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Abstract

After 13 years of intensive sampling of seaweeds in the Hakai area of the central coast of British Columbia, we report on
our collection of 67 of the approximately 100 brown algal species expected in the area based on known distributions. Most of
these 67 species are distributed broadly in the northeast Pacific region. They were identified morphologically using primary and
secondary literature and by sequencing the COI (cytochrome c oxidase subunit 1) gene in most instances. Laminaria yezoensis
is recorded near its southern distribution limit, and Dictyoneurum reticulatum is recorded at its northern distribution limit.
Although drift specimens of Postelsia palmaeformis have washed ashore, the species has not been found growing on Calvert
Island but rather on the mainland just to the southeast. A number of species are reported for the first time in the northeast
Pacific: we identified Hecatonema terminale, based on efforts to sequence several host species of red algae, an undescribed species
of Acinetosporaceae previously identified erroneously as Hincksia granulosa that still requires a name, and undescribed species
of Pylaiella and Ectocarpus. We describe as new to science Protohalopteris petersonii and Petrospongium munckiae and note a number
of other species that require work before they can be identified to species, including a Ralfsia-like crust in the Chordariaceae.

Distinctive haplotypes were found in at least four species, contributing to the uniqueness of this area.
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Introduction

Brown algae (Class Phaeophyceae, Phylum Heterokonto-
phyta), one of the three major groups of seaweeds, are a sig-
nificant part of the benthic marine environment. Kelps (or-
der Laminariales) and other large, habitat-forming species
like members of the Desmarestiales and Fucales are espe-
cially important foundational species in nearshore ecosys-
tems (Steneck et al. 2002; Teagle et al. 2017). Many of these
species have economic value as food or sources of phyco-
colloids (Critchley and Ohno 1998), and they have recently
been recognized as potential natural climate solutions be-
cause of their capacity for carbon dioxide removal, stor-
age, and export (Hurd et al. 2024; McHenry et al. 2024).
Although smaller species of Phaeophyceae generally have
lesser value economically and ecologically, some still play
a significant role in these arenas (e.g., the chordarialean
genera Cladosiphon and Nemacystus as human food (Critchley
and Ohno 1998) and endophytic browns (including alter-
nate phases in heteromorphic life histories) as significant
food for mesoherbivores (Amsler et al. 2009; Aumack et al.
2010)). Because of the importance of brown algae as key
habitat-forming organisms and integral members of the food
web, it is critical that we understand their diversity and
biogeographic ranges, especially given ongoing impacts of
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global change (Filbee-Dexter and Wernberg 2018; Wernberg
et al. 2024).

No comprehensive taxonomic study of brown algae in
British Columbia has been published, but more than 100
species of brown algae have been documented in the province
in the most recent comprehensive list (Gabrielson and Lind-
strom 2018). Early work, summarized in Scagel et al. (1989),
included studies of kelps and other brown algal species by
many of Scagel’s students and post-docs. Since then, most
taxonomic studies on BC seaweeds have used DNA sequenc-
ing to decipher species’ identities and evolutionary relation-
ships (with a smattering of life history and ecological stud-
ies). These studies have refined species boundaries and names
and added several new species to the BC flora (Saunders and
McDevit 2014; McDevit and Saunders 2017; Parente and Saun-
ders 2019).

This paper represents the second in a series on the seaweed
flora of the Hakai area of the central coast of British Columbia
based on research carried out at the Hakai Institute’s field
station on Calvert Island. The name Hakai comes from the
Heiltsuk language and means “wide passage”. It refers to the
wide pass between Calvert and Hecate Islands to the south
and Stirling and Nalau Islands to the north and is a world-
renowned fishing destination. This name was also bestowed
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Fig. 1. Location of Calvert Island along the central coast of British Columbia (inset) and local collecting sites. This map was
created using ArcGIS Desktop 10.8.2. Shoreline data adapted by the Hakai Institute in 2021 sourced from OpenStreetMap
contributors. Retrieved from https://planet.openstreetmap.org, 2021. Border data sourced Natural Earth, retrieved from www.
naturalearthdata.com, 2021. Map created by Keith Holmes, Hakai Institute.
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on the surrounding Hakai Lixvbdlis Conservancy, established
on 23 May 2008 and encompassing the area where our stud-
ies were conducted. This region is the traditional territory
of the Wuikinuxv and Heiltsuk First Nations. Our first paper
(Lindstrom et al. 2021) covered the green seaweeds (Chloro-
phyta), and subsequent papers will cover the much more di-
verse red algal flora (Rhodophyta). As noted in Lindstrom et
al. (2021), our study sites are primarily on Calvert Island and
vicinity (Fig. 1). Since our earlier paper, the area has contin-
ued to experience significant heat waves (Whalen et al. 2023).
Thus, this paper represents a snapshot of the flora during
more than a decade of change from 2011 to 2024.

The central coast of BC represents a transitional area be-
tween the temperate flora of California and the more bo-
real flora of Alaska. Saunders (2014) noted the similarities
of the subtidal flora of Haida Gwaii to California, which he
attributed at least in part to long distance kelp rafting. How-
ever, another possible explanation for species diversity in the
area is post-glacial recolonization (Lindstrom et al. 1997). Re-
cent heat waves provide an additional dimension to the di-
versity discussion, as species ranges have started to shift at
large and small spatial scales (Whalen et al. 2023; Starko et
al. 2024a, 2024b).

Much work remains to be done on Phaeophyceaen algae
in British Columbia. Determining the correct name to apply
to an individual species may require additional work beyond
just keying it out. If a species was originally described from
BC or nearby areas, then it is reasonable to assume that the
name is correctly applied. However, if a species was originally
described from further afield, such as northern Europe or
Japan, then more careful comparisons are required. Below,
we reference studies that compare DNA sequences to show
that some species are the same as those from more distant
regions, whereas other species are distinct despite their mor-
phological similarities, as has been observed with other cryp-
tic species in the region (Lindstrom et al. 2011; Hind et al.
2015; Wade et al. 2023).

The present study offers one of the most comprehensive
investigations of the brown algal flora of British Columbia,
focusing on an area that has been inadequately sampled or
studied until now. We follow the taxonomy of Gabrielson
and Lindstrom (2018) unless noted otherwise, and this re-
port serves to update that publication. We also update some
names in Barcode of Life Data (BOLD) and GenBank. A num-
ber of papers have already highlighted some of the new
species and records of red and green algae from this area
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(Hind et al. 2015, 2016; Lindstrom et al. 2015, 2021; Lindstrom
2018). In addition to reporting new records, we also discuss
species and species complexes that require further work.

Methods and materials

Intertidal seaweed collections have been made annually ev-
ery summer since 2011 (except for 2020) on the northwest
corner of Calvert Island and vicinity (Fig. 1), usually in late
May to mid June (collections in 2011 were in mid August and
those in 2012 in early July). Subtidal collections were made in
2013,2017,2018,2019, 2022, and 2023, and winter visits were
made in mid February 2014 and late March 2018. Voucher
specimens are deposited in the phycological herbarium of the
Beaty Biodiversity Museum, University of British Columbia
(UBC), and molecular sequences have been deposited in Gen-
Bank. Identifications were made using morphology, follow-
ing the keys of Gabrielson and Lindstrom (2018) and original
literature as needed, as well as molecular data.

The majority of samples were submitted to the Canadian
Centre for DNA Barcoding (CCDB) for DNA extraction, ampli-
fication and sequencing of the barcode region of the mito-
chondrial cytochrome oxidase 1. DNA extractions were car-
ried out using the protocol described by McDevit and Saun-
ders (2009). Amplification used the primers GazF2-GazR2
(Lane et al. 2007) or GHalF-GazR1 (Saunders 2005, 2008) to
amplify and sequence the 5 end of the mitochondrial COI
gene. Some additional samples were processed at the Hakai
Institute Genomics Lab using the Qiagen DNEasy Plant Kit for
DNA extractions, amplified using the same primers as above,
and sequenced at the Genome Quebec sequencing facility.
Samples processed in the Martone Lab at UBC were extracted
following McDevit and Saunders (2009), amplified as above,
and also sequenced at the Genome Quebec sequencing facil-
ity. All sequences were compared to accessions in NCBI and
in the BOLD system (Ratnasingham and Hebert 2007) as part
of the process of determining species identity. Puillandre et
al. (2012), in developing their Automatic Barcode Gap Discov-
ery method, found the level of divergence between species of
metazoa to lie between 1 and 3%, numbers similar to those
found for Ralfsia, Scytosiphonaceae and other brown algal
COI sequences (McDevit and Saunders 2009, 2017; Saunders
and McDevit 2013; Parente and Saunders 2019). We used
these numbers as guidelines; actual species delimitations
need to be complemented with other evidence in an integra-
tive taxonomic approach.

For a few specimens, DNA amplification targeted the
ribulose-1,5-bisphosphate carboxylase/oxygenase large sub-
unit (rbcl) using primers rbcL3F: 5-GGC ACC GGA GAA TCT
ATA TG-3', and rbcL616R: 5'-GTT GTG AGT TAA TAT TTT CAT
CAT C-3' (Peters and Ramirez 2001). PCR reactions were com-
prised of 12.5 uL of 2X Master Mix Taq (FroggaBio), 0.6 uL of
each 10 umol L' primer, 3.75 uL of BSA (New England Bio-
labs) at 10 mg mL~', 6.05 puL of nuclease-free water, and 1.5 uL
of DNA template at ~5-10 ng uL~? for a final volume of 25 pL.
PCR conditions included polymerase activation at 94 °C for
4 min, followed by 38 cycles of denaturation, amplification,
and elongation at 94 °C for 1 min, 50 °C for 30 s, and 72 °C
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for 1 min, respectively, followed by a final elongation step at
72 °C for 7 min. These amplifications were done at the Hakai
Institute Genomics Lab, and products were sequenced at the
Genome Quebec facility.

For the present study, maximum likelihood phylogenetic
analyses were performed using MEGA12: Molecular Evolu-
tionary Genetics Analysis version 12 (Kumar et al. 2024) with
500 bootstrap replicates, GTR model, gamma distribution for
invariant sites, and five threads. Hakai specimens are identi-
fied by an asterisk in all trees.

Results

Class Phaeophyceae

We sequenced 55 species of Phaeophyceae (Table 1—we fol-
low the taxonomic order in Gabrielson and Lindstrom 2018,
as elaborated in Table S1). In addition, we identified mor-
phologically an additional 12 species, for which we were un-
able to obtain DNA sequences. All told, these records rep-
resent slightly more than 50% of the species of brown al-
gae recorded for British Columbia (Gabrielson and Lindstrom
2018; Table S1). Sequences for Dictyota binghamiae J. Agardh
(order Dictyotales, family Dictyotaceae) and Phaeostrophion ir-
regulare Setchell & N.L. Gardner (order Sphacelariales, fam-
ily Phaeostrophiaceae) were identical to published sequences
from other areas of British Columbia. Discussions of the
other species we sequenced follow.

Order
Family

Sphacelariales
Stypocaulaceae

Material from a single specimen in this family (PTM512,
Table 1), which was field identified as Sphacelaria rigidula Kiitz-
ing, was sequenced by Starko et al. (2021). Although there
were difficulties in assembling its mitochondrial genome
(MZ156064) into a full circle due to a complex assembly graph
and possible contamination (Starko et al. 2021), there were
no such problems with the chloroplast genome (MZ156028).
A maximum likelihood (ML) phylogeny of rbcL and psbC
genes shows that this species is most closely related to Proto-
halopteris radicans (Dillwyn) Draisma, Prud’homme & H. Kawai
in the family Stypocaulaceae (Fig. 2) but is evolutionarily dis-
tinct. We describe this species as new to science.

Protohalopteris petersonii sp. nov. S.C. Lindstrom, Starko &
Martone (Fig. 3)

Thalli to 20 mm tall (Fig. 3a) and 50-60 um diam., form-
ing dense carpets (Fig. 3b) or scattered tufts (Fig. S1) on in-
tertidal rock, often in areas scoured by sand and sometimes
near beach run-off. Thalli dark (olive) brown. Abundant thalli
arising from small basal discs of radiating, branched, coales-
cent filaments with apical growth (Figs 3c and 3d). Uprights
sparingly branched to one or two orders from hypacroblastic
branching. Pericysts present (these are evident as dark inclu-
sions in Figs 3e-3i). Surface peripheral cells subdivided by 1-3
transverse walls (Fig. 3f). Rhizoids rare (Figs 3f and 3g). Pre-
sumptive reproductive branches abundant on a few uprights
(Figs 3h and 3i) but mostly absent (it is unclear whether these
produce unangia or plurangia since no actual reproductive
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Table 1. Sample information and collection data for sequenced specimens.

Species Sample ID Collection date Location Habitat UBC accession COI accession
Dictyota binghamiae PTM432 22 May 2013 Wolf Beach Subtidal 8 m on boulder A089753 PV694765
PTM459 24 May 2013 West Beach Subtidal 6 m on boulder A090383 PV694766
SCL 17060 26 July 2017 Foggy Cove Subtidal 5.5 m (Nereocystis bed) A094327 PV694767
SCL 17201 1 August 2017 North Beach Subtidal on cobble (Nereocystis bed) at <23’ A094438 PV694768
PTM2008 10 June 2022 Fifer Bay Subtidal 3-5 m A101829 PV694769
Phaeostrophion irregulare SCL 17484 5 June 2019 North Beach, W end Low intertidal boulder A100736 PV694770
Protohalopteris petersonii PTM512 27 May 2013 North Beach bench High intertidal near freshwater A089833 MZ156064; MZ156041
(plastid complete genome)
Desmarestia aculeata PTM496 25 May 2013 North Beach bench Subtidal 6-8 m A089817 PV694771
PTM580 28 May 2013  Between Fifth & Sixth Subtidal 3.5 m on boulder A089901 PV694772
Beaches
PTM1581 26 July 2017 Foggy Cove Subtidal 3 m A093219 PV694773
SCL 16997 24 July 2017 North Beach, W end Low intertidal rock near sand A094269 PV694774
Acinetosporaceae (not SCL 17132 30 July 2017 Rattenbury Island Sloping soft sediment down to ~40’ below ELLW, on PV694775
Hincksia granulosa) worm tube
Hincksia sandriana PTM2010 10 June 2022 Fifer Bay Subtidal 4 m A101823 PV694776
Pylaiella 1 SCL17371 17 June 2018 Pruth lagoon High intertidal, mixed with dwarf Fucus A096336 PV694778
SCL 17841 20 June 2022 Pruth lagoon Intertidal A101806 PV694779
Pylaiella 2 SCL 17373 17 June 2018 Pruth lagoon Mid intertidal mud or in stream A096338 PV694780
PTM1727 13 June 2018 Fifth Beach site High intertidal A096913 PV694781
PTM2003b 10 June 2022 Convoy Pass Subtidal, 2-5 m A101816 PV694782
Acrothrix gracilis SCL 17230 1 August 2017 Head of Pruth Bay Under dock, subtidal ~2 m A094448 PV694783
Coilodesme bulligera PTM545 27 May 2013 Meay Islet Subtidal 3.5 m A089866 PV694784
Dictyosiphon sinicola SCL 17043 26 July 2017 Pruth islet site Lying loose in a shallow eelgrass bed A094310 PV694786
SCL 17426 28 June 2018 Pruth Bay NA A096370 PV694787
Elachista sp. SCL 16944 22 July 2017 Little Wolf Beach Mid intertidal, on Fucus distichus A094234 PV694788
Hecatonema terminale SCL 16937 22 July 2017 Little Wolf Beach Low intertidal, infon Smithora naiadum A094228 PV694789
SCL 17025 25 July 2017 Fifth Beach exposed Very high intertidal pool, infon Neorhdomela oregona A094295 PV694790
PTM1731 13 June 2018 Fifth Beach In/on Bossiella A096917 PV694791
Leathesia marina PTM505 27 May 2013 “West Beach Bench” Lower mid intertidal A089826 PV694792
SCL 15321 27 May 2013 North Beach, E end Lower mid intertidal boulder A090291 PV694793
Microspongium globosum SCL 17825 18 June 2022 Foggy Cove Low intertidal, endophytic in Dilsea PV694794
Myriocladia lovenii PTM2003a 10 June 2022 Convoy Pass Subtidal 3.5 m A101815 PV694795
PTM2004 10 June 2022 Convoy Pass Subtidal 3.5 m A101817 PV694796
SCL 17745 10 June 2022 Corvette Island Subtidal 2-5 m A101800 PV694797
Punctaria expansa SCL 17364 16 June 2018 Head of Pruth Bay On dock just below water level or floating A096331 PV694798
SCL17394 23 June 2018 Choked Pass Unreported but probably in an eelgrass bed A096352 PV694799
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Table 1. (continued).

&
2
§
T
> Species Sample ID Collection date Location Habitat UBC accession COI accession
§ Punctaria tenuissima SCL 16807 27 May 2017 Meay Channel site Low intertidal (low, mid, high transects) A094179 PV694800
% SCL 17456 3 June 2019 Meay Channel site Low intertidal (mid transect) A100717 PV694801
?{ “Ralfsioid” MAL 202 21 March 2015 Foggy Cove “Rocky intertidal shore” A101419 MK959574
ﬁ _!91_ MAL 205 19 March 2015 Foggy Cove “Rocky intertidal shore” A101420 MK959560
§ ‘g MAL 281 19 March 2015 Foggy Cove “Rocky intertidal shore” A101423 MK959546
§| g MAL 539 21 March 2015 Foggy Cove “Rocky intertidal shore” A101439 MK959539
S o SCL 17446 3 June 2019 Meay Channel site Low intertidal cobble (between mid & high transects) PV694802
8_ § Saundersella simplex SCL 16838 29 May 2017 Little Wolf Beach Low intertidal, on Analipus japonicus A094204 PV694803
8 5‘ Soranthera ulvoidea PTM1760 11 June 2018 Foggy Cove Drift PV694804
g § Ectocarpus “6” PTM513 27 May 2013 North Beach Low intertidal, epiphytic on Hedophyllum sessile A089834 PV694808
Q g Ectocarpus 2 SCL 17279 22 March 2018 Little Wolf Beach Mid intertidal, epiphytic on old Halosaccion PV694807
§ . § Ectocarpus “1” SCL 17408 26 June 2018 Head of Pruth Bay On dock, epiphytic on Scytosiphon PV694806
3%\ Petrospongium munckiae PTM1558 30 May 2017 Fifth Beach exposed Mid intertidal bedrock, near Endocladia, in channel A093594 PV694809
£0 Colpomenia peregrina MAL 142 22 March 2015 Foggy Cove “Rocky intertidal shore” MK959529
8_ § SCL 17052 26 July 2017 Foggy Cove Subtidal 5.5 m in Nereocystis bed A094319 PV694811
%g Dactylosiphon bullosus MAL 490 22 March 2015 Foggy Cove “Rocky intertidal shore” A101430 PV694812
@8 PTM1550 26 May 2017 North Beach, E end Low intertidal boulder A093592 PV694813
§ E_ PTM1578 May 2017 North Beach site Low intertidal bedrock A101809 PV694814
Q o] Melanosiphon intestinalis SCL 16849 30 May 2017 Foggy Cove Low intertidal boulder A094213 PV694815
8u Petalonia sp. PTM1574 May 2017 North Beach Low intertidal bedrock PV694817
g Scytosiphon lomentaria PTM577 28 May 2013 Fourth Beach Low intertidal rock in sand A089898 PV694820
= SCL 17487 5 June 2019 North Beach, W end Low intertidal boulder A100739 PV694822
% PTM1715 9 June 2016 Foggy Cove Low intertidal A093597 PV694821
% Fucus distichus MAL 35 19 March 2015 Foggy Cove “Rocky intertidal shore” A101425 MK959542
g MAL 44 20 March 2015 Foggy Cove “Rocky intertidal shore” A101428 PV694823
@] MAL 79 18 March 2015 Foggy Cove “Rocky intertidal shore” A101448 PV694824
%‘ MAL 119 18 March 2015 Foggy Cove High intertidal sediment MK959558
=} MAL 226 21 March 2015 Foggy Cove “Rocky intertidal shore” A101421 PV694825
@ MAL 500 18 March 2015 Foggy Cove “Rocky intertidal shore” A101433 PV694826
MAL 517 19 March 2015 Foggy Cove “Rocky intertidal shore” A101435 PV694827
MAL 536 20 March 2015 Foggy Cove “Rocky intertidal shore” A101438 PV694828
MAL 543 21 March 2015 Foggy Cove “Rocky intertidal shore” A101440 PV694829
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Table 1. (continued).

Species Sample ID Collection date Location Habitat UBC accession COI accession
MAL 558 20 March 2015 Foggy Cove “Rocky intertidal shore” A101442 PV694830
SCL 17838 20 June 2022 Pruth lagoon High intertidal sediment A101805 PV694831
Fucus spiralis MAL 60 20 March 2015 Foggy Cove “Rocky intertidal shore” A101446 PV694832
MAL 514 20 March 2015 Foggy Cove “Rocky intertidal shore” A101434 PV694833
Sargassum muticum SCL 17042 26 July 2017 Meay Channel site Low intertidal cobble A094309 PV694835
SCL 17444 3 June 2019 Meay Channel site Drift A100710 PV694836
Stephanocystis geminata PTM1653 31 July 2017 Kelpie Point Subtidal 23 m A093290 PV694837
Agarum clathratum SCL 17066 26 July 2017 East end Kwakshua Subtidal A094333 PV694839

Channel

Costaria costata MAL 496 19 March 2015 Foggy Cove Intertidal rock A101432 MK959530
Dictyoneurum reticulatum  SCL 17045 26 July 2017 Foggy Cove Subtidal A094312 PV694840
SCL 17046 26 July 2017 Foggy Cove Subtidal A094313 PV694841
Neoagarum fimbriatum PTM534 27 May 2013 Meay Islet Subtidal 3.5 m A089855 PV694842
SCL 16365 8 June 2016 Meay Channel site Low intertidal PV694843
Alaria marginata MAL 65 20 March 2015 Foggy Cove “Rocky intertidal shore” A101447 PV694844
MAL 494 19 March 2015 Foggy Cove “Rocky intertidal shore” A101431 MK959557
MAL 527 20 March 2015 Foggy Cove “Rocky intertidal shore” A101436 PV694845
MAL 564 19 March 2015 Foggy Cove “Rocky intertidal shore” A101444 PV694846
SCL 17981 30 May 2023 Outside Draney Narrows Subtidal 2-6 m, high current area A101807 PV694847
Lessoniopsis littoralis PTM574 28 May 2013 Fifth Beach exposed Low intertidal bedrock A089895 PV694848
Pleurophycus gardneri SCL 16960 23 July 2017 Smaug Point Low intertidal bedrock PV694849
Pterygophora californica SCL 16998 24 July 2017 North Beach W end Low intertidal rock near sand A094270 PV694850
SCL 17184 1 August 2017 Triquet Island Subtidal, in Macrocystis bed A094425 PV694851
Cymathaere triplicata SCL 17996 4 June 2023 North Beach Drift A101808 PV694852
Hedophyllum nigripes SCL 17056 26 July 2017 Foggy Cove Subtidal kelp bed A094323 PV694853
SCL 17196 1 August 2017 Triquet Island In Macrocystis bed A094434 PV694854
SCL 17793 15 June 2022 Meay Channel Low intertidal cobble A101802 PV694855
MAL 532 21 March 2015 Foggy Cove “Rocky intertidal shore” A101437 MK959550
MAL 546 19 March 2015 Foggy Cove “Rocky intertidal shore” A101441 MK959570
Hedophyllum sessile SCL 17832 19 June 2022 North Beach Low intertidal bedrock A101804 PV694856
Laminaria ephemera PTM971 12 June 2014 West Beach Drift PV694857
Laminaria setchellii MAL 426 19 March 2015 Foggy Cove “Rocky intertidal shore” A101426 MK959536
Laminaria yezoensis MAL 444 21 March 2015 Foggy Cove Intertidal rock A101429 MK959576
Macrocystis tenuifolia SCL 16924 22 July 2017 Little Wolf Beach Low intertidal boulder A094217 PV694858
Nereocystis luetkeana SCL 15324 27 May 2013 North Beach, E end Very low intertidal boulder A090296 PV694859
SCL 16954 23 July 2017 Smaug Point chasm Low intertidal bedrock A094241 PV694860
SCL 17483 5 June 2019 North Beach, E end Low intertidal boulder A100735 PV694861
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structures were seen, or whether these are merely young veg-
etative branches). Hairs, propagules, and acroblastic branch-
ing not seen.

TYPE SPECIMEN: PTM512 (UBC A089833), intertidal rock near
beach runoff, North Beach, 27 May 2013, Leg. P.T. Martone
(Fig. 3a).

ETYMOLOGY: The specific epithet honours Eric Peterson,
whose generous support facilitated work on this and other
seaweeds on the central coast of British Columbia.

Draisma et al. (2010) differentiated Protohalopteris (based
on its type and only species, P. radicans) from other
Stypocaulaceae in having a radial pattern of cell division in
transverse section (versus periclinal in other genera), no dif-
ferentiation into a medulla and cortex, and zoidangia not
formed in axils. Our light microscope examination of P. pe-
tersonii showed that these characters also hold true for this
species. Moreover, Protohalopteris shows a combination of ac-
roblastic branching, which it has in common with other
Stypocaulaceae but not other Sphacelariales, and hypacrob-
lastic branching, which it shares with Sphacelorbus. Also, like
other Stypocaulaceae, phaeophycean hairs, when present,
occur in clusters. The description of the monotypic Pro-
tohalopteris in AlgaeBase, contributed by Prud’homme van
Reine, largely applies to the new species, with the follow-
ing differences: hairs not observed (in groups in P. radicans),
only hypacroblastic branching seen (some laterals arising by
acroheteroblastic or by dichotoblastic branching in P. rad-
icans), and presumptive reproductive filaments many cells
long and branched (versus sessile or with unicellular stalks
(unangia) or on 1-4 celled stalks (plurangia) in P. radicans).
This is the first record of the family Stypocaulaceae in the
region (Gabrielson and Lindstrom 2018).

Although other species of Sphacelariales have been re-
ported from British Columbia (Scagel et al. 1989; Gabrielson
and Lindstrom 2018), no species of Protohalopteris has been
recorded. However, two unpublished COI sequences of P. pe-
tersonii in BOLD (accessed 24 January 2024), one from the Bam-
field area and the other from the Prince Rupert area of British
Columbia, suggest that this species is broadly distributed in
the region albeit probably under different names.

Order Desmarestiales
Family Desmarestiaceae

Although we collected specimens we identified as Desmares-
tia aculeata (Linnaeus) J.V. Lamouroux, Desmarestia herbacea
(Turner) J.V. Lamouroux, Desmarestia ligulata (Stackhouse) J.V.
Lamouroux, and Desmarestia viridis, we obtained sequences
only for D. aculeata, perhaps due to interference from the
HCl vacuoles in the other species. As noted previously (Peters
et al. 1997), D. aculeata appears to be separated into two
different clades, with the Pacific one more closely allied with
Desmarestia latifrons (Ruprecht) Kiitzing from southern Ore-
gon to southern California than with the Atlantic one (based
on ITS1 and ITS2 sequences from the nuclear rRNA cistron—
data not shown). An ML analysis of COI sequences (Fig. S2),
including those from the Hakai area, also puts North Pacific
sequences on a separate branch from European D. aculeata.
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Fig. 2. Maximum likelihood (ML) phylogeny of species of Stypocaulaceae based on published concatenated rbcL and psbC

sequences.
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However, in this analysis, Canadian Arctic specimens were
identical to European D. aculeata, whereas other northwest
Atlantic specimens (from Newfoundland, New Brunswick,
and Nova Scotia) were more closely related to Pacific speci-
mens albeit on a separate branch. Complete plastid genomes
have been sequenced for both Atlantic (NC_085300.1 (https:
/[www.ncbi.nlm.nih.gov/nucleotide/NC_085300.1?report=g
enbank&log$=nucltop&blast_rank=2&RID=B7E8HFPF016))
and Pacific (MZ156041.1 (https://www.ncbi.nlm.nih.gov/nuc
leotide/MZ156041.1?report=genbank&log$=nucltop&blast
_rank=1&RID=B7E8HFPF016)) D. aculeata; they are 99.26%
identical (GenBank, 7 August 2024). These results raise the
possibility that a different name should be applied to Pacific
and NW Atlantic D. aculeata (the type locality of the species
is between England and France—Silva et al. 1996). Another
name does exist for Pacific D. aculeata: Desmarestia intermedia
Postels & Ruprecht; this species is recognized by the Russians
(Perestenko and Zakhodnova 2007; Klochkova et al. 2009),
although not by other North Pacific phycologists, and no
sequences are available for this species. Further work is re-
quired on this and the other large and ecologically important
Desmarestia species.

Order Ectocarpales
Family Acinetosporaceae

We obtained COI sequences for eight Acinetosporaceae
specimens (Table 1; Fig. 4), which included two Pylaiella
species, Hincksia sandriana (Zanardini) P.C. Silva, and one un-
determined species. The undetermined species (SCL17132)
was initially identified as Hincksia granulosa (Smith) P.C. Silva
based on morphology. It had a COI sequence identical to two
South American specimens: an unpublished Falkland Is. se-
quence provided by Akira Peters, and a Chilean sequence
(LN828736), also identified as H. granulosa (Mystikou et al.
2016), which had a number of erroneous inserts (Fig. 4).
None of these sequences was closely related to true Hincksia
granulosa (Fig. 4, LM995250), which was the most abundant
species encountered by Peters et al. (2015) in their mainly Eu-
ropean study of microscopic brown algae. These specimens

were 99.18%-99.26% similar to Japanese specimens identi-
fied as Hincksia fuscata (Zanardini) P.C. Silva; however, since
the type locality of this species is Italy, it is unclear whether
this species name is applied appropriately. Both the Chilean
and BC specimens occurred subtidally on a soft bottom, the
Chilean specimen at 13 m beneath an aquaculture installa-
tion, and the BC specimen at ~12 m on a worm tube. Both
specimens were distinguished by thalli reaching several cm
in length and possessing frequent subopposite branches. Plu-
rangia on the Chilean material were numerous, ovoid, ir-
regular on main and side branches, sessile or on few-celled
stalks (Mystikou et al. 2016), characters suggesting H. granu-
losa. The significant genetic distinction of these Chilean and
BC specimens from true H. granulosa (<85% similar) suggests
that these specimens represent a distinct species if not a sep-
arate genus. Other BC specimens identified as Hincksia granu-
losa were collected at Stanley Park, Vancouver (UBC A063334),
Calvert Island (UBC A090488), and Triple Island, northern BC
(UBC A020672); the identities of these specimens have not
been verified by sequencing, and they require re-examination
before the presence of H. granulosa in BC can be confirmed.
In contrast, the occurrence of H. sandriana is confirmed on
the coast, with sequenced specimens from Bamfield and the
Hakai area, BC, as well as Sitka, Alaska, to the north; this
species occurs in a strongly supported clade with the type of
the genus Hincksia hincksiae (Harvey) P.C. Silva (Fig. 4).

Genus Pylaiella

Two species of Pylaiella, both initially identified as Pylaiella
littoralis (Linnaeus) Kjellman, were found on Calvert Island
(Fig. 4), but they differed by at least 5% from true P. littoralis
(type locality: Europe “in Europae marinis rupibus”—in Eu-
ropean marine waterways). (The identity of true P. littoralis is
uncertain because two sympatric species identified by that
name have been found along the Brittany coast (Geoffroy et
al. 2015)). One of our species is the same as what has been
called Pylaiella washingtoniensis C.C. Jao in BOLD and GenBank,
but we have not been able to ascertain why these specimens
were identified by this name. The name P. washingtoniensis

Botany 103: 1-24 (2025) | dx.doi.org/10.1139/cjb-2025-0003
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Fig. 3. Protohalopteris petersonii. (a) Holotype. PTM512, intertidal rock near beach seepage, North Beach, 27 May 2013. Scale bar
=1 cm. (b) Typical habit in clumps on low intertidal rock near sand, West Beach, 10 June 2024, SCL 18272. Scale bar = 2 cm.
(c) Basal crust of coalescent filaments with apical growth. Scale bar = 60 um. (d and e) Abundant, sparingly branched uprights
arising from basal crust. Scale bar = 200 pum (d), 60 um (e). (f) Rhizoid arising from basal cell of branch. Pericysts evident in
main axis. Scale bar = 60 um. (g) Elongate rhizoidal filament. Scale bar = 60 pm. (h and i) Abundantly branched, possibly
reproductive filaments arising from main axis and lateral branches. Scale bar = 100 um (h), 60 um (i).
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Fig. 4. Maximum likelihood (ML) phylogeny of Acinetosporaceae COI sequences from the Hakai area and elsewhere.
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was applied to a species of Pylaiella from the Churchill area
on Hudson Bay (Saunders and McDevit 2013) and was subse-
quently used by Peters et al. (2015) and Kiipper et al. (2016).
In comparing our two species, we find that both equally
fit the description of P. washingtoniensis (SCL 17373, Fig. 5a;
SCL 17371, Fig. 5b). Pylaiella washingtoniensis was originally
described as up to 20 cm long, with long dichotomous lower
branches and short, lateral upper branches and with numer-
ous rhizoidal filaments; it grew on a concrete wall at high
water mark in the ship canal between Lake Washington and
Puget Sound (Jao 1937). SCL 17371, our specimen that groups
with P. “washingtoniensis”, is short (~1 cm tall) with only sparse
lateral branches (Figs. 5¢ and 5d), whereas SCL 17373 is at
least 10 cm in length with opposite branching as well as short
laterals—like true P. littoralis (Figs. 5e and 5f). (It is possible
that the twisted axes in Fig. 5e could be misinterpreted as rhi-
zoidal filaments). Specimens with the same sequence as SCL
17371 are widely distributed from British Columbia through
the Canadian Arctic; the other species is thus far known only
from the Prince Rupert, Masset Inlet, and Hakai areas of BC.

For now, we identify both species as Pylaiella sp.
Family Chordariaceae

We sequenced 13 species in this family (Table 1; Fig. 6).

10

100 | Not H granulosa SCL17132 Rattenburyl ¥

97' Falklands 2017 AFP

Petrospongium HQ9890512 BigSurCA

Genus Acrothrix

A subtidal specimen of Acrothrix gracilis Kylin (Fig. 7a), col-
lected below the Pruth Bay dock in ~2 m, was confirmed
by a COI sequence. This species was first recorded in the
NE Pacific from Haida Gwaii by Bob Hooper (UBC A053709)
and later from southern Sea Otter Sound, Southeast Alaska
(Wynne 1987). It has since been collected elsewhere in Alaska
(UBC A089220) and BC (BOLD, unpublished) as well as in the
northwest Atlantic. Although material from the type locality
(Bohusldn, Sweden) has not been sequenced, material from
Norway was 99.85% identical to our material (Bringloe et al.
2019), the single nucleotide difference being a possible mis-
read near the 5’ end of our sequence.

Genus Coilodesme

The COI sequences of Coilodesme bulligera Stromfelt from
the Hakai area and Alaska differed from each other by a
single bp (0.2%) but from a Quebec specimen by 1.43% (Fig.
6; no sequences were available from elsewhere-the type
locality is Iceland), so it remains unclear whether the Pa-
cific populations should be recognized as a distinct species.
Figure 6 indicates that although sequences of Coilodesme
californica (Ruprecht) Kjellman group with C. bulligera, the
type species of the genus, there is little support for this

Botany 103: 1-24 (2025) | dx.doi.org/10.1139/cjb-2025-0003
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Fig. 5. Pylaiella spp. (a and e—f) SCL 17373. (b—d) SCL 17371. (c) Branch initiation. Scale bar = 50 pm. (d) Mature lateral branch
and branch tip. Scale bar = 100 um. (e) Entwined filaments with occasional lateral branches. Scale bar = 100 um. (f) Opposite

branching among free filaments. Scale bar = 50 pm.

relationship (bootstrap value is only 56%). The sequences
of C. californica are very similar to western Pacific C. japon-
ica (data not shown); C. californica has priority. We have
yet to obtain a sequence of C. californica from the Hakai

area.
Genus Dictyosiphon

A single species of Dictyosiphon occurs in wave-protected
areas at Hakai (Fig. 7b). We first observed it in 2014 and
identified it as Dictyosiphon sinicola N.L. Gardner because it

Botany 103: 1-24 (2025) | dx.doi.org/10.1139/cjb-2025-0003

fit Gardner’s (1940) description: “Fronds relatively soft and
flaccid, 20-30 cm. high, up to 3 mm. diam., hollow in the
older parts, moderately and irregularly alternately branched,
larger branches of the main axes often widely divaricate..., all
giving rise to short, scattered, attenuated ramuli of the third
to fifth order, these terminating in a single series of cells;
cortical cells arranged somewhat in longitudinal rows, rect-
angular, 10-16 px diam.; medullary cells think-walled, 60-80
u diam., variable in length but several diameters long.” Like
Gardner’s, our specimens were collected “on rock and muddy

11
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Fig. 6. Maximum likelihood (ML) phylogeny of Chordariaceae COI sequences from the Hakai area and elsewhere.
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Fig. 7. Habits of species of Chordariaceae found at Hakai (collection data found in Table 1). (a) Acrothrix gracilis (SCL 17230). (b)
Dictyosiphon sinicola (SCL 17043). (c) Myriocladia lovenii (SCL 17745). (d) Punctaria expansa (SCL 17394). (e) Punctaria tenuifolia (SCL
16807). (f) Punctaria tenuifolia (SCL 17456). (g) “Ralfsioid” on cobble (SCL 17446). (h) Soranthera ulvoidea (SCL 14981).
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bottoms in quiet waters”. Gardner collected the type from a
small bay at the southern end of San Juan Island, Washington,
and made a second collection in Clayoquot Sound, Vancouver
Island, BC. Subsequently, Tom Mumford collected the species
in Washington State in 1980 (as determined by Mike Wynne:
Gabrielson et al. 2012). Our collections represented only the
second report of this species since 1940 until the recent pub-
lication by Kawai et al. (2021). Specimens with COI sequences
identical to ours have been reported from Churchill, Mani-
toba (Saunders and McDevit 2013), and from additional sites
in British Columbia (BOLD, unpublished). These sequences,
together with the extensive data in Kawai et al. (2021) and
other sequences in GenBank, indicate that this species
is widely distributed in northern waters, from Washington
State through British Columbia and Alaska to Kamchatka and
through the Bering Strait into the western Arctic as far north
as Baffin Island and as far south to Nova Scotia in the western
Atlantic. It is clearly distinct from Dictyosiphon foeniculaceus
(Hudson) Greville, the species with which it had previ-
ously been confused; their COI sequences are only 95%-96%
similar.

Genus Elachista

Although the quality of our COI sequence of Elachista was
rather poor, it fit with sequences from other BC sites (Fig. 6).
These sequences were divergent from North Atlantic speci-
mens of Elachista fucicola (Velley) Areschoug (type locality: UK)
from New Brunswick, Norway, and France: only 97.26% or
less identical. This suggests the NE Pacific species should be
recognized by another name. Whether our species should be
identified as Elachista lubrica Ruprecht from the NW Pacific
(type locality: Cape Nichta, Okhotsk Sea) remains to be deter-
mined. For now, we use Elachista sp. for collections from the
Hakai area.

Genus Hecatonema

Hecatonema terminale (Kiitzing) Kylin, an inconspicuous fila-
mentous epiphyte, was identified from COI sequences from
three different red algae: the high tidepool Neorhodomela
oregona (Doty) Masuda, the low intertidal surfgrass epiphyte
Smithora naiadum (C.L. Anderson) Hollenberg, and an unde-
termined species of Bossiella. The sequence from Smithora was
99% identical to Hecatonema maculans (Collins) Sauvageau, a
species considered synonymous with H. terminale (Fletcher
2024), from a variety of mostly European locales (Peters et al.
2015) and a single collection from China (Du and Xue, unpub-
lished). Among species isolated by Peters et al. (2015), H. mac-
ulans was the second most abundant following Hincksia gran-
ulosa, and it occurred in a strongly supported cluster basal to
the remaining members of the Chordariaceae and including
Myrionema balticum (Reinke) Foslie and Ascocyclus orbicularis (J.
Agardh) Kjellman among other, undescribed species. One of
the Peters et al. (2015) specimens was isolated from Palmaria
palmata (Linnaeus) F. Weber & D. Mohr from Maine, USA; the
type of H. maculans is a specimen from Maine growing on Pal-
maria palmata. Hecatonema terminale (as H. maculans) has not
been reported previously from the northeast Pacific although
there are unpublished sequences from Bamfield and Haida
Gwaii, BC, in BOLD. Despite obtaining sequences from three

14

distinct specimens, we did not observe the epiphytic Heca-
tonema species when we examined host specimens microscop-
ically.

Genus Leathesia

Compared to COI sequences in GenBank, our sequences of
Leathesia marina (Lyngbye) Decaisne ranged from being identi-
cal to specimens from China and Japan to being only 99.05%
identical to specimens from France and Norway.

Genus Microspongium

Our COI sequence of Microspongium globosum Reinke came
from an epiphyte of Dilsea californica (J. Agardh) Kuntze and
was identical to a Pachena Beach, BC, sequence but differed
by 2 bp from a Kamchatka sequence in GenBank (Fig. 6). The
two GenBank sequences were from epiphytes of Alaria. This
species was reported previously from BC as Myrionema glo-
bosum f. affine Setchell & N.L. Gardner (Gabrielson and Lind-
strom 2018). The type of the species is from Europe (Kiel
Bight); a rbcL sequence from Europe (AF207805) was identical
to a partial sequence from Kamchatka (MT766300), support-
ing the identification of our specimen as this species.

Genus Myriocladia

Specimens of Myriocladia lovenii J. Agardh (Fig. 7c) were col-
lected in the shallow subtidal at two sites east of Fitz Hugh
Sound (Corvette Islands and Convoy Passage). COI sequences
were identical to a specimen from near Bonne Bay, New-
foundland (BOLD, unpublished); the species is also known
from northern Europe (type locality: in sinu Codano; Bahu-
siae, in the Skagerrak region of Sweden), but no European
material has been sequenced. Our specimens represent the
second record of the species in the northeast Pacific; it was
previously recorded by Wynne (1987) from two sites near
Sitka Sound, Alaska.

Genus Punctaria

We obtained COI sequences for two species of Punctaria
from specimens collected in the protected waters of Pruth
Bay and Meay Channel. We identify one species as Punc-
taria expansa Setchell & N.L. Gardner. This is one of at least
two names of NE Pacific species available for consideration,
namely P. expansa and Punctaria occidentalis Setchell & N.L.
Gardner. Both were described by Setchell and Gardner (1924),
the former from Penn’s Cove, Whidbey Island, Washington,
and the latter from Monterey, California. Both were described
as having gametangia scattered on both surfaces of the frond
and protruding beyond the surface by about one-half their
length, as do our specimens. As the name implies, P. ex-
pansa is a broadly expanded blade of four cell layers, very
fragile, whereas P. occidentalis is a moderately rigid, linear—
lanceolate, oblanceolate or broadly ellipsoidal blade of 2-7
cell layers and usually tapering to a short stipe ~5 mm long.
Our material (Fig. 7d) falls between the descriptions of the
two species. Like P. expansa, the blades of our samples have
four cell layers. However, young specimens, from which we
obtained sequences, were linear-lanceolate with short stipes,
like P. occidentalis. The habitat of most of our specimens bet-
ter coincides with that of P. expansa (a small quiet cove) than
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with the open coast of Monterey, California. Although Kawai
and Hanyuda (2021) used the name P. occidentalis for a speci-
men from Hokkaido, Japan, which was genetically identical
to ours (Fig. 6), they provided no justification for using that
name, and therefore we do not follow them but rather ap-
ply the name P. expansa pending further work. Sequencing of
type material of both P. expansa and P. occidentalis would help
confirm our identification.

Our second species was identified as Punctaria tenuissima
(C. Agardh) Greville (type locality: Kattegat, between Sweden
and Denmark; Figs. 7e and 7f, this study) based on COI se-
quencing. We follow Parente et al. (2010) and earlier authors
who felt that P. tenuissima should be considered a synonym of
Punctaria latifolia Greville (type locality: Sidmouth, England—
across the English Channel from Roscoff, France: our mate-
rial had an identical sequence to a specimen from Roscoff).
Punctaria tenuissima has priority over P. latifolia, so we use that
name. Fletcher (2024) considered P. latifolia and P. tenuissima
to be distinct species.

In addition to the sequenced specimens, we collected spec-
imens (SCL 17044, 17393) that had crenulate margins as de-
scribed for Punctaria lobata (D.A. Saunders) Setchell & N.L.
Gardner and Punctaria chartacea Setchell & N.L. Gardner from
Alaska. Like these species, our material was epiphytic on
Zostera marina. We were unable to sequence these specimens.
We tentatively identify them as Punctaria lobata (Table S1).

Genus Ralfsia

“Ralfsioid”: A Ralfsia-like crust was identified from material
collected both at Foggy Cove and in Meay Channel, where it
occurred on boulder, cobble, and clam shell (Fig. 7g). COI se-
quences have also been reported from California: a sequence
from Jade Cove was 100% identical to our material, whereas
one from Pigeon Pt was only 98.94% identical (Fig. 6). None
of these sequences was close to any other Chordariaceae, al-
though the specimens clustered with Elachista with low boot-
strap support in our ML analysis. It is possible that this species
is one of several species of “Ralfsia” described from California
for which no sequence data are available (Setchell and Gard-
ner 1924; Smith 1944; Hollenberg 1969). Until these Califor-
nia species have been studied sufficiently (e.g., sequencing of
type material), we refrain from describing this species as new,
but it is clear that a new genus is required for this distinctive
lineage, which is a member of the Chordariaceae (order Ecto-
carpales) and not the Ralfsiaceae (order Ralfsiales).

Genus Saundersella

The COI sequence of the Hakai specimen of Saundersella
simplex (D.A. Saunders) Kylin was essentially identical to
sequences from elsewhere in BC (Bamfield area and Haida
Gwaii), the only region where the species has been se-
quenced. A single bp difference may be due to the poor qual-
ity of the Hakai sequence.

Genus Soranthera

The COI of the single Soranthera ulvoidea Postels & Ruprecht
specimen sequenced (PTM1760) was only 97% similar to the
majority of specimens identified as this species from the BC
coast (type locality: Sitka, Alaska; Fig. 7h is a specimen from
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the same site as PTM1760). Based on divergence rates for COI
in other brown algae, this suggests that our specimen repre-
sents a distinct species. Whether the Hakai specimen or the
other BC genotype represents the same species as the type
material has yet to be determined.

Family
Genus

Ectocarpaceae
Ectocarpus

We obtained COI sequences for three species of Ectocar-
pus Lyngbye, and we show the relationships of our Ectocarpus
species to closely related species in Fig. 8, using LM995013 as
the outgroup, following Peters et al. (2015). All three species
fall within the Ectocarpus siliculosus (Dillwyn) Lyngbye com-
plex, a widely distributed and speciose complex of geneti-
cally distinct and mostly reproductively isolated species that
have yet to be thoroughly studied and described (Peters et
al. 2010a, 2010b, Montecinos et al. 2017). PTM513, which was
epiphytic on Hedophyllum sessile (C. Agardh) Setchell, appears
to be the same species as a Chilean specimen, which was epi-
phytic on Lessonia (GenBank LM995010); this species is iden-
tified as Ectocarpus 6 in Montecinos et al. (2017), where a
number of other Chilean isolates and one Oregon isolate are
also included. GenBank also includes two California records
of this species. Montecinos et al. (2017) recorded Chilean
specimens of this species from mid intertidal pools to the
subtidal zone but noted it was most abundant in the low
intertidal.

SCL 17279, which was epiphytic on Halosaccion (S.G.
Gmelin) Ruprecht, is most closely related to FP885846 and
KU134013 from Peru and Chile, respectively (Fig. 8), but still
only 97.38% similar and likely represents a distinct species.
The third species of Ectocarpus (SCL 17408) was epiphytic on
Scytosiphon growing on the dock at the Hakai Institute on
26 June 2018. Like other opportunistic species growing on
man-made structures, this species appears to be widely dis-
tributed, having been collected in Chile (KT983223), Oregon
(KT983251), and New Zealand (LM995018). Montecinos et al.
(2017) called this species Ectocarpus 1. This species has been
crossed with other species (E. siliculosus and Ectocarpus 7), pro-
ducing sporophytes that were viable but incapable of meiosis
(summarized in Montecinos et al. 2017).

There are a number of northeast Pacific species of Ectocar-
pus to which some of our specimens could be assigned. These
include Ectocarpus acutus Setchell & N.L. Gardner, Ectocarpus
commensalis Setchell & N.L. Gardner, Ectocarpus corticulatus D.A.
Saunders, Ectocarpus dimorphus P.C. Silva, Ectocarpus flagelliferus
Setchell & N.L. Gardner, Ectocarpus fructuosus Setchell & N.L.
Gardner, Ectocarpus parvus (D.A. Saunders) Hollenberg, and Ec-
tocarpus taoniae Setchell & N.L. Gardner, or European species
such as Ectocarpus pygmaeus Areschoug. Studies of Ectocarpus
species from type material or their type localities are war-
ranted.

Family Petrospongiaceae

We obtained both COI and rbcL sequences for a species of
Petrospongium from the mid intertidal zone of an exposed site
near Fifth Beach (PTM1558). The COI sequence was 97.86%
similar to a specimen from Central California (PTM1718,
GenBank Accession PV694810), but the rbcL sequences were
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Fig. 8. Maximum likelihood (ML) phylogeny of Ectocarpaceae COI sequences from the Hakai area and elsewhere.
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Fig. 9. Maximum likelihood (ML) phylogeny of Petrospongium rbcL sequences from the Hakai area and elsewhere.
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identical (GenBank Accessions PV694871 and PV694872). Al-
though the NE Pacific species of Petrospongium had been iden-
tified as Petrospongium rugosum (Okamura) Setchell & N.L.
Gardner, a Japanese species (Gabrielson and Lindstrom 2018),
comparison of rbcL sequences with Korean Petrospongium
(Fig. 9) indicate that the NE Pacific species is sufficiently
distinct from the Western Pacific species to warrant de-
scription. We therefore provide a new name for the Hakai
species. Further work is required to determine whether
the California species is the same or requires its own epi-
thet.

Petrospongium munckiae Martone & S.C. Lindstrom (Fig. 10)

Thallus medium to dark brown, pulvinate, circular when
young, becoming convoluted and irregular in outline when
older (Fig. 10a). Pigmented cortical filaments of 7-8 cells,
branched to several orders; cells 5-8 um diam. and 12-14 um
long (Figs 10b). Less pigmented inner cortical cells larger,
elongate, 18-22 um diam. and 25-40 pym long. Unpigmented
medullary cells even more elongate, sparsely branched (Fig.
10c). Hairs sparse, single, or in small clusters. Reproduc-
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tive structures not seen. Occurring on lower mid intertidal
bedrock exposed to waves.

TYPE SPECIMEN: PTM1558 (Fig. 10d), mid intertidal bedrock
near Endocladia, Fifth Beach exposed site (51°38.351'N
128°09.378'W), 30 May 2017 (UBC A093594).

ETYMOLOGY: This species honours Christina Munck, whose
ongoing support made possible the work on this and other
seaweeds of the central coast of British Columbia.

Family Scytosiphonaceae

An ML phylogeny of COI sequences of Scytosiphonaceae
from the Hakai area together with specimens from other
regions appears in Fig. 11. We use the same outgroup as
Santiafiez et al. (2018), viz., the Cock et al. (2010) mitochon-
drial sequence of “Ectocarpus siliculosus” (see Peters et al. 2010a
regarding the origin of this strain). Dactylosiphon bullosus (D.A.
Saunders) Santiafiez, KM. Lee, S.M. Boo & Kogame speci-
mens were identical or nearly identical to other specimens
from BC as well as ones from Hokkaido, Japan, and Santa
Cruz, California (the type locality is Pacific Grove, CA). As
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Fig. 10. Petrospongium munckiae. (a) Habit of species in the field at the type locality. Scale bar = 2 cm. (b) Branched cortical
filaments. Scale bar = 30 pm. (c) Branched medullary and cortical filaments with a small cluster of hairs. Scale bar = 100 pm. (d)
Holotype. PTM1558, mid intertidal bedrock, near Endocladia, in channel, Fifth Beach exposed site, 30 May 2017 (UBC A093594).

Scale bar = 1 cm.

Santiafiez et al. (2018) have shown, based on mitochondrial
cytochrome oxidase 3 (cox 3) gene sequences, this species is
more closely related to Scytosiphon than to other species of
Colpomenia, the genus in which it had been placed. All se-
quences of Melanosiphon intestinalis (D.A. Saunders) M.J. Wynne
in GenBank from both the northeast Pacific and northwest
Atlantic were at least 99% similar to the specimen (SCL 16849)
from the Hakai area. Since the type locality is in the North Pa-
cific (Popof I., Shumagin Is., AK), there should be little doubt
that this name applies to our specimens.

Genus Colpomenia

The COI sequences of BC specimens of Colpomenia pereg-
rina, including those from Hakai, were only 98.1% similar to
a sequence of this species from Roscoff, France (type local-
ity: Morbihan, France—Dy et al. 2023), but an unpublished
rbcl sequence of a Saunders specimen from Bamfield, BC,
was 100% identical to an rbcL sequence of C. peregrina from
Roscoff. Incongruencies between mitochondrial and other ge-
netic markers have been observed in other Scytosiphonaceae:
Kogame et al. (2015) and McDevit and Saunders (2017) found
mitochondrial introgression or incomplete lineage sorting in
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Scytosiphon, the former due to nuclear and plastid DNA being
inherited from both parents (Kato et al. 2006), whereas mito-
chondrial DNA is inherited from only a single parent (Kimura
et al. 2010).

Genus Petalonia

The COI sequence of Petalonia from the Hakai area falls
within one of the two groups that do not include what ap-
pears to be true Petalonia fascia (O.F. Miiller) Kuntze, which has
a type locality of Kristiansand, Norway (Fig. 11). A sequenced
specimen from Stora Kalsoy, Norway, as well as other Petalo-
nia fascia from Europe (and elsewhere: Australia, China, Ko-
rea, California, and North Carolina) was only 95% similar to
our Petalonia. This suggests that another name is needed for
our Hakai specimen. The Hakai species occurs together with
other northeast Pacific specimens in a strongly supported
clade that also includes northwest Atlantic specimens. This
clade is sister to another strongly supported clade with a simi-
lar geographic distribution but without representation in the
Hakai area.

During our studies we also sequenced the COI of specimens
of a distinctive Petalonia from Alaska (e.g., SCL 16500, Gen-
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Fig. 11. Maximum likelihood (ML) phylogeny of Scytosiphonaceae COI sequences from the Hakai area and elsewhere.
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Bank Accession PV694818; SCL 17576, GenBank PV694819).
The sequences of these specimens were 99.66%-98.38% iden-
tical to those of Petalonia arctica G.W. Saunders & C.W. Schnei-
der, based on specimens from Churchill, Manitoba, and
Labrador and thought to be “largely confined to the Cana-
dian Arctic” (Saunders 2024). Our specimens are from Cape
Chiniak and Cold Bay, Alaska, where they occurred on low
intertidal rock near sand; these specimens extend the distri-
bution of this species into the cold temperate waters of the

North Pacific.
Genus Scytosiphon

The identity of true Scytosiphon lomentaria (Lyngbye) Link
(type localities: Faeroe Islands and Denmark) was clarified by
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McDevit and Saunders (2017), who showed that the species
has constrictions, phaeophycean hairs, and lacks ascocysts
(unicellular paraphyses) in contrast to previous concepts of
the species, in which ascocysts were said to be present. Their
results were confirmed by Hoshino et al. (2021). The COI se-
quences of our specimens were identical to or differed by a
single bp from McDevit and Saunders’ concept of S. lomen-
taria, which has also been sequenced from China, Japan, Pa-
cific and Atlantic Canada, New England, USA, and France.
We did not find Scytosiphon shibazakiorum Hoshino & Kogame,
which was recently reported to be widely distributed in BC
and has a distribution including Far East Russia, northern
Japan, British Columbia, Manitoba, eastern Canada, Maine,
and Iceland (Hoshino et al. 2021).
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Order Fucales

We obtained COI sequences for all four species of Fucales
occurring in the Hakai area. Fucus distichus, the dominant in-
tertidal fucoid, had a sequence identical to specimens rang-
ing from Coos Bay, Oregon to Nome, Alaska, and was 99.85%
identical to specimens from Manitoba, New Brunswick, Nova
Scotia, and Norway. Fucus spiralis, which occurs just above
F. distichus in the mid to high intertidal zone, was identi-
cal to specimens from California, southern BC, and Norway,
and 99.85% similar to specimens from northern BC, New
Brunswick, Maine, and Norway. Sargassum muticum, which is
so far restricted to more protected waters in the Hakai area,
was 100% identical to almost all S. muticum in GenBank, in-
cluding specimens from Venice Lagoon, China, and southern
BC (this species shows almost no genetic diversity outside its
native range—Le Cam et al. 2020). We obtained a sequence
for Stephanocystis geminata (C. Agardh) Draisma, Ballesteros, F.
Rousseau & T. Thibaut from a subtidal population at Kelpie
Point, although we never observed the species growing on
Calvert Island itself.

Order Laminariales

We obtained COI sequences for all 20 species of kelp we
observed in the Hakai area (a selection of images of some of
these species can be seen in Fig. S3). Kelps are arguably the
most studied species of seaweeds due to their ecological im-
portance as well as their commercial use (Critchley and Ohno
1998; Starko et al. 2019), so abundant public sequences exist
for comparison. All but two of the Hakai kelps had identical
sequences to specimens from other sites in BC, most notably
Haida Gwaii (Alaria marginata Postels & Ruprecht, Costaria
costata (C. Agardh) D.A. Saunders, Cymathaere triplicata Postels
& Ruprecht) and beyond for other species. Sequences of Hedo-
phyllum sessile (C. Agardh) Setchell from southwest Vancouver
Island (FJ409206 et al.) were identical to each other but dif-
fered at two fixed bp from northwest Vancouver Island spec-
imens and three bp from Haida Gwaii specimens (FJ 409205
et al.); our H. sessile sequence was identical to the Haida Gwaii
specimens at all but one nucleotide site, which was unique
to the Hakai material. Laminaria setchellii P.C. Silva from the
Hakai area also differed from all other published sequences
of this species at a single nucleotide site. We identified our
Dictyoneurum as Dictyoneurum reticulatum (D.A. Saunders) P.C.
Silva following Kawai et al. (2017) based on sequence data and
morphology.

In 2012-2013, we collected Laminaria yezoensis Miyabe from
wave-exposed intertidal boulders at Foggy Cove (Fig. S3g).
This cold temperate species occurs from northern Japan
and Kamchatka, Russia, through Alaska to British Columbia,
where it reaches its southern limit in Queen Charlotte Strait.
Our Calvert Island collections are near this southeastern dis-
tributional limit. After marine heat waves swept through the
region in the 2010s, increasing ocean temperatures and alter-
ing intertidal seaweed communities (Whalen et al. 2023), this
species has disappeared from the intertidal zone.

We provide a new collection record for Eisenia arborea
Areschoug along the BC coast. Previously, the species had
been reported from Haida Gwaii and the west coast of Van-
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couver Island (Scagel et al. 1989). Bringloe et al. (2021) and
Watson et al. (2021) provided more recent records and up-
dated the sites where this strictly subtidal species is known to
occur in BC. We confirmed the Watson et al. (2021) site of Jef-
fery Pinnacle and added Donald Island in the Hakai area. Our
COIsequences were identical to specimens from the Bamfield
area along southwest Vancouver Island but were only 99.85%
identical to specimens from Haida Gwaii due to a single bp
difference.

We follow Lindstrom (2023) in using the name M. tenuifo-
lia for the local species of Macrocystis. Gonzalez et al. (2023)
showed that the names we had previously used for the BC
species with a rhizomatous holdfast, first Macrocystis integri-
folia and later subsumed in Macrocystis pyrifera, clearly belong
to species with distinct genotypes from the southern hemi-
sphere, and these are divergent from our northern hemi-
sphere species. Since both M. integrifolia and M. pyrifera have
southern hemisphere types, it is clear that a species name
with a northern hemisphere type is required. Of the names
available, only Macrocystis tenuifolia Postels & Ruprecht (1840),
with a type locality of “in sinu Norfolk (now Sitka Sound,
Alaska) ad littoral Americae boreali-occidentalis” was avail-
able and appropriate. This name applies to specimens with
both rhizomatous and conical holdfasts from Washington to
Alaska (following the analyses of J. Bemmels & G. Owens, un-
published: Bemmels, pers. comm. 25 April 2025); appropriate
names for the species of Macrocystis in California have yet to
be determined.

Postelsia palmaeformis Ruprecht has not been found grow-
ing on Calvert Island, but it was found in the drift on West
Beach in 2016 (Jenn Burt, pers. comm., 11 July 2016; Fig. S4)
and attached on the mainland just south of Calvert Island at
the southern end of Fitz Hugh Sound near Cranstown Point
(51.37°N 127.78°W, Zach Montieth, pers. comm. 11 July 2023).
Previously, it was recorded as far north as Hope Island, at the
southern end of Queen Charlotte Sound (Scagel et al. 1989).
Yola Metti (pers. comm., 27 November 2007) found it just
south of Cape Caution at ~51°08’21"N 127°43’50”W in the
late 1990s—all of which indicates that the species range is
expanding northward. The COI sequence of the Cranstown
Point specimen was 99.70%-99.85% identical to specimens
from the Bamfield area (these differences may be due to mis-
reads of the respective sequences) and 99.39% identical to a
sequence from Point Lobos, California (just south of the Mon-
terey Peninsula).

Order Ralfsiales

We obtained COI sequences for Analipus japonicus from sev-
eral Hakai sites: the sequences from Foggy Cove were identi-
cal to a sequence from the Bamfield area and to the complete
mitochondrial genome in GenBank (MZ156065), for which
the provenance was not revealed. These sequences were
distinct from other A. japonicus sequences in GenBank and
BOLD for at least 3 bp positions, including a sequence from
North Beach, which also had a unique nucleotide. Otherwise,
the North Beach sequence was identical to other sequences
from the Bamfield area, Haida Gwaii (which also had a single
unique nucleotide) and Alaska (sequences from a third group
of Bamfield specimens were identical to those of specimens
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from California). It may be of interest that in their study of
A. japonicus on the Pacific coast of North America, Nelson and
DeWreede (1989) found unilocular sporangia (indicating the
occurrence of sexual reproduction) only on plants from cen-
tral California, near the species southern limit, among spec-
imens examined from across its range.

The single Ralfsia specimen sequenced from Hakai was
identified as Ralfsia unimaculata Parente & G.W. Saunders.
This species is thus far known only from British Columbia
(Parente and Saunders 2019), primarily from Haida Gwaii,
but there are a few records from southern BC (Bamfield and
Sechelt). We have tentatively identified other specimens from
the area as Ralfsia fungiformis (Gunnerus) Setchell & N.L. Gard-
ner based on morphology but have yet to obtain sequences
from these.

Species still requiring sequences for verification

in the flora

In addition to species already mentioned, we did not obtain
sequences for the following species, which were identified
morphologically; these require molecular confirmation: Hap-
logloia andersonii (Farlow) Levring, Hecatonema streblonematoides
(Setchell & N.L. Gardner) S. Loiseaux, Myrionema strangulans
Greville, Streblonema transfixum Setchell & N.L. Gardner, Comp-
sonema intricatum Setchell & N.L. Gardner, and Compsonema set-
pens Setchell & N.L. Gardner. Santiafiez and Kogame (2017)
have summarized evidence that Compsonema-like species
represent the alternate, sporophytic phase of Planosiphon
spp., which are thus far known only from the North At-
lantic and northern Japan (McDevit and Saunders 2017;
Santiafiez and Kogame 2017). Hecatonema and Streblonema spp.
may also represent alternate phases in the life histories of
other brown algae (Fletcher 2024 summarizes examples of
these).

Missing species

There are species we expected to find in the Hakai area
that have yet to be found. These are species that have been
collected both to the north and south of Hakai (Scagel et al.
1989; McDevit and Saunders 2017). Although primarily small
if not microscopic, these species have distinctive morpholo-
gies. Included among these are Battersia norrisii (Hollenberg)
P.W. Gabrielson, S.C. Lindstrom & O’Kelly, Microzonia abyssi-
cola (Setchell & N.L. Gardner) Camacho & Fredericq, Leptone-
matella fasciculata (Reinke) P.C. Silva, Hapterophycus canalicu-
latus Setchell & N.L. Gardner, Ralfsia robertii Parente & G.W.
Saunders, Ralfsia tenebris Parente & G.W. Saunders, Scytosiphon
promiscuus McDevit & G.W. Saunders, and Scytosiphon shibaza-
kiorum. These species are perennials or, if annuals, they have
been found in BC in spring or early summer (within the
window when our collections were made), making their ab-
sence particularly noteworthy.

Several species have been recorded as reaching their north-
ern limit just south of Calvert Island. Laminaria sinclairii
and Pelvetiopsis limitata have been recorded as far north as
Hope Island, at the southern end of Queen Charlotte Sound
(Scagel et al. 1989); they have not yet been found on Calvert
Island.
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Discussion

Even after 13 years of intensive collecting and surveying
shores for marine algae, we continue to discover species not
seen previously on the central coast of British Columbia. Of
the 67 species we have identified to date (of which we se-
quenced 55), Hincksia terminale and the undescribed species
of Acinetosporaceae are reported for the first time from the
North Pacific, and we provide additional records of Pylaiella
and Ectocarpus spp. for the region. Specimens of another Ec-
tocarpus and a Ralfsia-like species in the Chordariaceae are
unique, not having been reported previously, and need fur-
ther work. Protohalopteris petersonii and Petrospongium munck-
iae are described as new to science. More than 30 species that
occur to the north and south have yet to be collected in the
Hakai area. Many of these species are subtidal and small, but
we still expect to find them in the area with continuing ef-
forts.

There are a number of reasons we may not have found
these species. Although our visits have been during “sum-
mer” months, they have varied from late May (in 2013, 2017,
2021, and 2023) to mid August (in 2011). During this inter-
val, the area was impacted by highly variable interannual
weather in general and temperature in particular, most no-
tably a marine heatwave in 2014-2016 known as the Blob
(Cavole et al. 2016 (https:/fwww.earthdata.nasa.gov/learn/sen
sing-our-planet/blob); Di Lorenzo and Mantua 2016; Tseng et
al. 2017), followed by another marine heatwave in 2019 (Chen
et al. 2021) and to a lesser extent the heat dome of 2021
(White et al. 2023). These marine heatwaves are thought to
have significantly impacted the diversity and distribution of
macroalgal species (Whalen et al. 2023), as has been docu-
mented in other locations (Wernberg et al. 2016; Wernberg
and Filbee-Dexter 2019). This highlights the importance of
baseline surveys and long-term datasets in identifying when
and where species ranges shift.

Moreover, while we started with sampling moderately ex-
posed sites in 2011, we only added protected sites in 2014.
Also, until Bio-blitz efforts in 2017-2019, which added di-
verse subtidal habitats, we had only sampled the subtidal
during our visit in 2013. During every trip, we have added
species not seen previously, and there are a significant num-
ber of species we expect to find that we have yet to record.
Indeed, at present we have only recorded 67 of the 100 or
so species of brown algae currently recognized to occur in
British Columbia (Gabrielson and Lindstrom 2018), suggest-
ing that our list of species recorded for this area will continue
to grow.

Our understanding of brown algae in this area would ben-
efit substantially from culture studies. Culturing material
would provide clean isolates for DNA sequencing and mor-
phological examination (e.g., Peters et al. 2015; Kawai and
Hanyuda 2021; Kawai et al. 2021). As noted above, we ob-
tained DNA sequences for species we never saw (viz., Heca-
tonema terminale). In another instance, when we examined the
herbarium voucher of the undetermined Acinetosporaceae,
it was a species of Ectocarpus, not Acinetosporaceae, suggest-
ing a mixed collection. Also, the failure to locate many of
the brown algae that should occur in this area suggests that,

Botany 103: 1-24 (2025) | dx.doi.org/10.1139/cjb-2025-0003



http://dx.doi.org/10.1139/cjb-2025-0003
https://www.earthdata.nasa.gov/learn/sensing-our-planet/blob

Botany Downloaded from cdnsciencepub.com by 122.150.220.60 on 10/10/25
For personal use only.

as has been found in Antarctic waters, these species may
be grazed down by herbivores and can only be observed in
grazer-free cultures (Peters 2003; Amsler et al. 2009, 2012).

From a biogeographic perspective, the brown algal flora
of the Hakai area on the central coast of British Columbia
clearly fits within the region (Table S2): 42% of species are
restricted to the northeast Pacific, with most of these distri-
butions ranging from Alaska to California or even Baja Cali-
fornia, Mexico; 54% of these are kelps. This diversity is con-
sistent with the hypothesis that the northeast Pacific was an
important area for the origin of complex kelps (Starko et al.
2019; Kiel et al. 2024). The remaining species are distributed
nearly equally among various biogeographic patterns: North
Pacific (i.e., Asia through Alaska and British Columbia to
Washington, Oregon, California, or even Baja California)—
13%; Trans Arctic (i.e., North Pacific through the Arctic to the
North Atlantic)—13%; Pacific-Atlantic disjuncts (i.e., North
Pacific and North Atlantic but absent from the Arctic)—15%;
and Widely Distributed (having unclear geographic affinities
and including introduced species)—2%. Four percent of the
species are “endemics” (these species had no closely related
sequences in GenBank): Protohalopteris petersonii and Pylaiella
2 are known only from British Columbia, and Ectocarpus 2 is
thus far known only from the Hakai area. These species are
likely more widely distributed, but lack of collecting and se-
quencing along other parts of the coast may account for lack
of records from elsewhere. It is interesting that some species
appear to be widely distributed, with identical sequences for
specimens from British Columbia and France, e.g., such as
Hincksia sandriana and Punctaria tenuissima, which may repre-
sent recent introductions. In other cases, such as Leathesia
marina and Colpomenia peregrina, differences between these
two areas suggest the possibility of incipient speciation. A
closer examination of these biogeographic patterns may be
warranted.

The occurrence of specimens from the Hakai area with
unique haplotypes adds to the speculation that this area may
have been a refugium during Pleistocene glaciations on the
Northeast Pacific coast (Lindstrom et al. 2021). Among brown
seaweeds, unique haplotypes were observed for specimens of
Analipus japonicus, Hedophyllum sessile, Laminaria setchellii, and
Scytosiphon lomentaria. Several private haplotypes were also
found among green algal specimens from Hakai (Lindstrom
et al. 2021). This line of enquiry continues.

This study represents an important benchmark or base-
line on species diversity for future studies to reference as
species distributions change through ocean warming, inva-
sions, or disasters (e.g., oil spills). As oceans warm, species
ranges are expected to move poleward (Sunday et al. 2015;
Bell et al. 2024). Here we extend the northern distribution
limit of Dictyoneurum reticulatum from southern Vancouver Is-
land (Scagel et al. 1989) to the Hakai area and the northern
distributional limit of Postelsia palmaeformis from Hope Island,
BC (Scagel et al. 1989) to Cranstown Point, approximately
50 km north, at the southern entrance to Fitz Hugh Sound.
The search for P. palmaeformis on Calvert Island is ongoing.
We have also documented the decline of Laminaria yezoensis
on Calvert Island and the possible recession of its southern
distributional limit. We have noted the occurrence of the in-
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vasive species Sargassum muticum in the Hakai area, as well
as changes in its abundance at several sites (Whalen et al.
2023) but have not found the invasive kelp Undaria pinnatifida
(Harvey) Suringar, which has yet to be reported from British
Columbia

Working together, many First Nations, the Province of
British Columbia, and the Government of Canada recently
developed a plan for a Marine Protected Area network in the
Northern Shelf Bioregion, which extends north from Vancou-
ver Island (Quadra Island/Bute Inlet) to the Canada-Alaska
border (https://mpanetwork.ca/). The plan envisions an eco-
logically comprehensive, resilient, and representative net-
work of MPAs that protects the biological diversity and health
of this area of the coast, while continuing to support com-
munity, cultural, and economic values for present and future
generations (MPA Network BC Northern Shelf Initiative 2023).
This effort was recently updated by Beaty et al. (2024). Our
study adds to these efforts.
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