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servations with and without discs. To calculate
loss rate, we regressed number of individuals re-
taining discs on number of days after disc at-
tachment. Individuals that were not resighted or
whose nasal disc status could not be assessed at
the end of the study were excluded.

Leg band wear. To estimate rate of leg
band wear and test the assumption that sighting
probability does not vary among marked indi-
viduals, we regressed number of sightings (- 0)
per individual on age (number of partial or full
year since attachment) of their colored leg
bands. We used data from the annual spring
band-reading effort at Hornby Island, exclud-
ing individuals marked with nasal discs. We ex-
pected the number of sightings per individual
to be highly variable and affected by many fac-
tors, such as bird behavior and location, as well
as leg band age. However, we assumed that the
effect of leg band age was independent, and
that declines in numbers of sightings with leg
band age could be attributed to leg band wear.
New leg bands put on first-captured birds of
various ages, and replacement leg bands put on
some recaptured birds during each fall main-
tained new leg bands in the sample and ensured
that neither bird age nor yearly fluctuations in
observer effort were correlated with leg band
age. However, because few years of data con-
tributed to the oldest leg band ages, we exam-
ined the last two years separately to confirm
that trends in leg band wear rates also held
within years and were not biased by annual dif-
ferences in observer effort.

We also compared proportions of colored leg
bands that were worn and replaced on recap-
tured birds among leg band ages. These pro-
portions did not equal the rate of leg band loss
to the study because leg bands were frequently
replaced before they were illegible. We consid-
ered recaptured individuals a representative
sample of the marked population.

Effect of nasal discs on time budgets. We
conducted 834 continuous, 30-min behavioral
observation sessions on random individuals (Alt-
man 1974), 450 on males and 384 on females
from February to April in 1998 and 1999.
Eighty-eight of these sessions were on individ-
uals marked with nasal discs. Sampling from
large numbers of birds throughout daylight
hours and over a three-month period mini-
mized the chance of repeatedly sampling the
same individuals. We were unable to assess the
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effect of leg bands on behavior because during
many behaviors it was not possible to distin-
guish leg-banded from unmarked individuals.
We conducted observations using a 15-60 3
spotting scope from a hidden or distant loca-
tion to ensure that we did not affect behavior.
We divided behavior into six categories: feed-
ing, resting, maintenance, locomotion, defense,
and courtship.

Effect of nasal discs on pairing behavior.
Harlequin Ducks pair during winter and form
long-term pair bonds (Robertson and Goudie
1999). We compared pairing success, timing of
pairing, and the proportion reuniting with a
previous mate between birds marked with nasal
discs and birds marked only with leg bands. We
included only adults in these analyses because
pairing probability differs with age (Robertson
et al. 1998). Birds were considered paired if
they remained in close proximity, behaved syn-
chronously, and exhibited defense behaviors
such as mate guarding (Gowans et al. 1997).
Our observations indicated that individuals be-
have contrary to their paired status for short
periods of time but that 30 min was usually
adequate to confidently assess paired status. We
thus considered paired status confirmed if birds
appeared paired or unpaired for most of a 30
min behavioral observation or if we had at least
two consistent records from opportunistic sigh-
tings. We determined proportions of birds that
successfully paired in a particular year only
from observations and sightings made in spring
(March, April, or May) to avoid bias caused by
the fact that paired status could be confirmed
throughout the winter but unpaired status
could only be confirmed in the spring. We es-
timated pair date as the date of the first paired
record. To ensure that pair dates were accurate
within 30 d, we accepted all pair dates prior to
31 October, because pairing rarely occurs be-
fore the end of September, but required that
individuals were seen unpaired no more than
30 d prior to a pair date after 31 October. Only
pairs in which both partners were marked and
known to be alive were considered to calculate
proportions reuniting.

Statistical analyses. To compare propor-
tions we used Fisher’s Exact Test when more
than 20% of cells had expected counts less than
five, otherwise we used chi-squared tests. In our
analysis of marker visibility we used ANCOVA,
including the effect of leg band age, to test for
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cobbles, often highly abrasive from barnacle
growth (Robertson and Goudie 1999), which
likely causes poor nasal disc retention. Use of
stainless steel pins (Doty and Greenwood 1974;
Lokemoen and Sharp 1985) could improve disc
retention if loss is primarily caused by weak-
ening of the monofilament connector (Green-
wood 1977). However, wear of the plastic
shapes was observed for some individuals, and
exposure to sunlight eventually causes colors to
fade.

High nasal disc visibility and short life span
have both positive and negative aspects. High
visibility make nasal discs attractive markers for
winter studies when identification using leg
bands is difficult, and for behavioral studies in
which marked individuals must be identifiable
during all behaviors. In contrast, the short life
span of nasal discs make them less suitable for
studies that require monitoring known individ-
uals for extended periods of time. Rapid loss of
a highly visible marker may, however, be an at-
tractive quality for ethical and aesthetic reasons,
particularly for species such as Harlequin
Ducks, whose near-shore shore habitat and col-
orful plumage make them popular for wildlife
viewing. Short retention times also ensure that
any negative impacts on marked individuals,
such as icing, entanglement, or decreased pair-
ing success are minimized.

We did not detect a marker effect on the
proportions of time spent in any of the behav-
iors measured in this study, possibly partly be-
cause our nasal markers were small relative to
bill size. Proportion of time spent in mainte-
nance did not increase and we observed no in-
crease in bill scratching, which is frequently
noted for nasal marked waterfowl (McKinney
and Derrickson 1979; Koob 1981; Evrard
1996; Pelayo and Clark 2000). However, pair-
ing success of males was reduced from 89 to
28% due to nasal marking, and fewer marked
than unmarked females re-united with previous
mates. Koob (1981) also observed that male
Ruddy Ducks (Oxyura jamaicensis) with nasal
saddles had low pairing success and rapidly lost
their mates following marking. In contrast to
our study, however, Ruddy Ducks with nasal
markers decreased time spent in courtship and
dramatically increased time spent in mainte-
nance, the latter resulting almost entirely from
maintenance behavior directed specifically at
the nasal saddle (Koob 1981). Because nasal
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discs did not affect time budgets in our study,
it seems likely that the effects of nasal discs on
pairing success and repairing were not attrib-
utable to indirect effects, as was observed for
Ruddy Ducks, but more likely reflect direct ef-
fects of nasal discs on appearance.

Colorful plumage of male Harlequin and
other migratory ducks has been sexually select-
ed and likely functions in female mate choice,
male-male competition, or species recognition
(Andersson 1994). Greater female choosiness
due to a male-biased sex-ratio (Robertson and
Goudie 1999) may explain why pairing success
of male but not female Harlequin Ducks was
reduced by nasal marking. Interestingly, even
though female pairing success was unaffected
by nasal markers, females with nasal discs were
less likely to reunite with previous mates. Thus
nasal discs may have reduced their attractive-
ness to experienced males, resulting in mate
change, or affected individual recognition.

The impact that nasal discs had on pairing
behavior suggests that nasal discs should not be
used to study pairing success of males or re-
pairing in either sex. However, because some
aspects of courtship and pairing behavior may
be relatively unaffected (e.g., timing of pairing,
pairing success of females), and because pairing
occurs during winter when birds rarely haul
out, some such studies may benefit from nasal
markers.
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