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Infraspecific differences in Cyclotella comta populations in
the Fuji Five Lakes and Lake Ashino-ko in Japan

Masami INokucHI* and Kho Maruyama**

*Department of Environmental Engineering, Nippon Engineering College, Tokyo, 144 Japan
**Institute of Applied Microbiology, University of Tokyo, Tokyo, 113 Japan

InokucHI, M. and Maruyama, K. 1990. Infraspecific differences in Cyclotella comta populations in the Fuji
Five Lakes and Lake Ashino-ko in Japan. Jpn. J. Phycol. 38: 105-117.

The valve diameter (D), marginal width (M) and striae (S) and cell densities of Cyclotella comta popula-
tions together with the nutrient profile of the water were examined by using samples collected from coastal
surface water at thirty-five stations in the Fuji Five Lakes and Lake Ashino-ko in 1987. The natural popula-
tions of C. comta were found to show a statistically significant annual change in the valve diameter and mark-
ings on the valve surface. In a population, M decreases, but S increases and M/D does not change or in-
creases, when D decreases, while the correlation coefficients of D-M, D-S and D-M/D decreases in the
order. D, M and M/D get smaller and S larger from spring to autumn, while keeping at the above
feature. The cell type defined by two variables such as D-M, D-S or D-M/D seems to be present in each
lake. The dependency of cell type on cell density and environmental factors was observed.

Key Index Words:
Cyclotella comta—diatom— Fuji-goko—nutrient.

RoBiNnsoN and WALLER (1966) showed
geographically separated populations of the
marine planktonic diatom, Rhizosolenia styli-
formis.  Minor variants recorded in the
planktonic diatom Tabellaria flocculosa of lakes
(Rounp 1965, Rounp and Brook 1959,
KoppeN 1975) seem to be stable (Rounp
1981). At least in small lake, the surface
diatom population is uniform horizontally
(Maruvama 1988). In the case of man-made
lakes such as Lakes Sagami-ko and Tsukui-
ko, the cell size distribution of poulation
changed continuously with location (NAMIKI
et al. 1985). In lakes connected by a river
such as the Nishina Three Lakes, the
differences in cell size among lakes are
slightly larger than those within each lake
(MaruyaMma 1988). The present study focuss-
ed on the differences in form (or shape) ap-
peared and area occupied by infraspecific
variants in C. comta.

** To whom reprint requests should be addressed.

annual cell cycle—niche—Ashino-ko—cell density—cell size distribution—cell type—

Six lakes from northwest to southeast
around Mt. Fuji stand within 50 km. One
old lake was divided into three lakes of
Motosu-ko, Shoji-ko and Sai-ko by a
coulee in 864. Lakes Yamanaka-ko and
Kawaguchi-ko were also formed by a coulee
in 800 (NoBUHARA ¢t al. 1971). Lake Ashino-
ko is a crater lake formed in about 1100BC
(Icou 1980). These lakes are spring-fed lakes
with very little inflow of water from ground
surface (Tanaka 1900, TaNAkA et al. 1982,
Yaar 1974). The details of the Fuji Five
Lakes and Lake Ashino-ko (Suzukr 1982) are
shown in Fig. 1.

Materials and Methods

Thirty-five sampling stations were chosen
along the shore in six lakes, viz. 6 in Lake
Motosu-ko, 2 in Lake Shoji-ko, 4 in Lake Sai-
ko, 7 in Lake Kawaguchi-ko, 6 in Lake
Yamanaka-ko and 10 in Lake Ashino-ko (Fig.
1). Samplings were made on April 12-14,
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Lakes Longitude Latitude Altitude Areg Maximum
?E) (N) (m (kme) depth (m)

Motosu-ko 138°35' 35°28' 900.0 4.78 121.6

Shoji-ko 138°37! 35°29' 900.0 0.51 15.2 L. ASHINO-KO
Sai-ko 138°41' 35°30' 900.0 2.15 n.7

Kawaguchi-ko  138°45' 35°31" 830.5 5.60 14.6

Yamanaka-ko 138°52' 35°25" 980.5 6.66 13.3

Ashino-ko 139°00' 35°13' 724.5 7.04 40.6

Fig. 1. Sampling stations and the locations, areas and maximum depths of the Fuji Five Lakes and Lake
Ashino-ko.

June 14-16, August 9-10, October 14-15
and December 16, 1987. At each station,
triplicate surface water samples were collected
in 250 m/ polyethylene bottles; one was fixed
in 4% formalin (final concentration) for mor-
phological examination and the other two
were used for chemical analyses. The pH
and electric conductivity (EC) were measured
using pocket glass electrode pH (YEW model
PH51) and EC (YEW model SC51) meters.
Water samples of 250 m/ each were centri-
fuged at 2,750 X g for 15 min, the sediments
resuspended in 2.5 m/, and 0.05 m/ suspen-
sions placed on a cover-glass and dried over a
hot-plate at 100°C. Cells were examined by
using a microscope (Nikon model Optiphot

NTF) and a micro-stage (Sapporo Breweries
Ltd. model MS) connected to a computer
(Fujitsu model FM-8). Population estimates
were based on triplicate cell counts and ex-
pressed as number of cells per m/. The valve
diameter (D), the marginal width (M), and
the number of striae in 10 gm of the valve
round (S) were measured in 200 cells in each
population by using a video-writer (FOR.A
model FVW 300) connected to a computer
(Fujitsu model FM-11 and FM R-50FD) and
M/D was calculated as M X 100/(D/2).

Total nitrogen (T-N) and total phosphorus
(T-P) were analyzed by the methods of
JAPANESE STANDARDS AssociATION (1986),
and silica (S8iO;) and COD by the methods of
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NIHONSUIDOKYOUKAI (1985).

Results

Davision into populations with different reproductive
cycles

Each population from Lakes Yamanaka-ko
and Ashino-ko in spring is assumed to consist
of small cells (S) and large cells (L) with
different reproductive cycles (NAMIKI ¢t al.
1985). The population in Lake Yamanaka-
ko was divided into two groups by a rough
estimation at 13.5 gm in diameter and that in
Lake Ashino-ko at 12.0 zm (Fig. 2), and the
populations  obtained were statistically
analyzed.
Dafferences within each lake

Since the distributions of D, M and S of
each population were different from each
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cedure was adopted: the judgement whether
the distribution is normal (1) or not (2) by the
test for detecting the departure from normali-
ty (Kolmogorov-Smirnov one sample test,
KOT) (Table 1); if it is normal, then the
judgement is done whether it is equivariant
(3) or not (4) by the test for homogeneity of
variance (Bartlet’s test, BT) (Table 2). In a
judgement on the distribution of D, when the
distribution was normal and equivariant
[(1)—=(3)], (1) (3) was observed every
season in Lakes Motosu-ko and Shoji-ko,
(1) = (4) or (2) with the season in Lake Sai-
ko, and (1) = (3) or (1) — (4) with the season
in Lakes Yamanaka-ko and Ashino-ko. The
distributions of M and S can be stated mostly
normal (Table 1).

As some of the lakes at some seasons show-
ed the case (2) or (1) = (4), Kolmogorov-

other in form and location, the following pro-  Smirnov two sample test (KTT) was
! 'L yamanaka ko T b T AsHINO-KO
- —40
1)
>
a
D-M/D D-M/D =
—20
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Fig. 2.

Relationship of valve diameter (D) to marginal width (M), number of striae (S), and M/D ratio of C.

comta at station 1 in Lake Yamanaka-ko and station 3 in Lake Ashino-ko in spring in 1987 as examples, indicating
small and large populations divided by 13.5 #m in D in Lake Yamanaka-ko and by 12.0 #m in Lake Ashino-ko.
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Table 1.

INokucHI, M. and Maruyvama, K.

The observed largest differences of Kolmogorov-Smirnov one sample test (KOT) of D, M and S

in the Fuji Five Lakes and Lake Ashino-ko in 1987. The differences beyond the value for 5 per cent significance

are tabulated.

Lakes & Stations Apr. June Aug. Oct.
Diameter (D)
L. Sai-ko 1 0.1385
3 0.1169
4 0.1126
Number of striae (S)
L. Motosu-ko 5 0.1154
L. Sai-ko 1 0.1119
3 0.1192
L. Yamanaka-ko 1 0.0973
L. Ashino-ko 9 0.1073
Width of marginal region (M/D)
L. Motosu-ko 6 0.0979
L. Ashino-ko 4 0.0983

employed for the detection of differences in
population within each lake. The results ob-
tained in many instances with the exceptions
indicated by box in Table 3 can be reasonably
regarded as having the same distribution at 5
per cent level of significance.

Fig. 3A shows the point and interval
estimates of population medians of D, S and
M/D. They are also within a narrow range
at the same season in each lake. The interval
estimates in every other month do not general-
ly overlap with each other and the changes
over the lapse of time can be followed. It is
seen from the figure that differences in the
range and width of D, S and M/D of the an-
nual changes are found among 6 lakes. As
one or both of the variables follow a normal
distribution, the population was analyzed by
the bivariate analysis to check its character.
General character of a population

Regression analysis was used for the evalua-
tion of D-M, D-S, and D-M/D in a popula-
tion. The regression line can be represented
by an equation in the form of y=a+fx. The
equation of the line can be rewritten as
y=r+8(x—x). This change is achieved by
writing 7y =a+ fx, that is 7 is the y-value of
the point on the line corresponding to x=x.
In a population, M decreases, S increases and
M/D increases or does not change as D
decreases. This relation is shown in Fig. 4,
in which the point and interval estimates of
the regression coefficients § for D-M, D-S

and D-M/D are distributed in plus range,
mostly in minus range and mostly in minus
range with large deviation, respectively, while
the correlation coefficients for D-M, D-S and
D-M/D decrease in the order (Table 4).
This feature seems to be basically common in
a population in all seasons and lakes.
Change observed from spring to autumn

D, M and M/D get smaller and S larger as

Table 2. The observed largest differences of
Bartlett’ test (BT) of D at 5 per cent significance
applied to the population having the value of KOT
below 5 per cent significance.

5% significances
Lakes & Seasons Obs;: Tved (Dég;rees of
values freedom)
L. Motosu-ko
Apr. 7.77 11.07 (5)
June 7.81 11.07 (5)
Aug. 10.15 11.07 (5)
Oct. 10.31 11.07 (5)
L. Shoji-ko
Apr 0.46 3.84 (1)
June 0.16 3.84 (1)
L. Sai-ko
Oct. 8.59 7.81 (3)
L. Yamanaka-ko
Apr. 8* 9.65 11.07 (5)
Lx* 29.79 11.07 (5)
June 19.64 9.49 (4)
Aug. 14.30 7.82 (3)
L. Ashino-ko
Apr. S* 21.36 14.07 (7)
L* 9.80 14.07 (7)
June 24.62 14.07 (7)
Oct. 11.01 11.07 (5)

* S, small cell populations; L, large cell populations.



Table 3.
Fuji Five Lakes and Lake Ashino-ko in 1987.

L. Motosu-ko L. Shoji-ko

2 3 4 5 6 2
1 0.110 0.130 0.125 0.115 1 0.055 (APR)
2 0.135 0.120 1 0.115 (JUN)
3 0.085 0.060 0.125 —
4 (APR) 0.075 0.095 [ o
5 0.110

2 3 4

1 0.115 0.115 0.065 0.085 0.080
2 0.055 0.100 0.050 0.055 1 0.060 0.130 0.060
3 0.110 0.065 0.065 2 0.095 0.055
4 (JUN) 0.075 0.080 3 (JUN) 0.100
5 0.05 1 0.105 [0.170][0.185
1 0.075 0.070 0.090 0.070 0.065 2 0.125 [0.170
2 0.055 0.070 0.060 0.065 3 (OCT) 0.085
3 0.075 0.075 0.060
4 (AUG) 0.040 0.070
5 0.055
1 0.055 0.050 0.135 0.130 0.095
2 0.060 0.110
3 0.130 0.130 0.070
4 (OCT) 0.080 0.090
5 0.075

The observed largest differences of Kolmogorov-Smirnov two-sample test (KTT) of D in all combinations of stations in each lake at the same season in the
The values over 5 per cent level of significance, 0.136, are indicated by box.

L. Yamanaka-ko L. Ashino-ko
2 3 4 5 6 2 3 4 5 6 7 8 9
1 [0.190][0.155] 0.075 0.130 [0.205] 1 0.090 [0.170] 0.115 0.110 0.080 0.160 0.075
2 0.125 [0.230][0.190] 0.110 2 0.175] 0.130 0.080 0.090 0.150 0.070
3 0.170]0.110 0.075 3 0.085 0.120 0.125 0.045 0.125
4 (APR) 0.100 [0.205] 4 0.065 0.065 0.090 0.100
5 0.130 5 0.070 0.105 0.065
1 0.100 0.130 0.135 0.075 ‘75 (APR) 0.120 g'(l’f:
2 0.110 0.100 0.085 :
4 (JUN) 0.130 0.060 1 0.100 0.070 0.065 0.075 0.095 [0.145 0.140
5 0.110 2 0.075 0.070 0.055 0.070 [0.155 0.115
1 0.413 (0150 0.125 : iyl
2 0.070 10.190 5 . 0.075 0'135 0.125
3 (AUG) 0.215 : : :
6 (JUN) 0.125 0.130
7 0.140
1 0.065 0.055 0.055 0.120 0.065
2 0.085 0.050 0.085
3 0.075 0.095 0.060
4 (OCT) 0.135 0.060
5 0.140

D07 *7) UT SIIUSIIPIP dytoadserjug

607
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the season proceeds, while keeping a popula-
tion at the above feature. These changes are
illustrated with the means in the right portion
of Fig. 4A, C-E and the point and interval
estimates of 7 corresponding to each mean are
also shown in Fig. 4. Those in every other
month do not mostly overlap with each
other. The path swept out by the seasonal
changes of means is described as the
downward trends of D-M and D-M/D and
the upward trend of D-S. With these
changes (as D decreases) 8 of D-M decreases
toward zero, that of D-S decreases from zero
and that of D-M/D does not change (Fig. 4A,
C-E). This annual change also seems to be
common to all the lakes.
Differrences in population among lekes

The cell types (see Discussion) character-
ized by D, M and S seem to be endemic to the

lake. This is illustrated as the shift of the
paths of D-M, D-S and D-M/D in the right
portion of Fig. 4A. The paths of D-M and
D-M/D in Lakes Shoji-ko (June), Yamanaka-
ko, Shoji-ko (Apr.), Ashino-ko, Motosu-ko,
and Sai-ko shift to the left and upward in the
order and that of D-S to the left and
downward mostly in the order. The interval
estimates of y do not almost overlap with each
other with a few exceptions.

The populations in Lake Shoji-ko in spring
(group I), those in Lakes Shoji-ko in early
summer and Sai-ko (group II), and those in
the other lakes (group III) are distinguished
from each other by the morphological ap-
pearance as shown in Fig. 5. Groups I, II
and III are morphologically separable from
each other: Group I is separable from other
two groups in having high striae density,
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The seasonal and regional changes of the point and 95 per cent interval estimates of population me-

dians of value diameter (open circle), number of striae (open triangle) and the ratio of marginal width to valve
diameter (solids circle) (A), and the population density (B) in the Fuji Five Lakes and Lake Ashino-ko in 1987. O,
original population; L, large cell populations; S, small cell populations.
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whereas group II is separated from other two
groups as it has a low density of alveolar on
the valve surface.
Dafferences in cell density

The cell density decreased in the following
order; highest with a spring pulse in Lake Sho-
ji-ko (Group I), with a midsummer pulse
in Lake Motosu-ko, with an autumn pulse in
Lake Sai-ko, with an early summer pulse in
Lake Shoji-ko (Group II), with an obscure
pulse in Lake Ashino-ko and lowest with an
obscure pulse in Lake Yamanaka-ko (Fig. 3).
Differences in environmental conditions

The point and 95% confidence interval
estimates of means of the water temperature

of the surface water in each season in six lakes
are shown in Fig. 6. The interval estimates
of the environmental factors within lake in
every season were small except for pH and T-
P in Lake Shoji-ko in summer. Tw shows
the same type of annual change with the
highest in summer. The level of pH rises in
early summer in Lakes Shoji-ko, Kawaguchi-
ko and Ashino-ko, in midsummer in Lakes
Sai-ko and Motosu-ko, and in autumn in
Lake Yamanaka-ko. EC,s is about the same
all year round. T-N is high in spring in
Lakes Sai-ko, Ashino-ko and Motosu-ko,
high in summer and autumn in Lakes Shoji-
ko and Kawaguchi-ko, and constant in Lake

(Tw), pH, ECy;, T-N, T-P, SiOy, and COD  Yamanaka-ko. No fixed pattern of change
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E

Fig. 4 The point and 95 per cent interval estimates of 8 and 1 of the regression line of M (middle), S (lower)
and M/D (upper) on D in April (open circle), June (solid circle), August (open triangle) and October (solid
triangle). The relations between D and M, S and M/D expressed by the point estimates of means are shown at the
right portion (large dotts for each lake). Original populations are shown by solid diamond and dotted line. Small
cell populations are shown by open diamond and dotted line. 8 (—2~2) for D-M/D and that (—0.5~0.5) for D-
M and D-S are in the lower abscissa. The upper abscissa is for D in #m. The paths in other lakes are also shown
by small dotts in Fig. 4A. M for Lake Motosu-ko, SH for Lake Shoji-ko, SA for Lake Sai-ko, Y for Lake

Yamanaka-ko, and A for Lake Ashino-ko.
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Table 4. The correlation coefficients of D-M, D-S and D-M/D in the Fuji Five Lakes and Lake Ashino-ko
in 1987.
Lakes & Seasons D-M D-S D-M/D
L. Motosu-ko
Apr. 0.79-0.83 —0.33-—0.07 —0.32-—0.08
June 0.80-0.82 —0.27-—0.09 —0.33-—0.07
Aug. 0.68-0.78 —0.38-—0.31 —0.29- 0.02
Oct. 0.62-0.74 —0.41-—0.24 —0.10- 0.02
L. Shoji-ko
Apr. 0.71-0.74 —0.23-—0.18 —0.23-—0.15
June 0.63-0.74 —0.21-—0.17 —0.31-—0.05
L. Sai-ko
June 0.61-0.80 —0.27-—0.14 —0.32-—0.07
Oct. 0.63-0.72 —0.41-—0.31 —0.03-—0.01
L. Yamanaka-ko
Apr. 0.82-0.89 —0.40-—0.24 —0.37-—0.06
s* 0.58-0.72 —0.38-—0.08 —0.24- 0.16
L* 0.43-0.62 —0.30-—0.08 —0.33-—0.09
June 0.66—0.80 —0.39-—0.12 —0.34-—0.12
Aug. 0.56-0.61 —0.20-—0.08 —0.25-—0.04
L. Ashino-ko
Apr. 0.83-0.88 —0.41-—0.24 —0.40-—0.14
s* 0.42-0.63 —0.34-—0.08 —0.21-—0.05
L* 0.57-0.71 —0.25- 0.05 —0.30-—0.04
June 0.68-0.73 —0.37--0.19 —0.40-—0.12
Oct. 0.54-0.68 —0.37-—0.21 —0.21-—0.09

*S, small cell populations; L, large cell populations.

was found out in the other elements.

The difference in Tw between low level
(Lakes Motosu-ko, Sai-ko, Yamanaka-ko and
Ashino-ko) and high level (Lakes Shoji-ko
and Kawaguchi-ko) was remarkable from
spring to early summer. It seems to depend
on the difference of depth or altitude where
the lakes stand. The level of pH was lower in
Lakes Motosu-ko and Yamanaka-ko than in
the other lakes. The level of EC was low in
Lake Motosu-ko, middle in Lakes Shoji-ko,
Sai-ko, Yamanaka-ko and Ashino-ko and
high in Lake Kawaguchi-ko in all seasons.
The high level of EC of water with poor dis-
solved substances like freshwater lakes implies
high concentration of Ca?*, Mg?* or CI™.
These ions are relatively high in Lake
Kawaguchi-ko as compared to the other lakes
(Nakaynma et al. 1973). T-N maintained a
low level in Lake Motosu-ko and mostly high
level in other lakes. The level of T-P was
lower in Lakes Motosu-ko and Sai-ko,
whereas it was higher in Lakes Ashino-ko,
Yamanaka-ko, Kawaguchi-ko and Shoji-ko.
The concentration of SiO, becomes higher in

the order, Lakes Motosu-ko, Shoji-ko, Sai-
ko, Kawaguchi-ko, = Ashino-ko  and
Yamanaka-ko. The composition of stratum
forming the lake has direct effect upon the con-
centration of SiO, in these lakes. The level of
COD was low in Lake Motosu-ko, middle in
Lake Sai-ko, and high in Lakes Shoji-ko,
Kawaguchi-ko, Yamanaka-ko and Ashino-ko
in all seasons except for Lake Sai-ko. Almost
all the factors in Lake Motosu-ko are lowest.
The level of T-N in Lake Motosu-ko is lower
than 0.2mg// and that of T-P in Lakes
Motosu-ko, Sai-ko and Ashino-ko is lower
than 0.02 mg/!.

Discussion

Two populations in spring in both Lakes
Yamanaka-ko and Ashino-ko are sympatric
and they differ in the cycle of reproduction.
The differences in the range and width of the
annual changes of D are significant and the
reproduction cycle round might not be an an-
nual periodic phenomenon. Apart from the
reproduction cycle, the annual cell cycle can
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be statistically recognized. This is proved by
a fact that M/D in both S and L populations is
large.

The form and location of cell size distribu-
tion in the population in a batch culture of
Chlorella changed corresponding to the stage
of growth (Maruvama, 1977). The cell size
distributions in natural population are dif-
ferent from each other in form and location,

AUG

OCT
The typical valve appearances of the populations in the Fuji Five Lakes and Lake Ashino-ko in 1987.

but whether the difference in distribution is
related to the state of multiplication is not
clear. The concentrations of T-P and SiO,
become higher in the order of L. Motosu-ko,
L. Ashino-ko, and L. Yamanaka-ko. It is
significant whether a definite order of the
shift of paths is affected by the concentrations
of T-P and/or SiO, or not. The cell types
have the characters defined by two variables
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Fig. 6. The point and 95 per cent confidence
interval estimates of means of the water temperature
(Tw), pH, ECys, T-N, T-P, SiO, and COD of the
coastal surface water in Lakes Motosu-ko (open cir-
cle), Shoji-ko (solid circle), Sai-ko (open triangle),
Kawaguchi-ko (solid triangle), Yamanaka-ko (open
diamond) and Ashino-ko (solid diamond) in 1987.

such as D-M, D-S and D-M/D, which might
be an inherited character. Therefore, some
types of taxa of lower rank seem to be most
probable. C. comta in these lakes is composed
of three local taxa of groups I-III, but it is not
clear whether diatoms of group III from three
localities are identified as the same taxa or
not.

The differences in the cell types among
lakes and the operation of an annual cell cycle
could be identified morphologically in the
natural population. Other attributes of cell
types and their relation to physico-chemical
factors need further understanding.
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This paper deals with the occurrence of hypogynous cells which form rosette-like laterals, and the pro-
nounced protoplasmic connections between the carpogonium and the hypogynous nutritive cell of

Batrachospermum macrosporum MONTAGNE.

The development of carposporophyte and the geographical

distribution of this species in South America are also dealt with.

Key Index Words: Batrachospermum macrosporum—freshwater Rhodophyta—hypogynous cells—

rosette-like laterals—South America.

Batrachospermum macrosporum was described
by MoNTAGNE (1850) based on the specimen
collected by Leprieur from River Orapu
and Comté in French Guiana. THEREZIEN (1985)
reported Batrachospermum macrosporum MON-
TAGNE from Crique Blanche, a tributary of
River Orapu in French Guiana.

Recently, three collections of B. macro-
sporum were made from tropical, subtropical
and temperate regions in Brazil.

Based on the Brazilian herbarium speci-
mens, and comparing them with the type
specimen of B. macrosporum, this paper deals
with those elongated hypogynous cells that
form rosette-like laterals, and the geograph-
ical distribution of B. macrosporum in South
America.

Herbarium specimens examined in the
present study

Three Brazilian collections of Batrachosper-
mum macrosporum MONTAGNE examined in this
study were as follows: the herbarium speci-
men (SP 187859) collected from Araucéria, State
of Paranid (SureHama, 05/03/1981), the
herbarium specimen (SP 187184) collected
from Santa Cruz River, Cardoso Island,
Cananéia, State of Sio Paulo (VitaL, 15/

03/1984), and the herbarium specimen (SP
187855) collected from Igarapé Taruman-
zinho near Manaus, State of Amazonas (NEc-
cH1 & Kumano, 20/08/1986). The Brazilian
specimens are deposited in the Herbarium of
Instituto de Botdnica, Sdo Paulo in Brazil,
and their duplicates are deposited in the Her-
barium of Faculty of Science, Kobe Universi-
ty, Kobe in Japan.

The type specimen (LEPRIEUR No. 1105) of
Batrachospermum  macrosporum  MONTAGNE,
which was collected from River Orapu and
Comté in French Guiana and deposited in
Muséum National d’Histoire Naturelle in
Paris, was also examined.

Observations of the Brazilian herbarium
specimens

examinations herbarium

The of the
specimens were as follows.

1. Development of carpogonia and hypo-
gynous cells
The carpogonium-bearing branch is com-
posed of 3-7 barrel-shaped cells and arises
from the pericentral cell (the basal cell of
primary branchlets) and sometimes from the
intercalary cells of the carpogonium-bearing
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branch.

In the early stage of the development, the
terminal portion of young carpogonium sticks
out, and becomes a round initial of the
trichogyne (Figs. 1, 2), then turns into the
obovoidal or spatular-shaped trichogyne with
an indistinct stalk (Figs. 3-5). A hypogynous
cell elongates laterally and produces upward a
protuberance, then a further protuberance is
produced at the opposite side in the same man-
ner (Figs. 3-5).

2. Development of carposporophyte

After fertilization, the trichogyne is
separated from the basal portion of carpo-
gonium (Fig. 6). The fertilized carpogonium
extends lateral outgrowths and gonimblast
filaments are produced (Fig. 8).

As the development of the gonimblast
filaments progresses, the hypogynous cell
becomes connected with the carpogonium
(Fig. 7) through the widened pit connection.
The protoplasmic connections between the
carpogonium, the nutritive hypogynous cell
and the underlying cells (Figs. 8, 11) of the
carpogonium-bearing branch are especially
pronounced. The gonimoblast filaments
(Figs. 10, 11) are composed of one or two,
rarely three, barrel-shaped or cylindrical cells
and are irregularly branched.

The gonimoblast filaments produce ter-
minally or subterminally obovoidal or sub-
pyriform carposporangia (Figs. 11, 12),
which are large, about 50 #m long and about
30 pm wide.

3. Germination of carpospores

Although the carposporangia are obovoidal
or subpyriform, the carpospores are spherical
after liberation. The carpospores are often
observed to germinate within or near the car-
posporangia (Fig. 12).

Upon germination, an outgrowth arises
from one side of the carpospore facing the prox-
imal portion of the carposporangium and
develops into a germ tube (Fig. 13), which is
cut off by a septum to form the initial cell of
the germling (Figs. 12, 14). When the germ-
ling develops two cells (Fig. 15), an outgrowth

arises from the cell next to the original car-
pospore (Fig. 16). The filaments of the germ-
lings elongate toward the center of the car-
posporophyte (Fig. 12).

On the contrary, a branch of the Chantran-
sia-stage elongates towards the opposite direc-
tion of the germling (Figs. 18-20, 23-25), or
toward the outer side of the whorl (Fig. 12).

Monosporangia are produced on a lateral
branch of juvenile Chantrasia-stage (Figs. 20,
25).

Discussion

1. Identification of the species

The type specimen of Batrachospermum
macrosporum, examined in the present
study, was accompanied by the figures of
‘sporae’, which were drawn by Montagne
with a pencil, however, they have not been
published yet. Moreover, Montagne did not
describe or show any female organs such as
the carpogonium, because no sexual organs
had been found in any taxa of the
Rhodophyta at his time. Giving no text
figures, MonTaGNE (1950) descibed B.
macrosporum based on the specimen collected
from River Orapu and Comté in French
Guiana, and stated that “sporae maturae deor-
sum acuminatae (obovoideo-subpyriformae),
5 ad 6 centimillim. (50-60 #m) longae apice
4 centimillim. (40 gm) crassae”. SirODOT
(1884) and Skuja (1933) referred to B. macro-
sporum, giving no dimensions and no text
figures of carpospores.

With text figures of female organs and car-
posporangia, THEREzIEN (1985) reported that
the carposporangia are 51 #m long and 31 ym
wide, based on the specimen of B. macrosporum
collected from Crique Blanche, a tributary of
River Orapu in French Guiana. Carpo-
sporangia of the Brazilian specimens of B.
macrosporum examined in the present study are
acuminate downward, obovoidal or sub-
pyriform, about 50 #m long and about 35
pm wide.

Comparing the type specimen and the
Brazilian herbarium specimens of B.
macrosporum, it was found that the Brazilian
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Fig. 1-25. Batrachospermum macrosporum MONTAGNE

Fig. 1-4. Development of a carpogonium and hypogynous cells elongated to form rosette-like laterals. Fig. 5.
A mature carpogonium with an obovoidal trichogyne and well-developed hypogynous cells. Figs. 6, 7. Fertilized
carpogonia. Fig. 8. Gonimoblast filaments arising from a fertilized carpogonia. Fig. 8. Gonimoblast filaments
arising from a fertilized carpogonium, and protoplasmic connections between a carpogonium, a hypogynous
cell and an underlying cell. Figs. 9, 10. Young carposporophyte. Fig. 11. Obovoidal or clavate carpo-
sporangia. Fig. 12. Carpospores germinating in situ. Figs. 13-20. Germlings with a branch arising from the cell
next to the carpospores. Figs. 20, 25. Germlings with the branch of juvenile Chantransia-stage, bearing
monosporangia. cps, carposporangia; h, hypogynous cells; g, gonimoblast filaments; m, monosporangia; s, sper-
matia; sp, carpospores; t, trichogynes.
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herbarium specimens are identical with the
type specimen in the main characteristics
such as the shape of female organs and the
size of carposporangia.

Results of the present observations agreed
with the description and text figures of female

organs and carposporangia shown by
THEREZIEN (1985). Therefore the Brazilian
herbarium specimens is identified as

Batrachospermum macrosporum MONTAGNE.

2. Assignment of the species

RaTNasaBaPaTHY and Kumano (1982)
described  Batrachospermum  hypogynum  in
Malaysia and reported the occurrence and
the development of rosette-like laterals of
hypogynous cells in this species.

B. macrosporum differs from B. hypogynum in
the shape and the size of trichogyne. The car-
pogonium is about 10 #m wide at the base,
about 15 #m wide at the apex, 35-40 ym
long, and trichogyne is obovoidal or spatular-
shaped in B. macrosporum, while the car-
pogonium is about 8-10 #m wide at the base,
about 10-13 ym wide at the apex, 40-45 ym
long, and trichogyne is urn-shaped in B.
hypogynum (RATNASABAPATHY and Kumano
1982). These two species, however, resemble
each other in having hypogynous cells form-
ing rosette-like laterals and large carpo-
sporangia.

B. macrosporum has been assigned to the sec-
tion Aristatae together with B. cayennense MoN-
TAGNE by Skuja (1933). However, B.
macrosporum is properly placed in a separate
section rather than in the section Aristatae
together with B. hypogynum.

3. Geographical distribution of the species
in South America

As mentioned previously, the type
specimen of B. macrosporum was collected by
Leprieur from River Orapu and Comté in
French Guiana. The type locality of B.
macrosporum is situated at latitude 5 degrees
north in a tropical region. THEREzIEN (1985)
collected the specimens of B. macrosporum from
Crique Blanche, a tributary of River Orapu
in French Guiana.

The localities of three Brazilian collections
examined in the present study are as follows:
Igarapé Tarumanzinho near Manaus in State
of Amazonas, situated at 3 degrees south
latitude in a tropical region; Araucaria in
State of Sao Paulo, situated at 25 degrees
south latitude; and Santa Curuz River, Car-
doso Island in State of Paranai, situated at 26
degrees south latitude, in the subtropical
regions in Brazil. Another collection was
made from Port Alegre, State of Rio Grande
do Sul, situated at 30 degrees south latitude,
in a temperate region in Brazil.

Judging from these facts, B. macrosporum is
widely distributed from the tropical, via the
subtropical, to the temperate regions in South
America.

In the Western Pacific regions, such a wide
distribution of the genus Batrachospermum from
the tropical, via the subtropical, to the
temperate regions has not been reported.
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Ballia prieurii KUuETzING and the related species (Ceramiaceae,

Ballia prieurii KUETZING and two related freshwater species, B. pygmoea MONTAGNE and B. pinnulata
KuMano, can be distinguished from the type species of the genus, B. callitricha (AcARDH) MONTAGNE, main-
ly in the organization and size of thallus, the reproductive organs and the geographical distributions of

species.

Re-examinations of the taxonomic criteria, especially of reproductive organs, are strongly desired.

Key Index Words: Ballia callitricha—Ballia pmnulata—Btha prieurii—Ballia pygmoea—

freshwater Rhodophyta—mode of ramificati

ddle-shaped joints.

Sphacelaria callitricha was described as a new
species by C. A. AGarpH (1824). MONTAGNE
(1839) reported this species with figures based
on the Patagonian specimens. Based on the
Australian specimens collected by R. BrowN,
Harvey (1840) established the genus Ballia
and described Ballia brunonia as a new
species. HAarvey (1840) presumed that
Sphacelaria callitricha might be Ballia brunonia
only in a battered and faded state. Sphacelaria
callitricha was transferred from the genus
Sphacelaria to the genus Ballia as Ballia
callitricha (Ac.) MONTAGNE (1841-1845), and
it has been regarded as the type species of the
genus Ballia.

On the other hand, three freshwater species
of the genus Ballia have been described,
although De Tonr (1903) kept them aside as
species inquirendae, because he regarded
Buallia prieurii as merely an underdeveloped
form of Ballia callitricha. B. prieurii was
described by Kuerzing (1847) based on the
specimen collected from Rivulet les Gemeaux
in Mahuri Mountains, Cayenne in French
Guiana. B. pygmoea was described by Mon-
TAGNE (1850) based on the specimen epiphytic
on Batrachospermum equisetifolium MONTAGNE
collected from Crique Gravier in Kaw Moun-
tains in French Guiana. B. pinnulata was
described by Kumano (1978) based on the

tgia—saaate

specimen collected from Sungai Gombak,
Selangor, in Peninsular Malaysia.

This paper deals with the differences be-
tween the type species of the genus Ballia, B.
callitricha, and three freshwater species of the
genus, based on the type specimens and the
allied specimens of each species.

Specimens examined in the present study

The following specimens are examained.
1. Ballia prieurii KUETZING

1) Three Malaysian collections of B.
prieurii: the specimen (No. 105) from Sungai
Sempanong, Johore, Peninsular Malaysia
(S. M. Puanc, 28/09/1985); the specimen
(No. 236) from Sungai Jasin, Johore, Penin-
sular Malaysia (S. M. Phang, 23/01/1986);
the specimen (No. 266) from Sungai Pelawar,
Johore, Peninsular Malaysia (S. M. PHang,
23/01/1986), deposited in the herbarium of
the Faculty of Science, Kobe University,
Japan.

2) The specimen (Leiden No. 938, 92-104)
of B. prieurii, collected from Rivulet Gemeaux
in Mahuri Mountains in French Guiana by
M. LePrIEUR (no. 832), with Kuetzing’s note
“bei Ballia prieurii KuerzinGg” in pencil and
Taylor’s note “this is tagged the type
specimen and probably so”, deposited in the
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Rijksherbarium in the Netherlands.
2. Ballia pygmoea MONTAGNE

The type specimen of B. pygmoea, epiphytic
on Batrachospermum equisetifolium, collected
from Creek Gravier in Kau Mountains in
French Guiana by M. LEPRIEUR (no. 1109)
and deposited in the herbarium of Muséum
National d’Histoire Naturelle in France.

3. Ballia pinnulata Kumano

The type specimen of B. pinnulata, collected
from Sungai Gombak, Selangor in Peninsular
Malaysia by S. Kumano, on May 30, 1971,
deposited in the herbarium of Faculty of
Science, Kobe University, Japan.

4. Ballia callitricha (AGARDH) MONTAGNE

1) The specimen reported by MONTAGNE
(1939) as Sphacelaria callirticha AGARDH in the
herbarium de C. Montagne, collected from
Iles Malouines and deposited in the her-
barium of Muséum National d’Histoire
Naturelle in France.

2) The specimen of B. callitricha, collected
from Queenscliff, Victoria in Australia by T.
YosHiDA, on August 20, 1988 and deposited in
the herbarium of Faculty of Science, Hok-
kaido University, Japan.

Observations

1.  Ballia prieurss KUETZING

1) The Malaysian specimens of B. prieurii
(Figs. 1-10): The thallus of the Malaysian
specimens is 3-5 mm high, heterotrichous, at-
tached to substratum with the prostrate
system which is composed of two kinds of
cells, round (Fig. 1, p) and filamentous cells
(Fig. 1, p).

The erect system (Fig. 1, e) is fastigiate,
with twiggy, long, slender, streaked and rod-
like branches, all of which reach nearly the
same height. The axes of the erect system are
noncorticated, consisting of barrel-shaped
and subhexagonal cells, and terminating in a
round tip (Fig. 2).

There is a pit connection at each joint of the
axial cells of the erect system, however, the
knob-like stoppers and the saddle-shaped
joints of axial cells are not observed.

The primary branchlets are placed on the

opposite side of the axis on the same plane;
the primary branchlets are unilaterally
branched and bear the secondary branchlets
composed of 2-6 cells, gradually tapering
toward the apex where terminal hairs (Fig. 1,
h) are occasionally observed.  The basal cell
of the primary branchlet elongates
downwards along the axial cells and divides to
produce the rhizoidal filament, which is com-
posed of elongated cells (Figs. 3, 4 and 9, r).
The lower part of the axes of the erect system
is occasionally covered by the rhizoidal
filaments.

Monosporangia (Figs. 6-8 and 10, m) are
spherical, 30-50 #m in diameter, mostly
lateral, sometimes subterminal (Figs. 6-8 and
10), rarely terminal (Fig. 5, m’) on the
primary branchlets. No sexual reproductive
organs are observed for the Malaysian
specimens of B. prieurii.

2) Type specimen of B. prieurii KUETZING
(Figs. 11-12): The thallus of the type
specimen is 20-25 mm high. There is a pit
connection at each joint of axial cells of the
erect system, however, the knob-like stoppers
and the saddle-shaped joints of axial cells are
not observed (Fig. 12).

The primary branchlets (Fig. 11) are
placed on the opposite side of the axis on the
same plane, irregularly tapered toward the
apex and are unilaterally branched bearing
the secondary branchlets. The basal cell of
the primary banchlet becomes elongated
downwards along the axial cells to produce
the rhizoidal filaments (Fig. 12, r). The
lower part of the axis of the erect system is
sometimes covered by rhizoidal filaments.

The asexual and sexual reproductive
organs are not observed in the type specimen
of B. prieurii.

2. Ballia pygmoea MoNTAGNE (Figs. 13-14)

The thallus of the type specimen is 1-2 mm
high, heterotrichous, epiphytic, and attached
to the cortical filaments of the thallus of
Batrachospermum equisetifolium by the prostrate
system, which is composed of two kinds of
cells, namely, round cells and filamentous
cells.
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Figs. 1-8. Malaysian specimen of Ballia prieurii KUETZING.
1. Heterotrichous thallus consisting of prostrate and erect systems. 2. Terminal portion of erect system. 3, 4.
Rhizoidal filaments arising from basal cells of the primary branchlets. 5. Terminal portion of erect system show-
ing empty monosporangia. 6-8. Monosporangia, mostly lateral, sometimes subterminal and rarely terminal on

the lateral branchlets.

e, erect system; h, terminal hair; m, monosporangia; m’, empty monosporangia; p, prostrate system composed of
round cells; p’, prostrate system composed of filamentous cells; r, rhizoidal filament.

The axes of the erect system are non-cor-
ticated and composed of a series of cylindrical
cells, terminating in a round tip (Fig. 13).
The primary branchlets in the lower part of
the erect system are alternate. In the upper
part of the erect system, the primary branch-
lets are opposite, unilaterally branched and
bear secondary branchlets composed of 3-5
cells, tapering gradually towards the apex
(Fig. 13). In the lower part of the erect
system, the basal cell of the primary branchlet

elongates downwards along the axial cells, to
form the rhizoidal filament, composed of
several elongated cells (Fig. 14, r).

The asexual and sexual reproductive
organs are not observed in the type specimen
of B. pygmoea.

3. Ballia pinnulata Kumano (Figs. 15-16)
The thallus of the type specimen is 2-3 mm

high, heterotrichous and attached to the

substratum with the filamentous prostrate
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system. The axes of the erect system are
non-corticated and composed of subhexa-
gonal or octagonal cells, terminating in the
hemispherical tip.

The primary branchlets are pinnate, placed
on opposite side of the axis on the same plane,
non-branched, and composed of 3-9 cells
(Fig. 15). In the lower part of the erect
system, the axial cells grow and produce the
rhizoidal filaments (Fig. 16, r).

The monosporangia (Fig. 15, m, m’) are
ellipsoidal or ovoidal, and terminal on the pin-
nate branchlets. No sexual reproductive
organs are observed in the Malaysian
specimens of B. pinnulata.

4. Ballia callitricha (Ac.) MONTAGNE

1) The Malouines specimen of Sphacelaria
callitricha (Fig. 17): There are the knob-like
stoppers (Fig. 17, k) at the saddle-shaped
joints (Fig. 17, s) of the axial cells in the main
stem and branchlets. In the basal portion of
the primary branchlets, the ramification cells
(Fig. 17, ra) are found. The mode of
ramification of S. callitricha is bipinnate;
branchlets become pinnate themselves. The
cortical filaments arise from the ramifica-
tion cells, extend along the axial cells and even-
tually cover all the axis.

No asexual and sexual reproductive organs
are observed in the Malouines specimens of S.
callitricha.

2) The Australian specimen of Ballia
callitricha (Figs. 18-20): The saddle-shaped
joints (Figs. 18, 20, s) of the axial cells and the
ramification cells (Figs. 18, 20, ra) are ob-

served at the base of the branchlets. The mode
of ramification of B. callitricha is bipinnate;
branchlets of the primary branchlets become
pinnate themselves (Fig. 19).

The tetrasporangia (Figs. 19, 20, t) are
cruciate and mostly terminal on the differen-
tiated branchlets shorter than the secondary
branchlets, consisting of 2-4 cells and arising
laterally. No sexual reproductive organs are
observed in the Australian specimen of B.
callitricha.

Discussions

Comparing the genus Ptilothamnion with the
genus Ballia, Skuja (1944) mentioned that the
assignment of the algae in question,
Sphacelaria callitricha, to the genus Ballia by
MONTAGNE (1841-1845) was reasonable on its
own terms, because no reproductive organs
had been found. On the other hand, Skuja
(1944) pointed out that the differences be-
ween Ballia prieurii and B. callitricha are very
remarkable regarding the organizations and
size of thalli and the geographical distribu-
tions of the taxa.

1. Organizations of thalli

Concerning the organization of thalli of the
type species, B. callitricha, many authors such
as HARVEY (1840), ArcHER (1876) and Skuja
(1944), and the present study have observed
the knob-like stoppers (Figs. 17, 18, k) at the
saddle-shaped joints of the axial cells (Figs.
17, 18, 20, s). Moreover, for this species, the
mode of ramification is bipinnate and the
ramification cells (Figs. 17, 18, 20, ra) of

Figs. 9 and 10. Malaysian specimen of Ballia prieurii KUETZING.

9. Rhizoidal filaments arising from basal cells of the primary branchlets.

minal on the primary branchlets.
Figs. 11 and 12.

10. Monosporangia terminal or subter-

Type specimen of Ballia prieurii KUETZING.
11. Axial cells and the primary branchlets unilaterally branched.

12. Lower part of the thallus, showing the

rhizoidal filament arising from the basal cell of the primary branchlet.
m, monosporangia; r, rhizoidal filament. Scale 50 #m for Figs. 9-12.

Figs. 13 and 14.

Type specimen of Ballia pygmoea MONTAGNE.

13. Axial cells and the opposite branchlets. 14. Lower part of the thallus, showing rhizoidal filaments arising from

the basal cell of the primary branchlet.

Figs. 15 and 16. Type specimen of Ballia pinnulata KumaNo.
15. Upper part of the thallus, showing axial cells and monosporangia terminal on the pinnate primary branchlets.
16. Lower part of the thallus, showing the rhizoidal filament or prostrate system.
m, monosporangia; m’, liberated monosporangia; r, rhizoidal filament. Scale: 100 #m for Fig. 13, 50 #m for

Figs. 14-16.
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Fig. 17. Specimen of Sphacelaria callitricha Agardh. The saddle-shaped joints of axial cells with the knob-like
stoppers and the ramification cells.

Figs. 18-20. Australian specimen of Ballia callitricha (AGARDH) MONTAGNE.
18. The saddle-shaped joints of axial cells with the knob-like stoppers and the ramification cells. 19-20. Cruciate
tetrasporangia on differentiated branchlets shorter than the secondary branchlets.
k, knob-like stopper; ra, ramification cell; s, saddle-shaped joint of axial cell; t, tetrasporangia. Scale: 50 prm for
Figs. 17, 18, 20, and 100 pm for Fig. 19.
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branchlets are observed.

In the case of B. prieurii, the present study
confirmed the observations made by Kuerz-
ING (1862) on the specimens from French
Guiana, by Skuja (1944) on the specimens
from River Essequibo in British Guiana and
by BourreLLY (1970) on the type specimen of
B. prieurii.

On the other hand, no knob-like stoppers
and no saddle-shaped joints of the axial cells
are observed in this species (Figs. 9-12). Itis
observed that the basal cell of the primary
branchlet of B. prieurii is not the remification
cell reported by ArcHErR (1876) for B.
callitricha. Moreover, the mode of ramifica-
tion of B. prieurii is not bipinnate; the primary
branchlets are placed on the opposite side of
the axis and unilaterally branched.

In the case of the type specimen of B.
pygmoea (Figs. 13, 14), the same facts are
observed as those of B. prieurii, 1i.e. no
saddle-shaped joints of the axial cells and no
ramification cells are present. Moreover,
the mode of ramification is not bipinnate,
namely the primary branchlets being placed
on the opposite side of the axis and unilateral-
ly branched.

The above-mentioned facts were observed
in the case of the type specimen of B. pinnulata
(Figs. 15, 16), i.e. no saddle-shaped joints of
the axial cells and no ramification cells are
present. The mode of ramification is not bi-
pinnate but pinnate.

2. Size of thalli

The thallus is 20-25 mm high in the type
specimen of B. prieurii examined in the pres-
ent study, and 5-10 mm high in the specimen
collected from River Essequibo in British
Guiana reported by Skuja (1944). Rart-
NAsABAPATHY and Kumano (1982) reported
that thalli of the Malaysian specimens of B.
prieurii collected from Pulau Tioman are 5-
7mm high, and those of the Malaysian
specimens examined in the present study are
3-5mm high. As shown in the pres-
ent study, the thallus of the type specimen of
B. pygmoea is 1-2 mm high, and that of B. pin-
nulata is 2-3 mm high.

As mentioned above, the thalli of the

freshwater species are microscopic, from
several to several tens millimeters high. On
the other hand, the thalli of B. callitricha are
macroscopic, from several to several tens cen-
timeters high.

3. Reproductive organs

Cruciately divided tetrasporangia are
found in some of the more primitive genera of
the Ceramiaceae, Ceramiales, but most of
the genera have tetrahedrally divided tetra-
sporangia (Guiry 1978).

As shown in the present study (Figs. 19, 20,
t), the tetrasporangia are cruciate and mostly
terminal on the differentiated branchlets
which are shorter than the secondary branch-
lets in the Australian specimen of B.
callitricha.

Monosporangia are very rarely found in
the taxa of the family Ceramiaceae; for exam-
ple, monosporangia have been reported in a
species of Antithamnion by Jaasunp (1965).
But nothing is known about the phase of the
spores. The monosporangia for the Malay-
sian specimen of B. prieurii examined in the
present study (Figs. 5-8, 10, m, m’) are most-
ly lateral, sometimes subterminal and rarely
terminal on the primary branchlets. Accord-
ing to Kumano (1978) and as shown also in
the present study (Fig. 15, m, m’), the
monosporangia for B. pinnulata are terminal
on the primary pinnate branchlets.

As for the asexual reproductive organs, the
monosporangia have been observed in two
freshwater species, B. prieurii and B. pinnulata,
although those for B. pygmoea have not been
found yet. Moreover, sexual reproductive
organs, namely spermatangia and car-
pogonia, have not been reported for any
freshwater species of the genus Ballia.

4. Geographical distributions of the taxa

The marine species, B. callitricha, has been
reported from Bass’s Strait, Auckland Islands
and Kerguelen’s Land in the southern
regions of Australia, and Fego Island and
Falkland Islands of the southern regions of
South America. As Skuja (1944) mentioned,
these localities, where the marine species of
the genus Ballia were distributed, are in the Ant-
arctic Ocean and the cool temperate regions
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along the coasts of Atlantic or in South Pacific
Ocean.

On the other hand, the freshwater species
of the genus Ballia have been reported from
the freshwater rivers and streams in French
Guiana and British Guiana in the northern
tropical regions of South America, and
tropical Malaysia in Southeast Asia.

As mentioned previously, the type locality
of B. prieurii is Rivulet les Gemeaux in
Mahuri Mountains in French Guiana (KuEeTz-
ING 1847), then, this species was reported by
Skuja (1944) from the first waterfalls of River
Essequibo in British Guiana, both in the
northern tropical regions in South America.
In Southeast Asia, B. prieurii was reported
also from Sungai Ayer Besar in Pulau
Tioman, tropical Malaysia, by Rar-
NASABAPATHY and Kumano (1982), and from
Sungai Sempanong, Sungai Jasin and Sungai
Pelawar in Johor in tropical Malaysia in the
present study. Recently, THEREZIEN (1985)
reported B. prieurii from Creek Balate and
Creek Awahakiki along the tributary of River
Maroni in French Guiana in the northern
tropical regions of South America.

The type locality of B. pygmoea is Creek
Gravier in Kau Mountains in French Guiana
in the northern tropical region of South
America (MoONTAGNE 1850), and that of B. pin-
nulata is Sungai Gombak in tropical Malaysia
of Southeast Asia (Kumano 1978).

The above-mentioned rivers and creeks,
where the freshwater species of the genus
Ballia are distributed, are situated around at
latitude 5 degrees north in the northern
tropical regions of South America, and also
around at 5 degrees north in tropical
Malaysia of Southeast Asia.

The type species (marine species) and the
freshwater species have been assigned to the
same genus, Ballia, because of the scanty in-
formation concerning the sexual reproductive
organs such as spermatangia and carpogonia
for freshwater species. However, B. prieuri
and two related freshwater species, B. pygmoea
and B. pinnulata, are distinguished from the
type species, B. callitricha, mainly in the
oranization and size of thallus, the reproduc-

tive organs and the geographical distribu-
tions.

Re-examination of the taxonomic criteria,
especially of reproductive organs is strongly
desired for further rearrangement of the two
groups; the B. callitricha group and the
freshwater species group (B. prieurii group).
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(Rhodophyta) from Japan*
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Kawacucht, S. 1990.  Grateloupia kurogii, a new species of the Halymeniaceae (Rhodophyta) from Japan.

Jpn. J. Phycol. 38: 135-146.

The vegetative and reproductive morphology and spore germination pattern of a foliose Halymenia-
cean species from Japan are described. While the alga has the conspicuous anticlinal medullary filaments
previously considered characteristic of Halymenia, the auxiliary cell ampullae, some other reproductive
features and a mediate discal type of spore germination pattern suggest a strong affinity to Grateloupia.
From comparison of these features to previous descriptions of Halymenia and Grateloupia I conclude that the
anticlinal medullary filaments may not be as strong a generic characteristic as previously thought, and that
the new alga is best placed in the genus Grateloupia. The circular blade, with highly refractive cells in the
medulla, serves to distinguish the alga from any other species of the genus. The alga is described as G.

kurogii KAwAGUCHI sp. nov.

Key Index Words:  Grateloupia—Grateloupia kurogii—Halymenia— Halymentaceae—reproduction—

Rhodophyta—spore germination pattern—taxonomy.

In the course of my systematic studies on
the red algal family Halymeniaceae from
Japan, I encountered an alga unlike any
previously recorded for the family.
Specimens of this alga collected at Enoshima
in 1924 (in the herbarium of Faculty of
Science, Hokkaido University, Sapporo
[SAP]) were recognized by Yamapa and label-
ed by him as a distinct species “Aeodes dilatata
Yamapa”, together with a Japanese name
“Maruba-fudaraku”. In 1947, INoOH cited
this alga as “Halymeniopsis dilatata YAMADA”
with a comment that it was Yamada’s un-
published name. Since then, this alga has
not been mentioned in the literature and these
names remained nomen nudum.

In the present study, the vegetative and
reproductive morphology of the alga is

described from observations of many
specimens, including YamaDpA’s voucher
specimens. The rather thin thallus,

lubricous texture and scattered reproductive

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

structures of this alga suggest an affinity with
Grateloupia (Krart 1977, Kawacucht 1989).
However, although the reproductive details
and spore germination pattern are also typical
of Grateloupia, the alga has distinctive anti-
clinal medullary filaments, considered
characteristic of Halymenia (ABBOTT 1967,
Krarr 1977, Maces and Guiry 1982,
GargGIUuLO et al. 1986), and refractive cells
within the medulla, a feature not previously
reported in Grateloupia. A detailed com-
parison between the features of this alga and
those of the hitherto described species of
Halymenia and  Grateloupia is  therefore
necessary.

Materials and Methods

Approximately 20 specimens from the
following localities (Fig. 1) have been used for
anatomical study:

Kyushu: (1) Nango, Miyazaki Pref., 25 v
1982, leg. T. YosHipA & M. MaRul, cystocar-
pic, SAP 037538; (2) Nomozaki, Nagasaki
Pref., 3 iv 1936, leg. MATsUBAYASsHI, sterile,
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Fig. 1. Type and collection localities of Grateloupia kurogii KawagucHi sp. nov.

SAP 028654; (3) Matsushima, Nagasaki
Pref., 26 iii 1986, leg. anonymous, cystocar-
pic, Kawaguchi 0829-32; (4) Saikaibashi,
Nagasaki Pref., 2 v, 14 v, 15 vi 1988, leg. S.
KawagucHI, cystocarpic, tetrasporangial,
Kawaguchi 1005-1014.

Shikoku: (5) Uwajima, Ehime Pref., 22 v
1982, leg. T. YosHipa & M. MaRrui, cystocar-
pic, SAP 047534 (drift); (6) Imabari, Ehime
Pref., 18 viii 1981, leg. S. Aral, cystocarpic,
SAP 047536-7 (5 m deep); (7) Tojima, Ehime
Pref., 21 v 1982, leg. T. YosHIDA,
tetrasporangial, Kawaguch: 0833.

Honshu: (8) Sugashima, Mie Pref., 24 v
1955, leg. Y. Tsuji, cystocarpic, Kawaguchi
0834; (9) Enoshima, Kanagawa Pref., v 1924,
leg. Y. YaMADA, cystocarpic, tetrasporangial,

SAP 21118-20; (10) Koajirowan, Kanagawa
Pref., 3 v 1955, leg. Y. Tsuji, cystocarpic,
SAP 047535.

The plants grow attached to rocky
substrates in the subtidal zone to 5 m deep, ex-
cept for the Saikaibashi plants which grew in
the lower intertidal zone. The plants occur
seasonally from early spring (March) to mid
summer (August).

Spore germination studies were undertaken
by inoculating pasteurized glass slides or
small petri dishes (6 cm in diameter) with car-
pospores and tetraspores released from the
Saikaibashi plants, and then grown in full
strength Provasoli’s Enriched Seawater
(PES). Penicillin G (ca. 30 mg//) and ger-
manium dioxide (3-5mg/l) were used as
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necessary to eliminate blue-green algae and
diatoms. Plants were grown at 20°C, 12 : 12
LD (light and dark) cycle under white fluores-
cent light 2000-4000 lux.

Slides for the microscopic examination of
vegetative and reproductive structures were
prepared from either fresh, ca. 5% formalin-
seawater preserved, or dried specimens. The
dried specimens were resoaked in seawater
before sectioning. Sections were made by
hand using a razor blade, stained with 0.5%
(w/v) Cotton blue in a lactic acid/
phenol/glycerol/water (1:1:1:1) solution,
then mounted on a glass slide with a glycerol-
seawater mixture containing a small volume
of formalin. The voucher specimens used in
the present study are deposited in SAP.

Results

Vegetative morphology

The plant is attached by a submarginal or
central discoid holdfast on the undersurface of
the blade. The flat blade, which develops
from the base through a short, sometimes in-
distinct stipe, is circular to elliptical in shape,
and usually 20-30cm in diameter. The
slightly thickened margin is entire or ir-
regularly lacerated, at times crenulate, and
slighytly bullate (Fig. 2). The texture is
lubricous in young plants, but becomes firmer
with age. The color is rose red to blood red,
or sometimes yellowish.

In section the thallus is (200-)350-450 #m
thick, and consists of two layers, cortex and
medulla. The outer cortex, about 4 cells
deep, consists of dichotomously branched
filaments of ellipsoid to round, isodia-
metric cells compactly arranged in anticlinal
rows. The outermost cells are somewhat
elongated. This layer grades to an inner
cortex, 3-4 cells deep, composed of larger,
angular to stellate cells laterally connected
by secondary pit-connections. The inner
cortex merges into a medulla of simple or
branched filaments of slender cells (40-75 pm
long by 2-3(-7) pm broad), rather sparsely in-
termeshed.  These filaments may be
periclinally or obliquely directed, but most

run perpendicularly from cortex to cortex.
Interspersed with these medullary filaments
are large stellate (or ganglionic) cells with
long interconnecting arms (often exceeding
800 #m long) containing highly refractive con-
tents, at places forming connections with the
usual filaments (Fig. 3A).

Reproduction

Reproductive structures occur scattered
over all but the basal part of the blade. Car-
pogonial branches and auxiliary cells are form-
ed in separate, flask-shaped, subsidiary
branch systems called ampullae (SjoEsTEDT
1926), produced from the inner cortical cells
(Figs. 3B-E, 4A, B). Fewer carpogonial am-
pullae are found than auxiliary cell amp-
ullae. In the carpogonial ampullae, the

 primary filament is up to 11 cells long, com-

posed of spherical to ellipsoidal cells distally
decreasing in size. From a few cells of the fila-
ment, simple secondary filaments are produc-
ed toward the surface. The two-celled car-
pogonial branch, composed of a carpogonium
and a hypogynous cell, develops on the
primary filament. The carpogonium is con-
ical in shape and projects a trichogyne toward
the surface. The hypogynous cell has a
short, lateral branch (Fig. 3C, D). In the
auxiliary cell ampullae, the primary filament
is up to 13 cells long, consisting of rounded
cells. From the first, second and third cell of
the filament, simple secondary filaments
arise. The auxiliary cell is usually the fourth
or fifth cell of the primary filament, or
sometimes one of the basal cells of a secon-
dary filament. The auxiliary cell is easily
distinguished from the other ampullary cells
by its larger size and darker color when stain-
ed. The mature auxiliary cell is oval in
shape, and is located in the center at the bot-
tom of the ampulla (Figs. 3B, E, 4A, B).
After presumed fertilization, apparent fu-
sion of the carpogonium and the hypogynous
cell occurs. The fusion complex involves am-
pullary cells and becomes extremely large and
irregular in shape, measuring 100 #m in the
widest portion (Fig. 3F, G). Connecting
filaments issue directly from this complex and
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Fig. 2.

Grateloupia kurogii. A. Holotype (SAP 21118). B. Isotype (SAP 21119). C. Cystocarpic specimen col-

lected at Saikaibashi (Kawacuchr 1007). D. Tetrasporangial specimen collected at Saikaibashi (Kawacuchi 1006).

also from cells borne on the complex (Fig.
3G). Many connecting filaments are thus
produced from a single fertilization. The con-
necting filaments are usually aseptate, but
sometimes branching occurs (Fig. 4D, E). A
connecting filament, passing through the
medulla, fuses with an auxiliary cell at a place
facing the interior of the thallus (Fig. 4C).

After contact with an auxiliary cell the connect-
ing filament may cease to grow further, but
in many cases an outgoing connecting fila-
ment is seen to be cut off from the auxiliary
cell. This outgoing connecting filament may
also branch (Fig. 4D, E). Diploidization of
the auxiliary cell via a connecting filament
results in the cutting off of a gonimoblast ini-
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Fig. 3.

the undersurface. Arrowhead shows auxiliary cell.

Grateloupia kurogii.  A. Transverse section of middle part of thallus. B. Auxiliary cell ampulla seen from
C. Young carpogonial ampulla, with long arrow showing

hypogynous cell and short arrow carpogonium. D. Carpogonial ampulla, with trichogyne (arrowhead). E. Auxiliary
cell ampulla, arrowhead showing auxiliary cell. F, G. Large fusion complex (arrow). Arrowheads in G show incipient
connecting filaments. H. Early stage of gonimoblast development. Long arrow shows gonimoblast initial cell, short ar-
row auxiliary cell and arrowheads connecting filament. Scale in B applies also to D-H.

tial cell toward the surface by a transverse
septum, and several gonimoblast cells are cut
off successively from the initial cell (Figs. 3H,
4C, F). At this time the cells of the ampullary
filaments initiate numerous side chains (Figs.
3H, 4D-F, 5A, B). The gonimoblast cells
continue to divide, most developing into car-

posporangia (Fig. 5A-D). With the growth
of the carposporophyte, the auxiliary cell
fuses with adjacent ampullary cells to form an
irregularly-shaped fusion complex (Fig. 5A,
B). The mature cystocarp is spherical in
shape, to 250-300 #m in diameter, composed
of several gonimolobes, and surrounded by a
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Fig. 4. Grateloupia kurogii. A, B. Auxiliary cell ampullae. The cells of primary filament are numbered. C-F.
Early stages of gonimoblast development. E is'drawn from the undersurface. Lateral filaments from ampullary cells
are shown in black. Abbreviations used in the figure: aux, auxiliary cell; cf, connecting filament; fc, fusion complex;
gb, gonimoblast; gbi, gonimoblast intial cell; If, lateral filaments. Arrowheads show branching position of connecting
filaments.

rather dense involucre (or pericarp) derived in the thallus and has a distinct ostiole.

from ampullary cells, their side chains and Spermatangia were observed scattering on
derivatives from neighboring vegetative cells  the thallus bearing cystocarps, the species be-
(Fig. 5D). The cystocarp is deeply immersed  ing thus monoecious. Spermatangia are
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Grateloupia kurogii. A, B. Advanced stages of gonimoblast development. Arrow shows fusion cell and ar-

rowheads connecting filament. C. Transverse section of female thallus showing the position of carposporophyte. Note
that involucre is rather densely seen. D. Semi-mature cystocarp. E, F. Spermatangia formation. Arrows in E show
spermatia on the surface of the blade. G. Tetrasporangia formation. Arrow shows tetrasporangial initial. Scale in A

applies to B and F, and C to D.

borne singly or in pairs on the outermost cor-
tical cells, which function as mother cells (Fig.
5E, F). The spermatia are tear-shaped, to
4 pm broad by 6 #m long, and vacuolate (Fig.
5F).

Tetrasporangia occur scattered over all but
the basal part of the thallus. Tetrasporangial
initials are cut off laterally from the cortical
cells in the third or fourth layer from the sur-
face. The first cell division always occurs
transversely, soon followed by vertical ones,

to form cruciately or decussately divided
sporangia. The mature sporangium is ellip-
soidal, 18-25 ym broad by 35-45 #m long,
and submerged in the outer cortex (Fig. 5G).

Development of spores

Carpospores released from materials col-
lected at Saikaibashi (2 May, 14 May, 15
June 1988) measured 19-38 #m in diameter
(average 24.2 ym, N=280) (Fig. 6A). These
spores started to germinate one or two days
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30

Fig. 6. Grateloupia kurogii.
pospore after 1-2 days.

A. Liberated carpospores.
D. 5-day germling of tetraspore.

B, C. Germtube (arrowhead) produced from the car-

Note that spore content evacuated into germtube leaving

empty wall (arrow). E. 8-day germling of carpospores developing into crust. Arrow shows empty original spore wall.

F. 8-day crust of tetraspore.

after inoculation (Fig. 6B, C). Initially a
germ tube was formed and the spore content
evacuated into it. A septum was then form-
ed, leaving only a spore wall behind. The
content divided repeatedly to form a radially
expanded disc with a meristematic marginal
portion of one-cell layer thick. In two weeks,
these discs were about 120 #m in diameter
(Fig. 6E, G). Tetraspores were also obtained
from the Saikaibashi collections (14 May
1988).

the carpospores, and the mode of germination

was also similar (Fig. 6D, F).

These were almost the same size as

Discussion

The development of carpogonial branches
and auxiliary cells within ampullae, as seen in
this study, is characteristic of the family
Halymeniaceae (Scumitz and HAUPTFLEISH
1897, SjoesTEDT 1926, BALAKRISHNAN 1961a,
b, Kawasara 1962, 1963, Cuianc 1970).
Furthermore, the foliose blade, gelatinous tex-

G. 14-day crust of carpospore.

Scale in D applies also to A-C.

ture and scattered reproductive structures
suggest that the alga has affinities with
species belonging to Halymenia, Grateloupia,
Phyllymenia, Aeodes, Pachymenia or Pachymeni-
Cuiang (1970) considered the mor-
phology of auxiliary cell ampullae (overall

opsis.

shape, extent or pattern of branching) to be of
value in at least separating related groups of
genera within the family.
CHiang (1970, p. 71-72) characterized an aux-
iliary cell ampulla with filaments branched to

In his scheme,

the second order and an overall conical
outline as typical of Grateloupia (in this
category, Phyllymenia and Pachymeniopsis are
also included). In contrast, the Halymenia-
type ampulla is branched to the third or
fourth order, flattish and expanded, and the
Aeodes-type, which includes Pachymenia, 1is
very bushy with up to four (rarely five) orders
of filaments, and cupshaped. The auxiliary
cell ampullae of the present alga are clearly of
CHIANG’s Grateloupia-type.

The taxonomic importance of ampulla
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structure in the generic recognition of this
family, however, was questioned and
downgraded by Krarrt (1977) in his study on
Grateloupia intestinalis (HOOKER et HARVEY)
SETCHELL ex PARKINSON from New Zealand.
This species falls well within the range of
other Grateloupia species in its vegetative and
reproductive features, only differing in the am-
pullar type from that associated with the
genus by CHianeg (1970). Krart (1977, p.
50) concluded that “ampullar types are thus
construed as somewhat inconsistent features
at least among species otherwise referable to
Grateloupia, and are probably not a strong
generic characteristic...” Guiry and Maaas
(1982) similarly reported that in Dermocorynus
montagnei CROUAN frat. from around Ireland
ampulla structure also differed from the type
associated with the genus by CHiang. Re-
cent authors (KrarT 1977, Macas and GUIRY
1982, GARGIULO ¢t al. 1986) agree that generic
limits within this family are best founded
on vegetative features. Krarr (1977)
characterized Aeodes and Pachymenia by their
dense medulla and cortex, and distinguished
Phyllymenia from its allied genus Grateloupia by
the relatively deep cortex and the more
developed medulla®*. The above authors also
agree with ABBOTT (1967) that the presence of
anticlinal medullary filaments, as found in the
present alga, is diagnostic of the genus
Halymenia.

However, there are good reasons for not
placing the present alga in Halymenia. It is
known from the literature (Hoek and CoRTEL-
Breeman 1970, Copomier 1974, Macas
and Guiry 1982) that in Halymenia, including
the type species H. floresia (CLEMENTE) C.
AGARDH, the spores germinate into branched,
uniseriate filaments (acrochaetioid phase). 1
have confirmed that H. dilatata ZANARDINI
from Japan also has this type of spore ger-
mination pattern (KawagucHi unpubl.).
The carpospores and tetraspores of the pres-
ent alga did not show acrochaetioid growth,
but developed into crusts soon after settle-
ment, a mediate discal pattern that verifies
INon’s (1947) observations. The latter type
of spore germination has previously been

reported for species of Grateloupia (CHEMIN
1937, Inon 1947, HavasHipA and CHIHARA
1967) and Prionitis (HavasHIDA 1965), but
never in Halymenia. This difference in spore
germination mode appears consistent in the
genera, and therefore makes the placement of
this alga in Halymenia unacceptable.

The exclusion of the present alga from
Halymenia is also supported by the observation
that the neighboring medullary filaments and
their derivatives contribute in some degree to
the formation of an involucre around the car-
posporophyte. This is not the case in other
species of Halymenia, where only remnants of
the ampullar filaments form the involucre
(BALAKRISHNAN 1961b, CHiane 1970, Gar-
GIULO et al. 1986).

In relation to involucral formation, another
aspect of morphology is worthy of note.
BALAKRISHNAN (1961a) reported that in three
Indian species of Grateloupia the ampullar
filaments produce lateral branches. My
observations on several Grateloupia species
from Japan, including G. filicina (Lamou-
roux) C. AcarDH (the type species), con-
firmed that during the early stages of
gonimoblast development the ampullar fila-
ments develop lateral cells that form branch-
lets to a similar extent as in the present plant
(KawacucHI unpubl.). In Halymenia, on the
other hand, the lateral cells are produced
to a much lesser extent from the ampullary
filaments (BALAKRISHNAN 1961b, KawacucHI
unpubl.).  The lateral branchlets are
reported to be subsequently used up in later
stages of development (BALAKRISHNAN 1961a)
or to contribute partly to the involucre
(CHiang 1970). In any case, however, the ex-
tent of initiation of lateral branchlets appears
to be pronounced between the two genera.
The present plant is typical of Grateloupia in
this regard.

The overall reproductive features and spore
germination pattern, together with the rather
shallow cortex and lax medulla, suggest that
the present plant is most closely related to

* The genus Pachymeniopsis is not well differentiated
from Grateloupia. Critical examination of its taxonomic
status is now in progress by the author.
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Grateloupia, in spite of the possession of an-
ticlinal medullary filaments. A similar situa-
tion is found in Grateloupia turuturu YAMADA
from Japan. In this species, the anticlinal
medullary filaments are conspicuous, but
other vegetative and reproductive features
and spore germination pattern clearly fall
within the range seen in other Grateloupia
species (KawaBata 1962, HavasHipa and
CHiHARA 1967, KawacucHI unpubl.). It ap-
pears that the anticlinal medullary filaments
may not be as strong a generic characteristic
as previously thought.

The refractive cells, which have not
previously been reported for species of
Grateloupia, might appear to pose a problem
as to the placement of the alga in this genus.
However, this feature (uncertain in function)
is probably not a strong generic charac-
teristic.” According to SiMoNs and HewiTt
(1976), the South African Pachymenia includes
both species with and without such cells.

Taking into account the facts discussed
above, the weight of evidence leads me to the
conclusion that the genus Grateloupia is the
best place for this alga. As the circular blade
with refractive cells serves to distinguish it
from any other recorded species of the genus,
I propose to describe the plant as a new
species of Grateloupia.

Grateloupia kurogii KAWAGUCHI sp. nov.

Description

Planta foliosa, gelatinosa, roseorubra-pur-
purascentirubra, interdum flavida in colore,
ex haptero discoideo usque ad 8 mm in
diametro in substrato saxoso exoriens; stipes
brevis vel haud detectabilis in laminam
planam et recumbentem usque ad 40 cm in
diametro extendens; lamina simpliciter cir-
cularis vel elliptica, interdum irregulariter
robata, margine undulato, leviter incrassato;
lamina 200-450 #m crassa (in planta matura
plerumque 350-450 ym); filamenta medul-
laria ex cellulis gracilibus 2-7 gm latis et
40-75 pm longis plerumque anticlinaliter
oriundis constantia; cellulae stellatae (aut

ganglionicae) cum brachio longitudine quam
800 ¢#m longiori et contentis valde refractivis
inter filamenta medullaria ordinaria intersper-
filamentorum  anticlinalium
cellularum rotundatarum (exteriorum) et
earum stellatarum (interiorum) in partes in-
teriores versus amplitudine crescens; rami car-
pogoniales et cellulae auxiliares in fasciculis
(ampullis) cellularum producti, ramis car-
pogonialibus  2-cellulatis, filamentis
pullarum cellularum auxiliarium laxe ramosis
(ad ordinem secundum), cellular quarta sive
quinta filamenti primi in cellulam auxiliarum
amplificanti; filamenta involucralia aliquan-
tum densa, ostiolo distincto; planta monoica,
spermatangiis ex cellulis corticalibus exter-
rimis crescentibus; tetrasporangia in cortice
exteriori dispersa, ambitu ellipsoidea, 18-
25 pm lata et 35-45 ym longa, cruciatim
decussatimve divisa.

Holotypus: SAP 21118, specimen cystocar-
picum in Enoshima Praefacturae Kanagawa
(35°18'N, 139°29°E) mense maio anno 1924 a
Y. Yamapa lectum (Fig. 2A).

Plant foliose, gelatinous, rose red to
purplish red or sometimes yellowish in color,
developing from a discoid holdfast to 8 mm in
diameter, on rocky substrata; short or scarce-
ly detectable stipe expanding into a flat,
recumbent lamina to 40cm in diameter;
lamina simply circular to elliptical, or at times
irregularly lobed, with an undulate, slightly
thickened margin; lamina varying from
200 #m to 450 gm thick (in mature plants
mostly 350-450 rm); medullary filaments
composed of slender cells 2-7 #m wide by 40-
75 pm long, mainly anticlinally oriented;
large stellate (or ganglionic) cells, with arms
exceeding 800 #m in length and highly refrac-
tive contents interspersed among the usual
medullary filaments; cortex of anticlinal
filaments of round (outer) and stellate (in-
ner) cells increasing in size toward the in-
terior; carpogonial branches and auxiliary
cells produced within cell clusters (ampullae),
carpogonial branches two-celled, auxiliary
cell ampullae filaments sparingly branched
(to second order), the fourth or fifith cell of the
primary filament enlarging into the auxiliary

sis;  cortex

am-
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cell; involucral filaments rather dense, ostiole
distinct; plant monoecious, spermatangia
developed from outermost cortical -cells;
tetrasporangia scattered in the outer cortex,
ellipsoid in shape, 18-25 ym wide by 35-
45 pm long, cruciately or decussately divided.

Holotype: SAP 21118, cystocarpic
specimen collected at Enoshima, Kanagawa
Prefecture (35°18'N, 139°29°E) in May 1924
by Y. Yamapa (Fig. 2A).

Distribution: Endemic

Japanese name: Maruba-fudaraku

(Yamapa)

Etymology: This species is named in honor
of the late Professor Emeritus Munenao
Kuroci, Hokkaido University, for his many
contributions to our knowledge of phycol-
ogy. The present study was mainly under-
taken under his guidance in the laboratory
of Department of Botany, Faculty of
Science, Hokkaido University. Yamada’s
epithet “dilatata” was not adopted here to
avoid possible confusion with Halymenia
dilatata ZANARDINI.
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SakanisHI, Y., YokoHAMA, Y. and Aruca, Y. 1990. Seasonal changes in photosynthetic capacity of
Laminaria longissima MivaBe (Phaeophyta). Jpn. J. Phycol. 38: 147-153.

Photosynthesis and dark respiration of blade discs of Laminaria longissima were measured once a month
for a year. Light-saturation of photosynthesis at in situ temperature occurred at 200-400 zEm™~2s~!. No
photoinhibition of photosynthesis was observed within the light intensity range investigated (max.
1000 #.E m~257'). The light-saturated net photosynthetic rate at in situ temperature reached its maximum
in September and its minimum in December. The respiratory rate at in situ temperature was low from
winter to spring. The light-saturated net photosynthetic rate at a constant temperature (10°C) was higher
in the colder season and reached its maximum in January.

Key Index Words:
seasonal change.

Laminaria longissima MIYABE is one of the
most important seaweeds in Japan from both
the ecological and economic points of view.
It is the largest species of Laminaria in Japan,
with blades usually reaching 8 m long or more
(Toxipa et al. 1980), and sometimes 20 m.
This species forms kelp beds in depths from
the low water mark to the subtidal zone and
plays an important role as a primary producer
in rocky shore ecosystems of the eastern
Pacific coast of Hokkaido. Plants of this
species have been used as human food like
some other members of the genus Laminaria
and closely related genera, which are called
kombu in Japan (KawasHiMA 1984).

Ecophysiological studies concerning photo-
synthesis and productivity have been inten-
sively made on two species of Laminariales,

* Partly supported by the Biomass Conversion Pro-
gram of the Agriculture, Forestry and Fisheries Research
Council Secretary, Ministry of Agriculture, Forestry and
Fisheries, Japan.

Contribution No. 503 from Shimoda Marine
Research Center, University of Tsukuba.

blade discs—Laminaria longissima— Phaeophyta—photosynthesis—respiration—

Ecklonia cava and Eisenia bicyclis, that form
marine forests in central Japan (YOsHIDA
1970, YokoHaMA 1977, TANAKA et al. 1983,
YokoHAMA ¢t al. 1987, MAEGAwWA and Kipa
1987, MAEGAWA ¢t al. 1987, 1988, SAKANISHI
et al. 1988, 1989). However, only a few
studies have been made on photosynthesis of
Laminaria species growing in the northern
part of Japan (NuHArRa 1975, MATsuvama
1985). No ecophysiological study concerning
photosynthesis has been made on L.
longissima. The present study was carried
out to clarify the photosynthesis-light relation-
ship and seasonal changes in photosynthetic
activity which influence the seasonal growth
of L. longissima plants.

Material and Methods

Photosynthesis and respiration of Laminaria
longissima were measured monthly from
September 1987 to August 1988 with plants
growing in the upper subtidal zone at
Katsurakoi, Kushiro, Hokkaido (Fig. 1). It
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is estimated from the stage of development of
the zoosporangial sori on the blade (cf. Sasak1
1969, 1973, KawasHiMAa 1983) that most of
the samples collected from September 1987 to
January 1988 were plants younger than one
year old, and those from February to August
1988 were at least one year old.

Collected sample plants were brought to
the Hokkaido Regional Fisheries Research
Laboratory and kept in an indoor tank sup-
plied with running seawater before use.
Discs of 3.1 cm? were cut out of the peripheral
portion in the middle part of each plant, and
they were kept in running seawater overnight
(for ca. 12 hr) in the laboratory before measur-
ing photosynthesis or respiration in order to
avoid unreliable results associated with the
trauma of cutting (SAKANISHI ¢t al. 1988). Ap-
proximately half of the discs obtained had
zoosporangial sori from September 1987 to
January 1988 while from February to August
1988 all the discs lacked the sori, since the
middle part of a plant was occupied by the old
blade with the sori in the former period while
the new blade formed beneath the old blade
occupied the middle part in the latter period.

Measurements of photosynthesis and res-
piration were carried out with blade discs
by the light-and-dark bottle method. A blade
disc was incubated in a D.O. bottle of about
100 m! for 30 min in photosynthesis measure-
ment, and for 45 min in respiration measure-
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Fig. 1. The site of this study.

ment. The bottles were shaken at 120 rpm
during incubation since YOkOHAMA and
IcHiMUra (1969) reported that shaking
markedly increased the photosynthetic rate of
discs of Padina arborescens in bottoles. The oxy-
gen concentration in seawater was determined
by the Winkler titration method before and
after the incubation. For determining the
photosynthesis-light relationship, photosyn-
thesis was measured at in sifu temperatures
(monthly averaged water temperatures)
under photon flux densities.
Photosynthesis and respiration measurements
were carried out constant
temperature and light conditions of 10°C and
400 #.Em~2s7! or in darkness. Photoreflec-
tor lamps (National 100 V 500 W) were used
for photosynthesis measurements. Photon
flux densities were measured with a quantum

meter (LI-COR LI-1000/LI-192S).

various

also under

Results

Photosynthesis-light curves of Laminaria
longissima plants on a frond area basis at in situ
temperatures are presented in Fig. 2. The
light-saturation of photosynthesis occurred at
200-400 xtEm~2s~!. The saturating light
level was low from spring to early summer.
The photosynthetic rate completely saturated
within the light levels investigated except for
in December and April. The compensation
light levels ranged from 1 to 8 yYEm™2s7!,
being high from autumn to early winter and
low from late winter to spring, with some
exceptions.

Figure 3 shows the seasonal changes of
the light-saturated net photosynthetic and
respiratory rates at in sifu water tempera-
tures. The photosynthetic rate reached a
maximum of 55#/O;cm™2h™! in Sep-
tember, thereafter declined, and reached a
minimum of 31 /Oy cm~2h~! in December
and January. The net photosynthetic rate
then increased gradually toward August.
The respiratory rate at in situ temperature
ranged from 1 to 6 #/Oycm™2h™!, being
generally high in summer and low in winter.

In Fig. 3, almost parallel trends can be seen
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between the changes in light-saturated net  net photosynthetic rate at in situ temperature
photosynthetic rate and the in situ tempera-  decreased with temperature from September
ture except during the colder season. The  to December, but it increased from December
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Fig. 2. Laminaria longissima. Photosynthesis-light curves at in situ water temperatures from September 1987
to August 1988. Mean=SD for 5-6 replicates.
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Fig. 3.
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to February in spite of a continued tempera-
ture decline, while it did not increase from
February to April in spite of a temperature in-
crease. From April to August it increased
with temperature.

Seasonal changes of the light-saturated net
photosynthetic and the respiratory rates

under constant conditions (10°C) are
presented in Fig. 4. The photosynthetic rate
was low in September-November, increased
in December and reached a maximum of
61 #/Oycm~2h~!in January. Itdeclined in
spring to reach a lower level in summer. A
minimum of 30 #/O;cm~2h~! was obtained
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Fig. 4. Laminaria longissima. Seasonal changes in the light-saturated net photosynthetic and the respiratory

rates at 10°C. Mean=SD for 3 replicates.
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in September. The respiratory rate varied
from 2 to 10 #/ O, cm~2h ™!, being generally
higher from September to March and lower
from April to August.

Discussion

The saturating light level for photosyn-
thesis in Laminaria longissima varies from 200
to 400 k(E m~2s™!, and is comparable to that
given for other Laminariales plants by Kinc
and ScHrRAMM (1976), WILLENBRINK et al.
(1979), LoniNne (1981), Gerarp (1986),
MAaEGawaA et al. (1987) and SAKANISHI et al.
(1988, 1989). The seasonal change in the
saturating light level for photosynthesis in L.
longissima seems not to be attributable to the
sun and shade adaptation as observed in
natural phytoplankton (Aruca 1965) and
macroalgae (Kine and ScHramMm 1976).
Although the sun adaptation generally in-
volves a higher saturation light level for
photosynthesis and a lower initial slope
(BoarpMaN 1977), L. longissima does not show
a higher saturation light level and a lower ini-
tial slope in spring and early summer when it
may often be exposed to high photon flux
density and sun adaptation can occur. The
lower saturating light level for photosynthesis
may be attributable to the fact that the blades
of this species are thin in spring and early sum-
mer. The blade weight/area ratio as an index
of thickness is low from April to July in this
species. LUNING (1979) pointed out that in
Laminaria spp. with thick thalli the photosyn-
thetic rate gradually approached saturation
with increasing light level due to the gradual
increase in light penetrating through to the
photosynthetic layer of the shade side of a
thallus under unilateral illumination.

Photosynthesis-light curves at —1 and

0°C, which have scarcely been reported for

seaweeds, were obtained in February and
March in the present study (Fig. 2). Those
curves were characterized by high P : R ratio
and low compensation light level. These
characteristics of L. longissima in winter could
be advantageous for organic matter produc-
tion.

Seasonal changes in the net photosynthetic
rate of L. longissima at in situ temperatures
(Fig. 3) suggest that photosynthetic capacity
reaches a maximum in mid-winter. The
seasonal changes at a constant temperature of
10°C (Fig. 4) show that photosynthetic activi-
ty is much higher in mid-winter than in other
seasons. These results clearly indicate that
the photosynthetic capacity of L. longissima
reaches its maximum in mid-winter, which ac-
counts for the observed increase in net
photosynthetic rate with decreasing tempera-
ture from December to February (Fig. 3).

The seasonal changes in net photosynthetic
rate of L. longissima at a constant temperature
(10°C) in the present study are almost like
those of Ecklonia cava at 20°C reported by
SAKANISHI ef al. (1989). Although the photo-
synthetic capacity was high in winter when
the blade tissue was younger and low in sum-
mer when the blade tissue was older in E.
cava, seasonal changes in photosynthetic
capacity of L. longissima cannot be attributed
to aging in blade tissue, since the blade tissue
used in January, showing the highest photo-
synthetic capacity, was not younger than the
blade tissues used at other times of the year.
In L. longissima, photosynthetic capacity
seems to be affected by seasonal changes in
physiological state rather than aging of blade
tissue (SAKANISHI ¢t al. in preparation).
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Growth characteristics of a dinoflagellate Gymnodinium nagasakiense
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Iwasaki, H., Kim, C.-H. and TsucHiva, M. 1990. Growth characteristics of a dinoflagellate Gymnodinium
nagasakiense TAKAYAMA et ApAcHI. Jpn. J. Phycol.r38: 155-161.

Gymnodinium nagasakiense, which is one of the most harmful red tide organisms appearing in the coastal
waters of Japan, was obtained in axenic clonal culture by micropipette washings. The growth
characteristics of the strain were examined. Optimal growth rate was obtained at temperatures of 20—
25°C, salinities of 25-26%, light intensities above 130 #E/m%sec, and pH 8.0. Both inorganic and organic
nitrogen, and phosphorus served as good nitrogen and phosphorus sources. Several organic substances
were utilized and encouraged growth, however, they did not support growth in the dark. Iron and
manganese promoted growth remarkably at a concentration of 200 #g/l. The organism needed vitamin By,
for growth. Addition of thiamine increased growth in the presence of vitamin B,,. The critical concentra-
tion of vitamin By, was 10 ng/l. The pattern of specificity is similar to that of Escherichia coli 113-3. Benz-
imidazole cobalamine and 5-methylbenzimidazole cobalamine supported as much growth as vitamin B,.

Key Index Words: Dinophyceae—growth rate—Gymnodinium nagasakiense—nutrients requirement—

red tide.

The dinoflagellate Gymnodinium nagasakiense
TakavaMa et ADpAcHI is one of the most harm-
ful organisms to mariculture. The organism
was first found in Omura Bay, the north-
western part of Kyushu, and tentatively called
Gymnodinium type-’65 by Iizuka and IRIE
(1969). Later the organism was called by
various other tentative names, such as Gym-
nodinium sp., or Gymnodinium nagasaki until the
proposal by Takavama and ApacHi (1984).
The blooms of this organism frequently occur
in the coastal waters of Japan and Korea, kill-
ing a large number of farm fish and causing
great economic damage to other fisheries.

Many ecological and physiological studies
on the organism have been made by I1zuka,
Hirayama and their collaborators (Iizuka
1972, 1976, 1979, Iizuka and IrRiE 1966,
1969, Itizuka and NakajiMa 1975, Hirayama
and NumacucHI 1972, HiravaMma et al. 1972,
NumacucH! and Hiravama 1972, ABE and
Hiravyama 1979, HiravamMa and KawaBaTta
1982), and Nisummura (1982).

Iizuka (1982) found the G. nagasakiense

tolerated anoxic or near anoxic conditions in
Omura Bay and also that it utilized sulfide
from the sediment. Hiravama and Numa-
cucHI (1972), in assaying the organism,
suggested that the dissolution of anaerobi-
cally decomposed products of the bottom
mud into seawater might be one of the
cause of red tide outbreak in Omura Bay.
NisHiMUura (1982) reported that seawater
samples collected from a fish farm supported
good growth of G. nagasakiense; its growth was
promoted by the addition of extracts from
mackerel meat and yellowtail feces to
seawater in low concentration. He suggested
that dissolved organic matters in fish farms
may play important role in the occurrence of
red tide of G. nagasakiense. However, the
basal nutrition and growth response to other
environmental factors have not yet been
studied in axenic culture. Therefore, the pres-
ent paper deals with growth response to
ecological factors, such as light, temperature,
salinity, pH, and main nutrients require-
ment.
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Materials and Methods

An axenic clone of Gymnodinium nagasakiense
obtained from Gokasho Bay in 1984 by
micropipette washings was used for the ex-
periments. Seawater base medium SWII
was used to study the effects of light,
temperature, salinity, and pH, while Pro-
vasoLr’s (1957) artificial medium ASP,NTA
was used to ascertain the nutrients require-
ment (Table 1). The cells which had been
precultured for 14 to 18 days in medium lack-
ing the compound to be tested were in-
oculated to the test media so as to give an ini-
tial concentration of 200 to 400 cells/m/.
The cells were grown in 20 X 125 mm screw
cap tubes containing 10 ml of medium under
illumination with “cool white” fluorescent
lamps (about 4000 lux) for 12 hours daily.

Table 1. Composition (w/v) of culture media.
(m)SWII ASP,NTA
Distilled water 1,000 m/
Filtered seawater 1,000 m/
NaCl 28¢g
MgSO,-7H,0 g
MgCl,-6H,0O 4g
KCI 700 mg
Ca (as Cl) 400 mg
NaNO, 72 mg 100 mg
KH,PO, 4.5mg
K;PO, ) 10 mg
Naz-glycerophosphate 10 mg 10 mg
N2,Si0;-9H;0 10 mg 10 mg
Fe (as Fe-EDTA) 500 pg :
Vitamin By, - (20 ng) 20 ng
Biotin : 1 pg) 1pg *
Thiamine - (100 ug) 100 pg
P II metals**: 10 m!/
S 2 metals***. : 10 m!
“Tris” buffer 500 mg 1g
Nitrilotriacetic acid 100 mg
pH 7.9-8.1 7.7-8.0

* Vitamin mix 1.
** One m! of P II metals contains: EDTA, 1 mg; Fe
(as Cl), 10 p2g; B (as H;BO;), 0.2 mg; Mn (as Cl),
40 pg; Zn (as Cl), 5 pg; Co (as Cl), 1 pg.
*** One m! of S 2 metals contains: Br (as Na), 1 mg; Sr
(as C1) 0.2 mg; Rb (as Cl), 20 pg; Li (as Cl), 20 pg;
I (as K), 1 pg; Mo (as NaMoOy) 50 ¢g.

Temperature was kept at 19 to 20°C.

The seawater collected from Kuroshio cur-
rent waters in Kumano-nada was heated gent-
ly up to 70°C, and passed through a glass-
fiber filter (Whatman GF/F) after cooling.
Glass-distilled water was passed through char-
coal and ion-exchange columns before distilla-
tion.

In order to avoid trace metals contamina-
tion, laboratory ware used for culture was, as
far as possible, made of teflon. Culture tubes
were cleaned with soap, soaked in 0.05 per-
cent EDTA solution for a day, rinsed
thoroughly with distilled water, and placed
for one hour at 250°C to eliminate organic
traces. Growth yield was measured by direct
counting the cells number or by using a
Coulter counter after two to three weeks of in-
cubation. The data were compared on the
basis of growth yield. Growth rate (cell divi-
sion rate) in exponential phase was calculated
by;

Table 2. Sterility test medium ST3(s).
Filtered seawater 700 m/
Distilled water 250 m/
Soil extract 50 m/
NaNO, 50 mg
Na,-glycerophosphate 10 mg
Hy-case (Sheffield Chemical) 20 mg
Yeast extract (Difco) 10 mg
Liver oxoid L-25 (Oxo, LTD) 20 mg
Vitamin B,, 100 ng
Vitamin mix 8Am* 1 ml
Carbon source mix IT** 20 ml
Glycylglycine 400 mg
Agar 12 g)

pH 7.9

* Putrescine and folinic acid were omitted from
original Vitamin mix 8A. One m!/ of Vitamin mix
8Am contains: thiamine HCI, 0.2 mg; nicotinic
acid, 0.1 mg; Ca-pantothenate, 0.1 mg; riboflavin,
5 pg; pyridoxine 2HCI 40 pg; pyridoxamine 2HCI,
20 p1g; p-aminobenzoic acid, 10 ug; biotin, 0.5 ¢g;
choline H citrate, 0.5 mg; inositol, 1 mg; thymine,
0.8 mg; orotic acid, 0.26 mg; B,,, 0.05 ug, folic acid,
2.5 pg.

One m! of Carbon source mix II contains: glycine,
1 mg; DL-alanine, 1 mg; L-asparagine, 1 mg; Na-
acetate 3H,0, 2 mg; glucose, 2 mg; L-glutamic acid
2 mg.

*%
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D=1/In2-1/t-In N/N,,
where Ny, is the initial cell concentration, and
N is the cell concentration after ¢ days.
All experiments were done in triplicate and

contamination by bacteria was checked using
ST3 medium (Table 2) of Iwasakit (1965).

Results and Discussions

Effect of light intensity: Growth at different
light intensities was examined at 20x1°C
and 25X+ 1°C. In this experiment, different
intensities of light were obtained by neutral
density screening. Light intensity inside the
tubes was measured by a spherical quantum
sensor (Bio-spherical Instrument, Inc.,
U.S.A., model QSL-100). The results were
shown in Fig. 1.

Growth was recognized at light intensity
above 40 ¢E/m?%/sec, and growth rate reached
its maximal level at 130 to 150 #E/m?%/sec.
Saturating light intensities were about
130 #E/m?/sec at 25°C, and about 150 pE/
m?/sec at 20°C. Maximal growth rates of
0.98 div./day at 25°C and 0.95 div./day at
20°C in this strain, and in another strain
isolated from Suo-nada 1.20 div./day at 25°C
were obtained.

These results coincide with the maximal
growth rate of 1.05div./day obtained by
I1zuka (1983) in natural population at surface
water. Saturating light intensities obtained
show that the organism has the ability to form
dense populations even in turbid coastal
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Fig. 1. Effect of light intensity on the growth

rate of Gymnodinium nagasakiense at 25°C and 20°C.

waters of low light intensity, and may help to
explain its occurrence at the subsurface (2-
5m in depth) water.

Effect of salinity: Several enrichments were
added to seawater base and distilled water as
in SWII formula, and further enriched with
soil extract in 10 m//. The pHs were ad-

- justed to 8.0. The latter medium was used to

dilute the seawater base medium to the
desired salinities varying from 7.9 to 34.5%.
Fig. 2 shows the growth of G. nagasakiense at

— s " '

(1] I5 20 25 30
SALINITY 2.
Fig. 2.

0 . L
35 7.0 .5 8.0 .5 9.0
PH

Growth of Gymnodinium nagasakiense at different salinities (left) and pH (right).
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various salinities. The organism showed
preference for low salinities, grew well at the
salinity of 12.0 to 31.0%;, and the maximal
growth occurred at 26.0%, which is lower
than oceanic water. Growth was very much
reduced at 10%;, and not recognized at 7.9%.

Effect of pH: Growth at different pHs was
examined using SWII based on seawater
diluted to 26% S. Within the range of pH
7.0-8.8, the final pH of culture media chang-
ed very slightly from the initial pH (within
0.04 units). Maximal growth occurred at pH
8.0, as shown in Fig. 2, which is at slightly
acid side of normal seawater. Upper side of
the maximum growth dropped off fairly rapid-
ly. However, in the range of pH 7.8-8.4,
which includes almost the extreme variations
for natural seawater, the organism grew well
over half maximum. It is clear that the
organism is not -sensitive to small changes of
pH as other neritic red tide flagellates, though
it preferred slightly acidic than normal
seawater.

Utilization of nitrogen and phosphorus sources:
All the nitrogen compounds tested served as
nitrogen sources; growth was better in low
concentration (30 #ugN/[) of ammonium
chloride, and in high concentration
(>300 pg N/I) of sodium nitrate and glutamic
acid. Table 3 indicates that the increase in
each nitrogen source produces no significant
variation in the growth of the organism.
Both ammonium chloride and urea inhibited
growth when higher than 300 pg N/I.

The growth response to various phosphorus
sources and concentrations are shown in

Table 3. Growth of Gymnodinium nagasakiense
in ASP,NTA with different nitrogen sources and con-
centrations (after 21 days).

Growth, number of cells/m!

Wt./I

(asN) NaNO, NH,Cl Urea Glutamic acid

None added 3,490 3,490 3,490 3,490

30¢g 4,880 7,660 4,140 3,530

100 g 5,050 5,830 6,160 3,630

300#g 5,650 100 2,160 3,930

1,000 zg 8,020 0 0 8,120
Table 4. The organism utilized both in-

organic and organic phosphate. The highest
growth was produced at higher than 3 mg P//
of Nay-glycerophosphate. ~ However, no
deviation in growth was observed at a concen-
tration of 30 #g to 10mgP/l with other
phosphorus sources.

The bloom of G. nagasakiense has been
observed in high organic nutrients waters
such as Gokasho Bay, and in poor inorganic
nutrients waters as Kumano-nada coast and
Suo-nada. The results make clear that one of
the reasons why the organism appears in
oceanic water such as Kumano-nada coast is
its extremely low requirements of nitrogen
and phosphorus, and also suggest that the
organism can grow even in incomplete
mineralization of nitrogen and phosphorus
sources; this is particularly important for
phosphorus which is often limiting, or close to
a limiting condition.

Utilization of carbon sources: The ex-
periments were conducted to find out whether
the organism has heterotrophic abilities. As

Table 4. Growth of Gymnodinium nagasakiense in ASP,NTA with different phosphorus sources

and concentrations (after 19 days).

Growth, number of cells/m/

gstig KH,PO, Na,-glycero- Adenosine 5~ Guanosine 5 Citidine 5-
phosphate monophosphate monophosphate monophosphate

None added 1,700 1,700 1,700 1,700 1,700
30 ug 3,830 2,430 2,160 2,610 —
100 pg 3,160 2,290 — —

300 pg 2,490 2,920 2,450 3,230 2,400

1 mg 2,470 3,260 2,760 3,140 2,170

10 mg 2,300 4,850 3,400 2,590 2,170
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organic substances, 4 amino acids—glycine,
DL-alanine, L-glutamic acid, and L-
asparagine—, and 10 substances—acetate,
sucrose, glucose, thiotone, trypticase, Hy-
case, glutamate, yeast extract, yeastolate, and
DNA—were examined in artificial medium
ASP;NTA containing nitrate.  Sucrose,
glutamate, Hy-case did not aid growth. All
the other substances utilized encouraged
growth (Fig. 3). Thiotone, yeastolate, and
asparagine were effective at high concentra-
tion (100 mg//). However, these organnic
substances did not support any growth in
dark condition.

Since the culture medium contains P II
metal mix, which is in over chelation with
EDTA, it is probable that these organic
substances served only as carbon source.
The result indicates that G. nagasakiense is
limited heterotrophic.

Growth response to trace metals: To have
preknowledge about trace metal requirement,
growth in mSWII medium enriched with
trace metal mix P IT and S 2 of Provasoli was
tested in advance. As clear in Table 5, an ad-
dition of PII metals to seawater medium
stimulated remarkably growth, but S 2 metals
showed no effect. Consequently, growth
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Fig. 3. Growth response of Gymnodinium
nagasakiense to organic substances.

Table 5. Growth of Gymnodinium nagasakiense
in diluted seawater medium mSWII (26% S) with
addition of P II and S 2 metals (after 21 days).

nﬁ]\;}%gomn ! Growth, number of cells/m/
None added 1,500
PII metals 1m/ 10,930
S 2 metals* 1ml 1,120
P II metals 1ml
} 9,620
S 2 metals 1ml

* One m! of S 2 metals contains: Br (as Na) 1 mg, Sr (as
Cl) 0.2 mg, Rb (as CI) 20 ¢g, Li (as Cl) 20 ug, I (as
K) 1 p#g, Mo (as Na) 50 pg.

responses to the trace metals contained in P IT
were examined. Among these metals, only
iron and manganese were very stimulative,
and cobalt was slightly effective. As shown in
Table 6, manganese and iron at 200 ¢g/! pro-
duced, respectively, a 16 to 18 fold higher
growth when compared with natural seawater
in 22 days incubation.

The growth response to iron and manga-
nese is similar to the response of Chattonella
antiqua, Fibrocapsa japonica, and Alexandrium
(= Protogonyaulax) tamarense (Iwasaki 1979,
AcHIHA and Iwasaki 1990). ISHIMARU ef al.
(1989) found that selenium also stimulated
remarkably growth of the organism.
These results suggest that iron, manga-
nese, and selenium play an important role in
forming the blooms.

Vitamin requirements: Although the above

Table 6. Growth of Gymnodinium nagasakiense
in diluted seawater medium mSWII with addition of
different amounts of iron, manganese, and cobalt
(after 22 days).

Addition, pg/l Growth, number of cells/m/

None added 420
30 980

Fe (as EDTA) 100 3,010
200 7,780

100 2,630

Mn (as EDTA) { 200 7,000
400 6,880

Co (as Cl) { 10 900
20 680
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Table 7. Growth response to vitamins of Gym-
nodinium nagasakiense (after 17 days).
Vitami Growth
ltamins number of cells
No addition 50
Vitamin mix I 10 ml/l 11,060
Vitamin mix 8Am 1 ml/l 8,210
Biotin 1 pgl/l 0
Thiamine 100 pg/! 0
Cyanocobalamine (=B;;) 200 ng/! 6,500
Vitami 0 ng/l
itamin B, 200 ng/ } 6,800
+ biotin 1 pg/l
Vitamin B 00 ng/!
itamin 12 200 ngy } 8,350
+ thiamine 100 pg/l

experiments were carried out with media con-
taining vitamin mix I which consists of
vitamin B;,, biotin, and thiamine, the
vitamin requirements were still unknown.
Therefore, these requirements were examin-
ed. As shown in Table 7 and Fig. 4, G.
nagasakiense needed vitamin B,, for growth.
The highest growth was attained in presence
of vitamin mix I. Biotin and thiamine alone
did not support growth, however, thiamine
promoted growth in the presence of vitamin
Bys. The organism responded to all vitamin

Table 8. Growth response to vitamin B,,
analogs of Gymnodinium nagasakiense (after 21 days).

Growth number

By, analogs at 100 ng/! of cells X 103

Control 0.35
B,; (5,6-dimethylbenzimidazole) 5.35
5-methylbenzimidazole cobalamine 5.26
Benzimidazole cobalamine 5.32
Factor III (5-hydroxy-benzimidazole) 0.95
Factor A (2-methyladenine) 4.14
2-mercaptoadenine 3.28
Pseudovitamin B, 0.2

Aetiocobalamine (=Factor 1B) 0.45
Factor B (no nucleotide) 0.78
Factor Z, 1.25
Factor Z, 1.28
Factor Z, 1.97
B,,+ penicillin (1000 I.U./{) 6.63

N W s U oo N
— —T
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0 30 10 300 1000
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Fig. 4. Growth response of Gymnodinium
nagasakiense to vitamin B,.

3000

B, analogs except pseudovitamin By, (Table
8). Vitamin By, 5-methylbenzimidazole
cobalamine, benzimidazole cobalamine, and
Factor A (2-methyladenine) analogs were
nearly equal in their effeciency. A better
yield was also obtained with 2-mercapto-
adenine. The specificity was similar to that
of Escherichia coli 113-3. An antibiotic
penicillin also stimulated growth in the
presence of vitamin By,.

Red tide flagellates have been classified into
three types by Iwasaki (1973) from the stand-
point of nutritional characteristics. The ex-
perimental results showed that G. nagasakiense
had the characters presented by both type II
and type III. These growth responses to
trace metals and organic substances, and the
broad specificity to vitamin B, analogs may
constitute a significant ecological advantage.

We wish to express thanks to Dr. K. BERN-
HAUER who kindly supplied most of By
analogs and to Dr. HaLina Neujanr who
kindly made available the scarce factors Z;, Z,,
and Z; that she isolated from sewage sludge.
This work was supported in part by the spon-
sorship of Fisheries Agency, Japan.
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Higher morning photosynthetic rates and afternoon photosynthetic depression were observed on sunny
days in Sargassum horneri. Such afternoon photosynthetic depression, however, was not observed when the
plants were exposed to much reduced solar radiations. Photosynthesis and dark respirtion in S. horneri showed
apparent day-night rhythms independent of daytime exposures to various reduced solar radiations.
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Fig. 1. Photosynthesis vs. solar radiation

curves of Sargassum horneri on August 27, 1986.
Open circles are for the data before noon, and filled
circles for the data after noon. The numbers along
the lines indicate the time of the day.
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Fig. 2. Changes with time in net photosyn-

thesis (Pn) and dark respiration (Rd) of Sargassum
horneri juveniles exposed to various levels of solar
radiation (A, 70%; B, 60%; C, 40%; and D, 20%)
on August 28-29, 1987, when the solar radiation at
noon was 2000 #Em~?s~!. Two to three juveniles
were used in each case.
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Photosynthesis

Day time

Fig. 3. Model curves of photosynthetic and
respiratory performance in Satgassum horneri on a sun-
ny day (solid lines) or on a rainy day (dotted lines).
Pn is for light-saturated net photosynthesis, and Rd
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thes iab
D

The Homoeothrix janthina (blue-green alga)—Achnanthes japonica (diatom) community is a typical epilithic
algal community in less polluted rivers in Japan in all seasons except winter. The development process of
the community was studied using substrates placed on the bed of the River Takami, which were in-
vestigated during autumn, winter, and the transition between autumn and winter for the effects of the dif-
ferent water currents. The species interaction with dominant blue-green algae and diatoms was discussed
on the data from these experiments. It became clear that the increase of Achnanthes japonica was caused by
the decrease of water velocity near the surface of the substrate on which many trichomes of Homocothrix jan-
thina grew. In this research, a colonization model of periphyton was postulated to explain the change in
dominant species and community structure. As shown in the model, the colonization of periphyton in less
polluted rivers developed from a two-dimensional structure constituted of diatoms belonging to the pro-
strate type, sliding type, and upright type to a three-dimensional structure with growing type involving both
diatoms and blue-green algae.

Key Index Words: Achnanthes japonica—attachment form—colonization—current velocity—Homoeo-

thrix janthina—periphyton—pollution.
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Variation of dry weight (mg-cm™2) of algal communities during the experiments.
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Plate 1.

Photographs by SEM of community structures in which Homocothrix janthina was dominant.

1. The community after 25 days from the beginning of the experiment in the fast flow rate. Substrate was covered
with the patch of A: Achnanthes japonica (prostrate type) and H: Homoeothrix janthina (growing upright type).

2. The community after 25 days from the beginning of the experiment in the fast flow rate.

minutissima (upright type).

M: Achnanthes

3. The community after 25 days from the beginning of the experiment in the fast flow rate. Homoeothrix janthina

was growing upright.
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Plate 2.

6088 25K

\EBum <

Photographs by SEM of community structures in which Cymbella turgidula was dominant.
4. The community after 25 days from the beginning of the experiment in the fast flow rate.

Substrate was

covered with the patch of A: Achnanthes japonica (prostrate type) and C: Cymbella turgidula (growing upright type).

5. The community after 25 days from the beginning of the experiment in the fast flow rate.

turgidula. H: filament of Homoeothrix janthina.

6. The community after 25 days from the beginning of the experiment in the fast flow rate.

was growing upright. N: Nitzschia paleacea.

7. The community after 89 days from the beginning of the experiment in the fast flow rate.
T: Cymbella tumida (growing upright type).

was covering over periphton.
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Fig. 3.

Gom. quadripunctatum

Homoeothrix janthina

Attachment form of main algae in the River Takami.

A: prostrate type. B: sliding type. C: upright type. D: growing upright type. E: covering type.
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Fig. 4. Changes in relative abundance of
dominant species in algal communities during the ex-
periment in autumn (Exp. 1).

Blue-green algae (—: absent, +: rare, #: common,
Ht: rich, H: very rich)

Diatoms (relative abundance (%))
a. Natural community occurring in the fast flow
rate. b. Experimental community growing in the
fast flow rate. c. Experimental community grow-
ing in the slow flow rate.

TeBARTLTEE TH » 1eh’, R 41 Achnanthes japonica D
BlEAEL TP &, ERERIL fast (1) SHLEORFE
i > T o tc, fast (2) &52HDLEREMARIICA
EREHILShich -1,

WEDOE & Z A TOFFEM (Fig. 6-d) 1%, 118
DITIL, BEBE T fast (2) LHLOSELHET
B o1eny, 258 DEAE Achnanthes japonica 13.60% Riitk &
Y, ThUBEBEARICKERERHILA bR, -
o

Pk 3EOERERD > bEEOMNERRCERT
5L, brikBariabhs, 3, HEBRIHC
i, EYP~EETHEER A) CEY LA RETHE
EH (B) DEENRAL, ThICEIME (C) 25
TERNSEBESBEIh T, TOREMNHRE (D) H
BHLLY, 3KRTEMLELDHHHEELTH > T

Exp.(2) Winter
natural + v« Y —+] Hom. janthina
—_ 4t it - Pho. favoswum
= 100 = etc.
] - ] Syn. ulna v. oxyrhynchus
g Gom. quadripunctatum
°
2
3 50 J
° Ach. japonica
v
K
2
a-
g0 -
06 18 28 42 55 days
fast - - - - tiom. jarthina
_. 100 had nd nd = =|Pho. favosum
2 -
§ | | —1 \_etc
=
= | | -
S 50 d=—T | 1T | Syn. uina v. oxyrhynchus
Kl NS -
b _g Gom. quadripunctatun
® 0 . Aach, japoni
& 06 18 28 42 55 days
slow - - - = |tiom. janthtna
- - = = —|Pho. favosum
g 100
] etc
5
E " - Syn. ulna v. ozyrhynchus
E] Hcon. quadripunctatin
2
c s 0 Ach. japonica
& 06 8 28 a2

55 days

Fig. 5. Changes in relative abundance of
dominant species in algal communities during the ex-
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Blue-green algae (—: absent, +: rare, H#: common,
Ht: rich, ##: very rich)

Diatoms (relative abundance (%))
a. Natural community occurring in the fast flow
rate. b. Experimental community growing in the
fast flow rate. c. Experimental community grow-
ing in the slow flow rate.
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Fig. 6. Changes in relative abundance of dominant species in algal communities during the experiment
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a. Natural community occurring in the fast flow rate. b. Experimental community growing in the fast flow
rate. Homeothrix janthiana was dominant. c. Experimental community growing in the fast flow rate. Diatoms
were dominant. d. Experimental community growing in the slow flow rate.
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Fig. 7. Variation of the cell density (cm™?) of Achnanthes japonica during the experiment. B—Homoeotlm'x

Janthina was dominant.
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Fig. 8. Spatial position of dominant algae and their interaction in algal communities.
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OHrtA, M. and NiNoMIYA, S. 1990. Relationship between distribution of Sargassum species and water move-
ment. Jpn. J. Phycol. 38: 179-185.

In the coastal region of Oshima Peninsula in Wakasa Bay, central Japan, the distribution of nine
species of Sargassum was investigated in relation to water movement in March 1983. The weight loss of a
plaster block (ca. 470 g) submerged for about two days was measured as a measure of water movement in
subtidal zone. Sargassum hemiphyllum was dominant at stations exposed to strong water movement (weight
loss 65-84 g/day at 2.3 m depth). §. macrocarpum appeared at stations with weak water movement (24-54 g/
day at 3.5-9.8 m), growing dominantly beyond the depth of 6 m, whereas it occurred up to the depth of 3 m
where water motion was relatively weak. . piluliferum and S. patens grew abundantly at stations with in-
termediate turbulence (44-65 g/day at 2.2-4.2 m and 42-65 g/day at 2.3-6.8 m respectively), which allowed
also S. confusum, S. ringgolds subsp. cor and S. fulvellum to grow. These three species, however, oc-
curred within a narrower range (ca. 50 g/day at 2.7-4.2m, 50-54 g/day at 4.3-6.7 m and 37-51 g/day at
2.6-7.6 m respectively). S. siliqguastrum and S. horneri grew under a wide range of water movement (37-84 g/

day at 2.3-7.6 m and 40-84 g/day at 2.3-7.6 m respectively).

Key Index Words:  distribution—plaster block—Sargassum—uwater movement.
Masataka Ohta, Central Laboratory, Marine Ecology Research Institute, 300 Iwawada, Onjuku-machi, Chiba

Pref., 299-51 Japan

Sayuko Ninomiya, Tokyo Kyuei Co. Ltd., Nihonbashi 3-1-15, Chuo-ku, Tokyo, 103 Japan
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Fig. 1. Map showing the three transects (A~C) in the coastal region of Ohshima Peninsula.
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Fig. 2.
hemispherical plaster blocks set on the bottom.

Underwater — photograph  showing

Table 1. Results of the preliminary experiment on the weight loss of hemispherical plaster

blocks along taransects A and B (September 1982).

Transect ~ Depth Plaster block  Exposed period Initial weight  Final weight Weight loss
(m) No. (hr) (8) (8) (g/day)
1 471 410 34.9
4.0 2 41.9 472 415 32.6
3 447 388 33.8
A
1 467 420 26.7
7.2 2 42.3 471 430 23.2
3 473 426 26.7
1 471 422 28.3
4.0 2 41.6 472 423 28.3
3 475 427 27.7
B
1 475 445 173
7.2 2 41.5 472 443 16.8
3 473 444 16.8
Control* 42.5 476 474 Lad

* A plaster block was maintained in still seawater of about 10 /.
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Fig. 4. Changes of the weight loss of plaster
blocks with depth along transects A~C.
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Fig. 5. Relationships of the vertical distributions of Sargassum species to the weight loss of plaster blocks.
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Tadao YosHipa and Toshinobu Terawakr: Lectotypification of Ecklonia kurome OxamMURA

(Phaeophyta, Laminariales)

Lectotype specimen was chosen for Ecklonia kurome OKaMURA.

The specimen was collected from

Kanayama, Wakayama Prefecture on July 18, 1911, and it was used for the illustration published with the
original description (Icones of Japanese algae 5: 137, 149. pl. 237. 1927), deposited in the Okamura collec-
tion of the herbarium of Faculty of Science, Hokkaido University (SAP).

Key Index Words:

Ecklonia kurome—Laminariales—lectotype— Phaeophyta.

Tadao Yoshida, Department of Botany, Faculty of Science, Hokkaido University, Sapporo, 060 Japan
Toshinobu Terawak:, Central Research Institute of Electric Power Industry, Abiko, Chiba, 270-11 Japan

7 e 4 Ecklonia kurome VEREAFT (1927)1 X b, i
B R i [E et 32 S W R s Pl (e S b= P S )
cava MHREPN LTtk S htz, ZORRC 2 4 7R

MR E S TR B, Ehd [Jull= v e

:&EFUK%E:—L"{L‘U WIREEIN G, B L ShT
WD, R ORI S TR~ TR « 7 2L~ 5

s MRy £/ 7 MEFHIEA] LS
L EHELRD T D, Al KM A S
(SAP) ILEEIh TUW Bl D=2 v 7 v 4 I ER
WO ER L & Bbh A LK OEA & F o %5
DEHEANWD R TS, ZhSOEARL L
A TEDL DR GATWHDT, 214 7HIEE
T5H LT L - THREAXRE L g, S0
Bt cEinv, 1KOBEAD 5 & CHAREXGE S
3TN 1 K (1927) DIE & 7o - 1o BEA (Fig. 1) & 4
1 7 lectotype CEETHZ & & L, TORULAR
WBEEEGRICEREIA TS, ZOEKILI9114E
7 7318 BRI LR S 2R B BT o i F SR s s e

TEHERBHCT I VREIRILDTH D,
24 7L UCHE LIRSS ERE, ZEiXE

X 7em THH, PRAIIZE 26cm, 1§ 4eom T, {l
HEFRVSDOT 15em 2785,
kS (1936) (X HUERE D 3 AT 3 Sl A GR il L7,
Tichb,
f. contorta Oxamura (KFFED Tl 357 )
(AR, KOFEEDWHH 7T
i, EEEE,

f. plana OxAMURA
f. latissima Oxkamura (VB
FHEL FEILE)

LoL, ChicHY4T 5EARMRSh T
JFEEE O R MRS 5 2 LIk TELL,

Thb

7w A Ecklonia kurome "\~ TIEHRE & HA DK
DHRTH Y, 3MECOWTEAARGBEORIK LG 2
BRTwigl, Chiz@&HRErbEicis Lz
ATHDHIRE L, EEHY 4 EE (GREUTER et al.
1988) #5364 2 HO MG A A LT, EM/cHEETH

Fig. 1.
OKAMURA.
1911.

Lectotype specimen of Ecklonia kurome
Kanayama, Wakayama Pref., Jul. 18,
K. Okamura.
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Key Index Words:

Growth of Laminaria japonica ArescHouG cultured with deep-water pumped up in

deep-water—growth—Laminaria japonica— Phacophyta.

Daisuke Fujita, Toyama Prefectural Fisheries Experiment Station, Namerikawa, Toyama, 936 Japan

IR 2 v T OWEEERA T, TEORME
FBITHaTRE 1989, 11 @ #GE FF 5T e AR o C9E )
CXAEE IO 1 b7 h o =2 v 7k 5 FR
HEIHEHIIEE 1LEk->TW 5B, LvL, KB
Witz v 7BEmEEE LT, RIEZD X5
KRz v 70 L CuisWANORBE /T =
VBB TR B LT TETE D, 8 O]
#1968, 1969), %31l (Torkko et al. 1987), fLliE (FF
fF5 1966), JREF (PUH: - va)11 1968) O & Ikhs 5 D
EnbH b,

BB TR I9865EE X b Bl i 7 2 T = 0 v
st O—F & LT NrEREEE RO A7 B4 5
Wrge ] MNER I ThkH, 198947 A14AMNS59 A7
H % TEILEK Bdilfihd 4.2 km OKER 300m O
o (Fig. 1) (S FREE S A7 P ERRIE RS KR 24 18
[ (Fig. 2) 12 & » CTHATOHK (LA, HicHERE
KEME) OFUK - BKFEE » fTThhie, T8HF] I

137°|N
Noto |Pen.
37° q
e  Toyama
Bay
@ Toyama
Fig. 1. Map of Toyama Bay showing the ex-

periment site (¥%).

DULTIEART - W (1989) 233 L < BT B DT
B D0 REKGOKEE 210 m 1CES 50K E %
HBMLCEYIClpEEFCchRAETF SR, EEx M4
FlMmbTcooBBERKeHT~ =27 Laninaria
Japonica ArescHouc DL A 1T - 72,

SRR L7~ = v 71519894 7 A 18 A At
BRATT A CERE L, 5°C CRAEE X h ik,
B KERBSO 7 2 7 v r o EEEK (# 9°C)
THKREHRE L Tl &, 7 HURCAHEKE L bicT
A4 ARy 7 AR AN CH % oA CEBRIC it Lic,

W | CurafiE (£E 77~280 mm) OHEHIC ©
== F o — T CEREGE AR DO B & &b I
D, 24 b IKHE (80 cn X 50 cm X X 33 cm) (2L
&, BeA EFEEORBK (F) 6°C) THIKR:E L1,
KL BERT 1L D 7o b B e = — A =l
feas, BRI, REREE YT, £712F
UIARI T893 odbfy 1.4 km THEEKEAMAERO
A S e Wb SO fHEERE R — 7 bR
KR 5m, JKild 25-27°C) 124 = (41 em X

“Hou-You”, a deep-water pumping-

Fig. 2.

up system.
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Table 1. Nutrient data (M) of surface water and pumped-up deep-water
(210 m depth) in Toyama Bay (August 21, 1989).
NO;-N NO,-N PO,-P Si0,-Si
Surface water ND ND 0.02 3.09
Pumped-up deep-water 10.35 ND 1.09 15.52

ND: Not detected.

Table 2.

Growth of Laminaria japonica annual plants (n=12) cultured with

deep-water pumped up in Toyama Bay from July 24 to August 21, 1989.

Growth (mm)

Daily growth rate (mm/day)

Total length

Blade width

Total length Blade width

Mean 270 57
Maximum 443 72
Minimum 65 37

9.6 2.0
15:2 2.6
2.3 1.3

41 cmx 66 cm) AIAEF LT, Zoduc ko @ #
i Lic~ 2 v 75k 7 ik (£ 180~480 mm)
in ) T CBER T -1,

8 A21 A [H#EE] ko CHHE L e ERB KR O H
I BB O VRIE K O G ULE O 7 Wik Bt A Table
LR Lchs, GRESF, V) VEEREY v RO EERERE
HEROWT RIS THERRNERBK L D L @RE
'C’Z'O’vf;o

Fig. 3.
cultured with pumped-up deep-water.

Annual plant of Laminaria japonica

8 H21 FHNC il Lic—~ =2 v 7 O ERAFERL Table 2
B Bl b C, B Lo Ao —f % Fig. 3128 L
foo ¥ 2 v 7328 H TR R B\ CORE270 Uk #
443)mm, HERIC B\ COEE57 G 72) mm A LT,
ChbhofEint AREREAGFR LA, £RT
(3496 (i 515.2) mm/day,  HE0E CULFE42.0 O
2.6)mm/day &7 o7c, TntshiaE LIic14lfkD 5% 2
@R EEA LS hIch O, HERRD 2D
e, BREFERCE e THED BRI Uic, F 796k
AR, BREEIR & 7o - etk A &, WIThoffc
b RFAUL RSN eh - 7o, ok KPR EESE 2 BEH
B o 1 E AN B S AF R RS - 1,

—7J7, R TR TR IR & 2R TR
Hn, bThICERETI Rt T2y T2y
L el vrh RO E 2= X BT
AL Ui o feo BEE R OVRRIE T SRR LB K O
BOKA TN B R D ke 2 T Th - fons, 8 27
A 17 5k ot T H ) - 1o,

HE TIIHAN B IR E =~ TR 14EH ¥k
DEZE (1~80) Kk r4EERLES 2T
(ffs 72 K 1969) C 3 em/day DL EfpE L7 2 EAGEERS
HTWAEIE, V>V a v 7 T08cm/day (HIHS
1971), VA v =2 v 7T 0.5cm/day (Hasecawa
1962), ~ =7 0.1 cm/day (FEETT - FAE 1987) &\
FThHLEL, SEofERL I bd EBS RIFERE
Th -1, WRAKGA - BH (1989) bih~<T\ %
Lo WK, KR, AR ONE O 4 DOKF
WAt L, TERROWETH B = v 7 OREE, PRk
W 75 b5 C R 7o % BUEDRC e TR I B8R &

A,
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Information for Authors (Revised March 1990)

Members of the Society are invited to contribute original research reports, short com-
munications, review articles and rapid communications 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, reviewers other than those on the Editorial
Board are consulted. Final responsibility for selection and published order of papers rests with
the Editor. Research reports not longer than 10 printed pages in English and 6 printed pages in
Japanese including figures and tables, short communications within 3 printed pages and review
articles within 15 printed pages will be published without excess charge (exclusive of reprints);
additional published pages will be charged to the author (12,000 Yen per single printed page).
Rapid communications acceptable within 2 printed pages will be published in the possible
earliest issue with charge at 12,000 Yen per single printed page.
The manuscript should conform exactly to the following instructions. The manuscript
should be typewritten, double-spaced in 65 letters per line and 28 lines, on thick paper of
21.5X28 cm or A4 size. Symbols, units and nomenclature should conform to international
usage. The S. I. metric system should be used for all numerical data. Words to be printed in
italics should be underlined. The original copy and two duplicates are required. The first page
should have only the title, full name(s) of the author(s) and institution with address, and any
necessary footnote. A short running title should be included. Acknowledgements preferably
follow the text but precede the references. Tables and legends for figures should be on separate
pages and be placed after the references.
An abstract of not more than 200 words is required. At the end of the abstract, 5-10 Key
Index Words should be given alphabetically for aid in indexing. A Japanese abstract will be pro-
vided by the Editor from translation of the abstract.
References. Citations in the text should read thus: Liebig’s (1840 p. 23) ... or ... (Welch
1972, 1974). In the list at the end of the paper, references should be typed in alphabetical order.
Each reference should be given in the following order: Name, Initials, Date, Title, Journal
Volume: first page-last page. Example:
Mikami, H. 1978. On Laingia hooker: (Rhodophyceae, Delesseriaceae) from New
Zealand. Jap. J. Phycol. 26: 65-68.

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

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

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

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