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Norio Kikuchi' and Kyosuke Niwa?: Habitat and morphology of the endangered species Porphyra tenera (Bangiales, Rhodophyta) at the
estuary of Tamagawa River in Tokyo Bay. Jpn. J. Phycol. (S6rui) 54: 149-156, November 10, 2006

Small populations of Porphyra sp. were found growing at the estuary of Tamagawa River in Tokyo Bay in February 2004 and 2005. The
Porphyra blades were growing on the basal portion of Phragmites australis stems and on oyster shells at the estuary. In 2004 only three
blades were found at Haneda side while about 50 blades at Kawasaki side, whereas in 2005 about 100 blades were found at Kawasaki
side, suggesting that these natural populations were extremely endangered at this locality. Sample blades were collected for morphological
observations and PCR-RFLP analyses. Two conchocelis strains were established from a sample blade collected at Haneda side and from

that collected at Kawasaki side, respectively. Based on the detailed macro- and microscopic morphological observations carried out using

laboratory-cultured blades from the conchocelis strains, it was concluded that the Porphyra blades grown at the estuary were P. tenera, one

of the endangered species in Japan, even though the appearance of spermatangial sori portions on cultured blades was similar to that of P.
yezoensis. Results of the PCR-RFLP analyses of the chloroplast RuBisCo spacer region and the nuclear ITS region using a blade collected at
Kawasaki side and the two conchocelis strains consistently supported the above conclusion.

Key Index Words: endangered species, morphology, PCR-RFLP, Porphyra tenera, Rhodophyta, Tokyo Bay

!Coastal Branch of Natural History Museum and Institute, Chiba, Yoshio 123, Katsuura, Chiba, 299-5242 Japan
?Fisheries Technology Institute, Hyogo Prefectural Technology Center for Agriculture, Forestry and Fisheries, Minami-Futami 22-2, Futami-
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LFRR» CHEBMONREL L THARSH CHRIES
NTELLET~/ VBDT7Y 74 /Y Porphyra tenera
Kjellman i, 1950 F4> & El N REHSFE DT Rl
THBAYE /Y P yezoensis Ueda ICEBEI LT L L
LICEHINZ 2o TEK (Miura 1988), I 5ICZ2DE
B THH2NBOTROL MDY ToNAL I LREICK
D, zOBABEERIEEHELTCVE (FHS 1999), BE
T, BEAIC X D RAEE [ BIc BRET 2000), KEF
& D RAERE I OKER 1998) VAT v 73h, i
BROBNOBRDEVEOV LD LAREN TV S, HFEOH
HTIR, ZEFMHE L CE2ETH 0 AFBAL N T3
o3 F 2\ (%S 2002, Kunimoto er al. 2003), #E®E
FEOFEMEM E SN TV BEFE (BT 2003) T, 1950 £
RUKE, 79279 VOEEBRIZIZEAELRL, TR
TEEOWE, AHEE, BRTEEMREINTVLIOAT
» % (Miyata & Kikuchi 1997), L2 L, ZOHROAET
BohoDTh 7Y 79/ VDAEBFTIRHERINTEST,
ZOMDBHD S BEFOREIZ LV,

—%, PTH2H 7V ERAYE Y DOBEIIOLTIE, JH
M (1932), Tanaka (1952), 2K (1961), &R (1968),
Miura (1984), = (1994) »#HEL TV 5 b DD, Wifl

DIBERBIEFEIIPUT VR D —RICZDORTFIIHETDH
b, MEETIE DNA oHr o mifEz H ¢ 2 AEEbiESh
Tw3% (Kunimoto ef al. 1999, Niwa et al. 2005a), L» L,
IhsnBEDPTY, FMLMESE L DNA oH31TH
NTVBDRERBIHEDTH 79/ VICOWTDATH
% (Niwa et al. 2005a), 7H 7%/ U LAY E Y 2HEE
HIC RT3 2 Lol L X3, HEFRUMIC X 2D R E
ZHEEEC L, MBERETHZ 7Y 7Y ) OEFRIHAAR
PZOREOHEICKBER ELTED, ThEBRTBE
HIci3, MEOFMOEEE IR BN S R, BN
SR, XS IOCBENSKREIC L TEREZERL, mED
EZRPPBICTIIENDELEZONS,

EE513, HERELAEIROBEEZRNFFBRICESS
EEJ o i % 2004 £ 2 A & 2005 £ 2 HICREL, T8
IZ#HE ¥ % 3 & Phragmites australis (Cav.) Trin. et Steud.
PHAXOEB LI/ VBO—EOEFT 2R L, TD
FICIE, 1962 412 B ERH o i S 17 A A 2 SENE & i
FL, F7: 1973 w051 R o 115 e AR & A3 AR R
LTh o, SLHBEEMRTLOTEST (REENER
FRACBATEL 1971, NBHHR 2 —Y 74 1995), 7
2 ) OEBFREAESTbh A L) EEL RV, EFH
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Figs 1-5. Habitats and specimens of Porphyra sp. at the estuary of Tamagawa River in Tokyo Bay. 1. Habitat at Haneda, Tokyo, on
11 February 2004. There were small populations of Phragmites australis (Cav.) Trin. et Steud, and a few Porphyra blades attached
2. Habitat at Kawasaki, Kanagawa Prefecture, on 23 February 2004. There were large populations

on their stems near the base.

of Ph. australis, and Porphyra blades attached on their stems near the base. 3. A Porphyra blade (arrow) attached on Ph. australis

stem at Haneda. 4. Porphyra blades (arrow) attached on Ph. australis stem at Kawasaki.

Kawasaki on 23 February 2004.

PYRB DI S, il 7 ﬁﬁ#/UT%%w%Mﬁ
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2 HICEBRNARET 2 & &b, MEHERMETEZTH
HICREMl 2T RERI%E & DNA i 21T - 72, ZOf5H, 1
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.J*:Iﬁrllrcdkmut oy & Rlsk U 7o, BREEMHAED A 2o 12 72
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ﬁM%MuHm%@WM% Mwte, ELLET< 7 ) ED

5. Specimens of Porphyra collected at

R %/}k'Léfﬂtim T2 FERWREE T TR Ay — L
EXy F2HWTHINL, ZhEzlEEKkE Aty v—L
KBTI ETHIEL, A4 F7 A LICHIERKT LT
LT S, RRE% /72, TBREEIZICIE, 2004 42 H
1T HS P CRREE U 22 32K 1K 1l 2> & 15 & N SRRk
Kr%kk (UM-T11) & X 082004 42 A 23 H i) <87
P U 22 B0 1 2 & 15 & N7 SRR 250k (UM-T14)
HPEDIER A Z V7o, 2000k KD & @i % 13 C,
Z N Z I 10-15°C, SR 10L:14D, Y&t 40 ymol m?
ST DZMTCREEE L CHERAZ A X &, Z DIBIER G
P N CllgE L7z, K54%1213 Grund 285 (Brown ef al.
1977) M, 1B &gl 7,

TYI2Y /0 EF T T ARYE P yezoensis f.
narawaensis Miura & O H 3 25 W68 72, HEHEA DNA B &
OB rDNA % il > 72 PCR-RFLP 43 #f (Niwa er al. 20054,
2005b) #£7 o 7z, 2004 4E 2 H 23 HI G CHR 4 L 7=
L A/NY N »NZJNELft% TCJ ST EEMOK EEBE AT £
k/y—mm&mtxy XL, DNA Ziiili42 £T
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Table 1. Morphological features of blades of Porphyra in this study, P. tenera and P. yezoensis.

151

this study P. tenera* P. yezoensis*
Blades monostromatic monostromatic monostromatic
Margin of blades entire entire entire
Shape of blades linear, lanceolate, ovate round, ovate, elliptic, round, ovate, elliptic,
oblanceolate, linear oblanceolate, large linear
Thickness of vegetative 24-32 ym 14-35 ym 25-52 ym
portion
Shape of vegetative cells round round or rectangular rectangular or quadrate

in sectional view
Chloroplast
Sex type

Spermatangial portion
in surface view

Division formula of
spermatangia

Carpogonia
Trichogynes

Division formula of

single stellate

monoecious

gradational marginal streaks,
micro- or macroscopic patches,
large streak-form patches,
scattered among the carpogonia

max. 64(a/4,b/4,c/4)

round, elliptic
inconspicuous or conspicuous

max. 8(a/2,b/2,c/2)

single stellate
androdioecious, monoecious
marginal streaks,

micro- or macroscopic patches
scattered among the carpogonia

64(a/4,bl4,c/4)

occasionally 128(a/4,b/4,c/8)
round, elliptic, ovate
inconspicuous or conspicuous

4-8(a/2,b/1-2,c/2)

single stellate
monoecious, trioecious

small or large streak-form patches

32-256(a/4,b/2-4,c/4-16)

elliptic, spindle-shaped
conspicuous

4(a/1,b/1,c/4)

zygotosporangia

rarely 16(a/2,b/2,c/4)

4-16(a/2,b/1-2,c/2-4)

* Referred to Ueda (1932), Tanaka (1952), Kurogi (1961), Fukuhara (1968) & Miura (1984, 1994)
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B#% LT, PCRRFLP #2177, &8, T TICHES
£ L DNA 97 & 2 lag b TRE S LT 5 REARME
EO7H 24 VHMiRHEHGT-1 BXUFI77AHFE/ VD
#i%kk HG-4 (Niwa et al. 2005a) b LD 7- & PCR-RFLP
SRR,

R
EFRR

% BEJN W8 < ORI I3/ 08 5 MO TRHILH -
<Y, FHEENCIZ I CMEED, JIIBRIREISEIS
BN LS km icbi> T3 v OREBR SN0, 2004
F£2H 11 Hicld, FEMO/NEBZ 2 > #% (Fig. 1) +
DAL 2EOBRITGEL DED LI, Gt T 3EEDT
>/ VBERGBOELEMNZD 5N (Fig. 3), 20042 A

23 Hic i3Il 3 > o#%E (Fig. 2) TI > DRILEL D
20 Ficf 50 B EREOE LIRS 5 i (Fig. 4),
2005 ‘£ 2 A 14 HoFE <3, PEMTREREDOEFIIFE
& 50T, JIIBHRITH 100 BEOEREDOETMED 5/,
COHEILOEMSMCTFBLECERTE2AXFORDEICD
BWIREDEE LTz, FEAO 3 > ofEE, HHEER
Bo#REONEIC S MBI EN TR EDATHH
(Fig. 1) oicxtL, NI, BEHTL D2 km B
IHIE T 2 KEIE D LS, S, BN LASHE LTV,
LaL, NBHTEREBEET L 0o, FHEMloa>
B O R EASEDIE 300 m Bigg D 3 > #¥% (Fig. 2) OAT
Hot, 20fs, THRICHFhBOTLIERBLR N,
IMERDOEFADEE X, 10-11°C, #57i% 15-20 psu TH >
#-, 2004 4£2 A 11 Hic iz FEMIT 2 ik, 2004 £2 H 23
H iz i3 )1 B c %9 15 8 £, 2005 42 A 14 B i< 311
THI20 BB OTEREEIREL 72, HEL LEREIEE, RS
10-20 cm, 1&2-9 cm ¢, &Y, AW, WEELTED,
HI i Ee & DB E LT, BIER0RB1- B8
poMuEfRTH-7 (Fig. 5). BMET COREZBELL
Lo o3, RGBT, 1Mk EROERED 1A
b b, FEEBLE T OJE X 1% 27-32 um, FLFICHEHE L% <,
MR TH D, HBFEL EARTRIIERE LIGRELT
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Figs 6-16. Morphology of blades of two Porphyra strains UM-T11 (established from a Porphyra blade collected at Haneda on
11 February 2004) and UM-T14 (established from a Porphyra blade collected at Kawasaki on 23 February 2004) cultured at
10-15°C and 40 gmol m? s'' under 10L:14D photoperiod. 6. Marginal portion of UM-T11, showing microscopic entire margin. 7.
Transverse section of vegetative part (24-32 ym in thick) of UM-T11, showing round cells. 8. Spermatangial portion in surface
view of UM-T11, showing spermatangia composed of 16 spermatia (a/4,b/4) in maximum. 9. Spermatangial portion in sectional
view of UM-T11, showing spermatangia composed of 4 layers (c¢/4) in maximum. 10. Zygotosporangial portion in surface view
of UM-T11. Arrows indicate zygotosporangia composed of 4 zygotospores (a/2,b/2) in maximum. [1. Zygotosporangial portion
in sectional view of UM-T11, showing zygotosporangia composed of 2 layers (¢/2) in maximum. 12-16. Carpogonial portion in
sectional view at various ages in culture. Arrows indicate spermatia attached to the surface of blades. 12. Round carpogonium of
UM-T11 after 10 weeks, having no trichogyne. 13. Elliptic carpogonia of UM-T11 after 12 weeks, showing short obtuse trichogyne
(t). 14. Round or elliptic carpogonia of UM-T14 after 12 weeks, having no trichogyne. 15. Elliptic carpogonia of UM-T 14 after 12
weeks, having no trichogyne. 16. Elliptic carpogonia of UM-T 14 after 13 weeks, showing short acuminate trichogyne (t).

Wiz, MEEEA R O 9 EE o n T, 2 R0 2T, WHE e BRAEEIR AR D T HEBIE % 47>, Table 1 (2R T H59L %
H5 7 26T 64(a/d,bldcld), Bl 73T 8(a/2,b/2,c/2) 73§ fF7z, FERMAE, 1EMIET, REMITS OJE X 1% 24-32
Hoh, um, SREMEEHEcHIEEZ LTk D, 1l AR
DIERRED 1D o 72 (Fig. 7)., #8381 #8132 20 -
EEZERAEDRRE 7z (Fig. 6), WMEMEFRPRT, K513k T 64 i ok 112

AR UM-TIL 8 L OV UM-T14 2 20240 25°C, o2 L, 5##EAE 64(a/d,bl/4,c/4) T d’o ek (Flgs 8,9).

JEE 40 pmol m? s, JGI 10L:14D Ficifiv7z & 2 A5 o iﬁ?i& IR T 8 DA NS T % L VAE LS S WS
farEPERS N, Zhz 15°C R 40 ymol m? s, Ot 8(a/2,b/2,c/2) TH -7 (Figs 10, 11), F1-3E, Hol13E
JAII10L:14D Ticf L Gl L2 & 25, LEBMA &S IRROZEBUC L 2 DTS, KT &fl%é‘ﬂrﬂ-f* FfikH
LB DB T DD & *Lf:o ez 7 LEedRIC SN, AT TR, RRODREDENSBT S bDbIE
WNESE, FRMATTHELLLEIS, FlaFEBUEL &2 ®ICRE L ORIRERICEE L 7,

SEEL, 92 7 HCH—SERA LI MM Sl o K A e & b n sl (Figs 12-16) 1%, HERKMIIBIT
W) BT, K38 L AN EERE LICREL T, FIBA W LIEMIIETH > 7o SRR O MEHE IO 2> & rpil]



Gl - 153

‘v
%

: o
; o

o

o o

P ] b (2] 3
4 =

-
C‘y’ .
w

5g

17

Figs 17-25. Blades of two Porphyra strains UM-T11 and UM-T14 cultured at 10-15°C and 40 gmol m= s under 10L:14D
photoperiod. 17-21. Spermatangial sori in surface view at various ages in culture. 17. UM-TI11 after 10 weeks, showing marginal
streaks and microscopic patches. 18. UM-T14 after 9 weeks, showing gradational marginal streaks and micro- and macroscopic
patches. 19. Upper portion of a blade of UM-T14 after 9 weeks, showing microscopic patches. 20. UM-T14 after 10 weeks,
showing marginal streaks and micro- and macroscopic patches. 21. UM-T14 after 12 weeks, showing large streak-form patches.
22-25. Mature blades at various ages in culture. 22. UM-T11 after 10 weeks, having marginal streaks and microscopic patches
of spermatangial sori. 23. UM-T11 after 12 weeks, having marginal streaks and microscopic patches of spermatangial sori. 24.
UM-T14 after 9 weeks, having gradational marginal streaks and micro- and macroscopic patches of spermatangial sori. 25.
UM-T14 after 12 weeks, having large streak-form patches of spermatangial sori. Scale bar: 2 mm in Figs 17, 18, 20, 21: 1 mm in

Fig. 19.

T, ERBICEZBEELBR A wb 0h% { (Figs
12, 14, 15), 20, $BEOZEELHON L LHIck->
7= (Fig. 13, 1), UM-T14 TRRERADMED &, BIFOZHE
ZHio B RBBO A s (Fig. 16, 1), WERELTD
REMICIE, ZEEAR LN THRSNE L THRTNE
L, @RBLOMICZEE L EDLNIRD L) BN RE LN
- (Figs 12, 14, 15),

W F2E5EI,  SEIRAE O MERER AR 2> & TP 201 T,
ORI > TR M IR (TR & 1 (Figs 17, 18,
20), Z QRO I D WA ET DK FHERE L
w6t (Figs 18-20), FERMFMAKWICIX, A¥E/
U DFFBIT 7 K Z O THER OFRIR O T30S B - 72
(Fig. 21). UM-T11 & UM-T14 OHEIRA D RS 1-FE5E % o
T2E, UM-TI4 DL DD HBFIROKE LMV L TE
Tw (Fig. 21),

IRAAEERMAIZ, EX 1lem, H1.3 cmic#EL, Z04HE

FHE, LI SOIET, MEHEDRREADSHES: & EHED &
I e b, B MIED & DI & % > 7 (Figs 22-25),
B E, EMICPPRKEND» oz, FEPeRkEsro
B Thh, MEHRMEVRVEREZET S L3 Lo
7&s

PCR-RFLP ##fric K2 DN AZE

k(A DNA @ RuBisCo A R —# —fiil & X % rDNA
o ITS filsk % A v> 72 PCR-RFLP 23 #t D5 9L, ) EESER
O RIKIRIFREAR T CRES N T I 7 4/ ) DR
BHGT-1 Db D ELET—HL, 777 AYE /Y OMiRHK
HG-4 Db D L3> T (Fig. 26). 5ikfk UM-T11
CRHPELER A HE) & RRME UM-T14 (1REPESSR A HK)
OBELRKIBIZTFNL 2T T 79 /2 Y R E HGT-1 D
bot—3 L7 (Fig.27).
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Fig. 26. PCR-RFLP profiles of RuBisCo spacer regions
(A) and ITS regions (B) from a Porphyra blade collected at
Kawasaki on 23 February 2004, and from conchocelis of P.
tenera HGT-1 and P. yezoensis f. narawaensis HG-4. (A)
Profiles digested by Bsp1286 I (Lanes al-3) and Mun I (Lanes
bl-3). (B) Profiles digested by Dra I (Lanes al-3) and Hae
IIT (Lanes b1-3). Lanes al and bl, P. yezoensis f. narawaensis
HG-4; Lanes a2 and b2, P. tenera HGT-1; Lanes a3 and
b3, Porphyra blade collected at Kawasaki. M shows the
molecular weight marker.

EE
JEREBlZE D &,

ERININES SV

DI, #eEHEH 2

Al btz 7y~ VilliEo—flichh,
Pitkiasze <, MEEERIMRTH 2 2 &, HED
WIEHIETH B 2 &, SEAEHIIEE S o )
S, MTEBLIOCEARTEO AL S pic &
L (Table 1), F7:, REEICEHOTHERAEKL 5 }JfLJ’J"O)/fS('I'
BROEND I ENbhrotz, TNSDFEMRE, AAET <

A M 1 2

bp

1352
872
603

310

Fig. 27. PCR-RFLP profiles of RuBisCo spacer regions (A)
and ITS regions (B) from conchocelis of two Porphyra strains
UM-TI1 and UM-T14. (A) Profiles digested by Bsp1286 I
(Lanes al-2) and Mun I (Lanes bl-2). (B) Profiles digested
by Dra 1 (Lanes al-2) and Hae 111 (Lanes b1-2). Lanes al
and bl, UM-T11; Lanes a2 and b2, UM-T14. M shows the
molecular weight marker.

VIBSR L LT, ABE T Y ) FREAYE Y
ThH B RS Z 617z, 2 2 CAMDIZIEM IR % =
NETHESNTELTY 29 /) LAY E ) OBIELER
(i 1932, Tanaka 1952, B 1961, #ii 1968, Miura
1984, =iifi 1994) &Mz L 7= (Table 1), ZDOfEH, A
DREEMMNLEL 5> DIE X 93 24-32 pm, MBS 25 0F 2 S840
NADTCARDSFE, #EREDTPED L < R, 'i"’f'n‘fEi)-
Wohzmwigh LR £ UCBIEOZR BB R o N2 Ba L
oI E, WTHONUERIRAT 64(d/4 b/4 C/4)

REN T3 D ML DR KT 8(a/2,b/2,¢/2) T & 73'
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E, AVE VORBE BT L OB L 2wds, 7474
Y ORHMEZE TR &L,

L2L, KEOBTFEROBRIZ, 79274/ VIcBET3
INEFTOMELEL > T, BFEHOFBRICOWVLT,
=W (1994) BEREIGERERTBT7H 292 YTz 2z
DREIDVBAFOTHZDIIRLTAHE Y CltfioTw
LEBNTWB, 7, BA (1961) &, 74274/ )Tk
BTERIMRVOHE2ER T2 00, AETEMINSD
DTREETHL, RIS E O TR
FELTRICRARICR D, 249E 2 Y ClIEBORIcETIC
HLTRDICHDIIMICELTLE LTHEL, $HETFE
HBMCESAEL TRARICEZ LD H D EREL, &
J& (1968) &, 7Y 7%/ U TI3MEMBEIZ/X HRARE
2L, »20EENSEORIFIEREINBZ EL, AYE/
YTIREMBIIRELGEREZLEL TR EHEL T3, K
PHECEBE L - ERETid, MERAIEICIE, KEL PR
WAEICEOHELH2  KE ZRARICOREROBAR S
N, BAMELICREVLKE BICROEROBEDTER & s
(Figs 17-21), DX ) B RELMEOHROBETHEIMIZZ
NETTH IV TRBEINTEST, RYE/ VDY
DERLPTV A,

RESICROTROBFEHITER I NI EZFHEL B
BLELLIS, BTEBIVEAHRTED cHROTHEK
3, K<BALLETORATHETE T4 ET, BolRT
ETIZ2FTTHY (Figs 9, 11), %< o (FEH 1932,
Tanaka 1952, &/ 1968, Miura 1984, =i 1994) THs
TFED cTRBULS, BEARTEOZNIAICEZLINT
WBERHE Y EIRREoTWE, kE, BA (1961) i3,
TH 7Y ) ORREFEOBE T, EFRYICIE, ZhEn
L4z BROoNBZL2EBL, =1 (1994) 13,
AHE ) DEARTED c FHEITBOT4ICHHT BHIC
2, ZooEEBERECHLTHAL, 7HI7H YTk
BEALEZVEBRRTVS, LL, AHETIZcORTLIC
DAL -BESEFEIBEEINED DT, ZORIIDWL
TRERTCEL P71, $7-, EREMEBA CERROTE
ZR3E, ZOKESIE, AFE/VORHMEEINBELL
HMEVHEY CZEEREREIABTEHRL VS (ZH
1994) Z & Liz—FEd, MESTRBEAELZVLLHETSH
D, S RBEEFOZEENHZ LD, Vb ods
Hot (Figs 12-16), BAR (1961) =i (1994) O 7+
797 ) OBETCHLAKDOERENBEIN TV, REE
DHHTEHE L T 2ERSE (Fig. 16) 13, gAML e
(AFRonT, L, ALEGOHORMEZ RS LM
HTRBENZVLOZBFESHE TOPEH L T 2 ERE
BRoN, UEDEH I, BFEMOBRUNDIEENRE
DIFEALR, KEBTHIH /I THBEILEERL T,

PHIY I VERAFE ) VO—RETHB T 7 T7AYE
7V, WERICIZEML TV 300, HEiFiEDNAOD
RuBisCo 2 R — % —fHIR & & '#% rDNA o ITS #Hik % A

W72 PCR-RFLP o #fic & > THHREICX Gl E 1 3 = L p38H

5 NTVv % (Niwa et al. 20053, 2005b), % = T,
DNA ifric X 2 @Bl 2 3472 & 25, AEOBRIKEIE
i¥, RuBisCo R R—4 —fHI%E & O rIDNA o ITS fEif & b
2, BRARMTH CRESI N T7H 79 2 VY OMi%E Kk HGT-1
(Niwa et al. 2005a) £ —LTEBY, +I97RAHE VD
AR HG4 L 13 ®E7% > Twi (Fig. 27), #-> T, DNA
DIORER» 51X, BB T7H 79/ ) TH 5 L EREICH
TE, MED k)T, AEIZ, BFEROBREERYE
VI ENR N b DD, ZDMD% { DIEIIR
% DNA i 5, IS 7279/ VTH 5 LK TE 3,

ARRTBEINLZTY 7/ ) OBTFERORIE, =
NETEHSDW|ETTHI7H /7 VERAYE Y ETEOIDH
ZLINTELFEICH, BERICL-o T X B FE%
FOoBa»H B L2RL TS, —F, KBFETIE, %[
DEEPRKA LB 2 FEMICTHARTAB L, ZDMOTED
BEALRTH 7Y ) ORBERL TV, #2T, 74
7/ VERYE ) RMER»OHAET HAICE, H3
TE DR DA TREICHM¢ I, MMM X
NIk xR EET, R EL Table 1 ISR L7
WEZSBOEGEL | BEOSEOETAIC OV TERET S L
LI, EEGAR EOEBNREDL &0 TRAICHE§
LILEMBRETHEEEZONS,

TH I ) OEREIGHEHERE E 7 I IHERKTH B L
Ehd (BAK 1961, B 1968, =i 1994), Lo L, XHf
AT, RARBGE L UOEEEFICHEERKROKEIED N
T, @THHERKTH -7, iz, BEARMHEHGT-1
MO EBER L —3T 2 (Niwa ef al. 2005a), HitEEHKED
ERBEOEEICOWTIE, S8, RABBOBELED TR
HNOMHETH B,

LENFOMER, »OTREROTRMEMY /) EGE
BLLTERILBHTHS, LrL, 1950 FRUBHE DL
TRRBGREOEMIMEA, HEHTIE 1962 F (37
) ICREESHEIN, BEINE/ET T 1973 F (18
48 1) IR ERRMEVBEHRL T2 51k, ZOME
THERMIIE TbhTuiy (HEHNBREETCHET
72 1971, MNEHHRI 2 -7 4 1995), #€-T, K&
32 DEHOEBRBEEFICHK T b0 L Bbn s, HHEECH
)R ORFEEHIS I IZHERR2 S /) o e EPEFEORE
EsfTbhTsY, TEROERBRE»SDLDONELY
DD, ZDMICEREFAHCESE, BERRIEPHR
NEOHRBREER L LS bBEINTWS (BT 1970,
HEENBRERECETITS 1971), 7Y 279/ ) O&FHO
BHEROMENEZERICOVLTHERF L2RE IR, &
MEDBEHEREL 513, AEGHIG L L E ZOMBICET
LTwibor, ZntdjloErosBlEIni7y 74
JVICHET 2 b Db, BHEEINLZLDTH S 5IXEDH
BoborEIIHBTERY, L2L, BETIE, &HO7
+74  JVETDNA % H# 7T % &, % rDNA o ITS #HiK
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7 EOBRBERIICP LT 2ECLDH B I EPRDLNT
% (Kunimoto et al. 2003, Niwa et al. 2005b), fit->7T, &
WETHRE LESENFA USROG HOBRZ RT3
oI, %, SHOBEERICOVLTOFMATVEERE L
DNA %175 LB H %,

AR CHRINLSENFOBO 7Y 7Y/ Vi, 2y
BEDOILDD LR L TZ0EFEMMIZ I RAMICRoNT
B, Lyrbewuw 100 @iEL vofE#EEchdh, ®
HEUADEFTHEHERTHZDORBIEI IS OTHTH- T,
feoT, BEBHTOTY 7Y /) OMBOATHEMEIZIER
KEWbDEEZ OGNS, BARETIX, Miyata & Kikuchi
(1997) DMEVE, 7H 79 /7 VOEBTRBREINTES
T, BEO—ATHLHMOEEOEFTBICBIT2HRHETH
fcEBIZRoO» o Tk, BEBMEROMME NS
WHEREOT7Y 79 7 )V EGHOBBER Cldici, F4,
EEMRAOBIBEOEE it oREREERI) L EDBIC,
s hDRENELZHBL 2LENDH D, £, FWAETHES
N RRBIEEREZERICREL TS I LHEETH S,

o

AEEHATTED, BRETHSE L uIEER
FOEHBERELRE L HFUKEKRZDOBRHBAERBIC
F#T s, £, £EBFRICTHHOLLVEBEHRLE
VHEOBNE—K L FEEENEHEARNBERBO2OEE
HREKICRET S,
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RIFEEEFEBICEB I 2EERBS 7 4 F& Chattonella 3 D
H BRI & BE5E R

IARAESC ! - RO B4 - ERGHE 2 - IMBeE 2

| RIS AKERRS (T 851-2213 RIGR RIS L RAT 1551-4)
P RIBPAFERE S F iR ERM A~ ¥ — (T 851-2213 RIERRIH S LURHET 1551-7)

Toshifumi Yamatogi', Masao Sakaguti', Mitsunori Iwataki® and Kazumi Matsuoka® Occurrence and growth characteristics of three harmful
raphidophytes, Chattonella ovata, C. antiqua and C. marina in Usuka Bay, west Japan. Jpn. J. Phycol. (S6rui) 54: 157-164, November 10,

2006

Three harmful red tide causative raphidophytes Chattonella ovata Y. Hara et Chihara, Chattonella antiqua (Hada) Ono, and Chattonella
marina (Subrahmanyan) Y. Hara et Chihara occurred in Usuka Bay, Japan in 2005. The growth characteristics of these three clonal cultures
were examined in 60 different conditions combined with temperature (10-32.5°C) and salinity (16-36 psu) under a light intensity of 80 gmol
m?s’. C. ovata reproduced within 10-32.5°C and 16-36 psu, and the maximum growth rate was 1.09 day"' at 30°C and 28 psu. C. antiqua
reproduced within 12.5-32.5°C and 16-36 psu, and the maximum growth rate was 1.15 day™ at 30°C and 24 psu. C. marina reproduced
within 10-32.5°C and 16-36 psu, and the maximum growth rate was 0.87 day' at 30°C and 28 psu. Their growths are characterized by

euryhaline. Compared with growth conditions previously reported, they showed the tendency to tolerate relatively lower temperature. These

results suggest that three flagellates cause red tides during warm seasons in Usuka Bay.

Key Index Words: harmful raphidophyte, Chattonella, monitoring of red tides, growth rate, Usuka Bay

'Nagasaki Prefectural Institute of Fisheries, 1551-4 Taira, Nagasaki, Nagasaki, 851-2213 Japan
?nstitute for East China Sea Research, Nagasaki University, 1551-7 Taira, Nagasaki, Nagasaki, 851-2213 Japan

¥EE 7 7 4 F ¥& Chattonella, % \Z Charttonella antiqua
(Hada) Ono & Chattonella marina (Subrahmanyan) Y. Hara
et Chihara i3 KB R 2 R L, BREAEO KR
2RI TEREDE L THIGNTYV S, BEHAICE T
% Chattonella FIC & 2 EHFIHRARREETHY,
HELHV TS REFAMEEREEBRT 2006, 5H
2000a, Imai et al. 2006), — %, I #1& Chattonella J& 2
fEL AL S UREL RO EEICL BT
% C. ovata Y. Hara et Chihara i3 (Fig. 1), MWFWN#E%ICE
FaHBEREREIN TV 0D, ZOEEET SRl
BRINTOADo1, #-oT, ThFTIoBEzEEREL
LCR#ET B L i3nh o7 (1990, Hara er al. 1994),
L L, 2004 EEFICHEHFNIEBOIZIELETC. ovata I
kaREoFEEL, B IX, ¥4, "eFILE&BEHL
LTH2EHOBER b 726 L OKEREFNEXRE
FEEEAT 2005), FEIEAR IS NGBS L B
BEICHET L (55 - ik 1985, & - ANEF 1986,
Hara et al. 1994) % C. antiqua, C. marina L& L THHE
T3IEDHVLIE (FHH 2006) BHSNn 228, FEMiki
BERREPEF RS CET 2 EREBDO AR (- T
J& 1987, & 1990), EIHERFETIZ, #BEIC C. antiqua
L C. marina \= X B REDBEEL, ZHUHE) BEHEED
EXINTV 3B, C. ovata DHE LKL KEZTH -

7= (RIGRKERERS 1979-1997, RIGERBEKERERS
1998-2005a),

INSDORMIC K ZREHFHEZPET 2D IcdZNTN
DHBROHEERES, EANLERZIEE T2 L0E
FECHD, B, C ovatalz2wTid, HERREFEEHEH
B, HoH U HHEREPHEBEREZEEL TR Z
EERELZRRCHIETI2OICENEEZ OGNS,

=5 D Chattonella ® BB I 2EE 2 M OB HBETEEE
EEOHZRIBRICE > TEBE TS 5, 2004 £F & 2005 F
i, BRSNS GEFRERE#) <, C. ovata
DHELHEREINTEY (LEE - B4 2006, MIZTBIEA
KEBETIZE L v ¥ — 2005), FHOBABBE I N T,
DL EBERAEORRICB T AHEOBERZAS 7D
iE, BEERERAVEERNERICELD, Z0oEOEARNETE
ZEEHOPICT B I ENMATH 5,

—BRACHEY 75 v 7 b v OETERE IR T L ICERY
brrtEzonTEh (LUE - #HA 1997, Watanabe et al.
1982, ILfi& & 2006), Chattonella BOBETH 21 6 F-3
ARRTERE 2 IR T L ITIRE T 2 R EDH B,

AR TR, BERRER TAEEENTON TV 31
i, BICZNE T C. antiqua & C. marina DHBR ER
BIREINERIN TV EHFHRICE VT, C. ovata, C. antiqua
8 LU C. marina DHBEBERIBET 2700 HAEEZE
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Fig. 1. Light microscopic photographs of three species of Chattonella collected from Usuka Bay. a, b: C. ovara (05U3 strain); ¢, d:
C. antiqua (04U1 strain); e, f: C. marina (05U1 strain). Scale bar = 10 ym.

Mg 2 & Ebic, WMEBETHHELZEEKRZHG, 2060
AT A KR & S DRSO W TENIE 27270
T, W5,

Miura Bay

\ |

© Ariake Sound \'1
20 o
°

Tamanoura
Bay T,

32°25'N
130°25'E

T
130°23'E

Fig. 2. Maps showing sampling stations ( e ) of coastal
waters in Nagasaki Prefecture.

MH ERE

Chattonella 3 DA HAE

B4 1 2005 4F 4 H -2006 4 3 12, RRESEE o
WA, OUTEUE, KNS, WG, AW, S o EE,
SO, HEA RO, W, 9 HIcEE L
moGE39ER) T, A, GHTEBIREE (69H), fii
D 7 WU A, Wi H 1 Rl SE L T kAT IE o H B 1
Zil 7z (Fig. 2), sl E UCREE2 m ETHRIRL,
PG TO05, 5, 10mE, BXOB-1 m (HEH -1 m)
JETHEINL 72, BRI L 723k ofilaoitfix, 2 H2
5B H E TICHEE i > 7o HAME, GHTERBOY Y 7L
&, EdEK (1 x 3 mL) thoffilasz, o 7 ko 7
Wi, BREEOEK (02-1L) 2o —27kF—F7 4
NE— (HEEAHAEL, ¢ 8 um) 12 & - THIEME (i
i 1249 100-500 £5), Aotz 5L 72, K
I BRI B T 5 K & 5 % B0 % 8 H KRG Quanta
(Hydrolab #1:#) 1< X b il L 72,

Atk & EH

FEhI v 72 C.oovata 05U3 Kk, C. marina 05U1 ¥k i3\
FTIHUFEHN DMK D6 2005 4 9 HIC ez L 72, C.
antiqua 04U1 #:1% 2004 4 3 HICERINL 22 S Ieh o o 2+
RIS, 55N WEKANIE S 5 BT L7, BLE 3 Bz
WIS By MEEHE (53F 2000b) IckoTra— ke
L7 (Fig. D)o T05 3 FROMIBEHA IZIIM L T, kK
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Fig. 3. Maps showing the maximum cell densities and distributions of three species of Chattonella in each sampling station of

Nagasaki Prefecture in 2005.

BERKTE, EEROABIEAD MRS ENS, N
7TV PIC K BERIIR/MNBICIIZ Sdur- EHET L 7., Stk
DFREL LU EEBREHICIZ ESM (RS 1982) 2w,

BREICRIFTKREBBDDEE

WREEE KR %= 10, 12.5, 15, 17.5, 20, 22.5, 25,
27.5, 30, 32.5°Ch 10 E&Bg, % 16, 20, 24, 28, 32,
36 psu D 6 B A AEDE, 608D TEML 7, B
DFEIZ 1999 £ 3 BIc HEFIBTEH# 60 km (32°55.5'N,
128°15.5'E) THREXL 7= K@K% GF/IC 4 7 A MR T A
ML DORERGK (55342 psu) &L, Thzidhtik
THER, b33 S0°CHOEEREE % AV 72 NRRHEIC X > T
fiotee ESMBINIC X 285 0F SR THED TS
BT LEMAL 72, EBIIFABE (¢ 15 % 150 mm) <K
%5 mL AN, A—b27L—7HE (120°C, 20 min) #
I, NBOHEE & CRIBEE L 224 % 100 cells mL!' ©
RIS 5 &) ICRBHHbABEE L, 3K TT, MK 80
umol m? 5!, 14 F5REEA 10 KefERE D BAREY £ 7 L DSMAFT
Tfio7, &8, ZOHIEEEIIKEZ 17.5, 22.5, 27.5CD
WIFNDT, EHTIE 28 psuTITo 7, ZNENDEEDR

EXAADEHIZ 1 HIZ 1-25°CTF2 LA H 3 I TS Y
Tfrv, 02HB £ TH3 HEZEL /-, MilaDFHEIEER
BAtAHE, 2 HE FICHEBRO—PE2HML 77 v 7 b VEHE
WERAOWTITo %, SHERERERFNRS 7 71Ic7vy ML,
NEOETEHI D BRIy cHEDE, RATEREIC X D HETEE
B (n) Z2kodik, wldNHBEREME (day!) 28T, ¥
7=, EEORBMIAEE & AR E o £ & BRI
B (cellsmL!) & L7, &b, ENEBRTESNIHEER
e, HEBE X WERKER (RNEBLIL) ckiFsIns
DFERRE L UOCRAEBE L OBGRERF T 5720, RIGE
DHKEZLLERIEE L v ¥ — (B%, &L, ERE, &)
B L ORAKERBS I &> TEMBINBERERE (R
I ELKEESRERYS 1979-1997, RIRE/KERES 1992-1997,
B EBAKERERS 1998-2005a, b) THONLT—FD
—HWEMAL 7,

BR
Chattonella 3 D HIRIKIR

FE RS, Chattonella 3 B H B 2005 D T AH» 5
10 AoiclB st (Fig. 3). C. ovata \3EBEETIZIH
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O16 @20
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024

—
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m28
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Fig. 4. Final cultured cell yields of three species of Chattonella at different temperature and salinity combinations. Vertical bars:

standard deviations.

12 H 12 0.01 cells mL!, 10 H 11 H (2 0.01-0.03 cells mL"!
B L 7c, C. antiqua 133§ T12 7 H 20 H1i2 0.10 cells
mL"', 9 H 12 H 12 0.02-0.03 cells mL", 10 /] 11 H 1= 0.01
cells mL", AHETIE9H 15 HiZ 0.01-0.27 cells mL!,
WI#ETIE 7 H 19 HIC 40.7 cells mL*, 7 H 28 12 0.7 cells
mL", 8 H 12 HiZ 0.3 cells mL-', 8 H 23 [ 0.3-27.7 cells
mL', 98 HIC03 cells mL HBIL 7, 7TH19HICC.
antiqua 23 40.7 cells mL" B L 22450135 1180 M2
AU THIN 7 ) 77 FRHYEIE L 7o, T AE 3608 S 46 it
Y I =5 DERIC LK NUE, TNETHED LD - - BT
K K25 C C. antiqua 737 A F 4012 0.3-0.5 cells mL! H!
BlLTwie, C. marina \$#ECIx 7 H 20 HI2 0.10 cells
mL', 9 A 12 Hi2 0.01 cells mL' , KFE<TI29 H 15 Hic
0.02-0.22 cells mL-!, HWIHETIE 7 H 28 Hiz 0.3 cells mL!,
8 123 H1z 0.3-0.7 cells mL' B L 7=,

BEREZRAVIBEICRIFTIOR & I8H OB EMmiT
JEW 2 AT > 72 %KL - H SIS B B Chattonella 3 ¥
DS HINE ULt % Fig. 412, Ry R# IE % Fig. 51537,
C. ovata l%, 10°CTI% 24-32 psu THIG L, I f&i g it
1& 107-213 cells mL-, L3114 0.07-0.08 day!' Tdh -
oo Flo, WHRUEPEAS0 LLF & 7 2415513 16-22 psu &
34-36 psu TH > 7z, 12.5-32.5°CTIETRTOE &M T
THRGHDSRD S, 156 N7 IR 12 133-34.2 % 103
cells mL',  HEHIAEIEE 13 0.10-1.09 day! il 12 & - 72
I K HER L (1.09 day) 1%, 30°C, 28 psu ®4fFC
f#5htz, C. antigua 13 10°CTIETRTOES LM T Y
FEL Zdof, 12.5°CTl, 20-28 psu THUAE L, dref&ile
ICEEIE 100-1.25 x 103 cells mL-, 4% 15 13 0.08-0.14
day' Tho7c, F/o, HRRORED O LIT & 4 255013 16
psu & 30-36 psu TdH > 7z, 15-32.5°CTIF TR TDOH 4
PETTHIINL, Ief&HilEI Rt 1+ 40-35.3 x 10° cells mL-, 1



Y 161

3
g
z
3
5
g
z
3
L 7, 98.°%
| |
32 + \XOQ
]
e'é 28 + H e
E 038
£ 04 og %7 \
(z . o.l 02 03 + + i
04
20 + + /-oz
16 .m ! %O:'
25 30 325
Temperatun("C)

Fig. 5. Growth rates (day™) of three species of Cattonella
under various conditions combined with temperature and
salinity.

BT 1% 0.14-1.15 day! O#EFHICH - 7, RAHIETEHE
B (1.15 day') i%, 30°C, 24 psu DSt/ oNn s, C
marina 1%, 10°CTix 20 & 28 psu Tl L, mA&MEINE
1% 53-127 cells mL"!, MIETEBEE L 0.09-0.10 day' TH -
Teo Fo, HIETHEEEN O AT &2 2385713 16 & 24 psu &
31-36 psu TH o7z, 12.5-30°CTIF TR TOEFLT &M T TH

FEL, SAEAIREUE X 493-39.8 x 103 cells mL-!, HiighsE
EEi3 0.12-0.87 day! DEEFHICH 7=, 32.5°CTIE 20-36 psu
THTEL, BRAEHIMINE & 267-15.6 x 10% cells mL, ki
FEHE B 12 0.23-0.39 day! TH o7, F7, HIETEBEHO
BUF &7 235713 16 psu TH - 7z, BRAHMEFEEE (0.87
day') %, 30°C, 28 psu D&MTE LN,

£
Chattonella 3 B D HIRRR

HENMEE L OCBREBUA TR INE THED D o7
C.ovata DEFED, SEORECHEELE TCOLHERTE, C
antiqua £ C. marina \Z2\» CIZHEEE, KNE, HHET
DHHREHHE L7, £/, BHEETIHIC, BFNETO
BERER (Hh 2006) L FkIC, C.ovata, C. antiqua & C.
marina DSETEL THETBZ L 2HRA LA, X515, AE
UG TIRBEDd o7 C. antiqua BEZFBICHEL T
LIlDbhot, HoT, S8, IhoDuEHEE X NI
AKIBIZ B B Chattonella DEBRPLFHMEEDE=S Y v/
2t 2 EMH B,

BEEZS5 X HHMIREE X TOBBERE

FENERCRETE L 7o KIR#EIF X, C. ovara 3 10-32.5°C, C.
antiqua %3 12.5-32.5°C, C. marina %% 10-32.5°C, 54y &iFH
B Fhd 16-36 psu THo7Z &6, Zhsd 3FIFAE
IEE - BB ICE VO AL B L T3
ZEDHS LR,

C.ovata SEERPAE L BILI ¢ 2 lIAEE I, <54
T4.1 x10%-6.8 x 10 cells mL!, = 7 < T 5.4 x 103 cells
mL!, "< F T28x10cellsmL!' &t HEHINTWV3B
(Hiroishi et al. 2005), %7, C. ovata DK (BX %
300 cells mL!) W/ REEERT, 7 X8%ELI-L
I d (BTBUEAKEREHZE L ¥ — 2004, Eidk S
2005), C. antiqua 8 & & C. marina &5l < F % BIL X
¥ 5 MM 300 cells mL!' ML EE X3 (RH 1988),
[0 ) N R TRAGHIINE S5 300 cells mL!' M EB/S5hn
7oK, 3FE D 12.5-32.5°CTH o7, AAFEICEITS
BHRFAEHOEN 7)) 2 8IE X7 C. antiqgua DR IX
40.7 cells mL! T - 7= (RIGRKEKERES 2006a),
FENERT C. antiqgua DB HRAIEAS 40.7 cells mL* B
EBoNDIF125-325°CTH o7, £/, C. marina
7YY OERICHE R FIE TR 2.5 x 10° cells mL!
L& s (Kim et al. 2004), EWNEERT C. marina DH#H
HREI R AS 2.5 x 104 cells mL! LA BB S N /-Dix 17.5- 30°C
THo1, #>T, Chattonella 3 BIZEVIRERHET, A
BOWILH 5 I EFEOAERICEEL I THRATE S °H
BT LI ENHEL VRS, i, HEBICKITIRED
FEAKIRIZ 12.3-27.6°COFHTH h (RIFRBEKERER
# 2005), FEEHFETIE Chattonella 3 FIZIZITERZHEL T,
WM ELFHED T 2 MIIAFE £ CHIETTRE L b IEETE 5,
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Fig. 6. Growth relationships between temperatures and

salinities of three species of Chattonella collected from
Usuka Bay and adjacent sea in 1990-2005.

LEETERE & RIGHIRERE

1990-2005 £ i & B 8 & CHEBE ¥ T C. ovara, C.
antiqua ¥ X O C. marina B HE L B0 KilE, HEoIE%
Fig. 6 iR ¥, C. ovata B DK 1 23.5-23.6°C,
43 32.96-33.38 psu TH H, FHNEERTHIMTEEE 0.7
day! DA k&7 2 KiE, BOOHBENICH -7, BENED

1BE#ETIX, C. ovata 137K 15.8-31.3°C, 4 18.4-33.02
psu (AH 5 2005), i & & TldKiE24.9-29.3°C, E7
22.8-31.2 psu (&t 5 2005) DHiFHTOHBEMBHERE ST
W3, TDXIICHEESLBERICEWT C. ovata BT
KB EESOHEIZIZIFEREL TWE I BT oT, &
7L, BEETE, BEECLEETC ovata DHBEDRA
SNt k) R EMIERE (HEEEE 1.0 day!' A L2 R
F ki 27.5-30°C, 45 24-36 psu) k> T FEIEIIBIE
ENledolz, C. antiqua HBERDOBSKiRIZ 21.0-28.3°C,
547 1% 27.50-33.95 psu T % b, 5PN B T L A
7230.5 day! DL E & 2 2 KiE, Bo0@EBERNICH >, C.
antiqua %3100 cells mL' B BB L 72 & Z OBBFAKIR X
24.9-26.6°C, #E45r1x27.9-31.40 psulcdh b, ENERTH
7o HEWTEEEE S 0.8 day!' A EIC 72 5 & DKl Ly D
FICIZE—%T 3, 2D LDd 5 C. antiqua i 25°CHRHED
FKIRSGHET T, AHMO) BICHEEICHET 2 /FiE2
bD2EWwZ B, C. marina HERDOBEKEIX 19.5-30.1°C,
4713 17.10-34.63 psu ThH H, BN EERTHIETEERES? 0.5
day' DL EE %3 & F QKR HAOWEL IHEAL TH-
720 C. marina %% 100 cells mL' DL EH B L 2R DK
20.0-27.0°C, #84313 31.5-34.24 psu i H Y, C. marina ¥ C.
antiqua IR, BKBRIDIE WIESHE CREERET 5
REZELTVWE EVZ 3,

6D L&D, Chattonella 3 BOREKE - o H4
RT3 L, BEERER) S, 3FEICHEL TEKE:
RS FAECREMIEE T2 2 LOHBAEL 2, RSHRR
Bb 51k, C. antiqua ik 25-27.0°C, C. marina i3 20-30°C,
HoidmfE s b 28-34 psu BETEH  HET 2 fHARA L 1
B EBHSP LRI, 72, Chattonella 3 ED HHEHs
REMEEEE (30°C) ThHEHWBEINTOLEVLDIZ, H
FEL L ERREIC BT 2 BREREKBOREFEKER
A3, HEE27.6°C (ILEES 2005), B EE 27.5°C, KAt
% 28.4°C (RIBRBAKEREY 2006b) TH B L E
ZAbnb,

KBRICN T ZIBTEIGE — HUBIRER E OB

C. ovata |5 ES VB EERR X 15-32.5°CCHETE L, Bd s 1t
2530 CEEEEN TS (ILO5 2005), UK LT
FBERIE, RAMIEE X 30°CL KB EERK L FARE
THS N, 10-32.5°CTHIEL, EKBTHHETE 3
25, REBERED HEKRICHT 2MtEspRk
WEAD A S e,

C. antiqua $BIEHEEK (Nakamura & Watanabe 1983) i3
15-28°CTHESH, 25°CTRAMMBEE LR L, 10°CE LU
BSICTRBIATE RV L), KIREBEKTIE, 20-30°CT
BWIEL, 27°CUETIEBERORBA A SN, 11°CUUTF T
JHTERWwE XN (RFF 1984), 1hO5 (1991) 1T kg,
15-30°CCH4%H, RRBHEIHIE 25°C, 10°CLUTF CHREFEF T aE
ERESN TS, MEBEKIZ 15-32.5°CTHREL, &K
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WHETEERE 12 30°CTH 3 £ ) (ILEES 2006), Zduicw
U CHEEEERIE 12.5-32.5°CTHREL, B AHREHHE 2
°CTRON T EH 6, HEBER L RARICEKBRICHT
BIEDBKE C, fEHRER X ) EKBICNT 5 it
PREVEAZRLTVS,

C. marina KRB EMRIZ 21-30°C TH-ERETE, 31°CCHY
FEREA, 13 CUTTHTELRLEREINTVS (&
£f 1984), FEBHEEERRIZ 15-30°CTHIE, SEMIMAIE 25°C,
10°CCUUTF o3 (1O s 1991), BREEEWKIE
17.5-27.5°CCHg5H, HEilIZ 22.5°C, 15°CH %\ ik 30°CTIE
EAERETEDRB O N EREZIN TV 2 (BFR 1984), 3
FEERIZ 12.5-32.5°CTHIE L, RAHREAEERE X 30°C
TRoNnk (UEES 2006), ZHic X L CHEEFSERKIE
10-32.5°CCHFE L, mAHMIERE L 30°CTHR oA L
D5, REBEKLEARICEKRICHT 2MENKREL, it
HEREERR KX D b ARKIRIC N § 3 iE AR 0k & WiFE IR
ENnt, UEDkHic, EEBED Chattonella 3 #i33458E
LU THBRICE KR T X CHTEL, EyvkiBici 3 2 m:
BREVERBOTON S,

Chattonella 3 BDELKRR

FNEERT, HIETEEEDS0 DUT & & 5KiE - 5 &4,
C. ovata %510 °C @ 16-22 psu & 34-36 psu, C. antiqua H3
10°C? 16-36 psu B & T 12.5°CD 16 psu & 30-36 psu, C.
marina %5 10°C® 16 & 24 psu & 31-36 psu TH %, 6
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T, BEBTIE, 12.5°CPD 16-36 psu THFE T 5 C. ovata
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Daisuke Fujita', Shogo Arai’, Noboru Murase® and Yukimasa Higashide*: Vertical distribution and zonation of marine algae on the exposed
and sheltered coasts at Hegura Island in Sea of Japan. Jpn. J. Phycol. (Sorui) 54: 165-171

Vertical distribution and zonation of marine algae were studied for the first time on exposed and sheltered rocky coasts in a small island,
Hegura (N37°51' E137°55', 0.55 km? in area), located off 48 km north of Noto Peninsula, Sea of Japan, in July 2003. On the exposed coast,
the vegetation along a belt transect (160 m x 1 m, 0-15.6 m in depth) was comprised of 45 species and 3 taxa and divided into four zones
dominated by Sargassum nigrifolium, articulated corallines and Ecklonia stolonifera & encrusting corallines without and with subdomination

by Sargassum spp., respectively. The characteristic exposed features were the occurrence of S. yezoense in the uppermost zone and S.
hemiphyllum in the third zone as well as the coexistence of densely covered encrusting corallines and freshy algae in deeper zones. On
the sheltered coast (in port), the vegetation along a belt transect (35 m x 1 m, 0-5.3 m in depth) was comprised of 41 species (and 1 taxon)
and divided into three zones dominated by Enteromorpha intestinales, S. micracanthum & Pachydictyon coriaceum and E. stolonifera &

Sargassum spp., respectively. Among the identified species, only 18 species were common in total of 68 species.

Key Index Words: diversity, Ecklonia bed, Hegura Island, marine algae, Sargassum forest, Sea of Japan, vertical distribution, zonation
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MABIZ, BEEEOIED S48 km /- Tl &
BT, Bl oEREEIIT /Y o (M 1922,
R - %2 1926) RERICE 377 E (LBEFHLEE
B 1986) THIsN T3, ZOBIX, HERMEICET SR
DHHEEZD ETEFICHEHKRECMEILS B0, H<
Do% L OMEENHNTE Y, BEHICOVL TR, Hiff-
LM (1940), 5 (1955), 548 - WA (19553, b), #
& (1967), Mtz - HE (2002) Rk hHMANERX
NTVw3Y, FLEERBHOBY S\, MBEBRLDOES
DOEREIL 420 ha (BUEFF 1994) & 3NT\w 3525, HHEROME
£ LT, BREEERICEBL THBEMEOEE (FA
1973) MBI ENT WV SED, PT7ERENY LT F
X* Ecklonia stolonifera Okamura % £k & §5HETH 5
& (HTHR-&18 1971) BHISRTWBIBRE LWL, FEEH S,
SICHEBELENTE (BILB) ot hBcEmL - hE (B
Mo 2004) #B8BL, BROBEIAO—MEHSH,ITL
T DTHET 5,

HRIE &
AR (RIS T#ELET) 13, N37°51'E137° 55"z
BL, EH0.55 km?, FES5.1km Th3, HH5IE 2003 F

7 A 7-8 BicRB%iin, BHERIIEROMNE, EilkiE
BIREENOR 1 A CHEDEESHMHAEZTo%. BD
@, RIOMEE L OHREMS%L Fig. 1 IRL7, BOH
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Fig. 1. Location of Hegura Island and two belt transects.
Contours are drawn at intervals of 10 m in depth.
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Table 1. Marine algal species and their coverages (%) along a
belt transect on an exposed coast in Hegura Island.

Zone number 1 2 3 4 5 6 T

Distance (m) 0.0 2 13

Depth (m) 0.0 2.3 5.0

Nemalion vermiculare

10

sum nigriforium 50

Plocamium telfaire

Dilophus okamurae 30 +

20 +

Laurencia sp.

Amphiroa zonata

Corallina pilulifera 30 40 + + + & +

Encrusting brown algac 20

Sphacelaria sp.

+
Padina japonica +
+

Laurer, okamurae

Dictyopteris prolifera

Hydrochlathrus clathratus

Leathesia difformis

Amphirca valonioides 10

Asparagopsis taxiformis

Champia parvura

ssum fulvellum

Dictyota dicotoma

v
+
ssum siliquastrum +
4
+
+

Pachydictyon coriaceum

Mesophyillum cystocarpideum

Lithophyllum okamurae

Sporolithon sp.

Sargassum piluliferum

m hemiphyllum

Colpomenia sinuosa

Sargassum patens

¢
+
+ 5 30 5 17
+

SSUIm macrocarpun 10 20 20 50

+ |4+ [+ 1+ [+ oo [+ |+ |4

Ecklonia stolonifera 80 (1 20 65 25

Cladophora sp. + 30 + + +
Cladophor i

30 80 70 80 80 70

Marginisporum cras 20 + 10 25 10

Amphiroa anceps

Ceramiaceae sp.

Portieria hornemannii

5
+
Jania nipponicum e + + +
¥
+
4

Peyssonnelia spp.

Amphiroa misakiensis 2}

Alatocladia modesta + 5

Predaea japonica + +

Derbesia sp.
Kallymenia sp.

+
+
Plocamium cartilagineum + +
.
+

Total number of species (taxa) 9 37 18 12 16 15 21
H'(Shannon-wienner function) 2.12 2.94 1.75 1.65 1.95 1.90 2.10

+: less than 5 % in coverage.

FRIFEEDOBIE S 2 58T, S 3B ol A2 559 200 m
<k D, FILGERRICE ATV, @R T, W
FHEDHIE D L & K% 15.6 m ICHE 3 £ TOME 160 m,
MR R CUE B SR O N2> & B eIz 171 70 > TR I
BLETOMERE 35S mIZ 77 AF v 7GR 2 M1E LTl
e L, W1 m ORMPHCREE R L 22, 2k, WA LET
1% 160 m Blgt b B DS T WA, BIRICE ATV
O, RELRIEMOTFHICILD 72, HBLOX Sy, HIEBLRE & pks
DB EB X OF — 7 B EH & (2004) & RED 1
HECiTole, Ak, WHISFEEOX RS (2003) 16t-
T, alE, ML KR PR N B, o 7TEoz M,
FHENTIEZHUCary 2 ) — b RINA T, KA CIREL -
IR D FUEEAR I O LS NH Ve v ¥ — I I hTw
%,

100
b
an
e
o
>
o
(&
Isolated rock
0
1 2 3 4 5 6 7|
No. of zone

Fig. 2. Coverage (%) of bottom characters in zones recognized
by a diver’s scene division (with naked eyes, Table 1) along a
belt transect on the exposed coast in Hegura Island.

P
BBEOEE

F R O PR TR, MR o HEUS X ) RO S R 2
& ETOM (43 160 m) 2 #EF it 2 m, 13 m, 22 m,
34m, BmEBLIV124mD6HIETXSIL, 7TODY—V
RO, KV — v OWREHBRE & #% % Z 2 Table 1,
IS HE DEl 4% Fig. 2 1R L, PUTICHHER Eo KXo
Rz iR %,

B — (MEREEEEO ~ 2 m, K0 ~23m), 52—
v (BERPERE2 ~ 13 m, K23 ~50m) BLXUHE3 V-
v (HERPERE 13 ~22 m, AKES5.0~7.7 m) (EEOHNET,
iz, + 7% %€ Sargassum nigrifolium Yendo, Hffith> o€
JH, YUT 7 ADMEL LT/ (Table 1), %54 V' —> (B
PEEE22 ~ 34 m, KFETT~88m) L5V — (i
it 34 ~ 93 m, K% 8.8 ~10.9 m) IFE M CHELiv > o€
DEL LT, W& Tlke A 7 YIE Cladophora sp., %
HTIEY F ¥ € 7 Sargassum ringgoldianum ssp. coreanum
(J.Agardh) Yoshida %>/ 2% Y €7 Sargassum macrocarpum
C.Agardh % ED AR v &7 FHB ZAUK N, 556 — v (i
FAIREE 93 ~ 124 m, /K€ 10.9 ~ 122 m) TIHFE AL
ML, MY TEEY LTI AL LT, 7=
(e IERE 124 ~ 160 m, 7K 12.2 ~15.6 m) X EBUHFC,
iy TRBE 2 aXVEIPEL L T,

AR LTI, ke 4 B, R8N 19 R 1 A0MERE, K 22 A
2 PERE, AR 45 M 3 oy BRESI ¢ & % (Table 1), #:)%

Table 2. Coefficients of communities in seven zones on an
exposed coast shown in Table 1.

Zone 1 1

Zone 2 0.12 1

Zone 3 0.08 0.41 1|

Zone 4 0.11 0.29 0.58 1

Zone 5 0.09 0.29 0.55 0.56 i

Zone 6 0.09 0.33 0.60 0.65 0.94 1

Zone 7 0.07 0.35 0.41 0.43 0.68 0.64 1
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7
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Fig. 3. Dendrogram constructed from cluster analysis (Ward method) of ‘coefficients of communities’ of seven zones (Table 1)

on the exposed coast in Hegura Island.

5% ESEESR I N7 FEIX 16 fE 2 BT, BIE S0%LL o
HWEZR LR, By 28 (70 ~80%), 54
£ (50%), /aX¥vEs (50%), YL7I X (65~80%)
DI HEHTH-T-, WEEHRT 2 KREEEED) b,
rr¥U I (6FEAR) WE1Y—> (60%), 5V —
(55.5%), 7V —> (55%), AU YLTTIRAIEI Y —
v (80%) LE6YV—rT (65%) THRWHERTRL T,
V=rRloEEOBERIE, F1YV -8l MR
D, B2V —vMR3SE2 BB TRS TH o 7z (Table 1),
B = DEEMIESE (Table 1 DR TER) &, 2/ —v
DEAE292RLEDE2KRE, 1.8~21DfEE2RL, &
WABEOERE k) &oBREIRFCED Shkh o7,
BB - DEHDI L, &)V THERINLZDIREY

t 23 Corallina pilulifera Postels et Ruprecht & %R & D
1BLAEBEL T THo I, M, 1V —VDARATHEREINE
W I8 FEEHA, WRIIE2 V- RESRELEL, M
T, F1YV—vD4fE (FI7VERLTY /) R E T Sargassum
yezoense (Yamada) Yoshida et Konno %2 &), 7V —> 0
2EDIETH 7z,

BY —VEOBELERS (Table 2) #HVWTF Fus
7 & (Fig. 3) ZfERRL /%, E3~F4V—v, 5~
BIV—vBZ2zNETNIN—7%2KL, El1EE2YV -V
DBHENT Wz, TNs 2B E X CARRAEROE L MR
2m, BmD3IAFTLD2DY —VICBRF L, &Y' —
v OWE % Table 31T, IV —r (BEFEMHO~2m,
KEO~23m) 3T 70 EBEET 5 EBH, B — (B

Table 3. Characteristics of four zones reorganized from Table 1 and Fig. 3 along a belt transect on the exposed coast in Hegura Island.

Zone I II m v
Zone of scene division* 1 2 3,4 5,6,7
Distance from shoreline 0-2 2-13 13-34 34-160
(m)
Depth (m) 0.0-2.3 2.3-5.0 5.0-8.7 8.7-15.6
Dominant bottom type(s)  Rock Rock Rock, boulder Rock, boulder
Total number of algal 9 37 19 22
species
Number of species endemic 4 12 1 5
to each zone
Dominant canopy-forming  S. yezoense — E. stolonifera E. stolonifera
algae** S. macrocarpum
S. ringgoldianum
Major non-canopy algae** D. okamurae A. zonata Encrusting Encrusting
C. pilulifera C. pilulifera coralline algae coralline algae
Encrusting brown Encrusting Cladophora sp. M. crassissimum

algae

coralline algae

M. crassissimum

Peyssonnelia spp.

*: See Table 1, ** : >20% in maximum coverage
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Table 4. Marine algal species and their coverages (%) along
a belt transect on a sheltered coast in Hegura Island.

Zone number 1 2 3 4 5 6
Distance (m) 0.0 4.0 5.5 7.2 11.5 16.0 21.0 35.0
Depth (m) 0.0 0.0 0.7 2.2 3.4 5.3 4.8 4.4

Caulacanthus okamurae 2fs

95
+
5
Pachydictyon 5 40
Asparagopsis taxiformis - + 10
Lobophora sp. + 5 + 10 20
Colpomenia sinuosa + + + + + +
Encrusting coralline algae 20 25 40 10 30 20
Corallina pilulifera 20 + + + 20 +
Codium fragile + + +
Dilophus okamurae 30 + 5 10
Amphiroa zonata b 25 20 5 + 5
Sargassum micracanthus 70 10 25 + +
+
+
+ + +
+ + + +
+ 40 +
Acrosolium venulosum +
Sphaerotrichia divaricata + +
Chorda filum + +
Sa 1 ringgoldianum + + #
My is myagroides + + 20 o
Sa ssumn pilulifera + 10 5 5
Crouania attenuata 5 20
Gelidium elegans + i + +
Plocamium telfairiae + t +
Sargassum patens & + +
FPadina arborescens + +
1 macrocarpum + +
“orallina officinalis + +
Symphyocladiaa marchantioides + + +
Chondrus nipponicus + .
Pre jella tenuis + +
Gracilaria textorii + +
Cladophora sp. + +
Codium arabicum ¥
Plocamium cartilagineum +
Grateloupi
Ahnfeltiopsis flabelliformis
Padina japonica
"Total number of species (taxa) 2 12 12 21 22 22 30
H'(Shannon-wienner function) 0.12 2.00 1.99 2.4 2.62 2.59 3.24

+: less than 5 % in coverage.

FEEE 2 ~ 13m, K23 ~50m) (FAHY > e Y
I o, Y — > (BERRERE 13 ~ 34 m, K 5.0 ~ 8.7
m) &IV = (HERIEEE 34 ~ 160 m, K% 8.7 ~ 15.6 m)
EYNT 7 A iy TEPEE L, BETIRIhIC/ 2
FVEI BT FXEIDRET 2 E AL SN,

5k, BV =DV LT I ARV 1 HS (BERERE 150
m, AKE 12 m) BT S50 x 50 cm OFEAFE % 1T-7- &
A, Y77 AERKER 600 mm, %248 A/ i, 7
R 1,792 ¢ /mMTHo 7,

EHROE R DOIEE

MR QPR T, HErho IS X b AR O LS
S5 ETOM (K35 m) ZEEEEME4 m, 5.5m, 7.2
m, 11.5m, 16 mEBLUL 2l mDEHBETXSL, THODY —
VERBD I, B — v OYRELBIRE OB & Table 4, IS
EHOEE% Fig. 4 1R L, MUTFICHEMICET 24 X00
RPLZ IR S,

Coverage (%)

No. of zone

Fig. 4. Coverage (%) of bottom characters in zones recognized
by a diver’s scene division (with naked eyes, Table 4) along a
belt transect on the sheltered coast in Hegura Island.

1Y —v (RSO ~4m, KEOm), 52— (
FEEE4 ~55m, KEO0~07m) BLOHE3 V—r (i
FEIEHES.5 ~ 7.2 m, K07~ 2.2 m) 1ZBFIEEEER o =
Y7Y—=bFT, BLY—=rTRERY 7 /Y Enteromorpha
intestinales (Linnaeus) Link, #§ 2 V' — > T2 b ¥ € 7
Sargassum micracanthum (Kiitzing) Yendo 23,5 L, % 3
V' — Y T F ¥ 7Y Pachydictyon coriaceum (Holmes)
Okamura 231N % > > 72 (Table 2), L F D 4 V' — iz
BT H 208, WOHIICTD) > THROHAEBKREL kT
Wi, B4V —v (HERERET7.2 ~ 11.5 m, KE22~34
m) 3/MEDIRL 2 HEEET, Y7 J X LMYy o
DEEE L Twie, 5 Y — v (HERIERE11.5 ~ 16.0 m, 7«
#3.4~53m) 3T, BHNORERETIERLES
%D, WY TEDIFENICZ Y ) Y F Crouania attunuata
(C.Agardh) J.Agardh 23 H 32 - 7, Hff /7 HEEE 16m DLRE 13 35
DHRRIZEp > THMES D, $6 V' —r (HEREEEE 16
~21l m, KRHES53~4.8m) 1T/ KEE T, M~
TEDIEDINA A F XIE 1§ Zonaria sp. ) £ H3H
B, BT = (HEREEE 21 ~ 35 m, KE4.8~44m)
R, KR, N WABADIRU D, Bilo X icENo
77— DT IO FESEE Th - 7,

AAAR LT T E ok, R4 AR, M 17 RE, SO
20 ff 1 730, ik 41 fli 1 3 BiECH > 7 (Table ), V' —

Table 5. Coefficients of communities in seven zones on the
sheltered coast shown in Table 4.

Zone 1 1

Zone 2 0.00 1

Zone 3 0.00 0.41 1

Zone 4 0.00 0.32 0.38 1

Zone 5 0.00 0.29 0.36 0.72 1

Zone 6 0.00 0.31 0.39 0.48 0.52 1

Zone 7 0.00 0.24 0.27 0.50 0.68 0.53 1
Zone 1 Zone 2 Zone 3 Zone 4 Zone b Zone 6 Zone 7
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Fig. 5. Dendrogram constructed from cluster analysis (Ward method) of ‘coefficients of communities’ of seven zones (Table 4)

on the sheltered coast in Hegura Island.

VIRBENS% U ETHBE L - EEIZ 145 | SERT, #
E50% U EOBEZRLEDIE, 9741/, Y (95%)
LMY (10%) D2®R I THo7,
V—VRHOBEOERIZE 1 V- TRLDL2HE, B
TV—vTHRb% 291 | ER %508 L /2 (Table 4), %
72, &Y' — v DEREMEIRS (Table 4 DR TEY) 130.1 ~3.2
DfEiZRL, BRiic@E»ro TAKEL L3 HAZRL -,
HBROME - YEBCLICHBRY -V BERARLLZ S, 7
DD =V I RTCTHEERINLEEIRL, 120V —vF
FCHERIN-@ERIE 128ERX L, 2o 12/, B,
B2, B3, T4, BTOKY— v THERIN, BES50%
DEDEOCHELRL -EE (Gelko 3/ 1 78 ci3E

1=V DRI TA ) )V EFBEYET 3,

Y —VvHEOBEMERS (Table 5) ZHVTFr Fu s
74 (Fig. 5) ZERL 7R, B22LE3I V-, Fa4d
SETYV—vBENEFNIN—T%2RL, 1V —rBKE
CHENT Wiz, CORBEEEE 2 CAREROBE 2 HERE
M4m,72mD2 AFFTI DDV —VICHXRS L, &Y —
v OWEZ Table 6 I2RY, 1V —v (MFEMHEO~4m,
KEOm) X774/ VELETEavysY—r7ay ),
Y — (MEEM4~T72m, KEO~22m) LY
BN F YIS BELETEary Y- T vy, B
V—v (BEREERET7.2 ~35m, K#E22~53m) EYyr7
FARF VI TEPRBET AEER L AR I,

Table 6. Characteristics of three zones reorganized from Table 4 and Fig. 5 along a belt transect on the sheltered coast in Hegura Island.

Zone I Il m

Zone of scene division* 1 2,3 4,5,6,7

Distance from shoreline (m) 0-4 4-7.2 7.2-35

Depth (m) 0.0 0.0-2.2 2.2-53

Dominant bottom type(s) Concrete Concrete Pebble, boulder,
pavement pavement cobble, sand

Total number of algal species 2 17 35

Number of species endemic to each zone 2 5 23

Dominant canopy-forming algae** —

Major non-canopy algae** E. intestinales

S. micracanthum

E. stolonifera
S. micracanthum
M. myagloides

P. coriaceum Encrusting

D. okamurae coralline algae
A. zonata A. taxiformis
C. pilulifera C. pilulifera
Encrusting C. attunuata

coralline algae

*: See Table 2, ** : >20% in maximum coverage
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EZR

S, BEEEOREFAVRONTLIMERICEWVT,
A LEN, Thbb, BHERELEBREBRD 2 ARTE
EOHO—MHREZHOPICT B ENTEL,

¥, BHER (BOILERICMET M EDOMH) <
i3, ZETHOHTZY ) 2P/ DOHEEROIT B I EMNT
&7, MEABTIRMNBED R VY7 IEE LTIV ENH
BN TV (54 - R 1955, H§ 1967), LaL,
IV FTEZE, BELEEROEE T, INETICAE
BT (Kajimura 1978) &LE2BO—2R=EFEE L OFIEGHT
(fE%F 1986) TOARHMONTE D, FELHT R OEMES
KA BDoNBF 7V E XD baMEHEIL, RbMEYE
DEVRIBICRON S (FHS 1996), L7h->T, SEH
BERToBENEOWHENIL, FROEEORTHOHEYEL Wik
REMICHS ZEMBHEIND, &8, ZOMIEDOHMHT
3, AEREOFTELBEEEIRER, BUE LUVERT,
FRICH L TREEDE O L2 o, REMOEEDEVIE
RicBoonighol, WRFHESELVI LR, =V /%
TEIRFIVEMUMNICH, EBERBRMOCRONG A Y
EIDPERL, LOBBEGAKER (K23 ~87m) IE
T5IE, JaF¥VEIPKEIOmUETCELETI LY
EDPSBEI LN TES, ZOLIBAVEIR/ XY
€7 OERIZER (1986) Itk 3 KE (BBEEEMH, EYVE
D—2) DREHEDB—BLTEY, HBELERADOINER
TR LEERY - EEI OGNS,

BHEBROMETRED SN ) —D2DKE RRHHII,
Wi TEORESBO TH VI L, £/, ZRUTHD
b6, Ll L bRERMBICE Y TESY YV TED
NOBRLBEICEBTLTVEZETHS, 5N, £H
PYITEILODVTE, KPTCOBOUNMMBER LI Y/ A
¥ Mesophyllum cystocarpideum (Foslie) Adey, t 7 4 &
Lithophyllum okamurae Foslie 8 XU a7 x4 v EE 1
T Sporolithon sp. ® 3TUNE—BE L TE LD, 20
H Tk A =N R A & % Porolithon orbiculatum Masaki 5%
bHI-%, INSOBERINETICHEEEERICT
CEBICED ST S (BEH 1996, 2001, BEH S 1998,
2003, 2004), iV TEHEHOMEIL, HBHREELEIL
BROWE (BHS 2004) Tix5-50% (9 V' — v DFY
13830% ), MiEBOERER (AFE) TI30-40% (&
iy TENELSROoN Lo B EMOT A ) V%
BR< 6V — v FEHIEH30%) T, BHEBRETESHH
BE30-80% (7 V'—vDFHi3#60%) 1342 fFEIEL T
oo BERMHREBICB T 2EHY ~ T2 OHEOTER I %
(, BHEEZEIUD, BRELAECER2Y, MABOE
HHERICE ) 2 BE IR L C HAEICHE T 3 LEmEs o
PRBEV HIHF (87.7%, MEH 1989) 1K CETH 7, — M
I, MRERY Y TR, IR, ER, vk EHEABY DL —
Cry, KIEE, BARL LW EEZ SN TWS (Steneck
1986) 3, SREIDFAEHH CTIITEELREWR Y =2 EIdZH S

Ny, BICBRLIICHEBOBERKEWI LS, ZOE
DEFEZBIE L T 2D LR TH 3 AL O TR,

N EoBHERICNL T, EilkiER (BR) 3, MEOE
FICAEL 25 b RESREVBELR S Z Lo, &
EORAECRBHERICBLTHEDTRE ARG TY
b, EREROFEM EICHE LR W18 095, |
BHEBRORATMICHEL 2% 451) & oL@t 18
Ec, ERERORATHRHEED 4% (AFAERLBEEAS
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L, SIlEAANL Fe ZM DAL A A=A L% ET 5, HillEE
¥ 2B L ¢, Hutchins & i3 B 8 Thalassiosira weissflogii,
Skeletonema costatum & B # Synechococcus J& ® 2 12 X
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K1 &M% 7ok7OMER. (a) Desferrichrome (B#is 7047, & Fu*4 2 — ), (b) Desferrioxamine (1
v¥Fuir7, b FaxyA—+H), (c) Rhodotorulic acid (B 7ok 7, E Fu¥x4x— &), (d)Enterobactin (K
EeFur7, AFa—nH), (e) Mugineic acid (4 #RHEYS TR K 7).

AT & 9, & ¥ Closterium aciculare, Oltmannsiellopsis
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%, ¥f, ARG () FLEE (SA), 7 (CA)
B X OWEDTA) ZHw<, f5 Fe fifAD R xT§ % 538
ZWEIL 72, Z DFEH, Fe o & (BiHirh ¢ Fe(OH),,
Fe(OH),, Fe(OH), & L TiAfF) LWL 725h, Y Fu
MefifE I (Fe(SA), & LTI Ik, #&¥% 0. viridis
B XU i Cricosphaera roscoffensis O ¥R HEDHER
TE, 7 TVBMEET (Fe(OH),(CA),” & L THAH) Ik
WX, 7 7 4 Nt H. akashiwo, TG H. triquetra, 2 —
7'V F i Eutreptiella gymnastica, 7> 7 b i C. roscoffensis
DORIEMGESEL & 117z 09, EDTA VI (321 FeOHEDTA™
& LTHALE) T, 77 4 F#EED Chattonella antiqua, C.
marina, C. ovata, C. verruculosa, Fibrocapsa japonica, H.
akashiwo, WG H. riquetra, K. mikimotoi, 21— 7 L
F ¥ E. gymnastica, > 7 & C. roscoffensis O ¥ETHAEHEDS
RENL B, X512, £FL— bEirP T Fe IBEIC L T
AR IR IEOE &2 2L S 756 (Fe fifks X UMl
DEIEA D EREVEA), O R AR TR
R E DAL R D S B, T s OFFE»S, %
C DRI A R Fe 2 M %IJHJ L Z@immmﬁé
R ASRPY ik Vel el =S aJK QNN /LY (VA= o313 LERBARY
I—vavotrebgEERIT5 2 k f)>/J\ SN, In
Sy, iR TR T Fe L4 T 2 HEY OELE
2, KA ERECHEGLTWE I 2R LTw3, B
15 E TOWNZERE T & Ak o Fe oL #IEiED & Fe 23l L
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REEOMEA A= AL RZR 2D L) ICEZ NS,

R IE, ZORBEELZXZ 2K TOREBED
RN BHETH S, REAIZFe-EDTARMIC X b, H#E
(Chaetoceros spp. D) < & 2502 (HERIE / HEOE,
EEE ) vBE) MBLEIENTE I L2RLTRS 1),
FREREEDOHFEICE T 5 Fe LRBE L OBERICOVTHE
BREWEZATHD, WMOMELRTIEE S R KRELHE
TH3,
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West, J. A. ' - Zuccarello, G. C. 2 - Hommersand, M. 3 -
Karsten, U.4 - Gors, S.+ : #itid& 10t Bostrychia radicosa
(Rhodomelaceae, Rhodophyta) MD#R%2

Jone A. West, Giuseppe C. Zuccarello, Max Hommersand, Ulf
Karsten and Solvig Gors: Obserbations on Bostrychia radicosa comb.
nov. (Rhodomelaceae, Rhodophyta)

Rhodomelaceae @ ¢, TJRAMINE 25K 3% L T
%L(u%ﬂuL@W%%_&U,tvbﬂz7ya/
;t"l“@%lll}‘d EHifiE DM TR I N TW» S &) ZEEN
Rt &, Bostrychia & Rhodolachne @ 2 Jg & & H3 4t £ $
% . Rhodolachne radicosa (% Bostrychia 73 & 4 & T %
2y —7roREINT VDS, SMA v FE-KFE
76, Rhodolachne radicosa \Z 3§ 2 % { DA % £ 4
L, L= 7 toa—AhVL F=70%kT, BENEHE
DMPERBEZ RO A4~ 7RG A AEG LA 5,
Za—ALF=7okREBEEORMBAEL AN, =2 —
ﬁﬁzvl—wx(ﬁ A b7U7) ORTIE, PHTHET

DA D R E N, Y4 DORTIE, HEEEA
@W THAFARDHE DB - 3R T 4 F 7 ¢« 7l
DR TR E, MOEWBME X, WA —A 7
V7 ERIHAANDRIZRAL edr> 7, tbel & Y &R
Y—==<)LRNA 7 =% 7=y Fl{EFOREIICHK D
&, INBIETXRT, Bostrychia \ZJE 3 %, (K5 T BiRAK
{LYf#EHTTI%, digeneaside 23 TOMTHIL NILICHHE
i, #i~*¥> F— )@ 1 fi< Bostrychia DA+ A€ 74 b+
THZYIVE b—APEToORTRINS N, KL, =%
HAANEZ2—AL P27 ORIBIEFICA L%, o
T, AR TR B X TEREFINVAEILD> &, Rhodolachne
BT B LEEZ
radicosa (Itono) West, Zuccarello and Hommersand 12 7 #l
At L7z, ('School of Botany, University of Melbourne,
2School of Biological Sciences, Victoria University of

radicosa \& Bostrychia |2 5 41, Bostrychia

Wellington, *Department of Biology, University of North
Carolina, “Institute of Biological Sciences-Applied Ecology,
University of Rostock)

Wilson, S. M. - Pickett-Heaps, J. D. « West, J. A. : BiffiFa#T
# Glaucosphaera vacuolata @ /)\fig% & HF B
Sarah M. Wilson, Jeremy D. Pickett-Heaps and Jone A. West:
Vesicle transport and the cytoskeleton in the unicellular red alga
Glaucosphaera vacuolata

il i AL #: Glaucosphaera vacuolata T 1%, /N fﬁ 1°‘f§
ARG o it~k s s, ZoBiRk%E
L7 7AETFABEMECREL 2, ol IJJLE&‘JN),EIEU
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54% 1 SHEEHXINXEER

Wiz bh 6 mwns, HilEHIHEE L Tws LE2 3,
Glaucosphaera \ZH/NEET 7 F v 7 4 7 A > FHSRE L
T2 EDHETUA T o 2, MUNE ISR %A
D OMBIAMRICIEDS D, 7o F 7 45 A MZESEN
OB DICHFEEL TWE, CORERY =6, 2O
BWeET o Fv 747X blifiEd, MEEXICEDS T
WaEtEZLEND, L2L, TOEZIFMEILTIZRW, 73?
4 S IFECKEEDBERR T D3 1, A% B A2

WhH ZERORSE, MIEEOETA 7Y v 7k http.//
www.cytographics.com/. TH# % Z £ 235 T& %, (School of
Botany, University of Melbourne)

Dyck, L. J. - De Wreede, R. E.: K & i & % Mazzaella
splendens (Gigartinales, Rhodophyta) O {El{& 853 E D =i
NE L VERERN/INS —

Leonardl James Dyck and Robert E. De Wreede: Seasonal and spatial
patterns of population density in the marine macroalgal Mazzaella

splendens (Gigartinales, Rhodophyta)

KE LB TOMEBEOHERE £ v M) . %L DWiEE
W2 R T E L DR LiThiT %ﬁf&bm

T 2 ] 2 i o SR AR RIS B 3 2 fl)f/uk koT, R
WLATES ck ol 73 %, Jt?‘ A ') 7 V8 i D Ma::aella
splendens |4, %, 1960 10U & BIfE £
T@ﬁﬁ@M&ﬂ%&k%Té%ﬁm&mmu D, <D
359)‘4-%1{4\’1% ICHASNBILET 27— BRI TWw3

A TES L, BT AR L FICE & b, %
WG e B, FEIELORBLL, WIS SNIEFNEER

’J 73’60 W &N BT, EEERIA (B,
B Ol T14) ﬁfﬁrﬁ'k}‘éo ZDOZEiIC L 5D
ka , WIS S 6 INBEGHTE ERFEAR (T4 »8Ed
%, EREEEOZ L, SRS O B L HK
DRI b-TED, Mook ANiAEFH) LD
&, COREH»SEEBIESNLE D, HET LI
Twb, TONRY—vDO—f&EZM %79, Barkley D
Second Beach (2% W TIEIC & 6 S 415 51 L AR & 41
BIGTTCHEIEDFHAENZ AL 72, Z DGR, kT S
NG CRHILBPRED» >, DI t
VEMUTH o, PehhkEl f%ﬂélaﬂm TR (B
AR) 2355 L, WICE 5 IN DT ISR (T
fR) DEL T2 2 b HGE Y — 2 EFRIL 7o, EAREEEE
DZEALDH, Mo A D AL X D IS B B &
HERBEICEbo T3 I LD, DifoiffETAaAGNLI L
IHJ LThor, LaL, Barkley ® Second Beach D i3
M &2 BT TIE, ZAIC X B AR A o 2 fRps 3 4R

, HENY—
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Feasnadolk, TOREICL ZHABEEEORINIG
EEFMIBORICRE L, RREEFCEL TALND D
DTV LML DIk -7z, (Department of Botany,
University of British Columbia)

Kim, M. - Abbott, I. A. 2 : /\"J & Polysiphonia ® 3} $5%
1/ — bk, Neosiphonia (Rhodomelaceae, Rhodophyta) ~
OBE

Myung-Sook Kim and Isabella A. Abbott: Taxonomic tones
on Hawaiian Polysiphonia, with transfer to Neosiphonia
(Rhodomelaceae, Rhodophyta)

YA TEALZOMEERZFHMICBEL, ~7A
BE Polysiphonia ® 5 T& % Neosiphonia & L TR #H L 7= :
Neosiphonia apiculata (Hollenberg) Masuda et Kogame,
Neosiphonia beaudettei (Hollenberg) M. S. Kim et Abbott
i 4l & A& b ¥, Neosiphonia hawaiiensis (Hollenberg) M.
S. Kim et Abbott #1 #1 & & 4 &, Neosiphonia profunda
(Hollenberg) M. S. Kim et Abbott Fifl 2 &b ¥, 8 &
Neosiphonia rubrorhiza (Hollenberg) M. S. Kim et Abbott
FlAagabe, cns 5/, KBS D, FIBHEMmEL
BRRDES L TR SN, RIBRIERETLREICEDA
AfkED oM, 3MIMEEREZERT 5 (N. beaudettei
& N. rubrorhiza \Z13 A 6 0z \), BTFERIZBRRDE
—RICR S, WOHFER SRARICEITS, W
POBETIIVS O OWEBNATE o722, 21
A DE DA E b2 iF Neosiphonia \IZEDH DTH
%, (!Research Institute for Basic Sciences, Pusan National
University, 2Department of Botany, University of Hawai’i)

Lindstrom, S. C. ' - Hanic, L. A. ' - Golden, L 2 : British
Columbia D#&E Percursaria dawsonii (=Blidingia dawsonii
comv. nov., Kornmanniaceae, Ulvales) D%
Sandra C. Lindstrom, Louis A. Hanic and Larry Golden: Studies of
the green alga Percursaria dawsonii (=Blidingia dawsonii comv.
nov., Kornmanniaceae, Ulvales) in British Columbia
EEBHEYVRS b TR LEESZRICEET S
Percursaria dawsonii 2367 X ) AR S Fil- ICREL,
BELY—JIVALT, #ETF, BARETIRBFEIV
AT, BTFoMEEH? SR ITT % empty-spore
germination 2R L, FIERRRDFEEIC X D AEHEE R
T3, JIDDOHI7 4 5 XM id, ZOHEERPSFKNL
FEDORVA—Ry MRIZR 2, CHS5HEMIE, bk
CEEIZ 2, RKImxolickh, RERTE U sk
R4532BICRY, Mo KBofEKThEIILS, Ths
DRGSR CTRAL, 4 KWL OHET D 2 AHFE D FRR
RETFZRIEYT 5, REEFIMEREKCT, BTFE R
RRZRVET, EEFRIRRECBHE, PrEOBHDNLY
12, LIEUIERHARNC D S i cE83 5, 18S rRAN &
fBF & ITS B2%I & Dk ic 8> T, A Kornmania £t

Blidingia \=&%t7-, (Department of Botany, University of
British Columbia, 2Triple Island Lighthouse)

KB H: PLEREOMEMEBFERICEVWTIH#5N13
BEAHEDOINT—> DHEL
Makoto Mizuno: Evolution of meiotic patterns of oogenesis and
spermatogenesis in centric diatoms
BRAEDOHRLEROIUR L BFRBRICB W THL N5 HE
FEIZIEOLOPDRI =B TS, ZNH185 —
v DL E REFRBICE D EHE L 72, IWBRD< Y —>
ORTIE, BEOIROE 1 FRTIIMDIREIHKOEEE IS &
{, BE50MIRREIRVSEE 25, B27RIBTIREKD
BoEmi E, MIRRESREIEE S, HBRLE L T2 2004
232K 65 type 1 ERICADT 7288 — V3 [RIRHY
ThHHEHESIN, BFEED Y —v DT}, $1,
B2OREOBIRRIKDOEHEIZ %, FooMEEIR
MRE, FHRELTLO>OBTFHIlE»> 55 4-2EC &
RIS Ty — PR OFMTH 5 LIRS NI, 5
B% o N HEEIE, PLEBEOFTIE, 22H50idZzNI
LotE (pole) BEET 2REZFFODDVFBWTHZZ L %
TRY 5, (RHEBREKRE - EWEE - £YEE)

InEE#A ' - NB—3A' - RETETF2- FHE=2: ATE
BEITS8FAYE/Y (Scytosiphon lomentaria) IC# (1
33 MIAVRYTEEREY/ LOBRIE
Inheritance of mitochondrial and chloroplast genomes in the
isogamous brown alga Scytosiphon lomentaria (Phaeophyceae)
FAEEBzZz B %) ®EH Y € /Y Scytosiphon
lomentaria (Lyngbye) Link i2 8T, E gkt I rav
) 7 DBERR 2 EABERBEBE LN Ty T ) he—
A=K VAR, AEIZBOLTEATORFRZ—FEMET
Y, BEIRTFEOME»SHEL, TOBESTOMIE
BBBREBLZHRT 2UMIFEL hd o, ERBORE
&, WEET, FRBROEREIRATFORIOMIESH
TR ORI N2 EHFIBEBRICE S : BAPRADES
= DERGBEFECBHL, B OEREITO
EETOMMICE -7, 20U L, lBFEMEOS bavF
VT b, MERETLS0AREEL (BiEEE), h
o DBILEIE, FWEEEZT) 8BS 4 2 Fa Ectocarpus
siliculosus (Dillwyn) Lyngbye Db D LT3, S havF
V7 ORMERERIEBEREECBTHREND I TH B, (ALK -
Bt - - EYRIE, 2JEK AT EYE 7 « — L PRI 5 )

West, J. A.' - Klochkova, T. A. 2 - Kim, G.2 - Goér, S.L.3 :
Bostrychia Yl DL ICERT BV T HANINEOIEE
Olpidiopsis sp. : BEBOREMICDOWT

John A. West, Tatyana A. Klochkova, Gwang Hoon Kim and Susan
Loiseaux-de Goér: Olpidiopsis sp., an oomycete from Madagascar
that infects Bostrychia and other red algae: Host species susceptibility



< YA AN TERE L 7298 Olpidiopsis sp. % fi T
Bostrychia moritziana & 258 L7, 2 KO AL EHT %
RO TIRDMEE 11, 1 FEOMIEEEIC (35 L, 2 H <M

T L, ZhzhoBEMilcalukrsitse s,
ATz RE, DS uziollE»pRaInz, &
Qedp ot it EF OB EC3HETH 5, Y x4 4
i, HAUHIN, e X R D AT 4 F T4 T
THRI D, v 70zl 725EA M I3 &G L 7%
wote, MEERHEPLEFICL > TEVLSRNA, <4
A1 A1 VD Bostrychia moritziana & Bostrychia radicans
WZIEG L 72, = ¥4 A A IV EE D Bostrychia tenella T
BRI R L, 28R Y L % 2 o F, Bostrychia
radicosa TE~V Y HAAN, 4, A=A 7V 7BIN
Za—AV FZT7ORBEBELEL, wL—>TORIZEY
Lprot, XX a&7 72 0VD Bostrychia radicans &,
Bostrychia flagellifera, Bostrychia montagnei, Bostrychia
simpliciuscula, Bostrychia tenuissima, Stictosiphonia
intrucata, Stictosiphonia tangatensis, Lophosiphonia sp.,
Neoszplzoma sp., # & O Polysiphonia spp. 1 &% L 72 22>
Teo % ( DIFREGRETIE, MBI H S, PakfiEiEss
iz 14%@M%®%L1E6n&w O AAN
%) Caloglovsa lepriewrii il FEOAMMEC X MG DI & S5
D o 7S, MBIRIEICEEEDSEZ S Rtk ok,

T

Garcia, M. : Fragilaria obtusa Hustedt @ Staurosira
Ehrenberg B (EEMH) ~OBIT
Marinés Garcia: The transfer of Fragilaria obtusa Hustedt to the
genus Staurosira Ehrenberg (Bacillariophyceae)

727V NEB (VAT T FeH MR
W) 2 OEEL Wy v Tz fliv, WS H o kv
Fragilaria obtusa Hustedt o f#78 O il it 12 5 o CRE
K% Z2fro 7, ZORH LD, F obtusa I3 Staurosira
obtusa (Hustedt) Garcia & L T Staurosira Ehrenberg J& ~Jit
BEBATSEL I ERRBT S, ZogBERHE, NICH Bl
WIZE > THI BN iHU\@ﬂ’jr'ri#b&é?ﬁﬂ%, B /I
ISk o> TR E L5t LK, DV R, IR 58
WhH, BIREEEZ b, oo REER->Tws, I
I HEYE S. obtusa DI L S TOFEHETH %, (Universidade
Federal de Pelotas, Departamento de Botanica)

FEME—ER - AQEM - KH E1-LE KEE R4
HEURER S - REETHIICE T3 HERERHEOEHER
ICXIFTERE Plecoglossus altivelis DEEREIRME DR E

Shin-ichiro Abe, Katsuhiro Kiso, Osamu Katano, Satoshi Yamamoto,

Tamotsu Nagumo and Jiro Tanaka: Impacts of differential
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Caloglossa ogasawaraensis & Caloglossa postiae % /& 4 D
HIJE & R A 6 N7 D> > 72, Dasysiphonia chejuensis 13 &3
Lzt W< 2 LI, Porphyra pulchella £ Porphyra
WRIMTIE 2L, arvatwy 2o
g L 7=, Porphyra tenella & Porphyra linearis (2 >~ 2 %
VAN L, BRI F 223 L Tw v, Porphyra
miniata & Porphyra dentata 132> 2+ ) 2N &G L 7%
B2 7z, Bangia atropurpurea DK 7 4 7 A v b 3G
Lizdpotc, fLOFLEE, 1H%E X OREIZEG L R o,
T A LT T AE T A WS TR G0k O FEE M R Ml 1 i
Z %5 L 7z, (1School of Botany, University of Melbourne,
2Department of Biology, Kongju National University, 311

suborbiculata 1%,

rue des Moguerou)

BXFEDB4E 1 SKRIK

#L3: Bostrychia moritziana &
Porphyra pulchella DFIEN T
R OYNE Olpidiopsis sp. (7 7
AEEFXED 1 fH) OfirsE
B X NHEF o

Phycological
Research

54 % 2 SHREmXIIXER

consumption by the grazing fish, Plecoglossus altivelis, on the
benthic algal composition in the Chikuma River, Japan
REFRTAINC B T, (S SRS O FEHDRIC TS
7 2 (Plecoglossus altivelis) DB DB 2 E L 7z, 72
BB S T O S L 7 2 O BARO 2 W iRE O
JEARL & LR U 2o L, Il S i ualifg <, B
W & ORI O BUAARDSIRA U, I RR IR B
DS LTz, KIS, T2OMNERERHRS 0, T2
DMENEY & 7 2B S 40T o 7o A T O R
HURZ g L 72, 2 of58, #EERRESRIC O VLTE, H
LENEDIED 2 MG LB INTOAREIC LD 28 &
DEIicEEREZRO SN Ao, —J, BT, HL
BENEWICH 281G, BEINTORERECED 286
CHRKEDp->DICH L, EVERRERE TS (o
T, IS, FEEE L CHRAECRIRERRICHN, E
VELRREEDS 7 TICBERS W Z 2R LTS, T2
DEANC & 2 ENALRIRERR OB X, 7 2 OALERTEDE
BLTWRLDEEZLND om%mmzzmm@mm,*
RWAGH, 4 HASHRLR, 3 Jl THEER )

- | fﬂl

xt &3% 7 - Williams, D. M.2 : Synedra rumpens = Fragilaria
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rumpens (EEE#l) 0941 TEFEBE
Akihiro Tuji and David M. Williams: Examination of the type material
of Synedra rumpens = Fragilaria rumpens, Bacillariophyceae
Fragilaria rumpens (Kiitz.) G.W.ECarlson &, # 5
DFELZBMBIOBEINTVE, LaLR2S, AEE,
Fragilaria capucina Desm. % Fragilaria vaucheriae (Kiitz.)
JB.Petersen L FHBIL TE D, FEMBELL T/, ZOM
FER R 720, AFHSCTI Synedra rumpens D5 A 78
B/27) L, BUEL OKREE LT, (VEZRF
B - YRR, 2 vy FrEBALEYE - YRR

Hernandez-Chavarria, F.'2 - Sittenfeld, A.'3: I X% Y A,
Yvav -7 -3 - ET/\RI, ‘Pailas Fias' DEEERME
WEMIAVY -7 LICETREE
Francisco Herndndez-Chavarria and Ana Sittenfeld: Research note:
Preliminary report on the extreme endolithic microbial consortium of
‘Pailas Fias’, ‘Rincén de la Vieja’ Volcano, Costa Rica

ARFVA, F7FX Yy ANKHE ‘Yvav.F-.
7+ EINKILENAR Wicd 3 KILDMIDOBFRIZ DWW
THEARLE A, RHE LD 2-3 mm EFHiC, REEETS
BYEET 5 bbb ol EEMETFEMEIC X 28T
DFER, ST=T4 LIk 2EOEBHY, FvTERD
Pinnularia J& £ 3, BERONI T U TORBHHERI N
Teo BADRBIRY TIX, TIUIEEEIES T 2 ENMER/
EPa Y=Y T AZOOTDR LD TORRTHY, £,
BHEIBICH 2 KILDERAD S ANEYHBERINRYID

#HTbH %, ('Faculty of Microbiology, 2Research Center
of Microscopic Structures, Research Center of Cellular and
Molecular Biology, University of Costa Rica)

Carmona, J.' - Montejano, G.' * Necchi Jr., 0.2: X¥3 3
FLERIC B B/NINICEE T S Sirodotia huillensis ({3, 5
DEVYH) ORBHE Ve NIV ITH OEBES
S UTB R
Javier Carmona, Gustavo Montejano and Orlando Necchi Jinior:
Ecology and morphological characterization of gametophyte and
‘Chantransia’ stages of Sirodotia huillensis (Batrachospermales,
Rhodophyta) from a stream in central Mexico
A¥vanhLEezRn s GBIKELEONIICEET 3
Sirodotia huillensis DTBEEL 7 =/ a ¥ —IcoLWTHE%
fTo7z, KiRiEF—E (24-25°C) T, pHZHFE»S 7L A
VHEEDME (6.7-7.9), BT L EFHBBEELBERA 4~
ThHot, EBEEROREIL, HELEE, 742> 7
Zv 743Xy OERIT BT B MEREER T OEE
BHE, KREREKEE 60 um) &L OERBOFEEND
Fohi, 3ODERBHE— DX LicBZEINS
EHLIELEHo, ‘vr v b7V ORI, o
AT7EV7HTORBEBYL Tz, HETRES, #
LOEREEOFREICBRT 2@EMRRED» S 425 F—2R

OHWERTVR T 5 L TH 5, REEETRERR RE
SORMIAE, F—ARMETo =4, BikOME, ‘v b
ST OFRRET2n =8 2R LT, BBELE Trv
b7 vy T EiasE < (60-170 cm/s) BEV (33.1-121
umol photons/m%s) FIMICEET 2 L% o7, EE
HIHEMMELELCEBL, Yy b7y T BN
BIRLEHAONZOIH LT, EEEIIIZHICS HER
INt, INSOKERIE, WROEH L ZNICE b7 ) &
DEERBMLTwEbDEEZ 6N, ZORGBIIRT
Friud, M L CEGL 2BR Tl hvdh L EFETS
EDSTES, B2, BEORADKERE A2 EE T 5
fedtEZON, £, RCEELRZES LEMBEZIZK
THROOBUELVED F— A REBEDEIE, ok
IBRETTOREERIAMTILDICHEL-OTIR
b tEZ 5035, ('Phycology Laboratory, A. P. 70-620,
Faculty of Science, National Autonomous Univ., Mexico,
2840 Paulo State Univ., Zoology and Botany Department)

RESEF - L REHM - EFEF' - BFE IE'-BEXA
2 B X £ hY*E Closterium peracerosum-strigosum-
littorale complex D7 A€V THZI7AM TS A MR
FHEYVIRVE (PRIP) OLEIRPRISE
Satoko Akatsuka, Yuki Tsuchikane, Ryo-hei Fukumoto, Tadashi Fujii
and Hiroyuki Sekimoto: Physiological characterization of the sex
pheromone protoplast-release-inducing protein from the Closterium
peracerosum-strigosum-littorale complex (Charophyta)
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James D. Reimer, Kiyotaka Takishita, Shusuke Ono, Tadashi
Maruyama and Junzo Tsukahara: Latitudinal and intracolony ITS-
rDNA sequence variation in the symbiotic dinoflagellate genus
Symbiodinium (Dinophyceae) in Zoanthus sansibaricus (Anthozoa:
Hexacorallia)
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Enrico Tronchin, T. Samaai, R. J. Anderson and J. J. Bolton:
Sponge-seaweed associations in species of Ptilophora (Gelidiaceae,
Rhodophyta)
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Kenji Saitoh and Daisuke Muraoka: Undaria mitochondrial large
subunit ribosomal DNA (Phaeophyceae, Alariaceae): Structural
properties and use for phylogenetic analysis
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