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Abstract.—Capture-recapture data from a five-year field study of individually marked Harlequin Ducks (Histri-
onicus histrionicus) wintering at Isle au Haut, Maine was used to examine patterns in age- and sex-specific apparent
survival and local movements. Adult females had lower annual apparent survival probabilities than adult males. Sur-
vival probabilities for adult females were lower during the summer season than the winter season. Adult males
showed no differences in apparent survival between the summer and winter intervals and survival during the winter
season was similar for adult males and females. There was little evidence to suggest differences in apparent survival
between first winter males and females, although sample sizes, especially for first winter females, were small. Annual
apparent survival rates were lower for first winter males than adult males and likely reflected a combination of great-
er dispersal and higher mortality. Adult males captured in April in the study area disappeared from the study area
more than adult males captured in November and may represent spring dispersal of unpaired males searching for
mates or individuals from other wintering sites gathering before spring migration. Greater dispersal of adult and

first winter males to adjacent wintering sites in subsequent winters was noted than for adult females.
Key words.—age, Harlequin Duck, Histrionicus histrionicus, Maine, sex, survival, wintering.
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Despite concern over the status of Harle-
quin Duck (Histrionicus histrionicus) popula-
tions in eastern North America (Goudie
1991), little information exists on what factors
are responsible for long or short-term fluctu-
ations in numbers. For a long-lived species,
such as the Harlequin Duck (Goudie et al.
1994), adult survival may have a greater influ-
ence on population growth than annual fe-
cundity (Mertz 1971; Nichols ¢ al. 1980; Leb-
reton and Clobert 1991; Beissinger 1995).
Understanding and monitoring seasonal dif-
ferences in survival and how these influence
populations is essential for effective conserva-
tion and management (Likens 1989; Pollock
et al. 1990; Nichols 1992; DeSante 1995; New-
ton 1998; Bennetts et al. 1999; Green 1999)
and may provide insights into factors respon-
sible for the low numbers of Harlequin Ducks
in eastern North America.

The coast of Maine is a key wintering lo-
cation for Harlequin Ducks in eastern North
America and Isle au Haut is an important
wintering site in Maine (Mittelhauser 2000;
Mittelhauser et al. 2002). Birds were individ-
ually marked in the late 1990s to gain pre-
liminary estimates of apparent survival, al-
though small sample sizes and dispersal of
birds hampered earlier results (Mittelhaus-

er 2000). The objectives of this paper were
to examine seasonal, sex, and age specific
patterns of apparent survival that accounted
for local movements in Harlequin Ducks
wintering at Isle au Haut, Maine. Results
from this study were also compared to sur-
vival and movement estimates for this spe-
cies based on recent studies in western
North America (Cooke et al. 2000; Esler et al.
2000; Robertson et al. 2000; Regehr et al.
2001; Regehr 2003).

METHODS

Patterns in local movements and apparent survival
were examined in a population of 150-250 Harlequin
Ducks that winter along a 10 km stretch of rocky shoreline
at Isle au Haut, Maine. Isle au Haut is a 2,600 ha island sit-
uated 18 km off the Maine coast between outer Penobscot
and Jericho Bays (Fig. 1) and is one of several important
wintering islands for this species in the area (Mittelhauser
et al. 2002). The study population was defined as those
birds present along the southern shore of Isle au Haut, be-
tween Eastern and Western Heads (Fig. 1).

Harlequin Ducks were captured and banded at Isle
au Haut and adjacent areas in the region (Fig. 1) from
November 1997 to March 2002. Birds were caught dur-
ing three to five days of trapping each fall and spring
with mist-nets strung above an array of floating plat-
forms (Mittelhauser 2000; Brodeur et al. 2008a). Six
standard 3.0 X 18-m mist nets of 10-cm 4-ply mesh (210
denier) (Avinet, Inc. Dryden, New York) supported by
aluminum tubing (18.8-mm x 3.0-m) mounted above
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Figure 1. Banding locations of Harlequin Ducks in Maine since 1997.

floating platforms were used. Three to six nets were set
in aline or a “T” formation adjacent to intertidal ledges.
The nearshore platform was anchored as close to the
shore as possible, ideally adjacent to a granite face ex-
tending at least three m out of the water. Thirty-six plas-
tic Harlequin Duck decoys were anchored adjacent to
the nets. Four to six people in two skiffs continuously
monitored the setup and retrieved birds.

All birds were marked with an aluminum U.S. Fish
and Wildlife Service leg band and an alphanumeric cod-
ed color band that uniquely identified each individual.
These codes could be read with 20-60X spotting scopes
when a bird was roosting on the shoreline. Captured
males were aged by plumage characteristics (Smith et al.
1998) and female age was estimated by the depth of the
bursa of Fabricius (Peterson and Ellarson 1978; Mather
and Esler 1999). For fall captures, the criteria in Mather
and Esler (1999) to age young (HY) females was used;
for females captured during spring, a bursa depth crite-
ria of 5 mm or greater was used to indicate young (SY)
birds. Birds in their second fall after hatch (SY) and sec-
ond winter after hatch (SY and TY) were considered
adults.

During each fall and spring, when birds are most
likely to haul out of the water, the study area on Isle au
Haut and adjacent areas were searched for banded
birds during two observation periods: from first arrival
of individuals in October to the end of December, and
from early March until the last birds departed in May.

The middle of each observation period tended to be
most productive for observing marked birds. Excessive
waves or wind, cold temperatures, or other factors occa-
sionally kept the birds from resting on the shoreline and
hampered resighting efforts. Since 1997, band codes
were read during 184 d of resighting effort at Isle au
Haut and 18 d at adjacent islands, and seasonal effort
ranged from 17 to 25 d.

From these seasonal resighting efforts, capture-re-
capture histories were compiled of individuals during
five fall and spring sampling occasions from 1997 to
2002. The time between resighting efforts from Decem-
ber to early March is defined as the winter season and
the time between resighting efforts from late May to ear-
ly October as the summer season. Based on midpoints
of these sighting periods, the winter interval lasted five
months (0.42 y) and the summer interval lasted seven
months (0.58y). Seasonal survival estimates were adjust-
ed to account for the unequal winter and summer inter-
vals and all survival probabilities are presented as
annual rates for ease of comparisons across analyses. A
bird was denoted ‘captured’ if it was captured or resight-
ed at least once during an observation period, after de-
leting questionable observations (e.g., recorded as a
questionable or difficult read, or sex or leg band was in-
correctly reported). Birds originally banded elsewhere
were included if they were observed at least once within
the study site on Isle au Haut (between Eastern and
Western Heads) and the first observation of these indi-
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viduals was used for the first entry into the capture his-
tory array. Once an individual was observed in the Isle
au Haut study site, any observations at adjacent islands
in the Isle au Haut region were included in the individ-
ual capture-recapture histories.

The data set used for the construction of models was
based on 282 Harlequin Ducks banded or observed in
the Isle au Haut study site between 1997 and 2002. By
partitioning the resighting data, three separate survival
analyses were conducted. A seasonal analysis, which al-
lowed for simultaneous survival comparisons between
summer and winter seasons, included resighting infor-
mation on 203 adults (66% male, 34% female) and 70
first-winter birds (54% male, 46% female) for both fall
and spring resighting occasions. To gain information on
seasonal dispersal, two additional analyses were con-
ducted: a fall analysis of 211 adults (62% male, 38% fe-
male) and 20 first winter birds (75% male, 25% female)
that included only those birds captured or observed
during the fall at Isle au Haut and a spring analysis of
180 adults (64% male, 36% female) and 62 first winter
birds (52% male, 48% female) that included only those
birds captured or observed during the spring at Isle au
Haut. The separate spring and fall analyses were con-
ducted to gain additional information on seasonal dis-
persal by comparing survival rates between these two
analyses. Because very little resighting effort was con-
ducted during the spring of 1998, the seasonal analysis
was based on birds released between spring 1998 and
spring 2002.

Apparent survival (¢) and resighting probabilities
(p) was estimated from banding and resighting data us-
ing capture-mark-recapture models originally devel-
oped by Cormack (1964), Jolly (1965), and Seber
(1965) following the analysis methodology outlined in
Anderson and Burnham (1999). Program MARK
(White and Burnham 1999) was used for conducting
bootstrap goodness-of-fit tests, to obtain point estimates
and confidence intervals for age and sex specific surviv-
al rates, and calculate weighted averages of survival
probabilities among all models considered. Lack of
model fit based on bootstrap goodness-of-fit tests was in-
vestigated using goodness-of-fit component tests in pro-
gram RELEASE.

A set of biologically plausible models was construct-
ed to examine variation in resighting and annual surviv-
al rates relative to sex, age, and season (Lebreton et al.
1992; Burnham and Anderson 1998; Anderson and
Burnham 1999). Time-dependent models were not con-
sidered because of the number of additional parame-
ters needed and small sample sizes. To select the most
appropriate model for estimating survival and related
parameters, Akaike’s Information Criterion, adjusted
for small sample size and overdispersion, was used (QA-
IC; Burnham and Anderson 1998). The models with A
QAIC, values, calculated by rescaling to a minimum rel-
ative QAIC, value of zero, <1 to 2 were considered to be
the best approximating models. Model selection uncer-
tainty was accounted for by deriving weighted estimates
of survival parameters using model weighting proce-
dures. Normalized Akaike weights (Burnham and
Anderson 1998) were calculated for each model to pro-
vide an index of relative plausibility for all models con-
sidered.

Model selection began by first examining the fit of
the most general seasonal, sex, and age specific model
using a bootstrap goodness of fit test based on 100 sim-
ulations (Cooch and White 2003) to ensure that data
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met the model assumptions of independence of fates
and identity of rates among individuals (Lebreton et al.
1992). To estimate the variance inflation factor (¢), the
actual deviance of the global model was divided by the
averaged deviances from 100 bootstrap simulations and
model fit was adjusted for any overdispersion (Cooch
and White 2003).

Local movements of individuals within a winter were
monitored by marking 17 adult (59% male, 41% fe-
male) and seven first winter birds (71% male, 29% fe-
male) with nasal disks at Squeaker Cove on Isle au Haut
(Fig. 1) during November of 1998 and recording the lo-
cations where these individuals were observed through-
out the winter until departure the following spring.
Observations were made regularly throughout the Isle
au Haut study area until birds departed in April or May.
In addition, occasional searches were made for these
birds on islands adjacent to Isle au Haut. Nasal disks
were attached through the nares with monofilament
line and unfortunately these tended to fall off after one
year or less.

To monitor dispersal of birds among years, 147 adult
(61% male, 39% female) and 40 first winter birds (65%
male, 35% female) captured and banded at varying dis-
tances away from the Isle au Haut study site between
spring 1999 and spring 2001 (Fig. 1) were used to exam-
ine which birds were observed in the Isle au Haut study
site during subsequent winters. Confidence intervals
(95%) were used to quantify the magnitude of differ-
ences between proportions (Fowler and Cohen 1986).

RESULTS

Apparent Survival and Resighting Probabilities

Analysis using both Spring and Fall Captured
Birds. The result of the bootstrap goodness-
of-it test on the global age model that com-
bined both fall and spring resighting data
suggested that all individuals, whatever age
or capture history, did not have the same
probability of capture or survival (P < 0.01).
Program RELEASE goodness-of-fit tests con-
firmed this lack of fit for the global model
(Test 2 + Test 3: x%, = 59.97, P = 0.03). Re-
sults showed that this model was rejected (al-
though not systematically) for males but not
females. For males, there was a greater ten-
dency for test 2.Cm to be significant (% =
25.61, P = 0.002), generally diagnostic of
temporary emigration. Because birds were
resighted by reading band codes at a dis-
tance and birds were rarely recaptured, dis-
turbance was minimal and trap effects were
unlikely. Males also showed some evidence
of poor fit for test 3.Sr ()%, = 12.46, P = 0.09)
and test 3.Sm ()%, = 11.46, P = 0.07), suggest-
ing slight age or seasonal dispersal effects. Fe-
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males conformed to the assumptions of the
starting model as shown by test 2.Cm (%% <
0.001, P >0.99), test 3.Sr (x>, =5.42, P=0.61),
and test 3.5Sm (% = 5.02, P = 0.54). Because
extra binomial variation was detected (¢=
1.47), the standard errors of each parameter
estimate were adjusted and model selection
was based on a quasi-likelihood corrected ver-
sion of Akaike’” Information Criterion.

The most parsimonious model (Table 1)
indicated that adult females during the sum-
mer season and young males and females
during their first winter had lower survival
(0.62 + 0.06; 95% CI: 0.51-0.73) than adult
males during both the summer and winter
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intervals and young birds during their sec-
ond summer (0.80 = 0.03; 0.74-0.85). This
model was not greatly supported over other
competing models (Table 1), and differenc-
es in apparent survival probabilities among
sex and age classes were less evident based
on averaging results across models (Table 2).
Apparent survival probabilities were lowest
during the winter season for young birds,
and were lowest during the summer season
for adults, especially adult females, although
all confidence intervals overlapped. The
probability of resighting males and females
during the fall resighting period on Isle au
Haut did not differ among all top models;

Table 1. Summary of competing models used to estimate seasonal (both spring and fall captured birds) and annual
(fall captured birds and spring captured birds) survival and resighting rates of Harlequin Ducks wintering at Isle au
Haut, Maine, 1997-2002. Only the most parsimonious models (AQAIC, < 2) are shown.

Model Name No. of parameters AQAIC, QAIC, weight QDeviance
Spring and fall captured birds'

@ me2g) Prinsan 4 0 0.10 407.28
@ n21s1s) Pinnnsen 5 0.24 0.09 405.49
€ (221212 Piniean 4 0.52 0.08 407.80
¢ pigrazio) Piinniesss) 5 1.13 0.06 406.38
@ nizzi212) Piinneeess) 5 1.65 0.04 406.91
@ [ioasi4) Prinniesss) 6 1.74 0.04 404.97
@ mz1az13) Prinneess) 6 1.80 0.04 405.03
@ noseasis) P2 5 1.98 0.04 407.23
Fall captured birds®

@ 11931) Prines) 6 0 0.22 56.46
@ 119931 Prirosy 6 1.47 0.11 57.93
@ ngs2) Prines) 6 1.48 0.10 55.88
@ ngss) Prines) 6 1.58 0.10 55.97
© n1ass) Priosa) 7 1.58 0.10 55.97
Spring captured birds®

@ [1919) Prinin 3 0 0.06 92.61
@ 119191 Prineg 4 0.15 0.06 90.72
@ (o1 Priney) 4 0.56 0.05 91.138
@ 1o11) P 3 1.26 0.03 93.87
@ 119191 Prioin 4 1.42 0.03 91.99
@ 1111y Py 3 1.44 0.03 94.05
@ 1 P 2 1.55 0.03 96.18
@ 11931) Prinegy 5 1.61 0.03 90.14
@ 119391 Prinag) 5 1.62 0.03 90.15
@ 1913 Priney 5 1.70 0.03 90.23
@ t1o11) Prines) 4 1.77 0.02 90.30
@ 12131 P 4 1.92 0.02 92.50
@ 119391 Prinn 4 1.99 0.02 92.57

"Model notation codes for seasonal, sex, and age effects with two sets of numbers for ¢ (summer interval-winter
interval) and p (fall occasion-spring occasion) with each four-digit placeholder representing adult male, juvenile
male, adult female, and juvenile female respectively; identical numbers within ¢ or p indicate no effect.

*Model notation sex and age effects with four numbers with each placeholder representing adult male, juvenile
male, adult female, and juvenile female respectively; identical numbers within ¢ or p indicate no effect.
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Table 2. Akaike weighted averages of seasonal and annual survival and resighting rates of Harlequin Ducks win-
tering at Isle au Haut, Maine, 1997-2002. Apparent survival and resighting rates (+SE) were calculated as
weighted averages across all models to account for model selection uncertainty. Unconditional 95% C.I. are
presented below survival estimates. All survival rates, even in the seasonal analysis, are presented as annual

rates for ease of comparisons.

Adults Young

Season Males Females Males Females

Spring and fall captured birds

Survival (¢)

Summer 0.79 +0.03 0.65 = 0.05 0.79 £ 0.04 0.76 + 0.04
(0.71-0.85) (0.52-0.76) (0.70-0.86) (0.60-0.86)

Winter 0.80 +0.03 0.79 + 0.04 0.57 £0.13 0.52+0.12
(0.72-0.87) (0.68-0.87) (0.20-0.88) (0.14-0.88)

Resighting (p)

Fall 0.79 +0.02 0.79 + 0.02 0.79 + 0.02 0.79 +0.02
(0.74-0.84) (0.74-0.84) (0.74-0.84) (0.74-0.84)

Spring 0.62 + 0.04 0.81£0.03 0.62 + 0.04 0.81+0.03
(0.54-0.69) (0.73-0.87) (0.54-0.69) (0.71-0.88)

Fall captured birds

Survival (¢)

Annual 0.86 +0.03 0.66 = 0.04 0.48+0.13 0.52+£0.15
(0.78-0.91) (0.57-0.74) (0.21-0.76) (0.19-0.84)

Resighting (p)

Annual 0.76 + 0.04 0.94 + 0.04 0.74 £ 0.10 0.09 £ 0.02
(0.67-0.83) (0.79-0.98) (0.48-0.90) (<0.01-0.83)

Spring captured birds

Survival (¢)

Annual 0.72 +0.03 0.71 + 0.03 0.88 +0.08 0.80 + 0.06
(0.65-0.79) (0.64-0.78) (0.52-0.98) (0.57-0.92)

Resighting (p)

Annual 0.77 £ 0.04 0.82 +0.04 0.75 +0.07 0.84 +0.06
(0.66-0.85) (0.70-0.91) (0.57-0.87) (0.65-0.94)

however, females had greater resighting
probabilities than males during the spring.
Although sample sizes for young birds were
low, especially for first winter females, young
males and young females had similar resight-
ing probabilities as adults during fall and
spring field work.

Analysis using Fall Captured Birds. The
results of the goodness-of-fit tests on the
fully time-dependent CJS model consider-
ing only fall resighting data since the fall of
1997 suggested independence of fates and
identity of rates among individuals (P =
0.38). There was no evidence of overdis-

persion (¢ = 0.94) so the standard errors
were not adjusted.

Considering only fall captures and ob-
servations of birds, annual survival proba-
bilities showed sex and age related differ-
ences (Table 1). The most parsimonious
model, having twice the support over the
next competing model, indicated that
adult males had higher apparent survival
probabilities across winter and summer
seasons (0.86 + 0.03; 0.79-0.91) than adult
females (0.67 + 0.04; 0.58-0.74) and young
birds (0.45 + 0.14; 0.21-0.71). Adult fe-
males had higher resighting rates (0.94 +



HARLEQUIN DUCK SEASONAL SURVIVAL

0.04; 0.81-0.99) than adult and juvenile
males (0.76 + 0.04; 0.67-0.83). Only three
young females were captured and marked
before the fall of 1999 and only one of
these was observed after initial marking,
resulting in an extremely low resighting
rate (<0.001). Akaike weighted averages of
survival and resighting probabilities, which
accounts for model selection uncertainty,
also support these differences (Table 2).

Analysis using Spring Captured Birds. The re-
sults of the goodness-offit tests on the fully
time-dependent CJS model considering only
spring resighting data suggests independence
of fates and identity of rates among individuals
(P = 0.51). Because extra binomial variation
was detected (¢ = 1.26), the standard errors of
each parameter estimate were adjusted.

Considering only spring captures and ob-
servations of birds, annual survival probabil-
ities showed no sex or age related effects
when assessed across winter and summer sea-
sons (Table 1). The most parsimonious mod-
el indicated that adults had lower apparent
survival probabilities (0.72 + 0.03; 0.65-0.77)
than young birds (0.87 + 0.07; 0.67-0.96). Be-
cause this model was not greatly supported
over other competing models, including a
model with a constant survival probability
across all groups (Table 1), model averages
suggested no sex or age related differences
in apparent survival probabilities (Table 2).
Resighting probabilities were similar among
all sex and age classes (Table 2).
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Local Movements

Of 187 Harlequin Ducks banded from 2
to 10 km away from the Isle au Haut study
site, 26% were observed at Isle au Haut in
subsequent winters (Table 3). Fewer adult
females (2%) than adult males (18%)
moved 5 to 10 km from their original band-
ing location to be observed in the Isle au
Haut study area during subsequent winters.
Although sample sizes for young birds were
small, a greater proportion of first winter
males (42%) than adult females (14%)
banded =2 km away from the study area
were observed in subsequent years in the
study area.

Of 24 birds marked with nasal disks at Isle
au Haut during November of 1998, 22 were
observed at least once in the Isle au Haut re-
gion before spring migration. The maxi-
mum distance between resighting locations
among individuals was not sex or age specif-
ic, although sample sizes were small
throughout. Of seven adult females marked,
all were observed later in the season in the
study region. Maximum distance between re-
sighting locations averaged 2.7 + 0.1 km
(95% CI: 0.7-4.7) based on an average of 29
resightings per bird (range = 3-59). Of ten
adult males marked, only one bird was not
observed later in the season in the study re-
gion, although this bird was observed back at
Isle au Haut the following winter. Maximum
distance between resighting locations for

Table 3. Age- and sex-specific movement probabilities (x1 SE, 95% in parentheses) of Harlequin Ducks originally
banded on islands adjacent to Isle au Haut that were observed or recaptured in the Isle au Haut study area in sub-
sequent years. Total number banded for each age class is listed as the sample size.

Moved 2 km Moved 5-10 km
N Proportion N Proportion Overall proportion observed in area
Adult male 16 0.81 +0.10 73 0.18 £ 0.05 0.29 + 0.05
(0.61-1.00) (0.09-0.27) (0.20-0.38)
Young male 11 0.82 +0.12 15 0.13 £ 0.09 0.42 +0.10
(0.58-1.00) (0-0.31) (0.23-0.61)
Adult female 17 0.41 £0.12 41 0.02 £ 0.02 0.14 £ 0.05
(0.17-0.65) (0-0.06) (0.05-0.23)
Young female 4 0.50 + 0.29 10 0.10 £ 0.10 0.21 £0.11
(0-1.00) (0-0.30) (0-0.43)
Total 48 0.65 +0.07 139 0.12 +0.03 0.26 + 0.03
(0.51-0.79) (0.07-0.17) (0.20-0.32)
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adult males averaged 2.6 + 0.1 km (95% CI:
1.5-3.7) based on an average of 18 observa-
tions per bird (range = 0-53). Of five young
males marked, all were observed later in the
season in the study region. Maximum dis-
tance between resighting locations averaged
4.8 + 1.3 km (95% CI: 1.3-8.4) based on an
average of four observations per bird (range
= 1-10). Two young females were marked,
and only one was observed in the study re-
gion. This bird traveled 2.4 km between most
distant resighting locations based on five ob-
servations between November and February.

DISCUSSION

Analysis of resighting data of a marked
population of Harlequin Ducks wintering at
Isle au Haut confirmed that apparent surviv-
al rates differed between adult males and fe-
males. Adult females had a slightly lower ap-
parent survival probability during the sum-
mer season compared to the winter, whereas
adult males showed no differences between
these seasons. Survival during the winter was
similar for adult males and females. Annual
survival estimates based on a subset of fall-
captured birds also indicated lower survival
rates for adult females. This lower annual
survival rate of adult females compared to
adult males is consistent with the male-bi-
ased sex ratio recently observed in the Isle au
Haut area (Mittelhauser et al. 2002) and may
be related to female mortality during the
nesting season in Labrador and Québec
(Heath et al. 2001; Brodeur et al. 2008b).
These results are consistent with observa-
tions of this species in western North Ameri-
ca. Cooke et al. (2000) reported no differenc-
es in winter survival probabilities of adult
male and female Harlequin Ducks in British
Columbia, however, lower survival probabili-
ties of females than males during the sum-
mer season was associated with increased
predation risks to the female during incuba-
tion and brood rearing.

It is unusual for survival in the first year
of life to be as high as in older birds (Dobson
1990) and apparently holds for male Harle-
quin Ducks. Because of small sample sizes
for first winter females, results were not con-
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clusive. Annual survival rates of first winter
males were lower than for adult males based
on a subset of fall-captured birds. In a sea-
sonal analysis that allowed survival rates to
differ between summer and winter months,
this difference was not detected, although
first year males had slightly lower survival
rates than adults during their first winter.
This is consistent with results in western
North America where survival of young
males is lower than adult males and likely re-
flects both greater dispersal and higher mor-
tality (Cooke et al. 2000; Regehr 2003).

Mortality and permanent emigration are
confounded in estimates of survival (Lebre-
ton et al. 1992) and local movements of Har-
lequin Ducks may be significant (Regehr et
al. 2001; Regehr 2003). An attempt to re-
duce the effects of permanent emigration in
this study was made by searching for banded
birds at locations up to 10 km away from the
Isle au Haut study site and including these
observations in the individual capture histo-
ries. Although the study was not designed to
model movement as a separate parameter in
the analysis, some insights into permanent
emigration of adults by comparing annual
survival rates derived from analyses based on
fall banded or spring banded birds was
gained. Annual survival rates for adults
should be similar between these two analyses
in the absence of permanent movements of
birds out of the study area after banding.
Survival probabilities of adult females were
similar between these two analyses, but an-
nual survival of adult males captured in April
was lower than annual survival of fall cap-
tured adult males. This suggests that adult
males captured in April in the study area dis-
appear from the study area more than adult
males captured in November. Adult males in
spring at Isle au Haut may represent spring
dispersal of unpaired males searching for
mates (Robertson et al. 2000) or individuals
from other wintering sites gathering before
spring migration.

Age and sex related differences in local
winter movements of birds among years
were detected, although sample sizes were
small. Of 187 birds marked at sites from 2 to
10 km away from Isle au Haut, adult and first
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winter males dispersed greater distances and
more were observed at Isle au Haut during
subsequent winters than adult females. Few
first winter females were marked, thus results
were inconclusive for this group. This is con-
sistent with results for this species in western
North America where first-winter birds have
been known to disperse up to 48 km between
September and February (Lanctot et al
1999; Esler et al. 2000; Regehr 2003) and
both young males and unpaired adult males
move over greater distances than females
within a 5.5 km stretch of rocky shoreline
(Robertson et al. 2000).
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