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CAROTENISM IN THE PURPLE FINCH
JEFF N. DAVIS, Colibri Ecological Consulting, 11238 N. Via Trevisio Way, Fresno, 
California 93730; jdavis@colibri-ecology.com

On 18 January 2016, at the Wildhorse Golf Club in Davis, Yolo County, California, 
Robert Walsh and Samuel Lei encountered an adult male Purple Finch (Haemorhous 
purpureus) whose carotenoid-based plumage color was unexpectedly orange-yellow 
(back cover) rather than the typical raspberry red. 

Most of the orange, yellow, and red colors in birds derive from carotenoid pigments. 
Unlike melanin pigments, which render black and brown colors, carotenoids cannot 
be synthesized. Instead, birds must obtain carotenoid pigments from their foods. The 
pigments may then be deposited in feathers unchanged or may be metabolically altered 
to form different colors. In Haemorhous finches, for example, yellow carotenoids are 
acquired from the diet and oxidized into red keto-carotenoid pigments (Stradi et al. 
1997, Inouye et al. 2001). In most species with carotenoid-based plumage coloration, 
the plumage is normally consistent in color from individual to individual. The crest of 
a Pileated Woodpecker (Dryocopus pileatus) is reliably flame-red, the underparts of a 
Western Kingbird (Tyrannus verticalis) are predictably sulfur-yellow, and the head of 
an adult breeding male Western Tanager (Piranga ludoviciana) is unwaveringly burnt 
orange. The same is true of the male Purple Finch—its carotenoid-based plumage 
color is nearly always raspberry red. The closely related House Finch (Haemorhous 
mexicanus) represents a well-known exception to this pattern of color consistency. 
While most commonly rose-red, the adult male’s carotenoid-based plumage color 
normally ranges from pale yellow to bright red. This color variation results largely 
from the differential expression of varying combinations of 13 carotenoids (Inouye 
et al. 2001, McGraw et al. 2006). Because feathers with carotenoid coloration can 
be tipped brown when fresh, feather wear can also contribute to color variation, 
from rose-red in fresh plumage, for example, to scarlet in worn plumage (Grinnell 
1911). However, the main factor in determining the expression of carotenoid-based 
plumage coloration in the House Finch and other species with carotenoid-based 
plumage coloration is probably the condition of the individual bird (Hill 2011, 2014, 
Hill and Johnson 2012). The concept of condition is complex and has been defined 
as an individual’s “capacity to maintain optimal functionality of vital cellular systems” 
or more simply as an individual’s “capacity to withstand environmental challenges” 
(Hill 2011). This concept means that multiple interrelated genetic and physiological 
processes influence carotenoid coloration. Such processes include gene expression, 
genetic quality, immune function, endocrine function, maternal effects, oxidative 
pathways, and nutrition. Those processes themselves are influenced by many fac-
tors including cancerous cell lines, autoimmune imbalances, toxins, oxidative stress, 
parasitism, physical injury, availability of food resources, and age (reviewed by Hill 
2011). These factors can compromise the condition of an individual bird, which in 
turn can diminish the expression of carotenoid coloration.

Whether genetically or physiologically induced, the disorder that affects the normal 
expression of carotenoid pigments in the integument of birds has been termed caroten-
ism (Davis 2007). Carotenism can arise from (1) a change in the normal distribution 
or extent of carotenoid pigments, (2) an increase or decrease in carotenoid pigment 
concentration, (3) a change in carotenoid pigment types (Hudon et al. 2017), or (4) 
the total absence of carotenoid pigments (Davis 2007). 

In contrast with the relatively common occurrence of orange or yellow adult male 
House Finches, yellow or orange adult male Purple Finches are rare enough to be 
considered abnormal and therefore carotenistic. Such aberrant Purple Finches have 
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been reported as all orange, all yellow, a combination of orange and yellow, or a 
combination of orange, yellow, and raspberry red. In some cases only part of the 
plumage normally colored by carotenoid pigmentation (e.g., the underparts; Whittle 
1928a) has been affected, in others all such areas (Whittle 1928b, Isted 1985). 
Carotenism has also been reported rarely in the Cassin’s Finch (Haemorhous cas-
sinii) (Bell 2010). Therefore, among the three species of Haemorhous, intraspecific 
variation in the adult male’s carotenoid coloration is routine only in the House Finch. 

Carotenism in the Purple Finch could result from physiological factors, genetic 
factors, or both. For example, limited access to typical carotenoid-containing foods or 
intake of atypical carotenoid-containing foods prior to or during molt might produce 
orange or yellow phenotypes (Hill et al. 2002). Likewise, poor nutrition (Hill 2000), 
high parasite loads (Thompson et al. 1997), or abnormal levels of testosterone (Stoehr 
and Hill 2001) might also produce such variants. Alternatively or coincidentally, 
genetic effects could alter the normal metabolic regulation or deposition of carotenoid 
pigments, resulting in the abnormal orange or yellow coloration (Roulin and Ducrest 
2013). Whatever the proximate cause, carotenism in the Purple Finch probably 
indicates the affected individual’s condition was compromised in some way.

Because carotenoid coloration is inextricably tied to an individual’s condition, it can 
play an important role in honestly signaling quality to prospective mates or dominance 
to rivals (Walsh et al. 2011, Bulluck et al. 2017). Whether carotenoids function in 
this way in the Purple Finch has evidently not been studied. Therefore, what orange 
or yellow carotenoid-based plumage color in the Purple Finch might signal to rivals 
or prospective mates is unknown. 

Although carotenistic Purple Finches are occasionally reported, the photograph 
featured on this issue’s back cover may be the first one of this aberration published.

Philip Unitt and Jocelyn Hudon provided valuable feedback on a draft of this note.

LITERATURE CITED

Bell, N. 2010. Carotenism in Cassin’s Finch. W. Birds 41:194–195. 
Bulluck, L. P., Foster, M. J., Kay, S., Cox, D. E., Viverette, C., and Huber, S. 2017. 

Feather carotenoid content is correlated with reproductive success and provision-
ing rate in female Prothonotary Warblers. Auk 134:229–239; doi 10.1642/
AUK-16-151.1.

Davis, J. N. 2007. Color abnormalities in birds: A proposed nomenclature for bird-
ers. Birding 39:36–46.

Grinnell, J. 1911. The Linnet of the Hawaiian Islands: A problem in speciation. Univ. 
Calif. Publ. Zool. 7:79–95.

Hill, G. E. 2000. Energetic constraints on expression of carotenoid-based plumage col-
oration. J. Avian Biol. 31:559–566; doi 10.1034/j.1600-048X.2000.310415.x.

Hill, G. E. 2011. Condition-dependent traits as signals of the functionality of vital cel-
lular processes. Ecol. Lett. 14:625–634; 10.1111/j.1461-0248.2011.01622.x. 

Hill, G. E. 2014. Cellular respiration: The nexus of stress, condition, and ornamenta-
tion. Integr. Comp. Biol. 54:645–657; doi 10.1093/icb/icu086.

Hill, G. E., Inouye, C. Y., and Montgomerie, R. M. 2002. Dietary carotenoids 
predict plumage coloration in wild House Finches. Proc. Royal Soc. London B 
262:1119–1124; doi 10.1098/rspb.2001.1980.

Hill, G. E., and Johnson, J. D. 2012. The vitamin A–redox hypothesis: A biochemical 
basis for honest signalling via carotenoid pigmentation. Am. Nat. 180:E127–E150; 
doi 10.1086/667861.

Hudon, J., Driver, R. J., Rice, N. H., Lloyd-Evans, T. L., Craves, J. A., and Shustack, 
D. P. 2017. Diet explains red flight feathers in Yellow-shafted Flickers in eastern 
North America. Auk 134:22–33; doi 10.1642/AUK-16-63.1.

Inouye, C. Y., Hill, G. E., Montgomerie, R., and Stradi, R. D. 2001. Carotenoid pig-

Featured Photo



71

ments in male House Finch plumage in relation to age, subspecies, and ornamental 
coloration. Auk 118:900–915; doi 10.2307/4089841.

Isted, D. 1985. A xanthochroistic male Purple Finch. Bull. Okla. Ornithol. Soc. 18:31.
McGraw, K. J., Nolan, P. M., and Crino, O. L. 2006. Carotenoid accumulation 

strategies for becoming a colourful House Finch: Analyses of plasma and liver 
pigments in wild moulting birds. Funct. Ecol. 20:678–688; doi 10.1111/j.1365-
2435.2006.01121.x.

Roulin, A., and Ducrest, A.-L. 2013. Genetics of colouration in birds. Seminars Cell 
Dev. Biol. 24:594–608; doi 10.1016/j.semcdb.2013.05.005.

Stoehr, A. M., and Hill, G. E. 2001. The effects of elevated testosterone on plum-
age hue in male House Finches. J. Avian Biol. 32:153–158; 10.1034/j.1600-
048X.2001.320208.x.

Stradi, R., Celentano, G., Boles, M., and Mercato, F. 1997. Carotenoids in bird 
plumage: The pattern in a series of red-pigmented Carduelinae. Comp. Biochem. 
Physiol. B 117:85–91; doi 10.1016/S0305-0491(96)00271-4.

Thompson, C. W., Hillgarth, N., Leu, M., and McClure, H. E. 1997. High parasite 
load in House Finches (Carpodacus mexicanus) is correlated with reduced expres-
sion of a sexually selected trait. Am. Nat. 149:270–294; doi 10.1086/285990.

Walsh, N., Dale, J., McGraw, K. J., Pointer, M. A., and Mundy, N. I. 2011. Can-
didate genes for carotenoid coloration in vertebrates and their expression profile 
in the carotenoid-containing plumage and bill of a wild bird. Proc. Royal Soc. B 
279:58–66; doi 10.1098/rspb.2011.0765.

Whittle, C. L. 1928a. Xanthochroism in the Purple Finch. Bull. NE. Bird-Banding 
Assoc. 4:25–27.

Whittle, C. L. 1928b. Color-phases of the Purple Finch. Bull. NE. Bird-Banding 
Assoc. 4:102–104.

Featured Photo

Western Field Ornithologists 
42nd Annual Conference

Pueblo Convention Center, Pueblo, Colorado

16–20 August 2017

Call for papers: Please go to www.westernfieldornithologists.org/
conference.php and click on “Call for Papers.”

Make your hotel reservations: Please go to  
www.westernfieldornithologists.org/conference.php  
and click on “Travel & Accomodations.”

Opportunities for youth scholarships: Please go to 
www.westernfieldornithologists.org/scholarship.php

Watch www.westernfieldornithologists.org/conference.php for 
registration opening in late April 2017.

Please join us in Pueblo!


