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Table S1. Origin of specimens and sequence data used for molecular phylogenetic analysis, including their database accession numbers. Accession numbers in bold were newly determined for this study. Specimen codes in [KU-###] correspond to KU-MACC (Kobe University MacroAlgal Culture Collection) strain code, and [KU-d###] corresponds to silica gel-dried specimens housed at Kobe University Research Center for Inland Seas.
	Species
	Origin
	Specimen code
	cox1
	cox3
	atpB
	psbA
	rbcL
	ITS1-5.8S-ITS2 rDNA

	Chordaceae
	
	
	
	
	
	
	
	

	Chorda asiatica H.Sasaki & H.Kawai
	This study (Akkeshi, Hokkaido, Japan; 20 Jun. 2000)
	KU-d703
	LC430379
	LC430429
	
	
	
	LC430520

	
	Sasaki & Kawai 2007 (Akkeshi, Hokkaido, Japan)
	CA-Akk
	
	
	
	
	
	AB197770

	
	This study (Lake Saroma, Hokkaido, Japan; 29 May 2009)
	KU-d5882
	
	
	
	
	
	LC430521

	
	This study (Rumoi, Hokkaido, Japan; 22 Jul. 2016)
	KU-d15319
	LC430380
	LC430430
	
	
	
	

	
	This study (Usu, Hokkaido, Japan; 17 Apr. 2007) 
	KU-d3564
	LC430381
	LC430431
	
	
	
	LC430522

	
	This study (Oshoro, Hokkaido, Japan; 30 May 2000)
	KU-d724
	
	
	
	
	
	LC430523

	
	Kawai et al. 2000 (Oshoro, Hokkaido, Japan)
	CA-Osh1
	
	
	
	
	
	AB035763

	
	Kawai et al. 2000 (Oshoro, Hokkaido, Japan)
	CA-Osh2
	
	
	
	
	
	AB035764

	
	Kawai et al. 2000 (Oshoro, Otaru, Hokkaido, Japan)
	CA-Osh3
	
	
	
	
	
	AB035765

	
	Cho et al. 2004 (Oshoro, Hokkaido, Japan; 25 Apr. 2002)
	PL002
	
	
	
	
	AY372983
	

	
	This study (Esashi, Hokkaido, Japan; 24 Jul. 2001)
	KU-d684
	LC430382
	LC430432
	
	
	
	

	
	Sasaki & Kawai 2007 (Esashi, Hokkaido, Japan)
	CA-Esa
	
	
	
	
	
	AB197766

	
	Sasaki & Kawai 2007 (Kikonai, Hokkaido, Japan)
	CA-Kik1
	
	
	
	
	
	AB197767

	
	Sasaki & Kawai 2007 (Kikonai, Hokkaido, Japan)
	CA-Kik2
	
	
	
	
	
	AB197768

	
	Sasaki & Kawai 2007 (Kikonai, Hokkaido, Japan)
	CA-Kik3
	
	
	
	
	
	AB197769

	
	This study (Toubetsu, Hokkaido, Japan; 25 May 2001)
	KU-d699
	LC430383
	LC430433
	
	
	
	LC430524

	
	Kawai et al. 2000 (Moheji, Hokkaido, Japan)
	CA-Kam
	
	
	
	
	
	

	
	This study (Ohma, Aomori, Japan; 16 Jun. 2006)
	KU-d2784
	LC430384
	LC430434
	
	
	
	

	
	This study (Ohma, Aomori, Japan; 16 Jun. 2006)
	KU-d2790
	
	
	
	
	
	LC430525

	
	This study (Fukaura, Aomori, Japan; 7 Jun. 2013)
	KU-d12855
	LC430385
	LC430435
	
	
	
	

	
	This study (Fukaura, Aomori, Japan; 7 Jun. 2013)
	KU-d12860
	LC430386
	LC430436
	
	
	
	LC430526

	
	This study (Kitaura, Akita, Japan; 7 Jun. 2013)
	KU-d12861
	
	
	
	
	LC430495
	LC430527

	
	Kawai et al. 2000 (Otsuchi, Iwate, Japan; 10 Jun. 1998)
	CA-Ohz
	
	
	
	
	
	AB035767

	
	Kawai et al. 2000 (Sado I., Niigata, Japan)
	CA-Aik
	
	
	
	
	
	AB035768

	
	This study (Hakui, Ishikawa, Japan; 1 May 2001)
	KU-d687
	
	
	
	
	
	LC430528

	
	Kawai et al. 2000 (Fukuura, Ishikawa, Japan)
	CA-Fuk
	
	
	
	
	
	AB035769

	
	Kawai et al. 2000 (Hakui, Ishikawa, Japan)
	CA-Hak
	
	
	
	
	
	AB035770

	
	This study (Wajima, Ishikawa, Japan; 3 Jul. 2017)
	KU-d20432
	LC430387
	LC430437
	
	
	
	

	
	Kawai et al. 2000, this study (Takahama, Fukui, Japan)
	KU-500
	LC430388
	LC430438
	LC430479
	LC430487
	LC430496
	AB035771

	
	This study (Irago, Aichi, Japan; 6 Jun. 2016)
	KU-d15069
	LC430389
	LC430439
	
	
	
	

	
	This study (Shima, Mie, Japan; 14 Apr. 2017)
	KU-d17457
	LC430390
	LC430440
	
	
	
	

	
	Kawai et al. 2000 (Imagoura, Hyogo, Japan; 10 May 1998)
	CA-Ima
	
	
	
	
	
	AB035772

	
	This study (Imagoura, Hyogo, Japan; 15 Apr. 2001)
	KU-d686
	
	
	
	
	
	LC430529

	
	This study (Imagoura, Japan; 13 Mar. 2001)
	KU-d694
	LC430391
	LC430441
	
	
	
	

	
	This study (Ama, Awaji I., Hyogo, Japan; 12 Jun. 2000)
	KU-d725
	
	
	
	
	
	LC430530

	
	Sasaki & Kawai 2007 (Ama, Awaji I., Hyogo, Japan)
	CA-Ama
	
	
	
	
	
	AB197771

	
	This study (Matsue, Shimane, Japan; 26 Apr. 2016)
	KU-d14388
	LC430392
	LC430442
	
	
	
	

	
	This study (Matsue, Shimane, Japan; 26 Apr. 2016)
	KU-d14398
	LC430393
	LC430443
	
	
	
	

	
	This study (Kamikamagari I., Hiroshima, Japan)
	KU-499
	LC430394
	LC430444
	
	
	
	

	
	Kawai et al. 2013 (Kamikamagari I., Hiroshima, Japan)
	KU-503
	AB775224
	AB775241
	AB775256
	AB775304
	AB775335
	

	
	Kawai et al. 2000 (Sasajima I., Hiroshima, Japan)
	CA-Sas
	
	
	
	
	
	AB035773

	
	Kawai et al. 2000, this study (Mukaishima, Hiroshima, Japan; 10 Jun. 1998)
	CA-Muk
	LC430395
	LC430445
	
	
	
	AB035774

	
	Kawai & Sasaki 2007, this study (Heigun I., Yamaguchi, Japan)
	KU-494
	LC430396
	LC430446
	
	
	
	AB197772

	
	This study (Suo-oshima, Yamaguchi, Japan; 10 Apr. 2017)
	KU-d17396
	LC430397
	LC430447
	
	
	
	

	
	This study (Hikari, Yamaguchi, Japan; 22 Apr. 2016)
	KU-d14306
	LC430398
	LC430448
	
	
	
	

	
	Kawai et al. 2000, this study (Futashima I., Nagasaki, Japan; 14 May 1991)
	KU-213
	LC430399
	LC430449
	LC430480
	LC430488
	LC430497
	AB035775

	
	Futashima I., Nagasaki, Japan; 14 May 1991
	CA-Fut1
	LC430400
	LC430450
	
	
	
	LC430531

	
	Futashima I., Nagasaki, Japan; 14 May 1991
	CA-Fut2
	LC430401
	LC430451
	
	
	
	

	
	This study (Okhotsk, Sakhalin, Russia; 26 Jul. 1991)
	KU-d13798
	
	
	
	
	
	LC430532

	
	This study (Vladivostok, Russia; 9 Jul. 2015)
	KU-d13792
	LC430402
	LC430452
	
	
	LC430498
	

	
	This study (Vladivostok, Russia; 14 Jul. 2015)
	KU-d13799
	
	
	
	
	
	LC430533

	
	This study (Vladivostok, Russia; 12 Jul. 2015)
	KU-d13800
	
	
	
	
	
	LC430534

	
	Kawai et al. 2015, this study (Hood Canal, Puget Sound, WA, USA; 23 Jun. 2012)
	KU-d12298
	
	
	
	
	LC430499
	AB986263

	
	A. Peters, unpublished (Etang de Thau, Bouzigues, France)
	CA-Thau
	
	
	
	
	
	LN735534, LN735535

	Chorda borealis sp. nov.
	This study (Gambell, Alaska, USA; 31 Jul. 1996)
	KU-d721
	LC430403
	LC430453
	
	
	LC430500
	LC430535

	
	This study (Gambell, Alaska, USA; 31 Jul. 1996)
	KU-d855
	
	
	
	
	
	LC430536

	
	This study (Gambell, Alaska, USA; 31 Jul. 1996)
	KU-d856
	LC430404
	LC430454
	
	
	LC430501
	LC430537

	
	This study (Kodiak, Alaska, USA; 11 Jul. 2016)
	KU-d15155
	LC430405
	LC430455
	LC430481
	LC430489
	LC430502
	LC430538

	
	This study (Kodiak, Alaska, USA; 11 Jul. 2016; 
	KU-d15156
	LC430406
	LC430456
	
	
	LC430503
	LC430539

	
	This study (Churchill, Manitoba, Canada; 19 Aug. 2006)
	GWS005246
	LC430407*
	LC430457
	LC430482
	LC430490
	LC430504
	

	
	This study (Churchill, Manitoba, Canada; 21 Aug. 2006)
	GWS005304
	LC430408*
	LC430458
	
	
	
	LC430540

	
	This study (Churchill, Manitoba, Canada; 22 Aug. 2006)
	GWS005333
	LC430409*
	LC430459
	
	
	
	

	
	This study (Hogg Island, Newfoundland, Canada; 11 Sep. 2014)
	GWS039348
	LC430410*
	LC430460
	
	
	LC430505
	LC430541

	
	This study (Pond Inlet, Baffin Island, Canada; 21 Aug. 2009)
	KU-d6585
	
	XXxxxxxx
	
	
	
	

	
	This study (Hogg Island, Newfoundland, Canada; 11 Sep. 2014)
	GWS039351
	LC430411*
	LC430461
	
	
	LC430506
	LC430542

	Chorda filum (Linnaeus) Stackhouse
	This study (Roscoff, Brittany, France; 15 Sep. 1989) 
	KU-1157
	LC430412
	LC430462
	LC430483
	LC430491
	LC430507
	AB035748

	
	Kawai et al 2000, this study (Bergen, Norway)
	KU-814
	
	
	
	
	LC430508
	AB035749

	
	Sasaki & Kawai 2007, this study (Ny Ålsund, Spitsbergen, Norway; 25 July 2000)
	KU-d101
	LC430413
	LC430463
	
	
	LC430509
	AB197760

	
	Sasaki & Kawai 2007 (Longyearbyen, Spitzbergen, Norway)
	CF-Lon
	
	
	
	
	
	AB197761

	
	Kawai et al 2000, this study (Reykjavik, Iceland; 22 Aug. 1999)
	KU-d746
	LC430414
	LC430464
	
	
	LC430510
	AB035753

	
	Sasaki & Kawai 2007 (Aasiaat, Greenland, Denmark)
	CF-Aas1
	
	
	
	
	
	AB197762

	
	Sasaki & Kawai 2007 (Aasiaat, Greenland, Denmark)
	CF-Aas2
	
	
	
	
	
	AB197763

	
	This study (Disko I., Greenland, Denmark; 3 Oct. 2001)
	KU-d131
	LC430415
	LC430465
	
	
	LC430511
	

	
	Sasaki & Kawai 2007 (Disko I., Greenland, Denmark)
	CF-Dis1
	
	
	
	
	
	AB197764

	
	Sasaki & Kawai 2007 (Disko I., Greenland, Denmark)
	CF-Dis2
	
	
	
	
	
	AB197765

	
	Kawai et al 2000, this study (Portsmouth, UK; 26 Aug. 1999)
	KU-613
	LC430416
	LC430466
	
	
	
	AB035750

	
	This study (Port Erin, Isle of Man, UK; 24 Aug. 1999)
	KU-d736
	LC430417
	LC430467
	
	
	
	LC430543

	
	Kawai et al. 2000 (Port Erin, Isle of Man, UK)
	CF-IMP
	
	
	
	
	
	AB035752

	
	This study (Aran I., Galway, Ireland; 30 Jul. 1977)
	KU-1149
	LC430418
	LC430468
	LC430484
	LC430492
	LC430512
	

	
	Kawai et al. 2000 (Newfoundland, Canada)
	CF-NFL
	
	
	
	
	
	AB035755

	
	Kawai et al. 2015, this study (Southhold, NY, USA; 18 Apr. 2013)
	KU-d12765
	LC430419
	LC430469
	
	
	LC430513
	AB986255

	
	Kawai et al. 2015 (Southhold, NY, USA; 18 Apr. 2013)
	KU-d12766
	
	
	
	
	
	AB986256

	
	Kawai et al. 2015 (Southhold, NY, USA; 18 Apr. 2013)
	KU-d12767
	
	
	
	
	
	AB986257

	Chorda kikonaiensis H.Sasaki & H.Kawai
	This study (Kikonai, Hokkaido, Japan)
	KU-1040
	LC430420
	LC430470
	LC430485
	LC430493
	LC430514
	

	
	This study (Kikonai, Hokkaido, Japan; 25 Jul. 2001)
	KU-d678
	LC430421
	LC430471
	
	
	
	

	
	This study (Kikonai, Hokkaido, Japan; 26 Jun. 2001)
	KU-d682
	LC430422
	LC430472
	
	
	
	

	
	This study (Kikonai, Hokkaido, Japan; 25 Jun. 2001)
	KU-d691
	LC430423
	LC430473
	
	
	
	

	
	Kawai et al. 2000 (Kikonai, Hokkaido, Japan)
	CK-Kik1
	
	
	
	
	
	AB035760

	
	Kawai et al. 2000 (Kikonai, Hokkaido, Japan)
	CK-Kik2
	
	
	
	
	
	AB035761

	
	Kawai et al. 2000 (Kikonai, Hokkaido, Japan)
	CK-Kik3
	
	
	
	
	
	AB035762

	
	Sasaki & Kawai 2007 (Kikonai, Hokkaido, Japan)
	CK-Kik4
	
	
	
	
	
	AB197758

	
	Sasaki & Kawai 2007 (Kikonai, Hokkaido, Japan)
	CK-Kik5
	
	
	
	
	
	AB197759

	C. rigida H.Kawai & Arai
	This study (Nemuro, Hokkaido, Japan; 18 Aug. 2000)
	KU-d72
	
	
	
	
	
	LC430544

	
	This study (Nemuro, Hokkaido, Japan; 10 Jul. 2013)
	KU-d12883
	LC430424
	LC430474
	
	
	LC430515
	LC430545

	
	This study (Muroran, Hokkaido, Japan)
	KU-512
	LC430425
	LC430475
	
	
	LC430516
	LC430546

	
	This study (Sado I., Niigata, Japan; 1996)
	KU-514
	LC430426
	LC430476
	LC430486
	LC430494
	LC430517
	LC430547

	
	Kawai et al. 2000 (Sado I., Niigata, Japan)
	CR-Sad1
	
	
	
	
	
	AB035776

	
	Sasaki & Kawai 2007 (Futami, Sado I., Niigata, Japan)
	CR-Sad2
	
	
	
	
	
	AB197773

	
	Kawai et al. 2000 (Kashiwazaki, Niigata, Japan)
	CR-Kas
	
	
	
	
	
	AB035777

	
	This study (Nanao, Ishikawa, Japan; 21 Oct. 1992)
	CR-Nan2
	
	
	
	
	
	LC430548

	
	Kawai et al. 2000 (Nanao, Ishikawa, Japan)
	CR-Nan1
	
	
	
	
	
	AB035778

	Akkesiphycaceae
	
	
	
	
	
	
	
	

	Akkesiphycus lubricum Yamada & Tak.Tanaka
	Kawai et al. 2013 (Akkeshi, Hokkaido, Japan)
	KU-470
	AB775219
	AB775236
	AB775251
	AB775299
	AB775330
	

	Pseudochordaceae
	
	
	
	
	
	
	
	

	Pseudochorda gracilis H.Kawai & Nabata
	This study (Rumoi, Hokkaido; 22 Jul. 2016)
	KU-d15320
	LC430427
	LC430477
	
	
	LC430518
	

	
	This study (Vladivostok, Russia; 14 Jul. 2015)
	KU-d13791
	LC430428
	LC430478
	
	
	LC430519
	

	Pseudochorda nagaii (Tokida) Inagaki
	Kawai et al. 2013 (Hanasaki, Hokkaido, Japan)
	KU-735
	AB775231
	AB775248
	AB775264
	AB775312
	AB775342
	


* Sequence matched JX572025, JX572143, and JX572038, and MH309102 and MH309713 in Saunders & McDevit (2013) and Bringloe & Saunders (2019), respectively.
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Table S2. List of primers used for PCR and sequencing.

	Code
	F/R
	Sequence (5'-3')
	Annealing position

	ycf3-F1Pa
	F
	CAAGCDYTAAATAATATWGCTG
	ycf3 (319-340)

	atpB-R4Pa
	R
	GCWGRKCKATGRATAGGTAA
	atpB (374-355)

	atpB-2Rb
	R
	AGCTTGWACAAATCTAAAAATA
	atpB (810-789)

	atpB-R1Pa
	R
	TTTGCTTTAGMDATWGCTTC
	atpB (1430-1411)

	psbA-F2c
	F
	GCAACTTTAGAAAGACGCGA
	psbA (7-26)

	psbA-R1.2c
	R
	YYWGAWGCTAAATCTAATGGG
	psbA (1037-1017)

	rbcL-P2d
	F
	GAWCGRACTCGAWTWAAAAGTG
	rbcL (19-40)

	rbcL-Rh3e
	F
	TTAAYTCTCARCCDTTYATGCG
	rbcL (629–650)

	rbcL-P1d
	F
	GKGTWATTTGTAARTGGATGCG
	rbcL (944–965)

	Ral-R952d
	R
	CATACGCATCCATTTACA
	rbcL (969–952)

	rbcL-P4a
	R
	AGKTGRTGCATYTGRCCACA
	rbcL (1178–1159)

	rbcS-P1d
	R
	GGATCATCTGYCCATTCTACAC
	rbcS (122–101)

	nad2-P1f
	F
	CDGCHCCHTAYCAYATGTGG
	nad2 (695-714)

	GazF2g
	F
	CCAACCAYAAAGATATWGGTAC
	cox1 (104-125)

	cox1-P1.2a
	F
	GATHTTYTTTATGGTDATGCC
	cox1 (276-296)

	cox1-P6f
	R
	CCAAAARCTWATRTTATTCAT
	cox1 (390-370)

	GazR2g
	R
	GGATGACCAAARAACCAAA
	cox1 (803-785)

	cox1-P3a
	R
	CNGTAAACATRTGRTGVGCC
	cox1 (961-942)

	cox1-P4a
	F
	DGCRGCNTTTACNATGTTTG
	cox1 (1230-1249)

	cox1-P2a
	R
	GGDATACGDCGHGGCATACC
	cox1 (1400-1381)

	trnI-P1.2a
	R
	GCTTATCAGGCGTACACTCT
	trnI (20-39)

	trnY-P2h
	F
	GKCAGATTGTAAATCTGTTGG
	trnY (27-47)

	trnY-P1i
	F
	TCYATCRTAGGTTCGAATCC
	trnY (51-70)

	cox3-P2i
	R
	ACAAARTGCCAATACCAAGC
	cox3 (755-736)

	18F-1j
	F
	AAGGTGAAGTCGTAACAAGG
	18S (1768–1787)

	5.8F-1j
	F
	ACGCAGCGAAATGCGATACG
	5.8S (47–66)

	5.8R-2k
	R
	CAACAGACACTCCGACAAGC
	5.8S (144-163)

	26R-1j
	R
	GTTAGTTTCTTTTCCTCCGC
	28S (70–51)


a: Kawai et al. (2013), b: Silberfeld et al. (2010), c: Kawai et al. (2016), d: Kawai et al. (2007), e: Hanyuda et al. (2004), f: Kawai et al. (2017), g: Lane et al. (2007), h: Kawai et al. (2012), i: Ni-Ni-Win et al. (2008), j: Kawai et al. (2000), k: Kawai et al. (2015).
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Table S3. Summary for the Bayesian analyses based on cox1, cox3, atpB, psbA, rbcL, and ITS1-5.8S-ITS2 rDNA datasets.

	
	cox1+cox3
	rbcL
	ITS1+5.8S+ITS2 rDNA
	atpB+psbA+rbcL
	cox1+cox3+atpB+psbA+rbcL

	Number of taxa
	42 (53)*1
	17 (29)*1
	57 (75)*1
	10 (11)*1
	11

	Number of nucleotides (bp) 
	cox1: 636

cox3: 726
	1356
	ITS1: 215

5.8S rDNA: 162

ITS2: 165
	atpB: 1152

psbA: 942

rbcL:1356
	cox1: 636

cox3: 726

atpB: 1152

psbA: 942

rbcL: 1356

	Substitution model*2
	cox1: GTR+I+G

cox3: HKY+G
	GTR+I+G
	rDNA ITS1: HKY

5.8S rDNA: JC

rDNA ITS2: F81+G
	atpB: GTR+G

psbA: GTR+G

rbcL: GTR+G
	cox1: GTR+G

cox3: HKY+G

atpB: GTR+G

psbA: GTR+G

rbcL: GTR+G


*1 The numbers within parentheses indicate original number of taxa including the samples with identical nucleotide sequences.

*2 Each substitution model was selected by hierarchical likelihood ratio test using MrModeltest 2.3. (Nylander, 2004). 
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