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Terunobu ICHIMURA* and Makoto M. WATANABE*: An Axenic
Clone of Microcystis aeruginosa KTz, emend. ELENKIN
from Lake Kasumigaura

C FNEE* - (B B AETAI0OREEE

Among the planktonic blue-green algae forming water blooms during sum-
mer and fall in eutrophicated waters, such as Lake Kasumigaura, Microcystis
aeruginosa KuTz. emend. ELENKIN has been reported to cause many obnoxious
and nuisance problems in various ways, for instance, sudden death of carps in
cultivation nets and disagreeable stench attacking the near shore people.

It is prerequisite for controlling the nuisance water blooms to know physico-
chemical conditions for the optimal growth of this alga. As far as we know,
however, only two strains of this alga are at present available from the culture
collections® ®. The two strains®~% are originally from North America and both
have been purified through ultraviolet irradiation, which is known to have a
mutagenic effect on many organisms.

In this paper we shall describe the isolation method and morphological
characteristics of an axenic clonal culture of this alga which was obtained

from Lake Kasumigaura and purified by the pipette washing method."

Materials and Methods

In August 1974, a liquid sample (KAS-1) which contained blue-green algae
forming a water bloom was collected from the shore of Lake Kasumigaura at
the vicinity of Tsuchiura City, Ibaraki-ken.

For isolation and purification, a single colony was washed by a fine Pasteur-
type pipette under a dissecting microscopes»”. The growth media and bacte-
riological test media are listed in Tables 1 and 2. Cultures were illuminated
for 16 hours daily by fluorescent lamps at a light intensity of approximately
4,000 lux. Temperatures were kept at 25+1 C except in bacteriological tests.

* Institute of Applied Microbiology, University of Tokyo, Bunkyo-ku, Tokyo, 113 Japan.
HRAECHBRESTER (113 HEBXHEHLELITHELIOL)

Bull. Jap. Soc. Phycol. 25: 177-181. 1977.
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Table 1. Growth media

Salt C medium® NaCB medium
Ca(NOy),+4H,0 15 mg 15 mg
KNO, 10 mg —
NaNOg — 10 mg
MgSO,-7H,0O 4mg 4mg
BNa,glycero-phosphate. SH,O 5mg 5mg
Vitamin By, : 0.01 pg 0.01 pg
Biotin 0.01 pg 0.01 pg
Thiamin HCI lug 1lug
P IV metals* 0.3ml 0.3ml
Tris buffer 50 mg —
Bicine (DoOTITE) — 50 mg
Distilled H,0 99.7 ml 99.7 ml
pH adjusted with 1 N HCl or NaOH 7.5 9.0

* 1ml of P IV metals contains:
Na,EDTA 1mg Fe (as ClI7) 0.04mg
Co (as Cl7) 0.00lmg Mn (as ClI7) 0.01mg
Mo (as Na*) 0.005mg Zn (as Cl-) 0.005mg

Table 2. Bacteriological test media

Medium Nutrient Amount*
I Proteose-peptone (Difco) 1
II Yeast-extract (Difco) 5
111 » Peptone (Difco) 5

Beef extract (Difco) 3
v Glucose 1
Peptone (Difco) 1
v Na acetate. 3H,0 0.5
Glucose 0.5
Tryptone (Difco) 0.5
Yeast extract (Difco) 0.3

* Gram per liter of distilled water or NaCB medium.

Result and Discussion

From the liquid sample, a crude culture composed mainly of Microcystis

aeruginosa was obtained by inoculating a single colony of this alga into a test

—_—2 —
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tube containing 10ml of C medium®: Two weeks after the inoculation, a rather
compact large colony was observed by naked eyes, although the growth was
poor and slow in C medium. Considering the suspected contamination of
epiphytic algae, the colony was broken into small pieces by strongly shaking
the test.tube. After washing several times in sterile distilled water, a 10-20-
celled colonial piece was inoculated into a test tube containing C medium. In
this way unialgal clone KAS-1-1 was obtained.

Meanwhile, a nutritional study was initiated, using the clonal culture of
KAS-1-1, and it became known that this alga grew much better when C medium
was modified by replacing KNO; with NaNO; and buffering at pH 9.0 with
Bicine instead of at pH 7.5—8.5 with Tris. Thus, NaCB medium was used for
further purification and maintenance of the culture. In NaCB medium, this

alga grew considerably well, forming many small amorphous colonies of 4 to

g
Figs. 1 and 2. Microcystis aeruginosa KiTz. emend. ELENKIN cultured in NaCB medium.

1. Unialgal culture. Colonial matrix and rod-shaped bacteria are stained with basic fuchsin.

2. Axenic culture. Colonial matrix and algal cells are heavily stained with basic fuchsin,

but there is no indication of the presence of epiphytic bacteria. A bar in each figure
indicates 10pzm.
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16 cells embedded in a transparent mucilaginous matrix. The matrix of poly-
saccharide nature was stained well by basic fuchsin (Figs. 1 and 2).

A week after inoculating a small quantity of the culture into fresh medium,
4- or 8-celled colonies of early exponential growth phase were washed succes-
sively five times in sterile distilled water and inoculated individually into a
test tube containing 10ml ot the medium. Three weeks after the inoculation,
five fast growing clonal cultures were discarded because it was considered that
they started from a large colony and were highly suspected to be contaminated,
but three comparatively slowly growing clonal cultures were saved. All of these
three clones saved, however, were turned out to be contaminated with bacteria
by scrutinizing under a compound microsope. The same purification procedure
as described above was undertaken again using KAS-1-1-3, one of the three
clones which was observed to be contaminated with rod-shaped bacteria of one
kind (Fig. 1). Finally, out of nine clonal cultures obtained, one was observed
to be free from the bacterium by microscopic scrutinization (Fig. 2). Therefore,
this clone (KAS-1-1-3-3) was checked for purity by the bacteriological tests.
Cultures inoculated in various bacteriological test media (Table 2) were incu-
bated for 1—4 weeks at 20, 25, and 35 C. No bacterial growth was detected in
any of these tests.

As mentioned by many workers?»6»9, the establishment of axenic culture in
blue-green algae is usually a tedious, laborious and unpredictable exercise.
Recently a sophisticated method has been developed and recommended by
Carmichael and Gorham!®. In this work, however, we adopted the traditional
method of pipette-washing®: 7, following the rule that the organism to be washed
should be pre-cultured in an actively growing state. It was desirable for this
method that this alga formed loose colonies of a small nﬁmber of cells, since it
helped that a colony free from epiphytic bacteria more easily happened to be
picked up. We have not yet succeeded in axenification of M. flos-aquae (WITTR.)
KircHN. which was obtained also from Lake Kasumigaura and cultured unialg-
ally in the same medium. M. flos-aquae forms tight colonies of a large number
of cells in the culture. This has dispirited us from attempting the axenification.

The axenic clone of M. aeruginosa has been deposited in the Culture Col-
lection of Algae at the Institute of Applied Microbiology, University of Tokyo
under the designation of M-176. Cell dimension of this clone is as follows;

minimum 5.0zm, mean 5.54m, maximum 6.4ym, standard deviation 0.3ym and
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coefficient of variability 5.49%. These statistical values are based on 100 cells
cultured in NaCB medium for one week.

We wish to express our sincere thanks to Dr. T. Tsupa and Dr. A. HaMapa,
Freshwater Fisheries Experiment Station, Ibaraki Prefecture and Dr. S. Kask-

BAYAsHI, Ibaraki Prefectural Office for their encouragement and assistance.
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Melosira arentii (Kolbe) comb. nov. [ZD(\T

Tamotsu NAGUMO and Hiromu KoBAYASI: Proposal of Melosira
arentii (Kolbe) comb. nov. based on light and electron microscopy.

Z by 7 RN DEROBHERBEBDOMENI S Cyclotella arentii DA TERBIhizy
4 Y vi%, Fig. 1a, b (KoLBe OJFH) Rbh2d X dic, LOBOBELIZ-Z VR
OPRBELIBBEEE L > T 37cd), SHETTORBEBEL > TEe, T4
bbb, FEC##E KoLBe (1948)0 [IREOMBENR FLH L GO TR K2 ERL T,
ZDOFEFEE Cyclotella [BIZIRBERIZNTH B, Fig. 28 310 Fig. 4 iR bh
53X 5z, BOEWLBLROERZ, o Cyclotella BOBREIZRA SN 313 YiciziB
BRTRRV, ED7cdn», CLEVE-EULER (1951)2 (3482 2 DBBEIZRR TV RS, Z
h# Coscinodiscus Bz L% %2 T3, LML, VAN LANDINGHAM (1969)®, FoGED
(1972)» i, i Cyclotella BOFEE L L THK->Tw 5,

ZOFEFIZ OV T ORI S OREZRY SR, EE S IIHER LT, BE
R, BREREERM» SREL RBOGIZ, ThLRAETE 3EELER,
ZhoOEMIE, TR b RECBZEORBTEDIEEEZITWSLIST, AlEE
CHMAERICIZZERD Y, FEHBRE BHEEOKRTHS, HiclEEMmOREHC
BEFDBEREENTHY, SEOAELCKCICRL 57285, ThbizonT, ki
BHSOL NI FEE - EETAETEMSENBEL To7/-L 25, TOREE Cyclotella
BIEW2 X ViE, L5 Melosira BIZRBEEIRELDTHD LT BELICE -
7eDTZZITHREL T2\,

i3, MEITEILD, WREMOMHZREL TTE o AMKEESE, LRe=
R, BIUEERETEMSBEOERIT OV THB 0D BB 7275V 72 BRI ARE,
KEF—RICEBHHBL EF7-v,

MHEEHE

BEHE, flize A 5195648 6 B 3 Hic, KI&HEH» 5196848 B4 Hiz, ML
M2 51974410 18 HICIREL 7=, BAFHIFLEDOLDOTH S, FHEEEFED-HD

* RRFBERFENFEE (184 HFHISHHRHALAT4—1—1)
Department of Biology, Tokyo Gakugei University, Koganei, Tokyo, 184 Japan.

Bull. Jap. Soc. Phycol. 25: 182-188. 1977.
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REHT, 2Tt VERES572180-A 2 v ¥ o RIREALE LSRG OK - ERE F0 X
3R EREREETERL 7z, EoEEREEOHOREHT, FU  BAE Lk
D> e BRERBBIET THERERE R0, AL S5 U0 AHERIT- TER
L7z, P, BEMERIC X 3881 JEM7 # By, IHEEE 80KV 0T ¢Fiv,
EERERIC & 581813 JESM-US # Ay, IEEE 25KV ¢fFo72,

B R L EE

Fig. 2a, b 5 X " 3a, b (ZhIc R AEOKBETEHTH 32, TOREE L HEHL
Fig. 1a, b jz;RL 7 KoLBE OFRIC X { —FKL 7=, ZHEDOLDEFHBL LIS T
X, BROBERIT 11~17.5¢ OFHEICH Y, BOEWOLEHIL 101 (BIC 22~24 42, HULNE
DEBUT 100 T2 B Z LS TELD, ThbDORKER, BOERI0O~17y, &
TERSEAR 10p 1221 ~247, HULERD A5 10p 12 22f8 L 3% KoLBE OFE#L b X {—
HET3b0THY, HEHETL, BESPPLL I ER-Tv3 4 BECHINELL
Bmi Y, Fig.1bZ5RL 7 Kot DFRIC X { —FH T35 b D TH o7z, 413, KoLBE
DEFICIE, BREZOVTOHBRRYSZVA, Fig. 8acRbh3 k5ic, BF
DHBFHNE/MART, FL < Fig.-3b 25bi 3 X 5 KRB Z > THEL T3,
FEbLE, EHICZDEEND, Melosira BObBEN L DICRL W 5HE
(Sulcus) 35k UhgER (Lingreiste) & JiIZh Ty 2B ED Shiw,

Fig.4 3L U5 KB EREFTHE R L2, ThTIXREORDE & hLEORIZ,
AREOEFRNICEL Tk ) AlREERROhS, Thbb, AR, &OHTI
BURRICEF T 2582 RT3 0icxt L, F.088 Tk Coscinodiscus lineatus <o
Pleurosigmalgrt Y Y OBREIZRONZD LRI SEHBERRBORSE L5, i,
BT L PLBIES D L BIEEL 2, ME#HIRTHEISA TV 3088505, &
oD ATIIFENCRIB L POBORJNH B LEL DM, T CRELLSDIE
TEBOBHEEETH 5, HELMCKE & KRIEGER (1962)9 0> Cyclotella BDEIED
EFEH, BLUY, Lowe (1975)® |z £ 3 C. atomus, C. meneghiniana, C. stelligera
i EOBRBETIE, TTD Cyclotella BOBDEBIEE OB 6Y, Bk
BB I3 Melosira arentii DEFRLIZKEL R-Tv 3,

F 7=, HasLE (1972)? 11 Cyclotella B b Dizix, XH:ZE#E (strutted process) L
JEIRZE# (labiate process) MFFEET 3 L &L Ty, Lowe (1972) ¢, HAR
7D Coyclotella BOBETIL, PR ZhbDEBEROND Z LERELT
w3, LHL, Fig.8ITRL7ZL 5, £EBECI > TRONHEER LT AT,
Melosira arentii i2i%, D& I BERIZLLRYL AN o7, 28, Cyclotella [§
DOBRONEDRDIBICIT, ThERDOEREIETD X 5 ICHGHRICESIT 3 BiigAs R
LTv3d, Z0XLBELEL{RYbhh ok, TOL O, BEEPLEDL
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Fig. 12, b. Copy of the original illustration of Kolbe (1948). Cells in valve view (1a) and girdle
view (1b). Fig. 2a, b and 3a, b. Light micrographs of valve view (2a) and girdle view (2b) of acid
cleaned valves, and valve view (3a) and the optical section of the colony (3b) ot live cells. Note
circular and tangentially areolated central zone and marginal zone with radiate striae (2a) and
compressed circular, numerous, lobated chromatophores arranged around the cell wall (3a, b).
Fig. 4, 5. Transmission electron micrographs of direct preparation of whole valve (4) and of
marginal region showing details of loculate areolae.
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Scanning electron micrographs of whole frustule (6), out side surface of the mar-
ginal ridge showing marginal long spines arrenged on the rim, blunt spines on the valve face and
small irregular pores (7), inside surface of the valve (8), whole frustule with narrow and well
developed wide cingula (9), inside view of wide cingulum overlapping the edge of the valve mantle
(10) and inside view of the broken marginal region of the valve showing loculate nature (11).

Fig. 6—11.
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NBEAPDLRTY, ZofEE%E Cyclotella BIZIED 3 Z LIZFERICERENRH S LD
iIZBbhd,

—F, TOREFICRS N ZBEORKIIE & hLEO SBEFIDZERIY, Melosira J§
TR TV, T7bb, HELMEKE & KRIEGER (1962) iz B.&h 3 M. nummauloides
DREHIL, TOFHEDTH (Fig. 4, 5) L2 XT3, %7 Melosira J§Ti,
BEB X URHEICH (spine) BEET DR, BREBEIZBEERIROhR,

Fig. 6 iIcR DR ERL b’ FRIIRFERKRHEE T, BRITIIPE Y EvRiFs
bV, FBECLECAEROMREONS, £/, ZOEE,LLLDLHB LI,
TERRICRBIT 3BREORKEIE -, LoL, Fig. 9, 10 cR5Nh3 Xk 5ic, MESEMN
BAERNZIE, £55h—FOROBERREEL TL 5, Z DK T, HusTEDT (1930)2
0 Melosira BOBEIZOWTORRE X —F T3, £/, BREBLBEOELY
1%, Rounp (1971)» 23 Stephanodiscus \z>THEL TV 5D LRILHRTH Y,
BEPBREOIMICER > T3, Fig.6 DEHTRLERICAOND A, BENRE
LERY B HWMAIHEFROBT B (lit) BRI B2, Z0KTH Round oREific
—53 5, BESIMUHETS Lv 5 AIBL Tik, CrAWFORD (1971)10 HETy»
% Melosira varians LiXRHOEREBBONILT LItk 3, '

Fig. 11 @REEOHNOZIEAL S DTHBR, &OEHTIHRONER LIk
2 T3, ThER? L, RENIL (areola) by, BOMMICEM? > Eh2h
—fAnB A (foramen) % 4%, BEEANCIE, Fig. T Hho L bn3d k 5ic, 1 sy
Y 1~3@ED0/NLELOMIRTHEELSh TS, Z0HrE: CrRawForp (1971) i2 X 5
Melosira varians DWREEHEE LB THELUT2 b0 LELA S,

UERSRTE AP S, %F 51X KoLBE M4 ic X 3 Cyclotella arentii i
Melosira BIZBSNB_ETH5 LYWL DOTH BN, ABLLZADDOEESEIL
> &Y EEBW, KD Coscinodiscus, Cyclotella 33 kU8 Melosira 0 3 J§ DM
%, KuTzING (1834)'", EHRENBERG (1838)1», DE Ton1 (1892)!®, HusTEDT (1930)®,
HenpEY (1964)%, CRAWFORD (1971)1, LowE (1975), HERMCKE & KRIEGER (1962)5>
BEEBRLTE LY, Thi Melosira arentii 125 THEDh 8% KB -0
BRI1THD, TORT, BEFR EREOBRE, BEOHEBEOBIR L pLHOE
£, BNEORIHOMER, BE LBREORS L VEHED ThBhIZ OV TOHEICH
WTELDLRTWEN, ZORPSD, M. arentii DEREILT<T Melosira B
R LIBETHZ Lb 5,

Description: Melosira arentii (Kolbe) comb. nov. Cells short cylindrical in
rather short chains of 2—5 cells. Chromatophores nixmerqus, compressed cir-

cular with irregular lobations and arranged around the cell wall. Valves convex
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with flat median part, 11—17.5y in diameter, 3—5.5y high, with spines on mar-
ginal ridge and blunt spines on valve face and with thin wall throughout except
thickened valve edge. Sulci absent, pseudosulci very wide. Walls loculate-
areolate, areolae in the central zone of the valve in tangential areolation with
straight raws, about 22 in 10y and in the marginal zone of the valves in
radiate areolation with straight raws, areolae about 21 in 10u. Costae alternat-
ing with marginal striae absent.

Table 1. Comparison between Melosira arentii and related genera.

Criteria Colon Lobation Valve  view Girdle view
; ,}' Structural | Inside . Spines

Genera ormation|chromato-|  difference. | marginai Cingula

& species hores |margihal&central costae |On rim [On face

Melosira (Igtg) + + - + | * +
+ -

Cyclotella | (5 5 cats) + Sl = - - - - =

Coscinodiscus | — - + - + | - +
+ -

M.orenti | Tl + + | + +

Summary

The frustule structure of Cyclotella arentii Kolbe collected from three dys-
trophic ponds in Japan was studied by the light and electron microscopy and
the position to which this taxon be placed was discussed based on the follow-
ing features observed. (1). Colonies. Cells are solitary or united to form short
chains up to five cells. (2). Chromatophores. Numerous, small, lobated and ir-
regularly rounded plate like chromatophores are arranged around the cell wall.
(3). Valve views. Though the arrangement of loculae on the valve face are
separated by the circular costa-like structures of various size and shape into
marginal and central zones, a marginal stria consist of single row of areolae
and the costae alternating with these striae are absent. The long marginal
spines are on the marginal ridge and blunt spines are on the valve face but
neither strutted process nor labiate process are found. (4). Girdle views.
A cingulum overlaps the edge of the valve mantle and remains normally in

narrow band and increases its width prior to the cell division.

=11 —
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MIFER* « BHEE™ . EHEZ*: RRKEEVFIVRT
THOREHILOY LEFPEEERBICODNT
(REORBHALYY LEBFOHE II)

Megumi OKAzAKI*, Mami TAKADA** and Masahiko MiyATA*:
Site and nature of calcium carbonate deposits in a calcareous
green alga Halimeda discoidea. (Studies on the calcium
carbonate deposition of algae-II)

AREZEBED LA, HL LD 680D BAabh T3, EEOITFERD B
T, ThOARKEOFEHICE > TR I OhORKEBENRTEET S FIRER 16
L7zt 20RO ARKIEBEOBREL—HTLBbNB INY T b LIREBAA  DBRFED
L &, BRILBATOEREROFERIV, ThORKIEANDFESOLAFR LI
DWTRI L BDFERD Y 2525 B TEED CaCO, (AL L ZOREERITOVWTO
MEL T TE e, SEITEERERD10% 28 CaCOs 1275 D, ARILOBENRZIZE
FETRWAKGEREY F UV KT 5% Halimeda discoidea i 0 THEL 72w,

HHEFE

Y FUYFETF S Y Halimeda discoidea Decaisne |3 FE 3 ETUKIR 2 T 1975,
1976460 6, 7 BICiREL 7z, TOMEE By TREEMSAEE LB EE - £ERE
TR T B R E D BB 1To 72, ¥7- CaCO; R HIREHFETRENT
&, XBREPFTETREL 72,

WB I B EHETEMEOBENDIZI, BEEROREEET IS VILT IV
Fe FeARI v 7B ToEEEL, FERE-TTAa—AY ) —ITHAKLZDL
TRVIZABL 7=, 725U CaCO; n¥fEE < BT, BEEmX pH 74 IZFREL,
BiKIC 72 7 v 3 — i 3Tkt CaCO, THFIL THEAL 7z, E70, Je¥BM
sz I3 = R L AERE E LB GEIAIZL, ML ST A—THREL T,

EEMNETEMSEBERFHZIZ T £ bV )~ XTHAL 2B EFEL b D& A
Wi, TOBALT Uiz ERO L HizL T CaCOs TaFIL 712 D& AV REEED
* BRPEAFEGPHE (184 AP IHHEHILAT4—1—1)

Department of Biology, Tokyo Gakugei University, Koganei, Tokyo, 184 Japan.

o FEASEETFRSER (156 HHHEAARKER1—5—30)
Oyu-Gakuen Girls’ High School, Setagaya, Tokyo, 156 Japan.

Bull. Jap. Soc. Phycol. 25: 189-194. 1977.
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BREHTE, BREITHRI > THRERERFLETERERIBLE I L, HERLE
ETEMET, BABTHHEERN JEM-7 B, £HEAN JESM-U3 BlthH 5,
XHREHTO 72 ORBHIREE SR O WA 2 RE K CHBITKTEL BREL b 0%
BRAEL TREL 72, HIRRHFETRENT, BRAEFERBEYR OV TBIE-
7o EREPROT & b UBIKEREGE S lmm ARICEIVERY, Z0%EHAA vV b
S 2 A T YT, BEREICAEL T ARERIIOVWTLEFREHRE 1T,

&= ®

YFUYRT IV IEEOSRRAESENL THER Y, Z0EREFZXYFIIRT
v0XHEHELTWS (Fig. 1), TOHBHOME - BEIA & LB THREL, X
" ryFLend Fig. 2 ThHB, ¥/ Fig. 3 132hd 2 b Lic U TERML - ERER0
SEEERERANIRL b0 TH S, ZOEMLbIB L T, TEERE—EHOFRER
(Filament) »5HREATEY, FRAZOELABOEARE TS AR
2 T3, ZORBEFEICEEL Ho T B DEENTIICIE, ROk LIZERE
#okv LEbh 3 HBREREFRL T3, Fig. 4 3BENBOEKXGETH 528,
C TRLIEEEDOESE CaCO; DEROEALLLDTH D, TOWHIEREETIL,
HFRADEOREICEEL ThinbDTH BN, HIFENOBET, NAWHIHHL,
BEMNIIEL 7272012, B TR b0 LEbh3, Z0Z L55 AR
BEONMITH S Z LRSI S, ZOBr BBMNETHEMEETS & ICRcRR
L7z, Figs. 5—7 ThH3, ZZIiCRLEBR G, dnRo Fig. 4 K% +385
PEBRLZLOTHS, Figs. 5,6 iILREhTW3 L Hic, BEFEEOHEECEVER
PVEISHISREIC B L 7oL T 3B, B TB<3 X 5ic Zhix CaCO; miERT
»25Z L Yole, ThBBEBRBITI Y THEWRARDIUED 7z s AL — W e
IVBBLTVBORELNS, R MEONRICII&L ZDX I hiEREIIROA
v, Fig. 713, YR 2EEMATHRALLLDOTH B, REME (25 I3k
) THRBIZRSICEELED, BURESIZ-&) LERSh3, LHL, HEERNIC
BED X O BREREIE AP i, ThbbYRT V7 ORRIGIBALO—-
FIERERBOMIRE T 2o bHRNTH B ERIE-F Y LT,

Fig.8 3IERGEREOEEERHR TH 55, —MOMEREIC, HAEBEBEL T3
OBRBREINI, ORI, 1 04pm, BE 1ym BEORRERTH - (Fig.
9), Fig. 10 3ZBRIEHRE LIS L OEOEWHERL T 5%, Z OBBERHRICIE, &
SRELSPREEN L bR D, /- Fig. 1LIZRLRB L 5iz, EREHLEES
FRADKEIC b SPRFBENRHEL TR Y AROZBEE G (Figs. 5,6, 7) L L<{—
L7, 22 OMBRERIZEEL T 28HRE&IZ, h0lym TEEN 2pm B0}
DTh ol (Fig. 12),
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Figs. 1—6. Halimeda discoidea Dec.

1. Portion of thallus of Halimeda discoidea. 2. Longitudinal (A) and cross (B) sections of a
mature segment of the thallus (%x60). The parts where sections were made are shown diagram-
matically in the lower left corner of each figure. Scale=100pzm. 3. A schematic sketch showing
three dimensional structure of the thallus. Note well developed intercellular space. 4. Light
micrograph of cross section of a mature segment (x%1,200). C:-CaCOs deposits, F: shrunk me-
dullary filaments. Scale=4ym. 5. Cross section of a inner filament (unstained) (x4,950). C: CaCOg
crystals, CW: cell wall, ICS: intercellular space, CP: cytoplasm. Scale=1ym. 6. Longitudinal
section of a inner filament (unstained) (x2,850). For other explanations see Fig. 5. Scale=2um.
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11 G

Figs. 7—12. Halimeda discoidea Dec.

7. Cross section of a inner filament (stained by lead acetate) (%2,250). CaCOj crystals were
removed during the staining process. For other explanation see Fig. 5. Scale=2ym. 8. Outer
surface view of a segment observed with SEM (x1,500). Small crystals were deposited on the
collapsed utricle. Scale=4zm. 9. High magnification of rod-shaped crystals in Fig. 8 (%9,000).
Scale=1zm. 10. Needle-shaped crystals deposited in intercellular space (%4.500). Rod-shaped
crystals as shown in Fig. 8 were also observed on the outer surface of the utricles. Scale=1xm.
11. Needle-shaped crystals deposited on the outer surface of a medullary filament (%4,500). Scale=
1pym. 12. High magnification of needle-shaped crystals in Fig. 10 (x15,000). Scale=1xm.
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W BEE O RE CHE SN RERORS LERBIRMTH 5 2 HET
b5, TOREALT, BEUAFNICEETERE FIREFETREITETRIMNL 2
R, BENBOSHRFERIZT IV RED CaCOs R TH D Z L RHHAL 72, £7-8
BEREREORRERICOVWTIE, $HA v 2 ICBEO/MNTEEREE LIZL TR Y o,
FEOFEEZ AV TREL 72, RAULL 75 VREOERTH -7z, F-EEEREER
%, XBEPETHFLER, BRCESEATWBERRTRTTISVvRENLDT
»Y, HEROFEERBRHETERb o7,

z ®

FERT V7 BOBRICHAICE T 382 Wilbur 5 (1969)® 3 & Ut Borowitzka
5 (19749, 1977%) OIFFERDH Y, vTFhdBENOHRERICAKIE X Z5NZZ L
RIEHL T3, SEDYFUYERT VS THBERRIEEORBR L LKL
fro T=PPEERAREIC b BENTORS L IHEDORE - - BIRERBSEE TS v o
Tei T MRERMNE O NI, EILAT B AKGED CaCOs #E&IZ7 7 Vv ARITH B T
LHBBESh TV 3R, SEOEEEOERL ZOHFEELE S} 72, —F, Borowitzka
5 (1976)® 13 Halimeda tuna it ¥ Cii7 5 VAN 80% T, Y 20% i3 HRARIT
bol LHREL T3, SEITFEREIRHEhE, T,

- BEORKIEOBBICEAL TE, HL{»oRAREDPEFNEBERShTEL, %
Y& Tk HCOs™ 25 CO, k&ML hERSh 3R, OH™ @+ 3, &
hick->TiEZ 5 pH o kfix HCOy~ RS ¥ T CO2 n#mERT, &R,
2HCO; ——CO0,+H,0+COg2~ i3RI k- THREh CO2™ 28, RAKILIZEHF
E+3LT3EHTHD, FRTVIVBEMBLLT, ZORICHET 3 & 0 FEMARH
7 B HRIC T - T & 72 DiF Borowitzka & (197660, 19779) Tk 5, L L, B
Z LT, BEIBEARETORRKMZ OV TIIREILL A>Tz,

- BARETIE, TTIRRS2X ) CHIEERRICIT 2SR LiIxR Y, BRIRESR
FRREh3, 20X ABEEECORKERITTAXTYFU (EAM, 1977)%
EHWTHLRLATV 3, BfkEE:, MEMREER-EEOTIEPN TS
LIZEE»PTH Y, ERORRERFOBN2ELADEDS L E, ARUBHBORIZ LMD
DEENFET I LD LEZBNS,

B EEEREHOBEIEN - vt BAERRZEOKEE—RICE BILE
LEF5,

Summary

In the present paper the calcification sites and the properties of calcium

carbonate crystals of Halimeda discoidea were described.
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The ultrastructures of thin sections and surfaces of the thalli were studied
by trausmission and scanning electron microscopy. Needle-shaped crystals of
calcium carbonate were deposited abundantly in the intercellular space within
the thallus. However, calcium carbonate crystals could be detected neither in
the cell wall nor in the cytoplasm. The needle-shaped crystals were about
0.1ym wide and up to 2.0um long. Rod-shaped crystals were also observed
partially on the outer surface of the thallus. These crystals were about 0.4ym
wide and up to 1.0um long.

The properties of needle- and rod-shaped crystals mentioned above were
identified to be aragonite by selected-area electron diffraction. X-ray diffraction
patterns of the algal powder examined agreed with that of aragonite.

Bl B X &

1) WRraAY, J.L. (1977) Calcareous algae. Elsevier Sci. Pub. Comp. Amsterdam,
Ozxford, New York: 22-23.

2) EHEE, MEER, SAEE (1977) GREBEAXTYFUVORBI VY Y AT
B LRIz v T EEORBINY Y AILFOFE 1) HiF 25: 1-6.

3) Wisur, K. M., L.H. CoLinvaux and N. WATaABE (1969) Electron micro-
scope study of calcification in the alga Halimeda (order Siphonales).
Phycologia 8: 27-35.

4) BorowiTzkA, M.A., A.W.D. LarkuM and C.E. Nockrops (1974) A scanning
electron microscope study of the structure and organization of the calcium
carbonate deposits of algae. Phycologia 13: 195-203.

5) BorowitzkA, M.A. and A.W.D. LarkuM (1977) Calcification in the green
alga Halimeda. 1. An ultrastructure study of thallus development. J. Phycol.
13: 6-16.

6) —— (1976) Calcification in the green alga Halimeda. II. The ex-
change of Ca2* and the occurrence of age gradients in calcification and
photosynthesis. J. Exp. Bot. 27: 864-878.

7y — (1976) Calcification in the green alga Halimeda. III. The
sources of inorganic carbon for photosynthesis and calcification and a
model of the mechanism of calcification. J. Exp. Bot. 27: 879-893.

— 18 —



L ARV Y 19

RE—F*: BFEASMAFrA4v Q)

Kazuo ANDO*: Moss diatoms in Japan (1)

ayEr A4 Y ViR o Tii+ Tz Krasske'®, Hustedt®, Manguin® 52k - T
WL OROBERREINTERL, LALDLBEDLDIROWTIE, I XFTFIZAELT
EFRLTw3b08R< L, BFY BEABEO2yRAEr 4V vk, £, BF-B
RO PEBRB L UCABBERO IS (B4 Y V2RI FE-TW3RET, ZOHZEH
BEDLHTHRV, BHERZZOFIZAHEL TEEL TWB T A Y 72O TI9744ELL
KAER T o TELER BeoFHamRerEBik, SEXThLDF A4V TD I bEFIC
SEFRE b CICARSEMICHRECEERIE OV THREL 2v,

BB, TOWIEELDHICYD, HENOGHIEHUL TWieKw Ty 3RS ERY
INKRELEES, BOTNT, a2 ORIEE L T il Wit R SEAR NFELK, 250
BRECHF IR HER I EA SRR RICESHILEL LT 5,

(1) Melosira roeseana Rabh. var. roeseana cf. Hust. Kies. 1: 266. f. 112a, b. 1962.
YURALHEOERE, Hustedt 215 L 8—70p Lz > T3, SEOBWETIRE
E0p TP XX RBOMEMGED Ry Ehic, M. roeseana BizR&Msa r & s 1Y
YThHY, HICZORATEIDPETLER LX-> TBABED 2 BIURGR
B EESEENZ EoM» S, BB 0k > TEREN S, T8 « BB 2k > TAKF
JIBFHBHEOBRBOEE» 5, REF - BR® Ik > TEBR=BD Y /Ty, *
ALFF2, FrRIVAYvad s RERLEREA T3, SEDHAETITY
BREEBITROA TP O/BONN, URAEE L ThOFLEL T3 a7 LO/EIC
BB ERNERIIECX O THE, —HERPEE (BE oY IV IXSSE
K% Eurhynchium hians (Hedw.) S. Lac., {832 L2+ =4 Conocephalum conicum
(L.) Dum.), BEREFEAR (X ¥~ F 5 T4 Plagiothecium nemorale (Mitt.) Jaeg.)

(2) Melosira roeseana var. dendroteres (Ehr.) Grun. in Van Heurck, Synopsis
Diat. Belgique pl. 89, f. 9-18. 1882. eovvvviiiiiiiiiiiiiiiiiiiinnnn, (P1. 2. Fig. 6, 7)
Grunow %% Van Heurck ¢ Synopsis ® b TR LRIEL T 3 KO HAKEL,
BOBERE 12—22.54, BOES 15—57¢ T, BEOEE B3 & 8 HD LEARFEINT
w3, De Toni!® 3= OFERITOWT R 704 £T, H¥AILS, RRICERH S

* MERCEFEEFEB (358 ARdni#m1—15—1)
Toyooka Senior High School, Iruma, 358 Japan.

"Bull. Jap. Soc. Phycol. 25: 195-201. 1977.
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» R

WA

Pl. 1. 1. Melosira roescana Rabh. var. epidendron Grun. 2, 3. M. roescana var. tropica Krasske.
4, 5. M. ruttneri Hust,
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LEBLTW 32, bHEDS DIZER 22—24p T, HEEHERT S L 6—13AOLEA
WROJH»Z D, E72, Grunow [Z#REDEDIC 8 i & DHFO#EE (Pl 2.
Fig. 7 B) BZH N3 ¥ A 7% var. dendroteres forma porocyclia L1 TXEI
L7243 De Toni® £ VanLandingham!® |34z RBIL Tvizvy, — R ETMHKE
GBE LD T ¥ A h=4 Pseudoleskeopsis japonica (Sull. et Lesq.) Iwats.)

(3) Melosira roeseana var. epidendron Grun. cf. Hust. l.c. 1: 268. f. 112c, d.
1OB2, weveerersrunreteiiiiiiie ittt ba e e s e nb e e e e e nans (P1. 1. Fig. 1)
YRR EEEOBESRATH S & L, BERED AT BEE L B
ELTHEVEREWT LTRLTEERAEN S, ABFSkit Hustedt i2X 5 &,
RAEBOEEIIREBIHIT 100 W 128, REMETIIEL K ARoT 104 124
TARLED, THICHL YEEOAMFBIIRE LT 104 249 14—15 %, B&fHE
TIX10p L1383 K TH 5, SEEELB-YEREOREE T Hustedt OFEHE L Y R
sERBENRE L, TOMEZBBAET 10p 12 15—20 &, BREFLTIX 10p 12 14—18
FE¥ChHole, —BAE—E) (Y7 v wuadl Heteroscyphus planus (Mitt.)
Schiffn.), OB AERME BolkBKELDI ¥~V F 525 Plagiothecium
nemorale (Mitt.) Jaeg.), HER P QB LD AYTXFIys Amblystegium
serpens (Hedw.) B.S.G., & kDY 7 v+ ¥ =€ K% Eurhynchium hians (Hedw.)
S. Lac., B8+ Fn P+ =4 Conocephalum conicum (L.) Dum.), HERBE GEIRF
DKV AIX¥ =4 Pellia endiviaefolia (Dicks.) Dum.],

(4) Melosira roeseana var. indica Skv. in Philippine J. Sci 58(2): 180. pl. 1.
S 221985, e (Pl. 2. Fig. 12)
WAL, ROEROK 2 EDBEDHE LT L TREEE LRSS, £,
BT X E R 3B B, Skvortzow [ZFFEHMTIXER By L LT D2, ZTOER
RID (IER 40—45p DEZ 52 T35, SECHETEEN B BEIT, EE23e 2
5 ETpiE ¥ Thole, FEIHOMBRORT, FEHTIL 10 IC 14F LB TV 5,
TOTRELVRBIFOATVARREFHRL THB L 104K 5—6FKTH B, ikt
DBEY»LBZ BN, EERSEEBEEOEZ, 10p124—T7KT, FROEL X
—FLje, MERITREOL S, ARAMEHICEEFTS 225 LELERV-HEH
fro —EEBERR GBo 7 BRELEDKY &5 =Y Neckera muratae Nog.], |l
OBR#KIFR (Bo7RKELED v R¥ =4 Plagiochasma intermedium Lindenb. et
Gott.), [WARKERME (RBo e BRE LD I Y~y F 4T Plagiothecium
nemorale (Mitt.) Joeg.), kB RREEILR RBorcFRELDI STy EFX
Porella perrottetiana (Mont.) Trev.), HERBIEILFNHE B BRKELEDY
» Y% 24 Entodon macropodus (Hedw.) C. Muell],
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PL 2. 6, 7. Melosira roeseana var. dendroteres (Ehr.) Grun. 8—11. Achnanthes tropica Hust.
12. M. roeseana var. indica Skv.
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(8) Melosira roeseana var. tropica Krasske, Svensk Bot. Tidskr. 43: 422.
Plo 1. Fo 2, 201948, covnviniiiii (PL. 1. Fig. 2, 3)

LVERIIREO SRFIOBICAREBEHROBRE boZ LTREEB LRSS,
T ORBRITRE E THOT, £ THEL TS, Krasske gz oZEokE Sicow
TORER 5L Twinv s, EERSEGEEZHILTA5 L, HE15-30x T
M. roeseana FEDHTITHER/INID L DBRLD 570, YUEFIT Skvortzow!? H358HR
L7= M. roeseana var. asiatica b k. {PITv%, LirL T D var. asiatica {35
RIBZC-DIZHL, YEFBIBRRICHRHSOTCRITE S, —BFER PG GBE
EDF A F a v F oS4 Plagiomnium vesicatum (Besch.) Kop.), ¥ EIRfEAIL
GBE LD I ¥ ~<H%F &4 Plagiothecium nemorale (Mitt.) Jaeg),

(6) Melosira ruttneri Hust. Arch. f. Hydrobiol. Suppl. 15: 140. pl. 9. f. 11-
B T L . 1 (T PPy (Pl, 1. Fig-, 4, 5)

WREITRET DB, BAZTOLL TV LTHEOEENED OIS, THALLERD
REICITEEIERFE L NRICE SRS AROBEEABEAL TH5, ZhoTHlic
13, BRETRBESRICEFIL 2L VWERBBIEEh3 L, BETEREDIZLEARIZ
EBRBBEET S, ZOBEOMEIE L, Wik, Hustedt 3BoERWN
10—60y, 3@ 15—20p 252 T3, EEXSEEMEEIL, B 19.5—39. 54,
F/F15.5—19x T T FELRBROECHERND L DTH -7,

Hustedt {3 Z DDA RBIEIC SV T TROBAH BB 27 5 3 W IZEEOMIC L
T, LIFLiED 3 i KBRICHET 3, ZLTHIBER->TWTLAb X <ELET
FERTNVE VHEOBER T, CORDINL ) BEEY RTEEISEELLZ ]
LELTv3, YEIISEOHEECIHIERICHE TS Z LA k» o720 T, Hustedt o
REEL+ RIS B Z LI TER P, LALbBEICHT 3HERTED L Sl
FThdarizMBEL-RBTRAVHEREZ Lid, ZOBOLREEZELX 5 ETHER
3Bz, —BAEL) QBE LD 7% /) XS4 Pallavicinia longispina
Steph.), RERKER (B-cXZRELOER), HEREMA kL2 ESLT
WAEE LD Y v =4 Conoce phalum conicum (L.) Dum.],

(7) Achnanthes tropica Hust. Arch. f. Hydrobiol. Suppl. 15: 200. pl. 18. f.
28-82. 1939, ceeerniiiiiiiiiiiiiii s e e (PlL. 2. Fig. 8-11)
YRIRRRIC LB L, BRE10—25¢, W8 3—5¢ T, HEEROBHKITAHET,
ERESoMRLRRICZEL ABEWETE L - Ty 3, LALSEDORETHMERK
HRE 12.5—33.5¢, RiE4—6 ¢ TPRAETH Y, HBfo P REBHERHRIIL
NEEED RvHEhE, LALEoMoSixERRe X {—KLk, ¥/, ERn¥
A 7IZEL 5T, PL.2. Fig. 10,11, 0 X 5 KB HHTFEL 3 ERIT> & FHBRV-HE
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hiz, TOEAFEFDLDELELTHIFBIRENE 5P, SLIEL SBRML THAv L
B, )

T DR T TI/MRPIZ X o THRIB L CZOZFHOKFIN, Hl)»o/HIcRE
VHERTW 22, EFIRRIPERETREL L2 /o YBEEEBIRACHL, %
o, BRROBECHATREL a2 F BB THI2 S ITb BT L {AFL Tie,
Hustedt 34O Z L % [SABRETHA 5] LEL T3, ayiciHEL KRB
THEKEHELES b0 LB, —HAERBE (EREDLATVW3H LY 7Y
F XS4 E K% Eurhynchium hians (Hedw.) S. Lac.), 3ER S (B LoFv©
w Ak Wk y Fissidens minutulum Sull., @& FD v 2 ¥ X =4 Amblystegium
serpens (Hedw.) B.S.G., KB L 7272V E B TV B EBER DK Y I X¥ =4 Pellia
endiviaefolia (Dicks) Dum.), HERMFR CKATHES TV 3 HELOKY Ko
v =4 Fissidens grandifrons Brid. var. planicaulis (Besch.) Nog.),

Summary

In the present paper, seven moss diatoms are described from taxonomical
and autoecological viewpoint. They are Melosira roeseana var. roeseana, M.
roeseana var. dendroteres, M. roeseana var. epidendron, M. roeseana var. indica,

M. roeseana var. tropica, M. ruttneri and Achnanthes tropica.
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P.M. SivALINGAM*: Marine Algal Distribution
in Penang Island

Abstract

Investigations of marine algae on the shores of Penang Island over a period
of two years indicated that the majority of the identified 44 species of marine
algae are confined to the rocky conformation of the shores of Batu Ferringhi
directly adjacent to the Batu Ferringhi River. Nevertheless, there is a cosmo-
politan species, Enteromorpha flezuosa (Wulfen et Roth) J. Agardh in the
Chlorophyta. In contrast, the sea lettuce, Ulva reticulata Forsskal, exists in
very large amounts with the prominency as a food source specifically restricted
to the muddy banks of Tanjong Tokong, the Middle Bank and the mud-flat
stretching from the mouth of Bayan Lepas River till the mouth of Pinang
River indicating indirectly its nutrient specificity for mud-flats. In relevance,
the Chlorophyta, Enteromorpha intestinalis (Linnaeus) Link, is only found in
Boon Siew Bay within the Bay of Telok Bahang. Based on these results, it
is suggested that available specific nutrients in the water mass, oceanographic
conditions and the resulting habitat suitability might ialay an important role
in determining the distribution ot algal forms in Penang Island.

Introduction

Studies of marine algae in the neighbouring countries of Thailand (Gomont,
1901; Reinbold, 1901; Seidenfaden et al., 1968; Egerod, 1971, 1974 and 1975),
Indonesia (Gilbert, 1942; Gilbert et al., 1969), Philippines (Gilbert, 1942; Taylor,
1966; Gilbert et'#l., 1969), Ceylon (Borgesen, 1936; Durairatnam, 1961) and
Vietnam (Dawson, 1954; Phamhoa’ng Hé, 1969) are so limited that the area of
this science is not exploited as‘a.foo'd source to the fullest extent like most
advanced countries. Undoubtedl-y, this is true of Malaysia too; where studies
on phycology is so limited (Khew Khing Ling, 1975;' Sivalingam et al., 1976)
notwithstanding the fact that the word agar-agar originated from an algal

* School of Biological Sciences, Universiti Sains Malaysia.

Bull. Jap. Soc. Phycol. 25: 202-209. 1977.
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product which was made since earlier time in this part of the world. This
became an incentive to make a detailed study on the distribution of marine

algae in Penang Island and the work was performed from April 1975 till April

1977 and the results are reported here.
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Fig. 1. Map Showing the Details of Penang Island and the Sites of Investigation.
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Materials and Methods

Algal forms in Penang Island, an island located between latitudes 5°15' N
and 5°30’ N and longitudes 100°10’ E and 100°20’ E with an area of 110 square
miles in the State of Penang, North West Malaysia, were normally harvested
during low tides through the whole year at stations A—K between April 1975
and April 1977 as illustrated in Fig. 1. Here, it should be noted that all the
algal forms in this island are confined to a depth of 1 meter fré_m the highest
tidal level and are comparatively miniaturized (Sivalingam et ‘al., 1976) as
compared to related forms found in other parts of the world (Plate 1 and 2).
Normally, the harvested algal forms are brought back to the laboratory and
are examined immediately in detail according to standard procedures, identified

microscopically and their distribution recorded.

Results and D’scussion

As shown in Table 1, the investigation demonstrated the existence of 3
species of the Cyanophyta, 21 species of the Rhodophyta; 8 species ot the
Phaeophyta and 12 species of the Chlorophyta along the shores of Penang
Island. Out of ‘these 44 species, 42 are specifically found in relatively large
amounts along the shores of Batu Ferriﬁghi (Station C) excepting the Chlo-
rophyta species of Enteromorpha intestinalis (Linnaeus) Link and Ulva re-
ticulata Forsskal. It is also noticeable that the algal species of Enteromorpha
flexuosa (Wulfen et Roth) J. Agardh is ubiquitously distributed while Entero-
morpha intestinalis (Linnaeus) Link is only confined to Boon Siew Bay and Ulva
reticulata Forsskal in the mud-flat of Tanjong Tokong, the Middle Bank and
the mudflat stretching from the mouth of Bayan Lepas River till the mouth
of Pinang River. All other investigated stations had practically no algal forms
other than those mentioned above excepting Telok Bahang Bay (Station C)
where Oscillatoria sp., Struvea delicaluta Kutzing and Ulva conglobata Kjellman
are also found, Telok Kapor Bay (Station J) where Gracilaria sp. 3, Cladophora
fascicularis (Mert.) Kutzing and Ulva conglobata Kjellman also exists and the
mud-flat from the mouths of Bayan Lepas River till Pinang River (Station K)
where Gracilaria sp. 3 and Cladophora fasciculata (Mert.). Kutzing are also
found. ) :

Evidently it is to be noticed here why the majority of the algal species are
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‘g ~-“ ,‘

‘, Plate 1. Sargassum bed on a rocky conformation at the shores of Batu Ferringhi.

F5 5. TG~ : ; o
. B i o AP, &t,w;,;; LR
Plate 2. Algal bed showing patches of Valoniopsis pachynema (Martens) Boergs (A), Sarcodia

species (B) and Gracilaria species (C) on a rocky conformation at the shores of Batu
Ferringhi.
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Table 1. Distribution of marine algae at the various investigation stations
of Penang Island.

Presence (+)/Absence (-) of Algal Species at the Stations

ALGAL SPECIES
A. B € D E P 6 H I J K

CYANOPHYCEAE:  yymgbya species . e 4 e e e e e e = -
Oscillatorla species - = * 4 = = e e - - -
Pelagothrix cleved; Schmidt - = * = e e . e e - -

RHODOPHYCEAB: Acanthophora orientalis J. Agarch - - - - - - - - - - -
Amphiroa species - -+ - - - - - - - -
Centroceras species L . T
Ceramium species ; - = 4 e m e e m e = -
Gelidiopsis species : - e t F m e e e e e =
Gelidiun amansii LAMOURCUX L
Gelidium pusillum (StackhouselLe Jolis - e 4 a4 e e e e e e =
Grgcilaria species 1.- . - - * - - = .- - - = -
Gracilaria species 2, ’ L L N
Gracilaria spacies 3. - - + - - - - - - + -
Gratelopia species -~ - % - e e - - - - -
Hypnea species 1. R R . . T S
Hypnea species 2, . T . T T
Hypnea species 3. - = 4 = m e . = e = -
Jania species R R . . T
Laurencia species 1.(sL. glandulifera Kutsing)(2) « = + =« =« «® =« « = « «
Laurencia species 2.(sL. pinnata Yamada)(2) e 2 4 e e e e e e e -

eillea jungermanniodes (Martens et HeringlHarvey = = + =« = « @ = « = =
Lithotharnion gimulans Foslle I L N N
Lithothammion erubescens Foslie - - + - - m e e w e =
Sercodia species - = 4+ e e e e e e e -
PHAEOPHYCEAB: Chnoospora minima (HERING) PAPENFUSS - et e e e e e e e .
Colpomenia ginosa (Roth) Derbes et Scher - et m e e m = m e o=
Dictyota bartayresti Lanouroux - et e e e e e e e -
Dictyota dichotoms (Hudson) Lamcuroux) P e . .
Pading tenuis Boru LI T T L S B
Sargassum grevillel J. Agardh - = 4 e e e = e e .-
Sargassum sanded Reinbold/polycystum (2) L T N
Sphacelaria furcigera Kutzing L A B T
CHLORGPHYCEAE: Bryopsis plumosa (Hudson) C. Agardhe R - R
Caulerpa ferqusoni Murray - = s s s s -
Caulerpa racemosa W.ve Bosse vare lacte yirens - = e = = e e - - -
W.ve Bosse
Chsetomorpha sntenatns (Bory) Kutzing L S ol
Cladophora fascicularis (Mert.) Kutzing e T L
Enteromorpha flexuosa (Wulfen et Roth) Jo Agerch O T . I
Enteromorpha intestinalis (Linnaeus) Link - = = % = = = = = = =
Struves delicaluts Kutzing R T
Ulvs conglobata Kjellman - = F ke e e = e e
Ulva reticulata Forsskal - - = = e - e .t
Valonia fastigiata L T L T -
Valoniopsis pachynema (Martens) Boergs L R . B B

*Stationss M Mmmmwmmnupof!mjmgm; Bt Mud flats of Tanjeng Tokongs
shores of Batu Ferringhi with lots of rocky conformaticn; D3 Telok Bzhang sendy bays
El Sandy beach of Pantal Acehy F: mud flats with mangrove swamps stre tdu.wzmni‘mjmcmmh !
40 the mouth of Bentong Islend River; G: Sandy beach of Gertsk Sanggul; Hs dandy Bea
Pasir Belanda; J: sandy and slightly xocky beach of Telok Kapor and Ki mud flats Btretchmg
£rom the mouth of Bayan Lepas River to the mouth of Sungeld Pinange
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Table 2. Marine algal species found in East Malaysia along the West
Coast of Sabah!.

Presaence (+)/Absence (~) of Algal Forms in investigated areas
ALGAL SPECIES g i N

. Kota Kinabalu® . *
Pulau Labuan ma.uvmnm."“‘“ Pulau Balazbangun

RAODOPHYCEAEt  Acanthophora species - - -
Champia (parvula)
Chempia species
Chrysymenia species
Coxolling species
Euchemy speclea
Galaxuars cylindeica
Galaxuara squalida
Golaxusra species
Geacilaria crassa
Gracilaria dura
Gracllaria species
Gratelopia specles
Jenip specles
Laurencia species

PHAEOPHYCEAE:  Colpomenta simuosa
Dictyopteris species
Dictyota atcoaria
Dictyoty dentata
Dictyota species
Hormophysa triquotra
Hydroclathrus clathratus
Pading commersonil
Pading gymospora
Padina species
Ralfsia species
Sargassun clnerewm
Sargassum ¢uplicatum
Sargassun filipendula
Saroassun tenerrimm
Sargassum species
Turbinaris concoldes
Turbinacia species

SHLORQPHYCEAE: pcotabularia cremulata
Anadvomera stellata
Avrainvillea gpecies
Caulerpa sertularoides

- *

LN A I A ]
] ) t 1
] 1 + 1

LR A IR R I T S SO

[ |
T+
(]

+ 0+
[ ]

1+ 1
LI D B )

LR AR 2K 2 B R A 3
+

LR AR R K 2 B R I A |
L N B I 2 B R R N |
I+ 401 % &4+ 3 4+ 4 41

PR I N R |

R
[}
'

E
!

+
)

=
E E
R A
t #6001 1 %4 4+
[ I B I |
[ R S O I |

1

Data of Knew Xhing Ling (1975). Detalls of investigated areas,t Pulau Labuant Layang Beach, Lubok Terunang Beach,
Pchon Batu Beach, Mexbidai Beach, Suanganlada Beach, Tanjong Aru Beach and Vittoria Off-shore; Kota Kinabalu and

its vicinities: Gaya Bay, Kuala Abai, Kota Kinabalu Coastal Areas, Likas Bay, Popur Beach, Pulfm Gaya, Pulau Sulong,
Sembulan Beach and Tanjong Aru Beach (K.K.); Kudat: Pantal Bak Bek and Pengeraban Beach; Pulaw’ Balazbangant

Beach East of Kelangan River.
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confined to the shores of Batu Ferringhi. The explanation is difficult but it
might be due to the availability of large areas of sandy and rocky conforma-
tion of the shore as compared to the other areas which in essence are sandy
and muddy in nature, some oceanographic co_n_dvi.i;j‘qqs such as currents from
th; Bay of Bengal an& the tidal currents of the Straits of Malacca, and. -the
availability of high nutrient content for their flourishment brought about by
river imput from the mainland and the island itself. It should also be noted
that the Chlorophyta, Ulva reticulata Forsskal, is confined only to the mud-
flats facing the North and South Channel of the Straits of Malacca and not
in the mud-flat stretching. from Tanjong Gemuroh to the mouth of Bentong
Island River which is diréctly exposed to the Indian Ocean. Possibly, this
might also be due to the availability of nutrients owing to its exposure to
oceanic waters. ' . R

In this work, a comparison was made between the algal forms found in
Penang Island with those. in East Malaysia along the West Coast of Sabah
(Table 2., Khew Khing Ling, 1975). This interest has come from the fact that
the algal forms found in the tropical zone of this island are in no way similar

from the overall aspect to those found in the East Coast of Malaysia.
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Ken-ichiro TERAMOTO* and Yoshiaki KAwWAMORI*: Changes
in marine algal flora related with the improvement of the water
quality in Mitajiri Bay, Yamaguchi Prefecture
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Fig. 1. A map of Mitajiri Bay.
Water categories of Environmental Standard: A, B and C. Effuluents: KB (Kanebo Co.),
KW (Kyowa Hakko Co.) and MP (Municipal Waste Disposal Plant).

* B EEE TR SHBRTE (747 Lo RB5AFHEBMET1—1)
Hofu Plant, Kyowa Hakko Kogyo Co., Ltd., Hofu-shi, Yamaguchi-Ken 747, Japan.
> KPIFEOREIMME2E 4 AOBAWFEELNS 1 BAEKTRRLE,

Bull. Jap. Soc. Phycol. 25: 210-216. 1977.
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Table 1. A list of marine algae and sea grasses from Mitajiri Bay.

CHLOROPHYTA

RHODOPHYTA

. years
species areas —m=——= g 76
U/othrix +lacca B -+ + . -
(EE'ZFa) C 4+ 4+ + -
Enteromorpha prolifers B - - - -
(RT7AIY) C L e Fey e
E. intestinalis B G b 4
CKIPAIY) [ B L ST S 4+
Ulva pertusa 8 e e .
(T7+74Y) C - - 4+ vy
Cladophora densa B 4t b o+
(THIFYZAT S ) ¢ - - - -
Bryopsis plumosg B . 4 -
(nxE) c -t HH -
Codivm fragile B ++ - 4 +
(=) Cc - - - -
Porphyra tenera B -+ e a4
(THI%IY) c - - - X
P. yezoensis B - “+ b e
(RYEIY) C - -+ ++ 4t
P. /acerata B ++ ++ 4+t s
(xvrPv)Y) C - - - -
P. watadai B ++ T+ - -
(UXI5TRIY) C - - - -
Gelidivm divaricatum B e - . e
(EXF20™) Cc - + ++ ++
Grateloupia filicing B e I T
(uh7)Y) c - - - -
G. okamurai B - _ - -
(¥37JEE) c - - - -
Gracilaria bursa-pastoris B -+ ++ -+ -
(35%) ¢ - - - z
G. textorii B - -+ .
(ANIY) C - - -
Gymnogongrus flabellifornis B . T
(A¥WIY) ¢ - - - =
Gigartina tenellg B ~ + ++ +
(x%JIY) C - - - -
Ceramium tenerrimum B - 4+ ey ++
(A¥R) ¢ - - + -
Dasyq sessilis B ++ + +H A
( =re9'v'7) Cc - - ++ 4+
Polysiphonia urceolyts B ++ PP -+
(¥3933avirIy) Cc - ++ ++ ++
WENEL
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PHAEOPHYTA Ectocarpus siliculosus

(YA3Fo)

Dictyota dichotoma
(FP¥9"%)

Scytosipfion [omentarius
(AvEIY)

Co/pomeniq sinvosq
(79aJ9)

Petalonia fascia
(A3 n0Y)

Undaria pinnatifida
(2HxX)

Sargassvm horneri
(77n27)

S. hemiphyllom
(19E2)

S, confusum
(22R¥'€2)

SPERMATOPHYTA Zostera marina
(7TE)

1
't

1
1

'}
'}

OW OW OW OW OW OW OW O OwW OW®
' 'i
i ¥
1+ 1y 131!
¥

+
1+

## very abundant {4 abundant 4 common <+ rare

. AY
2 S\

Bryopsis plumosa . Dasya sessilis

Fig. 2. Distribution maps of several marine algae.
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7o, FARBREVBEEELBET S ECREEL DX BETH S,

BETRR L SIHER7 v TR ZOELERILT, 2RV BEELELERL T3,
L LB & DUEED Y & &Ko COD Loz, Thig EPMELBRARHS A
WOlk, W M, FAEE, AOHRAZLAEELTW R EEXLRD,
COD nfiiEd, EEOVEHAT, BONEEETLMTEbhA TV 0T, £0
ERSCBRSS Y, AKEORBERNERDbTICL L L5 LT RETHE I,

1973 ~T6LEIZ 313 B 15 EE, fAUH, EBFEEMOEEROEES WL /o023 Table3.
Th b, FETIREERIZOCVTHBREL =, BTSN, RIE PR, &kIEHE,
WREE, BV, B, BBE (77 78R<) BXUEREICET2 3mm ko
LOTH D, HEOHEERIL, T5EIcy—2iciElL, COD ThbIhikKBAREDR
BMLEbHTLL—FLEk, CARTOL—22 BALD LELBLTV30,
KREOPEEIZEETSLES LV, DLAFOKRICEALEE TS TORRKL
AVICBERCEEDbI S, ERIKTOBEFIEEFEL TEEL TWBE0T, KEADRK
Y MECRRTZORELAERTH S, EBROAERITEL TEM S, KA

Table 2. COD lével in Mitajiri Bay  Table 3. Annual changes in species

in comparison with the values of number of marine algae, fishes and
Environmental Standard of the invertebrates detected from Miia-
areas. jiri Bay.
Daily average L, Spacies number
. Annual average (pormf “in Areas|Aquatic lives _|1973" to7a 1075 1976
Areas 1972 1973 1974 1975 Environmertal [Marine algae® | 20 23 28 29
Standard(ppm B Invertebrates 60 76 94 102
LY 2 Fishes 20 35 42 42
(Migratory fishes) [ (7) {19) {19) ({18)
A 36 29 27 16 2 or fess Total 100 134 164 171
’ Marine algae® 4 7 12 13
B |55 48 44 24| 3orless C |nvertebrates | 5 19 38 5
C |268 124 12 & Fishes 2 18 22 26
e S el QW W
% 3 ora
-wvol?:res ﬁ#ﬂggyg?zg%mm enactment.

* including sea grasses,
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LREVWZDIC, RECETHIDIZERS, KEIHT 3 ERAENTSHS, hd
DEBIZL > T, HECEEEL, KEPREEEOLV VETEEL 22 L2 4£H%E
HICHET 2B ARERIcEs LEXbI S,

AED 5 b THEERIL, BEMERKS V2o, KERECTHIC-H B L,
HRIVL IEESEEROY— 7 RELL, Z0oB4ED B, CARTEY— 7 DRz
AUBHLNDEN, HEHC R EMOEARE LOBENFRENS, AELAB LY
EGHEESMI ORI, BABTIRBEL YL 1ELVWLEAUEBhTY— 2 IZEL,
CAKIRTIIE HIZBNBEAN D -1z, EEMOHB-EIYA Bk, kT C kg~
LEALUTHIEL, BIZOK IO ABERESRAZIETRIE, »h)EHE»»51E
FThHY, ZTODIRETEEBRTHS S, 7H VX T64EIC BAIRTHEAIZL - Tit
13,000 ffk,/m? iz b T B HFENBES NI, FOEIRIIRES AN O TAEK
RWLUTSERLEESAEY, 2O TTREROKEERN, BEOEMICET
BREEIEEL TV I Lithd, kB'77 5k, CARDKIEE2.5m oA,
THY, $ARY, TF I/ FA R EVBRBEN, BIREMERET TR LERcBVT
b, KEBLIUCEBOBREASERICEITL TW3Z EXAL,ATH B,

W, AE, EEHIMEEL T, FOEALESRETIRENA SV 2 EEICA
N3 bE, KT LICEENICEDERSRLT R L, KEORELENER S
NI LT, Buice—&HLTw3 LERTE S, ErhEHHEE LT LV 58
T, BREEBIARENICLRYMELH S LTSNS,

Summary

The present study was undertaken to obtain a knowledge of the restora-
tion of marine algal flora in relation to the improvement of water quality of
Mitajiri Bay. Intertidal collections of the sea weeds were made along the
coast ot Mitajisi Bay from 1973 to 1976. Algal species in the area increased
in number from 21 to 29 during last four years. Furthermore, changes in
species number were characterized by extinction in some species of the Chlo-
rophyta and invation in some of the Phaeophyta. Water quality improvement
as a result of the observance of environmental COD standard by the factories
and municipality and the highest increase in number of algal species occured
at the same time. On the other hand, a time lag was observed with regard to
the appearance of fishes, except migratory fishes, and invertebrates. Increase

in species number of the marine algae may be regarded as a valuable biological
measure of seawater quality.
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1) IEB (1976) WEFA 51 4ERRERETAEE. (AR,

2) BEET (1971) KEHBBICRIBELEIZOWT, BREFETRE 59 5.

3) FREEEk (1975) £WMIEEL L ToOWHE. HALEFSRENESMEESR.
(GRET L AEWIBEE 2, JKANR). 215-224. L7, HOR.

4) BERFT (1976) AERROME F 54 (7)) » M), B,

5) IR RANEKEREY (1976) FAE.

S = b
IR Ot ) BORIIERE, 1. Yuzuru SAITO: Laurencia species
new to Japan, 1.

Laurencia surculigera Tseng, Pap. Michigan Acad. Sci. Arts & Lett. 28: 192.
plo 1. f 4, 5. 1943. Fnf: AU AH ) GHFR). FEH: RRFREFRERT O RIFAS
TREESEERFTANE, WIRTHE O Fhihos & Fiio& E (1976457 A 13 B A AR,

T bR S - ARIZ LT U 4 T 38k s 7z (SaiTo, Pac. Sci,, 23, p. 159,
1969) 2%, TOLCEREROIERC X VAMTRBShEARL, ZoLFREC
DV TOREOWRYEE Z1T 7o, MO, MEARTFED 3F L bBEShi, Ehd
E&5om PUTFCHAZIESL L, HOBL 2% offFETEIc> < (Figs. 1-3),
FREAM/MEORINET, »EVBEETRAVIELTL, BERICEL U THERIZ
BB, #EFM O EERZ R, EIET BRI DL L 7o SR D TRIRRRIC
HEEH5L, HARREMNBRHOMTH S, Lizh- T, Subgenus Chondrophycus 51 %Y )
HiJ& 0 1T Lawrencia yamadana Howe (Syn. Laurencia amabilis YAMADA) /=
I NCGERTH S, L Y/NERT, AfziEH L, FEHTHICOATHEIESS,

Lanrencia surculigera
TseENG (Nomozaki, Kyushu,
Japan, 13-VII-1976). 1: A
herbarium specimen, xI1.
2: Close up of the basal part,
X3. 3: A branch bearing
several discoid adhesive
organs, X5.

* bR RIESE D HEE (041 EATHHIr3—1—1)
Dept. Bot., Fac. Fish.. Hokkaido Univ., Minatomachi, Hakodate City, 041 Japan.

Bull. Jap. Soc. Phycol. 25: 216. 1977.
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J = b

mEE—f: FIXEEEEES R4 RMEE Kazutosi NISIZAWA:
A short record of the IX International Seaweed Symposium at
Santa Barbara.

%32 8 §20~27Hiz7 # Y # Santa Barbara @} Y 7 x V=7 KECHES LS
XEEEY ROy Lk, KEFIE 4 BEORER XUCRERTEZEDRICIIAHL D
BUEHITRT L7, HEZFIZ 700 A2 230y EhbfEo/z v 925, BERART
DU%RE H Tz,

KBHDALBZREOHEEEZFHEL, TITEME, v 20N TRHEBELZAZE
bHb, RAZhWEEETRD 7128, FHELEFERFLEDOLATRY, HDOD
SHErh Y MEZRU 7z, AFFEENAEE > T3 Ortega K& TH 57225,
HT7=2FTVTRT LHALFERIDOERITHIVILRE-TERY, Lt~
FEROIERIEE LI o7, RERFAKIZIITeo7,

EBEEOFZFBOAADOFICIE, FESIZL TR BRI LBV B 0fesE
WTHY, BAZRLEOH LB T, ELELEZEXIAICRRARITITc R, #H
2B, DhRFEESETHTITEERBLLEFRL, RALLALSIRILER-TY
728, ZOHEEBIFITIZENTIZRV,

SEDLBET, ZEEL L TEREL /- NeusHuL 3688 (ffld<A 7 LR LT T
7233) BABWANCHIEIT, BEPLEHETS X ) RHARE, HEEEORR
BROBEEEEZL T3 LV 5FHEE (), ERC—0BRICIIFRBEERERD
ZERD Y, ARAC L > TRAEEMNTH o7z, THIZHEZED I BAEKANIZOARIZ
5z T h7-EERDOT, Ortega AETOERLHFILOIC, FIZ—FHILE R~
TR,

BEDY YRy AFITDO 5 S, FATRIO S DIZBML 7225, K ITIREERH - 720
T, FOEEEHBIZR<3,

#8370 San Francisco fifo St. Francis k7 L& HFEL 7202318 HE 9 B,
LERiEERI L 7z Berkeley @b V 7 4 V= 7 KEDHEMFEHE TiX, PAPENFUSS #{FD
HOTHDOF v A RITH BEORNH, FIOFMOFLEE HIF T ieds, FFIEAER
ANAFIZEREE-> TR “EL 685" DA uF 4 —BREAZNTH -7,

WEST % SILVA KD & Z 5 THEEHFES~NVAY Y LAERFELE, FANERE
TEhEIT I o 72 R%, FOREOIE L L TERBAER ORI D o7, it Stanford
K2 % v 22 (Palo Alto) #3@#kiy T Hilton Inn T—{liL 7z, TO&KIE, I
BMEED X HIRETTHS ABBOTT KEEICMNZ, =0 HFBRESHD S & LI
Bhh, EEXOBEMNOBLVEEESR JRiEIC R o7,
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PHE4EEEMHT, Montery R THERELTo7, HATTXAMERED
RIEL =0 %% TE -7z 0 LT3R, Costaria costata, Dictyonerum californicum,
Terigofracalifornia, Eqregia menziestii (G4 hh 50 & 5 &L O18E), Por phyra
sp. (KEVBROEWE), Phyllospadix sp. (RHF EED L D), Nereocystis luekeana

EEROWEO b 5 41575 188), Postelsia palmaeformis (K& \HMED & 5 L 4B8)

Macrocystis sp. (KavF) ¥, 04 “17-mile drive” 2R THLTRKEVA ¥
VY7HURU4 v FERR (BR), HEOEMEBBLZLTWR L idFdh=
D#FhY: (Cal. State Fish Game Dep.) # B3 1L T, HU Hilton Inn Gii-7-, &
HELEMAL L, MEOROBRABCAFEERTHECTHZONHARIES, BE
THLADEFREIRIZLRIBRTHS, TAYHTLZ0L ) nfliBERE
EHLTEZDP LB, FORBEZARGBIEGDLERZT AV IAREVZ6, Z
DADBIZIIARNE L, TOLILBREIREVENDLDILTHoT, LbdbhE
n#it, #E D45 Hopkins Marine Station DETITbhicE —FE 7 =y 7 T
£ DEFE—FES, P ORAEFHEEOEORKELHE->TBIRITH -7,

Z»H (20H) ix Cannery Row ##T Montery fishermen’s wharf CE#% L
EREMAL TN, KCBREROPROMICBNESRT V7 b Rxl, Gonzales
DEEESENTFATERY L THrD, BAERICHDIS Macrocystis @ bed %
WERIRVIZ RS FHIE Santa Barbara mk%¥ v R IZHE T,

Post-Symposium j%fF& L Cix, Los Angeles # sz Disneyland 247-7-V,
% 7-—7J5 T, Anacapa & T Macrocystis bed @ RESEERER Y iTbh, 0%
ZHEHEDOAFRARSIML 2 LHL,

RIZ, BREBEDOZ LITOWTHLBRS, FIEFPLEREL L DD ILBAED:
DEFZLPHBETE P ocl, BEFORFLRWDOT, ZZTREMAIFTHS
AR EEERERSICRB T LitT 5,

Session |[ZOTEFEROWHR64H Y, FIHEFRIERN L BE (BEEY O aqua-
culture—Ryther, ¥ {EY Eucheuma—Doty, No—[EE T L EDARE L A —Stew-
art) O 3ok, INHERE (ABEHR LD OMEENT—Nielsen, yEEOM&EL %
Dl —Jensen) D 2OTH Y, —fREBRIZ500iE< H o7, TOEERHRIES
b DIk 453 B (Joumal of Phycology 13, Supplement, 1977 {zi8#4y), B> Y v
LU T4lfBdH o7z, Poster session & -7, ZHNREDMLOEMFICIZITH
Tholz, f> THRHEETDBEMSG L ZOMFRL L Ahb kv,

FAOEMTHSEH - A{LFESFO session ZP X £ 7 FEICITbN, ERAE
LL Tk, %D DNA, NHy  NOy 28 N (KB, HEBN, WEREICRTS
BRHEER, REEESIVHEEDNHE, XEAR (ERvrobogl), EFHED
EEy, R LY BEOER, SV av— bRexTua— K, BEhomgs g
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BIURERSE v 7 BOER - {02, £E8R. IAA L LofErrtr, FEIHEED
£, BEHEYE, WESEOENE, REFTIRC L 5 EHEOEEMER LT
bhd,

HERSEFETIE, BELE 6 session LR -THY, FOERAFTLLTIL,
HHEROBEME, RAEHAT  BORRES, 7T~E0FA, spirddina OFME,
Macrocysitis oD X 2 VBB, WFH =V, TH—N TAXUEEOEEDEE
LR, HRBROMRRE, h7 5= AfREER, h75=v0 BC NMR #&4F, 775
=V DESR, RERSEFIALY S F =i, FRoslE, BREELs
), EWMBEEOEY, WEREYHE, Br-& L7 BAR~OWEEERROFIA, Hi
MWL EEDH herpes virus {4, HAIZIIT B WROIEEHE, L EBETONh B,

DEDXSiz, A£H -« ELFHNED L UAEEEDOH 3 BERSWATIEIE 13
session |{ZHE - TV 7225, 0o 50K session %, F & L TEEOHESE, ik
B, AEE%, MY, EENHHEELRLEOSFORETH Y, LrbERMIAEDND
DIEPYTHB, TOEHIT, —FEFHEEBNRERARTOBRENL{BREN
Dix, SEIDY VRS T LAOEHTH 5,

FeRZ D#FEREE (Seaweed Symposium) 13, EERICET 2 ISAEORELRFLH
STHRLA> THEIRARKCEBEIEL I LV IDOREDENTH»IctvbhT
WEH, BIEIEBIEY, #o CITIRARTIT - 2VIEY VRO T LS ED T, EfE
HIBFEOFENE o7z, ELT, TOELHL, JFic Congress DfFHEEL THK
7zo TOXOBERERELT, SEDT A Y HDKFETIE, Seaweed Symposium 0
FERDOEBDOHHNE 572, 22 TESENEBETIL, ERIT-> ek 5 RKEDH
[t/ Yo 3 Advisory Committee (AT LEBEZERO#%, FFEHERZDOE
Blirof) oz, BEFLELOEOELBEFELSMLT, OV YRIT LD
WDz LR EBRINT, BROBPLIKROL IR LTHS, FIXITEETHEL
L5 LLERII, #HABTEHLAS DT, BIZEAREH» b RS Inter-
national Advisory Committee TRE 57z LV HBHTY VRS Y ABREEZHEL LD
%, ICSU % IUBS # ¥IZMAL TV 32&REET W THALERTNTH S,
LS X O RERNED, SROBEY VRS T AL, BEFAEFLOEOMTHERLEA
v, BETE T 3 EEEEYS (International Phycological Society) 233 L7x
v, kzpERERc Symposium 7z 9 Congress Y% b oL HIZL TRXE I
LV IDTH B, ZOBBOWERIT AV ADEREEDENAVA—TdHB, TD
R, WEOEEEEY VRY Y LR Goteborg @ LEVRING Zagidui kv, #Ek
O Norway % Denmark % b > TEARTHMET 2 2 Licidzo 2, wWFhE
NETIRRIFESHIRTHEN1E, TOMIKT A Y HDLSED LS BERLRHSH
BrLLES, TAYHEEERO—ED A L A—ITE, FEROROEREEY v K
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OYLRET S EEFEREFSEROBICE LR TH, ZYIVHH L 2RI THEDOE
SHEBRFEARD-TL LV, LVWIRMOALCBLITHE, BEMATIE, €0
EOREXFVEENCIZIEDE 2 RVOTREVWHERS,

SEIDOYV VRIS Y LT, XbIREETREZLIX, =XA¥—0 panel discussion
BiFbhizZ L ThH 5, Thid Aug/23 O TH B, Macrocystis #HAED bed X
VL EBIZHOFICATITHERL, ThERABLFERIZFERLLT, =X ¥—4§
CAZVFRREL2L S v SBRMNETH o7z (Energy from marine biomass), I
fET7 AV A Tix, American Gas Association AS%i%f L7 b, General Electric’s
Re-entry and Environmental Systems Division S5, £k, HFEERE Y170,
%7z Albany 07 2 V B EHE OHEBPBEEBEROBILE TR L OEL 5[ &R,
Chicago » Gas Technology Institute Tid # & VHIED 72 0 OMAEMIRRE S X OB
BIROMELZITH FENPL 5 Th5B, Global Marine Development Inc. (Newport
Beach, Cal.) i3 ZEEOWEEBEEY 21T, E2b V7 2 V=T TRKRETIE, LED
72dDAL vy ATy MEY OREFRELCEOEBEMFL L E0RENFL L
T3, EERORBREGITI78E 3 B TIRIZFERL, 1990FERICITEREBENTE
T, ERADBELBAIVHABRTAY 2L ERTEZIRBEL LA LETHS, &
DEOL S REHERER LKL Litk3,

BBIC—2 BT BRI T LT, SEDY URY Y ATHRORASROBECIE
FIROMER, $5Y v BY T LB IV panel discussion L L TRV EFbhizZ L
Thd, TN LT, RRFLALLLBhBI LS, BRAOEEEERLTS
TLHBRBECOVIRELTORERRA (BIZT7 2 Y BA) 3, =X¥—FHsHC,
ABDBELERLEBURITELS LR B> TELTERLELC2B LR, 1B
EBEEAHIHETERL o722, SEDYVYET Y AT, RIS AP oEEH
DWEDERIZET 245HY VRO U AOWHREYHESEY VROV AR Eb SR
ZELHRETRETHS I,

Uk, FAOBWRET, WHITECHENORFETL OET, BAO—IHERIIZ
BERNZ LEW->TBL, (BRBBREZMKE - Dept. Fish., Coll. Agr. & Vet.
Nihon Univ.)
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FEFn524£10 H13H ~14 B i bl » THAK A AMKET O BEEHFEREOMREL
Bz, FFEQORS, BRI LTBES REZESCRSBIMM LI,

1. Fl#RS  WEXASEARASHE

108 13HIBETETH - 72, YADHEREKR vs 7 AOBFETRICI0A12H
(17:30~21:00) IZEEL TEEATNE»-SETHREIN:,

HEH: BE—HR4E FEBA: FEEAN, FEWE Sk, TR =
B, MRIRERE SME=, W B, \BERE: M L kil &, SBE= B
AR, FROCHE, E¥EAE, B LERE, SAEE WHEE K&#E—, LuHE
HEHEdETITERES: BARN, FHREBENER,

BAIRHT 3 BHFHEORHEN L INEN, BEEHFPEOBRO—MIZES4 8
1 H (RMEREEAE) OFFBES - REZBLARELEL 6 AITHOKFEY FHER
ATHIZEBNKT LTV B30T, SUHEERMASHERRE, LWEEBELBESTIT
HERERE L ¥4 TR oBBERALIRS>WTEHSIT,

2. BAS2EERS

10H13H (17:00~18:30), HEMFEEARFLRE, BE HP HIK (BREX).
1. EHEEFEREEE (1) 2BRR: HEEE4674 (WEERR2T4), SMEESR
38%, Eik&B414, 4¥2EB14, BIHLEI124 (52-9-15E)  (2) EFKEH
& (HMIIASE2 BB, AE) (2) 52-4-1 KBRS - BERBLARKER IV
6 « I7THEY FFBESHE (FiE2 5ER, A% () 480t (4) WHEESBEL
EEETIITHERBEE, AESTEREL THTSAAESEI T CREEBRIOE
FTRBTFORATWER, ZThdoTHTHEHENCKBRE, SFHFEREIC SOV TERARRN
ETERERLEHEER LA OHMARENE Sh, FRCHTHEOHEICY >TSS
BERMOLEROWARFEORIZ LITHLBRSBR<Dh 7,

2. &HHE

SHEESFH BB ENR S h, TERIA,

3. E¥EER

(1) BYWAKSEEMBIET 0N, SHEHHICHABSh ZFEHMERRASITEE
BE& L L T6 FHEXHTSZ LM ER, RBEShiz, FEXTFHE»OIHL, X
FEEMSIIHL (EHIEB LLTb 3, BASESME, EEMDE. BBHFHE
TEEL, $20FE&H LRBEFH LT3, (2) SIEEREREL S CIcEERE, 5l
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RODHERD Y, RBEhiz, (3) IFEEFEHER LI FHER, S3EEDHL
VWEEAR L L TRAEOUREEShEZ L, FHALOBE, #EXBRLERDS
2, ThLEEHITER, NRONEREN, ABShiz, 4) SB3FEEEFXRED
h, 53¢E4 B 1 B, HRPEXPICRTHET 3 LARREhARBEShT, 6) R
SERIR, &6 T3] M534EEE263% 1 5 X D BoSRR 2 BHICERE (51 - 10 BILKR& TR
B) KA D, TR BRBHE, ARERE LOLECO W TEBMcHY, B
ERBINN, SAHKOREEL D LT, FBELELTIBERBRITNT, Eic
HEECRNE M TREBE OB Lichol, (Fik26k% 1 EICBHRTE)

3. &% HH]| ~ORBRFEATABAS LINEERE 26%1 5104880
B5 HlicERE S haicfEiny, BiEaEe: 157,000 MHiz, HEEBHENT 1 X 13,000
M, $#H7,000d (BLEERIZNETS) KEETT3 2 LAFBES - RERELEY
RSB TRBEN, 2651 510 FEHENBZ LItk o7z,

®O W5 FERERE (1-1~12-31) HAEE¥SR

Iz A *x H

2 % 1,750,012 B R R 1,853,785

Epy 464 (57)* 1,568,808 A5E23%3, 48, 24%1~45
Esk 40 (5) 181,204 BBXBHARK, BEAK, IR
Ry s FvAa—wle 379, 691 % 2 B 67,970
| Fil ® 235,300 B R ¢ 94,780
RXESEEAES 10,000 H R B 14,780
|/ T R F 18,478 W & (FEmE) 34,500
Ul %) (2,393,481) ® OE OF : 80,000
BifEE REE& 1,071,227 IWAELBETESEEHe 50,000
% & F R 1,630
* ATy s ARE UM =) (2,197, 445)
% B (KEERES) 1,267,263
® A & 3,464,708 *¥ M & 5 3,464,708

FBfs2¢E2 ASH AFEgg¥s & R EE—R @
AREZFIFELZ DO LAY S SHEHF HFE= @
HAEE @
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#©@ WEMS34EETHE 53-1-1~12.31) RAAHEYS

IR A 53 H
& w 1,690,000 B R 1,670,000
EBSEM0L, FASRTA 235263 1 ~ 4 5 1,600,000
SESER 404, Hid&E404 B OE B & 70,000
BBSH 144 ® % % 120,000
Ry I FvA—FfES 300,000 LEERE, BEBR
MR & 250,000 B o B 100,000
RXERERAES 40,000 wm £ =B 50,000
H & Fl P 20,000 O % B 220,000
WAL BN %S 50,000 REASEERDE 60,000
DERE: B E F Y 80,000
GN #) (2,350,000) 2&FHEH 10,000
BHEEEEES 850,000 Uk ) 2, 310,000
F B B 890,000
" A & & 3,200,000 * W & & 3,200,000
(BpHLA)

HEEA LS ES RN RIS 060 FLIRHhRRIL 340 7-1 KELLEA
TKILERERE 150 AKX AERT 1-21-9

HREFRREHRAL 160 HREFHERHE 1-29-8 MEAKGAAREALY LA
BIEE T EMRSHBKERRSE 100 FRBTRER KT 1-6-1 KFATE NV
LEWESREREDRMEAESS 108 FAHER Hi 2-16-5

K. K. H#REARSEER - FIEHA 173 FTEBHRBR A ILRRT 32-17
IREFEMAERENE 113 BRESURX A5 5-25-18

Rty 7 v MR 180 BEHBEIHAA 1796

IWAHFERIFERT 143 FAMABRAHER 5-2-12

AEHARER A HEBER 214 1% EEX 4 M 8580-61

KHERD 410-21 EHJFERIELETIY H BT 227-1

LWEHEHEERM L v ¥ — 440 BiFTiH EET 69-6

MIHEEMRA 742-15 FEEEREAAHATIEF 962-1
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BFEEFR BFARO&EALE

BF52E10 A I3AAMAF CRB S h & L EAFEBE BV TER, ABOHY ¥
L-BFAREPLE 2 AFENAL 2 TEOEFETHESCTET T, BHCBROD 2 H
LW BENBOMEDOCTORKREMBELSCEHEBRLET, b, K&YHIRAAK
EFEOMBTLH Y £T0OT, BITKEBROL 4£DEHNOFER L TSME BEVE
Licw L BuvEd, 2&%L T, FIBHER~OHEEFEOXHE L LT AROFIX
TERER A ESTHERETRELHRL TEHRAART S,

1 #a B
@ & 8
B MERK
(4) ZhnEiAH

6 HREAL

O REHX

FRf534E 4 A 1 H (HAKEESEWAREOHE)
HREERE (R NHiRHAEr 4-1-1, EEPRRRE &
HERILOTE, AEFHIT R I THERSEREEMTE)
1 EEIC D &15~200%2 FEL TVWET, BIEDETL72b Dk /iR
Nk, MEREDLDTY, HFREHDOID, EiiZOBFEED
BEOT-DHAL ¥,
WHOFEICHHPDLLT, KERBMEHFLEEI5HIL, RFORE
FAMEIZ T, HGA LREIRRIC, Si0%% 1,000 0, 884 (MARBER)
HEFEOHIZEHIER 2,000 HZHRLTRELTE,
WHIAEOH L, KA GEROHAILREICOR, BLA¥ESE
%), Bild, B4, BES (A4 k71 BS 400 FEERBAEER, B4
36600 FLIPY: 18E) 2L TRSHEMERKE TRHEALTE,
B Rix$T<T3mm 271 FICRY £, 271 FoMEHERIx
HYVERA, 2TA FREZIE, TROX S ICHRERSA, BHEEES
(BEBLEFTEIRES v FARBEATVEHD), 254 K&
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