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Vertical distribution of paralytic toxin-producing species,

Protogonyaulax sp. in Funka Bay, Hokkaido
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UcHIDA, T., KAWAMATA, K. and NISHIHAMA, Y. 1980. Vertical distribution of paralytic
toxin-producing species, Protogonyaulax sp. in Funka Bay, Hokkaido. Jap. J. Phycol. 28:

133-139.

The vertical distribution of the dinoflagellate Protogonyaulaz sp., an organism causing
paralytic scallop poisoning, was investigated from July to September, 1978, in Funka Bay,
Hokkaido. During the period of abrupt thermocline, a relatively high cell density was
only found in the middle layer. At the surface, water temperature was near 20°C, while
at the bottom it was maximum 10°C. Cell density measurements show that Protogonyaulax

sp. aggregated at the 8-14°C layer. This is the reason of aggregation in the middle water

layer. A similar vertical distribution pattern is also considered to be maintained at night

since distribution under dim light at daybreak was almost the same as that recorded during
daytime. It is concluded that, unlike most other dinoflagellates studied, the vertical dis-
tribution pattern of Protogonyaulax sp. is significantly affected by temperature, but not by
light. The application of the results obtained is briefly discussed for practical use in

scallop cultivation.

Key Index Words: Dinoflagellate; Gonyaulax; paralytic toxin; Protogonyaulax;

scallop cultivation ; temperature; thermocline; vertical distribution.

Gonyaulax catenella and related species
are linked with paralytic shellfish poisoning
which can cause human illiness and some-
times death (BURKE et al. 1960, PRAKASH
1963, PrRaAKASH and TAYLOR 1966, MACLEAN
1977). Since 1976, members of Hokkaido
Institute of Public Health have found par-
alytic toxins in scallops from Funka Bay
(Official data). In June 1978, a higher level
of toxicity than that measured before was
observed. Investigations were made to
determine causative phytoplankton species
which appeared parallel with the scallop
poisoning. A G. catenella like species!
(Protogonyaulax sp.) was revealed to have

close correlation with shellfish toxicity, and
this dinoflagellate was found to be present
in the middle water layer (NISHIHAMA et al.
1979).

NisuiHAMA et al. (1979) have cultured this
species and assayed the toxicity of labora-
tory grown individuals. Their findings
show that Protogonyaulax sp. contains a
potent paralytic toxin. Ecological studies
on such a toxic dinoflagellate are of im-
mediate practical importance for all those
interested in the mariculture of filter-
feeding shellfishes. Therefore, we studied
the vertical distribution of this species in
Funka Bay to correlate its occurrence with

1) This alga was quoted as Gonyaulax catenella like species in the previous report (NISHIHAMA
et al. 1979). The genus Protogonyaulax is established by TAYLOR (1978).
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temperature.

Methods

From July to September 1978, routine
seawater samplings were carried out to
determine water temperature, salinity and
phytoplankters at both Sawara and Toyo-
ura stations (Fig. 1). At each station sea-
water was collected from different depths
with a VAN DoRN plastic sampler. Imme-
diately after pouring the seawater sample
into a plastic bucket its temperature was
measured. From samples brought back to
the laboratory, salinity was measured with
a salinometer (MC-5, Electronic Switchgear
(London) LTD). For identification and
counting of Protogonyaulax cells, each one
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Fig. 1. Location of sampling stations.

Water depth: Toyoura: 38 m, Sawara: 45 m,
Rebun: 45 m.
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Fig. 2. Vertical seasonal distribution of water temperature at
Sawara (a) and Toyoura (b).
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liter sample from different depths was fixed
with 2%
After concentration to 2m/ by allowing
the phytoplankters to settle, the contents
of a 0.1 m/ sample was counted on a ruled

slide.

ammonia-neutralized formalin.

Results

Temperature and salinity stratification is
clearly observed during the period of inves-
tigation as shown in Figs. 2 and 3. These
results show vertical stability of water in
this season.

At both stations, Protogonyaulax cells
were relatively abundant during July to
August (Fig. 4. From the end of August
until September, the number of dinoflagel-
late cells decreased and remained below
200 cells/l. At the end of September they
could hardly be detected as phytoplankters.

JuLy
|

AUGUST

During the whole period of investigation,
maximum cell density of Protogonyaulax
sp. was 24.9Xx10% cells// at Sawara, 35m
depth, July, 21; and 45.9X10® cells// at
Toyoura, 20 m, August, 8. In both cases,
the cells aggregated in the middle layer.
At Sawara, the layer containing more than
1,000 cells// was narrow (5-14 m), although
its depth varied considerably day by day.
At Toyoura, temperature stratification was
less pronounced and the layer containing
more than 1,000 cells// was wider (5-20 m)
than at Sawara. During this period, a
thermocline developed ; the maximum tem-
perature of bottom seawater was 10°C,
while the surface temperature was approx-
imately 20°C (Fig. 2). At both stations,
the vertical distribution of Protogonyaulax
sp. cells seems to be affected by tempera-
ture (Fig. 5). The upper thermal limit of
the layer containing more than 1,000 cells//
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Vertical seasonal distribution of salinity at Sawara

(a) and Toyoura (b).

Fig. 3.

TOYOURA b



136 UcHIDA, T., KAWAMATA, K. and NISHIHAMA, Y.

varied between 10 and 14°C. Furthermore,
the maximum density layer of the cells
was between the isothermal lines of 10 and
12°C. At Sawara, this relationship between
temperature and dinoflagellate density was
more clearly expressed (Fig. 5 a).

Since the above mentioned phenomena
were based on daytime sampling, the obser-
vation on the distribution of Protogonyau-
lax sp. was carried out under dim light
(5:00, August, 9) as well as during daylight
(15:00, August, 8) at Rebun (Fig. 6). It
took about one hour to complete sampling
process. The sampling time described
shows the time when the sampling had
been finished. Since the sunrise was at

4:35, August, 9, 1979, the dim light sam-
pling was conducted during before to after
sunrise. As a result, similar distribution
pattern was obtained in each case (Fig. 6).
A relatively high cell density was recorded
at 20 m depth, while only a few cells were
observed in other water layers.

Starting from the end of August in
Toyoura, high salinity (above 33%.), warm
waters gradually intruded (Fig. 3). At
Sawara, this intrusion was delayed for
about 20 days. As soon as this water
mass occupied all the layers, the Proto-
gonyaulax sp. cells completely disappeared
from the seawater layer.
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Fig. 4. Protogonyaulax sp. vertical seasonal distribution

at Sawara (a) and Toyoura (b).
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Relationship between Protogonyaulax sp. distribution and water tem-
perature at Sawara (a) and Toyoura (b).

Area surrounded by slanted

lines contains more than 1,000 cells//. (Quoted by NISHIHAMA 1980)
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Protogonyaulax sp. vertical distribu-
tion under daylight (15:00) and dim
light at daybreak (5:00).

Discussion

Light is thought to be an important
factor for dinoflagellates vertical distribu-
tion because of the existence of positive
or negative phototaxis (HAsLE 1950, 1954 ;
NorbpLI 1957 ; WHEELER 1964 ; EPPLEY et al.
1968 ; SELIGAR et al. 1970; TiLzer 1973;
MacLEAN 1977). The response to light
resulted in a diurnal vertical migration of
some dinoflagellates in response to light-
dark cycles (HasLe 1950, 1954 ; WHEELER
1964 ; EpPLEY et al. 1968; TiLzer 1973).
Other than light, some factors are known
to influence the migrative behavior of
some dinoflagellate species. In Pyrodinium
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bahamense, phototactic behavior is not an
obligatory species pattern but a facultative
response to nutrient availability (MACLEAN
1977). In addition to phototaxis, endoge-
nous rhythm is a possible factor causing
diurnal migration in Gonyaulax polyedra
and Cachonina niei (EPPLEY et al. 1968). In
Funka Bay, Protogonyaulax sp. was shown
to respond differently from other related
organisms, and no significant diurnal mi-
gration was shown. The pattern of vertical
distribution was similar under daylight
(15:00) and under dim light (5:00). There-
fore, the distribution pattern obtained here

from midday samplings is most likely main-
tained also during night.

The vertical distribution of Protogon-
yaulax sp. seems to be determined by tem-
perature: a large number of the cells were
found only in the water layer with tem-
peratures of 8-14°C. At Toyoura, water
temperature was above 8°C in all water
layers examined from July to August,
while at Sawara an 8°C isotherm prevailed
in the middle layer. This may be the
reason why at Toyoura Protogonyaulax sp.
is distributed in deeper layer as compared
to the situation at Sawara. Since this
species shows active growth in culture at
20°C (UcHipA, unpublished), the tempera-
ture dependent distribution cannot be ex-
plained in the present case merely by a
growth phenomenon. These findings can
be of importance to investigators involved
in scallop cultivation. It is possible to
eliminate the accumulation of toxin in
cultivated scallops by avoiding the layer
containing a dense population of Proto-
gonyaulax sp. cells. The layer containing
high cell densities can easily be detected
by measuring water temperature.

A mid-layer distribution pattern of phy-
toplankters, as shown in the present study,
is not limited to Protogonyaulax sp. Ac-
cording to NisHIHAMA (unpublished), in
Funka Bay, dinoflagellate Exuviaella sp.
also aggregates in the middle layer. The
density of Gomyaulax sp. in Ofunato Bay
was also higher in the middle layer
(MuraNo 1975). However, it is still unclear

whether the vertical distributions of these
two species are affected by temperature or
other environmental factors. In Funka
Bay, Protogonyaulax sp. was found in
quite low numbers (45.9 X 10% cells/l), even
in the highest density layer. The popula-
tion did not develop a bloom perphaps
because the nutrient levels are low during
summer (NISHIHAMA et al. 1976).

By the end of September, warm water
with a high salinity occupied all layers.
This is due to the inflow of Tsugaru Warm
Current (OHTANI and AKIBA 1970). When
the intrusion had completed, Protogon-
yaulax sp. completely disappeared from
water sample. This may be partly due to
that the low-salinity and cold water mass
containing the species was replaced by
Tsugaru Warm Current water mass.

Acknowledgements

We wish to express their thanks to Pro-
fessor Y. Sakari, Hokkaido University for
critical reading of the manuscript, and to
Dr. L. HErLANDs of Yale University for
improving this English text.

References

BURKE, J. M., MARCHISOTTO, J.,, MCLAUGHLIN,
J. J. A. and PrROVASOLI, L. 1960. Analysis
of the toxin produced by Gonyaulax catenella
in axenic culture. Ann. New York Acad.
Sci. 90: 837-842.

EPPLEY, R. W,, HANSEN, O. H. and STRIC-
KLAND, J. D. H. 1968. Some observations
on the vertical migration of dinoflagellates.
J. Phycol. 4: 333-340.

HASLE, G. R. 1950. Phototactic veratical migra-
tion in marine dinoflagellates. Oikos 2:
162-175.

HASLE, G. R. 1954. More on phototactic diurnal
migration in marine dinoflagellates. Nytt
Mag. Bot. 2: 139-147.

MACLEAN, J. L. 1977. Observation on Pyrodin-
ium bahamense PLATE, a toxic dinoflagellate,
in Papua New Guinea. Limnol. Oceanogr.
22: 234-254.

MURANO, M. 1975. Paralytic shellfish poisoning



Vertical distribution of Protogonyaulax 139

in Ofunato Bay and a suspected species of
plankton. Bull. Plankt. Soc. Japan 22: 33-38.
NISHIHAMA, Y. 1980.
affecting the occurrence of paralytic shellfish
poison in scallop. Pp. 40-52. In Jap. Soc.

Environmental factors

Sci. Fish. (ed.), Systematic approach to mari-
culture and utilization of scallop. Koseisha
Koseihaku, Tokyo.

NISHIHAMA, Y., IWASAKI, Y., KANEKO, M. and
HirouMi, J. 1976. Seasonal change of the
hydrographic conditions and zoo- and phy-
toplankton off Shikabe, Hokkaido, with spe-
cial reference to the relation between nutri-
ents and phytoplankton bloom. Hokusuishi
Geppo 33: 1-22.

NiISHIHAMA, Y., UcHIDA, T. and SATOH, N.
1979. Gonyaulax catenella like species cau-
sing paralytic scallop poisoning in Funka
Bay, Hokkaido, 1978. Hokusuishi Geppo 36:
65-74.

NORDLI, E. 1957. Experimental studies on the
ecology of Ceratia. Oikos 8: 200-265.

OHTANI, K. and AKIBA, Y. 1970. Studies on
the change of hydrographic conditions in
the Funka Bay. I The annual change of the
water of the bay. Bull. Fac. Fish. Hokkaido

Univ. 20: 303-312.

PRAKASH, A. 1963. Source of paralytic shellfish
toxin in the bay of Fundy. J. Fish. Res. Bd.
Canada 20: 983-996.

PRAKASH, A. and TAYLOR, F. J. R.1966. A “red
water” bloom of Gonyaulax catenella in
the Strait of Georgia and its relation to
paralytic shellfish toxicity. J. Fish. Res. Bd.
Canada 23: 1265-1270.

SELIGER, H. H., CARPENTER, J. H,, LoFTUS, M.
and McCELROY, W. D. 1970. Mechanisms for
the accumulation of high concentrations of
dinoflagellates in a bioluminescent bay. Lim-
nol. Oceanogr. 15: 234-245,

TAYLOR, F. J. R. 1978. The toxigenic Gonyau-
lacoid dinoflagellates. p. 47-56. In TAYLOR,
D. L. and SELIGER, H. H. (ed.), Toxic dino-
flagellate blooms. Proceed. Second Intern.
Conf., Elsevier North Holland Inc., New
York, Amsterdam, Oxford.

TILZER, M. M. 1973. Diurnal periodicity in the
phytoplankton assemblage of a high moun-
tain lake. Limnol. Oceanogr. 18: 15-30.

WHEELER, B. 1964. Phototactic vertical migra-
tion in Exuviaella baltica. Botanica Marina
9: 15-17.

AESE® « JIIEARE™ - BRE: JbigH, BSOS SEEkE
BEEEE, Protogonyaulax sp. DWMEHFHICDNT

MK X T A A BLDEEETHBD Protogonyaulax sp. DG Sk 197847 B2 9 BY5D 3 5
AR, MABREOESCRE W THRE L, TOKR, AHKE8~14CohBicREL, ZoKBEBOLET
it THERBAEL Lic, ¥-AIREBEOR LAV BT ICKIER 10~12°C DBicFE Lz, —7, F—ug
THFE XORBIREORES ML HE LIt 2 A, BIERALU 2 - v EOhABRTEZELABABHY L,
bDEEzLRI, UEDERE XUBENDL, KEKFEOHES M A /KT MOIRMEESE L 12 ich Protogony-
aulaz sp. \IKBIARE LBBEN ML RT EER SN B, (051 FHImTAZEREET 1-13 bR B R
HEET T fEEk, **041-14 A EHHFEAR Ll E B mES A v v & —)



140

OB

tREE: ReFfRsERE 1595, BM55F9 A 1 A%RMT, REQRIR. MHfi3,800 M
GEffSE . WHRTHTRFEEHFRII 361-17, LREHE)

ZOREIAEE « B, BUERGEREMNTHoHEI NI 20 FIE - THE, BT TELEFRRR
REOWRD 5 b, HWEHARROEE 22 6, #5568, % 127 @0a5 204 S\ THEAGE 191 4, 4
METEL 55 0, TOfl4 Sx el DTH S, AMIRWDN, F, SOBRHEIOSE DD ELRICH D
Thh, FROKE, LERY, £FHH, EWA/ERCEIh T2, BERCIERRBROMER, BEO
|ES, BRRCKTHEROETY, FHRBESHEBROBEL TOFRAFELENRIN TS, FHRITE
B CIRENcEB b b 2, EEOR ECH L TXMBRNEETS L0 2, 3AZTbhaNnehe L
TELFLESIHIFTH D, EZBIBANTHREINDZEXBMLE LTV, BAILBOMMIBC T
BRBECKDBLDOTH Y, X—HHOBERENHRIND C L3P VO TAENKRWKIEH IS 2 En
HtEEh 5, (MERER 1L B R IE)



Jap. J. Phycol. (Sérui) 28: 141-150. September 20, 1980

New blade initiation in the perennial red alga
Constantinea rosa-marina (GMELIN) POSTELS

et RUPRECHT (Cryptonemiales, Dumontiaceae)

Sandra LINDsTROM*

Department of Botany, Faculty of Science, Hokkaido
University, Sapporo, 060 Japan

LINDSTROM, S. 1980. New blade initiation in the perennial red alga Constantinea rosa-
marina (GMELIN) POSTELS et RUPRECHT (Cryptonemiales, Dumontiaceae). Jap. J. Phycol.

28 : 141-150.

New blade initiation is described for the perennial red alga Constantinea rosa-marina.

New blades are initiated each autumn from a meristematic region in the center of the

previous year’s blade. During new blade production cells in the meristematic region begin

to elongate in a prescribed sequence and attain lengths to 200 times their original size,

thereby forming the medullary filaments of the new blade. A predetermined pattern of

cell divisions occurs concomitantly to produce the cortical tissue of the new blade.

New blades are produced under short-day conditions in both the field and the labora-

tory. A laboratory experiment showed that new blade initiation is halted by long-day

conditions.

Key Index Words: Constantinea rosa-marina; Cryptonemiales; development ; new

blade initiation ; Rhodophyta.

SETcHELL (1906) distinguished three spe-
cies of Constantinea on the basis of new
blade initiation in relation to new stipe pro-
duction. Constantinea rosa-marina (GMELIN)
PosTELs et RUPRECHT and C. simplex
SETCHELL were separated from C. subulifera
SETCHELL on the basis that the blades of
the former two species are peltate (circular,
having the stipe attached to the lower
surface at the center), “becoming perfoliate
only upon the appearance of a new lamina,
while in C. subulifera the blades are cir-
cular and perfoliate from the very begin-
ning.” PoweLL (1964) and ABBOTT (1968)
have described new blade initiation in C.
subulifera and C. simplex, respectively.
However, nothing has yet been written on
new blade initiation in C. rosa-marina, the
type species of the genus.

Constantinea rosa-marina is a perennial
red alga which arises as a multiaxial blade
from a cushion-like disc. Early in its de-
velopment the blade becomes peltate, and
the plant maintains this form throughout
its life span of up to 18 years or more
(the age of the oldest plant collected during
this study).

A new blade is produced each fall in the
center of the old blade, and it is this termi-
nal blade which produces the reproductive
structures. Following reproduction, the
outer reproductive part of each blade is
shed, and the inner part of the blade grad-
ually erodes so that after a few years an
“annual ring” on the stipe is all that
remains of a blade.

In order to better understand the relation-
ship between the species of Constantinea,

* Present address: Division of Biological Sciences, The University of Michigan, Ann Arbor,

Michigan 48109, U. S. A.
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I undertook a comparative study of the
two species occurring in Japan, C. rosa-
marina and C. subulifera. Since PowEgLL
(1964) has already studied C. subulifera
rather thoroughly in Puget Sound and it
is the less common of the two species in
Japan, I concentrated on C. rusa-marina.
In this paper, I describe the initiation of
new blades in C. rosa-marina. Reproduc-
tive structures and reproductive strategy
will be described in a subsequent paper.

Materials and Methods

In Japan, C. rosa-marina and C. subu-
lifera occur along the eastern coast of

Date Location
May 26, 1978 Kushiro
June 6, 1978 Cape Nasappu
Aug. 5, 1978 » »
Sept. 5, 1978 »” »

Oct. 17, 1978 » ”
Nov. 29, 1978 ” »
Jan. 26, 1979 » »

Plants were preserved in 10% formalin
in seawater. Sections of the meristematic
region were made using a freezing micro-
tome, and glycerine-mounted sections were
stained with Cotton blue for microscopic
examination.

Plants for the photoperiod experiment
on new blade initiation in C. rosa-marina
were collected September 5 at Cape No-
sappu. The upper blade and stipe were
removed from the rest of the plant. The
upper blades were then trimmed so that a
rim less than 1 cm wide remained around
the stipe. Plants were put into individual

Hokkaido from Cape Nosappu (43°23'N lat.,
145°49E long.) to Cape Erimo (41°33'N lat.,
143°8'E long.). In the present study, C.
rosa-marina was found subtidally at depths
of 4-10 m, and C. subulifera from the low
intertidal zone to 2 m subtidally, except for
one male plant that was cellected at a
depth of 5m at Cape Nosappu. According
to Prof. T. MasaKk1 (pers. comm.), C. rosa-
marina can be collected in the extreme
low intertidal zone of Daikokujima, an
offshore island in the cold current region
of eastern Hokkaido. Specimens observed
during the course of this study came from
the following collections :

Depth Collector
4-10 m N. Tazawa
0-5m Author
Cast ashore M. KurocI

» » Author

200 m/ glass storage jars with PROVASOLI’s
ES medium (ProvasorLi 1968) and main-
tained in 10°C culture rooms. Eight plants
were placed under a 16 : 8 photoregime, and
eight under an 8:16 photoregime. Several
plants became moribund during the first
month and were terminated. Medium was
changed every five days for the first ten
weeks and approximately every ten days
to three weeks thereafter. Epiphyte
growth, especially for plants under long-day
conditions, necessitated periodic cleaning
of the plants.

Fig. 1.

Cross section of mound in center of Constantinea rosa-marina blade showing:

A. construction of mound below the meristematic zone showing similarity to
the blade and stipe below it; B. construction of mound showing transition to
meristematic cylinder; C. construction of apical region of meristematic cylinder
before actual new blade initiation; D. sequence from left to right of an apical
cell switching from transverse to oblique division with the immediately subapical
cells subsequently cutting off cells to fill in the space created by deflection of
the original apical cell; E. lateral branching of cells of the meristematic cylinder
with several branch apices already beginning to divide obliquely.
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Results

Morphological observations of
C. rosa-marina

New blade initiation in C. rosa-marina
can be divided into two phases: prepara-
tory and actual. The preparatory phase
begins during the summer months when a
small mound of tissue appears in the center
of terminal blades of C. rosa-marina imme-
diately above the stipe. This mound pro-
duces a transition from the branched fila-
mentous construction of the blade and stipe
below it (Fig. 1A) to the unbranched fila-
mentous construction of a solid cylinder of
meristematic tissue at the top of the mound
(Fig. 1C). As the meristematic cylinder
increases in depth, the apical cells cut off
shorter and shorter intercalary cells so that
the earlier formed cells at the base of the
meristematic cylinder average about 18 ym
in length (Fig. 1 B) compared to 6.5 #m for
cells just below the apical cells (Fig. 1C)
just prior to actual new blade initiation.

Actual blade initiation involves three
processes : (1) branching of the apical cells
of the meristematic cylinder to form the
cortex of the upper surface of the blade,
(2) elongation of the intercalary cells of the
meristematic cylinder to form the medulla
of the blade and stipe, and (3) branching
of the intercalary cells of the meristematic
cylinder to form (a) the cortex of the lower
surface of the blade and stipe, (b) the
secondary cortical filaments of the blade
which cross from cortex to cortex, and (c)
the secondary medullary filaments of the
stipe. These processes are initiated in a
prescribed sequence but, once initiated,
occur simultaneously.

The first sign of actual blade initiation
occurs when the meristematic cylinder is
about 75-90 cells deep. At this time, the
apical cells of the meristematic cylinder
begin to branch (Fig. 1 D). This occurs in
each apical cell by the formation of an
oblique rather than a transverse cell wall.
The apical cell is cut off toward the out-
side of the cylinder, and the immediately

subapical cell begins to elongate at its
distal end to fill the space left by the
oblique division of the apical cell. Even-
tually, the distal protrusion of this sub-
apical cell is cut off to form another apical
cell, which begins to divide obliquely as
the initial apical cell also continues to do.
Other subapical cells (to 3-4 cells below
the cell in which an oblique division first
occurred) may also cut off new apical cells
in a similar manner, the net effect being
the creation of a layer of cortical tissue
which is being pushed out from the center
of the new blade by production of new
apical (cortical) cells.

As the blade begins to grow in diameter,
the intercalary cells of the meristematic
cylinder elongate in a prescribed pattern
to keep pace with the proliferation of api-
cal cells, and stipe elongation occurs con-
comitantly (Fig. 2).

As the processes described above con-
tinue, the cortex of the lower surface of
the new blade is initiated by cells near
the outer edge of the meristematic cylinder
producing lateral branches at right angles
(Fig. 1 E). These lateral branches continue
to elongate by transverse division, but once
they reach the outer surface of the new
blade their apical cells begin to divide
obliquely in the same manner as the apical
cells of the upper surface of the blade (i.e.,
with the apical cell always cut off toward
the margin of the new blade). The forma-
tion of these lateral branches keeps pace
with production of new cortical cells on
the upper surface of the new blade. In
addition to forming the cortex of the lower
surface of the new blade, lateral branches
developing from the outer edge of the
meristematic cylinder near its base form
the cortex of the stipe, and lateral bran-
ches arising from cells within the meris-
tematic cylinder become the filaments which
cross from cortex to cortex. Cells of these
filaments may form secondary pit connec-
tions with other cortical cells. In the
center of the meristematic cylinder, these
lateral branches tend to grow downward
and form the secondary medullary filaments
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of the stipe.

By the end of May, when blade and stipe
growth appeared to have ceased, the me-
dullary cells of the stipe averaged about
150-500 #m in length (depending on their
position and the length of the stipe),
whereas most of the medullary cells in a
typical blade (radius=70 mm) ranged from
1100-1500 #m in length, with some cells

Fig. 2.

over 2mm in length. From October to
May cells near the base of the meristem-
atic cylinder therefore elongated only about
10 times, from about 18 #m to 160-230 gm,
but those originally near the top of the
meristematic cylinder elongated about 200
times, from about 6.5 #m to 1100-1500 gm.
Cell width increased by only 4-8 times to
about 20-30 #m during the same period.

A series of cross sections of the mound in the center of the C. rosa-marina

blade showing new blade production and the concomitant elongation of cells
in various parts of the meristematic cylinder. Broken lines in B-D indicate
areas where lateral branches are beginning to form. Numbers indicate aver-
age lengths in #m of 10 cells in that part of the meristematic cylinder. The
depth of the meristematic cylinder at the time apical cell branching was init-
iated is indicated on the left of each mound. Numbers in the lower right
corner of D-F show cell lengths of peripheral cells of the meristematic cylinder

which did not take part in new blade production.
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The oblique cell divisions responsible for
forming the upper surface of a Constantinea
blade occur about 14-16 times as indicated
by the number of cell rows exhibiting that
kind of branching in the center of the new
blade just above the stipe. Since the cor-
tex of Constantinea is only 6-8 cells thick,
the first 8-10 rows of cortical cells cut off
by oblique divisions must have elongated
together with the intercalary cells of the
meristematic cylinder to help form the
medullary filaments of the blade.

Morphological observations of C. subulifera

Compared to C. rosa-marina the new
blades of C. subulifera fall apart much
more readily when preserved and sectioned.
It was therefore not possible to obtain a
similar sequence of early blade develop-
ment stages in C. subulifera as in C. rosa-
marina. However, some comparisons can
be made:

The new blade is initiated at the top of
the stipe which protrudes from the pre-
vious year’s blade. A meristematic zone
develops at the top of the stipe similar to
that in C. rosa-marina except that it occurs
in a slight depression (probably formed by
the cells comprising the meristematic zone
elongating less than the surrounding stipe

cells). Also, the meristematic zone was
Sept. 5

C. rosa-marina
new blade diameter? 0
old stipe length? ~15
new stipe length 0

C. subulifera n=20
new blade diameter 0
old stipe length 6.2+15
new stipe length 0

1) All measurements in mm.

only about 50 cells deep in the specimens
examined. Development of the new blade
appears to proceed as in C. rosa-marina
except that fewer cells at the base of the
meristematic zone contribute to growth in
stipe length, most contributing directly to
new blade production. Because of the
delicate nature of mature C. subulifera
blades, it was not possible to determine
the final lengths of the medullary filaments
derived from the cells of the meristematic
zone as was done in C. rosa-marina.

Field observations

In mid October, I observed a wide vari-
ety of stages in new blade initiation in C.
rosa-marina. Some specimens appeared to
show no further development than plants
collected in early September. However,
some specimens showed evidence of very
young blades with diameters up to 3.2 mm,
hardly as wide as the stipe itself! By late
November, all specimens had new blades.
In contrast, new blades of C. subulifera
first appeared in late September or early
October. The following table shows aver-
age new blade diameter, old stipe length,
and new stipe length for terminal blades
of specimens of C. rosa-marina and C.
subulifera collected in the fall and early
winter.

Oct. 17 Nov. 29 Jan. 26
n=72 n=>56
(3.2 max) 9.9+45 31.5+11.9
~15 ~15 ~1.5
0 0.5 3.8+1.1
n=13 n=10 n=35
10.6=£5.0 30.849.2 56.3+16.6
7.8+1.7 NM?® 6.8+2.1
0 NM 2.5+1.4

2) Although the mound of tissue cannot technically be called a stipe, it
contributes to overall stipe length since the new blade arises out of

the upper surface of the mound.

3) NM=not measured.
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Photoperiod experiment

Under laboratory conditions, one short-
day plant terminated October 12 showed
early signs of new blade initiation (i.e.,
branching of the apical cells and produc-
tion of laterals along the upper outer edge
of the meristematic cylinder), but the first
macroscopic evidence of blade initiation in

B

DEC 26 !

short-day plants did not appear until late
October or early November.

When it was evident that all short-day
plants were producing new blades but no
long-day plants were, the cultures were
rearranged so that all long-day plants were
moved to short-day conditions, and some
of the short-day plants were moved to long-
day conditions. Long-day plants moved to
short-day conditions showed macroscopic

A-F. Blade center cultured under short-day (8:16) conditions
from Sept. 6-Dec. 6 and under long-day (16 :8) conditions from
Dec. 6-Feb. 6. G-L. Blade center cultured under long-day
conditions from Sept. 6-Dec. 6 and under short-day conditions
from Dec. 6-Feb. 6. Photographs taken after 8 weeks (Nov. 3),
11 weeks (Nov. 20), 13 weeks (Dec. 6), 16 weeks (Dec. 26), 19
weeks (Jan. 16), and 22 weeks (Feb. 6). Scale =5 mm.

Fig. 3.
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evidence of new blade initiation after an-
other two months. This period of time
corresponded to how long it had taken
plants in nature and the plants originally
cultured under short-day conditions to ini-
tiate new blades after the collection date
(Fig. 3). Growth of blades initiated under
short-day conditions slowed and eventually
appeared to halt when moved to long-day
conditions (Fig. 3).

Discussion

As Dixon (1971) has stated, the Florideo-
phycideae are particularly well suited to
morphological analysis of growth and devel-
opment because all thalli are formed by an
aggregation of fillaments, which are, with
few exceptions, produced by strictly apical
cell division. Such structural analysis can
be expressed in terms of three parameters:
(1) the disposition of the axes, (2) the shape
of the axes, and (3) the longevity of the
axes. DixoN (1971) himself has confined
most of his analyses to uniaxial species in
the Nemalionales and the Ceramiales.
Morphological observations of multiaxial
taxa (NORR1s and Kim 1972 ; CopoMiER 1972)
have shown that medullary tissue is pro-
duced sequentially by the transformation
of older cortical tissue. A qualitatively
different situation appears to exist in
Constantinea rosa-marina and C. subulifera.
Here, cells which are destined to become
medullary filaments never were cortical
cells. They are formed before the outer
investment of cortical tissue develops, and
they then elongate as cortical cells are
produced around them. This situation

probably arose because of the peltate and
perennial nature of the genus.

BoweN (1971) states that Maripelta rotata
(DawsoN) DAwsON, a peltate perennial
red alga from southern California and
Mexico, undergoes repeated cycles of blade
abscission and new blade formation, which
she states is unique in the Rhodophyta but
nevertheless shows some similarity to vesi-
cle formation in the closely-related genus
Botryocladia. NeusHUL et al. (1967) have

cultured Sciadophycus stellatus DAWSON,
another peltate red alga from southern
California and Mexico, but no work has
been done on new blade initiation in this
species.

PowkeLL (1964) found a critical daylength
of about 11-14 hours for between 21 and
28 days was required to completely trigger
new blade initiation in C. subulifera.
Longer daylengths, interruption of the dark
period, or a shorter initiation period all
caused the tip of the stipe to round up
and resume apical growth. Since C. rosa-
marina does not have a protruding stipe,
no macroscopically visible effect is to be
expected from moving a plant not yet
producing a new blade from short-day to
long-day conditions. In my experiment,
plants initially put under long-day condi-
tions and then transferred to short-day
conditions produced new blades at approxi-
mately the same time as did short-day
laboratory plants and plants in nature when
the time spent under long-day conditions
is subtracted from the total time spent
under laboratory conditions. Therefore,
C. rosa-marina appears to differ from C.
subulifera in requiring a longer initiation
period under short-day conditions for new
blade production (at least two months) and
lacks a definite reversion (such as renewed
stipe elongation in C. subulifera) when
placed under long-day conditions after a
new blade has been initiated (the “prepara-
tory phase” in this paper) but before the
blade actually appears. The exact interplay
between daylight and darkness in new
blade initiation in C. rosa-marina still needs
to be examined. The cessation of new
blade growth in C. subulifera in the spring
was noted by NEUSHUL and PoweLL (1964)
in field-cultured plants.

As already noted, some differences occur
in new blade initiation in C. rosa-marina
and C. subulifera. PoweLL (1964) briefly
dealt with new blade initiation in C. subu-
lifera at the microscopic level. He refers
to a flattening of the center of the stipe
with concomitant thickening of the “cor-
tical zone” at the tip of the stipe to 50-60
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cells. This description and his accompany-
ing figures agree with observations I made
on new blade initiation in Japanese C.
subulifera.

New blade initiation in C. simplex also
shows some differences from C. rosa-
marina. According to ABBorT (1968), C.
simplex shows a slight depression in the
mature blade which marks the
tematic region rather than its occurrence
in a mound rising out of the mature blade
as in C. rosa-marina. In C. simplex,
AzBotT distinguished two types of cells in
the meristematic zone, central and periph-
eral, which are responsible for stipe elonga-
tion and new blade production, respec-
tively. However, such a clear-cut distinc-
tion of cell types is not evident in C.
rosa-marina or C. subulifera where central
and peripheral cells both contribute to new
stipe production (when it occurs in conjunc-
tion with new blade initiation in C. subul-
ifera), and also both contribute to the
medulla of the new blade.

Some of the morphological differences
cited by SETCHELL (1906) for distinguishing
the three species of Constantinea have been
found to not hold up when specimens from
various seasons and habitats are examined.
Whereas SETCHELL stated that the blades
of C. subulifera are perfoliate “from the
very beginning,” PoweLL (1964) and the
present author (unpublished observations)
have found that the stipe does not begin
to protrude through a new blade until
March to May, leaving a period of five to
seven months when the terminal blade is
peltate, as in C. rosa-marina and C.
simplex. The development of a small
mound in the center of terminal C. rosa-
marina blades during the summer, while
perhaps not making the blade perfoliate,
contrasts SETCHELL’s statement that a new
blade originates in a kind of depression in
the center of the old blade. SETCHELL
further stated that the internode between
the old and the new blade in C. rosa-
marina “elongates soon after the new blade
is fairly well formed,” but in the present
study stipe elongation was found to occur

meris-

simultaneously with new blade production.
Furthermore, in many low intertidal spe-
cimens of C. rosa-marina from Southeast
Alaska, I have found that the internodes
fail to elongate, an important characteristic
cited by SETcHELL for distinguishing C.
simplex from C. rosa-marina. However,
my observations should be considered as a
clarification of SETCHELL’s because the same
three species he dealt with then remain
valid today, and the best vegetative charac-
teristics for distinguishing them, while not
as clear-cut as SETCHELL originally indi-
cated, remain those he stated in 1906,
namely, the protruding stipe of C. subulifera
and the long versus the short internodes
of C. rosa-marina and C. simplex, respec-
tively.
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Although the girdle with numerous divisions of Amphora has been termed intercalary

bands, it is a problem whether it has a set of numerous same single bands or a set of

different elements. SEM investigation has been done in order to answer this question.

As a result it became clear that the girdle is composed of numerous same single bands,

therefore we should term it correctly connecting bands (pleurae). Further, concerning to

the connection between a valve mantle and a connecting band, it became evident that the
margin of the valve mantle overlaps the one side of the connecting band.
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structure, intercalary band.

During the last several years, the tax-
onomical criteria of diatoms have become
evident by wusing electron microscope.
However, there are few reports on the
structure of the girdle of the genus Am-
phora, which has been adopted as one of
the taxonomical criteria observed by using
light microscope. According to the past
descriptions, the girdle of some of the
genus Amphora, for instance Amphora
coffeaeformis (AcarpH) KUTzZING which has
numerous divisions, were termed only in-
tercalary bands (cf. KARSTEN 1899, p. 104;
HusTeEDpT 1930, p. 345; PATRICK & REIMER
1975, p. 78 as A. coffeiformis). 1f we follow
in MULLER’s definition concerning to the
girdle elements (MULLER 1886, 1895 ; cf voN
StoscH 1975), an intercalary band is not
exist without a connecting band by reason
that the intercalary band is an element
which is inserted between a valve and a
connecting band. On the girdle with nu-
merous divisions of the genus Amphora,
it is a problem whether it has a set of
numerous same single bands or a set of
different elements. If the girdle is a set

of numerous same single bands, we should
term it correctly connecting bands. The
purpose of this study is to clarify this
problem by the observation using scanning
electron microscope.

Materials and Methods

A species of the genus Amphora having
numerous girdle elements was obtained
from the film-like diatom assemblages
which developed in one of the culture
tanks of the rotifer Brachionus plicatilis.
The diatom materials were collected from
there and then cleaned by heating in
concentrated sulphric acid, and adequate
amounts of KNO; were added, then they
were washed by distilled water until the
supernatant became neutral. Preparations
mounted in Pleurax were examined by us-
ing a Nikon Apophot microscope. For the
scanning electron microscope examination,
the material was cleaned as above and
dehydrated in ethanol or iso-amyl acetate,
and a drop of the suspension was dried by
natural drying method or by critical point
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drying method on stubs, and coated with
gold (roughly 200 A in thickness) by using
a GIKO IB 3 ion coater. These were ex-
amined by using a HITACHI S-450 unit
in the Institute of Life Science, Kinki Uni-
versity, at an accelerating voltage of 20kV,
and photographed on Kodak Tri-X pan
film.

Observations

This taxon is nearly akin to Amphora

castellata GIrFEN and A. turgida var. afri-
cana CHOLNOKY. But it differs from those
taxa in several characters. In this report,
therefore, the author deals with it as Am-
phora sp. The valve structure and taxono-
mical considerations of this diatom will be
reported in another place.

In this
specimen, several linear series of short

Light microscope observations :

dashes are observed at the ventral and the
dorsal part of the frustule (Fig. 1).

Figs. 1-3.

1. The ventral part of the cell with several linear series of short dashes. LM.

X 2000. 2.

The dorsal part of the cell.

Amphora sp.

Right : epitheca; left: hypotheca, with

newly formed and weakly silicified hypocingulum. SEM. %x2300. 3. The incom-
plete dorsal apex of the epitheca showing a separate part and the connection
between the valve mantle and the first connecting band. The valve mantle
overlaps the first connecting band. SEM. x10000.

Scanning electron microscope observations :
The dorsal part of the girdle is divided by
several longitudinal lines (Fig. 2). By ob-
servation of a separate part (Fig. 3) and of
a single bobby-pin like open band (Fig. 4),
it is understood that the cingula are com-
posed of several open bands (7-9 per one
cingulum). Each open bands has the point-

ed endings (Fig. 5) and two longitudinal
rows of poroid areola, at the ventral and
the dorsal part (Fig. 2). And the breadth
of the open band in the dorsal part is
somewhat broader than in the ventral part
(Fig. 4). Externally, faintly raised axial
ribs are laid at the portion of the both
edges, respectively, and more silicified axial
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Iigs. 4-7.  Amphora sp.
4. Single element of the cingulum, bobby-pin like open band. Upper: ventral
side; lower: dorsal side. SEM. x3000. 5. Showing the pointed endings and
the ricae (or the vela) of a band. Upper: interior of the dorsal side; lower:
exterior of the ventral side. SEM. x10000. 6 and 7. The two apices of the
dorsal part of the cell. Showing the position of the opening of open bands
changed alternately, and the connections among the valve mantle and the first
connecting band and each connecting band. SEM. x9100.
The rounded

ribs are raised in the center or in some- ribs is slightly raised (Fig. 5).

what eccentric advalvar portion, and from oblong to square portion, surrounded by

which the transverse ribs are developed the ribs is a rica (or a velum: not be

alternately to the advalver and abvalvar
direction (Figs. 3, 4, 6, 7). Transverse ribs
decrease their height gradually away from

the axial rib (Figs. 3, 4). Internally, each

observed in detail) (Figs. 3, 5, 6, 7). The
rica (or the velum) is about 0.2-0.9 #m long
and 0.2 #m wide in the dorsal part. These
poroid areolaec agree with the ornamenta-
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tion of the valve. Connections of each
open bands are as follows; the margin of
the valve mantle overlaps the one side of
the first band and the other side of the
first band overlaps the margin of the sec-
ond band, and in the same way each open
bands is connected in the abvalvar direc-
tion (Figs. 2, 3, 6, 7). The position of the
opening of the open bands changes in the
pervalvar direction, alternately (Figs. 6, 7).

Discussion

The structure of the cingulum in this
taxon seems to be a set of the single
elements, although it is recognized that
the breadth of the band and the size of the
rica (or the velum) increase gradually from
the opening of the cingulum to the adval-
var direction, but is not divided clearly by
their gradual changes. According to the
terminology of the diatom girdle amended
by voN StoscH (1975), in this case, the first
bands connected with the valve mantles
are termed valvocopulae, and the other
several bands are termed connecting bands
(pleurae). However, in the terminology
proposed by ANoNYMous (1975) and Ross et
al. (1979), a term valvocopula is restricted
to use for the special case. In this taxon,
there is no reason to separate the first
band by term from the others because of
the each bands has no significant difference
in structure. SCHOEMAN & ARCHIBALD (1978)
showed the structure of the girdle of Am-
phora veneta var. capitata HAworTH. This
species has numerous bands, and is similar
in the structure and the ornamentations to
this taxon. KARSTEN (1899) gave many
illustrations of Amphora, and showed that
some of them had the girdle consisted of
the numerous single elements. In these
observations it is evident that the girdle
of this taxon, probably of another species
of Amphora having numerous girdle ele-
ments too, has been expressed as the inter-
calary bands, however we should term it
correctly connecting bands.

Three types of connections between the
valve mantle and the cingulum were shown

by Rounp (1972 a, 1972 b) from a point of
view of the relationship between the mor-
phology of cell and the reduction of cell
size during cell division. He showed that
in the centric diatom Stephanodiscus the
cingulum overlaps the margin of the man-
tle (Rounp 1971). However, VON STOSCH
(1975) indicated the three possible interpre-
tation on RounD’s SEM micrographs, and
questioned whether the cingulum overlaps
the margin of the valve mantle or not in
Stephanodiscus. In the materials of the
genus Amphora, the structure of the con-
nection between the valve mantle and the
first connecting band is same as the con-
necting band’s juncture, i.e. the margin
of the valve mantle overlaps the one side
of the first connecting band. This type is
similar to one of the three illustrations
figured by Rounp (1972a, fig. 1C) and
strictly speaking it agrees with the de-
scription and the illustration given by von
StoscH (1975, fig. 12c), but the structure
so-called ‘slit’ edge is not observed in this
taxon.

The alternate change of position of the
opening of the open bands is observed not
only in this taxon but also in connecting
bands of Chaetoceros septentrionale OESTRUP
(Duke, LEWIN & REIMANN 1973). The struc-
tural pattern of the girdle elements is
common between the pennate diatom Am-
phora and the centric diatom Chaetoceros.
This is very interesting from a taxonomical
point of view.

As one of the taxonomical criteria, the
measurement of the number of the con-
necting bands (until now, they were termed
intercalary bands) under light microscope
has been done by some authors. In this
case, it is out of the question whether the
measuring of the numbers of the bands
for unit is appropriate to the taxonomical
criterion or not. It is neccessary to pay
attention to the measurement because of
its complexity. As the epicingulum and
the hypocingulum overlap one another, it
is a fact that the measurement is the sum
of two numbers in the case which the
overlapping can not be distinguished. Also
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it must be designated clearly whether the
numbers were measured by the numbers
of the bands or by the numbers of rows
of the areolae.
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ShTEHOREYT, ELLBERFRLIRLIhIRETHD. 2) ThZhoBRFERI oMo H
B IC AR EE R LTV B, 3) A% (valve mantle) & Zhic#kE T 5 BHFR O A ILAIE 2 RE OM
MEB T 5, EREBHELOKE SAKETH (valve) Wi\ J ORI L R OEHRCE bh, 3%
DB IS IR DR R OME R > T b, MRERREC/IMREALELIc X230 THS,) (577 KK
FERABR /NI 3-4-1, LA FHIEET)
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BoLp, H. C., ALEXOPOULOS, C. J. and DELEVORYAS, T.: Morphology of Plants and Fungi.
4th edition. x+819 pp. Harper & Row, New York. 1980.

HRIEEEEOX L TRIDF OHEFRL & LT 1957 51T S hic “Morphology of Plants” (% 1967 4,
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ELIDTHA S, FREHDOIEN, i MARGULIS LD L DLV LEKRDEZALH DA, AMNTEH
Y (FAix &) #BRBD OEMHOKRGE L TROHE system AL TV5,

Superkingdom I. Prokaryonta
Kingdom A. Monera (fflig§i Bacteria &¥5% Cyanochloronta @ 2 % & 1s)
Superkingdom II. Eukaryonta
Kingdom A. Phyta (Plantae: ## Chlorophycophyta 75 & 25 @ Division 22678 %)
Kingdom B. Myceteae (Fungi: ¥ Gymnomycota, ¥§EH# Mastigomycota, ##FE# Amasti-
gomycota @ 3 Division 12430 Hh 3)

ZHREARED R DI UL LA DR & KIAREET, MEMLRPLEENRSH DD, chiFHily, L b#Ex
LOLPRLN T2 DL H D, HEHOHEMPHERKML T, 24 - v £DNE, HEOMIDR—
BOWMPRHY > T2, ZDOECITHRFEOMSIBETI Ve L Sicidbh s,

PRSI TEEF] Lito TW B Lidv 2, FBHEOHERNE LT BENREIh TV LoDhTY, &Y
XD 12THAZ EiLEEG oV, RE % 7,700 [9)

(ExE  FHHEA)
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The asexual reproduction in Japanese strains of Pandorina morum BORY was observed

in detail under controlled laboratory conditions.

As a result, my observation was different

from the results reported by COLEMAN (1959) with regard to the parental gelatinous

matrix.

Key Index Words: Asexual reproduction; Chlorophyta ; gelatinous matrizx; Pan-

dorina morum ; Volvocales.

The sexual process of Japanese strains
of Pandorina morum Bory was described
in detail in the previous paper (Nozaki &
Kazak1 1979). Though we did not describe,
we observed the asexual reproduction in
these strains and discussed it to be similar
to the results reported by CoLEMAN (1959).
Later, however, as I observed it more care-
fully, I have obtained the different results
from hers with regard to the parental
gelatinous matrix. In the present paper
I described the asexual reproduction of
Japanese strains of P. morum in detail.

The strains used in the present study as
well as the methods of culture and obser-
vation are the same as in the previous
study (Nozakr & Kazaki 1979).

In the asexual reproduction, each cell of
the colony performs daughter colony forma-
tion equally. Previous to the cell division,
the constitutive cells, the size of which has
attained to about 15 #m in surface diame-
ter, become separated from one another
to be spherical in shape in the swollen
gelatinous matrix. Following the progress
of the cell division, the gelatinous matrix
becomes more swollen to reveal its internal
structure (Fig. 1), which forms a keystone-
shaped space for each parental cell; i.e.

16 spaces in case of a 16-celled parental
colony. At last the gelatinous matrix at-
tains to about 130 #m in length as a whole
in case of a 16-celled parental colony.
Each parental cell is embedded in this
keystone-shaped space and conducts the
colony formation. Namely, it performs
usually 4 longitudinal divisions successively
to form a 16-celled plakea, and a spherical
colony, in which each cell has a cup-shaped
chloroplast with a single basal pyrenoid, is
formed as a result of inversion. After the

Fig. 1. Asexual reproduction of Pandorina
morum showing plakeas, daughter
colonies and internal structure of
parental gelatinous matrix. Scale
30 z2m.
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Fig. 2. A daughter colony of Pandorina morum
before secretion of new gelatinous matrix
in each keystone-shaped space of paren-
tal gelatinous matrix. Note a pyrenoid
and two flagella of equal length in each
individual cell, and a parental stigma
in one cell of daughter colony. Scale
10 p#m.

inversion, each individual cell begins to
project two flagella of equal length (Fig. 2).
Up to this time, the stigma of the parental
cell has remained to one of the cells of
the plakea or daughter colony. When the
projection of the flagella has nearly com-
pleted, a new gelatinous matrix is secreted
and a new stigma appears from each indi-
vidual cell. As a result, the daughter
colony, which has the same form as the
parental colony except in size, is formed
in the keystone-shaped space of the pa-
rental gelatinous matrix and then swims
away from the matrix. One side of a
square plakea with 16 cells is about 20 ym
long. The 16-celled daughter colony, just
after its formation, is measured 16-18 #m
in length.

Although CoLEMAN (1959) did not report

the keystone-shaped space in which each
daughter colony is formed,  this space is
clearly recognized in my observation in the
same strains used by her (In 50-3, In 50-
11, In-Bl II-9 and Cal-68-8). This dis-
agreement of the two observations may be
caused by the difference of the methods
of observation; in the present study, the
materials were stained with methylene blue
and observed with a phase contrast micro-
scope. It is considered that this keystone-
shaped space in the asexual reproduction
is resulted from the direct swelling of the
gelatinous matrix which surrounds the
keystone-shaped cell tightly in the vegeta-
tive phase. Such a structure of the gela-
tinous matrix of Pandorina morum was
recently reported by FurLToN (1978) using
a electron microscope. Furthermore, it is
noteworthy that in 19th century, PRINGSHEIM
(1870) had already reported such spaces, in
which daughter colonies were formed, with
his natural collection of P. morum.

References

COLEMAN, A. W. 1959. Sexual isolation in
Pandorina morum. J. Protozool. 6: 249-264,

FULTON, A. B. 1978. Colonial development in
Pandorina morum. 1I. Colony morphogene-
sis and formation of the extracellular matrix.
Develop. Biol. 64 : 236-251.

Nozaki, H. & Kazaki, H. 1979. The sexual
process of Japanese Pandorina morum BORY
(Chlorophyta). Journ. Jap. Bot. 54: 363-370.

PRINGSHEIM, N. 1870. Uber Paarung von
Schwirmsporen. Monatsbar. Akad. Wiss.
Berlin 1869 : 721-738.

HiEA3E: FIPE Pandorina morum BORY (% - A4 <27 VURH)
DIEHEEFAICONT

TR TR (B - s 1979) (343D Pandorina morum BORY DHEATLIC S THE Lz,
WAL Lith oo &0, EEIFTRER Uk P. morum DEWATHORBEHERLET CHMc
BRI, T0BBIIEFAMIE COLEMAN (1959) DIERLA—ThH-7AS, Bo€5 7 /R L TzR
IRBER Y B, (223 HF)IRFKRTEHIRAFNTE—&F -5 BLRBEESER)



Jap. J. Phycol. (Sérui) 28: 159-164. September 20, 1980

Toxicities of trace metals on Chlorella vulgaris
isolated from palm oil mill sludge

P. M. SivALINGAM

School of Biological Sciences, Universiti Sains Malaysia,
Minden, Pulau Pinang, MALAYSIA

SIVALINGAM, P. M. 1980. Toxicities of trace metals on Chlorella vulgaris isolated from
palm oil mill sludge. Jap. J. Phycol. 28: 159-164.

Studies on the influences of ten trace metals, viz. Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb
and Zn, at different concentrations, i.e., 0.5, 1, 1.5, 2.5, 5, 10, 15, 25, 50, 100, 200 and 300 ppms,
on the proliferation of Chlorella vulgaris isolated from scum of palm oil mill sludge
indicated that at most instances the productivity maxima occur after a culture period of
15 days as compared to the control which is 10 days. A definite pattern of inhibition by
concentration was only observable for the trace metals of Cd, Cr and Cu while the other
elements reflected independent effects.

It was found that the toxicities of the trace metals examined on the proliferation of
Chlorella vulgaris fall into the following category: Cu>Cr>Cd=Zn>Co>Fe=Pb>Ni>

Hg>Mn.

Key Index Words: Chlorella; palm oil mill sludge; toxicity ; trace metals.

The production of palm oil is of prime
national interest from the viewpoint of
economics as a foreign exchange earner in
the Malaysian context. Concomitantly, it
is also the major pollutant of our aquatic
environment culminating in at least 42
rivers been grossly polluted while 16 others
fairly. Numerous attempts have been made
to eliminate this organic pollution problem
by local scientists (COLLIER and CHick 1977,
DavrzeLL 1977, MuTHURAJAH and DEVEN-
DRAN 1975, RAJAGOPALAN and SIVALINGAM
1975, SEow 1977, WEBB et al. 1975). How-
ever, these approaches are yet to meet the
legislation promulgated by the Ministry
of Environment, Science and Technology,
Malaysia (MAHESWARAN 1978).

In this connection, SIVALINGAM et al.
(1979) and SivaLINGAM (1980) have demon-
strated that through the propagation of
Chlorella vulgaris isolated from the scum
of palm oil mill sludge the B.O.D. load
could be lowered from 1,080 ppm to 40 ppm.
It is envisaged that with the availability

of this new information and other pres-
ently investigated technology the overcom-
ing of this agro-based industrial pollution
problem is just round the corner.
Knowledge on this strain of Chlorella
vulgaris which has the capability to
sustain under such noxious conditions is
still lacking. Hence, the author has at-
tempted to verify toxicity effects of various
trace metals on its proliferation at different
concentration levels with time. The results
of this investigation are presented here.

Materials and Methods

Isolated Chlorella vulgaris (Fig. 1) cells
from palm oil mill sludge (SIVALINGAM et
al. 1979, SivaLINGAM 1980) were used in
all the experiments that are to follow.
Experiments on the effects of the various
trace metals were performed in the most
suitable dilution by 4 times of fermented
palm oil mill sludge. The various trace
metals used in the experiments were salts
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Fig. 1. Isolated Chlorella vulgaris cells from
the scum of palm oil mill sludge (200
X magnification).

of the following: CdCl,!H,0, CoCl,6H,0,
CuCl, K,Cr,0; FeCl;, HgCl,, MnCl,4H,0,
NiCl,H,0, Pb (NO,), and ZnCl,, at concentra-
tions of 0.5, 1, 1.5, 2.5, 5, 10, 15, 25, 50, 100,
200 and 300 ppms, respectively. As blank
the culture medium did not contain any
of the trace metals. Each amendment of
the trace metals concentration were per-
formed in triplicates and their mean pro-
pagation of innoculated Chlorella wvulgaris
cells were followed periodically every five
days for a period of 25 days. The number
of cells for each innoculation was 3.8 X10%/
m/ of the culture medium. All the above-

mentioned culture experiments were per-
formed in a “Nikko Tron” at 17,000 lux
actinic light intensity with a day-light
period of 12 hours and chamber tempera-
ture of 28°C.

Resnlts

Tables 1-10 demonstrate the various tox-
icity effects of the trace metals examined.
It is evident that almost all the concentra-
tions of the trace metals have a maximum
productivity period on the 15th day of
culture as compared to the reference ex-
periment of 0 trace metal treatment which
These productivity
peaks are greater than the control in the
following order: Cr, 1.26, 1.167 and 1.07
times for the 0.5, 1.0 and 1.5 ppm concen-
trations, Co; 1.118, 1.118, 1.216, 1.07 and
1.677 times for the 1.5, 5, 10, 25 and 200
ppm concentrations, Cr; 1.26 and 1.67 times

is only 10 days.

for the 0.5 and 1.0 ppm concentrations, Fe ;
1.216, 1.216, 1.507, 1.751, 1.217, 1.216 and
1.119 for the 0.5, 2.5, 10, 15, 50, 100 and
200 ppm concentrations, Hg; 1.459, 141,
1.459, 1.459, 1.07, 1.119, 1.119, 1.119 and

Table 1. Proliferation of Chlorella vulgaris Table 2. Proliferation of Chlorella vulgaris
on exposure to different concentra- on exposure to different concentra-
tions of cadmium with time tions of cobalt with time

Cell No. (X10%/m¢ with incubation Cell No. (X103)/m¢ with incubation

Cone. period (Days) - Conec. period (Days)

(bpm) 5 5 10 15 20 25

(ppm) o5 5 0 15 20 25

0 38 3735 842 7.37 3913 3911
05 38 5897 516 10.647 4.586 2.62
10 38 2621 3302 9828 5897 3276
15 38 5897 2889 9.009 5241 3931
25 38 3931 3715 4504 3276 262
5 38 3275 4128 5733 3276 262
10 38 2621 4128 6961 458 1.966
15 38 3931 3096 8190 3276 3.276
25 38 3275 3715 7.371 3276 262
50 38 6552 3302 6142 3276 3.931
100 38 1310 4128 6.142 3276 131
200 38 3275 3.096 4.504 3276 2.62

300 38 2621 4128 6.142 3276 1.966

: productivity maximum

0 38 373 842 737 3931 3911
05 38 1310 4953 8190 4586 262
10 38 0655 454 7.371 5897 1.966
15 38 0655 5366 9418 1310 262
25 38 0655 4334 6.125 3276 131
5 38 0012 516 9418 4581 1966
10 38 0655 3096 10237 5897 1.966
15 38 1310 5779 7.371 3936 262
25 38 0015 516 9.009 6552 3.276
50 38 0013 4128 7.780 6552 262
100 38 0011 3302 6142 6552 2.62
200 38 0045 5779 9.828 3276 1966
300 38 0032 3096 2866 2621 131

——: productivity maximum
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Table 3. Proliferation of Chlorella vulgaris Table 5. Proliferation of Chlorella vulgaris on
on exposure to different concentra- exposure to different concentrations
tions of chromium with time of iron with time
Cell No. (X103)/mé with incubation Cell No. (x1039/m¢ with incubation

Conc. __period (Days) Conc. time (Days)

(ppm) o 5 10 15 20 25 (ppm) o 5 10 15 2 25
0 38 3735 842 737 3931 3911 0 38 373 842 737 3.931 3911
05 38 5241 5159 10.237 9.172  3.276 05 38 2621 6.191 10.237 3.276 3.931
10 38 3931 6191 9.828 7.862 3.931 10 38 2621 5159 7.780 3276 3.931
15 38 3275 5572 7.780 7.207 3.931 15 38 0655 6.191 8190 5241 2.62
25 38 3275 5159 7.780 6.552 3.931 25 38 0655 5366 10.237 3931 262
5 38 3275 2064 4.095 6552 262 5 38 1310 4411 8190 5.897 3.276
10 3.8 2621 1445 2457 2621 131 10 38 0561 6312 12694 4.586 3.276

15 38 2621 10319 2860 2621 131 15 38 3275 7842 14741 7.862 5.897
25 38 1966 1445 1638 3276 131 25 38 2621 7223 7371 5897 5241
50 38 1966 1.0319 2457 2621 131 50 38 3931 7.223 10.237 7.862 5.897

100 3.8 2097 1238 1228 2621 0.655 100 38 3276 6.604 10.237 9.828 6.552

200 38 2293 1857 2047 2621 121 200 38 2621 5572 9418 6.552 6.552

300 3.8 1.657 1.638 1.966 300 3.256 6.191 8190 5.897 5.897

—-: productivity maximum

131

3.8

-——: productivity maximum

Table 4. Proliferation of Chlorella vulgaris on Table 6. Proliferation of Chlorella vulgaris on
exposure to different concentrations exposure to different concentrations
of copper with time of mercury with time
Cell No. (X103)/m¢ with incubation Cell No. (x103/m¢ with incubation

Conc. ___. period (Days) ) Conc. period (Days)

(epPm) 9 5 10 15 20 25 bpm) o 5 10 15 20 25
0 38 3735 842 737 3931 3911 0 38 3735 842 737 3931 3911
05 38 3931 5572 15560 6.552 3.931 05 38 2621 5159 12.286 7.207 3.276
1.0 38 1966 4.747 6901 5241 3.931 1.0 3.8 3931 4.128 11.875 4.586 3.931
1.5 38 0378 4128 7371 5897 3.276 1.5 38 5241 3508 12.286 6.552 3.931
25 38 0021 2064 4.09 5241 121 25 38 3931 4953 12.286 5.897 3931
5 38 0022 2064 4.095 3.936 1.966 5 3.8 0.655 2.063 9.009 4581 262

10 38 0025 1238 3685 3936 1966 10 38 0655 3090 9418 3276 3.276
15 3.8 0023 1.0319 4095 3276 1.966 15 38 0321 2063 6.142 2621 1.966
25 38 0.021 1.0319 5323 1966 2.62 25 38 0.378 2.063 M 1966 1.21
50 3.8 0.027 1.0319 ﬂil 1.966 2.62 50 38 0378 1.0318 9418 3276 2.62

100 38 0024 1.0319 5323 1966 0.655 100 38 0983 1.0318 9418 2621 1.966

200 3.8 0.020 1.238 3.685 3.276 0.655 200 38 0421 0.826 8.190 3.936 1.966

300 38 0019 1.651 2647 5897 0.542 300 38 2621 2063 9148 3276 1.21

——: productivity maximum

1.119 times for 0.5, 1.0, 1.5, 2.5, 5.0, 10, 50,
100 and 300 ppm cencentrations, Mn ; 1.702,
1.605, 1.605, 1.799, 1.508, 1.264, 1.653, 1.167,

1.167, 1.216, 1.362 and 1.459 times for the

——: productivity maximum

0.5, 1.0, 1.5, 2.5, 5, 10, 15, 25,

1.654, 1.09, 1.216, 1.313,

50, 100, 200
and 300 ppm concentrations, Ni; 1.07, 1.264,

1.313 and 1.012

for the 0.5, 1.0, 2.5, 5, 10, 15, 25 and 100
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Table 7. Proliferation of Cholrella vulgaris on Table 9. Proliferation of Chlorella vulgaris on
exposure to different concentrations exposure to different concentrations
of manganese with time of lead with time
Cell No. (x10%/mZ with incubation Cell No. (X109/m¢ with incubation

Conc. period (Days) Conec. period (Days)

epm) o 5 10 15 20 25 epPm) o 5 10 15 22 25

0 38 3735 _8i2 737 3931 3911 0 38 3735 842 737 3.931 3911
0.5 38 5241 7.223 1433 7207 3.931 05 38 3275 6.191 14133 3276 3.261
10 38 3931 6.398 13512 5241 3.276 10 38 3275 5159 14131 3.276 3.258
15 38 2621 6.191 13512 5.897 3.276 15 38 3275 5159 14132 5241 4.013
25 38 2621 6811 15,151 5.897 3.276 25 38 3275 4128 9.09 3.931 2911
5 38 3276 7.223 12.694 5897 3.276 5 38 2621 4128 6.961 5.897 3.623
10 38 2621 7.223 10.647 6.552 4.586 10 38 1966 3715 7.371 4.586 2431
15 38 2621 7.223 13922 6.552 6.531 15 3.8 1310 5.159 2(&9 7.862 5.821
25 38 1966 6.191 9.828 6.552 10.483 25 38 1310 4128 7.371 5.897 3.897
50 38 2621 6.191 9_82§ 5.241 1.966 50 38 1966 7.842 9.148 7862 3.213
100 3.8 2621 7.223 10.237 9.172  6.522 100 38 0.655 5159 14133 9.828 6.714
200 38 1310 6.604 11467 7.862 1.966 200 38 0.655 5366 16.379 6.552 2.381
300 3.8 0.655 6.604 12285 7.207 2.62 300 38 2621 4.334 18427 5897 3438

——: productivity maximum

——: productivity maximum

Table 8. Proliferation of Chlorella vulgaris on Table 10. Proliferation of Chlorella vulgaris on
exposure to different concentrations exposure to different concentrations
of nickel with time of zinc with time
Cell No. (X103)/m#£ with incubation Cell No. (X103/m# with incubation

Conc. period (Days) Conc. period (Days)

pm) 9 5 10 15 20 25 bpPm) 9 5 10 15 20 25

0 38 3735 842 737 3931 3911 0 38 373 842 737 3.931 3911
05 38 6552 5159 9.009 3936 3.276 05 3.8 3276 6.604 10237 5.897 5.241
1.0 38 6.552 4540 10.647 3.276 2.62 10 38 3276 5779 6.961 8517 262
15 38 6.552 4.540 __8__19_0 4586 2.62 15 38 3931 6.191 12285 6.552 3.276
25 38 4586 4953 13922 4586 3.931 25 38 2621 3715 8190 7.207 1.966
5 3.8 6552 5779 9.009 3.276 3.276 5 3.8 1.966 2064 12.694 3.276 1.31
10 38 3275 4.747 }0_23'_7 3936 2.62 10 38 1310 2064 2047 5241 121
15 38 3.275 4.747 11.056 4581 3.276 15 38 1310 2477 4095 3.276 0.655
25 3.8 3275 4.128 11,056 3.276 2.62 25 38 1310 1.857 18427 3.276 0.655
50 38 1310 2.683 4504 3276 2.62 50 3.8 0.655 1445 4.504 3.276 1.21
100 3.8 3275 2477 3.685 8517 121 100 38 0655 2064 5733 3936 0.655
200 3.8 1310 2.064 3276 1966 1.21 200 3.8 3276 2064 4.09 3276 0.655
300 38 2621 1.857 2866 2621 1.966 300 38 2621 2064 2866 3.276 0.665

——: productivity maximum

——: productivity maximum

tions and Zn; 1.216, 1.012, 1.459, 1.508 and

2.188 times for the 0.5, 1 (20-day culture

period), 1.5, 5 and 25 ppm concentrations.
Hence it is evident that at certain con-

(20-day culture period) ppm concentrations,
Pb; 1.679, 1.678, 1.679, 1.07, 1.07, 1.679,
1.945 and 2.189 times for the 0.5, 1, 1.5,
2.5, 15, 100, 200 and 300 ppm concentra-
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centrations of the different trace metals
they act as a stimulant instead of a toxi-
cant as compared to the contents though
the maximum productivity is delayed by 5
days.

Discussion

This study obviously indicates that the
toxicities of the various trace metals are
such that the peak of maximum produc-
tivity is shifted by 5 days as a delayed
phenomenon. Also, it is noticeable that
most of the trace metals indicate some
sort of an inhibitory action at the early
stages of culturing since normally there is
a drop in cell numbers as compared to the
initial inoculation.

The increase in cell numbers at the 15-
day cultures of the trace metal experi-
ments as compared to the maximum of
the controls at 10-day cultures is of great
interest. This could be attribute to the
fact that the metals could be acting as a
“kink” in its life cycle. The thought of
probably excreted products by Chlorella
vulgaris capable in complexing with metals
and rendering the metals less toxic as sug-
gested by OVERNELL (1976) should also be
considered. Further, this algal species
could also be less sensitive to toxic metals
as compared to Chlorella pyrenoidosa as
reported by WoNG et al. (1979), ScHROLL
(1978) and for other algae by SPARLING
(1968).

Finally, the author is of the opinion that
this strain of Chlorella wvulgaris isolated
from the scums of palm oil mill sludge
appears to be fairly tolerant to high con-
centrations of trace metals contaminations
and that studies should be performed to
verify whether the organism bioaccumulates
them or there in reality exists a mechanism
of complexing by excreted extracellular
substances to curb the toxicity effects of
the trace metals.
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The occurrence of Zonaria stipitata on the

southern coasts of Taiwan

Young-Meng CHIANG and Hong-Nong CHou

Institute of Oceanography, National Taiwan University, Tarpez,
Taiwan, Republic of China

Zonaria stipitata was erected by TANAKA
and NozAawA in 1962 based on the speci-
mens collected at Tanegashima, a small
island situated at the southwestern part
of Japan. This brown alga is a tropical,
subtropical to warm temperate, deep
water species found in the southwestern
islands of Japan, Ryukyu Islands (TANAKA
and Nozawa 1962), South Vietnam (TANAKA
and Nozawa 1962, Ho 1969) and Guam
(Tsupa 1972).

During three independent diving surveys
on the southern part of Taiwan by Dr.
YiNG-MING CHEN of the Department of
Geology, National Taiwan University, at
Siaoliuchiu Island on September 9, 1972
and Mr. C. S. CHEN and Miss J. E. LEwis
of the Institute of Zoology, Academia
Sinica at Wanlitung, Pingtong Hsien on
February 19, 1977 and Lanyeu Island on
December 12, 1979 respectively, many speci-
mens of this brown alga were collected at
depths of 5 to 20 meters and sent to the
writers. Subsequent examinations of the
thalli showed that they possess some char-
acters which had not been mentioned in
the original descriptions or elsewhere of
this alga. The plants at hand reach 5cm
high, growing from a perennial felted rhi-
zoidal base which is up to 1 cm across and
0.5cm in thickness. From the base arise
several cylindrical, slender stalks up to 1.5
cm high. Stalks are usually simple but
may occasionally give rise to form one to
a few laterals. They are smooth at first,
later usually becoming covered with many
brown hairs. The stalk is composed of
comparatively thick-walled cells which are
subspherical to polygonal in the cortical

region and cylindrical in the medlan por-
tion.

From the top of each stalk arises a mem-
branous blade. The blade is fan-shaped
at first, later becoming lobed or laciniate
by splitting. Both surfaces of the blade
are usually smooth; neither concentric
bands of hairs nor veins are present. But
in some mature blades, there are rows of
brown hairs on the abaxial side of the
blade extending from the basal portion to
the upper portion in radial directions, and
these look like veins on blade when they
grow thicker.

Growth of the thallus is by means of a
peripheral series of initials. The blade is
composed of a layer of epiderms and a
medulla of two or more layers of cells.
Epidermal cells are cubic to cylindrical and
contain many subspherical chromatophores.
On the margin of the blade the medullary
cells are large and elongated (Fig. 1), but
become shorter toward the central portion
of the blade (Fig. 2). Therefore, at the
central portion of the blade the medullary
cells are cuboidal in shape. In a transverse
section of a frond it will often be seen
that in width, several epidermal cells cor-
respond to a single medullary cell on the
margin of the blade (Fig. 1). But progres-
sing toward the median portion of the
blade, only one or two epidermal cells cor-
respond to each medullary cell in width
(Fig. 2). The margins of young blades are
smooth, but as they grow older, some of
the marginal initial cells divide periclinally
to form filaments (Fig. 3). These filaments
are simple, uniseriate, and with chromato-
phores, but in rare cases they may branch
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sparingly.

Of particular significance was the forma-
tion of gemmae (Fig. 3) along the margin
of the thallus. The gemmae originate
either from the apical or cells in the me-

dian portion of the filaments which are
produced from the edge of the blade, espe-
cially from those on the older or damaged
portions. The first division of the gemmae

initial is transverse. Gemmae are fan-

Figs. 1-4.

Zonaria stipitata TANAKA et NOZAWA.

A transverse section through the marginal part of the thallus x300.

1
2. A transverse section through the median part of the thallus x200.
3

A portion of the thallus, showing filaments and various stages of

gemmae growing out from the margin of the thallus X60. 4. A ma-

ture gemmae separated from a thallus X30.
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shaped with long, uniseriate or multiseriate
stalks (Fig. 3). It seems that further devel-
opment of blade, stalk and basal portion
may cause detachment of the mature
gemmae from the mother plant (Fig. 4).
KuMAGAE (1977) reported that the same
kind of gemmae formation was observed in
two other species of Dictyotaceae, Zonaria
diesingiana J. AGARDH and Pachydictyon
coriaceum (HoLMES) OKAMURA and under
cultural experiment the gemmae grew into
adult thalli.

No reproductive organs were observed
in any of our specimens. Therefore, from
the specimens at hand and the reports of
Tanaka and Nozawa (1962), Ho (1969) and
Tsupa (1972), it seems that the formation
of reproductive organs rarely, if ever,
occurs. Gemmae formation appears to
common and may be the only method of
propagation in nature.
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BARERE: MEHOTUEDEIIBEBN
in Lake Akan

In Lake Akan in eastern Hokkaido grow
a great number of beautiful lake balls
called “Marimo”. The balls are 3-20 cm
or more in diameter and have a velvety
green surface (Fig. A). They stand unri-
valed in the world in figure and size, and
are protected as a Special Natural Monu-
ment of Japan. The balls are free floating

Munenao KuRroaGr :

Lake Ball “Marimo”

above the sandy or clayey bottom 1-3m
deep in the northern part of the lake.
Visitors can see the balls exhibited at the
aquarium on Islet Churui situated near the
northern shore of the lake.

The balls are aggregates composed of
a number of branched uniseriate filaments
of cylindrical cells of the green alga,

HHE

Formation of lake ball, Marimo, in Lake Akan.

A. typical beautiful lake ball showing a velvety surface, B. lake ball showing
a bushy surface at the calm bottom, C. broken old large ball, D. separate
short filaments, E. small aggregates newly formed of irregulary entangled
short filaments, F. small fragments of broken old ball entangled with short
filaments, G. irregularly shaped aggregate with a velvety surface, H. irregu-
larly shaped loose aggregate, I. separate tufted filament.



Cladophora sauteri (NEgs) KuTziNng. The
branched filaments radiate from the center
of the ball and the branches and rhizoids
stick to each other to form a stable ball.
Large balls have a central cavity caused
by the death of filaments in the center.

In some balls one or two not-so-clear con-

centric rings, probably indicating the inter-
ruption of growth, are visible in cross sec-
tion.

The formation of the lake balls at Lake
Akan occurs in two ways. Separate short
filaments (Fig. D) are irregularly entangled
with each other by the wind generated
wave action near the shore to form small
aggregates (Fig. E). Over many years, the
small aggregates grow into stable balls
with a regularly radial construction. The
balls also form from broken fragments of
old large balls with large central cavities
(Fig. C). The small fragments, which are
entangled with short filaments (Fig. F), and
the large fragments are at first irregularly
shaped, and then develop into compressed

169

ovate or elliptical aggegates with a velvety
surface (Fig. G). They finally become
spherical after being rolled along the
sandy bottom for a long time.

On the muddy bottom of the lake 3-10 m
deep unattached separate short filaments
(Fig. D), tufted filaments (Fig. I) and loose
irregular aggregates (Fig. H) accumulate
abundantly as an extensive stratum 10-30
cm thick. Filaments attached to rock or
other substrates are not found in this lake.

Reproduction of this alga in the lake
seems to be carried out vegetatively by
fragmentation. The occurrence of repro-
ductive cells, zoospores and gametes, is
unknow in the field materials.

This is a summary of a part of the
paper by Kuroci, M. Yamapa, I. and
YosHipa, T. (1976), Distribution, shape and
actual amount of the lake ball, Marimo,
in Lake Akan (in Japanese). (Department
of Botany, Faculty of Science, Hokkaido
University, Sapporo 060)
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Gelidium amansii HIEE z 7%
Gigartina pacifica KFk 4%
Glaucocystis nostochinearum K M

Gonyaulax spinifera B
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Halimeda opuntia filEE 8 XTIy
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BRRENEOHEENSRICEEBREDOITFELSLET R

JEHEE AR PEES (041 i M i kT 3-1-1)

SAITO, Y. 1980. Suitability of habitats for certain algae in respect to their vegetations as
they appear on vertical substrata. Jap. J. Phycol. 28: 171-176.

The previously reported suitability of habitats for some algae is re-examined on the
basis of further data collected from thirty-five vertical transects on the breakwaters of
five fisherman’s wharfs near Hakodate, Hokkaido. As a result the tendency for Ptilota
pectinata (GUNNERUS) KJELLMAN to be a shade alga is reconfirmed. Corallina pilulifera
POSTELS et RUPRECHT, formerly reported as a sun form is now considered to be a
species abundant on the outer side of the breakwaters instead. Myelophycus intestinale
SAUNDERS, Nemalion vermiculare SURINGAR, Lomentaria hakodatensis YENDO and Laure-
ncia nipponica YAMADA, all have tendencies similar to those of Corallina pilulifera.
Analipus japonicus (HARVEY) WYNNE (reported previously as Heterochordaria abietina
(RUPRECHT) SETCHELL et GARDNER), can no longer be considered a sun form in light of
the additional data from the present study. Phyllospadix iwatensis MAKINO and Rhodo-
mela larix (TURNER) AGARDH are reported here as species which cannot grow on vertical
substrata.

Key Index Words: benthic marine algae; ecology; relative cover; suitable direction ;
vertical substratum.

Yuzuru Saito, Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido, 041

Japan.

FE AN CHRERAE ORE L M LB, 2iEde
Jim Uchl i 8 O 3L i Tk Prilota pectinata
(GUNNERUS) KJELLMAN 7 o ~X=b i3 L < %
Moledie, LB LIcERERE I, 3
LAY R Ehich o1 (SAITO and ATOBE 1970)
e LR AR X, ok, JAUORRED SN
oA DBEICEN R XRl, T, Billofk
PEBT R 5 WK THTHAE XTIV, FIHEE O i
PHLEBLERIAE LT, B EEE ORI
RO TAH NN IR 2 L2, fido 7
Rz BB TH - T, Analipus japonicus
(HARVEY) WYNNE < % Corallina pilulifera
POSTELS et RUPRECHT t'V b .| 3fphfE & fEE X
hicz Lo Thi~Xi (SAITO et al. 1971), *
D, FRACIER I h =B OHIR & B 0EH
LOWEAEDKE»LEB YR U TEBHOEEEY SR
L (SAITO et al. 1976), ¥ 1=, Th & TioED Bk

RATHOBEMRERLMER LT, ihdoBHEEE L%
BRUtc GEREIEH, 1977), D X 5z, X h& L ok
TRERAED, HROAEFIEES, HE0BEBIC
B+smRb i bricunbns E L T o, I
F, ViR B ziREBRT B eda v sy —
FOT TRy FEEATHZ ENEL Y, FHRB
N EOMAEDREL Db L 7, BEchEgED
o EbE LT tnT, 1973 FEE D FALIK, B
AR LT, LLens, BEFL LT
55 20f#kD 35 WX THOREEELH T, §Hif
(SAITO et al. 1971) D7 v~z Pp=vE, Y
e AFDOMOIFHEBTCOVTBRT - LT
50T, HROTECHR LA THRE L, BBt
Licwbhop 5,

T, BRRED BIFSIRE T IR
nfith, RN, RE=ES, ko KRA#E, SHRISA,
L —DF#FEHOB L ED T,
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Fig. 1. A map showing the location and
topography of the study sites and
Transects 1-35.
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Kizize Abhig,

Corallina pilulifera ¥V e L Higk (SAITO et
al. 1971) ¢, HROFE 7K & &HOF 18~22 fIX
CRFHBEHEEND, BB L HESRI, £0
%, 0% O THIMHEE &by MRERXRR
+%5& Fig. 2 0kd5wciesd, chick-Th, &
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b UM, BIEBRPAUIERS ToME B
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Fig. 2. Relation between relative cover (distance
from the origin) and the substratum
direction for Corallina pilulifera POs-
TELS et RUPRECHT. A black spot de-
notes the wave-exposed outer side tran-
sect. A black square indicates the tran-
sect was on the end of the breakwater.
A white spot indicates a wave-protected
inner side transect.
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Table 1. Observed date, age of substratum and observers
for each transect
Substratum Approximate age
Transect Observed date was built of substratum Observers
In years

1 31 July 1973 July 1971 2 MIYASAKA, WATANABE & SAITO

2 31 July 1973 June 1971 2 MIYASAKA, WATANABE & SAITO

3 31 July 1973 July 1970 3 MiyAsAKA, WATANABE & SAITO

4 31 July 1973 July 1969 4 MIYASAKA, WATANABE & SAITO

5 30 July 1973 Before 1951 224 MIYASAKA, WATANABE & SAITO

6 30 July 1973 Before 1951 22+ MIYASAKA, WATANABE & SAITO

7 11 & 12 July 1968 Before 1951 17+ TANIGUCHI, ATOBE & SAITO

8 22 June 1971 Before 1962 9+ NAGANAWA & SAITO

9 22 June 1971 Before 1962 94 NAGANAWA & SAITO

10 23 June 1971 Before 1962 9+ NAGANAWA & SAITO

11 23 June 1971 Before 1962 9+ NAGANAWA & SAITO

12 24 June 1971 1962-1967 4-9 NAGANAWA & SAITO

13 24 June 1971 1962-1967 4-9 NAGANAWA & SAITO

14 23 June 1971 Before 1962 9+ NAGANAWA & SAITO

15 23 June 1971 Before 1962 9+ NAGANAWA & SAITO

16 18 June 1973 Before 1951 22+ MIYASAKA, WATANABE & SAITO

17 18 June 1973 Before 1951 22+ MIYASAKA, WATANABE & SAITO

18 30 June 1969 1951-1954 15-18 TANIGUCHI, ATOBE, NAGANAWA & SAITO
19 29 June 1969 1962 7 TANIGUCHI, ATOBE, NAGANAWA & SAITO
20 29 June 1969 1962 7 TANIGUCHI, ATOBE, NAGANAWA & SAITO
21 29 June 1969 1962 7 TANIGUCHI, ATOBE, NAGANAWA & SAITO
22 28 June 1969 Before 1951 18+ NAGANAWA & SAITO
23 17 June 1973 1955-1959 14-18 MIYASAKA, WATANABE & SAITO
24 17 June 1973 1955-1959 14-18 MIYASAKA, WATANABE & SAITO
25 4 June 1970 1949-1955 15-21 TANIGUCHI, NAGANAWA & SAITO
26 4 June 1970 1958* 12 TANIGUCHI, NAGANAWA & SAITO
27 4 June 1970 1958* 12 TANIGUCHI, NAGANAWA & SAITO
28 5 August 1971 September 1970 1 NAGANAWA, SASAKI & SAITO
29 4 June 1970 1958* 12 TANIGUCHI, NAGANAWA & SAITO
30 . 5 August 1971 October 1968 3 NAGANAWA, SASAKI & SAITO
31 13 July 1971 1949-1955 16-22 NAGANAWA, SASAKI & SAITO
32 13 July 1971 1949-1955 16-22 NAGANAWA, SASAKI & SAITO
33 21 August 1970 1956 14 NAGANAWA & SAITO

34 21 August 1970 1956 14 NAGANAWA & SAITO
35 21 August 1970 1956 14 NAGANAWA & SAITO

* The substratum for Transects 26, 27 and 29 was first built as a base of a lighthouse, which
was isolated before the building of the substratum for Transect 30.
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¥ CHIROEM I TH -7 L, 5 26 PR I3BHBE
RERHER TSI LT ROEBE Thote. HED
2RI S 30 IR DLE S 5B M gEE I h, Thlk
iz 5 25, 26 JUR O 53 Bl R & fi . 5w F
-7z (Fig. 1, Table 1), B0 LR H > T, HHLE
R EATIEL LY, V5 2 DT
sl Ute (GEEEA 1977) 2%, Zhb OflX TikikfEs
BEWHEETBELTWILDTHA I, i, Sl
ML Tk biadid, NEIEKRLHETS EBbh o8
16, 17K TE Y e DMMEE /DXL, AMOE
14, I8 PIX Tixe WH Lisyv (Fig. 2, ZhboXH
Enb, N G 1977) chehick i, &
B BHR O/ R L, NAITHIRT L% 5
RELDOTHAH, ¥, AROLHMRIIAICE L
TWB0I, €Y e ixa{HilLicy, ZoEHi
DWTSEWATT B D1rieon LA, Btiainich
KB D T, T T EDREIER B bh T
Wh, LWL ZELOhBDTIXAENA 5 b
P EoEAAURIRI % <, AR T4 Uk
Wi, HHECIIERT AEBOMR, BTz A
ZLwv, L Liadin, BxbhsBAO—D2E LT
WROFELZHTHB LS L, fo—2& LTRFELY
BAEDIHFKRY OMERH A5, FLTY I VY
A3, BREME LTS > THHEMEDOREIEDY S
WHICEETHERRBROE, WROFEENFD
EBCEERERAHETIL00 L5 1Bbhs, ¥
12, W3V VRIERShIokOh ToLERREE
EHEEREZ TVB, Tiebhb, TESDOELLI I
LIRS D R OISR B - T, LLFT»s
TP IEEOREST E LTHAShTE L, Ll
20, ZOPERTHEHCMAL Y VIBOERERE
LicZ &gy, WROFFBHZ D X5 BTy VR
WABTERCSOMN, Bzl tdbotedy, F
ROBEI 2B, £ABFTERLDOD L5 ThH
5. Thbb, A —AFF Y 70 Kangaroo Island
2% American River Inlet &5 &7 A LT
1Y VRS L, EED I FELERELOL,
v 5V Wik e Laurencia tasmanica HOOKER et
HARVEY & LTt SAITO and WOMERSLEY
(1974) LB L HBHDTERBEL R,

2. PfUm & Qi 2\l

Ulva pertusa KJELLMAN 7 7 7 # 4%, Bifft (5%
@A 1977) Thehick die, FHRKOETARS &
Wl €Y e~ &M EOMBIRE 2 —0.634 &

m

#

Fig. 3. Relation between relative cover and the
substratum direction for Ulva pertusa
KJELLMAN. See the caption of Fig. 2
for further explanation.

b, MiOLIRIIAOHBENRD b, R,
T T AR Lic ) e oS e, BiEIRON
HHE TOLMEIRE SN B, TOHMIRAEL Fig. 3
DETRYTHBH, ZZTHRD 7RO &N
LTahE, N4 2 UK CHsas s 8
BIRTZERMBRG, ek, THTAHEELRL
X358 27, 28, 30, 31, 32 RO S5 RK TH - T,
W S B R DA A TER T ST S R llX T
Hb, DD Enb, 777+ 3Bk o
B, AMMNTEAEERDZ ENTEL S,
WEE Lic X 5, AROFME B KEITED T,
AUORIK THHEHIEEEZRT o &, &
CT7FrT7 AV DLETHEAOFHMRLIBEH LA S,
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8. e T g\l

Prilota pectinata 7 >~=rt %, EIHLOETH
R &0 18~22 JIK TOB LR Er b, i
U %2 > e TR & 27 Zhic (SAITO e
al. 1971), AL Z OHUR TWEIPLATEIC b 532
bhaboo, BikRNm cHRg S EBRT 5
LixfewnT, AR, KRiEROUWEH O &SRO
H1~24 IR TOEBERAEILE LA (Fig. 4,
rhic ks s, EHCHGAEEURNOFKE I, Y
KEVEOHNEELYRL, FOEMIEELBRR
DA D > THARECHE LT Th, H5WidbiE
ROBEHTICH > THELLRVIICRZEF S
bo Efo, BRIEHHH 10 Eiz LROE 8, 13RIK T
LAV EE CHB L (Fig. 9 23, Z0 5 BK
BEOF 8 HIKI1E, ToMEdIEBHRR THbI
< (Fig. 1), B AMNFREDDT, 20 X 5 efli’
BohldboThHsrs5, XhEHE XTI 1821, 23
X ToFMOHANFEMIE LIEL (Fig. 4, %
7o, FHEERAE T8 14, 15, 2RO 24 IR T
FEEEHB LV, DEOEEND, 7v~=t
SREEETHEAS S, ELEHEERZY THHLD
Ewz X,

7

Fig. 4. Relation between relative cover and the
substratum direction for Ptilota pectinata
(GUNNERUS) KJELLMAN. Because of the
distribution of the species, the relation
is cited for Transects 1-24. See the cap-
tion of Fig. 2 for further explanation.

4. [FEEBmHOTNRBICL » 12 Analypus
Jjaponicus <=V %

ZMX BT 5=y =oMBURA Y Fig. 5 @il

7ehd, 851, 3, 7, 13~15 KUK 28 il X T aL fE i3 i

Bllithot, ZD5b, 1, 3RUE 28 BIKIIEE

ERI~2ELGOF LB R Ee 5 (Table 1)
DT, HEED<Y TXELR, HELURT 5 IS
BrolebDTHAHS, BHUK F, 5 13~15 X
i3, Wh b ROMMICET B L, B ULAfc
it aho% L DR D~ Y = DMEMHEES, LT
KEVEZRLTWS &R 2w (Fig. 5), K&uw
ftinss 26 JIKiz, FibLick dic, »OoTTH D
P& LCHiaR S flc g S h, MARERD 24
BBk B IR T, TO—iclc-eFTiEd s
(Fig. 1, Table 1), ZofER, KBV EOHEELR
TV ERBELTWRELDTHA Y, ETHIE, &
BB RONMISFICESETH IO TIEH D T
D, LOHEELTELS, FigliweksT, %40
MR H B L Bbh B8 16, 17 JIX T o 8%
BEIELIKE (Fig. 5) T &2 Ralkd, ToH
FE A SLDEEMNH B L bl huieb ey, B
# (SAITO et al. 1971) T, 4EIDE 7T RUE 18~
2 PR TOBBERNIS, =V e wBHEN EELT
DTHoTeh, Fig. 5ic o THRINRA X1, &
DHEDLZ I THEEINBRELDEELD,

%
&7

Fig. 5. Relation between relative cover and the
substratum direction for Analipus japo-
nicus (HARVEY) WYNNE. See the cap-
tion of Fig. 2 for further explanation.

5. EMEICAEE Lt iE

HBEEBETEMEY © Phyllospadix iwatensis MAKINO
AN E L FLFE D Rhodomela larix (TURNER) AG-
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ARDH 7 o= &3, &bz OHUIROEHERE LS
EERHEIRIC b £ ET BB TH - C, AROEHERHE
THEFI O\ Tt SAITO and ATOBE (1970) &
XoTHHLNTH D, TOMDFRBMAEDOETHER
HETLELRACET TS L, RERAAL, EED
DRETHORT VB, LaLiAb, 4ED 35
Kicizg BT, BEMEE L 3E LVWHRER
F. Lo T, ThOMBIXENE COEFTNRTE
WL EL AREBPDTHA . T TAFNEDE
BHEF DWW TR B HIE, BHEOM AL RLWERAT
ET, BHECHROUER LT RE LIRY KA
TOREBTHB, &ThE, T0XHEHEDK
BEVE CTOETL, FEOKMABETOMENREE
CEEHBRST o LW EENWIRETHH I,
#®EO7 o=y Eh, AENEOERETS TEM
AT LD TEH BN, BIURCEETCTERWE
mE R TcEsRE0M B Rk, ¥, Rho-
domela subfusca (WOODWARD) AGARDH A 7
C=yHEIUEOBMERTRETZ LIXTERI
Fohs, BHEAE T S~V R ELSETHHOTIRE
WOT, HiETAr0R T,

5l A X &

SAITO, Y. and ATOBE, S. 1970. Phytosociolo-
gical study of the intertidal marine algae I.
Usujiri Benten-Jima, Hokkaido. Bull. Fac.
Fish., Hokkaido Univ. 21 : 37-69.

HRE k- RMIZES - BWILA 1977, BIRH o 1B
e s 2BE L £ 0 AE. HAMKE 27:
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Saito, Y. TANIGucHI, K., ATOBE, S. and
NAGANAWA, S. 1971.  Phytosociological
study of the intertidal marine algae II. The
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230-232,

SAITO, Y. and WOMERSLEY, H. B. S. 1974, The
southern Australian species of Laurencia
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OHMORI, T. and UEKI, Y. 1980. An analysis of tetraspore development in Dictyopteris
divaricata V1. Effects of cytochalasin B on tetraspore development. Jap. J. Phycol. 28:
177-181. ~

Tetraspores of Dictyopteris divaricata were cultured in seawater solutions of cytos
chalasin B at various concentrations. Cytochalasin B at 100 mg// or more inhibited rhiéoid
formation. In this concentration of cytochalasin B, tetraspores developed into multicel-
lular spherical germlings lacking rhizoids. After the spores de\;eloped into 2-4 celled
germlings, rhizoidal protuberances began to appear. These protuberances were greater in
number as compared with the controls. -

Under continuous unilateral illumination, tetraspores were cultured in seawater solu-
tion of cytochalasin B at 100 mg/l. The first segmentation wall of the germlings was
formed at random and had no relation to the direction of the light. leniéoids arising
afterwards were formed away from the light source. In cytochalasin B seawater solution,
therefore, a definite relation was not seen between the direction of the ﬁrs't»segmenta-tiop

wall and that of the rhizoid.

Key Index Words: cytochalasin B; Dictyopteris divaricata ; morphogenesis; Phaeophyta ;

photopolarization ; rhizoid formation ; tetraspore development.

Takeo Ohmori and Yoko Ueki, Sanyo Gakuen Junior College, Hirai, Okayama, 703

Japan.

H A + T Bk CeHyNOs 0fbFR%E §o—
BOHEWET, MlRANO I 7r7 4 72 v FORFE
BRCPEERIETEELORTWAPETH 5,
F4 +H 5o v Bk, BEREREZWHEHCHFIL,
Bl CMIRE OB RAET 5 L EEE L 0F)
BRmbh T\ 5, BECHT544 A5 v BoD
BRI, e 22 BicBT 5 Fucus(QUATRANO1973),
5 X O° Pelvetia (NELSON and JAFFE 1973, £
1978) DZREINCOWTHTARLA TV BB ER,

AP, 7 I v /BB T B = Vv~ A Dictyo-

pteris divaricata DUGRTFEH A+ H5> v B%
SUHARTERELLLEIS, W LIOPREALR
DT, ZORFERYEET D,

!

WL TR

AP, 19784E6 A 4 H LB 1979426 § 11 H
<, FILREEHN)ICHRE Lic= 7 ¥~ X DS
FoEACTERR Y Tioo T, ER, Bhd R
B L, BREEHKEHALLABE Y v —viC
B LT R S et 2 BRILIPCHEESh
Fpus TR N L CHED, SRR,

¥, WARTFORECHETH I 2T VB
DEMBEXRET S0, 10, 50, 100, 120, 150,
200 mg/l DH A4 +H 5 vy BRELEHKBREIED,
ANl p— v (B6cm) FAVTERLL, XXER
¥, BERBEZ175°C Thote, ¥4+ H 5B
IIKIERE DT, 0 10 mg % 0.5 ml/ ® dimethyl
sulfoxide (DMSO) e B fZ L, = hicftiAK 9.5ml %in
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Z TR & Utcs & ORI A K Ca g e i
FEC R U ORI & LT,

261, e X AR oL (photopolarization)
A b ATy BRED LS Iefis b2 50 H
N D towd, 100 mg/l 4 b H 5o v BRE
IRTESHE R CRERR Licpudy a1 e d — a6 6~72 11
IS L, MG E R fc U h B2 €, B54E5 Nk
AR it Ji1 2 81%5 Ute, —Jilast o S i
fov v — il — R CRECa A, o Jii s
BREAALEGE S Lic, Kifiiciz 15 W of
HOG KT A ATV C 1000 lux o ) % - %2, 95t (23.0+

0.5°C) CHBRE AT - 12
L S

1. puslaroRFickiEd+yA4 r»53> B
)iz

=Y s RO PGy T A K TR T S L, K
1 A~19 BERIPRC I 0 —3ic 5 < B A4 U IR
FRAIEN 5 (Fig. 1), B3 22~36 IFHRic, R
AR T A1 LR LT, § - BE ia T
O X )RR X D ORI Eh B (Fig. 2),
a2 [N 7o R 54412 93.9%, Kt 4 ko

Figs. 1-6.

1. 24 hr in seawater. 2. 48 hr in seawater. 3. 72hr in seawater. 4.
cytochalasin B at 100 mg//. 5. 48 hr in cytochalasin B at 100 mg//. 6.

cytochalasin B at 100 mg//.

Stages in the development of tetraspores in Dictyopteris
divaricata. (x100)

24 hr in
72 hr in
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(3. 98.6% TH - 1-.dimethyl sulfoxide (DMSO)
PRFREFR ICZOBRORET S XIFTHEL TN
Bicdic, 150 mg/lH4 + 55> BRIRPICE ¥
hTuws DMSO & [EE D DMSO #KEHA ¢
SRTFEER L, TOFR, R 2 HBORFRIL
67.0% L{EM o 1eh’, BLRTRFT B LOMEL,
B AHBOREFRILETAY LIEED D I i
ERT ISR o1,

A4+ 5o v BISHKCREE LICBAR, Foil
B3 50 mg/l AT OB & IR KR COREFER L4
bbT, TOPBBIIRALhieh o1, 100 mg/l DYLE
T3, BEEAMBMAYEALTL, RBEEYELL
Lo Rbhd (Fig 4), 5% 2 HEORFRIR
504% L{EM Tz, LA LEEHE 3 Hix 94.1% &
EFCEVCEFRCEE Lz, 120 mg/l P LOBET
11, BESELAT LA - TREFRIEL LD,
150 mg/! DLEECIiEEE 2 A D RHF XK1 496%,
A HHBORERL69.1% Th -1,

2. RECKIETYA PS5 v Boys

K CcS T HREFEST BRI, BRI RiRE
BEERL, ToBRTFOBISHLT, 2O
E—EENHR E 5, 100meg/l4+4 +h5 B
WARBTHETS E, W HT 53 36 R ¢
HUER LB, EEEEEE LS LB TD
BrosZ LT, RTFoFRBCE—SHENER S
% (Fig. 5), i\ TE—HIBECER LTE 5 e

DAY, AT 4MRE s, ATH 2~4 s
2L 7otk (5% 36~60 IMHIE) @, # TIRIRZRN
# 1T % (Fig. 6), ¥R 2A%IKIL, 20X 5kK
RO\ LMD FEGEH 791% b4 U (Table 1),
HFA4rh5 v BOBEEREL KL LI A>T, £
I RFEORIRMT 5 Ltic, FKIREEOMRD
BT B, 5354 AT, 100 meg/l OPRE TR
Ba b hfo W RIEMIT 267 LEHE 2 AR N
L <4 Ui, 200 mg/l ORETIE, HE4HET
oTh 787 OHOMREREBEREFLR LT
fhs oo (Table 1), JaFhi 2~4 filc 8l S hicthk
AR ER Y LSS, H—0HEErE LR &K
RO AL & DRICITR ¥ - BRI RE L higy,
H—uEEcER L MBI RBREEYE LS5
Bhut, E—HEEOHIMCTET L TURBE4E LSS
HEhbD, ZOBHE, RIBOERIIELIHEZILRT
Wi, A B h S5 v v BOEES 50 mg/l LT DBE
11, EECRELEOFBIZLRI,

KR CERT L, BEAYOMSRTIX
LADEBEHR L, 2AOEBEAE Ulcd il 1.3%
BER G, Y4 H T BEKBK TR LE
Baw, fRoRssm aEmsAabhs, 100
mg/l DEEETIE, 105% O30 2 KDRBEE K
L, 05% ® b0t 3ADEBEHM LT\ (Table
2, Fig. 7), 2ADRB R4 LB%E, ThThoRiR
BEHOF TS = & b b hiE, A—FHRK

Table 1. Percentage of multicellular germlings without rhizoid in
cultures with various concentrations of cytochalasin B
Cytochalasin B concentration mg//
Seawater DMSO

10 50 100 120 150 200
2 Days 17.3 8.3 7.7 7.5 79.1 770 86.7 88.9
3 Days 9.8 9.9 4.4 6.4 325 65.8 776 86.2
4 Days 0.9 72 35 5.1 26.7 421 63.9 78.7
7 Days 0.9 4.7 3.8 1.8 134 16.0 29.8 36.3

Table 2. Percentage of germlings with several rhizoids in cultures with

various concentrations of cytochalasin B for 7 days

quber of Seawater Cytochalasin B concentration mg//

rhizoids 10 50 100 120 150 200
98.7 96.9 94.9 89.0 88.6 88.0 83.5
1.3 4.6 4.6 10.5 9.5 9.1 16.5
0 0.5 0.5 0.5 1.8 29 0
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SADEREEL B E bbH o1, IHIC, A+ h
7o v BIENHOR LW INE w5, MK 7
HiERE Licb o, 1LADENH % b2 on
93.0%, 2AKDL DN 22% Thh-tz, 100 mg/l 4

Ty vBTR, 1ADEMNEEZL 2SO 79.0%

LU, 2AKL0% DA 89%, 3ADL DN 0.8%
L L 72 (Table 3),
3. Photopolarization (Z s X (T 5%

100 mg/l 44 + 5 F <~ v B KR C 4 f 1%
FAE L, Shic—7i25 A EADELT T 1000 lux oYga
B4 Utco TR, RT3 R a s Lic
EE—r MBER TR T B2, & D —oEBED I % )i
ik, Ao TL BH0Hh L dBlfE» e, 2R
OF I Ehte (Table 4), rEEEREC, B
SHTRIRZE A UTL %, O 22 1 o ff
HEIHIC L - TEH S h, KEROFEFRLA -

Table 3.

OHMORI, T. and UEKI, Y.

8

Figs. 7-8. Germlings of Dictyopteris divaricata
in cultures with cytochalasin B at
100 mg// for 7 days. (x100)

A germling with three rhizoids and an erect

8. A germling with a rhizoid, an erect

shoot and two protuberances.

T
shoot.

Percentage of germlings with several erect shoots in cultures

with various concentrations of cytochalasin B for 7 days

50

3.3
85.8
10.2

Number of [ S o
erect shoots } eawater 0
¢ | 48 5.3
1 L 930 88.9
2 2.2 49
’ \ 0 0.8
Table 4. The direction of the first segmentation

wall of apolar germlings to the light
in cultures with cytochalasin B at 100
mg/l for 3 days

Direction of the wall

to light i
- — Total
Parallel Vertical
Number 63 52 115
% 45.2 100

54.8
T < BHDTTI &I oM R 2k 4 1% L 72
(Table 5, Fig. 9), K% 3% Bl 4 #2512 Wil alife — 7

Mg Licdb o Tix 53.5%, 18WHIIRST Lizd o Tk
75.5%, 24 WfEIBS U7cd O Cix 85.1% DI 4 fh»

SOEIAMN AR 2K L7z (Table 5), ik hc
Redle Urciinx, Braehith e 9~12 Rghs] ol oo —J5 14
DM ERLT R LTl b A b - 7 (kTR - fiAR
1979), 4EOFR T, JeAMEAR O b7 2y
LI PHERFOSEA I LB hTwb, Zhix

Cytochalasin B concentration mg//

100 120 150 200
11.3 6.6 22.5 29.7
79.0 84.7 66.9 60.1

8.9 6.6 8.5 8.0

0.8 21 1.4 2.2

HA h T v Bogw X, laTREoffilnsige
kL Th<hTwao biciERNLCWw 5 Ellbh
bo MBI OH IR S h B 25, %
T BOEHICIER S h b DT, H—EBacSETc
AR A 3 5 FEEE AL b, BRI A3 B
Rt 2 A4 U DR RS & - C, £ DFEH kD
WL S E X E LI HDTH D,

Z =B

TS Y ANADOPMG TRV A+ H T v BKE
WCHAET % &, ZOPED 50 mg/l LT OBf ik
WA RS Nk o 7z, 100 mg/l L EOYERECL, Zo
WEEASE < Te B Lichd o CRERIMET L,
B Uz, BMEDYA 25> v Bl

Kz
5

i
DRI A b 2t s, (RIS L BILSE
F%, 100 mg/l+4 5 T v Bl K% b cixpy
ST IR A Us o & 7 Ml B a1 7e -
THHINARE 2B NT25 2~4 filac oyl S ot
2, X o R E UTL 5, L UA IO
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Figs. 9-10.

9. Germlings under the continuous unilateral illumination.
10. Germlings in the dark.

the upper part of the figure.
Table 5. Percentage of orientation of the rhi-
zoidal outgrowth under the unilateral
illumination in cultures with cyto-
chalasin B at 100 mg//. The light
source was in the south

Hlumination South North East  West
time

0- 6 hr

L 6.7 60.0 20.0 13.3
0-12 hr L 4.7 53.5 25.6 16.3
0-18 hr L 41 75.5 10.2 10.2
0-24 hr L 0 85.1 8.5 6.4
0-36 hr L 0 78.6 16.7 4.8
0-48 hr L 0 84.8 91 6.1
0-60 hr L | 0 78.6 14.3 71
0-72 hr L 0 774 12.9 9.7

LA LGRS 7T, B 5E1Aabhs, ©
L, A rHh T BoFHED L ECLL, T4
I s o BRI BB G £ 5 0 C, sl &t

ENEhOMIENBIRZERZN L L 5 LT 5
FHrbha,
QUATRANO (1973) (. Fucus distichus 059 %
10 mg/l 4 +# 7 v B Tha%
DFFER TR R & U X5 e filatkcich,
iR Z b o wR 435 & L2 LTuwv 5,
NELSON and JAFFE (1973) |} Pelvetia fastigiata
DFREINC, 1~5mg/l DA +Hh T v v Baiise
@@W&%MW BT LKL, ZIRBHIZRGHAL
DEENRHTON DD THD EHL T 5,
QUATRANO (1973) 1% Fucus distichus @ Z 5 9
T, 50~100 mg/l+4 + A 5> v B X % fi ik

+2&, =T/¥AK

10,

Germlings of Dictyopteris divaricata in cultures with
cytochalasin B at 100 mg// for 96 hr.

(% 100)

The light from

fhoOEEZ B { b3 L&l %, NELSON and
JAFFE (1973) (% Pelvetia fastigiata 0 F;9P-C 30~
100 mg/l DA + 5 5> v BA, 22 (1978) (3=
A > Pelvetia wrightii OZ I8¢ 40 mg/l oA
+# 7~ v B photopolarization & i35 =
HRUTWD, =V VLT, 100mg/l Euv5 u-J(f"'
EEDHA T v Bk ¢ photopolariza-
tion Zil35 = Lidin <, HEBEEEEIC, A-T
4 5%@7;‘!"4 S B Dl AR 2 TR L 72,

= VY~ ZADPUS AT A ISR TRET S £, K
%MWK&&ZWMToﬁTD%,&ﬁQW&ﬁM&
WREZE LT — o HIBEA TN S d, e b, H—
S ENBE DTSRI AR o il i X - TRESh
Twb, Linl, #4 + 47> v BoOBHhClzE—
Gr#BEOTZIN T INE at random TH - T, FFI2is
<y ORI LT < A B OB AL I
ENTC, i MEER A 52 T BT IR R

/fﬁf)’ 2 f;-,

51 B 3k

M SF 1978, = v A v IR o @mERB T o v T
H A28 43 8l L & pFE R & p. 74
NELsSON, D. R. and JAFFE, L. F. 1973. Cells

without cytoplasmic movements respond to

cytochalasin.  Develop. Biol. 30: 206-208.
KABREW - JARNET 1979, = v v ~ X5 e T 5
AP O iR V. —JighT & % (R o @& fr.
i 27 : 99-102.
QUATRANO, R. S. 1973.

associated with differentiation of two-celled
Develop. Biol. 30: 209-213.

Separation of processes

Fucus embryos.
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ALGAE MARINAE HIBERNICAE—A NEW EXSICCATA OF IRISH MARINE ALGAE

Sets, comprising 20-25 specimens each, of this new exsiccata will be issued annually from the
Department of Botany, University College, Galway, Republic of Ireland (GALW). Material will be
collected principally in the Galway region both intertidally and subtidally. Fifty sets of 20 speci-
mens will be available in 1980 as exchange material to interested institutions and private individuals.

It is hoped, through such exchange, to build up a working reference collection.
3,000 specimens of benthic marine algae (Rhodophyta, Phaeophyta and Chlorophyta) are housed in
the phycological herbarium in GALW and these are available on loan to recognised institutions.

Those interested should contact:
Dr. M. D. Guiry,
Department of Botany,

University College,

Galway,

Republic of Ireland.
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MASUDA, M. and YAMADA, 1. 1980. On the identity of the so-called Odonthalia aleutica
(Rhodophyta, Rhodomelaceae) in Japan. Jap. J. Phycol. 28: 183-189.

The red alga which has been called Odonthalia aleutica (MERTENS ex C. AGARDH) J.
AGARDH by Japanese phycologists was compared with Odonthalia setacea (RUPRECHT)
PERESTENKO, O. annae PERESTENKO and genuine O. aleutica. The Japanese alga is dis-
tinguished from O. setacea by the following features. (1) The thallus color is almost
black in drying in the Japanese alga and dark red in O. setacea. (2) The midribs are absent
in the Japanese alga but they are evident in O. setacea. (3) The Japanese alga has semi-
globose cystocarps, but O. sefacea has urceolate cystocarps with elevated neck.

The alga in question agrees with O. annae in every respect and they are conspecific.
The original description of O. annae is emended to include the reproducitve features. The
type specimen of O. annae collected from Iturup Island, Kuriles is tetrasporangial. The
tetrasporangial stichidia are borne on the distal portion of lateral branches. They are
arranged first in an alternate-distichous manner, later shifting to a spiral arrangement
and appear in tufts. They are 950-2600 #m in length and 200-230 #m in diameter. Two
tetrasporangia are formed in each of 6 to 23 successive segments of the stichidia. The
tetrasporangia are 115-145 m X100-125 ym. The cystocarpic specimen collected from Ber-
ing Island, Commander Islands has semiglobose cystocarps which measure 875-1225 #m in
length and 1000-1300 #m in diameter.

The Japanese alga differs from genuine O. aleutica in two features. (1) The main stems
of the Japanese alga are compressed, but those of O. aleutica are terete. (2) The cystocarps
are semiglobose in the Japanese alga, whereas they are ovoid in O. aleutica. However, the
status of genuine O. aleutica is still uncertain whether it is an independent species or
synonymous with O. floccosa (ESPER) FALKENBERG.

Key Index Words: Odonthalia annae, Odonthalia aleutica, Odonthalia setacea,
Rhodomelaceae, Rhodophyta, taxonomy.

Michio Masuda, Department of Botany, Faculty of Science, Hokkaido University,
Sapporo, 060 Japan ; lemasa Yamada, Biological Laboratory, Otaru University of
Commerce, Otaru, 047 Japan.

fLBET7 Va2 vy v/ 2¥ VY el Odonthalia DTH%, C. AGARDH DBBLIERIT Y 27
aleutica (MERTENS ex C. AGARDH) ]J. AGARDH v v vFIB D Unalaska Island TH:4 X h, CHA-
11534 Rhodomela aleutica D4 ¢ C. AGARDH MISSO X »T C. AGARDH ¥ b h DT,
(1822) it X »THRF X h, i J. AGARDH (1841) Fucus aleuticus MERTENS DERRELIMITHRT
TXoT/ aFxy e )@ Odonthalia ~B I hicd Wiz, C. AGARDH ZFREHOFE R ATcABER

1) AFREXBERHERLEEHYE GHERS 374218) c L a0 —HTH %,
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TLTWBD, Fhnzvs aFy e O. floccosa
(ESPER) FALKENBERG Zfiftl L T\ 5 7odic, A
AT HERF X TEA, KYLIN (1925) i X hid
SETCHELL and GARDNER (1903) & COLLINS
(1913) D& 74/ aF Ve DERTH B,

VB TR E T O. aleutica EWERT X 1Ml
% LC, PERESTENKO (1977) (¥ O. setacea (RUPR-
ECHT) PERESTENKO OF M A#FHRMBL T\ 5,
= Oy Atomaria setacea RUPRECHT (1850) iz 3
L3¢ 3T, J. AGARDH (1863) L3k O. aleutica
DRLZLELTHFITEL, RUPRECHT (1850) &
PERESTENKO (1977) 3. = D ffist C. AGARDH (1822)
DM Lz O. aleutica L 32 Ric- 1T H5%
LT3,

b E T O. aleutica 137 %) OKAMURA (1932)
ko TIBEEENBHEZIR, 7V avvy v/
a¥ ) e OGN EZ bR, Lo Liehin, bat
BT7Y2vysy v/ aF) e STt
B0 0. aleutica R O. setacea & H\~{ DOhDE T
RBicd, ARSI bBETT Y 2y vy v/ aF e
AEFhC &%, HEo O. aleutica, O. setacea
B O. annae LHBELT, ZOIEAEZES T
HTERANLET S,

L2

TREOEARLEECEM L,

TV ayvy v/ aFy et Odonthalia aleutica
sensu OKAMURA, non J. AGARDH: (1) 357,
Jeifzis, 191548 8 A (KRB, MiF &K ; () JE
NG, dbE#, 19154 GREUBE, WIS GRERER) ;
(3) Robben Island, Sakhalin, 193047 A (W4 4 Jig
TRBROBER 2 AV 1B, IGHIEER); (4) REF, L
i, 19684E5 F (MUsraTAROFER % (i fofifh,
HEBERE), LD 5 b 1)~E) ORREEA A4
+ofEK X 5% DT (OKAMURA 1932), JbifiEk
FELIPEAR (SAP) ffFIh T 5, (3) opasy
MaFk% Fig. 7 R,

Odonthalia annae: (1) JLHEEEA, Kassatka Bay,
Iturup Island (= b w7 J3), 196747 H (44 T
{&, L. PERESTENKO #); (2) Bering Island, Com-
mander Islands, 1972426 § (B &)1 6 &
VSRpE&, L. PERESTENKO $§), (1) 1% Leningrad
Da<r 7EYTEFHALER L, @) b # k¥
HEF~AFHEINILDTH S,

Odonthalia setacea: (1) Mednyi Island, Com-

mander Islands, 19724F. 7 § (L. PERESTENKO #£);
(2) Bering Island, Commander Islands, 19724% 7
A (T. ZAKHODNOVA #f), Wi & dBRE A1}/
{5 PERESTENKO Lo fEc X s EXRT,
27 7HHPIRT X VFMShicdDTHD, HiH
% Fig. 1 wRL7,

BREEER

Odonthalia setacea & O}t

O. setacea =2\~ Ti: RUPRECHT (1850) K% (®
PERESTENKO (1977) DERilk» b 503, FOEEM
HHCOWTRRERTWEWDT, SEBIE LIHE
ATHEEL 2 OOBACOWTIREYEL THL, B
Uiz O. setacea DEFR I A LIRS T 7
fEatkThs (Fig. 1), IEEEAORIIMERE T, TR
BB ORI EFIR LT B, BhORE CHE
TR E LG, EHROERMTRMOMBI X Rk L
torhhhiEs b s (Figs. 2, 3), & Ak Bofho
&, 7 2FY .3 0. dentata 2 O. ochotensis 7c &
ERBRC EH R OB O Fp RO K BRI B 3
FELIRER, Bshs, BROB IR LR
LOoFY T, K% X1 1075~1300 #m DfE X, 823~
1125 pm OBERTH 5 (Figs. 4, 5, TR e
(calcar) 237g\ b DHKEHTHBH (Fig. 4), &<
DD S O TEE LIENZ SRS (Fig. 5),
Zh b o oW Tt RUPRECHT (1850) B Of
PERESTENKO (1977) &k & —FK 15, brET7
Vavvy v/ aF)e S bBihTELBELIUTD
3OO HE TR O. setacea LRFEh 3, (1) #i
FHOBARO EIIBIEEAR THRA EBE (ERINEHE)
ThHBHOEK L, O. setacca DFNIMEHETH S,
@) Wi TP Uit s, BT FEeR
FLIcR InAabhs, Q) BROBIHIZ LKL
THHN, BHEIRE L L oFWTH D,

Odonthalia annae & O

PERESTENKO (1973) 234 % 7= O. annae O i
W RAFERE 2O TR RA e 23, SEHEA L
FEEHEREA (Fig. 6) i3y 4 i T OB AL h
2o PUZMHATFEVLEE O Yl D Fevifhmic ke 4 U
TR e/ (PU4) T kS, tetrasporangial stichi-
dia) KB EhTw5 (Fig. 8), Wy aTEEOEX
1% 950~2600 rm, JEAR 200~230 pm CTHEEAI LR
(s TW 5, USIRTHEDK & &% 115~145 pm x
100~125 pm T 1 ffiic 2 E3OEFIL T\ 5, U
FEEBIF D\ b O THIBE L Ao 6~10 Hiic pasy fa 728
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L, b Tk 16~23 fifj jifi i L O L C
WA, i U7 ERET 04 iy - e T A
ZEAiel, Wkt E R b o2 fio
RO ZNRZSLRD, 7V 2wy v/ aF) s
O T IR EA LT LS  Ligdien
2, KEE, WHRTEL N 50 ClRmiig:
L —%+% (Fig. 9),

HERAALT 72 O. annae DAL Bering Island ©
S h i koihcab i, Cofffkizsich

W3 GOTAKHYECKOT O HHCTHTYTA AHALEMAH HAYK CCCP
E SECTIONE CRY I \ \
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Y LIDRRE e il LICBER D BUT D I3,

ZOWEVERI T, K& 1% 875~1225 yrm x 1000~
1300 #m T@ A (Figs. 10, 11), W x2 23 D
(Fig. 10) £ @2 < K< b o (Fig. 11) 23 &b h 5,

OKAMURA (1932) (3fffize /)< & LTw52%, ol
(pl. 286, figs. 8, 9) XM & iclin L OWER BB Z
LR L TwWhH,. Figs, 12, 1B £ 7Y o U2 vs 0
FU e ADPERA LD, BEAkZED O. annae
DERELL—FTB, 7/ 2F) e BT THESR

Fig. 1.

Cystocarpic specimen of Odonthalia setacea (RUPR.) PEREST.
collected from Mednyi Island, Commander Islands on July
10, 1972 by L. PERESTENKO.
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DO &K & EWEEDT HHREFNPH L LTHRET
BHTED, KEo 11 e o T8 E Lcsm
OW%Llof4%§hTubn%¥i DI
’Cﬂﬂﬂl‘f;b\ LD CTlfxisficdd 2 ERpR LT
iﬂ%u@ﬁﬁ@tu,w%mﬁ#i%fm

&, JEHERAR CIR T T b 2 &, ) D’E’Jx< E
&, WO & (Figs. 6,7) In &b, i
WA —FfCH B EEbh s, OKAMURA (1932) i
[R RIS 7s < & B Widrhllias <Al 7 &
b, TR TWTha—ofiic, U< kil
CREOWES S e X b il libEER T &
LCWa2, ZHIRSFELEDH Y PIERERZ IR
ZEHRIRTEDTH D, FlIOPRIiEEeLMLT
BB, AR I CEER S LI o h el
IR RET 5 & Lidin, S ORI B
WThTEDB TS (W, KFEE).,

Odonthalia aleutica + oLl

w7V vy v aF) e S EHO O. aleutica
Lol H B, Foiiic C. AGARDH (1820,
1822) & J. AGARDH (1863) @ O. aleutica » %
FRRE DL O L Cw A THEMC A 3% L3
HD, WO Che b W Tere R oAy fie & 3
RO THs, C. AGARDH OFtifcidd hcou
Tl bR Toign L, FeRIicdbnRmEhtunlauy,
J. AGARDH (3D FHIC s W C B RGET 5 &
Ltk s Thihp Eh s 2 R W RL T
%, RO C. AGARDH Otk CIxIME<cH %
ok, J. AGARDH ® % it RUPRECHT (1850)
R LCER CHDHELTVE, CDOZ b,
AGARDH RT3 ThFEhPIoAC b &S TRLilk
LiztE2 EH %\, J. AGARDH Dtk
RUPRECHT (1850) &> Atomaria setacea Dt %
¢ D C—F3+ %5, RUPRECHT (1850) |3 MERTENS
» Fucus aleuticus + =R &2 W7ii3 O

Figs. 2-5.

Odonthalia setacea (RUPR.) PEREST.

2, 3. Cross section of the middle portion of a first order branch which
issues from the lower portion of the main stem, showing well-developed

midribs (arrows).
calcar in Fig. )

4, 5. Cystocarps (an arrow indicates a very short
All photomicrographs from the specimen shown in

Fig. 1. Scale in 2 applies also to 4 and 5.
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Fig. 6.  Type specimen of Odonthalia annae PEREST. collected from Iturup
Island, Kuriles on July 19, 1967 by L. PERESTENKO.
Fig. 7. Tetrasporangial specimen of Odonthalia aleutica sensu OKAMURA,

non J. AG. collected from Robben Island, Sakhalin in July, 1930 by
J. ToxkIDA (Herb. OKAMURA in SAP). Scale in 7 applies also to 6.

Fig. 8. Tetrasporangial stichidia of Odonthalia annae PEREST. (photomic-
rograph ol the type specimen).

Fig. 9.  Tetrasporangial stichidia of Odonthalia aleutica sensu OKAMURA,
non J. AG. (photomicrograph of a specimen collected at Rausu,
Hokkaido on May 16, 1968). Scale in 8 applies also to 9.
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Figs. 10, 11.

 500um

Cystocarps of Odonthalia annae PEREST. collected from Bering

Island, Commander Islands on June 30, 1972 by L. PERESTENKO
(an arrow indicates a very short calcar in Fig. 10).

Figs. 12, 13.

Cystocarps of Odonthalia aleutica sensu OKAMURA, non J. AG.

collected at Rausu, Hokkaido on May 16, 1968 (an arrow indicates

a short calcar in Fig. 12).

Rhodomela aleutica C. AG.=Odonthalia aleutica
M —fiCik /o2 ERRILC, Lo Fucus aleu-
ticus MERTENS (27 L < Atomaria setacea & 4,
HF o Tha, ThBRIELWI L& LThbE
VWi ¢ % %, AGARDH 1Dtk < vt v Ed
X5 1Bl C Cte o s AR W Cd % A%, CHAMISSO (1
L » T C. AGARDH X5 fu o 5K A3 MERTENS
D Fucus aleuticus L3P0 DOTH 1= W HE Pk
# % (RUPRECHT 1850), L 7272'-» T, ¥ o O.
aleutica O5EFT. C. AGARDH (1822) 124k 5 et h
e o, AREoIE #E S 40 Lund @ Botanical
Museum IZfffF EhTwicwb o o L ThH DT
(Dr. O. ALMBORN FAf5), BlfEo & = 5, C. AG-
ARDH OJF R & K PAAMCERHE Y B e, oh
HETYVav>vp v/ aF) e ligT5EUTD
2 JICERNREDB NS, (1) O. aleutica D Efili3F

Scale in 13 applies also to 10-12.

R Cd D0k L, #BE LT Tl
CThb, 2 MHOMEROIINETHBN, Hh&o
FIURNERIE Ch Do W DOIFE & b B E &
LCEETHD, 7Vavvp v/ aF)e itHoD
O. aleutica D\Wilg 5 1-fiTHhAHZ & 3L T 5,
O. aleutica ¥ RUPRECHT (1850) M5 LT\ 5 X
51, 7%/ ax ) el O. floccosa Tt &b
BN, EHERTAD N B IO CIERE/RPE LT X
el

F

S

DIk~ & 592 OKAMURA (1932) L3k, 1oni[H
DOWMRHICLSTT V2 >y v/ aF Y e Odon-
thalia aleutica “W-ENRTCEIfzEo O. aleutica,
O. setacea » Wi b, O. annae L[f—ffi L5 0
NB. T2 Tl OKAMURA (1932) o473
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ARG OB 2 B bR E R S R AR M %
8, BEEAY SE V2~ e 7T D
L. P. PERESTENKO /B #iLsp L LT 5,

51 A 3 #
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NoTOYA, M. and SAITO, Y. 1980. Life history, growth and environmental condition for
reproduction in Microcladia elegans OKAMURA (Ceramiales, Rhodophyta). Jap. J. Phycol.

28 : 191-195.

The life cycle of Microcladia elegans OKAMURA was completed in culture and revealed
to be the “Polysiphonia-type”. Growth and reproduction were examined under several con-
ditions of temperature and light intensity using unialgal cultures. Optimum conditions

appear to be near 15°C to 20°C and 500 to 8000 lux.

Under the above conditions, the life

history was completed in 3-4 months under a 12:12 photoperiod in modified GRUND medium.

Key Index Words: Ceramiales; culture; growth; life cycle; light; Microcladia

elegans; reproduction; Rhodophyta.

Masahiro Notoya and Yuzuru Saito, Laboratory of Marine Botany, Faculty of
Fisheries, Hokkaido University, Hakodate, Hokkaido, 041 Japan.

Microcladia elegans OKAMURA = £ (35 D
AURWTIA»LIAE, THLHFELTILRS
h, Bk 4 AT, 58 LRSS, £ TH
SRTEHLRTE, AELEEHEIELL LI
He0BRE, BERMTOERL, AR EFBCE
ETEEBCOVWTHARSLZ LB TELDTE ZRBE
T5,

MHEEHE

BEXEEONFIFCTIMIELALS LA T
30 KB 37z » TEME Lizas, e iy foDix 1979
F£5A B HCEINSRTHRTHB, MY BRTOR
BEBRFE AR GEBE 1979) LRBCTRV, B
R L Lic, WD DR O »iEE 10°C,
15°C, 20°C o 3 E¥fE & L, FREE(2 1000 lux A5 4000
lux OfEC1 B 12 BB DL T TR #E L TR,
o, o THLESRTEERTEAGCTREE
BENRRFEDER, BBk JIZTHEYRA~L
», BE% 5°C, 10°C, 15°C, 20°C, 25°C, 30°C 0 6
Byfg & L, 500 lux, 1000 lux, 2000 lux, 4000 lux,
8000 lux » 5 B DB E# M 2Abw, & 30544
BELIC, BEUBORFHEITHHS b <4
RLIEACOWTEIZIEL, B2V THHAN
foo BAAORBWCBIL T3, HIAEECHETRIY

BENIH, HFHEORIAHRE Shh, BT
BEROHE,A RO Wik, ¥y RTFETizEEsS
S BT TR S hicki% T h Th o &
LCEE&E L, ¥z GRUND &bk (McLA-
CHLAN 1973) #Fi\>, BlEisceBxik L,

BREER

1. £#F %

B 3% 8 EEILRTEE O & 5 12 10°C, 15°C, 20°C o 3 B
P TTie o fodt, b EER 5 Licoix 20°C
THo1eDT, LLTFic20°CtoREF BT
o

AR AR Licthn B 1-MH 4 i T OE & 43~
59 pm, F¥5L7 pm T, HRBOBLEEE LTI
(Fig. 1-A), AT IEMHEGEEDO RS54 K/ 7 A
CAEL, WARBBCERFEYHRLURBREE
SMEOBEMARLR, ok o1 FRBHEY LR
wEIE GEEF 1947) oR4E wRLI (Fig. 1-B),
FLTRHFH® 7T BB IE S 04 mm §i 0BT ER
L, BHhE 2L« (Fig. 1-C), 30 AHIIIEE 3~
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LT 0Bty st A (Fig 1-0, ), %

Fig. 1. Life history of Microcladia elegans OKAMURA in culture.

A-G. Successive stages of male and female gametophyte formation from tetra-
spore germlings. A. Liberated tetraspores from a natural specimen. B. One-
day-old germling with rhizoid. C. Seven-day-old germling showing shape of blade.
D. Thirteen-day-old male gametophyte in mature stage. E. Close up of a part
of male gametophyte showing spermatangia at the blade edge. F. A part of

female gametophyte showing trichogyne.

ing mature gonimoblast.

G. Sixty-day-old carposporophyte show-

H-K. Successive stages of tetrasporophyte formation from carpospore germlings.
H. Carpospores liberated from a cultured specimen. I. One-day-old germling.
J. Seven-day-old germling showing shape of blade. K. Thirtyfive-day-old germ-

ling showing mature tetrasporangia.
scale in E for E and F.

Use scale in K for A-D and G-K. Use
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Fig. 2. Growth of carpospore gemlings of Microcladia elegans OKAMURA

under various temperatures and light intensities. Closed rectangle,
500 lux ; open rectangle, 1000 lux; closed circle, 2000 lux ; open cir-
cle, 4000 lux; open triangle, 8000 lux. @ indicates the presence of
mature tetrasporangia.
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Fig. 3. Growth of tetraspore germlings of Microcladia elegans OKAMURA

under various temperatures and light intensities.

Closed rectangle,

500 lux; open rectangle, 1000 lux; closed circle, 2000 lux; open cir-

cle, 4000 lux ; open triangle, 8000 lux.
of mature spermatangia or trichogynes.

presence.

3 and Q indicate the presence
G indicates gonimoblasts
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2 — 2 BT - B E) HBHL T, R LT — 2 2F LM O AR B AR T RER
REDFEAEZHIBCTHENET, HEOBYS BEBUE, #RcE GHREEAL S JORERHTRDE
o RICEFBT AL T4 HEX &L, FOMTASCERENE LES, RXEBIIRED 6 H, H#L2
H, MHRIFENE LT 2 EUARERE LET, TIOBBRHIR LA, TIOMABS (17,000 M), ik
Z, BRI i FOPREEEAB LA 23, RISCE BTG B, WK TR 2 RIED 1THEKDR
Wet,

1. B{XOBESH HOTEET 400 F3EEFIEK (Baltx B5 703 A4) T, MAdE, HREL- EWET
FriRA) HRGHEATERCTT R, WXERBILLTE 24 7HER MY, £ TV AR—2 T8I E4TT
T, TSR F 2B AR O BRI L TF X\, BfE SRR 407 i 24 » TR 4 o
LIRS TTF R, 7ok, TIETHE « 4 — b ik - IGRER VG, A7 EDAL 2 Y » 7KITIETHR
1R, NBILEDRE— v+ 4 €S2 MTIETR2A, TY 0 7BV L AZLZALTT I,

§i: Batrachospermum ectocarpum Sirod., Discussion, sec, min, hr, nm, #gm, mm, cm, m, #, m], 1_»

rg, mg, g, N, M, ppm, lux, g(gr_a\—/;ty), 25°C I &
I - RBOFRE, B - JEICER (RIS - JESUERESY) - AT - D URSCRR - FISCIHE GEURREOS) - K

K&ZoHW () DI EHTIAEL, ae—324l (FEEIW24) KL THED TSI\,

(1) SEEEH FURRB M RILL - BN B4 - sk - B (200 FEEC) DI, FISTER T
SARML (35) - BRRE - B84 - J6% - 3560 (€, 200 35, LINCHE LT 400 5% T) OICRA L TFE Ve B
HNIER B MEE R - E LD F— AV F Y 7 RT — F (5~10 3, 3535) DIICREA L, DI
SHFEHEC AR TT S,

2 & 3 BEECE LU OMENL, B AL ORRBICARTT S\, &L TAI G IA
(Fig. 1, Table 1 X 5i2) L, THOZIBILKRDHICILS » T, ¥4 & HIRESR X OLEIC U T (8
fIADHE) ZB/RLTTF S\

Bl aquatic ecosystems (WELCH 1972, 1974), LIEBIG’s (1840 p. 23) “low of the minimum”
igeereee, ceeees NEIHR T B (YAMADA 1949), [@#%} (1907 p. 56) i,

(3) BIAMEE AXPTBIHLIIWOREY, T L7 7~y FEICHIZELTF X\, IR, © FKED
BIAE, @ REARYRTEMOBHRE LY Tob0B O 2 AL TEL, ThERN 1) HESL ©)
REAE ) P (BYcR L) =) AR (71 - M7 &) +) HISOH (RIS - DY) © 5 HoBERs
MoTed X 5IEE B TFHC/ch » TRRALTTF &\,

(# 1T ) @, @B JRHIBAZED 1959.7 FESEIL” N H LM, FEHv.
(47 A # D 1%) @ DREBES, G.” 1977. Sexuality,” p. 250-283.=> @ In D. WERNER (ed.),”
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