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Jpn. J. Phycol. (Sorui) 38: 327-332, December 10, 1990

Chrysophytes in the southern part of Hyogo Prefecture, Japan (I)
Chrysophyte flora in three ponds and a reservoir

Hiroyuki Ito

Water Quality Laboratory, Kobe City Waterworks Bureau, Kusutani-cho 37-1, Hyogo-ku, Kobe, 652 Japan

Ito, H. 1990. Chrysophytes in the southern part of Hyogo Prefecture, Japan (I) Chrysophyte flora in three
ponds and a reservoir. Jpn. J. Phycol. 38: 327-332.

In a total of 472 samples collected from Doro-ike Pond, Hoshino-ike Pond, Sengari Reservoir and
Yasuba-ike Pond in the southern part of Hyogo Prefecture, Japan between April 1975 and March 1987, 105
taxa of chrysophytes were found by light and electron microscopy: 37 species, 2 varieties, 2 forms and 2
unidentified species of Mallomonas; 7 species of Synura; 2 species each of Chrysococcus and Uroglena; 7 species, 1
variety and 1 unidentified species of Dinobryon; 4 species of Pseudokephyrion; 11 species and 2 unidentified
species of Spiniferomonas; 19 species, 1 subspecies and 1 form of Paraphysomonas; and 1 species each of
Chrysodidymus, Kephyrion, Chrysolykos and Chrysosphaerella. Out of them, 20 taxa were new to Japan:
Mall s bangladeshica, M. calceolus, M. rasilis, M. insignis, M. retifera, M. pillula f. valdiviana, M. ocellata, M.

gofera var. sulcata, Chrysococcus triporus, Kephyrion globosum, Utroglena lindii, Dinobryon urceolatum,
Pseudokephyrion cylindricum, P. pseudospirale, P. conicum, P. hyper latum, Spinife s silverensis,
Paraphysomonas subrotacea, P. stephanolepis and P. eiffelii. The number of taxa of chrysophytes found was 51 in
Doro-ike Pond, 38 in Hoshino-ike Pond, 68 in Sengari Reservoir and 76 in Yasuba-ike Pond, occupying
respectively 38.6, 27.0, 31.9 and 33.9% of the total number of algal species found in each pond or reservoir.

Key Index Words:  chrysophytes—flora— Hyogo Prefecture— Japan—pond—reservoir.

Chrysophytes mainly inhabit in freshwater
as plankton. Though many workers have
been studying algal flora in Japanese ponds
and lakes with the light microscope, only one
to five species of Dinobryon, Mallomonas and
Synura have been found in one locality
(Kokuso and Masiko 1939, Hapa 1959,
Mizuno 1961, NeEgoro 1968, YASUDA et al.
1975, Imazu 1979). TakaHasH1 (1978a),
however, reported 74 taxa of chrysophytes
from about one hundred Japanese ponds and
lakes by electron microscopy, and Ito (1988)
42 taxa from Lake Biwa. These results in-
dicate that electron microscopy is necessary to
study chrysophyte flora.

In Hyogo Prefecture, Dinobryon divergens has
been found from Sara-ike Pond in the Kan-
zaki district (IMazu 1979), many ponds in
Nishinomiya City, Itami City, the Hojo
district and the Tsuchiyama district (Mizuno
1961), and 22 taxa of scale-bearing
chrysophytes from 6 ponds and lakes in-

cluding Doro-ike Pond and Sengari Reservoir
(TakaHasar 1978a). Ito and TAkAHAsHI
(1982) reported the seasonal fluctuation of 8
taxa of Spiniferomonas including 3 taxa
previously recorded in Doro-ike Pond and
Hoshino-ike Pond. In total, 28 taxa of
chrysophytes have been found in Hyogo
Prefecture up to now, but many taxa are
thought to be still overlooked.

The purpose of this paper is to report
chrysophyte flora found by light and electron
microscopy in three ponds and a reservoir
situated in the southern part of Hyogo Prefec-
ture.

Materials and Methods

A total of 472 samples were collected by
plankton net (Rigosha NXX25) and 1/ bot-
tles from the surface in Doro-ike Pond,
Hoshino-ike Pond, Sengari Reservoir and
Yasuba-ike Pond (Fig. 1). Immediately after
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Fig. 1. Locations of three ponds and a reser-
voir investigated in the southern part of Hyogo
Prefecture, Japan.

collection, net samples and 0.5 [ of each water
sample were fixed with 0.5% Lugol’s solution
and subsequently with 29 formalin. These
fixed samples were settled for a week and con-
centrated to 10 or 20 m/. The concentrated
samples were used for identification of algae
including chrysophytes with light and elec-
tron microscopes. Unfixed water sample of
0.5 [ each was centrifuged at 3,000 r.p.m. for
10 min. and concentrated to 1 to 2ml. For
transmission electron microscopy, 10 pl of
each concentrated fixed and unfixed samples
was mounted on collodion-carbon coated
grids, desiccated in an oven, and then shadow-
ed with chromium or Pt-Pd alloy at an angle
of about 20°C. Additional observations of
some chrysophyte specimens were made on
samples isolated with a micropipette and
transferred to collodion-carbon coated grids.

For scanning electron microscopy, 10 or
20m! of each unfixed water sample were
filtered by Nuclepore filter (25 mm in
diameter, 0.4 ym in pore size), desiccated in
an oven and then coated with gold. Electron
microscopes, JEM-100B and JSM-Uj;, at
Faculty of Science, Kobe University, and a
scanning electron microscope, JEM-T200, in
Water Quality Laboratory, Kobe Gity Water-
works Bureau, were used for the study.

Study Areas

Doro-tke Pond

This pond, which was made to obtain ice
between 1873 and 1874, is situated 800 m
above sea level on Mt. Rokko in Kobe City.
It has a surface area of about 600 m? and a
maximum depth of 1 m. The pond fronts the
road on the west and is surrounded by a co-
niferous forest on the other sides. Pond water
looked always brown in color. Potamogeton
distincus covered about 70% of the pond sur-
face throughout the year. Samples were col-
lected at a distance of 1 m from the shore once
a month from April 1975 to October 1976 and
once a week or two weeks from November
1976 to August 1977. The material consists
of 42 water samples and 42 net samples. In
the study period, ice covered the pond from
19 December 1975 to 23 January 1976 and
from 10 December 1976 to 5 March 1977,
reaching a maximum thickness of 23 cm on 17
February 1977.
Hoshino-ike Pond

This pond is 200 m to the east of Doro-ike
Pond. Ithas a surface area of about 2,800 m?.
Until 1975, this pond was polluted by the
sewage from bungalows around it. Pond
water looked always greenish brown in color.
Hydrilla verticillata covered the bottom of
the pond between July and August. Samples
were collected at a distance of 1 m from the
shore on the same days as in Doro-ike Pond.
The material consists of 42 water samples and
42 net samples. The ice-covered period in
Hoshino-ike Pond was the same as in Doro-
ike Pond.

Sengari Reservoir
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This reservoir is situated over three cities,
Kobe, Sanda and Takarazuka. It was made
in 1919 and has a surface area of 112 ha, a
volume of 11,610,000 m? and a maximum
depth of 31 m. Water looked green/brown in
color. Samples were collected at the center of
the reservoir, where the depth is about 14 m,
once a month from April 1978 to March
1987. The material consists of 108 water
samples and 108 net samples. Light and elec-
tron microscopy were done from December
1980 to May 1981 and from April 1982 to
March 1983, and only light microscopy was
done in other period.

Yasuba-ike Pond

This pond is situated in the northwestern
part of Takarazuka City. It is an irrigation
pond and has a surface area of 2,500 m? and a
maximum depth of 2m. Pond water looked
always brown in color. In summer, Trapa
natans var. bisinosa covered the pond surface
near the shore. Samples were collected at a
distance of 50 cm from the shore once to five
times a month from November 1978 to
December 1983. The material consists of 80
water samples and 8 net samples. Light and
electron microscopy were done in November
and December 1978, January, November and
December 1979 and from February 1980 to
January 1981, and only light microscopy was
done in other period.

Results and Discussion

In total 105 taxa were found: 37 species, 2
varieties, 2 forms and 2 unidentified species of
Mallomonas; 7 species of Synura; 2 species each
of Chrysococcus and Uroglena; 7 species, 1 varie-
ty and 1 unidentified species of Dinobryon; 4
species of Pseudokephyrion; 11 species and 2
unidentified species of Spiniferomonas; 19
species, 1 subspecies and 1 form of
Paraphysomonas; and 1 species each of
Chrysodidymus, Kephyrion, Chrysolykos and
Chrysosphaerella (Table 1). Out of them, 20
taxa were new to Japan: Mallomonas
bangladeshica, M. calceolus, M. rasilis, M. in-
signis, M. retifera, M. pillula f. valdiviana, M.
ocellata, M. mangofera var. sulcata, Chrysococcus

triporus, Kephyrion globosum, Uroglena lindii,
Dinobryon  urceolatum, Pseudokephyrion cylin-
dricum, P. pseudospirale, P. conicum, P. hyper-
maculatum, Spiniferomonas stlverensis,
Paraphy as subrotacea, P. stephanolepis and
P. eiffelii. Species belonging to Kephyrion and
Pseudokephyrion have not been reported
previously. From the results of this study
and 110 species, 1 subspecies, 3 varieties and
8 forms belonging to 24 genera of
chrysophytes which have been reported hither-
to (TakaHasHr 1959, 1960, 1972, 1977,
1978a, Preisic and TakanasH1 1978, Ito and
TakanasH1 1982, WakaBavasHi and IcHISE
1986, Ito 1988), it becomes that in total 128
species, 1 subspecies, 4 varieties and 9 forms
belonging to 26 genera have been found in
Japanese freshwater bodies.

Out of 100 taxa excluding 5 unidentified
species found in this study, 90 taxa are found
widely in the world (TakanHasHr 1978a,
Preisic and Hieeerp 1982a, 1982b, Star-
MACH 1985, AsMUND and KRrisTIANSEN 1986,
ro 1988).  Mallomonas conspersa has been
found only in New Zealand (DURRSGHMIDT
1986), M. mangofera var. sulcata in Chile
(DUrrscuMIDT 1983), Dinobryon urceolatum in
Switzerland (REVERDIN 1919), Pseudokephyrion
hypermaculatum in  Czechoslovakia (ErTL
1978), and Spiniferomonas minuta and S. silveren-
sts in Canada (NicHoLLs 1984). Although
these six species have been recorded respec-
tively only from one different country, finding
of them in Japan, which is far away from the
above-mentioned countries, suggests that
they are also distributed widely in the world.
Mallomonas grata which was reported only in
Japan (TakaHasHI 1963) was recently found
in Thailand (ITo unpublished) and China
(KrisTiANsEN 1989) and M. ocellata only in
Malaysia (DUrRrscHMIDT and CROOME
1985). These two species of Mallomonas were
found only in Asia. M. harrisiae and M. rec-
ticostata, which are found widely in Japan
(TakaHAsHI 1978a), have not been found in
other countries and they seem to be endemic
to Japan.

The number of taxa of chrysophytes found
in this study was 51 in Doro-ike Pond, 38 in
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Table 1. Chrysophytes found in three ponds and a reservoir (D, Doro-ike Pond; H, Hoshino-ike Pond; S,
Sengari Reservoir; Y, Yasuba-ike Pond) in the southern part of Hyogo Prefecture, Japan.

Taxa D H S Y Taxa D H S Y
Mallomonas matvienkoae e o ® | Kephyrion globosum™ L]
M. parvula ® ® O o | Urglena lindir* L]
M. ouradion L U. volvox L]
M. peronoides ® | Dinobryon sertularia e o o o
M. bangladeshica® . D. cplindricum o
M. multisetigera e o D. sociale e o o o
M. calceolus™ ° D. bavaricum o o
M. conspersa ° D. divergens e o o o
M. paxillata L] D. korsikovii [ ®
M. papillosa var. ellipsoidea ® O O O | D. suecicum var. longispinum e o
M. rasilis* o D. urceolatum™® ]

M. guttata ® [ D. sp. ®
M. caudata L] Chrysolykos planktonicus e o L]
M. insignis® ® | Pseudokephyrion cylindricum™® e o [
M. punctifera ® O O o | P pseudospirale® e o o o
M. heterospina ® ® O | P conicum* e o
M. harrisiae ® © © @ | P hypermaculatum® o o °
M. akrokomos ® O O O | Chrysosphaerella brevispina o o
M. striata ® O O O | Spiniferomonas trioralis e o o o
M. retifera® [ ] S. minuta ® ®
M. flora (] S. silverensis® ®

M. cristata ] S. bilacunosa e o o o
M. alpina L] S. cornutus L] o o
M. areolata ® O | S crucigera L] ®
M. elongata ® O O | S takahashii )
M. tonsurata ® & o o | S g o

M. portae-ferreae L4 S. bourrelly: e o o o
M. crassisquama ® ® O @ | S coronacircumspina o o o
M. lelymene o o S. aber e o o o
M. pillula £. valdiviana™ ° ® | S sp.No. 1 °

M. annulata ® O S sp. No.2 L] °
M. pumilio ® O O O | Paraphysomonas subrotacea® o o
M. alata ® | P. circumvallata L]

M. eoa ° o P. punctata ° e o
M. ocellata™ ° P. runcinifera .
M. mangofera f. mangofera ® O O O | P subgquadrangularis o o
M. mangofera £. foveata ® ® | P. diademifera e o o
M. mangofera var. sulcata™ ) ® | P. buicheri (] ®
M. grata o P. stephanolepis® o o
M. recticostata ® O | P morchella o o
M. splendens ® o o o/ P . fli* ° °
M. sp. No. 1 ® O | P quadrispina L]
M. sp. No. 2 o o ® | P. poteriophora ssp. manubriata L]
Synura petersenii ® ® O | P coronala o
S. glabra e o o P. stelligera L)

S. sphagnicola ® O & O | P caprelata o o
S. mammillosa e o o P. glandiata L] o o
S. uvella ® | P. imperforata f. No. 2 o o o o
S. curtispina ® O | P bandaiensis e o o
S. spinosa ® O O O | P yestia e o o o
Chrysodidymus synuroides (] ° P. takahashii (]
Chrysococcus rufescens ] P. caelifrica [
C. triporus™ ® @ | Total number of taxa 51 38 68 76

* Taxa new to Japan.
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Hoshino-ike Pond, 68 in Sengari Reservoir
and 76 in Yasuba-ike Pond, occupying respec-
tively 38.6, 27.0, 31.9 and 33.9% of the total
number of algal species found in each pond or
reservoir. Several studies on freshwater algal
flora with light and electron microscopes
covering a long period of time have been
done. In three ponds at Tsuruoka Park,
Yamagata Prefecture, Japan, 24 to 27 taxa of
chrysophytes have been reported and their
percentage to the total number of algal species

was from 19.4 to 21.8% (TAKAHASHI
1978b). In Lake Biwa, Shiga Prefecture,

Japan, 60 taxa of chrysophytes have been
reported and its percentage to the total
number of algal species found was 17.1%
(NEcoro 1968, WakaBavasHi and IcHISE
1986, Ito 1988). In other countries, three
localities, a pond of Oude Waal in the
Netherlands (Rorjackers 1984, 1986), Lake
Tystrup S¢ in Denmark (KRISTIANSEN 1985)
and Lake Trummen in Sweden (CRONBERG
1982) have been investigated. The number
of taxa of chrysophytes found was 49 in a
pond of Oude Waal, 40 in Lake Tystrup S¢
and 44 in Lake Trummen, occupying respec-
tively 25.0, 19.0 and 13.8% of the total
number of algal species found. Though
many studies with the light microscope only
on freshwater algal flora have been done, no
or only a few species of chrysophytes have
been found in each lake (SmitH 1920,
KokuBo and Masiko 1939, Hapba 1959,
Prescorr 1962, HortoBAGYI 1973). From
this and the above-mentioned results,
however, it is clear that chrysophytes are com-
monly found in freshwater localities and con-
stitute an important group of algal flora if ex-
aminations by electron microscopy are car-
ried out for a long period of time.
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Nacumo, T. and Hara, Y. 1990. Species composition and vertical distribution of diatoms occurring in a
Japanese mangrove forest. Jpn. J. Phycol. 38: 333-343.

The species composition and vertical distribution of diatoms occurring on mangrove roots within the in-
tertidal zone were studied in mangrove forests at Iriomote Island, Okinawa Prefecture. Among 116 taxa of
diatoms belonging to 26 genera found there, the main dominant and subdominant species were Achnanthes
brevipes var. intermedia, Amphora luciae, A. tenerrima, Denticula subtilis, Navicula contenta, N. guluensis, N. pusilla,
Nitzschia frustulum, N. hemistriata and Rhopalodia sp. The vertical distribution of dominant diatoms on
mangrove roots were shown as follows: N. contenta and D. subtilis on the uppermost part of the intertidal zone,
N. guluensis, N. hemistriata and Rhopalodia sp. on the middle part, and A. brevipes var. intermedia, A. luciae, A.
tenerrima and N. pusilla on the lower part.
compositions of epiphytic and benthic diatoms on mangroves in this study are very similar to those of any

Comparisons with previous studies indicate that the species

other mangrove.

Key Index Words:  diatoms—Iriomote Island—mangrove—species composition—vertical distribution.

Mangrove forests develop well but not ex-
tensively along the rivers and their mouths
located in the Ryukyu and Satunan Islands,
Japan. Mangrove forests serve as unique
and specific habitats for benthic macro- and
microalgae, which are exposed to water of
varying salinity and/or desiccation, but are
offered suitable substrata and interception of
intensive sunshine by their stilt roots and
canopies. In these habitats, benthic and
epiphytic algae were usually much diverse
and also abundant. Diatoms are one of the
dominant members among them (Ricarp
and DeLesaLLE 1979). However, there are
few taxonomic or floristic studies of diatoms
associated with these Japanese mangrove
forests. Almost all studies of diatoms in
other mangrove regions have been confined to
the large mangrove lagoons in the tropics
such as in Puerto Rico (HAGELSTEIN 1938), in

This work was supported in part by a Grant-in-Aid for
Scientific Research (No. 5634033) from the Ministry of
Education, Science and Culture, Japan.

Louisiana (MapreLs 1983), in Florida
(Navarro 1982), in Venezuela (REYES-Vas-
Quez 1975), in Guadeloupe (RicarDp and
DEeLesaLLe 1979), in Bahamas (SuLLIVAN
1981), in Singapore and southern Malaysia
(WaH and WEE 1988) and in the temperate
regions of the southern hemisphere, such as in
Australia (Fogep 1979).

The taxonomical and ecological researches
for the macroalgae associated with Japanese
mangrove forests have been carried out by
TanNaka and CHIHARA (1984a, 1984b, 1985,
1987) and Tanaka (1987). They have shown
that macroalgae are abundant on mangrove
roots and have distinct zonate distributions in
the intertidal zone.

We have undertaken a survey of diatom
species composition and analyzed their ver-
tical distribution in mangrove forests at
Iriomote Island. This study represents the
first report on Japanese mangrove diatoms,
and should be valuable as a distributional
record for more comprehensive work with this
complex and diverse flora.
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Study sites and methods

In Iriomote Island of the Yaeyama Ar-
chipelago, Okinawa Prefecture, some small
mangrove forests have developed in estuaries
of the rivers, but they are the largest in
Japan. They are dominated by Rhizophora-
cean trees, including the species of such
genera as Rhizophora, Kandelia and Bruguiera.
Their stilt or knee roots and pneumatophores
offer suitable substrata for benthic diatoms.

Our main study sites were along the Shiira-
gawa (Shiira River) in Iriomote Island (Fig.
1). Eleven points of intervals of 200 m from
the river mouth were previously set up by
other Ryukyu University research staff (Fig.
1). The tide exerts its influence to the upper
stream region of the river, about 2 km from
the river mouth. In this region, the exchange
of seawater with freshwater and their tur-
bulence occur regularly twice a day
throughout the year, and tidal range is 1.0-
1.5 m near the river mouth. The mean high
water (M.H.W.) reaches to the uppermost

SOUTHERN
JAPAN

IRIOMOTE lIs.
WIIRA R.

10Km

IRIOMOTE |s.

.!r\ﬂ

2

I

3 SHIIRA R.
P

MANGROVE FORESTS

200m

Fig. 1. Map of the study sites, showing the
sampling points (1-11) indicated by arrow heads
along the Shiira River.

part of the stilt roots or higher. The lower-
most part of the stilt roots is submerged even
at mean low water (M.L.W.) (Fig. 2). Salini-
ty of water at the study sites varied from fresh
(0%) to marine (3%) depending on tide and
freshwater current. However, a gradual
variation of salinity was always recognizable
at each study site.

Samples of the roots of mangrove trees and
surface soils in the forest or river beds were
taken from every study site on Apr. 21,
1982. For investigating the vertical distribu-
tion of benthic diatoms, some root samples
from each point were sectioned to provide
10 cin segments. Diatoms on the segments
were collected by toothbrush.
were

All samples
cleaned by conventional methods
(KoBavast and Nacumo 1985). Samples
were observed with both light and electron
microscopes to identify the diatom species.
The species composition and relative quan-
tities of diatoms at each site were recorded by
counting and three hundred
valves randomly selected from slides.

identifying

Results

A total of 116 taxa including forma and
varieties, in 26 genera, of epiphytic and ben-
thic diatoms from all points are alphabetically
listed in Table 1. The dominant four genera,
in terms of number of taxa encountered, were
Navicula (26), Nitzschia (18), Amphora (11) and

Achnanthes (10). Representatives of epiphytic

Fig. 2. A photograph of the Shiira River near
point 8 showing a mangrove stilt root (arrows) from
which diatoms were collected at low tide.
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Table 1. List of diatom taxa found in the mangrove forest along the Shiira River.

Achnanthes amoena HusT.
brevipes Ac. var. brevipes
brevipes var. intermedia (KtTz.) CL.
clevei GRUN.
delicatula (Ktrz.) GRUN.

Jjavanica GRUN.
kuwaitensis HENDEY
lanceolata (BREB.) GRUN.
longipes Ac.

manifera BRUN.
oblongella Ostr.

Amphora angusta GREG. var. angusta
angusta var. ventricosa (GReG.) CL.
aponina Koz,
arenicola GRUN. var. oculata CL.
holsatica HusT.
luciae CHOLN.
porita KRASSKE
tenerrima AL. et HusT.
turgida GREG.
veneta Kirz.

1 sp.

Auricula machutchoniae GIFFEN

Bacillaria paradoxa GMEL.

Biddulphia aurita (Lyncs.) Bres. et Gopy.

Caloneis elongata (GRUN.) Bover
excentrica (GRUN.) BOYER
liber (W. Sm.) var. umbilicata (Grun.) CL.
samoensis (Grun.) CL.

Camppylodiscus decorus BREB.

Sfastuosa EHR.

Cocconeis brevicostata HusT.
dirupta GREG.
placentula EHR. var. pseudolineata GEITL.
scutellum EHR.

Denticula subtilis GRUN.

Diploneis bombus EHR.
gravelleana HAGELST.
litoralis (Donk.) CL.
pseudovalis HusT.
reichardtii (GRuN.) HEIDEN
smithit (Bres.) CL.

Entomoneis alata (Enr.) EHR.
paludosa (W. SM.) REM. var. paludosa
paludosa var. subsalina CL.

Gomphonema clavatum EHR.
pseudoaugur L.-BERTALOT
parvulum (Kirz.) Kirz.

Gyrosigma spenceri (GRUN.) CL.

Mastogloia angulata LEw1s

elliptica (Ag.) CL. var. dansei (Tuwarr.) CL.

macdonaldii GREY.
pumila (CL. et MoLL.) CL.
pusilla GrRuN.
varians HusT.
Melosira nummuloides (D1LLW.) AG.

Navicula acephala Her1B.
cincta (EHR.) var. leptocephala (KoTz.) GRUN.
contenta GRUN.
decussis OsTr.
digitoradiata (GREG.) RALFs
dissipata Husr.
gregaria DONK.
guluensis GIFFEN
hastaeformis CHOLN.
indicatrix VANLAND.
infaceta CHOLN.
inserata HUST. var. inserata
inserata var. undulata Hust.
maculosa DONK.
mannii HAGELST.
mollis (W. Sm.) CL.
paeninsulae CHOLN.
platyventris MEIST.
punctigera Husr.
pusilla W. SM.
salinarum GRUN.
schroeteri MEIST. var. escambia PATR.
subvalida CHOLN.
4 spp.
Nitzschia aerophila HusT.
debilis (ARNOTT) GRUN.
dissipata (Krz.) GRUN.
fussiformis PANTOC.
Sfrustulum (Kotz.) GRUN.
granulata GRUN.
hemistriata HAGELST.
lorenziana GRUN.
novaehollandiae (GRUN.) GRUN.
obtusa W. SM. var. scalpelliformis GRUN.
palea (Kirz.) W. Sm.
panduriformis GREG. var. pustulata VoiGT
ponciensis HAGELST.
pseudohungarica HusT.
trybrionella HanTz. var. victoriae (GRUN.) GRUN.
3 spp.
Opephora pacifica (Grun.) PETIT
Pinnularia allansonii CHOLN.
mesolepta (EHr.) W. Sm.
subcapitata GREG.
Pleurosigma salinarum GRUN.
Rhopalodia gibberula (Enr.) MULL.
operculata (Ac.) HAKANs.
1 sp.
Stauronets pachycephala CL.
Surirella armoricana PERAG.
ovata KiTz.
Synedra tabulata (Ac.) KUrz. var. tabulata
tabulata var. parva (KUtz.) Husr.
Thalassiosira lacustris (GRUN.) HASLE
Trachyneis aspera (EHR.) EHR.




336 Nacumo, T. and Hara, Y.

%
{777

c:;:.
e
g

,u':'o somen
edell -
saird e
P sl -.,-.
i" ’/.‘

7 -
B s
: %

tibverinl!

II‘IIGII|.

)
LU SO

PRI I B
Vivgta bl

1

S 4w o o

-l e
%Mho.

Plate 1. Figs. 1-5. Navicula contenta; 1-3, Light microscopy (LM). 4, TEM. 5, SEM. Figs. 6-11. N. guluen-
sis; 6-8, LM. 9, TEM. 10 & 11, SEM. Figs. 12-19. Denticula subtilis; 12-16, LM. 13 & 15, Girdle view of the
frustule. 17, TEM. 18 & 19, SEM. Figs. 20-24. Nitzschia frustulum; 20-23, LM. 24, SEM. LM= x2,000.
Bars=5 ptm for SEM and TEM photos.
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Plate 2. Figs. 25-28. Rhopalodia sp.; 25-27, LM. 27, Girdle view of the frustule. 28, SEM. Figs. 29-31.
Achnanthes brevipes var. intermedia; LM. Figs. 32, 33. Amphora luciae; LM. 32, Girdle view of the frustule. Figs. 34,
35. Navicula pusilla; LM. Figs. 36, 37. Amphora tenerrima; LM. 37, Girdle view of the frustule. LM= x2,000.
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are as follows: Achnanthes
brevipes AG. var. intermedia (Kirz.) CL.
(1895, p. 193) (PL. 2. Figs. 29-31), Amphora
luciae CHOLN. (1960, p. 23, f. 58-61) (Pl. 2,
Figs. 32, 33), A. tenerrima ALEEM ef Husrt.
(1951, p. 16, f. 3.) (P1. 2, Figs. 36, 37), Den-
ticula subtilis GRUN. (1862, p. 547, pl. 12, f. 36)
cf. KramMmER & L.-BeErtaror (1988, p. 140,
141, pl. 96, f 1-9) (Pl. 1, Figs. 12-19),
Navicula contenta GrUN. (in V. H. 1884, p.
109) cf. KrRaMMER & L.-BeErtaror (1986, p.
219, pl. 75, f. 1-5) (P1. 1, Figs. 1-5), N. guluen-
sis GIFrFEN (1963, p. 238, /. 70) (P1. 1, Figs. 6-
11), N. pusilla W. Sm. (1853, p. 52, pl. 17, f.
145) (Pl. 2, Figs. 34, 35), Nitzschia hemistriata
Hagevst. (1938, p. 396, pl. &, f. 1) (Pl. 3, Figs.
38-40), N. frustulum (Ktrz.) GRUN. (in CL. e
Grun. 1880, p. 98) cf. KRaMMER & L.-BEr-
taLot (1988, p. 94, 95. pl. 68, f. 1-19) (PL. 1,
Figs. 20-24), Rhopalodia sp. (Pl 2, Figs. 25-
28).

Common species appeared in every study
site are represented in Pl. 3, Figs. 42-57.
Almost all mangrove-associated diatoms in-
cluding common species listed in Table 1 are
regarded as
diatoms.

Aerobic species, N. contenta and D. subtilis,
appeared dominantly or subdominantly at the
upper portions of all study sites (Points 1-11).

In the lower stream regions of the river
(Points 5-9), brackish species, N. guluensis, N.
hemustriata and Rhopalodia sp., were dominant
or subdominant at the upper to middle parts
of the intertidal zone.

At the mouth and outlet of the river (Points
10, 11), the following marine species were
dominant or subdominant at the lower to mid-
dle parts of the intertidal zone: 4. brevipes var.
intermedia, A. luciae, A. and N.
pusilla.

Dominant or subdominant diatoms in the
intertidal zones of all the examined sites

taxa on roots

brackish water or marine

tenerrima,

These vertical
distribution pattern of diatom species attach-
ed to mangrove roots are summarized in

ditributed in clear zonation.

Table 2; at the upper stream region of the
mangrove (P-2), at the middle stream region
(P-5), and at the lower stream region (P-8).

Discussion

The epiphytic and benthic diatom flora in
the mangroves were more diverse than in
estuaries without mangrove forests in the
main island of Japan as shown in Table 3
(Goron 1978, 1979, 1986, Mavama and
Kogavasr 1982).

The vertical distribution of dominant and
subdominant diatoms on mangrove roots
showed a clear zonation (Fig. 3), similar to
mangrove-associated macroalgae, as mention-
ed below (Tanaka and CuiHara 1987). Of
the dominant species occupying the upper
part of intertidal zone, N. contenta GRUN. is a

representative of the aerobic diatoms
(HustepT 1959). A. brevipes Ac. var. in-
termedia  (Korz.) Cr., N.  hemistriata

HaceLst. and Rhopalodia sp., which are domi-
nant in the middle or lower part of intertidal

MHW, O—
cm
-10 |
N. contenta
—20 D. subtilis
_—
N -40 |
g %0
T -60
[
3 |
g 70|
80§ 4. brevipes var. intermedia
- A. luciae, A. temerrima,
—80 ¥. pusilla
M.L.W. —100 E
1 2 3 4 5 6 7 8 9 10 11
Sampling Points
Fig. 3. Vertical distribution pattern of the

dominant and subdominant diatoms on mangrove
stilt roots at all sampling points. M.H.W., mean
high water; M.L.W., mean low water.

Plate 3.

Figs. 38-41. Nitzschia hemistriata; 38-40, LM. 39, Girdle view of the frustule. 41, SEM. Fig. 42.

Caloneis liber var. umbilicata; LM. Fig. 43. Navicula platyventris; LM. Fig. 44. N. punctigera; LM. Fig. 45. Diploneis
gravelleana; LM.  Fig. 46. D. pseudovalis; LM. Fig. 47. Navicula inserata var. undulata; LM. Figs. 48, 49. Achnan-
thes amoena; LM. 48, Raphe valve. 49, Rapheless valve. Figs. 50, 51. Mastogloia pusilla; LM. Fig. 52. Nitzschia pan-
duriformis var. pustulata; LM. Fig. 53. N. granulata, LM. Figs. 54, 55. N. ponciensis; LM. Figs. 56, 57. N. debilis;

LM. LM= x2,000.
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Table 2. Vertical distribution of dominant and subdominant diatoms on mangrove stilt roots at the Shiira
River. P-2, point 2; P-5, point 5; and P-8, point 8.
P-2 P-8
Relative tide ~ Dominant Subdominant Relative tide Dominant Subdominant
level (cm) species species level (cm) species species
0 0 . g
Denticula subtilis  Navicula contenta Navicula contenta Denticula subtilis
—10
D. subtilis N. contenta —10 )
—20 D. subtilis Navicula guluensis
D. subtilis N. contenta N. hemisiriata
—30 —20
D. subtilis N. contenta D. subtilis N. guluensis
—40 N. hemistriata
D. subtilis N. contenta —30
—50 D. subtilis N. hemistriata
Nitzschia frustulum Denticula subtilis
—60 —40
N. frustulum D. subtilis N. hemistriata Rhopalodia sp.
—170
D. subtilis D. subtilis —50
—80 N. hemistriata Rhopalodia sp.
D. subtilis Navicula guluensis
—90 —60
N. guluensis Nitzschia hemistriata Rhopalodia sp.  D. subtilis
—100 Achnanthes brevipes
var. intermedia
P-5 —70
Rhopalodia sp.  A. brevipes
Relativetide ~ Dominant Subdominant var. intermedia
level (cm) species species —80
Rhopalodia sp.  A. brevipes
0 var. inlermedia
Denticula subtilis  Navicula contenta —90
Amphora luciae  A. brevipes
—10 var. intermedia
D. subtilis N. contenta Navicula pusila
—100
—20 A. tenerrima N. pusila
D. subtilis N. contenta
_30 . . . . .y
Nitzschia hemistriata D. subllis from the sample collected from mangrove
—40 _— ) ) swamps in Martin Pena, Puerto Rico by
N. hemistriata  Navicula guluensis HAGELSTEIN (1938), is also present. D. subtilis
—50 o ) Grun. is widely distributed in brackish en-
N. hemisiriata N. guluensis vironments such as estuaries and salt mar-
—60 N homisi ) shes, and is often associated with Rhizoclonium
femisinate N Gt (Gruxow 1862) or Bostrychia (Greren 1970)
—70 Navicul ) o which are common brackish macroalgae.
avicula guluensis %z:f;:;: :ﬁ;‘imm These results show that some benthic diatoms
—80 N N from marine or brackish water are well
. pusila . hemistriata :
Navicula gregaria adapted to the ma.ngrove‘ forest }'1ab1tats ex-
-9 Achnanthes brevibes N, pusi posed to waters with various salinities, and
cv':;'_ui,ffm;?gﬁ“ - pusila have their own niche or ecological status in
—100

zones, are commonly found as epiphytic or
benthic species in marine waters. N.
hemistriata, which was originally recorded

the mangrove forest with close relation to
other benthic macroalgae.

There is a limited work for diatom flora and
its vertical distribution in brackish waters in
the temperate and subtropical regions of
Japan.  Floristic studies of diatoms in
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Table 3. A comparison of the number of taxa occurring in the mangrove forest and
estuaries without mangrove forests in Japan.
Locality g;gﬁigzg Reference
Shiira-gawa, Mangrove, 116 Present paper
Okinawa Pref.
Aono-gawa, Estuary, 108 Mavama & Kosavasr (1982)
Shizuoka Pref.
Kumano-gawa, Estuary, 75 Goron (1986)
Wakayama Pref.
Yodo-gawa, Estuary, 86 Goron (1978)
Osaka Pref.
Yodo-gawa, Estuary, 49 GoroH (1979)
Osaka Pref.

mangrove forests are also limited even in all
over the world (Focep 1979, HAGELSTEIN
1938, Navarro 1982, RicarD and DELESALLE
1979, Wan and WEe 1988). Community
structure studies of mangrove diatoms have
been confined to the USA (MarLes 1983,
SuLLivan 1981). The dominant genera,
Achnanthes, Denticula, Navicula, Nitzschia and
Rhopalodia, found in this study are the same
as reported by MapLEs (1983) as ephiphytes
on pneumatophores of the black mangrove,
Avicenia germicans, in a Louisiana salt marsh.
In comparison to the epiphytic diatom flora
associated with mangrove roots from Indian
River by Navarro (1982), the dominant or
subdominant species composition at Iriomote
resembles to that of Indian River. These
representative taxa found in the Japanese
mangroves seem to be widely distributed in
any tropical areas where mangrove forests are
well developed.

According to TaNaka and CHIHARA (1987),
the distribution of macroalgae on stilt roots
and knee roots of mangrove trees in lower
stream regions were divided into four main
vertical zones; the Rhizoclonium zone,
Bostrychia zone, Caloglossa zone, and Catenella
zone. The vertical distribution pattern of
macroalgae was not so clearly defined at the
upper stream regions of the river, because the
intertidal zone is too narrow for macroalgae
of marine, brackish and fresh waters to be
well separated. However, the dominant and

subdominant diatoms showed clear zonation
even in narrow spaces of the upper stream
regions. Such typical zonation patterns of
macroalgae in the lower stream regions fit
well with those of diatoms as shown in Fig. 3.

The upper zone of N. contenta and D. subtilis
generally corresponds to Rhizoclonium or
Bostrychia zone, the middle zone of N. guluen-
sis, N. hemistriata and Rhopalodia sp. to
Caloglossa zone, and the lower zone of Achnan-
thes and others to Catenella zone. D. subtilis is
well known to inhabit brackish water en-
vironments and to coexist with Rhizoclonium
(GruNow 1862) or Bostrychia (G1FFeEN 1970).

The vertical distribution of diatoms in the
Japanese mangroves appears to be influenced
by water movement, salinity and desicca-
tion. The regular tide may be the main factor
for the formation of vertical zonation of
diatoms.
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Taxonomic notes on Japanese Ptilota (Ceramiales, Rhodophyta)
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Masuda, M. and Sasaki, M. 1990. Taxonomic notes on Japanese Ptilota (Ceramiales, Rhodophyta).
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The correct names of two species of Ptilota growing in Japan are established. The alga known as Ptilota
pectinata (GUNNERUS) KJELLMAN or P. serrata KitzING including Pilota californica (= Neoptilota californica) sen-

su OkaMURA is identical with P. filicina J. AGARDH.

The entity known as P. pectinata forma litoralis

KJeLLMAN is referred to P. phacelocarpoides A. ZiNnova. Diagnostic features of all the known species of the
genus are discussed. It is concluded that the growth manner of first-order branches on the primary axis,
the serration of leaflet-like determinate branchlets, the nature of thalli (erect or decumbent), and the shape
of tetrasporangial clusters are of primary taxonomic significance at the species level. A full description of P.
phacelocarpoides, which is poorly known in Japan, is given.

Key Index Words: Ceramiales—Ptilota—Ptilota filicina—Ptilota pectinata—Ptilota pectinata f.
litoralis—Ptilota phacelocarpoides—Ptilota plumosa—Ptilota serrata—taxonomy— Rhodophyta.

The red algal genus Ptilota (Ceramiales) cur-
rently includes four species; these species and
their type localities are as follows: P. plumosa
(Linvaeus). C. AcarpH (1817, unspecified in
Atlantic Ocean), the type species, P. serrata
Korzine (1847, Newfoundland, Canada)
which includes (WwirTick 1977) P. pectinata
(Gunnerus) KjeLiman (1883), P. filicina J.
AcarDH (1876, Vancouver Island, Canada)
which includes (ABBoTT and HOLLENBERG
1976) P. tenuss KyLin (1925), and P. phacelocar-
poides A. Zinova (1972, Ussuri Bay in Peter
the Great Bay, Primorskiy, USSR). Ptilota
plumosa has been reported from various
localities in Arctic Sea and North Atlantic
Ocean (Harvey 1853, KjELLMAN 1883, KyLIN
1923, ROsENVINGE 1923-24, TavrLor 1957).
The latter two species have been recorded
from North Pacific Ocean (YeEnpo 1916,
ABBOTT and HOLLENBERG 1976, PERESTENKO
1980, GABRIELSON ¢t al. 1989). Ptilota serrata
has been widely recorded from both regions
(Harvey 1853, KjeLLMaN 1883, Oxamura
1909, 1933, 1936 as P. pectinata, TAYLOR
1957, Lee and KANG 1986, GABRIELSON ¢! al.
1989).

In Japan, the alga referred to as Ptilota pec-

tinata or P. serrata is common in the intertidal
and subtidal zones of Hokkaido and northern
Honshu. Our recent studies show that this
alga is different from the genuine P. serrata.
Another entity which has been called P. pec-
tinata f. litoralis KjeLiMaN (Oxkamura 1909,
1936, SEcawa 1956) is often found at the sub-
tidal zone of Hokkaido coasts. In this report
the correct names for these two Japanese
algae are established.

Materials and Methods

Herbarium specimens deposited in the Her-
barium, Department of Botany, Faculty of
Science, Hokkaido University (SAP) were
chiefly examined (Table 1).  Several
specimens identified by Japanese phycologists
are voucher specimens mentioned in their
publications: Oxkamura (1909, 1933, 1936),
Yamapa (1934), Kawapata (1936), Nacar
(1941), Kawasumma (1955), FunaHasHI
(1966) and Tazawa (1975). In addition, our
collections from Usu, Toyoura, Shizukari,
Shiriuchi, Oshoro Bay, and Atsuta on the
Hokkaido coast during 1985-1989 were used.
These latter specimens are preserved in
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Table 1. Ptilota specimens examined in SAP.
Identified as  Locality Date Collected/identified by Specimen number
Ptilota plumosa
P. plumosa Bohuslan, Sweden undated anonymous 040916
P. plumosa Bohuslan, Sweden 22. vii. 1925 W.M. Rystrom 040929
P. plumosa  Bohuslan, Sweden 4. vii. 1946 T. Levring 040929A
P. plumosa Mandals Skargard, Norway 18. vii. 1930 T. Arwidsson 040928
P. plumosa Novaya Zemlya, USSR 24. vi. 1875 F.R. Kjellman 040918
Ptilota serrata
P. serrata  Spitzbergen, Norway viii. 1872 F.R. Kjellman 040936
P. serrata Spitzbergen, Norway vii. 1873 F.R. Kjellman 040926
P. serrata Spitzbergen, Norway 12. v. 1873  F.R. Kjellman 040938
P. serrata Novaya Zemlya, USSR 24. vi. 1875 F.R. Kjellman 040938A
P. serrata Clam Bay, Nova Scotia, Canada 5. iii. 1969  E. Ogata/T. Edelstein 031046
Prilota filicina
P. filicina  Santa Cruz, California, USA 10. xi. 1965 L.E. Hair/I.A. Abbott 029115
P. filicina  Vancouver Island, Canada vi. 1901 K. Yendo 048484
P. sp. Shipley Bay, Alaska, USA 20. vi. 1913 T.C. Frye/W.A. Setchell 051412
P. pectinata Atka Island, Aleutians, USA v. 1931 Y. Kobayashi/K. Okamura 040939, Okamura Herb.
P. filicina  Shemya Island, Aleutians, USA  22. viii. 1975 N. Masuda/M. Masuda 053262, 053263
P. pectinata Matsuwa Island, Kuriles, USSR  14. viii. 1935 M. Nagai 022038
P. pectinata  Urup Island, Kuriles, USSR viii. 1933 Y. Yamada 015143, 026670
P. pectinata Shikotan Island, Kuriles, USSR  vii. 1934 S. Kawabata 020978
P. californica Robben Island, Sakhalin, USSR 9. ix. 1906  R. Kubo/K. Okamura Okamura Herb.
P. pectinata  Peter the Great Bay, USSR 19. vii. 1928 A. Kuznetsov/S. Funahashi 032410
P. pectinata  Akkeshi, Hokkaido, Japan 1. vi. 1946 M. Kurogi 051160
P. pectinata Hiroo, Hokkaido, Japan 30. iii. 1975 M. Ohta 047885
P. pectinata Urakawa, Hokkaido, Japan vi. 1902 N. Hattori/K. Okamura Okamura Herb.
P. californica Muroran, Hokkaido, Japan 15. viii. 1929 S. Yagi/K. Okamura Okamura Herb.
P. pectinata Muroran, Hokkaido, Japan 29. vi. 1935 T. Muraoka 019824
P. pectinata Otaru, Hokkaido, Japan 2. v. 1954 N. Tazawa 028517, 028518
P. pectinata Oshoro, Hokkaido, Japan vi. 1932 K. Inagaki 022842
P. pectinata  Okushiri, Hokkaido, Japan 6. vii. 1944 Y. Hasegawa 025231, 025232
P. serrata Shimofuro, Aomori, Japan 18. iv. 1987 T. Kitayama 052831
P. pectinata Nakano, Iwate, Japan 1. vii. 1954 S. Kawashima 027881
Ptilota phacelocarpoides
P. pectinata
f. litoralis Peter the Great Bay, USSR 31. viii. 1926 A. Kuznetsov/S. Funahashi 032408
P. pectinata
f. litoralis Nemuro, Hokkaido, Japan 27. vi. 1987 M. Matsumoto 052487
P. pectinata
f. litoralis Muroran, Hokkaido, Japan vii. 1933 T. Kanda 023358
P. pectinata
f. litoralis Hakodate, Hokkaido, Japan 25.iv. 1943 T. Moritake/Y. Yamada 024271
P. pectinata
f. litoralis Usu, Hokkaido, Japan 16. vii. 1954 N. Tazawa 051155
P. pectinata
f. litoralis Rishiri, Hokkaido, Japan 28. viii. 1934 K. Inagaki 022835, 047733
P. pectinata
f. litoralis Yagishiri, Hokkaido, Japan 2. viii. 1981 M. Marui 044071
P. pectinata
f. litoralis Obira, Hokkaido, Japan 12. vi. 1981 M. Marui 044072
P. pectinata
f. litoralis Mashike, Hokkaido, Japan 26. vii. 1897 F. Nakajima/K. Okamura Okamura Herb.
P. pectinata
f. litoralis Shioya, Hokkaido, Japan vi. 1940 Y. Nakamura 023616
P. pectinata
f. litoralis Kesen-numa, Iwate, Japan undated K. Okamura Okamura Herb.
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SAP (053614-053650).  The
specimens were examined using a dissecting
microscope with fiber-optical light (Nikon
SMZ-10).

removed and prepared for microscope slides.

herbarium

Small portions of them were

Results and Discussion

Specimens examined have the following
Thalli are flattened,
densely branched in an alternately pinnate
single plane (Figs. 1-7).
Primary axes of the thalli produce a pair of

features in common.

manner in a

Figs. 1-4.

2 750R1Q

Herbarium specimens of three species of Ptilota. Fig. 1. Ptilota plumosa (LINNAEUS) C. AGARDH

with cystocarps collected at Bohuslan, Sweden (SAP 040916). Fig. 2. Ptilota serrata KitzING with tetrasporangia

collected at Spitzbergen, Norway on May 12, 1873 (SAP 040938).

Fig. 3. Pulota filicina J. AGARDH with

tetrasporangia collected at Vancouver Island, Canada in June 1901 (SAP 048484). Fig. 4. Ptlota filicina with pro-
carps collected at Hiroo, Hokkaido, Japan on March 30, 1975 (SAP 047885). Scale in Fig. 1 applies also to Fig. 2;

scale in Fig. 3 applies also to Fig. 4.
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lateral one of which
develops before the other. Some of the in-
determinate branches grow well in a manner

opposite branches,

similar to that of the primary axis and so the
primary axis becomes obscured. Deter-
minate branches are leaflet-like and have
reproductive activity. Adventitious branches
are formed from the outermost cortical cells.
The axes and branches are flattened. The
thallus is composed of a central axial filament
and a cortex of several layers. Reproductive
structures are borne on short branches replac-
ing indeterminate branches, on serrations of
determinate branchlets, and sometimes on

the apex of indeterminate branches.
Tetrasporangia are terminal on clustered,
uniseriate filaments and the spores are

tetrahedrally arranged. Cystocarps, when

present, are heavily covered by involucral

5 INSTITUTI BOTANICI ACADEMIAE Sc. URSS

() s : Nee
[lilota phueoloeas poidlen
S L Y 72

Mecto cGopa (statio):. s Co

=10 NiCobp. (Leg) o— =
19_r. Oap. (Det.)

1-x THH. 3ax. 2207

100, 15 VIR0 £,

Figs. 5-7.

bracts arising from the lower portion of their
parent branches or branchlets.  Sper-
matangia, when present, are in irregular
clusters and are borne on specially developed
branchlets.

The most conspicuous diagnostic feature
for the identification of individual specimens
1s the growth manner of first-order branches
(traditionally referred to as pinnae) on the
Ptilota serrata and P. phacelocar-
poides have two types of branches, those with
growth becoming leaflet-like
those with indeterminate
growth becoming pinnate branches (Figs. 9,
12).  On the other hand, P. plumosa and P.

filicina have two branches with

primary axis.

determinate

branchlets and

indeter-
minate growth which are dissimilar in size
(Figs. 8, 10, 11). The majority of specimens
examined of each species consistently shows

6

oY
o
oY

Herbarium specimens of Prilota phacelocarpoides A. Zinova. Fig. 5. Holotype specimen collected

at Ussuri Bay in Peter the Great Bay, Primorskiy, USSR in August 1966 and deposited in LE (the photograph taken
by I. Yamapa). Fig. 6. Vegetative specimen collected at Atsuta, Hokkaido on August 11, 1989 (SAP 053648).
Fig. 7. Vegetative specimen collected at Oshoro Bay, Hokkaido on August 15, 1989 (SAP 053643). Scale in Fig. 6

applies also to Figs. 5 & 7.
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this feature, but some specimens have ir-
regular patterns. For example, in some
plants of P. phacelocarpoides two of a pair of
first-order branches develop indeterminately
like the primary axis and even pinnate bran-
ches cease growth at early stages (Fig. 13).
To judge from the original description
(Zinova 1972) and from the holotype
specimen (Fig. 5), some of the original
material of P. phacelocarpoides may have a
similar irregular pattern. In some specimens
of P. filicina one of a pair of the first- or

O

Ui

Figs. 8-13.

second-order branches cease vegetative
growth at an early stage and often form
reproductive structures.

Leaflet-like branchlets of
Ptilota plumosa, P. serrata and P. filicina are ser-
rate both on the adaxial and abaxial
margins. Those of P. phacelocarpoides are
usually entire, but are sometimes serrate only
on the abaxial margin. Furthermore, thalli

of P. phacelocarpoides are decumbent, being at-

determinate

tached to the substratum by adventitious
rhizoids (Fig. 14), whereas those of the other

Portion of main axes of four species of Ptilota, showing the growth manner of first-order bran-

ches. Fig. 8. Ptilota plumosa from Mandals Skargard, Norway (SAP 040928); note both of each opposite pair with
indeterminate growth. Fig. 9. Ptilota serrata from Novaya Zemlya, USSR (SAP 040938A); note one of each opposi-
te pair with determinate growth. Figs. 10, 11. Pulota filicina: 10, from Vancouver Island (SAP 048484); 11, from
Hiroo, Hokkaido (SAP 047885); note both of each pair with indeterminate growth. Figs. 12, 13. Prilota phacelocar-
poides: 12, from Atsuta, Hokkaido (SAP 053648); 13, collected at Oshoro Bay, Hokkaido on September 18, 1989
(SAP 053644); note a regular arrangement of opposite pairs, one with determinate growth, another with indeter-
minate growth in Fig. 12, and an irregular arrangement in Fig. 13. Scale in Fig. 13 applies also to Figs. 8-12.
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Table 2. A comparison of four species of Ptilota.

Feature P. plumosa P. serrata P. filicina P. phacelocarpoides
Thallus erect or decu- erect erect erect decumbent
mbent
Shape of opposite similar dissimilar similar dissimilar

branch pairs on
primary axis

Serration on deter- abundant on both

abundant on both

abundant on both sometimes on abaxial

minate branches sides sides sides side
Position of reproduc- apex of short bran-  apex of short branches, apex of short branches, apex of short branches,
tive structures ches, serrations of serrations of determinate  serrations of determinate  serrations of determinate

determinate branches

branches

Shape of tetraspo-
rangial clusters

pinnate cone-shaped

Sterile filaments on tet- rare abundant

rasporangial pinnules

Involucral bracts enve- entire or serrate
loping cystocarps

Spermatangia in clusters? ?

branches, sometimes
apex of indeterminate

entire or serrate!)

branches, sometimes
apex of indeterminate
branches

branches, sometimes
apex of indeterminate
branches

cone-shaped cone-shaped

abundant abundant

entire, sometimes ser-
rate

serrate

in clusters in clusters

Y Data from Harvey (1853)
2 Data from Rosenvinge (1923-24)

species are erect. The above-mentioned
three features characterize vegetatively the
four species examined (Table 2).

Reproductive features of the four species
are very similar except for the shape of the
tetrasporangial clusters (Table 2). Ptilota
plumosa bears characteristic pinnate clusters
with a few sterile filaments [these filaments
may, however, be absent as illustrated by
KyLin (1923, Fig. 39C) and ROSENVINGE
(1923-24, Fig. 291)]. Ptlota filicina has cone-
shaped tetrasporangial clusters with many
sterile filaments (Okamura 1909, Pl. 47, Fig.
8); this species differs from the vegetatively
similar  species, P. plumosa in this
tetrasporangial feature (J. AcarbH 1876, p.
76).

Examination of specimens identified as
Ptilota pectinata or P. serrata by Japanese
phycologists shows that all the specimens are
referable to P. filicina (Table 1), and accord
well with J. AcarpH’s original description.
Thus, the voucher specimens of Ptilota pec-
tinata of the following publications can be
identified as P. filicina: Oxamura (1909,
1933, 1936), Yamapa (1934), Kawaeata
(1936), Nacar (1941), KawasumMa (1955),
FunNanasHI (1966) and Tazawa (1975).

Oxramura (1909, 1936) recorded Ptilota
californica on the basis of specimens collected
at Robben Island and Muroran (Table 1).
His opinion was followed by later in-
vestigators (Tokmpa 1954, AsBoTT and
HoLLENBERG 1976, Sakal 1986). This entity,
now known as Neoptilota californica (RUPREGHT
ex HarvEy) KyLIN, is characterized by one of
a pair of lateral opposite branches growing in-
to leaf-like determinate branchlets which alter-
nate with indeterminate branches. These
determinate branchlets bear no reproductive
structures and sometimes have minute serra-
tions either on the abaxial or adaxial margins
(AsBorr 1972, AmBOTT and HOLLENBERG
1976). An examination of the following two
specimens of this species deposited in SAP
confirmed its characteristic leaf-like branch-
lets: 1) collected at Duxbury Reef, Marin
County, California on April 22, 1916 by N.L.
GARDNER (No. 3291) and determined by E.Y.
Dawson (SAP 040914) and 2) collected at
Tomales Bay, Marin County, California in
August 1916 by N.L. Garpner (No. 3443)
and determined by P.C. Smiva (SAP
046617). OKAMURA’s voucher specimens
cited in Table 1 have no such leaf-like branch-
lets. OxamMura (1909, 1936) emphasized
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the occurrence of pinnate serrations on in-
volucral bracts of his specimens. However,
P. filicina often has pinnately serrated in-
volucral bracts, as reported by PERESTENKO
(1980).  Pulota californica sensu OKAMURA
(1909, 1936) is identical with P. filicina.
Pulota filicina is thus widely distributed
along both coasts of North Pacific Ocean and
the Aleutian Islands. Previous records of P.
serrata including P. pectinata from the Pacific
west coast should be discounted. The status
of P. serrata as reported from Korea by LEE
and Kanc (1986) remains uncertain as we
have not examined any Korean specimens.
Vegetative and reproductive features of
specimens identified as Ptilota phacelocarpoides
in Table 1 agree with those of the original
description (ZiNova 1972) except for the serra-
tion of determinate branches. According to
ZiNova (1972) and PerestEnko (1980), the
determinate branches of P. phacelocarpoides are
smooth at the margins. The majority of
determinate branches in the specimens of P.
phacelocarpoides collected at various locali-
ties in Hokkaido is smooth, but a few of
them are serrate on the abaxial margin. A
tetrasporangial specimen collected at Sobol
Bay in Peter the Great Bay (SAP 032408) has
no serration, but it is a small fragment 2 cm
in length. PeResTENKO (1980) reported the
presence of serrations on involucral bracts of
her specimens from the type locality. This
strongly suggests the possibility that P.
phacelocarpoides has determinate branches
with minute serrations on some margins.
Fertile plants collected from Hokkaido bear
adaxial serrations on which reproductive
structures are produced. This feature has
also been reported by ZiNova (1972) and
PeresTENKO (1980). Another discrepancy that
requires consideration is the size of
tetrasporangia. The size of tetrasporangia
given by PERESTENKO (1980) on the basis of
material from the Peter the Great Bay is 22-
28 ym in diameter. The tetrasporangia of
our Hokkaido plants are 42.5-67.5 ym
long X 40.0-57.5 ym wide and those of a
specimen collected at Sobol Bay (SAP
032408) are 50.0-62.5 #ym longX37.5-

PERESTENKO’s dimensions
may, however, be based on immature
tetrasporangia. At present we think that P.
phacelocarpoides and the alga known as P. pec-
tinata f. litoralis in Japan are conspecific,
although a re-examination of the holotype
specimen is necessary in order to confirm
whether or not a few determinate branches
with serrate margins are present.

According to ZiNnova (1972), Ptilota
phacelocarpoides grows on shells and rocks at
a depth of 4-26 m at the type locality. In
Hokkaido this alga also grows in the subtidal
zone, which may be indicative of the
ecological preference of this species.
Although Oxamura (1909, 1936) reported
that this alga (as P. pectinata f. litoralis) grew
near the high tidemark. His observation
may be based on specimens entangled with
some substrata after drifting or may depend
on KjeLLMAN (1883).

The habit illustration of Ptilota pectinata f.
litoralis given by KjeLLMAN (1883, P1. 5, Fig.
2) resembles the gross morphology of P.
phacelocarpoides. ~ Oxamura  (1909) may
have identified his specimens on the basis of
this similarlity. This similarity is, however,
superficial; KjeLLMAN (1883) mentioned that
his f. litoralis differed from the typical P. pec-
tinata in the inner thallus structure: the axial
cells of the former were not surrounded with a
complete circle of large, paler-colored cells,
whereas those of the latter were surrounded
completely with such a circle.  Our
specimens have a inner structure similar to
KJELLMAN’s typical P. pectinata (=P. serrata)
(Fig. 15). As the taxonomic significance of
this difference is uncertain at present and no
other critical features are available, it cannot
be determined whether P. pectinata f. litoralis is
a growth form (ecad) of P. serrata or an in-
dependent taxon.

The geographical distribution of Prilota
phacelocarpoides is limited to Hokkaido and
northern Honshu in Japan and Primorskiy in
the USSR. As an adequate description of
this alga as found in Japan is unavailable, a
description is given below based on specimens
collected from Hokkaido.

47.5 pm  wide.
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e

Figs. 14-18.

Ptilota phacelocarpoides collected at Oshoro Bay on September 18, 1989 (Figs. 14, 15) and on Oc-

tober 17, 1988 (Figs. 16-18). Fig. 14. Adventitious rhizoids from the surface cells. Tig. 15. Cross section of a
main axis. Fig. 16. Tetrasporangial cluster on a short branch. Fig. 17. Cystocarp enveloped with well-developed
involucral bracts. Fig. 18. Spermatangial clusters on the adaxial side of a determinate branchlet. Scale in Fig. 15

applies also to Figs. 14, 16 & 17.

Ptilota phacelocarpoides A. ZINOVA

Thalli decumbent, attached to substratum
by basal rhizoids and adventitious rhizoids
arising from surface cells of the thalli (Fig.
14), 3-10 cm long, dark red in color, pinnately
branched in a single plane; primary axis form-
ing a pair of lateral opposite branches, one
with determinate growth, becoming cuneate,
leaflet-like branchlets with or without abaxial
serrations and the other with indeterminate
growth, becoming pinnate branches (Fig. 12),
some of which growing well in a manner
similar to that of the primary axis and so the
axis becoming obscured, sometimes both of
an opposite pair growing indetermiantely and
even pinnate branches ceasing growth at early
stages, branchlets

becoming determinate

(Fig. 13); these axis and well-developed
branches flattened, 600-1400 #m wide X 240-
350 #m thick; tetrasporangial cluster cone-
like in shape, on the apices of short branches
(Fig. 16) and on the adaxial side of deter-
minate branches, sometimes on the apices of
indeterminate branches; tetrasporangia ter-
minal on uniseriate filaments, provided with
lots of sterile, uniseriate filaments, 42.5-
67.5 pm long, 40.0-57.5 #m wide, spores
tetrahedrally arranged; cystocarps on the
apices of short branches replacing indeter-
minate branches and on minute branchlets
borne on the adaxial side of determinate
branches, globular, enveloped by involucral
bracts (Fig. 17) sometimes with serrated
margins; spermatangia in irregular clusters on
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special branchlets borne on short branches and

on the serrations of determinate branches
(Fig. 18).
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Effect of vinblastin and cytochalasin B on cell division in

Oedogonium capilliforme

Michiyo Nakacawa, Tetsuko Noguchi and Katsumi Uepa

Biological Laboratory, Nara Women’s University, Nara, 630 Japan

Nakagawa, M., Noguchi, T. and Uepa, K. 1990. Effect of vinblastin and cytochalasin B on cell division in
Ocdogonium capilliforme. Jap. J. Phycol. 38: 355-364.

Effects of vinblastin and cytochalasin B on the progress of individual stages of cell division in
Oedogonium capilliforme were examined by light and electron microscopy. Vinblastin at a concentration of
100 pg/ml strongly inhibited the progress of mitosis and the formation of the cytoplasmic septum, processes
in which microtubules were involved. It also inhibited the division of chloroplasts, but it did not inhibit the
opening and the stretching of the rings of cell walls. Cytochalasin B at 100 #g/m! did not inhibit the prog-
ress of mitosis, the formation of the cytoplasmic septum, or the division of chloroplasts, but it did inhibit
the elongation of the new lateral cell wall and the fusion of vesicles that probably contain substances

necessary for the synthesis of new cell walls.
various stages of cell division is discussed.

Key Index Words:

Cell division in Oedogonium, a green alga,
provides an unusual example of the formation
of a new cell wall. A wall-ring appears at the
top of the cell before mitosis, and it splits cir-
cularly and is pulled longitudinally to form
the new cell wall after mitosis. Accordingly,
many reports have been published on details
of nuclear and cell division in this interesting
alga in the past one hundred years (KLEBAHN
1892, van WisseLiNngH 1908, Uepa 1960).
Electron  microscopic  observations by
Prckerr-Heaps and Fowke (1969, 1970 a, b)
revealed the ultrastructural details of the for-
mation and splitting of the cell-wall ring, of
the process of mitosis, and of the formation of
the septum.

The cell division in Oedogonium occurs as an
integrated sequence of individual phenom-
ena: ring formation, mitosis, septum forma-
tion, ring splitting, chloroplast division, and
new wall formation. Movements associated
with the individual phenomena should be
driven by specific forces. In general, various
cellular movements are driven by either
microtubules or microfilaments, or by a com-
bination of both. No reports have been

cell division—cytochalasin B—QOedogonium—microfil

The involvement of microtubules and microfilaments at

t—microtubule—uvinblastin

published that have concentrated on the
nature of the driving forces of the phenomena
and movements that occur during cell divi-
sion in Oedogonium.

We have examined the effects of vinblastin
and of cytochalasin B upon various phenom-
ena during cell division in Oedogonium. Vin-
blastin destroys microtubules and cyto-
chalasin B destroys microfilaments. The
driving forces involved in cell division are
discussed with reference to our results.

Materials and Methods

Ocdogonium  capilliforme was cultured in
IcemMura’s C medium (1971) with a daily
cycle of 13 hours of illumination under fluo-
rescent light (2,000 lux) and 11 hours of
darkness, at 20°C. Cells in division were
transferred into media that contained
vinblastin or cytochalasin B and were examin-
ed under a light microscope equipped with
Nomarsky apparatus at hourly intervals after
transfer. Vinblastin was dissolved in the
culture medium at a concentration of
100 #g/ml. Cytochalasin B was first dissolv-
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ed in dimethyl sulfoxide (2 mg/100 pl), and
then diluted to 200, 100, or 50 p#g/mi with
20 mM Hepes buffer (pH 7.4) that contained
20 mM KCI, and 0.1 mM CaCl,. Cellulose
was detected by fluorescence microscopy
(Olympus, Tokyo, Japan; type BH2 RFA,
with a violet exciter filter) in cells mounted in
an aqueous solution of 25 p#g/m/ fluostain-1
(Dojin Chem.).

For electron microscopy, cells were fixed
for 3 hours with 4% glutaraldehyde dissolved
in phosphate buffer (pH 7.4) at room
temperature. They were washed with water
and postfixed for 12 hours with 1% osmium
tetroxide at 4°C. After washing with water,
cells were treated with 0.7% uranyl acetate,
dehydrated with acetone, and embedded in
SPURR’s resin. Ultrathin sections were stain-
ed with lead citrate and examined with a

Hitachi H700-S transmission electron
microscope.
Results

1. The process of cell division

The first visible sign that indicated the start
of cell division was the formation of the cell-
wall ring at the top of the cell (Fig. 1A). The
nucleus then divided into two (Fig. 1B). A
thin sheet of cytoplasm appeared between the
closely situated daughter nuclei (Fig. 1C),
and this sheet developed until it traversed the
centrally located large vacuole, finally
dividing the cell into two (Fig. 1D). This
cytoplasmic septum developed later into the
lateral cell wall. After the daughter nuclei
had moved apart from each other,
chloroplasts (dotted regions in Fig. 1) divided
around the septum (Fig. 1E). At the same
time, the wall ring splitted circularly and was
pulled longitudinally (Fig. 1F). Ring sub-
stances turned into new cell-wall substances
which covered the plasma membrane
previously located inside the ring. The new
cell wall stretched to the same length as the
average length of a cell. During the stretch-
ing of the new cell wall, the position of the
septum shifted to the boundary between the
old and the new cell walls. Chloroplasts

E F G H

Fig. 1. Progress of cell division. A: Forma-
tion of the cell-wall ring before mitosis. B: Forma-
tion of two daughter nuclei after mitosis. C: Begin-
ning of formation of the cytoplasmic septum. D:
Completion of the cytoplasmic septum. E: Division
of chloroplasts. F: Opening of the ring. G: stretch-
ing of the new cell wall. H: Completion of the
daughter cells.

which were located in the region covered by
the old cell wall also shifted slightly towards
the new cell, so that a chloroplast-free region
appeared at the bottom of the old cell (Fig.
1G). Later, the new cell wall thickened, the
chloroplasts in both cells increased in size,
and the chloroplast-free region disappeared
(Fig. 1H).

Among these successive stages of cell divi-
sion, the stages at which the division of
chloroplasts and the movement of
chloroplasts occur (Fig. 1E-G) are described
for the first time here.

2. Effects of vinblastin on cell division

When cells at an early stage of cell division,
corresponding to Figure 1A, were treated with
100 pg/ml vinblastin, the cell-wall rings open-
ed and stretched as usual but nuclear division
was inhibited (Fig. 2). No septum was form-
ed and no division of chloroplasts occurred.
The left portion of the cell in Figure 2 (in-
dicated by a double arrow) was formed by the
opening and the stretching of the ring during
the treatment with vinblastin for 10 hours. A
central vacuole and a nucleus were visible.
The boundary between the new and the old
cell walls was so strongly enhanced, as shown
in Figure 2a (small arrow), as to suggest the
misinterpretation that this cell had been
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Figs. 2-5. Cells treated with 100 yzg/m/ vinblastin. X 830.

Fig. 2. A cell treated for 10 hours from a stage before mitosis. a: center view. b: surface view. Fig. 3. A cell
treated at the end of mitosis. a: immediately after treatment. b: 7 hours after treatment. Fig. 4. A cell treated
after completion of the cytoplasmic septum. a: immediate after treatment. b and c: 7 hours after treatment;
center and surface view, respectively. Fig. 5. A cell treated for 7 hours after division of chloroplasts. a: center
view. b: surface view. n: nuclei. s: septa. double arrows: regions of new cell wall. arrowheads: rings. small
arrows: boundaries between the old and the new cell wall.

divided by a septum. (n) had been formed. The wall ring (ar-
The cell shown in Figure 3a had just finish- ~ rowheads) had not opened. After treatment
ed nuclear division and two daughter nuclei  with vinblastin for 7 hours, the wall ring of
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this cell opened and stretched (Fig. 3b double
arrow) but no septum was formed.
Chloroplasts remained undivided as they
were at the beginning of the treatment.

The cell in Figure 4a was at the stage that
corresponded to the cell in Figure 1D. The
septum (s) had been formed, but the ring (ar-
rowheads) had not been opened. Seven
hours of treatment caused breakdown of the
septum (Fig. 4b). Two daughter nuclei were
located close to each other without any move-
ment from their initial site at the start of the
treatment. The opening and the stretching
of the ring was evident (double arrow) but the
division of chloroplasts did not occur (Fig.
4c).

When cells at a stage equivalent to that
shown in Figure 1E, where chloroplasts had
divided and the daughter nuclei had moved
apart, were treated with vinblastin for 7

hours, the ring opened, the septum disap-
peared and the chloroplast-free region at the
middle of the cell did not decrease as a result
of the stopping of a volume-increase of the
chloroplasts (Fig. 5).
3. Effects of cytochalasin B on cell division

The treatment of cells with cytochalasin B
at a concentration of 50 pg/m/l had a relatively
small effect on cell division. The division of
the nucleus advanced normally, the septum
was formed, and the chloroplasts divided.
However, the rate of stretching of the opened
ring decreased to about half of that in un-
treated cells.

The cell in Figure 6 was treated with
100 prg/ml cytochalasin B at the stage of sep-
In this cell, the formation of
the septum was completed (Fig. 6a, s), the
ring opened, and the new cell wall was stretch-
ed (double arrow). Chloroplasts divided and

tum formation.

Figs. 6-7.

Cells treated with 100 ¢g/m/ cytochalasin B for 8 hours.

% 830.

Fig. 6. A cell in which treatment started during septum formation. a: center view. b: surface view. Fig. 7.

A cell treated from mitotic metaphase onwards.

a: observed with a fluorescence microscope after staining with

fluostain-1. b: center view. Fig. 8. A cell treated with 200 pg/m!/ cytochalasin B from mitotic metaphase on-

wards. % 830.

a: center view. b: surface view.

s: septa.

double arrows: regions of new cell wall.
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the septum migrated to the boundary between
the old and the new cell walls (Fig. 6b). The
new wall of daughter cells (left-side cell in Fig.
6) that had developed ih cytochalasin B fre-
quently had a convex curvature. Cells with
such walls tended to rupture later. Concave
new walls were formed when cells were
treated with cytochalasin B before septum for-
mation (Fig. 7). Figure 7a is a fluorescence
micrograph of a cell treated with 100 pg/m!
cytochalasin B, from the stage  of mitotic
metaphase, for 8 hours and then stained with
fluostain-1.  Old cell walls radiated
fluorescence, while new walls did not radiate
fluorescence. This difference suggests that
synthesis of the cell wall is inhibited by
cytochalasin B. The septum was formed and
the chloroplasts divided in the cell (Fig. 7b).

Treatment with 200 p#g/m! cytochalasin B
strongly inhibited the progress of cell division
at almost all stages; division of the nucleus,
septum formation, and wall stretching ceased
within 10 minutes. Only the opening of the
ring was not inhibited. The cell in Figure 8
had been treated with 200 #g/m/ cytochalasin
B for 8 hours at a mitotic stage. The ring of
this cell was opened but stretched to a lesser
extent than normal (double arrows).
4. Ultrastructure of dividing cells

Since PickerT-HEAPs and Fowke (1969,
1970a, b) have clarified details of the ultra-
structure of the mitotic process and of the open-
ing of the ring, descriptions are restricted here
to the processes of formation of the septum
and the cell wall which were affected by
treatment with vinblastin and cytochalasin B.

The growing septum was a thin
cytoplasmic membrane (Fig. 9a arrow). In
the young growing septum, many
microtubules and abundant ribosomes were
seen at the tip region (Fig. 9c). We found
few vesicles, in contrast to the observations of
PickerT-HEAPs and Fowke (1969, 1970b).
Vesicles which might have originated from
dictyosomes were distributed at the basal
regions of the septum (Fig. 9b). After the sep-
tum had covered more than half of the cross-
sectional area of the cell, these vesicles
became visible in the septum. They increas-

ed in number, and they, in addition to
microtubules and ribosomes, occupied most
of the septum which had completed the separa-
tion of the cell into two parts (Fig. 10).

Microtubules extended from the periphery
of the cell, through a region near to the center
of the septum, to the other side of the cell.
After the completion of septation, terminals
of microtubules further approached the cell
wall, pushing against the chloroplast to make
narrow cavities. Figure 11 shows the cavity
of a chloroplast, which is so deep that the
envelope on one side of the chloroplast almost
reaches the envelope on the other side which
is in contact with the cell wall. Many
microtubules, which are parallel to the plane
of the cavity, are evident in Figure 11 (m).

Vesicles in the septum began to fuse to each
other to make flat sheets (Fig. 12). These
sheets extended their surface area by con-
tinuous fusion with vesicles and finally
became a flat sheet that divided the septum in-
to two (Fig. 13). Fusion of vesicles started at
the periphery of the cell and advanced
towards the center of the septum. The lumen
of the flat sheet was transparent at the earlier
stages of its formation, and later, gradually in-
creased in electron density by taking up
vesicles. At the final stage, plasmodesmata
were formed and the lateral cell wall was com-
pleted (Fig. 14).

Cells which had been treated with
100 pg/m! cytochalasin B at an early stage of
septum formation and in which the ring had
opened failed to form a complete cell wall
within 8 hours of treatment (Fig. 15). At
the basal part of the septum, a large flat
vesicle, in which cell wall materials and
plasmodesmata were included, was seen.
This flat vesicle was not continuous with the
vesicles in the cytoplasmic septum which were
oriented randomly (Fig. 15b arrows). These
vesicles probably contained cell wall sub-
stances. There were many mitochondria, ER,
and small vacuoles in the cytoplasmic septum
of cells treated with cytochalasin B.

Figure 16 shows part of a cell that had been
treated with cytochalasin B for 8 hours after
mitosis.  The stretching of the new
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a: basal

Fig. 15. A cell treated with cytochalasin B for 8 hours from an early stage of septum formation.
part of the septum. X 16,000. b: central part of the septum. X 16,000.
Fig. 16. A cell treated with cytochalasin B for 8 hours from mitosis.

%X 16,000. b: basal part of the septum.

longitudinal cell wall in this cell did not ex-
tend as far as that of the cell in Figure 15.
The central part and the basal part of the
cytoplasmic septum are shown in Figure 16a
and b, respectively. In the basal region,
vesicles contained few wall substances, and in
the middle region no such vesicles were seen.
These observations indicate that the cell in
Figure 16 was less actively involved in the for-
mation of lateral cell wall than was the cell in
Figure 15. In both cells, small vesicles, as
shown in Figures 9b and 10, were seen in the

%16,000. c: Portion of Fig. 16a is enlarged.

a: central part of the septum.

%x53,000.

cytoplasmic septum (Fig. 16c).

Discussion

The progress of mitosis in Oedogonium was
sharply interrupted by vinblastin.  This
result is in complete accord with many reports
of the inhibitory effect of anti-tubulin drugs
on the progress of mitosis (Dustin 1984). By
contrast, cytochalasin B at a concentration of
less than 100 pzg/m! did not inhibit the prog-

ress of mitosis. Similar results have been

Figs. 9-14. Portions of untreated cells.

Fig. 9. Beginning of the formation of the cytoplasmic septum. a: at low magnification.
¢: microtubules and ribosomes at the tip of the septum.
% 68,000. Fig. 11. Microtubules that terminate in a con-

at the basal region of the septum. X 45,000.
%X 45,000. Fig. 10. Vesicles in the completed septum.
cavity of the chloroplast.
cells by a flat sheet. X 24,000.
microtubules.

% 60,000. Fig. 12. Flat vesicles in the septum.
Fig. 14. Young lateral wall with plasmodesmata (arrows).

X 6,000. b: vesicles

% 24,000. Fig. 13. Separation of two
xX19,000. m:
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reported in Cyanidium by Mita and Kuroiwa
(1988), who found that mitosis proceeded in
the presence of 20 z#g/m! cytochalasin B.
Goro and Uepa (1988) could not detect
microfilaments in the mitotic spindle in
Spirogyra by fluorescence microscopy using
cells stained with rhodamine-phalloidin. All
these results suggest that the process of
mitosis, and in particular chromosomal move-
ment during anaphase, is driven by
microtubules and not by microfilaments.
The cytoplasmic septum was not formed in
the presence of vinblastin and, when formed,
the cytoplasmic septum was destroyed by
vinblastin. Cytochalasin B did not have such
an effect on the cytoplasmic septum. These
observations imply that the microtubules are
involved in the formation and maintenance of
the cytoplasmic septum. The presence of
many microtubules in the septum supports
this hypothesis. Microtubules should be
strong enough to support a disk of cytoplasm
30 ym in diameter and 0.3 ym in thickness
that contains many organelles, such as
mitochondria, dictyosomes, ER, and vesicles.
The young, growing septum contained
mainly microtubules and ribosomes, and the
vesicles were transported into the growing sep-
tum at later stages. Thus, the transport
system of vesicles need not be formed or need
not be activated at the early stages of septum
formation. Two types of transport systems
for vesicles are known, operated by
microtubules and by microfilaments (FRANKE
et al. 1972, Nagai and Havama 1979, DustIN
1984, ScHriwa 1985). The presence of
vesicles in the septum that has developed in
the presence of cytochalasin B may indicate
that the microfilaments are not involved in
vesicle transport in the septum of
Oedogonium. ~ Microtubules are probably
deeply involved in the migration of these
vesicles. The septum, therefore, grows at ear-
ly stages by the lateral growth of microtubules
accompanied by the ground cytoplasm and
ribosomes, and grows at later stages by the ac-
cumulation of various components of the
cytoplasm many of which are transported by a
microtubular system after its activation.

Vesicles transported into the cytoplasmic
septum did not fuse with each other to form
flat sheets in cells treated with cytochalasin
B. Cytochalasin B seems to inhibit the fusion
of vesicles. 'The inhibition of fusion of
vesicles may also prevent the supply of cell
wall substances to flat vesicles. MOLLEN-
HAUER ¢t al. (1976) reported the accumu-
lation of vesicles around dictyosomes, from
which the vesicles had been produced, in cells
of root tips treated with cytochalasin B.
They interpreted their result to mean that
both the transport system and the fusion of
vesicles were inhibited in this case.

The cell in Figure 15a had a large fused
vesicle in which wall substances had ac-
cumulated at high levels, with the formation
of plasmodesmata. This image of developed
vesicles may be understood in terms of the
following considerations. This cell was
treated with cytochalasin B at the stage of sep-
tum development, and vesicles would have
partially fused at the periphery of the cell at
the moment of treatment. These fused
vesicles could develop somewhat, incor-
porating other vesicles, before cytochalasin B
reached them and inhibited completely the fu-
sion of vesicles.

Chloroplasts in Oedogonium were divided at
the basal part of the septum. Recently, the
involvement of microfilaments in the division
of chloroplasts has been described (Mita and
Kurotwa 1988, Oross and PossiNgHAM
1989). Mirta and Kuroiwa reported that the
division of chloroplasts in Cyanidium is in-
hibited by cytochalasin B but not by anti-
tubulin drugs and they suggested that F-actin
is deeply involved in the division of
chloroplasts. By contrast, the division of
chloroplasts in Oedogonium was inhibited by
vinblastin and not by cytochalasin B. The dif-
ference in behavior between the chloroplasts
of two species may derive from differences in
the mode of division of the two types of
chloroplast. In Cyanidium, chloroplasts are
divided at their middles by furrowing, while
in Oedogonium they are so strongly compressed
by microtubules towards the cell wall that
they are probably pinched off into two
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daughter chloroplasts between the. micro-
tubules and the cell wall. If the microtubules
are destroyed by vinblastin, chloroplasts
are not compressed by microtubules and
are not divided into two.

Rings of the cell wall could be opened after
inhibition of both the progress of mitosis and
formation of the septum by vinblastin. The
opening of rings and the subsequent elonga-
tion of the new cell wall, in spite of the inhibi-
tion of the two processes by long-term treat-
ment with vinblastin is surprising. The open-
ing of the rings is, therefore, assumed to be
an independent phenomenon which is not
affected by the destruction of microtubules.

The elongation of the new cell wall may
result from the longitudinal elongation of the
protoplasm. The absence of an inhibitory
effect of vinblastin on the elongation and the
decrease in the rate of elongation by
cytochalasin B suggest that microfilaments
are involved in this elongation. Micro-
filaments that are longitudinally oriented
may be involved. If such microfilaments
are elongated in such a manner as to pull
the protoplasm upwards, then the new cell
wall would elongate. Accompanying the
pulling upward of the protoplasm, the up-
ward shifting of the positions of the septum
and the chloroplasts might occur, as shown
in Figures 1F and 1G.
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F)IFHR - BOBEF - #EEBE © Oedogonium capilliforme DIAIRBFRICT LIFT
EXTIRFLEH4 VNT2 0 BORE

Ve BREE & BT BB B L C Oedogonium capilliforme DMRD B RIFTE VT FAF Vv ES A b H T
v B OPBIOWTHRE T o1 €V 7T AF Vi 100 pg/ml DEE I\ THE/MNE OB+ 5 O BT
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IhHLDTF —2hh, HNERHME - SHRSMUMOET L OMb Yt >V TEEN K Zisbhi, (630 &
BiltREAY FREZFAFEEDENFELE)
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Calculations have indicated that a 10 percent depletion of the stratospheric ozone layer gives an in-
crease in UV-irradiation in the tropics and subtropics of ca. 19.0 and 10.9 percent respectively. In this con-
nection, determination of the characteristic UV-absorbing substance in tropical marine algae was carried
out in 1989 and the result was compared with that obtained from corresponding algal samples investigated
in 1975. Such astonishing increases were observed in the order of 5.67-6.20 fold for Cyanophyta, 1.78-
10.93 fold for Rhodophyta, 4.44-28.38 fold for Phaeophyta and 1.53-7.31 fold for Chlorophyta. This at
least suggests that the substance must be produced by the algae in response to the increasing UV-radiant
energy penetrating the ozone hole formed at the stratospheric ozone layer.

Key Index Words:

In 1985 the journal, British Antarctic
Survey Scientist, reported a completely unex-
pected finding that springtime ozone levels in
the atmosphere over Halley Bay (76°S
27°W), Antartica, had depleted by more than
40 percent between 1977 and 1984 (StoLar-
sk1, 1988), i.e. from 300 to ca. 180 Dobson
Units (1 DU=10"3%atm. cm). This depletion
is most significant at McMurdo Station
(78°S), Antarctica, and ranges at heights be-
tween 10-17km of the stratosphere (Hor-
MANN 1989). Furthermore, according to the
Nimbus 7 Total Ozone Mapping Spec-
trometer Scan this is extending to over at 15°
in latitude (McELROY ¢t al. 1986). Data from
Chubachi with regard to the Syowa Station
(69°S 39°E), Antarctica, over the years from
1966 until 1982 had also transpired such close-
ly related information (SOLOMON et al. 1986).
Similar tendencies of ozone depletion have
also been observed at Thule (76.5°N), Arctic,
in 1988 (MouNT et al. 1988) with values rang-
ing between 325 and 400 Dobson Units. The
lower comparable effects in the Northern
Hemisphere to that in the Southern
Hemisphere, which is one third its size, could

ozone hole—tropical marine algae— UV-absorbing substance.

be attributed to the fact that the winter polar
stratospheric  vortex is less cold and less
stable than its southern counterpart. This
represents a close relationship in the genera-
tion of polar stratospheric clouds (=PSCs)
which occur in the stratosphere when
temperature prevail below ca. —80°C.

The causative agent for the depletion of the
ozone layer is strongly proven to be in the in-
crease of atmospheric chlorofluorocarbons
(=CFCs) due to anthropogenic releases in
combination with heterogeneous chemistry
involving particles in the clouds (=PSCs),
which form during polar nights. The odd
nitrogen chain (NO, NO,) is also believed to
be intimately regulating the Ojs level in the at-
mosphere.  Nevertheless, at stratospheric
temperatures, C10 reacts with O six times
faster than NO,. Bromine is also believed to
be involved in a similar related process. The
increase in production and use of CH;Br, a
fumigant, and CF3;Br and CF,ClBr, employ-
ed extensively as fire extinguishers, should
also be borne in mind as one of the culprits.

Based on the foregoing, as a consequence of
the increase in UV-irradiation, it is an-
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ticipated that more sunburns (i.e. UV solar ir-
radiation of 293.7 nm) and skin cancer, i.e.
8,000 new cases in the USA (Woobs 1988), of
mankind will transpire as the consequence of
augmenting UV-light energy amounting to
nearly 6% of the total strength from the sun
by the depleting ozone layer shield. Plants
have been proven to be unable to photosyn-
thesize as efficiently when exposed to UV-
irradiation and as a result yield smaller
amounts of seeds or fruits (Woobs 1988).

Marine life does also depend directly on the
level of UV-irradiation which is deleterious in
relation to their photosynthetic capacity.
The limit of their tolerance for far UV solar ir-
radiation is not yet well illustrated. It is ap-
prehended that near UV (i.e. 300-400 nm)
penetrates seawater relatively easily, whereas
extreme UV (i.e. shorter than 200 nm) would
not penetrate at all and far UV is in-
termedeiate. Organisms thriving at a depth
of 5 min clear water will receive a maximum
of ca. 75% of incident surface UV-irradiation
in the band from 320-400 nm, 60% at 320 nm
and 50% at 300 nm. On this basis ca. half of
all marine fishes, all nearshore flora and
fauna (including coral reefs) and much of the
biota of estuaries, lagoons and freshwater
ecosystems could be at risk. As these
organisms are already exposed to some UV it
can be assumed they possess strategies to cope
with at least this level of radiation; but
whether these are enough to cope with any in-
crease in UV radiation is another question
(Woopbs 1988). In this regard, an Australian
researcher Bill Woop of the University of
Sydney has just initiated studies on UV
penetration in Antarctic waters, measuring
the effects of UV on planktonic algae which
constitutes the base of the Antarctic food
chain (Woobs 1988).

Notwithstanding the foregoing TsujiNo
and Sarro (1961) and YABE et al. (1965, 1966)
had reported of a characteristic UV-absorb-
ing substance from 5 species of red algae, viz.
Neodilsea yendoana, Chondrus ocellatus, Chondrus
crassicaults, Laurencia glandifera and Trichocarpus
crinitus. However, these substances appeared
different in some properties from the UV-ab-

sorbing substances reported by KaLLE (1938),
FocG and BoaLcH (1958), Hang and LARSEN
(1958), Craccie and McLacHiaN (1964),
YentscH and RElcHERT (1962) and KROES
(1970). StvaLiNGaM et al. (1974 a, b, ¢) had
indicated that the compound existed ubi-
quitously in all the algal groups and the level
of content of the compound fluctuates with
depth of their habitat in correlation to the
levels of chlorophyll and phycoerythrin.
OkaIcHI ¢f al. (1974) extracted a substance
resembling this compound from 2 species of
Noctiluca harvested from water blooms and
they postulated that it is of phenolic nature.

In 1976 SivaLINGAM e al. (1976a, b)
isolated the compound from the red alga,
Porphyra  yezoensis, and investigated its
physicochemical properties. It was conclud-
ed at the time that this substance seems to
play a role in the photosynthetic pathway as
a metabolic regulator or a temporal energy
transferring substance in the form of
fluorescence energy relay SIVALINGAM et al.
(1976a). Prior to this, SHiBaTA (1969) had
reported that the similar UV-absorbing
substance is present in corals and a blue-
green alga. Then, he had hypothetically sug-
gested it as possibly playing the role of an
UV-solar radiation biofilter similar to that of
the flavonoids.

Comparative studies on the content of the
UV-absorbing substance from tropical algae
had been reported by SivaLineam et al.
(1976c). With the advent of the ozone hole
problem a study was undertaken in a similar
manner to elucidate whether the increase in
UV-solar irradiation penetration through the
ozone layer would have exerted any effect on
the content of the UV-absorbing substance so
as to it acting as a biofilter in the algal body.
Furthermore, we estimated the possible in-
crease in the penetration of UV-solar irradia-
tion at different areas the world over when
depletion of the stratospheric ozone layer
attained a level of 109 of the total.

Materials and methods

The increase in ultraviolet radiation at
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various localities the world over was
calculated based on data reported by ILvas
(1990), being due to 10 percent depletion in
the ozone layer.

The algal samples employed for the com-
parative evaluation of the UV-absorbing
substance were harvested mostly from 0.5 to
1m in depth at Batu Ferringhi, Sungai Dua
and Batu Maung shores of Penang Island,
West Malaysia, in the season between Febru-
ary and April 1989. The ambient seawater
temperature was around 28°C. After careful
elimination of the microscopic epiphytes and
other contaminating material, the algal thalli
were homogenized in 80% ethanol in a mor-
tar and centrifuged at 4,000 X g for 20 min.
The supernatant was analyzed for the UV-
absorbing substance 334, employing an
automatic Beckmann ACTA 111 spectro-
photometer. The precise procedure had been
reported previously by SIVALINGAM et al.
(1974a, b, ¢, 1976b). Two grams of thalli of
each algal species in triplicates were employed
in the investigations. The results thus obtain-
ed were compared with those reported from
the same area by SivaLINGAM et al. (1976c).

Results

Table 1 indicates the percentage increase in
UV-radiation intensity the world over, using
the value of 10% depletion in stratospheric
ozone layer. Evidently, areas in the tropics,
viz. Kuala Lumpur and Brazil, are the most
extremely exposed to UV-radiation in the
region of ca. 19% followed by those in the sub-
tropics, viz. Adelaide and Washington D.C.,
to the tune of 11.3% while lowest in the
regions closest to the Northern Hemisphere,
viz. London and Oslo, to the tune of 10.9%.

In relation to such fluctuation in UV-radia-
tion exposure at the various regions of the
world concomitantly with the recent advent of
the ozone hole in both polar regions, Table 2
illustrates the increment in content of the
characteristic UV-absorbing substance in
tropical marine algae currently as compared
to those values evaluated in 1975 in the same
species collected from nearly the same

Table 1. Calculated percentage increase in
UV-radiation intensity in various areas the world
over with 10% depletion of stratospheric ozone
layer.

9% Increase in

Areas/Towns UV-radiation
London 10.9
Oslo 10.9
Washington D.C. 11.3
Adelaide 11.5
Brazil 18.8
Kuala Lumpur (Malaysia) 19.0

habitats in the same months.

It is evident that increments in content of
the UV-absorbing substance are astonishing,
ranging from 5.67-6.20 fold for Cyanophyta,
1.08-10.93 fold for Rhodophyta, 2.10-28.38
fold for Phaeophyta and 1.53-7.31 fold for
Chlorophyta. Out of the 19 species of
tropical algae investigated, it is obvious that
Padina sp., the intermediate tidal level zone
species, in the Phaeophyta has the highest in-
crement in content, i.e. 28.38 fold, followed
by Acanthophora specifera and Jania sp., i.e.
10.93 and 6.40 fold respectively, in the
Rhodophyta and Lyngbya sp., i.e. 6.20 fold, in
the Cyanophyta.

Discussion

The current results on the investigation of
the levels of the UV-absorbing substance in
tropical marine algae at present as compared
to those evaluated in 1975 are substantially
significant, whereby it is apprehensible that
the increase is in the range of 5.67-6.20 fold
for Cyanophyta, 1.78-10.93 for Rhodophyta,
4.44-28.38 for Phaeophyta and 1.53-7.31 for
Chlorophyta.

Regarding this UV-absorbing substance, it
had been proposed on the basis of precise ex-
periments (SIVALINGAM et al. 1976¢) that the
substance interacts physiologically in the
photosynthetic pathway as the possible
metabolic regulator or temporal energy
transfer in the form of fluorescence energy
relay. Similarly, it had also been proposed
by the same authors (1976a) that the
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Table 2.
measured during 1975.

SivaLiNgaM, P. M. and Nisizawa, K.

Increment in content of the UV-absorbing substance in tropical marine algae as compared to those

UV-absorption

OD Subst./100 mg wet weight thalli OD increase

Algal species

maxima (nm) 1975 1989 in percentage
Cyanophyta
Species growing at HTL*
Lyngbya sp. 330 0.98 6.08 620
Oscillatoria sp. 330 1.08 6.12 567
Rhodophyta
Species growing at HTL
Gracilaria sp. 329 0.81 3.69 456
Species growing at ITL**
Jania sp. 331 0.30 1.92 640
Acanthophora specifera 325 0.44 4.81 1093
Gracilaria sp. 323 1.20 3.17 264
Laurencia sp. 1 325-330 0.20 1.45 725
Laurencia sp. 2 333 0.36 2.11 586
Gelidiopsis sp. 316 2.82 5.01 178
Gracilaria sp. 331 1.98 2.14 108
Species growing at LTL***
Laurencia sp. 2 328 0.18 0.97 539
Phaeophyta
Species growing at HTL
Chnospore minima 331 0.92 4.08 444
Species growing at ITL
Dictyota bartayresii 331 0.54 4.83 894
Sargassum sp. 325 0.25 1.32 528
Sphaceria furcigera 321 0.90 1.89 210
Padina sp. 316 0.28 7.94 2838
Chlorophyta
Species growing at HTL
Enteromorpha flexuosa 332 0.42 0.64 153
Species growing at ITL
Valoniopsis pachynema 331 0.22 0.89 405
Cladophora sp. 330 0.13 0.95 731

*HTL, High Tidal Level; ** ITL, Intermediate Tidal Level; *** LTL, Low Tidal Level.

substance further interacts in the algal
photosynthetic pathway at PS I having the
potentiality of reducing site specifically
NADP. Indirectly, Suiata (1969) had
hypothetically suggested that the substance
might possibly be playing the role of also an
UV-solar radiation biofilter similar to those of
the flavonoid pigments based on his findings
of its existence in corals and a blue-green alga
in waters of the Great Barrier Reef. It may,
therefore, be evident that the algal UV-absor-

bing substance plays a regulatory role for ra-
diant energy in photosynthesis. Such drastic
increase in this physiologically important
substance of tropical marine algae may be
none other than the reflection of enhancing
UV-irradiation in the marine environment.
Lately Tevint (1990), WELLMANN (1990)
and CALDWELL (1990) have indicated the ex-
istence of new protective pigments in ter-
resterial plants against increased UV-8 radia-
tion other than the flavonoids. Such
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pigments have also been indicated to be lesser
in content in conifer plants found in higher
latitudes as compared to those in the tropics
and subtropics. Under this context, thus, it
should be brought into focus that in order to
protect against the gradual expansion of the
ozone hole in the stratospheric ozone layer
culminating in the increase in penetration of
UV-radiation into marine organisms a com-
bat mechanism of biofilter has been generated
in marine algae similar to terrestrial plants.
This is verified by the tremendous increase in
levels of the UV-absorbing substance in
marine tropical algae over the span of the last
14 years.

It is concluded that the characteristic UV-
absorbing substance in marine algae besides
playing the roles of energy transfer and
fluorescence energy relay in the photosyn-
thetic pathway functions additionally as a
biofilter of solar UV-§ radiation. At this
juncture, it is extremely pertinent to state that
there is an imperative need in the near future
to delve on the biosynthetic pathway
culminating in the formation of such a
biochemical mechanism and the genetic codes
leading to a phenomenon of this nature. It
should also be borne in mind that this is even-
tually the first report clarifying the prevalence
of a UV-8 radiation biofilter substance in
marine algae eliminating the counter argu-
ment of such rays being detrimental adversely
to the primary productivity of the oceans.
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Porphyra fallax, a new species of Rhodophyta from British Columbia
and northern Washington™

. Sandra C. LinpsTroM and Kathleen M. CoLE

Department of Botany, University of British Columbia, Vancouver, B. C., Canada V6T 2B1

Lindstrom, S.C. and CoLg, K.M. 1990. Porphyra fallax, a new species of Rhodophyta from British Colum-
bia and northern Washington. Jpn. J. Phycol. 38: 371-376.

Porphyra fallax sp. nov. is described from British Columbia and northern Washington. This species,
like Porphyra perforata with which it has been confused, is a monoecious, monostromatic species with one
chloroplast per cell. If differs from P. perforata in thallus shape, color, thickness, vegetative cell size and
shape, and arrangement of spermatangia and carposporangia. It has a haploid chromosome number of

n=2 compared to n=3 for P. perforata.

Key Index Words: British  Columbia—chr

new species—Porphyra fallax—

Rhodophyta— Washington.

The genus Porphyra currently boasts 20
species in British Columbia and northern
Washington (ScageL et al. 1989). These
species have been distinguished primarily on
morphological features—size, shape, color,
and thickness of the thallus, number of cell
layers, numbers of chloroplasts per cell, and
arrangement of sporangia and sporangial
packets (CoNwAy et al. 1975). Habitat and
seasonality have also been used (GarBARY et al.
1980), and chromosome counts have helped
confirm the distinctness of some species
(Muwmrorp and CoLe 1977, CoLe 1990).

During a recent electrophoretic survey of
the species of Porphyra in British Columbia, it
became obvious that one well-known species
in the local flora was incorrectly identified
(LinpstroM and CoLE 1990). This species is
described below and compared with the
species with which it had been confused.

Porphyra fallax sp. nov. Figs. 1,3,5,7

Thallus lanceolatus; margo undulatus.

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

Ubi iuvenis viridulus in medio, marturitate
porphyrus usque ad chalybeum factus.
Monoecius.  Carposporangia matura in
stratis 4 aut raro 8 ordinatis. Spermatangia
in stratis 8 ordinatis, in maculis irregularibus
aut in lineis. Unum stroma formans, uno
chloroplasto per cellulam. Chromosomata 2
(haploidea). In saxis in zona interaestuali e
media usque ad superam, in regionibus
moderate umbritilibus, crescens.

Thallus lanceolate, margin ruffled. Initial-
ly greenish in center with reddish margin,
becoming reddish-brown to steel blue-gray at
maturity. Monoecious. Mature carpo-
sporangia in tiers of four or rarely eight.
Spermatangia in tiers of eight, in irregular
patches or streaks. Monostromatic, one
chloroplast per cell. Two chromosomes
(haploid number). Occurring on mid to up-
per intertidal rock in moderately sheltered
areas.

This species has been confused with Por-
phyra perforata J. AcarpH, the first-described
species of Porphyra from the Pacific coast of
North America. Both are monostromatic
and monoecious, with a single chloroplast per
cell. Porphyra fallax differs from P. perforata in
thallus shape, color, thickness, vegetative cell
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140 1

Fig. 1.

Porphyra fallax holotype.
Leg. E.C.S. DUFFIELD.

Fig. 2.
1988. Leg. M.W. HAwWKEs.

size and shape, and arrangement of sper-
matangia and carposporangia (Table 1). Dif-
ferences in thallus morphology and size be-
tween P. fallax and P. perforata are evident in
Figs. 1 and 2. Another difference can be seen
in Figs. 3-6.
occur in discrete packets (probably due to the

Spermatangia in P. perforata

relatively thick cell wall) that are recognizable
in both surface view (Fig. 4) and transverse
section (Fig. 6). In contrast, spermatangia in
P. fallax reveal confluent cells when viewed
superficially (Fig. 3)
distinguishable mass when viewed transverse-
ly (Fig. 5). These male reproductive units
are arranged a/(1)2, b/2(4), ¢/8 in P. fallax
and a/(2)4, b/4, ¢/(8)16 in P. perforata accord-
ing to Hus’ (1902) formula.

and a nearly in-

UBC A69860. Golden Gardens, Seattle, Washington.

rnw:«a&lmwwwmmnqmn‘nw‘a

THE UNIVERSITY OF BRITISH COLUMSIA HERBARIUM.
g+ ALGAEOF BRITISH COLMBIA

MAME porphyra perforata J.C.Agardh 1882

5 April 1983.

Porphyra perforata. UBC A69678. Miracle Beach, Vancouver Island, British Columbia. 9 October

Porphyra fallax occurs primarily on upper in-
tertidal rock in moderately protected habitats
as a winter-spring (Strait of Georgia) or
spring-summer (other locations) species. It
becomes reproductive within a month or two
Porphyra per-
Jorata occurs on moderately exposed to pro-
tected mid intertidal rock, between ~1.5 and
3.5m; it can occur epiphytically, primarily
on Fucus. Porphyra perforata is found year-
round: young thalli are most abundant in fall-

of its appearance on the shore.

winter, and reproductive thalli are evident in
late summer-late fall. Whereas P. fallax is
known with certainty only from northern
Washington to northern British Columbia
(see Appendix: Representative specimens ex-
amined), P. perforata has a recorded range
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Fig. 3. Porphyra fallax. Surface view of spermatangia.

1988. Leg. S.C. LinpstroM. Scale bar=50 pm

Fig. 4. Porphyra perforata. Surface view of spermatangia.
sTROM. Scale bar same as Fig. 3.
Porphyra fallax. Transverse section of spermatangia. Same specimen as Fig. 3. Scale bar=>50 ytm

Fig. 5.
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UBC A70140. Wreck Beach, B. C. 26 Jan.

Bamfield, B. C. 4 Nov. 1989. Leg. S.C. LiND-

Fig. 6. Porphyra perforata. Transverse section of spermatangia. Same specimen as Fig. 4. Scale bar same

as Fig. 5.

Table 1.

Comparison of Porphyra fallax and P. perforata.

Porphyra fallax

Porphyra perforata

Shape of thallus

Base of mature thallus
Color of fresh thallus

Maximum thallus size
Thallus thickness (vegetative)

Vegetative cell size and shape

Macroscopic arrangement of sper-
matangia

Microscopic arrangement of sper-
matangia

Maximum tiers of spermatangia

Macroscopic arrangement of car-
posporangia

Maximum tiers of carposporangia

Chromosome number

Lanceolate, margin ruffled, can
become expanded and flattened at
maturity

Slightly to distinctly umbilicate

Greenish center, reddish margin,
becoming reddish brown to steel
blue-gray at maturity

~30 cm long
49-66 pm

1620 pm wide X 20-24 y2m long,
nearly quadrate

Patches or streaks
Packets indistinguishable

8

Submarginal patches, mottles,
streaks and hieroglyphs

4(8)

n=2

Orbiculate, broadly expanded, not
ruffled

Distinctly umbilicate

Brown(ish) purple, sometimes dark
olive green, but uniform color
throughout

~40 cm diam.
73-81 ptm

4-20 #m wide X 28-43 ;m long,
oblong

Squares, patches, streaks
Packets clearly distinguishable

16

Continuous marginal zone, sub-
marginal streaks

8

n=3
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Fig. 7. Porphyra fallax. Spermatangial mother cells stained with WirtMann’s iron haematoxylin. Two

medium-sized “lumpy” chromosomes. Scale bar=3 ym
Fig. 8. Porphyra perforata. Spermatangial mother
Three short chromosomes. Scale bar=3 y/m

from Baja California, Mexico, to Alaska (As-
Bort and HOLLENBERG 1976). LiNDSTROM
and CoLE (1990) have shown, moreover, that
the two species have distinct banding patterns
for 13 of 15 loci examined using starch gel elec-
trophoresis.

Holotype: UBC A69860. Golden Gar-
dens, Seattle, Washington, collected 5 April
1983 by E.C.S. DurrieLp. Isotype in WTU.
(Herbarium abbreviations after HoLMGREN
et al. 1981)

Known Distribution: Northern British Co-
lumbia to northern Washington.

Etymology: The species epithet, from the
Latin word meaning deceptive or fallacious,
commemorates the lengthy success of this
species in remaining confused with Porphyra
perforata.

Chromosomes were examined in specimens
of P. fallax from Wreck Beach, B. C. (Leg. S.
LinpsTrOM, 1 Dec. 1988) and specimens of P.
perforata from Bamfield, B. C. (Leg. S. Linp-
STROM, 4 Nov. 1989) using WITTMANN’s aceto-
iron-haematoxylin-chloral hydrate technique
(Mumrorp and Core 1977). Haploid P.
fallax  clearly has two chromosomes of
medium length (Fig. 7) whereas haploid P. per-
Jforata has three small chromosomes (Fig. 8).
WaaLAND and co-workers (pers. comm.) have

cell(s) stained with WiTTMANN’s iron haematoxylin.

consistently observed a chromosome count of
n=2 in specimens of P. fallax from the type
locality.

Discussion

A chromosome number of n=2 distin-
guishes Porphyra fallax from most other
species of Porphyra. Only Porphyra schizophylla
HoLLENBERG, among the species that have been
studied, has been consistently reported to
have a haploid chromosome count of 2, but
the large size of its choromosomes clearly
distinguishes it from its congeners that have
been studied to date. Although Porphyra
Sfucicola KrisHNAMURTHY, P. kuniedae Kuroar,
and P. suborbiculata KjELLMAN have been
reported to have a haploid chromosome
number of 2, these species have also been
reported to have other, haploid chromosome
counts (CoLe 1990). Moreover, none of
these species conforms morphologically to the
species under consideration. It seems unlike-
ly, therefore, that our new species cor-
responds to any that has been described
previously.
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Appendix: Representative specimens examined.
Porphyra fallax

UBC A70148 Lion’s Bay, B. C. 13 Jan. 1989 Leg. S.C. LinpsTrOM

UBC A50188 Lion’s Bay, B. C. 17 Jan. 1974 Leg. J.N.C. WHYTE

UBC A70140 Wreck Beach, B. C. 26 Jan. 1988 Leg. S.C. LinpsTROM

UBC A66905 Pt. Atkinson, B. C. 2 Feb. 1981 Leg. D. GarBary, L. GOLDEN

UBC A63492 Wreck Beach, B. C. 22 Mar. 1981 Leg. D. GarBARY

UBC A1496 Whytecliffe, B. C.
UBC A70136 Ridley I., B. C.

UBC A69053 West Beach, Deception Pass State
Park, Wash.

UBC A64279 Tsawwassen, B. C.
UBC A51068 Cattle Point, Wash.
UBC A70142 Wreck Beach, B. C.
Porphyra perforata
UBC A15346 Sointula, B. C.
UBC A69655 Moss Beach, Calif.
UBC A37663 Nootka I., B. C.
UBC A69672 Miracle Beach, Vancouver 1., B. C.
Unnumbered Bamfield, B. C.

8 Apr. 1949 Leg. R.F. ScageL
15 May 1988 Leg. S.C. LiNnpsTROM
17 May 1987 Leg. S.C. LiNpsTROM

30 June 1981 Leg. C. LowTHER
1 July 1974 Leg. T.F. Mumrorb, Jr.
28 Dec. 1987 Leg. S.C. LiNDsTROM

30 June 1962 Leg. T.B. WipDOWsON
29 July 1988 Leg. S.C. LiNDsTROM
24 Aug. 1968 Leg. J. MarRkHAM

9 Oct. 1988 Leg. M.W. HAwKEs

4 Nov. 1989 Leg. S.C. LiNDsTROM
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S.C. LinpstroM * K. M. Core: 7V F 42220 ET7MELT
EEB7 2> b o MEDHE Porphyra fallax  (KLHE)

TYVF 4 v2aanVvETMSIOALEY ~ v b vHEDBRE Porphyra fallax FILE) WL, AEL, Th
¥ CRF S T\ 7 Porphyra perforata & RIS, ERGIMERKTERBCTH D, 1Ml 1 BOERBY L,
P. perforata 13, FERGOHR, BF, BEX, KEMEOKAE I LR, BTERRSIOCRRTERORS L
CE\WTRIDH, RBEEIL, P peforata ® n=3 X LT n=2 TH 5, (Department of Botany, University of
British Columbia, Vancouver, B.C., Canada V6T 2B1)



#5 Jpn. J. Phycol. 38: 377-382, December 10, 1990

AET/71)0OEHE

WRE— - BEAEE™ - FEKB

*EFREKEME Y 2 — (039-34 HZREEHETER A 1H10)
HRFEKEREBEENRE (108 HHHERE-5-7)

KiriHaRra, S., Notova, M. and Aruca, Y. 1990. Cultivation of Campylagphora hypnaeoides J. AGARDH
(Ceramiales, Rhodophyta). Jpn. J. Phycol. 38: 377-382.

The edible red alga, Campylaephora hypnacoides J. AGARDH, was investigated for good indoor seeding and
outdoor cultivation. Effects of the temperature and photoperiod on the growth and maturation of
tetrasporophytes and female gametophytes were studied in laboratory culture. Tetrasporophytes and
female gametophytes grew well and matured at 25°C and a photoperiod of 14L: 10D. When female
gametophytes were cocultured with mature male gametophytes at 20 or 25°C, fertilization occurred,
gonimoblasts developed and carpospores were liberated within a week of culture. Large female
gametophytes were grwon by cultures isolated from male gametophytes, and on cocultured afterwards with
male gametophytes a great amount of carpospores were obtained for indoor seeding. Seedlings (4-5 cm
long), 35 g/cage, were outplanted in a cage (lantern net) at Shiranuka, Aomori Prefecture, in May. They
grew up 1403 g per cage in July.

Key Index Words: Campylaephora hypnaeoides—cultivation—growth—inddor seeding—photoperiod—
Rhodophyta—temperature.

Shinji Kirthara, Aomori Prefecture Aquaculture Center, Moura, Hiranai, Aomori Prefecture, 039-3% Japan
Masahiro Notoya and Yusho Aruga, Laboratory of Phycology, Tokyo University of Fisheries, Konan-4,

Minato-ku, Tokyo, 108 Japan

==/ Y Campylasphora hypnacoides ]. AcarpH (KL &
o4 FARIE L, JtEEREBUEORTOREA
{Rbh (FE 1970, Nakamura 1965), FiZFEXK
FEL LTHAIRTWAA, AL (1987) & H
B, (£, BEETIX==/ Y Campylaephora hypnacoides
bz F vtz TEFEE-TR Y, EET
BLERhTWB R&E5L] b=/ VEHRELT
WB] EEBLTWS, i, —Hots TlEEOHIC
LCERTAZ EDHBRTWS (THEfL 1986),
2ERVOFEFRBCRT 2R 4EROREREDOEL
(Fig. ) ®R5 &, FL L HBUOEBMA X I,
HREOERHEbIh D, TDI®, =2/ Y EREE
KRG L 0 D RENC S B INE T X 2RO
BXAYEA TV D,

chiT==/ ) OEBLATEH OV TOHE
A, BEEE (1979) BB L W AEEEY
SR, MEREMEAL S PR WED S B bR
L, BELTRRBTFYEHRTSC &, ESRTFARE
BAECHERTELLRKESERTS L, B, ©
SRTHERUCBEBHEOARCRETREOKEYH

N, ThZhOARPHEBEL L EXPLMIT LI,
ChBLORRYBEL TEEDX=2/ VEFEDOLD
DHHRM I ATEHOEESCEROFEXRFT 51
B, WALAEXAHEBREYEAELRICEHFTT
Pa2y BT R O BL B A 0 4 Rt CHERERCB A D
BAKERRG L 5 RRF OGO &M L xRN,
B ATEHO KRR CORRRR YT -7 UT
CXDRERYBRET 5,

HEEHE

o=/ V¥, 19874 8 B21 B EHRE=6M
L5 (Fig. 2) OKEE 3 m p> LB LB Licrusy
FGHTHD, BhELLISEALLEO—BS
5~10cm T TEAGOERD, R——g2AAETT
AR AGCTERCHE LTV Ao BEER 2 5% I
DB E, REEKCHRERS Lictk, —Bbrr<=
v A% 5ppm BNz fCIREEEEAK I EIFHEIKRE LTl
FoOBME -, HHShRTFIEDCECERER
BEBTT~M4 70X, bEAVCTRVERD, FHiccH
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Fig. 1. Changes of the annual harvest of Cam-
pylaephora hypnacoides from 1976 to 1989 in Aomori
Prefecture (O) and in Japan (®).
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KiriHARA, S., Norova, M. and Aruca, Y.
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Fig. 2. A map showing the sites of collection

(A) and cultivation ( ®) of Campylaephora hypnaeoides.

A, 20°C, 2000lux (BEEIELT) OFLHT T
BEiT-oT.

BRI 2 h b DR TR RHAER LT 0¥
MTEB I R -Tcic®d, FRFROEBEEIEH
LCHR, LR, i, —HMEEEGYES
BERLTRERTFLE, FrRRTi2RFEsE, kit
oS RTFHEEE.

Mo R AR OHEREBEOERIE, 500ml HE
75 2aACTEREEL, BEIX15°C, 20°C,

cz

female gametophyte

A | ‘ BT '
tetraspore
tetrasporophyte
L/ﬂ
<=

Fig. 3.

Manual of indoor seeding of Campylaephora hypnaeoides.

A, maintenance of sporophytes (15°C, 14L:

10D); B, libelation of tetraspores (20-25°C, 14L : 10D); C, isolation of male and female gametophytes; D, culture
of female gametophytes (20-25°C, 14L : 10D); E, mixed culture of male and female gametophytes for fertilization,
development of gonimoblasts and carpospore liberation; F, carpospore germlings (tetrasporophytes) on the seed
strings.
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25°C, 30°C o 4 %, ALK RA (14L: 10D), &
H (12L: 12D), 8H (10L: 14D) D 3 k% FhTh
A A TRREOELHTCTHRE L, BE1L
T20001lux & Lic, TR ZhOBMGIIEEE 1 BRIB S
LRI LBGBRROKDIZBKT I BB
DBEREH FIE Lic, HEKICIE Grund HEEY
v, BT ToBYEHLL,
ATHEEL, Fig. 3 WWRTFIRCRE, BE25°C,
FREE 2000 lux, & A &4 T CHEEELBAR 20 g 10 B
LM EUBG (K 3-5mm D O#50fEHE) * iR
BLT4BERERETAZ LIt > TH,
BRICIIER 1~5 cm OESKF 315 E/cm &
EEELLIVEFRY, U 10cm OEITHHILT
ERBORBRICIETORBE Lic, BRERIIK&TF
REMADORE 4%, ER 50cm, BX 15cm D106}
AAEBLH, 1988F5 A7 B HFHRRERN O
(Fig. 2) DIREDKE 5m CHRE LR CRE A
BL, TOHIMBT LI AETit4E, o4t
k (BEE) LHENECEE LCHEREOBEEY N
LT,

& =R

. ARCRETHAMEBEOHE

FRERC BT HNEYRFEOEEY Fig4 wxid,
30°C TiEH, FAVThOLHET THLHEEEEN
BHbMIch - et’, EALEET b TrictERzs
BHOHN, 5EEBIIIER 5.7mm, BEE 30mg
WELIS OO, hoBRELFCH~_ERRIINEL,
o RTFEOHRIRD bhith -1, 25°C TRE
AR LOFASHET T, Bic 1 BEBcESBTFo
BHARD LR, SREEEFGFTL - LHBE<HEIMR
FEOWM L RFORHEAERD LR, 5BEEHF O
B L CEHEBEOMSRFOKE,ARbNI, Lo, &
Il T 2 LicE o b/EEL, 5 8RBT
BOBCERAFBETORINKEREK LT,
20°C CTRMESRTFEOEBIIZEXAMELET L L 1
BREBCRD LI, RFOKMEKA LA LEE
TCik 2 BRIk, BALHT TR 3BREBCTAL
hBEHbh, BEOKE X1325°C KX TEREH
BE&EHETTRAEL, BELAETTRNE -1,
15°C TR RTFEOHBITIR B EET Tt 2 8/
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Fig. 4. Growth of tetrasporophytes of Campylaephora hypnaeoides under various photoperiods and temperatures.
Solid circles, 14L : 10D; solid triangles, 12L : 12D; solid rectangles, 10L : 14D. Vertical bar, standard deviation;
t, development of tetrasporangia; 1, liberation of tetraspores.
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Growth of female gametophytes of Campylaephora hypnacoides under various photoperiods and

temperatures. Solid circles, 14L : 10D; solid triangles, 12L : 12D; solid rectangles, 10L : 14D. Vertical bar,

standard deviation.

o, A EEA LT T 3 BRIZICED b,
FaFOBMIL 5 BEE TR D ORI 1.8~ T,
25°C 35 X 1'20°C I 30 B EfAD L 5 T RIS
D HOMEFREIRD bR, SERMYE U TG
DEESIEI LT 7, e, RAFBETTRILAE
EL, 5@8MBcEERE 4 mm, BER 430 mg iK%

Table 1.
attached on cage.

L, BEEEHORTH - L RERES L1

FERERCT KT HHEREBEDOERY Fig. 5 IR
+. ESRTHE R b HEERBER 25°C TH -
L EAERL, $\T 20°C, 15°C EAERRIIA K
{7t otz, 30°C TREHIIBOREEI VL, &
PLEBEYEL, MOBEFE TCHNBRICER

Changes of wet weight (g) per cage (lantern net) of Campylaephora hypnaeoides and other seaweeds

22 June 18 July 20 August 21 September

Campylaephora hypnacoides 530.1 1403.2 237.0 60.7
Ulva pertusa 13.6
Cladophora sp. 0.7

Hydroclathrus clathratus 1.0

Kjellmaniella crassifolia 0.7
Bonnemaisonia hamifera 770.7 1150.0

Ptilota serrata 29.2 5.2 8.4 14.0
Delesseria serrulata 2.1
Acrosorium yendot 10.6
Heterosiphonia pulchra 0.5 0.3
Laurencia pinnata 3.6 0.7
Total 1330.0 2563.7 245.9 102.7
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Fig. 6. Changes of surface water temperature
at cultivation site of Shiranuka, Aomori Prefecture,
in 1988.

BRI, ¥, XA L TiVWThoRBETYH
EA&BTIREISAERLE,

TG & St TR LIcHEMEEL BN, R Lok
HEEGEYRELTEELLEZ A, 15°C TEHWT
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2. KRR TOEK

WHEOEX 4~5ecm D=2/ VEHIL 2 ~ 3 KO
EOMN, FRENROEDERIERIHR TILILh -
t2e UL, EETHH > THRCE Lok
BABOMACHKEIETREBYBEIEI LA LERT
500BHHIT,

6 BnbIAETO=T Y ORBEELBERBC
35 LicbDBHEDBER DA Table 1 IR T,
==, VOBERBIL7 ATRKD 1403g Eish, %
NLIRE 8 A5 B TF O R R b & # S O FEFE
Fen@Bdbh, BAERCELT, 9 AKIIP6lg
it o1,

BRBCE, KB LLMBOBENS L, 7 v~=
k-3 Plilota serrata (XFAERIE A @ U TEHEEL A DR,
5% /Y Bonnemaisonia hamifera (3.6 B3 X0V 7 it K
BOBENREDLRIH, 8 AU EA ETiE

L, £0foBELR < SV BEE LT
Tho1,

Z =2

=3/ VOEERRLELHIBBIEFCARM LS
MARTFHETH D, #t-T, BHECITKEORRT%
BT, ERTFRFGLEHETIHEYHV LI
%, ==/ Y OHEMEBEEIRR T CEENEE
ThoFFik - THMUSRTE L DEIIT/PHIVEE
IMED B RUERT B 729 (Nakamura 1965, BEE471979),
1 M ERB A I BEOER R I N D KT T, £
RLERD 1 @O Ih 5 ERFOMIE+E~
BETERE BEE RER) ThHaid, @@t
EolbifERT T ES, £ T, AER
TR BB AR SR TS Ltk h KB
MEMEBA RS, Zh% 20°C~25°C CTHEMEL A &
BEERTH I L L - TEEOER Y B
T8, FHLHE, TokBORRTFEY—ECES
EMTET,

=T Y idk v &Y SEHOR L EITEARAOCTRE
THHM RS T\ B, RERFTRRLECAELL
BT —EHROEEC L > TEEE cm OEBEKIT
T BN, BROBXEHR LIV, LiL, TOKX
EXFCUMABEBCL - TRAELLCERTSZ L7
EETD, ToH, RRBETERTS L, £RT
BIHE - THERCHIATER S h, BREOMEAR L
BT E, i hOBERICEFTELL, LA -T,
== Y BRI AR TR EREBORICESEY
Tikxesbz L, FLBPREDEZOERLTVE
BrLELELZOID,

ERBPORMGORL 7T A Cix@mLA, 84
DA RAMER & Te o fce 2t 8 B UBRICEBURRT
DOKENECERL, 20°C #Mx B LbboTcle
¥ (Fig. 6), A T oMo faT ik R 5s b OREIE
WEIEE > 1o LI LB LD TH D, THERKD
Z ERAERIT ST AN RTFOERCRIETERED
BEBLEES (1979) DERKEBREEROBRILLH
LN THbB,

B, vivoav (UHFE 1989)RshTF /Y (B
B 1988) TRALI TV 5 L 5Bk EGKOH
BrEBEME Y, TOFAER I DRERELFIAL
LEELCERENRE IR T VA, =2/ Y 2D
ThSHFCMELCERELRF Ly,
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Doris M. Sikora and Michael J. Wynne: On the identity of
Talarodictyon tilesii ExpLicHER

Key Index Words:  Chlorophyta—Hydroclathrus—H. clathratus— Phaeophyta—Talarodictyon—T.

tilesii— Tilesius

Doris M. Sinkora, National Herbarium of Victoria, South Yarra, Vic. 3141, Australia
Michael J. Wynne, Department of Biology and Herbarium, University of Michigan, Ann Arbor, MI 48109,

U.S.A.

The discovery of syntype material of
Talarodictyon tilesii ENDLICHER in MEL is of in-
terest to algal taxonomists, since it clears up
the identity of this poorly known taxon. The
status of the genus Talarodictyon has been an
enigma ever since it was first described by
ENDLICHER (1843). ENDLICHER’s account was
reasonably detailed, including the words
“Ulva reticulata, saccata...” and “viridis”.
EnDLICHER credited the description to un-
published notes by the alga’s collector
TiLEsIUS along with TiLes1Us’ illustration then
deposited in the herbarium of AW.E.T.
HenscHEL (1790-1856), physician and Pro-
fessor of Botany in Breslau (Wroclaw), then
Prussia, now Poland. W.G. TiLesius
(ANoN. 1857), along with G.H. LANGSDORFF
(LinDEMANN  1885), served as surgeon,
naturalist, and artist from 1803-1806 on a
voyage of circumnavigation of the globe made
by VonN KRruUsensTERN (LaskGUE 1845,
BrockHAaus 1894). The specimen was col-
lected by TiLesius in the drift following an
underwater volcanic eruption while the ship
was anchored in Nagasaki Harbor in April,
1805. It was reportedly cast up along with
various other seaweeds.

Kutrzine  (1849) repeated  verbatim
ENDLICHER’s description of Talarodictyon, and
he also indicated (with “v. ic.”) that he had
seen the original illustration. But the
specimen of T. tilesii presumably had disap-
peared shortly after ENDLIGHER’s descrip-
tion. KurziNG placed the genus in his family
Anadyomenaceae (KtrziNg 1843,
“Anadyomeneae”), while at the same time
designating it as a “Genus maxime
obscurum!”. Other workers, such as Gray

(1866), gave occasional mention to Talarodic-
tyon but without providing any new in-
sights. MARTENs (1868) continued to list the
genus in the Anadyomenaceae. WILLE
(1890) regarded  Talarodictyon as a
“Zweifelhafte Gattung”, assigning it to the
Valoniaceae next to Anadyomene. Its place-
ment in the Anadyomenaceae, albeit with a
query, was followed by EGerop in contem-
porary works (FArr et al. 1979), whereas
DeTont  (1889) placed it in  the
Cladophoraceae, subfamily Microdictyeae,
again as a “genus maxime obscurum”. Yet
despite its having been described from
southern Japan, this taxon has not been in-
cluded in checklists for this region (OkAMURA
1932, YosHIDA et al. 1985).

TiLEstus’ original manuscript notes and
the unpublished plate of Talarodictyon tilesii
with a label in F.K. MERrTENs’ hand have
been located among the SoNDER collections
deposited in the National Herbarium of Vic-
toria (MEL). The handwritting of the plant
name on the label has been recognized by
Mag. C. RiebL-Dorn (Naturhistorisches
Museum Wien) to be that of E. FENzL, who
started his career as assistant to ENDLICGHER
(Kanrrz 1880). TiLesius’ MS description is
on the reverse side of the plate. More impor-
tantly, the actual algal specimen has also been
found. How this material came into the
SoNDER herbarium has not been established.
The Type specimen is MEL 501457, lggit
Tiesius, Nagasaki Harbor, Japan. The
plate of Talarodictyon tilesii EnpLICHER (Fig. 1)
is somewhat olive-green, rather more green
than yellow, but a dark green, not the grass-
green of an Ulve. Dr. C. CLEMENTE, Curator
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Fig. 1.
Talarodictyon tilesii in MEL.

Hand-coloured soft-ground etching of

of Prints and Drawings, National Gallery of
Victoria, Melbourne, has identified the plate
as a hand-coloured soft-ground etching (BRUN-
NER 1962, GrrrriTHs 1980).

An examination of the specimen itself (Fig.
2) revealed the presence of plurilocular
sporangia, which demonstrates conclusively
that it is not a green alga as has been formerly
thought but a brown alga. Its generic assign-
ment is with Hydroclathrus Bory (1825). The
alga has the normal color of a slightly bleach-
ed drift collection of Hydroclathrus. Both icon
and specimen exhibit a sheet perforated by a
dense arrangement of holes, ranging from
small to large, very similar to a specimen of
Hpydroclathrus clathratus depicted by WyNNE
(1981, Fig. 2.7). The next question is: To
which species of Hydroclathrus does it belong?

With the recent description of Hydroclathrus
tenuzs from the South China Sea by Tsenc
and Lu Baoren (1983), two species of
Hydroclathrus are now recognized.
Hydroclathrus clathratus (C. Acarbpu) Howe,
the type of the genus, is known to be widely
distributed in warm temperate and tropical
seas (Howr 1920). Although Tsenc and Lu
BAOREN made no reference to SONDER (1871),

in his work on tropical Australian algae
SonpeEr used the same epithet fenuis to
describe a new variety of Hydroclathrus
clathratus from Cape York and the Gulf of
Carpenteria.  SONDER’s Type 1is
deposited in MEL. SONDER’s variety was
initially accepted (Grunow 1874) but has
subsequently come to be regarded within
the synonymy of H. clathratus (e.g., LeEwIs
1985). Another coincidental usage of tenuis is
that by  HARVEY, distributed
“Hydroclathrus cancellatus var. tenuis” as No. 5
This
variety was not ever validated by HARrVEY,
but two specimens in MICH and one in MEL
are identifiable as Hydroclathrus tenuis TsENG &
Lu BAOREN.

Colored plates of Hydroclathrus tenuis and H.
clathratus are presented in Tsencg’s (1983)
“Common Seaweeds of China”. Tseng and
Lu Baoren (1983) distinguished H. tenuis
from H. clathratus by the comparatively softer,

varietal

who

in his Friendly Islands Exsiccatae.

much more slender texture of the former and
by anatomical differences: thinner membrane
(250-300 pm thick vs. 600-800 pm thick in H.
clathratus); smaller medullary cells (70-80 ym
diam. vs. 100-130 #m diam.); and its longer
plurilocular organs (22-25 pm long vs. 10-
15pm long). For southern Australian
material of H. clathratus, WOMERSLEY (1987)
reported the length of plurilocular organs to
be 15-20 #m, a range intermediate in com-
parison with the measurements given by
TsenG and Lu Baoren. Our examination of
the type specimen of Talarodictyon tilesii show-
ed medullary cells to range 60-130 ym in
diameter and the plurilocular sporangia to be
mostly uniseriate, comprised of 3-7 cells.
We concluded that the most reasonable assign-
ment is Hydroclathrus clathratus. Consequent-
ly, Talarodictyon tilesii ENDLICHER (1843) is to
be regarded as a junior taxonomic synonym
of H. clathratus.
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There have been reports of tissue culture in
eleven species of Laminariales (Saca et al.
1978, Fries 1980, FANG et al. 1983, Saca and
Sakar 1983, Yan 1984, Lee 1985, PoLnk-
FULLER et al. 1986, POLNE-FULLER and Gisor
1987, Nortova 1988, HEATHER ef al. 1989,
Notova and Aruca 1989) (cf. Table 1).
Among them it is reported that in Laminaria
Japonica, Undaria pinnatifida (FANG et al. 1983,
Yan 1984) and Ecklonia cava (Notova and
Aruca 1989) sporophytes developed directly
from callus which was formed from excised
tissues, whereas in three species of Laminaria,
L. digitata, L. hyperborea (Fries 1980) and L. sac-
chrina (LEE 1985), explants formed callus and
the callus differentiated into aposporous male
and female gametophytes, from which were
formed sporophytes by fertilization. In L.
angustata, SAGA et al. (1978) reported that a
single cell of the callus-like structure formed
from a long-term cultured sporophyte blade
developed to a sporophyte.

In this paper, we describe the culture of
tissue excised from the stipe of Eisenia bicyclis
(KJELLMAN) SETCHELL.

A sporophyte of Eisenia bicyclis was collected
at Enoshima, Kanagawa Prefecture, on July
23, 1989. Tissues were excised from the
stipe. The surface was cleaned up with paper
towels. The sterilization procedures of the ex-
plants for tissue cultures were the same as
described in a previous report (Notova
1988).

Solid and liquid culture media were
prepared using artificial seawater “Jamarin
S” (Jamarin Laboratory) enriched with PESI
medium (Tatewakr 1966). For the solid
medium was used 1.5% bacto-agar (Difco

Laboratories) in 60X 10 mm Petri dishes.
The cultures were incubated at 20°C and
500-1000 lux or at 15°C and 10000-12000 lux.
The illumination was supplied by cool white
fluorescent lamps under a photoperiod of
14L:10D. The liquid medium was renewed
at one week intervals.

The explants of tissue from the stipe were
cultured on the solid medium for a month at
20°C and 500-1000lux. Filamentous cells
began to grow on some explants in 1-2 weeks,
and within 3 weeks they were observed on
most explants. Massive filamentous cells
were formed mainly on the medullary part
(Fig. 1, A). Their development was mor-
phologically very similar to those from tissues
of Ecklonia stolonifera (NoTtoya 1988) and E.
cava (Notovya and Aruca 1989) (Fig. 1, B).
These filamentous callus-like cells became
gradually long and dense. Then, the tissues
with the filamentous callus-like cells were
transferred into the liquid medium and
cultured at 15°C and 10000-12000 lux or
20°C and 500-1000 lux. Massive filamentous
cells grew slowly at 15°C and 10000-12000
lux in the liquid medium. These cells had
very few, small pigments (Fig. 1, C), and
their color was white or pale yellow.

After four months in liquid medium, a part
of these massive filamentous cells was cut off
from the original tissue, and cultured further
under the same conditions. After another
week, color of some cells of the massive
filaments changed to yellow or brownish
yellow, and shape of such cells became
globular. Next week, some of the globular
cells became more brownish and blade-like
structures were observed after transverse cell
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Fig. 1.

Tissue culture from the stipe explant of Eisenia bicyclis (KjELLMAN) SETCHELL.

RE

(A) Filamentous

callus-like cells formed on the explant mostly at medullary part one month after on the agar plate. (B) An enlarged
part of the developed filamentous callus-like cells. (C) Pigments in developed filamentous callus-like cells. (D) Ini-

tial stage of blade-like plantlets developed from callus-like globular cells.

(E) Blade-like plantlets formed by

irregular cell divisions. (F) & (G) One cell or arranged cell lines on the apex of the blade-like plantlet. (H) A clump
of callus with blade-like plantlets six months after in the liquid medium. (I) Formation of transparent rhizoidal cells

on the tip of a blade-like plantlet.

divisions (Fig. 1, D). Thus, the initial stage
of blade-like plantlets developed from callus-
like cells was similar to that observed in
Ecklonia cava (Norova and Aruca 1989).
From the blade-like cell mass were formed ir-
regularly shaped blade-like sporophytes by
repeated transverse, longitudinal or irregular
cell divisions (Fig. 1, E).

There were two types of cells at the apex of
these plantlets, one cell or arranged lines of
some cells (Fig. 1, I and G). These apex
cells were distinguished from the blade-like
cells by pigment content in the cell. They did
not have so many pigments, and were more
faint in color than the blade-like cells.

After the culture for six months in the li-
quid medium, the clump of callus with blade-
like plantlets (sporophytes) grew to about

3 mm in diameter (Fig. 1, H). Transparent
rhizoidal cells were observed at the tip of these
irregular plantlets (Fig. 1, I).

The filamentous callus-like cells formed at
20°C and 500-1000 lux did not differentiate
into blade-like plantlets within seven months
of culture in the liquid medium.

From the above results, it seems that light
intensity and/or temperature are very impor-
tant factors for differentiation of callus into
blade-like plantlet.

Blade tissues were used for the tissue
culture of E. cava and most of other
Laminariales species in which callus differen-
tiated directly into blade-like plantlets
(sporophytes) (FANG et al. 1983, SaGa et al.
1978, Yan 1984, Norova and Aruca 1989)
(Table 1). In this study, however, stipe
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Table 1. Results of tissue cultures in Laminariales seaweeds.

Species Tissue Result Reference
Ecklonia stolonifera Blade Callus Notova 1988
E. stolonifera Stipe Callus Notova 1988
E. stolonifera Haptera Callus Norova 1988
E. cava Blade Callus—Sporophyte Norova & Aruca 1989
E. radiata Stipe Callus HEATHER et al. 1989
Egregia menziesii Stipe Callus PoLNe-FuLLER & GiBOR 1987
Eisenia bicyclis Stipe Callus—Sporophyte Present study
Laminaria angustata Blade *Callus—Sporophyte SAGA et al. 1978
L. angustata Stipe Callus Saca & Sakar 1983
L. digitata Blade Callus— & ? —Sporophyte Fries 1980
L. hyperborea Blade Callus— & 2 —Sporophyte Fries 1980
L. japonica Blade Callus—Sporophyte FanG et al. 1983
L. japonica Blade Callus—Sporophyte Yan 1984
L. saccharina Stipe Callus— & 2 —>Sporophyte Lee 1985
Macrocystis pyrifera Stipe Callus PoLNE-FULLER ¢t al. 1986
Undaria pinnatifida Blade Callus—Sporophyte FaANG et al. 1983
U. pinnatifida Blade Callus—Sporophyte Yan 1984

* Callus-like structure formed from cultured sporophyte blade.

tissues were used; from these tissues the
filamentous callus was formed and the callus
differentiated  into  plantlet like the
sporophyte. This result suggests that cells of
the stipe tissue possibly have totipotency in
Eisenta bicyclis.

It was shown in this study that callus cells
from the explant of Eisenia bicyclis, in a similar
way as in Ecklonia cava (Notoya and AruGa
1989), Laminaria japonica and Undaria pin-
natifida (FANG et al. 1983, YaN 1984), direct-
ly differentiated into new sporophytes without
forming aposporous gametophytes. This sug-
gests the application of callus cells to
micropropagation in these species.
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RERRIER - AEAE 8587 5 A ORBIEE

7 5 A Eisenia bicyclis (KyeLiman) Sercuere OEREH AV CREEE X T/ - 7oo RS ET 20°C-500-
1000 lux (14L:10D) T 1 »ARKER Lic L &5, SRRO» L AFHROFRABD LI, Zhb@lL 0o
W RIRD b L R MR A AR B L, 15°C-10000-12000 lux (14L:10D) ¥ 724 20°C-500-1000 lux
(14L:10D) TEER L& T 5, MEOEHET TARD » L ARG EREEOL W BRVOMECREL, Th
HOMKN CERE TH) ~0otrRdbh, 6 AR EREAROMEE TRObAL, L L
FEOLELET CTRERBAOHERIBD L Rih » 1, (108 HREHERKHEREI-5-7 HERKEXEREEWNES)
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B, BRNOKEHECE\ T, BEGEIV YV 2E
Caulerpa (Caulerpales, Chlorophyta) DAFBB/RABEA
Eiabhbd X5l T&El, ZThiXBESNORBR
PBED L 5 Te KB O X 7o e\, BREZR
7o AR T A TV RIBYHET B LD TH
b, DOTEEYE LI AEW L KERCERE LR
B Hotch, ThBTREHOBLRARORBLHE
HBT5z bimiziebd, BRTERICREX NSRS
Too 17V 2ED LS A ZBEOKENOEETE
BRI it - o2 S X D, DEcH~N, X hBER
BRET COBEBGNORTRATRL L -1, BRE
hTV2EELEETHY, PrrIAPBIHHLT
WitWEEL BB, £ T, 2EOKKECKT S
7 Y 2 EOBRRR YA ledic, BEEMKERE
BECTBE LT\ 5LKEE (71588) w7 vy —t%
HKEL, BRCAVWLRTWBM 7 V2 EHOMEE, B
RARY - FeEe L OBERYIE L., TOEREXZC
CHET 5,

TV — MYI989ETA~8ARER LI, 7V
r—rEAR, OF 7 Y 2RBROAE OBRTLT
5477 20E ORESHH LV IEAL (B4
[¥@E], BARDOBHE, BALOEE), OHALL
£AA, OBTO AN, OBTKECEE, ORTE,
@mxEH (B, %), OBRC L8R, OBRRE
HBVIAEFTEE LOMBR, O5®BOBRTROME
DNWTThote, 7 vy — bEIREE678HE (BEIRXK
89%)TC, TDIBLA VY EEYBRLILZEDDHD
KESEI2088 (8930%) B v, BELRRE#MEL T
W BIKEEEL138E (¥919%) TH ~ 1,

WHETERICHA WA 7 YV 2 HIT12EETH -1
(Table 1, Figs. 1-8, 10-13), —#B8D $ DXER\T, &
DETBILEKIEEET X B, Caulerpa prolifera (Fig. 1), ™~
549 Y% (Fig.2), 744 7Y% (Fig. 3) le£h &<
BRCAVWLRTWS, Bb IBRIATWS C
prolifera 1%, FIFTIDMLTRLT, WAFEELL

il UCRES (KEH, g d) »bERER
AZNLbDTH B, sk, 1V YV 2RTHESL
b oL, FlxiEz o1 2@EDHTIL, OC. pro-
lifera EA4 7V 8, ¥1:@& H /) ~T & (Fig. 4) &1 F
1Y & (Fig. 5) 3 X027 = % v x# (Fig. 6) i1 thZh
IKERZhZETH Y, BORBIIERLET 5,
KB, KFAETIAFATEHEN/ ~TZEREL
TWBHIN, BFEhTELT 7V 2DEE)LHE
Ihis,
ZFKEECTDA v Y 2 BOAFHER, OBEAS
JRFERE X b A (BIZBU28E : C. prolifera, ~514 7
R, Ey 2 vvIa, AVaF¥Fyg, vvr) vz,
BAIATE, AFAT 2, 7nFxT2), QFKE
ERICOEMEE (288 : C. prolifera, 794 7 7 %),
QOKREERLDEBRETHRE 2 ~717 V%, 7
FATTE, AYVaFTE, =vEVE), ORALE
AKrHOBRRBE (1 ~547Y %, RY)aFy
&, BAVEI R, ar4 vy r) T, H70%DKE
HELAEHALSHERE,»LBALTV5, BERHFAE
crhiE, BHAZEETE T, EEofic C
macrodisca (Fig. 9) % » T\~ 5, C. macrodisca i34 v
AVT, 74 VEVENTTAHETHD, AFHrHIT
FOEBRBETARENIVDT, LY C. prolifera
LAEBCEN L VAR b DEE LD D, ok
C. macrodisca VX, 40 & Z AEBEBERFNE CHRER
RTWBHEFT, KESETORRIEEThbh T/
W

19 Y 2 EORROBMBE R, ©1987F (7 #H),
@19884F (3fE), 19864, 19894, (£ 2MH),
@19814F, 19844, 19854 (£ 1#8) T, HFiC19874F
DBIcBAR L > TE T B, EEROKEETD
C. prolifera DT, 1984EN LB IR TV 5,

17 Y 2BEYBRAERCEA LB, OX)
BARGECRELYAKERCE T & (1288), @
KEDOHE, BELELT (28), OBRTBHYHOH
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Species of Caulerpa exhibited in Japanese aquaria.

Species

Japanese name

Caulerpa prolifera (Forsk.) Lamouroux
C. brachypus Harvey
C. okamura Weber van Bosse

C. cupressoides (Vahl) C. Agardh var. cupressoides

C. racemosa (Forsk.) J. Agardh var. [laetevirens
(Mond.) Weber van Bosse

C. sertularioides (Gmel.) Howe f. longipes (J. Ag.) Collins

C. racemosa var. clavifera (Turn.) Weber van Bosse

f. macrophysa (Kiitz.) Weber van Bosse
C. scalpelliformis (R. Br. ex Turn.) C. Agardh
var. intermedia Weber van Bosse
C. racemosa var. peltata (Lamx.) Eubank
C. r
C. taxifolia (Vahl) C. Agardh

var. ch

C. webbiana Montagne f. tomentella (Harv.) Weber van Bosse

itzia (Esper) Weber van Bosse

(8)*
~FLTT R (T)
7HA 7T (6)
Ey 2oV I8 (4)
AYaFvyr  (4)
BhI TR (4)
wvFY IR (2)
7 REYH (2)
BHhYFT & (1)
=¥ VL (1)
154 7% (1)
ER (1)

* Number of aquaria exhibiting Caulerpas.

BELT (288), OBRTEMKESE L LT (148),
17V 2EXDOLDORREBID (1) HETH
21z, #I70% DKEEL, BRKENOREY L E
RICE DT B EXAME LTV, 17V &
ZFDIDEBRTHI L AL LEBITIE~FA Y
SR, K2V IR, €£VFIVIE, suFVamn
BubhTnie,

19V 2 ExBRKERCEA L RicounT,
QLY BRTEVEREAMEH T, BREOEHHE
BEhiolc (148H), OBRTEMOKBSE Ly, B
WHELE L (488), QKEORIL - BELH
THHRE Do (288) LV ok@BENDD, KRR
BEOKENEAOHRIE L > THB, —H, 41
7V AR MOBERNY L —HBBT TR -
T, ROX>HHIBERLE LTS, FHIDI v Y
S BOBEBAE LKA EA X Bl H 5
L, Y450 BRIEER TS LA TEIh -7 (28),
@1 7 V2 EIERELBE T, FROBTHEWYH
> TLEsle (1£8), @17 Vs EHOEF#RE ok
Bz, KEEEOBRCARBEAORENTE L
feote (1M8) & Ths,

192 BOAFTER FORMESH B ITFEAR
DL, OKEHOKBRRRELNM 7V 2 DO4TH
SHCELT, BELTLES>SBENELOT, £F
REFG*HIBERBCHET2LELRHS (9
), @1 7 V2 HoBG EBEEL, FELLTL

B (1Y FvF o 78, BERE) Y, A7 V88
CHEL, BEEBE LI IMEIRIL )T HID, *
hOEREBEI LR VEINETHS (78), OH
KRB, BRI EFOBROAESIODELE ST
HOBRELE BB RTAHZ LITBTS (38) L
SESAFR LRI,

KEEDBRRICHE LicA 7 ¥ 2 EOKENERE &4
i, FEHPCBBEIA TN WL5THY, £BE
BRAGCEF LTV SKEEL S, Flxid, Kign
DARBER IVCBECEIC L - T, BRFDSI 7Y%
BEATRTHELTLE-REWSEENRTAD -
7o FICKRIZBIL Tik, O C. prolifera 1% 18°C LATF
DIERITIL S LFEFE, @& H 7 ~Y &L 30°C LA ED
BRICED LHTE, @/r YV ERIU~NFI 7Y 4
12 23°C Ll s LB L, BLBTF %M L THRIE
FTHRELVHSKEENROII,Z 5 LicZ Enb,
17V 2 ROEBEBTIINGEODHIR L KRS
THAEBERHE LIUBEL, —#eBRT 58 0%
BEELER LI LT, BOBER L OKERORE
FHDBREXTT > LEMD B,

BE, 17V 2EYBRLCGAKERL, +XC
SHRLVBTEHEGE L CTHEEY S > TR, Sbic
FRBTEFEL TV BKERES 4 885 -1, KIS
TOA 7 Y 2BEOLBFEERL, KENOBERHEI 2
BrxIxhilgE LW EBbhikkwoT, $#40D
KB I\ TA 7 Y 2R3 Ud & T B BT
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Figs. 1-13. Photos of Caulerpa species.

1. C. prolifera from Villefranche in France (SAP 037698). 2. C. branchypus from Shishikui, Tokusima Pref. 3. C.
okamura from Iwaya, Hyogo, Pref. 4. C. sertularioides {. longipes from Nosoko-zaki, Ishigaki Isl., Okinawa Pref. 5.
C. taxifolia from Ayamaru-misaki, Amami-oshima, Kagoshima Pref. 6. C. scalpelliformis var. intermedia from Oki,
Shimane Pref. 7. C. racemosa var. clavifera f. macrophysa from Kabira, Ishigaki Isl. 8. C. racemosa var. laetevirens
from Muroto-misaki, Kochi Pref. 9. C. macrodisca from a shop of aquarium fishes in Tokyo. 10. C. racemosa var.
peltata from Ayamaru-misaki, Amami-oshima. 11. C. racemosa var. chemnitzia from Tamatori-zaki, Ishigaki Isl.
12. C. cupressoides var. cupressoides from Hirano, Ishigaki Isl. 13. C. webbiana f. tomentella from Ushuku, Amami-
oshima.

Figs. 3, 8, 9, and 13 are living specimens and others are herbarium specimens. Scale: 10 mm.
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BARD, XYBEARREFHECECBRKES SZ S
eI LTV B, RBENADLBASKLEIE
WEDHD, BB EREEOR Ehi-EHn
AZENTHREETAZ LI L » TARRYETC
ENBHBDT, HHHLOBEHOBACIESER
#INOLBERHH EXFRRLTEL,

FREEIER T AL E X TKE Y, EHLIARH
O BRI - o dbRE A F B O B4 #i

B35, ¥h, 7V — MCIHDIEVG KBS
BLELET B, —HOA 7V 2 EOERVRHELT
TR o R AEBEERMBEEERTOEREAHK
8, YORRRKEAFOEEEBCLRBOELYE
T3,
(108 FGFHTHSX #EEE4-5-7
HRUKERFRRERFHE)
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The 5th Japanese Society of Phycology Workshop

The 5th Japanese Society of Phycology
Workshop was held after the 14th Japanese
Society of Phycology Symposium ended
March 30, 1990 at Kobe Univeristy. The
workshop was held at the Marine Biological
Station of Kobe University at Iwaya, Awaji-
cho, Tsuna-gun, Hyogo Ken, from March 31
to April 2, 1990. The main objective was col-
lection of seaweeds in the Seto Inland Sea.

Workshop coodinator was Dr. Sachito
Enomoto, Marine Station Director who was
assisted by Dr. Tadao Yoshida (Hokkaido
Univ.), Dr. Michio Masuda (Hokkaido
Univ.), Dr. Tetsuro Ajisaka (Kyoto Univ.)
and Dr. Hideo Ohba (Tokyo Univ. of
Fisheries).

There were 11 participants: Shogo Arai
(Seweed Research Lab), Jiro Tanaka (Na-
tional Science Museum), Miyuki Maegawa
(Mie Univ.), Tadahide Noro (Kagoshima
Univ.), Isao Tsutsui (Kochi Univ.), Christine
A. Orosco (Kochi Univ.), Mitsunobu
Kamiya (Tsukuba Univ.), Daisuke Honda
(Tsukuba Univ.), Kouichi Nakanishi (Tokyo
Univ.), Patricia L.G. Kodaka (Tohoku
Univ.) and Masafumi lima (Nagasaki Univ.).

Upon arrival at the Marine Station in late
afternoon of March 30, some of the par-
ticipants went along the coast of Iwaya and

Workshop participants and marine

Fig. 1.
station staff in Yura, Awajima.

collected some drift algae.

The group went out to Takeshima and
Kameshima Islands on board the 8.5t
research vessel, Onokoro on March 31. Col-
lected seaweeds were processed and identi-
fied.

The scheduled trip to Bisanseto on April 1
was cancelled when the boat had to turn back
to the Marine Station due to very thick fog.
Instead, collcection was done in Yura along
the southeast coasts of Awajishima. The in-
tertidal area provided a wide assortment of
algae. It was also the site of commercial col-
lection and drying of the agarophyte,
Gelidium. Discussions and comparions of the
Seto Inland Sea samples with those of other
areas in Japan continued well into the night.

The weather had considerably improved
the next day (April 2) to push through with
the trip to Bisanseto. Ulva,
Gracilaria and other species abounded in
Megashima Island. Some endemic species
were also collected.

A total of 107 species belonging to 70
generea were collected. These were:

Sargassum,

Chlorophyceae (10 genera, 14 species):
Collinsiella Ulothrix  sp., Monostroma
nitidum, Blidingia minima, Ulva conglobta, U. per-

cava,

Fig. 2. Participants on board Onokoro”
returning from the collection trip to Bisanseto.
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tusa, Cladophora opaca, C. sakaw, Valonia
macrophysa, Bryopsis plumosa, B. sp., Caulerpa
okamurae, Codium divaricatum, C. fragile.

Phaeophycae (20 genera, 31 species):

Ectocarpus sp., Papenfussiella kuromo, Ishige
okamurae, 1.  sinicola, Leathesia difformis,
Petrospongium rugosum, Colpomenia bullosa, C.
sinuosa, Petalonia fascia, Scytosiphon lomentaria,
Punctaria sp., Cutleria cylindrica, Desmarestia
viridis, Undaria pinnatifida, Ecklonia cava, E.
kurome, Dictyopteris latiuscula, D. prolifera, D.
undulata, Dictyota maxima, Dilophus okamurae,
Pachydictyon coriaceum, Spatoglossum pacificum,
Hizikia  fusiformis, Sargassum filicinum, S.
hemiphyllum, S. horneri, S. micracanthum, S.
muticum, S. ringgoldianum, S. thunbergii.

Rhodophyceae (40 genera, 62 species):

Bangia  atropurpurea, Porphyra dentata, P.
tenuipedalis?, P. suborbiculata, P. yezoensis,
Gelidium amansii, G. divaricatum, G. japonicum,
G. pusillum, G. sp., Dudresnaya japonica,
Hpyalosiphonia caespitosa, Amphiroa beauvoisii, Cor-
allina pilulifera, Carpopeltis prolifera, Grateloupia

filicina, G. imbricata, G. turuturu, Pachymeniopsis
elliptica, P. lanceolata, Polyopes polyideoides,
Prionitis ramosissima, Gloiosiphonia capillaris,
Gloiopeltis  furcata,  Callophyllis  japonica,
Schizymenia  dubyi, Halarachnion latissimum,
Solieria mollis, Caulacanthus okamurae, Plocamium
leptophyllum, P. telfairiae, Hypnea variabilis,
Gracilaria chorda, G. textorii, G. verrucosa, Gym-
nogongrus divaricatus, G. flabelliformis, Chondrus
giganteus, C. ocellatus, Gigartina intermedia, G.
teedis, G. tenella, Chrysymenia wrightii, Binghamia
californica, Lomentaria catenata, L. hakodatensis,
Antithamnion defectum, Ceramium boydenii, C. kon-
doi,  Platythamnion  yezoense,  Acrosorium
Sflabellatum,  Sorella  repens,  Dasya  sp.,
Heterosiphonia japonica, Chondria crassicaulis, C.
tenuissima, Laurencia intermedia, Neorhodomela
munita, Polysiphonia japonica, P. urceolata, Sym-
phyocladia marchantioides, S. pennata.

Christine A. Orosco
Kochi University

Usa Marine Biological
Institute
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Change of Address of the Editor

The new Editor of the Japanese Journal of Phycology for 1991-1992 is Prof. Ikuko Shihira-Ishikawa, Tokyo Gakugei
University. Starting in January 1991, manuscript to the Journal and related correspondence should be addressed to:

Prof. Ikuko Shihira-Ishikawa
Department of Biology,

Tokyo Gakugei University,
Nukuikita-machi, Koganei-shi,
184 Japan
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