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Abstract  16	

Sequence data generated during a Canadian barcode survey (COI-5P) of the tribes 17	

Polysiphonieae and Streblocladieae, a large and taxonomically challenging group of red 18	

algae, revealed significant taxonomic confusion and hidden species diversity.  Polysiphonia 19	

pacifica Hollenberg, P. paniculata Montagne, P. stricta (Dillwyn) Greville and Vertebrata 20	

fucoides (Hudson) Kuntze were all complexes of two or more genetically distinct yet 21	

overlooked species.  One variety of P. pacifica was elevated to the rank of species, P. 22	

determinata (Hollenberg) stat. nov.  Several new additions to the Canadian flora were 23	

recorded including Acanothosiphonia echinata (Harvey) gen. et comb. nov., P. kapraunii 24	

Stuercke & Freshwater, and P. morrowii Harvey.  Subsequent multi-gene (COI-5P, LSU, 25	

and rbcL) phylogenetic analyses confirmed that the genus Polysiphonia Greville was 26	

polyphyletic, with currently assigned species resolving with many other genera.  27	

Polysiphonia sensu stricto was restricted to a group of species that formed a monophyletic 28	

lineage with the type, Polysiphonia stricta.  Carradoriella P.C.Silva was resurrected based 29	

on the South African species Carradoriella virgata (C.Agardh) P.C.Silva.  Species 30	

previously attributed to Polysiphonia were transferred to Carradoriella, Leptosiphonia and 31	

Vertebrata as well as three new genera described here: Acanthosiphonia gen. nov., for A. 32	

echinata (Harvey) comb. nov.; Eutrichosiphonia gen. nov. for E. confusa (Hollenberg) 33	

comb. nov. and E. sabulosia (B.Kim & M.S.Kim) comb. nov.; and Kapraunia gen. nov., 34	

which includes K. schneideri (Stuercke & Freshwater) comb. nov. and three additional 35	

species. 36	

 37	
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 40	

Introduction 41	

Recent taxonomic changes in the family Rhodomelaceae resulted in the segregation of the 42	

tribe Streblocladieae from the tribe Polysiphonieae, and together they contain some 15 43	

genera with over 300 species worldwide (Díaz-Tapia et al. 2017a, Guiry & Guiry 2018).  44	

Species in these tribes are filamentous and polysiphonous, with four to 24 pericentral cells 45	

surrounding a central axial cell and terete axes (Womersley 2003).  Thalli have a radial or 46	

dorsiventral construction, with branches and trichoblasts occuring either in a spiral pattern 47	

or arranged unilaterally on the adaxial side of the axes (Hommersand 1963).  Some 48	

vegetative characters that were traditionally afforded taxonomic importance for genus- and 49	

species-level distinction included: the number of pericentral cells, the presence or absence 50	

of cortication and trichoblasts, the position of trichoblasts and scar cells, the relationship of 51	

lateral branches to trichoblasts, and whether rhizoids were in open connection with 52	

pericentral cells or cut off by a cross wall (Hollenberg 1942a, Kapraun 1977, Stuercke & 53	

Freshwater 2008, Bárbara et al. 2013).  Reproductive characters considered important 54	

included the arrangement of tetrasporangia, the number of tetrasporangia per segment, the 55	

size and shape of cystocarps, the number of cells in the carpogonial branch (three or four), 56	

and the shape of spermatangial axes, their arrangement in relation to trichoblasts, and the 57	

number of sterile terminal cells (Kim & Lee 1999, Stuercke & Freshwater 2008). 58	

At the core of the tribe Polysiphonieae sensu lato (including the recently segregated 59	

Streblocladieae), the genus Polysiphonia Greville has long been in need of a 60	
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comprehensive molecular-assisted taxonomic revision.  It is the largest genus of red algae, 61	

including approximately 200 species worldwide; these widely distributed, as well as 62	

morphologically and ecologically diverse (Maggs & Hommersand 1993, Guiry & Guiry 63	

2018).  This diversity, combined with its convoluted nomenclatural history, renders 64	

Polysiphonia an especially difficult genus for taxonomic and phylogenetic research (Kim et 65	

al. 2000, Choi et al. 2001).   66	

 The name Hutchinsia was originally proposed for this group by C. Agardh (1817); 67	

however, Polysiphonia was proposed as a replacement by Greville (1823) because 68	

Hutchinsia had already been used for a genus of cruciferous plants rendering Hutchinsia 69	

C.Agardh illegitimate.  In his Flora Edinensis, Greville (1824) included eight species of 70	

Polysiphonia, but failed to designate a type.  Polysiphonia urceolata (Dillwyn) Greville 71	

was designated as the lectotype species by Silva (1952), and was later synonymized with 72	

Polysiphonia stricta (Dillwyn) Greville (Maggs & Hommersand 1993).  Polysiphonia was 73	

conserved against other names for this genus, viz. Grammita Bonnemaison, Gratelupella 74	

Bory de St. Vincent, and Vertebrata S.F.Gray (Greuter et al. 1994).  Kylin (1956) and 75	

Christensen (1967) both recognized the genus Vertebrata, for V. lanosa (Linnaeus) 76	

T.A.Christensen, as distinct from Polysiphonia.  However, the segregation of V. lanosa 77	

from Polysiphonia was not widely accepted until Choi et al. (2001) presented molecular 78	

evidence to support recognition of this genus.   79	

In ongoing efforts to render Polysiphonia monophyletic, Kim & Lee (1999) 80	

proposed recognition of the genus Neosiphonia M.S.Kim & I.K.Lee based on Neosiphonia 81	

flavimarina M.S.Kim & I.K.Lee from Korea.  Several morphological characters were used 82	

to distinguish Neosiphonia from Polysiphonia including: rhizoids that are cut off from 83	
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pericentral cells, procarps bearing a three-celled carpogonial branch, and tetrasporangia 84	

arranged in a spiral series (Kim & Lee 1999).  Soon after recognition of Neosiphonia, an 85	

important re-assessment of the type of Polysiphonia, P. urceolata (= P. stricta), was 86	

undertaken by Kim et al. (2000).  They examined type material to characterize accurately 87	

the vegetative and reproductive characters of this species, and found that P. stricta differs 88	

in several key morphological characters from most other species assigned to this genus.  89	

Among the defining characters were: four pericentral cells, absence of cortication, rhizoids 90	

in open connection with pericentral cells, trichoblasts absent or rare, and tetrasporangia 91	

occurring in straight series.  Kim et al. (2000) noted that this combination of morphological 92	

characters was also shared by a small group of Polysiphonia species including P. atlantica 93	

Kapraun & J.N.Norris, P. morrowii Harvey, P. pacifica Hollenberg, P. scopulorum Harvey, 94	

and P. subtilissima Montagne, but that most other species assigned to this genus have more 95	

than four pericentral cells, cortication, rhizoids that are cut off from pericentral cells by a 96	

cross wall, abundant trichoblasts, and tetrasporangia occurring in spiral series. Despite 97	

these findings, no formal taxonomic changes were proposed. 98	

 Molecular tools such as DNA barcoding and phylogenetic analyses have been 99	

critical for resolving outstanding taxonomic issues in this difficult group.  In one of the first 100	

published phylogenetic analyses to consider Polysiphonia, Choi et al. (2001) used nuclear 101	

small-subunit rDNA (SSU) sequence data to show that this genus was polyphyletic.  In 102	

their analyses, Polysiphonia resolved as three well-supported lineages: the “Polysiphonia 103	

group”, which included the type species, P. stricta; the “Neosiphonia group” which 104	

included species of Neosiphonia, as well as P. elongata (Hudson) Sprengel and P. virgata 105	

(C.Agardh) Sprengel; and the “multi-pericentral group”, which included species of 106	
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Boergeseniella Kylin, Enelittosiphonia Segi and Vertebrata S.F.Gray, as well as several 107	

species of Polysiphonia with greater than four pericentral cells (Choi et al. 2001).  A 108	

corresponding analysis of anatomical characters showed that members of the Polysiphonia 109	

group (i.e. Polysiphonia sensu stricto) shared the morphological characters discussed by 110	

Kim et al. (2000), consistent with the proposal that Polysiphonia should be restricted to a 111	

small subset of species with morphological characteristics similar to the type.  Subsequent 112	

phylogenetic analyses based on SSU and other markers such as COI-5P (the 5’ end of the 113	

cytochrome c oxidase subunit I gene) and, most commonly in this group, rbcL (the large 114	

subunit of RuBisCO), have also resolved Polysiphonia as polyphyletic (Stuercke & 115	

Freshwater 2010, Mamoozadeh & Freshwater 2011, Mamoozadeh & Freshwater 2012, 116	

Bárbara et al. 2013, Kim & Kim 2014).  In a recent study of the tribe Pterosiphonieae, 117	

Savoie and Saunders (2016) resurrected the genus Polyostea Ruprecht (abbreviated Po. 118	

throughout this manuscript) based on three species of Pterosiphonia as well as Polyostea 119	

arctica (J.Agardh) Savoie & G.W.Saunders, and demonstrated that Polyostea belonged in 120	

the tribe Polysiphonieae sensu lato.  121	

 Based on a combination of morphological evidence and molecular phylogenetic 122	

analyses of rbcL and SSU sequence data, Díaz-Tapia et al. (2017b) proposed a major 123	

overhaul of the taxonomy of Neosiphonia, Polysiphonia, Vertebrata and related genera.  124	

They found that the type of Melanothamnus Bornet & Falkenberg, M. somalensis Bornet & 125	

Falkenberg, fell into a large clade of Neosiphonia species including the generitype.  Since 126	

Melanothamnus has taxonomic priority, 46 species of Fernandosiphonia Levring, 127	

Neosiphonia, and Polysiphonia were transferred to Melanothamnus, including the types of 128	

Fernandosiphonia and Neosiphonia.  These species are united by the same characters 129	
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described by Kim & Lee (1999) for Neosiphonia, most importantly the 3-celled carpogonial 130	

branch.  The species Neosiphonia echinata (Harvey) N.Mamoozadeh & D.W.Freshwater 131	

was transferred back to Polysiphonia as it did not join this clade.  Furthermore, based on 132	

their molecular phylogenetic analyses of the multi-pericentral group described by Choi et 133	

al. (2001), Díaz-Tapia et al. (2017b) concluded that species within this clade should be 134	

transferred to Vertebrata, the oldest name, resulting in six new combinations and 13 135	

resurrected names.  These transfers included the types of Boergeseniella, Brongniartella 136	

Bory, Ctenosiphonia Falkenberg, and Enelittosiphonia.  Species within the Vertebrata 137	

clade have more than six pericentral cells, and have multi-nucleate trichoblasts cells (Díaz-138	

Tapia et al. 2017b).  A second, larger analysis of the family Rhodomelaceae by Díaz-Tapia 139	

et al. (2017a) resulted in the segregation of the tribe Streblocladieae from the tribe 140	

Polysiphonieae for Lampisiphonia, Leptosiphonia, Melanothamnus, Polyostea, 141	

Streblocladia, Vertebrata and others.  In essence, Díaz-Tapia et al. (2017a) have restricted 142	

the Polysiphonieae to include Polysiphonia sensu stricto and a second lineage in need of 143	

genus-level assignment.  We have adopted these proposed taxonomic changes throughout 144	

our study.  145	

 There are 23 species of Polysiphonieae and Streblocladieae from five genera 146	

reported in Canada (Melanothamnus, Polysiphonia, Polyostea, Pterochondria Hollenberg 147	

and Vertebrata).  In eastern Canada, there are 12 species listed: Melanothamnus harveyi 148	

(Bailey) Díaz-Tapia & Maggs, Polyostea arctica (an Arctic species), Vertebrata fucoides 149	

(Hudson) Kuntze, V. lanosa, V. nigra (Hudson) Díaz-Tapia & Maggs and seven species of 150	

Polysiphonia (Sears 2002).  In British Columbia, there are 13 species listed: Polyostea 151	

bipinnata (Postels & Ruprecht) Ruprecht, Po. hamata (E.S.Sinova) Savoie & 152	
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G.W.Saunders, Po. robusta (N.L.Gardner) Savoie & G.W.Saunders, Pterochondria woodii 153	

(Harvey) Hollenberg, and nine species of Polysiphonia (Gabrielson et al. 2006, Filloramo 154	

et al. 2017).  Two of these species, Polysiphonia brodiei (Dillwyn) Sprengel and P. stricta, 155	

are reported from both Atlantic Canada and British Columbia (Sears 2002, Gabrielson et al. 156	

2006). 157	

The objectives of this study were to conduct a COI-5P barcode survey to assess 158	

species diversity within the tribes Polysiphonieae and Streblocladieae in Canada, and also 159	

to investigate the evolutionary relationships of species within these tribes using 160	

phylogenetic analyses of COI-5P, rbcL and nuclear large-subunit rDNA (LSU) sequence 161	

data.  Molecular phylogenetic analyses were compared to traditional morphological 162	

assessments.  The main goal of this study was to determine generic boundaries and 163	

establish a natural system of classification within this speciose and diverse group.  Species-164	

level taxonomy of cryptic and overlooked taxa will be dealt with in future publications.   165	

 166	

Methods 167	

Specimens of Polysiphonieae, Streblocladieae, and other rhodomelacean tribes were 168	

collected from the intertidal and subtidal (using SCUBA) from the Arctic, Atlantic and 169	

Pacific coasts of North America, with an emphasis on the coasts of Atlantic Canada (New 170	

Brunswick, Newfoundland, Nova Scotia, and Prince Edward Island), British Columbia, and 171	

New England (Connecticut, Maine, Massachusetts, New Hampshire, and Rhode Island) 172	

between 2004 and 2016 (Table S1).  Specimens were also collected from Australia, 173	

Norway, South Africa and South Korea, and samples were sent to us by colleagues from 174	

Ireland, Oman and Russia (Table S1).  Collections were dried in silica gel to serve as both a 175	
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voucher and for subsequent DNA extraction; in some cases additional vouchers were 176	

pressed on herbarium paper (Saunders & McDevit 2012). 177	

 DNA was extracted from dried material and 664 bp near the 5’ end of the 178	

cytochrome c oxidase subunit I gene (COI-5P) were amplified following Saunders and 179	

McDevit (2012).  The primer pair used for each sequence is recorded with their GenBank 180	

accession number (Table S2).  In some cases when COI-5P amplification was unsuccessful 181	

the alternate barcode rbcL-3P (800 bp of the large subunit of the RuBisCO gene) was used 182	

(Saunders & Moore 2013).  Subsequently, rbcL (1363 bp) and the large subunit of 183	

ribosomal DNA (LSU, 2696-2864 bp) were also amplified for some representative 184	

collections as outlined in Saunders & Moore (2013) (Table S2).  Amplified products were 185	

sent to Génome Québec for sequencing and data were edited and aligned using Geneious 186	

R7 version 7.1.7 (http://www.geneious.com, Kearse et al. 2012).  Edited COI-5P sequence 187	

data were entered into the BOLDSYSTEMS database webpage (Ratnasingham & Hebert 188	

2007) where a barcode gap analysis with a pairwise distance model was used to determine 189	

the inter- and intraspecific variation and nearest neighbour for each genetic species group.  190	

To expand our analyses, COI-5P and rbcL sequences for relevant rhodomelacean species 191	

were downloaded from GenBank (Table S2).  192	

A multi-gene concatenated alignment was constructed using 28 LSU, 47 rbcL and 193	

43 COI-5P sequences for 47 taxa (28 taxa had all three markers, 15 taxa had rbcL and COI-194	

5P only, and four taxa had rbcL only).  Nine of the 47 rbcL sequences and six of the 43 195	

COI-5P sequences included in the multi-gene concatenated alignment were downloaded 196	

from GenBank (Table S2).  For phylogenetic inference RAxML version 7.2.8 in Geneious 197	

R7 (Stamatakis 2006) was used to run a maximum-likelihood (ML) analysis on the 198	
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concatenated alignment with a GTR + I + G model, partitioned by gene and codon, with 199	

1000 bootstrap replicates.  Single gene alignments were also analysed to ensure that there 200	

were no major discordances between the three markers. 201	

An rbcL-only alignment was also constructed for 87 taxa, with 43 out of the 87 202	

rbcL sequences downloaded from GenBank to expand our analysis.  The rbcL sequences 203	

ranged in length from 950 to 1,363 base pairs. For phylogenetic inference the program 204	

RAxML in Geneious R7 was again used to run a ML analysis on the alignment with a GTR 205	

+ I + G model, partitioned by codon, with 1000 bootstrap replicates.   206	

For morphological assessments dried material was rehydrated in seawater and 207	

morphological and reproductive features of the specimens were observed using a Leica 208	

DM5000B light microscope and photographed with a Leica DFC480 digital camera.  209	

Images were edited using Adobe Photoshop CC 2015 and ImageJ 1.49v.  If necessary 210	

slides were stained using a 1% aniline blue solution in 6% 5N hydrochloric acid, and 211	

permanent slides were prepared with a 50% corn syrup, 4% formalin solution.  For the 212	

taxonomic results, homotypic and heterotypic synonyms of species names were retrieved 213	

from Algaebase (Guiry & Guiry 2018), as well as taxonomic keys for the northeast Atlantic 214	

(Maggs & Hommersand 1993), northwest Atlantic (Sears 2002), and northeast Pacific 215	

(Abbott & Hollenberg 1976).  Herbarium abbreviations listed in this paper follow Thiers 216	

(2018). 217	

 218	

Results 219	

DNA Barcode survey 220	

Atlantic Canada and the Canadian Arctic 221	
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We identified 14 genetic species groups in Atlantic Canada and the Arctic using COI-5P 222	

and rbcL-3P sequence data (Table 1, Table S1).  Five of these genetic groups could be 223	

assigned to reported species for this area: Melanothamnus harveyi (n=94), Polyostea 224	

arctica (n=17), Polysiphonia (=Leptosiphonia) flexicaulis (Harvey) Collins (n=30), 225	

Vertebrata lanosa (n=11) and V. nigra (n=9).  We collected specimens that were a 226	

morphological match to Polysiphonia (=Leptosiphonia) fibrillosa (Dillwyn) Sprengel 227	

(n=5), but these were 1.07% different in rbcL from a collection of P. fibrillosa from Ireland 228	

(AF342912) and 4.65% different in COI-5P from collections of P. fibrillosa from Norway 229	

(Table 1).  The Canadian collections were provisionally named P. sp._1fibrillosa.  230	

Two genetic groups were a morphological match to Vertebrata fucoides and were 231	

referred to as Vertebrata sp._1fucoides (n=55) and V. sp._2fucoides (n=22).  These genetic 232	

groups had 0.31% and 0.33% intraspecific divergence respectively, and were 1.66% 233	

different from one another (Table 1). Vertebrata sp._2fucoides was a match (2-3 bp 234	

different) to rbcL sequences on GenBank for European collections of V. fucoides (from 235	

Ireland, JX828163 and Spain, JX828146), and we also found this group in Norway (n=1).   236	

 Three genetic groups in Atlantic Canada were identified as Polysiphonia stricta 237	

based on morphology.  One group was considered authentic P. stricta (n=21) and was a 238	

match in COI-5P and rbcL sequence (identical, or 1-2 base pairs different) to previously 239	

published sequences identified as P. stricta from Europe (England, AY958167, Northern 240	

Ireland, AY958163, and Spain, KF648521).  We also collected this species in Norway 241	

(n=7).  Polysiphonia stricta had 0.31% intraspecific divergence in COI-5P sequence and 242	

was 2.6% divergent from its nearest neighbour (Table 1).  The other two genetic groups 243	

were assigned temporary names: Polysiphonia sp._1stricta (n=38) and P. sp._3stricta 244	
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(n=31).  These two genetic groups had 0.69 and 1.15% intraspecific divergence in COI-5P, 245	

respectively; P. sp._1stricta was most closely related to P. morrowii (3.67% different), 246	

while P. sp._3stricta was most closely related to P. stricta (2.6% different; Table 1).  Two 247	

specimens of Polysiphonia sp._1stricta were collected in northern British Columbia (Table 248	

S1).  249	

The final three genetic species groups all represented new additions to the Canadian 250	

flora: Polysiphonia (=Acanthosiphonia) echinata Harvey (n=15), P. kapraunii Stuercke & 251	

Freshwater (n=1), and an unidentified species provisionally named P. sp._23GWS (n=3).  252	

Polysiphonia (=Acanthosiphonia) echinata had no intraspecific variation and was 10.09% 253	

different in COI-5P sequence from its nearest neighbour, Polyostea arctica (Table 1). Our 254	

single Canadian collection of Polysiphonia kapraunii, from southern New Brunswick, was 255	

a match (2 bp different) to rbcL sequence data on GenBank from the protologue of the 256	

species (EU492920; Stuercke and Freshwater 2010) and was 9.23% different in COI-5P 257	

from P. morrowii (Table 1).  Polysiphonia sp._23GWS was collected from New 258	

Brunswick, Canada, and Rhode Island, U.S.A., with no intraspecific divergence in COI-5P 259	

and 9.79% difference from Polysiphonia sp._3stricta, the nearest genetic group (Table 1).  260	

We also collected this genetic group in Norway (n=6), and there was a COI-5P sequence in 261	

GenBank identified as P. stricta from Portugal (KF648515) that was an exact match to this 262	

unidentified species.   263	

There were four species reported from Atlantic Canada that we did not collect in our 264	

Canadian survey.  Two of these species, Polysiphonia (=Carradoriella) elongata (n=2) and 265	

Polysiphonia (=Kapraunia) schneideri Stuercke & Freshwater (n=3), we collected in the 266	
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eastern United States (Table S1).  The other two, Polysiphonia (=Leptosiphonia) brodiei 267	

and P. subtilissima, we did not collect from either Canada or the northeastern United States. 268	

 269	

British Columbia 270	

We identified 16 genetic species groups of Polysiphonieae and Streblocladieae in British 271	

Columbia.  Seven of these could be assigned to known species reported for this area: 272	

Polyostea bipinnata (n=2), Po. hamata (n=13), Po. robusta (n=74), Polysiphonia 273	

(=Melanothamnus) akkeshiensis Segi (n=7), P. (=Vertebrata) hendryi N.L.Gardner (n=56), 274	

P. scopulorum var. villum (J.Agardh) Hollenberg (n=21), and Pterochondria (=Vertebrata) 275	

woodii (n=12) (Table 1).  Polysiphonia (=Vertebrata) hendryi (n=55) had 2.45% 276	

intraspecific variation in COI-5P sequence data, which is relatively high when compared to 277	

the other species included in this study (Table 1).  Although we were able to assign our 278	

collections of P. hendryi to the five varieties reported by Hollenberg (1961), we found that 279	

morphological differences between specimens did not correspond to the genetic variation in 280	

this group (Figs 1–3).  There were no genetic groups closely related to P. hendryi, with 281	

Vertebrata lanosa being the nearest (10.3% different in COI-5P, Table 1). 282	

We found seven genetic groups that were part of species complexes in British 283	

Columbia, including two specimens of Polysiphonia sp._1stricta (n=38) collected in Haida 284	

Gwaii.  Four genetic groups in British Columbia were a morphological match to 285	

Polysiphonia pacifica Hollenberg, and two of these groups could be unequivocally 286	

assigned to varieties of this species based on morphology and habitat: P. pacifica var. 287	

determinata Hollenberg (n=11), and the type variety P. pacifica Hollenberg var. pacifica 288	

(n=29).  Polysiphonia pacifica var. determinata had 0.9% variation in COI-5P and was 289	
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4.67% different from its nearest neighbours, P. morrowii and P. sp.1stricta (Table 1).  This 290	

variety was elevated to the rank of species, as P. determinata (Hollenberg) stat. nov. (Fig. 291	

4).  Collections of P. determinata were more densely branched and compact when 292	

compared to collections of P. pacifica var. pacifica (Fig. 5).  Furthermore, P. determinata 293	

was found only in the mid to low intertidal, while P. pacifica var. pacifica was found 294	

almost exclusively in the sublittoral, to a depth of 20 m.   295	

The other three genetic groups identified as Polysiphonia pacifica could not be 296	

conclusively assigned to varieties at this time and two were temporarily named P. 297	

sp._1pacifica (n=17) and P. sp._2pacifica (n=2).  Polysiphonia sp._1pacifica and P. 298	

sp._2pacifica had 0.6 and 0.15% intraspecific divergence, respectively, and were 2.86% 299	

different from one another (Table 1).  A fifth genetic group was found only in California, 300	

and was tentatively identified as Polysiphonia pacifica var. disticha Hollenberg  (n=1, 301	

Table 1).  Based on the genetic data, this variety of P. pacifica should also be elevated to 302	

the rank of species; however, more collections are needed to confirm this identification as it 303	

is based on a single specimen.    304	

There were two closely related genetic groups attributable to Polysiphonia 305	

paniculata Montagne in British Columbia (Table 1).  We assigned these genetic groups 306	

interim names: Polysiphonia sp._1paniculata (n=41) and P. sp._2paniculata (n=14).  These 307	

two genetic groups had 0.62% and 0.31% intraspecific variation in COI-5P, respectively, 308	

but were only 0.96% different in COI-5P sequence (Table 1).  Polysiphonia 309	

sp._1paniculata was found only in British Columbia while P. sp._2paniculata was found in 310	

British Columbia and California.   311	

 The remaining two genetic groups were new records for British Columbia. 312	
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Polysiphonia morrowii (n=9) was collected from Bamfield, Bowen Island, and Haida 313	

Gwaii (Table 1, Table S1).  The type locality of this species is Hakodate, Japan, and our 314	

collections were a match in rbcL sequence to collections of P. morrowii from South Korea 315	

(AY396027,	AY396031).  We also collected a single specimen in Bamfield of an 316	

unidentified species of Melanothamnus, M. sp._21GWS, which was 2.45% divergent in 317	

COI-5P sequence from Polysiphonia (=Melanothamnus) akkeshiensis (Table 1).  Three 318	

species previously reported for this area were not collected during this study: Polysiphonia 319	

(=Leptosiphonia) brodiei, P. macounii Hollenberg, and P. senticulosa Harvey. 320	

 321	

Phylogenetic analyses 322	

A maximum likelihood (RAxML) analysis of the concatenated LSU, rbcL and COI-5P 323	

sequence alignment resolved the genus Polysiphonia as polyphyletic relative to most 324	

included genera of the Polysiphonieae and Streblocladieae (Fig. 6).  The Polysiphonieae 325	

and Streblocladieae were sister to one another, and were each resolved as a monophyletic 326	

and highly supported clade (Fig. 6).  To clarify the relative position for species for which 327	

rbcL data were available in GenBank, we ran expanded analyses with this single gene, with 328	

each tribe presented separately for clarity (Figs 7 and 8).  329	

 330	

The tribe Polysiphonieae 331	

In the multi-gene RAxML analysis this clade consisted of two distinct and highly supported 332	

monophyletic lineages, with the type of Polysiphonia, P. stricta, falling within one of these 333	

lineages (Fig. 6).  We have restricted the boundaries of Polysiphonia sensu stricto to 334	

include only the clade containing the type species (Figs 6 and 7). 335	
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The generic affinities of Polysiphonia scopulorum var. villum and Streblocladia 336	

camptoclada (Montagne) Falkenberg (not the type of the genus) are currently unresolved 337	

(Fig. 6).  Our collections of P. scopulorum var. villum are from British Columbia, and they 338	

also matched a GenBank accession reportedly of this species from Oregon (AY396039), 339	

but not GenBank accessions identified as P. scopulorum var. villum from North Carolina 340	

(EU492915, Fig. 7).  We have provisionally referred to this clade as the “Polysiphonia 341	

scopulorum group” (Figs 6 and 7).  The type of Streblocladia, S. glomerulata (Montagne) 342	

Papenfuss, falls within the second large clade in our analyses, highlighting the incorrect 343	

taxonomic placement of S. camptoclada (Fig. 8).   344	

 345	

The tribe Streblocladieae 346	

In the multi-gene phylogenetic analysis the tribe Streblocladieae resolved as two large 347	

clades (Fig. 6).  The first large clade included species of Leptosiphonia, Melanothamnus, 348	

and Polyostea along with five species of Polysiphonia (Fig. 6).  Polysiphonia virgata and 349	

P. elongata clustered together in a highly supported group (Fig. 6), and the genus 350	

Carradoriella P.C.Silva was resurrected based on the type Carradoriella virgata 351	

(C.Agardh) P.C.Silva, with transfer of P. elongata to Carradoriella.  An rbcL-only analysis 352	

including additional sequence data from GenBank indicated that Polysiphonia denudata 353	

(Dillwyn) Greville ex Harvey, Polysiphonia elongella Harvey and Polysiphonia polyspora 354	

(C.Agardh) Montagne also fell within the Carradoriella clade (Fig. 8).  Polysiphonia 355	

denudata and Polysiphonia elongella were transferred to Carradoriella based on the 356	

available GenBank sequence data, but considering that cryptic species often occur within 357	

this group these species should be studied further using a combination of molecular and 358	
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morphological tools.  Polysiphonia polyspora was not transferred at this time, as there is a 359	

lack of information on the morphology of this species in the literature, and the location of 360	

the type specimen could not be determined.  The Carradoriella clade was highly supported 361	

in both analyses (Figs 6 and 8).  In the rbcL-only analysis the type of Streblocladia, S. 362	

glomerulata, clustered in a highly supported clade with Polysiphonia muelleriana 363	

J.Agardh, as a moderately supported sister lineage to Carradoriella.  Polysiphonia 364	

muelleriana was therefore transferred to Streblocladia.   365	

Polysiphonia flexicaulis, P. fibrillosa and P. sp._1fibrillosa clustered with 366	

Leptosiphonia schousboei (the type of the genus) in both analyses, and both P. fibrillosa 367	

and P. flexicaulis were transferred to Leptosiphonia (Figs 6 and 8).  Although P. 368	

sp._1fibrillosa requires valid description, it should be considered assignable to 369	

Leptosiphonia.  Polysiphonia brodiei and P. fibrata (Dillwyn) Harvey also fell within the 370	

Leptosiphonia clade based on rbcL sequence data from GenBank (Fig. 8) and were 371	

transferred.  Once again these groups should be further investigated using additional 372	

markers to investigate the possibility of cryptic species.   373	

Polysiphonia echinata was resolved, with moderate support, as a relatively deep 374	

sister to Melanothamnus (Fig. 6).  In the rbcL-only analyses it formed a moderately 375	

supported clade with Polysiphonia binneyi Harvey and Polysiphonia havanensis sensu 376	

Børgesen (Fig. 8).  The new genus Acanthosiphonia gen. nov. was described for A. 377	

echinata (Harvey) comb. nov., while transfer of P. binneyi and P. havanensis requires 378	

further study.  The phylogenetic position of Polysiphonia homoia Setchell & N.L.Gardner 379	

was unresolved (Fig. 8).  The genus Melanothamnus as circumscribed by Díaz-Tapia et al. 380	

(2017b) was monophyletic and strongly supported in our analyses, as was the recently 381	



	 18	

resurrected genus Polyostea (Figs 6 and 8).  In the rbcL-only analysis (Figure 8), 382	

Polysiphonia akkeshiensis fell within the Melanothamnus clade and was transferred to this 383	

genus.   384	

Polysiphonia schneideri was sister to the Melanothamnus clade in the multi-gene 385	

analysis (Fig. 6).  In the rbcL-only analysis, Polysiphonia amplacapilli B.Kim & M.S.Kim, 386	

P. morroides B.Kim & M.S.Kim and P. pentamera Hollenberg clustered with P. schneideri 387	

in a highly supported clade (Fig. 8).  A new genus, Kapraunia gen. nov., was described for 388	

these four species with K. schneideri (Stuercke & Freshwater) comb. nov. designated as the 389	

type.  390	

 The second large clade within the tribe Streblocladieae included species of 391	

Lampisiphonia H.G.Choi, Díaz-Tapia & Bárbara, Perrinia Womersley, Pterochondria 392	

Hollenberg, and Vertebrata, as well as three species of Polysiphonia (Fig. 6).  393	

In the multi-gene analyses, Polysiphonia confusa and P. sp._2paniculata clustered 394	

together in a highly supported lineage as a relatively deep sister to Vertebrata (Fig. 6).  In 395	

the rbcL-only analyses P. confusa, P. sp._1paniculata and P. sp._2paniculata were joined 396	

by Polysiphonia sabulosia B.Kim & M.S.Kim (Fig. 8).  Eutrichosiphonia gen. nov. was 397	

described for E. confusa (Hollenberg) comb. nov. and E. sabulosia (B.Kim & M.S.Kim) 398	

comb. nov. was also transferred.  Eutrichosiphonia was highly supported in both 399	

phylogenetic analyses (Figs 6 and 8).  Transfer of P. paniculata to this genus will require 400	

verifying the identity of this species and linking the original species concept to a genetic 401	

group.   402	

The recently expanded genus Vertebrata (Díaz-Tapia et al. 2017b) was 403	

monophyletic and highly supported in our analyses (Figs 6 and 8).  Polysiphonia hendryi 404	
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fell within this clade, sister to V. stimpsonii, and was transferred to Vertebrata.  The types 405	

of two monotypic genera, Perrinia and Pterochondria, also fell within the Vertebrata clade 406	

and were returned to Vertebrata as Vertebrata ericoides (Harvey) Kuntze and Vertebrata 407	

woodii (Harvey) Kuntze (Figs 6 and 8).  There was also a collection of P. paniculata from 408	

southern Chile (Punta Arenas) within this clade (AY396041) that did not match our 409	

collections of P. sp._1paniculata and P. sp._2paniculata from British Columbia and 410	

California. 411	

 412	

Taxonomic Results 413	

 414	

Acanthosiphonia gen. nov. 415	

Description: Thalli radially organized, polysiphonous, composed of erect axes arising from 416	

a basal rhizoidal holdfast or from prostrate axes attached to the substrate by unicellular 417	

rhizoids; rhizoids cut off from pericentral cells; pericentral cells 4; axes ecorticate or lightly 418	

corticated below; trichoblasts present, occurring every segment in a spiral pattern, leaving 419	

persistent scar cells; branches forming in the axils of trichoblasts.  Tetrasporangia 420	

tetrahedral, one per segment, in spiral series in laterals.  Gametophytes dioecious, procarps 421	

with a 4-celled carpogonial branch, mature cystocarps globose to subglobose; 422	

spermatangial axes cylindrical, born on the first dichotomy of a modified trichoblast, and 423	

lacking sterile terminal cells. 424	

Type species: Acanthosiphonia echinata (Harvey) comb. nov.  425	
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Etymology: From the Greek for spine or thorn, “acantha”, for the short spine-like laterals 426	

of the type species, and from the Greek “siphon”, for the polysiphonous construction of the 427	

species in this genus. 428	

Comments: Acanthosiphonia is currently monotypic; however, further phylogenetic 429	

analyses are needed to determine whether Polysiphonia binneyi and P. havanensis sensu 430	

Børgesen belong in this genus (Fig. 8).  431	

 432	

Acanthosiphonia echinata (Harvey) comb. nov. 433	

Basionym: Polysiphonia echinata Harvey 1853, p. 38 (Nereis boreali-americana; or, 434	

contributions towards a history of the marine algae of the Atlantic and Pacific coasts of 435	

North America. Part II. Rhodospermeae. Smithsonian Contributions to Knowledge, 5(5): 436	

[i–ii], [1] –258, pls XIII–XXXVI). 437	

Homotypic synonym: Neosiphonia echinata (Harvey) Mamoozadeh & Freshwater. 438	

Heterotypic synonym: Polysiphonia fracta Harvey.  439	

Holotype: TCD0012799. 440	

Type locality: Key West, Monroe County, Florida, USA. 441	

Distribution: Our collections of A. echinata from New Brunswick and Nova Scotia (Table 442	

S1) were a match (1 bp different in rbcL) to GenBank accessions from Florida 443	

(HM573558, HM573559, HM573560).  This species is reported from North Carolina to 444	

Mexico and the Caribbean (Guiry & Guiry 2018), and was recently found in Indonesia as 445	

well (Bustamante et al. 2015a).  446	

 447	

Carradoriella P.C.Silva 448	
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Amended description: Thalli radially organized, polysiphonous, composed of erect axes 449	

arising from a basal discoid holdfast made up of aggregated cortical filaments and rhizoids; 450	

rhizoids cut off from pericentral cells; pericentral cells 4 to 16; axes with light to heavy 451	

cortication; trichoblasts present or absent, when present occuring every segment in a spiral 452	

pattern, leaving persistent scar cells.  Tetrasporangia tetrahedral, one per segment, in either 453	

a straight or spiral series in laterals.  Gametophytes dioecious, procarps with a 4-celled 454	

carpogonial branch, mature cystocarps globose or ovoid; spermatangial axes conical or 455	

cylindrical, born on the first dichotomy of a modified trichoblast, with 0–4 sterile terminal 456	

cells.   457	

Type species: Carradoriella virgata (C.Agardh) P.C.Silva 458	

 459	

Carradoriella denudata (Dillwyn) comb. nov. 460	

Basionym: Conferva denudata Dillwyn 1809, p. 85, pl. G (British Confervae; or colored 461	

figures and descriptions of the British plants referred by botanists to the genus Conferva.	462	

London: W. Phillips).  463	

Homotypic synonyms: Polysiphonia denudata (Dillwyn) Greville ex Harvey 464	

Heterotypic synonyms: Hutchinsia biasolettiana C.Agardh, H. variegata C.Agardh, 465	

Polysiphonia leptura Kützing, P, variegata (C.Agardh) Zanardini, P. variegata (C.Agardh) 466	

J.Agardh, P. vidovichii Meneghini ex Kützing.  467	

Holotype/Lectotype: BM-K (Maggs & Hommersand 1993). 468	

Type locality: Southampton, England. 469	

Distribution: Reported from the Netherlands to Portugal, the Mediterranean, and western 470	

Africa (Maggs and Hommersand 1993).  471	
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 472	

Carradoriella elongata (Hudson) comb. nov. 473	

Basionym: Conferva elongata Hudson 1762, p. 484 (Flora anglica; exhibens plantas per 474	

regnum angliae sponte crescentes, distributas secundum systema sexuale: cum differentiis 475	

specierum, synonymis auctorum, nominibus incolarum, solo locorum, tempore florendi, 476	

ofììcinalibus pharmacopoeorum. Prostant venales apud J. Nourse in the Strand, et C. Moran 477	

in Covent-Garden, Londini [London]). 478	

Homotypic synonyms: Boryna elongata (Hudson) Bory, Ceramium elongatum (Hudson) 479	

Roth, Hutchinsia elongata (Hudson) C.Agardh, Neosiphonia elongata (Hudson) Xiang Si-480	

duan, Polysiphonia elongata (Hudson) Sprengel, Rhodomela elongata (Hudson) Fries.  481	

Heterotypic synonyms: Ceramium brachygonum Lyngbye, Fucus muscoides Forsskål, 482	

Hutchinsia brachygona (Lyngbye) S.F.Gray, H. lyngbyei C.Agardh, H. ruchingeri 483	

C.Agardh, H. strictoides Lyngbye, Polysiphonia arborescens Kützing, P. chalarophloea 484	

Kützing, P. clavigera Kützing, P. commutata Kützing, P. fragilis Spherk, P. delphina De 485	

Notaris, P. denudata f. fragilis Woronichin, P. haematites Kützing, P. laxa Kützing, P. 486	

leptoclonia Zanardini ex De Toni, P. macroclonia Kützing, P. microdendron J.Agardh, P. 487	

robusta Kützing, P. rosea Greville, P. ruchingeri (C.Agardh) Zanardini, P. schuebeleri 488	

Foslie, P. stenocarpa Kützing, P. strictoides (Lyngbye) Kützing, P. trichodes Kützing.  489	

Lectotype: BM-K (Maggs & Hommersand 1993). 490	

Type locality: England.  491	

Distribution: Our collections are from New England, as well as Ireland and Norway (Table 492	

S1).  This species is reported from Norway to Portugal, the British Isles and the 493	
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Mediterranean, as well as from Atlantic Canada and New England (Maggs & Hommersand 494	

1993). 495	

 496	

Carradoriella elongella (Harvey) comb. nov.  497	

Basionym: Polysiphonia elongella Harvey in W.J.Hooker 1833, p. 334 (The English Flora 498	

of Sir James Edward Smith. Class XXIV. Cryptogamia. Vol. V. Part I. Comprising the 499	

Mosses, Hepaticae, Lichens, Characeae and Algae. London: Longman, Brown, Green & 500	

Longman). 501	

Homotypic synonyms: Neosiphonia elongella (Harvey) M.S.Kim & I.K.Lee. 502	

Lectotype: TCD sine numero (Maggs & Hommersand 1993).  503	

Type locality: Sidmouth, Devon, England. 504	

Distribution: Reported from the British Isles to France, as well as the Mediterranean 505	

(Maggs & Hommersand 1993).   506	

 507	

Eutrichosiphonia gen. nov. 508	

Description: Thalli radially organized, polysiphonous, composed of erect axes arising from 509	

prostrate axes attached to the substrate by unicellular rhizoids; rhizoids cut off from 510	

pericentral cells; pericentral cells 5 to 12; axes ecorticate; trichoblasts abundant, occurring 511	

every segment in a spiral pattern, leaving conspicuous, persistent scar cells; branches 512	

forming laterally to trichoblasts by arising from the basal cell of a trichoblast or forming in 513	

the axils of trichoblasts. Tetrasporangia tetrahedral, one per segment, in spiral series in 514	

laterals.  Gametophytes dioecious, procarps with a 4-celled carpogonial branch, mature 515	

cystocarps ovoid to globose, 280–430 μm in diameter. Spermatangial axes cylindrical, born 516	
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on the first dichotomy of a modified trichoblast, usually lacking sterile terminal cells but 517	

occasionally 1 sterile terminal cell present. 518	

Type species: Eutrichosiphonia confusa (Hollenberg) comb. nov. 519	

Etymology: From the Greek for good or well-developed, “eu”, as well as the Greek for 520	

hairs, “trich”, referring to the abundant, well-developed trichoblasts of species in this 521	

genus, and from the Greek “siphon” owing to the polysiphonous construction of species in 522	

this genus. 523	

 524	

Eutrichosiphonia confusa (Hollenberg) comb. nov. 525	

Basionym: Polysiphonia confusa Hollenberg 1961, p. 350 (Marine red algae of Pacific 526	

Mexico, Part 5: The genus Polysiphonia. Pacific Naturalist, 2: 345–375, 7 plates). 527	

Homotypic synonym: Neosiphonia confusa (Hollenberg) J.N.Norris. 528	

Heterotypic synonym: Polysiphonia inconspicua Hollenberg nom. illeg. 529	

Holototype: US 61222 (Hollenberg 3285). 530	

Type locality: Corona del Mar, California, USA.  531	

Distribution: Our collections are only from Santa Cruz, California (Table S1), but E. 532	

confusa is reported from California and northern Baja California, Mexico (Abbott & 533	

Hollenberg 1976). 534	

 535	

Eutrichosiphonia sabulosia (B.Kim & M.S.Kim) comb. nov. 536	

Basionym: Polysiphonia sabulosia B.Kim & M.S.Kim 2014, p. 192, fig. 4 (Three new 537	

species of Polysiphonia sensu lato (Rhodophyta) based on the morphology and molecular 538	

evidence. Algae, 29(3): 183–195).  539	
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Holotype: JNUB-JD120106-1 540	

Type locality: Jongdal, Jeju Island, South Korea. 541	

Distribution: Reported from Jeju Island, South Korea (Kim & Kim 2014). 542	

 543	

Kapraunia gen. nov. 544	

Description: Thalli radially organized, polysiphonous, composed of erect axes arising from 545	

a discoid rhizoidal holdfast, or from prostrate axes attached to the substrate by unicellular 546	

rhizoids, or from both a discoid holdfast and secondary prostrate axes; rhizoids cut off from 547	

pericentral cells; pericentral cells 4 to 7; axes ecorticate, or with light cortication at the base 548	

of older plants; trichoblasts present, occurring in no distinct pattern, sometimes leaving 549	

persistent scar cells, or scar cells may be rare; branches forming laterally to trichoblasts by 550	

arising from the basal cell of a trichoblast, or replacing trichoblasts. Tetrasporangia 551	

tetrahedral, one per segment, in spiral series in laterals in some species and in straight series 552	

in others.  Gametophytes dioecious, procarps with 4-celled carpogonial branch, mature 553	

cystocarps globose, 300–520 μm in diameter. Spermatangial axes cylindrical, born on the 554	

first dichotomy of a modified trichoblast, either lacking sterile terminal cells or with 1–3 555	

sterile terminal cells. 556	

Type species: Kapraunia schneideri (Stuercke & Freshwater) comb. nov. 557	

Etymology: Named in recognition of Dr. Donald F. Kapraun for his significant 558	

contributions to research on the genus Polysiphonia. 559	

 560	

Kapraunia schneideri (Stuercke & Freshwater) comb. nov. 561	
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Basionym: Polysiphonia schneideri Stuercke & Freshwater 2010, p. 302, figs 1–11 (Two 562	

new species of Polysiphonia (Ceramiales, Florideophyceae) from the western Atlantic. 563	

Botanica Marina, 53(4): 301–311). 564	

Holotype: MICH (WNC-8782) 565	

Type locality: Wrightsville Beach, New Hanover County, North Carolina, USA. 566	

Distribution: Reported from southern New England to Panama (Mamoozadeh & 567	

Freshwater 2012). Our collections were from Rhode Island and South Carolina (Table S1).   568	

 569	

Kapraunia amplacapilli (B.Kim & M.S.Kim) comb. nov. 570	

Basionym: Polysiphonia amplacapilli B.Kim & M.S.Kim 2014, p. 185, fig. 2 (Three new 571	

species of Polysiphonia sensu lato (Rhodophyta) based on the morphology and molecular 572	

evidence. Algae, 29(3): 183–195). 573	

Holotype: JNUB-UD120705-1 574	

Type locality: Udo Strait, Jeju Island, South Korea. 575	

Distribution: Reported from Jeju Island, South Korea (Kim & Kim 2014).  576	

 577	

Kapraunia morroides (B.Kim & M.S.Kim) comb. nov. 578	

Basionym: Polysiphonia morroides B.Kim & M.S.Kim 2014, p. 190, fig. 3 (Three new 579	

species of Polysiphonia sensu lato (Rhodophyta) based on the morphology and molecular 580	

evidence. Algae, 29(3): 183–195). 581	

Holotype: JNUB-UD120610-11 582	

Type locality: Udo Strait, Jeju Island, South Korea.   583	

Distribution: Reported from Jeju Island, South Korea (Kim & Kim 2014).   584	
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 585	

Kapraunia pentamera (Hollenberg) comb. nov. 586	

Basionym: Polysiphonia pentamera Hollenberg 1968, pp. 204–205, fig. 2D (An account of 587	

the species of Polysiphonia of the Central and Western Tropical Pacific Ocean I. 588	

Oligosiphonia. Pacific Science, 22(1): 56–98). 589	

Holotype: US 48526 590	

Type locality: Eniwetok Atoll, Marshall Islands.  591	

Distribution: Reported from Panama, Hawaii, the Marshall Islands and Micronesia (Guiry 592	

& Guiry 2018).  593	

 594	

Leptosiphonia Kylin 595	

Amended description: Thalli radially organized, polysiphonous, composed of erect axes 596	

arising from a discoid holdfast or from prostrate axes attached to the substrate by 597	

unicellular rhizoids; rhizoids cut off from pericentral cells; pericentral cells 4 to 16; axes 598	

with light to heavy cortication; trichoblasts present, occurring every segment in a spiral 599	

patter, leaving persistent scar cells; branches forming in the axils of trichoblasts.  600	

Tetrasporangia tetrahedral, with one or two per segment depending on the species.  601	

Gametophytes dioecious, procarps with a 4-celled carpogonial branch; spermatangial axes 602	

cylindrical, born on the first dichotomy of a trichoblast, and lacking sterile terminal cells.   603	

Type species: Leptosiphonia schousboei (Thuret) Kylin  604	

 605	

Leptosiphonia brodiei (Dillwyn) comb. nov. 606	
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Basionym: Conferva brodiei Dillwyn 1809, p. 81, pl. 107 (as “brodiaei”) (British 607	

Confervae; or colored figures and descriptions of the British plants referred by botanists to 608	

the genus Conferva. London: W. Phillips). 609	

Homotypic synonyms: Conferva brodiei Dillwyn, Ceramium brodiei (Dillwyn) C.Agardh, 610	

Hutchinsia brodiei (Dillwyn) Lyngbye, Polysiphonia brodiei (Dillwyn) Sprengel, 611	

Vertebrata brodiei (Dillwyn) Kuntze. 612	

Heterotypic synonyms: Hutchinsia penicillata C.Agardh, Polysiphonia penicillata 613	

(C.Agardh) Sprengel, P. brodiei f. densa Holmes & Batters, P. brodiei f. typica Holmes & 614	

Batters. 615	

Lectotype: BM-K (Maggs and Hommersand 1993).  616	

Type locality: Bantry Bay, (Co. Cork,) Ireland. 617	

Distribution: Reported from Europe and the Mediterranean, as well as the Atlantic and 618	

Pacific coasts of North America (Maggs and Hommersand 1993).  In this study we did not 619	

find L. brodiei in North America. 620	

 621	

Leptosiphonia fibrata (Dillwyn) comb. nov. 622	

Basionym: Conferva fibrata Dillwyn 1809: 84, pl. g (British Confervae; or colored figures 623	

and descriptions of the British plants referred by botanists to the genus Conferva. London: 624	

W. Phillips). 625	

Homotypic synonyms: Hutchinsia allochroa var. fibrata (Dillwyn) C.Agardh, H. fibrata 626	

(Dillwyn) C.Agardh, Polysiphonia fibrata (Dillwyn) Harvey.  627	

Lectotype: BM-K (Maggs and Hommersand 1993). 628	

Type locality: Forres, Moray, Scotland.  629	
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Distribution: Reported from the British Isles to Spain (Maggs and Hommersand 1993).  630	

 631	

Leptosiphonia fibrillosa (Dillwyn) comb. nov. 632	

Basionym: Conferva fibrillosa Dillwyn 1809, p. 86, pl. G (British Confervae; or colored 633	

figures and descriptions of the British plants referred by botanists to the genus Conferva.	634	

London: W. Phillips). 635	

Homotypic synonyms: Hutchinsia fibrillosa (Dillwyn) C.Agardh, Polysiphonia fibrillosa 636	

(Dillwyn) Sprengel, P. violacea f. fibrillosa (Dillwyn) Rosenvinge, P. violacea var. 637	

fibrillosa (Dillwyn) Areschoug.  638	

Heterotypic synonyms: Ceramium violaceum var. tenue Roth, Hutchinsia aculeata 639	

C.Agardh, H. divaricata C.Agardh, H. divaricata Hornemann, H. expansa C.Agardh, H. 640	

implicata Lyngbye, H. spinulosa (Greville) C.Agardh, H. stricta (Roth) Lyngbye, H. tenuis 641	

C.Agardh, Polysiphonia aculeata (C.Agardh) Fries, P. bulbosa Fries, P. carmichaeliana 642	

Harvey, P. divaricata (C.Agardh) Sprengel, P. elongata f. expansa (C.Agardh) J.Agardh ex 643	

Levring, P. expansa (C.Agardh) Fries, P. grevillei Harvey, P. griffithsiana Harvey, P. 644	

myriococca Montagne, P. nutans Montagne, P. richardsonii Hooker ex Harvey, P. 645	

spinulosa Greville, P. tenuis (C. Agardh) Fries, P. violacea f. aculeata (C.Agardh) 646	

Rosenvinge, P. violacea f. bulbosa (Suhr ex Areschoug) Kylin, P. violacea f. subbrodiei 647	

(Areschoug) Kylin, P. violacea f. tenuis (Roth) Rosenvinge, P. violacea var. bulbosa Suhr 648	

ex Areschoug, P. violacea var. subbrodiei Areschoug, P. violacea var. tenuissima 649	

Areschoug.  650	

Lectotype: BM-K (Maggs & Hommersand 1993). 651	

Type locality: Brighton, England. 652	
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Distribution: Reported from Norway (where we have collections, Table S1) to France and 653	

the Baltic Sea (Maggs & Hommersand 1993).  Collections previously referred to as L. 654	

fibrillosa in Atlantic Canada and New England likely represent an undescribed species, 655	

provisionally referred to here as L. sp._1fibrillosa.   656	

 657	

Leptosiphonia flexicaulis (Harvey) comb. nov. 658	

Basionym: Polysiphonia violacea var. flexicaulis Harvey 1853, p. 44 (Nereis boreali-659	

americana; or, contributions towards a history of the marine algae of the Atlantic and 660	

Pacific coasts of North America. Part II. Rhodospermeae. Smithsonian Contributions to 661	

Knowledge, 5(5): [i–ii], [1] –258, pls XIII–XXXVI). 662	

Homotypic synonym: Polysiphonia flexicaulis (Harvey) Collins.  663	

Lectotype, designated here: TCD0018099. 664	

Type locality: Halifax, Nova Scotia, Canada. 665	

Distribution: We collected L. flexicaulis throughout eastern Canada, as far north as 666	

northern Labrador, and with a few collections from Maine and Massachusetts as well 667	

(Table S1).  668	

Comments: We have viewed an image of TCD0018099 included in Harvey’s collections 669	

from Halifax at Trinity College, Dublin. The morphology of this collection matches the 670	

genetic group to which we attribute this name and is here designated as the lectotype for 671	

this species.   672	

 673	

 674	

 675	
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Melanothamnus akkeshiensis (Segi) comb. nov. 676	

Basionym: Polysiphonia akkeshiensis Segi 1951, p. 232, figs 23, 24; pl. 9: figs 1-3 677	

(Systematic study of the genus Polysiphonia from Japan and its vicinity. Journal of the 678	

Faculty of Fisheries, Prefectural University of Mie, 1, 167-272, 36 figs, 16 plates). 679	

Holotype: SAP (Segi 1951). 680	

Type locality: Hokkaido, Japan.  681	

Distribution: Japan (Segi 1951) and British Columbia (Savoie & Saunders 2015). 682	

 683	

Polysiphonia determinata (Hollenberg) stat. nov. Fig. 4 684	

Basionym: Polysiphonia pacifica var. determinata Hollenberg 1942, p. 778 (An account of 685	

the species of Polysiphonia on the Pacific coast of North America. I. Oligosiphonia. 686	

American Journal of Botany, 29(9), 772–785). 687	

Holotype: UC 276272 (N.L. Gardner 3327). 688	

Type locality: Promontory Point, Carmel Bay, Monterey, California. 689	

Distribution: Reported from British Columbia to Santa Barbara County, California (Abbott 690	

& Hollenberg 1976), which matches our collections here (Table S1). 691	

 692	

Streblocladia muelleriana (J.Agardh) comb. nov. 693	

Basionym: Polysiphonia muelleriana J.Agardh 1870, p. 455 (Om Chatham-öarnes alger. 694	

Öfversigt af Kongl. Vetenskaps-Akademiens Förhandlingar, Stockholm 27: 435-456).  695	

Isotype: TCD0012792 696	

Type locality: Chatham Islands, New Zealand. 697	

Distribution: Reported from New Zealand (Adams 1991). 698	
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 699	

Vertebrata hendryi (N.L.Gardner) comb. nov. (Figs 1–3) 700	

Basionym: Polysiphonia hendryi N.L. Gardner 1927, p. 101, pl. 24, figs 1, 2, pl. 25 (New 701	

Rhodophyceae from the Pacific coast of North America. VI. University of California 702	

Publications in Botany, 14: 99-138, pls 20-36). 703	

Heterotypic synonyms: Polysiphonia collinsii Hollenberg, P. gardneri Kylin. 704	

Holotype: UC 296607. 705	

Type locality: Santo Domingo, Baja California, Mexico.  706	

Distribution: Reported from Alaska to Mexico (Abbott & Hollenberg 1976).  Our 707	

collections are from British Columbia and California (Table S1).  This entity is a cryptic 708	

complex in need of further study.   709	

 710	

Discussion 711	

DNA Barcode survey  712	

Atlantic Canada and the Canadian Arctic 713	

Five genetic species groups in Atlantic Canada were a straightforward match to a 714	

morphological species concept: Leptosiphonia flexicaulis, Melanothamnus harveyi, 715	

Polyostea arctica, Vertebrata lanosa, and V. nigra (Table 1).  One Atlantic Canadian 716	

genetic group was a morphological match to Leptosiphonia fibrillosa, but differed 717	

genetically (4.65% in COI-5P) from European collections of this species (Table 1).  The 718	

type locality of L. fibrillosa is Brighton, England (Maggs and Hommersand 1993, as 719	

Polysiphonia fibrillosa), and pending further study we have referred to our Canadian 720	

specimens as L. sp._1fibrillosa.  In two cases (Polysiphonia stricta and Vertebrata 721	
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fucoides) two or three genetic species groups were assigned to the same morphological 722	

species concept.  Leptosiphonia brodiei or Polysiphonia subtilissima were not collected 723	

during this study, but three new records for this region were documented: Acanthosiphonia 724	

echinata, Polysiphonia kapraunii, and P. sp._23GWS.   725	

 The distribution of the two genetic groups assigned to Vertebrata fucoides was 726	

overlapping in the northwest Atlantic, but only one (V. sp._2fucoides) was a match in COI-727	

5P and rbcL sequence to European collections.  Vertebrata sp._2fucoides likely represents 728	

authentic V. fucoides, as the type locality of this species is Yorkshire, England (Hudson 729	

1762).  However, these two groups are relatively close (1.66% in COI-5P) and further study 730	

using the internal transcribed spacer of the ribosomal cistron (ITS) could establish whether 731	

these two genetic groups represent different species or are previously geographically 732	

separated populations of the same biological species (e.g. McDevit & Saunders 2010, 733	

Filloramo & Saunders 2016). 734	

 There were three genetic groups morphologically attributable to the type of 735	

Polysiphonia, P. stricta, in Atlantic Canada (Table 1).  One genetic group was identified as 736	

authentic P. stricta as it matched COI-5P and rbcL accessions in GenBank for European 737	

collections.  The type locality of this species is Swansea, Wales, with syntype localities in 738	

England (Maggs & Hommersand 1993, Guiry & Guiry 2018).  While all three genetic 739	

groups within the P. stricta complex were found in Atlantic Canada and New England, 740	

only Polysiphonia sp._1stricta and P. sp._3stricta were found in the Arctic.  Polysiphonia 741	

sp._1stricta and P. sp._3stricta were 3.67 and 2.6% different from their nearest neighbours 742	

in COI-5P sequence, respectively, and will be assessed in future publications (Table 1). A 743	
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comprehensive molecular-assisted study with further sampling in Europe and the Arctic is 744	

needed to accurately understand this species complex.   745	

 Acanthosiphonia echinata and Polysiphonia kapraunii were new additions to the 746	

Canadian flora in Atlantic Canada.  Acanthosiphonia echinata was collected from sheltered 747	

sites (mainly seagrass beds and estuaries) along the Northumberland Strait in both New 748	

Brunswick and Nova Scotia.  The majority of our collections were epiphytic on seagrass, 749	

but one was found growing on oysters at an aquaculture site in Cape Breton.  A single 750	

specimen of P. kapraunii was collected from Sam Orr’s Pond in New Brunswick, a tidally 751	

influenced brackish pond in the Bay of Fundy where other non-native marine species have 752	

been found (Saunders et al. 2013).  753	

The unidentified genetic group Polysiphonia sp._23GWS falls within Polysiphonia 754	

sensu stricto as currently circumscribed, however it is genetically distinct from the 755	

remainder of the species in this group (Fig. 7, Table 1).  Polysiphonia sp._23GWS was 756	

morphologically similar to Polysiphonia stricta, as well as other species within the 757	

Polysiphonia sensu stricto clade, but had frequent adventitious branchlets, which are not 758	

reported for P. stricta (Maggs & Hommersand 1993, Kim et al. 2000) and are not found in 759	

the genetic groups assigned to P. stricta in Atlantic Canada (data not shown).  COI-5P data 760	

from our North American collections of Polysiphonia sp._23GWS matched a collection 761	

from Portugal identified as P. stricta (Díaz-Tapia & Bárbara 2013), as well as six 762	

collections from Norway (Table S1).  Díaz-Tapia and Bárbara (2013) noted that there was 763	

genetic diversity amongst their collections of P. stricta from the Iberian Peninsula, but did 764	

not describe the new genetic entity or compare the morphology of their two genetic groups.  765	
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Polysiphonia sp._23GWS may represent a new species, but an assessment of this genetic 766	

group in Europe is necessary to assess this possibility.   767	

 768	

British Columbia 769	

Seven COI-5P genetic species groups could be assigned to a morphological species concept 770	

in British Columbia: Melanothamnus akkeshiensis, Polyostea bipinnata, Po. hamata, Po. 771	

robusta, Polysiphonia scopulorum var. villum, Vertebrata hendryi, and V. woodii (Table 1).  772	

There were two cases where multiple genetic species groups were assigned to the same 773	

morphospecies concept—four genetic species groups were identified as Polysiphonia 774	

pacifica and two as P. paniculata.  Three of the species recorded for this area 775	

(Leptosiphonia brodiei, Polysiphonia macounii, and P. senticulosa) were not collected; 776	

however, two new groups were recorded (Polysiphonia morrowii and Melanothamnus 777	

sp._21GWS, Table 1). 778	

 Hollenberg (1944, 1961) described five varieties of V. hendryi; however, the 779	

observed genetic variation (2.45% in COI-5P) did not correspond to the observed 780	

morphological variation in our collections (Figs 1–3).  A single collection from California 781	

was 2.45% different from the collections from British Columbia, but when only samples 782	

from British Columbia were considered the intraspecific variation was still relatively high 783	

(1.2%; Table 1).  Our collection from California corresponded to the morphology of the 784	

type variety, but we also have collections morphologically assignable to the type variety 785	

from British Columbia.  Vertebrata hendryi remains a species complex that requires further 786	

investigation with a focus on collections from California, and considerable taxonomic work 787	

remains.   788	
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 Five genetic species groups were identified as Polysiphonia pacifica in British 789	

Columbia and California based on morphology (Table 1).  Three of these genetic groups 790	

were assigned to varieties of P. pacifica (Hollenberg 1942a), including the type variety.  791	

Polysiphonia pacifica var. determinata was elevated to the rank of species as it was 792	

genetically and morphologically distinct from the type variety (Figs 4, 5 and 7).  Our 793	

Californian collections of P. determinata (Hollenberg) stat. nov. and P. pacifica var. 794	

pacifica are both from Monterey County, near their respective type localities of Pebble 795	

Beach and Santa Cruz, California (Table S1).  We also had two genetic groups 796	

(P.sp._1pacifica and P. sp._2pacifica) that could be morphologically assigned to P. 797	

pacifica, but were not a consistent match to any of the described varieties of this species or 798	

to any other species reported in the British Columbia flora.  Further study of these groups is 799	

needed.   800	

 In British Columbia, Polysiphonia paniculata was resolved as a species complex of 801	

two closely related genetic species groups (Table 1).  Similar to the V. fucoides complex 802	

discussed above, the relatively low difference in COI-5P between these two groups may be 803	

indicative of population-level differences within a species, perhaps due to past geographic 804	

barriers, as opposed to indicating two distinct species.  Sequence data from the ITS would 805	

be helpful to determine whether these two groups represent distinct species (e.g. McDevit 806	

& Saunders 2010, Filloramo & Saunders 2016).  Furthermore, the type locality of P. 807	

paniculata is Peru, and although this species is considered to be present and abundant in 808	

British Columbia and California, sequence data from topotype material is necessary to 809	

confirm whether either of the North Pacific genetic species groups truly represents P. 810	

paniculata (Montagne 1842, Abbott & Hollenberg 1976, Gabrielson et al. 2006).  There are 811	
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sequence data from a specimen identified as P. paniculata from Chile in GenBank 812	

(AY396041), but there was no associated morphological information in the paper (Kim et 813	

al. 2004).  It is possible that one of the North Pacific P. paniculata genetic groups is 814	

assignable to Polysiphonia californica Harvey, a synonym of P. paniculata (Guiry & Guiry 815	

2018). Further study is needed to determine whether these two genetic groups represent 816	

distinct species, and which entity (if either) represents “true” Polysiphonia paniculata. 817	

Polysiphonia morrowii was newly recorded for the Canadian flora, with most of our 818	

collections of this species from Haida Gwaii in northern British Columbia (Table S1).  819	

Polysiphonia morrowii is considered native to the western North Pacific (Perestenko 1980, 820	

Kudo & Masuda 1992), but was reportedly introduced to Argentina (Croce & Parodi 2014), 821	

Chile (Kim et al. 2004), the Mediterranean (Curiel et al. 2002), the North Atlantic 822	

(Geoffroy et al. 2012), and New Zealand (D’Archino et al. 2013).  Polysiphonia morrowii 823	

is morphologically similar to the native species P. pacifica and P. senticulosa, and its 824	

presence in British Columbia could have been easily overlooked.  Polysiphonia morrowii 825	

and P. senticulosa in particular are very similar in morphology, and the relationship 826	

between these two species has been debated in the literature.  Kudo and Masuda (1981, 827	

1992) found that they were very similar in morphology, but did not formally synonymize 828	

the two as they lacked collections from the type locality of P. senticulosa (Washington, 829	

U.S.A.).  D’Archino et al. (2013) discussed the relationship between P. morrowii and P. 830	

senticulosa and concluded that a comprehensive molecular and morphological assessment 831	

was needed.  Whether the two species are distinct entities or not, it is possible that in the 832	

past collections of P. morrowii in British Colombia were attributed to P. senticulosa. 833	
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 The genetic group Melanothamnus sp._21GWS consisted of a single collection 834	

from Bamfield on the west coast of Vancouver Island, British Columbia. It was 2.45% 835	

divergent in COI-5P from the nearest species, Melanothamnus akkeshiensis. At present the 836	

identity of this species is unknown.  837	

 838	

Phylogenetic analyses of the tribes Polysiphonieae and Streblocladieae 839	

The genus Polysiphonia has long been problematic for red algal taxonomists.  Many 840	

vegetative characters historically considered important in this group have proven variable 841	

and unreliable for species determination, while reproductive characters are generally highly 842	

conserved (Choi et al. 2001; Stuercke & Freshwater 2008, 2010).  For both species 843	

identification as well as delimitation of genera in the tribe Polysiphonieae sensu lato there 844	

has been a traditional focus on characters such as the number of pericentral cells, the 845	

presence or absence of trichoblasts and their arrangement, the origin of rhizoids and 846	

branches, the arrangement of tetrasporangia and number per segment, the number of cells 847	

in the carpogonial branch, and the position of spermatangial axes (Stuercke & Freshwater 848	

2008).  Multiple phylogenetic analyses, including this study, have shown that Polysiphonia 849	

is not monophyletic and that species generally fall scattered amongst three large clades 850	

which comprise the Polysiphonieae and the newly recognized Streblocladieae (Choi et al. 851	

2001, Bárbara et al. 2013, Díaz-Tapia et al. 2017a).  For ease of comparison with previous 852	

studies and to simplify discussion of these speciose tribes they are presented in turn below. 853	

Although some generic-level morphological characters previously considered useful in this 854	

group were no longer consistent when compared to the results of molecular phylogenetic 855	

analyses, others such as the origin of rhizoids and the number of cells in the carpogonial 856	
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branch did prove useful for delimitation of genera.  We have summarized the 857	

morphological characters of key genera included in this study to facilitate comparison 858	

between molecular and morphological analyses (Table 2). 859	

 860	

The tribe Polysiphonieae 861	

In the multi-gene RAxML analysis (Fig. 6) the tribe Polysiphonieae consisted of two 862	

distinct and highly supported monophyletic lineages, which have together been commonly 863	

referred to as Polysiphonia sensu stricto (or the “Polysiphonia group”) in the literature 864	

(Mamoozadeh & Freshwater 2012, Bárbara et al. 2013, Bustamante et al. 2015b).  We have 865	

restricted the term Polysiphonia sensu stricto to refer only to the group containing the type, 866	

and refer to the second clade as the Polysiphonia scopulorum group (Figs 6 and 7).  867	

 868	

Polysiphonia sensu stricto 869	

Species in Polysiphonia sensu stricto share several important morphological characters: 870	

four pericentral cells, no cortication, rhizoids in open connection with pericentral cells, and 871	

tetrasporangia in straight series with one tetrasporangium per segment (Table 2).  872	

Trichoblasts are usually absent or rare.  This combination of characters was unique within 873	

the members of the Polysiphonieae studied here, although similar to the Polysiphonia 874	

scopulorum group discussed below.  Polysiphonia sensu stricto was also highly supported 875	

in phylogenetic analyses (Figs 6 and 7).  Species attributed to Polysiphonia falling outside 876	

this clade will require transfer to other genera.   877	

 878	

The Polysiphonia scopulorum group 879	
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The Polysiphonia scopulorum group is a monophyletic lineage (Figs 6 and 7) consisting of 880	

species that share many morphological characteristics with Polysiphonia sensu stricto.  881	

This clade is genetically distinct from Polysiphonia sensu stricto and should be recognized 882	

as a separate genus; however, we are reluctant to assign a generic name at this time due to 883	

the taxonomic confusion within this group, as well as the possibility of an available genus 884	

name applicable to this clade (discussed below).  Based on the morphology of species 885	

within this group for which we have collections (P. scopulorum var. villum from British 886	

Columbia and Streblocladia camptoclada from South Africa) or that have a detailed 887	

morphological review associated with their GenBank data [P. freshwateri (Bustamante et 888	

al. 2015b) and P. subtilissima (Lam et al. 2013)], several morphological characters unite 889	

these species (Table 2).  They have ecorticate axes with four pericentral cells, and erect 890	

axes arising endogenously from prostrate axes.  Rhizoids are unicellular and in open 891	

connection with pericentral cells.  Trichoblasts and scar cells are abundant and conspicuous 892	

in P. freshwateri, P. scopulorum var. villum and P. subtilissima, but are lacking in S. 893	

camptoclada.  Tetrasporangia are in straight series in apical laterals in most species, but 894	

may sometimes be slightly spiralled in P. freshwateri.  It is also clear that there is 895	

significant taxonomic confusion within this lineage, as there are three distinct rbcL 896	

sequences identified as Polysiphonia scopulorum or P. scopulorum var. villum in GenBank 897	

(Fig. 7).  The type locality of P. scopulorum is Rottnest Island, Western Australia, and the 898	

type locality of P. scopulorum var. villum is Mexico [probably the Pacific coast according 899	

to Hollenberg (1968)].   900	

The Polysiphonia scopulorum group shares superficial similarities with some 901	

rhodomelacean genera thought to be closely related to Polysiphonia, such as Bryocladia 902	
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F.Schmitz, Lophosiphonia Falkenberg, and Streblocladia F.Schmitz.  However, the type of 903	

Streblocladia, S. glomerulata (Montagne) Papenfuss, fell into the second large clade in our 904	

rbcL-only analyses, and along with Streblocladia muelleriana was sister to Carradoriella 905	

(Fig. 8).  Although S. camptoclada falls within the P. scopulorum group, based on 906	

molecular and morphological evidence this species does not belong in Streblocladia.  The 907	

type of Lophosiphonia, L. obscura (C.Agardh) Falkenberg, was recently included in 908	

phylogenetic analyses as well, and although L. obscura was resolved within the tribe 909	

Polysiphonieae it did not ally with the Polysiphonia scopulorum group (see Díaz-Tapia et 910	

al. 2017a). 911	

Unlike Lophosiphonia and Streblocladia, the type species of Bryocladia has never 912	

been included in phylogenetic analyses and there are no molecular data available on 913	

GenBank, so its relationship with Polysiphonia sensu stricto is unknown.  Based on 914	

morphology, it is unlikely that the Polysiphonia scopulorum group belongs to Bryocladia 915	

because species of Bryocladia have 6 to 12 pericentral cells and abundant simple, spirally 916	

arranged determinate axes covering the main axes (Schneider & Searles 1991), whereas 917	

species belonging to the Polysiphonia scopulorum group have four pericentral cells and are 918	

lacking spirally arranged determinate axes.  Molecular analyses with type species of related 919	

rhodomelacean genera, including Bryocladia, will be necessary to resolve the generic 920	

affinities of this clade. 921	

 922	

The tribe Streblocladieae 923	

Carradoriella P.C.Silva 924	
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The genus Carradoriella was resurrected based on the South African type species 925	

Carradoriella virgata, which was previously attributed to Polysiphonia.  We have proposed 926	

the transfer of Polysiphonia denudata, P. elongata, and P. elongella to Carradoriella.  This 927	

clade was highly supported in both analyses (Figs 6 and 8), and although there is some 928	

variability in morphology within this group, these species share some important characters 929	

including the presence of cortication and a discoid holdfast made up of aggregated cortical 930	

filaments and rhizoids (Table 2).  Species in this group form solitary plants with a distinct 931	

main axis, often heavily corticated at the base.  Carradoriella denudata, C. elongata and C. 932	

elongella have trichoblasts or scar cells on every segment, and tetrasporangia in spiral 933	

series, whereas C. virgata is lacking trichoblasts and has tetrasporangia in straight series 934	

(Maggs & Hommersand 1993, Stegenga et al. 1997).  In C. virgata, rhizoidal cortication 935	

may develop in between the outer pericentral cells and the central axial cell (Stegenga et al. 936	

1997).  Also, in both C. denudata and C. elongata, secondary pericentral cells can develop.  937	

These pericentral cells form outside the primary pericentral cells in an alternating fashion 938	

and are likely derived from the rhizoidal cortication covering the main axes (Maggs & 939	

Hommersand 1993).  Despite the morphological differences between some members of this 940	

genus they are strongly allied in phylogenetic analyses (Figs 6 and 8).  Carradoriella 941	

denudata, C. elongata, C. elongella and P. polyspora are all European species (C. elongata 942	

is found in North America as well), while C. virgata, the type, is endemic to southern 943	

Africa (Maggs & Hommersand 1993, Stegenga et al. 1997).   944	

 945	

Streblocladia F.Schmitz 946	
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The type of Streblocladia, S. glomerulata, was sister to Carradoriella in our rbcL-only 947	

analyses along with Streblocladia muelleriana (Fig. 8).  The genus Streblocladia shares 948	

many similarities with Polysiphonia, but differs in that its members display primary 949	

dorsiventrality, with distichous and unilateral insertion of branches and trichoblasts 950	

(Hommersand 1963, Díaz-Tapia & Bárbara 2013).  Although some authors report 951	

sympodial branching for Streblocladia, Hommersand (1963) argues that the branching is 952	

not truly sympodial and rather this appearance is caused by lateral branches overtopping the 953	

apices (see also Kylin 1938).  The type, S. glomerulata, has 7–10 pericentral cells, spiralled 954	

tetrasporangia, and is native to New Zealand (Adams 1994, Díaz-Tapia & Bárbara 2013).  955	

Streblocladia muelleriana, also from New Zealand, is morphologically similar to S. 956	

glomerulata, with sympodial branching, 9–12 pericentral cells, and spiralled tetrasporangia 957	

(Adams 1991), and was transferred to Streblocladia based on the morphological and 958	

molecular evidence.  Adams (1991) suggested that P. muelleriana belonged in 959	

Streblocladia, but did not formally transfer this species.  There are four other species in 960	

Streblocladia not assessed here (Guiry & Guiry 2018), and although species within 961	

Streblocladia share dorsiventral apices they differ in many other important morphological 962	

characters (Díaz-Tapia & Bárbara 2013), indicating the need for a thorough molecular 963	

phylogenetic assessment of this genus.  Streblocladia is the type genus of the tribe 964	

Streblocladieae.  965	

 966	

Leptosiphonia Kylin 967	

The genus Leptosiphonia was previously monotypic and represented solely by the species 968	

Leptosiphonia schousboei.  This species was first placed in Polysiphonia, and then 969	
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transferred to Ophidocladus Falkenberg (Falkenberg 1901), because it shared the character 970	

of two tetrasporangia per segment with the sole species of that genus.  However, L. 971	

schousboei differed from O. simpliciusculus (P.Crouan & H.Crouan) Falkenberg in several 972	

important morphological characters including the arrangement of trichoblasts and 973	

spermatangial branches (Díaz-Tapia & Bárbara 2013) and therefore the genus 974	

Leptosiphonia was described (Kylin 1956).  Sequence data for L. schousboei in GenBank 975	

were part of a molecular and morphological survey of seaweeds of the Atlantic Iberian 976	

Peninsula (Díaz-Tapia & Bárbara 2013).  Phylogenetic analyses showed that four species 977	

previously attributed to Polysiphonia, P. brodiei, P. flexicaulis, P. fibrata and P. fibrillosa 978	

(including P. sp._1fibrillosa), formed a well-supported monophyletic clade with L. 979	

schousboei (Figs 6 and 8), and we have proposed the transfer of these species to 980	

Leptosiphonia.  Although these four species have only one tetrasporangium per segment, 981	

the Leptosiphonia clade is united by many morphological characters including the presence 982	

of cortication, trichoblasts occurring every segment in spiral series leaving conspicuous 983	

scar cells, branches forming in the axils of trichoblasts, and rhizoids that are cut off from 984	

pericentral cells (Table 2).  The number of tetrasporangia per segment has traditionally 985	

been considered a significant generic-level character in the Rhodomelaceae, but Díaz-Tapia 986	

et al. (2017b) recently transferred the type of Ctenosiphonia (C. hypnoides (Welwitsch) 987	

Falkenberg) to Vertebrata based on molecular and morphological evidence, even though it 988	

has two tetrasporangia per segment unlike most species in Vertebrata.  In this case there is 989	

molecular and morphological evidence to support the transfer of P. brodiei, P. fibrata, P. 990	

fibrillosa, and P. flexicaulis to Leptosiphonia, despite similar differences in tetrasporangia 991	

arrangement. In addition, we have noticed that L. fibrillosa and L. flexicaulis seem to decay 992	
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particularly rapidly after collection when compared to other species of Streblocladieae.  993	

Maggs and Hommersand (1993) mention this as well for L. fibrata, suggesting that some 994	

species within this clade could be particularly sensitive to changes in salinity or 995	

temperature.  Although the Canadian genetic species group L. sp._1fibrillosa requires 996	

further study, it clearly allies with species of Leptosiphonia (Fig. 8, Table 1).   997	

 998	

Acanthosiphonia gen. nov.  999	

Acanthosiphonia gen. nov. was described for Acanthosiphonia echinata (Harvey) comb. 1000	

nov.  Acanthosiphonia echinata has previously been placed in Polysiphonia and 1001	

Neosiphonia (Díaz-Tapia et al. 2017b); however, phylogenetic analyses show that it does 1002	

not ally with the types of either of those genera (Figs 6 and 8).  At present, 1003	

Acanthosiphonia is monotypic, but further analyses are needed to determine if Polysiphonia 1004	

binneyi and P. havanensis sensu Børgesen should be transferred.  Polysiphonia binneyi and 1005	

P. havanensis sensu Børgesen are sister to Acanthosiphonia in phylogenetic analyses, but 1006	

with only moderate support.  Although these three species share some important 1007	

morphological characters, including four pericentral cells, branches forming in the axils of 1008	

trichoblasts, and tetrasporangia in a spiral arrangement, they differ in the connection 1009	

between rhizoids and pericentral cells (Mamoozadeh & Freshwater 2011, 2012).  In A. 1010	

echinata, rhizoids are cut off from pericentral cells, whereas in P. binneyi and P. 1011	

havanensis sensu Børgesen rhizoids are reportedly in open connection with pericentral cells 1012	

(Mamoozadeh & Freshwater 2011, 2012).  To our knowledge, P. binneyi and P. havanensis 1013	

sensu Børgesen are the only species outside of Polysiphonia sensu stricto and the P. 1014	

scopulorum group to have rhizoids in open connection with pericentral cells (Table 2).  1015	
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Further work is needed to examine this character in these two species. Although 1016	

Acanthosiphonia and Leptosiphonia are distinct in phylogenetic analyses, they share many 1017	

important morphological characters (Fig. 6, Table 2). These two genera differ mainly in the 1018	

habit of their respective species.  Acanthosiphonia echinata is bushy and lacking distinct 1019	

main axes, with plants usually attached via prostrate axes with rhizoids. Species of 1020	

Leptosiphonia (except L. schousboei) generally have distinct main axes and discoidal basal 1021	

holdfasts. 1022	

 1023	

Melanothamnus Bornet & Falkenberg and Polyostea Ruprecht 1024	

The genera Melanothamnus and Polyostea were both highly supported and monophyletic in 1025	

our phylogenetic analyses (Figs 6 and 8).  Melanothamnus was recently expanded by Díaz-1026	

Tapia et al. (2017b) to include most of the species previously placed in the genus 1027	

Neosiphonia.  Species within Melanothamnus are distinguished from other species of 1028	

Streblocladieae by having two unique characteristics: 3-celled carpogonial branches, and 1029	

plastids that are found only on the radial walls of pericentral cells, giving the cells a 1030	

transparent or “glassy” appearance (Díaz-Tapia et al. 2017b).   1031	

 Species of Polyostea are characterized by having rhizoids that are cut off from 1032	

pericentral cells, proximal segments of lateral branches fused to main axes over 0.5–1.0 1033	

axial segments, and radial development at the apices that becomes flattened and distichous 1034	

distally (Savoie & Saunders 2016).  It is interesting to note that to date this genus is 1035	

restricted to the North Pacific and Arctic Oceans.  1036	

 1037	

Kapraunia gen. nov. 1038	
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The genus Kapraunia was described for four species previously attributed to Polysiphonia: 1039	

K. schneideri (the type), K. amplacapilli, K. morroides, and K. pentamera.  This group was 1040	

strongly supported in molecular analyses (Figs 6 and 8) and species are united by several 1041	

morphological characters including: trichoblasts that occur in no particular pattern, 1042	

branches that form laterally from the basal trichoblast cell or replace trichoblasts, a discoid 1043	

holdfast with subsequent development of secondary prostrate axes, and rhizoids that are cut 1044	

off from pericentral cells.  Historically, it was thought that lateral branches in Polysiphonia 1045	

could develop in one of three possible ways: independently of trichoblasts, replacing 1046	

trichoblasts, or forming in the axils of trichoblasts (Stuercke and Freshwater 2008).  1047	

Mamoozadeh and Freshwater (2012) first noted that K. pentamera and K. schneideri had a 1048	

fourth type, where branches develop laterally from the basal trichoblast cell.  Kapraunia 1049	

amplacapilli was described as having branches forming in the axils of trichoblasts; 1050	

however, if Kim and Kim (2014) were unaware of this fourth possible character state it may 1051	

have been overlooked.  This character needs to be reassessed for K. amplacapilli, but based 1052	

on the description and photographs of this species (Kim & Kim 2014) it is possible that 1053	

branches form laterally to trichoblasts.  However, in K. morroides branches replace 1054	

trichoblasts in development (Kim & Kim 2014).  Branch development in relation to 1055	

trichoblasts may be an important genus- and species-level character for the tribe 1056	

Streblocladieae; however, it requires further study and consideration that there are at least 1057	

four possible character states, as opposed to the three character states considered 1058	

previously.  Although Kapraunia and Melanothamnus are sister to one another in 1059	

phylogenetic analyses (Fig. 6), species of Kapraunia do not share the defining characters 1060	

previously discussed for Melanothamnus.  Species of Kapraunia do not have plastids 1061	
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restricted to radial walls of the pericentral cells, and furthermore at least three species in 1062	

this genus (K. amplacapilli, K. morroides and K. schneideri) have a 4-celled carpogonial 1063	

branch (Díaz-Tapia et al. 2013, Kim and Kim 2014).  Sequence data retrieved from 1064	

GenBank for Kapraunia amplacapilli, K. schneideri, and K. morroides were from the 1065	

protologue of each species, while K. pentamera had a detailed morphological assessment 1066	

linked to the available sequence data (Stuercke & Freshwater 2010, Mamoozadeh & 1067	

Freshwater 2012, Kim & Kim 2014).  1068	

 1069	

Eutrichosiphonia gen. nov. 1070	

Eutrichosiphonia gen. nov. was described for two species previously attributed to 1071	

Polysiphonia, Eutrichosiphonia confusa (the type) and E. sabulosia.  The two genetic 1072	

groups identified as Polysiphonia paniculata in British Columbia and California (see 1073	

barcode results) also fall within this clade (Figs 6 and 8).  Eutrichosiphonia formed a 1074	

strongly supported clade in phylogenetic analyses, and along with Lampisiphonia was sister 1075	

to the recently expanded genus Vertebrata (Figs 6 and 8).  Species in Eutrichosiphonia 1076	

were united by several consistent morphological characters including: greater than four 1077	

pericentral cells, rhizoids that are cut off from pericentral cells; abundant trichoblasts 1078	

occurring every segment in a spiral pattern, leaving conspicuous, persistent scar cells; 1079	

ecorticate axes; and tetrasporangia in spiral series (Table 2).  There are significant 1080	

morphological differences between Eutrichosiphonia and Lampisiphonia, as L. iberica 1081	

Bárbara, Secilla, Díaz-Tapia & H.G.Choi, the sole species of the genus, is heavily 1082	

corticated, lacks trichoblasts, and has tetrasporangia in straight series (Bárbara et al. 2013). 1083	

Although phylogenetic analyses show that both of the genetic species groups attributed to 1084	
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Polysiphonia paniculata in British Columbia (P. sp._1paniculata and P._sp._2paniculata) 1085	

fall within Eutrichosiphonia, they cannot be transferred at this time, as we are uncertain 1086	

which (if any) of these groups represents authentic Polysiphonia paniculata.  Our 1087	

collections of E. confusa were from Santa Cruz, California, approximately 600 km from the 1088	

type locality of Corona del Mar, California.  The sequence data retrieved from GenBank for 1089	

P. sabulosia was from the protologue of the species (Kim & Kim 2014).   1090	

 1091	

Vertebrata S.F.Gray 1092	

In our analyses the recently expanded genus Vertebrata (Díaz-Tapia et al. 2017b) was 1093	

monophyletic and highly supported (Figs 6 and 8).  Based on molecular and morphological 1094	

evidence, we have proposed the transfer of Polysiphonia hendryi to Vertebrata and 1095	

reinstated the names V. ericoides and V. woodii for Perrinia ericoides (Harvey) Womersley 1096	

(an Australian species) and Pterochondria woodii (Harvey) Hollenberg (Figs 6 and 8).  1097	

Perrinia and Pterochondria were monotypic genera.  These three species fell unequivocally 1098	

within the Vertebrata clade (Figs 6 and 8), with V. hendryi sister to V. stimpsonii, a species 1099	

from Japan previously attributed to Enelittosiphonia, V. ericoides sister to the New Zealand 1100	

species V. aterrima, and V. woodii sister to the type, V. lanosa.  However, relationships 1101	

within this clade were generally poorly supported in our analyses (Figure 8).  Vertebrata as 1102	

characterized by Díaz-Tapia et al. (2017b) is a morphologically diverse genus, yet two 1103	

characters unite its members: greater than six pericentral cells, and well-developed 1104	

conspicuous trichoblasts with multi-nucleate basal cells (except for the type, V. lanosa, 1105	

which lacks trichoblasts altogether).  Vertebrata ericoides, V. hendryi, and V. woodii all 1106	

have more than six pericentral cells (Hollenberg 1942b, 1944, Womersley 2003).  1107	
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Vertebrata woodii lacks trichoblasts, but V. ericoides and V. hendryi have abundant and 1108	

conspicuous trichoblasts, although the number of nuclei in the basal trichoblast cell of the 1109	

latter two species has not been examined at this time.  It is interesting to note that in our 1110	

analyses, V. woodii is most closely related to V. lanosa, which is also lacking trichoblasts 1111	

(although the support for this relationship is low, Fig. 6).  In addition, both of these species 1112	

grow epiphytically on brown algae with rhizoids penetrating the host (Hollenberg 1942b, 1113	

Maggs & Hommersand 1993).  Vertebrata lanosa is an obligate epiphyte on Ascophyllum 1114	

(rarely other brown algae), while Vertebrata woodii is usually epiphytic on Cystoseira and 1115	

Pleurophycus.  Vertebrata ericoides was originally placed in the monospecific genus 1116	

Perrinia partly due to the fact that this species has two tetrasporangia per segment, a 1117	

relatively unusual feature for species of Streblocladieae, which generally have one 1118	

tetrasporangium per segment. However, V. hypnoides, which was recently placed in 1119	

Vertebrata by Díaz-Tapia et al. (2017b), has two tetrasporangia per segment.  1120	

Leptosiphonia schousboei also has two tetrasporangia per segment, as discussed above.  1121	

The genus Vertebrata was highly supported in phylogenetic analyses (Figs 6 and 8), and 1122	

although species within this large clade are morphologically variable, they are united by 1123	

having more than six pericentral cells, in contrast to the four pericentral cells of species of 1124	

Polysiphonia sensu stricto.  1125	

 1126	

Conclusions 1127	

Molecular phylogenetic analyses were critical for resolving evolutionary relationships of 1128	

genera within the tribes Polysiphonieae and Streblocladieae.  Significant taxonomic 1129	

changes were necessary to resolve the ongoing confusion within these tribes, including the 1130	
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transfer of species from Polysiphonia to the resurrected genus Carradoriella, the previously 1131	

monotypic genus Leptosiphonia, the recently expanded genus Vertebrata, and the newly 1132	

described genera Acanthosiphonia gen. nov., Eutrichosiphonia gen. nov., and Kapraunia 1133	

gen. nov.  Expanded phylogenetic analyses with more collections and additional taxa will 1134	

be necessary to resolve the outstanding uncertainties.  We found that using combinations of 1135	

morphological characters in addition to molecular evidence was the most useful method for 1136	

defining genera within these tribes.  There are also many species-level issues within this 1137	

group that will require sequencing topotype material as well as detailed morphological 1138	

assessments.  Future publications will address some of the species-level taxonomic issues 1139	

raised in this study.  Although morphological characters can be difficult to interpret and 1140	

unreliable within this group, they may still be useful when used in combination with 1141	

molecular analyses. 1142	
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Table 1. Intra- and interspecific variation in COI-5P sequence data for species of Polysiphonieae and Streblocladieae from Canada and the contiguous 

United States. 

Genetic species group n= a 

Max. intra-specific 

divergence (%) Nearest neighbour 

Distance to nearest 

neighbour (%) 

Acanthosiphonia gen. nov.     

 A. echinata (Harvey) Savoie & G.W.Saunders n=13/15 0 Po. arctica 10.09 

Carradoriella P.C.Silva     

 C. elongata (Hudson) Savoie & G.W.Saunders n=2/2 0 C. virgata 9.48 

 C. virgata (C.Agardh) P.C.Silva n=3/3 0 C. elongata 9.48 

Eutrichosiphonia gen. nov.     

 E. confusa (Hollenberg) Savoie & G.W.Saunders n=4/4 0.15 P. sp._2paniculata 3.82 

Kapraunia gen. nov.     

 K. schneideri (Stuercke & Freshwater) Savoie & 

G.W.Saunders 

n=3/3 0 P. sp._1paniculata 13.29 

Leptosiphonia Kylin     

 L. fibrillosa (Dillwyn) Savoie & G.W.Saunders n=6/6 0 L. sp._1fibrillosa 4.65 

 L. sp._1fibrillosa n=5/5 0.77 L. fibrillosa 4.65 

 L. flexicaulis (Harvey) Savoie & G.W.Saunders n=30/30 0.85 L. sp._1fibrillosa 5.82 
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Melanothamnus Bornet & Falkenberg     

 M. akkeshiensis (Segi) Savoie & G.W.Saunders n=7/7 0.61 M. harveyi 1.68 

 M. harveyi (Bailey) Díaz-Tapia & Maggs n=92/94 0 M. akkeshiensis 1.68 

 M. sp._21GWS n=1/1 - M. akkeshiensis 2.45 

Polyostea Ruprecht     

 Po. arctica (J.Agardh) Savoie & G.W.Saunders n=16/17 0.30 Po. hamata 4.67 

 Po. bipinnata (Postels & Ruprecht) Ruprecht n=1/2 - Po. hamata 4.07 

 Po. hamata (E.S.Sinova) Savoie & G.W.Saunders n=12/1 0.30 Po. bipinnata 4.07 

 Po. robusta (N.L.Gardner) Savoie & G.W.Saunders n=73/74 1.51 Po. arctica 6.17 

Polysiphonia Greville     

 P. determinata (Hollenberg) Savoie & G.W.Saunders n=9/11 0.90 P. morrowii and P. 

sp._1stricta  

4.67 

 P. kapraunii Stuercke & Freshwater n=1/1 - P. morrowii 9.23 

 P. morrowii Harvey n=8/9 0.66 P. sp._1stricta 3.67 

 P. pacifica var. disticha Hollenberg n=1/1 - P. sp._2pacifica 4.52 

 P. pacifica var. pacifica Hollenberg n=22/29 0.30 P. pacifica var. disticha and P. 

sp._2pacifica 

4.67 

 P. sp._1pacifica  n=12/17 0.60 P. pacifica var. distans 2.86 

 P. sp._2pacifica n=2/2 0.15 P. pacifica var. gracilis 2.86 
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 P. sp._1paniculata n=40/41 0.62 P. sp._2paniculata 0.96 

 P. sp._2paniculata n=14/14 0.31 P. sp._1paniculata 0.96 

 P. scopulorum var. villum (J.Agardh) Hollenberg n=21/21 0.34 Streblocladia camptoclada 

(Montagne) Falkenberg 

7.04 

 P. stricta (Dillwyn) Greville  n=21/21 0.31 P. sp._3stricta 2.6 

 P. sp._1stricta n=36/38 0.69 P. morrowii 3.67 

 P. sp._3stricta n=29/31 1.15 P. stricta 2.6 

 P. sp._23GWS n=3/3 0 P. sp._3stricta 9.79 

Vertebrata S.F.Gray     

 V. hendryi (N.L.Gardner) Savoie & G.W.Saunders n=55/56 2.45 V. lanosa 10.3 

 V. lanosa (Linnaeus) T.A.Christensen n=11/11 0.33 V. sp._2fucoides 9.8 

 V. nigra (Hudson) Díaz-Tapia & Maggs n=9/9 0.16 V. sp._1fucoides 7.25 

 V. sp._1fucoides n=55/55 0.31 V. sp._2fucoides 1.66 

 V. sp._2fucoides n=22/22 0.33 V. sp._1fucoides 1.66 

 V. woodii (Harvey) Kuntze n=12/12 1.38 V. nigra 9.68 

an= the number of collections with COI-5P sequence data/total number of collections (as identified with COI-5P, rbcL-3P and/or rbcL sequence data) from 

Canada and the United States.   
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Table 2. Genus-level vegetative and reproductive characters in Polysiphonia and other selected genera of the Polysiphonieae and Streblocladieae. 

 Acanthosiphoniaa Carradoriella  Eutrichosiphonia Kapraunia Leptosiphonia 

Pericentral cells 4 4–16 5–12 4–7 4–16 

Cortication 
Absent or light 

cortication 

Light basal cortication to 

heavy cortication 
Absent 

Absent, or light basal 

cortication 

Light basal cortication to 

heavy cortication 

Trichoblasts Present Present or absent Present, abundant Present Present, abundant 

Scar cells Present Present or absent Present Present, may be rare Present 

Trichoblast pattern Spiral, every segment Spiral, every segment Spiral, every segment Irregular, no pattern Spiral, every segment 

Relationship of lateral 

branches to trichoblastsb 
In axils of trichoblasts 

In axils of trichoblasts, 

replacing trichoblasts, or 

not associated with 

trichoblasts 

In axils of trichoblasts or 

forming laterally from 

basal trichoblast cell 

Replacing trichoblasts or 

forming laterally from 

basal trichoblast cell 

In axils of trichoblasts 

Rhizoidsc Cut off Cut off Cut off Cut off Cut off 

Attachment to substrate 

Basal rhizoidal holdfast 

or prostrate axes with 

rhizoids 

Discoid holdfast of 

aggregated cortical 

filaments and rhizoids 

Prostrate axes with 

rhizoids 

Discoid holdfast and/or 

prostrate axes with 

rhizoids 

Discoid holdfast and/or 

prostrate axes with rhizoids 
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 Acanthosiphoniaa Carradoriella  Eutrichosiphonia Kapraunia Leptosiphonia 

Arrangement of 

tetrasporangiad 
Spiral Straight or spiral Spiral Straight or spiral 

Spiral, except two per 

segment and straight in L. 

schousboei 

Carpogonial branche 4-celled 4-celled 4-celled 4-celled 4-celled 

Cystocarp shape Globose to subglobose Globose or ovoid Globose or ovoid Globose Globose, ovoid, or urceolate 

Cystocarp size (µm) Unknown 175–950 280–430 300–520 200–550 

Arrangement of 

spermatangial axesf 

On the first dichotomy of 

a trichoblast 

On the first dichotomy of 

a trichoblast 

On the first dichotomy of 

a trichoblast 

On the first dichotomy of 

a trichoblast 

On the first dichotomy of a 

trichoblast 

Shape of spermatangial 

axes 
Cylindrical Conical or cylindrical Cylindrical Cylindrical Cylindrical 

Number of sterile 

terminal cellsg 
None None or 1–4 

Usually none or 

occasionally 1 
None or 1–3 None 

Miscellaneous  N/A 

C. denudata and C. 

elongata have secondary 

pericentral cells 

N/A N/A 
Specimens deteriorate 

rapidly after collection 

Referencesh 5, 23, 34 9, 16, 21, 22, 28, 32 13, 14, 17 8, 17, 24, 30 22, 31, 33, 34 
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Table 2. Continued. 

 Melanothamnus 

 

Polysiphonia 

scopulorum group 

Polysiphonia 

sensu stricto 

Streblocladiai Vertebrata 

Pericentral cells 4–9 4 4 7–12 6-24 

Cortication 
Absent, or light to heavy 

cortication 
Absent Absent Present Absent or present 

Trichoblasts Present Present or absent Present or absent Unknown 
Present, conspicuous (absent 

in V. lanosa and V. woodii) 

Scar cells Present Rare Rare Unknown Present 

Trichoblast pattern 

Irregular or spiral, every 

segment or with naked 

segments 

No pattern, often near tips 

of erect branches 

No pattern, often near tips 

of erect branches 
Unknown 

Spiral, every segment or 

every 2-3 segments 

Relationship of lateral 

branches to 

trichoblastsb 

Replacing trichoblasts or 

not associated with 

trichoblasts 

Not associated with 

trichoblasts or replacing 

trichoblasts 

Not associated with 

trichoblasts or replacing 

trichoblasts 

Unknown 

In axils of trichoblasts, 

replacing trichoblasts, or not 

associated with trichoblasts 

Rhizoidsc Cut off Open Open Cut off Cut off 

Attachment to 

substrate 

Discoid holdfast and 2° 

prostrate axes with rhizoids 

Prostrate axes with 

rhizoids 
Prostrate axes with rhizoids 

Discoid holdfast 

and/or prostrate axes 

with rhizoids 

Prostrate axes with rhizoids 
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 Melanothamnus 

 

Polysiphonia 

scopulorum group 

Polysiphonia 

sensu stricto 

Streblocladiai Vertebrata 

Arrangement of 

tetrasporangiad 

Usually spiral (straight in 

M. collabens) 

Usually straight (straight 

or spiral in Polysiphonia 

freshwateri) 

Straight Spiral 

Straight or spiral (two per 

segment in V. ericoides and 

V. hypnoides) 

Carpogonial branche 3-celled 4-celled 4-celled Unknown 4-celled 

Cystocarp shape Globose or ovoid 
Globose, ovoid, or 

urceolate 
Globose, ovoid, or urceolate Globose or ovoid Globose or ovoid 

Cystocarp size (µm) 200–600 150–200 125–700 Unknown 200–725 

Arrangement of 

spermatangial axesf 

On the first dichotomy of a 

trichoblast 

Replacing trichoblasts or 

not associated with 

trichoblasts 

Replacing trichoblasts or not 

associated with trichoblasts 

(except P. kapraunii) 

Replacing 

trichoblasts 

On the first dichotomy of a 

trichoblast (except V. lanosa 

and V. woodii) 

Shape of spermatangial 

axes 
Cylindrical Cylindrical Conical or cylindrical Unknown Conical or cylindrical  

Number of sterile 

terminal cellsg 
None or 1–6 None 1–5 None None or 1–6 

Miscellaneous 
Plastids found on the radial 

wall of pericentral cells 
N/A N/A 

Unilateral insertion 

of branches  

Trichoblast basal cells are 

multi-nucleate 

Referencesh 7, 9, 18, 22, 26, 27, 34 1, 6, 15, 20, 24, 28, 30, 34 3, 4, 11, 19, 24, 29, 30, 34 2, 7, 9 9, 10, 13, 22, 25, 26 
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aBased solely on the morphology of Acanthosiphonia echinata. 

bLateral branches can replace trichoblasts in development, form in the axils of trichoblasts, form laterally from the basal trichoblast cell or be independent of 

trichoblasts (Stuercke & Freshwater 2008, Mamoozadeh & Freshwater 2012). 

cRhizoids can either be in open connection with pericentral cells or cut off from pericentral cells by a cross wall (Stuercke & Freshwater 2008). 

dTetrasporangia can be arranged in straight or spiral series in ultimate laterals, and usually occur one per segment in Polysiphonia sensu lato (Stuercke & 

Freshwater 2008). 

eIt was originally thought that all members of the Rhodomelaceae had 4-celled carpogonial branches, but members of the genus Melanothamnus have a 3-celled 

carpogonial branch (Kim & Lee 1999, as Neosiphonia). 

fSpermatangial axes can occur on the first dichotomy of a trichoblast, can replace trichoblasts, or may be unassociated with trichoblasts. 

gSpermatangial stichidia may be topped by several sterile cells. 

hReferences: (1) Abbott & Hollenberg 1976, (2) Adams 1991, (3) Bustamante et al. 2014a, (4) Bustamante et al. 2014b, (5) Bustamante et al. 2015a, (6) 

Bustamante et al. 2015b, (7) Díaz -Tapia & Bárbara 2013, (8) Díaz -Tapia et al. 2013, (9) Díaz -Tapia et al. 2017b, (10) Guiry & Guiry 2018, (11) Hollenberg 

1942a, (12) Hollenberg 1942b, (13) Hollenberg 1944, (14) Hollenberg 1961, (15) Hollenberg 1968, (16) Kapraun & Rueness 1983, (17) Kim & Kim 2014, (18) 

Kim & Lee 1999, (19) Kim et al. 2000, (20) Lam et al. 2013, (21) Lancelot 1966, (22) Maggs & Hommersand 1993, (23) Mamoozadeh & Freshwater 2011, (24) 

Mamoozadeh & Freshwater 2012, (25) Masuda et al. 1995, (26) Nam & Kang 2012, (27) Segi 1951, (28) Stegenga et al. 1997, (29) Stuercke & Freshwater 2008, 

(30) Stuercke & Freshwater 2010, (31) Taylor 1937, (32) Wynne 1986, (33) Yamanouchi 1901, (34) this study. 

iBased on Streblocladia glomerulata and S. muelleriana.
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Figures 1–3. The gross morphology of three genetically verified collections of Vertebrata 

hendryi (N.L.Gardner) comb. nov. from Haida Gwaii and Prince Rupert, British Columbia 

corresponding to different varieties. These specimens are 0 to 0.45% different in COI-5P 

sequence. Fig. 1. A mid intertidal collection matching the described morphology and 

epiphytic habitat of the type variety (GWS038576). Scale bar = 1cm. Fig. 2. A low 

intertidal collection matching the morphology of “var. gardneri” (GWS004980). Scale bar 

= 1.5 cm. Fig. 3. A low intertidal collection with lax branching matching the morphology 

of “var. deliquescens” (GWS031343). Scale bar = 2 cm.  

 

Figures 4–5. Gross morphology of Polysiphonia determinata (Hollenberg) stat. nov. and P. 

pacifica var. pacifica Hollenberg. Fig. 4. Polysiphonia determinata in the low intertidal in 

Bamfield, British Columbia (GWS004015). Scale bar = 1 cm. Fig. 5. A subtidal (5 m) 

collection of Polysiphonia pacifica var. pacifica from Monterey, California (GWS022117). 

Scale bar = 2 cm. 

 

Figure 6. RAxML results for the combined LSU, rbcL and COI-5P alignment.  Values are 

ML bootstrap support, an asterisk signifies ≥ 98% support for that node, a dash indicates ≤ 

50% support for that node, and the scale bar indicates substitutions per site.  Bold type 

indicates the type of a genus and a delta symbol indicates a new combination. 
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Figure 7. A portion of the RAxML results for the expanded rbcL-only alignment, showing 

the tribe Polysiphonieae.  Support values are ML bootstrap values, an asterisk signifies ≥ 

98% support for that node, a dash indicates ≤ 50% support for that node, and the scale bar 

indicates substitutions per site.  Bold type indicates the type of a genus. 

 

Figure 8. A portion of the RAxML results for the expanded rbcL-only alignment, showing 

the tribe Streblocladieae.  Support values are ML bootstrap values, an asterisk signifies ≥ 

98% support for that node, a dash indicates ≤ 50% support for that node, and the scale bar 

indicates substitutions per site.  Bold type indicates the type of a genus and a delta symbol 

indicates a new combination.  
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