Phytotaxa 243 (1): 054-070 ISSN 1179-3155 (print edition)

http://www.mapress.com/j/pt/ Q t' l PHYTOTAXA P

Copyright © 2016 Magnolia Press r lc e ISSN 1179-3163 (online edition)
http://dx.doi.org/10.11646/phytotaxa.243.1.2

Taxonomic Transfer of the Red Algal Genus Gloiosaccion to Chrysymenia
(Rhodymeniaceae, Rhodymeniales), Including the Description of a New Species,
Chrysymenia pseudoventricosa, for the Gulf of Mexico

W. E. SCHMIDT!, C. F. D. GURGEL? & S. FREDERICQ!

!Department of Biology, University of Louisiana at Lafayette, Lafayette, LA, 70504-3602, USA

’Departamento de Botdnica, Centro de Ciéncias Biologicas, Universidade Federal de Santa Catarina, Floriandpolis, SC 88040-970,
Brazil

*Corresponding Author: Email: william.schmidt.algae@gmail.com; Tel: +1-337-482-1291, Fax: +1-337-482-5660

Abstract

Gloiosaccion Harvey, with type G. brownii (Rhodymeniaceae, Rhodymeniales), is a red algal genus characterized by the
presence of large, hollow and saccate vesicle-shaped thalli arising from small solid axes. Whereas Gloiosaccion has tradi-
tionally been viewed as being closely related to Botryocladia (Agardh) Kylin, a multi-marker phylogenetic analysis based
on chloroplast-encoded rbcL and UPA and nuclear LSU rDNA sequences instead places Gloiosaccion brownii and G. pumila
in the Chrysymenia clade that includes the generitype C. ventricosa (Lamouroux) J. Agardh. Gloiosaccion is reduced to
synonymy with Chrysymenia J. Agardh, a taxonomic move first advocated by De Toni in 1900. In addition to C. brownii
(Harvey) De Toni, “Gloiosaccion” brownii var. firmum Harvey and “G.” pumilum J. Agardh are recognized as the distinct
species Chrysymenia coriacea comb. et stat. nov. and C. pumila (J. Agardh) Weber-van Bosse, respectively. A new species,
C. pseudoventricosa sp. nov. is proposed to accommodate specimens going under the name C. ventricosa (J.V. Lamouroux)
J. Agardh from the Gulf of Mexico and Caribbean Sea.

Key words: algae, Australia, biodiversity, Caribbean, Chrysymenia, Gulf of Mexico, LSU rDNA, marine, morphology,
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Introduction

The Rhodymeniales remains one of the most distinctive and well-defined orders of red algae (Fritsch 1945; Sparling
1957; Irvine and Guiry 1980; Hawkes and Scagel 1986; Kraft and Woelkerling 1990; Hommersand and Fredericq
1990; Saunders et al. 2007; Saunders and McDonald 2010) currently encompassing over 300 species in 42 genera
and six families (Guiry and Guiry 2015), i.e. the Rhodymeniaceae (Harvey 1849), Champiaceae (Kiitzing 1843),
Lomentariaceae (J. Agardh 1876), Faucheaceae (Saunders ef al. 1999), Hymenocladiaceae and Fryeellaceae (Le Gall
et al. 2008). The Rhodymeniaceae traditionally has been split morphologically into two groups, separated by solid and
hollow genera. The hollow genera of the Rhodymeniaceae are Botryocladia (J. Agardh) Kylin (1931), Gloiosaccion
Harvey (1859), Irvinea Guiry in Saunders et al. (1999), and Chrysymenia J. Agardh (1842), taxa that are most
commonly distributed in warm-temperate to tropical environments (Abbott and Littler 1969, Brodie and Guiry 1988,
Lozada-Troche et al. 2010).

With the finding that offshore deepwater rhodolith bed communities in the Gulf of Mexico (Fredericq et al. 2014,
Felder et al. 2014, Richards et al. 2014) are surprisingly rich in representative members of Rhodymeniaceae (Gavio
and Fredericq 2003, 2005; Fredericq et al. 2009; Schmidt 2009), increased taxon sampling in the region has enhanced
our understanding of the biodiversity and systematic relationships among the order. Towards this goal, chloroplast-
encoded rbcL, the Universal Plastid Amplicon (UPA), and nuclear large subunit ribosomal DNA (LSU) markers were
selected due to their power in the resolution below, at and above (e.g., Fredericq ef al. 2003, Sherwood ef al. 2010, Lin
et al. 2012) the species level within the red algae.

Genera of Rhodymeniaceae with hollow thalli are currently characterized by both subtle and unstable features
that overlap among taxa. For example, the genus Chrysymenia with generitype C. ventricosa (Lamouroux) J. Agardh
(1842) has been historically defined by the presence of “an almost” completely hollow thallus that lacks diaphragms
and internal rhizoids, and where the only solid portion is limited to the stipe. Cryptarachne (Harvey) Kylin (1931),
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however, a genus once considered a subgenus of Chrysymenia by Harvey (1859a), is characterized by the very same
thallus organization, but with internal rhizoids. Most phycologists today, starting with the work of Okamura (1936),
disagree about the taxonomic value of internal rhizoidal filaments to separate these two genera, recognize their presence
in the type of Chrysymenia, and consequently consider these two taxa congeneric (Wynne 2005). Another species,
Chrysymenia divaricata Durant (1850), described from New York State, is currently regarded as a taxonomic synonym
of Lomentaria divaricata (Durant) Wynne, replacing L. baileyana (Harvey) Farlow on the basis of taxonomic priority
(see Wynne 2013).

In Agardh’s (1842) original concept of the genus, Chrysymenia contained a section called Botryocladia that was
later elevated to generic rank by Kylin (1931). Botryocladia is the second largest genus in the Rhodymeniaceae in
terms of number of species with 46 species currently accepted taxonomically (Guiry and Guiry 2015). Botryocladia
is circumscribed by one to several hollow vesicles borne on simple and solid ramisympodial axes, axes and vesicles
that may or may not be branched, and with all vesicles lacking internal diaphragms and rhizoidal filaments (Gavio and
Fredericq 2003, 2005). The presence of larger, solid axes substantially differentiates Botryocladia from Chrysymenia
(Feldmann 1945, Kylin 1956, Norris 1989, Norris and Ballantine 1995, Wynne 2005). Other taxa placed in Chrysymenia
were found to represent different genera (e.g. Wynne 2013). Irvinea, a genus segregated out of Botryocladia, shares the
presence of vesicles borne on a solid axis with the latter (Saunders et al. 1999). Whereas the morphological characters
said to differentiate /rvinea include the presence of strongly protruding cystocarps, rosettes of cortical cells, and gland
cells borne on modified medullary cells, i.e. glandiferous cells, the main rationale for the erection of /rvinea came from
gene sequence analysis (Saunders ez al. 1999). Morphological characters that delineate /7vinea have also been observed
in species that currently are still placed in Botryocladia (Schneider and Lane 2008, Afonso-Carillo et al. 2006).

Gloiosaccion Harvey (1859a), a genus limited to the temperate Australian coast, was first circumscribed based on
the presence of large, hollow and saccate vesicle-shaped thalli arising from minute solid axes (stipes). It was originally
mistaken for Halosaccion Kiitzing (1843), a genus with a similar external habit and currently a common member of
the Palmariales from the North Pacific Ocean and temperate regions. Harvey (1859a) later re-examined a specimen
and found its interior not to be filled with water or air, as is the case in Halosaccion, nor to be composed of dense
layers of rounded cells, but instead filled with a gelatinous substance and with a more lax and softer structure. Harvey
described the thallus as consisting of three separate strata, i.e., a medulla composed of large gelatinous-filled cells, an
intermediate layer of round-angular pigmented cells, and a cortical layer of minute anticlinal cells; the cystocarp was
immersed in the intermediate stratum.

Gloiosaccion has generally been accepted as a taxonomically valid genus by many, including J. Agardh (1892),
Kylin (1931), and Womersley (1950); however, De Toni (1900) considered the type, G. brownii, a species of
Chrysymenia, but without providing an explanation. On the other hand, in a paper describing Botryocladia senegalensis,
Feldmann and Bodard (1965) considered that G. brownii should not be separated from Botryocladia as they viewed
the Gloiosaccion habit to represent an overdevelopment of the bladder. Subsequently, Silva (1980) formally proposed
the merger of Gloiosaccion into Botryocladia. Womersley (1950), however, resurrected the genus on the basis of the
presence of anticlinal filaments cut off by mid-cortical cells, the slight protrusion of the cystocarp, and the development
of the tetrasporangia positioned at the base of the anticlinal cortical filaments. Womersley’s (1950) resurrection of
Gloiosaccion was supported at the molecular level using small subunit ribosomal DNA sequences (Saunders et al.
1999) because G. brownii showed a sister relationship to Chrysymenia ornata (J. Agardh) Kylin (1931) and did not
fall within the Botryocladia clade; however, only two species of Chrysymenia were used in the dataset (Saunders et al.
1999), i.e. C. ornata Kylin and C. wrightii Harvey, a clade that resolved as sister to Botryocladia.

Many of the hollow Rhodymeniaceae members that lack diaphragms are not necessarily regarded as natural
groups (Saunders et al. 1999, Wilkes et al. 2005). Owing to increased taxon sampling, the present study provides a
critical taxonomic re-evaluation of the generic and species concepts centered around Gloiosaccion and Chrysymenia.

Material and methods

Samples of Rhodymeniales investigated for this study are listed in Table 1. Vouchers were preserved upon collection
in the field in 5% Formalin/seawater for morphological studies, in silica gel for molecular studies, and pressed on
herbarium sheets for archival preservation. Vouchers are deposited in the Algal Herbarium of the University of
Louisiana at Lafayette, USA (LAF), and the Gloiosaccion herbarium specimens are housed in the South Australian
State Herbarium, Australia (AD).
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TABLE 1. Collection information of samples used in this study. *Denotes sequences newly generated for this study. AM = Allan Millar;
BW = Brian Wysor; MG = Michael Guiry; CFDG = Fred Gurgel; MHH = Max H. Hommersand; SF = Suzanne Fredericq; SL = Sandra

Lindstrom; WN = Wendy Nelson

Taxa

Collection information /collector / Voucher

GenBank accession No.

rbcL LSU UPA
Botryocladia pyriformis (Bergesen) Kylin Offshore LA, USA; 28°05°900N, 91°02°410 W; KT154691* KT154739%  KT154718*
4.vi.05 57-59m, SF (WES39)
Botryocladia pyriformis (Bergesen) Kylin Offshore LA, USA; 27°56°429N, 92°00°460 W; KT154746* KT154740%  KT154719*
9.vii.06 64-73m, SF (WESS58)
Botryocladia occidentalis (Borgesen) Kylin Campeche Banks, Mexico, 22°16° 020N, 90° KT154690* KT154741*%  KT154717*
43°230W; 7.vi.05, 51-52m, SF (WES38)
Champia parvula var prostrata L.G. Williams ~ Offshore LA, USA; 28°02°510N, 92°26°880 W; KT154748* KT154744%  KT154721%*
23.vi.05, 60-74m, SF (WES7)
Chrysymenia agardhii Harvey (Ballantine et La Parguera, Puerto Rico EU715133 - -
al. 2010)
Chrysymenia brownii (Harvey) De Toni Port McDonnell, SA, Australia; 21.ix.95, MHH HQ400575* KT154734*  KT154708*
(WES108)
Chrysymenia coriacea (Harvey) W. E. Schmidt, Tarcoola Beach, WA, Australia; 21.ix.95, MHH HQ400574* KT154733*  KT154709*
Gurgel & Fredericq, comb. et stat. nov. (WES118)
Chrysymenia halymenioides Harvey Campeche Banks, Mexico, 22°16” 020N, 90° HQ400584* KT154730%  KT154705*
43°230W; 7.vi.05, 51-52m, SF (WES17)
Chrysymenia halymenioides Harvey Campeche Banks, Mexico, 22°15° 150N, 90°43” HQ400585* - -
290W; 7.vi.05, 52-53m, SF (WES19)
Chrysymenia halymenioides Harvey Campeche Banks, Mexico, 22°11° 330N, 91°08’ HQ400586* KT154729%  KT154704*
710W; 17.vi.05, 49-53m, SF (WES10)
Chrysymenia halymenioides Harvey Louisiana, USA, 27°55” 070N, 92°23* 080W; 22.vi.05, HQ424470* KTI154731*  KT154706*
58-71m, SF (WES23)
Chrysymenia littleriana J.N. Norris & Diamond Rock, Martinique, 14°26” 94N, 61°02°410W; HQ400583* KT154728*  KT154703*
Ballantine 14.vi.95, SF (WES136)
Chrysymenia nodulosa J.N. Norris & Ballantine Isla de Culebra, Puerto Rico, 18°20” 263N, 65°20” HQ400577* KT154722%  KT154698*
533W; 3.vi.95, SF (WES148)
Chrysymenia nodulosa J.N. Norris & Ballantine Isla de Culebra, Puerto Rico, 18°20° 263N, 65°20° HQ400578* KT154724* -
533W; 3.vi.95, SF (WES142)
Chrysymenia nodulosa J.N. Norris & Ballantine Isla de Culebra, Puerto Rico, 18°20” 263N, 65°20” HQ400579* KT154723*  KT154699*
533W; 3.vi.95, SF (WES96)
Chrysymenia ornata Kylin Jervis Bay, Jervis Bay Territory, Australia; 24.x.95, HQ400587* KT154735*%  KT154711*
AM (WES311)
Chrysymenia planifrons (Melvill) J. Agardh Long Bay Point, Panama, 9°24° 00N, 82°13” 30W; HQ400580* KT154725%  KT154700%*
17.x.98, BW (WES312)
Chrysymenia pseudoventricosa W. E. Schmidt, Campeche Banks, Mexico, 22°10” 420N, 91°09° HQ400581* KT154726%  KT154701*
Gurgel & Fredericq, sp. nov. 550W; 4.vi.05, 42-43m, SF (WES16)
Chrysymenia pseudoventricosa W. E. Schmidt, Campeche Banks, Mexico, 21°48” 048N, 91°54° HQ400582*  KT154727*  KT154702*
Gurgel & Fredericq, sp. nov. 962W; 13.vi.05, 30-38m, SF (WES88)
Chrysymenia pumila (J. Agardh) Weber-van Edithburgh Pier, Yorke, Peninsula, SA, Australia, HQ400576* - KT154710*
Bosse 35°05° 040N, 137°49°056 E; 17.i.10, 2-3m, CFDG,
(AD-A90892, LAF1094)
Chrysymenia sp. Florida Middle Grounds, FL, USA, 28°34” 240N, HQ400588* KT154738*  KT154712*
84°28* 770W; 4.vii.06, 46-47m, SF (WES143)
Chrysymenia sp. Florida Middle Grounds, FL, USA, 28°30” 500N, HQ400589* KT154737*  KT154713*
84°28° 188W, 4.vii.006, 45-47m, SF (WES145)
Chrysymenia sp. Florida Middle Grounds, FL, USA, 28°41” 790N, HQ400590* KT154736%  KT154714*
84°23 300W; 4.vii.06, 43—44m, SF (WES146)
Chrysymenia ventricosa (J. V. Lamouroux) J. Cap Oullerstril, Cote des Alberes, France, 17.vii.84, KT154745* KT154732*  KT154707*
Agardh 24m, MG
Rhodymenia californica Kylin Mosquito Pass WA, USA 2.vii.98, 30-40m, BW KT154747* KT154743*  KTI154716*
(WES101)
Rhodymenia coralline (Bory de Saint Vincent)  La Herradura, Coquimbo, Chile 19.1.95, SF (WES119) HQA400593* KT154742*  KT154715%*
Greville
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TABLE 2. Primers newly designed for this study.

Primer Name Targeted Gene Primer Sequence

BCR_28S F232 LSU 5’ -CGC RAA CAT TGA TTG GGC- 3’
BCR 28S R441 LSU 5’-TGT TTC TCC CGA CAA GC- 3’
Chrys_UPA_F149 Plastid 23S (UPA) 5’-CAA GGAACA GTC TCA GG- 3’
Chrys UPA R213 Plastid 23S (UPA) 5’ -CCT GAGAGAACC TTT GCA CG- 3’
Chrys_rbcL._R290 rbcL 5"-AGAYGA ATT AGG YAC AGC- 3’
Chrys_rbcL_F976 rbcL 5’ -ATG CCG GTA CAG TAG TAG G- 3’
RhodyF421 rbcL 5’ -GAA GAT ATG CGT ATT CC- 3’
RhodyF744 rbcL 5’-CTG CTG CTA CAATGG AA- 3’
RhodyR744 rbcL 5’ -TTC CAT TGT AGC AGC AG- 3’
RhodyR935 rbcL 5’ -ATT ACA CGG AAATTC ATA CC- 3’
RhodyR 1434 rbcL 5"-AGC TGT ATC TGT AGA AG- 3’

Box plot depicting the distribution of pairwise nucleotide differences (uncorrected) for the first, second, and third codon
positions from the rbcL alignment.
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Morphological Analysis. Light microscopy observations were made on samples preserved using different
methods, in 5% Formalin/seawater, silica gel or as herbarium-pressed material. Silica gel-dried samples and herbarium
pressed vouchers were rehydrated in distilled water for 20 min prior to observation. Samples were rinsed with seawater
to remove excess mucilage. Vegetative and reproductive structures were sectioned manually using a stainless steel
razor blade. Longitudinal, cross and oblique sections were stained with 1% aqueous aniline blue (Cho and Fredericq
2000). Slides were than mounted in a 50% Karo/water solution with phenol to retard microbial growth. Micrographs
were taken with a Polaroid DMC le Digital camera attached to an Olympus BX60 microscope.

Molecular Data Acquisition. Total DNA was extracted from silica gel-dried specimens using a DNeasy Plant
Mini Kit (Qiagen, Valencia, CA, USA) following the manufacturer’s instructions. PCR and sequencing of chloroplast-
encoded rbcL was conducted using the methods and primers described in Lin ef al. (2012). Additional gene-specific
primers for Rhodymeniaceae were newly designed for PCR amplification (Table 2). A portion of LSU rDNA and
UPA were also amplified and sequenced using the primers and PCR protocol referenced in Sherwood et al. (2010).
PCR products were gel-purified and sequenced in-house on both directions using the BigDye™ Terminator v. 3.1 (Life
Technologies Grand Island NY, USA) on a ABI 3130x1 Genetic Analyzer. All extracts are deposited in the Seaweeds
Lab at the University of Louisiana at Lafayette.
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Chrysymenia nodulosa Puerto Rico (HQ400577)
id Chrysymenia nodulosa Puerto Rico (HQ400579)
Chrysymenia nodulosa Puerto Rico (HQ400578)
59/63 Chrysymenia planifrons Caribbean Panama (HQ400580)
[ iIChrysymem'a pseudoventricosa Campeche Banks, Mx (HQ400581) +——

Chrysymenia pseudoventricosa Campeche Banks, Mx (HQ400582)
Chrysymenia littleriana Martinique F.W.I. (HQ400583) s
94/99 Chrysymenia halymenioides Campeche Banks, Mx (HQ400586)
Chrysymenia halymenioides Campeche Banks, Mx (HQ400584)

9 Chrysymenia halymenioides Campeche Banks, Mx (HQ400585) 2 cm
— Chrysymenia halymenioides Offshore LA, USA (HQ424470)

. Chrysymenia agardhii Puerto Rico (EU715133)

—
80/99

Chrysymenia ventricosa Cote des Albéres, France (KT154745)
96/* 71/99F Chrysymenia coriacea Tarcoola WA, Australia (HQ400574
Chrysymenia brownii SA, Australia (HQ400575)
99/*

91/% Chrysymenia pumila SA, Australia(HQ400576)

Chrysymenia ornata Jervis Bay Territory, Australia (HQ400587)

Chrysymenia sp. Florida Middle Grounds, USA (HQ400590)
*
_|Chrysymenia sp. Florida Middle Grounds, USA (HQ400588)
88/*

Chrysymenia sp. Florida Middle Grounds, USA (HQ400589)

* Botryocladia pyriformis Offshore LA, USA (KT154691)
. Botryocladia pyriformis Offshore LA, USA (KT154746)
e o Botryocladia occidentalis Campeche Banks, Mx (KT154690)

77/83 _: Rhodymenia californica WA, USA (KT154747)
98/*

Rhodymenia corallina Coquimbo, Chile (HQ400593)

88/* I Webervanbossea tasmanensis VIC, Australia (HQ400601)
Champia ‘parvula’ Offshore LA, USA (KT154748)

FIGURE 1. Phylogram showing the position of 23 newly generated sequences (not bold-faced) of Rhodymeniaceae that includes the
generitype of Chrysymenia, i.e. C. ventricosa, and 2 outgroup taxa (Webervanbossea, Faucheaceae; Champia, Champiaceae) inferred
from RaxML analysis of 7bcL sequences. Numbers indicate bootstrap values at right, and BP values at left; *denotes full support. Scale

bar indicates number of substitutions per site.

Multigene Alignment. Resulting sequences were assembled with Sequencher v. 5.2 (Gene Codes Corporation).
An additional rbcL sequence of Chrysymenia agardhii (EU715133) was downloaded from the public NCBI database
GenBank and added to the data set (Table 1). The newly generated rbcL, LSU and UPA sequences (KT#, HQ#) (Table
1) were then manually aligned in Mega v. 5.2.2 (Tamura ef al. 2011).

Phylogenetic Analysis. Two phylogenetic analyses were conducted: 1) an rbcL-based analysis based on 26
sequences of Chrysymenia, Gloiosaccion, Botryocladia using Webervanbossea tasmaniaensis (Faucheaceae) and
Champia “parvula” (Champiaceae) as the outgroup (Fig. 1), and 2) a concatenated rbcL, LSU and UPA-based analysis
using the same DNAs and outgroups of the taxa analyzed in Fig. 1 but excluding one of the 4 C. halymenioides taxa
(Fig. 2). The subsequent alignments were separately analyzed in Partitionfinder (Lanfear ef al. 2012) to determine
the best fitting model of evolution and data partition. The analyses each resulted in the selection of the General Time
Reversible model plus gamma and a proportion of invariable sites with five partitions (UPA, LSU and the 3 codon
positions of bcL) on the basis of two information criteria, i.e. Akaike information criterion corrected (AICc) and Akaike
information criterion (AIC). A box plot depicting the distribution of pairwise nucleotide differences (uncorrected) for
the first, second, and third codon positions from the rbcL alignment was produced in R using the Ape Package (Paradis
et al. 2004).

The alignments of both the 7bcL and concatenated datasets were analyzed by Maximum likelihood (ML) as
implemented by RAXML v. 2.4.4 (Stamatakis 2006) with the above models and partition scheme with 1000 restarts to
find the tree with the lowest likelihood score and 1000 Bootstrap (BS) replications.
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Chrysymenia halymenioides Campeche Banks, Mx
9473 Chrysymenia halymenioides Campeche Banks, Mx
*

Chrysymenia halymenioides Offshore LA, USA

81/92
Chrysymenia agardhii Puerto Rico

Chrysymenia ventricosa Cote des Albéres, France
+ JChrysymenia pseudoventricosa Campeche Banks, Mx
= Chrysymenia pseudoventricosa Campeche Banks, Mx

il Chrysymenia littleriana Martinique, F.W.1.

Chrysymenia nodulosa Puerto Rico
=t Chrysymenia nodulosa Puerto Rico
88/ - Chrysymenia nodulosa Puerto Rico
Chrysymenia planifrons Caribbean Panama
N g/« " Chrysymenia brownii SA, Australia
_EChrysymenia coriacea Tarcoola WA, Australia
99/*

Chrysymenia pumila SA, Australia

04/*

Chrysymenia ornata Jervis Bay Territory, Australia
Chrysymenia sp. Florida Middle Grounds, USA

IChrysymenia sp. Florida Middle Grounds, USA

95/* IChrjysymenia sp. Florida Middle Grounds, USA

% IBotryocladia pyriformis Offshore LA, USA
Botryocladia pyriformis Offshore LA, USA

Botryocladia occidentalis Campeche Banks, Mx
* Rhodymenia californica WA, USA

Rhodymenia corallina Coquimbo, Chile

93/99

95/%* Webervanbossea tasmanensis VIC, Australia
Champia ‘parvula’ Offshore LA, USA

0.07

FIGURE 2. Phylogram showing the position of concatenated rbcL, UPA and LSU sequences (all newly generated sequences not bold-
faced) of Rhodymeniaceae that includes the generitype of Chrysymenia, C. ventricosa, and 2 outgroup taxa (Webervanbossea, Faucheaceae;
Champia, Champiaceae) inferred from RaxML analysis. Numbers indicate bootstrap values at right, and BP values at left; *denotes full
support. Scale bar indicates number of substitutions per site

A Bayesian MCMC (Markov Chain Monte Carlo) was also applied to the aligned dataset using MrBayes v.
3.2.5 (Huelsenbeck & 2001, Ronquist & Huelsenbeck 2003, Ronquist et al. 2012). The Bayesian analysis consisted
of two independent runs of 5 million generations with sampling every 1000 generations for a total of 10,002 trees.
Convergence was visualized using Tracer v. 1.6 (Rambaut ez al. 2014) and the first 10 percent of the trees of each run
was discarded as burnin. The resulting Posterior Probabilities from Bayesian consensus trees were mapped on the ML
tree. A distance matrix was also resolved from the branch lengths of the ML tree using the function cophenetic.phylo
of the APE Package in R (Paradis ez al. 2004).

For the rbcL dataset, the resulting distance matrix was used to find species boundaries in a stand-alone version of
Automatic to Barcode Gap Discovery (ABGD) (Puillandre et al. 2011). General Mixed Yule Coalescence (GMYC)
model as implemented by the Splits Package in R (Fujisawa and Barraclough 2103) with a single threshold model
was also used to determine species boundaries. The requisite ultrametric tree for the GMYC analysis was generated
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in Beast v. 1.8.1 (Drummond et al. 2012) using a relaxed log-normal clock with a constant population coalescent as a
prior and the best fitting model and partition as described above. MCMC Chains were run for 10 million generations
with sampling every 1000th generation resulting in 10,000 trees. The quality of the run was assessed in Tracer v. 1.6
(Rambaut and Drummond 2007) to ensure that ESS values were >200 with the default burnin (1,000 trees). Tree
annotator v. 1.8.1 (Drummond et al. 2012) was used to summarize the resulting 9001 trees after burnin, targeting the
maximum clade credibility tree with preserved node heights.

Results

On the basis of the rbcL phylogenetic analysis (Fig. 1), the generitype C. ventricosa from the western Mediterranean
France is unambiguously distinct from the species reported under that name for the Gulf of Mexico. The latter forms
the basis for a new species, C. pseudoventricosa sp. nov. Both taxa are nested in separate clades within Chrysymenia.
C. ventricosa belongs in a well supported (BS=80, BP=99) clade that includes C. halymenioides Harvey from the
NW and SW Gulf of Mexico, and C. agardhii Harvey from Puerto Rico. This clade, in turn, is sister to low supported
clade (BS=59, BP=63) comprising two fully supported (*) subclades: one subclade representing C. pseudoventricosa
sp. nov. from the SW Gulf of Mexico and C. littleriana J.N. Norris & Ballantine from Martinique, FWI, and the other
subclade representing C. nodulosa J.N. Norris & Ballantine from Puerto Rico and C. planifrons (Melvill) J. Agardh
from Caribbean Panama. These Chrysymenia clades are sister (BS=81, BP=%*) to a strongly supported clade (BS=99,
BP=*) that includes Australian taxa currently placed in Gloiosaccion (G. brownii Harvey [including G. brownii
var. firmum and G. brownii var. coriaceum] and G. pumilum J. Agardh). Results of the ABGD and GMYC anlyses
support the separation of three species encompassing the genus “Gloiosaccion”. Since the genus Gloiosaccion forms
a monophyletic group residing inside Chrysymenia it is here merged with Chrysymenia.

Sister to the above mentioned clades is C. ornata Kylin from Australia with strong support (BS=96, BP=*).
In turn, an undescribed species from the vicinity of the Florida Middle Grounds in the SE Gulf of Mexico clusters
with strong support (BS=91, BP=*) to the other Chrysymenia taxa. The resulting rbcL-based phylogeny recovered
twelve distinct species in the genus Chrysymenia. Purposefully omitted from the dataset in the present paper is
Chrysymenia enteromorpha Harvey (1853), a common species throughout the Gulf of Mexico and the Caribbean; the
correct taxonomic position of this species forms the subject of a separate paper that will be discussed along with the
Chrysymenia sp. from the vicinity of the Florida Midle Grounds, and with which it has been confused; this Chrysmenia
sp. will form the basis of a new species. The entire Chrysymenia clade is strongly supported (BS=91, BP=%*), distinct
from the genera Botryocladia and Rhodymenia in the Rhodymeniaceae. The species topology in the concatenated
rbcL, LSU and UPA analysis (Fig. 2) is congruent with that of the rbcL tree shown in Fig. 1 except for the sister clade
relationship of C. ventricosa and the fact that the support values for most nopdes increased.

All samples of Chrysymenia newly sequenced in this study were also analyzed morphologically (Schmidt
2009). With the exception of C. ornata from Australia (Kylin 1931), all materials examined contain internal rhizoidal
filaments. Illustrated here are the habits of the type specimen of Chrysymenia ventricosa (J.V. Lamouroux) J. Agardh
and Gloisosaccion brownii Harvey, and available characters that distinguish Mediterranean Chrysymenia ventricosa
from C. pseudoventricosa from the Gulf of Mexico.

While this publication focused on the monophyletic members of Chrysymenia, forthcoming publications will
address the non-monophyly of taxa currently placed in Chrysymenia (Schmidt et al., in prep).

Chrysymenia ventricosa (J.V. Lamouroux) J. Agardh 1842, p. 106
Figures 3-8

TYPE LOCALITY: “In Mari Gaditano. Ad oras maris Mediterranei Galliae” (from sea around the Straits of Gibraltar, on shores of Spanish
Mediterranean Sea)

TYPE MATERIAL: Mediterranean, no indication about collector, (C 19/f 33), grey label (Fig. 3) is by the hand of Lamouroux; extra
label written by J.F. Chauvin, his successor at Caen (Dr. Chantal Ballard, pers. comm.) mentions Fistularia ventricosa, a cornetfish
(Fistularia Linnacus 1758). The independence of botanical and zoological nomenclature of F. fistularia is moot since the algal name
was not formally described.

BASIONYM: Dumontia ventricosa J.V. Lamouroux 1813, p. 45, pl. 4, fig. 6

SYNONYMS: Halymenia ventricosa (J.V. Lamouroux) C. Agardh 1822, p. 212
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FIGURES 3-8. Chrysymenia ventricosa (J.V. Lamouroux) J. Agardh. 3) Habit of type specimen from the Mediterranean, in Lamouroux
Herbarium, Caen. 4) Habit of carposporophytic specimen from Cap Oullestreil, Cote des Alberes, Mediterranean France. Scale bar 2
cm. 5) Surface view showing elongate subcortical cells (arrow) below surface cells. Scale bar 30 pm. 6) Cross section showing multiple,
solitary gland cells (arrow) at periphery of a medullary cell. Scale bar 60 um. 7) Longitudinal section showing layer of narrow, periclinal
subcortical cells (arrows) subtending a cortex of 2—3 layers of small roundish cells; and large, hyaline medullary cells. Scale bar 50 um.
8) Cross section through mature carposporophyte. Scale bar 200 pm.

Chrysymenia digitata Zanardini 1863, p. 287
Chrysymenia ventricosa var. digitata (Zanardini) Hauck 1883, p. 159

MATERIAL EXAMINED: carposporophytic specimen, Cap Oullestreil, Cote des Alberes, Pyrénées, Mediterranean
France, 17.vii.84, coll. M.D. Guiry, Fig. 4. See Table 1.
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GEOGRAPHIC DISTRIBUTION: Mediterranean. The occurrence of C. ventricosa outside this area is doubtful
(Florida, Greater and Lesser Antilles, Southern Caribbean, Bermuda, Canary Islands, Venezuela, French Polynesia; see
records in Taylor 1960, Littler and Littler 2000, Payri et al. 2000).

HABIT, VEGETATIVE AND REPRODUCTIVE STRUCTURE: The type specimen of C. ventricosa (Fig. 3)
was not available for study, and only a dried herbarium specimen that lacked the basal part of a stipe and holdfast
(Fig. 4) was analyzed. The thallus, about 17 cm tall, erect, terete to moderately compressed (Figs. 3—4), consists of a
leading axis bearing alternate to opposite lateral side branches appearing sparsely but broadly pinnulate, giving the
thallus a digitate appearance (Figs 3, 4). None of the side branches are constricted at their base (Figs. 3, 4). The thallus
surface is completely corticated (Fig. 5), composed of two-to-three cortical cell layers of small roundish cells (Fig.
7) subtended by a layer of elongate, narrow subcortical cells and two medullary layers of large hyaline cells (Fig. 7).
The elongate, periclinal subcortical cells are readily visible from a surface view (Fig. 5). Pyriform gland cells (Fig. 6)
are pinched off singly and thallus inward from the peripheral cytoplasm of any unmodified subcortical or medullary
cell (Fig. 6), with several gland cells of different sizes typically cut off from a single vegetative cell (Fig. 6). Ostiolate,
hemispherical carposporophytes are scattered over the thallus surface (Fig. 4) and protrude from the surface. Mature
carposporophytes reach about 0.8 cm in diameter, and lack an enveloping network of filaments around the globular
mass of carposporangia (Fig. 8). Male and tetrasporangial thalli were not seen.

REPRESENTATIVE SEQUENCES: KT154745 (rbcL), KT154732 (LSU), KT154707 (UPA).

Chrysymenia pseudoventricosa W. E. Schmidt, Gurgel and Fredericq, sp. nov.
Figures 9-16.

HOLOTYPE. sample LAF-NSF-1I-78-2 (WES 16), Campeche Banks, Southeastern Gulf of Mexico, Mexico,
22°10°420”N, 91° 09°550”W), 42-43 m depth sample NSF-1I-106-3, vegetative plant, attached to rhodolith. Figs.
9-14, leg. Suzanne Fredericq, deposited in LAF.

ETYMOLOGY: the specific epithet refers to the similarity in habit with C. ventricosa.

SYNONYM: Chrysymenia ventricosa in part

MATERIAL EXAMINED: Campeche Banks, SE Gulf of Mexico, Mexico, LAF-NSF-11-63-1 (WES 88),
21°48°048” N, 91°54°962” W), 30-38 m depth; LAF-NSF-II-106-3, 22°10°420” N, 91° 09’550” W, 18.vi.2005,
dredged from a depth of 37-43 m, attached to rhodolith; sample NSF-II-106-3, vegetative plant. See Table 1.

GEOGRAPHIC DISTRIBUTION. Gulf of Mexico, Florida, Caribbean, Bermuda, Canary Islands [see records in
Taylor (1960), Littler and Littler (2000) as C. “ventricosa”]

HABIT AND VEGETATIVE STRUCTURE: Thalli up to 10.5 cm tall and 13 cm in width, terete to moderately
compressed, with a thickness of approximately 4.5 mm, from a small attachment stipe of 2 mm in height, and a small
discoid holdfast (Fig. 9). The blade is hollow and filled with mucilage. Gland cells are pyriform, solitary (Fig. 10),
or borne on unmodified medullary cells (Fig. 11). The thallus is completely corticated (Fig. 12), composed of three-
to-four pigmented cortical cell layers (Fig. 13), a larger layer of roundish subcortical cells, and one-to-two medullary
layers of hyaline cells (Fig. 14). The middle portion of the stipe is of complete solid construction, with pigmented
cortical cells transitioning into large hyaline medullary cells filling the solid mass with rhizoidal filaments (Fig. 15).
Internal filaments develop either from transformed medullary cells, or invading medullary cells (Fig. 16). Female,
male and tetrasporangial thalli were not seen.

REPRESENTATIVE SEQUENCES: HQ400581 (rbcL), KT154726 (LSU), KT154701 (UPA).

Chrysymenia brownii (Harvey) De Toni 1900, p. 545, Figs. 17-23

BASIONYM: Gloiosaccion brownii Harvey 1859a, pl. 83 (including var. a membranaceum)

SYNONYMS: Halosaccion hydrophora sensu Harvey 1855, p. 556 (non Postels & Ruprecht 1840: 19, pl. 35C)
Gloiosaccion hydrophora J. Agardh 1892, p. 85
Botryocladia brownii (Harvey) G. Feldmann and Bodard 1965, pp. 9-10

TYPE: Georgetown, Tasmania, Australia (Harvey, Alg. Aust. Exsiccata no. 419); lectotype designated by Womersley in 1952) in Herb.
Harvey, TCD.

SPECIMENS EXAMINED: Port McDonnell, South Australia, coll. M. H. and F. Hommersand, 11.xi.95 (WES108).
See Table 1.
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FIGURES 9-16. Chrysymenia pseudoventricosa W.E. Schmidt, Gurgel and Fredericq sp. nov. from the Campeche Banks, SW Gulf of
Mexico. 9-14) Holotype, LAF-NSF-II-78-2 (WES16). 9) Habit of non-reproductive plant. Scale bar 2 cm. 10) Cross section at mid thallus
region, showing spherical gland cell (arrow). Scale bar 40 pm. 11) Surface view of medullary cells, with gland cells (arrow). Scale bar 100
um. 12) Surface view of thallus showing complete cortication. Scale bar 40 um. 13) Cross section of cortical layer at mid thallus region.
Scale bar 4.5 um. 14) Cross section through mid thallus region showing pigmented cortical cells and hyaline medullary cells. Scale bar
100 pm. 15-16) Vegetative specimen LAF-NSF-II-106-3. 15) Cross section through middle part of holdfast showing cortical cells, and
medullary cells with dense aggregation of narrow internal filaments. Scale bar 0.5 mm. 16) Internal filaments inside a transformed or

invaded medullary cell. Scale bar 100 um.

GEOGRAPHIC DISTRIBUTION: Geraldton, West Australia to Jervis Bay, N.S.W. and around Tasmania,
Australia; Kermadec Isls (fide Nelson and Adams 1984, Womersley 1996), New Zealand (Adams 1994).
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FIGURES 17-23. Chrysymenia brownii (Harvey) DeToni. 17, 18), 20-23) WES108 and 19) Chrysymenia pumila (J. Agardh) Weber-
van Bosse. Scale bar 2 cm. 1094. 17) Type specimen of G. brownii var. membranaceum. Scale bar 2 cm. 18) Univesiculate thalli. Scale
bar 1 cm. 19) Multivesiculate thallus. Scale bar 1 cm. 20, 21) Pyriform gland cell (arrow) cut off thallus inward from medullary cell in
cross sectional view. Scale bar 100 pm. 20) Surface view. Scale bar 40 um. 21) Surface view. Scale bar 100 pm. 22) Thallus surface
with complete cortication. Scale bar 40 um. 23) Cross section through mid thallus region showing pigmented cortical cells and hyaline
medullary cells. Scale bar 100 pm.
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The type specimen of Gloiosaccion brownii Harvey (Fig. 17) at TCD was not available for examination.
Univesiculate talli (Fig. 18) from south Australia were preserved in silica gel and rehydrated for vegetative characters.
Pyriform gland cells are cut off thallus inward from medullary cells in cross sectional (Fig. 20) and surface (Fig. 21)
views. The surface shows complete cortication (Fig. 22). The thallus interior is composed of three to six pigmented
cortical cell layers and one to three medullary layers of hyaline cells (Fig. 23).

REPRESENTATIVE SEQUENCES: HQ400575 (rbcL), KT154734 (LSU), KT154708 (UPA).

Chrysymenia coriacea (Harvey) W. E. Schmidt, Gurgel & Fredericq, comb. et stat. nov.

BASIONYM: Gloiosaccion brownii Harvey var. coriaceum Harvey 1859a, pl. 83
SYNONYM: Gloiosaccion brownii Harvey var. coriacea Harvey 1859b, p. 322

Gloiosaccion brownii Harvey var. B firmum Harvey 1859a, pl. 83

Halosaccion firmum sensu Harvey 1855, p. 556 (non Postels & Ruprecht 1840: 19, pl. 35B)
TYPE: Georgetown, Tasmania, Australia (Harvey, Alg. Aust. Exsiccata no. 420)

NOTE: Since Chrysymenia firma J. Agardh 1842 is the basionym for Lomentaria firma (J. Ag.) Falkenberg 1879, the
‘firma’ varietal epithet is rejected as it applies to the taxon Gloiosaccion brownii var. firmum (see ICBN, Saint Louis
Code, Ch. 5, article 53). Womersley (1996) noted that Harvey (1859a, pl. 83) described two varieties, o membranaceum
and B firmum, that probably correspond to young and older plants and were not worth recognizing, and that he (Harvey
1859b, p. 322) apparently changed firmum to coriaceum, referring to exciccatum no. 420. The variety ‘coriaceum’
(Gloiosaccion brownii Harvey var. coriaceum), viewed as a superfluous or illegitimate name of variety ‘firmum’ (Silva
et al. 1996) is here viewed as a legitimate substitute name for G. brownii var. firmum and is elevated to species level
with a new combination and new status. The taxonomic status of G. brownii Harvey var. furcatum Harvey 1863: xliv
(syntype localities western Australia and Georgetown, Tasmania) has not been clarified in this study.

TYPE LOCALITY: Fide Freemantle, Western Australia, Australia

DISTRIBUTION: Western and southern Australia (Womersley 1996, Huisman 2000), New Zealand (Adams
1994), Kermadec Isls (fide Huisman & Walker 1990, Nelson and Adams 2012), French Polynesia (fide N’ Yeurt &
Payri 2010).

SPECIMENS EXAMINED: MH.FH.21.x1.95 (WES118), Tarcoola Beach, Western Australia, Australia.

REPRESENTATIVE SEQUENCES: HQ400574 (rbcL), KT154733 (LSU), KT154709 (UPA).

Chrysymenia pumila (J. Agardh) Weber-van Bosse 1928: p. 469
FIGURE 19.

BASIONYM: Gloiosaccion pumilum J. Agardh 1892, p. 85.
TYPE: Port Phillip Heads, [New Holland] Victoria, South Australia, coll. J. Br. Wilson (Womersley 1996: 54). Holotype in Herb. Agardh,
LD 26407.

DISTRIBUTION: Southern Australia (Womersley 1996: 54), Indonesia (fide Weber-van Bosse 1928, Atmadja &
Prud’homme van Reine 2012).

MATERIAL EXAMINED: Edithburgh Pier, Yorke Peninsula, South Australia, coll. C.F.D. Gurgel, 17.1.2010,
35°05°04” S, 137°49°56”E (AD-A90892).

HABIT: The specimen examined was air-dried on a herbarium sheet, and shows a distinct multi-vesiculate thallus
(Fig. 19).

NOTE: Womersley (1996) views G. pumilum J. Agardh to be a slender and young plant of G. brownii.

REPRESENTATIVE SEQUENCES: HQ400576 (rbcL), KT154710 (UPA).

Discussion

The molecular evidence herein presented does not support the previous synonymy of Gloiosaccion with Botryocladia
as accepted by Feldmann and Bodard (1965) and Silva (1980), nor the recognition of Gloiosaccion as a distinct genus
as currently acknowledged (Womersley 1950, Saunders et al. 1999). Gloiosaccion brownii was originally described
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by Harvey (1859a) as a univesiculate species consisting of two varieties namely var. membranaceum—the current
type, and var. firmum. Gloiosaccion brownii var. membranaceum was described as delicately membraneous and
rose-red, whereas G. brownii var. firmum was recognized for being coriaceo-membraneous and varying from livid
purple to deep blood-red. The molecular evidence does not support the currently held opinion that “Gloiosaccion” is
monospecific. Instead, our data indicate that the varieties are molecularly sufficiently distinct at the species level (on
the basis of ABGD and GMYC analyses), as is the multi-vesiculate Chrysymenia pumila (J. Agardh) Weber-van Bosse.
One specimen from each “variety” was observed in this study with the only observed difference for the univesiculate
taxa the thickness of the outer membrane, 180-210 um in Chrysymenia brownii vs. 260-309 um in C. coriacea.

Saunders et al. (1999) using small subunit ribosomal DNA sequences supported Womersley’s resurrection of
Gloiosaccion at the molecular level in that G. brownii showed a sister relationship to Chrysymenia ornata (J. Agardh)
Kylin (1931) and that it did not fall within the Botryocladia clade. Saunders et al. (1999), however, used only two
species of Chrysymenia in their dataset, i.e. C. ornata and C. wrightii, a clade that resolved as sister to Botryocladia.
The present study includes a larger sampling of Chrysymenia species and multi-marker analysis and reveals that
Gloiosaccion is not sister to Chrysymenia but indeed falls within the Chrysymenia clade.

Chrysymenia brownii, C. coriacea and C. pumila are similar to the other species of Chrysymenia analyzed in their
vegetative structure and in possessing a very short stipe; however, unlike the situation in the other known Chrysymenia
species, the stipe of C. pumila generates additional bladders. In addition, the stipes of C. brownii and C. coriacea
specimens remain unbranched and those in C. pumila are branched. In this study, specimens with branched stipes
have not been observed, but a top portion of a stipe of a single bladder specimen resembles that of other Chrysymenia
species. In the thalli observed, large medullary cells cut off internal rhizoids that fill the central portion of the stipe, a
characteristic suggested by Norris (1995) that may be useful in separating Chrysymenia from Botryocladia since many
of the Botryocladia specimens studied so far have a solid pseudoparenchymatous medulla. In all thalli observed, large
medullary cells cut off internal rhizoids that fill the central cavity, a characteristic that was suggested by Norris (1989)
to be useful in separating Chrysymenia from Botryocladia since many of the Botryocladia specimens studied so far
lack internal rhizoids.

Thalli of Chrysymenia species are composed of multiple cell layers, with the medulla consisting of large hyaline
medullary cells that can give rise to gland cells and to internal rhizoids. The medulla in Chrysymenia is either composed
of a single layer of cells or of multiple cell layers that resemble those in “Gloiosaccion”; in the latter, however, cells
of the middle portion of the cortex cut off a set of anticlinal filaments. Although an anticlinal arrangement of cells in
Chrysymenia is not unknown, the cells are always associated with male sexual structures as documented in the anticlinal
formation of spermatangia in C. nodulosa (Norris and Ballantine 1995). Furthermore, the degree of carposporophyte
protrusion has been questioned as a reliable character to discriminate among genera of Rhodymeniales (Huisman 1996,
Afonso-Carillo et al. 2006). Though similar in overall habit, C. ventricosa can be separated from C. pseudoventricosa
in that the subcortical layer subtending the cortex is comprised of narrow, periclinal cells bearing 2—3 layers of cortical
cells in the former, and roundish periclinal cells bearing 3—4 layers of cortical cells in the latter.

Conclusion. Seven currently recognized species listed for Chrysymenia (Wynne 2005, Guiry and Guiry 2015), i.e.
C. agardhii, C. halymenioides, C. littleriana, C. nodulosa, C. ornata, C. planifrons, and C. ventricosa were sampled
and analyzed in this study, the largest molecular study performed to date for this genus. The genus Gloiosaccion is
reduced to synonymy with Chrysymenia, and two varieties of G. brownii are recognized at the species rank, i.e. C.
brownii (Harvey) De Toni and C. coriaceum (Harvey) comb. et stat. nov. Chrysymenia pumila (J. Agardh) Weber-
van Bosse, is more broadly recognized as a distinct species. The deep-water collections of Chrysymenia “ventricosa”
reported for the Gulf of Mexico do not exemplify a range extension of the Mediterranean but instead represent a new
species, C. pseudoventricosa sp. nov. The unnamed species from the Florida Middle Grounds awaits description and
will be discussed vis-a-vis Chrysymenia enteromorpha Harvey in a forthcoming paper. In total, twelve distinct species
of Chrysymenia are recognized in this study.
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