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Short notes

SEXUAL DIFFERENCES IN LEVELS OF BLOOD CAROTENOIDS IN

CIRL BUNTINGS EMBERIZA CIRLUS
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Carotenoids are responsible for the bright red and yellow plumage of birds.
These substances cannot be synthesised by birds and must be obtained
from the diet and transported through the blood to the feathers. The carot-
enoid content of blood was measured in Cirl Buntings Emberiza drlus, a
species with sexually dimorphic yellow plumage. Carotenoid concentra
tion, estimated from the coloration of the plasma, was higher in males than
in females and juveniles. These differences were unrelated to the greater in
cidence of feather moult in males. Although the reasons for the differences
are not understood, the results of this and two previous studies suggest that,
in slPecies with sexually dichromatic plumage, the quantity of carotenoids
transported in the blood is higher in the more brightly coloured sex.
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Many of the sexual differences in plumage color
ation of birds result from the occurrence of carot
enoid-derived colours in males (Gray 1996).
Bright yellow, orange, red and violet colorations
are produced by the accumulation of carotenoids
in feathers (Brush 1978). Unlike other plumage
pigments such as melanin, carotenoid~, cannot be
synthesised by birds, and have to be obtained
from the bird's diet (Brush 1978, 1990; Goodwin
1984). After ingestion, carotenoids are transported
from the digestive tract to the developing feathers
via the blood (Fox 1962). Different studies have
shown that females prefer to mate with brightly
plumaged males (i.e. Hill 1991). A relationship
between the quantity of carotenoids in the blood
(estimated from the coloration of the plasma) and
the brightness of the developing plumage, as well
as sexual differences in carotenoid concentra
tions, have been reported in the House Finch Car-

podacus mexicanus (Hill et al. 1994). A similar
sex-specific pattern of carotenoid content in the
blood occurs in the Northern Cardinal Cardinalis
cardinalis, also a species with a red carotenoid
derived and a sexually dimorphic plumage (Hill
1995a). Red and yellow plumages seem to be pro
duced by different kind of carotenoids (i.e. Brush
& Power 1976; Hudon & Brush 1992), but up to
now no study has examined the sexual differences
in blood carotenoid content in a yellow-plumaged
sexually dimorphic species. In this paper we com
pare the plasma coloration of male, female and
juvenile Cirl Bunting Emberiza cirlus, and pro
vide the first evidence of sexual differences in
plasma coloration in a species with sexually di
morphic yellow plumage.

The Cirl Bunting is a 15.5 em long passerine
weighing about 25 g. It is widely distributed
throughout southern Europe and NW Africa
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(Snow & Perrins 1997). Males have highly vari
able plumages, with various extents of yellow
feathering on breast, belly and head. The plumage
offemales, and especially juveniles of both sexes,
is less conspicuous, with mainly light grey and
brown underparts, and some light yellow parts in
adult females (Gutierrez 1997).

Cirl Buntings were trapped with mist-nets at
Juncosa (Lleida, northeast Spain, 41 023'N,
00046'E) in july-August 1996 and August 1997.
Individuals were ringed, wing-length and body
mass were measured, and moult stage and differ
ent plumage characteristics of the males were re
corded. Blood was extracted by puncturing the
brachial vein, and recovered in a heparinized cap
illary tube and on a microscope slide. After cen
trifugation of the capillary tubes, the three basic
characteristics of colour, were later estimated
(light, chroma and hue) of the plasma were meas
ured using a Minolta CR200 colorimeter. The
colorimeter sends a standardised light flash over
the table used to score the plasma and analyses
the reflected light (see Senar et al. 1998). Hue rep
resents the wavelength of a colour and is meas
ured in degrees of a circle with red at 0 degrees,
yellow at 90 degrees, green at 180 degrees, blue
at 270 degrees and completing the circle with red
at 360 degrees. Lightness corresponds to the
physical light intensity, to the colour sensation
produced over a scale of greys. Lightness was
measured on a sliding scale with 0 for black to
100 for white. Chroma is positively correlated to
colour monochromatism (Klippers 1996), and is

measured as percentage saturation ranging from 0
for white to 100 for pure colour.

Blood samples were obtained from 93 indi
viduals (Table 1). No differences were detected in
lightness and hue values of plasma between
young, adult males and adult females (Kruskall
Wallis test: light, H3,93 =2.61, P =0.27; hue, H3,93

=0.03, P =0.93). Highly significant differences
were found in the chroma values of plasma (H3,93

= 24.02, P < 0.0001). These differences were due
to a higher chroma values of males compared to
females (Mann-Whitney V-test, Z229 =-2.99, P =
0.003) and juveniles (Z229 = -4.80: P < 0.0001),
but no differences occui-red between juveniles
and females (Z22,9 = -0.42, P = 0.68). A higher
proportion of males than females were undergo
ing body moult (F-Fisher, P = 0.001). No differ
ences were found in plasma coloration in moult
ing and non-moulting males (chroma: Z17,5 = 
1.14, P = 0.25; light: Z17,5 = -0.51, P = 0.61; hue:
Z17,5 = -0.12, P = 0.91). Non-moulting males
showed higher chroma scores than non-moulting
females (Z5,8 = -2.49, P = 0.01), although no dif
ferences were found for the other two variables
(light: Z5,8 = -0.44, P = 0.66; hue: Z5,8 = -0.44, P =
0.66). Comparisons for moulting and non-moult
ing females, and for moulting males and females
were not computed due to the small number of
moulting females captured.

The basic assumption of this study is that
plasma coloration reflects carotenoid content (see
Brush & Johnson 1976; Brush 1990; Hill et al.
1994, for a discussion of its validity). On this ba-

Table 1. Aspect of plasma colour (see text) in unsexed juvenile, and adult male and female, Cirl Buntings (aver
ages ± 1 SD).

n Lightness Hue Chroma
-_.._...•_.~,~,._-----

Juveniles 62 83.4± 3.9 87.7 ± 7.0 47.2±6.2
Males 22 82.5 ± 3.3 87.9± 4.4 57.1 ± 8.2
non-moulting 5 82.7 ± 3.5 88.5 ± 5.0 61.3 ± 8.5
moulting 17 82.4 ± 3.4 87.8 ± 4.3 55.9 ± 7.9
Females 9 81.5 ± 7.3 83.5 ± 15.3 47.1 ± 8.1
non moulting 8 80.9 ± 7.5 82.2 ± 15.7 48.7 ±7.0
moulting 1 86.1 94.3 34.4
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sis, the carotenoid content of male plasma was
higher than that of females and juveniles. These
differences could be related to the higher caroten
oid content of male plumage, and the need for
higher carotenoid levels to produce more brightly
coloured plumage (Hill et al. 1994). That the pro
portion of moulting males in our sample was hig
her than that of females could have biased our es
timates of plasma carotenoids if the ingestion of
carotenoids, or the degree to which they were re
tained in the blood, increased during the moult
(see Hill 1995b). However, there was no differ
ence in plasma coloration between moulting and
non-moulting males. Sexual differences in plas
ma chroma remained statistically significant
when only the data from nonmoulting birds were
considered. Additionally, juvenile birds that were
still growing their first feathers in some parts of
the body had lower carotenoid levels than males.
This suggests that the patterns found are not an
artifact of sexual differences in moult initiation
date.

Differences in plasma coloration have been
also reported in the House Finch and the Northern
Cardinal (Hill 1995a). These studies suggest that
there are sexual differences in the quantity of ca
rotenoids transported in the blood. The causes of
these differences are not understood, but several
non-mutually exclusive hypotheses have been
proposed. For example, males and females could
differ in the density of carotenoid-carrying pro
teins in the blood (see Trams 1969). Sexual differ
ences in foraging behaviour or diet selection
could also result in a higher carotenoid intake in
males (Hill 1992). Our data do not allow us to de
termine the reasons for this pattern, which has so
far been investigated in very few species. Investi
gation of carotenoid levels in non-sexually dimor
phic species could provide additional informa
tion. If the reported differences were really re
lated to plumage needs and not to other ecological
factors differing between sexes, we would expect
to find no differences in the plasma coloration of
non-dimorphic species. However, Bortolotti et al.
(1996) have recently reported the existence of sex
ual differences in the concentration of plasma

caretonoids in Loggerhead Shrikes Lanius ludovi
cianus, a species without carotenoid derived
colorations.

Dr Juan Carlos Senar (Museu de Zoologia de
Barcelona) kindly allowed us to use the colorime
ter. Manel Pomarol provided essential support for
the work. The Arbones family provided lodging
facilities and greatly improved our foraging suc
cess. Francisco Cerda and Montserrat Panyella
collaborated in the field work. The comments of
Geoff Hill, Jocelyn Hudon and Theunis Piersma
inproved an earlier version of this manuscript.

REFERENCES

Bortolotti G.R., U. Negro, J.L. Tella, T.A. Marchant &
D.M. Bird 1996. Sexual dichromatism in birds in
dependent of diet, parasites and androgens. Proc.
R. Soc. Lond. B 263: 1171-1176.

Brush A.H. 1978. Avian pigmentation. In: Brush D.E.
(ed.). Chemical zoology, 10: 141-161. Academic
Press, New York.

Brush A.H. 1990. Metabolism of carotenoid pigments
in birds. Fed. Am. Soc. Exp. Biol. J. 4: 2969-2977.

Brush A.H. & N.K. Johnson 1976. The evolution of co
lor differences between Nashville and Virginia's
warblers. Condor 78: 412-414.

Fox D.L. 1962. Metabolic fractionation, storage, and
display of carotenoid pigments by flamingoes.
Compo Biochem. Physiol. 6: 1-40.

Goodwin T.W. 1984. The biochemistry of carotenoids.
Vol. 2, Animals, 2nd ed. Chapman and Hall, New
York.

Gray D.A. 1996. Carotenoids and sexual dichromatism
in North American passerine birds. Am. Nat. 148:
453-480.

Gutierrez R. 1997. Identification of Cirl Buntings.
Alula 3: 174-180.

Hill G.E. 1991. Plumage coloration is a sexually se
lected indicator of male quality. Nature 350: 337
339.

Hill G.E. 1992. Proximate basis of variation in caroten
oid pigmentation in male House Finches. Auk 109:
1-12.

Hill G.E. 1995a. Interspecific variation in plasma hue
in relation to carotenoid plumage pigmentation.
Auk 112: 1054-1057.

Hill G.E. 1995b. Seasonal variation in circulating ca
rotenoid pigments in the House Finch. Auk 112:
1057-1061.

Hill G.E., R. Montgomerie, c.Y. Inouye & J. Dale



248 ARDEA 86(2), 1998

1994. Influence of dietary carotenoids on plasma
and plumage colour in the house finch: intra- and
intersexual variation. Funct. Ecol. 8: 343-350.

Hudon J. & A.H. Brush 1992. Identification of caroten
oid pigments in birds. Methods Enzymol. 213:
312-321.

Ktippers H. 1996. Atlas de los colores. Blume, Barce
lona.

Senar J.e., J. Domenech & M.J. Conroy 1998. Sexing
Serin fledgings by plumage colour and morpho
metric variables. Ornis Svecica 8: in press.

Snow D.W. & e.M. Perrins 1997. The Birds of the
Western Pa/earctic. Concise Edition. Oxford Uni
versity Press, Oxford.

Trams E. 1969. Carotenoid transport in the plasma of
the Scarlet Ibis (Eudocimus ruber). Comp. Bio
chern. Physiol. 28: 1177-1184.

SAMENVATTING

Carotenen zijn plantaardige biologische kleurstoffen
die meestal verantwoordelijk zijn voor de felle rode,
oranje en gele kleuren van vogels. Vogels kunnen caro
teen niet zelf aanmaken, en de stoffen moeten dus met
het voedsel worden opgenomen. Caroteen wordt naar
groeiende veren getransporteerd via de bloedbaan. In
deze studie werden caroteenconcentraties in het bloed
geschat aan de hand van de mate van kleuring van het
bloedplasma bij de in Zuid-Europa a/gemeen voorko
mende Cirlgors Emberiza cirlus. Bij deze gorzensoort
heeft het mannetje een geler verenkleed dan het vrouw
tje. Inderdaad was het bloedplasma van mannetjes ge
ler dan dat van de vaal-gekleurde vrouwtjes en juvenie
len. De resultaten voor de geelgekleurde Cirlgors zijn
in overeenstemming met eerdere studies aan roodge
kleurde zangvogels: bij dichromatische vogelsoorten
wordt in het bloed van de felgekleurde sexe het meeste
caroteen getransporteerd. (TP)
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