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FrebErICQ, S., HoMMERsanD, M. H. and Norris, J. N. 1989. Morphological observations on the
adelphoparasite Gracilariophila oryzoides (Gracilariales, Rhodophyta). Jpn. J. Phycol. 37: 167-179.

Gracilariophila oryzoides belongs to the Gracilariaceae based on features of early reproductive develop-
ment and is interpreted as a recently evolved adelphoparasite of Gracilariopsis lemaneiformis. Based on
reproductive morphology the parasite closely resembles its host; the cystocarp lacks tubular nutritive cells
that fuse with cells of the pericarp, gonimoblast filaments are organized into comparatively straight chains,
and gonimoblast conjunctor cells fuse with cells in the floor of the cystocarp. Lack of a specialized nutritive
tissue in the cystocarp is discussed with regard to the parasitic lifestyle. Spermatangia are cut off singly by
transverse division from spermatangial parent cells produced from surface cortical cells. Penetration
and connection between parasite cells and vegetative host cells, and subsequent growth into a pustule are
documented.

Key Index Words: Adelphoparasite— Gracilariaceae—Gracilariophila—parasitism—red algae—reproduc-

tive morphology—systematics.

Historical Perspective

SETcHELL and WiLsoN in WiLson (1910 p.
81) described Gracilariophila as a small
parasitic red alga from San Francisco, Califor-
nia, thought to infest both Gracilariopsis
lemaneiformis (Bory) DawsoN, AcLETO et
FoLpvik (as Gracilaria multipartita) and
Gracilaria  papenfussii ABBOTT (as G. confer-
voides).  They recognized one species,
Gracilariophila oryzoides, which they characteriz-
ed by the presence of penetrating rhizoids,
lack of pigmentation, and antheridia scat-
tered over the entire spermatangial thallus.
Whereas the holotype specimen is apparently
lost in the Herbarium of the University of
California at Berkeley (UC), an isotype
specimen collected by GarpbNer from Fort
Point, San Francisco, is housed in US
(US 851G).

Though not assigning Gracilariophila to any
existing family, WiLson (1910) noted a close
taxonomic relationship with Gracilaria GRv.,

then placed in the suborder Sphaerococ-
coideae. Gracilariophila was ignored in subse-
quent classification schemes, until SmiTH
(1944 p. 268) placed it in the Gracilariaceae,
a taxonomic opinion accepted by DawsonN
(1949).

Gracilariophila was the first parasitic red
algal genus reported growing on members of
Gracilariaceae, the second being Holmsella
SturcH (1926 p. 603) [type species: H.
pachyderma (REINscH) SturcH (1926 p. 604)
on Gracilaria verrucosa (HubpsoN) PAPENFuUSS (as
G. confervoides)], and the third Gracilariocolax
WEBER VAN Bossk (1928 p. 393) [type species:
G. henriettiae W.v.B. from Malaysia on
Gracilaria radicans Hauck]. Originally placed
in the Gigartinaceae, FELDMANN and
FeLDMANN (1958) transferred Gracilariocolax to
the Gracilariaceae, although it is currently
placed under Incertae sedis (see FARR et al. 1979
p. 741).

Gracilariophila oryzoides is reported from
Smith Island, Washington, to Bahia Rosario,
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Baja California del Norte, Mexico (ABBOTT
and HoLLEnBERG 1976). In addition to G.
oryzoides, five other species of Gracilariophila
have been described. SercHELL (1923 p.
393) described G. gardneri on Gracilaria textorsi
var. cunninghamii (FARLOW ex J. AGARDH)
DawsoN [as G. cunninghamii J. Ac.] collected
near Santa Monica, California, based on its
larger size and more strongly projecting
cystocarps. WEBER VAN Bossk (1928) erected
four new species and one new variety from the
Malay Archipelago, while not ruling out the
possibility that the various habits could repre-
sent different developmental stages. She
recognized two clusters of species based on
manner of host penetration: the Californian
species by means of rhizoids, and the Malay-
sian species by establishment of pit-connec-
tions with host cells, and placed the four
Malaysian species in her section Arhiza, a
reference to the lack of rhizoids. Subsequent-
ly, CuaNG and Xi1a (1978) identified three of
WEBER vaN Bosse’s species in China, and
found that Gracilariophila infidelis (W.v.B.)
W.v.B. and G. deformans W.v.B. both possess
deep spermatangial conceptacles.

FeELDMANN and FELDMANN (1958) recogniz-
ed two major groups of florideophycean
parasites, adelphoparasites and allopara-
sites. They placed Gracilariophila among the
adelphoparasites, a group in which the para-
site and host are closely related taxonomi-
cally.

Discussing his new genus Congracilaria,
Yamamoro (1986:287) suggested that four
genera of Gracilariacean adelphoparasites
may ultimately be distinguished based on
mode of penetration and spermatangial con-
figuration: 1) Gracilariophila SETCHELL et
WIiLsoN, possessing rhizoids and superficial
spermatangia, 2) Gracilariophila sensu WEBER
vaN Bosse (1928), lacking rhizoids and with
superficial spermatangia, 3) Gracilariophila
sensu CHANG and Xia (1978), in which
rhizoid presence has still to be investigated,
but with spermatangia in conceptacles and 4)
Congracilaria  Yamamoro, lacking rhizoids
and with spermatangia in conceptacles.
Although WEBER vaN Bosse (1928) did il-

lustrate deep spermatangial conceptacles in
Gracilariocolax, Yamamoro (1986) did not
hint at the possible congenerity of Con-
gracilaria and Gracilariocolax.

Materials and Methods

Material used in this study was fixed and
preserved in 59% formalin/seawater. Trans-
verse hand sections were stained with aceto-
iron-hematoxylin chloral-hydrate (WirTmaN
1965) and mounted in 1:1 Hoyer’s mounting
medium:water according to the procedure of
HommMmEersanD and  Frepbericqg  (1988).
Material of Gracilariophila  oryzoides in-
vestigated includes female and male
specimens on Gracilariopsis lemaneiformis from
Pebble Beach, Monterey, California, 20. vii.
74, M. H. Hommersand, and in the drift,
south of Hotel Coronado, Coronado, San
Diego Co., California, 26. ix. 69, and
tetrasporophytes from Execution Rock,
Bamfield, Vancouver, British Columbia,
Canada, 4. vi. 85, M. H. Hommersand. All
specimens are deposited at NCU.

The latter specimens are the first reported
for British Columbia and represent its most
northern  known  distribution  record
(GABRIELSON, pers. comm.)

Results

Vegetative morphology

Gracilariophila  oryzoides  parasites  are
characterized by smooth hemispherical,
spherical or warty crescent-shaped tubercles
or ‘pustules’ protruding from the infected
host (Fig. 1). Although mostly concentrated
in the lower thallus portions of the host or in
regions priorly epiphytized, such pustules
also occur singly or in aggregated clusters
over the entire surface of the host. Whereas
cystocarpic and tetrasporophytic pustules are
variously pigmented, spermatangial ones are
typically unpigmented. All pustules in-
vestigated were dioecious or tetrasporophytic.

Spore attachment, germination and host
penetration were not seen. According to Zuc-
GARELLO and GoOFF (1988) nuclei are transfer-
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red directly from the infection peg and 1-2
derivative cells into host cells which, in turn,
produce filamentous rhizoidal cells that
penetrate the host tissue making secondary
pit-connections with host cells. Young
pustules stained with hematoxylin reveal
what appear to be numerous infection discs
on the surface of a single pustule (Figs. 2, 3
and 5). This is interesting in that combined
male and female sexes or mixed phases were
never seen in the same pustule. Perhaps the
discs are non functional.

The intrusive part of the infection cycle in
G. orpzoides starts when a rhizoidal cell or in-
fected host cell becomes darkly staining in con-
trast to cells of the host cortex. Because a re-
maining empty spore wall could not be
detected on the host cuticle, it seems likely
that the entire spore content invades the outer
tissues of the host. Initially subspherical, a
parasite cell (Figs. 3 and 5, arrows) becomes
more irregular in shape by adopting the
outline of the intercellular space it occupies
(Fig. 2). Once embedded within host tissue,
the parasitic component is commonly referred
to as a ‘rhizoidal cell’ (Gorr, 1982), or if a
filamentous file of rhizoidal cells, as a
‘rhizoid’ (Fig. 4).

A recently embedded rhizoidal cell that lies
two to three cells beneath the host cuticle soon
cuts off a derivative cell that extends toward
the surface (Fig. 2 on left) where it cuts off a
pair of initials bilaterally to the outside (Fig.
5, arrowhead). Each of these initials then
divides longitudinally by concavo-convex sep-
ta to form files of cells that barely emerge

beyond the host surface (Figs. 2 and 6, ar-
rowheads; Fig. 5, double arrowhead). Mean-
while, the embedded rhizoidal cells become
multinucleate (Figs. 2 and 5-7) and initiate
conjunctor cells that establish secondary pit-
connections (Figs. 6-7) with neighboring host
cells. Outer cortical host cells overgrown by
erumpent parasite cells are stimulated to
divide transversely, forming an amplified
zone composed of small, squarish cortical
cells with which both intrusive (Figs. 5-7) and
erumpent parasite cells initiate secondary pit—
connections. Under light microscopy, pit
plugs of such secondary pit-connections (Fig.
7) do not appear different from those between
the host cells themselves. Formation of secon-
dary pit-connections between parasite and
host cells takes place throughout develop-
ment, and results in the continuous deposi-
tion of parasite nuclei into host cells.

In addition to initiating conjunctor cells
that fuse with host cells, rhizoidal cells
simultaneously also cut off derivative cells
that grow thallus-inward and continue to pro-
liferate within the confines of intercellular
spaces (Figs. 8-13). Once rhizoidal cells
have reached the medulla, direction of growth
for further expansion shifts from thallus-in-
ward to the margins of the infected areas
(Figs. 10 and 11), a shift that allows the infec-
tion area to expand in width. The most ter-
minal rhizoidal cells that grow laterally and
thallus-outward are uninucleate and elliptical
to irregularly shaped with an angular portion
(Figs. 10-11). They continue to divide while
their subterminal derivatives quickly expand,

Figs. 1-7.

pustule on host Gracilariopsis lemaneiformis. Fig. 2.

Gracilariophila oryzoides from British Columbia. Fig. 1.
On left: binucleate rhizoidal parasite cell (arrow) with

Surface view of mature tetrasporangial

derivative growing towards surface of host. On right: multinucleate rhizoidal cell (arrowhead) with erumpent cell

file. Fig. 3.
ment (arrow). Fig. 5.

Discs (arrows) and penetrating rhizoidal cells (arrowheads) in host tissue. Fig. 4. Rhizoidal fila-
In center: rhizoidal cell (arrowhead) with lateral pair of derivative cells. On left: rhizoidal

cell (double arrowhead) with file of derivative cells. On right: cellular discs (arrow) that have not yet connected with

host cortex. Fig. 6.

Rhizoidal cell linked by secondary pit-connection (arrowhead) to cortical cell of host. Fig.

7. Same as in Fig. 6, with rhizoidal cell bearing erumpent derivatives (arrowheads).

Figs. 8-15.

Gracilariophila oryzoides from British Columbia.

Fig. 8. Intrusive penetration of rhizoidal

cells in host tissue. Fig. 9-10 (Fig. 10 is close-up of Fig. 9). Young pustule consisting of dark-staining parasite
cells and light-staining host cells. Rbhizoidal cells extending toward surface (arrowheads) and into the medulla (ar-

row) of host. Fig. 11.

parasite cells (arrowheads) confined to small intercellular spaces. Fig. 13.
rowheads) from parasite cells encircling a medullary host cell. Fig. 14.
tion (arrow) between parasite cell and host cell. Fig. 15.

Rhizoidal cells (arrowheads) extending toward surface of host. Fig. 12.

Small-celled
Formation of conjunctor cells (ar-
Establishment of secondary pit-connec-
Intrusive growth of parasite ceases in medullary region

of host (arrow). Distinction between host cells and vegetative cells has become blurred.
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becoming spherical (Figs. 11-13). They also
continue to initiate conjunctor cells (Figs. 12-
13), establishing numerous secondary pit-con-

nections (Fig. 14) with host cells. Rhizoids
also course intercellularly into the starch-rich
cortex of the host and stop abruptly at the

vacuolated, presumably nutrient-poor

medulla (Figs. 9 and 10, arrows). Whenever
rhizoids penetrate the host tissues without at
the same time cutting off derivatives that
grow outwards toward the thallus surface,
they appear to loose the ability to erupt secon-
darily above the host cortex (Fig. 4).

While a difference in shape and cyto-
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plasmic content is obvious between host cells
and parasite cells during the early infection
stages, the vegetative tissues of both para-
site and host eventually become indistin-
guishable once both infection and abundant
formation of secondary pit-connections has
ceased (Fig. 15). Remnant traces of the
parasitic component are then revealed by the
darkly staining extremities of rhizoidal
derivatives (Fig. 15).

Female reproductive apparatus

Mature cystocarpic pustules are variously
pigmented, hemispherical and resemble
cystocarps of the host. A single continuous
pericarp surrounds either one (Figs. 18 and
27) or several carposporophytes (Fig. 19).
The latter phenomenon indicates that several
carpogonia were simultaneously fertilized and
that cells of the sterile branches flanking the
carpogonial branch and neighboring cortical
cells were concomitantly activated to divide
periclinally.

A transverse section through a cystocarpic
pustule of Gracilariophila oryzoides reveals that
the floor is little modified cytologically (Figs.
17, 18 and 27). The cells are morphological-
ly similar to medullary cells, and the
cytoplasmic contents of both sporophytic and
gametophytic tissues stain darkly.

Functional carpogonial branches were not
present in the available research material.
Unfertilized carpogonial branches are typical-
ly two-celled (Fig. 16), consisting of a distal
conical carpogonium with a straight
trichogyne extending towards the thallus sur-
face, and a hypogynous cell. Such car-
pogonial branches are borne on a multi-

nucleate supporting cell that also bears a pair
of sterile branches (Fig. 16 arrowheads).

The earliest stages leading to the establish-
ment of a postfertilization fusion cell were
also absent in our material; however, a sup-
porting cell subtending a distinct hypogynous
cell and fusion cell (Figs. 17 and 18) is a clear
indication that fusion cell initiation follows a
typical Gracilariacean pattern, in which the
sterile cells fuse directly onto the persistent
carpogonium. It is evident that the fusion
process in Gracilariophila typically circumvents
both the hypogynous cell and supporting cell
(Fig. 17), as neither cell is incorporated into
the fusion cell.

Within the cystocarpic cavity, the initial
branching pattern of the gonimoblast can
be reconstructed from Figure 20. After
gonimoblast initials are cut off from the fusion
cell, each continues to divide to form files of
gonimoblast cells. Division proceeds by con-
cavo-convex septa, followed by oblique or
transverse division of the residual subapical
cell. The result is a branching pattern in
which a basal gonimoblast cell bears two rows
of predominantly transversely dividing
gonimoblast cells bilaterally (Fig. 20). In ad-
dition, intercalary suprabasal gonimoblast
cells have the potential to cut off laterals (Fig.
24) that initiate supplementary chains of
gonimoblast cells.

In every instance, the lowermost
gonimoblast cells closest to the cystocarp floor
cut off conjunctor cells from their lower sur-
face (Figs. 20-23) which fuse (Fig. 21, arrow)
onto multinucleate floor cells, leaving behind
secondary pit-connections. A transversely
positioned metaphase plate in a lower

Fig. 16-22.

Gracilariophila oryzoides from California. Fig. 16. Carpogonial branch apparatus consisting of

supporting cell bearing non-functional carpogonial branch and a pair of sterile branches (arrowheads). Fig. 17.
Close up of Fig. 18 showing fusion cell bearing gonimoblast, hypogynous cell and supporting cell. Arrowhead

points to metaphase stage in basal gonimoblast cell.
Distinction between floor of cystocarp and medulla has become blurred.

gonimoblasts.

Fig. 18.

Cystocarp with fusion cell (arrow) bearing
Fig. 19. Three

cystocarps beneath one pericarp trigger expansion of outer cortex of host (arrowhead), resulting in sharp demarca-

tion between its cortical and medullary region. Fig. 20.

Obliquely longitudinal division of apical and subapical

gonimoblast cell, and formation of conjunctor cells from lower surface of lowermost gonimoblast (arrowheads).

Fig. 21.
vegetative cell.
upon division.

Fig. 22.

Initiation of conjunctor cell (arrowhead) and fusion of conjunctor cell (arrow) with a multinucleate
Metaphase plate (arrowhead) in lower gonimoblast cell will initiate conjunctor cell

Abbreviations: cp=carpogonium, cs=carposporangium, fu=fusion cell, g=gonimoblast cell, hy=hypogynous

cell, su=supporting cell, t=trichogyne.
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Figs. 23-27.

Gracilariophila oryzoides from California. Fig. 23.
nections (arrowheads) cut off from lower gonimoblast cells. Fig. 24.
small lateral derivative (arrowhead) by a concavo-convex septum.

Abundant formation of secondary pit-con-
Suprabasal gonimoblast cell that has cut off

Fig. 25. Metaphase plate (arrowhead) in

lower gonimoblast cell will initiate conjunctor cell upon division. Progressive maturation of gonimoblast into short

chains of elongate carposporangial initials. Fig. 26.
spherical carposporangia. Fig. 27.
carposporangia.

For abbreviations see the legend of Figs. 16-22.

gonimoblast cell (Figs. 22 and 25) indicates
that gonimoblast cell division and conjunctor
cell formation are independent processes.
Lower gonimoblast cells become progressive-
ly vacuolate, while the distal ones stain darkly
(Figs. 23 and 24) and are progressively
transformed into elongate carposporangial
initials (Fig. 25) that become spherical car-
posporangia (Fig. 26) upon release through
the ostiole (Fig. 27). The pericarp is formed
entirely of host tissue surrounded by an outer
cuticle that is continuous with that of the
vegetative axis (Fig. 19). At maturity, the
pericarp consists of about 9-12 layers of small

isodiametric cells. Terminal pericarp cells

Basipetal transformation of gonimoblast cells into chains of
Mature cystocarp with well developed central ostiole (arrow), and chains of

are typically elongate and pointed (Figs. 19
and 27).  Numerous carposporophytes
beneath one pericarp trigger expansion of
the outer cortex of the host, and result in
sharp demarcation between its cortical and
medullary regions (Fig. 19).

Male reproductive apparatus

Male pustules (Fig. 28) are hemispherical
and smooth. The entire outer cortex
becomes transformed into a zone of sper-
matangial parent cells (Figs. 29 and 30) that
are barely distinguishable from surface cells
of the host. Each pair of spermatangial

parent cells (Figs. 31 and 32) is the product of
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B A
Figs. 28-32.

cortex (arrowheads). Fig. 29.

an oblique longitudinal division by a concavo-
convex septum in a uninucleate outer cor-
tical cell. Both spermatangial parent cells are
basally pit-connected, remain uninucleate
and each off a single colorless,
uninucleate spermatangium distally by a
single transverse division (Figs. 31 and 32).

cuts

Tetrasporangia

Tetrasporangial pustules are typically cres-
cent-shaped and warty (Figs. 1, 33 and 34).
Each tetrasporangial initial (Fig. 35, ar-
rowhead) is transformed from the terminal
product of a longitudinal concavo-convex divi-
sion of an outer cortical cell (Fig. 35, ar-
rowhead). Usually, the resulting subapical
bearing cell also divides by a longitudinal con-
cavo-convex septum (Fig. 36), with the apical

Gracilaria oryzoides from California. Fig. 28.

Same as in Fig. 28.
matangial parent cells (arrow), and aborting cystocarp of host (arrowhead). Fig. 31.
parent cells with transversely divided spermatangia (arrowhead). Fig. 32.

175

; ;
. - %

Confluence of spermatangial pustule with host
Spermatangial pustule with superficial sper-
Superficial spermatangial
Same as in Fig. 31.

Fig. 30.

derivative potentially becoming a new
sporangium after release of tetraspores from
the first tetrasporangium. Tetrasporangial
initials (Fig. 35) typically are larger and stain
darker than surrounding cortical cells. The
tetrasporocytes typically undergo two suc-
cessive divisions, giving rise to four cruciately
arranged tetraspores of approximately equal
size (Fig. 37), although these are frequently

divided in an irregular fashion (Fig. 37).

Discussion

Gracilariophila  clearly belongs to the
Gracilariaceae based on features of early
reproductive development. Family charac-
ters include a supporting cell bearing a two-
celled carpogonial branch flanked by a pair of
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Fig. 33-36.
Tetrasporangial pustule consisting of mixture of host cells and parasite cells. Sharp demarcation between inner

parasite cells and host tissue (arrowheads).
filaments.  Fig. 35.

Gracilariophila oryzoides from British Columbia and Fig. 37 from California.

Tetrasporangial initial subtended (arrow) by its bearing cell.

Fig. 33.

Fig. 34. Tetrasporangia (arrowheads) embedded between cortical

Fig. 36. Potential

tetrasporangial initials (arrowhead) and bisporangium (on left). Former subapical cell has undergone an oblique

division potentially resulting in tetrasporangial initial (arrowhead). Fig. 37.

divided tetrasporangia.

sterile branches, direct fusion of cells of sterile
branches onto the persistent carpogonium,
and formation of a generative multinucleate
fusion cell that cuts off gonimoblast initials
(FreDERICQ and HoMMERSAND 1988a).
Recently, ZuccareLLo and Gorr (1988)
corraborated by cross inoculation experiments
the observations of Dawson (1949) that
Gracilariophila is an obligate parasite of its
closely related host Gracilariopsis lemaneiformus
(as Gracilaria lemaneiformis). The present study
reinforces this idea of adelphoparasitism.
The cystocarps of most red algal parasites
typically consist of multiple lobes [e.g. Gard-
nerella (Gorr and HoMMERsAND 1982),

Regularly and irregularly cruciately

Tikvahiella (KrarT and GABRIELSON 1983)]
because each individual carposporophyte is
surrounded by a separate pericarp. In con-
trast, the carposporophyte of Gracilariophila is
hemispherical and surrounded by a single,
continuous pericarp.

In transverse section the cystocarpic
pustule in  Gracilariophila is  scarcely
distinguishable from the cystocarp of its host,
Both lack the tubular
nutritive cells characteristic of Gracilaria that
fuse with cells of the pericarp. In both,
gonimoblast filaments are organized into com-
paratively straight chains, the initial shape of
lowermost gonimoblast cells is retained, and

Gracilariopsis.
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gonimoblast conjunctor cells fuse with cells in
the floor of the cystocarp.

The fundamental difference between host
and parasite genera is seen in features of the
floor of the cystocarp. In Gracilariopsis, a
special nutritive tissue, the inner pericarp, is
generated from the inner portion of cortical
filaments that also produce the outer
pericarp. Cells of the inner pericarp develop
enlarged nuclei, are densely filled with
cytoplasm, and appear to function as a ‘sink’
for the accumulation of nutriment that can
support the growth of the carposporophyte
during the course of gonimoblast develop-
ment and the differentiation of the car-
posporangia (FREDERICQ and HOMMERSAND
1989b). In contrast, there is not a sharp
demarcation between gonimoblast tissues and
the tissues of the floor of the cystocarp in
Gracilariophila. Indeed, inner gonimoblast
cells are cytologically and morphologically
similar to host medullary cells. This con-
tinuum between reproductive and vegetative
tissues is, so far, unique to Gracilariophila
among red algal parasites. This special
feature can, perhaps, best be understood as a
refinement for supplying nutriment to the
developing  carposporophyte. Being a
parasite, Gracilariophila presumably has a con-
tinuous, ambient supply of nutriment at its
disposal obtained directly from the host, most
cells of which by this time contain parasite
nuclei owing to the abundance of secondary
pit-connections. The formation of a secon-
darily transformed nutritive tissue that func-
tions as a ‘sink’ (HomMERsanD and
FrebpericQ 1989) would be a superfluous
nutritive strategy, since food reserves have
already been commandeered through the
host/parasite interaction.

WiLsoNn (1910) illustrated spermatangia
borne in chains flanked by elongated sterile
filaments. This pattern was never observed
in our material. Instead, the present study
documents that the spermatangial parent
cells are produced from surface cortical cells,
forming a superficial continuous layer, and
that they cut off spermatangia by transverse
division as in Gracilariopsis (FREDERICQ and

HoMMERsaND 1989b).

WEBER vaN Bosse (1928) and Yamamoro
(1986) both questioned whether the penetra-
tion of the parasite comes about by means of
rhizoids or by pit-connections. In agreement
with ZuccareLLo and Gorr (1988), we found
that connection between a parasite cell and a
vegetative host cell is established by means of
secondary pit-connections in G. oryzoides. A
multinucleate rhizoidal cell was never seen to
fuse directly with a host cell. Instead it
always cuts off one or more conjunctor cells
that fuse with the host cells, leaving behind
pit-connections.

As was mentioned earlier, WEBER VAN
Bossk (1928) subdivided Gracilariophila based
on the absence (Malaysian species) or
presence (California species) of rhizoids. In
our opinion the compactness of the cortical
region (and hence the size of intercellular
spaces) may affect the outline of parasite cells

(roundish rhizoidal cells vs. elongate
rhizoids). We found both shapes in G.
oryzoudes.

The erumpent component of other red
algal parasites is known to consist
predominantly of unpigmented parasitic
tissue interspersed with pigmented host cells,
as for example in Gardnerella (Gorr and Hom-
MERSAND 1982) or Tikvahiella (GABRIELSON
and Krarr 1983), both adelphoparasites
belonging to the  Solieriaceae. In
Gracilariophila, in contrast, the erumpent
component is minimal and a well-defined
pustule in which parasitic tissue is
distinguishable is lacking.

Gorr and CoLEMAN (1985) recently discuss-
ed the role of secondary pit-connection forma-
tion in red algal parasitism as a mechanism
for transferring parasite genetic information
into the host. Using  fluorescence
microscopy, ZuccarReLLo and Gorr (1988)
noted that the only independent stages of
Gracilariophila are the spore, the penetrating
infection peg which cuts off 1-2 additional
cells that transfer nuclei directly into adjacent
host cell, establishing a heterokaryotic host
cell, and the limited filamentous growth that
occurs at the infection site. In their view,



178 FreDERICQ, S., HomMMmERsanD, M. H. and Noreis, J. N.

once initial nuclear transfer has taken place
by means of secondary pit-connections, the
parasite cell then spreads throughout the host
tissues as an intracellular parasitic nuclear

genome. An alternative interpretation may
be that, in addition to establishing
heterokaryotic cells, rhizoidal cells may

preserve their parasitic individuality until
they have completely ceased to undergo cell
division. In each instance that we observed,
the establishment of a heterokaryotic cell is
directed unilaterally, with rhizoidal conjunc-
tor cells fusing with host cells and not vice ver-
sa. The main portion of the proliferating
rhizoidal system does not appear to harbor
vegetative nuclei at the very last stages of in-
fection, do parasite and host tissues eventually
become cytologically and morphologically in-
distinguishable from one another.

The fact that secondary pit-connections do
not seem to be structurally modified suggests
that few incompatibility barriers exist be-
tween host and parasite cells, as would be
expected of an adelphoparasite. The evolu-
tionary success of this unusual parasite clearly
lies in the abundance and flexible formation
of secondary pit-connections at each stage of
development. Pit-connections are initially
formed when a rhizoidal cell links up with
host vegetative cells, when the parasite
ramifies and spreads, and when it taps food
reserves for the developing carposporophytes.
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Notes on Odonthalia kamischatica (RUPRECHT) J. AGARDH

(Ceramiales, Rhodophyta). Jpn. J. Phycol. 37: 180-186.

Odonthalia kamtschatica (RUPRECHT) J. AGARDH (Rhodomelaceae, Ceramiales) is described and il-
lustrated on the basis of specimens recently collected near the type locality. Tetrasporangia are borne on
penultimate and ultimate orders of narrow lateral branches and proliferations. Two tetrasporangia are pro-
duced in each of 4—16 successive segments of these branches, including one or two segments congenitally
fused to the parent axis. These features clearly distinguish O. kamtschatica from other costate species with
which it has often been confused, and ally it with O. yamadae Masupa, which is suggested to be a vicariant

species.

Key Index
Rhodophyta—taxonomy.

The red alga Odonthalia kamtschatica
(RuprecHT) J. AcarpH (Rhodomelaceae,
Ceramiales) was originally described by
RuprecHT (1850) as Atomaria kamtschatica on
the basis of specimens collected at
Petropavlovsk, Avacha Bay, on the eastern
Kamchatka Peninsula. It was transferred to
Odonthalia by J. AcarpH (1863). Since then,
it has been reported from various localities of
the north Pacific (SETcHELL and GARDNER
1903; Coruins 1913; KyLin 1925; OkAMURA
1932, 1936; Tokipa 1934, 1950, 1954;
Yamapa and TanNaka 1944; Scacer 1957;
CHIHARA 1967; WIDDOWSON 1974; SCAGEL et
al. 1986). Although RupreECHT’s description
of cystocarpic plants is clear, this species has
been confused with other species of Odonthalia
as discussed by Masupa and Yamapa (1981).

Further studies based on the cystocarpic lec-
totype specimen (Masupa 1981a; Masupa and
Yamapa 1981) have amplified the original
description. In this paper, we describe and

! Dedicated to the memory of the late Dr. Munenao
Kurocr (1921-1988), Professor Emeritus of Hokkaido
University.

Words:  Kamchatka—QOdonthalia—Odonthalia kamtschatica— Rhodomelaceac—

illustrate tetrasporangial plants for the first
time based on recent collections near the type
locality. The characteristic features of Odon-
thalia kamtschatica are discussed and compared
with several related species.

Materials and Methods

Specimens were collected at four localities
in Avacha Bay: Cape Seroglazka
(53°02'42"N, 158°3530"E, vegetative, May
24, 1984, leg. V.I. StrELKOV); Cape Kazak
(52°57'40"N, 158°27'30"E, tetrasporangial,
May 6, 1988, leg. A.G. BazHin); Stones Tri
Brata (52°5400"N, 158°4202"E, vegetative,
September 15, 1987, leg. A.G. BazHIN); and
Vilyuchinskaya Harbor (52°38'35"N,
158°25'32"E, tetrasporangial, May 2, 1988,
leg. N.G. Kroczcova; tetrasporangial and
cystocarpic, May 4, 1988, leg. N.G. Krocz-
cova). Odonthalia kamtschatica grows abun-
dantly on rocks at 3-12 m depth in Avacha
Bay.

The exterior morphology of dried her-
barium specimens was studied with a dissect-
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Fig. 1.

2cm

First-year tetrasporangial specimen of Odonthalia kamtschatica with broad vegetative branches and nar-

row reproductive branches (arrowheads) collected at Cape Kazak, Avacha Bay, eastern Kamchatka on May 6,

1986.

ing microscope. For microscopic examina-
tion of anatomical structure, portions were
removed, preserved in 70% ethyl alcohol and
sectioned by hand using a razor blade and
pith stick.

Voucher specimens are deposited in the her-
baria of Faculty of Science, Hokkaido
University, Sapporo (SAP) and the Kam-
chatka Department of Environment, Pacific
Institute of Geography, Petropavlovsk-Kam-
chasky.

Observations

Several upright thalli, 8-19 cm high and
dark red in color, arise from a common basal
disc. Each thallus is monopodial and branch-
ed in an alternate-distichous manner (Fig.
1). - The main axis is terete just above the
basal disc and 0.8-1.6 mm in diameter,
becoming immediately compressed above. It

is broader at the point of insertion of lateral
branches, attaining a width of 2.5-3.3 mm at
non congenitally-fused area with its laterals in
the lower and middle portions.

The majority of first-order branches are
indeterminate, up to 6-12 cm long, and are
divided into progressively shorter branches
to 5-6 orders. The proximal one or two
branches of 2-5 orders remain unbranched.
Proliferations are formed from the margins
of the main axis. Those initiated in axils
formed by the main axis and injured first-order
branches resemble indeterminate first-order
branches, but have terete bases rather than the
flattened bases characteristic of ordinary lateral
branches. =~ Many narrow reproductive
proliferations develop on the perennating
main axes of second-year thalli (Fig. 2).

Midribs are visible on the lower to upper
portions of the main axis (Figs. 3-6) and on
the lower to middle portions of well-developed
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Fig. 2. Second-year tetrasporangial specimen
of Odonthalia kamtschatica with many reproductive pro-
liferations (arrowheads) collected at Vilyuchinskaya
Harbor, Avacha Bay on May 2, 1988.

first-order branches and proliferations.
Midribs are produced by successive divisions
of cortical cells, and do not develop equally on
both sides (Figs. 4, 5). They appear on only
one side of the upper portion of the main axis
(Fig. 3) and the middle portion of first-order
branches and proliferations.

Penultimate and ultimate branches of nar-
row lateral branches (Fig. 1) produce tetra-
sporangia (Fig. 7).

formed on penultimate and ultimate branches

Tetrasporangia are also

of proliferations less than 5mm in length
and on longer, narrow proliferations (Fig.
2). Tetrasporangial branches are arranged
entirely in an alternate-distichous manner
and are compressed, 650-1800 #m long and
180-240 rm wide.
produced in each of 4-16 successive segments
of the including one or two
segments congenitally fused with the parent
axis (Fig. 7). Each sporangium is provided
with two cover cells (Fig. 8). Tetrahedrally
divided 120-170 pm  in
diameter.

Procarp-bearing branchlets and cystocarps
are arranged on narrow branches and short

Two tetrasporangia are

branches,

sporangia  are

proliferations in a flexuose-racemose man-
ner. Procarp-bearing branchlets are poly-
siphonous (Fig. 9). As cystocarps form,
distal sterile segments of these branchlets
develop into long calcars (Fig. 10). Matur-

Figs. 3-6.
Odonthalia kamtschatica collected at Stones Tri Brata,

Cross sections of a main axis of

Avacha Bay on September 15, 1987, showing
development of a midrib: 3, upper portion; 4, 5,
middle portion; 6, lower portion. Scale in Fig. 5 ap-
plies also to Figs. 3 and 4.

ing cystocarps are urceolate and have elevated
necks; fully mature cystocarps have not been
observed. Cystocarps examined are 700-
900 pm long by 580-750 m wide and with
280-800 grm long calcars (Fig. 10).

Discussion

Our observations of polysiphonous pro-
carp-bearing  branchlets and urceolate
cystocarps with long calcars are identical with
earlier reports based on the lectotype
specimen of Odonthalia kamtschatica (MAsUDA
1981a; Masupa and Yamapa 1981). Our
study confirms that tetrasporangia are also
branches
(similar to those of cystocarpic plants) that are
distinctly different from the broader vegetative

borne on narrow reproductive
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Figs. 7-10.
Bay on May 2, 1988 (7, 8) and May 4, 1988 (9, 10): 7, tetrasporangial branches, note tetrasporangia being formed
at the congenitally-fused area between the axis and ultimate laterals (arrowheads); 8, two segments of a
tetrasporangial branchlet, showing cover cells (¢) (the tetrasporangia being out of focus); 9, polysiphonous procar-
pial branchlet, note the procarp-bearing segment being shown by an arrowhead; 10, two cystocarps with well-

developed calcars.

branches characteristic of this species.

In second-year plants, the broad main axes
are eroded and overgrown by proliferous
reproductive branches. These thalli, com-
posed of narrow proliferations (Fig. 2, Tokipa
1934, Pl. V), are sufficiently different from
first-year plants to cause confusion as to their
identity. Nevertheless, proliferations have
terete bases in contrast with the compressed
bases of ordinary lateral branches, so that
thalli composed chiefly of narrow reproduc-
tive proliferations can be identified as peren-
nating individuals of O. kamtschatica.

At present, twelve species have been
described in the genus Odonthalia (Masupa

Scale in Fig. 9 applies also to Fig. 8.

Reproductive structures of Odonthalia kamtschatica collected at Vilyuchinskaya Harbor, Avacha

1982). They are divided into two groups,
depending on the presence or absence of
midribs.  Odonthalia kamtschatica is included
in the costate group together with the follow-
ing seven species: 1) O. dentata (LINNAEUS)
LyNGBYE, the type species, 2) O. kawabatae
Masupa, 3) O. lyallii (HARVEY) J. AGARDH, 4)
O. ochotensis (RuprEcHT) J. AcarpH, 5) O.
setacea (RuprEcHT) PERESTENKO, 6) O.
washingtoniensts KyrLin and 7) O. yamadae

Masupa.  Although these species can be
distinguished by reproductive features
(Masupa 1982), it is often difficult to

distinguish species on the basis of vegetative

features alone. Hence, non-reproductive
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specimens of O. kamtschatica have been con-
fused with other closely related species.

We can now use tetrasporangial characters
for a more complete comparison of Odonthalia
kamtschatica with other costate species. O.
kamtschatica and O. ochotensis are currently
distinguished on the basis of cystocarpic
characters (Masupa and Yamapa 1981).
Our results show that O. kamtschatica produces
tetrasporangia on ultimate and penultimate
branches, whereas tetrasporangia in O. ochoten-
sis are restricted to ultimate branchlets
(RuprecHT 1850), i.e. well-defined stichidia
with constricted bases. Two kinds of
tetrasporangial branches have been described
for O. ochotensis:  “flabellato-corymbose
stichidia without short pedicels” (OkaMURA
1923, Pl. 196, Fig. 4) and “pinnato-
fasciculated stichidia with short pedicels”
(Oxamura 1923, Pl. 196, Fig. 5; 1936, Fig.
422, 4). OxaMura’s voucher specimens,
deposited in SAP, were examined, including
four tetrasporangial specimens: one from
Chirie, Sakhalin (June 15, 1912) and three
from Shumsh Island, the north Kuriles (no
collection date). These specimens have
tetrasporangial branchlets lacking pedicels,
comparable to those of O. kamischatica; no
specimens with pedicellate tetrasporangial
stichidia are present. We believe that
OxaMURA’s original description was based
on collections composed of more than one
species, one of which is O. kamischatica.

Specimens of Odonthalia setacea and O. lyallii
can be distinguished from those of O. kami-
schatica by their monosiphonous procarp-bear-
ing branchlets, ecalcarate cystocarps and
tetrasporangial stichidia with constricted
bases (Masupa 1981a; Masupa and MILLER,
unpublished), although these species are all
similar to one another vegetatively.

Odonthalia kawabatae, with its narrow thalli,
broadly ovoid cystocarps, and well-defined
tetrasporangial stichidia (Masupa 1981b), is
readily distinguished from O. kamischatica.
Fertile specimens of O. dentata (NEWTON
1931; Masupa and Yamapa 1981) and O.
washingtoniensis (SETCHELL and GARDNER
1903, as O. semicostata; Masupa and Yamapa

1981) possess minute axillary or marginal
reproductive branches that are readily
distinguished from the well-developed
reproductive lateral branches and prolifera-
tions of O. kamischatica. The reported occur-
rence of O. dentata in the North Pacific
(RuprecHT 1850; TokIpa 1954; PERESTENKO
1977) is questionable (LiNpsTROM 1977).

Odonthalia kamtschatica and O. yamadae are
closely related and have the following
vegetative and reproductive features in com-
mon: 1) large, broad thalli, 2) conspicuously
developed midribs, 3) narrow reproductive
branches, 4) flexuose-racemose arrangement
of cystocarps, 5) tetrasporangia produced on
both ultimate and penultimate branches, in-
cluding segments congenitally fused to the
parent axis. These two species are
distinguished by features of the procarp-bear-
ing branchlets and cystocarps. O. kamt-
schatica has polysiphonous procarp-bearing
branchlets and urceolate cystocarps with long
calcars, whereas O. yamadae possesses
monosiphonous procarp-bearing branchlets
and barrel-shaped or broadly ovoid
cystocarps without conspicuous calcars
(Masupa 1982). The occurrence of procarps
on polysiphonous branchlets is considered
a  primitive feature in the family
Rhodomelaceae =~ (HoMMERSAND 1963;
Masupa 1982). The distributional range of
O. kamtschatica extends from the Kamchatka
Peninsula through the middle Kuriles to
Sakhalin (Masubpa and Yamapa 1981). As
pointed out by Wippowson (1974), records of
its occurrence on the east coast of the North
Pacific (SErcHELL and GArDNER 1903; CoL-
LiNs 1913; KyLiNn 1925; Scacer 1957;
ScAGEL et al. 1986) need verification. On the
other hand, the present known range of O.
yamadae is narrowly restricted to the eastern
coast of Hokkaido (Masuba 1982). The
monosiphonous procarp-bearing branchlets
of O. yamadae may be a derived character
associated with its vicariant speciation from
the more broadly distributed and primitive O.
kamtschatica to the south.
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Nitrate uptake by nitfogen-starved plants of the red alga Gracilarid U

tenuistipitata var. liui
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CHiang, Y.-M. and LN, J.-L. 1989. Nitrate uptake by nitrogen-starved plants of the red alga Gracilaria
tenuistipatata var. liui. Jap. J. Phycol. 37: 187-193

Nitrate-nitrogen uptake by nitrogen-starved plants of the red alga Gracilaria tenuistipitata var. liui ZHANG
and Xi1a (formerly called Gracilaria verrucosa) was studied under 25 combinations of temperature (10, 15, 20,
25 and 30°C) and salinity (10, 20, 30, 40 and 50%). The plants assimilated all NO; (200 #M) in the
medium within 24 hours at the combinations of 15°C, 20°C, 10% and 20%, but the uptake was slow at
lower temperature (10°C) and at higher salinity (40 and 50%p).

Nitrate uptake by the plants in the “light” and in the “dark” was almost the same during the first 6 hr,
but afterwards, the plants in the light assimilated nitrogen much more rapidly than those in the dark. The
“light” plants assimilated all of the NOj3 (200 #M) in the medium within 20 hr and continued the assimila-
tion in a new medium. In contrast the “dark” plants assimilated NOj slowly during the first 24 hr and stop-
ped the assimilation in a new medium. The basal segments of the N-starved plants absorbed more than
80% of NOj (200 #M) in the medium within 24 hr, whereas the apical segments absorbed only 40% of it.

Key Index Words:
Rhodophyta—seaweed cultivation.

Gracilaria is a marine red alga which has
been studied extensively because of its com-
mercial value as a source of agar, its impor-
tance in diet, and its increasing demand in
the cultivation of the sea abalone (CHiANG
1981, EDWARD ¢ al. 1982, CorbERO 1984).
Previous studies have shown that the growth,
agar content and its quality of this alga may
be limited by the amount of available
nitrogen and the rate of nitrogen uptake also
can be limited by a variety of environmental
conditions (DEBoEr et al. 1978, DEBoOER
1979, Wanc and Yanc 1980, Birp ¢t al. 1981,
1982, Birp 1988, LAPOINTE 1981, LAPOINTE et
al. 1984a, b, Fuyita and Gorpman 1985,
RotEM et al. 1986). Those kinds of informa-
tion are most useful for purpose of Gracilaria
cultivation. Accordingly, we initiated the
present study to examine the effects of salini-
ty, temperature and light on the uptake of
NOj of Gracilaria tenuistipitata var. liui ZHANG
and -Xia (formerly called Gracilaria verrucosa)
which has.been cultivated extensively in

Gracilaria—Gracilaria tenuistipitata var. liui— Gracilariaceae—nitrate uptake—

Taiwan (CHianG 1981).

Materials and Methods

Vegetative plants of G. tenuistipitata var. liui
were collected from an aquaculture pond at
Anpin, Tainan, Taiwan.

Plants of about 5kg (wet weight) were
grown in a flat-bottom concrete tank
(2.0mX4.0mX1.0m) for 3-4 weeks in
unenriched running seawater (about 1.5
volumes of seawater were exchanged per day)
until the plants became pale straw-yellow in
color, which is indicative of a nitrogen defi-
ciency of the plants (RYTHER ¢t al. 1981).

- Epiphytes removed

Before each experiment, nitrogen-deficient
Gracilaria were cleaned to ensure that all of
the nitrogen from the medium had been
assimilated by the Gracilaria plants only. The
procedure used for cleaning the plants was
based on the technique of Birp (1976). Hav-



188 CHiaNg, Y.-M. and Lin, J.-L.

ing removed sand and epiphytic algae, the
plants were immersed for 30 seconds in a
sodium dodecyl sulfonate seawater solution.
The fronds were then transferred to a 0.001%
(v/v) formaldehyde solution for 30 seconds,
whereupon they were rinsed twice in sterilized
seawater.

Apparatus

Experiments were carried out in a growth
chamber at 10°C. For cultivation of the
fronds, 500 m!/ Pyrex flasks were used and
they were kept in glass-made aquaria
(60 cm X 30 cm X 36 cm) with water of re-
quired temperature which was controlled with
LAMYCON 500 DX IC Controller ther-
mostat. Water in the aquaria was well mixed
by bubbling with compressed air. Irradiance
was provided by cool-white 40-W fluorescent
lamps at 120 #E m~2s~!.

Preconditioning thallus

Prior to each experiment, cleaned thalli of
5.0%0.2 g wet weight were preconditioned by
incubation in 500 m/ flasks containing steri-
lized seawater at the required salinity and tem-
perature under an 11 : 13 hr photoperiod and
a light intensity of 120 #E m~%s~! for 7 days.
Each experimental condition was run in
duplicate and all experiments were repeated
once.

Nitrate was measured according to
StrickLAND and Parsons (1972). C/N
values of the plants before and after each ex-
periment were determined with a Perkin-
Elmer 240 elemental analyzer.

A modified growth medium SWM
(McLacHLAN 1973) (lacking soil and liver ex-
tract, S-3 vitamins and NaNOQOs) was used.
Salinity was modified by dilutions with distill-
ed water or by concentration of seawater by
heating and was corrected for evaporation
every other day during the experiments. The
pH of the medium was adjusted to 7.5.

Experiment I: Effects of temperature and
salinity on NOj3 uptake

Combinations of temperature (10, 15, 20,
25 and 30°C) and salinity (10, 20 30, 40 and

50%0) were used.

Preconditioned thalli of 5.0+0.2g (wet
weight) were inoculated into each flask con-
taining 300 m/ medium which had 200 oM
NOj and were grown at the required condi-
tions. Every 24hr, over a 6-day period,
water samples of 1 m!/ each were withdrawn
from all cultures and analyzed for NOj3 con-
centration. In addition, water samples were
also taken from a flask without seaweed to
determine any other loss of NOj3 occurring.

Experiment II: Effects of light and darkness
on NOj3 uptake

The thalli which had been preconditioned
for 7 days under conditions of 15°C, 20%,
11:13 hr photoperiod and 120 #4E m~2%~!
were incubated in four flasks each containing
300 m/ medium with a level of 200 #uM NOs .
Each flask contained thalli of 5.0+0.2 g (wet
weight).

Two of the four flasks were wrapped with
aluminum foil and then enclosed in a light-
tight container. Then both sets of cultures
were returned to the same conditions as those
of the precondition, except that 24 hr illumina-
tion was provided, instead of 11:13hr
photoperiod. Water samples were taken
from each culture every 2 hr over the initial
24 hr to determine the level of residual NOj .

After 24 hr, the medium of all cultures was
replaced with fresh medium, and the experi-
ment was continued for additional 6 days.
Every 24 hr, water samples were taken from
each culture to determine the NOj3™ concentra-
tion.

Experiment III:  Uptake of NOj™ by the apical
and basal segments

Thalli were treated for 7 days under the
same conditions as those in Exp. II and were
cut into two portions (apical and basal) of
segments, each measuring 3.0cm and
weighing 5.0£0.2 g (wet weight). Then the
segments were inoculated into 300 ml
medium with 200 #M NOj; and were grown
under the same conditons as in the previous
culture. Every 2hr, the concentration of
NOjs in the culture media was measured.
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Results 25°C absorbed 85-100% of the NO3 within
4 days. However, plants grown at 10 and
Experiment 1 30°C assimilated NOj more slowly than

No measurable amount of NO3 was lost
from the flasks without plant. Thus any loss
from the flasks containing the Gracilaria could
be assumed to have been due to assimilation
by the algae.

As shown in Table 1, the thalli grown in
the combinations of 15°C, 20°C, 10% and
20%; assimilated all of NOj in the medium
within 24 hr. In general, plants grown in
lower salinities (10-30%) assimilated NOj
more rapidly than those grown in higher
salinities (40 and 50%:). Those grown at 15-

those grown at other temperatures regardless
of the salinity.

Experiment 11

The results (Fig. 1) of this experiment show-
ed that NO;™ uptake in the “light” and in the
“dark” was essentially the same within 7 hr
after the initiation of the experiment. After
7 hr, however, the plants grown in the “light”
began to assimilate more NOj3 than those in
the “dark”. For example, after 20 hr the
“light” plants had assimilated all NO3™ in the

Table 1. Uptake (% of initial concentration, 200 M NO5') of nitrate-nitrogen by nitrogen-
starved Gracilaria tenuistipitata var. liui at different temperatures and salinities.
Temp. Sal. Uptake
(°C) (%) Day 0 Day 1 Day 2 Day 3 Day 4
10 0.0 16.2 30.1 64.9 75.9
20 0.0 26.3 373 72.5 83.5
10 30 0.0 30.9 47.5 62.0 71.9
40 0.0 8.6 26.6 44.2 58.7
50 0.0 1.8 18.9 32.6 42.8
10 0.0 100.0 — — —
20 0.0 100.0 — — —
15 30 0.0 54.2 87.0 92.5 100.0
40 0.0 40.0 79.3 88.5 100.0
50 0.0 26.2 48.4 49.6 71.2
10 0.0 100.0 — - —
20 0.0 100.0 - — —
20 30 0.0 38.7 53.2 74.0 85.8
40 0.0 24.2 42.9 58.7 62.8
50 0.0 18.3 31.0 45.5 58.4
10 0.0 72.8 86.9 100.0 -
20 0.0 64.3 79.3 89.6 100.0
25 30 0.0 34.4 43.5 63.5 84.9
40 0.0 16.5 23.7 46.5 60.2
50 0.0 10.8 22.0 40.8 58.1
10 0.0 18.2 34.6 44.0 78.0
20 0.0 29.8 40.5 63.8 87.9
30 30 0.0 24.8 36.5 49.4 69.4
40 0.0 11.6 20.6 32.6 54.8

50 0.0 10.4 18.7 31.1 49.4
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ol

medium, whereas the “dark” plant had
assimilated only 65%. In addition, Fig. 2
shows that plants in the light continued to
assimilate NOj3 from the fresh medium while
those in the dark actually lost some of the
previously assimilated NOj to the medium.

Experiment I11

The results of this experiment shown in

Fig. 3 indicate that segments of the basal por-
tion assimilated about 80% of NOj; in the
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Fig. 3. Uptake of nitrate-nitrogen by the

apical (—) and basal (---) segments of nitrogen-
starved Gracilaria tenuistipitata var. liut.

medium within 24 hr, whereas those of the
apical one assimilated less than 409 of the
original concentration. However, segments
of the apical portion increased their wet
weight and produced more new branches
than the basal segments after 7-day cultiva-
tion (unpublished data).

Discussion

Earlier studies (LapoiNTE and RyYTHER
1979, Rytuer and Hanisak 1981) on the
culture of Gracilaria have shown that healthy
plants can lose their dark reddish-brown color
and become pale-yellow when they are held
under very low NOj concentrations. The
change in color is indicative of nitrogen defi-
ciency, with C/N values changing from about
6 to nearly 30, after stocking in the tank with
unenriched running seawater. Plants used in
this study indicated a change in color from
dark reddish-brown to pale-yellow, while
C/N values increased from about 5 to 15, in-
dicating nitrogen deficiency.

Rapid N-assimilation by N-starved
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Gracilaria  depends upon  carbohydrate
reserves (RYTHER ef al. 1981), which in turn
are affected by temperature and salinity.
Enrke (in GessNer 1970) found that
photosynthetic rates of Fucus serratus,
Plocamium cocconeun and Enteromorpha compressa
were higher than respiration at lower tempera-
tures (<20°C). In this experiment, the N-
starved Gracilaria growing at 15 and 20°C
assimilated NOj; more quickly than those
growing at 30°C. This could be due to the
rate of photosynthesis of these plants ex-
ceeding that of respiration, thereby increasing
their carbohydrate reserves during the precon-
ditioning period. Therefore they may have
been able to assimilate NOj more rapidly at
the expense of carbohydrate reserves. On
the other hand, as temperature increases
beyond the optimum range for growth of the
plants, the rate of respiration exceeds that of
photosynthesis (EHRKE in GEessNEr 1970),
thereby reducing the carbohydrate reserves.
This may explain the slower assimilation of
NOj; at 25 and 30°C than at 15 and 20°C.
The low uptake rate of NO3 at 10°C might
be due to the slow metabolic rate of the plants
at this temperature.

Huanc (1980) found that G. tenuistipitata
var. liui showed the highest photosynthetic
rate at 25°C in salinities of 10-20% and that
the rate decreased as the salinity increased
from 20 to 50%. These findings agree with
our present results that plants can assimilate
more NOj in lower salinities (10-30%o) than
in higher ones (40-50%). These results sup-
port the observation of GESSENER and
ScHraMM (1971) that although both photosyn-
thesis and respiration decrease with increased
salinity, salinity affects more photosynthesis
than respiration.

RYTHER ¢¢ al. (1981) found that N-starved
Gracilaria  assimilated more ammonium-
nitrogen following exposure to daylight than
did plants held in the dark, and showed that
N-starved macroscopic algae can assimilate
nitrate in the darkness, as can microalgae (cf.
SyreTT 1962). The same phenomenon is also
shown in our study on the assimilation of
nitrate-nitrogen by N-starved Gracilaria (Fig.

2). The plants in the “light” and in the
“dark” showed no substantial difference in
the uptake of nitrate-nitrogen during the first
six hours of the experiment. This observa-
tion suggests that the carbohydrate reserves in
both plants were almost equal at first.
However, the “light” plants were able to
maintain or increase their carbohydrate con-
tent due to photosynthesis and hence were
able to continue NOj assimilation under
light condition. On the other hand, the
“dark” plants continued to deplete their car-
bohydrate reserves and ultimately began to
lose the ability to assimilate NO3. Rapid N-
assimilation by starved algae depends upon
carbohydrate reserves and ceases when those
reserves are depleted (SYRETT 1962). In their
study on two red macroalgae, D’ELiA and
DeBoer (1978) found that decreases in
nitrogen uptake rates occur in response to
nitrogen satiation of the seaweeds. This was
also true for G. fenuistipitata var. liui when the
medium of both the “light” and the “dark”
was replaced with fresh one after 24 hr. The
plants in the “light” continued to assimilate
NOj but at a slower rate, and only 72% of
NOj3 added was assimilated after 6 days in
contrast to 100% in the first 24 hr. Plants in
the “dark” did not assimilate any NOj, but
actually lost some.

The color of the basal portions of the plants
used in this study was generally slightly
darker than that of the apical ones, suggesting
that the basal region had more pigment
available for photosynthesis than the apical
ones. This appeared to be the case as the
photosynthetic rate of the basal portion was
almost 1.5 times higher than that of the apical
one (unplished data). ROSENBERG and
Ramus (1982) found that N-starved plants use
pigment-protein as a nitrogen source for cell
division, and since cell divisions are usually
more active in the apical part than in the
basal part of a plant, the apical parts would
tend to lose their pigments more quickly than
the basal ones. This was confirmed when the
apical segments produced more branches
than the basal ones after 7-day cultivation.

In conclusion, our findings on the condi-
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tions for nitrogen uptake by nitrogen starved
Gracilaria could be helpful in choosing time
for adding fertilizers to Gracilaria ponds.
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Regeneration process of Ecklonia marine forest in the coastal area of

Shima Peninsula, central Japan

Miyuki MaEcawa and Washiro Kipa

Laboratory of Phycology, Faculty of Bioresources, Mie University, Edobashi 2-80, Tsu, Mie, 514 Japan

MaEeGawa, M. and Kipa, W. 1989. Regeneration process of Ecklonia marine forest in the coastal area
of Shima Peninsula, central Japan. Jpn. J. Phycol. 37: 194-200.

A regeneration process of the Ecklonia marine forest was studied with methods of permanent quadrat
and mapping for 6 years. The regeneration process and turnover time were revealed as compared with
those of terrestrial climax forests. Three phases of gap, building and maturation were distinguished with
reference to structural and dynamic features of the population in the regeneration process. The turnover
time (regeneration cycle) of the canopy layer was 3 years. The regeneration process of the Ecklonia marine
forest was controlled by intraspecific competition for getting light.

Key Index Words:
dynamics—regeneration—seaweed.

It is considered that the marine climax
forest is maintained by dynamic equilibrium,
i.e. partial destruction and construction of the
canopy. Consequently, the structure and
function are stable for many years beyond the
life expectancy of the major component in-
dividuals. The mechanisms of regeneration
(secondary succession) of the marine climax
forest are the subject of study attracting
ecological interest of some researchers in re-
cent years. However, only a little knowledge
was accumulated for the change in population
structure of marine forests throughout a long
period of study for more than 5 vyears
(TanicucH1 and Karto 1984, DayToN et al.
1984, Kipa and Maecawa 1985). The re-
cent studies of stability and succession em-
phasize the need for the recognition of ap-
propriate scales in time and space
(SurHERLAND 1981, CoNNELL and Sousa
1983). Particularly, the time scale should be
longer than the maximum life span of the ma-
jor component individuals in the study of
population dynamics.

Recently, the regeneration processes of ter-
restrial climax forests in many countries have
been studied intensively. Many authors

building phase—Ecklonia cava—gap phase—mature phase— Phaeophyc

lation

=
=
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have emphasized that tree fall and opening in
the canopy play an important role in ter-
restrial forest regeneration (Bray 1956,
Barpen 1981, RunkiLe 1981). Bray (1956)
called such an opening the “gap”, and the
regeneration of terrestrial climax forests takes
place mainly in such gaps. The process is
named the “gap phase regeneration”.

In this study, the regeneration process of
marine Ecklonia forest was traced with
methods similar to the ecological analysis used
in terrestrial forests, such as permanent
quadrat and mapping. The fundamental prop-
erties of structure and regeneration of
marine Ecklonia forest are comparable well to
those of terrestrial forests, in spite of notable
differences in the scale of population and the
turnover time of the regeneration cycle be-
tween them. This kind of information will be
useful not only in evolving and examining the
theory of succession and stability of marine
forest but also in forest conservation and
afforestation for its probability of application.

Materials and Methods

Permanent quadrat experiment for analyz-
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Fig. 1. Maps showing the location of study area.

ing the regeneration process of the Ecklonia
cava population was carried out offshore at
Hamajima (Fig. 1). In May 1982, 2
quadrats of 1 m X 3 m constructed with ropes
were set on a flat rocky substratum within a
population at a depth of 8 m at Stns. 1 and 2.
Each quadrat was divided into 6 small sub-
quadrats (0.5m X 1m) for convenience of
measuring and mapping. All individuals in
2 quadrats were marked by tagging sequential-
ly numbered plastic plates (1 cmX2cm)
around the holdfast for adult plants and plot-
ting the position of individuals on a distribu-
tion map for young and small ones. The
smallest juveniles marked in this study were
1-3 cm long which could be distinguished
from ones of other species.

From the month when the plants were
marked through June 1987, presence or
absence of individuals and plant size (stipe
length) were measured by means of SCUBA
diving. The census in the quadrats was car-
ried out 19 times at two- or three-month inter-
vals from 1982 to 1984, and at six-month in-
tervals from 1984 to 1987. Total plants marked
in 2 quadrats for 6 years reached 1000 in-
dividuals. Such numerous data enabled us to
conduct a comprehensive study of the changes
in population structure.

Results

Yearly changes of frequency distribution of
the stipe length in 2 quadrats in June from
1982 to 1987 are shown in Fig. 2. Shaded
parts show the number of plants lost during a
period till the following year. The yearly
changes in frequency distribution of stipe
length in both quadrats showed a similar
tendency. In 1982 large fronds with stipe
length of more than 20 cm occupied greater
parts, but in 1983 most of large fronds in the
canopy disappeared and many recruits were
produced. In 1984 and 1985 large fronds
which developed from recruits in 1982 and
1983 occupied a large part of the population,
forming the canopy again. In 1986 most of
canopy fronds disappeared and many recruits
were produced, showing a similar frequency
distribution as in 1983. Frequency distribu-
tion in 1987 showed a similar trend as that in
1984. Thus, the number of recruits was con-
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Fig. 2. Yearly changes in frequency distribu-
tion of stipe length of Ecklonia cava population at
Stns. 1 and 2 from 1982 to 1987. Shaded portions
show the loss during a subsequent year.



196

80 T T T T T

Maecawa, M. and Kipa, W.

Number of Fronds
(indiv./m32)

40 T T T v T

30

20

10

« 1000 T T T T T T T T T T 100
9 5
800 ’ 80
:no_. Q .-o“""o t“
" T 600[Q -y 60 £ _
S5 400} ; L5 o0 e % ofwo ', 8
g = ) O-O. i o . a
o ¥ A | 00 . o -, O @420 A
200 )
3 e, ) o ¥ B
w0 o 1 1 I — 1 L 1 1 1 1 o
1982 1983 1984 1985 1986 1987 1982 1983 1984 1985 1986 1987
Fig. 3. Changes in the population density of total fronds (—O—), fronds with stipes shorter than 20 cm

(—0—), fronds with stipes longer than 20 cm (—e@—), average stipe length (--@--), and standing stock (--0O--)

of Ecklonia cava at Stns. 1 and 2 from 1982 to 1987.

trolled by the density of large fronds. After
most of large fronds forming the canopy were
lost or drifted out, many recruits were produc-
ed and grew to the canopy 1-2 years later.
Consequently, the turnover time (regenera-
tion cycle) of the canopy layer of the Ecklonia
marine forest was 3 years. A large number of
adult fronds were lost from 1982 to 1983 and
from 1985 to 1986, i.e. during the third and
the fourth year from germination.

Fig. 3 shows seasonal and yearly changes in
the density, standing stock and mean stipe
length with advancement of the regeneration
process in both populations at Stns. 1 and 2.
Standing stock was calculated from the
allometric relation between stipe length and
total frond weight as indicated in a previous
paper (MaEcawa and Kipa 1984). Mean
stipe length is the average for total fronds in
the quadrat at every census. Therefore, it is

Opening the gap

Growth of young fronds

Forming the canopy

g‘gg:ingﬂt%g gap O 3-6 months 1-1.5 years

Density Increase — | —— Sharp decrease | Slow decrease
Standing stock Increase ' Saturation
Phase of

regeneration Gap phase Building phase Mature phase

Fig. 4. Schematic diagram of the regeneation process in Ecklonia cava population, and changes in the popula-
tion density and standing stock with advancement of the regeneration process.
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a parameter representing the height of the
population.

The number of young fronds exhibited
periodic changes at intervals of 3 years. The
density of young fronds was high in 1983 and
1986 when the density of adult fronds was
low, and it was low in 1982, 1984, 1985 and
1987 when adult fronds formed a dense
canopy. The maximum density of adult
fronds (larger than 20 cm in stipe length) was
about 14 individuals/m? which was similar in
both quadrats. The changes of standing
stock and mean stipe length showed a similar
trend: i.e. both were at the peak in 1982,
1984, 1985 and 1987 when the adult fronds
formed a dense canopy, and were low in 1983
and 1986 when most of the adult fronds were
lost and many recruits were produced in the
population. Maximum standing stock and
mean stipe length were 0.8 kg/m? and 30-
40 cm, respectively.

From the results mentioned above, a
schematic diagram of the regeneration pro-
cess in Ecklonia forest was drawn as illustrated
in Fig. 4 with summarizing the changes in
density, standing stock and regeneration pro-
cess. Three phases could be distinguished
with reference to structural and dynamic
feature of the population in the regeneration
process. In the first place, the gap is opened
by the loss of many large fronds which form
the canopy. During the initial 3 to 6 months
from gap formation, the density of recruits in-
creases rapidly from winter to spring (gap
phase). After the population density reaches
the maximum in nearly half a year from gap
formation, it decreases rapidly. During this
period plants grow rapidly and the standing
stock also increases greatly (building phase).
Thereafter, the standing stock approaches the
maximum (steady state) within 1-1.5 years
after gap formation, although it shows winter
depression because of decaying old bladelets
after the release of zoospores from late
autumn to winter. In addition, the popula-
tion density decreases gradually (mature
phase). The mature phase is maintained for
about one year. The regeneration process of
the Ecklonia forest corresponds well to the

typical “gap regeneration” in terrestrial
climax forests

Discussion

Recently, long-term ecological researches
of seaweeds have been carried out to examine
the distribution of species and to analyze the
structure of populations or communities. As
the result of these studies, the most important
factor controlling algal structure was thought
to be wave action (Sousa 1979, DayToN and
TeGNER 1984) and/or grazing by herbivores
(EBeLiNg et al. 1985, Novaczek and
McLacHLAN 1986) which act as external fac-
tors. Thus, until now it has been considered
that the density and standing stock of marine
forests varied irregularly depending on the
number of herbivores and the sudden occur-
rence of storms. In this study, we propose
another factor which might be the most impor-
tant one controlling the population structure
of marine forests. It is an intraspecific com-
petition like self-thinning which acts as an in-
ternal factor with advancement of the
regeneration process. Consequently, struc-
tures such as population density and standing
stock change periodically at a given interval of
the turnover time. The self-thinning is caus-
ed originally by the process of getting space
and light. Particularly in a dense marine
forest, light is the most important limiting fac-
tor for growth, and there is a clear advantage
to be gained by having light collecting ap-
paratus above that of neighborhood. In our
previous papers (Maecawa and Kipa 1987,
MAEGAWA et al. 1987, 1988), it was clear that
germination and growth of young fronds were
controlled by light intensity on the population
floor. The number of young fronds on the
population floor play an important role for
the regeneration process as major constit-
uents of coming generation.

In the E. cava population many recruits, the
density of which was 45-60 fronds/m? at Stn.
1 and 25-35 fronds/m? at Stn. 2, were produc-
ed in the gap during the period of 3-6 months
after the opening was made in the canopy.
Difference in the number of recruits was
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thought to be caused by the difference of
space on the substratum available for germina-
tion and growth of young fronds. A large
number of recruits as mentioned above
decreased rapidly to 10-15 fronds/m? in one
year. This decrease in the density supports
an evidence of self-thinning which is caused
by the changes in the light condition in a
population. A large number of recruits ger-
minated too late or grown under dim light
beneath neighboring superior recruits are
destined to die or lose selectively because they
cannot have enough light to grow in the
population. On the other hand, several
recruits germinated earlier or grown rapidly
have a possibility to survive to canopy
fronds. Recruits produced densely in the gap
tend to increase skewness in size frequency
distributions, which is caused for strong in-
traspecific competition. Recruits are com-
petitively inferior to the established in-
dividuals; they may remain small for a long
period and be subjected to high mortality.
As the result, self-thinning is more active in a
dense population with extreme skewness of
size distributions, and is one of the most im-
portant factors in regulating the structure and
density of a plant population developed
naturally.

Regeneration of marine climax forests such
as E. cava populations is usually initiated by
the formation of the gap due to death or loss
of large canopy fronds. A very small opening
formed by loss of one large frond is soon clos-
ed by adjacent canopy fronds. Consequently,
the regeneration process starts when the
assemblage of canopy fronds is lost at the
same time and a relatively large opening is
formed. In this study, the regeneration pro-
cess started when the density of canopy fronds
with stipes of more than 20 cm long decreased
to 2-4 individuals/m?. IwanasHI (1971) also
observed that a lot of recruits of E. cava occur-
red when the density of adult plant decreased
to 1-2 fronds/m? in the coastal water of Izu
Peninsula.

Warr (1947) suggested that terrestrial
forest communities have mosaics of patches in
which various phases of the regeneration pro-

cess are arranged spatially, and the age of
plants in the patch becomes almost even.
This phenomenon is called “cyclic suc-
cession” or “regeneration complex”. WATT’s
mosaic theory was applicable to various ter-
restrial forest types (WiLLiamsoN 1975,
Omnsawa 1981, Runckre 1981, Kanzaki
1984) and is a valuable concept for understand-
ing terrestrial forest structures and regenera-
tion. WAartt (1947) distinguished four phases
(gap, building, mature, and degeneration) in
the course of regeneration. WHITMORE
(1982) recognized three phases (gap,
building, and mature) in the regeneration pro-
cess of many terrestrial forests. In this study,
three phases (gap, building, and matrue)
were verified in the regeneration process in E.
cava forest which is the same as those of ter-
restrial forests. It is quite interesting that
such phases can be distinguished by similar
structures and dynamic features of the
regeneration process in both terrestrial and
marine forests, although there are con-
siderable differences in the scale of a popula-
tion and/or community and in biological and
physiological characteristics of the component
species between the two. The most impor-
tant difference is the turnover time of
regeneration, which is 100-200 years or more
for terrestrial forests (Naka 1982, Naka-
sHIZUKA 1984) while only 3 years for marine
E. cava forest. Such a short turnover time of
E. cava forest offers great advantage for this
kind of population study as compared with
terrestrial forests.

It has been generally observed that there
was considerable skewness of age distribution
in the E. cava population (IwanAsH1 1971,
Ouno and IsHikawa 1982, Kipa and
Magcawa 1983). Specifically, young fronds
can scarcely grow in a fully developed popula-
tion in the mature phase. A quadrat sampl-
ing method has generally been employed for
analyzing the age distribution and for
estimating the standing stock of algal popula-
tions. When a quadrat is placed within a par-
ticular fully developed population which is in
the mature phase, large and old canopy
fronds may occupy most parts of the popula-
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tion, and the mean standing stock in the area
may be overestimated. It is considered that
many and large scale quadrat methods and/or
a long-term observation over the life span of
individuals are necessary to estimate a mean
size- or age-distribution, standing stock, and
regeneration process of marine forests.
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Gelidium pusillum (StackHOUSE) LE JoLis from coastal North Carolina was found to have 10 bivalents
during diakinesis of tetraspore mother cells, indicating a chromosome complement of 2N=20. The DNA-
localizing fluorochrome hydroethidine with epi (incident) UV illumination was used to determine relative
nuclear DNA in tetrasporophyte cortical cells and tetraspore mother cells, and in gametophyte germling cor-
tical cells. Results from microspectrophotometry provide evidence of nuclear DNA fluctuations correlated
with the alternation of haploid and diploid chromosome complements observed in this species’ life history.

Key Index Words:

As presently circumscribed, the Gelidiales
comprise one of the smallest orders of
Florideophycidae (HoMMERSAND and FREDE-
ricQ 1988), consisting of a single family,
the Gelidiaceae (Maces and Guiry 1987)
with nine genera (SANTELICES and STEWART
1985). Five of these genera are monotypic,
or are represented by a few species with
relatively restricted distributions. Much of
the attention devoted to this order has
centered on the numerous species of Gelidium
and Pterocladia as they are often conspicuous
members of temperate and tropical floras
(SaNTELICES and STEwART 1985) as well as
commercially important sources of agar
(GuzmAN DE Pr60o and pE ra Campa DE
GuzmAN 1978, SaNTELICES ef al. 1981,
McLacHLAN 1985).

The most reliable taxonomic feature for
distinguishing Gelidium from Pterocladia is bas-
ed on cystocarpic structure with Pterocladia
having a single locule (or two unequally
developed locules), while Gelidium is bilocular
(Fan 1961, Krarr 1981, AkATSUKA 1986a,
HoMMERsaND and FrepericQ 1988). Unfor-
tunately, female reproductive structures are
uncommon or unknown for many of these
species (West and HomMERsanp 1981,

chromosomes—DNA quantification—epifluorescence—Gelidium—Rhodophyta.

SanteLicEs and Stewart 1985). Conse-
quently, morphological characters of non-
cystocarpic plants are routinely used for tax-
onomic delineations at both the genus and
species levels (STEwART 1986, 1974, STEWART
and Norris 1981, AkaTsuka 1986b, Macas
and Guiry 1987).

Need for additional means of delimiting
species has been prompted by emerging infor-
mation that Gelidium and Pterocladia species
produce characteristic agars with distinct com-
mercial applications, as well as the desire to
efficiently manage and utilize this natural
resource (SANTELIGES and STEwART 1985).
Elsewhere, cytogenetic studies have provided
criteria to distinguish closely related species of
red algae including Porphyra (MuMFoRD 1975,
MumMmrorp and CorLe 1977, Kapraun and
FrResHWATER 1987), Gracilaria (BirD et al.
1982) and Polysiphonia (Kapraun 1977,
1978). Unfortunately, no karyological infor-
mation is available for any species of
Pterocladia, and published data for Gelidium is
restricted to imprecise chromosome numbers
for three species (Dixon 1954, BorLrLoT 1963,
MacNe 1964, KaNeko 1966). In contrast,
karyological studies of two other Gelidiaceae,
Acanthopeltis  japonica OxramMUra (KANEKO
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1968) and Gelidiella acerosa (FORsskAL) ]J.
FeLDMANN et HaMEL (Rao 1974), have shown
that careful selection of material and use of ap-
propriate technique can result in precise
chromosome numbers as well as evidence of
meiosis. Consequently, recently developed
cytogenetics  methods (KaPraun  and
GaraciuLo 1987a,b, KAPRAUN and FRESHWATER
1987) were modified for use with Gelidium
pusillum (StackHOUSE) LE JoLis (=G. crinale
(Turn.) LAMOUR.), a common member of the
local flora in coastal North Carolina
(Kapraun 1980).

In addition, the DNA-localizing fluoro-
chrome hydroethidine with epi-(incident)
UV illumination (KAPRAUN et al. 1988) was
used to demonstrate fluctuations in nuclear
DNA levels associated with meiosis by
comparing the C levels of tetrasporophytes,
tetraspore mother cells and gametophyte
germlings.

Materials and Methods

Gelidium pusillum plants were collected in
June 1988 from intertidal rocks at Kure
Beach, North Carolina (see Kapraun 1980
for habitat description and location map).
Fertile branch tips bearing tetrasporangia
were excised, cleaned of epiphytes and debris,
and placed in petri dishes with 20 ml enriched
seawater medium (VSE) (FRESHWATER and
KapPraun 1986). Mature tetraspores were
released within 6 hr after which the fertile
branches were removed and fixed at 24:00 in
3:1 absolute ethanol-glacial acetic acid
(AusTIN 1959). Tetraspores were incubated
at 22°C, 100 ¢E-m~2s~! photon flux density
and 12 : 12 LD for 14 days. Resultant germl-
ings were fixed as above. Material fixed for
chromosome counts was treated and stained
in 2% aceto-orcein (KaPraun and MARTIN
1987).  Documentation was made by
microphotographs and by viewing 35 mm
Kodak Plus-X film with a 48X microfiche
reader and tracing the projected images
(KaprauN and FREsHWATER 1987).

Fixed material for measurement of nuclear
DNA was stained with the DNA-localizing

fluorochrome hydroethidine for 10 min and
then destained in phosphate buffer (PBS) for
48 hr prior to examination (Karraun 1989).
Epi-fluorescence data were standardized to
the average intensities (Iy) of telophase (2C)
nuclei in tetrasporophyte cortical cells
(KAPRAUN ¢t al. 1988) and the results analyzed
and presented in histograms (Gorr and
CoLemAN 1984). Observations and photo-
micrographic documentation were made with
brightfield and epi-(incident) UV illumination
using an Olympus BH2-RFK microscope
and exciter filter BP-545, dichroic mirror
DM-580 and barrier filter 0-590 which
are specific for hydroethidine emissions
(KAPRAUN et al. 1988).

Results and Discussion

Chromosome numbers for seven taxa of
Gelidiales in the present and previously
published investigations are given in Table
1. In Gelidium pusillum, 10 bivalents were
observed in meiotic metaphase (diakinesis) of
tetraspore mother cells (Fig. 1). The haploid
chromosome complement of 1 N=10 appears
to include six chromosomes which are con-
spicuously larger than the other four (Fig.
1). Tetrasporophyte cortical and medullary
cell preparations inlcuded many late prophase
and metaphase mitotic nuclei in which 17-18
of the 20 chromosomes present could be
observed (Fig. 2). Unfortunately, the tenden-
cy for the nuclear envelope to remain intact
and confine chromosomes during mitosis
precluded accurate counts in these cells.

The basic chromosome complement for the
Gelidiales appears to be 1X=5 (KANEKO
1968), with diploid (2 N) numbers of 10, 20
and 30 (Table 1) representing a polyploid
series. The reported aneuploid number of
N=4 in Gelidiella acerosa (Rao 1974), if cor-
rect, suggests that this taxon may be distinct
from Gelidium species. It would be a matter
of great interest to confirm this report and to
obtain karyological details for additional
Gelidiella species in light of recent evidence
that questions the validity of the criteria used
to delimit Gelidiella from Gelidium (MaGas and
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Table 1.

Chromosome numbers in species of Gelidiaceae.

Chromosome number™®

Species Reference
1N 2N
Acanthopeliis japonica OKAMURA 15 30 KanNEkO 1968
Gelidiella acerosa (ForsskaL) J. FELDMANN et HAMEL 4 8 Rao 1974
Gelidium latifolium (GREV.) BORNET et THURET 54— 5) 10 ( 9-10) Dixon 1954
Gelidium latifolium (GREV.) BORNET et THURET 20 (c.18) BoiLLor 1963
Gelidium latifolium (GREV.) BORNET et THURET var. luxurians (CROUAN) 30 (25-30) MacnNE 1964
HamEL et FELDMANN
Gelidium pusillum (Stackn.) LE JoLis 10 20 Present study
Gelidium sesquipedale (CLEMENTE) THURET (as G. corneum 5(4-5) 10 ( 9-10) Dixon 1954
(Hups.) Lamour.)
Gelidium vagum OKAMURA 10 (7-10) KAaNEkO 1966

* Ploidy levels were not indicated in all references.

Guiry 1987).
Microspectrophotometry with DNA-localiz-
ing fluorochromes has been used extensively

for quantitative determination of nuclear
DNA in algae (AL-Kusarsy ¢t al. 1981, CoLE-
MAN 1982, Gorr and CoLeEmAN 1984, 1986,

Figs. 1& 2. Tetrasporophyte nuclei following aceto-orcein staining. Fig. 1. Meiotic metaphase (diakinesis)
with 10 bivalents in a tetraspore mother cell. Arrow indicates additional chromosome below focal plane. Fig. 2.
Cortical cell showing early mitotic prophase with 17-18 of the 20 chromosomes present.

Figs. 3 & 4. Tetrasporophyte nuclei following hydroethidine staining. Fig. 3. Cortical cell nuclei visualized
with episcopic UV illumination. Fig. 4. Tetraspore mother cell with meiotic prophase II nuclei (arrows) visualiz-
ed with bright field illumination.
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Table 2. Fluorescence intensity (I)) mean=*SD for Gelidium pusillum phases.
n 1C 2C 4C
Tetrasporophyte cortical cells 20 50£5
20 51+4
7 53+4
20 101+4
20 98+6
20 96+8
Mature tetraspores 10 517
Germinating tetraspores and gametophyte germlings 30 49+8
14 27+4
20 32+4
Mean I; 29 51 98

SCHNETTER ¢ al. 1984, KAPRAUN ef al. 1988).
In the present study, hydroethidine staining
for periods as brief as 10 min followed by de-
staining in PBS buffer for 2-3 days at 4°C
resulted in intense nuclear fluorescence with
only slight cytoplasmic interference (Fig. 3).
Surprisingly, individual chromosomes could
be observed in dividing nuclei following
hydroethidine staining under bright field
(Fig. 4) as well as episcopic UV illumination.

Results of the microspectrophotometry in-
vestigation of G. pusillum are summarized in
Table 2. Mean DNA values for germinating
tetraspores and gametophyte germlings had
DNA content levels corresponding to 1 C and
2 C values of 1N nuclei, while DNA values
for tetrasporophyte cortical and medullary
cells had 2 C and 4 C levels (Fig. 5). I;values
were not obtained for tetraspore mother cells
and their meiotic nuclear divisions as dense
starch granules and background fluorescence
prevented precise nuclear readings.

Mean DNA values for 2 C nuclei closely ap-
proximate 50% of the 4 C values in this study
(Table 2). I;values for 1 C nuclei which were

~ consistently higher than the predicted 50% of
2 C nuclei indicate that initiation of replica-
tion rapidly followed karyokinesis in these
cultured germlings.

The assumption that members of the
Gelidiales possess a Polysiphonia-type life
history is based primarily on reports of isomor-
phic gametophytes and tetrasporophytes in

nature (WEsT and HomMmERsanD 1981), and
has been demonstrated in culture for only one
species, Gelidium coulteri HARVEY (MAGLER
and West 1987). Cytogenetic investigations
which  reported haploid and diploid
chromosome complements for gametophytes
and tetrasporophytes, respectively, have pro-
vided additional evidence for an alternation of
haploid and diploid phases in the Gelidiales
(Kanexo 1968, Rao 1974). Results of the
present study indicate that nuclear DNA con-
tent fluctuations corresponding to 1N and
2 N phases as well as chromosome counts can
be useful in confirming a sexual cycle for
species of Gelidiales.

The present study indicates that the
Gelidiales are amenable to improved
cytogenetic techniques and microspectro-
photometry. Consequently, it is concievable
that these procedures could be used to
determine if an alternation of haploid and
diploid phases occurs in the many species for
which gametophytes are rare or unknown
(WEest and HomMERsaND 1981). In addition,
information for chromosome numbers and
relative DNA content per basic genome may
provide additional criteria for delineating mor-
phologically similar taxa. For example, a
previous investigation of Codium (Chloro-
phyta) in the North Atlantic demonstrated
that four superficially similar erect species
could be distinguished by a combination of
chromosome numbers and interspecific
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n=30
14=49+8

60 80
n=10
E ¢ 14=51+7.4 Mature
g s tetraspores
z
% 2
[ 4
u 20 40 60 80 100
2C
=
2 n=20
1 I§=101:4
1; n=20 !
l§=5015
10
8
6 Tetrasporophyte
s cortical cells
2
20 40 60 80 100 120
2C 4aC
Fig. 5. Frequency distribution of relative

DNA values for tetrasporophyte and gametophyte
nuclei following hydroethidine staining. n=number
of nuclei, I;="fluorescence intensity mean=+SD.

DNA contents (KAPRAUN et al. 1988).
Finally, preliminary studies of genetic
modifications in the agar-producing red alga
Gracilaria tikvahiae McLAGHLAN suggest that
autopolyploidization can result in improved
mariculture stock (VAN DER MEER 1983, vaN
DER MEER and Parwary 1983). However,
karyological criteria for successful auto-
polyploidization include a suboptimal (or
low) number of small chromosomes (LEvaN
1945).  Consequently, Gracilaria species
which have N=24 or N=32 (MacGNE 1964,
McLAcHLAN et al. 1977, BirD and
McLacHLAN 1982, BIRD et al. 1982) are only
marginally suited for this form of genetic
modification (VAN DER MEER and PATwary
1983). In contrast, haploid chromosome

complements of 1 N=5 and 10 in Gelidium
species (Table 1) suggest that these taxa may
be more likely candidates for genetic improve-
ment by autopolyploidization.
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Laurencia japonica Y aAMADA from Chiba Prefecture on the Pacific coast is here shown to be taxonomically
synonymous with L. okamurae YAMADA. L. japonica seems to be an early seasonal form, with a thicker and
tougher frond than the late-seasonal form, typical of L. okamurae. Thus, the writer makes the following pro-

posal.

Laurencia okamurae YAaMaDA, 1931, p. 206, pl. 7, text-figs. J & K.
Syn. Laurencia japonica YAMADA, 1. c., p. 211, pl. 11, figs. a & b; text-fig. L.
My erroneous identifications of some of Dr. M. S. Doty’s collection as L. japonica were previously cor-

rected to L. papillosa.

Key Index Words:

conspectficity—Laurencia japonica—Laurencia okamurae.

Yuzuru Saito, Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido, 041 Japan

Laurencia  japonica Yamapa #* € 7 YV VX IUMA
(Yamapa, 1931)I2 % - T, TER T4 AriRExh
ek b DV TERT bR, RARILRE (2 &) T
REINCEEERIRA LS RTHT, B0
L. okamurae Yamapa I Y5V VX h KL THELES T
b, BIEBTATV, EEL1963F 5 JiIcHs
NBRT, #7577 ViCRERRE 52, &5 Sk
FHEYRELTOB0,L FIAS TR IFVv Ltk
VTV VELPOBEEY LT\, 2Ok
B 0 B IWIBEI OFEFENB S 21 5 1 DT,
YTV T EOEFGTR UIRD T,

REBEBIZ (1978)1% L. pinnata YaMADA ~F Y V' D
RFEETHLE, BEX 2mm At E V58S B
CRATHC ExWE L, THE - &8 (1985)i1,
AT EFTEMOKIIL, EEOL OB TR
CLTHPIVEBEEI B> 2 &, AUED ¢
Y7V VR L. intermedia Yamapa 7 r Y VT F O
NS CHIMEGSRRE S hD 2 &, Sv8E L,
FCT, ATV, VTV VOEERLONWT, &
CEEEEOREHEHB L TR LA, B0k
OhTHIKi ), ZOKRIDOEATHEDERYBWS
DETBIEETAETH -1, 2T, MR-
ThHT L, FRIL L okamurae XERHTNEC &,
L. japonica (3RZ LB L, LM 512D

T, B ET S,

Laurencia japonica YaMapae AETY /S LEX LM
EXoHR

S Laurencia japonica + €7 Y JIZFELTH &
W, EEZICERRRE LD —E, 196345
A28, #HRIB=HTHOWE (1L-48) TOZ LT
Hote, BEET 6-7 BLbich oo, Fhii
RED S TR T, ZEALREEHO D Lt
FhHD 5y, RAOEMS (Fig. 1) 134 14 em &<
FTHEHOBILMAETH 2mm FTKL, AWT L
IVFY VBT A L2, 2R
X% 5 e w %t 5, MMAROBIZLYAMIRESR
DEENALNT, BE L BEELE1 NS RF&T
Hot, MSRTFEXROHERL, KO TER
23 560 pm B - T, ZEF (Sarro, 1967, p. 29) DE-HI
L7cdbigB D L. okamurae 3 2 5V V' Tik 450-550 #m
EERBENRTWBDOT, ZhI DUV HEAKRWLE &
BALHTH-Tc, ZOREIL, EEDV VEBHEYOK
B ROMBHEDTWEDZ LT, YREDFR
CRHOARLRBETH-1cty, HEs L.
VTSR VBEYULTWAHZ &R, L japonica
AET YV VELTCERTAHREBHEEXTETSH -
o, BOBRHTHERIBRZEIhTLE-T,

okamurae

okamurae
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Figs. 1 & 2.
(May 26, 1963, leg. Y. Sarro), first identified as L. japonica YAMADA.
(Emi, Chiba Pref., April 1923. SAP 13879. This specimen is designated as “lectotype” in the present paper, since
Dr. Yamapa noted as “the type specimen” in his 1931 paper, however, there is no such kind of writing on the
specimen).

Laurencia okamurae Y AMADA.

L Z AT, L. japonica YAMADA A ET Y /D FFEH
HEPK* (Yamapa, 1931, pl. 11, Fig. b; A& Fig.
2)i%, THEBOILBC19234 4 Ak S his b 0T,
Wik b Koo zitll42 LEEM 1.2mm &
D, MENBOBEOEAL halc hHIVA, CO8%
ERTH20EYTixiensr s, i, Mol TELY
OUF T BERILE R 570 pm ¥ TKRL, R LEH

* Yamapa, 1931, pl. 11, fig. b. OB, BHEM
IZ “L. japonica sp. nov. The type specimen. xI.” &2 L
THBOT, FEFFLRuIBAERREOHN L IF
LS B Lo Lishih, L OFA (SAP. 13879)
bicz D EORARE , SHROBE BT D720,
EOEMBEFLOZER LS Y, FHEIZT
“SAP. 13879” % L. japonica Yamapa O SETEFLHERTA :
lectotype \ZFRET A DOMNZY L# % 12,

Fig. 1. Dried habit of specimen from Hasse, Kanagawa Pref.

Fig. 2. Lectotype of L. japonica YAMADA

BFOLDLH WL SAKY, LrL, ShbDERT
MHATE EXRNTLOEEE LS XETHAS L,
W& oMo My, &Ll bsae Ao
RIENFET A EXRTEH, EVC XL -
TWb, EWORERD TR A H D, TR Z O
Ak, WAL EBbhs [Kgs €7 AP
Lo L aEZAARAbhS, COXRE (BhE
D) DD, LIXFEILEEEEAR (Yamapa, 1931, pl. 11,
a; A#E D Fig. 3) D & T, SMEHEHEFARLF UL
THEROKFETI9234F 4 AcEIh L0 T, BH
MEREEE RO B, s hHE, LBbh 3 2 DX
B LTI GEWEFRDET 5] LR L TED
% (Yamapa, 1931, p. 212), Z OEERDOF\ BER
Wik, R 500 pm Az AL DL BT, F, B
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Figs. 3 & 4. Laurencia okamuraec Yamapa. Fig. 3. Paratype of L. japonica YamapA (Amatsu, Chiba Pref.,
April 1923. SAP 13881). Fig. 4. Dried habit of specimen from Nou, Niigata Pref. (July 23, 1960, leg. Y. Sairo).

Figs. 5 & 6. Laurencia okamurae Yamapa. Fig. 5. Dried habit of specimen from Moheji, near Hakodate,
Hokkaido (September 13, 1963, leg. Y. Sarro).  Fig. 6. Holotype of L. okamurae Y amapa (Bou, Kagoshima Pref.,
July 1923. SAP 13875).
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AROBICILERUIREROFEE S BHETH -1,
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Photosynthetic characteristics of several species of Rhodophyceae
from different depths in the coastal area of Shima
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Murasg, N., Maecawa, M. and Kipa, W. 1989. Photosynthetic characteristics of several species of
Rhodophyceae from different depths in the coastal area of Shima Peninsula, central Japan. Jpn. J. Phycol.
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In order to elucidate vertical distribution of Rhodophyceae with reference to the photosynthetic
characteristics and photosynthetic pigments, several species of Rhodophyceae were collected from shallow
water (near the low water level) and deep water (about 25 m depth) in the coastal area of Shima Peninsula,
Mie Prefecture, and used for measuring photosynthesis and respiration as well as for analyzing photosyn-
thetic pigments. Photosynthesis measurements were carried out under white light similar to sunlight and
under green light close to the light condition in coastal deep waters. Shallow-water species (Gracilaria incur-
vata and Pachymeniopsis elliptica) had higher photosynthetic efficiency for white light than for green light,
whereas deep-water species (Meristotheca papulosa, Beckerella subcostata and Peyssonnelia caulifera) had higher
photosynthetic efficiency for green light than for white light. The amounts of chlorophyll a and
phycoerythrin were measured in nine shallow-water species and five deep-water species. The ratio of
phycoerythrin to chlorophyll a contents was clearly higher in deep-water species (4.2-9.3, average 6.4) than
in shallow-water species (0.5-4.3, average 2.6). It is concluded that the high photosynthetic efficiency of
deep-water species for green light is due to a high ratio of phycoerythrin to chlorophyll a contents, and that
shallow-water species have adapted to white light and deep-water species to green light. This is a kind of
chromatic adaptation of Rhodophyceae by changing phycoerythrin content under natural conditions.

Key Index Words:
seaweed.

chlorophyll a—photosynthesis—photosynthetic pigments—phycoerythrin—Rhodophyceae—

Photosynthesis of algae is an important basis
of the production in the coastal ecosystem.
Thus, much attention has been focused on
studies of photosynthesis of algae from the
viewpoint of production ecology (ARuGA
1986). In general, the depth to which
seaweeds grow is determined by the amount
of available light for photosynthesis (Duncan
and LoBBan 1985). Thus, the photosynthetic
study with reference to photosynthetic
pigments is of great importance not only for
production ecology but also for physiological
ecology.

YokoHaMa (1973a, b) and Kaceyama and
Yokonama (1974) reported that photosyn-
thetic properties of seaweeds from different
depths depended on light quantity and quality.
Photosynthesis-light curves of seaweeds from

shallow water were of the sun type, and those
of seaweeds from deep water were of the
shade type. Moreover, photosynthesis-light
curves under white light and green light show-
ed a remarkable difference in Chlorophyceae
and Rhodophyceae. As for Rhodophyceae,
YokoHaMA (1973b) suggested that the ratio of
phycoerythrin to chlorophyll « had an impor-
tant role in characterizing the photosynthetic
properties of the species growing in shallow
and deep water. Rhodophyceae containing
phycobilin pigments would be expected to
have a greater vertical range of growth in the
sea. Furthermore, YoxoHama and his
coworkers reported that most of the
Chlorophyceae in deep water or shade sites
have siphonaxanthin as a photosynthetic pig-
ment for collecting green light (YOKOHAMA ef
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al. 1977, KagevaMa et al. 1977, KAGEYAMA
and YokoHama 1978). MAEGawa et al.
(1987, 1988) reported that the difference in
daily compensation point between young
fronds of Eisenia bicyclis and Ecklonia cava is
one of the most important factors in determin-
ing the difference in their vertical distribu-
tion. Thus, photosynthetic characteristics
and pigment contents are the most important
factors determining vertical distribution of
seaweeds.

The present study deals with the factors
governing the difference in vertical distribu-
tion of several species of Rhodophyceae with
reference to photosynthesis and photosyn-
thetic pigments. The aim of the present
study is to measure accurately photosynthetic
rates under various light conditions and con-
duct quantitative analysis of phycoerythrin to
obtain the phycoerythrin/chlorophyll a ratio
in relation to the vertical distribution of
Rhodophyceae.

Materials and Methods

Photosynthesis study

Several species of Rhodophyceae were col-
lected from different depths around the coast
of Shima Peninsula, Mie Prefecture, from
May to September 1987 (Fig. 1). These
‘species were classified into two groups,
“shallow-water species” and “deep-water
species”, according to the sampling depth.
As shallow-water species, Gracilaria incurvata
OxaMURA was collected just below the sea sur-
face from floating buoy used for pearl oyster
cultivation near Zaga Island in Ago Bay, and
Pachymeniopsis elliptica (HOLMES) YAMADA was
collected from near the low water level at the
coast of Iwaizaki. Deep-water species,
Meristotheca papulosa (MONTAGNE) J. AGARDH,
Beckerella subcostata (Oxamura) KyLiN and
Peyssonnelia caulifera OkaMURA, were collected
from a depth of about 25 m off Iwaizaki by
SCUBA diving.

Fig. 2 shows the seasonal variations of
seawater temperature at the depths of 0, 20
and 30 m (average for 8 years, 1981-1988)
near the sampling area (solid circle in Fig.

Mie Univ.
35°N

Shima Peninsula ®

135°E 140°E

y
Kashikojima

34°15°'N 4

°
EEEE 0 3 km
—_—
136°50'E
Fig. 1. Maps showing the location of study

area at Shima Peninsula, central Japan. [:-3J
sampling area; ® station for measuring water
temperature.

1). During the period of measuring photosyn-
thesis and respiration (May to September),
the seawater temperature varied from 18.3°C
in May to 26.3°C in September in surface
water, from 17.8°C in May to 23.4°C in
August at a depth of 20 m, and from 17.7°C
in May to 20.8°C in August at a depth of
30 m.

Collected samples were transported to the
Fisheries Research Laboratory of Mie
University in Zaga Island and were rinsed
with filtered seawater to make them free of ob-
vious epiphytes with careful handling not to
wound the fronds and were protected from
direct sunlight. Sample pieces of 10-20 cm?
were cut out from fronds, and were kept in
running seawater overnight to avoid abnor-
mal results caused by cutting (SAKANISHI ef al.
1988). Photosynthesis and respiration were
measured with Productmeter, an improved
differential gas-volumeter (YOKOHAMA et al.
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Months

Seasonal changes of seawater temperature at the depths of 0 m (—), 20 m (----) and 30 m (—-—-) off

Iwaizaki (34°14'N, 136°43'E). Average of 8 years (1981-1988).

1986, YoxkoHama and Maecawa 1988).
Measurements of photosynthesis and respira-
tion were carried out at 8 different light inten-
sities from 0 to 400#E/m?%/s under white light
and green light. A projector lamp (Kondo
100 V-300 W) was used as the white light
source, and the green light was obtained by
penetrating the white light through a 0.4 M
nickel sulfate solution 10 mm thick. Spectral
distributions of white light and green light
were measured with a Techtum Quantaspec-
trometer QSM-2500 as shown in Fig. 3.
White light from the projector lamp is similar
to the sunlight, although quanta of short
wave band from 400 to 500 nm are slightly
less than those of the sunlight. Green light is
approximated to the light condition at a depth
of around 20 m in coastal waters. The light
intensity was controlled with neutral density
filters (Toshiba TND-50, -25, -12.5).
Photon flux density was measured with a
quantum meter system (LI-COR LI-192SB,
LI-1000).

Culture flasks of about 100 m/ capacity
were used as the reaction and reference
vessels of Productmeter, and filtered seawater
(30 m/) was poured into both vessels, with a
cut frond in the reaction vessel. After pre-in-
cubation for 30 minutes at 400 yE/m?%/s, the
seawater in both vessels was renewed, and the
measurement was carried out from high to
low light intensity with the same frond.
Respiration was measured after the photosyn-
thesis measurement. Each measurement
took about 25 minutes and the seawater was

renewed each time. It took 5-6 h for a series

of measurements starting from 09:00h.
Photosynthesis and  respiration  were
measured at 20°C which was nearly the same
as in situ seawater temperature of sampling
area (cf. Fig. 2). After the measurements,
fronds were rinsed with freshwater and used
for area measurement. At the same time,
small frond discs (0.332 cm?) were taken for
quantitative analysis of photosynthetic
pigments.

Absorption spectra

Fronds used for measuring photosynthesis
and respiration were transported to the
Laboratory of Phycology, Faculty of
Bioresources, Mie University. In vivo absorp-
tion spectra of the fronds were measured with
a Hitachi 330 Spectrophotometer equipped
with an end-on type photomultiplier.

Measurement of photosynthetic pigments

Nine species collected from intertidal zone

35 T T
£30 T
& ,l', \\‘
0 ’ Y
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s o 20 | S, \ 4
Y] K \
§ & / \
ER \
0 II \\\ -
W or / White light .
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—~— -_‘I
0 L N
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Wavelength (nm)
Fig. 3. Spectral distributions of white light

and green light used for the measurements of
photosynthesis.
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to a depth of 2m, and five species from a
depth of about 25m were used for quan-
titative measurement of photosynthetic
pigments. A disc of 0.332 cm? or a piece of
0.1-0.2 g were cut out of samples. Fresh or
frozen (—20°C) samples were used for extrac-
tion of photosynthetic pigments.

Fresh samples were used for the measure-
ment of chlorophyll a content. Chlorophyll a
was extracted in 909 acetone in a mortar.
The extract was centrifuged for 5 minutes at
3000 rpm, and absorbances at 750, 663, 645
and 630 nm were measured with a Hitachi
101-01 Spectrophotometer. The amount of
chlorophyll a was calculated by the equation
of SCOR-UnEesco (1966).

Frozen samples were transported to the
Laboratory of Phycology, Faculty of
Bioresources, Mie University and were used
for measurement of phycobilin content.
Phycobilins were extracted in phosphate
buffer solution (pH 6.5) with 0.2 g of quartz
sand in a mortar. The extract was centrifug-
ed for 30 minutes at 3000 rpm, and the
supernatant was ultracentrifuged for 30
minutes at 35000 rpm. Absorbances of the
supernatant at 750, 650, 620 and 565 nm
were measured with a Hitachi 100-20 Spec-
trophotometer, and the amount of
phycoerythrin was calculated by the equation
of Fujrra (1979).

Results

Photosynthesis-light curves

Fig. 4 shows photosynthesis-light curves of
two shallow-water species, Gracilaria incurvata
and Pacymeniopsis elliptica, under white light
and green light. Relative gross photosyn-
thetic rates on a frond area basis are il-
lustrated in the figure. In both species, the
photosynthetic rate increased linearly with in-
crease in light intensity in the range lower than
50 #E/m?s, and it increased slowly with fur-
ther increase in light intensity. The
photosynthetic rate was almost saturated at
200 #E/m?/s under both green light and white
light. In the light intensity range lower than
200 ¢E/m?/s, the relative photosynthesis of

100

80

60

aor Gracilaria incurvata

20

0
100

80

60

Relative Photosynthesis (%)

40 r Pachymeniopsis elliptica

20
0 & . A .
0 100 200 300 400
Photon Flux Density (pE/m3?/s)
Fig. 4. Photosynthesis-light curves of two

shallow-water species under white light (O) and
green light (@) at 20°C.

both species was higher under white light
than under green light.

Fig. 5 shows the relative photosynthesis-
light curves of three deep-water species,
Meristotheca papulosa, Beckerella subcostata and
Peyssonnelia caulifera, under white light and
green light. In all the three species, the
photosynthetic rate increased linearly with in-
crease in light intensity in the range lower
than 50 ¢E/m?/s, and it increased slowly with
further increase in light intensity. Light
saturation points of Meristotheca papulosa and
Beckerella subcostata were 200 #E/m?/s under
white light and 100 #E/m?s under green
light. As for Peyssonnelia caulifera, light satura-
tion point was 100 #E/m?%/s under white light
and 70 #E/m?/s under green light. The
relative photosynthesis was higher under
green light than under white light in the light
intensity range lower than 200 #E/m?/s in
Meristotheca papulosa and Beckerella subcostata,
and in the light intensity range lower than
100 #E/m?/s in Peyssonnelia caulifera.

Absorption spectra
In vivo absorption spectra of two shallow-
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Fig. 5. Photosynthesis-light curves of three
deep-water species under white light (O) and green
light (@) at 20°C.

water species and two deep-water species,
which were used for measuring photosyn-
thesis and respiration, are shown in Fig. 6.
For comparisons the spectra are normalized
at 680nm where the absorption by
chlorophyll a dominates. There were con-
siderable differences of absorbance in green
region of 490-580 nm between shallow-water
species and deep-water species. Absorbances
were higher in deep-water species than in
shallow-water species at the wave lengths
from 490 to 580 nm, where the absorption by
phycoerythrin predominates. Thus, it is ex-
pected that deep-water species are relatively
rich in phycoerythrin, suggesting to have
higher phycoerythrin/chlorophyll a ratio, as

Absorbance

400 450 500 550 600 650 700 750
Wavelength (nm)

Fig. 6. In vivo absorption spectra normalized
at 680 nm of shallow-water species, Gracilaria incur-
vata (—) and Pachymeniopsis elliptica (—-), and deep-
water species, Meristotheca  papulosa (----) and
Beckerella subcostata (------ ), used for measurements of
photosynthesis.

compared with shallow-water species.

Photosynthetic pigments

Chlorophyll @ and phycoerythrin contents
of nine shallow-water species and five deep-
water species were estimated. Chlorophyll a
contents were 4.2-19.4 yg/cm? in shallow-
water species and 9.4-16.3 #g/cm? in deep-
water species. Phycoerythrin contents were
10.4-63.5 pg/cm? in shallow-water species,
and 49.5-90.8 pg/cm? in deep-water species.
The level of chlorophyll a contents in shallow-
water species was almost the same as that in
deep-water species. However, the level of
phycoerythrin contents in deep-water species
was higher than that in shallow-water species.

Fig. 7 shows the ratio of phycoerythrin
(PE) to chlorophyll a (Chl.a) contents in nine
shallow-water species and five deep-water
species. The PE/Chl.a ratios in deep-water
species (4.2-9.3, average 6.4) were clearly
higher than those in shallow-water species
(0.5-4.3, average 2.6)

Discussion

The present study was attempted to
elucidate vertical distribution of Rhodo-
phyceae with reference to the photosynthetic
characteristic and the amount of photo-
synthetic pigments. Several samples collected
from shallow water (near the low water
level) and from deep water (about 25m)
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PE/Chl.a
5 10

Shallow-water species
Porphyra yezoensis
Chondrus verrucosus
Grateloupia filicina
Grateloupia sparsa
Pachymeniopsis elliptica
Gracilaria incurvata
Galaxaura fastigiata
Gelidium japonicum
Gelidium amansii

Deep-water species
Meristotheca papulosa
Beckerella subcostata
Peyssonnelia caulifera
Prionitis patens
Delisea fimbriata

Fig. 7.

4

The ratio of phycoerythrin to chlorophyll a contents of shallow-water species and deep-water

species. Average (O) and the range for 4-15 samples are illustrated in each species.

near the lower limit of algal vegetation in a
coastal region were compared with respect
to their photosynthetic rates under white
light (similar to sunlight) and green light
(similar to the light condition in coastal deep
water) and to their PE/Chl.a ratios.
Shallow-water species (Gracilaria incurvata
and  Pachymeniopsis  elliptica) had higher
photosynthetic efficiency for white light than
for green light (Fig. 4). Conversely, deep-
water species (Meristotheca papulosa, Beckerella
subcostata and Peyssonnelia caulifera) had higher
photosynthetic efficiency for green light than
for white light (Fig. 5). These results are
almost similar to those by YokoHAMA
(1973b). As for shallow-water species, the
difference of photosynthetic efficiency between
white light and green light obtained in the pre-
sent study was well in agreement with that
reported by Yokonama (1973b). As for
deep-water species, however, there were
remarkable differences between the present
result and YokoHaMmA’s (1973b) result. This
discordance may be due to the difference in

the depth of sampling; 8-10 m in YokoHAMA
(1973b) and 25 m in the present study.

In in vivo absorption spectra (Fig. 6), it is clear
that the deep-water species absorb green light
(490-580 nm) more effectively than the
shallow-water species do. The wavelengths
of green region corresponds to the absorption
band of phycoerythrin, a photosynthetic ac-
cessory pigment in Rhodophyceae. There-
fore, the difference of absorption spectra
in green region between shallow-water
species and deep-water species is due to the
difference of phycoerythrin content. Higher
content of phycoerythrin in deep-water
species is quite convenient for utilizing green
light which occupies a greater part of irra-
diance at depths around 20 m in the coastal
water.

Chlorophyll a contents were not so greatly
different between shallow-water species and
deep-water species. Phycoerythrin contents
were appreciably higher in deep-water species
than in shallow-water species. As a result,
PE/Chl.a ratios were clearly higher in deep-
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water species than in shallow-water species
(Fig. 7) as expected from the difference in ab-
sorption spectra in Fig. 6. Thus, the high
photosynthetic efficiency of deep-water
species for green light is due to their high ratio
of phycoerythrin to chlorophyll a contents.

It was reported that there is a considerable
change in phycoerythrin content of
Rhodophyceae under natural conditions
depending on the depth of water (RaMUs ¢t al.
1976a, b, Moon and Dawes 1976) and under
culture conditions depending on the light
quality (BrRobpy and EMERrsoN 1959). There
was a clear difference in phycoerythrin con-
tent between shallow-water species and deep-
water species, even though the range of varia-
tion was not small in several species (Fig. 7).

In the present study, it is clearly shown
that the difference of photosynthetic
characteristics between shallow-water species
and deep-water species is dependent on
phycoerythrin content which is closely related
to the light conditions in growing sites, and
that the shallow-water species have adapted to
white light and the deep-water species to
green light. They are examples of chromatic
adaptation of Rhodophyceae by changing
their phycoerythrin contents according to the
light conditions at growing depths.
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The number of species of antithamnioid algae recognized as occurring along the Pacific coast of North
America from Alaska to Oregon is reduced from 17 to 12. Antithamnion alternans and A. asymmetricum are con-
specific with Antithamnionella pacifica, and Antithamnion simulans is conspecific with Scagelia pylaisaei. An-
tithamnion dendroideum does not appear to be present in the area; the single record from southeast Alaska re-
mains unconfirmed. Antithamnion gardneri and Antithamnionella glandulifera are conspecific with Antitham-
nionella spirographidis, which is recorded from Prince William Sound, Alaska to Baja California, Mexico in
the northeast Pacific; A. mikarae from Japan is also considered a synonym of A. spirographidis. Antitham-
nionella shimamurana comb. nov. has not been confirmed to occur east of the Aleutian Islands. New northern
distribution records are established for Hollenbergia subulata, Platythamnion reversum, and P. villosum. The
recognized northern distribution limit of Antithamnion kylinii is southern British Columbia, not southeast
Alaska, and that of Hollenbergia nigricans is central British Columbia, not southwest Alaska.
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At present count 17 species of antitham-
nioid algae are recorded as occurring on the
Pacific coast of North America from Alaska
to Oregon (LinpsTROM 1977, PHINNEY 1977,
ScaGeL et al. 1986). These include eight
species of Antithamnion, four of Platythamnion,
two of Antithamnionella, two of Hollenbergia and
one Scagelia. Among these are the three
remaining species of the 13 species of Anti-
thamnion, first described by GARDNER (1927a,
1927b), that have not been investigated since
their original description.

In order to ascertain the identities of these
taxa and to confirm their distributions in the
area from Oregon to Alaska, we have examin-
ed type specimens for most of the species and
have checked records of all the species present
in UBC (herbarium abbreviations after
HOLMGREN et al. 1981; an exclamation mark
after a specimen designation indicates that
the specimen has been examined by us).

Our research indicates that only 12 species
of antithamnioid algae should be recognized as

occurring from Alaska to Oregon: two species
of Antithamnion (A. defectum and A. kylinii),
three Antithamnionella (A. pacifica, A. shima-
murana, and A. spirographidis), two Hollenbergia
(H. migricans and H. subulata), one Scagelia
(S. pylaisaer), and four Platythamnion (P.
heteromorphum, P. pectinatum, P. reversum, and
P. villosum). We follow Mok and SiLva (1980)
in not recognizing the tribe Heterothamnieae;
we therefore attribute these species to the
Antithamnieae sensu lato.

Materials and Methods

Herbarium specimens were identified by direct
observation, using a Zeiss dissecting micro-
scope, or slides were prepared by cutting
out a small portion of a specimen along
with the mounting paper, staining with acetic
acid and aniline blue (HANSEN and ScAGEL
1981), and mounting in 20-50% corn syrup.
Microscope slides were examined with a Leitz
Dialux compound microscope. Photographs
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are of liquid preserved specimens stained as
above, or of unstained material mounted on
slides in corn syrup. Photographs were taken
on the Zeiss dissecting microscope or on the
Leitz compound microscope.

Results

ANTITHAMNION NAEGELI 1847

Following WoLLasToN (1972b), Antitham-
nion is circumscribed by these features: 1)
erect or prostrate thalli lacking rhizoidal cor-
tication and with equal and opposite whorl-
branches, the basal cells of which bear no
branches and are distinctly smaller (usually
quadrate in shape) than the more distal
whorl-branch cells, 2) gland cells on special
branches, 2-5 cells in length, borne abaxially
or adaxially on whorl-branches or their
ramuli, 3) tetrasporangia cruciately divided
and usually ovoid when mature, 4) procarps
numbering 2-20 and borne on basal cells of
whorl-branches or whorl-branch ramuli and
5) only one carposporophyte matures at each
fertile branch apex. WoLLAsTON pointed out
that there appear to be two clusters of species,
those from southern Australia that closely
resemble the type species, 4. cruciatum, and
those from the northeast Pacific. Represent-
atives of both of these groups occur in the
northwest Pacific (Japan).

Antithamnion defectum KyLIN 1925

Antithamnion defectum is a common and
widespread taxon in the local area. It is
distributed from Prince William Sound,
Alaska (HANSEN et al. 1982) to Baja California,
Mexico (WoLLasToN 1976). The species has
a thallus consisting of erect branches from a
prostrate base. It is readily identified by its
opposite whorl-branches that are pectinately
branched adaxially and by the absence of a
whorl-branch opposite each indeterminate
branch (Fig. 1). Basal cells of whorl-branches
are conspicuously smaller than more distal
cells (Fig. 1) and gland cells are present on
reduced whorl-branch ramuli. Other dis-
tinguishing features are listed in Table 1.

WoLLasTON (1972a) apparently did not see

the type specimen of Antithamnion defectum
when she reviewed the species of Antithamnion
and related genera on the Pacific coast of
North America. For this and other species
for which she did not see the type specimen,
she queried the herbarium (LD? for 4. defec-
tum and Antithamnionella glandulifera and TCD?
for Antithamnionella  pacifica).  Moreover,
WoLLASTON appears to have selected one of the
localities from the original protologue of each
species and designated it as the type locality.
By indicating type locality and herbarium,
WotLasToN has effectively lectotypified those
species with a single specimen from that locali-
ty in the designated herbarium. For Antitham-
nion defectum, however, the indication of Fri- .
day Harbor does not clearly select a single
specimen as there are three in LD! with this
locale written on them in KyLIN’s hand.
Although WoLLasTON included “growing on
piles on the dock” as part of the type locality
description, none of the LD specimens in-
dicates where it was growing. Because one of
the specimens already has been designated
“Typus” by an unknown person (PER LASSEN,
pers. comm.), we recognize this specimen as
the lectotype. This specimen is labeled
“Canoe Island, Friday Harbor, 24 June
1924, by H. KyLiN. Two other specimens
on the same sheet, labeled “Friday Harbor,
30 June 1924”, and “Canoe Island, Friday
Harbor, 22 July 1924, would be paralec-
totypes.

Antithamnion dendroideun SMiTH ¢t HOLLEN-
BERG 1943

Antithamnion dendroideum (type locality: near
Monterey, California) has been recorded by
RosenTHAL and BariLorri (1974) from Khaz
Bay in southeast Alaska. We have not been
able to locate any specimens from their collec-
tions, and we have found no other material
referable to this taxon in the study area. We
therefore reinterpret the distribution of A.
dendroideum as central California to Baja Cali-
fornia, Mexico (WoLLasTON 1972a, 1976).

Antithamnion kylinit GARDNER 1972b
Antithamnion kylinii (type locality: Victoria,



Table 1. Comparison of features of species of Antithamnion, Hollenbergia, Scagelia, and Antithamnionella occurring in British Columbia and adjacent waters.

Antithamnion Hollenbergia Scagelia Antithamnionella

defectum kylinii nigricans subulata pylaisaet pactfica spirographidis
Usual number of 2 2 2(3) 3 3 2 2(3)
whorl-branches
Placement of whorl- Distal Distal Medial Distal Distal Distal Distal
branches on axial
cell
Branching of whorl- Adaxial Adaxial Distichous Distichous to Distichous to Unbranched Unbranched
branches pseudodichot- pseudodichot-

omous to 3 omous to 3
orders orders
Size of basal cell Smaller Smaller Same size Same size Same size Smaller Same size
of whorl-branch
relative to more
distal cells
Ramulus on basal No No No Yes/no Yes/no No No
cell of whorl-branch
Maximum diameter 120 gm 120 ym 300 pm 300 #m 400 #m 100 #m 50 #m
of axial cells
Position of gland Short, small- Short, small- Lateral Terminal Lateral, near None Lateral, near
cells celled ramuli celled ramuli base of branch base of branch
Position of Mostly one- One-celled 1-several On adaxial Sessile, adaxial Pedicellate, adaxial  Sessile, adaxial
tetrasporangia celled pedicels, pedicels celled ramuli on proximal on whorl-branches  on proximal
adaxial on pedicels cells of whorl- or in place of cells of whorl-

proximal cells
of whorl-branches

branches

whorl-branches

branches
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British Columbia) is distinguished from 4.
defectum by its totally erect habit and by the
presence of a whorl-branch opposite each
indeterminate lateral branch (Fig. 2). Other
features are listed in Table 1. This taxon has
been reported north of southern British Co-
lumbia only once (ROSENTHAL and BARILOTTI
1974). Since no voucher specimens could be
located for this record from Khaz Bay,
southeast Alaska, and since there are no other
reports of this taxon from northern British
Columbia or southeast Alaska (ScaceL et
al. 1986), the distribution of this taxon is
emended to southern British Columbia to
Baja California, Mexico (WoLLAsTON, 1976).
In British Columbia this taxon is very uncom-
mon, there being only four collections in UBC
in addition to an isolectotype specimen (UBC
A2246'). These records are from Ladysmith
Harbour, Vancouver I. (UBC A64975!), from
Grappler and Bamfield Inlets, Bamfield, Van-
couver I. (UBC A41880! A47739") and from
Tribune Bay, Hornby I., Strait of Georgia
(UBC A68732").

ANTITHAMNIONELLA LyLE 1922

WoLrastoN (1968, 1972b) supported
recognition of Antithamnionella as distinct from
Antithamnion and circumscribed the genus as
follows: 1) distinct form of apical develop-
ment of branches (i.e. a sinusoidal apex with
one of a pair of whorl-branch initials cut off in
a series from successive axial cells, first on one

side of the axis, then on the other, with the
apex flexing away from the side where the
most recent series of initials has been
produced), 2) inconsistency in number and
branching of whorl-branches, 3) gland cells
adaxial on whorl-branch cells, 4) tetraspo-
rangia often tetrahedrally divided and nearly
spherical in shape, 5) spermatangia (as
“spermatangial mother cells”) cut off laterally
rather than terminally and 6) only 1-3 pro-
carps produced per branch apex, each borne
on a reduced whorl-branch. MOoE and SiLva
(1980) pointed out that only in certain species
of Antithamnionella [i.e. A. floccosa (O.F.
MUELLER) WHITTICK (as Antithamnion floc-
cosum), Antithamnionella spirographidis (SCHIFF-
NER) WoLrLasToN, A. glandulifera (KyYLIN)
WorrLaston and 4. pacifica (HARVEY)
WoLLasToN, and we would add A. miharae
(Toxipa) IToNo and A. shimamurana (NAGAI)
comb. nov.] does whorl-branch initiation
proceed as described above and illustrated
by WoLrasTon (1972b and Table 2 therein).
This pattern does not appear to occur in 4. sar-
niensis LYLE, the lectotype species of Antitham-
nionella (L’Harpy-Haros 1986, Figs. 9, 10).
SunDENE (1964) suggested that A. sarniensis
and A. spirographidis are conspecific, but
L’Harpy-HarLos (1986) demonstrated that
the two species do not hybridize and that
there are several characters by which they can
be distinguished. In light of L’Harpvy-
Havros’ results, MoE and Siva’s (1980) sug-

Fig. 1.

Habit of Antithamnion defectum showing absence of whorl-branches on axial cells that bear indeter-

minate branches (arrows). Lindstrom 5620, Cape Suspiro, Alaska. Scale bar=135 pgm.

Fig. 2.

Habit of Antithamnion kylinii showing whorl-branches present on axial cells that bear indeterminate

branches (arrow). UBC 464975, Ladysmith, Vancouver I., B.C. Scale bar=385 pgm.

Fig. 3.

Sinusoidal apex of male plant of Antithamnionella pacifica showing unequal development of opposite

pairs of whorl-branches and basal cells (arrow) of mature whorl-branches that are smaller than more distal cells.
Gabrielson 364, Whiskey Pt., Quadra I., B.C. Scale bar=90 ym.

Fig. 4. Habit of Antithamnionella spirographidis. Note sinusoidal apices of indeterminate branches, lateral
gland cells on whorl-branches (small arrows) and oblong, immature tetrasporangia (large arrows) also borne on
whorl-branches. Gabrielson 242, Deep Cove, B.C. Scale bar=135 ym.

Fig. 5.
B.C. Scale bar=135 gm.

Apex of female plant of Scagelia pylaisaei with lateral gland cells (arrows). Gabrielson 300, Pt. Atkinson,

Fig. 6. Hollenbergia subulata apex showing subterminal gland cells (arrows) on whorl-branches. UBC 454962,

Lasqueti I., B.C. Scale bar=135 gm.
Fig. 7.

Unequal development of three whorl-branches per mature axial cell of Scagelia pylaisaei. Note con-

spicuous dark-staining gland cells on whorl-branches. Gabrielson 300, Pt. Atkinson, B.C. Scale bar=135 ym.
Fig. 8. Portion of rehydrated isotype specimen (No. 944) of Hollenbergia nigricans from UBC copy of
Phycotheca Boreali-Americana. Note pairs of whorl-branches (arrows) borne mid-way along axial cells. Scale

bar=135 gm.
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gestion, that species of Antithamnionella with
sinusoidal indeterminate apices should be
placed in a segregate genus, merits considera-
tion.

Antithamnionella pacifica (HARVEY) WOLLASTON
1972a

Antithamnionella  pacifica  originally was
described by HarVEY (1862) as Callithamnion
Sfloccosum var. pacificum, a variety of an Atlan-
tic species. KyLIN (1925) raised the variety to
specific status. WoLLAsTON (1972a) made the
combination Antithamnionella pacifica, and she
included Antithamnion uncinatum GARDNER
1927b as a variety, making the new combina-
tion A. pacifica var. uncinata. The distinctness
of this northeast Pacific species has made it an
easily identifiable taxon in the local flora
(Table 1; Fig. 4). It is common and widely
distributed, from Baja California (WoLLASTON
1976) to the Aleutian Is. (HANSEN e al
1982).

WoLrasToN (1972a) indicated Esquimalt to
be the type locality of Antithamnionella pacifica
and included “on stems of larger algae” as
part of the type locality description. How-
ever, she queried the location of the type in
TCD. HARVEY (1862) originally had referred
to specimens from both Orcas I. [Washing-
ton] and Esquimalt, and Kvrin (1925)
followed HARVEY in mentioning type
specimens from both localities.  Only
specimens from Orcas I. can be found in
TCD!. All were collected in April 1858
by Davip Lvarr. One of the specimens
also has “found covering the stem of larger
algae” in HaRrvEY’s hand; it is the only
specimen to have “var. R. pacificum” in
Harvey’s hand. It is this specimen that
should be considered the lectotype. In addi-
tion to the specimens in 7CD, three HARVEY
specimens are in K-BM! Two of these are
also from Orcas I. and were found on stems of
larger algae. The third, collected by Davip
LyaLrL, Feb. 1859, at Esquimalt, does not in-
clude information on where it was growing.

During our examination of some of GARD-
NER'’s species of Antithamnion, we came across
two that clearly belong to this species.

Antithamnion alternans GARDNER (1927a, type
locality: Cook Inlet, Alaska) is represented by
UC 296622' (G.B. RIGG & R.J. GRIGGS
No. 61). The basal cells of the simple, usually
opposite whorl-branches are smaller than more
distal cells and nearly quadrate; branch tips
are acute, and “tetrahedral” tetrasporangia
(55-60 X 68-75 pm) are pedicellate, branched
or unbranched, and adaxial on whorl-
branches. An unusual feature of this specimen
is the occurrence of tetrasporangial branches
in place of whorl-branches along the main
axis or abaxially on the basal cell of a whorl-
branch rather than adaxially on the basal or
suprabasal cells. Such a disposition of
tetrasporangia has been observed on several
relatively coarse Antithamnionella  pacifica
specimens from Alaska (UBC 423065!, Lituja
Bay, and 420853!, Coronation 1.). Gland
cells are absent. Antithamnion alternans has the
habit of a robust Antithamnionella pacifica, and
we consider the former to be a synonym of the
latter.

Antithamnion asymmetricum GARDNER 1927b
(type locality: Sitka, Alaska) is represented by
UC 296633! (NLG No. 3937). It also has the
habit of Antithamnionella pacifica, with slightly
recurved, simple, opposite whorl-branches
whose basal cells are slightly to distinctly
smaller than more distal cells. Gland cells
are absent, and branch tips may or may
not be acute. Near the apex, branches are
arranged in alternate secund series of three’s.
Tetrasporangia are pedicellate. Based on the
features listed above, we consider Antitham-
nion asymmetricum a synonym of Antitham-
nionella pacifica. In summary, then, we list
below the synonyms of this species:

Antithamnionella pacifica (HARVEY) WOLLASTON
1972a, p. 87

BASIONYM: Callithamnion floccosum var.

pacificum HARVEY 1862, p. 176

=Antithamnion floccosum var. pacificum (HAR-
vEY) SETCHELL ¢/ GARDNER 1903, p. 341

=Antithamnion  pacificurn (HARVEY) KYLIN
1925, p. 47, Figs. 28a-d?, 29a-f, 30f?

=Antithamnion alternans GARDNER 1927a, p.
377, PlL. 78 (Figs. 1, 2)
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= Antithamnion asymmetricum GARDNER 1927b,

p. 411
= Antithamnion uncinatum GARDNER 1927,

p. 408 P1. 89 (Fig. 2), P1. 90

We would like to reiterate (LINDSTROM
1987) the need for experimental work to deter-
mine just how closely related Pacific Antitham-
nionella pacifica is to Atlantic 4. floccosa. Mor-
phologically, these two species have failed to
diverge in any significant features. Whorl-
branches are paired, simple, subequal,
subulate, and taper to an acute tip; they
are arranged distichously. Indeterminate
branches replace whorl-branches usually every
third axial cell and alternate from one side of
the rachis to the other. Gland cells are rare if
not entirely absent (never seen by us in 4.
pacifica; reported not to occur in A. floccosa
by Warrtick 1980). Tetrasporangial, male,
and female reproductive structures and post-
fertilization development also are identical.

Antithamnionella (SCHIFFNER)

WoLLASTON 1968

ScHIFFNER (1916, p. 137) described Anti-
thamnion spirographidis based on specimens
that he collected from the harbor at Trieste on
August 12 and 14, 1914 growing in 0.5-3 m
on the tube worm Spirographidis. He provided
a detailed description and figures of the
habit (erect axes to 10 mm from creeping
filaments with rhizoids formed from the basal
cells of opposite whorl-branches), branch ini-
tiation (in unilateral alternating series from
the high side of subapical cells such that the
major axis has a sinusoidal appearance),
gland cells (sparsely present and not well-
developed to abundant and well-developed on
the second and third cells of whorl-branches),
tetrasporangia (adaxial and sessile on basal
and second cells of whorl-branches to 50 #m
diameter and tetrahedrally, although appear-
ing cruciately, divided) and spermatangia
(adaxial in series on whorl-branches).
WEsTBROOK (1934) first described cystocarpic
plants collected at the Davenport Dockyard
and Plymouth Sound in England. Her obser-
vations on the habit, gland cells, tetraspor-
angia and spermatangia corroborated

spirographidis

those of ScHIFFNER, as did FELDMANN-
Mazover’s (1941, pp. 265-267) based
on Mediterranean Sea collections and
WoLLasTON’s (1968, pp. 345-347) based on
Australian collections. WorLasToN (1968)
transferred 4. spirographidis to Antithamnionella
LyLE (1922).

GARDNER (1927a) described Antithamnion
tenuissimum based on material collected in the
drift from La Jolla, California and grown in
an aquarium (WoLLAsTON 1972a). Antitham-
nion tenuisssmum GARDNER is antedated by A.
tenuissimum (Hauck) ScHIFFNER (1916) based
on type material from the Adriatic Sea, and
therefore DE Tonr (1936) proposed the
substitute name A. gardneri for GARDNER’s
specimen. GARDNER described his plant as
erect to 30-60 mm with opposite whorl-branches
that produce rhizoids their basal
cells, gland cells sparse and tetrasporangia
adaxial in series of 3-6 on whorl-branches,
sessile and nearly tetrahedrally divided.
Dawson (1962) stated that Antithamnion
gardneri was equivalent to Antithamnion
spirographidis, but he gave no reason for his
opinion. UMEezaki (1963) reported A. gardneri
from Osaka, Japan and for the first time
described and illustrated spermatangia in this
species. His illustrations of habit, rhizoid for-
mation and tetrasporangial position agree
with those of GARDNER, but axial cell
diameters are smaller than those reported by
GARDNER, and tetrasporangia are larger
(Table 2).

WoLrasToN (1972a) included A. gardner:
under “doubtful species or records”.
Although she agreed with Dawson’s sugges-
tion regarding the identity of GARDNER’s
specimen, she did not propose 4. gardneri as a
synonym of Antithamnionella spirographidis.
We have re-examined GARDNER’s original
glycerine slides of Antithamnion tenuissimum
(=A. gardneriy (UC 296692! =GARDNER
5085a, the holotype), and although in poor
condition, they clearly represent a species of
Antithamnionella based on vegetative features,
including a sinusoidally curved apex with
whorl-branch initials developing in a series
first on one side of the main axis and then on

from



Table 2.

tenuissimum GARDNER non SCHIFFNER.

lla miharae, Antith

Comparison of features of Antithamnion gardneri, Antithamnionella glandulifera, Antith

lla spirographidis, and Antithamnion

Source

Axial cell diameter

Axial cell
length/width ratio

Pattern of whorl-
branch initiation
at apex

Number of
whorl-branches

Orrigin of rhizoids
Presence of

gland cells
Position of

gland cells

Position of
tetrasporangia

Size and shape of
tetrasporangia

Division pattern
of tetrasporangia

A. gardneri

UMEZzAKI
(1963)

32-50 ¢zm
5-8

unilateral in
alternating
series

2

Basal cells
of whorl-
branches

Present

Adaxial

Adaxial on
whorl-
branches

24—45 pm X
40-75 pm,
orbicular-
ovate

Most cruciate, .

some tetra-
hedral

A. glandulifera

A. spirographidis

KyLin*
(1925)
60100 #m
3-5

n.g.

n.g.

Abundant

Adaxial on
inner cells
of whorl-
branches

Sessile on
2nd and more
distal cells

of whorl-
branches

n.g., ovoid

Cruciate

Dawson*
(1962)

30—40 pem
1.5-2

n.g.

2(3)

n.g.

Absent,
occasional,
or abundant

Inner & cen-
tral cells
of whorl-
branches

Sessile on
lower 2 cells
of whorl-
branches

35-50 ym,
ellipsoidal,
ovoid

Tetrahedral

A. miharae
WOLLASTON Toxpa*
(1971) (1942)
30-35 #m 70-112 pm
8 3-6

unilateral in unilateral in

alternating alternating

series series

2(3—4) 2(3)

n.g. Basal cells
of whorl-
branches

Present Sparse

Adaxial on Adaxial on

inner to cen-  2nd cell of

tral cells whorl-branches

of whorl-

branches

Sessile, adaxial Sessile,

on inner to adaxial on

central cells of inner 2-3

whorl-braches cells of

whorl-branches

>60 gm long  32—48 ym X
ovoid- 48-66 um,
subspherical ellipsoid-

ovoid
Cruciate or Tetrahedral
tetrahedral

ScHIFFNER*
(1916)

60 p#m
1.5-3

unilateral
in alterna-
ting series

2

Axial cells
at base

Sparse to
abundant

Adaxial on
inner cells
of whorl-
branches

Adaxial on
inner cells
of whorl-
branches

50 #m long,
ovate

Tetrahedral

WesTBROOK®
(1934)

20—45 pm
3-7

unilateral
in alterna-
ting series

2

Basal cells
of whorl-
branches

Sparse

Adaxial on
inner cells
of whorl-
branches

Sessile,

adaxial on
inner one or
two cells of
whorl-branches

30X 50 pgm,
ellipsoidal

Tetrahedral
toward
cruciate

FELDMANN-
Mazover*
(1940)

30—-40 pm
8-10

unilateral
in alterna-
ting series

2

Basal cells
of whorl-
branches

Absent to
sparse

Adaxial on
inner cells
of whorl-
branches,
esp. 2nd cell

Sessile,
esp. 1st cell

35X 60 um,
ovoid

Cruciate or
tetrahedral

WoLLasToN
(1968)

3050 ¢zm
3-6

unilateral
in alterna-
ting series

2

Basal and
occas. 2nd
cell of
whorl-branch

Sparse

Adaxial on
2nd or 3rd

cell of
whorl-branches

Sessile,

basal and
occas. 2nd

cell of
whorl-branches

30—35 prm X

40—48 pym,
ovoid

Tetrahedral

A. tenuissimum

GARDNER
(1927a)

60-75 pum

n.g.

unilateral
in alterna-
ting series

2

Basal cells
of whorl-
branches

Sparse

On cells of
whorl-branches

Adaxial on
cells of
whorl-branches

18—22 pm X
34—38 pm,
broadly .
ellipsoidal

Almost
tetrahedral

* As Antithamnion

n.g.=not given

8¢¢
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the other. Tetrasporangia are sessile, a
feature characteristic of A. spirographidis, and
gland cells are sparse. GARDNER’s tetra-
sporangia have smaller dimensions than any
others reported for A. gardneri or Antitham-
nionella spirographidis, but in all other vegeta-
tive and reproductive features that have been
observed, there is close agreement (Table 2).
Thus, we consider Antithamnion gardneri
De Toni a synonym of Antithamnionella
spirographidis (SCHIFFNER) WOLLASTON.

In the area from northern Washington to
southeast Alaska, there are only two reported
collections of Antithamnion gardneri, both from
northern Puget Sound (PHiLLIPS and VaDas
1967, PuiLLips and FLEENOR 1970). We were
able to examine only one of PuiLLips and
Vapas’ collections, that from Smith I.
(48°19'30"N, 122°50'33"W). The specimens
(UBC WS1487"), including both tetrasporic
and male thalli, are typical of Antitham-
nionella in their vegetative structure, and the
pedicellate tetrasporangia are characteristic of
A. pacifica. No other locally recorded species
of Antithamnionella, including 4. spirographidis,
bears pedicellate tetrasporangia. We there-
fore suspect that all records of Antithamnion
gardneri reported by PHILLIPS and VADas (1967)
and PuiLLips and Freenor (1970) are
Antithamnionella pacifica.

The only other report of Antithamnion gard-
neri (as A. tenuissimum sensu GARDNER) in the
northeast Pacific is that of Doty (1947),
based on a specimen collected on floating
timber in Coos Bay near Marshfield, Oregon.
We have-examined Doty’s original collec-
tion (MD 2359 in UC!). It also belongs in
Antithamnionella and is A. spirographidis. As
noted by Doty on the herbarium sheet and
observed by us, branching is opposite; a
branch occurs opposite each indeterminate
axis; apices of cells are blunt to broadly round-
ed; gland cells are absent, and tetrasporangia
are sessile. In his description, Doty noted
that “branching, cells and general propor-
tions are quite like GARDNER’s description
and figures; however no gland cells were
found and the largest tetrasporangia were
about 50 X 70 gm.” In a notation on the her-

barium sheet, however, Doty stated that
most tetrasporangia are smaller.

While comparing the local species of
Antithamnionella to Antithamnion gardneri, we
discovered that Auntithamnionella glandulifera
(KyLIN) WoLLAsTON, based on Antithamnion
glanduliferum KvyrLiNn (1925), also strongly
resembles  Antithamnionella  spirographidis.
KyLIN provided only a brief description of
Antithamnion gladuliferum, citing only general
habit features such as height, branching,
presence of gland cells, size of axial cells and
occurrence of sessile tetrasporangia (Table 2).

We have examined the only specimen of
KyLiN’s Antithamnion glanduliferum in LD!
This specimen, epiphytic on a kelp, was
collected at Friday Harbor, Washington, 18
July 1924. It conforms to KyLIN’s original
protologue and should be considered the
lectotype.

During our investigations, we recognized
that another North Pacific Antithamnion, A.
miharae (TOKIDA 1942, type locality: Tomari
Bay, Kunashiri I., Kurile Is.), also bore a
striking resemblance to Antithamnionella
spirographidis.  When Tokipa described 4.
miharae, he noted its similarity to both 4. gland-
uliferum and A. gardneri (as A. tenuissimum),
separating it from the former in having
tetrahedrally divided tetrasporangia, fewer
gland cells and the occasional presence of
branched whorl-branches, and from the latter
in less sparse branching more markedly
tapered whorl-branches, shorter rhizoidal
filaments without gland cells and somewhat
larger axial cells and sessile tetrasporangia.

Dawson (1962) stated that Antithamnion
miharae “---is apparently exceedingly like, if not
identical with A. glanduliferum.” He noted that
SmitH (1944) had pointed out that
tetrasporangia of A. glanduliferum are cruciate,
but often appear as if tetrahedrally divided.
Dawson, in his key to North Pacific species
of Antithamnion, segregated A. gardneri, which
he believed to be conspecific with 4.
spirographidis, from A. miharae and A. gland-
uliferum based upon the common supres-
sion of one member of a pair of whorl-
branches in the former, whereas whorl-
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branch supression was said to occur only rarely
in the latter two species. Our observations of
numerous specimens of Antithamnionella gland-
ulifera in UBC indicate, however, that one
whorl-branch of a pair commonly is supressed
(Fig. 3), as in A. spirographidis.

WoLLasToN (1972a) repeated Dawson’s
and TokiDA’s observations that Antitham-
nionella glandulifera closely resembles Antitham-
nion miharae. She stated, however, that A.
glandulifera most closely resembles 4. pacifica,
but was distinguished by having conspicuous
gland cells and sessile tetrasporangia. She
made no comparison between A. glandulifera
and 4. spirographidis.

Yosuiba (1981), in observing the
vegetative and reproductive morphology of
A. miharae, also noted the similarity of this
species to A. glandulifera.

Antithamnion scrippsiana (Dawson 1949), a
minute species with unbranched whorl-
branches, no gland cells, and sessile, adaxial
tetrasporangia has been synonymized with 4.
glandulifera DawsoN (1962).

Table 2 compares vegetative and reproduc-
tive features of Antithamnion gardneri, Antitham-
nionella  glandulifera, A. miharae and A.
spirographidis discussed above. It is evident
that there are no consistent discontinuities
that can be used to segregate these taxa. Size
of thalli depends upon age of the plant, with
reported sizes ranging from 3-5mm to
80 mm. Likewise, diameter of axial cells and
length to width ratios depend upon the loca-
tion of the axial cells measured. Consistent
among all the taxa is the pattern of whorl-
branch initiation at the apex, number of
whorl-branches per whorl, branching of
whorl-branches, origin of rhizoids from the
basal or second cell of whorl-branches, and
the position of tetrasporangia, gland cells and
spermatangia on whorl-branches. Gland
cells range from abundant to rare to absent.
The pattern of division of tetrasporangia
varies from cruciate to tetrahedral, with both
patterns being observed by some workers.
Reports of sizes of tetrasporangia vary
because sporangia continue to increase in size
following cleavage into four spores. Based

on the foregoing observations we propose the
following synonymies:

Antithamnionella  spirographidis ~ (SCHIFFNER)
WoLLasToN 1968, p. 345.
BASIONYM:  Antithamnion  spirographidis

ScHirFNer 1916, p. 137, Figs. 19-27.

= Antithamnion gardneri G. DE Tonr 1936,
p-1
= Antithamnion  glanduliferum KyLIN
p. 47, Figs. 28e-g ‘
=Antithamnionella glandulifera (KyLIN)
WoLLasToN 1972a, p. 86
= Antithamnion miharae ToxkipA 1942, p. 90,
Figs. 5, 6
=Antithamnionella miharae
Itono 1977, p. 24
=Antithamnion scrippsiana DawsoN 1949, p.
15, Figs. 26, 27, 58
=Antithamnion tenuissimum GARDNER 1927a,
p- 377, Pl. 77 non Antithamnion tenuissimum
(Hauck) ScHIFFNER 1916

1925,

(Tokipa)

Most reports of Antithamnionella spiro-
graphidis (ScHIFFER 1916, WEsTBROOK 1934,
WoLLaston 1968) have been from harbors
or dockyards, except in the north Pacific,
where, based on the above synonymies, the
taxon is widespread, occurring from Prince
William Sound, Alaska (HANSEN et al. 1982)
to Baja California, Mexico (WoLLASTON
1976), in the southern Kurile Is. (Toxkipa
1942), and in eastern Hokkaido (YosHIDA
1981).  Antithamnionella spirographidis may
have been introduced to localities outside the
north Pacific by man.

Antithamnionella spirographidis is compared to
other antithamnioid algae in the local area in
Table 1. :

Antithamnion shimamuranum Naca1 1941

Antithamnion shimamuranum NAGAl (type
locality: Minamishima, Ushishiru I., Kurile
Is.) looks like an extreme form of Antitham-
nionella floccosa-A. pacifica in habit. Like the
latter, Antithamnion shimamuranum cuts off a
series of three to six whorl-branches along one
side of the apex before switching to the other
side. The basal cell of a whorl-branch tends
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to be quadrate, and branch tips are acute.
Gland cells are lacking. In contrast to An-
tithamnionella floccosa-A. pacifica, Antithamnion
shimamuranum has its “tetrahedral” tetraspo-
rangia borne on a single-celled pedicel; we
saw no evidence of a multicellular pedicel, as
is typical of Antithamnionella floccosa-A. pacifica,
in the isotype material, SAP 021972!, that we
examined. Moreover, the whorl-branches of
Antithamnion ~ shimamuranum are branched
whereas they are unbranched in Antitham-
nionella floccosa-A. pacifica. These differences
suggest that Antithamnion shimamuranum is a
species distinct from Antithamnionella floccosa-
A. pacifica although, as noted by Nacar
(1941), no doubt closely related to them. We
therefore propose the new combination:

Antithamnionella shimamurana (NAGar) Linp-
STROM ¢t GABRIELSON

BASIONYM: Antithamnion  shimamuranum
Nacar 1941 p. 207 Pl. VI (Figs. 8-11)

PuiLips and Vapbas (1967) reported
Antithamnionella shimamurana (as Antithamnion
shimamuranum) from two localities, Deception
Pass (UBC  WS1485!) and  Ebey’s
Landing (UBC WSI1486!), Whidbey I.,
Washington. We have examined both of
these collections and observed that whorl-
branches are opposite and unbranched, and
tetrasporangia are on one to several-celled
pedicels. These features correspond to A.
pacifica and not to A. shimamurana.

Antithamnionella shimamurana also has been
reported from the Aleutian Is. (NaAkATANI and
BureNErR 1974, as Antithamnion shima-
muranum). We have been unable to locate
any material of this species from there, but
we believe it is likely that the species is present
in the Aleutian Is. as well as in inter-
mediate areas between there and the middle
Kurile Is., where Nacar (1941) recorded
1t.

HOLLENBERGIA WoLLasTON 19722

Hollenbergia, another segregate genus of
Antithamnion, was established by WoLLAsTON
(1972a) to include Hollenbergia = subulata
(HarvEY) WoOLLASTON, the type species (type

locality: Esquimalt, Vancouver 1.), and H.
nigricans (GARDNER) WOLLASTON (type locali-
ty: Botanical Beach, Port Renfrew, Van-
couver I.). The genus was characterized as
having 1-4 whorl-branches of which the basal
cell is of similar length to other branch cells.
Gland cells are terminal on whorl-branch
ramuli in H. subulata and lateral near apices of
whorl-branches in H. nigricans. Location and
development of reproductive structures are
similar to Antithamnion.

Hollenbergia subulata (HarvEy) WoLLASTON
1972a

Although present throughout the year,
Hollenbergia subulata is most conspicuous in the
local flora during winter and spring in
habitats ranging from exposed to protected.
The distinctive terminal position of its gland
cells (Fig. 6) prevents it from being confused
with any other local taxon. Other features
are listed in Table 1. Hollenbergia subulata has
been recorded from British Columbia to
Monterey, California (WoLLasToN 1972a,
1976). We have confirmed its occurrence in
Alaska (ScAGEL ¢t al. 1986) and extend its
range northwesterly to Chugach I., Kenai
Peninsula (UBC A59909!).  Additional
Alaskan records in UBC are A20941! (Kayak
I.) and 459911! (Port Etches).

Hollenbergia nigricans (GARDNER) WOLLASTON
1972a

In contrast, Hollenbergia nigricans has been
collected only rarely and then only from
exposed habitats. In addition to the type
collection from Botanical Beach (P.B.-A. No.
944 in UC! and an isotype in the UBC P.B.-
A4."), we have observed one other collection
from there (UBC A469639!) and one from
Hedley I. (50°54.5N 127°35.2W—UBC
A17048!).  Hollenbergia nigricans has been
reported to occur from Vancouver I., B.C.,
to northern California (WoLLasToN 1972a,
1976). A specimen identified as this species
from Cold Bay, Alaska (in ALA!; McRoy et
al, 1971) has been identified by M.J. WYNNE
as Scagelia pylaisaer.

As indicated by Table 1, Hollenbergia
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nigricans also has a distinctive set of features.
It is most easily identified by its relatively
short, broad cells and by the placement of
whorl-branches near the middle of mature
axial cells (Fig. 8) rather than subapically, a
characteristic of the other taxa considered
here.

SCAGELIA WoLLAsTON 1972a

Scagelia, a monotypic genus segregated
from Antithamnion by WoLLAsTON (1972a), is
circumscribed as follows: erect thallus with 2-
4 whorl-branches per cell, often unequal in
length (Figs. 5, 7); branch apices curved with
irregular initiation of whorl-branches [as in
northeast Pacific species of Antithamnionella
(see above)]; gland cells lateral on cells of
whorl-branches (Figs. 5, 7); procarps on basal
cells of whorl-branches; branch apex and fer-
tile whorl-branch continuing to grow during
carposporophyte development, so that several
carposporophytes may be borne on a single
fertile axis; spermatangia on short ramuli
of whorl-branches; tetrasporangia sessile on
whorl-branches, cruciately or occasionally
appearing tetrahedrally divided.

Scagelia pylaisaer (MONTAGNE) WYNNE 1985

Along with Antithamnionella pacifica, Scagelia
pylaisaei (type locality: Newfoundland) is the
most common antithamnioid alga in the
local flora. Although distinctive from all
other locally occurring antithamnioid algae
based on vegetative and reproductive features
(see above; Table 1), the taxon is highly
variable with regard to size and robustness of
the thallus, as well as the abundance of its
laterally disposed gland cells. Recently,
WarrTick (1988) has demonstrated that in
northwest Atlantic populations the abun-
dance of gland cells is controlled to some
extent by temperature and salinity. Scagelia
pylaisaer occurs in the Arctic Ocean, North
Atlantic Ocean, Bering Sea (HAaNseN and
ScaceL 1981), the northeast Pacific Ocean
from the Aleutian Is. to southern California
(ScacGEL et al. 1986), and has been reported
from the Galapagos Is. in the southeast
Pacific (TAYLOR 1945, as Antithamnion occiden-

tale KYLIN).

Antithamnion simulans GARDNER (1927a, type
locality: Sitka, Alaska) is represented by UC
276134 (NLG 3938). It has the habit, both
macroscopic and microscopic, of Scagelia
pylaisaei. Two or three whorl-branches, of dif-
ferent lengths, occur on each axial cell, and
whorl-branches are lax and taper to an acute
tip. The lateral gland cells are typical of S.
pylaisaei and occur mostly near the base of
whorl-branches and their ramuli. Basal cells
of branches are of similar shape and size to
more distal branch cells. We therefore con-
sider Antithamnion simulans GARDNER (1927a) a
synonym of Scagelia pylaisae; (MONTAGNE)
WynNNE. [See Note added in proof.]

PLATYTHAMNION J. AcarpH 1892

The genus Platythamnion is distinguished by
its four whorl-branches, two longer lateral
ones and two shorter transverse ones, and by
a pattern of indeterminate branch initiation
before whorl-branches are formed and a subse-
quent deflection of the apex away from these
alternately formed indeterminate branches
(WoLLaston 1968, 1972c). Moreover, gland
cells are sessile and adaxial on central cells of
whorl-branches. Of these features, only the
regular occurrence of four whorl-branches
distinguishes Platythamnion from the some-
times-recognized Pierothamnion NAEGELI, which
also can possess whorls of four branches
in robust specimens (ATHANAsIADIS 1985,
Mot and Siva 1980, WoLrasTon 1979);
however, these two genera have types
from widely separated geographic areas
[Platythamnion heteromorphum (J. AcarpH) J.
AcarpH—Santa Cruz, California; Pterotham-
nion plumula (ErLis) NAEGELI—Brighton,
England]. No one has yet proposed
synonymy although it has been hinted at. In
reproductive features, Platythamnion resembles
Antithamnion although the cruciate tetra-
sporangia of Northeast Pacific Platythamnion
spp. are significantly smaller than those of
local Antithamnion spp.: 36-45 #m maximum
length versus 70-80 ym.

Four species of Platythamnion occur in the
study area. They are most easily distinguished
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on the pattern of branching of lateral
whorl-branches: lateral whorl-branches with
four ramuli (two long and two short) with the
longer ramuli branched on both sides of their
axes (P. heteromorphum); lateral whorl-
branches usually with four ramuli (two long and
two short) but with longer ramuli pectinately
branched adaxially [P. reversum (SETGHELL et
GArDNER) KyLIN; type locality: Whidbey
Island (west coast), Washington]; lateral
whorl-branches pectinately branched adaxial-
ly with two ramuli and sometimes with an
abaxial ramulus from the basal cell of the
whorl-branch (P. pectinatum KyLIN); whorl-
branches usually with two adaxial and 0-1
abaxial ramuli (P. villosum KyLIN).

WoLLastoN (1972c¢) did not see the type
specimens of Platythamnion villosum and P.
pectinatum, but she quoted their type localities
from part of KyLiN’s (1925) original descrip-
tions and queried the specimens as being in
LD. A specimen of P. villosum in LD!, col-
lected at Friday Harbor, 15 July 1924, by H.
KyLiN, has been marked “Typus” by an
unknown person. This specimen can be con-
sidered the lectotype based on WoLLASTON’s
selection of “Friday Harbor” as type locality.
In the case of P. pectinatum, a Peavine
Passage specimen in LD!, collected 10 July
1924 by H. KyLN, has been designated
“Typus” by an unknown person, but
WorLastoN selected “Friday Harbor” as the
type locality for this species. A lectotype of
this species has yet to be defined.

Among the species occurring in British
Columbia, two (P. pectinatum and P. villosum)
are common and widespread; one (P. reversum)
is uncommon but widely distributed, and
one (P. heteromorphum) is rare and narrowly
distributed. Both P. pectinatum and P.
villosum are known from Mexico (WoLLASTON
1972¢c, 1976) to Prince William Sound,
Alaska (P. pectinatum to Bass Harbor,
Alaska—HANSEN ¢ al. 1982 and UBC
A60548' A61351" A61353! A61373! A61385!
and A61386!, and P. villosum to Little Smith
1., Alaska—UBC A61326'—a northern
distribution record). Platythamnion reversum
has been recorded from southern British

Columbia to Charleston, Oregon (WoLLASTON
1972¢), but we have not confirmed its
occurrence in Oregon. Specimens in UBC
are from the San Juan Is. (Lopez Pass—
UBC A1142!), the Strait of Georgia (Lasqueti
I.—UBC A56100! and Pt. Atkinson—UBC
A56631!), and the Queen Charlotte Is. (off
Robber Inlet, Maude, I., at Haina—UBC
A64619!), a northern range extension.
Platythamnion heteromorphum is known locally
only from Salmon Bank, off San Juan I.,
Washington (UBC A469638'), southern Van-
couver I. (Edward King I.—UBC A40982!
and between Fleming and Tzartus Is.,
Barkley Sound— UBC 447726!), and the north
end of the Strait of Georgia (Waiatt Bay—
UBC A58611!). Outside the area, it has been
recorded from Oregon, California, and Baja

California, Mexico (WoLLaston 1972c,
1976).
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Gracilaria chorda and G. vermiculophylla
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In the Gracilariaceae (Rhodophyta), the
chromosome numbers have been recorded for
two species as shown in Table 1. This com-
munication gives the chromosome count on
two Japanese Gracilaria species from Hok-
kaido.

The tetrasporophytes of G. chorda HoLMES
obtained on the shore at Kamiiso near
Hakodate in September 1987 and those of G.
vermiculophylla  (Oumi) PAPENFUSs  obtain-
ed in the lagoon of Akkeshi near Kushiro in

Fig. 1.
Fig. 1.

Late prophase I in the tetrasporangium of Gracilaria chorda Holmes.

July 1987 were employed as materials. Fix-
ing was made immediately after collection for
G. vermiculophylla, but made after half-day
preservation in the filtered seawater with aera-
tion in the laboratory for G. chorda. Acetic
alcohol (1:3) was used for fixing. Staining
was done with aceto-iron-haematoxylin-
chloral hydrate solution recommended by
WirTMANN (1965).

The chromosome counts were possible at
late prophase I in the tetrasporangia, and

4

1

% 2,800. Fig. 1’. Drawing of
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Fig. 2. Late prophase I in the tetrasporangium of Gracilaria vermiculophylla (Oxmr) Papenruss. X 2,800. Fig.
2’. Drawing of Fig. 2.
Table 1. Chromosome counts in Gracilariaceae.

Species Locality Ch;zr:’%seorme Investigator
Gracilaria multipartita not cited n=6-7 GrE1G-SmiTH 1954
G. verrucosa Roscoff (France) n=32 MacNE 1964
G. wverrucosa South Devon (England) n=32 Birp et al. 1982
G. verrucosa Barkley Sound (Vancouver Is, Canada) n=24 Birp et al. 1982
G. verrucosa Vicinity of Hakodate (Japan) n=24 Yasu and Yamamoro 1988
both species showed to have n=24 Papenk. (Rhodophyta; Gigartinales). J. mar. biol.

chromosomes (Figs. 1 & 2), being the same as
the count for the materials of G. verrucosa in
the Vancouver Island by BIrp et al. (1982)
and in the vicinity of Hakodate, Japan by
YaBu and Yamamotro (1988).
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Hiroshi Kawar : First report of Phaeosaccion collinsii FarLow (Chrysophyceae,

Sarcinochrysidales) from Japan

Key Index Words:  Chrysophyceae—Phaeosaccion collinsii—Sarcinochrysidales.
Hiroshi Kawai, Department of Botany, Faculty of Science, Hokkaido University, Sapporo, 060 Japan

An alga referable to Phaeosaccion collinsii
FarvLow (Chrysophyceae, Sarcinochrysidales,
Phaeosaccionaceae) was collected in March
1987 at Isoya, Hokkaido, facing to the Sea of
Japan (leg. Mr. Y. Sumita). It occurred as
tuft on subtidal rocks at a depth of about 4 m
below Mean Low Water Level. The thallus
was olive-brown, saccate, to 20 mm in length
(Fig. 1). It resembled young thallus of some
brown alga such as Punctaria or Petalonia but
was distinguished by the hollow habit (Fig. 2),
brighter colour and soft texture. The
holdfast was small and disc-shaped, composed
of several cells (Fig. 3). Rhizoidal filaments
were not observed. The thallus was
polystichous (Figs. 4 and 5), becoming sac-
cate and monostromatic with increased size
(Fig. 2). The cells of the thallus showed no
morphological differentiations and, in surface
view, arranged in packets of two to four
cells. These cells are 6-8 X 6-9 gm, each of
which contained a parietal chloroplast with a
prominent pyrenoid (Figs. 6 and 7). An in-
ner lamella was observed in the pyrenoid
(Fig. 6). When mature, all cells of the thallus
were transformed into zoospores. After the
release of the zoospores, only a gelatinous
membrane remained (Figs. 8 and 9).
Zoospores were pyriform and typically
flagellated with a longer anterior flagellum
and a shorter posterior one (Fig. 10). They
contained a chloroplast provided with an
eyespot and a pyrenoid (Figs. 11 and 12).
Transitional helices were observed in the tran-
sitional region distal to the basal plate (Fig.
13). [For TEM observations, material was

A part of this work was supported by a Grant-in-Aid
for Scientific Research from the Ministry of Education,
Science and Culture of Japan (No. 63740387).

fixed in 3% glutaraldehyde in 0.1 M
cacodylate buffer, postfixed in 2% OsO, in
0.1 M cacodylate buffer, dehydrated in a
acetone series and embedded in Spurr’s
epoxy resin (SPURR 1969), sectioned with a
diamond knife, and stained with uranyl
acetate and lead citrate. Observations were
made using Hitachi H-300 TEM at the In-
stitute for Algological Research, Faculty of
Science, Hokkaido  University]. The
posterior flagellum of this alga showed the
greenish autofluorescence as seen in many
phaeophycean zoospores (Kawar 1988). My
specimens agree well with the original descrip-
tion and previous reports of Phaeosaccion col-
linsit FARLOW (FARLOW 1882, McLACHLAN et al.
1971), and with the specimen of this species in
Phycotheca Boreali-Americana (COLLINs ef al.
1895) in the general habit and the mor-
phology. Accordingly, it was identified as
Phaeosaccion collinsit.

Although Phaceosaccion collinsii has been
reported from various localities in cold-water
areas of the North Atlantic Ocean, this is the
first report for the Pacific Ocean. The
species was first described as a brown alga
and included in the Punctariaceae (FARLOW
1882). Later, PARKE and DixonN (1964) sug-
gested that it be transferred to the
Chrysophyceae, which was supported by the
studies of McLACHLAN et al. (1971), CRAIGIE
et al. (1971), and CHEN et al. (1974) on the life
history, morphology, chemical composition
and fine structure of the species.

Cultures were started from zoospores,
released from the field-collected thalli, by the
pipetting method. They were cultured in
polystyrene petri-dishes, 90 mm in diameter,
using PESI medium (TatEwakr 1966).
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Culture conditions were 5°C SD (short day;
8:16hLD), 5°C LD (long day; 16:8hLD),
10°C SD, 10°C LD, 15°C SD, 15°C LD,
20°C SD and 20°C LD, under white fluores-
cent light of about 28 pMm~2%~! (5°C) or
46 pMm~2%~! (10°C, 15°C, 20°C). (Lux
values were measured using a photocell il-
luminometer and converted to quantum ir-
radiance by the following relation: 250 lux
=4.6 pMm~2s~1.) The zoospores became
rounded and formed walls after settlement on
the substratum. They germinated in a
unipolar, direct type of germination and
developed into prostrate branched filaments
(Fig. 15) or directly into erect thalli (Fig.
14). Erect thalli were first uniseriate, then
formed longitudinal walls (Fig. 14) and
became saccate (Fig. 16). Well-developed
erect thalli attained a length of 5mm. At
5°C, erect thalli developed into saccate thalli
similar to the plant in nature. However,
they only formed filamentous thalli at 10°C.
At 15°C and 20°C, they did not grow well.
Mature thalli formed zoospores at 5°C and
10°C. There were no obvious effects of
photoperiod on morphogenesis or maturation
of the thalli. The results of my culture ex-
periments agree with those of MCLACHLAN et
al. (1971) on the life history pattern in
response to the temperature.
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part of the thallus).
with toluidine blue).
thallus. Fig. 4.

Fig. 2.
Fig. 3.
Young polystichous filament.

view of vegetative part of thallus.
area).

Fig. 8.

Phaeosaccion collinsit FARLOW in nature. Fig. 1.
Cross section of the saccate thallus (embedded in Spurr’s epoxy resin and stained

Basal part of the thallus (asterisk) and young uniseriate erect filamentous
Fig. 5.
of a vegetative cell (C, chloroplast; Nu, nucleus; P, pyrenoid; arrowheads, inner lamella).

Habit of the thallus (arrowhead shows mature

Young saccate thallus. Fig. 6. TEM micrograph

Fig. 7. Surface

Surface view of mature part of thallus (arrowheads show emptied
Fig. 9. Surface view of almost emptied thallus after releases of zoospores.
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Figs. 10-16. Phacosaccion collinsii FARLOW in nature and in culture. Fig. 10. Released typically flagellated
zoospore. Fig. 11. TEM micrograph of mature part of the thallus (asterisk shows gelatinous membrane, and ar-
rowhead shows pyrenoid). Fig. 12. TEM micrograph of a zoospore before release (arrowhead shows basal part
of flagella, and asterisk shows eyespot).  Fig. 13. TEM micrograph of a flagellum in longitudinal section (arrow
shows basal plate, and arrowhead shows transitional helices). Fig. 14. Young erect filamentous thallus in
culture without prostrate filaments (arrow shows longitudinal wall, and arrowhead shows basal part). Fig. 15.
Young erect filamentous thallus with prostrate filaments (arrowhead). Fig. 16. Saccate thallus in culture.
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