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Introduction

Large concentrations of moulting Steller’s 
Eiders Polysticta stellen have been re­
ported from Karaginski Island and Litke 
Strait, USSR (Gerasim ov in Kistchinski
1973); Izembek Bay, Alaska (Jones 1965); 
and Nelson Lagoon, A laska (R . E. Gill 
pers, com .); and smaller flocks of up to a 
few hundred birds have been reported 
from Saint Lawrence Island, A laska (Fay 
1961). However, the Steller’s E ider is the 
least studied of the eider group, and no 
published inform ation is available on 
population structure, moult phenology, 
and feeding ecology of eiders moulting in 
lagoon systems. Inform ation on food 
habits of Steller’s Eiders is primarily from 
birds taken on breeding grounds or w inter­
ing areas (Cottam  1939), or from  general 
observations of birds on migration (M ur­
dock 1885). Similarly, feeding behaviour in 
summer is little known except for general

observations by McKinney (1965).
This study was designed to gain an 

understanding of the ecology of Steller’s 
Eiders moulting in a lagoon system. Speci­
fic objectives were to determ ine: 1) the 
numbers, age, and sex of eiders in the 
lagoon; 2) their moult phenology; and 3) 
their foods and feeding behaviour before 
and during the moult.

Study area

The 100 sq km Nelson Lagoon study area 
(Figure 1) is on the north-central Alaska 
Peninsula, 160 km east of Cold Bay and 
was described by Gill & Jorgensen (1979). 
Nelson Lagoon is shallow, with extensive 
flats (47% of the lagoon) exposed at mean 
low or lower water. Intertidal substrates 
vary from mud to sand-gravel. The daily 
tidal regime is two lows and two highs with 
a 3-2 m m ean diurnal range.

Figure 1. The Nelson Lagoon study area in the north-central Alaska Peninsula.
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Methods

Populations, age and sex identification

The total num ber of eiders in the lagoon 
system was determ ined at 3 week intervals 
between 15 A pril and 15 O ctober 1977 by 
counting birds from an aeroplane flown at 
50-75 m over the lagoon between 1-5 hours 
before or after low tide. Sex and age ratios 
were determ ined by observing birds on the 
water from the porch of the cabin with a 
spotting scope. Subadults were considered 
as one group, because yearling and second 
year birds were difficult to distinguish ex­
cept when in alternate plumage or in the 
hand (Palmer 1976). A dult and third year 
males were distinguishable from yearling 
and second year birds in all plumages. 
Third year males in basic plumage were not 
distinguishable from older males, and were 
included in the adult category. No adult 
females were identified or collected in 
1977.

Feeding behaviour

Observations of feeding and roosting birds 
were made with a spotting scope from the 
porch of the cabin every 3 days from 17 
April to 15 O ctober 1977. The activity of 
each bird was recorded every 2 hours from 
0800 hours to  sunset (N = 42 days), and 
periodic observations made with a star­
light scope at night. Descriptive term in­
ology of feeding m ethods is that used 
by Bryant & Leng (1975).

Food habits

Forty-three S teller’s Eiders were collected 
to determ ine types of foods eaten. Samples 
of 3 birds each from feeding flocks were 
taken every 3 weeks between 17 April and 
15 October 1977, and samples of 9 and 4 
birds were taken in Septem ber and O cto­
ber 1976 and 1978, respectively. Im­
mediately after collection, the oesophagus, 
proventriculus, and ventriculus of each 
bird were injected with 10% buffered for­
malin, to halt digestion and preserve food 
items, and stored in 50% alcohol.

Food items w ere sorted and identified to 
species when possible. D ata are presented 
as the mean of volumetric percentages 
(aggregate, percentage) and percent fre­
quency of occurrence (see Swanson et al. 
1974) for each sampling period.

Intertidal invertebrates

Populations of invertebrates, primarily 
Mytilus edulis, in intertidal areas were sam­
pled along two, 50 m transects established 
on the eiders’s feeding area. Each transect 
was sampled once every 4 weeks from June 
to Septem ber 1977. Five, 1 m2 areas along 
each transect were randomly selected for 
each sampling, then each was sampled by 
taking five random  samples of 0-5 litres 
each. Samples were taken to 7 mm below 
the surface with a commercial clam gun 
9-6 cm in diam eter. All invertebrates from 
each sample were preserved in 10% buf­
fered formalin and stored in 50% alcohol.

Results

Population and m oult chronology

Three classes of Steller’s Eiders used Nel­
son Lagoon in 1977: migrating pairs of 
adults, subadult males and females, and 
adult males. Age classes were temporally 
segregated (Figure 2): migrating adult 
pairs left the area by early May, moulting 
subadults peaked at 53,000 birds in early 
August, and moulting adult males peaked 
at 54,000 birds in late September.

All age classes of subadult males were in 
alternate plumage in May and early June, 
and all birds in the lagoon were in basic 
plumage by 5 July. Age classes of subadult 
females are not distinguishable by plum ­
age, but comparisons of the bursa of Fabri­
cius (Elder 1946; Hanson 1962; Peterson & 
Ellarson 1978) of birds collected suggested 
that two classes were present. Five of 6 
females collected on 13 May 1977 had 
bursa depths of 7-13 mm (X =  10), and 1 
female had a bursa depth of 21 mm. Three 
of 5 females collected between 5 and 27 
July 1977 had bursa depths of 20 mm, 
21 mm, and 19 mm, and 2 had bursa depths 
of 12 mm. It is likely that birds with bursa 
depths of 19-20 mm were yearlings, and 
those with bursa depths of 7-13 mm were 
second year females.

W ing-feather moult of subadults began 
on 29 July. M ost birds became flightless by 
7 August and regained flight capability by 
late August. A fter being flightless for 
about 3 weeks, they left the study area as 
they regained flight.

A dult males in basic plumage began 
arriving at the study area in late August, 
became flightless soon after their arrival, 
and regained flight capability beginning



Observations o f  Steller’s Eiders at Nelson Lagoon  101

Figure 2. Numbers of Steller’s Eiders at Nelson Lagoon, Alaska in 1977. Solid lines represent the 
num ber of subadult females and m ales, and the dashed lines represent the num ber of adult males.

mid Septem ber. A dult males began leaving 
the study area by early October but 30,000 
were still present on 13 O ctober when the 
last aerial count was made.

Feeding behaviour

Eiders fed by diving or raft-feeding (Cam p­
bell 1978) in waters to  6 m deep, up-ending 
in waters slightly deeper than their ex­
tended neck length (about 20 cm), and 
head-dipping in waters 10-20 cm deep. 
There was no apparent difference in the 
m ethod of feeding between adults and 
subadults as age groups feed in mixed

flocks. W hen feeding, eiders dived 80% of 
the tim e, head-dipped 20% of the time, 
and up-ended rarely (never during 
observation periods). Before and during 
wing-feather moult, there was no signifi­
cant change in the m ethods of feeding 
(Table 1). However, following the wing- 
feather moult eiders dived m ore frequently 
and only a few birds head-dipped (X2 = 
17-772, df =  2, p <  0-001). Eiders fed 
more often (51%) during the wing-feather 
moult than before (32% ), and fed most 
frequently (61%) after the wing-feather 
moult.

During the two daily tide cycles the 
height and stage of the tide influenced

Table 1. Activity of Steller’s Eiders during summer 1977.

Num ber of birds observed
Feeding Roosting

Diving Head-dipping

Before wing-feather moult 35,311 18,877 113,301
(1 M ay-29 July)

During wing-feather m oult 3,271 2,469 5,477
(1 A ug.-15 Sept.)

A fter wing-feather m oult 64,474 5,093 44,816
(16 Sept.-15 O ct.)

Whole season 103,056 26,439 163,594
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feeding activity, most birds feeding at low 
tide (Figure 3), irrespective of the time of 
day or stage in the wing-feather moult. 
They dived at any stage of the tide, but 
most birds dived on a flowing tide 2 to 3 
hours after the low tide. Head-dipping 
occurred primarily during, and 2 hours 
before and after, low tide. Birds stopped 
feeding 2 hours before high tide, and began 
again 3 hours after high tide.

Food habits

Bivalved mollusca (pelecypoda) and crus­
tácea were the primary groups of inverte­
brates eaten by Steller’s Eiders from May 
to October (Table 2). Pelecypoda, prim ari­
ly Mytilus edulis, were found in nearly all 
of the birds collected, and were the major 
food item by volume. The sand-hopper 
Anisogammarus pugettensis (Am phipoda) 
was the most common crustacean taken. 
Worms (N em ertinea and Polychaeta), sea- 
spiders (Pycnogonida) and sea-slugs 
(Nudibrancha) were also taken, but were 
minor com ponents of the diet.

Male and female eiders ate similar foods 
in similar am ounts; there was no significant 
difference between the aggregate percen­
tage of am phipoda eaten nor of pelecypoda 
eaten by males and females. Similarly, 
there was no significant difference between 
the aggregate percentate of am phipoda or 
of pelecypoda eaten by adults and sub­
adults when both were present.

In 1977, the aggregate percentage of 
pelecypods increased from May to July, 
and that of Anisogammarus pugettensis de­
creased from May to August (Figure 4). 
There was no significant difference be­
tween the aggregate percentage of A . 
pugettensis and pelecypoda taken by eiders 
after the wing-feather moult in late 
September through October in 1977. Simi­
larly, in Septem ber and October 1976 and 
O ctober 1978 birds feed on both in widely 
varying am ounts.

Average lengths of A . pugettensis eaten 
by eiders varied significantly (F5 581 = 
137-753, p <  0-001) from 14 mm in May to 
6 mm in July (Figure 5) due to an emerg­
ence of recently hatched sand-hoppers in 
early July. E iders continued to eat amphi-
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Figure 3. Activity o f Steller’s Eiders related to tide stage. D ata are average percent of birds engaged 
in each activity during each hour of the tide stage as determ ined from 190 counts of birds from 
17 April to 15 O ctober 1977. Vertical bars represent ± S .E .
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Table 2. Food items of 43 Steller’s Eiders at Nelson Lagoon, Alaska—May to October.

Food item Aggregate %  vol. %  frequency of 
occurrence

Nudibranch
Onchidoris bilamellata trace* 4-7

Nem ertinea trace 2-3
Pelecypoda 48-5 86-0

Mytilus edulis 41-7 83-7
Clinocardium nuttallii trace 2-3
Macoma balthica 6-0 9-3
M ya arenaria trace 18-6

Polychaeta 8-2 65-1
Spionidae trace 2-3
Mediomastus sp. trace 2-3
Eteone longa 5-0 55-8
Syllidae trace 2-3
Nephtys ciliata trace 9-3
Owenia sp. trace 4-2
Cistena granulata 2-3 14-0

Crustacea 43-0 72-1
Cirripedia trace 2-3
Saduria entomon trace 9-3
A tylus collingi trace 2-3
Anisogammarus pugettensis 41-3 69-8
Caprellidea trace 7-0
Crangon septemspinosa trace 4-7

Pycnogonia trace 9-3

* Trace amounts are less than 1 percent.
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Figure 4. Changes in aggregate percentage of major food items of Steller’s Eiders through summer 
1977. Range, m ean, and standard error.
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Figure 5. Lengths of Anisogammarus pugettensis eaten by Steller’s Eiders from May to October 1977.
Range, m ean, standard error, and sample size.
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Figure 6. Lengths of Mytilus edulis eaten by Steller’s Eiders (open blocks) and available in the feeding 
areas (solid blocks) throughout summer 1977. R ange, m ean, standard error, and sample size.

poda in July, although they were eating 
smaller volumes of am phipoda and greater 
volumes of pelecypoda (Figure 4).

Corresponding with the increase in the 
am ounts of pelecypoda taken by eiders in 
1977 was a significant increase in the 
lengths of Mytilus edulis (F4 433 =  50-669, 
p <  0-001), from 1 mm in May to 10 mm in

August. Thereafter, eiders ate M. edulis in 
the 9-10 mm size range (Figure 5). Few 
longer than 10 mm were taken before A u­
gust, but from  August to October such 
shells comprised 36-8%. All M. edulis 
eaten by the eiders were in their first 
growing season, as none had annual 
grooves.
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Intertidal samples

Lengths of M. edulis collected in substrate 
samples were consistently smaller than 
those eaten by Steller’s Eiders (Figure 6). 
M. edulis continued to grow throughout 
the summer; the decrease in average 
lengths on the tidal flats in Septem ber 
resulting from a large hatch. Newly 
hatched M. edulis were found in all of 
the substrate samples.

Discussion

The timing of arrival, plumage at arrival, 
and timing of wing-feather m oult of adult 
male Steller’s Eiders at Nelson Lagoon is 
similar to that at Izembek Bay (Jones 
1965), and is typical of that generally exhi­
bited by eiders (Salomonsen 1968). 
However, the pattern of the timing of 
moult migration and wing-feather moult of 
subadult Steller’s Eiders differs from that 
described for the Com mon Eider 
Somateria mollissima in D enm ark (Joen­
sen 1973). As with subadult Common E id­
ers, subadult Steller’s Eiders gather in 
large dense flocks before the wing-feather 
moult. However, at Nelson Lagoon, sub­
adult Steller’s E iders rem ained in large, 
dense flocks during the flightless period, 
and become flightless before the adults. 
The tem poral separation of the moult of 
adult males and subadults may reduce 
competition for food resources, although it 
was not determ ined whether food was a 
limiting factor. The timing of arrival and 
moult of adult males was probably related 
to phenology of the nesting season (Jones 
1965; Salomonsen 1968). The moult of 
subadults is independent of the la tter since 
subadults do no normally m igrate to the 
breeding areas until sexually m ature (Pal­
m er 1976).

Age classes of Steller’s Eiders are also 
spatially separated. A dult females were 
infrequently observed moulting at Nelson 
Lagoon (only in Septem ber and O ctober 
1978) and subadults apparently do not 
moult at Izembek Lagoon (Jones 1965). 
Presumably, such segregation during the 
moult further reduces com petition for 
available food resources (Sterling & Dzu­
bin 1967), but inform ation on the food 
resources, food habits, and feeding be­
haviour of birds moulting in the different 
lagoon systems is needed.

Steller’s Eiders at Nelson Lagoon fed on 
animal m aterial from May through O cto­

ber. The most common foods taken were 
am phipoda and pelecypoda, as Cottam 
(1939) reported for wintering birds. Eiders 
at Nelson Lagoon appear to take am phipo­
da in the spring and early summ er, pelecy­
poda during the wing-feather moult, and 
both am phipoda and pelecypoda after the 
wing-feather moult. Such a pattern  re­
flected a general availability o f amphipoda, 
the growth of Mytilus edulis through the 
summer, and the opportunistic feeding pat­
tern of the eider. M ore inform ation on the 
energetic cost to the eider to obtain amphi­
poda and pelecypoda, the energetic needs 
of eiders when in pre-basic and pre­
alternate moults and when growing re­
miges, and the energy available to eiders 
from pelecypoda and am phipoda are 
needed to fully understand the changes in 
foods eaten by Stellar’s E iders during the 
summer.

Although eiders do not alter their feed­
ing methods when flightless, they fed 
more, possibly reflecting a need for more 
food when growing remiges. Eiders fed 
most after they regained flight capability 
and fed almost exclusively by diving, poss­
ibly reflecting a change in the distribution 
and abundance of desired food resources.

W hereas the patterns of feeding be­
haviour of Common Eiders can be influ­
enced by the tide (Dem entiev & Gladkov 
1952; Gorm an 1970; Pounder 1971; Cantin 
et al. 1974; Milne 1974; Campbell 1978) or 
exhibit a diurnal rhythm  (Pethon 1967; 
D unthorne 1971), all feeding is done dur­
ing the daylight hours. In Sweden, during 
winter, Steller’s Eiders are reported to 
exhibit a diurnal pattern of feeding (Hög- 
ström 1977). However, during the summer 
at Nelson Lagoon, Steller’s E iders fed dur­
ing the low tide irrespective of time of day. 
Presumably, such a feeding pattern  results 
in the least am ount of energy expended to 
obtain food.
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Summary

The population size, m oult chronology, food 
habits, and feeding behaviour of S teller’s Eiders 
Polysticta stellen were studied at Nelson La­
goon, Alaska from May to O ctober 1977. Sub­
adults were flightless from late July to late 
August and the adult males were flightless from 
late August to mid Septem ber. A dult females

were rarely flightless at Nelson Lagoon but 
commonly flightless at Izem bek Bay.

Steller’s E iders ate primarily bivalve mollusca 
and amphipod crustacea, with Mytilus edulis and 
Anisogammarus pugettensis the most im portant 
foods. E iders took am phipoda prior to the wing- 
feather m oult, bivalves during the wing-feather 
m oult, and both types of invertebrates after the 
wing-feather m oult. Steller’s E iders fed prim ari­
ly at the low tide by diving (flock-feeding) or 
head-dipping, both during the day and at night. 
There was no difference in feeding behaviour 
between ages o r sexes. E iders fed almost exclu­
sively by diving after the wing-feather m oult and 
apparently fed m ore as the season progressed.
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