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INTRODUCTION

With the publication of the Identification Guide to North American Birds, Part I by Peter Pyle
(1997a), hereafter "ID Guide," the most current information available on ageing North American
passerines and near-passerines became available to the general banding public in a single volume.
The detail presented, species by species, greatly expanded the opportunities for field ornithologists to
discriminate, in particular, post-juvenal age classes of birds captured. The detail presented, however,
also proved daunting to many banders used to relying simply on skulling and relatively obvious
plumage criteria (e.g., for male American Redstarts) for ageing their captures. Several factors
exacerbated the difficulties many banders experienced in applying the new criteria in the field.

First, the main technique employed — close examination of wings for subtle contrasts in feather
shape, length, wear, and hue — while in general use in Europe since the 1970s, was previously rarely
applied in North America, except to the limited extent detailed in the initial edition of the ID Guide
(Pyle et al. 1987) and for ducks (e.g., see Carney 1992), even though the significance of feather
differences in recognizing plumage sequences was described by Dwight as early as the turn of the
century (Dwight 1900). The general unfamiliarity with the technique left many banders at a loss as
to what, exactly, they were looking for. The illustrations and descriptions in the ID Guide
demonstrate the general principles important in distinguishing different generations of feathers, but
the degree of complexity and the subtlety inherent in the plumage contrasts warrant further guidance.

Second, many of the criteria were developed by examining specimen series in museum collections.
Both lack of experience with dozens to hundreds of specimens in direct comparison and lack of
opportunity for direct comparison of different age classes in typical field settings made it particularly
challenging for banders to match birds captured in the field to individual plumage descriptions in the
ID Guide, particularly when the plumage descriptions appear similar.

Finally, the dense presentation of the information in the ID Guide — with abbreviations, complex
punctuation, and a need to understand molt strategies and plumage patterns — discouraged some
banders from attempting to apply the new techniques, particularly when faced with a stressed bird in
the hand and a full page of plumage descriptions to read.

The idea for this visual aid came from experiences while teaching The Institute for Bird Populations'
bird-banding classes and intern-training sessions. Frustration with the ID Guide, expressed in
phrases such as "It always says the same thing for each species" and "What's the difference between
'bluish gray' and 'deep bluish gray'?" dissolved into exclamations of "Aha!" when in-hand captures
illustrated molt limits and retention patterns particularly well. Good photographs, I thought, could
provide the same experience. Indeed, Moult and Ageing of European Passerines by L. Jenni and R.
Winkler (1994), a monumental photographic guide to molt patterns in 58 European species, provides
extensive information on molt strategies and exquisite photographs of plumage patterns for the
species covered, of which only Barn Swallow, Winter Wren, Common Redpoll, and Red Crossbill
(see Index for scientific names of species) are regularly captured in North America outside of Alaska.
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The goals of this guide are much more modest than those of Jenni & Winkler (1994). Rather than
serve as a guide to molt strategies and the resulting plumage patterns in individual species, I only
intend to demonstrate, with selected photographs of North American birds, the most common
patterns of differential feather replacement among juvenile and adult birds that result in age-specific
plumages identifiable in the hand. I do not dwell on the distinction between juvenile birds in full
juvenal plumage and adults, as, for the most part, juveniles are easily distinguished (by skull, soft
parts, and the plumage itself). Armed with a distinct image of the feather shapes and hues important
for distinguishing post-juvenal age classes among a variety of species, banders will have a better
search image for finding molt limits — or ascertaining their absence — in their subsequent banding.

A discussion of how to look for molt limits should assist in this challenge.
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Figure 1:
Terminology for a generalized feather

To keep this guide short and to avoid unnecessary
repetition, I have adopted most of the terminological
conventions used in Part I of the ID Guide. One major
exception is adoption of the terms "preformative molt"
and "formative plumage" following Howell et al. (2003).
These were termed "first prebasic molt" and "first basic
plumage," respectively, in the ID Guide. Full familiarity
with plumage and feather terminology (see Fig. 1,
adjacent) as well as with the molt classification given
in the ID Guide (as modified by Howell et al. 2003)

is presupposed. To review this material, I recommend
consulting the following pages in the ID Guide: p. 2

for plumage terminology; the inside back cover for a
summary of abbreviations and molt strategies; and

pp. 12-40 for details on molt strategies and plumage
sequences as well as ageing techniques and using the
Guide (see also Pyle 1997b). Also, the introductions to
the bird families in the ID Guide are very helpful,
particularly for woodpeckers (pp. 163-166) and passerines
(pp. 207-211). Finally, in keeping with standard banding
terminology, I age birds in terms of calendar year: HY —
hatching year, AHY — after hatching year, SY — second
year, ASY — after-second year, TY — third year, ATY —
after third year, etc.

Here I concentrate exclusively on the relationship between molt and our ability to age birds. While
this examination impinges on the functions of molt and its ecological adaptations, these aspects of
molt are only addressed insofar as they can help us find molt limits. For a more thorough discussion
of the function and consequences of molt, as well as more exhaustive discussions of the range of
variation in molt strategies, see Jenni & Winkler (1994).

While this guide deals with the identification of post-juvenal age classes as an end in itself, it is
worthwhile keeping two things in mind: first, distinguishing post-juvenal age classes is important not
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so much because of its inherent value, but because evidence suggests that there are fundamental
ecological differences between these age classes in migration phenology and routes, survivorship,
site fidelity, breeding success, etc. The ability to distinguish these age classes provides scientists an
opportunity to examine the ecological significance of these differences with much finer resolution.

Second, while the opportunity to differentiate post-juvenal age classes presents an exciting
intellectual challenge, it is important to remember that many individuals show criteria that fall in
overlap zones between the age classes and cannot be assigned accurately to a specific age class after
the preformative molt. Learning where the limits of overlap lie for each species — and for each
bander's powers of discrimination — is part of the intellectual challenge. In the meantime, it is
important not to sacrifice accuracy for the sake of precision: i.e., an SY bird aged ASY based on
tenuous familiarity with the salient criteria does much more harm to a data set than assigning an
accurate yet imprecise age of AHY to the individual due to unfamiliarity with the criteria. Each
capture, whether aged precisely or not, represents an opportunity for refining our ability to
demarcate that discriminatory fine line for ourselves; recording suspected age as a note, when
uncertainty prevails, can help solidify our discriminatory ability by offering a chance to compare
suspected ages among recaptures. In the same vein, recaptures and birds ageable by other means
represent particularly valuable opportunities for learning, for example, what "dusky" really looks like
and how worn "relatively worn" is. In ageing by molt patterns, confidence grows with experience.

A final caveat: much of what is briefly presented here applies generally, but is not necessarily true in
all cases. Feathers, molt strategies and plumage patterns are highly variable among and within
species, the very reason the ID Guide has over 700 pages! Molt details for each species must be
gleaned from the ID Guide.
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AGEING LANDBIRDS BY MOLT LIMITS AND PLUMAGE PATTERNS

There is a simple reason why banders are able to distinguish various age classes of landbirds by
plumage. It is that a bird's plumage always consists of those feathers replaced during the most recent
molt and those retained from previous plumages. Among North American passerines, there are three
molts with unique characteristics that produce age-specific plumage patterns: the prejuvenal molt,
which produces the juvenal plumage, the preformative molt during the bird's first fall, and all
subsequent prebasic molts. It is the differences among these molts that produce many of the
differences in plumage which allow us to separate HY/SY's from AHY/ASY's. Prealternate molts
tend to be more variable among all age classes often with less distinguishable results.

The unique features of these three molts are as follows:

The prejuvenal molt occurs prior to fledging and produces the bird's first set of non-downy feathers.
These feathers all grow in simultaneously and, probably as a result of the extreme energetic
requirements of growing so many feathers at once, are of poor quality.

The preformative molt proceeds sequentially, not simultaneously. However, typically during this
molt, not all of the feathers are replaced, particularly among the wing feathers: usually, the
primary coverts and at least some primaries, secondaries, tertials, rectrices, and greater coverts
are retained from the juvenal plumage. Thus, after this molt, birds generally carry two
generations of feathers: poor-quality juvenal flight feathers and coverts, and high-quality formative
feathers.

During prebasic molts in every subsequent fall, all feathers on a passerine are generally
replaced. Thus, after such molts, only one generation of feathers is present on the bird; the feathers
are of a high quality and appear more or less uniform.

Thus, the trick to ageing birds by plumage is to identify what characteristics the previous molt had
by assessing clues in the plumage: were all feathers replaced, resulting in a uniform plumage, or
were some feathers retained from a previous plumage? When you combine that assessment with
what is known about the molt strategies of that species — the information presented in the ID Guide —
you can deduce the current age of the bird from the age it had when it underwent that previous molt.
What are these plumage clues? To identify the clues, we must consider more thoroughly the nature
of juvenal feathers in comparison to formative feathers, and the nature of the preformative molt. A
number of confounding effects — feather wear in relation to feather exposure, feather replacement
during prealternate molts, inherent differences between adjacent feathers ("pseudolimits"), and
timing of molts — must also be considered when using these clues.

Prejuvenal Molt
The fact that juvenal feathers are all grown simultaneously and not sequentially as in all subsequent

molts has important consequences for ageing birds. As feathers grow, feather material is synthesized
both day and night; however, diurnal and nocturnal metabolic differences result in variation in the
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pigment deposited during the day vs. that deposited at night. Often these differences can be detected
in good light, especially on the flight feathers, as growth bars, subtle bars of color crossing a feather
perpendicular to the shaft.

When nutritional changes or stress affect feather synthesis, such bars may become more apparent,
with the feathers showing substantial pigment variation (Jenni & Winkler 1994, p. 51). When
variation in the deposition of feather material results in structural variation in feather quality, the bars
are termed fault bars.

Further, in some species groups which show barring on the flight feathers such as wrens

(see Fig. 2, p. 7), the barring appears to be deposited similarly, perhaps through differences in
nocturnal vs. diurnal deposition of feather material (pers. obs.). This may hold true for owls as well
(Pyle, 1997c). In other groups, however, the location of bar patterns on the flight feathers, such as
the white spots on woodpecker wings, appears to be preprogrammed regardless of the time of day
feather growth occurs. And finally, aberrations in pigmentation occasionally appear in birds (Fig. 3,

p. 7).

In each of these cases, the bars or colors will line up across all feathers that were produced
simultaneously, since the factor influencing feather deposition is likely to have affected all follicles
equally. Since the prejuvenal molt is the only programmed molt in passerines during which all flight
feathers molt simultaneously, the presence of such patterns can indicate that those feathers originally
appeared during the prejuvenal molt.

This criterion should be applied judiciously, however, for a number of reasons. Feathers that fall out
accidentally will regrow simultaneously and may well show growth or other bars without indicating
that they were produced during the prejuvenal molt. Tail feathers, in particular, are prone to
accidental loss, often several or all of them together, and thus extra caution must be applied in
ascribing tail feathers with bars that line up to the prejuvenal molt. In the Gray Catbird example
(Fig. 4, p. 8), the presence of the growth bars on the outer three greater secondary coverts and their
absence on the inner coverts indicates that two generations of coverts are present, but need not
necessarily indicate that they were grown during the prejuvenal molt, since replacement of greater
coverts tends to occur more or less simultaneously in many species.

In conclusion, feathers with bars that line up (proportionally to the relative lengths of the feathers)
indicate that those feathers grew in simultaneously, while feathers that show staggered barring (again
proportional to the relative lengths of the feathers) grew in sequentially. These bars may indicate a
preceding prejuvenal molt (e.g., when bars on all flight feathers line up), an incomplete preformative
molt (e.g., when bars on retained juvenal feathers line up while those on adjacent replaced feathers
are staggered), or indicate accidental loss (e.g., when the feathers with bars that line up are not
symmetrically distributed on both sides of the bird).

Juvenal feathers

In general, the feathers grown during the prejuvenal molt — the first set grown in the nest — differ
fundamentally in a number of ways from all feathers grown subsequently. The main difference,
common to every one of the juvenal feathers, is that they are structurally weaker than feathers grown
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Figure 2: House Wren, HY. June in M1,

Figure 3: House Wren, HY. August in CA.

Both Figure 2 and 3 show lines of light brown and blackish crossing the outer vanes of each flight feather
forming a bar extending across all feathers of similar length, indicating that these feathers may have
grown in simultaneously (on the outer three primaries, the bars become more condensed as the feathers
get shorter, progressively skewing the bar). Similarly, growth bars and fault bars, which are
unprogrammed differences in color or material deposition, will form even bars across all feathers that
grew in simultaneously. Occasionally, color aberrations will become part of the pattern of color
deposition as well, again detectable on all feathers that grew in simultaneously. In the example in Figure
3, the unusual pale cinnamon tips to the primaries, secondaries and tertials can also be seen in the
rectrices, the greater coverts, the flight feathers of the folded wing, and perhaps even the body plumage as
well. The only programmed molt in passerines during which all flight feathers are grown simultaneously
is the "prejuvenal” molt, produced in the nest. During all subsequent molts, flight feather replacement is
sequential, and such bars may be slightly displaced from feather to feather, failing to form a perfectly
straight line across the wing. By being aware of such overall patterns as you examine flight feathers, you
can possibly deduce whether or not feathers sharing the bars grew in simultaneously. If this pattern is
symmetrical on both sides of the bird's body, as in Figure 3, it is probably not the result of an accidental
molt, but evidence of a preceding, simultaneous, prejuvenal molt (though caution is advised in making
such determinations based on tail feathers alone, as these are the feathers most often lost accidentally).
In House Wrens, flight feathers may be replaced during an incomplete, eccentric preformative molt (see
Pyle 1997a, pp. 208-209), in which case only a block of retained, juvenal, outer secondaries and inner
primaries in the middle of the wing might show bars lining up. For the most part, though, juvenal flight
feathers are retained for over a year and replaced during the second prebasic molt. Thus, these two wrens
are likely in their first year of life, and, based on the freshness of their flight feathers, in their hatching
season. Neither appears yet to have undergone a preformative molt involving any flight feathers. In fact,
from below, the primaries, secondaries, and tertials on the wing in Figure 2 are all still in sheath, i.e,
growing in, indicative of a simultaneous "prejuvenal" molt.

Caution is advised in applying this criterion to other groups showing bars in the wings. In woodpeckers,
for example, white bars in wings line up whether or not the feathers molted simultaneously. Wrens and
owls are the only species currently suspected of showing bars whose distribution on the feathers may be
partially sensitive to simultaneous versus sequential growth; however, a critical study is needed to verify
these patterns and their utility in ageing.

subsequently. Often identified as "loosely textured" or "poor-quality” feathers, they show two main
characteristics that are visible to the trained but naked eye and can serve to distinguish them from

formative and basic feathers grown subsequently from the same follicle: (1) around the base of the
shaft they are more downy and toward the tip show a reduced area in which the barbs are linked by

hamulus-barbicel hooks to form an interlocking vane, and (2) the barbs are spaced more widely apart

along the shaft giving the juvenal vane a coarser look. Conversely, formative and basic feathers
grown later show a denser, finer appearance by comparison.

Both of these features are readily apparent in the comparisons shown in Figure 6 (p. 10). Of course,

it is virtually impossible to collect feathers sequentially from the very same follicle; generally,
however, adjacent follicles in the same feather tract will produce similar feathers during the course
of a given molt. It is important not to compare feathers from different tracts, since some tracts are

Figure 2

Figure 3
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Figure 4: Gray Catbird, SY. March in NC.

In catbirds, the differences between replaced juvenal and retained formative feathers are generally
obvious, with the replaced feathers a bluish slate-gray while the retained feathers always maintain a
brownish wash. Often, the retained feathers — which generally include the primary coverts, remiges, and
some outer greater coverts — also show a slight brownish edging (unfortunately, the browns in this picture
were underdeveloped). These color contrasts on the wing can often be seen at a distance, even when the
wing is closed; sometimes the differences are so strong that the molt limit within the greater coverts
appears to separate two different feather tracts. Other differences between the two feather generations are
also apparent in this picture: first, the replaced feathers are slightly longer than the retained feathers,
highlighting the difference between the two groups. Second, and more subtly, the barbs in the replaced
feathers are denser along the shafi, or, conversely, the spacing between the barbs emanating from the shaft
is wider in the retained juvenal feathers than in the replaced formative feathers. This is most apparent
when you contrast the outer web of the two feathers defining the molt limit. Apparently, the median and
lesser coverts were also replaced during the preceding preformative molt, since they match the color of
the replaced greater coverts most closely. Finally, the barring pattern — a broad, light terminal band with
a narrower band above it — uniform across all of the retained greater coverts, probably represents growth
or even fault bars; however, the fact that those feathers grew in simultaneously may not positively indicate
that they were produced during prejuvenal molt, since those greater coverts that are grown during any
molt may often molt more or less simultaneously. In this case, the growth bars do indicate that the three
feathers showing them grew in together, while the others grew in at another time, lending further support
to the already obvious molt limit.

inherently wispier or downier than others; thus flank feathers in adult birds often look similar to the
juvenal breast feathers depicted in Figure 6 (p. 10). While all juvenal feathers are relatively wispier
than their formative and basic counterparts, tracts of contour feathers that display juvenal features
particularly reliably are the feathers of the nape and the upper- or undertail coverts. Furthermore, the
nape feathers are among the last to molt and are thus among those feathers that will retain their
juvenal characteristics the longest during a preformative molt that includes all body feathers.

The feathers shown in Figure 6 (p. 10) are indeed comparable: a juvenal feather about to molt and a
formative feather still in sheath from an adjacent follicle in the same tract. In general, the first
characteristic, the downiness and the restricted vane, is readily apparent only in contour feathers; it is
not apparent in flight feathers or wing coverts. The lower density of barbs along the shaft, however,
is common to all juvenal feathers and can be discerned among the feathers of the wing — with
training and practice — particularly in individuals that show mixed juvenal and formative feathers
within one feather tract in HY/SY plumage, such as the greater coverts (see Gray Catbird (Fig. 4,

p. 8) and Hermit Thrush (Fig. 5, p. 8)).

Figure 5: Hermit Thrush, HY. October in CA.

In this Hermit Thrush wing, the molt limit among the greater coverts is subtle: only the innermost large
greater covert has been replaced (excluding the shorter, innermost tenth which covers the basal right half
of the short, innermost tertial). It shows three very subtle differences from the adjacent, retained feather:
it is slightly grayer, less brown, it shows denser barbs (compare the barb density at the tip of the inner
web); and, as is also seen in the Wood Thrush (Fig. 13, p. 19), the pale tip is less concentrated and does
not coalesce into a shaft streak.
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