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MOLT AND THE BASIC PLUMAGE
OF MALE HARLEQUIN DUCKS'
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5421 Robertson Road, Delta, BC V4K 3Y3, Canada

Abstract. Using observations on 28 individually marked male Harlequin Ducks from
mid-June until late November, we describe plumage changes which occur as individuals
proceed from the alternate plumage through basic to the return of the new alternate plum-
age. We also describe the timing of these events, at the individual and population level.
Conspicuous white tertial feathers which become visible early in the period of the basic
plumage present a challenge to existing theories to explain the function of the drab basic
plumage. We hypothesize that these feathers act as a badge of quality and are used as a
sexual signal to other birds. Intra-sexual competition among males to assess the quality
of rival males prior to subsequent pair formation is a proposed function of this feather

badge.
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INTRODUCTION

The males of most species of holarctic Anati-
dae show two distinct adult plumages each year,
a basic plumage, which is relatively inconspicu-
ous, and an alternate plumage which is often
brightly colored (Palmer 1976). The dull basic
plumage also is referred to as the eclipse plum-
age (Witherby et al. 1939), and closely re-
sembles the body plumage of the female. The
change from alternate to basic and from basic
to alternate involves two replacements of body
feathers. While drakes are in basic plumage, a
complete molt of remiges and rectrices occurs
and birds become flightless for a period of sev-
eral weeks. They usually move to specific, of-
ten secluded, locations before the prebasic molt.
These places are usually distinct from both
breeding and wintering locations (Salomonsen
1968).

Because of the cryptic features of the male
eclipse plumage, its association with the flight-
less period and the utilization of secluded loca-
tions during this period, it usually has been as-
sumed that the main function of the basic plum-
age is to reduce detection by predators during a
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period of increased vulnerability (Hochbaum
1944, Owen and Black 1990, Hohman et al.
1992). However, other hypotheses have been
proposed. Bailey (1981) questioned the value of
cryptic plumages for diving ducks which spent
much time on open water where they could es-
cape predators by diving. He proposed that a
dark colored basic plumage may confer a ther-
mal advantage by reducing the temperature gra-
dient between skin and plumage and potentially
reducing heat loss. A third explanation could be
referred to as the default hypothesis. We might
expect feathers to be without conspicuous
markings unless there were some selective ad-
vantage for conspicuous plumage. The selective
pressure for bright alternate plumages in many
holarctic waterfowl is presumed to be a result
of strong directional sexual selection. During
the time when birds are in basic plumage this
selection is presumably absent and based on the
assumption that elaborate plumage patterns are
energetically more expensive than simple ones,
one might expect feathers to be simple, lighter,
cheaper to produce and lacking in color variety
(Wielecki 1987).

The generally short, 3 to 6 month duration in
which drakes are in basic plumage, relative to
the time in alternate plumage, has been broadly
interpreted in terms of sexual selection (Ander-
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son et al. 1992). Pressure on males to acquire a
mate prior to arrival on the breeding grounds
and the advantages for females to have a male
guarding her from conspecific disturbance dur-
ing the winter so she can forage efficiently can
lead to directional selection for earlier and ear-
lier pair formation. This gives a selective advan-
tage to drakes that develop a bright alternative
plumage as soon as possible (Rohwer and
Anderson 1988). Under this scenario the rela-
tive duration of the basic and alternate plum-
ages in the drakes can be thought of as being
determined by the fitness advantages associated
with crypticity during the basic plumage period
relative to the fitness advantages associated
with attracting a high quality mate during the
alternate plumage period. Although the relative
fitness of these countervailing pressures has not
been measured, Owen and Black (1990) argue
that reduced predation pressure on seaducks
might increase the length of the molting period,
and presumably increase the duration of the pe-
riod when the birds are in basic plumage.

In this study, we: (1) describe the changes in
conspicuous body plumage of individual male
Harlequin Ducks (Histrionicus histionicus)
from early June until early October, during
which time the birds progress from the alternate
plumage, through pre-basic molt into the basic
plumage and then through the pre-alternate molt
into their new alternate plumage. We concen-
trate on those visible features of the plumage
which might provide signals to predators (cryp-
ticity or not) or to conspecifics (allowing spe-
cies, sex or individual recognition) insofar as
these might give us clues to the possible func-
tion of the plumage patterns, (2) record behav-
ioral changes during this period associated with
plumage changes, which may provide hints as
to the function of the plumages, and (3) exam-
ine the basic plumage of male Harlequin Ducks
in light of three hypotheses outlined above (a)
crypticity, (b) thermal advantage and (c) default,
which have been proposed to explain the lack
of conspicuous markings and color in the basic
plumage of ducks.

METHODS

Unlike several recent molt studies in waterfowl
(Hohman and Crawford 1995, Thompson and
Drobney 1995) that follow the methodology of
Billard and Humphrey (1972) in collecting large
samples of birds at intervals through the appro-

priate time of year, our approach relies instead
on observing individually marked live birds fre-
quently through the period. The advantages of
this latter method is that it allows us to (1) ob-
serve the plumage changes of known individu-
als which are relevant to the questions on the
function(s) of the basic plumage which we
posed above, (2) examine the timing and dura-
tion of the plumage changes, and (3) observe
the behaviors of the birds during this period in
order to investigate behavioral correlates of the
plumage patterns.

A molting and wintering population of Har-
lequin Ducks comprising between 100 and 150
birds occurs on a 5.5 km stretch of rocky wa-
terfront of the Pacific Ocean between the com-
munities of Crescent Beach and White Rock in
southwest British Columbia (Savard 1988). On
26 July 1994, 43 Harlequin Ducks from this
population were captured during the flightless
period using kayaks and a drive-trap (Clarkson
and Goudie 1994). Each bird was aged, sexed
and marked with an individually identifiable
colored tarsal band with 2 alphanumerics on the
band. Tarsal bands allow identification of indi-
viduals because Harlequin Ducks often haul out
on to rocks.

Adult males that returned to the molting area
the following year were closely monitored from
9 June 1995 until early November 1995. At
about three day intervals, an observer walked
along the study site with a 15-60X telescope to
assess the population. Sex, age, group structure,
behavior, and location of all ducks present were
recorded. Additionally, several plumage fea-
tures which change during the molt period were
recorded. Individuals were classified as being in
alternate plumage, basic plumage or transitional
(either pre-basic or pre-alternate molt). It was
always possible to determine whether a bird was
in pre-basic or pre-alternate molt by the timing
of the event and the presence of intermediate
plumages. Evidence of feather on any tract loss
or gain indicated that a bird was undergoing a
molt. Observations of the birds were made
from within 50 m and we are confident that
birds in any stage of an intermediate plumage
could be identified. Furthermore, birds were
observed intensively (approximately 10 to 15
minutes) until all aspects of their plumage
could be seen before the assessment of their
molt status was made. All birds were seen a
minimum of six, and up to 23 times during the



course of the study. Additionally, the stage of
the rectrial and remigial molt was assessed by
observation.

TIMING OF MOLT

Unfortunately the molt stage of each and every
individual could not be assessed daily. Available
data can only provide a range of dates within
which the various molt stages were initiated or
completed. We used a method assessing daily
probabilities of individuals starting or finishing
various stages of the molt in order to estimate
the length of time for completion of the vari-
ous stages. For example, a bird seen in alter-
nate plumage on 10 June and first seen under-
going the pre-basic molt on 13 June could have
initiated the pre-basic molt on any one of the
days within that time period. We conservatively
estimate that this bird had equal probabilities of
initiating the pre-basic molt on any one of the
4 days during that interval. Similarly if this hy-
pothetical bird was last seen undergoing pre-
basic molt on 26 June and seen in basic plum-
age on 3 July, we have minimum and maximum
estimates for the length of time for the pre-basic
molt. For this bird the maximum length of time
for the pre-basic molt to be completed is 23
days (10 June to 3 July), the minimum period
is 13 days (13 June to 26 June). Each day within
this period was assigned an equal probability
that the pre-basic molt took that length of time.
In this case 13 to 23 days would be given a
probability of 0.0909 (1/11) and lengths of time
outside that period would be given O probabil-
ity. These probabilities were then summed for
all birds for which there was available data, re-
sulting in a probability density function (pdf)
for the length of time each stage needed to be
completed. The median of this distribution was
taken as the best estimate of the length of time
to complete each stage of the molt. This method
is entirely analogous to maximum likelihood es-
timation, except that we used the median value
from the pdf and not the highest value, as our
pdfs contained occasional outlying values,
probably due to low sample size. Ninety-five
percent confidence limits were obtained directly
from the pdfs. The strength of this method is
that it gives higher weights to birds that were
seen frequently because the range for the inter-
vals are smaller, and the associated daily prob-
abilities are larger. Taking means of ranges pro-
vides a biased estimate, as birds not seen for
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long periods artificially extended the length of
the estimate.

ASSESSMENT OF GROUPS

Groups of Harlequin Ducks were defined as a
set of individuals present in a restricted section
of the study area and generally interacting with
each other in some way or performing similar
behaviors. The study area was divided into 39
sections of equal length approximately 160 m
along the shoreline that we surveyed. To assess
how ducks grouped themselves over the whole
study area, we recorded the number of birds, in-
cluding zero values, in each of the 39 sections.
We then calculated the variance-to-mean ratio
of group sizes seen over the study area as a
whole. Variance-to-mean ratios of 1 indicate
that group sizes are following a Poisson distri-
bution, suggesting that birds are distributing
themselves independently of local habitat dif-
ferences and/or the presence of other birds. Val-
ues less than 1 indicate that birds are actively
avoiding one another, and values above 1 sug-
gest that birds are clumping at some sites and
not using others (Sokal and Rohlf 1981).

Spearman rank correlations were used to as-
certain whether there was a positive, negative,
or no association between the sexes in all of the
groups seen on a given survey. Spearman rank
correlations were used instead of parametric
Pearson correlations to avoid overweighting ob-
servations with many birds in a single group.
One large grouping of males and females is suf-
ficient to provide a positive Pearson correlation,
even if all of the rest of the smaller groups in
the study area are showing a negative associa-
tion between the sexes.

RESULTS
CHRONOLOGY OF RETURNING MALES

Of 37 adult males which were color banded in
1994, 28 returned after breeding to molt at the
study site in 1995. The dates on which indi-
vidual males were first seen ranged from 9 June
to 19 July, a period of 40 days. Half of the birds
(14) were first seen in alternate plumage, one
quarter (7) were seen just after they had begun
the pre-basic molt, five of the birds were well
into their pre-basic molt and two birds were first
seen already in their basic plumage. Recogniz-
ing that birds were not necessarily observed im-
mediately after they arrived, these data suggest
that most birds arrived at the molting area in
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TABLE 1. Estimated number of days male Harle-
quin Ducks spent in various plumage stages at White
Rock, BC, 1995.

Estimated number of

Molt stage n days (95% C.1)
Undergoing pre-basic 15 20 (7-32)
Basic (cryptic) 26 18 (341)
Basic (white tertials 8 34 (22-54)

visible)
Undergoing pre-alternate 24 15 (1-35)

alternate plumage and soon began molting body
feathers.

MOLT CHRONOLOGY

Table 1 presents the estimated number of days
that male Harlequin Ducks spent in each stage
of the molt. Pre-basic molt of the conspicuous
body feathers lasted an estimated 20 days. We
have divided the period when males are in their
full basic plumage into two stages. One is the
period when males showed no conspicuous
body plumage, having dropped all conspicuous
body feathers. They were very similar to
females except for darker feathers on the belly
and a general richer brown for the body plum-
age. This plumage fits the description by Johns-
gard (1965). The length of this stage is esti-
mated to be about 18 days. Old remiges are
dropped at this time. The second stage is when
two white-centered tertials become clearly vis-
ible on each side of the lower back. The vis-
ibility of these tertial feathers is enhanced by
the loss of the remiges. These feathers are the
new basic plumage tertials, which are part of
the body feathers rather than the remiges
(Stresemann and Stresemann 1966). Old rectri-
ces were dropped early in this stage and new
remiges began to grow. This stage was esti-
mated to last an average of 34 days and is il-
lustrated in several standard field guides and
handbooks (e.g., Witherby et al. 1939). Males
were much more conspicuous and distinct from
the females during this plumage because of the
white tertials. The total time that birds are in
basic plumage as detected from the visual char-
acters which can be identified in the field is on
average 52 days.

The white tertials are shed at the beginning
of the pre-alternate molt; these feathers lasted
slightly more than 34 days, allowing for some
days of growth before they are visible in the
field. At the early stages of the pre-alternate

molt, males again are relatively inconspicuous
due to the absence of the white tertials, but the
plumage patterns of the alternate plumage re-
appear quickly and synchronously. Included in
the alternate plumage pattern is a new set of
three white tertials on each side. These are
larger and have a different shape from those that
precede them and they are the last of the alter-
nate plumage body feathers to re-appear. Pre-
alternate molt lasts an average of 15 days.

At the population level, although the sample
size is small, males began the pre-basic molt in
mid-June (Fig. 1). All males were in basic plum-
age during the last week of July through most
of August. The first males began the pre-
alternate molt in early September and the last
male still with signs of molt was seen in mid-
October.

The total estimated period for a male Harle-
quin Duck from the start of the conspicuous
stage of the pre-basic molt to the return to his
visible alternate plumage feathers is 87 days or
approximately three months.

DISTRIBUTIONAL PATTERNS

Male Harlequin Ducks were highly clumped
from their arrival in June and July through the
end of September (Fig. 2). In October and No-
vember, when molting was completed, the birds
tend to disperse throughout the habitat and the
coefficient of dispersion approached 1 (Fig. 2).
In August and September there was a tendency
for the ducks to segregate into same sex group-
ings (Fig. 3) as evidenced by the negative cor-
relation coefficients. In October and November,
the correlations between the number of males
and females in any given group became posi-
tive, suggesting pairing among the birds.

DISCUSSION

Male Harlequin Ducks returned to the study lo-
cation prior to molt and began to lose body
feathers soon after arrival. They hauled out fre-
quently, allowing us to recognize them indi-
vidually. Because birds were individually color
banded we were able to follow the progress of
the molt from alternate to basic and back to al-
ternate in 28 individuals, and at the same time
observe distributional patterns during the pro-
cess. Such an analysis has rarely, if ever, been
possible in holarctic Anatidae because of the
difficulty of following known individuals and
the inaccessibility of most molting locations.
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FIGURE 1. Proportion of banded male Harlequin Ducks in each of the four plumage stages at White Rock,
BC., 1995.

A description of the basic plumage does not
necessarily allow us to infer function associated
with the two stages. Although non-adaptive ex-
planations cannot be refuted, the basic plumage
patterns described above allow us to explore the
hypotheses described earlier. At the beginning
of the basic plumage, the males are indeed fe-
male like and cryptic apart from the facial mark-
ings which both sexes carry. Throughout the pe-
riod and in contrast to their distribution during
most of the winter, the males form into groups
and tend to keep separate from the females.
They spend more time hauled out on rocks than
they do at any other time of year (F. Cooke and
G. J. Robertson, unpubl. data). Clumping may
provide increasing protection from predators. If
birds are more vulnerable to predators while on
the water than on the land, then hauling out may
be an anti-predator mechanism. On one occa-

sion three birds were seen to suddenly and rap-
idly scoot across the water towards the land, as
if in response to an underwater threat. However,
in general, Harlequin Ducks, in common with
other diving ducks, respond to land based and
aerial predators by heading to open water and
diving if attacked (Bailey 1981). It has even
been suggested that the alternate plumage of the
drake Harlequin Duck is cryptic when the birds
are swimming in rough water or bobbing around
in high seas (Fleischner 1983).

There are better and more obvious explana-
tions for an increasing tendency to haul out dur-
ing molt. There is a strong correlation between
preening and hauling out (Gowans et al., in
press), and the enhanced preening required dur-
ing the molt of body feathers is probably easier
to perform on land than in the water. Moreover
hauling out remains a frequent activity during
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FIGURE 2. Coefficients of dispersion (CD; vari-
ance/mean ratio) in male Harlequin Duck group size
over the molting season at White Rock, BC., 1995.
Values of 1 indicate random distribution of individu-
als over the available habitat. There is a significant
decline in the CD over the season (F,,, = 5.6,
P = 0.025).

October when birds have re-acquired their al-
ternate plumage (Gowans et al., in press). Evi-
dence that the basic plumage acts as an anti-
predator mechanism during the first stage of the
basic plumage is weak at best. Similarly there
is little evidence for the heat loss hypothesis.
Harlequin drakes are in basic plumage during
June, July and August, the three warmest
months of the year. Furthermore, there is no
clear relationship in the heat retention capabili-
ties of different plumage colors (Walsberg 1982,
Beasley and Ankney 1988).

In the second stage of the basic plumage there
is even less evidence for the crypticity hypoth-
esis and considerable evidence against it. The
appearance of the white tertial feathers during
the basic stage of the body plumage is a puzzle,
if one is seeking adaptive explanations for the
plumage patterns. These feathers detract from
the crypticity of the birds at least to human eyes.
Perhaps it could be argued that cryptic plum-
age is no longer necessary because the birds re-
gain flight capability in this second stage. Nev-
ertheless this does not provide an explanation
as to why the feathers should be white rather
than dark brown like the others, nor the fact that
the conspicuous tertials appear well before the

0.6

0.4 -

Spearman rank correlation coefficient (r,)

) [ ]
-0.6 T T T T
Aug Sept Oct Nov Dec
Date

FIGURE 3. Spearman rank correlations between
the number of male and female Harlequin Duck in-
dividual groups over the molting and post-molt sea-
son at White Rock, BC., 1995. There is a significant
increase in the correlations over the season (F; ;5 =
8.63, P < 0.001).

birds can fly again. Neither the heat loss nor the
default hypothesis provide an explanation for
the white tertials and we must seek an explana-
tion elsewhere.

We theorize that the white tertials serve as
a badge of quality. The function of a badge is
to provide a recognizable character indicating
the quality of individuals in the population
(Rohwer and Ewald 1981). To explore this
idea further it is necessary to know more about
the role of the white tertials in birds with com-
plete alternate plumage. As the new alternate
plumage develops, new white tertials appear
later than the other visual plumage characters
and when the feathers are fully grown they are
larger than the ones present in the basic
plumage. Initially they have a dark border
around the white inner parts of the feather, but
from a limited examination of museum speci-
mens (F. Cooke, unpubl. data), this border may
erode away during the winter. Another unique
feature of these feathers is that they may be ab-
sent or present dependent on the age of the
male. Immature and sub-adult birds either do
not have them, or they are small and incon-
spicuous. A detailed study of the relationship
between age and extent of white tertials has



not been carried out, but would be most
valuable. The white tertials also could provide
evidence to other birds of the timing of molt.
Those birds which enter molt early display the
feathers earlier than those which begin later
and this may provide important information to
potential competitors later when active compe-
tition occurs among males for mates (Hepp
1988). Males are generally not able to success-
fully attract a mate until they have completed
the pre-alternate molt (Wishart 1983).

The variability of the tertials, both in terms
of the bird’s age and as a signal of the timing
of molt could provide a good indicator to other
birds of the condition or quality of the bird. If
this information is important in assessing other
birds in the population, then one can understand
why such an apparently unnecessary feature
should become conspicuous in the middle of the
period when birds are in basic plumage. Badges
indicating quality may be important either in
terms of intra- or inter-sexual interactions.

Our behavioral data provide evidence that
when birds are in basic plumage, they associ-
ate in predominantly male groups which sug-
gests that the white feathers are providing in-
formation to members of the same sex. Birds
which molt in the area remain in the area after-
wards and actively compete for females as soon
as they regain their alternate plumage (F. Cooke
and G. J. Robertson, unpubl. data). Advanced
knowledge of the quality of rival males could
well be useful for the individuals who are com-
peting. Drakes in other duck species are known
to sort themselves into a dominance hierarchy
before pairing. Males at the top of the hierar-
chy pair first and so on down the hierarchy
(McKinney 1992). The white tertials may be a
major clue in the establishment of this hierar-
chy.

We proposed three hypotheses to explain the
drab coloration of basic plumaged drakes.
While our data provide little support for these
hypotheses, none of them could explain the
presence of white tertial feathers in the basic
plumage. We theorize that these feathers act as
a badge of quality, which may be useful during
intra-sexual competition among males during
later pair formation.
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