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1. LABORATORY METHODS AND MARKER SELECTION 

To prevent contamination of genomic DNA with amplified DNA (Paetkau 2003), we 
conducted DNA extractions and set up of PCR reactions in a room isolated from amplified DNA, 
ensuring minimal movement of staff and materials between facilities.  Genomic DNA was 
extracted using a “salting out” procedure described by Medrano et al. (1990), with modifications 
described in Sonsthagen et al. (2004) and, for feathers, in Talbot et al. (2011).  Genomic DNA 
concentrations were quantified using fluorometry and diluted to 50 ng µL–1 working solutions.   

1.1. Marker Selection 

Prior research (Pearce et al. 2005) leveraged data from 8 microsatellite loci from among 
19 microsatellite loci isolated in other waterfowl species to evaluate genetic relationships among 
nesting, breeding and wintering Steller’s eiders, including eiders nesting in Utqiaġvik, Alaska.  
We evaluated an additional 14 loci (see Talbot et al. 2020), also developed in other waterfowl 
species, using paired blood and feather samples from a subset of 10 presumably unrelated adult 
females sampled from Utqiaġvik, to augment, if necessary, the prior suite of loci for eventual use 
in determining individual identity based on feathers and eggshell membranes collected from nest 
bowls between 1993 and 2016 (for feathers), and 2005 and 2016 (for eggshell membranes).  
Laboratory protocols were similar to those provided below (see 1.2, Microsatellite Genotyping).  

Selection of a final 6-locus microsatellite suite for use in the current study, including 5 
used in prior analyses [Bcaµ11, Buccholtz et al. (1998), Sfiµ3, Sfiµ4 (Fields & Scribner 1997), 
Sfiµ10, Sfiµ11 (Libants et al. unpubl. data)) and one not previously used [Smo10 (Paulus & 
Tiedemann 2003)], was based on various criteria.  In addition to 1) the existence of prior data 
(Pearce et al. 2005), these criteria included 2) levels of heterozygosity; 3) power to determine 
individual identity; and 4) performance in analyses including feathers. 

Genetic Diversity and Testing of Loci for Individual Identity.  Genetic diversity levels and 
probability of identity estimates used to guide the marker selection were calculated for the six-
locus suite from a subset of 31 presumably unrelated adult female Steller’s eiders sampled from 
the study area as part of an earlier study (Pearce et al. 2005).  The mean number of alleles (A) 
and observed and expected heterozygosities (HO and HE) were calculated in Genepop’007 
(Raymond & Rousset 1995, Rousset 2008).  Each microsatellite was tested for deviation from 
Hardy-Weinberg equilibrium (HWE), using the Markov chain parameters provided 
(dememorization number = 10 000, number of batches = 100, and number of iterations per batch 
= 5000).  Since loci were not mapped to chromosomes, each pair of loci within each population 
was also tested for linkage disequilibrium (LD) in Genepop’007 using the Markov chain 
parameters provided.  MICROCHECKER (van Oosterhout et al. 2004) was used to check for the 
presence of potential null alleles.  To ensure genetic diversity values were not biased due to close 
genetic relationships among the majority of the 31 female adult Steller’s eiders, Queller & 
Goodnight’s (1989) relatedness (rxy), as implemented in the program IDENTIX (Belkhir et al. 
2002), was used to determine the average level of relatedness among the unrelated adults.  
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Analyses failed to detect deviation from HWE at any of the 6 loci (P ranged from 0.15 to 
0.76, overall χ2 = 11.13, df = 12, P = 0.52), and MICROCHECKER failed to detect evidence of 
null alleles, significant error due to stuttering, or large allelic dropout at any locus.  We observed 
no signature of LD (P ranged from 0.19 to 0.95 across locus-by-locus comparisons.  Average rxy 
across loci was -0.036 (var = 0.076), suggesting that, on average, most of the 31 individuals were 
not closely related.  Following tests for LD and deviation from HWE, the software GIMLET ver. 
1.3.2 (Valière 2002) was used to calculate P(ID), the probability that another individual with the 
same genotype would be observed given the sample frequency of the alleles observed at those 
loci within a randomly breeding, small target population (Paetkau & Strobeck 1994), and P(IDsib), 

the probability that another individual with the same genotype would be observed given the 
sample frequency of the alleles observed at those loci within population composed only of 
siblings (Evett & Weir 1998, Taberlet & Luikart 1999).  General guidelines (e.g. Taberlet & 
Luikart 1999) for identifying individuals using microsatellite loci suggest using a suite of 
markers that achieves a reasonably low P(ID) bounded between 0.0100 and 0.0001.  Estimates of 
individual identity suggested the 6-locus marker suite was sufficiently polymorphic that it could 
identify an eider from among over 57,000 other eiders within the targeted population, given 
random breeding, or from among over 970 siblings.  Genetic diversity metrics from each of the 
selected loci amplified in each of the 31 adult female eiders are provided in Table S1.    

Detection of Genotyping Errors.  Because feathers contain small amounts of DNA and 
are prone to genotyping errors including allelic dropout, false alleles, and scoring errors (Waits 
& Paetkau 2005, Hogan et al. 2007), evaluation of performance relied in part on the data 
collected from the paired blood and feather samples taken from the 10 eiders sampled from 
Utqiaġvik to ensure repeatability of genotype scores.  Each paired feather-blood sample was 
genotyped at least twice to establish accurate genotypes for each eider. No disparities were 
detected among the genotypes amplified from DNA extracted from feathers relative to DNA 
extracted from blood.   

1.2. Microsatellite Genotyping of Nest Feathers and Eggshell Membranes 

 Following locus selection, multiple feathers (2-5) were selected to represent each of 224 
nests sampled between 1995 and 2016; all eggshell membranes, collected from 75 nests between 
2005 and 2016 were also selected for genotyping.  Feathers from the same nest were not pooled; 
that is, all feathers sampled from the same nest were extracted separately.  Each sample was 
genotyped at each of the six autosomal microsatellite loci using the universal tailed primer 
approach (Oetting et al. 1995) as described for microsatellite loci in Handel et al. (2006). 
Amplifications were carried out in a final volume of 10 µL that contained 1 µL DNA extract, 0.2 
mM dNTPs, 0.1 µg/µL bovine serum albumin (BSA), 1X PCR buffer (Perkin Elmer Cetus I; PE 
Biosystems, Forest City, California), 10.0 pmoles unlabeled primers, 1.0 pmoles fluorescently 
labeled universal primer and 0.3 units Taq polymerase (Promega Flexi-Taq).  The PCR reactions 
began at 94ºC for 90 seconds and continued with 40 cycles each of 94ºC for 30 seconds, 50ºC for 
30 seconds, and 72ºC for 60 seconds. Each reaction was concluded with a final extension at 72ºC 
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for 30 minutes. PCR products were electrophoresed on a 48-well 25-cm 6% polyacrylamide gel 
on a LI-COR 4200LR automated sequencer (LI-COR, Inc., Lincoln, Nebraska). Allele sizes were 
designated by running and scoring a suite of samples against an M13(-29) DNA sequence ladder 
of known size, and including 2 of these scored individuals in 6 lanes of all subsequent gels to 
size new genotypes.  Scoring was performed using Gene ImagIR 4.05 software (Scanalytics, 
Inc., Fairfax, Virginia). For quality control purposes, over 10% of the eggshell membrane 
samples were extracted, amplified, and genotyped in duplicate.   

1.3. Molecular Sexing 

From both feathers and eggshell membranes, sex of each bird was determined using PCR 
amplification of the Chromo helicase DNA-binding (CHD) gene, leveraging protocols similar to 
those outlined in Handel et al. (2006) and the P8/P2 primer set (Griffiths et al. 1998).  PCR 
reactions were performed on a RoboCycler Gradient 96 (Stratagene Corporation, La Jolla, 
California). PCR amplifications were carried out in a final volume of 10 µL containing 1 µL of 
DNA extract, 1X PCR buffer (Perkin Elmer Cetus I; PE Biosystems, Forest City, California), 0.2 
mM deoxyribonucleotide triphosphate (dNTP), 3.7-3.8 pmoles unlabeled forward P8 primer, 0.2-
0.3 pmoles unlabeled reverse P2 primer, 0.4 pmoles labeled P8 primer, 0.1 µg/µL BSA, and 0.3 
units Taq polymerase (Promega Flexi-Taq). The PCR reactions began at 94ᵒC for 90 seconds; 
continued with 40 cycles each of 48ᵒC for 45 seconds, 72ᵒC for 45 seconds, and 94ᵒC for 30 
seconds; and concluded with a final annealing and extension step of 48ᵒC for 60 seconds and 
72ᵒC for 5 minutes. PCR reaction products were electrophoresed on a 48-well 18-cm 6% 
polyacrylamide gel on a LI-COR 4200LR automated sequencer (LI-COR, Inc., Lincoln, 
Nebraska).  

In Steller’s eiders, the target genes (CHD-W and CHD-Z) both contain 
insertions/deletions that have introduced fragment size polymorphisms into both genes.  
Polymorphism in the CHD genes is common in both King eider (S. spectabilis) and Steller’s 
eider (SLT and GKS, unpublished data) but in both species, these polymorphisms do not cause 
sexing errors as the size differences between the CHD-W and CHD-Z products are large and 
non-overlapping. For example, the reaction in Steller’s eiders sampled from Utqiaġvik yielded a 
339, 344, or 347 base-pair (bp) product from the Z-chromosome (found in both males and 
females) and a 362 bp product from the W-chromosome (females only); thus CHD-W and CHD-
Z in Steller’s eiders differ in size by at least 15 bp.  We assigned sex based on the absence (male: 
ZZ) or presence (female: ZW) of the W-chromosome PCR product.   

Because allelic drop-out can cause relatively high error rates when molecular sexing is 
performed on DNA extracted from low quality DNA sources, such as feathers and hairs 
(Gebhardt & Waits 2008), we assigned sex from feathers only after obtaining consensus 
genotypes from multiple independent feathers (see Genetic Analyses, below). Following 
verification that all feather samples were derived from females, data from any males genotyped 
from eggshell membranes were dropped from further analysis.  
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2.  GENETIC ANALYSES OF CAPTURE-MARK-RECAPTURE SAMPLES 

Genotyping errors associated with non-invasively collected samples, such as feathers, can 
significantly affect individual classification and cause an excess of genotypes to be observed 
(Waits & Paetkau 2005, Hogan et al. 2007, Lukacs & Burnham 2005).  To avoid including 
erroneous genotypes in analyses, we followed a conservative approach for data collection from 
feather samples, strict laboratory procedures with liberal culling of samples, and published 
guidelines as suggested by Waits & Paetkau (2005).  Because our primary goal was determining 
individual identity and not in estimating the number of individuals present among the samples, 
we took an even more conservative approach by only using genotypes that were found in 
multiple independent samples.  Using independently replicated consensus genotypes increases 
the probability of accurate genotypes (Waits & Paetkau 2005).  Therefore, all genotypes detected 
in five independent samples from the same nest were accepted as correct.  Genotypes replicated 
in nests represented by 2-4 independent samples were accepted only if they differed from all 
other genotypes by two or more alleles (see below).  We accepted an assumption that because 
genotyping error is expected to occur randomly, the probability of observing the same errors at 
multiple loci in multiple samples is low (Waits & Leberg 2000).  Hence, our criteria ensure the 
final dataset represents a conservative estimate of the number of birds present in our samples 
while still providing high confidence in the accuracy of our individual identifications used to 
assess dispersal and fidelity. 

Matching six-locus genotypes were identified from among those obtained from all feather 
and eggshell membrane samples, using Microsatellite Toolkit (Park 2000).  GENECAP (Wilberg 
& Dreher 2004) was used to detect genotyping errors in our capture-mark-recapture (CMR) 
dataset, and to calculate probability of identity (PID) and probability of identity siblings 
(P(ID)sibs (Waits et al. 2001) for the 6 loci for all matches.  An error-checking and removal 
procedure (Paetkau 2003) developed for poor-quality samples was applied to the dataset: 
removal of samples from further analysis if they 1) failed to amplify at ≥ 3 loci; or 2) produced 
multiple bands at ≥1 loci (an indication that the sample is contaminated or mixed; Roon et al. 
2005). At least 2 independent observers determined consensus genotypes, based on strength and 
confidence of results.  Consensus genotypes were accepted if 2 heterozygotes and 3 
homozygotes were replicated and confirmed via visual inspection by the two observers.  
 Microsatellite Toolkit and GENECAP were used to identify samples that produced 
multilocus genotypes that differed by only 1 or 2 loci (a potential warning sign that a genotyping 
error occurred; Paetkau 2003).  Multilocus genotypes that differed by 1 allele were scrutinized 
on the original gel image, and/or rerun at loci that mismatched.  Once we were satisfied that our 
consensus genotypes were accurate, we reran the GENECAP analyses to determine whether any 
sample produced a multilocus genotype that differed from prior paired blood samples by only 1-
2 alleles, providing a robust test of the reliability of the genetic data from the feathers, as it 
directly compared genotypes from feather samples with those from blood samples.  From this 
analysis, we developed a capture history for all samples, which was used in subsequent mark-
recapture analyses.  5
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Table S1.  Measures of genetic variability and probability of identity [P(ID)] values (Paetkau & Strobeck 1994) and P[(IDsib)] values 
(Evett & Weir 1998, Taberlet & Luikart 1999) for 6 microsatellite loci characterized from 31 female Steller’s Eiders nesting in 
Utqiaġvik, Alaska, between 1995 and 2000.  Loci are ranked according to P(ID) value.  P(shadow) is the probability that two individuals 
within the target breeding population will share the same 6-locus genotype (that is, the probability of a genetic shadow in the same 
population).  HO = expected heterozygosity; HE = expected heterozygosity; A = number of alleles observed.  

Locus HO HE A P(IDobs) P(IDsib) Source 

   Sfiµ10 0.74 0.80 13 5.498 x 10-2 3.745 x 10-1 Fields & Scribner 1997 

   Bcaµ11 0.62 0.64 8 1.373 x 10-1 4.763 x 10-1 Buchholtz et al. 1998 

   Smo10 0.62 0.68 7 1.526 x 10-1 4.612 x 10-1 Paulus & Tiedemann 2003 

   Sfiµ3 0.65 0.61 7 1.683 x 10-1 5.014 x 10-1 Fields & Scribner 1997 

   Sfiµ4 0.65 0.64 4 1.767 x 10-1  4.852 x 10-1 Fields & Scribner 1997 

   Sfiµ11 0.58 0.60 4 1.860 x 10-1 5.013 x 10-1 Fields & Scribner 1997 

Mean 0.64 0.66 7.2 - -  

Multilocus 
product 

   1.740 x 10-5 1.021 x 10-3  

P(shadow)    1/57,471 1/979  

 


