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Abstract. The King Eider (Somateria spectabilis) has been delineated into two broadly
distributed breeding populations in North America (the western and eastern Arctic) on the
basis of banding data and their use of widely separated Pacific and Atlantic wintering areas.
Little is known about the level of gene flow between these two populations. Also unknown
is whether behavioral patterns common among migratory waterfowl, such as site fidelity to
wintering areas and pair formation at these sites, have existed for sufficient time to create
a population structure defined by philopatry to wintering rather than to nesting locations.
We used six nuclear microsatellite DNA loci and cytochrome b mitochondrial DNA se-
guence data to estimate the extent of spatial genetic differentiation among nesting and
wintering areas of King Eiders across North America and adjacent regions. Estimates of
interpopulation variance in microsatellite allele and mtDNA haplotype frequency were both
low and nonsignificant based on samples from three wintering and four nesting areas. Results
from nested clade analysis, mismatch distributions, and coalescent-based analyses suggest
historical population growth and gene flow that collectively may have homogenized gene
frequencies. The presence of several unique mtDNA haplotypes among birds wintering near
Greenland suggests that gene flow may now be more limited between the western and
eastern Arctic, which is consistent with banding data.

Key words: gene flow, King Eider, microsatellites, mitochondrial DNA, population ge-
netic differentiation, seaduck, Somateria spectabilis.

Ausencia de Estructura Genética Espacia entre Areas de Nidificacion e Invernada en
Somateria spectabilis

Resumen.  Con base en datos de anillamiento y en el uso de areas de invernada separadas
en el Pacifico y el Atlantico, la especie Somateria spectabilis ha sido separada en dos
poblaciones reproductivas de amplia distribucion en Norte Ameérica (las del Artico este y
oeste). Se conoce poco sobre los niveles de flujo génico entre estas dos poblaciones. También
se desconoce si patrones de comportamiento comunes entre aves acuaticas migratorias, como
lafidelidad a los sitios de invernada y la formacion de parejas en dichos sitios, han existido
por suficiente tiempo como para crear estructura poblacional definida por la filopatria a las
areas de invernada en lugar de a las areas de nidificacion. Utilizamos seis loci nucleares de
ADN microsatelital y secuencias del gen mitocondrial citocromo b para estimar el grado de
diferenciacion genética espacia entre areas de nidificacion e invernada de S. spectabilis a
través de Norte Américay regiones adyacentes. Los estimados de |la varianza interpoblacio-
nal en la frecuencia de alelos de microsatélites y de haplotipos de ADNmt fueron bajos y
no significativos con base en muestras de tres areas de invernada y cuatro de nidificacion.
Los resultados de un andlisis de clados anidados, de las distribuciones ‘“mismatch” y de
andlisis basados en coalescencia sugieren la existencia de crecimiento poblacional historico
y flujo génico, eventos que colectivamente podrian haber homogeneizado las frecuencias
génicas. La presencia de varios haplotipos exclusivos entre aves que invernan cerca de
Groenlandia sugiere que el flujo génico podria ser ahora mas limitado entre el Artico oeste
y este, 1o que es consistente con los datos de anillamiento.
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INTRODUCTION

For species of conservation or management con-
cern, it is important to know whether popula-
tions are demographically independent. Studies
of waterfowl populations typically focus on
nesting areas when defining spatial genetic
structure since most waterfowl exhibit a pattern
of female-biased breeding and natal philopatry,
while males are more prone to disperse (Ander-
son et a. 1992). Such behaviors can isolate fe-
male breeding populations, even though these
populations may share wintering areas and mi-
gratory routes (Scribner et al. 2003).

Robertson and Cooke (1999) suggested that
wintering-area philopatry has been overlooked
in studies of waterfowl population structure. Wa-
terfowl of both sexes may exhibit winter philo-
patry, possibly to form or reform breeding pairs
(Anderson et a. 1992). Juveniles may aso mi-
grate with adult females to wintering areas, such
as Regehr et al. (2001) observed in Harlequin
Ducks (Histrionicus histrionicus). Thus, philo-
patry by males, females, and associated young
to isolated wintering areas, followed by pair for-
mation, may lead to population-genetic structure
among birds of different wintering rather than
nesting areas. The hypothesis of wintering-area
population structure deserves examination be-
cause anthropogenic impacts to seaduck popu-
lations are increasing on the wintering grounds,
potentially affecting genetically unique groups.
For example, on 17 February 1996, an oil spill
near St. Paul Island, Alaska (Fig. 1) killed hun-
dreds of King Eiders (Somateria spectabilis;
Flint et al. 1999).

The King Eider is one of the first waterfowl
species to appear in the Arctic each spring, often
migrating in flocks of >10 000 individuals (Suy-
dam 2000). The King Eider breeds in coastal
arctic tundra and has a Holarctic distribution that
includes nesting areas in northern Alaska, Ca-
nada, Greenland, Svalbard, and Russia. Winter-
ing birds occur throughout the Bering Sea and
Pacific Ocean near Russia and Alaska, along the
Atlantic coast of Canada and the United States,
in southern Greenland, and along the coast of
Norway (Fig. 1). Two breeding populations,
from the western and eastern Arctic, are recog-
nized in North America (Suydam 2000). Popu-
lation counts of breeding birds (Dickson et al.
1997, Gratto-Trevor et al. 1998) and fall mi-

grants (Suydam et al. 2000) suggest that both
populations are in decline, although negative
population trends observed at Greenland molting
areas may be partly the result of changesin dis-
tribution due to human disturbance (Frimer
1995, Mosbech and Boertmann 1999).

Population delineation of King Eidersis based
on the geographic isolation of wintering areasin
the Pacific and Atlantic Oceans and recoveries
of birdsin the eastern Canadian Arctic that were
initially banded during autumn in Greenland
(Salomonsen 1968, 1979, Lyngs 2003). Recent
satellite telemetry studies confirmed that King
Eiders nesting in western arctic areas of Alaska
and Canada remain in this region for wintering,
moving to locales in the Bering Sea and Pacific
Ocean (DLD, unpubl. data). The boundary sep-
arating these two populations (Fig. 1) is thought
to extend southeast through Victoria Island and
Queen Maud Gulf (Dickson et al. 1997). Little
is known about the population-genetic structure
and gene flow among populations of King Ei-
ders, either within or between the populations of
the western and eastern Arctic (Suydam 2000).
Female nest-site fidelity, which is common
among King Eiders in the central Canadian Arc-
tic (Kellett 1999), and the geographic isolation
of King Eider wintering areas, suggest that lim-
ited female gene flow may occur between the
western and eastern Arctic. Only a single banded
individual (a female) is known to have moved
between the western and eastern Arctic from
Prudhoe Bay, Alaska, to western Greenland
(Lyngs 2003). While banding and telemetry data
suggest that there may be little interchange be-
tween the western and eastern Arctic, recent
analyses of stable isotopes (Mehl et a. 2004),
suggests limited movement between these pop-
ulations.

In this study, we examined the variation of
polymorphic nuclear microsatellite DNA loci
(Scribner and Pearce 2000) and site substitutions
of mtDNA sequence data (Randi 2000) from the
mitochondrial cytochrome b gene to test the null
hypothesis of panmixia among King Eiders nest-
ing within the western and eastern arctic popu-
lations. We aso examined the hypothesis that
population structure exists among wintering ar-
eas, using samples from Peacific and Atlantic
wintering locales. Since the population-genetic
structure of arctic species may have been influ-
enced by Pleistocene vicariant events, such as
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FIGURE 1. Sampling locations within breeding (filled circles) and wintering (unfilled circles) areas of King
Eiders. Horizontal lines = breeding areas, vertica lines = wintering areas. The bold line represents the hypoth-
esized boundary between the western and eastern arctic breeding populations of North America (Salomonsen

1968, 1979, Dickson et al. 1997, Lyngs 2003).

isolated refugia and subsequent deglaciation
(Hewitt 2000), we used analytical methods that
test for the intrapopulation variance of alele fre-
guencies as well as methods that consider his-
torical population change and phylogeography.

METHODS
SAMPLING

Samples were collected across the Holarctic dis-
tribution of King Eiders (Fig. 1), and included
the Lena (73°30'N, 126°30'E) and Indigirka
(71°20'N, 150°20'E) Rivers, Russia, the Colville
(70°15'N, 151°05'W) and Kuparuk (70°10’N,
148°20'W) Rivers, Alaska, Queen Maud Gulf
(67°00'N, 99°30'W) and Southampton Island
(64°00'N, 81°50'W), Canada, St. Paul (57°15'N,
170°15'W) and Kodiak (57°45'N, 152°30'W) Is-
lands, Alaska, and three locations in western
Greenland (67°30'N, 54°00'W), which were
grouped for analysis. Samples from the six nest-
ing areas included contour feathers from active
nests and blood from captured birds. Samples
from the three wintering areas included blood
and tissue samples from captured and harvested
individuals. Nesting-area samples were com-
posed primarily of females to reduce the possi-

ble inclusion of dispersing males. However, due
to low sample sizes from Southampton Island
and Russia, we included males from these areas
in microsatellite DNA analyses. MtDNA analy-
ses of nesting areas were based only on females.
Due to their geographic proximity and low num-
bers, samples from the Lena and Indigirka Riv-
ers, Russia, and the Colville and Kuparuk Riv-
ers, Alaska, were combined, yielding two west-
ern-arctic nesting areas (Russia and Alaska), one
eastern-arctic nesting area (Southampton Is-
land), and one intermediate area (Queen Maud
Gulf). Queen Maud Gulf is thought to represent
an area where individuals from both the western
and eastern Arctic occur during nesting (Mehl
et al. 2004). Two wintering areas were sampled
in the western Arctic (St. Paul 1sland and Kodiak
Island, Alaska) and one wintering area in the
eastern Arctic, which was composed of three
sampling sites in western Greenland. Samples
from wintering areas included both males and
females.

LABORATORY ANALYSES

We extracted DNA from blood and tissue using
the PUREGENE DNA extraction kit (Gentra
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Systems, Inc., Minneapolis, Minnesota). DNA
from feathers was extracted following the gen-
eral methodology of Pearce et al. (1997). How-
ever, instead of Chelex we used an overnight
digest in a 700-pL volume of Tris-NaCI-EDTA,
1M Tris-HCI (pH 8.0), 20 mg per mL Proteinase
K, 25% sodium dodecy! sulfate, and 1M dithio-
threitol, followed by a salt extraction (Medrano
et a. 1990). We screened 24 pairs of biparen-
tally inherited waterfowl microsatellite primers
for amplification and allele variation in King Ei-
ders. Six loci yielded clear and polymorphic
DNA products. Alapl (Fields and Scribner
1997), Bcapl, Beapll, Hhip5 (Buchholz et a.
1998), and Sfip9 and Sfipll (Libants et al., un-
publ. data, GenBank accession numbers
AF180501 and AF180499). Genotypes at each
locus were generated using a Li-Cor 4200 DNA
system (Lincoln, Nebraska). One of each primer
pair was either directly labeled with a5’-end Li-
Cor 700 or 800 infrared fluorescent dye or syn-
thesized with an M13 forward or reverse primer
sequence on the 5'-end and accessed during the
polymerase chain reaction (PCR) using the ap-
propriate infrared-dye-labeled universal primer
(Oetting et al. 1995). PCR amplification of these
loci was conducted on a Stratagene 96 Robocy-
cler (La Jolla, California). Reagents were heated
to 94°C for 2 min, then cycled 35-40 times
through the following temperatures. 94°C for 2
min, locus-specific annealing temperatures
(47°C for Alaul, Sfip9, and Sfipll, and 54°C
for Bcapl, Beapll, and Hhiw5) for 1 min, and
72°C for 1 min. Following PCR, 4 pL of loading
buffer were added before placing 1-2 pL of
PCR products onto 6% polyacrylamide gels and
electrophoresed using the Li-Cor 4200 sequenc-
er. We designated allele sizes with an M13 DNA
sequence ladder. Samples of scored individuas
were then used on subsequent gels to size new
genotypes.

We amplified a 510-base-pair fragment within
the cytochrome b gene of mtDNA using PCR
primers H16064 (5'-CTTCAGTYTTTGGTT-
TACAAGA-3') and L14990 (5'-AACATCT-
CAGCATGATGAAA-3'; Sorenson, Ast et al.
1999) for each of 182 King Eider samples. Am-
plifications were conducted with a Perkin Elmer
Cetus DNA Therma Cycler (Norwalk, Con-
necticut). PCR amplification involved a 50-pL
reaction volume consisting of 25 pL DNA (di-
luted 1 pL of 50 ng per uL DNA:24 pL dH,0),
PCR buffer (67 mM TrissHCL, pH 8.0, 6.7 mM

MgCl,, 0.01% Tween-20), 1 mM each dNTR 1
M each primer, and 1 U Tag DNA polymerase.
Thermocycler conditions consisted of 40 cycles
of 94°C for 1 min, 50°C for 1 min, and 72°C for
2.25 min. PCR products were electrophoresed
through 1.5% agarose, stained with ethidium
bromide and visualized using ultraviolet trans-
illumination. Samples yielding a product of ex-
pected size were cleaned with Bio-Rad Quantum
Prep PCR Kleen-spin columns (Hercules, Cali-
fornia) and sequenced directly using Epicentre
Technologies SequiTherm EXCEL Il DNA se-
quencing kit (Madison, Wisconsin). Sequencing
products were analyzed on a 3.7% polyacryl-
amide gel on the Li-Cor DNA 4200 system and
aligned using the Li-Cor AlignlR program. Due
to the common occurrence of nuclear pseudo-
genes in avian species (Lopez et a. 1994, So-
renson and Quinn 1998), we verified that am-
plified sequences were of mtDNA origin by
comparing sequences obtained from heart,
blood, and muscle samples from two King Ei-
ders. In birds, heart tissue is relatively rich in
mtDNA, while blood and muscle tissue are rel-
atively rich in nuclear DNA. Thus, any differ-
ences between tissues from the same individual
reflect amplification of both mtDNA and pseu-
dogenes. PCR primers are redesigned until all
tissues yield identical sequences. This method
has proven useful for differentiation of true
mtDNA from nuclear inserts of mitochondrial
origin (numts) in Canada Geese (Branta cana-
densis; Pearce et a. 2000) and Harlequin Ducks
(Lanctot et al. 1999). King Eider sequences were
also compared to homologous mtDNA regions
for Harlequin Duck (GenBank accession number
AF173766; Sorenson, Cooper et a. 1999) to en-
sure similarity. Tissue and DNA samples of each
haplotype are archived at the Alaska Science
Center, Anchorage, Alaska.

STATISTICAL ANALYSES

For each microsatellite locus, we calculated al-
lele frequencies, number of alleles per locus
(Na), and observed (H,) and expected (H,) het-
erozygosity using GENEPOP (version 3.2a,
Raymond and Rousset 1995). GENEPOP was
also used to conduct exact probability tests for
deviations from Hardy-Weinberg equilibrium in
each nesting and wintering area using the meth-
od of Guo and Thompson (1992) and to test ge-
notypic linkage disequilibrium for each pair of
loci in each sampling area. To estimate popula-

¥20Z Iudy 61 U0 1senb Aq 96€£9G5G/622/2/90 L /8|211e/J0pU0D/Wod°dno olwspeoe//:sdly Wwoll papeojumoq



tion variance in allele frequencies among nesting
and wintering areas, we used GENEPOP and the
program FSTAT (Goudet 2001) to generate F-
statistics (Weir 1996) and Rg;, an analog of Nei's
(1973) G-statistic (Michalakis and Excoffier
1996). Nesting and wintering areas were tested
separately and were not grouped with respect to
location within the western or eastern arctic pop-
ulations. Per-locus significance levels for tests of
Hardy-Weinberg equilibrium and pairwise pop-
ulation tests of F5; among all areas were adjust-
ed using the sequential Bonferroni correction
procedures of Rice (1989) with a = 0.05.

To further examine population structure of
nesting and wintering areas we used the Bayes-
ian clustering method of Pritchard et al. (2000),
implemented in the program STRUCTURE. The
program uses multilocus genotypes to infer pop-
ulation structure and to assign individuals prob-
abilisticaly to populations. Even with few mi-
crosatellite markers (<10), this method has pro-
duced reliable inferences regarding population
structure (Galbusera et al. 2000). We examined
the probability that nesting and wintering King
Eiders originated from K populations (where K
is unknown), each of which is characterized by
a set of multilocus allele frequencies. In separate
analyses of nesting and wintering data, we esti-
mated the probability of each K from 1 to 5. No
prior population information is used, but poste-
rior probabilities or the model likelihood of each
K are estimated for each hypothetica K. Model
likelihood scores are similar to those derived
through Akaike's Information Criterion (AIC)
weights (Burnham and Anderson 1998). Im-
provement in goodness of fit for each K was
evaluated using a likelihood-ratio test. Results
are based on 100 000 Markov chain Monte Car-
lo iterations following a burn-in period of
30 000 iterations and five repetitions of each val-
ue of K.

The progran ARLEQUIN (Schneider et al.
2000) was used to estimate mtDNA nucleotide
diversity (m; Nei and Tgjima 1983), haplotype
diversity (h; Nei 1987) and examine the selec-
tive neutrality of mtDNA by generating values
for Tajima's D (Tgjima 1989). Values of Tgjima's
D and Fu's F, (Fu 1997) were also used to infer
patterns in population size because they are sen-
sitive to departures from demographic equilib-
rium (Aris-Brosou and Excoffier 1996, Fu
1997). Significantly large negative F, values can
be interpreted as evidence for population expan-
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sion. Evidence for population expansion were
also examined by deriving the mismatch distri-
bution of pairwise genetic differencesin the pro-
gram DNASP (version 3.51, Rozas and Rozas
1999). The distribution tends to be multimodal
when populations are at equilibrium and uni-
modal in cases of recent demographic expansion
(Rogers and Harpending 1992). To graphically
display the observed mismatch distribution com-
pared to the expected distributions for popula-
tions in equilibrium and expansion, we used Ro-
ger's method of moments (Rogers 1995) as cal-
culated in DNASP Historical population dynam-
ics were further examined by generating a
maximum-likelihood estimate of the growth pa-
rameter g and its standard deviation using the
approach of Kuhner et al. (1998) in the program
FLUCTUATE. Positive values of g are indica-
tive of population expansion, while negative val-
ues indicate retraction. Values of the genetic di-
versity parameter, 6, remained fixed at 1.0 and
we used 99% confidence intervals to test the sig-
nificance of g from zero. Five independent runs
were used to generate a mean value.
ARLEQUIN was used to generate estimates
of intrapopulation variance in mtDNA haplotype
frequency (¥g;) among nesting and wintering ar-
eas separately. Estimates of ®4 were generated
using molecular information according to the
most appropriate model and gamma shape pa-
rameter as identified by MODELTEST (Posada
and Crandall 1998). Estimates of population dif-
ferentiation (®sr) in ARLEQUIN were tested for
statistical significance using 10 000 randomiza-
tions of the data. We evaluated the mtDNA hap-
lotype genealogy of al King Eider sampling ar-
eas by generating an unrooted haplotype net-
work or cladogram using a statistical parsimony
criterion (Templeton et a. 1992) in the program
TCS (version 1.13, Clement et a. 2000). The
network graphically displays the substitutional
relationships among haplotypes and can then be
used to test for phylogeographic signal (Temple-
ton 2002). Following the method of Templeton
(1998), we partitioned the haplotype network
into a series of nested clades (Templeton et al.
1987) to infer genetic and demographic process-
es associated with the geographical distribution
of haplotypes. Clades were tested for signifi-
cantly small or large geographic distribution by
analysis of variance using GEODIS (version 2.0,
Posada et al. 2000a) with 10 000 randomizations
to assess confidence. The program inference key
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TABLE 1. Estimates of observed (H,) and expected (He) heterozygosity and number of alleles (Na) per locus
for six microsatellite loci assayed in four breeding and three wintering areas of King Eiders (Fig. 1).

Breeding area (n)

Wintering area (n)

Southamp-
Queen Maud ton Kodiak St. Paul Greenland
Locus Russia (29) Alaska (66) Gulf (47) Island (32) Island (38) Island (60) (52)
Alap.l Hy/He 0.19/0.21 0.45/0.49 0.30/0.32 0.19/0.19 0.25/0.25 0.33/0.39 0.30/0.32
Na 7 9 8 8 10 10 7
Bcapl Hy/He 0.08/0.09 0.19/0.19 0.10/0.09 0.13/0.13 0.16/0.15 0.20/0.21 0.15/0.15
Na 4 4 3 4 4 3 5
Bcapll Hy/He 0.21/0.21 0.56/0.54 0.42/0.38 0.23/0.24 0.33/0.29 0.44/0.45 0.34/0.37
Na 5 5 5 7 6 6 6
Hhip5 Hy/He 0.15/0.15 0.28/0.25 0.15/0.22 0.16/0.16 0.13/0.18 0.26/0.32 0.21/0.26
Na 4 6 5 5 7 9 7
Sfip9 Hy/He 0.22/0.22 0.20/0.31 0.28/0.32 0.22/0.21 0.27/0.27  0.40/0.43  0.29/0.40
Na 8 9 7 6 9 10 8
Sfipll Hy/He 0.22/0.25 0.66/0.66 0.44/0.42 0.26/0.25 0.32/0.34  0.43/0.48 0.40/0.42
Na 10 12 9 10 9 10 8

(Posada et al. 2000b) was used to attribute pos-
sible biological processes to the observed pat-
tern of clade distribution. Although nested clade
analysis does not distinguish statistically among
alternative interpretations of population history,
and inferences drawn from analyses have been
shown to be incorrect based on simulation stud-
ies (Knowles and Maddison 2002), it provides
an additional inferential method for interpreting
genealogical patterns.

RESULTS
GENETIC VARIATION

Allelic variation for the six nuclear microsatel-
lite loci ranged between 3 and 12 alleles (Table
1). The number of alelesin each population was
similar across areas, and estimates of observed
(and expected) heterozygosity ranged from 0.08
to 0.66 (0.09-0.66). Only one locus (Hhip5) ex-
hibited a departure from Hardy-Weinberg expec-
tation among wintering birds in Greenland (P <
0.001) due to heterozygote deficiency. MtDNA
cytochrome b sequences were identical for dif-
ferent tissue types within the same individual
and corresponded to expected amino acid resi-
dues when compared to mtDNA cytochrome b
sequences published for Harlequin Duck, indi-
cating that DNA fragments amplified in this
study represent mtDNA sequences and not nu-
clear pseudogenes. Eleven unique cytochrome b
haplotypes (GenBank accession numbers
AY 124077-AY 124080, AY 124082, AY 124084,
AY 124086, AY 124087, AY 124089-AY 124091)
defined by 11 variable sites were identified

among 182 King Eiders (Table 2). Variable sites
included one nonsynonymous first-position tran-
sition (haplotype C) and 10 synonymous third-
position transitions. No deletions or insertions
were observed. The minimum spanning tree in-
volved the basal position of the two most com-
mon haplotypes (A and B) from which al the
singleton haplotypes appear to be derived (Fig.
2). The small number of site substitutions and
haplotypes per sampling area led to low esti-
mates of nucleotide diversity (Table 2). Statisti-
cal tests of the neutral mutation hypothesis for
mtDNA were negative (Tgjimas D = —1.53,
Fu's F, = —10.9), but only Fu's F, was signifi-
cantly different from zero (P < 0.02), suggesting
population growth. The mismatch distribution
among haplotypes was unimoda (Fig. 3) and
tests for goodness-of-fit of the observed data to
a simulated model of population growth re-
vealed no significant differences (sum of
squared deviations = 0.04, P = 0.1; Harpen-
ding’s raggedness index = 0.14, P = 0.14). The
mean (+ SE) estimate of the growth parameter
g was large (2559.6 = 60.9) and in each of five
runs of the program, we obtained similar values
that were within the 95% confidence limits of
the mean.

POPULATION STRUCTURE

Based on an analysis of both nuclear microsat-
ellite allele and mtDNA haplotype frequencies,
little evidence was observed for genetic differ-
entiation among nesting or wintering areas with-
in or between the western and eastern arctic pop-
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TABLE 2. Number, nucleotide () and haplotype (h) diversity, and sequence differences of 11 cyt b mtDNA
haplotypes in 182 King Eiders. Position numbers (read vertically) refer to the location of each variable site in
the sequence. Dots indicate similarity with haplotype A. ? = sequence ambiguity.

Sampling location

Breeding ] ] Position
Hap- Queen  South- Wintering 11112223344
lo- Maud ampton Kodiak St.Paul Green- 02 440062705
type Russia Alaska Gulf Island Island Island land 59241444583
A 19 25 18 11 14 17 36 GCTTCGGGCAG
B 4 3 9 8 9 . A
C 1 c. .
D 1 A LT T
F 1 C. .
H 1 o AL
J 1 AL G.
K 1 A . AL
M 1 ?T Lo .
N 1 AL A
(6] 1 . AA.
Total 19 29 18 16 24 25 51
™ 0.000 0.001 0.000 0.003 0.001 0.001 0.003
h 0.000 0.246 0.000 0.516 0.539 0.453 0.477

FIGURE 2. MtDNA minimum spanning tree for
breeding and wintering areas of King Eiders. Circle
size represents the frequency of each haplotype and
connecting lines reflect a single mutation. White cir-
cles = haplotypes observed only in western-arctic
breeding and wintering areas, gray circles = haplo-
types observed only in eastern-arctic breeding and
wintering areas, hatched circles = haplotypes observed
in both areas; black circles = unsampled haplotypes.

ulations of King Eiders. The distribution of mi-
crosatellite alleles among all areas was similar.
Two mtDNA haplotypes (A and B) were found
in al wintering areas in similar frequencies (Ta-
ble 2). Haplotype A was also observed among
al nesting areas, but haplotype B was distrib-
uted at low frequency and inconsistently among
nesting areas. Unique haplotypes were observed
in most areas, but were particularly prevalent
among wintering birds in western Greenland
(Table 2).

None of the indices of population structure
differed significantly from zero among nesting

05
04
03

02

Frequency

01

Number of differences between pairs of individuals

FIGURE 3. Mismatch distributions of (A) observed
mtDNA haplotype variation in King Eiders compared
to theoretical distributions under scenarios of (B) sud-
den population growth and (C) demographic equilib-
rium. Curves represent the frequency distribution of
differences between pairs of mtDNA sequences.
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TABLE 3. Estimated log-likelihood values (log P) and model likelihoods for different values of K, the number
of hypothesized King Eider populations. Estimates were averaged over five repetitions for each value of K using

the program STRUCTURE (Pritchard et a. 2000).

Breeding Wintering Pacific vs. Atlantic®
K log P Likelihood log P Likelihood log P Likelihood
1 -3097 1.0 2547 1.0 —4868 1.0
2 —-3123 0.0 —2602 0.0 —4927 0.0
3 —-3149 0.0 —2623 0.0 -5291 0.0
4 —-3145 0.0 —2766 0.0 5378 0.0
5 -3116 0.0 2774 0.0 —5463 0.0

apPgcific = Russia, Alaska, St. Paul Island, and Kodiak Island. Atlantic = Southampton Island and western

Greenland (Fig. 1).

areas using information from microsatellite al-
lele variation (Fsr = 0.01, R = 0.01, P > 0.05)
or mtDNA haplotypes (®g5 = 0.03, P = 0.37)
using the Tamura-Nei model of evolution as
identified by MODELTEST (I' = 0.01). The
range of among-nesting-area pairwise estimates
was low (Fg; = —0.03 to +0.01, &5 = —0.01
to +0.08). Variance estimates among wintering
areas were similarly low and nonsignificant for
both microsatellite (Fs; = 0.00, R = 0.01, P
> 0.05,) and mtDNA (&g = —0.03, P = 0.98).
The range of among-wintering-area pairwise es-
timates was low (Fgr = —0.01 to +0.01, &g =
—-0.04 to +0.02). Results from program
STRUCTURE revealed that the model likeli-
hood of nesting and wintering area data was at
a maximum with K equaling a single population
(Table 3), suggesting that the species is geneti-
cally panmictic across the geographicaly dis-
parate areas sampled. A similar result was ob-
served when sampling areas were grouped into
Pacific and Atlantic regions as proposed by
banding data (Table 3). Nested clade analysisin-
dicated that the geographic range of haplotype
B (found in Alaska, Southampton Island, and all
wintering areas), haplotype A (and associated tip
clades), and haplotype D were significantly
smaller than expected (D, = 2091, P = 0.03, D,
= 1393, P = 0.01, and D, = 1767, P = 0.01,
respectively). Biological inferences based on
these results using the program inference key
suggested that the clade patterns of haplotypes
B and D were the result of long-distance colo-
nization and restricted gene flow, respectively.
Inferences regarding haplotype A and associated
tip clades were deemed inconclusive using the
program key.

DISCUSSION

Microsatellite and mtDNA data offered congru-
ent evidence for a lack of spatial genetic struc-
ture among western and eastern arctic popula-
tions of King Eiders. Similar microsatellite allele
and mtDNA haplotype frequencies were ob-
served among all nesting and wintering areas.
Population structure was not detected by the
Bayesian clustering method of Pritchard et al.
(2000) either among nesting or wintering areas.
Lack of structure among wintering areas was not
due to the presence of both males and females
within winter samples as sampling areas were
also undifferentiated when we analyzed only a
single sex (not shown). Tests of genotypic link-
age disequilibrium for each pair of loci within
wintering areas were nonsignificant, suggesting
that admixtures of distinct genetic units were not
present at these sites. Overall, our genetic data
contrast with banding data that suggest a split
between western and eastern arctic populations
in North America. King Eiders exhibit fidelity
to nesting areas (Kellett 1999), which over suf-
ficient time should lead to genetic differentiation
among areas, especially for a maternally inher-
ited marker such as mtDNA. However, a recent
analysis of stable-isotope ratios in nesting King
Eiders (Mehl et al. 2004) suggests low levels of
movement between western and eastern arctic
populations, which could maintain a homoge-
neity of genetic characteristics. The lack of spa-
tia variation in King Eider mtDNA haplotype
frequency aso contrasts with results for Spec-
tacled Eiders (S. fischeri; Scribner et al. 2001),
which show significant spatial variation of
mtDNA haplotype frequency among their three
primary arctic nesting areas. This disparity in
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results suggests a smaller evolutionary effective
population size in Spectacled Eiders and differ-
ences in levels of breeding philopatry. These
differences are also evident in contemporary
breeding distributions, with the Spectacled Eider
nesting in three disparate regions of Beringia as
compared to the Holarctic King Eider.

Several recent studies have attributed the lack
of intraspecific phylogeographic structure to re-
cent population growth following Pleistocene
deglaciation (e.g., Great Tit [Parus major], Kvist
et a. 1999; Marbled Murrelet [Brachyramphus
marmoratus], Congdon et al. 2000; Lesser
Black-backed Gull [Larus fuscus], Liebers and
Helbig 2002; and Great Spotted Woodpecker
[Dendrocopus major], Zink et a. 2002). We
draw a similar conclusion for King Eiders, ob-
serving that the estimate of the exponential
growth rate, g, significantly exceeded zero and
the mismatch distribution was unimodal, both of
which tend to occur in cases of a sudden pop-
ulation growth. Similarly, both Fu's F, and Ta-
jima's D were negative, which is expected under
a scenario of demographic expansion (Fu 1997,
Aris-Brosou and Excoffier 1996).

We observed no clear indication of the origin
or direction of growth for King Eiders from the
nested clade analysis. The biological inference
key suggested long-distance dispersal to explain
the presence of haplotype B in al wintering ar-
eas, but in only one nesting area in each of the
western and eastern populations. We hypothe-
size that restricted gene flow caused the isolated
occurrence of haplotype D in Southampton Is-
land. Results were inconclusive with respect to
haplotype A and its associated tip clades (hap-
lotypes O, C, F, and H). Nearly al tip clades
were situated in the eastern Arctic, predomi-
nantly among wintering birds near Greenland.
These private haplotypes appear to be derived
from the basal (and inferred ancestral) common
haplotypes, suggesting that novel mutations de-
tected in these samples have occurred primarily
within the eastern arctic population. The restric-
tion of these haplotypes to the eastern Arctic
may indicate limited current gene flow. Addi-
tional banding of western-arctic King Eiders and
satellite telemetry studies of eastern-arctic birds
are needed to examine if the delineation of these
two populations is a more recent trend than can
be inferred with genetic markers.

In summary, results suggest that historical
gene flow and population growth have homog-
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enized gene frequencies among nesting and win-
tering areas compared in this study. Banding re-
coveries, recent stable-isotope data, and our ob-
servation of several private mtDNA haplotypes
in the eastern Arctic suggest that exchange be-
tween western and eastern arctic populations
may presently occur, but on a limited basis. If
limited gene flow is evidence of a trend toward
population delineation, this suggests a shift in
behavior. Ploeger (1968) concluded that the lack
of morphological differentiation among North
American King Eiders, as compared to the co-
distributed races of Common Eiders, was due to
the nomadic nature of King Eiders and their
sharing of common wintering areas, which may
have promoted movement among Pleistocene re-
fugia during the last ice age. Population delin-
eation of King Eiders may aso be an ephemeral
phenomenon on an evolutionary time scale. Ef-
fective population sizes may have also differed
greatly between the two species in the past. Al-
though banding data have suggested that some
seaducks, such as Harlequin Ducks (Esler et al.
2000), demonstrate high levels of winter site fi-
delity, return rates are not 100%, and unpaired
adult and juvenile Harlequin Ducks are known
to disperse among Pacific wintering areas
(Cooke et a. 2000). Thus, natal and adult dis-
persal can lead to the homogenization of gene
frequencies, which Lanctot et al. (1999) ob-
served among wintering Harlequin Ducks in
south-central Alaska using microsatellite and
MtDNA markers.

Anthropogenic effects on King Eiders may
more greatly impact population size and distri-
bution (Frimer 1995, Mosbech and Boertmann
1999) than overal genetic diversity. However,
this may not be true for the wintering population
in western Greenland, where several single
unique mtDNA haplotypes were observed. Ad-
ditional sampling of eastern North America and
Greenland nesting and wintering areas is re-
quired to better assess the low frequency and
distribution of these haplotypes. Nearly all of the
seaduck species of North America are experi-
encing population declines, yet basic biological
information is lacking to pinpoint the direct
causes for these declines. This study highlights
how the combination of data from multiple
markers (banding, DNA, stable isotopes) can
provide a more comprehensive picture of de-
mographic patterns through time and aid in pop-
ulation assessment.
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