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Abstract ∙ Molt patterns, often useful for determining age of individuals and, hence, demographic structure of a popu‐
lation, are generally poorly known for resident Neotropical birds. Neotropical woodpeckers are no exception to this
latitudinal bias. We focused on the Hispaniolan Woodpecker (Melanerpes striatus) to study molt in regards to age and
phenology. The objectives of this study were: (1) to provide the first description of the Hispaniolan Woodpecker’s
molt pattern, and (2) to describe the relationship of molt within the breeding phenology. For six consecutive breeding
seasons (March–July) from 2012 to 2017, we monitored a color‐banded population of the Hispaniolan Woodpeckers
in a mid‐elevation (~ 600 m a.s.l.) landscape of wet forest fragments and cattle pastures in the Dominican Republic.
We analyzed standardized photos taken during banding sessions to characterize patterns of retained and replaced
feathers, resulting in an accurate method for aging. We found similarities in primary covert replacement and differ‐
ences in secondary replacement patterns to those of congeners. Breeding birds, regardless of sex, were just as likely
to be molting as non‐breeding birds showing breeding‐molt overlap. We suggest possible reasons for this pattern
occurring in primarily tropical avian taxa including ample availability of resources and parasitism defense. This is one
of the only studies to document this on an individual rather than population level.
Resumen ∙ Sobreposición de la fenología de muda y la reproducción del carpintero de la española (Melanerpes
striatus)
Los patrones de muda, comúnmente utilizados para determinar la edad de los individuos y, por lo tanto, la estructura
demográfica de una población, son poco conocidos para las aves residentes Neotropicales. Los pájaros carpinteros
tropicales no son una excepción a este sesgo latitudinal. Nos centramos en el Carpintero de La Española (Melanerpes
striatus) para estudiar la muda tanto en lo que respecta a la edad y la fenología. Los objetivos de este estudio fueron:
(1) presentar la primera descripción del patrón de muda del Carpintero de la Española y (2) describir su relación con la
fenología reproductiva. Durante seis temporadas reproductivas consecutivas, de marzo a julio, desde el 2012 a 2017,
monitoreamos una población de Carpinteros de la Española marcados con anillos de color, en un paisaje de elevación
media (~ 600 m s.n.m) compuesto por fragmentos de bosque húmedo y pasturas en la República Dominicana. Analiza‐
mos las fotos tomadas de manera estandarizada durante el anillamiento para identificar patrones retención y reem‐
plazo de plumas viejas y nuevas. En base a estos resultados desarrollamos un método exacto para determinar la edad.
Encontramos similitudes en los patrones del reemplazo de las cubiertas primarias y diferencias en patrones de reem‐
plazo de secundarias con patrones descriptos para otras especies del genero. No hubo diferencia en la probabilidad de
encontrar muda en de pájaros carpinteros reproductores y los no reproductores, demostrando la superposición de
muda y reproducción. Sugerimos causas por las cuales éste patrón ocurre principalmente aves tropicales, incluyendo
un incremento en la disponibilidad de recursos y mecanismos de defensa de parásitos. Este es uno de los pocos estu‐
dios que documentan este patrón en un nivel individual en vez de población.
KEY WORDS: Aging ∙ Breeding phenology ∙ Dominican Republic ∙ Life history ∙ Molt pattern ∙ Melanerpes striatus ∙ Pici‐
dae ∙ Prebasic molt ∙ Preformative molt

INTRODUCTION
Knowledge of feather molt patterns can serve as a valuable tool for both aging birds and to better understand
their life histories (Ryder & Wolfe 2009). Application of this information is perhaps best exemplified by the
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extensive documentation of molt patterns in North
American passerines and near‐passerines by Pyle
(1997), which has been widely used to facilitate the
study of wild bird populations. Molt limits, the pres‐
ence of two or more generations of feathers on an
individual, allow field ornithologists to determine a
bird’s age since the different generations of feathers
correspond to distinct molt cycles (Pyle 1997). Like
temperate breeding species, many resident tropical
species have a partial molt following hatching (pre‐
formative molt) that can be used to determine age
(Ryder & Wolfe 2009, Johnson & Wolfe 2018). How‐
ever, because tropical taxa tend to have longer and
more flexible breeding periods than those in temper‐
ate latitudes (Stutchbury & Morton 2001), tropical
molt phenology might not correspond to the “stan‐
dard” temperate molt phenology (Pyle 1997, Johnson
et al. 2011). Wolfe et al. (2010) revised age‐classifica‐
tion terminology for tropical taxa, whereby birds’ age
is classified in relation to the corresponding molt epi‐
sode rather than a calendar‐based categorization.
Furthermore, molt descriptions are incomplete or
wholly lacking for most tropical species, and this lati‐
tudinal bias is especially true for woodpeckers (Pici‐
dae), that are less likely to be captured using
standard mist‐netting techniques (Ryder & Wolfe
2009, Johnson & Wolfe 2018).
North American woodpeckers follow a more com‐
plex molt strategy compared to most passerines,
allowing them to be more precisely aged to third year
(or second cycle basic) and after third year (or after
second cycle basic). In late summer and early
autumn, both juvenile and adult woodpeckers
undergo an annual molt (Pyle & Howell 1995, Pyle
1997, Johnson & Wolfe 2018). For most species, the
primaries and rectrices are completely replaced dur‐
ing the preformative molt while most secondaries
and all primary coverts are retained. During the fol‐
lowing molt, the primaries, secondaries, and greater
coverts are completely replaced, but only the 0–5
consecutive outer primary coverts are usually
replaced, resulting in the presence of retained juve‐
nile feathers and molt limits. Regular retention of
basic secondaries and primary coverts also occurs in
third and older basic‐plumaged individuals (Pyle &
Howell 1995, Pyle 1997) but patterns are usually dif‐
ferent and more often asymmetrical than those of
second basic plumage. Other Antillean woodpecker
species exhibit similar molt patterns (Pyle et al.
2004). For instance, while the West Indian Wood‐
pecker (Melanerpes superciliaris) and the Cuban
Green Woodpecker (Xiphidiopicus percussus) mostly
follow the molt strategy of North American wood‐
peckers, both species usually do not retain secondar‐
ies during second or later prebasic molts or primary
coverts during third or later prebasic molts (Pyle &
Howell 1995, Pyle et al. 2004) Other tropical wood‐
peckers follow these patterns as well, with molt
limits for third year or second cycle basic birds found
in the primary coverts as well (Johnson & Wolfe
2018).

30

In temperate regions, molt and breeding usually
occur asynchronously, possibly because of physiologi‐
cal costs (Foster 1974, Dietz et al. 1992, Moreno
2004, Johnson et al. 2012). Molt is considered meta‐
bolically “expensive” since birds need to account for
the energetic costs of growing feathers and heat loss
from reduced insulation (Dietz et al. 1992). In con‐
trast, some tropical breeding residents execute their
molt cycles during their reproductive periods, a phe‐
nomenon possibly attributable to reduced physiologi‐
cal demands resulting from smaller average clutch
sizes or release from the seasonal constraints on food
resources that would otherwise be faced in temper‐
ate environments (Snow & Snow 1964, Foster 1974,
Martin et al. 2000, Johnson et al. 2012). Only a subset
of tropical residents are known to display this “molt‐
breeding overlap” in their life histories and it is possi‐
ble that molt‐breeding overlap occurs more at the
population level than the individual level (Pyle et al.
2016); nevertheless, molt‐breeding overlap may be
found to be more widespread among taxa as the nat‐
ural history of tropical resident birds is more thor‐
oughly investigated (Snow & Snow 1964; Foster 1974,
1975; Zaias & Breitwisch 1990, Mallet‐Rodrigues
2005, Johnson et al. 2012).
The Hispaniolan Woodpecker (Melanerpes stria‐
tus) is a Neotropical woodpecker species endemic to
the island of Hispaniola, where it breeds in most hab‐
itats and elevations (Latta et al. 2006). Breeding pos‐
sibly occurs year‐round at lower, coastal elevations,
such as Punta Cana, but exhibits a defined season of
five to six months (March–August) in at least one
mid‐elevation (ca. 600 m a.s.l.) population (Latta et al.
2006, LaPergola pers. obs.). The species’ natural his‐
tory remains poorly known. All published research on
the Hispaniolan Woodpecker thus far has focused on
its foraging behavior in relation to morphology or
general natural history while neglecting molt cycle
(Selander 1966, Short 1974, Wallace 1974). In this
study, we provide the first description of the Hispan‐
iolan Woodpecker’s molt pattern and describe how
molt covaries with breeding phenology. We expected
to find patterns mirroring temperate Melanerpes
spp.: molt limits in second year (or first cycle forma‐
tive) observed within the secondary coverts and inner
secondaries, molt limits in third year (or second cycle
basic) involving retained juvenile primary coverts, and
molt limits in older (after second cycle basic) being
absent or involving asymmetrical retention of primary
coverts (Pyle & Howell 1995, Pyle et al.2004). More‐
over, we expected that there would be an absence or
limited extent of breeding‐molt overlap as the species
exhibits an abbreviated (i.e., mostly restricted to a
five‐to‐six month period) breeding season relative to
other tropical taxa.
METHODS
Study site and population. As part of a focal study on
Hispaniolan Woodpecker breeding biology, we moni‐
tored an individually marked population in the small
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Table 1. Total number of Hispaniolan Woodpeckers (Mela‐
nerpes striatus) captured and uniquely banded during
course of study in Jarabaoca, Dominican Republic, from
2012–2017.
Year

Adult females

Adult males

Nestlings

2012

4

3

26

2013

13

18

33

2014

34

38

85

2015

18

18

109

2016

10

9

7

2017

10

11

103

Total

89

97

363

community of Piedra Blanca, 3 km east of Jarabacoa
(19°07'09.5"N, 70°34'54.8"W; 550–700 m a.s.l.), La
Vega, Dominican Republic, during five field seasons
Mar–July of 2012–2017. The site consists of private
property in a landscape of mixed pine (Pinus occiden‐
talis and P. caribaea, Pinaceae) and broadleaf wet
forest fragments immersed in a matrix of cattle pas‐
tures with isolated or clustered royal palms (Roys‐
tonea hispaniolana, Arecaceae) and small fragments
of secondary vegetation and “living tree” (predomi‐
nantly Gliricidia sepium, Fabaceae) fences.
Capture and data collection. To capture adult wood‐
peckers, we used two approaches: (1) “ambushing”
adults in nest cavities (Stanback & Koenig 1994) and
(2) an elevated, dual‐tower mist‐net system (LaPer‐
gola & Keynon in prep.). Ambushing involved moni‐
toring active cavities to determine the stage of
nesting. We used light‐weight, hollow plastic balls
(Wiffle balls) covered in duct tape and tied to mono‐
filament nylon line to cover cavity entrances after
birds entered to feed chicks or pre‐dawn when birds
roosted. To reduce the chance of nest abandonment,
we used the ambush capture method one or more
weeks before egg‐laying or ≥ 22 days post‐hatch. The
mist net tower system involved erecting two 15.2 m
tower poles supported with a series of guy lines and,
using pulleys and ropes, raising two stacked 12 m
mist nets in front of nesting trees. This method
allowed us to reduce disturbance at nests and
increase sampling to include woodpeckers nesting in
substrates too unstable to climb.
Once captured, each bird received a unique four‐
band combination consisting of two color bands on
one leg and a color band and numbered aluminum
band on the other. In total, we banded 186 adult birds
(89 females, 97 males; Table 1) and 260 nestlings. Of
the 260 nestlings, six were recaptured as adults. We
assigned sex based on adult crown color, which is
black in females and red in males.
From 2014 to 2017, we photographed birds in the
hand using a Nikon d7100 camera with an external
flash. To the best of our ability, we attempted to stan‐
dardize lighting conditions by using a white backdrop

and not photographing in direct sunlight. We
included a ruler in each photograph for scale, and
photographed the band combination, right eye, head
profile, crown, dorsal and lateral views of the beak,
back, dorsal view of the tail, and dorsal view of the
right wing. If birds exhibited asymmetric molt pat‐
terns or limits, we photographed both wings. In the
hand, we aged birds as accurately as possible using
the criteria established by Pyle & Howell (1995), not‐
ing the presence/absence of retained juvenile or
basic feathers.
Data analysis. Using generic photo‐viewing software
that came with the computer’s operating system, we
examined photographs of wings, labeling wing feath‐
ers from which molt they were grown (e.g., primary
coverts were grown in the juvenile molt, greater
coverts were grown in the formative molt, etc.).
Because this is a Neotropical species with a defined
breeding season that partially fits with that of North
American breeding birds, we used Pyle & Howell’s
(1995) terminology to describe the molt cycle relative
to age, later adding in newer Wolfe‐Ryder‐Pyle
(Wolfe et al. 2010) terminology more commonly used
for tropical birds. We scored birds as “breeding” in
analyses if they were known to have an active nest at
time of capture, initiated a nest less than one week
after capture, or exhibited breeding characteristics
(brood patch, cloacal protuberance) when captured.
“Non‐breeding” birds included both birds known to
lack nests within the sampling period and birds that
initiated nesting attempts more than one week after
capture.
To test whether molt was more likely to be docu‐
mented in non‐breeding than breeding birds we used
a Chi‐squared test of independence. Body‐feather
molt and wing‐feather molt were examined indepen‐
dently since the presence of symmetric wing‐feather
molt indicates the beginning of a molt cycle (Pyle &
Howell 1995). Body‐feather molt included body feath‐
ers or wing coverts growing in with blood‐supplied
pins.
RESULTS
Molt description. While body molt was observed
from March to July (Figure 1A), wing molt only
occurred from the end of May through at least July
(Figure 1B). The preformative molt was incomplete,
with body feathers, most to all greater coverts, up
to 5 inner secondaries (including the tertials), and
all primaries and rectrices replaced but primary
coverts and secondaries retained (Figure 2A–C). The
second prebasic molt was also incomplete with sec‐
ondaries replaced, but all birds (n = 19) retained
some inner primary coverts (Figures 2D–F). Most
birds in definitive plumage showed a complete
prebasic molt for subsequent molts, occasionally
retaining single primary coverts asymmetrically
(Figures 2G–I). No prealternate molt was observed.
Juveniles had black crowns, similar to females, and
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Figure 1. Body feather molt (A) and flight feather molt (B) of Hispaniolan Woodpeckers (Melanerpes striatus) documented
during the sampling period in Jarabaoca, Dominican Republic, from 2012–2017. Body molt occurred throughout the samp‐
ling period for both females (black bars) and males (gray bars), but flight feather molt occurred mostly from early May
until late July. Upper and lower numbers below months represent sample sizes for females and males, respectively. “NS”
denotes the absence of sampling, and “N/A” appearing above the bar signifies zero captures despite sampling attempts.
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Figure 2. Molt limits for two known‐age (banded as nestlings and recaptured as adults) Hispaniolan Woodpecker (Melanerpes
straitus) (A–F) and one woodpecker first banded as an adult (G–I) in Jarabaoca, Dominican Republic. (A–C) The wing of a
known second year (or first cycle formative) bird. The full‐wing photo (A) shows that five inner secondaries (including the ter‐
tials) were replaced and that the outer two juvenile greater coverts have been retained, resulting in a molt limit with the re‐
maining formative secondary coverts. The close‐up photo (B) and diagram (C) illustrate that primary coverts uniformly
juvenile. (D–F) The wing of a known third year (or second cycle basic) bird exhibits uniformly basic feathers except for the 5th‐
8th primary coverts from the outside. The close‐up photo (E) and diagram (F) illustrate two generations of primary coverts.
(G–I) The wing of a known after third year (or after second cycle basic) bird exhibiting adult basic plumage of one generation
except for the retention of two additional generations of basic primary coverts. Although two tertials appear browner they
are probably of the same generation as the other secondaries, just more worn due to earlier molt and the increased solar
exposure that these feathers endure. The outer three and inner two primary coverts appear new, while the 4th, 6th, and 7th
from the outside have been retained one year and the 5th and 8th from the outside has been retained two years as illustrated
in the primary coverts close‐up photo (H) and diagram (I); this pattern was not symmetrical between the wings. This bird was
first banded as an adult in 2013, but the photos (G, H) shows the bird’s plumage when it was recaptured a year later. Feathers
are labeled based on the molt in which they were grown: J = juvenile, F = formative, B = basic, RB = retained basic. Photo‐
graphs: Holly Garrod; drawings: Joshua B. LaPergola.

soon after fledging the males began to molt in a
completely red crown (Table 2). Nestlings had gray
eyes that started to turn into a creamy yellow
after fledging. Adults of both sexes had bright yellow
eyes. Birds in juvenile plumage were aged as hatch
year (or first cycle juvenile) from Apr–Jul, second
year (or first cycle formative) from Feb–Jul, third
year (or second cycle basic) from Feb–Jul, and
after third year (or after second cycle basic)
from Feb–Jul. We recaptured six birds originally
banded as nestlings, which matched the predic‐
ted molt patterns for their corresponding age class
(Table 2).

Molt and breeding phenology. Body molt (Figure 1A)
and flight feather molt (Figure 1B) exhibited different
phenologies. Body molt occurred throughout the
sampling period (from late February to late July) for
both sexes (Figure 1A). Flight feather molt occurred
mostly later in the sampling period, from early May
through late July.
All categories of birds (breeding females, non‐
breeding females, breeding males, and non‐breeding
males) did not differ significantly in the proportion
exhibiting flight feather molt (Pearson Chi‐square test
of homogeneity: χ2 = 0.26, df = 3, p = 0.97) nor in the
proportion exhibiting body molt (Pearson Chi‐square
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Table 2. Age class and molt pattern of recaptured Hispaniolan Woodpeckers (Melanerpes striatus) captured in in Jarabaoca,
Dominican Republic, from 2012–2017 after being banded as nestlings. *Age classification: HY = hatch year, SY = second year,
TY = third year, ATY = after third year.
Individual

Sex

Hatch date

Recapture date

Age (months)

Age class and diagnostic plumage at recapture*

465

M

22 Mar 2017

8 Jun 2017

2.5

HY – uniform juvenile plumage, molting adult
crown

073

F

18 May 2013

7 Mar 2014

10

SY – uniform retained primary coverts, molt limit
in greater coverts

018

M

12 Jun 2012

31 May 2014

24

TY – three generations of primary coverts

288

M

8 Apr 2015

29 Mar 2017

24

TY – three generations of primary coverts

317

M

19 Mar 2015

2 May 2017

25.5

TY – three generations of primary coverts

207

M

23 May 2014

3 Jun 2017

36.5

ATY (fourth year) ‐ uniform basic primary coverts

Table 3. Comparison of Hispaniolan Woodpeckers (Melanerpes striatus) captured in in Jarabaoca, Dominican Republic, from
2012–2017 undergoing body molt and flight feather molt with sex and breeding status noted.

Sex

Male

Female

Breeding status

Percentage of birds exhibiting flight feather molt

Percentage of birds exhibiting body molt

Breeder

41% (N = 22)

41% (N = 22)

Non‐breeder

38% (N = 16)

69% (N = 16)

Total

40% (N = 40)

49% (N = 43)

Breeder

42% (N = 26)

42% (N = 26)

Non‐breeder

35% (N = 17)

59% (N = 17)

Total

39% (N = 38)

53% (N = 38)

test of homogeneity: χ2 = 4.11, df = 3, p = 0.25, Table
3). There was no difference between male and
female birds exhibiting flight feather molt (χ2 = 0.00,
df = 1, p = 1.00) and body molt (χ2 = 0.12, df = 1,
p = 0.73). Among females, there was no difference
between breeders and non‐breeders that exhibited
flight feather molt (χ2 = 0.05, df = 1, p = 0.83) and
no difference between breeder and non‐breeders
that exhibited body molt (χ2 = 2.88, df = 1, p = 0.09).
Among males, there was no difference between
breeders and non‐breeders that exhibited flight
molt (χ2 = 0.21, df = 1, p = 0.65), no differences
between breeders and non‐breeders that exhibited
body molt (χ2 = 1.12, df = 1, p = 0.29). Non‐breeding
females and males also did not differ significantly
in the prevalence of flight molt (females: 38%, n = 16;
males: 35%, n = 17 individuals; χ2 = 0.02, df = 1, p =
0.99) nor body molt (females: 69%, n = 16; males:
59%, n = 17 individuals; χ2 = 0.35, df = 1, P = 0.94).
DISCUSSION
Molt description. We expected molt patterns in the
Hispaniolan Woodpecker to mirror those of conge‐
ners from temperate areas and closely related spe‐
cies in the Caribbean region (Pyle et al. 2004). While
many temperate Melanerpes spp. retain secondaries
during the second and later prebasic molts, most His‐
paniolan Woodpeckers did not, with < 3% of birds
retaining any secondary feathers. Hispaniolan Wood‐
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peckers retained primary coverts in third year (or
second cycle basic) birds in a pattern like that of tem‐
perate woodpeckers. Likewise, the asymmetric
retention of individual secondaries (usually the
eighth of 10 secondaries in the Hispaniolan Wood‐
pecker, n = 6) and primary coverts in definitive plum‐
aged birds matched what is observed in temperate
woodpecker taxa (Pyle & Howell 1995).
Juvenile and female coloration. In many woodpecker
species, adult males and females differ in one or a
few plumage patches that tend to be brighter or
more colorful (often red) in males. Across Picidae,
juvenile plumages differ in how much they resemble
adult plumages (Winkler et al. 1995). Adult Hispanio‐
lan Woodpeckers match this trend, with females and
males differing in the posterior coloration of the
crown (black in female and red in males). Juvenile
Hispaniolan Woodpecker plumage resembles that of
adult females, with males replacing black feathers
with red during their preformative molt. This pattern
contrasts with that in Acorn Woodpeckers (Melaner‐
pes formicivorus), which exhibit a similar type of sex‐
ual dichromatism in adults: females and males differ
in coloration in only the anterior half of the crown
(black in females and red in males). Unlike Hispanio‐
lan Woodpeckers, juvenile Acorn Woodpecker plum‐
age resembles the adult male, with females molting
in black crown feathers during the preformative
molt (Spray & MacRoberts 1975, Pyle 1997). Pattern
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differences between juvenile plumage relative to
adult plumage in woodpeckers remains an interesting
question and warrants further study (Koenig & Wal‐
ters 2014).
Molt‐breeding overlap. Even though our study popu‐
lation has a defined breeding season (Mar–Aug), indi‐
viduals exhibited molt‐breeding overlap, and
breeding birds were just as likely to be molting as
non‐breeding birds with no differences between
males and females. The lack of difference between
males and females is perhaps unsurprising given the
sharing of parental investment in Hispaniolan Wood‐
peckers. Because molting and breeding are both
energetically expensive, differences in parental
investment could select for sexually dimorphic molt‐
ing strategies. However, both parents in Hispaniolan
Woodpeckers provide high levels of parental care,
with both sexes incubating and provisioning chicks
(LaPergola unpubl. data).
Although molt‐breeding overlap may occur regu‐
larly in tropical species, which tend to have longer
breeding seasons than temperate species, much vari‐
ation in the prevalence of molt‐breeding overlap
exists across taxa (Foster 1974, Johnson et al. 2012),
including among woodpeckers, and it is possible that
overlap occurs more at the population than at the
individual level (Pyle et al. 2016). What specifically
drives interspecific variation in molt‐breeding overlap
among woodpeckers is unknown and will likely
remain so until more researchers work on tropical
woodpeckers. For example, a year‐round resident
population of Acorn Woodpeckers in central coastal
California has a long breeding season (∼ 5 months, or
∼ 7 months in years with secondary breeding sea‐
sons) and exhibits fairly extensive molt‐breeding
overlap (Koenig & Mumme 1987, Koenig et al. 1995).
In contrast, the Red‐headed Woodpecker (Melaner‐
pes erythrocephalus), which has a shorter breeding
season (∼ 4 months) and migrates in parts of it range,
exhibits very minimal if any overlap (Frei et al. 2017).
The Red‐bellied Woodpecker (Melanerpes carolinus),
which has a longer breeding season (∼ 5 months)
than M. erythrocephalus and is not considered migra‐
tory, exhibits moderate molt‐breeding overlap, at
least at the population level (Shackelford et al. 2000).
The Golden‐fronted Woodpecker (Melanerpes auri‐
frons) is less well studied than its aforementioned
congeners, but with a more southerly distribution, no
migration, and apparently short breeding season (∼ 4
months) in Texas, exhibits minimal molt‐breeding
overlap (Husak & Maxwell 1998). Together, these
data suggest the duration of the breeding season
might influence the evolution of molt‐breeding, but
data from more species are needed to adequately
test this hypothesis.
While the selective advantages of molt‐breeding
overlap remain unknown, one hypothesis proposes
that in contrast to more resource‐limited and time‐
constrained temperate breeders, tropical birds have
more access to abundant resources, allowing them to

begin molting before breeding ends (Johnson et al.
2012). This hypothesis requires further attention for
Hispaniolan Woodpeckers. Although our study popu‐
lation appears to be resident year‐round, Neotropical
migrants present at the start of breeding and outside
the breeding season could alter resource availability.
An alternative hypothesis is that resident tropical
birds might have a more active immune system due
to increased parasite levels, resulting in slower molt‐
ing process and thus prolonged molt period, which in
turn could result in more overlap with the breeding
season (Moreno 2004). Nevertheless, the full occur‐
rence and benefits of molt‐breeding overlap at the
individual level largely remain unexplored. While
some studies have documented molt‐breeding over‐
lap at the individual level (Hemborg & Lundberg
1998, Echeverry‐Galvis & Hau 2013), the majority of
studies have focused on this phenomenon at the
population level (Moreno 2004, Meet‐Rodrigues
2005, Johnson et al. 2012). More complete documen‐
tation of molt patterns in tropical species is needed
for comparison of life history strategies with temper‐
ate regions to increase our understanding of potential
evolutionary mechanisms at play in different con‐
texts.
ACKNOWLEDGMENTS
The authors acknowledge the following individuals
for providing invaluable assistance in the field: M.
Angelucci, H. Boyle, C. Cerrilla, W. Coleman, A. Diaz,
L. Emerson, N. Gilbert, A. Janik, K. Kauffman, T. La‐
cerda, A. Lascher‐Posner, M. Larrieu, K. Larsen, C.
Mathers‐Winn, K. Nelsen, A. Occhialini, S. Schubert,
H. Stapleton, M. Walters, A. Waterman‐Snow, P.
Werner, A. Wichtendahl. JBL gratefully acknowledges
the following funding sources: Cornell Lab of Orni‐
thology Athena Fund, Department of Neurobiology
Animal Behavior Research Grant, Society for the
Study of Evolution Rosemary Grant Award, and Sigma
Xi Grant in Aid of Research. JBL was also supported by
the following fellowships during fieldwork: Charles
Walcott Graduate Fellowship, Linda and Samuel
Graduate Student Fellowship, Eleanore Stuart Gra‐
duate Fellowship, Andrew ’78 and Margaret Paul
Graduate Fellowship, Kramer Graduate Fellowship,
Halberstadt Graduate Fellowship, Anne Marie Brown
Summer Graduate Fellowship, and Lab of Ornithology
Summer Graduate Fellowship. All research activities
described here were approved by the Dominican
Republic’s Ministerio de Medio Ambiente y Recursos
Naturales and conducted in accordance with IACUC
protocol 2008‐0185 at Cornell University. We grate‐
fully thank E.L. Walters, K. Delhey, P. Pyle, and one
anonymous reviewer for providing comments and
suggestions that improved the text.
REFERENCES
Dietz, MW, S Daan & D Masman (1992) Energy requirements
for molt in the Kestrel Falco tinnunculus. Physiological Zool‐

35

ORNITOLOGÍA NEOTROPICAL, SPECIAL ISSUE (2018) 29: S29–S36

logy 65: 1217–1235.
Echeverry‐Galvis, MA, & M Hau (2013) Flight performance and
feather quality: paying the price of overlapping moult
and breeding in a tropical highland bird. PLoS ONE 8:
e61106.
Foster, MS (1974) A model to explain molt‐breeding overlap
and clutch size in some tropical birds. Evolution 28:
182–190.
Foster, MS (1975) The overlap of molting and breeding in some
tropical birds. The Condor 77: 304–314.
Frei, B, KG Smith, JH Withgott, PG Rodewald, P Pyle & MA Pat‐
ten (2017) Red‐headed Woodpecker (Melanerpes erythro‐
cephalus), version 2.1. In Rodewald, PG (ed). The Birds of
North America. Cornell Lab of Ornithology, Ithaca, New
York, USA. Available from https://doi‐org.proxy.library.cor‐
nell.edu/10.2173/bna.rehwoo.02.1.
Hemborg, C & A Lundberg (1998) Costs of overlapping repro‐
duction and moult in passerine birds: an experiment with
the Pied Flycatcher. Behavioral Ecology and Sociobiology
43: 1: 19–23
Husak, MS & TC Maxwell (1998) Golden‐fronted Woodpecker
(Melanerpes aurifrons), version 2.0. In Rodewald, PG (ed).
The Birds of North America. Cornell Lab of Ornithology,
Ithaca, New York, USA. Available from https://doi‐org.
proxy.library.cornell.edu/10.2173/bna.373.
Koenig, WD & RL Mumme (1987) Population ecology of the
cooperatively breeding Acorn Woodpecker. Princeton Univ.
Press, Princeton, New Jersey, USA.
Koenig, WD & EL Walters (2014) What we don't know, and
what needs to be known, about the cooperatively breeding
Acorn Woodpecker Melanerpes formicivorus. Acta Ornitho‐
logica 49: 221–223.
Koenig, WD, PB Stacey, MT Stanback & RL Mumme (1995)
Acorn Woodpecker (Melanerpes formicivorus), version 2.0.
In Rodewald, PG (ed). The Birds of North America, Cornell
Lab of Ornithology, Ithaca, New York, USA. https://doi‐
org.proxy.library.cornell.edu/10.2173/bna.194.
Johnson, EI, PC Stouffer & RO Bierregaard (2012) The phenol‐
ogy of molting, breeding and their overlap in central Ama‐
zonian birds. Journal of Avian Biology 43: 141–154.
Johnson, EI, JD Wolfe, T Brandt Ryder & P Pyle (2011) Modifica‐
tions to a molt‐based ageing system proposed by Wolfe et
al. Journal of Field Ornithology 82: 422–424.
Johnson, El & JD Wolfe (2017) Molt in Neotropical birds: life his‐
tory and aging criteria. CRC Press, Boca Raton, Florida,
USA.
Latta, S, C Rimmer, A Keith, J Wiley, HA Raffaele, K McFarland
& E Fernandez (2006) Birds of the Dominican Republic
and Haiti. Princeton Univ. Press, Princeton, New Jersey,
USA.
Mallet‐Rodrigues, F (2005) Molt‐breeding cycle in passerines
from a foothill forest in southeastern Brazil. Revista Brasi‐
leira de Ornithologia 2: 155–160.
Martin, TE, PR Martin, CR Olson, BJ Heidinger & JJ Fontaine
(2000) Parental care and clutch sizes in North and South
000

36

American birds. Science 287: 1482–1485.
Moreno, J (2004) Moult‐breeding overlap and fecundity limita‐
tion in tropical birds: a link with immunity. Ardeola 51:
471–476.
Pyle, P & SNG Howell (1995) Flight‐feather molt patterns and
age in North American woodpeckers. Journal of Field Orni‐
thology 66: 564–581.
Pyle, P (1997) Identification guide to North American birds. Part
1. Slate Creek Press, Bolinas, California, USA.
Pyle, P, A McAndrews, P Veléz, RL Wilkerson, RB Siegel & DF
DeSante (2004) Molt patterns and age and sex determina‐
tion of selected southeastern Cuban landbirds. Journal of
Field Ornithology 75: 136–145.
Pyle, P (2005) Remigial molt patterns in North American Falco‐
niformes as related to age, sex, breeding status and life his‐
tory strategies. The Condor 107: 4: 823–834.
Pyle, P, K Tranquillo, K Kayano, and N Arcilla (2016) Molt pat‐
terns, age criteria, and molt‐breeding overlap in American
Samoan landbirds. Wilson Journal of Ornithology 128:
56–69.
Ryder, TB & JD Wolfe (2009) The current state of knowledge on
molt and plumage sequences in selected Neotropical bird
families: a review. Ornitología Neotropical 20: 1–18.
Selander, RK (1966) Sexual dimorphism and differential niche
utilization in birds. The Condor 68: 113–151.
Shackelford, CE, RE Brown & RN Conner (2000) Red‐bellied
Woodpecker (Melanerpes carolinus), version 2.0. In Rode‐
wald, PG (ed). The Birds of North America. Cornell Lab of
Ornithology, Ithaca, New York, USA. Available from https://
doi‐org.proxy.library.cornell.edu/10.2173/bna.500.
Short, LL (1974) Habits of three endemic West Indian wood‐
peckers (Aves, Picidae). American Museum Novitates 2549:
1–44.
Snow, DW & BK Snow (1964) Breeding seasons and annual
cycles of Trinidad land‐birds. Zoologica 49: 1–39.
Spray, C & MM MacRoberts (1975) Notes on molt and juvenal
plumage in the Acorn Woodpecker. The Condor 77:
342–345.
Stanback, MT & WD Koenig (1994) Techniques for capturing
birds inside natural cavities. Journal of Field Ornithology
65: 70–75.
Stutchbury, BJ & ES Morton (2001) Behavioral ecology of tropi‐
cal birds. Academic Press, London, UK.
Wallace, RA (1974) Ecological and social implications of sexual
dimorphism in five melanerpine woodpeckers. The Condor
76: 238–248.
Winkler, H, DA Christie & D Nurney (1995) Woodpeckers: an
identification guide to the woodpeckers of the world.
Houghton Mifflin, Boston, Massachusetts, USA.
Wolfe, JD, TB Ryder & P Pyle (2010) Using molt cycles to catego‐
rize the age of tropical birds: an integrative new system.
Journal of Field Ornithology 81: 186–194.
Zaias, J & R Breitwisch (1990) Molt‐breeding overlap in
Northern Mockingbirds. The Auk 107: 414–416.

