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history than found in Red Knots
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Abstract The Greenlandic and west-central Siberian

breeding populations of Sanderlings Calidris alba are

separated by ca. 2000 km during the breeding season, but

mix in Europe to some extent during migration. However,

the number of Siberian Sanderlings that spend the non-

breeding season along the East Atlantic Flyway (extending

from western Europe to South Africa), if any, is unknown.

Although both populations are considered part of the

nominate subspecies C. a. alba based on morphology,

population structure in Sanderlings has yet to be described

with molecular methods. We examined genetic differenti-

ation at the mtDNA control region (CR) and seven

microsatellite loci between Greenland- and Siberia-breed-

ing Sanderlings in order to: (1) develop a diagnostic tool

for assessing the breeding origin of Sanderlings along the

East Atlantic Flyway, and (2) provide a comparison with

the co-distributed and ecologically similar Red Knot, in

which CR differentiation of geographically analogous

populations (C. canutus islandica and C. c. canutus) has

indicated isolation of lineages near the time of the last

glacial maximum. By contrast, we found only weak dif-

ferentiation between the Sanderling breeding populations

at the CR, and no differentiation at microsatellite loci.

These results suggest that the assignment of breeding ori-

gin of Sanderlings on Afro-European flyways will not be

possible with simple and inexpensive genetic methods, and

imply that Sanderlings and Red Knots have very different

post-glacial phylogeographic histories.

Keywords Shorebirds � Migration � Sanderling � Red
Knot � Genetics � Population structure � Phylogeography

Zusammenfassung

Geringe genetische Unterschiede zwischen grönländi-

schen und sibirischen Sanderling-Populationen (Ca-

lidris alba) weisen auf eine andere phylogeographischen

Herkunft als die des Knutt (Calidris canutus) hin

Die grönländischen und die west-zentral-sibirischen Brut-

populationen des Sanderlings (Calidris alba) sind während

der Brutzeit ca. 2.000 km voneinander entfernt, mischen

sich aber zu einem guten Teil während der Zugzeit. Aller-

dings ist die Anzahl derjenigen sibirischen Sanderlinge, die

sich außerhalb der Brutzeiten entlang der ostatlantischen

Zugroute (reicht von Westeuropa bis nach Südafrika) auf-

halten, nicht bekannt. Obwohl beide Populationen auf-

grund ihrer Morphologie als Teile der Nominalform

Calidris alba alba angesehen werden, steht für den

Sanderling eine Beschreibung der Populations-Struktur mit

molekularbiologischen Methoden noch aus. Wir bestimm-

ten für die mtDNA Kontrollregion (CR) und für sieben

Mikrosatellitenloci die genetischen Unterschiede zwischen

in Grönland und in Sibirien brütenden Sanderlingen, (1) um

ein Diagnose-Werkzeug zu entwickeln, mit dem der
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Ursprung von Sanderlingen entlang der ostatlantischen

Zugroute bestimmt werden kann, und (2) um einen Vergleich

mit dem verbreitungsmäßig und ökologisch ähnlichen Knutt

zu ermöglichen, für die eine CR-Differenzierung der geo-

graphisch analogen Populationen (C. canutus islandica and

C. c. canutus) die Aufspaltung der Abstammungslinien etwa

zur Zeit des letzteiszeitlichen Maximums andeutet. Statt-

dessen fanden wir auf der CR nur schwache Unterschiede

zwischen den Brutpopulationen des Sanderlings und gar

keine Unterschiede bei den Mikrosatellitenloci. Diese

Ergebnisse legen nahe, dass eine Zuordnung der Herkunfts-

gegend von Sanderlingen auf der afrikanisch-europäischen

Zugroute nicht mit einfachen und preiswerten genetischen

Methoden möglich sein wird und dass die phylogeographi-

sche Entwicklung von Sanderling und Knutt nach der Eiszeit

sehr unterschiedlich verlaufen ist.

Introduction

In the East Atlantic Flyway, the non-breeding range of

Sanderlings Calidris alba includes the British Isles and

extends nearly the entire Atlantic coast from the North Sea

to the southernmost tip of Africa (Scott 2009). However,

the breeding origin of much of this non-breeding popula-

tion, estimated to be 123,000 individuals (Stroud et al.

2004), remains in question (Reneerkens et al. 2009). It was

formerly believed that Sanderlings wintering in western

Europe were of Siberian breeding origin, whereas those

breeding in northeast Greenland appeared in western Eur-

ope only during migration to and from non-breeding areas

in western Africa (Green and Greenwood 1978; Langston

2002; Meltofte et al. 1994). This view largely originated

from the observation of two distinct cohorts of Sanderlings

in the United Kingdom: one that performed pre-basic moult

and remained there for the winter, and another that

appeared only during autumn and spring migrations and

did not moult locally (Green and Greenwood 1978).

More recently, an increasing number of individual ring-

recoveries have partly elucidated migratory patterns of

Sanderlings on the East Atlantic and West Asian-East

African Flyways. Based on birds ringed during breeding in

northeast Greenland or on passage in Iceland, Greenland-

breeding Sanderlings use non-breeding areas along the

North Sea and Atlantic coasts from the British Isles to

South Africa (Gudmundsson and Lindström 1992;

Reneerkens et al. 2009), and include both European cohorts

(i.e., moulting residents and non-moulting passage birds;

Reneerkens et al. unpubl. data). In addition, at least some

birds breeding on Ellesmere Island, Canada migrate to

western Europe (Reneerkens et al. 2008). Meanwhile, part

of the central Siberian-breeding population appears to

follow a loop-migration route southward through the Cas-

pian and Black Sea regions to eastern and southern Africa,

and then northward via western Africa, the Mediterranean,

and western Europe; this has been largely derived from

birds ringed either in South Africa or during northward

migration in Europe (Underhill et al. 1999). To date, there

has been no unequivocal evidence of Siberian Sanderlings

spending the non-breeding season in western Africa or

Europe (Reneerkens et al. 2009); however, due to the low

numbers of individuals ringed or recovered in Siberia, this

possibility cannot currently be ruled out. Therefore,

although the non-breeding ranges of the Siberian and

Greenlandic breeding populations clearly overlap in South

Africa (Underhill et al. 1999), the extent of mixing in

Europe and western Africa outside the migratory periods is

unknown. This uncertainty limits our ability to identify

population trends on either flyway or to link breeding

conditions or performance with patterns in the non-breed-

ing season.

Globally, two subspecies of Sanderling have been rec-

ognized based on small differences in morphometrics and

breeding plumage (Engelmoer and Roselaar 1998): C. a.

alba breeds in northeastern Greenland, Ellesmere Island,

Svalbard, and central Siberia, whereas C. a. rubidus breeds

in northern Alaska and the central Canadian Arctic (En-

gelmoer and Roselaar 1998; but see Tomkovich and Serra

1999). Therefore, all Sanderlings on the East Atlantic and

West Asian-East African Flyways are currently considered

part of the nominate subspecies C. a. alba, despite their use

of multiple geographically isolated breeding areas and

distinct migration routes. However, genetic population

structure across flyways has yet to be investigated in

Sanderlings.

Sanderlings and Red Knots Calidris canutus are eco-

logically similar congeners that use predominantly high-

Arctic tundra breeding habitats (latitudes 63�–80�), and

their largely overlapping global breeding distributions

(Fig. 1) may have developed contemporaneously through

similar population responses to post-glacial changes in

habitat and ecology (e.g., Gilg and Yoccoz 2010). Based on

population structure detected in mitochondrial DNA

(mtDNA) in Red Knots, Buehler et al. (2006) hypothesized

a global expansion from two Palearctic refugia present at

the Last Glacial Maximum (LGM). An unexpected finding

was that C. c. canutus (breeding in central Siberia) and

C. c. islandica (breeding in Greenland and northeastern

Canada), previously considered sister taxa based on mor-

phological similarities, were actually one of the most dis-

tantly related pairs (FST = 0.19) among six subspecies

(pairwise FST range = 0.002–0.27) and the most differen-

tiated among adjacent flyway pairs (FST range =

0.002–0.19; Buehler and Baker 2005). The authors pro-

posed that, after diverging approximately 23,000 years
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ago, Nearctic and Palearctic lineages came into secondary

contact when Red Knots established a new migratory route

from the Canadian Arctic to Europe, perhaps as recently as

1000 years ago (Buehler et al. 2006).

The central Siberian and Greenlandic populations of

Sanderling are, respectively, close analogues of C. c.

canutus and C. c. islandica in terms of breeding distribu-

tion and migration routes; both population pairs are sepa-

rated by approximately 2000 km in the breeding season but

meet in Europe during migration and show some extent of

overlap in the non-breeding season. If the Sanderling

populations are genetically differentiated to a similar

degree as their Red Knot counterparts, this may: (1) pro-

vide a diagnostic tool for assessing the breeding origin of

Sanderlings along the East Atlantic Flyway, and (2) sup-

port a similar recent evolutionary history and global

expansion in the two species. Therefore, we examined

genetic differentiation at the mtDNA control region and

seven microsatellite loci between Sanderlings breeding in

northeast Greenland and the Taimyr Peninsula of central

Siberia.

Methods

Sample origins

All samples were collected at known breeding areas in

northeast Greenland or the Taimyr Peninsula of central

Siberia. In June–August 1990/1992, tissue samples of eight

adults (five males, three females) and one juvenile female

were collected at Knipovich Bay, Russia (north-central

Taimyr Peninsula; 76.1�N, 98.5�E; see Soloviev and

Tomkovich 1995). In July 1994, blood samples of three

adults (one male, two females) were collected at Cape

Sterlegova, Russia (northwest Taimyr Peninsula; 75.4�N,
89.1�E; see Tulp et al. 1998). In July–July 2003/2007,

blood samples of 12 adults (6 males, 6 females) were

collected at Zackenberg Research Station, Greenland

(74.5�N, 21.0�W; see Meltofte and Rasch 2008).

Sequencing and genotyping

We extracted total cellular DNA with the Qiagen DNeasy

Blood and Tissue Kit following the manufacturer’s

instructions. Extracted DNA was stored in TE buffer

(10 mM Tris–HCl [pH 8.0], 1 mM EDTA) at -20 �C. We

determined the sex of individuals following Fridolfsson

and Ellegren (1999) and using calidrid-specific primers

2602F and 2669R (Reneerkens et al. 2014).

We amplified the 50 end of the mtDNA control region

(CR) using primers L98F and H772R (Wenink et al. 1993).

The PCR profile consisted of an initial denaturation of

2 min at 94 �C, followed by 25 cycles of 30 s at 94 �C,
30 s annealing at 54 or 58 �C, and an extension of 2 min at

72 �C. The final concentrations in the 10 lL PCR (in-

cluding 1 lL DNA template) were 1 lM of each primer,

19 Taq DNA polymerase buffer, 3.2 mM dNTPs, and

0.03 U/lL Taq DNA polymerase (Invitrogen, Inc.). PCR

products and negative controls were checked by

A B

Fig. 1 a Global breeding distribution of Sanderling (in dark gray).

Heavy dotted lines indicate presumed boundaries between subspecies

C. a. alba and C. a. rubidus based on morphology (Engelmoer and

Roselaar 1998). Circles indicate origins of samples in this study.

b Global breeding distribution of Red Knot (in dark gray). Heavy

dotted lines indicate presumed boundaries between Nearctic and

Palearctic clades based on population structure in mtDNA (Buehler

and Baker 2005). Range information adapted from BirdLife Interna-

tional (2013) and Lappo et al. (2012)
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electrophoresis through a 2 % agarose gel. PCR products

were enzymatically cleaned (following Werle et al. 1994),

sequenced in both directions using the BigDye Terminator

v3.1 Cycle Sequencing Kit (Applied Biosystems, Inc.)

according to manufacturer’s instructions, and analyzed on

an ABI 3730 DNA Analyzer (Applied Biosystems, Inc.).

Sequences were aligned and edited in Geneious Pro ver.

5.5.5 (Biomatters Ltd.).

We genotyped individuals at seven microsatellite loci,

including five developed specifically for Sanderlings (an3,

gt24, m11, m14, m18; Luttikhuizen et al. 2011) and two

originally identified in Pectoral Sandpiper Calidris

melanotus and also polymorphic in Sanderlings (cme1,

cme6; Carter and Kempenaers 2007; Luttikhuizen et al.

2011). PCR profiles varied by locus; for gt24 and m11:

denaturation of 4 min at 94 �C; 32 cycles of 30 s at 94 �C,
30 s annealing at 54 �C, and extension of 15 s at 72 �C;
plus a final extension of 10 min at 72 �C. For the remaining

loci: denaturation of 2 min at 94 �C; 15 cycles of 30 s at

94 �C, 90 s annealing at 56 �C, and extension of 60 s at

72 �C; 15 (cme1, cme6, m14) or 20 (an3, m18) cycles of

30 s at 94 �C, 90 s annealing at 60 �C, and extension of

60 s at 72 �C; plus a final extension of 30 min at 60 �C.
The total reaction volumes were 10 lL, containing 1.0 lL
DNA, 19 Taq buffer, 3.2 mM dNTPs, 0.04 U/lL Taq

DNA polymerase (Invitrogen, Inc.), and 1 lM of each

primer, fluorescently labeled to enable pooling of loci.

Fragment analyses were performed on an ABI 3730 DNA

Analyzer with GeneScan 500 ROX Size Standard (Applied

Biosystems, Inc.). Allele sizes were assigned using Gen-

emapper ver. 4.0 (Applied Biosystems, Inc.) and then

converted to the number of repeats (using repeat motifs

determined by Carter and Kempenaers 2007; Luttikhuizen

et al. 2011).

Data analysis

For mtDNA, we used DNAsp ver. 5.10 (Librado and Rozas

2009) to estimate haplotype and nucleotide diversity, and

Arlequin ver. 3.5.1 (Excoffier et al. 2005) to assess devi-

ations from mutation-drift equilibrium indicating changes

in population size (Tajima’s D) and to estimate degree of

population differentiation, according to both haplotype

frequencies (FST) and genetic distance (uST). The P values

were estimated from 10,000 permutations. We estimated

the haplotype network in Network ver. 4.6.1 (Fluxus

Technology Ltd.). For microsatellite loci, we used Arlequin

ver. 3.5.1 to estimate population differentiation (distance

method; uST), and GenePop ver. 4.2 (Raymond and

Rousset 1995) to assess heterozygosity, deviations from

expected Hardy–Weinberg genotype frequencies, and

linkage disequilibrium. To minimize Type I errors in

multiple comparisons, we controlled the false discovery

rate using the step-up method of Benjamini and Hochberg

(1995).

To investigate whether low-level population differenti-

ation was associated with historical isolation followed by

homogenizing gene flow or recent isolation, we employed

coalescent analysis in IMa2 (Hey and Nielsen 2004) to

derive effective population size (Ne, from estimates of h),
migration rates (Nm, from m), and divergence time (Tdiv,

from t). For both mtDNA and microsatellite loci, we

compared two models: (1) asymmetrical migration, and (2)

no migration. In a series of trial runs, we adjusted prior

ranges to best achieve unimodal posterior distributions; we

assessed convergence by inspection of the parameter trend

plots. We ensured independence of runs by adjusting

heating terms to achieve swapping rates consistently

greater than 0.60. After a burn-in of 10,000 steps, the

parameter space was sampled by 200 adaptively heated

chains, sampling 40,000 trees, and 100 independent repli-

cate runs with different random seeds, generating a total of

four million genealogies in IMa2 M-mode. Subsequently,

parameters estimates were generated by randomly sam-

pling 300,000 genealogies across the 100 runs (IMa2

L-mode). For calculations of Tdiv and Ne for mtDNA, we

adopted the CR mutation rate of 6.96 9 10-8 substitutions/

site/year used for Red Knots by Buehler and Baker (2005).

For microsatellites, we used a general vertebrate mutation

rate of 1 9 10-4 substitutions/locus/generation (Whittaker

et al. 2003); note that microsatellite characteristics related

to mutation rate such as length, allele dispersion, and allele

size range do not differ between birds and mammals (Neff

and Gross 2001). We assumed a generation time (age at

first reproduction) of two years (Macwhirter et al. 2002).

Results

Population differentiation

We obtained a 508-bp segment of mtDNA CR domains I

and II for 12 individuals from Greenland and 11 from

Siberia; sequencing failed for one Siberian sample. Among

the 23 mtDNA sequences, we detected nine segregating

sites, resulting in a total of 12 unique haplotypes (Fig. 2;

GenBank accession numbers KT594771–KT594782).

However, no segregating sites were diagnostic for popu-

lation. Three haplotypes appeared in both populations, and

the nine remaining haplotypes were identified only in sin-

gle individuals. Haplotype diversity was 0.872 for Siberia,

0.848 for Greenland, and 0.870 overall. Nucleotide diver-

sity was low: 0.0033 ± 0.0007 for Siberia, 0.0031 ±

0.0005 for Greenland, and 0.0032 ± 0.0007 overall. In

mtDNA, we found a moderate but statistically non-signif-

icant degree of population differentiation according to
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haplotype frequencies (FST = 0.061, P = 0.089) but no

differentiation by the distance method (uST = –0.0017,

P = 0.39). We found some indication of population

expansion, albeit statistically non-significant (D = -0.73,

P = 0.25).

We successfully genotyped all 24 individuals at five

microsatellite loci (an3, cme1, cme6, gt24, and m18); for

two additional loci, we removed some individuals due to

ambiguous genotypes (one Siberian and three Greenlandic

individuals for locus m11, and one Greenlandic individual

for m14). We detected no significant departure from link-

age equilibrium (Fisher’s exact test; all locus pairs:

P = 0.14–1.00). After correcting for multiple comparisons,

we detected no significant locus-specific deviations from

Hardy–Weinberg proportions, with populations considered

either singly or pooled (Table 1); therefore, there was no

evidence of excess homozygosity related to null alleles or

homoplasy. We detected no population differentiation at

microsatellite loci (uST = -0.0050, P = 0.69).

Divergence scenarios

Given the geographic isolation of the two breeding ranges,

the weak differentiation we observed could result from

either historical isolation followed by significant gene flow,

or recent isolation with little or no subsequent gene flow.

We could only partly resolve this question with coalescent

analysis in IMa2, because for both mtDNA and

microsatellites, neither model 1 (allowing asymmetrical

migration between Siberia and Greenland) nor model 2 (no

migration) fully converged for all parameter estimates.

Specifically, we could not estimate migration rates or

population-specific Ne because we failed to achieve com-

plete unimodal distributions for h1, h2, m1, orm2. Therefore,

we only calculated estimates for Tdiv and ancestral Ne from

each model; within each model, these parameter estimates

were robust in trial runs to a wide variety of prior ranges in

all parameters (not shown). All models indicated a recent

divergence: estimates of Tdiv were all\10,000 years, with

95 % CI boundaries including 0–21,000 years (Table 2).

Discussion

We found no clear genetic differentiation between two

Sanderling breeding populations separated by approxi-

mately 2000 km. Although we detected a non-trivial, but

non-significant, degree of differentiation in mtDNA hap-

lotype frequencies, the complete lack of differentiation

shown by genetic distance in mtDNA (reflected in Fig. 2)

and microsatellites implies either significant gene flow

between Greenlandic and Siberian populations or recent

isolation that is yet to resolve into distinct lineages. The

absence of strong deviations from Hardy–Weinberg pro-

portions (which should arise with non-random mating)

when microsatellite loci were pooled across populations

(Table 1), further attests to a lack of structure. Our results

demonstrate that simple and inexpensive genetic methods

will not be useful for determining the breeding origin of

Sanderlings on the East Atlantic and West Asian-East

African Flyways, whether by directly assigning individuals

to breeding region (e.g., Lopes et al. 2013), or by esti-

mating proportional contribution of breeding populations

to non-breeding flocks. We also provide preliminary sup-

port for the inclusion of the two populations in the single

subspecies C. a. alba, a conclusion based on morphology

(Engelmoer and Roselaar 1998). However, assessment of

the status of C. a. alba and the Nearctic subspecies C. a.

rubidus still awaits an examination of global genetic pop-

ulation structure including individuals from all flyways.

Long-distance migratory shorebirds include species with

deeply diverged subspecific lineages that apparently sur-

vived the LGM in distinct populations, such as Dunlin C.

alpina (Buehler and Baker 2005; Wenink et al. 1993) and

Black-tailed Godwit Limosa limosa (Höglund et al. 2009;

Trimbos et al. 2014), and also those which presumably

underwent bottlenecks in one or few LGM refugia and only

Fig. 2 Network of 12 mtDNA haplotypes found in Sanderlings from

Greenland and Siberia (gray Greenland; black Siberia). Samples sizes

indicate the number of individuals with each common haplotype.

Small numbers indicate segregating sites in the 508-bp control region

sequence
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recently expanded into multiple flyway populations, such

as Red Knot (Buehler and Baker 2005; Buehler et al.

2006), Curlew Sandpiper C. ferruginea (Wennerberg and

Burke 2001), and Ruddy Turnstone Arenaria interpres

(Wenink et al. 1994). In mtDNA, the latter group are dis-

tinguishable by lower sequence variation and shallow

divergences (i.e., star-like networks with haplotypes dif-

fering by only single base-pair changes). In this respect,

Sanderlings and Red Knots appear similar: with compara-

ble sample sizes in analogous populations (n = 12 C. c.

canutus, 15 C. c. islandica), Buehler and Baker (2005) also

detected nine variable sites accounting for 12 haplotypes in

the control region (675 bp of CR I and III). When restricted

to the 249-bp segment of the hypervariable CR I consid-

ered in both studies, there were just 5–6 variable sites in

Sanderlings and Red Knots (compared to 30 variable sites

in Dunlin; Wenink et al. 1993). Nucleotide diversity was

also similarly low in the two species (0.0016–0.0033 in

Greenland and Siberia).

Contrasting genetic patterns in currently co-distributed

species may reflect different phylogeographic histories

(Zink 1996). In Red Knots, Siberian and Greenlandic

populations are clearly differentiated in mtDNA

(FST = 0.19), each containing a common private

haplotype, and diverged into recognized subspecies

approximately 23,000 years ago (CI 7000–59,000; Buehler

and Baker 2005). In Sanderlings, analogous populations

were much more weakly differentiated in mtDNA, featured

no common private haplotypes, and appear to have

diverged much more recently. Divergence time estimates

are subject to uncertainty regarding mutation rates; we used

the same mtDNA mutation rate as Buehler and Baker

(2005) to enable direct comparison. Our Tdiv estimates

must be viewed as preliminary, as our IMa2 analyses failed

to fully converge, probably due to the combination of weak

differentiation and low sample size. However, independent

parameter estimates from models for mtDNA and

microsatellites consistently produced Tdiv estimates of

\10,000 years (Table 2). The comparatively recent Tdiv
estimates for microsatellite loci are consistent with an

ongoing divergence with incompletely sorted lineages;

such conditions are quicker to resolve in mtDNA because

lineage sorting is faster with a lower Ne (Zink and Bar-

rowclough 2008). Our Tdiv estimates gain credibility from

the associated ancestral Ne estimates, which fall within the

expected order of magnitude, considering the current glo-

bal population estimate of 600,000–700,000 Sanderlings

(Wetlands International 2013).

Table 1 Allelic richness and

heterozygosity for seven

microsatellite loci in

Sanderlings from Greenland and

Siberia

Locus Siberia Greenland Pooled

n # alleles Ho He P n # alleles Ho He P # alleles P

an3 12 11 0.750 0.913 0.169 12 8 0.833 0.884 0.295 11 0.117

cme1 12 7 0.917 0.819 0.716 12 9 0.583 0.902 0.004 9 0.018

cme6 12 11 0.750 0.848 0.188 12 9 0.833 0.880 0.064 13 0.039

gt24 12 5 0.583 0.786 0.009 12 5 0.833 0.797 0.748 5 0.046

m11 11 3 0.545 0.567 0.558 9 3 0.778 0.621 0.861 3 0.748

m14 12 4 0.500 0.486 0.707 11 3 0.364 0.325 1.000 4 0.749

m18 12 9 0.917 0.830 0.730 12 7 0.750 0.797 0.478 9 0.637

No deviations from Hardy–Weinberg proportions were statistically significant after correcting Pcrit for false

discovery rate in multiple comparisons

Ho observed heterozygosity, He expected heterozygosity under assumptions of neutrality

Table 2 Population divergence time (Tdiv) between Greenlandic and Siberian Sanderlings and ancestral effective population size (Ne) with 95 %

credible intervals, calculated from parameter estimates generated in IMa2 for models 1 (with migration) and 2 (no migration)

Marker Model Tdiv (95 % CI) Ancestral Ne (95 % CI)

mtDNA 1a 6722 (2590–20,561) 46,697 (15,566–290,087)

2b 9721 (3976–20,221) 44,574 (14,858–244,097)

Microsatellites 1c 4 (0–4700) 26,175 (15,525–48,825)

2d 12 (0–1772) 25,375 (15,875–39,125)

a Uniform priors: h = [0.0; 200.0], m = [0.0; 150.0], t = [0.0; 1.0]
b Uniform priors: h = [0.0; 300.0], m = [0.0], t = [0.0; 1.0]
c Uniform priors: h = [0.0; 60.0], m = [0.0; 80.0], t = [0.0; 0.40]
d Uniform priors: h = [0.0; 100.0], m = [0.0], t = [0.0; 0.40]
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Buehler et al. (2006) proposed that Red Knots survived

the LGM in two Palearctic refugia, and then sequentially

colonized Nearctic flyways in a counter-clockwise direc-

tion from eastern Siberia. Four pieces of information now

argue against a similar scenario in Sanderlings: (1) much

weaker or more recent isolation of Greenlandic and

Siberian breeding populations (this study); (2) a lack of

morphological differences between these populations (En-

gelmoer and Roselaar 1998); (3) a small breeding popu-

lation on the intermediate archipelago of Svalbard

(Norderhaug 1989; Strøm 2006), which is absent in Red

Knots (Fig. 1); and (4) the absence of a present-day

breeding population in the Russian Far East, analogous to

C. c. rogersi in Red Knots. Together, these observations do

not support a counter-clockwise colonization of the

Nearctic from Siberia by Sanderlings. Therefore, the con-

temporary co-distribution of the species may be a recent

rather than a historical phenomenon.

In addition to differences in phylogeographic history

or dispersal propensity, smaller FST in Sanderlings could

potentially arise from differences in effective population

size, because coalescence time increases with Ne. In fact,

our estimates of ancestral Nef for mtDNA (Ne
-2 = ca.

22,500) are higher than the pairwise ancestral Nef esti-

mate for C. c. canutus and C. c. islandica in Red Knots

(10,969; Buehler and Baker 2005). However, these

imprecise estimates are on the same order of magnitude

and have overlapping confidence intervals. In Red Knots,

species-wide (six global populations pooled) haplotype

diversity was consistent with a genetic bottleneck and

subsequent population expansion (Tajima’s D = -1.98)

during the last 31,000 years (Buehler and Baker 2005).

In Sanderlings, we found a much weaker and non-sig-

nificant signal in the same direction (D = -0.73). Cur-

rent census populations are substantially smaller in

Sanderlings (ca. 270,000 for Siberia/Greenland com-

bined) than in Red Knots (850,000 for C. c. canutus/

islandica combined; Wetlands International 2013). This

further supports a less dramatic expansion in Sanderlings,

and may indicate that contrasting population processes

affecting these ecologically similar species continue in

the present.
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