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T

here are two races of Arctic Redpoll Carduelis hornemanni: C. h.
hornemanni from northern Greenland and Ellesmere Island to Baffin
Island, and C. h. exilipes from the northern extremes of Fenno-Scandia, the
USSR, Alaska and mainland Canada. The former is the larger and whiter
race and, in the hand, its longer wings (80-91 mm compared with 71-79
mm for the latter) are diagnostic (Knox 1988). There are four races of
Redpoll Carduelisflammea:C. f. flammea (colloquially known as 'Mealy
Redpoll') from Fenno-Scandia, northern USSR, Alaska, north mainland
Canada and Newfoundland; C. f. rostrata from eastern Baffin Island and
southern Greenland; C. f. islandica from Iceland; and C. f. cabaret
(colloquially known as 'Lesser Redpoll') from central and western Europe
including Britain and Ireland (Knox 1988). C.f. 'holboellii', a synonym of C.
/.flammea, was previously thought to have been another race, but has been
shown to comprise long-billed individuals of C. f. flammea (Troy 1985;
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Herremans 1987; Knox 1988). C. f. rostrata is the largest race, and is
generally dark brown, with heavy and extensive streaking. C. f cabaret is
the smallest race, and is also dark and heavily streaked. C. f. flammea is
intermediate in size, though nearer the latter. Compared with C.f rostrata
and C. f. cabaret, it is generally paler and greyer brown, and is less well
marked. C. f islandica is between C. f. rostrata and C. f. flammea in size,
although closer to the former. It has a wide range of plumage variability,
from dark individuals with streaked rumps through to pale ones with
rumps which are pure white. In Iceland, most individuals can be assigned
to either the dark or the pale form (Knox 1988). Away from the breeding
grounds, most of the dark individuals are almost indistinguishable from C.
f. rostrata, and many of the pale ones are not separable from exilipes or pale
C. f. flammea. We wish to stress that identification of most exilipes to the
positive exclusion of C. f islandica is not recommended. The detailed
characters of and variation within C.f. islandica are beyond the scope of this
paper, but the existence and potential pitfalls of this race should not be
ignored.
Excluding C. f. islandica, confusion between Arctic Redpoll and Redpoll
is likely to occur only between exilipes and C.f.flammea. Both these races
occur in Britain: C. f. flammea each year in reasonable, but varying
numbers, and exilipes almost annually, but rarely exceeding ten in any one
year.
In late summer, the adults of both species of redpoll undergo a
complete moult, and the juveniles a partial one. This is the only moult
each year, and the appearance of all redpolls alters subsequently, as paler
feather edges wear and the dark feather centres become more prominent.
Selective feather loss also occurs in spring. Progressive darkening, which
is often considerable, is particularly obvious on the upperparts, tail, wings
and flanks. With some individuals, clear white rumps can become
noticeably streaked by the following summer. Pale exilipes are at their most
visually striking in autumn. The difference in appearance between exilipes
and C. f flammea decreases as feather wear progresses. It is crucial,
therefore, that time of year is taken into consideration in the identification
process. It is important to note that most of the discussion which follows
relates to individuals in fresh plumage in autumn and early winter.
Only typical examples of exilipes and C.f.flammeacan be separated in the
field, and this is particularly so with lone migrants. Both species are
variable in their degree of paleness or darkness, and there is an overlap of
most characters on darker exilipes and paler C. f. flammea. Even some C. f.
cabaret can be paler than usual and have light rumps. A dark exilipes would
probably escape detection in a party of C. f. flammea; similarly, a pale C.f.
flammea amongst darker members of the same race and/or C. f. cabaret
could well be mistaken for exilipes. Caution is the watchword, and it has to
be accepted that many birds will be unidentifiable. Nevertheless, 'classic'
exilipes and C.f.flammeapresent few identification problems, providing that
they are studied closely and carefully, and it is such individuals upon
which this paper concentrates.
We present here a summary of the identification and separation
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features of exilipes and C.f.flammea, both in the hand and in the field. The
paper would not have been written but for the stimulus engendered by an
influx of the two forms into Britain in 1984. Fair Isle, Shetland,
particularly produced sufficient records of both species to permit detailed
study by NJR. Other sources are the publications of Svensson (1984),
Troy (1985), Molau (1985), Knox (1988) and Herremans (1989). AGK has
also studied exilipes and C.f.flammea on the breeding grounds in northern
Finland and C. f. islandica in Iceland during fieldwork studies of redpoll
taxonomy. A later section of this paper summarises current views on this
subject in more detail.
Distinguishing characteristics
Size and shape
Arctic Redpoll of the race exilipes possesses a noticeably larger bulk than
C.f. cabaret, and is very slightly larger than C.f.flammea. It shows a greater
tendency to puff out its feathers than C.f.flammea, thus exaggerating the
rather subtle size difference. At such times, the head looks disproportionately large and broad. As with other redpolls, the feathers of the
underparts may cover both the legs and the leading edge of the wing. On
exilipes especially, this emphasises the birds' roundness and paleness, and
gives exilipes a bull-necked appearance. On trapped birds, external
measurements can separate exilipes and C.f.flammea with a high degree of
accuracy (see Appendix and Herremans in press).
Bill
The recommended bill-length measurement is from the feathering to the
tip (Svensson 1984). Bill length of exilipes is, on average, shorter than that
of C. / flammea, though a considerable overlap occurs. Bill length varies
not only between males and females, but also between adults and the
shorter-billed first-years. Additionally, adults are marginally longer-billed
in summer than in winter. Molau (1985), measuring in summer, gave
exilipes bill length as 7.8-9.5 mm for males and 7.2-9.3 mm for females; for
C. f flammea he gave bill lengths as 8.4-12.4 mm and 8.7-11.9 mm
respectively. Molau (1985) reported bill depths (measured at the base) as
6.3-7.5 mm for exitipes and 5.8-7.3 mm for C.f.flammea, so exilipes has, on
average, a marginally deeper bill. The ratio of bill depth to bill length may
be useful: Molau's sample had a ratio of 1:1.25-1.41 for exilipes and 1:1.441.74 for C. f. flammea (see Molau 1985 for further details). Some exilipes
trapped by NJR on Fair Isle in 1984 had a ratio of less than 1:1.25. Knox
(1988), however, gave independent measurements for bill length and bill
depth, and the ratios from the original data give no clear-cut distinction
between exilipes and C.f.flammea (Knox unpubl.). In the field, many exilipes
appear to have a tiny bill, which is shorter and more conical than that of
C. f flammea.
C. f. flammea often has an upper mandible which is slightly arched near
the tip, but some short-billed individuals show only a barely perceptible
curve. While there is much variation, exilipes normally has a straight
culmen, though longer-billed individuals show a slight curve near the tip.
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16. Male, probably adult, Arctic Redpoll C. h.
exilipes
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17. Adult male Redpoll C. f. flammea

18. Male, probably first-summer, Arctic Redpoll 19. Male, probably first-summer, Redpoll C. f.
C. h. exilipes
flammea
All Finland, May-June 1984 (Alan G. Knox)

Furthermore, some exilipes display the slight overlap of the upper
mandible beyond the lower, which has been claimed to be typical of C. f.
flammea. We consider that both culmen shape and tip profile are of little
use in the identification process.
Any dark on the bill of exilipes is normally restricted to a small area on
the culmen near the tip and a thin line along the gonys. C.f.flammeashares
the lower-mandible markings, but the entire culmen often shows a thick,
dark line. Bill colour is variable, however, and is unreliable for separation.
Head
It has been suggested that forehead colour differs between the species:
whitish or buff-white on exilipes (though sometimes buff-brown), and
brownish-buff on C. f. flammea. Some exilipes do show a continuous whitish
band from rear supercilium across the forehead to rear supercilium. Most
first-years, however, and at least some adults, possess dark grey centres to
the forehead feathers, which become quite marked by late spring.
Conversely, some C. f. flammea possess a white forehead (Enemar &
Nystrom 1981). So, whilst this feature can be an identification pointer, it
should not carry much weight.
The red crown patch is, on average, slightly longer on males than on
females, and generally a little longer on C. f. flammea than on exilipes. The
difference is not great, and crown-patch length is of little identification
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value. The only exception is the uniquely short crown patch of a few
exilipes. Neither the intensity of the red in the crown nor the incidence of
orange or yellow are of any use in identification. Similarly, the black eyestripes, lores and chin hold no useful separation characters for the two
species, both of which also possess white or whitish supercilia.
Many adult and some first-year exilipes look white-headed, being whitish
on the sides of the 'face' and neck, usually with no more than a few,
isolated pale grey flecks. There is a thin, ghostly pale grey or grey-brown
surround to the ear-coverts. The pale grey or grey-brown hindcrown
feathers are edged with white, and there is an obvious broad, whitish
shawl across the nape, contiguous with the sides of the neck. In fresh
plumage, the feathers vary from white with a few grey flecks to grey or
grey-brown conspicuously edged with white. It is this shawl that gives
many exilipes a frosty-headed appearance. On some adult and most firstyear exilipes, however, the whole head can be buff-white or even quite rich
buff. The head pattern rarely approaches that of C. f. flammea, which is
normally much more contrasting. C. f. flammea has a whitish fore-face,
gradually darkening to coarse streaking or a grey-brown or brown smudge
on the rear ear-coverts and a grey-brown or brown hindcrown and nape.
The feathers on the hindcrown are edged with buff or pale brown. The
nape is paler and contrasts against the comparatively dark mantle.
Although a lighter shawl is noticeable, it is not so conspicuous as on
exilipes.
Upper body
There is a gradation in the mantle and scapular pattern of exilipes. Some
are entirely greyish-white with isolated, dark feather centres. Others have
the scapulars and sides to the mantle tawny-brown streaked with black
which contrasts with a central white panel with two rows of dark streaks.
Whilst some C. f. flammea can resemble exilipes on the mantle and
scapulars, and display two broad, occasionally white or whitish braces, the
majority are tawny-brown, heavily streaked with black.
The back of exilipes is white, buff-white or even buff, with disjointed,
greyish-brown streaks, in which the pale is broader than the dark. On C.f.
flammea, the back is pale buff with heavier marking, in which the streaks
predominate because of the broader, dark brown feather centres and
narrower pale edgings.
The upper body is one of the areas most affected by wear, and the pale
edges of the feathers rapidly abrade, often to leave only dark centres by
early summer.
Rump and tail
The most widely quoted character of exilipes is its unstreaked, white or
whitish rump. Most adult males, a few adult females and some first-year
and second-year males have the rump flushed with rosy-pink. The colour
is always most intense in summer. Some first-years have a pale grey wash
on the lower rump. Many, but not all, adult female and immature exilipes
have lightly streaked rumps. Out of 147 females and immatures trapped
in north Sweden in summer, 59 were marked in this way (Molau 1985).
This streaking is most obvious in summer, when abrasion has worn pale
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feather edges to expose and emphasise any dark feather centres. These
darker feathers tend to be distributed mostly on the upper rump, and are
often visible only in the hand. Svensson (1984) recommended at least
10 mm of unmarked rump for an individual to be identified as exilipes, but
many are in the region of 16-22 mm. C. f. flammea has a greyish-white or
buffish-white to pale buff rump, usually entirely streaked with grey-brown.
In the field, the rump of C. f. flammea looks paler than the rest of the
upperparts, and can appear white in flight. Rump pattern is variable,
however, and some adult male C. f. flammea have a completely unstreaked
white lower rump, sometimes as deep as 10 mm, with the remainder only
sparsely streaked. Certain characters of exilipes, such as its greater breadth
across the lower back and its habit of drooping its wings and puffing out
its feathers, often make the white rump surprisingly conspicuous at rest.
Conversely, the rump is sometimes difficult to see on C. f. flammea.
The shortest uppertail-coverts of exilipes are pale grey, broadly edged
with white. The longest are medium to dark grey with greyish-white
edgings, which are sometimes tinged buff. All the uppertail-coverts ofC.f.
flammea are dark grey-brown with buff-brown edgings, or buff-brown inner
edges and greyish-white outer edges, looking generally brownish.
Both species have very dark, grey-brown uppertails. Fresh tail feathers
of many exilipes have broad, off-white to greyish-white edges (giving a
striped look to the tails of better-marked individuals), whereas those of C.
f. flammea have narrower, off-white to buffy-white edges. Adult males of
both species have paler edgings than those of the respective females and
first-years. Tail length is sometimes of value in the separation of the two
species, owing to the longer tail (on average) of exilipes.
Upperwings
Both species possess very dark, grey-brown to blackish wings, with wingbars formed by pale tips to the greater and median coverts. They also have
pale edgings and tips to the tertials. When fresh, the greater-coverts bar of
exilipes is broad, widening inwardly from about 3-5 mm, and is white,
sometimes with a buff or buffy-white tinge. That of C. f. flammea is
generally narrower, and widens more perceptibly inwards to its greatest
width on the innermost coverts. It is occasionally white, as on exilipes, but
is normally off-white or pale buff. The shorter median-coverts bar of
exilipes is about 2 mm wide when fresh, and white with a slight buff tone.
That of C. f. flammea is very narrow and buffy-white. Occasionally, the
median-coverts bar of exilipes can be equally inconspicuous. The tertials of
exilipes are broadly edged and tipped white. Any buff tinge, if present, is
confined to the shortest tertial. The tertials of C. f. flammea are more
narrowly edged and tipped buffy-white. The wing-bars and tertial edgings
suffer considerable wear, and may disappear completely by late spring.
Many exilipes have conspicuous white outer webs to the primaries and
secondaries, and these form a large, white panel on the closed wing. A few
C. f. flammea possess white or whitish edges to the primaries (and
sometimes the secondaries), but these are normally fine and relatively
inconspicuous. On neither species do the pale edges of the secondaries

20. Adult female (left) and male, probably firsts u m m e r (right), Arctic Redpoll C. h. exilipes

2 1 . Male probably adult, Arctic Redpoll C. h.
exilipes (left) and female, probably first-summer,
Redpoll C. f. flammea (right)

22. Adult female (left) and male, probably first- 2 3 . Male, probably adult, Arctic Redpoll C. h.
s u m m e r (right), Arctic Redpoll C. h. exilipes
exilipes (left) and female, probably
first-summer,
Redpoll C. f. flammea (right)

24. Long-billed ('holboeUii') adult female (left) 2 5 . Male, probably adult, Arctic Redpoll C. h.
a n d more typical adult male (right) Redpoll C.f.
exilipes (left) a n d female, probably
first-summer,
flammea
Redpoll C. f. flammea (right)
All Finland, May-June 1984 (Alan G. Knox)

extend to the greater-coverts bar. This results in the better-marked exilipes
showing a distinct blackish oblong across the base of the secondaries on
the closed wing. T h e pale fringes to the wing feathers are lighter on males
of both species than on the females and first-winters.
T h e wing lengths of exilipes and C. f. flammea are much the same, but for
both sexes of both species are greater on adults than on first-winters. The
bill/wing-length ratio may, however, be a useful feature in the hand,
exceeding 8.0 on all but six of 219 exilipes in north Sweden, but being less
than 8.0 on all but 48 of 733 C. f. flammea (Molau 1985). Outside the
[The inclusion of plates 20-41 in colour has been subsidised by a donation from ZEISS Germany]

26. Male, probably adult, Arctic Redpoll C. h.

27. Adult female Arctic Redpoll C. h. exilipes

exilipes

Both Finland, May-June 1984 (Alan G. Knox)

28. First-winter male Arctic Redpoll C. h. exilipes 29. First-winter female Arctic Redpoll C. h.
exilipes

Both Fair Isle, Shetland, October-November 1984 (K. Osbom)

breeding season, when the bills of redpolls are a little shorter, this ratio
should be applied with caution; the point of distinction will clearly be
higher than 8.0.
Underparts
O n exilipes, the throat is usually white or, occasionally, pale buff. T h e
centre of the breast is whitish, sometimes with a buffish wash or flecked
with grey. T h e sides of the breast are off-white to pale buff, sparsely and
thinly streaked with grey. C. f. flammea has a buff-white or greyish-white

30. First-winter male Arctic Redpoll C. h. exilipes

31. First-winter male Redpoll C. f. flammea

32. First-winter male Arctic Redpoll C. h. exilipes
33. First-winter male Redpoll C. f. flammea
All Fair Isle, Shetland, October-November 1984 (K. Osbom)

34. Adult male Arctic Redpoll C. h. exilipes

35. Adult male Redpoll C. f. flammea

36. Adult male Arctic Redpoll C. h. exilipes

37. Adult male Redpoll C. f. flammea

38. Adult female Arctic Redpoll C. h. exilipes

39. Long-billed ('holboellii') adult female Redpoll
C. f. flammea

40. Male, probably first-summer, Arctic Red41. First-summer male Redpoll C.f. flammea
poll C. h. exilipes
All Finland, May-June 1984 (Alan G. Knox)
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throat and breast, the latter finely streaked with grey in the middle and
heavily marked with broad, dark grey streaks at the sides.
The pink on the underparts of exilipes is often confined to the centre of
the breast, whereas the reddish colour of C. f. flammea is usually more
extensive and may cover the entire breast, flanks and cheeks. On all
redpolls, the colour becomes stronger in late winter and early spring, as
abrasion removes the light feather edges. Any reddish colour on the
underparts of exilipes is normally a softer, pinker shade than on C. f.
flammea. All these features show much individual variation.
The sides of exilipes are white, with a slight buffy tone on the upper
flanks. The central flanks are usually marked with two broken lines of
thin, greyish streaks, with isolated flecks on the upper flanks. The streaks
do not always lie in neat rows. Some of the most striking exilipes are
completely unmarked on the upper and central flanks. The lower flanks
are normally unmarked and thus join up with the white rump and
combine with it to give a 'wrap-around' appearance. The flanks of C. f.
flammea are buffy-white, sometimes dirty-white. There are usually quite
heavy streaks from the sides of the breast to the dark outermost uppertailcoverts. Some individuals, particularly in autumn and early winter, are
less well marked and resemble exilipes.
Both species possess a white belly. This is unremarkable on most
exilipes, especially the adults, on which it simply completes the white
underparts. On C.f.flammea,it contrasts against the buffy or dirty tones of
both the breast and the flanks. Individuals of the race exilipes often appear
to have longer, thicker, shaggier white tarsal feathering than that of C. f.
flammea.

Both species have white undertail-coverts. On some exilipes, they are
entirely unmarked, but most show long, narrow, dark grey streaks on the
longest feathers. The longest undertail-coverts of C. f. flammea have broad,
dark, lanceolate central streaks, giving them the appearance of being
bordered with white, rather than white with a thin, dark central line.
Though an overlap in streak-width occurs, the extremes are diagnostic. In
Swedish Lapland, the streaks on the longest undertail-covert averaged a
maximum of 1.3 mm wide for 211 exilipes and 3.8 mm wide for 636 C.f.
flammea. Onlyfiveflammeapossessed a streak less than 2 mm wide (Molau
1985).
Though this is normally of use only in the hand, careful field
observation of an obliging individual can sometimes enable the undertailcovert pattern to be seen. There must, however, be no doubt that it is the
longest undertail-covert that is being studied.
General appearance

Some adult exilipes, particularly males, and a few first-years and secondyears, are indeed the 'frosty snowballs' of the field guides, but only a few
exilipes can be identified on this alone. The paleness of exilipes is heightened
in flight, when the back and rump look particularly white. The habit of
exilipes of puffing out its feathers contributes to the frosty look. C.f. flammea
is usually darker and more heavily streaked, and is more contrasting. It
rarely looks especially pale, except perhaps in flight, when the rump can

42. Adult male Arctic Redpoll C. h. exilipes

43. Adult male Redpoll C.f.flammea

44. Adult male Arctic Redpoll C. h. exilipes

45. Adult male Redpoll C.f.flammea

46. Adult female Arctic Redpoll C. h. exilipes

47. Long-billed ('holboelUi') adult female Redpoll
C. f. flammea

48. First-summer male Arctic Redpoll C. h.
49. First-summer male Redpoll C. f. flammea
exilipes
All Finland, May-June 1984 (Alan G. Knox)
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appear quite white. Both sexes of both species become paler with age.
Some first-year exilipes are as dark as many C. f, flammea. It is worth noting
that extralimital occurrences are thought to involve predominantly firstyears.
Voice

Arctic Redpolls of the race exilipes are less vocal than C. f flammea.
Compared with the call of C. f flammea, that of exilipes in north Sweden has
been described as a coarser 'cherp-cherp' more resembling the call of a
House Sparrow Passer domesticus (Molau 1985). One individual on Fair Isle
had a distinctly higher-pitched call than that of C. f. flammea. Other calls
appeared variable, and some could not be differentiated from those of C.f.
flammea. The calls of some exilipes in Britain have been noted as stronger,
louder, slower and lacking the tinny quality of C. f. flammea. Herremans
(1989) found that the flight call of exilipes comprised notes which were
disyllabic, or nearly so. The call was described as higher-pitched than that
of C.f. flammea with a less rapid delivery and a narrower frequency range.
The flight call of C. f cabaret is higher-pitched than that of exilipes. The
perching call of exilipes was described as 'pwljeeu': hesitating, hoarse and
with a descending final syllable. That of C.f flammea (and the similar C.f.
cabaret) was described as 'pweet': a pure whistle rapidly increasing in pitch
(Herremans 1989). This proposed difference requires confirmation. No
difference was noted between the alarm calls of the two species.
Behaviour

On Fair Isle, it was noted that exilipes moved more actively when feeding
than C. f flammea, but more information is needed to establish whether
this is a consistent and reliable difference.
Redpoll taxonomy
Over the years, there have been widely differing interpretations of redpoll
taxonomy, varying between Coues's (1862) recognition of seven species
and Salomonsen's (1951) acceptance of just one. Both the British
Ornithologists' Union and the American Ornithologists' Union currently
recognise two species: C.flammeaand C. hornemanni.
Four recent papers are at variance on taxonomy. Molau (1985)
suggested that C. h. hornemanni and exilipes evolved independently from C.f
rostrata and C.f flammea respectively. He proposed that the first two should
be recognised as separate species, C. hornemanni and C. exilipes, in addition
to C.flammeaand C. islandka. Troy (1985) considered that C. f flammea and
exilipes represented the extremes of a single, highly variable species, C.
flammea. While agreeing in general with Molau (1985) and Knox (1988),
Herremans (in press) has suggested that the redpolls should be split into
four species: C. hornemanni, C. exilipes, C. flammea and C. rostrata. Knox

(1988) recommended that two species should be recognised: C. flammea
and C. hornemanni, in accord with widespread current practice. We follow
the latter view here.
There have been many reports in the literature of individuals with

50. Adult male Arctic Redpoll C. h. txilipes

51. Adult male Redpoll C. f. flammea

52. Adult female Arctic Redpoll C. h. txilipes

53. Female, probably first-summer, Redpoll C.f.
flammea

All above, Finland, May-June 1984 (Alan G. Knox)

54. Arctic Redpoll C. h. exiUpes
55. First-winter male Redpoll C. f. flammea
Both Fair Isle, Shetland, October-November 1984 (K. Osbom)

plumage apparently intermediate between that of C. f. flammea and exiUpes
(e.g. Payn 1947; Salomonsen 1951; Harris et al. 1965). These birds have
usually been assumed to be hybrids, and the supposed interbreeding of
the two forms constitutes the main argument in favour of the singlespecies theory. Despite the large areas of sympatry, there are, however, as
yet, no reported instances of mixed breeding. The supposed 'intermediates' are now believed to be part of the normal (but overlapping) range of
variation in the two species (Molau 1985; Knox 1988). It is for this reason
that the darker examples of exiUpes and the paler examples of C. f. flammea
present special problems in identification, and it is often only the wellmarked individuals of either that may confidently be assigned to species.
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Identification summary
All of the characters listed above for the separation of exilipes and C. f.
flammea are variable, but we consider that the following bear closest
examination. In the field, the paler examples of exilipes will show a
generally light appearance; a white-headed look with a pale nape; a white
(sometimes buff) background colour to at least the centre of the mantle
and to the full width of the back; an extensive, generally unmarked, white
rump; a short conical bill; sparsely marked underparts, with only thin
streaking on the flanks, rarely extending onto the lower flanks; a lack of
strong buff tones to the lower breast and flanks; and a thinly-streaked or
unmarked longest undertail-covert. In the hand, exilipes can often be
identified by a bill depth/length ratio of 1.4 or less; a bill/wing-length ratio
of more than 8.0; a white rump, unmarked, or only lightly flecked, for at
least 10 mm; and the longest undertail-covert being either unmarked or
with a central streak less than 2 mm wide.
Some exilipes resemble C. f. flammea in the field and many will fail on at
least one of these features. Any individuals with only relatively pale rumps
are best left unidentified unless other characters are critically examined.
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Appendix. Identification of redpolls using biometrics
Although there is broad overlap in the m e a s u r e m e n t s of most redpoll taxa, many Mealy
Redpolls C. f. flammea can be separated from the smaller pale redpolls (C. h. exilipes a n d pale
Icelandic birds) by a function which maximises the differences between several measurements (fig. 1; for further details see H e r r e m a n s in press). M a x i m u m wing-length (method 3
of Svensson 1984), tail-length (with callipers between central rectrices at base to tip of longest
rectrix), bill-length to the feathering a n d bill-depth at the feathering (both according to
Svensson 1984) were used here, but it is likely that analyses using further variables or m o r e
critical m e a s u r e m e n t s would result in even better separation. Only m e a s u r e m e n t s from
individuals with typical p l u m a g e were used; 20 a p p a r e n t unknowns (3.8% of the total C.f.
flammea a n d C. h. exilipes sample) were omitted. Their identity is discussed in H e r r e m a n s (in
press).
I

Fig. 1. Plot of separation of redpolls: Carduelis flammea flammea (F), C. hornemarmi exilipes (E) and
pale Icelandic redpolls (P), showing sample m e a n s ( + ) , centroids (95% prediction for the
position of t h e population m e a n ) a n d ellipses predicting 95% of t h e population. Sample
sizes: C.f. flammea, including 'holboelM', N = 253 males and 185 females; C. h. exilipes, N = 47
males a n d 37 females; P = pale Icelandic redpolls, N = 21 males and 5 females
T h e first axis, which accounts for 95% of the separation, is derived as follows:
CV1 = (-0.00436 X wing) + (0.0136 X tail) - (0.063 X bill-length) + (0.126 X bill-depth).
For C V 1 : C.f. flammea = 0.45-0.70
C. h. exilipes = 0.63-0.81
It can be predicted that less t h a n 1% of C.f. flammea will have CV1 > 0.68 a n d less t h a n 1% of
exilipes (or o t h e r pale birds) have CV1 < 0.64; these values can be used as identification
limits.
T h e second axis has little additional power (5%):
CV2 = (0.013 x wing) + (0.0067 X tail) + (0.0146 X bilMength) - (0.01 x bill-depth).
T h e s e results show that groups defined on plumage tend to be separated biometrically,
which suggests a n o n - r a n d o m assortment of genes responsible for the features. T h e pale
individuals tend to be long-tailed and with short, d e e p bills, and this places t h e m to the right
of the figure. Pale redpolls from the north Atlantic (pale Icelandic birds and n o m i n a t e
homemanm) would be located in the u p p e r right, although the large dark birds from Iceland
(some looking quite like C. f. flammea) would also a p p e a r there.
T h e valid application of these m e t h o d s for identification d e p e n d s on the use of similar
m e a s u r i n g techniques. Ideally, this should be confirmed by obtaining comparable average
values for at least one reference group (e.g. C.f. cabaret: males: wing = 7 1 . 1 m m , tail = 52.3
m m , bill-length = 9.0 m m , bill d e p t h = 6.0 m m ; females: wing = 69.4 m m , tail = 51.5 m m ,
bill-length = 8.8 m m , bill d e p t h = 5.8 m m ) .
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