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MORPHOMETRIC VARIABILITY IN REDPOLLS FROM
CHURCHILL, MANITOBA

GILLES SEUTIN,! PETER T. BOAG, AND LAURENE M. RATCLIFFE
Department of Biology, Queen’s University, Kingston, Ontario K7L 3N6, Canada

ABSTRACT.—Two plumage forms were observed in redpolls from Churchill, Manitoba,
which correspond to the putative taxa Carduelis flammea flammea (dark-plumaged birds) and
C. hornemanni exilipes (pale-plumaged birds). In a sample of breeding adults (n = 277), we
examined whether morphometric differentiation parallels this plumage polymorphism. Males
and females were analyzed independently, and age, date of capture, and status at measurement
(study skin vs. live bird) were considered as covariates in univariate analyses. We used a
separate phenetic analysis of plumage characters, rather than our subjective field identifi-
cations, to establish the groups to be compared statistically; this ensured that mensural
characters (e.g. bill shape) were not utilized as classification criteria for the present investi-
gation of metric traits. In both sexes, redpoll plumage forms differed significantly in three
of seven external mensural characters. Discriminant-function analyses, based on the same
characters, showed that the forms can be distinguished morphometrically with great confi-
dence (jackknifed estimate of correctly classified individuals was 87% in both sexes). In males
and females, the distribution of discriminant scores of typical individuals and of a set of
unidentified birds is bimodal. In a bivariate-reduced space of plumage and morphometric
variability, pale- and dark-plumaged ASY (after-second-year) males form distinct groups. In
SY (second-year) males and in females, plumage forms are not strictly distinct, but in no case
was there an abundance of intermediates as predicted under the hypothesis that the forms
are distinct species that frequently interbreed. Redpoll types may be specifically distinct, as
has frequently been suggested, but they also may be examples of intraspecific genetic or
ecophenotypic polymorphism. Experimental breeding and an assessment of mating patterns
in the field are required to test these possibilities. Received 3 October 1991, accepted 5 September

1992.

SEUTIN ET AL. (1992) have shown that male
redpolls from Churchill, Manitoba, can be di-
vided into two plumage types, which corre-
spond to the putative taxa Carduelis flammea
flammea and C. hornemanni exilipes. Strictly dis-
tinct forms could not be distinguished in fe-
males, but the general correspondence between
the grouping of individuals in a principal-com-
ponent space of plumage-pigmentation vari-
ability and independent field identifications
tentatively supports the idea that females also
are polymorphic. The finding that distinct
plumage types exist in North American red-
polls is opposite to Troy’s (1985) conclusion
based on a study of mainly Alaskan birds, but
it parallels the views of several recent European
ornithologists (e.g. Lobkov 1979, Molau 1985,
Nystrom and Nystrom 1987, Knox 1988).

Researchers concluding that distinct redpoll
plumage forms exist have usually assumed that

! Present address: Smithsonian Tropical Research
Institute, Unit 0948, A.P.O. AA 34002-0948, USA.

they represent discrete biological species, not
“color morphs” within a panmictic population
(see Knox 1988). Considering that distinct spe-
cies usually differ at a number of independent
genetic loci, whereas color morphs differ only
at loci involved in determining plumage ap-
pearance (and loci in close linkage with them),
several authors have suggested that the finding
of morphometric differences between redpoll
plumage types would support the hypothesis
of their taxonomic distinctness (e.g. Troy 1985,
Knox 1988, Herremans 1990). This is not nec-
essarily true, however, as several intraspecific
genetic and ecophenotypic mechanisms can ex-
plain the existence of a complex polymorphism,
involving both plumage and morphometric
characters, within a single population. Seutin
et al. (1992) have described possible mecha-
nisms for the redpoll plumage polymorphism,
all of which can be extended to a polymorphism
of a wider scale. For instance, an allelic poly-
morphism at a major locus influencing genes
for both pigmentation and morphometrics can
induce a complex phenotypic polymorphism.
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Summary statistics (mm) of seven external morphometric characters in male redpolls from Churchill,

Manitoba. Reference series for dark and pale groups comprised typical individuals identified in plumage-
pigmentation analyses of Seutin et al. (1992). Dark and pale birds correspond respectively to putative taxa
flammea and exilipes. K, is average difference between ASY and SY birds within a plumage type; L, is analogous
difference between individuals measured live and as study skins.

Variable n X £ SD Skewness K; L
Dark birds
Wing length 80 72.84 + 1.44 -0.13 1.08** 0.05
Tail length 78 55.18 + 2.04 —0.55 0.51 0.13
Tarsus length 80 14.73 + 0.52 —0.85 -0.01 —0.16
Hallux length 80 4.65 + 0.44 0.42 -0.09 0.40%*
Bill length 80 7.67 + 0.31 —0.01 0.13 0.09
Bill width 77 571 + 0.23 0.20 -0.04 0.15
Bill depth 76 5.81 £ 0.20 0.27 -0.02 —0.24**
Pale birds
Wing length 17 73.19 + 2.44 —-0.83 1.56 —0.33
Tail length 17 57.47 + 2.06 -0.13 1.63 0.45
Tarsus length 17 14.59 + 0.46 0.23 0.07 0.25
Hallux length 17 422 + 0.55 0.31 -0.31 0.72*
Bill length 17 7.01 + 0.27 —-0.25 0.13 0.02
Bill width 17 5.66 + 0.20 0.41 0.16 -0.11
Bill depth 17 5.77 + 0.19 —0.43 0.18 —0.11

*, P < 0.05; **, P < 0.01; comparisons of groups with i-tests.

Such a situation is observed in the White-
throated Sparrow (Zonotrichia albicollis) and the
Dark-eyed Junco (Junco hyemalis), where chro-
mosomal variants differ in plumage, morphol-
ogy and behavior (Rising and Shields 1980). An
ecophenotypic explanation also can be envi-
sioned for a complex polymorphism if an en-
vironmental variable, or a set of correlated vari-
ables, influence the phenotypic expression of a
number of genetic traits. It has been shown, for
instance, that the morphometric characteristics
of an adult bird can be significantly and per-
manently influenced by its diet as a nestling
(Boag 1987; for empirical evidence, see Boag
1983, James 1983, Larsson and Forslund 1991).
Since diet can also affect plumage pigmentation
(e.g. Brush 1981, Slagsvold and Lifjeld 1985), a
complex phenotypic polymorphism can result
from a feeding-niche polymorphism within a
panmictic population. However, the likelihood
of a nongenetic explanation for a complex poly-
morphism in an avian taxon is slim, since strong
developmental homeostasis seems to be the rule
in birds as in most other higher vertebrates.
Here, we further examine the phenotypic
polymorphism in redpolls from Churchill,
Manitoba, by assessing whether morphometric
differentiation parallels the plumage polymor-
phism described by Seutin et al. (1992). Our
sample (n = 277; essentially those birds studied
for plumage by Seutin et al. 1992) comprised

only adults captured or collected between 20
May and 31 July during each field season. The
restriction on the temporal origin of specimens
was imposed to avoid seasonal variability in-
troduced by plumage wear. We first assessed
the nature of morphometric differences be-
tween redpoll plumage types through univari-
ate analyses of seven conventional external
characters (Table 1). We then used the same data
in discriminant-function analyses to evaluate
the overall level of morphometric differentia-
tion between forms. Our expectation was that,
if a clear morphometric polymorphism exists
that parallels the plumage polymorphism, in-
dividuals should be distributed bimodally or
disjunctly along a morphometric discriminant
function axis.

A problem frequently encountered in mor-
phometric investigations of taxa that are diffi-
cult to diagnose, like redpoll plumage forms, is
the a priori assignment of individuals to groups.
With the exception of Troy (1985), redpoll re-
searchers have used their personal, subjective
identifications for this purpose (e.g. Molau 1985,
Knox 1988, Herremans 1990). A problem with
this approach is that most people rely partly on
bill shape to differentiate redpoll forms. In the
context of a morphometric investigation in
which bill measurements are considered, this
implies that the classification criterion is not
strictly independent of the variables analyzed,
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Fig.1. Distribution of individual redpollsin re-

duced spaces of plumage pigmentation variability
described in Seutin et al. (1992), showing birds con-
sidered typical of each plumage type for morpho-
metric analyses. Percent of total phenotypic vari-
ation explained by each PCA axis indicated. @,
typical individuals; O, other individuals.

which makes the logic somewhat circular. To
avoid this problem, we established reference
series for each plumage form, later referred to
as the typical samples, from the results of the
principal-component analyses of plumage char-
acters presented by Seutin et al. (1992). Our
procedure, presented in detail below, ensured
that only plumage characters were used for 4
priori group assignment.

MATERIALS AND METHODS

Total sample and typical series. —Morphometric mea-
surements were taken on all birds studied by Seutin
et al. (1992), and on additional specimens (Hsy majes =
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24, Moy mates = 14, Masy femates = 13, Moy temates = 7; ASY =
after second year; SY = second year) for which only
incomplete plumage data were available. Individuals
were sexed and aged as explained by Seutin et al.
(1992); specimens that could not be reliably sexed or
aged were excluded. We did not attempt to sample
specific individuals on the basis of their phenotypic
appearance; thus, our sample probably offers an un-
biased representation of the redpolls that breed in
Churchill.

For SY and ASY males, the typical series of pale-
and dark-plumaged birds generally corresponded to
the groups identified by Seutin et al. (1992) through
UPGMA analysis of plumage principal-component
scores. To ensure the homogeneity of typical series
and because groups were not clearly separated in the
plumage principal-component spaces, we excluded
from the typical series the 20% most intermediate
individuals between group centroids in the reduced
spaces. We used G.S. field identifications of individ-
uals to establish group centroids. This use of subjec-
tive identifications does not make the logic of our
analyses circular (i.e. it does not mean that individuals
get assigned to one or another typical form on the
basis of morphological characteristics). Excluding more
“intermediates” would probably have been better,
but the limited number of exilipes-type birds available
precluded leaving out more birds. In females, group
limits were necessarily more subjective since forms
were not clearly distinguishable in the plumage prin-
cipal-component space, but again we excluded the
most intermediate birds using the logic followed for
males. Typical and nontypical specimens are shown
based on principal-components analysis of plumage
characteristics (Fig. 1). All other individuals available
(e.g. intermediates in the plumage analyses and the
specimens for which plumage data were partially or
entirely missing) were pooled and formed the un-
known series used in discriminant-function analyses.

Measurements.—G.S. measured all museum speci-
mens and all live birds in 1988; in 1989, measurements
were taken in approximately equal proportions by
G.S. and an assistant (Anne Davies). Measurements
were taken using dial calipers and recorded to the
nearest 0.1 mm, except for wing length of live birds
in 1989, which was measured to the nearest 0.5 mm
with a stopped ruler. Wing length was measured as
the chord of the unflattened folded wing; the right
wing was used unless the primaries were in a mark-
edly worse condition than those of the left wing.
European researchers have frequently reported flat-
tened and maximum measurements of redpoll wing
length (e.g. Molau 1985, Knox 1988, Herremans 1990);
our figures, therefore, are not strictly comparable to
some previously published measurements. Tail length
was measured following Baldwin et al. (1931) to the
longest rectrix on either the right or left side. Hallux
and tarsus lengths were measured following Baldwin
et al. (1931). Bill length was measured from the an-
terior end of the nostril to the tip, bill width was
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taken at the gape, and bill height was taken at the
vertical of the junction of the rami (where they form
the gonys), which corresponds approximately to the
posterior end of the exposed culmen.

Statistical analyses. —Analyses of covariance
(ANCOVAs) were used to examine morphometric dif-
ferences between typical series (Sokal and Rohlf 1981).
Because sexual dimorphism is important in redpoll
morphometrics (e.g. Troy 1985, Knox 1988), indepen-
dent analyses were performed for each sex. Age seems
to have a modest influence on redpoll measurements
(e.g. Evans 1966, Molau 1985, Knox 1988) and, thus,
was considered as a covariate in the analyses. Two
other covariates were considered, date of capture and
the status at measurement (i.e. live bird from 1988
and 1989 or study skin mostly from 1930 and 1931);
these factors frequently have been reported to affect
avian external morphometrics (e.g. Bjordal 1983,
Herremans 1985). The BMDP P1V program was used
for calculations (Dixon 1985).

Discriminant-function analyses (DFA) were per-
formed using the BMDP P7M program. Independent
analyses were conducted for each sex using log-trans-
formed data. In view of our finding of age-related
differences within sex and plumage type (see Results),
separate analyses for each sex-and-age group were
indicated; however, this was precluded by the small
size of some typical series. Instead, for variables in
which an age effect was detected through ANCOVAs,
we corrected the measurements of SY individuals by
adding an age correction factor, K, equal to the av-
erage difference of means between ASY and SY males
(K)) in the typical dark and pale series:

K =0.5 E K, = 0.5 [(£rsv pate T Xsy pale)

+ (Tasy gark — sy dark)]- (1)

For variables in which ANCOVAs indicated a signif-
icant effect of status at measurement, a similar factor,
L, was added to measurements taken on museum spec-
imens:

L=0521L=05[Fue e = Fotan poic)
+ (flive dark jskm dark)]l (2)

where L, is the mean difference between birds of dif-
ferent status within a plumage type. Correction fac-
tors were estimated from males only because male
samples were larger and, therefore, provided a better
estimate of group differences. We have no reason to
believe that sex-specific patterns of age or “shrink-
age”’ variation existed.

Missing data were estimated only for individuals
in the unknown group used in DFAs, and only for
those birds with a single measurement missing. Es-
timates were obtained through multiple regression
of each variable on the other six characters, using the
BMDP PAM program. Because univariate analyses re-
vealed significant morphometric differences between
typical pale and dark samples (see Results), indepen-
dent estimations of missing data for members of each
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plumage type were desirable. Group memberships for
this were based on G.S. field identifications that Seu-
tin et al. (1992) showed to generally match an objec-
tive classification of individuals based on principal-
component analyses of the plumage characters. Wing
and tail measurements were estimated for one male
each, bill depth was estimated for four males and
three females, and hallux length (which was mea-
sured differently on 1988 live birds than on all other
specimens) had to be estimated in 28 males (15.3%
of male sample) and 23 females (26.1% of female sam-
ple). Overall, only 3.1% of the measurements were
estimated.

All DFAs were repeated using raw data, without
applying corrections for variability due to age and
status at measurement. The results were virtually
identical to those presented below.

RESULTS

Univariate analyses.—Morphometric charac-
teristics of typical male redpolls of the two
plumage types are summarized in Table 1. Small
values of the correction factor K indicate the
limited effect of age on redpoll morphometrics;
t-tests on log-transformed data revealed a sig-
nificant difference between age groups in dark
males only for wing length (t = 3.63, df = 78,
P < 0.001), and none in pale individuals (all P
> 0.05). A difference in average wing length
(or tail length, see below) may be a consequence
of different feather wear in the two age groups
due to different molting schedules (Pyle et al.
1987). Hallux length of individuals measured
alive and as study skins differed significantly
in both dark (t = 3.09, df = 78, P = 0.003) and
pale birds (+ = 2.79; df = 15, P = 0.014). This
probably does not reflect shrinkage of the hal-
lux in study skins, but a difference in position-
ing the points of the calipers when measuring
the two types of birds. Bjordal (1983) and Herre-
mans (1985) gave the same explanation for dif-
ferences in tarsus length between study skins
and fresh specimens in other passerines. Bill
depth was significantly greater in study skins
than in live birds of the dark series (t = 3.32,
df = 74, P = 0.001), but not of the pale one. This
is probably due to the improper preparation of
certain specimens (i.e. bills that were not main-
tained tightly closed during drying of skins).
Postmortem changes in wing length, tail length,
tarsus length, and bill dimensions have been
reported in passerines (e.g. Knox 1980, Haftorn
1982, Bjordal 1983, Herremans 1985), but none
of these variables was significantly affected in
our samples.



836 SEUTIN, BOAG, AND RATCLIFFE

TABLE 2. Summary statistics (mm) of seven external
morphometric characters in female redpolls from
Churchill, Manitoba. Reference series for dark (n
= 23) and pale (n = 8) groups comprised typical
individuals identified in plumage pigmentation
analyses of Seutin et al. (1992). Dark and pale birds
correspond, respectively, to putative taxa flammea
and exilipes. Factors K; and L, were not estimated
because some samples were very small.

Variable ¥ £ SD Skewness
Dark birds
Wing length 70.00 = 1.77 0.20
Tail length 54.27 + 2.02 0.20
Tarsus length 14.67 + 0.36 —0.38
Hallux length 475 + 0.63 0.43
Bill length 7.35 + 0.28 0.06
Bill width 5.60 = 0.22 1.33
Bill depth 5.61 = 0.17 0.28
Pale birds
Wing length 70.86 + 1.96 —1.03
Tail length 55.50 = 2.21 -0.17
Tarsus length 14.19 + 0.52 0.65
Hallux length 3.94 + 0.54 —0.01
Bill length 6.78 = 0.21 0.04
Bill width 5.54 + 0.43 -2.04
Bill depth 5.75 + 0.05 0.00

Morphometric characteristics of typical fe-

males are summarized in Table 2. In dark in-
dividuals, no significant differences were found
between SY and ASY birds (¢-tests; all P > 0.35),
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or between individuals measured alive or as
study skin (¢-tests; P > 0.15). Pale individuals
of different age or status at measurement could
not be compared statistically due to very small
sample sizes.

Results of the ANCOVAs conducted to test
the morphometric differentiation of typical pale
and dark individuals are presented for males
and females (Table 3). In males, the analyses
revealed that age has a significant effect on wing
length, as noted above, but also on tail and bill
lengths. No effect of age was noted in females.
Status at measurement has a significant influ-
ence on hallux length and bill depth in males,
but only on hallux length in females. Finally,
the date of capture has a complex pattern of
influence. In males, it significantly affects tail
length and bill depth, and in females, tarsus
length and bill width. In all cases, the effect was
in the same direction in both sexes, but we have
no explanation for the difference in intensity
that produces a significant difference in one sex
and not in the other; this may be due partly or
entirely to chance.

When the influence of covariates is taken into
account, pale and dark typical redpolls differ
significantly in several morphometric charac-
teristics. In males, the most important differ-
ence, as judged by F-values, was in bill length,

TABLE 3. F-statistics from ANCOVA of differences between typical male and female redpolls of two plumage
types based on log-transformed data. Test of effect of covariates (age, status at measurement [study skin vs.
live bird], and date of capture) is that slope of regression of dependent variable on covariates is equal to
0; a P-value smaller than 0.05 indicates covariate has significant effect on morphometric variable considered.

Covariate
Status at
Variable Age measurement Date Main effect
Male

Wing length 13.81*** 0.33 0.09 0.83
Tail length 5.84* 0.02 5.62%** 22.72***
Tarsus length 0.34 0.50 3.38 0.06
Hallux length 1.14 13.25*** 1.42 15.68***
Bill length 4.58* 3.25 0.32 51.10***
Bill width 0.55 3.86 1.22 2.16
Bill depth 0.51 14.91*** 8.54** 0.19

Female
Wing length 0.08 0.11 0.11 1.20
Tail length 0.09 0.44 0.33 2.02
Tarsus length 0.87 0.76 5.42* 3.92
Hallux length 0.50 6.46* 2.42 14.33***
Bill length 0.28 0.93 0.82 21.60***
Bill width 0.70 1.89 7.86** 2.49
Bill depth 0.71 0.02 0.00 4.47*

*, P < 0.05 **, P < 0.01; ***, P < 0.001; others ns, P > 0.05.
= Differences between forms.
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followed by tail and hallux lengths; all of these
differences are highly significant (Table 3). In
females, bill length is the most highly differ-
entiated variable, as it is in males, followed by
hallux length and bill depth (Table 3). Virtually
identical results were obtained in analyses (not
shown) using raw data instead of log-trans-
formed data.

Discriminant-function analyses.—The standard-
ized coefficients of the original variables for the
discriminant function maximally separating pale
and dark typical redpolls are presented in Table
4. The magnitudes of the coefficients, regardless
of sign, indicate the relative importance of each
character for discriminating the groups. In
males, bill, tail, and hallux lengths were the
most useful variables, as expected from the
ANCOVA results. The frequency distribution
of males along the discriminant axis is shown
in Figure 2. Mean discriminant scores of typical
pale and dark individuals are highly signifi-
cantly different, reflecting the separation of the
groups (Fig. 2, Table 4). As for typical birds, the
distribution of unknown individuals is bimodal
(Fig. 2; Kolmogorov-Smirnov-Lilliefors test of
normality, D, = 0.126, P < 0.01). A very high
percentage of correct identification of typical
individuals was achieved with the function pre-
sented (Table 4), but also with a function based
only on the three most useful characters noted
above (average 91.3% correct).

In females, variables contributing the most
to the discrimination between plumage types
were, in decreasing order, bill length, wing
length, bill depth, and hallux length (Table 4).
The importance of wing length is somewhat
surprising since univariate analyses indicated
that groups did not differ for that variable; this
probably results from the fact that wing length
does not covary as strongly with the other char-
acters as those do among themselves. Along the
discriminant axis, group centroids were highly
significantly differentiated, and typical individ-
uals were clearly separated (Table 4, Fig. 2). The
distribution of unknown females appears bi-
modal, with the modes corresponding well to
those in typical birds, but it may statistically be
interpreted as normal (Kolmogorov-Smirnov-
Lilliefors test of normality, D,,, = 0.090, P >
0.05). The four most important variables pro-
duced a function discriminating typical females
with the same efficiency as the function pre-
sented in Table 4.

Plumage and morphometric covariation.—In Fig-
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TABLE 4. Standardized coefficients of discriminant
functions produced by discriminant-function anal-
ysis of typical pale and dark redpolls. Independent
analyses performed for each sex on log-transformed
data, and variation related to age and status at mea-
surement handled as explained in text. F-statistics
associated with Wilk’s lambdas assess distinctness
between group means along discriminant axis. Per-
centages of original cases correctly identified by
function calculated using jackknifing technique of
Lachenbruch and Mickey (1968).

Variable Male Female
Wing length 0.075 0.747
Tail length 0.430 -0.226
Tarsus length 0.044 —0.043
Hallux length —0.394 —0.420
Bill length —0.880 —-0.949
Bill width 0.102 0.171
Bill depth 0.022 0.335
Wilk’s lambda 0.460 0.318
Approximate F 14.085 7.042
P <0.001 <0.001
Eigenvalue 1.174 2.143
Correct classification (%)
Dark individuals 88.0 87.0
Pale individuals 82.4 87.5

ure 3, all birds for which complete plumage and
morphometric data were available are plotted
in the bivariate space defined by the first axis
of a principal-component analysis of plumage
variability (Seutin et al. 1992) and the morpho-
metric discriminant-function axis presented
above. The two axes are independent in the
sense that strictly distinct sets of variables were
used in each analysis. In Figure 3, nontypical
birds necessarily showed up in an intermediate
position between centroids along the plumage
axis since they were selected on the basis of
their intermediateness in plumage; it is their
distribution along the morphometric axis that
is instructive. In males, separate plots were pro-
duced for SY and ASY birds because of the im-
portance of age dimorphism in plumage (Seutin
et al. 1992). In females, all individuals were
plotted simultaneously since age dimorphism
is limited and birds of the two age classes were
analyzed jointly for both plumage and mor-
phometric variation.

The discrimination between pale- and dark-
type ASY typical males is complete, and only
one unknown individual can potentially be
considered intermediate in both plumage and
morphometry (Fig. 3). Results for SY males are
less clear; the 95% equiprobable population el-
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lipses for the two plumage types (ellipses that
probabilistically comprise 95% of individuals of
population represented by sample; based, in
present case, on parameters estimated from typ-
ical birds only) overlap slightly, but their sep-
aration is nevertheless excellent. Several un-
known SY males were intermediate in both
plumage and morphometry, and discriminant
functions based specifically on SY male mea-
surements did not provide a better separation
of the forms (results not shown). In females
also, the 95% equiprobable population ellipses
overlap slightly. There is no obvious trend to-
ward having an abundance of females in an
intermediate position between centroids.

DiscussioN

Our goal was to establish whether the di-
morphism in redpoll plumage described by
Seutin et al. (1992) and others is paralleled by
a dimorphism in morphometry. That question
has been investigated previously by several re-
searchers working on the flammea-exilipes “com-
plex” (Harris et al. 1965, Molau 1985, Troy 1985,
Knox 1988, Herremans 1990). Knox (1988) stud-
ied external measurements in specimens col-
lected from very diverse geographic locations
and times of the year. He found statistical dif-
ferences in tail and exposed culmen lengths,
but not in wing length. Molau (1985) presented
data on wing and culmen lengths for a very
large sample of breeding birds from northern
Sweden, that support Knox’s conclusions, but
statistical analyses were not presented. Troy
(1985) analyzed skeletal characteristics of Alas-
kan birds and found that for 19 characters his
“typical” male and female samples of the two
forms differed statistically in 13 and 15, respec-
tively.

The results of our univariate analyses of ex-
ternal measurements of Churchill redpolls are
in agreement with those of Molau (1985) and
Knox (1988) for mainly Palearctic birds. In both
our male and female samples, pale- and dark-
plumaged birds differed significantly in three
of the seven characters studied. However, un-

—

mentation characters (Seutin et al. 1992; plumage
axis). Ellipses are 95% equiprobable population el-
lipses for each plumage type. @, typical individu-
als; O, other individuals.
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like Molau and Knox, who relied on their sub-
jective identification of individuais to be com-
pared, typical samplesin our investigation were
defined from an analysis of plumage characters
alone (Seutin et al. 1992). This lends increased
credence to our morphometric conclusions, as
the procedure insured the independence of the
classification criterion from the variables being
analyzed.

We further characterized the morphometric
distinctness of redpoll plumage forms in Chur-
chill through discriminant-function analyses,
which also allowed us to determine morpho-
metric characteristics of birds with intermediate
plumage. Our expectations were that, if a clear
morphometric dimorphism exists in Churchill
birds that parallels the plumage dimorphism,
(1) a mathematical function should be found
that allows the proper morphometric identifi-
cation of a majority of typical birds, and (2) the
pattern of morphometric variation seen in typ-
ical individuals should be repeated in birds with
intermediate and uncharacterized plumage (our
unknown series).

Troy (1985) followed similar reasoning in his
multivariate analysis of skeletal measurements
of Alaskan birds, and suggested that hybridiza-
tion between redpoll forms would be revealed
by an abundance of birds intermediate in both
plumage and morphometrics. Troy’s (1985: fig.
10) results indicate that a pattern of morpho-
metric bimodality observed for his “pure spe-
cies” specimens is repeated in birds with inter-
mediate plumage (his “unknown” sample). Troy
(1985) recognized this, saying that the distri-
bution of discriminant-function scores for birds
with intermediate plumage ““was somewhat bi-
modal” (p. 88), but then he argued that “[the
‘'unknown’] sample contained many more birds
with intermediate . .. scores than did the ref-
erence samples” (p. 89, emphasis added), and
that “the ‘unknown’ groups (intermediate
plumage characteristics) were also intermediate
... with respect to skeletal characters” (p. 90).
A visual inspection of Troy’s figure 10 suggests
that these statements are not justified. Statisti-
cally, the joint distribution of Troy’s “pure spe-
cies” birds and that of his “unknowns” are not
differentin males (X*=27.22,df =21, P =0.164)
or in females (X? = 15.84, df = 11, P = 0.147;
classesin Troy’s figure 10 were grouped in pairs
to provide sufficient numbers of observations
in each cell). Further, differences in the fre-
quency of birds with intermediate morphom-
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etry in Troy’s “pure species” and “unknown’
series are minimal, contributing less to the chi-
square values than expected by chance (in males,
observations in the range of —1.0 to —2.5 con-
tribute to 5.8% of the chi-square value where
they would have contributed 13.6% if all cells
had equal contribution; in females, observa-
tions in the range of —1.0 to —3.0 contributed
to 9.4% of the chi-square value instead of 16.7%
if all cells had contributed equally). Thus, Troy’s
results do not indicate that redpolls with inter-
mediate plumage characteristics are also inter-
mediate in morphometrics. In contrast to Troy’s
(1985) interpretation, we suggest that his results
indicate the existence of two relatively distinct
redpoll morphotypes in Alaska with only a lim-
ited number of intermediates between them.

Herremans (1990), in a multivariate analysis
of external morphometric characters in pre-
dominantly European redpolls, found that flam-
mea and exilipes individuals of both sexes can
be correctly identified with almost a 95% prob-
ability using only four external measurements
(maximum wing length, tail length, bill length
to feathering, and bill depth at feathering). Some
reservations may be raised regarding his study
because the criteria for the a priori identification
of the individuals were not clearly specified,
and because Herremans’ assessment of the mor-
phometric distinctness of the forms is based on
the specimens from which the discriminant
functions were produced and, therefore, is
probably overestimated (e.g. see Seutin 1991).
Notwithstanding these points, Herremans’ in-
vestigation indicates, as we suggest Troy’s (1985)
study does, that redpoll plumage forms are mor-
phometrically quite distinct.

Our findings on Churchill birds are similar
to those of Herremans (1990). In males and fe-
males, we observed a bimodal distribution of
individuals along the morphometric discrimi-
nant axes, present in the typical specimens from
which the functions were established, and in
birds with intermediate and uncharacterized
plumages (the unknown series; Fig. 2). The pat-
tern of phenotypic polymorphism in Churchill
redpolls is most easily seen in a bivariate plot
of variation in plumage (first PCA axes of plum-
age analysis of Seutin et al. 1992) and morpho-
metrics (DFA axes in Table 4). For ASY males,
ellipses delimiting the area that statistically
comprises 95% of the typical populations of pale
and dark birds were clearly distinct (Fig. 3).
Under the hypothesis that redpoll plumage
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types are distinct taxonomic entities (exilipes and
flammea) and that variability in both sets of char-
acters is polygenic and additive, F, hybrids
should have been easily identified as interme-
diates between the ellipses. Only one specimen
qualified as such (Fig. 3), but it is equally prob-
able that it is one of the few individuals ex-
pected normally to fall outside a 95% popula-
tion ellipse. In any case, the distribution of ASY
males in the plumage and morphometric space
clearly is not that expected in a situation of
massive introgression as has been proposed by
several authors (e.g. Salomonsen 1951, De-
ment’ev and Gladkov 1954, Williamson 1961,
Harris et al. 1965, Troy 1985).

In females and SY males, the substantial, al-
though incomplete separation of population el-
lipses for the plumage types in the bivariate
space of plumage and morphometric variability
(Fig. 3) also supports the idea that two redpoll
phenotypic forms exist in Churchill. However,
the lack of a strict separation of the typical birds
in the analytical space makes it impossible to
qualify intermediates as putative hybrids (un-
der assumptions presented above). Thus, it is
possible, but remains to be shown, that some
of the specimens falling between the form cen-
troids are hybrids. Still, our data suggest that
in females and SY males, as it was the case with
older males, redpoll “hybrids” are not abun-
dant, if they exist at all in Churchill.

This conclusion, and those drawn by previ-
ous redpoll researchers, are based on the as-
sumption that hybrid redpolls are phenotypi-
cally intermediate between the parental forms.
If dominance or epistatic interactions between
characters were to cause hybrids to look like
one parental form, hybridization would be more
frequent than we suggested earlier. Such ge-
netic phenomena are unlikely, but to refute their
existence will require that the appearance of F,
and other hybrids is securely established.

A better assessment of heritability and eco-
phenotypic variability in morphology and
plumage in redpolls is needed. Unfortunately,
little attention has been given to these ques-
tions by previous researchers. Seutin et al. (1992)
presented limited data they have obtained from
juveniles captured in Churchill during the 1988
breeding season, and kept in captivity under
identical conditions until they developed adult
plumage and reached adult size. The birds, cer-
tainly produced locally, developed typical flam-
mea (n = 2) or exilipes (n = 7) characteristics, as
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judged from their position in the bivariate re-
duced space of morphological and plumage
variability (data not shown). As discussed by
Seutin et al. (1992), this and other observations
rule out several ecophenotypic hypotheses for
the redpoll polymorphism, and suggest that the
phenotypic characters we analyzed are largely
genetically determined. Our observations are
still compatible with several ecophenotypicand
genetic hypotheses presented by Seutin et al.
(1992). Controlled experimental work (e.g. cross-
fostering manipulations and experimental
crossings), thus, will be necessary to obtain a
better understanding of redpoll phenotypic
variability.

Conclusion.—Our analysis of joint variation in
plumage and morphometrics of redpolls from
Churchill supports the idea that two distinct
phenotypic forms exist in mainland North
American birds. The forms, which correspond
to the usually recognized taxa flammea and ex-
ilipes, differ in several plumage and mensural
characters. The existence of some overlap of their
phenotypic variability in females and SY males
does not constitute a valid argument for con-
sidering that they are not distinct biological en-
tities. They may be distinct species, as they are
frequently considered (e.g. AOU 1983, Molau
1985, Knox 1988, Herremans 1990), but intra-
specific genetic and ecophenotypic mechanisms
also could explain the differences (Seutin et al.
1992). An intraspecific scenario is not a likely
explanation for a large-scale polymorphism in
a bird species, but a definitive conclusion on
the taxonomy of redpolls will require that cross-
fostering and interbreeding experiments be
performed to assess the heritability and envi-
ronmental variability of redpoll phenotypes.
This should be complemented by a careful as-
sessment of mating patterns in the wild.

At the taxonomic level, we suggest that rec-
ognition of flammea and exilipes redpolls as dis-
tinct species (e.g. AOU 1983) be maintained.
The hypothesis that these phenotypic forms are
specifically distinct is as plausible, or more so,
than other hypotheses. Furthermore, having the
two taxa split will more likely encourage fur-
ther research on redpoll systematics than if they
were lumped. Until evolutionary relationships
in the complex are more fully understood, un-
substantiated statements on redpoll taxonomy
(e.g. “the frequent hybridization . .. of C. flam-
mea and C. hornemanni” [in Marten and Johnson
1986:418], and “Carduelis hornemanni . . . now re-
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garded as a northern population of the ‘Com-
mon’ Redpoll” [in Peterson 1990:342]) should
be avoided.

ACKNOWLEDGMENTS

We are grateful to Henri Ouellet and Ken Parkes
for access to the specimens under their care, and to
Fred Cooke, Rob Fleischer, Marc Herremans, Gary
Schnell and Declan Troy for comments on earlier
drafts of the manuscript. Logistical support from the
Churchill Northern Studies Centre, the Canadian
Museum of Nature (Ottawa), and the National Re-
search Council (Churchill Rocket Launching Range)
was greatly appreciated. Computer time was provided
by Queen’s University.

This work was supported by Natural Sciences and
Engineering Research Council (NSERC) of Canada
grants to P.T.B. and L. M.R,, and grants from the F.
M. Chapman Memorial Fund (American Museum of
Natural History, New York), the A. B. Kelly Memorial
Fund (Province of Quebec Society for the Protection
of Birds, Montréal), the Northern Research Fund
(Churchill Northern Studies Centre), and the De-
partment of Indian and Northern Affairs (Ottawa).
G.S. was supported by doctoral scholarships from
NSERC, the Fonds pour la Formation des chercheurs
etVaide a larecherche (Québec), the Ontario Graduate
Scholarships program, and the Faculty of Graduate
Studies and Research of Queen’s University.

LITERATURE CITED

AMERICAN ORNITHOLOGISTS” UNION. 1983. Check-list
of North American birds, 6th ed. Am. Ornithol.
Union, Washington, D.C.

BALDWIN, S. P, H. C. OBERHOLSER, AND L. G. WORLEY.
1931. Measurements of birds. Sci. Publ. Cleve-
land Mus. Nat. Hist. 2:1-165.

BjorpaL, H. 1983. Effect of deep freezing, freeze-
drying and skinning on body dimensions of
House Sparrow, Passer domesticus. Cinclus 6:105-
108.

Boag, P. T. 1983. The heritability of external mor-
phology in Darwin’s ground finches (Geospiza)
on Isla Daphne Major, Galapagos. Evolution 37:
877-894.

Boag, P. T. 1987. Effects of nestling diet on growth
and adult size of Zebra Finches (Poephila guttata).
Auk 104:155-166.

BrusH, A. H. 1981. Carotenoids in wild and captive
birds. Pages 539-562 in Carotenoids as colorants
and vitamin A precursors (J. C. Bauernfeind, Ed.).
Academic Press, New York.

DEMENTEV, G. P., AND N. A. GLADKOV (EDs.). 1954.
Birds of the Soviet Union, vol. 5. Translated 1970
by Israel program of scientific translation, Jeru-
salem.

SEUTIN, BOAG, AND RATCLIFFE

[Auk, Vol. 110

DixoN, W.J.(Ep.). 1985. BMDP biomedical computer
program. Univ. California Press, Berkeley.
EvaNs, P. R. 1966. Autumn movements, moult and
measurements of the Lesser Redpoll Carduelis

flammea cabaret. Ibis 108:183-216.

HAFTORN, 5. 1982. Variation in measurements of the
Willow Tit Parus montanus together with a meth-
od for sexing live birds and data on the degree
of shrinkage in size after skinning. Cinclus 5:16-
26.

Hagrris, M. P, F. I. NorMAN, AND R. H. 5. McCoLL.
1965. A mixed population of redpolls in north-
ern Norway. Br. Birds 58:288-294.

HERREMANS, M. 1985. Post-mortem changes in mor-
phology and its relevance to biometrical studies.
Bull. Br. Ornithol. Club 105:89-91.

HERREMANS, M. 1990. Taxonomy and evolution in
redpolls (Carduelis flammea-hornemanni group,
Fringillidae); a multivariate study of their bi-
ometry. Ardea 78:441-458.

James, F.C. 1983. Environmental component of mor-
phological differentiation in birds. Science 221:
184-186.

Knox, A. G. 1980. Post-mortem changes in wing-
lengths and wing-formulae. Ringing and Migr.
3:29-31.

KNox, A. G. 1988. The taxonomy of redpolls. Ardea
76:1-26.

LACHENBRUCH, P. A, AND M. R. MICKEY. 1968. Es-
timation of error rates in discriminant analysis.
Technometrics 10:1-11.

LARrssON, K., AND P. FORSLUND. 1991. Environmen-
tally induced morphological variation in the Bar-
nacle Goose, Branta leucopsis. J. Evol. Biol. 4:619-
636.

LoBkov, YE. G. 1979. K biologii i vzaimootnoshe-
niyam obyknovennoi (Acanthis flammea) i tun-
dryanoi (Acanthis hornemanni) chechotok na Kam-
chatke. Biologicheskiye Nauki 11 (191):64-68.
[Biology and interelationships of the Common
and Arctic redpolls (Acanthis flammea and A. hor-
nemanni) in Kamchatka; unedited translation,
Secretary of State, Canada.]

MARTEN, J. A, AND N. K. JOHNSON. 1986. Genetic
relationships of North American cardueline
finches. Condor 88:409-420.

Motau, U. 1985. Gréasiskkomplexet i Sverige. Var
Fagelvarld 44:5-20.[The redpoll complex in Swe-
den; unedited translation, Secretary of State,
Canada.]

NYSTROM, B., AND H. NYSTROM. 1987. Biotopval
och hickning hos grésiskor Carduelis flammea och
snosiskor C. hornemanni i Ammarndsomradet,
sddra Lappland. Var Fagelvirld 46:119-128.
[Habitat preferences and breeding biology of
Common Redpoll (Carduelis flammea) and Arctic
Redpoll (C. hornemanni) in the area of Ammarnas,
southern Lapland; unedited translation, Secre-
tary of State, Canada.]



October 1993)

PETERSON, R. T. 1990. A field guide to western birds,
3rd ed. Houghton Mifflin Co., Boston.

Pyig, P., S. N. G. HowgLL, R. P. YUNICK, AND D. F.
DESANTE. 1987. Identification guide to North
American passerines. Slate Creek Press, Bolinas,
California.

RISING, J. D., AND G. F. SHIELDS. 1980. Chromosomal
and morphological correlates in two New World
sparrows (Emberizidae). Evolution 34:654-662.

SALOMONSEN, F. 1951. Grenland fugle. Einair,
Munksgaard, Kebenhavn.

SEUTIN, G. 1991. Morphometric identification of
Traill’s Flycatchers. An assessment of Stein’s for-
mula. J. Field Ornithol. 62:308-313.

Morphometric Variability in Redpolls

843

SEUTIN, G., P. T. BoaG, AND L. M. RATCLIFFE. 1992.
Plumage variability in redpolls from Churchill,
Manitoba. Auk 109:771-785.

SLaGgsvoLD, T., AND J. T. LIFJELD. 1985. Variation in
plumage colour of the Great Tit Parus major in
relation to habitat, season and food. ]. Zool. (Lond.)
206:321-328.

SOKAL, R. R., AND F. J. ROHLE. 1981. Biometry, 2nd
ed. W. H. Freeman and Co., New York.

Troy, D.M. 1985. A phenetic analysis of the redpolls
Carduelis flammea flammea and C. hornemanni exi-
lipes. Auk 102:82-96.

WILLIAMSON, K. 1961. The taxonomy of the redpolls.
Br. Birds 54:238-241.



