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ABSTRACT

“Molt limits,” or the boundaries between replaced and
retained wing feathers and rectrices during partial or
incomplete molts, were investigated in 288 species of North
American passerines through the examination of over
16,000 specimens. Thirty-six species showed evidence of
complete first prebasic molts, including 27 species that did
not have extensive prealternate molts (those including at
least some greater coverts) and nine species that did have
extensive prealternate molts. Of the remaining 252 species,
183 did not have extensive prealternate molts and 69
species did. Fifty-four species showed evidence of partial or
incomplete replacement of primaries, during the first
prebasic molt, the prealternate molt, or both, in at least a
proportion of the populations. The replacement pattern of
primaries was either “eccentric” (proceeding distally from the
center of the primaries; 46 species), or “typical” (proceeding
distally from the innermost primary; 8 species). In six species
that showed an eccentric replacement pattern, a small
proportion of individuals also showed the typical replace-
ment pattern. Data on variation in the extent of greater-
covert, secondary, rectrix, primary, and primary-covert
replacement for each partial or incomplete molt in each
species, references to previous detailed studies on molt, and
notes on geographic variation, discrepancies between the
results of this study and that of previous work, and other
interesting cases, are presented.

INTRODUCTION

In most North American passerines, the first
prebasic molt is “partial” or “incomplete,” some but
not all feathers being replaced (Pyle et al. 1987,
Mulvihill 1993). Recently, Jenni and Winkler (1994)
have illustrated the utility of “molt limits,” the
boundaries between replaced and retained
feathers that result from partial molts, in ageing
such passerines. Retained juvenal wing coverts
and flight feathers are relatively worn and often
show more subdued color patterns than adjacent,
supplemental or first-basic feathers. Because adult
(definitive) prebasic molts in virtually all North
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American passerines are complete (Pyle et al.
1987), the presence of molt limits indicates HY/SY
(first-year) birds, at least until the prealternate molt,
and often until the second prebasic molt (Mulvihill
1993, Jenni and Winkler 1994). Thus, molt limits
can be especially useful for ageing North American
passerines in winter and spring, after first-year
birds have typically completed skull pneumatiza-
tion. Patterns of replacement among the wing
feathers vary substantially both among species
and among individuals of the same species. This
variation is very poorly documented for most North
American species (see Mulvihill 1993). Addition-
ally, some species undergo partial or incomplete
prealternate molts in both HY/SY and AHY/ASY
(adult) birds (Pyle et al. 1987, Mulvihill 1993). To use
molt limits effectively, therefore, variation in the
extent of replacement during the first prebasic molt,
and the occurrence and extent of prealternate molts
(especially in AHY/ASYs), must be known. To
assess variation in the location of molt limits
resulting from partial and incomplete,
presupplemental, first prebasic, first prealternate,
and adult prealternate molts of North American
passerines, | examined over 16,000 specimens of
288 species. The results of this examination are
presented here.

METHODS

Specimens examined for this study were located at
the California Academy of Sciences (CAS),
Museum of Vertebrate Zoology (MVZ), Point Reyes
Bird Observatory (PRBO), Natural History
Museum of Los Angeles County (LACM), San
Diego Natural History Museum (SDNHM), Moore
Laboratory of Zoology (MLZ), and Western
Foundation of Vertebrate Zoology (WFVZ). On
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each specimen the wing coverts and flight feathers
were studied carefully for evidence of partial or
incomplete molts. The number of replaced wing
coverts and flight feathers were recorded on all
birds showing evidence of incomplete feather
replacement, after active molting had ceased. Both
wings were examined on each specimen to ensure
that results were based on incomplete molts rather
than adventitious replacement; specific data were
taken from the right wing.

The age of each bird when it was collected was
determined by information on the specimen labels,
the presence of molt limits (assuming that adult
prebasic molts are complete), and the color and
amount of wear to the primary coverts (Figure 1),
which typically are retained, at leastin part, by birds
undergoing incomplete molts (see below). Other
plumage criteria (Pyle etal. 1987) were used where
appropriate. Age terminology follows that of the Bird
Banding Laboratory (Canadian Wildlife Service and
U.S. Fish and Wildlife Service 1991). Terminology
of molt, plumages, and feather generations follows
Humphrey and Parkes (1959; see also Thompson
and Leu 1994). Plumage characters, along with
date and location of collection, were used to
determine whether observed molt limits resulted
from the presupplemental molt “PS” (Thompson
and Leu 1994), the prebasic molt “PB”, or the
prealternate molt “PA”.

Fig 1. Shape and relative condition of the primary coverts in
HY/SY and AHY/ASY passerines, in fresh (fall) and worn
(spring) condition. The contrast between these feathers and
replaced greater coverts is very useful in ageing many
species. Note that the edging on these feathers is often
present but thinner in HY birds than in AHY birds in the fall,
and it is often absent in SY birds but still present in ASY birds
in the spring.

Fall
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An attempt was made to sample at least 15-20
specimens for each molt within a species, from as
wide a geographic range (within North America) as
specimen material allowed. Although all collections
were located in California, a significant proportion of
specimens were collected from other localities
throughout North America. Larger samples of
specimens were examined for species showing
wide geographic variation or complex incomplete
molts, and smaller samples indicate fewer available
specimens. Ranges in the number of feathers
replaced, within each tract, are presented as mean
+ twice the standard deviation. These ranges esti-
mate what would be expected for 95% of the popu-
lation, assuming a normal distribution to replace-
ment patterns (Pyle 1997).

When the results of this examination contradicted
those of other published or unpublished information
(see the Tables for other references discussing
molt in North American passerines), specimens
were reexamined to either confirm or correct the
original data of this study, before they were
tabulated.

RESULTS AND DISCUSSION

Molt patterns in the 288 North American species
examined could be categorized into several
groups. In 27 species (9.4%), data indicated that
replacement of wing coverts and flight feathers
during both the first and adult prebasic molts was
typically complete, and that the prealternate molts
were either absent or limited, including no greater
coverts or flight feathers. These species were:
Northern Beardless-Tyrannulet (Camptostoma
imberbe), the two species of wood-pewees, Alder
Flycatcher (Empidonax alnorum), Horned Lark
(Eremophila alpestris), the eight species of martins
and swallows, Bushtit (Psaltriparus minimus),
Wrentit (Chamaea fasciata), Grasshopper Spar-
row (Ammodramus savannarum), nine species of
blackbirds, grackles, and cowbirds (all North
American species except Yellow-headed Black-
bird), and the two species of meadowlarks. These
species are not considered further in this paper.
The other 261 species are listed in Table 1, along
with data on the replacement of greater coverts,
tertials/secondaries, and rectrices.
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In nine species of passerines (the four species of
Myiarchus flycatchers; Sulphur-bellied Flycatcher;

Eastern Kingbird; and Bachman’s, Botteri’s and

Cassin’s sparrows), the first prebasic molt was
complete or nearly so, and the first and adult
prealternate molts included some flight feathers
and/or greater coverts in at least some birds. In four
of these species (the kingbird and the three
sparrows), age of the bird subsequent to
completion of the prebasic molt could not be
determined, so data on the extent of the prealternate
molt (in both age groups pooled) is given in Table 1.
In Sulphur-bellied Flycatcher and the four species
of Myiarchus, most or all juvenal primary coverts
were retained through the second prebasic molt,
allowing ageing of birds collected in spring and
summer. For these, the extents of both the first and
the adult prealternate molts are given (Table 1).

The remaining 252 species have partial or
incomplete first prebasic molts. The extent of these
varied from no greater coverts or flight feathers
replaced (17 species) to most or all greater coverts,
a variable number of secondaries and rectrices,
and one or more primaries replacedin atleast some
birds (51 species; Table 2).

Of these 252 species, data indicated that 183
species (72.6%) either lack a prealternate molt or
have a limited prealternate molt that does not
include greater coverts or flight feathers in any
birds. Just the extent of the first prebasic molt is
summarized for these 183 species (Table 1). The
remaining 69 species (27.4%) showed evidence of
prealternate molts that included one or more greater
coverts or flight feathers in at least some birds. For
these species, the extent of the first prebasic molt
(1st PB), the first prealternate molt (1st PA), and the
adult prealternate molt (adult PA) are summarized
(Table 1).

Finally, the extent of the presupplemental molts
(PS) of six species could be determined, those in
which this molt does not overlap in timing or
location, at the populations level, with the first
prebasic molt (Thompson and Leu 1994). In four
other species that have presupplemental molts
(Northern Cardinal, Pyrrhuloxia, Yellow-breasted
Chat, and Lark Sparrow) (Thompson and Leu 1994,
Pyle unpublished data), the period in which greater
coverts or flight feathers were replaced could notbe
determined, and these two molts are combined in
Table 1 (as “PS/PB”).

Fig. 2. Variation in the extent of wing covert and tertial replacement during partial molts. HY/SYs of many North American
passerines will show molt limits similar to those in illustrations A to E, although exceptions to this pattern of replacement are to
be expected. Most AHY/ASY passerines show uniform replacement (F), at least until the prealternate molt, when some AHY/

ASYs undergo a partial molt resulting in molt limits as in A-E (see Table 1).

carpal covert  alula covert
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Molt limits resulting from partial orincomplete,
first prebasic molts - The sequence and extent of
wing-covert and tertial replacement generally follow
similar patterns among North American passe-
rines, although numerous exceptions, both within
and among species, can be expected. Molt of the
wing coverts typically begins with the proximal
lesser coverts, and proceeds distally and toward
the greater coverts (Jenni and Winkler 1994, Figure
2). Thus, it usually commences with the inner lesser
and median coverts (Figure 2A). Often, when about
half of the lesser coverts have been replaced, molt
of the median coverts commences (Figure 2A);
when about half of the median coverts have been
replaced, molt of the greater coverts commences
(Figure 2B); and when about half of the greater
coverts have been replaced, molt of the tertials
commences (Figure 2D); however, the relative
timing of feather replacement in these feather tracts
can vary substantially.

Replacement of the greater coverts usually
proceeds proximally (Figure 2B-E), although
irregular sequences and skipped feathers, particu-
larly involving the innermost covert (Figure 2C)
often are encountered (Jenni and Winkler
1994).The alula covert is often replaced when molt
of the median coverts has been completed, and the
carpal covert and alula feathers often are not
replaced until molt of the greater coverts has been
completed (Figure 2C-E). Partial wing feather molts
can suspend at any point during this replacement
process, and variation in the point of suspension,
sometimes substantial, occurs within each species
(Table 1). In a few birds of some species, s6 and
occasionally s5 can be replaced after all three
tertials have been renewed (Figure 2E).

In many species, the central rectrices can be
replaced if and when the tertials are replaced. Ina
few species, the central rectrices are replaced but
the tertials are retained. In some species additional
rectrices can be renewed during incomplete molts.
These often are replaced from the central pair
outwards, although in many individuals the
outermost pair may be replaced immediately
following the central pair. In many species of
passerines, particularly among the vireos, war-
blers, and sparrows, all lesser, median, and greater
coverts but no tertials, rectrices, or other flight
feathers are replaced (Figure 3).
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Note that the primary coverts are retained in all of
these examples of partial molt (Figures 2 and 3).

By comparing the typical replacement sequences
and extents of Figure 2 with information on variation
in the extent of the first prebasic molts of each
species in Table 1, moltlimits can be looked for and
used to age many HY/SY birds through at least the
prealternate molt. Individuals of all North American
passerines in fall and winter (except for a few
species which may suspend the adult prebasic molt
for migration, such as Red-eyed Vireo; see Mulvihill
& Rimmer 1997), not in active molt, that show molt
limits (Figure 2A-E and Figure 3) are HY/SYs. AHY/
ASYs typically show wing coverts which are
uniform in color, wear, and size (Figure 2F), at least
until the prealternate molt.

Fig. 3. Many vireos, warblers, and sparrows show a slight
variation to the general pattern of replacement shown in Fig.
2, replacing all wing coverts but no (sometimes 1-2) alula
feathers or flight feathers (see Table 1).

In some species “pseudolimits” occur (See Table 1
and Notes 2 and 3, following the tables). These are
natural contrasts in color pattern between adjacent
feathers, that can simulate molt limits. In Zonotrichia
sparrows, for instance, the innermost two or three
greater coverts and the tertials are a darker or richer
brown than adjacent, distal feathers, in both HY/
SYs and AHY/ASYs. With these species, care
must be taken to distinguish between pseudolimits
and true molt limits; itis bestto carefully examine the
extent of wear to the tips of these feathers to
determine if one or more generation of feathers is
involved. Jenni and Winkler (1994) provide more
information, accompanied by numerous illustra-
tions, on pseudolimits and the process of ageing
passerines using molt limits.
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Molt limits resulting from partial or incomplete,
prealternate molts - Most North American
passerines do not have prealternate molts that
include greater coverts or tertials, but in those that
do, the feather replacement sequence typically is
similar to that of prebasic molts, as illustrated in
Figure 2. In most species, partial prealternate molts
occurin both SYs and ASYs, although the extent of
this molt in ASYs usually is less than that of SYs
(Table 1). In 14 of the 75 species listed in Table 1
with first and adult prealternate molts, no ASY
specimens were found with replaced greater
coverts or flight feathers. These included species
with extensive first prealternate molts (several
flycatcher species), and species in which the first
prealternate molt included only a few inner greater
coverts at most (several warbler species). One
species, the Bobolink, showed complete or nearly
complete prealternate molts in both SYsand ASYs.
In some species, the tertials and/or central
rectrices could be replaced during prealternate
molts, that otherwise included few if any wing
coverts (see Table 1).

Care must be taken when ageing these species in
spring and summer, as both SYs and ASYs can
show molt limits. Many SYs of certain species
(those with more extensive first prebasic than first
prealternate molts) can show three generations of
feathers in the wing or tail: juvenal feathers, first-
basic feathers, and first-alternate feathers (Figure
4). These individuals can be aged SY. Otherwise,
the relative contrast between retained and replaced
feathers is the best means of distinguishing the age
groups, this contrast being much greater between
juvenal and first-alternate feathers than between
adult-basic and adult-alternate feathers (see
Mulvihill 1993, Jenni and Winkler 1994). Contrasts
involving the juvenal primary coverts, which are
retained completely or partially by most HY/SY
North American passerines (see below), often
provide the best means of distinguishing SYs and
ASYs in the spring and summer (Figure 1).
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Fig. 4. An example of an SY bird with three generations of
feathers, juvenal (white), first basic (lightly stippled), and first
alternate (dark) feathers, after partial first prebasic and first
prealternate molts. ASY birds that have partial prealternate
molts will show only two generations of feathers, as in Fig.2.

Species that replace at least some primaries
during incomplete molts - Fifty-four species of
North American passerines were found in which at
least a proportion of individuals regularly replaced
some but not all primaries during incomplete molts
(Table 2). Several replacement strategies were
noted among these species. The majority (46
species, or 88.5%) showed “eccentric’ replace-
ment patterns (Figure 5), in which the outer
primaries, inner secondaries and, sometimes, the
outermost primary coverts are replaced (Jenni and
Winkler 1994, Pyle in review). In 38 species,
eccentric patterns were observed during the first
prebasic molt only. In two species (Yellow-bellied
and Willow flycatchers) it occurred only during the
first prealternate molt; and in four species of
kingbirds, replacement of primaries began during
the first prebasic molt, suspended over winter, and
resumed during the first prealternate molt (along
with a second replacement of body feathers; see
Pyle in review). In one species (Nelson’s Sharp-
tailed Sparrow), eccentric replacement patterns
were observed during both the first and the adult
prealternate molts but not during the first prebasic
molt. Interestingly, no replaced primaries were
found in spring or summer Saltmarsh Sharp-tailed
Sparrows (Table 1), which have recently been split
from Nelson’s (American Ornithologist’s Union
1995). Finally, in one species (Lesser Goldfinch;
see Notes following the tables), eccentric
replacement patterns were noted during the first
prebasic molt of all forms, and during the first and
the adult prealternate molts of the “black-backed”
form but not the “green-backed” form. Other
examples of geographic variation in molt extent are
discussed in the notes following the tables. If not
specifically noted, species did not show marked
geographic variation in molt extent.
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Fig. 5. Eccentric molt patterns in North American passerines. Most species show a pattern similar to that of illustration A,
although some flycatchers can show more extensive eccentric replacement, as in illustrations B and C. A few species can show

both an eccentric and a typical pattern, as in iliustration D (see Table 2).

Eight species showed primary and secondary
replacement in “typical” sequence (Figure 6), the
primaries commencing from the innermost and
proceeding distally, and the secondaries (after
replacement of the tertials) commencing with the
outermost and proceeding proximally. In these
cases, primary coverts typically were replaced with
their corresponding primaries, although one or two
coverts often were retained despite the replace-
ment of the adjacent primary (Figure 6B). The
typical remex replacement sequence was ob-
served during the first prebasic molt only.

Fig. 6. Examples of flight feather replacement in typical
sequence (as in complete molts), found during incomplete
molts in eight species of North American passerines (see
Table 2).
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Six species that showed eccentric molt patterns
also replaced up to three inner primaries and three
outer secondaries, in typical sequence (Figure 5D).
Inthese species (Table 2), only small proportions of
birds (5-16%) showing eccentric replacement also
had replaced feathers in typical sequence. Finally,
one species (Green Jay) showed an irregular
sequence, replacement of the secondaries
proceeding distally from the tertials, followed by
replacement of the primaries, proceeding distally
from the innermost feather.

Table 2 summarizes the type of replacement
pattern and extent of molts in species which
showed incomplete replacement of the primaries
and primary coverts. As with molt limits among wing
coverts, the limits among the flight feathers of these
species are helpful in distinguishing HY/SY's from
HY/ASYs (Mulvihill 1993, Jenni and Winkler 1994),
in most cases through the second prebasic molt.

A call to banders: more study is needed - The
information presented in Tables 1 and 2 should be
used as a starting point toward a more complete
understanding of molt limits and their use in ageing
North American passerines. Detection of molt limits
on specimens often is difficult (see Note 1 following
the tables), in part because the wings cannot be
examined freely without risking damage to the
specimens. For instance, in several species, the
original results of this study contradicted that of
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other detailed examinations based on either
specimens or live birds (see the notes following the
tables). In a few of these examples, reexamination
indicated that the initial results of this study were in
error. Certainly, other errors exist within Tables 1
and 2 which will need to be corrected by future
workers. In addition, replacement patterns of the
carpal covert, alula covert, and greater and lesser
alula feathers (see Figure 2), not covered
specifically by this study, should be examined more
fully (Mulvihill 1993).

Molt limits are much easier to detect on live birds in
the hand than they are on specimens. The ability to
open a bird’s wing to examine the feathers, and the
fact that the feathers are in better relative shape on
live birds than on specimens, should allow banders
to readily detect molt limits in most species. (A few
species, such as House Wren and Common
Yellowthroat, will always present difficulties, even
on live birds in the hand). | strongly urge banders to
start looking for molt limits when ageing North
American passerines and to publish their
information, whether it substantiates or contradicts
the results of this study.
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