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Spring migration routes and chronology of surf
scoters (Melanitta perspicillata): a synthesis of
Pacific coast studies

S.E.W. De La Cruz, J.Y. Takekawa, M.T. Wilson, D.R. Nysewander, J.R. Evenson,
D. Esler, W.S. Boyd, and D.H. Ward

Abstract: Understanding interconnectivity among wintering, stopover, and breeding areas of migratory birds is pivotal to
discerning how events occurring in each might have a cross-seasonal effect on another. Such information can guide the lo-
cation and timing of conservation efforts. Thus, we examined spring migration routes, chronology, and stopover use of 85
surf scoters (Melanitta perspicillata (L., 1758)) marked with satellite transmitters at four Pacific Flyway wintering sites:
San Quintin Bay, Baja California; San Francisco Bay, California; Puget Sound, Washington; and Strait of Georgia, British
Columbia. Eighty-three percent of marked scoters followed two main routes to the breeding area: a Southern Inland route
involving staging in Puget Sound and Strait of Georgia and protracted inland migration, or a Northern Coastal route char-
acterized by short movements along the Pacific coast of British Columbia and southeast Alaska with inland migration ini-
tiating from Lynn Canal and surrounding areas. Route choice was related to nesting site latitude in the Canadian Northern
Boreal Forest. Data from birds tracked over 2 years indicated strong migration route fidelity, but altered chronology and
stopover locations between years. Departure date varied by wintering site, but arrival and apparent settling dates were syn-
chronous, suggesting individuals adjusted migration timing to meet an optimized reproductive schedule.

Résumé : La compréhension de I’interconnectivité entre les zones d’hivernage, d’arrét et de reproduction chez les oiseaux
migrateurs est essentielle si 1’on veut voir comment les événements qui se passent dans chacune de ces zones peuvent
avoir un effet lors d’une autre saison dans une autre zone. De telles informations pourraient orienter le choix des sites et
du moment des interventions de conservation. Nous avons ainsi examing les routes printaniéres de migration, leur chrono-
logie et Iutilisation des points d’arrét chez 85 macreuses a front blanc (Melanitta perspicillata (L., 1758)) munies d’émet-
teurs satellites a quatre sites d’hivernage sur la route de migration du Pacifique, la baie de San Quintin en Basse-
Californie, la baie de San Francisco en Californie, Puget Sound au Washington et le détroit de Géorgie en Colombie-
Britannique. Quatre-vingt trois pourcent des macreuses marquées suivent deux voies principales vers la zone de reproduc-
tion, une route du sud dans I’intérieur des terres comportant des arréts a Puget Sound et au détroit de Géorgie avec une
migration prolongée a I’intérieur des terres et une route cotiere du nord caractérisée par de courts déplacements le long de
la cote de la Colombie-Britannique et du sud-est de 1’Alaska et une migration a I’intérieur des terres débutant au canal de
Lynn et les environs. Le choix de route dépend de la latitude du site de nidification dans la forét boréale du nord du Can-
ada. Des données obtenues d’oiseaux marqués au cours de deux années indiquent une forte fidélité a la route de migration,
mais la chronologie de la migration et les sites d’arrét peuvent changer d’une année a I’autre. La date de départ varie en
fonction du site d’hivernage, mais les dates d’arrivée et d’installation apparente sont synchronisées, ce qui laisse croire
que les individus ajustent la chronologie de leur migration afin d’obtenir un calendrier optimal de reproduction.
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Introduction

Recent advances in the study of avian migration have un-
derscored the important linkages between wintering, stop-
over, and breeding areas (Marra et al. 1998; Gill et al.
2001; Drent et al. 2003; Newton 2006), and the need to
consider this interconnectivity in conservation planning
(Mehlman et al. 2005). It is becoming increasingly clear
that the timing of spring migration and quality of stopover
sites can greatly influence reproductive success and female
annual survival (Drent et al. 2006, 2007; Black et al. 2007),
especially for arctic nesting species. Individuals are hypothe-
sized to alter their migration strategies based upon decisions
to minimize migration duration, maximize energy accumula-
tion at stopovers, or avoid predation risk (Alerstam and
Lindstrom 1990; Farmer and Wiens 1998, 1999; Vrugt et
al. 2007), and ultimately optimize their fitness.

As techniques for studying migration improve (e.g., Web-
ster et al. 2002), so too does our opportunity to examine
individual migration strategies. For example, satellite tele-
metry has greatly advanced our ability to observe strategies
of individuals under different climatic conditions (Miller et
al. 2005) or across time (Berthold et al. 2002; Alerstam et
al. 2006; Mosbech et al. 2006) at continental spatial scales.
Understanding migration ecology from the basis of individ-
ual behavioral strategies allows us a powerful means of pre-
dicting the effects of future habitat changes by extrapolating
individual responses to populations (Sutherland 1996; Atkin-
son et al. 2005). This is particularly important in the case of
rapidly declining sea duck populations, many of which rely
on habitats such as coastal waters and boreal lakes where re-
sources are predicted to be altered dramatically as a result of
climate change (Stewart et al. 1998; Harley et al. 2006).

Surf scoters (Melanitta perspicillata (L., 1758)) are sea
ducks that winter along the Pacific and Atlantic coasts of
North America and breed in low densities across the boreal
forests of Alaska and Canada (Savard et al. 1998; Takekawa
et al. 2010). Based on breeding and wintering area surveys,
surf scoters have undergone long-term declines (Savard et
al. 1998; Trost 2002; Nysewander et al. 2003), particularly
in the western part of their range (Goudie et al. 1994;
Hodges et al. 1996). Until lately surf scoters were one of
the least studied waterfowl species in North America (Bell-
rose 1980; Savard et al.1998), and this lack of basic knowl-
edge has hindered our ability to determine causes of decline.

Recent work has helped define the breeding range of Pa-
cific coast surf scoters and has shown that birds from differ-
ent wintering sites co-mingle across this area (Takekawa et
al. 2010). However, little is known about the timing of their
spring migration and the routes that scoters follow from var-
ious Pacific coast wintering sites to the breeding grounds
(see Savard et al. 1998). Individuals wintering in separate
regions may experience variation in overwinter conditions
that could differentially influence their subsequent migration
timing or strategies and their breeding success, and this may
ultimately translate into population-level effects (Gill et al.
2001; Newton 2004). Additionally, previous work with
shorebirds has demonstrated how integrated observations of
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migratory populations and identification of broad regional
patterns provide a much more complete picture of migration
than do inferences based on observations from small seg-
ments of the population (Warnock and Bishop 1998; Farmer
and Wiens 1999). Understanding how individual and re-
gional migration strategies may influence the overall popula-
tion will ultimately help direct management actions for
conservation of surf scoters (Sea Duck Joint Venture
(SDJV) Management Board 2001).?

We integrated data from satellite telemetry studies con-
ducted at four major Pacific coast wintering sites to examine
the spring migration strategies of individual surf scoters in
western North America. These projects were initiated to ex-
amine migration from each wintering site separately; how-
ever, the similarities in timing and methodology of each
project provided us with a unique opportunity to compare
the routes and chronology of surf scoters wintering at
different latitudes. Specifically, our objectives were to
(i) establish primary spring migration routes of individuals
from each wintering site; (ii) compare migration chronology
among scoters from each wintering site, including arrival
timing and settling dates at nesting sites in the Northern
Boreal Forest; (iii) evaluate how winter body mass and win-
tering site departure timing relates to subsequent migration
timing; and (iv) identify important stopover and staging
areas.

Materials and methods

Study area

We compiled migration data from surf scoters marked
with platform transmitter terminals (PTTs) at four sites
within their wintering range along the Pacific coast of North
America (Fig. 1): San Quintin Bay, Baja California, Mexico
(SQ; 116.0°W, 30.4°N); San Francisco Bay, California, USA
(SF; 122.4°W, 37.8°N); Puget Sound, Washington, USA
(PS; 122.4°W, 47.5°N); and Strait of Georgia, British Co-
lumbia, Canada (SG; 122.4°W, 49.3°N). While PS and SG
are geographically close together, radio-marked birds from
these sites tracked over the same time period as PTT-
marked birds in the current study had high site fidelity to
marking sites and maintained small home ranges over winter
that rarely overlapped with each other (Kirk et al. 2008; J.R.
Evenson and D.R. Nysewander, unpublished data; D. Esler,
unpublished data). Because birds from these sites remained
largely distinct from each other, our a priori assumption
was that migration strategies could vary between them;
thus, we chose to analyze data from these two marking sites
separately. We examined spring migration chronology and
routes along the Pacific coast from Baja San Quintin north
to southeast Alaska, and through the Canadian provinces of
British Columbia, Yukon Territory, and Alberta to the
Northern Boreal Forest breeding areas of western Canada
and eastern Alaska (Takekawa et al. 2010).

Capture and marking
We captured wintering surf scoters in floating mist nets
using decoys (SQ, SF, PS, and SG; Kaiser et al. 1995) or

3Sea Duck Joint Venture (SDJV) Management Board. 2001. Sea Duck Joint Venture Strategic Plan: 2001-2006. SDJV Continental Team.
Unpublished Report, c/o USFWS, Anchorage, Alaska, USA, and Candian Wildlife Service, Sackville, N.B., Canada.
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Fig. 1. Study site map showing winter marking sites (solid black polygons) and the locations and codes of the Pacific coast migration stop-
over areas of surf scoters (Melanitta perspicillata) discussed in the text. We divided the spring migration route into these broad biogeo-
graphic migration areas to facilitate discussion of routes and to calculate mean stopover length of stay. From south to north the full names
corresponding to the abbreviated codes are as follows: Coastal Migration Areas — San Quintin Bay (SQ), Baja California Coast (BC),
Southern California Coast (SC), Central California Coast (CC), San Francisco Bay (SF), Northern California Coast (NC), Oregon Coast
(OC), Columbia River Mouth (MC), Washington Coast (WC), Puget Sound (PS), Strait of Georgia (SG), Outer Vancouver Coast (VC),
Queen Charlotte Sound (QC), Petersburg Southeast Alaska Coast (PK), Haines Southeast Alaska Coast (HK); Interior Migration Areas —
Southern Inland British Columbia (SB), Central Inland British Columbia (CB), Northern Inland British Columbia (NB), Yukon Territory
(YK), Lesser Slave Lake Alberta (LS), Cariboo Mountains Alberta (CM).
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from small boats with a netgun (SQ and SF; Coda Enter-
prises, Inc., Mesa, Arizona, USA). Marking periods ranged
from 8 to 27 February 2005 and 2006 in SQ; from 3 January
to 27 February 2003, 2005, and 2006 in SF; from 20 No-
vember to 28 March 2003, 2004, 2005, and 2006 in PS; and
from 1 to 30 November 2005 in SG. We banded, weighed,
and measured each captured bird, used a combination of
plumage characteristics and cloacal examination to deter-
mine sex, and estimated bursal depth to determine age
(Mather and Esler 1999; Iverson et al. 2003). Coelomic im-
plant transmitters with external antennas (38 g each, PTT-
100; Microwave Telemetry, Inc., Columbia, Maryland,
USA) were surgically implanted (Olsen et al. 1992; Korsch-
gen et al.1996; Mulcahy and Esler 1999) in after 2nd year
(ASY) male and female scoters. Implant transmitters are
less disruptive and cause fewer behavioral modifications
than external attachment methods for some wild waterfowl
(Rotella et al. 1993; Hupp et al. 2003) and coelomic implant
transmitters are preferred for scoters relative to other trans-
mitter types when data are collected over a long period of
time (Iverson et al. 2006). Marked birds were released after
a recovery period of between 2 and 6 h. Sex of marked sco-
ters varied at each marking site (Table 1); however, the ma-
jority of birds (84%) were adult female. All capture,
handling, and marking of scoters was carried out under the
guidance of the Animal Care and Use Committees at each
investigator’s institution or organization, with permits from
California Department of Fish and Game, Canadian Wildlife
Service, Washington Department of Fish and Wildlife, U.S.
Fish and Wildlife Service, U.S. Geological Survey (USGS)
Bird Banding Laboratory, and Secretaria de Medio Am-
biente y Recursos Naturales (SEMARNAT).

Location data

All PTTs were programmed to transmit data for 6-8 h
and turn off for 48-96 h, with the exception of two PTTs
from PS that transmitted for 6 h and turned off for 144 h
during spring migration. Transmitter signals were received
by U.S. National Oceanic and Atmospheric Administration
polar-orbiting weather satellites, and CLS America (Largo,
Maryland) estimated transmitter location on the basis of
Doppler shifts in transmitter frequencies. Location accuracy
classes were determined based on satellite-to-PTT geometry,
the number of transmissions received from the PTT, and the
stability of the PTT transmission frequency during a satellite
pass. For location classes (LC) 3, 2, 1, and 0, CLS America
rated accuracy as <150, <350, <1000, and >1000 m, respec-
tively. Accuracy was not provided for LC A (3 messages re-
ceived by satellite), LC B (2 messages), and LC Z (latitude
and longitude often provided if >1 message received). Data
from each wintering site were compiled at the USGS West-
ern Ecological Research Center and filtered using systematic
plausibility tests of direction, distance, and rate of move-
ment between locations (Douglas 2006). The filtering pro-
gram was set to ensure that LC 1-3 locations were always
retained. We used all filtered locations to calculate chrono-
logical dates; however, to plot overall migratory routes, we
used a more restrictive filter (Douglas 2006) that chose the
best location from every reporting cycle.

We used ArcMap version 9.2 (Environmental Systems
Research Institute, Inc., Redlands, California, USA) to plot

Can. J. Zool. Vol. 87, 2009

and analyze the selected locations and delineate migration
routes. We divided coastal and interior routes used by surf
scoters into broad migration stopover and staging areas
(Fig. 1; see legend for full area names) of similar biogeogra-
phy along a latitudinal gradient. These migration areas were
used to determine the numbers of scoters following identi-
fied routes and to facilitate discussion of differences in
migratory strategies among individuals from different win-
tering sites.

Estimating migration duration and dates

Length of stay (LOS) in a particular migration area was
estimated as the difference between the departure date from
that area and the arrival date in that area plus one to account
for the fact that the bird could have been present in the area
both on the day of arrival and on the day of departure. Fol-
lowing Warnock and Bishop (1998), we defined a 2-7 day
use of a migration area as a stopover event, and >7 days
use of an area as a staging event. Staging areas have been
defined as predictable locations with abundant feeding re-
sources where birds can fatten significantly and have long
lengths of stay (Skagen and Knopf 1994; Warnock and
Bishop 1998); thus, we distinguished between these two
events to identify important staging areas along migration
routes.

We defined the departure date from a wintering site as the
median date between the last location at the wintering site
and the first location in a new migration area (Fig. 1). Sim-
ilarly, we estimated departure date from coastal to inland
areas as the median date between the last coastal location
and the first interior location. Breeding ground arrival date
was estimated as the median date between last interior loca-
tion and first location in the breeding range as defined by
the distribution of the marked population (see Takekawa et
al. 2010). We used the median date between arrival in the
breeding area and the first day a bird was located in an ap-
parent nesting area (typically an area <20 km?) where it re-
mained for >25 days (following Takekawa et al. 2010) as
the settling (nest initiation) date for females. Paired males
typically leave females about 3 weeks after arriving to
breeding lakes (Savard et al. 1998); thus, we used males in
our calculation of settling date only if they remained in an
apparent nesting area for >21 days. For some birds, breeding
area arrival date was the same as the settling date if the first
location in the breeding area was in the apparent nesting
area for that bird. Finally, we estimated total migration dura-
tion as the difference between the settling date and the win-
tering site departure date plus 1 day to include both the
departure day and the arrival day in the calculation. We
present all dates in ordinal, or day of year, format as speci-
fied by the International Organization for Standardization.

Statistical analysis

We used linear regression (PROC REG; SAS Institute
Inc. 2005) to model the relationship between body mass at
time of capture and wintering site departure date of scoters
from PS and SF. We did not adjust mass for structural size
to obtain an estimate of body condition, given that recent
work shows using unverified body condition indices pro-
vides no improvement over using body mass alone to predict
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Table 1. Summary of surf scoters (Melanitta perspicillata) marked with satellite transmitters (plat-
form transmitter terminal; PTTs) in 2003-2006 from four different wintering sites: San Quintin
Bay, Baja California, Mexico (SQ); San Francisco Bay, California, USA (SF); Puget Sound, Wa-
shington, USA (PS); and Strait of Georgia, British Columbia, Canada (SG).

SQ SF PS SG
Year Male Female Male Female Male Female Male Female  Total
2003 0 0 0 8 0 0 0 0 8
2004 0 0 0 0 4 3 0 0 7
2005 0 2 0 9 2 14 4 4 35
2006 0 3 0 12 (5) 2 8(5) 0 0 35
Total 0 5 0 34 8 30 4 4 85

Note: Numbers represent scoters that departed from wintering areas in each year. The number of birds that
produced 2 years of data during any part of spring migration is shown in parentheses.

condition and can actually lead to reduced predictability of
fat stores in some species (Schamber et al. 2009). Therefore,
in the absence of a verified condition index for scoters, we
felt that the best practice was to use body mass for our re-
gression analysis. We also only used birds marked during
January and February and excluded those marked in the
fall, because earlier marked birds may fluctuate substantially
in mass over the winter. Nearly all males were marked dur-
ing the fall, and we excluded the few males marked in
spring (n = 5) and conducted this analysis only on females.
For all individuals, we used linear regression to model the
relationship between wintering site departure and migration
duration, coastal departure latitude, breeding area arrival
date, and settling date, as well as to examine coastal depar-
ture latitude, which marks the beginning of interior migra-
tion, in relation to final nesting latitude.

We used one-way ANOVA (PROC GLM; SAS Institute
Inc. 2005) to determine if departure, arrival, and settling
dates, stopover LOS, and migration duration varied by win-
tering site. We also compared these variables within each
wintering site among birds using different migration routes.
For these analyses, we combined data across years and sexes
because sample sizes were not large enough to permit con-
sideration of these variables (Table 1). Statistical analyses
were performed with SAS version 9.1 (SAS Institute Inc.
2005), and we used the Tukey—Kramer method to make
multiple comparisons among wintering sites while preserv-
ing type I error. The significance value for all tests was o <
0.05.

Results

Location data

We used location data from all birds that departed their
wintering sites and progressed in a northward direction (n =
85; see Table 1). As migration progressed, the sample size
decreases owing to transmitter failure or battery drain, as
well as scoter mortality (n = 1 confirmed mortality). Of the
85 birds that left wintering areas, we tracked 74 throughout
the entire breeding season. We received a total of 33081 lo-
cations between 1 February and 15 June from 2003 to 2006,
but 1.6% of these were discarded as outliers by the plausi-
bility filtering program. The remaining locations were cate-
gorized as LC 3 (16.7%), LC 2 (16.6%), LC 1 (18.5%),
LC 0 (12.5%), LC A (15.9%), LC B (18.1%), and LC Z
(1.8%).

Migration strategies

Routes

Scoters from all wintering sites used coastal migration
routes (Figs. 2a-2d) and used several areas for stopovers.
North of Puget Sound, most scoters traveled along the inte-
rior passages of large coastal islands (Strait of Georgia,
Queen Charlotte Sound, and Hecate Strait, British Colum-
bia; the Inside Passage, Alaska) with the exception of seven
SF scoters that used the western edge of Vancouver Island,
British Columbia.

The majority of scoters from all four marking sites fol-
lowed two main routes from the point of PS and SG onward.
Forty-two percent of all birds migrating inland followed a
Southern Inland route, in which they began their migration
inland from PS and lower SG areas. Scoters using the
Southern Inland route sometimes staged in PS or SG, and
typically displayed a protracted inland migration. Forty-one
percent of all birds that migrated inland used a Northern
Coastal route, flying along the coast of British Columbia
and southeast Alaska, usually making frequent stops, and
finally departing for inland migration from the northern end
of the Inside Passage of southeast Alaska (Figs. 2a-2d, Ta-
ble 2). A smaller number used an Intermediate Coastal route
in which they made some coastal stopovers and migrated in-
land from various river mouths and deltas within the Queen
Charlotte Sound and Petersburg Southeast Alaska migration
areas (13%; Figs. 2a-2d, Table 2). In addition, two scoters
continued farther north and began their interior migration
near the Copper River Delta, Alaska (144.6°N, 60.2°W) and
from Cook Inlet, Alaska (152.7°N, 60.2°W; Figs. 2a, 2b).
One SQ scoter migrated interior from the mouth of the Co-
lumbia River, Washington (124.2°N, 46.7°W); however, its
PTT stopped transmitting in Southern Central British Co-
lumbia. Routes taken by these three birds were termed Other
(Table 2).

Among wintering sites, mean coastal departure latitude
for inland migration did not vary (F374; = 2.50, P = 0.066).
However, the Northern Coastal route was the single most
common path for scoters marked in SQ (50%), SF (53%),
and SG (50%; Table 2). Fifty-six percent of PS marked
scoters used the Southern Inland route to the breeding area
(Table 2). For scoters from all of the marking sites, coastal
departure latitude was positively related to final nesting lati-
tude (PROC REG: F|j 74 = 57.05, P < 0.0001, r? = 0.44;
Fig. 3).
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Fig. 2. Migration routes of surf scoters (Melanitta perspicillata) marked at four Pacific coast wintering sites: (a) Strait of Georgia (SG),
(b) Puget Sound (PS), (¢) San Francisco Bay (SF), and (d) San Quintin Bay (SQ). Routes depicted include those of all birds that made a
complete migration from wintering site to the Northern Boreal Forest breeding area. Colored arrows in a represent the Southern

Inland (blue), the Intermediate Coastal (clear), and the Northern Coastal (yellow) routes.

Individual scoters most commonly initiated inland migra-
tion from river mouths and sounds, and interior routes usu-
ally followed a north to northeast orientation to nesting sites
(Figs. 2a-2d). All birds following the Southern Inland route
traveled across the Fraser River Plateau in the Central In-

land British Columbia migration area (see Fig. 1) and then
through the Lesser Slave Lake or Cariboo Mountain migra-
tion areas, en route to nesting sites in the Northwest Territo-
ries and Saskatchewan. Scoters following the Northern
Coastal route traveled through the mountains in Northern In-
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Table 2. Percentage and number of surf scoters (Melanitta perspicillata) from each Pacific coast win-
tering site (San Quintin (SQ), San Francisco Bay (SF), Puget Sound (PS), Strait of Georgia (SG)) that

followed each migratory route to the breeding area.

Wintering site n Southern Inland  Intermediate Coastal =~ Northern Coastal ~ Other
SQ 4 25 (1) 0 50 (2) 25 (1)
SF 30 33 (10) 13 (4) 53 (16) 0

PS 36 56 (20) 14 (5) 28 (10) 2 (1)
SG 8 25(2) 12.5 (1) 50 (4) 12.5 (1)
Overall 78 42 (33) 13 (10) 41 (32) 4(3)

Fig. 3. Scatterplot chart depicting the relationship between coastal
departure latitude and ultimate nesting site latitude of Pacific coast
surf scoters (Melanitta perspicillata). The linear regression equation
describing the fit of the line is y = 0.4544x + 39, r> = 0.4353.
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e
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o
o
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land British Columbia and Yukon Territory to nesting sites
in the Northwest Territories. Fifty-six percent of scoters de-
parting on the Northern Coastal route left from the Taiya In-
let, north of Haines, Alaska. These birds mainly traveled
through Chilcoot and White Pass into Northern Inland Brit-
ish Columbia and across Yukon Territory mountain ranges
to nesting sites at or north of the Great Bear Lake in the
Northwest Territories (Figs. 2a-2b). Scoters departing from
lower latitudes near Haines or from the Queen Charlotte
Sound and Petersburg Southeast Alaska migration areas
traveled through Central Inland British Columbia and the
Cariboo Mountain areas, or through Northern Inland British
Columbia and Yukon Territory to reach their nesting areas.

Chronology

Mean winter departure date was variable among sites, but
was significantly different only between SF and PS (F34) =
4.64, P = 0.005; Figs. 4a-4d, Table 3). Departure dates
ranged from 20 February (SF 2006) at the earliest to 30
May (SG 2005) at the latest (Figs. 4a—4d, Table 3). We
found that body mass was significantly related to female
winter departure date, and lighter birds left wintering sites
later (PROC REG: Fjj 44 = 10.62, P = 0.002, r* = 0.18;
Fig. 5).

Mean departure date from the coast to inland migration
corridors was significantly different only between SF and
PS (F3741 = 4.69, P = 0.005; Table 3) such that PS birds
departed earlier than SF birds. Breeding area arrival dates
did not vary significantly among wintering sites (F37;) =
2.55, P = 0.063; Table 3). We found no significant differ-
ence in settling dates among wintering sites (F370; = 2.01,
P = 0.121). The mean difference between arrival and

Fig. 4. Cumulative proportion of surf scoters (Melanitta perspicil-
lata) departing over time for spring migration from four Pacific
coast wintering sites: (a) Strait of Georgia (SG), (b) Puget Sound
(PS), (¢) San Francisco Bay (SF), and (d) San Quintin Bay (SQ).
Mean departure dates are represented by vertical black lines and
median dates by vertical gray lines. Departure dates ranged from 20
February to 30 May, and mean departure date from SF was signifi-
cantly earlier than mean departure date from PS (Fj384; = 4.64, P =

0.005).
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Table 3. Wintering site departure, coastal departure for inland migration, breeding area arrival, and settling ordinal dates by wintering site (San Quintin (SQ), San Francisco Bay (SF),
Puget Sound (PS), Strait of Georgia (SG)) and migration strategy (Southern Inland, Intermediate, Northern Coastal) for Pacific coast surf scoters (Melanitta perspicillata).

Difference between arrival

9.0}

Winter departure Coastal departure Arrival Settling and settling
Wintering site Route Mean + SE n Mean + SE n Mean + SE n Mean + SE n Mean + SE n
SQ Southern Inland 111.0 1 144.0 1 149.0 1 151.0 1 2.0 1
Intermediate Coastal — — — — —
Northern Coastal 108.5+7.5 2 148.8+3.8 2 154.5+5.5 2 161.8+3.8 2 7.3+1.8 2
Overall* 103.8+4.2AB 5 144.6+3.2AB 4 152.7+3.7 3 158.2+4.2 3 5.5+2.0 3
SF Southern Inland 104.8+7.0 10 136.4+2.4 10 145.4+2.1 10 149.0+2.1 10 3.6x1.0 10
Intermediate Coastal 103.3+11.1 4 139.0+3.9 4 142.0+£3.3 4 146.5+£3.3 4 4.5+1.6 4
Northern Coastal 100.1£5.6 16 143.6+1.9 16 145.5+1.7 15 147.5+1.7 15 2.0+0.8 15
Overall* 100.5+4.2A 34 140.6£1.5A 30 145.0+1.2 29 147.9+1.2 29 2.9+0.6 29
PS Southern Inland 128.8+3.4a 20 130.9+1.3a 20 142.6+1.3 20 148.2+2.4 19 5.2+1.8 19
Intermediate Coastal 103.8+6.8b 5 134.8+2.6a 5 143.8+2.6 5 148.3x1.9 4 5.3+34 4
Northern Coastal 112.1+4.8b 10 142.5+1.8b 10 144.8+1.9 9 151.2+3.4 9 6.4+2.7 9
Overall* 118.2+3.1B 8 134.8+1.2B 38 143.2+1.0 35 149.8+1.7 34 6.4+1.3 34
SG Southern Inland 144.0+4.4a 2 144.0+3.2 2 149.0+4.0 2 150.0+4.5 2 1.0+1.3 2
Intermediate Coastal 127.0 1 143.0 1 144.0 1 149.0 1 5.0 1
Northern Coastal 109.0+3.1b 4 138.3+2.2 4 139.8+2.9 4 142.5+£3.2 4 2.8+0.9 4
Overall* 117.5+7.0AB 8 140.4+1.6AB 8 143.1+2.1 8 145.4+2.1 8 2.3+0.7 8

Note: We compared chronology among wintering sites and reported differences in the Overall row using uppercased letters. We also compared chronology by strategy within wintering areas and reported
differences using lowercased letters under each wintering site. The absence of letters indicates no significant differences.
*Sample size (n) for each Overall category includes birds that began migration but stopped transmitting before beginning inland migration. These birds were never assigned a migration strategy and thus are not

included in calculations of means by strategy. In addition, because of the small sample size (n = 3), we did not calculate means for the Other migration strategy; however, scoters using this strategy were included
in the calculation of overall means.
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Fig. 5. Scatterplot chart depicting the relationship between the un-
adjusted body mass of female surf scoters (Melanitta perspicillata)
and departure date across all wintering sites. The linear regression
equation describing the fit of the line is y = —0.1243x + 227.75,

r? =0.1833.
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settling at apparent nesting sites ranged from 2.3 + 0.7 days
(SG) to 6.4 + 1.3 days (PS) and did not differ among birds
from all wintering sites (Fj370; = 2.36, P = 0.078; Table 3).
Wintering site departure date was positively related to
breeding area arrival date and to settling dates (PROC
REG; arrival: F}y 74y = 8.33, P = 0.005, r2 = 0.10; settling:
Fj173 = 8.58, P = 0.005, r> = 0.11); however, it was not re-
lated to coastal departure date for interior migration (PROC
REG: F[1,77] = 075, P = 039, P2 = 001)

We also compared chronology by migration route within
each wintering site (Table 3). We excluded Other migration
routes because of the small number of birds using them (n =
3). We found significant differences in chronology by route
for PS and SG birds only. Birds from both areas using the
Northern Coastal route departed the wintering area signifi-
cantly earlier than those using the Southern Inland route or,
in the case of PS, Intermediate Coastal routes (PS: Fp 32 =
7.68, P = 0.002; SG: Fjp4) = 21.11, P = 0.008). PS scoters
using the Northern Coastal route departed the coast for in-
land migration significantly later than PS birds following
the Southern Inland and Intermediate Coastal routes
(F[2’32] = 1358, P < 00001)

Migration duration and stopover areas

The total duration of spring migration by individuals
ranged from 1.5 days (PS 2006) to 90.5 days (SF 2006)
across all years and wintering sites. The mean total duration
of migration differed significantly only between PS and SF
scoters (F370) = 4.64, P = 0.005); SF scoters took longer to
migrate compared with PS scoters (Table 4). The mean du-
ration of coastal migration was significantly shorter for PS
birds compared with SF birds, but was not different among
any of the other wintering sites (Fjz74) = 9.22, P < 0.0001;
Table 4). The duration of inland migration was significantly
longer for PS scoters compared with birds from SQ, SF, and
SG (Fi370) = 8.71, P< 0.0001; Table 4). We found positive
relationships between winter departure date and total migra-
tion duration (PROC REG: F[; 73; = 381.04, P < 0.0001, r? =
0.84), marine migration duration (PROC REG: Fjj77 =
443,15, P < 0.0001, r2 = 0.85), and inland migration dura-
tion (PROC REG: Fj; 73 = 4.74, P = 0.032, r*> = 0.06).
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Individuals made between O and 9 stopovers at coastal
areas, and between O and 5 stopovers at inland areas. The
mean number of coastal migration areas in which scoters
stopped was significantly different among wintering sites
(Fi375) = 10.41, P < 0.0001), and SQ birds had the greatest
number of stops in migration areas (Table 4, Fig. 6). In con-
trast, we did not find any difference in the number of stops
in inland migration areas among wintering sites (F379 =
1.99, P = 0.123; Table 4). Mean LOS at coastal migration
areas was significantly longer for SF compared with PS
scoters (F1375; = 5.89, P = 0.001; Table 4). There were no
differences in mean LOS at inland migration areas among
scoters from each wintering site (Fi379) = 1.92, P = 0.134).
Length of stay at coastal migration areas decreased with
later winter departure dates from all wintering sites (PROC
REG: F|;77) = 82.47, P = 0.0001, 2 = 0.52); however, we
found no relationship between length of stay at inland mi-
gration areas and departure dates from all wintering sites
(PROC REG: F[;73; = 0.00, P = 0.95, r? = 0.00).

Among migration stopover areas that we defined on the
lower Pacific coast (below Puget Sound; Fig. 1), the largest
number of birds stopped along the Oregon coast (n = 23,
59% of SQ and SF migrants; Fig. 6). Although individuals
stopped in each general migration region that we identified,
SQ birds mainly used three lower Pacific coast areas for
staging (Baja California Coast, San Francisco Bay, Oregon
coast), whereas SF birds staged only in central California
(Fig. 6). Puget Sound and outer Vancouver Coast were used
as staging areas only by SF scoters. Above the Strait of
Georgia, each stopover area was used by scoters from all
wintering areas (Fig. 6), with the exception that PS and SQ
scoters stopped but did not stage in Queen Charlotte Sound.
Of migration areas available to scoters from all winter mark-
ing sites, Haines Southeast Alaska had the greatest use (n =
39) and the longest mean LOS (mean = SE: SQ = 31.5 =
11.6 days; PS = 13.89 = 2.46 days; SG = 21.24 = 1.75
days) for birds from all marking areas except SF. All SF
scoters that staged in PS used the Southern Inland route and
stayed 27.6 £ 6.4 days in PS. SF scoters that used the North-
ern Coastal route staged in the Haines Southeast Alaska mi-
gration area for 19.6 + 1.89 days. All but two scoters that
arrived in the breeding area made at least one stop at an in-
terior migration area. Overall, Lesser Slave Lake had the
greatest use of any single interior migration area, with 24
(31%) of all inland migrating birds stopping in this area.
Stopover sites on the Fraser River Plateau (Southern Inland
British Columbia and Central Inland British Columbia com-
bined) were used by 34 (44%) of all birds. For scoters using
the Northern Coastal route, Yukon Territory was the most
heavily used stopover site. Twenty-one birds (27% of all in-
land migrating birds, 66% of birds migrating from Haines
Southeast Alaska) stopped in the Yukon Territory migration
area, but only PS birds staged in this area (Fig. 6).

Route fidelity

We obtained 2 years of migration data for 6 female surf
scoters (SF = 3, PS = 3) in the spring of 2005 and 2006.
All six birds followed very similar routes in both years
(Fig. 7) with some differences in the number of stopover
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Table 4. Migration duration, number of stops in migration areas, and length of stay (LOS) by wintering site (San Quintin (SQ), San Francisco Bay (SF), Puget Sound (PS), Strait of
Georgia (SG)) and migration strategy for Pacific coast surf scoters (Melanitta perspicillata).

8201

Coastal Inland
Total duration
(days) Duration (days) Stops LOS (days) Duration (days) Stops LOS (days)

Wintering site Route Mean + SE n Mean + SE  n Mean + SE  n Mean + SE  n Mean + SE  n Mean + SE  n Mean + SE  n
SQ Southern Inland 41.0 1 330 1 2.0 1 16.5£3.2 1 8.0 1 2.0 1 3.5+1.6 1

Intermediate Coastal —— 2 — — — — — —

Northern Coastal 54.3%11.3 40.3x11.3 2 5.0+0.0 2 8.1+2.3 2 14.0+0.0 2 2.5+0.5 2 54+1.1 2

Overall* 49.8+7.9AB 3 38.1x+49AB 4 4.0+0.7A 4  10.6£2.2AB 4 12.0£2.0A 3 2.3+0.3 3 4.8+0.9 3
SF Southern Inland 45.2+6.3 10 31.6+5.8 10 2.6+0.4a 10 15.6£3.0 10 13.7+1.3a 10 2.7+0.2a 10 6.3t1.4 10

Intermediate Coastal — 44.3x10.0 4 35.8+9.1 4 5.0+0.6b 4 7.4+4.8 4 8.5+2.0ab 4 1.8+0.4ab 4 4.1£2.2 4

Northern Coastal 49.0+5.2 15  43.5+4.6 16 3.9+0.3b 16 12324 16 5.0+1.1b 15 1.3+0.2b 15 33+1.2 15

Overall* 47.0+3.6A 29  38.5+3.4A 30 3.7+0.3AB 30 12.7+1.8A 30 8.4+1.1A 29 1.8+0.2 29 4.4+0.8 29
PS Southern Inland 19.7+3.1a 19 1.1+£3.0a 20 0.3+0.2a 20 1.2+0.9a 20 18.6+1.8a 19 3.0+0.3a 19 5.7+1.2 19

Intermediate Coastal ~ 51.1+6.1b 5  31.0+6.0b 5 3.8+0.4b 5 8.1x1.7b 5 20.2+3.6a 5 2.2+0.5b 5 8.6+2.3 5

Northern Coastal 42.1+4.5b 9  30.4+4.3b 10 2.8+0.3b 10 10.7+1.2b 10 9.9+£2.7b 9 1.2+0.4b 9 7.81.7 9

Overall* 31.4+3.3B 34 14.7+34B 36 1.6+£0.3C 36 5.0£1.0B 36 16.3+1.5B 34 2.4+0.2 34 6.6£0.9 34
SG Southern Inland 7.0£3.7 2 0.0+0.0 2 0.0+0.0 2 0.0+0.0 2 7.0£1.9 2 1.5£0.4 2 3.8+0.5 2

Intermediate Coastal ~ 23.0 1 16.0 1 1.0 1 16.0+£2.6 1 7.0 1 2.0 1 3.0+0.67 1

Northern Coastal 34.5+£2.6 4 29.3%1.8 4 2.8+£0.2 4 11.0+1.3 4 5.3+1.3 4 1.3+0.3 3.4+0.3 4

Overall* 28.9+5.9AB 8 22.9+6.0AB 8 2.1£0.6BC 8 8.8+2.1AB 8 6.0+£0.8A 8 1.6+0.3 3.2+0.3 8

Note: We compared durations and stops among wintering sites and reported differences in the Overall row using uppercased letters. We also compared chronology by strategy within wintering areas and
reported differences using lowercased letters under each wintering site. The absence of letters indicates no significant differences.
*Sample size (n) for each Overall category includes birds that began migration, but stopped transmitting before beginning inland migration. These birds were never assigned a migration strategy and thus are

not included in calculations of means by strategy. In addition, because of the small sample size (n = 3), we did not calculate means for the Other migration strategy; however, scoters using this strategy were
included in the calculation of overall means.
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Fig. 6. Mean length of stay (LOS) in migration stopover areas by
surf scoters (Melanitta perspicillata) from four Pacific coast win-
tering sites: (a) Strait of Georgia (SG), (b) Puget Sound (PS),

(c¢) San Francisco Bay (SF), and (d) San Quintin Bay (SQ). Open
bars represent coastal migration areas and shaded bars represent in-
land migration areas. Error bars represent 1 SE and numbers above
each bar indicate the number of birds that stopped in that migration
area.
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areas used and LOS (Table 5). During the 2nd year, trans-
mitters provided fewer locations; thus, we could not be cer-
tain that all stopovers were represented. Migration
chronology was different between years for each bird,
although settling dates were remarkably similar for PS birds.
One PS scoter both departed its wintering area and arrived
in the breeding area within a day of the previous year
(Table 5). Additionally, four of the birds arrived and settled
in the breeding area simultaneously during both of the years
they were tracked (Table 5). These four birds represented
both PS and SF wintering areas and both the Southern In-
land and the Northern Coastal routes.
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Discussion

Use of routes

We integrated satellite telemetry data from surf scoters
marked at four wintering sites on the Pacific coast of North
America to identify spring migration routes and chronology.
We identified Southern Inland and Northern Coastal migra-
tion routes used by 83% of surf scoters. The route followed
by an individual had a strong influence on chronology and
stopover sites, and therefore its migration strategy. Use of
these routes, as shown by comparing inland departure lati-
tudes, was independent of wintering sites in which scoters
were marked. However, there was a clear relationship be-
tween departure latitude for inland migration and ultimate
nesting site latitude. Given that strong female natal philopa-
try exists for many sea ducks (Goudie et al. 1994; Eadie et
al. 1995; Pearce et al. 2005), and nesting site fidelity has
been demonstrated for surf scoters (Takekawa et al. 2010),
nesting site may play a large role in determining the migra-
tion route used by Pacific Coast surf scoters. Avian migrants
are known to alter their overall migration routes to adjust for
variation in winter and spring resources (Catry et al. 2004)
or regional weather conditions (Alerstam et al. 2006), but in
our study surf scoters with data spanning two consecutive
years showed strong fidelity to overall migration routes and
made slight alterations in chronology at stopover sites.

Energetics and predation risks by route

Factors determining migration strategy selection include
time, energy, and risk of mortality (Alerstam and Lindstrom
1990). Given the short ice-free nesting period in the North-
ern Boreal Forest breeding area (Takekawa et al. 2010), surf
scoters may be expected to maximize their energy gains dur-
ing migration (Alerstam and Lindstrom 1990; Farmer and
Wiens 1998, 1999) and migrate with significant capital in-
vestment for self maintenance or egg production (Klaassen
et al. 2006). Annual route fidelity such as what we found in
surf scoters may confer advantage to individuals who gain
local knowledge about stopovers that have predictable food
resources and about predators along the route (Rohwer
1992; Bauer et al. 2008). Between the two main migration
routes observed in this study, prey type, value, and predict-
ability, as well as risk of predation, may differ greatly.

Scoters taking the Southern Inland route staged (SQ, SF
birds) or remained (PS, SG birds) in the Puget Sound and
Strait of Georgia until mid-May. During spring, surf scoters
are known to aggregate at spawning sites of Pacific herring
(Clupea pallasi Valenciennes in Cuvier and Valenciennes,
1847), where they consume lipid-rich, energetically profit-
able roe (Bishop and Green 2001; Sullivan et al. 2002;
Lewis et al. 2007; Anderson et al. 2009). Spawning tapers
off at most sites in mid-April when the first SQ and SF mi-
grants are arriving to the region, although spawning at his-
torically large spawn sites such as Cherry Point, may occur
through the end of June (Stick 2005). Scoters that use the
Southern Inland route could be relying on the once predict-
able, but now declining (Stick 2005) spawn to accumulate
resources before turning inland. However, in a recent study,
very few radio-marked surf scoters responded to spring her-
ring spawn events within Puget Sound (J.R. Evenson and
D.R. Nysewander, unpublished data), and additional work
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Table 5. Migration duration, number of stopovers, length of stay (LOS), and chronology for six female surf scoters (Melanitta perspicil-

Coastal
Stopover
Winter departure
Wintering site PTT No. Year Route* Total duration (days) (ordinal date; days) No. LOS (days)
SF 55912 2005 SI 27.0 132.0 4 4.8
2006 SI 26.0 115.5 2 8.3
55914 2005 NC 52.0 92.0 4 12.3
2006 NC 27.0 125.5 2 10.5
55919 2005 SI 33.0 125.0 4 5.0
2006 ST 65.0 80.5 1 45.0
PS 43888 2005 NC 14.0 129.0 1 8.0
2006 NC 79.0 64.0 4 19.5
53978 2005 SI 22.0 127.0 0 0.0
2006 SI 37.5 112.0 1 14.5
53980 2005 N 18.0 126.0 0 0.0
2006 ST 16.0 125.0 0 0.0

*Route names: NC, Northern Coastal; SI, Southern Inland.

in this area shows that scoters may be in part relying on epi-
faunal invertebrate prey during late winter and spring (An-
derson et al. 2008).

It is unclear why birds that follow the Southern Inland
route choose to stage during inland migration, instead of re-
maining on the coast for a longer period of time. Depletion
of spawn or alternate benthic and epibenthic prey (Kirk et
al. 2007; Anderson et al. 2008) could be one factor spurring
inland migration. Prey availability in high-latitude fresh-
water lakes may be less predictable than in coastal waters
because of their ephemeral nature (Piersma 2003). However,
thawing of lower to mid-latitude lakes in areas such as the
Fraser River Plateau occurs as early as March (Calbick et
al. 2004) and emerging aquatic invertebrates could provide
an abundant source of prey for staging scoters migrating
during April and May. Predators encountered inland may be
less predictable than those on the coast. While predation of
scoters and other waterfowl from raptors is prevalent in
coastal waters (Todd et al. 1982; Savard et al. 1998), birds
migrating across land may encounter a more diverse array
of predators including mammalian predators. However, birds
using freshwater lakes may also have more cover from pred-
ators available, thereby reducing their risk of predation
(Lind 2004) compared with birds in open coastal waters.

In contrast to the Southern Inland route strategy, there is
some evidence that individuals using the Northern Coastal
route may be following a “silver wave” of herring spawn
resources up the Pacific coast to their final staging site. Lok
(2008) found that the phenology of scoter migration along
some areas of the British Columbia and southeast Alaska
coasts was tied to Pacific herring spawning activity, which
occurs in a northward, latitudinal progression over the
course of spring. Lok (2008) also identified areas farther
from the mainland coast and closer to herring spawns as im-
portant habitat for migrating scoters. This may reflect a
strategy of balancing use of sites with highly predictable
prey sources with those that are more protected from aerial
predators (Schmaljohann and Dierschke 2005; Bauer et al.
2008; Pomeroy et al. 2008). If migration routes are predi-
cated on nesting site latitude, then scoters following the
Northern Coastal route may be obliged to obtain all their

capital energy stores from coastal resources such as roe or
benthic prey before turning inland. The most direct inland
path to nesting sites in the northern part of the breeding
area takes individuals over subarctic mountain ranges where
access to thawed, freshwater lakes with abundant prey items
may be limited.

Chronology

To maximize their fitness, migrants time their migration
based on body condition and proximate cues in their envi-
ronment (Weber et al. 1998). We found that poor individual
condition, as measured by female body mass at time of
marking, did have a significant, although slight, negative in-
fluence on departure time from the wintering site. Further-
more, at all wintering sites, individual scoters departing
earliest had longer total migration durations, longer mean
LOS at stopover sites, arrived earliest to the breeding areas,
and settled at nesting sites slightly earlier than later depart-
ing birds. Birds that depart late from wintering sites may
have a hard time correcting for poor timing en route to
breeding areas. Studies of barnacle geese (Branta leucopsis
(Bechstein, 1803)) and American redstarts (Sefophaga ruti-
cilla (L., 1758)) have also shown that birds departing from
wintering areas earliest are the earliest breeders, suggesting
that optimal reproductive fitness for some species has its ba-
sis in the wintering ground (Marra et al. 1998; Prop et al.
2003; Black et al. 2007).

Among wintering sites and migration routes, mean arrival
dates to the breeding area were remarkably similar. Birds
from all wintering sites and using all routes settled at nest-
ing sites less than a week after arrival to the breeding area.
Thus, wintering site and migration route taken did not seem
to confer a greater ability to arrive on time and initiate nest-
ing on the breeding area. However, our results do suggest a
strong selective pressure on timing of arrival. Arrival time is
an important element of competition among migratory birds
(Newton 2006), as individuals who arrive earlier begin
breeding earlier (Nilsson and Persson1994), lay more eggs
(Dalhaug et al. 1996), and show the highest fledging success
(Brinkhof et al. 1993). Surf scoters are one of the most
northerly nesting duck species (Goudie et al. 1994), and re-
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lata) migrating along the Pacific coast in two consecutive years.
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Inland
Departure Stopover Settling
Arrival

Ordinal date (days) Latitude (°N)  No. LOS (days) (ordinal date; days) Ordinal date (days) Latitude (°N)
151.0 49.8 2 35 155.5 158.0 60.5
132.0 49.4 2 4.3 136.0 140.5 60.5
141.0 59.3 1 2.0 143.0 143.0 67.6
146.5 57.6 1 5.0 151.5 151.5 67.6
145.0 50.0 4 3.0 150.0 157.0 60.9
125.5 49.3 2 9.5 137.5 144.5 60.9
136.0 57.6 1 6.0 142.0 142.0 62.4
142.0 57.9 0 0.0 142.0 142.0 62.4
127.0 48.3 3 7.0 141.0 148.0 60.0
126.5 49.0 2 11.0 130.5 148.5 60.0
126.0 48.7 3 5.7 141.0 143.0 60.8
125.0 47.7 2 7.5 140.0 140.0 60.8

production in arctic and subarctic nesting species may be
particularly sensitive to arrival timing given the limited
number of ice-free days available for nesting (Hupp et al.
2006; Takekawa et al. 2010). We could not determine if
marked birds that appeared to be nesting successfully pro-
duced broods, thus it is not clear if wintering site or route
use had implications for ultimate reproductive success.

Chronology data for six spring migrants across 2 years
provided additional evidence of the ability of individuals to
adjust their strategy depending on changing conditions.
While in each year these birds followed the same route to
the same nest sites, timing of departure from wintering site
and coast were highly variable. During both years, Southern
Inland migrants had longer inland migrations than scoters
following the Northern Coastal route. Four individuals ar-
rived and settled to nesting areas on the same day, and three
birds did this during both years. Individuals may have been
able to adjust their migration timing in relation to weather or
variable foraging conditions en route to arrive at the breed-
ing area within the same narrow breeding window each year
(Farmer and Wiens 1999; Drent et al. 2003).

Stopover ecology

Individually marked birds in our study made short “hops”
or slightly longer “skips” (Piersma 1987) between stopover
sites along the coast. Individuals that migrated along the
coast used at least one stopover site, but this increased with
distance traveled. Making series of short flights such as this
is energetically cheaper than covering the distance in long
flights, and may indicate the availability of good stopover
habitat resources (Piersma 1987). North of their wintering
sites, scoters used each of the broad coastal stopover areas
that we delineated, with the exception that SQ birds did not
stop in two areas. On the lower coast below Puget Sound,
the San Francisco Bay, the Central California coast, and Or-
egon coast were used as staging areas. Little is known about
habitat use and foraging ecology of scoters during spring
migration at sites along this stretch of the lower Pacific
coast. Scoters are likely not foraging on herring roe in Cali-
fornia, as spawns in this region occur prior to the initiation
of migration. For example, the peak of herring spawn in San

Francisco Bay is in January, and most spawn events are
completed by March (California Department of Fish and
Game 2005). However, on the Oregon coast, herring spawn-
ing can last through April (Haegele and Schweigert 1985)
and may be available to migrating scoters.

Once migrants reach PS and latitudes north of this migra-
tion area, LOS at stopover sites increases dramatically and it
is unclear what factors drive this change. Lok (2008) pro-
vide evidence that migrating scoters make prolonged visits
to herring spawn sites at these latitudes, but they also found
scoter use of spawn varied and birds did not respond to all
spawn sites. The two coastal areas that had the greatest
number of staging individuals and the longest LOS were the
Puget Sound and Haines Southeast Alaska migration areas.
Both are the final stopover areas before inland migration for
the majority of Pacific coast surf scoters that use the South-
ern Inland and Northern Coastal routes. These areas histori-
cally have supported very large herring spawns (Stick 2005;
Lok 2008), the timing of which corresponds with the migra-
tion of scoters. However, in both areas, herring populations
have declined dramatically in the past several years (Stick
2005; Willson and Womble 2006).

Regardless of the source of food in these areas, studies of
arctic-nesting birds have established the critical importance
of the final staging area before take-off to breeding areas
for building capital income (Drent et al. 2003; Prop et al.
2003). An extended stay in the Lynn Canal region within
the Haines Southeast Alaska migration area to accumulate
energy stores may be valuable for scoters using the Northern
Coastal route, as the largely mountainous path they take to
the breeding area seems to present limited opportunities to
stop at thawed lakes for foraging. Instead, these birds mi-
grate inland rapidly, making few stops and arriving shortly
before initiating nesting. The strategy of scoters using the
Southern Inland route allows them time to forage at more
southern interior sites. Several inland stopover areas were
used by a large number of individuals, but staging was most
prevalent in the Fraser River Plateau (encompassed by the
Southern Inland British Columbia and Central Inland British
Columbia migration areas) and in the Lesser Slave Lake
area. These areas are characterized by lower elevation river
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Fig. 7. Repeated migratory routes for six individual female surf scoters (Melanitta perspicillata) from two wintering sites (Puget Sound
(PS), San Francisco Bay (SF)) followed by satellite transmitter during the springs of 2005 and 2006. Solid lines represent first journeys
(2005) and broken lines indicate second journeys (2006). Circles represent stopover sites in 2005, whereas squares represent stopovers in
2006.

©m 43888 PS
@m 53978 PS
@l 53980 PS
55912 SF
@l 55914 SF
@l 55919 SF
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drainages and lakes, as opposed to other more mountainous
stopover areas. Scoters have been observed using freshwater
lakes during migration (Savard et al. 1998), and several in-
dividuals in this study staged at the same large lakes on the
Fraser River Plateau.

Conservation implications and future research

Conservation of migratory birds requires a complete
understanding of year-round geographical ranges and habitat
requirements (Webster et al. 2002). Until recently, very little
was known about the life history of the surf scoter, includ-
ing connectivity between wintering sites and breeding areas
(Sea Duck Joint Venture (SDJV) Management Board
2001)3. Results from our effort to delineate spring migration
of surf scoters indicate that individual scoters do not follow
specific routes to the breeding area based on their wintering
site. However, our study does show that different migratory
routes confer unique migratory strategies and have strong
latitudinal relationships to nest sites. Given these relation-
ships, it seems possible to examine whether or not one mi-
gratory route is more advantageous than another by looking
at reproductive success of individuals at different latitudes.

It should also be possible to use stable isotope ratios in
somatic tissues and eggs to determine if marine or fresh-
water reserves accumulated during spring migration play a
bigger role in the body condition and reproduction of indi-
viduals taking one route over another (Gauthier et al. 2003;
Schmutz et al. 2006; Yerkes et al. 2008). These methods
would be useful in discerning the effects of climate change
and habitat loss on scoters following coastal or inland strat-
egies. As a result of climate change, migratory birds have
been shown to alter their migration phenology in an attempt
to match changing temperatures or prey phenology (Cotton
2003; Drever and Clark 2007). Temperature change could
alter spawning timing of Pacific herring or the emergence
of invertebrates in freshwater lakes, and thus could affect
birds disproportionately depending on their migration strat-
egy.

Our study underscores the importance of the Puget Sound,
Strait of Georgia, and Lynn Canal as final coastal staging
areas for the majority of Pacific coast surf scoters. In addi-
tion to these and other specific southeast Alaska coastal
staging sites already deemed significant to migrating surf
scoters (see Lok 2008), our broader view of scoter migration
routes highlights the need to better understand the role and
importance of stopover areas in California and on the Ore-
gon coast. Similarly, inland lakes and drainages on the
Fraser River Plateau, British Columbia, and in northern Al-
berta were identified as key staging areas for migrating
scoters, but little is known about their resource value for
this species. Use of these stopover areas should be further
evaluated to identify specific areas that may be important to
conserve.

Acknowledgements

This study was funded by the USGS Alaska Science Cen-
ter (SQ), the Sea Duck Joint Venture (SQ, SG, PS), USGS
Western Ecological Research Center under the Coastal Eco-
systems and Land-Sea Interface Program (SF), the CALFED
Ecosystem Restoration Program Mercury Project (SF), the
Dennis Raveling Chair at the University of California (SF),

1083

and Signals of Spring (SF). Many individuals working from
all four wintering sites contributed to make this project suc-
cessful. We thank E. Bohman, T. Bowman, K. Brodhead, S.
Duarte, S. Duarte-Etchart, C. Eldermire, P. Fontaine, A.
Keech, S. Iverson, E. Lok, D. Mulcahy, D. Rizzolo, K.
Sage, and M. Shepherd (SQ); E. Palm, D. Gaube, L. Terra-
zas, J. Anhalt, C. Kereki, J. Chastant, H. Goyert, J. Wasley,
J. Seyfried, P. Gibbons, M. Nagendran, C. Scott, P. Tucker,
C. Salido (SF); B. Hall, J. Gaydos, D. Lambourn, T. Cyra,
B. Murphie, G. Schirato (PS); and D. Mulcahy, S. Iverson
(SG) for their helpful field assistance. We thank E. Palm
and K. Spragens for their help with data compilation and
figures for the manuscript. We also thank T. Bowman
(SDJV) who encouraged the integration of our data, as well
as J. Eadie, K. Miles, M. Johnson, S. Iverson, and K. Spra-
gens for helpful discussions and comments on earlier drafts.
Use of trade names does not imply government endorse-
ment.

References

Alerstam, T., and Lindstrom, A. 1990. Optimal bird migration: the
relative importance of time, energy and safety. /n Bird migra-
tion: physiology and ecophysiology. Edited by E. Gwinner.
Springer-Verlag, Berlin. pp. 331-351.

Alerstam, T., Hake, M., and Kjellén, N. 2006. Temporal and spatial
patterns of repeated migratory journeys by ospreys. Anim.
Behav. 71(3): 555-566. doi:10.1016/j.anbehav.2005.05.016.

Anderson, E.M., Lovvorn, J.R., and Wilson, M.T. 2008. Reevaluat-
ing marine diets of surf and white-winged scoters: interspecific
differences and the importance of soft-bodied prey. Condor,
110(2): 285-295. doi:10.1525/cond.2008.8458.

Anderson, E.M., Lovvorn, J.R., Esler, D., Boyd, W.S., and
Stick, K.C. 2009. Using predator distributions, diet, and con-
dition to evaluate seasonal foraging sites: sea ducks and her-
ring spawn. Mar. Ecol. Prog. Ser. 386: 287-302. doi:10.3354/
meps08048.

Atkinson, P.W., Baker, A.J., Bevan, R.M., Clark, N.A., Cole, K.B.,
Gonzalez, P.M., Newton, J., Niles, L.J., and Robinson, R.A.
2005. Unravelling the migration and moult strategies of a long-
distance migrant using stable isotopes: Red Knot Calidris canu-
tus movements in the Americas. Ibis, 147(4): 738-749. doi:10.
1111/5.1474-919x.2005.00455 x.

Bauer, S., Van Dinther, M., Hggda, K.-A., Klaassen, M., and Mad-
sen, J. 2008. The consequences of climate-driven stop-over sites
changes on migration schedules and fitness of Arctic geese. J.
Anim. Ecol. 77(4): 654-660. doi:10.1111/j.1365-2656.2008.
01381.x. PMID:18397249.

Bellrose, F.C. 1980. Ducks, geese, and swans of North America. A
Wildlife Management Institute Book, Stackpole Books, Harris-
burg, Pa.

Berthold, P., Bossche, W., Jakubiec, Z., Kaatz, C., Kaatz, M.,
and Querner, U. 2002. Long-term satellite tracking sheds light
upon variable migration strategies of White Storks (Ciconia ci-
conia). J. Ornithol. 143(4): 489-495. doi:10.1007/BF02465604.

Bishop, M.A., and Green, S.P. 2001. Predation on Pacific herring
(Clupea pallasi) spawn by birds in Prince William Sound,
Alaska. Fish. Oceanogr. 10(Suppl. 1): 149-158. doi:10.1046/j.
1054-6006.2001.00038.x.

Black, J.M., Prop, J., and Larsson, K. 2007. Wild goose dilemmas:
population consequences of individual decisions in barnacle
geese. Branta Press, Groningen, the Netherlands.

Brinkhof, M.W.G., Cavé, A.J., Hage, F.J., and Verhulst, S. 1993.

Published by NRC Research Press



1084

Timing of reproduction and fledging success in the coot Fulica
atra: evidence for a causal relationship. J. Anim. Ecol., 62(3):
577-587. doi:10.2307/5206.

Calbick, K.S., McAllister, R., Marshall, D., and Litke Fraser, S.
2004. River Basin case study, British Columbia, Canada. A re-
port to the Agriculture and Rural Development Department at
the World Bank, Washington, D.C.

California Department of Fish and Game. 2005. Summary of the
2004-2005 Pacific herring commercial fisheries in San Fran-
cisco Bay. CDFG Marine Region, Bodega Bay, Calif.

Catry, P., Encarnacdo, V., Araifijo, A., Fearon, P., Fearon, A., Ar-
melin, M., and Delaloye, P. 2004. Are long-distance migrant
passerines faithful to their stopover sites? J. Avian Biol. 35(2):
170-181. doi:10.1111/j.0908-8857.2004.03112.x.

Cotton, P.A. 2003. Avian migration phenology and global climate
change. Proc. Natl. Acad. Sci. U.S.A. 100(21): 12219-12222.
doi:10.1073/pnas.1930548100. PMID:14519854.

Dalhaug, L., Tombre, I.M., and Erikstad, K.E. 1996. Seasonal de-
cline in clutch size of the Barnacle Goose in Svalbard. Condor,
98(1): 42-47. doi:10.2307/1369506.

Douglas, D.C. 2006. PC-SAS Argos Filter V7.03 Software Docu-
mentation. U.S. Geological Survey, Alaska Biological Science
Center, Anchorage, Alaska, USA. Available from http://alaska.
usgs.gov/science/biology/spatial/douglas.html [accessed 11 July
2008].

Drent, R.H., Both, C., Green, M., Madsen, J., and Piersma, T.
2003. Pay-offs and penalties of competing migratory schedules.
Oikos, 103(2): 274-292. doi:10.1034/j.1600-0706.2003.12274 x.

Drent, R.H., Fox, A.D., and Stahl, J. 2006. Travelling to breed. J.
Ornithol. 147(2): 122-134. doi:10.1007/s10336-006-0066-4.

Drent, R.H., Eichhorn, G., Flagstad, A., Van der Graaf, A.J., Lit-
vin, K.E., and Stahl, J. 2007. Migratory connectivity in Arctic
geese: spring stopovers are the weak links in meeting targets
for breeding. J. Ornithol. 148(Suppl. 2): S510-S514. doi:10.
1007/s10336-007-0223-4.

Drever, M.C., and Clark, R.G. 2007. Spring temperature, clutch in-
itiation date and duck nest success: a test of the mismatch hy-
pothesis. J. Anim. Ecol. 76(1): 139-148. doi:10.1111/j.1365-
2656.2006.01183.x. PMID:17184362.

Eadie, J.M., Mallory, M.L., and Lumsden, H.G. 1995. Common
goldeneye (Bucephala clangula). In The birds of North America
online. Edited by A. Poole. Cornell Lab of Ornithology, Ithaca,
N.Y. Available from http://bna.birds.cornell.edu/bna/species/170
[accessed 01 October 2008].

Farmer, A.H., and Wiens, J.A. 1998. Optimal migration schedules
depend on the landscape and the physical environment: a dy-
namic modeling view. J. Avian Biol. 29(4): 405-415. doi:10.
2307/3677159.

Farmer, A.H., and Wiens, J.A. 1999. Models and reality: time—
energy trade-offs in Pectoral Sandpiper (Calidris melanotos)
migration. Ecology, 80: 2566-2580.

Gauthier, G., Bety, J., and Hobson, K.A. 2003. Are Greater Snow
Geese capital breeders? New evidence from a stable-isotope
model. Ecology, 84(12): 3250-3264. doi:10.1890/02-0613.

Gill, J.A., Norris, K., Potts, P.M., Gunnarsson, T.G., Atkinson,
P.W., and Sutherland, W.J. 2001. The buffer effect and large-
scale population regulation in migratory birds. Nature (London),
412(6845): 436-438. doi:10.1038/35086568. PMID:11473317.

Goudie, R.I., Brault, S., Conant, B., Kondratyev, A.V., Petersen,
M.R., and Vermeer, K. 1994. The status of sea ducks in the
north Pacific Rim: toward their conservation and management.
Trans. N. Am. Wildl. Nat. Resour. Conf. 59: 27-49.

Haegele, C.W., and Schweigert, J.F. 1985. Distribution and charac-

Can. J. Zool. Vol. 87, 2009

teristics of herring spawning grounds and description of spawn-
ing behavior. Can. J. Fish. Aquat. Sci. 42(Suppl. 1): S39-S55.

Harley, C.D., Randall Hughes, A., Hultgren, K.M., Miner, B.G.,
Sorte, C.J.B., Thornber, C.S., Rodriguez, L.F., Tomanek, L.,
and Williams, S.L. 2006. The impacts of climate change in
coastal marine systems. Ecol. Lett. 9(2): 228-241. doi:10.1111/
j-1461-0248.2005.00871.x. PMID:16958887.

Hodges, J.I., King, J.G., Conant, B., and Hanson, H.A. 1996. Aerial
surveys of waterbirds in Alaska 1957-94: population trends and
observer variability. Information and Technology Report 4, U.S.
Department of the Interior (USDOI), National Biological Ser-
vice, Washington, D.C.

Hupp, J.W., Ruhl, G.A., Pearce, J.M., Mulcahy, D.M., and Tomeo,
M.A. 2003. Effects of implanted radiotransmitters with percuta-
neous antennas on the behavior of Canada geese. J. Field
Ornithol. 74: 250-256.

Hupp, J.W., Schmutz, J.A., and Ely, C.R. 2006. The prelaying in-
terval of emperor geese on the Yukon-Kuskokwim Delta,
Alaska. Condor, 108(4): 912-924. doi:10.1650/0010-5422(2006)
108[912: TPIOEG]2.0.CO;2.

Iverson, S.A., Esler, D., and Boyd, W.S. 2003. Plumage
characteristics as an indicator of age class in the surf sco-
ter. Waterbirds, 26(1): 56-61. doi:10.1675/1524-4695(2003)
026[0056:PCAAIO]2.0.CO;2.

Iverson, S.A., Boyd, W.S., Esler, D., Mulcahy, D.M., and Bow-
man, T.D. 2006. Comparison of the effects and performance
of four types of radiotransmitters for use with scoters. Wildl.
Soc. Bull. 34(3): 656-663. doi:10.2193/0091-7648(2006)
34[656:COTEAP]2.0.CO;2.

Kaiser, G.W., Derocher, A.E., Crawford, S., Gill, M.J., and Man-
ley, ILA. 1995. A capture technique for marbled murrelets in
coastal inlets. J. Field Ornithol. 66: 321-333.

Kirk, M.K., Esler, D., and Boyd, W.S. 2007. Foraging effort of surf
scoters (Melanitta perspicillata) wintering in a spatially and
temporally variable prey landscape. Can. J. Zool. 85(12): 1207-
1215. doi:10.1139/207-105.

Kirk, M.K., Esler, D., Iverson, S.A., and Boyd, W.S. 2008. Move-
ments of wintering surf scoters: predator responses to different
prey landscapes. Oecologia (Berl.), 155(4): 859-867. doi:10.
1007/500442-007-0947-0.

Klaassen, M., Abraham, K.F., Jefferies, R.L., and Vrtiska, M. 2006.
Factors affecting the site of investment, and the reliance on sav-
ings for arctic breeders: the capital-income dichotomy revisited.
Ardea, 94: 371-384.

Korschgen, C.E., Kenow, K.P., Gendron-Fitzpatrick, A., Green,
W.L., and Dein, F.J. 1996. Implanting intra-abdominal radio
transmitters with external whip antennas in ducks. J. Wildl.
Manage. 60(1): 132—137. doi:10.2307/3802047.

Lewis, T., Esler, D., and Boyd, W.S. 2007. Foraging behaviors of
surf scoters and white-winged scoters during spawning of pacific
herring. Condor, 109(1): 216-222. doi:10.1650/0010-5422(2007)
109[216:FBOSSA]2.0.CO:;2.

Lind, J. 2004. What determines probability of surviving predator
attacks in bird migration?: the relative importance of vigilance
and fuel load. J. Theor. Biol. 231(2): 223-227. doi:10.1016/j.
jtbi.2004.06.016. PMID:15380386.

Lok, E.K. 2008. Site use and migration of scoters (Melanitta spp.)
in relation to the spawning of Pacific herring (Clupea pallasi).
M.S. thesis, Simon Fraser University, Burnaby, B.C.

Marra, P.P., Hobson, K.A., and Holmes, R.T. 1998. Linking winter
and summer events in a migratory bird by using stable-carbon
isotopes. Science (Washington, D.C.), 282(5395): 1884-1886.
doi:10.1126/science.282.5395.1884. PMID:9836637.

Mather, D.D., and Esler, D. 1999. Evaluation of bursal depth as an

Published by NRC Research Press



De La Cruz et al.

indicator of age class of harlequin ducks. J. Field Ornithol. 70:
200-205.

Mehlman, D.W., Mabey, S.E., Ewert, D.N., Duncan, C., Abel,
B., Cimprich, D., Sutter, R.D., and Woodrey, M. 2005.
Conserving stopover sites for forest-dwelling migratory land-
birds. Auk, 122(4): 1281-1290. doi:10.1642/0004-8038(2005)
122[1281:CSSFFM]2.0.CO:;2.

Miller, M.R., Takekawa, J.Y., Fleskes, J.P., Orthmeyer, D.L., Ca-
sazza, M.L., and Perry, W.M. 2005. Spring migration of north-
ern pintails from California’s Central Valley wintering area
tracked with satellite telemetry: routes, timing, and destinations.
Can. J. Zool. 83(10): 1314-1332. doi:10.1139/205-125.

Mosbech, A., Gilchrist, G., Merkel, F., Sonne, C., Flagstad, A., and
Nyegaard, H. 2006. Year-round movements of Northern Com-
mon Eiders Somateria mollilssima borealis breeding in Arctic
Canada and West Greenland followed by satellite telemetry.
Ardea, 94: 651-665.

Mulcahy, D.M., and Esler, D. 1999. Surgical and immediate post-
release mortality of harlequin ducks (Histrionicus histrionicus)
implanted with abdominal radio transmitters with percutaneous
antennae. J. Zoo Wildl. Med. 30(3): 397-401. PMID:10572863.

Newton, I. 2004. Population limitation in migrants. Ibis, 146(2):
197-226. doi:10.1111/j.1474-919X.2004.00293 x.

Newton, I. 2006. Can conditions experienced during migration
limit the population levels of birds? J. Ornithol. 147(2): 146—
166. doi:10.1007/s10336-006-0058-4.

Nilsson, L., and Persson, H. 1994. Factors affecting the breeding
performance of a marked greylag goose Anser anser population
in south Sweden. Wildfowl, 45: 33-48.

Nysewander, D.R., Evenson, J.R., Murphie, B.L., and Cyra, T.A.
2003. Trends observed for selected marine bird species during
1993-2002 winter aerial surveys, conducted by the PSAMP
Bird Component in the Inner Marine Waters of Washington
State. In Proceedings of the 2003 Georgia Basin/Puget Sound
Research Conference: Vancouver, B.C., 31 March — 3 April
2003. Edited by Toni Droscher and David A. Fraser.

Olsen, G.H., Dein, F.J., Haramis, G.M., and Jorde, D.G. 1992. Im-
planting radiotransmitters in wintering canvasbacks. J. Wildl.
Manage. 56(2): 325-328. doi:10.2307/3808830.

Pearce, J.M., Talbot, S.L., Petersen, M.R., and Rearick, J.R. 2005.
Limited genetic differentiation among breeding, molting, and
wintering groups of the threatened Steller’s eider: the role of
historic and contemporary factors. Conserv. Genet. 6(5): 743—
757. doi:10.1007/s10592-005-9034-4.

Piersma, T. 1987. Hop, skip, or jump? Constraints on migration of
Arctic waders by feeding, fattening, and flight speed. Limosa,
60: 185-194.

Piersma, T. 2003. “Coastal” versus “inland” shorebird species:
interlinked fundamental dichotomies between their life and de-
mographic histories? Wader Study Group Bull. 100: 5-9.

Pomeroy, A.C., Acevedo Seaman, D.A., Butler, R W., Elner, RW.,
Williams, T.D., and Ydenberg, R.C. 2008. Feeding-danger trade-
offs underlie stopover selection by migrants. Avian Conserv.
Ecol. 3(1): 7-23.

Prop, J., Black, J.M., and Shimmings, P. 2003. Travel schedules to
the high arctic: barnacle geese trade-off the timing of migration
with accumulation of fat deposits. Oikos, 103(2): 403—414.
doi:10.1034/j.1600-0706.2003.12042.x.

Rohwer, F.C. 1992. The evolution of reproductive patterns in
waterfowl. In Ecology and management of breeding waterfowl.
Edited by B.D.J. Batt, A.D. Afton, M.G. Anderson, C.D. An-
kney, D.H. Johnson, J.A. Kadlec, and G.L. Krapu. University of
Minnesota Press, Minneapolis. pp. 486-539.

1085

Rotella, J.J., Howerter, D.W., Sankowski, T.P., and Devries, J.H.
1993. Nesting effort by wild mallards with three types of radio
transmitters. J. Wildl. Manage. 57(4): 690-695. doi:10.2307/
3809067.

SAS Institute Inc. 2005. SAS. Version 9.1 [computer program].
SAS Institute Inc., Cary, N.C.

Savard, J.P.L., Bordage, D., and Reed, A. 1998. Surf Scoter (Mela-
nitta perspicillata). In The birds of North America. No. 363.
Edited by A. Poole and F. Gill. The Birds of North America,
Inc., Philadelphia, Pa.

Schamber, J.L., Esler, D., and Flint, P.L. 2009. Evaluating the va-
lidity of using unverified indices of body condition. J. Avian
Biol. 40(1): 49-56. doi:10.1111/j.1600-048X.2008.04462 x.

Schmaljohann, H., and Dierschke, V. 2005. Optimal bird migration
and predation risk: a field experiment with northern wheatears
Oenanthe oenanthe. J. Anim. Ecol. 74(1): 131-138. doi:10.
1111/5.1365-2656.2004.00905 .x.

Schmutz, J.A., Hobson, K.A., and Morse, J.A. 2006. An isotopic
assessment of protein from diet and endogenous stores: effects
on egg production and incubation behaviour of geese. Ardea,
94: 385-397.

Skagen, S.K., and Knopf, F.L. 1994. Residency patterns of migrat-
ing sandpipers at a midcontinental stopover. Condor, 96(4):
949-958. doi:10.2307/1369104.

Stewart, R.B., Wheaton, E., and Spittlehouse, D.L. 1998. Climate
change: implications for the Boreal forest. /n Emerging Air Is-
sues for the 21st Century: The Need for Multidisciplinary Man-
agement. Proceedings of a Specialty Conference, Calgary, Alta.,
22-24 September 1997. Edited by A.H. Legge and L.L. Jones.
Air and Waste Management Assoc., Pittsburg, Pa. pp. 86-101.

Stick, K.C. 2005. 2004 Washington State herring stock status re-
port. Washington Department of Fish and Wildlife, Fish Pro-
gram, Fish Management Division, Olympia.

Sullivan, T.M., Butler, R.-W., and Boyd, W.S. 2002. Seasonal dis-
tribution of waterbirds in relation to spawning Pacific herring,
Clupea pallasi, in the Strait of Georgia, British Columbia. Can.
Field-Nat. 116: 366-370.

Sutherland, W.J. 1996. From individual behaviour to population
ecology. Oxford University Press, New York.

Takekawa, J.Y., De La Cruz, S.E.-W., Wilson, M.T., Palm, E.C.,
Yee, J., Nysewander, D.R., Evenson, J.R., Eadie, J.M., Esler,
D., Boyd, W.S., and Ward, D.H. 2010. Breeding synchrony,
sympatry, and nesting areas of Pacific coast surf scoters (Mela-
nitta perspicillata) in the Northern Boreal Forest. Stud. Avian
Biol. In press.

Todd, C.S., Young, L.S., Owen, R.B., Jr., and Gramlich, F.J. 1982.
Food habits of bald eagles in Maine. J. Wildl. Manage. 46(3):
636-645. doi:10.2307/3808554.

Trost, R.E. 2002. Pacific Flyway 2001-2002 Fall and Winter
Waterfowl Survey Report. U.S. Fish and Wildlife Service,
Office of Migratory Bird Management, Portland, Ore.

Vrugt, J.A., van Belle, J., and Bouten, W. 2007. Pareto front analy-
sis of flight time and energy use in long-distance bird migration.
J. Avian Biol. 38(4): 432-442. doi:10.1111/j.0908-8857.2007.
03909.x.

Warnock, N., and Bishop, M.A. 1998. Spring stopover ecology of
migrant western sandpipers. Condor, 100(3): 456-467. doi:10.
2307/1369711.

Weber, T.P., Ens, B.J., and Houston, A.I. 1998. Optimal avian mi-
gration: a dynamic model of fuel stores and site use. Evol. Ecol.
12(4): 377-401. doi:10.1023/A:1006560420310.

Webster, M.S., Marra, P.P., Haig, S.M., Bensch, S., and Holmes,
R.T. 2002. Links between worlds: unraveling migratory connec-

Published by NRC Research Press



1086

tivity. Trends Ecol. Evol. 17(2): 76-83. doi:10.1016/S0169-
5347(01)02380-1.

Willson, M.F., and Womble, J.N. 2006. Vertebrate exploitation of
pulsed marine prey: a review and the example of spawning her-
ring. Rev. Fish Biol. Fish. 16(2): 183-200. doi:10.1007/s11160-
006-9009-7.

Can. J. Zool. Vol. 87, 2009

Yerkes, T., Hobson, K.A., Wassenaar, L.I., Macleod, R., and Co-
luccy, J.M. 2008. Stable isotopes (8D, 8'3C, §!°N) reveal asso-
ciations among geographic location and condition of Alaskan
Northern Pintails. J. Wildl. Manage. 72(3): 715-725. doi:10.
2193/2007-115.

Published by NRC Research Press




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


