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Why are birders seemingly in de-
nial about molt? Perhaps it’s

simply that molt means messy, and
people don’t like messy? Pick up al-
most any field guide and look for pic-
tures of molting birds—you won’t find
many. Yet every single bird needs to
molt, and if you watch birds you’re
going to see molting birds. In North
America, most Turkey Vultures seen
between April and September show
signs of molt in their primaries—gaps
and irregularities quite different from
the “perfect” wing shapes shown in
most field guides (Fig. 1). And what
about all those paintings of flying
gulls with perfect wings? I guess peo-
ple don’t look at gulls in summer and
fall. In photographic guides we can
find molting birds more often—but
photographers, like artists, also have
an aversion to messy birds (Fig. 2).

Surprisingly, professional ornithol-
ogy mirrors birding and photography.
Molt is a critical part of every bird’s
life, yet it is among the least studied
of subjects. They say that ignorance is
bliss, and perhaps many of us wish to
remain blissful. But in this two-part
series I’d like to open your eyes and
minds a little to the world of molt. As
Sibley (2002) notes, an understanding
of molt leads to greater precision in
your observations and, ultimately, to
quicker and more accurate identifica-
tions. Moreover, thinking about molt
leads into questions about the life cy-
cle of any species you care to think
about—and reveals a whole new way
of looking at birds. Why have birds

developed different molt strategies?
Why do differences occur between
closely related species, or between
different populations of the same
species? And can we identify common
themes that will help us to organize
patterns of molting?

In Part 1 (this article) we’ll look at
the great variations that exist in de-
tails of molt among a wide variety of
species, reflecting life-history factors
such as habitat, food supply, breeding
seasons, a bird’s size, and migration
distances. Part 2 (in an upcoming is-
sue of Birding) will review the system
proposed by Humphrey and Parkes
(1959) for studying molt and plumage
succession, discuss some real-life ex-
amples, and compare the Humphrey-
Parkes system with the life-year sys-
tem, which describes molt in relation
to seasons such as winter and sum-
mer. These articles are not intended as
a comprehensive and technical review
of molt and plumage terminology, but
rather as an overview of molt and how
it can be viewed in terms of the life
history of all birds. For an informal
discussion on the evolution of molt
strategies, see Howell (1999).

What is Molt?
When and Where Does it Occur?
Feathers are a unique characteristic of
birds. They are important for protec-
tion, for thermoregulation, and, in
most species, for flight. But feathers
are not permanent structures—they
wear out from day-to-day exposure to
the elements (e.g., Howell 2001a),

U N D E R S T A N D I N G  M O L T :  P A R T  I

Part I: The Variety of Molt StrategiesPart I: The Variety of Molt Strategies
by Steve N. G. Howell

PRBO Conservation Science

4990 Shoreline Highway

Stinson Beach CA 94970

SNGH is a Senior Field Leader for the

birdwatching tour company WINGS, a leader

for Shearwater Journeys pelagic trips off

California, and an instructor at the ABA’s

Young Birders’ Conferences. He enjoys

learning about birds and sharing his knowledge.

He is working with Will Russell and Ian

Lewington on a book covering the status

and identification of rare birds in North

America, and with Jon Dunn on a photographic

identification guide to American gulls.

All You Ever Wanted to Know About Molt
But Were Afraid to Ask

Part I: The Variety of Molt Strategies



W W W . A M E R I C A N B I R D I N G . O R G 491

vegetation (Willoughby 1991),
feather bacteria (Burtt and
Ichida 1999), and so on. Molt-
ing (or molt) is simply the regu-
lar, ordered growth of feathers,
by which plumages are attained
and replaced; thus, the loss of
feathers is simply a passive by-
product of new feather growth.
Molt is also a dynamic, evolu-
tionary process, and the strate-
gies employed by birds today
reflect millennia of fine tuning.
As a rule, all birds undergo a
complete molt once a year,
when they replace all of their
feathers; this is termed the pre-
basic molt, producing basic
plumage. In North America, the
prebasic molt often occurs after
the breeding season. In cases in
which some feathers are re-
placed a second time during the
year, this additional molt is
called a prealternate molt, pro-
ducing alternate plumage.
These terms are discussed in
more detail in Part 2, but it’s
good to start with an idea of
what they mean.

Often molt is difficult to ap-
preciate in the field, such as
when incoming feathers look
just like the old feathers they
replace. Conversely, we might
mistakenly refer to a bird as molting
when it manifests a patchy appear-
ance but is not actually replacing
feathers (e.g., a mottled immature
male Summer Tanager in spring
[Fig. 3] or a male Indigo Bunting in
fall). Feathers that are lost inciden-
tally are replaced right away, rather
than at the next molt, but this is an
opportunistic phenomenon and not
part of a bird’s regular molt regime. In
terms of field birding, the most obvi-
ous signs of molt are usually visible
on the wings and tail, where molt
tends to be more-or-less symmetrical.

Molt is one of two or three major
energy-demanding activities for all
birds—the other two being breeding

and, for some species, migration. Tra-
ditionally, the breeding season has
been considered the most important
aspect of a bird’s life cycle. This view
is perhaps understandable: The point
of life is to reproduce. Birds are
singing and are often colorful when
breeding, and so they attract our at-
tention. But it can be argued that
molt is more critical than breeding for
an individual bird, especially in birds
that live longer and have more years
of potential breeding: Molt is essential
for every bird, whether adult or im-
mature, breeding or non-breeding,
migratory or resident, penguin or
hummingbird. Conversely, a bird can
survive one or more years without

breeding—and not all birds mi-
grate. Breeding may even be
constrained by the optimal
molting season. In many tropi-
cal species, molt is a relatively
regular phenomenon concen-
trated around peak periods of
the most predictable food sup-
ply, whereas breeding is a more
opportunistic and potentially
protracted activity (Prys-Jones
1982, Stutchbury and Morton
2001). Some high-latitude
breeders such as Brant do not
nest every year if conditions are
unsuitable (O’Briain et al.
1998), and some seabirds in
the California Current, such as
Brandt’s Cormorant, regularly
skip breeding in years with in-
sufficient food (Ainley and
Boekelheide 1990). Birds can
risk a breeding failure now and
then, but they have to molt
each year—or their feathers
will not protect them ade-
quately until the next breeding
season. And, while molting is
often viewed as a period of nu-
tritional stress, this is not nec-
essarily so if food is plentiful;
hence, molting Snow Geese, for
example, can actually gain
weight in preparation for mi-
gration (Ankney 1979).

Integral to an understanding of
molt is the concept of cycles. Molt,
like breeding and migration, is a
cyclic activity—that is, something re-
peated in a usually predictable man-
ner. Most avian molting and breeding
cycles correspond to annual cycles;
after all, the year is a reality of the
Earth’s orbit around the sun, not sim-
ply an abstract concept. Winter and
summer are familiar temperate-zone
seasons that have a cyclic regularity,
while tropical regions tend to have
wet and dry seasons that also have an
annual cycle. Exceptions to the an-
nual cycle at the level of an individual
bird are few, although populations of
some species manifest year-round

Fig. 1. This is not a field-guide painting but a real-life Turkey Vulture—with
its wings in molt. Take a second look at adult Turkey Vultures in summer, and
you should see that they are molting their flight feathers. Ventura, California;
25 August 2002. © Larry Sansone.
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breeding. Exceptions include the bi-
ennial cycles of some albatrosses
(Tickell 2000) and the 9- to 11-
month cycles of some tropical gulls
and terns (e.g., Ashmole 1963, Snow
and Snow 1967; Fig. 4). As a rule,
however, molt cycle and annual cycle
are largely synonymous—particularly
in temperate regions such as North
America and Europe.

A bird’s biological cycle involves
balancing the costs of molt, breeding,
and, perhaps, migration. What deter-
mines the details of a molt strategy
depends on a number of inter-related
factors (discussed below), which can
be simplified as: 1) environment and
food; 2) breeding and size; and 3) mi-
gration. Time scales are also a factor
to consider, in that molt strategies
that we see today may be inherited
from times or places when different
conditions or pressures existed. But
while conditions may have changed,
there may not (yet) have been suffi-
cient selective pressure to cause a
molt strategy to change: If it’s not bro-
ken, don’t fix it. As an example, Balti-
more and Bullock’s Orioles occur in

the same windbreak hedgerows on
the Great Plains, where they inter-
breed. After breeding there, Baltimore
Orioles stay around and molt before
migrating, whereas Bullock’s Orioles,
with which the Baltimores might have
mated, migrate to northwest Mexico
to molt (Rising and Flood 1998)!

These different molt strategies are in-
grained into each species and reflect
broad patterns of late-summer food
supply in the West (where Bullock’s
originated) and East (where Baltimore
originated)—yet in this local case
both species experience the same en-
vironmental conditions on the nesting
grounds.

Determinants of Molt: 
I. Environment and Food 
In order to grow new feathers a bird
needs enough energy, which comes
from food. Therefore, feathers are re-
placed when and where food supply
and food quality are high—and rela-
tively predictable. If food supply and
exposure to the elements are more-or-
less constant, then molt may be pro-
tracted, without strong seasonal
peaks. However, the replacement of
larger feathers such as primaries de-
mands more energy than the replace-
ment of smaller body feathers, and,
over evolutionary time, one would
expect molt cycles to become honed
to regimes of food supply. Food sup-
plies, in turn, are affected by environ-
mental variables such as rainfall, tem-
perature, and ocean currents. Thus,
when and where a bird molts reflect

Fig. 3. Appearances can be deceiving. Despite the mottled appearance of this immature male Summer Tanager,
it is unlikely to be molting during its spring migration. Upper Texas Coast; April 2002. © Brian E. Small. 

Fig. 2. Molt is messy. You don’t see magazine cover photos of King Penguins in molt—yet this is a critical
part of their life cycle. Crozet Islands, Indian Ocean; 11 November 1997. © Steve N. G. Howell.
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the bigger picture of global climate.
Geographic range and associated

climatic variables can affect the tim-
ing of molt within different popula-
tions of a species—and also its extent
(see Black-bellied Plover and Sander-
ling, below, under Migration). For ex-
ample, locally breeding male Ruddy
Ducks in coastal central California
usually molt into alternate plumage in
January or February; in the same area,
most wintering Ruddy Ducks from
other populations retain basic
plumage through March or April
(personal observation), when they
leave for their breeding areas. Most
Turkey Vultures that winter in coastal
central California typically suspend
their primary molt during mid-winter,
a period when rain storms constrain
foraging abilities. Turkey Vultures
wintering in Baja California and tropi-
cal western Mexico experience
warmer and less stormy environ-
ments, and they continue primary
molt at varying rates over the winter,
typically without any suspension
(personal observation).

Superimposed upon all of this is
the potential for interannual variation
in food supply due to environmental
variables. For example, Black-legged
Kittiwakes wintering in the Pacific
Ocean often complete their prebasic
primary molt by December or Janu-
ary. In years with low ocean produc-
tivity, however, this molt can be pro-
tracted until May or later—potentially
taking almost a year to complete and
compromising a bird’s participation in
the successive breeding season (How-
ell and Corben 2000; Fig. 5). And,
even within a cycle, considerable in-
dividual variation can be seen in the
timing and extent of a molt (perhaps
related to factors such as nestling
food quality, fledging date, migration
distance, etc.). Some first-winter
Glaucous-winged Gulls wintering in
central California start an extensive
replacement of juvenal feathers in Oc-
tober, while others retain most or all
of their juvenal plumage through Feb-

ruary or later (How-
ell et al. 1999).

Determinants of
Molt: II. Breeding
and Body Size 
Another fundamen-
tal and energy-de-
manding aspect of a
bird’s biological cy-
cle is breeding.
Breeding and molt
cycles are often
thought not to over-
lap, a belief derived
largely from studies
of small songbirds.
But in many non-
passerines there fre-
quently is overlap of
molt and breeding.
All else being equal,
larger species take
longer to replace their more numer-
ous and larger feathers than do small
species; this is because feathers can
grow only so fast. In larger birds,
molt can be a more-or-less ongoing
process—a “default option” slowed
down or interrupted during the more
energy-costly phases of breeding, e.g.,
in Canada Goose (Gates et al. 1993)
or Ivory Gull (Howell 2001b). When
critical periods of the breeding season
(such as territory defense, egg pro-
duction, or incubation) have passed,
molt continues.

Some very large and long-winged
birds such as albatrosses and condors
are unable to replace all of their pri-
maries in a single cycle, simply due to
the time required to grow ten very
long and large feathers on each wing
while maintaining the necessary
wing-loading for flight. Such species
take two or more cycles to replace
their primaries completely and may
develop waves of molt within the pri-
maries. That is, molt starts at different
points at the same time—a phenome-
non termed staffelmauser, or stepwise
molt (Stresemann and Stresemann
1966). This strategy means that most

Fig. 4. This Swallow-tailed Gull in alternate plumage was courting and building a
nest—yet its prebasic primary molt has not quite finished. Note on the far wing how
the outermost primary is not fully grown. Thus, two molts of head and body feathers
occur during a single molt of primaries, and all are fitted into as short a period as pos-
sible between (or overlapping with) breeding. With plenty of food, the Swallow-
tailed Gull of equatorial latitudes can compress breeding and molting into less than
an annual cycle. Isla Española, Galápagos Islands; 18 July 2001. © Steve N. G. Howell.

Fig. 5. This adult Black-legged Kittiwake is still undergo-
ing its primary molt in March, probably having started
molt the previous August. The outermost primary is
still old (as are all of those ratty secondaries), and the
next-to-outermost primary is just starting to grow (note
the dark spot near the base of the outermost primary).
Off Ventura, California; 11 March 1990. © Larry Sansone.
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or all primaries can be replaced
in a shorter period than would
otherwise be the case, because
two or more small gaps in the
wing at one time are better than
a large gap that could compro-
mise flying ability. On the other
hand, many smaller birds can
wait until their young fledge
and still have time to replace all
of their smaller and less numer-
ous feathers in periods between
breeding—and some species
even undergo two molts be-
tween breeding seasons (e.g.,
many Dendroica warblers).

Frequent exceptions to the
body-size rule occur, however,
due to differences among
species such as life-history strat-
egy or body size relative to wing
area. For example, storm-petrels
are relatively small pelagic birds
that live in a demanding marine
habitat, lay only a single egg,
and have a protracted breeding
season. Their protracted, com-
plete annual molt can take 8–9

months and overlaps with breeding
(Ainley et al. 1976). Conversely,
much larger terrestrial birds, such as
corvids, are omnivores that tend to
have ready access to food and that lay
clutches of 3–6 eggs. Their complete
molt can take only 8–9 weeks (e.g.,
Steller’s Jay; Pitelka 1958) and is eas-
ily completed between breeding sea-
sons. Some heavy-bodied, but not es-
pecially small, birds, such as ducks,
become flightless for a short period
rather than risk prolonged periods of
labored flight. In this way a Mallard
can replace its primaries in only 3–4
weeks (Palmer 1976), compared with
5–6 months for the much smaller
Ashy Storm-Petrel to replace its pri-
maries (Ainley et al. 1976).

An extreme example of different
lifestyles and molt strategies occurs
between penguins and humming-
birds. Emperor Penguins (weighing
up to about 40 kg) have a relatively
low metabolism and need seamlessly

insulated plumage to swim in cold
water. They stock up with food and
then fast on ice floes to undergo an
intensive molt of their dense coat of
small feathers, with molt lasting only
about 5 weeks (Marchant and Higgins
1990). Conversely, Anna’s Humming-
birds (weighing only about 4 g) have
a high metabolism and depend on
their remarkable flight powers for
feeding. They undergo protracted
molts, which, for their relatively large
primaries, can take about 5 months to
complete (Williamson 1956; Fig. 6).

Determinants of Molt: III. Migration
Another major energy demand that can
conflict with molt is migration and the
associated need to maintain optimal
flying capacity, so these two activities
rarely overlap directly. Whether a
species molts before or after migration
largely reflects where (and when) the
most reliable food can be found. In
general, shorter-distance migrants
(e.g., Purple Sandpiper and Lesser
Nighthawk) tend to molt on or near
the breeding grounds, before migrat-
ing, whereas longer-distance migrants
(e.g., Sanderling and Common
Nighthawk) molt mostly on the non-
breeding grounds (Stresemann and
Stresemann 1966, Pyle 1997). One rea-
son for this strategy in short-distance
migrants may be a combination of
abundant food on the breeding
grounds and time to molt before mi-
grating the short distance to temperate
non-breeding grounds, where condi-
tions such as climate and food supply
may not be as favorable for molt. Con-
versely, long-distance migrants need to
migrate greater distances, but in winter
they experience longer daylight hours
and warmer climates, where they have
sufficient food and time for molt.

Molt doesn’t have to be a simple
“before-or-after” choice relative to mi-
gration between the breeding and non-
breeding grounds. Another strategy is
to molt mostly or entirely at stop-over
sites, a phenomenon sometimes
termed “molt-migration”. Stop-over

Fig. 6. This female Anna’s Hummingbird is in primary (P) molt:
The inner six primaries (numbered P1–P6) are newly grown,
fresher, and blacker than the old, faded, and browner outer 3 pri-
maries (numbered P8–P10). P7 is growing (note the relatively big
gap between the tips of P7 and P8). In this case, molt is a very
helpful clue for identification: The shorter-distance migrant Anna’s
and Costa’s hummingbirds molt in summer, whereas the longer-
distance migrant Black-chinned Hummingbird molts in winter
—so we can eliminate Black-chinned Hummingbird right away.
Kern County, California; August 2000. © Brian E. Small.

Fig. 7. Elegant Terns track food resources and can have
three stages of prebasic primary molt: first in the Gulf
of California, then during migration to the California
Current, and then finishing in the Humboldt Current
off South America. Off Ventura, California; 30 September
1990. © Larry Sansone.

P7, growing



W W W . A M E R I C A N B I R D I N G . O R G 495

sites are areas between the breeding
grounds and the non-breeding
grounds where birds rely on pre-
dictable food resources to fuel their
molts. Examples include the huge fall
gatherings of Eared Grebes at Mono
Lake, California (Cullen et al. 1999),
or the fall stagings of Lazuli Buntings
in the monsoon-enriched Southwest
deserts (Young 1991). In some cases,
“stop-over” sites may actually lie in
the opposite direction from the winter
grounds, and molt can be interrupted
(i.e., suspended) during migration, as
birds track food resources. For exam-
ple, adult Elegant Terns (Fig. 7) start
their prebasic molt on the nesting
grounds in the Gulf of California, sus-
pend it and migrate north to the Cali-
fornia Current where they continue
(and rarely complete) molt, and then
suspend again and migrate south to
the Humboldt Current off Peru and
northern Chile, where they finish their
prebasic molt (personal observation).

Different populations of a species
can have different molt strategies rela-
tive to migration. Dunlin populations
breeding from east of the Ural Moun-
tains across Siberia into North Amer-
ica molt before migrating south in au-
tumn. Dunlin populations breeding
from west of the Ural Mountains
through northern Europe into Green-
land migrate south and then molt at
stop-over sites and on the non-breed-
ing grounds; these differences have
been related to the distribution of
food resources (Greenwood 1983).
The extent of molts in first-year
Sanderlings varies with wintering lati-
tude: First-year birds that winter in
the temperate northern hemisphere
replace no primaries in their first win-
ter, whereas first-year birds that win-
ter in the tropics can replace all of
their primaries (Myers et al. 1995).
The differences in extent of primary
molts presumably reflect the need to
counter increased feather bleaching
and wear caused by higher levels of
ultraviolet radiation in tropical lati-
tudes. In Black-bellied Plovers, adults

wintering in western Europe have a
relatively fast and short-duration molt
before winter (sometimes suspending
molt of the outer primaries until
spring), while other adults are trans-
equatorial migrants that have long-
duration and slower molt (Cramp and
Simmons 1983, Serra 2001). A slower
growth rate may allow more keratin
(the protein that strengthens feathers)
to be deposited so that more durable
primaries are produced—an advan-
tage for long-distance migrants that
winter in latitudes with intense sun-
light (Serra 2001).

As with most rules, there are excep-
tions. A few birds do molt during mi-
gration, such as some adult Herring
Gulls migrating through coastal central
California. These birds probably can
find food at almost any point along
their migration route, and thus they
undergo a gradual molt of their outer
primaries while drifting southward
(personal observation). More sedentary
populations of Herring Gulls—such as
in New England—often exhibit more
rapid molt, with two or three outer pri-
maries growing simultaneously (per-
sonal observation). Their relatively im-
paired flying capability at such times
could handicap sustained migratory
flight, but presumably it does not ad-
versely affect local foraging. Another

Fig. 8. These two fresh-plumaged Franklin’s Gulls (center) have just arrived back on their non-breeding grounds in north-
ern Chile—having completed prebasic molt before migrating south from North America. Now they will feed up and pre-
pare for another complete molt before they migrate back north to breed. Arica, Chile; 3 November 1999. © Steve N. G. Howell.

exception is Franklin’s Gull (Fig. 8).
This long-distance migrant completes
its prebasic molt before southward mi-
gration; presumably, it can do so be-
cause of its relatively small size, be-
cause it breeds at latitudes where the
summer season is longer than in the
far north, and because it overlaps molt
and breeding in combination with
plentiful food supplies in late summer
and autumn. Thus it balances the
equation of food, breeding, size, and
migration. Franklin’s Gull is also un-
usual in that it is one of two well-doc-
umented cases in North America of a
species that has two complete molts a
year (the other being Bobolink, an-
other long-distance neotropical mi-
grant). On their non-breeding grounds
in the food-rich Humboldt Current off
western South America, Franklin’s
Gulls typically undergo a complete pre-
alternate molt in late winter, before mi-
grating back north.

Perhaps understandably, the seem-
ingly bewildering variety of molting
strategies that result from the inter-
play of environmental, physical, and
behavioral factors discussed above
have often confounded attempts to
identify underlying patterns of molt-
ing. For example, Palmer (1972)
stated that “[t]he great variation in
modes of living that have evolved in
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birds includes such great variation in
the nature, timing, etc., of molts and
resultant feather generations ... as to
appear to mask any underlying pat-
tern.” Similarly, Jenni and Winkler
(1994) concluded that “in non-
passerines the variation in moult and
plumage cycles is so diverse that a
convincing common nomenclature is
quite impossible.” However, common
patterns can be found, and these will
be discussed in Part 2.
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