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Taxonomic notes on the genus Alsidium C. Agardh, including the
merging of Bryothamnion Kützing (Rhodomelaceae)
Gabriela García-Soto* and Juan Lopez-Bautista
Department of Biological Sciences, The University of Alabama, Tuscaloosa, AL 35487, USA
In this study, the phylogenetic relationships among the genera Alsidium C. Agardh and Bryothamnion Kützing were
investigated. Phylogenetic analyses using the plastid-encoded markers rbcL, psbA, and the mitochondrial barcode region (COI-5P) resolved a well-supported clade that included the species Alsidium corallinum, Bryothamnion seaforthii,
and B. triquetrum. Our results indicated that taxonomic recognition of the genus Bryothamnion is not supported and
two species of Bryothamnion are reallocated to Alsidium. A reexamination of the morphological definition of Alsidium
is provided with an updated diagnosis of the genus and a morphology-based comparison of species that are currently
circumscribed under this generic name. Furthermore, we reviewed morphological differences and similarities between
Alsidium and the genus Digenea, both belonging to the tribe Alsidieae, discussing the most relevant morphological
characters.
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INTRODUCTION
The genus Alsidium was first formally described by
C. A. Agardh (1827) based on A. corallinum, species that
serves as the generitype. A total of 25 species have been
described under this generic name, yet six remain as
currently accepted (Guiry and Guiry 2018). The Mediterranean Sea harbors four of the currently recognized
species. However except for two species that are wellrepresented, A. corallinum C. Agardh and A. helmithochorton (Schwendimann) Kützing, other species from
the Mediterranean Sea, such as A. notarisium Bompard
and A. vagum (Zanardini) Zanardini, remain taxonomically poorly known considering they have not been reported since their original descriptions. Two minute species of Alsidium are known to occur in the Pacific Ocean.
Dawson described two species based on vegetative mate-

rial, A. pacificum (Dawson 1959) from Palmyra Atoll and
A. pusillum (Dawson 1963) from the Galapagos Islands. A
third pacific species, Alsidium cymatophilum R. E. Norris, described by Norris (1994) based on Hawaiian collections, has been transferred to Digenea based on molecular evidence (Díaz-Tapia et al. 2017).
The genus Bryothamnion was originally described by
Kützing (1843) without a generitype designation. Two
species were included, B. seaforthii based on Fucus seaforthii Turner and B. lindenbergii based on Thamnophora disticha Lindenberg. Additionally, Kützing described a
second genus, Physcophora, based on Fucus triangularis
Turner. However, in Sp. Alg., Kützing (1849) merged Physcophora into Bryothamnion and recognized five species,
three of them with a complanate habit, B. seaforthii Küt-
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zing, B. ramellosum Sonder, and B. linderbengii Kützing
and two species with a triangular habit, B. triangulare
and B. hypnoides. Agardh (1863) described three forms
of B. seaforthii, f. fastigiata, f. disticha, and f. imbricata,
based on characteristics related to the branching pattern. Bryothamnion seaforthii (Turner) Kützing was later
designated by Schmitz (1889) as the type species of the
genus. A sixth species morphologically similar to B. triquetrum was described in the 20th century as B. pacificum by Taylor (1945). Only three of the six species that
have been described remain as currently recognized. Two
of them, B. triquetrum and B. seaforthii, are commonly
reported in tropical and subtropical regions of the Atlantic and Pacific coasts of America and several Caribbean
islands (Guiry and Guiry 2018), the last species reaching
South-West Asia with a record in Sri Lanka (Silva et al.
1996). B. seaforthii f. imbricatum J. Agardh remains as the
only form that has been reported since the original description by Agardh (1863), and it seems to be common
on limestone in the Florida Keys (Dawes and Mathieson
2008) and Cuba (Suárez 2005).
The systematic position of Alsidium and Bryothamnion within the family Rhodomelaceae was recently elucidated by Díaz-Tapia et al. (2017) providing an updated
tribal classification of the family based on molecular
phylogenomic evidence; these two genera and a third,
Digenea C. Agardh, were assigned to the resurrected tribe
Alsidieae. Furthermore, the apparent non-monophyly of
Alsidium and Bryothamnion was noted by Díaz-Tapia et
al. (2017); however, no formal changes to the classification were proposed at the time. Likewise, this new phylogenetic understanding of the tribal classification of
Rhodomelaceae calls for the review of the morphological
features between the genera of the tribe, Alsidium and
Digenea. Hence, the aim of this study is to clarify the phylogenetic and taxonomic status of the genera Alsidium
and Bryothamnion using molecular and morphological
data. The non-monophyly problem is resolved herein by
merging Bryothamnion into Alsidium. In addition, we
provide an updated diagnosis of the genus Alsidium and
establish a morphological comparison between this genus and Digenea.

pressed on herbarium paper. Voucher specimens are located at The University of Alabama. Collection information and GenBank accession numbers of new sequences
produced in this study and sequences retrieved from the
GenBank are provided in Supplementary Tables S1 & 2.

Morphological studies
Specimens were rehydrated and thalli portions were
fixed through increasing concentrations of ethyl alcohol
(from 10 to 100%). Sections of vegetative and reproductive portions of thalli were made using a Sorvall (RMC)
MT-5000 Microtome, stained with 1% v/v aqueous aniline blue acidified with 1% diluted HCl and mounted on
slides with Karo Corn syrup solution (Tsuda and Abbott
1986). Prepared slides were observed and studied under an Axio Imager 2 Research Microscope (Carl Zeiss
AG, Oberkochen, Germany). Image capture was carried
out using an integrated camera model EOS 5D Mark III
(Canon Inc., Tokyo, Japan). Photographs were edited and
assembled on plates using Adobe Photoshop CC (Adobe
Systems Inc., San Jose, CA, USA).

Genomic DNA extraction, gene amplification,
and sequencing
Genomic DNA was extracted from dried material
ground in liquid nitrogen using the cetyl trimethylammonium bromide protocol modified from Doyle and
Doyle (1987). After resuspension of total DNA, viscous
extractions (probably due to the presence of polysaccharides) were further purified using the Wizard Genomic DNA Purification Kit (Promega, Madison, WI,
USA) according to manufacturer’s instructions. Full
or partial sequences of rbcL and psbA were obtained
following amplification protocols in Saunders and
Moore (2013) using the primers F57, R753, F577, R1150,
F753, and rbcLrevNEW (Freshwater and Rueness 1994,
Kucera and Saunders 2012) and psbAF1, psbA600R,
and psbAR2 (Yoon et al. 2002), respectively. The COI-5P
fragment was amplified with a single primer combination, GAZF1 / GAZR1 (Saunders 2009) following amplification profiles in Saunders and Moore (2013). Polymerase chain reaction (PCR) reactions were prepared
using either Mango Taq DNA polymerase kit (Bioline,
London, UK) or the AccuStart II PCR SuperMix (Quanta
Biosciences, Inc., Gaithersburg, MD, USA) following
manufacturer’s instructions. Amplified products were
purified and sent for Sanger sequencing to Advanced
Genetics Technology Center and UK Healthcare Ge-

MATERIALS AND METHODS
Collections and vouchers
Samples were either collected from several geographic
locations or kindly provided dried in silica gel and / or
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ium. Morphological observations were made on specimens of Alsidium corallinum, B. seaforthii, and B. triquetrum and whole-mount and sectioned material was
observed by light microscope. These species are characterized by having an erect, relatively large cartilaginous thalli (Figs 3A & 4A), radially organized (Figs 3B &
5A). However, the flattened portion of B. seaforthii becomes bilaterally organized with distichously arranged
branchlets (Fig. 4B) while they have a spiral alternating
arrangement in the angular thallus of B. triquetum. The
main axes and laterals are clothed with short determinate branches in an irregular pattern in A. corallinum
(Fig. 3B) and regularly in Bryothamnion species (Fig.
4A). A conspicuous axial filament is evident in cross and
longitudinal sections of the three species and barrelshaped cells with thick cell walls made up the axial filament (Figs 3D & 5C). This filament is surrounded by six
to eight pericentral cells (Figs 3C, 4C & 5B), sometimes
up to nine in B. seaforthii. An extensive cortication can be
found throughout the thalli and in main axes and laterals, cells of outermost cortical layer are usually minute,
loosely (Fig. 3E) and irregularly arranged (Figs 4D & 5E).
Trichoblasts in these species are early decidous, strongly
incurved, usually poorly developed, with subspherical
basal and suprabasal cells tapering sharply upwards (Figs
3G & 5D). Tetrasporophytic specimens have stichidiumlike branchlets that are arranged axillary or spirally, with
one sporangium bulging in each short fertile segment
(Figs 3F, 4E & 5F).
At present six species make up the genus Alsidium.
While B. seaforthii, B. triquetrum and A. corallinum can
be objectively compared in light of the molecular and
morphological evidence, the rest remain morphologically-defined species. Provided that most species are currently comparable only in a morphological context, we
reviewed all relevant phycological literature and a summary of the differences and similarities between species of Alsidium is given in Table 1. Alsidium vagum (Zanardini) Zanardini from the Red Sea and A. notarisium
Bompard from the Mediterranean Sea, were originally
described in the mid-1800s and have only been studied
once, each probably from a single collection event. Because they were poorly described, any further morphological comparison is unfeasible and their identity remains ambiguous.
Since Dawson’s original descriptions of the pacific
species A. pusillum and A. pacificum, these have been
mentioned in several floristic accounts (Silva et al. 1987,
Tsuda et al. 2012, Tsuda and Walsh 2013, Ang et al. 2014,
Phang et al. 2016). Norris (1994) examined the holotype

nomics Center (University of Kentucky, Lexington, KY,
USA). Contigs were edited and assembled using Geneious R7 (Kearse et al. 2012).

Alignment and phylogenetic analysis
rbcL, psbA, and COI sequences were individually
aligned using CLUSTALW in MEGA 6 (Tamura et al. 2013)
under default conditions. Selection of the nucleotide
substitution models for rbcL and psbA was carried out
using MEGA 6. Independent maximum likelihood rbcL
and psbA phylogenies for the family Rhodomelaceae
were estimated in RAxML (Stamatakis 2014) under the
General Time Reversible model (GTR) + gamma (G) with
1,000 bootstrap replicates. A concatenated alignment of
the rbcL, psbA, and COI-5P was generated in Sequence
Matrix (Vaidya et al. 2011). A phylogenetic tree with the
concatenated data was built in RAxML under the GTR + G
with 1,000 bootstrap replicates. All final trees were visualized and edited using FigTree v.1.4.2 (Rambaut 2012) and
Adobe Illustrator (Adobe Systems Inc.).

RESULTS AND DISCUSSION
Phylogenetic analyses
We sampled and analyzed several specimens of the
two most common species of Bryothamnion, B. seaforthii and B. triquetrum, and included in our analyses the
type species of Alsidium, A. corallinum. The rbcL phylogeny (Fig. 1) resolved a well-supported clade containing
the two species of Bryothamnion and A. corallinum. This
clade was sister to the Digenea clade, both encompassing the tribe Alsidieae, in agreement with previous results
in Díaz-Tapia et al. (2017). In the psbA phylogeny (not
shown), there was no support for the tribe Alsidieae and
the Bryothamnion / Alsidium clade obtained low support
(0.65). Likewise, the phylogenetic tree inferred from the
concatenated matrix (Fig. 2) resolved the tribe Alsidieae
with moderate support (0.83) and the Bryothamnion
/ Alsidium clade with high support (1). However, Bryothamnion appears non-monophyletic because either B.
seaforthii (Fig. 1) or B. triquetrum (Fig. 2) clustered with
A. corallinum, which calls into question their assignment
to two different genera.

Morphological analysis
Morphological characterization of species of Alsid-
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Fig. 1. Maximum likelihood phylogenetic tree estimated from the rbcL gene. Values at nodes represent bootstrap support (not shown if node
receive <50).
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Fig. 2. Maximum likelihood phylogenetic tree of concatenated data of rbcL + psbA + COI-5P. Values at nodes represent bootstrap support (not
shown if node received <50).
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Fig. 3. Morphological features of Alsidium corallinum. (A) Habit of the thallus (dried). (B) Detail of laterals showing spirally arranged short

branchlets. (C) Cross section through main axes showing axial cell surrounded by six pericentral cells. (D) Longitudinal section through main axes
showing the axial filament composed of barrel-shaped cells. (E) Superficial view of thallus cortication. (F) Tetrasporangial shoot. (G) Trichoblasts.
Scale bars represent: A, 2 cm; B, 2 mm; C, 500 µM; D, 370 µM; E, 100 µM; F & G, 50 µM.
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Fig. 4. Morphological features of Alsidium seaforthii. (A) Habit of the thallus (dried). (B) Detail of main laterals showing distichously arranged

laterals and branchlets. (C) Cross section through main axes showing axial cell surrounded by eight pericentral cells. (D) Superficial view of thallus
cortication. (E) Tetrasporangial shoot. (F) Subterminal cystocarp. Scale bars represent: A, 2 cm; B, 2 mm; C, 500 µM; D, 100 µM; E, 150 µM; F, 300 µM.
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Fig. 5. Morphological features of Alsidium triquetrum. (A) Detail of laterals showing spirally arranged short branchlets. (B) Cross section through

main axes showing axial cell surrounded by eight pericentral cells. (C) Longitudinal section through main axes showing the axial filament
composed by barrel-shaped cells. (D) Trichoblasts. (E) Superficial view of thallus cortication. (F) Dwarf axillary shoots producing tetrasporangia
and spermatangial plates. (G) Spermatangial plate. Scale bars represent: A, 2 mm; B & C, 500 µM; D & G, 50 µM; E & F, 100 µM.
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Erect

Up to 15 cm

Thallus habit

Height

223

Extensively
corticated

1-2 mm

Regularly or
irregularly
alternate

Cortication

Main axes
(diameter)

Branching pattern (main or
primary axial
filament)

Irregularly
alternate

1-2 mm

Extensively
corticated,
usually heavily corticated
proximally

Basal crust

Anchoring
system

0.5-1 mm

Extensively
corticated

-

Terete, radially
organized

Erect /
prostrate
Up to 5 cm

Widely distributed
in the Mediterranean Sea

100-160 µM

Extensively
corticated

Ventral multicellular discs

Terete, radially
organized

Erect /
prostrate
6-10 mm

Pinnate, sparSometimes dichot- Infrequently
ingly below,
omous, unilateral, branched
subfastigiately
irregular
above

1-1.3 mm

Extensively
corticated,
usually heavily corticated
proximally

Terete, angular, Terete, radiradially orgaally organized
nized, generproximally
ally triangular becoming
in transverse
bilateral
section
Basal disc
Rhizomatous
holdfast

Up to 20 cm

Tropical and
subtropical
regions of the
Atlantic and
Pacific coasts
America,
Caribbean
islands, the
Atlantic coast
of Africa and
Sri Lanka
Erect

Thallus (terete / Terete, radially
compressed)
organized

Up to 25 cm

Erect

Widely distribut- Tropical and
ed in the Medi- subtropical
terranean Sea,
regions of the
Canary Islands, Atlantic and
and Madeira
Pacific coasts
America,
Caribbean
islands, the
Atlantic coast
of Africa

Distribution

Habitat

Alsidium
pacificum
Subtidal

Erect /
Erect
prostrate
Aprox. 3 cm
Above 11 cm
tall
Terete, radially Terete, radially
organized
organized

Terete, radially
organized

Erect /
prostrate
10-15 mm

Restricted off the Palmyra Atoll
coast of Nayarit, (Line Islands)
Mexico, near
in the Pacific
Maria MagdaOceana
lena Island (Las
Tres Marias)

Bryothamnion
pacificum
Subtidal

Basal disc / basal Basal (prosUnknown
Multicellular
crust
trate) crust
haptera
anchored
by ventral
rhizoids
Extensively
Extensively
Corticated, 2 lay- Extensively corcorticated, very corticated,
ers of medullary ticated
heavy in main
secondary
outer cells and
axes and latercortication
1 layer cortical
als
occurs proxi- cells
mally
2-3 mm
0.5 mm
2 mm
Prostrated axes
about 150-200
µM and erect
axes 100 µM
Dichotomous
Unbranched
Alternate
Indeterminate
to irregularly
or branched
branches
branched
once to a few
sparse, tending
times
to be unilateral

Terete, radially
organized

Up to 25 cm

Erect

Digenea
Digenea
simplex
cymatophila
Common in
Adapted to
exposed or
strong surf
sheltered areas
habitat and
of the intertidal, some subalso subtidal,
tidal
caespitose
forming dense
turfs
Isla Santa Cruz, Widely distribHawaiian
Galápagos
uted in tropiislandsb
a
Islands
cal and warm
temperate
coastal regions
and islands in
Atlantic, Pacific,
Indian Oceans
and Mediterranean Sea

Alsidium
Alsidium
Alsidium
Alsidium helminAlsidium
corallinum
triquetrum
seaforthii
thochorton
pusillum
Semi-exposed
Intertidal on
Intertidal on
Intertidal in shelIntertidal turf
parts of the
rock outcrops, rock outcrops,
tered areas,
upper sublittoin sheltered
or subtidal
entangled with
ral
and somewhat
other species and
exposed areas
caespitose, formor subtidal
ing sandbinding
turfs

Table 1. Morphological comparison among species of Alsidium, Digenea simplex, D. cymatophila, and Bryothamnion pacificum
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Replacing whole Replacing
Replacing whole Replacing whole
Unknown
trichoblasts,
whole trichotrichoblasts, in trichoblast, small
sometimes with blast, in
axillary shoots
ovate, foliose with
sterile tips
axillary shoots at branchlets,
a 1-3 sterile cells
at branchlets,
ovate, foliose,
monosiphonous
ovate, lobed,
with sterile
filament that
sac-like withmarginal cells
persist on the top
out sterile cell
and a crenulated
margin
narrow sterile
margin
Globose to
Ovate, often ap- Globose, often
Ovate, sessile,
Unknown
urceolate, latpearing to ter- appearing
lateral on ultimate
eral on ultimate minate short
to terminate
branchlets
branchlets
branchlets,
short branchsubterminal
lets subterminal

Male capitula

Unknown

Ovate, terminal
or lateral on
branchlets.

Urceolate, on Unknown
the second
segment of
short lateral
branches;
only one
cystocarp occurs on each
fertile branch

Digenea
Digenea
Bryothamnion
simplex
cymatophila
pacificum
Spirally arranged, Spirally
Spirally arranged
significantly
arranged, in
becoming
crowed in mid
distal regions corticated at
and upper por- of erect axes
the base, with
tions, with 6-8
4-10 alternately
pericentral cells
placed acute
and a thin layer
uncorticated
of cortical cells
branchlets,
simple or bearing 1-4 subsidiary branchlets
6, 8, non10, 12, discern- 7
discernible at
ible at older
older portions
portions
In a 1/3 spiral,
Frequent, usu- present on
ally large with
every segmany alterment, soon
nate pinnate
deciduous,
branches
prominently
developed and
markedly inwardly curved
Formed in the
Formed in the Unknown
upper thick
distal parts of
fertile segments erect branchbranchlets,
es and also
assuming a
from short
clavate appear- determinate
ance
laterals in
distal regions
of erect axes
Replacing whole Replacing
Unknown
trichoblast, in
whole trichodistal region of
blast, occur
branchlets; flat, in clusters
oval, probably
on the distal
with sterile
ends of
margins
upright axes,
flat, ovoid,
plate-like
Unknown

Unknown

Unknown

In a 1/4 spiral,
present on
every second
segment, often
prominently
developed,
early deciduous

7

-

Alsidium
pacificum

References: Ardissone (1883), Hauck (1885), Schmitz and Falkenberg (1897), Falkenberg (1901), De Toni (1903), Schiffner (1916), Børgensen (1920), Taylor (1945), Kylin (1956), Dawson (1959, 1963),
Barcelo and Seoane-Camba (1989), Dreckmann and Santíes (1994), Norris (1994), Athanasiadis (2016), Schneider et al. (2018).
a
Reported for Luzon, Cavite (Philippines) by Vannajan and Trono (1978) as A. pusillum prox. (species proxima).
b
Reported by Gomez et al. (2013) as a subtidal species in Aragua and Vargas (Venezuela).

Cystocarp

Formed in slight- Distinct axillary Distinct axillary Formed in the
ly thickened
shoots on
shoots on
upper fertile
upper parts of
ultimate
ultimate
segments of
the branchlets,
adventitious
adventitious
branchlets, in
single or clusbranchlets,
branchlets,
large numbers in
tered
singly or
singly or some- consecutive segsometimes
times clustered ments
clustered

In a 1/2 diverIn a 1/4 spiral diInfrequent and
gence, present
vergence, present short
on every secon every segment
ond segment,
but soon decidupoorly develous, small and
oped, incipimarkedly inwardent, but soon
ly curved
deciduous

5

Tetrasporangia

In a 1/3 spiral,
present on
every second
segment,
poorly developed, incipient, but soon
deciduous

7, 8

Spirally, present
on every segment but soon
deciduous

8, 9

Trichoblasts

7, 9

6, 8

Alsidium
pusillum

No. of pericentral cells

Branchlets

Alsidium
Alsidium
Alsidium
Alsidium helmincorallinum
triquetrum
seaforthii
thochorton
Spirally arranged, Three rows spi- Distichously
sparse, irregular, rally twisted,
arranged,
with 7 pericenin spiral
marginal or
tral cells and a
succession
sometimes in
layer of cortical
in the axils of
3-4 rows, from
cells
trichoblasts,
1 to 4 forked,
at most once
applied to
forked
every other
segment

Table 1. Continued
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of A. pacificum and considered it cons-specific with A.
pusillum pointing out that A. pacificum resembled his
newly described species Alsidium cymatophilum R. E.
Norris (now Digenea cymatophila) but it was ultimately
different because of the lack of an encrusting base and
the number of pericentral cells which are fewer in A.
pacificum. The morphological resemblance of these species with D. cymatophila cast doubts on their current
taxonomic placement as members of the genus Alsidium
(Table 1).

coid bodies of oblique reniform shape confirming Kützing’s illustrations. Falkenberg (1901) also found analog
flat antheridia in B. seaforthii. The formation of male capitula in Digenea simplex is similar to the formation in
B. seaforthii. Børgesen (1920) described the process of
spermatangial platesformation as follows: two cells are
cut off alternately at both sides of the apical cell, these
cells produce segments that remain together increasing
gradually in length while dividing into smaller cells until
the flat bodies are formed. We found also plates in Bryothamnion triquetrum. In our observations, aggregations
of small axillary dwarf shoots produce at the same time
tetrasporangia and spermatangial plates (Fig. 5F). Plates
develop from the whole trichoblasts and they are discoid
to slightly lobed, sometimes sac-like, with an inner network with no apparent row of sterile marginal cells and
a thick outer membrane. Reproductive structures pairing in the Rhodomelaceae has been reported in several
species, such as Chondria baileyana (Montagne) Harvey
(Edelstein et al. 1974), Laurencia pinnatifida (Hernández-González and Gil-Rodríguez 1994) and many others from the tribes Streblocladieae and Polysiphonieae
(Aguilar-Rosas and Aguilar-Rosas 1984, 2010, Cheung et
al. 1984, Aguilar-Rosas et al. 2006, Díaz-Tapia and Bárbara 2013).
Spermatalgial plates of A. helminthochorton (Schwendimann) Kützing were compared to spermatangial plates
of Chondria tenuissima (Withering) C. Agardh by Schiffner (1916). In Alsidium, the spermatangial plates are
small egg-shaped leaflets with a 1-3 sterile cells monosiphonous filament that persist on the top of the flatten
structures and a crenulated and narrow sterile margin.
Through the bilateral layer of spermatia, in Alsidium, the
network branches in a regular alternate fashion, while
Chondria, the network is regularly dichotomous. The
spermatangial plates of the latter are more rounded in
outline, with a non-crenulated 2-3-cell wide sterile margin.
Tetrasporangial branches: In Agardh’s definition of the
tribe Alsideae, genera were separated by the morphological variation of tetrasporangia. In Alsidium and Digenea,
tetrasporangia were described as being produced in
simple branches, one per segment, spirally twisted, while
Bryothamnion was characterized by having sporangia in
axillary positioned stichidia. Kylin (1956) considered that
in Bryothamnion, the sporangia were not produced in
stichidia but in upper, thickened short segments. Falkenberg (1901) described Digenea as having vegetative segments about as high as wide while the fertile segments
reached only one-fifth of this width. Thus, the length

Comparison of the genera Alsidium and Digenea.
Vegetative structure: Alsidium and Digenea are for
the most part represented by coarse cartilaginous species that reach several centimeters high. Species are extensively corticated and frequently clothed with short
determinate laterals. However, when internal structure is
compared between the two genera, differences are evident. In Alsidium (including Bryothamnion), the axial filament is clearly evident and pericentral cells (from 6 to 9)
are surrounded by 2-3 layers of large medullary cells that
transition into few outermost layers of small and highly
pigmented cortical cells. In contrast, in the main axes
and indeterminate laterals of species of Digenea (with
the exception of D. cymatophila) the axial filament is only
evident right off below the apical region while remains
indiscernible along the rest of the thallus. Likewise, an
apical cell is not evident in longitudinal view. Several cortical layers of isodiametric cells of similar size build up
the thick axes in Digenea and most species become heavily corticated throughout. The branchlets (short determinate laterals) in Digenea sharply differentiate from the
main axes and are corticated by a thin layer of pigmented
cells that causes the polysiphonous construction to be
discernible. In contrast, determinate branches in Alsidium clearly taper sharply upwards, frequently becoming
uncorticated distally. Shedding of determinate laterals is
a frequently observed phenomenon. Branchlets are early
deciduous in Digenea while more or less strong but also
deciduous in Alsidium (Schmitz and Falkenberg 1897,
Falkenberg 1901). This shedding could be related to seasonal changes (Barcelo and Seoane-Camba 1989, Cecere
et al. 2002) and hervibory, being particularly evident in
species of Digenea (Vidal Marques et al. 2006, Schneider
et al. 2018).
Reproduction: Male capitulum: The discoid to reniform spermatangial plates is the main unifying character of the tribe Alsidieae (Fig. 5G). Flat plate-like male
capitula were illustrated by Kützing (1865) for Digenea
simplex and described later by Børgesen (1920) as dis-
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of fertile segments in Digenea is evidently reduced and
some authors have described the production of sporangia in stichidia for Digenea simplex from Mexico (Dreckmann and Sentiés 1994) and Digenea cymatophila from
Hawaii (Norris 1994). However, a stichidium in the strict
sense is a tetrasporangial branch in which the sporangia
are produced in whorls from the pericentral cells, like
the ones occurring on ordinary branches in Bostrychia
and the ones produced on trichoblasts in some genera
of the Lophothalieae (Hommersand 1963). Agardh (1892)
mentioned that Alsidium and Digenea had “stichidiis siliquaeformibus”. The siliquose stichidia term is more likely
referring to a very long sporangial branch, since sporangia are sometimes produced in several consecutive segments and these segments are very thickened and short.
In Alsidium and Digenea, tetrasporangia are arranged in
spirally twisted longitudinal rows, individually in very
short fertile segments that distort and swell. However, in
Bryothamnion seaforthii and B. triquetrum, fertile dwarf
branches that resemble stichidia produce sporangia.
These branches are axillary positioned and can be found
single or clustered (Figs 4E & 5F).
The production of kainoids: In addition to spermatangial plates, Digenea and Alsidium from the Alsidieae seem to share a chemical trait with members of the
Chondrieae. Naturally derived amino acids of the kainoid type have been known to occur for several decades
in some members of both tribes. Norris (1994) suggested
that Alsidium and the tribe Chondrieae were phylogenetically related not only by the presence of spermatangial
plates, but also by the production of domoic acid (DOM).
DOM is an excitatory amino acid that exerts a neurotoxic
effect (Jiang et al. 2014). It was originally isolated from
Chondria armata (Takemoto and Daigo 1958) and later
from Alsidium corallinum (Impellizzeri et al. 1975) and
C. baileyana (Novaczek et al. 1987). Interestingly, DOM
is a structural analog of kainic acid (Ramsdell and Zabka
2008), which has been isolated from Digenea simplex
(Murakami et al. 1953) and Alsidium helminthocorton
(Calaf et al. 1989). The latter species has been used for
more than a thousand years in some parts of Asia as an
anthelmintic due to the presence of this acid (Nitta et
al. 1958), which produces a similar neurotoxic effect to
DOM (Doucette et al. 2000).
Diagnosis of the genus Alsidium. The evidence provided by phylogenetic and morphological analyses in
this study does not warrant the taxonomic recognition
of the genus Bryothamnion and consequently we reallocate B. seaforthii and B. triquetrum under the generic
name Alsidium C. Agardh following the Principle of Pri-
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ority. The merging of Bryothamnion into Alsidium calls
for a new morphological interpretation of the genus and
an updated morphological diagnosis of Alsidium is provided as follows:
Alsidium C. Agardh, 1827
Diagnosis: fleshy to cartilaginous erect, radially organized thalli, terete or compressed, sometimes becoming
bilateral, fixed to the substrata by a basal crust or rhizomatous holdfast. Branching is exogenous, but endogenous
laterals may occur. Thalli are frequently clothed with
short determinate laterals, usually simple or branched
once. Trichoblasts are typically small and early deciduous. Polysiphonous axis with 6 to 9 pericentral cells, cortication present throughout the thallus. Apical cell protruding. Tetrasporangia are produced 1 per segments of
fertile branchlets that originate spirally or axillary. Procarps are produced on the second segment of trichoblast.
Male capitulum replaces the whole trichoblast and spermatia are produced in discoid to sac-like flat plates with
or without sterile margins.
Type species: Alsidium corallinum C. Agardh
New species combinations:
Alsidium seaforthii (Turner) Garcia-Soto & LopezBautista.
Basionym: Fucus seaforthii Turner.
Taxonomic synomyn: Bryothamnion seaforthii
(Turner) Kutzing.
Alsidium triquetrum (S. G. Gmelin) Garcia-Soto &
Lopez-Bautista.
Basionym: Fucus triqueter S. G. Gmelin.
Taxonomic synonym: Bryothamnion triquetrum
(S. G. Gmelin) M. Howe 1915.

CONCLUSION
In this study, phylogenetic analyses have provided
evidence that the genus Bryothamnion is non-monophyletic. Two species of Bryothamnion, B. seaforthii (generitype) and B. triquetrum, are reallocated to the genus
Alsidium. Successful genomic DNA extractions were
limited to these two species while material of the third
species of the genus, B. pacificum, failed to yield amplifiable DNA, possibly due to age-related DNA degradation. B. pacificum was described by Taylor (1945) based
on sterile collections from Pacific Mexico and the striking structural resemblance with B. triquetrum. Since its
original publication, B. pacificum remains poorly known
and future studies may indicate that these two species
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are conspecific.
Most species of Alsidium have not been studied since
they were originally described and many of the earlydescribed species are insufficiently characterized with
regard to present-day requirements in species taxonomy.
Consequently, many of them remain without nomenclatural verification, pointing to the possibility that some
are more likely to be taxonomic synonyms with known
widely distributed species while others may not even belong to the genus Alsidium. In light of this uncertainty,
the challenge still remains to properly assess the taxonomic placement of these species and their phylogenetic
relationships to other taxa in the Rhodomelaceae using
molecular techniques.
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