morphological characters�� including those used to differ-
entiate su�species (i.e.�� �ill length�� �ill width�� and the proportion 
of yellow in the lore). bill depth (at the anterior edge of the nare)�� 
tarsus length�� wing chord�� and tail length (at the central rectrix) 

were also measured. bill measurements and tarsus length were 
taken to the nearest 0.01 mm using digital calipers�� and wing 
chord and tail length were measured to the nearest 0.5 mm using 
a wing rule. i measured tarsus length and all �ill characters three 
times for each individual and used the mean in analyses. the pro-
portion of yellow in the lore was quantified as follows: i load-
ed close-up photographs of the left lore of each yellow-throated 
War�ler specimen into the program imageJ for WindowstM 
(availa�le at <http://rs�.info.nih.gov/ij/>) and measured the total 
area of the lore�� considered as the white or yellow area from the 
posterior end of the �ill to the most anterior point of the eye. us-
ing the same procedure�� i measured the yellow area of the lore. i 
divided the yellow area of the lore �y the total area of the lore to 
estimate the proportion of yellow within the lore. due to damage 
sustained during collection�� 14% of specimens had some missing 
data�� �ut this resulted in no more than 6% of data missing for any 
character. bill measurements (length�� width�� and depth) from 51 
museum specimens (housed at the louisiana state university 
Museum of natural science; specific museum catalog num�ers 
are availa�le upon request) collected �etween 7 March and 23 
June 18�6–1��� were included in su�species-level analyses �ut 
were not assigned to a population. these specimens were includ-
ed to determine whether any patterns changed when �irds from 
multiple years were added to analyses. i used only measurements 
from males in all analyses.

statistical analyses

i tested each morphological character for departures from nor-
mality. i then determined two-tailed pearson correlation coef-
ficients for all pairwise comparisons �etween �ody characters. 
next�� i compared the means of all characters with an analysis 
of variance (anova)�� first with samples grouped �y population 
and secondly with samples grouped �y su�species (dominica�� 
albilora�� or stoddardi). a tukey’s Hsd post-hoc test was used 
to determine maximum homogeneous groupings of populations 
and of su�species for each character. the two characters most 
diagnostic of su�species�� �ill length and the proportion of yel-
low in the lore�� were plotted to determine whether they formed 
discrete clusters.

to further evaluate the distinctiveness of each su�species�� i 
grouped specimens �y su�species and applied a stepwise discrim-
inant function analysis using all seven morphological characters. 
prior pro�a�ilities were computed from group sizes�� and miss-
ing values were replaced with the mean for that character. the 
leave-one-out method was used to cross-validate the accuracy 

table 1. num�ers of male yellow-throated War�lers examined across the continental u.s. Map num�ers refer to num�ers plotted on the 
map in figure 1.

Map no. population state su�species n locality

1 la louisiana albilora 4 pointe coupee parish
2 Mo Missouri albilora 11 oregon�� ripley county
3 al–West ala�ama albilora 8 lawrence county
4 al–east ala�ama dominica 12 conecuh�� Macon�� talladega county
5 fl–West florida stoddardi � Wakulla county
6 oH ohio albilora 12 lawrence county
7 nc north carolina dominica � graham county
8 fl–east florida dominica � Marion county
� Md–West Maryland dominica 7 charles�� prince george�� st. Mary’s county

10 Md–delmarva Maryland dominica 8 Worcester county
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bill length plotted against the proportion of yellow in the lore re-
sulted in overlap among all su�species (fig. 2).

discriminant function analysis produced a final model with 
one function (eigenvalue = 0.64) and�� of the seven characters�� 
included only the proportion of yellow in the lore. the over-
all Wilk’s lam�da was significant (λ = 0.61�� χ2

33 = 31.0�� n = 8���  
P < 0.001). classification and cross-validation �oth indicated that 
66% of all individuals were assigned to the correct su�species 
(ta�le 3). removing stoddardi did not affect the classification re-
sults of dominica or albilora. the majority (76%) of incorrectly 
assigned individuals were collected near the dominica-albilora 
�order in ala�ama�� ohio�� and north carolina. 

four characters were significantly correlated with geogra-
phy. bill length (r = –0.41�� n = 138�� P < 0.001; fig. 3a) and the 
proportion of yellow in the lore (r = –0.57�� n = 87�� P < 0.001; fig. 
3�) were negatively correlated with longitude. tail length (r = 
0.37�� n = 88�� P < 0.001; fig. 3c) and �ill depth (r = 0.22�� n = 133�� P 
< 0.01; fig. 3d) were positively correlated with latitude�� whereas 
the proportion of yellow in the lore (r = –0.32�� n = 87�� P < 0.005) 
was negatively correlated with latitude.

discussion

My results indicated that there were significant differences in 
�ill length�� �ill width�� wing chord�� and the proportion of yellow 
in the lore when samples were grouped �y su�species. there 
were also significant differences in several characters when 
samples were grouped �y population. post-hoc tests�� however�� 
did not place populations into exclusive groups that correspond-
ed to su�species�� and instead indicated that populations were 
more similar to their nearest geographical neigh�or than they 
were to their su�species. the most common�� al�eit ar�itrary�� 
cutoff point used to define su�species in ornithology is 75% di-
agnosa�ility (amadon 1�4�)�� and discriminant function analy-
sis failed to assign at least 75% of either albilora or stoddardi 
individuals to the correct su�species�� suggesting that there isthere isis 
only one continental yellow-throated War�ler su�species. the 
discriminant function analysis correctly grouped individuals 
from extreme eastern or western populations into su�species�� 
�ut failed to correctly assign most albilora individuals from 
the more central ohio and western ala�ama populations and 
some dominica individuals from the more central north caro-
lina and eastern ala�ama populations. bill length and the pro-
portion of yellow in the lore �oth gradually increased from west 
to east rather than showing a sharp �reak�� as would �e indica-
tive of discrete groups. plotting �ill length against the propor-
tion of yellow in the lore resulted in an undifferentiated cluster 
of points. 

although stoddardi individuals did have longer �ills on av-
erage than dominica specimens�� discriminant function analysis 
failed to distinguish stoddardi and assigned these individuals to 
dominica. the longer-�illed �irds on the delmarva peninsula did 
not differ significantly from the near�y population on the west-
ern shore of Maryland. thus�� the three longest-�illed populations 
that i sampled were also the three populations within 30 km of 
the coast. this supports a suggestion �y ficken et al. (1�68) that 
shorter-�illed yellow-throated War�ler populations are more 
prevalent inland�� where they may �e more associated with de-
ciduous forests�� and longer-�illed forms are prevalent in coastal 
areas�� where they may �e more associated with long-coned pine 
forests. this suggests that stoddardi may �e an isolated example 
of what is a common form along the atlantic coast. as suggested 
�y ficken et al. (1�68)�� this could �e an adaptive response to more 

of the group assignments. finally�� to check for patterns �etween 
characters and geography�� i computed two-tailed pearson cor-
relation coefficients for all pairwise comparisons �etween �oth 
latitude and longitude for all characters. i used spss 12.0 for 
WindowstM (spss inc.�� chicago�� illinois) for all statistical anal-
yses�� and considered P ≤ 0.05 statistically significant.

results

all data conformed to normality. adding data from museum spec-
imens from different years did not affect results�� so it is unlikely 
that interannual phenotypic variation was a confounding factor. 
two pairs of size measurements�� among the six size varia�les 
measured�� were significantly correlated: �ill width and �ill depth 
(r = –0.60�� n = 133�� P < 0.001)�� and wing chord and tail length (r = 
0.36�� n = 83�� P < 0.001). anovas indicated that five characters dif-
fered significantly among populations (ta�le 2) and four differed 
significantly among su�species. three of these characters were the 
same: �ill length (population: F85 = 16.8�� P < 0.001; su�species: 
F137 = 12.��� P < 0.001)�� �ill width (population: F85 = 12.��� P < 0.001; 
su�species: F137 = 7.0�� P < 0.001)�� and the proportion of yellow in 
the lore (population: F87 = 18.5�� P < 0.001; su�species: F87 = 25.7��  
P < 0.001). in addition�� �ill depth (F80 = 8.1�� P < 0.001) and tail 
length (F87 = 2.1�� P < 0.04) differed significantly among popula-
tions�� and wing chord (F82 = 3.4�� P < 0.04) differed significantly 
among su�species. tukey’s Hsd test revealed overlap �etween all 
groups in all characters differing significantly among �oth popu-
lations and su�species; thus�� no exclusive groups were identified. 

figure 1. Map of the eastern united states showing the approxi-
mate �reeding range of continental yellow-throated War�ler su�spe-
cies (adapted from dunn and garrett 1��7) and geographic locations 
of sampled populations in this study (circles). the pie chart repre-
sents the average proportion of yellow in the left lore (indicated in 
�lack) for that population. the size of the circles reflects the relative 
difference in average �ill length. num�ers correspond to popula-
tions in ta�le 1.
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specific coastal ha�itat�� perhaps due in part to competition with 
pine War�lers (Dendroica pinus). 

differences in �ill shape among avian su�species can �e 
highly herita�le (schluter and smith 1�86) or greatly influ-
enced �y the rearing environment (James 1�83). therefore�� the 
clinality in �ill lengths o�served here in the yellow-throated 
War�ler may: 1) have a completely genetic �asis�� 2) �e largely 
the result of phenotypic plasticity�� or 3) result from an interac-
tion �etween genetic and environmental components. trans-
plant experiments with the yellow-throated War�ler�� such as 
those performed �y James (1�83) with red-winged black�irds 
(Agelaius phoeniceus)�� could detect phenotypic plasticity in 
yellow-throated War�ler �ill shape. lore color would likely 
have a genetic component�� although it too could �e heavily in-
fluenced �y the environment. carotenoids are pro�a�ly respon-
si�le for the yellow-throated War�ler’s yellow throat and lores�� 
and increased carotenoid consumption can cause yellows and 
reds to extend into other parts of a �ird’s plumage (Hill 2002). 
because eastern and western yellow-throated War�lers dif-
fer in their primary �reeding ha�itat�� it is likely they ingest 
different levels of carotenoids. a diet higher in carotenoids in 
dominica may make it more likely to allocate carotenoids to 
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figure 2. a scatterplot of the two most discriminating charac-
ters of yellow-throated War�ler su�species: �ill length and the pro-
portion of yellow in the lore. the overlapping points suggest a single 
inter�reeding population�� which is inconsistent with two or more in-
dependently evolving su�species.

table 3. predicted classification of yellow-throated War�ler 
su�species �ased on stepwise discriminant function analysis of seven 
morphological characters. 

predicted:  
dominica

predicted:  
albilora

predicted:  
stoddardi

correct  
classification  

(%)

dominica 40 5 0 8�
albilora 16 1� 0 54
stoddardi � 0 0 0
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the lores. blue tits (Cyanistes caeruleus) o�tained more ca-
rotenoids in a deciduous than a coniferous forest (partali et 
al. 1�87). this is the opposite of what would �e expected for 
the yellow-throated War�ler�� �ut �ecause it is unknown ex-
actly how the yellow-throated War�ler’s diet differs �etween 
eastern and western su�species�� it remains possi�le that the 
o�served variation in lore color results from different diets. ul-
timately�� the underlying cause of the clinal patterns o�served 
here cannot �e resolved with these data. However�� the relative 
amount of genetic versus environmental contri�ution to phe-
notypic variation in the yellow-throated War�ler is pro�a�ly 
irrelevant for deciding whether su�species accurately reflect 
evolution within this taxon�� and�� therefore�� whether or not they 
should �e retained.

overall�� my o�servations indicated that there was much over-
lap in the morphological characters used to distinguish yellow- 
throated War�ler su�species. average differences could distin-
guish su�species when individuals from across the su�species’ 
range were included�� �ut average differences have �een argued 
to �e insufficient for diagnosing su�species (patten and unitt 
2002). the failure of these analyses to identify discrete groups 
within the yellow-throated War�ler corro�orates the results of 
mtdna surveys (McKay�� in press)�� which indicated that yel-
low-throated War�ler su�species are not evolutionarily signifi-
cant units (Moritz 1��4). While there is an interesting pattern 
of phenotypic variation within the yellow-throated War�ler�� 
there appears to �e little value in su�dividing this clinal con-
tinuum into different su�species (rising 2007). therefore�� 
i recommend eliminating the albilora su�species. it is clear 
that some avian su�species have �een descri�ed with insuffi-
cient evidence and do not correspond to evolutionary lineages 

(pruett et al. 2004). this seems to �e the case with stoddardi�� as 
it cannot �e relia�ly diagnosed and there is no evidence that it 
is different from other long-�illed forms common along the at-
lantic coast. therefore�� i also recommend eliminating the su�-
species stoddardi.
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provided field assistance. i thank steve cardiff and the louisiana 
state university Museum of natural science for access to their 
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M. chapman Memorial fund�� the american Museum of natu-
ral History�� and the Walter f. coxe research fund�� birmingham 
audu�on society. l. carter helped with data digitization�� and 
i. lovette�� J. Hudon�� d. do�kin�� g. Hill�� s. santos�� c. guyer�� 
and the Hill la�oratory made significant improvements to the 
manuscript.
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