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SUMMARY
The discovery of a plethora of cryptic species in many algal
groups has led to speculation as to the causes of this observa-
tion and has affected taxonomy, with reluctance to give
names to species that look identical. While this is defensible
for monophyletic cryptic species complexes, both our under-
standing of similar morphologies (crypsis) and nomenclature
is challenged when we encounter non-monophyletic ‘cryptic’
species. Bostrychia simpliciuscula is a wide-ranging species
in which multiple cryptic species are known. Our increased
sampling shows that this species consists of four lineages that
do not form a clade, but lineages are sister to species with dif-
ferent morphologies. Careful morphological examination
shows that characters, especially branched monosiphonous
laterals and rhizoid morphology in haptera, are able to distin-
guish these four lineages into two groups, that are still not
monophyletic. The similar morphologies in these lineages
could be due to convergence, but not developmental con-
straints or lack of time to diverge morphologically; or possibly
maintenance of a generalized body plan. These lineages
appear to have specific biogeographic patterns and these will
be used to propose a new taxonomy. B. simpliciuscula is now
confined to the tropics. Another of these lineages matches a
previously described species, B. tenuissima, that was synony-
mized with B. simpliciuscula and is from cold temperate Aus-
tralasia, and is resurrected. Another lineage is found in Japan
in which a previous name is also available, B. hamana-toki-
dae; the last lineage is found in central New South Wales,
morphologically it resembles B. tenuissima, with which it
overlaps in distribution around Sydney, and is named as a
new species, B. kingii sp. nov.

Key words: Australia, Bostrychia kingii sp. nov., convergence,
Japan, morphological stasis, Rhodomelaceae.
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INTRODUCTION

The discovery of cryptic species (i.e., distinct genetic/repro-
ductive/ecological entities that are not distinguishable mor-
phologically) is becoming commonplace in many algal groups.
These species can be inferred from a variety of molecular
markers including mitochondrial, nuclear and plastid genes.
Cryptic species are nearly always found in what was previously
thought to be one wide-ranging species, which now appears to
be composed of several, to many, distinct evolutionary

lineages with narrower ranges. Many of these cryptic species
are found to be sisters to each other within a diverse clade.

The hypotheses proposed that the high proportion of spe-
cies that are not morphologically distinguishable, especially in
some macroalgae, are many but, include: (i) diversification
(speciation) without concomitant morphological change, pos-
sibly due to developmental constraints or stabilizing selection
(Charlesworth et al. 1982) (morphological stasis); or (ii) the
low number of morphological characters that can be used to
distinguish between species (low complexity problem; Ver-
bruggen 2014).

Cryptic species are being reported very frequently in many
well sampled algal studies and in all algal groups
(e.g., Conklin & Sherwood 2012; Payo et al. 2013; Skaloud &
Rindi 2013; Niwa et al. 2013; Kogame et al. 2015; Zuccar-
ello et al. 2015; Lyra et al. 2016; Montecinos et al. 2017).
These cryptic species are usually inferred by several ‘species
delimitation’ methods (Leliaert et al. 2014), but also by phy-
logenetic methods indicating strong support for lineages that
are morphologically indistinguishable and therefore ‘putative
species’ (e.g., Boo et al. 2015). In some cases these cryptic
species have been shown to differ in other ways including eco-
logical specialization (Skaloud & Rindi 2013; Muangmai
et al. 2016) and reproductive isolation (Zuccarello & West
2003; Peters et al. 2010).

Cryptic species are often found in wide-ranging species
that upon molecular inspection are shown to be composed of
multiple species with more limited distributions. Many cryptic
species complexes have been found in the tropics (Conklin &
Sherwood 2012; Payo et al. 2013; Vieira et al. 2014), but
also temperate species can have multiple cryptic species of
more limited distribution (Muangmai et al. 2014; Zuccarello &
Martin 2016). This limited, often non-overlapping, distribu-
tion suggests that speciation is due to allopatric processes
enhanced by the low dispersal ability of many algae
(e.g., Krueger-Hadfield et al. 2015).

In nearly all cases, cryptic species are in a well-supported
clade, indicating that while speciation has occurred the
‘ancestral’ morphology has been maintained. This could be
due to stabilizing selection on particular morphologies that
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may have advantages in certain environments (Davis et al.
2014); due to a developmental constraint on the alga in
which novel morphologies are not possible; or just a lack of
time for morphologies to change.

While cryptic species have been commonly uncovered, tax-
onomic changes have lagged behind. Sometimes this is due
to the intricacies of nomenclatural history. Applying type
names to individual lineages can be problematic, without cor-
responding sequence data from the type specimen (Hughey &
Gabrielson 2012), assuming the type is even available. Also a
long history of synonymies makes assigning old names to any
of the different lineages difficult and therefore discourages
proposing new names (see De Clerck et al. 2013). This may
not be a problem if the cryptic species complex is monophy-
letic as all the species are more closely related to each other
than any morphologically distinct species, and the taxonomy
is therefore clade-based.

Bostrychia is a genus in which significant research has
revealed many aspects of its evolution (Zuccarello & West
2011). Cryptic species are known to occur in several species
complexes (B. tenella (J.V. Lamouroux) J. Agardh/B. binderi
Harvey, Zuccarello et al. 2015; B. radicans (Montagne) Mon-
tagne/B. moritziana (sonder ex Kützing) J. Agardh, Zuccar-
ello & West 2003; and B. intricata (Bory) Montagne, Fraser
et al. 2013, Muangmai et al. 2014). While some cryptic spe-
cies have relatively wide distributions, some are more limited
in their distribution. For example, in B. intricata, some cryptic
species are localized to certain continents (e.g., South Africa,
Australia), while other cryptic species have broader distribu-
tions (e.g., New Zealand and Chile; Muangmai et al. 2014).

Another morphospecies that appears to contain cryptic spe-
cies is the B. simpliciuscula Harvey ex J. Agardh/B. tenuissima
R.J. King & Puttock species complex. The taxonomy of Bostry-
chia was revised in a monograph by King and Puttock (1989).
They proposed several new species and formally synonymized
several names. Bostrychia tenuissima was a species proposed
(King & Puttock 1989) as a segregate from B. simpliciuscula
Harvey ex J. Agardh. They based their decision mostly on the
lack of monosiphonous determinate branch tips in
B. tenuissima (type locality: Port Fairy, Victoria, southern
Australia), while they are found in B. simpliciuscula (King & Put-
tock 1989). The distribution of B. tenuissima was reported from
southern Queensland (Noosa Heads) to Tasmania, Australia and
New Zealand. While B. simpliciuscula has a wider distribution
not only in Australia, but also the Pacific Islands, and south-east
Asia (King & Puttock 1989). King and Puttock also synonymized
several previous names into B. simpliciuscula, including B. andoi
Okamura found in tropical southern Japan (Ryukyu Island) and
B. hamana-tokidae E. Post from Kyushu Island, Japan.

Later research showed that samples of B. simpliciuscula
from the southern end of this range, south of Sydney,
Australia were a distinct plastid RuBisCo spacer haplotype
(designated haplotype H1). These samples only had sorbitol
as an osmolyte, while north of Sydney two distinct sequences
were found (H2 and H3), which contained both sorbitol and
dulcitol as an osmolyte (Zuccarello et al. 1999a). Further
research, using other genetic markers, confirmed that these
three haplotypes were distinct, and H3 was found as far north
as Singapore (Zuccarello & West 2006). As these lineages
(H1–H3) were not monophyletic and monosiphonous
branches did not seem to distinguish the lineages, a

taxonomic decision was made to synonymize B. tenuissima
with B. simpliciuscula until further research could resolve the
lineages (Zuccarello & West 2006). These results, plus our
further sampling and analyses of the B. simpliciuscula, sug-
gests that the taxonomy of this entity needs refining.

MATERIALS AND METHODS

Samples have been collected over many years from many sites
around the Pacific Ocean (Table S1 in the Supporting Informa-
tion). Collection, isolation and maintenance of cultures are as
presented in West and Zuccarello (1999) and West (2005).

DNA extraction, PCR amplification and sequencing are
described in Zuccarello et al. (1999b) for the RuBisCo spacer
and Zuccarello and West (2006) for rbcL and partial large-
subunit ribosomal RNA (LSU). Three datasets were produced
using available sequences from Genbank and new sequences:
rbcL, LSU, and combined rbcL-LSU. Phylogenetic trees were
constructed with maximum-likelihood (ML) using RAxML 7.2.8
(Stamatakis 2006) under the GTRCAT model with partitioned
codons for rbcL. Support for individual nodes was determined
by 1000 bootstrap replicates. Bayesian trees were inferred
using MrBayes 3.2 (Ronquist et al. 2012) under the GTR +
gamma model for 3 million generations with two independent
runs, a sampling frequency of 1000 and a burn-in of 300 trees.
The rbcL-rbcS spacer (RuBisCo spacer) was used to place many
samples into one of the four recognized lineages. Networks were
created for the RuBisCo spacer data set, where within lineage
variation was seen, using TCS 1.21 (Clement et al. 2000) to
which the sequences could be joined with 95% confidence.

Morphological characters were investigated in field speci-
mens. The characters explored were: number of pericentral cells
per tier (all specimens had two tier cells be axial cell); maximum
length of monosiphonous laterals; whether the monosiphonous
lateral branched, position of peripherohaptera-adjacent to lat-
eral branches (nodal) or not (intermodal); whether the periphero-
haptera are stalked at their bases (a coalescence of rhizoids
adjacent to the axis) or had loose rhizoids (sessile), following
King and Puttock (1989).

RESULTS

We expanded the distribution of collections to include the
central Pacific (e.g., Federated States of Micronesia, Palau)
and north Pacific (Japan)). In total, 55 samples were
sequenced with one or more molecular markers (Table S1 in
the Supporting Information). Our combined phylogenetic ana-
lyses of samples, all initially identified as B. simpliciuscula,
indicates that this morphology is polyphyletic with four dis-
tinct lineages (presently called H1–H4) (Fig. 1). The rbcL
(Fig. S1 in the Supporting Information) and partial LSU phy-
logenies (Fig. S2 in the Supporting Information) while less
supported did not contradict this conclusion. A clade, with
high support in the combined analysis, contains two
B. simpliciuscula lineages (H1 and H4) plus two other mor-
phologically distinct species (B. tangatensis E. Post and
B. scorpioides (Hudson) Montagne). Within this clade there is
a supported grouping of B. scorpioides and B. simpliciuscula
H1; plus in the LSU analysis these two species group with
B. flagellifera E. Post with strong support; and B. tangatensis
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with B. simpliciuscula H4. Our RuBisCo spacer analysis, of
more samples, shows that samples of B. simpliciuscula H1
have a restricted cold temperate distribution and only one
haplotype is found. H1 is found in New Zealand, southern
Australia (Tasmania, South Australia) and from Botany Bay,
Sydney southward on the east and south coast of Australia.
This southerly distribution pattern corresponds to previous
research on this lineages distribution (Zuccarello et al.
1999a). H4 is found in Japan including the main islands of
Honshu, Kyushu and Shikoku. Lineage H3 is sister to the
clade containing B. tangatensis and B. scorpioides and line-
ages H1 and H4 with moderate support. H3 is found wide-
ranging throughout the tropical Pacific from northern New
South Wales, Australia (Brunswick Heads) to Singapore and
in the Federated States of Micronesia and Palau (Table S1 in
the Supporting Information). This wide-ranging lineage also
has four RuBisCo spacer haplotypes (Fig. 2), with most sam-
ples with haplotype H3a, with distinct haplotypes for samples
from Australia and Singapore and two of the samples from
Micronesia (Table S1 in the Supporting Information). These
three lineages of B. simpliciuscula (H1, H3, H4) also form a
moderately supported clade with other mostly corticated

Bostrychia species (B. binderi, B. tenella, B. montagnei). The
phylogenetic position of B. simpliciuscula lineage H2 is very
different. It is not closely related to the other three lineages
(Fig. 1), but groups with species mostly from the cold temper-
ate southern hemisphere (B. arbuscula W.H. Harvey,
B. gracilis (R.J. King & Puttock) Zuccarello & J.A. West,
B. intricata, B. vaga J.D. Hooker & Harvey), this group also
contains the species B. harveyi Montagne and B. calliptera
(Montagne) Montagne.

Fig. 1. A majority-rule consensus tree

generated from the MrBayes analysis of

combined rbcL and partial LSU of spe-

cies of Bostrychia. Values on branches =

Bayesian posterior probabilities

(PP) followed by ML bootstrap percent-

ages (BP). * = full support of branch

(1.0 PP, 100% BP). Outgroup the clado-

haptera containing species Bostrychia
radicans. 3-Letter country codes used.

H1-H3 = refer to ‘B. simpliciuscula’ lin-
ages from Zuccarello et al. (1999aa) and
Zuccarello and West (2006). H4 = Japa-

nese lineage of ‘B. simpliciuscula’.

Fig. 2. Statistical parsimony network inferred from RuBisCo data

of samples of B. simpliciuscula (lineage H3). Lines indicate one

mutational step; cross lines indicate inferred missing or intermedi-

ate haplotypes.
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Inspection of field material did not find any characters that
could separate all four species (Table S2 in the Supporting Infor-
mation). The morphological characters that have been used to
separate species within the B. simpliciuscula complex have
been few, but King and Puttock (1989) suggested that the pres-
ence of monosiphonous lateral branches and the morphology of
peripherohaptera, stalked versus free rhizoids, could separate
B. simpliciuscula (with monosiphonous laterals and free rhi-
zoids) from B. tenuissima (polysiphonous throughout and stalked
rhizoids). Our measurements of field samples (with variable sam-
pling within clades) suggest that two main groupings can be
found. Monosiphonous lateral branches do not seem to define
particular clades but branching of those monosiphonous laterals
does seem to fall into two groupings. Lineages H1 and H2 with
short monosiphonous tips to lateral branches (2–7 cells) and no
monosiphonous branching of these laterals, and lineages H3
and H4 with longer monosiphonous tips to lateral branches
(3–30 cells) and monosiphonous branching of these laterals.
Also, the morphology of the peripherohaptera appears to be dis-
tinct between these two groupings. Lineages H1 and H2 have
mostly stalked peripherohaptera, while lineages H3 and H4 have
free rhizoids for their peripherohaptera. Samples of lineages H1
and H2, while not monophyletic, conform closely to the mor-
phology of B. tenuissima. Samples of H3 and H4 are similar to
B. simpliciuscula (sensu King & Puttock 1989). While there is
no morphology that unambiguously separates these species,
i.e. there is some variation in haptera morphology within species,
and no characters seem to even tentatively separate the groups
into four species, we propose that the species be defined by
their biogeographic distribution. We propose that the following
taxonomic changes be made:

New circumscription: Bostrychia simpliciuscula Harvey
ex J. Agardh 1863: 854.

Type locality: (Friendly Islands) Tonga

For samples belonging to lineage H3, which seems to be
found throughout, and possibly restricted to, the tropics
(Federated States of Micronesia, Guam, Palau, Singapore,
central eastern Australia), have peripherohaptera mostly with
free rhizoids and branched monosiphonous laterals.

Resurrected species: Bostrychia tenuissima R.J. King &
Puttock 1989: 18.

Type locality: Port Fairy, Victoria, Australia

Plants with morphology as stated in King and Puttock
(1989) but with a more cold temperate distribution. For sam-
ples belonging to lineage H1, found in temperate Australia,
from Sydney NSW southward, South Australia, Victoria, Tasma-
nia, and New Zealand. This follows the distribution cited by
King and Puttock (1989) for the most part, but they proposed
a northern distribution to 26�S, which include the distribution
of lineage H2. A small diagnostic amendment to the descrip-
tion, occasionally lateral branch tips are short monosiphonous,
2–7 cells, but this is probably environmentally variable.

Resurrected species: Bostrychia hamana-tokidae
E. Post (1941): 208.

Type locality. Kedo River, Makurazaki, ‘Satsuma Province’
Kagoshima Prefecture, Kyushu, Japan.

For samples belonging to lineage H4 with morphology of
B. simpliciuscula but found in the main islands of Japan. This
species is found in Honshu, Shikoku and Kyushu. An older
species name conforming to the morphology of
B. simpliciuscula (and B. hamana-tokidae) is found in the
Japanese tropical island of Okinawa (Ryukyu Islands),
B. andoi Okamura (1907). At present we do not know if this
species belongs to lineage H4 or is part of the tropical species
H3 (B. simpliciuscula). Samples from Okinawa, which we
were unable to amplify, morphologically could be H3 or H4
(Table S2 in the Supporting Information). Collection of this
‘species’ from Okinawa is needed to resolve if this name is
appropriate.

New species: Bostrychia kingii Zuccarello, J.A. West &
M. Kamiya sp. nov. (Fig. 3a–f).

For samples belonging to lineage H2 and showing the mor-
phology of B. tenuissima.

Diagnosis. Morphology undistinguishable from B. tenuissima.
Mostly ecorticate, branching irregular, with a few cortical cells
in some older branches. Two tiers of pericentral cells per axial
cell with 4–5 pericentral cells per tier. Very short monosipho-
nous tips (2–7 cells) on lateral branches but no monosipohous
branching. Peripherohapetera mostly with ‘stalked’ rhizoids
(a coalescence of rhizoids adjacent to the axis).

Type locality. Forster, New South Wales, Australia (32�100S
152�300E).

Holotype. MEL 2409237.

Isotype. MICH701905, dried JAW3562 culture.

Genbank accession numbers. rbcL: AY920827; LSU:
AY920877.

Distribution. This species has a limited distribution in central
NSW, Australia (28–34�S), but overlaps with B. tenuissima in
its southern range (e.g., Wooloware, Botany Bay, NSW) and
may also overlap with B. simpliciuscula in its northern range,
more sampling in these ‘edge’ areas is needed.

Etymology. kingii = in honor of Robert J. King for his pioneer-
ing work on the taxonomy of mangrove algae, especially Bos-
trychia, and appropriately this species appears to be confined
to NSW where he spent his scientific career.

Description

Plants with prostrate axis and uprights up to 6 mm (Fig. 3a,
b). Two tier cells per axial cell and 4–6 pericentral cells per
tier around the main axial cell (Fig. 3c). Plant mostly ecorti-
cate, but occasional cortical cells in older axes. Determinate
lateral branches unbranched or with 1–2 order of branching
(Fig. 3b). Occasionally laterals with, up to six cell monosipho-
nous tips (Fig. 3d). Peripherohaptera, adjacent or not to lat-
eral branches, rhizoidal cells in coalescence branch (stalked)
(Fig. 3e). Tetrasporangia (50–75 μm) in unbranched stichi-
dia, tetrahedrally divided (Fig. 3f ).
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DISCUSSION

We find a very similar morphology in four non-monophyletic
lineages that have all been previously identified as
B. simpliciuscula. While cryptic, or pseudocryptic, species are
reported commonly, most of these cryptic species complexes
are monophyletic (Zuccarello & West 2003; Payo et al. 2013;
Muangmai et al. 2014). This monophyly of cryptic species
suggests that morphological diversification has not kept pace
with genetic differentiation and species most likely retain
their ancestral morphology. The reasons for this could be con-
straints on morphological diversification (developmental con-
straints), maintenance of morphology due to natural selection
or lack of any force, for example, drift, leading to diversifica-
tion. While these are possible for monophyletic cryptic spe-
cies, our present results may need other explanations.

Careful examination of our available field collected molecu-
larly identified specimens suggests that two morphologies could

be discerned. One of these morphologies correspond to the spe-
cies described by King and Puttock (1989) as B. tenuissima,
the other morphologically matches the more wide ranging spe-
cies B. simpliciuscula. While these groups are recognizable
they have few diagnostic characters that don’t overlap, and still
these characters do not define all four species. The only mor-
phological character that appears to be diagnostic is branching
in the monosiphonous lateral branches which appears to be
confined to B. simpliciuscula and B. hamana-tokidae and not
found in B. tenuissima and B. kingii. This character is probably
not seen in all specimens. Along with this diagnostic character,
there appears to be differences in peripherohaptera morphology
with free rhizoids in B. simpliciuscula and B. hamana-tokidae,
while the rhizoidal cells are fused into a stalk in the other two
species. This character is not consistent within species groups
and could be environmentally plastic. There are slightly more
tiers of pericentral cells in B. tenuissima and B. kingii (4–6)
than the other two species (4–5).

Fig. 3. Morphology of Bostrychia kingii sp. nov. holotype specimen. (a) morphology of voucher specimen. (b) Close up of lateral branching,

0–1 orders of branching, with tetrasporangial stichidia. (c) Higher magnification of vegetative axis. Two tiers cells per axial, lack of cortica-

tion and six tiers of pericentral cells around the axial cell. (d) Short monosiphonous tips (arrows) to determinate and indeterminate branches

(2–4 cells long). Arrows = monosiphonous tips. (e) Peripherohapteron (arrow) with coalesced rhizoids (stalked), not associated with a lateral

branch. (f ) Tetrasporangial stichidium showing tetrasporangia (arrows). [Color figure can be viewed at wileyonlinelibrary.com]
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While these morphologies help in differentiating some of
these species lineages they still do not define four species,
nor are they found in monophyletic species groups. For exam-
ple, branched monosiphonous branches are found in
B. simpliciuscula (lineage H3) and B. hamana-tokidae (H4),
these two species form a clade with B. tenuissima (lineage
H1), plus two morphological distinct species B. scorpioides
and B. tangatensis. While these two species also have periph-
erohaptera for attachment, B. scorpioides is heavily corti-
cated, and B. tangatensis has 3 (−4) tiers of cells per axial
cell, a character previously used for generic separation
(King & Puttock 1989). B. kingii which is indistinguishable
from B. simpliciuscula, is found in a larger clade not closely
related to these previous species. So what could be causing
these similar morphologies in so many clades? While the
slight morphological difference between these four species
could be attributable to some sort of constraints on morphol-
ogy if these lineages were monophyletic, that they are sister to
species that are morphologically quite distinct, in the context
of the genus Bostrychia, indicates that the inability to change
morphologically is probably not a reason. The lack of time for
morphologies to diverge is also unlikely as they again are sis-
ter to species that are quite distinct morphologically.

It is possible that convergence could have made these four
species so similar. Convergence usually is invoked when phe-
notypic similarity is found in distantly related taxa and is con-
sidered evidence that natural selection has produced these
evolutionary changes, usually leading to convergent adapta-
tions (Losos 2011). What the adaptation for the particular
morphology of these species is, which would have led to their
convergence, is unknown. A comparative phylogenetic
approach could be useful, but in this case it is difficult to
evoke a selective pattern. B. simpliciuscula and B. kingii are
both associated with mangrove habitats, especially on the
bark and pneumatophores of mangrove trees. It is possible
that these environments have driven this morphological con-
vergence. Yet, these two species are very similar to B. -
hamana-tokidae and B. tenuissima, respectively, which are
mostly not associated with mangroves but are found in rivers
(in central Japan) or salt marshes (in colder areas-
e.g., New Zealand) where different selection forces may be
operating.

It is also possible that what we have is a group of species
that have been misidentified (lumped) because they have not
evolved diagnostic characters, perhaps by retaining a general
body plan. While a combination of characters in Bostrychia
has been used to define species, these four studied species
seem to have a basic undifferentiated plan. For example,
B. tenuissima is sister to B. scorpioides, which has evolved
dense cortication and circinate apices. B. hamana-tokidae is
sister to B. tangatensis but the latter has three tiers of peri-
centrals per axial cell. B. kingii is sister to a group of species
found in the cold temperate southern hemisphere that have
both cortication and three or more tiers of pericentral cells per
axial cell, while still retaining peripherohaptera. It is possible
that what we have here is a lack of morphological evolution in
a genus with few characters in the first place, it is possible
that this ‘nondescript’ morphology is ancestral or a general-
ized body plan without any apparent change over time.

We have proposed to name these cryptic species, even
though they are not morphologically distinguishable. While

maintaining a single descriptor name for a clade composed of
many cryptic is defensible (i.e., all cryptic species are more
closely related to each other than to any other morphologically
distinct species; e.g., Muangmai et al. 2014; Boo et al.
2015), in this case we do not believe that maintaining a poly-
phyletic species aids understanding of diversity. We believe
that in order to move taxonomy forward the names proposed
should be applied to these taxa. At present the biogeographic
distribution of these species is mostly quite distinct and this
should be used to ‘identify’ the species in a particular loca-
tion. The changes in distribution that may occur with further
sampling should not hinder these taxonomic changes. The
taxonomic changes also are minimally disruptive. Many refer-
ences to B. simpliciuscula are from tropical regions (Silva
et al. 1996; Atmadja & Prud 2012), so these records will not
need updating. Cold temperate regions have the species
B. tenuissima which has been used since 1989 (Adams
1994; Womersley 2003). Records from New South Wales,
Australia are problematic, if the species is found in the south
central region it could be B. tenuissima or B. kingii if it lacks
branched monosiphonous laterals and has stalked periphero-
haptera. In central northern New South Wales it could be
B. kingii if it has the previous morphology or B. simpliciuscula
if it has branched monosiphonous laterals and free rhizoids.
In the cool temperate northern hemisphere the issue of distri-
bution of B. hamana-tokidae versus the extent of
B. simpliciuscula needs to be investigated. For example,
which species is found in China (Liu 2008) or Korea (Nam &
Kang 2012)?

It is possible that continued study of these morphologically
similar species will uncover morphological differences, but it
is clear that these characters will not be readily accessible to
most biologist, and the real possibility that no characters will
be found must be accepted in organisms with low morphologi-
cal diversity and available characters that are environmentally
plastic (Verbruggen 2014).

We believe our proposed changes update the taxonomy of
Bostrychia to more closely reflect the evolution and biodiver-
sity of the group. Interestingly there appears to be one other
polyphyletic species in the genus, samples identified as
B. calliptera (Zuccarello & West 2006), resolving this mor-
phospecies will require further study.
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Fig. S1. A phylogeny of rbcL data of species of Bostrychia.

Fig. S2. A phylogeny of partial LSU data of species of
Bostrychia.

Table S1. Samples used in study.

Table S2. Morphological characters from field collected
material.

© 2017 Japanese Society of Phycology

107Polyphyletic Bostrychia species


	 Non-monophyly of Bostrychia simpliciuscula (Ceramiales, Rhodophyta): Multiple species with very similar morphologies, a re...
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Outline placeholder
	New circumscription: Bostrychia simpliciuscula Harvey ex J. Agardh 1863: 854.
	Resurrected species: Bostrychia tenuissima R.J. King & Puttock 1989: 18.
	Resurrected species: Bostrychia hamana-tokidae E. Post (1941): 208.
	Type locality

	New species: Bostrychia kingii Zuccarello, J.A. West & M. Kamiya sp. nov. (Fig. 3a-f).
	Diagnosis
	Type locality
	Holotype
	Isotype
	Genbank accession numbers
	Distribution
	Etymology

	Description


	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


