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Two novel species of Yonagunia
(Halymeniales, Rhodophyta) were uncovered in the South
of Madagascar during the Atimo-Vatae Expedition
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Abstract — Yonagunia, a genus of the red algal order Halymeniales, has never been recorded
in the Western Indian Ocean. In this study, we used molecular assisted alpha taxonomy to
assess the diversity of the marine algal flora of southern Madagascar. A combination of
COI-5P and rbcL sequences, used as a DNA-barcode and phylogenetic marker respectively,
revealed two species of Yonagunia from the Toliara region in the South of Madagascar. One
species, is described a species new to science, Yonagunia atimo-vatae sp. nov. Sequences of
the other species, matched of Polyopes ligulata, but it was resolved within the genus
Yonagunia rather than Polyopes. Hence, a new combination Yonagunia ligulata comb. nov.
is established.

Yonagunia / Madagascar / Atimo Vatae / Rhodophyta / Halymeniales / COI / rbcL /
phylogeny / morphology / integrative systematics / reproduction

INTRODUCTION

The genus Yonagunia Kawaguchi & Masuda (in Kawaguchi et al., 2004)
was described a decade ago to accommodate the generitype, Y. tenuifolia
Kawaguchi et Masuda, and Y. formosana (Okamura) Kawaguchi er Masuda. The
latter was initially described as a species of the genus Carpopeltis. Diagnostic
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characters of Yonagunia included the unique auxiliary cell ampulla morphology as
well as the results of phylogenetic analyses of halymeniacean species inferred
from the chloroplast rbcL. gene. More recently a third species was added to
Yonagunia with the transfer of Gelidium zollingeri by G.H. Boo and co-authors
(2013). Boo and colleagues based their decision on both the examination of the
type specimen of G. zollingeri and the study of freshly collected specimens, in
combination with COI and rbcL molecular data.

In the course of the Atimo Vatae expedition, which means “Deep South”
in the regional Antandroy language, a comprehensive sampling was made of the
marine benthic algal flora in southern Madagascar. The expedition, named “Our
Planet Reviewed”, was a joint initiative of an academic institution — Muséum
National d’Histoire Naturelle (MNHN) — and an NGO - Pro-Natura International
(PNI) — aimed at documenting, sampling and describing the novel components of
biodiversity in key ecosystems of the world. In the spring 2010, the Muséum
National d’Histoire Naturelle (MNHN, Paris), the Institut d’Halieutique et des
Sciences Marines, University of Toliara (IH.SM), and the Wildlife Conservation
Society (WCS) Madagascar Programme united their efforts to explore the coastal
marine fauna and flora from Androka to Fort Dauphin, a cold water region where
the algal flora is luxuriant and where endemism is supposedly high. The aim of the
present paper is to describe and assess the phylogenetic relationships of the
specimens of Yonagunia collected in the framework of the Atimo Vatae expedition.

MATERIAL AND METHODS

During the Atimo Vatae Expedition, specimens of Yonagunia were
collected in 15 localities of southern Madagascar between April and June 2010
(Table 1). A total of 18 herbarium sheets including one to seven individuals
(35 individuals in total) were mounted as voucher specimen. For subsequent
molecular analysis, a piece of tissue was subsampled from a selected individual
marked by an arrow and the mention “DNA” on the herbarium sheet.
Anatomical observations were performed on hand sections from plants at
different degrees of development and at different habit levels (basal, middle, and
subapical) and stained with a 1% aniline blue solution. Microphotographs were
obtained using a Diaplan Leica microscope equipped with a Leica DFC
500 camera (Leica Microsystems, Italy). Voucher specimens are housed in the
herbarium (PC, Thiers, [continously updated]) of the Muséum National d’Histoire
Naturelle (MNHN), Paris, France.

DNA was extracted using the DNeasy Plant Mini Kit (QIAGEN, Hilden,
Germany), according to the manufacturer’s instructions except for the extraction
buffer, which was prepared in the lab as follows: 1M Tris-base, 1M Tris-HCI, 0. OSM
Na2EDTA 0.2M NaC(l, 2.5M potassium acetate, 10% Tween 20 and 0.2 mg- mi!
Proteinase K (Saunders 1993). A total of 18 specimens were used for genomic
DNA extraction. From each specimen, the COI-5P region was amplified using the
forward primers GazF1 (Saunders, 2005) and GWSFn (Le Gall & Saunders, 2010)
variously combined with the reverse primers GazR1 (Saunders, 2005) and GWSRx
(Saunders, 2009). rbcL was amplified for both species uncovered in this
study in one-to-three fragments, covering a total of 1365-1528 bp, using the
following combinations of primers: FrbcLstart/R753, F577/R1381, and F993/RrbcS
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start (Freshwater et al., 1995). Purification and sequencing reactions were performed
by Genoscope (www.genoscope.fr, Evry, France). Forward and reverse
electropherograms were edited and assembled with Codoncode (Dedham,
Massachusetts, USA) and multiple sequence alignments were constructed for each
marker using SeaView (Gouy et al, 2010). For the COI dataset, species were
determined by distance analyses using the neighbour-joining algorithm in SeaView.
Similarly, distance analyses were performed for the rbcL dataset. Phylogenetic
analyses were conducted on a larger rbcL alignment, which included selected
sequences from the Halymeniaceae that were downloaded from Genbank (Benson et
al., 2013). Phylogenetic analyses were conducted by Bayesian inference using
MrBayes version 3.2.1 (MPI versions for Unix clusters; Ronquist & Huelsenbeck,
2003; Altekar et al., 2004), RAXML (on line version, http://embnet.vital-it.ch/raxml-
bb/; Stamatakis et al., 2008), and PhyML 3.0 (on line version, http://atgc.lirmm.fr/
phyml; Guindon & Gascuel, 2003). For Bayesian inference, the dataset was
partitioned by codon position. The covarion-like model (Huelsenbeck, 2002) was
combined with the GTR+G model of sequence evolution unlinking parameters
among partitions (shape, statefreq, revmat, switchrates) and setting the prior for the
site specific rates as “variable”. Each analyses consisted of two parallel runs, each run
using four Monte Carlo Markov Chains, one cold and three incrementally heated
(temp = 0.10). A single run consisted of 5 million generations that were sampled
every 1000 th tree. After completion of the two runs, likelihood values were plotted
against the number of generations to evaluate when MCMC chains reached stability,
in order to set an appropriate burn-in value for each analysis. Only trees saved during
the stationary phase were used to reconstruct a majority rule consensus tree and to
calculate the distribution of posterior probability. Maximum Likelihood (ML)
analyses were performed with bootstrap resampling to estimate robustness of the
internal nodes (Felsenstein, 1985), based on 1000 replicates in PhyML, with a
GTR+G+I substitution model (with all parameters estimated during the search),
starting from ten random BIONIJ trees (Gascuel, 1997) with subtree pruning and
regrafting (SPR) as the branch-swapping algorithm. ML analyses were also
performed with bootstrap resampling based on 100 replicates in RAXxML, with a
GTR+G+I substitution model partitioned by codon position.

In all phylogenetic analyses, unrooted trees were constructed, and the
root was subsequently designated based on previous knowledge of the
Halymeniales.

RESULTS

Molecular systematics

Following a DN A-barcoding approach, COI-5P was sequenced for each
of the 18 subsamples of Yonagunia taken for molecular analyses. The COI cluster
analysis (Fig. 1) of these sequences revealed the presence of two distinct groups
which are both distinct to Yonagunia zollingeri, the only species of Yonagunia for
which a COI-5P sequence is available. The two clusters displayed a divergence of
6.5%.

The rbcL cluster analysis (Fig.2) included all known species of
Yonagunia and confirmed that the two clusters from Madagascar were
significantly divergent (2.3-5.1%) from the three currently recognised species and
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JX627441 Yonagunia zollingeri CNU023564
JX627440 Yonagunia zollingeri CNU023563

JX627439 Yonagunia zollingeri CNU023562

JX627438 Yonagunia zollingeri CNU023561

MAD2233 Yonagunia atimo-vatae

MAD1167 Yonagunia atimo-vatae

MADO0096 Yonagunia atimo-vatae

MADOQ756 Yonagunia atimo-vatae

MAD1372 Yonagunia atimo-vatae
MADO0193 Yonagunia ligulata
MAD2328 Yonagunia ligulata
MAD2334 Yonagunia ligulata
MADO0484 Yonagunia ligulata

MADOOO09 Yonagunia ligulata

MADO0483 Yonagunia ligulata

MADO0427 Yonagunia ligulata
MADO0361 Yonagunia ligulata
MADO0214 Yonagunia ligulata
MAD1388 Yonagunia ligulata
MADO211 Yonagunia ligulata

MADO0196 Yonagunia ligulata

MADO670 Yonagunia ligulata

0.005

Fig. 1. Neighbor-joining tree inferred from the COI-5P dataset.

between themselves (3.8-4.1%). The cluster including specimens MAD0096 and
MAD1372 diverged of 2.3-2.4% from Yonagunia zollingeri, 3.68-3.76% from
Yonagunia formosana, 3.6-3.9% from Yonagunia tenuifolia. The specimen
MADI1388 clustered together with specimens of Polyopes ligulatus, HEC11712
(from Sri Lanka, type locality) and HEC15198 (from Madagascar), diverging only
0.0-0.1% each other. This cluster diverged of 2.4-2.5% from Y. formosana,
3.7-3.9% from Y. tenuifolia, 4.9-5.1% from Y. zollingeri.
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JX627437 Yonagunia zollingeri CNU023564
JX627436 Yonagunia zollingeri CNU023563

JX627435 Yonagunia zollingeri CNU023562

JX627434 Yonagunia zollingeri CNU023561
l— MADO0096 Yonagunia atimo-vatae
MAD1372 Yonagunia atimo-vatae

I:\B1 16241 Yonagunia formosana SAP093386

AB116242 Yonagunia formosana SAP088640

IAB1 16240 Yonagunia formosana SAP093388

I HEC11712 Yonagunia ligulata

|— HEC15198 Yonagunia ligulata
M

AD1388 Yonagunia ligulata

» AB116250 Yonagunia tenuifolia SAP088648

AB116243 Yonagunia tenuifolia SAP088641

AB116248 Yonagunia tenuifolia SAP093370

AB116246 Yonagunia tenuifolia SAP088646

==1 AB116244 Yonagunia tenuifolia SAP088642
_IAB1 22016 Yonagunia tenuifolia SAP096624
AB116249 Yonagunia tenuifolia SAP088644

AB116247 Yonagunia tenuifolia SAP088649

AB116245 Yonagunia tenuifolia SAP088645

0.005

Fig. 2. Neighbor-joining tree inferred from the rbcL dataset.

Phylogenetic analyses, inferred from the rbcL gene, were performed to
assess the relationships of the Malagasy taxa with the three previously described
species of Yonagunia (Fig. 3). One of the species strongly allied with Y. formosana
(1/98%/99% Bayesian posterior probability/PhyML/RAXML bootstrap proportion
values), whereas the second species joined Y. zollingeri with a slightly lower support
(0.84/86% Bayesian posterior probability/PhyML bootstrap proportion values).

The genus Yonagunia consisted of a fully supported lineage among
halymeniacean taxa in all analyses.
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HQ317500 Grateloupia dalianensis
AB055484 Grateloupia asiatica
AY772037 Prionitis lanceolata
ABO061391 Prionitis patens
AB061398 Prionitis schmitziana

0.79/55/.E JX475042 Pachymeniopsis lanceolata

0.99/72/77!

0.96/90, AB061380 Grateloupia angusta
007 ABO061385 Grateloupia chiangii
b AY 294400 Carpopeltis maillardii
0.99/92/96p= AB055475 Grateloupia turuturu
1799 AB114212 Grateloupia subpectinata

EU292743 Grateloupia taiwanensis
GU598120 Grateloupia violacea
l:AY772035 Phyllymenia belangeri

JX070626 Grateloupia proteus
AM422894 Grateloupia lanceola
AY772032 Prionitis nodifera
AF488816 Grateloupia stipitata

1/98/99 y= AB116241 Yonagunia formosana
0.95/95/96 MAD1388 Yonagunia ligulata

AB116248 Yonagunia tenuifolia
JX627437 Yonagunia zollingeri
0.84/86/- MADO0096 Yonagunia atimo-vatae
0.57/-- JX070629 Grateloupia filicina

AB038616 Grateloupia catenata
HQ324239 Grateloupia yangjiangensis
EU292744 Grateloupia orientalis
AB038608 Grateloupia carnosa
AY 178761 Grateloupia huertana
AF488826 Ramirezia osornoensis
AY435171 Dermocorynus montagnei
0.76/69/ FN908154 Gelinaria ulvoidea
FN908149 Epiphloea bullosa
KJ594956 Halymenia floresii
FN908160 Codiophyllum natalense
FN908162 Spongophoea tissotii
KJ594953 Cryptonemia lomation
FN908164 Carpopeltis phyllophora

FN908152 Thamnoclonium dichotomum

KJ594955 Corynomorpha prismatica

0.72/52/-

0.55/-/-

59/64/59

0.75/73/77:
0.95

1/85/78 =
1/91/95 ~J

0.83/82/65 \

0.99/68/58

1/87/74

0.66/--~J

1/90/96

: AB084535 Polyopes constrictus
GU252166 Glaphyrosiphon intestinalis
1/100/100 AF385640 Pachymenia carnosa

EU497914 Aeodes nitidissima
AY294386 Tsengia lanceolata

0.2

3

Fig. 3. Bayesian phylogram inferred from the rbcL dataset. Supports at nodes indicate Bayesian
posterior probabilities and bootstrap values inferred from ML analyses by PhyML and RAXML
respectively.

Both DNA barcode COI-5P data and rbcL phylogenies suggested that
the two Malagasy Yonagunia deserved to be recognised as novel species.

Anato morphological observations and taxonomic conclusions
Yonagunia atimo-vatae Manghisi, M. Morabito, G.H. Boo, S.M. Boo & Le Gall
sp. nov.

Diagnosis: Thallus epilithic, with usually a single blade arising from a discoid
holdfast; blades cartilaginous, purplish red to dark red, 3-5 cm tall, subcostate,
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complanate, 1-2 mm wide, 160-270 pm thick in the center, the basal (from 5 to
15 mm) region compressed; blades alternate to pseudo-dichotomously branched
3-4 times, rarely with a few proliferations on the surfaces; medulla occupying about
three fifth of the blade thickness; cortex up to 10 cells thick, the inner layer
consisting of 5-6, large, polygonal or stellate cells and the outer layer consisting of
3-4, small, rounded to ellipsoidal cells. Sexual reproduction not observed.
Tetrasporangia cruciately or decussately divided, narrowly ellipsoidal, 10-15 ym in
diameter and 35-55 pum long.

Holotype: specimen B on herbarium sheet PC0166063 (MADO0096), tetrasporic
(Fig. 5), collected at Pointe d’Itaperina (Madagascar) on 28 April 2010 by
F. Rousseau, R. Anderson, J. Tsarahevitra, P. Laboute and A. Barrere.

Isotype: specimen A on herbarium sheet PC0166063 (MADO0096), tetrasporic.

Paratypes: PC0142960 (MAD?2233, tetrasporic), PC0166723 (MADO0756),
PC0171407 (MAD1167, tetrasporic), PC0171623 (MAD1372).

Etymology: from the name of the expedition Atimo Vatae, that means ‘Deep
South’ in the regional Antandroy language.

Habit: Each plant (Figs 4, 5) consists of a small discoid holdfast (1-2 mm in
diameter) that usually supports a single erect blades 3-5 cm in length. The erect
blades are cartilaginous, purplish red to dark red, subcostate at the base (Fig. 6)
and gradually become flattened. Blades have a compressed basal portion from 5 to
15 mm in length and gradually become complanate, 1-2 mm wide and 160-270 um
thick in the centre. They are alternately branched 3-4 times, ending in blunt,
bifurcate (pseudo-dichotomous) apices. Rare proliferations (to 3 mm in length)
are present on the surfaces and margins of blades (Fig. 7).

Vegetative morphology: The erect blades have multiaxial structure (Fig. 8) and are
internally composed of a compactly constructed anticlinal cortex and a dense
filamentous medulla (Fig. 9). In Superficial view cortical cells appear singles or in
pairs (Fig. 10). The cortex (Figs 9, 11, 12) is 50-65 pym thick and consists of three to
four outer layers of small rounded to ellipsoidal cells (3-5 pm wide by 4-6 um long)
and five to six inner layers of larger polygonal or stellate cells (6-8 um wide by
6-12 pm long) that are interconnected by secondary pit-connections (Fig. 12). The
medulla occupies about three fifth of the blade thickness (Fig. 9). The medullary
filaments are 3-10 um in diameter and mainly periclinally directed (Fig. 13).

Reproductive morphology: Tetrasporangia are irregularly aggregated in the
highest/ultimate order segments (Fig. 14). The segments bearing tetrasporangia
are usually swollen (Fig. 15). Tetrasporangial initials are cut off from the cortical
cells four or five layers proximal to the thallus surface (Fig. 16) and are cruciately
or decussately divided (Figs 16-18), mature tetrasporangia being narrowly
ellipsoidal and measuring 10-15 um in diameter by 35-55 pm long. Female and
male plants were not found in our collection.

Yonagunia ligulata (Harvey ex Kiitzing) Manghisi, M. Morabito, De Clerck
& Le Gall comb. nov.

Gymnogongrus ligulatus Harvey ex Kiitzing 1869: 23-24, pl. 63: figs. a,b. Type: in
Sonder Herbarium (Kiitzing, 1869: 23). Isosyntypes: in W.H. Harvey’s Algae of
Ceylon (1857), exsiccate n. 50 (De Toni 1905: 1596). Type locality: Sri Lanka
(Kiitzing, 1869: 23; De Toni, 1905: 1596; Silva et al., 1996: 203).
Cryptonemia ligulata (Harvey ex Kiitzing) J. Agardh 1876: 162

Polyopes ligulatus (Harvey ex Kiitzing) De Toni 1905: 1596
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; s . <ol
Figs. 4-7. Habit of Yonagunia atimo-vatae Manghisi, M. Morabito, G.H. Boo, S.M. Boo & Le Gall
sp. nov. 4. Morphology of a sterile specimen from voucher MAD0756/PC0166723. 5. Morphology
of the holotype, tetrasporic, specimen B from voucher MAD0096/PC0166063. 6. Detail of the
subcostate blade (voucher MADO0756/PC0166723). 7. Detail of a small proliferation on the blade
surface (voucher MAD2233/PC0142960).

Studied material: PC0143055 (MAD2328), PC0143061 (MAD2334, tetrasporic),
PC0165976 (MADO0009, tetrasporic), PC0166160 (MADO0193, tetrasporic),
PC0166163 (MADO196), PC0166178 (MADO211, tetrasporic), PC0166181
(MADO0214), PC0166328 (MADO0361), PC0166394 (MADO0427, tetrasporic),
PC0166450 (MADO0483, tetrasporic), PC0166451 (MADO0484, tetrasporic),
PC0166637 (MADO0670, tetrasporic), PC0171639 (MAD1388, tetrasporic).
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Figs. 8-13. Morphology of Yonagunia atimo-vatae Manghisi, M. Morabito, G.H. Boo, S.M. Boo &
Le Gall sp. nov. 8. Longitudinal section of an apex, showing multiaxial structure (voucher
MAD1167/PC0171407). 9. Cross section showing cortex and medulla (voucher MAD1167/
PC0171407). 10. Superficial view of the cortical cells, singles or in pairs (voucher MAD2233/
PC0142960). 11. Longitudinal section showing a detail of the composition of cortical layers of
cells (voucher MAD1167/PC0171407). 12. Cross section showing a detail of the cortex, with
secondary pit connections between adjacent cortical cells (arrowheads) (voucher MAD1167/
PC0171407). 13. Longitudinal section showing a detail of the filamentous medulla (voucher
MAD1167/PC0171407).

Habit: Thalli (Figs 19-22) are attached to the substratum with a discoid holdfast
(1-2 mm in diameter) from which up to 8-10 erect blades issue, the blades being
terete and 0.5 mm in diameter for 2-3 mm basally and then gradually becoming
compressed to uniformly flattened and 2-3mm wide and 430-570 um thick. They
reach 4-20 cm in length at maturity and are cartilaginous and dark red (rarely
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Figs. 14-18. Tetrasporangia of Yonagunia atimo-vatae Manghisi, M. Morabito, G.H. Boo, S.M. Boo
& Le Gall sp. nov. 14. Detail of a blade with various swollen ultimate order segments with
tetrasporangia (voucher MADO0096/PC0166063). 15. Detail of a swollen ultimate order segment
with tetrasporangia (voucher MADO0096/PC0166063). 16. Detail of two terasporangia immersed in
the cortex (voucher MADO0096/PC0166063). 17. A cruciately divided tetrasporangium (voucher
MADO0096/PC0166063). 18. A decussately divided tetrasporangium (voucher MADO0096/
PC0166063).

brownish red) in colour. Branching is 5-7 times dichotomous or subdichotomous
with wide axils (from acute to almost square angle), the linear segments slightly
constricted at irregular intervals and ultimately ending in blunt or bifurcate apices.
In most plants, numerous proliferations from 1 to 15 mm in length are formed at
the margins (rarely on the surfaces) (Figs 19-21).

Vegetative morphology: The blades internally have multiaxial structure (Fig.23)
and consist of a compact anticlinal cortex and a dense filamentous medulla
(Fig. 24). In superficial view cortical cells appear singles or in pairs (Fig. 25). The
cortex is 120-160 pm thick, consisting of four to five outer layers of small ellipsoidal
to rounded cells (2-4 pym wide by 5-7 pm long) and five or six inner layers of larger
polygonal cells (5-16 um wide by 7-20 um long) (Figs 24, 26, 27) that are connected
with one another by secondary pit-connections (Fig. 27). The medulla occupies
three fifths to seven tenths of the blade thickness, is 220-400 pum thick, and consists
of intermeshed filaments 4-13 um in diameter that run mainly in a longitudinal
direction (Figs 24, 28).

Reproductive morphology: Tetrasporangia are irregularly aggregated in the
proliferations or the highest/ultimate order segments (Fig. 29). The segments are
usually slightly swollen (Fig. 30). Tetrasporangial initials are produced from the
fifth or sixth cortical cells proximal to the thallus surface (Figs 31-32); mature
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Figs. 19-22. Habit of Yonagunia ligulata (Harvey ex Kiitzing) Manghisi, M. Morabito, De Clerck
& Le Gall comb. nov. 19-21. Morphology of three tetrasporic specimens (vouchers MAD0009/
PC0165976, MADO0193/PC0166160, MADO0484/PC0166451, respectively). 22. Morphology of a
sterile specimen (voucher MAD0196/PC0166163).

tetrasporangia are narrowly ellipsoidal, cruciate or decussate, 9-12 in diameter and
38-56 um long (Figs 31-32). Female and male plants were not found in our
material.

DISCUSSION

The genus Yonagunia Kawaguchi & Masuda was first established to
accommodate Y. tenuifolia and Y. formosana (Kawaguchi et al., 2004), and now
also contains the recently described Y. zollingeri (Sonder) G.H. Boo, J.K. Park,
G.S. Gerung & S.M. Boo (2013) and finally the two species herein described
Y. atimo-vatae Manghisi, M. Morabito, G.H. Boo, S.M. Boo & Le Gall sp. nov.
and Y. ligulata (Harvey ex Kiitzing) Manghisi, M. Morabito, De Clerck & Le Gall
comb. nov.. The genus is characterized by flattened, dichotomously or irregularly
branched thalli, internally multiaxial blades with compact cortical filaments, a
medulla of densely intermeshed filaments, and reproductive structures formed on
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Figs. 23-28. Morphology of Yonagunia ligulata (Harvey ex Kiitzing) Manghisi, M. Morabito, De
Clerck & Le Gall comb. nov. 23. Longitudinal section of an apex, showing multiaxial structure
(voucher MADO0196/ PC0166163). 24. Cross section showing relative abundance cortex and
medulla (voucher MADO0196/ PC0166163). 25. Superficial view of the cortical cells, singles or in
pairs (voucher MADO0009/ PC0165976). 26. A detail of a cross section showing the cortex and part
of the medulla (voucher MAD0009/ PC0165976). 27. Cross section showing a detail of the cortex,
with secondary pit connections between adjacent cortical cell (arrowheads) (voucher MAD0484/
PC0166451). 28. Longitudinal section showing a detail of the filamentous medulla (voucher
MADO0196/ PC0166163).

ultimate and penultimate segments or in proliferations. Female reproductive
structures consist of, depending on the interpretation, 2 or 5-celled carpogonial
branch (Kawaguchi et al., 2004; Gargiulo et al., 2013) and an auxiliary cell situated
at the base of relatively simple auxiliary cell ampulla. No fusion is observed of the
diploidized auxiliary cell with other cells. Grape-like clusters of small globular
cells which elongate subsequently to early gonimoblast formation and produce
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.

Figs. 29-32. Tetrasporangia of Yonagunia ligulata (Harvey ex Kiitzing) Manghisi, M. Morabito,
De Clerck & Le Gall comb. nov. 29. Detail of a blade with various marginal proliferations
bearing tetrasporangia (voucher MADO0096/PC0166063). 30. Detail of a swollen marginal
proliferation bearing tetrasporangia (voucher MAD0096/PC0166063). 31. Detail of decussately
divided tetrasporangia embedded in the cortex (voucher MADO0193/ PC0166160). 32. Detail of a
cruciately divided tetrasporangia and two immature tetrasporangia (arrowheads) embedded in
the cortex.

involucral filaments laxly surrounding the carposporophyte form a diagnostic
character for the genus (Kawaguchi & Nguyen, 1998; Kawaguchi et al., 2004; Boo
et al., 2013; Gargiulo et al., 2013). Our morphological and molecular study strongly
supports the distinct position of Yonagunia (Kawaguchi et al., 2004; Boo et al.,
2013; Gargiulo et al., 2013) in the Halymeniaceae.

Yonagunia tenuifolia, the generitype, was characterized by strongly
twisted — rather than planar — axes, blades with thickened margins, and thinner
and more or less proliferous blades. It occurs only in Yonaguni Island, Okinawa,
Japan (Kawaguchi et al., 2004).

Yonagunia formosana, previously known as Carpopeltis formosana
Okamura (Okamura, 1931; Pham, 1969; Silva et al., 1996; Huang, 2000), is
distinguished by terete to flattened blades and numerous proliferations. Recent
papers (Kawaguchi et al., 2004; Boo et al., 2013) reported Y. formosana in Vietnam,
Malaysia, and Taiwan. The reports at the first two localities have been verified by
molecular data (Kawaguchi et al., 2004), while there are no DNA sequences of
specimens from Taiwan, which is the type locality of the basionym Carpopeltis
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formosana (Okamura, 1931). However, the type material was not located (fide
Kawaguchi & Nguyen, 1998). Other reports (Guiry & Guiry, 2015), also unverified
by DNA sequences, extend its distribution to Japan, China, Philippines, central
Polynesia. Furthermore Farghaly (1980) as well as Combres and colleagues (1986)
reported Y. formosana (as Carpopeltis formosana) in Madagascar, however this
species was not found during the Atimo Vatae expedition.

Yonagunia zollingeri, previously known as Gelidium zollingeri Sonder
(Zollinger, 1854), was characterized by a cartilaginous, flattened blade that is
subcostate in the lower parts, with cystocarpic leaflets arising on terminal
branchlets, and with round to heart-shaped tetrasporangial leaflets. It has been
reported in Indonesia (Boo ef al., 2013).

Yonagunia atimo-vatae, similarly to Y. zollingeri, was characterized by a
thallus subcostate in lower parts and alternate branching pattern. It is so far only
known from southern Madagascar.

A morphological comparison of Y. atimo-vatae and Y. ligulata with the
previously described species of the genus is given in Table 2. From the
comparison, two gross morphologies are evident among Yonagunia species, which
characterize two groups in rbcL phylogenies: species with a thallus subcostate in
lower parts and alternate branching pattern, shown in Y. atimo-vatae and Y.
zollingeri (0.84/86/- Bayesian posterior probability/PhyML/RAXML bootstrap
proportion values), and species with flattened thalli with slight constrictions at
irregular intervals, dichotomous branching and numerous proliferations, in
Y. tenuifolia, Y. ligulata and Y. formosana (0.95/95/96).The second Malagasy
species of Yonagunia proved to be conspecific with Polyopes ligulatus (Harvey ex
Kiitzing) De Toni. Gymnogongrus ligulatus was a name used by Harvey (1857) to
designate the exsiccatum n. 50 of his Ceylon Algae, but the specimen has neither
a description nor a reference to a validly published name, so it is not valid by art.
38.1 of the International Code of Nomenclature for algae, fungi, and plants
(McNeill et al, 2012). The name Gymnogongrus ligulatus was later validly
published by Kiitzing (1869) who added a description. Later, J. Agardh (1876)
reputed that it had not vegetative nor reproductive structures of a Gymnogongrus,
so he moved the species to the Cryptonemiaceae (now Halymeniaceae), making
the combination Cryptonemia ligulata, even if he wondered whether it was a
Prionitis. Finally, De Toni (1905) moved the species to another halymeniacean
genus, Polyopes. Yonagunia ligulata, similarly to Y. formosana, was characterized
by a flattened thallus with slight constrictions at irregular intervals, dichotomous
branching and numerous proliferations. It is reported in this paper, with the
support of DNA sequences, from southern Madagascar and Sri Lanka. Previous
report of this taxa, as Polyopes ligulatus, are from Kenya (Coppejans et al., 2000;
Bolton et al., 2007), Tanzania (Coppejans et al., 2000), Sri Lanka (Bgrgesen, 1936;
Silva et al., 1996; Coppejans et al., 2009; Atmadja, 2010), and Vietnam (Pham,
1969; Van Nguyen et al., 2013). All the above mentioned records are unverified
by molecular data. Note also that Y. ligulata has never been reported in
Madagascar before the present work, while, as above mentioned, Y. formosana
(as Carpopeltis formosana) was recorded. It can be conjectured that the previous
reports of Y. formosana in Madagascar might instead refer to Y. ligulata, because
of the morphological similarity of the two species.

These novel records of Yonagunia from southern Madagascar suggest
that this genus has an affinity for warm temperate water in both hemispheres.
Since Madagascar is a region where endemism is extremely high (Goodman &
Benstead, 2005), it is likely that additional novel species of Yonagunia will
continue to be found in the western Indian Ocean.



215

Two new species of Yonagunia from southern Madagascar

€107 “Ip 10 00g P00 v 12 yNTeme | $00T v 1 1yongemey| Kpnys juasaig Apmys Juasalg 2010g
M{iL=NTe} +(UB20Q
(Ue22() UBIPU] ) BISAUOPU] 1B ) WRUIAA ‘UBMIE] ‘BISKR[RIA (ue20( dnjoe ) ueder ueIpuy A\) JedseSepeyy ‘eyue Lg (ue20() ueIpU] Ay ) JROSESEPRIN uonnqusi(
RLANGEAN
eIsauopu] ‘eae( ‘Guefepy ‘nduwag ueMIR], ‘puelS| piyo1)  uedep ‘emeuryQ ‘pue[s] ungeuo x ‘maugtosuoly a3e(d ‘urydney 1104 TeaseSepeyy ‘euttade)],p ajuiog INIEA XN
S[[99 91102 Y)G- $[[99 2913102 YIS~ S[[99 2911100 Y}9-G S[[99 291109 YIG-
woxy [enrut ‘wil 9p-(p X §1-1 S[[29 [BI1109 19-C woxy woxy [eIur ‘wil ¢p-(p X §T-€1 woxy feniut ‘wrl 9-g¢ X 71-6 oy [eIut ‘wi ¢g-G¢ X §T-(1
‘0JeU0Z JO aJe1dnId ‘eprosd[a  [eNIUI ‘PaAIasqo JoU axnjew AJny ‘07eSSN03p 10 A)e1onId ‘[eprosdiffo *aJessnoap 10 djeronIo ‘[eplosdf “07essNoap 10 d)e1ono ‘feprosdiffo eiduelodseno]
‘wrerp ur wr (g7 03 dn ‘werp ut w0z 0 dn
‘Tearsaydsqns 0 Teatroyds ‘reauoydsqns o} [eauoyds “werp up wir (g7 ‘eortayds punoj jou punoj jou sdreaoysh)
pajanp pajoanp pajanp
Aqreurourad “wrerp ur wi ¢1-¢ - Ajpeurjouiad “werp wi (- ‘apejq jo Aqreurporad “wep urwrl g-9  pajoanp Afjeurprad “werp urwr ¢-p  pajoanp Ajpeuroriad “wrerp ur wid (1-¢
‘9pe[q JO SSAUNIIY) 7/] ‘SNOJUIUR[L] SSAUYIIY) G/ 0 £/G ‘SNOJUAWRIL)  “OPR[Q JO SSAUNIIY) €/ ‘SNOJUIWIL]L] ‘OPE[Q JO SSAUNIIY) ()]/L0) G/€ ‘SNOJUIWIL]L] “9pe[q JO SSAUNIIY) G/¢ *SNOJUIUR[L) R[NPy
*SUOT)ORUU0D
*SUOT)ORUU0D SU0T0aUU0-J1d -1 £1epu0as £q pejoouuoorojul SUOTJORUU0D *SUOTJOAUU0D
1d £1epu0das £q pajoouuodIajur A1BPU0IIS AQ PAjdIUUOD 1AJUI AT JeLf) are jeq) (wr Z1-6 X 01-C) -1 K1epu0oas Aq pajoeuuod1ajur -1d £1epu0as £q pajoeuuodIajuI
orom orym ‘(wm ¢1-¢ x 8-¢)  (‘wrep wrw 77-G) sjed [euosAjod S[129 21e[[2)s 10 [euodAjod Q1M YTy ‘(3218 ur wm ()7 X 97-6) 210M Y1y ‘(3z1s ur w 71-9 X §-9)
S[[02 21e[[9)s 10 [euodAjod 1agre| Jo 1931e] JO SIaKe] JouUl 4-¢ pue ‘a81e] ‘Jo s10ke] 10Ul G-¢ pUB S[[29 AJ[[23S J0 [euodA[od 1a51e[ Jo s1oke] S[[20 a1e[[a)s 10 [euo3Ajod 1aGie] Jo s1ake]
s10e] Jouul $-¢ pue ‘(u ¢-¢ X 4-¢) (w $-¢ X ¢-7) S[199 papunoi 0} (wn g-p X $-¢) s[199 [eprosdiyjo 0y Iouul g-G pue ‘(az1s ur w /- X 4-7) Iouur 9-G pue ‘(az1s ur wi 9- X 6-¢)
s[100 [eprosdiyya 0 [eortayds rews Jo  eprosdifa [jews Jo S19Ke[ JoJNO /- POPUNOI [[EWS JO SIAAE] JAINO G-¢ s[10 eprosdiffa o Teatzayds [rews S[100 Teprosdifa 0} [eatzoyds [rews
s10£e] 19110 $-¢ JO SUNSISUOD Yoy} 70 Sunsisuod “Yory} wii ¢/-09 70 Sunsisuod Yoy wit (G-0p  JO SIaK®[ 1IN0 G- JO SUSISUOI YOIy} JO SIAKe] 1IN0 p-¢ JO FursISuod Yory)
w7 F ‘Xa)109 [eutpnue Joeduwod X01109 [eurponue 1oedwod ‘X01100 [eurporue Joedwod i 097-(7] ‘Xopod [eurpnue oedwod  w ¢9-g ‘X210 [eurpnue Joedwod X0110)
Souny /-¢ soun 11-¢ soun 1-¢ Sown .-y Soun) y-¢
‘0JBUIa)[E 0} SNOWOJOYIIP-0PNAS] ‘SNOWO)0YIIPQNS ‘SNOWOJOYIIP ‘SNOWOJOYOIPQNS ‘SNOWOJOYIIP ‘SNOWOJOYIIPQNS ‘SNOWOJOYIIP ‘0JBUIa)[E 0] SNOWOJOYDIP-0PNAS] Sumouerg
Yorgy w (z¢-0¢T Yo il (0g-05€ Yorg wrl 087-0¢ Yorgy wn L6-0¢ Yorg wl 7091
‘OPIM W ¢-7 ‘OpIM W ¢-7 ‘OPIM W §-7 ‘OPIM W ¢-7 ‘OPIM Wl 7-] 19)U99 18 Ope|g
ww ¢-z 0} dn Suoj wo ¢'7 0) ww ¢ woiy
(urerp ur wu ¢-1) 1219 (urerp ur wu ¢'[-1) 21012} wuw g o) dnojerey  ww ¢-z o) dn (“wreIp ur ww () 21219} (opmm wu 1-°()) passaxduiod uonJod [eseg
(wur  03) suonyerapjod mej ‘Jouuew
(wwgoy)  (ww g oy) suoneropjord snosownu  IeFaLI Ul pajsiMg A[Fuoxs ‘sjeatojul (wd 67 03) suonexaioid snozownu
suonje1ojo1d Mo ‘eJe)s00qns  ‘S[EAIUI TR[NFALIT I8 SUOTJOLIISUOD e[S Je SUONILIISU0D JyS1s ‘S[EAIOJUT JR[NFOLII J6 SUONLISUOd (W ¢ 03) suoneIof|old moj ‘Bjeisooqns
‘snouge[ned ‘apejq [3urs e Afjensn 1YS1[s ‘snourge[naed ‘sape[q ¢-¢  ‘snourderres ‘sapejq 1012 0y 03 dn Sy ‘snourderred ‘sapejq o1-g 03 dn  ‘snourdeyrres ‘opeyq a[3uis v A[jensn saperg
w / 0} dn wo §-¢ w ([ w ()7 wo G-¢ WSy

a0z "k

puvsouLIof "

vijofmuat *§

UL

avpwa-ouy *§

'snuag 9y} Jo saroads paqriosap A[snorasid pue 1edse3epey woj sarads viunspuo g jo uostredwos [edr3ojoydIon gz 9[qel

"UOISSNOSI(] 998 UOINQLISIP SAISUAYa1dwod 10J ()



216 A. Manghisi et al.

Acknowledgements. We thank Julien Brisset for help with collections. Materials
used in this study were collected during the Atimo Vatae expedition to South Madagascar
(Principal Investigator, Philippe Bouchet), part of a cluster of Mozambique-Madagascar
expeditions funded by the Total Foundation, Prince Albert II of Monaco Foundation, and
Stavros Niarchos Foundation under “Our Planet Reviewed”, a joint initiative of Muséum
National d’Histoire Naturelle (MNHN) and Pro Natura International (PNI) in partnership
with Institut d’Halieutique et des Sciences Marines, University of Toliara (IH.SM) and the
Madagascar bureau of Wildlife Conservation Society (WCS). The Institut de Recherche
pour le Développement (IRD) deployed its research catamaran Antéa. The molecular data
were mostly produced at the Service de Systématique Moléculaire of the Muséum National
d’Histoire Naturelle (CNRS - UMS 2700) with funds provided by the ATM ‘Taxonomie
moléculaire: DNA Barcode et gestion durable des collections’. Sequencing was performed by
Genoscope through the projects entitled ‘Speed ID’ and ‘Bibliothéque du Vivant .

A.M. was the recipient of a postdoctoral grant by Research in Paris 2010
from the city of Paris.

The Section of Scientific Computing of C.E.C.U.M. at the University of
Messina is acknowledged for the use of the Unix cluster.

REFERENCES

AGARDH J.G., 1876 — Species genera et ordines algarum, seu descriptiones succinctae specierum,
generum et ordinum, quibus algarum regnum constituitur. Volumen tertium: de Florideis
curae posteriores. Part 1. Lipsiae [Leipzig], C.W.K. Gleerup, [ii*-iii*], [i]-[vii], [1]-724 p.

ALTEKAR G., DWARKADAS S., HUELSENBECK J.P. & RONQUIST F., 2004 — Parallel
Metropolis coupled Markov chain Monte Carlo for Bayesian phylogenetic inference.
Bioinformatics 20 (3): 407-415.

ATMADJA WS PH.V.R., W.F., 2010 — Checklist of the seaweed species biodiversity of Indonesia
with their distribution and classification: Rhodophyceae. Ceklis keanekaragaman jenis
rumput laut di Indonesia dengan sebaran dan klasifikasinya merah (Rhodophyceae).
Jakarta, Coral Reef Information and Training Centre. Coral Reef Rehabilitation and
Management Programme. Indonesian Institute of Sciences (LIPI). [2], i-vi, 1-72 p.

BENSON D.A., CAVANAUGH M., CLARK K., KARSCH-MIZRACHI I., LIPMAN D.J.,,
OSTELL J. & SAYERS E.W., 2013 — GenBank. Nucleic acids research 41 (D1): D36-D42.

BOLTON J.J., OYIEKE H.A. & GWANDA P., 2007 — The seaweeds of Kenya: checklist, history of
seaweed study, coastal environment, and analysis of seaweed diversity and biogeography.
South African journal of botany 73: 76-88.

BOO G.H., PARK J.K., GERUNG G.S. & BOO S.M., 2013 — Transfer of the red alga Gelidium
zollingeri Sonder (Gelidiales) to Yonagunia (Halymeniales) based on morphological and
molecular evidence. Phycologia 52 (3): 279-287.

BORGESEN F., 1936 — Some marine algae from Ceylon. Ceylon journal of science, Section A Botany
12: 57-96, 12 figs.

COMBRES A., BIANCHINI J.-P. & GAYDOU E.M,, 1986 — Composition en acides gras et en
stérols d'algues rouges de 1'Océan Indien. Oceanologica acta 9 (3): 339-342.

COPPEJANS E., LELIAERT F. & DE CLERCK O., 2000 — Annotated list of new records of marine
macroalgae for Kenya and Tanzania, since Isaac's and Jaasund's publications. Biologisch
Jaarboek Dodonaea 67: 31-93.

COPPEJANS E., LELIAERT F., DARGENT O., GUNASEKARA R. & DE CLERCK O., 2009 —
Sri Lankan Seaweeds - Methodologies and field guide to the dominant species. Belgian
Development Cooperation, 265 p.

DE TONI G.B., 1905 — Sylloge algarum omnium hucusque cognitarum. Vol. IV. Florideae. Sectio IV .
Patavii [Padova], [i-v], 1523-1973 p.

FARGHALY M.S., 1980 — Algues benthiques de la Mer Rouge et du bassin occidental de I'Océan
Indien (étude taxonomique et essai de répartition, notamment des Udotéacées). Montpellier,
Université des Sciences et Techniques du Languedoc, 273 p.

FELSENSTEIN J., 1978 — Case in which parsimony or compatibility methods will be positively
misleading. Systematic zoology 27(4): 401-410.

FRESHWATER D.W., FREDERICQ S., BUTLER B.S., HOMMERSAND M.H. & CHASE M.W.,
1994 — A gene phylogeny of the red algae (Rhodophyta) based on plastid rbcL.



Two new species of Yonagunia from southern Madagascar 217

Proceedings of the national academy of sciences of the United States of America 91 (15):
7281-7285.

GARGIULO G.M., MORABITO M. & MANGHISI A., 2013 — A re-assessment of reproductive
anatomy and postfertilization development in the systematics of Grateloupia
(Halymeniales, Rhodophyta). Cryptogamie, Algologie 34 (1): 3-35.

GASCUEL 0., 1997 — BIONJ: An improved version of the NJ algorithm based on a simple model
of sequence data. Molecular biology and evolution 14: 685-695.

GOODMAN S.M. & BENSTEAD J.P., 2005 — Updated estimates of biotic diversity and endemism
for Madagascar. Oryx 39: 73-77.

GOUY M., GUINDON S. & GASCUEL O., 2010 — SeaView version 4 : a multiplatform graphical
user interface for sequence alignment and phylogenetic tree building. Molecular biology
and evolution 27 (2): 221-224.

GUINDON S. & GASCUEL O., 2003 — A Simple, Fast, and Accurate Algorithm to Estimate Large
Phylogenies by Maximum Likelihood. Systematic biology 52 (5): 696-704.

GUIRY M.D. & GUIRY G.M., 2015 — AlgaeBase. World-wide electronic publication, National
University of Ireland, Galway. http://www.algaebase.org; searched on 20 January 2015. In.

HARVEY W.H., 1857 — Ceylon algae [ Exsiccata with printed names]. Dublin, Trinity College Dublin,
1-30, 30bis, 31-47, 49-86, 88-106 p.

HUANG S.-F., 2000 — Seaweeds of northeastern Taiwan. Taipei, National Taiwan Museum, 233 p.

HUELSENBECK J.P., 2002 — Testing a Covariotide Model of DNA Substitution. Molecular biology
and evolution 19 (5): 698-707.

KAWAGUCHI S. & NGUYEN H.D., 1998 — Transfer of Carpopeltis formosana Okamura to
Prionitis (Halymeniaceae, Halymeniales). Botanica marina 41 (4): 391-397.

KAWAGUCHI S., SHIMADA S., WANG H.W. & MASUDA M., 2004 — The new genus Yonagunia
Kawaguchi et Masuda (Halymeniaceae, Rhodophyta), based on Y. tenuifolia Kawaguchi et
Masuda sp. nov. from southern Japan and including Y. formosana (Okamura) Kawaguchi

. et Masuda comb. nov. from southeast Asia. Journal of phycology 40 (1): 180-192.

KUTZING F.T., 1869 — Tabulae phycologicae; oder, Abbildungen der Tange. Vol. 19. Nordhausen,
Gedruckt auf kosten des Verfassers (in commission bei W. Kohne), i-iv, 1-36 p., 100 pls.

LE GALL L. & SAUNDERS G.W., 2010 — Dna Barcoding is a powerful tool to uncover algal
diversity: a case study of the Phyllophoraceae (Gigartinales, Rhodophyta) in the Canadian
flora. Journal of phycology 46: 374-389.

MCNEILL J., BARRIE F.R., BUCK W.R., DEMOULINE V., GREUTER W., HAWKSWORTH
D.L., HERENDEEN P.S., KNAPP S., MARHOLD K., PRADO J., PRUD'HOMME
VAN REINE W.F., SMITH G.F., WIERSEMA JH. & TURLAND N.J., 2012 —
International Code of Nomenclature for algae, fungi, and plants (Melbourne Code), adopted
by the Eighteenth International Botanical Congress Melbourne, Australia, July 2011.
Konigstein, germany, Koeltz Scientific Books, 208 p.

OKAMURA K., 1931 — On the marine algae from Kotosho (Botel Tobago). Bulletin of the
biogeographical society of Japan 2: 95-122, 121 fig, 121 table, Plates 110-112.

PHAM H.H., 1969 — Rong bién phia nam Viét Nam [Marine algae of south Vietnam]. Saigon, Trung
Téam Hoc Lieu, (i)-vi, 1-588 p.

RONQUIST F. & HUELSENBECK J.P., 2003 — MrBayes 3: Bayesian phylogenetic inference under
mixed models. Bioinformatics 19 (12): 1572-1574.

SAUNDERS G.W., 1993 — Gel purification of red algal genomic DNA: an inexpensive and rapid
method for the isolation of polymerase chain reaction-friendly DNA. Journal of phycology
29: 251-254.

SAUNDERS G.W,, 2005 — Applying DNA barcoding to red macroalgae: a preliminary appraisal
holds promise for future applications. Philosophical transactions of the Royal society of
London Series B: Biological sciences 360 (1462): 1879-1888.

SAUNDERS G.W., 2009 — Routine DNA barcoding of Canadian Gracilariales (Rhodophyta) reveals
the invasive species Gracilaria vermiculophylla in British Columbia. Molecular ecology
resources 9: 140-150.

SILVA P.C., BASSON P.W. & MOE R.L., 1996 — Catalogue of the benthic marine algae of the Indian
Ocean. Berkeley, University of California Press, 1259 p.

STAMATAKIS A., HOOVER P. & ROUGEMONT J., 2008 — A rapid bootstrap algorithm for the
RAXML web servers. Systematic biology 57 (5): 758-771.

THIERS B.M. [continously updated] — Index Herbariorum: A global directory of public herbaria and
associated staff. In New York Botanical Garden’s Virtual Herbarium. http://
sweetgum.nybg.org/ih/.

VAN NGUYEN T., LE NHU H., LIN S.-M., STEEN F. & DE CLERCK O., 2013 — Checklist of the
marine macroalgae of Vietnam. Botanica marina 56 (3): 207-227.

ZOLLINGER H., 1854 — Systematisches Verzeichniss der im indischen archipel in den jahren 1842-
1848 gesammelten sowie der aus Japan empfangenen Pflanzen. Zurich, Durch und Verlag
von E. Kiesling, i-xii, 1-160 p.








