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Jap. J. Phycol. (Sérui) 35: 81-90. June 20, 1987

Lenormandiopsis (Rhodomelaceae), newly recorded from
Africa, with a description of L. nozawae sp. nov.
and comparison with other species

Richard E. Norris

Department of Botany, University of Natal, Pietermaritzburg, South Africa 3200

Norris, R.E. 1987 Lenormandiopsis (Rhodomelaceae, Rhodophyceae), newly recorded from Africa,
with a description of L. nozawae sp. nov. Jap. J. Phycol. 35: 81-90.

A rare genus in Japan, Indonesia and along the south and west coasts of Australia, Lenormandiopsis
Papenfuss has been found in drift and by diving on the northern coast of Natal. The genus is distinc-
tive in the Rhodomelaceae in producing broad blades up to 20 cm long and forming tetrasporangial

stichidia in clusters on both surfaces of the blades.

Gametophytes have not been found in our collec-

tions in Natal. Structure of the plants from one Natalian collection relate them with L. lorentzii, a
species previously known from Indonesia. Plants in the second collection are a new species named

for Mrs. Y. Nozawa.

Key Index Words: Amansia Group; Aneuria; Lenormandiopsis; marine algae; Natal; red algae;

Rhodomelaceae; Rhodophyceae; South Africa.

The Amansia-group of the Rhodomela-
ceae, the largest of the red algal families,
is characterized by having dorsiventral
thalli of large blades, usually branching
and producing reproductive structures in
surface-borne branchlets often termed sti-
chidia, at least for male and tetrasporan-
giate branchlets. The genus Lenormandiop-
sis PapEnruss (1967) has the broadest
blades in the group (up to 15cm) and
the plants often attain a length of two or
more decimeters. The blades may be
lobed or proliferous on the margins, where
the thallus has been torn or otherwise
damaged, but they do not produce re-
gularly formed branches. The size and
form of the plants are remarkable, especial-
ly when one considers the method of apical
growth and the precise formation of tis-
sues in the Rhodomelaceae.

Two species are recognized in Lenorman-
diopsis, L. latifolia (Harvey et Greville)
ParenrFuss (1967) and L. lorentzii (WEBER-
vaN Bosse) Papenruss (1967). Kvrin

(1956) attributed only a single species, L.
lorentzii, to the genus (known by him as
Aneuria WEBER-VAN Bosse, a name that
has an older homonym) but PAPENFuUss
(1967) corrected this impression and point-
ed out that the second species, L. latifolia,
should be recognized as the type species of
the genus. Few studies of Lenormandiopsis
have been published, the most informative
being those of WEBER-vAN Bosse (1923),
Oxkamura (1929) and Nozawa (1965).
Tetrasporophytes were described by the
first two authors and Nozawa was the first
to describe female reproduction and cysto-
carps in the genus. Male reproductive
structures for Lenormandiopsis remain undes-
cribed.

The discovery of specimens of Lenorman-
diopsis from two collections in Natal is es-
pecially noteworthy because heretofore the
genus has not been recorded in South
Africa (SEAGRIEF 1984) and known to
occur only in Australia [L. lorentzii & L.
latifolia (May 1965)], Indonesia [L. lorentzii
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(WEBER-vAN Bosse (1923)] and Japan [L.
lorentzii (OxamMURA 1929 & Nozawa 1965)].
There are relatively few specimens describ-
ed from these localities so information gained
from the Natalian specimens may contribute
to a better understanding of the genus and
its position in the Rhodomelaceae.

Materials and Methods

Specimens used in this study that are in
the Herbarium, University of Natal, Pieter-
maritzburg, are: L. latifolia [NU 4102
(female), NU 1779 (tetrasporophyte),
Drift, Flinders Bay, Augusta, Western
Australia, 19-IT11-1959 (R.E. Norris 3250
a); NU 6450 (tetrasporophyte) Drift, Cow-
aramup Bay, Yallingup, Western Australia,
17-111-1959 (R.E. Norris 2146); NU 2514
(tetrasporophyte) Drift, Robe, South Aus-
tralia, 16-IV-1959 (R.E. Norris 3800)];
L. lorentzii [NU 3101 (tetrasporophyte),
Drift, Cape Vidal, Natal, 14-VI-1980 (S.R.
MEYER)]; L. nozawae [NU 9134, NU 9135
(both tetrasporangiate) off Jesser Pt., Sod-
wana, Natal, by Scuba diving to 47 m,
6-V-1985 (by J.S. Dench, Nat 3210)].
Slides and formalin preserved parts of
thalli of L. nozawae are also maintained
in the collection and slides prepared from
dried specimens of all species are also in
our collection. Slides were prepared by a
method in which the stain, aniline blue, is
incorporated into a corn syrup mounting
medium (MIN-THEIN and WOMERSLEY
1976).

Results

The Natal specimens come from two
collections, one specimen in the drift at
Cape Vidal and several specimens obtained
from diving at Sodwana, both localities in
tropical to sub-tropical regions. The speci-
men from Cape Vidal (Fig. 10) was from
drift material and has characteristics differ-
ent from the Sodwana specimens (Fig. 1)
and two species are present on the coast of
Natal. The Sodwana specimens have thalli

that are only slightly lobed unbranched
blades with coarsely crenulate margins and
distal proliferations. The broad blades
taper proximally to a narrow (1 mm) stipe
up to 1.5 cm long and are attached to a
discoid holdfast. A midrib may be present
extending from the stipe into the blade for
up to 1 cm. The blades have a light red
to dark purplish-red colour and often have
coatings of bryozoa. The specimen from
Cape Vidal is brownish- to blackish-red,
lobed distally and with a few coarse cre-
nulate marginal lobes. The blade tapers
abruptly proximally to a segment of the
thallus that is narrow (0.5 cm) and is bro-
ken from the holdfast which is not present.
No midrib is present in this specimen and
the thallus has no encrusting organisms.

All specimens in the Natal collections
are tetrasporophytes. Tetrasporangia are
borne in stichidia occurring in clusters on
the blade that are clearly positioned in
rows in young thalli representing branch
axes. In older thalli clusters of tetras-
porangial stichidia occur in more irregular
patterns over both surfaces of the blade.
Tetrasporangial stichidia on the Sodwana
specimens’ blades are long and slender (1-
2 mm X 150 yum) (Fig. 4) whereas the sti-
chidia on the Cape Vidal specimen are
shorter (400 150 um) (Fig. 11).

A study was made comparing specimens
of the type species of Lenormandiopsis, L.
latifolia (Harvey et Greville ex Harvey)
Papenruss (originally described as Lenor-
mandia latifolia Harvey et Greville in Harvey
1847), from South Australia and Western
Australia, with the Natalian plants (Table
1). Lenormandiopsis latifolia has large un-
branched thalli and the margins are entire
with little lobing or crenation (Fig. 12).
The blade of L. latifolia is thick (up to 400
pm near the stipe) and the cortex thickens
secondarily forming up to four cell layers
in this proximal region. Thalli of the
Natal plants from both collections do not
form secondary thickening in the blade in
the specimens at hand but the thalli are
also up to 400 um thick (the Cape Vidal
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plant was slightly thinner than the Sodwana
plants). Dorsiventrality was reflected in
the sections of thalli near the stipe in L.
latifolia in that the dorsal cortex was one
to two layers of cells thicker than the ventral
(four cell layers on the ventral side and six
layers on the dorsal). Thickness of the
outer cortical cells is different between the
species (those in both Natalian species being
40 yum whereas those of L. latifolia are 20
um) probably because of the secondarily
formed ones being smaller due to their
probable division without much subsequent
growth. Surface cortical cells of L. latifolia,
2 cm from the thallus apex, measure up to
50 um but those of the Natal specimens
usually are somewhat smaller, up to 20 um
in the Sodwana plants and up to 25 um
in the plants from Cape Vidal. Medullary
cell size is different between the thalli
studied. The tvpe species has medullary
cells up to 400 um in their longest dimension
whereas this measurement in the Cape
Vidal specimen is up to 1000 ym and up to
500 ym in the Sodwana specimens. Lower
regions of thalli, when examined with low
magnification, reveal a reticulate pattern
caused by pericentarl cells, and their deri-
vatives, outlining the larger medullary cells.
The pattern in L. latifolia is distinctly and
regularly rhombic (Fig. 13) whereas in the
other two species the reticulum is irregularly
polygonal (Fig. 9). The number of these
units along the long axis in one millimeter
in L. latifolia is approximately 6 whereas in
the other two species approximately 3-4
units are present in the same space.
Tetrasporangial stichidia are approxim-
ately the same size in the Australian and
Cape Vidal plants but they are much
longer and more slender in the specimens
from Sodwana. The Sodwana stichidia
have a regular width for most of their length
whereas in the Australain and Cape Vidal
plants the stichidia are ovoid. Mature
tetrasporangia often cause a swelling on
the side of the stichidium in the Sodwana
specimens sometimes becoming directly ex-
posed, but the sporangia of the other taxa

usually remain embedded in the stichidia
and the cover cells often become stretched
and slender (Figs 11, 15). A reflection of
stichidial size is the number of sporangial-
bearing segments, up to 12 in the type
species, up to 8 in the Cape Vidal plant
and up to 29 in the Sodwana specimens.
Stichidia are often attached on a raised
cushion of filaments in L. latifolia but such
a structure was not present or less conspicu-
ous in the Natal plants. Cover cells in the
Sodwana stichidia are large and distinct,
covering the young tetrasporangia. In L.
latifolia as well as in the Cape Vidal speci-
men the cover cells are hardly recognizable
even at an early stage because they become
stretched and displaced in the stichidium.
Tetrasporangia of L. latifolia are conspicu-
ously smaller (up to 80 um diameter) than
those of the South African plants (up to
120 gm diameter in the specimen from Cape
Vidal and up to 90 um in the Sodwana
plants). [A female, cystocarpic, plant of
L. latifollia in my collection from Flinders
Bay, Western Australia, has cystocarps on
short polysiphonous branchlets on the thal-
lus surface (Fig. 14). Apparently this is
the first report of a cystocarpic plant for the
type species of Lenormandiopsis.]

These differences between L. latifolia and
the Natalian plants, therefore, suggest that
our species are not the same as the type
species and, furthermore, that there are
two species occurring in Natal. The deeply
lobed thallus illustrated by WEBER-VAN
Bosse (1923) for L. lorentzii gives the im-
mediate impression that the Natal speci-
mens are not the same. A similarity be-
tween L. lorentzii and the Natal plants
exists in the characteristic coarse (almost
lobed) crenulated margin in the Natal
plants, a character that may be distinctive,
and such crenulations are present on the
Indonesian plant where they are even more
prominent but they are not as clear on the
figures given by Oakmura (1929). Te-
trasporangia in the illustration provided by
WEBER-VAN Bosse are up to 60 ym in dia-
meter, a size similar to those for L. latifolia
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Figs. 1-6. Lenormandiopsis nozawae R.E. Norris sp. nov. 1. Holotype specimen, tetrasporangiate, drawn
before drying for the Herbarium. Note the tetrasporangial stichidia in clusters on the thallus surface. 2.
Terminal region of a tetrasporangial stichidium. Note the torsion in the rows of sterile external cells. 3.
Optical section of a stichidium showing a pair of bearing pericentral cells and their tetrasporangia in one
segment. One cover cell (c) is shown and a single dorsal pericentral cell and its derivatives (d). 4. A single
tetrasporangial stichidium showing its elongate form and many segments. 5. A cluster of tetrasporangial
stichidia. 6. Cross section of a tetrasporangial stichidium showing five pericentral cells attached to the axial
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Figs. 7-9. Lenormandiopsis nozawae R.E.NoRrRris sp. nov. 7. Inrolled apex of thallus showing laterally
fused branch tips and scar cells on primary axial cells that are derived from bases of deciduous single-celled
trichoblasts. 8. A small part of the thallus near thallus apex before secondary thickening is initiated showing
2 branch axes each bearing a pair of branches unilaterally and dorsal and ventral (not shown) pericentral
cells. 9. Surface configuration of thallus near the stipe showing polygonal units representing cortical
thickening between medullary cells. (This configuration is also characteristic of L. lorentzii).

rather than L. lorenizii.

Oxkamura (1929) gave good illustrations
of Japanese specimens that he assigned to
L. lorentzii, but his specimens were not as
highly branched as the specimen illustrated
by WEBER-vAN Bosse (1923), a type of plant
that he did not find in Japan. Nozawa
(1965), however, described a specimen from
deep water collected by Dr. Tanaka from
Yoron Island, Japan, that was large and
with many branches, and she tentatively
identified her specimens as L. lorentzii.

Mrs. Nozawa gave additional information
on the Japanese plants, describing female
reproductive structures and cystocarps for
the genus for the first time, pointing out that
midribs can be observed in her specimens,
although they are often indistinct, and
showing that tetrasporangial stichidia have
4-5 sporangial chamber pairs (up to 8 were
described for L. lorentzii by WEBER-VAN
Bosskg).

The Cape Vidal plant undoubtedly is
different from the specimens collected at

cell. The two opposite larger pericentrals are the bearing cells each with 2 cover cells and secondary pit
connections to derivatives of the two dorsal pericentrals (upper). These and other derivatives of the dorsal
pericentrals (d) form an extensive cover on that side of the stichidium. Derivatives on the single ventral

pericentral cell (lower) form a less extensive tissue.
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Sodwana and the plants in both Natal col-
lections are different from the type species,
L. latifolia. The lobed thallus of the Cape
Vidal plant, its anatomy and tetrasporangial
stichidia suggest that it may be close to L.
lorentzii, especially considering the expanded
description of the species from the Japanese
investigators. At the present time, there-

fore, I consider this specimen to be tenta-
tively assigned to L. lorentzii and it is hoped
that more specimens may soon be found in
Natal that can bring the identity into a
clearer focus.

The specimens collected in deep water

at Sodwana, however, have characters that
set it well apart from both the type species
and the specimen from Cape Vidal. The
thallus habit does not have a tendency to
branching except for distal proliferations
on older blades and the extremely long and
slender tetrasporangial stichidia are very
different from those on the Cape Vidal
plant. Specimens from this collection are
considered to be an undescribed species and
it is hereby given the name Lenormandiopsis
nozawae sp. nov. in honor of the late Mrs.
Y. Nozawa of Kagoshima, Japan the per-
son who most recently added to our knowl-

Figs. 10, 11.  Lenormandiopsis lorentzii (Weber-van Bosse) Papenfuss. 10. Habit of thallus collected at
Cape Vidal in Natal. Note lobes on thallus margin and clusters of tetrasporangial stichidia. 11. Two

tetrasporangial stichidia.
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edge of the genus.

Diagnosis

Lenormandiopsis nozawae R.E. Norris
Sp. NOV.

Thalli usque ad 20 cm alt.,, 7 cm lat.,
saxicoli, elaminis singulis per hapteron
discoideum affixis constituti; laminae el-

lipticae ad lineares, interdum cuneiformes
factae post noxam apicalem; proximaliter
attenuatae ad stipitem brevem usque ad
1.5 cm long.; costa brevis ad stipitem con-
tigua interdum visa; margo grosse crenatus,
plerumque sine proliferationibus, thalli post
noxam, autem, multae laminas proliferas
distaliter saepe efficientes; cellula apicalis
ad cacumen sectionis thalli paululum in-

Figs. 12-15. Lenormandiopsis latifolia (Harvey et Greville) Papenfuss. 12. Habit of a tetrasporangial
thallus. 13. Rhombic pattern of units formed by cortical thickening outlining the medullary cells near the
stipe of a tetrasporangial thallus. 14. Surface view of a small segment of a female thallus showing clusters of
branchlets, some bearing cystocarps. 15. A tetrasporangial stichidium.
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volutae ramos primarios lateraliter efficiens,
his ramis cum parte axiali principali,
crescentia alarum bilateralum coalitarum
in axibus et axis principalis et eius ramorum,
semper coniunctis; rami in thallo auctu ex-
crescentiarum crassarum crenulatarum,
omni cellula apicale terminata, visi. Sti-
chidia tetrasporangialia utro in latere ef-
fecta axium secondarium in ordinibus in
thallis iuvenibus manifestis. Thalli venu-
stiores fertiles habent stichidia ut videntur
sparsa sine ordinatione, relinquent, autem,
in lamina marginem sterilem. Stichidia
tetrasporangialia acerosa tetrasporangia
bina nata, usque ad 29 segmenta facientia
habentia; cellulae obtegentes magnae re-
ctangularesque per longitudinem segmenti
extensae; omnis cellula axialis stichidiorum
quinque cellulas pericentrales ferens, duabus
sporangia ferentibus, quae maxim proxi-
malia in segmento et tribus cellulis sterilibus
pericentralibus, magis distaliter positis, una
in latere ventrali atque duabus in latere
dorsali ferentes; omnis cellula pericentralis
fertilis, duas cellulas obtegentes, quae ple-
rumque semper non divisae, efficit, hae,
autem, postea interdum se subdividunt;
steriles cellulae pericentrales aliquot cel-
lulas corticatentes externales faciunt; nu-
merosiares cellulae corticantes dorsali in
latere, procreatae frugibus duarum cel-
lularum pericentralium sterilium, stichidium
illo in latere convexum fieri efficiunt et
structura ventraliter flectere efficunt.

Nomen huius algae dominam demortuam
Y. Nozawa loci Kagoshima City dicti
honorat.

Specimen typicum NU 9135, specimen
A (tetrasporophyta) isotypi adsunt in eadum
paginam et NU 9134.

Thalli to 20 cm high, 7 cm broad, saxi-
colous, single blades attached by a discoid
holdfast; blades elliptical to linear, some-
times becoming cuneiform if apically in-
jured (Fig. 1); tapered proximally to a
short stipe up to 1.5cm long; a short
midrib sometimes evident adjacent to the
stipe; margin coarsely crenate, usually

without proliferations but injured thalli
often having many proliferous blades pro-
duced distally; apical cell at the tip of a
slightly inrolled section of the thallus, pro-
ducing primary branches laterally that re-
main united to the main axial part by de-
velopment of fused bilateral wings on axes
of both the main axis and its branches;
branches evident in thallus by development
of coarse crenulate outgrowths each ter-
minated by an apical cell and together
forming a sinuate margin. Tetrasporangial
stichidia (Figs 2-5) produced on both sides
of secondary axes in rows evident in young
thalli. Older fertile thalli have stichidia
that appear to be scattered without a pat-
tern but leaving a sterile margin on the
blade. Tetrasporangial stichidia acerosate
(Figs 4, 5), having tetrasporangia borne in
pairs (Fig. 3) forming up to 29 segments
(Fig. 4); cover cells large and rectangular
(Fig. 2), extending the length of the seg-
ment; each axial cell of stichidia bearing
five pericentral cells (Fig. 6), two bearing
sporangia, that are most proximal in the
segment (Fig. 3), and three more distally
placed sterile pericentral cells, one on the
ventral side and two on the dorsal side
(Fig. 6); each fertile pericentral cell pro-
duces two cover cells that usually remain
undivided but may, in later stages of devel-
opment, subdivide; sterile pericentral cells
from several external corticating cells; the
more numerous corticating cells on the
dorsal side (Fig. 6), derived from two sterile
pericentral cells, causing the stichidium to
be convex on that side and the structure
to bend ventrally.

Named in honor of the late Mrs. Y.

Nozawa of Kagoshima City.

Type specimen (Holotype) NU 9135,
specimen A (a tetrasporophyte). Iso-
types present on the same sheet and
NU 9134.

Type locality: Natal, Ubombo Distr.,
Sodwana, off Jesser Point. Coral and
sand substrate, depth 46-47 m. (6-V-
1985) coll. by J.S. Dench.
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Additional Observations on L. nozawae

Structure of the thallus apex has been
studied to determine some aspects of devel-
opment of the vegetative system. The in-
rolled tip of the plant (Fig. 7) encloses an
apical system that is typical for the Aman-
siae, having secund regularly formed bran-
ches (Fig. 8) that remain fused together de-
veloping a winged axis that is not heavily
corticated but a midrib visible to the
unaided eye is usually not present. Axial
branches also are formed but they are not
discernible because they and their branches
are incorporated into the single large blade
that is the thallus of this species. Lateral
axial branch tips often terminate in a short
polysiphonous axis that develops from a
trichoblast and the branch sometimes de-
velops into a tetrasporangial stichidium.
The apical region of each axial branch (Fig.
7) forms a small lobe on the margin that
gives the thallus a coarsely crenate or sin-
uate aspect. Axial cells each form five
pericentral cells, two dorsally, two larger
ones laterally and a single smaller ventral
pericentral cell. Division of pericentral
cells occurs giving the thallus a single,
sometimes two layers of cortication in most
regions. Trichoblasts occur on most every
segment of the axis in apical regions, the
trichoblast being reduced to a single pro-
tuberant cell and a stalk cell that becomes
a scar cell in later stages when the tricho-
blast degenerates (Fig. 7). Scar cells are
easily recognized on the dorsal side of the
axis by the thick protuberant wall that sur-
rounds the base of the trichoblast, the struc-
ture being maintained and recognizable
even in considerably older parts of the axis.

Clusters of branched trichoblasts develop
on both surfaces of the thallus and seem to
at first be restricted to lines representing
the branch axes, excluding the midrib, but
older parts of thalli develop them in less
regular patterns. The trichoblasts become
polysiphonous basipetally forming small
branched trichoblasts on the polysiphonous
segments. The trichoblasts are deciduous
leaving scar cells similar in structure to

those described for the thallus axis. The
polysiphonous sections continue growth to
form a stalk and eventually a long cylindri-
cal tetrasporangial stichidium that is typical
for this species. Development of the sti-
chidium is described above and is formed
in a dorsiventral manner similar to the
thallus apex.
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Analysis of a Population of Colpomenia peregrina in British
Columbia : Relationships with environment and primary substrate
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VANDERMEULEN, H. and DEWReeDE, R.E. 1987. Analysis of a population of Colpomenia peregrina
in British Columbia: Relationships with environment and primary substrate. Jap. J. Phycol. 35:
91-98.

An intertidal population of Colpomenia peregrina (Sauv.) HameL (Phaeophyceae) macrothalli was
studied and the data were analysed using Principal Components Analysis. The plant’s relationship
with other members of the community and various physical factors were examined. Colpomenia pere-
grina was found to occur in environments with intermediate values for temperature, salinity, daily
solar radiation, daylength, daytime air exposure and nightime air exposure. Seasonal extremes of
these variables (winter and summer) coincided with low C. peregrina percent cover. The floristic
composition of the community did not seem to influence the occurrence of C. peregrina other than

high Lithothrix aspergillum cover coinciding with low C. peregrina cover. Colpomenia appeared to be

selective of its substrate in some cases.

Key Index Words: Colpomenia; ordination; Scytosiphonales; substrate; synecology.

Colpomenia peregrina (Sauv.) Hamel is a
saccate brown alga which is widely distri-
buted in temperate seas. It is an ephemer-
al plant which overwinters as a microscopic
filamentous thallus (VANDERMEULEN 1984).
The macrothalli are frequently epiphytic
and have some characteristics which sug-
gest an opportunistic role in algal com-
munities (VANDERMEULEN and DEWREEDE
1986). Laboratory experiments have in-
dicated that the seasonal abundance of C.
peregrina in British Columbia may be pri-
marily driven by fluctuations in the physical
environment (VANDERMEULEN 1986).

The research presented here describes the
relationship between Colpomenia abundance
and the physical and biological environ-
ment in which the plants are found. A
population of C. peregrina was monitored at
Bath Island, British Columbia. Informa-
tion was gathered on Colpomenia percent

* Present address: National Center for Maricul-
ture, P.O.B. 1212 Elat, Israel

cover, the cover of all primary substrate
algal species in the community (non-
epiphytes) and selected environmental var-
iables. Principal components analysis was
used to help elucidate relationships in the
data set.

Materials and Methods

Details of study site and sampling methods
are presented in VANDERMEULEN and De-
WREeEDE (1986). The study site was at
Bath Island in Georgia Strait, British Co-
lumbia (49° 09’ N, 123° 40’ W). An in-
tertidal Colpomenia peregrina population was
studied on the southeast side of the island.
The shore is a large sandstone rock slab,
moderately exposed to wave action but
with strong tidal longshore currents.

The site was usually sampled at high tide
by use of SCUBA. The logistics of under-
water sampling and the length of time that
could be spent at the field site prohibited
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examination of more than three quadrats
on any one field trip. Three permanent
quadrats (1 mX1m) were established at
the field site between April and May 1979.
Ql at 1.3m, Q2 at 0.5m and Q3 at 0.3
m above Canadian Chart Datum. The
quadrats were marked on the shore with
expansion bolts secured in the substrate
(holes were made by a pneumatic drill
powered with compressed air from a SCUBA
tank). Aluminum frames strung with nylon
garden twine provided 81 or 100 coordina-
tes used to estimate the true percent cover
of C. peregrina.

At the same time as percent cover of C.
peregrina was estimated by the line intercept
method the percent cover of all primary
substrate, including algal species and bare
substrate, was also estimated. When a
Colpomenia plant was seen at a line intercept
the substrate it was growing on was re-
corded as well. In this manner the pri-
mary cover within a quadrat was calculated

to a total of 1009, and C. peregrina was con-
sidered secondary cover upon the primary
substrate. Colpomenia was the only second-
ary cover organism examined. The quad-
rats were examined approximately once a
month from April 1979 to September 1981.
Twenty nine visits were made in total (28
for Q1).

Three measures of diversity were calcul-
ated from the percent cover data from each
quadrat on each sampling day, species rich-
ness (S), the Shannon-Wiener index (H')
and equibility (J') (Pierou 1974). The
numbers obtained from the calculations
were just used to estimate the heterogeneity
of primary cover within a quadrat, not to
measure the true species diversity. The
percent cover of C. peregrina was not in-
cluded in the calculations as it was consider-
ed secondary cover. For comparative pur-
poses bare substrate was also considered a
“species” which could add to “diversity”.

The information gathered on the sub-
strates upon which individual C. peregrina
plants were growing was used to measure
substrate preference of the Colpomenia

plants. A chi-square method outlined by
Brower and ZAr (1977) was utilized to
test if Colpomenia was being selective. The
calculation required that at least two C.
peregrina plants be recorded in the quadrat
and at least two different substrates be a-
vailable in the quadrat.

Daily salinities and temperatures for sur-
face waters (0.9 m) off Entrance Island
(49° 12" N, 123° 48’ W) were obtained
from Dr. L.F. Giovanpo, Institute of
Ocean Sciences, Sidney, B.C. This was
the closest site to Bath Island where daily
sampling of surface waters occurred (ap-
prox. 9km distant). There was some
evidence that the physical characteristics
of the water at Entrance Island were very
similar to those at Bath Island due to
prevailing longshore currents (Grovanpbo
1973). Salinity and temperature data col-
lected at Bath Island were similar to the
data from Entrance Island collected on the
same day (VANDERMEULEN 1984).

Daily solar radiation and daylength
measurements for Departure Bay, Nanaimo
(49° 12" N, 123° 57" W) were obtained from
Environment Canada’s monthly radiation
summary reports (ANoNyMous 1979, 1980,
1981). This was the closest site to Bath
Island where daily pyranometer informa-
tion was recorded (approx. 22 km distant).

Daily tidal information for Silva Bay,
Gabriola Island (49°09'N, 123°42’'W)
was obtained from Canadian Tide and Cur-
rent Tables Volume 5 (ANonyMmous 1979,

Table 1. Variables used for ordinations of
environmental data.

Variable Item

s

Temperature (°C)

Salinity (%)

Solar radiation (Megajoules/m?/day)
Daylength (hours/day)

Number of days plants exposed
Number of hours of day exposure
Number of nights plants exposed
Number of hours of night exposure

O WO U N

Percent cover of Colpomenia
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1980, 1981). This was the closest “tidal
secondary port’” to Bath Island (2 km dis-
tant).

A list of variables used in the environ-
mental ordination is given in Table 1.
The information on environmental varia-
bles gathered for each Bath Island quadrat
was divided into 14 day time periods.

Each time period represented the two
weeks prior to a particular sampling day
in the field. This length of time was re-
presentative of the life span of C. peregrina
(VANDERMEULEN 1984). The average val-
ue for a particular variable was then cal-
culated for each time period at each quad-
rat. A similar method has been employed

Table 2. Variables used for ordinations of percent cover cover data.

Seasonality*
Var. Item Q*+*
Spring  Summer Fall Winter
V1 Fucus distichus ++ ++ +4++ e+t Ql
2 Bossiella orbigniana--Corallina ++++ +++ +++ +++ Q2
vancouveriensis
3 Lithothrix aspergillum ++4++ +4+++ 4+ -+ Q3
4 Rhodomela larix +Odonthalia floccosa ++ ++ + + + Q2
5 Ralfsia fungiformis+-other species +++ +++ +++ +++4+ QI
6 crustose base of Prionitis lanceolata ++++ +++ ++ ++++ Q3
7 bare sandstone substrate ++ +++ +++ + Ql(—)
++ +++ +++ +++ Q2
8 Hildenbrandia spp. ++ ++ ++ +++ Ql
9  Prionitis lanceolata + ++ + + Q3
10  Sargassum muticum + + + - Q2(+)
11 Lithothamnium (?)+ Lithothrix crust + + + + Q2(—)
12 Analipus japonicus ++ ++ + 4+ Ql
13 Ulva spp.-+ Monostroma spp. + ++ ++ + Ql
14 Botryoglossum farlowianum + + - — Q3
15  Microcladia coulteri+ M. borealis + + + — — Ql
16 Iridaca heterocarpa, I. cordata + + + + Ql(+)
+Gigartina sp.
17  Lomentaria hakodatensis + + + — Q2
18  Petrocelis franciscana ++ +4+++ + + Ql
19  Cryptosiphonia weodii + ++ — — Qi
20 Ceramium spp. + — + 4 - Q1
21 Calliarthron tuberculosum + + + + Q2
22 diatoms ++ + — - Q1
23 green crust (not identified) + — + — Ql
24 Colpomenia peregrina + — - — Ql
++ + +++ = Q2
+ + + - Q3
25 H’
26 J’
27 S
* Dates for the different seasons as defined in VANDERMEULEN and DEWREEDE (1986). (—)

not present; (+) <5% cover; (++) 5-15%; (+++) 16-30%; (++++) 31-70%.
** Seasonality data taken from this quadrat (item most common here). (+4) or (—) annual
fluctuation in cover for this item correlates (p>0.05) with Colpomenia.



94 VANDERMEULEN, H. and DEWREEDE, R.E.

— 27 "‘Vm
b al

2 Q1

2 Q2

.2 a3

Fig. 1. General form of data matrix used.
=variable, and D=sampling day.

by Taom (1983). The form of the data
matrix produced is shown in Fig. 1.

The data matrix was analysed using prin-
cipal components analysis (PCA) on the
MIDAS statistical package (Fox and GUIRE
1976). All variables were standardized
(scaled to unit variance) where appropriate
in order to remove the effects of different
variable scales of measure. In many cases
the variables were tested for normality
using a G test (Sokar and Ronrr 1981)
prior to the standardization. The ordina-
tion methods were used to suggest relation-
ships between variables and the samples,
not to function as statistical analyses of such
relationships (JEFFErs 1978, JoHN et al.
1980, GaucH 1982).

PCA was also applied to the percent
cover data for the quadrats over the sampl-
ing period. Variables used for the ordina-
tion are shown in Table 2. Standardiza-
tions and G tests were done as for the en-
vironmental data.

Results

Almost all of the G tests showed that
the environmental variables were not sig-
nificantly different from normal. The or-
dination method used was assumed to be
robust enough to prevent the few instances

6.8

58

438

38

238 O

[ ]
[ )
o
o
S0

AXIS 2
=
)
(¢
(e}

o G
o
08 N
5, a
A
-02 U
12 s 'a a
A
22 u
A
R — 0 2 4 6
AXIS 1

Fig. 2. Scatter plot of a PCA of Bath Island
environmental data. Observations with greater
than 1.09, cover of C. peregrina are shaded. N=86.
O, Q1 observations; A, Q2 observations; [], Q3
observations. 50.49, of total variance accounted
for in Axis 1.

of non-normal data use from changing the
results (JoHN et al. 1980).

Fig. 2 shows the results of the PCA analy-
sis of environmental data. Axis 1 of that
scatter plot is composed almost equally of
each of the first eight variables (Table 3).
The far left of that axis represents an en-
vironment of low temperature, high salinity,
low solar radiation, short daylength, little
daytime air exposure and frequent night-
time air exposure. This was the winter-
time environment at Bath Island (Van-
DERMEULEN 1984). The summer observa-
tions are all on the right on Axis 1, an
environment of high temperature, low sali-
nity (due to the freshet of the Fraser River),
high solar radiation, long daylength, fre-
quent daytime air exposure and little night-



Table 3. Contribution of variables for Fig. 2
Refer to Table 1 for names of varia-

scatter plot.
bles.
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Variable Axis 1 Axis 2
V1 0.373 —0.007
2 —0.390 —0.109
3 0.419 —0.025
4 0.424 0.0009
5 0.333 0.387
6 0.319 0.388
7 —0.265 0.546
8 —0.264 0.546
9 —0.021 —0.301

time air exposure (VANDERMEULEN 1984).
The spring and fall observations occur be-
tween those two extremes on Axis 1.
Colpomenia is most abundant in interme-
diate positions along this axis (shaded

This means that the environmental condi-
tions in this quadrat fluctuated more over
time than in Q2 or Q3. Axis 2 is most
strongly represented by nightime air ex-
posure of the plants (V7 and V8). QI
again shows the widest range along this
axis.

About one half of the G tests of the per-
cent cover variables showed that the vari-
iables were not normally distributed, prob-
ably due to the nature of percent cover
data. Proportions are frequently not nor-
mally distributed and the many zero en-
tries in percent cover data compound that
problem. As for the environmental data
the ordination method used was assumed
to be robust enough to prevent non-normal
data from changing the results (JonN et al.
1980).

Fig. 3 shows the results of the PCA analy-

symbols). Note that of the three quadrats sis of percent cover data. Axis 1 is compos-
Q1 has the widest range along this axis. ed mainly of Fucus (0.283), Hildenbrandia
6
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Fig. 3. Scatter plot of a PCA of Bath Island percent cover data. N=86. Refer to

Fig. 2 for symbols.

20.5%, of total variance accounted for in Axis 1.
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Table 4. Contribution of variables used for
Fig. 3 scatter plot. See Table 2 for variable names.

Table 5. Substrate selectivity of Colpomenia

(Q1 data).

Variable Axis 1 Axis 2
V1 0.283 —0.122
2 —0.115 0.364
3 —0.357 —0.125
4 —0.253 0.269
5 0.260 —0.043
6 —0.165 —0.119
7 0.191 0.123
8 0.305 —0.079
9 —0.199 —0.183
10 —0.101 0.231
11 —0.133 0.234
12 0.260 —0.176
13 0.197 —0.051
14 —0.067 0.291
15 0.108 0.233
16 0.226 0.036
17 —0.010 0.177
18 0.104 —0.143
19 0.101 —0.010
20 0.186 0.025
21 —0.089 0.130
22 0.102 0.068
23 0.171 —0.057
24 —0.041 0.202
25 0.248 0.333
26 0.263 0.224
27 0.126 0.364

Date Chi-square value E:eg;gﬁ of
May 12 1979 50.8* 8
June 11 1979 2.7 6
March 7 1980 38.8* 9
March 29 1980 23.1%* 8
March 1 1981 51.9*% 11
March 12 1981 4.1 11

(0.305) and Lithothrix (—0.357) percent
cover (Table 4). This axis separated out
those quadrats containing Lithothrix (Q2
and Q3) on the left, while Q1 data points
are on the right as it was the only quadrat
to contain Fucus. Axis 2 represents increas-
ing Bossiella percent cover and increasing
H’ and S as one moves up the axis. Q2
separates out on the upper half of the
scatter plot because of its high Bossiella
cover and relatively high diversity values
compared to Q3. It is interesting to note
that low diversity values coupled with high
percent cover of Lithothrix (the lower left
hand corner of the scatter plot) seem to
represent a community in which Colplomenia
was not abundant. No other trend could

* p>0.05 selection of substrate.

be noted between Colpomenia abundance
(shaded symbols) and the cover values or
diversity measures used.

Table 2 indicates that some components
of the primary substratum did have an an-
nual fluctuation in percent cover that cor-
related with that for Colpomenia. Bare
substrate and Lithothamnion crust were neg-
atively correlated while Sargassum and Iri-
daea were positively correlated to Colpomenia.

The information on substrate selectivity
of Colpomenia is presented in Table 5. Only
Q1 had data which could be analysed by
the chi-square method over a number of
sampling days. It can be seen that C.
peregrina does restrict its distribution to
certain substrata types on occasion.

Discussion

Colpomenia peregrina abundance appears
to be more related to environmental con-
ditions than to the nature of its primary
substrate (the algal community in part).
PCA analysis of environmental data at
Bath Island (Fig. 2) demonstrates that C.
peregrina is most abundant when environ-
mental conditions are not extreme (fall
and spring). Plots of percent cover data
over time verify this seasonality (VANDER-
MEULEN and DEWREEDE 1986) and similar
results were found if ordinations were made
on data from individual quadrats (Van-
DERMEULEN 1984). Further evidence sup-
porting a model of environmental control
of Colpomenia abundance comes from ex-
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amining individual quadrat points in Fig.
2. Ql is seen to have had the most ex-
treme environmental fluctuations (wide
spread of points along Axis 1), predomi-
nantly due to greater exposure, while Q2
and Q3 were quite similar and less variable.
Ql also had a different seasonal percent
cover pattern of C. peregrina than the other
two quadrats (VANDERMEULEN and De-
WREEDE 1986).

The composition of primary substrate
and the abundance of other algal species
does not seem to influence Colpomenia abun-
dance. The three quadrats were different
floristically (Fig. 3). Each had a different
dominant alga, Q1 with Fucus, Q2 with
Bossiella and Q3 with Lithothrix. The di-
versity measures were different in each
quadrat as well (Fig. 3). Yet the only
relationship that could be deduced was
that low diversity quadrats with high
Lithothrix percent cover coincided with little
Colpomenia growth (Fig. 3). Correlations of
Colpomenia percent cover with primary sub-
strate cover (Table 2) do suggest some
interaction between Colpomenia and the
biological environment. For example, the
positive correlation between Sargassum a-
bundance and Colpomenia abundance in
Q2 could be considered to be due to Sar-
gassum creating a microenvironment favor-
able for Colpomenia growth. However, when
Sargassum was experimentally removed from
this area on the shore no change in Colpo-
menia abundance or seasonality occurred
(VANDERMEULEN and DeEWREEDE 1986).
The other correlations indicated in Table
2 may also have no biological basis other
than similar patterns of response to environ-
mentally variable seasonality.

The results of the chi-square tests indicate
that Colpomenia is “selective’ of its substrate
in some cases. The selectivity may be due
to recruitment on specific surfaces or to se-
lective mortality on other surfaces. No
seasonal or quadrat specific trends could
be determined and this subject does warrant
further investigation.

The hypothesis of environmental control

of Colpomenia populations generated in this
paper has been tested experimentally. Cul-
ture work has shown that the high tem-
perature and low salinities of the water at
Bath Island in the summer prevent macro-
thallus formation in Colpomenia (VANDER-
MEULEN 1986). Low water temperature in
winter also prevents macrothallus formation
(VANDERMEULEN 1986). Field experiments
have indicated that Colpomenia abundance is
not affected by overstory algal species
(VANDERMEULEN and DeWReeDE 1986).
This result underscores the lack of influ-
ence of biological factors on Colpomenia
abundance. The field and laboratory re-
sults both support the environmental con-
trol hypothesis for Colpomenia abundance in
British Columbia.
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Kuwmano, S. and Liao, L.M. 1987. A new species of the section Contorta of the genus Batrachospermum
(Rhodophyta, Nemaloinales) from Nonoc Island, the Philippines. Jap. J. Phycol. 35: 99-105.

This paper is the first record of the genus Batrachospermum from the Philippines. In having the
loosely agglomerated gonimoblast, B. nonocense resembles the taxa such as B. iriomotense (Kumano
1982), B. tabagatenese (Kumano et BowDEN-KErBY 1986) and B. nechochoense (Kumano et BowpEN-
Kersy 1986).

For B. nonocense the gonimoblast filaments are hardly distinguished from the primary branchlets,
because the loosely agglomerated gonimoblast filaments are as long as the primary branchlets, con-
sist of 6-10 fusiform cells, and many chloroplasts are found in the cells of gonimoblast filaments as
well as in those of the primary branchlets. These characteristics are peculiar to this species and are
not reported for the other taxa of the section Contorta, so that the Nonoc specimen is described here
as a new species, B. nonocense.

Key Index Words: Batrachospermum nonocense, sp. nov.; freshwater Rhodophyta; section

Contorta; taxonomy; the Philippines.

Kumano (1980) has summarized the
freshwater taxa of Rhodophyta in South-
east Asian countries and information re-
garding Japanese, southeast Asian and
Micronesian taxa of the genus Bairacho-
spermum has been accumulated by many
authors. To date, however, there has
been only one report of the freshwater
Philippine Rhodophyta. Skuja (1934) de-
scribed Nemalionopsis shawi, as a new species
and genus, based on herbarium specimens
labelled as ‘“Batrachospermum philippinarum’,
which were collected by von Shaw and
Day on April 28th in 1907, from Province
of Bataan, Luzon in the Philippines.
Recently, ScuoeniG and TumiLan (1984)
made a collection of Rhodophyta found in

freshwater during an expedition to Nonoc
Island. Examining the specimens collected
from the same island, Liao and Larco
(1985) reported an undescribed species of
Batrachospermum. This paper deals with
the description of the Nonoc specimen as
a new species of Batrachospermum under
section Contorta.

Habitat and Specimens Examined

Nonoc Island is about 10 km northeast
of Surigao City, the capital of Surigao del
Norte Province on the northeastern end of
Mindanao Island in southern Philippines.
It is located between latitudes 9°49'N
and 9°56'N, and between longitudes 125°



100 Kumano, S. and Liao, L.M.

34'E and 125°43'E (see Map 1). The total
land area is about 44 km? with Mount
Conico rising to an altitude of 335 m, as
the most prominent peak on the island.
The main streams drain either to the

north or to the south (SaNTos-YNIGO and
EsQUERrrA 1961).

The climate on Nonoc is distinctly trop-
ical and is characterized by alternating wet
and dry seasons. The mean annual tem-
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perature over a period of 48 years is 26.7°C.
Only the north-west portion of Nonoc is
covered with Dipterocarpus forests (ScHOENIG
and TumiLap 1984). Soil is very metallic
with a pH of 6.8. The entire island is
rich in nickel deposits (WRIGHT et al. 1958,
Santos-Ynigo and EsQuErra 1961). A
huge nickel mine and refinery operate on
the island, the latter giving off gases heavy
with ammonia and sulfer.

The specimens examined in the present
study were collected on March 29th, 1984
by Mr. Danilo B. LaorGo from an unnamed
stream near an open pit nickel mine.

Water temperatures at the time of
collection was around 28-30°C depending
upon the extent of shade provided by
vegetation lining the side of the stream.

Description of Species

Batrachospermum nonocense KuMano et Liao,

sp. nov. (Figs. 1-19)

Frons monoica, 7cm alta, 300-370
pm crassa, plus minusve dichotome ra-
mosa, modice mucosa, aeruginosa. Cel-
lulae  axiales cylindricae, 30-100 um
crassae, 230-320 um Verticilli
pyriformes, in parte vetustiore frondis
obconici. Ramuli primarii dichotome vel
trichotome ramificantes, ex 6-10 cellulis
clavi-

longae.

constantes; cellulae  proximales
formes, 3-6 um crassae, 9-17 um longae,

cellulae distales fusiformes vel ellipsoideae,

5-8 um crassae, 9-13 um longae; pili prae-
sentes, longitudine varientes. Fila corti-
cales bene evoluta. Ramuli secundarii ex
4-10 cellulis constantes, totum internodium
cellulaec fasciculorum clavi-
5-7 um

obtegentes;

formes. Spermatangia globosa,
diametro, in ramulis primariis et secundariis
terminalia vel lateralia. Ramuli carpo-
goniferi e cellulis basi ramulorum orientes,
ex cellulis 9-13 disc- vel doliiformibus con-
stantes, tortuosi; carpogonium basi 5-7 um
crassum, apice 5-8 um crassum, 25-40 um
longum; trichogyne ellipsoidea vel clavi-
formis, plus minusve indistincte pedicellata.
Bracteae numerosae et breves. Gonimo-
blastus singulus, verticillum similis et
aequans, 150-250 um altus; fila gonimo-
blastorum longa, ex 6-10 cellulis fusiformis
constantes, laxa agglomerata. Carpospor-
angia globosa vel ellipsoidea, 13-18 yum
crassa, 15-18 um longa.

Frond monoecious, 7 cm high, 300~
370 um wide, more or less dichotomously
branched,  moderately mucilaginous,
green with a bluish tinge. Axial cells
cylindrical, 30-100 yum wide, 230-320 um
long. Whorls pear-shaped or obconical
in the aged fronds. Primary branchlets
dichotomously or trichotomously branched,
consisting of 6-10 cell-stories; proximal
cells of fascicles club-shaped, 3-6 um wide,
9-17 um long, distal cells fusiform or
ellipsoidal, 5-8 um wide, 9-13 um long;
hairs present, varying in length. Cortical

Figs. 1-15.  Batrachospermum nonocense Kumano et Liao, sp. nov. 1. A part of thallus showing

an axial cell, primary branchlets, cortical filaments, secondary branchlets and a carpogonium-bearing

branch at very early stage of development;

2. Spermatangia terminal or lateral on secondary

branchlets, whose cells are club-shaped; 3-5. Terminal hairs varying in length; 6-7. Carpo-
gonium-bearing branches at very early stages of development; 8-11. Early stages of develop-
ment of spirally twisted carpogonium-bearing branches with young carpogonia; 12. A carpo-
gonium-bearing branch with a mature carpogonium; 13. A fertilized carpogonium with sper-
matia; 14. Gonimoblast filaments at a young stage of development and primary branchlets; 15.
Carposporangia terminal on gonimoblast filaments, consisting of fusiform cells, containing chloro-
plasts. (cb: carpogonium-bearing branch, cs: carposporangium, gf: gonimoblast filament, h:
hairs, pb: primary branchlet, s: spermatium, sp: spermatangium, tr: trichogyne. Scale bar;

50 um for Figs. 1, 14; 20 um for Figs. 2-13, 15)
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Map 1. Map of Nonoc Island.

filaments well-developed. Secondary branch
lets consisting of 4-10 cell-stories, covering
all the internodes; cells of fascicles club-
shaped. Spermatangia globose, 5-7 ym in
diameter, terminal or lateral on primary
and secondary branchlets. Carpogonium-
bearing branch arising from the basal cell
of the primary branchlet, consisting of
9-13 disc- or barrell-shaped cells, spirally
twisted; carpogonium 5-7 ym wide at the
base, 5-8 um wide at the apex, 25-40 um
long; trichogyne ellipsoidal or club-shaped,
more or less indistinctly stalked. Bracts
numerous but very short. Gonimoblasts
single, indistinguishable from the whorl
and equal in length, 150-250 um high;
gonimoblast filaments long, consisting of
6-10 fusiform cells, radially branched and
loosely agglomerated. Carpospores globose
or ellipsoidal, 13-18 um wide, 15-18 um
long.

Holotype: Larco and Liao, 29/III,
1984, Herbarium of Faculty of Science,
Kobe University, Japan.

Isotype: Larco and Liao, 29/I11, 1984,
Herbarium of Department
University of San Carlos, Cebu City, the

Philippines (CEBU, abbreviation proposed

of Biology,

for Index Herbarium).

Type locality: Nonoc Island, Minda-
nao, the Philippines.

Distribution: Known from the type
locality only.

The hitherto-known taxa of the section
Contorta constitute two distinct groups, the
first group having the curved -carpo-
gonium-bearing branch and the second
group having the twisted or spirally coiled
carpogonium-bearing branch. The second
group can be subdivided into two sub-
groups, the first subgroup having the
compactly agglomerated gonimoblasts and

Figs. 16-19. Batrachospermum nonocense Kumano et Liao, sp. nov.

16. A part of thallus show-

ing obconical whorls with a gonimoblast indistinguishable from the whorl; 17. A part of whorls

showing a carpogonium-bearing branch with a mature trichogyne, cortical filaments and secondary
branchlets; 18. Gonimoblast filaments hardly distinguishable from primary branchlets; 19.
Carposporangia terminal on loosely agglomerated gonimoblast filaments as long as primary branch-
lets. (cs: carposporangium, g: gonimoblast, tr: trichogyne. Scale bar; 100 um for Fig. 16; 20
um for Fig. 17; 40 ym for Fig. 18; 20 um for Fig. 19)
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the second subgroup having the loosely
agglomerated gonimoblasts. In having the
loosely agglomerated gonimoblast, B. nono-
cense resembles the taxa of the second sub-
group such as B. iriomotense Kumano (1982)
from Iriomote Jima in subtropical Japan,
B. tabagatenense KumaNo et BowpEN-KERBY
(1986) from Babeldaob Island of Palau,
Western Caroline Islands and B. necho-
choense Kumano et BowpeN-KErBy (1986)
from Moen Island and Tol Island of Truk,
Eastern Caroline Islands. B. nonocense dif-
fers from B. iriomotense in the size of the
thalli and gonimoblasts. In the case of
B. nonocense, thalli are 300-370 ym wide and
gonimoblasts are 150-250 um high, while
for B. iriomotense thalli are 150-240 ym
wide and gonimoblasts are 70-130um
high. Moreover, the gonimoblast fila-
ments of B. nonocense are so similar to the
primary branchlets that it is hard to dis-
tinguish the former from the latter by
means of low magnifying power microscope,
because the loosely agglomerated gonimo-
blast filaments are as long as the primary
branchlets, consisting of 6-10 fusiform
cells, which is comparable to the number
of cells of the primary branchlets, and
many chloroplasts are found in the cells
of the gonimoblast filaments as well as
in those of the primary branchlets. These
characteristics are peculiar to this species,
and have not been reported for the other
taxa of the section Conforta, thus the Nonoc
specimen is described here as a new spe-
cies, B. nonocense.

Acknowledgements

The authors wish to express their sincere
thanks to Mr. Danilo B. LarGo of the
University of San Carlos (USC) for pro-
viding the specimens for the study and
for sharing collection data, whose trip to
Nonoc was supported by funds granted by

Father Enrique ScHOENIG, S.V.D., former
Research Director of Department of Bio-
logy, the USC, and to Mr. Romeo MobpEgLo,
Jr., a doctoral student at Kyoto University,
for kindly facilitating the transport of the
specimens to Japan. The junior author
is grateful to the USC Library System,
the Filipiniana Library in particular, for
free access to its rich library and carto-
graphic collections. He is profoundly
thankfull tc Mr. Roy Chu Goguan for
making of the map and for his many con-
structive suggestions.

References

Kumano, S. 1980. On the distribution of some
freshwater red algae in Japan and southeast
Asia. Proceedings of the first Workshop for
the Promotion of Limnology in Developing
Countries, 1980, Kyoto, pp. 3-6.

Kumano, S. 1982. Two taxa of the section Conforta
of the genus Batrachospermum (Rhodophyta,
Nemalionales) from Iriomote Jima and Ishigaki
Jima, subtropical Japan. Jap. J. Phycol. 30:
181-187.

Kumano, S. and Bowpen-Kersy, W.A. 1986. Stud-
ies on freshwater Rhodophyta of Micronesia I.
Six new species of Batrachospermum RoTH. Jap.
J. Phycol. 34: 107-128.

Liao, L.M. and Larco, D.B. 1985. A new record
of freshwater Rhodophyta from the Philippines.
Proceedings of the 17th Annual Convention of
the Federation of Institutions for Marine and
Freshwater Science, 1984, Cebu City, pp. 29-30.

SanTos-Ynico, L. and EsQuErra, F.B. 1961. Geo-
logy and geochemistry of the nickelferous late-
rites of Nonoc and adjacent islands, Sugirao
Province, Philippines. Bureau of Mines Special
Projects Series Publications No. 18 —Iron-
Nickel. Philippine Bureau of Mines, Manila,
90 pp.

Scuoenig, E. and TumiLap, M. 1984. An expedi-
tion to Nonoc Island, Surigo, March 27 to April
4, 1984. Philipp. Scient. 21: 174-176.

Skuja, H. 1934. Untersuchungen iiber die Rhodo-
phyceen des SiiBwassers IV-VI. Beih. Bot.
Centralbl. 52, Abt. B: 170-192.

Wricnt, W.S., QuicHo, R.B., Sanros-Ynico, L.,
Sarazar, A. and ManNicQue, M.D. 1958,
Iron-nickel-cobalt resources of Nonoc, Awasan,
and southern Dinagat Islands in Parcell II of



A new Philippine species of Batrachospermum 105

the Surigao Mineral Reservation, Surigao, —Iron-Nickel. Philippine Bureau of Mines,
Mindanao. Part I. Text. Bureau of Mines Manila, 276 pp.
Special Projects Series Publications No. 17

B X*LM LIAOY: J,UyEY, J/ 9w IBDATEJIE, AV MILAE
MFE-93IV94VA) O1FH,

T4 Y9 €Y, /)9 BROLATEY IR 3 v 2D | HiFl, B. nonocense, HFRHES Nico BRMIC
HE4 HEMREEDSET, AR B. iriomotense KumaNo, B. tabagatenense Kumano et Bowpen-Kersy, & UF B.
nechochoense Kumano et BowDEN-KERBY 1Zfl5B0 LU, B. nonocense DFFERMCTES T AR, | (Régk
BOMRIC & B-SEEoMTHKI N, | REERLBAERILREITHD, HiczOMEZICIE 1| KRigE
BEOMRICRONS X5 BEaREEET. £-T, AEOERRE, EERORFTIE, | RS EBAEX
AHBRIEN S SVIRRL TN S, CO X WEERFRBICEEDOSDTH T, =¥ b o Lo
BHONBOEETHZDT, AEEFEEL LRI Lo (*657 HEMERXKAFE MPAREEEREYER

%, **Department of Biological Sciences, University of San Carlos)



Jap. J. Phycol. (Sérui) 35: 106-112, June 20, 1987

Sexual reproduction in Thorea Bory (Rhodophyta, Thoreaceae)

Orlando NEccHI Junior!

Instituto de Botdnica, Se¢do de Ficologia, Caixa Postal 4005, 01000 —Sdo Paulo, SP, Brasil

Neccur O. Jr. 1987. Sexual reproduction in Thorea Bory (Rhodophyta, Thoreaceae). Jap. J.
Phycol. 35: 106-112.

Spermatangium, carpogonium and carposporophyte are described from Brazilian material of
Thorea bachmannii. In addition, ‘“‘Chantransia” stage is also described. These plants are dioecious
and male plants are clearly distinguished from the female ones by their slender thalli. Spermatangia
are borne in pairs terminally and sub-terminally on short specialized branches. Carpogonia are
conical. Carpogonial branches are borne laterally on short vegetative branches and consist of one
or two short cylindrical or barrel-shaped, slightly pigmented cells. The trichogyne is elongate fili-
form and straight or curved. The gonimoblast filaments develop directly from the fertilized carpo-
gonium. The carposporophyte is arranged in clusters without any kind of envoltorium. Gonimo-
blast filaments are short and sparsely branched. They are composed of cylindrical cells compactly
arranged. Carposporangia are borne singly and in pairs, terminally and sub-terminally on gonimo-
blast filaments, with a dense and strongly coloured content. “Chantransia” stage arises in small
tufts from a prostrate crustose basis which gives rise to abundantly and irregularly branched basal
filaments and upper straight upright filaments of cylindrical elongate cells. Monosporangia are
borne singly on short lateral branches and they are globose, ovoidal or obovoidal. Taxonomic impli-
cations of the findings are fully discussed. An amendment is proposed to the genus, since in the ori-
ginal diagnosis sexual reproductive organs, carposporophyte and “Chantransia’ stage were not men-

tioned.

Key Index Words: carpogonium; carposporophyte; “‘Chantransia” stage; Rhodophyta; sexual repro-

duction; spermatangium; Thorea.

The genus Thorea was proposed by Bory
(1808) with no reference to the reproduc-
tive organs. It comprises of about 10
species and is classified in the family
Thoreaceae with the allied genus Nemalio-
nopsis SKuJA, both containing only fresh-
water  representatives. According to
Fritscu (1945) the thallus may be regarded
as showing a specialized type of multiaxial
structure.

Although the genus has been relatively
well studied recently (SwaALe 1962, 1963;
Biscaorr 1965; PujaLs 1967; Seto 1979;

1. Present address: Instituto de Biociéncias, Letras
e Ciéncias Exatas, UNESP, Departamento de
Botanica. Caixa Postal 136-15.001-S30 José do Rio
Preto, SP, Brasil.

NakamMura 1980; RATNASABAPATHY and
SEro 1981; Neccmr 1985; YosHIzAKI
1986), their reproductive organs have rarely
been described. ScuHMIDLE (1896) describ-
ed trichogyne, antheridium and cystocarp
in  Thorea ramosissima Bory. However,
FritscH (1945) regarded Schmidle’s cysto-
carp as probably being epiphytic blue-
green algae, and the monosporangia as the
only reproductive organs known. Sexual
organs were described by Neccar (1985)
in T. bachmannii PujaLs ex Pujars. Yosui-
zakr (1986) has reported sexual repro-
duction in T. okadai YAMADA. Thus sexual
reproduction in Thorea is still a poorly
known matter.

In the course of a taxonomic survey of
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the Brazilian freshwater Rhodophyta the
author collected specimens of Thorea bach-
mannii presenting carpogonium, spermatan-
gium, carposporophyte and “‘Chantransia”
stage. The purpose of this study is to
describe in detail the structures of sexual
reproduction in Thorea as well as the
carposporophyte and the “Chantransia”
stage, and to discuss its taxonomic impli-
cations.

Material and Methods

Fertile gamethophytes of Thorea bach-
mannit were collected at River Conchas,
Marechal Rondon Highway (SP-300), Mu-
nicipio of Conchas, State of Sao Paulo,
Brazil, 23°03’S, 47°57'W, on 23 August,
1983. Specimens of the “Chantransia”
stage were collected on 31 October, 1984.

Figs. 1-6. Thorea bachmannii. 1.
3. Structure of the thallus of male plant. 4.

A portion of female plant. 2.
Structure of the thallus of female plant. 5. Habit
of the “Chantransia” stage. 6. Apex of “Chantransia” stage filament showing monosporangia
(arrows). (Scale bar: 10 mm for Figs. 1-2; 500 gm for Figs. 3-5; 30 um for Fig. 6).

A portion of male plant.
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Specimens studied were preserved in 49 for-
maldehyde. For microscopic examination
fragments were dissected with needles and
mounted on slides in 19, aniline blue
solution acidified with 3%, IN HCI and
509, Karo syrup. Specimens and slides
of the plants studied are deposited in the
Herbarium of the Instituto de Botanica,

Sao Paulo, Brazil (SP).

Results
Gametophyte: The plants are dioecious,
moderately  mucilaginous,  abundantly

branched, 10-50 cm high and 800-1300
Male plants (Figs. 2-3) are
clearly distinguished from the female ones
(Figs. 1-4) by their slender thalli. Sper-
matangia (Figs. 7, 12) are borne in pairs

pum  wide.

Figs. 7-11.  Thorea bachmannii. 7.

terminally and sub-terminally on short
specialized branches near the basis of
assimilatory filaments. They are elliptic
or obovoidal, being 8-10x4-7 ym. The
content is sparse and almost colourless.
Spermatia are spherical or ovoidal after
release and 5-6 ym in diameter.

~ Carpogonia (Figs. 8-9, 11, 13-16) are
conical and 5-7 um wide. Carpogonial
branches (Figs. 8-9, 11, 13-16) are borne
laterally on short vegetative branches and
are one or two-celled; cells are short
cylindrical or barrel-shaped and slightly
pigmented. Their position in the thallus
is the same as those of the spermatangia.
The trichogyne is elongate filiform and
It is 100-300
um long and 2-4 um wide, reaching a

straight or slightly curved.

maximum of two-thirds of the length of

1

Spermatangia on short specialized branches. 8. Early

stage in the development of the carpogonium (arrow) with a young trichogyne. 9. Mature car-
pogonium (arrow) showing the basal portion of the trichogyne. 10. Mature carposporophyte.
11.  Entire female gametangium showing the carpogonium (c) and the trichogyne (t). (Scale bar:
20 pm for Fig. 7; 10 um for Figs. 8-9; 30 um for Figs. 10-11).
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the assimilatory filaments.

Fertilization: Spermatia adhere to the dis-
tal end of the trichogynes (Figs. 15-16).
Several spermatia are generally seen ad-
hering on the same mature trichogyne.
The adhering spermatium fuses with the
trichogyne (Fig. 16) and presumably mig-
rates to the base of the carpogonium. The
trichogynes fall off after fertilization.
Carposporophyte. Early carposporophyte de-
velopment shows that the gonimoblast
filaments develop directly from the ferti-
lized carpogonium (Figs. 17-19). The
mature carposporophyte (Figs. 10, 20) has
a simple arrangement in clusters without
any kind of envoltorium. Gonimoblast
filaments (Figs. 20-21) are short and
sparsely branched. They are composed
of cylindrical cells compactly arranged.
Carposporangia (Figs. 20-21) are borne sing-
ly or in pairs, terminally and sub-terminally
on gonimoblast filaments. They are club-
shaped or obovoidal and 17-25um long
and 8.5-13 um wide. Their content is
dense and strongly coloured.

Plants of the “Chant-
ransia” stage (Figs. 5, 22) arise in small
bluish or blue-green tufts up to 3 mm high
and arise from a prostrate crustose basis
(Fig. 22). They are abundantly and
irregularly branched in their basal parts
and form straight upright filaments (Fig.
22) of cylindrical elongate cells, 20-60
X 10-17 yum. Monosporangia (Figs. 6, 22)
are borne singly on short lateral branches.
They are globose, ovoidal or obovoidal,

“Chantransia” stage:

17-24 x 13-16 um, become
round after release, and are 12-15um in

diameter.

monospores

Discussion

Some progress has been made in knowing
more about the sexual reproduction in
Thorea since it was recorded by SCHMIDLE
(1896). His observations were unsatis-
factory and some points remained unclear,
including the spermatangia, the carpo-
gonium, and the carposporophyte. His
description of the trichogyne and the
illustration of fusion of the spermatia
with the trichogyne are fundamentally
identical to ours. NeccHI (1985) described
the spermatangia and the carpogonia,
but not the carposporophyte. YOSHIZAKI
(1986) supplied a better description of
the reproductive organs, as well as of the
carposporophyte. Schmidle’s observations
as well as those of Necch1 (1985) and of
Yosuizakr (1986) complement and cor-
roborate the present findings.

SwaLE (1962) gave a description of the
“Chantransia’ stage of Thorea ramosissima
from wild and cultured material. How-
ever, he could not interpret the significance
of “Chantransia” in relation to the life
history of Thorea because of the lack of
knowledge of sexual organs. The “Chant-
ransia’ stage has also been reported in 7.
rieket BiscHOFF (BiscHOFF 1965). On the
basis of the present and preceding obser-
vations it is reasonable to infer that the

Figs. 12-22. Thorea bachmannii. 12. Spermatangia terminal and sub-terminal on short spe-
cialized branches. 13-14. Early stages in the development of carpogonium with young trichogynes.
15. Mature carpogonium with spermatium (S) on the distal ending of the trichogyne. 16. Mature
carpogonium showing fusion of the spermatium (S) with the trichogyne. 17-19. Early stages in
the development of carposporophyte showing gonimoblast filaments developing directly from the
fertilized carpogonium (fc). 20. Mature carposporophyte showing fertilized carpogonium (fc),
gonimoblast filaments (gf) and carposporangia (csp). 21. Carposporangia terminal and sub-ter-
minal on gonimoblast filaments. 22. Portion of “Chantransia” stage showing prostate crustose
basis (B), upright filaments (F) and monosporangia (M).
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life history of Thorea is probably the same
as that of the representatives of the Bat-
rachospermaceae. This assumption was
previously made by PuescHEL and CoLE
(1982) in classifying the Thoreaceae togeth-
er with the Batrachospermaceae within
their new order Batrachospermales. Their
assumption is chiefly based on the ultra-
structural characteristics of the pit plugs
and also on the development of the gameto-
phyte on the filaments of the ““‘Chantransia”
stage. This last fact was observed by
SwaLE (1962) in Thorea ramosissima.

Hepccock and HunTer (1899) found in
the outer portion of the axis in T. ramosis-
stma certain longitudinal fibers, which
show no chlorophyll, and whose proto-
plasmic contents seemed to be homo-
They considered these fibers as
being a portion of the assimilative axial
region of the plant. To judge from their
description such fibers are possibly tricho-
gynes.

PujaLs (1967) in the description of T.
bachmannit mentioned the occurrence of
elliptical or pear-shaped monosporangia,
6.5-9x5-6.5 yum. They are very similar

geneous.

to the spermatangia described here in
shape and size. So, it is probable that the
“monosporangia’ described by PujaLs are
spermatangia. Similarly, it is possible that
the structures described as ‘““monosporan-
gia” by other authors for different species
are spermatangia or carposporangia. The
real occurrence of monosporangia in the
genus has to be carefully studied in the
light of a new information concerning
sexual reproduction.

The present finding of sexual reproduc-
tion permits proposal of an amendment of
the genus since it was described by Bory
(1808) without reference to the sexual
structures, the carposporophyte, and the
“Chantransia’ stage.

Thored Bory emend. NECCHI

Spermatangia e strato corticali evoluta,
singula vel duo, in apicibus ramulorum
specialium breviorum.

Ramuli carpogoniferi e basi ramulorum
corticalium laterale evoluta, brevi, ex 1-2
cellulis constantes.
longa.

Trichogyne filiformis,
strato  corticali
evolutum, in fasciculo dense aglomeratum.
Fila gonimoblastorum brevia, sparse rami-
ficantia, ex cellulis cylindratis brevibus
constantes. Carposporangia
duo in filibus gonimoblastorum termi-
nalibus vel subterminalibus.

Status ‘‘Chantransia’ caespitosus, e filis
repentibus et filis erectis irregulariter ramo-
sis constructus, ex cellulis cylindratis longis
singula vel

Carposporophytum e

singula vel

constantes. Monosporangia
duo in filis lateralia stipitata.
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Accumulation of cytoplasmic vesicles in cell walls during
cell modification in Chaetomorpha moniligera
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Oxupa, K. and Mizura, S. 1987. Accumulation of cytoplasmic vesicles in cell walls during cell
modification in Chaetomorpha moniligera. Jap. J. Phycol. 35: 113-120.

Ultrastructure of the cell wall during modification of the thallus cells of Chaetomorpha moniligera
were investigated with an electron microscope. Cylindrical thallus cells growing at 27°C showed
rapid expansion on treatment with Fluostain and colchicine. The wall of expanded cells thickened
markedly with considerable deposition of matrix polysaccharides in which numerous osmiophilic
vesicles were embedded. The vesicles were assumed to accumulate within the wall by their release
from the cytoplasm during cell modification. The relation between cell wall thickening and osmio-
philic vesicles, and the action of Fluostain and colchicine in bringing about modification in the shape

of cells of Chaetomorpha moniligera are discussed.

Key Index Words: Cell shape modification; Chaetomorpha moniligera; colchicine; Fluostaing

wall vesicle.

Plant cell shape is considered to be
regulated by newly-formed microfibril ori-
entation which is affected indirectly by
cortical microtubule arrangement. Evi-
dence for this is the fact that when micro-
tubules are disrupted by antimicrotubule
agents, cells become spherical in shape (see
review by Newcoms 1969, HEpLER and
Parevitz 1974, Lroyp 1984). However,
there are many cases which cannot be
explained on the basis of this hypothesis
(HepLEr and Parevitz 1974, GunNING
and HarbuaM 1982) and microfibril orien-
tation due to cortical microtubule arrange-
ments is considered not always to govern
plant cell shape.

As reported previously (MizuTa ef al.
1986, Oxupa and MizuTa 1987), the shape
of growing cylindrical thallus cells of
Chaetomorpha moniligera becomes spherical
on treatment with colchicine. The direc-
tion of microfibril arrangement in cross
polylamellated walls of spherical cells was

found to be not random but orderly, and
the same tendency was also noted in the
most recently formed wall layer. Micro-
fibril orientation does not affect the growth
direction of cells and modification in cell
shape of Chaetomorpha is considered to
result exclusively from the loosening of
interfibrillar substances.

In this paper, the remarkable accumula-
tion of cytoplasmic vesicles into cell walls
during cell modification in Chaetomorpha
on treatment with colchicine and Fluo-
stain is reported and the involvement of
vesicles into cell wall loosening is discussed.

Materials and Methods

Cultures:  Chaetomorpha moniligera KJELLMAN
was collected from inshore sites in Kochi
prefecture, Japan, and cultured in PES-
medium (Provasor: 1966) at 27°C. The
young growing plants were recultured in
the media in the presence and absence of
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Fluostain II and colchicine for 6 days.
The Fluostain II (Dojin Chemical Co.,
Kumamoto, Japan) used was a fluorescent
brightener of a bis-triazinylaminostilbene
derivative and quite similar to Calcofluor
White ST (American Cyanamid Co.,
Wayne, New Jersey, U.S.A.) which is
known to have strong affinity to F-hexa-
pyranosyl polysaccharides (MAaEpA and
Ismipa 1967).

Electron microscopy:  Chaetomorpha thalli were
cut at a Jength of about 4 mm and fixed in
49, glutaraldehyde dissolved in sea water
at 25°C for 1 hr and then at 2°C another
hour. After being washed with sea water,
they were postfixed with 29,0s0,, de-
hydrated with acetone and embedded in
Spurr resin. The specimens were then
sectioned using a Reichert Om U2 ultra-
microtome and then mounted on Formvar-
coated grids. The sections were stained
with uranyl acetate and lead cirtate solu-
tion before observation with a JEOL JEM
100U electron microscope.
were treated with KOH-ethanol solution

Some sections

for 7 minutes to dissolve the embedded
resin and shadowed with Pt before observa-
tion. Cell wall thickness of 5 individual
cells was measured.

Results

Fig. 1A shows Chaetomorpha thalli growing
at 27°C. Each cell, cylindrical in shape,
grows by cellular division as was also
noted for Chaetomorpha darwinii (KORNMANN
1969) and then sporulated. During the
culture, cell shape remained almost con-
stant, appearing cylindrical or slightly
cask-like. When the thalli were cultured
in media with Fluostain (0.1 mg/ml) or
colchicine (5x107* M) for 6 days, each
cell expanded remarkably (Fig. 1B and
(). This expansion generally began at
the lower (closer to rhizoid) portion of

S —

A

Fig. 1. Growing Chaetomorpha thallus cultured
in the presence and absence of Fluostain and
colchicine. A, control; B, colchicine (51073 M)
treatment; C, Fluostain (0.1 mg/ml) treatment.
Scale in A applies also to B and C.

each cell and was affected more strongly
by colchicine than Fluostain.

Fig. 2 shows cell wall sections of both
cylindrical and expanded cells cut longi-
It was
quite evident that the wall of a control
cylindrical cell (Fig. 2A) was thinner

tudinally along the longer cell axis.

than that of any expanded cell, being 3.9
+0.4 gm in thickness. Microfibrils in the
wall were oriented alternately in longi-
tudinal and transverse directions to the
longer cell axis (long arrows), a pattern
appearing consistently throughout the cell
wall. Remarkable thickening was noted
in the cell wall of those cells which expand-
ed by treatment with 0.1 mg/m/ of Fluo-



Cell wall vesicles in Chaetomorpha

Fig. 2. Cross sectional view of the walls of Chaetomorpha cells cultured in the presence and ab-
sence of Fluostain and colchicine. Thin sections were shadowed with Pt following treatment with
KOH-ethanol for 7 min. A, control; B, Fluostain (0.1 mg/ml) treatment for 6 days; C and D,
colchicine (51073 M) treatment for 6 days. W, cell wall; IS, inner surface of the wall; OS, outer
surface of the wall; large arrow, longer cell axis.
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Fig. 3. Cross sectional view of the walls of Chaetomorpha cells cultured in the presence and ab-
sence of Fluostain and colchicine. A, control; B, Fluostain (0.1 mg/ml) treatment for 3 days; C
and D, colchicine (5 10°% M) treatment for 6 days. W, cell wall; IS, inner surface of the wall;
OS, outer surface of the wall.
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stain (Fig. 2B) and 5 107° M colchicine
(Fig. 2C and D). The average wall
thickness of expanded cells caused by
Fluostain and colchicine treatment was
740.9 um and 6.74-0.5 um, respectively.
This tendency was almost the same by

treatments with 0.01 mg/m/ of Fluostain
and 10 M colchicine. The inside part
of the thickened walls of Fluostain treated
cells was assumed to be composed of a
considerable amount of matrix substances
and some microfibrils were also noted to be

Fig. 4. Tangential section of Chaetomorpha cells treated with Fluostain. A-C, sections showing
release of many osmiophilic vesicles; D, higher magnification of osmiophilic vesicles within the wall;
Large arrows, osmiophilic vesicles in cytoplasmic vacuoles; small arrows, osmiophilic vesicles in the
wall; open arrows, vesicles in the cytoplasm; arrowheads, cytoplasmic vacuoles; CP, cytoplasm;
W, cell wall; MT, microtubule.
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present (Fig. 2B). In the colchicine treat-
ed cells, these matrix substances were
observed to be situated in the same part
(Fig. 2C and D) and to contain micro-
fibrils with ordered shift in orientation.
Numerous protruding structures, 60+5 nm
in diameter, could also be seen within the
thickened walls of both Fluostain and
colchicine treated cells. These structures
may possibly have accumulated in the
walls during cell modification. They were
removed by prolonged treatment with
KOH-ethanol for more than 7 minutes at
25°C.

Fig. 3 shows cross sections of walls of
cells in control (A) and in expanded due
to Fluostain (B) and colchicine (G and D).
Since they were not treated with KOH-
ethanol nor shadowed, microfibrils could
hardly be seen but the protruding
structures shown in Fig. 2 were evident
as osmiophilic vesicles (Fig. 3B-D), 554
5nm in diameter and present on the
cytoplasmic side of the wall. Their den-
sity following colchicine treatment exceeded
that with Fluostain.

Fig. 4 shows tangentially-cut sections of
cells expanded by Fluostain. The network
structure in the wall may possibly consist
of matrix polysaccharides and proteins
adhering to the microfibrils. Osmiophilic
vesicles (small arrows) could usually be
seen within walls surrounded by the
network. As can be seen in Fig. 4D, the
vesicular outlines are obviously biomem-
branes. In the peripheral cytoplasm, two
kinds of vesicles, osmiophilic and osmio-
phobic, were observed. The former was
present within cytoplasmic vacuoles (large
arrows in Fig. 4C) and the latter only in
the cytoplasm (open arrows in Fig. 4
A and B). Vesicles in vacuoles were
almost similar in size to those in the cell
wall. Vacuoles with (large arrows in
Fig. 4) and without (arrowheads in Fig. 4)

vesicles were frequently observed to open
to the cell wall and vesicles appearing on
the verge of being released to the wall
were observed (large arrows in Fig. 4A
and B).

Discussion

It is now clear that modification of
Chactomorpha thallus cells does not result
from microfibril orientation (MizuTa et al.
1986, Oxupa and Mizuta 1987). The
microfibril arrangement in the walls of
cells expanded by colchicine is always
ordered although the cells are spherical in
shape. In the present study, it became
clear that not only colchicine but Fluostain
as well caused Chaetomorpha thallus cells to
expand. QUADER ef al. (1983) reported
that Calcofluor White, the same fluo-
rescent brightener as Fluostain, inhibits
In the inside
part of the walls of cells expanded by
Fluostain, fibril density was noted to be
slight. This may possibly have resulted
from inhibition of cellulose deposition by
Fluostain. However, expansion of the
Chaetomorpha thallus cells is not considered
due to the scarcity of microfibrils as a
result of Fluostain treatment. In the outer
part of the wall formed prior to Fluostain
treatment, a cross polylamellated wall
structure was clearly evident with a thick-
ness essentially the same as that of a
cylindrical cell wall (Fig. 2A and B).
It was also noted that the expansion of
Chaetomorpha cells occurred only in a
certain part of the wall (Fig. 1B and Q).
Should expansion occur due to overall
reduction in wall strength, the cell would
be spherical as a whole. Thus, modifi-
cation of the Chaetomorpha cell by the action
of Fluostain is considered to occur through
local loosening of the wall. This mech-
anism would also apply to the action of

cellulose deposition in vivo.
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colchicine (Okupa and Mizuta 1987).
Within the wall matrix of cells expanded
by Fluostain and colchicine, numerous
vesicles were observed (Fig. 2) and they
were removed by prolonged treatment with
KOH-ethanol These vesicles
were osmiophilic and enclosed by bio-
membranes. Structures similar to these

solution.

were present in cytoplasmic vacuoles.
There were indications that the vesicles in
the vacuoles were released to walls along
with other vacuolar constituents (Fig. 4).
It thus appears possible that they are
released from the cytoplasmic vacuoles and
then transferred to the wall matrix. Sim-
ilar type of vesicles have also been observed
in Chaetomorpha brachygona (CHAN et al.
1978) and a possible relation between
those and the deposition of acid polysac-
charides has been suggested (RoBINsoN and
PrestoN 1971). In C. moniligera, however,
vesicles accumulated within the wall were
osmiophilic and there were numerous
indications of the exocytosis of osmiophobic
vesicles and wvacuoles (Fig. 4). Since
osmiophilic vesicles accumulate and matrix
substances are deposited actively within
the wall during cell modification, the
vesicles may contain certain elements re-
lated to the destruction and reconstruction
of matrix polysaccharides and structural

proteins.
Abnormal cell expansion and the deposi-

tion of wall substances in higher plants
have been found when treated with col-
chicine or coumarin, the latter a known
inhibitor of cellulose deposition (ITon

1976a, b). However, cell shape modifi-
cation and abnormal wall thickening by
Fluostain have so far been unknown
phenomena. It appears certain that col-
chicine and Fluostain enhance both matrix
deposition and release of cytoplasmic vesi-
cles into Chaetomorpha cell walls. That

only a certain area of the wall of each cell

undergoes expansion may mean that the
cytoplasm of this particular area has higher
activity to produce substances that cause
wall loosening. The detailed clarification
of the functions of these vesicles will require
additional research and analysis by bio-
chemical methods.
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Chondrus punctatus was first described by
SURINGAR (1867) on the basis of specimens
collected in Japan by TExTOR, although
no indication of the locality was given.
Harior (1891) transferred it to Gigartina
based solely on its vegetative structure.
However, this alga lacks specially-developed
cystocarpic papillae and the cystocarp is
formed within the thallus. The presence
of cystocarpic papillae is a distinctive
feature of foliose species of Gigartina sensu
stricto which excludes Iridaea and Rhodo-
glossum from Gigartina circumscribed by
Kmv (1976). Oxamura (1902) stated that
Gigariina punctata (SURINGAR) HARiOT was
probably referable to tetrasporangial plants
of Chondrus ocellatus HOLMES or to the genus
Grateloupia. OxaMURA (1916) reiterated its
questionable status. Since then, the alga
has not been mentioned in the literature.
SuriNngarR  (1867), however, antedates
Hormes (1896), in which the name C.
ocellatus was published. Re-examination
of the original specimens of C. punctatus is
thus needed.

The holotype specimen of Chondrus punc-
tatus deposited in the Rijksherbarium,
Leiden (L 940.285.313) was examined on
loan with the kind help of Dr. W.F. Prup’
HOMME VAN REINE. This specimen lacks
the lower portion (Fig. 1). Some sections
were made by hand using a scalpel (Feath-
er No. 15) under a dissecting microscope.

The thallus is multiaxial in construction.
Medullary filaments consist of slender cells
and are rather densely intermeshed (Fig.
2). Anticlinal cortical filaments consist
of up to 10 cells. The 5-6 cells constitut-
ing an inner cortex are irregular in shape
and are joined by secondary pit-connections
between adjacent cell rows. This layer
grades into an outer cortex of small,
roundish, isodiametric, 4-5 cells without
secondary pit-connections between adjacent
cell rows. The specimen has ampullary
cell clusters of accessory nature on which
a carpogonial branch is produced (Fig. 3).
The ampulla is formed from an inner
cortical cell. A roundish, compact cysto-
carp is formed deep inside the thallus
(Fig. 4) and it lacks the enveloping peri-
carpial filaments found in species of Gigar-
tina (Mixam1 1965).

The presence of ampullary structures
distinguishes the alga in question from both
Chondrus and Gigartina and places it in
the Halymeniaceae (Cuiang 1970, KRAFT
1977). It is therefore necessary to compare
C. punctatus with known species of the
Halymeniaceae in Japan. Chondrus punc-
tatus is most similar in gross morphology to
Grateloupia imbricata HoLMEs and Carpopeltis
prolifera (HarioT) KawacucHI et Masupa
of the 41 species of this family known to
date from Japanese waters (YOSHIDA ef al.
1985). In G. imbricata, however, the
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Figs. 1-4.  Chondrus punctatus SURINGAR.

Holotype specimen deposited in Rijksherbarium,

Leiden (L 940.285.313). 2-4. Longitudinal sections of the holotype: 2, showing the thallus struc-
ture; 3, showing a carpogonial ampulla (arrow); 4, showing a cystocarp. Scale in Fig. 2 applies

also to Fig. 4.

branches are crowded and overlap each
other (Hormes 1896) and the inner cortical
cells are larger and more irregular than in
C. punctatus (KawacucHi, unpubl.). Car-
popeltis prolifera has an internal structure
similar to that of C. punctatus, while the
reproductive structures are mostly confined
to the upper part of a single thallus or to
the proliferations (Kawacucur and Masupa
1984).
Thus the alga in question is ascribed to

This is not the case in C. punctatus.

neither of them. The small, fragmentary
specimen in addition to its unknown
locality makes it very difficult to determine
We therefore
propose that Chondrus punctatus SURINGAR
be treated for the present as being of

the exact nature of the alga.

unknown generic status.
We wish to thank Professor T. Yosuna
and Dr. M.D. Guiry for their reading of

the manuscript and suggestions. We are

grateful to Dr. W.F. PrRUD’HOMME VAN
REINE for loan of the type material.
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Mixamy, H. 1987. Studies on Erythroglossum pulchrum YAMADA and Hypoglossum sagamianum Y AMADA
(Delesseriaceae, Rhodophyta). Jap. J. Phycol. 35: 124-129.

Morphological studies were carried out on the original specimens of Erythroglossum pulchrum Y AMA-
pA and Hypoglossum sagamianum YaMaDA and the following characters were confirmed.

Erythroglossum  pulchrum: 1) thallus is monostromatic except the inconspicuous midrib and
branches arise from margin alternately, 2) no lateral vein is present, 3) an apical cell divides trans-
versely to form first-order cell row, in which intercalary cell divisions take place, 4) paired second-
order cell rows arise successively; those first formed usually develope more strongly than the opposite
ones, so that marginal serrations are alternately arranged, 5) tetrasporangial sori are formed on the
central portion of ultimate branchlets; tetrasporangia are 35-50 um in diameter and tetrahedrally
divided, 6) spermatangial sori are formed on the central portion of ultimate branchlets.

Hypoglossum sagamianum: 1) thallus is monostromatic except midrib, and a few branches arises
from midrib, 2) no lateral vein is present, 3) an apical cell divides transversely and intercalary cell
divisions take place in second-order cell rows, 4) the initial cells of second- and third-order cell rows
reach thallus margin, 5) tetrasporangial sori are formed on ultimate branchlet; no third-order cell
row is formed within the sorus, but it is formed outside it; tetrasporangial primordia are cut off from
second-order cells, including lateral pericentral cells; tetrasporangia are 3045 ym in diameter and
tetrahedrally divided.

Key Index Words: Delesseriaceae; Erythroglossum pulchrum; Hypoglossum sagamianum;

Morphology; Rhodophyta.

Hideo Mikami, Women’s Junior College, Sapporo University, Nishioka 3-7-3-1, Sapporo, 062

Japan.
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Fig. 1. Epythroglossum pulchrum Y AMADA.  Syn-
type specimen (SAP 048986) collected from Najima-
Warejima, near Hayama, Kanagawa Prefecture on
July 7, 1937.
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Fig. 7. Hypoglossum sagamianum Y aMADA. Ho-]
lotype specimen (SAP 048987) collected from Oga-
shima, near Hayama, Kanagawa Prefecture on
April 18, 1939.
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Figs. 2-6. Erythroglossum pulchrum Yamapa. 2. Apex of frond showing apical segmentation.
3. A part of frond with tetrasporangial sori. 4. Surface view of tetrasporangial sorus. 5. A
part of frond with spermatangial sori. 6. Surface view of spermatangial sorus. Numerals 1-5,
first-order cell row (primary segments produced by apical cell divisions); a, apical cell; i, secondary
cells produced by intercalary divisions; i, i3, initials of second- and third-order cell rows; sp, sperma-
tangium; ss, spermatangial sorus; t, tetrasporangium; ts, tetrasporangial sorus.
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150 pm
8,9, 12-13
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Figs. 8-15. Hypoglossum sagamianum Yamapa. 8, 9. Apex of frond showing apical segmen-
tation. 10. Cross section of frond. 11. Tetrasporangial plant. 12. Young tetrasporangial
ultimate branchlet. 13. Tetrasporangial primordia cut off from second-order cell rows. 14,15,
Surface view of tetrasporangial sorus. Numerals 1-17, first-order cell row (primary segments pro-
duced by apical cell divisions); a, apical cell; cc, central cell; i, secondary cells produced by inter-
calary divisions; i, ij, initials of second- and third-order cell rows; p, tetrasporangial primordium;
Ppc, lateral pericentral cell; t, tetrasporangium; ub, ultimate branchlets.
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Mizura, S.1987. Structure and generation of cell walls in cellulosic algae II. Microfibril formation
and regulation of orientation. Jap. J. Phycol. 35: 130-143.

The present review is concerned with the genesis of cellulosic microfibrils in algae. Cellulose
microfibrils are comprised of several aggregated elementary fibrils each consisting of a core of crystal-
line cellulose chains synthesized by cellulose synthesizing complexes (TCs) in the plasma membrane.
The structures of TCs so far reported are generally classified into two types on the basis of configura-
tion: (i) a structure consisting of hexagonal arrays of particles, “‘rosette” and (ii) a structure com-
prised of linearly arranged particles.

Structures of type (i) have been observed on the PF-face of freeze-fractured plasma membranes.
Zygnematalean algae, Micrasterias and Spirogyra belong to this type. Structures of type (ii) appear
either on the EF or on both the EF and the PF-faces of plasma membranes. Siphonocladalean
and cladophoralean algae of Boergesenia, Valonia, Boodlea and Chaetomorpha, and a chlorococcalean
alga, Oogystis, belong to this type. The mode of arrangement of the particles of type (ii) is considered
to be three rows in Oocystis, Valonia and Boergesenia but random in Boodlea and Chaetomorpha.

The structure of type (i) is formed in Golgi apparatus and carried to the plasma membrane by
the fusion of Golgi vesicles. However, type (ii) structures are assembled on the plasma membrane.
They actively participate in cellulose deposition after growing to about 100 zm in length and become
longer by the incorporation of the assembled particles.

There is no fixed theory on regulatory mechanisms of TC movement. In Boergesenia, Boodlea,
Valonia and Chaetomorpha, no correlation has been reported between the arrays of peripheral micro-
tubules and the direction of TC movement. Recently, evidence has been proposed for the idea that
membrane fluidity may play a key role in regulating the direction of TC movement.

Key Index Words: Calcofluior White; cellulose synthesizing complex; cellulosic algae; colchicine;
Sreeze fracture; microfibril deposition.

Shun Mizuta, Department of Biology, Faculty of Science, Kochi University, Akebono-cho, Kochi
780, Japan.
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Fig. 1. Scheme of a cellulose molecule and crystalline lattice in the unit cell and elementary

fibril (MUHLETHALER 1967).

a, “bent” chain conformation postulated by HErMANs (1949) showing

intramolecular hydrogen bonds; b, unit cell of native cellulose proposed by MARCHESSAULT and
Sarko (1967); ¢, cross section of a crystalline elementary fibril showing arrangement of cellulose

chains (FREI-WyssLING and MUHLETHALER 1963).

and MUHLETHALER 1963, MUHLETHALER 1967) {T X
DEEUTXBEFEESBOTHLIANGNTS
Y, Fig.lc IORT LS, BPROBE LB
Do —RETNEEE L TNELEELONT
V3o ZOMTFII LT — ZDERONEETRL, ¥
40D B-1, 4 HED T F KBS b IKABNB LD
—EOMR THRAUMCESIL, $EERUSHEEIC
BOTKFEEEICIDFEEIN TS (Fig. 1 a BT b)o
DL FHE T v -1 F /id “native
cellulose” &IEIH, F7-, Fig. lc iICRTXHMEE
AL L7 4 7Y VOBPENLIZ L v BB NGV
AV2Y) =74 TYNERENTNS,

o -2 L 3ESEEBIEBAAV L, a7, B
BRUHBECENTOEDLN, 20T VX V2
V=74 7YV EEOKREZXIE 3.5X3.5nm THB
EVbNTVE, T A Y2 Y =7 47 ) VFHIT
FRRICEDESIKKNI 787 4 7 ) v 2R
L, 20RREEHED 7 F o ickhilld s hTy
% (FRey-WyssLING and MUHLETHALER 1963), —JF
Preston (1974) & #4 A, = 7 Valonia ventricosa
ZHEIEL, WA a7 4 7T )LD W% B
L, Fig.2 ICRLEEFNVEFKE LTS, ZOEF
nHEAMICIE FrREY-WyssLING 5D E TV & ARES
BFEEa7EL, TOAMIREEL LTT F oY
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Fig. 2. Diagramatic representation of the
structure of a cellulose microfibril in a transverse
view (PresTon 1974).

S RBRBEHICLDEDNIHETHEDS, 278
D4 RiFKEL, 18.5x11.5nm THB LHLTH
%o
ZDEHNTFUEBEHOEREELSFRERETSE
DL LTERINEPREEDEHTHY, ¢OD
BIICK & B UAHEDS 7 ) — XL 7Y HETH
2Tce 7Y — XV 7Y A& SHINSARE B R AT IC R
ERTHEEEL, chEHZRTEHERL, WHALK
HHEREOHME & > CTEETHES 2 HETH S, C
DFER, BREUFESEE, BX, SieEgiise
BEL-MEEBET 0N, Cok S EREE
—PB RO THRIE & D EEEET 20 TESE
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DML & D BRICKM U BBBETES A,
R, BEOZEE L cEESPRNCBEETREHAT
FHERICK EWFIEADH B0 COHEICKD, 19604
DHAM H19TERDREREICH G, FRER LIS
320 - 20BRICBR LS  OBfRsEESh
TWW3o ZORTELD HHERINT &/-DHHEM
EICRELTH SN B BINERT, CORICELD —
ADEREDPERBATEBTEINEITHA D EEL
57z (MUHLETHALER 1967, NorTHCcOTE 1968,
OsBrien 1972, Roranp 1973, Preston 1974),
ENRFEEENTE TR N, MieEEBE LT
FEREICfHE A (STAEHELIN 1966, MUHLETHALER
1967) &b, /NMEAEETERI N, Mk 7icnic
FIZE K F TREIT 5 (RoseEnek and PEvELING 1977),
bR ITVIETERIN, /NEOFRERE Ol
Atk FEBERECGEIZN S (KiekmavErR und Dos-
BERSTEIN 1973) L4 b T 548, Dk S EHRIC
¥ - 7R & o — ROTRICE UTidBE % 124K
OB Ufco THERLDD Preston (1964) 1€
k&% “ordered granule hypothesis” Tdhb, TDH
13, A& 7y O TIIEER 35 nm OERASFEIE
RETHEBERLTI 7074 7Y LEBROBL, 2
DB A HEIRE R T 2 Eh O ESF I X DBk
EBEINBEENIHEDTHB (PrEsToN 1964, BAKNETT
and Preston 1970, RoBinson and Preston 1971),

Cell
surface

R+ Ridge
4GB+ Aggregating granule bands
AR+ aggregating ridges

Ec 4+ Cellulose enzyme complex

IEC + tnactve cellulose enzyme comolex
o +  Partictes ossocicted with B face
4+ Phosoholioid molecutes

a2

Wiy
Ny
3

S Z
,’/{ ¢

iR ULZzDE, 2—3FvavFry s AEHT
NBero—2ERERESHROEREY, 1707
4 7Y VER LSO S FIEREBEIT 5 058
b8 Brown SiTkD bl bX Nt
Brown and MonTeziNos (1976) 3, BHAEZIBAL
A A+ ZF 4 R Qocystis apiculata DFFLEMR EF H
ICEFNC S & SEEK Tnm ORNEZRYD, TO—
WICRFREINIEZZONE I 707 4 7T ) VOB
BHENTVEZEDD, COBERBE42—IFra Y
7V 2 & (terminal complex ; TC) &, ch b
BB LIS 7 F oS ERD I USRS 2 E
TH5EMUE Lo Fig. 3 IKRT LS, EF ¥HE
fl (B EH) cELET 5 TC (EC) i3, BIBEERE
IZ27m7 4 7 ) VEBDMLISHS, PFE (AMHE)
LiedB s 7=y ¥ END BUNER» 5783
VD LEERHOHF FICA-TBE T 5. —7,
Gippings et al. (1980) 1%, 7 V¥ 39w F ) € Micr-
asterias denticulata OJFFZBEZIBAE (PF M) ICHEE
¥ 8nm Qo MEICESIT A ENMEEL LD,
s vy avF)ERREBTS TC THEERL
foo B v MEBENOEIIEIL, &b EESEY
ICHBINT StaeneLiN (1966) i kD FERE N, o
— 24 HRicB8 LTIz KiErMaYER and SLeytrR (1979)
BEEL T, 7y avF ) BRBOTHERRE Y
M FEFERESSARICEREESIL, $ERT—

Z

A\

S

555

Fig. 3. Diagramatic interpretation of cellulose synthesis in the plasma membrane of Qogystis

(Brown and MonTEZINOS 1976).
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Fig. 4. Model of microfibril deposition during primary wall formation in Micrasicrias (GIDDINGS
et al. 1980). Above, side view; below, surface view. Single rosettes give rise to randomly oriented

microfibrils.

EHFNCH > CBEIT 5. COBE, 1u+€y M2k
DIVLAYE) =74 7Y VEFOML, EEEHR
—HAICBET 31y, o€y FORERBDT L
AVEY =T 4 TYNDOIEBIs07 4T ) VWE
®Ens (Fig4)o o€y bREEIR 7 v vav T
ERBLT 74 I Fo Spirogyra (HorcHkiss et al.
1983), & 2 (Wapa and STAEHELIN 1981) X 5iC
12 &% Y (RoBenek and PEveLiNG 1977, MUELLER
and Brown 1980, Brown 1985) TH IR &, Hifh
THEVER/AAREFIREE T LT o — 2EQIR
THELEEZLNTVS,

20D, BEGE D 2<3 /50 =7 Valonia macro-
physa %= # <% Boergesenia forbesii \CEWTh,
AFXFRT 4 ZAOEFLLI: TC WBEETH LD
B 5 ICTE 5 T &7 (Iton and Brown 1984, Iton
et al. 1984, Mizuta 1985¢), ITon and Brown (1984)
ic&kB&, xo=70D TC 3, RE_BROWEICE
1T T 3 (Fig. 5) DT VvRA VT LY
ATy I RERY, AAFRT 4RO TC &0
KO LI BN EEH LTS, T70bb, (UFRE
BRIC I B 0TS, A A+ RF 4+ D8 EF ElD¥
WHEICH Lo =T V22 VT LV THEH;

Fig. 5. Suggested model of assembly of a
microfibril by an organized TC in Valonia (ITon
and Brown 1984). The subunits particles span-
ning the plasma membrane contributes to the
polymerization of one or more glucan chains. The
forward movement of the TC in the fluid mem-
brane results from coupled polymerization and
crystallization.

2ITC DFHEHNE 510 nm, %% 350 nm ; (AR
RO, Wi#E 7.1 nm, %% 9~12nm ; (4)RT TH
353 TC, &, B, &, ;677 =9~V
¥ (Fig. 3), W%, H, &%, EELTHb. —HE
LUSIR TR BN OERR=ZFIEIIEETH I &
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Fig. 6. TCs in the plasma membrane of a regenerated Boergesenia cell (Mizura 1985c). Cells

developed from the Boergesenia protoplasm were fractured after 24 hr of culture at 25°C.

Arrows, TCs. b, PS and EF-faces.
is present.

&, TC ONEIRREREDHY 100 fiTh s C L1n L
THbo

ZICK LEE SO LT & TC OHikic B

% YA <=4 2 =€ Boergesenia forbesii (Mizuta
1985b,c¢), 7 A4 € /"% Boodlea coacta (Mizuta 1985a)
KO 2= o L€ Chactomorpha moniligera (Mizuta
and Okupa 1987a) % filic /e 5. v H & <ED
BURERZEICA 5 b TC offiix Fig. 6 TR
T o MR PF (a), EF (b) Miic&D 515,
& T B DRAN4 TRY XS 1 TC BIFREIRD B
KIFDINCHAES 2 DTS L, MO I e
i, H2VEZOIMNCSHFET ELEEL OGNS, T

a, PF-face.

Arrows 1, 2 and 4, protruding structure under which a TC
Arrow 3, a TC observed on the EF-face.

bbb, K33 EF HED TC 2RTH, Ok
5 78 TC IR IED MV O BRI DD 3 & B LR
FI2 % NITRT & S MG ZE 9. KET4D 7 4

7 N VDI O TGS I & Xl 2 ook
CRIBZEERN) 1T TC WRIDHAET 2 & EA2TEWT 5o
DX BEIEMOEREBICHAET 5B 505
TC F=#2<ETR LIE LIXEEINS. TC DO
BHZIZFERIRTIE ST, ZFIEEICRA 2L 780
N, EELohEVZITNT VA LCRE, ZOMHE
{3 0.5~11 nm T TR L, B 5nm TH
b0 LU, ThEY » FUA VYIS OAKE, TNEL

F LcHESEOREICE - TREZDT, 2L
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Fig. 7. EF-face of the freeze-fractured plasma membrane of a regenerated Boodlea cell showing
many TCs (arrows) (Mizuta 1985a). The cell developed from a droplet of Boodlea protoplasm was
fractured after 3 hr of culture at 25°C.

FHETRERORHEIRHEIITEEV. TC 0EXIZ
150~800 nm T > THHL, P9135400nm TH
505, ZNHHOEIC LD IS5, Hic, RlfuT
RAETZROFIICIE TC HEDND & DAL 0,

Fig. 7 37 A €740 TC (KH) %ikd. =# 4
7 EDQZNELTOS DS, FROEFNIEMRR E T
Wi, 7, % TC DEIRWVIETHREL G A
RHT EDDPD. FIREBICET 5201, &L
THONELRMBTH S EEASND. Tbb, K
Hidhs Fig. 7 o K5 IKHMmICHEINIDEAT,
ZDIFEAET Fig. 6 b KA 4 1CR Lok 5 1a 28
& & LT EF icA 5415 (B U e A3 #52R [Fig.
121 12H D o

4= . ZED TC (Fig. 8 KM) &7 A E/ 4D

Zh&ETW3B, TC (3FEE LT EF HITAH S,
W37 V2L E L TOWAE L IITAHAZD. T~
O TCREZIDAE LTS5 Y (Fig. 9), TCHD
miftE zhicki 7 « 7 ) Mol s pls % (Fig.
100 Zho5Z2BETEE, IFVFHD = H42<
E, TAESHROVA 7 HHD 2 =Y 2 XED TC
OMFERIFFIC L LITE D, BERITEBRIRUL 7 ~
AT LR EIDAR S TR EL S, Th
S NEE A D BUKIE M OISO L, £DOKE
E (BB KO REDRZI 707 4 7Y VEE
I3 5o

TC Tk bt — 2D E0ERIZ7 ) — X
T AWETRIEANRD LR TEILN 7272, TC ORI
PR E I 7070 7V v aTERT S 7 F U8k
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T e —

Fig.8. TCs (arrows) observed on the freeze-
fractured plasma membrane of a regenerated Chaeto-
morpha cell (Mizura and Oxupa 1987a). The cell
developed from a protoplasmic droplet of Ghaetomorpha
was fractured after 3 hr of culture at 25°C.
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Fig. 9. Relationship between length and
width of Chaetomorpha TCs observed on the EF-face
of a freeze-fractured plasma membrane (Mizura
and Oxupa 1987a). The new cells were fractured
after 10 hr of culture at 25°C and both the length

and width of about 80 T'Cs observed on the EF-
face were measured.

P E DM S, BN OM X, HEoO—FE2EET
AT ERTHETH Do =H 4 =EDR/IMEKD TC 2
iR 3 % EORIEU340~50fTdH 5 (Mizura 1985¢ ),
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Fig. 10. Relationship between the area
(length x width) of TCs and the width of microfibril
impressions attached to the TCs observed on the
EF-face of new Chaetomorpha cells (Mizura and
Okupa 1987a). The cells were fractured after 10
hr of culture at 25°C and the length and width
of about 80 TCs as well as the width of microfibril
impressions attached to them were measured.

s
P
A Boergesenia microfibril consisting of
several numbers of elementary fibrils, treated with
4N KOH for 24 hr at 60°C and negatively stained
with 49, uranium acetate (Mizura 1985c¢).

Fig. 11.

Z 0%, mihko Frey-WyssLing and MUHLETHALER
(1963) Dz by &)= 47 Y (8.5%3.5nm)
ZfRe 5 7 ¥ O EZIE—HT 50T, —H
Rihs—7 1 o HERRD g O TR O & ofilGhs
RE&NDB, =HE2~=EDI IR T74 7Y% 4N O
KOH THIUMFMIMEL, chEx 7 1 7Hnd 5
L2707 4 7 VIIRER 3~4 nm OHEEHED 5755
zENb»b (Fig. 11)o 2DESITTCIZ, 7 Folili
PO UASSRL T S TH 503, S Sickimib
DHEFEEH B 7 DI HFROME (v e —20%
B, SIREESRE) o, Zh O OMEEMNSGEALY:
TS TIRIE 5180 kD 2 =o' vm =7 (T
B 2RO =FE5HGE (Trton and Brown 1984 )
BZOMNCHRENICAAF 2T 1 2D TC & DR
BLEZ 9 2 1IT3IFRE TS, 370747
VD FESITRE LTl S b 2 fifflid 7 S T
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WEWe TNHIISHDOMETH S,

II TC OFM

TC MEIEEICENTED LI IC LT)F’IJ‘Z?S b
OPRBES BHETH 5 0ilido, 7 vy a w57 ) €
DBty MMESERZITLVIETEREN, T VIJ\H’IE(D
FURER & ORI A I X 0 EcEIZ N A (KIERMAYER
und DoBBERSTEIN 1973), UL wH 2 <€ TCZED
PRSI SE As T L NPT R S 1t &0 D Wi
e TAURIEASH 2 WO LT NER AEES U,
v e — Z RS ATREIS M ELS 2 & B L HITis b
bDEEZOND £HITHBETHE, BLTCIC
&£ 3o —2G5RERIHNCE RS, TC &
B30T DABRADBICERT 2139 ThD, Tho
DI XD TC OJERETEE I 53 5 nfEl:Hs
TTK %5

ova — 25 RAERGE  » SEFERH STL

Fig. 12.

new cells of Boodlea (Mizuta 1985a).

308, HThAva Tt -k 4+ (CW) 3F
HTHBo CW 1IN, American Cyanamid #:BIoD
b0 (CW-ST) A&k L HHI N THADS, BITEIZ B
Hik &3y, RV i AR R4S “CW-1 &
BNRINART 4 VI~ OHRHTEE L TS,
CWiZ a9 2 /A HERZEICH LIBOWETHEEZ 65
(MaEgbpA and Isuipa 1967), # 4+ 25 1 2D+
—Z{%)&%KH$T7 (QUADER et al. 1983), Fig. 12 (%
7 A R EDBUZEIC BT 5 TC O
?"ﬂituﬁh 5 CW Oj¥#%I/Rg, Fig.12a (37 o b
77 A N % 25°C T 3 INFIREEE U7 U E RO EF iz
R RO TC FFIFEIRO I EL, £
DEHER O HHEE & LTA SN S CRERD. i
mcizcoMN, 17e 747 ) LVOBEOME LTH
EOEEE 30~120 nm D EOEHGE S EESINS
UNEEDs ThUT CW (0.1 %) % 2lfffFEJ&LE§'@<‘:
JEHICE TC XA 503, FRS N FIBR IS
AU - [ EWVIT LD - THgE & 15 (Fig. 12b), &ub

Effects of Calcofluor White (CGW) on protxudmg round structures (PRSs, small auows)
and TCs (large arrows or arrowheads) during the early stage of cell wall formation of the regenerated

a, EF-face of the plasma membrane before CW treatment.

The cell was fractured after 3 hr of culture at 25°C. b, EF-face of the plasma membrane showing

accumulation of PRSs following CW treatment.
treatment of CW (0.1 mg/ml) for 2 hr at 25°C.

covery from CW effects.

The cell was cultured for 3 hr and fractured after
¢, EF-face of the plasma membrane showing re-
The cells were cultured for 3 hr, treated with CW for 2 hr and fractured
after 6 hr of culture in CW-free medium at 25°C..



138 Mizura, S.

I 20 i
]
{10 4
|
~ ~
\515 ~[-— 08 :Ex_
» "
& 2
o 1o A ™
S g o
& &
g i
2
2 5F \ ‘, 3
\ Vi 102
\ %
\ /
o s & " ) B, i ] L L L
0 2 a o8 7 '8 9 Ho 1
! cw * cw

TIME (h)

Fig. 13. Changes in the number of PRSs and
TCs during the early stage of wall formation of
the new Boodlea cells in the presence and absence
of CW (Mizura 1985a). Cells were cultured in
the medium (Mizuta and Wapa 1981) for 3 hr at
25°C then transferred to the medium containing
CW (+CW) for 2 hr and transferred again to the
CW-free medium (—CW) for 1 to 6 hr. At in-
tervals cells were sampled, fractured and both PRSs
and TCs were counted in the total EF-face area of
100 um?.  Vertical bar, SD.

e CW ZERO o REERCRUIRIES: L 25°C T hEE
ZHed 5 &, #96 RHBITIIEO TC 238ibihTl 3
(Fig. 12¢) Z O, RENCTHBIF 2 TC 13/h& < HE
T (RHD, iR ABE (EFF 100 nm) o i
RS UNRED EBERFRILAEETHE, ch®
% &OT Fig. 13 1R T, MR E0HITiz, TC
RS AR &R RS S DERMAA-TEY,
WoHEE D HEE 100 nm FEEEICEET 5 & TC Ok
2HDXDICE B, £ LT CW Itk FIERH R
MICERT 2 D13 CW 238 TC BEEED 8B A H 5

B1DTHAHD EEZS5ND TC (T A
W Uik 2 icBe{ 120, BEERO@I 0 7 v 2 s
92747 ) VORKROK (72 b7 7 2 b ok
1% 3 IGH) TRYHIED 220 nm TH L DITH L,
24 R B O—E T NCEI T % 7 4 7 ) VIEROD
RET I3 Y-EER 360 nm &80, 1 um kT &0
bHEIND. 178747V rDkEd TC DEX
WCHBEL, B528 3 T3 ¥4 16 nm, 2415
30nm THB (Mizura 1985a),

Yo TCIZEEBERICH N THES L
KD —EOREXICHE L E SZ0iEE D LD
ITIY, RIT T DM R I LT < {hey,
178747 )V VORKEBZDOEIORIEIC LD e
5bDEEZEZOND FULEB LICHAEd 5% ol

RoOHTI 7074 7YV VOJERENS AIND A% &
DERBED XS ICLTHE 2D, T OMEIZBIME
HTRELAHTH %,

I 3077 ) I)LORABEE

B T OKME1987) T TSN L &6 D 3
(a6} % v m — 2 PERINEE O B 78 Bl 2 o i
MHOMHE, IS FIERMBROEENTH 50
MEEC B 2 2 7 1 7 4 7 ) v ORI MR ED
FERE LTHEINZ MR OB oNE M, <74
TEDRT A TSV ORRKICE T B 7 4 7Y VEITN
W E DA 5521318y (Mizuta and Wapa
1981, Mizuta and Mik1 1985), %7z, REPHIERTO

2 = ERWIEFIRADBERE SHERAD 2 & 4
{[AkETH D (Mizura et al. 1985), D &1L, T
NS ORAPUEZZ OIERIR AICE O THEIZER T
b TNE T EEEHRT 5,

A C b flncds, BEEK 33707 4
7 ) v OELAT A O PE MO NE O fidi & 3 2
874 7 VvOmATBERich T &, areF
VEOWNMECPHEHITHMNEERL L3277 4
7Y IVORADENS T LR ED D, WNEHSHER)T
ICBfR LT alRedE st S 1, B < offiics
NWTRDLNTETHS (NEwcoms 1969, HEPLER

and PaLevitz 1974, Gun~inG and Harpuam 1982),

Fig. 14. Effects of colchicine on shell-shape
modification of the Chaetomorpha thallus.
area of Chaetomorpha thallus showing both tip and in-
ternode growth. b, colchicine (3% 1073 M) treated
thallus cells showing expansion growth.

a, apical
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Fig. 15.  Orientation changes of TC on the PF-face and its complementary EF-face of the plasma
membrane of Boergesenia, and the unequal particle distribution on the two sides of TC (Mizura 1985b).
The regenerated new cell was fractured after 24 hr of culture at 25°C and shadowed with Pt. a
and b, A and A’ are the complementary halves of TC changing their orientation from the direction
indicated by arrows with dashed lines toward that indicated by larger open arrows. The short ar-
rows show the intramembranous particles (IMPS) adhered to the ridge of TC. ¢, The numbers
indicate the particle density obtained by counting the particles distributed in the half-circles, the
diameter of which are equal to the length of TC. Arrows outside the circles show the typical modi-
fied directions of the movement of the TC.
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Lroyp (1984) i3 & WERCMI 2 57 4 7 ) w5 —
YERBOTHCOBMRIE S 5h 5 LiEHL, EpM
JaBEic A >N BT 1 7V ENIZ T~ T MIfREER
INMEDHIETILHEEELONDDH %, LU,
NEeviLLE et al. (1976) ZHREIC L SRRV T 4+ 7Y
Wt g — ¥ DIERAERD =X L2 Zh DR
EHUNBEDOBEEEREZ T 5o T8 BILEUE O Kk
Iz T 4 7Y VELRS D 578 2 BEDTEE ; (2%
< DML —EAFICEMERT 28 (~) 24
F) OFfR. 20> b5, (VRM/NEMNBESTBICLT
b, QIIEBERTHZLEH LTS (NEVILLE ef al.
1976, NeviLLE and Levy 1984, 1985), F3DX4ric
S5 L, SENBELTHREHEDI b2 v ER
MfEEE 2B L, TA T/ EMEEI(ICE YT
3EEZoh3., LaL, (1), QB Fh o0
T4 TYANNRE =V FANEF VORBERDT TV
(MizuTta and Waba 1982, Oxupa and MizuTta 1985,
Mizuta et al. 1986), TAES/ YR E =Y 2 ZEDEE
HTFoMBE I MERDT MicEm 3 5 M/NESE
gXh, 70747 vhsEEEHPHD D Sk
HERTHETORIC T —ETHS (Mizuta
and Okupa 1987b, Okupa and Mizuta 1987), &
EHEMNC I3V TC Harpuawm et al. (1980) D, HIKSEER
INERIITY 78 7 4 7Y v DSEMEFET 3T
o UDHENTAREDEHECDLARELI YT
B 580,

17874 7Y vORM, FICHLSERES LK
7 4 7Y VERHIRBOEERMT S L KLABH
T3, ZNR—EDHMAE S - TRET 2 Ml
BIBMNEEa v e F Y THETEE, FILLAR
ANB7 4 T Y7 V& LKEAL, SIEIERERD
HatE skt d3 (Newcoms 1969, HEepLER
and PaLevitz 1974, 48[f1981) z &h o biEBIN
%0 T AME <Y 2 X% (Okupa and Mizura 1987)
Tk, T TREBPTERBOERNEBC S, 27V 2
2 ERROGMEE L, 2%, HEMEsHEL:
#dHIHHERE S LRE 2 — v EEHRL, HORT
LIS Y 2 XERRT B R SIAE S MlaaEd
7 4 7 ) VAR S AR A48, ZOERA
% WY 3 LMEOHEBITH SNISV. ZOHEEIZM
ROEOELEFULEERINS 7 4 7Y v OERIZ
SRR TH B T EETRT . KiC, HERDFIRICHTR
@D CW (0.01%) =g 3 L, SHIIIEREIL LA
HITY 2 XRETEBo Fhz, Ak F v (2X1073M)
2EZ TOARICHRIIRIZILT S (Fig 14), Al

DG, CWRIZz o 74 7YV VvOERERET 50D
THERTOMBEONERBERIICIII /0747
YvidiEEAEHSNIIND, CW RN TicE
ELTOWIRBEORERER -7-E 3 ThHb, arETF
VBB NTRIZ e 747V v O ARIIHERX
h, UbbzoBEAMRIRUEERLTHS. ¢h
S5, MEBOW HIIREEM/NE DERMICIKET 5 L
7874 7Y VOERICEEI NS LD SFROHRT
3, 27V 2 ZEHBOEBELIITHBEINET . £
7Y 2 ZEDHRCRIMED 7 « TY V<Y v
2 ZADWALIC X ZEEBEDETIKEZ D EEZ S
h, CW D a7 vRB2oiit % BET2b0E
Zz2boh3,
THEZERTAESVICBFBEI 20747 Y0
OEMFIEOBHBIREDLCAFLEAERHTD
Bo ToIEHRE, RDLSBAREHENEL W T,
Fig.15a, b 3= # # v~ EXHleFREDFE KRR
PEOEML 7 ) 1 TH 3. MEAEMEIC TC (A,
A) BAHRLNBED, chi3oBEER (SRR
F1) o REEIDFGRANTTESRE LIS oBHL,
17074 7)Y VEERLTWEBDEEZ NS,
TC OAFZHLL 45 &, Bih TC 0Bk D
ERAAELTHEO0b23 (a, /IMRAD. DK
S IERNE, @H TC 2RI 2B ID dKR&L,
K37 TC ORNSIc bBEEEIND (Mizura 1985 b),

MF

Fig. 16. A model showing the modification
of the direction of the TC movement (Mizura
1985b). Arrow X, original direction of the TC
movement. Arrow Y, direction of flow of the
plasma membrane. Small arrows, movement
direction of the particles which flow with the
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