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Further Evidence for Site Fidelity to Wing Molt Locations by King Eiders:
Integrating Stable Isotope Analyses and Satellite Telemetry
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Abstract.

 

—Studies using stable-isotope analyses of feathers to determine molt locations in marine birds are in-
creasingly common but generally lack verification through ground-truthing. In this study, we examined the stable
isotope compositions of wing feathers from King Eiders (

 

Somateria spectabilis

 

) implanted with satellite-transmitters.
We compared stable carbon, nitrogen, and hydrogen isotope compositions (

 

δ

 

13

 

C, 

 

δ

 

15

 

N, and 

 

δ

 

D, respectively) of pri-
mary feathers with the geographic location of wing molt in the subsequent year. Longitude of molt locations of ei-
ders was highly correlated with 

 

δ

 

13

 

C (r

 

2 

 

= 0.69, N = 12) and 

 

δ

 

D (r

 

2 

 

= 0.90, N = 12) isotope values from their primary
feathers grown in the previous year. There was no relationship between 

 

δ

 

15

 

N and location of wing molt (r

 

2 

 

= 0.007,
N = 12). The results of this study provide further evidence for site fidelity during wing molt by King Eiders. 
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Determining the locations of migratory
birds during the non-breeding portion of
the annual cycle is increasingly important to
their management because events at these
locations such as weather, predation, or an-
thropogenic factors may contribute to mor-
tality (Webster and Marra 2005). In Alaska,
sea duck populations, including King Eiders
(

 

Somateria spectabilis

 

), have been declining
for several decades (U.S.F.W.S. 1999; Suy-
dam 

 

et al.

 

 2000). Sea ducks are difficult to
study during the non-breeding period be-
cause they are typically located in areas diffi-
cult to access (Goudie and Ankney 1988).
Thus locations of molt, when ducks are high-
ly vulnerable due to their flightless condi-
tion, often remain unknown. Recent use of
satellite telemetry has been successful at lo-
cating areas used by individual Spectacled
(

 

Somateria fischeri

 

) and King Eiders during
non-breeding (Petersen 

 

et al.

 

 1999; Dickson

 

et al.

 

 2000, respectively), however, whether
molt occurs in these areas must be inferred.

Furthermore, satellite telemetry generally
lacks the ability to make population-scale
predictions because of inherent small sam-
ple sizes. Unlike extrinsic marking methods,
intrinsic markers in the form of naturally oc-
curring stable isotopes have been used to in-
fer origins of feather molt for a variety of
bird species. For example, stable carbon
(

 

δ

 

13

 

C) and nitrogen (

 

δ

 

15

 

N) isotope values
from albatross feathers in the Indian Ocean
enabled researchers to distinguish between
their molting and breeding sites (Cherel

 

et al.

 

 2000). In recent years, molt latitudes
of terrestrial migratory birds have been
determined by comparing stable hydrogen
isotope (

 

δ

 

D) values of continental rainfall
with those in feathers (e.g., Chamberlain

 

et al.

 

 1997; Hobson and Wassenaar 1997;
Wassenaar and Hobson 2000). Stable iso-
tope analyses of feathers provided a power-
ful tool for interpreting information about
life history events (i.e., feather molt) that oc-
curred in remote terrestrial locations (Hob-



 

S

 

TABLE

 

 I

 

SOTOPES

 

 

 

AND

 

 T

 

ELEMETRY

 

 T

 

RACK

 

 E

 

IDERS

 

53

 

son 1999; Meehan 

 

et al.

 

 2004), but the appli-
cability of their use in marine systems is not
well known because marine isoscapes are
poorly understood (Bowen 

 

et al.

 

 2005).
King Eiders that breed in western Arctic

coastal areas molt in the Bering Sea but their
spatial distribution during the latter period
is not well understood (Dickson 

 

et al.

 

 2000;
Suydam 2000). Satellite telemetry has pro-
vided molt locations for a few individual ei-
ders as well as evidence of fidelity to molt lo-
cations in subsequent years (Phillips and
Powell 2006). Eiders arrive at molt locations
in the Bering Sea and presumably become
flightless (Suydam 2000). Captive eiders re-
main flightless for approximately three
weeks until new feathers are grown (Arnold
Shouten, pers. comm., Dry Creek Waterfowl,
Port Townsend, Washington). King Eiders
consume benthic invertebrates during the
period of feather growth (Frimer 1997). In
the Bering Sea, 

 

δ

 

13

 

C and 

 

δ

 

15

 

N values of inver-
tebrates vary among geographic locations
due to differences in primary production,
fresh water influences (Schell 

 

et al.

 

 1998),
and trophic interactions (McConnaughey
and McRoy 1979; Dunton 

 

et al.

 

 1989). Ma-
rine sediments exhibit increasing (isotopi-
cally heavier) 

 

δ

 

13

 

C values in an east-west gra-
dient in the Bering Sea (Naidu 

 

et al.

 

 1993).
Because feather stable isotope values reflect
assimilated diet at the time of synthesis (Mi-
zutani 

 

et al.

 

 1992) the isotopic variation in
the Bering Sea may allow eiders to be as-
signed to molt locations from stable isotope
values of feathers.

 Similar to 

 

δ

 

13

 

C and 

 

δ

 

15

 

N values, the 

 

δ

 

D
values of feathers reflect diet and drinking
water at the time of synthesis (Hobson 

 

et al.

 

1999). The 

 

δ

 

D values of feathers have not
been used previously to determine molt loca-
tion of marine birds (Hobson 1999; Hobson

 

et al.

 

 2000; Hobson 2005). This is presumably
due to relatively constant 

 

δ

 

D values fluctuat-
ing near 0‰ in marine systems (Hoefs
1980). However, the 

 

δ

 

D of feathers from
birds consuming marine- or terrestrial-based
diets are different and so these measure-
ments can be of use in marine systems with
terrestrial or freshwater influences (Hobson

 

et al.

 

 2000; Lott 

 

et al.

 

 2003). For example,

bird-eating raptors feeding in coastal habi-
tats, determined from stable sulfur isotope
(

 

δ

 

34

 

S) measurements, had much higher
feather 

 

δ

 

D values than their inland counter-
parts (Lott 

 

et al.

 

 2003). Given the variation in

 

δ

 

D between marine and terrestrial systems,
the 

 

δ

 

D values in the Bering Sea could pro-
vide information about eider molt locations.

In this study, primary feathers were sam-
pled from King Eiders during capture for im-
plantation with satellite transmitters to deter-
mine if isotopic values were related to molt
locations in the subsequent year. The objec-
tive of this study was to examine the possibil-
ity that combining intrinsic and extrinsic
tracking methods might allow for popula-
tion-scale extrapolation of King Eider distri-
bution during wing molt and provide addi-
tional support for molt site fidelity. We hy-
pothesized that wing molt location in the
Bering Sea and the 

 

δ

 

13

 

C values of primary
feathers from eiders would be correlated and
follow the pattern in 

 

δ

 

13

 

C values in sediments
and longitude described by Naidu 

 

et al.

 

(1993). Site fidelity to wing-molt locations is
a necessary condition to test this hypothesis
because feather isotope values in this study
will represent the diet at the time of primary
feather synthesis from the molt year preced-
ing transmitter implantation. It follows that if
transmittered eiders do not return to the
same molt site in the subsequent year (i.e.
there is no molt site fidelity) there would be
no basis for extrapolating the population dis-
tribution during wing molt. Feathers were al-
so analyzed for 

 

δ

 

D and 

 

δ

 

15

 

N values to deter-
mine whether these measurements would be
useful to determine wing molt locations.

 

M

 

ETHODS

 

Samples were collected in June 2003 from the tips
(<1 cm) of the first primary feather (vane material only)
from nine male and three female King Eiders captured
for implantation with satellite transmitters at Kuparuk,
Alaska (70°20’N, 149°45’W) (Phillips and Powell 2006).
Feathers were cleaned and rinsed using ethanol to re-
move surface contaminants and air dried. Samples were
weighed to 0.3-0.5 mg then placed in tin boats (Elemen-
tal Microanalysis Limited, Devon, UK). The 

 

δ

 

13

 

C, 

 

δ

 

5

 

N
and 

 

δ

 

D values for each sample were obtained using con-
tinuous flow stable isotope-ratio mass spectrometry (CF-
SIRMS) at the Alaska Stable Isotope Facility (http://
www.uaf.edu/water/ASIF/ASIF.html). To determine
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the 

 

δ

 

13

 

C and 

 

δ

 

5

 

N values of the samples they were each
combusted in a Carlo Erba NC2500 elemental analyzer
interfaced via a Finnigan Conflo III to a Finnigan Del-
ta+XP mass spectrometer. Stable isotope ratios were re-
ported in standard 

 

δ

 

 notation, as parts per thousand
(‰) relative to Vienna Pee Dee Belemnite for carbon
and atmospheric Air for nitrogen, using the equation 

 

δ

 

X
= 

 

([

 

R

 

sample

 

/

 

R

 

standard

 

]-1 

 

×

 

 1000, where 

 

X

 

 is 

 

13

 

C or 

 

15

 

N and 

 

R

 

is the ratio of 

 

13

 

C:

 

12

 

C or 

 

15

 

N:

 

14N. Analytical precision was
determined by conducting multiple analyses of a ho-
mogenous peptone standard (N = 29) (δ 13C = 7.0‰, C
= 44.3%, δ15N = 15.8 ‰, N = 15.8%) during the run of
analyses and were < ± 0.4‰ for δ13C, < ± 0.3‰ for δ15N.

For stable hydrogen isotope analysis the methods
were consistent with those described by Greenberg et al.
(in press) where 0.1-0.3 mg of each sample feather was
weighed out into silver capsules, and analyzed using a
Finnigan ThermoQuest thermochemical reactor ele-
mental analyzer (TCEA) attached via a Conflow III to a
Thermo Finnigan Delta Plus XL IRMS. δD results are
expressed relative to Vienna Standard Mean Ocean Wa-
ter (VSMOW). The δD of sample hydrogen was calculat-
ed by measurement of HD isotopes (after standard H3+

corrections) and comparison to a pulse of reference H2
gas (research grade 99.999%) (VSMOW). δD values of
samples were calibrated relative to international stan-
dards (NBS 22, NBS 30 and PEF 1) (measured vs. ex-
pected r2 = >0.99). Analytical precision based on the
analyses of Benzoic Acid (Fisher Chemical, Fisher Scien-
tific No. 947429) during the run of samples producing
a standard deviation of 2.3‰, while the % hydrogen an-
alytical precision was 0.3%. We acknowledge the issues
related to hydrogen exchange as described by others
(e.g., Wassenaar and Hobson 2002). We adopted a
method where samples were “air equilibrated” with am-
bient laboratory air moisture in the ASIF at room tem-
perature for >96 hours prior to stable hydrogen isotope
analysis. Samples and standards were then immediately
loaded into the auto sampler carousel of TCEA-IRMS
system described above. All samples were analyzed in
the same batch. Since the aim of this study was compar-
ative within the sample set it was less crucial to produce
non-exchangeable δD values. However, this should be
taken into account if the δD data are being considered
for comparison with future studies.

Geographic locations of wing molt for satellite-trans-
mittered King Eiders were obtained from Service

ARGOS (2001) (see Phillips and Powell 2006). Phillips
(2005) defined molt location as the period after molt
migration when eiders did not change location for ≥3
weeks. Movements of individuals at their geographic lo-
cation of wing molt was small (<50 km2) within the scale
of the Bering Sea (2.3 × 106 km2) (Hood and Kelley
1974). The mean values of all coordinates from each in-
dividual during the molt period were used as their molt
location [for details on telemetry analyses see Phillips
and Powell (2006)]. Universal Transverse Mercator
(UTM) conversions were not available west of the cen-
tral meridian 180º, so transmittered eiders occupied
both negative and positive longitude during molt in the
Bering Sea. Therefore, geographic coordinates were
standardized to make all values positive for statistical
analyses. Standardized longitude was calculated using
UTM Zone 4 False Easting as the origin because the
most easterly-molting King Eider molted within this
zone. We added 500,000 m to each coordinate of longi-
tude from an individual eider within a zone and then
added 500,000 m more for each consecutive zone (i.e.,
Zone 4 coordinates were not changed, Zone 3 + 500,000
m, Zone 2 + 1,000,000 m, etc.). The SAS (SAS Institute
1996) General Linear Model (GLM) was applied to de-
termine the relationship between wing molt locations of
transmittered eiders and stable isotope values from
their primary feathers. Means were reported with ±1
standard deviation.

RESULTS

The distribution of transmittered King
Eiders during molt in 2003 ranged from Bris-
tol Bay, Alaska, in the east to the west coast of
Siberia (Phillips 2005) (Table 1, Fig. 1). Sev-
en males and the three females molted on
the east and south coasts of the Chukotka
peninsula. δ13C values of primary feathers
from eiders sampled ranged from -15.7‰ to
-20.5‰. In addition, the δ13C values of feath-
ers from these birds were positively correlat-
ed with longitude of wing molt location in

Table 1. Mean location, sex, and δ15N, δ13C, and δD values of feathers from King Eiders molted in fall 2002. Letters
correspond with point locations on Figure 1.

Individual Sex Lat/Long δ15N δ13C δD

a M 58.510/-158.305 16.00 -20.5 -100.5
b M 64.744/-171.966 14.20 -17.8 -88.3
c M 65.142/-172.995 14.70 -19.2 -96.3
d F 65.805/-171.995 14.60 -18.7 -95.4
e F 64.340/-172.810 13.80 -17.9 -95.0
f M 64.642/-172.352 14.50 -17.9 -87.8
g M 65.351/-176.425 14.70 -17.6 -82.2
h M 65.409/-176.691 14.30 -17.7 -84.3
i M 65.540/-177.027 14.30 -17.1 -84.8
j M 65.516/-177.177 13.80 -17.6 -86.2
k F 64.776/179.320 14.60 -18.1 -77.4
l M 60.851/171.967 15.57 -15.7 -72.3
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the Bering Sea in the subsequent year (r2 =
0.69, N = 12, Fig. 2), becoming increasingly
enriched along an east-west gradient. δD val-
ues ranged from -72.3‰ to -100.5‰ and
were also highly correlated with longitude of
wing molt (r2 = 0.90, Fig. 2). The δ15N values
from these feathers was not correlated with
latitude or longitude of known wing molt lo-
cations (r2 = 0.007, Fig. 2).

DISCUSSION

Both δ13C and δD values of primary feath-
ers from King Eiders implanted with satellite
transmitters were correlated with longitude
of their wing molt locations in the Bering
Sea in the subsequent year. Five regions of
the Bering Sea were fairly distinguishable
based on feather δ13C and δD values. Regions
with multiple molting eiders (i.e., eastern
and southern Chukotka) had similar within
area feather isotope values. Only one feather
sample was collected from each individual so
we performed no formal analysis of within
region isotopic variation. δ13C values of Ber-
ing Sea sediments have demonstrated a lon-
gitudinal gradient from the Seward Peninsu-
la (isotopically lighter) to the south of the
Chukotka Peninsula, Russia (isotopically
heavier) by Naidu et al. (1993), who suggest-
ed freshwater inputs from the Yukon River
and an east-west current across the Bering
Sea could drive that gradient. Assuming that

particulate organic carbon found in sedi-
ments is the basic carbon source in marine
systems (Fry and Scherr 1984), it is not sur-
prising to encounter the same trend in ma-
rine fauna (see Saupe et al. 1987; Schell et al.
1998), including eiders. Furthermore, Phil-
lips (2005) found that eiders molted flight
feathers in areas with lower salinity (i.e.,
freshwater influence) than random points.

Fresh water flowing from the Yukon River
in Alaska would also have isotopically lighter
δD values relative to marine systems because
Arctic and sub-Arctic rainfall hydrogen val-
ues are lower relative to VSMOW (~135-
165‰) (Bowen and Revenaugh 2003; Bowen

Figure 1. Geographic locations of wing molt in fall 2003
from King Eiders implanted with satellite transmitters
in summer 2003. Letters correspond with individuals
listed in Table 1.

Figure 2. The δ15N, δ13C, and δD values (expressed in ‰
vs. VPDB, atm. nitrogen and VSMOW respectively) of
primary feathers from King Eiders molted in fall 2002
in relation to the location of their subsequent molt loca-
tion in 2003. Males are denoted by open circles, females
by closed circles.
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2005; Bowen et al. 2005). Similar to δ13C, the
δD gradient observed is likely caused by mix-
ing of fresh and marine waters and the isoto-
pic composition of the water and its various
particulate components are reflected in the
eider prey base. Thus, the parallel relation-
ship observed between δ13C and δD probably
reflects a common source of these isotopes
in the foodweb. The stronger relationship
observed between δD values of feathers and
location of wing molt may or may not imply
that drinking water increased the effect of
the correlation between longitude and δD
over δ13C and longitude, but drinking habits
of King Eiders are virtually unknown outside
the breeding season (Suydam 2000).

δ15N feather values from eiders in this
study exhibited little variation between indi-
viduals and represented a trophic position
relative to assimilated diet at the time of feath-
er synthesis (Deniro and Epstein 1981; Hob-
son et al. 2002). Thus, the lack of correspon-
dence between δ15N feather values and molt
locations was not surprising because nitrogen
isotope content of particulates (i.e., protein
sources at the base of the trophic web) are not
necessarily influenced by mixing of fresh and
marine waters (Owens 1987).

The observed stable carbon and hydro-
gen isotope correlations provide further evi-
dence of fidelity to wing molt sites by King Ei-
ders. From satellite telemetry data, six male
and two female transmittered eiders re-
turned to within seven km and 50 km, respec-
tively, of individual molt sites from the previ-
ous year (Phillips and Powell 2006). In this
study, primary feathers were grown during
molt in the previous fall before the eiders
were implanted with transmitters. Feather
isotope values corresponded closely to the
longitude of the subsequent wing molt;
therefore these eiders appear to have re-
turned to nearly the same molt locations as
the previous year. Stable isotope values from
satellite-transmittered eiders were not ex-
trapolated to non-transmittered eiders be-
cause the majority of eiders in this study molt-
ed within a small range with only one individ-
ual at each extreme of the distribution, thus
the entire range was not well represented by
our samples. Finally, these results also suggest

that hydrogen isotope measurements have
potential for examining molt locations in
some marine systems, particularly large estu-
aries or other areas influenced by fresh water.
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