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In the family Cardinalidae, the prealternate molt varies in extent from none in the
Northern Cardinal (Cardinalis cardinalis) to including all secondary coverts, three
tertials (secondaries 7-9), and four central rectrices in the Indigo Bunting (Passerina
cyanea; Pyle 19974, b). But replacement of primaries during the prealternate molt
has not been documented within the family. In fact, in North American landbirds as
a whole, replacement of primaries during definitive prealternate molt is rare, so far
documented only in the Yellow Warbler (Dendroica petechia), Nelson’s Sparrow
(Ammodramus nelsoni), Bobolink (Dolichonyx oryzivorus), and Lesser Goldfinch
(Spinus psaltria; Pyle 1997a, Willoughby 2007, Pyle and Kayhart 2010). Pyle and
Kayhart (2010) postulated that prealternate molt originally evolved from the need to
replace bleached and dysfunctional feathers, and that colorful alternate plumage is
a result of subsequent sexual selection. Here, we present evidence from a wild living
Indigo Bunting for an eccentric definitive prealternate molt in which outer but not
inner primaries are replaced (Pyle 1997b, 1998).

On 18 April 2011, we captured a single alternate-plumaged male Indigo Bunting
in the Peveto Woods Bird Sanctuary in Cameron Parish, Louisiana. The upper im-
age on this issue’s outside back cover shows the right wing of this bird; the pattern
of replacement in the left wing was identical. Primaries 6-9, secondaries 6-9, rec-
trices 1-2, all secondary (lesser, median, greater, carpal, and alula) coverts, and the
lesser (but not greater) alula were replaced, presumably during the previous definitive
prealternate molt. We aged it as older than its second calendar year on the basis of
the definitive primary coverts being broad with blue edges and black centers (Pyle
1997b). All flight feathers were similarly edged blue and centered dark. Our record
represents the first evidence of primary replacement during the prealternate molt in
the Cardinalidae (Pyle 1997a).

Alternatively, this Indigo Bunting may have interrupted its previous prebasic molt
and subsequently reinitiated it at the same time as the prealternate molt. The contrast
of inner and outer primaries may simply reflect suspension of molt, as proposed by
Howell (2010) for the Lesser Goldfinch, in contrast to Willoughby (2007), who as-
sumed primaries were replaced during the prealternate molt. Thus the second phase
of the prebasic molt of some Lesser Goldfinches (in the spring, prior to breeding)
could be coinciding with the prealternate molt, giving the false appearance of an
extensive prealternate molt (Howell 2010). In this Indigo Bunting, however, we do
not believe such a suspension occurred because primary coverts are typically replaced
with the corresponding primaries during the definitive prebasic molt. If the prebasic
molt had been suspended the 5th and 6th primary coverts should also contrast (in the
upper photo on the outside back cover, note that the first primary covert is almost
entirely obscured by the outer greater covert). Conversely, during eccentric molts
zero to three outer primary coverts are typically replaced (Pyle 1997a), and the lack
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of contrast among the 4th, 5th, and 6th primary coverts supports our assertion that
primary replacement was part of an eccentric definitive prealternate molt. The central
rectrices and tertials were also replaced in the prealternate molt—if they were of the
basic plumage they would have been molted first and so more worn than the other
feathers, normally grown later in molt. The extensiveness of this prealternate molt
further suggests that the replacement of the outer primaries was a continuation of
this molt (Pyle 1997a). Additionally, interruption of the prebasic molt has never been
documented in the Indigo Bunting. We believe that the most parsimonious explanation
for the replacement of primaries in this Indigo Bunting is an incomplete prealternate
molt rather than an interrupted prebasic molt.

The molt strategies of the Indigo Bunting are unique among North American birds.
Its formative and basic plumages often don’t occur in the United States because the
preformative, prebasic, and prealternate molts typically take place away from and
south of the breeding range. The Indigo Bunting’s preformative and prealternate
molts are more extensive than those of most other North American passerines, with
many individuals replacing all secondary coverts during both molts and some individu-
als replacing outer primaries during the prealternate molt (as demonstrated by the
example we present here). Among North American passerines, eccentric prealternate
molts have been noted only in Nelson’s Sparrow and, as discussed above, possibly in
the Lesser Goldfinch (Pyle 1997b). Similar replacement of outer primaries has also
been found in adults, after their second year, of certain shorebirds, such as the Little
Stint (Calidris minuta), Bristle-thighed Curlew (Numenius tahitiensis), and Lesser
Sand Plover (Charadrius mongolus) (Pearson 1984, Marks 1993, Balachandran and
Hussain 1998). Like the passerines mentioned above, these shorebirds can undergo
extensive and eccentric preformative molts and definitive prealternate primary molts
(see Pyle 2008). The similarities in molt strategy and extent between these shorebirds,
the passerines mentioned above, and the Indigo Bunting, are presumably due to similar
selective pressures—based on increased exposure to sun due to habitat preferences
and seasonal migration—driving convergent evolution (Pyle 2008).

In addition to their distinct patterns of molt, the male Indigo Bunting’s age-related
patterns of plumage coloration are also unique. For example, in definitive basic plum-
age, male Indigo Buntings after their second year are typically predominantly brown,
many showing brown-edged tertials and wing coverts (Pyle 1997b), as in the lower
image on the outside back cover of an after-second-calendar-year male captured on
8 March 2010 in Oaxaca, Mexico. Note the predominantly brown inner and pre-
dominantly blue outer greater coverts forming a color gradient; the shift implies a
change in the hormonal cues responsible for the deposition of brown melanin and
the structure responsible for blue coloration during the prebasic molt. Conversely,
second-calendar-year males in their formative plumage have, on average, more
extensive blue in the replaced tertials and wing coverts than their older counterparts
(Pyle 1997a, Migration Research Foundation 2011), as shown in the upper image
on the inside back cover, of a second-year Indigo Bunting captured on 18 April 2011
at Peveto Woods, the same day as the after-second-year male with prealternate molt
of primaries discussed previously. Note that this individual was undergoing the first
prealternate molt (e.g., replaced outer median coverts in photo) and, in contrast to
after-second-year males, had identifiable retained juvenile primary coverts (brown and
worn), inner primaries, and outer secondaries in an eccentric preformative replace-
ment pattern (outer primaries 5-9 and inner secondaries 6-9 are of the formative
plumage). Although this individual has more blue coverts than does the older male in
the lower image, it shows a similar trend toward bluer-edged feathers from proximal
to distal in the greater coverts.

To confirm that formative-plumaged male Indigo Buntings show, on average, more
blue than definitive-plumaged males we reviewed specimens at the Louisiana State
University Museum of Natural Science (Wolfe), University of California, Berkeley,
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Museumn of Vertebrate Zoology (Pyle), and California Academy of Sciences (Pyle).
Fifteen males collected in Honduras, Mexico, and Panama between 16 October and
7 March, in formative (n = 5) and basic (n = 10) plumage, support the assertion that
formative-plumaged males, on average, are bluer than their counterparts in defini-
tive basic plumage (Figure 1). Thus, in winter, many young male Indigo Buntings are
brighter in coloration than adult males, a pattern unique, to our knowledge, among
North America’s migratory landbirds.

Variation during winter in the male Indigo Bunting’s plumage color appears to
be due in part to differences in the timing of the preformative and prebasic molts
with respect to variation in the hormones responsible for the synthesis of the feather
structure responsible for blue coloration. For example, the definitive prebasic molt of
wing coverts could occur earlier, prior to a hormonal shift necessary for the genera-
tion of blue. If a later preformative molt of greater coverts occurs after this shift, bluer
plumage may develop. Bluer plumage reflecting later molt may signal a second-year
individual’s low quality and poor condition on the wintering grounds. Such males are
less cryptic than their more mature counterparts and may suffer higher levels of preda-
tion (Froehlich et al. 2005). However, this shift toward blue can also be seen among
the greater coverts within individuals of both age groups; inner coverts are typically
replaced earlier than outer coverts (Pyle 1997a, b), and in some individuals these
inner coverts are edged brown, with distal and later-replaced coverts becoming bluer
gradually. For example, the after-second-year individual shown on the lower inside
back cover was also captured at Peveto Woods on 18 April, and it had replaced four
bright blue inner greater coverts (alternate) and retained three brown central (basic)
and two predominantly blue (basic) outer greater coverts.

Surprisingly little is known about where and when Indigo Buntings undergo the
preformative and prebasic molts (Pyle 1997b, Pyle et al. 2009). Our examination of
specimens revealed that in some birds the preformative molt takes place on the winter
grounds in November and December, whereas others largely complete the definitive
prebasic molt at molt-migration stopover locations in August and September, before
arrival on the winter grounds (see Pyle et al. 2009). This implies a hormonal shift
leading to bluer feather edging in both age groups from September to November. At
McGill Bird Observatory in Montreal, Canada, however, hatching-year male Indigo
Bunting have been captured in or after preformative molt, and after-hatching-year
males have been captured in or after prebasic molt during fall (McGill Bird Observatory
2011, M. Gahbauer pers. comm.). Males undergoing preformative molt were captured
later (late September to early October) than those undergoing prebasic molt (early to
mid-September), further supporting our inference that later preformative molt may
result in bluer plumage. Individual variation in the timing of both molt and hormone
levels could explain individual variation in the amount of blue in the coverts, especially
in definitive basic plumage. The location and timing of molts of the Indigo Bunting
and other molt-migrants appear to be very plastic, depending on breeding success
and climatic conditions (Pyle et al. 2009), and such flexibility could also help explain
the extensive color variation in male Indigo Buntings of both age groups.

The definitive alternate plumage of the male Indigo Bunting is much more brilliantly
blue than the brown and duller blue definitive basic plumage (Pyle 1997a, Migration
Research Foundation 2011), whereas the first alternate plumage is variably brown and
blue. The variability of the brown in these alternate plumages is due to the relationship
between two factors: (1) the variation in the amount of blue and brown arising during
the preformative and definitive prebasic molts, as described above, and (2) the subse-
quent extent of prealternate molts. Thus some after-second-year male buntings with
less complete definitive prealternate molt retain brown-edged wing coverts, as shown
in the lower image on the inside back cover. Because the Indigo Bunting’s basic and
formative plumages occur largely on the winter grounds they are not well treated by
North American field guides. Ornithologists, bird watchers, and banders encountering
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Figure 1. Visual estimation of percent body plumage that is blue in museum specimens
of the Indigo Bunting in definitive basic and formative plumages collected between
22 October and 25 February in the winter range (Mexico, Panama, and Honduras);
none of the individuals was undergoing a prealternate molt.

Indigo Buntings may intuitively, and mistakenly, associate the amount of blue in a male
Indigo Bunting’s plumage with age. Rather, we recommend that age determination
be based primarily on the color and condition of the primary coverts: black, blue, and
relatively fresh in older adults and brown and worn in second-year birds. In spring, this
criterion may be critical because outer primaries can be replaced on the winter grounds
in both age groups, during the preformative molt in second-year birds and during the
prealternate molt in after-second-year birds, as we have demonstrated.

The occurrence of prealternate molt is correlated positively with migration (Svens-
son and Hedenstrom 1999, Pyle 2008, Howell 2010), supporting the hypothesis that
prealternate molt evolved in response to increased feather wear and was subsequently
repurposed by sexual selection (Pyle and Kayhart 2010). The breeding success of
birds migrating to the neotropics is affected by the quality of habitat encountered
on the winter grounds, that is, conditions migrants experience in tropical latitudes
affect subsequent summer breeding (Nott et al. 2002, Norris et al. 2004). Similarly,
survivorship over the winter may limit migrants’ population growth (Saracco et al.
2008). Honest signals reflecting the quality of an individual’s winter territory may be
critical for the establishment of social hierarchies and in sexual selection for breeding.
Therefore, while in North America establishing territories for breeding, migrant birds
that undergo prealternate molt in the winter range wear an honest signal represen-
tative of the parasites, stress, and food resources they experienced in the tropics.
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Despite strong theory for the prevalence of prealternate molt among migrants, the
relationship between evolutionary history and contemporary environmental influences
on the presence and extent of prealternate molt has not been studied. Female Indigo
Buntings undergo molts that are similar in extent to those of males (Pyle 1997a;
specimen examination), yet their color changes little, further supporting the hypothesis
that extensive prealternate molts of both sexes evolved in response to feather wear
and that males’ blue evolved after the prealternate molt was in place.

Here we have provided the first evidence of an eccentric prealternate molt in the
family Cardinalidae. Our observation supports previous assertions that extensive
prealternate molt should be expected among long-distance migrants that occupy open
habitats and experience levels of solar exposure higher than those of their resident
counterparts (Pyle 2008). We recommend that ornithologists, banders, and bird
watchers be aware of and investigate the possibility of eccentric definitive prealternate
molts in other species with such patterns of life history.

ACKNOWLEDGMENTS

Special thanks to Marcel Gahbauer from McGill Bird Observatory in Quebec,
Canada, for sharing his knowledge of the timing of Indigo Bunting molt with us and
Manuel Grosselet for use of his photograph. Edits and suggestions by John Sterling
and an anonymous reviewer greatly improved the manuscript. This study would not
have been possible without assistance from dedicated Bluebonnet Bird Monitoring
Project (BBMP) banding volunteers, Kristin Brzeski, Emma Del eon, John Hartgerink,
Erik Johnson, Eric Liffmann, Falyn Owens, Dave Patton, Luke Powell , Jerry Seagle,
Phil Stouffer, and Sherri Utley, and all the participants of the 2011 BBMP Advanced
Banding Workshop conducted in Baton Rouge, Louisiana, 14-18 April 2011 with
Peter Pyle. Thanks to collaborators and contributors to BBMP, a Western Bird Band-
ing Association 2010 research grant, and the Parks and Recreation Commission of
the parish of East Baton Rouge. We also thank James Van Remsen and the curators
of specimen collections at the Louisiana State University (Donna Dittmann, Steve
Cardiff), Museum of Vertebrate Zoology (Carla Cicero, Luanne Wilson), and California
Academy of Sciences (Maureen Flannery) and Nick Lethaby for assistance with our
examination of specimens. This is a contribution of BBMP and contribution 411 of
the Institute of Bird Populations.

LITERATURE CITED

Balachandran, S., and Hussain, S. A. 1998. Moult, age structure, biometrics and
subspecies of Lesser Sand Plover Charadrius mongolus wintering along the
south-east coast of India. Stilt 33:3-9.

Froehlich, D. R., Rohwer, S., and Stutchbury, B. J. M. 2005. Spring molt constraints
versus winter territoriality: Is conspicuous winter coloration maladaptive?, in Birds
of Two Worlds: The Ecology and Evolution of Migration (R. Greenberg and P.
Marra, eds.), pp. 321-336. Johns Hopkins Univ. Press, Baltimore.

Howell, S. N. G. 2010. Molt in North American Birds. Houghton Mifflin Harcourt,
New York.

Marks, J. S. 1993 Molt of Bristle-thighed Curlews in the northwestern Hawaiian
Islands. Auk 110:573-587.

Migration Research Foundation Inc. 2011. McGill Bird Observatory Photo Library,
Montreal, Canada. www.migrationresearch.org/mbo/id/idlibrary.html. Ac-
cessed 10 May 2011.

Norris, D. R., Marra, P. P., Kyser , T. K., Sherry, T. W., and Ratcliffe, L. M. 2004.
Tropical winter habitat limits reproductive success on the temperate breeding
grounds in a migratory bird. Proc. R. Soc. London 271:59-64

261



FEATURED PHOTO

Nott, M. P., DeSante, D. F., Siegel, R. B., and Pyle, P. 2002. Influences of the El
Nifio/Southern Oscillation and the North Atlantic Oscillation on avian produc-
tivity in forests of the Pacific Northwest of North America. Global Ecology and
Biogeography 11:333-342.

Pearson, D. J. 1984. The moult of the Little Stint Calidris minuta in the Kenyan
rift valley. Ibis 126:1-15.

Pyle, P. 1997a. Molt limits in North American passerines. North American Bird
Bander 22:49-90

Pyle, P. 1997b. Identification Guide to North American Birds, part 1. Slate Creek
Press, Bolinas, CA.

Pyle, P. 1998. Eccentric first-year molt patterns in certain tyrannid flycatchers. W.
Birds 29:29-35.

Pyle, P. 2008. Identification Guide to North American Birds, part 2. Slate Creek
Press, Point Reyes Station, CA.

Pyle, P., and Kayhart, R. 2010. Replacement of primaries during the prealternate
molt of a Yellow Warbler. North American Bird Bander 35:178-181.

Pyle, P., Leitner, W. A., Lozano-Angulo, L., Avilez-Teran, F., Swanson, H., Gomez-
Limoén, E., and Chambers, M. K. 2009. Temporal, spatial, and annual variation
in the occurrence of molt-migrant passerines in the Mexican monsoon region.
Condor 111:583-590.

Saracco, J. F., DeSante, D. F.; and Kaschube, D. R. 2008. Assessing landbird
monitoring programs and demographic causes of population trends. J. Wildlife
Mgmt. 72:1665-1673.

Svensson, E., and Hedenstrém, A. 1999. A phylogenetic analysis of the evolution
of moult strategies in western palearctic warblers (Aves: Sylviidae). Biol. J. Linn.
Soc. 67:263-276.

Willoughby, E. J. 2007. Geographic variation in color, measurements, and molt of
the Lesser Goldfinch in North America does not support subspecific designa-
tion. Condor 109:419-436.

Wing your way to...

PETALUMA, CALIFORNIA
26-30 September 2012

WEFQ'’s 37th annual conference will be in Petaluma, California, 26-30 Septem-
ber 2012. Mark your calendars and start planning now! Check WFQO'’s website,
www.westernfieldornithologists.org/conference.php, for more information as it
becomes available. Registration will open April 2012. We look forward to seeing
you in Petaluma!
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“Featured Photos” by © Peter Pyle of Point Reyes Station, California: Indigo Bunting
(Passerina cyanea) more than one year old, captured 18 April 2011 in Cameron Parish,
Louisiana, following eccentric prealternate molt (top); Indigo Bunting more than one year
old, captured 8 March 2010 in Oaxaca, Mexico, in definitive basic plumage (bottom).




