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Abstract: The field of DNA barcoding is working towards generating a genetic system 

for the quick and accurate identification of eukaryotic species. For the more systematic 

minded, however, DNA barcoding offers a new approach towards screening and uniting 

large numbers of biological specimens in genetic groups as a first step towards assigning 

them to species and genera in an approach best termed molecular-assisted alpha 

taxonomy. Admittedly this approach will be particularly amenable to groups of 

organisms with simple morphologies, propensity for convergence, extensive phenotypic 

plasticity, and life histories with an alternation of heteromorphic generations. It is hard to 

imagine a group of organisms better defined by all of the previous traits than the marine 

macroalgae. In an effort to assess the utility of the DNA barcode (COI-5’) for testing 

current concepts of biodiversity of marine macroalgae in Canada, a study to assess 

species diversity in the red algal family Dumontiaceae was initiated. Through this work 

we confirm the presence of Dilsea californica, D. integra and Neodilsea borealis of the 

Dilsea/Neodilsea complex, and W. coccinea for the genus Weeksia. However, our work 

has uncovered two additional species of the former complex, D. lindstromiae sp. nov. and 

D. pygmaea, and an additional species of the latter, Weeksia reticulata, effectively 

doubling representation of these foliose dumontiacean genera in Canadian waters.

Key words: cryptic species, DNA barcode, Dumontiaceae, Florideophyceae, Gigartinales, 

systematics.
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Introduction

“Perhaps the most systematically difficult group of red algae 

remaining to be studied on the Pacific coast of North America 

is that known as “the foliose reds.”” Abbott (1967, p. 139)

Frustration is a generous term to apply to the task of identifying many red algal 

species in the field. Even the experienced algal systematist can, and does, make mistakes 

that are corrected with subsequent microscopic investigation in the laboratory.  The 

difficulties arise from key commonalities among red algal species viz., simple

morphologies, rampant convergence, unprecedented levels of phenotypic variation in 

response to varying environmental conditions and incompletely resolved life histories for 

species with alternations of heteromorphic generations (Saunders 2005).  In this context, 

it is not at all surprising that algal systematists have come to rely increasingly on 

molecular tools for the resolution of species (e.g., Saunders and Lehmkuhl 2005) and 

even for assigning cryptic field specimens to known species (e.g., Lane and Saunders 

2005; Fox and Swanson 2007) (as applied to species in this manuscript, the term cryptic 

is used for species sufficiently similar to be overlooked or discounted in previous floristic 

surveys and monographic treatments; see Bickford et al. (2006) for a review of 

definitions and a similarly liberal application).

This enthusiasm for molecular identification tools among algal systematists has 

had one drawback – the lack of a standard marker for rapid specimen identification. 

Examples of commonly used systems include the internal transcribed spacers (ITS) of the 

nuclear ribosomal DNA (rDNA) cistron (e.g., Tai et al. 2001; Ross et al. 2003), the 
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RuBisCO operon (e.g., Hughey et al. 2001), and variable regions of the nuclear ribosomal 

large subunit (LSU) rDNA locus (e.g., Saunders and Lehmkuhl 2005), to name but a few.  

Absence of a universal marker has resulted in multiple, independent, and not easily 

comparable systems being used, justified for phylogenetics, but not for the purposes of 

quick and accurate species identification. There are many obvious advantages to algal 

systematists in adopting a standard marker for the purposes of species identification.  To 

this end, Saunders (2005) explored the utility of the COI-5’ (5’ region of the cytochrome 

c oxidase I gene) system arguing that “there is the added advantage of being consistent 

with work in other kingdoms, which will facilitate universal comparisons and empower 

algal systematists to take advantage of emerging technologies.”  In that work (loc. cit.) it 

was established that COI-5’ was a suitable tool for species discrimination among red 

algae using, among others, examples from the Dumontiaceae to test the system. 

Subsequent to publication of that initial survey ca. 3000 additional barcode sequences 

have been generated in our laboratory for red and brown algae with similar success 

(unpubl. data).  This marker was thus a logical choice to initiate a contemporary 

molecular-assisted macroalgal survey of Canadian waters.  This Genome Canada funded 

project will see thousands of algal specimens genetically identified providing the first 

extensive data regarding species diversity, as well as ecological and biogeographical 

distribution, for macroalgae in Canada.  This account will be the first of many and 

focuses on foliose genera of the red algal family Dumontiaceae.

The Dumontiaceae is one of ca. 30 families in the diverse red algal order 

Gigartinales (Saunders et al. 2004) and was considered to display “perhaps the greatest 

range of vegetative diversity of any single family of red algae” (Lindstrom and Scagel 
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1987, p. 2205).  Lindstrom and Scagel (1987) completed a survey of this family for 

British Columbia and adjacent waters reporting on 14 species from this region, while the 

Canadian Atlantic only has two unequivocal members (Sears 2002; Wilce et al. 2003).  

However, a recent publication by Tai et al. (2001) and an initial survey on the utility of 

COI-5’ as a DNA barcode for red algae by Saunders (2005) have turned up cryptic 

diversity for genera of this family in Canadian waters.  Here cryptic diversity for three of 

the foliose genera uncovered by barcoding markers is explored bringing the number of 

recognized species from four to seven with all of the new diversity resolved for British 

Columbia.

Materials & methods

Samples with their respective collection data are listed in Table 1.  Each specimen 

included a voucher pressed dry on herbarium paper and a corresponding subsample dried 

in a vial with silica gel for subsequent molecular analyses.  Sections were made on 

rehydrated material in a cryostat (CM1850, Leica, Heidelberg, Germany).  Sections were 

stained with 1% aniline blue in 7% acetic acid and subsequently mounted in 40-50% corn 

syrup. Observations were made on a Leica DFC480 digital camera mounted on a Leica 

DM5000B light microscope.

Total DNA was extracted with a protocol modified from Saunders (1993) (instead 

of the final agarose gel cleaning procedure, the DNA was purified with the Wizard® 

DNA Clean-Up System, Promega Corp., Madison, WI). In addition to the primers GazF1 

and GazR1 (Saunders 2005), the following primers were used to deal with biological 

contamination in some species: GHalF 5’ TCAACAAATCATAAAGATATYGG 3’ 
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(forward); DumR1 5’ AAAAAYCARAATAAATGTTGA 3’ (reverse); GazR4 5’ 

AAAATCAAAATAAATGCTG 3’ (reverse); and CoxIR1 5' 

GTATACATATGATGHGCTCAA 3' (reverse; designed by L. Le Gall, this primer 

amplifies a larger region of COI allowing for acquisition of sequence data through the 

usual 3’ primer region for DNA barcoding). The PCR amplification profile followed 

Hebert et al. (2003), but using an annealing temperature of 50 oC.  Amplified products 

were cleaned (Saunders 2005) prior to sequencing, which used the PE Applied 

Biosystems Big Dye (v 3.0) kit following the manufacturer’s protocol (ABI, Foster City, 

CA).  Forward and reverse sequence reads from the respective PCR primers were edited 

and aligned using Sequencher™4.2 (Gene Codes Corporation, Ann Arbor, MI, USA), 

and a multiple sequence alignment was constructed with MacClade 4 (v. 4.06) for OSX 

(Maddison and Maddison 2003).  The final alignment included 108 taxa (90 new 

sequences and 18 from the previous study of Saunders (2005); Table 1) with 664 

nucleotide positions.  Sequence comparisons were conducted in PAUP* 4.0b10 

(Swofford 2002) with distances corrected with a general time reversible model (many 

models were used, but had no effect on the analyses) and neighbor joining was used to 

provide a visual display of COI-5’ variation within and between species. 

Results & discussion

Molecular results

Ninety novel COI-5’ sequences were generated and analyzed along with 18 

previously published records (Saunders 2005).  Within-species divergence values for 

COI-5’ ranged from 0 - 0.3%, whereas divergences between species in a single genus 
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were generally greater than 3.5% (ca. 10-fold difference). An exception was noted 

between Dilsea carnosa from Europe and D. integra from the Canadian Arctic/Atlantic, 

which differed by only ca. 1%, but specimens were nonetheless unequivocally assigned 

to the correct species with the DNA barcode (Fig. 1).  In addition, Canadian collections 

of Dilsea integra were identical in DNA barcode to two specimens of Dilsea socialis

from the Bering and Beaufort Seas. 

Collections from geographically diverse coastal regions in Canada have turned up 

five species of the Dilsea/Neodilsea complex where only three are currently recognized, 

and two for the genus Weeksia, which reportedly has a single species in our waters (Fig. 

1). This effectively doubles the numbers of species for these foliose genera in Canadian 

waters relative to current floristic accounts (Sears 2002; Gabrielson et al. 2006). The 

purpose of the following taxonomic account is deal with these entities and is not intended 

to be a monographic investigation of these genera worldwide.

Taxonomic results

Dilsea Stackhouse

Type species: Dilsea edulis Stackhouse (later homonym of Dilsea carnosa (Schmidel) 

Kuntze).

Type locality: Possibly Cornwall, United Kingdom.

Representative DNA barcode: AY970635 (GWS001216; see Table 1 for collection 

details).

Neodilsea Tokida

Type species: Neodilsea yendoana Tokida.
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Type locality: Japan.

Representative DNA barcode: EU189315 (GWS003550; see Table 1 for collection 

details).

Comments: Tokida (1943) established Neodilsea yendoana on the basis of Japanese 

plants that were historically considered Dilsea carnosa (as D. edulis) partly on the basis 

that the former had terminal (lateral) tetrasporangia while in the latter they are 

intercalary.  Lindstrom (1985) summarizes published concerns regarding the use of a 

single character for generic distinction and the recognition of Dilsea and Neodilsea as 

distinct genera was found to be tenuous in the molecular studies of Tai et al. (2001).  

Thus both genera are considered here in the context of assigning names to two cryptic 

species in the waters of British Columbia. Furthermore, barcode data here fail to resolve 

differences between D. integra from northern Canadian waters and D. socialis from the 

Bering and Beaufort Seas suggesting that the former should be synonymised with the 

latter (priority; Guiry and Guiry 2007). Formal merger is deferred until additional 

molecular and detailed alpha taxonomic studies can be completed on these two 

populations.  According to current literature (Gabrielson et al. 2006), only two species of 

this complex are reported to inhabit the waters of British Columbia, but barcode analyses 

indicate that four distinct species are present in this region.  These four are considered in 

detail below.

Dilsea californica (J. Agardh) Kuntze

Type locality: Oregon, USA.
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Representative DNA barcode: EU189270 (GWS005135; see Table 1 for collection 

details).

Observations: Samples included in analyses here were collected from Oregon, along the 

coast of Vancouver Island, and from Prince Rupert in northern British Columbia (Table 

1). In southern regions this species was collected from semi-exposed to exposed habitats, 

low to low-mid intertidal growing on rock, whereas northern populations extended into 

more sheltered habitats (see Lindstrom and Scagel 1987). Thalli were erect and foliose, 

usually in clumps, from relatively substantial (1-4 mm) crustose holdfasts, that could at 

times coalesce to form more expansive basal systems (especially in exposed habitats). 

Colors ranged from deep red to maroon (Fig. 2) through reddish to yellowish browns 

(Fig. 3). Generally, plants from more exposed habitats appeared darker, as did putative 

tetrasporophytes. Thalli similarly displayed considerable morphological variation from 

large relatively entire (Fig. 3), to irregularly cleft cuneate to falcate blades (Fig. 8) 12-17 

cm wide and 25-40 cm high, to more regularly cleft blades of decreasing size with 

increasing exposure (Figs. 2, 9; 14-20 cm wide x 12-16 cm high) to the most exposed 

populations of highly lacerated blades of small stature (Figs. 10, 11; 6-12 cm in height 

and always in clumps).

In section the blades ranged in thickness from ca. 250 µm in younger thallus 

regions of smaller plants to ca. 1 mm in some individuals. In the former, the medulla was 

moderately invested with filaments with a few intermingled stellate cells and associated 

filaments that were only weakly refractive, with this grading moderately to a loose inner 

cortex of 3-4 layers of irregularly stretched secondarily pit-connected cells and ultimately 

an outer cortex of 2-3 layers in a weakly anticlinal arrangement (Fig. 12). As blades 
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matured they increased in girth largely through the addition of cortical layers, the inner 

cortex becoming 4-6 layers and incorporating more of the weakly refractive stellate cells 

and associated filaments, whereas the anticlinal outer cortex was relatively unchanged in 

appearance (Fig. 13). In addition to stellate cells, the inner cortex of female specimens 

supported inwardly growing auxiliary/carpogonial branch initials. These latter structures 

were not mature in material studied here, but presumptive auxiliary cell branches were 

observed and were either simple (Fig. 14) or branched from the basal cell (Fig. 15). 

Carpogonial branches, although immature, were typical of the group in their recurved 

growth habit and were up to ten cells in length in the material studied here with some of 

the lower cells cutting off single-celled laterals (Fig. 16). Spermatangia were produced 

broadly across the blade surface with outer cortical cells supporting spermatangial mother 

cells that typically bore two successively maturing spermatangia (Fig. 17).

Putative tetrasporangial thalli were the thickest of the plants studied here, due 

largely to development of the cortical layer to produce anticlinal filaments of 4-7 cells 

(Fig. 18), the inner most cells of which enlarged as isodiametric to oval putative 

tetrasporangial initials (Fig. 19) as is typical for species of Dilsea. In these plants with 

their enhanced anticlinal cortical development, the cortical region approached ca. 50% of 

the total thallus width (Fig. 18).

Comments: Unfortunately, many previous studies describing vegetative and reproductive 

attributes for this species are likely based on other species of Dilsea as recognized here 

(e.g., Abbott (1968) may have had D. pygmaea as outlined below) or on collections from 

more than one species (e.g., Lindstrom and Scagel 1987).  Kylin (1941) studied the type 

collection and, although his description is brief, his account is consistent with D. 
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californica sensu stricto as presented here (Table 2). This was confirmed by an 

anatomical examination of the lectotype material (Agardh Herbarium, LD 35900) in 

which features of the medulla and cortex where identical to those reported here for the 

putatively tetrasporangial specimens (Fig. 18).

Neodilsea borealis (I.A. Abbott) Lindstrom

Type locality: San Juan Archipelago, Washington, USA.

Representative DNA barcode: EU189306 (GWS005128; see Table 1 for collection 

details).

Observations: Samples of Neodilsea borealis collected as part of the wider survey of 

Canadian marine seaweeds were growing epilithic, generally from sheltered to 

semiexposed or high current habitats, tending to be predominantly subtidal in southern 

British Columbia to intertidal in the Prince Rupert region (Table 1).

Thalli were erect and foliose, single or at times in clumps of 2-4 blades (Figs. 4, 

5), 10-30 cm wide and 12-35 cm high, from relatively small distinct discoid holdfasts (ca. 

1-2(3) mm in diameter). Color was more uniform than for other Canadian species in this 

complex, generally red (Fig. 5) with occasional yellowing on portions of some thalli (Fig. 

4). Blades were subtended by a short (1-3 mm) slender (ca. 1 mm or less) stipe giving 

rise to entire elliptical ovate to rotund blades with cuneate to cordate bases; blade 

surfaces rugose in some specimens. Larger blades were routinely irregular in outline with 

some shallowly divided lobes and tattered distal margins, this presumably due to frond 

erosion (Figs. 20, 21).
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Specimens included here were strictly vegetative and ranged in thickness from 

200 µm in younger blades (thallus regions) with corresponding sparse medullas (Fig. 22) 

to 400 µm in larger/older blade regions, which displayed more richly filamentous 

medullas (Fig. 23). In all specimens the inner cortex was thin, 3-6 cell layers, and 

composed of oval to slightly irregular shaped secondarily pit-connected cells that bore a 

2-3 layer anticlinal to irregularly arranged outer cortical layer (Figs. 22, 23).

Comments:  The specimens assigned here to this species are a good match to the concept 

of this species as outlined in Lindstrom and Scagel (1987).

Dilsea pygmaea (Setchell) Setchell

Type locality: Land’s End, San Francisco, California, USA.

Representative DNA barcode: EU189229 (GWS004685; see Table 1 for collection 

details).

Observations: Collections of this species were confined largely to (semi-) exposed rocky 

points from Botanical Beach in the south to Palmerston on the north outer coast of 

Vancouver Island (Table 1). Plants were generally distributed in the mid intertidal zone 

where they formed extensive clumps to carpets (Fig. 6). 

Blades from relatively sheltered locations (i.e., sheltered sides of exposed rocky 

points to points in semiexposed areas) were generally oval in outline (Fig. 24), 4-5 cm 

wide and 5-7 cm high, but nonetheless commonly deeply cleft. Plants from more exposed 

habitats were highly dissected, 2-4 cm wide and 4-5 cm high, although the general outline 

of the individual blades could be discerned (Fig. 25). Holdfasts of individual blades were 

generally 1-2 mm in width, but, owing to the gregarious nature of this species, commonly 
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coalesced to establish extensive basal crusts to a centimeter or more in extent. Blades 

were either cuneate, appearing to arise directly from the thickened holdfasts, or were 

more typically borne on short stipes (1-3 mm) that graded gradually into the blade. A 

wide range of colors was observed, from blackish red, through maroon, brownish reds 

(Fig. 6) and yellowish red.

Unfortunately, none of our specimens were reproductive, however, the ecological 

and vegetative attributes of this species differ from other species in the British Columbia 

flora.  Blades ranged in thickness from 500-600 µm (Fig. 26) and had a densely 

filamentous medulla that differentiates to a 2-3 layered inner cortex of oval to irregularly 

secondarily pit-connected cells, and finally a deep anticlinal outer cortex of 5-8 cell 

layers (Fig. 27). Under low magnification the cortical region easily accounts for 50-70 % 

of the thallus thickness, providing the specimens with a distinctive appearance in cross 

section (Fig. 26). Occasional stellate and refractive cells and filaments were weakly 

visible in the outer medulla.

Comments: Algaebase (Guiry and Guiry 2007) lists four current species in Dilsea, D. 

californica, D. carnosa (including D. edulis), D. integra and D. socialis. Of these, only 

D. integra, from the Atlantic Provinces and Arctic regions (Sears 2002), and D. 

californica, from British Columbia (Gabrielson et al. 2006), are reported from Canadian 

waters. Although currently regarded as a synonym of D. californica, D. pygmaea

(Setchell) Setchell is an available epithet for consideration for cryptic species of this 

complex in this region.  Sarcophyllis californica forma pygmea Setchell was number 396 

in the Phycotheca Boreali-Americana distributed by Collins, Holden and Setchell. 

Setchell (1901) subsequently elevated this variety to species distinction.  Described as 
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“Growing densely crowded together upon rocks near high water mark … characterized 

by its dwarf size and thick, firm consistency”, this species was an obvious candidate for 

comparison with our specimens from British Columbia (Table 2).  Anatomical 

examination of an isotype collection (kindly provided through Ellen Bloch at NYBG) 

sufficiently substantiates this suspicion until Californian (type location) isolates are 

included in molecular analyses. Here this name is applied to this common species on 

exposed rocky points in British Columbia.

Dilsea lindstromiae G.W. Saunders sp. nov.

Plantae in habitationibus tegerentibus generatim crescentes, sanguinea in vivo, 

atromarginatae in exsiccato. Thalli ovales ad rotundo, integri cum cavis distinctis vel in 

duos pluremve lobos dissecti. Laminae stipitatae a hapteris robustis, parvae in 

dimensione, 8-12 cm, tenues a 300-450 µm cum cortice interiore et medullo circa 40% 

latitudinis thallo ubique formantes. Cellulae refractivae et fila consociata manifestae, 

cellulae refractivae proprie cum crystallis magnis inclusis. Rami carpogoniales 12-18 

cellulorum, proximales 1-5 cellulae ferentes fila 1-4-cellularia cellularum 

moniliformium; cellalae auxillares terminales ubi observatae.

Plants growing in generally sheltered habitats. Red when fresh, blackening near margins 

on drying. Thalli oval to rotund, entire with distinct perforations or dissected into 2 or 

more lobes. Blades stipitate from robust holdfasts, small in dimension (8-12 centimeters), 

thin (300-450 mm) with the inner cortex and medulla each accounting for ca. 40% of the 

overall thallus width. Refractive cells and corresponding filaments obvious, the former 

characterized by large crystalline inclusions. Carpogonial branches 12-18 cells, proximal 

For Review Purposes Only/Aux fins d'examen seulement



15

1-5 cells bearing 1-4-celled filaments of moniliform cells; auxiliary cells terminal where 

observed.  

Holotype: G.W. Saunders, B. Clarkston and D. McDevit, 11 July 2006 (UNB –

GWS005027) (Figs. 7, 28-33).

Type locality: Ridley Island (54.2212oN 130.3293oW), lowest intertidal, Prince Rupert, 

British Columbia, Canada.

Etymology: Named in honor of Dr Sandra Lindstrom whose studies have contributed 

substantially to our knowledge of species in the Dilsea/Neodilsea complex globally, and 

particularly in Canadian waters.

Holotype DNA barcode: EU189286.

Representative paratypes: GWS005157, GWS008383, GWS008384, GWS008385 (see 

Table 1 for collection details).

Observations: This new species of the Dilsea/Neodilsea complex is described on the basis 

of five collections from two relatively sheltered locations on Ridley Island, Prince 

Rupert, in northern British Columbia (Table 1). Two intertidal collections (GWS005027, 

GWS005157) were composed of clumps of three blades each, which were growing on 

rock in the lower intertidal zone and only weakly coalesced at their holdfasts, while the 

three subtidal specimens (GWS008383, GWS008384, GWS008385) each consisted of a 

single blade (although these specimens were collected on a dive of zero visibility and it is 

possible that only part of a clump of individuals was acquired in each case).

Blades were largely oval to rotund and entire with distinct perforations (eventual 

lacerations; ontogenetic?) or deeply dissected into 2-3 (Fig. 28) lobes as in D. californica

and D. pygmaea. Plants were stipitate from relatively robust crustose holdfasts (1-3 mm) 
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and were cuneate only immediately where the blade diverged from the stipe becoming 

rapidly expanded to yield the rotund blades (Fig. 28). As the perforations reached the 

base of the parent blades, the base of the individual lobes were very narrow, giving 

individual lobes of a blade a stipitate appearance (some plants thus appearing as 2-3 

curved lanceolate blades from a branched stipe). Blades were deeply red in color (Fig. 7) 

in the field, drying reddish black near the apices and along the margins. Individual blades 

were only 8-12 cm in both length and width (tending to be wider than tall), rendering this 

a rather small species intermediate between D. californica and D. pygmaea.

In vegetative details this species is most similar to D. californica, with which it 

may share genetic affinities (Fig. 1; more thorough phylogenetic analyses are required to 

assess the barcode indications). Relative to D. californica, blades were generally thinner 

in mature thallus regions, 300-450 µm, with the medulla restricted to only the central 30-

40% of the blade, this supporting a sparse but relatively thick inner cortex (ca. 40% of the 

blade thickness) of irregularly-shaped secondarily-pit-connected cells of 3-5 layers and 

ultimately an outer cortex of 2-3 layers of weakly anticlinal cells (Fig. 29). Although all 

of the species in this generic complex from British Columbia have refractive cells and 

filaments, they are particularly common and highly refractive in this species, being a 

conspicuous aspect when viewed in section (Figs. 29, 30). Furthermore, the stellate cells 

with their long radiating arms are generally characterized by relatively large crystalline 

inclusions (Fig. 30).

The two intertidal specimens of this species were fortunately reproductive (female 

and early postfertilization) and displayed strongly recurved carpogonial branches of 12-

18 cells of which the proximal 1-5 cells variously bore short 1-4 celled filaments of 

For Review Purposes Only/Aux fins d'examen seulement



17

weakly staining moniliform cells (Fig. 31). This aspect was more strongly developed than 

for D. californica as presented here, but could be ontogenetic rather than phylogenetic in 

significance (carpogonial branches observed here for D. californica were not as fully 

developed and may represent only a developmental stage towards those reported here for 

D. lindstromiae). Developing auxiliary cell branches were common (Fig. 32), whereas 

mature branches were rare, but when observed were simple or branched, usually to one 

order from the basal cell, but at times from other cells and to two orders. Three auxiliary 

cells were observed with attached connecting filaments and in all cases the auxiliary cell 

was the terminal cell of the branch (as a clearer picture of postfertilization development 

emerges for the three species of Dilsea recognized here, as opposed to the current 

chimeric description for D. californica sensu lato, the position of the auxiliary cell in the 

branch may prove diagnostic). Connecting filaments branched at their point of contact 

with the auxiliary cell, and in one case a single gonimoblast initial was observed (Fig. 

33).

Comments: Although there are no available names under Dilsea for this entity, the 

uncertainty in generic boundary between this genus and Neodilsea (Tai et al. 2001) 

requires that species from both genera be considered in assigning a name to these 

specimens.  Neodilsea is more species rich than Dilsea with six currently recognized 

species, however, most are from the western Pacific with only N. borealis reportedly in 

Canadian waters and N. natashae from nearby Alaska (Gabrielson et al. 2006).  

Collections of N. natashae were included in the barcode analyses here, indicating that 

these Canadian specimens are not assignable to this epithet (Fig. 1), nor to N. yendoana

also included in the genetic analyses. This leaves N. crispata Masuda, N. longissima
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(Masuda) Lindstrom, N. tenuipes Yamada et Mikami and N. americana I.A. Abbott 

(currently regarded as a synonym of N. borealis) open for consideration.  The first two 

are linear to lanceolate, whereas the third is regularly elliptical to orbiculate (Lindstrom 

1994), and thus all are easily excluded as possible designations for this cryptic species 

from northern British Columbia. Lindstrom (1985) studied the type of Schizymenia 

borealis Abbott and transferred this species to Neodilsea, N. borealis (Abbott) Lindstrom. 

At this time Lindstrom also inspected the type of N. americana Abbott and considered it 

conspecific with N. borealis.  As specimens identified here as N. borealis (Table 2) are 

consistent with the observations of Lindstrom, N. americana can be ruled out as an 

available epithet. This species is thus described here as D. lindstromiae.  Interestingly, 

ITS data (not shown) establish that this species is not the cryptic Alaskan species of 

‘Dilsea californica’ resolved by Tai et al. (2001), indicating that further diversity remains 

to be studied for this genus in the northeast Pacific.

Weeksia Setchell

Type species: Weeksia reticulata Setchell.

Weeksia coccinea (Harvey) Lindstrom

Type locality: Griffin Bay, San Juan Islands, Washington.

Representative DNA barcode: EU189321 (GWS005131; see Table 1 for collection 

details).

Observations: Specimens considered here as representative of this species were 

encountered relatively rarely, but cover an extensive geographical range in British 
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Columbia (Table 1).  Samples were exclusively subtidal, except for two specimens at the 

ecologically diverse Butze Rapids (tidal rapids) near Prince Rupert in northern British 

Columbia. Larger blades reached 28 cm in both length and width and were shallowly to 

deeply cleft and highly irregular in outline (Fig. 34). Blades were bright red when fresh, 

drying to a pink to purplish red, and were characterized by faint to relatively distinct 

venation extending from the stipe into the basal third of the blade.  Stipes were distinct, to 

1 cm in length and 1-2 mm in width expanding in a cuneate to cordate pattern at the base 

of the blade. Holdfasts were fleshy crusts up to 3 mm in width.  Specimens did not adhere 

well to paper and were extremely fragile following drying.

In section blades were 200-300 µm wide, but intact sections were very difficult to 

obtain from the rehydrated specimens of this delicate species. When sections were 

acquired, the medulla was relatively sparse and consisted of many periclinal, as well as 

some irregular and anticlinal filaments composed of fairly uniform cylindrical cells, 5-10 

µm x 25-75 µm, among which thin rhizoids were evident (Fig. 35). The inner cortex was 

virtually uniform in consisting of two layers of highly granular cells, the innermost 

isodiametric, larger (25-35 µm) than the 2-3 cells that they subtend, and bearing inward 

radiating arms connected to the medullary filaments (Fig. 36).  The outer cortex was 

regularly a single cell layer, occasionally two layers, even in males, where spermatangial 

development at times occurred directly on the outer cortical cells without additional 

thickening of the cortex (Fig. 36). The outermost layer of inner cortical cells generally 

supported 3-4 outer cortical cells each, which presented as an ordered pattern when the 

plants were studied in surface view (Fig. 37).
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Comments: Setchell (1901) described Weeksia as a new genus of the Dumontiaceae 

based on the new species W. reticulata (discussed below) describing “A genus with the 

habit of a Callymenia but the cystocarp of the Dumontiaceae as understood by Schmitz.”  

In 1912 Setchell (1912) added W. fryeana from Washington, distinguished from the type 

by its uncharacteristically (relative to most red algae) large size and lack of venation.  

Weeksia howellii Setchell et Gardner and W. templetonii Setchell et Gardner were 

subsequently described (Setchell and Gardner 1937), but no discussion as to how these 

species were distinguished from one another or those described previously was provided.  

Abbott (1967) transferred Schizymenia(?) coccinea Harvey to Halymenia, outlining 

aspects of both its vegetative construction and auxiliary cell ampullae type as 

justification.  In the same publication, Abbott transferred W. templetonii to Halymenia

indicating that Setchell and Gardener’s description of auxiliary cell branches was based 

on their collection of W. howellii (the type collection of W. templetonii was exclusively 

tetrasporangial precluding interpretation of auxiliary cell features).  This latter transfer is 

currently regarded as accepted in Algaebase (Guiry and Guiry 2007).  Abbott (1968) 

provides detailed observations on W. reticulata, W. fryeana and W. howellii and describes 

the new species W. digitata Abbott, while providing a diagnostic key to the four species.  

Unfortunately, the key deals in continuums rather than distinctions including thallus 

thickness, the degree to which blades are cleft, and relatively firm to filmy thalli.  Abbott 

goes on, however, to indicate that W. howellii may be conspecific with W. fryeana.  

Lindstrom (1986) subsequently studied the types of Schizymenia(?) coccinea Harvey and 

Weeksia templetonii and disputed Abbott (1967), considering both these species to be 

truly representative of Weeksia, not Halymenia, and established that the former was 
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conspecific with W. fryeana, the last mentioned thus a later synonym, effecting the 

combination W. coccinea (Harvey) Lindstrom.

Such a convoluted and complicated taxonomic history prompted Lindstrom and 

Scagel (1987, p. 2228) to despair that “The characters on which the species of Weeksia

have been separated (viz., thallus color, texture, thickness, segmentation, and presence or 

absence of veins) appear to vary as much within species as between, and we therefore 

question the recognition of more than one species among the five already described.”  

However, with the advent of molecular tools and their application here, it can 

unequivocally be stated that there are at least two distinct species of Weeksia along 

Northeast Pacific coast (Fig. 1).  The specimens included here under the concept of W. 

coccinea are the best match possible considering all of the publications discussed above 

(Table 2).  Of final note, Lindstrom and Scagel (1987) report that spermatangia are 

unknown for this species; here these structures are reported (Fig. 36), with dioecy for this 

species thus confirmed.

Weeksia reticulata Setchell

Type locality: Pacific Grove, California.

Representative DNA barcode: EU189325 (GWS001705; see Table 1 for collection 

details).

Observations: Only a single specimen tentatively assigned to this species was acquired at 

55 ft on rock from the Queen Charlotte Islands in northern British Columbia (Table 1). 

The specimen consists of a few small blades (<8 cm) that arise virtually without a stipe 

from the fleshy (3-4 mm wide) crustose holdfast (Fig. 38). Blades were bright red 
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following drying, with or without slight basal venation, largely entire, but nonetheless 

irregular in outline (Fig. 38), and, in comparison to the previous species, adhered well to 

paper. 

In vegetative section blades were slightly wider than the previous species, 300-

350 µm, and their more robust nature facilitated the acquisition of intact sections (Fig. 

39).  The medulla was more densely filamentous with a greater diversity of cell/filament 

shapes, most notably the common occurrence of thick refractive filaments and their 

associated stellate cells. The cortex was thicker, the inner portion of 3-4 layers of 

progressively smaller and more heavily pigmented cells subtending an outer cortex of 2-4 

layers (Fig. 40).  Although pairing of cells was evident, the distribution of outer cortical 

cells appeared more random in surface view (Fig. 41) relative to W. coccinea (Fig. 37).

Comments: This specimen is closest in overall vegetative detail to W. reticulata among 

the recognized species of this genus.  In describing W. reticulata Setchell (1901) simply 

indicates an ample frond, broadly reniform, rose to dark red, adhering well to paper, and 

with radiating and anastomosing indistinct veins in the lower region of blades.  Although 

much smaller than Setchell’s collections, the plants here from the Queen Charlotte 

Islands conform to his description. Abbott (1968) further indicates little or no stipe and 

blades 250-400 µm in thickness, again consistent with specimens here from northern 

British Columbia (Table 2). However, whereas Abbott reported that W. reticulata is 

monoecious, the specimen here was unequivocally female (showing gonimoblast 

development), but the identification of spermatangia was uncertain. At low magnification 

thickened regions of the cortex appeared to bear these male reproductive structures, but 

inspection under higher magnification failed to establish the nature of the outer cortical 
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cells (they were less pigmented in most cases relative to other outer cortical cells, but 

nonetheless retained some pigmentation and showed no discrete anatomical differences).  

Although there are many possible explanations for the differences in observations 

between Abbott and this work with regards to monoecy versus dioecy, the possibility that 

the Queen Charlotte collection represents a new species of Weeksia cannot be completely 

ruled out at this time.  However, in light of the overwhelming similarities in all other 

regards, such a move would be premature in the absence of detailed study of more plants 

from British Columbia, as well as type material for W. reticulata.  Regardless, this record 

adds a second species of Weeksia from Canadian waters relative to current checklists and 

monographs for the group (Lindstrom and Scagel 1987; Gabrielson et al. 2006), and thus 

provides a valuable contribution to our understanding of this genus for the Canadian 

macroalgal flora.

Closing comments

In a previous study (Saunders 2005), the utility of the DNA barcode for assigning 

specimens of red algae to genetic species was established, but this is the first 

investigation to use this tool in a floristic survey to assess diversity and distribution of red 

algal species belonging to a particular taxon and in a defined geographical area.  The 

DNA barcode resolved seven rather than the four expected species groups, and 

unequivocally assigned all of the specimens to one of these species groups.  Two issues 

arise here. Firstly, subsequent alpha taxonomic investigation also resolved seven entities 

(Table 2) taking these seven taxa from the realm of ‘cryptic’ to ‘overlooked’.  However, I 

doubt that this author could have looked at these same collections prior to the molecular 
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results and resolved the same seven groups. This practice of sequencing large numbers of 

specimens from diverse geographical and ecological regions as a first pass to ‘species’ 

assignment augmented by subsequent detailed morphological and anatomical 

observations of the resolved genetic groups (molecular assisted alpha taxonomy) has 

resulted in ca. 70 new species/records being resolved to date in the Canadian flora as part 

of a nation-wide survey (Saunders et al. unpubl. data) – an indication of the power of this 

approach. Secondly, this raises the obvious question of what is a species, or more directly 

what species concept is used here?  Generally we subscribe to a holistic or integrative 

approach to species discrimination including morphological, ecological, biogeographical 

and biological (reproductive isolation) components.  Within this broader context, we 

consider the genetic species groups resolved by the DNA barcode as consistent with 

evidence for biological species. When two populations become genetically isolated their 

genomes will diverge as mutations accumulate over time independently in these lineages.  

At the same time lineage sorting and adaptive sweeps (Bazin et al. 2006) homogenize the 

mitochondrial genomes within each population resulting in a relatively rapid distinction 

in this genome for the two lineages. With enough time these populations will become 

reproductively isolated and result in two sibling species. In our work with red algae 

(slightly lower values for brown algae) we have noticed that DNA barcode values greater 

than ca. 4% correspond to unequivocally distinct species (as corroborated by nuclear 

data, morphology, etc.).  At lower values (ca. 1-2% range), divergent mitotypes may or 

may not correspond to distinct species, and additional investigation is warranted to assess 

the status of the populations under study (e.g., Saunders 2005; Lane et al. 2007).
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Barcode data were not readily attainable for three specimens of Dilsea 

californica, and one each for D. pygmaea and Neodilsea borealis. Initially these failures 

were attributed to poor sample preservation owing to the large numbers of specimens 

handled in the field. However, we have subsequently managed to amplify nuclear 

markers from all of these isolates suggesting that at least the nuclear DNA was 

sufficiently preserved (data not shown).  Recent tests with new primers are providing 

evidence that the original red algal primers (Saunders 2005) work well in some groups, 

with mixed results in other lineages (heterogeneity within a species at positions near the 

3’ end of the primers), and rarely in some other lines (e.g., Halymeniales; Saunders et al. 

unpubl. data). Efforts are thus underway to improve on the current primers used for red 

algal DNA barcoding; these new combinations should appear in the next paper of this 

series.

Rather than include molecular data directly in the description of D. lindstromiae, 

the practice of providing a holotype barcode sequence is being introduced. It is logical to 

extend this approach to isotype barcodes, lectotype barcodes, paratype barcodes, topotype 

barcodes and, as practiced here, representative barcodes, where possible. Acquiring DNA 

barcodes from archived algal collections is difficult, and holotypes are too precious to be 

sacrificed for DNA work, what little material there is, in my opinion, should be spared 

until techniques are better developed. The concept of a representative barcode provides 

users (nontaxonomists trying to put a name on a biological specimen) with a quick way 

of identifying biological material. Taxonomists can acquire the voucher on which the 

representative barcode is based and challenge the species designation as in appropriate in 

our field.  As superior DNA barcodes come on line (i.e., topotype, paratype, etc.) they 
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provide a further test of the representative barcode and the confidence that the name is 

being applied to the correct species increases. This pragmatic approach allows 

nontaxonomists to place names on entities, to track easily changes to species names 

through the barcode accession numbers in databases, while allowing taxonomists to 

continue their task of insuring that various species concepts (validly published names) are 

correctly applied. 

Although the COI-5’ region is generally too short for phylogenetic analyses, and 

was thus used here strictly for the assignment of specimens to genetic species groups, it is 

interesting to compare the resulting topologies with published systematic investigations 

where they exist.  Tai et al. (2001) used combined nuclear small subunit rDNA and ITS 

alignments with robust analyses and uncovered an association for Neodilsea natashae

with the included species of Dilsea rather than Neodilsea. This brings monophyly of the 

genera into question.  Interestingly, our simple distance analysis of the barcode alignment 

resolved a similar relationship. Only moderate support (72 %) for this result was acquired 

using a cursory bootstrap analysis (2000 reps) with the distance procedures outlined here 

(data not shown). For curiosity, maximum likelihood analyses using an appropriate 

model were complete and 89% support (200 bootstrap replicates) was acquired for this 

association (data not shown). This provides an indication that, at the appropriate 

taxonomic level, phylogenetic signal resides in this short region, which in combination 

with other genic loci may contribute to the improved resolution of evolutionary 

relationships.
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Table 1. Samples used in barcode analyses. GenBank numbers in bold type were newly determined here. Vouchers held in UNB.

Species & 

Voucher

Collection details GenBank 

Dilsea californica  (J. Agardh) Kuntze

G0159 Depoe Bay, Oregon, USA. G. Kraft 4.7.1993.
EU189258

GWS001122 Ecola Pt., Canon Beach, Oregon, USA. GWS 14.5.2001.
EU189256

GWS004355 Botanical Beach, Port Renfrew, Vancouver I., BC, Canada. GWS, B. Clarkston & D. McDevit 26.6.2006.
EU189239

GWS003194 Pachena Bay, Bamfield, BC, Canada. GWS & R. Withall 15.9.2005.
EU189251

GWS003196 Pachena Bay, Bamfield, BC, Canada. GWS & R. Withall 15.9.2005.
EU189265

GWS003197 Pachena Bay, Bamfield, BC, Canada. GWS & R. Withall 15.9.2005.
EU189264

GWS003201 Pachena Bay, Bamfield, BC, Canada. GWS & R. Withall 15.9.2005.
EU189263

GWS003153 Pachena Beach, Bamfield, BC, Canada. GWS & R. Withall 14.9.2005.
EU189252

GWS003292 Pachena Beach, Bamfield, BC, Canada. GWS 19.9.2005.
EU189257

GWS003330 Pachena Beach, Bamfield, BC, Canada. GWS, B. Clarkston & D. McDevit 12.6.2006.
EU189246

GWS001671 Bamfield, Blowhole, BC, Canada. GWS 20.5.2003. AY970573

GWS003215 Bamfield, Bradys Beach, BC, Canada. GWS 17.9.2005.
EU189262
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GWS003216 Bamfield, Bradys Beach, BC, Canada. GWS 17.9.2005.
EU189261

GWS003224 Bamfield, Bradys Beach, BC, Canada. GWS 17.9.2005.
EU189259

GWS002872 Bamfield, ‘Sparlingia Pt.’, Bradys Beach, BC, Canada. GWS 8.6.2005.
EU189255

GWS002873 Bamfield, ‘Sparlingia Pt.’, Bradys Beach, BC, Canada. GWS 8.6.2005.
EU189254

GWS002879 Bamfield, ‘Sparlingia Pt.’, Bradys Beach, BC, Canada. GWS 8.6.2005.
EU189253

GWS002238 Palmerston Recreation Reserve, Vancouver Island, BC, Canada. GWS & C.E. Lane 19.6.2004. AY970639

GWS002248 Palmerston Recreation Reserve, Vancouver Island, BC, Canada. GWS & C.E. Lane 19.6.2004. AY970638

GWS002252 Palmerston Recreation Reserve, Vancouver Island, BC, Canada. GWS & C.E. Lane 19.6.2004. AY970637

GWS004700 Palmerston Recreation Reserve, Vancouver Island, BC, Canada. GWS & C.E. Lane 19.6.2004. EU189271

GWS002171 Seagate Dock, Port Hardy, Vancouver Island, BC, Canada. GWS & C.E. Lane 17.6.2004. AY970636

GWS001687 Bear Cove Park, Port Hardy, Vancouver Island, BC, Canada. GWS 21.5.2003. AY970572

GWS001689 Bear Cove Park, Port Hardy, Vancouver Island, BC, Canada. GWS 21.5.2003. AY970571

GWS005002 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189240

GWS005003 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189241

GWS005004 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189237

GWS005005 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189242
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GWS005006 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189243

GWS005007 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189244

GWS005008 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189238

GWS005009 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189245

GWS005016 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006.
EU189236

05-760 Ridley Island, BC, Canada. S. Bard 24.7.2005.
EU189260

GWS005135 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189270

GWS005136 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189269

GWS005137 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189268

GWS005138 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189267

GWS005155 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189266

GWS008301 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston, D. McDevit & K. Roy 8.6.2007.
EU189247

GWS008302 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston, D. McDevit & K. Roy 8.6.2007.
EU189248

GWS008349 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston, D. McDevit & K. Roy 8.6.2007.
EU189249

GWS008355 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston, D. McDevit & K. Roy 8.6.2007.
EU189250

Dilsea carnosa (Schmidel) Kuntze
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GWS001216 Pointe du Grouin, east of St. Malo, France. GWS 16.8.2001. AY970635

GWS000746 Doaghbeg, Fanad Head, Co. Donegal, Ireland. C.A. Maggs 7.11.1999. AY971151

GWS001791 Strangford Lough, Portaferry, Northern Ireland. GWS 24.7.2003. EU189272

Dilsea integra (Kjellman) Rosenvinge

GWS001853 Ragged Channel, Baffin Island, Nunavut. Canada. GWS 8.9.2003 EU189285

GWS002334 Off Lingan Power plant, Cape Breton, Nova Scotia, Canada. GWS 1.9.2004. AY970634

GWS007498 English Harbour, Newfoundland and Labrador, Canada. L. LeGall, D. McDevit & J. Utge 20.7.2006.
EU189275

GWS007512 English Harbour, Newfoundland and Labrador, Canada. L. LeGall, D. McDevit & J. Utge 20.7.2006.
EU189277

GWS007543 English Harbour Eastern Cove, Newfoundland and Labrador, Canada. L. LeGall, D. McDevit & J. Utge 

20.7.2006.
EU189276

GWS007302 East side of South Arm, Bonne Bay, Newfoundland and Labrador, Canada. L. LeGall & J. Utge 15.7.2006.
EU189274

GWS007084 Bonne Bay Station, Newfoundland and Labrador, Canada. L. LeGall & J. Utge 12.7.2006.
EU189279

GWS007099 Bonne Bay Station, Newfoundland and Labrador, Canada. L. LeGall & J. Utge 12.7.2006.
EU189273

GWS007110 Maerl bed (btw Deer Arm & East Arm), Bonne Bay, Newfoundland and Labrador, Canada. L. LeGall, B. 

Hooper & J. Utge 13.7.2006.
EU189278
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GWS005299 Bluff A, Churchill Northern Studies Centre, Manitoba, Canada. GWS, B. Clarkston & D. McDevit 

20.8.2006.
EU189280

GWS005211 Out the river & right, Churchill, Manitoba, Canada. GWS, B. Clarkston & D. McDevit 19.8.2006.
EU189281

GWS005212 Out the river & right, Churchill, Manitoba, Canada. GWS, B. Clarkston & D. McDevit 19.8.2006.
EU189282

GWS005243 Out the river & right, Churchill, Manitoba, Canada. GWS, B. Clarkston & D. McDevit 19.8.2006.
EU189284

GWS005344 Button Bay, Churchill, Manitoba, Canada. GWS, B. Clarkston & D. McDevit 22.8.2006.
EU189283

GWS001850 Cape Hatt, Ragged Channel, northern tip of Baffin Island, Nunavut, Canada. GWS 7.9.2003. AY970633

Dilsea lindstromiae G.W. Saunders

GWS005027 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 11.7.2006. EU189286

GWS005157 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006. EU189287

GWS008383 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 10.6.2007.
EU189288

GWS008384 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 10.6.2007.
EU189289

GWS008385 Ridley Island, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 10.6.2007.
EU189290

Dilsea pygmaea (Setchell) Setchell

GWS003195 Pachena Bay, Bamfield, BC, Canada. GWS & R. Withall 15.9.2005.
EU189296

GWS003331 Pachena Beach, Bamfield, BC, Canada. GWS, B. Clarkston & D. McDevit 12.6.2006.
EU189300
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GWS003339 Pachena Beach, Bamfield, BC, Canada. GWS, B. Clarkston & D. McDevit 12.6.2006.
EU189301

GWS002281 Cape Beale, Postelsia Pt., Bamfield, BC, Canada. GWS 4.7.2004. AY970615

GWS002282 Cape Beale, Postelsia Pt., Bamfield, BC, Canada. GWS 4.7.2004. AY970616

GWS002990 Cape Beale, Postelsia Pt., Bamfield, BC, Canada. GWS 10.6.2005.
EU189292

GWS002991 Cape Beale, Postelsia Pt., Bamfield, BC, Canada. GWS 10.6.2005.
EU189297

GWS003299 Cape Beale, Postelsia Pt., Bamfield, BC, Canada. GWS & R. Withall 20.9.2005.
EU189298

GWS002912 Bamfield, Blowhole, BC, Canada. GWS 8.6.2005.
EU189293

GWS002913 Bamfield, Blowhole, BC, Canada. GWS 8.6.2005.
EU189291

GWS003217 Bamfield, Bradys Beach, BC, Canada. GWS 17.9.2005.
EU189294

GWS002950 Bamfield, Seppings I., BC, Canada. GWS 9.6.2005.
EU189295

GWS002232 Palmerston Recreation Reserve, Vancouver Island, BC, Canada. GWS & C.E. Lane 19.6.2004. AY970617

GWS004685 Palmerston Recreation Reserve, Vancouver Island, BC, Canada. B. Clarkston & D. McDevit 3.7.2006. EU189299

Dilsea socialis  (Postels et Ruprecht) Perestenko

GWS000212 Ooynik Bay, St. Lawrence Island, Alaska, USA. S. Lindstrom 2.7.1996.
EU189303

GWS002651 Boulder Patch, Beaufort Sea, Alaska, USA. S. Lindstrom 8.8.2003.
EU189302

Neodilsea borealis (I.A. Abbott) Lindstrom
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GWS003556 BC, Canada. S. Bard.
EU189304

GWS004147 Otter Point, near Sooke, Vancouver Island, BC, Canada. GWS, B. Clarkston & D. McDevit 20.6.2006.
EU189310

GWS004155 Otter Point, near Sooke, Vancouver Island, BC, Canada. GWS, B. Clarkston & D. McDevit 20.6.2006.
EU189307

GWS004163 Otter Point, near Sooke, Vancouver Island, BC, Canada. GWS, B. Clarkston & D. McDevit 20.6.2006.
EU189308

GWS001681 Bear Cove Park, Port Hardy, Vancouver Island, BC, Canada. GWS 21.5.2003. AY970614

GWS001683 Bear Cove Park, Port Hardy, Vancouver Island, BC, Canada. GWS 21.5.2003. AY970626

GWS002176 Bear Cove Park, Port Hardy, Vancouver Island, BC, Canada. GWS & C.E. Lane 17.6.2004. AY970625

GWS005128 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189306

GWS005129 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189305

GWS005130 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189309

GWS008573 Comox Marina breakwater, BC, Canada. GWS, B. Clarkston, D. McDevit  & K. Roy 15.6.2007.
EU189311

GWS008628 Pt. Holmes, Comox, BC, Canada. GWS, B. Clarkston, D. McDevit  & K. Roy 15.6.2007.
EU189312

Neodilsea natashae Lindstrom

G0226 Sunshine Cove, Alaska, USA. S. Lindstrom 27.4.1994. EU189313

G0224 Shaman I., north end of Douglas I., Alaska, USA. S. Lindstrom 25.4.1994. AY970624

Neodilsea yendoana Tokida
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GWS003552 Higashi-shizunai, Hokkaido, Japan. K. Kogame 7.8.2005.
EU189314

GWS003550 Muroran, Hokkaido, Japan. K. Kogame 25.5.2005.
EU189315

GWS003553 Niikappu Hokkaido, Japan. K. Kogame 7.8.2005.
EU189317

GWS003554 Niikappu Hokkaido, Japan. K. Kogame 7.8.2005.
EU189316

Weeksia coccinea (Harvey) Lindstrom

G0161 Hein Bank, Washington, USA. S. Lindstrom 9.8.1993.
EU189319

GWS004238 Saxe Pt., Victoria, BC, Canada. GWS, B. Clarkston & D. McDevit 21.6.2006.
EU189324

GWS004258 Saxe Pt., Victoria, BC, Canada. GWS, B. Clarkston & D. McDevit 21.6.2006.
EU189323

GWS001692 Shields Island Bay, Rennell Sound, Queen Charlotte Islands, BC, Canada. GWS & C.E. Lane 23.5.2003.
EU189322

GWS001738 Five Mile Reef, Rennell Sound, Queen Charlotte Islands, BC, Canada. GWS & C.E. Lane 25.5.2003.
EU189318

GWS005131 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189321

GWS005139 Butze Rapids, Prince Rupert, BC, Canada. GWS, B. Clarkston & D. McDevit 12.7.2006.
EU189320

Weeksia reticulata Setchell

GWS001705 Gospel Reef, Rennell Sound, Queen Charlotte Islands, BC, Canada. GWS & C.E. Lane 24.5.2003. EU189325
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Table 2. A comparison of habitat and vegetative details for foliose members of the Dumontiaceae recognized in British Columbia 

following this study. 

Species Habitat Habit Vegetative anatomy of mature thallus 

regions

D. californica Sheltered to exposed, 

low to mid intertidal

Blades usually in clumps, holdfasts commonly 

coalescent, individual blades deeply cleft, from 6-

42 cm in height (increasing with decreasing 

exposure); deep red to yellowish brown

Blades reaching 1mm in thickness 

(medulla ca. 50 %, inner cortex 30 % & 

outer cortex 20 % (thicker in regions of 

tetrasporangial development))

N. borealis Sheltered to 

semiexposed, subtidal 

south, progressively 

intertidal to north

Blades single or clumps of 2-4, holdfasts distinct or 

weakly coalescent, individual blades entire or 

weakly cleft (and/or eroded), from 12-35 in height; 

deep red, some blades yellowing at margins

Blades reaching 400 µm in thickness 

(medulla generally >70 %, combined 

cortex <30 %)

D. pygmaea Strongly exposed, 

mid intertidal

Blades in clumps or loose turfs, holdfasts usually 

coalescent, individual blades deeply cleft, from 4-7 

cm in height; blackish red through yellowish

Blades reaching 600 µm in thickness 

(medulla generally <40%, inner cortex 

ca. 10 % & outer cortex >50 %)
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D. lindstromiae Sheltered to 

semiexposed, upper 

subtidal to lowest 

intertidal

Blades single or in small clumps, holdfasts distinct 

or weakly coalescent, individual blades entire and 

perforate or deeply cleft from stipe-like base, from 

8-12 cm in height; dark red when fresh, black near 

margins on drying

Blades reaching 450 µm in thickness 

(medulla generally <40 %, inner cortex 

>40 % & outer cortex ca. 10 %)

W. coccinea Sheltered to exposed, 

generally subtidal, 

intertidal collections 

in the north

Blades single or in clumps of 2-3, individual blades 

entire or shallowly to deeply cleft, to 28 cm in 

height; stipitate; bright red when fresh, drying to 

pink-purplish red; fragile

Blades to 300 µm in thickness; medulla 

sparsely filamentous, inner cortex 2 

layers of granular isodiametric cells, 

outer cortex generally single layer of 

pigmented cells

W. reticulata Semiexposed, 

subtidal

Blades clumped, individual blades entire, but with 

irregular outlines, to 8 cm in height; non or weakly 

stipitate; bright red; relatively robust

Blades to 350 µm in thickness; medulla 

moderately filamentous, inner cortex 3-

4 layers of progressively smaller and 

more pigmented isodiametric cells, 

outer cortex 2-4 layers pigmented cells
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Figure Legends

Fig. 1. Neighbor-joining analyses used to associate field-collected specimens with genetic 

species groups. Topology rooted between the Dilsea/Neodilsea complex and Weeksia to 

facilitate presentation. Cryptic taxa are indicated in bold text.

Figs. 2-7. Dilsea/Neodilsea spp. in the field (see Table 1 for collection details). Figs. 2-3. 

Dilsea californica GWS005004 and GWS005135, respectively (scale bars = 2 cm and 4 cm, 

respectively). Figs. 4-5. Neodilsea borealis GWS005128 and GWS005130, respectively 

(scale bars = 4 cm). Fig. 6. Dilsea pygmaea GWS004685 (scale bar = 2 cm). Fig. 7. Dilsea 

lindstromiae GWS005027 (holotype; scale bar = 2 cm).

Figs. 8-19. Dilsea californica. Figs. 8-11. Specimens decreasing in size and becoming more 

dissected with increasing exposure, respectively: GWS003194 (scale bar = 10 cm); 

GWS002171 (scale bar = 5 cm); GWS003292 (scale bar = 5 cm); and GWS003196 (scale bar 

= 3 cm). Figs. 12-13. Sections of younger (GWS005007) and older (GWS005135; arrows 

indicate refractive cells and arrowheads auxiliary/carpogonial branch initials) thallus regions, 

respectively. Scale bars = 75 µm. Figs. 14-15. Putative simple and branched auxiliary branch 

initials, respectively (GWS005135). Scale bars = 20 µm. Fig. 16. Developing carpogonial 

branch with single-celled laterals (arrow) on lowermost cells (GWS005135). Scale bar = 20 

µm. Fig. 17. Successively developing paired spermatangia (arrow) on mother cells 

(GWS003194). Scale bar = 20 µm. Fig. 18. Cortical thickening associated with putative 

tetrasporangial development (GWS005002). Arrows indicate refractive stellate cells. Scale 

bar = 75 µm. Fig. 19. Close-up of putative tetrasporangial initials (arrows) in the inner cortex 

(GWS005002). Scale bar = 20 µm.
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Figs. 20-33. Remaining species of the Dilsea/Neodilsea complex from British Columbia (see 

Table 1 for collection details). Figs. 20-23. Neodilsea borealis. Figs. 20-21. Pressed vouchers 

for GWS001681 and GWS002176, respectively. Scale bars = 7 cm. Figs. 22-23. Sections of 

younger (GWS005130; scale bar = 40 µm.) and older (GWS004147; scale bar = 75 µm) 

thallus regions, respectively. Figs. 24-27. Dilsea pygmaea. Figs. 24-25. Specimens from 

semiexposed (GWS003195; scale bar = 4 cm) and exposed (GWS002950; scale bar = 5 cm) 

habitats, respectively. Fig. 26. Section of vegetative part of the blade for GWS003195. Scale 

bar = 100 µm. Fig. 27. Close-up of the anticlinal cortex. Scale bar = 20 µm. Figs. 28-33. 

Dilsea lindstromiae sp. nov. (GWS005027; holotype). Fig. 28. Holotype voucher specimen. 

Scale bar = 4 cm. Fig. 29. Vegetative section displaying refractive stellate cells (arrows). 

Scale bar = 75 µm. Fig. 30. Close-up of refractive stellate cells displaying crystalline 

inclusions (arrows). Scale bar = 40 µm. Fig. 31. Fourteen-cell carpogonial branch (CP = 

carpogonium; 2,3,4 and 5 indicate branch cells progressively proximal to the carpogonium; 

SC = supporting cell) with single-celled laterals on the four basal-most cells (arrowheads). 

Scale bar = 20 µm. Fig. 32. Simple and branched auxiliary cell branch initials. Scale bar = 20 

µm. Fig. 33. Terminal auxiliary cell (AC) contacted by a branched and segmented (arrow) 

connecting filament (CF) and bearing a single gonimoblast initial (GI). Scale bar = 20 µm.

Figs. 34-41. Weeksia spp. in Canada. Figs. 34-37. Weeksia coccinea GWS005131. Fig. 34. 

Pressed voucher. Scale = centimeter ruler. Fig. 35. Vegetative section. Scale bar = 75 µm. 

Fig. 36. Close-up of cortical cell arrangement – two inner layers (*) and a single (rarely two) 

outer pigmented layer bearing spermatangia (arrows). Scale bar = 40 µm. Fig. 37. Surface 

view of outer cortex. Scale bar = 40 µm. Figs. 38-41. Weeksia reticulata GWS001705. Fig. 

38. Pressed voucher. Scale = centimeter ruler. Fig. 39. Vegetative section. Scale bar = 75 µm. 
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Fig. 40. Close-up of cortex showing a gradual transition from inner (*) to outer cortical cells. 

Scale bar = 40 µm. Fig. 41. Surface view of outer cortex. Scale bar = 40 µm.
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