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ABSTRACT

A small red alga was isolated into culture from rhodoliths collected on the Piaui coast, northeastern
Brazil. Molecular data from the plastid-encoded rbcL gene, combined with morphological and ultra-
structural evidence, demonstrated that it belongs to the genus Rhodachlya and supports the proposal of
a new species, R. westii. The new species was characterised by basal and erect uniseriate filaments, cells
with parietal H-shaped or lobed plastids with one or two prominent pyrenoids, absence of unicellular
hairs, and with monosporangia sessile or on branched stalks. Ultrastructure revealed pit plugs with two
cap layers without a cap membrane, typical of Rhodachlyales. In our rbcL phylogeny, R. westii sp. nov.
was recovered in a well-supported clade containing R. hawaiiana and R. madagascarensis (generitype)
with interspecific divergence ranging from 5% to 10%, respectively. Characters previously used for
species-level taxonomy (e.g. cell dimensions, number of pyrenoids and presence or absence of colour-
less hairs) are often plastic and overlap. We conclude that Rhodachlya species can be accurately
identified only based on DNA sequence data and their geographic distribution. Rhodachlya westii
becomes the third species of the genus, representing the first record in the Atlantic Ocean. Our data
suggest that the genus is probably widely distributed. In view of the scarcity of reliable morphological
features available for comparison, molecular-assisted alpha taxonomy is needed for uncovering the
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long-overlooked diversity in this red algal group.

INTRODUCTION

The subclass Nemaliophycidae of the red algal class
Florideophyceae currently includes 11 orders and is composed
mostly of marine organisms (Guiry & Guiry 2020; Yoon et al.
2010). Over the last few decades, seven new orders have been
proposed using molecular data: Balbianiales (Evans et al. 2019;
Sheath & Miiller 1999), Balliales (Choi et al. 2000),
Colaconematales (Harper & Saunders 2002), Corynodactylales
(Saunders et al. 2017a), Entwisleiales (Scott et al. 2013),
Rhodachlyales (West et al. 2008) and Thoreales (Miiller et al.
2002). Multigene phylogenies of the Nemaliophycidae have
revealed that it is a strongly supported assemblage, with all orders
monophyletic and well supported; however, the inter-ordinal rela-
tionships are not fully resolved (Lam et al. 2016; Yang et al. 2016).

Some members of Nemaliophycidae can be characterised as
small, red filamentous algae, usually found as epiphytes or endo-
phytes, commonly exhibiting asexual reproduction by mono-
sporangia. These simple rhodophyceans are often termed as
‘acrochaetioid’ algae and marine members are represented
mainly by the genera: Acrochaetium Nigeli, Colaconema
Batters, Grania (Rosenvinge) Kylin, Rhodochorton Nageli, and
Rhodothamniella Feldmann (Woelkerling 1983). The term acro-
chaetioid used herein is only a morphological designation and

does not reflect phylogenetic affinities, since other unrelated taxa
are also termed acrochaetioid algae (e.g. ‘Chantransia’ stages of
Batrachospermales and Thoreales, Necchi & Oliveira 2011;
Zucchi & Necchi 2003). They constitute a group with
a confusing taxonomic history, represented mainly from their
small size and few reliable morphological characters. Plastid
morphology, number of pyrenoids, mode of attachment and
life history are some characters traditionally used to distinguish
species, although the literature is controversial (Garbary 1987;
Schneider 1983; Woelkerling 1983). For instance, Woelkerling
(1971) found the number of pyrenoids as the most stable char-
acter in acrochaetioid species from Australia, whereas Stegenga
& Vroman (1976) pointed out that pyrenoids can be induced by
high light.

Overlapping morphological attributes make an accurate spe-
cies delimitation in acrochaetioid algae notoriously difficult. To
overcome such limitations, it is essential for species assign-
ments to employ molecular-assisted alpha taxonomy (MAAT)
which uses DNA sequences, followed by morphological
analyses (Cianciola et al. 2010). With the advent of molecular
tools, the systematics of acrochaetioid algae has undergone
changes. Saunders et al. (1995) investigated the phylogenetic
affinities of the Acrochaetiales—Palmariales complex, resolving
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the genera Meiodiscus G.W.Saunders & McLachlan and
Rhodothamniella, both previously assigned to Audouinella
Bory, Kylinia Rosenvinge and Rhodochorton, as members of
Palmariales. Harper & Saunders (1998, 2002) brought signifi-
cant findings to the troublesome delineation of this group,
revealing a better circumscription of Acrochaetiales, with the
transfer of species to a new order, Colaconematales. Clayden &
Saunders (2008) used the nuclear large subunit ribosomal DNA
(LSU) to resurrect the genus Grania for specimens previously
assigned to Acrochaetium efflorescens (J.Agardh) Nageli. Later,
the genus Rhododrewia S.L.Clayden & G.W.Saunders was pro-
posed to accommodate A. porphyrae (K.M.Drew) G.M.Smith
and other related names (Clayden & Saunders 2014).

Another example of hidden diversity uncovered by molecular
data in acrochaetioid algae is the order Rhodachlyales. West et al.
(2008) isolated two red algae growing on seagrass from
Madagascar and initially assigned them to the common acro-
chaetioid genera Acrochaetium and Colaconema. Molecular evi-
dence revealed that the isolates were a distinct entity, and based
on several approaches they proposed the order Rhodachlyales to
accommodate the new genus Rhodachlya. Rhodachlyales is dis-
tinguished by the absence of a cap membrane between the cap
layers, platelike outer and inner caps, and absence of peripheral
encircling thylakoid (West et al. 2008). Currently, two species are
recognised in Rhodachlya: the generitype R. madagascarensis .
A West, Scott, K.A.-West, Karsten, Clayden & Saunders; and,
R. hawaiiana Kurihara, J.A.-West, Conklin & Sherwood (Guiry
& Guiry 2020; Kurihara et al. 2012). In addition to molecular
data, features such as cell dimensions, frequency of colourless
hairs and spore germination pattern, were used to distinguish
the species (Kurihara et al. 2012). To date, Rhodachlya is known
only from Madagascar and Hawaii. Although a molecular
approach is particularly important in groups that have few
morphological characters, species-level studies using MAAT
are still scarce in marine acrochaetioid algae.

As part of an ongoing survey of epiphytic algae from the
Brazilian coast, we isolated a small acrochaetioid red alga and
analysed it using the plastid-encoded rbcL gene. Using molecular,
morphological, and ultrastructural evidence, we describe this red
alga as a new species of Rhodachlya and the first record of the
genus in the Atlantic Ocean.

MATERIAL AND METHODS

Samples of rhodoliths were collected from 15 m depth
manually by SCUBA diving in Pedra do Sal (2.5 km off the
coast), Delta do Parnaiba, Piaui State, northeastern Brazil
(02°50°S, 41°39'W), on 10 June 2016. Algal samples were
transported to the Laboratory of Algal Culture ‘Marilza
Cordeiro Marino’ of the Institute of Botany, Sdo Paulo,
Brazil. Algal samples were washed with sterilised seawater
and cultured in medium composed of sterilised seawater (34
psu, pH 8.0) enriched with quarter strength Von Stosch’s
nutrient media (VSES/4; Oliveira et al. 1995), modified with
a reduction of 50% in vitamin concentrations (Yokoya 2000).
Germanium dioxide (GeO,; 1 mg 1™ was added to the
culture medium to prevent diatom growth. Culture condi-
tions were 23 + 3 °C, 15-30 pmol photons m™* s™', and
a 14:10 h light:dark cycle, without aeration. Medium was

renewed every two weeks. Before medium renewal, cultures
were observed with a stereo dissecting microscope to detect
the growth of crusts or filaments, which were isolated care-
fully and cultured in ‘baby food’ vessels with 50 ml of VSES/
4 medium with GeO,. Over three months, several algae were
isolated, including filaments of an acrochaetioid alga. Three
months after isolation, these filaments were cultured in
medium composed of sterilised seawater enriched with
half-strength Von Stosch’s solution (VSES/2) without
GeQ,; other culture conditions were as described above. To
promote spore liberation, filaments were cultured in
50 x 75 mm crystallising dishes containing 80 ml of VSES/
2 renewed every two weeks at 23 + 3 °C, 17-19 pmol
photons m™? s™', and a 14:10 h light:dark cycle, with gentle
agitation using an orbital shaker.

Morphological observations were performed from fresh
cultured material. Drawings were made using a Leica DMLS
camera lucida (Leica Microsystems, Wetzlar, Germany). Type
and voucher specimens were deposited in the Herbarium of
the Institute of Botany (SP; Thiers 2020).

Samples for transmission electron microscopy (TEM)
were fixed in a solution containing 2% fresh formaldehyde
and 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2,
for 24 h, rinsed three times for 30 min each in 0.1 M
cacodylate buffer (pH 7.2), post-fixed for 1 h with 1%
OsOy4 in 0.1 M cacodylate buffer plus 0.8% potassium ferro-
cyanide, rinsed twice in 0.1 M cacodylate buffer, and twice in
deionised water, and, finally, dehydrated in an ethanol series,
for 30 min in each solution, and three times in 100% ethanol.
Samples were slowly infiltrated in epoxy resin (Poly/Bed®,
Polysciences® Inc., Warrington, Pennsylvania, USA),
embedded in silicon moulds and polymerised at 60 °C for
48 h. Ultrathin sections (70-100 nm) were obtained in a C7
Ultramicrotome (Leica Microsystems, Wetzlar, Germany),
collected over 300# copper grids, and stained with lead
citrate (Reynolds 1963) and uranyl acetate. Images were
obtained with a transmission electron microscope
(Morgagni, FEI Company, Hillsboro, Oregon, USA), operat-
ing at 80 KV.

Silica gel-dried samples were ground in a Precellys®24 tissue
homogeniser (Bertin Instruments, Montigny-le-Bretonneux,
France), and DNA was extracted using the NucleoSpin® Plant
II Kit (Macherey-Nagel, Diiren, Germany), following manufac-
turer’s instructions. The plastid-encoded large subunit of the
ribulose-1,5-bisphosphate carboxylase/oxygenase gene (rbcL)
was amplified by PCR in three overlapping fragments using the
primers F57-R753, F577-R1150, F993-RrbcS-start (Freshwater &
Rueness 1994). PCR conditions were as described in Soares et al.
(2019). Successful amplifications were purified using the
Mlustra™ GFX™ PCR DNA Purification Kit (GE Healthcare,
Buckinghamshire, UK), according to manufacturer’s protocols
and commercially sequenced (Macrogen Inc., Seoul, Korea) with
the amplification primers.

Bidirectional reads were manually assembled to generate
consensus sequences using BioEdit v7.2.6.1 (Hall 1999). Two
newly generated rbcL sequences from two isolates of the
same rhodolith were deposited in GenBank. Additionally,
29 sequences of representatives of all orders of
Nemaliophycidae were obtained from GenBank (Table S1).
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Members of Sporolithales, Heydrichia  woelkerlingii Trees before stationarity were discarded, and the remaining
Townsend, Chamberlain & Keats, Sporolithon durum trees were used to construct the 50% majority-rule consensus
(Foslie) Townsend & Woelkerling, and Sporolithon pty- tree to determine the Bayesian posterior probabilities (PP).
choides Heydrich were selected as outgroups. Genetic diver-
gences were estimated using uncorrected p-distances in
MEGA 7 (Kumar et al. 2016). Phylogenetic reconstructions
were performed using maximum-likelihood (ML) and
Bayesian inference (BI) analyses. PartitionFinder v2.1.1 Molecular analyses
(Lanfear et al. 2017) was used to determinate the best parti-
tioning scheme for the rbcL dataset and the best-fit model
for each codon position, under the corrected Akaike infor-
mation criterion (AICc). Maximum-likelihood analysis was
conducted using RAXML v8.2.10 (Stamatakis 2014) on the
online server CIPRES Science Gateway v3.3 (Miller et al.
2010), using the GTR-gamma model with 1000 bootstrap
(BS) replicates (Felsenstein 1985). Bayesian inference was
carried out in MrBayes v3.2.6 (Ronquist et al. 2012), using
the same partition scheme as the ML analysis, with two
parallel runs of four chains of Markov Chain Monte Carlo
(MCMC). Each run started with a random tree, using
six million generations, sampling one tree every 1000 gen-
erations. The analytic parameters were determined to be
sufficient when the average deviation of split frequencies
was less than 0.01. The burn-in period was determined
graphically by plotting the likelihood scores against genera-
tions to establish the stationary phase in a scatter (XY) plot.

RESULTS

The final rbcL dataset had 1203 nucleotide positions, of which
542 bp were variable. None of the newly generated sequences
matched any other taxon available in GenBank, and our two
samples were identical. Phylogenetic analyses resulted in con-
gruent topologies for ML and BI, and only the ML tree is
presented (Fig. 1). Rhodachlya formed a fully supported clade,
sister to the monotypic Corynodactylales, but without sup-
port. Our phylogeny resolved the isolate from Brazil as sister
to R hawaiiana in a well-supported clade (BS = 100,
PP = 0.9), with an interspecific genetic distance of 5%.
Sequence divergence between R. madagascarensis (generitype)
and the Brazilian isolates was 10%.

Our molecular and morphological data show that the
undescribed acrochaetioid species from Brazil is a member
of the Rhodachlyales. In light of these results, we describe the
entity as a new species of Rhodachlya. All morphological
observations were made using the cultured holotype.
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u Rhodachlya westii sp. nov. MK086032 Rhodachlyales
L= Rhodachlya madagascarensis KC134337
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Fig. 1. ML phylogeny of Nemaliophycidae inferred from rbcL sequences. All orders currently included in Nemaliophycidae are represented. Values shown at the nodes
indicate bootstrap support (BS) for ML and posterior probabilities (PP) for Bl. Only values of BS = 70% and PP > 0.9 are shown; dashes (-) denote no support. The new
species from this study is shown in bold. Thick bold branches correspond to full support in both analyses.
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Rhodachlya westii L.P.Soares, N.S.Yokoya, S.M.Guimaraes,
Yonesh. & M.T.Fujii sp. nov.
Figs 2-16

DIAGNOSIS: Small marine red alga, forming dense red tufts in culture,
with uniseriate, elongated, sparsely branched filaments. Intercalary
vegetative cells elongated or irregular in outline. Each cell with

a single parietal H-shaped or lobed plastid with one or two
prominent pyrenoids. Hyaline hairs absent. Monosporangia spherical
to ovoid, sessile, or on branched stalks.

HOLOTYPE: SP469734, deposited at the Maria Eneyda P. Kaufman Fidalgo
Herbarium, Institute of Botany, Sao Paulo, Brazil, collected on 10 June 2016
by N.S. Yokoya. Culture isolate CCIBt4451, deposited in the Culture

Figs 2-16. Development in culture, and ultrastructure of Rhodachlya westii sp. nov. from Brazil (holotype SP469734).

Fig. 2. Habit of a tuft in culture. Scale bar = 0.5 cm.

Fig. 3. Higher magnification of basal and erect filaments. Scale bar = 100 um.

Fig. 4. Cells of a basal filament; note some enlarged cells and single pyrenoids. Scale bar = 25 pm.
Fig. 5. Cells of erect filaments with more uniform dimensions. Note two young monosporangia (arrowheads). Scale bar = 25 pm.
Fig. 6. Schematic drawing of cells showing prominent pyrenoids and H-shaped, or lobed, parietal plastids; note a basal filament on top. Scale bar = 10 pm.

Fig. 7. Cells of erect filaments with two pyrenoids (p). Scale bar = 20 um.

Fig. 8. Detail of an erect filament, showing dichotomous branching. Scale bar = 25 um.
Fig. 9. Detail of an erect filament with branching at right angles. Scale bar = 25 um.

Fig. 10. Terminal monosporangium (m). Scale bar = 25 pm.

Fig. 11. Monosporangium (m) in axil of branches. Scale bar = 25 pm.
Fig. 12. Lateral monosporangia in series. Scale bar = 25 um.

Fig. 13. Monosporangia (m) in clusters. Scale bar = 25 um.

Fig. 14. Spore germination with retention of protoplast (arrow). Scale bar = 25 pm.

Fig.
Fig.

15. Young sporeling with original basal spore (arrow). Scale bar = 25 um.
16. TEM image of pit plug ultrastructure, showing plug core (pc), outer caps (arrows) and inner caps (arrowheads). Scale bar = 500 nm.



Collections of Algae, Fungi and Cyanobacteria, Institute of Botany, Sao
Paulo, Brazil. rbcL sequence = GenBank accession MK086032.

ISOTYPE: SP469735, deposited at the Maria Eneyda P. Kaufman Fidalgo
Herbarium, Institute of Botany, Sdo Paulo, Brazil (rbcL sequence = GenBank
accession MK086033).

TYPE LOCALITY: Delta do Parnaiba, Parnaiba, Piaui State, Brazil (02°50’S,
41°39'W), subtidal (15 m deep).

ETYMOLOGY: The species name ‘westii’ honours Dr. John Arthur West
from the University of Melbourne for his contributions to the knowledge
of Rhodophyta, especially acrochaetioid algae isolated in culture.

Vegetative and reproductive morphology

The isolates formed floating, dense, red tufts up to 17 mm in
diameter (Fig. 2), consisting of basal and erect filaments, that were
uniseriate, randomly oriented, and sparsely branched (Fig. 3).
Basal filaments were composed of irregularly enlarged and con-
torted cells that were barrel-shaped, reaching up to 25 pm long
and 15 um wide (Fig. 4). Cells of erect filaments were 15-38 um
long and 8-10 pum wide (Figs 5, 6). Each intercalary vegetative cell
had an H-shaped, occasionally lobed, parietal chloroplast, with
one or two prominent pyrenoids (Figs 6, 7). Branching was sparse,
irregular to dichotomous (Fig. 8), or sometimes disposed at right
angle (Fig. 9). Hyaline hairs were absent. Monosporangia were
spherical to ovoid and sessile (Figs 10-12), or on branched stalks
(Fig. 13). Monosporangia were solitary or occasionally in clusters
of 2-3 (Fig. 13), terminal (Figs 10, 11) or lateral (Fig. 12),
18-25 pm long and 10-15 pum wide. After four weeks in culture,
monospores, 13-15 pm in diameter, were released and germi-
nated with retention of protoplast after germ tube formation (Fig.
14). Sporelings were also visible after this period (Fig. 15). Other
reproductive structures were not observed. Pit plugs were com-
posed of the plug core, inner and outer cap layers, without an
intervening cap membrane; the outer cap layer was thickened on
one side of the pit plug (Fig. 16).

DISCUSSION

Taxonomic challenges in acrochaetioid algae, owing to their sim-
ple vegetative and reproductive structures, call for the use of
molecular-assisted alpha taxonomy to accurately assess species
diversity (Cianciola et al. 2010; Pante et al. 2015). Our molecular
findings, based on the rbcL gene, strongly support the uniqueness
of the acrochaetioid isolates from Brazil at the species level.
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Molecular, morphological and ultrastructural data confirm the
generic placement in Rhodachlya. Rhodachlya westii is the third
species of the genus and the first record in the Atlantic Ocean.
A comparison of vegetative and reproductive features of R. westii
and the other two species of Rhodachlya is shown in Table 1.
Morphologically, R. westii is similar to R. hawaiiana, but
rbcL sequence divergence indicate that they are genetically distinct
entities. Smaller dimensions of intercalary vegetative cells, occur-
rence of two pyrenoids, and the absence of unicellular hairs could
separate R. westii from R. hawaiiana. However, these characters
are highly variable and overlap (see Table 1), and we do not
believe that they would be sufficiently stable to clearly distinguish
them.

The reliability of morphological attributes traditionally used
to delineate acrochaetioid algae was a long-standing debate
(Garbary 1987; Woelkerling 1971, 1983). This is reflected in
the several classification schemes for the acrochaetioid genera
Acrochaetium, Colaconema, Grania, and Rhodochorton (for
more detailed accounts see Stegenga 1979; Woelkerling 1983).
Even in the most recent studies, morphological features were
tentatively used for species delineation (Clayden & Saunders
2014; Kurihara et al. 2012; West et al. 2008). The genus
Rhodachlya was proposed by West et al. (2008) and remained
monotypic until Kurihara et al. (2012) described R. hawaiiana.
Spore germination pattern, together with cell dimensions and
rarity of colourless hairs, were used to distinguish R. hawaiiana
from the generitype R. madagascarensis (Kurihara et al. 2012).

According to the scheme proposed by West (1972), the
spore germination pattern of R. westii corresponds to Type II,
which was also observed in R. hawaiiana (Kurihara et al.
2012). In Type II germination, the spore retains a protoplast
after germ tube formation. The generitype R. madagascarensis
presents a Type I germination pattern in which the entire
content of the spore moves into the germ tube, and
a transverse wall is formed. Woelkerling (1971, 1983) showed
some evidence that spore germination is a character of little
taxonomic importance in acrochaetioid algae. Furthermore,
Clayden & Saunders (2008) observed that tetraspores and
carpospores exhibit both germination types in the acrochae-
tioid species Grania efflorescens. Although the type of germi-
nation differs among Rhodachlya species, studies comparing
the germination pattern are scarce and there is no evidence to
consider it a reliable character.

It has been demonstrated that cell dimensions are influ-
enced by several factors, such as salinity (White & Boney

Table 1. Comparison of diagnostic taxonomic characters for the three species of Rhodachlya.

R. westii sp. nov.

Habit on rhodolith

Cell dimensions (um) 8-10 x 15-38

Plastid parietal, H-shaped or lobed
Pyrenoid 1-2

Hairs absent

Monosporangia solitary or in clusters, 10-15 X 18-25 um
Spore (um) 13-15

Spore germination Type Il

Type locality Piaui, Brazil

Reference this study

parietal, H-shaped or axial, lobed, stellate

R. hawaiiana R. madagascarensis
on Gelidium sp. on Posidonia
8-18 x 25-50 7-9 x 24-29

parietal, H-shaped
1 1
infrequent, 2.5 um wide frequent, 4-5 x 300-500 pm
- solitary or in clusters, 7-10 X 15-19 ym
10-20 9-11
Type |l Type |
Hawaii Island, USA Ifaty, Madagascar
Kurihara et al. (2012) West et al. (2008)
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1969), temperature (Garbary 1979a), and host identity for
endophytes (Garbary 1979b). However, Clayden & Saunders
(2014) used cell size to help distinguish Rhododrewia from
Acrochaetium species. Currently available data for Rhodachlya
species show that vegetative and reproductive cell dimensions
overlap (Table 1), but a statistical comparison could reveal
significant differences among them. The reliability of colour-
less hairs is doubtful since there is evidence that hairs can
develop with high light intensity, e.g. in species of
Acrochaetium (Stegenga & Vroman 1976) and Colaconema
(Stegenga & Borsje 1976; West 1972). Accordingly, the taxo-
nomic value of colourless hairs, considered by Kurihara et al.
(2012) in R. hawaiiana, is questionable.

With respect to plastid structure, Stegenga (1979) sug-
gested that young cells, the second to sixth cell bellow the
apical cell, provided the most representative morphology.
Although plastid morphology can vary with culture condi-
tions and with cell age (West 1970), the three species of
Rhodachlya present a typical H-shaped parietal plastid.
Therefore, plastid morphology and position seem consistent
enough to establish generic boundaries in acrochaetioid algae,
as previously suggested by Harper & Saunders (2002) and
Saunders et al. (2018). Woelkerling (1983) pointed out that
the occurrence and number of pyrenoids cannot be used to
help delineate acrochaetioid genera, but seems more suitable
for identifying species. This feature was considered diagnostic
by Woelkerling (1971, 1973) in the Audouinella complex
where acrochaetioid species were organised into three sec-
tions: pyrenoids absent, only one pyrenoid, more than one
pyrenoid. However, Stegenga & Vroman (1976) showed that
pyrenoids can be induced by high light intensity. According to
their original descriptions, both R. madagascarensis and
R. hawaiiana have only a single pyrenoid per cell (Kurihara
et al. 2012; West et al. 2008); but cells with one or two
prominent pyrenoids were observed in our isolates of
R. westii.

The Nemaliophycidae include orders with cells possessing
two cap-layered pit plugs (Le Gall & Saunders 2007; Pueschel
& Cole 1982; Saunders & Bailey 1997; Saunders &
Hommersand 2004). A distinctive character of the pit plug
in Rhodachlyales is the absence of a cap membrane between
the outer and inner caps (West et al. 2008), differing from
other acrochaetioid groups (e.g. Acrochaetiales and
Colaconematales). Pit plug morphology of R. westii is similar
to R. hawaiiana and R. madagascarensis (Kurihara et al.
2012; West et al. 2008). The ultrastructural characterisation,
along with molecular and morphological data, placed our
isolates in Rhodachlya. In our preparations, the outer cap
was thicker than the inner cap, as also observed by West
et al. (2008) in R. madagascarensis. Pit plugs observed in
R. westii were moderately electron-dense on one side,
although this was possibly a fixation artefact (Pueschel &
Cole 1982; West et al. 2008). Similarly, Pueschel & Cole
(1982) found that some exceptional pit plugs of
Rhodophysema georgei Batters (Palmariales,
Nemaliophycidae) had one enlarged cap layer.

When the order Rhodachlyales and the genus Rhodachlya
were proposed, West et al. (2008) used molecular data to
recognise their isolate as a novel lineage, since they had

morphology similar to Acrochaetium and Colaconema species.
Similarly, other genera with simple morphology were revealed
based on molecular evidence. In Acrochaetiales, Grania was
resurrected to accommodate A. efflorescens (Clayden &
Saunders 2008), Rhododrewia was segregated from an
Acrochaetium species complex (Clayden & Saunders 2014),
and Ottia ].R.Evans, M.L.Vis & G.W.Saunders was proposed
for the freshwater Audouinella meiospora (Skuja) Garbary
(Entwisle et al. 2018). As discussed above, it is evident that
morphological features can be variable (e.g. cell dimensions,
number of pyrenoids, and occurrence of colourless hairs) and
thus have limited value in species-level taxonomy. We con-
sider that Rhodachlya species can be accurately distinguished
only based on DNA sequence data.

Since the morphological species concept has been historically
used in macroalgae (Guiry 2012), this lack of morphological
distinguishability raises the issue of species concepts for algal
taxonomists. The influx of molecular data has revealed divergent
evolutionary lineages with morphological stasis (Verbruggen
2014) and, currently, the idea of species as separately evolving
lineages of metapopulations is largely accepted (De Queiroz
2007; FiSer et al. 2018; Mayden 1997). Species boundaries in
macroalgae are difficult to assess mainly as a result of plastic
morphologies and the absence of diagnostic characters
(Cianciola et al. 2010; Saunders & Hommersand 2004).
Verbruggen (2014) argued that one should not assume that
because two individuals look alike, they are going to belong to
the same species. As pointed out by Leliaert et al. (2014) and
Verbruggen (2014), it could be that many algal species can be
discovered only by DNA sequence data. Thus, relying on mor-
phology alone often does not permit the detection of new spe-
cies, leading to an increasing number of cryptic species described
in diverse red algal groups (Dfaz-Tapia et al. 2020; Jesus et al.
2019; Schneider et al. 2017; Soares et al. 2019; Zuccarello et al.
2018). Saunders et al. (2017b) is a good example of the extensive
hidden diversity revealed by routine DNA-based surveys. They
described 10 new genera and 10 new species in the family
Kallymeniaceae, some of which were erected primarily by mole-
cular analyses (e.g. the genus Austrokallymenia Huisman & G.
W.Saunders).

Species delimitation based on DNA sequences usually
relies on the comparison of nucleotide differences (divergence
percentage) in different evolutionary lineages (Leliaert et al.
2014; Schneider et al. 2017). The plastid-encoded rbcL gene
has been used in diverse red algal genera to separate morpho-
logically similar entities (e.g. Bangiopsis Schmitz: West et al.
2014; Gracilaria Greville: Soares et al. 2018; Galene D’ Archino
& Zuccarello: Schneider et al. 2019) or even cryptic species
(Dasya C.Agardh: Schneider et al. 2017; Madagascaria J.A.
West & KiKuchi: Soares et al. 2019; Lophurella Schmitz: Diaz-
Tapia et al. 2020). Ignoring cryptic or pseudo-cryptic species
can lead to an underestimation of species diversity, critical for
conservation policies, or even an overestimation of the geo-
graphical range of a species (Bickford et al. 2007; Chenuil
et al. 2019). Molecular taxonomy has revealed that macroalgal
genera considered to be of restricted distribution can have
single species in different ocean basins. For example, in
Madagascaria, a microscopic crustose genus that was
restricted to Madagascar and Japan (Zuccarello et al. 2010),



a new species was recently proposed from Brazil (Soares et al.
2019). Moreover, species that were thought to be widespread
based on morphology now have been shown to often have
narrower distributions (Diaz-Tapia et al. 2018). Molecular
evidence demonstrates how morphology-based identification
is difficult and often fails to accurately resolve species in the
Rhodophyta.

Within Rhodachlya and Rhodachlyales, currently data are
based on a limited number of specimens, and therefore, can
represent a limited perspective on generic diversity. But, even if
a wider study were undertaken, the striking morphological sim-
plicity would make it difficult to distinguish species. Whether the
characters historically employed in species-level taxonomy are
fully reliable will remain debatable until more taxa are studied in
a molecular phylogenetic context. Combining an integrative
approach and wide sampling, it is likely that Rhodachlya is
more widespread. Rhodachlya remains overlooked due to its
small size and resemblance to common acrochaetioid algae,
such as Acrochaetium and Colaconema. The new species
R. westii constitutes one more example of an overlooked and
cryptic species being uncovered by routine DNA-based tools.

The sparse knowledge of acrochaetioid algae in Brazil
prompted us to study this challenging algal group. Our data
revealed a new species and the first record of the genus
Rhodachlya in the Atlantic Ocean. Acrochaetioid algae are
often ignored in floristic surveys due to their limited mor-
phological differentiation. Thus, an integrated taxonomic
approach is a more suitable tool for revealing previously over-
looked diversity in this red algal group.
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