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Abstract.—The plumage pattern and color and external morphology of hy- 
brid wood warblers (Dendroica striata x Dendroica castanea) are described. 
This hybrid combination constitutes the only known case of hybridization be- 
tween two broadly sympatric species of the genus Dendroica (Fringillidae; 
Tribe Parulini), that is represented by both male and female specimens in de- 
finitive alternate plumage. The plumage of the hybrids exhibited a mosaic of 
character states that varied in the degree of intermediacy between those of the 
parental species. External measurements of the hybrids fell within the cumu- 
lative ranges of characters of the postulated parental species. I hypothesize that 
the diagnostic predictability of hybrid phenotypes decreases as an inverse func- 
tion of genetic relatedness of the hybridizing species. 

. 

Plumage color patterns are remarkably 
diverse among the 24 species of Dendroica 
(Aves; Fringillidae; Tribe Parulini) of North 
America and the Caribbean (taxonomy of 
Sibley & Monroe 1990), in contrast to the 
similarity of their body plans and trophic 
appendages. Several pairs of species 
thought to have recently diverged (Mengel 
1964. Mayr & Short 1970. Bermingham et 
al. ly92) exhibit striking differences in 
male definitive plumage, suggesting that 
plumage pattern may evolve rapidly in re- 
sponse to sexual selection. Our understand- 
ing of the inheritance patterns of plumage 
color in Dendroica has been limited to ev- 
idence gleaned from hybridization at con- 
tact zones between para pa trie tax a (e.g., 
Dendroica occidentalis X Dendroica town- 
sendi\ see Rohwer 1994) and rare instances 
of intcrgeneric hybridization (e.g., Parkes 
1978, Graves 1993a). 

Brodkorb's (1934) description of the hy- 
brid, Dendroica striata (Blackpoll Warbler) 
x Dendroica castanea (Bay-breasted War- 
bler), was the first report of hybridization 

between broadly sympatric species of Den- 
droica. This specimen (University of Mich- 
igan Museum of Zoology [UMMZ] No. 
53692) represents one of the few known in- 
trageneric Dendroica hybrids represented 
by a male in definitive alternate plumage. 
Because male D. striata and D. castanea 
differ dramatically in plumage pattern and 
color, this specimen assumes unusual sig- 
nificance for the investigation of phenotypic 
inheritance in avian hybrids. 

Recently, the existence of a female hy- 
brid (UMMZ 216628) and an additional 
male hybrid (San Bernardino County Mu- 
seum, uncataloged) identified as D. striata 
X D. castanea, was brought to my atten- 
tion, respectively, by Janet Hinshaw and 
Kenneth Parkes. Here 1 perform a hybrid 
diagnosis on all three specimens based on 
plumage color and pattern and external 
morphology, following Graves (1990). 

Materials and Methods 

The male specimen reported by Brod- 
korh (1934) was collected on 19 May 1920. 
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Fig. 1.    Lateral view (from top) of maJes: Dendroica ccuttmea; hybrids, D, striata X D. castanea (UMMZ 
53692 and SBCM); and D. striata (bottom). 

by Norman A. Wood al Warren Dunes, Ber- 
rien County, Michigan (Figs. 1-4). The fe- 
male specimen was collected on 25 May 
1970 at Long Point, Ontario, by Joseph G. 
Sirauch (Figs. 5-7). The second male spec- 
imen was collected by Lawrence Sansone, 
III, along the Rio Grande south of Browns- 
ville. Cameron County, Texas, on 9 June 
1969. For the purposes of the hybrid diag- 
nosis, 1 considered all wood warblers that 
regularly breed north of the Mexican border 
as potential parental species (n = 53). 

The first two specimens have broadly ta- 
pered rectrices indicating that they were 
adults in their second year or older (ASY 
in banding terminology) (Pyle el al. 1987). 
Plumage, especially the rectrices, of the 
Texas specimen is moderately worn. Thus, 
I am uncertain of the bird's age (SY or 
ASY). Because the specimens appeared to 
be in definitive plumage, I compared them 

to large series of definitive-plumaged spec- 
imens in the collections of the National Mu- 
seum of Natural History, Smithsonian In- 
stitution. 

For comparative purposes I measured the 
size of three species: D. striata, D. casta- 
nea, and D. pinus. Data for D. pinna were 
omitted from Table 1, after analyses 
showed that it was not involved in the par- 
entage of the hybrids. Measurements of 
wing chord, tail length (from point of in- 
sertion of central rec trices to tip of longest 
rectrix), tarsus length, and bill length (from 
anterior edge of nostril), were made with 
digital calipers to the nearest 0.1 mm. 

I evaluated the color of selected areas of 
plumage with a Color Mate Colorimeter 
(Milton Roy), employing a 9.4 mm aper- 
ture. The data in Table 2 were compiled 
from the averages of three independent 
measurements (specimen removed from ap- 
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Fig. 2.    Dorsal view (from Lop) ol mules: Dendrotca castanea; hybrids, D. mriata x D. caslanea (UMMZ 
53692 and SBCM), and D. slrinla {bottom). 

erture between trials) per specimen for each 
plumage area. 

Colorimetric characters were described in 
terms of opponent-color coordinates (L, a, 
b) (Hunter & Harold 1987). This system is 
based on the hypothesis that signals from 
the cone receptors in the human eye are 
coded by the brain as light-dark (L), red- 
green {a), and yellow-blue ib). The ration- 
ale is thai a color cannot be red and green 
or yellow and blue at the same time. There- 
fore, "redness" and "greenness" can be 
expressed as a single value a, which is pos- 
itive if the color is red and negative if the 
color is green. Likewise, "yellowness" or 
"blueness" is expressed by b for yellows 
and —b for blues. The third coordinate L, 
ranging from 0 to 100, describes the "light- 

ness" of color: low values are dark, high 
values are light. In other words, the more 
light is reflected from the plumage the high- 
er the L value will be. 

Difference among character means of 
presumed parental species were evaluated 
with two sample t-tests (Wilkinson 1989). 
Significance of probability values was ad- 
justed for the number of simultaneous tests 
of morphology (Table I: P = 0.05/8 = 
0.006) and plumage color (Table 2; P = 
0.05/12 = 0.004). 

Hybrid diagnoses followed a two-step 
procedure. First, the presumed parental spe- 
cies of each hybrid were hypothesized 
through the visual comparison of plumage 
pattern and color. These hypotheses were 
then examined with quantitative analyses of 
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Hg. 3.    Ventral view (From top) of males: Demi mica Costarica; hybrids. D. striata x D. mstanea (LIMMZ 
53692 and SBCM); and ft striata (bottom). 

colon metric and morphometric data. Con- 
cordance of results was interpreted as 
strong support for the presumed parentage 
of the hybrid (Graves 1990, 1993a; Graves 
& Zusi 1990). 

I used principal components analysis 
(PCA) on logm transformed variables to re- 
duce the dimensionality of data and to fa- 
cilitate the analysis of morphology in two 
dimensions. Unrelated principal components 
were extracted from covariance matrices 
(Wilkinson 1989). Because the external 
measurements of D. striata and D. casfanea 
overlap {Table 1), both species and sexes 
were pooled for PCA. Separate PCA for 
each sex were performed on log1(] trans- 
formed colorimetric variables of back plum- 
age (Tables 3, 4). Bivariate plots of factor 
scores from PCA analyses that included both 
back and crown color were less informative 

because significant differences in crown col- 
or of the parental species of both sexes po- 
larized the distribution of factor scores. 

Results 

Plumage Characters 

Males.-—I concur with Brodkorb's (1934) 
identification but his brief, one-paragraph 
description of the Michigan specimen did 
not address alternate hypotheses or the ex- 
ternal morphology of the parental species 
(p. 243): 

"It is similar to D. striata, but differs 
from the latter species in the following 
particulars: malar region and chin black, 
with only the anterior half of the inter- 
ramal region and a spot one or two mil- 
limeters in length at the end of the rami 
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Fig. 4. 
(bottom). 

Lateral view of mule hybrids, Dendroica Striata X D, castait'ea: UMMZ ?3692 (top) and SBCM 

white; black streaks on the sides of throat 
coalescent, leaving a white line in the 
center of the throat only one to two mm. 
broad; chin, malar region, sides of neck, 
sides and flanks more or less marked with 

bay; suborbital. auricular, and poslauri- 
cuiar regions, as well as breast, pale 
cream buff; the abdomen, sides. Hanks, 
and under tail-coverts also somewhat suf- 
fused with this color/' 
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Fig. 5.    Lateral view of female Dendmica eattmua (lop), hybrid. D. striata X D. castanea (UMM7.216628), 
and D. striata (bottom). 

Hybrid wood warblers can be notoriously 
difficult lo identify (Short & Robbins 1967. 
Graves 1988). In this case, however, iden- 
tification was expedited by the distinctive 
characters of the Michigan specimen: (1) 
black crown (Fig. 1); and (2) mixture of 
black and chestnut in ihe malar region (Fig. 
2). The black crown of the hybrid, which 
extends ventrally to the lower margin of ihe 
eye. is shared with Dendroica striata and 
the morphologically distinctive Setophaga 
ruticilia. The latter species can be conclu- 
sively excluded as a parental species for 
several reasons, most notably because the 
rectrices and remiges of the hybrid lack or- 
ange or yellow spots, even as traces. There- 
fore, by default, D. striata was one of the 
parental species. Determination of the other 

parental species was also relatively simple. 
Chestnut and black feathers on upper throat 
and malar regions of the hybrid could have 
been contributed only by Dendroica cas- 
tanea. 

Although the plumage of the Tex a-, spec- 
imen differs in detail from the Michigan 
male, its diagnostic characters are the same 
(Appendix 1). In sum, plumage characters 
of these male hybrids can only he account- 
ed for by two species, D. striata and D. 
castanea. Other pairs of warbler species 
lack the range of pattern elements and 
plumage colors exhibited by the hybrids. 

Female.—Plumage characters of the hy- 
brid that were critical to its identification 
can be categorized as color or pattern ele- 
ments, although these are not mutually ex- 
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Fig. 6.    Dorsal view of female Dendroica castanea (top), hybrid. D. xtritita x D. castanea [UMMZ 216628), 
and D, atrium (bottom). 

elusive. Prominent pattern elements in- 
clude: (1) streaked crown, mantle, and 
scapulars; (2) poorly defined superciliary; 
(3) a well-defined neck patch; (4) muted 
streaks on the flanks and sides of breast; 
and (5) contrasting tips of the middle and 
greater wing coverts that form wing bars. 
Important color elements include: (I) olive 
crown and olive-gray mantle with blackish- 
brown shaft streaks; (2) huffy neck patch: 
(3) buff throat, upper breast, and flanks; and 
(4) pale chestnut markings on flanks. 

Of the {^) = 1378 possible pairwise 
combinations of wood warbler species in 
the geographic species pool, the number 
thai could have produced each of the afore- 
mentioned hybrid characters was substan- 
tial.  For example,   1027  pairs  of species 

could have produced a hybrid with contrast- 
ing wing bars because one or both of the 
species possessed them. Of the many pos- 
sible color and pattern characters present in 
the hybrid, only one—the buffy post-auric- 
ular neck patch—is restricted to a single 
species. Although females of several other 
species of Dendroica have a tendency to 
show a faint post-auricular patch in basic 
plumage, only D. castanea has a wel I-de- 
veloped buff patch in definitive alternate 
plumage. Other characters of the hybrid, 
which are shared with D. castanea and two 
other species, are a buff throat and breast 
(shared with Helmitheros vermivorus) and 
chestnut markings on the flanks (also 
shared with Dendroica pensylvarrica). Hy- 
bridization between the latter two species. 
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Fig. 7.    Ventral view of female Dendroha castanea (top), hybrid. D. siriata x D. amttwea (UMMZ 216628), 
and D. xiriuta I bottom). 

Table 1.—Ranges and means (± one standard deviation) of measurements of definilive-plumaged males and 
females collected in May and June of Dendroica castanea, D. Striatit, and their putative hybrids (University of 
Michigan Museum of Zoology. No. 53692. 3: No. 216628, S; San Bernardino County Museum (SBCMi. 6*1. 
An asterisk indicates that character means of D. siriutu and D. castanea differed at /•* = 0.006 (= 0.05/8). 

striatd Ma •u 
Hybrids 

LIMMZ SBCM 
IS 

lit =  12) in =  13) in =  \2l Ctemom i 9 i 

Wing 71.0 - 76.8 68.6 - 70.7 71.0 - 75.9 68.0 - 72.1 71.3 68.8 70.1 
chord 73.9 ±  1.9 70.7 ± 1.4 73 0. ± 1.5 70.6 ±1.1 

Tail 47.6 - 55,2 47.4 - 50.9 51.0 - 55,6 48.7 - 52.3 50.3 49.5 50.1 
51.3 ± 2.0 *49.8 t 1.0 52.5 ± 1.4 51.0 ± 1.0 

Tarsus 18.1 - 19.9 17.5 - 18.7 16.5 - 19,1 16.8 - 18.2 17.5 18.5 18.2 
*18.9 ± 0.6 18.1 ± 0.4 17.8 ± 0.8 17.6 ± 0.5 

Bill 7.7 - 8.8 7.6 - 8.5 7.3 - 8.7 7.4 - 8.4 7.7 7.7 8.3 
8.1 ± 0.3 8.0 ± 0.3 8.1 ± 0.4 7.o   •   0.3 
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TablL' 2.—-Sped rop ho tome trie measure me ills of hack and crown color of male and female- Denitivicu slriata. 
D castanea, and their hybrids. Asterisks indicate character means of D. slriata and P. Castanea are sign i Meant I y 
different ut P = 0.004 (= 0.05/12). 

Mi,l,s ] Mind 

(/I  -  12) in - 12) ll'MMZj (SBCMl 

Back 

Lightness (L) 26.5 
29.2 

- 32.9 
± 2.1 

28.8 
313 , 

37.0 
2.5 

29.4 33.6 

Red (a) 0,3 
OS 

-   1.2 
± 0.3 

0.8 
1.4 + 

3.0 
0.6 

1.5 1.4 

Yellow (b) 4.7 
7.2 

-  11.1 

i 1.8 

7.1 
8.8 , 

13.1 
1.6 

7.9 8.5 

Crown 

Lightness (L) 13.0 
*14.4 

-  16.9 
+  1.4 

20.0 
22,5 + 

25.0 
1.6 

16.9 14.4 

Red (ti) 0,2 

*0,6 

- 0.9 
± 0.2 

8.7 
12.2 £ 

14.5 
1.8 

1.5 2.4 

Yellow (ft) 0.2 - 2.1 
± 0.5 

9.5 
13.6 

l-emules 

± 
16.6 
2.0 

2.4 4.5 

Kltttlltl 
tn = iz) 

tustrltlfti 
tn =  12! 

Hybrid 
(UMMZ) 

Back 

Lightness (L) 28.5 - 
3 1 A ± 

33.7 
1.7 

29.9 
32.6 ± 

34.3 

1.3 

33.8 

Red {(/) 0.8 - 
1.6 ± 

2.6 
0.6 

0.7 
1.2 ± 

1.5 
0.2 

1.4 

Yellow th) 
. 

9.1  - 
'12.4 ± 

[4.8 

1.9 
7.5 
9.1 ± 

11.6 

II 

9.0 

Crown 

Lightness (L) 24.5 - 
28.9 ± 

34.1 

3.1 
24.3 
28.0 - 

32.4 
2,8 

29.8 

Red (a) 0.5 - 
*L4 ± 

2.5 
0.6 

1.0 
8.0 ± 

12.9 
3.8 

1.4 

Yellow (b) 10.0 - 
13.5 ± 

18.3 
2.3 

11.8 
14.7 i 

18.1 
2.0 

12.6 

Table 3.—I-actor loadings for the first two principal 
components from an analysis of back color in male 
Dentfraha striata, I>. castanea, and the male hyhrid.s 
(UMMZ 53692 and 5BCM). 

Table 4.—Factor loadings for the first two principal 
components from an analysis of back color in female 
Dendroica slriata. D. castanea, and the female hybrid 
(UMMZ 216628). 

= '•!• !•-..• component fetes I*rjnctpj1 coin pout nr :ixe.~, 

VoriiMe I tl Van Ethic t u 

Lightness (L) 0.007 0.021 Lightness (L) 0.004 0.002 

Red («) 0.193 -0.025 Red («} 0.137 0.026 
Yellow (b) 0.076 0.062 Yellow (£>) 0.049 -0.073 

Variance explained 88.4% 10.0% Percent variance explained 76.4% 21.9% 
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Pig. H. Bivariatti plots of factor scores from a principal components analysis of back color (see Table 3) for 
male Dendraim siriiihi lempty circles), D. castanea (tilled circles), and D. striata X D. COStanea hybrids 
(Michigan hybrid = diamond: Texas hybrid = square). The curved line in this and other plots represents the 
95% confidence ellipse. 

however, could not have produced the other 
characters present in the hybrid. Thus. D. 
castanea is clearly indicated as one of the 
parental species. 

The olive crown and muted flank streaks 
of the hybrid could not have been contrib- 
uted by D. castanea and must be characters 
of the other parent. Among female wood 
warblers in definitive alternate plumage, the 
only species possessing both yellow or ol- 
ive crowns and lateral ventral streakings are 
D. striaia and D. pinus. The eye ring, chin, 
throat, breast, and upper belly of />. pinus 
vary from dull to bright yellow, and its dor- 
>,,il plumage is heavily saturated with yel 
low. The hybrid has little yellow in the un- 
derpays especially the breast, exhibiting 
about the same amount of yellow as ex- 
pressed in series of D. striaia. but consid- 
erably less than that of the dullest, defini- 
tive-plumaged D. pinus. This suggests that 
P. pinus is highly unlikely to have been a 

parental species. Thus, by the process of 
elimination, the second parental species was 
D. striata. 

In sum, the plumage pattern and color of 
the female hybrid can be accounted for by 
the two most probable parental species, 
Dendroica striata and D. castanea (Appen- 
dix 2). Other pairs of species lack the di- 
versity of plumage color and pattern ele- 
ments exhibited by the hybrid. 

Colon metric Variation 

Univariate comparisons.—Male D. stria- 
ta are significantly darker than D. castanea 
on the back and crown, while the back and 
crown of D. castanea are both redder and 
yellower than those of D. striata (Table 2), 
As Brodkorb (1934) implied in his descrip- 
tion, the crown of the Michigan hybrid is 
similar in general appearance to that of D. 
striata (see  Appendix   I).  Several  of the 
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Fig. 9. Bivariale plots of factor Scenes from a principal components analysis of back color (see Table 4) for 
female Dendroka slriaui (empty circles), D. castanea (tilled circles), and a D. striata X D. castanea hybrid 
(diamond). 

crown feathers of both male hybrids have 
buffy-olive tips or margins. These cause the 
colorimetric values for red (a) and yellow 
(b) to fall outside the range of values ex- 
pressed by ASY males of D. striata. Back 
color of the Michigan hybrid is intermedi- 
ate between that of D. striata and D. cas- 
tanea, while values for the Texas hybrid 
were closer to the characters means of D. 
castanea. 

Colorimetric variables of female D. stria- 
ta and D. castanea overlap (Table 2). Back 
color of the female hybrid more closely re- 
sembles that of D. castanea. The colori- 
metric values for lightness and redness of 
the hybrid fall narrowly outside the char- 
acter ranges for D. striata. Crown color 
variables of D. striata and D. castanea also 
overlap, but those of D. castanea are sig- 
nificantly redder and slightly yellower. 
Back color of the hybrid approximates the 
character means of D. striata. 

Multivariate comparisons.—Factor scores 

from a principal components analysis of 
back color of male D. striata and D. cas- 
tanea overlapped slightly along the first 
axis, which largely reflected the difference 
in redness between the species (Fig. 8). The 
distribution of D. castanea along the second 
PCA axis, which explained only a tenth of 
the variance, was entirely overlapped by D. 
striata. The male hybrids most closely re- 
sembled D. castanea in bivariate space and 
occurred well within the 95% confidence 
ellipse for hybrids and parental species. 

Factor scores for female back color of D. 
striata and D. castanea overlapped moder- 
ately along the first axis (PCA 1) and ex- 
tensively along the second (Fig. 9, Table 4). 
Factor scores in the upper left hand quad- 
rant represent specimens that are redder 
than average. The female hybrid most 
closely resembled D. castanea in color and 
fell narrowly outside the zone of overlap of 
the proposed parental species in bivariate 
space. 
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Table 5.—Factor loadings for the first two principal 
components from an analysis of external measure- 
ments of a pooled sample of males and females in 
del mi live alternate plumage of Deiuiroica striata, P. 
cassanea, and their hybrids. 

PrijiL-ipat uotib|>u[]eril a Mrs 

I [I 

Winy chord 
Tail 
Tarsus 
Bill 

Percent variance explained 

().(X)76 0.0069 
0.0033 0.0123 
0.0128 0.0025 
0.0130 -O.0095 

40.2% 29.6% 

External Morphology 

As a second step in the diagnosis, hy- 
potheses generated from analyses of plum- 
age characters were tested with analyses of 
morphological size and shape. Size and 
shape characters in birds arc assumed to be 
encoded by a multitude of structural and 
regulatory genes, resulting in additive ge- 
netic variation in hybrid morphology. In 
other words, the external dimensions of hy- 
brids should fall within the cumulative 
mensural ranges of characters expressed by 
large samples of the parental species of the 
appropriate age and sex class. 

Univariate comparisons.-—External mea- 
surements of the male hybrids fell within, 
or narrowly outside (Texas male) the cu- 
mulative ranges of measurements, for male 
D. striata and D. castanea (Table I). Mea- 
surements of the wing, tail, and tarsus of 
the hybrids more closely approached those 
of the smaller parental species (23s, custanea 
in wing and tarsus. D. striata in tail). In 
fact, the wings and tails of male hybrids 
were more similar in size to females of D. 
striata and D. castanea than to males. 

External measurements of the female hy- 
brid (Table 1) also fell within the range of 
measurements of the hypothesized parental 
species, D. striata and D. castanea. Wing, 
tail, and bill measurements of the hybrid 
were smaller than the character means for 
females of both parental species, while the 
hybrid's tarsi were longer than the parental 
means. 

Miritivuriate comparisons.—Factor scores 
for male D. striata and D. castanea over- 
lapped extensively along the first two prin- 
cipal components. In bivariate space, the 
male hybrids were closely adjacent to in- 
dividuals of both probable parental species, 
and well inside the 95% confidence ellipse 
(Fig. 10a, Table 5). 

Females of D. striata and D. castanea 
were morphologically less variable than 
males and primarily occupied the lower left 
quadrant of the bivariate plot {Fig. 10b). Fe- 
males of the two species also overlapped 
less extensively in bivariate space than the 
respective males. The female hybrid was 
most similar to D. striata in size and shape. 
Factor scores of the hybrid fell just inside 
the 95% confidence ellipse surrounding the 
centroid of female scores. 

In conclusion, the univariate and multi- 
variate evaluations of external morphology 
and plumage color were consistent with the 
hypotheses generated from the qualitative 
analyses of plumage pattern and color. This 
concordance of results provides strong sup- 
port for the restrictive hypothesis that all 
three specimens represent hybrids of Den- 
droica striata and D. castanea. 

Geographic Range.—As neither Den- 
tiroica striata nor D. castanea breed in 
southern Michigan, southern Ontario, or 
Texas, the hybrids were presumably mi- 
grating when collected. The bulk of the 
breeding range of D. striata is well north 
of that of D. castanea. However, they over- 
lap extensively in the Northwest Territories, 
British Columbia, Alberta, and Saskatche- 
wan and, to a lesser degree, in the Maritime 
Provinces of Canada (Godfrey 1986, Er- 
skine 1992). The species are essentially par- 
apatric in northern Manitoba (B. Whitney, 
pers. comm.) and in central Ontario (Spier 
1985), approximately due north of the col- 
lection site in Michigan. It is in a region of 
narrow distributional overlap in Ontario and 
Quebec, where population densities of D. 
striata and D. castanea are low (see Spier 
1985), that I expect that hybridization 
would be most likely to occur. These spe- 
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Fig. 10. Bivarialc pints of Factor score* from a principal components analysis of external morphology (see 
Table 5) for Oendrsica sniaiti (empty circlesl, D. casnmea (filled circles), and /.). siriura X D. casiunea hybrids 
(Michigan hybrid = diamond; Texas hybrid - square). Factor scores of males Hup) and females (bottom) were 
extracted from the same principal components analysts, but projected on different plots for clarity. 
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cics in first basic plumage are remarkably 
similar and some individuals are difficult to 
distinguish. Juvenile hybrids would he ex- 
traordinarily difficult or impossible to de- 
tect under field conditions. Thus, surpris- 
ingly large numbers of juvenile hybrids 
could migrate unnoticed to their wintering 
grounds each autumn. 

Conclusions 

Hybrid imennediacy in size and shape.— 
Avian offspring from con specific ma tings 
usually exhibit high heritability of morpho- 
logical traits (e.g., Boag & Grant 1978, 
Smith & Zach 1979. Smith & Dhondt 1980. 
Dhondi 1982). That is, when the values for 
character traits of the offspring are re- 
gressed on the average of those of the par- 
ems (for monomorphic species), the slope 
of the resulting regression line ( = herilabil- 
ity) approaches 1.0. These data indicate that 
the size and shape of passerine birds are 
largely determined by additive genetic pro- 
cesses, and to a lesser degree, by environ- 
mental factors (James 1983). As such, they 
constitute the empirical foundation upon 
which the morphological diagnosis of hy- 
brid specimens is permitted. 

With a few exceptions (e.g.. Maelnnes et 
al. 1989), there have been no comparable 
studies of morphological heritability in avi- 
an hybrids which, strictly speaking, are the 
result of interbreeding of biological species. 
Ornithologists have recognized, however, 
that mensural traits of hybrids were usually 
intermediate between those of their parental 
species long before the field of quantitative 
genetics blossomed (see Falconer 1981). 

But what predictions can be made about 
the morphology of hybrids among distantly 
related species, especially among those 
classified in different genera? If the mixture 
of highly similar genomes results in high 
heritability, then hybridization between spe- 
cies with dissimilar genetics might be pre- 
dicted to result in lower heritability. In oth- 
er words, if heritability, and thus phenotyp- 
ic predictability, is correlated with the de- 

gree of genomic compatibility of the 
parental species, then the phenotypes of 
true intergeneric hybrids are relatively un- 
predictable. Furthermore, the probability 
that hybrids will deviate significantly from 
the hi parental midpoint may increase as a 
function of the genetic dissimilarity of the 
parental species (Fig. II), In operational 
terms, there is no reason to expect a hybrid 
from an intrageneric crossing to occupy a 
position intermediate to the parental species 
in multivariate space. As a corollary, it may 
not he possible to distinguish I ., f-,, or 
back-crosses among genetically divergent 
species, if they do occur, on the basis of 
morphology alone. 

Plumage.—Two assumptions, both 
somewhat vague, are commonly advanced 
in the analysis of hybrid plumage. The first. 
that hybrids express plumage characters of 
both parental species, is bolstered by more 
than a century of careful study of hybrid 
specimens (e.g., Cabot 1854), and finds 
quantitative support in more recent studies 
that indicate that the pattern and color of 
most plumage tracts are polygenieally con- 
trolled (see Hurt 1949, Buckley 1982). 

The second assumption is that hybrids do 
not exhibit plumage characters of species 
other than their parents (e.g.. Banks & 
Johnson 1961: Graves 1990. 1992, 1993a. 
1993b; Graves & Zusi 1990). Rohwer's 
(1994) use of "contradictory characters" in 
hybrid evaluation is simply a rephrasing of 
that hypothesis which, in various guises, 
also asserts that luxuriance and atavism do 
not occur in hybrid plumage. As a universal 
statement, the latter is demonstrably incor- 
rect, because "atavistic" characters occur 
with frequency in certain anseriform hy- 
brids (Harrison and Harrison 1963). How- 
ever, atavism has not been adequately doc- 
umented in other avian orders, and plumage 
luxuriance has not been documented in any 
avian hybrid in nature. 

In light of the aforementioned assump- 
tions, perhaps my most noteworthy obser- 
vation on the plumages of the Dendroica 
striata X D. castanea hybrids was the ap- 
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parent correlation between the degree of 
difference in colon metric values of homol- 
ogous plumage characters of the parental 
species and the deviation of the hybrid val- 
ues from the averages of the character 
means of the parental species (see Table 2). 
The more discordant the plumage color of 
the parental species, the more likely that 
character in the hybrid closely resembled 
one parental species, rather than a "blend- 
ed " intermediate (e.g., crown color in 
males). This pattern can be parti wily ex- 
plained by the expansion of possible hybrid 
values when pigmentation of the parental 
species differed markedly. It also suggests 
that a small number of gene complexes con- 
trol pigmentation of individual plumage 
tracts in D. striata and D. vastatwa. Crown 
pigmentation of D. striata is evidently dom- 

inant (or nearly so) to that of D. castanea 
in hybrids, and as Brodkorb (1934) noted, 
the male hybrid superficially resembles D. 
striata in most respects. Whether this is due 
to genetic dominance or chance recombi- 
nation will only he determined with the dis- 
covery of additional hybrid males. 
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Appendix 1 

Comparative descriptions of the mule hybrids. Pen- 
droica striata X Peitdroica castanea, and their paren- 
tal species in dehnilivc alternate plumage (Figs. 1-4). 
Hybrids lire referred to as the "Texas" ISI1CM) and 
"Michigan" lUMMZ 53692) specimens, respectively. 

The crown. superciliary, and lores art; semi-glossy 

black in si riant (Fig. I). In castanea, the loiccrown is 
black becoming into chestnut on the crown above the 
eyes, and extending posteriorly to the rear crown: the 
superciliary and lores arc black. The respective parts 
of the Michigan hybrid resemble those of striata: a few 
feathers above the nostrils and on the superciliary have 
faintly huffy-olive tips: several feathers ot the hind- 

crown have broader huffy-olive margins. The crown 
of the Texas specimen is more intermediate in appear- 
ance. Feathers of the hindcrown are margined wilh 
buff-olive, imparting a streaked appearance. .Several 
small chestnut spots occur on leathers of the mid- 
crown. 

The parental species and the hybrids have a thin 
nuchal collar: black streaked with white in striata, huf- 
fy-white in castanea, pale huffy-white in the Michigan 
hybrid, and dull olive-huffy in the Texas hybrid Feath- 
ers on I he mantle, scapulars, lower hack, rump and 
uppertail coverts of striata have black center stripes 
and broad gray margins. The respeclive plumage of 

rustanea is similarly patterned hul I he leal her margins 
are huffy-olive on ihc mantle, changing lo gray on the 
lower back. rump, ami undcrtail coverts. In the hy- 
brids, dorsal plumage posterior to the hindcrown is 

nearly intermediate in appearance to that of the paren- 
tal species. 

D. striata has a white facial patch that extends from 
the base of the lower mandible, posteriorly to the ven- 
tral cycling mul I he aurieulars. The respective parts of 
castanea are black. In striattt, the white facial pinch of 
striata is bordered venlralty by a thin black malar stri- 
pe, which originates on the chin and es lends to the 

upper breast, and posteriorly by vertical zebra-like 
striping on the nuchal collar. The black "face" of cas- 
httifit is bordered venlralfy by the chestnut throat, and 

posteriorly by a large huff neek patch, a ventral exten- 
sion of the nuchal collar. The facial plumage of the 
Michigan hybrid expresses a complex mosaic of the 

parental characters (Fig. 4). Feathers adjacent to the 

bill are black wilh pale huffy-white lips; while those 
on i he lower eyering and aurieulars are grizzled dark 

gray and huffy-white. The aurieulars are bordered pos- 
teriorly b) a huffy-while neck patch, which is paler 
and smaller than that of castanea. facial plumage of 
the Texas hybrid is considerably darker than that of 
the Michigan hybrid, and similar in appearance to cas- 
tanea, The posterior aurieulars are grizzled (sooty 
black and gray), and bordered posteriorly by a dull, 
silvery-hull, neck patch, which is smaller and less dis- 

linci iban in castanea. 
The remiges and wing coverts of \triaiii and tas- 

tanea arc similarly patterned: the greater and middle 
wing covens are lipped with while in striata hut arc 

more broadly lipped with pale huffy-while in castanea. 
The hybrids' wings are intermediate in pattern and col- 
or. While spots in the outer reel rices of the hybrids are 
intermediate in size and shape he I ween those of Xtriata 
and castanea. 

The throat, breast, belly, and undcrtail coverts of 
striata are while bordered laterally by black streaking 
on the sides of the throat, breast, and Hanks, The chin 
of castanea is black, bordered posteriorly by chestnut, 
which extends posteriorly lo Ihc upper breast along the 
midline and laterally lo ihc Hanks: ihc center of the 
breast, lower belly, and undcrtail coverts are huffy- 
white. The leal hers of the Michigan hybrid's throat are 

grizzled with black and chestnut, many faintly tipped 
with white, especially on the chin and along the mid- 
line, imparting the appearance of wide malar snipes. 

flic hrc.isi, belly, and undcrtail coverts of (he Michi- 
gan hybrid are white, faintly tinted with buff: the 
Hanks are marked with muted brownish-black spots 
and streaks and a strong chestnut wash. The chin, 
throat, upper breast, and sides of ihc Texas hybrid are 
"roan" (sooty black, subtly grizzled wilh chestnut and 
pale gray I in a pattern mirroring the distribution of 
chestnut in castanea. Center of the breast, belly and 
undcrtail coverts of the Texas specimen arc pale huffy 
while. A few indistinct pale chestnal and sooty spots 
are found on Ihc Hanks. 

Appendix 2 

Comparative descriptions of the female hybrid 
(UMMZ 2lW>28l, Pendmica striata X Ih'ndraica cas- 
tanea. and its parental species in definitive plumage 

(Figs. 5-7). 
Feathers of (he crown, scapulars, and mantle of 

.11 rial'a are olive to grayish-olive wilh pronounced 
blackish brown shut'i streaks. The regpecfive plumage 
of castanea is olive-gray to gray hul more heavily 
streaked with black; feathers ol I he crown, from the 
eyes lo the nape, are cheslnul distal ly with grayish- 
oh\ e margins. The crown of I he hybrid is more heavily 
streaked than in striata. hut less so than in castanea; 
leather margins are olive (a few grayish-olive) and ex- 
hibit no trace of chestnut pigmentation on I he basal or 
distal barbs under magnification (7*). The mantle of 
the hybrid, which contrasts with its olive crown, is 
intermediate in appearance between ihose of the pa- 
rental species The rump and uppertail coverts are ol- 
ive-gray in xtriata and gray in castanea. The hybrid 
has an olive-gray rump and gray uppertail coverts. 

The short superciliary ot striata is poorly deHned by 
pale olive to pale yellow feather lips. In castanea the 
MipcttilKL! v i-. fven more poork dc lined and streaked 

with dark gray and black. The lores and aurieulars of 
striata are molded olive-gray, bordered posteriorly by 
a faintly perceptible olive-gray patch on Ihc side of the 
neck. The lores and aurieulars of castanea are more 
heavily pigmcuted and contrast with the throat and a 
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we] I-lie lined buff neck patch. Pigmentation of the su- or olive on the throat and breast; narrow black streak- 
perciliary. lores, and aurictilais of the hybrid fails with- ing occurs on the side of the throat, breast, and Hanks, 
in the range of variation found in strkitci, but the au- The venter of castanea is huffy, white to buff, ex ten 
iit.til,us .in.- bordered posteriorly h\ well-deliiietl liul!\ sivelv -.nilused -.mil Chestnul mi the ihroal   side ot itu- 
neck patch as in castanea. breast, and Hanks. The throat, upper breast, and flanks 

While tips of the middle and greater wing coverts of the hybrid are buff, fading to pale huffy-while on 
of the hybrid are intermediate in width between those the belly and undertail covens. Several flank feathers 
of slriala and castanea. Outer margins of the reel rices are marked with pale chestnut and faint muied streaks 
arc olive-gray in siriarrt and the hybrid and pay  in appear at the side of the breast. The dried tarsi of the 
cusrmica. hybrid are intermediate in color between those at stria" 

The venter of striata is white tinted with pale yellow w (light brown) and castanea (dark brown). 


