
Halichrysis corallinarius sp. nov. (Rhodymeniaceae,
Rhodophyta) from Puerto Rico, Caribbean Sea
David L. Ballantine,1* Gary W. Saunders2 and Hector Ruiz1

1Department of Marine Sciences, University of Puerto Rico, Mayagüez, Puerto Rico 00681 and 2Department of Biology,
University of New Brunswick, Fredericton, New Brunswick, Canada, E3B 6E1

SUMMARY
A new species, Halichrysis corallinarius sp. nov. is
described from coral reef habitats in southwest Puerto
Rico as well as from Grand Cayman Island. The new
species produces strap-shaped thalli supported above
the substrata by abundant peg-like stipes. The lobed
branches are frequently anastomosed with colonies
measuring to 4.0 cm broad with individual axes mea-
suring to 7.0 mm across. Algae possess up to five layers
of medullary cells with frequent open spaces in the
medulla. Tetrasporangia, measure to 19 ¥ 25 mm, and
are borne in sori limited to ventral surfaces. Gameto-
phytes are monoecious and hemispherical carposporo-
phytes are produced dorsally, measuring to 900 mm in
diameter and 600 mm high.

Key words: Caribbean, Halichrysis corallinarius,
molecular systematics, Puerto Rico, Rhodophyta,
Rhodymeniaceae, Rhodymeniales.

INTRODUCTION

Morphologically the genus Halichrysis is characterized
by generally iridescent peltate or prostrate plants with
a dorsiventral organization. Spreading branches are
frequently anastomosed and overlapping, as well as
possessing a polystromatic medulla with small
intercalating cells among the larger medullary cells
(Huisman & Millar 1996; Saunders et al. 2006).
Reproductively, three-celled carpogonial branches are
reportedly in pairs on enlarged supporting cells, cysto-
carps lack tela arachnoidea (i.e. a mesh-like network of
narrow filaments between the pericarp and developing
gonimoblast, cf. Saunders et al. 2006), but possess a
‘réseau muqueux’ (i.e. mucilaginous strands, cf. Huvé
& Huvé 1977; Saunders et al. 2006) and tetrasporan-
gia are usually borne terminally on filaments that dif-
ferentiate from existing cortical cells (Saunders et al.
2006). The genus currently includes five species (Guiry
& Nic Dhonncha 2004; Saunders et al. 2006): Hali-
chrysis concrescens (J. Agardh) G. De Toni, H. depressa
(J. Agardh) F. Schmitz, H. japonica Segawa, H. micans

(Hauptfl.) P. Huvé & H. Huvé and H. thivyae (E.Y.
Dawson) Eiseman & R.L. Moe. With the exception of
H. depressa, which is found in the eastern Atlantic, the
remaining Halichrysis species either have a Pacific or
Indian Ocean distribution.

The status of three species previously assigned to
Halichrysis has been clarified by Saunders et al.
(2006). Halichrysis coalescens (Farl.) R.E. Norris & A.
Millar in R.E. Norris was originally based on Herpo-
phyllon coalescens Farl. and transferred to Drouetia
coalescens (Farl.) G. De Toni; however, Saunders
et al. indicated that it is not allied with Halichrysis and
recommended that the species remain in Drouetia,
which they argue represents an independent lineage
within the Rhodymeniales. Halichrysis irregularis
(Kütz.) A. Millar (in Millar & Prud’homme van Reine
2005) was based on Iridea irregularis Kütz. and con-
sidered to be synonymous with Drouetia coalescens.
However, Saunders et al. (2006) provided contrary evi-
dence and suggested that Iridaea irregularis may rep-
resent a new species of Halichrysis. Halichrysis peltata
(W.R. Taylor) P. Huvé & H. Huvé was originally based on
material from Venezuela (as Fauchea peltata W.R.
Taylor). This species is also known from the southeast
United States (Schneider & Searles 1991) and Puerto
Rico (Ballantine & Wynne 1986). Huisman and Millar
(1996) subsequently transferred the species to
Asteromenia.

Recent collections made in cryptic coral reef habi-
tats in southwestern Puerto Rico (western Atlantic), as
well as from a single collection at Grand Cayman Island,
have revealed a new distinctive species that conforms
to Halichrysis.

MATERIALS AND METHODS

Specimens collected by scuba were preserved in 10%
formalin/seawater. Sections (30 mm thick) were made
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using an American Optical Cryo-Cut freezing microtome
(American Optical Co., New York, NY, USA). Micro-
scopic preparations were stained in acidified 1%
aniline blue and mounted in 60% Karo corn syrup on
microscope slides. Photomicrographs were taken with a
SPOT RE digital camera through an Olympus BMAX
light microscope (Olympus Optical Company, Tokyo,
Japan). The plates were assembled from digital photo-
graphs using Adobe Photoshop CS2 (Adobe Systems,
San Jose, CA, USA). The holotype is deposited in the
US with isotypes at MICH, MSM and UNB. Paratype
specimens have been deposited at MICH, MSM, UNB
and US. Herbarium abbreviations follow Holmgren
et al. (1990) and authority designations are according
to Brummitt and Powell (1992).

Samples for molecular investigation (Table 1) were
ground under liquid nitrogen and stored in sealed vials
at -20°C. DNA was extracted from these isolates as
outlined in Saunders (1993). The large subunit (LSU)
rDNA and DNA barcode cox1-5′ were amplified with
published primers and protocols as necessary (Harper &
Saunders 2001; Saunders 2005). The polymerase
chain reaction (PCR) products were agarose gel-purified
with the Wizard+. PCR preps DNA purification system
(Promega, Madison, WI, USA) and DNA sequencing
was completed with the dRhodamine terminator cycle
sequencing ready reaction kit (PE Applied Biosytems
(ABI), Foster City, CA, USA). Sequence data were col-
lected with the ABI PRISM 3100 genetic analyzer.

The new data were combined with previously pub-
lished sequence data for LSU and the DNA barcodes
(DB) as follows: Asteromenia anastomosans (Weber
Bosse) G.W. Saunders, C.E. Lane, C.W. Schneid. &
Kraft (LSU – DQ068299; DB – AY970630, AY970631,
AY970632); A. bermudensis G.W. Saunders, C.E.
Lane, C.W. Schneid & Kraft (LSU – DQ068297; DB –
AY970560, AY970561, AY970562, AY970563,
AY970564, AY970565); A. exanimans G.W. Saunders,
C.E. Lane, C.W. Schneid & Kraft (LSU – DQ068301);
A. peltata (W.R. Taylor) Huisman & A. Millar (LSU –
DQ068298); A. psuedocoalescens G.W. Saunders, C.E.
Lane, C.W. Schneid & Kraft (LSU – DQ068300; DB –
AY970629); Botryocladia leptopoda (J. Agardh) Kylin
(LSU – DQ345756); Erythrymenia minuta Kylin (LSU –
DQ068295); Erythrymenia obovata F. Schmitz ex.
Mazza (LSU – DQ068296); Hymenocladia chondricola
(Sond.) J.A. Lewis (LSU – DQ068294); Halichrysis
corallinarius sp. nov. (DB – AY970628); and Irvinea
ardreana (J. Brodie & Guiry) Guiry (LSU – DQ343714).
The final alignments had 20 taxa with 2849 nucleotide
positions (207 sites excluded for being ambiguously
aligned or for having homology to the 3′ PCR primer
position) and 18 taxa and 710 positions (46 excluded
for being homologous to the PCR primers) for the LSU
and DNA barcode, respectively. The LSU alignment was
subjected to bayesian analyses (Mr Bayes v3.1.1; Ta
bl
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Huelsenbeck & Ronquist 2001) using the generalized
time reversible (GTR) + I + G model and two million
generations (analyses completed in triplicate). Trees
were sampled every 100 generations with log-likelihood
scores stabilized at approximately 25 000 generations
– the first 5000 of a possible 20 000 trees were dis-
carded as burnin. The remaining trees were imported
into PAUP to generate a majority rule consensus tree to
estimate posterior probabilities. The DNA barcode
alignment was analyzed under neighbor-joining (NJ) as
implemented in PAUP (v.4.0b10; Swofford 2002) with a
GTR model to provide a visual representation of within
versus between species variation (this is not presented
as a phylogenetic analysis).

RESULTS

Halichrysis corallinarius D.L. Ballant, G.W. Saunders &
H. Ruiz sp. nov. Figures 1–12.

Description

Algae thallos ligulatos formantes; thalli prostrati multis
stipitibus 1–2 (-3.5) mm longis et paxilliformibus affixi
atque e superficiebus ventralibus producti; algae
expansae et lobatae; coloniae algarum usque ad 40 cm
latae et axes singuli usque ad 7.0 mm latae; ramificatio
irregulatim a marginibus; rami lobati paulatim expansi
distaliter et frequenter anastomosantes; rami juniores
supra laminas maiores frequenter crescents; thalli
250–300 mm crassi 3 stratis cellularum corticalium et
usque ad 5 stratis cellularum medullosarum; cellulae
medullosae maximae usque ad 100 ¥ 200 mm. Cavites
apertae in medulla communes; cellulae medullosae
circum spatia aperta glandicellulas vel pryiformes
usque ad 8 mm longas vel elongatas usque ad 14.0 mm
longas frequenter sustinentes; tetrasporangia in soris
superficialibus irregulatim formatis portata, usque ad
8 mm lata in superficiebus ventralibus; cellulae matri-
cales tetrasporangiorum in filamentis cellularum
elongatarum portatae, 1–3 tetrasporangia distaliter
abscindentes.; tetrasporangia ovata et cruciatim divisa,
usque ad 19 ¥ 25 mm; gametophyta monoceia; car-
posporophyta cystocarpia valde conspicua et hemi-
sphaerica usque ad 900 mm diametro et 600 mm alta
in superficiebus dorsalibus producentia.

Algae form strap-shaped thalli which grow in a pros-
trate manner attached by abundant 1–2 (-3.5) mm
long peg-like stipes produced from ventral surfaces;
algae are spreading and lobed with entire colonies to
4.0 cm broad and individual axes to 7.0 mm across;
branching occurs irregularly from margins; the lobed
branches slightly expanded distally and frequently
anastomosed; younger branches frequently overgrow
older blades; thalli are 250–300 mm thick with three
cortical cell layers and to five layers of medullary cells,

the largest medullary cells measuring to
100 ¥ 200 mm; open cavities are common in the
medulla and medullary cells surrounding the open
spaces frequently support pyriform, to 8 mm long, or
elongated gland cells, to 14 mm long; tetrasporangia
are borne in irregularly shaped superficial sori, to 8 mm
across, on ventral surfaces; tetrasporangial mother cells
are borne on filaments of elongated cells and support
one to three tetrasporangia distally; tetrasporangia are
ovate and cruciately divided, measuring to 19 ¥ 25 mm;
gametophytes are monoecious; carposporophytes
produce highly conspicuous hemispherical cystocarps
on dorsal surfaces which measure to 900 mm in diam-
eter and 600 mm high.

Holotype
D.L.B. 6340, Turrumote Reef, La Parguera, Puerto Rico
(17°56.097 N, 67°01.130 W), 11 m (Coll. H. Ruiz)
5.x. 2004 (Alg. Coll. US – 209166). Isotypes in MICH
and MSM.

Paratypes
Edge of insular shelf, offshore from La Parguera, Puerto
Rico (17°53.423 N, 66°59.320 W): D.L.B. 6268,
23 m (Coll. D.L. Ballantine, H. R) 11.vii. 2004; D.L.B.
6465; 20 m (Coll. H. R) 17.ii. 2005; D.L.B. 6483,
23 m (Coll. H. R), 12.iv. 2005; D.L.B. 6486, ibid.,
13.iv. 2005; Media Luna Reef, La Parguera, Puerto
Rico (17°56.10′-N; 67°02.94′-W): D.L.B. 6304, 6 m
(Coll. H. R) 2.ix. 2004; D.L.B. 6372, 12 m, 16.xi.
2004; D.L.B. 6381, ibid., 24.xi. 2004; D.L.B. 6587,
ibid., 28.vi. 2005.

Turrumote Reef, La Parguera: D.L.B. 6309, 21 m
(Coll. H. R) 13.ix. 2004; D.L.B. 6316, 14 m (Coll. H.
R) 28.ix. 2004.

Cayman Islands: Grand Cayman Island, Andros Wall:
D.L.B. 5916, 14 m (Coll. H. R) 5.viii. 2003.

Etymology
The specific epithet refers to the fact that the new
species has been observed exclusively in coral reef
habitats.

Observations
Specimens of Halichrysis corallinarius were collected in
coral reef habitats from depths of 6–23 m. Algae form
strap-shaped thalli (Figs 1–6), which grow in a pros-
trate manner, mostly elevated above (and roughly par-
allel to) the substratum by abundant 1–2 (-3.5) mm
long peg-like stipes produced from ventral surfaces
(Fig. 5). Algae are spreading and lobed (Figs 2,3,5,6)
with entire colonies to 5.5 cm broad and individual
axes to 7.0 mm across. Branching occurs irregularly
from the margins. The lobed branches are slightly
expanded distally (Figs 2,3) and frequently anasto-

242 D. L. Ballantine et al.



mose. Older plants form extensive colonies, which may
include anastomosis with neighboring thalli. On mature
plants, younger branches frequently overgrow older
blades (Fig. 2). Plants are internally composed of three
cortical cell layers and up to five medullary layers of
cells and the entire blade thickness ranges from 250 to

350 mm (Fig. 7). The outermost cortical layer consists
of spherical, averaging 5.6 mm in diameter, to some-
what radially elongated cells, 5 mm ¥ 8 mm long. The
middle cortical layer is of spherical cells, to 8 mm in
diameter, and the inner cortical layer consists of oval, to
10 ¥ 16 mm cells. The outermost medullary cells are

Figs 1–6. Halichrysis corallinarius sp. nov. 1. Habit of living plant. Arrows denote attachment sites. (D.L.B. 5483). Scale

bar = 2 mm. 2. Habit of living plant. Arrow shows point of blade overlap. (D.L.B. 6483). Scale bar = 2 mm. 3. Dorsal surface of living

plant showing abundant and conspicuous hemispherical cystocarps (arrows). (D.L.B. 6268). Scale bar = 2 mm. 4. Ventral surface of

living tetrasporangial plant. Arrows point to tetrasporangial nemathecia. (D.L.B. 6486). Scale bar = 1.0 mm. 5. Ventral surface of living

plant showing peg-like stipes (arrows). (D.L.B. 6486). Scale bar = 5 mm. 6. Habit of the holotype specimen (D.L.B. 6340). Scale

bar = 5 mm.
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oval in shape and measure to 28 ¥ 52 mm. These grade
into larger medullary cells inwardly, which measure to
100 ¥ 200 mm (Fig. 7). Smaller diameter cells, mostly
50–100 mm in diameter are irregularly located in the
central medulla (Figs 7,8). Among the medullary cells

are small open areas or cavities (Figs 7,8). Medullary
cells surrounding these open spaces frequently support
pyriform, to 8 mm long, or elongated gland cells, to
14 mm in length and which measure 5 mm in diameter
(Fig. 8).

Figs 7–12. Halichrysis corallinarius sp. nov. 7. Transection through blade showing polystromatic medulla and internal spaces (D.L.B.

6486). Scale bar = 50 mm. 8. Transection through blade showing medullary cells which support gland cells (arrowheads) (D.L.B. 5604).

Scale bar = 50 mm. 9. Transection section through tetrasporangial nemathecia showing terminal tetrasporangia (D.L.B. 6309). Scale

bar = 50 mm. 10. Transection section through a second tetrasporangial nemathecia showing terminal tetrasporangia (D.L.B. 6309).

Scale bar = 50 mm. 11. Transection through cystocarp showing compact gonimoblast borne above basal layer of nutritive cells (D.L.B.

6268). Scale bar = 250 mm. 12. Transection through blade bearing spermatangia (D.L.B. 5486). Scale bar = 25 mm.

244 D. L. Ballantine et al.



Tetrasporangia are borne in irregularly shaped super-
ficial nemathecia, to 8.0 mm across, which are limited
to the ventral surfaces (Fig. 4). Nemathecia formation
is the result of a transformation of cortical cells through
elongation of middle and distal cells, and the entire
sorus is elevated 65 mm beyond the thallus surface.
The distal cortical cells bear one to three tetrasporangia
distally (Figs 9,10). The tetrasporangia are ovate
and cruciately divided, measuring to 19 ¥ 25 mm
(Figs 9,10). One sorus was substantially different in
height from the others observed, extending to 170 mm
beyond the ventral surface (Fig. 10). Gametophytic
plants are monoecious with abundant highly conspicu-
ous hemispherical carposporophytes protruding on the
dorsal surfaces (Figs 3,11). These measure 900 mm
broad by 600 mm high. The compact gonimoblast is
supported off the floor of the cystocarp by a prominent
fusion cell. The floor of the cystocarp is lined with dark

staining small nutritive cells. A tela arachnoidea is
lacking, however, ‘réseau muqueux’ (i.e. mucilaginous
strands, cf. Saunders et al. 2006) are evident. Elon-
gated spermatangial initials, to 8 mm long, are cut off
from outer cortical cells, and cut off spermatangia
distally (Fig. 12). Spermatangial sori appear to be
located on both dorsal and ventral surfaces.

The LSU analyses resolved a close association
between two unknown entities from Australia (G0402
and GWS002041) and the included species of Hali-
chrysis, H. concrescens and H. micans (Fig. 13). It is
with the latter assemblage that the isolate from Puerto
Rico unequivocally has an alliance as a very close sister
to H. micans. Owing to the similarity in the LSU
between these two taxa – only four nucleotides different
– the status of the Puerto Rican entity as a distinct
species was assessed using the DNA barcode approach
(Saunders 2005). As is generally the case for red algae

Fig. 13. Bayesian (above) and

neighbor-joining (below) topologies

for the large subunit (LSU) and DNA

barcode alignments, respectively.

Posterior probabilities are indicated

on the former, whereas a matrix of

actual pairwise differences between

isolates is provided with the latter

(A. pseudo. = A. pseudocoalescens).

The LSU topology is rooted between

Asteromenia and its allies versus the

Rhodymeniaceae sensu stricto (cf.

Saunders et al. 1999).
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(Saunders 2005), within species differences were
between 0 and 3 nucleotides, whereas divergences
between closely related species were greater than 30
differences (e.g. Asteromenia anastomosans and A.
pseudocoalescens with 31 differences; Fig. 13). Hali-
chrysis micans and the new entity from Puerto Rico had
39–40 differences supporting the LSU and anatomical
data in recognizing the latter as an independent species
of Halichrysis.

DISCUSSION

The genera Asteromenia, Drouetia, Maripelta and Scia-
dophycus display morphological similarities to Halichry-
sis. Maripelta and Asteromenia both differ in possessing
intercalary tetrasporangia, which are not associated with
differentiation of contiguous cortical filaments (Saun-
ders et al. 2006), and the former possesses a monos-
tromatic medulla (Eiseman & Moe 1981; Huisman &
Millar 1996). Sciadophycus differs in possessing a
monostromatic medulla, stellate blades and cystocarps
that possess tela arachnoidea (Dawson 1944). Drouetia
differs from Halichrysis in possessing tetrasporangial
sori on upper surfaces, in the development of the tet-
rasporangial nemathecia and in the lack of small inter-
calating cells in the medulla (Saunders et al. 2006).
The new species is assigned to Halichrysis on the basis
of its molecular alignment with other Halichrysis
species (Fig. 13) and on morphological and anatomical
attributes. The latter include its dorsiventrally organized
prostrate blades, polystromatic medulla, possessing
small intercalary cells in the medulla, cystocarps
lacking tela arachnoidea but possessing ‘réseau
muqueux’, location of tetrasporangial sori on ventral
surfaces and mode of nemathecial development. In
Halichrysis, the elongated cells within tetrasporangial
nemathecia have previously been misinterpreted as
adventitious paraphyses as opposed to being trans-
formed cortical cells (Saunders et al. 2006). In this
light, the development in height of thicker nemathecia
(although only observed on one occasion; Fig. 10) is
problematic as it involves either renewed vegetative
growth during nemathecial development (prior to spo-
rangial differentiation) or variable levels of cortical
thickness in different parts of the thallus (perhaps
thicker in older thallus regions). Secondary growth of
nemathecial filaments upon release of the first order of
tetrasporangia as observed in Chamaebotrys erectus
Schils & Huisman (Schils et al. 2003) could also
explain this observation. We were unable to observe
intermediate stages in the development of the expanded
nemathecia, and thus this issue is unresolved.

The new species differs from all presently known
Halichrysis species by being monoecious (where known)
and in possessing gland cells (Table 2). Otherwise
the new species differs by means of a combination of Ta
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morphological characters. Halichrysis corallinarius dif-
fers from H. micans in blade thickness (to 350 mm in
the new species and to 500 mm in the latter (Saunders
et al. 2006). Additionally, tetrasporangia in H. micans
are much larger, to 40 versus to 25 mm in the new
species (Cribb 1983). Owing to the similarity in LSU
sequence of the new species to H. micans, DNA
barcode analyses with cox1–5′ were carried out and it
was established that the species were closely related but
nonetheless clearly distinct (see Saunders 2005). In
Halichrysis depressa, tetrasporangia are up to 96 mm
long and are generally positioned singly on the modified
cortical cells (Sansón et al. 2002) as opposed to one to
three tetrasporangia per modified cortical cell in the new
species. Saunders et al. (2006) further observed that
medullary cells of the lectotype of H. depressa are to
165 mm in width ¥ to 550 mm in length (vs to
150 ¥ 200 mm in the new species) and that the cortex
was four to six cell layers (vs three layers in the new
species). Halichrysis japonica was described on the
basis of a single specimen and assigned to the genus
with a query (Segawa 1941) and thus is poorly known.
Based on the little information available for H. japonica,
it differs from the new species by producing ‘rhizoidal
processes’ from the ventral surface (Segawa 1941) as
opposed to multiple short cylindrical stipes.

Halichrysis concrescens possesses thinner blades
(80–230 mm vs 250–350 mm in the new species) and in
having intercalary cells arranged in short chains or
filaments (vs being solitary in the new species (Saunders
et al. 2006). Halichrysis thivyae differs from the new
species by its production of blades from a longer (to
3 cm) stipe and in possession of a rostrate cystocarp.
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