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Morphology and phylogenetic relationships of the Bangiales (Rhodophyta)  
from King George Island, the Antarctic and its adjacent waters 

Members of the Bangiales (Rhodophyta) are distributed worldwide 
from tropic to Antarctic and Arctic waters. Three species of the 
Bangiales; Bangia sp. (as B. atropurpurea), Porphyra plocamiestris 
and Pyropia endiviifolia (as Porphyra endiviifolium), have been 
reported in the Antarctic. Morphological and molecular data were 
investigated for the Bangiales from the Antarctic and its adjacent 
waters. Each six sequences of SSU rDNA, plastid rbcL and 
mitochondrial cox1 gene were newly determined in this study. 
Molecular data from over 72 taxa of the Bangiales worldwide 
including previously published sequences, indicated that the 
genera Bangia, Dione, Porphyra, Pyropia, Wildemania and other 
related genera be recognized in the Bangiales as in the previous 
molecular study. Bangia fuscopurpurea from the Antarctic was 
different from B. fuscopurpurea from north Pacific (Korea and 
Japan) by 12 bp in cox1 gene sequence. Porphyra plocamiestris 
growing on other macroalgae in sub-tidal zone grouped into the 
genus Wildemania with the species having one or two cell layers in 
molecular data. Pyropia endiviifolia is olive green in color and it 
allied to a clade with P. aeodis from South Africa, P. cinnamomea 
and P. virididentata from New Zealand. The taxonomic issues and 
phylogenetic relationships of the Antarctic members of the 
Bangiales were discussed. 
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Fig. 8. Phylogram (UPGMA) displaying clustering of Pyropia spp. for DNA barcoding by 
cox1 data in this study. Numbers in the right side of each node indicate numbers of 
nucleotide changes between related taxa.  Scale bar = 5 changes. 

Bangia and Porphyra belonging to the order Bangiales are 
distributed world wide from the Arctic or Antarctic to tropical waters. 
Three species of the Bangiales have been reported from the 
Antarctic: Bangia sp. (as B. fuscopurpurea), Porphyra plocamiestris 
and Pyropia endiviifolia, and several species have been added from 
sub-Antarctic waters (Clayton et al. 1997, Kim et al. 2001). Recently, 
the studies of materials from New Zealand, South Africa and sub-
Antarctic islands have revealed unexpectedly high generic diversity 
in members of the Bangiales from the southern hemisphere regions 
(Nelson et al. 2006, Sutherland et al. 2011). In this study, nuclear 
SSU rDNA, plastid rbcL and mitochondrial cox1 gene sequences 
were examined for six entities of Bangia and Porphyra sensu lato 
collected from the Antarctic and Chile in order to get some 
implications for the phylogenetic relationships with other related 
members. 

1. Phylogenetic relationships of the 
Antarctic Bangiales 

 Pyropia endiviifolia from the Antarctic was different 
from the material of Pyropia sp. from Chile by 2 bp 
in SSU, 18-19 bp in rbcL and 28 bp in cox1 gene 
sequences, showing that two materials would be the 
different species. This species grouped into a clade 
with Py. aeodis from South Africa, Py. virididentata 
and Py. cinnamomea from New Zealand and 
Pyropia sp. from Chile and Falkland Island based on 
combined SSU rDNA and rbcL data. 

 Wildemania plocamiestris from the Antarctic and 
Chile which has one cell layer of blade grouped into 
a clade with P. miniata and P. amplissima from north 
Atlantic having two cell layer in SSU rDNA, and with 
five species from north Pacific and north Atlantic 
having two cell layer based on combined data. 

 Porphyra woolhousiae from Chile grouped into a 
clade with P. dioica, P. lucasii, P. purpurea and P. 
umbilicalis based on combined data. 

 Bangia sp. from the Antarctic showed the same 
sequence with B. fuscopurpurea from north Pacific 
and north Atlantic in SSU rDNA, whereas it was 
different from B. fuscopurpurea by 1-2 bp in rbcL 
and from B. fuscopurpurea from north Pacific 
(Korea and Japan) by 11-12 bp in cox1 gene 
sequence. These results imply that this species 
would be a different one from B. fuscopurpurea. 

2. Cox1 barcoding  

 Cox1 barcoding would be a powerful method in the 
identification of the members of the Bangiales such 
as in cases of other red algal groups (Saunders 
2005). In all cases of this study intraspecific 
divergence values ranged from 0 to 5 bp, whereas 
interspecific divergences were more than 12 bp.  

3. Taxonomic issues 

 Important taxonomic characters such as cell layer, 
sexuality (monoecious or dioecious), arrangement 
of reproductive cells (mixed or sectored vertically) 
do not reflect the molecular phylogeny. 

INTRODUCTION 

Fig. 6. Tree constructed with Bayesian inference for the concatenated nuclear SSU rDNA and plastid 
rbcL data set (GTR+I+G model).  Values at branches represent Bayesian posterior probabilities (left 
value), 1000 and 2000 bootstrap replicates each for maximum parsimony and distance (center and 
right values, respectively) analyses.  Branches lacking values received less than 50% support. Scale 
bar = 0.01 substitutions/site. 
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Wildemania schizophylla (HQ699244), USA 
W. schizophylla (HQ699237), USA  
W. miniata (CH770), Cape Elizabeth, ME, USA 
W. miniata (CH2107), The Artic 
W. miniata (CH2132), The Artic 
W. miniata (JN028887), St. Brides, New Brunswick, Canada 
W. miniata (JN028889), Harrington Cove, New Brunswick, Canada 
W. miniata (JN028893), Escoumins, Quebec, Canada 
W. miniata (JN028895), Escoumins, Quebec, Canada 
W. miniata (JN028901), Port Bickerton, Nova Scotia, Canada 
W. miniata (JN028903), Port Bickerton, Nova Scotia, Canada 
W. miniata (JN028905), Peggys Cove, Nova Scotia, Canada 
W. miniata (JN028907), Brier Is., Nova Scotia, Canada 
W. miniata (JN028909), Brier Is., Nova Scotia, Canada 
W. miniata (HM916373), Campobello Is., New Brunswick, Canada  
W. miniata (JN847332), Kvivik, Faroe Islands 
W. miniata (JN028891), Cape Ray, Newfoundland, Canada 
W. miniata (JN028899), Point Lance, Newfoundland, Canada 
W. miniata (JN028900), Point Lance, Newfoundland, Canada 
W. miniata (JN028911), Port Bickerton, Nova Scotia, Canada 
W. miniata (HM915243) Halifax, Nova Scotia, Canada 
W. miniata (HM915247), Halifax, Nova Scotia, Canada 
W. miniata (HM915248), Halifax, Nova Scotia, Canada 
W. miniata (HM917389), Halifax, Nova Scotia, Canada 
W. miniata (HM917146), Brier Is., Nova Scotia, Canada 
W. miniata (JN028897), Brier Is., Nova Scotia, Canada 
Wildemania sp. (JN028913), Chaatl Is., BC, Canada 
Wildemania sp. (JN028914), Burnaby Is., BC, Canada 
Wildemania sp. (JN028915), Bamfield, BC, Canada 
Wildemania sp. (JN028916), Tahsis, BC, Canada 
Wildemania sp. (JN028917), Flower Islet, BC, Canada 
Wildemania sp. (JN028918) Tahsis, BC, Canada 
Wildemania sp. (JN028921), Bamfield, BC, Canada 
Wildemania sp. (JN028923), Tahsis, BC, Canada 
Wildemania sp. (JN028925), Jade Cove, CA, USA 
Wildemania sp. (JN028927), Jade Cove, CA, USA 
Wildemania sp. (JN028929), Jade Cove, CA, USA 
Wildemania sp. (HQ544177), Santa Cruz, CA, USA 
W. tasa (HQ699253), USA 
W. tasa (HQ699179), USA 
W. plocamiestris (KC84), King George Is., The Antarctic 
Wildemania sp. (CH1522) Punta Arenas, Chile 
W. amplissima (CH791), Rockport, ME, USA 
W. amplissima (JN847328), Holmanes, Iceland 
W. amplissima (JN847330), Vikurbakki, Iceland 
W. amplissima (CH644), Skulgan, Tromso, Norway 
W. amplissima (CH659), Futrikelv, Tromso, Norway 
W. amplissima (JN028804), Simpson Is., New Brunswick, Canada  
W. amplissima (JN028865), Vancouver Is., BC, Canada 
W. amplissima (HQ969864), Murchison Is., BC, Canada 
W. amplissima (HM917372), Peggys Cove, Nova Scotia, Canada 
W. amplissima (HM916336), Campobello Is., New Brunswick, Canada 
W. amplissima (HM916347), Campobello Is., New Brunswick, Canada 
W. amplissima (HM917350), Eastern Wolf Is., New Brunswick, Canada 
W. amplissima (JN028854), Wizard Is., BC, Canada 
W. amplissima (HM918789), Blacks Harbour, New Brunswick, Canada 
W. amplissima (HM918790), Blacks Harbour, New Brunswick, Canada 
W. amplissima (HM918791), Blacks Harbour, New Brunswick, Canada 
W. amplissima (HQ544924), Balcks Harbour, New Brunswick, Canada 
W. amplissima (HQ544975), Tanuu Is., BC, Canada 
W. amplissima (JN028866), Bamfield, BC, Canada 
W. amplissima (HM915354), Masset, BC, Canada 
Porphyra cuneifromis (HQ699240), USA 
W. amplissima (HQ969863), Murchison Is.,BC, Canada 
W. amplissima (HQ969865), Burnaby Narrows, BC, Canada 
W. amplissima (HQ969866), Burnaby Narrows, BC, Canada 
W. amplissima (JN028867), Comox Marina, BC, Canada 
W. amplissima (HM917057), Comox Marina, BC, Canada 
W. amplissima (HM917390), Bay of Fundy, Nova Scotia, Canada 
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Bangia sp. (HM053), Goto Is., Japan. 
B. fuscopurpurea (HQ423034), Hawaii, USA 
B. gloiopeltidicola (HM052), Wando, Korea 
Bangia sp. (JN028495), Ridley Is., BC, Canada 
Bangia sp. (JN028494), Ridley Is., BC, Canada 
B. fuscopurpurea (DQ442887), Dorset, England 
B. fuscopurpurea (DQ442885), Devon, England 
B. fuscopurpurea (DQ442886), Devon, England 
Bangia sp.(CH620), Jeju Is., Korea 
B. fuscopurpurea (JN028459),  Queens, NY, Canada 
Bangia sp. (HSK107), Taiwan 
Bangia sp. (CH409), Gangneung, Korea 
Bangia sp. (HM022), Jangho, Korea  
Bangia sp. (HM023), Mangyang, Korea 
Bangia sp. (HM024), Jukbyeon, Korea 
Bangia sp. (HM025), Ganggu, Korea 
Bangia sp. (HM026), Gyuryongpo, Korea 
Bangia sp. (HM027), Ulsan, Korea 
B. fuscopurpurea (HQ699238), France 
B. fuscopurpurea (HQ699215), Spain 
Bangia sp. (HQ990571), Alder Is., BC, Canada 
Bangia sp.( JN028461), Vancouver, BC, Canada 
angia sp. (JN028462), Vancouver, BC, Canada 
Bangia sp. (JN028464), Hot Spring Is., BC, Canada 
Bangia sp. (KC156), King George Is. The Antarctic 
Bangia sp. (CH1251), King George Is,  The Antarctic 
Bangia sp. (CH782), Cape Elizabeth, ME, USA 
Bangia sp. (CH799), Rockport, ME, USA 
Bangia sp. (JN028477), Samoset Resort, ME, USA 
Bangia sp. (HQ919635), Peggys Cove, NS, Canada 
Bangia sp. (HQ919636), Peggys Cove, NS, Canada 
Bangia sp. (JN028467), Bay of Fundy, NS, Canada 
Bangia sp. (JN028480), Escoumins, Quebec, Canada 
Bangia sp. (HM102). Shakotan, Hokkaido, Japan 
angia sp. (HM101), Erimo, Hokkaido, Japan 
angia sp. (HM100), Mitsuishi, Hokkaido, Japan 
Bangia sp. (CH614), Ulsan, Korea 
Bangia sp. (CH618), Yangyang, Korea 
Bangia sp. (CH619), Yangyang, Korea 
Bangia sp. (HM054), Echizen, Hokkaido, Japan  
Bangia sp. (JN028481), Ramsey Is., BC, Canada 
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Boreophyllum birdiae  
Wildemania amplissima  
Pyropia sp. (CH1525), Punta Arenas, Chile 
Pyropia sp. (KC18), Punta Arenas, Chile 
Py. endiviiforia (KC105), King George Is., The Antarctic 
Py. endiviiforia (CH2554), King George Is.,  The Antarctic 
Py. fallax, Saw Reef, BC, Canada 
Py. fallax, Murchison Is., BC, Canada 
Pyropia sp., Canada 
Py. conwayae, USA 
Py. conwayae, USA 
Pyropia sp., Jade Cove, CA, USA 
Pyropia sp., Jade Cove, CA, USA 
Py. californica, Cowley Is. BC, Canda 
Py. nereocystis, Bamfield, BC, Canada 
Py. californica, Mazarredo Is., BC, Canada 
Py. nereocystis, USA 
Py. pseudolanceolata, USA 
Py. thuretii, Tahsis, BC, Canada 
Py. thuretii, Tahsis, BC, Canada 
Py. pseudolinearis (IK120), Samcheok, Korea 
Pyropia sp. (CH1512), Punta Arena, Chile 
Py. smithii, Burnaby Is., BC, Canada 
Py. smithii, Burnaby Is., BC, Canada 
Py. njordii, Brier Is., Nova Scotia, Canada 
Py. njordii, Peggys Cove, Nova Scotica, Canada 
Py. kurogii, Vancouver, BC, Canada 
Py. kurogii, Starboard, ME, USA 
P. abbottiae, Burnaby Is., BC, Canada 
Py. abbottiae, Tahsis, BC, Canada 
Py. torta, Alder Is., BC, Canada 
Py. spiralis, Santos, São Paulo, Brazil 
Py. spiralis, Vitoria, Espirito Santo, Brazil 
Py. spiralis, São Sebastiãe, São Paulo, Brazil 
Py. perforata, Pigeon Point, CA, USA 
Py. perforata, Murchison Is., BC, Canada 
Py. perforata, Tahsis, BC, Canada 
Py. rosengurttii, Faroe Islands 
Pyropia sp., Port Arkansas, TX, USA 
Py. gardneri, Saw Reff, BC, Canada 
Py. gardneri, Bamfield, BC, Canada 
Pyropia sp., Monterey, CA, USA 
Pyropia sp., Hawaii, USA 
Py. acanthophora, Ubatuba, São Paulo, Brazil 
Py. acanthophora, Ubatuba, São Paulo, Brazil  
Py. acanthophora, Ubatuba, São Paulo, Brazil 
Py. vietnamensis, Parnaiba, Piaui, Brazil 
Pyropia sp., Hawaii, USA 
Py. tanegashimensis , Ubatuba, São Paulo, Brazil  
Py. dentata (DEN053), Korea 
Pyropia sp., Narragansett, RI, USA 
Py. kuniedae (KUN02), Namhae, Korea  
Py. rosengurttii, Sussex, England 
Py. leucosticta, Hampshire, England 
Pyropia sp., Brooklyn, NY, USA 
Pyropia sp., Woods Hole, MA, USA 
Pyropia sp., Groton, CT, USA 
Pyropia sp., Jamestwon, RI, USA 
Py. koreana (SM200), Donghae, Korea 
Py. koreana (HM069), Yangyang, Korea 
Py. yezoensis (HM112), Japan 
Py. yezoensis (JQ619144) 
Py. yezoensis (JQ619146) 
 Py. yezoensis (HM006), Cheongsando Is., Korea 
Py. yezoensis (JQ619145) 
Py. yezoensis (HM002), Tongyeong, Korea 
Py. yezoensis, Fire Is., NY, USA 
Py. kinosidae (KOR301), Pohang, Korea 
Py. tenera var. tamatsuensis, “Oba-green(416), Japan 
Py. tenera (HM004), Hadong, Korea 
Py. leucosticta, Trongisvagsfjordur, Faroe Islands 
Py. lelucosticta, New Brunswidk, Canada 
Py. fucicola, Cortes Is., BC, Canada 
Py. fucicola, Qualicum Beach, BC, Canada 
Py. fucicola, Tahsis, BC, Canada 
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Fig. 9. Phylogram (UPGMA) displaying clustering of Wildemania spp. for DNA barcoding by cox1 
data in this study. Numbers in the right side of each node indicate numbers of nucleotide changes 
between related taxa.  Scale bar = 5 changes. 

Fig. 7. Phylogram (UPGMA) displaying clustering of Bangia spp. for DNA barcoding by cox1 data in 
this study. Numbers in the right side of each node indicate numbers of nucleotide changes between 
related taxa.  Scale bar = 5 changes. 

Minerva aenigmata 
Dione arcuata 

Lysithea adamsiae, New Zealand 
Fuscifolium papenfussii, AK, USA 

F. tasa, AK, USA 
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Fig. 1. Pyropia endiviifolia and P. sp.  A: A plant from King 
George Island, Antarctica. B: A plant from Punta Arenas, Chile.  
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Fig. 2. Porphyra woolhousiae 
and from Punta Arenas, Chile.  

2 cm 

Fig. 5. Bangia sp. from King George Island, 
Antarctica. A: Habit, B: Rhizoidal cells, C: Cells 
of middle parts, D: Cells of lower part, E: 
Zygotosporangia, F: Spermatangia. Scale bars = 
200 ㎛ (A), 50 ㎛ (B-D), 100 ㎛ (E-F) 
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Fig. 4. Wildemania plocamiestris from King George Island, 
Antarctica. A: Habit, B: Surface view of vegetative cells 
and margin of blade, C: Cross-sectional view of 
vegetative cells. Scale bars: 2 cm (A), 40 ㎛ (B-C) 

Fig. 3. Bangia sp. 
from the Antartic  
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