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Supplementary Figure S1
Teeth from MCE1356 from which DNA was retrieved. The skull and teeth are housed at the Natural History Museum of Denmark, University of Copenhagen
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Supplementary Table S2
Sample information. All samples are housed at the Natural History Museum of Denmark, University of Copenhagen.
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Supplementary Figure S3
MapDamage plot of base frequencies and substitutions in DNA sequence reads from MCE1356. (a) Base frequencies inside (surrounded by grey outline) and outside the reads. (b) Substitutions from the 5’ (left) and the 3’ end (right). C -> T substitutions (red), G -> A substitutions (blue), insertions relative to the killer whale reference (purple), and all other substitutions (grey).
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Stable Isotope Analysis − Calibration, Accuracy, and Precision
Carbon and nitrogen isotopic and elemental compositions were determined using a Nu Horizon continuous flow isotope ratio mass spectrometer. Sample measurements were calibrated relative to VPDB (13C) and AIR (15N) using USGS40 and USGS41a (Table S1; Qi et al., 2003; Qi et al., 2016). 
Table S1. Standard reference materials used for calibration of 13C relative to VPDB and 15N relative to AIR.
	Standard
	Material
	Accepted 13C 
(‰, VPDB)
	Accepted 15N 
(‰, AIR)

	USGS40
	Glutamic Acid
	−26.39±0.04
	−4.52±0.06

	USGS41a
	Glutamic Acid
	+36.55±0.08
	+47.55±0.15



The following standards were used to monitor accuracy and precision (Table S2). The isotopic compositions for the internal keratin standard represent long-term averages.
 
Table S2. Standard reference materials used to monitor internal accuracy and precision.
	Standard
	Material
	Mean 13C 
(‰, VPDB)
	Mean 15N 
(‰, AIR)

	SRM−1
	Caribou bone collagen
	−19.36±0.11
	+1.81±0.10

	SRM−2
	Walrus bone collagen
	−14.76±0.12
	+15.59±0.11

	SRM−4
	Gluten
	−26.76±0.08
	+5.25±0.11

	SRM−14
	Polar bear bone collagen
	−13.66±0.06
	+21.63±0.11



Table S3 summarizes the mean and standard deviation of carbon and nitrogen isotopic compositions for all check standards, as well as the standard deviation for all calibration standards – the mean of the calibration standard for an individual run is predetermined to calibrate the data.

 


Table S3. Mean and standard deviation of all check and calibration standards for all analytical sessions containing data presented in this paper. Note that means for calibration standards are not presented as they are pre-determined to be equal to the known value. 

	Run ID
	Standard
	n
	δ13C (‰, VPDB)
	δ15N (‰, AIR)

	18-02
	USGS40
	5
	
	±
	0.01
	
	±
	0.25

	18-03
	USGS40
	5
	
	±
	0.13
	
	±
	0.06

	18-06
	USGS40
	8
	
	±
	0.11
	
	±
	0.06

	18-02
	USGS41a
	5
	
	±
	0.05
	
	±
	0.28

	18-03
	USGS41a
	5
	
	±
	0.14
	
	±
	0.06

	18-06
	USGS41a
	8
	
	±
	0.05
	
	±
	0.03

	18-06
	SRM−1
	3
	−19.39
	±
	0.02
	+1.72
	±
	0.06

	18-02
	SRM−2
	4
	−14.86
	±
	0.07
	+15.79
	±
	0.12

	18-03
	SRM−2
	4
	−14.84
	±
	0.08
	+15.62
	±
	0.07

	18-06
	SRM−2
	6
	−14.78
	±
	0.03
	+15.50
	±
	0.03

	18-02
	SRM−4
	6
	−26.76
	±
	0.02
	+5.19
	±
	0.11

	18-03
	SRM−4
	5
	−26.72
	±
	0.12
	+5.28
	±
	0.04

	18-02
	SRM−14
	4
	−13.65
	±
	0.04
	+21.78
	±
	0.07

	18-03
	SRM−14
	4
	−13.70
	±
	0.09
	+21.59
	±
	0.11

	18-06
	SRM−14
	6
	−13.71
	±
	0.03
	+21.41
	±
	0.05



Twenty-eight samples were analyzed in duplicate. The pooled standard deviation for the duplicate pairs was ±0.15 ‰ for δ13C and 0.12 ‰ for δ15N. 

Analytical Uncertainty
Standard uncertainty was calculated using the method present by Szpak et al. (2017b), which largely follows Magnusson et al.’s (2012) approach. Standard uncertainty was determined to be ±0.17 ‰ for δ13C and ±0.22 ‰ for δ15N. 
Results

The carbon and nitrogen isotopic and elemental compositions of all samples analyzed are presented in Table S4. Most of the samples were analyzed in duplicate and the results of each analysis is presented separately in Table S4. Four samples that were analyzed were excluded from subsequent analysis because they presented unusually high atomic C:N ratios and are identified with strikethrough text in Table S4. The C:N ratios of archaeological specimens are used to assess the integrity of the collagen as contaminated or degraded collagen will tend to have isotopic compositions that are significantly different from the original, endogenous material (Ambrose, 1990; DeNiro, 1985; Szpak et al., 2017a; van Klinken and Hedges, 1995). For modern material, collagen degradation is no an issue but contamination with lipids is a potential concern as the δ13C values of lipids are significantly lower than those of proteins such as collagen (Post et al., 2007). Even though these samples were treated with solvents that are effective at removing lipids from bone (Guiry et al., 2016), some still had atomic C:N ratios that suggested contamination with additional material that was rich in carbon, lacking in nitrogen, and had a low δ13C value – most likely lipids. The samples that were excluded had atomic C:N ratios in the range of 3.56 to 3.92, whereas the theoretical value for pure mammalian bone collagen is 3.23 (Szpak, 2011). These samples also displayed the lowest δ13C values of any members of the taxon to which they belonged. Consequently the isotopic compositions were considered unreliable and were excluded from plots and statistical calculations. 


Table S4. Stable isotopic and elemental compositions for all samples analyzed in this study.
	Lab ID
	Sample ID (MCE)
	Location
	Year
	Taxon
	δ13C (‰)
	δ15N (‰)
	wt%C
	wt%N
	Atomic C:N
	δ13C (‰)
	δ15N (‰)
	wt%C
	wt%N
	Atomic C:N

	571
	1312
	Kullorsuaq 
	1990
	Delphinapterus leucas
	-15.04
	17.46
	49.30
	16.90
	3.40
	
	
	
	
	

	572
	1313
	Kullorsuaq 
	1990
	Delphinapterus leucas
	-14.77
	17.19
	36.40
	12.90
	3.29
	-14.76
	17.25
	35.0
	12.4
	3.29

	573
	1314
	Kullorsuaq 
	1991
	Delphinapterus leucas
	-14.47
	17.00
	34.03
	12.58
	3.15
	-14.56
	17.19
	34.7
	12.7
	3.19

	587
	1316
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.68
	18.44
	44.45
	15.38
	3.37
	
	
	
	
	

	588
	1318
	Nuusuaaq
	1994
	Delphinapterus leucas
	-15.16
	15.97
	46.09
	15.77
	3.41
	-15.12
	15.93
	44.8
	15.5
	3.37

	589
	1319
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.72
	18.07
	44.84
	15.70
	3.33
	-15.09
	18.07
	46.3
	15.8
	3.42

	590
	1320
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.41
	17.87
	43.77
	15.50
	3.29
	-14.78
	18.20
	46.0
	15.9
	3.37

	591
	1321
	Nuusuaaq
	1994
	Delphinapterus leucas
	-15.07
	18.61
	44.97
	15.29
	3.43
	
	
	
	
	

	592
	1322
	Nuusuaaq
	1994
	Delphinapterus leucas
	-15.24
	15.97
	44.98
	15.03
	3.49
	-15.21
	16.01
	45.4
	15.0
	3.53

	593
	1323
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.35
	17.12
	43.29
	15.79
	3.20
	-14.50
	17.39
	44.2
	15.9
	3.24

	594
	1324
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.37
	17.59
	43.43
	16.01
	3.16
	-14.76
	17.73
	44.7
	16.0
	3.26

	595
	1325
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.38
	17.17
	44.78
	16.16
	3.23
	-14.52
	17.27
	45.3
	16.1
	3.28

	596
	1326
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.77
	17.34
	44.75
	15.82
	3.30
	-15.06
	17.68
	45.9
	16.0
	3.35

	599
	1329
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.71
	17.67
	45.08
	15.76
	3.34
	
	
	
	
	

	600
	1330
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.71
	16.79
	44.32
	15.56
	3.32
	-14.69
	16.85
	44.1
	15.9
	3.24

	601
	1331
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.68
	17.72
	44.93
	16.46
	3.18
	-14.83
	17.81
	43.4
	15.6
	3.24

	602
	1332
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.51
	16.35
	43.65
	15.92
	3.20
	-14.81
	16.55
	43.9
	15.3
	3.35

	603
	1333
	Nuusuaaq
	1994
	Delphinapterus leucas
	-14.53
	16.99
	44.58
	16.18
	3.21
	-14.61
	17.06
	43.3
	15.5
	3.26

	575
	1356
	Kitsissuarsuit
	1986
	Delphinapterus leucas X Monodon monoceros
	-13.78
	17.40
	44.84
	16.33
	3.20
	-13.91
	17.64
	44.8
	16.5
	3.17

	576
	1358
	Uummannaq
	1993
	Monodon monoceros
	-14.77
	17.17
	44.27
	15.83
	3.26
	-14.97
	17.31
	45.8
	16.3
	3.28

	577
	1359
	Uummannaq
	1993
	Monodon monoceros
	-15.83
	17.48
	45.5
	15.3
	3.47
	
	
	
	
	

	580
	1360
	Uummannaq
	1993
	Monodon monoceros
	-15.15
	17.72
	44.04
	15.53
	3.31
	
	
	
	
	

	581
	1361
	Uummannaq
	1993
	Monodon monoceros
	-15.07
	16.79
	45.45
	16.49
	3.21
	-15.21
	17.04
	44.7
	16.1
	3.24

	582
	1362
	Uummannaq
	1993
	Monodon monoceros
	-15.14
	16.68
	42.78
	15.58
	3.20
	-15.34
	16.70
	44.4
	15.8
	3.28

	583
	1363
	Uummannaq
	1993
	Monodon monoceros
	-15.40
	16.62
	44.30
	15.74
	3.28
	-15.72
	16.91
	45.8
	15.8
	3.38

	584
	1364
	Balgoni
	1993
	Monodon monoceros
	-15.81
	16.38
	42.84
	15.04
	3.32
	
	
	
	
	

	585
	1365
	Balgoni
	1993
	Monodon monoceros
	-15.34
	17.38
	44.79
	15.94
	3.28
	-15.51
	17.70
	44.7
	15.9
	3.28

	586
	1366
	Balgoni
	1993
	Monodon monoceros
	-14.82
	17.50
	43.65
	15.75
	3.23
	-15.05
	17.61
	45.2
	16.1
	3.27

	605
	1380
	Qaanaaq
	2003
	Monodon monoceros
	-15.42
	16.55
	42.71
	15.04
	3.31
	
	
	
	
	

	607
	1382
	Qaanaaq
	2003
	Monodon monoceros
	-15.14
	16.68
	44.56
	15.54
	3.34
	-15.13
	16.71
	44.9
	15.7
	3.33

	608
	1383
	Qaanaaq
	2003
	Monodon monoceros
	-15.22
	16.05
	44.68
	15.87
	3.28
	
	
	
	
	

	609
	1384
	Qaanaaq
	2003
	Monodon monoceros
	-14.82
	16.90
	43.93
	16.16
	3.17
	
	
	
	
	

	610
	1386
	Qaanaaq
	2003
	Monodon monoceros
	-15.03
	16.79
	43.46
	15.95
	3.18
	-15.20
	16.84
	43.9
	15.7
	3.26

	611
	1388
	Qaanaaq
	2003
	Monodon monoceros
	-14.92
	16.65
	42.02
	15.67
	3.13
	-14.83
	16.61
	43.2
	15.7
	3.21

	612
	1389
	Qaanaaq
	2003
	Monodon monoceros
	-14.80
	16.14
	44.72
	16.48
	3.16
	-14.92
	16.12
	43.3
	15.8
	3.20

	613
	1374
	Qaanaaq
	2003
	Monodon monoceros
	-15.11
	16.24
	42.84
	15.49
	3.22
	-15.60
	16.41
	45.4
	15.4
	3.44

	615
	1377
	Qaanaaq
	2003
	Monodon monoceros
	-15.86
	16.73
	44.61
	16.12
	3.23
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Supplementary Table S5 
Mapping coverage information. The genomic data were mapped to the mitochondrial reference genomes of beluga (KY444734) and narwhal (NC_005279), and the nuclear genome of killer whale (GCA_000331955.2).
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Supplementary Figure S6
Median-spanning haplotype network of complete mitochondrial genomes of eight belugas (blue), eight narwhals (green) and MCE1356 mapped to the beluga reference (red). Black dots indicate intermediate haplotypes not found in the data. The size of the circles indicate the relative number of specimens sharing a haplotype. Numbers indicate number of variable sites between haplotypes.
[bookmark: _GoBack][image: ]

Supplementary Figure S7
Combined read depth distribution of MCE1356, eight belugas and eight narwhals. Mean value is 4.14.
[image: \\a00143.science.domain\xcl300\Documents\My_Docs_Work\P.hd\Narluga\narluga3\post2ndReview\Figures\S7_01.png]
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Specimen IDLab ID Species Sample site LAT LON Year DNA study Isotope studySample 

MCE1356 CGG_1_021706

Delphinapterus leucas x Monodon monoceros

Kitsissuarsuit 68.901 -53.022 1987-1988 X X Tooth/bone

GINR3800 CGG_1_017580

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3801 CGG_1_017581

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3802 CGG_1_017582

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3803 CGG_1_017583

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3804 CGG_1_017584

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3805 CGG_1_017585

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3806 CGG_1_017586

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3807 CGG_1_017587

Delphinapterus leucas

Ilulissat 69.210 -51.191 1999 X Tissue

GINR3808 CGG_1_017557

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1999 X Tissue

GINR3809 CGG_1_017558

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1999 X Tissue

GINR3810 CGG_1_017559

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1999 X Tissue

GINR3244 CGG_1_017560

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1996 X Tissue

GINR3245 CGG_1_017561

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1996 X Tissue

GINR3246 CGG_1_017562

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1996 X Tissue

GINR3247 CGG_1_017563

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1996 X Tissue

GINR3248 CGG_1_017564

Monodon monoceros

Qeqertarsuaq 69.232 -53.603 1996 X Tissue

MCE1312

 - Delphinapterus leucas

Kullorsuaq  74.583 -57.434 1990 X Bone  

MCE1313

 - Delphinapterus leucas

Kullorsuaq  74.583 -57.434 1990 X Bone  

MCE1314

 - Delphinapterus leucas

Kullorsuaq  74.583 -57.434 1991 X Bone  

MCE1316

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1318

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1319

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1320

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1321

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1322

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1323

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1324

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1325

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1326

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1329

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1330

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1331

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1332

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1333

 - Delphinapterus leucas

Nuusuaaq 76.173 -51.846 1994 X Bone  

MCE1358

 - Monodon monoceros

Uummannaq 70.888 -52.722 1993 X Bone  

MCE1359

 - Monodon monoceros

Uummannaq 70.888 -52.722 1993 X Bone  

MCE1360

 - Monodon monoceros

Uummannaq 70.888 -52.722 1993 X Bone  

MCE1361

 - Monodon monoceros

Uummannaq 70.888 -52.722 1993 X Bone  

MCE1362

 - Monodon monoceros

Uummannaq 70.888 -52.722 1993 X Bone  

MCE1363

 - Monodon monoceros

Uummannaq 70.888 -52.722 1993 X Bone  

MCE1364

 - Monodon monoceros

Balgoni 76.173 -62.446 1993 X Bone  

MCE1365

 - Monodon monoceros

Balgoni 76.173 -62.446 1993 X Bone  

MCE1366

 - Monodon monoceros

Balgoni 76.173 -62.446 1993 X Bone  

MCE1380

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1382

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1383

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1384

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1386

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1388

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1389

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1374

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  

MCE1377

 - Monodon monoceros

Qaanaaq 77.400 -69.166 2003 X Bone  
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Total number 
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Total number 

of unique reads 

mapping 

Coverage Total number 

of reads

Total number 

of retained 

reads

Total number 

of unique reads 

mapping 

Coverage

CGG_1_021706

Delphinapterus leucas

 x 

Monodon monoceros

8507904 8287568 1687 6.57 8507904 8287568 4751 19.49 8507904 8287568 1854790 0.05

CGG_1_017580

Delphinapterus leucas

11533738 926113692 19303 94.90 11533738 11513425 7442228

0.25

CGG_1_017581

Delphinapterus leucas

12621088 12594166 15653 76.92 12621088 12594166 7872137

0.27

CGG_1_017582

Delphinapterus leucas

12283228 12255413 21591 106.17 12283228 12255413 7679643

0.26

CGG_1_017583

Delphinapterus leucas

5086697 5079700 10779 52.99 5086697 5079700 3171905

0.11

CGG_1_017584

Delphinapterus leucas

10709419 10690868 9699 47.67 10709419 10690868 6790760

0.23

CGG_1_017585

Delphinapterus leucas

13625709 13597923 9696 47.66 13625709 13597923 8515481

0.29

CGG_1_017586

Delphinapterus leucas

11537672 11456320 15730 77.31 11537672 11456320 7247773

0.25

CGG_1_017587

Delphinapterus leucas

12128988 12100941 14519 71.39 12128988 12100941 7713400

0.26

CGG_1_017557

Monodon monoceros

8263484 8235347 12603 61.93 8263484 8235347 5365111

0.18

CGG_1_017558

Monodon monoceros

6456622 6433277 12501 61.47 6456622 6433277 4189040

0.14

CGG_1_017559

Monodon monoceros

6141963 6086543 26177 128.70 6141963 6086543 3791709

0.13

CGG_1_017560

Monodon monoceros

8426163 8388847 12227 60.09 8426163 8388847 5685045

0.19

CGG_1_017561

Monodon monoceros

10358194 10232587 28340 139.35 10358194 10232587 6576708

0.22

CGG_1_017562

Monodon monoceros

8232802 8144938 23081 113.47 8232802 8144938 5224546

0.18

CGG_1_017563

Monodon monoceros

8702405 8684282 10994 54.03 8702405 8684282 5546531

0.19

CGG_1_017564

Monodon monoceros

10165750 10148446 10261 50.44 10165750 10148446 6510786

0.22

Lab ID Species

Orcinus orca nuclear genome

Delphinapterus leucas mitogenome

Monodon monoceros mitogenome


