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Abstract. Determining how molt is integrated into the annual cycle, and understanding 
what natural selection pressures have favored the diversity of molt strategies in birds are 
important issues in ornithology and zoology in general. To study these issues, most omi- 
thologists historically have used and continue to use many different nomenclatural systems 
which tie names of molts and plumages (e.g., breeding plumage, summer plumage, adult 
plumage) to events in the annual cycle, season or age. However, it is circular to study the 
evolution of molts and plumages in relation to annual cycle events, seasons or age because 
the definitions of plumages and molts in these systems are defined in terms of these param- 
eters. To study the evolution of molts and plumages it is essential to use a system such as 
that proposed by Humphrey and Parkes (1959, 1963) to identify homologous molts and 
plumages that is independent of annual cycle events, seasons and age. This paper discusses 
how to use correctly the Humphrey-Parkes system and illustrates this by discussing an 
example of how the Humphrey-Parkes system was applied incorrectly in a series of studies 
on Passerina buntings. We also document that Phainopeplas, Phainopepla nitens, Yellow- 
breasted Chats, Icteria virens. Northern Cardinals, Cardinalis cardinalis, and Orange-breast- 
ed Buntings, Passerina leclancherii exhibit a previously unknown sequence of molts and 
plumages that is homologous to that of other recently studied Passerina species, and suggest 
that this sequence of molts and plumages probably is much more widespread in birds than 
is currently recognized. 
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INTRODUCTION 

Natural selection has favored many species of 
birds to wear plumages with different color pat- 
terns (1) in the breeding versus nonbreeding sea- 
sons, (2) at different ages, and (3) in males versus 
females (Rohwer and Butcher 1988, Butcher and 
Rohwer 1989). To accomplish such changes in 
plumage color, birds must replace their feathers 
by molting (Palmer 1972, Payne 1972). In ad- 
dition, feathers of all birds become worn with 
age, and must be replaced to function properly 
during flight and for thermoregulation. Thus, molt 
plays an important role in the ecology (i.e., an- 
nual cycle) of birds and, therefore, in the evo- 
lution oftheir life histories. Similarly, in addition 
to the obvious physiological costs of molt (re- 
crudescence of the integument, keratin synthesis, 
reduced thermoregulatory ability and decreased 
flight efficiency), the molting process also entails 
significant changes in many other less obvious 
physiological processes including bone and pro- 
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tein metabolism, hematopoiesis, and water bal- 
ance and the hormonal regulation of these pro- 
cesses (e.g., Rehder et al. 1982). To meet the 
physiological demands of molt, birds may in- 
crease their basal metabolic rate as much as 60- 
80% and their daily energy expenditure nearly 
50% above their respective levels when they are 
not molting or breeding (Payne 1972, Murphy 
and Ring 1992). Whether increases in basal met- 
abolic rate and daily energy expenditure asso- 
ciated with molting constitute an energetic 
“stress” (i.e., cause nutrient demands to exceed 
nutrient ingestion, resulting in a net catabolism 
in body tissues to the extent that one or more 
vital physiological functions are impaired [Ring 
and Murphy 19851) varies widely among eco- 
logically and phylogenetically diverse avian taxa 
and is much debated (Ring 1980, Walsbcrg 1983a, 
Ring and Murphy 1985, Murphy and Ring 199 la, 
Earnst 1992, Hohman et al. 1992, Gates et al. 
1993, Moorman et al. 1993). However, molt 
clearly is energetically stressful in at least some 
species (Brown 1985, Groscolas and Cherel 1992, 
Thompson and Walsberg 1993). All aspects of 
the molting process must be subject to strong 
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selection pressures for three reasons: (1) plumage 
color often facilitates social signaling or crypsis 
(Rohwer and Butcher 1988, Butcher and Rohwer 
1989), (2) structurally sound flight feathers and 
body plumage are necessary for efficient flight 
performance (e.g., Ruttledge 1979, Dorka 198 1, 
Burtt 1986, Noordhuis 1989, Spearman and 
Hardy 1985, Tucker 1991) and thermoregula- 
tion, respectively (e.g., Spearman 1980; Wals- 
berg 1981, 1982, 1983b, 1988a, 1988b; Spear- 
man and Hardy 1985; Cena et al. 1986; Fumess 
and Burger 1988; Piersma 1988), and (3) molting 
imposes large physiological and energetic de- 
mands on birds (discussed above). 

Thus, molt, along with reproduction and mi- 
gration (in migratory species), constitutes one of 
the two or three most important features of the 
annual cycle in birds. An understanding of both 
the proximate and ultimate bases of the molting 
process, and quantitative documentation of the 
sequence of molts and plumages in birds, are 
essential for addressing many basic and applied 
issues in biology including the following. (1) Ag- 
ing and sexing birds correctly which is an essen- 
tial prerequisite for nearly all studies (e.g., Taber 
1963, Madsen 1967, Prater et al. 1977, Busse 
1984, Pyle et al. 1987, Camey 1992, Svensson 
1992, Baker 1993, Mulvihill 1993). (2) Con- 
structing life tables from estimates of differential 
survivorship among age and sex classes. This is 
necessary, for example, for calculating sustain- 
able harvest limits for management of game spe- 
cies (Camey 1984, Crissey 1984). (3) Determin- 
ing timing and route of migration, which is 
especially important for the conservation and 
management of species which use staging areas 
during migration for feeding or molting (Jehl 
1990). (4) Evaluating the relative health of in- 
dividuals in populations with ptilochronology 
(Grubb 1989, 1992, in press a, in press b; Mur- 
phy and Ring 199 lb; Murphy 1992; Yosef and 
Grubb 1992, in press; Brodin 1993; Grubb and 
Pravosudov 1994). (5) Documenting the effect 
of diet (e.g., carotenoid pigments) on plumage 
color (Goodwin 1984; Partali et al. 1987; Brush 
1990; Hill 1992,1993; Hudon 1994; Thompson 
et al., unpubl. manuscript. (6) Determining the 
effect of abiotic factors (e.g., daylength [e.g., 
Chilgren 19781, temperature [e.g., Rouanet and 
Barre 1982, Rymkevich and Ryzhanovsky 1987, 
Ewins 1988, Groscolas and Cherel 19921) food 
availability (Gaston 198 l), social environment 
(e.g., status in dominance hierarchy [e.g., Myhre 

1980]), ecto- and endoparasites (e.g., Loye and 
Zuk 199 1, Zuk 1992), pollution (e.g., Fumess et 
al., 1986, Braune 1987), genetics (e.g., Berthold 
1985) and internal environment (e.g., hormone 
levels [Witschi 196 1, Smith 1982, Stokkan et al. 
1986, John et al. 19881) on timing, rate, and 
extent of molt. 

Despite the obvious importance of (1) docu- 
menting the sequence of molts and plumages of 
birds for the reasons discussed above, (2) deter- 
mining how molt is integrated into the annual 
cycle of birds, and (3) understanding what nat- 
ural selection pressures have favored the diver- 
sity of molt strategies observed in birds, the sad 
reality is that the literature regarding molts and 
plumages of most species usually is scanty and 
incomplete, often contains major errors or con- 
tradictions among sources, and usually is con- 
fined to studies in only a small part of the species 
geographic range which does not necessarily re- 
flect the biology of the species throughout its 
range (e.g., Pyle et al. 1987 and references cited 
therein). 

Most of our lack of knowledge can be traced 
to two causes. (1) Most museum collections con- 
tain mostly non-molting adult (i.e., definitive- 
plumaged [Humphrey and Parkes 19591) birds, 
especially males, collected on the breeding 
grounds (e.g., North America), but have very few 
birds in molt or in predefinitive plumages. (2) 
Molt has been and remains an unpopular re- 
search topic. For example, of all ornithological 
literature indexed in Wildlife Review (87,4 17 ci- 
tations; approximately 1970 through February 
1994) a database produced by the U.S. Depart- 
ment of Interior that indexes both governmental 
and non-governmental fish and wildlife litera- 
ture, only 1.2% discuss molt to any degree where- 
as 4.2 times (4.9%) and 10.5 times (12.3%) as 
many citations address migration and reproduc- 
tive biology, respectively, as their primary focus. 
Similarly, of all ornithological literature indexed 
in Zoological Record (143,266 citations; 1978 
through 1993) an international database of zoo- 
logical literature, only 1.2% discuss molt to any 
degree whereas 6.6 times (7.8%) and 17.3 times 
(20.4%) as many citations address migration and 
reproductive biology, respectively, as their pri- 
mary focus. 

One obstacle to advancing our knowledge of 
the sequence of molts and plumages of birds and 
the evolution of these molt and plumage patterns 
is that ornithologists historically have used and 
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continue to use many different systems to name 
molts and plumages. Some follow Dwight’s 
(1900a, 1902, 1905) system which ties names of 
molts and plumages to events in the annual cycle, 
e.g., postjuvenal molt and prenuptial molt (e.g., 
Cramp et al. 1977 and subsequent volumes, Ginn 
and Melville 1983). Some use names associated 
with seasons, e.g., summer and winter plumage 
(Prater et al. 1977). Some use names tied to ages, 
e.g., juvenile, immature and adult plumage 
(Witherby et al. 1943 and subsequent volumes), 
and some use combinations, e.g., age and season 
(Svensson 1992). Although such systems may be 
adequate for some purposes, all of these systems 
are unsuitable for addressing most questions re- 
garding evolution of molts and plumages for two 
reasons. First, these systems name molts and 
plumages in terms ofannual cycle events, seasons 
or age rather than in relation to them, as sug- 
gested by Humphrey and Parkes (1959, 1963). 
Thus, it is not possible to investigate the rela- 
tionship between molt and annual cycle events, 
seasons or age because the definitions of plum- 
ages and molts are not independent of the these 
parameters but, rather, are defined in terms of 
them. As a result, evolutionary patterns that 
might emerge through comparative studies have 
been and continue to be obscured. Second, to 
study the evolution of molts and plumages it is 
essential to identify homologous molts and 
plumages among the taxa of interest. It is not 
possible to identify homologies among molts and 
plumages of related taxa with the systems dis- 
cussed above that employ dependent nomencla- 
ture (see Humphrey and Parkes 1959, 1963 for 
more detailed discussion). 

Humphrey and Parkes (1959, 1963) recog- 
nized that insights into the evolution of molts 
and plumage patterns can only be gained by iden- 
tifying homologous molts and plumages among 
related taxa. In turn, they also recognized that 
determining homologies requires employing a 
nomenclatural system that is independent of an- 
nual cycle events, seasons and age. With re- 
markable foresight and clarity, Humphrey and 
Parkes (1959, 1963) proposed such a system (ex- 
plained below). 

The purpose of this paper is to discuss how to 
use correctly the Humphrey-Parkes (hereafter 
H-P) system to identify homologous molts and 
plumages to address evolutionary questions, and 
to illustrate this by discussing an example of how 
the Humphrey-Parkes system was applied in- 

correctly in a series of studies on Passerina bunt- 
ings. 

Previous recent studies of Indigo, Passerina 
cyanea, Lazuli, P. amoena, and Painted Bunt- 
ings, P. ciris, documented that they undergo a 
sequence of molts and plumages during their first 
few months of life that had never been demon- 
strated in any other bird species previously (Roh- 
wer 1986;Young 1991;Thompson 1991a, 1991b, 
1992). Between hatching and the beginning of 
their first potential breeding season, when they 
are about ten months old, young buntings un- 
dergo three molts (described below), not includ- 
ing their first (prejuvenal) molt which replaces 
natal down with juvenal plumage. Rohwer (1986), 
Thompson (1991a, 1991b) and Young (1991) 
followed the terminology of Humphrey and 
Parkes (1959) and named these molts first pre- 
basic, presupplemental and first prealtemate in 
that order (Fig. l), for reasons described below. 
Subsequent studies of other species in which we 
have discovered similar molt and plumage se- 
quences (Thompson and Leu, in press, unpubl. 
data), have convinced us that the second molt 
(named presupplemental previously) is homol- 
ogous with definitive prebasic molt, and that the 
first molt (named first prebasic previously) is a 
presupplemental molt, i.e., not homologous to 
any molt in subsequent molt cycles. As a result, 
the names of the first two molts should be re- 
versed, i.e., the second molt should be named 
the first prebasic molt and the first molt should 
be named the presupplemental molt (Fig. 1). 

We summarize below the sequence of molts 
and plumages in Passerina buntings, review the 
logic of the H-P system for naming molts and 
plumages, explain how Rohwer (1986) Thomp- 
son (1991a), Young (1991) and Rohwer et al. 
(1992) used the H-P system to assign names to 
these molts and plumages, present new data that 
indicate why the names assigned to the first two 
molts are incorrect and should be reversed (Fig. 
l), and discuss the superiority of the H-P system 
over other nomenclatural systems for studying 
the evolution of molt and plumage sequences in 
birds. 

SEQUENCE OF MOLTS AND 
PLUMAGES IN PASSERINA 

Within a few days after fledging, young Passerina 
buntings begin a rapid molt lasting three to four 
weeks during which they replace most to all of 
their juvenal body plumage with another plum- 
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ORIGINAL REVISED 

NOMENCLATURE(A) NOMENCLATURE(B) 

Juvenal Plumage Juvenal Plumage 

First Prebasic Presupplemental 

Molt Molt 

I Presupplemental 
Molt 

I 

demental Plumage 

First Prebasic 
Molt 

Supplemental Plumage First Basic Plumage 
FIGURE 1. Diagram of the (A) names originally assigned to the sequence of molts and plumages of Indigo, 
Pusserina cymea, Lazuli, P. amoenu, and Painted Buntings, P. ciris, by Rohwer (1986), Thompson (199 la, 
199 1 b), Young (199 l), and Rohwer et al. (1992) based on apparent homologies of molts and plumages among 
and within these species, and (B) revised names suggested by Thompson and Leu (this paper) for the sequence 
of molts and plumages in these species based on a re-evaluation of molt and plumage homologies within and 
among species of Pusserinu and related taxa. 

age that is similar in color to that of adult fe- 
males. In the fall, one to three months after com- 
pletion of the previous molt, they undergo a 
second molt in which they replace all of their 
body plumage, all juvenal rectrices, and some 
juvenal outer primaries and inner secondaries. 
In winter and spring, birds replace some to all 
of their body plumage during a third molt called 
first prealternate molt (Fig. 1, Rohwer 1986, 
Thompson 1991a, Young 1991). 

HOW TO USE THE HUMPHREY-PARRES 
SYSTEM TO NAME MOLTS AND 
PLUMAGES 

If the sequence of molts and plumages of a bird 
is known, how does one correctly use the H-P 
system to name these molts and plumages? The 
key is to identify molt and plumage homologies 
among age classes within the same species as well 
as among closely related species. First, one must 

determine the first and subsequent plumage “cy- 
cles” of the species of interest. A cycle is the time 
period that “runs from a given plumage or molt 
to the next occurrence of the same plumage or 
molt” (Humphrey and Parkes 1959:3). This is 
usually a year in temperate birds. Having accom- 
plished this, molt and plumage homologies may 
be determined and names assigned according 
to the following guidelines. (1) Molts held in 
common between the first and later plumage cy- 
cles can be homologized by comparing the timing 
and extent of molt, and the color change resulting 
from each molt in a given cycle (e.g., the first 
cycle) to those of molts of other cycles (e.g., sec- 
ond or later cycles) of the same species as well 
as to cycles in related species. (2) If there is one 
molt per cycle, it is called a prebasic molt that 
gives rise to a basic plumage. If there are two 
molts per cycle, one is a prebasic molt and the 
other a prealternate molt. These give rise to a 
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basic and alternate plumage, respectively. If one 
molt is complete and the other is incomplete, as 
is most common in passerines, then the complete 
molt usually is the prebasic molt and the incom- 
plete molt is the prealtemate molt. This, how- 
ever, is only an empirical guide; names should 
always be assigned based on homology. If there 
are three molts per cycle, as in the first cycle of 
Passerina, then there must be a presupplemental 
molt in addition to the prebasic and prealtemate 
molts. If three molts occur in a plumage cycle of 
a species but only two molts occur in other cycles 
of the same species or in cycles of related species, 
then the presupplemental molt must be the one 
molt that is not homologous to either of the two 
molts that occur in other cycles of the same spe- 
cies or in cycles of related species (Humphrey 
and Parkes 1959). 

INCORRECT USE OF THE 
HUMPHREY-PARKES SYSTEM TO ASSIGN 
NAMES TO MOLTS AND PLUMAGES 
IN PASSERINA 

Following the above logic of the H-P system, 
Rohwer et al. (1992) explained that they named 
the first molt in young Passerina the first prebasic 
molt (Fig. 1) “because nothing about their first 
molt of pennaceous feathers is strikingly different 
from that of other passerines. It is a complete 
molt of body plumage but excludes remiges and 
rectrices. Thus considering it the first prebasic 
molt was consistent with the H-P definition and 
did not violate apparent homologies since many 
other passerines do not replace remiges or rec- 
trices in their first prebasic molt.” They named 
the second molt the presupplemental molt (Fig. 
1) for three reasons. “First, it is the second molt 
of body plumage that takes place in the first fall. 
Second, it includes the replacement of outer but 
not inner primaries. Third, it results in first-year 
male Indigo Buntings assuming in mid-winter a 
plumage that matches the moderately conspic- 
uous plumage of adult males, rather than the 
brown plumage worn by all females and by males 
in first basic plumage” (Rohwer et al. 1992). 

We believe that the reasons given by Rohwer 
et al. (1992) to justify their nomenclatural scheme 
were incorrect. Except for Passerina and a few 
other genera (Willoughby 1986; Thompson, un- 
publ. data, discussed below), young birds of all 
known passerine species have only one molt of 
pennaceous feathers during the summer and fall 
after hatching. Ornithologists who use the H-P 

system universally have held that this first and 
only molt out of juvenal body plumage into a 
partially or completely new plumage is homol- 
ogous to definitive prebasic molt and, therefore, 
have called it first prebasic molt. Rohwer et al. 
(1992) correctly noted that in most passerine spe- 
cies other than Passerina spp., this first and only 
summer/fall molt replaces body feathers but not 
flight feathers (e.g., Ginn and Melville 1983, Pyle 
et al. 1987, Svensson 1992). However, they over- 
looked the fact that in passerines with only one 
summer/fall molt, the timing of this molt and 
the color change resulting from it coincide very 
closely with the timing and color change of the 
definitive prebasic molt in the large majority of 
species (Fig. 2) (Dwight 1900a; Forbush 1927, 
1929; Roberts 1955; Pyle et al. 1987 and refer- 
ences therein). In contrast, in young Lazuli and 
Painted Buntings, but not Indigo Buntings, the 
timing of their second molt is more similar to 
that of the definitive prebasic molt than is the 
timing of their first molt (Fig. 3). We believe that 
the later timing of the second molt in young In- 
digo Buntings relative to that of definitive pre- 
basic molt in adult Indigo Buntings must rep- 
resent a derived condition among Passerina. We 
agree with Rohwer (1986) that selection caused 
by intraspecific competition on the wintering 
grounds favored the ability of subadult males to 
signal their competitive ability on the wintering 
ground; we further suggest that this selection re- 
sulted in a delay in the timing of the second molt 
in young Indigo Buntings until later in the year 
compared to other Passerina. 

Rohwer et al. (1992) also noted that the second 
molt in Passerina involves replacement of outer 
but not inner primaries. They then imply that 
this is unique in passerines and that, as a result, 
this molt cannot be homologized to molts in oth- 
er passerines. Thus, it should be named a pre- 
supplemental molt. However, replacement of 
outer but not inner remiges by young birds dur- 
ing their first summer and fall also occurs in all 
other species of Passerina as well as in all species 
of Guiraca and Cyanocompsa which belong to 
the same subfamily (Cardinalinae) as Passerina. 
Further, in North America alone, young birds of 
at least five other species in emberizinae, a sub- 
family of the family Emberizidae to which Pas- 
serina belongs, and at least five non-emberizid 
species also replace outer but not inner primaries 
during their first fall (Table 1). Many species out- 
side of North America also exhibit this molt pat- 
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FIGURE 2. Overlap in timing of first prebasic and definitive prebasic molt in species in which first prebasic 
molt replaces body feathers only. Percent overlap was calculated as the number of days during which both first 
prebasic and definitive prebasic molt occur divided by the total number of days during which the first prebasic 
molt occurs. This underestimates the percent overlap in species in which the first prebasic molt overlaps the 
entire duration of the definitive prebasic molt but begins before and/or ends later than the definitive prebasic 
molt, e.g., Black Phoebes, Suyornis nigricuns, Crissal Thrashers, Toxostoma dorsale, American Tree Sparrow, 
Spizellu arboreu, and Clay-colored Sparrows, S. pallidu. Data regarding relative timing of first and definitive 
prebasic molt in each species were summarized from Pyle et al. (1987). 

tern, e.g., Elaenia spp. (M. Traylor, pers. comm.), 
many Lank shrikes (Phillips 1974), Sardinian 
Warblers, Sylvia melanocephala, Cirl Buntings, 
Emberiza cirlus, Greenfinches, Carduelis chloris, 
European Goldfinches, C. carduelis, Siskins, C. 
spinus, Red Crossbills, Loxia curvirostra (Wink- 
ler and Jenni 1987), Linnets, Acanthis cannabi- 
na, and Serins, Serinus serinus (Mester and Priinte 
1982). 

In Indigo Buntings, the second molt in young 
males results in a plumage that matches the mod- 
erately conspicuous definitive basic plumage of 
adult males, rather than the brown plumage worn 
by all females and by young males after their first 
molt. The similarity in plumage color between 
the second plumage of young male Indigo Bunt- 
ings and the definitive basic plumage of adult 
males strongly suggests, contrary to Rohwer et 
al. (1992), that the second molt is homologous 
with the definitive prebasic molt and, therefore, 
should be renamed the first prebasic molt. This 
argument applies to the sequence of molts and 
plumages in Lazuli Buntings as well (Young 
199 1). In contrast, the second molt in young male 
Painted Buntings results in a plumage that is 
completely female-like in color and very similar 

in color to the plumage that preceded it, i.e., 
Painted Buntings exhibit extreme delayed plum- 
age maturation. Unlike Indigo and Lazuli Bunt- 
ings in which the change in plumage color during 
this molt indicates the homology of the molt, the 
lack of change in plumage color resulting from 
this molt in young male Painted Buntings does 
not help clarify the homology of this molt. 

EVIDENCE FROM OTHER SPECIES 

We recently discovered that all Cardinalis spp., 
Cyanocompsa spp., Varied Buntings, Passerina 
versicolor, Orange-breasted Buntings, P. le- 
clancherii, Rose-bellied Buntings, P. rositae, Blue 
Grosbeaks, Guiraca caerulea, Phainopeplas, 
Phainopepla nitens, and Yellow-breasted Chats, 
Zcteria virens, exhibit the same sequence of molts 
and plumages as the Passerina species discussed 
above (Thompson and Leu, in press; Thompson, 
Leu and Dunn, unpubl. data). Cassin’s Sparrows, 
Aimophila cassinii, and Bachman’s Sparrows, A. 
aestivalis, also exhibit this sequence of molts and 
plumages (Willoughby 1986, Rohwer et al. 1992). 
For each of these species, data regarding the tim- 
ing and extent of the first two molts of young 
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FIGURE 3. Relative timing of the first and second molts of young Indigo, Pusserina cyaneu, Lazuli, P. amoena, 
and Painted, P. ciris, with definitive prebasic molt in adults. Percent overlap was measured as the number of 
days during which first (or second) molt and definitive prebasic molt both occur divided by the total number 
of days on which only the first (or second) molt occurs. Data regarding timing of molts were obtained for Indigo 
Buntings from Emlen (1967) Johnston and Downer (1968) Rohwer (1986) and Payne (1992) for Lazuli Buntings 
from Young (199 l), and for Painted Buntings from Thompson (199 1 a, 199 1 b). The duration of the second molt 
in Indigo and Painted Buntings and definitive prebasic molt in Indigo, Painted and Orange-breasted Buntings, 
P. lecluncherii, was estimated from regression equations in Rohwer (1986) Young (199 l), Thompson (199 la) 
and Thompson and Leu (in press) that were obtained by regression day of year on molt score (Pimm 1976). 
Open bars indicate the timing of the first molt after hatching; cross-hatched bars indicate the timing of the 
second molt after hatching; filled bars indicate the timing of definitive prebasic molt. 

birds, and the color change resulting from each 
of these molts are presented below. These data 
support our contention that the second molt is 
homologous to the definitive prebasic molt and, 
therefore, that the second molt is the first pre- 
basic molt rather than a presupplemental molt. 

Timing offirst and second molt. In most of the 
above species for which we have data, the timing 
of the second molt coincides much more closely 
with the timing of definitive prebasic molt than 
does the timing of the first molt (Fig. 4) thus 
suggesting that the second molt, and not the first 
molt, is homologous to the definitive prebasic 
molt. 

Extent ofjrst and second molts. As in the Pas- 

serina discussed above, all of these species re- 
place most or all of their juvenal body feathers 
(except greater primary and, sometimes, second- 
ary coverts) during their first molt. All of these 
species also replace all rectrices and most to all 
of their new (second) body plumage during their 
second molt, However, the extent of replacement 
of remiges during the second molt varies both 
within and among species. This variation within 
and among species shows that the replacement 
of outer primaries and inner secondaries (and 
retention of inner primaries and outer second- 
aries) is not as unique as thought by Rohwer et 
al. (1992), but rather represents a special case of 
a more general pattern of remigial molt in car- 
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TABLE 1. Species of North American passerines (other than species in the subfamily Cardinalinae and that 
are not known to exhibit a presupplemental molt) in which young birds replace outer (distal) but not inner 
(proximal) primaries during a molt in the summer or fall after hatching. 

Family Species source 

Remizidae 
Troglodytidae 
Laniidae 
Vireonidae 

Emberizidae 
Emberizidae 
Emberizidae 
Emberizidae 
Emberizidae 
Fringillidae 

Verdins, Auriparus flaviceps 
Cactus Wrens, Cahpylorhynchus 
Loggerhead Shrike, Lank ludovicianus 
White-eyed Vireo, Vireo griseus 

Rufous-winged Sparrow, Aimophila carpalis 
Rufous-crowned Sparrow, Aimophila rujiceps’ 
Field Sparrow, Spizella pusilla 
Chipping Sparrow, Spizella passerina 
Lark Bunting, Calamospiza melanocorys 
House Finch, Carpodacus mexicanus’ 

Taylor 1970, Austin and Rea 197 1 
Selander 1964 
Miller 1928, 1931 
George 1973, Lloyd-Evans 1983, 

Thompson 1973, Thompson, un- 
publ. data 

Phillips 195 1, Wolf 1977 
Wolf 1977 
Willoughby 1989, 1992a 
Willoughby 1989, 1992a 
Roberts 1936 
Michener and Michener 1940, Stangel 

1985 

’ Some individuals may replace all primaries. 

dinaline finches and other passerine taxa. Yel- 
low-breasted Chats and Varied, Orange-breasted 
and Rose-bellied Buntings, like other Passerina 
buntings, replace all body feathers, all rectrices, 
and typically the outer four to six primaries and 
inner three to five secondaries (Dwight 1899; 
Phillips 1974; Thompson and Leu, in press, un- 
publ. data). Blue Grosbeaks and Cyanocompsa 
spp. molt similarly but often replace more or, 
rarely, all remiges (Thompson, Leu and Dunn, 
unpubl. data). Cardinals and Phainopeplas also 
molt similarly, but with two notable exceptions. 
First, primary and secondary (Sl-S6) molt al- 
ways begins at Pl and Sl, respectively, with the 
result that juvenal outer primaries and inner sec- 
ondaries (not including S7S9) are retained by 
individuals that do not complete primary and/ 
or secondary molt. This contrasts with all of the 
above species that begin remigial molt in the 
middle of the primaries and secondaries and al- 
ways replace all outer primaries and inner sec- 
ondaries. Second, the extent of flight feather molt 
is highly variable. Many individuals undergo a 
complete molt, the same as do adults. Most other 
individuals replace most of their flight feathers, 
although some individuals replace only a few or 
none. Bachman’s and Cassin’s Sparrows are sim- 
ilar to Cardinals and Phainopeplas in that they 
begin primary and secondary molt at P 1 and S 1, 
respectively. However, they differ from all of the 
species above in that they always undergo a com- 
plete molt, the same as do adults. 

Change in plumage color resulting from first 
and second molt. Adult Yellow-breasted Chats, 

Cassin’s Sparrows and Bachman’s Sparrows are 
both sexually and seasonally monomorphic. 
During both the first and second molt, young 
Yellow-breasted Chats grow plumages that are 
identical to those of adults. In Bachman’s and 
Cassin’s Sparrows, young birds grow a plumage 
during their first molt that differs from that of 
adults; their breast plumage is spotted rather than 
unmarked as in adults. However, during their 
second molt, they grow a plumage that is indis- 
tinguishable from that of adults in definitive 
plumage. 

During their first molt, young Varied, Rose- 
bellied and Orange-breasted Buntings, Blue 
Grosbeaks, Phainopeplas, all Cyanocompsa spp., 
and all Cardinalis spp., replace most or all of 
their female-like juvenal plumage with a plum- 
age that also is female-like in color. Similarly, 
during the second molt, all of these species except 
Cardinalis, Phainopeplas and Orange-breasted 
Buntings replace all of their body plumage and 
some to all of their primaries (as well as all rec- 
trices and some to all secondaries) with another 
plumage that again is female-like in color; that 
is, these species, like the Passerina species dis- 
cussed above, exhibit extreme delayed plumage 
maturation. This lack of change in plumage color 
does not help indicate the homology of this molt. 

In contrast, young male Northern Cardinals, 
Cardinalis cardinalis, and Phainopeplas grow 
plumage during their second molt that is nearly 
or completely indistinguishable from that of old- 
er males in definitive plumage (Miller 1933, Sut- 
ton 1935, Thompson and Walsberg 1993). In 
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FIGURE 4. Relative timing of the first and second molts of young birds of six species previously unknown 
to undergo a presupplemental molt during the summer and fall after hatching. Data regarding the timing of 
molts were obtained for Orange-breasted Buntings, Pusserina lecluncherii, from Thompson and Leu (unpubl. 
manuscript), for Yellow-breasted Chats, Icteriu virens, from Dwight (1899) and Phillips (1974) for Northern 
Cardinals, Cardinalis cardinalis, from Scott (1967) Blake (197 l), Reese (1975) Wiseman (1977), and Yen 
(1989) for Phainopeplas, Phuinopeplu nifens, from Miller 1933 and Thompson and Walsberg (1993, unpubl. 
data), and for Cassin’s, Aimophilu cussinii, and Bachman’s Sparrow, A. uestivulis, from Wolf (1977) and Wil- 
loughby (1986). Percent overlap in timing was calculated as described in Figure 3. The duration of the second 
molt in Yellow-breasted Chats was estimated from regression equations that were obtained by using unpublished 
data collected by Thompson and Leu to regress day of year on molt score following Pimm (1976). 

addition, Orange-breasted Buntings grow a 
plumage that is intermediate between those of 
adult males and females (Thompson and Leu, in 
press). 

IMPLICATIONS FOR HOMOLOGY OF 
MOLTS AND PLUMAGES 

In most species discussed above in which young 
birds have two molts in the summer and fall after 
fledging, the second molt is much more similar 
to the definitive prebasic molt in its timing and 
extent, and in the change in plumage color re- 
sulting from it than is the first molt. This clearly 
indicates that the second molt is homologous to 
the definitive prebasic molt, and that the first 
molt is supplemental. Therefore, the second molt 
should be named first prebasic molt and the first 
molt should be named presupplemental (Fig. 1). 

What are the implications of our data and the 
discussion above regarding birds in general, es- 
pecially passerines? We speculate, for two rea- 

sons, that the occurrence of a rapid body molt 
shortly after fledging followed shortly thereafter 
by a second molt, as described above, is probably 
widespread and common among passerines, but 
has been overlooked. 

Until recently, all ornithological literature stat- 
ed that young birds of all passerine species have 
only one molt in the summer and fall after fledg- 
ing (e.g., Dwight 1900a; Forbush 1927, 1929; 
Ginn and Melville 1983). However, studies by 
Rohwer (1986) Willoughby (1986, 1992a), 
Young (199 1) and Thompson and Leu (Thomp- 
son 199 1 a, 199 1 b; unpubl. data; Thompson and 
Walsberg 1993; Thompson and Leu, in press, 
unpubl. data) have shown that Phainopeplas and 
all of the emberizid species discussed above be- 
gin their first body molt within a few days after 
fledging, and complete it within a few weeks by 
the time their juvenal rectrices are full grown. 

We believe that this first body molt was over- 
looked in these species, and probably continues 
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to be overlooked in many other species for two 
general reasons. First, young birds of such species 
are unlikely to be encountered during this molt 
because (1) they finish this molt within about a 
month after fledging, (2) they are relatively in- 
active for at least part of this period because they 
are fed by their parents, and (3) they are relatively 
immobile compared to older birds because their 
flight feathers are not completely grown and, 
therefore, they are poor flyers. 

Second, because this molt occurs while juvenal 
rectrices and remiges are still growing, body 
plumage growing during this time has usually 
been assumed to be juvenal body plumage, rather 
than body plumage of a subsequent feather gen- 
eration. This is illustrated by many descriptions 
of “juvenal” plumage which, in fact, are descrip- 
tions of the subsequent plumage; examples of 
such errors are discussed in Brewster (1878-l 879) 
and Sutton (1935). Such errors are especially 
prone to occur in species like the emberizids dis- 
cussed above because (1) the coloration of ju- 
venal body plumage and of the subsequent gen- 
eration that replaces it are very similar to one 
another, and (2) the second fall molt in young 
birds of these species may begin before comple- 
tion of the previous molt at both the individual 
level and population level (e.g., in species with 
multiple clutches). As a result, the two molts 
often are perceived incorrectly to be one contin- 
uous molt, even by ornithologists who are knowl- 
edgeable about molt (e.g., Dwight 1900b). 

That this molt was overlooked until recently 
in abundant, geographically widespread and gen- 
erally well-studied species such as Indigo Bunt- 
ings and Northern Cardinals is remarkable. More 
surprising is that this is true even in such species 
whose early molts and plumages have been stud- 
ied in detail, sometimes independently by many 
investigators, e.g., five studies on “postjuvenal” 
molt in Northern Cardinals (Scott 1967, Blake 
1971, Reese 1975, Wiseman 1977, Yen 1989). 
This demonstrates that such errors not only can 
happen, but have happened, even in species 
whose molts have been studied. 

If our speculation is correct that the occurrence 
of a rapid body molt shortly after fledging is 
widespread among passerines but has been large- 
ly overlooked, then it may be that young pas- 
serines (and many nonpasserines) may follow one 
of two general molting strategies: (1) molt twice 
in the summer and fall after hatching, once im- 
mediately after fledging and a second time ap- 

proximately synchronously with definitive pre- 
basic molt in adults, or (2) molt once when adults 
undergo definitive prebasic molt. If so, a search 
for ecological differences between the groups of 
species that exhibit each molting strategy should 
help identify natural selection pressures that may 
have favored evolution of each of these strate- 
gies. 

UTILITY OF THE 
HUMPHREY-PARKES SYSTEM 

With the goal of providing ornithologists with a 
better way to study the evolution of molt and 
plumage succession in birds, Humphrey and 
Parkes (1959) developed an operationally prac- 
tical, remarkably versatile and simple system for 
identifying molt and plumage homologies among 
age and sex classes within species as well as among 
related species. A consequence of their system 
for identifying molt and plumage homologies was 
a new system for naming molts and plumages. 
That their system is as useful today as it was 35 
years ago is testament to their achievement and 
its contribution to ornithology. 

Although the H-P system has been adopted 
explicitly by the American Ornithologist’s Union 
and other national North American omitholog- 
ical organizations, and is used widely by most 
North American ornithologists (Palmer 1962 and 
subsequent volumes, 1972; Pyle et al. 1987; Poole 
et al. 1992-l 993 and subsequent volumes), many 
critics have claimed that it does not work as 
Humphrey and Parkes intended, much less in 
more general respects (e.g., Stresemann 1963; 
Amadon 1966; Willoughby 1986, 1992a, 1992b; 
Johnson 1993). Similarly, most ornithologists 
outside of North America do not use the H-P 
system (e.g., Snow 1970, Cramp et al. 1977 and 
subsequent volumes, Prater et al. 1977, Ginn and 
Melville 1983, Marchant and Higgins 1990 and 
subsequent volumes, de1 Hoyo et al. 1992, 
Svensson 1992, Jenni and Winkler 1994). We 
admit that some systems for naming molts and 
plumages other than Humphrey and Parkes may 
be suitable or necessary (e.g., when the sequence 
of molts and plumages of a species is not com- 
pletely known) for addressing some kinds of 
questions. However, we also agree with Rohwer 
et al. (1992) that some of the criticism of the 
Humphrey-Parkes system has resulted because 
of confusion over the goal of the system (i.e., to 
address questions regarding the evolution of molt 
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and plumage sequences in birds) and how to ap- 
ply it correctly. 

This study clearly illustrates how the H-P sys- 
tem, if properly understood and applied, is a 
practical, flexible and powerful method for ad- 
dressing questions regarding the evolution of molt 
and plumage sequences in birds. Indeed, because 
the H-P system relies on identifying molt and 
plumage homologies, unlike any other nomen- 
clatural method (e.g., the “traditional” Dwight 
[1900a] method), the H-P system is the only ex- 
isting method suitable for studying the evolution 
of molt and plumage sequences. 
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