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GEOGRAPHIC VARIATION IN YELLOW-HEADED BLACKBIRDS

FROM THE NORTHERN GREAT PLAINS!
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Abstract. We assessed geographic variability in morphology among Yellow-headed
Blackbirds (Xanthocephalus xanthocephalus) collected from breeding populations in Min-
nesota, North Dakota, and South Dakota in the United States and Alberta, Manitoba, and
Saskatchewan in Canada during spring. Both male and female Yellow-headed Blackbirds
tended to be larger in the more northern breeding populations. Males collected in Manitoba
and southeast Saskatchewan tended to be more like populations from the United States,
whereas other populations in Saskatchewan and Alberta populations were morphologically
similar to each other. For females, however, only the Manitoba population was similar to
the U. S. populations, and the females from the southeastern Saskatchewan were similar to
other Saskatchewan birds. Southeastern Saskatchewan appears to represent a transitional
region between northwestern and southeastern breeding populations of Yellow-headed

Blackbirds.
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INTRODUCTION

Geographic variation has been detected and clin-
al patterns of variation have been postulated for
contiguous breeding species (Power 1970, Endler
1977, Aldrich and James 1993). Both environ-
mental factors (James 1970, James 1983) and
isolated breeding populations (Wright 1946)
contribute to this geographic variation. Yellow-
headed Blackbirds, although migratory (Royall
etal. 1971), display philopatric tendencies (Sear-
cy 1979) with adults returning to large, often
isolated, prairie wetlands to breed. Although the
extent to which natal site fidelity occurs is not
known, the breeding-site fidelity of adults, com-
bined with the isolated nature of large prairie
wetlands used as breeding sites, may contribute
to increased geographic variation among Yellow-
headed Blackbird populations. We examined the
geographic variation in morphology among male
and female Yellow-headed Blackbirds, collected
within the northern Great Plains, to determine

! Received 1 February 1994, Accepted 11 May 1994.

2 Present address: National Biological Survey,
Southern Science Center, Mississippi Valley Research
Field Station, 900 Clay St., Vicksburg, MS 39180.

the extent of morphometric variation and to de-
tect discernable differences among populations.

STUDY AREA AND METHODS

We collected adult male and female Yellow-
headed Blackbirds from active nesting localities
within the northérn Great Plains (Fig. 1). Before
dissecting these birds, we obtained their total
mass in grams (WT) and four external measure-
ments (Baldwin et al. 1931): total body length
(LENG), tail length (TAIL), wing chord (WING),
and length of culmen (CULMEN). After dissec-
tion, we obtained eight skeletal measurements
(Baumel et al. 1979): skull length (SKL) from tip
of bill to the posterior supraoccipital, skull width
(SKW) between opposing temporals, keel length
(KEEL) from the posterior edge of the sternum
to the acrinal apex, and the greatest linear lengths
of the ulna (ULNA), humerus (HUMER), femur
(FEMUR), tarsus (TARSUS), and tibiotarsus
(TIBTAR).

We measured total length, wing chord, and tail
length to the nearest millimeter and culmen length
to the nearest 0.01 mm. All skeletal measure-
ments were recorded to the nearest 0.01 mm after
cleaning; dermestid beetles cleaned the skull and
keel, but long bones were cleaned by heating
(~76°C) in water and an enzymatic detergent
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FIGURE 1.

Total numbers of male and female (4 : ?) Yellow-headed Blackbirds collected in the northern Great

Plains during the springs of 1987 and 1988. Circles indicate approximate center of 18 collection locations
grouped by proximity and bio-political boundaries into 11 collection areas: South Dakota (SD), Minnesota
(MN), southeast North Dakota (SEND), northeast North Dakota (NEND), west North Dakota (WND), Manitoba
(MA), southeast Saskatchewan (SESK), northeast Saskatchewan (NESK), central Saskatchewan (CSK), west
Saskatchewan (WSK), and Alberta (AL). Shaded areas represent geographic ranges of proposed sub-populations.

until flesh could be excised. We measured the
right-hand member of bilaterally symmetric
characteristics unless it was missing or damaged,
in which case we substituted that from the left
side. Measurement errors were obtained using
the methods of Bailey and Byrnes (1990) for the
nine skeletal mensurations from three repeated
measurements on samples of 20 females and 20
males.

Univariate analyses. Before analyses we
grouped birds into 11 discrete collection regions
based on the proximity of collections and on bio-
political boundaries (Fig. 1). Because Yellow-

headed Blackbirds are sexually dimorphic, we
calculated univariate statistics on each variable
separately for each sex within each of these 11
regions. Using the mean measurements of the
morphometric variables, we constructed pheno-
grams using the UPGMA algorithm (Sneath and
Sokal 1973) as applied by SAS (1985:286). We
used analysis of variance (ANOVA) to compare
regional differences in morphology. Using Bon-
ferroni’s criterion, we multiplied the resultant
probability values by the number of simulta-
neous comparisons (Harris 1985). Pairwise com-
parisons between collection regions were ob-
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TABLE 1. Means and standard deviations of selected weights and measurements from adult, female and male
Yellow-headed Blackbirds collected during the springs of 1987 and 1988 within the northern Great Plains.
Measurements in millimeters except weight is in grams. Maximum sample sizes within collection locations are

given in Figure 1.

South Southeast Northeast West
Dakota Minnesota North Dakota North Dakota North Dakota
Mass F 59.58 + 2.77 53.54 + 5.38 56.93 + 3.88 52.88 + 3.94 58.31 + 4.11
M 9291 + 5.94 96.86 + 5.78 94.49 + 4.75 94.35 + 5.67 95.04 + 4.56
Length F 218.27 £ 454 21233 £7.00 216.07 +£7.29 21507 £6.76 218.71 = 5.00
M 25999 +5.33 259.33 £947 266.24 + 6.50 263.06 £ 7.30  265.26 + 6.76
Wing chord F 113.70 £ 3.20 112.58 + 2.84 112,78 £+ 296 112,59 +2.56 112.64 = 2.47
M 141.67 + 3.05 141.23 = 2.75 14248 =+ 3.26 143.49 + 3.61 141.03 + 2.12
Tail F 82.28 + 2.93 82.08 + 2.58 81.28 + 4.70 81.72 + 3.82 82.50 + 3.16
M  103.83 + 3.41 104.11 + 4.31 104.61 = 3.41 104.74 + 3.93  104.10 + 2.28
Skull length F 40.77 = 0.90 41.22 + 0.58 40.76 = 0.61 40.77 = 0.61 40.86 = 0.55
M 47.43 + 0.84 47.32 = 0.80 47.24 = 0.83 47.18 = 0.85 47.65 = 0.77
Skull Width F 18.52 = 0.23 18.41 £ 0.25 18.39 + 0.24 18.40 + 0.24 18.43 + 0.28
M 19.95 = 0.38 19.90 £ 0.30 19.94 + 0.34 20.01 + 0.34 20.06 = 0.32
Keel F 27.82 = 1.00 27.71 = 0.97 2747 + 1.24 27.80 + 0.85 27.59 £ 0.79
M 35.07 = 1.04 35.22 + 1.06 35.43 £ 1.05 35.31 £ 1.01 35.70 £ 1.26
Ulna F 31.54 = 0.51 31.89 = 0.72 31.46 = 0.63 30.06 + 2.01 31.51 £ 0.66
M 38.39 = 0.78 38.23 + 1.07 38.33 £ 0.87 37.86 £ 1.62 38.52 + 0.62
Humerus F 26.12 = 0.47 26.17 + 0.44 26.10 = 0.53 26.16 + 0.54 26.12 + 0.44
M 31.63 + 0.60 31.78 £ 0.60 31.74 £ 0.70 31.61 £ 1.57 31.87 + 0.53
Tarsus F 29.95 + 0.66 30.21 + 0.59 30.09 £ 0.73 29.97 + 0.91 29.84 + 0.77
M 35.17 + 0.81 35.22 +£ 0.86 35.16 = 0.89 35.19 £ 0.96 35.47 + 0.82
Tibiotarsus F 42.18 + 0.98 42.47 + 0.81 42.51 = 0.57 42.39 + 1.11 42.39 + 0.89
M 50.00 + 0.98 50.12 = 1.01 50.10 = 1.12 4998 + 1.17 50.26 + 1.10
Femur F 24.24 + (.54 2444 + 0.47 24.26 + 0.49 24.19 + 0.56 24.28 + 0.59
M 29.02 = 0.55 29.14 + 0.71 29.02 £ 0.71 28.96 + 0.64 28.08 £ 0.62
Culmen F 18.46 £ 0.64 19.04 + 0.47 18.44 + 0.39 18.55 + 0.52 18.72 + 0.47
M 22.90 = 0.70 22.81 = 0.65 22.79 = 0.68 22.46 + 0.76 23.06 £ 0.67

tained via Scheffe’s a posteriori mean separation
(Milliken and Johnson 1984:35-36) at alpha =
0.05.

Multivariate analyses. Before performing mul-
tivariate analyses, we replaced missing data (4.3%
of total) using regressions against the most highly
correlated variables (Chan et al. 1976). To reduce
the morphological information in these data to
a few succinct variables, we extracted principal
components for each sex (Morrison 1976). Dis-
tributions along the principal components were
used to express the phenetic and geographic re-
lations among the collection regions.

RESULTS

We collected 1,855 male and 214 female Yellow-
headed Blackbirds from 28 May to 16 June 1987
and from 14 May to 17 June 1988. Percent mea-
surement error (%ME) for the skeletal variables
ranged from 0.08 for skull length in males to 4.21
for humerus in males. Univariate statistics of
morphological characteristics for each sex (Table

1) generally follow Bergmann’s rule, exhibiting
a trend toward larger birds in the more northern
populations. Phenograms constructed from the
mean measurements within each collection re-
gion revealed a southeast-northwest dichotomy
in morphology for both males and females (Fig.
2). Males from southeast Saskatchewan and
Manitoba had morphological characteristics
similar to males from the states of Minnesota,
North Dakota, and South Dakota; whereas, the
remaining collection regions within Saskatche-
wan were morphologically similar to males from
Alberta. Females exhibited similar groupings ex-
cept that females from southeast Saskatchewan
were morphometric siblings of the other Sas-
katchewan regions, and morphologically unique
females were found in Alberta.

For males, 12 of the 13 simultaneous com-
parisons using ANOVA yielded significant (F >
6.3, P < 0.01) differences among collection
regions—only TAIL did not differ (F= 2.3, P =
0.13). Within the 12 variables exhibiting signif-
icant differences, 48 significant (F > 1.9, P <
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TABLE 1. Extended.
Southeast Northeast Central West
Manitoba Saskatchewan Saskatchewan Saskatchewan Saskatchewan Alberta
58.12 + 3.44 59.01 + 4.52 66.56 + 7.65 61.41 + 698 57.31 % 0.06 50.70 + 3.78
96.55 + 5.39 96.69 + 5.22 101.81 + 9.29 97.97 + 7.24 100.27 + 7.12 96.64 + 5.23
220.67 £ 3.83 22257 £ 452 22181 +7.56 221.76 + 426 221.50 + 2.12  221.58 + 7.80
270.54 £ 440  269.24 +£ 7.22  263.17 + 6.56 267.06 + 8.38  269.10 + 9.01 267.13 + 6.87
112.11 + 2.08 112,70 + 2.18 113.81 = 3.14 113.56 = 2.71 112.50 = 3.54  111.25 £ 2.56
141.40 + 3.52 142.62 + 3.14 140.65 = 2.27 141.82 = 3.42  140.63 + 3.17 143.46 + 3.14
80.66 + 3.25 82.67 + 292 83.44 + 3.16 82.93 + 2.28 83.50 + 3.54 80.41 + 3.64
104.62 + 3.54 104.64 = 3.07 104.02 + 2.82 103.66 = 4.10 103.32 + 4.31 104.21 + 3.55
.40.74 = 0.59 40.99 = 0.72 41.02 + 0.74 41.12 + 0.66 41.28 + 1.36 41.41 + 0.71
47.32 + 0.81 47.36 + 0.84 47.36 = 0.90 47.75 = 0.84 47.73 £ 0.90 48.05 = 0.83
18.53 + 0.29 18.46 + 0.36 18.64 + 0.26 18.53 + 0.36 18.36 £ 0.19 18.45 = 0.32
20.02 = 0.29 20.08 = 0.33 20.05 + 0.36 20.11 £ 0.33 20.08 + 0.24 20.11 £+ 0.32
27.79 + 0.58 2791 = 0.74 28.01 + 0.70 27.96 + 0.76 28.20 + 0.23 27.95 £ 0.92
35.66 + 1.07 35.52 + 1.02 35.68 + 1.04 35.81 £ 1.12 36.13 + 0.93 35.84 £ 1.07
31.67 £ 0.32 31.29 + 1.35 31.77 £ 0.49 31.59 + 1.21 31.94 + 0.93 27.90 + 0.48
38.35 £ 0.75 38.54 = 0.82 38.57 + 0.69 38.80 £ 0.75 38.86 + 0.83 38.71 +£ 0.98
26.28 = 0.23 26.30 + 0.44 26.40 = 0.40 26.36 + 0.52 26.74 + 0.66 26.09 + 0.51
31.70 = 0.68 32.87 + 0.65 31.84 £ 0.49 32.05 £ 0.60 32.20 £ 0.65 32.08 + 0.68
30.11 + 0.48 30.24 + 0.49 30.36 £ 0.84 30.38 + 0.68 30.28 + 1.34 29.90 + 0.60
35.36 + 0.80 35.39 + 0.88 35.25 £ 1.11 35.64 £ 0.83 35.73 £ 0.86 35.65 + 0.91
42.67 + 0.65 42.84 + 0.66 42.86 + 1.05 4295 + 0.95 42,76 + 1.18 42.64 + 0.78
50.21 + 1.04 50.26 + 1.13 50.35 £ 1.18 50.66 = 1.09 50.78 + 0.76 50.65 = 1.19
24.32 + 0.31 2441 + 0.49 24.64 + 0.37 24.51 £ 0.57 24.60 + 0.93 24.15 £ 0.61
29.03 = 0.57 29.13 = 0.63 29.16 + 0.55 29.32 + 0.60 29.42 + 0.74 29.31 + 0.67
18.51 + 0.49 18.67 + 0.56 18.78 + 0.44 18.83 + 0.53 18.68 + 1.48 18.78 + 0.55
22.64 = 0.73 22.55 + 0.74 22.60 = 0.70 22.90 + 0.78 23.10 +£ 0.78 22.99 + 0.69

0.05) pairwise comparisons were detected with
33 (69%) representing differences between the
two dichotomous groups previously suggested.
For females, however, only three morphometric
variables (LENG, WT, and ULNA) differed sig-

nificantly (F > 6.8, P < 0.01) among collection
regions; whereas, the remaining 10 variables did
not differ (F < 1.9, P > 0.52). The dichotomous
grouping of populations is again supported by
Scheffe’s pairwise comparisons because none of

TABLE 2. Principal component (PC) loadings on morphometric variables for Yellow-headed Blackbirds from
the northern Great Plains and the proportion of the variability accounted for by each principal component.

Principal component I

Principal component II Principal component ITI

Female Male Female Male Female Male
Proportion of variability 0.37 0.36 0.15 0.14 0.11 0.10
Mass 0.24 0.24 0.14 0.05 -0.30 0.05
Length 0.21 0.20 0.41 0.39 -0.08 -0.05
Wing chord 0.19 0.14 0.48 0.52 -0.13 ~0.29
Tail 0.17 0.11 0.56 0.60 -0.13 -0.27
Skull length 0.26 0.30 0.09 0.15 0.59 0.55
Skull width 0.20 0.17 0.14 0.04 0.03 0.03
Keel 0.24 0.24 -0.10 —0.06 0.14 0.03
Ulna 0.22 0.34 -0.14 -0.14 -0.34 -0.18
Humerus 0.38 0.30 -0.21 -0.15 -0.10 -0.17
Tarsus 0.37 0.38 -0.22 —0.19 —0.05 -0.12
Tibiotarsus 0.38 0.40 -0.24 -0.19 -0.03 -0.12
Femur 0.38 0.38 -0.20 -0.18 -0.09 -0.11
Culmen 0.20 0.21 0.12 0.20 0.60 0.65
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FIGURE 2. Phenograms of male and female Yellow-headed Blackbirds constructed from mean morphometric
measurements using UPGMA algorithm. Collection location codes are listed in Figure 1. Populations joined to
the right of the dotted line are morphometrically similar to each other.

the five significant (F > 1.9, P = 0.05) pairwise
comparisons for females were within either of
the two dichotomous groups, although the “ab-
errant” female population from Alberta differed
from other populations in two instances.

The first three principal components extracted
from 13 measured variables (Table 2) accounted
for 63% and 6 1% of the variability within females
and males, respectively. Principal component
loadings were consistent across sexes. For both
sexes, the positive loadings on the first principal
component represent a general size character. The

second principal component represents a con-
trast between positive loadings on the feathered
measurements and negative loadings on the long
bone measurements. Finally, the third principal
component contrasts a positive skull length load-
ing with a negative ulna loading. Spatial dia-
grams of the first principal component against
latitude and longitude of collection (Fig. 3) sug-
gest a separation into two groups;, the more
northern and western populations having greater
first principal component scores than the more
southern and eastern populations.
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FIGURE 3. Relation of mean first principal component score, computed from morphometric data on Yellow-
headed Blackbirds collected within discrete collection locations in Canada and USA, to latitude and longitude

of collection location.

DISCUSSION

Measurement errors for all skeletal mensurations
of both sexes were small (<5%). However, mea-
surement error was not consistent between sexes.
Whereas, for males, skull length had the smallest
measurement error, among females, skull length
had the largest measurement error (%oME = 3.08).
Conversely, measurements of humeri had the
largest measurement error among males but
among females, humerus exhibited a %ME of
only 0.27. Nevertheless, for both sexes, mea-
surement variability among individuals far ex-
ceeded variability within individuals.

Both female and male Yellow-headed Black-
birds breeding on the northern Great Plains ex-
hibit increasing body size from the southeast to
the northwest. These discernable morphometric
differences among Yellow-headed Blackbirds
breeding at different geographic locations con-
trast sharply with the lack of genetic differenti-
ation detected among these populations (Twedt
et al. 1992). Although there is an overall clinal
trend, there appears to be a dichotomy within
the Great Plains population of Yellow-headed
Blackbirds. In general, the two groups of Yellow-
headed Blackbirds indicated by phenograms were
those breeding north and west of southeast Sas-
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katchewan as opposed to those breeding south
and east of this pivotal area. This finding was
supported by analysis of variance (ANOVA) re-
sults in which most significant pairwise compar-
isons were between these two groups. Also, dis-
tances among principal component scores were
greater between members of these two groups
than within members of either group.

Based on the morphometric differences be-
tween these geographic populations, we propose
division of the northern Great Plains population
of Yellow-headed Blackbirds into two sub-pop-
ulation groups: the Canadensis group ranging
north and west of southeast Saskatchewan and
the Dakotai group ranging south and east of
southeast Saskatchewan (Fig. 1). Further, we
propose that these morphometric differences
among Yellow-headed Blackbird populations
may be a mechanism through which their gross
migratory movements may be assessed similar
to that conducted for Red-winged Blackbirds
(James et al. 1984).
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