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ABSTRACT.--First-year, but not adult, Indigo Buntings (Passerina cyanea) have a previously 
unknown supplemental plumage. The presupplemental molt includes all of the rectrices, 
the outermost but not the innermost primaries, and, typically, the three innermost second- 
aries and all body feathers. In this molt, young females exchange one adult-femalelike plum- 
age for another, while young males exchange an adult-femalelike plumage for one that 
matches that of adult males in winter. Thus, in their first year Indigo Buntings wear: first, 
the juvenile plumage, the body feathers of which begin replacement before the tail is fully 
grown; second, the first basic plumage, which in both sexes is entirely femalelike in color- 
ation and includes the juvenile remiges and rectrices; third, the supplemental plumage, 
assumed either prior to fall migration (<10% of individuals) or on the wintering ground 
(>90% of individuals) and in which obvious sexual dichromatism is first achieved; and 
fourth, the first alternate plumage, acquired in a prolonged and often incomplete prealter- 
hate molt of body feathers that occurs during February, March, and April on the wintering 
ground and during the spring in the United States. 

Because almost all of the femalelike first basic plumage of young males is lost in the 
presupplemental molt, this plumage almost certainly is an adaptation to conditions encoun- 
tered either in the fall or early in the first winter. Furthermore, the ensuing supplemental 
plumage cannot be compromised by color requirements of the first breeding season because 
of the intervening prealternate molt; thus, the adult-malelike plumage produced by the 
presupplemental molt likely evolved to meet a change in signaling requirements that occurs 
in early winter. The signaling function of this plumage is unknown. Because this supple- 
mental plumage of young males resembles the winter plumage of adult males and because 
all feathers grown by young males in their first prealternate molt resemble those of the adult 
male breeding plumage, the female mimicry hypothesis of Rohwer et al. (/980) is untenable 
for the subadult breeding plumage of yearling male Indigo Buntings. Received 16 August 
1984, accepted 5 October 1985. 

THEORIES of delayed plumage maturation for 
male passerines may be divided into sets of 
summer and winter adaptation hypotheses 
(Rohwer et al. 1983, Rohwer and Butcher un- 
publ.). Two hypotheses consider subadult 
plumages to be an adaptation to conditions of 
the first potential breeding season. The cryptic 
hypothesis (Lack 1954, Selander 1965) consid- 
ers both the infrequency of breeding by sub- 
adults and their subdued appearance to be 
adaptive responses to the inferiority of sub- 
adults in competition with older males. The fe- 
male mimicry hypothesis (Rohwer et al. 1980, 
Rohwer 1983) views failures by subadults to 
breed as maladaptive, and their femalelike 
plumage as an adaptation by which young 
males increase, through deception, the likeli- 
hood of acquiring female-worthy territories and 
of breeding in their first summer. Two other 
hypotheses consider subadult plumages as an 
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adaption to conditions encountered in the first 
winter. The status signaling hypothesis (Roh- 
wer 1975, Ketterson 1979, Rohwer and Ewald 

1981) treats the subdued first winter plumage 
of young birds as a badge of subordinance that 
reduces aggression from adults and, thus, fa- 
cilitates flocking with adults. The cryptic hy- 
pothesis (Ewald and Rohwer 1980) argues that 
young birds are inconspicuous in winter to es- 
cape detection by predators or by dominant 
adult birds. 

If a subdued first winter plumage is more 
valuable than a conspicuous first breeding 
plumage, and if spring molting is constrained, 
then subadult breeding plumages could be 
maladaptive. Both summer hypotheses pre- 
sume subadult breeding plumages are adap- 
tive, and both would be supported for any 
species in which prebreeding males grow fe- 
malelike feathers in spring. In contrast, if adult- 
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malelike feathers are grown in a spring molt, 
subadult plumages retained into the breeding 
season might more reasonably be viewed as a 
maladaptive constraint resulting from (1) some 
advantage of a subdued first winter plumage 
that overrides their breeding season cost, and 
(2) an inability to undergo a complete body molt 
in spring. 

I initiated this study intending to distinguish 
between winter and summer explanations of 
the subadult plumage of Indigo Buntings (Pas- 
serina cyanea) by determining whether female- 
like feathers were regularly grown by subadult 
males in their first prealternate molt. I soon 
realized, however, that an unknown molt and 

subsequent plumage had to exist to explain the 
changed appearance of young males between 
fall and midwinter. Consequently, I describe 
the sequence of plumages and relate these dis- 
coveries to hypotheses of delayed plumage 
maturation. 

METHODS 

This study is based entirely on museum specimens, 
of which over 600 were examined from numerous 

collections (see Acknowledgments). The numbers of 
specimens upon which various conclusions are based 
are provided in the tables, figures, and text. Because 
the plumage descriptions provided by Dwight (1900) 
are adequate even for the previously unknown sup- 
plemental plumage, I supply only comparative notes 
on the various sex, age, and plumage classes. 

I scored molt on percentage scales to facilitate fu- 
ture interspecific comparisons of the rate, intensity, 
and completeness of molts. All molt scoring was done 
under a LEDU (approximately 2 x ) magnifying lamp 
with a 60-W incandescent bulb for strong illumina- 
tion. 

Body molt was scored in five regions: (1) throat, 
the anterior undivided portion of the ventral tract; 
(2) breast, the middle portion of the ventral tract im- 
mediately anterior and posterior to its bifurcation; (3) 
belly, the posterolateral branches of the ventral tracts, 
including the flanks and belly feathers; (4) crown, 
the capital tract covering the crown of the head; and 
(5) back, the anterior and central region of the dorsal 
tract, excluding the rump. To check for the presence 
of underlying feathers that had been in active growth 
when the specimen was collected, body feathers were 
lifted with forceps at 3-8 points in each of the re- 
gions scored for molt. For each body region, I esti- 
mated the percentage of developing feathers using 
the following scale: 0 = no feathers in development, 
10 = 1-20% of feathers in development, 30 = 21-40%, 
and so on to 90 = 81-100% of feathers in develop- 

merit. Because body molts are sometimes very slow, 
I further divided category 10 as: 10A = 1 or 2 feathers 
in development, 10B = 3 or 4, 10C = 5 or 6, and 10+ = 
more than 6, but less than 20% of feathers in devel- 

opment. The percentage of body feathers in growth 
on a specimen was computed by averaging the molt 
scores for each of the five body regions, with the 
following conventions. To reduce error caused by 
feathers lost adventitiously, rather than by molting, 
I assigned molt scores of 0 to specimens showing less 
than 7 growing feathers in only a single body region 
and to specimens with small patches of incoming 
feathers that were all the same age and atypical of 
normal molt. Specimens with molt scores of 10A, 10B, 
or 10C in two or more body regions were considered 
to be i,a molt. In an effort not to overestimate the 

intensity of molt, I assigned total body molt scores 
of 10 to specimens having nonzero scores of 10A, 
10B, or 10C in only two body regions. 

Each remex and rectrix was scored on a scale of 0- 

1.0, by 0.1 intervals, to indicate the fraction of their 
full length that had been achieved. Empty follicles 
received a score of 0.1 because old feathers were giv- 
en a score of 0. To qualify as molt rather than adven- 
titious loss, a missing remex or rectrix had to be either 
the next feather in a sequence to be lost, or missing 
on both wings or both sides of the tail, thus marking 
the initiation of a molt sequence. Total primary molt 
scores were obtained by summing the scores for in- 
dividual primaries. 

For males the development of the alternate (breed- 
ing) plumage was measured quantitatively by sum- 
ming the number of millimeters of spring blue feath- 
ers (solid, indigo-blue feathers) along four lines: (1) 
crown and nape, along the midline from the base of 
the upper mandible posteriorly 25 mm (includes all 
of the crown and part of the nape); (2) back, up the 
midline of the back from the level of the tips of the 
secondaries anteriorly 40 mm (excludes the nape); (3) 
throat and chest, along the midline from the base of 
the lower mandible posteriorly 30 mm (designed, on 
average, to reach the end of the breast feathers aris- 
ing from the area of bifurcation of the ventral tract); 
and (4) flank, from the distal ends of the posterior- 
most flank feathers (those covering the specimen's 
ankle) 40 mm anteriorly along a line passing through 
the middle of the flank feathers and lying approxi- 
mately parallel to the specimen's midline. Because 
adult males in breeding plumage are usually entirely 
indigo blue, the sum of blue measured along these 
lines divided by 135 mm (their total) estimates the 
percentage of body feathering in the definitive 
breeding color. After using this technique on winter- 
taken specimens, I became proficient at visually es- 
timating these percentages; therefore, the percent- 
ages for spring-taken subadults from the United States 
were estimated. 

For first-year males in any of the postjuvenile 
plumages, the color of developing feathers was re- 
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corded if the vane had emerged sufficiently from the 
sheath to reveal its color. This effectively categorized 
feathers either as part of the supplemental plumage 
(described herein) or as part of the first alternate 
plumage. 

DESCRIPTION OF MOLTS 

First prebasic molt.--Few specimens exist in 
full juvenile plumage because the first prebasic 
molt commences before the juvenile rectrices 
are fully grown, probably while the young are 
still being fed by their parents. This molt oc- 
curs while birds are on the breeding grounds; 
specimens showing active molt occur from ear- 
ly July until late October, and some early- 
fledged individuals must molt in June as 2 ju- 
veniles collected in July were already in their 
first basic plumage (Table 1). The peak inten- 
sity of this molt occurs in specimens nearing 
completion of the growth of their juvenile rec- 
trices. The 5 specimens examined at this stage 
(all with nearly full-length retrices that were 
still ensheathed at their bases) had an average 
78% of their body feathers in growth; 2 of these 
5 specimens had more than 80% of their feath- 
ers growing in all body regions. 

Presupplemental molt.--This molt is confined 
exclusively to first-year birds and has not been 
recognized previously (e.g. Dwight 1900, John- 
ston and Downer 1968, Taber and Johnston 
1968). It includes the outer primaries (typically 
starting at P3, 4, or 5) but not their coverts, the 
innermost secondaries (S7-9, rarely S6) and the 
secondary coverts, all rectrices, and, typically, 
all of the body plumage. I examined specimens 
from almost all U.S. collections with significant 
material from Mexico and Central America, and 
found only 15 specimens in this presupple- 
mental molt showing both primaries and body 
feathers in development; 9 additional speci- 
mens, most at the terminal stages of this molt, 
showed only body molt (Figs. 1 and 2, Table 
2). The molt itself is very intense, apparently 
reaching a peak about the time primary 9 is 
dropped; the only two specimens at this stage 
had 86% and 90% of their body feathers in molt. 
Thus, when the presupplemental molt is at peak 
intensity individuals presumably would have 
more than 80% of their body feathers, all of 
their rectrices, the outer 3 or 4 primaries, and 
secondaries 7 and 9 growing simultaneously. 

Which primary initiates this molt varies con- 
siderably among individuals. Because almost no 

T^BLE 1. Date, plumage, and molt categories for birds 
of the year (males only) taken on the breeding 
grounds.' 

Juve- First Supple- 
nile basic Ac- mental 

plum- Active plum- tive plum- 
age first age pre- age 
(not pre- (not supple- (not 

molt- basic molt- mental molt- 

ing) molt ing) molt ing) 

1-15 June 1 0 0 0 0 
16-30 June 1 0 0 0 0 
1-15 July 0 1 1 0 0 

16-31 July 1 4 1 0 0 
1-15 Aug 0 5 3 0 0 

16-31 Aug 1 4 3 1 0 
1-15 Sept 0 6 3 0 0 

16-31 Sept 0 3 5 1 0 
1-15 Oct 0 3 5 2 0 

16-31 Oct 0 2 2 0 0 

Total 4 28 23 4 0 

ß Samples only from specimens at the USNM, Field, 
and UW (see Acknowledgments). 

individuals replace primaries in the prealter- 
nate molt, the number of primaries replaced in 
this presupplemental molt can be assessed eas- 
ily in subadult males and females collected in 
summer on the breeding grounds. Most speci- 
mens initiated this molt with primary 4 or 5 
(row totals of Table 3). This made it possible to 
measure the difference in length between P4 
and P5 in specimens that had molted either P4 
and P5 in the presupplemental molt or P5 but 
not P4 in the presupplemental molt. The dif- 
ference between these means shows that the 

primaries grown in the presupplemental molt 
are longer than the juvenile primaries. Individ- 
uals with P4 old (and P5 new) had a mean dis- 
tance between the tips of P5 and P4 of 4.64 mm 
(SD = 0.811, n = 35); those with P4 and P5 new 
had a mean distance of 3.77 mm (SD = 0.452, 
n = 30). I eliminated specimens in which either 
P4 or P5 was sufficiently worn to affect this 
measurement. The difference between these 

means suggests the fourth primary is 0.7 mm 
longer in the supplemental than in the juvenile 
plumage (P < 0.001); presumably, the outer- 
most primaries, which are about 1.2x longer 
than P4, would be proportionately longer. 

The rate and duration of primary growth 
were estimated for birds undergoing the pre- 
supplemental molt on the wintering grounds 
by summing the primary development scores, 
starting at P5 (Fig. 2). Birds that had not re- 
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Fig. 1. Molts and plumages of male Indigo Buntings during their first winter. This figure is based exclu- 
sively on birds taken south of the United States. 

placed P5 received a 1.0 for that feather, and 
birds that had replaced P3 or 4 received no 
points for those feathers. I started at P5 because 
this primary initiates the primary molt se- 
quence more frequently than any other (row 
totals of Table 3). The maximum possible score 
was 5.0. The linear regression (Fig. 2) suggests 
that individuals require 23 days to replace com- 
pletely primaries 5-9 (see Pimm 1976 for sta- 
tistical methodology). Because most of the body 
molt is completed by the time the ninth pri- 
mary is fully grown, the entire presupplemen- 
tal molt takes slightly more than 3 weeks. 

This presupplemental molt typically begins 
with the first primary lost, as indicated by two 
specimens each with a primary molt score of 
0.2 and each with a mean body molt score of 
0.67. Replacement of body feathers is well un- 
der way, and all of the secondary coverts and 
the rectrix coverts are simultaneously lost and 
fully replaced before S8 is lost. The rectrices 
are molted soon after the initiating primary is 
lost (and before the rectrix coverts are fully re- 
placed) and are fully grown before P9 is fully 
replaced. For the 8 first-winter specimens ex- 
hibiting active rectrix molt, 3 had some outer 
rectrices that were very slightly behind some 
inner rectrices (the typical centrifugal se- 
quence for passerines), 1 showed no sequence 
(no pin feathers were showing: UW 37733), and 
4 had all rectrices of similar length (i.e. their 
tips were 4 mm different in length). S8 is lost 
and fully replaced, and then S7 and S9 are re- 
placed simultaneously. This secondary replace- 

ment occurs about midway through the pri- 
mary replacement. S6 occasionally is replaced 
in this molt, but no specimen was growing this 
feather, so I do not know when it is replaced 
relative to the other secondaries. I could dis- 

cern no sequence of progression in the body 
molt, perhaps because the molt is so nearly si- 
multaneous. The primaries are lost sequential- 
ly, from inside to outside, and, frequently, three 
feathers are growing simultaneously in one 
wing. 

The presupplemental molt usually occurs on 

DEC 5C 

DEC 5 

NOV I0 

½3 2•,5 5•0 
PRIMARY MOLT SCORE 

Fig. 2. Estimate of the duration of the presupple- 
mental molt in first-year Indigo Buntings taken south 
of the United States. The primary molt scores of 0.1- 
5.0 usually bracket in time the feather replacement 
that takes place in other body regions. (See text for 
methodological information.) 
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TABLE 2. Date and numbers of yearling females col- 
lected on the wintering ground in various plum- 
ages and molts. This table may be compared with 
Fig. 1 for yearling males except that the spring and 
winter plumages cannot be distinguished for year- 
ling females. 

First Supple- 
basic mental 

plum- or first 
age alter- First 
(no Pre- nate preal- 

body supple- plum- ternate 
molt; mental age molt 
juve- molt (outer (outer 
nile (body or P's P's 

Date P's) P molt) new) new) Total 

1-15 Sept 2 0 0 0 2 
16-30 Sept 0 0 0 0 0 

1-15 Oct 0 0 0 0 0 

16-31 Oct 12 0 0 0 12 
1-15 Nov 7 1 1 0 9 

16-30 Nov 1 1 1 0 3 
1-15 Dec 0 1 3 0 4 

16-31 Dec 0 0 5 0 5 

1-15 Jan 0 0 5 0 5 
16-31 Jan 0 0 4 0 4 

1-15 Feb 0 0 1 0 
16-29 Feb 0 0 2 a 0 2 

1-15 Mar 0 0 4 3 7 
16-31 Mar 0 0 3 2 5 

1-15 Apr 0 0 4 4 8 
16-30 Apr 0 0 0 3 3 

Total 22 3 33 12 70 

' Includes LSU 20848 with molt arrested and only 
part of the outer primaries replaced. 

the wintering grounds (Fig. 1) but occasionally 
occurs on the breeding ground (Tables 1 and 
2). The frequency of first-year birds (males and 
females) that molt prior to fall migration was 
calculated from those specimens taken on the 
wintering grounds prior to 16 November. This 
cut-off date should be virtually without bias 
because there is no evidence that first-year birds 

molt on the wintering grounds prior to early 
November, and birds that begin in early No- 
vember (Fig. 1, Table 2) should not have fin- 
ished replacing their primaries by 15 Novem- 
ber (Fig. 2). Only 3 of 52 (6%) first-year birds 
(2 males, 1 female) had completed the presup- 
piemental molt while on the breeding grounds. 
This frequency was more crudely estimated 
from specimens taken in the United States as 
S/(B + S), where S is the number of specimens 
partially or entirely in the supplemental plum- 
age and B is the number of specimens entirely 
in the first basic plumage. This method indi- 
cates 4 of 27 (15%) young males (females were 
not examined) were undergoing the presup- 
piemental molt prior to fall migration, but the 
figure is surely an overestimate because many 
specimens still in the first prebasic molt are 
eliminated from the denominator (see Table 1). 
Of the 28 individuals so eliminated, most could 

not have had time to undertake the presupple- 
mental molt before migrating; thus, I think it 
best to assume that less than 10% of hatchling 
birds undergo the presupplemental molt be- 
fore migrating. 

The conclusion that the supplemental plum- 
age is confined exclusively to young birds is 
based on three points. First, only 16% of 25 
adults taken between 16 November and 31 De- 

cember were in molt (Table 4), whereas 100% 
of the first-year birds that had not undergone 
the presupplemental molt before migrating 
were molting in this same period. Second, the 
percentage of growing body feathers on birds 
taken in molt was high in young birds but not 
in adults between 16 November and 31 Decem- 

ber (Table 5). Adults in active body molt in this 
period had 4-30% of their feathers in molt 
(mean = 12%); body molt scores for first-year 
birds were much higher, some individuals hav- 

TASLE 3. Completeness of the prealternate molt and the number of primaries replaced in the presupple- 
mental molt for young males. 

Primaries 

replaced in Percent spring blue' 
presupple- 

mental molt 0 10 20 30 40 50 60 70 80 90 100 Total 

1-, 2-, or 3-9 1 1 1 1 0 0 1 1 2 1 6 15 
4-9 0 2 2 4 2 I 2 5 3 8 16 45 
5-9 0 0 5 2 0 5 5 11 10 8 12 58 
6-, 7-, or 8-9 0 

Total I 4 8 8 2 7 9 17 19 18 36 129 

' Percentage of body feathers replaced in the first prealternate molt. 
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TABLE 4. Date, molt frequencies, and plumage condition of adults taken on the wintering grounds. 

Adult males 
Adult females 

Percent with 

Percent in Percent in some new Mean percent 
Date body molt n body molt inner S's spring blue • n 

1-15 Sept -- 0 0 0 0 1 
16-30 Sept -- 0 -- -- -- 0 

1-15 Oct -- 0 0 0 0 2 
16-31 Oct 0 12 0 0 0 

1-15 Nov 0 4 0 0 0 7 
16-30 Nov 33 3 -- -- -- 0 

1-15 Dec 0 5 20 0 1 5 
16-31 Dec 0 7 40 0 i 5 

1-15 Jan 25 4 0 0 9 7 
16-31 Jan 0 6 27 0 18 15 

1-15 Feb 0 i 38 25 33 8 
16-29 Feb 0 2 44 67 43 9 

1-15 Mar 0 5 50 20 52 10 
16-31 Mar 0 2 50 75 68 12 

1-15 Apr 75 4 50 75 90 4 
16-30 Apr 50 2 0 100 100 2 
1-15 May -- 0 100 100 100 1 
Total 57 99 

Mean percentage of body feathers replaced in the first prealternate molt. 

ing over 80% of their body feathers in growth 
(mean = 33%, Table 5). Third, adults replaced 
no primaries in winter (sample sizes in Table 
4), whereas first-year birds did. One adult fe- 
male (AMNH 707245) taken on 15 November 
in Mexico was finishing the primary and sec- 
ondary molt. This bird must have been com- 
pleting her prebasic molt when collected be- 
cause most of secondaries 1-6 (which are never 
replaced in the presupplemental molt) show 
bits of sheathing at their bases. 

Prealternate tnolt.--This protracted molt oc- 
curs in all sex and age classes (Table 5: mid- 
winter-spring), but is often less complete in 
young males than in adult males. As a result, 
the first breeding plumage is usually a mix of 
the indigo-blue alternate plumage and the 
much less conspicuous whitish or brownish 
supplemental plumage. For some first-year 
males I recorded the color of feathers of the 

first alternate plumage that had been growing 
when the specimen was collected. In 16 speci- 
mens taken in March, April, and May every 
feather that could be scored was indigo blue 
(the adult male breeding color); on one addi- 
tional specimen (AMNH 398031), one crown 
feather and three auriculars were indigo blue, 
but two other growing auriculars were brown 
and femalelike. A number of other specimens 
(count not recorded) showed indigo-blue 

feathers, but no others showed brown, female- 

like incoming feathers. 
In adult males the prealternate molt typically 

includes all body feathers, the secondary co- 
verts, and 7-9 of the inner secondaries; the rec- 
trices, the primaries, and the primary coverts 
are not replaced in adults. In young males in 
which the molt includes secondaries or their 

coverts, some or all of the greater secondary 
coverts are more likely to be replaced than are 
any of the inner secondaries. A very few spec- 
imens (number not recorded) had a fresh mid- 
dle primary (e.g. P5 new in both wings of 
USNM 83754 and 338124), indicating that birds 
occasionally will replace a middle primary at 
the first prealternate molt. I found no evidence 
that this reinitiation of the primary molt ever 
leads to a second replacement of all the outer 
primaries in first-year birds. 

Two questions may be raised with regard to 
females: first, is the prealternate molt less com- 
plete in first-year than in adult females, as is 
the case for males? Second, because neither 

adult nor first-year females change color, is this 
molt less complete in females than in males? 
Because females show no color change and only 
minimal amounts of feather wear, ! was forced 

to address these questions by two indirect 
methods. First, comparisons of molt intensities 
for the various age and sex classes revealed no 
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obvious differences either between the female 

age classes or between males and females (Ta- 
ble 5), but samples of females were minimal. 
Second, there were no differences either for 

adults or for first-year birds in frequencies of 
specimens in active molt taken south of the 
United States from 1 March to 15 May, the pe- 
riod when the prealternate molt is most in- 
tense. For adults, 4 of 13 females and 15 of 29 

males were molting (Table 4; X 2= 0.64, P • 
0.40), and for first-year birds 12 of 23 females 
and 16 of 50 males were molting (Fig. 1, Table 
2; X 2 = 1.15, P • 0.30). 

The completeness of the prealternate molt can 
be compared in males (because of their color 
change) • with the number of primaries replaced 
in the presupplemental molt (Table 3). If the 
completeness of these molts depends on a bird's 
condition or food supply, then individuals in 
good condition or with greater access to food 
might be expected to replace more feathers than 
average in both of these molts and vice versa. 
When the data (Table 3) were analyzed with a 
standard median test (dividing the data be- 
tween 70% and 80% spring blue), no significant 
association between the number of feathers re- 

placed in these molts was obtained (X 2 = 0.53, 
1-tailed P • 0.25). However, subadults that had 
replaced 90-100% of their body feathers in the 
prealternate molt also had replaced more than 
the median number of primaries in the supple- 
mental molt (90-100%: X 2 = 3.37, 1-tailed P • 
0.03; 100%: X 2 = 4.28, 1-tailed P • 0.02). Because 
there is so much variability in the extent of the 
prealternate molt, perhaps an effect of individ- 
ual quality can be seen only by considering in- 
dividuals that are well above median feather 

replacement in this molt. 
Surprisingly, 17% of subadult males taken in 

the U.S. between 15 April and 31 May were in 
active prealternate molt when collected (Table 
6). The intensity of this molt diminished be- 
tween mid-April and the end of May (Table 
6A). That some subadults molt during migra- 
tion is confirmed by a specimen (USNM 564188) 
killed in migration the night of 5-6 May 1960 
in Indiana when it struck a building. Ten per- 
cent of its body feathers were growing. 

Individuals that had replaced less of the sup- 
plemental plumage while on the wintering 
grounds were much more likely to show active 
molt in early spring in the United States than 
were individuals that had replaced most of the 
supplemental plumage (Table 6B; X 2= 12.3, 

TABLE 5. Date and mean percentage of body feath- 
ers growing for birds taken on the wintering 
grounds while in active molt. The five body re- 
gions scored to estimate the percentage of feathers 
in molt were crown, back, throat, breast, and belly. 
Sample sizes are given in parentheses. 

Yearlings Adults 
Date Males Females Males Females 

1-15 Nov 6.0 (2) 2.0(1) -- (0) -- (0) 
16-30 Nov 37.3 (6) 26.0 (1) -- (0) 4.0 (1) 
1-15 Dec 42.0 (5) 22.1 (1) 10.0 (1) -- (0) 

16-31 Dec 18.0 (3) -- (0) 17.0 (2) -- (0) 
1-15 Jan 9.0 (2) -- (0) -- (0) 12.0(1) 

16-31 Jan 2.0 (3) -- (0) 11.2 (4) -- (0) 
1-15 Feb -- (0) -- (0) 24.2(3) -- (0) 

16-29 Feb 6.0 (1) -- (0) 12.0 (4) -- (0) 
1-15 Mar 14.5 (8) 11.3 (3) 29.8 (5) -- (0) 

16-31 Mar 13.6 (3) 26.0 (2) 31.9 (6) -- (0) 
1-15 Apr 5.0 (2) 8.5 (4) 16.0 (2) 36.3 (3) 

16-30 Apr 3.8 (3) 4.0 (3) -- (0) 12.0 (1) 
1-15 May -- (0) -- (0) 6.0(1) -- (0) 

P < 0.001). While scarcely surprising, this re- 
suit strongly suggests that spring feather re- 
placement in the U.S. represents a continuation 
or a resumption of the prealternate molt, rather 
than adventitious feather loss, because adven- 

titious pulling of feathers should affect old and 
new feathers alike. It also suggests that the dull 
subadult plumage is sufficiently disadvanta- 
geous in the breeding season that resources that 
might be invested more directly in the breed- 
ing effort are instead invested in acquiring a 
more completely adult-malelike body color. 

PLUMAGE COMPARISONS 

Birds in juvenile plumage can be distin- 
guished by the very lax feather vanes of the 
juvenile plumage and by the narrow and dis- 
tinct streaking on the breast and flank that con- 
trasts with the vague striping shown by some 
adult females and by some birds in the first 
basic plumage. For individuals in which the 
first prebasic molt seems complete, the flank 
feathers should be checked as these feathers 

are often molted late and show the textural dif- 

ferences between juveniles and older birds par- 
ticularly well. Birds in first basic plumage may 
be distinguished from females in the definitive 
basic and the definitive alternate plumages only 
by the appearance of their primary coverts. 
These are without blue and, in late summer 

and fall, more lax (being slightly "fuzzier," es- 
pecially on the edge of their vanes) than those 
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TABLE 6. Prealternate molt during or after the spring 
migration; data are for subadult males taken in the 
United States. 

(A) Number of individuals molting and the aver- 
age of the mean body molt scores for specimens 
in active molt 

Num- Per- 

ber cent Mean body 
Sample molt- molt- molt score 

Date total ing ing (SD) 

15-30 Apr 12 2 17 29.0 (9.90) 
1-15 May 36 10 28 7.4 (4.99) 

16-31 May 68 8 12 8.8 (8.81) 
Total 116 20 17 -- 

(B) Percent spring blue a vs. frequency of subadults 
in molt during April and May 

Num- 
ber Per- 
not cent 

Percent Number molt- molt- 

spring blue molting ing ing 
0-25 6 9 40 

26-50 5 15 25 
51-75 6 20 23 
76-100 3 52 5 

Total 20 96 17 

Percentage of body feathers replaced in the first 
prealternate molt. 

Fig. 3. Summary of the development of the body 
plumages in Indigo Buntings. Symbols identify 
feather coats that look different in males, and periods 
of overlap between plumages symbolize periods of 
molt. The "first breeding plumage" is often a mix of 
supplemental and first alternate feathers. Females 
have the same molts and plumages but without color 
changes. The polymorphic timing of the presupple- 
mental molt is not illustrated. 

of adults. This difference is difficult to assess 

without experience and requires good light and 
a hand lens or other source of low magnifica- 
tion. The method, however, is infallible with 

proper experience. 
I found no feature of the body plumage that 

distinguishes the sexes either in the juvenile 
plumage (very small samples) or in the first 
basic plumage (more than 48 males and 22 fe- 
males compared). Dwight (1900), however, re- 
ported that rectrices of juvenile males have a 
bluish or greenish tint while those of juvenile 
females are browner. Because the juvenile rec- 
trices are not replaced in the prebasic molt, this 
color difference could distinguish the sex of all 
young birds in fall and early winter. Unfortu- 
nately, I did not adequately assess its reliabili- 
ty, but 5 females and 3 males in the UW col- 
lection did not overlap in rectrix color. Thus, 
it may be possible to sex young birds both in 
juvenile plumage and in first basic body plum- 
age from the presence (for males) or absence 
(for females) of a bluish tint on the rectrices. 

Obvious sexual difference is first achieved in 

the supplemental plumage. In this plumage 
young males become distinguishable from 

young and adult females by the assumption of 
a scaly blue appearance, particularly on their 
breasts and bellies. This is caused by the body 
feathers having bluish centers, even though 
these feathers are sometimes so broadly tipped 
with brown (or white on the belly) that over- 
lying feathers on occasional specimens in very 
fresh plumage must be lifted for the blue to be 
apparent. Because up to 10% of young undergo 
the presupplemental molt before fall migra- 
tion, it is essential, even in fall and early winter, 
that the primaries or primary coverts of males 
in the scaly blue adult plumage be examined 
for an accurate determination of their age by 
plumage characters. 

From midwinter until the end of the follow- 

ing summer, young birds of both sexes are eas- 
ier to distinguish from adults by the break in 
the appearance of their primaries than by the 
condition of their primary coverts. In young 
birds the innermost primaries (usually 1-3 or 
4), which are not replaced in the presupple- 
mental molt, are more faded and worn than the 

outer primaries. In adults all of the primaries 
form a continuous series in appearance. The 
presence or absence of a break in the primary 
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series is easy to evaluate in both sexes, and the 
condition persists until the end of the first po- 
tential breeding season because primaries are 
almost never replaced in the prealternate molt. 
Condition and color of the primary coverts also 
will distinguish accurately yearling and adult 
females (as well as males) in the breeding sea- 
son, but these characteristics are more difficult 

to assess on females than is the presence or 
absence of a break in the primary sequence. 

The comparative appearance of the fall and 
winter plumages of Indigo Buntings may be 
summarized as follows. The three postjuvenile 
plumages worn by yearling females (Fig. 3) are 
indistinguishable grossly and resemble the de- 
finitive plumages of older females. These 
plumages differ in yearling males, in which the 
first basic resembles the definitive basic of adult 

females, the supplemental resembles the defin- 
itive basic of adult males, and the first alternate 
resembles the definitive alternate of adult males 

(Fig. 3). Although the feathers acquired by 
young males in the first prealternate molt mim- 
ic those of the definitive alternate breeding 
plumage, there is considerable variability 
among first-spring males because individuals 
differ in how much of the supplemental plum- 
age they replace. 

Neither the presupplemental molt of young 
males nor the prealternate molt of young and 
old females appears to be required to replace 
worn feathers. Indeed, feather wear is highly 
implausible as an explanation of the presup- 
piemental molt in either sex because the pre- 
ceding basic plumage is worn for less than 3 
months in most birds. I believe the reason fe- 

males undergo the presupplemental and preal- 
ternate molts is that these molts occur in males 

to produce color changes, and the genes that 
produce these molts in males also produce them 
in females, despite their probable cost to fe- 
males. Lande (1980) showed that high genetic 
correlations between homologous characters of 
males and females cause the attainment of sex- 

ual dimorphism to be very slow. Thus, char- 
acters that originate because of benefits limited 
to only one sex may persist in the other sex for 
many generations (Lande 1980). 

IMPLICATIONS TO THEORIES OF DELAYED 
PLUMAGE MATURATION 

Summer explanations of delayed plumage 
maturation invoke various aspects of social 

competition and communication in the first po- 
tential breeding season as causes for subadult 
breeding plumages. In contrast, winter expla- 
nations invoke social competition and com- 
munication in the first winter as the causes for 

delayed plumage maturation and do not nec- 
essarily ascribe an adaptive function to the sub- 
adult breeding plumage. Comparative data for 
more than 100 North American passerines in 
which adults are sexually dichromatic either in 
winter or in summer suggest that in winter the 
subdued plumages of first-year males are adap- 
tive. The following shared patterns support this 
view. First, every species that features a sub- 
dued first breeding plumage in males also fea- 
tures a femalelike first winter plumage in males. 
Second, in many species young males change 
in spring to be less like adult females and more 
like adult males than they were in fall. Finally, 
in no species are young males more like adult 
males in winter than they are in spring (Roh- 
wer and Butcher unpubl.). 

The previously unknown supplemental 
plumage of first-year Indigo Buntings strongly 
supports a winter explanation of delayed mat- 
uration for this species. The completeness of 
the presupplemental molt implies that the fe- 
malelike first basic plumage shed by young 
males in this molt can only be a response to 
conditions of the first fall or the beginning of 
the first winter. Furthermore, the supplemen- 
tal plumage of young males exactly "mimics" 
the winter plumage of adult males, which is 
dramatically different from and independent 
of the adult-male breeding plumage because the 
prealternate molt of adult males includes vir- 
tually all body feathers in most individuals. Al- 
though the first prealternate molt of young 
males is often incomplete, the supplemental 
plumage of young males still must be related 
to social competition during winter because this 
plumage is exactly like the definitive basic 
plumage of wintering adult males, which, in 
turn, is known to be independent of summer 
demands. Presumably, the supplemental plum- 
age facilitates a midwinter change in the social 
relationships between young males and other 
Indigo Buntings, but why supplemental plum- 
ages are unreported for other passerines re- 
mains unresolved. 

The feathers grown by young males in the 
first prealternate molt are virtually always the 
color of the definitive alternate breeding plum- 
age of adult males. This fact argues against a 
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summer explanation of the subadult breeding 
plumage of young males. If a subdued first 
breeding plumage were advantageous, female- 
like feathers should regularly be produced in 
this molt. 

Energetic costs of the prealternate molt do 
not seem to have been studied for any species 
(Payne 1972, King 1980, Walsberg 1983). Even 
though the prealternate molt includes only 
body feathers in most species, it seems very 
likely to impose significant foraging costs. 
Three recent reviews of the cost of molting 
provide data on temperate-region passefine 
species; most show a 10-40% increase in basal 
metabolic rate for the duration of the prebasic 
molt (Payne 1972, King 1980, Walsberg 1983). 
In these species, the energetic demands of molt 
are met by delaying the molt until after breed- 
ing, by a general decrease in activity by molt- 
ing birds, and by compensatory increases in 
foraging (Payne 1972, King 1980, Walsberg 
1983). Prealternate molts, occurring at the end 
of winter, contrast critically with prebasic molts 
because their energetic demand cannot be met 
by reducing other activities. The primary activ- 
ity of wintering birds is feeding themselves; 
thus, the energetic demands of the prealternate 
molt must be met primarily by an increase in 
food intake. At the end of winter this may be 
difficult or impossible for yearlings of some 
species to achieve. This food-limitation hy- 
pothesis merits testing by evaluating whether 
ad libitum feeding results in a more complete 
prealternate molt by yearling males in species 
that feature variability among subadults in the 
extent of the prealternate molt. 

The hypothesis that dull first breeding plum- 
ages are a maladaptive consequence of late- 
winter food shortages is consistent with the 
prealternate molt being resumed or continued 
in the United States by subadult males in which 
it was substantially incomplete prior to the 
spring migration (Table 6B). The benefit of us- 
ing resources for further advancing this molt 
rather than for activities more directly associ- 
ated with breeding is perhaps explained by 
Payne's (1982) finding that young males with 
more indigo-blue feathers in their first summer 
are more successful at breeding. Completing 
more of the prealternate molt after migrating 
may assist a subadult male to obtain a female 
later in his first breeding season. 

The timing of the prealternate molt of adults 
relative to the presupplemental molt of sub- 

adults has the appearance of an arms race 
(Dawkins and Krebs 1979) between young and 
old males and between individuals within these 

age classes. Such a metaphor seems reasonable 
if the presupplemental molt of young males, 
which changes their appearance from brown 
to a mottled blue similar to winter adult males, 

evolved as a status signal (see Rohwer 1975, 
1982). To elaborate, most young males arrive 
on the wintering ground looking like females. 
Yet, within one or two months of their arrival, 

they exchange this femalelike plumage for one 
that "mimics" that of adult males almost per- 
fectly. Under status-signaling assumptions, 
young males should change color after they 
have gained enough experience to dominate 
adult males or females and are able to benefit 

from a signal indicating that ability. Coinci- 
dent with this molt by young males, some adult 
males begin to replace their winter body feath- 
ers with summer feathers that are solid indigo 
blue (Tables 4 and 5). Some subadult males also 
initiate their first prealternate molt very early 
in winter, within weeks of the time that the 

supplemental plumage is normally acquired 
(Fig. 1). Perhaps those males that initiate the 
prealternate molt so early are socially high 
ranked and benefit from patches of indigo-blue 
feathering that advertise their high status. 

Why is it that only about 10% of first-year 
males undergo the presupplemental molt while 
on the breeding grounds? Only the earliest 
fledged young may have time to molt prior to 
the fall migration, but time seems ample for 
more than 10% to do so because Indigo Bunt- 
ings are late migrants (Table 1; Johnston and 
Downer 1958). If, as I argue, time is not a con- 
straint, the variable timing of this molt relative 
to the fall migration may represent a frequen- 
cy-dependent equilibrium. Such an equilibri- 
um could be maintained either because the costs 

of mimicking adult males or because the ben- 
efits of a femalelike plumage accrue in a fre- 
quency-dependent fashion. A frequency-de- 
pendent cost of conspicuousness seems more 
likely simply because the colorfulness of the 
supplemental plumage must signal something. 
I expect that the colorfulness of this plumage 
will prove to elicit aggression from adult males. 
Whatever the specific cost, the essential feature 
for a frequency-dependent argument is that the 
cost per individual of the supplemental plum- 
age increases with the frequency of young 
males that acquire it before the fall migration. 
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Given this, it is theoretically possible--at some 
(equilibrium) frequency--for the net benefits 
of mimicking adult males in early winter to be 
equal to the net benefits of carrying a female- 
like plumage in early winter. The femalelike 
first basic plumage may benefit young males 
either by rendering them inconspicuous to 
predators or adults (Ewald and Rohwer 1980) 
or by reliably signaling their subordinance to 
and, thus, facilitating their association with 
adults (Rohwer and Ewald 1981). 

That the supplemental plumage of young 
males resembles the plumage of winter adult 
males (rather than of summer females) deals a 
crippling blow to the female mimicry hypoth- 
esis for Indigo Buntings and perhaps other 
species as well (Rohwer et al. 1980, Rohwer 
1983, Flood 1984). Because the first prealternate 
molt is often incomplete, many young males 
retain a portion of the supplemental plumage 
for the breeding season. This subadult breed- 
ing plumage more resembles the brownish ap- 
pearance of breeding females than the indigo 
blue of breeding adult males. It is, nonetheless, 
incorrect to speak of female mimicry when the 
feathers in question actually resemble those of 
adult males in winter plumage. 
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