260

HiLe, G. E. 1998. An easy, inexpensive means to
quantify plumage coloration. Journal of Field
Ornithology 69:353-363.

Hirt, G. E. 1999. Mate choice, male quality, and ca-
rotenoid-based plumage coloration. Pages 1654—
1668 in Proceedings XXII International Ornitho-
logical Congress (N. Adams and R. Slotow,
Eds.). University of Natal, Durban, South Africa.

HiLL, G. E. 2000. Energetic constraints on expression
of carotenoid-based plumage coloration. Journal
of Avian Biology 31:559-566.

Hir, G. E.,, AND W. R. BRAWNER. 1998. Melanin-
based plumage coloration in the House Finch is
unaffected by coccidial infection. Proceedings of
the Royal Society of London Series B 265:1105—
1109.

Hie, G. E.,, AND R. MONTGOMERIE. 1994, Plumage
colour signals nutritional condition in the House
Finch. Proceedings of the Royal Society of Lon-
don Series B 258:47-52.

HUDON, J. 1994, Showiness, carotenoids, and captiv-
ity: A comment on Hill (1992). Auk 111:218-221.

MICHENER, H., AND J. R. MICHENER. 1926. Studies on
1,170 banded House Finches. Condor 28:254-
257.

MICHENER, H., AND ]J. R. MICHENER. 1931. Variation
in color of male House Finches. Condor 33:12-
19.

MOoORE, R. T. 1939. A review of the House Finches of
the subgenus Burrica. Condor 41:177-205.

Commentary

[Auk, Vol. 118

MuNSELL. 1976. Munsell Book of Color: Glossy Fin-
ish Collection. Munsell/MacBeth/Kollmorgen
Corp., Baltimore, Maryland.

OLsON, V. A, aND L. P. E. OwWENs. 1998. Costly sexual
signals: Are carotenoids rare, risky or required?
Trends in Ecology and Evolution 13:510-514.

Rurr, M. D, W. M. RED, AND J. K. JOHNSON. 1974.
Lowered blood carotenoid levels in chickens in-
fected with coccidia. Poultry Science 53:1801—
1809.

SLaGsvoLD, T, AND J. T. LIFJELD. 1985. Variation in
plumage coloration in the Great Tit Parus major
in relation to habitat, season, and food. Journal
of Zoology (London) 206:321-328.

SMITHE, F. B. 1975. Naturalist’s Color Guide. Ameri-
can Museum of Natural History, New York.
THOMPSON, C. W.,, N. HILLGARTH, M. LEU, AND H. E.

MccLURE. 1997. High parasite load in House
Finches (Carpodacus mexicanus)is correlated with
reduced expression of a sexually selected trait.

American Naturalist 149:270-294.

ZAHN, S. N., AND S. I. ROTHSTEIN. 1999. Recent in-
crease in male House Finch plumage variation
and its possible relationship to avian pox dis-
ease. Auk 116:35-44.

ZuK, M., AND J. G. DECRUYENAERE. 1994. Measuring
individual variation in colour: A comparison of
two techniques. Biological Journal of the Linne-
an Society 53:165-173.

Received 21 September 1999, accepted 5 October 2000.
Associate Editor: E Sheldon

The Auk 118(1):260-266, 2001

House Finches Are Not Just What They Eat: A Reply To Hill
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The coevolutionary interactions of pathogens and
their hosts are likely to be a widespread mechanism
that results in the maintenance of genetic variation.
Alternatively, highly variable species may be in a
transient state, with their variation reflecting direc-
tional selection and new selection pressures. With
those insights in mind, we set about to study the
House Finch (Carpodacus mexicanus), some of whose
populations are arguably the most variable among
North American birds with regard to plumage col-
oration in males of the same age. In addition, we
were also attracted to House Finches by our obser-
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vations and those of others (McClure 1989, Power
and Human 1976) that this species is highly unusual
not only for its color variation, but for its remarkably
high incidence of disease, particularly avian pox,
which of course raised the question of whether path-
ogens and plumage color might be related. Lastly,
the possibility of recent changes in disease incidence
was raised by the first published report (Power and
Human 1976) of pox disease in mainland popula-
tions of this common species, which reported a se-
vere outbreak in 1972. Accordingly we set out to de-
termine whether there is any evidence of a link
between plumage color variation and pox and
whether extreme variation in color and high pox-in-
cidence might be new conditions.



January 2001]

To address our goals, we collected new data
through our own field efforts, studied specimens in
museums, reviewed available literature, and
amassed data from bird banders over a wide part of
the species’ current range. Although they do not es-
tablish causation, our straightforward data and anal-
yses show strong temporal and spatial links between
pox and plumage coloration and add potential new
insights to work on this interesting species. We
found the following major results: birds in southern
mainland California had a much lower incidence of
pox disease in the first half of the twentieth century
than in the second half; over the same period, red
coloration has gone from being characteristic of more
than three-fourths of southern California males to a
much lower incidence today, with orange and yellow
males having become much more common. At pre-
sent, there are strong macrogeographic associations
between high pox incidence and high plumage color
variation (Zahn and Rothstein 1999).

Hill’s (1990, 1991, 1992, 1993a, b, 1994a, b, ¢) past
work has produced much of what was previously
known about plumage color variation and its con-
sequences in this species. Unfortunately Hill’s cri-
tique of our paper adds confusion, but no new in-
sights, to this interesting system. His frenetic
attempt to discredit virtually every aspect of our pa-
per is totally unconvincing, contradicts itself, and
highlights serious weaknesses in his own work. The
putative major problems that Hill alleges deal with
the following: our methodology of representing
plumage coloration; our temporal criteria for sepa-
rating samples in analyzing possible historical
changes in pox incidence and plumage coloration;
our criteria for analyzing possible patterns in pres-
ent day macrogeographic variation in plumage color
and pox. In addition, Hill misrepresents our paper
by alleging that we made statements and conclusions
that in fact do not appear in our paper.

We address the misrepresentations first. Hill
(2001) repeatedly argues that we concluded that pox
disease is the ““singular cause’” for plumage variation
or “the primary or sole source of temporal or geo-
graphic variation in male plumage coloration.” In
fact, we were careful to never state our conclusions
in such absolute terms. For example, our abstract
states that high incidences of yellow and orange
males “may be related to a high incidence of avian
pox’” (Zahn and Rothstein 1999). No where does our
paper state that pox is the only or major determinant
of color variation. We would suggest that Hill did
nothing further than read the title to our paper were
it not for the fact that even it states there is a ““pos-
sible relationship” between pox and plumage
variation.

Another misrepresentation is Hill’s supposed con-
fusion over our suggestion that ““the high level of
variation [in plumage coloration of male House
Finches] is a new phenomenon”. Hill suggests that
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maybe we meant that ““there were few or no yellow
or orange males”” (Hill 2001) in the early part of the
last century, a suggestion that he then rebuts. This is
a pointless discussion by Hill because we never stat-
ed that ““there were few or no yellow or orange
males.” Instead, we clearly stressed that early work-
ers, such as Michener and Michener (1931), described
the yellow to red range of colors that exists today.
Furthermore, our Figure 1 and associated text (Zahn
and Rothstein 1999) show that 23.3% of males in a
museum sample from the early 1900s were yellow or
orange. To further confuse matters, Hill later ac-
knowledges that we recognized that there have al-
ways been reports of yellow and orange males and
even quotes us as stating ““Non-red variants existed
historically . . . " So it is unclear why Hill raised that
red herring in the first place.

Hill’s claimed confusion over our use of the phrase
“high variation” is similarly hard to understand.
Given the data we presented, certainly Hill could un-
derstand that “high variation’” referred not to the to-
tal range of hues but the proportional representation
of hues. It should have been clear to Hill that what
we meant by higher variation was a switch from pop-
ulations in which the majority of males were of one
color (red) to ones in which there was a much more
even representation of three colors. For example, our
museum data showed the following color percent-
ages in the early versus the late twentieth century:
76.6% red, 23.4% orange, and 1.1% yellow, versus
51.3% red, 35.9% orange, and 12.8% yellow (Zahn
and Rothstein 1999). Clearly, the second sample
shows more variation by any use of the word.

Despite Hill’s misrepresentations of our conclu-
sions, he would have valid points to make if our re-
sults were unreliable because of faulty methodology.
We first address Hill’s criticisms of our color scoring
methodology. One of us (Zahn) did all color scoring
by matching male colors to one of 13 color chips that
ranged from red to yellow and that are from a widely
available source (Smithe 1975). We had a good ratio-
nale for using those particular 13 colors because they
represented all of the hues we found among several
hundred museum specimens as well as all males
captured at our Santa Barbara County field sites.
Had other hues been present, we would have used
additional chips. Furthermore, Smithe’s (1975) color
chips were appropriate because they represent colors
prevalent in birds and are not a “haphazard collec-
tion”” as Hill incorrectly states. To categorize the 13
Smithe chips, we had 22 people classify each one as
red, orange, or yellow. Those people also ranked the
chips on a continuum from red to yellow. All 22 peo-
ple categorized 10 of the 13 chips the same way (i.e.
red, orange, or yellow). Amongst the remaining
three chips, 21 called one chip orange whereas only
one person called it red, 21 called one chip red
whereas one called it orange, and 21 called the last
chip yellow whereas one called it orange. Clearly our
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results are replicable. As a final check, we matched
the 13 Smithe chips to chips in the Munsell color sys-
tem (Munsell Color Company 1976). The designa-
tions of our 22 judges as red, orange, or yellow
agreed in each case with the Munsell system.

Hill lambastes us for using the Smithe chips first
and for not using Munsell chips directly and for col-
lapsing our color categorizations into red, orange,
and yellow, instead of the true continuum repre-
sented by those descriptors. There are two reasons
why we chose our color system, historical compari-
sons were a key goal of ours and those had to rely on
studies in which early workers categorized birds as
red, orange, and yellow, and the Munsell chips were
not available for all of our work. Addressing the lat-
ter reason first, the Munsell chips are part of an ex-
pensive set that we were allowed to use only in a sin-
gle indoor location. Because we wanted to use a
common rating system in a number of museums and
at a range of field sites, we opted for Smithe’s chips.
Given the consistency of the ratings by our 22 judges,
it is clear that our system is highly replicable and that
it introduced no problems. Hill’s sarcasm that our
method was akin to measuring wing lengths with
“finger widths”, reflects poorly on his intentions,
which should have been an objective attempt to elu-
cidate the truth, not an attempt at ridicule.

Secondly, we conducted most of our analyses in
terms of red, orange, or yellow categorizations be-
cause we were interested in historical comparisons
and in contemporary comparisons involving a large
part of the species’ range. So we had to rely on other
people. Grinnell (1911) and Michener and Michener
(1926, 1931) reported their historical data in terms of
red, orange, or yellow categorizations and we had to
do the same for meaningful comparisons. The former
author reported that red males made up 92.5% of 94
male specimens collected before 1911 in coastal areas
of southern California counties from Santa Barbara
to San Diego. The Micheners reported that 85% of
males were red among 1,563 specimens banded at
Pasadena, in the 1920s. Our assessment of pre-1950
museum specimens found that 76.6% of 94 were red.
Those three sets of historical data are in stark con-
trast to available mainland southern California data
for recent decades (Zahn and Rothstein 1999): W. L.
Principe reported that 12.2% of males were red among
459 banded at Pasadena from 1991-1995. Our 1994—
1995 banding at four sites in Santa Barbara County
found that 29.4% of 323 males were red. Lastly, 51.3%
of 78 museum specimens collected after 1959 were
red. Although there is currently considerable spatial
heterogeneity in coastal regions of southern Califor-
nia, it is clear from those diverse sources of data that
there was a large decline in the proportion of red male
House Finches during the 1900s.

We applied statistical testing to our own data from
museum specimens in two ways. A chi-squared test
showed a significant difference in the proportions of
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red males before 1951 versus after 1960 (x* = 12.03,
df = 1, not 3 as mistakenly cited in our paper, P <
0.001). Hill (2001) never mentions the chi-squared
test but criticizes a correlation analysis we presented
as showing only a weak relation (7, = 0.26, although
the P value was <0.0005). The correlation coefficient
was indeed low because the test was inherently con-
servative. A correlation analysis would be best suited
to detecting a progressive color change over the en-
tire time period covered by our data. By contrast, the
true relationship indicated by our data and the hy-
pothesis that pox is implicated in the temporal color
shift is that color changed over a short period rough-
ly coinciding with appearance of pox. Although it
was not well suited to our data, we carried out the
correlation analysis for two reasons. First, it did not
involve any temporal cut-offs chosen by us, so it
eliminated any issues concerning arbitrariness. Sec-
ondly, we wanted to reflect the fact that there is a
continuum of colors, and the correlation analysis al-
lowed us to use the red to yellow ranking of our 13
color chips, not just the three color designations.

Hill further criticizes our museum analyses by
raising the issue of collecting biases, but fails to note
that collecting biases were minimized because the
specimens we assessed were housed in six museums
and were therefore collected by a considerable as-
sortment of individuals over many decades. There is
no reason why collecting biases would shift from in-
flating the proportion of red individuals in the early
1900s to deflating that proportion in the late 1900s.
Furthermore, the most likely collecting bias in a com-
mon species that is a commensal of man, as is the
case for House Finches, would have been a prefer-
ence for uncommon individuals, which may mean
that old museum specimens have a disproportionate
representation of yellow and orange birds.

Hill’s second major criticism is that our choice of
temporally partitioning the museum data as pre-
1951 versus post-1959 in our analysis of color chang-
es reflects our ““preconceived notions” about pox,
which is simply false. We explicitly stated that we
chose those cut-offs because there were no museum
specimens from the 1950s. So our cut-offs were dic-
tated by the independent variable (year) not by the
dependent variable or by any preconceived notions.
We next pointed out that the lack of specimens from
1950s provided a fortuitous link with the first pub-
lished report of pox in California, in which Power
and Human (1976) documented a severe outbreak at
Santa Barbara in 1972. However, Power and Human'’s
account makes it clear that pox was noted at Santa Bar-
bara in years prior to 1972 and that it occurred over at
least a 340 km span of coastal California in the winter
of 1972-1973. Three of our 19 museum specimens col-
lected from 1961-1970 had missing toes, providing fur-
ther evidence for the onset of pox sometime before
1972. Therefore, we decided it was most objective to
simply let the data partition themselves, that is, pre-
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1951 versus post-1959 given the absence of speci-
mens from the 1950s. If Hill objects to that, the so-
lution is to delete our 1961-1970 data, which means
that 51.7% or 30 of 58 birds were red in years after
the severe outbreak of pox in 1972, which still results
in a significant comparison with the pre-1951 period
(x2 = 10.05, df = 1, P < 0.01).

We also note that Hill’s multi-pronged but ineffec-
tive criticism of our museum data ignores the fact
that those data are consistent with all other sources
of plumage color data, as noted above. In addition,
neither the Micheners nor Grinnell noted pox lesions
or a common sign of past pox infection—missing
toes—in any of the birds from the early 1900s they
examined. We found pox indicators in 37.6% of 663
males we banded in Santa Barbara County between
1993 and 1996. Similarly, McClure (1989) found that
about one-third of thousands of House Finches he
banded in Ventura County from 1977-1987 had pox
at some time in their lives (see also Thompson et al.
1997). Principe, who worked only 8 km from the
Michener’s 1920s Pasadena site found active pox tu-
mors in 1991-1995 on approximately 25% of males
during fall, which is when pox infections peak (Har-
rison and Harrison 1986, Zahn 1999). Among our
museum specimens, none of 94 males collected be-
fore 1950 had missing toes compared to 12 of 78 col-
lected after 1959 (P < 0.0001, Fisher exact test). As
with our color information, diverse types of data on
pox collected by different people all point to the
same result: a temporal shift. Hill can focus on the
uncertainty concerning the exact timing of the shifts,
which our data indicate occurred sometime between
1950-1970, but that does not support his attacks on
the issue of whether those shifts occurred at all.

Because data indicated historical shifts in both col-
or and pox incidence in southern California, we ex-
plored the possibility of a relationship between color
and pox by considering the potential physiological
links between pox and carotenoids and by determin-
ing whether there are currently spatial links between
pox and color. The latter approach brings us to Hill’s
third major criticism, which is that we used unjus-
tifiably subjective criteria to assess current macro-
geographic patterns of variation in plumage color.
Our macrogeographic analyses employed recent
data from four areas, mainland southern California
(as described above), the eastern United States, Ha-
waii, and San Nicolas Island (110 km off the coast of
southern California). The eastern data on color come
from specimens in two museums and from two
banders who sent us feather samples from males
they banded. Colors were scored with the same
methodology as described above, either at those mu-
seums or in Santa Barbara using the banders’ feather
samples (not by the banders as Hill mistakenly
states). As we reported above, that methodology is
replicable and objective. We find it odd that Hill at-
tacks the reliability of our new data that show that
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red coloration predominates in eastern House Finch-
es, because he criticizes us for not citing his data,
which he says show the same result! We did not cite
his data because of its methodological flaws, which
we discuss below.

It is true that some or all of the recent data we cited
for three of the areas in our macrogeographic as-
sessments (mainland southern California, Hawaii,
and San Nicolas Island) were collected by other peo-
ple who did not use our methodology. Those people
simply categorized birds as red, orange, or yellow.
However, such data are reliable as shown by the nearly
100% uniformity in our panel of 22 color judges. The
spatial link between decreased proportions of red
males and the occurrence of pox is clear from our
data. Color categorizations of House Finches have also
been acceptable to other researchers (van Riper 1994,
Thompson et al. 1997), so our work is not unique in
that respect. As with our data on temporal shifts, our
data on macrogeographic patterns come from diverse
sources, not just our own work. Hill can belittle such
evidence as a “hodgepodge” of information, but our
methodology shows that red, orange, and yellow cat-
egorizations are reliable across different people. Fur-
thermore, all evidence we amassed for both temporal
and macrogeographic trends is consistent and its di-
verse nature is a strength of our paper. ’

In attacking our paper, Hill not only criticized our
methodology, he also touted his methods as superior
Unfortunately, Hill has misrepresented the implica-
tions of his scheme for quantification of plumage col-
oration, and that makes it difficult for others to be
certain of the hue of birds he has studied. Hill
(1993b) assigns a composite plumage score to each
male by summing values based on three character-
istics: hue (the red-orange-yellow continuum), chro-
ma (degree of color saturation, such that pink is a
low chroma red), and tone (total reflectance). Be-
cause those birds vary in all three characteristics
(Hill 1998), that method results in one numeric score
that represents three distinct variables. Hill equates
high composite color scores with increased bright-
ness and redness. Although there may be a correla-
tion here, highly chromatic orange males can have
higher scores than low chroma red ones. Further-
more, brightness is a vague term that relates to both
chroma, and tone, but not to hue, yet Hill stresses
hue when he equates high color scores with red
Hill’s (1998) own data on spectrophotometer output
show weaknesses in his composite scores based on
his visual assessments of hue, chroma and tone (as
used in all of his prior papers). Hill (1998) reported
that only his hue and chroma values were correlated
with readings from the spectrophotometer. Al-
though he pointed out that tone contributes less nu-
merically to his composite color score than do hue
and chroma, Hill’s (1998) results show that his com-
posite scores have a component—tone—that adds
noise and is essentially a random variable. In rec-
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ognition of that, Hill (1998) stated that ““I find it rel-
atively easy to assign a hue score to patches of feath-
ers, more difficult to assign a saturation [chroma]
score, and very tough to assign a tone score.” Hill’s
own data and perceptions thus agree with the near
unanimity of our 22 judges and because they validate
the reliability of color categorizations based on hue,
they validate our methodology for categorizing
colors.

We chose to focus on only one aspect of colora-
tion—hue—because it is unknown how House Finch-
es integrate hue, chroma, and tone and it is not even
clear if those three axes of color variation are com-
pletely meaningful to birds given that the Munsell
system is based on human perception. In addition,
we knew that the historical data on color and recent
data collected by other workers, all of which cate-
gorized birds as red, orange, or yellow, were based
on hue alone. We do not dispute Hill’s general find-
ings that female House Finches prefer males with
high composite color scores under his scheme, but it
is not clear just what is important to females until
Hill analyzes the effects of hue, chroma, and tone
separately. Thus, conclusions by Hill such as it ap-
peared to be the red pigmentation of males and not
a correlated character that the female House Finches
were choosing”’ (1990) may be invalid. Hill's at-
tempts to determine the cues females use for mate
choice are further complicated by the fact that hu-
mans and birds perceive color differently and only
the latter perceive ultraviolet light, as acknowledged
by Hill (1998). Yet even Hill’s (1998) spectrophoto-
metric methodology does not involve UV reflectance,
which may be a problem because yellow bird plum-
ages often show some reflectance in the UV range (J.
Endler pers. comm.). Perceptual differences between
humans and birds do not affect our paper (Zahn and
Rothstein 1999), as we focussed on differences in
plumage reflectance with no assertion as to whether
those differences are important to birds.

Besides attacking our methodology and advancing
the primacy of his own methods, Hill (2001) pre-
sented data that he claims are counter to our find-
ings. The data in Hill’s Figure 1 have all been pre-
sented before. Hill categorizes his study sites as with
and without pox, but presents no data on pox. He ar-
gues that birds from pox-free sites are not consis-
tently brighter than birds exposed to pox. Because
Hill’s composite plumage score confounds three var-
iables (whereas we dealt with just one—hue), com-
parisons between our data and his are difficult to in-
terpret. For similar reasons, Hill’s failure to find
greater plumage color-score variation at pox sites is
not easily interpreted. It is clear that there is a strong
association between pox and increased variation
when color is represented by hue only, as in our data.
We tested for increased variation in recent years in
two ways. First, we used a simple hue scoring system
with yellow, orange, and red equaling 1, 2, and 3 re-
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spectively, which follows the system of Thompson et
al. (1997) except that they called the intermediate cat-
egory ““mixed red and yellow/gold” instead of or-
ange. With that system, our pre-1951 museum series
for southern California had a mean score of 2.725
and a variance of 0.214. The post-1959 sample had a
mean of 2.385 and with a variance of 0.499, was sig-
nificantly more variable as the F ratio is 2.332 (P <
0.001). Because our data are not normally distribut-
ed, we also quantified plumage-color diversity by es-
chewing scores and instead calculating Shannon-
Wiener diversity indices for the color classes (Zar
1999). Those indices were 0.2605 and 0.4228 for the
pre-1951 and post-1959 samples, respectively. The
latter had significantly (P < 0.0001, t = 4.487, df =
167) greater color diversity using Hutcheson's test
(Zar 1999).

Even if Hill had quantified plumage color in a
more interpretable way relative to our assessment of
hue, the data in his Figure 1 would have little value
in assessing validity of our results. As shown by our
data for Santa Barbara County (Zahn and Rothstein
1999), there is considerable spatial and temporal het-
erogeneity in plumage color. Among our four sites,
one had red males at 52.8% (n = 36 males) and an-
other at only 3.2% (n = 31) in 1994. At the latter site
in 1995, red males were at 23.1% (n = 13). The data
we used in our temporal and spatial assessments
came from numerous sites. All samples were col-
lected over two or more years and many involved
hundreds or thousands of birds. By contrast, Hill’s
data for all samples in his Figure 1 other than Mich-
igan were each collected in a single month at a single
site (two nearby sites in the case of New York) and
had n values of only 7 to 81 males. The bottom line
is that one can not use a single small sample collect-
ed over a short time period in one season to catego-
rize the coloration of House Finches within a region.
Ironically, the charge that Hill applied to our muse-
um data, namely that our samples have little global
validity because they are clumped in time and space,
applies instead to his own data.

Lastly, regarding Hill’s data, we address his sug-
gestion that because males at San Jose (a purported
pox area) were as red as ones from the East (where
Ppox is rare or absent), the link between pox and color
is weakened. Other problems aside (such as Hill’s
color scoring scheme and the lack of global validity),
we note that our data on temporal trends deal solely
with southern California and none of our macrogeo-
graphic comparisons involve northern California,
where San Jose is located. Because northern and
southern California differ in many ways, we cannot
assess Hill’s data. We do not know the incidence of
pox in northern California nor the degree of color
variation and Hill’s sparse data are of little help here.

Hill refers to our Discussion section as ‘““Perhaps
the weakest part of the paper ... " In that section,
we argued that differential diet uptake of caroten-
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oids is unlikely as a complete explanation for plum-
age color variation in House Finches. Instead, we rec-
ognized that carotenoid pigments in birds, or the
precursors of those pigments, must come from the
diet but suggested that pigments are not likely to be
limiting in nature. We argued that variation in color
is more likely to be related to ability to use ingested
carotenoids. We further suggested that pox, either
through direct effects on uptake of carotenoids (such
as through pathogenic effects on the intestine), and
general factors that reduce a bird’s condition (e.g.
diseases, ectoparasites) are the primary factors re-
sponsible for a bird’s failure to become red. Hill
strongly attacked our suggestions and in doing so
gave insufficient weight to mounting evidence con-
cerning carotenoid metabolism in birds (Olson and
Owens 1998) and undue importance to his own feed-
ing experiments with captive birds (Hill 1992).

We need not review the evidence concerning ca-
rotenoid metabolism, other than to state that it is
widely recognized that carotenoids are naturally
abundant in plants and that there are links between
an animal’s ability to use carotenoids and its condi-
tion (Hudon 1994, Olson and Owens 1998). For
House Finches in particular, Thompson et al. (1997)
showed that birds afflicted with pox during molt are
more likely to grow non-red feathers than birds not
afflicted. The latter study is clearly applicable to our
findings indicating spatial and temporal links be-
tween pox and was done in our primary area of fo-
cus, southern California. Besides pox, Thompson et
al. (1997) found that intense mite infestations during
molt were also related to a decreased likelihood of
growing red plumage. Hill briefly acknowledges that
Thompson et al. (1997) showed that pox affects color,
but, instead of admitting that this supports the con-
clusions in our paper, he argues that that effect does
not mean that pox “is the primary or sole source of
temporal or geographic variation”” in plumage col-
oration. Of course, we never argued that it was. We
merely argued that a bird’s condition is likely to in-
fluence its coloration and that pox is one of a number
of things that can depress condition.

In his early work (e.g. Hill 1992), Hill attributed all
plumage color variation in House Finches to diet and
differential foraging ability. Evidence for that view-
point seems to come from three sources. As in a pre-
vious rebuttal (Hill 1994) to a critique of his differ-
ential foraging ability hypothesis by Hudon (1994),
Hill (2001) cites the same single study (Slagsvold and
Lifjeld 1985) showing that carotenoids are limiting
for birds. But the species in that study is mainly a
carnivore, whereas the House Finch is primarily her-
bivorous, and carotenoids are so widespread in plant
matter that they may be limiting only for animals
that are primarily carnivorous (Hudon 1994, Olson
and Owens 1998). In a second line of putative evi-
dence, bright male House Finches (under Hill’s com-
posite scoring scheme) provided more food for their
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offspring and therefore seemed to be better foragers
than dull-colored males (Hill 1991). However, that
result is consistent with both our condition hypoth-
esis and Hill’s foraging-ability hypothesis because
birds in the best condition are likely to be the ones
best able to feed both themselves and their offspring.
In arguing for the importance of diet, Hill (2001)
states that Hill and Montgomery (1994) ““provided
evidence that there are differences among males in
access to nutritional resources during molt.”” The lat-
ter paper showed that bright males grow feathers
more quickly and begin to molt earlier than dull
males. Although that result is consistent with bright
males being better foragers for all aspects of food, in-
cluding carotenoids, it is also consistent with such
males simply being in better condition as regards all
factors affecting condition, including disease. In that
paper, Hill and Montgomery (1994) stated that “'re-
duced plumage brightness of males in the drab Al-
viso population is a result either of reduced access to
carotenoid pigments or of reduced ability to metab-
olize carotenoids (e.g. due to parasites or poor
health).” Hill and Montgomery’s suggestion that dis-
ease may be important in limiting a finch’s ability to
metabolize carotenoids agrees with our general con-
clusion yet strangely it is not acknowledged in Hill’s
(2001) critique.

The third apparent reason for Hill’s defense of the
importance of diet deals with his feeding experi-
ments, which do indeed demonstrate a clear effect of
diet on the coloration of captive House Finches. In
those experiments, Hill showed that birds fed a spe-
cial diet deficient in carotenoids molted into dull
plumage. Birds fed the same diet but given a red ca-
rotenoid, canthaxanthin, grew bright red plumage.
The first of those results was completely predictable,
because all workers agree that carotenoid pigments
in animals must come from dietary intake (see dis-
cussions in Hudon 1994 and Zahn and Rothstein
1999). The second result has no bearing on what oc-
curs in nature as canthaxanthin is not present in the
finches’ diets nor is it the pigment responsible for
their red color. Those results show only that people
can control bird coloration by feeding them unnat-
ural diets, a trick long known to zoo keepers. Those
results do not show that the range of naturally oc-
curring diets controls or even influences coloration.
Even the first workers to use diet to manipulate col-
oration in captive House Finches, concluded that the
dietary intake of carotenoids is necessary but ‘‘not
completely sufficient to explain color variation in na-
tive birds” (Brush and Power 1976).

In questioning the primacy of diet, we noted that
there were no major plant perturbations in Califor-
nia in the mid-1900s when House Finch coloration
apparently shifted. Hill (2001) retorted that there
were ““massive changes in the biota starting around
the turn of the century.” In fact, the major changes
to California’s flora that have displaced native plants
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that dominate the open habitats used by House
Finches took place by the mid-1800s (Mensing 1998).
Indeed, changes to open habitats occurred so early
after the European colonization that there is even
considerable controversy concerning the original na-
ture of those habitats (Hamilton 1997).

Remarkably, after criticizing us for doubting his
early diet-as-key-factor hypothesis, Hill’s (2001) cri-
tique acknowledges “that a variety of factors com-
bine to determine expression of carotenoid-based
coloration’”” and that *“degree of parasitism’” is one of
these factors. So Hill is free to modify his hypothesis,
but without admitting that his initial diet hypothesis
was overly simplistic, whereas we are not. Further-
more, the bottom line of Hill’s critique is that after
all the disparagement of our methods, logic, and
data, he comes to the same general conclusion we
reached, namely there is a ““possible relationship”
between pox and coloration after all.
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