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ABSTRACT.-We
used discriminant functions analysis to identify specimens
of wood pewees (Contopus) from the Great Plains. Size and shape differences
between C. virens and C. sordid&s
are slight, but we found significant
differences in multivariate space. Specimens from places where both species
occur are not phenetically intermediate; hence we have no evidence of hybridization.
Singing birds were morphologically
like those of the species
whose song they sang; hence we have no evidence of song switching. Our
analyses show that C. virens occurs in summer as far west as Crockett Co.,
Texas; Morton Co., Kansas; and Phillips Co., Montana. Contopus sordidulus
occurs in summer east to Phillips Co., Montana; it is a fairly common and
regular migrant through extreme western Kansas.

The Eastern and Western wood pewees
(Contopus virens and C. sordid&s)
are difficult to separate both in the field and in the
hand (Phillips et al. 1966:169-170,
Browning 1977). The most conspicuous difference
between the two-their
distinctive primary
songs-is of restricted use: the females do
not sing; spring migrants sing rather infrequently and fall migrants probably do not
sing at all; in collections, song type is rarely
indicated on specimen labels. Additionally,
the song may be partially or wholly learned
and thus be an imperfect indicator of “kind”
especially in sympatry (where individuals
may have learned either both songs or the
“wrong” one).
In practice, non-singing pewees are often
identified “on geographical grounds,” and
indeed the largely allopatric distributions of
the forms leaves this an expedient and acceptable solution in most cases. However,
their ranges do overlap both where they
winter
in Central
and South America
(A.O.U. 1957) and in Mexico and the western Great Plains where they occur in passage. In the Great Plains they occur, sympatrically in some places, as uncommon
breeders (Fig. 1; Short 1961, Barlow and
Rising 1965, Godfrey 1966, Rising 1974).
The apparent intermediacy of several specimens from western Kansas and Nebraska
suggests that hybridization
between
the
forms may occur in the Great Plains (Short
1961, Barlow and Rising 1965, Schueler and
Rising 1976). To date, however, the identification of these specimens from the Great
Plains has been imprecise.
For two reasons, we became interested in

determining whether or not these pewees
hybridize. First, the answer would help us
to understand the significance of bright display plumages of birds. Sibley (1957) argued that such plumages have evolved because they facilitate
accurate
species
recognition and thus reduce hybridization.
Rohwer et al. (1980), however, pointed out
that hybridization seems to occur most commonly among individuals of both the most
dimorphic and the brightest species. On the
basis of feather color intermediacy, for example, it has been argued that buntings
(Passer&a), grosbeaks (Pheucticus) and orioles (Zcterus) all hybridize rather commonly in the Great Plains (West 1962, Rising
1970, Emlen et al. 1975). But do these hybridize more commonly than less brightlycolored birds, or do they merely seem to
hybridize more commonly because hybrids
(intermediates)
are more easily defined in
species with distinctive plumages? Perhaps
hybridization occurs in species that are similar in appearance such as chickadees (Parus), wood pewees, and crested flycatchers
(Myiarchus),
and we just do not recognize
the intermediates. Second, Mayr and Short
(1970:60) suggested that these two pewees
are conspecific; information pertaining to
mate selection in sympatry will clarify their
genetic relationship. Our purposes are (1) to
establish rigorous criteria for identification
of specimens, and using these criteria (2) to
identify, as accurately as possible, our pewee specimens from the Great Plains as
well as to reassess earlier identifications
(e.g., those in Barlow and Rising 1965, Rising 1974).
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FIGURE
1. Map showing the approximate distribution and relative abundance of Contopus virens (to the east
of the dotted line) and C. sordid&m
(to the west). The data are the numbers of pewees found on randomly
selected census routes (Robbins and Van Velzen 1974: 173).

MATERIALS

AND

METHODS

In the summer of 1970 we collected three Co&opus
specimens from north-central
Montana-a
region
where both species are of marginal occurrence (Fig. 1).
These specimens were prepared as skin-and-skeletons
(i.e., distal skeletal elements in the wing and leg on
one side were left in the skin). In addition, D. M. Niles
and S. A. Rohwer collected a Co&opus from west Texas. This bird sang the song of C. virens but was taken
within the range of C. sordidulus (Oberholser 1974).
In the early summer of 1978 Rising collected eight
migratory Contopus from western Kansas. Data on
these specimens are in Table 1. A number of skin-only
specimens also exist from the western Great Plains.
For example, all of the specimens mentioned by Barlow and Rising (1965) and Rising (1974) were prepared
as conventional skins. Data on these specimens are in
Table 2.
To establish criteria for identifying skeletal material,
we borrowed pewee skeletons from museums. Rising
measured 31 features on each skeleton to the nearest
0.1 mm, with dial calipers: premaxillary length, depth
and width; length of premaxilla from anterior edge of
nostril; inter-narial and nasal bone widths; inter-orbital
width; skull width, length and depth; gonial length;
mandibular length and depth; coracoid and scapular
lengths; width of base of scapula; length of furcular
process; sternum length and width; keel length and
depth; synsacrum width; maximal lengths of the femur,

tibiotarsus, tarsometatarsus, humerus, ulna, carpometacarpus, and basal phalanx of digit II; and widths of the
proximal and distal ends of humerus. Twenty-nine
of
these were measured as indicated
in Robins and
Schnell (1971); the others, “width of the proximal end
of humerus” and “premaxillary width,” were the maximal widths. These attributes were selected a priori as
representative features (that could be readily measured
on disarticulated
skeletons) from different body regions and functional complexes. Of the breeding or
presumed breeding specimens that we were able to
measure, 32 were male C. virens, 33 male C. sordidulus, 22 female C. virens and 27 female C. sordidulus. In addition, we measured 2 specimens taken in
October from Panama, 11 taken in May, June, and July
from Mexico, and 8 (mentioned above) from western
Kansas. Of the breeding birds, 19 male and 18 female
C. virens specimens were from extreme eastern Kansas
(especially Cherokee County) and 14 male and I4 female C. sordidulus were from southern Arizona (especially Cochise County). Most of these were collected
by Rising and are known to have been breeding birds
on the basis of gonad condition. Other specimens used
in the reference samples were taken in mid-summer
from regions where overlap is unknown and most were
clearly breeding birds. One of these (ROM 115972)
was taken 10 mi north of Bellburns, Newfoundland, 20
June 1972; it is the only specimen from that province.
Even though subtle average color differences exist
between the species, we have not considered color-
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function coefficients for discrimination

among Contopus

Discriminant

groups.

function coefficients
Unstandardized

Standardized
Variable

1

2

1

2

Premaxillary length
Premaxillary depth
Intemarial width
Nasal bone width
Skull width
Skull depth
Mandibular depth
Scapular length
Sternal width
Synsacral width
Tibiotarsal length
Tarsometatarsal length
Proximal end humerus width
Distal end humerus width
Carpometacarpal length

0.073
0.133
-0.101
-0.031
-0.183
0.098
0.151
0.204
0.101

0.249
-0.156
0.248
-0.379
-0.188
- 0.207
-0.204
-0.287
-0.131
0.158
-0.049
-0.128
- 0.039
0.246
0.589

0.09635
0.49570
-0.54157
- 0.07022
-0.56252
0.30149
1.34346
0.28690
0.16008
-0.29802
- 0.23985
-0.39120
1.22183
0.88448
1.15812

0.32711
- 0.58248
1.32237
-0.87137
-0.57576
-0.63614
- 1.81945
-0.40499
- 0.20683
0.49873
-0.07807
-0.29317
-0.17045
1.06927
1.15295

- 18.07437

8.52676

-0.094
-0.150
-0.171
0.278
0.203
0.592

Constant

ation here because: (1) the species overlap in coloration, especially where their ranges approach each other; and (2) the colors of specimens change greatly with
age (Browning 1977). To identify the skins, we measured four variables (chord of longest wing feather,
“wing length”; length of culmen from anterior edge of
nostril; length of longest secondary; and length of longest rectrix, “tail length”) on 193 specimens from the
collections of the Royal Ontario Museum and the University
of Kansas. We selected
specimens
from
throughout the ranges of the species (with a bias for
Ontario and eastern Kansas for C. uirens), including
some of C. sordidulus from the Yukon Territory, central Alberta, central Manitoba and New Mexico. Geographic variation in size is slight, at least north of Mexico (Browning 1977). Only adults that possessed all
four features were measured. No attempt was made to
compensate for feather wear (i.e., the actual feather
lengths were entered), although badly worn specimens
were avoided. All the birds used were taken in late
spring or early summer so there should be no consistent bias; wear would thus contribute to the “error variance” in all groups.
To separate the four groups (males and females of
the two species) as much as possible we used a stepwise discriminant functions analysis (DFA), in the Statistical Package for the Social Sciences (SPSS; Nie et
al. 1975). In the analysis of the skeletal matrix, only the
first 15 variables to enter in the DFA were used; thus
there were more individuals in the smallest group than
variables in the analysis. Unknowns (specimens from
Montana; western Kansas; Ozona, Texas; Mexico; and
Panama) were identified according to the criteria (selected features and their discriminant function coefficients) found to maximize the separation of these
groups. Missing values (bones lost or broken) were estimated by regression analysis and specimens missing
more than 4 of the 31 values were omitted from the
analyses.

RESULTS
SKELETAL

AND

DISCUSSION

ANALYSES

The 15 characters used to obtain a maximal
separation and their discriminant function
coefficients (DFCs) are listed in Table 3.

The standardized DFCs indicate the relative importance of the various features for
discrimination, with the most important features having the largest coefficients (regardless of sign). Thus, carpometacarpal length
(0.592) is the most, and nasal bone width
(-0.031)
the least, significant feature used
in DF 1. There are two highly significant
(P < 0.0001) DF axes (with four groups, as
many as three would have been possible).
The first (which explains 63.9% of the variation used in discrimination)
essentially
separates the sexes (Fig. 2), whereas, the
second (34.5%) separates the species. The
third is not significant and explains only
1.6% of the variation. The group centroids
in the two-dimensional
discriminant function space are given in Table 4. The predicated and actual group memberships are indicated in Table 5; 87% of the birds are
correctly identified (cf. 25% if placement
were random). Based on DF coefficients
and group means (Tables 3 and 4) males
have large values on DF 1, and thus have
relatively long wings (carpometacarpal and

TABLE 4. Group means from discriminant functions
analysis
of Contopus
skeletal
specimens.a
Discriminant
Group

C.
C.
C.
C.

&ens males
oirens females
sordidulus males
sordid&u
females

function

1

2

0.936
-0.825
0.559
-1.119

-0.527
- 1.220
0.772
0.675

aThe position of a specimen in the two-dimensional space is determined by the sum of the products of the original measurements and the
a propriate unstandardized
DF coefficients plus the constant (Table 3).
TK ese are the means for the reference specimens for these four groups.
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bone width are disproportionately well represented (relative to the features originally
measured which were mostly bone lengths):
males tend to have wider bones associated
with flight, and perhaps more gracile skulls.
Of the unknown specimens, all of those
from western Kansas taken in June 1978 are
identified as C. sordidulus. The specimen
from near Ozona, Texas (singing C. sirens)
is identified as a male C. &ens, as is ROM
106612 from Dodson,
Montana;
ROM
106746 (Dodson; singing C. sordidulus) is
identified
as C. sordidulus,
and ROM
106613 (Shelby, Montana) is identified as C.
virens, but is close to C. sordidulus (Fig. 2).
Thus, all singing birds are “correctly” identified. Of 11 specimens from Mexico, 9 are
identified as C. sordid&s.
These are from
Morelos (4 May and July, Oaxaca (late
June), and Sonora (mid-May). The two identified as C. sirens are both females, and are
close to C. sordidulus; they are from Oaxaca, taken in June (KU 35908 and 38640).
One of the Mexican pewees was identified
as a male by the collector, but it clusters as
a female. It is so far to the female side of
the distribution that we judge that it was
mis-sexed. Geographic variation may contribute to any difficulty we have in identifying these Mexican birds, especially if they
represent Mexican breeding populations.
We did not have known Mexican breeding
material to include in our C. sordidulus reference sample, and size variation may occur
among Mexican localities. The scatter of
Kansas and Arizona specimens
through
their respective groups indicates that there
is little size variation among the non-MexiThe female from Newcan populations.
foundland (though not entered as an “unknown”) clusters as C. sirens.
There is more variation between sexes
than between species. In our samples the
interspecific
differences between the fe-
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FIGURE 2. The positions of wood pewees in a space
determined by DF 1 (Discriminant
Function 1) and
DF 2. Each letter shows the position of a specimen in
the space; capital letters indicate the males and lower
case letters the females. The K’s show the positions of
breeding birds from eastern Kansas; A’s show the positions of breeding pewees from Arizona; W’s show the
positions of migratory pewees from western Kansas;
M’s show the birds from Mexico. The S is ROM 106613
from Shelby, Montana; the two D’s are 105612 and
106746 from Dodson, Montana; T is KU 63883 from
Ozona, Texas; and n is ROM 115972 from Newfoundland. Other birds are indicated by numbers, with 1 =
male C. uirens, 2 = female C. oirens, 3 = male C. sor:
did&s,
and 4 = female C. sordidulus. The four group
centroids are indicated by dots.

scapular
lengths;
humeral
and sternal
widths) and short legs (tibiotarsal and tarsometatarsal lengths). Eastern Wood Pewees have low values on DF 2, and thus
have narrow nasal bones, long wings and
long and shallow bills. Measurements
of

TABLE 5. Percentages of male and female Contopus in reference samples correctly identified by discriminant
function criteria.a
Predicted

Actual group

group

oirens
Species

Sex

M

F

M

0.0%
100.0

15.6%
0.0

C. &-ens
C. virens

M
F

32
22

84.4%
0.0

C. sordidulus
C. sordidulus

M
F

33
27

15.2
0.0

aTotal percentage correctly
= !30.0% Total m&c (specie\

sordidulus

n

0.0
3.7

F

81.8
11.1

classified = 86.8%. Total C. oirens identified as C. oirens = 90.7%. Total C. sordidulus
pooled) identified as males = 98.5%. Total females identified as females = 93.9%.

0.0%
0.0
3.0
85.2

identified

as C. sordidulus
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on study skins of 193 Contopus specimens.

MealP

”

SE0

Range

Discriminant
weight

Wing length
C.
C.
C.
C.

sordid&s (male)
sirens (male)
sordid&s (female)
sirens (female)

87.1
84.0
82.2
79.8

I,

I

;;

0.257
0.313
0.286

82.2-91.4
77.6-88.1
77.6-87.6

1.1013

40

0.409

74.6-85.9

0.6503

56
43

0.354
0.340

60.3-73.5
61.1-71.3

-0.4587

40
54

0.430
0.365

55.2-69.0
54.5-69.0

-0.3345

Tail length
C.
C.
C.
C.

sordid&s (male)
oirens (male)
sordid&s (female)
sirens (female)

66.0
65.7
63.1
63.5”

I

a Vertical lines connect means that are in statistically homogeneous sets (P < 0.05).
b SE = standard error (of mean).
= These data are significantly skewed to the left (g, = -0.878; P < 0.02) and leptokurtotic

males are greater than between the males,
and sexual dimorphism might be slightly
more marked in C. virens than in C. sordid&s (Fig. 2).
STUDY

SKIN ANALYSIS

The DFA revealed that lengths of secondary remiges and the culmen contributed
nothing to or even obfuscated species separation, so our discrimination of study skins
is based on just wing and tail lengths (Table
6). The separation of C. virens and C. sordid&s using the DFA of the two measurements of study skins is poor: 18% of the 43
reference C. sirens males are misidentified,
males,
as are 12% of the 56 C. sordid&s
14% of the 54 C. sordid&s
females and
35% of the 40 C. virens females. Nonetheless, these data provide the best currently
available mensural criteria for identifying
study skins of these forms.
Table 2 summarizes the results of the
analysis of the study skins. The only deviation from Barlow and Rising’s
(1965)
identifications (theirs are given in the “remarks” column of Table 2) of consequence
involves KU 44567 which was apparently
mated to C. sordid&s
KU 45568. Barlow
and Rising identified this bird as C. virens,
whereas our analysis indicates that it is
clearly C. sordid&s.
Their identification
was based on general coloration and wing
length. We view all identifications of these
skins with caution. Both of these birds could
have been C. sordid&s
(as our present
analysis shows), and inasmuch as they both
contained moderate fat, they could have
been either early autumnal migrants (notwithstanding the male’s 7 x 5 mm testis), or
a breeding pair of C. sordidulus from southwestern Kansas. A male C. virens, KU
49249, was apparently breeding at the Elkhart locality.

(gz = 1.496; P < 0.04). All others are nondl~

distributed.

Considering
all of the western Kansas
birds, we conclude that C. sordidulus is a
regular migrant through that region and perhaps breeds rarely there; C. virens is probably an uncommon breeding species there.
Two ROM specimens from Manitoba (Gypsumville;
Riding
Mountain)
previously
identified as C. sordidulus are confirmed as
C. sordid&s in this analysis. Manitoba is
the eastern extreme of this species’ range
and is a region where the two occur sympatrically (Godfrey 1966). The Ozona male
C. virens is confirmed as C. virens; the
three Montana specimens are intermediate
(Table 2).
The criteria we have found for skin identification might prove useful to curators and
bird-banders, at least for approximate identifications (Tables 6 and 7). We sought to
use our criteria to identify a bird collected
at Cumberland
House, Saskatchewan
in
June 1827. This specimen, now lost, was the
type of Tyrannula richardsonii (Swainson
and Richardson 1831) which, if a Western
Wood Pewee, would be the type of that taxon (i.e., Contopus richardsonii). Among the
measurements given by Swainson and Richardson are wing length (3 inches, 3 lines, or
ca. 82.6 mm) and tail length (2 inches, 9
lines, or 69.6 mm). The sex of the specimen
was not indicated. If it were a male, we
could find its position in our discriminant
space as the sum of the products of these
two measurements
and their unstandardized discriminant
function
coefficients
(Table
6), i.e., 82.6 x 1.1013 + 69.6 x
-0.4587
= 59.04. Comparing
this value
with the ranges given in Table 7, this specimen is well within the range of C. virens
but not that of C. sordidulus. If a female, its
score is 30.43 (82.6 x 0.6503 + 69.6 x
-0.3345), and it could be either species. A
female with so long a tail (Table 6), is un-

WOOD
TABLE

7.

Statistics for discriminant

Group

C.
C.
C.
C.

&-ens males
sordidulus males
oirens females
sordidulus females
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functions scores for Contopus based on two feather measurements.”

ML?ZiIl

”

SE

62.4
65.7
29.9
31.5

43
56
40
54

0.296
0.226
0.209
0.173

Range

65.4-65.8
61.7-69.3
25.7-32.4
29.0-35.1

aThe discriminant function score for an individual is the sum of the products of the character measurements
6). Here, for a male multiply the wing len h by 1.1013 and add the tail length times -0.4587.
b 95% of the individuals
in the samples Pall between these values.

likely. For a number of reasons Phillips and
Parkes (1955) considered the identity of this
specimen to be in doubt. They argued that
the wing formula is that of an Eastern
Phoebe (Sayornis phoebe). We conclude
that if Swainson and Richardson’s bird were
a Contopus, it must have been a male C.
virens.
CONCLUSIONS
We find no good evidence for hybridization
between the Eastern and Western wood
pewees. Nevertheless,
owing to the great
similarity between them and the small number of specimens available from areas of
sympatry, the possibility of hybridization
cannot be altogether ruled out. The songs
of the forms are sustained as being good
species-specific characteristics even in sympatry: each specimen of known song type
clusters phenetically
with birds of the
species whose song it sang.
Eastern Wood Pewees probably breed in
western Newfoundland,
and locally west to
Morton Co., in Kansas, Crockett Co., in Texas, and Phillips Co., in Montana. At the sites
in Texas and Montana, they occur sympatrically with Western Wood Pewees; sympatry in central Manitoba and (probably) in
east-central
Saskatchewan
is sustained;
sympatry might occur in southwestern Kansas. Ecological differences of the two in
sympatry are unknown; if any exist they
must be slight.
Western Wood Pewees are fairly common
migrants in far western Kansas, occurring
there through the first eight days of June
(often singing) and again in early July
through early August (not singing). The consistency of the records for early June (several different years), and the absence of records from later in the month, supports the
interpretation
of these birds as migrants.
The gonadal condition of these specimens
does not indicate breeding. Although this
study does not provide a rigorous test, it
yields no evidence for interpopulational
within-species
size variation of these pewees, at least north of Mexico.

WHAT

ARE SIBLING

Mean

f 2 SW

66.3-58.5
69.0-62.3
32.5-27.2
29.0-34.1

and their discriminant

weights (Table

SPECIES?

Sibling species are species that are not easily separated by conventional means-they
are defined as morphologically
similar or
identical populations that are reproductively isolated (Mayr 1963). They are termed
(more appropriately)
cryptic species by
Ross (1974). How similar species must be to
qualify as sibling species is a subjective
(and often a historically influenced) decision. If, given new information, a taxonomist splits a species, the new species (fragments of the old) will be called sibling
species. Long recognized, but equally similar species, are less likely to be called siblings.
We suggest that sibling species could be
more objectively
defined as species in
which the within-species phenetic variation
of one or both of the species exceeds the
phenetic
variation
between
them when
among-group differences are assessed in a
manner (such as DFA) that maximizes
group separation. Phenetic similarity is similarity based on an unweighted assessment
of all available characters (Sneath and Sokal
1973); two species could only be sibling
species with regard to given character sets
(i.e., they could be morphological sibling
species, behavioral sibling species, or both).
Thus, the two wood pewees are morphological sibling species because the axis that explains the greatest amount of among-group
variation separates within-species phena (in
this case the sexes). They would not, however, be vocal sibling species (in recognition of which ornithologists, and seemingly
the birds themselves,
have long treated
them as distinct).
We like this definition because it encourages precise statements of similarity between species and defines the degree of
similarity
that exists between
sibling
species. Using the term in this way emphasizes similarity among species where taxonomists have traditionally stressed dissimilarity; it identifies similarities in adaptive
complexes rather than focusing on “isolat-
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ing mechanisms.” We might find, for example, that Lincoln’s
and Song sparrows
(Melospiza lincolnii and M. melodia) are
morphological sibling species, but because
the plumage differences
between
them
have been recognized for a long time, their
similarities have remained obscure. From
this study we have confirmed that even in
size and shape, Eastern and Western wood
pewees are very similar birds. From ecological theory we probably would predict that
they could not occur together, or would do
so at some mutual cost, unless they share
resources. On morphological
grounds we
would expect that there is a greater ecological difference between sexes (e.g., members of a pair) than between species.
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