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this phenomenon could be similarly related to changes in
spring stopover habitats. Hence, identification of key stop-





representing the distance to the outer coast of southeast
Alaska by selecting only the westernmost shoreline segments
(the shoreline segments with the highest exposure index)
withi n the study area. We created this data layer to evaluate
site use as a function of distance to the outer coast, which may
be relevant to migrating scoters in terms of providing a
shortest possible route to inland breeding areas or if there
are differential distributions of mussels in an east–west
direction.

Presence of streams may influence prey distribution and
provide fresh water for birds feeding on marine invertebrates
(Nystrom and Pehrsson 1988). We obtained information on
stream distribution within southeast Alaska from the United
States Geological Survey (USGS) Hydrographic Dataset
and created a layer that included only streams that in tersect
with the ocean. During late winter and early spring, Pacific
herring ( Clupea pallasi) spawn along localized sections of
shoreline withi n southeast Alaska. Only 1.8% of the
Britis h Columbia shoreline is utilized by spawning herring
in a typical year; it is likely that the proportion of shoreline
utilized in southeast Alaska is similar (Hay and McCarter
2006). Surf scoters are known to aggregate at herring spawn-
ing sites and forage on abundant and energy-rich eggs
(Haegele 1993, Vermeer et al. 1997, Bishop and Green
2001, Sullivan et al. 2002, Rodway et al. 2003), but its
influence on st opover site use during spring migration has
not previously been quantified. To evaluate site use as a
function of distance to herring spawn sites, we compiled
the distribution of major herring spawn locations in 2003–
2006 from the Alaska Department of Fish and Game. Spawn
distributions were typically consistent between years (typi-
cally within< 5 km of the previous and following year’s
distribution), so we combined spawn distributio ns in all 4
years into one layer representing herring spawn distribution
withi n all study years.

Data Analyses

Identification of stopover sites.– We used ArcGIS 9.1 to
analyze Selected Locations to determine migration st ops
on 1:250,000 digital charts. We defined a stopover event
as the act of an individual stopping at a site for rest or
refueling during migration. Spatially, we defined stopover
events as a series of � 2 consecutive Selected Locations
withi n 22 km of each other. We based this distance on
the 95th percentile of mean distances between sequential
location s for radio-marked surf scoters in late winter (Lok
et al. 2008) and interpreted it as a reasonable non-migratory
movement distance withi n a site. To consider temporal use
of sites, we subclassified stopover events as short stopovers if
the site was used for 2–7 days and as staging stopovers if the
site was used for > 7 days (Warnock and Bishop 1998). We
recognize the pos sibility that some short stopover events may
have been missed due to transmission rate patterns and duty
cycles of PTTs and tha t sto pover duratio ns are minimum
estimates.

For each stopover event, we delineated an area of use for
each individual by creating either a minimum convex poly-
gon ( � 3 location s) or a line (2 location s). We calculated the

centroid of each area of use using the XTools Pro Extension
for ArcGIS 9.1 (Data East 2007). We defined stopover sites
as sites where centroids of the areas of use of � 2 individuals
were withi n 5 km of each other. We chose a 5-km distance to
account for variation in PTT location accuracy and to
encompass areas of use of � 2 individuals. Given the limited
number of satellite-tagged individuals, we considered use by
2 individuals adequate to represent selection and use of a
specific site. We calculated a centroid of each stopover site
from the individual centroids of all areas of use withi n the 5-
km radius.

Habitat attributes of stopover sites.– To identify habitat fea-
tures associated with stopover sites, we contrasted habitat
attributes of 13 identi fied stopover sites with those of a set of
50 sites randomly distributed throughout the study area. We
selected a 5-km radius to be large enough to encompas s the
location s of � 2 individuals and the associated shoreline
habitat and to be small enough identify a discrete area
and minimize overlapping of sites. We created random plot
centroids along the shoreline using the random sampling tool
in Hawth’s Analysis Tools (Beyer 2004). We fixed stopover
site centroids related to the shoreline using the snap to line
tool. We created 5-km radius plots around important st op-
over sites and random sites using the Buffer Wizard in
ArcGIS 9.1. We then in tersected GIS habitat layers with
the plots and summarized the following shoreline habitat
attributes for each plot: length, depth, width, exposure,
percent rocky substrate, distance to outer coast, and distance
to herring spawn. We calculated mean weighted depth,
width, and exposure by weighting each shoreline segment
value by the length of the segment and dividing the sum of
weighted segments by the total plot shoreline length. We
determined percent rocky substrate withi n each plot by
calculating the length of all segments with a rocky substrate
and dividing by the total shoreline length within the plot.
We calculated the number of stream outlets withi n each plot.
We determined distance to outer coast and distance to
herring spawn as the minimum distance from the center
of each plot to the outer coast or herring spawn layers,
respectively. We examined habitat attribute data for inter-
correlation; correlations between predictor variables were all
r < 0.48.

We used logistic regression models to evaluate the use of
stopover sites in relati on to habita t characteristics in SAS 9.1
(SAS Institute, Cary, NC). We examined the data for over-
dispersion by calculating a variance inflat ion factor for the
global model but found that overdispersion was not a concern
(ĉ ¼ 0.32). We used an information theoretic approach to
model selection (Burnham and Anderson 2002) and calcu-
lated Akaike’s Information Criterion adjusted for small
sample sizes (AIC c) for each model within a candidate
set. For some models, we grouped habita t attributes into a
shoreline suite of predictor variables, which included length,
depth, width, exposure, streams, and substrate. The candi-
date model set consisted of 14 models: 1) length, 2) depth, 3)
width, 4) exposure, 5) streams, 6) rocky substrate, 7) shoreline,
8) coast, 9) spawn, 10) coast þ spawn, 11) coast þ shoreline,
12) spawn þ shoreline, 13) coast þ spawn þ shoreline, and
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14) a null model. We wanted to consider the relative effects
of shoreline habitat attributes individually and to contrast
the importance of physical shoreline features of used sites
with food resource features (distance to spawn) and geo-
graphic features (distance to outer coast), in addition to
considering additive combinat ions of physical attributes,
resource availability, and geography. We compared the
AICcvalue of each model to th at of the best-fitt ing model
(DAICc) to assess relative support for each candidate model.
We also calculated AIC cweights ( w i ), which indicate the
relative support for each model withi n the candidate model
set.

RESULTS

Identification of Stopover Sites
Of the 75 satellite-marked surf scoters that left wintering
areas, 37 individuals made migratory stopovers in southeast
Alaska. The remainder of the satellite-marked birds migrated
using other inland migratory routes and did not use southeast
Alaska during migration (Table 1). Analyses and results were
limited to location data from these 37 individuals. For these
birds, we documented 72 stopover events in southeast Alaska
(Fig. 1). Where stopovers of � 2 individual birds overlapped,







requirements for migration and reproduction is critical for
management and conservation of scoter populations, as well
as other species th at use this ephemeral spring resource.
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