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Abstract. We studied the distribution and activities 
of adult Steller’s Eiders (Polysticta stelleri) during 
winter and spring on a deep-water embayment and a 
shallow lagoon along the Alaska Peninsula from Sep- 
tember 1980 to May 1981. During the remigial molt, 
eiders were observed on Izembek Lagoon but not on 
Cold Bay. Following the flightless period, Izembek La- 
goon continued to support 63-100% of eiders encoun- 
tered during surveys. As ice cover on Izembek Lagoon 
increased, the number of birds decreased on Izembek 
Lagoon but increased on Cold Bay, suggesting that 
some eiders disperse to nearshore, deep-water habitats 
in close proximity to Izembek Lagoon during severe 
weather. Diurnal activity budgets indicated that the 
amount of time resting or engaged in aggression and 
alert activities was similar among locations, seasons, 
tidal stages, and sexes. In contrast, time spent foraging 
differed among seasons and locations but did not differ 
among tidal stages or sexes. Although time spent for- 
aging was similar during winter and spring on Izembek 
Lagoon, eiders on Cold Bay foraged more during win- 
ter compared to spring. Synchronous diving was the 
dominant foraging strategy. 

Key words: Alaska Peninsula, Izembek Lagoon, 
Polysticta stelleri, population distribution, Steller’s Ei- 
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Steller’s Eiders (Polysticta stelleri) winter in three geo- 
graphic areas: Alaska, northeast Asia, and northern Eu- 
rope. Of these, the Alaskan population is the largest. 
Jones (1965) estimated 200,000 Steller’s Eiders once 
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wintered along the Alaska Peninsula, but estimates de- 
clined to less than 65,000 in 1991 (Kertell 1991). In 
1997 the U.S. Fish and Wildlife Service (USFWS) list- 
ed the Alaska breeding population as threatened 
(USFWS 1997). 

The Alaskan wintering range extends from Kodiak 
Island (Islieb and Kessel 1973) west along the northern 
and southern sides of the Alaska Peninsula (Jones 
1965, Petersen 1981) to the eastern Aleutian Islands 
(Troy and Johnson 1987). Within this region, most 
Steller’s that breed in Siberia molt in the shallow em- 
bayments of Nelson Lagoon and Izembek Lagoon (Pe- 
tersen 1981). Izembek Lagoon also is one of the major 
wintering areas in the world (Jones 1965). 

This study was conducted on Izembek Lagoon and 
adiacent Cold Bav from Seutember 1980-Mav 1981. 
Th”e objectives w&e to (1) ;se aerial surveysto doc- 
ument the chronology of use and importance of dif- 
ferent wetland types (bays, shallow lagoons) for post- 
breeding Steller’s Eiders and (2) determine whether di- 
urnal activities of adult Steller’s Eiders differed among 
wetland types. Although shallow lagoons are heavily 
used by postbreeding eiders (Jones 1965, Petersen 
1980, 1981), bays also are utilized (Bauer and Glutz 
von Blotzheim 1969, Troy and Johnson 1987) but have 
received little research emphasis. In particular, inves- 
tigations regarding the use of eelgrass (Zostera mari- 
na) lagoons and bays in close juxtaposition have not 
been published, and detailed studies of the world’s 
largest postbreeding population of Steller’s Eiders are 
lacking (Jones 1965). 

METHODS 
STUDY AREA 
Izembek Lagoon, a shallow embayment on the north 
shore of the Alaska Peninsula, is 41 km long, varies 
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from 4-10 km wide, and has a surface area of 218 km2 
(McRoy 1966, Barsdate et al. 1974). Tidal flats and 
channels comprise 78% and 22% of the lagoon, re- 
spectively (McRoy 1966). Tides are semi-diurnal and 
mixed diurnal (U.S. Dept. Commerce 1980). The mean 
tidal excursion is 1.6 m during a typical semi-diurnal 
tidal cycle with a second excursion that is 23% of the 
principal tidal range (Environmental Science and En- 
gineering Inc. 1989). Water depths are greatest in 
channels, ranging from 9-13 m, and salinity of the 
water is about 31%0 (parts per thousand; Barsdate et 
al. 1974). The lagoon supports one of the largest (150- 
160 km*) total crops (2.3 X lo9 kg) of eelgrass in the 
world (McRoy 1970, Ward et al. 1997). Eelgrass oc- 
cupies both intertidal and subtidal zones (Biebel and 
McRoy 1971), and many tidal flats (60-70%) support 
eelgrass beds, and associated macroinvertebrates, that 
become large pools during the slack tide (McRoy 
1970). Ice is common between December and March 
and often covers >75% of the lagoon for up to l-2 
months each winter (Ward et al. 1997). 

Cold Bay, composed of a deep-water embayment 
and shallow Kinzarof Lagoon, lies on the south side 
of the Alaska Peninsula and is connected to the West- 
ern Gulf of Alaska. Five kilometers separate Izembek 
Lagoon and Cold Bay, but markedly different environ- 
mental and physical conditions occur at the two sites. 
Tides are semi-diurnal and range from 7-8 m, but are 
not synchronous with tides in Izembek Lagoon (U.S. 
Dept. Commerce 1980). Water depths gradually in- 
crease from the shoreline to about 6 m within 500 m 
of shore. Beyond 500 m the bottom slopes more rap- 
idly and water depths 1 km from shore approach 60 
m. Mud, probably high in organic content, is the dom- 
inant sediment (Feder and Jewett 1987). Kinzarof La- 
goon, which comprises the northern portion of Cold 
Bay, supports eelgrass, but total crop (153 X lo6 kg) 
and area (8.7 km2) are much less compared to Izembek 
Lagoon (Metzner 1993). The remainder of Cold Bay 
is largely unvegetated. 

to record behavior at lo-set intervals (Wiens et al. 
1970). Activities were assigned to one of six catego- 
ries: (1) forage (synchronous and asynchronous dive 
[including time spent on surface between dives], head- 
dip, up-end), (2) locomotion (swim, walk), (3) comfort 
(preen and other comfort movements), (4) rest (loaf, 
sleep), (5) courtship, and (6) other (aggression, alert). 
Location (Cold Bay, Izembek Lagoon), season (winter 
[September-March], spring [March-May]), tidal stage 
(low [Cl.0 m], high [>l.O ml), and sex were recorded 
at the beginning of each observation. 

DATA ANALYSIS 

The proportion of time each bird spent engaged in an 
activity was determined for each observation period. 
Arc-sine transformations were performed prior to anal- 
ysis because data did not meet the assumptions of nor- 
mality based on the Shapiro-Wilk statistic (Neter et al. 
1985). Due to lack of independence among activity 
categories, the effects of location, season, sex, and tide 
were assessed using multivariate analysis of variance 
(MANOVA) and the Wilk’s Lambda test criterion. For 
significant (P < 0.05) main effects, one-factor analysis 
of variance (ANOVA) was used to test for differences 
between me’ans (PRGC GLM, SAS Institute 1987). 
Because activities were intercorrelated, we divided cr 
by the number of variables (e.g., 0.05/5 = 0.01) tested 
by ANOVA to control the Type I experiment-wise er- 
ror rate at P = 0.05. Significant (P < 0.05) interaction 
terms could not be partitioned to assess relative im- 
portance; therefore, interactions were evaluated by 
testing all combinations using one-factor ANOVA. 
Values reported in the results are means ? SE. Data 
presented in tables are untransformed. 

RESULTS 

SURVEYS 

Steller’s Eiders began arriving 18 August, 1980, and 
increased to 79,3 11 individuals on 10 September (Ta- 
ble 1). Initiallv. birds concentrated on Izembek Lagoon 

DATA COLLECTION 
and no eiders’were observed on Cold Bay or Kin&of 

Aerial surveys were flown monthly from September 
Lagoon. Eiders were first observed using Cold Bay 

1980-May 1981. Surveys encompassed all of Izembek 
and Kinzarof Lagoon on 1 October following comple- 
tion of molt (Table 1). The maioritv (63-99%) of birds 

Lagoon and Kinzarof Lagoon, but only the nearshore 
areas of Cold Bay. Flights were conducted in a Piper 
Super Cub at an altitude of 30-50 m and an average 
ground speed of 148 km hr-I. Two observers, one on 
each side of the plane, counted all waterbirds visible, 
estimated total ice cover, and noted general flock size. 

We used focal sampling procedures (Altmann 1974) 
to quantify adult eider activity from November 1980 
to May 1981. Observation sites (one on Izembek La- 
goon and four on Cold Bay) were selected based on 
accessibility and were located on the Alaska Peninsula 
at 2-20 m above the water to permit sufficient visibil- 
ity. Thus, only the west side of Cold Bay and east side 
of Izmebek Lagoon were sampled. The site on Izem- 
bek Lagoon allowed sampling of both tidal channels 
and pools. Observations were conducted from a truck 
using a 15-60X spotting scope or 10X binoculars. We 
initiated each observation by directing the spotting 
scope toward flocks and selecting the adult bird nearest 
the center of the field of view. A metronome was used 

were observed on Izembek Lagoon during all surveys, 
but distribution and numbers varied with the extent of 
ice cover (Table 1). The number of Steller’s Eiders 
decreased on Izembek Lagoon and increased on Cold 
Bay and Kinzarof Lagoon during surveys (n = 3) 
when >lO% ice cover was present on Izembek La- 
goon, but insufficient data prevented detailed analysis. 

ACTIVITY BUDGETS 

Adult Steller’s Eiders (n = 182) were observed for 65 
hr. Average observation time was 21 min (range = lo- 
99 min). MANOVA indicated foraging and comfort 
activities differed among seasons (F5,,56 = 3.97, P < 
0.05), and locations within season (Fs,,56 = 2.22, P = 
0.05). Time spent foraging was greater in winter com- 
pared to spring. Within location, foraging was similar 
among seasons on Izembek Lagoon, but was greater 
during winter than spring on Cold Bay (Table 2). Div- 
ing (98.7%) was the dominant foraging mode, whereas 
surface feeding (i.e., head-dip, up-end) was infrequent 
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TABLE 1. Number of Steller’s Eiders and extent of ice cover on Izembek Lagoon and Cold Bay, Alaska, from 
September 1980-April 1981. 

Cold Bay Kinzarof Lagoon Izembek Lagoon 

Number Ice (70) Number Ice (%) Number Ice (74) TOM 

10 Sep 1980 
01 Ott 1980 
11 Nov 1980 
30 Dee 1980 
26 Jan 1981 
12 Feb 1981 
09 Mar 1981 
14 Apr 1981 
27 Apr 1981 

0 
103 
274 

2,988 
1,142 
1,434 
1,941 

231 
30 

0 0 
0 234 
0 2,167 
0 1,989 

10 2,043 
0 0 
0 2,299 
0 2.28 1 
0 30 

(1.3%). Among dive types, synchronous diving was 
most prevalent (55.7 ? 1.5%), followed by dive-pause 
(37.4 + 0.9%), and asynchronous diving (5.6 ? 1.2%). 

Comfort activities occurred more in spring than win- 
ter only on Cold Bay. During winter, comfort activities 
occurred more on Izembek Lagoon than Cold Bay 
(Ft., = 5.92, P < 0.01; Table 2). However, in spring, 
the amount of time allocated to comfort activities was 
similar between locations, primarily because comfort 
activities increased from winter to spring on Cold Bay 
(Table 2). Eiders also engaged in courtship to a greater 
extent in spring than winter, which resulted from an 
increase in courtship from winter to spring at both lo- 
cations (Table 2). An interaction between season and 
tidal stage was the only factor that influenced loco- 
motion (F5,,56 = 2.2, P = 0.05). During winter, eiders 
moved more (F,,49 = 8.1, P < 0.01) at high tide (6.9 
? 5.6%) than at low tide (6.1 ? 1.8%). In contrast, 
locomotion was similar (F,,,,, = 0.91, P Z 0.3) among 
high (6.9 2 1.9%) and low (8.7 ? 1.4%) tides in 
spring. 

DISCUSSION 

Behavioral strategies during winter are not merely ori- 
ented to survival, but require an individual to obtain 
foods important for molt, migration, and reproduction 
(Raveling 1990). When ice cover reduced availability 
of Izembek Lagoon, eiders shifted to other habitats in- 
cluding Cold Bay. Although estimates on Cold Bay 
are conservative because only nearshore habitats were 
surveyed, increasing numbers on Cold Bay and Kin- 

79,73 1 
57,064 
48,998 

8,300 
15,100 
4,464 

22,922 
88,898 
50,000 

0 79,73 1 
0 57,401 
0 51,439 

75 13,357 
10 18,285 
70 5,898 
0 27,162 
0 91,410 
0 50,060 

zarof Lagoon when numbers are decreasing on Izem- 
bek Lagoon lends support to the possibility that at least 
some birds using Izembek Lagoon move across the 
peninsula to Cold Bay. As soon as Izembek became 
ice free, eiders returned in abundance, which suggests 
dispersal during severe weather may be localized to 
wetlands that remain open and are in close proximity 
to Izembek Lagoon. 

Foraging was the dominant activity on both Cold 
Bay and Izembek Lagoon indicating considerable time 
is required to meet the energetic and nutritional re- 
quirements of annual cycle events above 50”N latitude. 
Comparable allocations of time to foraging have been 
reported for sea ducks at similar latitudes. Foraging 
was the dominant activity of wintering Steller’s Eiders 
during both day (52.3%) and night (37.8%) in Varan- 
gerfjord, Norway (Fox and Mitchell 1997b), Common 
Goldeneye (Bucephalu clungula) and Oldsquaw (Clan- 
gulu hyemalis) spent 86% and 79% of time foraging, 
respectively, along the southern coast of Sweden dur- 
ing winter (Nilsson 1970), and foraging was the most 
prevalent activity of Oldsquaw (83%) and Common 
Eider (Somateria mollissima; 56%) at Cape St. Marys, 
Newfoundland (Goudie 1984). 

During winter, eiders foraged for similar amounts of 
time in both Cold Bay and Izembek Lagoon. The Stell- 
er’s Eider is among the most arctic of ducks (Nygard 
et al. 1995) and the winter climate along the Alaska 
Peninsula is severe (McKinney 1959). Consequently, 
small species such as the Steller’s Eider may have little 
flexibility to adjust their time-activity budgets to such 

TABLE 2. Univariate ANOVA tests of percent time (mean 2 SE) Steller’s Eiders engaged in different activities 
during winter and spring on Izembek Lagoon and Cold Bay, Alaska, 1980-1981. 

Activity 

Comfort 
court 
Forage 
Locomotion 
Rest 
Othel-8 

Izembek Lagoon Cold Bay 

Winter Spring Winter Spring 

14.9 2 6.0 11.5 2 2.7 4.2 2 2.3 22.5 ? 2.6*** 
0.3 ? 0.2 7.3 5 1.8*** 0.8 + 0.6 10.1 t 1.5*** 

70.2 2 7.2 66.4 2 5.3 80.0 ? 4.7 51.3 2 3.7*** 
7.9 + 1.8 11.4 5 2.8 13.8 2 4.0 7.0 2 1.3 
5.2 t 4.7 0.0 ? 0.0 0.6 2 0.4 7.9 2 2.3 
1.4 2 0.5 3.4 * 1.3 0.6 + 0.5 1.1 2 0.2 

a Aggression, alen 
***p 5 0.001. 
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adverse conditions (Goudie and Ankney 1986). The 
time available to acquire the foods necessary to main- 
tain thermal balance during cold weather is particularly 
critical when shallow, food-rich waters are unavailable. 
Foraging birds may be forced to obtain food in other 
habitats when ice covers shallow lagoons. During our 
study, eiders appear to have offset energetic require- 
ments when Izembek Lagoon was unavailable by for- 
aging in Cold Bay rather than minimizing energy ex- 
penditure by seeking thermal cover. In Norway, a gent- 
ly shelving, shallow coastline with sand-mud substrate 
was the primary criterion for site use by foraging Stell- - - 
er’s Eiders, accounting for 79% of variation in distri- 
bution (Fox and Mitchell 1997b). Cold Bav conforms 
to these characteristics, with water depths gradually 
increasing to about 6 m within 500 m of shore, and a 
substrate dominated by mud. Thus, wetlands with 
these physical traits that remain ice-free and are in 
close juxtaposition to shallow lagoons may provide 
crucial foraging habitats during periods of ice cover. 
The decreased use of Cold Bay as a foraging site in 
spring may be related to the lack of ice cover and 
greater availability of foods on Izembek Lagoon, or 
may reflect reduced energetic requirements as climatic 
conditions became more favorable. 

Previous studies have documented that Steller’s Ei- 
ders forage primarily within 2-3 hr of low tide, and 
surface feeding is the dominant foraging strategy (Pe- 
tersen 1981, Fox and Mitchell 1997b). In contrast, syn- 
chronous diving was the preferred foraging strategy 
exhibited by eiders during our study, and time spent 
foraging was similar at high and low tide. Differences 
between our study and others may be related to the 
distribution of eelgrass meadows. Izembek Lagoon is 
the only location in the Bering Sea where eelgrass 
grows in both intertidal and subtidal habitats (Phillips 
et al. 1983). Intertidal eelgrass plants typically are lo- 
cated in shallow areas (McRoy 1970, Short 1981), 
whereas subtidal plants typically occupy the sides of 
deeper channels (Ward and Stehn 1989). Thus, macro- 
invertebrate communities associated with eelgrass 
meadows are available at varying depths during both 
high and low tides. However, during our study, ice 
cover in late December may have reduced the avail- 
ability or value of intertidal eelgrass beds because 
leaves of intertidal plants can be frozen into ice and 
tom loose leaving roots and rhizomes in the sediments 
(McConnaughey 1977). Thus, macroinvertebrates as- 
sociated with subtidal beds that are accessible primar 
ily by diving may have provided more reliable foods 
regardless of tidal stage. In addition, formation of large 
flocks and synchronous diving also are good strategies 
for avoidance of aerial predators, such as Great Black- 
backed Gulls (Larus marinus) (Fox and Mitchell 
1997a), Bald Eagles (Haliaeetus Zeucocephalus) and 
Gryfalcons (F&o rusticolus) (McKinney 1965). The 
increased time spent in locomotion at high tides is con- 
sistent with the amount of time likely required to lo- 
cate foods in deeper water when tides are high as com- 
pared to the relative availability of foods when eelgrass 
is exposed on mudflats or shallowly flooded. 

Courtship increased on Cold Bay and Izembek La- 
goon during spring. Pairing before arrival on breeding 
grounds likely is an important strategy to assure that 

nest selection and laying can begin as soon as possible 
during the short summer breeding period. Why com- 
fort activities such as preening increased on Cold Bay 
in spring is difficult to explain. However, because 
rough seas are more characteristic of conditions on 
Cold Bay, more preening may be required to keep 
feathers arranged for signal function in the pairing pro- 
cess or for thermal regulation. 

The diverse diet of small marine foods consumed by 
eiders (Petersen 1981, Metzner 1993), in combination 
with multiple foraging strategies, are characteristics 
that have allowed Steller’s Eiders to be successful in 
northern environments. Previous studies have concen- 
trated on lagoon systems because of the documented 
value of these habitats. Additional information on the 
importance of other wetland habitats in close proxim- 
ity to shallow lagoons may provide critical insights to 
the winter distribution of Steller’s Eiders along the 
Alaska Peninsula. Of particular importance is more de- 
tailed knowledge regarding the types and seasonal 
availability of foods in different wetland types, and 
clarifying patterns of differential use among shallow 
lagoons and adjacent wetlands to identify habitats that 
may be temporally valuable for Steller’s Eiders. 
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