Phycologia (2006) Volume 45 (5), 495-504

Two creeping Ceramium species (Ceramiaceae, Rhodophyta) from the
Florida Keys: C. reptans sp. nov. and recircumscription of
C. codii (Richards) Mazoyer
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On the basis of comparative morphology. a new creeping Ceramium species with incomplete and narrow nodal cortication,
C. reptans sp. nov, is described from the Florida Keys. USA, where it co-occurs epiphytically with C. codii on the same
host, Hypnea spinella. Ceramium reptans sp. nov. is recognized by a prostrate axis producing unbranched upright axes
dorsally: five periaxial cells per axial cell; three cortical cells cut off per periaxial cell, with the first acropetal cortical cell
becoming the pseudoperiaxial cell that extends longitudinally parallel o the level of neighboring periaxial cells, a second
acropetal and third basipetal horizontal cortical cell: and cruciately divided tetrasporangia in whorls bulging from a single
node appressed to the contiguous node below on upright axes, 3-6 segments below the apex. Ceramiuwm codii, described
from Bermuda. is recognized by a prostrate axis producing unbranched, upright axes dorsally, four periaxial cells per axial
cell. three cortical cells cut off per periaxial cell with the basipetal cortical cell cut off horizomally on the prostrate axis,
and 1-2 tetrahedrally divided tetrasporangia produced per periaxial cell. Among the described creeping Ceramium species:
C. codii, C. bisporum, C. cingularum. C. cingulum. C. dorsiventrale, C. incospicuum, C. jolvi, C. luetzelburgii. C. procum-
bens, C. poeppigianum, C. punctiforme, C. serpens, and C. tenerrimum var, brevizonatum . repens, none has the charac-
teristic pseudoperiaxial cells of C. reptans. Ceramium codii may not be a widespread species as is widely reported in the
literature.
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Taxonomy

INTRODUCTION

The species-rich genus Ceramium Roth is characterized veg-
etatively by axial cells incompletely to completely covered by
cortical cells and by a thallus composed of pseudodichoto-
mous branching or by prostrate axes bearing erect axes. Fe-
male gametophytes produce cystocarps surrounded by finger-
like involucral branches, male thalli have spermatangia pro-
duced first on the adaxial side and later in whorls along the
axis, and tetrasporophytes bear tetrasporangia cut off from
periaxial cells or irregularly from cortical cells, and are naked
or covered by cortical cells (see Maggs & Hommersand 1993
for a detailed description of the genus).

In the tropical and subtropical western Atlantic, including
the Gulf of Mexico, about 28 species ol Ceramium are cur-
rently recognized (Wynne 2005). Ballantine (1990, p. 146)
recently described a new repent species from Puerto Rico in
the Caribbean Sea, C. bisporum, which has also been reported
from the Mediterranean (Sartoni & Boddi 2002). Worldwide,
there are additional diminutive, creeping epiphytic species
characterized by a predominantly prostrate habit bearing de-
terminate upright axes, including C. codii (Richards) Mazoyer
(1938, p. 324) described from Bermuda: C. dorsiventrale
Hommersand (1963, p. 234) originally described from Trini-
dad; C. jolvi (Diaz-Piferrer) Ballantine & Wynne (1986, p.
500) described from Puerto Rico: C. cingularum Weber-van
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Bosse (1923, p. 332) described from Indonesia; C. cingulum
Meneses (1995, p. 170) described from the Hawaiian islands;
C. incospicuum Zanardini (1839, p. 136) from the Mediter-
ranean Sea (Cormaci er al. 1994, p. 1001): C. luetzelburgii
Schmidt (1924, p. 98) described from Brazil: C. poeppigianum
Grunow (1867, p. 64) described from E South Africa: C. pro-
cumbens Setchell & Gardner (1924, p. 772) described from
the Gult of California. which was recently characterized and
illustrated by Cho er al. (2001): C. punctiforme Setchell
(1924, p. 158) described from the Gulf of California: C. ser-
pens Setchell & Gardner (1924, p. 775) described from the
Gulf of California: and Ceramium sp. reported from the Med-
iterranean [Coppejans 1977 as C. tenerrinium (Mertens) Oka-
mura var. brevizonatum (H.E. Petersen) G. Feldmann f. re-
pens, Coppejans 1983, pl. 146A-B].

Ceramothamnion codii was poorly described from Bermuda
as growing on Codium tomentosum Stackhouse by Richards
(1901, p. 264) and then transferred to Ceramium by Mazoyer
(1938, p. 324). Subsequently, this species has been recognized
as being widely distributed in warm temperate and tropical
arcas (Boo & Lee 1994) such as Hawaii (Abbott 1999). south-
ern Japan (lItono 1972). castern Australia (Cribb 1983: Millar
1990), Mediterranean Sea (Feldmann-Mazoyer 1940). Aegean
Sca (Athanasiadis 1987). Atlantic Spain (Gallardo er al.
1985), Caribbean (Taylor 1960; Diaz-Piferrer 1969), West Af-
rica (Lawson & John 1982), and throughout the Indian Ocean
(see Silva er al. 1996). The taxonomy of Ceramium codii is
still in a state of chaos (see Sartoni & Boddi, 2002),
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Two creeping Ceramium species comprising predominantly
prostrate axes bearing unilateral. unbranched upright axes
were recently collected from the Florida Keys. In this paper.
we describe one of the species as new to science. C. reptans
sp. nov.. and recircumscribe C. codil.

MATERIAL AND METHODS

We recently collected creeping specimens of two Ceramium
species co-occurring epiphytically on several individuals of
the same host. Hypnea spinella (C. Agardh) Kiitzing, found
in the drift in the Missouri Key—Ohio Key Channel, Florida
Keys, Florida. All specimens were preserved in 4% formalin/
seawater. Topotype material of C. codii, exciccata #1899, Phy-
cotheca Boreali-Americana. Collins. Holden & Setchell
(1912) was examined and sectioned for comparative purposes.

Microscope observations were made from material stained
with 1% aqueous aniline blue acidified with 0.1% diluted HCL
Vouchers were deposited in LAF (herbarium abbreviations fol-
low Holmgren et al. 1990). Photomicrographs were taken with
4 Polaroid DMC le digital camera (Polaroid. Inc.. Cambridge.
MA) attached to an Olympus BX60 (Olympus. Melville. NY).
A total of 15 individuals were selected for quantitative mea-
surements.

RESULTS

Ceramium reptans T.O. Cho & S. Fredericq, sp. nov.
Figs 1-23

Thalli minuti, epiphytici in Hypnea spinella, constantes ex parte
prostrata axe horizontali dorsaliter ramos adventitios unilaterales er-
cctos ventraliter rhizoidea producenti: axes erecti uniscriati exrensi
0.8—1.2 mm; apices recti: rhizoidea brevia disco 3—4 cellulari dig-
itato; corticatio incompleta. constans ex 3 vel 4 seriebus cellularum;
cellulae periaxiales 3: spermatangia ad apices ramorum erectorum
cellulis parentalibus spermatangiorum in cellulis corticalibus extim-
is exorientibus; tetrasporangia cruciata solum ad nodum unicum ra-
morum crectorum exorientia, singulatim in quoque cellula periaxiali
formata, protrudentia e nodo corticali 3—6 segmentis infra apicem,
38-42 pm diam.. in verticillis.

Thalli minute, epiphytic on Hypnea spinella, consisting of u pros-
trate portion with a horizontal axis adventitiously producing unilat-
eral upright branches dorsally and rhizoids ventrally: upright
branches uniseriate, ranging from 0.8—-1.2 mm; apices straight: rhi-
zoids short with a 3—4 celled digitate pad; cortication incomplete,
consisting of 3—4 cell rows: periaxial cells 5 in number. each cutting
off 2 ovoid acropetal and | flattened basipetal cortical cell, with the
first cortical cell becoming the pseudoperiaxial cell that continues
o divide, growing parallel to and extending to the level of neigh-
boring periaxial cells: spermatangial clusters neur apices of upright
branches, spermatangial parent cells borne on the outermost cortical
cells: terasporangia restricted to a single node of the upright
branches, with a single tetrasporangial initial cut ofT per periaxial
cell, protruding from a cortical node 3-6 scgments below apex,
cruciately divided. 38—42 pm in diameter. in whorls.

HOLOTYPE (designated here): Fig. 16, tetrasporophyte, [LAF-
31.102004-1-2 (TCY99-2). epiphytic and co-occurring with C. codii
on Hypnea spinella, in the drift, Missouri Key-Ohio Key Channel,
Florida Keys. FL., USA, coll. T.O. Cho and B.Y. Won; 31. x. 04,
Additional 1sotypes: LAF-31.10.2004-1-2, tetrasporophytes, male
esametophytes, and vegetative thalli.

ETYMOLOGY: The species is named for the creeping habit und char-
acteristic pseudoperiaxial cells.

HABIT AND ANATOMY: Thalli are delicate and 0.8-1.2 mm
high. consisting of prostrate axes bearing short erect axes.
Apices are straight and unbranched, rarely pseudodichoto-
mous (Figs 1-3) in the prostrate axes. Erect axes, comprising
up to 15 segments, are unilaterally cut off from periaxial cells
on the dorsal side of the prostrate axis (Fig. 2). Axial cells
are spherical to cylindrical. reaching 74 = 5 pm X 31 = 2
pm (L X W) at the level of the seventh cell away from the
apex.

Five periaxial cells are cut off obliquely from the upper
part of each parent axial cell (Fig. 6) and remain at the nodes
after axial cell elongation (Figs 4. 5). Each periaxial cell pro-
duces three corticul cells by slightly oblique division. two
acropetal cells and one basipetal cell (Fig. 7). in an alternate
sequence (Figs 10. 11). The first cortical cell extends longi-
tudinally parallel to the periaxial cells. which it resembles, and
becomes a pseudoperiaxial cell (Figs 8. 9) that continues to
divide. Whereas a single pseudoperiaxial cell is located on
one side of each periaxial cell (Fig. 4). the first-formed per-
iaxial cell bears two pseudoperiaxial cells bilaterally (Figs 6.
12). The third cortical cell is cut off horizontally from the
lower end of each periaxial cell (Figs 10. 11). Acropetal cor-
tication is 1-2 cells long and basipetal cortication is absent or
one-celled (Figs 4. 5). The cortex is incomplete and narrowly
banded (Figs 4. 5). reaching 23 £ 3 pm X 43 = 5 pm (L X
W) at the level of the seventh node away from the apex.

Rhizoids attached to the host are short and rod-shaped, cut-
ting off 3—4 cells basally resulting in a digitate pad, produced
from periaxial cells at nearly every node on the ventral side
of the prostrate axes (Figs 2. 13).

REPRODUCTIVE STRUCTURES: In male plants, spermatangial
parent cells develop from cortical cells in the upper part of
the thallus and produce 1-2 spermatangia terminally (Figs 14,
15). Spermatangia are organized in whorls surrounding sev-
cral nodes of the erect axes (Fig. 15). Spermatangia are col-
ourless and elliptical to spherical. measuring 2 = | X 2 = |
Lm in size.

In tetrasporic plants, tetrasporangia are restricted to a single
node, 3—6 segments below the apex of the erect axis (Figs 16,
17). A single tetrasporangium is cut off per periaxial cell (Figs
18, 19). Tetrasporangia are produced in an alternate sequence
resulting in a whorl around the axis (Figs 20-22). The cortical
node bearing the tetrasporangia is tightly appressed to the
node below (Figs 18, 19). The acropetal cortical filaments
bearing tetrasporangia are elongated and 3—4 cells long each
(Fig. 23), and the tetrasporangia are almost completely cov-
ered by them (Fig. 20), Tetrasporangia are cruciately divided.
spherical to ellipsoidal, and average 41 = | pm X 40 = 2
pm excluding the sheath and 45 = 2 pm X 44 = 2 pm with
the sheath.

Female gametophytes and carposporophytes are unknown.

Ceramium codii (Richards) Mazoyer 1938: p. 324
Figs 24-55

TOPOTYPE: Figs. 47-55; exciccata nr. 1899, as Ceramothamnion co-
dii Richards, Phycotheca Boreali-Americani, Collins, Holden &
Setchell. “on Codium romentosum, Cooper’s Island, April 29, 1912,
This material contains cystocarps, antheridia and tetraspores. Ma-
terial, also from Bermuda, was distributed as PB.-A, No. 8457
(LAF!).
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Figs 1-13. Vegetative structures (LAF-31-10-2004-1-2: slides |, 2. 7) of Ceramium reptans T.O. Cho & S. Fredericq. Ax, axial cell: C1-3,
sequence of cortical cell formation: P. periaxial cell; Ps, pseudoperiaxial cell.
Figs 1-2. Prostrate axes bearing short unbranched. erect axes. Scale bars 100 wm (Fig. 1) or 200 pm (Fig. 2).
Fig. 3. Apical region of prostrate axis showing pseudodichotomous branching pattern. Scale bar = 20 pm.
Figs 4-5. Incomplete cortication in middle (Fig. 4) and lower (Fig. 5) part of erect axes. Scale bars = 20 pm,
Fig. 6. Cross-section through cortical node of erect axis showing five periaxial and six pseudoperiaxial cells. Scale bar = 20 pum.
Figs 7-12. Sequence of cortex formation showing alternate formation of three cortical cells per periaxial cell, with the first cortical cell
becoming a pseudoperiaxial cell that continues o divide. Scale bars 10 pm
Fig. 13. Incomplete cortication in prostrate axis, and rhizoidal cell cut off from periaxial cell. terminating in a digitate tip. Scale bar = 20
wm.
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Figs 14-23. Reproductive structures (LAF-31-10-2004-1-2: slides 3, 5, 6) of Ceramium reptans T.O. Cho & S. Fredericqg.
Fig. 14. Erect axis beset with spermatangia. Scale bar = 20 pm.
Fig. 15. Cross section through spermatangial axis (arrow). Scale bar = 10 pm.
Figs 16-17. Tetrasporangial thallus showing tetrasporangia restricted to single node in erect axis. Scale bars = 0.25 mm.
Fig. 18. Cortical node bearing tetrasporangial initials (arrow) produced from periaxial cell. Scale bar = 20 pm.
Fig. 19. Cortical node bearing tetrasporangia closely appressed to contiguous node below. Scale bar = 20 pm.
Fig. 20. Cortical nodes with bulging mature tetrasporangia. Scale bar = 50 pm.
Figs 21-22. Cross-section through cortical node bearing tetrasporangia. Scale bar = 20 pm.
Fig. 23. Acropetal cortical filament at cortical node that bears tetrasporangia, Scale bar = 10 pm.
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Figs 24-35. Vegetative structures (LAF-31-10-2004-1-1: slides 1-5) of Ceramium cedii (Richards) Mazoyer.
Figs 24-25, Thallus epiphytic on Hypnea, composed of prostrate axis bearing short erect axes. Scale bars = 0.3 mm (Fig. 24) or 40 um (Fig
piphy v P P g g B g
25).
Fig. 26. Apical region of erect axis. Scale bar = 40 pum.
Figs 27-29. Incomplete cortication in the middle (Fig. 27) and lower (Fig. 28) part of erect axes. and prostrate axis (Fig. 29). Scale bars

20 pm.

Figs 30-31. Cross-section through upper (Fig. 30) and middle (Fig. 31) part of erect axis showing four periaxial cells per axial cell, and each
bearing two cortical cells. Scale bar = 20 pm.

Figs 32-33. Alternate sequence formation of up to three cortical cells per periaxial cell. Scale bar = 5 pum.

Fig. 34. Incomplete cortication in prostrate axis, with rhizoids. Scale bar = 40 pm.

Fig. 35. Cross section through cortical node of prostrate part showing rhizoidal cells cut off from periaxial cell. with digitate tip. Scale bar

= 20 pm.
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Figs 36—46. Reproductive structures (LAF-31-10-2004-1-1: slides 7-1 1) of Ceramium codit (Richards) Mazover.
Fig. 36. Male thallus, epiphytic on Hypnea. Scale bar = 0.5 mm.
Figs 37-38. Ercct axes bearing spermatangial clusters at nodes. Scale bar = 20 pm.
Fig. 39. Cross section through node bearing spermatangial cluster. Scale bar = 10 pm.
Fig. 40. Carposporophytes surrounded by involucral branches. Scale bar = 50 pm.
Fig. 41. Erect axis bearing voung carposporophyte. Scale bar = 100 pm.
Fig. 42. Mature carposporophyte. Scale bar = 100 pm.
Fig. 43. Tetrasporangial thallus. Scale bar = 2.5 pm.
Fig. 44. Corucal nodes with tetrasporangial initials (arrows) cut off from periaxial cell. partially covered by ucropetal cortical filaments Scale
bar = 20 pm.
Fig. 45. Cortical nodes with two mature tetrasporangia produced from a single periaxial cell. Scale bar = 20 pm.
Fig. 46. Close-up of acropetal cortical filament at tetrasporangial-bearing cortical node. Scale bar = 10 pm.
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Figs 47-55. Topotype material (PB.-A. No. 845: slides 1. 2. 3) of Ceramothamnion codii Richards from Bermuda.
Fig. 47. Thallus epiphytic on Codium tomentosum. Scale bar = 0.25 mm.
Fig. 48. Vegetative thallus showing erect axes, and rhizoids produced from the cortical nodes in a prostrate axis. Scale bar = 0.25 mm.
Fig. 49. Incomplete cortication in the middle part of an erect axis. Scale bar = 20 pm.
Figs 50-51. Incomplete cortication in prostrate axis showing two (Fig. 50) or three (Fig. 51, arrows) cortical initials produced from a periaxial

cell. Scale bars = 20 pum.

Fig. 52. Ercct axes bearing spermatangial clusters at the nodes. Scale bar = 40 pm.

Fig. 53. Tetrasporangial thallus. Scale bar = 50 pm.

Figs 54-55. Cortical nodes with one (Fig. 54) or two tetrasporangia (Fig. 55) produced from a single periaxial cell. Scale bars = 20 pm.

REPRESENTATIVE SPECIMENS FROM FLORIDA: epiphytic and co-occur-
ring with C. reprans on Hypnea spinella, in the drift, Missouri Key—
Ohio Key Channel, Florida Keys, FL. USA, coll. T. O. Cho and B.
Y. Won: 31, x. 04, LAF-31.10.2004-1-1 (TC999-1).

HABIT AND ANATOMY: Thalli are delicate and 0.3-0.6 mm
high, consisting of prostrate axes bearing short determinate
erect axes growing epiphytically on Hypnea spinella (Fig. 24)
and Codium tomentosum (Fig. 47). Apices are straight and
unbranched (Figs 24-26, 48). Erect axes are unilaterally pro-
duced from periaxial cells on the dorsal side of the prostrate
thallus (Figs 24-25, 48). Axial cells are spherical to cylindri-
cal, reaching 49 = 5 pm X 16 = 2 pm (L X W) at the level
of the seventh cell away tfrom the apex.

Four periaxial cells are cut off obliquely from the upper
part of each parent axial cell (Fig. 30) and remain at the nodes
after axial cell elongation (Fig. 31). All periaxial cells produce
up to three cortical cells contributing to the cortex. Usually

two or three cortical cells are cut off from each periaxial cell
in an alternate sequence (Figs 32. 33). The first two are acrop-
etal. cut off obliquely from the upper end (Fig. 32). while the
remaining one is basipetal. produced horizontally from the
lower end (Fig. 33). Whereas in prostrate axes two (Fig. 50)
or three (Figs 29. 51) cortical cells are cut off from each
periaxial cell, in most erect axes each periaxial cell cuts off
two cortical cells (Figs 26-28, 49). Cortical cells do not divide
further into corticating filaments (Figs 26-29) so that acropetal
cortication in erect axes remains one-celled. while basipetal
cortication is either absent or one-celled. Acropetal cortical
cells are ovoid in shape, and basipetal cortical cells are flat
(Figs 33, 51, arrows). The cortex is incomplete and banded
(Figs 26-29, 49-51), reaching 15 = 2 pm X 22 = 6 um (L
X W) at the level of the seventh nodes away from the apex.

Rhizoids are produced singly from periaxial cells at nearly
every node on the ventral side of the prostrate axes (Figs 34—
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Figs 47-55. Topotype material (PB.-A. No. 845: slides 1. 2. 5) of Ceramothamnion codii Richards from Bermuda.
Fig. 47. Thallus epiphytic on Codium tomentosum. Scale bar = 0.25 mm.
Fig. 48. Vegetative thallus showing erect axes. and rhizoids produced from the cortical nodes in a prostrate axis. Scale bar = 0.25 mm.
Fig. 49. Incomplete cortication in the middle part of an erect axis. Scale bar = 20 pm.
Figs 50-51. Incomplete cortication in prostrate axis showing two (Fig. 50) or three (Fig. 51, arrows) cortical initials produced from a periaxial

cell. Scale bars = 20 pwm.

Fig. 52. Erect axes bearing spermatangial clusters at the nodes. Scale bar = 40 pm.

Fig. 53. Tetrasporangial thallus. Scale bar = 50 pm.

Figs 54-55. Cortical nodes with one (Fig. 54) or two tetrasporangia (Fig. 55) produced from a single periaxial cell. Scale bars = 20 pm.

REPRESENTATIVE SPECIMENS FROM FLORIDA: epiphytic and co-occur-
ring with C. reprans on Hypnea spinella, in the drift, Missouri Key—
Ohio Key Channel, Florida Keys, FL. USA, coll. T. O. Cho and B.
Y. Won: 31, x. 04. LAF-31.10.2004-1-1 (TC999-1).

HABIT AND ANATOMY: Thalli are delicate and 0.3-0.6 mm
high, consisting of prostrate axes bearing short determinate
erect axes growing epiphytically on Hypnea spinella (Fig. 24)
and Codium tomentosum (Fig. 47). Apices are straight and
unbranched (Figs 24-26, 48). Erect axes are unilaterally pro-
duced from periaxial cells on the dorsal side of the prostrate
thallus (Figs 24-25, 48). Axial cells are spherical to cylindri-
cal, reaching 49 = 5 pm X 16 = 2 pm (L X W) at the level
of the seventh cell away from the apex.

Four periaxial cells are cut off obliquely from the upper
part of each parent axial cell (Fig. 30) and remain at the nodes
after axial cell elongation (Fig. 31). All periaxial cells produce
up to three cortical cells contributing to the cortex. Usually

two or three cortical cells are cut off from each periaxial cell
in an alternate sequence (Figs 32. 33). The first two are acrop-
etal. cut off obliquely from the upper end (Fig. 32). while the
remaining one is basipetal. produced horizontally from the
lower end (Fig. 33). Whereas in prostrate axes two (Fig. 50)
or three (Figs 29. 51) cortical cells are cut off from euach
periaxial cell, in most erect axes each periaxial cell cuts off
two cortical cells (Figs 26-28, 49). Cortical cells do not divide
further into corticating filaments (Figs 26-29) so that acropetal
cortication in erect axes remains one-celled. while basipetal
cortication is either absent or one-celled. Acropetal cortical
cells are ovoid in shape. and basipetal cortical cells are flat
(Figs 33, 51, arrows). The cortex is incomplete and banded
(Figs 26-29, 49-51), reaching 15 £ 2 pm X 22 = 6 um (L
X W) at the level of the seventh nodes away from the apex.

Rhizoids are produced singly from periaxial cells at nearly
every node on the ventral side of the prostrate axes (Figs 34—
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35), and are rod-shaped and straight (Fig. 48) or terminate in
a 3—4 celled multicellular pad (Figs 34-35) depending on the
host.

REPRODUCTIVE STRUCTURES: In male plants. spermatangia are
borne in whorls surrounding several cortical nodes of the erect
axes (Figs 36-37. 52). Spermatangial parent cells develop
from cortical cells and produce 1-2 spermatangia terminally
(Figs 38. 39). Spermatangia arc colourless and elliptical to
spherical. measuring 2 = 1 X 2 = 1 pm in size.

In female plants, a single carposporophyte is borne on the
upper part of erect axis (Figs 40, 41) and is surrounded by 3—
4 finger-like involucral branchlets with incomplete cortication
(Figs 40. 42). Mature carposporophytes are spherical. 94 = §
pwm long and 88 = 6 um in diameter.

In tetrasporic plants, tetrasporangia are distributed along
several upper cortical nodes of the erect axis (Figs 43, 53).
One to two tetrasporangia (Figs 44, 45, 54, 55) develop from
a single periaxial cell only. The acropetal cortical cells at the
cortical node bearing the tetrasporangia divide, resulting in
branched cortical filaments (Fig. 46) partially covering the te-
trasporangia (Figs 44, 45). Tetrasporangia are tetrahedrally di-
vided. spherical to ellipsoidal. and average 34 = 2 pm X 31
= | pm excluding the sheath and 38 = | pm X 37 = 2 pm
with the sheath.

DISCUSSION

Ceramium reptans is newly described from the Florida Keys,
USA. and C. codii is recircumscribed and newly recorded for
Florida. Whereas both species share a prostrate axis producing
unilateral upright axes dorsally, C. reptans sp. nov. has five
periaxial cells at each node, a pseudoperiaxial cell nested be-
tween each periaxial cell, and cruciately tetrasporangia re-
stricted to a single node appressed to the contiguous lower
node. Ceramiwm codii can be distinguished by four periaxial
cells, 1-2 tetrahedrally divided tetrasporangia produced per
periaxial cell, and three cortical cells cut off per periaxial cell
on the prostrate axis, with the basipetal cortical cell cut off
horizontally. Although the new species resembles C. bisporum
described from Puerto Rico. Caribbean Sea. in possessing
prostrate axes bearing unilateral upright axes, C. bisporum is
characterized by a highly expanded saccate rhizoid and oc-
casional erect axes forming laterals (Ballantine 1990).
Among the previously described Ceramium species having
the prostrate axis producing upright axes, none has the char-
acteristic transformed cortical cells. termed pseudoperiaxial
cells sensu Womersley (1978). in their cortical nodes (Table
1). This feature clearly separates C. reprans from all other
creeping species. The presence and arrangement of pseudo-
periaxial cells has been found a useful character to define
other incompletely corticated Ceramium species (Womersley
1978: Abbott 1999: Cho er al. 2002): C. australe Sonder, C.
macilentum J. Agardh. C. shepherdii Womersley, C. clari-
onense Setchell & Gardner, and C. recticortum Dawson. Fur-
ther comparison shows that C. reprans is also distinguished
from all other species in that it has whorled tetrasporangia
borne on only one node of the upright axis. a single cortical
node bearing tetrasporangia that is closely appressed to the
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node below. and tetrasporangia bulging from the cortical
bands.

Ceramium codii is distinct from most other creeping Cer-
amium species in having an unbranched erect axis and apex.
two acropetal and one basipetal cortical cells cut off per per-
iaxial cell especially on the prostrate axis. and (wo tetraspor-
angia produced from a single periaxial cell (Table 1). The
name C. codii should be restricted 1o these taxa characterized
by these features that are present in topotype material from
Bermuda.

Ceramium codii may not be as widespread a species as is
widely reported in the literature, and may comprise several
distinct entities (Coppejans 1977). Phylogenetic analyses in-
ferred from DNA sequences are needed to assess whether or
not species worldwide going under the name C. codii (e.g.
Noda 1967; Jaasund 1970; ltono 1972; Lawson & John 1982:
Cribb. 1983: Athanasiadis 1987: Millar 1990; Abbott 1999)
are conspecific with the material from Bermuda and the Flor-
ida Keys, and whether or not the creeping Ceramium species
worldwide form a monophyletic group.

ACKNOWLEDGEMENTS

We thank Boo Yeon Won for her help in collecting, Charley
Rhyne for the gift of the Collins Holden & Setchell’s PB.-A
Exciccata. and two anonymous reviewers for their comments
on this paper. This study was funded by NSF PEET grant
DEB-0328491 and DEB-0315995.

REFERENCES

ABBOTT LA. 1999. Marine red algae of the Hawaiian islands. Bishop
Museum Press. Honolulu. 477 pp.

ATHANASIADIS A. 1987. A survey of the scaweeds of the Aegean Sea
with taxonomic studies on species of the Tribe Antithamnieae (Rho-
dophyta). Akademisk Avhandling fér filosofie doktorsexamen I mar-
in botanik. University of Goethenborg, Sweden. 174 pp.

BactantiNg DL 1990, Ceramium bisporum (Rhodophyta, Cerami-
ales), an unusual new species from deep-water habitats in the Ca-
ribbean. Phycologia 29: 146—149.

BaLrantine D.L. & WynNe ML 1986. Notes on the marine alge of
Puerto Rico 1. Additions of Ceramiaceae (Rhodophyta) including
Ceramium verongiae sp. nov. Botanica Marina 29: 497-502.

Boo SIM. & Lee LK. 1994, Ceramium and Cumpyvlaephora (Cera-
miaceae, Rhodophyta). In: Biology of economic algae (Ed. by 1.
Akatsuka), pp. 1-33. SPB Academic Publishing, The Hague.

Cno T.O., Boo S.M. & HanseN G.L 2001. Structure and reproduction
of the genus Ceramium (Ceramiales, Rhodophyta) from Oregon,
USA. Phycologia 40: 547-371.

CHO T.O., RoDRIGUEZ R.-R. & Boo S.M. 2002. Developmental mor-
phology of a poorly documented alga, Ceramium recticorticum
(Ceramiaceae, Rhodophyta), from the Gulf of California, Mexico.
Cryprogamie, Algologie 23: 277-289.

CoLrins ES.. HoLnen [ & SETCHELL W.A. 1912, Phycotheca Boreali-
Americana. A collection of dried specimens of the Algae of North
America. Fasc. XXXVIII. Algae of Bermuda. Issued by Frank Ship-
ley Collins, Isaac Holden, William Albert Setchell, Malden. MA.

Coppesans E. 1977. Végération marine de ['ile de Port-Cros (Parc
National), XV. Ceramium cingulanon Weber van Bosse nouvelle
pour la Mediterranée. et quelques populations dun Ceramium sp.
a parasporocystes. Biologisch Jaurboek Dodonaea 45: 51-61.

Corpesans E. 1983, lconographic d"Algues méditerranéennes. Chlo-



35), and are rod-shaped and straight (Fig. 48) or terminate in
a 3—4 celled multicellular pad (Figs 34-35) depending on the
host.

REPRODUCTIVE STRUCTURES: In male plants. spermatangia are
borne in whorls surrounding several cortical nodes of the erect
axes (Figs 36-37. 52). Spermatangial parent cells develop
from cortical cells and produce 1-2 spermatangia terminally
(Figs 38. 39). Spermatangia arc colourless and elliptical to
spherical. measuring 2 = 1 X 2 = 1 pum in size.

In female plants, a single carposporophyte is borne on the
upper part of erect axis (Figs 40, 41) and is surrounded by 3—
4 finger-like involucral branchlets with incomplete cortication
(Figs 40. 42). Mature carposporophytes are spherical. 94 = §
rm long and 88 = 6 um in diameter.

In tetrasporic plants, tetrasporangia are distributed along
several upper cortical nodes of the erect axis (Figs 43. 53).
One to two tetrasporangia (Figs 44, 45, 54, 55) develop from
a single periaxial cell only. The acropetal cortical cells at the
cortical node bearing the tetrasporangia divide, resulting in
branched cortical filaments (Fig. 46) partially covering the te-
trasporangia (Figs 44, 45). Tetrasporangia are tetrahedrally di-
vided. spherical to ellipsoidal. and average 34 = 2 pm X 31
= | pm excluding the sheath and 38 = | pm X 37 = 2 pum
with the sheath.

DISCUSSION

Ceramium reptans is newly described from the Florida Keys,
USA. and C. codii is recircumscribed and newly recorded for
Florida. Whereas both species share a prostrate axis producing
unilateral upright axes dorsally, C. reptans sp. nov. has five
periaxial cells at each node. a pseudoperiaxial cell nested be-
tween each periaxial cell, and cruciately tetrasporangia re-
stricted to a single node appressed to the contiguous lower
node. Ceramium codii can be distinguished by four periaxial
cells, 1-2 tetrahedrally divided tetrasporangia produced per
periaxial cell, and three cortical cells cut off per periaxial cell
on the prostrate axis, with the basipetal cortical cell cut off
horizontally. Although the new species resembles C. bisporum
described from Puerto Rico. Caribbean Sea. in possessing
prostrate axes bearing unilateral upright axes, C. bisporum is
characterized by a highly expanded saccate rhizoid and oc-
casional erect axes forming laterals (Ballantine 1990),
Among the previously described Ceramium species having
the prostrate axis producing upright axes, none has the char-
acteristic transformed cortical cells. termed pseudoperiaxial
cells sensu Womersley (1978). in their cortical nodes (Table
1). This feature clearly separates C. reprans from all other
creeping species. The presence and arrangement of pseudo-
periaxial cells has been found a useful character to define
other incompletely corticated Ceramium species (Womersley
1978: Abbott 1999: Cho er al. 2002): C. australe Sonder, C.
macilentum J. Agardh, C. shepherdii Womersley, C. clari-
onense Setchell & Gardner, and C. recticornum Dawson. Fur-
ther comparison shows that C. reprans is also distinguished
from all other species in that it has whorled tetrasporangia
borne on only one node of the upright axis. a single cortical
node bearing tetrasporangia that is closely appressed to the

Cho & Fredericq: Two creeping Ceramium species 503

node below. and tetrasporangia bulging from the cortical
bands.

Ceramium codii is distinct from most other creeping Cer-
amium species in having an unbranched erect axis and apex.
two acropetal and one basipetal cortical cells cut off per per-
iaxial cell especially on the prostrate axis. and (wo tetraspor-
angia produced from a single periaxial cell (Table 1). The
name C. codii should be restricted 1o these taxa characterized
by these features that are present in topotype material from
Bermuda.

Ceramium codii may not be as widespread a species as is
widely reported in the literature, and may comprise several
distinct entities (Coppejans 1977). Phylogenetic analyses in-
ferred from DNA sequences are needed to assess whether or
not species worldwide going under the name C. codii (e.g.
Noda 1967; Jaasund 1970; ltono 1972; Lawson & John 1982:
Cribb. 1983: Athanasiadis 1987: Millar 1990; Abbott 1999)
are conspecific with the material from Bermuda and the Flor-
ida Keys. and whether or not the creeping Ceramium species
worldwide form a monophyletic group.

ACKNOWLEDGEMENTS

We thank Boo Yeon Won for her help in collecting, Charley
Rhyne for the gift of the Collins Holden & Setchell’'s PB.-A
Exciccata. and two anonymous reviewers for their comments
on this paper. This study was funded by NSF PEET grant
DEB-0328491 and DEB-0315995.

REFERENCES

ABBOTT LA. 1999. Marine red algae of the Hawaiian islands. Bishop
Museum Press. Honolulu. 477 pp.

ATHANASIADIS A. 1987. A survey of the seaweeds of the Aegean Sea
with taxonomic studies on species of the Tribe Anuthamnieae (Rho-
dophyta). Akademisk Avhandling fir filosofie doktorsexamen I mar-
in botanik. University of Goethenborg, Sweden. 174 pp.

Bactantine DL, 1990, Ceramium bisporum (Rhodophyta, Cerami-
ales), an unusual new species from deep-water habitats in the Ca-
ribbean, Phyveologia 29: 146—149.

BaLrantine D.L. & WynnNe ML 1986. Notes on the marine alge of
Puerto Rico 1. Additions of Ceramiaceae (Rhodophyta) including
Ceramium verongiae sp. nov. Botanica Marina 29: 497-502.

Boo SM. & Lee LK. 1994, Ceramium and Campylaephora (Cera-
miaceae, Rhodophyta). In: Biology of economic algae (Ed. by 1.
Akatsuka), pp. 1-33. SPB Academic Publishing, The Hague.

Cro T.O., Boo S.M. & HanseN G.L 2001. Structure and reproduction
of the genus Ceramium (Ceramiales, Rhodophyta) from Oregon,
USA. Phycologia 40: 547-571.

Cno TO., RopriGUEZ R.-R. & Boo S.M. 2002. Developmental mor-
phology of a poorly documented alga, Ceramium recticorticum
(Ceramiaceac, Rhodophyta), from the Gulf of California, Mexico.
Cryprogamie, Algologie 23: 277-289.

CoLrins ES.. HoLnen L & SETCHELL W.A. 1912, Phycotheca Boreali-
Americana. A collection of dried specimens of the Algae of North
America. Fasc. XXXVIII. Algae of Bermuda. Issued by Frank Ship-
ley Collins, Isaac Holden, William Albert Setchell, Malden. MA.

Coppesans E. 1977, Végétation marine de I'ile de Port-Cros (Parc
National), XV. Ceramium cingulanum Weber van Bosse nouvelle
pour la Mediterranée. et quelques populations dun Ceramium sp.
a parasporocystes. Biologisch Jaurboek Dodonaea 45: 51-61.

Corprians E. 1983, lconographic d'Algues méditerrunéennes. Chlo-



504  Phycologia, Vol. 45 (5). 2006

rophyta, Phaecophyta, Rhodophyta. Bibliotheca Phycologica 63. 1.
Cramer Ed., Valduz. T-XXVTIL, 317 pls.

Cormact M. & Furnarl G. 1991, The distinction of Ceramium giac-
conei sp. nov. (Ceramiales, Rhodophyta) in the Mediterranean Sea
from Ceramium cingulatum. Cryptogamie, Algologie 12: 43-53.

Cormact M., FUrNarl G.. ALonGl G. & Serio D. 1994. On three
interesting marine red algac (Ceramiales, Rhodophyta) from the
Mediterrancan Sca. Giornale Botanico Italiano 128: 1001-1006.

CRrIBB A.B. 1983. Marine algae of the southern Great Barrier Reef—
Part 1. Rhodophyta. Australian Coral Reef Society. Handbook No.
2. 173 pp.. 71 pls.

Diaz-PirErreR M. 1968. Ceramiella jolvi. a new species of Rhodo-
phyta tfrom Puerto Rico. Caribbean Journal of Science 8: 199-205,

Diaz-PirERRER M. 1969, Distribution of the marine benthic flora of
the Caribbean Sea. Caribbean Journal of Science 9: 151-178.

FELDMANN-MAZOYER G. 1940. Recherches sur les Céramiacées de lu
Méditerranée occidentale. Thesis. Paris University. 510 pp.

GALLARDO T.. GOMEZ GARRETA AL, RIBERA MLAL, ALvarez M. & Con-
prE F 1985, A preliminary checklist of Therian benthic marine algae.
Real Jardin Botdnico. Madrid. 83 pp.

GRUNOW A. 1867. Algae. In: Reise der Osterreichischen Fregatie No-
vara um die Erde in den Jahren 1857-1858-1859 (Ed. by E. Fenzl).
Bot. Theil 1: 1-104. Vienna.

Howmaren PKL, HoLMGREN NUH. & Barnerr L.C. 1990. Index Her-
bariorum. 1. The herbaria of the world. Regnum Vegetabiie 120: 1-
693.

HomMERSAND ML.H. 1963. The morphology and classification of some
Ceramiaceac and Rhodomelaceae. University of California Publi-
cations in Botany 35: 165-366.

Itono H. 1972, The genus Ceramiwn (Ceramiaceae, Rhodophyta) in
southern Japan. Boranica Marina 15: 74-86.

Jaasunn E. 1970, Marine algae i Tanzama 111, Boranica Marina 13:
65-70.

Lawson G.W. & JoHN D.M. 1982, The marine algac and coastal en-
vironment of tropical West Africa. Beihefte zur Nova Hedwigia 70:
1-4555.

MacGs C.A. & HoMMERSAND MLH. 1993, Seaweeds of the British
Isles. Vol. 1. Rhodophyta, part 3A. Ceramiales. HMSO/Natural His-
tory Museum, London. 444 pp.

Mazover G. 1938, Les Céramiées de I"Afrique du Nord. Bulletin de
{la Société d’'Histoire Naturelle de I'Afrique du Nord 29: 317-331.

MENESES [. 1995, Notes on Ceramium (Rhodophyta, Ceramiales) from
the Hawaiian islands. Puacific Science 49: 165-174.

Mitar A LK. 1990. Marine red algae of the Coffs Harbour region.
northern New South Wales. Australian Systematic Botany 3: 293—
593.

NopA M. 1967. The species of Ceramiaceae from Sado Island in the
Japan Sea. Scientific Report Niigata Universiry Ser. D (Biology) 4:
9-31.

RicHarDps HM. 1901, Ceramorhamnion codii, a new rhodophyceous
alga. Bulletin of the Torrey Botanical Club 28: 257-265 of Rose
Awll. Publications of the Carnegie Institution of Washington 341.
275 pp. 57 figs.

SarToNl G. & Bonnl S, 2002, Ceramium bisporum (Ceramiaceae,
Rhodophyta). a new record for the Mediterranean algal flora. Bo-
tanica Marina 45: 566-370.

ScuMinT O.C. 1924, Meeresalgen der Sammlung von Leutzelburg aus
Brasilien. Hedwigia 63: 85-100.

SETCHELL WA, 1924, American Samoa. Pt. I! Vegetation of Tutuila
Island: Pt T1T: Vegetation 37 pls.

SercHELL WA, & GARDNER N.L. 1924, The marine algae. Expedition
of the California Academy of Sciences to the Gulf of California in
1921. Proceedings of the California Academy of Sciences, 4th Se-
ries 12: 695-949,

Sitva PC.. BassoN PW. & Moe R.L. 1996. Catalogue of the benthic
marine algae of the Indian Ocean. University of California Publi-
cations in Botany 79: 1-1259.

Tavior WR. 1960. Marine algae of the eastern tropical and sub-
tropical coasts of the Americas. Ann Arbor: University of Michigan
Press. Xi+870 pp.. 80 pls. 14 figs.

WEBER-VAN BOsSE A. 1923, Liste des algues du Siboga. TT1. Rhodo-
phyceae e partie: Ceramiales. Siboga-Expeditie 59: 310-392.

WomersLeEy H.B.S. 1978, Southern Australian species of Ceramium
Roth (Rhodophyta). Australian Journal of Marine and Freshwater
Research 29: 205-257.

WynNE ML 2005, A checklist of benthic marine algae of the tropical
and subtropical western Atlantic: second revision. Nova Hedwigia
129: 1-152.

ZANARDINI G. 1839, Sulle Alghe. Lertera alla Direzione della Bibli-
oreca fraliana 96; 131-137,

Received 12 August 2005; accepted 30 January 2006
Associate editor: J. Brodie



