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Mixed phases reproduction of Polysiphonia morrowii Harvey
(Rhodomelaceae, Rhodophyta) in culture*

Wook Jae Lee and In Kyu Lee

Department of Botany, Seoul National University, Seoul, 151-742 Korea

Lee, W.J. and Lee, I.K. 1991. Mixed phases reproduction of Polysiphonia morrowii Harvey
(Rhodomelaceae, Rhodophyta) in culture. Jpn. J. Phycol. 39: 115-121.

The life history of Polysiphonia morrowii Harvey isolated from Gyokpo, Korea, was investigated in
culture. P. morrowii basically showed a Polysiphonia type of life history. However, monoecious and mixed
phases reproduction was also exhibited. The procarps on these unusual plants were proved to be sterile,
while spermatia were fertile. A few tetraspores from the mixed phases plant grew to both normal
tetrasporophytes and sterile plants. These tetrasporophytes released tetraspores which grew to male,
female, monoecious, mixed phases, and sterile plants. Monoecious and mixed phases plants repeatedly oc-
curred twice in cycle via tetraspores during this culture.

Key Index Words:
morowwii.

Life history of the genus Polysiphonia has
been regarded as the typical one, so called
Polysiphonia type. However, a few species of
Polysiphonia were reported to produce asexual
propagules in addition to sexual reproduction
(Kapraun 1977, Womersley 1979, Byun
and Kang 1986, Kudo and Masuda 1986) and
to have mixed phases plants in field (Yoon
1981).

Such unusual phenomenon as mixed
phases reproduction has been reported fre-
quently for a number of red algae (e.g.
Knaggs 1969, West and Hommersand
1981). These studies, however, are mostly
limited to descriptive observations of field col-
lections except for a few laboratory cultures
(West and Norris 1966, Rueness and Rueness
1973, 1978, 1985, van der Meer and Todd
1977, Lee and West 1979, Notoya and Yabu
1981, Boo and Lee 1983, Notoya 1983, Choi
and Lee 1987, West and Calumpong 1988,
Kim and Lee 1989). The only satisfactory ge-
netical explanation for such phenomena was
given to Gracilaria tikvahiae McLachlan by van

* This work is partially supported by a Grant from
KOSEF 871-0409-002-2

culture study—life history—mixed phases reproduction—monoecious— Polysiphonia

der Meer and his co-workers (van der Meer
and Todd 1977, van der Meer et al. 1984, van
der Meer 1986).

In this study, we examined the life history
and the fate of the spores produced by
monoecious and/or mixed phases plants of
Polysiphonia morrowii Harvey isolated in Korea.

Materials and methods

Polysiphonia morrowi: Harvey was collected
from the intertidal zone of Gyokpo in the
western coast of Korea in April 1985. Unial-
gal culture was established with vegetative
branch apices. All the isolates were precul-
tured in 1/2 PES medium under cool white
fluorescence light below 500 lux for 6-7 days.
Subsequent cultures were obtained from tetra-
spores produced from these vegetative thalli
after about three weeks. Cultures were main-
tained in PES-enriched seawater medium at

1,000 lux (photoperiod, 16 : 8 hr) and 15°C.

Results

Polysiphonia ~ morrowii  was  originally

described by Harvey (1856) on the basis of the
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specimens collected at Hakodate, Japan.
This species is characterized by the tufts of ax-
illary tetrasporangial branchlets. The follow-
ings have been described as characters to dis-
tinguish it from the related species, P. senticulo-
sa Harvey and P. urceolata Greville (Segi 1951,
1960, Tokida 1954): 1) tufted tetrasporangial
branchlets, 2) branchlets endogenously origi-
nated, 3) dark reddish thalli, and 4) relative
length of segments of the main axis.
However, these characters were regarded as
variable with age and habitat (Kudo and
Masuda 1981, Yoon 1986). Kudo and Masu-
da (1981) demonstrated that the alga called P.
senticulosa in Japan was the same as P. mor-
rowti. Yoon (1986) reduced P. senticulosa Har-
vey and P. urceolata sensu Yamada (1928),
Okamura (1936), Segi (1951), and Kang
(1966) to a synonym of P. morrowii. Kudo
and Masuda (1988), however, mentioned that
P. morrowii differed from genuine P. senticulosa
in having thicker thalli and 7-8 axillary bran-
chlets which bore tetrasporangia.

Descriptive characteristics of plants:
The vegetative structure of P. morrowii was
described and illustrated by Harvey (1856),
Segi (1951), Kudo and Masuda (1981) and
Yoon (1986). Our plants collected at
Gyokpo accorded well with them.

The thallus consists of four siphons and ad-
heres to rocky substrata with rhizoids. It is
densely tufted, slender and elongate, becom-
ing up to 25 cm high. Unicellular rhizoids ir-
regularly arise as outgrowth of pericentral

cells. They develop on the basal portion and
sometimes on middle portion of the erect thal-
lus.

The branches arise exogenously in every 3-
7 segment. However, the prostrate branch is
endogenous from the lower part of erect main
axes, showing variable diameters (150-
250 pm). The ratio of main axial segments
(dia. 270-550 #m) in length to width is vari-
able according to age and thallus (Table 1).
Ultimate branch arises alternately in 3-8 seg-
ments interval and is sharply pointed. The
axillary branchlets develop endogenously
from a central axial cell.

A few colorless trichoblasts arise near the
apex of branch and are 2-3 furcate and decidu-
ous, leaving inconspicuous scar cell from
which cicatrigenous branch sensu Hollen-
berg (1942) sometimes arises. Cultured thal-
lus shows basically the same morphological
characters as field collected one (Table 1).

When a tetrasporophytic plant becomes
fertile, tetrasporangia develop on ultimate
branches, axillary branchlets and sometimes
on indeterminate branches of the thallus.
Thus, 3-8 axillary branchlets bearing
tetrasporangia congregate on an axil. Ma-
ture tetrasporophytes bear few thrichoblasts
and rare scare cells. Tetrasporangia mature
acropetally in a stichidium. Tetraspores
released are 55-75 #m in diameter. A ma-
ture spermatangial branch is slightly in-
curved, 650-850 um long and 45-85pm
broad. It provides with a long sterile tip con-

Table 1. Comparison of vegetative structure between field-collected and cultured plants.
Field-collected* Cultured**
January March 1 month 2 months

Height (cm) 3-10 10-25 2-4 3-7
L/D of axis Upper 0.3-0.5 0.3-0.5 0.5-1.0 0.5-1.0

Middle 1.5-2.0 2.0-3.5 1.0-2.5 1.5-3.0

Lower 2.0-4.0 2.5-4.0 1.2-2.0 1.0-2.0
Branch interval (segment) 3-7 3-5—(7) 3-15 3-10-(15)
Trichoblast scarce scarce frequent/scarce frequent/scarce
Length of determinate branch (segment) 10-20 13-20 15-35 15-35
Axillary tetrasporangial brachlets non 1-8 non non/1-5

* Collected at Gyokpo.
** Cultured at 15°C and 1000 lux (18 : 6 LD).
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sisting of a few elongate cells at the apex and
is supported by an one-celled stalk. The
branches bearing procarp arise alternately on
the apical part of indeterminate branches.
The mature cystocarp is urceolate, 350-
450 gm long and 250-300 #m broad. The
released carpospores are 50-65 /m in di-
ameter.
layered and has a wide ostiole at the top.
Life history in culture: Four vegetative
thalli isolated from Gyokpo were proved to be
tetrasporophytes in laboratory culture. All
of them produced tetrasporangia in three
weeks. A total of 76 tetraspores were isolated
from the tetrasporophytes for further study.

A fully mature pericarp is two-cell

- 41l

Among them, 33 spores grew to mature
plants bearing the spermatangia in 6-7 weeks
(Fig. 2), and 15 spores produced procarps one
week later, while 28 spores remained vegeta-
tive (Fig. 7).

In order to examine crossability, a single fe-
male plant and two male plants were put
together in a culture dish. Mature cys-
tocarps appeared in two weeks after that. As
a result, 37 carpospores were released from a
cystocarp, of which 30 spores grew to
tetrasporophytes in 7-8 weeks and 7 spores
died in early stages of the growth.

Thus, P. morrow:ii at hand is demonstrated
to show a typical Polysiphonia type of life histo-

Sy

Figs. 1-6. Polysiphonia morrowii Harvey in culture. Fig. 1. Tetrasporic plant. Fig. 2. Male plant. Fig. 3.

Monoecious plant derived from male plant.

tetrasporangia and spermatangia on the same branch.

Fig. 4. Mixed phases plant derived from male plant, bearing
Fig. 5, 6. Mixed phases plants derived from male plant,

bearing procarps and tetrasporangia in addition to spermatangia on the same branch. ac, aborted cystocarp; pc,
procarp; sp, spermatangial branch; ts, tetrasporangium. Scale bar: 1, 4-6, 300 #m; 2, 250 #m; 3, 130 prm.
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® (in field) —> 76 ® spores —

sterile(17)
Q‘ a )1 Q (5) i i
(2) ga2 34 @®spores <« (2)

Fig. 7.

ry, and requires approximately 18-20 weeks
for completion of the cycle in laboratory cul-
ture.

Unusual reproduction in culture: Dur-
ing the culture, some of the male plants ex-
hibited unusual sexualities. Among 33 male
plants, 8 individuals became monoecious,
producing procarps as well as spermatangia
on the same branch (Fig. 3). One of them
later became a mixed phases plant which had
tetrasporangia in addition to procarps and
spermatangia on the same branch (Figs. 4-6).

In order to test the fertility of such
monoecious sexual structures, we isolated a
single branch which had both spermatangia
and procarps from a monoecious plant, and
cultured separately to check self-fertility. All
of these procarps did not mature to cystocarps
for 6 weeks (Fig. 3). However, when we put
this branch in normal female plants with
procarps, the latter matured to cystocarps in
two weeks and released lots of carpospores,
which grew to normal tetrasporophytes (Fig.
1). We also isolated 13 branches bearing
only procarps from the monoecious plants
and obtained no cystocarp when crossed them
with normal male plants. These cross experi-
ments were also carried out for the mixed
phases plants, and could obtain same
results. Thus, we found that the procarps on
the monoecious and mixed phases plants of P.
morrowit, originated from male plants, had no
fertility, while their spermatia were normally
functional.

On the other hand, tetrasporangia of the
mixed phases plant released tetraspores after
maturation. We could isolate 17 tetraspores
among them, and traced the fate individually

d (33) Q" (8)
Q (15) g (1)
sterile (28)

sterile(15)

17 @ spores <J

The fate of tetraspores released from Polysiphonia morrowii Harvey in culture.

by separate culture. Two of them grew to
produce tetrasporangia on the whole branches
in 7 weeks, and other 15 spores remained as
sterile thalli for 13 weeks. In addition,
among the tetrasporangia obtained from two
tetrasporophytes, 34 tetraspores were viable.
They grew to 12 male plants, 5 female and 17
sterile plants. Then, among the 12 male
plants, two became monoecious and one mix-
ed phases plants (Fig. 7). These monoecious
and mixed phases plants showed the same fer-
tilities as the parent plants, exhibiting such un-
usual reproductions. The procarps on these
monoecious or mixed phases plants did not de-
velop into mature cystocarps not only by self-
fertilization but by a cross with normal sper-
matia, while the spermatia of mixed phases as
well as monoecious plants were fertile to
produce mature cystocarps with normal fe-
male plants.

Discussion

The life history of the genus Polysiphonia has
been known as a typical one among floridean
algae, the so-called Polysiphonia type, alternat-
ing isomorphic tetrasporophyte and gameto-
phytes. Some unusual reproductions such as
propagules and mixed phases reproductions
are reported among several species of Poly-
siphonia (Edelstein and McLachlan 1967,
Kapraun 1977, 1978, Yoon 1981, Cheung et
al. 1984, Koch 1986).

As summarized in Fig. 8, P. morrowii from
Gyokpo showed a very interesting unusual
life history although based on a typical Poly-
siphonia type. Especially it is remarkable that
the monoecious procarps originated from
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male thallus show no fertility while spermatia
are functional, and the tetraspores on the mix-
ed phases plant exhibit viability. Moreover,
this unusual life history is repeated through
mixed phases tetraspores.

There have been lots of reports about such
unusual sexuality during the life history, espe-
cially in Ceramiaceae (West and Hommer-
sand 1981). For instance, Whittick and West
(1979) demonstrated that monoecious plant of
Callithamnion baileyi Harvey produced the car-
pospores by self-fertilization, and the spores
developed into tetrasporophytes as seen in di-
oecious plants. Boo and Lee (1983) reported
that the monoecism of Antithamnion sparsum
Tokida showed a self-fertility and carpospores
released from this plants developed into male
plant, missing tetrasporophytes in culture.

On the tetraspore of mixed phases plant,
West and Norris (1966) reported that the tetra-
spores on the gametophyte of Antithamnion
pygmaeum Gardner developed into the same
gametophytes as parent in sexuality. Rue-
ness and Rueness (1973) demonstrated that
male/tetra mixed phases plants of Antitham-
nion tenuissimum (Hauck) Schiffner were haploid
and the spermatia produced by such plants
were functional. Moreover, tetraspores de-
rived from the mixed phases plants grew to
nonsporangiate normal male and- female
plants. They demonstrated that spores
produced on the male/tetra mixed phases
plants were formed apomeiotically. Notoya

g

Life history of Polysiphonia morrowii Harvey in culture.

and Yabu (1981) reported that male/tetra mix-
ed phases plants of Platythamnion yezoense Ina-
gaki were always derived from carpospores,
while the mixed phases plants bearing
tetrasporangia, spermatia and . carpogonial
branches were derived from tetraspores in cul-
ture.

Rueness and Rueness (1985) demonstrated
that tetraspores of Callithamnion tetragonum
(With.) Gray from the mixed phase plant
bearing both non-functional spermatia and
procarps in addition to tetrasporangia deve-
loped into similar mixed phases plants as par-
ent, where the spermatia and procarps were
also non-functional and the tetraspores were
inviable. The fate of tetraspores on the mix-
ed phases plant of C. fetragonum is similar to
that of our study, although they did not ob-
serve the sterile plants in addition. L’Hardy-
Hales (1986) reported that tetraspores on the
male gametophyte of  Antithamnionella
spirographidis  (Schiffner) Wollaston deve-
loped into male and female plants. Hassin-
ger-Huizinga (1952) in Callithamnion corymbo-
sum (Sm.) Lyngb., West and Norris (1966) in
Callithamnion sp. and L’Hardy-Halos (1986)
in Antithamnionella sarniensis Lyle reported that
tetraspores on the tetrasporophyte developed
into tetrasporophytes repeatedly, missing the
gametophytic phases.

As a result, these unusual sexualities gener-
ally seem to exhibit their own peculiar tenden-
cy according to species. P. morow:: at hand
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also shows lack of the gametophytic phase in
the unusual life history, but the result is not
equivalent to those reported previously (Has-
singer-Huizinga 1952, West and Norris 1966,
L’Hardy-Halos 1986).

van der Meer and Todd (1977) demonstrat-
ed that the formation of gametangia on the
tetrasporophyte of Gracilaria tikvahiae resulted
from a mitotic recombination of the gene de-
termining sexuality. But this was in case of
diploid tetrasporophytes. They did not ex-
plain the mixed phases reproduction in the
gametophytes observed by such as West and
Norris (1966), Rueness and Rueness (1973,
1985) and in this study.

According to our culture study, P. morrowii
demonstrates that the mixed phases reproduc-
tion occurs during the life history via tetra-
spores. It seems to be that the mixed phases
reproduction once induced in course of the
life history can be succeeded stably generation
to generation, even though the frequency of
occurrence is variable according to environ-
mental conditions (Kim and Lee 1989).
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Erythroglossum pulchrum Yamada is shown to have Polyneura-type procarp structures, consisting of two
carpogonial branches and one group of sterile cells on a supporting cell. The type species of the genus
Sorella, S. delicatula (Gardner) Hollenberg also shows the Polyneura-type procarp. Most characteristics of E.
pulchrum are shared with Sorella. It is concluded that E. pulchrum should be transferred to Sorella as S. pulchra
comb. nov. The procarp arrangement in illustrations of Searlesia Schneider et Eiseman agrees also with that
of the Pulyneura-type. The transfer of Searlesia subtropica to Polyneura is thus proposed.

Key Index Words: Delesseriaceae—Erythroglossum pulchrum—Polyneura subtropica— Rhodo-
phyta—procarp structure—Searlesia—Sorella delicatula—Sorella pulchra—taxonomy.

Erythroglossum pulchrum, a species belonging
to the red algal family Delesseriaceae, was
described by Yamada (1938) based on speci-
mens collected at Hayama, Kanagawa Prefec-
ture and sent from the Biological Laboratory,
Imperial Palace. The specimens were all
tetrasporophytes. There is no further record
of this taxon. Recently, a new collection in-
cluding female gametophytes was obtained
from Kanagawa Prefecture, near the type lo-
cality. New information on this collection is
presented here, and a comparison is made
with the female structures of Sorella delicatula,
the type species of the genus Sorella. It is con-
cluded that Erythroglossum pulchrum should be
placed in Sorella.

Materials and Methods

The specimens of Erythroglossum pulchrum
were collected by SCUBA diving by S. Arai
on 14 January 1988 off Akiya, Kanagawa
Prefecture, Pacific central Japan. The plants
grew between 3 to 10 meters deep as under-
growths in the Ecklonia forest. Specimens of
Sorella delicatula (Gardner) Hollenberg, collect-

ed at Point Loma, California, were kindly
provided by Dr. Joan Stewart. The materi-
als were preserved in formalin sea water.
Microscopic slides for observation were made
by mounting in glycerine after staining with
aniline blue. Sections were made by hand
with a razor blade. Voucher specimens are
deposited in the herbarium of Faculty of
Science, Hokkaido University (SAP).

Observations

Erythroglossum pulchrum Yamada

External morphology: Female gameto-
phytes as shown in Figure 1 are similar to the
tetrasporangial plants described in the proto-
logue (Yamada, 1938) in external morpholo-
gy. Figure 2 shows an apical part of the thal-
lus with young cystocarps (cy).

Apical organization: Figure 3 represents a
young growing apex. It has an apical cell (a)
dividing transversely. Intercalary divisions
(i) are recognized in the primary cell row.
Young procarps are located near the primary
cell row.

Procarp: Procarps of this species are scat-
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Fig. 1.
Kanagawa Prefecture, January 14, 1988.

tered in the apical region of the branches (Fig.
3). They are composed of one group of
sterile cells associated with two carpogonial
branches originating from the supporting
cell (sc). The development of this type of
procarp, Polyneura-type (Kylin, 1924), is
shown in Figures 4-9. Figure 4 indicates that
the initial of the supporting cell (sci) cuts off a
sterile cell mother cell (stmc) and laterally a
mother cell of the first carpogonial branch
(cbmc;). The mother cell of the first car-
pogonial branch divides further (Fig. 5) to
form a first cell of carpogonial branch (ch)
and an initial of carpogonial branch (cbi), and
the mother cell of the second carpogonial
branch (cbmec,) is cut off from the other side of
the supporting cell. These two carpogonial
branches are composed of 2 cells in Figure 6
and of 3 cells in Figure 7. At this stage, the
sterile cell mother cell undergoes a division
and becomes 2 cells (stc). Following two fur-
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Female specimen of Sorella pulchra (Yamada) comb. nov. collected from Akiya, near Hayama,

ther divisions are shown in Figures 8 and 9.
Here the sterile cells form a set of 4 cells and
become enlarged with much nutrient materi-
al, and attached adjacent to them are the 2 car-
pogonial branches composed of 4 cells each
with a carpogonium bearing a trichogyne
(tr). In some cases, a group of sterile cells
composed of 8 cells was observed.

Cystocarp: Only one cystocarp usually
develops from a group of procarps formed
together. Accordingly, a small number of
cystocarps developed on an individual. Ma-
ture cystocarps measure 480-550 #m in di-
ameter, nearly corresponding to the breadth
of branch (Fig. 1).
blast filaments in a younger cystocarp, and a
cross section of nearly mature cystocarp is
given in Figure 11. A large fusion cell (fu) is
formed at the base and gonimoblast filaments
with short segments radiate from the fusion
cell. Carposporangia (ca) are formed in

Figure 10 shows gonimo-

Fig. 2-11.
showing apical segmentation and young procarps.
Early stage in development of gonimoblasts.

Sorella pulchra (Yamada) comb. nov. 2. A part of frond with young cystocarps. 3. Apex of frond
4-9. Stages in development of procarp in surface view. 10.
11. Cross section of a cystocarp. Numerals 1-6, first-order cell row

(primary segments produced by an apical cell division); a, apical cell; ca, carposporangium; cb,, cby, cbs, first, sec-
ond and third cells of carpogonial branch; cbi, initial cell of carpogonial branch; cbmc,, cbmc,, first and second
mother cells of carpogonial branch; cp, carpogonium; cy, cystocarp; fu, fusion cell; gon, gonimoblast; i, secondary
cell produced by intercalary division; po, aperture of cystocarp; sc, supporting cell; sci, initial cell of supporting
cell; ste, steril cell; stme, mother cell of steril cell; tr, trichogyne.
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Figs. 12-16.
14-15. Spermatangial sori (ss). 16. Apical portion of female frond showing the position of procarps (pr). For ab-
breviations see Figs. 2-11.

Sorella delicatula (Gardner) Hollenberg. 12-13. Apex of frond showing apical segmentation.

short chains on the distal parts of gonimo-
blasts. Carposporangia are 22-33 X 42-50 ym
in size. Cytocarps are hemispherical in
shape with an ostiole (po) on the center elevat-
ed from the surface of the branch. Because
the female plants are decumbent in habit, cys-

tocarps are usually developed on one side of
the thallus.

Sorella delicatula (Gardner) Hollenberg

Apical organization: As shown in Figures
12, 13 and 15, this species has a transversely
dividing apical cell (a). Intercalary divisions
(i) are frequent in the cell rows of first order.
Reproductive structures: Procarps are
scattered on the apical part of the branches as
shown in Figture 16. Figure 17 represents
an early stage in the development of the
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Figs. 17-24. Sorella delicatula (Gardner) Hollenberg.

17-21. Stages in development of procarp in surface

view. 22. Surface view of young cystocarp. 23. A part of frond with tetrasporangial sori (ts). 24. Surface view of
tetrasporangial sorus. t, tetrasporangium. For abbreviations see Figs. 2-11.

procarp. Here a supporting cell cuts off a
mother cell of sterile cell (stmc) and a car-
pogonial branch on one side and a mother cell
of another carpogonial branch (cbmc,) on the
opposite side. The mother cell of sterile cell
has divided twice to form a group of 3 cells,
although carpogonial branches remain imma-
ture (Fig. 18). Figures 20 and 21 show ma-
ture stages of procarps with a group of sterile
cells containing up to 7 cells and a pair of 4-

celled carpogonial branches.

Spermatangial sori are oval to long ellipti-
cal in outline and located on the central
region of the blade (Fig. 14).

Tetrasporangial sori are formed in similar
position as spermatangial sori (Fig. 23).
Tetrasporangia are cut off from the primary
cells, spherical in shape and dividing tetra-
hedrally.
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Discussion

Hollenberg (1943) established a new genus
Sorella based upon Erythroglossum delicatulum
Gardner and named as the type species Sorella
delicatula. He stated that Erythroglossum had
tetrasporangial sori formed along the margins
of the thallus (Kylin, 1924) and Sorella was dis-
tinguished from it by the central position of
sori. He failed to give detailes of the female
reproductive structures. At the same time,
he transferred Erythroglossum repens Okamura
to Sorella as S. repens (Okamura) Hollenberg.
I. Yamada (1971), in his work on the
reproductive structure of S. repens, verified the
characteristics of tetrasporangial and sper-
matangial sori pointed out by Hollenberg for
Sorella. He made clear the structure of the
procarp in the genus Sorella for the first time,
showing that E. repens had the procarp charac-
teristics of Polyneura-type as defined by Kylin
(1924), in that the procarps were dispersed on
the thallus surface and composed of only one
set of sterile cell group and 2 carpogonial branch-
es born on the same supporting cell. Stewart
(1977) observed reproductive structures in .
delicatula, stating that the procarp organiza-
tion “appeared similar to those described for
S. repens” by 1. Yamada (1971). We
confirmed and showed details of procarp de-
velopment.

Mikami (1987), after examining the holo-
type (SAP 048988) and a syntype (SAP
048986) of Erythroglossum pulchrum Yamada,
recognized that this species had tetrasporangi-
al and spermatangial sori formed on the cen-
tral area of the branchlets, conforming to the
Sorella-type. He stated that it was too early
to decide the taxonomic status of this species
because there was no information on the fe-
male plants. But through the observation on
the female individuals newly discovered and
collected, the procarp of this species is now
shown to be of the Polyneura-type as demon-
strated above.

It is well understood that the type of
procarp structure is one of the important
characteristics at generic level in this family,
in that in a given genus all species have the

same type of procarp structure. Among the
genera of the Nitophylloideae, the taxa that
have been shown to have procarps of Poly-
neura-type organization are Sorella repens
(Yamada 1971), S. delicatula (Stewart 1977
and our observation), Erythroglossum minimum
(Mikami 1976) and E. pinnatum (Mikami
1977), other than the species of Polyneura.

In this connection, Searlesia (Schneider &
Eiseman 1979), described from the western
Atlantic, was reported to have a procarp struc-
ture resembling the Phycodrys-type. This type
differs principally from the Polyneura-type in
the posession of 2 groups of sterile cells and a
carpogonial branch on a supporting cell (Ky-
lin 1956). From a careful examination of
figures given in their paper (figs. 5-11),
however, the procarp structure of Searlesia is
certainly of Polyneura-type and not to be inter-
preted as Phycodrys-type. The structure inter-
preted as the first sterile cell group (stg;) in
their figs. 8 and 9 is none other than the sec-
ond carpogonial branch, and the second
sterile cell group (stgy) in their fig. 11 is clear-
ly the superimposed image of the carpogonial
branch formed on the ventral side of the thal-
lus, i.e. there is only one group of sterile
cells. Therefore we conclude that they misin-
terpreted the procarp structure, especially the
relative position of the carpogonial branch
and sterile cell group in Searlesia. Since the
procarp structure of Membranoptera subtropica
Schneider (Schneider and Eiseman 1979) is
here shown to be of the Polyneura-type, and
characteristics of apical organization and
tetrasporangial sori are also the same as those
of the genus Polyneura, there is no need to es-
tablish the genus Searlesia, and this species can
be accomodated in the genus Polyneura as P.
subtropica (Schneider) comb. nov. (Basio-
nym: Membranoptera subtropica Schneider,
1974: 1097; synonym: Searlesia subtropica).

In this paper, Sorella delicatula (Gardner)
Hollenberg, the type species of Sorella, is
shown to have the procarp structure of Poly-
neura-type.

From the viewpoint of all considered charac-
teristics, Erythroglossum pulchrum is concluded
to be placed in Sorella. Therefore we propose
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the following combination:
Sorella pulchra (Yamada) Yoshida et Mika-
mi, comb. nov.
Basionym: Erythroglossum pulchrum Yama-
da 1938: 124. pl. 24, f.1.
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Morphological studies of Eunotia arcus Ehr. var. arcus, type species of the genus, have been carried out
with electron microscopy using the classical material collected from Degernis (the type locality) and the
Japanese material. The former material contains various sizes of valves including both initial and first divi-
sion valves. The following characteristics of the post-initial thecae of this taxon are stable: external and in-
ternal surface structure; striae density; arrangement of the pattern center to the valve face and mantle junc-
ture; raphe placement; location of labiate process; areola structure; areolae density; epitheca depth. As for
the epitheca depth, a detailed examination comparing this taxon and Eunotia arcus var. bidens Grun. has been
carried out. Special attention has been paid to the areola structure and the structure of initial valves.

Key Index Words:
topotype material.

Eunotia arcus Ehr. var. arcus known to be a
cosmopolitan species and occurring in slightly
acidic to circumneutral water, is the type spe-
cies of the genus designated by Boyer (1927).
Though many taxonomists and ecologists
have described this species, no observation of
the type specimen has been made yet. Asis
seen in the other Eunotia species, this species
also shows a wide variation in valve size and
shape. This seems to be one of the main rea-
sons that many infraspecific taxa, 6 forms and
24 varieties (according to VanLandingham
1969), have been made.

We have found topotype material of E. ar-
cus in the Swedish Museum and have ex-
amined it light microscopically, and this materi-
al has been strongly assumed to be taken from
the same lump as examined by Ehrenberg
(1837) (Mayama and Kobayasi 1990). In
this material, post-initial valves in various
sizes and shapes are contained in addition to
the initial valves. This is a valuable material
to study a whole variation of valves during the
life cycle of this species. In the present study,
the fine structure of the topotype specimens is

areola—diatom—epitheca—Eunotia—Eunotia arcus—fine structure—initial valve—

observed in comparison with the Japanese
ones and the stable characteristics of the spe-
cies are discussed.

Materials and Methods

The material examined is listed as follows:

(1) Topotype material: diatomite from
Cleve’s collection 247, Degernas in Sweden,
graft, housed in the Swedish Museum of
Natural History, Stockholm, (our sample
number, K-6686).
(2) Recent materials from Japan: an epipelic
sample from Sugenuma Pond, Gunma Pref.,
on 17 June 1986, K-5865; an epiphytic sam-
ple from Saino-ko Pond, Tochigi Pref., on 17
June 1986, K-5879.

These materials were boiled with sulfuric
acid and potassium permanganate to remove
organic matter, or were suspended with
hydrogen peroxide and then cleaned softly by
ultraviolet radiation so as not to take the
frustule apart. After one or the other treat-
ment specimens were washed in distilled
water. For SEM observations specimens
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were dried on glass coverslips which were
then fixed to metal stubs. They were coated
with gold-palladium using JEOL JFC-1100
and observed with JEOL F15. Specimens for
TEM were placed on formvar-coated copper
grids and observed with JEOL 100B.

Observations and Discussion

Specimens from the topotype material
show various valve shapes and sizes (Fig.
1A). The longest valve is an initial valve and
115 pm (Figs. 1A with asterisk, 2, 4). The
reason why we can recognize this specimen as
an initial valve of Eunotia arcus is that we have
found an initial valve paired with a first divi-
sion valve (first vegetative valve) of E. arcus
(Figs. 3, 5). The initial valve is rounded in
the cross section and the valve face cannot be
distinguished from the valve mantle. The
ventral side is concave and the dorsal side is
convex, and they are parallel throughout the
valve. The valve ends have a semidome-like
form and they have no construction of the dor-
sal side as seen in typical vegetative valves
(Figs. 6, 7, 12, 13, 22, 25).

There has been no SEM observation of the
initial valve of Eunotia, and even in the other
raphid diatoms few observations of the fine
structure have been carried out (Krammer
1982, Cymbella silesiaca; Mann 1982, 1984a,
Rhoicosphenia curvata, Gomphonema intricatum,
Cymbella sp., Cocconeis pediculus; Cohn et al.
1989, Navicula cuspidata). These initial valves
are reported to have a rounded section as in
E. arcus. Geitler (1951) observed initial cells
in the specimens identified as E. arcus, and
despite light microscopy, his description of
the initial valve agrees well with our SEM ob-
servations. However, our specimen does not
completely conform his description and illus-
trations of a bent girdle view. We have ob-
served such a bend in Eunotia tropica, Eunotia
sp. and Actinella brasiliensis (unpublished data)
but have not recognized such a bend in the
present specimen. Cohn et al. (1989) have ob-
served that the central area is not rounded but
depressed in both initial epi- and hypovalves
of Navicula cuspidata. Mann (1984b) has

*

Dl

Fig. 1. Variations of valve size and outline
seen in two populations of Eunotia arcus. The valves
with asterisks are initial valves. A: E. arcus var. arcus.
Topotype material, B: E. arcus var. bidens. K-5879.
Scale bar=10 gm.

reported the central constriction of the initial
epivalve in the girdle view in Neidium affine.
However, our specimen has neither such a
depression nor constriction at the centre.
Cohn et al. (1989) have suggested the accumu-
lation of mucilage secreted from the central
raphe endings as one of the reasons for this
depression, however, our initial valve without
such a depression has no central raphe end-
ings at the center.

Mann (1984a) has pointed out a wide hya-
line marginal strip characteristic of their initial
epivalves in the four species, Rhoicosphenia cur-
vata, Gomphonema intricatum, Cymbella sp. and
Cocconeis pediculus. However, our specimen
does not have such a structure.

In the initial valve, a pattern centre, or a
sternum, runs between both apical raphe end-
ings (Fig. 2) which are located at the centre of
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Figs. 2-5. Eunotia arcus var. arcus. Scale bars=10 p#m (Figs. 1, 2) or 5 #zm (Figs. 4, 5) Fig. 2. Oblique exter-
nal view of initial cell with rounded section. Topotype material. Fig. 3. External view of a first division valve
with flat valve face. Topotype material. Fig. 4. Detail of Fig. 1 showing the initial epivalve with two bands (B1,
valvocopula and B2). Fig. 5. Detail of Fig. 2 in oblique view. A first division valve is seen inside the initial
hypotheca with two bands (B1 and B2).
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the apices (Fig. 4). It runs along the apical
axis near the valve ends (Figs. 1, 3) but moves
away from the apical axis gradually, and its lo-
cation is most eccentric at the valve centre on
the ventral side (Fig. 2). This characteristic
placement is only seen in the initial valve and
is not in the vegetative valves (Figs. 3, 5-11,
25), however, this placement of the pattern
center may imply some clues explaining a sys-
tematic relationship to the araphid diatoms
such as postulated by Simonsen (1979) and
Mann (1984c). The initial epivalve of E. ar-
cus drawn by Geitler (1951) has the pattern
center interrupted in the valve centre, but this
discrepancy seems to be caused by the arched
valve face and the observation with a light
microscope.

The polar raphe fissure ends at the mid-
point of the valve breadth, somewhat distant
from the apical margin (Figs. 2, 4). The
raphe branch extends down smoothly into the
central ending because of the rounded valve
face, and terminates in slightly dilated pores
as seen in the vegetative cells (Figs. 4, 8, 9).
Though Cohn ¢t al. (1989) have represented a
raised area surrounding the raphe in the ini-
tial valve of Navicula cuspidata, such a raised
area does not appear in our specimens. The
placement of the pattern center and the raphe
as seen in the initial valve of E. arcus, is ob-
served in some other Eunotia species (unpub-
lished data), and perhaps these placements
are a common feature in the genus. There-

fore, Eunotia shweickerdtii Cholnoky (1954),
which has the pattern center and the polar
raphe endings on the apical axis of the valve,
can be considered to be an initial valve of
some other species.

From the pattern centre, areolae are ar-
ranged transversely forming rows towards the
dorsal and ventral sides (Figs. 2, 4). An ex-
act measurement of the areolae density is not
easy because of the curvature of the initial
valve face but its value converted in 10 gm is
approximately 36. Because the external open-
ing of the pore is located lower than the level
of the interstria, the stria is seen as a shallow
furrow. The striae density is about 13 in
10 #m in the main valve body, but is becomes
denser near the ends, being about 16 in
10 yum. The striae extending downwards
from the raphe branch are a little different in
their arrangement (Fig. 4). They are a little
denser, being about 18 in 10 #m.

The cingulum of the initial epivalve ob-
served is composed of two bands, the valvoco-
pula (B1) and the second band (B2) (Fig. 4).
These bands are very narrow in comparison
with those of the normal vegetative valves
(Figs. 22-25). The bands have a longitudinal
row of short striae on the pars exterior. The
striae in Bl are composed of two to three
pores along most of the band but have only
pore at each end, and the number of pores
composing striae is reduced in B2 (Fig. 4).
Each band has one open end but at alternate

Figs. 6-11.

Eunotia arcus var. arcus. Scale bars=10 ym (Figs. 6, 7) or 5 pm (Figs. 8-11). Fig. 6. External

view of a vegetative valve with rounded apices. K-5865. Fig. 7. External view of a vegetative valve with obliquely
truncated apices. Topotype material. Fig. 8. Detail of Fig. 7 showing the whole raphe branch in the valve end.
Fig. 9. Detail of Fig. 6 showing the whole raphe branch in the valve end. Fig. 10. Detail of Fig. 7 showing the
polar raphe ending on the mid-line of the valve. Fig. 11. Detail of Fig. 6 showing the polar raphe ending on
the mid-line of the valve.

Figs. 12-21. Eunotia arcus var. arcus. Scale bars=10 pgm (Figs. 12, 13), 2 ym (Figs. 14, 15), or 0.2 ¢m (Figs.
16-20). Fig. 12. Internal vegetative valve. Labiate process is located on the bisecting line of the apex in the
valve mantle. Topotype material. Fig. 13. Internal vegetative valve. The labiate process is located at a point
shifted slightly toward the dorsal side from the bisecting line. K-5865. Fig. 14. Detail of Fig. 12 in oblique view
showing a large polar nodule (=helictoglossa) and a thickened hyaline area extending from the central raphe en-
ding toward the valve centre. Fig. 15. Detail of Fig. 13 in oblique view showing the placement of the inner fissure
and the thickened hyaline area extending from the central raphe ending toward the valve centre. Fig. 16. External
view of valve areolae with the pore occlusions. Some of them are broken. Note the groove between the edge of the
aperture and the occlusion. Fig. 17. Broken central valve showing the areolae each with occlusions set on a narrow
ledge located slightly inward of the external aperture. Fig. 18. External view of cingulum areolae showing the
shallow groove between the edge of the aperture and the pore occlusion. Note the minute openings of the areola
open into the groove (arrow heads). Fig. 19. Internal view of valve areolae showing a simple aperture. Fig. 20.
Pore occlusions without any perforations. TEM. Fig. 21. Diagram of the areola in section.
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Figs. 22-25.
epiband (epivalvocopula) to sixth epiband; H1=first hypoband. Fig. 22. Oblique view of a whole frustule from
the dorsal side. Note the location of the outer opening of the labiate process (arrow head). Fig. 23. External view
of a frustule from the ventral side showing the epitheca composed of an epivalve and six epibands. Fig. 24. Detail-
ed figure of the far end of the frustule in Fig. 22. Note the closed end of B1, B3 and B5 located at the valve end

Eunotia arcus var. arcus.

with the labiate process (arrow head).

ends from each other. The cingulum of the
initial hypovalve is also composed of two
bands, but they are broader than those of the
initial epivalves. The striae on the bands are
composed of three to four pores along most of
the band but reduced in number at the ends
(Fig. 5). In the initial cells of Rhoicosphenia
curvata, Mann (1984a) also observed broader
bands in the hypocingulum than those of the
epicingulum. Geitler (1951) has mentioned
nothing about the band width in the initial

Scale bars=10 ym. EV =epivalve; HV =hypovalve; B1-B6=first

Fig. 25. Oblique ventral view of the whole frustule in Fig. 23.

cells, but found 2—4 bands in the epicingu-
lum and 4 bands in the hypocingulum.

The post-initial valves are 29-114 #m long
in the topotype material and 22-101 #m long
in the Japanese material. These ranges over-
lap those described in the life cycle of E. arcus
(Geitler 1951, 13.5-95.2 ym long), though
our ranges are generally higher.

The vegetative valves from the topotype
material are presented in Figs. 3, 5, 7-9, 12,
14 and those from Japan are in Figs. 6, 9, 11,
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13, 15. In the topotype material, the longest
is the first division valve formed inside the ini-
tial valve (Figs. 3, 5). This valve has a flat
face and can be clearly distinguished from the
initial valve. Since the first division valve has
parallel sides and rounded apices and has no
constriction in the dorsal side near the apices,
its outline is quite different from that of the
shorter vegetative valves which are consid-
ered typical shape of E. arcus (Figs. 6, 7),
and rather resembles that of the initial valve
(Fig. 2). Comparing Figs. 3, 6 and 7, it is evi-
dent that the degree of dorsal constriction and
the obliquity of the valve ends increase as the
valve length becomes shorter. On the other
hand, Steinman and Sheath (1984) have ob-
served just the reverse changes in apical shape
in cultured Eunotia pectinalis var. minor. In
their case, the constriction disappears as the
valves get shorter.

The placement of the raphe and pattern cen-
ter are very stable regardless of valve size or
habitat. The pattern center runs between
both apices, but its terminating points are
different from those of the initial epivalve. In
the vegetative valve, the pattern center ter-
minates approximately at the midpoint be-
tween the polar raphe ending and the ventral
valve margin (Figs. 5, 8-11). This point cor-
responds to the location of the internal helic-
toglossa (Figs. 14, 15). Just a short distance
from the terminating points, the pattern cen-
ter approaches the ventral margin and runs
along the length of the main valve body (Figs.
3,6, 7). In the main valve body, the pattern
center does not unite with the valve margin,
or the juncture of the valve face and mantle.
These are always one or two areolae between
them. However, the union of the pattern cen-
ter and the juncture was rarely observed in
small specimens and only in the stretch be-
tween both central raphe endings.

The polar ending of the outer raphe fissure
always terminates on the mid-line of the
valve (Figs. 5, 10, 9). This location is the
same as that of the initial valve (Fig. 4), but
the fissure in the valve face is very short and
immediately turns down into the valve man-
tle. The fissure in the valve mantle is longer

than that in the valve face. The central end-
ing of the outer fissure forms a slightly dilated
depression. Internally the polar ending of
the raphe fissure terminates in the well devel-
oped helictoglossa (Figs. 12-15). Each raphe
branch is surrounded by an obvious hyaline
area (Figs. 8, 9, 14, 15). This area charac-
teristically extends beyond the central raphe
ending. The extension tapers towards the val-
ve center externally and thickens markedly,
internally. Our observations of the raphe cor-
respond well with those of Wahrer (1981).

The striae consist of areolae as seen in the
initial valve. The areolae are arranged in a
shallow furrow both externally and internally.
However, the furrow is detectable only in
tilted observations because of its very slight
depth (Figs. 8-11, 14, 15, 16, 17, 19). The
areolae density in the valve face is stable, ca.
35-38 in 10 ym. There is no difference in
the areolar density between the initial valve
(ca. 36 in 10 ym) and the post-initial valves.
Our examination supports the idea in
Navicula cuspidata by Cohn et al. (1989) that
the transapical spacing between pores could
be a precise genetically controlled taxonomic
indicator. In the main valve body, the striae
density is 11-14 in 10 #m in the Swedish speci-
mens, and 9-14 in 10 #gm in the Japanese
specimens. Cohn et al. (1989) observed finer
striation more clearly in their post-initial
valves than in the initial valves, but the
vegetative valves from Sweden observed by us
have a similar striae density as our initial
valve (13 in 10 #m). In the culture of Eunotia
pectinalis, Steinman and Sheath (1984) have
stated that as time passed, the valve length
decreased and striae density increased.
Moreover, Mayama and Kobayasi (1988)
have indicated the increase of the striae densi-
ty according to the decrease of the valve
length in MNavicula atomus. However, we
could not recognize any such remarkable ten-
dencies in E. arcus.

Each valve has one labiate process located
on the bisecting line of the apex in the valve
mantle (Figs. 12, 14) or at a point shifted
slightly toward the dorsal side from the bisect-
ing line (Figs. 13, 15). Wahrer (1981) con-
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cluded that the labiate process location is one
of the most stable characteristics in the Eunotia
species and he set up four placements of the
labiate process in the apex. The location as-
signed to this species by him is the B place-
ment (slightly above the midline). However,
the labiate process is variable in placement as
seen in Figs. 12-15. When the inside valve is
arranged as in Figs. 12, 13, i.e. with the dor-
sal side to the left and the ventral side to the
right, the labiate process is always located on
the top side. This situation was first ob-
served by Moss et al. (1978) and a more
detailed explanation was given later by
Wahrer (1981).

Because the topotype material is diatomite,
all specimens are eroded to some extent so
that they lack pore occlusion of the areola.
Therefore, the complete areola structure has
been observed only with living materials from
Japan. The areolae are found in both valves
(Figs. 16, 17, 19, 20) and bands (Fig. 18).
The shape of the external aperture varies
from circular to rectangular (Figs. 16-18). A
groove is observed between the edge of the
aperture and the pore occlusion. The area of
the external aperture is larger than that of the
circular internal aperture (Figs. 17, 20). The
pore occlusion has no perforations as seen in
the hymenate pore occlusion (Fig. 19) nor
flaps as in the volate pore occlusion described
by Mann (1981). The entire form of the oc-
clusion is like a shallow Petri dish, which has
small openings not in the ceiling but in the
wall (Fig. 21). This occlusion is set on a nar-
row ledge placed slightly inward of the ex-
ternal aperture. The opening of the occlusion
appears as a slit in the band because of the
very shallow groove running between the
edge of the aperture and the pore occlusion
(Fig. 18).

The epicingulum consists of four to six
open bands. The open end of B, the valvoco-
pula, is placed at the apical side lacking the labi-
ate process and the closed end is at the other
side (Figs. 22, 24) and this band orientation
confirms the observations of Wahrer (1981).
In each successive band, this orientation alter-
nates in turn. As the location of the band

100

0% 70 12 14 16 18 20
EPITHECA DEPTH (pm)

Fig. 26. Plot of valve length versus epitheca
depth in Eunotia arcus var. arcus (@: topotype
material, O: K-5865) and E. arcus var. bidens (A: K-
5865, A: K-5879).

becomes further from the valve, the band
width becomes narrower. Therefore, bands
5 and 6 are barely visible in the middle por-
tion, but they are clearly visible at the wid-
ened band ends (Figs. 23, 25). Cingula
with five bands are abundant in both Swedish
and Japanese materials. The frequency for
the former is 25% (four bands), 65% (five
bands) and 10% (six bands) among 20
frustules examined, and in the latter it is 189
(four bands), 60% (five bands) and 22% (six
bands) among 50 frustules examined. There
is no firm relationship between the valve
length and the band number, but there is a
tendency for longer valves to have many
bands.

The relationship between valve length and
epitheca depth is shown in Fig. 26. Because
the edge of the outermost band is not straight
(Fig. 23), we have measured the depth at both
the apices and the center and plotted the
average. The epitheca depth is 13.7-17.5 pm
in the Swedish material (closed circle) and
this range agrees with that of the Japanese
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materials of 14.2-18.0 #m (open circle).

To be emphasized is that the epitheca depth
is a reliable taxonomic characteristic. This
parameter is confirmed to be stable by us in
E. arcus var. arcus (Fig. 26, circles) and var. bi-
dens (Fig. 26, triangles). As is seen in Fig.
26, changes in the epitheca depth are marked-
ly slight when compared with those in the
valve length. There is a slight tendency for
the epitheca depth to become shorter as the
valve length decreases. This tendency is
recognized in the nominate variety also, but it
is more obvious in var. bidens. The ranges of
valve length partly overlap in var. arcus and
var. bidens. The longer valve of var. bidens is
rather similar in appearance to the shorter
valves of var. arcus because of their less undu-
lated dorsal side (Figs. 1A, 1B). However,
the difference in epitheca depth clearly clas-
sifies them into two taxa (Fig. 26).
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A comparative study of spermatangia in Bostrychia Montagne

(Rhodomelaceae, Rhodophyta). Jpn. J. Phycol. 39: 143-150.

The structure of the spermatangial stichidia in seven species of Bostrychia Montagne is examined, and
shown to be referable to the basic structure of the vegetative axis of each species. The variation shown in
the arrangement of cortical cells in the stichidia is far greater than anticipated from published information,
and adds little to an understanding of relationships within the genus.
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The Bostrychioideae is a well defined sub-
family within the Rhodomelaceae, and follow-
ing Post (1936) all members of the subfamily
have been placed in the single genus Bostrychia
Montagne. In a world-wide revision of the
group, King and Puttock (1989) challenged
this view. The genus Bostrychia was main-
tained for the eleven species in which there
are two tiers of pericentral cells per axial cell,
and in which cortication (when present) of the
first formed pericentral tier is completed
before cortication of the second pericentral
tier. The genus Stictosiphonia J. D. Hooker et
Harvey was resurrected and emended for six
species with 3-5 tiers of pericentral cells per
axial cell, and in which the cortication of the
second and subsequent pericentral cells takes
place prior to the formation of the second
tier of cortical cells. The two genera, Stic-
tosiphonia and Bostrychia, had already been
recognized as subgenera by Falkenberg
(1901) on the basis of the number of tiers of
pericentral cells alone.

The taxonomy of the Bostrychioideae has
been, and continues to be, based essentially
on vegetative structures, a fact attributed to
the comparative rarity of reproductive materi-
al. Smith and Norris (1988a) investigated the
structure of spermatangia in cultured materi-
al of two taxa of Bostrychia (B. montagne: Har-

\gia—systematics—taxonomy.

vey and B. binderi Harvey), and compared
their observations with published information
on supposedly related species. In the present
paper we have made original observations on
spermatangial plants of seven of the 11 species
that we recognize in Bostrychia, and interpret-
ed these in the light of our recent study of
relationships in the genus.

Any comparative study of the develop-
ment of the spermatangial stichidia in Bos-
trychia requires the careful application of ter-
minology. Tanaka (1989) introduced the
term “spermatangial stichidia” for the
reproductive portion of what have been
referred to as spermatangial branches (King
and Puttock 1989) and this term is adopted
here. Smith and Norris (1988a) introduced
the terms “adaxial pit connection” for the at-
tachment of the proximal pericentral cell to
the axial cell, and “abaxial pit connection” for
its attachment to the distal pericentral cell or
any subsequently formed cortical cells but
this is unwarranted and confusing since the
latter is only rarely in a strictly abaxial po-
sition. In the Rhodomelaceae the terms
dorsal and ventral refer to the cell row derived
from the first and last formed pericentral cells
respectively, and not simply the upper and
lower side. In lateral branches, the ventral
cells will be in the adaxial position and the
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dorsal side will be then directed away from the
axis. This results in the determinate lateral
branches growing towards the indeterminate
main axis rather than towards the substra-
tum, as do the indeterminate branches.
Spermatogenous cells are not markedly
differentiated from normal vegetative cells
and any superficial cell can be reproductive.
All cells in a spermatangial stichidium, with
the exception of the axial cells, appear able to
produce spermatia. Referring to the initial
pericentral cells as primary parent (mother)
cells which later divide to become secondary
parent cells (Tanaka 1989), or referring to the
proximal pericentral cell as a primary parent
cell, and other corticating cells as secondary
parent cells (Smith and Norris 1988a) is un-
necessary since the development is essentially
that in the vegetative axis and therefore there
is no need to create a separate terminology.

Materials and Methods

Observations of the spermatangial stichidia
of the male gametophytes of seven species of
Bostrychia were made on permanent micro-
scope slides held at UNSW (John T. Water-
house Herbarium at the University of New
South Wales) and LTB (Latrobe University,
Melbourne), and on slides prepared from
dried and pickled field collected herbarium
specimens. Bostrychia tenella included materi-
al formerly referred to B. binderi Harvey.
Spermatangial stichidia were analyzed for the
spatial position and attachment of every cell
over four consecutive axial cells. Four
stichidia were examined for each species. It
is virtually impossible to trace the cellular con-
nections of all cells on mature spermatia-
bearing stichidia because of the density of
cells present at that stage. Therefore, since
the stichidia are not secondarily reproductive,
“spent” stichidia were used. Apart from
these stichidia being easier to interpret, they
are necessarily fully developed.

The material was examined to determine
whether there is a dorsiventral bias in cell
production (i.e. a diminution of cortical de-
velopment from the first to last formed

pericentral cell in the typical Rhodomelacean
sequence); whether the dorsal cell row is in
the lateral abaxial position of the branches as
predicted by the arrangement of cells at the
branch initiation; whether the proximal
pericentral cell is more highly corticated than
the distal pericentral cell ; and whether the
cortication of the spermatangial stichidia
reflects the degree of cortication of the vegeta-
tive axes.

Specimens examined:

Bostrychia montagnei Harvey—Key West,
Florida, U.S.A., Harvey (syntype MEL
672268).

Bostrychia moritziana (Sonder ex Kuezting)
J. Agardh—Daintree R. crossing, Qld, Austra-
lia, 16°15'S 145°23'E, 8.vii.1984, King and
Puttock UNSW 16835.

Bostrychia pilulifera Montagne—Ilha de
Marca, estado do Amapa’, Brazil, 21.x.1988,
de Paula SPF 54065 (UNSW).

Bostrychia pinnata J. Tanaka et Chihara—
Daintree R. crossing, QIld, Australia,
16°15'S 145°23'E, 8.vii.1984, King and Put-
tock UNSW 16834; Cairns International Air-
port Road, Cairns, Qld, Australia, 16°52'S
145°45'E, 7.vii.1984, King and Puttock
UNSW 16836.

Bostrychia radicans (Montagne) Mont-
agne—Rapid Ck, Darwin, N. T., Australia,

12°27'S  130°50°E, 4.xii.1985, Kilkeary
UNSW 18148.
Bostrychia  tenella  (Lamouroux) ]J.

Agardh—Ellis Beach, Cairns, Qld, Australia,
May (NSW 126959); Red Beach, Weipa,
Qld,  Australia, 12°35'S 142°52°E,
22.vii. 1984, King and Puttock UNSW 17025.
Bostrychia tenuissima R.J. King et Putt-
ock—Arno Bay, Victoria, Australia,
16.ii1.1981, Woelkerling (LTB 12237, LTB
12341).

Results

Spermatangial parent cells in spermatangi-
al stichidia

The number of cortical cells connected to
distal and proximal pericentral cells were
scored in sequence for each of four axial
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Cortical production per axial cell in seven species of Bostrychia. The values are means based on

four consecutive axial cells in each of four spermatangial stichidia. The range shows the variation observed in the
four separate stichidia (except for B. radicans where only one stichidium was available). The number of pericentral
cells around the axis is not constant, and the number of cells on which the average is based is indicated [#].

Species dorsal subdorsal subdorsal subventral ventral

B. montagnei 5.7 (4.5-7.5) 4.4 (3.5-5.5) 3.0 (2.3-4.3) 2.5 (1.5-3.5) 1.9 (1.5-2.3)
[16] [16] [16] [16)] [13]*

B. moritziana 0.9 (0-2) 0.3 (0-1.3) 0** 0** o**
[16] [16] (16] (16] [2]

B. pilulifera 9.7 (8.3-12) 8.3 (6.8-9) 7.3 (6.8-8.5) 6.6 (5.8-7.5) 5.3 (4.8-6)
[16] [16] [16] [16] [15]

B. pinnata 3.8 (2.5-5.3) 3.4 (1.8-4.5) 2.7 (1.8-3.8) 2.1 (1.3-3.5) 1.9 (0.5-3.3)
[16] [16] [16] [16] [16]

B. radicans 3.5 3.3 n/a 2 2
[4] [4] - (4] (4]

B. tenella 5.2 (4.3-6.5) 3.7 (1.8-6.5) 3.7 (2-5.8) 3.7 (2.3-5.5) 2.9 (1-5.3)
[16] [16] [16] [16] [16]

B. tenuissima 10.3 (9-11.8) 7.7 (6.8-8.5) 5.3 (4.8-6) 4.3 (3.3-5.3) 3(2.3-3.8)

(16]

[16]

[16]

[16]

[12]

* In one case Bostrychia montagnei had a single axial cell with 6 rather than 5 pericentral cells around the axis.
** In Bostrychia moritziana the development of the pericentral cells in the spermatangial stichidium is incomplete in the

ventral position. In none of the material observed were pericentral cells other than those in two dorsal cell rows further

corticated.

segments in a single spermatangial stichidium,
and this was repeated for four stichidia. The
number of cortical cells attached to a particu-
lar pericentral cell is affected by the spatial
arrangement of neighbouring cells. The
sequence of production of pericentral cells in
the vegetative indeterminate axis of the
Rhodomelaceae follows a set pattern (Parsons
1975). In corticate species of Bostrychia the
cortical productivity of the dorsal cell row in
vegetative material is higher than that of the
ventral. In speciesin which the spermatangi-
al stichidium is developed on polysiphonous
or corticated axes the number of potentially
spermatogenous cells in the dorsal cell row is
highest, and lowest in the ventral row. In
those few cases where the spermatangial
stichidium can be developed on mono-
siphonous axes (Bostrychia moritziana, and in
B. tenella—see Tanaka, 1989) the data are
based on the presumption that the most
productive cell row is the dorsal cell row.
The extent of cortication from the dorsal to
the ventral cell rows is presented in Table 1.
The pattern in which these numbers of corti-

cal cells can be derived from the basic axial
cell/pericentral cell arrangement is indicated
in Figure 1. In this schematic diagram the
diversity found in each species is indicated.

The dorsal cell row in a spermatangial
stichidium occurs in the abaxial position in re-
lation to the main axis. As a consequence the
spermatangial stichidia of all species ex-
amined, with the exception of those in Bos-
trychia moritziana, are curved towards the apex
of the indeterminate branch from which they
are derived.
Cortication of distal/proximal tiers of
pericentral cells

According to King and Puttock (1989) the
pattern of cortication of the pericentral cells in
the spermatangial stichidia of Bostrychia can
be interpreted as conforming to the same
basic pattern as in the vegetative thallus. That
is, it favours the completion of cortication of
the proximal pericentral cell before that of the
distal pericentral cell of an axial cell. The
number of cortical cells arising from the proxi-
mal pericentral cells is compared with the
number arising from distal pericentral cells in
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Patterns of cortical development observed in the spermatangial stichidia of Bostrychia [1=B. montagnei;

2=B. moritziana; 3=B. pilulifera; 4=B. pinnata; 5= B. radicans; 6=B. tenella; 7=B. tenuissima). The series illustrates the
observed arrangements of the axial cell (ac), the proximal pericentral cell (ppc), the distal pericentral cell (dpc), and the
primary cortical cells (cc). The table would be extended to the bottom and right to accommodate a third primary cor-
tical row on the proximal pericentral cell, or a secondary cortical cell layer on the primary cortical cells. The patterns of
development illustrated by Tanaka (1989) for B. tenella*, and by Smith and Norris (1988a) for B. binderi (= B. tenella)**

%k k

and B. montagne:™** are indicated on the diagram.

Table 2.
Cortication of vegetative axes and sper-
matangial stichidia

The cortication observed in the vegetative
axes and the spermatangial stichidia shows
that there is little consistency between the
amount of cortical development in the sper-
matangial stichidia and the vegetative thallus
(Table 3). The values include the pericentral

layer and therefore cannot be directly com-
pared with values in King and Puttock
(1989).

Discussion

Several recent papers have addressed
aspects of the reproductive biology of Bostrychia
species (Smith and Norris 1988a, b; Kumano
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Table 2.

Numbers of cortical cells arising from distal and proximal pericentral cells

in seven species of Bostrychia. The values are means based on all cells derived from the
pericentral cells produced by four consecutive axial cells, in each of four spermatangial
stichidia. The range shows the variation observed in four separate stichidia (except in the
case of B. radicans for which only one stichidium was scored).

Species Numbers of proximal Number of distal Ratio of proximal to

pericentral cells pericentral cells distal cell numbers
B. montagnei 2.3 (2.0-2.6) 1.4 (1.1-1.7) 0.6
B. moritziana 0.2 (0-0.5) 0.1 (0-0.3) 0.5
B. pilulifera 4.3 (4.0-4.6) 3.0 (2.2-3.5) 0.7
B. pinnata 1.8 (1.0-2.8) 1.1 (0.7-1.4) 0.6
B. radicans 1.6 1.2 0.8
B. tenella 2.3 (1.2-3.0) 1.6 (1.0-3.0) 0.7
B. tenuissima 3.8 (3.3-4.5) 2.7 (2.3-3.1) 0.7

1988; West and Calumpong 1988; Tanaka
1989). The results presented here are dis-
cussed in relation to data on the male
gametangial structures in these papers, and
in the monograph of the genus (King and
Puttock 1989).

In the gametangial stichidia of all seven
species of Bostrychia examined the dorsal peri-
central cells were always more highly corticated
than those of the ventral pericentral cells
(Table 1). This can be taken as an indication
that all species maintain the dorsiventral
nature typical of all Rhodomelaceae even in
the spermatangial stichidia. It also emphasises
the unspecialized nature of the reproductive
branches (Hommersand 1963; Smith and
Norris 1988a). In those species where the
development can be traced from the apex a
greater number of cortical cells is observed in

the abaxial position and the curvature of the
branch is towards the apex of the indetermi-
nate branch from which it diverged. This
interpretation differs from that of Smith and
Norris (1988a) who considered that curved
branches resulted from a greater rate of cell di-
vision on the ventral (adaxial) sides of the
fertile areas. Smith and Norris (1988a) quoted
Prud’homme van Reine and Sluiman (1980)
as not reporting curvature of the spermatangi-
al branches of Bostrychia scorpioides and suggest-
ed that this might be attributed to ‘secon-
darlly developed spermatangia’ on relatively
straight, mature branches. Secondary de-
velopment of this type has, however, never
been shown in any Bostrychia species.
Furthermore the photograph of the sper-
matangial branches of Bostrychia scorpioides in
Prud’homme van Reine and Sluiman (1980)

Table 3. Comparison of cortication of vegetative axes and spermatangial stichidia. The number of cell
layers surrounding the axis, including the pericentral layer and the number of pericentral cells around the axis is
given.

vegetative cortication reproductive cort’n
Species indeterminate axis determinate axis stichidia
number  pericentral cells number  pericentral cells number  pericentral cells
B. montagnei 3-5 5-7 0-3 0, 4-6 (1-)2 (4-)5(-6)
B. moritziana 1 5 0-1 0, 4-5 1(-2) 4(-5)
B. pilulifera 3-4 7-8 1-3 6-7 2(-3) 4-)5
B. pinnata 1 6(-8) 4 2 (4-)5
B. radicans 1 7-8 5-6 2 4
B. tenella (1) 2-4 5-7 0-3 0, 4-6 1-2 (4-)5
B. tenuissima 1 5-7 5-6 2(-3) (4-)5
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clearly shows the stichidia to curve towards the
indeterminate axis.

In the species of Bostrychia examined the
proximal pericentral cell in the spermatangial
stichidium is always more highly corticated
than the distal pericentral cell (Table 2), thus
indicating for Bostrychia the tendency to fill
up the cortication of the proximal peri-
central cell before the distal cell. These cortical
cells, when not forming a complete cortical
layer, will be cut off posteriorally (away from
the branch apex), laterally, or in the case of
the distal pericentral cell, anteriorally, thus
giving the appearance of the pit connection to
the axis from a medial cell in B. montagne: (di-
trichotomous arrangement, Smith and Norris
1988a: fig. 10A) or the distal of three in B. bin-
dert (linear arrangement, Smith and Norris
1988a: fig. 10B) or both conditions from the
same axial cell in B. tenella (Tanaka 1989: fig.
15). Our interpretation of these conditions is
indicated in Figure 1.

In both the paper of Smith and Norris
(1988a) and that of Tanaka (1989) the
patterns of development illustrated do not en-
compass the wide variation which can be ob-
served in individual species (Fig. 1).

Variation is shown in the number of
cortical cells and their arrangement in the
spermatangial stichidium. The cultivated
material of Bostrychia montagnei described by
Smith and Norris (1988a) has only partial
branches developed into spermatangial
stichidia, as is found in some ecological forms
of B. tenella. This stands in contrast to the
situation in the syntype material of B. montag-
nei, which is male, though this was not ob-
served by Harvey (1853). In B. tenella at least,
spermatangial stichidia can be borne on
either monosiphonous or polysiphonous
branches (see below).

The degree of cortication shown in the sper-
matangial branches bears no direct relation-
ship with that of the vegetative thallus (Table
3). However, in the species with mono-
siphonous ultimate branches examined (Bos-
trychia montagnei, B. moritziana and B. tenella),
the lowest numbers of cortical cells in the sper-
matangial stichidia are recorded.

The pattern of reproductive development
on unspecialized branches that we have ob-
served in the spermatangial stichidia is also
apparent in the development of tetrasporangi-
al and procarpial stichidia of the Bos-
trychioideae.

The only published case in which the sper-
matangial stichidia do not conform to the
pattern of development described here is that
in which Kumano (1988) reported both male
and female organs on ‘monoecious’ Bostrychia
flagellifera Post. On the basis of the illus-
tration in that paper we would question the
assignment of the specimen to B. flagellifera
(=B. tenella ssp. flagellifera (Post) R. J. King et
Puttock). In Kumano (1988, figure 2) more
cortical cells are shown arising from the proxi-
mal pericentral cell than we have observed
even in the most robust forms of B. tenella.
The spermatangial branch illustrated bears a
superficial resemblence to an epiphyte, but is
less well developed than the alloparasite
Dawsoniocolax bostrychiae originally described
from Brazil by Joly and Yamaguishi-Tomita
(1967, 1969).

Kumano (1988) is the only report of
monoecious plants from field collected materi-
al. However, gametophytic plants are rarely
encountered in nature and recently published
observations on gametophytic stages are
based on plants grown in culture (Smith and
Norris 1988a,b; West and Calumpong
1988). Cultured plants may behave atypical-
ly as is seen in the mixed phase plants report-
ed by West and Calumpong (1988).

The table prepared by Smith and Norris
(1988a) comparing the vegetative morphology
and spermatangia in Bostrychia presents a
number of problems. Firstly two of the species
included, B. arbuscula J. D. Hooker et Harvey
and B. kelanensis Grunow ex Post, would now
be placed in the genus Stictosiphonia (King and
Puttock 1989) and another two, Bostrychia tenel-
la and B. binderi, are considered to be synony-
mous (King et al. 1988). In the present study
the data for B. tenella are based on two
stichidia from material of B. tenella sensu Post
(1936) and two from the ecological form previ-
ously known as B. binderi. The stichidia were
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borne on polysiphonous axes, as was also the
case in the material of B. binderi of Smith and
Norris (1988a). They may also be borne on
monosiphonous laterals (West and Calum-
pong 1988; Tanaka 1989). Further the cir-
cumscription of B. scorpioides (Hudson) Mon-
tagne does not include southern hemisphere
specimens which are referred to B. harvey
Montagne (King and Puttock 1989). These
factors, coupled with an interpretation of
phylogeny in the genus based on Post (1936),
make it difficult to reconcile the conclusion of
Smith and Norris (1988a) that their work
“indicates that male thalli are not only useful
to the taxonomy of Bostrychia, but represent
phylogenetic markers for the family Rho-
domelaceae” with data now available.

In a major study on the ‘Bostrychia-Caloglos-
sa-Assoziation’, Post (1936) revised the genus
Bostrychia. Post rejected all previous systemat-
ic classifications within the genus, but
nonetheless supported the taxonomic con-
clusions reached earlier by Falkenberg (1901).
In a brief discussion on systematics in the
genus, Post (1936) made the unsupported as-
sertion that the most valuable systematic charac-
teristic is not the number of tiers of peri-
central cells. Post made no further comment on
the systematics per se, but did note that the
species of Bostrychia sens. lat. (including Sticto-
stphonia) could most easily be separated on the
basis of the development of the haptera. Two
groups of species were recognized: the
‘Ramifulcratae’ (with cladohaptera) and the
‘Flagellifulcratae’ (with peripherohaptera). If
this division was considered to be more than
simply useful for identification, then it would
require a major reassessment of species in the
genus. On the basis of detailed studies on
vegetative material of all species in the genus
including a cladistic analysis, King and
Puttock (1989) reiterated the systematic value of
the number of tiers of pericentral cells arising
from each axial cell (cf. Falkenberg 1901).
Furthermore, since the cladohaptera pos-
sessed by Bostrychia radicans and Stictosiphonia
kelanensis (Post) R.J. King et Puttock have
been shown to be non-homologous structures
(King and Puttock 1989) the type of hapteron

has questionable value in an assessment of
any relationships.

In recent papers Smith and Norris (1988a,
b) have attributed systematic meaning to
further characters used in the key to the genus
Bostrychia in Post (1936). There is, howe-
ver, no reason why one should consider the
key as a systematic arrangement produc-
ing groups and subgroups of related taxa.
Post’s understanding of systematics is interest-
ing, particularly when considering her expec-
tation of yet undiscovered species which
would complete various permutations of
character states (see table in Post 1939).
Such expectations could be considered an ex-
tension of her belief that some species were
related by neoteny so that species with
monosiphony were considered to be develop-
ment-arrested states of the completely poly-
siphonous species.

The supposition of Smith and Norris
(1988a, b) that Bostrychia arbuscula, B. montag-
net and B. scorpioides form a subgroup of close-
ly related species, recognized by Post (1936),
is therefore unjustified. Likewise a subgroup
consisting of B. calliptera (Montagne) Mon-
tagne, B. binderi and B. tenella cannot be main-
tained as related species. The two charac-
ters, extent of cortication and differentiation
of the thallus into long and short shoots, listed
as separating B. binderi, B. tenella, B. callip-
tera from the subgroup containing B. arbuscu-
la, B. montagnei and B. scorpioides, have been
shown to be of little or no systematic value
(King and Puttock 1989) and the continued
separation of B. binderi from B. tenella (and B.
flagellifera) is unwarranted (King et al. 1988).

The seven species examined in the study
represent all five of the informal alliances
proposed by King and Puttock (1989); the
‘radicans’ and tenella’ groups are represented by
two species each. The tenella group is
represented by two corticate species, Bos-
trychia tenella and B. montagne: with similar sper-
matangial stichidia cortication production,
consistent with cortication in the vegetative
thallus (King and Puttock 1989). The two
species in the radicans group (B. radicans and
B. pilulifera) differ in the degree of cortication,
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which is consistent with the cortication in the
vegetative thallus of B. pilulifera and the lack
of cortication in B. radicans. Both species
have prolonged stichidial growth with the su-
bapical 3-12 cells fertile and a long series of
spent cells behind them. In all other species
the stichidia appear to be simultaneously
productive, i.e. the stichidia are either com-
pletely fertile or completely empty of sper-
matia, and this has been confirmed in cul-
ture for B. tenella by West and Calumpong
(1988). The data presented here also support
an affinity between the tenella and moritziana
groups. The tenella and moritziana groups
differ in the type of hapteron although the
cladistic analysis places them near each other
(King and Puttock 1989).
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Sexual reproduction of Ectocarpus siliculosus (Ectocarpales,
Phaeophyceae) in Japan. Jpn. J. Phycol. 39: 151-155.

The cosmopolitan marine brown alga Ectocarpus siliculosus has been isolated from Hokkaido, Japan.
The full sexual life history was obtained in clonal cultures: Gametophytes are dioecious and differ from
sporophytes by a more elaborate branching pattern. Unfertilized gametes develop to partheno-sporophytes.
Gametes of Japanese E. siliculosus are sexually compatible and form zygotes with isolates of the same species
from various other geographic areas in both hemispheres. A revision of the genus Ectocarpus with presently

over 40 species reported for Japan is recommended.

Key Index Words:
sexual reproduction.

In his treatise on the French marine flora
Hamel (1931-1939) defined the genus Ecto-
carpus to contain uniseriate filamentous brown
algae with ribbon-shaped plastids, isogamy,
and lack of true hairs. Cardinal (1964) and
Russel (1966) accepted and substantiated this
concept. Russell based his study on field and
cultured material. He found considerable
variability of morphological characters and ar-
rived at the conclusion that only two species
are represented at the British coast: E. silicu-
losus (Dillw.) Lyngb. and E. fasciculatus Harv.

Ectocarpus siliculosus is a cosmopolitan spe-
cies, which inhabits cold and warm temperate
coasts of all oceans. Earlier work by Berthold
(1881) and Papenfuss (1935) documented sex-
ual fusion of isogametes on the coasts of the
Mediterranean Sea and Atlantic North Ameri-
ca. More recently, gametophytes were
reported from various locations in the North
Atlantic and Australia (Miiller 1979), South
America (Miller 1988), and New Zealand
(Miiller et al. 1990). Crossing experiments
showed that with few exceptions plasmogamy
occurs between isolates from different geo-
graphic areas. In some cases segregation
sterility indicates dissimilarities in chromo-

cosmopolitan—ectocarpales—Ectocarpus siliculosus—/ife history— Phaeophyceae—

some structure. Consequently, E. siliculosus
can be considered as one species with a world-
wide distribution. Its many geographically
separated populations show full or slightly
reduced interbreeding patterns.

An unusually large number of Ectocarpus
species is listed for the coasts of Japan
(Yoshida et al. 1985), but experimental work
and culture studies are lacking. We report
here our findings on the complete life history
of E. siliculosus from Hokkaido as a first contri-
bution to a revision of the genus Ectocarpus for
the Japanese coast.

Materials and methods

Leathesia sp. was collected in the intertidal
zone near Akkeshi Marine Biological Station
at Akkeshi, Hokkaido, Japan (43°02'N,
144°52°E) on July 18, 1989. Several milli-
meter-sized fragments were inoculated into
plastic petri dishes in order to allow potential
epiphytes to develop. By October 1989 an
ectocarpoid filament appeared, which formed
unilocular sporangia four weeks later. One
unilocular sporangium was isolated. It
released spores, which developed to gameto-
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Figs. 1-9. Living cultured material of Ectocarpus siliculosus from Akkeshi, Hokkaido. 1: Habit of
gametophyte, scale bar 1mm. 2: Gametangia, scale bar 100 zm. 3: Gamete release from plurilocular
gametangium, scale bar 50 #m. 4: Cortication in basal portion of older gametophyte, scale bar 100 p#m. 5-7:
Sporophyte, which developed from a zygote. Habit (Fig. 5); plurilocular sporangium (Fig. 6); unilocular
sporangium (Fig. 7). Scale bars: 1 mm (Fig. 5); 100 #m (Figs. 6-7). 8: Partheno-sporophyte from unfertilized
male gamete, scale bar 100 #m. 9: Gametophyte filament cells showing ribbon-shaped plastids with pyrenoids,
scale bar 50 pm.
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phytes. All work reported here was done
with this material.

Unialgal cultures were maintained in en-
riched natural seawater (Provasoli-ES, Starr
and Zeikus 1987) at 12+ 1°C. They were il-
luminated for 10 or 14 hr daily with a fluores-
cent lamp at an irradiance of 8-15 gmol m~2s~!,
Experimental and culture techniques were
the same as described previously (Miiller
1988).

Specimens of our material will be deposited
in the Herbarium of Department of Botany,
Faculty of Science, Hokkaido University
(SAP).

Results

The plants originating from the unilocular
sporangium of an ectocarpoid epiphyte on a
Leathesia species were male and female
gametophytes of Ectocarpus siliculosus (Dillw.)
Lyngb. This conclusion is based on the follow-
ing morphological criteria: The plants are up
to 5cm long, and profusely branched in a
sub-dichotomous manner without dominat-
ing main axis (Fig. 1). The plastids are rib-
bon-shaped with pyrenoids (Fig. 9), and male
and female gametangia (Fig. 2) and gametes
(Fig. 3) are isomorphic. True phaeophycean
hairs are absent, and gametophytes are di-
oecious. Female isogametes settle on the sub-
stratum and attract male gametes until plasmo-
gamy occurs. Zygotes develop to sporo-
phytes of a few cm in size, which differ from
the gametophytes by much sparser branching
(Fig. 5) and larger plurilocular sporangia
(Fig. 6). Older sporophytes and gameto-
phytes show intense cortication by downward
growing rhizoids (Fig. 4).

The spores from plurilocular sporangia
develop to new sporophytes. Unilocular sporan-
gia on the diploid zygotic sporophytes (Fig. 7)
undergo meiosis, and their spores develop to
a second generation of gametophytes with
approximately equal representation of both
sexes. 4

Unfertilized gametes develop partheno-
genetically to plants with sporophyte habi-
tus, which form unilocular and plurilocular

sporangia (Fig. 8). These partheno-sporo-
phytes were not studied further, since identi-
cal reproductive features have been found and
studied in detail in E. siliculosus from Italy
(Miiller 1967).

In crossing experiments, gametes of our
Japanese Ectocarpus cultures formed zygotes
with gametes of Ectocarpus siliculosus from New
Zealand (isolated by Miiller et al. 1990),
Naples, Italy, Wilmington, North Carolina
(isolated by Miiller 1979), and Chile (Miller
1988). Hybrids with the Italian isolates were
fully viable, including functional meiosis.
Hybrids with the North American and
Chilean isolates showed reduced viability,
while hybrid zygotes with New Zealand iso-
lates did not develop (B. Stache. unpublished
results).

Discussion

Morphological characters, life history, and
sexual compatibility with isolates from differ-
ent geographical areas provide convincing evi-
dence that Ectocarpus siliculosus occurs on the
coast of Japan. However, our study on cul-
tured material does not indicate on which sub-
strates and at what time of the year this species
is expected to be found in the field in macro-
scopic scale. Specimens referable to E.
stliculosus have not been collected at Akkeshi
to date (Yamada and Tanaka 1944, Kawali,
unpublished data).

The coasts of Japan belong to cold and
warm temperate climatic zones. E. siliculosus
is a typical representative for this tempera-
ture range, and in addition a cosmpolitan spe-
cies. This opens the possibility that the
genus concept for Ectocarpus, as specified by
Russell (1966) for the British coast, may also
be valid for Japan and other areas. An answer
to this question requires detailed collection
data as well as critical culture studies, which
are not available at present.

The taxonomic treatment of the genus
Ectocarpus in Japan is confusing. Yoshida et
al. (1985) compiled all taxa reported for this
area. The list includes E. stliculosus and E.
penicillatus (C. Ag.) Kjellm., which is placed
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by Hamel (1939) in the siliculosi group and
considered by Russell (1966) as a transition
form between E. siliculosus and E. fasciculatus.
E. breviarticulatus J. Ag., which is also report-
ed, has a tropical affiliation. The 44 addition-
al taxa in the list are mainly new species,
which were established by M. Noda and T.
Ohta. According to their original diagnoses
(Noda 1969, 1970, 1975, Ohta 1973), most of
these taxa have discoid plastids, and conse-
quently cannot be placed in the genus Ectocar-
pus. Instead, it seems likely that many of
them belong to other genera such as Feldman-
nia or Giffordia, which has been recently re-
named to Hincksia by Silva et al. (1987).

It is evident that a thorough reevaluation of
type specimens, complemented with culture
studies, will be needed to consolidate the
taxonomy of the genus Ectocarpus in Japan.
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Entomoneis aequabilis sp. nov. (Bacillariophyceae), a brackish

species without junction-lines
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A new brackish Entomoneis species without junction-lines in the winged keel is described as Entomoneis
aequabilis Osada & H. Kob. sp. nov. from Suguchi-ike (Suguchi Pond), Kamikoshiki-jima (Kamikoshiki
Island), Kagoshima Pref., Japan. The species is mainly characterized by frustules with a quarter twist,
a sigmoid keel without junction-lines, denser striation in the valve body, longitudinal costa on one
side of the raphe canal, and paired short projections on the interareolar costae of the bands.

Key Index Words: Bacillariophyc

brackish diat

structure—morphology—new species.

The genus Entomoneis has been mainly
characterized by the sigmoid keel elevated
from the valve body, the junction-lines and
the complex girdle (Cleve 1894 using the in-
correct genus name Amphiprora, Reimer in
Patrick and Reimer 1975). Though most
species of the genus have the junction-lines
which separate the winged keel from the valve
body, there are some species which have no
junction-lines such as Amphiprora dusenii Cl.
(1894), A. perplexa Giffen (1963) and our new
species. E. aequabilis is more similar to A.
perplexa than A. dusenii in having denser stria-
tion. However, the striae of A. aequabilis (32-
37 in 10 #m) are denser than those of 4. per-
plexa (23-27 in 10 pm).

Ross et al. (1979) have defined the term
“wing” as a kind of keel in which fenestrae
alternate with alar canals as seen in Surirella
robusta Ehr. E. aequabilis has only the raphe
fibulae and has neither the fenestrae nor the
alar canals, however, it has a well developed,
wing-like structure as seen in Figs. 3 and 28.
Therefore, we also use “wing” for this species
as an exceptional case in the genus
Entomoners. All the species examined by us
using SEM have a genuine wing; E. alata var.

Entomoneis—Entomoneis aequabilis—fine

Japonica (Cl.) Osada & H. Kobayasi (1985),
E. paludosa (W. Smith) Reimer var. paludosa,

E.  punctulata (Grun.) Osada & H.
Kobayasi, E. pseudoduplex Osada & H.
Kobayasi (1990a), E. decussata (Grun.)

Osada & H. Kobayasi (1990b), and E. centro-
spinosa Osada & Kobayasi (1990c). They have
three kinds of fibulae in the wing in which
solid parts composed of costae and fibulae al-
ternate with canals or canal-like structures,
passages between the interior of valve and the
raphe canal. The longitudinal costa on one
side of the raphe canal and the paired short
projections on the external surface of the inter-
areolar costae of the bands are the additional
characteristics of E. aequabilis.

Material and methods

Materials were collected from the bottom
mud of Suguchi-ike (Suguchi Pond),
Kamikoshiki-jima (Kamikoshiki Island),
Kagoshima Pref., on October 9, 1986 (OS-
368). Salinity of the habitat was measured to
be 17% when collecting the materials. Since
individuals of the species were very rare in the
materials, their clonal culture was carried out
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in test tubes containing a modified PES me-
dium (Osada and Kobayasi 1990a). Other
culture conditions and methods of cleaning,
washing and preparing objects for light and
electron microscopy are given in Osada and
Kobayasi (1985, 1990b).

The terminology used is that suggested by
Anonymous (1975), Ross et al. (1979) and
Paddock and Sims (1977, 1981).

Observations and discussion

Entomoneis aequabilis sp. nov. (Figs. 1-3, 5)

Cellulae singulares. Frustula in aspectu
cingulari valde constricta et longitudinaliter
torta. Valvae leviter sigmoideae, lineares,
apicibus late scalpelliformibus, 47-57 #m lon-
gae, 7-9 ym latae. Carina alata sigmoidea,
valdissime elevata et sine juncturi-lineis.
Parietes rapho-canalis striati, costa lon-
gitudinali asymmetrice in latere uno. Striae
corporis valvae continuae ex margine carinae
ad marginem valvae et densissimae, 32-37 in
10 ym, et decussate superpositae in aspectu
cingulari.

Cells solitary. Frustules strongly constrict-
ed in girdle view and longitudinally twisted.
Valves slightly sigmoid, linear with broad scal-
pelliform ends, 47-57 pm long, 7-9 ym
wide. Winged keel strongly sigmoid, elevat-
ed and without junction-lines. Walls of the
raphe canal striated and with longitudinal cos-
ta asymmetrically on one side. Striae on the
valve body continuous from the keel margin
to the valve margin and extremely dense, 32-
37 in 10 ym and appearing decussately to
overlap in girdle view.

Holotypus: H. K. T-94. in coll. H.
Kobayasi (will be housed in the Nat. Sci.
Mus. Tokyo).

Type material: OS-368, coll. by K. Osada
on 9 October 1986.

Type locality: Bottom mud of Suguchi-ike
(Suguchi  Pond), Kamikoshiki-jima
(Kamikoshiki Island), Kagoshima Pref.,
Japan.

Etymology: Specific epithet is Latin, adjec-
tive aequabilis, meaning “uniform” in
reference to the uniform structure of the
valve body and the keel without junc-
tion-lines.

This species closely resembles Amphiprora
perplexa Giffen described from South Africa
(Giffen 1963, 1967) in having a sigmoid
winged keel without junction-lines, a line of
large puncta near the raphe canal and a dense-
ly striated valve body. However, according
to the original description and illustration of
A. perplexa (Giffen 1963), Giffen’s species has
the transapically symmetrical striation in gir-
dle view. The striae are roughly parallel in
the middle portion and radiate near apices of
the valve and are slightly sparse, being 23-25
(27) in 10 pm. E. aequabilis, therefore, is
clearly distinguished from A. perplexa by hav-
ing denser striae, being 32-37 in 10 gm, and
by the oblique striation on the valve body,
and consequently, appearing decussately to
overlap in girdle view (Figs. 1-3, 5, 6).

In the SEM, the frustules have a longitudi-
nal quarter or 90° twist (Fig. 4) but represent
a panduriform outline in girdle view, depend-
ing on the setup of specimens or the angle

Plate 1.
view. 1. KE-1216.

Entomoneis aequabilis Osada & H. Kob. sp. nov. Scale bars=10 gm. Figs. 1, 2. Frustule in girdle
2. Suguchi-ike (Suguchi Pond), Kamikoshiki-jima (Kamikoshiki Island). Fig. 3. Valve

view. KE-1216. Fig. 4. Oblique view of a whole frustule showing its quarter-twisted form. KE-1216. SEM.
Figs. 5, 6. Girdle view of valve. KE-1216. 5. LM. 6. TEM (Scale bar with dot).

Plate 2.

Entomone:s aequabilis Osada & H. Kob. sp. nov. KE-1216. Scale bars=5 pgm (Figs. 7, 8), 1 um

(Figs. 9-11), 0.1 #m (Figs. 12, 13). Fig. 7 External view of half valve showing the transapical costae arranged in
parallel slanting toward the valve center but changing direction radially at the sub-terminal valve, and numerous
warts on the costae. Fig. 8. The other half of the same valve as Fig. 7, showing the costae arranged in parallel slant-
ing toward the valve apex. Fig. 9. Enlarged internal valve showing the smooth surface of the costae and inter-
costae (striae). Fig. 10. External sub-terminal valve showing the changeover portion of the costae arrangement,

bifurcations and insertions of costae and longitudinal costa running along the keel margin.

Fig. 11. Enlarged

external valve showing warts arranged in two rows on each costa. Fig. 12. Hymenes occluding areolae on the raphe
canal showing perforations forming lines arranged in parallel and densely. TEM. Fig. 13. Hymenes on the valve

margin of the same valve as Fig. 12. TEM.
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from which the specimen is viewed (Fig. 20).

The transapical costae continue from the
valve margin onto the raphe canal. Those of
the valve body have externally numerous
warts which vary in size and are arranged
more or less in two rows on each costa, while
internally their surfaces are smooth (Figs. 7-
9, 11). Most costae of the valve body seen to
be decussate in girdle view in LM and TEM
(Figs. 1, 2, 5, 6) are actually arranged oblique-
ly in the same direction on both sides of the
valve. Namely, the decussating appearance
in girdle view is caused by the overlapping of
the costae of one side and the other side of a
valve, as is seen in the wings of E. pseudoduplex
(Osada and Kobayasi 1990a), E. decussata
(Osada and Kobayasi 1990b) and E.
centrospinosa (Osada and Kobayasi 1990c).
The costae on one half of the valve are ar-
ranged obliquely and in parallel, slanting
toward the apex (Fig. 8), while on the other
half of the valve the costae are arranged curv-
ing slightly in the same direction as the for-
mer for about two-thirds of the way between the
center and the apex but those in the remain-
ing one-third change their direction radially
(Fig. 7). The changeover portion of the cos-
tae arrangement, particularly, tend to have
frequent bifurcations of the costae and also fre-
quent insertions of the costae from the keel
margin (Fig. 10). On the other hand, the cos-
tae on the raphe canal have no warts. As
seen in Fig. 6, the striations on both sides of
the raphe canal overlap exactly in the girdle
view. Their arrangement is almost radial in
each half of the keel (Figs. 7, 8).

Each intercosta or stria is also continuous
from the valve margin onto the wall of the
raphe canal on one side of the valve (Fig. 30),
but on the other side of the same valve it is in-
terrupted. on the wall of the raphe canal, and
divided into one distal short areola and one
remaining intercosta by the longitudinal nar-
row costa (Figs. 6-8, 29). The distal areolae
are seen as a row of marginal puncta along
the edge of the wings in LM (Figs. 1, 2, 5).
The longitudinal costa is narrow and continu-
ous lengthwise and seems to have the same
structure as that of the transapical costae (Fig.

19). The distal areolae and the longitudinal
costa are observed to lie on the same side of
the frustule, that is, the epi- and hypovalve
have them on the same side (Fig. 31). The
stria as well as the distal areola is closed exter-
nally by a hymen with perforations forming
short lines. The perforated lines are ar-
ranged parallel to each other but perpendicu-
lar to the margin (Figs. 12, 13, 32, 33). Such
structure of the striae is similar to that of E.
punctulata (Osada and Kobayasi 1990a) and
of Auricula amphitritis (Paddock and Sims
1980). In this species, however, the arrange-
ment and density of the perforated lines are
clearly different near the keel margin and
near the valve margin. The perforated lines
are longer and denser, being 40-45 in 1 g#m,
near the keel margin (Fig. 12) and shorter and
sparser, 20-25 in 1 #m, near the valve margin
(Fig. 13).

The raphe canal is proximally separated
from the valve cavity by a row of raphe fibulae
and has a central large inner opening (Figs.
15, 17, 18), and distally has a plicate raphe
slit (Figs. 19, 32, 33). The fibulae seen as
small dash-like puncta along the keel margin
in LM link the costae on opposite walls of the
keel (Figs. 17, 18). The raphe fissure is ex-
tremely narrow throughout, and has the cen-
tral endings terminating simply on both the
external and internal surfaces (Figs. 14, 15 ar-
rows). The terminal fissures also terminate
simply and straight (Fig. 16). In the transapi-
cal section of the valve, the raphe is a plicate
type (Krammer 1982) (Fig. 19). The valve
side with key costa, which may correspond to
the primary side (Mann 1983), is observed to
occur on the side possessing the longitudinal
costa (Figs. 19, 32, 33).

The cingulum is composed of five to six
open bands, i.e. one open valvocopula and
four to five open bands. They open and close
alternately at each pole of a frustule (Fig. 22),
and all have similar structure except for the
sixth band which is usually narrower (Fig.
21). Each band has two rows of oblong areo-
lae, i.e. one advalvar and one abvalvar row,
on the pars exterior and has a smooth edge
both on the pars exterior and on the pars in-
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terior even in the valvocopula (Figs. 21, 23 ar-
rows, 26). The advalvar row is composed of
elliptical or round areolae, while those form-
ing the abvalvar row are considerably elongat-
ed (Figs. 23, 26, 27). The band areolae,
being 46-57 in 10 #m, are occluded by a hy-
men with perforations forming marginal short
rows arranged roughly in parallel and with ran-
domly scattered perforations in the remaining
space (Fig. 27). The I or Y shaped projec-
tions protruding from the side wall of the areo-
lae in Fig. 27 are shadows of the paired short
projections on the interareolar costae (ar-
rows). Most of the hymenes occlude the areo-
lae internally, but those of the advalvar areo-
lae of the valvocopula are near to the external
surface of the band (Figs. 23-25). External-
ly, each interareolar costa of the bands has a
row of paired short projections (Figs. 26, 27
arrows) and an abvalvar terminal spine (Fig.
26 arrows), and numerous warts are on the
surface between the two areolar rows (Figs.
21, 23, 26). Internally, the band surface is
almost flat (Fig. 23). The valvocopula is

clearly distinguished from other bands by the
round areolae forming the advalvar row and
the wider warty area between the two areolar
rows. The cingulum of this species is quite
similar to that of E. pseudoduplex (Osada and
Kobayasi 1990a), E. decussata (Osada and
Kobayasi 1990b) and E. centrospinosa (Osada
and Kobayasi 1990c) in having the oblong
areolae, in the shape and arrangement of per-
forations of the areolar occlusion and in hav-
ing numerous warts on the band surface, but
differs, apparently, in the presence of the
paired short projections.

Consequently, the following features are
considered to be characteristic of this species:
1) Strongly and longitudinally twisted
frustule: 2) Strongly elevated sigmoid keel
without junction-lines: 3) Seeming decussate-
ly overlapping striation on both sides of the
valve in girdle view: 4) Denser striae, being
32-37 in 10 gm: 5) Narrow longitudinal costa
separating the marginal puncta from the
striae on one side of the raphe canal: 6) Ex-
tremely dense band areolae forming rows,

Plate 3.

Entomoneis aequabilis Osada & H. Kob. sp. nov. KE-1216. Scale bars=1 pym (Figs. 14-16, 18,

19), 5 um (Fig. 17). Fig, 14. External view of valve center showing central raphe fissures terminating simply and
the smooth surface of raphe canal. Fig. 15. Internal view of valve center showing the central raphe canal opening
and central raphe endings (arrows). Fig. 16. External valve end showing a straight terminal fissure. Fig. 17. In-
ternal view of valve showing the smooth surface of the transapical, costa, the central opening of raphe canal (arrow)
and a row of the raphe fibulae. Fig. 18. Enlarged internal valve center showing the central opening of the raphe
canal and raphe fibulae linking opposite transapical costae. Fig. 19. Transapical section of valve showing the
raphe slit on top of the keel, a longitudinal costa (arrow) on one wall of the raphe canal (rc), and raphe fibula on the

border between the valve body and raphe canal.

Plate 4. Entomoneis aequabilis Osada & H. Kob. sp. nov. KE-1216. Scale bars=10 gm (Fig. 20), 5 #m (Fig.
21), 1 ym (Figs. 22-26), 0.5 ym (Fig. 27). Fig. 20. External girdle view of a whole frustule. Fig. 21. External
view of frustule pole showing the epicingulum composed of six bands; one valvocopula (B1), four bands (B2, B3,
B4, B5) and one narrow band (B6). Fig. 22. Broken frustule pole showing the closed ends of the valvocopula (B1)
and two bands (B3, B5), arranged alternately with the open ends (arrows) of the other two bands (B2, B4).
V=valve. Fig. 23. Enlargement of internal valvocopula (left) and of other external valvocopula (right) showing
the advalvar row of round areolae and the abvalvar row of elongated areolae, smooth pars interior edges (arrows),
external paired short projections on the interareolar costa and numerous warts scattered between the two areolar
rows. Figs. 24, 25. Cross section of the epicingulum and its drawing (V, valve; B1, valvocopula; B2, B3) showing
the hymenes of the advalvar areolae (arrow-head) and those of abvalvar areolae (double arrow-heads), and the in-
terareolar costae (arrows). TEM. Fig. 26. External advalvar cingulum end showing paired short projections and
terminal spines (arrows) on the interareolar costae, and numerous warts between the two rows of band areolae.
Note a wider warty area between the two areolar rows of the valvocopula (B1) than between the abvalvar bands
(B2, B3). Fig. 27. Enlargement of a band showing both the elliptical and elongate areolar occlusions with perfora-
tions forming short rows arranged roughly in parallel, and the paired short projections on the interareolar costae

(arrows). TEM.
Plate 5.

Entomoneis aequabilis Osada & H. Kob. sp. nov. KE-1216. Scale bars=10 #m (Fig. 28), 5 #m (Fig.

31), 1 pm (Figs. 29, 30, 32, 33). Fig. 28. External valve view of a whole valve showing the sigmoid keel. Figs. 29,
30. Enlargement of the external raphe canal of Fig. 28 showing one side with narrow longitudinal costa and the
other side without longitudinal costa of the same raphe canal. Fig. 31. External girdle view of a frustule pole show-
ing longitudinal costa (arrows) lying on the same side of the frustule. Figs. 32, 33. Transapical section of one valve
(Fig. 32) and of the other valve (Fig. 33) of the same frustule showing longitudinal costa (arrow) and plicate raphe

slit. TEM.



163

Entomoneis aequabilis sp. nov.

Pate 3.
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Plate 5.



166 Osada, K. and Kobayasi, H.

being 46-57 in 10 gm: 7) Paired short projec-
tions on the surface of the band interareolar
costae.
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Karyogamy in Spirogyra verruculosa Jao (Chlorophyceae)
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Ogawa, S. 1991. Karyogamy in Spirogyra verruculosa Jao (Chlorophyceae). Jpn. J. Phycol. 39: 167-172.

The karyogamy in Spirogyra verruculosa Jao was investigated by light and electron microscopy. In 10-
day-old zygotes the two pronuclei from both the male and female gametes were connected to each other by
internuclear bridges, which were various in width, ranging from 0.5 to 1.5 yum. About 12 days after
plasmogamy the nucleoplasms of the two pronuclei commenced to intermingle. The fused nucleus first con-
tained two nucleoli, which sometimes lay close to each other, but one nucleolus later, suggesting the union

of the two nucleoli into a single one.
plasmogamy in the present species.

The formation of synkaryon was completed by 14 days after

Key Index Words:  karyogamy—nucleolus—nucleus—pronucleus—Spirogyra—synkaryon—zygote forma-

tion.

The karyogamy is one of the most im-
portant phases in fertilization. This process
in Spirogyra (Zygnematales, Chlorophyceae)
has been repeatedly observed with the light
microscope (Overton 1888, Trondle 1907,
1911, Karsten 1908, etc.), but ultrastructural
studies are few. The difficulty in embedding
of the zygote which develops a thick wall to
withstand various kinds of environmental
stress renders the electron microscopic obser-
vations difficult (Fowke and Pickett-Heaps
1971, Jordan 1974). An improved embedd-
ing method of thick-walled zygotes (Ogawa
1982) made it possible to demonstrate the
process of karyogamy in S. verruculosa ultra-
structurally, at least to some extent (Ogawa
1981). But, the behavior of nuclear mem-
branes and nucleoli in the fusing two pronuclei
was observed only partially. This is mainly
due to the lack of the information on the tim-
ing of the pronuclear fusion in this species.

Generally in Spirogyra, karyogamy is known
to precede the meiosis, however, some species
are not the case, in which the pairing of
homologous chromosomes takes place in each
of the two adjacent pronuclei (Harada and
Yamagishi 1984). Although the previous
electron microscopic observation indicated
the formation of synkaryon (Ogawa 1981), it

is necessary to reinvestigate the later stage of
karyogamy. The present study concentrates
mainly upon clarifying the accurate time
requisite for the completion of pronuclear union
in S. verruculosa with the object of demonstrat-
ing the behavior of nuclear contents and
nuclear membranes in fusing pronuclei.

Materials and methods

The filaments of Spirogyra verruculosa Jao,
which were forming conjugation tubes, were
collected from a pond in Sendai City, Miyagi
Prefecture. The zygotes were allowed to ma-
ture in Erlenmeyer flasks each half-filled with
the culture medium of Reichart (1967) under
a 12 hr light: 12 hr dark cycle (ca. 2,000 lux,
white fluorescent lamps) at 25°C.

For light microscopy, some of the zygotes
were fixed every day in acetic acid-alcohol
(1 : 3) fixative for 2-3 hr at 25°C. They were
then gently squashed on slide glass, stained
with acetic orcein, and observed with either a
Zeiss light microscope or an Olympus light
microscope equipped with the Nomarski
differential-interference apparatus.

The embedding method of thick-walled
zygotes for electron microscope observation
was almost the same as that described else-
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where (Ogawa 1982). The zygotes were fixed
first with 2.5% glutaraldehyde in 0.1 M phos-
phate buffer (pH 7.2) and then with phos-
phate-buffered 1% osmium tetroxide. After
slight rinse in the buffer, one of the two ends
of each of the ellipsoid zygotes was cut with a
razor blade under a binocular dissecting
microscope to facilitate the penetration of the
epoxy resin embedding medium of Spurr
(1969) into the zygotes. They were dehydrat-
ed in an ethanol series and embedded in the
epoxy resin. Thin sections were stained with
uranyl acetate and lead acetate and examined
with a JEOL 2000EX electron microscope,
operating at 80 kV.

Results

In individual young zygotes of several days
old, the two pronuclei from both gametes
were juxtaposed. Each of them included one
nucleolus, and their adjacent surfaces came in
contact with each other (Fig. 1). The area of
contiguous surfaces of the two pronuclei
seemed to extend over a wide range with
time, and they assumed an ellipsoidal form on
the whole. Cytoplasmic contents, probably
lipid droplets, were sometimes squeezed be-
tween the two pronuclei (Fig. 2). The adja-
cent surfaces of the two pronuclei in 10-day-
old zygotes irregularly undulated, and the
two pronuclei were connected to each other
by internuclear bridges (Fig. 3), which were
various in width, ranging from 0.5 to 1.5 ym.

The mixture of nucleoplasms of the two
pronuclei could frequently be seen at about
12 days after plasmogamy. The nuclear
membranes that disturbed the complete inter-
minglement of both nucleoplasms (Fig. 4)
became obscure (Fig. 5), leaving two nucleoli
present simultaneously within the same
nucleus (Fig. 6). The two nucleoli some-

times lay close to each other (Fig. 6). The
fused nucleus, or synkaryon, contained one
nucleolus (Fig. 7). Electron microscopy re-
vealed the presence of neither chromosomes
nor synaptonemal complex within the
nucleoplasm of the synkaryon (Fig. 8). As
typically seen in Fig. 4, each nucleolus of
pronuclei usually had an area stainable with
acetic orcein somewhat densely, while the
nucleolus of synkaryon in zygotes about
12 days old sometimes contained two orcein-
stainable areas (Fig. 9, arrowheads).

In zygotes 14 or more days old, the nucleus
contained only one nucleolus with one orcein-
stainable area (Fig. 10). So far as examined,
meiotic division could not be observed in the
present species at least within 20 days after
gametic union.

Discussion

The present investigation demonstrated
that in Spirogyra verruculosa the male and
female pronuclei united together, as hitherto
known in other Spirogyra species. The behav-
ior of the two pronuclei during zygote matura-
tion has been observed three times in this spe-
cies. In any case examined, the two
pronuclei completed their union by 14 days af-
ter plasmogamy. Accordingly, the previous
description that in S. verruculosa karyogamy
finished within 30 days after plasmogamy
(Ogawa 1981) is incorrect. About three
weeks elapsed until the completion of karyo-
gamy in S. communis (Trodle 1907), and the
two pronuclei fused together shortly after plas-
mogamy in S. crassa (Godward 1961). The tim-
ing of karyogamy may largely vary depending
on the species of Spirogyra.

In the present species, the nucleus with two
nucleoli was observed mostly at about 12 days
after gametic union (Fig. 6), but the frequen-

Figs. 1-6. Light and electron micrographs of nuclei in zygotes of Spirogyra verruculosa. 1. Two pronuclei in a

7-day-old zygote.

Each pronucleus contains one nucleolus.

2. Differential-interference-contrast micrograph of

two pronuclei in a 10-day-old zygote. 3. Electron micrograph of part of two pronuclei (pn). They are connected
together by internuclear bridges (arrow). Nucleolus (nl). 4. Two pronuclei in a zygote of 12 days old. Each
nucleolus has an orcein-stainable area (arrow head). 5. Fusing pronuclei of a 12-day-old zygote. Nuclear mem-
branes separating them is obscure. 6. Fused nucleus in a zygote of 12 days old. Two neucleoli lie close to each

other.



Figs. 7-10. Light and electron micrographs of synkaryon of Spirogyra verruculosa. 7. Synkaryon in a 12-day-
old zygote. It includes one nucleolus. 8. Electron micrograph of a part of a synkaryon in a zygote of 12 days old.
Nucleolus (nl). 9. Synkaryon in a 12-day-old zygote. It has a single nucleolus with two orcein-stainable areas

(arrowheads). 10. Synkaryon in a 14-day-old zygote.

cy of its appearance was relatively low.
These results suggest that the mixture of
nucleoplasms of the two pronuclei proceeds
not gradually but rather quickly. This is
probably a major cause for the present inade-
quate demonstration on the behavior of
nucleoli and nuclear membranes during the
mixture of nucleoplasms at the ultrastructural

level.

The two pronuclei in seven-day-old zygotes
were connected by internuclear bridges, each
of which had a fairly regular width of about
0.17 pgm (Ogawa 1981). By contrast, the in-
ternuclear bridges joining the two pronuclei
of 10-day-old zygotes were various in width,
ranging from 0.5 to 1.5 #m (Fig. 3), and
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wider than those of seven-day-old zygotes.
Though their developmental process is ob-
scure, one of the possibilities is that the union
of the internuclear bridges, each about
0.17 pm in width, results in the formation of
the wider ones.

The fused nucleus first contained two
nucleoli from both the male and female
pronuclei (Fig. 6), but only one nucleolus
later (Figs. 7 and 10). The two nucleoli in
the fused nucleus were sometimes close
together (Fig. 6). The nucleolus of each of
the two adjacent pronuclei usually possessed
one orcein-stainable area (Fig. 4), whereas
that of the fused nucleus of zygotes about
12 days old sometimes included two orcein-
stainable areas (Fig. 9). These results sug-
gest that the two nucleoli unite together into a
single one in S. verruculosa like in other species
of Spirogyra (Trondle 1907, 1911, Karsten
1908).

It is generally described that in Spirogyra the
two pronuclei from both gametes fuse
together into a synkaryon (Overton 1888,
Trondle 1907, 1911, Karsten 1908). But, ex-
ceptions are also known. According to Hara-
da and Yamagishi (1984), in S. crassa, S.
hunanensis, and S. lacustris homologous chro-
mosomes begin to pair within each of the two
pronuclei which merely come into contact
with each other and meiotic division takes
place without the formation of synkaryon.
So far as examined in S. verruculosa, neither
chromosome nor synaptonemal complex, an
important criterion of meiosis, could be
demonstrated throughout the karyogamy
(Figs. 3-8). The appearance of pairing of
chromosomes in two adjacent pronuclei may
be dependent on species. The occurrence of
chromosome synapsis in two adjacent

pronuclei was first discovered in S. neglecta, in
which, however, this phenomenon was not
observed in all zygotes (Trondle 1911). In S.
crassa, the chromosome pairing was observed
by Harada and Yamagishi (1984), but not by
Godward (1961). The biological significance
of this remarkable phenomenon remains
unknown. To understand its nature, ultra-
structural reinvestigations, together with the
extensive observations using various species,
would be necessary.
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Laboratory of Phycology, Faculty of Bioresources, Mie University, Kamihama 1515, Tsu-shi, Mie Prefecture, 514 Japan

Maegawa, M. and Kida, W. 1991. Distributional pattern of Ecklonia cava (Phaeophyta) marine forest in
the coast of Shima Peninsula, central Japan. Jpn. J. Phycol. 39: 173-178.

Distributional patterns and intraspecific associations of individuals in Ecklonia cava marine forest were
studied with special reference to the structure, production ecology and regeneration process using Morisita’s
Iy and R’s indices. Data were taken by the permanent quadrat method from 1982 to 1985. During a three
year cycle, there were periodic yearly changes in the frequency distribution of stipe length i.e. regeneration
process. The distributional pattern changed from contagious, through random, to regular distribution
with progress of the regeneration process, gap, building and mature phases, respectively. Its pattern of
changes was quite similar to that of dominant tree species of terrestrial forests. Severe intraspecific competi-
tion was also found between young and adult individuals. The distributional pattern is a result of in-
traspecific competition for getting light through the regeneration process, according to such a density-depen-
dent function as self-thinning.

Key Index Words:  distributional pattern—Ecklonia cava—intraspecific competition— Phaeophyta-regenera-

tion process—self thinning.

Ecklonia cava Kjellman (Laminariales,
Phaeophyta) has a wide distribution along the
central to southern Pacific coast of Japan. It
forms a dense and expansive marine forest in
the sublittoral zone at a depth of 3-30 m as
does Eisenia bicyclis Setchell, the latter occu-
pying shallower water than the former. Ec. cava
is perennial and has the potential to live at
least 5 years (Hayashida 1977, Maegawa et al.
1988), and therefore population density and
structure of this species depend to some
extent on the number of recruitments and
losses in a growing site.

In our previous papers (Maegawa et al.
1988, Maegawa and Kida 1989), we found
periodic regeneration of Ecklonia cava marine
forests and intraspecific competition for getting
light by wusing the permanent quadrat
method. Recent ecological research of macro-
algal populations have represented a quantita-
tive discipline designed to produce statistical-
ly interpretable analyses of biotic distribution
and abundance patterns within defined
habitats (Dayton et al. 1984). Nondestructive

measurements, such as utilizing permanently
marked sampling locations, provide a power-
ful method for evaluating the natural changes
in dispersion of individuals and intra- and in-
terspecific competition (Littler and Littler
1985).

In general, individuals in the population
are distributed according to three fundamen-
tal patterns as follows; random, uniform and
contagious distributions (Odum 1971). Ran-
dom distribution is relatively rare in nature,
occurring where the environment is very
uniform and there is no tendency to ag-
gregate. Uniform distribution may occur
where competition between individuals is se-
vere or where there is positive antagonism
which promotes even spacing. Contagious
distribution with various degrees of clumping
represents by far the most common pattern,
when individuals are attracted.

A lot of knowledge has been accumulated
about the distributional pattern of individuals
in land plant populations (cf. Tagawa 1977).
However, no experiments have yet been
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made which allow one to evaluate the prob-
ability that in algal populations distributional
patterns change in seral stages with the
process of regeneration. In this study, we in-
tend to analyze the distributional pattern of in-
dividuals in Ecklonia cava marine forest with
special references to structure, production
ecology and regeneration process of the ma-
rine forest investigated in our previous papers
(Maegawa and Kida 1987, 1989, Maegawa et
al. 1988). This sort of study will provide the
fundamental data for evaluating the in-
traspecific competition in marine forests.

Materials and Methods

Permanent quadrat experiments for analyz-
ing the distributional pattern were carried out
offshore at Hamajima, Shima Peninsula. In
May 1982, a 1 m X3 m quadrat constructed
with ropes was set on a flat rocky substratum
within the population at a depth of 8 m. The
quadrat was divided into 6 small subquadrats
for convenience of measuring and mapping.
All individuals in the quadrat were marked by
tagging sequentially numbered plastic plates
(1 cm X2 cm) around the holdfast for adult
plants and plotting the position of individuals
on a distribution map for young and small
ones. The smallest juveniles marked in this
study were 1-3 cm long which could be distin-
guished from ones of other species.

From the month when the plants were
marked, presence or absence of individuals
and plant size (stipe length) were measured
by means of SCUBA diving. The census in
the quadrat was carried out at two- or three-
month intervals from 1982 to 1985. Total
plants marked in the quadrat for 4 years
reached 1000 individuals. Such numerous
data enabled us to conduct a comprehensive
study of distributional pattern.

Based on the quadrat technique for analyz-
ing the spatial distribution of individuals in a
population, there are many indices which ex-
press the degree of aggregation or departure
from randomness of the distributional pat-
tern. In this study we chose an index of dis-
persion, I;, by Morisita (1959a) and an index

of interspecific association, R’;, by Morisita
(1959b), both of which were influenced
neither by the average number of individuals
per quadrat nor by the number of quadrats.

In Morisita’s [;-quadrat size relation, I; is
a measure of dispersion of individuals in a
population which takes the value of unity.
When the individuals are distributed at ran-
dom over the area and the number of individ-
uals is very large, [; is almost 1. When the in-
dividuals are distributed uniformly over the
area, [; takes the value smaller than 1. When
the distribution of individuals is contagious,
I; is larger than 1.

In addition, Morisita’s index of inter-
specific association, R’;, was also used. We
applied this index to analyze the intraspecific
correlation between young, small fronds and
adult, large fronds in Ecklonia cava population
in the permanent quadrat, although the R; in-
dex was developed for analyzing interspecific
association or competition. In Morisita’s R’;-
quadrat size relation, when two species (or
groups) are distributed independently of each
other, R;is almost 0. When the distribution-
al pattern of two species is attractive or repul-
sive, R'; takes a value from 0 to 1 or from —1
to 0, respectively.

In this study, data for analyzing the dis-
tributional pattern were offered from the per-
manent quadrat experiments. A quadrat
(1 m X3 m) was divided contiguously into 6
groups in size, 0.25mX0.25m, 0.25m
X0.5m, 0.5m X0.5m, 0.5mX1m,
ImX1m, 1mX2m for computing the I;
and R’; indices. The number of young and
adult individuals were recorded for each sub-
quadrat, and were used for detection of dis-
tributional pattern index of I; and in-
traspecific correlation index of R;.

Results

Yearly changes of frequency distribution of
the stipe length in the quadrat in June from
1982 to 1985 are shown in Fig. 1. Shaded
parts showed the number of plants lost during
a period till the following year. In 1982 large
fronds with stipe length of more then 20 cm oc-
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Fig. 1. Yearly changes in frequency distribu-

tion of stipe length of the Ecklonia cava population
from 1982 to 1985. Shaded portions show the loss
by the following year.

cupied greater parts, but in 1983 most of the
large fronds in the canopy disappeared and
many recruits were produced. In 1984 rela-
tively large fronds which developed in 1983 oc-
cupied a large part of the population. In
1985 large fronds formed a dense canopy,
showing a similar frequency distribution as in
1982. The population structure in 1983,
1984 and 1985 corresponds to gap, building
and mature phase of the regeneration process,
respectively, according to our previous paper
(Maegawa and Kida 1989).

The number of recruits was controlled by
the density of large fronds. After most of the
large fronds forming the canopy were lost or
drifted out, many recruits were produced and
grew to the canopy 1-2 years later. Conse-
quently, the turnover time (regeneration cy-
cle) of the canopy layer of the Ecklonia cava ma-
rine forest was 3 years.

Fig. 2 shows the dispersion of individuals
and the results of analysis of the distributional
pattern and the intraspecific correlation of Eck-
lonia cava population in June 1982, which was
in the typical mature phase. The distribu-
tional patterns were calculated in three
groups; young individuals less then 20 cm in
stipe length, adult individuals more than
20 cm in stipe length and total individuals.
The intraspecific correlation was also comput-
ed between young and adult individuals.

Young individuals clearly had a contagious
distribution which showed an [; value higher
than one. It was also noticed that young in-
dividuals of E¢. cava had a small clump, and
the intra-clump distribution was more or less
regular. Consequently, the individuals in
each clump had a tendency to keep some dis-
tance from each other, according to the clas-
sification of the distributional patterns by
Morisita (1959a). On the other hand, adult
individuals showed a regular distribution
with a tendency to keep some distance from
each other. The distributional pattern of
total individuals was random. The in-
traspecific correlation between young and
adult individuals was negative. This result
indicates that two groups of young and adult
individuals were repulsive to each other.

Fig. 3 shows yearly changes in dispersion of
individuals which were recruited in 1983,
and distributional patterns in June from 1983
to 1985 of the Ecklonia cava population. The
dispersion of individuals in 1983, 1984 and
1985 represented the typical phase of gap,
building and mature, respectively. In the
gap phase in 1983, the distributional pattern
was contagious, and thereafter it changed to
random pattern of the building phase in
1984. From 1983 to 1984, the population
density decreased rapidly as shown in the
Fig. 1. Adult individuals in the mature phase
in 1985 showed regular distribution. From
1984 to 1985, the population density
decreased gradually. It was apparent that
the distributional pattern changed with ad-
vance of the regeneration process and accord-
ing to changes of the population density.
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Discussion

In this study, we found out that the distribu-
tional pattern of the Ecklonia cava population
changes in accordance with certain principles,
and with its density in the regeneration
process. In other words, the change in dis-
tributional pattern with the process of regener-
ation is considered partly to be density-depen-
dent. It is noteworthy that the competition
between individuals of the same species is one
of the most important density-dependent fac-
tors in plant communities.

In general, the distributional pattern of
recruits in the gap phase is contagious. This
is partially because the site available for
growth of gametophytes or recruits is restrict-
ed by other sessile organisms or by the condi-
tions of substratum, i.e. ups and downs of the
population floor, and rock, boulder, gravel,
or sand. The most important reason for the
contagious distribution of recruits is the com-
petition for getting light between young and
adult individuals. Germination and growth
of the recruits are suppressed by dim light just
beneath the adult canopy fronds (Foster 1975,
Gerard 1984, Hayashida 1986, Maegawa et
al. 1988). As a result, the recruits can oc-
cupy only small openings where the canopy
fronds leave some distance and light intensity
is relatively high in the population.

The number of young fronds which fill the
gap greatly decreases in the building phase.
At this time, a strong intraspecific competi-
tion for light occurs according to the growth
of each fronds (cf. Maegawa et al. 1988).
This results in the death of many competitive-
ly inferior individuals which may be small
and/or shaded, so that few competitively su-
perior individuals survive and grow to canopy
fronds. It is a typical model of “self-thin-
ning”. Individuals in the clump experience a
stronger self-thinning than isolated individ-
uals, so that the dispersion of individuals
changes from contagious distribution to ran-
dom distribution with the growth of fronds.

From the building to the mature phase,
adult individuals which have reached
sufficient height to form the canopy show a

regular distribution, because competition for
light is so great that the space occupied by in-
dividual fronds in the canopy tends to be near-
ly equal to each other. Such a change in the
distributional pattern of Ecklonia cava, con-
tagious to regular through random distribu-
tion, is quite similar to that of the dominant
tree species of terrestrial forests of Type III by
Tagawa (1965), although the period of the
regeneration process of a marine forest is ex-
tremely shorter than that of a terrestrial forest.
There appears to be fundamental similarity in
behaviour at the biochemical, physiological
population and community levels between at
least some seaweeds and terrestrial higher
plants, despite basic differences in structure
and function as described in Cousens (1985).

It is concluded that one of the most im-
portant factors controlling the structure of al-
gal population is the light condition in it as
emphasized in our previous papers (Maegawa
et al. 1988, Maegawa and Kida 1989). The
distributional pattern is also a result of in-
traspecific competition for getting light
through the regeneration process, according
to such a density-dependent function as self-
thinning.
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Kato, S. Geographic distribution of freshwater raphidophycean algae in Japan and the effect of pH on

their growth. Jpn. J. Phycol. 39: 179-183.

Six members of freshwater raphidophycean algae, Vacuolaria virescens Cienkowski var. virescens, V.
virescens var. minuta Skuja, V. viridis (Dang.) Senn, Gonyostomum semen (Ehr.) Diesing, G. latum Iwanoff and
Merotricha bacillata Mereschkowsky were collected from 17 localities in Japan. The growth of these algae
was examined at different pH levels in AF-6 medium to which was added the hydrogen ion buffer (PIPES).
All of these algae could not survive at pH 8.0 or higher. The results of this experiment suggest that pH is
an important factor in determining the geographic distribution of freshwater raphidophycean algae.

Key Index Words:
growth—Merotricha—pH—Vacuolaria.

culture—freshwater raphidophycean algae—geographic distribution—Gonyostomum—

Sueo Kato, Laboratory of Natural Science, Kokugakuin University, Higashi 4-10-28, Shibuya-ku, Tokyo,

150 Japan

WKEDT 7 4 VRIEBHFEDEL INTHD
(Heywood 1968), HA3\E T b b3 hicdtiE CEER
RUBERYIBEA V3 FA KTy BRI ED 6 HFF
(Hada 1959, FE#+1970), AM THRRKEB OB ¥ HLE
RBEAHAROERABA ML ED 4 #F (Figh
1978, Kato 1983) D107 FinbHE IR TV BT
g, EERAARMTRAKBOREY LI L1
Bz, BECIRE L7c3 T (Kato 1983) i&hnx., i
214 A PO E17 A B T A K EE D V. virescens var.
minuta S S B I EBORKES 7 4 VBEYEET
BT ENTER, 1, ThbHD 7 v — vEHRKLE
BIENTER, 774 FEOEBHIV-THLHE
H~F7Lr2IHETHY, COBBOEFTLHMTIT
PHAKEKBELTWHEEXDRBIEDND, &
Efbhi-5EI1EED 7 v — VEEEK T HREAVT
pH ¢ ZD4AF L DBGRERAIOTLOFKEY L
DITHFROEME L S THET 5,

HHEEHE

BEZ1977E N H1988F % TOMIcE L LTEARK
D), W, BRLTREEX, b, b hEMFFLX
HAVERS IOV F Rk BYACTT- 7. ¥
£ LERBIERCE > THED22 0, ELICEEE
THRZEL, 774 FEOBEYRAN,

ERIL, £y MRS THEEL, AF-6 553 (In
#£1982) 1z pH #E#H#| D PIPES (¥ <35 ¢ v-N,N-t
A [2-=z2 v ALK VEE]) # 1mMOBELS X
SNk foBEH (pH 6.7) THRASEE LILUTOS 7
4+ FEE& T2 1 V. virescens var. virescens D R-12 £k (3%
BRLHTBORFE KM, 19784 8 16 A KE),
V. virescens var. minuta ® R-1020 Bk CGKIBEE > (XD
ZFB, 19854 8 B22 HER4E), V. viridis D R-352 £k
(ERBAEKOEXRAEAOR, 19784 8 A31 A%k
#£), G.semen O R-424 ¥k CGRBEERFMHMNOHE,
1978469 § 7 A#%E), G. latum ® R-336 ¥k (HFH
YREDIBEREE KFHEA O, 19785 7 F23AK
#£) & R-1002 %k (REEFEXOFH/IIARAOM,
19854 8 A 2 A$REE) ¥ X U M. bacillata D R-339 ¥k
(BHEAM» rEfgso—/ Ri@#h, 19784 7 A29
BiRE), SESFTERE 20°C, 12058 - 1287
RO BARS A, MEEX V. virescens var. virescens, V.
viridis 38 X O° G. semen TiX 1500 1ux, % 72, V. virescens
var. minuta, G. latum ¥} X O' M. bacillata T 3000 lux D
EUHET TIT -1

FEATITEME D pH 72 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,
6.5,7.0,7.5,8.0,8.5 1T/ % X 5 CREI L (AF-
6 B2z PIPES % fn% 7-¥54h) % 10 mi AR -REBRE
¥FhFh3IAREL, K hboRBRECHRE
725-50f8, /mlicic b X5 THRD S 7 4 VEEEM
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(1) BAREIBHA : Fig. 1 & Table1 R&h
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Fig. 1.
localities correspond with those in Table 1.

Map showing the localities where freshwater raphidophycean algae were collected. Numbers of the
1. A roadside small swamp, Nanae-cho, Oshima, Hokkaido. 2.

Ninosawa tameike pond, Goshogawara, Aomori. 3. Shishizuka-ooike pond, Tsuchiura, Ibaraki. 4. Otsutonuma
swamp, Tsukuba, Ibaraki. 5. Hebinuma swamp, Ryugasaki, Ibarakki. 6. Lake Nakanuma, Toride, Ibaraki.
7. Hozojinuma swamp. Hanyu, Saitama. 8. A small pond, the former Tokyo Kyoiku University campus,
Tokyo. 9. A pond, Horai Park, Tokyo. 10. A small pond, Arisugawa Park, Tokyo. 11. Kamiyabeike pond,
Yokohama, Kanagawa. 12. Meotoike pond, Kamakura, Kanagawa. 13. Komatsugaike pond, Miura,
Kanagawa. 14. Lake Kawaguchi, Yamanashi. 15. A small pond, Hachiman Shinto Shrine, Komi-cho, Nishio,
Aichi. 16. Kandaike pond, Gamagori, Aichi. 17. Bankakuike pond, Gamagori, Aichi.
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Table 1. Collection data at each locality.
Loﬁzl.ity Date Species pH
1 Aug. 29, 1983 V. virescens var. virescens 7.1
G. semen
M. bacillata
2 July 29, 1978 M. bacillata 6.9
Aug. 16, 1978 V. virescens var. virescens 7.1
May 29, 1984 V. virescens var. virescens 6.9
M. bacillata
Nov. 8, 1984 V. virescens var. virescens 6.8
M. bacillata
4 Aug. 22, 1985 V. virescens var. minuta 7.2
5 June 18, 1978 G. semen 7.2
6 Sept. 7, 1978 G. semen 6.7
7 July 29, 1981 V. virescens var. virescens 6.5
8 July 23, 1978 V. viridis 7.2
G. latum
9 Aug. 31, 1978 V. viridis 6.8
G. latum
10 Aug. 2, 1985 G. latum 7.3
11 Aug. 24, 1988 G. latum 7.3
12 May 24, 1981 G. latum 7.4
13 Apr. 18, 1979 G. latum 7.2
14 May 25, 1982 G. semen 7.4
15 Aug. 15, 1987 V. viridis 6.9
16 July 28, 1979 G. semen 6.9
17 July 28, 1979 G. semen 6.7
V, Vacuolavia; G, Gonyost ; M, Merotricha.

wHABLh, 3EELEOEGET 1 m PIEM
e otc, BRERM A REHRBI O 7 Ridghhur
5L M. bacillata 238 B, T OEGEIR 1m/ 21
MRLAT Edsle b biehote, 2 HFTE DEREL T
LEETHET28MA D, IHIRT 7 4 VEIIER
LTV E D LRERTOBEBEILL - 010
LERIND, KBBRLHHBICH 2 BERBRO
SRR K # D S V. virescens var. virescens 35 L 08 M.
bacillata D 2 B LR, TOEMGEIZ I m/FIZ V.
virescens var. virescens Ci350-200ff8, M. bacillata Ti%
15-30§008 & B & D > foo KBBE2 K EHEH B
Z.F 5 51 Skuja (1964) DRSS F DA
1 TN\ V. virescens var. minuta D3B3, £ D
BEBIX 1m P 1 FIRRLLT & e h Dieh o1,

KBRE S BB OB X OKBERFHEN O
FED 2 AL G. semen MR BN, & DITEFDOE
GEE 1 ml Bl L A ieh o te, FBIZEWT

BEREAJLL 1 HRFEETET, KE66-8m DBDOAR
»oBbhic, HERREHRDBACH 5 BERBEO
ERIFBD UL V. virescens var. virescens 38 bh, £
DEGEIL 1 ml Bl h -3k L A ish >, EHEE
IREDBEAKE KRFEENO HEBOMD BT V.
viridis & G. latum D 2 EH BB, TOEMGHIL 1 m!
R V. viridis H315604008, G. latum H 43000 & A Ts
D& otc, EREAHEDOERABADOMA Hitd
FEEOM L R V. viridis & G. latum DB SR, TDOE
B3 1 ml I V. virdis H124204108, G. latum H3670
MR L e b Bh o lc, EREEROFRIIAEAD
th, HEBEEERTAEEKCH 5 ERmi, Mg
SAETHBAOKF I L OHHENBR=HTHE THEnc
55 BERBHRO/NMAY D 4 HFTH X G. latum D3
Bohtch, FOEGHIV-THRD 1 m FiREMR
LM iehnote, IWALREEERERR DR 0¥ R < A
5L G. semen DB L RICH, T OEEEIT 1 ml
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2-3HfR & i o e, BERFERTE R O /A
HIBR DM ST V. viridis BB L h, FoEERIT
1 ml T 1840/ & 7L b B o 1o, BHIRTEERHEE
BT B % BB O HHE b & 2R T — G
b BERBLORAMD 2 7DD G. semen h33
bLhichl, FOEGEL 1 miPimrh Fhe-3/lals
T2l L Dish ot ok, RiFkM, HEE
Dithds L OCFRABEAOMD 3 AT OWTL, TT
125 7 4 FED Vacuolaria 2O HBRAY#WE LT3
2 (Kato 1983), flIZ Gonyostomum R° Merotricha ® HiB}
LEDTIIRBHLIDTHRE L THL,

(2) ABERSTpH DR : Fig. 21T pH 3575 pH 85
¥ COUBRM pH  J850 LB ssvt 5 Mk 2
BEE BREREMGT CIRNBERES) © 75
D374 FEROEFBHEIRIA TS (3XORR
BFEDO B 1ATHEFELTWIBE LEFRECAR
)

V. virescens var. virescens ® R-12 Bk T3 pH 4.0 125
7.5 ¥ CORMBMTEELTH D, pH3I.5 3 X 0U8.0LL
ETIRFER LTk, Fho, pH 4.0 &7.5TihEemEm:
LT LA CHBEOHMTIALRT, TbK,
pH 4.0 TIMREIFBL L, €55 VROBTED
NTHEL LT Tehso Tz, V. virescens var. minuta D R—
1020 Bk TlX pH 4.5 22 H7.5% TOMEATHEFE LTk b,
pH4.0 LA T X U8B0 ETRFEH L T, V.
viridis @ R-352 Bk TiL pH 4.57 57.0% TORE T4

Kato, S.

FLTED, pHAOU TR L O75UETIIIER LT
Wi,

G. semen D R-424 BRCiX pH 4.0 22 57.5% COHFA
THELTEDH, pHIS B LU0 ETIIIER LT
Wi, Ei, pH7.5 TR Licila DB S
Abhic, G latum O R-366 Bk TiX pH4.5 1 5H7.5%F
TOEETEFELTH Y, pH4.0LL TR X U8B0 E
TIRIEB LT e, BT, pHASTIEIAA 2 SHRIT
th, Bk LTWieh ok, —F, R-1002 HTit
pH4.0 7 57.5% COMBETHFE L TH D, pHIS ¥
TUBOLUETIHFER L T\, BT, pH4.0 £4.5
Tk 2Ry, HEkLTHHF, pH4.0 T
CLEERERE X b MERRBL IR LT,

M. bacillata D R-339 Bk TiL pH 4.0 22 57.5F TOH
BTHEFELTHH, pH3.5 3 LUB.0LETIRIERL
T\, Fio, pH4.0 TIRE LA SRR, Bk
LCwiehot, Ehic, pH7.5 TIHERER L H
R A LT e,

FERICAWICTHRO T 7 4 VBT, EEE 2 BN
BIZIFEM, LT\ fe pH O th T SEE B F
DEHEITAD AT, BEk1 AR TLEBCE
LT, LaL, 2 BHRIERLEN, pHO
BV FF OB TG BB 7 > Tk Lic 72
sl —77, pH OFWHOBEMPTIIREDE TR
BOHH LIk Ui, foks, 5o pH OB L/
{, Bt 28HB T L OEIRK02¥H2 5

V.virescens

var.viresens(R—12)
V.virescens

var.minuta(R—1020)

V.viridis(R-352)

6.semen(R—424)

G.latum (R—336)

(R—1002)
M.bacillata(R—339)

L 1 1

35 40 45

Fig. 2.
the range of pH in which the algae existed.

2.0

50 65 1.0 75 80 85

2.9

Relationship between pH and the growth of freshwater raphidophycean algae. The bars indicate
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Z LT T,

% =

SEFICT 7 4 VEOEEVPER I W 147 L
TTREBC L HVBREZIR T35 3 HFT (Kato 1983)
DETHFHEVTR S £ D pH $6.5-7.4T, ¥hb
DL THFEL Tl OMiB & < 5T pH AMEW
E 5 BN A S T (Table 1), X HIZ, Hada
(1959) RS (1970) T X » T X D& BABE I I
JeEEEDORRBRPK = BEAN DB D pH £35.8-
10THHT E, 2—nr oy R7 2 ) HTOERHM
Bt~ TH D = & (Heywood 1968) 7c &b, &
DEBEDOH/MILpH B ZEHDTRELFEELTEH,
e, TAhVREOKIRTREFT L WD LB
nBH, TOREAVCTRAHFARLR T, £
T, BAEEAST A Y RO KGR s\ T pH
DREEER%EZ LD, BT 74 VEOABTLEEY
5 % fe\ pH &K D PIPES % i o AF-6 £z % F
W, B pH L5 EIEEDS 7 4 FEOAF L
DRAGRA RN, TORKR, chbDT 7 4 FRIIE
HRTRAVCEETEETE CELDENLT, 7AHY
HalcERGCEEC LT CTEY, pHSOLLET
FTRTHEFEL TR D, FREOCTLERKEDF 7 4 F
BII7A5 VHEOKBETRET LI WZ EAEND
bhic, 2DZ &, pHRZDBEDHMHLXRET S
BOCEELNERE L >TV A EXRLTW S,

SEEEIRARDOHFBACHBATIIZELEAL

BEX BT, 2D DR T L Bt~
F/TAAVEOMBIZIES 7 4 FEIERLTWBT]
Rk EWEELLRS,

BKhhie, ARELT I hBREETX I, -
TR E > L ARKERBEEROILERESE, K
BB LU 7 4 FEORECHI- D EER
BYE % < 1R o BB REA YRR O R BB #I%
TR B o LE,

X 53
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Hiroshi Yabu and Hajime Yasui, Faculty of Fisheries, Hokkaido University, Hakodate,

Hokkaido, 041 Japan

As shown in Table 1, our recent cytological
study on the four edible laminariaceous
plants, viz. Laminaria angustata Kjellman, L.
Japonica Areschoug, L. ochotensis M1yABE and
L. religiosa Miyabe, collected in the seasons
from autumn to winter in 1988-1989 at the
localities in Hokkaido cited in the table, unex-
pectedly exhibited the results quite differed in
the chromosome number from those which
were recorded previously as described here.

Culture of zoospores were carried out in

Erd-Schreiber with 0.01% SLP (Squid Liver
Protein Powder) extract (Yabu et al. 1984) un-
der 3,000 lux (12L-12D). The slides with
numerous gametophytes were put into acetic
alcohol (1 : 3) at two weeks later from the start
of culture when female gametophytes began
to produce sporophytes.  Aceto-iron-hae-
matoxylin chloral hydrate solution (Wittman
1965) was employed for staining.

The chromosome counts were made from
the dividing nuclei in one- or two-celld sporo-
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Figs. 1-3. Chromosomes in the one-(Figs. 1 & 2) and two-cells sporophytes (Fig. 3) of Laminaria angustata
Kjellman. x1,600. 1. Chromosomes in haploid number (n=32). 2 & 3. Chromosomes in diploid number

(2n=c. 60).

Figs. 4-7. Chromosomes in the one-cells sporophyes of Laminaria japonica Areschoug. x1,600. 4.
Chromosomes in haploid number (n=32). 5 & 6. Chromosomes in haploid number (n=34). 4'& 6. Drawing of
4 & 6 respectively. 7. Chromosomes in diploid number (2n=64).

Figs. 8 & 9. Chromosomes in haploid number (n=32) in the one-celled sporophytes of Laminaria ochotensis

Miyabe. X 1,600.

Figs. 10-13. Chromosomes in the one-cells sporophytes of Laminaria religiosa Miyabe. X 1,600. 10 & 11.
Chromosomes in haploid number (n=32). 12 & 13. Chromosomes in diploid number (2n=c. 60).

phytes (Figs. 1-13). Such sporophytes of all
the four species displayed 32 (n) or c. 60 (2n)
chromosomes at the ratio 1 : 5. In the case of
L. japonica, we met the partheno-sporophytes

with 32 (Fig. 4) and 34 chromosomes (Figs. 5
& 6) at nearly 1:1 ratio in the derivatives
from the same material. Generally, all the
chromosomes in each species show median
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Table 1. Chromosome number in four secies of Laminaria used for this study.
Species Locality Chromosome number Investigator

Laminaria angustata Muroran n=22 Nishibayashi & Inoh (1956)
Muroran n=22 Ohmori (1967)
Shikabe n=22 Funano (1978)
Mitsuishi n=22 Funano (1980)
Usujiri n=32, 2n=c. 60 Present study

L. japonica Muroran n=22 Abe (1939)
Shikabe n=22 Funano (1978)
Usujiri n=22, 2n=44 Yabu (1973)
Usujiri n=32 or 34*, 2n=c. 60 Present study

L. ochotensis Wakkanai n=22 Kaneko (1972)
Kafuka n=22 Funano (1978)
Wakkanai n=32, 2n=c. 60 Present study

L. religiosa Oshoro n=22 Funano (1978)
Oshoro n=22 Funano (1983)
Oshoro n=32, 2n=c. 60 Present study

* See text.

constriction. ical ecology of the gametophytes and the embryonal

As the results of our chromosome counts in
the numerous sporophytes at this time, we
came to a conclusion that the chromosome
number of Laminaria angustata, L. japonica, L.
ochotensis and L. religiosa is normally n=32,
although they have been reported all as n=22
until now.
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The morphology of Japanese Sphacelaria
californica Sauvageau ex Setchell et Gardner
was studied in the field and culture materi-
als. Sauvageau (1901) described Sphacelaria
plumula Zanardini var. californica Sauvageau
as a new variety, based on the specimens col-
lected at San Diego, California. He distin-
guished this variety from typical S. plumula by
the following characteristics: presence of a
basal disk; absence of ramifications in the low-
er portions of erect filaments; occurrence of
transverse cell walls in the secondary seg-
ments (=secondary transverse cell walls); a
slightly larger size of propagules. He also
used the new specific name Sphacelaria californi-
ca for the taxon, although he attached a ques-
tion mark to the name indicating hesitation.
Setchell and Gardner (1925) treated the va-
riety as an independent species, attributing
this combination to Sauvageau. We regard S.
californica as an independent species and fol-
low their nomenclatural treatment. Boo and
Choi (1986) mentioned the location of the
propagules and the division of their lateral api-
cal cells as the specific characteristics.

S. californica is found distributed in the
Pacific Ocean (Abbott and Hollenberg 1976),
but S. plumula has not been reported from this
area. In the western Pacific Ocean, Boo and
Choi (1986) reported the occurrence of drift
materials of S. californica from the east coast of
Korea, but the species has not been reported
in Japan. There have been no culture works
on the life history on this species. This is the
first report on the distribution of S. californica
on the Japanese coast, and on the study in cul-
ture.

Some plants referable to Sphacelaria californi-
ca were collected at Ohma (41°33'N
140°55'E, 23 October 1987) and Sai (41°26'N
140°51'E, 19 January and 21 March 1988) in
Aomori Pref.; Shiiya (37°28'N 138°37°E, 7
July 1990, drift) in Niigata Pref.; Seto
(33°27'N 132°13°E, June 1989, coll. T. Waji-
ma) in Ehime Pref.; and Gobo (33°52'N
135°05°E, 21 June 1989, coll. M. Matsumo-
to) in Wakayama Pref. The specimens ex-
amined in the present work are deposited in
the herbarium of Faculty of Science, Hok-
kaido University, Sapporo [SAP]. They are
epilithic or epiphytic and brown in color.
They form erect tufts and attain to 1.6 cm in
height (Fig. 4). The holdfasts are discoid
(Fig. 5), polystromatic (Fig. 3), and 100-
150 pm in thickness on rocks. However,
when epiphytic, e.g. on Codium fragile (Surin-
gar) Hariot, they become rhizoidal and pene-
trate into the host tissues. The erect thalli
are pinnately branched and composed of
main axes and laterals. The main axes are
straight and terete. They are 30-50 #m in di-
ameter in the lowermost portions, gradually
increasing in diameter toward the apex, and
60-95 #m in the middle portions. The later-
als are denser in the upper parts of the thalli,
but sparser in the lower parts. Laterals are
formed unilaterally or bilaterally. The apical
cells of main axes and laterals are 45-60 ym in
diameter and 90-200 ygm in length. The
secondary segments are 0.6-1.1 times as long
as the diameter. They are divided radially
into several cells in transverse section (Fig.
2). In a surface lateral view, 3-10 longitudi-
nal walls can be observed in a large second-
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Figs. 1-3.

Sphacelaria californica Sauvageau ex Setchell et Gardner from nature (Sai, 21 March 1988). 1.

Middle portion of the thallus with secondary transverse cell walls (arrows) and propagules (asterisks). 2.
Transverse section of the middle portion of an erect filament. 3. Vertical section of the holdfast.

ary segment. The peripheral cells of the second-
ary segments are rectangular in the surface
view, (3)6-15(20) #m in width. The second-
ary transverse cell walls often occur in the
peripheral cells of the segments (Fig. 1).
Phaeophycean hairs are at times observed to
form adaxially. The propagules are born
adaxially on the laterals (Figs. 1, 8). They
are ellipsoidal when young, becoming
tribuliform as they develop. Mature propa-
gules are 140-170 #m in length and 85-105 y#m
in width, with three (one central and two later-
al) apical cells, containing abundant discoid
chloroplasts without pyrenoids. Unilocular
sporangia were observed on one plant collect-
ed in March 1988. They were formed solitari-
ly or in groups on fertile laterals, spherical to
somewhat ellipsoidal, 30-50 gm in diameter
and 40-50 gm in length (Fig. 10). Plurilocu-
lar sporangia were not found. Our speci-
mens agreed well with the original description
of S. plumula var. californica by Sauvageau
(1901) and the description by Setchell and
Gardner (1925) except for the smaller size of

unilocular sporangia.

Unialgal culture was established from the
apical segments of the plant collected at Sai in
March 1988, using PESI medium (Tatewaki
1966). Culture conditions used were 5°C SD
(short day; 8:16h light:dark), 5°C LD
(long day; 16:8h light:dark), 10°C SD,
10°C LD, 15°C SD, 15°C LD, 20°C SD and
20°C LD, under white fluorescent light of
about 30 pMm~%s~! (10°C) or 50 #Mm ~2s~!
(5°C, 15°C and 20°C). The initial filaments
grew well and many were produced in 10°C,
15°C and 20°C conditions. However, they
did not elongate and finally died in 5°C condi-
tions. Phaeophycean hairs were formed from
the early stage of the development. In 10°C
SD, 10°C LD, 15°C SD, 15°C LD and 20°C
LD within 2 months, many laterals were
formed on the filaments spirally or radially,
but not pinnately as in the natural plants
(Fig. 7). Movement of water may be re-
quired for the normal morphogenesis of pin-
nate thallus construction. In 20°C LD the
filaments grew rapidly, but arrangements of
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Figs. 4-13. Sphacelaria californica Sauvageau ex Setchell et Gardner from nature and in culture. 4-5. Habit
of the erect thallus and detail of the holdfast of specimens collected at Sai on 21 March 1988. 6. Immature prop-

agules in culture.

7. Upper part of the thallus grown at 15°C SD. 8. Mature propagule of the thallus from

nature. 9. Germination of a propagule in culture. 10. Three unilocular sporangia on a fertile lateral of the thallus
from nature. 11. Four unilocular sporangia on a fertile lateral in culture (15°C SD). 12. Released unispore with

two flagella. 13. Germination of a unispore.

the laterals tended to be irregular. In 20°C
SD the filaments remained rhizoidal for sever-
al weeks and then formed erect filaments with
a few laterals after 5 months. The diameter
of erect filaments and the number of longitudi-
nal cell walls in a secondary segment were
rather stable in various culture conditions.
However, the number of secondary transverse
cell walls tended to increase in lower tempera-
ture conditions (Table 1). Very few second-
ary transverse walls were observed under 20°C

conditions.

The tribuliform propagules were formed
within 2 months in 10°C SD, 10°C LD, 15°C
SD, 15°C LD, 20°C SD. They were ellip-
soidal in the early stage of the development
(Figs. 6, 14). The apical cells of the young
propagules were divided successively into a
diminutive cell (a central apical cell) and two
large cells (Figs. 15-16). The latter devel-
oped into the lateral apical cells by further un-
equal divisions (Fig. 17). The germinations
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Table 1.

Comparison of thiree morphological features of the erect thalli of S. californica

cultured in four different culture conditions after 5 months.

Culture conditions

Morphological features

10°C LD 15°C LD 20°C LD 20°C SD
Diameter of erect filaments (#m) 48-65 50-65 30-46 45-63
Number of longitudinal cell 5-10 4-10 3-5 3-6
walls in a secondary segment
Number of secondary transverse cell 42-114 31-98 0-5 0-1

walls per 100 secondary segments

of the propagules usually occurred in the later-
al apical and lowermost cells simultaneously
(Figs. 20-22). The lateral apical cells of the
mature propagules often divided into two
cells before they germinated (Figs. 20, 22 ar-
rows). New filaments from the propagules
often forked into two branches making a
diminutive cell (Fig. 9). Occasionally a short
phaeophycean hair was formed by the diminu-
tive cell (Fig. 19). Long phaeophycean hairs
were formed from the early stage of the de-
velopment (Fig. 18). Various types of abnor-
mally shaped (e.g., ellipsoidal, bicornuate or
bifurcate) propagules were formed in 20°C
LD. Cultures started from the propagules

14 15_16__ 17

Figs. 14-22.
ex Setchell et Gardner in culture (10°C LD). 14-
17. Various stages of development of propagules.
18-22. Various stages of germivation of propagules
showing occasional divisions of the lateral apical
cells (arrows).

Sphacelaria californica Sauvageau

showed similar responses to day length and
temperature conditions as in the culture from
apical segments.

Unilocular sporangia formed in one year in
15°C SD. They occurred first solitarily and
then became grouped on fertile laterals (Fig.
11). They were spherical and 35-45 (55) #m
in diameter. The unispores were pyriform,
with longer anterior and shorter posterior
flagella (Fig. 12). They contained a chlo-
roplast with a stigma. After the settlement
on a cover glass, they germinated by forming
a germination tube (Fig. 13). We did not fol-
low the further development of the germ-
lings.

Setchell and Gardner (1925) reported that
the unilocular sporangia of S. californica mea-
sured 50-70 ym in diameter and 75-150 gm
in length, or about 1.4-3 times as long as
the unilocular sporangia in our materials.
However, the description of Setchell and
Gardner on the sizes of unilocular sporangia
seems to be based on the Saunder’s descrip-
tion on the plurilocular sporangia of S.
tribuloides Meneghini sensu Saunders (=S.
californica) and illustrations lacking explana-
tions (Saunders 1898, Plate 26, Figs. 4-6).
The plurilocular sporangia in the illustrations
of Saunders and the unilocular sporangium in
the illustration of Setchell and Gardner (1925,
Plate 37, Fig. 27) resemble the young propa-
gules in our materials. In the Sphacelariales
it is sometimes difficult to distinguish young
propagules from true plurilocular and uniloc-
ular sporangia. In our study, we confirmed
the presence of many nuclei in a sporangium
in the field materials, and observed actual
release of swarmers in culture materials.
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Accordingly, the solitary unilocular sporangi-
um illustrated by Setchell and Gardner could
be an immature propagule.

Our plants also resemble S. novae-hollandiae
Sonder from South Australia (Womersley
1987) in having cymose unilocular sporangia
and tribuliform propagules with occasional
divided lateral apical cells. However, this
species differs from S. californica in lacking pin-
nate ramifications and the secondary trans-
verse cell walls.
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Fig. 1.

Laminaria yezoensis Miyabe. A pair of
fronds, having a large scutate disc jointly, cast
ashore at Mochirippu, Hamanaka, on the Pacific
coast of eastern Hokkaido on July 4, 1981. The left-
hand frond: 125 cm in stipe length and 275 cm in

total. The right-hand frond: 135 cm in length of
stipe only. On the stipe eleven young fronds of
Alaria fistulosa Postele et Ruprecht are attached.
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Fig. 2.
fronds shown in Fig. 1.

Details of the basal portion of the
Scale bar, 10 cm.
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Fig. 3.
caught in set net at Kinaoshi, Minamikayabe, on the
Pacific coast of southwestern Hokkaido on July 13,

Laminaria pezoensis Miyabe. Driftage

1981. The size and condition of the fronds fairly
resemble those drifted to Mochirippu (Fig. 1).
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Fig. 4. A Kombu stick, 85 cm in total length, made of the stipe of Laminaria yezoensis Miyabe cast ashore at
Mochirippu, Hamanaka, more than sixty-five years ago. The stick is reinforced by piercing an iron pole through

the whole length of the stipe.
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Preserved in The Kushiro City Museum.
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the Himalayas. Vol. 1. The Kathmandu Valley. i-
vi+226 pp. +1 map. 1988. (Academia Scientific Book
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(Academia Scientific Book Inc., Tokyo. paper ¥9,600;
hard ¥12,800).
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Members of the Society are invited to contribute original research reports, short com-
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phycology. Every research paper is read and criticized by reviewers on the basis of its originality
and the discussion presented. Where appropriate, reviewers other than those on the Editorial
Board are consulted. Final responsibility for selection and published order of papers rests with
the Editor. Research reports not longer than 10 printed pages in English and 6 printed pages in
Japanese including figures and tables, short communications within 3 printed pages and review
articles within 15 printed pages will be published without excess charge (exclusive of reprints);
additional published pages will be charged to the author (12,000 Yen per single printed page).
Rapid communications acceptable within 2 printed pages will be published in the possible
earliest issue with charge at 12,000 Yen per single printed page.
The manuscript should conform exactly to the following instructions. The manuscript
should be typewritten, double-spaced in 65 letters per line and 28 lines, on thick paper of
21.5X 28 cm or A4 size. Symbols, units and nomenclature should conform to international
usage. The S. I. metric system should be used for all numerical data. Words to be printed in
italics should be underlined. The original copy and two duplicates are required. The first page
should have only the title, full name(s) of the author(s) and institution with address, and any
necessary footnote. A short running title should be included. Acknowledgements preferably
follow the text but precede the references. Tables and legends for figures should be on separate
pages and be placed after the references.
An abstract of not more than 200 words is required. At the end of the abstract, 5-10 Key
Index Words should be given alphabetically for aid in indexing. A Japanese abstract will be pro-
vided by the Editor from translation of the abstract.
References. Citations in the text should read thus: Liebig’s (1840 p. 23) ... or ... (Welch
1972, 1974). In the list at the end of the paper, references should be typed in alphabetical order.
Each reference should be given in the following order: Name, Initials, Date, Title, Journal
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Mikami, H. 1978. On Laingia hookeri (Rhodophyceae, Delesseriaceae) from New
Zealand. Jap. J. Phycol. 26: 65-68.

A book title should be followed by the name of publisher and place of publication. Example:
Abbott, I. A and Hollenberg, G.J. 1976. Marine algae of California. Stanford
Univ. Press, Stanford.

Tables should be numbered with Arabic numerals, have a title, and be referred to in the text.

Figures, whether line drawings or photographs, should be numbered consecutively in
Arabic numerals, and referred to in the text. The maximum size for a full page figure is
14X 20.5 cm. Line drawings should be made with black ink on white paper or blue-lined graph
paper. Letters and numerals should not be made by hand, but should be made neatly with a
lettering device (not a typewriter) and be of such size that the smallest character will not be less
than 1 mm high when reduced. The original drawing and two sets of clear copies are required.
Photographs must be of good quality. They should be grouped to conform to the page style and
format of the Journal and preferably be submitted at a size that permits reproduction without
reduction. Photographs should be submitted in triplicate. Coloured plates may be printed at the
expense of the author. The insertion of tables and figures in the text should be indicated on the
right-hand margin of the sheet.

Proofs should be checked carefully and should be returned by airmail to the Editor within
three days of receipt. The author will receive 50 offprints free of charge. Additional copies can
be ordered at cost on the reprint ordering form sent with the proofs.
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