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An Account of Delesseria aemula sp. nov. (Delesseriaceae, Rhodophyta)
from New South Wales, Australia

Alan J. K. Millar* and Michael J. Wynne**

*National Herbarium of New South Wales, Royal Botanic Gardens, Mrs. Macquaries Road, Sydney, NSW 2000, Australia

**Herbarium and Department of Biology, University of Michigan, Ann Arbor, Michigan 48109, USA

Millar, A.J.K. and Wynne, M. J. 1992. An Account of Delesseria aemula sp. nov. (Delesseriaceae,
Rhodophyta) from New South Wales, Australia. Jpn. J. Phycol. 40: 111-119.

Delesseria aemula sp. nov. is described from sublittoral habitats on the shores of New South Wales,
eastern Australia. Distinctive characters of this new species include its habit, in which spathulate to
lanceolate blades radiate out from a centrally placed rhizoidal holdfast; its small size at maturity, blades
reaching heights of only 10 mm and widths of 2 mm; its spermatangial sori, which form discrete islands
separated by sterile veins made up of secondary and tertiary cell rows; and its branching, in which the ma-
jority arise from a centrally placed rhizoidal holdfast. Less frequently branches arise from the midrib or
from the margins as outgrowths of secondary initials. In the field, plants are indistinguishable from the
diminutive alga Apoglossum unguiculescens Millar which shares the same habitat, habit, blade size and shape.
Characters serving to separate this pair of species are the following: 1) lateral pericentral cells transversely
dividing in D. aemula but remaining undivided in A. unguiculescens; 2) cells of the sterile-cell groups dividing
in D. aemula but remaining undivided in 4. unguiculescens; and 3) differences in the arrangements of the sper-
matangial sori. With the discovery of D. aemula, Australia now hosts three genera of the Delesseria group
(viz., Delesseria, Apoglossum and Patulophycus).

Key Index Words: Apoglossum—Australia—Delesseria—D. aemula— Delesseriaccae—New South

Wales.

Australia is host to a large variety of genera
belonging to the family Delesseriaceae (Kraft
and Woelkerling 1990, Millar 1990). Of the
38 or so genera represented, some 15 are en-
demic, although these are known mostly from
the southern Australian coast. New South
Wales has 16 genera of which two (Patulophy-
cus and Valeriemaya) are endemic (Millar and
Wynne 1992a, 1992b). Although several spe-
cies of Delesseria are known from New Zealand
(Adams 1972, Adams et al. 1974) and the
subantarctic islands of both New Zealand and
Australia (Hay et al. 1985, Ricker 1987), cur-
rent floristic treatments (Huisman and Walk-
er 1990, Millar 1990, Price and Scott 1992)
have not recognized this genus as occurring
on Australian shores. Up to now five species
have represented the Delesseria group in Aus-
tralia:  Apoglossum  spathulatum  (Sonder)
Womersley and Shepley, A. tasmanicum (F.
Mueller ex Harvey) J. Agardh, 4. ungui-

culescens Millar, Patulophycus eclipes Millar &
Wynne, and the poorly known Delesseria
lacepedeana  Reinbold.  Apoglossum  ungui-
culescens was recently described as a common
epiphyte along most of the New South Wales
coastline (Millar 1990), but closer examina-
tion reveals that some of these records actual-
ly represent an undescribed species of the
closely related genus Delesseria, which we
describe here as D. aemula.

Materials and Methods

Collections using SCUBA were preserved
in 4% formalin/seawater. Slide material,
stained in a mixture of approximately 1 ml
aniline blue/7 ml acetic acid/50 ml Karo
syrup/50 ml  millepore-filtered,  distilled
water, is on file at the National Herbarium of
New South Wales (NSW) and the University
of Michigan (MICH). The following speci-
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mens of Apoglossum unguiculescens were exa-
mined: Coffs Harbour, 4. Millar and J. Huis-
man, 8. vii. 1981, MELU AM 1093 =holo-
type; A. Millar and R. Millar, 22. ii. 1989,
NSW-A006379; Macauleys Reef, between
Muttonbird Island and Split Solitary Island,
A. Millar, A. Wright and R. Medhurst, 22. viii.
1991, NSW-A010531; Twofold Bay, Honey-
suckle Point, A. Millar and P. Richards, 7. vii.
1991, NSW-A010532. Whole-plant photo-
graphs were taken on a Wild Photomakro-
scope M400, and photomicrographs on a
Wild Leitz MPS51 Ortholux II system. Ko-
dak Techpan Film was used following the
methods of Millar (1990).

Observations

Delesseria aemula Millar et Wynne sp.
nov.

Thalli 10 mm altos, laminae pro parte maxi-
ma ovatae ad spathulatas vel lanceolatas ad
2 mm latas; laminae alteruter singulatim vel
turmas radiatim ad decem ab centralibus fas-
ciculatis rhizoideorum exorientes; costa
prominens, vulgo opacam; alae nitentes, pagi-
nae reflectivae; rami ab seriebus endogenis
primis cellularum exorientes, gemmis adven-
titiis in costas corticatas vel initiis serierum
secundariarum cellularum margines; venae
microscopicae praesentes sed indistincate in
axibus vegetativis; spermatangia in soris insu-
las discretas facientia, nervis microscopicis
sterilibus secundariarum et tertiarum cellula-
rum serierum separata, aream integram
paginarum ambo laminarum praeter costam
corticatam tegentia; cystocarpia hemispherica
vel urceolata cum colla prominentia lata; pagi-
na pericarporum laevis; tetrasporangia ad
52 pm diametro, in stratis multis in soris lon-
gis tenuibus continuis ad 3 mm longo et
300 #m lato portata, in ambo lateribus costa-
rum.

Thalli to 10 mm high, of simple, mostly un-
branched ovate to spathulate or lanceolate
blades to 10 mm in length and 2 mm in width;
blades arising either singly or in radiating
groups of up to ten from centrally placed pad-

like aggregations of rhizoids; midrib promi-
nent, generally opaque; wings shiny, surface
reflective; branches arise endogenously from
primary cell rows, adventitiously from corti-
cated midribs or from margins as outgrowths
of secondary cell row initials; microscopic
veins present, not distinct in vegetative axes;
spermatangia in sori forming discrete islands,
separated by sterile microscopic nerves made
up of secondary and tertiary cell rows, cover-
ing entire surface (except corticated midrib)
of both blade sides; cystocarps either
hemispherical or urceolate with prominent,
broad necks; pericarp surface smooth;
tetrasporangia to 52 ym diameter, borne in
multiple layers in long, slender, uninterrupt-
ed sori to 3 mm long and 300 #m wide, flank-
ing both sides of midribs.

Holotype: NSW-A010529, just east of
Honeysuckle Point, Twofold Bay, Eden, New
South  Wales, Australia (37°0555"S.;
149°56'10"E.), 7. vii. 1991, A. J. K. Millar and
P. G. Richards.

Isotypes: AD, GALW, MEL, MICH, US,
WELT.

Etymology: L. aemulus, vying with, rivalling
in, alluding to its vying with Apoglossum ungui-
culescens both in habit and habitat.

Distribution: From Jervis Bay to Twofold
Bay, New South Wales, Australia.

Specimens examined: Jervis Bay; Planta-
tion Point, on crustose coralline in 3 m depth,
4. vi. 1990, A. Millar and P. Richards, NSW-
A010530; ‘The Docks’, on crustose coralline
in 22m depth, 9.x.1989, 4. Millar and P.
Richards, NSW-A010533.

Twofold Bay, Honeysuckle Point, 6-20 m
deep growing in turf algal community, 7. vii.
1991, A. Millar and P. Richards.

Habitat and Seasonality
Plants grow on a range of substrata such as
other algae (especially crustose and articulat-
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ed corallines), bryozoans, hydrozoans,
sponges, and rocks in depths from 3-22 m.
Collections thus far have been during June
and July (austral winter) and all reproductive
stages occur simultaneously on the same sub-

stratum.
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Figs. 1-5.
Fig. 2. Habit of female gametophyte.
showing marginal branch where second order initial is converted into primary initial. Fig. 5. Spermatangial blade

Delesseria aemula sp. nov.

of showing islands of spermatangial sori separated by sterile veins.

Fig. 6. Apoglossum unguiculescens.
Note cystocarp (arrow).

113

Vegetative structure

Simple, mostly unbranched ovate to spathu-
late (Fig. 1) or lanceolate (Fig. 2) blades
(reaching lengths of 8-10 mm and widths of
2 mm) arise either singly or in radiating
groups of up to ten from a centrally placed

Fig. 1. Habit of tetrasporophyte.
Fig. 4. Male blade

Fig. 3. Detail of blade apex.

Fig. 6. Spermatangial blade of showing con-

fluent spermatangial sori forming cushions on either side of the midrib. Note undivided lateral pericentral cells.
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disk-like holdfast. Blades have a prominent
midrib (Figs. 1, 2), the cortication of the cen-
tral axial row beginning very close to the apex
of the blade and becoming thick and obvious
in proximal parts. The midrib is generally
opaque and the wings have a shiny, reflective
surface. Often the monostromatic wings er-
ode or are lost altogether leaving only the
cylindrical midrib behind which eventually
becomes a substantial branched stipe with
new blades arising adventitiously (Fig. 2).
Microscopic nerves or veins are present but
not distinct in vegetative axes. Branches
may arise endogenously from the primary cell
row, adventitiously from the corticated
midrib and, on several occasions, from the
margins (Fig. 4) as continued outgrowths of
the secondary cell row initials being converted
into primary initials.

Each blade is terminated by a single apical
cell, which undergoes transverse divisions,
cutting off cells proximally (Fig. 3). These
cells comprise the primary row, in which inter-
calary divisions are lacking. The segment
cells undergo longitudinal divisions, resulting
in four pericentral cells. The lateral pericen-
tral cells continue to divide, producing sec-
ond-order cell rows. Cells of these second-
order rows in turn cut off third-order initials
abaxially. Fourth-order rows are cut off adax-
ially (Fig. 7). Intercalary divisions occur in
second and higher order rows, and the lateral
pericentral cells generally divide transversely
some seven to ten segments from the apex
(Fig. 7). Inrare instances, the lateral pericen-
tral cells do not divide, but in such instances,
they are surrounded proximally and distally
by divided pericentral cells (Fig. 8).

Reproductive structures

Male, female, and tetrasporic plants are iso-
morphic, and the gametophytes are unisex-
ual. In male plants the spermatangial sori
form discrete bands radiating out from each
side of the midrib in chevron-like patterns
(Fig. 5). These islands of sori are separated
by sterile microscopic nerves made up of se-
cond- and third-order cell rows (Figs. 5, 17).
At maturity, most of the blade surface (except

the corticated midrib) bears spermatangial
sori.

Female plants bear procarps on the prima-
ry cell row, the transverse pericentral cells act-
ing as supporting cells of the carpogonial bran-
ches. The supporting cell cuts off two sterile-
cell groups (one proximally and one distally)
and a four-celled carpogonial branch (Fig.
10). The cell of the first, distally placed
sterile-cell group divides once (Fig. 11) or
twice (Fig. 12) after it is cut off by the support-
ing cell. The cell of the second, proximally
placed sterile-cell group, however, may divide
once (Fig. 10) or remain undivided (Figs. 11,
12). One (Fig. 14) to three cystocarps de-
velop sequentially on any one blade, often on
alternate surfaces. The ostiolate pericarps
are either hemispherical or urceolate with a
prominent, broad neck (Fig. 2), but in either
case their surface is smooth.

On the sporophytes tetrahedrally divided
tetrasporangia (up to 52 ym diameter) are
borne in multiple layers in long, slender, unin-
terrupted sori (to 3mm long and 300 #m
wide) which flank both sides of the midrib
(Fig. 15). Because the lateral pericentral
cells divide transversely, the tetrasporangial
sori involve all but the transverse pericentral
cells and thus appear to almost cover the
midrib (Fig. 15).

Discussion

On the basis of its very small stature, Deles-
seria aemula is distinguishable from all the cur-
rently recognized species in the genus, the
great majority of its species tending to be
robust, relatively large-sized algae. Some 15
species based on Australian types have been
assigned to Delesseria in the past. All but one
of these, however, have subsequently been
transferred to other genera, including Bran-
chioglossum, Hypoglossum, Apoglossum, Heterodox-
ta, and Crassilingua (Agardh 1872, 1885,
1894, 1898, Kylin 1924, May 1965, Womer-
sley and Shepley 1982). Delesseria lacepedeana
Reinbold, described from southern Australia,
remains an ill-known taxon. Reinbold
(1898) remarked that his alga in its habit
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30um

30 um
10-13

Figs. 7-8, 10-12. Delesseria aemula sp. nov. Fig. 9, 13. Apoglossum unguiculescens. Fig. 7. Blade apex: 1, cells
of first-order row; 2, cells of second-order row; 3, cells of third-order row; 4, cells of fourth-order row; i, cells
resulting from intercalary divisions; stippled cells are those resulting from transverse division of lateral pericentral
cells. Fig. 8. Dissected view of midrib showing cells resulting from transverse divisions of lateral pericentral cells
(stippled). Note that not all lateral pericentral cells have divided. Fig. 9. Dissected view of midrib showing lateral
pericentral cells remaining undivided. Fig. 10. Procarp before fertilization in which the cells of both sterile-cell
groups (st; and sty) have divided. cp, carpogonium; su, supporting cell; 1, 2, 3, cells of carpogonial branch. Fig.
11. Procarp after presumed fertilization in which cell of sterile-cell group 1 (st;) has divided, but cell of sterile-cell
group 2 (st;) remains undivided. aux, auxilary cell. Fig. 12. Procarp in which cell of sterile-cell group 1 has divid-
ed twice to form 3 cells, but sterile-cell group 2 remains undivided. Fig. 13. Procarp showing both sterile-cell
groups remaining undivided.
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1mm

Delesseria aemula sp. nov. Fig. 16. Apoglossum unguiculescens. Fig. 14. Female blade show-

ing corticated midrib and immature cystocarp (arrow). Fig. 15. Tetrasporic blade with sorus. Fig. 16. Female
blade showing ecorticate midrib with undivided lateral pericentral cells remaining obvious in proximal parts. Fig.
17. Camera-lucida of blade with discrete spermatangial sori.

resembled “Delesseria denticulata” of Harvey
(1855a), currently known as Heterodoxia den-
ticulata J. Agardh. De Toni (1924) reiterat-
ed this relationship. Lucas (1929) placed it
in Hypoglossum, but according to Reinbold’s
description, the species does not appear to be-
long in that genus either. The type specimen
has not been located in the Munchen Herbari-
um or the Rijksherbarium, Leiden, and no

specimens identifiable as this taxon have been
recently collected from southern Australia
(H. B. S. Womersley, pers. comm.). Rein-
bold described D. lacepedeana as having thalli
15 cm tall and with blade surfaces giving rise
to scattered proliferations; these features per-
mit us to disallow D. lacepedeana from further
consideration.

Several species of Delesseria are known from
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New Zealand and environs (Adams 1972,
Adamset al. 1974, Hay et al. 1985). These in-
clude D. lancifolia J. Ag., which according to
Ricker (1987) is a morphologically variable en-
tity, typically represented by robust, erect
fronds reaching heights up to 50 cm. Similar-
ly, plants of D. crassinervia Mont. reach sub-
stantial sizes and are branched to several ord-
ers (Montagne 1852, Kylin 1929), making
this taxon clearly separable from D. aemula.
Blades of D. neretfolia Harv. [=D. laurifolia (J.
Ag.) Kyl.] are broad and with lateral veins,
and plants are branched to a few orders (Har-
vey 1855b, Kylin 1929).

Looking beyond New Zealand waters, we
can consider other species that have been as-
signed to Delesseria.  Baardseth (1941)
described D. minor from Tristan da Cunha in
the South Atlantic to be a plant growing to
5 cm high and with branching from the stipe,
midrib, margins or from the flat surface of the
blades. Although its size immediately sug-
gests that there is little in common between D.
minor and D. aemula, the branches arising
from the flat surface of the blade would ap-
pear to be unusual within the genus and quite
different from the more typical branching
seen in D. aemula. Levring (1944) described
D. crozetii as a species growing to heights of
8cm and with individual blades reaching
lengths of 1-2 cm, sizes exceeding those in D.
aemula.

Wynne (1984) characterized Delesseria papen-
fussii from South Africa as having thalli of
moderate stature, from 4 to 6, rarely up to 9,
cm tall, densely branched (to 5 orders), and
with more or less cartilaginous basal stipes,
features distinguishing it from D. aemula.

Apoglossum is a genus closely related to Deles-
seria and with which it might be confused.
First established by J. Agardh (1876) as a sub-
genus of Delesseria, Apoglossum was later
delineated as a distinct genus (J. Agardh
1898). Wynne (1984) summarized the six
characters which had earlier been offered by
Kylin (1923) to separate these genera.
Wynne (1984) pointed out that one of these
criteria, microscopic lateral nerves in 4poglos-
sum vs. microscopic or macroscopic veins in

Delesseria, was not a completely exclusive
characteristic. Delesseria aemula conforms to
Delesseria rather than to Apoglossum in respect
to the following generic criteria: 1) lateral
pericentral cells undergoing transverse divi-
sions; 2) cross-sections of stipes showing a
mixture of large cells intermingled with
rhizoidal cells; 3) cells of the sterile-cell
groups becoming divided; and 4) new cells
from intercalary division may be cut off distal-
ly or proximally [NB: stippled cells in Fig. 7],
unlike in Apoglossum where new cells from an
intercalary division are cut off only distally.
One difference from the generitype, Delesseria
sanguinea (Hudson) Lamouroux, is that in
D. aemula fourth-order rows are cut off adaxial-
ly rather than “usually abaxially”. But this
discrepancy with the generitype was also not-
ed for D. papenfussii by Wynne (1984).

The problems involved in separating the
two genera are not only at the morphological
level. At the type locality (Twofold Bay, Aus-
tralia) of Delesseria aemula, the diminutive alga
Apoglossum unguiculescens grows right along
side the new species on the same hosts and
substrata. The two species are essentially in-
distinguishable to the naked eye, and only un-
der microscopic examination can they be sepa-
rated. InA. unguiculescens, the lateral pericen-
tral cells remain clearly undivided (Fig. 9)
and visible throughout the entire length of the
midrib region (Fig. 16) of all life stages except
mature cystocarp-bearing females, in which
they are lightly to heavily corticated. This
feature contrasts with the situation in D. aem-
ula, in which the lateral pericentral cells are
either obscured by heavy cortication of the
midrib on spermatangial (Fig. 5) and female
(Fig. 14) blades or involved in tetrasporangial
production (Fig. 15). Spermatangial sori in
A. unguiculescens are continuous and confluent
from the early stages, occupying about one
half to one third the blade width (Fig. 6). In
D. aemula, however, spermatangial sori are
discrete islets separated by some second- and
third-order cells that remain sterile (Figs. 5,
17). Another useful difference between these
two superficially similar species is their
procarps. In D. aemula the cells of the sterile-
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cell groups divide once (Fig. 10) or twice (Fig.
12) before fertilization takes place, whereas in
A. unguiculescens, the cells of both sterile-cell
groups remain undivided, at least before fer-
tilization (Fig. 13).

Other species of Apoglossum with thalli of
small-stature deserve mention. Apoglossum
spathulatum (Sond.) Womersley and Shepley
occurs in Western Australia (Sonder 1945)
and South Africa (Wynne 1984). Sonder
(1845) described this species as having dwarf
fronds, and he later noted that the blades
were 3.0 mm wide and marked by pellucide
transverse striae, i.e., microscopic veins (Son-
der 1848). Wynne (1984) reported South
African plants of 4. spathulatum to range from
5 to 11 mm in height and to have well deve-
loped midribs and ovate tetrasporangial sori
overlying the midrib. Apoglossum minimum
Yamada (Mikami 1985) and A. gregarium
(Dawson) Wynne (Wynne 1985, Wynne and
Norris 1991) are other examples of small-
sized Apoglossums. In these species the later-
al pericentral cells do not divide transversely,
and thus these taxa clearly belong to the ge-
nus Apoglossum and cannot be confused with
Delesseria aemula.
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Examination of type materials of Fucus babingtonii Harvey shows that this entity is conspecific with the
species now called Pelvetia wrightii Okamura (= Fucus wrightii Harvey nom. illeg.). Publication of the name
Pelvetia babingtonii (Harvey) De Toni 1895 antedates that of P. wrightii Okamura 1902. Therefore, P. bab-
tnglonii is the correct name for this species. Specimens cited in the protologue of F. babingtonii collected at
Shimoda, Japan and Hong Kong belong to the species now we call Ishige okamurae Yendo.
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ingtonii—Pelvetia wrightii— Phaeophyta.

Harvey (1859) published a paper dealing
with many new species of marine algae based
on specimens collected chiefly by Charles
Wright during the U.S. North Pacific Explor-
ing Expedition of 1853-1856 under the com-
mand of Captain John Rodgers. The paper
comprises only brief Latin descriptions not ac-
companied by illustrations, making it difficult
for later phycologists to identify the new spe-
cies. Nearly a century later, the manuscript
of Harvey’s complete report on the algae of
that expedition, including colored illustra-
tions, was discovered in the Farlow Herbari-
um (FH), showing that the published portion
was merely an abstract. This manuscript,
which was edited and published by Dawson
(1959), clarifies many uncertainties presented
by the abstract.

Among these new species were two that
Harvey assigned to Fucus sect. Fucodium (]J.
Agardh) Harvey: F. wrightii and F. babing-
tonii. The former was said to come from
the “Straits of Sanger [Tsugaru Straits],
Japan”, the latter from “Japan (Dr. Babing-
ton in Herb. T.C.D.); rocks at Simoda
[Shimoda]; Hong Kong.”

Fucodium is a name applied by J. Agardh
(1848) to a collective genus that included Pelve-
tia Decaisne et Thuret (1845). De Toni

(1895a, 1895b) restored the name Pelvetia,
making appropriate combinations for species
previously assigned to Fucodium. He includ-
ed F. babingtonii in Pelvetia, but with a query.
Fucus wrightii, however, was listed as a spe-
cies of uncertain generic position, possibly
referable to Ascophyllum (De Toni, 1895a,
p. 209).

Okamura (1902) concluded that Fucus
wrightii was properly placed in Pelvetia and
made the appropriate combination. As point-
ed out by Yoshida (1977), however, Fucus
wnghtii Harvey is a later homonym of F.
wrightst Turner (1811), a species now
referred to Gracilaria, and hence is not priora-
ble. The binomial Pelvetia wrightii must be at-
tributed directly to Okamura and treated as a
new name rather than a new combination in
accordance with Art. 72 of the International
Code of Botanical Nomenclature. This inter-
pretation is important because it dates the spe-
cies from 1902 rather than from 1859.

In his treatment of Japanese Fucaceae,
Yendo (1907) came to the conclusion that Fu-
cus babingtonii was conspecific with P. wrightii
after examining photographs of original speci-
mens provided by Prof. E. P. Wright, keeper
of the herbarium at Trinity College, Dublin
(TCD). He treated F. babingtonii as a form of
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P. wrightiz, coordinate with forma #ypica and
forma japonica Yendo. The latter, which was
first mentioned by Yendo (1905) as P. japonica
without a description, was said to have a thin-
ner and narrower frond than typical P. wright-
2 and to predominate in the northeastern part
of the range of the species. Forma babingtonii
was said to be intermediate between the other
two forms in both morphology and ge-
ography. During his stay in Europe, Yendo
visited Dublin in December 1913 and exa-
mined Harvey’s collections, but the results of
his observations were not published. Yen-
do’s treatment of Pelvetia was adopted by
Okamura (1936).

Because Pelvetia babingtonii (Harvey) De
Toni dates from 1895 while P. wrightii
Okamura dates from 1902, the former is the
correct name for this species. With respect to

Fig. 1.
specimen is herein designated lectoholotype.

Fig. 2.
referable to Ishige okamurae Yendo.
Fig. 3.
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Yendo’s treatment, however, the question
arises whether P. wrightii and P. wrightii forma
Japonica should be given nomenclatural recog-
nition as forms of P. babingtonii.
the morphological variability exhibited by Pel-
vetia in Japan, it was necessary to re-examine
the original specimens of Fucus babingtonii in
order to determine the relationship between
this species and F. wrightii.

The epithet babingtonii suggests that the
Babington collection in Harvey’s herbarium
at TCD should be considered the type, and
this suggestion is confirmed by the note in
Harvey’s manuscript (Dawson, 1959, p. 9),
“Described from Dr. Babington’s speci-
mens.” Unfortunately, TCD does not lend
types, but its director, Dr. John Parnell, kind-
ly sent a photograph of the type sheet (Fig.
1). There are two specimens, 25-30 cm high

In view of

e S

A 7 n/ g

C. Wrianr Coll.

Hong Kong.

Holotype sheet of Fucus babingtonii Harvey, collected by Dr. Babington in “Japan” (TCD). Upper
Specimen cited by Harvey, collected by Wright at Shimoda (‘Simoda’), Shizuoka Prefecture, Japan,

Specimen cited by Harvey, collected by Wright at Hong Kong, also referable to 1. okamurae.
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(“10-12 inches long” according to Harvey’s
manuscript), frequently branched, the bran-
ches narrow and with a few vesicles. The lo-
cality is given only as “Japan”. We can say
that these two specimens, of which we desig-
nate the upper one as lectoholotype, are clear-
ly referable to P. wrightii, although they are
large immature plants with slender branches.

Dr. Parnell sent on loan a herbarium sheet
consisting of three collections, all of which are
referable to Ishige okamurae Yendo. The up-
per one, contained in a white envelope, was
collected at Misaki, Kanagawa Prefecture,
Japan by Yendo. It was sent to TCD by
Yendo accompanied by a letter asking the
curator to compare it with the type of Fucus
babingtonii. The lower one (Fig. 2) is a speci-
men from Shimoda, about 7 cm high, bearing
Yendo’s annotation, “This is what I
described as Ishige okamurai, Dec. 1913”. The
middle one (Fig. 3) was collected at Hong
Kong and is smaller than the lower one. It
may be noted no. 37 of Okamura’s “Algae
Japonicae Exsiccatae” (1899), distributed un-
der the name Pelvetia babingtonii, is also
representative of I. okamurae.

From an examination of Yendo’s collec-
tions and field experience of one of us (TY) on
the coast of Hokkaido, we conclude that the
taxonomic recognition of three formae, as in
Yendo’s treatment, is not justified. Thallus
size, vesicle characteristics, and receptacle
morphology all vary in response to habitat
and season of growth.

In summary:

Pelvetia babingtonii (Harvey) De Toni, Syll.

Alg. 3: 216. 1895; Mem. R. Ist.
Veneta Sci. Lett. Arti 25: 48.

1895. P. wrightii Okamura forma
babingtonii (Harvey) Yendo, ]J.
Coll. Sci., Imp. Univ. Tokyo

21(12): 22. 1907.
Basionym: Fucus (Fucodium) babingtonii
Harvey, Proc. Amer. Acad. Arts. 4:
329. 1859.

Holotype: “Japan, Dr. Babington” in
TCD; lectoholotype: upper specimen
on holotype sheet.

Taxonomic synonym: Fucus (Fucodium)
wright:y Harvey, Proc. Amer. Acad.
Arts 4: 329. 1859 (not F. wrightiz Turn-
er, Fuci 3: 31. pl. 148. 1811).
Pelvetia wrightii Okamura,
Sorui Meii 138. 1902.

Nippon
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Masuda, M., Abe, T. and Saito, Y. 1992. The conspecificity of Laurencia yendoi Yamada and L. nipponica
Yamada (Ceramiales, Rhodophyta). Jpn. J. Phycol. 40: 125-133.

Laurencia yendoi Yamada from several localities in northern Japan is shown to be synonymous with L.
nipponica Yamada widely distributed in Japanese and adjacent waters. Lenticular thickenings, which
have not been reported for L. yendoi, can be found in the walls of medullary cells in the lower portions of
upright axes of the holotype specimen. This critical character together with other morphological features
such as large upright thalli with thick, terete, main axes, irregular radial branching, and absence of pro-
jecting surface cells, warrant the treatment of these two entities as being conspecific. The lenticular
thickenings are considered to be a useful specific feature. The geographical distribution of L. nipponica is
described on the basis of historical and contemporary specimens.

Key Index Words: geographical distribution—Laurencia—Laurencia masonii var. orientalis—
Laurencia nipponica—Laurencia nipponica f. orientalis—Laurencia yendoi—/enticular thicken-

ings— Rhodophyta—taxonomy.

Many species of the red algal genus Lauren-
cta have been reported from Japanese waters
(Yamada 1931, Yamada 1932, Yamada in
Okamura 1936, Yamada and Tanaka 1938,
Yamada and Segawa 1953, Saito 1967, 1977,
1978, Ohba and Aruga 1982). Some have,
however, been reduced to heterotypic syno-
nyms of other species. Laurencia amabilis
Yamada (in Yamada and Segawa 1953) is con-
sidered to be a synonym of L. yamadana Howe
(1934) (Saito 1969) and L. japonica Yamada
(1931) of L. okamurae Yamada (1931) (Saito
1989). Misidentifications are also apparent;
the entity passing under the name Laurencia
glandulifera in Japan has been shown to be an
early seasonal form of L. nipponica Yamada
(1931) without lenticular thickenings in the
walls of medullary cells (Saito 1985). Twen-
ty four species of Laurencia are now included
in the check-list of Japanese marine algae
(Yoshida et al. 1990). However, there are

) This study was supported in part by a Grant-in-Aid
for Scientific Research (No. 01540573) from the Ministry
of Education, Science and Culture, Japan.

several species for which further investiga-
tions are necessary.

Yamada (1931) established Laurencia yendoi
Yamada on the basis of specimens which were
collected at Hidaka and Rishiri Island, Hok-
kaido and had been reported as L. heteroclada
Harvey by Yendo (1916). This species has
been characterized by an absence of lenticular
thickenings and the presence of spirally ar-
ranged clusters of stichidial branchlets and
large, thick, percurrent axes (Yamada
1931). The latter two features are shared
with L. nipponica Yamada. Laurencia yendoi
has been reported from a few other localities
in Iwate Prefecture (Kawashima 1955),
whereas L. nipponica is widely distributed in
Japanese and adjacent waters (Saito 1967).
In the present paper L. yendoi is compared
with L. nipponica. Furthermore, the taxono-
mic status of an infraspecific taxon of L. nippo-
nica, f. orientalis (Yamada) Yamada (in
Okamura 1936) will be assessed.
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Materials and Methods

Four herbarium specimens of Laurencia yen-
dot were examined on loan from the Herbari-
um of University Museum, University of
Tokyo (TI). These specimens, which in-
clude the holotype sheet (four plants: two
tetrasporangial, one cystocarpic and one sper-
matangial), were collected at Hidaka (locality
not described), Hokkaido in July-August
1909 by K. Yendo and determined by Y.
Yamada. Two specimens of L. nipponica f.
orientalts (determined by Y. Yamada as L.
masonii var. orientalis Yamada) deposited in
TI were examined: 1) the holotype specimen
with tetrasporangia collected at Rishiri Is-
land, Hokkaido on 6 August 1891 by K.
Yendo and 2) a cystocarpic specimen collect-
ed at Nemuro in August 1924 by Y. Yamada.
The following herbarium specimens deposit-
ed in the Herbarium, Department of Botany,
Faculty of Science, Hokkaido University, Sap-
poro (SAP) were examined: 1) the holotype
specimen of Laurencia nipponica Yamada col-
lected at Nou, Niigata Prefecture (undated)
by Y. Yamada (SAP 013877); 2) two speci-
mens of L. yendoi collected at Kuji Bay, Iwate
Prefecture on 22 July 1952 by S. Kawashima
(SAP 027018); 3) a specimen collected at
Nakano, Iwate Prefecture on 20 July 1951 by
S. Kawashima (SAP 027017); and, 4) a speci-
men collected at Okutairahe, Aomori Prefec-
ture on 1 May 1931 by Y. Abe and deter-
mined by Y. Yamada (SAP 050806). Fur-
thermore, many specimens deposited in SAP
were re-examined and used to describe the ge-
ographical distribution of Laurencia nipponica.
Herbarium specimens collected recently were
also used and deposited in SAP. All these
specimens are listed in Appendix I.

Small portions were removed from various
parts of the thalli using a scalpel under a dis-
secting microscope and rehydrated. Sections
were made by hand using a razor blade and
pith stick, mounted in water on microscope
slides.

Results and Discussion

The holotype specimen of Laurencia yendoi is
tetrasporangial (Fig. 1), and is composed of a
primary axis and six secondary axes which de-
velop from the lowest portion of the primary
axis and stolons. Many first-order branches
with indeterminate growth are borne on the
primary and secondary axes. Short adventi-
tious branchlets are produced on the axes and
branches, and are abundant on the upper por-
tion of the axes. These branchlets are simple
or divided once, and are generally fertile.
Secondary longitudinal pit-connections are
present between adjacent surface cells. Len-
ticular thickenings are frequently present in
the walls of medullary cells of the lower por-
tion of secondary upright axes (Figs. 2, 3),
but they have not been found in the lateral
branches of any order. Tetrasporangia are
formed on ultimate and penultimate branch-
lets of ordinary and adventitious branches.
Tetrasporangial stichidia are formed in an
irregularly radial manner except for simple
stichidia which may develop adventitiously
and look like a cluster to the unaided eye as
described by Yamada (1931). Tetrasporan-
gia are arranged parallel to their parent branch-
let axis. A cystocarpic specimen of Lauren-
cia yendoi has many ovoid cystocarps which are
900-1100 #m long and 750-1000 #m wide. A
spermatangial plant bears many fertile bran-
chlets of which the terminal portions are thick
and 625-1000 #m long and 800-1250 zzm wide.

Herbarium specimens determined as Lauren-
cia yendot and deposited in SAP (see Materials
and Methods) have lenticular thickenings in
the walls of medullary cells of lateral branches
or in the lower portions of secondary axes.

Taxonomic features of Laurencia yendoi are
compared with those of L. nipponica in Table
1. Both of these species have large upright
thalli with thick, terete, main axes and can be
distinguished as such from other species of the
genus found in Japan. Laurencia yendo,
however, does not differ from L. nipponica in
any of morphological features listed in Table
1, and should therefore be regarded as con-
specific. Of these two names of the same date
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Figs. 1-3. Laurencia yendoi Yamada. Fig. 1. Holotype specimen deposited in TI. Figs. 2, 3. Transverse sec-
tions of the lower portion of a secondary axis of the holotype specimen, showing lenticular thickenings in the walls
of medullary cells (arrowheads). Scale in Fig. 3 also applies to Fig. 2.

(Yamada 1931), L. nipponica, which appeared The presence or absence of lenticular thick-
in an earlier page and has been widely known  enings has been regarded as a diagnostic
in Japan, should be chosen for the combined  character of species or groups of species
taxon. (Yamada 1931 as section). Of the Japanese
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Table 1. A comparison of Laurencia yendoi and L. nipponica
L. yendot L. nipponica
Length of upright thalli (cm) up to 25 up to 40

Basal system
Main axis

Thickest portion (mm) 2-3

Branching
Palisade-like surface cell absent
Secondary longitudinal pit-connection present
Projecting surface cells absent
Lenticular thickenings present
Apical depression of spermatangial receptacle  single
Shape of cystocarps ovoid
Size of cystocarps (#m)
length 900-1100
width 750-1000

Arrangement of tetrasporangia

a discoid holdfast and stolons

percurrent, terete

irregularly radial

parallel-type

a discoid holdfast and stolons
percurrent, terete

1.4-3.1

irregularly radial

absent

present

absent

present

single

ovoid

700-1150
660-1000
parallel-type

species, their presence characterizes L.
okamurae Yamada, L. venusta Yamada, L.
nidifica J. Agardh, L. mariannensis Yamada,
and L. nipponica. The occurrence of such
thickenings is exceptionally variable in Lauren-
cia filsformis (C. Agardh) Montagne: they are
usually present in f. filiformis growing in calm
water, sometimes present in f. Aeteroclada (Har-
vey) Saito et Womersley growing on rough-
water reefs and usually absent in f. dendritica
Saito et Womersley growing in deeper water
(Saito and Womersley 1974). On the basis of
a remark made by McDermid (1988a), Van-
dermeulen ¢t al. (1990) concluded that lenticu-
lar thickenings are not particularly significant
at any taxonomic level. However, McDer-
mid (1988b) employs this feature to distin-
guish the Hawaiian species. Her remark
(McDermid 1988a, p. 222) “considerable
within-species variation of projection of corti-
cal cells, presence of lenticular thickenings, ...”
is based upon Cribb (1958, p. 159) “some spe-
cies, such as L. obtusa and L. rigida, never
show any lenticular thickenings in the walls of
the mudullary cells, some such as L. venusta
appear always to possess thickenings in abun-
dance, while in others such as L. heteroclada,
the thickenings vary from very abundant to
entirely absent, depending on the specimens”.
In Laurencia nipponica these thickenings are

not always present in young plants, but they
become more abundant with age (Saito 1967,
1985). He points out the necessity of examin-
ing fully grown plants for such species.
Cribb employs the presence of lenticular thick-
enings to distinguish some Australian species
in a later paper (Cribb 1983). Thus, in many
cases the presence of lenticular thickenings
can be used for a critical feature at least at spe-
cies level.

Yamada (1931) described Laurencia masonii
Setchell et Gardner var. orientalis Yamada on
the basis of specimens collected at Rishiri Is-
land and Nemuro, Hokkaido. Yamada (in
Okamura 1936), however, later reduced this
variety to a forma of L. nipponica; this forma
has been characterized by conspicuously long-
er lateral branches (Yamada in Okamura
1936), and it has been reported from a few
localities of Hokkaido (Hasegawa 1949).
Two herbarium specimens of this forma, cit-
ed in Materials and Methods, have been ex-
amined. The production of many, short,
reproductive adventitious branchlets and less
frequent occurrence of lenticular thickenings
in the medullary cell-walls suggest a relation-
ship with L. nipponica than L. masonii as Yama-
da (in Okamura 1936) concluded. On the
contrary, L. masonit lacks such branchlets and
possesses very abundant and much thicker len-
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Fig. 4.
a sheltered place at Oshoro, Hokkaido (SAP 056345).

Fig. 5.
Yamada).

ticular thickenings (Yamada 1931). Other
morphological features of these specimens are
very similar in every respect to those of L. nip-
ponica.  Development of lateral branches
may be affected by habitat in Japan. Lauren-
cia mipponica grows on rocks or ledge in
sheltered to fully wave-exposed places.
Plants growing in sheltered calm places (tidal
pools or ports) develop long branches (Fig. 4)
as does the holotype specimen of L. nipponica
f. orientalis (Fig. 5), whereas those growing in
fully wave-exposed places have short lateral
branches (Fig. 6) as does the holotype speci-
men of this species (Fig. 7). There is no need
for an infraspecific taxon on the basis of such
development of lateral branches. Morpholog-
ical variability similar to this is common in
the species of Laurencia, as pointed out by
Yamada (1931, p. 185).

Okamura (1899) distributed an exsiccata of
Japanese marine algae which included an
alga under the name of Laurencia paniculata J.
Agardh. The specimen of this alga in
Okamura Herbarium housed in SAP, collect-

Herbarium specimen of Laurencia nipponica with long lateral branches, collected on 7 July 1989 from

Holotype specimen of L. nipponica f. orientalis (Yamada) Yamada (T1, as L. masoniz var. orientalis

ed at Hakui, Noto Peninsula in May, 1894, is
identical with L. nipponica. Okamura (1902,
1916) reported L. paniculata from various local-
ities of Japan ranging from Okinawa Prefec-
ture to Hokkaido. No specimens other than
a duplicate of his exsiccata identified as L.
paniculata by K. Okamura are included in
his herbarium in SAP. His identification
might have been tentative and could have
been corrected later. As L. nipponica has not
been reported from Okinawa Prefecture
(Segawa and Kamura 1960, Masuda and
Kamura unpublished observations), his ge-
ographical records may include other spec-
ies. Yendo’s (1916) L. heteroclada, of which
voucher specimens had been known as L. yen-
doi, is identical with L. nipponica. Yamada’s
L. glandulifera (in Okamura 1936) is con-
specific with L. nipponica as already reported
by Saito (1985).

In summary, the synonyms of L. nipponica
are as follows.

Laurencia nipponica Yamada [1931: 209, pl.
9
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Herbarium specimen of Laurencia nipponica with short lateral branches, collected on 24 June 1989

from a fully wave-exposed habitat at Tanesashi, Aomori Prefecture (SAP 056344).

Fig. 7.

Synonyms: Laurencia yendor Yamada [1931:
237, pl. 24]. L. masonii Setchell et Gardner
var. masonit Yamada [1931: 210, pl. 10]. L.
nipponica Yamada f. orientalis (Yamada)
Yamada [in Okamura 1936: 855]. L.
paniculata auct. non J. Agardh: Okamura
[1902: 54 (pro parte), 1916: 68 (pro parte)]. L.
heteroclada auct. non Harvey: Yendo [1916:
89]. L. glandulifera auct. non Kiitzing: Yama-
da [in Okamura 1936: 858].

The geographical distribution of Laurencia
nipponica in Japan is shown in Fig. 8; it oc-
curs along the coast of Sea of Japan and the
coast of Sea of Okhotsk from Saga Prefecture
to the north coast of Hokkaido including the
Nemuro Straits, which are under the
influence of the Tsushima Warm Current and
its terminal branch, the Soya Warm Cur-
rent. This alga also grows on the coast of
Seto Inland Sea and along the Pacific coasts of
northern Honshu and southern Hokkaido,
which are influenced by the Tsushima Warm
Current and its terminal branch, the Tsugaru

Holotype specimen of L. nipponica Yamada deposited in SAP (013877).

Warm Current. Furthermore, its distribu-
tion range extends northward to eastern Hok-
kaido which is exclusively influenced by the
Oyashio Cold Current. Of the species of
Laurencia found in Japanese waters, L. nip-
ponica is most adapted to low temperatures
and exclusively occurs in north-eastern Hok-
kaido.

Konno et al. (1988) and Ohba et al. (1988)
reported L. nipponica from more southerly
localities of Pacific coast, Kominato and Ban-
da, Tateyama, Chiba Prefecture. One of
their voucher specimens, collected at Banda,
on 15 May 1988 and donated to SAP (054428)
was examined. This specimen is much more
slender than L. nipponica and its surface cells
are clearly projecting at the branch apices.
Further examination is needed to clarify the
occurrence of L. nipponica in these localities.
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Appendix I.

Voucher specimens used in assessing the geographical
distribution of Laurencia nipponica Yamada are listed be-
low. All specimens are deposited in SAP and the speci-
men numbers refer to SAP.

Sea of Japan

Saga Pref.: Karatsu, April 1929, leg. Y. Okamoto
(056299). Fukuoka Pref.: Tsuyazaki, 13 April 1957, leg.
T. Sawada (031162). Shimane Pref.: Yunotsu, undat-
ed, leg. S. Takaki (021092); Shizuma, 16 July 1933, leg.
S. Takaki (Okamura Herb.); Torii, 30 March 1933, leg.
S. Takaki (Okamura Herb.). Tottori Pref.: Iwami, 8
July 1918, leg. Y. Ikoma (056298). Ishikawa Pref.:
Hakui, 20 April 1894, leg. K. Okamura (Okamura
Herb.), May 1894, leg. K. Okamura (Okamura
Herb.). Niigata Pref.: Gouzu, 2 August 1957, leg. Y.
Saito (028246-7); Kujiranami (Kashiwazaki), 17 May
1990, leg. M. Masuda (056317-9); Kannon-misaki
(Nishiyama), 15 May 1991, leg. A. Arai (056315), 20
May 1991, leg. Y. Kajita (056316); Ishiji, 13 March
1932, leg. Y. Ikegami (Okamura Herb.), 25 May 1932,
leg. Y. Ikegami (Okamura Herb.); Niigata, 8 May 1986,
leg. K. Ikehara (051045); Murakami, 17 May 1990, leg.
M. Masuda (056312); Ookura (Aikawa), 19 April 1956,
leg. N. Tazawa (056313-4). Yamagata Pref.: Tobishi-
ma, July 1931, leg. T. Hirohashi (012089). Akita Pref.:
Konoura, 20 July 1989, leg. T. Suzuki and M. Masuda
(056311). Aomori Pref.: Fukaura, 19 July 1931, leg. T.
Kanda (012825), 21 July 1989, leg. T. Suzuki and M.
Masuda (056310). Hokkaido: Akagami (Matsumae), 24
June 1988, leg. I. Mine (053976); Esashi, 3 April 1944,
leg. Y. Hasegawa (025435); Okushiri, January 1944, leg.
Y. Hasegawa (025236), 3 July 1943, leg. Y. Hasegawa
(025237); Suttsu, 16 June 1950, leg. S. Kawashima
(052283); Kayanuma (Tomari), 25 April 1984, leg. K.
Kobayashi (056326); Kawashiro, 10 August 1985, leg.
K. Kobayashi (056330); Yobetsu, 6 June 1984, leg. K.
Kobayashi (056327); Attoma, 1 July 1985, leg. K.
Kobayashi (056329); Oshoro, 29 April 1932, leg. K. In-
agaki (014054, 022307), 7 July 1989, leg. M. Masuda
(056345); Shioya, June 1940, leg. Y. Nakamura
(023614); Takashima, 14 June 1954, leg. N. Tazawa
(054336); Otaru, 14 June 1954, leg. N. Tazawa
(028562); Kumausu, 6 July 1989, leg. T. Suzuki and M.
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Masuda (056341); Asari, 1 June 1954, leg. N. Tazawa
(028563); Hariusu, 6 July 1989, leg. T. Suzuki and M.
Masuda (056342); Rumoi, 22 June 1984, leg. E. Kurosa-
wa and Y. Saito (056333), 5 July 1989, leg. M. Masuda
(056346); Yagishiri, August 1910, leg. K. Yendo
(056296); Shosanbetsu, 22 June 1984, leg. E. Kurosawa
and Y. Saito (056332); Rishiri, 8 June 1899, leg. K.
Yendo (056295), 21 July 1929, leg. S. Akiyama (008111-
2); Rebun, July 1910, leg. K. Yendo (056297), 24 Au-
gust 1934, leg. K. Inagaki (022813, 048135).
Seto Inland Sea

Ehime Pref.: Yuge-jima, 11 May 1990, leg. S. Arai
and S. Ninomiya (056323-5). Okayama Pref.: Kitagi-
jima (Kasaoka), 3 April 1989, leg. S. Ninomiya (056320-
1). Kagawa Pref.: Awashima (Takuma), 5 April 1989,
leg. S. Ninomiya (056322).
Pacific coast

Fukushima Pref.: Onahama, 22 July 1990, leg. M.
Masuda (056309); Yotsukura, 22 July 1990, leg. M.
Masuda (056308). Miyagi Pref.: Shichigahama, 18
May 1955, leg. Y. Tsuji (056300); Ogatsu, 22 June 1989,
leg. T. Suzuki and M. Masuda (056307); Karakuwa, 23
June 1989, leg. T. Suzuki and M. Masuda (056306).
Iwate Pref.: Hirota, 4 August 1956, leg. Y. Tsuji
(056301); Oofunato, 21 May 1951, leg. S. Kawashima
(027020); Ootsuchi, 24 July 1979, leg. S. Kawaguchi
(052945), 25 July 1979, leg. S. Kawaguchi (053193);
Joudogahama (Miyako), 23 June 1989, leg. T. Suzuki
and M. Masuda (056305); Kurosaki (Fudai), 24 June
1989, leg. T. Suzuki and M. Masuda (056303-4);
Taneichi, 14 April 1952, leg. S. Kawashima (027019,
051835), 24 June 1989, leg. T. Suzuki and M. Masuda
(056302); Tanesashi (Hachinohe), 24 June 1989, leg. T.
Suzuki and M. Masuda (056344). Hokkaido: Osatsube,
26 July 1938, leg. Y. Yamada (023603); Usujiri, 1 Au-
gust 1989, leg. T. Suzuki and M. Masuda (056339,
056340); Otoshibe, 25 June 1986, leg. K. Kogame
(050392); Muroran, 1 June 1935, leg. Y. Nakamura

(023334); Higashishizunai, 26 May 1975, leg. T. Yoshi-
da and M. Masuda (049497); Mitsuishi, 29 June 1984,
leg. E. Kurosawa and T. Suzuki (056334), 4 July 1989,
leg. T. Suzuki and M. Masuda (056343); Enrumu-mis-
aki (Samani), 28 May 1975, leg. T. Yoshida and M.
Masuda (049458), 24 July 1975, leg. T. Yoshida and M.
Masuda (049374); Horoizumi, 4 July 1943, leg. Y.
Nakamura (048899); Aburakoma, 27 May 1975, leg. T.
Yoshida and M. Masuda (049535), 25 July 1975, leg. M.
Kurogi and M. Masuda (049416); Syoya, 24 July 1975,
leg. M. Ohta (047894); Oshirabetsu, 23 July 1975, leg.
M. Ohta (047895), 18 August 1989, leg. M. Masuda
(056337); Akkeshi, 25 June 1933, leg. Y. Yamada
(024645); Nosappu-misaki, 25 August 1988, leg. M. Mat-
sumoto (052642).
Tsugaru Straits

Aomori Pref.: Yunoshima, undated, leg. Y. Yamada
(008107); Ooma, 16 May 1987, leg. T. Kitayama
(052993, 053085). Hokkaido: Fukushima, 16 May
1988, leg. I. Mine (053973); Kikonai, 8 May 1989, leg. I.
Mine (053974); Moheji (Kamiiso), 15 June 1984, leg. E.
Kurosawa and Y. Saito (056331); Hakodate, undated,
leg. T. Moritake (024528); Kamaya (Toi), April 1940,
leg. Y. Yamada (023535).
Sea of Okhotsk

Hokkaido: Soya-misaki, 27 July 1980, leg. M. Kurogi
(036873); Esashi, 6 August 1947, leg. M. Kurogi
(025485); Saruru (Okkope), 28 July 1980, leg. M. Kuro-
gi (036939, 036940); Abashiri, June 1934, leg. T. Murao-
ka (020035); Utoro, 16 August 1989, leg. M. Masuda
(056335); Rusya, 16 September 1943, leg. Y. Yamada
(024331).
Nemuro Straits

Hokkaido: Rausu, 17 August 1989, leg. M. Masuda
(056336); Nemuro, 3 August 1929, leg. S. Akiyama
(008113), 10 August 1987, leg. M. Matsumoto (052467,
052643), 29 June 1988, leg. M. Matsumoto (052644).
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Satoh, H., Tanaka, H. and Koike, T. 1992. Light condition and photosynthetic characteristic of the sub-
surface chlorophyll maximum at a station in Solomon Sea. Jpn. J. Phycol. 40: 135-142.

Photosynthetic productivity of phytoplankton was investigated at a station (5°43'S, 153°30°E) in the
Solomon Sea, in early December 1989. A pronounced subsurface chlorophyll maximum (SCM) was
observed at a layer of 75 m depth, where the relative light intensity was 1.2% of the incident solar radiation
at water surface. The chlorophyll a concentration at the SCM layer was 0.61 mg m~3. The chlorophyll a
standing stock at the SCM layer was 469 of the total amount in the water column from surface to 200 m.
Photosynthesis-light curve of phytoplankton from the SCM layer indicated shade adaptation. The maxi-
mum photosynthetic rate of 0.15 mgC mg-chl-a~!h~! was obtained at 35 #E m~2s~!, which was almost
the same light condition at the SCM layer. The photosynthetic efficiencies of phytoplankton from surface,
25m and the SCM layer for blue light (35 #E m~2s~!) were 57, 56 and 105% of those under daylight,
respectively. The primary production in the SCM layer (0.086 mgC m~* h~!) was 179 of that in the 25 m

layer (0.50 mgC m~3h~!).

Key Index Words:

A subsurface chlorophyll maximum (SCM)
has been often observed in marine environ-
ments (e.g. Riley e al. 1949, Anderson 1969,
Kiefer et al. 1976, Yamaguchi and Ichimura
1980, Abbott et al. 1982, Takahashi et al. 1985).
The SCM is commonly found at depths be-
tween 30 and 100 m in most areas, which oc-
curred in the lower part of the photic zone
where the light level is generally about 1% of
the sea surface (Jerlov 1976, Kishino et al. 1986).
Thus, it is important to know the photo-
synthetic rate at the light regimes near com-
pensation point for estimating primary
production at the SCM layer in the tropical
area. During the cruise of the T/V Umitaka
Maru III of Tokyo University of Fisheries to
Solomon Sea in 1989, we carried out a series
of investigations focusing on the photosynthet-
ic characteristics of phytoplankton from the
SCM layer. In this paper, we describe the
characteristics of the SCM layer with refer-
ence to the light conditions.

blue light—photosynthesis—Solomon Sea—subsurface chlorophyll maximum.

Materials and Methods

Studying area (5°43'S, 153°30'E) was locat-
ed in the central part between Bougainville
Island and New Ireland (Fig. 1). The depth
was approximately 4,500 m. Seawater sam-
ples were collected by using Rossete multi
samplers equipped with a CTD system (Neil
Brown Co. Ltd.). For measurements of size
distribution and photosynthetic activity of
phytoplankton and nutrients, additional
water samples were collected from 0, 25 and
75 m with a Van Dorn sampler. A series of
this study was carried out in early December
1989.

For measurement of phytoplankton chlo-
rophyll a, seawater samples of one liter were
immediately filtered through glass fiber filters
(Whatman GF/F) and the filters were kept
frozen in a deep freezer at —30°C until ana-
lyses. The concentrations of chlorophyll a
were determined with a Turner Designs
10-005R fluorometer according to the pro-
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cedures of Strickland and Parsons (1972).
For determination of size distribution of
phytoplankton, aliquots of seawater were
filtered through membrane filters (Nuclepore
3 ym, General Electric Ltd.) and plankton
nettings (Nitex, mesh size of 10 #m). Chlo-
rophyll a concentrations in three fractions
were determined fluorometically by the same
method mentioned above.

The map showing location of sampling site (5°43'S, 153°30°E) in Solomon Sea.

Measurements of photosynthetic activity
were made by the stable 13C isotope method
(Satoh et al. 1985). Water samples collected
from 0, 25 and 75 m were transferred into
1000 ml clear polycarbonate bottles. After
adding NaH"3COj; (10.7% of the final atom
percent of 3C, Prochem Co.) to the bottles,
the samples were incubated for 6 hours in
water bath controlled at 30°C under 325
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Fig. 2. Spectral energy distributions of blue light (a) and daylight fluorescence lamp (b).

#tEm~2s7! of daylight type fluorescence
lamps (FL-40SD, Toshiba Co.), which have
almost the same spectral irradiance energy as
visible light at the range of 400-700 nm (Fig.
2). The light intensity was regulated by
changing the number of neutral vinyl sheets
wrapped around the bottles. The blue light
source was also obtained by placing a blue
filter of cellophane sheet in front of the
lamps. After the incubation, the samples
were filtered through glass fiber filters (What-
man GF/F) precombusted at 450°C for 4
hours. The filters were fumed with HCI for
removing inorganic carbon, and the isotope
ratios of 12C and 13C were determined by in-
frared absorption spectrometry with a !3C
analyzer (EX-130, JASCO). The photosyn-
thetic rate was calculated by the method of
Hama et al. (1983). Current velocities were
determined with an Acoustic Doppler Cur-
rent Profiler (CI-20-H ADPC, Furuno Elec-
tronic Co.).

Incident and underwater photosynthetical-
ly active radiation (PAR, 400-700 nm) was
measured with an LI-1000 integrating quan-
tum meter equipped with an LI-190SB air
quantum sensor and an LI-192SB under-
water quantum sensor, respectively. The
underwater spectral irradiance was measured

by an underwater irradiance meter (Ishikawa
Industrial Co.) with eight interference filters
of 422, 481, 513, 552, 599, 661, 682 and
709 nm.

Results and Discussion

Hydrography and light conditions in the study area

The direction of current and velocity of sur-
face water were recorded, the latter being
30-60 cms~!. The vertical profiles of water
temperature, salinity and density (sigma-t) at
the study site are shown in Fig. 3a. The
water column was well stratified. The water
temperature in the mixed layer from surface
to 75 m ranged from 30.4 to 29.6°C, and a
thermocline developed in the deeper layer
of 150-200 m.

A marked subsurface chlorophyll maxi-
mum (SCM) was observed at a depth of 75 m
(Fig. 3b). The relative light level at the SCM
layer was about 1.2% of the incident solar
radiation at local noon under clear sky (Fig.
4a). The light penetrating to this depth was
so weak that the photosynthesis was strictly
restricted by light intensity, as mentioned by
Jerlov (1976) and Kishino et a/ (1986). Fur-
ther, the wavelength distribution of light
energy was biased to the range of 481-
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Fig. 3. (a) Vertical distributions of water temperature (T), salinity (S) and density (ot) in the upper
200 m layer. (b) Vertical profile of chlorophyll a concentrations (Chl. a) and size distribution of phytoplankton at
surface, 25 and 75 m layers. The hatched, dotted and white bars indicates the fractions less than 3 #m, between 3

and 10 gm and more than 10 #m, respectively.

552 nm, and the attenuation coefficients at
481, 599 and 682 nm from surface to 10 m
depth were 0.096, 0.143 and 0.377m™!,
respectively (Fig. 4b). The light condition in
this site was almost similar to those in the
western Pacific Ocean (Matsuike 1973). Our
results indicated that phytoplankton at the
SCM layer could alive under such dim light
and restricted wave length conditions.

The concentrations of nitrate, nitrite, phos-
phate and silicate at each depth are shown in
Table 1. The concentrations of nutrients in
surface and 25 m depth were extremely low,
and increased with the depth around the
SCM layer. The nutrient concentration in
this area was almost the same as those in the
subtropical  regions (Yamaguchi and
Ichimura 1980, Furuya and Marumo 1983).

In the SCM layer chlorophyll a concentra-
tion was 0.61 mgm™—3 (Fig. 3b), which was
2.1 times higher than that in the surface
water. The integrated chlorophyll a concen-
tration from 50 m to 100 m occupied 46%

(41.9 mgm~?) of the total amount of chlo-

rophyll ¢ in the water column from the surface
to 200 m.

Size distribution of phytoplankton

The pico-plankton (smaller than 3 ym) oc-
cupied the large parts of the fraction in every
depth as shown in Fig. 3. It constituted 61%
of the total chlorophyll a concentration, and
in the SCM layer more than 909% of the chlo-
rophyll a was contained in the pico-plank-
ton. This result was coincident well with
those in the tropical regions reported by Taka-
hashi and Hori (1984) and Le Bouteiller and
Herbland (1984). Phytoplankton of small
size at the SCM layer was mainly composed
of flagellates and monads, such as species of
Micromonas, Ochromonas and Synechococcus
(Johnson and Sieburth 1982, Furuya and
Marumo 1983, Takahashi and Hori 1984).
Therefore, it is concluded that the difference
in vertical distribution of chlorophyll a concen-
tration and size distribution of phytoplankton
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water spectral irradiance at the other site (7°40'S, 160°30°E) in Solomom Sea.

is due to the difference in species composi-
tion between the surface waters and the SCM
layer.

Photosynthesis-light curves

Photosynthesis-light curves of phyto-
plankton from surface, 25 and 75 m layers
were shown in Fig. 5a. In the curve of
75 m depth (SCM) the photosynthetic rate
was 0.15 mgC mg-chl-a~'h™! at the satura-
tion point of 35p¢Em~%s~! which cor-
responds to 1.0% of downwelling irradiance
around noon on a clear day in early Decem-
ber. As can be seen in Fig. 5b, such a low
saturating light intensity for photosynthesis of

the SCM phytoplankton suggested the shade
adaptation of phytoplankton as indicated by
several investigators (e.g. Ichimura e al.
1962, Shimura and Ichimura 1973). The
photoinhibition of photosynthesis was clearly
found at the irradiance stronger than 90
#Em~2s7! for the SCM sample. The maxi-
mum photosynthetic rate of the surface and
25m depth samples was 0.75 and 1.1
mgC mg-chl-a~!'h~1, respectively. As can
be seen in Fig. 5a, high photosynthetic rates
at the high saturating light intensities suggest
that the phytoplankton at surface and 25 m
layers adapted to higher light intensities.
The difference in such characteristics as pho-

Table 1. Concentrations of nutrients at surface, 25 m and 75 m depth at the
studying station.

Depth Silicate Phosphate Nitrate Nitrite
(m) (pg-atl™!) (pg-atl™) (pg-atl™?) (pg-atl™!)
0 4.79 0.70 0.51 0.024
25 3.52 0.72 0.87 0.027
75 2.91 0.70 0.85 0.025
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Photosynthesis-light curves showed by per unit amount of chlorophyll a (a) and relative rate (b) of

phytoplankton collected from surface, 25 and 75 m depth.

tosynthesis rate and saturation point in
photosynthesis-light curves between shallow
water and SCM layer phytoplankton may
be caused by the light condition at each layer
as mentioned above. The maximum photo-
synthetic production at surface at 25 and
75m depths was 0.31, 0.50 and 0.086
mgCm~3h~!, respectively. These values

were higher than those in the subtropical
western north Pacific Ocean reported by
Yamaguchi and Ichimura (1980), and lower
than those in the tropical north Pacific Ocean
described by Taguchi (1980).

Water samples from the surface and the
SCM layers were incubated under the con-
trolled light intensity of 35ugEm™2s7!.
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Table 2.

Quantum yield for photosynthesis [mgC mg-chl-a~'h~! (¢(Em™2

s71)7!] collected from surface, 25 m and 75 m depth under day-light (400-700 nm)
and blue-light (400-550 nm) of 35 uE m~2s~!.

Depth (m) Q,day-light leue-lighl leue/ Qday
0 0.015 0.0086 0.57
25 0.014 0.0078 0.56
75 0.0042 0.0044 1.05
Quantum yield of photosynthesis is deter- Acknowledgements

mined by CO, molecules fixed in the biomass
per quantum irradiance of light absorbed by
phytoplankton (Kirk 1983). Quantum yields
of photosynthesis at 35 #E m~2s~! under day-
light (Qq) and under blue light (Qy) of
phytoplankton collected from surface, 25 and
75 m depth were calculated (Table 2). The
ratio of Q,/Qy is an index of utilization of
blue light for photosynthesis (photosynthetic
efficiency). Although the quantum yields of
photosynthesis in the surface and 25 m layer
samples under daylight and blue light were
1.8 times or more higher than those in the
SCM, the photosynthetic efficiency of 1.05 for
the SCM layer was about two times higher
than those for the surface and 25 m samples.
This means that the phytoplankton at the
SCM layer adapted physiologically to low in-
tensity of blue light by enhancing their pho-
tosynthetic activity similar to the cultured
SCM microalgae reported by Kamiya and
Miyachi (1980). Our result was also support-
ed by the report of Ikeya et al. (1991) that the
photosynthetic response of cyanophytes iso-
lated from SCM layer in the Kuroshio region
of Japan was active for blue-green light. This
characteristic might be due to high concentra-
tion of phycoerythrin, as described by Ikeya et
al. (1991). Futher investigations should be
done in detail on the photosynthetic pigment
system of phytoplankton collected from SCM
layer.

In conclusion, the photosynthetic charac-
teristic at the SCM layer was stongly
influenced by the light conditions. Standing
stock of chlorophyll a at the SCM layer was
higher than those at the shallow layer,
although primary production at the SCM was
low because of dim light condition.

We wish to thank Prof. K. Matsuike,
Tokyo Univ. of Fish., for his valuable sugges-
tions and criticism. We are grateful to Cap-
tain K. Inoue, the officers and crew of the
T/V Umitaka Maru III, Tokyo Univ. of
Fish., for their cooperation during the
cruise. Thanks are also extended to Prof. A.
Aruga, Tokyo Univ. of Fish., and Prof. Y.
Yamaguchi, Saitama Univ., for their en-
couragement and critical reading of the
manuscript.
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Fujita, D., Akioka, H. and Masaki, T. 1992. Regeneration of Lithophyllum yessoense Foslie in culture. Jpn.

J. Phycol. 40: 143-149.

The regeneration of Lithophyllum yessoense (Corallinales, Rhodophyta), a dominant encrusting coralline
alga in Isoyake (urchin-dominated barren) area of southwestern Hokkaido, was examined by culturing crust
fragments with artificially-made longitudinal fracture. In all conditions (water temperature, 5-25°C; irra-
diance, 25-1100 #Em~2 s!), regeneration occurred from the fractures. The regenerated thallus, consisted
of primigenous and postigenous filaments, grew rapidly in higher temperatures, in higher irradiances, and
in earlier stages of culture. The marginal and thickness growth rates of the regenerated thalli were much
larger than cultured one-year-old plants and natural perennial plants previously reported for the same

species.

Key Index Words: Corallinaceae— Epithallial shedding—Growth rate—Isoyake—Lithophyllum yes-

soense— Regeneration— Rhodophyta

In Isoyake (urchin-dominated barren)
areas along the southwestern coast of Hok-
kaido, subtidal substrata have been covered
extensively by nongeniculate coralline algae
(Corallinales, Rhodophyta), among which
the perennial encrusting species Lithophyllum
yessoense Foslie is dominant (Noro et al. 1983;
Fujita 1989). This species grows slowly (Fuji-
ta 1990a, b), but its thallus surface is compara-
tively clean as a result of epithallial shedding
(Masaki et al. 1981, 1984). It can survive
grazing by sea urchins or limpets (Fujita
1992) and may suffer physical or biological
damage (e.g., collision with rolling stones;
strong wave action in winter; artificial
removal by ‘chain-swinging’ method {Naba-
ta and Matsuda 1983); movement of creeping
animals), and consequently a large part of the
plant may be lost. Artificial injury is more
serious in terms of volume of lost thallus than
the slight wound caused by herbivore grazing
(Fujita 1992). However, there is no informa-
tion on the response of this species to heavy in-
jury. In the present paper, results of experi-
ments on regeneration of fragmented pieces of

thalli of L. yessoense are reported.

Materials and methods

Thalli of L. yessoense were removed by chisel-
ing from subtidal rocky bottoms (1-3m
depth) at Taisei, Hiyama Province of
southwestern Hokkaido on Mar. 5, 1984 and
Aug. 14, 1985. Plants were immediately
brought alive in sea water to the laboratory in
Hakodate. Healthy thalli of several square
centimeters were selected, and were broken
into 4 or 5 pieces. The pieces from one thal-
lus were placed in a waterbath (3 /) filled with
sea water (2 /).

In the first experiment (Exp. I) in Mar.
1984, triplicate waterbaths were placed in
three incubators set at 5, 10, and 15°C,
respectively; all of the incubators were subject
to light conditions of 12: 12LD with 150
#Em~2s7!.  After 42 days, all pieces were
taken out, and either fixed and decalcified
with Susa’s solution (Gray 1954) for measure-
ment of length and thickness of regenerated
thallus or airdried for scanning electron
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Fig. 1
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microscopy.

In the second experiment (Exp. II) in Aug.
1985, triplicate waterbaths were placed in an
incubator at 25°C, and each was cultured un-
der 3 different levels of irradiance, 25, 150
and 1100 #uEm~2s7!, respectively.  One
piece of thallus from each triplicate was taken
out for observation in the same way as Exp. I
after 5, 15, 30 and 65 days.

Along the coast of southwestern Hokkaido,
the sea water temperature is the lowest (5°C)
in February and highest (25°C) in August
(Fujita 1989), so that the lowest temperature
in Exp. I and the highest temperature in Exp.
IT correspond to the winter and summer condi-
tions, respectively.

The size (length and thickness) of regenerat-
ed thallus was measured on cross sections of
paraffin-embedded decalcified pieces with a
light microscopic scale. Structure of regener-
ated tissue was observed with a scanning elec-

Longitudinal fracture of Lithophyllum yessoense.
extended downward

the parent fragment 25°C-

(p) (65 days,

tron microscope (SEM-25, Nihon Denshi
K. K.), using air-dried pieces coated with
gold-palladium.

Results

Morphological observation

In all conditions (water temperature: 5-
25°C, irradiance: 25-1100 #Em~? s 1), regene-
ration occurred (Figs. 2-8) from fractures
(Fig. 1).

At first, regeneration was initiated from
one or a few distal parts where columnar cells
were pigmented (Fig. 3). The regenerated
thallus increased in thickness and then extend-
ed downward along the longitudinal fracture
of the parent fragment (Figs. 2, 4-6). The tip
of the well-developed regenerated thallus was
separated from longitudinal fracture of the
parent fragment.

While the regenerated thallus remained at-

Fig. 3 Regenerated thallus initiated at two distal points (arrows) of a longitudinal fracture (15 days, 25°C-

25 pEm~?%s7h).

Fig. 4 Regenerated thallus (65 days, 25°C-25 pEm~%s7!), consisting entirely of postigenous filaments.

The outermost epithallial layer is sloughing off (arrow).

Fig. 5 Regenerated thallus (65 days, 25°C-1100 #Em~?s™!), in which the tip is separated from parent frag-

ment.

The outermost epithallial layer was sloughing off (arrow).

Fig. 6 SEM of the free tip shown in Fig. 5, showing the primigenous cells (pr) aligned in rows from the ven-

tral surface view. Scale bars=100 #m
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Fig. 7 Enlargement of regenerated thallus in Fig 6, showing filaments: primigenous cells (pr), columner

cells (c) vegetative initials (vi) and epithallial cells (e).

Epithallial cells (concavities) are arranged in vertical-

growth type (v). Large and small arrows show primary pit-connections and secondary pit-connections, respec-

tively.

Fig. 8 SEM of dorsal surface view of the margin of regenerated thallus, (65 days, 25°C-150 #Em~?s7!),
showing epithallial cells arranged in horizontal-growth type (h). Arrows show the epithallial concavities.

Scale bars=100 #m

tached to the longitudinal fracture of the par-
ent fragment, it consisted only of postigene-
ous filaments, in other words, columner cells,
vegetative initials and epithallial cells (Figs.
3-4).

However, in the free tip where regenerated
thallus became separated from the longitudi-
nal fracture of the parent fragment, the ven-
tral part was composed of newly developed
primigenous filaments (Figs. 5-6) (See
Woelkering 1988 for terminology of
‘primigenous’ and ‘postigeneous’). In ven-
tral surface view, the primigenous cells of
the regenerated thallus were aligned in rows

(Fig. 6).

Primary pit-connections between adjacent
cells within each filament and secondary pit-
connections between contiguous filaments
were also observed in the regenerated thallus
(Fig. 7).

In dorsal surface view, two sorts of epithalli-
al cells occurred on regenerated thallus (Figs.
7-8). In the thickened central region of
regenerated thallus, the dorsal surface (Fig. 7)
was composed of honeycomb-like, randomly-
arranged epithallial concavities (Garbary
1978). On the other hand, at the margin of
regenerated thallus, epithallial cells were
aligned in rows, and grooves between the cell
rows were prominent (Fig. 8). The former

Table 1. Size (length X thickness, #m) of regenerated tissue (N=1 in each condition) of

Lithophyllum yessoense.

Ryaisn Irradiance Time (days)
temperature Em-251
(°C) (eRm™ 5] 5 15 30 42 65
Exp. I
3 150 733 X 17
10 150 935 X 32
15 150 1,542 X 55
Exp. II
25 25 341 %33 670 X 61 —_ —
25 150 414X 29 786X 64 1,072Xx117 1,286 X 143
25 1100 543 X 34 943 X154 1,415X240 1,629 X 343
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type of epithallial cell arrangement is referred
to ‘vertical growth-type’, and the latter,
‘horizontal-growth type’ in the juvenile plant
of the same species (Fujita 1990b). On the
dorsal surface of some regenerated thallus con-
sisting of epithallial cells of ‘vertical growth-
type’, shedding of most distal layer of epithal-
lial cells was observed (Figs. 4-5).

Growth of regenerated tissue

Sizes of all regenerated thalli are listed in
Table 1. In Exp. I, the new thallus grew
most rapidly at 15°C, and most slowly at
5°C, both in length and in thickness. Andin
Exp. II, regenerated thallus grew most rapid-
ly at 1100 #Em~2s~!, and most slowly at
25 #tEm~2s~! both in length and in thic-
kness. In the highest temperature-lowest irra-
diance condition examined (i.e. 25°C-25
#Em~?2s™1), parent fragments did not survive
after 15 days.

Discussion

The phenomenon of regeneration is known
to occur in a wide range of marine algae (Bug-
geln 1981). In nongeniculate coralline algae,
however, little has been known up to now,
although Cabioch (1972) observed natural
regeneration in many nongeniculate coralline
genera. In Lithophyllum, she described the
same pattern of regeneration in Lithophyllum
incrustans Foslie and Lithopyllum sp., and
called it ‘reappearence of juvenile structure’
(in original text of Cabioch, ‘reapparition de

Table 2.

structures juveniles’). The regeneration pat-
tern of L. yessoense seems to be similar in
producing primigeneous filaments which cor-
respond to ‘pseudo-hypothallium’ (in original
text of Cabioch, faux hypothalle’).

Woelkerling (1988) noted that dimerous
nongeniculate coralline algae are composed of
two kinds of filaments: primigenous and
postigenous filaments. The structure of
regenerated thallus was dimerous like the
original thallus.

The development of primary and seconda-
ry pit-connections in regenerated thallus was
confirmed in the present study. These pit-
connections may be important for transloca-
tion of nutrients and gas, as Steneck (1983)
suggested in the case of wound-healing of
grazed coralline algae, though this hypothesis
requires further experimental confirmation.

Using the data of growth of regenerated
thallus in Table 1, the annual marginal
growth rates and thickness growth rates were
calculated (Table 2). Both marginal and
thickness growth rates increased at higher
water temperature and at higher irradiance.
These growth rates, however, decreased as
the culture period became longer, probably
because of reduction of exposed fracture sur-
face.

Moreover, the annual growth rates of
regenerated thallus were compared with those
calculated from data of the annual plants cul-
tured from tetraspores (Fujita 1990a) and
natural perennial plants (Fijita 1990b) of the
same species (Table 3). Both marginal and

Annual growth rates (marginal X thickness, mm/year) of regenerated tissue of

Lithophyllum yessoense calculated from data in Table 1.

Water

; Time (days
temperature  Liradiance (d2y9)
(°C) (#Em~2s7") 5 15 30 42 65
Exp. I
5 150 6.4x0.1
10 150 8.1%x0.3
15 150 13.4%X0.5
Exp. II
25 25 249x%X2.4 16.3%X1.5 — —
25 150 30.2x2.1 19.1X1.6 13.1x1.4 7.2%X0.8
25 1100 39.6x2.5 22.9x3.7 17.3%X2.9 9.1x1.9
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Table 3.

The comparison of annual growth rates (mean value and range, mm/year) of

Lithophyllum yessoense among regenerated tissue, cultured annual plants and natural perennial

plants.
Type of material Marginal Thickness References
Newly generated tissue (N=13)  17.6 (6.4-39.6) 1.7 (0.1-3.7) Present study
Cultured annual plants (N=10) 2.3 (1.6~ 3.4) 0.2 (0.1-0.3) Fujita (1990a)
Natural plants (N=100) 1.8 (0.6- 5.4) 0.5 (0.2-2.4) Fujita (1990b)
thickness growth rates of regenerated thallus  manuscript.
were much greater than those of cultured
plants and natural plants. The comparative-  References

ly high growth rates of regenerated thallus, es-
pecially in early stages of culture (in other
words, just after getting damaged), must be
the result of a high potential capability to
recover rapidly.

The occurrence of regenerated thallus in all
culture conditions suggests that this species
can recover from fractures any time of year.
The high growth rates of regenerated thallus
in 25°C corresponds to the high photosynthet-
ic activity at the same temperature in summer
(Fujita 1988).

This study was not focused on examining
the minimum thallus size for regenerating,
but the recoverability of this species seems
quite high, because the pieces examined in
this study were much smaller than plants
found naturally, which can be up to 30 cm? in
size. In addition, the occurrence of epithalli-
al shedding on the dorsal surface of regenerat-
ed thallus may be recognized as the recovery
of the antifouling function, which was previ-
ously confirmed in the case of parent thalli
(Masaki et al. 1981, 1984). Therefore, the
regeneration seems to be the most important

survival strategy of this nongeniculate coral-

line alga against various physical or biological
damage as well as herbivore grazing (Fujita
1992) on the ‘Isoyake’ areas. The fate of
regenerated thallus (e.g., reattachment to sub-
stratum of its free tip, maturity within the
regenerated thallus) is unknown.
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The structure and physiological properties of the cytoplasm

in intact Valonia cell.
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Shihira-Ishikawa, I. and Nawata, T. 1992. The structure and physiological properties of the cytoplasm in
intact Valonia cell. Jpn. J. Phycol. 40: 151-159.

The structure and physiological characteristics of the protoplasm-layer were studied in the intact cell of
Valonia ventricosa (Ventricaria ventricosa). Scanning and transmission electron microscopy revealed the three
dimensional organization of the cytoplasm. The cytoplasmic matrix existed as a thin layer surrounding the
chloroplasts and nuclei. Many spaces between each chloroplasts were continuous with each other and were
continuous with the central vacuole. Therefore the edge of the central vacuole entered into the protoplasm-
layer with intricate structure.

The turgor pressure of the intact Valonia cell was determined to be 3.2 atm according to the difference
between the osmotic values of the vacuolar sap and of the culture medium. Ion concentrations in the
vacuolar sap were determined spectrochemically. Free Ca’" and Cl~ were analyzed using Ca?" electrode
and Ag-AgCl electrode, respectively. Significance of the each ion concentration in the vacuole is discussed.

It was observed that the loss of turgor pressure upon wounding caused the disorganization of
microtubule systems which had been essential for organization of the intact protoplasm-layer and resulted
in the induction of aplanospore formation.

Key Index Words:

protoplasm-layer—stereo view—turgor pressure—vacuolar sap—V alonia.

cytoplasmic matrix—ion concentration—microtubule organization—osmotic value—

The thallus of Valonia ventricosa (Ventricaria
ventricosa, Siphonocladales) (Fig. 1) is a mul-
tinucleate vesicular cell, reaching several cen-
A thin layer of pro-
toplasm is located on the inner surface of the
cell wall, covering a huge central vacuole.
The organization of the protoplasm-layer in
V. veniricosa is sustained by two microtubular
systems, the cortical and nuclear microtub-
ules (Shihira-Ishikawa, 1987), similar to Er-
nodesmis and Boergesenia (La Claire 1987,
La Claire and Fulginiti 1991).

In common with species of
Siphonocladales, Boergesenia forbesii (Enomoto
and Hirose 1972, O’Neil and La Claire 1984)
and Ductyosphaeria cavernosa (Enomoto and
Okuda 1981), V. ventricosa segregates its pro-
toplasm and forms numerous protoplasts
by mechanical induction (Kopac 1933).
However, the mechanism of the protoplast for-
mation has not been elucidated. Regarding
the study of the mechanism of protoplast mor-

timeters in diameter.

several

phogenesis in Valonia, basic knowledge about
the morphology and physiology of the
cytoplasm in the intact cell has been lacking.

In this paper, to investigate the protoplas-
mic organization of the intact cell of V. ventrico-
sa, several methods of microscopy were used

Cells of Valonia ventricosa cultured in
synthetic medium. Cells stick together by entwin-

Fig. 1.

ing rhizoids. Scale bar=>5 mm.
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and its physiological characteristics were dis-
cussed by measurement of the osmotic value
and ion concentrations of vacuolar sap.

Material and Methods

Valonia cells

Valonia ventricosa grown in the aquarium in
Kushimoto Marine Park, Wakayama, Japan,
was kindly provided by Dr. S. Uiin 1989. A
unialgal culture, which was started from the
aplanospores, has since been maintained
using Miiller’s synthetic sea water (Miiller
1962). Cells were maintained in vessels at
22°C and under 1500 lux illumination (12:
12 hr LD) with daylight fluorescent lamps.
The diameter of the cells increased about 2-
3 mm per month. Cells 3-5 mm in diameter
were used for the observations.

Electron microscopy

Cells were fixed in 2% glutaraldehyde in
35 mM cacodylic acid with 1% tannic acid for
2 hr at room temperature and 1% OsO, for
1hr at 4°C after washing out the glutaralde-
hyde. Fixed cells were cut into several pieces
and dehydrated stepwise in ethanol. For
scanning electron microscopy, ethanol was
replaced by isoamyl acetate and samples were
critical-point dried in liquid CO, (JCPD-5,
JEOL). The mounted dry cell pieces were
coated with gold-palladium using ion spatter
(JFC-1100, JEOL) and observed with a scan-
ning electron microscope JEOL F-15. For
transmission electron microscopy, dehydrat-
ed cells were embedded in Spurr’s resin
(Spurr 1969). A Hitachi H-300 transmission
electron microscope was used for observation
of thin sections after double staining with ura-
nyl acetate and lead citrate. For ultrahigh
voltage electron microscopy, Spurr embedded
samples were sectioned (0.5-1.0 ym thick)
and observed with a Hitachi H-1250M high
voltage electron microscope (at National In-
stitute for Physiological Science, Okazaki) at
an accelerating voltage of 1,000 kv and a tilt
angle of +/—8°.

Osmotic value

Osmotic values of the vacuolar sap and the
culture medium were measured with a vapor
pressure osmometer (Type 5500, Wescor,
USA). Before measuring the osmotic value
of the vacuolar sap, culture medium on the
cell surface was removed with a filter paper.
The vacuolar sap was then directly squeezed
out onto a small filter paper disk (6 mm in di-
ameter) by cutting the cell. For the culture
medium, 10 g/ of the medium was put on the
filter paper disk. Calibration of the osmome-
ter was carried out with NaCl solution of
200 mmol/kg and of 1,000 mmol/kg.

Ion concentration

Vacuolar sap was aspirated with a syringe
after the cell was washed in distilled water and
the water was immediately removed from the
cell surface with filter paper to avoid the con-
tamination by water outside the cell. Both
in the vacuolar sap and in the culture medi-
um, concentrations of four ions, K+, Na™*,
Mg?t and Ca?*, were measured by atomic
absorption spectroscopy (Seiko Atomic Ab-
sorption/Frame Spectrophotometer SAS/760
connected with a terminal computer, NEC
PC9801UYV). Free Cl~ concentrations in the
vacuole and in the culture medium were deter-
mined with an Ag-AgCl electrode (Mailman
and Mullins 1966, Tazawa et al. 1974). Elec-
tric potential of an Ag-AgCl electrode in the
test solution was measured against another
Ag-AgCl electrode (reference electrode)
which was immersed in a saturated KCl solu-
tion and connected to the test solution
through an agar salt bridge containing
100 mM KNO; and 2% agar. Free Ca?*
concentration of the vacuolar sap and exter-
nal medium were measured with a Ca?* elec-
trode (Philips, Ion selective electrode Ca2™).

Indirect immunofluorescence

Whole cells were immersed in chilled
methanol for 10 min and immediately trans-
fered into phosphate buffered saline (PBS).
The cell was cut gently in PBS on a glass slide
with microscissors (Nisshin EM) and extra
PBS was removed with filter paper. A prima-
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ry antibody (monoclonal anti-alpha-tubulin
mouse IgG, Amersham) was applied to the
fixed cell pieces on the glass slide and the sam-
ple was incubated in a wet chamber for
30 min at 37°C. After washing with 0.03%
Tween 20-PBS for 15 min, an FITC-labelled
secondary antibody (anti-mouse Ig, fluores-
cein linked whole antibody, sheep, Amer-
sham) was applied. The sample was incubat-
ed for 30 min at 37°C and washed again with
0.03% Tween 20-PBS for 15 min. The sam-
ples were mounted with p-phenylendiamine-
glycerol (1 mg/ml, pH 8.0) and were observed
with a epifluorescent microscope (Olympus
BH2-RFK) with 490 nm excitation and G520
absorption filter.

Results

Fine structure of protoplasm-layer

Scanning electron microscopic observation
showed the intricate organization of the pro-
toplasm-layer which covered the inner surface
of the cell wall (Fig. 2). Many spaces were ob-
served in the protoplasm-layer which were
continuous with each other and were also con-
tinuous with the central vacuole. Therefore,
the surface of the central vacuole, which cor-

responded to the tonoplast, was extremely ir-
regular with a fine intricate structure.

Most of the protoplasm was occupied by
disc-shaped chloroplasts which were spread
over the plasma membrane. The edge of
these chloroplasts lay one above the other
(Fig. 3a). However, further overlapping was
disturbed by the starch accumulated around
the pyrenoids which existed at the center of
each chloroplast (Fig. 3a and b). Nuclei were
located at the vacuolar side of the chloroplast
layer (Fig. 3a and b). Each of the chlo-
roplasts as well as the nucleus was covered by
a thin layer of cytoplasmic matrix (Fig. 3c and
d) and therefore each chloroplast was at-
tached to the other via the cytoplasmic matrix
(Fig. 3d). Mitochondria were observed in
the cytoplasmic matrix around the chloro-
plasts and nuclei (Fig. 3d). Ultrahigh volt-
age electron microscopy enabled the visualiza-
tion of the three dimensional images of the lo-
calization of chloroplasts and nuclei (Fig. 4).

Turgor pressure of the cell

The osmotic value of the vacuolar sap was
1092 mmol/Kg on average, while that of the
culture medium was 964 mmol/Kg (Table
1). The difference between them was about

Fig. 2.
cell. The cell was cut into several pieces and the protoplasm-layer adhering to each piece was observed from the
inside of the cell, that is, from the vacuolar side of the protoplasm-layer. Scale bars=2 pm a. tangential view.
b. diametrical view. Protoplasm-layer is sponge-like and protoplasmic strands (arrowheads) are observed which
are radially extending from nucleus to chloroplasts. C, chloroplast; N, nucleus.

Scanning electron micrographs showing the surface of protoplasm-layer facing the center of Valonia
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Fig. 3. Transmission electron micrographs of the protoplasm-layer. a. oblique section of the protoplasm-
layer: Nucleus is situated on the chloroplast-layer, at the vacuolar side of the protoplasm-layer. The overlapping
edges of chloroplasts are layered beneath the nucleus. Scale bar=2 gm. C, chloroplast; N, nucleus; NO,
nucleolus; PM, plasma membrane with a layer of cytoplasmic matrix; S, starch accumulated in chloroplast; VO,
vacuole. b. Thick section (1 #m thick) of the protoplasm-layer observed with high voltage electron microscope,
showing the arrangement of chloroplasts. Only the edges of chloroplasts are piled up, because the overlapping of
the whole chloroplast is interrupted by the accumulation of starch. Scale bar=5 psm. C, chloroplast; S, starch;
N, nucleus; VO, vacuole; CW, cell wall; PM, plasma membrane. c¢ and d. Cross sections of the protoplasm-
layer. A thin layer of cytoplasmic matrix exists around the individual nucleus and chloroplast. Scale
bar=0.5 #gm. C, chloroplast; M, mitochondria; N, nucleus; V, vesicle; PM, plasma membrane with a layer
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Fig. 4.

which forms a sponge-like structure of protoplasm. N, nucleus; C, chloroplast.

128 mmol/Kg, which corresponds to 3.2 atm
Accordingly the
turgor pressure of an intact cell was 3.2 atm
under this culture condition.

after van’t Hofl’s equation.

Ton concentration in vacuolar sap

The concentrations of major cations in
vacuolar sap and in culture medium, K,
Na®, Mg?" and Ca’" were determined with
frame spectrophotometer and calcium ele-
trode (Table 2). Concentration of K* was
about twenty times higher in the vacuolar sap
than that in the culture medium, while Na*
was about six times lower in the vacuolar sap
than that in the culture medium. Free Ca?"
concentration in vacuolar sap which was deter-
mined with a calcium electrode was 0.5 mM,
while total Ca?* which was obtained by spec-
trochemical analysis, was 1.06 mM, showing
that a considerable amount of bound Ca exist-

Ultrahigh voltage electron micrographs showing stereo-image of the protoplasm-layer.
sectional views of the protoplasm-layer demonstrate three dimensional arrangement of chloroplasts and nuclli

The slant

Scale bar=2 ym.

ed in the vacuole. Cl~ was 520 mM in vacuo-
lar sap. Assuming that each of the major
cations was a chloride form in the vacuolar
sap, a solution containing 78 mM NaCl, 523
mM KCI, 26 mM MgCl, and 1 mM CaCl,
was prepared. The osmotic value of this
solution was determined as 1190 mmol/Kg,
which was approximately the same value as

that of the vacuolar sap (Table 1).

Microtubule organization in protoplasm-layer
Microtubular systems, that is, the nuclear
microtubules and cortical microtubules, were
disorganized simultaneously throughout the
entire cell when the turgor pressure decreased
upon wounding. Radially extending arrays
of the nuclear microtubules in the intact cell
(Fig. 5a) were lost almost 30 min after being
wounded, although the ones lying close to the
nuclear envelope were relatively intact (Fig.

of cytoplasmic matrix; VO, vacuole.

In ¢, cytoplasmic matrix connecting individual chloroplast is continuous
to the cytoplasmic matrix which is contiguous to plasma membrane.
masses of cytoplasmic matrix around nucleus and chloroplasts.

In d, mitochondria are located in the large
Arrows indicate the nuclear envelope.
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Table 1. Osmotic values of vacuolar sap of Valonia ventricosa and culture medium (mmol/Kg)

Vacuolar sap Culture medium
11199
11092 965 (fresh medium)
1068%
10539 963 (used medium)
11139
Ave. 1092 964

D=9 Different cells. Each measurement was repeated 3 times, the average value of which is presented in the
table. Used medium, the medium in which Valonia cells had been cultured for a week.

5b). Parallel arrays of cortical microtubule  protoplasm-layer throughout the entire cell.
bundles in the intact cell (Fig. 5¢) were irregu-

larly bent about 30 min after wounding (Fig.  piscussion

5d). Disorganization of these microtubule

systems accompanied the corrugation of the The sponge-like protoplasm in Valonia ven-

Fig. 5. Microtubule organization observed by indirect immunofluorescence. Scale bars=10 #m. aandb,
nulcear microtubule systems; ¢ and d, cortical microtubule systems; a and ¢, microtubule systems in intact cell; b
and d, microtubule systems in wounded cell, 30 min after the reduction of turgor pressure.
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Table 2. Ion concentration in vacuolar sap of Valonia ventricosa and the culture medium (mM)
Cl- Na* K Mg+ Ca’*  Free Ca’*
Vacuolar sap 520 78 523 26 1.06 0.53
Culture medium 420 500 25 48 15.9 4.8

1. Na™, K*, Mg?" and Ca®" were determined by atomic absorption spectroscopy.
2. CI~ was determined with Ag-AgCl electrode.
3. Free Ca’” was determined with calcium electrode.

tricosa lies between the cell wall and the large
central vacuole, forming a thin layer less than
10 #m in thickness. The two distinct compo-
nents of the protoplasm-layer are chloroplasts
and nuclei. The chloroplasts are tightly ar-
ranged on the inner surface of the plasma
membrane and the nuclei are distributed even-
ly on the inner surface of chloroplast layer
(Fig. 6). Chloroplasts and nuclei are individ-
ually surrounded by a thin layer of cytoplas-
mic matrix and are connected each other via
this layer in which mitochondria and vesicles
were detected (Fig. 6). The radial arrays of
cytoplasmic matrix extending from nucleus to
chloroplasts were observed by scanning elec-
tron microscopy. These arrays apparently
corresponded to the radially extending
microtubule organizations which were ob-
served with immunofluorescence as nulcear
microtubules, suggesting the latter lies in the

arrays of cytoplasmic matrix. The microtub-
ule bundles in these arrays possibly connect
the nucleus to the chloroplasts and sustain the
protoplasm-layer.

Actin cytoskeleton was investigated with im-
munofluorescence, but no filaments were ob-
La Claire (1984,
1989) reported that actin bundles were disas-
sembled in the intact cells of Ernodesmis and
Boergesenia, though they were revealed dur-
ing the process of wound healing. Possibly in
V. ventricosa the disassembled actin bundles
were present in the cytoplasm, although actin
bundles were not detected.

The outer surface of the protoplasm-layer
adheres to the cell wall via the plasma mem-
brane, while its inner surface meshes with the
outer surface of the central vacuole in an intri-
cate fashion (Fig. 6). This sponge-like proto-
plasm is equilibrated with the turgor pressure

served (data not shown).

Fig. 6.

Tllustrated cross section of protoplasm-layer.
with intricate structure. Each chloroplast and nucleus is surrounded by a thin layer of cytoplasmic matrix (white
area). VO, vacuole; N, nucleus; C, chloroplast; V, vesicle; M, mitochondria; CW, cell wall.

Edge of central vacuole enters into protoplasm-layer
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of the central vacuole. The microtubule or-
ganization likely sustains this fragile structure
of the protoplasm-layer.

The difference of osmotic pressures be-
tween the culture medium and the vacuolar
sap was about 128 mmole/Kg which generates
the turgor pressure of 3.2 atm in the intact
cell.

The concentrations of K*, Na*, Mg?* and
Ca?* in the vacuolar sap were measured by
atomic absorption spectroscopy. The concen-
trations of K*, Na* were approximately the
same as those of K* and Na* which had been
reported by Gutknecht and Dainty (1968).
Extremely high concentration of K* was ob-
tained in the vacuolar sap and it is likely cor-
related with the turgor pressure. Cl~ concen-
tration was measured using Ag-AgCl elec-
trode and was higher in vacuolar sap than
that in culture medium. A solution contain-
ing NaCl, KCl, MgCl, and CaCl, prepared
as the same concentrations as each of these ca-
tions found in the vacuolar sap (Table 2)
showed approximate osmotic value to that of
vacuolar sap. This suggests that the majority
of the major cations in vacuolar sap is the chlo-
ride form. The facts that the total concentra-
tion of the major cations was higher in some
degree than the concentration of Cl~ in the
vacuolar sap and the osmotic value of this
solution was slightly higher than that of the
vacuolar sap are probably due to some organ-
ic anions or inorganic ions other than Cl~.
The preparation of an artificial vacuolar sap
in Valonia cell is under investigation.

The protoplasm lies between two high
Ca?* solutions; 5X107*M in the vacuolar
sap and 5X 1073 M in the culture medium.
The cytoplasm must be maintained in a state
of low Ca?* concentration, less than 1076 M
(Williamson and Ashley 1968, Okazaki et al.
1987). The high concentration of Ca?* in
the vacuolar sap may contribute to the wound
healing of the cell and protoplast formation
(La Claire 1982, Goddard and La Claire
1991, Shihira-Ishikawa and Nawata in prepa-
ration).

The turgor pressure is lost immediately
when the cell is wounded, as part of the cell

sap is ejected through the wound. More than
30 min after wounding, the protoplasm-layer
is partially detached from the cell wall and
becomes corrugated, along with the destruc-
tion of microtubule organization. It is not
known whether the disorganization of
microtubule bundles is the cause of the corru-
gation of the protplasm-layer or the result.
However, distortion of the cortical microtub-
ule systems and the loss of the radially extend-
ing nuclear microtubules suggest that the
mechanical destruction of the microtubule sys-
tems occurs after the corrugation of the pro-
toplasm-layer. In any case, the microtubule
systems were disorganized after the loss of tur-
gor pressure upon being wounded. It is un-
doubted that the loss of turgor pressure and
the following disorganization of microtubule
systems were essential factors for aplanospore
induction in intact Valonia cells.
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Nakahara, H. and Ichimura, T. Convergent evolution of gametangiogamy both in the Zygnematalean
green algae and in the pennate diatoms. Jpn. J. Phycol. 40: 161-166.

The Zygnematalean green algae and most of the pennate diatoms share the same type of sexual
reproduction, so called gametangiogamy. The gametes are non-flagellated and are brought together by a
prior pairing of their mother cells. This gives us an important viewpoint to infer the evolution of this type
of sexual reproduction. We suggest that it has evolved from oogamy not only in the pennate diatoms but
also in the Zygnematalean green algae when ancestral forms of both the algae invaded new shallow
water habitats by changing their life style during the Cretaceous. The shallow water habitats, because of
the large stress caused by occasional drought, are presumed to be favourable more for algae with large-sized
zygotes by oogamy than for those with small-sized zygotes by isogamy. Oogamy, however, might not be
convenient for such algae to make a sufficient number of zygotes, because the movement of flagellated male
gametes might be restricted by the paucity of water. On the other hand, such habitats also might endanger
the ancestral forms by embedding their vegetative cells into the muddy bottom or by depleting nutrients
around them, if they could not move out or around on the surface of muddy bottom by means of the gliding
mechanism which is well-known for the Zygnematalean green algae and the pennate diatoms. Such gliding
movement could have evolved gametangiogamy which has an advantage to improve the inconvenience of
sexual union by oogamy. We suggest that such evolution could be possible by heterochrony in which genes
for sexual approach and some parts of conjugation process are expressed in gametangial, instead of gametic,
cells and that by the accomplishment of the prior gametangial pairing, gametes produced by a male
gametangium could be equalized in number and consequently in size to those produced by a female
gametangium.

Key Index Words:  evolution of sexual reproduction—gametangiogamy—isogamy—non-flagellated gamete—
'1_. 4o rdrint, Zyg il

Hiroyuki Nakahara, Faculty of Agriculture, Kyoto University, Sakyo-ku, Kyoto, 606 Japan

Terunobu Ichimura, Institute of Applied Microbiology, University of Tokyo, Bunkyo-ku, 113 Japan

KPCEETIRE L - T, WHEXFE -y
B+ 5 Lit, BEBRTOEIRCERTIC X 5EE
DT ECIFEBCEFTH B, = DIcHFHAETS
HMHR TV 5% OFETIE, MEHEORH ¥ Ikt
OEBFCHENFETH, Lr LAEE BAER
O CCHREREOFSAERC ST, EELRF
ShEBFILLERIAL:, TEFILLLED
BEID, BEvECkIr-EELLRTVWBHN
(Searles, 1980), 48 L WREEH >WTL,
R EY > TR /A — T L hE L LE
% BT\ B (Stewart and Mattox, 1978; g, 1983;
Round and Crawford, 1981, 1984; Mann and Marchant,
1989), LA L, BEAREEFREERIRHO
TEh R > TWBEG TR, EEROBLHIHLE

HE, BEBREERL - Rk->Tw5 (fif
1981), LAsLZDWFZ T, FEMIEERAVOEE
FOINEEL, TOBREEBFOOIAIC 1 BEIL
2 HOEEEOEBTFHHAIN, BERFOERMBTF
M7 A= EOEBEY T TEATEER T

5, BBFOIEENALRD LV BTHALT
% (Wiese, 1969),

L OFRBEEFHE CALhHEBTFDO ST, B
HEORLEREAL DO —HOFIREE S (Subba
Raoetal., 1991) THILh T B I FARBECERT 5
2, TOMDF + v 7IIKEVEEZ BN D (Drebes,
1977), FREFEHFRTE A OEBEED S B, L
DX DI EE Lo &h, PFERESSERT
DOBEEIELTHOCERNTH b, FTOB



162 Nakahara H. and Ichimura, T.

BRI ECOWTIEZ bR T, —F, EEEE
TROLRBEB/TO S EHCOWTEH, ThbihD
T, BEOB-HRECEBELTWIERTHS LD
2 (Stebbins and Hill, 1980) 235 523, T ORFHELERE
BENED X 5 LTHIL Liche 2L TR T
Wish, HEEEOMERIC LB L, BARERIELL
TKFTEBBLTB5L ORBE L TLFIRME
L, Bl LicR ey IR F AR BE T 58]
CEThbDORF bk ELORTWS
(Melkonian, 1982), L2:L, &L IIESBEEOHE
Fos84y, FIREEE LAk, WTFEMCHRE
THEELTWS, TOBRALLUR, FhbHNRED
LONBREDL LT, BBTFOIERTLIHEHEM
ANEEL LT o el onT, BEEE b TE
ZTAI,

AMEREROEL LETRE

TEEBREDCALI B4 IAERER, RAF
BiErn, RVEMB~EELL, LT, K&<ik-
T MEEBTASEBRE IR Sk, IRFAREAE U b E
2 BRI T\ % (Bell, 1978; Hoekstra et al., 1984; Cox
and Sethian, 1985), T7adh, —F DMV SIRER
FENBUTH ETHEEH N, BEEOHERY
D, RERADOEFREGFCOVTL, E5HFOR
BFHFFIETHLOHEY 25 L\ 588 (NEUBT
BER) KMEUBE, TheRE LT, A ERYE
AHEFTERLVCHI, BOKEREBTYEVE
ETHHFEERSE BB RBET AL DS
(Parker et al., 1972; Parker, 1978; Maynard Smith,
1978), RAMEMBICE ¥ 2 »REE BT 5202,
R ENHEETFORLEFRIBRT S, TOER
HMEBRICEVT, —EDKEIDEMBFDO S M) H
DBUTHILERL LT, HOKEZOEBF (m)%n
ERTH L, Tinbd M=mXxn A FjREHL X
RTxh, PILEBTREEURIABHRAELE
BFRLELIER IRV, AELEBTFRAECS
GrRLRELEEFEHRTI8LORIR i
<, MREEBFRECEGIR S NILEGT LK
HRRLBBENEHRIND, §HETh L, A/D
DEBTFOEBIC L AEETFIL, BEREITHNT
ZOREOE L e B,

IV ARERBETRIVEVEERERTLEELD
BN, £O LI BESTFIESBCHER IhDHIT
TV EETOAEZOEENEEGTOAETRL

BEAEHEYE LI\ 5 BT, X b/INED
REET*SEUNT 2 EEBEOEEZTFIL, LHIKFE
TAOROBRBT 2R T 2ERBGORETF LIV TF
BRILEL b AHERIE D, ¥ ER 312 oh,
BBTF L LTHETE2RNOEBTER DS UK
THAEGHERY LD B L DT EXTFHEIR
b, #-T, DL 5HEHET CRRAMERPEET
hBLELLRD, LhL, BETFOAKEIOEEN
BATOABERCKEKFETHILRHET TR, dLE
CRBOEBTIEREIND LT5 L, AHEROFH
AHOEETFOER LD AHMOBBT2HRT HE
BEGOHN, EHEROEPNLOBEETOER LR
HIBOBRBTF R TIERBEG LV, BELO
BEFYFRELDZ LITiD, &2 ANLETOH
R&HED LB, NEORBFILL » SBURIND
1odd, A OBRBT & B L TREOHRM L hEL,
Ok, AMOEBTFEHRTHERBEMEDORNE
Bxddsc iz, MNEOBRBTEHRTHER
BEOFEHR I XBADTREENECHFET S, -
T, BEETOREINBRINHEHT TR, RFE
BAERCRE LIS & E 2 b5 (Maynard
Smith, 1978, 1982),
FEREEEETRBEY HER T A ERBTFRoWT
ERINIDBDOTH B, RUEBIT X b MEREMEA X
W#EfbT B ohT, SRR IhHHEBFILLY
ML L, EBMEAETORR LT, PR LAERE
icWHEBTFIX L Y AREL, 2WiiEBENY
SPRETeh, BRTFAFECECHEETIIDEEXLD
hTwb, PBTFEEXTS X 5ic-tcb DTk, #
HRETFOERIIThE FEFEROBRK RS
2, FREOKMT X BB T OEEKL, BEFREOR
RDOEEVHKEV, 22T, HLOBEXSA LM
EBTFIX L OE/KA DI THLDL7=rEVvEK
MU, BHEETEH T80 REIL, EBED
DEVHERBTICLAZRYHEELIDL LT 5,
FThTREBCEROBE, F0X5kREDL L
NEAMEBIZ L > TIFELL, DX 5 BRENEY
BB L > THFE LW e E X TR D, EAFOER
SECERMNEREA b VAT L, REEORAERH,
K75 v 7 b visEe X BRI EORBAR
DERCKELELEINLHE, BEFOEFRR
ZTDOKRKEILDEVBERLAEWEBANES W LEX DR
b, TOXIHHBEIT, PELTH LW EFOES
TFEELFVERTH D, BEETOELFECER
PERIEA F VATHBEAIE, Bl Th, O



Convergent evolution of gametangiogamy 163

LDV EONEL DBREF - BEETEHRLT,
FDAP VAR 1iE 5 BEFITH %, Madsen
and Waller (1983) (IR K ERER L RS BEOLES
T L BETEE & OBIRE @ HREE L, BUEE
DRBOFRTHHIFEEXTS bDiL, LD
BVWKERCTEETS 302358, AHERBETI O
12, KERREELLKBRTEETLLDONE N &
Ao Lk, ZHEBRVWARELRKER, TihbbA

FUVADBVCERECHEIS Lich Dy, REEBYE
THTFARE ¥ CEIL L D0 B2 ExER LT
kY, LEOEBROBREBLA->TW 5,

Parker et al. (1972) (X LR OB L3 G, EBE
EFDX 5 LTEVEBNEL Lr2ERB LLE
., BHAFEERREOEE OB I LERBEV-DOT
it EE LT, ZTHIIFERENEMBRTHE LS
Te Bl Rl Lo & BV Dk, EHEBEET,
BHEBATURT 5 L5 b D0 BHEBEYELE
BHEAIE DD ENS5LDTHD, 2F hBMlakkD
EPTR, EXERIOCESTOEHIFEETHD, &
MDD EH T, BFRDOBEHEE D=FLF—
BB, BEFRELD=FAF—HEALT
BLDERDDIDIEE I EZNEBECH B (Bell,
1978), L2 LT ML BIADFEEIZ S KD
N FERI, FDI2b Bell (1982) i3, Hifattn4dy
THEBETE2HRT BCRERIKE - Thb
BEETEHERT 5 b0 TRRFBERBEZT, Sk
KEL bW, HBILLANIL o ThbHE
BFE2ERTHHOTIE, BREBLELD EELT,
Chic X PLERBEOMFARIFHBINLN,
FIDX5BErEREUATL—BRIOCE LD
ORI TR IR T eV, BEOAMARE
¥ Madsen and Waller (1983) 23 g/ LT\ % X 5,
EFRELBRVBCEEL BB INEYTH S,

ERRCEARROAMEREAOE(LOER

PREZEEAOLVCCEAEE CALh I FHER
&, ThbbEEBTOESE, BEREBTFEREK
Wied, b LEBEGIEVGKPEIE L TERBLTY
ZHETIL, HE OHROCIHEIThhd LXEL
Vv, L, BEHBHEHPCEIh 5
ErB 3L, ThOOGEENISEE LTV L
T35, PREERROCCESERR, BEEER
ICEELTWBZ e,

BERKEOKCHERCREOL LRABT LTS

BETY, HEBETIAEROLDOEFEDIZLAL
S TWB DRSS, 120D B Dh
OHEEBTFAIHR I 5 0TIk, HEBTFILHEEY
By, EBENYREOZ L hREOERYED,
BATROBEGRET-> T 5, ¥i, L bAX7cHEd
BF (flifa) 2L CEELR-cb DT, H
BERTFIIXL, SBELH, EEC L - TR
DiE 5 NERICHK T, BRI X &8N, BT
ARV CHIFBCEETH 5, PLERETIE,
HEBTF R INhS L E, BEROMREC—HE
BTEDbORMBNR T B (Drebes, 1977), Z i,
HEBTFAL Y REIGEGHNIXEIDTHAS S,
LA, BLBRIITENA-TLES X 5B
Tik, BRCERKTE BZEE» DL, R 58
Bi K& etk 53, EEC L AEHNThE LT
ERvEDIOREY TRV L4 LD, LAL,
FITEABEERLBLIORK-1ELDLDT
11, BRAREY TR IUEBEGR R Tl -
etz bhd, EABEE CRHMAMROEEYR -
rEARTFEYHRT s O, BREBISLATH S,
HREE T, ML - TRROKE EMNED L
T e, HEBRUTALB &1 XxEHET S
BEILECTHY, AHERC X v EXRTEYERT
5, X LTHE, ThHilHBACEXTE B2/
RVWERETELELAERLTV5, $DX5RET
TEBETH X SR> ABEOHET L - T, TN
BIThbR B Icditit, BEALENEL THES
T&5iEE, MEBRTFILEELTBRERDZ L,
BU0iE, T L ELLrDEBT, BELUS
DILASLDHETENTTL W5 2 EBRRETH
SlehAdEELLNRD, ZOBETIE, —HDOMDE
BF»HSWTHFIDEONESEETHA 5,
BERHETRIITFAE:SEB/T O > EE~0ELE
BOBMBHE Y RTALMLA TV B, FRETD,
HOKEH % b 7272\~ Araphidineae i B © § DT,
FOEOIRFAEDOR & X U HET, 1EOY
o et < w2, 1 MRF 2 BoBRDORER
FAB E B (Drebes, 1977), = DHEEBF I
ENRELT, 74— BB HBE L CHEEBTF L
4T3, LnL, 20k 5 ROV ORBT
TR, ThEERBEEFCERVL, REEBEL
TERWEEZBND, TOLHHERBTEERTS
MR s, MEETE2UR T RN GEELTHE
BEh, BBTEGOBEENE Tk ok
MORBBBOFE,NEL LIS,



164 Nakahara H. and Ichimura, T.

EHEBEORMB LR, 0k foKiBiEiERE
e LTRARL D DX, KOBEL Dl & &z,
FTREECEARBCEL L THNY bt TL
¥5, ¥, AILHIrORAETHLIER LTt h
i, MlEoRBOSEEITCTTRLTLES, £
DIDFEMEIL TS DEFEDI- DL, £D X5
HRECH L EHIEEERS LTV A LBNLD
Bo COLHEBHICL - T, ¥EMMIEEEHD
BEHLEE L oL L EE2bRD, ZOED
M, EBEETIERED o, FBRMLHLED
3 D X bt L (Round and Crawford, 1981), L D%
HEoREYEH LIk - 3V EB Iz DT
BH5. XTDOEEHD A K =X s LFHEMCHREIA T
% (Harper, 1977; Edgar and Pickett-Heaps, 1984), #
AEBEHOEBM I OWTH, FEMI (Neuscheler,
1967a, b; Hader and Wenderoth, 1977; Wenderoth and
Hader, 1979) ROEH AR OFELThh oMk
(Brandham, 1967; Ichimura and Kasai, 1984, 1987;
Coesel and de Jong, 1986) D& BB HIPFFE S L TL»
%, I, TOEBTFLHELMT IR T,
ZhLDOEROUFES I WEB LT, TOFEIR
BEIhTwb (i, 1977), #-T, BEEFEOR
I HEEDBEBTF O 5 RE T OEBEE N TESE,
MEREDEMB T 208 L TR TA OB E Lic b
bhad,

BAEOPRERERVESEROBHARETIL, 2
BOBRBTF O > KEROHMBEHOFITE E hicikiE
R, BAEFCTEEIACREBCRBTERIN, £
ErifThh 3, MEBTIROEMA M Eh (F
rt75RL) CHELF- TRV, HRILE
BafThbhs, oM IEE L), BEEEY
BT 5l OB, ARIEBTFCSCTRETS
BFDLDOTHB, LaL, BETFHEBEOM S
DERIZ L » T, BEMBTHR L LEOHEEETS
BETORELREACHIE T 5 TS Y E 2 hud,
BEBTFO 5 B EBFOMEO—ReRATIZLb L
NI ERBHILZ LT, £k wT, &
DY 5 WBERBRORL A L BREETRELLTY
BH 5% H5R T3 (Gould, 1977), LED &
51z, —ROBMBFD 5 H3E TR b h i ZeRpc
MEREDOEBT AR S, LOZREOBENEES &,
LURBEBTF OB EE TH 5 O b EE o &
Exbhb, PBFERE~OHEEYT L TER, LK
ERBEAEF~OBIRVYE LD LELLN B,
b, HEETFORMEBTORLEARCLY, X0

KEEIDE LS noebE2bIB, Bic, TIREEE
BoORBTO S CHEINAEETORK 1 @b 2@
ThHH, PLEBETHLh TV A0 LA TH
%, PLEBREOKTIL 1 HORBTO 5 4 B
REh5, BREEETRZO LS KEEORBF
R B B E1 B TV 7R\ (Drebes, 1977), = @
L5REBTFO I 1K1 THET 2 EHAERT K
Tk, BHATHEEOELOER TR X 5 I/ NEHE
FEEESA DA LARMITICL (Bell, 1982),

CHhECRERIhIALROBR»HT5 &, #4
BHEOHMBRABERLOBRDOELEELZSATWS
(Schopf, 1970), Stebbins and Hill (1980) (1854 %,
—E, B bth-REBEHDO 7V — T OFHLE
CKPEFBCR-IDDEEEL TR, TORELE
LT, BT LA L s, EBEOHLEB
FEER LW EREFLRATWS, ThbOWE
1, BEEEORBRTHLLEVIRTHS, 515
E, AR EE LIS DDV onns, Bl
FEBEECGRIL, oMtz CRIBFD 5 #EEY
ELXR, BEROIEDD - ALBOKPERCED,
Fr b LT Liis b A REBTFO 5 8411,
FHRE S FTIRKRP T THAEERBMNEMET
DB, LrLKPThRIFIE, HEOCEBTD 51Xk
EWGES L3 ie L, EAEE HEE
Z2oh 5 REEOMTFEEYE 25 L &, BHEM
O—FACEK L ERFIRTE DO THIUE, BED
—HoELEHTLALRTWA LK, BWRIKLS
EFREN YR - BT, KPEEk T sV g
KWL FTESAETH 5, L LED X 5 sk LTI,
BEATFORFEGON/BE LTS, Wk 588
R KOS Y F T bty Wl
5, FEFEGHLob b LicilaBEs B LigEEE)
THOBAERL, RFEEGIVEEERC X hHBLT
HOMREBEATR T DO LHNTE, S LbKP4E
TBHEIG LT s S 2 78,

SANBOERE EICHEE LickE2 bh T\ 5 6
HHDOEEDTRTH, —KiKdbd SR Eplo
oD T, X HEBRLS ORI b & KRPEF
HBEL, BVWKIRCEE > T D TIRIRWES 5 b,
EAREOERLLBHBERIAOhT VIV, £
DY>HBVKKTEEL, 777772 rEoM
R 1T, FAEETT S b OFrLEAEEN
MELicb DL EEDIHRET S,

TIRERE b AECOtad, HHOEEEL D,
BUKBROEBERCH Lb0 L LTHMELELLD



Convergent evolution of gametangiogamy 165

&% % 5T\ % (Round and Crawford, 1981), %O
EUHAREE,LLLR TS, ZOELIZYUTHSL S, D
¥h, BARELERECALh AR L LR
BFO 5> #EEZ, WEY, AELOBRDDOZ ALK
RENERE, 2F VBRcxFENS X5, ¥LT
EEVABEESCET S X5k B WKRD D &
T, BEEAEEYTO L5t L X BEUTH
55, XLTHIBLI-L 51, X HhEFRDOE ES
FEREOVCVKETOHR ISR TEIC LA, ZOF
IA—TRIEE LT BHTH S, BE, FiE
EFEE B > TOHPREREL LS MBh T 5,
Thbie0H, BEYHBR LAV TIZ L b
FEEEHEL, BOCKBRAEHE LI D THH, BEBT
D5 EE LT B3, BHETERIC ST 5l
DEGEOMBERERS, BV KIKROBELUTHBH5
Thhb,

5o, FREEETH I EALITFEREYTS> D0
», BEOEBBEETERE CH B Nitzschia pungens THRR
XNz (SubbaRaoetal., 1991), T DT LITDOWT,
FBOMOBLRAL L SCEBFOIEEGET->T
b0, BEFEEBECHILTS S L W IF4E
FECHER D Licody, HBE, ZoBidbed s
Nitzshia BOMMOFE & ZRFEI R Y, TOREHMD
EEERCEL TS L, T L BBEREYHT
BFEFERT > TWRDONHD 22O08E L bR 5, FR
EREORMAEMEEEETA ZhE COWR/IL, E
HEEFEE R > TWHETITbA TR Y, FEAR
FTHEREOVTE, BEALEARLBRTW W
(Mann, 1984), BEEF <L 2BEOWT, KL%
DEUETEEYRITHLEND B, TORE, Bt
EEX B APREEEDO {20 BOBET, BT
EFEARROMD X HieZ LAbhiE, £FEECHEL
LB OEROHEERFMAC LD LE1 bR
b, ¥, PREEEOEMBTOSEAR, *04F
B L BECKET OV THEL LT E o C & ORI
R 755

E | &

BHEOH ~OFY P L L YRS LE
To AHARDOD—FRIXLHEHEHRREE—H (O)
02640536 DEBIDO T IfThbhicbDTHhH, #EL
ELET,

X m

Bell, G. 1978. The evolution of anisogamy. J. theor.
Biol. 73: 247-270.

Bell, G. 1982. The Masterpiece of Nature: the Evolu-
tion and Genetics of Sexuality. Croom Helm, Lon-
don.

Brandham, P. E. 1967. Time-lapse studies of conjuga-
tion in Cosmarium botrytis. II. Pseudoconjugation and

an anisogamous mating behavior involving
chemotaxis. Can. J. Bot. 45: 483-493.
Coesel, P.F. M. and de Jong, W. 1986. Vigorous

chemotactic atraction as a sexual response in
Closterium  ehrenbergii  Meneghini (Desmidiaceae,
Chlorophyta). Phycologia 25: 405-408.

Cox, P. A. and Sethian, J. A. 1985. Gamete motion,
search, and the evolution of anisogamy, oogamy,
and chemotaxis. Am. Nat. 125: 74-101.

Drebes, G. 1977. Sexuality. p. 250-283. In D. Werner
[ed.] The Biology of Diatoms. Blackwell Sci. Puble.,
London.

Edgar, J.D. and Pickett-Heaps, J. D. 1984. Diatom
locomotion. p. 47-88. In F.E. Round and D.]J.
Chapman [eds.] Progress in Phycological Reseach,
Vol. 3. Biopress Ltd., Bristol.

Gould, S.J. 1977. Ontogeny and Phylogeny. Harvard
Univ. Press, Cambridge, Massachusetts.

Harper, M. A. 1977. Movements. p. 224-249. In D.
Werner [ed.] The Biology of Diatoms. Blackwell
Sci. Puble., London.

Héder, D.-P and Wenderoth, K. 1977. Role of three
basic light reactions in photomovement of desmids.
Planta 137: 207-214.

Hoekstra, R. F., Janz, R. F. and Schilstra, A.J. 1984.
Evolution of gamete motality differences I. Relation
between swimming speed and pheromonal attrac-
tion. J. theor. Biol. 107: 57-70.

W OE= 1983. MIREHEEIC A B RER ORI & 1L
IR 37: 16-23.

AR 1977. $» V¥ = OHMEAER. P.35~56.
;E%Ei%i%% ZIHOEWE. BREE,

.

WAEE 1981, AFER. P.7~21. HAMEHE M@
pEEE (7)EGRE. HAEER, BR.
Ichimura, T. and Kasai, H. 1984. Time lapse analyses
of sexual reproduction in Closterium ehrenbergii (Con-

jugatophyceae). J. Phycol. 20: 258-265.

Ichimura, T. and Kasai, H. 1987. Time-lapse analyses
of sexual isolation between two closely related
mating groupes of the Closterium ehrenbergii species
complex (Chlorophyta). J. Phycol. 23: 523-534.

Madsen, J. D. and Waller, D. M. 1983. A note on the
evolution of gamete dimorphism in algae. Am. Nat.
121: 443-447.

Mann, D. G. 1984. Auxospore formation and develop-
ment in Neidium (Bacillariophyta). Br. phycol. J. 19:
319-331.



166 Nakahara H. and Ichimura, T.

Mann, D. G. and Marchant, H. J. 1989. The origins of
the diatom and its life cycle. p. 307-323. In J. C.
Green, B. S. C. Leadberter and W. I. Diver [eds.]
The Chromophyte Algae: Ploblems and Perspec-
tives. Oxford Univ. Press, Oxford.

Maynard Smith, J. 1978. The Evolution of Sex. Cam-
bridge Univ. Press, Cambridge.

Maynard Smith, J. 1982. Evolution and the Theory of
Games. Cambridge Univ. Press, Cambridge.
Melkonian, M. 1982. Structural and evolutionary
aspects of the flagellar apparatus in green algae and

land plants. Taxon, 31: 255-265.

Neuscheler, W. 1967a. Bewegung und Orientierung bei
Micrasterias  denticulata Bréb. im Licht. I. Zur
Bewegungs- und Orientierungs-weise. Z. Pflanzen-
physiol. 57: 46-59.

Neuscheler, W. 1967b. Bewegung und Orientierung bei
Micrasterias  denticulata Bréb. im Licht. II.
Photokinesis und Phototaxis. Z. Pflanzenphysiol.
57: 151-172.

Parker, G. A. 1978. Selection on non-random fusion of
gametes during the evolution of anisogamy. J.
theor. Biol. 73: 1-28.

Parker, G. A., Baker, R. R. and Smith, V. G. F. 1972.
The origin of gamete dimorphism and the male-
femal phenomenon. J. theor. Biol. 36: 529-553.

Round, F. E. and Crawford, R. M. 1981. The lines of

evolution of the Bacillariophyta. I. Origin. Proc.
Roy. Soc. Lond. B 211: 237-260.

Round, F. E. and Crawford, R. M. 1984. The lines of
evolution of the Bacillariophyta. II. The centric
series. Proc. Roy. Soc. Lond. B 221: 169-188.

Schopf, J. W. 1970. Pre-Cambrian micro-organisms
and evolutionary events prior to the origin of
vascular plants. Biol. Rev. 45: 319-352.

Searles, R. B. 1980. The strategy of the red algal life
history. Am. Nat. 115: 113-120.

Stebbins, G.L. and Hill, G.J.C. 1980. Did
multicellular plants invade the land? Am. Nat. 115:
342-353.

Stewart, K. D. and Mattox, R. K. 1978. Structural
evolution in the flagellated cells of green algae and
land plants. BioSystems 10: 145-152.

Subba Rao, D. W., Partensky, F., Wohlgeschaffen, G.
and Li, W.K. W. 1991. Flow cytometry and
microscopy of gametogenesis in Nitzschia pungens, a
toxic, bloom-forming, marine diatom. J. Phycol.
27: 21-26.

Wenderoth, K and Héader, D.-P. 1979. Wavelength
dependence of photomovement in desmids. Planta
145. 1-5.

Wiese, L. 1969. Algae. p. 135~188. In C. B. Metz and
A. Monroy [eds.] Fertilization, Vol. II. Academic
Press, London.



Jpn. J. Phycol. (Sérui) 40: 167-172, June 20, 1992

Kazuyuki Miyaji: The occurrence of Rhizoclonium riparium and R.

tortuosum (Chlorophyceae) on the coast of Hokkaido, Japan.

Key Index Words: Chaetomorpha— Cladophoraceae—Lola—Rhizoclonium riparium—Rhizoclo-

nium tortuosum—_taxonomy

Kazuyuki Miyaji, Department of Biology, Faculty of Science, Toho University, Funabashi, Chiba, 274 Japan

The genus Rhizoclonium is one of the sim-
plest of the Cladophoraceae, but this simple
structure has led to taxonomic confusion.
The relationship between Rhizoclonium implex-
um (Dillwyn) Kiitzing, R. riparium (Roth)
Kitzing ex Harvey and R. tortuosum (Dillwyn)
Kitzing is particularly unclear. To resolve
this confusion, Koster (1955) revised the tax-
onomy of the genus by comparing specimens
of various species. She concluded that R. im-
plexum, R. kochianum Kiitzing and R. kerneri
Stockmayer, and also R. riparium and R. tortuo-
sum are the same species. She placed R. tor-
tuosum in synonymy with R. riparium f. vali-
dum Foslie, since the only recognizable differ-
ence between the two entities was cell width.
Also, Scagel (1966) speculated that the differ-
ences in cell width between the two taxa may
be a result of environmental factors, and sug-
gested that the two species were synonymous;
he also did not recognize the forma validum.
By contrast, R. tortuosum is sometimes treated
as a species of the genus Lola (Hamel 1930;
Chapman 1952, 1956) or the genus Chaetomor-
pha (Kitzing 1845, De-Toni 1889, Bergen-
sen 1902, Jénsson 1903, Kornmann 1972,
Kornmann and Sahling 1977).

In Hokkaido and adjacent waters, only R.
tortuosum (Japanese name ‘Naga-motsure”)
has been reported (Kawabata 1936, Nagai
1940, Yamada and Tanaka 1944, Tokida
1954, Chihara 1972). However, I have
found that R. riparium (Japanese name
“Hoso-nedashigusa”) also occurs in Hok-
kaido. The present study attempts to eluci-
date whether the two entities distributed in
Japan are distinct species or the result of differ-
ing environmental conditions.

The specimens used in this study were col-

lected at the following localities: Rhizoclonium
riparium; Tokkarisho, Muroran (March 10,
1974), Daikoku Islet, Akkeshi (August 17,
1974), Kiritappu, Nemuro (July 25, 1972);
R. tortuosum; Muroran (August 17, 1974),
Harutachi, Hidaka (July 21, 1974),
Kiritappu, Nemuro (July 25, 1972). They
were preserved in 10% Formalin in sea
water. Part of the liquid-preserved material
was dried on herbarium sheets. The speci-
mens examined in the present work are
deposited in the Herbarium of Faculty of
Science, Toho University.  Rhizoclonium
riparium occurs on rock from the upper littor-
al zone to the supralittoral zone where there is
freshwater run-off due to rain or melting
snow. This species is sometimes associated
with Blidingia minima (Nageli ex Kiitzing) Ky-
lin. Rhizoclonium tortuosum is usually entan-
gled with other algae such as Sargassum spp.,
Cystoseira ~ spp.,  Neorhodomela  aculeata
(Perestenko) Masuda, Tichocarpus crinitus
(8.G., Gmelin) Ruprecht ex Middendorff,
which occur in the middle and lower littoral
zone. Plants sometimes grow on Corallina
pilulifera Postels et Ruprecht. However, R.
riparium is never entwined with other algae.
Rhizoclonium riparium grows in entangled mass-
es of uniseriate filaments with numerous
short, tapering rhizoidal branches. Rhizoclon:-
um tortuosum may also be found as entangled
masses of uniseriate filaments, which,
however, have no intercalary rhizoidal bran-
ches, and are sometimes twisted and contort-
ed. Filaments of R. riparium are (17.5-)20-
25(-35) #m broad and (0.7-)1-1.5(-4.5) times
aslong as broad. Filaments of R. tortuosum are
(30-)35-40(-60) £rm broad with cells (1.5-)3-4(-8.0)

times as long as broad. Frequency curves of
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occurrence of various cell widths of the two en-
tities from the six collection sites show that the
cell width of each entity is roughly the same
(Fig. 1A). However, the range of variation
and the peak of the frequency curve differ
slightly with each collecting locality, and the
frequency curves of the two entities do not
overlap (Fig. 1A). Frequency curves of the
occurrence of various cell width to length ra-
tios in each entity are shown in Fig. 2. These
figures show that cell ratio is also roughly simi-
lar in the same entity except for plants of R.
riparium from Kiritappu, and that the fre-
quency curves of the occurrence of various
cell ratios between the two entities overlap
somewhat (Fig. 2). These data on cell width
and the cell ratio show also that variation in
the above features is usually slight in R. ripar-
tum, but more pronounced in R. fortuosum.
Aceto-carmine was used for counting num-
bers of the nuclei in a cell. The materials
used for counting nuclear numbers were the
same as liquid-preserved materials for mor-
phological observation. Nuclei of R. riparium
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Fig. 1. Frequency curve of occurrence of cell
width in two entities of Rhizoclonium collected from
Hokkaido. A. Cell width in field plants of the two
entities. B. Cell width in culture plants of the two
entities.

are located in the center of a cell (Fig. 3A). A
histogram of the occurrence of nuclear num-
ber in a cell shows that the number is general-
ly one or two in all collection sites; numbers
greater than two were observed only infre-
quently, and the largest number seen being
eight (Fig. 4A). The number most frequent-
ly occurring at every collection site is two, ex-
cept for plants from Kiritappu, which had
only one nucleus (Fig. 4A). Nuclei of R. for-
tuosum are scattered evenly near the periph-
ery of the cell (Fig. 3B), and the number in
each cell varies from eight to eighty. A histo-
gram of occurrence of nuclear number in a
cell of R. tortuosum shows that nuclear number
is generally between 20-40 at every collection
site (Fig. 4B). Rhizoclonium tortuosum samples
show some tendency toward increased
nuclear number in the cells as cell width in-
creases (Fig. 1A, 4B).

For culture studies, plants of Rhizoclonium
riparium were collected at Tokkarisho, Muro-
ran on March 10, 1974 and Daikoku Islet, Ak-
keshi on August 17, 1974. In addition,
plants of R. tortuosum were collected at
Harutachi, Hidaka on July 17, 1974. These
plants were rinsed with filtered seawater, and
separated with a micropipette into small
pieces, each containing three to five cells.
Fach piece was washed three times in au-
toclaved seawater. After washing, they were
placed in test tubes with screw caps
(2 cm X 18 cm) containing 10 ml of ESP medi-
um (Provasoli 1966). After about a month,
the plants that were not contaminated with
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Fig. 2. Frequency curve of occurrence of
length/width ratio of cells in field plants of two
entities in Rhizoclontum collected from Hokkaido.
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Fig. 3.

Rhizoclonium riparium and R. tortuosum from culture. A. One or two nuclei in cells of R. riparium stain-

ed with aceto-carmine. B. Many nuclei in a cell of R. tortuosum stained with aceto-carmine. C. Chromosome of
R. riparium showing a number of thirty-six. D. Chromosome of R. tortuosum showing a number of twenty four.

Scale in A apply to B, and scale in C to D.

other algae were transferred to glass vessels
(6.5cm X5 cm) containing 100 ml of ESP
medium. The culture medium was
replenished every 30 days or so. The cul-
tures were kept in freezer-incubators illumi-
nated with cool-white fluorescent lamps (ca.
4000 lux). Five temperature and photoperiod
combinations were used: 5°C and 8 h of light,
10°C and 10 h or 14 h of light; 15°C and 14 h
of light and 18°C and 16 h of light. The two
entities grew well at 14 h of light; 15°C and
16 h of light, 18°C, but never became fertile
for over a year at all conditions. For morpho-
logical observation of the two entities in cul-
ture, small clusters of vigorous plants were
transferred to new vessel, placed at 15°C and
14 h of light, and incubated for one month.
After this period, plants were fixed with 10%

Formalin seawater. They were later used for
the morphological observation and counting
the nuclei. Morphology was similar to that
of field plants. Intercalary rhizoidal bran-
ches in cultured plants of R. riparium were
formed abundantly in the laboratory, as they
are in the field. In cultured plants of R. fortuo-
sum, intercalary rhizoidal branches were rare-
ly formed, but this could not be observed in
field plants. The frequency curves of occur-
rence of cell width and histograms of occur-
rence of the nuclear number of cultured
plants in the two entities are similar to those
of field plants (Fig. 1B, 4).

For observation of chromosomes, small
clusters of vigorous cultured plants were trans-
ferred to a new vessel, placed at 15°C -and
14 h of light, and incubated for three days.
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Fixation was later performed with 3:1
ethanol: glacial acetic acid and, for the stain-
ing of chromosomes, aceto-iron-haematoxyl-
in-chloral hydrate was used (Wittmann
1965). Ten chromosome counts per entity
were made. At metaphase, (33-)36 chromo-
somes were counted in the vegetative cells of
R. riparium (Fig. 3C). On the other hand,
(22-)24 were observed at
metaphase in the vegetative cells of R. fortuo-
sum (Fig. 3D). These chromosome numbers
agree with the result of Sinha (1958).
However, because the materials used did not

chromosomes

Histogram of occurrence of nuclear number in a cell in Rhizoclonium.

A. Nuclear number of R.

reproduce, I could not be resolved whether
the chromosome numbers of the two entities
represent diploid or haploid numbers.

It is evident from this study that two species
of Rhizoclonium are represented in Hokkaido,
Koster (1955) has suggested that Rhizoclonium
riparium and R. tortuosum are the same spe-
cies, and the only difference between the two
entities is cell width. However, nuclear num-
ber in a cell and the differences in chromo-
some number, in addition to cell width, clear-
ly show that Rhizoclonium riparium and R. tor-
tuosum from Japan should be regarded as two
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distinct species (Fig. 2, 3C, 3D, 4). The two
species are certainly separable on the bases of
cell width. However, the differences of cell
width in the two species between localities as
shown Fig. 1A suggest that the cell width is
not a good character. Instead, nuclear num-
ber in a cell and chromosome number should
be adopted as a primary criterion for separat-
ing the two species. The ratio of cell width to
length is not appropriate either as the frequen-
cy curves of the occurrence of various cell ra-
tios between the two entities overlap (Fig.
2). The fact that the two entities occupy
different, distinct habitats in any one place is
further important evidence suggesting that
the two separate species are involved.

The morphological characters and the
habitat of Japanese R. riparium are essentially
the same as those described by Koster (1955)
and other authors. Migita (1967) first ob-
served this species in Japan and described the
habitat, phenology and morphology of this
species in detail, and demonstrated the life cy-
cle. I have obtained similar results except
that it has not been possible to induce
reproduction in culture.

Koster (1955) considered Rhizoclonium tortuo-
sum to be a synonym of R. riparium f. validum,
because of corresponding cell width in the two
taxa. However, Foslie (1890), Rosenvinge
(1893), Borgesen (1902) and Jé6nsson (1903)
gave a different description of R. riparium f.
validum and Chaetomorpha tortuosa (Dillwyn)
Kiitzing; a synonym of R. tortuosum. In com-
paring of each description with Japanese
plants, my observations on R. tortuosum does
not agree with the former forma but, rather
with the latter. My plants differ from R.
riparium f. validum in habitat, nuclear num-
ber in cells and ratio of cell width to length.
Foslie (1890), J6nsson (1903) and Waern
(1952) found this entity in narrow supralittor-
al fissures of rock, and Koster (1955) recorded
it from moist clayey or sandy soil. Jénsson
(1903) noted two, or frequently, four nuclei in
his R. riparium f. validum. With regard to ra-
tio of cell width to length, Rosenvinge (1893),
Jénsson (1903) and Koster (1955) described
cells 1-2 times as long as broad. For these

reasons, R. tortuosum and R. riparium f. validum
may not be the same species.

Chaetomorpha tortuosa as described by Foslie
(1890), Rosenvinge (1893), Bargesen (1902),
Jénsson (1903), Kornmann (1972), and Kor-
nmann and Sahling (1977) is similar to our ob-
served plants in every respect. Rosenvinge
(1893) and Kornmann (1972) noted about
twenty nuclei in a cell in C. fortuosa. In this
regard, Japanese plants agree completely with
their C. tortuosa. Kiitzing placed Conferva tor-
tuosa Dillwyn in Chaetomorpha at first (Kitz-
ing 1845) and later removed it to Rhizoclonium
(Kutzing 1849); Setchell and Gardner (1920)
examined Kiitzing’s original materials and
concluded that Ch. tortuosa was synonymous
with Rhizoclonium tortuosum, although they had
never discussed whether this species should be
regarded as belonging to the genus Rhizoclon:-
um or Chaetomorpha.

Rhizoclonium tortuosum is also sometimes
treated as a species of Lola (Hamel 1930;
Chapman 1952, 1956); however, this genus
has not been widely accepted. The question
remains therefore: what is the correct genus
name for Japanese plants known as “Naga-
motsure” Rhizoclonium, Chaetomorpha or Lola?
Until taxonomic confusion between the three
genera is resolved with European material, I
recommend Rhizoclonium as a generic name.
Thus “Naga-motsure” is Rhizoclonium tortuo-
sum (Dillwyn) Kutzing.
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manuscript. I am grateful to Professor C.,
van den Hoek, for his kind advice. I wish to
express my gratitude to Drs Iemasa Yamada
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Costaria costata (Turner) Saunders (Laminariales, Phaeophyta)
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Hajime Yasui, Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido, 041 Japan

The brown alga, Costaria costata (Turner)
Saunders is very widely distributed from
northern Japan to the northwestern Pacific
coasts, forming comunities with several
Laminariaceous plants on kelp beds, and the
juvenile fronds are occasionaly used as
seafoods. Recently, the chromosome counts
in the sporophyte cells of the four popular
Laminaria species from Japan (Yabu and
Yasui 1991) were indicated to have different
results (n=32, 2n=ca.60) from the previous

reports (Abe 1939, Nishibayashi and Inoh
1956, Kaneko 1972, Yabu 1973, Funano
1983, etc.) as n=22 in their zoosporangium.
The chromosome number of this alga has
been recorded to be n=ca.30 at diakinesis
stage in the zoosporangium with paraffin
method (Nishibayashi and Inoh 1957, Oh-
mori 1967). The present paper reports the
chromosome number (n=32, 2n=64) and
the ratios of haploid and diploid in the early
sporophytic dividing cells of this alga in cul-
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Figs. 1-11.
Figs. 1-5.
1" Tllustration in Fig. 1. 3. Two-celled sporophyte. 4. Three-celled sporophyte. 5. Four-celled sporophyte. Figs.

6-11. Metaphase chromosomes of diploid nuclei of young sporophytes.

Two-celled sporophyte. 9. Three-celled sporophyte.

ture.

The mature specimens of C. costata were col-
lected at Osatsube, Minamikayabe-cho, Hok-
kaido on July 11, 1990, were immediately
brought to the Faculty of Fisheries, Hokkaido
University. In the laboratory, liberated zoo-
spores from those fronds were cultured in the
filtered seawater containing 0.01% SLP
(Squid Liver Protein Powder) extract (Yabu
et al. 1984) wunder 3000-35001lux with
12L : 12D photoperiod, at 10+=1°C. After
18-22 days culture, the one- to eight-celled

10. Five-celled sporophyte.

Costaria costata (Turner) Saunders. Scale=10 #m.
Metaphase chromosomes of haploid nuclei of the young sporophytes. 1 and 2. One-celled sporophyte.

6 and 7. One-celled sporophytes. 8.
11. Nine-celled sporophyte.

sporophytes were fixed at 5-6 hours from the
start of dark-period by ethyl alcohol 3: acetic
acid 1 solution, stained with aceto-iron-
haematoxylin-chloral hydrate solution (Wit-
tmann 1965).

The one- to three-celled sporophytes dis-
played to have exactly 32 (haploid) or 64
(diploid) chromosomes at metaphase (Figs. 1-
4, Figs. 6-9.). The number was the same with
the four species of Laminaria, L. angustata
kjellman, L. japonica Areschoug, L. ochotensis
Miyabe and L. religiosa Miyabe (Yabu and
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Table 1. Number of haploid or diploid sporophytes of Costaria costata (Turner) Saunders
obtained from chromosome count in the dividing cells.
Nuclear phase 1-celled 2-celled 3-celled 4-celled 5-celled
P stage stage stage stage stage
Haploid 67 22 8 2 1
Diploid 28 39 35 37 27

Yasui 1991). The ratio (haploid : diploid) of
the one-celled sporophytes showed to be ap-
proximately 70% : 30% , however, the percen-
tage of haploid was rapidly decreasing as the
germination developed, became 2-4% in the
four- or five-celled stage (Figs. 5 and 10, Ta-
ble 1). Although it is difficult to count the
chromosome number of the more developed
sporophytes than nine- or ten-celled stage
(Fig. 11), the rare occurrence for par-
thenogenetic sporophytes of C. costata was sug-
gested by the above results. In size, the
haploid sporophytes (Figs. 1-3) were nearly
same with the diploid (Figs. 6-8), both sporo-
phytes (width: 27-35 ym, length: 35-45 ym)
at one- or two-celled stage were larger than
those (width: 20-25 ym, length: 24-31 zm) of
the other japanese Laminariaceous plants
(Yabu ez al. 1985, Yabu and Yasui 1991).
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In Japan, Mallomonas acaroides Perty var.  ba-ike Pond and Sengari Reservoir located in
acaroides has been found in six lakes and  the southern part of Hyogo Prefecture (Ito
ponds (Takahashi 1978; Ito 1988). A taxon  1991). It is described below as a new variety
different from the type variety occurs in Yasu-  of Mallomonas acaroides.

Figs. 1-7. Mallomonas acaroides var. obtusa. Figs. 1, 2. Whole cell (light microscopy). Fig. 3. Holotype,
whole cell (scanning electron microscopy: SEM). Fig. 4. Scale (transmission electron microscopy: TEM). Fig. 5.
Detail of dome with papillae (arrow) and a patch of minute pores (double arrow) (TEM). Fig. 6. Bristle (TEM).
Fig. 7. Apex of bristle (SEM). Scale bar: 10 #m for Figs. 1-3 and 6; 1 #m for Figs. 4, 5, 7.
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Mallomonas acaroides Perty var. obtusa var.
nov.

A var. acaroides differt apicibus setarum ob-
tusis et limbis anterioribus squamarum latis.

Dimensio cellulae: 21-44 X 11-21 pm; fla-
gella: 11-19 pm; squamae: 7.4-9.5%X5.7-7.3
pm; setae: 16.1-42.2 pm.

Holotype, Fig. 3; material collected Febru-
ary 5, 1982 from Yasuba-ike Pond, Takarazu-
ka City, Hyogo Prefecture, Japan (No.
820205Y); deposited in Water Quality
Laboratory, Kobe City Waterworks Bureau.

The epithet of the variety refers to the blunt
tipped bristle.

M. acaroides var. obtusa differs from the type
variety in having blunt tipped bristles and
scales with broad anterior flanges.

The cells are ovoid or ellipsoidal with a sin-
gle flagellum, one parietal chloroplast and

two posteriorly located contractile vacuoles.
The cells are covered with scales; there are
short bristles on the anterior part and long
ones on the posterior part (Figs. 1-3). The
scales are tripartite and oval. The dome has
papillae and a patch of minute pores (Fig.
5). The pores of the base plate are irregular-
ly scattered or arranged in transverse rows
(Fig. 4). The shield is reticulated (Fig. 4).
The anterior flange is broad, wing-like, with
struts. The posterior flange also has struts.
The proximal border is narrow (Fig. 4).
Blunt tipped bristles are slightly curved and
have 3-8 teeth in the distal half part (Figs.
6,. 7).

Five varieties of Mallomonas acaroides have
been reported (Harris and Bradley 1960, Fott
1962, Nicholls 1987). Among these, .
acaroides var. galeata Harris et Bradley, M.
acaroides var. striatula Asmund and M.

Figs. 8-13.
Yasuba-ike Pond (SEM). Figs. 8, 9. Shield marked with struts and rudimentary reticulation (arrow) in addition

to struts.
developed reticulation (arrow).

Tigs. 10, 11. Shield with weakly developed reticulation (arrow).

Variations in the shield ornamentation of scales of Mallomonas acaroides var. obtusa collected from

Figs. 12, 13. Shield with well-

Scale bar (3 #m) in Fig. 13 applies to all figures.
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Fig. 14. Fluctuations of Mallomonas acaroides
var. obtusa in Yasuba-ike Pond from November 1981
to March 1982 (solid circle), in relation to changes in
surface water temperature (open circle) and pH
values (open square).

acaroides var. echinospora (Nygaard) Fott are
considered to fall in the variation range of
var. acaroides (Asmund and Kristiansen 1986),
and M. acaroides var. inermis Fott and M.
acaroides var. muskokana Nicholls are present-
ly recognized as taxonomic entities. M.
acaroides var. acaroides often has helmet bris-
tles, but populations consisting of cells which
possess only serrated bristles have also been
reported (Asmund and Kristiansen 1986).
The serrated bristles of var. acaroides have
well-developed teeth along their whole lengths
and acutely pointed apices. The serrated bris-
tles of var. inermis and var. muskokana are basi-
cally the same as those of var. acaroides (Fott
1962, Nicholls 1987). In contrast to these
three taxa, M. acaroides var. obtusa has only ser-
rated bristles with short teeth on the distal
half part, and also has blunt apices.

Scales of M. acaroides var. obtusa collected
from Yasuba-ike Pond have morphological
variations of shield ornamentation. In most
cells collected on December 2, 1981 and Janu-
ary 11, 1982, the shield was marked only with
struts or rudimentary reticulation in addition
to struts (Figs. 8, 9). The reticulation of the
shield was weakly developed in scales of cells
collected on January 20 and 25 (Figs. 10, 11),
and it was well-developed in cells collected on
February 5, when the maximum density was
recorded (Figs. 12, 13). Such variations have

also been observed in scales of M. acaroides
var. acaroides, and it is known that the shield
ornamentation of scale varies within single
specimens as well as between populations (As-
mund and Kristiansen 1986). The reticulum
of scales is rudimentary or absent in some
populations, and well-developed in others (As-
mund and Kristiansen 1986). Though scale
variation of M. acaroides var. obtusa is within
that of M. acaroides var. acaroides, it is different
from the type, var. inermis and var. muskokana
in having scales with the broad anterior
flanges. The taxon is therefore designated as
a new variety of M. acaroides.

In Yasuba-ike Pond, M. acaroides var. obtusa
appeared from December 2, 1981 to February
8, 1982, ranging in density from 3 to 55
cells/m/. The fluctuation is shown in Fig. 14
together with the pH and water tempera-
ture. A few scales were found in Sengari
Reservoir in April and August 1982 and in
January and February 1983.

The author thanks Dr. J. Kristiansen
(Copenhagen University) and Dr. E. Taka-
hashi (Yamagata University) for their helpful
advice and reading of the manuscript.
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Fourteen freshwater species have been
described in the genus Spiniferomonas Taka-
hashi (1973) (Siver 1988, Kristiansen and
Tong 1989, Nicholls 1989). In Japan, eleven
species and two undescribed taxa of Spinifero-
monas have been identified by electron
microscopy (Takahashi 1973, Preisig and
Takahashi 1978, Ito and Takahashi 1982, Ito
1988, 1990). These two previously reported
undescribed taxa in Ito (1990) are formally
described as new species.

Water samples were collected from Doro-
ike Pond and Yasuba-ike Pond. Detailed
descriptions of these ponds and procedures of
sample collection, preparation and examina-
tion were given in a previous paper (Ito
1990). The cell number per m! of Spiniferomo-
nas hamata was estimated by the methods of
Ito and Takahashi (1982).

Spiniferomonas hamata sp. nov.

Cellulae sphaeroides, 5-7 ym diametro,
squamis et spinis tectae. Squamae elliptis,
1.3-1.7X0.9-1.3 pm, una lacuna elliptica,
cum vel sine spicula in labro lacunae. Squa-
mae spina, 3.2-4.0 #m longae, spiculo carina-
to quod flacans foras in 1/3 parte terminale
dimidiata ad formantas tres apices; apex lon-
gissimum terminans in apicem infractum.
Cystae ignotae. Holotypus: Fig. 1.

Lecta ab H. Ito in stagno Doro-ike in
monte Rokko, Praef. Hyogo, Japonia (March
26, 1976).

Cells spherical, 5-7 #m in diameter, cov-
ered with plate scales and spine scales (Fig.

1). Plate scales elliptical with a centrally lo-
cated single elliptical lacuna and with or
without a minute spike on the rim of the lacu-
na, 1.3-1.7X0.9-1.3 um (Fig. 2). Spine
scales, 3.2-4.0 #m long, consisting of a keeled
shaft that flares outward in the distal 1/3 to
form three apices and a plane or saucer-
shaped basal disc (0.7-0.8 #ym in diameter)
(Fig. 1). The middle apex longer than the
two other apices and terminating in a sharply
bent tip forming a hook (Fig. 1). Cysts not
found.

The fixed water sample that contains holo-
type specimen (No. 760326D) is deposited in
the herbarium of Water Quality Laboratory,
Kobe City Waterworks Bureau.

The epithet refers to a hooked apex of spine
scale.

The number of spine scales and plate scales
per cell varies from 15 to 22 and from 40 to 60
respectively. Almost all spine scales are con-
structed by two membranes connecting the
middle ridge with the two other ridges. Buta
spine scale possessing three membranes was
observed once (Fig. 1). Some spine scales
have a tooth on the margin of the membrane
(Fig. 1). A minute spike on the rim of the
lacuna occurs in 10 to 409 of plate scales of a
single cell.

In Doro-ike Pond, S. hamata was found on
March 26 and September 24 in 1976, and the
density was 59 and 3 cells/m/ respectively. In
Yasuba-ike Pond, the species was found on
January 6, 1981 and the density was 25
cells/ml.
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Figs. 1 & 2. Spiniferomonas hamata sp. nov.. 1. Whole mount cell. Arrow shows a tooth on the margin of
membrane connecting ribs of spine scale and double arrows show a spine scale with three membranes. Holotype.
2. Scales. Arrow shows a minute spike on the rim of the lacuna. Figs. 3. Spiniferomonas nichollsii sp. nov., whole
mount cell. Arrow shows the rectangular plate. Holotype. Scale bar=1 pm.
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Spiniferomonas nichollsii sp. nov.

Cellulae sphaeroides, 5-6 #m diametro,
squamis et spinis tectae. Squamae elliptis,
1.0-1.5%0.7-1.0 gm, uno lacuna elliptica.
Squamae spina, 2.9-4.0 #m longae, e spiculo
carinato quod flacans foras in 2/5 parte ter-
minale dimidiata ad formantas tres apices et e
discis basalibus planis vel leviter cavatatis,
0.6-0.7 pm diametro, compositae. Apex lon-
gissimus lingui formi et truncato, e mem-
brana lata lateralis et membrana rectangulata
ad centrum, 0.3-0.4 ym alta, constructo.
Cystae ignotae. Holotypus: Fig. 3.

Lecta ab H. Ito in stagno Doro-ike in
monte Rokko, Praef. Hyogo, Japonia (June
24, 1977).

Cells spherical, 5-6 ym in diameter, cov-
ered with plate scales and spine scales (Fig.
3). Plate scales elliptical with a centrally lo-
cated single elliptical lacuna, 1.0-1.5X0.7-
1.0 pm. Spine scales, 2.9-4.0 #m long, con-
sisting of a keeled shaft that flares outward in
the distal 2/5 to form three apices and a plane
or saucer-shaped basal disc (0.6-0.7 #m in di-
ameter). The middle apex much longer than
the two other apices, truncated tongue-form,
with broad membrane at both sides and a rec-
tangular plate at central portion (Fig. 3).
The rectangular plate has one or two hollows
on the upper margin. Cysts not found.

The fixed water sample that contains holo-
type specimen (No. 770624D) is deposited in
the herbarium of Water Quality Laboratory,
Kobe City Waterworks Bureau.

The epithet is given in honor of Kenneth
H. Nicholls.

The number of spine scales and plate scales
per cell varies from 13 to 15 and from 50 to 70
respectively. No variations in the shape of
plate and spine scales have been observed.

In Doro-ike Pond, S. nichollsii was found
on June 24 and July 8 in 1977.

Fourteen species of Spiniferomonas have been
classified into seven morphological groups

(Group A-D, F-H) (Siver 1988, Kristiansen
and Tong 1989, Nicholls 1989). Both S.
hamata and S. nichollsii are assigned to the
group C, together with S. takahashii and S.
alata. The group C is characterized by one
type of plate scale with a single lacuna and tri-
angular spine scales with flared distal portion.
S. hamata differs from S. takahashii and S. alaia
in having plate scales with one spike and
spine scales with a hooked apex, and S§.
nichollsii differs from these two species in hav-
ing spine scales with one rectangular plate.

The authors would like to thank Dr. Jergen
Kristiansen (University of Copenhagen) and
Dr. Kenneth H. Nicholls (Ontario Ministry
of the Environment) for their helpful advice
and reading of the manuscript.
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FIARR (1987~1991)

Mikio Tsuzuki, Naomi Shimoyama and Miyuki Watanabe: Distribution of
algal strains from IAM Culture Collection between 1987 and 1991

Numbers of strains distributed from IAM Culture Collection for last 5 years are illustrated. The
strains were used mostly for basic and applied researches. Numbers of the requests for applied sciences
rose in the past three years to a maximum in 1990. This was due to the initiation of research for

CO, trap by algal photosynthesis against the increase in atmospheric CO, concentration.

The resear-

chers asked us information on algal culture as well as strains. Some in technological fields who have not
studied biology needed our help to begin experiments on algal technology.

Key Index Words:
microalgae.

algal strains—applied sciences—carbon dioxide concentration—culture collection—

Mikio Tsuzuki, Naomi Shimoyama and Miyuki Watanabe, Institute of Applied Microbiology, University of

Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo, 113 Japan
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Distribution of algal strains from IAM Culture Collection in each fiscal year (from April to March).

Numbers above each column are those of strains distributed and of the requests (in parentheses).
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Table 1. Number of requests to IAM Culture Collection in various purposes.
Fiscal year
Purposes
1987 1988 1989 1990 1991
Research
Identification & classification 0 0 3 5 3
Photosynthesis 5 2 11 12 10
Mass culture and culture system 2 0 5 8 5
Environmental studies
CO, fixation against global warming 0 0 0 10 2
Light and O, stress 0 0 0 2 0
Heavy metal resistance & accumulation 0 0 3 5 3
Salt stress 0 0 3 1 1
Chemical resistance 0 2 0 2 0
Freezing & cold resistances 0 1 0 0 0
N, fixation & N metabolism 1 3 3 3 1
Cell organella & differenciation 3 0 0 0 5
Flagella and cell movement 1 0 1 1 1
Comparison with symbiont 0 2 0 0 0
Allelopathy 0 1 0 1 0
Biochemicals including enzymes 3 5 4 4 5
Exploitation
Beneficial materials 2 1 8 13 18
Feeds and foods 0 1 1 5 2
Biosensor 0 0 0 0 2
Bioreactor 0 0 0 0 2
Chemicals which suppress algae 0 1 0 0 1
Methods
Protoplasts formation 2 4 2 1 0
Gene manipulation & transformation 1 1 1 0 7
Synthesis of radiocompounds 0 0 0 0 1
Unknown 11 14 8 12 15
Education (classes & extraclasses) 1 4 3 1 4
Exchange with other collections 0 0 0 1 0
Total 32 42 57 87 89
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Table 2. Numbers of strains and the requests (in parentheses) from various types of industry.

Fiscal year
Industries
1987 1988 1989 1990 1991

Mining 0 (0) 0 (0) 0 (0) 4 (1) 0 (0)
Construction 0 (0) 0 (0) 7 (3) 9 (2) 3 (2
Foods 3Q) 3(1) 9 (3) 11 (3) 8 (1)
Textiles 2 (1) 1(1) 0 (0) 0 (0) 0 (0)
Chemicals 4 (3) 12 (3) 8 4 6 (4) 12 (4
Medicines 0 (0) 0 (0) 4 (3) 1@y 21 (3
Oil 0 (0) 1Q1) 3 (1) 5 (1) 0 (0)
Ceramics 0 (0) 1(1) 0 (0) 2 (1) 0 (0)
Iron & steel 0 (0) 0 (0) 0 (0) 1 (1) 0 (0)
Machinery 0 (0) 0 (0) 0 (0) 0 (0) 13 (5)
Electrical machinery 0 (0) 0 (0) 6 (2) 0 (0) 0 (0)
Transport equipment 0 (0) 0 (0) 1 (1) 17 (3) 2 (1)
Precision instruments 0 (0) 0 (0) 4 (1) 0 (0) 0 (0)
Commerce 0 (0) 0 (0) 0 (0) 1 Q) 0 (0)
Electricity & gas 0 (0) 0 (0) 2 (1) 0 (0) 10 (3)
Others (nonprofit) 0 (0) 2 (1) 0 (0) 45 (7) 2 (2)

Total 9 (5) 20 (8) 44 (19) 102 (25) 71 (21)
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