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Abstract - We studied molt patterns and age determination based on molt limits, plumage criteria, and skull ossifica-
tion for the Blue-and-yellow Tanager (Pipraeidea bonariensis), a passerine that is commonly distributed along the
western slope of the Peruvian Andes. Through careful examination of live individuals in the hand and museum speci-
mens, we suggest that P. bonariensis exhibits a complex alternate strategy with partial preformative and prealternate
molts during its first cycle, a complete definitive prebasic molt, and presumably a partial definitive prealternate molt
starting with its second cycle. We established the age in 68% of captured individuals using the skulling technique.
Most individuals of P. bonariensis were recorded with fully ossified skulls during their preformative molts, whereas
some adults in basic plumage had retained small, unossified windows. Our results corroborate those reported for
related Neotropical taxa and provide important guidelines that facilitate an accurate and rapid technique for aging
and sexing Neotropical tanagers in the hand, an essential requirement in demographic studies and long-term banding
projects.

Resumen - Determinacion de la edad basado en patrones de muda y la osificacion craneal de la Tangara azul y ama-
rilla (Pipraeidea bonariensis)

Estudiamos los patrones de muda y la determinacién de la edad basados en la identificacién de limites de muda, apa-
riencia del plumaje y la osificacién del craneo para la Tangara azul y amarilla (Pipraeidea bonariensis), una ave pase-
rina que se distribuye comunmente a lo largo de la vertiente occidental de los Andes peruanos. A través de un examen
cuidadoso de individuos vivos en especimenes de mano y de museo, sugerimos que P. bonariensis exhibe una estrate-
gia alterna compleja con una muda preformativa y prealterna parcial en su primer ciclo, una muda prebdsica definitiva
completa y presumiblemente una muda prealterna definitiva parcial a partir del segundo ciclo. Establecimos la edad
en el 68% de los individuos capturados utilizando la técnica de observacion del craneo. Ademas, la mayoria de indivi-
duos de P. bonariensis lograron culminar dicho proceso de osificaciéon durante la muda preformativa. Sin embargo,
algunos individuos en plumaje basico definitivo pueden retener pequefas ventanas no osificadas. Los resultados con-
firman lo reportado para otros taxa relacionados en las zonas tropicales y constituyen una importante herramienta
gue asegura una certera y rapida identificacion de la edad y sexo para tangaras de los tropicos en mano, requisito
indispensable en estudios demograficos y programas de anillamiento y monitoreo a largo plazo.

Key words: Complex alternate molt strategy - Molt extent - Peru - Prealternate molt - Preformative molt - Thraupidae

INTRODUCTION

Population monitoring and demographic studies provide valuable information to assess trends and changes in
the abundance of birds in reference to space and time. However, criteria to estimate the age and sex of individ-
uals within the population are needed to achieve a detailed understanding of avian demography (Hernandez
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2012). Knowledge of molt strategies has been a use-
ful prerequisite to developing accurate and consis-
tent criteria to estimate the age and gender of most
species inhabiting temperate regions (Svensson
1992, Pyle 1997a, 1997b). Unfortunately, the infor-
mation available about molt strategies in Neotropical
birds is still limited (Ryder & Wolfe 2009, Bridge
2011, Wolfe & Pyle 2012, Johnson & Wolfe 2018).

Most of the studies about molt in Neotropical res-
ident bird species have been focused on the timing of
molt in relation to other events of the annual cycle as
phenology (Poulin et al. 1992) and reproduction (Fos-
ter 1975, Piratelli et al. 2000, Marini & Durdes 2001,
Mallet-Rodrigues 2005, Moreno-Palacios et al. 2013).
More recently, other inherent attributes of molt have
been studied, such as its duration, extent, and
sequence of plumages (Pyle et al. 2004, Ryder &
Durdes 2005, Ryder & Wolfe 2009; Wolfe et al. 2009a,
2009b; Botero-Delgadillo et al. 2012, Gomez et al.
2012, Ruiz-Sanchez et al. 2012, Guallar et al. 2014,
2016, in press; Johnson & Wolfe 2018). Additionally,
the study of molt in the tropics is advancing with the
new molt cycle-based (‘Wolfe-Ryder-Pyle’) age classi-
fication system that overcomes the problems of using
the calendar-based system, widely used in temperate
zone birds but diffuse for tropical or subtropical
regions where breeding and fledging can occur across
calendar years (Wolfe et al. 2010, Pyle et al. 2015,
Johnson & Wolfe 2018).

The extent of the skull ossification is another
method for age determination (Pyle 1997b). In juve-
nile birds, the skull bone is a thin and transparent
layer, but as the ossification progresses, a second
layer grows below the first one, and between both
layers columns of bone separated by air pockets form
(Dwight 1900). The extent of skull ossification would
offer a certain degree of age accuracy depending on
the species and the time of the year (Weisshaupt &
Vilches-Morales 2010). For most migrant and resident
passerine species from temperate zones, the progress
of skull ossification is considered a reliable criterion
for recognizing young birds (Eaton 2001, Pyle et al.
2015); however, skull ossification patterns in Neotro-
pical resident species are poorly understood (Pyle et
al. 2015). In addition, skull ossification in some spe-
cies can be difficult to assess, leading to errors or
large proportions of uncertain cases.

Tanagers in the family Thraupidae are a diverse
tropical group of passerines representing 12% of the
Neotropical avifauna (Burns et al. 2014). The family
displays a wide range of plumage colors and patterns,
foraging behaviors, vocalizations, ecotypes, and habi-
tat preferences (Burns 1997). Due to its wide diversity
and distribution, the Neotropical tanagers present
different molting strategies that include the Complex
Basic Strategy (CBS) and Complex Alternate Strategy
(CAS), with a variable extent for preformative molt
and few records of partial prealternate molt (Ryder &
Wolfe 2009). Moreover, some genera exhibit a partial
performative molt; others exhibit a complete prefor-
mative molt, and for most genera, the existence of
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prealternate molt remains unknown. Therefore, the
objective of this study was to document the molt pat-
terns, plumage sequences and the relationship bet-
ween molt cycle-based age categories, and skull ossi-
fication of the Blue-and-yellow Tanager (Pipraeidea
bonariensis). This tanager species is sexually dichro-
matic and is widely distributed in South America. In
Peru, it is found in dry montane scrub habitats
between 2000 and 4200 m a.s.l. along the Andes
(Schulenberg et al. 2010). Results presented here are
based on specimens obtained from museum collec-
tions and banding data from a study of bird ecology in
the highlands around Lima, Peru.

METHODS

The study was carried out at the Estacién Bioldgica
Rio Santa Eulalia — Centro de Ornitologia y Biodi-
versidad (11.74406°S, 76.60875°W, 2300 m a.s.l.),
located at the district of San Pedro de Casta, Province
of Huarochiri, department of Lima in the western
Andes of Peru. The predominant habitat type is tropi-
cal montane desert scrub intermixed with a mosaic of
agroscapes (MINAM 2012). From June 2012 to May
2015, 10 standard mist nets (12 m in length with 36
mm mesh) were used to capture birds. The nets were
opened between 06:00 h and 18:00 h (EST) during
two days per month, ensuring a monthly effort of 120
net-hours (Moreno-Palacios et al. 2014). All birds
were marked with a uniquely numbered aluminum
leg band, processed and released following interna-
tional standards (NABC 2001). Sex was assessed by
plumage coloration and the presence of breeding
characters (brood patch and cloacal protuberance)
following Pyle (1997b). Males can be identified by
their blue head, wings, and tail black with blue edg-
ing, olive back, and yellow underparts and rump;
females, for its part, are similar but with yellow-ochre
underparts and less colorful overall (Schulenberg et
al. 2010). Age was assessed, when possible, through
identification of molt limits, plumage criteria, and
extent of skull ossification (Mulvihill & Winstead
1997; Pyle 1997a, 1997b; Froehlich 2003). Age was
categorized according to the molt cycle-based aging
system proposed by Wolfe et al. (2010), refined by
Johnson et al. (2011) and based on the molt terminol-
ogy of Humphrey & Parkes (1959) as modified by
Howell et al. (2003). Banding data collected included
body molt, wing molt, molt limits, skull ossification
and photographs of open wings to analyze and docu-
ment molt patterns.

Feather-tract and wing-molt pattern terminology
follow those of Pyle (1997b) and Guallar et al. (2018),
respectively. Rectrices (rects), primaries (pp), second-
aries (ss), and their coverts are considered as “inner”
and “outer” depending on their position in relation to
the body of the bird. For wing-molt patterns, “com-
plete” indicates the entire replacement of feathers;
“eccentric” refers to an almost complete replacement
with retention of inner primaries, outer secondaries
and primary coverts; “general” refers to a partial
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Table 1. Sample sizes used to study molt in the Blue-and-yellow Tanager (Pipraeidea bonariensis) from Peru. LEPJ=First cycle,
first prebasic (prejuvenile) molt. FCJ = First cycle, first basic (juvenile) plumage. FPF = First cycle, preformative molt. FCF = First
cycle, formative plumage. FPA = First cycle, first prealternate molt. FCA = First cycle, first alternate plumage. FCU = First cycle,
unknown plumage. SPB = Second cycle, second prebasic molt. DPB = Definitive cycle, definitive prebasic molt. DCB = Definitive
cycle, definitive basic plumage. DPA = Definitive cycle, prealternate molt. DCA = Definitive cycle, alternate plumage. DCU =
Definitive cycle, unknown plumage. UPU = Unknown molt cycle, undergoing molt. UCU = Unknown cycle, unknown plumage.

UUU = Unknown molt cycle, unknown molt status.

:ZZE FP) FC) FPF FCF FPA FCA FCU SPB DPB DCB DPA DCA DCU UPU UCU UUU
Field 6 25 30 0 1 5 4 2 36 0 0 7 9 28 5
captures

Museum 0 0 0 3 0 0 0 1 0 8 0 0 0 0 0 0
specimens

Table 2. Number of individuals that replaced particular feathers tracts during the preformative molt of the Blue-and-yellow
Tanager (Pipraeidea bonariensis) from Peru. Abbreviations (following Pyle 1997b): gr covs = greater coverts; terts = tertials;

rects = rectrices.

Replaced 0 1-8 9 0 1-2 3 0 1-5 pairs 6 pairs
feather tracts grcovs  grcovs  grcovs terts terts terts rects ofrects ofrects
Captured birds 0 25 5 9 12 2 5 4 3
Must.aum 0 2 1 1 2 0 0 2 1
specimens

replacement that prioritizes feathers from leading RESULTS

edge (secondary coverts, alula, less frequently ter-
tials) over those of trailing edge of the wing (second-
aries, primaries or primary coverts) and with the
tertials replaced only if all coverts are molted; “proxi-
mal” is similar to the general pattern but tertials are
replaced with retention of outer secondary coverts;
“inverted” refers to a partial replacement that priori-
tizes feathers from trailing edge (tertials, secondaries,
and greater coverts) over those leading edge of the
wing (median and lesser coverts); “limited” refers to a
partial replacement that only affects the lesser and
median coverts, and “reduced’ indicates only replace-
ment of a few tertials or greater coverts near the
body. Color descriptions follow recommendations by
Pyle (1997b). We complemented information
obtained from fieldwork with data gathered on
museum specimens from the John O’Neill Ornitholog-
ical Collection of CORBIDI.

For skull ossification, we examined 117 individuals
captured in mist nets. Each skull was examined by
parting the head feathers and, if necessary, by wet-
ting them slightly, as described by Svensson (1992)
and Pyle (1997b). We quantified the amount of skull
pneumatization using the ossification key from Ralph
et al. (2012), in which a rating of zero to six is
assigned for every individual. The score zero is for
birds with non-ossified skull and six for birds with
complete ossified skulls. The possible association
between degree of skull ossification and age catego-
ries was evaluated using Chi-square test.

In total, 180 individuals of P. bonariensis were cap-
tured during 5400 net-hours (3.3 ind./100 h). Cap-
tures included 58 males, 56 females, and 66
individuals of undetermined sex. Thirteen molt-cycle-
based age categories were recorded for captured
birds. Of this total, five categories corresponded to
individuals from which cycle, molt, or plumage status
could not be accurately determined during examina-
tion (FCU, DCU, UCU, UPU, and UUU). In addition, 12
museum specimens were examined, corresponding
to nine males and three females, distributed among
three age categories (Table 1).

Juveniles undergoing their first prebasic (prejuve-
nile) molt (FPJ) were recorded at our study site in
June. Birds in this age class are recognized by the
simultaneous growth of body and flight feathers, a
well-known pattern found in passerines. A dull bluish-
gray head, pale yellow underparts, olive-green back,
and a dark yellowish-brown rump characterize juve-
niles in first basic (juvenile) plumage (FCJ), which was
found at our study site from May to July. Pale yellow
coloration is also present in other body feathers such
as the edge of secondary coverts (inner lesser coverts
and all median and greater coverts). In addition, the
alula, outer lesser coverts, and flight feathers exhibit
a bluish edge, which is more evident in the secondar-
ies (Figure 1). Many of the above features can be eas-
ily observed among young tanagers in juvenile
plumage. Over time, the bluish edging is lost through
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Figure 1. Representative images of different plumages of the Blue-and-yellow Tanager (Pipraeidea bonariensis) captured in
Peru. Each colored line insert represents one feather generation and codes represent band numbers. A) First basic (juvenile)
plumage, C002628, 25 June 2012 (photo: F. Hernandez). B) Formative plumage (Female), D002466, 21 December 2013 (photo:
Y. Tenorio). C) Formative plumage (Male), C002847, 28 July 2013 (photo: E. Berrocal). D) Possible first alternate plumage (Ma-
le), D001665, 14 March 2015 (photo: J. Salvador). E) Definitive basic plumage (Male), C002467, 21 December 2013 (photo: K.
Chumpitaz). F) Definitive basic plumage (Female), C002627, 12 April 2014 (photo: T. Poma).

feather wear and plumage discoloration becomes evi-
dent. Sex differences were not evident in this age cat-
egory.

The preformative molt (FPF) followed a partial
replacement with the proximal pattern being more
prevalent than the general pattern among all individ-
uals captured. Birds undergoing this molt have been
recorded from June to January at our study site. The
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FPF included most body feathers, all median and
lesser coverts, and at least one (83% of individuals) to
all (17% of individuals) greater coverts. In addition, no
(39% of individuals) to all (7% of individuals) of the
tertials, and no (42% of individuals) to all (25% of indi-
viduals) of the rectrices were replaced as a result of
the FPF molt according to available information from
captured birds (Table 2). Formative-plumaged birds
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Figure 2. Comparison of definitive basic plumage between sexes of the Blue-and-yellow Tanager (Pipraeidea bonariensis) cap-
tured in Peru. Codes represent band numbers. Definitive Cycle Basic female, C002466, 21 December 2013 (photo: A. Diaz): A)
Body plumage, B) Rump. Definitive Cycle Basic male, C002847, 25 October 2014 (photo: A. Diaz): C) Body plumage, D) Rump.

(FCF), recorded from July to March at our study site,
were identified by the presence of molt limits, which
occur among the greater coverts or between greater
coverts, and primary coverts. Replaced greater
coverts in females resemble those of males, but in the
males, the greater coverts have a blue and pale yel-
low coloration at the leading edge of each feather.
The FCF can also be characterized by retained rectri-
ces, which are often tapered and worn.

Only one male was recorded in March in its first
alternate plumage (FCA) as consequence of a partial
replacement following the inverted wing-molt pat-
tern. The bird was recognized by the presence of
three generations of feathers and two molt limits as a
consequence of the preformative and first prealter-
nate molt, respectively (see Pyle 1997a, 1997b).
Some body feathers from the head, breast, scapulars
and the innermost greater covert were replaced by
brighter ones during first prealternate molt. This first-
alternate greater covert also contrasted with the
retained (formative) greater coverts, being less worn
and with a greenish edge. The inner two tertials
were also replaced during this first prealternate molt
(Figure 1).

The adult prebasic molt (DPB), recorded from May
to September at our study site, was complete and
proceeded in typical sequence. Individuals undergo-
ing their second prebasic molt (SPB) were recognized
by their retained and worn juvenile flight feathers,
which distinctly contrasted with those that had been
replaced (second basic); the latter appeared less
worn, brighter, and truncated. Definitive basic plum-
age (DCB), recorded from July to May, is obtained
after the SPB. DCB females have pale yellow under-
parts and a dark yellow rump, whereas DCB males
have bright yellow underparts and rump (Figure 2). In
addition, all flight feathers (especially primary
coverts) and secondary coverts are well-defined black
feathers in males and slightly less bright colored in

females; both with a distal blue leading edge, which
is not apparent on juvenile primary coverts retained
through the first molt cycle. Relatively fresh and
truncated rectrices also characterize DCB individuals.

Skull ossification followed the typical median line
pattern (Pyle 1997b) and was useful for determining
age in 68% of individuals examined (n = 117). Skull
ossification showed a significant association with the
different age categories considered in our analysis (c2
=124.283, df = 30, P < 0.05). All FCJ birds showed low
ossification scores (Oss = 2, < 1/3 ossified), whereas
25% of FPF individuals shown fully ossified skulls
(Figure 3). Banding data related to these cases of
early skull completion (light body molt, moderate
feather wear, and capture dates between November
and January) may suggest that this could have hap-
pened late in the FPF. Moreover, 78.1% of DCB indi-
viduals had completely ossified skulls whereas the
remaining 21.9% retained only small “windows” in
the skull (4 < Oss < 5, > 70% of the skull ossified)
(Figure 3).

DISCUSSION

Our observations suggest that P. bonariensis, in the
western slope of the central Andes, may exhibit a
complex-alternate molt strategy with a preformative
and a prealternate molt inserted during its first cycle,
and complete definitive prebasic molt, and presum-
ably a partial definitive prealternate molt starting in
its second cycle. This strategy has also been docu-
mented in 28.2% of the North American passerines
studied so far, especially in Neartic-Neotropic
migrants (Wolfe & Pyle 2012), and less commonly for
Neotropical resident species (Ryder & Wolfe 2009,
Wolfe & Pyle 2012, Johnson & Wolfe 2018). More-
over, the occurrence of this molt strategy is often
associated with migrate behavior and prolonged
solar exposure (Pyle & Kayhart 2010).
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Figure 3. The relationship between ossification and age groups of the Blue-and-yellow Tanager (Pipraeidea bonariensis) cap-
tured in Peru. See text and Table 1 for definitions of molt cycle-based age codes. Gray scales represent extent of skull ossifi-

cation.

The partial preformative molt of P. bonariensis,
documented in this study is consistent with the
extent of this molt for most tanagers and other
Thraupidae species in the Neotropic (Ryder & Wolfe
2009) (Figure 4). Tropical birds molt most of their
body feathers, including lesser and median coverts
and a variable number of greater coverts, whereas
flight feathers are retained (Ryder & Wolfe 2009, Bot-
ero-Delgadillo et al. 2012, Gémez et al. 2012,
Hernandez 2012, Pyle et al. 2015) (Table 3). This may
reflect the influence of phylogenetic history on molt
and its evolution among temperate and tropical taxa
(Wolfe & Pyle 2012). In some other cases, molt pat-
terns are also influenced by other factors such as
environmental constraints (climate) and physiologi-
cal events (timing of the breeding season) (Kendeigh
1969, Mewaldt & King 1978, Helm et al. 2009, Roh-
wer et al. 2009, Elrod et al. 2011), perhaps more so
than phylogenetic relationships (Guallar et al. 2016).

Another interesting finding was the presence of
three generations of feathers in a male, as evidenced
by the replacement of several tracts of body feathers
and the symmetrical replacement (both wings) of the
innermost greater covert and the last two tertials (s8,
s9), which suggests the presence of a first alternate
plumage. All temperate passerines that undergo a
first prealternate molt also undergo a definitive pre-
alternate molt (Pyle 1997a, 1997b) and, presumably,
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this molt exists in P. bonariensis. The lack of any other
evidence for definitive alternate plumage in P. bona-
riensis may owe in part to the similar brightness of
formative feathers and those obtained after subse-
quent basic molts, which hampered the recognition
of replaced feathers from a prealternate molt, in cap-
tured individuals and the fading of plumage color-
ation in museum specimens. To this can be added
that the extent of the prealternate molt may vary
from absent to limited (Pyle 1997a, 1997b) and this
case of partial replacement may represent and
unusual extensive pattern. We suggest that it may
involve replacement of body feathers but no wing
feathers, and first-cycle males may have more exten-
sive prealternate molts than other age-sex groups, as
has been observed in some temperate passerines
(Pyle 1997a, 1997b).

Previous studies of temperate zone species of
North America (Pyle 1997b, Guallar et al. 2009) indi-
cate the presence of prealternate molts that are com-
monly found in many species of Tyrannidae and
Parulidae, whereas in Central and South America,
prealternate molt is found in the families Tyrannidae,
Tityridae, Emberizidae, and Thraupidae (Ryder &
Wolfe 2009, Wolfe et al. 2010, Gémez et al. 2012,
Hernandez 2012, Moreno-Palacios et al. 2017, John-
son & Wolfe 2018). Furthermore, partial feather
replacement is also shared by other Thraupidae spe-



Table 3. Summary of molt patterns of other species of the family Thraupidae studied.

Genus, species, or

subspecies Country of study Author Preformative molt Prealternate molt
Cyanerpes spp. El Salvador Dickey & Van Rosen (1838) Complete Partial
Tiaris olivaceus Cuba Pyle et al. (2004) Partial Partial
Phonipara canora Cuba Pyle et al. (2004) Partial Partial
Ramphocelus bresilius Brazil Mallet-Rodrigues (2005) Complete Unknown
Tachyphonus spp. Costa Rica & Ecuador Ryder & Wolfe (2009) Partial Unknown
Ramphocelus nigrogularis Costa Rica & Ecuador Ryder & Wolfe (2009) Incomplete Unknown
Ramphocelus passerini Costa Rica & Ecuador Ryder & Wolfe (2009) Incomplete Unknown
Dacnis spp. Costa Rica & Ecuador Ryder & Wolfe (2009) Partial Unknown
Anisognathus spp. Costa Rica & Ecuador Ryder & Wolfe (2009) Complete Unknown
Buthraupis spp. Costa Rica & Ecuador Ryder & Wolfe (2009) Complete Unknown
Tangara spp. Costa Rica & Ecuador Ryder & Wolfe (2009) Partial Unknown
Thraupis spp. Costa Rica & Ecuador Ryder & Wolfe (2009) Partial Partial
Sporophila funerea Costa Rica Wolfe et al. (2009a) Partial Absent
Sporophila corvina Costa Rica Wolfe et al. (2009a) Incomplete-Complete Limited?
Thraupis episcopus Costa Rica Wolfe et al. (2009a) Partial Absent
Diglossa albilatera Colombia Botero-Delgadillo et al. (2012) Partial Absent
Diglossa sittoides Colombia Gomez et al. (2012) Incomplete Absent
Volatinia jacarina Colombia Gomez et al. (2012) Incomplete Absent
Tachyphonus rufus Colombia Gdémez et al. (2012) Partial Absent
Tachyphonus luctuosus Colombia Gdémez et al. (2012) Partial Absent
Eucometis penicillata Colombia Gdémez et al. (2012) Partial/Incomplete Absent
Cyanerpes caeruleus Colombia Goémez et al. (2012) Incomplete Absent
Tersina viridis Colombia Gomez et al. (2012) Partial Absent
Sporophila angolensis Colombia Goémez et al. (2012) Incomplete Absent
Sporophila nigricollis Colombia Gbémez et al. (2012) Incomplete Absent
Saltator maximus Colombia Gbémez et al. (2012) Incomplete Absent
Saltator striatipectus Colombia Goémez et al. (2012) Incomplete Absent
Thlypopsis fulviceps Colombia Goémez et al. (2012) Partial Absent
Coereba flaveola Colombia Goémez et al. (2012) Partial Absent
Tiaris obscurus Colombia Gbémez et al. (2012) Partial-Incomplete Absent
Tangara cyanoptera Colombia Gbémez et al. (2012) Partial Absent
Tangara heinei Colombia Gbémez et al. (2012) Partial-Incomplete Absent
Tangara gyrola Colombia Gomez et al. (2012) Partial/Incomplete Absent
Thraupis episcopus Colombia Gomez et al. (2012) Partial Absent
Thraupis palmarum Colombia Goémez et al. (2012) Partial Absent
Tangara vitriolina Colombia Hernandez (2012) Partial Limited/Partial
Tangara arthus Colombia Hernandez (2012) Partial Absent
Sicalis luteola Chile Pyle et al. (2015) Incomplete Partial
Phryagilus grayi Chile Pyle et al. (2015) Partial Limited/Partial
Phrygilus fruticeti Chile Pyle et al. (2015) Partial/Incomplete Absent
Phrygilus alaudinus Chile Pyle et al. (2015) Partial/Incomplete Limited
Diuca diuca Chile Pyle et al. (2015) Partial/Incomplete Limited?
Volatinia jacarina Colombia Moreno-Palacios et al. (2017) Complete Partial
Sporophila intermedia Colombia Moreno-Palacios et al. (2017) Complete Partial
Chlorophanes spiza spiza Brazil Johnson & Wolfe (2018) Incomplete Absent
Hemithraupis flavicollis Brazil Johnson & Wolfe (2018) Complete Limited?-Partial




Table 3. Continuation.
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Genus, species, or subspecies Country of study Author Preformative molt Prealternate molt
Volatinia jacarina jacarina Brazil Johnson & Wolfe (2018) Complete Partial
CTZE:’:ZZZZUS cristatus Brazil Johnson & Wolfe (2018) Complete Absent
:S:i:);i:f:us surinamus Brazil Johnson & Wolfe (2018) Complete Absent
Ramphocelus carbo carbo Brazil Johnson & Wolfe (2018) Complete Absent
Lanio fulvus fulvus Brazil Johnson & Wolfe (2018) Complete Partial
ri)};z:::f:;hz(leruleus Brazil Johnson & Wolfe (2018) Complete? Limited?/Partial?
Sporophila castaneiventris Brazil Johnson & Wolfe (2018) Complete? Partial
Sporophila angolensis torrida Brazil Johnson & Wolfe (2018) Complete Limited?/Partial
Saltator grossus grossus Brazil Johnson & Wolfe (2018) Partial Absent
Saltator maximus maximus Brazil Johnson & Wolfe (2018) Partial Absent
Coereba flaveola minima Brazil Johnson & Wolfe (2018) Complete Absent
Tangara gyrola gyrola Brazil Johnson & Wolfe (2018) Partial?/Incomplete Absent
Thraupis episcopus Brazil Johnson & Wolfe (2018) Complete Partial?
Ixothraupis varia Brazil Johnson & Wolfe (2018) Partial? Unknown
Ixothraupis punctata punctata Brazil Johnson & Wolfe (2018) Partial Unknown

cies studied in the tropics (Dickey & van Rossem
1938, Ryder & Wolfe 2009, Wolfe et al. 2009b, Pyle et
al. 2015, Moreno-Palacios et al. 2017) (Table 3). The
presence of prealternate molts in tropical resident
species has been suggested to be due prolonged
exposure to UV light, and appears to be common in
species inhabiting canopy and open areas as grass-
lands and scrubs (Moreno-Palacios et al. 2017, John-
son & Wolfe 2018), the latter habitats being preferred
by P. bonariensis in Peru. In addition, replacement of
feathers as consequence of prealternate molts may
cause changes on feather pigmentation, which might
play an important role as a sexual ornament used
for mate selection (Searcy & Nowicki 2005, Moreno-
Palacios et al. 2017). However, more information is
needed to confirm the presence of a first prealternate
molt for P. bonariensis and to document the presence
or absence of prealternate molts in other resident
species in the Neotropic (Guallar et al. 2016).

There are other approaches used to determine
the age of passerines, such as determining the degree
of skull ossification, a procedure widely used on
birds worldwide. This criterion becomes a useful tool
when the rate and the extent to which the cranium of
each species ossifies in relation to maturation and
plumage stage are known (Pyle 1997b). We observed
that individuals of P. bonariensis could complete
the ossification process in the preformative molt
(Figures 3, 4). This result corroborates what has been
suggested for other tanagers in the Neotropics, which
may complete skull ossification during or late in the
preformative molt (Johnson & Wolfe 2018). In addi-
tion, some adults in basic plumage may retain small
windows for long periods during the skull ossification
process. This phenomenon has also been docu-
mented in other groups of Neotropical birds, such as

tyrannids, furnariids, and turdids (Pyle 1997b, Pyle et
al. 2015). More data should be compiled in order to
establish timing for an accurate age determination of
P. bonariensis based on the completion of skull ossifi-
cation (Pyle 2015).

The understanding of molt patterns and their tim-
ing, and the establishment of aging criteria in the P.
bonariensis will serve as a framework to aid future
studies in population dynamics, natural history, and
conservation for this and other species sharing simi-
lar ecologies and molt strategies. We encourage bird
banders working in the Neotropic to publish their
findings that would support or refute findings
reported here.
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Figure 4. Comparison of diagnostic characters for age or sex category for the Blue-and-yellow Tanager (Pipraeidea bonarien-
sis) in basic plumage and in formative plumage according to the tabular format of Pyle (1997b) from Sakai & Ralph (2002).
Most diagnostic characteristics are listed first in boldface. Age categories with no plumage differences by sex are noted as
“Male=Female”. Arrow symbols () are used on the right side of a particular pair of cells to indicate that the information is
carried over from the left side. See text and Table 1 for definitions of molt cycle-based age codes.
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