
AVIAN DIVERGENCE AND SPECIATION ACROSS BERINGIA EXAMINED USING

COMPARATIVE MITOGENOMICS

by
K. A. Collier, B. S.

A Thesis submitted in Partial Fulfillment of the Requirements 

for the Degree of

Master of Science 

in

Biological Sciences

University of Alaska Fairbanks

December, 2023

APPROVED:

Kevin Winker, Committee Chair 

Diana Wolf, Committee Member

Derek Sikes, Committee Member 

Diane Wagner, Chair

Biology and Wildlife Department 

Karsten Hueffer, Dean

College of Natural Science and 

Mathematics

Richard Collins, Director

Graduate School





Abstract

Accurate knowledge of divergence and speciation processes is critical for understanding 

key aspects of biodiversity. As a well-known, speciose group of vertebrates, an increased 

understanding of how birds diverge and speciate allows us to better manage extant avian 

diversity and understand how it develops over time. Additionally, birds often exhibit complex 

and variable patterns of divergence, resulting in complexes of taxonomic uncertainty. Filling 

gaps in our knowledge of divergence across time and space increases our ability to correctly 

identify and understand not just avian diversity but clade-level patterns in speciation processes. 

These higher-order findings give us tools to compare and understand biodiversity more broadly 

across a wide range of taxa.

In this thesis, I investigated both temporal and spatial elements of avian divergence, with 

an emphasis on the high-latitude system of Beringia, which is of particular interest for speciation 

due to its position at the meeting point of the Eurasian and American continental avifaunas. 

Chapter 1 describes my investigation of the temporal dynamics of Beringian divergence. The 

cyclic opening and closing of the Bering Strait due to glacial cycles intermittently isolated and 

reunited Asia and North America during the Pleistocene (2.6 Mya to 10 Kya). This was 

hypothesized to produce an uncertain number of associated ‘pulses’ of avian divergence events 

spanning that time period. I used a pairwise sampling approach among 39 taxa and a 

mitogenomic dataset under Bayesian modeling and found no statistical evidence for multiple 

vicariance events. Instead, divergence times were spread fairly evenly across a large period of 

time, appearing as a single vicariance event.

This is biologically unusual given the system and the cyclic nature of the most likely 

abiotic driver (glacial cycles) and may be the result of multiple overlaid periods of divergence 

and gene flow in taxa with older divergence dates.

In Chapter 2, I examine the relative contributions of phenotypic and genetic divergence in 

pairwise comparisons of diverging bird lineages in high- versus low-latitude systems in Beringia 

and the Philippines. Phenotypic divergence in birds is assumed to be largely due to selection 

(Price 2008), with genetic divergence assumed to be more driven by time in isolation. I 

hypothesize that the Beringian system should have less divergence overall than the Philippines,
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but that a greater proportion of the divergence should be phenotypic, due in part to 

increased population connectivity in high-latitude systems as a result of larger long- term range 

fluctuations as a result of Pleistocene glacial cycles. Increased connectivity should be 

particularly effective in removing neutral, rather than phenotypic, divergence, where selection 

may be in operation, in part due to a nonlinear, inverse relationship between gene flow and 

neutral divergence. To test this, I used standardized measures of phenetic and genetic divergence 

and used linear regressions to quantify the relationship between divergence metrics and the rates 

of divergence in each system.

Beringia showed lower levels of genetic and phenotypic divergence than the Philippines, 

but the relationship between data types was stronger and the rate of divergence higher than in the 

Philippine system. I suggest that this is a result of decreased time spent in allopatry in 

high-latitude systems, but recognize that an increased rate of phenotypic divergence, possibly 

due to increased selection pressure at high latitudes, also might play a role.
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General Introduction

Basic knowledge regarding speciation and divergence is important for the study of 

biological diversity and evolution. Finding patterns in genetic and phenotypic diversity increases 

our knowledge of biodiversity and improves our abilities to manage and conserve it.

In this thesis, I investigate the patterns of avian divergence and speciation in Beringian 

birds across multiple taxonomic depths, from populations to full species, and I compare the birds 

of this disturbance-prone, high-latitude region to a more stable, low-latitude Philippine avian 

system. Speciation usually involves divergence in both genotype and phenotype, but these 

divergence processes do not occur at the same rate or to the same extent across all taxa. I studied 

patterns in the timing of Beringian divergence events (Ch. 1) and the relative rates of genetic and 

phenotypic divergence during this process in Beringian and Philippine birds (Ch. 2).

I focus on how avian divergence occurs across time and in a divergence space defined by 

phenotypic and genetic divergences, with an emphasis on the high-latitude system of Beringia. 

This region, which extends from the Lena River in Siberia to the MacKenzie River of Canada, 

has been greatly influenced by glacial cycles. These cycles occurred throughout the Pleistocene 

(2.6 Mya - 10 Kya), periodically opening and closing the Bering Land Bridge and bringing Asia 

and North America intermittently into direct contact. This history has had a profound influence 

on the region’s birds, but the timing of these effects and the ways in which avian divergence 

occurs in this region are poorly known. Avian populations occurring across this region likely 

experienced alternating periods of allopatry followed by secondary contact. These ‘pulses’ of 

divergence and subsequent opportunities for gene flow have likely affected both divergent 

selection on phenotype and divergence timing, which I assess through genetic divergence. An 

improved understanding of how divergence - biodiversity generation - has occurred in this 

region can inform the study of speciation more broadly.

In Chapter 1, I sought to understand divergence patterns in Beringia across time. To do 

this, I used a whole mitochondrial genome dataset to first estimate divergence times for each 39 

pairwise comparisons (at population, subspecies, and species levels) using time-calibrated avian 

mtDNA substitution rate estimates (Lerner et al. 2014). Then I used Bayesian modeling (Huang 
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et al. 2011) to reconstruct the most likely number of system-wide vicariance events likely to have 

caused these pairwise divergences.

In Chapter 2, I used a comparative approach to investigate avian divergence patterns 

more broadly. Bringing together the genetic divergence data from Chapter 1 with phenotypic 

data for the 39 pairwise comparisons, I consider how these pairwise divergences are distributed 

in a divergence space defined by phenotypic and genetic divergence axes. I then compared 

pairwise avian divergence from Beringia, a high-latitude system, to equivalent data from the 

Philippines, a low-latitude system. We consider phenotypic divergence as a rough proxy for the 

effects of divergent selection and genetic divergence as a proxy for the time two populations 

have been genetically isolated. The way in which pairwise contrasts are distributed in this 

divergence space enables an understanding of the relationship between these two divergence 

axes in each of these two geographically disparate systems, allowing me to draw conclusions 

about common patterns of divergence and the generation of biodiversity.
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Chapter 1: Mitogenomes reveal the timing and distribution of divergence events among 

trans-Beringian birds1

1 Collier K, Winker K. Mitogenomes reveal the timing and distribution of divergence events among trans-Beringian 
birds. To be submitted for publication to PeerJ

1.1: Abstract

Glacial cycles operating across Beringia have repeatedly exposed large swathes of the 

Bering Land Bridge, intermittently isolating and reuniting North American and Eurasian taxa. In 

high-latitude birds, these cycles are hypothesized to have been important in driving divergence 

and speciation (Lovette 2005). These repeated events have resulted in multiple trans-Beringian 

avian sister taxa of varying degrees of taxonomic depth distributed across the modern-day 

Beringia. We asked how these cyclic pulses have affected the temporal distribution and number 

of divergence events across Beringia.

To answer these questions, full mitogenomes were sequenced at high depth from 39 

lineage pairs of varying levels of divergence, totaling 437 individuals of seven orders and 14 

families from both Eurasia and North America. These mitogenomes were used to make a series 

of 39 pairwise comparisons, where one lineage (Phylloscopus spp.) accounted for both a 

subspecific and a species-level comparison. Genetic differentiation between the two sides of the 

land bridge was determined using between-group Fst values for both full mitogenome and single 

gene datasets, using the NADH dehydrogenase 2 (ND2) mitochondrial gene, as well as by visual 

inspection of clade structure. A hierarchical approximate Bayesian comparative (hABC) 

approach using the program MTML-msBayes was used to estimate the number and distribution 

of divergence events between the population pairs, using subsampled datasets. Net nucleotide 

divergence (DA) and Jukes-Cantor distance (JC-distance) were also calculated for each pairwise 

comparison to estimate divergence dates between taxa, using calibrated rates appropriate for 

shallow avian divergence events. These metrics were chosen to allow for direct comparisons 

with prior literature.

Average divergence times were 250,000 years ago for population-level taxa (n = 17), 

680,000 years ago for subspecies (n = 11), and 1 million years ago for species (n = 11), although 

we consider these estimates conservative. Nineteen taxon pairs were found to be substantially 

differentiated, bounding the number of potential divergence events from 1 to 19, and both 

datasets analyzed in MTML-msBayes most strongly supported simultaneous divergence of all
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Beringian lineages. However, this is biologically unusual given the substantial variation in 

divergence dates among taxa and more likely indicates a relatively continuous spread of 

vicariance events, which, from a statistical perspective, is difficult to distinguish from a single, 

simultaneous vicariance event.

1.2: Introduction

Birds are a speciose clade of vertebrates, with upwards of 10,000 currently recognized 

species (IOC 2021). How this diversity is generated has been a central question in evolutionary 

biology, and avian speciation is considered to be primarily due to selection (Price 2008). 

Speciation is aided considerably by time spent in isolation, as even relatively modest amounts of 

gene flow can preclude a diverging population from achieving full reproductive isolation (Price 

2008), and hybridization and backcrossing are widespread upon secondary contact in birds 

(Grant and Grant 1992, Ottenburghs et al. 2015). At high latitudes, glacial-interglacial cycles are 

thought to have had major influences on divergence and speciation (Hewitt 2000, Pielou 2008). 

These cycles cause populations to diverge and then potentially reunite as landscapes and ocean 

levels change. Separated populations have the opportunity to undergo change while apart, 

especially if divergent selection is operating. Thus far, we know rather little about how the 

timing and frequency of speciation events in high-latitude systems have been shaped by these 

glacial cycles. This information from Beringia would supplement studies of avian divergence 

conducted in several lower-latitude systems (e.g., Campbell et al. 2016, Miller et al. 2021) and 

provide greater insight into the processes of avian speciation on a broader scale.

Beringia is a high-latitude region bordered longitudinally by the Lena and Mackenzie 

rivers of Russia and Canada, respectively, and latitudinally by the Chukchi Sea in the north and 

the tip of the Kamchatka Peninsula in the south (Figure 1.1). It has historically been a significant 

biogeographic link between the Old World (OW) and New World (NW). Repeated glacial cycles 

throughout the Pleistocene (2.6 Mya -10 Kya) have likely caused extensive divergence and 

speciation by vicariance in a variety of taxa (Lister 2004, Ikeda and Setoguchi 2017, McLaughlin 

et al. 2020).

Beringian birds have yet to be comprehensively investigated in terms of larger-scale 

divergence assessments, although several smaller-scale studies have been completed (Zink et al. 

1995, Humphries and Winker 2011, McLaughlin et al. 2020). Because this region occupies a
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unique global position at the juncture between Eurasia and North America, many 

Beringian lineages exist as distinct sister species, subspecies, or populations on both sides. These 

sister lineages are separated currently by the Bering and Chukchi seas in an intercontinental 

contact zone and exhibit variable levels of intergradation and divergence (Humphries and Winker 

2011, McLaughlin et al. 2020). There are also distinct avian sister taxa within Beringia, 

consisting most often of a closely related endemic near or within the range of a more common 

continental species.

In this study, I have two major questions about this system. First, how were these events 

distributed across time? It is possible that avian divergence events were either relatively 

continuously distributed throughout the Pleistocene or that they were clumped around 

particularly severe glacial-interglacial cycles. Given the uneven nature of cycle severity (Lisiecki 

and Raymo 2005) I predicted that avian divergence events should be clumped in distribution.

Second, how common were these divergence events? The exact number of Pleistocene 

glacial- interglacial cycles is not a settled question, with authorities variously estimating from 11 

major cycles to over 100 major and minor cycles (Richmond and Fullerton 1986, Ruddiman et 

al. 1986, Lisiecki and Raymo 2005). Thus, it is unclear how many glacial cycles would have 

produced divergence events. I examine these questions using data from whole mitogenomes and 

by determining the timing and distribution of divergence events using sequence divergence and 

both non-Bayesian and hierarchical approximate Bayesian computation (hABC) approaches 

implemented with MTML-msBayes (Huang et al. 2011) with 39 pairwise comparisons among a 

broadly representative set of bird species for the region.

1.3: Materials and methods

1.3.1: Taxonomic selection
Thirty nine lineage pairs were selected based on specimen availability and distribution 

across Beringia. Because one lineage (Phylloscopus spp.) exhibited both subspecific and species­

level divergence across Beringia, this yielded 39 pairwise comparisons between taxa. The 

lineages selected are from 6 avian orders and 14 families, and show varied biogeographic 

patterns, including taxa of predominantly Old World (OW), predominantly New World (NW), 

and Holarctic distributions, with a limited number of intra-Beringian comparisons, primarily
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involving endemic taxa. Lineages also varied in divergence level as reflected in current 

taxonomy, with 11 species-level, 11 subspecies-level, and 17 population-level divergences (after 

Chesser et al. 2021) (Table 1.1, Supplemental Table 3.1.1).

1.3.2: Mitogenome dataset generation
Most taxonomic pairs had a minimum of five individuals of each population (or species 

or subspecies) per pair.

DNA was extracted from high-quality frozen muscle tissues from the collections of the 

University of Alaska Museum and University of Washington Burke Museum (Supplemental 

Table 3.1.1) using a DNeasy Tissue Kit following the manufacturer’s protocol (Qiagen, Valencia, 

California, USA). Associated voucher specimens are archived at these institutions. We then 

prepared dual-indexed DNA libraries for each sample using the methods in Glenn et al. (2017), 

and calibrated them using a Qubit fluorometer (Invitrogen Inc., Carlsbad CA, USA). For each 

lineage in which a pairwise comparison was being made, libraries for all associated specimens 

were combined into an equimolar 500 ng pool, which was then enriched for UCE loci following 

Winker et al. (2018). Fragment size distributions of each pool were quantified using a 

Bioanalyzer (Agilent Inc., Santa Clara, CA, USA), and pools were amplified and quantified with 

qPCR using a commercial kit (Kapa Biosystems, Wilmington MA, USA). Pools were then 

combined at equimolar ratios and sequenced on one lane of a paired-end 150 bp (PE150) 

Illumina HiSeq 2500 (Illumina Inc., San Diego, CA, USA; UCLA Neuroscience Genomics 

Core).

Raw fasta files were filtered using Illumiprocessor (v.2.0.6.; Faircloth 2013). For each 

lineage, a full annotated mitochondrial reference sequence was obtained from GenBank if 

present. If not, a full mitochondrial reference from a closely related species was used, typically 

from a congener (Supplemental Table 3.1.2).

Phyluce (v.1.5.0; Faircloth 2016) and several of its dependencies were used to call SNPs 

from reads in individual fasta files against the reference mitogenomic sequence, lineage by 

lineage. Raw reads for each individual were aligned to the reference and converted to .bam files 

using bwa-mem (v.0.7.7; Li and Durbin 2009), SAMtools (v.0.1.19; Li et al. 2009), and PICARD 

(v.1.106; http://broadinstitute.github.io/picard). Sequences were then cleaned, tagged with read 

groups corresponding to their specimen ID number, and had PCR and sequencing duplicates 
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marked, also using PICARD. Coverage statistics for each individual (Supplemental Table 3.1.4) 

were also obtained from the sorted bam files using SAMtools.

Using the Genome Analysis Toolkit (GATK, v.3.3.0; McKenna et al. 2010), each .bam 

file was indexed and high-quality SNPs were called against the reference following an 

established population genomic pipeline (Harvey et al. 2016). Individual mtDNA fasta sequences 

were then generated for each study individual, also using GATK.

1.3.3: Gene isolation and divergence estimates
Full mitogenomes were first aligned in MEGA X (Stecher et al. 2020) using Muscle 

(Edgar 2004) on default settings. The alignments were then trimmed according to the coordinates 

of three mitochondrial genes - NADH dehydrogenase 2 (ND2), cytochrome b (cytb), and 

cytochrome c oxidase 1 (CO1) in the annotated reference sequences, producing alignments for 

each of these genes.

Each aligned dataset was then partitioned into groups of OW and NW individuals based 

on taxonomic identity or specimen location as applicable. To visualize specimen relatedness, 

haplotype networks and neighbor-joining (NJ) trees were created for each taxon. Haplotype 

networks were generated for the ND2 dataset with the median-joining algorithm in the program 

Network v.4.6.1.1 (Bandelt et al. 1999). NJ trees for both the ND2 and full mitogenome datasets 

were generated in MEGA X. These trees were labeled and color-coded in FigTree (v1.4.4; 

Rambaut 2018).

1.3.4: Dating divergence events
Time of divergence (ι) for pairwise comparisons was estimated for DA and JC-distance 

values of the ND2 dataset. For all taxa, both metrics were generally similar. JC-distance values 

were used for all further calculations. Pairwise estimates of Fst were made using DnaSP v.5 

(Librado and Rozas, 2009).

An ND2 divergence rate calibrated for shallow avian divergence events was taken from 

Lerner et al. (2011). As Lerner et al. (2011) used only passerines to determine their rate, ordinal 

rates from Arcones et al. (2021) were used to adjust this base value to all avian orders present in 

this study. This enabled direct comparisons to be made among taxa.
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1.3.5: MTML-msBayes analyses
For each lineage, the most probable mean divergence time (τ) and number (Ψ) of 

divergence events were estimated using a hierarchical approximate Bayesian computational 

approach using MTML-msBayes (Huang et al. 2011).The τ values and their variances for each 

lineage were then used to estimate the synchrony (Ω) of dispersion events, testing the hypothesis 

of simultaneous versus nonsimultaneous divergence of all taxa (i.e., that not all lineages diverged 

at the same time). An Ω value significantly greater than 0.0 (tested using Bayes factors) was 

interpreted as support for nonsimultaneous divergence. The weighted mean value of Ψ across all 

3 million replicates was taken as a rough estimate of the average number of divergence events.

To make computation time more tractable, we subsampled the full mitogenome dataset 

for 39 lineages in two ways. First, for our preliminary runs, we used only the ND2 gene instead 

of the full mitogenome. Secondly, in all runs, we included only taxa showing clear evidence of 

divergence, reducing our initial dataset of 39 lineages to 19. We considered lineages to show 

evidence of divergence if they possessed a significantly different pairwise mitogenomic Fst 

(13/19), or if putative gene flow across well-defined OW/NW clades was suspected to have 

reduced Fst (6/19). In the six lineages where this was the case (Gallinago spp., Numenius 

phaeopus, Calidris alpina, Larus canus, Pinicola enucleator, and Calcarius lapponicus), this 

assessment was made based on ND2 haplotype diagrams, NJ trees, and prior evidence for 

putative gene flow in these taxa (Zink et al. 1995, Humphries and Winker 2011, McLaughlin et 

al. 2020, Spaulding et al. 2022).

Datasets were assembled for each lineage by realigning the previously generated full 

mitogenomes to extract first the ND2 gene, and, secondly, a ~4,000 bp subsampled dataset 

consisting of the ND2, cytb, and CO1 genes (hereafter three-gene). The cytb and CO1 genes 

were tested in separate runs of 3 million replicates under identical parameters to the ND2 run. 

Due to computational and software limitations, full mitogenomic datasets were not analyzed 

using MTML-msBayes.

For all ND2 runs, the lower θ parameter, bounding the minimum ancestral population 

size, was left at its default value (~0.0). Upper 0 was calculated internally as 4 (π), where π is the 

greatest observed average number of pairwise differences among all sequences within each 

taxon-pair, bounding 0 approximately between 0.0 - 0.2. After a calibration run of 500,000 

replications, the default upper τ prior of 1.0 was found to be larger than needed. Because all 
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probable τ values were concentrated between 0 and ~0.15, upper τ was set to 0.2 for all 

subsequent runs, providing increased coverage within the sampling space.

Following Humphries and Winker (2011) and Topp et al. (2013), we defined a set of 

Bayesian priors to include as model bounds. UpperMig was set to 10, allowing simulations to 

assume a maximum of 10 inbreeding events per generation. The bound UpperRec, denoting the 

frequency of recombination in the study locus, was kept at 0, as recombination is not expected in 

the avian mitogenome (Berlin et al. 2004). Ancestral 0, denoting ancestral population expansion 

or contraction, was unconstrained (upperAncPopSize = 0.5), as we do not have estimates of 

effective Pleistocene population sizes for most avian taxa. Additionally, the wide variety of 

ecologically diverse taxa in this study makes it unlikely that a single, uniform effective 

population size pattern holds true across the dataset (e.g., Maley and Winker 2010, McLaughlin 

et al. 2020).

An initial run with three million replicates was performed for both datasets. However, 

because estimates of the number of divergence events (Ψ) do not take the temporal spacing of 

these events into account, it is an unreliable estimator of the number of true divergence events 

(Overcast et al. 2017; N. Takebayashi and M. Hickerson, personal communication). Simple 

rejection methods (Huang et al. 2011) were used to interpret all results.

1.4: Results

Four hundred thirty seven high-quality mitogenomes were generated from 39 avian 

lineages, representing 11 subspecies, 11 species, 14 families, and seven orders (Table 1.1, 

Supplemental Table 3.1.1), with an overall average coverage of 101x. 12 pairwise comparisons 

were made between species, 11 between subspecies, and 16 between populations.

1.4.1: Divergence timing
Pairwise sequence divergence (JC-distance) between lineages for full mitogenome data 

ranged from 0.0 to 3.82% across all taxa, with an average of 1.36 + 1.17%. Species pairs had a 

significantly higher average genetic divergence (2.44 + 1.01%) than population (0.60 + 0.71%; p 

< 0.00), but not subspecies pairs (1.36 + 0.93; p = 0.19). ND2 divergence depths were 

generally higher than full mitogenomes, ranging from 0.0 to 4.96% for all taxa, 2.89 + 1.45% for 
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species, 1.59 + 1.11% for subspecies, 0.66 + 0.87% for populations, and an overall average of 

1.59 + 1.45% (Table 1.2, Supplemental Table 3.1.5).

Estimated full mitogenome divergence dates between taxon pairs ranged from 20,000 

years to 1.4 Mya (Table 1.3, Supplemental Table 3.1.6), with an overall average of 463,300 years 

before the present. ND2 divergence date estimates were also larger, ranging from 0.0 (Gavia 

stellata, which did not have any ND2-specific mutations) to 1.8 Mya, with an overall average of 

582,400 years before the present. Divergence estimates increased only loosely with taxonomic 

depth (Figure 1.2 A-B).

Thirteen of 39 lineage pairs were significantly differentiated by pairwise Fst , of which 

eight are currently classified as species, two as subspecies, and three as populations (Table 1.4). 

Of these, all 13 remained significant after false discovery rate adjustment (Benjamini and 

Hochburg 1995, Strimmer 2008) for both the full mitogenome and ND2 datasets. This statistical 

test is similar to but preferred over the Bonferroni correction when it is desirable to minimize 

false positives.

Additionally, both datasets in Anas crecca, Mareca spp., Calidris alpina, Gallinago spp., 

Corvus corax, Larus canus, Numenius phaeopus, Anthus rubescens, and Pinicola enucleator 

showed strong NW/OW (Figure 1.3) clades with varying amounts of putative gene flow. Prior 

work in these taxa also displays this pattern (Zink et al. 1995, Humphries and Winker 2011, 

McLaughlin et al. 2020, Spaulding et al. 2021). However, in all cases, we were unable to 

distinguish between incomplete lineage sorting and putative gene flow. While distinguishing 

between incomplete lineage sorting and putative gene flow is possible with large-scale 

transposable element data (e.g., Doronina et al. 2015, Suh et al. 2015), these data were not 

available to us for any of the 39 lineages investigated.

As Fst is directly affected by gene flow, taxa that showed strong NW/OW haplotype 

clades were considered to be differentiated and were included in further analyses with the 13 taxa 

differentiated by Fst. This produced a subset of 19 taxa, as Anas crecca / A. carolinensis, Mareca 

spp., Corvus corax, and Anthus rubescens were differentiated by pairwise Fst as well.

1.4.2: Divergence number
Our initial, pilot ND2 dataset unambiguously showed the strongest posterior probability 

support for a mean number of vicariant events (Ψ) of one (i.e., simultaneous divergence), with
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~20.1% of the posterior probability on that value (Figure 1.4 A). However, the data also showed 

a long, right-hand ‘tail’ with consistent, relatively high support (~5%) for all Ψ values greater 

than one - up to the maximum Ψ of 19 (Supplemental Table 3.1.7). When additional data were 

added to form the 3- gene dataset (Figure 1.4 B), support for one vicariance event increased to 

80.4% of the total, with a corresponding decrease in support for the ‘tail’ (Supplemental Table 

3.1.7). We were unable to run the full- mitogenomic dataset due to computational limits.

The mean dispersion index (Ω), a direct test for the simultaneous or nonsimultaneous 

vicariance of all comparisons, where nonsimultaneous divergence is indicated by a Ω 

significantly different than zero, also differed between these datasets. The ND2 dataset (Figure 

1.5 A) shows an Ω value significantly different than zero (Average Ω = 0.0246, Bayes factor = 0 

when comparing the probability distribution of Ω ≤ 0.01 and Ω > 0.01), indicating moderate 

support for more than one (i.e., nonsimultaneous) vicariance event. The 3-gene dataset, in 

contrast, fails to produce a nonzero Ω-estimate, indicating strong support for simultaneous 

divergence.

1.5: Discussion

I sought to determine how pulses of avian divergence events were distributed across 

Beringia, and how common these events were among lineages (i.e., how many occurred, whether 

affecting one or more than one lineage). We began to answer these questions using pairwise 

comparisons of mitochondrial data from 39 closely related taxon pairs from 38 lineages across 

Beringia (Figure 1.1), consisting of 437 individuals of seven families (Table 1.1). Ultimately, the 

majority of events were found to occur in a ‘clumped’ distribution across the nearest (most 

recent) half of the Pleistocene (Figure 1.2 A-B). The strongest ‘pulse’ occurs within the past 

250,000 years, and comprises a substantial fraction of these comparisons, including all but two 

of the population-level comparisons. As the majority of these lineages do not have significant Fst 

scores, this cohort may simply represent taxa which have not actually diverged yet or are still 

reticulate. The remaining lineages appear to have diverged continuously across the most recent 

half of the Pleistocene.

Both datasets statistically support simultaneous divergence for all taxa, and the larger, 

presumably less-biased 3-gene dataset supports it much more strongly (ND2 posterior 

probability = 20.1%, 3-gene posterior probability = 80.4%). This is an unexpected result and 
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biologically implausible result, given the cyclic disturbance history of the system, diverse set of 

avian lineages studied, and the widely varying, relatively continuous divergence date estimates 

of all taxa.

This is likely attributable to the statistical testing framework used in this study. MTML- 

msBayes is a program designed to test for the simultaneous vs. nonsimultaneous divergence of 

lineages - i.e., to test if any two or more lineages shared the same vicariance event. The 

algorithm is agnostic to the ‘density’ of lineages diverging within a given time period (Overcast 

et al. 2017) and relies primarily on the presence of gaps in the dataset to demarcate vicariance 

events. As such, a sufficiently continuous spread of vicariance events can make it increasingly 

difficult to pick out distinct vicariance periods, and can, ultimately, become statistically 

indistinguishable from a single, strongly-supported divergence event. A ‘buffer’ parameter was 

implemented in later versions of MTML-msBayes exists to attempt to alter this behavior, but this 

parameter has not been shown to be effective in improving the accuracy of estimations (Overcast 

et al. 2017; N.Takebayashi and M. Hickerson, personal communication).

1.5.1: Distribution of avian divergence events in Beringia
Our data suggest that, on average, avian lineages in Beringia are differentiated in age of 

divergence events by taxonomic level, with species generally having diverged on average deeper 

in time than subspecies, and both, on average, having diverged deeper than populations (Figure 

1.2 A-B). However, there’s also substantial variation within taxonomic levels, with taxonomic 

level explaining only 35% of the variation in divergence timing. Divergence dates were also 

estimated to be earlier than expected for lineages that had been previously compared (Table 1.2, 

Figure 1.2 A-B, Humphries and Winker 2011, McLaughlin et al. 2020).

Divergence event date estimates from mtDNA show a small clump of divergence events 

at around 1.3 - 1.6 Mya, but from 1.0 Mya toward the present, divergences appear to be 

relatively continuous when all taxonomic levels are overlaid (Table 1.1, Figure 1.2 A-B). The 

cluster of recent, population-level divergences from ~0.0 - 0.3 Mya likely reflects a pulse of 

recent, and possibly ongoing divergences among these taxa, albeit with variable levels of gene 

flow across taxa. This is supported by pairwise Fst values, which, with the exception of Uria 

aalge, were nonsignificant for all taxa in this cluster (Table S5). Conversely, the only 

population-level comparison outside of this cluster (Aythya marila, ~629 Kyr; Table 1) was 
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significantly differentiated by Fst, suggesting that this taxon may belong to a different cohort of 

divergence events.

However, divergence events here are strongly biased towards the more recent half of the 

Pleistocene (Figure 1.2 A-B), and none occur before ~1.8 Mya. The apparent lack of divergence 

events during the earliest third of the Pleistocene, followed by what seem to be one or a small 

number of events in the more recent two thirds, is unexpected. At face value, this result would 

suggest that avian speciation was only affected by (or at least, more strongly affected by) 

climatic cycles in the middle-to-late Pleistocene. Climate records (Ruddiman et al. 1986) do not 

show marked changes in intensity or length of glacial cycles that would explain this apparent 

response. Also, prior research has suggested that divergences occurred in the early Pleistocene 

(Zink and Klicka 2000, Lovette 2005, Humphries and Winker 2011, McLaughlin 2020)

One possible explanation for this apparent discrepancy is in the quality of the data used to 

estimate divergence times for this dataset. The data in Humphries and Winker (2011) and Peters 

et al. (2014), both generated for similar taxa with equivalent markers, were developed using 

Sanger sequencing, which is a low-coverage method. High-coverage sequences like those 

generated here reduce the incidence of miscalled bases, reducing the frequency of sequencing 

errors and, hence, likely decrease overall mitochondrial divergence values when using the same 

estimates of substitution rates (Chengwei et al. 2012).

Additionally, divergence time estimates here were likely impacted by the lack of an 

appropriate calibration, as the rates from Lerner et al. (2011) were estimated from lower- 

coverage Roche 454 sequence data and would probably also result in an underestimate of 

divergence times when applied to data from high-coverage sequences (Luo et al. 2012). Thus, it 

is likely that the consistently earlier divergence dates generated in this study are an artifact of a 

mismatched high-coverage dataset and calibration rate estimate based on lower-coverage data 

(Lerner et al. 2011), which would uniformly push all divergence estimates closer to the present.

Current methods of dealing with the problem of incorrectly calibrated avian molecular 

clocks, such as the calibration rates of Arcones et al. (2021), are not applicable here. Arcones et 

al. (2021) calibrated mtDNA divergence rates at the order level by using 622 full mitogenomes 

representing 33/40 extant families of birds, with fossil calibration points at depths of 11 to 53 

Mya. These rates are suitable for estimating divergence times in deep evolutionary time within 

Aves, where saturation is high, reciprocal monophyly is assured, and the discrepancy between 
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gene and population divergence is minimal (Arbogast et al. 2002). In this shallow-divergence 

dataset, Arcones et al.’s (2021) rates produce divergence dates an order of magnitude older than 

both previous analyses of Beringian birds (Maley and Winker 2010, McLaughlin et al. 2020), 

and dates generated here using the more shallowly calibrated (1.9 - 5.7 Mya), passerine-specific 

rates estimated by Lerner et al. (2011).

1.5.2: Number of avian divergence events in Beringia
For the 19 taxa found to be differentiated, one vicariance event would represent complete 

synchrony, and 19 complete asynchrony of divergence. Here, we find the most support for a 

single vicariance event, which is biologically surprising, given the staggered taxonomic depths 

and divergence times of these lineages.

One explanation for this is that successive cycles of splitting and gene flow, most likely 

driven by glacial-interglacial cycles, have muddied individual vicariance events, such that only 

the last one or two events are easily detectable. The exact number of vicariance events affecting 

these lineages is unclear due to the relative difficulty that MTML-msBayes has in estimating Ψ 

(number of divergence events) among variably temporally clustered divergence events (Overcast 

et al. 2017).

1.5.3: Conclusions
Avian divergence and speciation in Beringia appears to have occurred continuously, but 

in one or perhaps more pulses across the most recent two thirds of the Pleistocene, with a small 

recent pulse of lineages very close to the present representing lineages that may not have 

diverged at all yet. This is an unusual result given the cyclical nature of the most obvious abiotic 

driver for divergence in Beringia (glacial cycles) and may be due to multiple, continuous 

vicariance events appearing statistically indistinguishable from a single, simultaneous vicariance 

event.

Finally, it is also likely that the true divergence dates for each lineage studied are older 

than reported here, due to appropriate substitution rate estimates not being available for high- 

coverage Illumina HiSeq sequence data. Therefore, we consider our divergence date estimates to 

be conservative.
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1.7: Tables

Table 1.1: Sampling design and taxonomic information for all lineages included in this dataset. 

Extended specimen information can be found in Supplemental Table 3.1.1. Old World (OW) 

specimens refer to individuals from the Eurasian mainland and far western Aleutians, or 

individuals sampled in North America conclusively identified as a Eurasian species or 

subspecies. New World (NW) refers only to individuals from the North American mainland; no 

North American species or subspecies in our dataset were sampled in Eurasia.

Taxon Taxonomic 
depth

Total
samples

OW 
samples

NW 
samples

Anser albifrons Population 8 3 5
Spatula clypeata Population 9 5 4
Mareca penelope / M. 
americana

Species 16 8 8

Anas platyrhynchos Population 12 5 7
Anas acuta Population 10 5 5
Anas crecca/A. carolinensis Species 14 7 7
Aythya marila Population 10 5 5
Somateria spectabilis Population 7 2 5
Somateria mollissima Population 10 5 5
Histrionicus histrionicus Population 8 6 2
Melanitta americana Population 6 2 4
Clangula hyemalis Population 13 7 6
Mergus merganser merganser 
/ M. m.
americanus

Subspecies 10 6 4

Lagopus lagopus koreni / L. l. 
alascensis

Subspecies 10 5 5

Pluvialis fulva/ P. dominica Species 8 4 4
Numenius phaeopus 
variegatus /N. p. 
hudsonicus

Subspecies 15 8 7

Arenaria interpres / A. 
melanocephala

Species 9 5 4

Calidris alpina arcticola / C. 
a. pacifica

Subspecies 8 3 5
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Table 1.1 cont.

Gallinago gallinago / G. 
delicata

Species 10 5 5

Tringa brevipes / T. incana Species 16 8 8
Tringa nebularia / T. 
melanoleuca

Species 10 5 5

Uria aalge Population 10 5 5
Uria lomvia Population 10 5 5
Larus canus 
kamtschatschensis / L. c. 
brachyrhynchus

Subspecies 10 5 5

Larus argentatus vegae/ L. a. 
smithsonianus

Subspecies 10 5 5

Larus hyperboreus Population 10 5 5
Gavia stellata Population 10 5 5
Picoides tridactylus / P 
fasciatus

Species 8 3 5

Pica pica/P hudsonia Species 15 8 7
Corvus corax Population 17 7 10
Phylloscopus examinandus / 
P. borealis

Species 10 5 5

Phylloscopus borealis 
borealis / P. b. 
kennicottii

Subspecies 15 5 10

Luscinia svecica Population 16 8 8

Motacilla tschutschensis 
tschutschensis /
M. t. simillima

Subspecies 10 5 5

Anthus rubescens japonicus / 
A. r.
pacificus

Subspecies 10 5 5

Pinicola enucleator 
tschutschensis / P. 
e. flammula

Subspecies 13 6 7

Leucosticte arctoa /L. 
tephrocotis

Species 24 5 19
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Table 1.1 cont.
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Calcarius lapponicus 
coloratus / C. l. alascensis

Subspecies 7 2 5

Plectrophenax nivalis / P. 
hyperboreus Species 8 4 4



and given as % divergence. DA distances can be found in Supplemental Table 3.1.5.

Table 1.2: JC-distance summary statistics. Values taken for full mitogenomic and ND2 datasets

Data

type

Taxonomic

depth

Average %

JC- 
distance

Std.dev %

JC- 
distance

Min. %

JC- 
distance

Max. %

JC- 
distance

Full mito- 
genome

All 1.36 1.17 0.05 3.82

Full mito- 
genome Species 2.44 1.01 0.43 3.82
Full mito- 
genome Subspecies 1.36 0.93 0.30 2.71
Full mito- 
genome Population 0.60 0.71 0.05 2.70
ND2 All 1.59 1.45 0.0 4.96
ND2 Species 2.89 1.33 0.76 4.96
ND2 Subspecies 1.59 1.11 0.31 3.75
ND2 Population 0.66 0.87 0.0 2.91
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Table 1.3: Divergence time summary statistics. All divergence time estimates found using the 

ND2 divergence rate from Lerner et al. (2011), scaled to non-Passeriform orders.

Data type
Taxonomic 
depth

Average %
JC-distance

Std.dev %
JC-distance

Min. %
JC-distance

Max. %
JC-distance

Full 
mitogenome All 1.36 1.17 0.05 3.82

Full 
mitogenome Species 2.44 1.01 0.43 3.82

Full 
mitogenome Subspecies 1.36 0.93 0.30 2.71

Full 
mitogenome Population 0.60 0.71 0.05 2.70

ND2 All 1.60 1.46 0.00 4.96

ND2 Species 2.90 1.39 0.76 4.96

ND2 Subspecies 1.64 1.12 0.31 3.75

ND2 Population 0.66 0.90 0.00 2.91
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Table 1.4: Significance tests for population differentiation on the full mitogenomic level. Fst 

scores from the ND2 locus were also tested but did not differ substantially or significantly from 

the full mitogenome data and are not reported here.

Taxon
Taxonomic 

depth
Full mitogenome

Fst Std.dev Significance

Anser albifrons Population -0.092 0.015 0.313

Spatula clypeata Population -0.092 0.016 0.396

Mareca penelope / M. 
americana * Species 0.482 0.005 0.035

Anas platyrhynchos Population 0.053 0.012 0.183

Anas acuta Population -0.026 0.016 0.396

Anas crecca/ A. carolinensis ** Species 0.793 0.014 0.002

Aythya marila * Population 0.340 0.004 0.013

Somateria spectabilis Population 0.045 0.014 0.238

Somateria mollissima Population 0.116 0.011 0.169

Histrionicus histrionicus Population 0.090 0.016 0.425

Melanitta americana Population -0.057 0.012 0.465

Clangula hyemalis Population -0.015 0.016 0.550

Mergus merganser merganser /
M. m. americanus Subspecies -0.040 0.009 0.897

Lagopus lagopus koreni / L. l. 
alascensis Subspecies -0.034 0.010 0.908

Pluvialis fulva / P dominica * Species 0.967 0.006 0.029

Numenius phaeopus Population -0.106 0.007 0.941

Arenaria interpres/A. 
melanocephala ** Species 0.886 0.003 0.020

Calidris alpina arcticola / C. a. 
pacifica Subspecies -0.010 0.014 0.340

Gallinago gallinago / G. 
delicata Species -0.138 0.000 0.999
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Table 1.4 cont.

Tringa brevipes / T. incana *** Species 0.958 0.000 0.000

Tringa nebularia / T. 
melanoleuca * Species 0.401 0.005 0.027

Uria aalge * Population 0.187 0.006 0.045

Uria lomvia Population 0.020 0.013 0.309

Larus canus kamtschatschensis /
L. c. brachyrhynchus Subspecies 0.137 0.010 0.165

Larus argentatus vegae /L. a. 
smithsonianus Subspecies -0.042 0.000 0.999

Larus hyperboreus Population -0.028 0.016 0.536

Gavia stellata Population 0.043 0.000 0.999

Picoides tridactylus / P. fasciatus 
* Species 0.627 0.003 0.014

Pica pica / P. hudsonia *** Species 0.653 0.000 0.000

Corvus corax *** Population 0.122 0.001 0.001

Phylloscopus examinandus / P 
borealis Species 0.158 0.013 0.254

Phylloscopus borealis borealis / 
P b. kennicotti Subspecies -0.030 0.018 0.611

Cyanecula svecica Population -0.022 0.009 0.832

Motacilla tschutschensis 
tschutschensis / M. t. simillima Subspecies

0.098 0.012 0.188

Anthus rubescens japonicus/A. 
r. pacificus ** Subspecies 0.349 0.010 0.005

Pinicola enucleator
tschutschensis / P. e. flammula Subspecies 0.095 0.011 0.107

Leucosticte arctoa /L. 
tephrocotis * Species 0.463 0.004 0.016

Calcarius lapponicus coloratus /
C. l. alascensis Subspecies

0.270 0.009 0.132
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Notes: * ... p < 0.05, ** ... p <0.01,*** ... p < 0.001.
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Plectrophenax nivalis / P. 
hyperboreus Species 0.023 0.013 0.524



1.8: Figures

Figure 1.1: Historic map of Beringia (adapted from National Park Service 2020), bordered by the 

Lena and Mackenzie rivers from West to East, and the Arctic Ocean and Kamchatka Peninsula 

from North to South. Darker gray indicates the extent of exposed land during Pleistocene glacial 

periods, and light gray represents the extent of the North Pacific continental shelf (~300 m 

underwater), beyond which water depths dramatically increase.
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Figure 1.2 A: Temporal distribution of Beringian mtDNA divergence events across the Pleistocene by taxonomic level. Date estimates 

are derived from full mitogenome JC-distance estimates, and data labels can be referenced in Supplemental Table 3.1.5. Population­
level comparisons are significantly different than either species-level or subspecific divergence dates (p < 0.001), but species-level and 
subspecific divergences are not (p = 0.19).



Figure 1.2 B: Temporal distribution of Beringian mtDNA divergence events across the past 

300,000 years by taxonomic level. Date estimates are derived from full mitogenome JC-distance 

estimates, and data labels can be referenced in Supplemental Table 3.1.5.
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Figure 1.3 A: NADH dehydrogenase 2 (ND2) haplotype network diagrams for the order 

Anseriformes. Eurasian taxa/populations are given in blue and North American taxa/populations 

in red. Each circle represents a haplotype, and circle size reflects haplotype frequency. Each 

hatch-mark on a line represents a mutation.
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Figure 1.3 B: NADH dehydrogenase 2 (ND2) haplotype network diagrams for the order 

Charadriiformes. Eurasian taxa/populations are given in blue and North American 

taxa/populations in red. Each circle represents a haplotype, and circle size reflects haplotype 

frequency. Each hatch-mark on a line represents a mutation.
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Figure 1.3 C: NADH dehydrogenase 2 (ND2) haplotype network diagrams for the order 

Passeriformes. Eurasian taxa/populations are given in blue and North American taxa/populations 

in red. Each circle represents a haplotype, and circle size reflects haplotype frequency. Each 

hatch-mark on a line represents a mutation.
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Figure 1.3 D: NADH dehydrogenase 2 (ND2) haplotype network diagrams for all remaining 

orders in the dataset. Eurasian taxa/populations are given in blue and North American 

taxa/populations in red. Each circle represents a haplotype, and circle size reflects haplotype 

frequency. Each hatch-mark on a line represents a mutation.
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Figure 1.4 A: Distribution of Ψ (Estimated number of divergence events) from the 

Ψ-unconstrained MTML-msBayes analyses of the ND2 dataset. The posterior probability of any 

given number of divergence events is indicated by the height of the bar, and the sum total of all 

possible divergence events must equal one. While both the ND2 and 3-gene datasets show one 

divergence event as the most likely scenario, the larger, 3-gene dataset has substantially more 

support for a single vicariance event than the ND2 subset.
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Figure 1.4 B: Distribution of Ψ (Estimated number of divergence events) from the 

Ψ-unconstrained MTML-msBayes analyses of the 3-gene dataset. The posterior probability of 

any given number of divergence events is indicated by the height of the bar, and the sum total of 

all possible divergence events must equal one. While both the ND2 and 3-gene datasets show 

one divergence event as the most likely scenario, the larger, 3-gene dataset has substantially 

more support for a single vicariance event than the ND2 subset.
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Figure 1.5 A: Scatterplots for dispersion index (Ω) values of the Ψ-unconstrained ND2 

MTML-msBayes analyses. The bulk of the ND2 points cluster at values greater than zero, 

indicating strong support for nonsimultaneous divergence of taxa, despite a smaller clustering of 

points between zero and one. Conversely, the 3-gene values are drastically left-shifted, densely 

clustered on zero and produce an average Ω not significantly different from zero.

38



Figure 1.5 B: Scatterplots for dispersion index (Ω) values of the Ψ-unconstrained 3-gene 

MTML-msBayes analyses. The bulk of the ND2 points cluster at values greater than zero, 

indicating strong support for nonsimultaneous divergence of taxa, despite a smaller clustering of 

points between zero and one. Conversely, the 3-gene values are drastically left-shifted, densely 

clustered on zero and produce an average Ω not significantly different from zero.
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Chapter 2: Integration of phenotypic and genotypic data reveals differing patterns of avian 

divergence and speciation in high- and low-latitude systems2

2 Collier K, Winker K. Integration of phenotypic and genotypic data reveals differing patterns of avian divergence 
and speciation in high- and low-latitude systems. To be submitted for publication to PeerJ

2.1: Abstract

Divergence and speciation in birds can be thought of as a process occurring along two 

axes, genotypic and phenotypic. In allopatric populations, genetic divergence will increase 

between groups with time spent isolated from between-group gene flow. Conversely, phenotypic 

differences are more often affected by selection and thus less predictable. Here, I assess the 

relative contributions of genotypic and phenotypic divergence in pairwise avian comparisons 

across taxonomic depths in Beringia and the Philippines. I then compare levels of genotypic- 

phenotypic correlation between these high- and low-latitude systems and characterize routes of 

divergence and speciation in them. Phenotypic and genotypic divergences were found to be 

positively correlated in both systems, and Beringian taxa diverge at a faster rate phenotypically 

than Philippine taxa. The best-fit relationship between phenotypic and genotypic divergence is 

linear in Beringia, a younger system, but a logarithmic relationship was marginally better in the 

Philippines, an older one. I conclude that phenotypic divergence, more affected by divergent 

selection, is most evident early in the divergences in these systems, and that genotypic 

divergence, being more likely to be constant over a longer period of time, becomes more 

important later, as shown in this older, lower-latitude system. Lineages in the Beringian system 

have not had time to reach this stage.

2.2: Introduction

Speciation in birds can be thought of as a process occurring along two axes: genotypic 

and phenotypic divergence. While avian speciation is considered to be driven primarily by 

selection (Mallet 2005, Price 2008), other stochastic evolutionary processes can also contribute 

to the process of divergence through the build-up of reproductive incompatibilities (Pulido- 

Santacruz et al. 2018). With stochastic processes alone, this is a slow process - this neutral or 

nearly-neutral genetic divergence will accumulate in proportion to the amount of time two 

groups spend in allopatry. Further, in birds, hybridization and backcrossing are common,reducing 
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the strength of reproductive incompatibilities which arise and further increasing the time to 

reproductive isolation. Conversely, divergence and speciation based on phenotypic characters 

such as morphology and social behavior, are less likely to be driven by nearly-neutral or 

stochastic variation. Changes in characters that directly impact an organism’s phenotype and 

potentially fitness are more likely, although not guaranteed, to be affected by selection.

The discrepancy between nearly-neutral genetic divergence and selection is particularly 

strong when the selection occurs in a reproductive trait (Ottenburghs 2019). A recent example of 

such can be seen in the nearly genetically identical and congeneric, but apparently behaviorally 

reproductively isolated Tawny-bellied and Iberá seedeaters (Sporophila hypoxantha, S. 

iberaensis; Turbek et al. 2021). How divergence proceeds along these two axes depends on the 

relative importance of selection and the more stochastic processes (e.g., mutation and drift) that 

cause genetic differences to accrue through time.

Where the relative contributions of these forces promoting divergence have been 

examined among avian lineages, heterogeneity is apparent (Delmore et al. 2015, Campbell et al. 

2016). Patterns of avian divergence and speciation on a regional or ecological scale are still 

imperfectly understood, but given the differences in biogeography, taxonomic composition, 

diversity, and selection regimes between high- and low-latitude avifaunas (Martin and McKay 

2004), it seems unlikely that these processes of divergence operate at similar relative strengths in 

both regions. Additionally, the relative strength and types of selection and stochastic divergence 

are expected to vary with taxonomic depth, from interbreeding populations to well-defined 

species (Butlin 1987, Price 2008, Winker 2021). Here, I compare representative high- and 

low-latitude systems to assess their respective divergence patterns.

Beringia is a high-latitude region centered on the Bering Sea (Figure 2.1), roughly 

bounded on the west by the Lena River in eastern Siberia and on the east by the Mackenzie River 

of western Canada (Hopkins et al. 2013). Glacial cycles throughout the Pleistocene (2.6-Mya to 

10- Kya) have repeatedly inundated and exposed large swathes of the Bering Sea floor, 

intermittently isolating and reuniting the avifaunas of North America and Eurasia (Pielou 2008, 

Humphries and Winker 2011, McLaughlin et al. 2020).

The Philippines is a western Pacific tropical archipelago composed of over 7,000 islands 

just south of Taiwan. Shallow ocean depths between many of these islands have caused 

Pleistocene-epoch glacial events to repeatedly unite and split individual islands, creating entities 
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referred to as Philippine aggregate island clusters (PAICs), with these islands/clusters separated 

by deeper water (Figure 2.2). High levels of vertebrate endemism and some of the highest levels 

of biodiversity on the planet exist on both individual islands and within PAICs, likely driven by 

repeated splitting events (Brown et al. 2013).

We investigate how phenotypic divergence is correlated with genetic divergence in a 

high- and a low-latitude system and then compare the amount and rate of divergences between 

them. We expect that these systems will differ substantially in divergence depth and rate, as a 

result of different histories and life-history traits of their respective species assemblages. The 

nature and degree of these differences are unknown, although we might predict that, being 

subject to considerable disruption of isolated populations during the Pleistocene, Beringian birds 

might show lower average levels of divergence.

2.3: Materials and methods

2.3.1: The two systems and their taxa
Before contrasting these low- and high-latitude systems, we needed to characterize 

genetic and phenotypic divergence in Beringian birds, which has not been done before. For this 

high-latitude system, 37 pairs of closely related lineages with pairwise divergence determined in 

each were selected based on specimen availability and distribution across Beringia 

(Supplemental Table 3.2.1). The lineages selected are from 6 avian orders and 14 families, and 

show varied biogeographic patterns, including taxa of predominantly OW, predominantly NW, 

and Holarctic distributions, with a limited number of intra-Beringian comparisons,primarily 

involving endemic taxa.

Lineages also vary in divergence level as reflected in current taxonomy, with 11 

species-level, 12 subspecies-level, and 14 population-level splits (after Chesser et al. 2021) 

(Supplemental Table 3.2.1).

The Philippine, low-latitude taxa are represented by the dataset of Campbell et al. (2016) 

and are composed of 96 comparisons representing 48 lineages from 31 families and 12 orders 

from across the Philippines. 14 lineages are species-level, 75 subspecies-level, and 7 are 

population-level, and these comparisons represent four PAICs: (Busuanga, Luzon, Mindanao, 

and Panay). Nearly all (98%) sampled subspecies are endemic to the Philippines.
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2.3.2: Mitogenomic DNA data
All Beringian bird sequences used in this study are from previous work in the same 

system from Chapter 1. Mitogenomic DNA was selected as a proxy for stochastic divergence on 

the basis of the density of active coding regions in the mitogenome rendering the majority of the 

existing SNPs synonymous. Given the strong purifying selection found in avian mitochondrial 

(and vertebrate mitochondria more generally), any SNPs found are expected to be neutral or 

nearly-neutral (Morales 2015, Palozzi 2018), justifying their use as a measurement of stochastic 

divergence (Allen 2003).

2.3.3: Comparing divergence
To quantify phenotypic and genotypic divergence, we calculated metrics for both 

systems, using vouchered museum study skins to assess phenotypic divergence, and two genetic 

distance metrics for genetic divergence, Jukes-Cantor distance (JC-distance) and net nucleotide 

divergence (DA).

Morphometric and plumage traits were recorded from study skins following the methods 

of Tobias et al. (2010) and Campbell et al. (2016). Five Eurasian and five North American 

individuals were selected for each lineage, and wing chord (WCH), tail length (TL), tibiotarsus 

length (TS), and bill length (BL) measurements were taken to the nearest 0.1 mm with vernier 

calipers. Only adult males were used when possible (Supplemental Table 3.2.1).

Morphometric measurements were then calculated as Cohen’s d effect sizes (the 

difference between means divided by standard deviation). A synthetic morphometric divergence 

value was then created by scoring each effect size as follows: > 0.2-2 = minor/1; > 2-5 = 

moderate/2; > 5-10 = major/3; and > 10 = exceptional/4 (Tobias et al. 2010). The three strongest 

individual plumage differences between adult males were judged by eye, on a score of 0-4, and 

added to the total phenotypic score. Plumage scores were done by KC for consistency and judged 

with the guidelines in Tobias et al. (2010). Specimens with prior scoring according to these 

guidelines (Campbell et al. 2016) were reviewed by KC to better standardize plumage 

assessments across both datasets. A total phenotypic score (morphometric + plumage) of 7 was 

conservatively considered to represent phenotypically highly divergent taxa (Tobias et al. 2010).

The Beringian ND2 dataset initially produced for Chapter 1 were used to determine 

genetic distances. Between-group genetic distances were calculated using JC-distance with a 
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gamma distribution model in MEGA X (Table 2.1). DA values were calculated in Arlequin 3.5 

(Excoffier and Lischer 2010) and are reported for both full mitogenome and ND2 data to make 

this study comparable to historical work.

Philippine ND2 JC-distance values are from Campbell et al. (2016); ND2 DA was 

calculated as above. No molecular distance metrics were calculated for Philippine full 

mitogenome data, as those data do not yet exist.

2.3.4: Comparing divergence
For all three divergence metrics (phenotypic distance, ND2 JC-distance, and ND2 DA), 

we tested for significant differences between systems using two-tailed t-tests. All tests and 

regressions were performed with R (4.2.0) in RStudio (RStudio 2021; v.4.2.0 “Vigorous 

Calisthenics”); code is in File S1.

For both the Beringian and Philippine datasets and a dataset consisting of all taxa, we 

then regressed both molecular divergence metrics (ND2 JC-distance and DA) separately against 

phenotypic divergence. Following the planned analyses, we performed another regression with 

identical methods using the subset of the Philippine data with ND2 JC-distance values under 5% 

divergence (‘Philippine < 5%’), which was chosen to approximately match the temporal extent 

of the Beringian system. This gave a total of eight linear regressions across all datasets. Linear 

regressions of both Beringian and Philippine molecular distance metrics against phenotypic 

divergence could be directly compared because the associated values are on shared scales. An 

additional linear regression was done in the Beringian system using full mitogenomic divergence 

datasets. These data were not available for the Philippine system.

ND2 JC-distance data for the same four datasets used in the linear regressions (Beringian, 

Philippine, Philippine < 5%, and all data) were also nonlinearly (logarithmically) regressed 

against phylogenetic distance, following the procedures of Campbell et al. (2016). Seed values 

for Beringian nonlinear model parameters (pl and p2) were derived from Campbell et al.’s 

(2016) final nonlinear parameter estimates, and data were fitted to a nonlinear model of the form 

P = ln (G) * p1 + p2. Iterations were run until parameters reached convergence of < 0.0001 % 

divergence, and a small constant (0.000005 % divergence) was added to all values to retain all 

points in the dataset, as the logarithmic distribution used in the nonlinear regression does not take 
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values of zero. This analysis was repeated without that processing step by removing all lineages 

with values of zero, and it did not substantially change the results.

Where appropriate, Philippine results are from Campbell et al. (2016).

2.3.5: Phylogenetic signal
Most statistical tests require that all data points be independent observations from a set. 

Shared ancestry in phylogenetic studies violates this requirement, and without testing for 

phylogenetic signal, it is unclear whether patterns in the data are due to that common history or 

to the evolutionary patterns we are attempting to study. If found, we would be required to apply 

corrections to the data in the form of phylogenetically independent comparisons (see below). We 

used Abouhief’s test for phylogenetic signal (Abouhief 1999), as implemented in the R package 

adephylo (v.1.1-13, Jombart and Dray 2008) to test for phylogenetic signal in the Beringian and 

Philippine genetic and phenotypic datasets.

Abouhief’s test requires a phylogenetic tree and one or more continuous traits. We first 

considered both systems separately, using system-specific phylogenetic trees (Supplemental 

Figure 4.1.1 A-B). For Beringian birds, we tested phenotypic distance and both full mitogenomic 

and ND2 molecular metrics (JC-distance and DA). As Philippine whole mitogenomic sequences 

were unavailable, phylogenetic signal was only tested for using phenotypic distance and both 

ND2 molecular metrics in this system.

All shared metrics (phenotypic distance and both ND2 molecular metrics, as full 

mitochondrial sequences were unavailable for the Philippines) were also tested for phylogenetic 

signal in the context of a combined analysis, using a dual-system tree (Supplemental Figure 4.1.1 

C) and data from both systems.

To generate the phylogenetic tree for Beringian taxa, we subsampled the 3-gene (ND2, 

cyt-b, and COI) alignments (Chapter 1) to one individual per taxon and realigned them using 

Muscle (Edgar 2004). This alignment was checked by eye, and multiple models were tested 

within MEGA X, with the GTR+G+I model being the best-fitting by AIC scores. Afterwards, we 

constructed a maximum likelihood tree (Supplemental Figure 4.1.1 A) under this model with 500 

bootstrap replicates. To control for the effects of present vs. absent branch length information in 

the Beringian vs. Philippine datasets (see below), we standardized all branch lengths in this tree 

to 1.0.
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The Philippine dataset had sequences of different lengths within each taxon, so we chose 

the longest, and presumably most complete, sequence per comparison (96 total, one for each 

taxon-pair) and aligned them using Muscle in MEGA X. The resulting alignments were trimmed 

to produce blocks of alignment common to all sequences, and a tree was found using the 

methods described above. The shallow branch lengths and topological structure were resolved 

credibly in this tree, but deeper nodes were not. Therefore, the initial Philippine mtDNA tree was 

imported to Mesquite (v.3.70; Maddison and Maddison 2021) and the deeper nodes were edited 

to reflect the topology of a tree adapted from Reddy et al.’s (2017) consensus tree (Supplemental 

Figure 4.1.2). Thus, reliable branch lengths could not be recovered for all families in the 

Philippine dataset. Branch lengths in the final Philippine tree (Supplemental Figure 4.1.1 B) were 

therefore standardized to 1.0, following M0ller etal. (2011), Münkemüller et al. (2012), and 

Paradis (2013).

Finally, we used Mesquite to combine both trees into a single dual-system tree for 

analysis with the full dataset of pairwise comparisons (Supplemental Figure 4.1.1C).

2.3.6: Phylogenetically independent contrasts (PICs)
For datasets in which significant phylogenetic signal was found, the APE (Paradis and 

Schliep2019) and Phytools (Revell & Harmon 2022) packages were used in R to generate 

phylogenetically independent contrasts (PICs) to separate similarity in divergence patterns due to 

shared ancestry from all divergence which occurred after any two lineages split. As described in 

Felsenstein (1985), PICs use a rooted phylogenetic tree to convert N tip values to N-1 values 

representing pairwise internode comparisons between tips on the tree, which can then be used in 

traditional, linear statistical analyses. However, these internode values encompass all nodes, and 

are distributed throughout the tree. As such, interpretation of PIC analyses consider the evolution 

of these characteristics in the group as a whole across historic time and are thus not directly 

comparable to pairwise divergence metrics among lineages at the tree tips.

Due to the presence of phylogenetic signal in phenotypic divergence and ND2 JC- 

distance data in all systems analyzed (see results below), we generated separate PIC datasets 

consisting of PIC ND2 JC-distance and PIC phenotypic distance for the Beringian, Philippine, 

and dual-system datasets. Because the topology of the underlying tree directly affects the 

estimations of PIC values, the dual-system dataset could not be created by simply combining the 
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Beringian and Philippine datasets and was generated de novo using the same methodology. DA 

was not corrected or regressed in this way because it shows no phylogenetic signal (see results 

below).

To assess the relationship of genetic and phenotypic divergence in a phylogenetically 

corrected framework, and to contrast system-wide historic pairwise divergence patterns, we 

regressed PIC-based ND2 JC-distance data against PIC-based phenotypic distance data for all 

three datasets (Beringian, Philippine, and dual-system). Linear regression methods were as 

above.

2.4: Results

Overall, the Beringian system showed lower divergence than the Philippines in all 

metrics. Beringian phenotypic distances averaged 4 (+2; range 1-9), while Philippine distances 

averaged 6 (± 3; range 1-16) (Table 2.1, Supplemental Tables 3.2.2 & 3.2.3). Similarly, 

Beringian ND2 JC-distance values averaged 1.71% (± 1.45%; range 0.00-4.96%), while 

Philippine birds showed ND2 JC- distance values averaging 3.20% (± 2.41%; range 

0.02-12.41%) (Campbell et al. 2016). DA values showed a similar pattern (Table 2.1).

Full mitogenomic JC-distance pairwise divergence values for Beringian taxa averaged 

1.43% (+1.18%; range 0.0-3.82%) (Table 2.1, Supplemental Table 3.2.2). The average full 

mitogenome DA value was 169.84 (+101.61; range 0.0 - 623.34) (Table 1, Table S2). (DA 

increases with sequence length.)

2.4.1: Regressions of Beringian and Philippine divergence (non-PIC)
In Beringia, the best-fitting regression of ND2 JC-distance was linear, and it was 

positively correlated with phenotypic divergence (slope = 0.99, r2 = 0.39, p < 0.0001) (Figure 

2.3 A, Table 2.2). The equivalent linear Philippine model showed a similar positive relationship, 

though with a smaller slope, and with lower power to explain variation (slope = 0.58, r2 = 0.16, p 

< 0.0001) (Table 2.2). Finally, the linear regression for the Philippine < 5% dataset has a slope 

intermediate between the Beringian and full Philippine datasets (slope = 0.68; Table 2.2). Hence, 

in a directly comparable framework, system-wide phenotypic divergence accrues at a higher rate 

relative to genetic divergence in Beringia than it does in the Philippines. Considering only the 

temporally overlapping portions of divergence space in these systems (i.e., < 5% genetic 
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divergence), the younger Philippine taxa also show a rate of phenotypic divergence lower than 

that of Beringia (Supplemental Figure 4.1.4, Table 2.2).

ND2 DA regressions for both systems mirrored these results, and Beringian full 

mitogenomic regressions agreed with the ND2 subsample (Supplemental Table 3.2.4).

While both linear and nonlinear regressions were significant in both systems (Table 2.2), 

the best-fitting Philippine regression was nonlinear, though marginally so (Campbell et al. 2016; 

Table 2.2). The proportion of variation explained by the linear vs nonlinear regressions in the 

Philippines was similar (r2PLinear = 0.16, r2PNonlinear = 0.19; Table 2.2). In contrast, the Beringian 

nonlinear regression had substantially lower explanatory power than the equivalent linear 

regression (r2PLinear = 0.33, r2PNonlinear = 0.21; Table 2.2).

2.4.2: Phylogenetic signal
Sampling error could impart phylogenetic signal on datasets like these by, for example, 

having more lineages of deeper divergence depths in one order than another in an assemblage’s 

full dataset. This occurs, for example, in ND2 JC-distance between Anseriformes and 

Charadriiformes in Beringia, where the latter are significantly more divergent (p < 0.03).

Both ND2 JC-distance (p = 0.02) and phenotypic distance (p < 0.01) showed 

phylogenetic signal in Beringian taxa (Table 2.3). Phylogenetic signal was also present in 

Philippine phenotypic distance (p < 0.01). DA did not show phylogenetic signal in either system 

(Table 2.3). When datasets were combined and tested on a single phylogenetic tree, all metrics 

(phenotypic distance, ND2 JC-distance, and ND2 DA) showed significant phylogenetic signal 

(Table 2.3). Full mitogenome metrics (JC-distance or DA) did not show phylogenetic signal; all 

PIC datasets are in Supplemental Table 3.2.5.

2.4.3: Historical perspective on divergence (PIC-based)
Linear regressions contrasting PIC JC-distance and PIC phenotypic distance in each 

system were positive and significant (p < 0.01), although the explanatory power (r2 values) was 

lower in each system than in non-PIC regressions, as expected (Supplemental Table 3.2.6). DA 

was not considered, as it did not show phylogenetic signal in single-system analyses.
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2.5: Discussion

2.5.1: Comparison of divergence in high and low latitude systems
Beringia has considerably lower divergence across all metrics than the Philippines (Table 

2.1, Supplemental Table 3.2.1). This pattern is a manifestation of an expected, general trend of 

reduced biological diversity with increasing latitude, ultimately driven by latitudinal variation in 

energy availability (Turner 2004), and possibly attributable to stronger patterns of glacial refugia 

and post-glacial expansion at higher latitudes (Weir and Schluter 2004, Weir and Schluter 2007). 

Fully 85% (33/39) of the Beringian lineages in our dataset are migratory, compared to zero 

Philippine lineages - increased population connectivity due to greater Beringian capacity for 

long-distance dispersal may have also influenced this phenomenon.

However, in all comparisons between the two systems, the rate of increase of phenotypic 

divergence relative to genotypic divergence is faster in Beringian than in Philippine taxa (Table 

2.2). If divergence occurs faster in Beringia, why is total divergence so much lower?

This is likely explained by the relative ages of the systems. The Philippine assemblage is 

comparatively older (Figure 2.3, Table 2.1), and populations have likely experienced more time 

in allopatry.Beringia, in contrast, has had a very dynamic Pleistocene-era history (Moore et al. 

2015, Zijian et al. 2016) and its bird populations have likely experienced repeated, glacially- 

mediated secondary contact across the Bering Strait and among regional refugia (e.g., Pruett and 

Winker 2008, McLaughlin et al. 2020).

Under this scenario, Philippine taxa have more time to diverge (Table 2.1), likely through 

lineage retention and allopatry. In contrasting the patterns in which divergence progresses in the 

two systems, while their slopes share the same, expected positive direction (phenotypic 

divergence increases with increased genotypic divergence), their magnitudes differ (Figure 2.3 

A- B, Table 2.2). Considering only the portion of these systems that overlap in time (< 5% 

genetic divergence), phenotypic divergence in the Philippines still appears to accrue at a 

somewhat lower rate (slopeP<5% = 0.69) than in Beringia (slopeB = 0.99; Table 2.2, 

Supplemental Figure 4.1.4). Philippine taxa, with their greater time spent in allopatry, are able to 

accumulate deeper depths of stochastic, nearly- neutral variation relative to phenotypic variation. 

Conversely, in Beringia, with populations likely having reduced time in allopatry, phenotypic 

divergence accrues at a somewhat higher rate relative to genetic variation (Table 2.2, 

Supplemental Figure 4.1.4).
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Because all phenotypic divergence is not likely due to selection, and all mtDNA 

divergence is not stochastic, our divergence metrics are imperfect proxies for selection and 

stochastic divergence. However, it is likely that the influences of selection on phenotypic 

divergence cause substantial variation among lineages in their routes through divergence space. 

It remains unclear, however, what factors influence the overall spread of lineages in divergence 

space such that in the Philippines, the < 5% subsample shows a wide scattering of pairwise 

values (Supplemental Figure 4.1.4) and a low r2 value (r2 = 0.11) while Beringia shows less 

scatter and a correspondingly higher r2 value (r2 = 0.39; Table 2.2, Supplemental Figure 4.1.4). 

Taxon sampling might play an important role here. Our Beringian dataset is heavily skewed 

towards Anseriformes and Charadriiformes, both more k-selected and less speciose orders than 

the Passeriform-heavy Philippine dataset, which may relate to the increased similarity of all 

Beringian lineages.

Our results suggest that selection-mediated divergence is important in these systems, that 

it accrues at a faster rate in Beringia, and that it becomes less important relative to stochastic 

genetic divergence as a system and its assemblage age. Lineages in the Philippines have had 

sufficient time to accumulate substantial genetic divergence, while lineages in Beringia largely 

have not, possibly due to higher levels of disturbance from glacial cycles.

2.5.2: Phylogenetic corrections
Phylogenetically independent comparison (PIC) values were initially designed to analyze 

trends in continuous (generally morphometric) traits across a clade of organisms - for example, 

to suggest an association of habitat and body size (Felsenstein 1985). For data types where they 

apply, they are a powerful way to test divergence-related questions through evolutionary time 

across a phylogenetic tree. However, because this approach converts pairwise divergence values 

into internode values spaced at variable depths throughout a tree, it cannot be used to make 

meaningful conclusions about divergence and speciation when individual lineages are of interest. 

Accordingly, while significant phylogenetic signal was found in both phenotypic distance and 

ND2 JC-distance (Table 2.3), we suggest that this is most likely due to a form of sampling bias. 

In both datasets, sampling is not evenly spread across taxonomic space - Anseriformes (10/36, 

30.3%) and Charadriiformes (12/36, 33.3%) dominate in the Beringian dataset, and 

Passeriformes alone comprise the majority (69/95, 72.6%) of the Philippine dataset. And, as an 
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example, ND2 JC-distance was significantly different between the two dominant Beringian 

orders, indicating that assemblage composition alone can introduce phylogenetic signal to the 

dataset. Therefore, we recommend against the use of phylogenetically independent comparisons 

in the analysis of questions about pairwise divergence at the tips of trees.

2.5.3: Conclusions
We first determined, as expected, that the high-latitude Beringian system has less 

biodiversity in all tested metrics than equivalent low-latitude systems. Despite this, the high- 

latitude Beringian system was shown to have a faster rate of phenotypic divergence for a given 

amount of genotypic divergence. We interpret this as a function of system age - as a disturbance- 

prone system where most taxa have strong long-distance dispersal abilities (i.e., migration), 

Beringian birds likely have increased historic opportunities for gene flow than in the more stable 

Philippines. Because the effect of gene flow on genetic distance is strongly nonlinear, even a 

small number of hybridization events per generation could substantially decrease genetic 

distance between a given Beringian taxon pair, while phenotypic divergence can continue to 

accrue. Thus, even if total divergence is lower in this high-latitude system, the relative 

contributions of selective and stochastic forces can change the patterns of divergence, leaving the 

system perpetually ‘young’ due to connectivity. Conversely, the older, stable system of the 

Philippines can accrue relatively high depths of genetic divergence as a factor of time spent in 

allopatry, while phenotypic divergence does not necessarily increase at a similar rate.

Finally, we conclude that phylogenetically independent comparisons should not be used 

for data where ‘tip’ values, rather than patterns throughout the tree, are the focus of analysis.

These data are fundamentally designed to test the relationship between two continuous, 

normally distributed, traits in the presence of phylogenetic relationships, and perform poorly 

when applied to the tip-level question (pairwise divergence) that we focused on in this study.
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2.7: Tables

Table 2.1: Summary statistics and divergence metrics for pairwise comparisons in avian 

assemblages from Beringia and the Philippines. All JC-distance metrics are given as percentages; 

additional details can be found in Supplemental Table 3.2.1.

Metric System Minimum Maximum Average Std.dev

Phenotypic 

divergence

Beringia 0.00 9.00 3.97 2.13

Full mitogenomic

JC-distance

Beringia 0.00 3.82 1.43 1.18

ND2 JC-distance Beringia 0.00 4.96 1.71 1.45

Full mitogenome

D A

Beringia 0.00 623.34 101.61 169.84

ND2 DA Beringia 0.00 51.73 8.79 14.18

Phenotypic 

divergence

Philippines
***

1.00 16.00 6.05 3.11

ND2 JC-distance Philippines
***

0.02 12.41 3.10 2.41

ND2 DA Philippines
***

0.00 112.14 26.89 22.61

Notes: ***... p < 0.0001.
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Table 2.2: Results of pairwise (non-PIC) linear and nonlinear regressions contrasting phenotypic 

distance and genetic divergence (of which there are two different measures) in Beringian and 

Philippine birds. Genetic divergence metrics are from ND2 data and include Jukes-Cantor 

distance (JC-distance) and DA (see Methods). All nonlinear models are of the form P = ln (G) * 

p1 + p2. Where relevant, Philippine data are from Campbell et al. (2016). Plots of the best-fitting 

JC-distance regression in each system are in Figure 2.3 A-B.

Regression Slope Intercept P1 p2 df Adjusted r2 p-value

Linear phenotypic distance 
vs. ND2 JC-distance - 
Beringia ***

0.99 2.69 - - 34 0.39 <
0.0001

Linear phenotypic distance 
vs. ND2 JC-distance - 
Philippines ***

0.58 4.36 - - 92 0.16 <
0.0001

Linear phenotypic distance 
vs. ND2 JC-distance < 5% - 
Philippines **

0.68 4.19 - - 75 0.11 < 0.002

Linear phenotypic distance 
vs. ND2 JC-distance - Both 
***

0.59 3.93 - - 129 0.19 <
0.0001

Nonlinear phenotypic 
distance vs. ND2 
JC-distance - Beringia ***

- - 0.4
3

6.2
6

34 0.25 <
0.0001

Nonlinear phenotypic 
distance vs. ND2 
JC-distance - Philippines 
***

- - 1.0
4

5.5
6

92 0.19 <
0.0001

Nonlinear phenotypic 
distance vs. ND2 
JC-distance < 5% - 
Philippines ***

- - 1.0
1

10.
04

72 0.19 <0.001

Linear phenotypic distance 
vs. DA - Beringia ***

0.10 3.19 - - 34 0.37 <
0.0001

Linear phenotypic distance 
vs. DA - Philippines ***

0.06 4.57 - - 92 0.15 <
0.0001

Linear phenotypic distance 
vs. DA - Both ***

0.06 4.20 - - 129 0.20 <
0.0001

Notes: ***... p < 0.0001
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Table 2.3: Results of Abouhief’s test for phylogenetic signal in pairwise phenotypic and 
molecular divergence metrics among Beringian and Philippine birds.
Metric System Estimate Standard 

deviation
p-value

Phenotypic distance * Beringia 2.53 0.25 0.010

ND2 JC-distance * Beringia 2.14 0.21 0.020

ND2 DA Beringia 0.26 0.00 0.350

Phenotypic distance ** Philippines 6.14 0.44 0.001

ND2 JC-distance Philippines 1.53 0.10 0.070

ND2 DA Philippines 1.66 0.11 0.060

Phenotypic distance Dual-system 6.85 0.42 <0.001
***

ND2 JC-distance * Dual-system 2.36 0.13 0.020

ND2 DA * Dual-system 2.30 0.13 0.020

Notes: *... p < 0.01, **... . p <0.001, ***. .. p <0.0001
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2.8: Figures

Figure 2.1: Historic map of Beringia (adapted from National Park Service 2020), bordered by the 

Lena and Mackenzie rivers from West to East, and the Arctic Ocean and Kamchatka Peninsula 

from North to South. Darker gray indicates the extent of exposed land during Pleistocene glacial 

periods, and light gray represents the extent of the North Pacific continental shelf (~300 m 

underwater), beyond which water depths dramatically increase.
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Figure 2.2: Historic map of Philippine aggregate island complexes. Light gray regions indicate 

the extent of land exposed during Pleistocene glacial periods (adapted from Vallejo 2011).
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Figure 2.3 - Best-fit regressions of Beringian (3A) and Philippine (3B) ND2 Jukes-Cantor JC-distance against phenotypic distance. 

Regression models can be found in Table 2.2. Due to greater maximum divergence in the Philippines, the axes are not on the same 

scale between the two panels.



General Conclusions

In my first chapter, I used mitochondrial sequence data to find that avian divergence 

within Beringia generally occurred later in the Pleistocene than previous studies had suggested. 

The timing of the most divergent pairwise comparison occurred before ~1.8 Mya, and the 

majority of comparisons fell in the most recent two-thirds of the Pleistocene, including a cohort 

of recent divergence events likely to be ongoing. Beringian birds did not diverge simultaneously 

or fully asynchronously, and the structure suggested among these divergences might be related to 

variable severity of glacial cycles. Of the 19 taxa that were found to have significantly 

differentiated, we found that simultaneous vicariance was the best-supported scenario of 

divergence, particularly as dataset size increased.

These results disagree with prior studies, which indicated that avian divergences in this 

region occurred throughout the Pleistocene (2.6 Mya to 10 Kya). While this result might suggest 

that glacial cycles during the mid-to-late Pleistocene where particularly severe, there is no 

geological evidence for radical changes in the glaciation regime during the Pleistocene. Instead, I 

believe that these results are a product of a mismatched dataset and existing substitution rate 

estimates. My dataset is very high coverage mtDNA data -in some cases, over 1,000x coverage 

- while available substitution rate estimates were derived from lower-coverage datasets 

(with their likely having a higher incidence of miscalled bases). Such a mismatch would cause 

date estimates to be biased more recent in time. Time-calibrated mtDNA divergence rates for 

high- coverage data at shallow divergence levels do not yet exist (and our data could not be used 

to generate them).

In my second chapter, I found differing patterns of divergence between high- and low- 

latitude systems, using phenotypic and genotypic divergence as proxies for divergent selection 

and time spent diverging, respectively. Beringia had significantly lower divergence both 

phenotypically and genetically than the Philippines, which was expected in this comparison of 

high- and low-latitude systems. Both systems showed an expected positive correlation between 

genetic and phenotypic divergence. Although both linear and nonlinear regressions of these 

pairwise divergence points were highly significant in both systems, Beringian r2 values indicate 

that the data are better explained by a linear regression, while a nonlinear regression was 

marginally better in the Philippines.
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In comparing regression slopes, phenotypic divergence increased at nearly twice the rate 

in Beringia as in the Philippines, relative to genetic divergence. I interpret this as likely due to 

stronger divergent selection in the high-latitude system.

The Philippines, as an older, relatively stable tropical system, experienced both decreased 

population extinction and increased time in allopatry when compared to Beringia, whose 

biogeographic history has been more influenced by glacial cycles. These geological influences 

have limited the amount of time Beringian populations have spent in allopatry, likely keeping the 

system ‘perpetually youthful’ compared with the Philippines, limiting the amount of genetic 

divergence that can accumulate. Meanwhile, phenotypic divergence appears to accumulate more 

rapidly in early divergence (both systems) regardless of latitude, but appears to level off as the 

system ages (Philippines). Evidence for this appears in a direct comparison of young Philippine 

divergences (< 5% genetic divergence) to the Beringian system - the slope for this subset of taxa 

was lower than that of Beringian birds, but higher than that of Philippine birds as a whole.

I also found evidence for increased spread across divergence space, among Philippine 

birds. Younger Philippine divergences show a variety of divergence routes in this space, ranging 

from predominantly phenotypic to predominantly genotypic, with substantial variation, and have 

a correspondingly low r2 value in the regression model. In Beringia, these divergences are more 

tightly correlated, with r2 values correspondingly higher, suggesting more homogenous paths 

through divergence space among lineages in this system.

Results from both chapters provide us with broad-scale information about how 

biodiversity is generated and maintained at system-wide levels. They also inform us about 

similarities and differences of how latitude can affect avian divergence. This information is 

useful both for basic research on speciation and also for management and conservation in terms 

of triaging limited resources towards key attributes of these systems, enabling a better 

understanding of each component of an assemblage relative to its other members.
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Appendix A: Supplemental Tables

3.1: Chapter 1 Supplemental Tables
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Supplemental Table 3.1.1: Specimen and repository metadata. Institution abbreviations are UAM for the University of Alaska 
Museum and UWBM for the University of Washington Burke Museum.
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Species Institution 
catalog #

Field # Locality NCBI GenBank 
accession #

Mareca penelope UAM 11804 DDG1769 USA: Alaska; Shemya Island
- UAM2560 CMW3036 USA: Alaska; Amchitka Island
- UAM24301 UAMX4959 USA: Alaska; Shemya Island
- UAM34013 JJW2002 USA: Alaska; Kodiak Island, Whale Island
- UAM9359 DDG1703 USA: Alaska; Shemya Island OR243014
- UAM35760 DDG1663 USA: Alaska; Buldir Island OR243015
- UAM10008 DDG1716 USA: Alaska; Shemya Island OR243013
- UAM11803 DDG1768 USA: Alaska; Shemya Island OR243012
- UAM27749 JJW968 USA: Alaska; Shemya Island OR243011
- UAM28043 UAMX5121 USA: Alaska; Attu Island
- UAM24301 UAMX4959 USA: Alaska; Shemya Island OR243009
- UAM24550 UAMX5044 USA: Alaska; Shemya Island OR243008
- UAM24455 MJL037 USA: Alaska; Attu Island; Alexi Point OR243010

Mareca americana UAM27318 JJW879 USA: Alaska; Shemya Island
- UAM25751 USA: Alaska; Minto Lakes
- UAM35443 JJW2454 USA: Alaska; Kodiak Island, Shuyak Island
- UAM4005 USA: Alaska; Utquiagvik

- UAM13141 UAMX1468
USA: Alaska; Fairbanks International 
Airport OR243000

- UAM26061 JJW383 USA: Alaska; Eielson Air Force Base OR243007
- UAM28088 JJW948 USA: Alaska; Kodiak Island, Deadman Bay OR243006

- UAM28087 JJW976
USA: Alaska; Kodiak Island, Monashka 
Bay OR243005

- UAM11908 KSW3028 USA: Alaska; Fairbanks OR243004
- UAM11909 KSW3029 USA: Alaska; Fairbanks OR243003
- UAM11916 KSW3036 USA: Alaska; Fairbanks OR243002
- UAM11919 KSW3039 USA: Alaska; Fairbanks OR243001



68

Supplemental Table 3.1.1 cont.

Anas platyrhynchos UWBM47160 SAR6383
Russia: Khabarovskiy Kray;
Nizhnetambovskoye OR242796

- UWBM46274 CDS4837 Kazakhstan: Alma-Ata Oblys; Alma-Ata
- UAM1122 USA: Alaska; Ikpikpuk River
- UAM11193 KGM7 USA: Alaska; Chena River Flood Control Project
- UAM2369 WLF1 USA: Alaska; Fairbanks
- UAM2485 USA: Alaska; Minto Flats
- UAM28456 CDPD1500 USA: Alaska; Juneau
- UAM31321 UAMX5540 USA: Alaska; Eielson Air Force Base OR242807
- UAM11328 DDG1776 USA: Alaska; Shemya Island OR242797
- UAM30399 KSW5390 Russia: Kamchatka; Sea of Okhotsk OR242798

UAM11193 KGM007
USA: Alaska; Chena River Flood Control
Project OR242799

- UWBBM44374 JMB1220
Russia: Magadanskaya Oblast';
Balagannoye OR242800

- UAM30286 JJW1602 USA: Alaska; Eielson Air Force Base OR242801
— UAM30290 JJW1592 USA: Alaska; Eielson Air Force Base OR242802
- UAM29647 JJSW1397 USA: Alaska; Eielson Air Force Base OR242803

- UAM28074 JJW944
USA: Alaska; Kodiak Island, Deadman
Bay OR242804

- UAM28089 JJW943
USA: Alaska; Kodiak Island, Deadman
Bay OR242805

- UWBBM47068 CSW4828
Russia: Khabarovskiy Kray;
Nizhnetambovskoye OR242806

Anas crecca crecca UAM27455 JJW718 USA: Alaska; Attu Island, Murder Point
- UAM22873 UAMX4791 USA: Alaska; Shemya Island
- UAM13018 CLP449 USA: Alaska; Adak Island
- UAM41738 JJW4159 USA: Alaska; Prilibof Islands
- UAM28498 JJW1087 USA: Alaska; Chirikof Island
- UAM22853 KSW4951 Russia: Yakutia; Aldan River OR242789
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- UAM11334 KGM021 USA: Alaska; Shemya Island OR242790
- UAM11335 KGM020 USA: Alaska; Shemya Island OR242791
- UAM14100 DDG1885 USA: Alaska; Shemya Island OR242792
— UAM14666 DDG1884 USA: Alaska; Shemya Island OR242793
— UAM9191 DDG1732 USA: Alaska; Shemya Island OR242794
- UAM9255 DDG1704 USA: Alaska; Shemya Island OR242795

Anas crecca 
carolinensis UAM386 USA: Alaska; Minto Lakes

UAM11340 USA: Alaska; Chena River Flood Control Project
- UAM30540 USA: Alaska; Kodiak Island, Kiavak Bay
- UAM2488 USA: Alaska; Minto Flats
- UAM23289 USA: Alaska; Cook Inlet
- UAM28444 UAMX5069 USA: Alaska; Chirikof Island OR242778
- UAM11251 UAMX203 USA: Alaska; Eielson Air Force Base OR242779
- UAM20635 KSW4530 USA: Alaska; Izembek NWR OR242780
- UAM11920 KSW3040 USA: Alaska; Fairbanks OR242781
- UAM14961 KGM335 USA: Alaska; Izembek NWR OR242782
- UAM24497 JMM448 USA: Alaska; Izembek NWR OR242783

- UAM28085 JJW978
USA: Alaska; Kodiak Island, Monashka 
Bay OR242784

Aythya marila UWBM59577 SVD1409 Russia: Yamalo-Nenetskiy; Avtonomyy Okrug
- UWBM59568 SVD1400 Russia: Yamalo-Nenetskiy; Avtonomyy Okrug
- UAM36739 KGM882 USA: Alaska; Dalton Highway Pump Station 4
- UAM28309 JJW1053 USA: Alaska; Shemya Island
- UAM1313 USA: Alaska; Minto Lakes
- UAM3986 USA: Alaska; Kipdrick River
- UAM15025 UAMX2537 USA: Alaska; Fairbanks, South Cushman Street

UAM29987 UAMX5077
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242844
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- UAM30915 UAMX5076
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242843

- UAM30393 KSW5396 Russia: Kamchatka; Sea of Okhotsk OR242841
- UAM30396 KSW5395 Russia: Kamchatka; Sea of Okhotsk OR242840
- UAM30392 KSW5394 Russia: Kamchatka; Sea of Okhotsk OR242839
- UAM30394 KSW5393 Russia: Kamchatka; Sea of Okhotsk OR242838
- UAM30395 KSW5385 Russia: Kamchatka; Sea of Okhotsk OR242837
- UAM28068 JJW325 USA: Alaska; Kiska Island OR242836

UAM28067 JJW324 USA: Alaska; Kiska Island OR242835

— UAM35653 REW611
USA: Alaska; North Slope, Dalton 
Highway OR242842

Somateria 
spectabilis UWBM65831 MAM20 USA: Alaska; Prilibof Island

- UWBM43965 CSW4509 Russia: Chukotka Republic; Anadyr' OR243135
- UWBM86097 USA: Alaska; St. Lawrence Island
- UWBM119274 USA: Alaska; Adak Island
- UAM3958 USA: Alaska; Utquiagvik
- UAM3304 CPD446 USA: Alaska; Utquiagvik
- UAM6255 MEL004 USA: Alaska; Utquiagvik
- UAM3956 USA: Alaska; Utquiagvik
- UAM23300 MRP255 USA: Alaska; Nelson Lagoon
- UAM9439 UAMX907 USA: Alaska; Utquiagvik OR243140
- UAM9423 UAMX903 USA: Alaska; Utquiagvik OR243139

UAM9422 UAMX901 USA: Alaska; Point Lay OR243138
- UAM9396 UAMX892 USA: Alaska; Utquiagvik OR243137

- UWBM71169 SVD1425
Russia: Yamalo-Nenetskiy; Avtonomyy 
Okrug OR243136

- UWBM43965 CSW4509
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR243135

- UAM13153 ABJ107 USA: Alaska; Utquiagvik OR243134
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Somateria 
mollissima UWBM48280 USA: Alaska; St. Lawrence Island

- UWBM50705 USA: Alaska; St. Lawrence Island
- UAM21860 USA: Alaska; Attu Island
- UAM21857 USA: Alaska; Attu Island
- UAM9362 Canada: British Columbia, Thetis Island
- UAM1321 USA: Alaska; St. Lawrence Island, Camp Collier

UAM4060 USA: Alaska; Utquiagvik
- UAM13721 UAMX1708 USA: Alaska; Attu Island OR243130

— UAM37604 JJW2952
USA: Alaska; Beaufort Sea, North Star 
Island OR243129

— UAM34628 JJW2274
USA: Alaska; Kodiak Island, Women's 
Bay OR243128

- UAM34700 JJW2273
USA: Alaska; Kodiak Island, Women's
Bay OR243127

- UAM20085 DDG1939 USA: Alaska; Attu Island OR243126
- UAM13336 DAR157 USA: Alaska; Attu Island OR243125

- UAM35441 JJW2452
USA: Alaska; Kodiak Archipelago, 
Shuyak Island OR243124

- UAM9440 UAMX378 USA: Alaska; Utquiagvik OR243133
- UAM36746 KGM912 USA: Alaska; Attu Island OR243132
- UAM36436 KGM845 USA: Alaska; Attu Island OR243131

Histrionicus 
histrionicus UWBM51871 SVD669 Russia: Yakutia; Oymyakonskiy Rayon

- UAM50712 USA: Alaska; St. Lawrence Island
- UAM13384 UAMX1452 USA: Alaska; Tok
- UAM41025 JJW3861 USA: Alaska; Upper Chena River
- UAM41028 JJW3882 USA: Alaska; Delta River, "Moose Lakes"
- UAM2969 DDG529 USA: Alaska; Ugak Island
- UAM40488 JJW3694 USA: Alaska; Kodiak Island, Long Bay OR242930
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- UWBM44446 SAR6074 Russia: Magadanskaya Oblast'; Magadan OR242935

— UWBM82975 RYA1002
Russia: Sakhalinskaya Oblast', 
Korsakovskiy Rayon OR242934

- UAM9600 KSW2979 USA: Alaska; Adak Island OR242933

- UAM36745 KGM641
USA: Alaska; Brooks Range, Chandalar 
Shelf OR242932

- UAM36431 JJW2664 USA: Alaska; Kodiak Archipelago, Afognak Island
- UAM11801 DDG1755 USA: Alaska; Shemya Island OR242928
- UAM11799 DDG1754 USA: Alaska; Shemya Island OR242927
- UAM11800 DDG1753 USA: Alaska; Shemya Island OR242926
- UAM40489 JJW3695 USA: Alaska; Kodiak Island, Long Bay

Melanitta 
americana UAM27720 JJW950 USA: Alaska; Kodiak Island, Kalsin Bay OR243020

- UAM2226 USA: Alaska; Noatok/Kugurok River
- UAM27011 JJW736 USA: Alaska; Attu Island
- UAM9638 CPD287 USA: Alaska; Aphrewn Island
- UAM38454 CPD1836 USA: Alaska; Yukon-Kuskokwim Delta, Aropuk Lake
- UAM44106 JJW4753 USA: Alaska; Kodiak Island, Kalsin Bay

—
UAM44105
UWBM11367

JJW4754 USA: Alaska; Kodiak Island, Kalsin Bay, Queer Island 
Washington: West Port; Gray's Harbor

- UWBBM56949 Russia: Tyumenskaya Oblast
- UWBM49163 USA: Alaska; St. Lawrence Island

— UWBM43946 CSW4486
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR243016

UAM35578 JJW2276
USA: Alaska; Kodiak Archipelago, 
Zaimka Island OR243019

- UAM29920 JJW1388 USA: Alaska; Kodiak Island, Middle Bay OR243017
- UAM28065 JJW951 USA: Alaska; Kodiak Island, Kalsin Bay OR243021
- UAM25996 JJW179 USA: Alaska; Attu Island OR243018

UAM27720 JJW950 USA: Alaska; Kodiak Island, Kalsin Bay OR243020
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Clangula hyemalis UWBM43894 CSW4427
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242867

- UWBM43893 CSW4426
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242866

- UWBM43895
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242868

- UWBM43916 CSW4451 Russia: Chukotka Republic; Anadyr', Avtatkuul River

- UWBM43970
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242872

- UWBM43919
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242869

UWBM43918
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242870

- UWBBM43917
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242871

- UAM4534 USA: Alaska; Utquiagvik
- UAM35579 USA: Alaska; Kodiak Island, Women's Bay
- UAM44907 USA: Alaska; Kodiak Island, Queer Island
- UAM38457 USA: Alaska; Mat-Su Valley
- UAM23662 USA: Alaska; Kachemak Bay

- UAM29020 REW620
USA: Alaska; North Slope, Dalton 
Highway OR242865

- UAM28184 REW619
USA: Alaska; North Slope, Dalton 
Highway OR242864

- UAM29027 REW618
USA: Alaska; North Slope, Dalton 
Highway OR242863

- UAM21883 REW583
USA: Alaska; North Slope, Dalton 
Highway, Ice Cut OR242862

- UAM40387 REW564 USA: Alaska; North Slope, Toolik OR242861

UAM21931 REW532
USA: Alaska; North Slope, Dalton 
Highway OR242860
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Mergus merganser 
merganser UAM25990 JJW335 USA: Alaska; Kiska Island OR243028

- UAM24299 UAMX4960 USA: Alaska; Shemya Island
- UAM24117 UAMX4942 USA: Alaska; Shemya Island
- UAM7277 USA: Alaska; Buldir Island
- UAM27012 JJW762 USA: Alaska; Attu Island OR243030
- UAM25991 JJW334 USA: Alaska; Kiska Island OR243027
- UAM25375 JJW063 USA: Alaska; Kiska Island OR243026

— UWBM43819 CSW4346
Russia: Magadanskaya Oblast'; 
Oroholyndja River OR243031

- UAM28042 JJW344 USA: Alaska; Kiska Island OR243029
Mergus merganser 
americanus UAM3355 GVB305 USA: Alaska; Adak Island

- UAM11037 UAMX1058 USA: Alaska; Delta, Tanana River OR243030
- UWBM12365 USA: Washington; Steliacoom
- UWBM12363 USA: Washington; Steliacoom
- UWBM12388 USA: Washington; Steliacoom

- UWBM AE1105
USA: Washington; Douglas, Rock Island 
Dam OR243022

- UAM24305 UAMX4957 USA: Alaska; Kodiak Island, Road System OR243025

- UAM34366 JJW2298
USA: Alaska; Kodiak Archipelago, 
Afognak Island OR243023

Lagopus lagopus 
koreni UWBM44244 JMB1080 Russia: Yakutia; Cherskiy, Little Kon'kovaya River

- UWBM49716 BKS2117 Russia: Murmanskaya Oblast'; Teriberka

- UWBM51659 SVD443
Russia: Murmanskaya Oblast'; Aborigen Scientific 
Station of IBPN RAS

- UWBM51654 SVD438
Russia: Murmanskaya Oblast'; Ol'skiy Rayon, 
Yama River Valley

- UWBM49717 BKS2118 Russia: Murmanskaya Oblast'; Teriberka
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- UAM28171 KSW5113 Russia: Yakutia; Indigirka River OR242945
- UAM29685 KSW5082 Russia: Yakutia; Indigirka River OR242944
- UAM28169 KSW5052 Russia: Yakutia; Indigirka River OR242943

- UAM25139 KSW5046
Russia: Yakutia; Indigirka River, 
Chokurdakh OR242942

UAM28238 KSW5045
Russia: Yakutia; Indigirka River, 
Chokurdakh OR242941

Lagopus lagopus 
alascensis UAM6662 USA: Alaska; Shumagin Island, Mist Harbor

- UAM JJW2003 USA: Alaska; Dakavak Lake
— UAM36218 JJW2557 USA: Alaska; Interior; Tanana Uplands
- UAM27018 JJW711 USA: Alaska; Summit Lake OR242940
- UAM30372 JJW1479 USA: Alaska; Kodiak Archipelago, Tugidak Island

- UAM14834 TB349
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242936

- UAM39209 JJW3352 USA: Alaska; Zarembo Island OR242939
- UAM36927 JJW2909 USA: Alaska; McKay Creek Trail OR242938

UAM31562 JJW1970
USA: Alaska; Kodiak Archipelago, 
Tugidak Island OR242937

Pluvialis fulva UAM14590 TB377 USA: Alaska; Fairbanks
- UAM41981 TB236 USA: Alaska; Seward Peninsula, Teller Highway
- UAM23956 KSW2378 USA: Alaska; Dalton Highway
- UAM38375 KSW2383 USA: Alaska; Tanana-Yukon Uplands OR243122
- UAM26755 KSW5054 USA: Alaska; Utquiagvik

- UAM11307 TB408
USA: Alaska; Seward Peninsula, Teller 
Highway OR243123

- UAM26906 JJW145 USA: Alaska; Attu Island OR243121
- UAM13545 DDG1860 USA: Alaska; Attu Island OR243120

Pluvialis dominica UAM11757 TB324 USA: Alaska; Seward Peninsula, Teller Highway
- UAM9513 UAMX7196 USA: Alaska; Seward Peninsula, Teller Highway
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- UAM8785 KGM886 USA: Alaska; Seward Peninsula, Teller Highway
- UAM8798 JJW3183 USA: Alaska; Seward Peninsula, Teller Highway
- UAM24586 UAMX5277 Russia: Yakutia; Indigirka River, Chokurdach

— UAM9511 TB235
USA: Alaska; Seward Peninsula, Council
Road OR243119

UAM8938 KSW2468
USA: Alaska; Seward Peninsula, Council
Road OR243118

UAM13181 KSW2402
USA: Alaska; Seward Peninsula, 
Kougarok Road OR243117

- UAM26935 JJW362 USA: Alaska; Alaska Range, Rusty Hill OR243116
Numenius phaeopus 
variegatus UAM21374 CLP721 USA: Alaska; Attu Island

- UAM21375 CLP722 USA: Alaska; Attu Island
- UAM21379 CLP727 USA: Alaska; Attu Island OR243048
- UAM10049 TB287 USA: Alaska; Adak Island
- UAM17558 TB1461 Mongolia: Khoud Area
- UAM14228 TB1364 Philippines: Cordova; Mactan Island OR243053

UAM14229 TB1116
Philippines: Cordova; Olango Island
Wildlife Sanctuary OR243052

UAM14230 TB1091
Philippines: Cordova; Olango Island
Wildlife Sanctuary OR243051

- UAM14225 TB1023
Philippines: Cordova; Olango Island
Wildlife Sanctuary OR243050

- UAM8212 DDG1666 USA: Alaska; Buldir Island OR243049
- UAM14625 CLP450 USA: Alaska; Adak Island OR243047

Numenius phaeopus 
hudsonicus UAM23528 USA: Alaska; Anchorage International Airport

- UAM23938 KGM891 USA: Alaska; Dalton Highway, Franklin Bluffs
- UAM37682 CLP1741 USA: Alaska; Joint Base Elmendorf Richardson
- UAM21965 JMM497 USA: Alaska; Golsovia River
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- UAM22117 JMM487 USA: Alaska; Nulato Hills

- UAM11507 TB378
USA: Alaska; Seward Peninsula, Teller 
Highway OR243046

- UAM13349 ABJ142 USA: Alaska; Interior, Dalton Highway OR243042

— UAM28602 JJW1154
USA: Alaska; Kodiak Archipelago, Ugak
Island OR243056

- UAM28214 JJW1021 USA: Alaska; Shemya Island OR243055
- UAM28213 JJW1013 USA: Alaska; Shemya Island OR243054

- UAM9260 KSW2484
USA: Alaska; Seward Peninsula, Teller 
Highway OR243045

- UAM13925 KGM036
USA: Alaska; Seward Peninsula, Teller 
Highway OR243044

- UAM17980 JMM0ll
USA: Alaska; Kodiak Archipelago, 
Ugashik Bay OR243043

Arenaria interpres UAM34469 CLP720 USA: Alaska; Attu Island
- UAM10739 TB337 USA: Alaska; Attu Island
- UAM8937 RWD24815 USA: Alaska; Attu Island
- UAM17491 DAR330 USA: Alaska; St. Matthew Island
- UAM10740 TB336 USA: Alaska; Seward Peninsula
- UAM13527 UAMX1744 USA: Alaska; Attu Island OR242834
- UAM20220 JMM422 USA: Alaska; Cold Bay OR242833

- UAM30797 JJW1637
USA: Alaska; Kodiak Archipelago, Ugak
Island OR242832

— UAM26977 JJW676
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242831

- UAM14954 DAR268
USA: Alaska; Seward Peninsula, Wooley 
Lagoon OR242830

Arenaria 
melanocephala UAM11773 TB396 USA: Alaska; Safety Sound

- UAM44836 JJW4943 USA: Alaska; Kalsin Bay
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- UAM11774 TB444 USA: Alaska; Safety Sound
- UAM30798 JJW1639 USA: Alaska; Ugak Island
- UAM6194

UAM20098

MEL002

JMM327

USA: Alaska; Auke Bay
USA: Alaska; Bering Coast, Jacksmith
Bay OR242829

- UAM20142 JMM326
USA: Alaska; Bering Coast, Jacksmith 
Bay OR242828

- UAM40266 JJW3588
USA: Alaska; Seward Peninsula, Safety 
Sound OR242827

- UAM28748 JJW1153
USA: Alaska; Kodiak Archipelago, Ugak 
Island OR242826

Calidris alpina 
arcticola UWBM44641 SAR6281 Russia: Magadanskaya Oblast'; Balagannoye

- UWBM59433 PLG127 Russia: Yamalo-Nenetskiy
- UWBM49695 Russia: Magadanskaya Oblast'; Teriberka

UWBM59547 SVD1381 Russia: Yamalo-Nenetskiy
- UWBM43910 Russia: Chukotka Republic; Anadyr'
- UAM20132 UAMX3267 USA: Alaska; Utquiagvik OR242854
- UAM19815 JJW4411 Russia: Commander Islands OR242853

UAM25341 JJW4409 Russia: Commander Islands OR242852
Calidris alpina 
pacifica UAM3542 USA: Alaska; Cordova, Hartney Bay

- UAM2120 USA: Alaska; Jigak Bay
- UAM2119 USA: Alaska; Jigak Bay
- UAM2770 BK911 USA: Alaska; Wales
- UAM2769 BK910 USA: Alaska; Wales

UAM30879 JJW1821
USA: Alaska; Kodiak Island, Deadman 
Bay OR242858

- UAM30313 JJW1490
USA: Alaska; Kodiak Archipelago, 
Tugidak Island OR242857
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- UAM27576 JJW704
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242859

UAM26913 JJW016
USA: Alaska; Kodiak Archipelago, Kalsin 
Bay OR242856

- UAM26914 JJW015
USA: Alaska; Kodiak Archipelago, Kalsin 
Bay OR242855

Gallinago gallinago UAM26799 JJW158 USA: Alaska; Attu Island
- UAM10123 DDG1760 USA: Alaska; Shemya Island
- UAM8432 DDG1649 USA: Alaska; Adak Island
- UAM28256 JJW1019 USA: Alaska; Shemya Island
- UAM10033 TB280

- UAM30488 JJW1536
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242910

— UAM26800 JJW158 USA: Alaska; Attu Island OR242911
- UAM24695 KSW5126 Russia: Yakutia; Indigirka River OR242915
- UAM8228 DDG1650 USA: Alaska; Adak Island OR242914
- UAM28175 KSW5134 Russia: Yakutia; Yatusk OR242912
- UAM21848 CLP713 USA: Alaska; Attu Island OR242913

Gallinago delicata UAM40527 JJW3684 USA: Alaska; Kodiak Island
- UAM19233 DDG2023 USA: Alaska; Unalaska Island
- UAM38377 JJW3148 USA: Alaska; Afognak Island
- UAM4539 DDG83 USA: Alaska; Cordova
- UAM34196 UAMX5653 USA: Alaska; Skagway
- UAM22570 DDG2118 USA: Alaska; Adak Island OR242909

- UAM20505 DDG2035
USA: Alaska; Bering Coast, Goodnews 
Bay OR242908

- UAM19231 DDG2021 USA: Alaska; Unalaska Island OR242907
- UAM15063 DDG1945 USA: Alaska; Unimak Island OR242906

Tringa incana UAM18700 KSW3367 USA: Alaska; Bogoslof Island
- UAM28422 JJW720 USA: Alaska; Attu Island
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- UAM2723 USA: Alaska; Buldir Island
- UAM30009 JJW1525 USA: Alaska; Chirikof Island
- UAM14680 CLP463 USA: Alaska; Adak Island
- UAM13569 UAMX1735 USA: Alaska; Attu Island OR243165
- UAM24859 UAMX1645 USA: Alaska; Kodiak Island OR243164
- UAM21813 KSW3378 USA: Alaska; Amila Island OR243163
- UAM8240 KSW1778 USA: Alaska; Attu Island OR243162

- UAM28426 JJW1022
USA: Alaska; Kodiak Archipelago, Ban 
Island OR243159

- UAM28425 JJW724 USA: Alaska; Attu Island OR243161
- UAM28422 JJW720 USA: Alaska; Attu Island OR243160
- UAM13434 DAR228 USA: Alaska; Attu Island OR243158

Tringa brevipes UAM20094 DDG1928 USA: Alaska; Attu Island
- UAM2711 GVB436 USA: Alaska; Buldir Island
- UAM8456 UAMX468/RWD24868 USA: Alaska; Attu Island
- UAM28430 JJW1061 USA: Alaska; Chirikof Island
- UAM12347 TB902 USA: Alaska; Adak Island
- UAM8805 KSW1782 USA: Alaska; Attu Island OR243157
- UAM8521 KSW1781 USA: Alaska; Attu Island OR243156
- UAM7534 KSW1780 USA: Alaska; Attu Island OR243155
- UAM28428 JJW1030 USA: Alaska; Shemya Island OR243151
- UAM28427 JJW906 USA: Alaska; Shemya Island OR243154
- UAM10112 DDG1736 USA: Alaska; Shemya Island OR243150
- UAM28429 JJW1062 USA: Alaska; Shemya Island OR243153
- UAM28430 JJW1061 USA: Alaska; Shemya Island OR243152

Tringa nebularia UAM24570 UAMX4620 USA: Alaska; Attu Island OR243175
- UAM8282 DSC-98-2 USA: Alaska; Adak Island
- UAM5822 DDG1448 USA: Alaska; Attu Island
- UAM25833 USA: Alaska; St. Lawrence Island, Gambell
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- UAM22850 KSW4958 Russia: Yakutia; Aldan River OR243174
- UAM17482 DDG1990 USA: Alaska; Shemya Island OR243173
- UAM14119 DDG1916 USA: Alaska; Shemya Island OR243172
- UAM8282 DDG1686 USA: Alaska; Adak Island OR243171

Tringa melanoleuca UAM40492 JJW3661 USA: Alaska; Wide Bay
- UAM38597 CPD1750 USA: Alaska; Anchorage International Airport
- UAM5602 USA: Alaska; Kodiak Island, Mona Lisa Creek
- UAM42998 UAMX7434 USA: Alaska; Talkeetna, Trapper Creek
- UAM5517 BK985 USA: Alaska; Nushugak Peninsula, Tutavak Bay

- UAM27573 UAMX5119
USA: Alaska; Kodiak Island, Lake Rose
Tead OR243170

- UAM13578 UAMX1941 USA: Alaska; Revillagigedo Island OR243169

- UAM20143 JMM340
USA: Alaska; Kilbuck Mountains, 
Goodnews Bay OR243168

- UAM18023 JMM014 USA: Alaska Peninsula; Ugashik Bay OR243167
— UAM30489 JJW1663 USA: Alaska; Quinhagak OR243166

Uria aalge inornata UWBM43294 North Pacific Ocean: off Attu Island; 51.50, 173.52
- UWBM43282 North Pacific Ocean: off Attu Island; 51.35, 171.22
- UWBM43261 North Pacific Ocean: off Attu Island; 52.56, 170.20
- UWBM55726 JMB858 North Pacific Ocean: off NE Honshu, Japan
- UAM9351 UAMX881 USA: Alaska; Kodiak
- UAM26821 CLP1447 USA: Alaska; PWS, Heather Bay
- UAM6257 DDG1258 USA: Alaska; Palmer
- UAM43968 USA: Alaska; Kodiak Archipelago, Near Island
- UAM5598 RWD19772 USA: Alaska; Chugiak
- UAM10690 KSW1634 USA: Alaska; St. Matthew Island OR243185
- UAM10689 KSW1633 USA: Alaska; St. Matthew Island OR243184
- UAM10688 KSW1632 USA: Alaska; St. Matthew Island OR243183
— UAM10687 KSW1631 USA: Alaska; St. Matthew Island OR243182
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- UAM7729 KSW1629 USA: Alaska; St. Matthew Island
Russia: Magadanskaya Oblast'; Magadan,

OR243181

- UWBM44411 JMB998 Aidan Bay
Russia: Magadanskaya Oblast'; Magadan,

OR243180

- UWBM44410 JMB997 Aidan Bay
Russia: Magadanskaya Oblast'; Magadan,

OR243179

- UWBM44409 JMB996 Aidan Bay
Russia: Magadanskaya Oblast'; Magadan,

OR243178

- UWBM44408 JMB995 Aidan Bay
Russia: Magadanskaya Oblast'; Magadan,

OR243177

- UWBM44407 JMB994 Aidan Bay OR243176
Uria lomvia arra UAM2203 GAS25 USA: Alaska; St. Paul Island

- UWBM31603 JMB857 East Bering Sea: Pribilof Island
- UWBM55725 JMB1001 North Pacific Ocean: off NE Honshu Japan
- UWBM44177 Russia: Magadanskaya Oblast'; Magadan
- UWBM30107 USA: Alaska; Adak Island; 52.16, -178.40
- UAM2881 17126 USA: Alaska; Middleton Island
- UAM2399 USA: Alaska; Uivaq/Cape Thompson
- UAM2401 LC118 USA: Alaska; Point Hope
- UAM2400 USA: Alaska; Cape Thompson; Otogoruk Creek
- UAM30511 JJW1510 USA: Alaska; Kodiak Archipelago, Taliudek Island
- UAM UAMX3290 USA: Alaska; Bogoslof Island OR243194
- UAM UAMX1553 USA: Alaska; Aiktak Island OR243193
- UAM

UWBM

UAMX387

NCSM17754

USA: Alaska; Utquiagvik
North Pacific Ocean: Bering Sea, Chirikov
Basin

OR243195

OR243192

- UWBM JMB1002
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243190
Russia: Magadanskaya Oblast'; Magadan,

- UWBM JMB1001 Aidan Bay OR243189
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— UWBM JMB857
North Pacific Ocean: off NE Honshu, 
Japan OR243191

UAM JJW1510
USA: Alaska; Kodiak Archipelago, Triplet
Island OR243188

UAM JJW1509
USA: Alaska; Kodiak Archipelago, Triplet 
Island OR243187

- UWBM BKS351 North Pacific Ocean OR243186
Larus canus
kamtschatschensis UAM22863 KSW4959 Russia: Yakutia; Aldan River OR242964

- UAM22926 KSW4989 Russia: Novobirsk Regl; Chany Lakes OR242965
- UAM37770 JJW3012 USA: Alaska; St. Paul Island OR242963
- UWBM61302 IUK85 Russia: Tverskaya Oblast'
- UWBM44309 JMB1149 Russia: Kamchatka; Koryaki
- UAM13377 DDG1876 USA: Alaska; Shemya Island OR242962
- UAM11014 DDG1771 USA: Alaska; Shemya Island OR242961

Larus canus 
brachyrhynchus UAM8738 UAMX011 USA: Alaska; Fairbanks

- UAM42864 UAMX7352 USA: Alaska; Wasilla
- UAM2604 CPD250 USA: Alaska; Lower Kashunuk Study Area
— UAM3276 CPD142 USA: Alaska; Kashunuk River
- UAM24812 UAMX4789 USA: Alaska; Fairbanks OR242958
- UAM36875 JJW2921 USA: Alaska; Eielson Air Force Base OR242957

- UAM26901 JJW010
USA: Alaska; Kodiak Island, Monashka 
Bay OR242956

- UAM14803 DDG1922 USA: Alaska; Unalaska Island OR242960
- UAM14682 DDG1921 USA: Alaska; Unalaska Island OR242959

Larus argentatus 
vegae UAM25983 JJW343 USA: Alaska; Kiska Island OR242955

- UAM13016 UAMX1441 USA: Alaska; Norton Sound
- UAM36506 JJW2719 USA: Alaska; St. Lawrence Island
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- UAM3568 DDG574 USA: Alaska; Shemya Island
- UAM25987 JJW224 USA: Alaska; Attu Island OR242953

UAM25984 JJW257 USA: Alaska; Adak Island OR242954
- UAM28162 KSW5090 Russia: Yakutia; Indigirka River, Yurlov OR242951

UAM26660 KSW5044
Russia: Yakutia; Indigirka River, 
Chokurdach OR242950

Larus argentatus 
smithsonianus UAM4229 SU07 USA: Alaska; Susitna River mouth

- UAM4223 DDG798 USA: Alaska; Susitna River mouth
- UAM4998 SU04 USA: Alaska; Susitna River mouth
- UAM4254 SU05 USA: Alaska; Susitna River mouth
- UAM4227 SU08 USA: Alaska; Susitna River mouth
- UAM35751 JJW2551 USA: Alaska; Eielson Air Force Base OR242949

UAM30575 JJW1533
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242952

- UAM35753 JJW2549 USA: Alaska; Eielson Air Force Base OR242948
- UAM35754 JJW2548 USA: Alaska; Eielson Air Force Base OR242947
- UAM35755 JJW2547 USA: Alaska; Eielson Air Force Base OR242946

Larus hyperboreus UWBM40549
UWBM53382

CDS2258 USA: Alaska; St. Lawrence Island 
Arctic Ocean: 68.457, -176.127

- UAM9257 KSW2490
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242971

- UAM41664 JJW4367 USA: Alaska; St. Matthew Island
- UAM4000 ARL94 USA: Alaska; Utquiagvik

UAM40191 JJW3586
USA: Alaska; Seward Peninsula, Safety 
Sound OR242970

- UAM4008 ARL24 USA: Alaska; Utquiagvik
- UAM24327 UAMX4940 USA: Alaska; Utquiagvik OR242974

UAM8929 UAMX683
USA: Alaska; Beaufort Sea, Colville River 
Delta OR242975
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- UAM28160 KSW5108 Russia: Yakutia; Indigirka River OR242973

- UAM28158 KSW5035
Russia: Yakutia; Indigirka River, 
Chokurdach OR242972

- UAM40190 JJW3585
USA: Alaska; Fairbanks International
Airport OR242969

- UWBM CSW4526
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242968

- UWBM CSW4379
Russia: Magadanskaya Oblast';
Oroholyndja River OR242967

UWBM CSW4378
Russia: Magadanskaya Oblast';
Oroholyndja River OR242966

Gavia stellata UWBM56951 SVD1185
Russia: Tyumenskaya Oblast';
Yamalo-Nenetskiy Avtonomny Okrug, Noyabr'sk

- UWBM44652 SAR6292 Russia: Magadanskaya Oblast'; Talon
- UAM28250 JJW781 USA: Alaska; Attu Island
- UAM25992 JJW176 USA: Alaska; Attu Island
- UAM6984 DDG1549 USA: Alaska; Lake Minchumina
- UAM13486 DDG1891 USA: Alaska; Attu Island
- UAM40093 UAMX6608 USA: Alaska; Utquiagvik OR242924
- UAM38314 UAMX3952 USA: Alaska; Utquiagvik OR242925
- UWBM44653 SAR6293 Russia: Magadanskaya Oblast'; Talon OR242923

— UAM20711 KGM628
USA: Alaska; Alaska Range, Denali
Highway OR242922

- UWBM44260 JMB1099 Russia: Yakutia; Cherskiy, Stanovaya OR242921
- UWBM44259 JMB1098 Russia: Yakutia; Cherskiy, Stanovaya OR242920
- UAM40094 JJW3574 USA: Alaska; Utquiagvik OR242919

UAM13601 DAR275
USA: Alaska; Seward Peninsula, Taylor
Highway OR242918

UWBM DAB063
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242917



86

Supplemental Table 3.1.1 cont.

UWBM CSW4461
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242916

Picoides tridactylus UAM5121 ECM13 USA: Alaska; Fairbanks
- UAM5117 ECM12 USA: Alaska; Rosie Creek Burn
- UAM6377 ECM14 USA: Alaska; Fairbanks, Bonanza Creek
- UAM4173 TOO4013 USA: Alaska; Galena
- UAM4174 TOO4014 USA: Alaska; Galena

UAM17739 TB1448 Mongolia: Selenge OR243094

UWBM52660 SVD144
Russia: Magadanskaya Oblast'; 
Khasynskiy Rayon, Stekol'nyy OR243093

UWBM44422 SAR6046

Russia: Krasnodarskiy Kray;
Bogurchanskiy Rayon, Chunoyar Railroad
Station OR243092

Picoides dorsalis 
fasciatus UAM38277 UAMX3705

USA: Alaska; Fairbanks, Chena River Flood 
Control Project

- UAM35779 JJW2564 USA: Alaska; Tanana Uplands, Coffee Dome
- UAM34107 JJW2191 USA: Alaska; Tolovana River, near Elliot Highway
- UAM37623 JJW2951 USA: Alaska; Interior, Standard Creek Road
- UAM30482 JJW1694 USA: Alaska; Fairbanks, 4th of July Hill
- UAM20114 UAMX3273 USA: Alaska; Sterling OR243090
- UAM8580 UAMX503 USA: Alaska; Dillingham OR243091
- UAM38328 JJW3139 USA: Alaska; Chatanika River OR243089
- UAM36600 JJW2842 USA: Alaska; Hyder OR243088

UAM31832 JJW2059
USA: Alaska; Kodiak Island, Monashka 
Bay OR243087

Pica pica UWBM15249 TB1490 Mongolia: Aphoud Area
- UWBM60996 IUK127 Russia: Tverskaya Oblast' Konakovo
- UWBM57283 VM386 Russia: Moscovskaya Oblast'
- UWBM74469 Russia: Kirovskaya Oblast'
- UWBM74474 Russia: Kirovskaya Oblast'
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- UWBM74697
Russia: Primorskiy Kray; Spasskiy Rayon, 
Gayvoron OR243086

- UWBM74569
Russia: Primorskiy Kray; Spasskiy Rayon, 
Gayvoron OR243085

- UWBM72091
Russia: Primorskiy Kray; Ussuriyskiy
Rayon, Ussuriysk OR243084

- UWBM72084
Russia: Primorskiy Kray; Ussuriyskiy
Rayon, Ussuriysk OR243083

- UWBM47197 Russia: Khabarovskiy Kray OR243082
— UWBBM44585 Russia: Kamchatka; 5 km NW Sokhoch OR243081
- UWBM44584 Russia: Kamchatka; 5 km NW Sokhoch OR243080
- UWBM44581 Russia: Kamchatka; Sokhoch OR243079

Pica hudsonia UAM15051 DDG1941 USA: Alaska; Unimak Island
UAM42967 UAMX7360 USA: Alaska; Richardson Highway, Big Lake

- UAM13239 UAMX1487 USA: Alaska; Kodiak Island, Kalsin Dump
- UAM10139 UAMX972 USA: Alaska; Kodiak Island, Kalsin Lake
- UAM15247 RWD35302 USA: Alaska; Kodiak Island
- UAM10105 UAMX953 USA: Alaska; Kodiak Island OR243078
- UAM8511 JJW2704 USA: Alaska; Cold Bay OR243077

- UAM27024
USA: Alaska; Kodiak Archipelago, 

JJW683 Chirikof Island OR243076
- UAM17742 CLP245 USA: Alaska; Popof Island OR243075
- UAM13052 CLP219 USA: Alaska; Izembek NWR OR243074
- UAM13053 CLP218 USA: Alaska; Izembek NWR OR243073
- UAM12453 CLP208 USA: Alaska; Izembek NWR OR243072

Corvus corax UAM10111 DDG1756 USA: Alaska; Shemya Island

- UWBM57899
Mongolia: Arhanyay Aymog; Hangayn

BKS4041 Nuruv OR242874
- UWBM61493 SVD1746 Russia: Krasnodarskiy Kray; Apsheronskiy Rayon
— UWBM64779 SVD2094 Russia: Krasnodarskiy Kray; Mostovskoi Rayon, Psebai
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UAM38000 JJW2991
USA: Alaska; Kodiak Island, Sitkinak
Island OR242878

- UAM573 BK677 USA: Alaska; Fairbanks, Steele Creek Road
- UAM39709 JJW23401 USA: Alaska; Wrangell, Five-mile Island
- UAM34552 JJW2261 USA: Alaska; Kodiak Island, City Dump
- UAM41246 JJW4052 USA: Alaska; Sitka
— UAM11113 UAMX1061 USA: Alaska; Attu Island OR242888
- UAM9313 UAMX844 USA: Alaska; Attu Island OR242889
- UAM17737 TB1445 Mongolia: Selenge OR242887

- UWBM SVD1398
Russia: Yamalo-Nenetskiy Avtonomyy 
Okrug; Labytnangi OR242885

- UWBM SVD231a Russia: Magadanskaya Oblast'; Tauy River OR242886
- UAM15040 RWD26009 USA: Alaska; Attu Island OR242884
- UAM22252 KSW4763 USA: Alaska; Unalakeet, Golsovia River OR242883
- UAM8803 KSW2715 USA: Alaska; Izembek NWR OR242882
- UAM17761 JMM133 USA: Alaska; Shemya Island OR242881

UAM41600 JJW4373
USA: Alaska; St. Matthew Island Group, 
Hall Island OR242880

- UAM39709 JJW3401 USA: Alaska; Fivemile Island OR242879
- UAM10021 DDG1749 USA: Alaska; Attu Island OR242877

- UWBM57909 BKS4052
Mongolia: Arhanyay Aymog; Hangayn 
Nuruv OR242875

- UWBM56544 BKS3241
Russia: Tyumenskaya Oblast'; Yamalo- 
Nenetskiy, Vengoyakha River OR242873

- UWBM46861 BKS908 Russia: Magadanskaya Oblast'; Yana River OR242876
Phylloscopus 
examinandus UAM37652 DDG2090 USA: Alaska; Shemya Island

- UAM14707 KSW3933 Japan: Hokkaido
- UAM41639 JJW4361 USA: Alaska; St. Matthew Island Group, Hall Island
- UAM41640 JJW4359 USA: Alaska; St. Matthew Island Group, Hall Island
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- UAM41641 JJW4357 USA: Alaska; St. Matthew Island Group, Hall Island
— UAM30461 KSW5373 Russia: Kamchatka; Izba OR243071
- UAM30462 KSW5354 Russia: Kamchatka; Klyuchivskaya Lake OR243070
— UAM30464 KSW5336 Russia: Kamchatka; Esso OR243069
- UAM29472 KSW5250 Russia: Kamchatka; Petropavlovsk OR243068
- UAM17665 DDG1991 USA: Alaska; Shemya Island OR243067

Phylloscopus 
borealis borealis UAM36666 KSW4761 USA: Alaska; Nulato Hills

- UAM7364 RCF244 USA: Alaska; High Valley
- UAM41205 JJW3817 USA: Alaska; Alaska Range, Sevenmile Lake
- UAM41204 JJW3819 USA: Alaska; Alaska Range, Sevenmile Lake
- UAM41201 JJW3797 USA: Alaska; Denali Highway

— UWBM82285 SVD2978
Russia: Chukotsky Avtonomnyy Okrug; 
Anadyr'skiy Rayon, Markovo OR243061

— UWBBM82284 SVD2977
Russia: Chukotsky Avtonomnyy Okrug;
Anadyr'skiy Rayon, Markovo OR243060

- UWBBM44418 SAR6042
Russia: Magadanskaya Oblast'; 
Oroholyndja River OR243059

— UWBBM44417 SAR6041
Russia: Magadanskaya Oblast'; 
Oroholyndja River OR243058

- UWBBM43818 CSW4345
Russia: Magadanskaya Oblast'; 
Oroholyndja River OR243057

Phylloscopus 
borealis kennicotti UAM18683 JMM192 USA: Alaska; Denali Highway, 45 mile

- UAM18682 JMM189 USA: Alaska; Denali Highway, 26 mile
- UAM723 TJC465 USA: Alaska; Colville River
- UAM4115 DDG738 USA: Alaska; Susitna River Highlands
- UAM4296 USA: Alaska; Umiat

- UAM7372 KSW1456
USA: Alaska; Alaska Range, Denali 
Highway OR243066
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— UAM20150 JMM338
USA: Alaska; Kilbuck Mountains, 
Goodnews River OR243065

UAM20149 JMM337
USA: Alaska; Kilbuck Mountains, 
Goodnews River OR243064

- UAM36347 JJW2649
USA: Alaska; Seward Peninsula, Snake
River OR243063

UAM34615 JJW2241
USA: Alaska; Seward Peninsula, Snake
River OR243062

Luscinia svecica UAM18067 TB1492 Mongolia: Khoud River
- UAM26876 TB1537 Mongolia: Khar Lake
- UAM22718 KSW4974 Russia: Novosibirsk Region
- UAM29542 KSW5116 Russia: Yakutia; Indigirka River
- UAM29541 KSW5110 Russia: Yakutia; Indigirka River
- UAM3193 BK864 USA: Alaska; Serpentine Hot Springs
— UAM3192 BK861 USA: Alaska; Harris Dome, Iron Creek
- UAM28709 JJW1170 USA: Alaska; Seward Peninsula: Sinuk Road

- UAM17727 MJM047
USA: Alaska; Dalton Highway, 69.01, 
148.49 OR242902

- UAM30353 JJW1630 USA: Alaska; Nome, Glacier Creek Road, Snake River
- UWBM44489 SAR6270 Russia: Kamchatka; Milkovo OR242905
- UWBM44629 SAR6269 Russia: Kamchatka; Milkovo OR242904

UAM15419 MJM048
USA: Alaska; North Slope, Dalton 
Highway, Ice Cut OR242903

— UAM8944 KSW2481
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242901

- UAM8584 KSW2409
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242900

- UAM8945 KSW2408
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242899
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— UAM8946 KSW2407
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242898

- UAM8585 KSW2406
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242897

- UWBM44363 JMB1208 Russia: Kamchatka; Milkovo OR242896
- UWBM44362 JMB1207 Russia: Kamchatka; Milkovo OR242898
- UWBM44361 JMB1206 Russia: Kamchatka; Milkovo OR242894

— UWBM44246 JMB1082
Russia: Yakutia; Cherskiy, Little 
Kon'kovaya River OR242893

- UWBM44242 JMB1078
Russia: Yakutia; Cherskiy, Little 
Kon'kovaya River OR242892

UWBM44233 JMB1064
Russia: Yakutia; Cherskiy, Little 
Kon'kovaya River OR242891

UAM13718 ABJ200
USA: Alaska; North Slope, Dalton 
Highway, Ice Cut OR242890

Motacilla 
tschutschensis 
tschutschensis UAM14948 ABJ182 USA: Alaska; Dalton Highway, Sagavanirktok River

- UAM14353 ABJ179
USA: Alaska; Dalton Highway, 
Sagavanirktok River OR243037

- UAM14949 ABJ177 USA: Alaska; Dalton Highway, Sagavanirktok River
- UAM4287 USA: Alaska; Umiat
- UAM4288 USA: Alaska; Umiat

- UAM19448 MJM122
USA: Alaska; North Slope, Dalton 
Highway OR243041

UAM29362 JJW1317
USA: Alaska; Seward Peninsula, Teller 
Highway OR243040

— UAM28717 JJW1185
USA: Alaska; Seward Peninsula, Teller 
Highway OR243039

- UAM28715 JJW1179
USA: Alaska; Seward Peninsula, Teller 
Highway OR243038
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- UAM8946 KSW2407
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242898

- UAM8585 KSW2406
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242897

- UWBM44363 JMB1208 Russia: Kamchatka; Milkovo OR242896
- UWBM44362 JMB1207 Russia: Kamchatka; Milkovo OR242898
- UWBM44361 JMB1206 Russia: Kamchatka; Milkovo OR242894

- UWBM44246 JMB1082
Russia: Yakutia; Cherskiy, Little 
Kon'kovaya River OR242893

- UWBM44242 JMB1078
Russia: Yakutia; Cherskiy, Little 
Kon'kovaya River OR242892

UWBM44233 JMB1064
Russia: Yakutia; Cherskiy, Little 
Kon'kovaya River OR242891

UAM13718 ABJ200
USA: Alaska; North Slope, Dalton 
Highway, Ice Cut OR242890

Motacilla 
tschutschensis 
tschutschensis UAM14948 ABJ182 USA: Alaska; Dalton Highway, Sagavanirktok River

- UAM14353 ABJ179
USA: Alaska; Dalton Highway, 
Sagavanirktok River OR243037

- UAM14949 ABJ177 USA: Alaska; Dalton Highway, Sagavanirktok River
- UAM4287 USA: Alaska; Umiat
- UAM4288 USA: Alaska; Umiat

- UAM19448 MJM122
USA: Alaska; North Slope, Dalton 
Highway OR243041

- UAM29362 JJW1317
USA: Alaska; Seward Peninsula, Teller 
Highway OR243040

- UAM28717 JJW1185
USA: Alaska; Seward Peninsula, Teller 
Highway OR243039

- UAM28715 JJW1179
USA: Alaska; Seward Peninsula, Teller 
Highway OR243038
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- UAM13540 RWD25949 USA: Alaska; Eagle Summit OR242825

- UAM19419 MJM037
USA: Alaska; North Slope, Dalton 
Highway OR242816

- UAM31928 JJW2046 USA: Alaska; Kodiak Island OR242817
- UAM31927 JJW2045 USA: Alaska; Kodiak Island OR242818
- UAM11452 CLP200 USA: Alaska; Frosty Peak OR242819

Pinicola enucleator 
kamtschatschensis UWBM26899 Russia: Chukotsky peninsula

- UWBM47313 SAR6537 Russia: Sakhalinskaya Oblast'
- UWBBM82324 SVD3064 Russia: Chukotsky Avtonomny Okrug
- UWBM45273 Russia: Primorskiy Kray; Spasskiy Rayon

UWBM SVD423
Russia: Magadanskaya Oblast'; Ol'skiy 
Rayon, Snezhnaya Doyon OR243107

- UWBM SVD407
Russia: Magadanskaya Oblast'; Ol'skiy 
Rayon, Snezhnaya Doyon OR243106

- UWBM SAR6539 Russia: Sakhalinskaya Oblast' OR243105
- UWBM SAR6538 Russia: Sakhalinskaya Oblast' OR243104
- UAM24602 DDG2190 USA: Alaska; Shemya Island OR243103
- UAM24601 DDG2189 USA: Alaska; Shemya Island OR243102

Pinicola enucleator 
flammula UAM6677 DDG1443 USA: Alaska; Shumagin Island

— UAM10158 UAMX1014 USA: Alaska; Kodiak OR243101
- UAM29470 JJW1360 USA: Alaska; Kodiak Island, Happy Beach
- UAM7640 DDG1477 USA: Alaska; Mile 18 Richardson Highway
- UAM18072 SCH088 USA: Alaska; Revilagigedo Island

UAM8794 KSW1695
USA: Alaska; Kodiak Island, American
River OR243100

- UAM8797 KSW1694 USA: Alaska; Kodiak Island OR243099
— UAM28530 JJW1097 USA: Alaska; Kodiak Island, Kalsin Bay OR243098
- UAM26361 JJW030 USA: Alaska; Kodiak Island, Narrow Cape OR243097
- UAM11286 ABJ012 USA: Alaska; Revilagigedo Island OR243096
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- UAM11285 ABJ011 USA: Alaska; Revilagigedo Island OR243095
Calcarius 
lapponicus 
coloratus UWBBM49693 Russia: Murmanskaya Oblast'; Teriberka

- UWBBM49674 Russia: Murmanskaya Oblast'; Teriberka

UWBBM82269 SVD2942
Russia: Chukotsky Avtonomnyy Okrug; 
Anadyr'skiy Rayon, Anadyr'

- UWBBM82245
Russia: Chukotsky Avtonomnyy Okrug; 
Anadyr'skiy Rayon, Anadyr'

- UWBBM44514 SAR6151 Russia: Yakutia; Cherskiy, Little Kon'kovaya River
- UAM29827 Russia: Commander Islands; Bering Island OR242851
- UAM29825 Russia: Commander Islands; Bering Island OR242850

Calcarius 
lapponicus 
alascensis UAM10092 CLP181 USA: Alaska; Izembek NWR

- UAM7667 RCF256 USA: Alaska; Denali Highway Mile 34
- UAM11120 DDG1793 USA: Alaska; Nunivak Island
- UAM44937 JJW4901 USA: Alaska; Yukon-Tanana Uplands
— UAM BK919
- UAM13337 RWD25944 USA: Alaska; Shemya Island OR242849
- UAM7653 KSW1821 USA: Alaska; Attu Island OR242848
- UAM19614 CLP051 USA: Alaska; Shemya Island OR242847
- UAM9525 CLP048 USA: Alaska; Shemya Island OR242846
- UAM9407 CLP038 USA: Alaska; Shemya Island OR242845

Leucosticte arctoa UWBBM45266 Russia: Buryatia Republic
- UWBM44623 SAR6263 Russia: Kamchatka; Milkovo OR242979
- UWBBM57878 BKS3998 Mongolia: Dzavhan Aymag
- UWBBM46607 GAV230 Russia: Buryatia Republic; Barguzin
- UWBBM46605 GAV228 Russia: Buryatia Republic; Barguzin
- UWBM44624 SAR6264 Russia: Kamchatka; Milkovo OR242980
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- UWBM44623 SAR6262 Russia: Kamchatka; Milkovo OR242978
- UWBM44622 JMB1211 Russia: Kamchatka; Milkovo OR242977
- UWBM CSW4675 Russia: Kamchatka; Milkovo OR242976

Leucosticte 
tephrocotis umbrina UAM6943 BKS990 USA: Alaska; St. Paul Island

— UAM7531 KSW1646 USA: Alaska; St. Paul Island OR242998
- 2412 USA: Alaska; St. Paul Island
- 4893 USA: Alaska; St. Matthew Island
- 4894 USA: Alaska; St. Matthew Island
- UAM17748 UAMX2921 USA: Alaska; St. George Island OR242999
- UAM AF14351 OR242997
— UAM AF14346 OR242996
- UAM AF14344 OR242995

Leucosticte 
tephrocotis 
griseonucha UAM6040 DDG1195 USA: Alaska; Attu Island

- UAM27283 JJW315 USA: Alaska; Segula Island
- UAM6656 DDG1398 USA: Alaska; Adak Island
- UAM37734 JJW2783 USA: Alaska; Sutwik Island
— UAM35406 JJW2434 USA: Alaska; Chirikof Island
- UAM24607 UAMX5168 USA: Alaska; Attu Island OR242985
- UAM24603 UAMX5158 USA: Alaska; Attu Island OR242984
- UAM31439 RWD24857 USA: Alaska; Attu Island OR242983
- UAM31438 RWD24852 USA: Alaska; Attu Island OR242982
- UAM10981 DDG1750 USA: Alaska; Shemya Island OR242981

Leucosticte
tephrocotis littoralis UAM40959 JJW3814 USA: Alaska; Alaska Range OR242989

- UAM40954 JJW3809 USA: Alaska; Alaska Range OR242987
- UAM2917 WC108 USA: Alaska; Denali National Park
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- UAM4371 USA: Alaska; Seward Highway
— UAM5409 DDG989 USA: Alaska; Middleton Island

UAM40961 JJW3816
USA: Alaska; Alaska Range, Sevenmile
Lake OR242990

UAM40957 JJW3812
USA: Alaska; Alaska Range, Sevenmile 
Lake OR242988

— UAM28707 JJW1163
USA: Alaska; Alaska Range, Sevenmile 
Lake OR242986

Leucosticte 
tephrocotis 
tephrocotis UAM38651 JJW3201 USA: Alaska; Tanana-Yukon Uplands

- UAM38653 JJW3203 USA: Alaska; Tanana-Yukon Uplands
- UAM35598 JJW2465 USA: Alaska; Tanana-Yukon Uplands OR242992
- UAM4780 LJP486 Canada: British Columbia, mile 8.5 Cassier Road
- UAM4369 LJP485 Canada: British Columbia, mile 8.5 Cassier Road
- UAM38654 JJW3204 USA: Alaska; Mt. Prindle OR242993
- UAM35600 JJW2460 USA: Alaska; Mt. Prindle OR242991
- UAM27288 JJW873 USA: Alaska; Murphy Dome OR242994

Plectrophenax 
nivalis UAM5741 USA: Alaska; Nome, East Safety Sound

- UAM3301 USA: Alaska; College, West Ridge

- UAM1268 BK776
USA: Alaska; Northwest side of Otogoruk Valley, 
Crowbill Ridge

- UAM29520 JJW1370 USA: Alaska; Kodiak Island, Sharatin Bay
- UAM14675 CLP134 USA: Alaska; Adak Island
- UAM8474 KSW2691 USA: Alaska; Cold Bay OR243115
- UAM8476 KSW2690 USA: Alaska; Cold Bay OR243114
- UAM27725 JJW292 USA: Alaska; Kiska Island OR243113
- UAM11856 CLP163 USA: Alaska; Izembek NWR OR243112
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Plectrophenax
hyperboreus UAM8480 USA: Alaska; St. Matthew Island

- UAM21099 USA: Alaska; Shemya Island
- UAM13167 USA: Alaska; Bethel, Tundra Ridge
- UAM44242 USA: Alaska; St. Matthew Island
- UAM29503 USA: Alaska; Kodiak Island, Kaguyak Bay
- UAM8200 KSW1617 USA: Alaska; St. Matthew Island OR243108
- UAM7524 KSW1611 USA: Alaska; St. Matthew Island OR243109
- UAM7066 KSW1610 USA: Alaska; St. Matthew Island OR243110
- UAM7407 KSW1588 USA: Alaska; St. Matthew Island OR243111
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Supplemental Table 3.1.2: Species and NCBI sequence accession numbers for all reference 

sequences used to generate mitogenomes. Reference mitochondrial sequences were selected on a 

basis of completeness and taxonomic proximity.

Taxon NCBI reference 
accession #

NCBI reference species

Anser albifrons MH000287.1 Anser albifrons
Spatula clypeata KT345702.1 Spatula clypeata
Mareca penelope MT304825.1 Mareca penelope
M. americana MT304825.1 M. penelope
Anas platyrhynchos EU755253.1 Anas platyrhynchos
A. acuta KF312717.1 A. acuta
A. crecca KF203133.1 A. crecca
Aythya marila AF090337.1 Aythya americana
Somateria spectabilis MW849292.1 Somateria mollissima
S. mollissima MW849292.1 S. mollissima
Histrionicus histrionicus MW849288.1 Histrionicus histrionicus
Melanitta americana MW849282.1 Melanitta americana
Clangula hyemalis MW849278.1 Clangula hyemalis
Mergus merganser KU140667.1 Mergus merganser
Lagopus lagopus NC_035568.1 Lagopus lagopus
Pluvialis dominica NC_033966.1 Pluvialis fulva
P. fulva NC_033966.1 P fulva
Numenius phaeopus KP308149.1 Numenius phaeopus
Arenaria interpres AY074885.2 Arenaria interpres
A. melanocephala AY074885.2 A. interpres
Calidris alpina MN956840.1 Calidris pugnax
Gallinago gallinago KY888681.1 Gallinago stenura
G. delicata KY888681.1 G. stenura
Tringa brevipes MK460251.1 Tringa nebularia
T. incana MK460251.1 T. nebularia
T nebularia MK460251.1 T. nebularia
T. melanoleuca MK460251.1 T. nebularia
Uria aalge MN356418.1 Uria aalge
U. lomvia MN356418.1 U. aalge
Larus canus MN122936.1 Larus argentatus
L. argentatus MN122936.1 L. argentatus
L. hyperboreus MN122936.1 L. argentatus
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Gavia stellata AY293618.1 Gavia stellata
Picoides dorsalis KT119343.1 Picoides pubescens
P. tridactylus KT119343.1 P pubescens
Pica pica HQ915867.1 Pica pica
P. hudsonia HQ915867.1 P. pica
Corvus corax KX245134.1 Corvus corax
Phylloscopus
examinandus MG681101.1 Phylloscopus fuscatus
P borealis MG681101.1 P. fuscatus
Luscinia svecica MN122892.1 Luscinia svecica
Motacilla tschutschensis MN217252.1 Motacilla tschutschensis
Anthus rubescens MH593382.1 Anthus richardi
Pinicola enucleator KM078781.1 Pinicola enucleator
Leucosticte arctoa KM078791.1 Leucosticte arctoa
L. tephrocotis KM078791.1 L. arctoa
Calcarius lapponicus NC_053083.1 Calcarius ornatus
Plectrophenax nivalis MN356331.1 C. ornatus
P. hyperboreus MN356331.1 C. ornatus



Supplemental Table 3.1.3: Mitogenome coverage depths per individual specimen. Institution 

abbreviations are UAM for the University of Alaska Museum and UWBM for the University of 

Washington Burke Museum.

Species Institution catalog 
#

Field # Coverage 
depth

Anser albifrons UWBM43977 CSW4521 83.9
- UWBM43978 CSW4522 56.9
- UWBM71170 SVD1426 94.6
- UAM27372 JJW884 22.2
- UAM30571 JJW1495 32.6
- UAM35427 JJW2405 70.5
- UAM35428 JJW2413 7.6
- UAM34089 KSW4176 11.5
Spatula clypeata UWBM59827 CSW5794 3.6
- UAM15459 DDG1988 3.6
- UAM20167 DDG2053 17.2
- UAM20152 DDG2054 13.2
- UAM26717 SVD475 3.0
- UAM36938 REW030 13.2
- UAM36727 REW031 6.7
- UAM15023 UAMX2539 7.1
- UAM28973 UAMX5081 7.8
Mareca penelope UAM8758 DDG1663 156.3
- UAM9759 DDG1703 129.5
- UAM10008 DDG1716 167.2
- UAM31321 DDG1768 243.0
- UAM24301 UAMX4959 384.2
- UAM24455 MJL037 343.0
- UAM24550 UAMX5044 26.5
- UAM27749 JJW968 633.9
M. americana UAM11919 JSW3039 411.0
- UAM11908 KSW3028 595.9
- UAM11909 KSW3029 214.1
- UAM11916 KSW3036 404.6
- UAM13141 UAMX1468 92.5
- UAM26061 JJW383 177.4
- UAM28087 JJW976 278.6
- UAM28088 JJW948 72.4
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Anas platyrhynchos UWBM47068 CSW4828 16.4
- UWBM44374 JMB1220 36.7
- UAM30399 KSW5390 5.0
- UAM11328 DDG1776 23.9
- UWBM47160 SAR6383 31.6
- UAM28089 JJW943 89.9
- UAM28074 JJW944 81.1
- UAM29647 JJW1397 48.3
- UAM30290 JJW1592 20.4
- UAM30286 JJW1602 22.8
- UAM11193 KGM007 127.2
- UAM31321 UAMX5540 25.4
A. acuta UWBM44114 DAB055 66.6
- UAM22595 DDG2122 12.1
- UAM28156 KSW5107 31.3
- UAM28167 KSW5120 23.2
- UAM30400 KSW5391 4.3
- UAM31205 JJW1897 17.4
- UAM23468 KGM895 48.3
- UAM29039 REW548 22.8
- UAM22113 REW601 9.8
- UAM31335 UAMX5487 37.6
A. crecca UAM22853 KSW4951 304.6
- UAM11334 KGM021 142.1
- UAM11335 KGM020 481.6
- UAM14100 DDG1885 312.5
- UAM14666 DDG1884 104.3
- UAM9191 DDG1732 1282.9
- UAM9255 DDG1704 459.4
A. carolinensis UAM28444 UAMX5069 177.9
- UAM11251 UAMX203 50.2
- UAM20635 KSW4530 119.2
- UAM11920 KSW3040 176.5
- UAM14961 KGM335 320.8
- UAM24497 JMM448 34.1
- UAM28085 JJW978 76.0
Aythya marila UAM30395 KSW5385 24.8
- UAM30394 KSW5393 8.7
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- UAM30392 KSW5394 2.6
- UAM30396 KSW5395 2.3
- UAM30393 KSW5396 7.2
- UAM28067 JJW324 163.1
- UAM18068 JJW325 111.9
- UAM35653 REW611 127.3
- UAM30915 UAMX5076 151.9
- UAM29987 UAMX5077 183.8
Somateria spectabilis UWBM43965 CSW4509 211.9
- UWBM71169 SVD1425 33.9
- UAM13153 ABJ107 30.0
- UAM9396 UAMX892 27.1
- UAM9422 UAMX901 16.4
- UAM9423 UAMX903 3.0
- UAM9439 UAMX907 13.9
S. mollissima UAM13721 UAMX1708 6.1
- UAM20085 DDG1939 22.7
- UAM13336 DAR157 29.5
- UAM26746 KGM912 37.2
- UAM36436 KGM845 61.0
- UAM9440 UAMX378 31.1
- UAM35441 JJW2452 20.9
- UAM37604 JJW2952 22.4
- UAM34628 JJW2274 43.6
- UAM34700 JJW2273 83.3
Histrionicus histrionicus UAM11800 DDG1753 19.0
- UAM11799 DDG1754 22.0
- UAM11801 DDG1755 1.9
- UAM9600 KSW2979 2.3
- UWBM82975 RYA1002 79.3
- UWBM44446 SAR6074 40.8
- UAM36431 JJW2664 2.2
- UAM40488 JJW3694 2.0
- UAM40489 JJW3695 1.3
- UAM36745 KGM641 13.5
Melanitta americana UWBM43946 CSW4486 196.1
- UAM25996 JJW179 74.2
- UAM27720 JJW951 14.5
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- UAM28065 JJW950 201.2
- UAM29920 JJW1388 65.4
- UAM35578 JJW2276 119.4
Clangula hyemalis UWBM43970 CSW4514 124.1
- UWBM43919 CSW4454 264.4
- UWBM43918 CSW4453 351.8
- UWBM43917 CSW4452 407.5
- UWBM43895 CSW4428 208.9
- UWBM43894 CSW4427 209.9
- UWBM43893 CSW4426 132.9
- UAM29029 REW620 3382.7
- UAM28184 REW619 295.8
- UAM29027 REW618 251.0
- UAM21883 REW583 250.2
- UAM40387 REW564 141.8
- UAM21931 REW532 437.8
Mergus merganser merganser UWBM43819 CSW4346 8.7
- UAM25375 JJW063 3.9
- UAM25991 JJW334 26.0
- UAM25990 JJW335 4.9
- UAM28042 JJW344 15.8
- UAM27012 JJW762 16.3
M. m. americanus UWBM9348 AEI105 2.8
- UAM34366 JJW2298 30.4
- UAM11037 UAMX1058 12.0
- UAM24305 UAMX4957 6.4
Lagopus lagopus koreni UAM25139 KSW5046 63.2
- UAM28169 KSW5052 32.3
- UAM29685 KSW5082 2.3
- UAM28171 KSW5133 28.2
- UAM14834 KSW5045 20.7
L. l. alascensis UAM27018 JJW711 15.1
- UAM31562 JJW1970 21.5
- UAM36927 JJW2909 15.2
- UAM39209 JJW3352 9.0
- UAM28238 TB349 32.0
Pluvialis fulva UAM13545 DDG1860 188.6
- UAM26906 JJW145 228.6
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- UAM8798 KSW2383 68.3
- UAM11307 TB408 188.3
P. dominica UAM26935 JJW362 137.0
- UAM13181 KSW2402 233.9
- UAM8938 KSW2468 169.0
- UAM9511 TB235 395.1
Numenius phaeopus variegatus UWBM14228 TB1364 -
- UAM14229 TB1116 193.5
- UAM14230 TB1091 41.8
- UAM14225 TB1023 222.9
- UAM8212 DDF1666 266.7
- UAM21379 CLP727 93.7
- UAM14625 CLP450 371.5
N. p. hudsonicus UAM11507 TB378 343.4
- UAM13349 ABJ142 114.4
- UAM9260 KSW2484 343.4
- UAM13925 KGM036 120.9
- UAM17980 JMM011 36.4
- UAM28602 JJW1154 24.9
- UAM28214 JJW1021 452.8
- UAM28213 JJW1013 361.5
Arenaria interpres UAM14954 DAR268 20.0
- UAM26977 JJW676 112.8
- UAM30797 JJW1637 178.8
- UAM20220 JMM422 8.2
- UAM13527 UAMX1744 76.7
A. melanocephala UAM28748 JJW1153 5.0
- UAM40266 JJW3588 449.8
- UAM20142 JMM326 141.0
- UAM20098 JMM327 18.0
Calidris alpina arcticola UAM25341 JJW4409 18.9
- UAM19815 JJW4411 3.3
- UAM20132 UAMX3267 26.7
C. a. pacifica UAM26914 JJW015 14.8
- UAM26913 JJW016 249.0
- UAM27576 JJW704 22.2
- UAM30313 JJW1490 21.7
- UAM30879 JJW1821 54.7
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Gallinago gallinago UAM21848 CLP713 9.8
- UAM8228 DDG1650 1.8
- UAM26800 JJW158 1.5
- UAM24695 KSW5126 33.9
- UAM28175 KSW5134 1.9
G. delicata UAM19231 DDG2021 2.2
- UAM15063 DDG1945 2.1
- UAM20505 DDG2035 55.0
- UAM22570 DDG2118 31.9
- UAM30488 JJW1536 1.6
Tringa brevipes UAM8805 KSW1782 897.6
- UAM8521 KSW1781 399.3
- UAM7534 KSW1780 167.3
- UAM28428 JJW1030 163.0
- UAM28427 JJW906 227.9
- UAM10112 DDG1736 231.6
- UAM28430 JJW1061 146.5
- UAM28429 JJW1062 20.6
T. incana UAM13434 DAR228 12.8
- UAM28422 JJW720 160.4
- UAM28425 JJW724 76.2
- UAM28426 JJW1022 218.7
- UAM8240 KSW1778 413.4
- UAM21813 KSW3378 119.6
- UAM24859 UAMX1645 126.2
- UAM13569 UAMX1735 184.7
T. nebularia UAM8282 DDG1686 2.1
- UAM14119 DDG1916 27.1
- UAM17482 DDG1990 2.0
- UAM22850 KSW4958 2.8
- UAM24570 UAMX4620 28.8
T. melanoleuca UAM30489 JJW1663 2.0
- UAM18023 JMM014 15.3
- UAM20143 JMM340 75.3
- UAM13578 UAMX1941 6.8
- UAM27573 UAMX5119 12.3
Uria aalge inornata UWBM44407 JMB994 6.8
- UWBM4408 JMB995 9.6
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- UWBM44409 JMB996 10.7
- UWBM44410 JMB997 15.0
- UWBM44411 JMB998 16.1
- UAM7729 KSW1629 19.2
- UAM10687 KSW1631 9.9
- UAM10688 KSW1632 18.3
- UAM10689 KSW1633 5.5
- UAM10690 KSW1634 11.3
U. lomvia arra UWBM55300 BKS351 11.0
- UWBM55725 JMB857 11.4
- UWBM44177 JMB1001 16.9
- UWBM44178 JMB1002 17.8
- UWBM72702 NCSM17754 7.2
- UAM30510 JJW1509 2.6
- UAM30511 JJW1510 6.2
- UAM9608 UAMX387 5.8
- UAM13445 UAMX1553 8.1
- UAM20236 UAMX3290 7.0
Larus canus kamtschatschensis UAM22926 KSW4989 15.5
- UAM22863 KSW4959 269.6
- UAM37770 JJW3012 2.7
- UAM13377 DDG1876 20.6
- UAM11014 DDG1771 2.7
L. brachyrhynchus UAM24812 UAMX4789 3.0
- UAM36875 JJW2921 90.0
- UAM26901 JJW010 5.0
- UAM14803 DDG1922 9.8
- UAM14682 DDG1921 1.2
L. argentatus vegae UAM28162 KSW5090 67.2
- UAM26660 KSW5044 84.5
- UAM25987 JJW224 1.4
- UAM25984 JJW257 13.1
- UAM25983 JJW343 1.9
L. a. smithsonianus UAM35755 JJW2547 19.8
- UAM35754 JJW2548 28.1
- UAM35753 JJW2549 2.5
- UAM35751 JJW2551 2.6
- UAM30575 JJW1533 6.8
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L. hyperboreus UWBM43852 CSW4379 5.0
- UWBM43851 CSW4378 5.4
- UWBM43982 CSW4526 10.7
- UAM28158 KSW5035 9.5
- UAM28160 KSW5108 24.3
- UAM40190 JJW3585 1.3
- UAM40191 JJW3586 13.4
- UAM9257 KSW2490 8.3
- UAM8929 UAMX683 28.6
- UAM24327 UAMX4940 2.1
Gavia stellata UWBM43925 CSW4461 14.1
- UWBM44122 DAB063 -
- UWBM44259 JMB1098 9.3
- UWBM44260 JMB1099 2.9
- UWBM44653 SAR6293 3.2
- UAM13601 DAR275 4.5
- UAM40094 JJW3574 41.0
- UAM20711 KGM628 30.2
- UAM38314 UAMX3952 67.4
- UAM40093 UAMX6608 44.7
Picoides tridactylus UWBM44422 SAR6046 10.4
- UWBM52660 SVD144 5.7
- UAM17739 TB1448 8.7
P. dorsalis fasciatus UAM31832 JJW2059 26.5
- UAM36600 JJW2842 19.8
- UAM38328 JJW3139 55.3
- UAM8580 UAMX503 21.4
- UAM20114 UAMX3273 38.7
Pica pica UWBM74697 UWBM74697 161.3
- UWBM74569 UWBM74569 87.8
- UWBM72091 UWBM72091 1.7
- UWBM72084 UWBM72084 69.4
- UWBM47197 UWBM47197 79.4
- UWBM44585 UWBM44585 158.1
- UWBM44584 UWBM44584 42.3
- UWBM44581 UWBM44581 19.3
P. hudsonia UAM10105 UAMX953 6.8
- UAM8511 KSW2704 219.3
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- UAM27024 JJW683 139.3
- UAM17742 CLP245 31.0
- UAM13052 CLP219 71.8
- UAM13053 CLP218 160.0
- UAM12453 CLP208 96.3
Corvus corax UWBM46861 BKS908 3.3
- UWBM56544 BKS3241 1.5
- UWBM57899 BKS4041 2.6
- UWBM57909 BKS4052 5.3
- UWBM71244 SVD231a 2.2
- UWBM59566 SVD1398 9.0
- UAM17737 TB1445 2.6
- UAM10021 DDG1749 5.5
- UAM38000 JJW2991 48.3
- UAM39709 JJW3401 58.2
- UAM41600 JJW4373 3.2
- UAM17761 JMM133 4.2
- UAM8803 KSW2715 8.1
- UAM22252 KSW4763 9.8
- UAM15040 RWD26009 4.4
- UAM9313 UAMX844 9.8
- UAM11113 UAMX1061 5.5
Phylloscopus examinandus UAM17665 DDG1991 6.2
- UAM29472 KSW5250 1.6
- UAM30464 KSW5336 11.3
- UAM30462 KSW5354 13.1
- UAM30461 KSW5373 5.5
P. borealis borealis UWBM43818 CSW4345 19.7
- UWBM44417 SAR6041 14.6
- UWBM44418 SAR6042 11.6
- UWBM82284 SVD2977 3.9
- UWBM82285 SVD2978 21.1
P. b. kennicottii UAM34615 JJW2241 47.2
- UAM36347 JJW2649 17.3
- UAM20149 JMM337 47.3
- UAM20150 JMM338 15.8
- UAM7372 KSW1456 3.8
Luscinia svecica UWBM44489 SAR6270 -
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- UWBM44629 SAR6269 1138.0
- UWBM44363 JMB1208 -
- UWBM44362 JMB1207 1.9
- UWBM44361 JMB1206 121.8
- UWBM44246 JMB1082 113.9
- UWBM44242 JMB1278 225.2
- UWBM44233 JMB1064 128.3
- UAM13718 ABJ200 235.8
- UAM15419 MJM048 58.7
- UAM17727 MJM047 123.4
- UAM8944 KSW2481 50.6
- UAM8584 KSW2409 279.8
- UAM8945 KSW2408 49.6
- UAM8946 KSW2407 -
- UAM8585 KSW2406 133.3
Motacilla tschutschensis 
tschutschensis

UAM13402 ABJ133
10.6

- UAM15178 DDG1935 36.3
- UAM27366 JJW216 21.9
- UAM27364 JJW520 7.7
- UAM28177 JJW629 26.3
M. t. simillima UAM14353 ABJ179 11.8
- UAM28715 JJW1179 2.2
- UAM28717 JJW1185 5.4
- UAM29362 JJW1317 13.3
- UAM19448 MJM122 5.1
Anthus rubescens japonicus UAM13353 DDG1877 3.2
- UAM27351 JJW864 25.3
- UAM28057 JJW905 246.9
- UAM39615 JJW3455 258.3
- UAM15068 KSW3980 15.4
A. r. pacificus UAM11452 CLP200 33.3
- UAM31927 JJW2045 1.7
- UAM31928 JJW2046 15.5
- UAM19419 MJM037 13.2
- UAM13540 RWD25949 4.3
Pinicola enucleator 
kamtschatschensis

UWBM51643 SVD423
172.5
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- UWBM51627 SVD407 139.4
- UWBM47315 SAR6539 53.1
- UWBM47314 SAR6538 1535.1
- UAM24602 DDG2190 396.8
- UAM24601 DDG2189 225.2
P. e. flammula UAM10158 UAMX1014 1146.7
- UAM8794 KSW1695 116.5
- UAM8797 KSW1694 432.4
- UAM28530 JJW1097 297.8
- UAM26361 JJW030 245.3
- UAM11286 ABJ012 105.1
- UAM11285 ABJ011 56.2
Leucosticte arctoa UWBM44077 CSW4675 3.3
- UWBM44366 JMB1211 3.7
- UWBM44622 SAR6262 3.5
- UWBM44623 SAR6263 5.1
- UWBM44624 SAR6264 6.2
L. t. griseonucha UAM10981 DDG1750 12.6
- UAM31438 RWD24852 17.2
- UAM31439 RWD24857 367.0
- UAM24603 UAMX5158 6.7
- UAM24607 UAMX5168 13.7
L. t. littoralis UAM28707 JJW1163 14.5
- UAM40954 JJW3809 39.2
- UAM40957 JJW3812 83.6
- UAM40959 JJW3814 13.7
- UAM40961 JJW3816 66.5
L. t. tephrocotis UAM27288 JJW873 32.6
- UAM35600 JJW2460 33.5
- UAM35598 JJW2465 31.7
- UAM38654 JJW3204 87.5
L. t. umbrina UAM28620 AF14344 12.6
- UAM28619 AF14346 2.3
- FMNH34305 AF14351 10.1
- UAM7351 KSW1646 2.1
- UAM17748 UAMX2921 37.6
Calcarius lapponicus coloratus UAM29827 UAM29827 8.5
- UAM29825 UAM29825 25.6
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C. l. alascensis UAM13337 RWD25944 9.4
- UAM7653 KSW1821 4.1
- UAM19614 CLP051 12.3
- UAM9525 CLP048 40.0
- UAM9407 CLP038 74.8
Plectrophenax nivalis UAM11856 CLP163 240.1
- UAM27725 JJW292 261.6
- UAM8476 KSW2690 169.6
- UAM8474 KSW2691 392.6
P. hyperboreus UAM7407 KSW1588 8.0
- UAM7066 KSW1610 98.3
- UAM7524 KSW1611 19.7
- UAM8200 KSW1617 113.8
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Supplemental Table 3.1.4: Average mitogenome coverage by taxonomic lineage.

Taxon # Individuals Coverage depth Standard 
deviation

Overall 424 101.57 231.85
Anser albifrons 8 47.49 33.63
Spatula clypeata 9 8.36 5.05
Mareca penelope / 
M. americana

16
270.63 178.99

Anas platyrhynchos 12 44.07 44.07
A. acuta 10 27.34 19.17
A. crecca /A. 
carolinensis

14
288.72 320.17

Aythya marila 10 78.35 75.67
Somateria 
spectabilis

7
48.01 73.03

S. mollissima 10 35.78 22.29
Histrionicus 
histrionicus

10
18.42 24.97

Melanitta 
americana

6
111.81 75.08

Clangula hyemalis 13 496.82 872.70
Mergus merganser 
merganser /M. m. 
americanus

10

12.72 9.47
Lagopus lagopus 
koreni/L. l. 
alascensis

10

23.95 16.86
Pluvialis fulva / P 
dominica

8
201.11 114.84

Numenius phaeopus 
variegatus / N. p. 
hudsonicus

15

213.41 144.20
Arenaria interpres / 
A. melanocephala

9
112.27 141.51

Calidris alpina 
arcticola / C. a. 
pacifica

8

51.42 81.16
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Gallinago 10
gallinago / 
G. delicata 14.17 19.15
Tringa brevipes 
/ T. incana

16
222.85 210.91

T. nebularia / T. 
melanocephala

10
17.46 22.71

Uria aalge inornata 10 12.24 4.69
U. lomvia arra 10 9.39 4.90
Larus 
kamtschatschensis / 
L. brachyrhynchus

10

42.01 84.29
L. argentatus vegae 
/ L. a.
smithsonianus

10

22.79 29.59
L. hyperboreus 10 10.88 9.09
Gavia stellata 10 24.15 22.94
Picoides tridactylus 
/ P dorsalis 
fasciatus

8

23.31 16.79
Pica pica / P 
hudsonia

15
89.58 65.55

Corvus corax 17 10.79 16.28
Phylloscopus 
examinandus / P. 
borealis

15

16.00 14.04
Luscinia svecica 16 204.63 291.70
Motacilla 
tschutschensis 
tschutschensis / M. 
t. simillima

10

14.04 10.86
Anthus rubescens 
japonicus /A. r. 
pacificus

10

61.70 101.13
Pinicola enucleator 
kamtschatschensis / 
P. e. flammula

13

378.64 450.14
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Leucosticte 
arctoa /

24
46.56 74.34

L. tephrocotis 
Calcarius lapponicus 
coloratus /
C. l. alascensis

7

24.96 25.22
Plectrophenax nivalis / P. 
hyperboreus

8

162.96 130.71
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Supplemental Table 3.1.5: mtDNA molecular divergence values by taxonomic lineage.
Taxon Taxon 

ID
Taxonomic 
depth

% Full
mitogenome JC- 
distance

% ND2 
JC- 
distance

Full 
mitogenome
Da

ND2
Da

Anser albifrons 1 Population 0.66 0.81 0.0 0.0
Spatula clypeata 2 Population 0.35 0.07 0.0 0.0
Mareca penelope /M. americana 3 Species 1.43 1.23 0.007 0.006
Anas platyrhynchos 4 Population 0.34 0.59 0.0 0.001
A. acuta 5 Population 0.18 0.22 0.0 0.0
A. crecca / A. carolinensis 6 Species 3.19 4.39 0.025 0.034
Aythya marila 7 Population 1.32 1.56 0.004 0.007
Somateria spectabilis 8 Population 0.25 0.35 0.001 0.001
S. mollissima 9 Population 0.33 0.39 0.0 0.001
Histrionicus histrionicus 10 Population 0.05 0.06 0.0 0.0
Melanitta americana 11 Population 0.12 0.12 0.0 0.0
Clangula hyemalis 12 Population 0.11 0.08 0.0 0.0
Mergus merganser merganser / M. m. 
americanus 13 Subspecies 0.48 0.65 0.0 0.001

Lagopus lagopus koreni / L. l. alascensis 14 Subspecies 0.30 0.31 0.0 0.0
Pluvialis fulva /P. dominica 15 Species 3.21 4.22 0.030 0.040
Numenius phaeopus variegatus / N. p. 
hudsonicus 16 Subspecies 2.70 2.91 0.001 0.030

Arenaria interpes / A. melanocephala 17 Species 3.62 4.08 0.031 0.033
Calidris alpina arcticola / C. a. pacifica 18 Subspecies 2.45 2.42 0.0 0.001
Gallinago gallinago / G. delicata 19 Species 1.97 2.92 0.0 0.005
Tringa brevipes / T. incana 20 Species 3.82 4.96 0.036 0.046
T. nebularia / T. melanoleuca 21 Species 1.73 1.89 0.007 0.006
Uria aalge 22 Population 0.46 0.43 0.001 0.001
U. lomvia 23 Population 1.99 2.77 0.0 0.0
Larus canus kamtschatschensis / L. c. 
brachyrhynchus 24 Subspecies 0.89 1.10 0.001 0.001
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L. argentatus vegae / L. a. smithsonianus 25 Subspecies 0.41 0.42 0.0 0.0
L. hyperboreus 26 Population 0.32 0.38 0.0 0.0
Gavia stellata 27 Population 0.29 0.00 0.0 0.0
Picoides tridactylus / P. dorsalis fasciatus 28 Species 2.89 2.49 0.015 0.013
Pica pica IP. hudsonia 29 Species 3.00 3.91 0.020 0.027
Corvus corax 30 Population 0.56 0.40 0.0 0.001
Phylloscopus examinandus IP. borealis 
borealis 31 Species 2.74 2.36 0.003 0.0
P. borealis borealis IP. borealis kennicotti 32 Subspecies 2.53 2.15 0.001 0.0
Luscinia svecica 33 Population 0.16 0.14 0.0 0.0
Motacilla tschutschensis tschutschensis/ M 
t. simillima 34 Subspecies 0.69 1.07 0.001 0.001

Anthus rubescens japonicus I A. r. pacificus 35 Subspecies 2.70 3.75 0.008 0.020
Pinicola enucleator kamtschatschensis IP. e. 
flammula 36 Subspecies 2.06 2.72 0.002 0.003
Leucosticte arctoa IL. tephrocotis 37 Species 1.31 1.52 0.006 0.006
Calcarius lapponicus coloratus / C. l. 
a/ascensis 38 Subspecies 2.27 1.85 0.010 0.001

Plectrophenax nivalis IP. hyperboreus 39 Species 0.43 0.76 0.0 0.0



Supplemental Table 3.1.6: Genetic divergence-based divergence time estimates, given in increments of 100 Kya. Divergence 
estimates derived from three different ND2-specific mutation rates are given - 1) the rate estimate in Lerner et al. (2011) scaled to 
multiple avian orders; 2) the raw, passeriform-specific Lerner et al. (2011) rate; and 3) the ND2 mutation rate of Arcones et al. (2021). 
As the Arcones et al. (2021) rate was calculated based on calibration points from extremely deep splits within birds, it has a relatively 
low substitution rate and thus substantially increases the divergence time estimates for all taxa. Given our shallow, multi-order dataset, 
we elected to use the scaled Lerner et al. (2011) rate. for all divergence estimates. All rates are given in substitutions/site/my, and all 
divergence times are given in increments of 100 Kya.
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Taxon Full mito 
JC- 
distance 
- Rate 1

Full mito
JC- 
distance 
- Rate 2

Full mito
JC- 
distance 
- Rate 3

ND2 JC- 
distance 
- Rate 1

ND2 JC- 
distance 
- Rate 2

ND2 JC- 
distance 
- Rate 3

ND2 DA 
- Rate 1

ND2 DA
- Rate 2

ND2 DA
- Rate 3

Anser albifrons 2.67 2.279 133.266 3.27 2.80 40.42 0.00 0.00 0.00
Spatula clypeata 1.41 1.207 70.565 0.29 0.25 3.61 0.01 0.01 0.15
Mareca penelope / 
M. americana 5.77 4.931 288.306 4.96 4.24 61.30 2.43 2.08 30.00
Anas platyrhynchos 1.37 1.172 68.548 2.39 2.04 29.55 0.22 0.19 2.69
A. acuta 0.72 0.617 36.089 0.87 0.74 10.76 0.09 0.08 1.10
A. crecca/A. 
carolinensis

12.86 11.000 643.145 17.70 15.14 218.78 13.63 11.66 168.44
Aythya marila 5.32 4.552 266.129 6.29 5.38 77.74 2.70 2.31 33.34
Somateria 
spectabilis 1.02 0.876 51.210 1.40 1.20 17.29 0.35 0.30 4.29
S. mollissima 1.33 1.134 66.331 1.57 1.34 19.39 0.29 0.24 3.54
Histrionicus 
histrionicus 0.21 0.176 10.302 0.26 0.22 3.19 0.05 0.04 0.65
Melanitta americana 0.48 0.410 23.992 0.48 0.41 5.98 0.13 0.11 1.59
Clangula hyemalis 0.44 0.372 21.774 0.31 0.27 3.88 0.00 0.00 0.00
Mergus merganser 
merganser / M. m. 
americanus

1.92 1.638 95.766
2.63 2.25 32.49 0.44 0.38 5.48

Lagopus lagopus 
koreni / L. l. 
alascensis

1.21 1.038 55.169
1.13 1.08 15.55 0.13 0.12 1.74
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Pluvialis fulva IP. 
dominica 12.94 11.069 588.343 15.60 14.55 210.31 14.63 13.65 197.25
Numenius phaeopus 
variegatus / N. p. 
hudsonicus

10.89 9.310 494.868
10.76 10.03 145.02 11.09 10.34 149.51

Arenaria interpes I 
A. melanocephala 14.60 12.483 663.490 15.09 14.07 203.33 12.18 11.36 164.21
Calidris alpina 
arcticola / C. a. 
pacifica

9.88 8.448 449.047
8.95 8.34 120.60 0.50 0.46 6.68

Gallinago gallinago / G. 
delicata 7.94 6.793 361.070 10.80 10.07 145.52 1.71 1.59 23.02
Tringa brevipes I 
T. incana 15.40 13.172 700.147 18.34 17.10 247.19 17.05 15.90 229.79
T. nebularia / T. 
melanoleuca 6.98 5.966 317.082 6.99 6.52 94.19 2.10 1.96 28.36
Uria aalge 1.85 1.579 83.944 1.60 1.49 21.53 0.53 0.49 7.08
U. lomvia 8.02 6.862 364.736 10.24 9.55 138.05 0.11 0.10 1.45
Larus canus 
kamtschatschensis I 
L. c. brachyrhynchus

3.57 3.052 162.207
4.07 3.79 54.82 0.43 0.40 5.83

L. argentatus vegae I
L. a. smithsonianus 1.63 1.397 74.230 1.54 1.44 20.78 0.17 0.16 2.29
L. hyperboreus 1.30 1.114 59.201 1.40 1.30 18.84 0.03 0.03 0.40
Gavia stellata 1.18 1.007 6.197 0.00 0.00 0.00 0.00 0.00 0.00
Picoides tridactylus 
IP. dorsalis 
fasciatus

11.65 9.966 40.184
8.67 8.59 124.09 4.67 4.63 66.88

Pica pica IP. 
hudsonia 12.10 10.345 525.947 13.48 13.48 194.86 9.40 9.40 135.90
Corvus corax 2.26 1.931 98.177 1.39 1.39 20.03 0.21 0.21 3.04
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Phylloscopus 
examinandus IP. 
borealis borealis

11.05 9.448 480.365
8.14 8.14 117.61 0.11 0.11 1.59

Luscinia svecica 0.65 0.555 28.226 0.48 0.48 6.88 0.01 0.01 0.15
Motacilla 
tschutschensis 
tschutschensis/ 
M. t. simillima 
Anthus rubescens

2.79 2.383 121.143

3.69 3.69 53.32 0.41 0.41 5.93

japonicus I A. r. 
pacificus

10.89 9.310 473.352
12.93 12.93 186.88 6.79 6.79 98.13

Pinicola enucleator 
kamtschatschensis / 8.31 7.103 361.150
P. e. flammula 
Leucosticte arctoa I
L. tephrocotis

5.29 4.521 229.839

9.38

5.24

9.38

5.24

135.55

75.75

0.88

2.17

0.88

2.17

12.76

31.30
Calcarius 
lapponicus coloratus 
/ C. l. alascensis

9.15 7.828 397.966
6.38 6.38 92.20 0.27 0.27 3.84

Plectrophenax 
nivalis IP. 
hyperboreus

1.73 1.476 75.035
2.63 2.63 38.07 0.04 0.04 0.60



Supplemental Table 3.1.7: MTML-msBayes input parameter (hyperparameter) summary

statistics. All parameters were derived from runs of 3,000,000 replicates, using the ND2 dataset.

Dataset Number of vicariance events (Ψ) % Posterior probability
3-gene 1 80.39
- 2 9.78
- 3 2.90
- 4 1.70
- 5 1.17
- 6 0.56
- 7 0.47
- 8 0.59
- 9 0.37
- 10 0.25
- 11 0.12
- 12 0.18
- 13 0.25
- 14 0.22
- 15 0.22
- 16 0.25
- 17 0.06
- 18 0.22
- 19 0.22
ND2 1 20.10
- 2 10.53
- 3 7.00
- 4 5.90
- 5 5.23
- 6 4.90
- 7 5.13
- 8 4.23
- 9 4.16
- 10 4.16
- 11 3.90
- 12 3.36
- 13 3.33
- 14 3.03
- 15 3.53
- 16 2.93
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- 17 2.76
- 18 2.43
- 19 3.23
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3.2: Chapter 2 Supplemental Tables
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Supplemental Table 3.2.1: Specimen and repository metadata. All Beringian specimens compared in this study are listed here and 
housed in either the University of Alaska Museum (UAM) or the University of Washington Burke Museum (UWBM) collections. All 
Philippine specimens can be found in Campbell et al. (2016).__________________________________________________________

123

Species Institution catalog # Field # Locality NCBI GenBank 
accession #

Mareca penelope UAM11804 DDG1769 USA: Alaska; Shemya Island
- UAM2560 CMW3036 USA: Alaska; Amchitka Island
- UAM24301 UAMX4959 USA: Alaska; Shemya Island
- UAM34013 JJW2002 USA: Alaska; Kodiak Island, Whale Island
- UAM9359 DDG1703 USA: Alaska; Shemya Island OR243014
- UAM35760 DDG1663 USA: Alaska; Buldir Island OR243015
- UAM10008 DDG1716 USA: Alaska; Shemya Island OR243013
- UAM11803 DDG1768 USA: Alaska; Shemya Island OR243012
- UAM27749 JJW968 USA: Alaska; Shemya Island OR243011
- UAM28043 UAMX5121 USA: Alaska; Attu Island
- UAM24301 UAMX4959 USA: Alaska; Shemya Island OR243009
- UAM24550 UAMX5044 USA: Alaska; Shemya Island OR243008
- UAM24455 MJL037 USA: Alaska; Attu Island; Alexi Point OR243010

M. americana UAM27318 JJW879 USA: Alaska; Shemya Island
- UAM25751 USA: Alaska; Minto Lakes
- UAM35443 JJW2454 USA: Alaska; Kodiak Island, Shuyak Island
- UAM4005 USA: Alaska; Utquiagvik

UAM13141 UAMX1468
USA: Alaska; Fairbanks International 
Airport OR243000

- UAM26061 JJW383 USA: Alaska; Eielson Air Force Base OR243007

- UAM28088 JJW948
USA: Alaska; Kodiak Island, Deadman 
Bay OR243006

- UAM28087 JJW976
USA: Alaska; Kodiak Island, Monashka 
Bay OR243005

- UAM11908 KSW3028 USA: Alaska; Fairbanks OR243004
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- UAM11909 KSW3029 USA: Alaska; Fairbanks OR243003
- UAM11919 KSW3039 USA: Alaska; Fairbanks OR243001

Anas 
platyrhynchos UWBBM47160 SAR6383

Russia: Khabarovskiy Kray;
Nizhnetambovskoye OR242796

- UWBBM46274 CDS4837 Kazakhstan: Alma-Ata Oblys; Alma-Ata
- UAM1122 USA: Alaska; Ikpikpuk River
- UAM11193 KGM7 USA: Alaska; Chena River Flood Control Project
- UAM2369 WLF1 USA: Alaska; Fairbanks
- UAM2485 USA: Alaska; Minto Flats
- UAM28456 CDPD1500 USA: Alaska; Juneau
- UAM31321 UAMX5540 USA: Alaska; Eielson Air Force Base OR242807
- UAM11328 DDG1776 USA: Alaska; Shemya Island OR242797
- UAM30399 KSW5390 Russia: Kamchatka; Sea of Okhotsk OR242798

- UAM11193 KGM007
USA: Alaska; Chena River Flood Control
Project OR242799

— UWBM44374 JMB1220
Russia: Magadanskaya Oblast';
Balagannoye OR242800

UAM30286 JJW1602 USA: Alaska; Eielson Air Force Base OR242801
- UAM30290 JJW1592 USA: Alaska; Eielson Air Force Base OR242802
- UAM29647 JJSW1397 USA: Alaska; Eielson Air Force Base OR242803

- UAM28074 JJW944
USA: Alaska; Kodiak Island, Deadman
Bay OR242804

- UAM28089 JJW943
USA: Alaska; Kodiak Island, Deadman
Bay OR242805

- UWBM47068 CSW4828
Russia: Khabarovskiy Kray;
Nizhnetambovskoye OR242806

A. crecca crecca UAM27455 JJW718 USA: Alaska; Attu Island, Murder Point
- UAM22873 UAMX4791 USA: Alaska; Shemya Island
- UAM13018 CLP449 USA: Alaska; Adak Island
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- UAM41738 JJW4159 USA: Alaska; Prilibof Islands
- UAM28498 JJW1087 USA: Alaska; Chirikof Island
- UAM22853 KSW4951 Russia: Yakutia; Aldan River OR242789
- UAM11334 KGM021 USA: Alaska; Shemya Island OR242790
- UAM11335 KGM020 USA: Alaska; Shemya Island OR242791
- UAM14100 DDG1885 USA: Alaska; Shemya Island OR242792
- UAM14666 DDG1884 USA: Alaska; Shemya Island OR242793
- UAM9191 DDG1732 USA: Alaska; Shemya Island OR242794
- UAM9255 DDG1704 USA: Alaska; Shemya Island OR242795

A. c. carolinensis UAM386 USA: Alaska; Minto Lakes
- UAM11340 USA: Alaska; Chena River Flood Control Project
- UAM30540 USA: Alaska; Kodiak Island, Kiavak Bay
- UAM2488 USA: Alaska; Minto Flats
- UAM23289 USA: Alaska; Cook Inlet
- UAM28444 UAMX5069 USA: Alaska; Chirikof Island OR242778
- UAM11251 UAMX203 USA: Alaska; Eielson Air Force Base OR242779
- UAM20635 KSW4530 USA: Alaska; Izembek NWR OR242780
- UAM11920 KSW3040 USA: Alaska; Fairbanks OR242781
- UAM14961 KGM335 USA: Alaska; Izembek NWR OR242782
- UAM24497 JMM448 USA: Alaska; Izembek NWR OR242783

- UAM28085 JJW978
USA: Alaska; Kodiak Island, Monashka 
Bay OR242784

Aythya marila UWBM59577 SVD1409 Russia: Yamalo-Nenetskiy; Avtonomyy Okrug
UWBM59568 SVD1400 Russia: Yamalo-Nenetskiy; Avtonomyy Okrug

- UAM36739 KGM882 USA: Alaska; Dalton Highway Pump Station 4
— UAM28309 JJW1053 USA: Alaska; Shemya Island
- UAM1313 USA: Alaska; Minto Lakes
- UAM3986 USA: Alaska; Kipdrick River
- UAM15025 UAMX2537 USA: Alaska; Fairbanks, South Cushman Street
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- UAM29987 UAMX5077
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242844

- UAM30915 UAMX5076
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242843

- UAM30393 KSW5396 Russia: Kamchatka; Sea of Okhotsk OR242841
- UAM30396 KSW5395 Russia: Kamchatka; Sea of Okhotsk OR242840
- UAM30392 KSW5394 Russia: Kamchatka; Sea of Okhotsk OR242839
- UAM30394 KSW5393 Russia: Kamchatka; Sea of Okhotsk OR242838
- UAM30395 KSW5385 Russia: Kamchatka; Sea of Okhotsk OR242837
- UAM28068 JJW325 USA: Alaska; Kiska Island OR242836
- UAM28067 JJW324 USA: Alaska; Kiska Island OR242835

UAM35653 REW611
USA: Alaska; North Slope, Dalton 
Highway OR242842

Somateria 
spectabilis UWBBM65831 MAM20 USA: Alaska; Prilibof Island

- UWBBM43965 CSW4509 Russia: Chukotka Republic; Anadyr' OR243135
— UWBBM86097 USA: Alaska; St. Lawrence Island
- UWBBM119274 USA: Alaska; Adak Island
- UAM3958 USA: Alaska; Utquiagvik
- UAM3304 CPD446 USA: Alaska; Utquiagvik
- UAM6255 MEL004 USA: Alaska; Utquiagvik
- UAM3956 USA: Alaska; Utquiagvik
- UAM23300 MRP255 USA: Alaska; Nelson Lagoon
- UAM9439 UAMX907 USA: Alaska; Utquiagvik OR243140
- UAM9423 UAMX903 USA: Alaska; Utquiagvik OR243139
- UAM9422 UAMX901 USA: Alaska; Point Lay OR243138
- UAM9396 UAMX892 USA: Alaska; Utquiagvik OR243137

UWBM71169 SVD1425
Russia: Yamalo-Nenetskiy; Avtonomyy 
Okrug OR243136
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UWBM43965 CSW4509
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR243135

- UAM13153 ABJ107 USA: Alaska; Utquiagvik OR243134
S. mollissima UWBM48280 USA: Alaska; St. Lawrence Island

- UWBM50705 USA: Alaska; St. Lawrence Island
- UAM21860 USA: Alaska; Attu Island
- UAM21857 USA: Alaska; Attu Island
- UAM9362 Canada: British Columbia, Thetis Island
- UAM1321 USA: Alaska; St. Lawrence Island, Camp Collier
- UAM4060 USA: Alaska; Utquiagvik
- UAM13721 UAMX1708 USA: Alaska; Attu Island OR243130

- UAM37604 JJW2952
USA: Alaska; Beaufort Sea, North Star 
Island OR243129

- UAM34628 JJW2274
USA: Alaska; Kodiak Island, Women's 
Bay OR243128

- UAM34700 JJW2273
USA: Alaska; Kodiak Island, Women's 
Bay OR243127

— UAM20085 DDG1939 USA: Alaska; Attu Island OR243126
- UAM13336 DAR157 USA: Alaska; Attu Island OR243125

- UAM35441 JJW2452
USA: Alaska; Kodiak Archipelago, 
Shuyak Island OR243124

- UAM9440 UAMX378 USA: Alaska; Utquiagvik OR243133
- UAM36746 KGM912 USA: Alaska; Attu Island OR243132
— UAM36436 KGM845 USA: Alaska; Attu Island OR243131

Histrionicus 
histrionicus UWBM51871 SVD669 Russia: Yakutia; Oymyakonskiy Rayon

- UAM50712 USA: Alaska; St. Lawrence Island
- UAM13384 UAMX1452 USA: Alaska; Tok
- UAM41025 JJW3861 USA: Alaska; Upper Chena River
- UAM41028 JJW3882 USA: Alaska; Delta River, "Moose Lakes"
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- UAM2969 DDG529 USA: Alaska; Ugak Island
- UAM40488 JJW3694 USA: Alaska; Kodiak Island, Long Bay OR242930

UWBM44446 SAR6074 Russia: Magadanskaya Oblast'; Magadan OR242935

- UWBM82975 RYA1002
Russia: Sakhalinskaya Oblast', 
Korsakovskiy Rayon OR242934

- UAM9600 KSW2979 USA: Alaska; Adak Island OR242933

- UAM36745 KGM641
USA: Alaska; Brooks Range, Chandalar 
Shelf OR242932

- UAM36431 JJW2664 USA: Alaska; Kodiak Archipelago, Afognak Island
UAM11801 DDG1755 USA: Alaska; Shemya Island OR242928

- UAM11799 DDG1754 USA: Alaska; Shemya Island OR242927
- UAM11800 DDG1753 USA: Alaska; Shemya Island OR242926
— UAM40489 JJW3695 USA: Alaska; Kodiak Island, Long Bay

Melanitta 
americana UAM27720 JJW950 USA: Alaska; Kodiak Island, Kalsin Bay OR243020

- UAM2226 USA: Alaska; Noatok/Kugurok River
- UAM27011 JJW736 USA: Alaska; Attu Island
- UAM9638 CPD287 USA: Alaska; Aphrewn Island

UAM38454 CPD1836 USA: Alaska; Yukon-Kuskokwim Delta, Aropuk Lake
- UAM44106 JJW4753 USA: Alaska; Kodiak Island, Kalsin Bay

-
UAM44105
UWBM11367

JJW4754 USA: Alaska; Kodiak Island, Kalsin Bay, Queer Island 
Washington: West Port; Gray's Harbor

- UWBM56949 Russia: Tyumenskaya Oblast
- UWBM49163

UWBM43946 CSW4486

USA: Alaska; St. Lawrence Island 
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR243016

- UAM35578 JJW2276
USA: Alaska; Kodiak Archipelago, 
Zaimka Island OR243019

— UAM29920 JJW1388 USA: Alaska; Kodiak Island, Middle Bay OR243017
- UAM28065 JJW951 USA: Alaska; Kodiak Island, Kalsin Bay OR243021
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- UAM25996 JJW179 USA: Alaska; Attu Island OR243018
* UAM27720 JJW950 USA: Alaska; Kodiak Island, Kalsin Bay OR243020

Clangula hyemalis UWBM43894 CSW4427
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242867

— UWBM43893 CSW4426
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242866

- UWBM43895
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242868

- UWBM43916 CSW4451 Russia: Chukotka Republic; Anadyr', Avtatkuul River

- UWBM43970
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242872

— UWBM43919
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242869

UWBM43918
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242870

— UWBM43917
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242871

- UAM4534 USA: Alaska; Utquiagvik
- UAM35579 USA: Alaska; Kodiak Island, Women's Bay
- UAM44907 USA: Alaska; Kodiak Island, Queer Island
— UAM38457 USA: Alaska; Mat-Su Valley
- UAM23662 USA: Alaska; Kachemak Bay

- UAM29020 REW620
USA: Alaska; North Slope, Dalton
Highway OR242865

- UAM28184 REW619
USA: Alaska; North Slope, Dalton
Highway OR242864

— UAM29027 REW618
USA: Alaska; North Slope, Dalton
Highway OR242863

- UAM21883 REW583
USA: Alaska; North Slope, Dalton
Highway, Ice Cut OR242862

- UAM40387 REW564 USA: Alaska; North Slope, Toolik OR242861
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— UAM21931 REW532
USA: Alaska; North Slope, Dalton
Highway OR242860

Mergus merganser 
merganser UAM25990 JJW335 USA: Alaska; Kiska Island OR243028

- UAM24299 UAMX4960 USA: Alaska; Shemya Island
- UAM24117 UAMX4942 USA: Alaska; Shemya Island
- UAM7277 USA: Alaska; Buldir Island
- UAM27012 JJW762 USA: Alaska; Attu Island OR243030
- UAM25991 JJW334 USA: Alaska; Kiska Island OR243027
- UAM25375 JJW063 USA: Alaska; Kiska Island OR243026

UWBBM43819 CSW4346
Russia: Magadanskaya Oblast';
Oroholyndja River OR243031

- UAM28042 JJW344 USA: Alaska; Kiska Island OR243029
M. m. americanus UAM3355 GVB305 USA: Alaska; Adak Island

- UAM11037 UAMX1058 USA: Alaska; Delta, Tanana River OR243030
- UWBM12365 USA: Washington; Steliacoom
- UWBM12363 USA: Washington; Steliacoom
- UWBM12388 USA: Washington; Steliacoom

— UWBM AEI105
USA: Washington; Douglas, Rock Island
Dam OR243022

UAM24305 UAMX4957
USA: Alaska; Kodiak Island, Road
System OR243025

— UAM34366 JJW2298
USA: Alaska; Kodiak Archipelago, 
Afognak Island OR243023

Lagopus lagopus 
koreni UWBBM44244 JMB1080 Russia: Yakutia; Cherskiy, Little Kon'kovaya River

- UWBBM49716 BKS2117 Russia: Murmanskaya Oblast'; Teriberka

— UWBM51659 SVD443
Russia: Murmanskaya Oblast';
Aborigen Scientific Station of IBPN RAS
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- UWBM51654 SVD438
Russia: Murmanskaya Oblast'; Ol'skiy Rayon, 
Yama River Valley

- UWBM49717 BKS2118 Russia: Murmanskaya Oblast'; Teriberka
- UAM28171 KSW5113 Russia: Yakutia; Indigirka River OR242945
- UAM29685 KSW5082 Russia: Yakutia; Indigirka River OR242944
- UAM28169 KSW5052 Russia: Yakutia; Indigirka River OR242943

UAM25139 KSW5046
Russia: Yakutia; Indigirka River, 
Chokurdakh OR242942

- UAM28238 KSW5045
Russia: Yakutia; Indigirka River, 
Chokurdakh OR242941

L. l. alascensis UAM6662 USA: Alaska; Shumagin Island, Mist Harbor
- UAM JJW2003 USA: Alaska; Dakavak Lake
- UAM36218 JJW2557 USA: Alaska; Interior; Tanana Uplands
- UAM27018 JJW711 USA: Alaska; Summit Lake OR242940
- UAM30372 JJW1479 USA: Alaska; Kodiak Archipelago, Tugidak Island

- UAM14834 TB349
USA: Alaska; Seward Peninsula, Taylor 
Highway OR242936

- UAM39209 JJW3352 USA: Alaska; Zarembo Island OR242939
- UAM36927 JJW2909 USA: Alaska; McKay Creek Trail OR242938

- UAM31562 JJW1970
USA: Alaska; Kodiak Archipelago, 
Tugidak Island OR242937

Pluvialis fulva UAM14590 TB377 USA: Alaska; Fairbanks
- UAM41981 TB236 USA: Alaska; Seward Peninsula, Teller Highway
- UAM23956 KSW2378 USA: Alaska; Dalton Highway
- UAM38375 KSW2383 USA: Alaska; Tanana-Yukon Uplands OR243122
- UAM26755 KSW5054 USA: Alaska; Utquiagvik

- UAM11307 TB408
USA: Alaska; Seward Peninsula, Teller 
Highway OR243123

- UAM26906 JJW145 USA: Alaska; Attu Island OR243121
- UAM13545 DDG1860 USA: Alaska; Attu Island OR243120
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P. dominica UAM11757 TB324 USA: Alaska; Seward Peninsula, Teller Highway
- UAM9513 UAMX7196 USA: Alaska; Seward Peninsula, Teller Highway
- UAM8785 KGM886 USA: Alaska; Seward Peninsula, Teller Highway
- UAM8798 JJW3183 USA: Alaska; Seward Peninsula, Teller Highway

UAM24586 UAMX5277 Russia: Yakutia; Indigirka River, Chokurdach

— UAM9511 TB235
USA: Alaska; Seward Peninsula, Council 
Road OR243119

- UAM8938 KSW2468
USA: Alaska; Seward Peninsula, Council 
Road OR243118
USA: Alaska; Seward Peninsula,

- UAM13181 KSW2402 Kougarok Road OR243117
- UAM26935 JJW362 USA: Alaska; Alaska Range, Rusty Hill OR243116

Numenius phaeopus 
variegatus UAM21374 CLP721 USA: Alaska; Attu Island

- UAM21375 CLP722 USA: Alaska; Attu Island
- UAM21379 CLP727 USA: Alaska; Attu Island OR243048
- UAM10049 TB287 USA: Alaska; Adak Island
- UAM17558 TB1461 Mongolia: Khoud Area
- UAM14228 TB1364 Philippines: Cordova; Mactan Island OR243053

- UAM14229 TB1116
Philippines: Cordova; Olango Island 
Wildlife Sanctuary OR243052

- UAM14230 TB1091
Philippines: Cordova; Olango Island 
Wildlife Sanctuary OR243051

- UAM14225 TB1023
Philippines: Cordova; Olango Island 
Wildlife Sanctuary OR243050

- UAM8212 DDG1666 USA: Alaska; Buldir Island OR243049
- UAM14625 CLP450 USA: Alaska; Adak Island OR243047

N p. hudsonicus UAM23528 USA: Alaska; Anchorage International Airport
- UAM23938 KGM891 USA: Alaska; Dalton Highway, Franklin Bluffs
- UAM37682 CLP1741 USA: Alaska; Joint Base Elmendorf Richardson
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- UAM21965 JMM497 USA: Alaska; Golsovia River
- UAM22117 JMM487 USA: Alaska; Nulato Hills

- UAM11507 TB378
USA: Alaska; Seward Peninsula, Teller 
Highway OR243046

- UAM13349 ABJ142 USA: Alaska; Interior, Dalton Highway OR243042

- UAM28602 JJW1154
USA: Alaska; Kodiak Archipelago, Ugak
Island OR243056

- UAM28214 JJW1021 USA: Alaska; Shemya Island OR243055
- UAM28213 JJW1013 USA: Alaska; Shemya Island OR243054

— UAM9260 KSW2484
USA: Alaska; Seward Peninsula, Teller 
Highway OR243045

UAM13925 KGM036
USA: Alaska; Seward Peninsula, Teller 
Highway OR243044

UAM17980 JMM0ll
USA: Alaska; Kodiak Archipelago, 
Ugashik Bay OR243043

Arenaria interpres UAM34469 CLP720 USA: Alaska; Attu Island
- UAM10739 TB337 USA: Alaska; Attu Island
- UAM8937 RWD24815 USA: Alaska; Attu Island
- UAM17491 DAR330 USA: Alaska; St. Matthew Island
- UAM10740 TB336 USA: Alaska; Seward Peninsula
- UAM13527 UAMX1744 USA: Alaska; Attu Island OR242834
— UAM20220 JMM422 USA: Alaska; Cold Bay OR242833

UAM30797 JJW1637
USA: Alaska; Kodiak Archipelago, Ugak 
Island OR242832

UAM26977 JJW676
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242831

— UAM14954 DAR268
USA: Alaska; Seward Peninsula, Wooley 
Lagoon OR242830

A. melanocephala UAM11773 TB396 USA: Alaska; Safety Sound
- UAM44836 JJW4943 USA: Alaska; Kalsin Bay
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- UAM11774 TB444 USA: Alaska; Safety Sound
- UAM30798 JJW1639 USA: Alaska; Ugak Island
- UAM6194 MEL002 USA: Alaska; Auke Bay

- UAM20098 JMM327
USA: Alaska; Bering Coast, Jacksmith 
Bay OR242829

- UAM20142 JMM326
USA: Alaska; Bering Coast, Jacksmith 
Bay OR242828

- UAM40266 JJW3588
USA: Alaska; Seward Peninsula, Safety 
Sound OR242827

- UAM28748 JJW1153
USA: Alaska; Kodiak Archipelago, Ugak 
Island OR242826

Calidris alpina 
arcticola UWBM44641 SAR6281 Russia: Magadanskaya Oblast'; Balagannoye

- UWBM59433 PLG127 Russia: Yamalo-Nenetskiy
- UWBM49695 Russia: Magadanskaya Oblast'; Teriberka
- UWBM59547 SVD1381 Russia: Yamalo-Nenetskiy
- UWBM43910 Russia: Chukotka Republic; Anadyr'
- UAM20132 UAMX3267 USA: Alaska; Utquiagvik OR242854
- UAM19815 JJW4411 Russia: Commander Islands OR242853
— UAM25341 JJW4409 Russia: Commander Islands OR242852

C. a. pacifica UAM3542 USA: Alaska; Cordova, Hartney Bay
- UAM2120 USA: Alaska; Jigak Bay
- UAM2119 USA: Alaska; Jigak Bay
- UAM2770 BK911 USA: Alaska; Wales
- UAM2769 BK910 USA: Alaska; Wales

UAM30879 JJW1821
USA: Alaska; Kodiak Island, Deadman 
Bay OR242858

- UAM30313 JJW1490
USA: Alaska; Kodiak Archipelago, 
Tugidak Island OR242857



135

Supplemental Table 3.2.1 cont.

UAM27576 JJW704
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242859

UAM26913 JJW016
USA: Alaska; Kodiak Archipelago, Kalsin 
Bay OR242856

UAM26914 JJW015
USA: Alaska; Kodiak Archipelago, Kalsin 
Bay OR242855

Gallinago 
gallinago UAM26799 JJW158 USA: Alaska; Attu Island

- UAM10123 DDG1760 USA: Alaska; Shemya Island
- UAM8432 DDG1649 USA: Alaska; Adak Island
- UAM28256 JJW1019 USA: Alaska; Shemya Island
- UAM10033 TB280

- UAM30488 JJW1536
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242910

- UAM26800 JJW158 USA: Alaska; Attu Island OR242911
- UAM24695 KSW5126 Russia: Yakutia; Indigirka River OR242915
- UAM8228 DDG1650 USA: Alaska; Adak Island OR242914
- UAM28175 KSW5134 Russia: Yakutia; Yatusk OR242912
- UAM21848 CLP713 USA: Alaska; Attu Island OR242913

G. delicata UAM40527 JJW3684 USA: Alaska; Kodiak Island
- UAM19233 DDG2023 USA: Alaska; Unalaska Island
- UAM38377 JJW3148 USA: Alaska; Afognak Island
- UAM4539 DDG83 USA: Alaska; Cordova
- UAM34196 UAMX5653 USA: Alaska; Skagway
- UAM22570 DDG2118 USA: Alaska; Adak Island OR242909

- UAM20505 DDG2035
USA: Alaska; Bering Coast, Goodnews 
Bay OR242908

- UAM19231 DDG2021 USA: Alaska; Unalaska Island OR242907
- UAM15063 DDG1945 USA: Alaska; Unimak Island OR242906

Tringa incana UAM18700 KSW3367 USA: Alaska; Bogoslof Island
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- UAM28422 JJW720 USA: Alaska; Attu Island
- UAM2723 USA: Alaska; Buldir Island
- UAM30009 JJW1525 USA: Alaska; Chirikof Island
- UAM14680 CLP463 USA: Alaska; Adak Island
- UAM13569 UAMX1735 USA: Alaska; Attu Island OR243165
- UAM24859 UAMX1645 USA: Alaska; Kodiak Island OR243164
- UAM21813 KSW3378 USA: Alaska; Amila Island OR243163
- UAM8240 KSW1778 USA: Alaska; Attu Island OR243162

- UAM28426 JJW1022
USA: Alaska; Kodiak Archipelago, Ban 
Island OR243159

- UAM28425 JJW724 USA: Alaska; Attu Island OR243161
- UAM28422 JJW720 USA: Alaska; Attu Island OR243160
- UAM13434 DAR228 USA: Alaska; Attu Island OR243158

T. brevipes UAM20094 DDG1928 USA: Alaska; Attu Island
- UAM2711 GVB436 USA: Alaska; Buldir Island

- UAM8456
UAMX468/RWD2
4868 USA: Alaska; Attu Island

- UAM28430 JJW1061 USA: Alaska; Chirikof Island
- UAM12347 TB902 USA: Alaska; Adak Island
- UAM8805 KSW1782 USA: Alaska; Attu Island OR243157
- UAM8521 KSW1781 USA: Alaska; Attu Island OR243156
- UAM7534 KSW1780 USA: Alaska; Attu Island OR243155
— UAM28428 JJW1030 USA: Alaska; Shemya Island OR243151
- UAM28427 JJW906 USA: Alaska; Shemya Island OR243154
- UAM10112 DDG1736 USA: Alaska; Shemya Island OR243150
- UAM28429 JJW1062 USA: Alaska; Shemya Island OR243153
— UAM28430 JJW1061 USA: Alaska; Shemya Island OR243152

T. nebularia UAM24570 UAMX4620 USA: Alaska; Attu Island OR243175
- UAM8282 DSC-98-2 USA: Alaska; Adak Island
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- UAM5822 DDG1448 USA: Alaska; Attu Island

UAM25833
USA: Alaska; St. Lawrence Island, 
Gambell

— UAM22850 KSW4958 Russia: Yakutia; Aldan River OR243174
- UAM17482 DDG1990 USA: Alaska; Shemya Island OR243173
- UAM14119 DDG1916 USA: Alaska; Shemya Island OR243172
- UAM8282 DDG1686 USA: Alaska; Adak Island OR243171

T. melanoleuca UAM40492 JJW3661 USA: Alaska; Wide Bay

- UAM38597 CPD1750
USA: Alaska; Anchorage International 
Airport

- UAM5602
USA: Alaska; Kodiak Island, Mona Lisa 
Creek

- UAM42998 UAMX7434 USA: Alaska; Talkeetna, Trapper Creek

— UAM5517 BK985
USA: Alaska; Nushugak Peninsula, 
Tutavak Bay

- UAM27573 UAMX5119
USA: Alaska; Kodiak Island, Lake Rose 
Tead OR243170

- UAM13578 UAMX1941 USA: Alaska; Revillagigedo Island OR243169

- UAM20143 JMM340
USA: Alaska; Kilbuck Mountains, 
Goodnews Bay OR243168

- UAM18023 JMM014 USA: Alaska Peninsula; Ugashik Bay OR243167
- UAM30489 JJW1663 USA: Alaska; Quinhagak OR243166

Uria aalge 
inornata UWBM43294 North Pacific Ocean: off Attu Island; 51.50, 173.52

- UWBM43282 North Pacific Ocean: off Attu Island; 51.35, 171.22
- UWBM43261 North Pacific Ocean: off Attu Island; 52.56, 170.20
- UWBM55726 JMB858 North Pacific Ocean: off NE Honshu, Japan
- UAM9351 UAMX881 USA: Alaska; Kodiak
- UAM26821 CLP1447 USA: Alaska; PWS, Heather Bay
- UAM6257 DDG1258 USA: Alaska; Palmer
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- UAM43968 USA: Alaska; Kodiak Archipelago, Near Island
- UAM5598 RWD19772 USA: Alaska; Chugiak
- UAM10690 KSW1634 USA: Alaska; St. Matthew Island OR243185
- UAM10689 KSW1633 USA: Alaska; St. Matthew Island OR243184
- UAM10688 KSW1632 USA: Alaska; St. Matthew Island OR243183
- UAM10687 KSW1631 USA: Alaska; St. Matthew Island OR243182
- UAM7729 KSW1629 USA: Alaska; St. Matthew Island OR243181

- UWBM44411 JMB998
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243180

- UWBM44410 JMB997
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243179

- UWBM44409 JMB996
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243178

- UWBM44408 JMB995
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243177

- UWBM44407 JMB994
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243176

U. l. arra UAM2203 GAS25 USA: Alaska; St. Paul Island
- UWBM31603 JMB857 East Bering Sea: Pribilof Island
- UWBM55725 JMB1001 North Pacific Ocean: off NE Honshu Japan
- UWBM44177 Russia: Magadanskaya Oblast'; Magadan
- UWBM30107 USA: Alaska; Adak Island; 52.16, -178.40
- UAM2881 17126 USA: Alaska; Middleton Island
- UAM2399 USA: Alaska; Uivaq/Cape Thompson
- UAM2401 LC118 USA: Alaska; Point Hope
- UAM2400 USA: Alaska; Cape Thompson; Otogoruk Creek
- UAM30511 JJW1510 USA: Alaska; Kodiak Archipelago, Taliudek Island
- UAM UAMX3290 USA: Alaska; Bogoslof Island OR243194
- UAM UAMX1553 USA: Alaska; Aiktak Island OR243193
- UAM UAMX387 USA: Alaska; Utquiagvik OR243195
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— UWBM NCSM17754
North Pacific Ocean: Bering Sea, 
Chirikov Basin OR243192

— UWBM JMB1002
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243190

- UWBM JMB1O01
Russia: Magadanskaya Oblast'; Magadan, 
Aidan Bay OR243189

- UWBM JMB857
North Pacific Ocean: off NE Honshu, 
Japan OR243191

— UAM JJW1510
USA: Alaska; Kodiak Archipelago, 
Triplet Island OR243188

- UAM JJW1509
USA: Alaska; Kodiak Archipelago, 
Triplet Island OR243187

— UWBM BKS351 North Pacific Ocean OR243186
Larus canus 
kamtschatschensis UAM22863 KSW4959 Russia: Yakutia; Aldan River OR242964

- UAM22926 KSW4989 Russia: Novobirsk Regl; Chany Lakes OR242965
- UAM37770 JJW3012 USA: Alaska; St. Paul Island OR242963
- UWBM61302 IUK85 Russia: Tverskaya Oblast'
- UWBM44309 JMB1149 Russia: Kamchatka; Koryaki
- UAM13377 DDG1876 USA: Alaska; Shemya Island OR242962
- UAM11014 DDG1771 USA: Alaska; Shemya Island OR242961

L. c.
brachyrhynchus UAM8738 UAMX011 USA: Alaska; Fairbanks

- UAM42864 UAMX7352 USA: Alaska; Wasilla
- UAM2604 CPD250 USA: Alaska; Lower Kashunuk Study Area
- UAM3276 CPD142 USA: Alaska; Kashunuk River
- UAM24812 UAMX4789 USA: Alaska; Fairbanks OR242958
- UAM36875 JJW2921 USA: Alaska; Eielson Air Force Base OR242957

- UAM26901 JJW01O
USA: Alaska; Kodiak Island, Monashka 
Bay OR242956
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- UAM14803 DDG1922 USA: Alaska; Unalaska Island
- UAM14682 DDG1921 USA: Alaska; Unalaska Island

L. argentatus 
vegae UAM25983 JJW343 USA: Alaska; Kiska Island

- UAM13016 UAMX1441 USA: Alaska; Norton Sound
- UAM36506 JJW2719 USA: Alaska; St. Lawrence Island
- UAM3568 DDG574 USA: Alaska; Shemya Island
- UAM25987 JJW224 USA: Alaska; Attu Island
- UAM25984 JJW257 USA: Alaska; Adak Island
- UAM28162 KSW5090 Russia: Yakutia; Indigirka River, Yurlov
- UAM26660 KSW5044 Russia: Yakutia; Indigirka River, Chokurdach

L. a. smithsonianus UAM4229 SU07 USA: Alaska; Susitna River mouth
— UAM4223 DDG798 USA: Alaska; Susitna River mouth
- UAM4998 SU04 USA: Alaska; Susitna River mouth
- UAM4254 SU05 USA: Alaska; Susitna River mouth
- UAM4227 SU08 USA: Alaska; Susitna River mouth

UAM35751 JJW2551 USA: Alaska; Eielson Air Force Base OR242949

UAM30575 JJW1533
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR242952

- UAM35753 JJW2549 USA: Alaska; Eielson Air Force Base OR242948
- UAM35754 JJW2548 USA: Alaska; Eielson Air Force Base OR242947
- UAM35755 JJW2547 USA: Alaska; Eielson Air Force Base OR242946

L. hyperboreus UWBM40549 CDS2258 USA: Alaska; St. Lawrence Island
UWBM53382 Arctic Ocean: 68.457, -176.127

- UAM9257 KSW2490
USA: Alaska; Seward Peninsula, Taylor
Highway OR242971

- UAM41664 JJW4367 USA: Alaska; St. Matthew Island
- UAM4000 ARL94 USA: Alaska; Utquiagvik
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- UAM40191 JJW3586 USA: Alaska; Seward Peninsula, Safety Sound
- UAM4008 ARL24 USA: Alaska; Utquiagvik
- UAM24327 UAMX4940 USA: Alaska; Utquiagvik
- UAM8929 UAMX683 USA: Alaska; Beaufort Sea, Colville River Delta
- UAM28160 KSW5108 Russia: Yakutia; Indigirka River
- UAM28158 KSW5035 Russia: Yakutia; Indigirka River, Chokurdach
- UAM40190 JJW3585 USA: Alaska; Fairbanks International Airport
- UWBM CSW4526 Russia: Chukotka Republic; Anadyr', Avtatkuul River
- UWBM CSW4379 Russia: Magadanskaya Oblast'; Oroholyndja River
- UWBM CSW4378 Russia: Magadanskaya Oblast'; Oroholyndja River

Gavia stellata UWBM56951 SVD1185
Russia: Tyumenskaya Oblast'; Yamalo-Nenetskiy 
Avtonomny Okrug, Noyabr'sk

- UWBM44652 SAR6292 Russia: Magadanskaya Oblast'; Talon
- UAM28250 JJW781 USA: Alaska; Attu Island
- UAM25992 JJW176 USA: Alaska; Attu Island
- UAM6984 DDG1549 USA: Alaska; Lake Minchumina
- UAM13486 DDG1891 USA: Alaska; Attu Island
- UAM40093 UAMX6608 USA: Alaska; Utquiagvik OR242924
- UAM38314 UAMX3952 USA: Alaska; Utquiagvik OR242925
- UWBM44653 SAR6293 Russia: Magadanskaya Oblast'; Talon OR242923

- UAM20711 KGM628
USA: Alaska; Alaska Range, Denali
Highway OR242922

- UWBM44260 JMB1099 Russia: Yakutia; Cherskiy, Stanovaya OR242921
- UWBM44259 JMB1098 Russia: Yakutia; Cherskiy, Stanovaya OR242920
- UAM40094 JJW3574 USA: Alaska; Utquiagvik OR242919

- UAM13601 DAR275
USA: Alaska; Seward Peninsula, Taylor
Highway OR242918

UWBM DAB063
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242917
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UWBM CSW4461
Russia: Chukotka Republic; Anadyr', 
Avtatkuul River OR242916

Picoides 
tridactylus UAM5121 ECM13 USA: Alaska; Fairbanks

- UAM5117 ECM12 USA: Alaska; Rosie Creek Bum
- UAM6377 ECM14 USA: Alaska; Fairbanks, Bonanza Creek
- UAM4173 TOO4013 USA: Alaska; Galena
- UAM4174 TOO4014 USA: Alaska; Galena
- UAM17739 TB1448 Mongolia: Selenge OR243094

- UWBM52660 SVD144
Russia: Magadanskaya Oblast'; 
Khasynskiy Rayon, Stekol'nyy OR243093

UWBM44422 SAR6046

Russia: Krasnodarskiy Kray;
Bogurchanskiy Rayon, Chunoyar Railroad
Station OR243092

P. dorsalis 
fasciatus UAM38277 UAMX3705

USA: Alaska; Fairbanks, Chena River 
Flood Control Project

- UAM35779 JJW2564 USA: Alaska; Tanana Uplands, Coffee Dome
- UAM34107 JJW2191 USA: Alaska; Tolovana River, near Elliot Highway
- UAM37623 JJW2951 USA: Alaska; Interior, Standard Creek Road
- UAM30482 JJW1694 USA: Alaska; Fairbanks, 4th of July Hill
- UAM20114 UAMX3273 USA: Alaska; Sterling OR243090
- UAM8580 UAMX503 USA: Alaska; Dillingham OR243091
- UAM38328 JJW3139 USA: Alaska; Chatanika River OR243089
- UAM36600 JJW2842 USA: Alaska; Hyder OR243088

- UAM31832 JJW2059
USA: Alaska; Kodiak Island, Monashka 
Bay OR243087

Pica pica UWBM15249 TB1490 Mongolia: Aphoud Area
- UWBM60996 IUK127 Russia: Tverskaya Oblast' Konakovo
- UWBM57283 VM386 Russia: Moscovskaya Oblast'
— UWBM74469 Russia: Kirovskaya Oblast'
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- UWBM74474 Russia: Kirovskaya Oblast'

- UWBM74697
Russia: Primorskiy Kray; Spasskiy 
Rayon, Gayvoron OR243086

- UWBM74569
Russia: Primorskiy Kray; Spasskiy 
Rayon, Gayvoron OR243085

UWBM72091
Russia: Primorskiy Kray; Ussuriyskiy 
Rayon, Ussuriysk OR243084

- UWBM72084
Russia: Primorskiy Kray; Ussuriyskiy 
Rayon, Ussuriysk OR243083

- UWBM47197 Russia: Khabarovskiy Kray OR243082
- UWBM44585 Russia: Kamchatka; 5 km NW Sokhoch OR243081
— UWBM44584 Russia: Kamchatka; 5 km NW Sokhoch OR243080
- UWBM44581 Russia: Kamchatka; Sokhoch OR243079

P. hudsonia UAM15051 DDG1941 USA: Alaska; Unimak Island
- UAM42967 UAMX7360 USA: Alaska; Richardson Highway, Big Lake
- UAM13239 UAMX1487 USA: Alaska; Kodiak Island, Kalsin Dump
- UAM10139 UAMX972 USA: Alaska; Kodiak Island, Kalsin Lake
- UAM15247 RWD35302 USA: Alaska; Kodiak Island
- UAM10105 UAMX953 USA: Alaska; Kodiak Island OR243078
- UAM8511 JJW2704 USA: Alaska; Cold Bay OR243077

— UAM27024 JJW683
USA: Alaska; Kodiak Archipelago, 
Chirikof Island OR243076

- UAM17742 CLP245 USA: Alaska; Popof Island OR243075
- UAM13052 CLP219 USA: Alaska; Izembek NWR OR243074
- UAM13053 CLP218 USA: Alaska; Izembek NWR OR243073
- UAM12453 CLP208 USA: Alaska; Izembek NWR OR243072

Corvus corax UAM10111 DDG1756 USA: Alaska; Shemya Island

UWBM57899 BKS4041
Mongolia: Arhanyay Aymog; Hangayn 
Nuruv OR242874

- UWBM61493 SVD1746 Russia: Krasnodarskiy Kray; Apsheronskiy Rayon
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- UWBM64779 SVD2094 Russia: Krasnodarskiy Kray; Mostovskoi Rayon, Psebai

— UAM38000 JJW2991
USA: Alaska; Kodiak Island, Sitkinak
Island OR242878

- UAM573 BK677 USA: Alaska; Fairbanks, Steele Creek Road
- UAM39709 JJW23401 USA: Alaska; Wrangell, Five-mile Island
- UAM34552 JJW2261 USA: Alaska; Kodiak Island, City Dump
- UAM41246 JJW4052 USA: Alaska; Sitka
- UAM11113 UAMX1061 USA: Alaska; Attu Island OR242888
- UAM9313 UAMX844 USA: Alaska; Attu Island OR242889
- UAM17737 TB1445 Mongolia: Selenge OR242887

UWBM SVD1398
Russia: Yamalo-Nenetskiy Avtonomyy 
Okrug; Labytnangi OR242885

- UWBM SVD231a
Russia: Magadanskaya Oblast'; Tauy 
River OR242886

- UAM15040 RWD26009 USA: Alaska; Attu Island OR242884
- UAM22252 KSW4763 USA: Alaska; Unalakeet, Golsovia River OR242883
- UAM8803 KSW2715 USA: Alaska; Izembek NWR OR242882
- UAM17761 JMM133 USA: Alaska; Shemya Island OR242881

- UAM41600 JJW4373
USA: Alaska; St. Matthew Island Group, 
Hall Island OR242880

- UAM39709 JJW3401 USA: Alaska; Fivemile Island OR242879
- UAM10021 DDG1749 USA: Alaska; Attu Island OR242877

UWBM57909 BKS4052
Mongolia: Arhanyay Aymog; Hangayn
Nuruv OR242875

- UWBM56544 BKS3241
Russia: Tyumenskaya Oblast'; Yamalo- 
Nenetskiy, Vengoyakha River OR242873

UWBM46861 BKS908
Russia: Magadanskaya Oblast'; Yana 
River OR242876

Phylloscopus 
examinandus UAM37652 DDG2090 USA: Alaska; Shemya Island
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- UAM14707 KSW3933 Japan: Hokkaido
- UAM41639 JJW4361 USA: Alaska; St. Matthew Island Group, Hall Island
- UAM41640 JJW4359 USA: Alaska; St. Matthew Island Group, Hall Island
- UAM41641 JJW4357 USA: Alaska; St. Matthew Island Group, Hall Island
— UAM30461 KSW5373 Russia: Kamchatka; Izba
- UAM30462 KSW5354 Russia: Kamchatka; Klyuchivskaya Lake
- UAM30464 KSW5336 Russia: Kamchatka; Esso
- UAM29472 KSW5250 Russia: Kamchatka; Petropavlovsk
- UAM17665 DDG1991 USA: Alaska; Shemya Island

P. borealis 
borealis UAM36666 KSW4761 USA: Alaska; Nulato Hills

- UAM7364 RCF244 USA: Alaska; High Valley
- UAM41205 JJW3817 USA: Alaska; Alaska Range, Sevenmile Lake
- UAM41204 JJW3819 USA: Alaska; Alaska Range, Sevenmile Lake
- UAM41201 JJW3797 USA: Alaska; Denali Highway

— UWBM82285 SVD2978
Russia: Chukotsky Avtonomnyy Okrug;
Anadyr'skiy Rayon, Markovo OR243061

- UWBM82284 SVD2977
Russia: Chukotsky Avtonomnyy Okrug;
Anadyr'skiy Rayon, Markovo OR243060

- UWBM44418 SAR6042
Russia: Magadanskaya Oblast';
Oroholyndja River OR243059

- UWBM44417 SAR6041
Russia: Magadanskaya Oblast';
Oroholyndja River OR243058

UWBM43818 CSW4345
Russia: Magadanskaya Oblast';
Oroholyndja River OR243057

P. b. kennicotti UAM18683 JMM192 USA: Alaska; Denali Highway, 45 mile
— UAM18682 JMM189 USA: Alaska; Denali Highway, 26 mile
- UAM723 TJC465 USA: Alaska; Colville River
- UAM4115 DDG738 USA: Alaska; Susitna River Highlands
— UAM4296 USA: Alaska; Umiat
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- UAM7372 KSW1456 USA: Alaska; Alaska Range, Denali Highway
- UAM20150 JMM338 USA: Alaska; Kilbuck Mountains, Goodnews River
- UAM20149 JMM337 USA: Alaska; Kilbuck Mountains, Goodnews River
- UAM36347 JJW2649 USA: Alaska; Seward Peninsula, Snake River
- UAM34615 JJW2241 USA: Alaska; Seward Peninsula, Snake River

Luscinia svecica UAM18067 TB1492 Mongolia: Khoud River
- UAM26876 TB1537 Mongolia: Khar Lake
- UAM22718 KSW4974 Russia: Novosibirsk Region
- UAM29542 KSW5116 Russia: Yakutia; Indigirka River
- UAM29541 KSW5110 Russia: Yakutia; Indigirka River
- UAM3193 BK864 USA: Alaska; Serpentine Hot Springs
- UAM3192 BK861 USA: Alaska; Harris Dome, Iron Creek
- UAM28709 JJW1170 USA: Alaska; Seward Peninsula: Sinuk Road

UAM17727 MJM047
USA: Alaska; Dalton Highway, 69.01, 
148.49 OR242902

- UAM30353 JJW1630 USA: Alaska; Nome, Glacier Creek Road, Snake River
- UWBM44489 SAR6270 Russia: Kamchatka; Milkovo OR242905

UWBM44629 SAR6269 Russia: Kamchatka; Milkovo OR242904

- UAM15419 MJM048
USA: Alaska; North Slope, Dalton
Highway, Ice Cut OR242903

UAM8944 KSW2481
USA: Alaska; Seward Peninsula, Taylor
Highway OR242901

UAM8584 KSW2409
USA: Alaska; Seward Peninsula, Taylor
Highway OR242900

_ UAM8945 KSW2408
USA: Alaska; Seward Peninsula, Taylor
Highway OR242899

- UAM8946 KSW2407
USA: Alaska; Seward Peninsula, Taylor
Highway OR242898

- UAM8585 KSW2406
USA: Alaska; Seward Peninsula, Taylor
Highway OR242897
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- UAM27366 JJW216 USA: Alaska; Attu Island
- UAM15178 DDG1935 USA: Alaska; Attu Island
- UAM13402 ABJ133 USA: Alaska; Attu Island

Anthus rubescens 
japonicus UAM3687 DDG638 USA: Alaska; Shemya Island

- UWBM67639
Russia: Respublika Tyva; Erzinskiy 
Kozhuun

UWBM64757 SVD2050 Russia: Krasnodarskiy Kray; Polyana
- UWBM64741 Russia: Krasnodarskiy Kray; Polyana
- UWBM61218 IUK358 Russia: Krasnodarskiy Kray; Polyana
- UAM15068 KSW3980 USA: Alaska; Attu Island OR242820
- UAM39615 JJW3455 USA: Alaska; Middleton Island OR242821
- UAM28057 JJW905 USA: Alaska; Shemya Island OR242822
- UAM27351 JJW864 USA: Alaska; Shemya Island OR242823
- UAM13353 DDG1877 USA: Alaska; Shemya Island OR242824

A. r. pacificus UAM21133 DDG2068 USA: Alaska; Shemya Island
- UAM19861 UAMX4074 USA: Alaska; Attu Island

UAM20069 UAMX4049 USA: Alaska; Attu Island
- UAM5475 DDG1042 USA: Alaska; Mt. Fairplay
- UAM5170 USA: Alaska; Susitna River Highlands
- UAM13540 RWD25949 USA: Alaska; Eagle Summit OR242825

- UAM19419 MJM037
USA: Alaska; North Slope, Dalton 
Highway OR242816

— UAM31928 JJW2046 USA: Alaska; Kodiak Island OR242817
- UAM31927 JJW2045 USA: Alaska; Kodiak Island OR242818
- UAM11452 CLP200 USA: Alaska; Frosty Peak OR242819

Pinicola 
enucleator 
kamtschatschensis UWBM26899 Russia: Chukotsky Peninsula

- UWBM47313 SAR6537 Russia: Sakhalinskaya Oblast'



Supplemental Table 3.2.1 cont.

148

- UWBM82324 SVD3064 Russia: Chukotsky Avtonomny Okrug
— UWBM45273 Russia: Primorskiy Kray; Spasskiy Rayon

- UWBM SVD423
Russia: Magadanskaya Oblast';
Ol'skiy Rayon, Snezhnaya Doyon

- UWBM SVD407
Russia: Magadanskaya Oblast';
Ol'skiy Rayon, Snezhnaya Doyon

- UWBM SAR6539 Russia: Sakhalinskaya Oblast'
- UWBM SAR6538 Russia: Sakhalinskaya Oblast'
- UAM24602 DDG2190 USA: Alaska; Shemya Island
- UAM24601 DDG2189 USA: Alaska; Shemya Island

P. e. flammula UAM6677 DDG1443 USA: Alaska; Shumagin Island
- UAM10158 UAMX1014 USA: Alaska; Kodiak
- UAM29470 JJW1360 USA: Alaska; Kodiak Island, Happy Beach
— UAM7640 DDG1477 USA: Alaska; Mile 18 Richardson Highway
- UAM18072 SCH088 USA: Alaska; Revilagigedo Island
- UAM8794 KSW1695 USA: Alaska; Kodiak Island, American River
- UAM8797 KSW1694 USA: Alaska; Kodiak Island
- UAM28530 JJW1097 USA: Alaska; Kodiak Island, Kalsin Bay
- UAM26361 JJW030 USA: Alaska; Kodiak Island, Narrow Cape
- UAM11286 ABJ012 USA: Alaska; Revilagigedo Island
- UAM11285 ABJ011 USA: Alaska; Revilagigedo Island

Calcarius lapponicus 
coloratus UWBM49693 Russia: Murmanskaya Oblast'; Teriberka

- UWBM49674 Russia: Murmanskaya Oblast'; Teriberka
- UWBM82269 SVD2942 Russia: Chukotsky Avtonomnyy Okrug; Anadyr'
- UWBM82245 Russia: Chukotsky Avtonomnyy Okrug; Anadyr'
- UWBM44514 SAR6151 Russia: Yakutia; Cherskiy, Little Kon'kovaya
- UAM29827 Russia: Commander Islands; Bering Island
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G l. alascensis UAM10092 CLP181 USA: Alaska; Izembek NWR
- UAM7667 RCF256 USA: Alaska; Denali Highway Mile 34
- UAM11120 DDG1793 USA: Alaska; Nunivak Island
- UAM44937 JJW4901 USA: Alaska; Yukon-Tanana Uplands
- UAM BK919
- UAM13337 RWD25944 USA: Alaska; Shemya Island OR242849
- UAM7653 KSW1821 USA: Alaska; Attu Island OR242848
- UAM19614 CLP051 USA: Alaska; Shemya Island OR242847
- UAM9525 CLP048 USA: Alaska; Shemya Island OR242846
- UAM9407 CLP038 USA: Alaska; Shemya Island OR242845

Leucosticte arctoa UWBM45266 Russia: Buryatia Republic
- UWBM44623 SAR6263 Russia: Kamchatka; Milkovo OR242979
- UWBM57878 BKS3998 Mongolia: Dzavhan Aymag
- UWBM46607 GAV230 Russia: Buryatia Republic; Barguzin
- UWBM46605 GAV228 Russia: Buryatia Republic; Barguzin
- UWBM44624 SAR6264 Russia: Kamchatka; Milkovo OR242980
— UWBM44623 SAR6262 Russia: Kamchatka; Milkovo OR242978
- UWBM44622 JMB1211 Russia: Kamchatka; Milkovo OR242977
- UWBM CSW4675 Russia: Kamchatka; Milkovo OR242976

L. tephrocotis 
umbrina UAM6943 BKS990 USA: Alaska; St. Paul Island

- UAM7531 KSW1646 USA: Alaska; St. Paul Island OR242998
- 2412 USA: Alaska; St. Paul Island
- 4893 USA: Alaska; St. Matthew Island
- 4894 USA: Alaska; St. Matthew Island
- UAM17748 UAMX2921 USA: Alaska; St. George Island OR242999
- UAM AF14351 OR242997
- UAM AF14346 OR242996
- UAM AF14344 OR242995
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L. t. griseonucha UAM6040 DDG1195 USA: Alaska; Attu Island
UAM27283 JJW315 USA: Alaska; Segula Island

- UAM6656 DDG1398 USA: Alaska; Adak Island
- UAM37734 JJW2783 USA: Alaska; Sutwik Island
- UAM35406 JJW2434 USA: Alaska; Chirikof Island
- UAM24607 UAMX5168 USA: Alaska; Attu Island OR242985
- UAM24603 UAMX5158 USA: Alaska; Attu Island OR242984
- UAM31439 RWD24857 USA: Alaska; Attu Island OR242983
- UAM31438 RWD24852 USA: Alaska; Attu Island OR242982
- UAM10981 DDG1750 USA: Alaska; Shemya Island OR242981

L. t. littoralis UAM40959 JJW3814 USA: Alaska; Alaska Range OR242989
- UAM40954 JJW3809 USA: Alaska; Alaska Range OR242987
- UAM2917 WC108 USA: Alaska; Denali National Park
- UAM4371 USA: Alaska; Seward Highway
- UAM5409 DDG989 USA: Alaska; Middleton Island

UAM40961 JJW3816
USA: Alaska; Alaska Range, Sevenmile 
Lake OR242990

UAM40957 JJW3812
USA: Alaska; Alaska Range, Sevenmile 
Lake OR242988

- UAM28707 JJW1163
USA: Alaska; Alaska Range, Sevenmile 
Lake OR242986

L. t. tephrocotis UAM38651 JJW3201 USA: Alaska; Tanana-Yukon Uplands
- UAM38653 JJW3203 USA: Alaska; Tanana-Yukon Uplands
- UAM35598 JJW2465 USA: Alaska; Tanana-Yukon Uplands OR242992
- UAM4780 LJP486 Canada: British Columbia, mile 8.5 Cassier Road
- UAM4369 LJP485 Canada: British Columbia, mile 8.5 Cassier Road
- UAM38654 JJW3204 USA: Alaska; Mt. Prindle OR242993
- UAM35600 JJW2460 USA: Alaska; Mt. Prindle OR242991
- UAM27288 JJW873 USA: Alaska; Murphy Dome OR242994
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Plectrophenax 
nivalis UAM5741 USA: Alaska; Nome, East Safety Sound

- UAM3301 USA: Alaska; College, West Ridge

- UAM1268 BK776
USA: Alaska; Northwest side of Otogoruk Valley, Crowbill 
Ridge

- UAM29520 JJW1370 USA: Alaska; Kodiak Island, Sharatin Bay
- UAM14675 CLP134 USA: Alaska; Adak Island
- UAM8474 KSW2691 USA: Alaska; Cold Bay OR243115
- UAM8476 KSW2690 USA: Alaska; Cold Bay OR243114
- UAM27725 JJW292 USA: Alaska; Kiska Island OR243113
- UAM11856 CLP163 USA: Alaska; Izembek NWR OR243112

P. hyperboreus UAM8480 USA: Alaska; St. Matthew Island
- UAM21099 USA: Alaska; Shemya Island
- UAM13167 USA: Alaska; Bethel, Tundra Ridge
- UAM44242 USA: Alaska; St. Matthew Island
- UAM29503 USA: Alaska; Kodiak Island, Kaguyak Bay
- UAM8200 KSW1617 USA: Alaska; St. Matthew Island OR243108
- UAM7524 KSW1611 USA: Alaska; St. Matthew Island OR243109
- UAM7066 KSW1610 USA: Alaska; St. Matthew Island OR243110
- UAM7407 KSW1588 USA: Alaska; St. Matthew Island OR243111



Supplemental Table 3.2.2: Pairwise divergence metrics. Philippine Da values were generated in this study. All other Philippine 
divergence metrics are referenced from Campbell et al. (2016), but ND2 p-distance has been corrected to account for small sample 
size to be directly comparable with Beringian data. Additionally, Philippine species names have been changed to reflect the updated 
taxonomy of this group since the original publication of the data in Campbell et al. (2016). All Philippine taxonomic names follow the 
IOC World Bird List v. 12.1.
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System Taxon 1 Taxon 2
Full mito­
genome JC- 
distance

ND2 JC- 
distance

Full mito-
genome
DA

ND2 DA
Total 
phenotypic 
distance

Beringia Mareca penelope M. americana 1.43 1.23 114.69 6.42 9

- Anas platyrhynchos A.
platyrhynchos 0.34 0.59 4.93 0.56 2

- A. crecca A. carolinensis 3.19 0.22 425.1 36.89 5
- Aythya marila A. marila 1.32 1.56 75.43 7.18 2
- Somateria spectabilis S. spectabilis 0.25 0.35 7.45 0.92 2
- S. mollissima S. mollissima 0.33 0.39 6.32 0.74 2

- Histrionicus 
histrionicus (Eurasia)

H. histrionicus 
(North 
America)

0.05 0.06 1.05 0.13 2

- Melanitta americana M. americana 0.12 0.12 0 0.34 5
- Clangula hyemalis C. hyemalis 0.11 0.08 0.33 0 2

- Mergus merganser 
merganser

M. m.
americanus

0.48 0.65 3.1 0.17 4

- Lagopus lagopus koreni L. l. alascensis 0.3 0.31 1.71 0.36 3
- Pluvialis fulva P. dominica 3.21 4.22 529 42.95 7

- Numenius phaeopus 
variegatus

N. p.
hudsonicus 1.18 2.91 27.32 32.43 8

- Arenaria interpres A.
melanocephala 3.62 4.08 540.79 36.09 8

- Calidris alpina 
arcticola

C. a. pacifica 2.45 2.42 13.86 1.43 4

- Gallinago gallinago G. delicata 1.97 2.92 50.7 5.1 5
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- Tringa brevipes T. incana 3.82 4.96 623.34 51.73 8

- T. nebularia T.
melanocephala 1.73 1.89 117.94 6.19 8

- Uria aalge inornata 
(Eurasia)

U. a. inornata 
(North 
America)

0.46 0.43 15.58 1.5 2

- U. lomvia arra 
(Eurasia)

U. l. arra 
(North 
America)

1.99 2.77 7.57 0.36 2

- Larus canus
kamtschatschensis

L.
brachyrhynchus 0.89 1.1 20.13 1.23 5

- L. argentatus vegae L. a.
smithsonianus 0.41 0.42 2.84 0.48 3

- L. hyperboreus 
(Eurasia)

L. hyperboreus 
(North 
America)

0.32 0.38 1.53 0.08 2

- Gavia stellata G. stellata 0 0 2.21 0 3

- Picoides tridactylus P. dorsalis 
fasciatus

2.89 2.49 259.42 14.4 6

- Pica pica P. hudsonia 3 3.91 343.6 29.62 5

- Corvus corax (Eurasia) C. corax (North 
America) 0.56 0.4 17.55 3.21 2

- Phylloscopus 
examinandus P. borealis 2.74 2.36 79.93 2.22 5

- P. borealis borealis P. b. kennicotti
L. svecica

2.74 1.86 9.19 0.83 4

- Luscinia svecica 
(Eurasia)

.
(North 
America)

0.16 0.14 0.6 0.03 2

-
Motacilla 
tschutschensis 
tschutschensis

Mt. simillima 0.69 1.07 11.46 1.24 3
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- Anthus rubescens 
japonicus A. r. pacificus 2.7 3.75 159.47 21.41 4

- Pinicola enucleator 
kamtschatschensis P. e. flammula 2.06 2.72 28.93 2.8 4

- Calcarius lapponicus 
coloratus C. I. alascensis 2.27 1.52 45.77 0.24 4

- Leucosticte arctoa L. tephrocotis 1.35 1.85 103.94 7.19 8
- Plectrophenax nivalis P. hyperboreus 0.43 0.76 5.09 0.13 5

Philippines
Gallus gal/us 
philippensis (Mindanao, 
Bohol, Cebu)

G.g. 
philippensis 
(Busuanga)

- 0.02 - 0 1

G. g. philippensis 
(Mindanao, Bohol, 
Cebu)

G.g. 
philippensis 
(Luzon)

- 0.02 - 0 2

Collocalia marginata 
marginata

C. isonota 
bagobo

- 2.81 - 20.24 6

-
Dasylophus 
superciliosus 
superciliosus

D. s.
cagayanensis

- 1.64 - 16.34 8

- Phapitreron leucotis 
brevirostris (Bohol) P l. leucotis - 2.04 - 18.93 5

- P. l. brevirostris 
(Bohol) P. l. nigrorum - 3.07 - 31.04 5

- P. l. brevirostris 
(Mindanao)

P. l. brevirostris 
(Bohol) - 1.64 - 12.98 8

- P. l. brevirostris 
(Mindanao) P. l. leucotis - 3.01 - 27.36 6

- P. l. brevirostris 
(Mindanao) P. l. nigrorum - 3.55 - 34.53 4

- P. l. leucotis P. l. nigrorum - 3.81 - 38.17 4
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- Accipiter trivirgatus 
palawanus A. t. extimus - 3.04 - 28.81 9

- A. virgatus confusus 
(Luzon)

A. v. confusus 
(Panay) - 0.66 - 4.03 9

- A. v. confusus (Luzon) A. v. quagga - 0.53 - 3.02 6
- A. v. confusus (Panay) A. v. quagga - 0.23 - 1 8

- Ninox philippensis 
philippensis N. p. centralis - 3.03 - 19.42 4

- Otus megalotis O. everetti - 5.2 - 52.91 6
- 0. megalotis 0. nigrorum - 4.95 - 48.44 8
- 0. nigrorum 0. everetti - 4.39 - 42.82 5

- Harpactes ardens 
ardens H a. herberti - 2.08 - 20.54 11

Buceros hydrocorax 
hydrocorax

B. h.
mindanensis - 2.25 - 18.3 4

- Rhabdotorrhinus 
waldeni

R.
leucocephalus - 0.83 - 0 11

- Halycon coromanda 
linae H c. major - 2.09 - 21.58 3

- Chrysoco/aptes 
erythrocephalus

C. lucidus 
montanus - 2.72 - 27.85 2

- C. haematribon C.
erythrocephalus - 3.45 - 35.43 7

- C. haematribon C. lucidus 
montanus - 2.52 - 25.74 13

-
Microhierax 
erythrogenys 
erythrogenys

Me.
meridonalis - 4.19 - 41.73 3

- Gerygone sulphurea 
simplex

G. s.
rhizophorae - 0.3 - 0 6
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-
Erythropitta 
erythrogaster 
erythrogaster

E. e. thompsoni - 0.07 - 0 3

-
E. panayensis 
panayensis E. p. nigriloris - 5.63 - 51.03 10

E. p. panayensis E. p. 
nigrimentalis

- 5.05 - 46.25 6

- Pitta sordida sordida P. s. palawanus - 2.34 - 21.04 3

-
Pachycephala 
albiventris albiventris P. a. crissalis - 0.63 - 0 1

-
P. philippensis 
philippensis P. p. apoensis 3.78 35.7 8

- Coracina striata striata C. s. difficilis - 1.65 - 15.29 6

-
Rhipidura cyaniceps 
cyaniceps R. albiventris - 5.17 - 51.75 8

- R. superciliaris apo R. samarensis - 4.65 - 43.29 4

-
Dicrurus balicassius 
balicassius D. b. abraensis - 1.34 - 11.21 6

-
D. hottentottus 
palawanensis

D.h.
samarensis

- 5.96 - 61.73 7

- D. h. striatus D. h.
palawanensis - 6.43 - 65.78 6

-
Hypothymis azurea 
(Luzon)

H azurea 
(Busuanga)

- 1.03 - 11.39 4

-
Corvus samarensis 
sierramadrensis C. pusillus - 7.18 - 73.18 5

-
Pardaliparus elegans 
albescens P. e. elegans - 2.78 - 23.45 5

- P. e. albescens P. e. gilliardi - 2.44 - 22.97 9

- P. e. albescens P. e.
mindanensis

- 4.66 - 41.41 2
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P. e. albescens P.e. 
montigenus - 2.44 - 22.73 4

- P. e. elegans P. e. gilliardi - 0.53 - 1.18 3

- P. e. elegans P. e. 
montigenus - 0.47 - 0.43 2

- P. e. gilliardi P.e. 
montigenus - 0.18 - 0.39 2

P. e. mindanensis P. e. elegans - 4.83 - 40.91 7
- P. e. mindanensis P. e. gilliardi - 4.6 - 41.49 9

- P. e. mindanensis P.e. 
montigenus - 4.57 - 40.93 5

- Orthotomus chloronotus O. castaneiceps 
rabori - 10.61 - 112.14 10

-
Pycnonotus goiavier 
samarensis P. g. suluensis - 0.43 - 2.12 4

- P. g. samarensis P. g. suluensis - 6.49 - 57.33 4
- P. g. suluensis P. g. goiavier - 6.38 - 58.94 3

-
Poliolophus urostictus 
atricaudatus P. u. ilokensis - 4.23 - 41.19 10

- P. u. atricaudatus P.u.
philippensis - 4.67 - 43.57 9

- P. u. philippensis P. u. ilokensis - 2.97 - 26.97 9

- P. u. urostictus P. u.
atricaudatus - 4.45 - 41.36 7

- P. u. urostictus P. u. ilokensis - 0.21 - 0 6

- P. u. urostictus P.u.
philippensis - 3.19 - 27.09 6

-
Hypsipetes philippinus 
philippinus H p. saturatior - 0.98 - 6.42 2
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- Phylloscopus cebuensis 
cebuensis P. c. luzonensis - 2.28 - 20.48 5

- P. nigrorum 
benguetensis

P. n.
mindanensis - 4.63 - 42.92 7

- P. n. nigrorum P. n.
benguetensis - 1.13 7.18 5

- P. n. nigrorum P. n.
mindanensis - 4.87 - 48.24 10

- Zosterops japonicus 
vulcani Z. j. pectoralis - 1.36 - 7.99 4

- Z. j. vulcani Z. j. whiteheadi - 2.12 - 19.28 6
- Z. j. whiteheadi Z. j. pectoralis - 2.09 - 15.83 4
- Sitta oenochlamys apo S. o. isarog - 5.54 - 54.25 10
- S. o. apo S. o. mesoleuca - 5.61 - 55.62 9

- S. o. apo So. 
oenochlamys - 5.23 - 51.63 8

- S. o. isarog S. o. mesoleuca - 0.21 - 0.36 4
- S. o. oenochlamys S. o. isarog - 1.42 - 13.24 2
- S. o. oenochlamys S. o. mesoleuca - 1.42 - 12.49 6

- Sarcops calvus 
melanonotus S. c. calvus - 0.32 - 1 5

- Copyschus mindanensis 
mindanensis

C. m.
deuteronymus - 0.35 2.01 1

-
Cyornis rufigastra 
philippinensis 
(Mindanao)

C. r. simplex - 0.51 - 1.47 4

- C. r. philippinensis 
(Panay, Negros)

C. r. 
philippinensis 
(Mindanao)

- 0.57 - 1.68 5
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- C. r. philippinensis 
(Panay, Negros) C. r. simplex - 0.39 - 0 6

- Ficedula hyperythra F. luzoniensis 
nigrorum

- 1.33 - 12.33 5

- F. luzoniensis 
luzoniensis F. l. montigena - 2.49 - 24.1 16

- F. l. montigena F. l. nigrorum - 2.99 - 29.39 9

- Eumyias panayensis 
nigrimentalis E. p. nigriloris - 5.15 - 46.6 7

- Irena cyanogaster 
cyanogaster I c. hoogstraali - 6.22 - 63.37 9

- Dicaeum australe
(Luzon)

D. australe 
(Mindanao) - 0.39 - 0 2

- D. hypoleucum pontifex D.h.
cagayanense

- 3.28 - 21.98 15

- D. trigonostigma 
cinereigulare

D. t.
xanthopygium - 4.39 - 26.62 11

- Anthreptes griseigularis 
birgitae

A. malacensis 
paraguae

- 9.46 - 96.04 13

- Cinnyris jugularis 
jugularis C.j. aurora - 4.54 - 32.74 4

- C. jugularis obscurior C.j. aurora - 4.7 - 31.49 4
- C. jugularis obscurior C. j. jugularis - 0.58 - 4.08 2

- Prionochilus olivaceus 
parsonsi P. o. olivaceus - 5.07 - 49.23 10

- Lonchura leucogastra 
manueli L. l. everetti - 0.25 - 2.01 3
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Supplemental Table 3.2.3: Specific notes on plumage characters for Beringian phenotypic scores. Plumage scores were assigned after 

the criteria of Tobias et al. (2010), where 0 (negligible) indicates "no perceivable difference in plumage or bare skin. 1 (minor) 

indicates "slightly different wash or diffusion to all or part of any area", 2 (medium) indicates a "distinctly different tone/shade to all 

or part of a significant area of feathering", 3 (major) indicates a "contrastingly different hue/color|to all or part of a significant area of 

feathering", and 4 (exceptional) indicates "radically different coloration or pattern to most of plumage".

Taxon 1 Taxon 2
Plumage 
score(s) Notes

Mareca 
penelope M. americana

4
2 
1

M. penelope red head with blonde crown. M. americana grey head with 
iridescent green eyestripes
M. penelope grey bail ing extends further up flanks
M. americana reddish wash to bail ing on breast

Anas crecca A. carolinensis
2

1

A. carolinensis white line on scapularies, not present in A. crecca
A. crecca salt-and-pepper breast barring, A. carolinensis brown wash to breast 
barring

Melanitta 
americana 
(Eurasian)

M. americana (N
American)

orth

2
1

Eurasian M. americana orange bill knob, bright yellow in North American 
Eurasian M. americana dark brown underbelly, black in North American

Mergus 
merganser 
merganser

M m.
americanus

2
M. m. merganser black wing bar not present or does not extend to inner wing. M 
m. americanus black wing bar extends into white inner wing

Lagopus lagopus 
koreni L. l. alascensis
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1
L. l. koreni white mottling on breast . L. l. alascensis no white mottling (June 
females compared)

Pluvialis fulva P. dominica
P. fulva white facial stripe extends to flanks. P. dominica stripe terminates at

2 neck
2 P. fulva spotted undeitail coverts, P dominica solid black undertail coverts
1 P. dominica darker tail

Numenius 
phaeopus 
variegatus

N. p. 
hudsonicus

2 N. p. variegatus light rump patch, N. p. hudsonicus dark brown nunp patch
1 N. p. variegatus huffy/white tint ventrally, N. p. hudsonicus rufous tint ventrally
1 N. p. variegatus thicker superciliary line, narrower in N. p. hudsonicus

Arenaria interpres
A.
melanocephala

4 A. interpres red/calico upperparts . A. melanocephala solid black upperparts
2 A. interpres white gular patch, A. melanocephala solid black throat

Calidris alpina 
arcticola C. a. pacifica

1 C. a. pacifica brighter rufous coloration ventrally
Gallinago 
gallinago

Gallinago 
delicata

2 G. gallinago seven pairs of tail feathers, G. delicata eight pairs of tail feathers

1
G. gallinago much thicker buffy band on edge of wing coverts, thin in G. 
delicata

Tringa brevipes T. incana



Supplemental Table 3.2.3 cont.

162

2 T. brevipes whiter/less barred ventrally, T. incana more barred ventrally

2 T. brevipes tail undercoverts unpatterned, T. incana tail undercoverts barred

1 T. brevipes wanner gray dorsally, T. incana darker dorsal coloration

Tringa nebularia
T.
melanocephala

3 T. nebularia green legs, T. melanocephala yellow legs

3 T. nebularia white rump patch. T. melanocephala dark rump

2
T. nebularia whiter/less barred ventrally, T. melanocephala more heavily 
streaked ventrally

Larus canus
kamtschatschensis

L. c.
brachyrhynchus

2 T. c. kamtschatschensis larger white mirrors on wingtips
Larus argentatus 
vegae

L. a.
smithsonianus

1 L. a. vegae darker 2rny dorsally, L. a. smithsonianus lighter gray
Picoides 
tridactylus

P. dorsalis 
fasciatus

2
P. tridactylus heavily barred/dark ventrally, P. d. fasciatus lightly barred 
ventrally

Pica pica P. hudsonia

2
P. pica relatively large white spot on innermost primary, P. hudsonia smaller or 
absent equivalent white spot

1 P. pica iridescence blueish-purple, P. hudsonia iridescence greenish
Phylloscopus 
examinandus P. borealis

1 P. examinandus paler underparts
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Phylloscopus 
borealis borealis P. b. kennicotti

1 P. b. borealis underparts some" hat paler
Motacilla 
tschutschensis 
tschutschensis M. t. simillima

1
M. t. tschutschensis larger white throat patch, M. t. simillima throat patch reduced 
or absent, but individuals highly variable

Anthus rubescens 
japonicus A. r. pacificus

1
A. r. japonicus more rufous wash to throat and underparts, A. r. pacificus 
corresponding areas buffy

1 A. r. japonicus heavily streaked ventrally, A. r. pacificus less so

Pinicola enucleator 
kamtschatschensis P. e. flammula

1 P. e. kamtschatschensis wider white edoes on wings

1 P. e. flammula more intense dorsal red coloration
Calcarius 
lapponicus 
coloratus C. l. alascensis

1
C. l. coloratus darker upperparts w/ thicker black streaking, C. l. alascensis paler 
upperparts w/ thinner streaking

1 C. l. coloratus reddish edges of upper wing coverts

Leucosticte arctoa L. tephrocotis

3 L. arctoa black/brown head, L. tephrocotis gray head and black mask

1 L. arctoa body dark black, brown, L. tephrocotis warmer brown body
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Plectophenax 
nivalis P. hyperboreus

3
P. nivalis upper parts and wings mostly black, P. hyperboreus corresponding 
areas white with limited black spotting



Supplemental Table 3.2.4: Beringian linear regression details. All regressions are plotted in

Supplemental Figure 4.1.3 A-B.

Notes: *** ...p < 0.00

Regression System Slope Intercept df Adjusted r2 p-value

Phenotypic distance vs. 
Full mitogenome

0.99 2.69 34 0.39 <0.0001

JC-distance ***
Phenotypic distance vs. 
Full mitogenome DA 
***

Beringia

Beringia

0.01 3.44 34 0.35 <0.0001
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Supplemental Table 3.2.5: PIC internode data. Nodes correspond to labeling on mtDNA trees 

(Supplemental Figure 4.1.1A-C). DA and full mitogenomic data did not show phylogenetic signal 

and are not included here.

System ND2 JC-distance Phenotypic distance Node
Beringia 0.8071 0.7770 37
- 0.3668 0.1299 38
- -0.5289 0.1435 39
- 2.1471 1.8879 40
- -1.2247 -1.5657 41
- 0.9675 1.7479 42
- 0.1669 -0.1549 43
- -0.0727 0.2840 44
- 0.3194 1.5811 45
- -2.1708 0.7071 46
- -1.1738 -3.5355 47
- 0.4430 -0.7951 48
- 1.6546 0.0 49
- 0.4427 0.9487 50
- -0.0283 -0.7071 51
- 0.3629 0.1699 52
- -0.2243 -0.5020 53
- 0.5660 0.2942 54
- 2.4819 2.1213 55
- 1.6647 1.4037 56
- 0.0 -0.9950 57
- 0.3869 -0.8321 58
- -1.8950 -0.7071 59
- -0.4705 -1.1547 60
- -0.7707 1.4142 61
- 0.8485 -2.8284 62
- 0.4775 2.7736 63
- 0.6735 -2.1381 64
- -2.6870 -4.2426 65
- 0.2968 0.0535 66
- -1.0465 0.0 67
- 0.1022 0.1136 68
- -0.0283 0.0 69
- -0.2055 -2.8460 70
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Supplemental Table 3.2.5 cont.
- 0.3748 -0.7071 71
Philippines -1.4222 -2.5420 95
- 0.0 0.7071 96
- 0.6010 -1.1356 97
- 1.0504 -1.7917 98
- -0.7704 1.8091 99
- 0.4532 -0.5774 100
- 0.3394 -0.7071 101
- 0.6859 0.7071 102
- -0.7176 1.3864 103
- 0.0025 0.4366 104
- -0.3351 1.9841 105
- -0.5267 1.5031 106
- 1.6521 0.7442 107
- -0.2308 0.3162 108
- 0.0919 2.1213 109
- 0.9008 -1.0225 110
- -1.2143 -1.3644 111
- 0.3352 -0.3162 112
- -0.3960 -2.1213 113
- -0.2839 3.2088 114
- 0.3415 2.2136 115
- -1.0041 4.9497 116
- -0.4564 -1.3644 117
- 0.1676 5.0596 118
- -0.6576 4.2426 119
- 1.8204 -0.8687 120
- 0.0634 -1.7165 121
- 1.6051 0.0 122
- -1.3442 -0.0809 123
- -0.3678 -0.5294 124
- -1.0215 0.5485 125
- -1.4084 -0.7023 126
- 2.2274 4.9497 127
- 0.1708 0.2674 128
- 0.3677 2.8284 129
- 0.5822 1.1927 130
- 1.3123 0.6325 131
- 3.5992 0.0 132

167



Supplemental Table 3.2.5 cont.

- 4.3487 0.7071 133
- -1.9508 -0.4204 134
- -1.6583 -5.3335 135
- 0.5629 5.3759 136
- 2.8284 6.3640 137
- 0.4160 -0.9260 138
- -2.8267 -2.4374 139
- -0.0911 -0.3989 140
- -2.8991 -2.1213 141
- -0.1104 -2.0936 142
- 2.9204 -0.7071 143
- -0.2233 0.8321 144
- 0.2404 -2.8284 145
- -1.9659 -2.8868 146
- I.5981 1.4142 147
- 0.1626 -1.4142 148
- 4.6571 2.7615 149
- -0.2577 -0.6162 150
- 0.5885 -0.6190 151
- 1.5563 1.4695 152
- 0.9285 -2.1151 153
- 1.8468 -0.6325 154
- -4.2851 0.0 155
- -0.6820 -0.7826 156
- 0.4743 -0.9487 157
- -3.1537 -2.1213 158
- 0.5376 -1.5811 159
- -0.8910 -0.7071 160
- 0.2498 1.2649 161
- 0.5162 0.0 162
- -1.0531 -1.3644 163
- 1.0309 -0.3162 164
- 2.6446 3.5355 165
- -2.0281 -1.5378 166
- -1.4338 -1.3553 167
- 1.6520 0.5164 168
- 2.4424 1.7625 169

-0.1202 -0.6325 170
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- -0.4101 -2.8284 171
- -0.2486 0.5062 172
- 0.0190 -0.9487 173
- 0.1273 -0.7071 174
- 0.9575 4.3412 175
- -0.8918 -4.7434 176
- -0.3536 4.9497 177
- 1.9086 1.9830 178
- -0.0495 0.7071 179
- -1.2676 0.0 180
- 2.7923 3.1623 181
- -0.8556 1.4142 182
- 0.9377 -0.0654 183
- 3.4829 5.8296 184
- 1.3535 0.6325 185
- 2.8001 1.4142 186
- -0.8132 0.7071 187
Dual-system -0.3534 0.0165 132
- -0.9826 -1.8747 133
- 0.0 0.7071 134
- -0.8211 -0.2589 135
- 0.6279 2.9471 136
- -0.7969 2.5298 137
- -2.6870 -4.2426 138
- 0.2968 0.0535 139
- -1.0465 0.0 140
- 0.1022 0.1136 141
- -0.0283 0.0 142
- -0.2055 -2.8460 143
- 0.3748 -0.7071 144
- 0.2192 -0.3498 145
- 1.0504 -1.7917 146
- -0.7704 1.8091 147
- 0.4532 -0.5774 148
- 0.3394 -0.7071 149
- 0.6859 0.7071 150
- 0.8090 0.3518 151
- 1.2247 1.5657 152
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- -0.9675 -1.7479 153
- 0.4430 -0.7951 154
- 1.6546 0.0 155
- 0.4427 0.9487 156
- -0.0283 -0.7071 157
- -0.1669 0.1549 158
- 0.0727 -0.2840 159
- -1.1738 -3.5355 160
- -0.3194 -1.5811 161
- -2.1708 0.7071 162
- 1.2594 0.9119 163
- -1.2544 -2.4803 164
- -0.6825 1.6286 165
- -0.3349 1.9732 166
- -0.5165 1.5389 167
- 1.6521 0.7442 168
- -0.2308 0.3162 169
- 0.0919 2.1213 170
- 0.9226 -0.9462 171
- -1.2143 -1.3644 172
- 0.3352 -0.3162 173
- -0.3960 -2.1213 174
- -0.2388 3.3678 175
- 0.3415 2.2136 176
- -1.0041 4.9497 177
- -0.3272 -0.9037 178
- -0.2084 -0.7442 179
- -0.1676 -5.0596 180
- -0.6576 4.2426 181
- 1.8356 -0.8519 182
- 0.0936 -1.6814 183
- 1.6051 0.0 184
- -1.2535 0.0247 185
- -0.2738 -0.3360 186
- -0.9020 0.5648 187
- -1.1663 -0.6695 188
- 2.2274 4.9497 189
- 0.7032 0.3396 190
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- 0.3677 2.8284 191
- 1.6790 1.3642 192
- 1.3123 0.6325 193
- 3.5992 0.0 194
- -1.7563 -0.2481 195
- 0.0759 0.9487 196
- -4.7942 -2.1213 197
- -1.6637 0.0148 198
- -1.6583 -5.3335 199
- 0.5629 5.3759 200
- 2.8284 6.3640 201
- -1.1567 -0.2475 202
- -1.2694 -1.9652 203
- 0.3869 -0.9707 204
- -1.8950 -0.8321 205
- -0.4705 -0.7071 206
- -0.7707 1.4142 207
- 0.8485 -2.8284 208
- 2.0319 1.5697 209
- -0.9237 0.0654 210
- -0.8132 0.7071 211
- 3.5226 5.8296 212
- 1.2017 0.6325 213
- 2.9133 1.4142 214
- 1.4536 1.4185 215
- 1.9086 1.9830 216
- -0.0495 0.7071 217
- -1.2676 0.0 218
- 2.7923 3.1623 219
- -0.8556 1.4142 220
- -1.5899 -0.3190 221
- 2.5634 2.1469 222
- -0.1202 -0.6325 223
- -0.4101 -2.8284 224
- 0.0018 1.3019 225
- 0.0190 -0.9487 226
- 0.1273 -0.7071 227
- -0.2340 -2.0453 228
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- -1.1746 -3.7210 229
- -0.8918 -4.7434 230
- -0.3536 4.9497 231
- -2.8523 -1.8851 232
- -0.1263 -1.7536 233
- -0.0433 0.5774 234
- -2.8991 -2.1213 235
- 2.9204 -0.7071 236
- -0.2233 0.8321 237
- 0.2404 -2.8284 238
- -1.9659 -2.8868 239
- 1.5981 1.4142 240
- 0.1626 -1.4142 241
- 4.3732 3.1094 242
- -0.5545 -0.0734 243
- -0.3247 -1.3292 244
- 0.0 -0.7071 245
- -1.0531 -1.3644 246
- 1.0309 -0.3162 247
- 2.6446 3.5355 248
- -2.0024 0.4982 249
- 0.2498 1.2649 250
- 0.5162 0.0 251
- 1.2510 -0.9485 252
- -8.0822 -2.1213 253
- 0.9285 -2.1151 254
- 1.8468 -0.6325 255
- -4.2851 0.0 256
- -0.6820 -0.7826 257
- 0.4743 -0.9487 258
- -3.1537 -2.1213 259
- 0.5376 -1.5811 260
- -0.8910 -0.7071 261
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Supplemental Table 3.2.6: Phylogenetically independent comparison (PIC)-based linear 

regressions for metrics where phylogenetic signal was found to be present.

Notes: ** ... p <0.01,*** ... p < 0.00

Regression System Slope Intercept df Multiple
2 r

Adjusted 
2 r

F-statist 
ic

p-val 
ue

PIC 
phenotypic 
distance vs. 
PIC ND2 
JC-distance 
** Beringia 71.89 -0.27 33 0.25 0.23 11.02 0.002
PIC 
phenotypic 
distance vs. 
PIC ND2 
JC-distance 
** Philippines 58.82 0.19 91 0.17 0.16 18.48

<
0.001

PIC 
phenotypic 
distance vs. 
PIC ND2 
JC-distance 
***

Dual-syste 
m 54.89 0.03 128 0.18 0.17 28.03

<
0.001
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Appendix B: Supplemental Figures

4.1: Chapter 2 Supplemental Figures
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Supplemental Figure 4.1.1 A: Beringian mtDNA tree used for phylogenetically independent 

contrasts. Internode labels denote the position of a common ancestor for which a PIC ND2 and 

PIC phenotypic value have been generated, and PIC values associated with these labels can be 

found in Supplemental Table 3.2.5. Due to unreliable branch length estimations in Philippine 

lineages, branch lengths have been standardized to 1.0 for comparative purposes.
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Supplemental Figure 4.1.1 B: Philippine mtDNA tree used for phylogenetically independent 

contrasts. Internode labels denote the position of a common ancestor for which a PIC ND2 and 

PIC phenotypic value have been generated, and PIC values associated with these labels can be 

found in Supplemental Table 3.2.5.
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Supplemental Figure 4.1.1 C: Dual-system nonpasseriform mtDNA tree used for 

phylogenetically independent contrasts. Internode labels denote the position of a common 

ancestor for which a PIC ND2 and PIC phenotypic value have been generated, and PIC values 

associated with these labels can be found in Supplemental Table 3.2.5. Due to unreliable branch 

length estimations in Philippine lineages, branch lengths have been standardized to 1.0 for 

comparative purposes.
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Supplemental Figure 4.1.1 D: Dual-system passeriform mtDNA tree used for phylogenetically 

independent contrasts. Internode labels denote the position of a common ancestor for which a 

PIC ND2 and PIC phenotypic value have been generated, and PIC values associated with these 

labels can be found in Supplemental Table 3.2.5. Due to unreliable branch length estimations in 

Philippine lineages, branch lengths have been standardized to 1.0 for comparative purposes.
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Supplemental Figure 4.1.2: Consensus phylogenetic tree used to standardize the deeper nodes of 

the Beringian and Philippine mtDNA topologies, adapted from Reddy et al. (2017)’s consensus 

tree.
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Supplemental Figure 4.1.3: Linear regressions of Beringian full mitogenomic divergence metrics 

against phenotypic divergence. Both p-distance (4A) and DA (4B) are positively correlated with 

phenotypic distance, although slope is substantially lower in 3B due to the scale of metrics and 

the positive relationship of DA with sequence length.
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Supplemental Figure 4.1.4: Linear regressions of Philippine and Beringian ND2 JC-distance 

divergence (for values < 5%) against phenotypic divergence. All Beringian individuals have been 

included, but Philippine birds include only the 75 (from 96) with divergences < 5%.
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