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counts of first-year or adult males would con-
tribute to observed overdispersion. Since we had
no independent assessment of measurement er-
ror, we used our estimates of and u2 to cal-pF Fi i

culate the standard deviation of extrabinomial
variance associated with each estimate of pFi.
For these calculations we used

2SD[p ] 5 ˇu p (1 2 p ),F i F Fi i i

derived from the ratio of variance of the beta-
binomial to the binomial distribution. We then
made an a posteriori judgment if measurement
error was likely to be a significant contributor to
the value of SD[ ].pFi

Habitat segregation. To determine whether
first-year males or females segregated into dif-
ferent habitats, midwinter survey counts were
related to habitat attribute data. We used the
British Columbia Marine Ecosystem Classifica-
tion (BCMEC) for the Pacific Coast of Canada
(Zacharias et al. 1998) to characterize the sub-
strate and exposure for each sample station. For
the BCMEC ecounit themes, substrate categori-
zations were taken from Geological Survey of
Canada sediment distribution maps, with sites
classified as rocky: bedrock, boulders, or cobble,
with gravel/sand interspersed; sandy: sand or
sand/gravel; or muddy: mud or sand/mud. Wind
and wave exposure were categorized as low:
protected area, fetch ,50 km; or moderate: open
sound or strait, fetch 50–500 km. Variations in
age and sex composition were investigated using
the same ANOVA procedures described above
for binomial data, where mean values were cal-
culated for each survey area weighted according
to sample size.

Latitudinal variation. Additional surveys
were conducted during 2001 at locations along
the Pacific coast to assess latitudinal variation in
age and sex proportions. These surveys coincid-
ed with survey dates used in the Strait of Geor-
gia and followed identical sampling protocols.
They were conducted by volunteers with previ-
ous survey experience, whose assistance was so-
licited through birding organizations throughout
the United States and Canada. Volunteers were
trained using a website and written materials,
which provided detailed instructions on identi-
fication of age classes and survey guidelines. Of
40 original respondents, 27 completed the three
replicate surveys. Seven surveys were dropped
due to insufficient sample size (,40 total birds
per survey) leaving an overall sample size of 20.

Simple linear regression was used to evaluate
latitudinal trends in age and sex proportions for
wintering aggregations ranging from 35–588N.

Power analysis. To determine our power to
estimate the proportion of first-year male Surf
Scoters with a specified confidence and make
recommendations for future study design, we
used a bootstrap resampling scheme to generate
confidence intervals for various sampling inten-
sities. Our motivation was to determine the sam-
ple size required to confidently estimate this pro-
portion, given the overdispersion observed in
our data. Such overdispersion increases the size
of the effective independent unit, thus propor-
tionately increasing the sample size required to
achieve a desired confidence interval. In our
power analysis, flock composition data from all
three years and replicate samples were treated
both individually and pooled into a single data-
set composed of 408 flock observations, con-
taining 6422 total males.

Our first step was to perform a jackknife pro-
cedure (Efron and Tibshirani 1998) to estimate
the mean proportion of first-year males p̄F, and

, as well as their standard errors ( and2ū sF p̄i F

S , respectively) using the model equations de-2ū Fi

scribed above, but with all parameters except a
and c equal to zero. Our choice to use a jack-
knife procedure to calculate these moments was
motivated by the variable flock sizes and over-
dispersion attributes related to flock size and
habitat in our data, features not captured when
these moments are estimated using sample sta-
tistics. Given estimates for these population mo-
ments, which we treated as known values, we
could randomly sample first-year and adult
males from flock
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and 10–20% lighter than males (Palmer 1976),
did not exhibit the same pattern. It should be
noted, however, that we sampled only under rel-
atively calm weather conditions, and it is pos-
sible that exposure-related distributional differ-
ences are more pronounced under extreme wind
and wave conditions.

Our power analyses, which incorporated the
tendency for individuals of various age and sex
classes to associate with like individuals, and
thus behave as a group for statistical purposes,
were designed to assess the level of precision
attainable at various sampling intensities. These
analyses indicated that approximately 600–1000
total males were needed to obtain estimates
within 5% of the population mean, and that pre-
cision could be further improved with larger
samples, reaching roughly 2% from a sample of
6000 or more total males. While sampling inten-
sities of such a magnitude would be logistically
feasible in many areas, and could act as a guide
for other researchers when designing monitoring
programs, we caution that demographic param-
eters may differ among populations. Our analy-
ses indicated that the sample size required to
achieve a chosen level of confidence depends
upon the mean age proportion, mean flock size,
and overdispersion characteristics, all of which
may vary from location to location.

While the potential estimation complications
resulting from age-related differences in flock
composition, overdispersion, and habitat asso-
ciation patterns can be remedied by sampling
design, the data from volunteer surveys con-
ducted at sites along the Pacific coast may pre-
sent a greater challenge for the application of
winter age ratios in population monitoring
schemes and demographic models. This study
was the first to investigate the possibility of dif-
ferential migration according to age class among
wintering seaducks. Latitudinal variation in Surf
Scoter age ratios was evident, with a higher pro-
portion of first-year male Surf Scoters wintering
farther south. Differential migration is common
among migratory birds, with prey and habitat
differences, competitive exclusion by adults, and
lower cold tolerance among young all potential-
ly underlying geographic distribution patterns
during winter (Cristol et al. 1999). If latitudinal
variation in Surf Scoter winter age ratios exists,
then estimates taken at a regional scale would
be greatly complicated by interannual fluctua-
tions in productivity in the larger population.

However, sample sizes in this part of the study
were small, and there is a danger of committing
a Type I error if too much credence is given to
an extrapolation from a single year’s observa-
tion. Future research will be necessary to eval-
uate the trend, determine if it is authentic, and
if so investigate whether distributional differenc-
es are related primarily to site preferences by
young or competitive exclusion by adults.

The potential for differential distribution of
the age classes at a latitudinal scale during win-
ter also raises the issue of how migratory pop-
ulations are linked through the annual cycle, as
migratory movements often confound efforts to
delineate distinct population units for manage-
ment purposes (Esler 2000, Webster et al. 2002).
Population models most often focus on breeding
aggregations, in part due to the direct implica-
tions for reproductive dynamics (Lindberg et al.
1998). Use of demographic data derived from
wintering areas, however, requires that addition-
al consideration be given to seasonal movements
and potential linkages between breeding and
nonbreeding areas.

Seaduck species exhibit a wide range of as-
sociation patterns between breeding and non-
breeding areas. Common Eider (Somateria mo-
llissima) populations, for example, are among
the most geographically structured, with birds
breeding in specific areas in arctic and western
Alaska known to have separate wintering ranges
(Petersen and Flint 2002). In such cases, age-
ratio estimates made on wintering areas should
correspond directly with productivity estimates
from specific breeding locations. However, when
migratory movements produce wintering aggre-
gations which include multiple breeding popu-
lations, interpretation is more complex. For ex-
ample, Pacific populations of Steller’s Eiders
(Polysticta stelleri) assort into three distinct
breeding aggregations, but combine to form a
single wintering population (Dau et al. 2000).
Winter age ratios in such a population would
represent a pooled estimate of productivity from
multiple breeding areas, and would have to be
treated as such in population models. Finally, for
species such as Long-tailed Ducks (Clangula
hyemalis), where little to no population structure
has been identified (M. Petersen and P. Flint, un-
publ. data), winter age ratios can serve only as
a rough measure of age composition, with fine-
scale linkages between specific breeding and
wintering areas not being possible. To date, mi-
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