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I. INTRODUCTION

Among the holarctic passerines few species
level taxonomic problems have generated as much

controversy as the case of the redpolls Carduelis
jlammeajhornemanni. For over a hundred years
the various populations have been repeatedly
grouped into different specific and subspecific as
semblages (Table 1). It is not surprising that the
birds were recently referred to as a 'taxonomic
enigma' (Brit. Birds 78: 258).

1.1. THE SPECIES

The morphological characteristics of many
forms appear to intergrade. This has been inter
preted as evidence of hybridization, and consti
tutes the basis of an argument for treating all the
redpolls as conspecific under the name jlammea
(Table 1, d). The conventional view is to ignore this
problem and treat the birds as two separate spe
cies, the Common (flammea, islandica, rostrata
and cabaret) and Arctic Redpolls (hornemanni
and exilipes) (Table 1, h). This polarization of
opinion forms the central issue in redpoll syste
matics.

Since the last review of redpoll taxonomy fo
cused attention on this argument (Salomonsen
1928) it has moved no nearer to a consensus (Mo
lau 1985, cf Troy 1985). Part ofthe problem arises
from different interpretations of the variation seen
in some redpoll populations, which have often
been studied in isolation from each other. In an
attempt to clarify the characters of the races and

Table I. Some of the proposed taxonomic arrangements of the various forms of redpolls. The two most frequently adopted in the
recent literature are marked*'

a. Coues (I862b) gave specific status to rostrata,juscescens, cabaret,flammea, holboellii, exilipes and hornemanni.
b. Brewster (1883) gave specific status to rostrata (although he called it holboellii by mistake).
c. Brooks (1917) grouped exilipes as a subspecies of C. flammea, but placed C. hornemanni separately.

*d Salomonsen (1928,1951) placed all the redpolls together under the nameflammea. This view is followed by Dement'ev & Gladkov
(1954), Williamson (1956, 1961), Voous (1960) and Troy (1985).

e. Hortling & Stuart-Baker (1932) gave holboellii specific status.
f. Todd (1963) believed C. exilipes, C. hornemanni and C. rostrata to be separate species in addition to C. flammea.
g. Molau (1985) suggested that exilipes, hornemanni and islandica each be treated as full species, separate fromflammea (including

the subspecies rastrata and cabaret).
*h. Most recent authors separateflammea (with cabaret, islandica and rostrata) from harnemanni (with exilipes), for example, Vaurie

(1956, 1959), Howell et al. (1968), Mayr & Short (1970) and Voous (1977).
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Fig. I. Breeding ranges of the subspecies of Carduelisflammea
and C. hornemanni.

1.2. THE SUBSPECIES

Most recent authors (e.g. Vaurie 1959, Howell

the pattern of variation in redpolls, I have exam
ined museum specimens from throughout the
range of the birds.

As the literature on redpolls is now sizeable and
often conflicting, the discussion below brings
much of it together. In addition to placing the
findings of the present study in context, a different
interpretation will be given to some earlier results.
It will be shown that the redpolls comprise two
sibling species, and that much of the past disagree
ment arose from over-narrow definitions of the
variability of each. The results of other studies are
not in conflict with this view. Details of recent
field-work in Iceland and Finland will be pres
ented elsewhere.

Throughout, unqualified reference to flam mea
or hornemanni should be takento mean the nom
inate subspecies only. Binominal terminology is
used where the species are being discussed.

et al. 1968) accept the following subspecies of red
polls (Fig. 1):

1. cabaretMiiller 1776, Lesser Redpoll, breeding
range - British Isles, expanding since 1960/
1961 into the low countries (Blok & Spaans
1962), northern France, West Germany and,
more recently, into Denmark (Hald-Mor
tensen 1970) and southwestern Sweden (G6t
mark 1978, 1981, Lindstrom et al. 1984); a
second population is found in the mountains
of Czechoslovakia and the Alps, recently ex
panding in West Germany (Fellenberg 1984),
westwards in southern France (Duquet 1984)
and northwards in East Germany (Schmidt
1984); introduced into New Zealand and Lord
Howe Island;

2. flam mea Linnaeus 1758, Mealy Redpoll,
breeding range - northern Eurasia and North
America (except Baffin Island, Greenland and
Iceland) from the treeline (or further north)
south to about latitude 52N. Occasionally
breeds to the south of its normal range. Pre
viously known as linaria Linnaeus 1758 but
later it was shown by Lonnberg (1931) that
Linnaeus had described the redpoll twice and
the earlier name, flam mea, had priority
(RO.D. 1932);

3. rostrata Coues 1862, Greater Redpoll, breed
ing range- Baffin Island and southern Green
land; at least irregularly in Labrador (Todd
1963) and Scotland (Murton & Porter 1961,
Williamson 1961);

4. islandica Hantzsch 1904, Iceland Redpoll,
breeding range - Iceland; often regarded as a
hybrid swarm between rostrata and
hornemanni;

5. exilipes Coues 1862, Hoary Redpoll, breeding
range - tundras and forest edges of northern
Eurasia and North America, broadly sympat
ric withflammea;

6. hornemanni Holboell 1843, Greenland Red~

poll, breeding range - Ellesmere Island, Baffin
Island and northern Greenland.

From among the extensive synonymy, five other
names are frequently encountered in the redpoll
literature:

7. britannica Schmiedeknecht 1906 and
8. disruptis Clancey 1953, both now generally

synonymised with cabaret, but proposed as
names for a British subspecies; disruptis is a

exilipes

H><I hornemanni

"cabaret

[]]]]]]]]]]]ill flammea
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replacement name for britannica, which be
came a junior secondary homonym of
Carduelis carduelis britannica (Hatert 1903)
when Acanthis was merged with Carduelis;

9. fuscescens Coues 1862, for a proposed species
in Labrador (Coues l862a); reduced by Coues
himself, first to subspecific status (Coues
1872), and then recognised as the summer
plumage of C. f jlammea (Coues 1874); now
treated as a synonym of C. f jlammea (al
though recognised by, for example, Salo
monsen 1928, Hellmayr 1938, Dement'ev &
Gladkov 1954);

10. holboellii Brehm 1831, a name given to long
billed birds otherwise likejlammea. They may
be found mainly at the northern limit of the
distribution ofjlammea in both America and
Eurasia, but appear to be commonest in
north-east Siberia (Vaurie 1956);

11. pallescens Homeyer 1880, often applied to
birds with plumage said to be intermediate
betweenjlammea and exilipes, from northern
Scandinavia (for example, Stejneger 1884,
Payn 1947, Harris et al. 1965).

1.3. THE GENUS

The redpolls are part of a species-group which
also includes the Twite C. jlavirostris (Mayr &
Short 1970). The redpolls and the Twite, along
with their closest relatives (c. cannabina, C. yeme
nensis and C. johannis), are often placed together
in the genus Acanthis Borkhausen 1797 (Morany
et al. 1975, following Howell et al. 1968: 250, foot
note). Recent opinion tends to include Acanthis
within an extended genus Carduelis Brisson 1760
(Voous 1977). The redpolls in particular appear
close to the Siskin C. spinus and Pine Siskin C.
pinus. Considering the similarities in plumage
pattern, anatomy, behaviour and vocalizations
(e.g., Mundinger 1979, although see also Zablots
kaya 1984), there seem to be no pressing reasons
for the separation of Acanthis from Carduelis.
Evidence from a recent study of cardueline pro
teins confirms this view (Marten & Johnson 1986).
Aegiothus Cabanis 1851 and Linaria Vieillot 1816
are synonyms of Acanthis commonly seen in the
older literature.

2. METHODS

A total of 540 skins from the British Museum (Natural

History), the Royal Museum of Scotland, Icelandic Museum
of Natural History, the Museum of the Department of Zoology
at the University of Aberdeen and severalsmaller collections
were examined. No birds in juvenile plumage were used due to
the small sample size for some populations.

It is difficult to determine the age and sex of redpolls from
plumage characters, although some accounts suggest otherwis.e
(e.g. Wood 1969). Recent discussion has helped to clarify mat
ters (Evans 1966, Brooks 1973, Mead 1973, Davis 1975, Langs
low 1975, Jones et al. 1975, Da Prato & Da Prato 1978, Boddy
1979, 1981, Svensson 1984). The recommended technique var
ies from race to race, and no method gives complete accuracy.
Boddy (1981) has presented a useful discussion for cabaret.

The following measurements were taken from .each speci
men: culmen-length from the base of the feathering; bill-depth
at the base; lower mandible width at the base (all these to the
nearest 0.5 mm); poll-length; tail-length; wing-length, by the
maximum length method (Svensson 1984: 16; these last three
to the nearest mm). Several different methods for taking wing
lengths have been used in previous studies and the results are
therefore not strictly comparable (see for example Evans et al.
1967). Coues (l862a & b) showed toe-length to be a useful
character for separating redpolls, but this proved impracticable
to measure in most skins. Poll colour was scored on a scale
from I (yellow) to 5 (red); cheeks, breast and rump were each
graded from I (no pink) to 6 (red) after Brooks (1973). A
colour-index was obtained by summing the scores for the
cheeks, breast and rump, giving an index of 3 = no pink and
18 = maximum score. Age was determined from the shape of
the tail feathers in birds in fresh plumage only (Svensson 1984:
253); otherwise the birds were not aged unless the breast was
red, when it was taken to be an adult (Brooks 1973, Da Prato
& Da Prato 1978 and others). Care was taken to try to identify
any young birds that might have replaced some first-year tail
feathers prematurely. (With live birds, tail feather shape can be
used for ageing through to the spring and sometimes early
summer, but the differences are less apparent in most museum
specimens.) Throughout, the ageing term 'first-year' refers to
birds between their post-juvenile moult and their first complete
moult nearly a year later, i.e. in the latter part of their first
calendar year through to late summer in their second calendar
year. 'Adult' birds are older than this. A note was taken as to
whether or not the bird had been sexed (if at all) by dissection.
In the absence of gonadal evidence, birds with extensive red on
the breast were assumed to be males (Da Prato & Da Prato
1978). Individuals were allocated to subspecies primarily by
critical comparison of their plumages with large numbers of
other birds collected at the same time of year, and only excep
tionally by measurements. Detailed notes on plumage variabil
ity were recorded.

3. RESULTS

3.1. PLUMAGES

All the redpolls are very similar in appearance.
When fully grown they have coloured polls which
are usually a shade of red but sometimes are
orange or, rarely, yellow. They have black bibs,
small in autumn because of the wide pale edges to
the feathers, but as the edges wear off the dark area
extends down the throat and often onto the breast.
The underparts are white, whitish or buffy, any
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colour being most noticeable on the breast and
flanks. The flaks particularly may be streaked. The
feathers of the upperparts have dark centres and
broad, paler brown, buff, grey or white edges. The
rump is often paler and may be white. The wing
and tail feathers are dark brown with paler edges.
With wear, the paler edges of all the feathers
abrade, often leaving only the dark centres to
many feathers on the upperparts.

Adult males, to a lesser extent first-year males
and even some females, have pink or red on the
cheeks, breast, flanks and rump. The presence of
any pink or red in the plumage of females, other
than on the poll, was long disputed, despite the
clear observations of Coues (1862b) over 120 years
ago. In all birds in fresh plumage, any pink or red
on the breast and other parts of the body are
frequently masked by the light feather edges. As
winter and spring progress these also wear, ma
king the colour more obvious. Because of these
extensive changes between the autumn moult and
the following summer, it is essential when compa
ring the plumages of the different races only to
examine birds from the same times of year. A
difference of as little as a few weeks can have a
significant effect on the appearance of the bird.

When segregated by the time of the year when
they had been collected, almost all the redpolls
were readily assigned to subspecies. Detailed plu
mage descriptions will be found in Witherby et al.
(1938) and are not repeated here. This account
summarises the differences between the fresh plu
mages of the races, based on the present series of
skins. Comments on the identification of some
forms are given in the Appendix.

cabaret: The smallest race with the most warmly
coloured plumage. After the moult the edges of the
feathers on the upperparts are rufous-brown, the
same rufous colouring extending onto the sides of
the head, breast, flanks and, although less intense,
onto the edges of some of the wing and tail feat
hers. The back of the neck is particularly dark. The
rump is often the same colour as the back, but in
many cases it is noticeable paler, with grey feather
edgings.

flammea: This race has brown-buff feather ed
ges on the upperparts. The rump colour varies
considerably, but is usually paler than the back, often

comprising narrowly dark-centred feathers with
broad white, whitish or grey edges, which may
merge to give a clear white patch. Some adult
males have an unstreaked, pink lower rump, up to
1 cm deep. The back of the neck is conspicuously
paler than the back or mantle. The edges of the
wing and tail feathers have less buff and are whiter
than cabaret. Adult males have paler feather edges
than other ages and females. The underparts of all
the birds are less rufous than cabaret and the stre
aking is more intense. No evidence was found to
support the recognition of fuscescens as a valid
subspecies, although few breeding specimens from
northern Quebec or Labrador were examined.

rostrata: Very likeflammea, but larger and with
darker feather edges. There is less variability in the
colour of the back of the neck and the rump; both
are quite dark. The flank streaks are coarser and
the edges of the upper breast and flank feathers are
buffer. The bib in rostrata tends to be slightly
larger than inflammea.

exilipes (about the same size as flammea) and
hornemanni (slightly larger than rostrata): Both
exilipes and hornemanni are very pale, with
greyish or whitish feather edges on the upperparts,
wing and tail feathers and sides of head. The rump
tends to be white, sometimes streaked in
hornemanni, more frequently so in exilipes. The
underparts are white with only a few, usually nar
row, dark streaks on the flanks. The longest under
tail coverts are occasionally unstreaked (especially
in hornemanni), or have streaks that are, on
average, narrower than those found inflammea or
rostrata. The wing bars (pale tips to the median
and greater coverts) are broad and white or whi
tish. In all features, hornemanni tends to be paler
and brighter than exilipes. In both races, adult
males tend to be paler than females or first year
birds. First year birds are often buffer about the
sides of the head, back of the neck, back, wing
coverts, breast and flanks, particularly in
hornemanni (Fig. 2). In exilipes, the ground co
lour of the upperparts is frequently a rich, warm
buff-brown, most noticeable in fresh plumage, but
sometimes recognizable through to the start of the
breeding season. In fresh plumage especially, the
contour feathers of both races feel soft and fluffy.
Neither hornemanni nor exilipes achieves the in-
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Fig. 2. Redpoll skins. From
left to right: upperparts oftyp
ical examples of pale and dark
islandica; underparts of pale
and dark islandica, all four
birds collected in Iceland in
January; underparts of adult
and first-year hornemanni,
both collected in November.

tensity of redness on the breast that is seen in adult
males of the jlammea-group. Although some
exilipes have uniquely small polls, there were only
slight differences in the average measurements of
poll sizes of all the subspecies, and the ranges of
measurements overlapped broadly. Poll colour
was found to be taxonomically uninformative.

3.2. INTERMEDIATE PLUMAGES

Flammea-exilipes: While many of the skins ex
amined appeared to be (or were even labelled as)
intermediate to these two types, only one, a re
cently-collected specimen from Alaska, proved to
any extent difficult to assign to a race. All the
others fell into two distinct types, although some
were superficially intermediate. Most were indis
tinguishable from jlammea other than by their
slightly paler rumps. However, this feature is very
variable in jlammea, and these birds represented
only part of that variation. The remaining birds
were dark individuals of exilipes, including some
with streaked rumps. The Alaskan skin was iden
tified as jlammea because of the lack of exilipes
characters other than a narrow white rump. The
colour of the back, sides of head, feather edges in
wings and tail, and underparts all fell within the
normal range of jlammea variation. While it is
possible that some of the birds examined were
hybrids, apart from their rump colour (which is
known to be variable), most were clearly either
jlammea or exilipes.

islandica: Skins collected in Iceland show a wide
range of plumage variability, from dark birds with
streaked rumps through to pale ones with pure
white rumps (Fig. 2). This led Salomonsen (1951)
to suggest that the population represented a hy
brid swarm between rastrata and harnemanni, a
view that has often been repeated. The need to
examine birds from different seasons, or even
months, separately was nowhere more important
than with these Icelandic birds. Nor was the fact
that the plumage differences between races of red
polls decreased as feather wear progressed more
obvious or more critical than here. The Icelandic
specimens examined included the Bird collection
(Bird 1935, 1936; specimens now in BM (NH)). As
with the last group of intermediates, when the
skins from different times of the year were separ
ated, most fell into two distinct categories,
rastrata-like and harnemanni- (or exilipes-) like.
The sides of the head particularly were clearly
either buffy or greyish. On plumage alone the dark
birds were almost indistinguishable from rastrata
when compared month by month, although some
individuals did have paler upperparts (particularly
rumps) and there was a tendency to cleaner-look
ing undeparts, both features seen best in fresh
feathers. The pale birds were more frequently
streaked on the rump than harnemanni, and had
slightly more streaking on the underparts than
many harnemanni or exilipes, but were otherwise
similar to them in plumage.
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Table 2. Wing-lengths (mm) of the races of redpolls, and the two forms of islandica. (n, sample size; SD standard deviation; imms,
first-year birds; ads, adults.) Many birds were unaged and! or unsexed, hence not all sample sizes within a race or form are in
agreement.).

Females Males Both sexes All

Imms ads all imms ads all ads birds
Imms

cabaret
n 7 5 28 13 12 48 22 17 79
mean 67.1 68.6 68.5 70.2 70.8 70.1 69.3 70.2 69.5
SD 2.6 2.6 2.6 2.1 2.1 1.9 2.6 2.4 2.3
range 62-70 66-73 62-77 67-75 68-75 66-75 62-75 66-75 62-77

jlammea
n 26 17 77 26 45 122 57 65 213
mean 73.0 73.9 73.1 74.5 75.5 75.2 73.8 75.0 74.4
SD 1.7 2.0 2.0 2.3 2.2 2.0 2.1 2.3 2.2
range 70-77 70-78 70-78 71-80 72-81 71-81 70-80 70-81 70-81

rostrata
n II 6 20 21 12 44 37 18 71
mean 78.4 77.3 78.0 79.5 78.9 79.4 79.1 78.4 79.0
SD 2.0 2.5 2.0 2.4 2.6 2.3 2.2 2.6 2.4
range 75-82 74-80 74-82 75-84 73-81 73-84 75-84 73-81 73-84

dark islandica
n 2 I 9 5 3 21 7 5 31
mean 74.0 77.0 76.0 78.6 79.0 78.5 77.3 78.4 77.7
SD 4.2 2.1 1.7 4.3 3.1 3.1 3.2 3.0
range 71-77 77 71-78 76-80 76-84 71-85 71-80 76-84 71-85

pale islandica
n 3 4 11 4 8 18 7 12 29
mean 77.7 78.2 77.1 78.7 79.5 79.3 78.3 79.1 78.5
SD 2.9 1.3 2.2 3.1 2.1 2.5 2.8 1.9 2.6
range 76-81 77-80 73-81 76-83 77-83 76-85 76-83 77-83 73-85

all islandica
n 5 5 20 9 11 39 14 17 60
mean 76.2 78.0 76.6 78.7 79.3 78.9 77.8 78.9 78.1
SD 3.4 1.2 2.2 2.2 2.6 2.8 2.9 2.3 2.8
range 71-81 77-80 71-81 76-83 76-84 71-85 71-83 76-84 71-85

exilipes
n 16 5 31 5 18 34 26 23 73
mean 73.4 73.0 73.5 76.4 75.1 75.5 74.1 74.6 74.5
SD 1.5 2.0 1.7 2.3 1.6 1.7 2.0 1.9 1.9
range 71-76 71-76 71-77 74-79 71-78 71-79 71-79 71-78 71-79

hornemanni
n 7 3 15 9 7 22 18 11 40
mean 82.0 84.3 82.4 85.7 85.3 85.1 84.2 85.1 84.1
SD 1.3 1.5 1.8 1.7 3.5 2.4 2.3 2.9 2.5
range 80-84 83-86 80-86 83-88 80-91 80-91 80-88 80-91 80-91

3.3. MEASUREMENTS AND COLOUR SCORES 3.3.1. Intra-subspecific variation

Only a small proportion of each race were ex- The subspecies with the largest sample of birds
plicitly noted as having been sexed internally, the of each age and sex was jlammea. For this race
best sample being 26 out of 79 for cabaret. Gener- there is a bimodal scatter in the distribution of
ally, the sex noted on the specimen labels was colour-index against wing-length (Fig. 3). The
found to be compatible with recent sexing criteria upper cluster primarily consists of adult males and
(see references above) in all but a few cases. the lower of first-year males and females of all
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holboellii: Twelve jlammea were found to have
bill-lengths of 11 mm or more. The birds con
cerned were all large (wing-length 75-81 mm, av
erage 77.4), but their plumage was that of typical
jlammea. Ten of the twelve birds were males (Ta
ble 7). They had been collected either in Britain
(five birds, the only four fully dated had been
collected in 1910; see Evans 1911) or north-west
ern Europe (Fennoscandia and Archangel). Five

ages. Males had, on average, longer wings than
females (z-test; z = 2.86, 7.21, P < 0.01 for cabaret
and jlammea, the two largest samples) but there
was much overlap (Table 2). Adult wing-lengths
were longer on average than those for first-years
of both sexes in jlammea and cabaret, but the
differences were not statistically significant. Of the
three rostrata males aged as adults, one had no
pink at all in the plumage, and the other two had
colour-indices of 9 and 12. Salomonsen (1951)
claimed that there was a dimorphism in the red
ness of adults in that race. My data confirm that
some adult male rostrata have no pink on the
cheeks, breast or rump. I cannot refute or substan
tiate the possibility of dimorphism, because the
sample size was small and these results could also
be obtained from inadequate sampling of a contin
uous variation. The breast colour of jlammea
males is variable but the almost complete absence
of poorly-coloured adults suggests that this char
acter is either not dimorphic in male jlammea, or
is very rare. Of the 26 internally sexed cabaret,
only males had colour-indices greater than 7.

There was very little difference between the ages
and sexes in average sizes of tails or bills, although
the measurements of males, particularly adults,
tended to be slightly larger. For this reason the age
classes have been grouped in Tables 3-6.
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range

all islandica
n
mean
SD
range

exilipes
n
mean
SD
range

hornemanni
n
mean
SD
range

II
59.1
3.0

52-63

20
57.7

3.1
52-63

31
55.8
2.0

52-61

15
62.1
4.2

55-70

18
61.2
2.5

56-66

39
59.6
3.3

53-66

33
56.5
2.2

52-62

22
62.8
2.4

59-67

29
60.4
2.9

52-66

60
58.9

3.3
52-66

72
56.1

2.1
52-62

40
62.4

3.3
55-70
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(out of 34 birds examined; 14.7%) had been col- Table 5. Bill-depths (mm) of the race of redpolls, and the two

lected between June and August, compared to forms of islandica. (See caption to Table 2 for details.).

seven (out of 177; 4.0%) in the other nine months Females Males All birds

of the year. The summer birds all had blackish bills cabaret
(cf Coues 1869, Hartling & Stuart-Baker 1932). n 18 36 57

mean 5.3 5.6 5.5

3.3.2. Inter-subspecific variation SD 0.3 0.4 0.4

Fig. 4 shows the main patterns of variation be-
range 5.0-6.0 5.0-7.0 5.0-7.0

tween races. On wing-length, the smallest form is flammea
n 40 69 115

Table 4. Bill-lengths (mm) of the races of redpolls, and the two mean 5.8 6.0 5.9

forms of islandica. (See caption to Table 2 for details.). SD 0.3 0.4 0.4
range 5.0-6.0 5.0-7.0 5.0-7.0

Females Males All birds

cabaret
rostrata

27
n 14 32 50

n 47 77 6.5 6.6 6.5
8.3 8.6

mean
mean 8.5 SD 0.4 0.4 0.4
SD 0.5 0.7 0.7 6.0-7.0 6.0-7.3 6.0-7.3
range 7.0-9.0 7.5-11.0 7.0-11.0

range

flammea
dark islandica
n 9 17 26

n 75 122 210 6.4 6.4 6.4
8.7

mean
mean 9.1 9.0 SD 0.4 0.4 0.4
SD 0.8 0.9 0.9

7.5-11.5 7.0-13.0
range 6.0-7.0 5.9-7.0 5.9-7.0

range 7.0-13.0

rostrata
pale islandica

19
n 9 16 25

n 42 67 6.2 6.2 6.2
9.2

mean
mean 9.3 9.2 SD 0.3 0.5 0.5
SD 0.5 0.6 0.6 5.9-6.6 5.0-7.0 5.0-7.0
range 8.0-10.5 8.4-11.0 8.0-11.0

range

dark islandica
all islandica

9 21
n 18 33 51

n 31 6.3 6.3 6.3
8.7 8.8

mean
mean 8.8 SD 0.4 0.5 0.4
SD 0.4 0.5 0.5

8.0-9.0 7.8-10.0
range 5.9-7.0 5.0-7.0 5.0-7.0

range 7.8-10.0

pale islandica
exilipes
n 22 17 44

n 8 18 26 5.7 5.9 5.8
8.6 8.6

mean
mean 8.6 SD 0.,3 0.2 0.3
SD 0.4 0.4 0.4 range 5.0-6.5 5.5-6.5 5.0-6.5
range 8.0-9.3 7.8-9.0 7.8-9.3

all islandica
hornemanni

17 39
n 9 18 29

n 57 6.7 6.9 6.9
8.6 8.7

mean
mean 8.7 SD 0.3 0.4 0.4
SD 0.4 0.5 0.4 6.0-7.0 5.9-7.8 5.9-7.8
range 8.0-9.3 7.8-10.0 7.8-10.0

range

exilipes cabaret (z = 16.33, P < O.Ol);jlammea has nearly
n 30 34 72 the same wing-length as exilipes (no significant
mean 7.7 8.0 7.8
SD 0.5 0.5 0.5 difference) but the latter has a longer tail (z = 6.63,
range 7.0-9.0 7.0-9.1 7.0-9.1 P < 0.01) and a shorter bill (z = 14.02, P < 0.01).

hornemanni
The bill difference may occur largely in the length

n 15 22 40 of the horny sheath, as Troy (1985, his Table 3)
mean 8.9 9.2 9.1 found only slight differences in the size of the
SD 0.2 0.4 0.4 premaxilla of the two forms. Rostrata is larger
range 8.6-9.1 8.6-10.0 8.6-10.0 thanjlammea in wing- and tail-length (z = 15.33,
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Table 6. Bill-widths (mm) of the races of redpolls, and the two
forms of islandica. (See caption to Table 2 for details.).

Females Males All birds

cabaret
n 25 43 71
mean 5.4 5.8 5.6
SD 0.3 0.4 0.4
range 5.0-6.0 5.0-7.0 5.0-7.0

jZammea
n 74 118 204
mean 5.8 5.9 5.8
SD 0.3 0.3 0.3
range 5.0-6.5 5.0-7.0 5.0-7.0

rostrata
n 20 43 70
mean 6.3 6.3 6.3
SD 0.4 0.3 0.4
range 5.9-7.0 5.8-7.0 5.8-7.0

dark islandica
n 9 21 31
mean 6.0 6.1 6.1
SD 0.0 0.3 0.2
range 5.9-6.5 5.9-7.0 5.9-7.0

pale islandica
n 10 18 28
mean 6.0 6.1 6.0
SD 0.2 0.5 0.4
range 5.7-6.5 5.0-6.8 5.0-6.8

all islandica
n 19 39 59
mean 6.0 6.1 6.1
SD 0.2 0.4 0.3
range 5.7-6.5 5.0-7.0 5.0-7.0

exilipes
n 31 32 69
mean 5.8 5.8 5.8
SD 0.4 0.3 0.3
range 5.0-6.5 5.1-6.5 5.0-6.5

hornemanni
n 15 22 40
mean 6.7 7.0 6.9
SD 0.3 0.4 0.4
range 6.3-7.0 6.0-7.9 6.0-7.9

Table 7. Age and sex ofjZammea specimens with bill-length
of II mm or greater ('holboellii').

Males Unsexed Females Total

Adults 5 6
Unaged 4 5
First-years I I

Total 10 12

10.78, P < 0.01) but while the bill is only a little
longer in rostrata, it is much deeper; hornemanni
is the largest race (wing-length: z = 10.41, P <
0.01). The bill of hornemanni is almost the same
length as that of rostrata, but it is deeper and wider
(z = 4.28, 7.57, P < 0.01). Islandica is slightly
shorter in the wing (z = 1.96, P = 0.05), though
longer in the tail (z = 2.11, P < 0.05) than rostrata,
and the bill is noticeably shorter (z = 5.53, P <
0.01), being almost the size of cabaret. There were
no significant differences in the wing-length, or
bill-length, -depth or -width of the rostrata-like
and hornemanni-like Icelandic birds, although the
tails of the latter were significantly longer (z =
3.73, P < 0.01).

Bill shape: in flammea the bill tends to be very
slender, particularly at the tip; the CUlmen is
straight but the sides of the beak are concave when
viewed from above or below. Cabaret is somewhat
like this, but in exilipes it is less acute; in
hornemanni the bill is stronger still. The heaviest
looking bills (although not the deepest or widest at
the base) are found in rostrata where the culmen
and gonys are usually convex and the bill has a
bulging appearance. Icelandic birds resemble
some hornemanni and rostrata in bill shape, al
though it is less heavy in most birds.

4. DISCUSSION

A number of features of redpoll biology have
contributed to the difficulties in understanding
their relationships. Among these is the dynamic
distribution of some forms. Redpolls have a mixed
diet largely composed of seeds, those from birches
Betula and spruces Picea being particularly impor
tant (Salomonsen 1951, Dement'ev & Gladkov
1954, Newton 1972). However, the seed-crops of
these trees often fail, either locally or over a wide
area. To cope with the varying food supply, the
birds have become to some extent irruptive breed
ers, with the number of nesting pairs in any par
ticular region changing from year to year (Ta
verner & Sutton 1934, Grinnel 1943), in
correlation with local food abundance and spring
weather (Rosenberg quoted by Hald-Mortensen
1970, Peiponen 1957, Enemar 1969, Hilden 1969,
Enemar & Nystrom 1981, Gotmark 1982, Enemar
et al. 1984). Occasionally redpolls nest far outside
their 'normal' range. They are also partial mi
grants. The proportion of the population taking
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bill length (mm) tail length (mm) wing length (mm)

'-JCPlOO=
~UlUlOlOl'-J 01 Ol'-J'-JCP CP lO

N W UlOUlOUlO OUlOUlO Ul 0

cabaret --$- ---$- --$---

flammea ~ -$- -$

islandica ---$- ---$- ---$-

rostrata ~ ----$- -$-

exilipes -$- --$-- -$- Fig. 4. Comparative measure-
ments of the subspecies of C.

hornemanni t$r ---$-- -$- jlammea and C. hornemanni.
Mean, ± one standard devia-
tion, range.

part in the migration and the distance covered are
highly variable, both within and between the dif
ferent redpoll populations (Evans 1969, Newton
1972, Kennard 1976). Many of the specimens
available for study in museums were collected
while the birds were on passage or in their winter
ing areas, thus hindering interpretation of geogra
phic variation.

The persistent confusion over redpoll taxonomy
has been fuelled by three main factors.

1. With only one moult each year, normal wear
together with the loss of whole feathers changes
the appearance of redpolls from season to sea
son. Indeed, the weight of the feathers of Alas
kan redpolls is 31% greater in November than
in July (Brooks 1968). Among the males espe
cially, loss of pale feather edges reveals or en
hances any pink or red on the cheeks, breast or
rump. Although they were not working with
retrapped individuals, and the movement or
death of birds could have contributed to their
results, Fennel et al. (1985) reported similar
observations from a field study of introduced
cabaret in New Zealand. They found that only
16% of the birds they sexed as males had red
breasts in March, but by August 78% were red
or very red. At the same time, the frequency of
birds with slightly pink breasts decreased from
56% to 0%.

Wear also causes redpoll plumages to
darken, often considerably, as abrasion re-

moves pale feather edges to leave the darker
centres, particularly on the wings, tail, upper
parts and streaked flank feathers. In some
cases, clear white rumps on fresh plumaged
birds can become noticeably streaked by the
following summer as wear exposes previously
concealed dark feather centres. The overall ef
fect is to make fresh plumaged jlammea, for
example, superficially like worn exilipes. Al
though not eliminating the differences between
subspecies, it tends to alter them as wear pro
gresses, since birds which are pale (with broad,
pale feather edges) in fresh plumage darken
faster and to a greater extent than birds which
are already dark (with narrow, less pale feather
edges) in fresh plumage. Thus some birds which
might be quite easily separated into subspecies
in autumn can become more difficult to differ
entiate by summer. Only birds with plumage in
the same state of wear should be compared for
taxonomic purposes.

2. The plumage variation found in some forms is
very wide. In particular, many jlammea have
quite pale rumps whereas in some exilipes they
can be moderately streaked (most noticeably in
worn plumage). In some respects many individ
uals of jlammea appear as pale as the darker
examples of exilipes. Narrow definition of the
supposed characters of each race has frequently
led to large proportions of birds being assigned
to hybrid or intermediate categories. Wether-
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Fig. 5. A model of plumage variation in redpolls. Within any
subspecies, plumage varies from dark to pale (a, or b). Males
tend to be larger and paler than females, and adults tend to be
larger and paler than first-year birds. C.fjlammea (a) is darker
than C. h. exilipes (b), though some lightjlammea are as pale
as some dark exilipes. An approximate average position for
each age and sex group is indicated on the diagram, but within
each group there is much variation. The precise extent of the
overlap between (a) and (b) is not significant. A similar situa
tion applies to C.f rostrata and C. h hornemanni. In addition,
wear darkens plumage as the paler tips to the feathers abrade.
This tends to shift the shade of individual birds to the left as
wear proceeds.
Troy (1985) scoredjlammea-exilipes variation and assigned a
16-point scale, from the darkest birds (I) to the palest (16);
lower scale on diagram. For each sex, he then divided this range
of variation into three:jlammea, unknown (intermediate) and
exilipes, indicated above by f, int and e, respectively.
See text for further explanation.

or streaks; but in immature specimens it is fre
quently marked with dusky, though never so
thickly as in (jlammea)'. In 1883, Brewster re
ported that supposed intermediates between
rostrata (although calling them holboellii) and
jlammea were only apparent when comparing
large adult males ofjlammea with small females of
rostrata, and that when the same ages and sexes
were compared there were no real intermediates.
A year later, Stejneger (1884), while thinking that
hybridization between jlammea and exilipes was a
possibility, said that 'intergradation has been
supposed to occur'but that it was also 'only appar
ent, because it is sometimes difficult to distinguish
young birds of the two species' (his italics). More
recently, as part of a phenetic study of redpolls in
which he argues for the one-species theory (Table
Id), Troy (1985) scored the degree of rump, under
tail-covert and flank streaking on jlammea and
exilipes. This ranged from 1 (dark; extreme
jlammea) to 16 (pale; extreme exilipes). He then
divided the spectrum of jlammea-exilipes varia-

bee (1937) even classed trapped birds into pure
types, intermediates and intergrades between
intermediates and pure types.

3. Within a subspecies, size and paleness also vary
between age and sex classes. Adult males espe
cially tend to be longer winged and paler than
the smaller, darker females and first-year birds,
but there are differences within the latter group
too. This variation can be summarised:
Size: 1st-year birds tend to be smaller than
adults (1)
females tend to be smaller than males (2)
Colour: 1st-year birds tend to be darker than
adults (3)
females tend to be darker than males (4)
(References: Coues 1862b: 386-387 (3, 4);
Evans 1966: 207 (1, 2); Fennell et al. 1985 (4);
Molau 1982, 1985; Troy 1985 (2, 4); Wat
son 1957 (4); this study.)
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These factors can be incorporated into a model
of plumage, and to a lesser extent size, variation
in redpolls (Fig. 5), although it is more applicable
to some subspecies than others. In the model there
is a spread of variation in size and paleness, rang
ing from, on average, the smaller, darker first-year
and female birds at one end to the larger, paler
adult males at the other, within each subspecies. In
the case of jlammea and exilipes the two spreads
of variation overlap (the actual extentof the over
lap in the figure is not meant tobe significant). In
a considerably simplified, diagrammatic form this
represents the pattern of variation in redpolls. Fig.
5 can also be read from right to left to represent
schematically the effect of wear on the plumage of
individual birds, since redpolls become darker
(and their wings slightly shorter) with abrasion
such that some worn exilipes are as dark as fresh
plumagedjlammea (see above).

Although this is the first time that a description
of redpoll variation has been assembled in this
manner, the various components may be found in
the literature of the last 120 years. Coues (1862b),
for example, commenting on his newly described
exilipes wrote 'The dimensions of the whole bird...
the color and number of the streaks above and on
the sides; the extent and purity of the white rump,
&c., are all liable to great variations' and that 'the
rump in adult birds is pure white... without spots
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tion into thirds representing 'flammea, unknown
(intermediate), and exilipes classes'. Troy found
that females showed a much narrower range than
males, a~d that 'no females were white enough to
be considered exilipes on the scale used for males'.
This is clearly explained by the model, in which
adult and first-year males are found along the full
length of Troy's scale, but no females are pale
enough to have a score greater than 11 (Fig. 5).

It had previously been shown that first-year
birds were smaller than adults (Evans 1966) and
that females were smaller than males (Evans 1966,
Troy 1985). Molau (1985) and the present study
have confirmed and extended these observations
on size, as well as the earlier descriptions of paler
adults and darker first-years. In particular, Molau
quantified the differences between the ages and
sexes in extent and purity of the white rump and
the width of the dark streak on the longest under
tail-covert. In a detailed investigation of over 1100
breeding jlammea and exilipes in Torne Lapp
mark, northern Sweden, he showed that only 4%
of adult male exilipes had streaked rumps, com
pared to 49% of first-year females. The figures for
adult females and first-year males were 35% and
37% respectively. The range of widths for the
streak on the longest under tail-covert overlapped
considerably in the two races, but in exilipes it
averaged progressively broader in adult males,
adult females, first-year males and first-year fe
males. Less variation was seen injlammea, but the
streak was narrowest on average in adult males. In
alimited experiment during which he examined a
small number of birds (6 jlammea and 10 exilipes)
before and after they moulted in captivity, Molau
was able to corroborate these findings. With some
birds it might have been misleading to compare
worn, streaked rump feathers before the moult
with freshly grown ones, in which small streaks
could be concealed beneath broad, pale fringes. A
similar reservation would not apply to the conclu
sions regarding the central streaks on the under
tail-coverts, as wear rarely affects the pigmented
area near the shaft.

A probable family of redpolls from the wild
were moulted in captivity by Nystrom & Nystrom
(1987). The presumed breeding birds had been
classed as intermediate between jlammea and
exilipes. After the autumn moult, the juveniles
acquire4, plumages similar to Arctic Redpolls, but

the adults still seemed intermediate. It seems likely
that the adults were dark exilipes.

4.1. THE EVIDENCE FOR HYBRIDIZATION
BETWEEN EXILIPES AND FLAMMEA

Although intergrades between several redpoll
subspecies have been claimed, most of the taxo
nomic debate has concentrated on apparent hy
bridization between Common and Arctic Red
polls. Since it was these 'hybrids' that caused
Salomonsen (1928) and others to consider all red
polls to be conspecific, it is appropriate to examine
the evidence.

Birds intermediate between exiZipes and
jlammea have been reported from Alaska (e.g.
Kessel et aZ. 1964, Brooks 1968, Holmes & Black
1973), eastern Canada (e.g. Gabrielson & Wright
1951), northern Scandinavia (e.g. Meinertzhagen
1938, Harris et al. 1965, Hilden 1969) and across
the U.S.S.R. (e.g. Grote 1943, Johansen 1944).
The extent to which hybridization is said to occur
in each of these areas is not always clear. William
son (1961), for example, accepted intergradation
in northern Fennoscandia, but considered that
jlammea and exilipes behaved as good species in
Alaska.

The proportions of intermediates in mixed pop
ulations is reported to vary from 100% (Harris et
aZ. 1965) to very few (Lobkov 1979) or almost none
(Stejneger 1884, Svensson 1984). In sympatry the
ratio of jlammea to exiZipes changes geographi
cally and from year to year. At Churchill, Manit
oba, Taverner & Sutton (1934) found jlammea
commoner than exilipes in 1930, but equal
numbers of each in 1931; in 1940 Grinnell (1943)
found only one exilipes to every twenty-five
jlammea. Jehl & Smith (1970) summarised further
details of relative abundances at Churchill. These
ranged from no Arctic Redpolls in 1953 to 50 : 50
in 1966. Since the number of birds in some pure
populations also vary (e.g. in Newfoundland,
Brooks 1936, Aldrich & Nutt 1939; in Scandina
via, Enemar & Nystrom 1981, Enemar et aZ. 1984),
this tells us little about the absolute numbers of
either ofthe two forms, only that they change with
respect to one another. Molau (1985) found the
breeding population of exilipes to be relatively
stable in northern Sweden, due to a reliable food
supply (Salix buds and seeds). In the same area the
numbers ofjlammea varied from season to season,
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depending on the local birch seed crop on which
they fed. West et al. (1968) found the ratio of
jlammea,to exilipes to change considerably during
spring migration at Fairbanks. In autumn,
jlammea is reported to leave the breeding grounds
and migrate earlier than exilipes (Canada, Ta
verner & Sutton 1934; Finland, Tallgren & Ahola,
quoted by Eriksson 1970). Rapidly changing ra
tios of one form to the other at any given breeding
locality, together with the differences in migration,
suggest that the factors responsible for determin
ing population size and migration timing are act
ing largely independently injlammea and exilipes.
Although different parts of the populations of
some species sometimes migrate at different times
(e.g. Irving et al. 1967), it usually happens with the
different ages or sexes rather than as seen in the
redpolls. The stong fluctuations in the ratios of
one form to another from year to year is a less
common intra-specific phenomenon.

4.1.1. Inference of hybridization

The case for hybridization originally rested on
the presence of supposed hybrids or intermediates
in mixed redpoll populations, particularly in mu
seum collections. Confusion arose from the as
sumption that intermediate plumage birds were
hybrids. It soon followed that interbreeding be
came widely reported, whereas what was actually
meant was that 'intermediates' had been seen or
collected. Futhermore, Stejneger (1884) wrote that
Nelson had observed interbreeding between
jlammea and exilipes in Alaska, yet no mention of
it was made by Nelson in either his 1883 or 1887
accounts of Alaskan redpolls. (Some of Nelson's
other records have also been questioned; see
Vaurie 1964). Because of the uncritical acceptance
of intermediates as hybrids, the concept of inter
breeding soon became established. Jehl & Smith
(1970), in part quoting Gabrielson & Lincoln
(1959), noted that redpolls were hybridizing freely
in northern Alaska, whereas Gabrielson & Lincoln
actually gave no direct evidence of this, apart from
being unable to assign some intermediate plumage
birds. They still regardedjlammea and exilipes to
be separate species with 'complimentary ranges
that overlap at a few points'. (Jehl & Smith's other
reference was to unpublished personal communi
cations.) Eventually, Brooks (1968) asserted 'it is
well known that [flammea and exilipes] commonly

interbreed.. .' despite finding that 'most of the
birds ... were close enough to one type or the other
to be designated [exilipes] or jlammea'.

The direct evidence for hybridization rests, not
on 0 bservations of mixed matings, but on assump
tions about the identity of presumed hybrid off
spring. Yet there is no proof that these interme~

diates are hybrids. Despite the high proportion of
intermediates/hybrids claimed to be present in
some populations, there are no clearly docu
mented occurrences of interbreeding. To the con
trary, Oberholser (1918) claimed that jlammea
and exilipes bred sympatrically over a wide area
from Ungava to Alaska,and that they still re
mained distinct 'although apparently sometimes
hybridising'. Kessel et at. (1964) found jlammea,
exilipes and intermediates in western Alaska, but,
although they saw apparent mixed pairs in the
field they found no nests belonging to them. At
Churchill, Manitoba, Taverner & Sutton (1934)
found jlammea and exilipes both breeding com
monly, with nests as little as 50 yards apart, but no
interbreeding. Harper (1953) wrote that 'The oc
currence of both exilipes and [flammea] [at Nuel
tin Lake]. .. during the breeding season refutes Sa
lomonsen's contention that all forms of redpoll
should be regarded as conspecific'. In Scandinavia
no interbreeding has been proved, despite sympat
ric breeding (Lundevall1952, Nystrom & Nystrom
1987). Hilden (1969) questioned the specific dis
tinctness of exilipes since he often saw apparent
intermediates in northern Finland. Yet he disco
vered no mixed pairs at any of the large number
of redpoll nests he found. Svensson (1984) sum
marized the issue by pointing out that while 'hy
bridisation is supposed on morphological grounds
to occur between C. f jlammea and C. horne
manni exilipes in N. Norway... no actual inter
breeding has been recorded'. Considering that in
terbreeding between jlammea and the less
distinctive 'holboellii' has been reported several
times (e.g. Svensson 1984, Witherby, quoted in
Hortling & Stuart Baker 1932) it is perhaps signif~

icant that none has yet been found for jlammea
and exilipes, which should be much easier to se
parate in the field.

In the U.S.S.R., jlammea and exilipes breed
sympatrically over a huge area, yet birds with in~

termediate characters are quite scarce (Johansen
1944). Out of almost 50 pairs observed by nests or
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on territories in Kamchatka, Lobkov (1979) found
only one that was probably mixed (exilipes male,
jlammea female). The author did not report nest
ing, let alone successful breeding of this pair, even
accepting their identification (no plumage details
are given; some female exilipes closely resemble
jlammea). During 1977 there were unusually large
numbers of exilipes present in Kamchatka. Lob
kov quite often noticed interspecific displays that
year, but located no nests belonging to mixed
pairs. As redpolls usually display while in a loose
flock, and breed semi-colonially, apparently with
out a proper territorial structure, care must be
taken when assigning putative pairs. Alsop (1973)
discovered three exilipes males feeding the same
female at one nest in Canada.

4.1.2. Lack of differentiation

Brooks (1968) studied the adaptions of redpolls
to the severe arctic environment in Alaska. His
results showed that jlammea and exilipes differed
in feather texture, feather weight in winter, several
aspects of behaviour as well as cold tolerance and
other physiological responses. Although his
experimental birds were only classed as jlammea
or exilipes, he nevertheless interpreted this as
showing that the redpolls were all one species dem
onstrating morphological, behavioural and physi
ological gradients. Troy & Brush (1983) looked at
the pigments and feather structure of 'extreme
examples' of jlammea and exilipes. They disco
vered 'morphological differences between [Mealy]
and Hoary Redpolls' in their feather structure and
concentration differences in the pigments. They,
like Brooks (1968), then dismissed these findings
as 'likely the ends of a gradient', concluding that
'the recognition of two species of redpolls is un
warranted'. In neither of these studies were inter
mediates examined, yet the authors felt able to
postulate gradients betweenjlammea and exilipes.
This was clearly unjustified on the evidence pres
ented, which could with greater strength be inter
preted to support the validity of specific differen
ces. Even if intermediate differences were
demonstrated in intermediate plumage birds, this
would not necessarily prove conspecificity.

When examining the chromosomes of Alaskan
Mealy and Hoary Redpolls, Troy (1980) found
that 'of the carduelines karyotyped to date, only
jlammea and exilipes have identical karyotypes'.

He argued that this supported the case for treating
all redpolls as one species. However, the redpolls
were the most closely related pair of species exam
ined. No other carduelines from the same super
species or species-group had then been karyo
typed. In a wide review of avian chromosomal
studies, Shields (1982) reported many species
pairs with identical karyotypes. The redpoll evi
dence thus confirms only that jlammea and
exilipes ate indeed closely related.

More detailed information on the genetic rela
tionship between Common and Arctic Redpolls
was presented by Marten & Johnson (1986). Using
starch gel electrophoresis, these authors surveyed
33 genetic loci in 19 species and subspecies of
North American carduelines, including jlammea
and exilipes. Omitting the redpolls from their
data, there was an average genetic distance (Nei's
D) of 0.005 (range 0.002-0.010) between conspe
cific subspecies, and 0.178 (0.051-0.527) between
congeneric species. The distance betweenjlammea
and exilipes was 0.028. Marten & Johnson con
cluded that the two redpolls were 'similar geneti
cally', yet the distance between them is greater
than they found for any subspecies, although it
was less than for their congeneric species. The
latter were all morphologically well-defined. On
traditional criteria, the two redpolls are undoubt
edly more closely related than any of the other
species, and the genetic distance reported is en
tirely consistent with that expected for distinct
members of a superspecies.

4.1.3. Analyses of intermediate phenotypes

Recently, Troy (1985) published a detailed phe
netic analysis of redpolls from a number of Alas
kan and Canadian locations. As described earlier,
he divided the range ofjlammea (dark) - exilipes
(pale) plumage variation into thirds. These he de
signatedjlammea, intermediate and exilipes. Ana
lyzing the sexes separately Troy was able to distin
guish his jlammea from exilipes using skeletal
measurements, but the differences were small and
without a clear discontinuity. When he discovered
that the birds which were intermediate in plumage
characters were also intermediate in skeletal mea
surements, he concluded that 'the hypothesis that
they included hybrids is supported' (p. 90). How
ever, his 'pure' samples probably consisted of a
high proportion of adult exilipes and first-year
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flam mea (see Fig. 5 here). Since his 'intermediates'
were a combined sample of largely first-year
exilipes and adultflammea, intermediate measure
ments were to be predicted.

Previously, Baldwin (1961) had found that com
posite samples of Alaskan redpolls 'showed trends
for lighter colouring, larger wing and tail and
shorter bill generally from southeast to northwest.
However, when the subsamples were further
broken down into darker and lighter individuals...
the 'trends' showed simply as a reflection of the
different proportions of occurrence of the two
types, ... flammea ... and ... exilipes'. He found that
the northwesternflammea were only slightly dif
ferent in measurements from the southwestern
flammea, and there was even less difference within
similar groups of exilipes. He also found interme
diates, but nowhere did they outnumber the par
ental types. He wrote: 'Thus the two types have
maintained their distinctness despite extensive
geographical overlap and hybridisation in
Alaska'.

Although he presented little data, Lobkov
(1979) found the range of variation in widely allo
patric populations of flammea and exilipes to be
narrower than in areas of sympatric breeding
within the U.S.S.R.. He identified some birds as
hybrids, but he concluded that hybridization was
less frequent than would be expected, considering
the large areas of sympatry. He believedflammea
and exilipes represented separate species.

4.2. THE EVIDENCE FOR HYBRIDIZATION
BETWEEN HORNEMANNI AND ROSTRATA

Salomonsen (1928) described three birds with
characters intermediate between hornemanni and
rostrata. It has already been shown that most spec
imens previously considered to be hybrids can now
be allocated to species without great difficulty, but
even accepting Salomonsen's determination of
these individuals, this limited evidence suggests
that intermediates are rare. In 1936 Salomonsen
(1951: 518) collected a mixed pair while they were
copulating. The male was rostrata and the female
hornemanni. This is the only time a mixed mating
has been reported, and in this case a nest was not
found. Wynne-Edwards (1952) found hornemanni
and rostrata breeding sympatrically on Baffin Is
land, with no indication of any mixed pairs, pos
sibly because hornemanni started to nest before

rostrata had returned in spring. Watson (1957)
also found rostrata and hornemanni together on
Baffin Island in 1953, and had no difficulty in
separating the two types.

4.3. THE EVIDENCE FOR HYBRIDIZATION
BETWEEN FLAMMEA AND ROSTRATA

Although not directly relevant to the main con
troversy, birds believed to be intermediate to these
two subspecies have been reported from time to
time (Salomonsen 1928, 1951, Wetherbee 1937).
They are said to originate from Labrador or south
ern Baffin Island and it is possible that birds of this
type may have been confused with ,!uscescens',
which is credited with characters intermediate be
tween flammea and rostrata. On the other hand
Salomonsen (1928), who acceptedjuscescens, re
ported intermediates between both flammea-jus
cescens and juscescens-rostrata. On the evidence
examined lam unable to recognizejuscescens or
these intermediates.

4.4. THE ARGUMENT FOR SEPARATE SPECIES

Despite its long history, the suggestion that in
termediate plumage birds are hybrids remains
without substantive evidence. To the contrary, it
has now been shown that intermediates represent
part of the normal range of plumage variation in
two separate taxa (Molau 1985, this study). Molau
(1985), in particular, has demonstrated that many
of the supposed intermediates are likely to be
either (a) pale adult male flammea or (b) dark
adult female or first-year birds of either sex be
longing to exilipes. Even in the well-defined sub
species cabaret, the upperparts can be quite vari
able. Some birds are very pale, often with light
rumps (Fennell et al. 1985, this study). In the New
Zealand populations of cabaret it had been
thought that this resulted from mixed-origin intro
ductions (perhaps including some flammea), but
Fennell et al. found similar variation in British
cabaret. They attributed the increased frequency
of pale birds in New Zealand to founder effects
rather than hybridization. In cabaret, there are
also occasional otherwise dark birds with pale
rumps and light wings bars. Again, this illustrates
the range of character variation within a relatively
uncontroversial subspecies, yet similar variation
in flammea or exilipes is regarded by some as
proof of hybridization.
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In the field, strong positive assortative mating
among redpolls has been observed many times in
both Old and New Worlds (e.g. Taverner & Sutton
1934, Lundevall1952, Hilden 1969, Lobkov 1979,
Nystrom & Nystrom 1987). Jehl & Smith (1970)
reported positive assortative mating between
jlammea and exilipes at Churchill, Manitoba.
Even though they had access to unpublished data
inferring that hybrids made up a large proportion
of the population, they still recognized two spe
CIes.

Arctic and Common Redpolls are regarded by
Troy (1985) and others as morphs of the same
species (even though Troy claims variation is not
discrete, but continuous, thereby making use of
the term 'morph' inappropriate - Cooke 1985).
Troy (1985) has argued that positive assortative
mating should not be used as evidence of species
distinctiveness, since it can be an intraspecies phe
nomenon. However, it is also the usual mechanism
for the maintenance of specific integrity and is
clearly demonstrated in the redpolls. Consistent,
widespread, positive assortative mating between
morphs would lead to speciation; in the two exam
ples of wild birds cited by Troy (Chen caerulescens
and Stercorarius parasiticus) it is not consistent
(Cooke 1985). There is no evidence that this is the
case in redpolls.

The argument against regarding Common and
Arctic Redpolls as morphs is further strengthened
by the complexity of their differences. Several
characters in plumage colour are involved, as well
as a number related to feather structure, behav
iour, migration, physiology and morphology. Us
ing multivariate analysis of external measure
ments,jlammea and exilipes can be separated with
an accuracy of greater than 99% (M. Herremans
pers. comm.). Significantly, there are distinct, if
sometimes subtle, differences in the calls and songs
ofjlammea and exilipes (Zablotskaya 1981, 1984,
Molau 1985, Veprintsev & Zablotskaya 1982, M.
Herremans pers. comm., own obs.). These have
been shown to exist in an area of sympatry (Knox),
thereby ruling out the possibility that they are
merely dialects.

As mentioned earlier, the numbers ofjlammea
and exilipes also appear to vary semi-independ
ently from year to year in any locality, suggesting
different factors controlling their populations. In
most dimorphisms the morph-ratio is usually

either relatively stable or only slowly changing
(e.g. Wunderle 1981, O'Donald 1983), rather than
demonstrating the large amplitude shifts seen in
the redpolls.

I am aware of no other case of polymorphism in
birds where such a comprehensive array of differ
ences exists between supposed 'morphs', except
perhaps in the Western Grebes Aechmophorus
spp. of the United States. In these grebes, two
sympatric 'morphs' differ in several aspects of
plumage and bare-part colouration, feeding be
haviour and the timing of their nesting and plum
age development. They share similar courtship be
haviour and all but one of their calls. The only
statistical difference in their measurements is in
average culmen length· in the females, and the
'morphs' show positive assortative mating (Ratti
1979, 1981, 1985, Nuechterlein 1981). In 1985 the
A.O.U. accepted these 'morphs' as separate species
A. occidentalis and A. clarkii (A.O.U. 1985; see
also Storer & Neuchterlein 1985).

As a pair of sibling species, the degree of similar
ity between Common and Arctic Redpolls is not
unique. Although largely allopatric, the Wood Pe
wees Contopus virens and C. sordidulus exist in
areas of sympatry and are very alike in plumage
characters. Their songs are quite distinctive, but
discriminant function analysis on skeletal mea
surements gives only 87% accurate identification;
DFA on external measurements is even less relia
ble with about 20% misidentified (Rising &
Schueler 1980). Another species-pair, Mionectes
macconnelli and M. oleagineus, are separable only
on the presence or absence of buffy edges on the
inner secondaries and wing coverts, or by multi
variate analysis of several morphological charac
ters. Even the latter is not completely accurate, yet
protein electrophoresis has shown this species pair
to differ genetically as much as other congeneric
species (Capparella & Lanyon 1985).

The case reported by Grant & Grant (1983) is
more intriguing: the population of Geospiza coni
rostris on Isla Genovesa, Galapagos, was divisible
in one year into two types with alternating territo
ries and different songs, average bill lengths, fo"
raging techniques and frequency of a bill colour
morph in the nestlings. These differences partly
broke down in subsequent years. The integrity of
the population as one species, and the incipient
sympatric speciation both appear to have been
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driven by inconsistent assortative mating. Al
though the complexity of this situation is probably
exceptional among birds, it is clear that we must
be cautious about the interpretation of evidence
based on limited data, whether from the museum
or the field.

4.5. ECOWGICAL ISOLATION

Ecological or geographical factors may isolate
hornemanni/ rostrata, and exilipes/jlammea dur
ing the breeding season. Certainly hornemanni
and rostrata only come into contact in a few areas
in Greenland, as the former is largely restricted to
the high arctic and the latter to the low arctic zones
(Salomonsen 1951). Waterston & Waterston
(1970) reported rostrata was moving into the high
arctic regions to breed. Detailed observations of
its recent status would be desirable. On Baffin
Island, hornemanni and rostrata show broader
overlap without apparent hybridization (Wynne
Edwards 1952, Watson 1957).

Lundevall (1952) has suggested altitudinal zo
nation in redpolls, with C. hornemanni on the
tundra and C. jlammea lower down. Watson
(1957) and others found this not to be the case in
Baffin Island or in Scandinavia, where they found
no clear distinction between the birds' habitats.
However, redpolls range over wide areas in the
breeding season - some are said to travel 20 km to
feed (Molau 1985). Movements of much less than
this magnitude could easily account for the broad
overlap seen in the habitats offoraging birds, even
if they were widely separated for nesting. Never
theless, habitat differences between sympatric
forms have been described. In northern Sweden,
Molau (1985) reported exilipes dominated numer
ically when trapping redpolls above the tree line,
whereas jlammea was the commoner form at
lower altitudes. The few Hoary Redpoll nests he
found in his Lappmark study areas were all in
open habitats. Mealy Redpolls did not normally
breed above the tree line there, although they did
so further south in Sweden. Dement'ev & Gladkov
(1954, quoting Mikhel), report different habitats
for jlammea and exilipes on the lower Indigirka
River. Many authors (e.g. Jehl & Smith 1970)
generalise by attributing a tundra habitat to C.
hornemanni compared with a forest biome for C.
jlammea. General differences in the diet of sym
patric forms have been described by Molau (see

above), but further work is clearly called for. Nys
trom & Nystrom (1987) found no significant dif
ferences in a small sample ofjlammea andexilipes
in their behaviour or breeding biology. They also
found exilipes nesting in dense birch forest, and
jlammea on montane heath.

Three studies have now found C. hornemanni to
return to the breeding grounds earlier than C.
jlammea. On Baffin Island in 1950, the nesting of
hornemanni was well under way when rostrata
came in nearly two weeks later (Wynne-Edwards
1952). In northern Fennoscandia, Molau (1985)
and Knox (in prep.) both noted jlammea only
arriving in numbers at least several days after
exilipes. While differences in the mean date of
arrival in spring by different age/sex classes and
morphs have been reported in a number of mi
grant species, complete separation (Wynne-Ed
wards, Knox) is unusual. This represents a further
substantive contrast between Common and Arctic
Redpolls.

4.6. ISLANDICA

The presence of both pale and dark birds in the
Icelandic population was not initially recognised.
Early reports of redpolls in that country were at
tributed to jlammea, but by the late nineteenth
century many authors believed it was hornemanni
that bred. Slater & Carter (1886) and Slater (1901)
drew attention to this disagreement, and empha
sised that jlammea was the only breeding form,
hornemanni merely occurring as a rare winter vis
itor. Coburn visited Iceland in 1899 and brought
back adults, nests and eggs of birds he ascribed to
hornemanni. This was said to be the first proof of
that race breeding there, and he made no reference
either to seeing or collecting any dark-plumaged
birds (Coburn 1901). In the original description of
islandica in 1904, Hantzsch compared his new race
to rostrata, rejecting any association with
hornemanni. His opinion was shared by Witherby
et al. (1938) and Vaurie (1956) who synonymised
the two forms. Timmermann (1949) and William
son (1961) both recognised a similarity between
islandica andjlammea, although accepting a like
ness to rostrata in some plumage states.

Bird (1935) examined specimens of wintering
rostrata from Iceland, along with a number of
dark islandica. He also received a series of pale
islandica collected between March and May, but
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he mistook them for exilipes, in the process dis
missing all previous records of hornemanni. Sim
ilar pale birds were noticed by Timmermann, who
recorded them particularly in spring (Timmer
mann 1938), or as winter visitors (Timmermann
1949). He was unsure of their true status or iden
tification. Timmermann believed the dark, short
billed birds to be true islandica, which had a res
tricted breeding distribution in the country. He
(1938) further noted occasional longer-billed,
rostrata-like redpolls breeding all over the island,
as in 1929, although in his 1949 book, rostrata is
just listed as a passage visitor.

It was Salomonsen who suggested that the two
redpolls from Greenland had interbred in Iceland
to give a hybrid swarm with plumage characters
ranging from some birds indistinguishable from
rostrata to others like hornemanni (Salomonsen
1951). When Vaurie (1956) merged islandica with
rostrata he had apparently only examined dark
plumaged birds. After seeing a larger series he
somewhat reluctantly accepted the validity of
islandica, but still only seems to have seen dark
specimens (Vaurie 1957). He found the claimed
shorter bill-length to be an inconsistent feature,
and believed separation only to be possible on the
slight differences in colour between islandica and
rostrata. Nevertheless, the shorter bill-length of
islandica has been affirmed many times (e.g. Salo
monsen 1951, Svensson 1984) and is statistically
significant (this study). Islandica also has a slightly
shorter wing and longer tail than rostrata, al
though statistically these differences are not highly
significant.

It is unfortunate that only Salomonsen (1951)
and Williamson (1956) appear to have appreciated
the full range of plumage variation in islandica,
since it explains the otherwise contradictory state
ments in the literature. Far from being just winter
visitors, the pale birds are part of the breeding
population of redpolls in Iceland (Knox in prep.),
often occurring only at low frequencies. Most of
the breeding Icelandic redpolls can easily be as
signed to either the light or the dark form.

The range of plumage colour found in Icelandic
birds resembles that seen in sympatric populations
ofjlammea and exilipes. However, unlike the lat
ter situation, in Iceland the pale and dark birds
differ significantly only in their tail-lengths. A dif
ferent explanation may be required to account for

their coexistence. The presence of two separate
species in Iceland is possible, but seems unlikely,
unless reduced competition in arctic and subarctic
ecosystems (see later) has allowed two forms to
evolve convergently. Alternatively, an endemic,
dark population (or rostrata) may have hybridised
with hornemanni (or exilipes, or both) in Iceland,
or may be highly variable for other, as yet un
known reasons. The complexity of the differences
(colour and relative measurements) between the
pale and dark birds suggests that they are not just
morphs in the typical sense.

4.7. HOLBOELLII

Many early authors expressed doubts as to the
validity of Brehm's holboellii. Although Coues
(1864), among others, suggested that it was just a
long-billed variant of jlammea, Salomonsen
(1928) and Hellmayr (1938) found the form to be
acceptable. A review by Grote (1943) came to the
same conclusion as Coues. The B.a.U. (1948),
Dement'ev & Gladkov (1954) and Vaurie (1959)
subsequently agreed, yet the name still appears
regularly in the literature (e.g. Brooks 1973, James
et al. 1976).

Holboellii is said to differ fromjlammea mainly
by its long bill. It is also claimed to be darker
plumaged, be longer winged and to have a paler
bill. Hortling & Stuart-Baker (1932) firmly be
lieved they could separate holboellii fromjlammea
in the field, and even distinguish their nests and
eggs. They considered them to be separate species
but, as they collected no specimens to substantiate
their observations, their views should be treated
with caution.

The geographic range of holboellii has never
been clear, particularly as to whether it did, or did
not (Hellmayr 1938) breed in North America. In
northwest Alaska, Bailey (1948) found occasional
birds with longer bills than jlammea, but he
thought these were not holboellii. He believed that
claimed occurrehces of holboelliifrom the United
States and Canada were attributable to this un
named Alaskan population. Nevertheless, in their
1957 Checklist, the A.O.U. included western and
northern Alaska and the northern Yukon (as well
as Siberia and Scandinavia) within the breeding
range of holboellii. More recently, holboellii has
been supposed to breed at low densities in scat
tered locations along the northern edge of the
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Fig. 6. Bill-length frequencies in C.fflammea. Da:taextracted
from Molau (1985), his Figs. 2 & 3.
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Troy (1984) examined the status of holboellii in

North America. Based on the 1957 A.a.D. desc
ription of its range, he compared populations of
birds collected in north and west Alaska
('holboellii') with those collected in central Alaska,
the Northwest Territories and northern Quebec
('jlammea'). While he found some differences in
the skeletal measurements of the two groups, they
were not very great and he concluded that the
recognition of holboellii was unwarranted. How
ever, north and west Alaska also fall within the
range of jlammea. Troy did not present any data
to show that his supposed holboellii sample actu
ally contained any specimens of that form, for he
did not give any bill measurements of the birds
prior to the preparation of their skeletons. There
fore, it could equally be concluded from his study
that north and west Alaska does not lie within the
range of holboellii, or that long-billed birds were
rare there compared with jlammea, as suggested
by Bailey (1948).

Its large, ill-defined breeding range has always
made holboellii's validity doubtful, particularly as
it was said to be entirely sympatric withjlammea,
and interbreeding had been noted (Svensson
1984). Most authors have been unable to detect
plumage differences between holboellii and
jlammea, and complete intergradation of bill mea
surements is reported (Salomonsen 1928, Vaurie
1956, Molau 1985, this study; Fig. 6). Birds with

Studies Sample With bills;;' II mm
size %no.

This study 211 12 5.7
Molau (1985) males 499 32 6.4

females 258 15 5.8

overall 968 59 6.1

a bill length of II mm or more make up about 6%
of the jlammea samples examined during this
study and that of Molau (1985; Table 8). If the
same ratio (15 : 1) applied in Alaska, there would
have been only two male and two female holboellii
in Troy's combined samples. At that frequency
they would have been undetectable with the me
thods exployed.

Table 8. Number offlammea specimens with bill-lengths of
II mm or greater ('holboellii'). The data from Molau (1985)
is extracted from his Figs. 2 & 3.

It has been suggested that long-billed birds may
be commoner in the summer than at other times
of the year. Among the jlammea examined here,
significantly more were collected between June
and August (5 out of 34; 15%) than in the other
nine months of the year (7 out of 177; 4%; chi
squared test; P = <0.05). However, Molau's birds
were mainly examined in the breeding season, and
they do not reflect a similar high proportion (Table
8). Four out of 46 (8.7%) jlammea trapped in
northern Finland in May/ June 1984 were long
billed. Two different call notes from a single
'holboellii' recorded at the same time are indistin
guishable from calls of jlammea (own 0 bs.).

There is little substantial evidence to suggest
that holboellii consists of anything other than
long-billed individuals of jlammea. Their mea
surements form the right-hand tail to the highly
skewed bill-length distribution of that race (Fig.
6). This skew presumably occurs because, while
the minimum bill-length for an individual is prob
ably determined by structural constraints on the
bill, particularly the length of the underlying pre
maxilla, the maximum length is more free to vary
as a net product of rhamphothecal growth and
wear. Bill-length changes seasonally in many other
seed-eating birds. This is mainly due to dietary
shifts, with shorter bills in winter when more
ground feeding occurs and the birds are eating
hard seeds. During the summer, many seed-eaters
forage for soft-bodied insects among foliage and
the bill becomes longer (Knox in press; for details
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of the process of bill growth in finches, see Uidicke
1933). It seems likely, as was suggested over a
hundred years ago by Wolley (in Yarrell 1882, see
also Sundevall, quoted by Evans 1911) that some
redpoll bills may be longer in summer than in
winter due to differences in food and feeding hab
its. Since long-billed birds have been collected in
winter as well as summer, and not all birds col
lected in the latter season are long-billed, the dif
ferent foraging behaviour (and/ or bill growth
rates) of individuals may contribute further to the
wide variation in bill-length in jlammea. Food,
foraging and/ or growth rate probably also vary
geographically, since long-billed birds seem to be
more frequent in areas near the northern edge of
the range ofjlammea.

5. CONCLUDING COMMENTS

The two redpoll species clearly differ in a
number of respects. Arctic Redpolls arrive back
on the breeding grounds earlier in the season than
Common Redpolls. They sometimes nest in differ
ent habitats, although they may forage over widely
overlapping areas. There may be differences in
their diets, at least part of the time. They differ in
their vocalizations, physiology, behaviour and
morphology. Their population regulation is ap
parently influenced by different factors. In au
tumn, C. jlammea migrates earlier than C. horne
manni.

There is no direct evidence for hybridization.
The supposed intermediates have been shown to
represent partially overlapping ranges in morpho
logical variation in the two species. Even though
I suspect occasional hybridization does occur be
tween Arctic and Common Redpolls, succesful
interbreeding has never been reported from any
where in the enormous area of sympatry, and few
skins can unequivocally be determinded as hy
brids.

The position of islandica remains obscure, al
though current research may help to clarify its
characters and relationships. Even if Arctic and
Common Redpolls are found to be hybridising in
Iceland, this would represent only a localised
breakdown of specific integrity. Overwhelming ev
idence from throughout the remainder of the red
polls' circumpolar distribution confirms that they
otherwise behave as good species.

On plumage characters the redpolls (excluding
islandica) fall into two groups - (l) cabaret,
jlammea and rostrata and (2) exilipes and
hornemanni. On measurements, there is no such
clear cut distinction, the birds forming a series
from cabaret (small) through jlammea and
exilipes, then rostrata to hornemanni (large), al
though the ratios of one measurement to another
vary from race to race. Similarities in size and bill
shape led Molau (1985) to suggest that exilipes was
most closely related to jlammea and that
hornemanni was closest to rostrata. He proposed
treating islandica (for reasons not fully explained),
exilipes and hornemanni as separate species. Fol
lowing general ecogeographic rules, northern de
rivatives of rostrata and jlammea stocks might
both be expected to look paler and less streaked,
with broader pale fringes to the feathers, longer
tails and shorter bills than in the southern forms.
However, there are many exceptions to these rules,
and a number of other factors (e.g. food, migra
tion) influence the size and proportions of birds.
Thus, whereas northern forms are often larger
than those further south (Bergmann's Rule),
exilipes is much the same size as jlammea (in the
body), yet hornemanni is considerably larger than
rostrata. The bill lengths of the two Greenland
forms are not very different. Greater strength may
be found in the argument that hornemanni and
rostrata are the northern counterparts of exilipes
and jlammea respectively. In addition, the many
close parallels in the plumage characters of the
Arctic Redpolls suggest that they are sister taxa.

Of all the redpolls, cabaret is the most distinc
tive single race. Apart from islandica it is the only
subspecies that is geographically separated from
all others. Morphologically it is clearly defined,
and it is the only race in which there are few, if any,
identification problems. Cabaret probably deve
loped from populations ofjlammea which became
isolated in western Europe during the last glacial
period (Johansen 1958). Unless significant gene
flow exists, the disjunct range presently seen in
cabaret is unlikely to date from the initial western
isolation since little or no morphological differen
tiation exists between the populations in Britain
and the Alps. Ringing has shown that some British
redpolls migrate as far as Switzerland, Austria and
Italy (Spencer & Hudson 1982). The southern
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population of cabaret may have been started by
some British birds remaining to breed in the win
tering area instead of returning north in spring.
Similar behaviour has frequently been noted in
jlammea (Gotmark 1982), and even rostrata (Mur
ton & Porter 1961, Williamson 1961), leading to
many instances of nesting well to the south of the
normal breeding range. Genetic continuity of the
two cabaret populations may be maintained by
one- or two-way exchanges of breeding birds be
tween them. Clancey (1953) regarded the two pop
ulations as being taxonomically separable, imply
ing reduced gene flow. Insufficient breeding birds
from the Alps were available to me to allow re
evaluation. In Sweden, cabaret is presently breed
ing to the south of the normal range of nominate
jlammea, and in different habitats (Gotmark 1981,
1982). Should the two eventually come together
and fail to hybridise, cabaret will have to be
treated as a separate species.

The relationships of the other isolated popula
tion, islandica, are less obvious. The dark birds
show similarities to both rostrata and jlammea.
Although Salomonsen (1928) hypothesised a wes
terly origin for islandica, the broadly intermediate
characters (of the dark birds) suggest otherwise.
Most of the established Icelandic passerines have
easterly relatives. The Icelandic Meadow Pipit
Anthus pratensis, White Wagtail Motacilla alba,
Wren Troglodytes troglodytes, Wheatear
Oenanthe oenanthe and Redwing Turdus iliacus
are all related to western European conspecifics.
However, the Raven Corvus corax and Snow
Bunting Plectrophenax nivalis affinities are uncer
tain and, among the non-passerines, the influence
of the Nearctic fauna is indicated by the breeding
of Great Northern Diver Gavia immer, Harlequin
Duck Histrionicus histrionicus, Barrow's Golde
neye Bucephala islandica and Rock Ptarmigan
Lagopus mutus. Thus, while most of the Icelandic
passerines have ea&terly connections, those of the
more arctic/subarctic elements of the avifauna
(amongst which the redpoll might belong) are
often either equivocal or Nearctic. There are no
clear indications of the relationships or origin of
islandica.

On the strength of the unproven '!uscescens',
and geographical proximity, rostrata has been as
sumed to have had a westerly origin. If islandica
is indeed intermediate to rostrata and jlammea,

colonization from the east seems more likely.
Rostrata is thought to have evolved its characters
in a refuge off West Greenland during the last
glaciation (Salomonsen 1972).

The Nearctic and Palearctic populations of
jlammea are treated here as uniform in characters,
but this may not be so. There have been sugges
tions of weak clines and further subspecies (now
synonymized); they were not investigated here.
The redpoll group as a whole probably has a Pa
learctic origin, since this is where Carduelis (ex
cluding the New World 'Spinus' radiation) and in
particular the Acanthis subgenus to which the red
polls belong have their centres of distribution.
There is no reason to believe that this is a result of
widespread extinctions elsewhere. The Nearctic
population of jlammea was a development of an
eastward range extension, subsequent to the last
glaciation (Salomonsen 1972). Harris et al. (1965)
and Troy (1983) have suggested considerable con
tinent-wide movement/ gene flow in redpolls, al
though based on limited data. There is one record
of a bird ringed in the Nearctic being recovered in
the Palearctic (Troy 1983). This does not necessar
ily indicate intercontinental gene flow, although it
must be a stong possibility considering the species'
erratic breeding habits.

The centre of origin of exilipes is not known. As
with jlammea, the evidence suggesting a lack of
differentiation along its circumpolar distribution
has not been examined in detail here. The Arc
tic/ Common Redpoll separation is the oldest
within the redpolls and may date from the Tertiary
(Johansen 1958), although biochemical evidence
suggests that jlammea and exilipes 'seem to have
split' only 550,000 years ago (Marten & Johnson
1986). The Greenland Redpoll hornemanni is de
rived from exilipes, presumably from the west. It
probably acquired its characters in the Peary Land
refuge, near which its distribution is still centred in
northern Greenland (Salomonsen 1972).

Many questions remain, apart from those indi
cated above concerning the history of the group.
Contrary to widespread opinion, it seems that
Common and Arctic Redpolls do not interbreed
freely. Attention should be given to determining
the amount and circumstances of any true inter
specific hybridization. The parallel, circumpolar
ranges of the two species must have developed
over a period of time. The pattern of events that
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gave rise to this distribution is largely unknown.
Common and Arctic Redpolls are clearly near the
boundary of species formation, and there may be
areas or circumstances where reproductive isola
tion is incomplete, but this has yet to be demon
strated. The similarities between the species are
considerable, so their ecological and behavioural
differences are of interest. Why are the members
of this species-pair so similar? How do they inte
ract on the breeding grounds? Interspecific compe
tition for food is said to be low in the arctic (Sa
lomonsen 1972). This factor alone may permit the
redpolls to co-exist (Wynne-Edwards 1952). Do
the birds' anatomical differences reflect different
foraging strategies? The considerable differences
in bill size presumably reflect their seed, or other
food, preferences, but we know little about the diet
ofsympatric forms during either the breeding sea
son or winter. Similarly, we have scant knowledge
of the reasons forjlammeas intrasubspecific vari
ation in bill length. How much of the other phe
notypic variation in redpolls is non-genetic?

The special features seen in this species-group
represent an outstanding opportunity to study in
detail the interplay between systematics and ecol
ogy, and to examine the processes ofevolution and
speciation at a variety of levels.
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7. SUMMARY

The subspecies of the circumpolar redpoll complex are usu
ally either treated as conspecific under the name Carduelis
flammea, or as two species, the Common Redpoll C·flammea
(including cabaret, islandica and rostrata) and the Arctic Red
poll C. hornemanni (including exilipes). The two most widely
distributed forms are broadly sympatric and intermediates are
said to be common. It was generally assumed that they were the
result of hybridization. This constituted the main argument for
conspecificity. After examination of museum skins, it is shown
that the plumages of most subspecies are very variable. The
patterns of plumage variation are partly obscured by differen
ces due to wear and because males tend to. be paler than
females, and adults tend to be paler than first-year birds. Sev
eral characters are taxonomically less informative than pre
viously believed. The apparent intermediates are not hybrids;
they are an artefact of over-narrow definition of specific char
acters. A review of the literature showed that, despite the high
frequency of supposed hybrids in some populations, no con
firmed record of interbreeding has ever been documented. The
results of studies claiming to support redpoll conspecificity
equally support their consideration as two species. Complex
differences in the plumages, measurements, ecology and behav
iour of Common and Arctic Redpoll are summarised. Differ
ences of this nature are unlikely to be found within a freely
interbreeding population. The flam mea and hornemanni
groups clearly behave as separate species, although they are
very closely related and there may well be some localized
hybridization (as yet unproven).

Pale and dark birds, which are both present in the Icelandic
breeding population, show only slight differences in their bio
metrics. This requires further investigation.

The name holboellii is a synonym, representing long-billed
individuals in the skewed bill-length distribution of nominate
flammea. They may arise partly due to differences in food and
feeding behaviour.
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9. SAMENVATTING

De taxa van het circumpo1aire Barmsijs-soortscomp1ex wor
den meesta1 beschouwd a1s een soort (Carduelisflammea) of a1s
twee soorten, de Barmsijs (Carduelis flammea) met a1s onder
soortenflammea, cabaret, islandica en rostrata en de Witstuit
barmsijs (C hornemanni inclusief exilipes). De twee meest
verspreide vormen (jlammea en exilipes: Fig. 1) zijn over een
groot deel van hun verspreidingsgebied sympatrisch en een
aanta1 auteurs ste1t dat er vee1vuldig tussenvormen zouden
voorkomen als het gevo1g van hybridisatie. Daarin was het
voornaamste argument gevonden om aan te nemen dat deze
vormen tot een soort zouden behoren. Echter, museum onder
zoek van ba1gen door de auteur wijst uit dat het verenk1eed van
de meeste ondersoorten heel variabe1 is, en ondersoortsgebon
den variatie in dit verenk1eed b1ijkt vaak door andere variatie
te worden overschaduwd. Deze andere variatie komt voort uit
een verschi1 in slijtage van het verenk1eed of wordt veroorzaakt
doordat mannetjes vaak 1ichter gekleurd blijken te zijn dan
vrouwtjes, terwij1 ook vaak vo1wassen voge1s 1ichter van kleur
zijn dan eerste-jaars voge1s. Verscheidene kenmerken 1everen
dus minder informatie op voor de taxonomie van deze Barm
sijzen dan weI ge100fd werd. De schijnbare tussenvormen zijn
volgens de auteur geen bastaarden, maar ze zijn als zodanig
geidentificeerd vanwege een te strikte definitie van de soorts
kenmerken. Literatuurstudie wees uit dat ondanks het hoge
aandeel van zogenaamde bastaarden in sommige popu1aties er
nooit goede aanwijzingen zijn gepub1iceerd dat voortp1anting
werke1ijk plaatsvindt tussen de twee taxa. De resu1taten die
gepubliceerd zijn in artikelen waarin gep1eit werd voor een
saort Barmsijs lijken ook gebruikt te kunnen worden om de
idee te steunen dat er sprake is van twee soorten. In het artike1
worden complexe verschillen wat betreft het verenkleed, bio
metrie, oecologie en gedrag van de Barmsijs en van de Witstuit
barmsijs samengevat. De verschillen tussen de twee vormen
zijn van dien aard dat het onwaarschijnlijk moet worden geacht
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dat die gevonden zouden kunnen worden in een panmictische
populatie. De groep jlammea en de groep hornemanni gedra
gen zich duidelijk als gescheiden, verschillende soorten, die
echter nauw verwant zijn, alhoewel de auteur het niet onmo
gelijk acht dat er op beperkte schaal ergens in het sympatrische
areaal hybridisatie zou kunnen optreden (maar daar is geen
bewijs voor).

Lichtgekleurde en donkere individuen, beide aanwezig in de
Ilslandse broedpopulatie, vertonen slechts geringe biometri
sche verschillen en daar zou meer onderzoek naar gedaan
moeten worden.

De naam holboellii is een synoniem gegeven aan langsnave
lige individuen van de nominaatvormjlammea. Het vermoe
den wordt uitgesproken dat deze individuen zulke lange snavels
hebben vanwege bijvoorbeeld ander voedsel of ander voedsel
zoekgedrag.

In sectie 5 van zijn artikel bespreekt de auteur de mogelijke
historische en evolutionaire ontwikkeling van het soortscom
plex Carduelis. H. H. T. Prins

10. APPENDIX

IDENTIFICATION OF REDPOLLS
It is not the intention to review here the identification fea

tures of Common and Arctic Redpolls, but some comments
may be useful.

Distinguishing 'typical' jlammea from typical exilipes on
plumage characters presents few problems. However, separat
ing palejlammea and dark exilipes can be very difficult. Some
of these birds can only reliably be identified on plumage by
reference to a correctly determined series of skins from the
appropriate time of year. By that means, or with considerable
experience, the range of colour in each species may be estab
lished. Failing this, persons otherwise familiar with 'typical'
examples of the subspecies, but handling or seeing just a few

of the difficult birds mayihcorrectly judge the limits of specific
variation. Other characters may be more useful. For example,
measurements of birds in the hand (M. Herremans pers.
comm., this paper) or, in the field, the relatively smaller, stubb
ier bill of exilipes, and vocalizations. Caution must be exercised
and many individuals will seem unidentifiable, particularly in
the field, pending further research. It would be very easy to
misidentify a dark exilipes in a flock of jlammea, even with
typical exilipes available for comparison. Similarly, a very pale
jlammea among a flock of otherwise typical jlammea might
easily be mistaken for exilipes. The rump, especially, is less
reliable than previously believed, being very pale, even white,
in some jlammea, and streaked in some exilipes. No single
morphological character can be used to tell the forms apart.
The colour of the forehead is unreliable (contra Molau 1985).

In Britain and continental Europe the problem is partly
academic outside the breeding season, because of the possible
presence of pale islandica. Some of these birds may be indis
tinguishable from dark exilipes (or pale jlammea) in the field.
Even in the hand many pale redpolls will be unidentifiable
without reference to series of correctly determined reference
specimens. The differences are not great, and comparisons
should be made with birds collected at the correct time of year.
Islandica usually has a larger bill than exilipes. In late winter
the feather edgings on the mantle and back of exilipes are
usually a richer, buffier brown than the greyer plumage of pale
islandica. In early spring the same feathers on exilipes are
whiter than on islandica. The underparts of exilipes are usually
paler with less streaking than on islandica. There are many
exceptions to these comments, and attempted separation of
most exilipes from pale islandica is not recommended, again
pending further research. In Europe, particularly Britain, the
Faroes, or around the shores of the North Sea, where islandica
might be expected sometimes to winter, any redpoll showing
a pale rump and moderate streaking on the underparts could
possibly be islandica.


