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Phytoplankton biomass and photosynthesis in relation to
the environmental conditions in Tokyo Bay"

Frederico P. BRANDINI* and Yusho ARUGA

Laboratory of Phycology, Tokyo University of Fisheries,
Konan-4, Minato-ku, Tokyo, 108 Japan

Branpini, F.P. and Aruca, Y. 1983. Phytoplankton biomass and photosynthesis in rela-
tion to the environmental conditions in Tokyo Bay. Jap. J. Phycol. 31: 129-147.

Phytoplankton biomass and photosynthesis were investigated in relation to physico-
chemical environmental conditions in Tokyo Bay from May 1979 through March 1981.
Vertical and seasonal variations of chlorophyll a, photosynthetic and respiratory activity,
and environmental conditions were investigated mainly at Stns. A and T-4 in the inner
part of the bay. Seasonal measurements were carried out from the inner part of the bay
to Uraga Strait. At Stn. A, phytoplankton cell number varied from 5.3x10% to 8.2x10%/ml;
high in May, August and February but low in June and July. Skeletonema costatum and
Prorocentrum spp. dominated during most of the period. Surface chlorophyll a ranged from
2.7 to 175mg/m® with the maximum in September 1980 and lower values in October to
January. Light-saturated gross photosynthesis showed a maximum of 2.98 mgQO,/!/hr in
September 1980 and a minimum of 0.08 mgQO./!/hr in January 1981 in surface samples. It
was high in surface samples and low in deeper samples. On a chlorophyll e basis, light-
saturated gross photosynthesis of surface samples was low during winter and high during
summer in the range of 9.5-80 mg0,/mgChl.a/hr. Although chlorophyll a concentration and
photosynthetic rates were low during the low temperature period and high during the high
temperature period, their relationships to temperature were not clear. Chlorophyll a con-
centrations were generally high when salinity was low, but no definite relationship was
observed between photosynthesis and salinity. No clear relationship was observed between
chlorophyll ¢ and nutrient concentrations.

Key Index Words: biomass; chlorophyll a; environmental conditons; nutrients;
photosynthesis ; phytoplankton ; respiration; Secchi disc depth; Tokyo Bay.

Since the initial work of HOGETSU et al.
(1959) in the estuarine region off Haneda,
many studies about phytoplankton produc-
tivity in Tokyo Bay have been published in
the two decades. Observations on the sea-
sonal changes of photosynthesis rate and
biomass were made by ICHIMURA and KOBA-

D This study was supported by a Grant-in-Aid
for Scientific Research No. 403073 from the
Ministry of Education, Science and Culture,
Japan.

* Present address: Centro de Biologia Marinha
da Universidade Federal do Parana, Curitiba
80.000, Parana, Brasil

YASHI (1964) and ICHIMURA and ARUGA
(1964). ICHIMURA (1967) observed the hori-
zontal distributions of primary production in
relation to environmental gradients in the
bay. MARUMO and MURANO (1973), MARUMO
et al. (1974) and MARUMO (1975) studied suc-
cession of diatoms and FUNAKOSHI et al.
(1974), Tsuil et al. (1974), YAMAGUCHI and
ICHIMURA (1976), ARUGA and SHIBATA (1978)
and SHIBATA and ARUGA (1982) studied red
tide formation and primary production in
the bay. Recently, YAMAGUCHI and SHIBATA
(1979) published a review of the primary
productivity studies after 1970 by different
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authors with the purpose of understanding
the present status of the phytoplankton
production in Tokyo Bay. They pointed out
that owing to the eutrophication throughout
the whole bay as the consequence of great
amounts of organic and inorganic substances
carried into the bay with urban and in-
dustrial effluents from the surrounding areas,
the seasonal variation of phytoplankton pro-
duction has gradually been more difficult to
be distinguished.

Although there are some papers dealing
with the physiological responses of phyto-
plankton photosynthesis to salinity (NAKA-
NISHI and MONSI 1965), nutrients (NAKANISHI
and MONSI 1965, ICHIMURA 1967, FUNAKOSHI
et al. 1974), light (ICHIMURA and ARUGA
1964, ICHIMURA 1967, SHIBATA and ARUGA
1982) and temperature (SHIBATA and ARUGA
1982), clear relationships between primary
productivity and such environmental factors
in Tokyo Bay still remain to be understood.

The objective of the present work is to
measure the phytoplankton biomass and
photosynthesis at fixed stations in Tokyo
Bay and to clarify their relationships to en-
vironmental factors for characterizing the
coastal phytoplankton.

Material and Methods

A total of 19 cruises were made in To-
kyo Bay and Uraga Strait from May 1979
through March 1981 by the T/S Seiyo Maru
of the Tokyo University of Fisheries. Seven
fixed stations were set up as shown in Fig.
1. Vertical water samples were obtained
from various depth at Stn. A on the estu-
arine region off Haneda and at Stn. T-4 with
plastic Van Dorn type bottles, and surface
water samples were taken with a plastic
bucket at 10 or 15 min. intervals from the
inner part of Tokyo Bay through Uraga
Strait along the cruise track to the entrance
of Tateyama Bay for monthly measurements
of photosynthesis; respiration, chlorophyll a,
salinity, temperature and nutrient concentra-
tions.

Annual changes of solar radiation were

o
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Fig. 1. Map of Tokyo Bay showing the
location of stations and the cruise track.

obtained from the JAPAN METEOROLOGICAL
AGENCY (1979-1981). Transparency of water
was estimated by the Secchi disc. Tem-
perature was measured with a standard type
thermometer and salinity with an Autolab
Portable T-S Meter on board the ship for
water samples collected. For chlorophyll a
determinations, the water samples were fil-
tered through Whatman GF/C glass fiber
filters and the pigments were extracted with
90% acetone. Extinction values of the ex-
tract were read at wavelengths of 750, 663,
645 and 630 nm with a Hitachi 101 or 100
spectrophotometer and chlorophyll concentra-
tions were calculated by the equations of
SCOR-UNEsco W.G. 17 (1966). Filtrate
samples of about 500 m/ each were placed
into polyethylene bottles and kept frozen
for later analyses of nutrients. Silicate,
phosphate, nitrate and nitrite were deter-
mined following the techniques described by
STRICKLAND and PARSONS (1972). Ammo-
nium was estimated according to LIDDICOAT
et al. (1975) with some modifications con-
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cerning the light condition for color develop-
ment ; samples were exposed to fluorescent
light (Toshiba FL 20S, W-DL-X/NL) of ap-
proximately 5klux for 6hr at room tem-
perature.

Photosynthesis and respiration rates
were measured by the light and dark bottle
oxygen method. Transparent and dark bot-
tles were filled with water samples of ap-
proximately 100 m/ and placed in a fluores-
cent light incubator at about 25 klux or
under natural sunlight on the ship deck at
in situ water temperature. Photosynthesis-
light curves of surface samples from Stn. A
were obtained whenever possible using neu-
tral filters consisting of transparent plastic
tubes rolled up with vinyl chloride sheets
to give different percentages of light. Initial
and final oxygen concentrations were deter-

mined always in duplicate by means of the
Winkler titrations.

Phytoplankton species composition was
examined under a microscope in the labora-
tory after 1 / samples were fixed with 8-10
ml of glyceraldehyde.

Results and Discussions

1. Physical and Chemical Properties
Vertical profiles of temperature, salinity
and transparency observed at Stns. A and
T-4 are shown in Fig. 2. Surface tempera-
ture ranged from 8.1 to 26.3°C at Stn. A
and from 8.8 to 24.9°C at Stn. T-4, with
the highest value in August and the lowest
in February (cf. Fig. 10(A)). Only very
slight differences were found of surface
temperature and its seasonal changes be-
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Fig. 2. Vertical profiles of temperature (dotted lines) and salinity (solid lines), and
the Secchi disc depth (open triangles) at Stns. A (A) and T-4 (B) in Tokyo Bay.
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tween the two stations. A not well-defined
thermal stratification could be seen from
May to August, breaking down during winter
when vertical mixing takes place. Tem-
perature at both the surface and the bottom
was lower in the innermost part of Tokyo
Bay than in Uraga Strait during winter and
higher during summer. The same situation
was observed by the MINISTRY OF TRANS-
PORTATION (1979).

Salinity of the surface water at Stn. A
is influenced to a great extent by the fresh-
water discharged from River Tamagawa. It
ranged from 13.4 to 30.8%. Usually, less
saline water was found in the upper layer
and a more saline watermass of oceanic
origin was always present near the bottom.
During the autumn-winter period the oceanic
influence seems to be stronger and salinity
higher than 30% was measured even in
more superficial layers.

The transparency at Stn. A was higher
during the autumn-winter period than during
the spring-:ummer period, varying from 1
to 5m. It ranged from 1.5 to 6.5m at Stn.
T-4.

Fig. 3 shows seasonal variations of nu-
trient concentrations in the surface water at
Stn. A. Total inorganic nitrogen concentra-
tion ranged from 9.9 to 73.8 ug-at./! and
silicate concentration from 0 to 72 pg-at./!.

Phosphate was present always in lower con-
centrations than inorganic nitrogen and sili-
cate, ranging from 0.12 to 1.9 pg-at.//. Com-
paratively low concentrations of nutrients
were found at the end of August 1979 and
in June 1980 probably due to consumption by
the phytoplankton population which was
very large during those periods.

The vertical distribution of ammonium
and nitrate was not uniform, showing a not
well-defined seasonal trend (Fig. 4(A)). Ni-
trite and phosphate were present in small
amounts and almost uniformly distributed in
the water column. Silicate was always pre-
sent in high concentrations in the whole
water column especially in 1979 (Fig. 4(B))
with the exception of August when the dia-
tom population was very large. In February
1980 the silicate concentration decreased to
not detectable values. The seasonal trend
of silicate distribution was also not defined
and the vertical distribution was not uni-
form.

Horizontal distributions of total inorganic
nitrogen, phosphate and silicate in different
periods of 1980 are indicated in Fig. 5. In
general, very high concentrations were ob-
served in the inner part of the bay and the
concentrations decreased in Uraga Strait
toward the mouth of Tateyama Bay. A
similar pattern of nutrient distribution was

~—— 0 —NH;-N

— 4 =—N02-N

— o —N03-N
80f —e—P0;-P

— 4—Si0p-Si ,

Nutrient concentrations (ug-at./1)

1979

1980

Fig. 3. Seasonal variations of nutrient concentrations in the
surface water at Stn. A in Tokyo Bay.
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Fig. 4. Vertical profiles of ammonium (O), nitrite (A), nitrate (O0) and
phosphate (@) concentrations (A) and of silicate concentration (B) at Stn. A

in Tokyo Bay.

observediby ICHIMURA (1967) and FUNAKOSHI
(1973) in the surface water of Tokyo Bay.
2. Seasonal Variations of Phytoplankton

Biomass

Seasonal variations of the cell number of
phytoplankton in the surface water at Stn.
A are indicated in Fig. 6. The cell number
varied irregularly throughout the sampling
period, ranging from 5.3 10% to 8.2 10*/ml.
It was high in May, August and February,
but low in June and January. From May

1979 until February 1980, 39 species of dia-
toms and 24 species of dinoflagellates were
observed, but only the frequent groups are
indicated in Table 1. Some Chlorophycean,
Euglenophycean and Crysophycean algae
were also present but in small number. Ex-
cept in May and July, diatoms dominated
over dinoflagellates and the most frequent
species was Skeletonema costatum, occurring
abundantly in different periods of the year;
e.g. 4.97x10*/m/ in August and 4.95x10*/m/
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Fig. 6. Seasonal variations of the phyto-
plankton cell number in the surface water at

Stn. A in Tokyo Bay.

MJJASONDJTF

1980

replaced by Prorocentrum triestinum from
July until January. In February Peridinium
spp. were the most abundant.

The chlorophyll @ concentration in the
surface water of Stn. A (cf. Fig. 10(A)) was
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Fig. 7. Vertical profiles of chlorophyll a concentration at Stns. A (A)
and T-4 (B) in Tokyo Bay.

high during summer except in July and low
from October through January, ranging from
2.72 to 175 mg/m?® throughout the year. The
maximum value of 175 mg/m® was obtained
in September 1980.

The vertical profiles of chlorophyll a at
Stns. A and T-4 are illustrated in Fig. 7.
It was high at the surface during the warm
seasons with decrease toward the bottom,
while during the vertical circulation periods
of winter it was comparatively low and uni-
formly distributed in the water column. Sub-
surface peaks were observed in June 1979
and 1980. A careful comparison of Fig. 7
with Fig. 2 indicated that the surface layer
with high chlorophyll a concentrations be-
came thicker from May to September as the
thermocline became deeper. This trend seems
to be closely related to the vertical mixing of
water between the surface and the deeper

layers.

In the same area in Tokyo Bay, ICHI-
MURA and KOBAYASHI (1964) obtained chloro-
phyll a concentrations of 10-200 mg/m?® and
ICHIMURA (1967) found concentrations higher
than 100 mg/m?® during summér 1963. Simi-
lar concentrations of chlorophyll a were
obtained 10 years later by YAMAGUCHI and
IcHIMURA (1976), and a maximum of 104.7
mg/m?® was reported in summer of 1978 by
SHIBATA and ARUGA (1982). The range of
chlorophyll a concentration observed during
the present work was similar to those re-
ported by these authors.

The horizontal distributions of chloro-
phyll @ in the surface water from the inner
bay through Uraga Strait are shown in Fig.
‘8. In general, independent of the seasons,
higher concentrations of chlorophyll a were
found in the inner bay, decreasing rapidly
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Fig. 8. Horizontal distributions of chlorophyll @ concentration in the surface water
of Tokyo Bay (May 1979—March 1981).
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Table 1.
May 1979 to February 1980 (x10% cells/ml).

Abundance of phytoplankton species in the surface water at Stn. A from

Species - May

June -*

© 1979 ; 1980
" July Aug. Nov.

Decs Jan.  Feb.

Chaetoceros curvisetum

3.6 295 r 54

C. decipiens 1.9

C. didymus 0.5 1.3
C. spp. 7 0.9 0.5
Coscinodiscus spp. : E 0.6 r r 0.1
Cyclotella sp. 0.6

Ditylum brightwelii 0.2 0.4 0.3
Eucampia zoodiacus 1.8 0.1 0.35 1.6
Nitzschia closterium 1.1 0.2
N. seriata 0.75 6.1 0.4 0.3

N. sp. 0.13 1.5
Rhizosolenia fragilissima = 0.3 0:3
Skeletonema costatum = === IT.§#% 1.8 7.6 497+ 4.4 - 3.5 - 53 48.5
Thalassiosira anguste-lineata ’ : r B 6.5
T. binata 1.8 ) :

" T. decipiens ES 0.2 1.3 0.9 10.8
T. rotula. e ) . r r 2.4
T. spp. . 1.0 1.15 1.0 1.2 1.9
Dinophysis sp. ‘ 0.1 0.3
Gymnodinium sp. . 0.6 0.05 0.4
Peridinium minusculum 0.13 0.1 0.1 0.2
P. spp. ' 0.13 0.15 2.3 0.2 r 0.1 1.8
Phalacroma sp, 0.25 0.15 0.1
Prorocentrum micans 0.25 0.45
P, minimum 46.7 0.25 0.7 0.5 0.1 0.5
P. triestinum 26.4 2.0 5.1 12.9 0.7 0.1
Dictyocha fibula 0.1 0.2
Distephanus speculum 1.3 3.5
Euglena sp. - 0.25 1.9
Eutreptiella sp. 0.6 0.45 0.1

r: rare

from Uraga Strait toward the open sea.
The geographical as well as seasonal pat-
terns of distribution of the phytoplankton
biomass were not so clear. Although very
high and variable concentrations of chloro-
phyll ¢ were observed during the warm sea-
sons and comparatively low and uniform
concentrations in the cold periods of the
year, high concentrations of chlorophyll a
could be observed sometimes in winter and
low concentrations in summer.

SHIBATA and ARUGA (1982) also found
a great variability in the surface chlorophyll
a concentrations over the whole area of the

bay and YAMAGUCHI and SHIBATA (1979)
recognized no definite pattern of horizontal
chlorophyll a distribution in the bay. YAMA-
GUCHI and -ICHIMURA (1976) reported that
the chlorophyll a concentrations were 10 to
50 times more variable than those previously
obtained in the region off Haneda (ICHIMURA
1967) due to the increasing eutrophication
of the bay.

3. Seasonal Variations of Phytoplankton
Photosynthesis
Photosynthesis-light curves of the sur-
face phytoplankton samples obtained at Stn.
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Fig. 9. Photosynthesis-light curves of the
surface phytoplankton samples collected at Stn.
A in Tokyo Bay.

A are illustrated in Fig. 9. The light-
saturated net photosynthetic rate (Pm3*)
varied from 15 to 72 mg0O,/mgChl.a/hr with
the minimum occurring during winter and
the maximum during summer. In January
1980 a shade type photosynthesis-light curve
was obtained reaching the PM™#* at approxi-
mately 6 klux, while in July a sun type
curve ‘was obtained reaching the PD@* at
about 20 klux without the inhibition of
photosynthetic rate even at very high light
intensities. In September the photosynthesis-
light curve showed the shade type, but in
November and December the curves were
something between shade and sun type. In
January 1981 again the photosynthesis-light
curve became the shade type with the Ppax

at 10 klux.

Using the Winkler method, HOGETSU
et al. (1959) obtained P™2* of 24-45 mgO,/
mgChl.a/hr with surface samples of Skele-
tonema in the region off Haneda. They did
not observe the inhibition of photosynthesis
at high light intensities up to 140 Kklux.
ICHIMURA and ARUGA (1964) reported a
photosynthesls-light curve of Thalassiosira
and Skeletonema bloom in Tokyo Bay which
had no inhibition of photosynthesis. FUNA-
KOSHI (1973) also obtained the photosyn-
thesis-light curves of phytoplankton without
intense light inhibition in Tokyo Bay. How-
ever, SHIBATA and ARUGA (1982) reported
the inhibition of photosynthetic rate in their
phytoplankton samples from the surface
water off Haneda especially during summer.

Although only a few curves were ob-
tained during the present work, they showed
similar seasonal characteristics in comparison
with those reported previously by other
workers in Tokyo Bay concerning the range
of Py2* values (HOGETSU et al. 1959, FUNA-
KOSHI 1973, SHIBATA and ARUGA 1982), no
inhibition of photosynthesis at high light
intensities during summer (HOGETSU et al.
1959, ICHIMURA and ARUGA 1964, FuUNA-
KOSHI 1973) and the differentiation of photo-
synthetic pattern into sun and -shade types
in different periods of a year (ICHIMURA and
ARUGA 1964). 4

Fig. 10 (B7and C) shows the seasonal

. variations of photosynthesis and respiration

of the surface phytoplankton samples ob-
tained at Stn. A. Gross and net photo-
synthetic rate both on a water volume basis
and on a chlotophyll a basis showed a simi-
lar pattern of seasonal variations. Gross
photosynthetic activity on a water volume
basis showed a maximum of 2.98 mgO,/!/hr
in September 1980 and a minimum of 0.08
mg0,///hr in January 1981. Respiratory ac-
tivity on a water volume basis was fairly
high during the warmer seasons (May-Octo-
ber). Gross photosynthetic rate on a chloro-
phyll a basis ranged from 9.52 to 80 mgO,/
mgChl.a/hr; the highest value was obtained
in July 1980 and the lowest in January 1981.
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The horizontal distribution of gross
photosynthetic rate was obtained only in the
inner bay from June to December 1980 (Fig.
11). Gross photosynthetic rates were high
and varied from 15.3 to 71.9 mgO,/mgChl.a
/hr during summer and from 11.0 to 46.2

mg0,/mgChl.a/hr  during autumn-winter
period, showing no definite pattern of distri-
bution. FUNAKOSHI ef al. (1974) obtained
values of 1.5-15mgO,/mgChl.a/hr in the
areas from the innermost part of the bay
to the outside oceanic region. In recent
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Fig. 11. Horizontal distributions of light-saturated gross photosynthesis of surface
phytoplankton samples in Tokyo Bay (June—December 1980).

years the light-saturated net photosynthetic
rates from 7.4 to 56 mgO,/mgChl.a/hr were
reported for the surface samples in Tokyo
Bay by ARUGA and SHIBATA (1978) and
SHIBATA and ARUGA (1982).

The vertical distributions of light-satu-
rated photosyn:hesis and respiration at Stn.
A are shown in Fig. 12. In general, the
photosynthetic activity on a water volume
basis was high in surface samples and low
in deeper samples, decreasing with depth.
The pattern of vertical distribution mostly

followed that of chlorophyll a. Gross and
net photosynthesis ranged from 0.014 to 2.95
and from 0.0044 to 1.88 mgO,/l/hr, respec-
tively. On a chlorophyll a basis, light-
saturated gross and net photosynthesis ranged
from 3.21 to 80 and from 1.69 to 72 mgO,/
mgChl.a/hr, respectively. In some cases
they decreased with depth, but in fgeneral
they were vertically at a similar level even
in deeper samples. During the periods of
vertical circulation, both the photosynthesis
activity on a water volume basis and that
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basis.

on a chlorophyll a basis were almost uni-
formly distributed in the water column. Sub-
surface maximum of photosynthesis activity
was sometimes observed even in winter
samples.

The respiratory rate obtained in the
present study, of course, includes zooplankton
and bacterial respiration which is reported
to be very high during summer (TSUJI et al.
1974, SEKI et al. 1974). In the present study,
as indicated in Fig. 10, it was also higher
during the warm seasons than in winter,
ranging from 0.015 to 1.66 mgO,///hr. The
seasonal variations of respiratory activity
on a chlorophyll a basis were not so clear;
the rate ranged from 0.75 to 27.49 mgO,/
mgChl.a/hr. In the vertical profiles (Fig.
12), the respiration activity was usually
higher on a water volume basis in the sur-
face samples especially during summer, but
on a chlorophyll a basis higher rates were
often observed in deeper samples.

4. Relationships of Phytoplankton Biomass
and Photosynthesis to Environmental
Factors

on a water volume basis and (B),

on a chlorophyll a

(a) Temperature and Solar Radiation

It is very difficult tc analyse the rela-
tionships between - phytoplankton production
and environmental factors especially in highly
eutrophic areas such as Tokyo Bay. The
results obtained in the present investigation
clearly indicated that chlorophyll a concen-
trations and photosynthetic rates tend to
increase during summer and to decrease
during winter. Although comparatively large
quantities of chlorophyll a were measured in
February 1980 and 1981, chlorophyll a con-
centrations lower than 20 mg/m® were never
obzerved from May to August 1979 and from
May to September 1980 (Fig. 10(A)).

The role of temperature in controlling
the seasonal variation of phytoplankton pri-
mary production in shallow and temperate
eutrophic estuaries has been pointed out by
several workers (WILLIAMS and MURDOCH
1966, EPPLEY 1972, HARRIS and PICCININ
1977). However, the dependency of primary
production on temperature in the region off
Haneda in Tokyo Bay is still not completely
clear presumably due to the extremely ad-
vanced eutrophication making the seasonal
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Fig. 13. Relationship of chlorophyll a concentration (A) and light-saturated gross photc-
sythesis (B and C) to temperature of the surface water at Stn. A in Tokyo Bay.

variation’-of phytoplankton production dif-
ficult to be detected (YAMAGUCHI and SHI-
BATA 1979).

Fig. 13 shows the relationships of chloro-
phyll a concentration, gross photosynthesis
on a water volume basis and gross photo-
synthesis on a chlorophyll a basis to tem-
perature in the surface water at Stn. A.
Relatively higher correlation in the case of
photosynthesis on a water volume basis (Fig.
13(B)) might have resulted from compound
effects of temperature and chlorophyll a con-
centrations. The scattering of points in
Fig. 13 may be interpreted as the result of
interference by environmental factors other
than temperature ; e.g. SINCLAIR et al.(1981)
observed that short-term variations of phyto-
plankton biomass may be related to- changes
in the density profiles of the water column
in many estuaries during periods in which
growth i3 not limited by light. HARRIS et al.
(1980), who also did not observe a clear re-
lationship between P™** and temperature,
pointed out that photosynthetic rate responds
better to the changes in the ratio of the
depth of euphotic zone to the depth of mixed
layer (Zew/Zm) than to only temperature. It
is clear from Fig. 13(C) that the correlation
between both parameters is less pronounced
during the warm periods of a year. Accord-
ing to HARRIS et al: (1980), the unstable
meteorological conditions during summer in

Hamilton Harbour (L. Ontario) probably af-
fect the physical regimes of the water column
and consequently rapid changes in the Z,/Z,
ratio may occur followed by changes in
Pmax_ If this is also the case in Tokyo Bay,
the absence of a clear correlation between
photosynthesis activity of phytoplrnkton and
temperature observed in the present study
as well as by other workers (cf. SHIBATA
and ARUGA 1982) could be partially ex-
plained.

The seasonal variations of surface chloro-
phyll a concentration at Stn. A and solar
radiation showed a fairly good correlation
as can be seen in Fig. 10(A). It seems that
not only temperature but also the yearly
changes of solar radiation may affect the
seasonal variations of phytoplankton growth
in Tokyo Bay. It would probably be more
reasonable to consider the combined effects
of light and temperature regimes in control-
ling the seasonal changes of phytoplankton
biomass in the region off Haneda, instead of
analysing the relationships of these environ-
mental factors to phytoplankton production
separately. Correlations of phytoplankton
production to both solar radiation and tem-
perature changes have also been found by
other workers in estuaries (SCOTT 1979) and
freshwater environments (JONES 1977a, b).
(b) Salinity

Clear relationships could not be observed
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of chlorophyll a concentrations and gross
photosynthesis to salinity of the surface
water at Stns. A and T-4 in the present
study (Fig. 14). An optimum salinity of
25%0 was reported by NAKANISHI and MONSI
(1965) for phytoplankton growth in Tokyo
Bay. SHIMURA et al. (1979) found a tolerance
of Skeletonema costatum and Chaetoceros sp.

to salinity variations in the range of 4.4 to
40.0%0. A similar range of tolerance was
observed for Thalassiosira decipiens by TA-
KANO (1963). These species were the prin-
cipal components of the diatom population at
Stn. A from May 1979 through February
1980 in the present investigation (cf. Table
1). With the exception of July 1979, the
range of salinity variation in the surface
water at Stn. A was from 22.4 to 30.8%.
These values are consistent with the favor-
able salinity ranges reported by the authors
mentioned above. Therefore, it may be con-
sidered that the salinity was adequate for
the development of phytoplankton population
in the area concerned during most of the
period of the present work.

Relationship between chlorophyll a con-
cencentration and salinity of the surface
water in the inner part of Tokyo Bay and
Uraga Strait is shown in Fig. 15. Chloro-
phyll a concentration tended to decrease as
the salinity increased ; the concentration was
higher in the inner part of the bay than in
Uraga Strait and the salinity was lower in
the former than in the latter. SHIBATA and
ARUGA (1982) observed higher photosynthetic
rates followed by lower salinity in the inner
part of Tokyo Bay and lower photosynthetic
rates followed by higher salinity in Uraga
Strait. A similar trend was obtained by
TERADA et al. (1974) in the eutrophic estuary
of Shimoda Bay. During the present work,
however, higher salinities were associated
with the low temperature periods and also
with the lowest concentrations of nutrients
in the mouth of the bay (cf. Fig. 5). There-
fore, the relationships of biomass and photo-
synthesis to salinity obtained in the present
work should be carefully examined in due
consideration of the interactions of other
environmental factors. Unfortunately, photo-
synthesis-salinity curves were not obtained
in the present study, but certainly they
would have been helpful for a more precise
comprehefision of these relationships.

(c) Nutrients

No correlation was observed between

seasonal changes in the chlorophyll a con-
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Tokyo Bay.

centrations and nutrients as well as between
those in the photosynthetic rates and nutri-
ents (cf. Figs. 3 and 10). There were not
well-defined annual variations of total in-
organic nitrogen, phosphate and silicate con-
centrations which were always high enough
to support well-growing phytoplankton popu-
lations in the estuarine region off Haneda
throughout the year (cf. NAKANISHI and
MoNsI 1965, ICHIMURA 1967, FUNAKOSHI et

al. 1974) with the exception of silicate which
might have been limiting the diatom develop-
ment in August 1979 and February and June
1980.
(d) Transparency

A very clear hyperbolic relationship was
obtained between transparency (Secchi disc
depth) and chlorophyll a concentration in the
surface water at Stns. A and T-4 (Fig. 16).
A similar relationship was reported by SHI-
BATA and ARUGA (1982) with the data from
the whole area of the bay and also by To-
YOTA and NAKASHIMA (1979) with the data
from Uraga Strait and Sagami Bay. It is
evident that the transparency is strongly
affected by the amount of chlorophyll in
water (cf. ICHIMURA 1956, SA1JO and ICHI-
MURA 1960).
(e) Tide

Unfortunately, the effect of tide on the
diurnal changes of chlorophyll a concentra-
tions in water was not studied in the pre-
sent work ; however, it should be taken into
account especially in estuarine regions.
Short-term temporal variations of chlorophyll
a concentration have been noted together
with changes in physical and chemical prop-
erties in Tokyo Bay (ARUGA and SHIBATA
1978, MINISTRY OF TRANSPORTATION 1979);
the concentration of chlorophyll a tended to
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be higher during high tide and to be lower
during low tide at a fixed station. These
changes followed by the change in tide level
might be related to the supply of river
water, to the outflow of inner bay water
into Uraga Strait, or to the inflow of open
sea water into the inner bay.

Concluding Remarks
|

The results obtained in the present in-
vestigation are consistent with those reported
previously by many investigators. Chlorophyll
a concentrations found in the inner bay
were by far higher than those reported for
coastal areas adjacent to the Kuroshio Cur-
rent and oceanic areas of the Pacific Ocean
(SHIMURA and ICHIMURA 1972, TAKAHASHI
et al. 1972, ICHIMURA 1980). The high levels
of chlorophyll a concentration and of photo-
synthetic activity of phytoplankton dbserved
from May 1979 to March 1981 reflect the
eutrophic conditions in Tokyo Bay. Highly
productive periods showed higher phyto-
plankton biomass and photosynthetic activity
in 1980 than in 1979.
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Distribution of Ulva pertusa and amount of
nitrogen in Yamaguchi Bay
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UNo, S., Sakal, Y. and YosHikawa, K. 1983. Distribution of Ulva pertusa and amount
of nitrogen in Yamaguchi Bay. Jap. J. Phycol. 31: 148-155.

It is said that Ulva pertusa has increased in abundance with the progression of eutroph-
ication in the Seto Inland Sea. The authors drew distribution maps of U. pertusa, and
estimated the quantity of total nitrogen in U. pertusa, seawater (DIN, DON, and PON),
and sediment (solid and liquid fractions) in Yamaguchi Bay in July and November 1976.
U. pertusa existed thickly at the middle part of both east and west sides of the bay. The
highest standing stock was 5.3kg (wet weight)/m? in November. The total amount of
nitrogen in U. pertusa in the bay was estimated to be about 3.8 and 12.1 tonnes in July
and November, respectively. The analyses of the other materials showed that the sum of
nitrogen in the sediment exceeded that in any other component. The total amount of
nitrogen in U. pertusa in the bay greatly exceeded that in the seston including phyto-

plankton.
materials in the nitrogen cycle in the bay.

Key Index Words:

Recently, for understanding the eutroph-
ication in estuarine or coastal regions,
studies of nitrogen or phosphorus cycles in
the sea have been carried out at many re-
search bodies. Nitrogen and phosphorus seem
to be the main factors involved in eutro-
phication. It is thought that plants in large
seaweed beds play an important role in the
nitrogen and phosphorus cycles. Recent
works on nutrient cycles in the sea have
concentrated on phytoplankton, the predom-
inant life in the sea, and have not paid
much attention to the seaweeds. However,
some recent investigators ([izumr 1975, PEN-
HALE et al. 1977, etc.) studied the ecocystem
of the eelgrass (Zostera marina) beds.

The present authors have studied the
nitrogen stock in U. pertusa beds in Yama-
guchi Bay. U. pertusa is ordinaly seen on
any shore of the Seto Inland Sea and is said

* Present address : Seikai Regional Fisheries Research

Laboratory, Kokubu-cho 49, Nagasaki, 850 Japan

It is thought that U. partusa holds the most important position among living

nitrogen cycle; nitrogen distribution; Ulva pertusa.

to have increased in abundance with the
progression of eutrophication in the sea.

Study area

Yamaguchi Bay is situated in the western
part of the Seto Inland Sea. It is a second-
ary slender bay which is separated from
Aio Bay by lwaya Peninsula. The mouth
of the bay is about 4km wide and its length
is about 8km. The area discussed in this
paper is 15.18km® and is indicated by stip-
pling in Fig. 1. The deepest point at the
mouth exceeds 10 m, and the 5m depth line
extends into the bay parallel to the peninsula.
The average depth of the bay is 1.04m at
mean level.

As five small rivers are flow into the
bay, chlorinity of the water is low: the
chlorinity of the surface water at Stn. 2
varied from 8.3 to 17.1%. The maximum
current speed was 25cm/sec at the mouth



Distribution of Ulva and nitrogen 149

2

Achisu T.

Yamaguchi
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Fig. 1. Maps of Yamaguchi Bay and the
Seto Inland Sea. Solid circles: stations for
seawater and sediment analyses. Open tri-
angle: a station for sediment analysis. Open
square: stations for the determination of
standing stock of Ulva pertusa. Numerals at
isodepth contours are in meter.

of the bay in November. The grain size
composition of the surface sediment in the
bay widely varied with time and sampling
stations. The main components of the sedi-
ment were silt and sand.

Methods

Field observations were carried out on
July 13 and November 24, 1976. The distri-
bution of U. pertusa in the bay was observed
by naked eyes and m‘nutely recorded on the
map. U. pertusa in the quadrat of 50 cmX
50cm was sampled for the estimation of
total amount of the plant in the bay. Then
standing stock of U. pertusa were determined
at seventeen stations on the intertidal zone.

While U. pertusa in the deep water were
sampled by nets, or counted by diving ob-
servation.

Determinations of organic carbon and nitro-
gen in U. pertusa and sediment were carried
out by a Yanagimoto CN Coder MT-500 with
measurement error less than 2%. Sediment
samples collected in July were weighed and
then centrifuged to separate theoretically
liquid (dissolved) from solid (particulate)
fraction. The deposited solid materials were
weighed again and then dried. Finally, they
were tared to determine dry/wet weight
ratio of the sediment.

Seawater was sampled from surface and
bottom layers at high and low tides. They
were also sorted into two parts: particulate
matter collected on Whatman GF/C glass
fiber filters and the rest dissolved matter
passed through the filters. A Yanagimoto
CHN Corder MT-2 was employed to deter-
mine particulate organic nitrogen (PON).
Dissolved inorganic nitrogen (DIN) is the
integrated value of nitrate, nitrite, and am-
monium nitrogen, determined by the methods
of SOLORZANO (1969), BENDSCHNEIDER and
RoBINSON (1952) and WoOD et al. (1967),
respectively.  Dissolved organic nitrogen
(DON) was analysed with Kjeldahl digestion
method based on STRICKLAND and PARSONS
(1968).

The large tidal range cause remarkable
variation of the volume of seawater in Yama-
guchi Bay. For convenience, the authors
estimated the nitrogen stock in the water
at the mean tidal level for assessing the role
of U. pertusa in the nitrogen cycle in sea-
weed beds.

The nitrogen in U. pertura (N,) in the
whole bay, is expressed as equation (1):

Nu=U'fu'Fy (1)

where U is the total amount (wet weight)
of U. pertusa in the bay, f, is the ratio of
dry to wet weight of U. pertusa, determined
as 0.15 in the present experiment, and F is
the ntrogen content on a dry weight basis
of U. pertusa determined as 0.037 here.
Each of the nitrogen as DIN, DON, and
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PON in seawater of the bay (Nw), is ob-
tained by equation (2):

Nw=2n'dw's/py (2)

where n is the nitrogen concentration of
each sample in gN/m?, d,, is the mean water
depth of the bay in meter, S is the area of the
bay concerned in this paper in m? and p is
the number of samples collected.

In July, nitrogen in the sediment was
divided into two parts: the solid fraction
(sediment completely excluding water), the
liquid fraction (all the volume of interstitial
water). Total nitrogen in the solid fraction
(Ny) and in the liquid fraction (N;) of the
sediment in the bay are calculated by equa-
tions (3) and (4).

Ns=2ns'Vs'dc'S/(Vs+Vsi)'p, (3)
_Ni=2ni'(Vi+Vsi)'dc'S/(Vs+Vi+Vsi)'p’
4)

where ns is the nitrogen content of dried
sediment in pgN/g and ni is the nitrogen
concentration of liquid fraction in gN/m?® at
each station sampled, d. is the thickness of
the sediment core concerned with nitrogen
cycle in the bay (assumed to be 0.1 m), V,,
V; and V,; are volumes of the dried sedi-
ment, interstial water taken by centrifuging,
and the water contained in the sediment
after centrifuging. These values are obtained
by the solution of following equations :

Vet ViV =V
o=Vt Vo) pit Vi ps
r=Vs-0s/pn
ra=Vepu/ (Ve pit Ve py),

where V is unit volume of the whole sedi-
ment in 0.1m° p,, p; and o= are specific
gravities of the solid fraction (determined
as 2.6 as the average of all the three sta-
tions), liquid fraction (calculated as 1.02 at g,5),
and the whole sediment, respectively, 7, and
r, are weight ratios of solid fraction to the
whole sediment determined as 0.61 as the
average), and to the sediment after centri-

fuging (determined as 0.73).

Nitrogen of the whole sediment in Novem-
ber is expressed by the sum of - N; plus N;
in equations (3) and (4). '

Results and Discussion

Figs. 2 and 3 show distributions of U.
pertusa in the bay in July and November,
respectively. In July U. pertura was found
most densely at the middle part of the both
east and west.sides of the bay. The highest
standing stock was about 2kg/m® in wet
weight. At the central part of the bay U.
pertusa existed thinly with the value from
0.5 to 10 g (wet weight)/m2 In November
the areas of high density were also located
at both sides of the middle part of the bay.
The highest standing stock was 5.3kg/m?
in the month. The total amounts of U.
pertusa in the bay were 684 tonnes in July
and 2187 tonnes in November.

l___] <0.02kg/m?

0.02-0.1kgs m?
0.2-0.5kg/m?
05- 1.0kg/m2

Hl  10kgrm

Fig. 2. Distribution of Ulva pertusa (wet
weight) in Yamaguchi Bay in July 1976.
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€0.02kgsm?

0.2-0,5kg/m?
0.5-1.0kg/m?
1.0kg/mi(

Fig. 3. Distribution of Ulva pertusa (wet
weight) in Yamaguchi Bay in November 1976.

Organic carbon and nitrogen of . pertusa
are shown in Table 1. The average carbon
and nitrogen contents of healthy growing
U. pertusa were 7.6 and 3.7% dry weight
respectively. Nitrogen content of U. periusa
was about half that of Porphyra vezoensis
in which it varied from 6.2 to 7.9% in a
day (OOHUSA et al. 1978). The present
figures of U. pertusa did not differ very
much from that of Zostera marina (1.9-4.3
%, after HARRISON and MANN 1975).

The average carbon/nitrogen ratio of .
pertusa was 7.42 by weight. Both of the
carbon and nitrogen contents gradually de-
creased with decline of the growth of U.
pertusa.  Nitrogen content decreased at
quicker rate than did carbon, so the C/N
ratio of U. pertusa tended to rise with
decline of the growth as indicated in Fig.
4. Such values of the C/N ratio have been
also recognized in phytoplankton. REDFIELD
(1934) and FLEMING (1940) showed a C/N

0.02-0.1kg/m?

5r
2,777 Normal.
;. S
7 Ay
{0
4 i ¥ > '.
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(8] ‘*-:_--
c 2 B :’ o ‘\\\
g') ‘\\ .‘\‘
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b 5 s
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2 7080 %
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0 5 10 15
C/N ratio
Fig. 4. Relationships between nitrogen
content (% dry weight) and C/N ratio in

Ulva pertusa of three different discolouration
types.

ratio of 7.0 based on the number of carbon
and nitrogen ‘atoms (the ratio by weight is
about 6.0) for natural phytoplankton. UNO
(1974) indicated that the average C/N ratio
of the diatom Skeletonema costatum in con-
tinuous culture was 5.75 by weight. Further-
more, UNO (1978) also found that many
organic materials in the sea showed a tend-
ency to increase the C/N ratio as nitrogen
content decreased.

Table 2 shows the total amount of nitrogen
in six components in the bay. Almost all
the nitrogen in the bay existed in the solid
fraction of the sediment with the value of
about three order of magnitude higher than
that of any other component. Values of
nitrogen existed in the other components
did not much differ from each other. U.
pertusa in the whole bay comprised 3.80
tonnes of nitrogen in July and 12.14 tonnes
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Table 1. Carbon and nitrogen content in Ulve pertusa under three different types.
Normal : all the area of frond was green, sampled in seawater or intertidal zome. Dis-
coloured I: 50-80% of the area of frond was discoloured, sampled in seawater or intertidal

zone. Discoloured II: 70-80% of the area of frond was discoloured, sampled in splash zone.
Sample Dry Weight Analyzed Value C/N Ratio Average
(mg) (%) (Weight)
27.40 C: 3.9 7.98
N: 4.00
82.13 C:29.45 7.00
N: 4.21
144.70 C: 26.73 7.39 C: 27.55%
Normal N: 3.62 N: 3.72%
C/N:7.42
174. 86 C:27.74 7.80
N: 3.56
189.11 C:25.13 6.56
N: 3.83
220.90 C:25.14 8.05
N: 3.12
79.52 C:23.18 10.17
N: 2.28 C:22.66%
Discoloured 1 N: 2.27%
187.81 C:22.14 9.81 C/N:9.99
N: 2.26
96. 94 C:20.18 10. 34
N: 1.9
108. 31 C:17.98 11.27 C:19.99%
Discoloured II N: 1.60 N: 1.73%
C/N: 11.6
125. 53 C:21.80 13.24
N: 1.65
Table 2. The estimated amounts (in tonnes)
of nitrogen in Ulva pertusa, seawater, and sedi- 7.7(6.0) 2.3(1.8)
ment in Yamaguchi Bay, July and November 1976. @ DON /™ DIN

Components July November

Ulva 3.80 12.14
DIN 2.06 1.63

Seawater DON 6. 88 5.37
PON 0.89 1.27

Sediment Solid 1,395.10 1,333.11
Liquid 6.74

Total 1,415.47 1, 343.52

in November. Fig. 5 express schematically
the nitrogen cycle in the bay, taking the
value of PON in July as the standard.

The column thickness of seawater in the
present study was ten times greater than

T

Level

<

4.3(13.6)
Ulva

l

Sediment
(1497.9)

1567.5

{ Solid fraction
7.6

Liquid fraction

Fig. 5.
gen cycle in

relative to PON in July.

Schematic diagram of the nitro-
Yamaguchi Bay. Each values in
In parentheses are

shown the November values.

the core thickness of sediment samples.
Nevertheless, nitrogen stock in the sediment
exceeded that in all other components of
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the bay, due to the remarkable difference
of nitrogen concentration of sediment (ca.
700 ppm) from that of the others (e.g., ca.
60 p1g/1=0.06 ppm as PON). The nitrogen
content in the sandy sediment of Yamaguchi
Bay was lower than that of Harima-Nada,
in the eastern part of the Seto Inland Sea,
which was 1630 ppm in average at 46 stations
(Uno 1978). In the sediment of the East
China Sea, HamMADA and HamADA (1963)
found that the nitrogen content varied from
300 to 700 ppm.

For convenience the present authors
selected a sediment core thickness of 10 cm,
even though nitrogen should exist in the
sediment below 10 cm depth. lizumi (1975)
indicated that nitrate, nitrite, and phosphorus
in the interstitial water from the sediment
of an eelgrass bed decreased below 10cm of
core depth, but ammonia increased. Accord-
ing to him water content and ignition loss
of the sediment did not changed vertically.
Living organisms in the sediment usually
exist in a thin layer at the surface.
PERKINS (1974) and TEAL and WIESER
(1966) pointed out that meiobenthos are
commonly most abundant in the upper 1-2
cm layer of the sediment. Additionally,
TANIDA and OKUDA (1958) indicated that
more than 90% of macrobenthos have been
found within the upper 10cm core depth.
Consequently, the layer of sediment appears
the most important for the nitrogen cycle.
The amount of nitrogen in interstitial water
of the sediment represented only 0.48% that
of solid fraction, but its nitrogen concen-
tration was twenty time shigher than the
dissolved nitrogen in seawater.

In Table 2, nitrogen contained in phyto-
plankton was included in the PON calculation
because of the difficulties of separating it
from the other particulate materials in the
seawater. Usually phytoplankton is attributed
to the most abundant living organism in the
sea. However, in the shallow waters of
Yamaguchi Bay U. pertusa was the most
dominant living organism in the nitrogen
cycle. The amount of nitrogen in a water
column is directly dependent on the thick-

ness of water column. If the mean depth
of the bay were 10 m, the amounts of DIN,
DON, and PON would be about ten times
greater than the present results.

In 1981, meiobenthos of Yamaguchi Bay
was observed and the biomass was varied
from 20-2645 and 157-2333 mg/m? in July
and December, respectively. In Oumi Bay,
the next bay at east side of Aio Bay, macro-
benthos existed with the value from 714 to
3450 g/m* in June and from 270 to 2340 g/
m? in November 1982, while meiobenthos
also existed from 223 to 1080 mg/m?in June
and from 159 to 581 mg/m? in November.

TANIDA and OxuUDA (1958) showed that
the biomass of macrobenthos in Matsushima
Bay was 2.28kg/m?® (average value of three
stations). This value is fairly close by its
weight to the higher values of standing
stock of U. pertusa in the coastal zone of
Yamaguchi Bay. Usually, the macrobenthos
have 10-100 times more biomass than the
meiobenthos (FENCHEL 1969). However, if
the almost components of macrobenthos are
bivalves, the biomass of macrobenthos in
weight will be much higher than that of
the meiobenthos just like as Oumi Bay. We
have no numerical data on the macrobenthos
in Yamaguchi Bay, but have recognized
many bivalves there. Therefore the biomass
of benthos in Yamaguchi Bay would be
equivalent to the standing stock of U. pertusa
in the bay.

In Yamaguchi Bay the total nitrogen
decreased by 92 tonnes from July to Novem-
ber. This was mainly caused by a change
in the sediment nitrogen. However, vari-
ation of the sediment nitrogen between July
and November was smaller than that of
other materials. The values of nitrogen in
Table 2 were all determined based on many
assumptions and definitions. The nitrogen
in U. pertusa would be closest to the actual
value. On the other hand, the estimate of
nitrogen in seawater was based on the mean
value of the surface and bottom samples at
three stations during low and high tides.
The nitrogen in the sediment of various
stations changed from sample to sample, but
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wasibased -on‘the mean value of four stations
at ‘low tide. ~It: will .be necessary to take
more samples to-improve the accuracy of
the nitrogen estimation.

~In estuaries, especially:-where algal beds
-are spresent, seaweeds could play a pre-
dominant role in the nitrogen cycle by
virtue. of its quantity. It is thought that U.
-pertusa occupies the most important .position
among the living materials in the nitrogen
cycle in Yamaguchi Bay. As such, it must
perform a role of buffer for nutrients in
estuarine water.
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Batrachospermum kushiroense, sp. nov. (Rhodophyta, Nemalionales)
from Kushiro Moor in cool temperate Japan
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KuMmano, S. and Ousaki, M. 1983. Batrachospermum kushiroense, sp. nov. (Rhodophyta,
Nemalionales) from Kushiro Moor in cool temperate Japan. Jap. J. Phycol. 31: 156-160.

Batrachospermum kushiroense is described here as a new species of the section Con-
torta of genus Batrachospermum from Kushiro Moor in the eastern part of Hokkaido. This
species resembles B. capensis STARMACH and B. basilare FLINT et SKUjA in having the
loose agglomeration of gonimoblasts, but differs from them in the size of carpogonia, gonimo-

blasts and carposporangia.

Ker Index Words:
section Contorta; Taxonomy.

The section Contorta of genus Batracho-
spermum is characterized by the twisted
carpogonium-bearing branch. SkKuJjA (1931)
established this section based on Batracho-
spermum procarpum from tropical Brazil.
As to tropical and subtropical species be-
longing to this section, STARMACH (1975)
described B. capensis from the Seychelles in
the Indian Ocean. B. tortuosum was des-
cribed by KumaNo (1978), B. tiomanense and
B. hirosei by RATNASABAPATHY and KUMANO
(1972a, b) from tropical Malaysia. From
subtropical Japan, B. tortuosum var. majus
and B. iriomotense were described by KuMma-
NO (1982). B. basilare was described by
FLINT (1953) from Louisiana and reported
from Florida in the United States of America.
On the other hand, some species have been
described from temperate regions and high-
lands in tropical region. For example, B.
intortum was described from temperate
China by Jao (1941); B. lusitanicum, B.

** Present address: Chita High School, Kanazawa,
Chita, Aichi Prefecture 478, Japan.

Batrachospermum kushiroense; Nemalionales; Rhodophyta ;

heriquesianum and B. pseudocarpum from
Portugal by REIs (1965, 1972 and 1973); B.
woitapense from the Papuan highlands by
KumaNo (1983). The specimen collected
from Kushiro Moor in cool temperate Japan
is found to belong to the section Contorta
of genus Batrachospermum, and is described
in the present paper as a new species of
this section.

Kushiro Moor in Hokkaido

The Kushiro Moor, one of the largest
moors in cool temperate Japan, is about 226
km? and situated at latitude 43°N and at an
alluvial plain along the south-eastern coast
of Hokkaido in Japan. The specimens of
Batrachospermum were collected from an
oxbow stagnant pond in the back-swamp
along the Kushiro-gawa in this moor on 10th
September 1981 by OHSAKI. At the time
of collecting the specimens, the water
temperature was 20.6°C and pH value was
6.9.
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Wiy

Figs. 1-4. Batrachospermum kushiroense Kumaxo et OHsAKI, sp. nov. 1. Structure of whorls
showing axial cells, primary branchlets, cortical filaments and gonimoblasts inserted centrally; 2. A
part of thallus showing two semiglobular gonimoblasts; 3. Two carpogonium-bearing branches arising
from the basal cells of primary branchlets, a fertilized carpogonium and an urnfertilized carpogonium are
shown; 4. A young carpogonium-bearing branch. (cb: carpogonium-bearing branch, cp: carpogonium,
tr: trichogyne). (Scale: 100 z#m for Figs. 1-2, 10 om for Figs. 3-4).
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Description of Species

Batrachospermum kushiroense KUMANO et
OHsAKI, sp. nov. (Figs. 1-22)

Frons monoica, 4.5cm alta, 300-350 ym
crassa, abundanter et irregulairiter ramosa,
parum mucosa, aeruginosa. Cellulae axiales
cylindricae, 18-50 yum crassae, 70-300 y#m
longae. Verticilli distantes et ellipsoidei, vel
contigui et plus minusve compressi. Ramuli
primarii abundanter ramificantes, ex 7-12
cellulis constantes; cellulae fasciculorum
cylindricae vel fusiformes, 2-8 ym crassae,
10-20 gm longae; pili nuli. Ramuli secundarii
sparsi.  Antheridia rari, globosa, 4-7 ym
diametro, in ramulis primariis et secundariis
terminalis. Ramuli carpogoniferi e cellulis
basi ramulorum primariorum orientes, breves,

valde tortuosi, .ex cellulis 3-7 disci- vel
doliiformibus cl');]stantes; carpogonium basi
4-6 pm crassum, apice 4-7 ym crassum, 17-34
pm longum ; trichogyne urnformis, indistincte
pedicellata, ad basim saepe flexa. Bracteae
sparsae et brevissimae. Gonimoblasti singuli
vel duo, globosi vel semiglobosi, 80-190 ym
crassi, 40-130 gm alti, in centro verticilli
inserti; fila gonimoblastorum laxe agglo-
meratia. Carposporangia globosa vel ovoidea,
7-9 pm crassa, 7-11 ym longa.

Frond monoecious, 4.5 cm high, 300-350 gm
wide, abundantly and irregularly branched,
very mucilaginous, bluish green. Axial cells
cylindrical, 18-50 ym wide, 70-300 #m long.
Whorls ellipsoidal and distant from each
other, sometimes touching and compressed
each other (Fig. 1). Primary branchlets

Figs. 5-18. Batrachospermum kushiroense KumaNo et OHsaKI, sp. nov. 5-11. Early stages in
the development of twisted carponium-bearing branches; 12. A fertilized carpogonium; 13-16. Early
stages in the development of gonimoblast filaments; 17-18. Carposporangia terminated on gonimo-
blast filaments. (cb: carpogonium-bearing branch, cp: carpogonium, cs: carposporangium, gf:
gonimoblatt filament, gi: gonimoblast initial, sp: spermatium, tr: trichogyne).

i
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Figs. 19-22.

Batrachospermum kushiroense
KuMano et OHsakI, sp. nov. 19. Structure of a
whorl showing an axial cell, cortical filaments
and antheridia terminated on primary branchlets;
20-21. Antheridia terminated on primary branch-
lets; 22. Antheridia terminated on a secondary
branchlet; (a: antheridium).

abundantly branched, consisting of 7-12 cell-
stories; cells of fascicles cylindrical or
fusiform, 2-8 pm wide, 10-12 p#m long ; hairs
racking. Secondary branchlets
Antheridia rare, globose, 4-7 gm in diameter,
terminal on primary (Figs. 19-21) and second-
ary branchlets (Fig. 22). Carpogonium-
bearing branch (Figs. 3-14) arising from
the basal cell of the primary branchlets,
short, twisted very much, consisting of 3-7
disc- or barrel-shaped cells; carpogonium
4-6 pm wide at the base, 4-7 yum wide at
the apex, 17-34 ym long; trichogyne urn-
shaped, indistinctly stalked, often bent at the
base (Figs. 3-18). Bracts sparse and very
short. Gonimoblasts (Figs. 1-2) single or
couple, globular or semiglobular, 80-190 gm
wide, 40-130 #zm high, inserted centrally;
gonimoblast filaments loosely agglomerated
(Figs. 2, 17 and 18). Carposporangia (Figs.
17-18) globular or ovoidal, 7-9 pm wide, 7-
11 pm long.

Holotype : OHsAKI No. 810910, 10/1X 1981,
Herbarium of Faculty of Science, Kobe
University. Isotype: OHSAKI No. 810910b
(SAP 043462), Herbarium of Department of
Botany, Faculty of Science, Hokkaido

sparse. -

University, SAP.

Type localoty : An oxbow pond, Kiushiro-
gawa, Kushiro Moor, "Hokkaido, Japan.
° Habitat :* This species lives on submerged
macrophytes and molluscs in stagnant pools

_in an oxbow of Kushiro.gawa in the moor.

Distribution : Known from the type locality
only. :

This species resembles B. iriomotense
KUMANO 1982, B. capensis STARMACH 1975
and B. basilare FLINT et SKUjA 1953 in the
loose agglomeration of the gonimoblast
filaments. However, B. kushiroense differs
from B. iriomotense in the length of car-
pogonium-bearing branches. The carpogo-
nium-bearing branch of B. kushiroense
consists of 3-7 cells, while 8-12 cells for
B. iriomotense. B. kushiroense differs from
B. capensis and B. basilare in the size of
their reproductive organs. Carpogonia of B.
kushiroense are 17-34 pm long, while those
of B. basilare are 45-65 pm long and those
of B. capensis are 40-63 ym long, respectively.
The size of gonimoblast was not described
by FLINT and SkujA (1953) for B. basilare.
The gonimoblasts of B. kushiroense are 80-
190 ym in diameter, while those of B.
capensis are 600-850 #m in diameter. Car-
posporangia of B. kushiroense are 7-11 ym
long, while those of B. basilare are 29-31 pm
long and those of B. capensis are 11-15pum
long, respectively. Hence, B. kushiroense
can be distingushed from the above-mentioned
three species.
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Diurnal vertical migration and dark uptake of nitrate and phosphate

of the red tide flagellates, Heterosigma akashiwo HADA and
Chattonella antiqua (HADA) ONO (Raphidophyceae)”
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Yatabe-machi, Tsukuba, Ibaraki 305, Japan

WATANABE, M. M., NaAkAMURA, Y. and KouaTa, K. 1983. Diurnal vertical migration and
dark uptake of nitrate and phosphate of the red tide flagellates, Heterosigma akashiwo
Hapa and Chattonella antiqua (Hapa) ONo (Raphidophyceae). Jap. J. Phycol. 31: 161-166.

Diurnal vertical migration of Heterosigma akashiwo and Chattonella antiqua, which
form heavy red tides during the summer periods, when the thermal stratification is striking,
was observed in laboratory cultures. These species concentrated at the surface in the day-
time and at the bottom at night. The timing of descent and ascent did not coincide exactly
with the onset or end of the light phases. Dark uptake by H. akashiwo was 41-100% NOjg
and 43-100% PO3~ of that in the light, whereas that by C. antiqua was 49-100% NO; and
75-100% PO3~ of that in the light. Nitrate and phosphate uptakes were less affected by
light conditions in these species than in coastal diatoms. The combination of diurnal vertical
migration and the ability to take up nitrate and phosphate at night probably gives these
species double ecological advantages over the coastal diatoms in the thermally stratified

waters. The migratory ascent at daytime maintains them in the euphotic zone and the
descent at night makes sufficient nutrients available to them from the nutrient-rich bottom

water.

Key Index Words: Chattonella antiqua; diurnal vertical migration; Heterosigma
akashiwo ; nitrate and phosphate uptakes; red tide.

The raphidophycean flagellates, Hetero-
sigma akashiwo HADA and Chattonella antiqua

(HADA) ONO, have often formed extensive

red tides during the summer periods, when
the thermocline was observed in the water
body, in the Seto Inland Sea, Japan (ONO
and TAKANO 1980, YAMOCHI et al. 1982).
As these red tides develop, the surface
waters rapidly become turbid and reddish
brown. Such changes often run their
courses within a few days and while a
dramatic increase in cell division rates does
occur, such high concentration of organisms
must be explained by other mechanisms as
well.

Many red tide flagellates migrate verti-
cally (HASLE 1950, 1954, EPPLEY et al. 1968,

» Dedicated to Prof. Munenao Kurogi on the
occasion of his academic retirement.

BrLasco 1978, STAKER and BruUNO 1980,
HEANEY and EpPLEY 1981, KAMYKOWSKY
1981, CULLEN and HORRIGAN 1981). Their
ascent during the daytime usually results in
more rapid increases of the cell concen-
trations in surface waters than can be
accounted for by cell division (cf. IWASAKI
1979). Furthermore, the ability to assimilate
nitrate at night observed in Gonyaulax
polyedra, together with the capacity to
migrate between the euphotic zone and the
nutrient-riched bottom, has been recognized
as possibly giving G. polyedra an ecological
advantage over coastal diatoms and allowing
growth of its population to bloom dimensions
(EpPLEY and HARRISON 1975, HARRISON
1976).

This paper describes the diurnal vertical
migration and dark' uptake of nitrate and
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phosphate of Heterosigma akashiwo and
Chattonella @ntiqiia- in laboratory cultures
and discusses the ecological role of diurnal
vertical migration in the fievelopment of
red tides caused by thesé species in the
Seto Inland Sea.

Materials and Methods

Axenic clones of H. akashiwo (OHE-1) and
C. antiqgua (Ho-1), used in the previous
studies (WATANABE et al.1982a, NAKAMURA
and WATANABE 1983a, b), were maintained
under a light intensity of 0.04 ly-min-! and
a photoperiod of 12: 12 LD (lights on at
0800 and off at 2000), at 22.5 and 25°C,
respectively, throughout the course of the
present experiments.

Diurnal vertical migration: Each organism
was cultured in two sets of 1000m/
Erlenmeyer flasks with 500 m/ f/2 medium
(GUILLARD and RYTER 1962). A 1000 m/
culture of exponentially growing cells of H.
akashiwo (cell concentration=ca. 1X10* cells
-m/™*) or C. antiqua (cellc oncentration=ca. 1
% 10® cells-m/~!) was transferred into a cylin-
drical glass tube 25cm high by 8 cm internal
diameter, whose sides and bottom were
blackened. After the cultures had settled
for 3hrs, 2m/ water samples from 3 depths
were taken every 1-3 hrs over the diel cycle.
Cell concentrations were measured under a
microscope (WATANABE et al. 1982a).

Nitrate and phosphate uptakes : H. akashiwo
was cultured in 1000 m/ Erlenmeyer flasks
with 500 m/ N- or P-limited modified ASP-
7 medium (WATANABE et al. 1982a) contain-
ing 100 4uM nitrate or 10 uM phosphate,
respectively, and C. antiqua with 500 m/ N-
or P-limited H medium (NAKAMURA and
WATANABE 1983a) containing 50 4M nitrate
or 5 uM phosphate, respectively. When the
cell concentrations of H. akashiwo reached
ca. 2X10* cells-m/~! and of C. antiqua ca.
1x10° cells-m!~!, the exponential phases,
samples were taken every 3hrs over the
diel cycle. Sampling procedures and analyt-
ical methods were the same as those
previously reported (WATANABE et al. 1982a).

™
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Results
= - Bgalia NSRS
.. Diurnal vertical magration: H. akashiwo
and C. antiqua concentrated at the surface
in the daytime and“at the bottom at night
(Figs. 1 and 2). Maximum cell concen-
trations of H. akashiwo and. C. antiqua were
1x10° cells-m/~! and 7.8%x10° cells-m{-}, re-
spectively, at the surface in the daytime.
These reached 2.5X10° cells-m/~* and 6Xx10°
cells'm/~!, respectively, at the bottom at
night, whereas cell concentration at the
surface dramatically decreased. The timing
of descent and ascent did not coincide
exactly with the onset or end of the light
phases but, rather, began to descend from
the surface before the light was extinguished
and ascended before the light came on.
Nitrate and phosphate uptakes: Cell divi-
sion of H. akashiwo occurred between 0500-
1100 and of C. antiqua 0200-0800 (Figs. 3-
6). Ambient nitrate or phosphate concen-
tration in the cultures of both species de-
creased monotonously throughout the light
and dark periods. Light and dark uptake
rates of nitrate and phosphate were deter-
mined by the following equation ;

Time(hr)

Cs, 7
o
st oo
7,

Fig. 1.

Diurnal vertical migration of
Heterosigma akashiwo.

Time(hr)

Fig. 2. Diurnal vertical migration of
Chattonella antiqua.
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Fig. 3. Increase of cell concentration of
Heterosigma akashiwo and decrease of am-
bient NOs-N concentration under a light-dark

cycle. O: cell concentration. @ : ambient
NOs;-N concentration.
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Fig. 4. Increase of cell concentration of
Heterosigma akashiwo and decrease of ambient
PO;-P concentration uﬁ&er a light-dark cycle.
O': cell concentration.” @ : ambient PO,-P
concentration. '

ds
V=—-"gi /N,

where V=uptake rate, — ﬁ:disappearence

dt
rate of nitrate or phosphate, and N=cell
concentration. The results are summarized
in Table 1. These two species took up
nitrate and phosphate in both light and dark.
The dark/light uptake ratios were estimated
at 41-100% NO; or 43-100% POi- in H.
akashiwo and at 49-100% NO; or 75-100%
PO~ in C. antiqua.
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Fig. 5. Increase of cell concentration of
Chattonella antigua and decrease of ambient
NO;-N concentration “under a light-dark cycle.
O: cell concentration. @ : ambient NO;-N
concentration.
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Fig. 6. Increase of cell concentration of
Chattonella antiqua and decrease of ambient
PO,-P concentration under a. light-dark cycle.
O : cell concentration. @ : ambient PO,-P
concentration.

Discussion

Vertical distribution of flagellates is a
function not only of their migration patterns
but also of other factors such as zoo-
plankton grazing and tidal transport (cf.
SOURNIA 1974). Experiments with pure
cultures demonstrate that flagellates migrate
vertically according to a diurnal rhythm.
The patterns of diurnal vertical migration
of cultures of H. akashiwo and C. antiqua
correspond well with the periodic changes
of vertical distribution of the natural popu-
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Table 1. Uptake rates of nitrate (VN) and phosphate (Vp) of Heterosigma akashiwo
and Chattonella antiqua at the light (L) and dark (D).

Species hrs LorD (fmol-ce-t-he)  (fmol-coh-i-hr-1)

H. akashiwo  0800—1100 L 59 Y,
1100—1400 L 54 4.2
1400—1700 L 2 2.0
1700—2000 L 2 2.0
2000—2300 D 2 2.0
2300—0200 D 2 2.0
0200—0500 D 52 3.1
0500—0800 D 39 2.8

C. antigua ___ 0800—1100 L 791 51
1100—1400 L 791 51
1400—1700 L 791 51
1700—2000 L 409 51
2000—2300 D 409 51
2300—0200 D 389 48
0200—0500 D 655 43
0500—0800 D 586 38

lations of these species observed in the Seto
Inland Sea (YAMOCHI et al. 1982, HAMAMOTO
et al. 1979). In nature they concentrate at
the surface during the daytime and at lower
zones at night. This suggests that the
diurnal changes of vertical distribution in
the natural population of these species were
mainly due to their movement.

The migratory descent and ascent of some
dinoflagellates preceded light changes
(EPPLEY et al. 1968, HEANEY and FURNASS
1980, KamMykowski 1981, CULLEN and
HoLrLicaN 1981). The importance of circa-
dian rhythms in the diurnal vertical migration
of the dinoflagellates, Cachnia nie; and
Ceratium hivundinella, seems clear, because
in continuous dark they migrated with a
similar periodicity to that in the light-dark
cycle. In continuous darkness, H. akashiwo
and C. antiqua migrated with not only a
different periodicity from that of a light-
dark cycle but also different from each other
(WATANABE et al. in press., NAKAMURA and
WATANABE in press.). Further metabolic
studies are necessary to explain these results.

Red tides caused by flagellates are com-
monly associated with nutrient-depleted sur-
face waters and steep, shallow thermoclines,

below which nutrients are rich (HOLMS et
al. 1967). This is true in the case of H.
akashiwo or C. antiqua red tide (MURAKAMI
1978, SATO et al. 1979). Under such con-
ditions, it has been reported that diurnal
vertical migration gives flagellates double
survival opportunities. The migratory
ascent in the daytime places them in the
euphotic zone and the descent at night
positions them in the nutrient-rich bottom
waters (HOLMS et al. 1967, EPPLEY et al.
1968, EPPLEY and HARRISON 1975, HARRISON
1976). Descent is advantageous only if the
organisms can take up nutrients at night.
Since N or P is limiting nutrient in the
Seto Inland Sea (YAGI et al. 1982, NAKA-
MURA and WATANABE 1983b), dark uptake
of these nutrients should be a significant
adaptive feature for H. akashiwo and C.
antiqua. As shown in the results, the dark/
light ratios of nitrate or phosphate uptakes
were 41-100% NOj or 43-100% PO3- in H.
akashiwo and 49-100% NO; or 75-100%
POi- in C. antiqua. On the other hand,
nitrate or ammonium uptake and nitrate
reductase activity in natural assemblages of
marine diatoms showed maximal activity
about noon and minimal activity about
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midnight and the amplitude of the variation
from day to night was 5 to 10 fold (EPPLEY
and HARRISON 1975). Skeletonema costatum,
which often competes with H. akashiwo or
C. antiqua in the Seto Inland Sea (MURAKAMI
1978, YAMOCHI et al. 1982), assimilated less
nitrate at night than in the daytime (EPPLEY
et al. 1971) and did not take up phosphate
at night (WATANABE et al. 1982b). It seems
that nitrate or phosphate uptake of H.
akashiwo and C. antiqua is less affected by
light conditions than that of the diatoms.
These findings provides a basis for specu-
lating that diurnal vertical migration pro-

vides H. akashiwo and C. antiqua an
ecological advantage over the coastal
diatoms.
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Morphological observations on Acrothrix graczhs KYLIN
(Chordariales, Phaeophyta) newly found in Japan®'*

Hiroshi KAwWAI
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Sapporo 060 Japan

Hiroshi Kawal. Morphological observations on Acrothrix gracilis KyLiN (Chordariales,
Phaeophyta) newly found in Japan. Jap. J. Phycol. 31: 167-172.

Morphological observations are made on the plant identified as Acrothrix gracilis KyLiN
(1907), newly found at Akkeshi, Pacific coast of Hokkaido. Among the morphological fea-
tures, the length of assimilatory filaments, shape and number of their cells are shown to
be remarkably variable mainly according to the age of the plant. The assimilatory filaments
are relatively long, isodiametric and composed of symmetric cells in younger plants, whereas
in mature plants, they are relatively short, composed of asymmetric upper cells and sym-
metric lower cells and often unisodiametric. Among the 4 species described in the genus
until now, A. pacifica was the only species reported in Japan and is clearly distinguished
from the others in the morphological features of assimilatory filaments. A. novae-angliae
and A. norvegica resemble A. gracilis, the type species of the genus, in their habits and

morphological features of assimilatory filaments.

seems to be needed.

A taxonomic reexamination of these species

Key Index Words: Acrothrix; A. gracilis; Chordariales; morphology; phytoge-

ography; Phaeophyta ; taxonomy.

Acrothrix gracilis KYLIN (1907) was newly
collected at Akkeshi, Pacific coast of Hokkai-
do. In the genus Acrothrix, A. pacifica
OKAMURA et YAMADA was the only species
known in Japan until now. Morphological
observations on the plant of A. gracilis and
a taxonomical discussion are presented.

Materials

The specimens observed were collected in
Akkeshi (43°02'N, 144°52’E) at Cape Aikappu
on June 28, 1980 and at Cape Aininkappu
on June 29, 1980 and June 27, 1982. Some

D Dedicated to Professor Munenao KurocG!I on the
occasion of his academic retirement.

2 This work was supported by a Grant-in-Aid
for Scientific Research (No. 58540440) from the
Ministry of Education, Science and Culture of
Japan.

specimens were dried on herbarium sheets,
and others were preserved in 10% formal--
dehyde-seawater for morphological obser-
vations with the light microscope.

A comparison with Acrothrix pacifica was
also made. The materials of A. pacifica,
which were also preserved in 10% formal-
dehyde-seawater, were collected at the
following localities in Japan:

July 20, 1978, Abashiri (Okhotsk coast of
Hokkaido); July 11, 1982, Ofuyu, July 6,
1982, Oshoro (Japan Sea coast of Hokkaido);
May 10, 1982, Kikonai (In- Hokkaido facing
Tsugaru Strait); July 3, 1982, Miyako, July
3, 1980, Ohtsuchi (Pacific coast of north-
eastern Honshu); May 16, 1982, Mifunezaki
(Japan Sea coast of Noto Peninsula).
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Results
Morphological observations on Acrothrix
gracilis

The plants grow on rocks or on Corallina
pilulifera POSTELS et RUPRECHT, together
with  Eudesme virescens (CARMICH.) J.
AGARDH and Chordaria flagelliformis (MULL.)
C. AGARDH in the upper subtidal zone to 1
meter deep under M. L. L. in rather sheltered
areas. The thalli (Fig. 1; 2, a-d) are irre-
gularly alternately branched to 2-3 orders,
up to about 20 cm in height and 0.5 mm in
diameter, not so slimy but smooth and rather
tough, and vellowish in the living condition.
They are solid in the upper part but hollow
in the middle or lower parts.

The thallus is constructed of a single
central axial filament with trichothallic
growth, medullary layer and cortical layer.
Cells of central axial filaments are long
cylindrical, nearly hyaline and measure 20-
43 pm and 15-30 pm in long and short
diameters in cross section of the upper part
of the thallus (Fig. 3c). Trichothallic hairs

5cm

Fig. 1. Acrothrix gracilis KyLin at Ak-
keshi. Habit, growing on Corallina pilulifera.
Arrow shows Eudesme virescens.

Fig. 2. Acrothrix gracilis KyLin at Akkeshi,
showing branching; a, b, young plants having
irregular branchlets; c,d, mature plants.

measure 8-13 p#m in diameter. The medullary
layer is composed of 2-3 layers of large
hyaline cells (Fig. 3, a-d; 4, b). Their cells
measure 65-103 ym and 50-90 ym in long
and short diameters in cross section. The
cortical layer is composed of cortical cells,
assimilatory filaments, lateral hairs and
unilocular sporangia (Fig. 3, a, b, d; 4, b).
Cortical cells are roundish and 8-48 ym in
diameter in cross section, containing a few
chloroplasts.

Assimilatory filaments are formed from a
central axial filament near the apex and
from cortical cells in the middle and lower
parts of the thallus. Cells of the assimilatory
filaments contain several chloroplasts. The
number of cells and the shape of the
assimilatory  filaments are considerably
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Fig. 3. Acrothrix gracilis KyLiN at Akkeshi.
a, cross section of solid part of mature plant;
b, cross section of hollow part of mature plant,
showing asymmetric assimilatory filaments and
unilocular sporangia; c, cross section of solid part
of young plant showing long symmetric assimila-
tory filaments; d, cross section of upper part of
young plant. (af, assimilatory filament; ca, cen-
tral axial filament; 1h, lateral hair ; mc, medullary
cell; us, unilocular sporangium) Rule: 20 pm.

variable mainly according to the age of the
plant.

In mature plants, as shown in Figs. 3a,
3b, 4a, 4b, the assimilatory filaments are
relatively short, 7-12 celled and 43-120 pm
in length. There are two types of
assimilatory filaments, symmetric ones and
asymmetric ones in shape. Symmetric
assimilatory filaments are more often
observed in the upper part of the thallus,
simple and nearly isodiametric throughout
the length. The terminal cells of these
filaments measure 10-15 gm in length and
5-6 pm in width. The lowermost cells of
them measure 4-6 ym in length and 5-8 pm
in width. On the other hand, asymmetric
assimilatory filaments are more often
observed in middle or lower parts. of the

thallus (Fig. 3,a-b). The upper part of
tlge asymmetric. assimilatory filaments are
u ‘ually curved and their upper cells are
often considerably swollen to one side.
Their terminal cells measure 9-15ym in
length and 4-8 ym in width. The lower
cells of the filaments are usually cylindrical
and narrower than the other cells. The
lowermost cells of the asymmetric assimi-
laI:;ry filaments measure 6-13 gm in length
and 3-5 ym in width.

ut the assimilatory filaments of young
plants, which have many irregular branchlets
near the apex of the thallus (Fig. 2, a-b;
4, |c), are often very long, 7-19 celled and 55-
30]0 pm in  length. They are usually
isodiametric, simple and composed of cylin-
drical cells. They often curve adaxially to
envelop the apex in the upper part of the
thallus (Fig. 3,c-d ;4,c-d). The assimilatory
filaments are nearly uniform in morphology
throughout the thallus of a young plant.
Asymmetric assimilatory filamcnts are not
observed. Their terminal cells measure 11-
25pum in length and 5-10 #m in width.
Their lowermost cells measure 5-10 #m in
length and 5-9 ym in width.

Phaeophycean hairs are abundant in young
pl ints and measure 8-13 p#m in diameter (Fig.
3d). They are also present in mature plants
buF fewer than in young plants (Fig. 3a).

Unilocular sporangia are sessile on the
baéal cells of assimilatory filaments, or on
the cortical cells with a stalk cell and
obovoid in shape (Fig. 3b). They measure
28—445 pm in length and 15-29 pm in width.
The length/width ratio of unilocular sporangia
is about 1.3-2.3. Plurilocular sporangia are
not observed.

Morphological observations on Acrothrix
pacifica
All the materials observed were epiphytic
on, Chorda filum (LINN.) STACKHOUSE. The
thalli are irregularly alternately branched,
yellowish brown and up to 8cm in height
and 0.6 mm in diameter.
he structure of the thallus agrees well
with the original description by YAMADA
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Fig. 4. Acrothrix gracilis KyLin at Akkeshi.
b, cross section of middle part of mature plant, showing short asymmetric assimilatory filaments
and unilocular sporangia; c, surface view of upper part of young plant having branchlets, showing
long assimilatory filaments enveloping apex; d, surface view of lower part of young plant, showing
long assimilatory filaments. Rule: a, 100 #m b,d, 50 zm, ¢, 200 zzm.

(1932) and with the report of the species by
INAGAKI (1958). Assimilatory filaments of
A. pacifica are generally isodiametric and
symmetric irrespective of the age or the
part of the plant. Asymmetric assimilatory
filaments as observed in the plant of A.
gracilis are not observed. [n mature plants,
the assimilatory filaments are composed of
4-12 cells, 35-168 #m in length. Terminal
cells of the filaments measure 10-38 y#m in
length and 6-20 #m in width. Their lower-
most cells measure 10-28 ym in length and
6-15 gm in width.

Unilocular sporangia are obovoid, 30-55
¢m in length and 23-45 #m in width. The
length/width ratio of the unilocular sporangia
is about 1.1-1.7. Plurilocular sporangia are
not observed.

a, surface view of upper part of mature plant;

Discussion

The plant belongs to the genus Acrothrix
in KyLIN (1907), as it has a single central
axial filament with trichothallic growth,
uniseriate assimilatory filaments and oniy
unilocular sporangia as reproductive organ.

In the genus Acrothrix, four species have
been described. They are the type, A.
gracilis KyYLIN (1907), A. novae-angliae
TAYLOR (1928) and A. norvegica LEVRING
(1937) from North Atlantic Ocean and A.
pacifica OKAMURA et YAMADA (YAMADA
1932) from North Pacific Ocean.

Among these species, the plant at Akkeshi
is most similar to the type species, A.
gracilis. As seen in Table 1, it agrees with
the species in habitat, height and diameter
of thallus, diameter of lateral hair and size
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Table 1. Morphological comparison of Acrothrix gracilis at Akkeshi and
A. gracilis in KyLIN (1907, 1947).
| A. gracilis at Akkeshi | A. gracilis in
i KyLin (1907, 1947)

habxtat ‘ epilithic or on Corall na sp ' eplhthlc
branching (orders) 2-3 7 : TZj -
height of thallus (cm) | <20 - 1040
dlameter of thallus (mm) <0.5 ] A | 0.5-1 o
- | a | b c I d ;‘ e

= — — S, —_— —tt — e — e - —_—
& | length (um) 5530 | 4388 53 120 — [ —
I e e e e - e
S | number of cells 7-19 IS U S 7-10 R
z. I . I o e Y . - [
S | lengthx width of | e
= terminal cell (pm) 11-25x5-10 - | 10-15x5-6 L 9-15x4-8 12-18 x 6-9 —x6-10
g S o [ .
% | lengthx width of ’ | ‘ ;
B lowermost cell (xm) 5-10x5-9 ’ 4-6x5-8 ! 6-13x3-5 6-9x6-9 ‘ =35

diameter of
lateral hair (um) " 813 | -9

e — — [ -

size of unilocular ‘ ; ‘
sporangium (zm) }l 28-45x15-29 i 35-50 x 18-22

a, young plant, b, symmetric assimilatory filament in mature plant, ¢, asymmetric assimilatory

filament in mature plant, d, primary assimilatory filament, e, secondary assimilatory filament.

* measured from Figs. 22 & 23 in KyLin (1907).

of unilocular sporangia. KYLIN (1907, 1947)
reported two types of assimilatory filaments,
the primary one (formed from the central
axial filament, symmetric) and the secondary
one (formed from the cortical cells, asymme-
tric composed of thin lower cells and
unilaterally swollen upper cells). Such
characteristic assimilatory filaments are also
observed in the mature plant at Akkeshi.
The cell sizes of symmetric and asymmetric
assimilatory filaments of the mature plant at
Akkeshi also agree with those of the “primary”
and “secondary” ones of A. gracilis in
KYLIN. However, some differences are seen
in branching of the thallus and the number
of cells of assimilatory filaments between
the two. The branching of the plant at
Akkeshi is wusually denser than in A.
gracilis in KYLIN. In addition, the assimi-
latory filaments are a little longer in the
plant at Akkeshi. But these differences
seem to be variations within the same

species. So, the plant at Akkeshi is identi-
fied as Acrothrix gracilis KYLIN.

deglng from the descrlptlons by YAMADA
(1932) and...INAGAKI (1958) and my obser-
vation in this paper, A. pacifica is clearly
distinguished from A. gracilis especially in
the morphology of the assimilatory filaments.
Thé assimilatory filaments of A. pacifica
are! wider (the terminal cells measure 8-15
pm in diameter by YAMADA 1932) than
thoge of A. gracilis. In addition, asymmetric
assn'mlatory filaments as seen in A. gracilis
do not occur in A. pacifica.

Acrothrzx novae-angliae was reported from
the\ Atlantic coast of North America by
TAYLOR (1928), who distinguished it from
A. ‘gracz’lz’s in having denser branching and
subépheriwl unilocular sporangia. LEVRING
(1937) suggested that A. novae-angliae might
represent a well branched form of A.
gractlis.  A. norvegica was described from
Norway by LEVRING (1937) and characterized




172 Kawai, H.

by having numerous irregular branchlets in
the upper part of the thallus and long
assimilatory filaments attaining 15 cells in
length. Asymmetric assimilatory filaments
were not reported in this species. In these
features, A. norvegica resembles the young
plants of A. gracilis at Akkeshi. Consider-
ing the variations of branching and the
diversity in morphology of assimilatory
filaments in A. gracilis, it seems to me that
a reexamination of the taxonomic inter-
relationships among A. novae-angliae, A.
norvegica and A. gracilis is needed.
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The use of fluorescence staining to study nucleus development
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LipDLE, L. and Hori, T. 1983. The use of fluorescence staining to study nucleus develop-
ment in the multinucleate dasycladalean green algae. Jap. J. Phycol. 31: 173-179.

Numbers and sizes of nuclei were established for vegetative and reproductive regions
of the large cells of the three multinucleate siphonous algae, Cymopolia van bossei, Hali-
coryne wrightii and Bornetella sphaerica (Chlorophyceae, Dasycladales). Nuclei were
treated with 4, 6 diamidino-2-phenylindole (DAPI) which, when combined with DNA, fluoresces
under ultraviolet light. All species were characterized by having a variety of size classes
of nuclei in the central siphons, and single large nuclei which migrate from the siphon into
the putative gametangia where, through subsequent divisions, 1000’s of small gametic nuclei
are formed. DAPI staining is a useful tool to study nuclei in a variety of cell types, one
of the most unusual of which is illustrated by the multinucleate members of the Dasycladales.

Key Index Words: DAPI-staining; Dasycladales; fluorescence staining; nucleus

development ; siphonous green algae.

Nucleus development in association with
thallus differentiation and sexual reproduction
in members of the Dasycladales has been
studied in Acetabularia (BERGER et al. 1975,
GREEN 1975, Koop 1979 and SPRING et al.
1978), Batophora (LIDDLE et al. 1976) and
Cymopolia (LIDDLE et al. 1982). However,
even in these genera meaningful details are
lacking. In the uninucleate Acetabularia
and Batophora different stages of nuclear
development have been described from light
and electron microscopic observations
(BERGER et al. 1975 and LIDDLE et al. 1976)
and critical stages which affect the ploidy
of nuclei such as  mitosis and
meiosis have been ovserved. Recently
the site of meiosis has bee verified in
Acetabularia by electron microscopy, genetic
analysis and direct observations (Koop 1979).
In Batophora synaptonemal complexes were
observed in the mature primary nuclei shortly
before they divided to form the smaller,
morphologically simpler secondary nuclei

1.0

(LIDDLE et al. 1976). L

The multinucleate members of the Dasy-
cladales have been studied very little.
Certain features of nucleus development
have been reported for Cymopolia barbata
(LIDDLE et al. 1982, WERZ 1953) but mitosis
and meiosis are still not understood in this
or any of the multinucleate genere. The
siphonous structure and complex morphology
of these organisms offer unique mechanical
problems of distribution, localization, develop-
ment and division of nuclei. In Cymopolia
the heterogeneous population of nuclei in
the large central siphon includes character-
istic nuclei that migrate into lateral branches
to localize in the putative gametangia
(LIDDLE et al. 1982). One nucleus is estab-
lished in each gametangium. .

Electron microscopy has been an inefficient
tool to study siphonous cells, which can
reach lengths up to 26 cm., because of their
large central vacuoles, the relatively small
amount of cytoplasm and the vast amount
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of cell wall material that defines several,
often lime-encrusted, compartments of the
thallus. Staining with DNA-specific fluo-

rescent dyes is a useful technique that can

be applied to study nuclei during differenti-
ation (COLEMAN 1982). Stained nuclei in

cytoplasm which has been expressed from
the central siphon and other structures of
the thalli of giant unicellular green algae
can be readily counted to estimate their
population sizes. Also, the sizes of individual
nuclei and the intensity of their fluorescence

as a function of the amount of DNA per
nucleus can be measured accurately. The
purpose of this preliminary study is to
assess nucleus development in several genera
of the Dasycladales in order to understand
the basic processes which nuclei undergo
during cellular differentiation.

Materials and Methods

Cymopolia van bossei SOLMS (Fig. 1) was
collected from Amami-oshima and Okinawa

Fig. 1. Cymopolia van bossei SoLms. Whole plant. Left: central siphon (c.s.) with segments
(s) §tripped off. Right: intact plant. Scale=1cm.

Fig. 2. Halicoryne wrightii Harv. Upper part of whole plant. Lateral gametangia (g) can

be removed to bare central siphon. Scale=1 cm.
Figs. 3 and 4. Bornetella sphaerica SovLwms.

Whole plants. Fig. 3. Scale=0.5cm. Fig. 4.

Mid-longitudinal section. c.s.=central siphon, g/c=Gametangia with cysts. Scale=0.5cm.
Fig. 5. Cytoplasm from central siphon of C. van bossei. DAPl-stained nuclei (arrows). Scale

=10 pm.

Fig. 6. Young gametangium of C. van bossei.

10 gem.
Fig. 7.
10 pem.

DAPI-stained single nucleus (arrow). Scale=

Cytoplasm of young gametangium of C. van bossei. Single nucleus (arrow). Scale=



Nucleus development in the Dasycladales

Islands throughout the year. Halicoryne
wrightii HARVEY (Fig. 2) and Bornetella
sphaerica SOLMS (Figs. 3, 4) were collected or
sent sporadically from both islands. Plants
were maintained in sterile seawater at 24°C
under a 14: 10LD cycle with ca. 2000 lux illu-
mination from cool white fluorescent bulbs or
in an aerated aquarium at room temperature
(20-25°C) under constant cool white fluo-
rescent illumination of ca. 1500 lux.
Central siphons, cysts and gametangia

>
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were isolated from healthy thalli by gently
stripp_ing off the whorls of laterals (Fig. 1).
The cytoplasm was pressed out from the
cut ends of fragments or whole siphons into
a drop of seawater. Cysts and gametangia
were washed repeatedly to remove lime and
cell wall debris. If they were calcified as
in Halicoryne, the cysts were rapidly rinsed
in sterile seawater acidified with acetic acide
to pH 5.7 in order to dissolve heavy calcifi-
cation without damage. Cytoplasm or whole

Table 1. Fluorescens of nuclei of Cymopolia, Halicoryne and Bornetella
in fluorescence units (F.U.).
. No. of Mean size of nucleus Mean no. F.U. F.U.
Source of nuclei thalli (gm in dia.) of nuclei (Mean) (Range)
Cymopolia van bossei
Central siphon 20 252
Apical 16 10.0 25 3.9 3.0-5.0
5.0 64 2.4 2.0-3.1
2.5 34 1.8 1.5-2.0
Middle 20 10.0 9 3.9 3.0-5.0
5.0 28 2.4 & 2.0-3.1
2.5 71 1.8 *1.5-2.0
Base 15 5.0 6 2.4 2.0-3.1
2.5 15 1.8 1.5-2.1
1.75 3 1.6 1.5-1.8
Gametangia
Young 20 10.0 1 3.6 3.0-4.6
Intermediate 10 5.0 112 2.5 2.1-3.1
2.5 300 1.7 1.5-2.2
Mature 15 1.25 1180 1.1 0.9-1.2
Halicoryne wrightii
Central siphon 7 10.0 20 3.7 2.9-4.6
7.0 192 3.2 2.8-4.0
Gametangia
Young 10 12.5 1 4.0 3.6-4.1
Mature 9 1.25 2000 1.0 0.9-1.2
Bornetella sphaeric .
Central siphon 10 10.0 10 3.8 3.0-5.0
5.0 72 2.5 2.1-3.0
3.5 20 2.0 1.7-2.2
2.5 90 1.7 1.4-1.5
Gametangia
Young 0
Intermediate 15 5.0 240 2.6 2.1-2.9
Mature 8 1.25 1800 1.0 0.8-1.1
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cysts and gametangia in seawater were
stained with an equal volume of 50 yxg/ml
DAPI (4, 6 diamidino-2-phenylindole) in S
buffer (COLEMAN 1982) to a final concent-
ration of 25 pg/ml. Slightly higher or lower
concentrations of DAPI did not affect the
fluorescence characteristics of the nuclei.
Acid and alcohol-cleaned coverslips were
used to contain suspensions of stained cyto-
plasm on clean glass slides or a haemocyto-
meter.

The preparations were observed by using
a Zeiss photomicrosope equipped with phase
optics and an epi-illumination system which
emitted an excitation beam of approximately
360nm from an HBO 100W Hg lamp.
Fluorescence was measured by a Zeiss micro-
spectrophotometer system which included a
Hamamatsu Photomultiplier attached to a
Zonax computer and printer. A range of
sizes of measuring diaphragms permitted
rapid measurement of fluorescence from
various types of nuclei. Comparisons were
frequently made with the fluorescence of
healthy cultures of Chlamydomonas sp. To
check for irregularities that might be caused
by differences in stain concentration or other
factors. Fluorescene of the background
nearby the nuclei was subtracted from
nucleus reading which were taken immedi-
ately after being exposed to excitation
illumination.

Photographs were made from Kodak Tri-
X using a Zeiss M35 motordriven camera
with a Zeiss MC63 automatic exposure
meter.

Results

Nuclei of specific size classes were localized
in the various compartments of the thallus
(Table 1). They were distributed throughout
the central siphon of Cymopolia van bossei
with a decrease in numbers from the apex
to the base. Also the size classes of nuclei
were differentially distributed. The apical
region contained a higher proportion of 10 ym
dia. nuclei than the middle and basal regions
which contained a higher proportion of 5
and 2.5 ym dia. nuclei (Fig. 5). A single
nucleus in a gametangium was also 10 ym
in diameter (Figs. 6, 7). After division and
just prior to gamete liberation the numerous
gametangial nuclei were 1.25 pm dia. (Figs.
8a, 9a). Intermediate stages of gametangial
development (Figs. 10, 11) contained nuclei
of larger sizes. Each successive division of
the original single gametangia nucleus
resulted in a smaller product. At any point
in gametangial development nuclei were
markedly homogeneous in size. The fluo-
rescent DNA content was correlated with
nucleus size. Large 10 #m nuclei emitted
ca. 4 fluorescent units and 1.25 gm nuclei
ca. 1 fluorescent unit.

Nuclei of the central siphon of Halicoryne
wrightii were also distributed in a decreasing
apico-basal gradient although there were
strikingly few in the cytoplasm of the basal
one half. Sizes were also more homogeneous
with two size classes, 7 ym and 10 gm dia.,
predominating. Mature gametangial nuclei
were 1.3 ym dia. prior to gamete liberation
(Table 1). The single progenitor nucleus of

Figs. 8a and b. Reproductive unit of C. van bossei. a. Fluorescence photograph; b. Phase contrast
photograph. g=mature gametangium, phl=photosynthetic lateral, DAPI-stained nuclei are distributed

throughout the gametangium. Scale=100 gm.

Figs. 9a and b. Cytoplasm of mature gametangium of C. van bossei. a. Fluorescent photograph.
DAPI-stained nuclei are distributed throughout the cytoplasm; b. Phase contrast photograph. Scale=

100 gm.

Figs. 10a and b. H. wrightii. Double-walled gametangium and cyst in intermediate stage. Cyto-
plasm being exuded. a. Fluorescence photograph. DAPI-stained nuclei (arrows); b. Phase contrast

photograph. Scale 25 pm.

Figs. 11a and b. B. sphaerica. Young gametangium before cyst formation. a. Fluorescence photo-
graph. DAPI-stained nuclei (arrow); b. Phase contrast photograph. DAPI-stained nuclei (arrows).

Scale=50 pgm.
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cyts/gametangia was 12.5 pgm in diameter.
Approximately 2000 nuclei were formed in
a mature gametangium. Similar patterns
exist for Bornetella sphaerica, except, due
to the short central siphon, it was not
technically possible to make differential
counts from the apex to the base. How-
ever, 2.5, 5 and 10 #gm dia. nuclei were
present in the cytoplasm with a lower
percentage of 10uxm ones. A mature
gametangium contained ca. 1800 nuclei 1.25
pm dia. (Fig. 6).

Nuclei in all species were usually oval to
sphaerical although some Cymopolia apical
regions contained decidedly spindle-shaped
nuclei 2.5 gm long as well as other irregular
shapes. Presumably these nuclei were
undergoing synchronous division. Nuclei
were in general sparsely distributed in the
cytoplasm of the siphon or evenly spaced in
the gametangia (Figs. 5, 8a, 9a, 10a, 11a).
However, frequently in all three species
nuclei were in clumps of 5-10 in the central
siphon. These may have been post-division.

Discussion

The multinucleate species of the Dasy-
cladales seem to conform to a general
pattern of a limited variety of sizes of
nuclei in the central siphon, large nuclei
that migrate into putative gametangia and
a standard (1.25 pm dia.) nucleus in the
gametes. If measurements of fluorescence
of DAPI-stained nuclei are extrapolated to
represent amounts of DNA and further to
ploidy of nuclei, the general pattern
appears to be diploid and polyploid nuclei
streaming throughout the siphon, a polyploid
nucleus being transported to presumptive
gametangia and haploid (by definition)
.nuclei being formed during gametogenesis.
The variety of nucleus sizes can be inter-
preted as being stages in the formation of
large (10-12 pm dia.) nuclei or self-replicating
products of nuclei which were established
early from the single zygote nucleus. It is
clear that multinucleate species of the
Dasycladales have mechanisms of nucleus

continuity and distribution unique among all
organisms. The usual dogma of nuclear
and “cell” cycle does not interpret the
patterns observed in the giant cells of
Cymopolia, Halicoryne and Bornetella. Further
investigations of nucleus development
beginning with zygotes are required to
characterize nuclear cycles.
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(Rhodophyta, Gigartinales) from Japan®?
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Masupa, M. 1983. The life history of Ahnfeltia concinna J. AGarpH (Rhodophyta, Gigar-
tinales) from Japan. Jap. J. Phycol. 31: 180-189.

The life history of the red alga Ahnfeltia concinna J. AGARDH from Japan was com-
pleted in laboratory culture. Carpospores from field plants germinated to form crustose
thalli. The crustose thalli bore 2-8 tetrasporangial nemathecia which bulged from the
thallus surface. Intercalary tetrasporangia were formed in 2-3 successive cells of a single
filament of the nemathecia. Tetrasporelings gave rise to basal discs from which upright
axes developed. The upright axes became fertile before producing branches and formed
spermatangia and procarps on separate plants. They continued to grow into dichotomously
divided thalli similar in morphology to field plants. Spermatangia were formed in a sorus
and released cylindrical spermatia. Procarps were formed in groups and each consisted of
a large supporting cell, a three-celled carpogonial branch and a sterile cell. Excised vege-
tative apices from single field male and female plants grew well and formed reproductive
structures in a manner similar to that of plants derived from tetraspores. Female plants
bore cystocarps only when crossed with male plants and discharged viable carpospores

through carpostomes.

Key Index Words: Ahnfeltia; A. concinna; crustose tetrasporophyte ; nemathecia ;
Gigartinales; life history; Phyllophoraceae; Rhodophyta ; taxonomy.

MAGRUDER (1977) described the life history
of Ahnfeltia concinna J. AGARDH (Phyllo-
phoraceae) from Hawaii. It involves the
alternation of upright dioecious gametophytes
with a crustose tetrasporophyte which forms
intercalary catenate tetrasporangia in distinct
sori. On west coast of the Pacific A. concinna
has been recorded from various localities
of middle to southern Japan (OKAMURA
1936). Female gametophytes with cystocarps
were described by OKAMURA (1922) and
MikAMI (1965), but male gametophytes and
tetrasporophytes have not been reported yet.

1) This study was supported in part by a Grant-
in-Aid for Scientific Research (Nos. 448018 and
57123115) from the Ministry of Education,
Science and Culture, Japan.

2) Dedicated to Professor Munenao KUROGI on
the occasion of his retirement.

INOH (1947) found that upright axis primordia
were differentiated from carposporelings of
Japanese A. concinna. This suggested that
the alga has a direct-type of life history.
The present study was conducted to clarify
the life history of A. concinna growing in
Japan and to compare it with that of the
Hawaiian A. concinna as reported by
MAGRUDER (1977).

Materials and Methods]

Female plants with] mature cystocarps and
male plants with spermatangia were collected
at Susaki (34°39'N 138°58’E), Shimoda,
Shizuoka Pref. on August 2, 1980 and on
April 3, 1981 and at Jogashima (35°08'N
139°38’E), Kanagawa Pref. on February 20,
1982. Carpospores were isolated into unialgal
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culture using Susaki material collected on
August 2, 1980 (culture nos. 653 and 654)
according to methods reported for Neodilsea
crispata (MASUDA 1973). Reproductively
sterile apices of branches of female and
male plants for Susaki material (nos. 666
male, 667 female, 841 male, 842 male, 843
female and 844 female) and Jogashima
material (nos. 1183 female, 1184 male, 1185
male, 1186 male and 1187 female) were cleaned
by Kimwipe tissues, excised about 200 g#m
long with a scalpel (Feather No. 15) and
were introduced individually into screw cap
tubes (18 mm X135 mm) containing 10 ml of
PES medium. Two months after inoculation
clean apices were transferred to culture
vessels (65 mm X80 mm) containing 200 ml
of medium.

The cultures were placed in plant growth
chambers illuminated with cool-white fluores-
cent lamps (2500-3000 lux). The temperatures
and photoperiods were regulated in the follow-
ing combinations : 15°C, 16:8 LD (light and
dark cycle); 15°C, 8:16 LD; 20°C, 16:8 LD
and 20°C, 8:16 LD. Mixed cultures of
mature female and male plants were placed
on a Taiyo R-II Rotary Shaker at 90-100
rpm.

Microscopic examinations were done chiefly
on living material and also sometimes on
material preserved in 70% ethyl alcohol.
Sections were made by hand using a
straight-edge razor and pith stick and stained
with 0.5% (w/v) cotton blue in a lactic acid/
phenol/glycerol/water (1:1:1:1) solution.
Voucher specimens are deposited in the
Herbarium of Faculty of Science, Hokkaido
University, Sapporo (SAP 032220-032225).
Stock cultures of male (653, 666 and 1186)
and female (653, 667 and 1187) are maintained
in a plant growth chamber at the Center
for Experimental Plants and Animals of
Hokkaido University.

Results
Carpospore culture: Liberated carpospores

are globular, light red in color and measure
15-20 ym in diameter (Fig. 1, A). They
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were first cultured at 15°C;,16:8 LD and
20°C, 16:8 LD. They attached to the sub-
strate and divided into two cells within 2
days (Fig. 1, B). The vast majority of
these cells then divided successively and
formed circular crusts (Fig. 1, D-E). How-
ever, some of these bore a filamentous out-
growth (Fig. 1, C) which eventually formed
crusts. The crusts grew both concentrically
by a marginal meristem and upward in the
central portion. They reached 300-600 pm
in diameter at 15°C, 16:8 LD and 680-1150
pm in diameter at 20°C, 16:8 LD 1 month
after initiation. Most formed 10-18 color-
less hairs from the superficial cells during
this period. These hairs were 150-500 ym
in length and 5-6 #m in diameter near the
proximal portion. Each of one month old
cultures grown at 15°C, 16:8 LD and 20°C,
16:8 LD was divided into two groups; one
group was shifted to 15°C, 8:16 LD and
20°C, 8:16 LD and the other group was
maintained at 15°C, 16:8 LD and 20°C,
16:8 LD. The crusts grew well under all
the culture conditions attempted and the
cuticular surface peeled off but was repeated-
ly regenerated as did cultured foliose thalli
of Gigartina johnstonii DAWSON (WEST and
GUIRY 1982).

The crusts reached reproductive maturity
and formed tetrasporangial nemathecia at
20°C, 16:8 LD (Fig. 1, F) 4 months after
initiation, at 15°C, 16:8 LD (Fig. 1, G) and
20°C, 8:16 LD for 5 months after initiation,
and at 15°C, 8:16 LD 9 months after initi-
ation. The fertile crusts were 7-19 mm in
diameter and 80-110 #m in thickness in the
center. They were composed of a mono-
stromatic hypothallus, which consisted of
radiating filaments, and a polystromatic
perithallus, which consisted of coalescent
erect filamets (Fig. 1, I-J; 2, A-B). The
perithallus was composed of 11-14 cell-layers
at the center of the crust. Erect filaments
of the perithallus were dichotomously divided
(Fig. 2, A-B) and the cells of adjacent
filaments were frequently connected by
secondary pit plugs (Fig. 2, A-B).

Two to eight nemathecia were formed
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Fig. 1. Carpospores and cultured tetrasporophytes of Ahnfeltia concinna. A. Carpospores
from a field-collected plant. B-E. Carposporelings grown at 20°C, 16: 8 LD (culture no. 653) :
B, two days old; C-D, five days old; E, ten days old. F-G. Fertile tetrasporangial crusts bear-
ing nemathecia (arrows): F, two coalescent crusts (4 months old) grown at 20°C, 16: 8 LD
(no. 653) ; G, five months old crust grown at 15°C, 16: 8 LD (no. 654). H. Released tetraspores
from crusts shown in F. [-]. Radial sections of crusts shown in F, indicating the nemathecium
before spore release (I) and that after spore release (J). Scale in G applies also to F; scale
in H applies also to A-E.
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Fig. 2. Cultured tetrasporophyte of Ahnfeltia concinna. A-B. Radial section of a crust shown
in Fig. 1, F through a nemathecium: A, central portion of the nemathecium; B, marginal portion
of the nemathecium.

along a marginal concentric ring of eachcrust
(Fig. 1, F-G). The majority of the nemathecia
were almost circular to elliptical and 550-1400
pm in diameter. Some nemathecia were
band-shaped and 5-15mm long and 800-1400
pm wide. These band-shaped nemathecia
were commonly formed on the crusts grown
at 20°C, 16:8 LD (Fig. 1, F). The nemathecia
were 130-200 #m thick in the center. Inter-
calary tetrasporangia were formed on the
erect filaments of the nemathecia (Fig. 2,
A-B). They were formed in 2-3 successive
cells of a single filament. The terminal 2-4
cell-rows of fertile filaments remained sterile.
Some of the cell-rows were branched dichot-
omously as were those of the Hawaiian alga
(MAGRUDER 1977, Fig. 13). These sterile

cells became paler in color as the tetra-
sporangia developed. Mature tetrasporangia
were ellipsoid, 37.5-42.5 ym long and 17.5-
22.5 pm wide, and divided cruciately. The
tetrasporangia of each nemathecium released
tetraspores almost synchronously. The
tetraspores were slightly smaller than the
parent carpospores at 12.5-16.3 ym in dia-
meter (Fig. 1, H). After the spore release,
the nemathecium disintegrated leaving the
lower vegetative portion (Fig. 1, J).
Tetraspore culture:  Tetraspores from
cultured plants were grown at 15°C, 16:8
LD and 20°C, 16:8 LD. They germinated
and grew into discoid thalli in a manner
similar to that of carpospores described
above (Fig. 3, A-C). After 3 months they



184 Masupa, M.

reached 4-6mm in diameter and began
to produce upright axes in a concentric
ring (Fig. 3, D). The sructure of the basal
discs was similar to that of the tetra-
sporophytic crusts. The upright axes became
fertile before producing branches and
formed spermatangia and procarps on
separate plants 5 months after germin-
ation.

Some tetrasporelings grew into spherical
masses of cells with a few rhizoidal fila-
ments or without any rhizoidal filaments.
None of these sporelings formed a marginal
meristem. The sporelings attached loosely
to the substrate and with the slightest
mechanical disturbance they became free
from the substrate. They developed single
upright thalli. One month old upright
thalli reached 300-500 ¢m in length and 190-
220 ym in diameter (Fig. 5, A). They
formed spermatangia and procarps on
separate plants (Fig. 5, B-C) 3 months
after germination. Both the detached and
attached male and female thalli grew into
dichotomously branched terete thalli, which
were similar in morphology to those of field
plants, while continuing to form reproductive
structures on their upper portions. How-
ever, the upright thalli showed a somewhat
different morphology according to temper-
ature. The thalli grown at 15°C, 16: 8 LD
(Fig. 3, G) were thicker and much more
branched than those grown at 20°C, 16:8
LD (Fig. 3, E-F). Of 80 detached and
attached plants cultured from single tetra-
spores, 38 were male and 42 were female.

Spermatangia were formed in a sorus near
the branch apex of male thalli. One or

two spermatangia were produced from a
single spermatangial parent cell (Fig. 3, I;
4, A-B). Spermatia were released forming
an opaque, white cloud around the sorus.
The spermatia were cylindrical, 6.4-15.0 #m
in length and 2.4-3.8 ym in diameter (Fig.
3, H). After release of spermatia, the
sorus became paler in color than the vege-
tative parts and showed a banded appear-
ance (Fig. 3, E).

Procarps were borne within the cortex
near the branch apex of female thalli (Fig.
3, ]). The procarps were formed in groups
and each procarp consisted of a large
supporting cell and a three-celled carpogonial
branch. A single sterile cell was borne on
the first cell of the carpogonial branch (Fig.
4, C-D) as in field plants of this species
(MikaMI 1965).

Isolated female plants did not produce
cystocarps. After starting mixed cultures
of female thalli with numerous procarps and
male thalli with numerous spermatia on a
shaker, the spermatium attached to the
trichogyne (Fig. 3, K). After the trichogyne
degenerated, many gonimoblast filaments
issued from the supporting cell, which
functioned as an auxiliary cell, and grew
inward through the medulla (MAGRUDER
1977). The cortex around the fertilized
procarp became thicker (Fig. 3, L). Mature
cystocarps appeared on all the females after
1 month at 20°C, 16:8 LD and discharged
viable carpospores (Fig. 3, N) which gave
rise to crustose thalli. The cystocarps were
provided with specialized pores (carpostomes)
in the thickened cortex (Fig. 3, M) through
which carpospores were discharged. The

Fig. 3. Cultured gametophytes of Ahnfeltia concinna (no. 653). A-D. Tetrasporelings grown at

20°C, 16: 8 LD: A, two days old; B, four days old; C, eighteen days old; D, three months old one
issuring upright axes. E-G. Twelve months old fertile gametophytes: E, male plant grown at 20°C,
16: 8 LD (arrows indicate band-shaped spermatangial sori after release of spermatia) ; F, female plant
grown at 20°C, 16: 8 LD; G, female plant grown at 15°C, 16: 8 LD. H. Released spermatia. I. Longi-
tudinal section through a spermatangial sorus, showing a single layer of elongated spermatangia. J.
Longitudinal section of a branch apex of a female plant, showing procarps stained with cotton blue.
K. Longitudinal section of a procarpic branch, showing fertilization between a trichogyne and a sper-
matium (arrow). L. Cross section of a cystocarp (arrows indicate the thickened cortex). M. Carpostome
formed in the thickened cortex. N. Released carpospores. Scale in C applies also to M; Scale in G
applies also to E-F; scale in L applies also to J; scale in N applies also to A-B and H-I.
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Fig. 4. Reproductive structures of cultured male and female gametophytes of Ahnfeltia concinna
grown at 20°C, 16: 8 LD (no. 653). A-B. 'I;_,ongitudinal section through a spermatangial sorus,
showing the development of spermatangia (sp, spermatangial parent cell; s, spermafangium). C-D.
Longituydinal section of a procarpic branch, showing young ¢C) and mature (D) procarps; note the
supporting cell (sc), the two cells of the carpogonial branch (cb; and cb,), the sterile cell (stc), the
carpogonium (c) and the trichogyne (t).

carpostomes were described on the basis of
specimens from Hawaii (MCFADDEN 1911)
and Japan (MikAMI 1965). However, no
cystocarp development was observed on the
females mixed with males at 15°C, 16:8
LD for 2 months. On upright thalli and
basal discs of all cultured plants the cuticular
surface peeled off and it was repeatedly

regenerated, as mentig,‘ried' previously for
tetrasporangial crusts.

Branch apex culture of gametophytes:
Excised vegetative apices of branches were
first cultured at 15°C, 16:8 LD. Two-
month-old cultures were divided into two
groups and grown at 15°C, 16:8 LD and
20°C, 16:8 LD. One month Ilater the
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Fig. 5. Cultured gametophytes of Ahnfeltia
concinna. A-C. Plants derived from spherical
masses of cells, which originated from single
tetraspores, and grown at 20°C, 16: 8 LD (no.
653) : A, one month old tetrasporeling issuing a
single upright axis; B, three and a half months
old male thallus; C, three and a half months old
female thallus. D-E. Three months old plants
derived from excised apices of branches grown
at 15°C, 16: 8 LD: D, male thallus (no. 666) ; E,
female thallus (no. 667). Scale in C applies also
to B and D-E.

majority of the plants reached reproductive
maturity under both regimes before producing
branches and formed spermatangia and
procarps on separate individuals (Fig. 5,
D-E). They grew into dichotomously
branched thalli in a manner similar to that
of plants derived from tetraspores. All
female isolates (Susaki 667, 843 and 844;
Jogashima 1183 and 1187) did not produce
cystocarps when they were separated from
male isolates. These female isolates were
crossed with male isolates derived from
branch apices (Susaki 666, 841 and 842;
Jogashima 1184, 1185 and 1186). Cystocarps
were formed on all females of the 30
attempted crosses using these 5 female and
6 male isolates and viable carpospores were
discharged within 1 month at 20°C, 16:8
15103

Discussion

The life history of Ahnfeltia concinna
studied here involves the alternation of
upright dioecious gametophytes with a
crustose tetrasporophyte. INOH (1947) de-

scribed upright axis primordia which were
differentiated from 7-day-old carposporelings
of A. concinna collected from Shikine Island
situated about 45km to the southeast of
Susaki, Shimoda. This suggests that some
local populations of this species may recycle
directly without bearing crustose tetra-
sporophytes. Further life-history studies of
A. concinna from other localities including
Shikine Island are needed to elucidate this
problem.

The observed life-history pattern is similar
to that reported for the Hawaiian A. concinna
(MAGRUDER 1977). However, the following
two morphological features of the alga under
study do not coincide with those of the
Hawaiian A. concinna, although other
quantitative features listed in Table 1 and
gross morphological features of gametophytes
are similar. The procarp of the Japanese
alga always possesses a single sterile cell
which was “not normally present” on the
procarp of Hawaiian alga (MAGRUDER 1977,
p. 199). The sterile cell has been found on
the carpogonial branch of several species
of the Phyllophoraceae: Ahnfeltia gracilis
(YAMADA) YAMADA et MIKAMI (MIKAMI
1965), A. vyamadae (SEGAWA) MIKAMI
(MIKAMI 1965), A. gigartinoides ]J. AGARDH
(DECEwW, WEST and MASUDA, unpubl.), A.
paradoxa (SURINGAR) OKAMURA (MASUDA
unpubl.), Gymnogongrus linearis (C. AGARDH)
J. AGArRDH (DOUBT 1935), G. flabelliformis
HARVEY (TOKIDA and MASAKI 1959, MIKAMI
1965, MASUDA 1981), G. crustiforme DAWSON
(WesT, DECEW and MASUDA unpubl.),
Stenogramme interrupta (C. AGARDH) MON-
TAGNE (KYLIN 1956) and Phyllophora antarc-
tica A. et E.S. Gepp (MILLER pers.
comm.). This seems to be a characteristic
feature of the Phyllophoraceae or at least of
the species group including A. concinna.
Further investigation of the procarps of the
Hawaiian A. concinna is needed. The
tetrasporangia of the Japanese A. concinna
are formed in nemathecia bulging from the
thallus surface, whereas those of the
Hawaiian alga are embedded in the thallus.
Whether or not tetrasporangial sori are



188 Masupa, M.

Table 1. A comparison of some reproductive features of the Hawaiian and
Japanese Ahnfeltia concinna.

Hawaii Japan
(MAGRUDER 1977)

(present author)

Size of spermatia (length x diameter)
Sterile cell on carpogonial branch
Size of carpospores (diameter)

Tetrasporangial sorus

Number of sterile cap cell-rows 2-4
Number of tetrasporangia in series 2-4
9.5-18.0 p#m

Size of tetraspores (diameter)

8-14 pm x3.5-5.0 #m
not normally present
9.5-18.0 #m
non-nemathecial

6.4-15.0 pm x2.4-3.8 pm
always present
15-20 pm
nemathecial
2-4
2-3
12.5-16.3 pm

nemathecial is of considerable taxonomic
significance at the species level (MASUDA
et al. 1979). On the basis of this difference
it may be reasonable to segregate the
Japanese alga from A. concinna of which
the type collection was made from the
Hawaiian Islands (C. AGARDH 1822, J.
AGARDH 1847). Of the Ahnfeltia species,
A. gigartinoides seems to be most closely
allied to A. concinna. YENDO (1916) stated
that the. type specimens of both species
were hardly separable one from the other.
A. gigartinoides from Mexico possesses a
crustose tetrasporophyte which bears inter-
calary tetrasporangia in nemathecia (DECEW,
WEST and MASUDA unpubl. cf. MASUDA et
al. 1977, p. 71). The tetrasporangia of A.
gigartinoides are fewer and smaller than
those of A. concinna, 1-2 sporangia on each
fertile filament and 18-39 ym long and 8-13
pm wide (cf. Table 1). The elucidation of
the taxonomic relationship between the
Hawaiian and Japanese A. concinna and the
Mexican A. gigartinoides must await further
detailed investigations, including hybridi-
zation experiments.

The tetrasporophytes of Ahnfeltia concinna,
whether or not their tetrasporangial sori are
nemathecial, are characterized by the pro-
duction of catenate cruciate tetrasporangia
which originate from intercalary cells of the
erect filaments and distinguished from those
of A. plicata (HUDSON) FRIES, the type
species of the genus, which form single
zonate tetrasporangia terminally on the

erect filaments (FARNHAM and FLETCHER
1976, CHEN 1977). Upright thalli of A.
plicata bear “monosporangia”, which are
probably equivalent to carposporangia, in
external pustule-like nemathecia (ROSENVINGE
1931, GREGORY 1934, SCHOTTER 1968,
FARNHAM and FLETCHER 1976). However,
those of A. concinna produce internal cysto-
carps with carpostomes. These fundamental
differences are of taxonomic significance at
the generic level. Taxonomic revision of
the genus Ahnfeltia is needed. The estab-
lishment of a new genus to accommodate
A. concinna will be proposed by DECEwW and
SILVA (pers. comm.) at a later date (cf.
SiLvA 1979).
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This paper presents morphogenesis in the early stages of Sargassum duplicatum cul-
tured in the sea. Embryos developed the first primary leaf which was subcylindrical in
shape. When plants attaind about 2cm in total length, primary leaf became dichotomous
to alternate-pinnate with deeply dentate margin. These primary leaves were arranged
spirally on the stem, and older ones fell off successively. When plants attained about 3cm
in total length, main branches were developed in spiral arrangement at the top of the stem.
Later, primary leaves changed to rarely divided shapes with sharply serrate to double serrate
margin. Leaves were formed alternately at apex of main branches. Leaves were spatu-
late to ovate in shape with sharply serrate and duplicate margin, and clearly different
from primary leaf. When total length of plants reached 20 cm, lateral branches and vesicles
were observed on main branches. Plants attained its maturity in 12 months.
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Fig. 3. Growth of Sargassum duplicatum.
®-® : cultured in the tank. O-0O : cultured in
the sea. x-x: receptacle formation. A-A :
water temerature.
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Figs. 4-16. Morphogenesis of Sargassum duplicatum. 4. Embryo with short rhizoids detached
from receptacle; 5. Five days old plant after sowing, development of first primary leaf; 6. After 30
days, first primary leaf and bud of second one; 7. After 76 days, plant with linear primary leaves;
8. After 149 days, development of dichotomously to alternate-pinnately divided primary leaves; 9.
After 190 days, development of main branch; 10. Young main branch; 11. After 299 days, plant
with three main branches; 12. Apex of main branch; 13. After 289 days, development of vesicles
and duplicate leaves; 14. Apex of main branch with some duplicate leaf buds; 15. Young stage of
vesicle with small winglike spines; 16. Female receptacle of cultured plant. Main branch(m) ; pri-

mary leaf (p) ; vesicle(v).
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Figs. 17-25. Morphogenesis of Sargassum duplicatum. 17. After 5 days, development of first

primary leaf ; 18. After 30 days, first primary leaf and bud of second one; 19. After 76 days, plant
with linear primary leaves; 20. After 149 days, development of dichotomously to alternate-pinnately
divided primary leaves; 21. Young main branch; 22. After 211 days, plant with two main branches ;
23. After 289 days; 24. Apex of main branch with some duplicate leaf buds; 25. Female receptacle

of cultured plant.
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Studies on morphogenesis in
V. Sargassum crispifolium. Jap.

This paper deals with morphogenensis in the early stages of Sargassum crispifolium

cultured in the sea.
in shape.

Embryos developed into the first primary leaf which was subcylindrical
When plants attained about 2cm in length, primary leaves became divided once

or twice with undulate margin. These primary leaves were arranged spirally on the stem,
and the older ones fell off successively. When plants attained about 3cm in length, main

branches developed in spiral succession on top of the stem.
Leaves were linear to lanceolate in shape with

nately at the apex of main branches.

minutely dentate and crispate margin, and clearly different from primary leaves.

Leaves were formed alter-

When

the length of plants reached 20 cm, lateral branches and vesicles were observed on main

branches.

Key Index Words: Fucales; growth; morphogenesis; Phaeophyceae; Sargassum ;

Sargassum crispifolium.
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1. Receptacles developed from leaf axil;
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Fig. 3. Growth of Sargassum crispifolium.
®-@ : cultured in the tank. O-O: cultured in
the sea. A-A: water temperature.
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Figs. 4-15. Morphogenesis of Sargassum crispifolium. 4. Egg released from receptacle ; 5. Five
days old plant after, sowing, development of first primary leaf and a group of sixteen rhizoids; 6.
After 28 days, de’velopment of first primary leaf and bud of second one; 7. After 50 days, plant
with linear primary leaves; 8. After 74 days, development of divided primary leaves; 9. After 150
days; 10. After 188 days, development of main branch; 11. Young main branch; 12. After 227 days,
plant with divided primary leaves and leaves on main branches lanceolate to spatulate in shapes; 13.
After 328 days, crispate leaves with minutely dentate margin; 14. After 355 days, development of
vesicles and lateral branches; 15. Apex of main branch with crispate leaf buds. Lateral branch(l) ;

main branch(m) ; primary leaf(p) ; vesicle(v).
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Figs. 16-24. Morphogenesis of Sargassum crispifolium. 16. Five days old plant after sowing;
17. After 28 days, development of first primary leaf and bud of second one; 18. Ater 74 days,
development of divided primary leaves; 19. After 105 days; 20. After 188 days, development of
main branch; 21. Young main branch; 22. After 227 days, plant with divided primary leaves and
leaves on main branches lanceolate to spatulate in shape; 23. After 355 days, development of vesicles
and lateral branches; 24. Apex of main branch with crispate leaf buds.
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HE=2rhv* v Farlowia irregularis (5 7
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Suimizu, T. and Masupa, M. 1983. The life history of Farlowia irregularis YAamaDA
(Rhodophyta, Cryptonemiales). Jap. J. Phycol. 31: 202-207.

The life history of Farlowia irregularis YAMADA was investigated by periodic sampl-
ings of plants at its type locality, Akkeshi, east coast of Hokkaido in Japan and by labora-
tory culture experiments. This alga has morphologically similar upright gametophytic and
bisporophytic thalli, both of which are perennial. Reproductive structures are formed in
branches issuing at the upper portion of the thalli. Female gametophytes bearing carpogonial
branches and auxiliary cell branches were found from August to December and those with
cystocarps were seen from February to April. Bisporangial primordia appeared in August, cut
off as side branches from the third cell from the distal end of cortical filaments, and grew
slowly from October to December. Mature bisporangia were found during March and April.
After spore release, cystocarpic and bisporiferous branches of gametophytic and sporophytic
thalli distintegrated leaving their proximal sterile portions, respectively. Proliferous branches
issued from the uppermost portion of these surviving sterile portions during May and June.
However, male gametophytic thalli have not been detected in the field. Bispores were
isolated into unialgal culture with Provasoli’s ES medium and maintained in freezer-incubators
illuminated with cool white fluorescent lamps (2000-2500 lux) at 10°C, 16: 8 (light-dark
cycle). Isolated bispores germinated and grew into plants similar in morphology and anatomy
to field-collected F. irregularis. Apical segments of branches of 2-month-old plants were
excised 0.5-1.0cm in length and cultured at six conditions: 5°C, 16: 8; 5°C, 8: 16; 10°C,
16: 8; 10°C, 8: 16; 15°C, 16: 8; 15°C, 8: 16. Of these, plants transfered to 10°C, 8: 16
reached reproductive maturity within 4 months after the excision and formed spermatangia
and carpogonia in separate individuals. Thus, the life-history pattern of F. irregularis is
of the Polysiphonia-type and differs from that of the Pacific North American Farlowia
species which possess upright gametophytes and crustose tetrasporophytes. These results
suggest that taxonomic revision of the genus is needed.

Key Index Words: Cryptonemiales; Dumontiaceae ; Farlowia; F. irregularis; life
history ; Rhodophyta ; taxonomy.

Tetsu Shimizu and Michio Masuda, Department of Botany, Faculty of Science,
Hokkaido University, Sapporo, 060 Japan.
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Figs. 1-2. Farlowia irregularis. 1. A cystocarpic plant collected at Akkeshi on April
6, 1977 (SAP 043085) ; 2. A bisporangial plant collected at Akkeshi on February 2, 1977
(SAP 043079). Scale bar (5cm) in Fig. 2 applies also to Fig. 1.
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Figs. 3-5. Farlowia irregularis. 3-4. Longi-
tudinal sections of bisporangial plants: 3, young
sporangia formed in a plant collected at Akkeshi
on October 24, 1976 ; 4, mature bisporangia formed
in a plant collected at Akkeshi on February 3,
1977. Scale bar (50 gm) in Fig. 3 applies also to
Fig. 4; 5. Cross section of a cultured male plant,
which was derived from an cxcised apical tip of
a single branch of a 2-morfth-01d bispore germling
kept at 10°C, 16: 8, grown at 10°C, 8: 16 for 4
months. (Scale bar=10 xm)
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6

8

Figs. 6-8. Farlowia irregularis. Cultured gametophytes derived from excised apical tips of branches
of 2-month-old bispore germlings grown at 10°C, 16: 8. 6. A vegetative gametophyte maintained at
10°C, 16: 8 for 4 months after the excision; 7-8. Fertile gametophytes, a male plant (7) and a female
plant (8) both of which were grown at 10°C, 8: 16 for 4 months after the excision. Scale bar (2 cm)

in Fig. 8 applies also to Figs. 6-7.
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AT ETREY BTN ¥ ToMBAEV, Th
TR LT, #F - 5@ Constantinea TiXIEFICHR
It o T BRI SR TV B, MEERUBT D SHS
FECiTbh, BERKRYET, BREIKOKIND
Zi TR LT RlaT et T3
1981), P4 faTREA TR &5 REc DTkt
ERTWRWDT, A TaT AR RERAED TR
THEMIPA LA TIE V. =2 h UF IHITE T
FREIEES bR, Bl EhicEHlEE R E
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ChbBOAlT B AT & S AT
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Figs. 9-16. Farlowia irregularis 9. Apical portion of a young plant collected at Akkeshi on
June 29, 1976, showing a single dome-shaped apical cell (arrow) ; 10. Cross section of a bisporangial
plant collected at Akkeshi on April 6, 1977, showing a mature bisporangium; 11. A pair of
bispores released on thallus surface; 12. Bispores; 13. Cross section of a 7-month-old male
plant grown at 10°C, 8: 16 for 4 months after the excision. (Scale bar=10 zm) ; 14. Cross
section of a female plant grown at 10°C, 8: 16 for 4 months after the excision, showing auxiliary
cell branches (arrows) which issue from the innermost cells of the cortical layer; 15. Auxiliary

cell branches; 16. A carpogonial branch.

Scale bar (100 #m) in Fig. 14 also applies to Figs.

11-12. Scale bar (30 pm) in Fig. 15 applies also to Figs. 9-10 and 16.
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F ORI x T hn & bichic\ 2 & &Ml
AEM Lt, v =B DA KT h 4 Fosliella
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KAFFERED Farlowia &3, F. compressa, F.
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KAawasHIMA, S. 1983. Sporangial sorus formation of Laminaria angustata KJELLMAN. Jap.

J. Phycol. 31: 208-216.

The occurrence and subsequent development of sporangial sori of Laminaria angustata
~ collected from Erimo and some other points of Hidaka Province, Hokkaido, were studied.
The sori were recognized on the first year blades from August to April of the next

year, and on the renewed second yéar blades from June to December.

They were formed

first on under surface of the blades, the median fascia on that surface being projected, but
from two or three months after formed on upper surface, too. :

The sori on each surface extended their outlines successively in a ﬁxéd_ mode with
their development, representing very distinctive features. Consequently, they were divided

 into three types on the under surface and into seven on the upper one.

Development of

the sori on the upper surface showed a tendency to accelerate on the blades bearing the

superior sorus type on the under surface.

Key. Index Words: blade surface forming sorus; combination of sorus type;
Laminaria angustata; sporangial sorus; sorus formation period; sorus type.
Shoji Kawashima, Hokkaido Abashiri Fisheries Experimental Station, Masu-ura

31, Abashiri, Hokkaido 099-31, Japan.

tvdvay 7’&%’;& Laminaria angustata‘ L
#= KJeLLMAN (in KJELLMAN och PETERSEN 1885)
XX DR Tl EF RN (LT3 F8H L 7T
3) ©OVT MERBO—ECOS, BT - THi
U MIBRE T 5 1 ERNT VB, LLIo
FEHOMKECOWT, FDOHROLIEDSL OFF
FeEI X ML T L KIELLMAN D Zh & —H
B, R OH MR OKT I ¥ Ditdic bREL
BEBLRS (g 1979),

BEIIVA Y2 v TOTERYENYE - TRE
L, o WBR, MRE HAEURo%S#k iz
ERLH L, BEOT, SoMBRELHERE L
DT ZREDHERYHET 5,

HHE L HE

ZOWERAVI I VAL va vy FEE LTEE
HEZTENZ D bETRAOKES 3m OREH
BEhica v 7)) — MERS IO DT ORRET

D BARREMEIBRE AR

B LG T, 19775 Ans12B ¥ cizEl 1 E,
19785132 AL 4 Az 1 @40, EFH10EIERE Licd @
Thb, ERITTEP FEZFTERBIE (2 A),
By (48, 7RH) BXO=FANT (10A) 0&RE
(WCTFhLKFEH 3m) 1HEELELDO LAV,
SHRIVIEILANHI83E2 A ¥ TOMicx b bIT
ERRUET TEE 5 B bhte h ST & VRS it
havy7ronThEElLesE L L,
LROBHBOS BEMD 2 v 7 ) — FHEERRE
e DEEE Lic b D3 4E# Blic 30-60 A D HiFRPY
TER, FERELLO—BAUERIT -7, FER
DWTIRZOBKE (56, BLTHEHOF), MR
B GERT TS Mo FRBXO FRETOE
B, B0 GRELIER) k3 XOEREOME (F
B, AREMORB) hEREG LI, Fhiha v
TRDWTIEES0A % i LTI & B DY D &
wR& LI,

2 v 7 OERC O TREERE LR BT
RFEMHBTAEIN DD Thootedb 14£H, 248
CHBECER I, )5, fha vy 7311k 4
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R T b O THIBMER FF oML 40 -
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L4EH, FEMI2FEA L LTH-%, LichisTAK
ani Tl Hasecawa (1962) o#fith L7 34EH, *
T4 EEEGRRE ARD (1973) ©OF 535 24E A
FrEEionboLds,

ieds, LR oftiiric o a3k o 5 bl &
oEEE (1910, 1911) D#TE Liciiiio s At
fl, THbCiHEl Lk <IFALEMEIET, Fi THHE]
EMESGETTNT O bExiET X 5 eHi—Li,

& R

(1) FEBOWKFFPEERBOBEENDHEIIED
FEIHZEAL

LEHERC 8 Ak, HRic D RFHEH A T
Lichon16% MBI L, 105 aicia66%ciiin Lz,
KWTLLAHSIC14 % DIERTTHEIZE A GRS b,
0BT TR OEMZ R L, i
WHEER DRI E - TBEL A Taix2%ic5#
Lic, ¥, WTFROFEI b TR AT L\ 3k
3 8 ARUBIEL A Lichs 12 A5 2 Aofiicls~
20%12E3K->Tkh, 4ATHRE>THL Lot
(Fig. 1A),

24 HIERITI2 5 Adhaic 4  FREBEA GRS bide

motedl, 6 A F 35y oiEdic K Fik s Bk,
DB T ~8 A inFBEZ ML, LaL9 A
AT BEE R 20 6 % B L T B o b
BHCYIREL, 128 EAci A RS 3 %, Wi
W97 5078 »hee TREREA 4 < TUBE L7\ 351412 8
AR5 b T » Ty, 11LAWDICE - T4 L e
{7t -7 (Fig. 1B),

(2) FEROMKTEHLEES

LR, 24 AEK S LT FRIAZERT O KoL
BIZ, FREFORITHER IR, ZhbDEE
MWZE{L%x Fig. 2 R Lz, FEHROE XX, Fht
BT D BT BT HRI DR T iins b i
TCOMREE Uiz, 7ok, L4 HIERTLOA 2 b4
W A > 7T 3EE S FrIRMIER A K LT @7
(Fig. 2A),

TFERHER: 5bHiT 8 A THEN,HLIEED
54501 EEDEMcER 28cm (FEED 11%) i
bl TFEHAM EN T i, = DR IERIT
FKiEHIIC A - TILA FcERIEL t -7, 108
PHOIEE S TeHET O EH Lick 5T 1EREMT
ZD LB LETFbRZABEEL T T
nERfTc, ok, FRER ORI BTk
KL, 2ARIZEE 8cm kit LrL, O
Tt T o Bk iih LT ic o CHEBEOFRER
DEKEFTMTH 5,

MJJASONDJUJFMA
1977 *78
A. First year blades

:] No sorus
Sorus on both surfaces

Fig. 1.

MJJASOND
1977
B. Second year blades

m Sorus on one(under) surface only

Seasonal change of the formation of sporangial sorus on each surface

of the blades of Laminaria angustata.
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A. First year blades
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B. Second year blades

Fig. 2. Seasonal change of the blade length and relationship between the positions of

the sporangial sorus formed on upper and under surfaces of the blades.

show the renewed blade length.

FHTHOTEIFEC S bEOTh X VEL, 5
HLEOHKEEADORCRTE h OMEY HDH T 1,
W O FEH & b ITRKERBAIT D > Tig128
DR THOMEX, 5DLHDOETIhDBYL TH 1,

2E AR TEHIUR IR TV 5ORERIE
KZELIEOREh OB TH 5,

5 HED 6 AT AT BT 3 HRBMIERBOER
PHERDHLND L IZEDHTT, £ORMEITET
TR - THARL, 9 At 148cm (FEED6SY) i
E L1, 0AL#%ZO BiREhc X »THELT
WED, THITIZEAEERTOETCETELTE
D, FEHENZOERRESEM LI LE2RLTW3,

FHCTHTOTFEMYBERL 1 FEEFOHE L
RS bEOFhORLRLTH h &b, HHU,FER
WESTWEILATERIE 10lem H ot FoZtD
THIERBOLER T TELADRIZATH » 1
3) FEHMOB

FEHOHAUL S BH, Fb Tl LICIERICE
Wil LTHh, KD X513 bHETIHE, 3T
ET 7 #ER LI (Fig. 3),

L 3@

A. Th##E Bilateral Type
hEMARE, WEMICE 1L BIEVER
I b D,

Broken lines in A

B. Wig2igHE Bilateral and Whole Width
Type
FGEOTHTHBAPHTCLEH S h,
LMEXFo1cb D,

C. 2£1i§#% Whole Width Type
WAL LBCERIhicb D,

IIL. $4THE

a. F®Wmk#E Unformed Type
BRARBEO LD (L, 5 bECLT
FERYETHRE 0GR ER),

b. 1% Single Line Type
FREETIC 1 R I hicd D,

¢. 2%% Double Line Type
PHBE L IAAFICE L EFER I
Do

d. 3%3% Triple Line Type
FEEIC 1 &, AHTCE 1S, i35
Thich o,

e. 2%4£48% Double Line and Whole Width
Type
2 LB OTHTHED FHB SR I h,
Hzf& LTe@egotcd n,

f. 3% 2488 Triple Line and Whole Width
Type
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I.UNDER SURFACE

II. UPPER SURFACE
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Fig. 3. Diagramatic representation of the sporangial sorus types and their developmental
processes in Laminaria angustata. 1. UNDER SURFACE. A. Bilateral Type; B. Bilateral and
Whole Width Type; C. Whole Width Type; II. UPPER SURFACE. a. Unformed Type; b. Single
Line Type; c. Double Line Type; d. Triple Line Type;e. Double Line and Whole Width Type;
f. Triple Line and Whole Width Type; g. Whole Width Type.

34&BOTH TEHIB ORI BRI
h, EC@E L T2EEE b D,
g. 20§% Whole Width Type
LA NLECHERIhch D,
4) BEMNBOHKIEF & 458

ERWD 5 HE & B THEHTO BEEIYRIE Fig.

3 EEITR Lic X 5 th Eh—EDIERF 2885 &
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5 L : R OHMBIIAEE»LIEE D, T OWRIE
RPN - &R L EOR T LI AR
P L e KD A E LTRRABKRECHLRE
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T DR T 2 & O T IR - fo B8 7o
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TRERPrTHELER BT T, ThbbT
MoFHHLEAUOHMRAEOBM, BMENEZD,. £
DWFIER & LTHED 2B b > TR IR S
(Fig. 4B), ZOHE, WEVHRHBMACEHH LT

B, BETHIELHDH, chificselHmL
WAEEA R EROAPICEN, ThLBRBEALERO
REEL DO EDORE D EXETH LI DB, AT
IBE&KZTEH B EScE - THEL D THELER O
Bl hERR<, gL teERERs, Tihb
LB LERIFAEE L LBEEY SR SBTETH S,

FHTH: FbTECRT TR LSS bE
~DFEHHHS S < ZHMAER T, & 2Tk
DX S IREER I RKIRE LIFAT,
FEBRBOERBCRNCEN 2 TEIT 1B
H24&BTHBH, TOWLThHEL HBREVASEOR
ETRBELNTTERI T, L LERRAEMLSER
BEMERIZEALRABHCET S L 5cBbh3,
1484 2 &ML BT PIBEOEL D L LTEA B,
MFZLFEhHETOEch Y Fvkeikeh (Fig.
4C), BEZERAETLETTRAUALHORK, HREE
LT, EOMERBREIBRF TR xoREL
WERNEDDBI S,

SEMRMT I LBHBAEL, 25£B1BETEL
DREBShikh ot 1 &BoOmAH LLETS
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&

Fig. 4. Detail of five types of the sporangial sorus.

e |
A. Bilateral Type; B. Whole Width Type;

(A and B are of the under surface.) C. Single Line Type; D-E. Triple Line Type; F. Basal portion of
Double Line and Whole Width Type; (C-F are of the upper surface.) A and D, as well as B and F,
are shown the opposite locations each other of the same blade.

2 OB IERT O I T NE L Te - T
Wh EFeET50, 2 AREOR g Lz
THEDRIFFRD1HED 35D 2 b Lnds
B7g\, FEi, TOHERUE 2 &5 L FERC A A 7T
w835 (Fig. 4D, E),

2(3) LB 2(3) FAmilZ it C4aiRihic s
L33, 4 A2 v 70RERCRbHh

BT, 5 bHOEBEOMB X hixsishdicu,
3 GREIN 3 FAMERIC T T B N i i L O BERL D
i e UCHIERIR O3 LWBEROVE T 5 5%, 2huk
ez R bhis g chs (Fig.4E), ¥4, 1 4%
WH 3 L MA BT LB TRET S Lzt k5
Thbo

B CHRIOBFL DM kb o 1 &p e
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W72 ) AR THB O L, Wi 5 Bus
FTRTAREH TN BT 5 2 L Ths L (Fig.
4D, E, F), oz lit¥t, 5 bHEOFANEICH
M THD 2 L ELHE L MBI ETHS (1.
Fig. 4A, B).
(5) M#EOEEHMHIRER

5B, B THEIC B 5 4 BRI oo 2 iy L BLE
[l% 2z b SETRBIMN LB LR AEE 2 v Fic k b4
iRl Fiilc#EE L Figs. 5~7 1R L,
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A EIMmERAEEE H, MEeEMz10d 268
bhich, LLANDL 2 A% TH30% % RE I Bl L
Wl E eh otc, Fio, £EHFCRELELOIG
Mot

2EBHEMLTL 6 ANSI0A T To 5 2 ARILES
W %D otc, MFERERS A bIHE Lizs108
¥ T30S KT ¥ 572, Lo LILA IR »T75%
CEHEL, SHIRLBHECH#EALZLDLI2Y H -1,
124 EiN332% ¥ THin Uiz, FoEoEET
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HERCITTFENIZE LA L -1 D LI R

$4CiHi: Fig. 6 & Fig. 7 iz FhFh 5 b
Wi ¥ 2ok mZ AR 2 b oKD, LTk
B HRE OFEHELE R L,

5 bEA W OHER (Fig. 6) 1x1, 24EF LD
CiIEFEgEOBAEAR SR, WFh b RBRE 100%
M3IMmAEREFEGEIZ 1 &8 L 2 LM RCHE R

oo SEFBOBRIZIAB I Y EBI 1 MFIZEEL
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1 3 L L 1 I I L
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Bilateral Type

Bilateral & Whole
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LEATI2H S, 2EETIOEMABIAE -7, Zh
b DA BRI RIE B OB > TEDHBH T Lz
B lgotedd, £k LT34EL1E8 0% (4
H), 2FET2% (128) wik¥h, 14&ME24%
HMoLo2EENKED 572,

5 bEA xR EIC FEE LiciElk (Fig. 7) i1
EH, 2M4EEELTDO L2 AIEEREI 1009 %
fRoteny, ZToBIrWTFRbEEI 1 &8, 2 4£HH
Th, EUECEEROTTIC TR TR I i
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B, 1FATRLA L3 ADERIKG 2O TTREE
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MR B b CHE OB O FEE L 5 S A R
DHEFFL YL, WERLEEICHEALEFREDS X
D AE X A R A B T e,

tric, 5 bEALERIT s -7 2 EHERTIRLL
H, RALBIZHEITHEIZTNT2(3) &LiEH%
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(1) FERORZBEA

Hasecawa (1962) 13=FRETOFEMED 3 v 1
va v 7OFREHHENCOWT, 1FEERKIIOH
MarbBEI AERFET, 2FEBIEMFIT ArbHBE
2HET, FRI3FHEXATREO6ANLBELIAZ T
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B. Second year blades

- Whole Width Type

Fig. 5. Seasonal appearance of the sporangial sorus types on under surface of the blades.
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Fig. 6. Seasonal appearance of the sporangial sorus types on upper surface of
the blades bearing the sorus of Bilateral Type on under surface.
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Other marks indicate the same types as Fig.6

Seasonal appearance of the sporangial sorus types on upper surface of the

blades bearing the sorus of Bilateral and Whole Width Type on under surface.
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Members of the Society are invited to contribute original research reports and short communica-
tions in Japanese or English on all aspects of phycology. Every research paper is read and criticized
by reviewers on the basis of its originality and the discussion presented. Where appropriate, review-
ers other than those on the Editorial Board are consulted. Final responsibility for selection and
published order of papers rests with the Editor. Papers not longer than 6 printed pages including
figures and tables and short communications within 2 printed pages will be published without charge
(exclusive of reprints). Additional published pages will be charged to the author (10,000 Yen per
page).

The manuscript should conform exactly to the following instructions. The manuscript should
be typewritten, double-spaced, on thick paper of 21.5x28cm or A4 size. Each typewritten page
usually consists of 28 lines. 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 one duplicate are required. The first page should have only
the title, name(s) of the author(s) and institution with address, and any necessary footnote. A short
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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
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the Editor from translation of the abstract.
References. Citations in the text should read thus: LIEBIG’S (1840 p. 23)«-+-- OF *eeee (WeLcH 1972,
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Synthetic Sea Water for Research Use

JAMARIN"

Characteristics

1. Formulated according to the analytical re-
sults of ocean water.

2. High uniformity of the original mixture.
Hence possible to use partially.

3. Completely soluble.

4. Amply proved to be a good medium for
marine life researches. (see the list below)

Kinds of JAMARIN
1. JAMARIN U(unsterilizable)

Readily soluble. Concentration up to triple
strength of sea water can be prepared.

Per cent of gastrulation in the sea urchin,
Anthocidaris crassisping:-+-+++++=+++=+++=+++- 98%

2. JAMARIN S(sterilizable)

Can be autoclaved.
Per cent of gastrulation in the sea urchin,
Anthocidaris crassisping:-++++++=++=+++++++ 96.3%

3. Modified JAMARINs

Ca-free JAMARIN, Ca, Mg-free JAMARIN,
Sulfate-free JAMARIN etc., in compliance with
the requests of customers.

JAMARIN Laboratory

Applied fields of JAMARIN

Bacteria:
Separation and culture of marine bacteria.
Isolation of antibiotics from marine bacteria.

Algae:

Reassembly of dissociated components in
Bryopsis. Isolation of enzymes in carbohyd-
rate metabolism in Platymonas sp.

Nitrate and Nitrite metabolism in the red alga,
Porphyra yezoensis.

Invertebrates:

Meiotic division in starfish oocytes. Branchial
regeneration in Polychetes. Strobilation of
Aurelia aurita.

Phototactic responses of a flatworm, Convoluta

Sp.

Price: 1pkg. (makes 20/ of sea water) U.S.
$10.00
Price list in your currency, including shipping
charge, will be sent on your request. Inquiries
invited.

11-5, Shigino-Nishi 2 chome,
Johto-Ku, Osaka, 536 Japan.
Phone 06-961-6007

smEBALEK Syl 7

% £ L FooEHR
1, SEISNTYXRRL N, 1. Jamarin U — R,
2. 130, BEIIFT 5, 2. Jamarin S F—bI2V—T4 2y ITED,
3., NEFERHTES, 3. Ca-free Jamarin
4, FLAEYTRTOBEOEWIEHER B, 4. Ca,Mg-free Jamarin
5. Sulfate-free Jamarin
fff % 200 14 1600 (Gx#t30)
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Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c/o Laboratory of Phycology, Tokye University of Fisheries, Konan 4 chome, Minato-
ku, Tokyo, 108 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society
of Phycology). Price, 1,500 Yen per issue for member, or 2,500 Yen per issue for non member, price
of Vol. 30, No. 4, with cumulative index (Vol. 1-30), 4,500 Yen for member, or 6,000 Yen for non
member. Lack: Vol. 1, Nos. 1-2; Vol. 5, No. 1; Vol. 6-Vol. 9, Nos. 1-3 (incl. postage, surface mail).

2. Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962) Price
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3. A Memorial Issue Honouring the late Professor Yukio YAMADA (Supplement to Volume 25,
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