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Abstract. Recent declines in sea duck popula-
tions have highlighted the need for additional 
basic research across the life cycle of these 
long-distance migratory birds. A lack of basic 
ecological information on Surf Scoters (Melan-
itta perspicillata), including the linkage between 
wintering and breeding areas and description 
of their nesting areas, is a major impediment to 
determining factors contributing to their decline. 
We marked 415 Surf Scoters with radio and sat-
ellite transmitters at four wintering areas along 
the Pacific coast to describe their breeding syn-
chrony, sympatry, philopatry, and nesting areas 
selection in the northern boreal forest (NBF). 
Their primary breeding region was located in 
the western NBF centered on the Great Slave 
and Great Bear Lakes in the Northwest Ter-
ritories, Canada, and their mean settling date 
(31 May) was remarkably synchronous (�0.9 d). 
We developed a nearest-neighbor statistic C to 
examine nesting areas of individuals from dif-
ferent wintering areas and found that they were 
not clustered (C � 0.031, P � 0.15), but nests 
of eight individuals found in successive years 

were highly philopatric and within 1.2 � 0.2 km 
of their previous locations. Finally, we compared 
nesting areas and random locations with step-
wise selection in a second-order Akaike Infor-
mation Criterion (AICc) analysis to identify the 
best models. Key landscape features included 
distance to snowline, elevation gradient, num-
bers of lakes, distance to treeline, and latitude. A 
nonparametric classification and regression tree 
(CART) showed that nesting areas were in an arc 
of habitat near snowline (�218 km), in lower 
elevation gradients (�14 m/km), and in areas 
with 3–6 lakes within 2 � 2 km. Climate change 
is predicted to have the greatest effects on more 
northern ecosystems, and NBF species like Surf 
Scoters with relatively inflexible breeding ecol-
ogy may be adversely affected if they are unable 
to adapt quickly to rapidly changing conditions.
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Understanding relationships between non-
breeding and breeding populations is fun-
damental to our knowledge of migratory 

bird ecology. Although many studies have exam-
ined migratory populations during wintering or 
breeding periods, few cross-seasonal studies have 
been undertaken on individual birds across these 
primary life-cycle stages (Webster et al. 2002). The 
primary reason that such research has been lim-
ited is because of the great difficulty in relocating 
individuals at both ends of their migratory routes. 
However, the development of satellite telemetry 
over the past decade has made such studies feasi-
ble for larger migratory birds such as waterfowl.
 Information on migratory connectivity has been 
exceedingly sparse for sea ducks (Tribe Mergini) 
in North America, most of which winter in the 
temperate coastal waters and breed in remote 
sub-Arctic and Arctic regions. One species, the 
Surf Scoter (Melanitta perspicillata), breeds from 
Labrador to Alaska and winters along the Pacific 
and Atlantic coasts (Savard et al. 1998). Surf Scot-
ers are the only scoter endemic to North America, 
and little is known about their breeding distribu-
tion and abundance, because this species nests 
in very low densities across an extensive range 
(Savard et al. 1998).
 Surf Scoters nest in the northern boreal for-
est (NBF), a region characterized by extremes 
in temperatures and precipitation, low plant 
species diversity, recurring disturbances such 
as fire, dramatic fluctuations in insect and ver-
tebrate populations, and sparse human popula-
tions (Shugart et al. 1972, Chapin et al. 2006). 
Physical and biological processes in the NBF are 
shaped by low temperatures and permafrost soil; 
organisms residing in the NBF are adapted to 
low temperatures (Chapin et al. 2006). The NBF 
has been described as a region with relatively 
stable wetland habitats (Jessen 1981), but in the 
past three decades, many areas of the NBF in 
western North America have warmed more rap-
idly than any other region on earth (Serreze et al. 
2000). Sea ducks are the most northerly nesting 
of the ducks (Goudie et al. 1994), and climate-
induced change, including alteration of wetlands 
(Smol and Douglas 2007), has been predicted to 
have the greatest effect on northern ecosystems 
(Soja et al. 2007).
 Migratory birds such as the Surf Scoter occupy the 
NBF for 3–4 months of the year. Their productivity 
is a compromise of competing migratory schedules 

(Drent et al. 2003), where a lack of resources early in 
the season is balanced against declining reproduc-
tive success with advancing date. Surf Scoters pair 
on the wintering grounds and begin laying eggs in 
early June. Males depart soon after egg laying while 
females tend broods (Savard et al. 1998). Their habi-
tat preferences for nesting areas are not known, but 
the few nests that have been reported are well con-
cealed under conifers at variable distances to open 
water (Savard et al. 1998).
 Surf Scoters are counted annually during the 
breeding waterfowl surveys in May; however, scoter 
numbers are not well documented, because the 
extent and timing of the May surveys are targeted 
for Mallards (Anas platyrhynchos) and survey cover-
age is less extensive within the NBF than in other 
waterfowl breeding habitats (Smith 1995, Hodges 
et al. 1996). During the annual May breeding sur-
vey, the majority of Surf Scoters are found in the 
NBF strata. Nevertheless, long-term surveys indi-
cate declining trends in the breeding population of 
Surf Scoters (Goudie et al. 1994, Hodges et al. 1996, 
Savard et al. 1998, Sea Duck Joint Venture 2001, 
USFWS 2002, Nysewander et al. 2004). The Surf 
Scoter population has been estimated at 536,000 
breeding birds (Goudie et al. 1994), and over the 
past two decades, the population has decreased 
nearly 50% (Sea Duck Joint Venture 2001).
 Coincident with the declines on the breeding 
grounds, the number of Surf Scoters wintering 
in Pacific coast estuaries also has declined over 
the past two decades (USFWS 2002, Nysewander 
et al. 2004). These wintering areas face a variety 
of anthropogenic threats, such as contaminant 
exposure, nonnative species invasions, aquacul-
ture, physical habitat alteration, and disturbance 
(Nichols et al. 1986, Carlton et al. 1990, Cohen 
and Carlton 1995, Savard et al. 1998, Linville et 
al. 2002, Nysewander et al. 2004). A lack of basic 
ecological information on Surf Scoters, including 
the linkage between wintering and breeding areas 
and description of their nesting areas, is a major 
impediment to determining factors contributing 
to their decline.
 In this study, we integrated results from Surf 
Scoters marked with satellite transmitters at four 
wintering areas along the Pacific coast. We docu-
mented the scope of their core breeding area, 
their nesting synchrony and site fidelity, and the 
level of connectivity of wintering and breeding 
areas. Finally, we examined landscape features 
of the NBF to determine if Surf Scoters selected 
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specific areas for nesting, and how predicted 
climate-induced changes in the NBF may affect 
their breeding ecology.

METHODS

Study Area

The wintering range of Surf Scoters on the Pacific 
coast extends from Alaska to Baja California, Mex-
ico (Savard et al. 1998). We compiled information 
from studies of Surf Scoters captured and marked 
at four wintering areas along the Pacific coast 
(Fig. 4.1). The wintering area name, coordinates, 
and approximate distance of their migration route 
to the breeding grounds (De La Cruz et al., 2009) 
included San Quintin Bay, Baja California, Mexico 
(SQ: 116.0�W, 30.4�N; 4,500 km), San Francisco Bay, 

California, USA (SF: 122.4�W, 37.8�N; 3,750 km); 
Puget Sound, Washington, USA (PS: 122.4�W, 
47.5�N; 2,000 km); and the Strait of Georgia, 
British Columbia, Canada (SG: 122.4�W, 49.3�N; 
2,500 km). We examined landscape features within 
the breeding distribution of Surf Scoters in the 
NBF region of western Canada and eastern Alaska. 
We used tree density data from a digital coverage 
of the NBF (E. Butterworth, pers. comm.) georef-
erenced in ArcMap v. 9.2 (ESRI Inc., Redlands, 
CA) to delineate the southern extent of available 
nesting habitats and the treeline coverage for the 
northern extent. On the basis of our preliminary 
fieldwork and the satellite transmitter data in 2003, 
we defined longitude 148�W in eastern Alaska as 
the western boundary and the Manitoba–Ontario 
border (�95.2�W) as the eastern boundary of the 
breeding range for our analyses (Fig. 4.1).

0–10%
10–50%
50–100%

Figure 4.1. Outline of the breeding range extent for Surf Scoters in the northern boreal forest from eastern Alaska to the 
Ontario border, where shading indicates percent tree cover. Symbols show breeding locations for nesting Surf Scoters from 
different wintering areas, including San Quintin Bay, Baja California, Mexico (SQ, star); San Francisco Bay, California, USA 
(SF, circle); Puget Sound, Washington, USA (PS, square); and Strait of Georgia, British Columbia, Canada (SG, diamond). 
Inset shows four wintering areas where Surf Scoters were captured and marked.
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Capture and Marking

We captured 415 Surf Scoters on their wintering 
grounds between November and March 2002–2006 
with floating mistnets (Kaiser at al. 1995) or a net 
shot from a netgun on a fast-moving boat. Each 
bird was sexed and aged, banded, and measured. 
Selected individuals were abdominally implanted 
(Korschgen et al. 1996) with a platform-transmitter-
terminal (PTT) satellite transmitter or very-high-
frequency (VHF) radio transmitter with an external 
antenna. A study comparing different attachment 
methods (Iverson et al. 2006) concluded that this 
type of coelomic implant provides reliable, unbiased 
telemetry location data. Marked birds were released 
after a recovery period of at least two hours. VHF 
transmitters provided a signal every 1–2 sec for the 
life of the transmitter, while PTT transmitters had 
duty cycles to record location data for 6–8 h and off 
for 48–96 h, depending on the seasonal program-
ming for the different project objectives.

Nesting Locations

Nesting locations of Surf Scoters were determined 
primarily from birds marked with satellite trans-
mitters. Locations were obtained from the Argos 
data system, which estimated positions by calcu-
lating the Doppler-effect shift with receivers on 
National Oceanic and Atmospheric Administra-
tion (NOAA) polar-orbiting weather satellites. In 
2003, 2005, and 2006, nesting locations were sup-
plemented from extensive aerial searches of Surf 
Scoters marked with VHF transmitters. Observers 
used 1–2 receivers to listen and locate marked indi-
viduals as they flew in fixed-wing aircraft (Cessna 
185 or 206) from Yellowknife (114.3�W, 62.5�N) 
outfitted with dual four-element Yagi antennas on 
their wing struts. Telemetry flights were flown in a 
grid pattern over most of the NBF in the Northwest 
Territories from Inuvik to the Alberta border and 
from the MacKenzie River in the west to treeline in 
the east. The initial, extensive aerial searches were 
conducted at higher elevations (�1,500 m) with an 
estimated detection range of 50 km for a total strip 
width of 100 km. Subsequent intensive searches 
were conducted at lower elevation (�800 m), 
focused on a core area (300 km � 900 km) between 
the Great Slave and Great Bear Lakes.
 For this analysis, we compiled the location 
data from all of the PTT-marked Surf Scoters and 
removed those with Argos location quality (LQ) 

classes of 0 (�1,500 m error), A, B, or Z (error not 
estimable). Although field comparison studies indi-
cate that accurate locations are obtained for a large 
proportion of locations in these lower LQ classes 
(see Miller et al. 2005), we used a conservative 
approach to describe the breeding distribution by 
analyzing only those locations with Argos LQ codes 
of 1 (�1,000 m), 2 (�350 m), or 3 (�150 m). We dis-
carded locations that were separated by less than an 
hour, since an hour was sufficient time for a scoter 
to cross its breeding home range, thereby reducing 
potential autocorrelation (White and Garrott 1990).
 The center of the nesting area for each bird was 
determined in ArcMap with the “mean center” tool 
in ArcToolbox. The distance from each location to 
the mean center was calculated with Hawth’s Tools 
(Beyer 2004), and outliers more than two standard 
deviations from the mean were deleted (�4% of 
the data). The remaining data were used to esti-
mate nest site locations for habitat analyses. Five 
Surf Scoters had bimodal distributions that may 
have represented two nesting attempts in separate 
areas; for these cases, we used the first cluster of 
locations for the analyses. Locations were placed 
into 2 � 2 km or 4 � 4 km grids (UTM Zone 10, 
NAD83; ArcMap Fishnet Tool; ESRI 1996) that 
covered the breeding range for our habitat analy-
ses. We used these two grid sizes to examine land-
scape features at different scales and to make use 
of available satellite datasets.
 We defined the primary breeding period as 
extending from 15 May to 1 July on the basis of 
our preliminary search data and reported nest 
timing for Surf Scoters (Savard and Lamothe 
1991, Savard et al. 1998). Although nests were not 
confirmed for the majority of the birds, we fol-
lowed a similar approach to Ely et al. (2006, 2007) 
to identify where repeated locations in a small 
area indicated likely breeding activity. Surf Scoters 
are single-brooded and have an estimated incuba-
tion period of 28–30 days (Savard et al. 1998), so 
we defined the settling date (SETD) for a bird as 
the first day that it arrived to a nesting area (typi-
cally �20 km2) where an individual was located 
for �25 days. Since Surf Scoters have one of the 
shortest seasonal pair bonds among waterfowl 
and males leave females within three weeks after 
arrival on breeding lakes (Savard et al. 1998), we 
only analyzed data from females. We tested SETD 
differences among birds from different wintering 
areas with analysis of variance and presented 95% 
confidence intervals.
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Nearest-Neighbor Analysis

We adapted the two-cluster, nearest-neighbor 
approach of Schilling (1986) and applied to bio-
logical problems by Rosing et al. (1998) along with 
the scale-independent approach and weighting 
method of Day et al. (1989; see also Cuzick and 
Edwards, 1990) to develop our analysis. The null 
hypothesis was that the locations of marked Surf 
Scoters from different wintering areas were thor-
oughly mixed and distributed randomly, while our 
alternative hypothesis was that they were found in 
non-random clusters. For each scoter, i, we deter-
mined the distance, di, to the nearest scoter from 
any wintering area, and calculated a cluster sta-
tistic function, Ci � �i/(di 	 d

_
), where  �i is an 

indicator function of whether the nearest scoter 
is of the same wintering area as scoter i, and d

_
 

is the average distance between all pairs of loca-
tions, independent of wintering area affiliation. 
The nearest neighbor cluster statistic C was set 
equal to the sum of all C
i (Fig. 4.2).
 We determined statistical significance with sim-
ulation tests by reassigning the wintering areas 
randomly to the configuration of locations while 
preserving the original sample sizes and recalcu-
lating C. We conducted a Monte Carlo simulation 
with 10,000 iterations to generate the distribution 
of C under the null hypothesis of random mix-
ing. After determining the overall result among 
the four wintering areas, we repeated the Monte 
Carlo simulation of 10,000 iterations for each pair 
of wintering areas to examine spatial separation.

Environmental Data

Boreal forest habitats have been characterized 
at different scales from general classification 
systems (Rempel et al. 1997), linking structure 
(environmental and biotic variables) and func-
tion (waterfowl use and productivity) to ground 
surveys relating wetland features (e.g., depth, 
area, perimeter, vegetation, amphipods) to brood-
rearing use (Fast et al. 2004). We used remote-
 sensing data sets and characterized landscape 
 features at a scale appropriate to describe a scoter’s 
nesting area, determined from satellite telemetry 
locations with a rough accuracy of about 1 km. The 
landscape features are defined below and included: 
snow-free date, snow-free date difference, latitude, 
distance to treeline, distance to snowline on set-
tling date, elevation, elevation gradient, number 
of lakes, water cover, ground cover, and tree cover. 
Elevation gradient and cover classes were esti-
mated at two grid scales (2 � 2 km, 4 � 4 km) 
similar to the scale of the satellite locations (1 km) 
to reduce potential cross-scale correlations (Battin 
and Lawler 2006). We used Hawth’s Tools (Beyer 
2004) to generate a set of random points, equal in 
number to the nesting birds found in a particular 
year (2003–2006), and to compare general NBF 
landscape features with the scoter nesting areas in 
an unconstrained design (Battin and Lawler 2006). 
Habitats unsuitable for nesting, such as mountain 
ranges devoid of trees, and very large lakes (i.e., 
Great Bear, Great Slave, Athabasca) were excluded 
from the analysis.

Figure 4.2. Depiction of method used to calculate a nearest-
neighbor cluster statistic C to examine differences in breeding 
locations for Surf Scoter areas wintering at four areas along the 
Pacific coast. Calculations were conducted for all pairs of loca-
tions, and statistical significance was determined with Monte 
Carlo simulations for 10,000  iterations under a null hypothesis 
of random mixing.
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 We estimated the snow-free date (SFDA), or 
the Julian Date when an area became snow-free, 
from the Interactive Multisensor Snow and Ice 
Mapping System (IMS), Daily Northern Hemi-
sphere Snow and Ice Analysis coverage (NOAA/
NESDIS/OSDPD/SSD 2006). A grid file was 
obtained for each day between 15 May and 1 July 
from 2003 to 2006 that was coded as 0 � no data, 
1 � open water, 2 � snow-free land, 3 � ocean 
or lake ice, or 4 � snow-covered land. The files 
were converted to raster format and displayed 
in ArcMap. Although the coverage was updated 
daily, the IMS is manually derived based on vis-
ual imagery, and persistent cloud cover may have 
resulted in large changes in snow cover between 
some updates. Snow cover varied greatly among 
years, so we used the same number of random 
points as nesting birds in each year to make the 
data set balanced. Thus, there were 7 random 
points for 2003, 3 for 2004, 26 for 2005, and 17 for 
2006, and a random date was selected from the 
breeding period (15 May to 1 July) and assigned to 
that point.
 We estimated snow-free date difference (SFDD) 
as the number of days between the settling date 
for a scoter and the snowmelt date at its nest-
ing area. Negative values indicated by how many 
days the settling date preceded the snowmelt, 
zero indicated that the bird arrived on the date 
the area became snow-free, and positive values 
indicated the number of days after snowmelt that 
the bird arrived.
 Distance to snowline (DSNO) was estimated as 
minimum distance (km) from the mean location 
of a nesting bird to the snowline (the boundary 
line coverage rather than individual pixels esti-
mated from the IMS) on that bird’s settling date 
as the snowline retreated to the northeast.
 We estimated the distance to treeline (DTRE) 
as the minimum distance from the nesting loca-
tion to the nearest edge of the treeline in Canada 
(treeline coverage, Ducks Unlimited Canada). 
The coverage did not extend into eastern Alaska, 
so here we estimated the treeline edge by deter-
mining the percent of tree cover (see vegetation 
cover below) below 5%.
 Latitude (LATD) was recorded as decimal degrees 
for random points and the estimated center point 
of the nesting areas.
 Elevation (ELEV; meters) and elevation gra-
dient (ELG2, ELG4) at 2 � 2 km and 4 � 4 km 
scales were estimated from topographic coverages 

converted from program Mapsource (Garmin 
International, Inc., Topo Canada, v. 2, Olathe, KS). 
Topographic maps were obtained for each loca-
tion and registered with three control points. Pro-
gram FastStone Capture was used to save these 
maps as image files, which were then reprojected 
for analyses to NAD 83, Zone 10 (ArcCatalog). For 
elevation gradient, we calculated the difference 
between the minimum and maximum elevation 
(m) and divided it by the horizontal distance (km) 
across a grid square at a particular scale.
 The number of lakes (NLK2, NLK4) within 
2 � 2 km or 4 � 4 km grids was estimated from 
the topographic coverages. A lake was included 
if any part of it was found within a particular 
grid. Water cover (WCV2, WCV4) was deter-
mined at 2 � 2 km and 4 � 4 km scales from 
the topographic coverages. Water cover esti-
mated the total percentage of a grid covered by 
water, unlike the NLK2 and NLK4 variables that 
determined whether Surf Scoters were found in 
areas with a few large lakes or a small number of 
lakes. For each bird and random point, we used 
the screen capture (FastStone Capture) and gray-
scale conversion (Scion Image) programs. The 
spatial scale of the images was standardized (Tool 
“Set Scale”) and pixels with water were selected 
(Tool “Density Slice”) by their grayscale values 
to estimate the extent of lakes and streams (Tool 
“Measure”).
 Vegetation cover was determined in 2 � 2 km 
and 4 � 4 km grids from satellite data obtained 
by the Moderate-resolution Imaging Spectroradi-
ometer (MODIS) instrument and the vegetation 
continuous field coverage (Hansen et al. 2001). 
The MODIS satellite data were projected in WGS 
84 with a resolution of 500 m, and we used the 
vegetation continuous field data (Hansen et al. 
2001) to obtain estimates of vegetation cover 
from 31 October 2000 to 9 December 2001 
(Global Land Cover Facility, College Park, MD, 
http://www.landcover.org). We selected grid cells 
with the Thematic Raster Summary Tool (Beyer 
2004) to determine the percent coverage of each 
cover type. Each pixel included a value for per-
cent ground cover (GCV2, GCV4), tree cover 
(TCV2, TCV4), and bare ground (BAR2, BAR4). 
The cover types comprised a composition that 
added to 1; therefore, we reported the means but 
excluded percent cover of bare ground (BAR2, 
BAR4) in analyses since it was dependent on the 
other variables.
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Nesting Area Selection

We used logistic regression to model the selection 
of nesting areas on the basis of characteristics 
associated with the timing and location of breed-
ing (Table 4.1; Manly et al. 2002). We applied 
second-order Akaike’s Information Criterion 
(AICc; Burnham and Anderson 2002) to select 
the best model from a series of candidate logis-
tic regression models comparing characteristics 
of scoter nesting areas with randomly selected 
points. Small sample sizes of birds in some win-
tering areas limited our ability to test differences 
among years; therefore, we pooled the samples 
across years. AIC values and Akaike weights were 
calculated for candidate models under logistic 

regression (Burnham and Anderson 2002, SAS 
Institute 2004).
 We used a second-order AIC: AICc � 
2(log- 
likelihood) 	 2KN/(N 
 K  
 1), where K is the 
number of fitted parameters including variance and 
N is the sample size (Anderson et al. 2000; Burn-
ham and Anderson 2002). We considered the model 
with the smallest AICc to be the most parsimonious 
(Anderson et al. 2000; Burnham and Anderson 2002). 
We calculated the AICc differences between the best 
model and the other candidate models (�AICci � 
AICci 
 minimum AICc). Akaike weights (wi � exp 
[
�AICci/2]/�exp [
�AICci/2]) were calculated to 
assess the evidence that the selected model was the 
best Kullback–Leibler model (Anderson et al. 2000; 
Burnham and Anderson 2008).

TABLE 4.1
Landscape features (mean � SE) for Surf Scoters (n � 53) nesting in the northern 

boreal forest (NBF) from different wintering areas

Detailed explanation of variables is provided in Methods.

Variable

San Quintin Bay, 
Baja California 
Norte, Mexico

San Francisco 
Bay, California, 

USA

Puget Sound, 
Washington, 

USA

Strait of Georgia, 
British Columbia, 

Canada

Snow-free date (Julian Date) 146.0 � 2.0 145.5 � 2.5 148 � 2.7 148.5 � 3.8

Snow-free date difference 14.3 � 3.3 4.2 � 2.3 2.2 � 2.4 2.8 � 2.3

Latitude in decimal degrees 66.1 � 1.9 64.0 � 0.6 63.3 � 0.7 64.8 � 1.5

Distance to treeline 116 � 29 174 � 20 224 � 35 169 � 28

Distance to snowline 56 � 33 77 � 16 75 � 14 34 � 10

Elevation 246 � 25 312 � 26 349 � 26 329 � 53

Variables at two grid scales (2 � 2 and 4 � 4 km)

Elevation gradient (2 � 2 km) 7.1 � 3.5 5.0 � 1.2 6.9 � 1.6 7.1 � 4.1

Elevation gradient (4 � 4 km) 4.1 � 2.1 7.8 � 2.1 5.6 � 1.3 5.8 � 2.2

Number of lakes (2 � 2 km) 6.7 � 2.3 6.7 � 0.9 4.0 � 0.5 4.8 � 0.8

Number of lakes (4 � 4 km) 23.3 � 2.6 24.4 � 8.3 14.0 � 3.6 13.0 � 2.8

Water cover (2 � 2 km) 0.283 � 0.145 0.165 � 0.020 0.190 � 0.037 0.133 � 0.034

Water cover (4 � 4 km) 0.180 � 0.075 0.150 � 0.014 0.147 � 0.020 0.163 � 0.040

Bare ground (2 � 2 km) 0.050 � 0.010 0.082 � 0.011 0.066 � 0.012 0.113 � 0.029

Bare ground (4 � 4 km) 0.073 � 0.015 0.090 � 0.009 0.065 � 0.011 0.095 � 0.015

Ground cover (2 � 2 km) 0.520 � 0.122 0.572 � 0.017 0.542 � 0.031 0.628 � 0.052

Ground cover (4 � 4 km) 0.597 � 0.066 0.589 � 0.016 0.567 � 0.017 0.603 � 0.031

Tree cover (2 � 2 km) 0.147 � 0.015 0.179 � 0.015 0.203 � 0.023 0.133 � 0.040

Tree cover (4 � 4 km) 0.153 � 0.015 0.172 � 0.014 0.222 � 0.023 0.143 � 0.027
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 The number of possible models built from 
combinations of 17 variables (n � 217 
 1) 
exceeded that which could be reasonably exam-
ined to determine their relative ranking. How-
ever, estimating AICc for a smaller subset of the 
possible variable combinations could exclude the 
best models (Steidl 2006), and it was not clear that 
grouping certain variables would be appropri-
ate. Therefore, we conducted model selection by 
AIC in multiple stages. Our initial set of models 
was selected a priori to any analyses and included 
single-effect models and the full-term model con-
taining all 17 variables. We hypothesized that any 
effect of latitude could differ among Surf Scoters 
from different wintering populations (WPOP), 
so we included WPOP and LATD*WPOP terms 
in the full-term model. If the full-term model fit 
best, then this indicated a better model existed 
based on combinations of variables. We then used 
a stepwise approach as recommended by Steidl 
(2006) to find the models with combinations of 
variables that produced the lowest AICc value.
 We conducted both a backward stepwise analy-
sis, removing a single variable at a time from the 
full-term model, and a forward stepwise analysis, 
entering a single variable at a time to the null 
(intercept-only) model. We used AICc as a crite-
rion for each forward or backward step by select-
ing the variable in which its addition or removal 
contributed to the greatest reduction in the AICc, 
until no single addition or removal would fur-
ther reduce the AICc. Since different models can 
result from forward and backward stepwise selec-
tion, we used AICc to select the better of the two 
models. We included any model with a �AICc 
within 2 units of the best model and reported the 
evidence ratio to compare the relative likelihood 
of probability between two models (Burnham 
and Anderson 2002). We calculated odds ratios 
(OR) for variables in the best model to determine 
if locations with higher values of these variables 
were more (OR � 1) or less likely (OR � 1) to 
become nesting area locations.
 We then applied a classification and regression 
tree (CART) to confirm the direction and sig-
nificance of effects in the best model (Stephens 
et al. 2005) and to examine cross-scale correlation 
(Battin and Lawler 2006). CART models are in 
the form of nonparametric, dichotomous keys 
(Brieman et al. 1984, De’ath and Fabricus 2000, 
Maisonneuve et al. 2006). CART algorithms par-
titioned the locations into subsets by recursively 

splitting explanatory variables into high and 
low categories which significantly contribute to 
the prediction of Surf Scoter nesting areas. The 
recursive partitioning of the data into subcate-
gories within categories enabled our analysis to 
naturally explore and identify interaction effects, 
which would have been cumbersome with the 
logistic regression approach. CART was estimated 
from the “modeltools” and “party” packages for 
R  software at the 0.10 significance criterion (R 
Development Core Team 2008; Hothorn et al. 
2006, 2008).

RESULTS

Total Marked

From 2003 to 2006, 415 Surf Scoters were captured 
and radio-marked on the Pacific coast (Table 4.2) 
during the nonbreeding season, including 313 VHF-
marked and 102 PTT-marked individuals. When we 
censored the males, the total sample was reduced by 
66 individuals (16%). Of the remaining 349 marked 
Surf Scoters, only 55 females were found at inland 
locations where they stayed long enough to confirm 
their nesting locations. Eight of the 55 birds were 
located in two consecutive years (2005–2006), but 
we only used the first year in our analyses, so all 
samples were independent and based on different 
individuals. Finally, we located nests for three Surf 
Scoters, one PTT-marked bird and two VHF-marked 
birds, but we lacked repeated locations for the VHF-
marked birds to estimate environmental conditions 
when they settled at nesting areas. Thus, we used a 
sample size of 53 Surf Scoters for our analyses.

Settling Date

We used a conservative approach to estimate SETD 
for nesting Surf Scoters by (1) restricting our 
analyses to Argos location quality classes 1–3 and 
(2) limiting the birds to those that were repeatedly 
located at a site for at least 25 days. Our analysis 
indicated the mean SETD (�SE) was Julian Date 
151 � 0.9 d, or 31 May. Mean SETD varied (F

3,52 � 
2.70, P � 0.056) by wintering area, ranging from 
PS: 149.7 � 1.1 (n � 21); SF: 149.8 � 1.4 (n � 
25); SG: 151.3 � 3.2 (n � 4); and SQ: 160.3 � 4.7 
(n � 3). The 95% confidence intervals (SQ: 153.2–
167.4; SG: 145.1 –157.4; SF: 147.3–152.2; and PS: 
149.7–152.3) indicated that SETD was later for the 
southernmost wintering area (SQ), but was over-
lapping for the other wintering areas.
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Breeding Distribution

Surf Scoters from Pacific coast wintering areas 
used a relatively narrow, core breeding area from 
Lake Athabasca northwest to the Anderson River 
near the Arctic Ocean, with the distribution cen-
tered on the Great Slave and Great Bear Lakes in 
the Northwest Territories (Fig. 4.1). Surf Scoters 

were distributed between 57.7�N and 69.0�N lati-
tude, and 147.2�W and 96.5�W longitude. Nesting 
locations for eight birds from two different win-
tering areas (SF � 5, PS � 3) were located in two 
consecutive years and showed remarkable nest-
ing area fidelity (Table 4.3; Fig. 4.3). The center of 
their nesting areas was located within 1.3 km � 
0.2 km of each other in subsequent years, but 

TABLE 4.2
Summary of Surf Scoters marked with very high frequency (VHF) or platform transmitter terminal (PTT) 

satellite transmitters in 2003–2006 from four different wintering areas

Numbers in parentheses denote the total number of birds used for breeding ground analyses (see Methods).

Year

San Quintin Bay, 
Baja California 
Norte, Mexico

San Francisco Bay, 
California, USAa

Puget Sound, 
Washington, USA

Strait of Georgia, 
British Columbia, 

Canada

VHF PTT VHF PTT VHF PTT VHF PTT

2003 0  0 33  8 (7) 0  0 0 0

2004 0  0 0  0 25 14 (3) 0 0

2005 14  5 (1) 87 11 (9) 35 22 (12) 77 8 (4)

2006 17  5 (2) 40 12 (9) 30 17 (6) 0 0

Totalb 31 10 (3) 127 31 (25) 78 53 (21) 77 8 (4)

a The nests of three San Francisco Bay birds (2 VHF, 1 PTT) were located in ground searches, but the two VHF birds were not 
included in analyses because their settling dates were unknown.
b Eight birds marked in 2005 and also located in 2006 are not included twice.

TABLE 4.3
Remarkable nesting area fi delity of Pacifi c coast Surf Scoters found in the northern boreal forest in two consecutive years

Wintering area, settling date (Julian Date), longitude and latitude (decimal degrees), 
and mean distance between nesting areas (km) are reported for each individual.

Birda

Year 1 Year 2

Wintering
Area

Settling 
Date

Longitude 
(�W)

Latitude
(�N)

Settling 
Date

Longitude
(�W)

Latitude
(�N)

Distance
(km)

40843 PS 146 123.161 64.169 167 123.162 64.165 0.52

43888 PS 145 119.623 62.360 145 119.622 62.355 0.63

43892 PS 146 116.584 64.184 158 116.596 64.179 0.71

53978 PS 149 106.645 60.021 152 106.620 60.024 1.47

53980 PS 146 111.058 60.781 144 111.116 60.778 3.17

55912 SF 159 109.149 60.521 143 109.154 60.521 0.33

55914 SF 144 147.198 67.572 154 147.201 67.574 0.34

55919 SF 158 105.202 60.899 149 105.153 60.888 2.94

Mean — 149 — — 152 — — 1.26

a Located in 2005 and 2006, except for 40843 and 43892, located in 2006 and 2007.

Wells_6480005_ch04.indd   49Wells_6480005_ch04.indd   49 8/24/11   1:50:33 PM8/24/11   1:50:33 PM



0    1     2
km

40802

43888

53978

55912

40843

43982

53980

55914

Figure 4.3. Remarkable breeding site philopatry exhibited by Surf Scoters located at the same 
nesting areas in two consecutive years. The center of the home range (circles) and 95% fixed 
kernel home ranges (lines) are depicted for 2005 (closed circle or line) and 2006 (open circle or 
line). Individuals shown are from Puget Sound (40802, 40843, 43888, 43982, 53978, 53980) and 
San Francisco Bay (55912, 55914) wintering areas, but sample sizes were only adequate to create 
home ranges for three individuals (43888, 43982, 55912) in 2006.
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since we were unable to locate the exact nest loca-
tion, we could not confirm if they used the same 
nest site.

Nearest-Neighbor Analysis

We were unable to reject the overall null 
hypothesis that breeding Surf Scoters from dif-
ferent Pacific coast wintering areas were thor-
oughly mixed and distributed randomly (Table 
4.4). Surprisingly, the strongest evidence (P � 
0.0764) for clustering of Surf Scoters on the 
breeding grounds was among those individu-
als from PS and SG, separated by only 200 km 
in the winter. We were unable to reject random 
mixing in pairwise comparisons of the other 
wintering areas.

Nesting Area Selection

We were able to locate three nests of Surf Scot-
ers by landing and searching the vicinity of 
locations in 2005–2006 (Fig. 4.4A–D). In gen-
eral, nesting site vegetation was characterized 
by sparse black spruce (Picea mariana) trees 
(�4 m in height, 90% cover above the nest) and 
ground cover in lakeshore bogs comprised pri-
marily of Labrador tea (Ledum groenlandicum), 
cloudberry (Rubus chamaemorus), mountain 
cranberry (Vaccinium vitis-idaea), and lichen. 
Two of the nesting sites were found in granitic 
or metamorphic rock outcroppings with sparse 
(0–5%) soil cover. The nests were found near 

oligotrophic shallow lakes, but not where other 
waterfowl were observed.
 Comparison among models of nesting area var-
iables indicated that the backward selection model 
with ten variables most closely fit the data (Akaike 
weight � 81%; Table 4.5). The forward stepwise 
procedure resulted in an eight-variable model 
with a much poorer fit to the data (ΔAICc � 2.9, 
Akaike weight � 19%). In the forward selection 
model, DSNO entered first, followed by ELG2 
and ELG4, with strong evidence in favor of enter-
ing versus not entering each variable (ΔAICc � 
5.9; evidence ratio � 19). The variables NLK4, 
NLK2, and LATD entered next under weaker evi-
dence (ΔAICc � 0.76; evidence ratio � 1.5), fol-
lowed by DTRE (ΔAICc � 4.8; evidence ratio � 
11.3), and finally TCV4 (ΔAICc � 0.88; evidence 
ratio � 1.6). Both the backward and forward selec-
tion models fit the data better than the full-term 
model or the null model (ΔAICc � 26; evidence 
ratio � 100,000) and contained seven variables 
in common: DSNO, ELG2, ELG4, DTRE, LATD, 
NLK2, and NLK4. Odds ratios for these variables 
based on model averaging suggested that nesting 
Surf Scoters tended to settle nearer to snowline 
(OR � 0.983; 95% CI � 0.971–0.995; Fig. 4.5), 
in areas with less elevation gradient at 2 � 2 
km (OR � 0.912; 95% CI � 0.857–0.971) and 
4 � 4 km (OR � 0.960; 95% CI � 0.909–1.013) 
scales, in areas with fewer lakes at 2 � 2 km 
(OR � 0.784; 95% CI � 0.639–0.964) but more 
lakes at 4 � 4 km (OR � 1.246; 95% CI � 1.057–
1.470), farther from treeline (OR � 1.013; 95% 

TABLE 4.4
Nearest-neighbor analysis for Surf Scoters wintering at four areas on the Pacifi c coast

Table values include sample size (n), the generated C-statistic, expectation of C, 
standard deviation of C, and probability on the basis of 10,000 Monte Carlo iterations.

Comparison n C E(C ) SD(C ) Prob.

Overall 53 0.031 0.025 0.0052 0.1496

San Quintin Bay, Strait of Georgia 7 0.003 0.004 0.0022 0.6612

San Quintin Bay, San Francisco Bay 28 0.027 0.027 0.0020 0.3434

San Quintin Bay, Strait of Georgia 24 0.019 0.023 0.0019 0.9633

Strait of Georgia, San Francisco Bay 29 0.029 0.026 0.0023 0.1714

Strait of Georgia, Puget Sound 25 0.026 0.022 0.0024 0.0764

San Francisco Bay, Puget Sound 46 0.032 0.028 0.0052 0.1873
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Figure 4.4. Surf Scoters nesting within the  northern boreal forest: (A) aerial view of nesting site, (B) ground view of nesting 
site, (C) female scoter on a nest, and (D) clutch of Surf Scoters eggs (11 June). USGS photo credit: E. Palm.
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TABLE 4.5
Ranking of candidate Akaike Information Criterion (AIC) models 

to describe nesting areas of Surf Scoters breeding in the northern boreal forest

Backward and forward stepwise methods were used to select the two best models from the numerous combinations 
of the 17 variables that are presented with the full-term model (all variables) and null model (intercept only).  

Model N K

2 Log-

likelihood AICc �AICc

Akaike 
Weight (%)

LATD,  DTRE, DSNO, ELEV, ELG2, ELG4, 
NLK2, NLK4, WCV2, GCV2a

106 11 54.1 78.9 0.0 81

LATD,  DTRE, DSNO, ELG2, ELG4, NLK2, 
NLK4, TCV4b

106 9 61.9 81.8 2.9 19

SFDA, SFDD, LATD, WPOP, LATD*WPOP, 
DTRE, DSNO, ELEV, ELG2, ELG4, NLK2, 
NLK4, WCV2, WCV4, GCV2, GCV4, TCV2, 
TCV4c

106 23 46.0 105.5 26.6 0

Null Model (intercept only)d 106 0 146.9 146.9 68.1 0

NOTE: Variables include snow-free date (Julian Date: SFDA); snow-free date difference (SFDD); latitude in decimal degrees (LATD); 
wintering population (WPOP); distance to treeline (m; DTRE); distance to snowline (m; DSNO); elevation (m; ELEV); and variables at 
two grid scales (2 � 2 km and 4 � 4 km), including elevation gradient (ELG2, ELG4), number of lakes (NLK2, NLK4), water cover 
(WCV2, WCV4), ground cover (GCV2, GCV4), and tree cover (TCV2, TCV4).  Detailed explanation of variables is provided in Methods.
a Backward selection model includes intercept and 10 variables.
b Forward selection model includes intercept and 8 variables.
c Full model includes intercept, 17 variables, and LATD*WPOP interaction.
d In null model, k is zero since the intercept for the null model is known with equal sample sizes of nesting areas and random locations.

CI � 1.003–1.023), and at higher latitudes (OR � 
1.500; 95% CI � 1.087–2.072).
 The CART analysis (Fig. 4.6) split variables in a 
categorical tree that included elements from both 
the forward and backward selection models, con-
sistent with the effects of DSNO, NLK4, ELG4, 
and ELG2 determined by the logistic regression. 
DSNO was the first significant predictor, with 
nesting areas comprising 2.9% of locations (1/34) 
at �218 km from snowline compared with 72.2% 
(52/72) at 
218 km (left branch). Two variables at 
the larger (4 � 4 km) scale, NLK4 and ELG4, were 
the next most important predictors depending 
on distance to snowline. For locations �218 km 
from snowline, nesting sites comprised 9.1% 
(1/11) of locations with �7 lakes, compared with 
0% (0/23) where there were 
7 lakes. For loca-
tions 
218 km from snowline, nesting locations 
comprised 33.3% (3/9) when elevation gradient 
was �14.1 m/km at the larger scale, compared 
with 77.8% (49/63) when 
14.1 m/km (mid-
dle branch). For these latter locations, nesting 
areas comprised 89.7% (26/29) of locations at the 
smaller scale (2 � 2 km) where elevation gradient 
was 
3.5 m/km, compared with 67.6% (23/34) 

of locations where elevation gradient was higher. 
The CART analysis detected positive and nega-
tive effects associated with number of lakes at the 
small scale, depending on the elevation gradient. 
For low elevation gradients, nesting locations com-
prised 95.0% of locations with 
6 lakes (19/20), 
compared to 77.8% where there were more lakes 
(7/9). In contrast, for higher elevation gradients, 
nesting locations comprised only 37.5% of loca-
tions with 
6 lakes (6/16), compared to 94.4% 
where there were more lakes (17/18).

DISCUSSION

We integrated data sets from four different win-
tering areas along the Pacific coast to delineate 
the western breeding range for our sample of 
radio-marked Surf Scoters. Rather than finding 
wide temporal and spatial variation that might 
be expected for a species with a large breeding 
range in an ecosystem characterized by extreme 
variation (Chapin et al. 2006), we found that Surf 
Scoters settled in a relatively narrow arc of habitat 
parallel to the receding snowline. Also, the tim-
ing of their breeding was synchronous, as most 
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Figure 4.5. Seasonal variation (10-day intervals) in availability of habitats for Pacific coast Surf Scoters breeding in the north-
ern boreal forest, where Julian Date (JD) 152 � 1 June. Snow-melt progression was determined with daily satellite images 
(4 � 4 km pixels) from the Interactive Multisensor Snow and Ice Mapping System (IMS), Daily Northern Hemisphere Snow 
and Ice Analysis coverage (NOAA/NESDIS/OSDPD/SSD 2006).
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Figure 4.6. Classification and regression tree (CART) for Pacific coast Surf Scoters breeding in the northern boreal 
forest. The explanatory variable being split, the number of Surf Scoter breeding locations in the numerator and 
number of total locations (nesting areas and random locations) in the denominator, and the p-value associated with 
the split are included in each circle. Splitting values are indicated along the branches, and boxes indicate terminal 
node percentages of total locations comprised of Surf Scoter breeding locations. Splitting variables include distance 
to snowline (DSNO), elevation gradient (m/km) at 4 � 4 km (ELG4) and 2 � 2 km (ELG2), and number of lakes at 
4 � 4 km (NLK4) and 2 � 2 km (NLK2).

individuals settled at nesting areas within a day of 
30 May. Birds from different wintering areas were 
intermixed on the breeding grounds. A subsam-
ple of eight marked birds located in consecutive 
years showed strong nesting area fidelity.

Breeding Synchrony and Breeding Strategies

We found remarkable breeding synchrony for 
most birds regardless of their wintering origin 
and differences in distances from the breeding 
grounds. Birds wintering in Mexico were the 
only ones that arrived slightly later, although 
their sample size was small. Surf Scoters began 
arriving to their NBF breeding grounds around 
24 May (JD � 144 � 0.7: De La Cruz et al. 2009) 
and flew to nesting areas along the northeastern 
edge of their breeding range. They settled at nest-
ing areas after only five days during the ice and 
snow breakup period, when availability of open 
water and food resources would be uncertain. 
This short pre-breeding period was similar to Bar-
nacle Geese (Branta leucopsis), which had a pre-
breeding period of �7 days (Prop et al. 2003).

 Although early-arriving migrants may be more 
likely to breed successfully (Cooke et al. 1995, 
 LePage et al. 2000), timing of migration must fit 
a narrow time window to provide maximal repro-
ductive success (Drent et al. 2003). Surf Scoters 
must depart from coastal staging areas on a sched-
ule to optimize their breeding opportunities, but 
they seem to have few proximate clues that would 
help predict interior weather conditions more than 
1,000 km away. Significant capital investment is 
likely required for Surf Scoters to reproduce suc-
cessfully in light of the unpredictable pre-breeding 
resources and the short Arctic summer period 
(Klaassen et al. 2006). On a capital–income breeder 
continuum (Klaassen et al. 2006), Surf Scoters are 
expected to be on the capital breeder side since 
they have a short breeding period, unpredictable 
food resources, and high predation risk (Jonsson 
1997). Schmutz et al. (2006) examined isotope 
ratios and found that marine food from coastal 
stopovers was used for incubation by Emperor 
Geese (Chen canagica), but eggs had mixed ratios 
from exogenous and endogenous sources. Simi-
larly, White-winged Scoters were reported to rely 
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on exogenous resources for pre-laying and laying 
periods (Brown and Frederickson 1986).
 In one of the few other studies to determine set-
tling dates for waterfowl in the NBF, Ely et al. (2006) 
found earlier nest initiation (12 May) with less syn-
chrony (8–16 May) for Tule Greater White-fronted 
Geese (Anser albifrons elgasi). However, this study 
was limited to VHF-marked individuals and defined 
nesting in upper Cook Inlet of central Alaska as 
those individuals located repeatedly for 1–2 weeks. 
Furthermore, Tule Greater White-fronted Geese 
may have less synchronous settling dates because 
they nest at lower latitudes, likely have more time to 
select nesting sites, and are larger, with lower risk of 
predation than Surf Scoters. Predation caused 76% 
of nest failures for another diving duck species that 
breeds in the NBF, the Lesser Scaup (Aythya affinis; 
Walker et al. 2005). The wide variation in annual 
recruitment rates seen in Lesser Scaup (Walker 
et al. 2005) is probably common for Surf Scoters, 
since their average annual nest success is very low 
(Savard et al. 1998).
 In all likelihood, many more of the marked 
Surf Scoters were prospecting for nest sites early 
in the breeding season but their attempts to nest 
failed (S. W. De La Cruz, unpubl. data). Several 
VHF-marked females were located in the breed-
ing area and appeared to be nesting, but subse-
quent trips to find their nests revealed that these 
birds had moved from their original positions. 
We suspect that their nests had been depredated, 
particularly since high nest depredation rates were 
noted by other researchers in the NWT (S. Slattery, 
Ducks Unlimited Canada, pers. comm.). In addi-
tion, small mammal populations were low and 
avian predators were markedly higher starting in 
2005, when the majority of scoters were marked, 
than in previous years (S. Carrier, NWT Renew-
able Resources and Economic Development, pers. 
comm.). Waterfowl and their eggs may have pro-
vided an attractive alternative food source for pred-
ators (Ackerman 2002, Brook et al. 2005).

Wintering and Breeding Area Connectivity

Many species of migratory birds segregate by sex 
and age during the winter, often along latitudinal 
gradients (Ketterson and Nolan 1983), but few stud-
ies have linked breeding and wintering area subpop-
ulations. Latitudinal variation of wintering Arctic 
nesting geese from different breeding grounds has 
been described (Ely and Takekawa 1996), and 

variation in migration distances for Pacific Black 
Brant (Branta bernicla nigricans) migrating from 
wintering to breeding areas also has been docu-
mented (Schamber et al. 2007). Migration distance 
of Pacific Black Brant may be related to distribution 
of the eelgrass beds (Zostera spp.) that provide their 
primary food resource (Ward et al. 2005, Lindberg 
et al. 2007). Eelgrass beds also provide spawning 
habitat for Pacific herring (Clupea pallasi), and her-
ring roe is a food resource consumed preferentially 
by Surf Scoters (Lewis et al. 2005).
 We did not see a parallel relationship among 
latitudes at wintering and breeding areas where 
birds from more southerly areas were found at 
lower latitudes on the breeding grounds. We 
found that Surf Scoters from different wintering 
areas were randomly distributed on the breeding 
grounds. Surf Scoters from wintering areas were 
intermixed, although many PS birds migrated 
separately through the interior rather than follow-
ing the coast (De La Cruz et al., 2009).
 For the eight birds that were located nesting 
in consecutive years, we found philopatry and 
high nesting area fidelity. Female waterfowl show 
a high degree of nesting area fidelity, and the 
“local-knowledge” hypothesis suggests that females 
obtain an advantage in terms of food resources, dis-
tribution of conspecifics, and predator activity in an 
area (Rohwer 1992). For species such as sea ducks 
that form pairs in the winter, winter site fidelity may 
also be observed (Robertson and Cooke 1999). Dur-
ing our studies, few marked Surf Scoters moved 
among wintering areas during a single season, but 
one adult female marked in SF during 2005 flew 
to SQ during the winter of 2006. Complementary 
genetic analyses may be useful to further clarify the 
genetic structuring of these wintering populations.

Nesting Area Selection

Selection of breeding habitats by birds is considered 
to be hierarchical (Johnson 1980, Jones 2001), with 
different processes affecting different scales (Wiens 
1989). We applied an unconstrained design that 
assumed selection varied at different scales (Bat-
tin and Lawler 2006) and focused our analyses at 
scales that we felt were appropriate for the accuracy 
of satellite-transmitter data. Compared with ran-
dom locations in the NBF, both the logistic regres-
sion and CART analyses found consistent evidence 
that Surf Scoter nesting areas were located closer 
to the snowline and in areas with lower elevational 
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gradients and more lakes (4 � 4 km scale). Both 
analyses also detected effects associated with lakes 
at the smaller scale (2 � 2 km); however, the CART 
suggests this effect may interact with elevation 
gradient rather than stand alone as a main effect. 
Our logistic regression also suggests that Surf Scot-
ers selected locations farther from the treeline and 
at higher latitudes. The CART did not confirm 
these additional effects; however, after partitioning 
the data with respect to the strongest predictors, 
there may have been too little data within any of the 
partitions for the CART to identify further effects.
 Sea ducks are the most northerly distributed 
ducks (Goudie et al. 1994), and we hypothesized 
that snow conditions could be critical in determin-
ing nesting area. In fact, distance to snowline was 
the greatest single factor in the AIC score. The 
date when an area was snow free and the variation 
around that date were only ranked highly in back-
ward selection, possibly because these variables 
were not completely independent and birds were 
selecting open habitats at finer scales. Because 
elevation was not selected and elevation gradi-
ent was highly ranked at both scales, Surf Scoters 
were likely selecting areas where topographic var-
iation resulted in earlier openings in snow cover 
in some areas. Habitat selection may vary when 
available habitats vary temporally (Warnock and 
Takekawa 1995, Dailey et al. 2007), and we were 
able to account for this changing availability of 
nesting areas through use of daily ice and snow 
cover data.
 Breeding propensity, or the likelihood that 
birds will find adequate habitat available to initi-
ate a breeding attempt (Petrie et al. 2000), is prob-
ably highly variable for Surf Scoters because the 
spring thaw varies each year. It may be especially 
variable for those species that nest in unpredicta-
ble and highly heterogeneous environments such 
as the Arctic. For example, a large  proportion of 
arctic nesting geese may fail to breed in years 
of late snow melt (Barry 1962, Prop and Devries 
1993, Ganter and Boyd 2000). Delayed snow melt 
can prevent access to nesting sites and impair 
acquisition of nutrients for egg formation of 
Lesser Snow Geese (Chen c. caerulescens; Ganter 
and Cooke 1996). Breeding propensity in Greater 
Snow Geese (C. c. atlantica) varied from 0.17 to 
1.00, and spring snow cover was a critical deter-
minant (Reed et al. 2004). Most females (�80%) 
bred when snow cover was low, but few (�30%) 
bred when snow cover was extensive.

 Our CART analysis suggested that nesting areas 
were found in areas where there were 3–6 lakes at 
the 2 � 2 km scale. At lower elevation gradients 
(
3.5 m/km), similar proportions of nesting areas 
were found regardless of number of lakes, pos-
sibly because the area was more homogeneous, 
but at higher elevation gradients (�3.5 m/km), 
more nests were located when there were more 
lakes that could support food resources. Similarly, 
Perry et al. (2006) found that Surf Scoters from 
the Atlantic coast were located in areas with large 
wetlands (22 ha) associated with small rivers and 
when there were 22 lakes found within 1 km of the 
presumed breeding lake. Surf Scoters are reported 
to use lakes less than 10 ha in size that are shallow 
(Decarie et al. 1995), possibly to avoid competition 
with fish that consume invertebrates or to avoid 
larger fish that may consume young ducklings 
(Mallory et al. 1994). Unfortunately, we were una-
ble to assess water depth from the satellite data to 
examine if shallow depths were selected.
 A few other variables were highlighted by the 
AIC analysis. Nesting area selection was posi-
tively related to latitude, supporting our finding 
that Surf Scoters selected nesting areas in the 
northeast part of the breeding range. Surf Scot-
ers migrated past many apparently suitable areas 
to the southwest of the snowline, but the reason 
why they avoid those areas is not clear. Perrin’s 
hypothesis (Drent 2006) suggests that timing of 
nesting activities is a compromise between sur-
vival of the adult and food resource availability for 
the young. Nesting area selection may be driven 
by security and food availability for Surf Scoters, 
since this long-lived species seems to have low 
annual nest success (Newton 1989, Clutton-Brock 
1998, Savard et al. 1998). Ducklings hatch nearly 
a month after breakup, and they may benefit 
from greater availability of macroinvertebrates 
(Oswood et al. 2006). Nest predators may be less 
abundant in areas farther north. White-winged 
Scoters (Melanitta fusca) do nest in areas farther 
south, but they are larger, which may deter some 
predators, and often use islands to avoid other 
predators (Traylor et al. 2004, Perry et al. 2006).
 The AIC analysis also suggested that nest-
ing areas were negatively related to treeline and 
positively related to tree cover. Treelines are sensi-
tive to changes in climate, as well as being prox-
ies for biotic changes (reviewed in Payette 2007). 
Surf Scoters did not settle near treeline, possibly 
because tree and ground cover was too sparse to 
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provide adequate cover against predators or severe 
weather events. Perry et al. (2006) also found that 
most Surf Scoters from Atlantic coast wintering 
areas bred in forested areas. Surf Scoters may 
select smaller areas with adequate cover rather 
than larger, contiguous forested blocks. Fire fre-
quency is high in the NBF (Kasischke et al. 2006), 
and the availability of contiguous forest blocks 
may be highly variable.

Implications of Climate Change for Surf Scoters 
in the Boreal Forest

The synchrony of breeding and the relation of nest-
ing locations to snowline suggest that reproductive 
timing may be constrained by resource conditions. 
If adults are nesting earlier to maximize their own 
food resources, it may be that their breeding pro-
ductivity depends on resource availability for their 
ducklings. Climate change is most pronounced 
at high latitudes (Serreze et al. 2000), and global 
warming may result in drastic changes in the tim-
ing of invertebrate blooms in the boreal forest. At 
Delta Marsh, Manitoba, waterfowl had the high-
est proportion of earlier arrivals among migratory 
birds, and arrival date was correlated with tempera-
ture (Murphy-Klassen et al. 2005). Weather at stop-
over areas and at the final destination influences 
timing of bird migration (Richardson 1978). Dates 
of ice break-up are good predictors because open 
water plays a primary role in migration of water-
fowl (Murphy-Klassen et al. 2005).
 The spring mismatch hypothesis (Visser et al. 
1998, Drever and Clark 2007) suggests that glo-
bal warming may result in earlier or protracted 
blooms of invertebrates, resulting in less food 
available for ducklings during critical periods of 
early growth. Haszard (2004) found Surf Scoters 
pairs and broods in wetlands with more abundant 
food, but their use of wetlands was not clearly 
related to wetland amphipods. However, wetlands 
used by Lesser Scaup in the same region were 
strongly related to abundance of amphipods (Fast 
et al. 2004). Surf Scoters are relatively unique 
in that many ducklings gather together in large 
creches and largely fend for themselves within a 
few days after leaving the nest (Savard et al. 1998). 
Thus, the availability of abundant invertebrate 
prey in brood-rearing areas may be critical for 
duckling survival.
 Global warming has been cited as a conserva-
tion concern for bird species throughout the world 

(McCarty 2001) and may have greatest impacts on 
the most northerly nesting species, such as sea 
ducks. Birds respond by expanding their range 
northward, advancing breeding dates, or varying 
their timing of breeding to match phenology of 
their prey (Ward 1992, Drever and Clark 2007). 
Individuals or populations that are not able to 
adjust to warming may suffer reduced productiv-
ity because of limitations in egg production, or 
because of conflicts in wintering ground or migra-
tion cues compared with breeding timing (Both 
and Visser 2001). Under the individual optimiza-
tion hypothesis (Drent 2006), timing of breeding 
is controlled by environmental factors, but endog-
enous controls (Gwinner 1996) may limit the abil-
ity of Surf Scoters to adapt to climatic changes.

Conservation Threats

A better understanding of scoter breeding ecol-
ogy will aid managers in making informed land 
use decisions as development pressure increases. 
For example, our results identify a much smaller 
area where effort could be focused to examine 
declining populations of Surf Scoters from the 
Pacific coast. The need for this information is 
underscored by the imminent oil, gas, and dia-
mond mining development planned in the NWT 
(Government of the Northwest Territories; Indus-
try, Tourism, and Investment, http://www.iti.gov
.nt.ca/index.html). Loss of habitat from logging, 
mining, and hydroelectric power production has 
been suspected of affecting Surf Scoters from the 
Atlantic coast (Perry et al. 2006).
 Sustainable harvest rates in sea ducks may 
be lower than in many other species (Goudie 
et al. 1994), since sea ducks tend to be K-selected 
(Eadie et al. 1988). Sea ducks have deferred sexual 
maturity, low annual recruitment to breeding age, 
variable rates of non-breeding by adults and high 
annual adult survival (Goudie et al. 1994). Infre-
quent Arctic ice events may cause mass mortality 
(Barry 1968) or affect body condition and fitness 
of birds (Goudie and Ankney 1986). Thus, subtle 
changes in the frequency of catastrophic events 
may greatly reduce population levels over time.
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