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#$ Jpn. J. Phycol. (Sérui) 51: 159-166, Nov. 10, 2003

WEREEEME Cocconels stauroneiformis (Rabenhorst) Okuno DERMSHAtEYE & A F IR

AT - FHE R

VEFILFEREEE (150-8366 HAUHEA XA 4-4-25)
:ARERKFEMEHE (102-8159 HRFFRBAXELR 1-9-20)

Hidekazu Suzuki' and Tamotsu Nagumo? : Fine valve structure and taxonomical observation of marine diatom
Cocconeis stauroneiformis (Rabenhorst) Okuno. Jpn. J. Phycol. (Sérui) 51: 159-166, Nov. 10, 2003

Fine valve structure and taxonomical observation of a marine attached diatom Cocconeis stauroneiformis (Rabenhorst) Okuno have
been investigated. The internal and external structures of the raphid and araphid valves (RV and ARV) and complete cingulum are
described using the light microscope and scanning and transmission electron microscope. The valve face of the RV is slightly concave
and that of the ARV is complementary to the RV and convex. The raphe is straight externally and terminates in a small helictoglossa
internally. The striae are consisted of several reniform or oval areolae. The areolae on the RV have hymenes with radial linear
perforations. The areolae on the ARV display a very sophistical structure; internally they are subquadrangular or round are separated
by stout ribs less robust than the interstriae; externally they are occluded by less robust anastomosing ribs bearing hymenes at the outer
surface of the valve. They are occluded by hymenes with short radial linear perforations around the margin and circular perforations
in the central part. The mature cingula of both valves consist of at least of three girdle bands; a valvocopula (VC) that is open at both
poles of the cell and two bands (the second and the third bands). The VC of ARV is furnished with fimbriae, that of RV is not.

Key Index Words: Cocconeis, Cocconeis stauroneiformis, fine valve structure, taxonomy

! Aoyama Gakuin Senior High School, 4-4-25 Shibuya, Shibuya-ku, Tokyo, 150-8366 Japan
2Department of Biology, The Nippon Dental University, 1-9-20 Fujimi, Chiyoda-ku, Tokyo, 102-8159 Japan
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Nagumo (1985) D> HAEE v, EH b D—E DML (Suzuki et al.
2001a, b, ¢, DICBWVTH#EEF TH D,

ABFFE T’ ->7-C stauroneiformis (Rabenhorst) Okuno
I REHORETELREL LTHERTIAAEE ST
A (Rivera 1973, Poulin et al. 1984, Lange-Bertalot &
Krammer 1989, Riaux—-Gobin 1991, De Stefano et al. 2000
), KR TIIREFIB DL, EE D ($3AM 2000) 23E 1L
BKEERBR B N ORI /AR FMER: CESMICHERLIZZ
LETTIHE Lic T &R0,

A4y $EREITRabenhorst (1864) IZ X 0, KBD X A TRTH
5 C scutelum Ehrenberg MFEM L L TR I L7223,
Okuno (1957) 25 FB E FEMBBERIC L 0, HilHEEDER )
SIST L-fELE LTT 2 T v 7 L, & D%Romero (1996)
w2k v ¢ scutellum var. scutellumd DFRHETE DB
BIFbI-s, RHER L EREER Yy ML TEBELTE
59, HHEEOHEMbL HAIEHI ATV Y, £ZT
HEELIIAREREZ L LIS OICHEMRREEOBESY

fTolDTEDREREBRET 5,

MHEEHE

BERIZAVZRABHIKR D 3 D DEARNLET,

A 5S-0228, B ILIRKERERE A O EREAKF A i
Y 7 U ¥ Nordotis discus hannai Ino Ft REAE KD
fRMFERD DI (2000457 A 25 B, SHAFIRE).,

TEAE5S-0420, T8 RATE T IR O TRE LT T T
Y Ulva pertusa Kjellman DEEAEREH HERSE (20024 11
H 208, AERESL.

EAEES-0436, ELRKERREANORA~= T
Laminaria japonica Areschougdk3E/ K DEEMEH> HEREE (2002
#12H 13 B, RABPRTE).

IS ORBEERE (RE - FE 2001) (29> TAE L
%, HFBEMEE M), EEEFHMSE(SEM; HITACHI S-4000
& $-5000) 3 X OB & T-FAMSE (TEM; JEOL-2000EX) THIEE
Lz, & BIC 1R OREHER L EBREREZ E0E ~ DXH5
FHEETDII LR ERRRETHEDI D, TV —Fik
(Nagumo & Kobayasi 1990) & iV 7= (ex. Fig. 8), E7AHF
ze = fV - 25 % Anonymous (1975), Suzuki et al. (2001la,
b, c, d), HiFF - EE(2002) 3 LURHE (2002) IZHEH L7,

BREBR

Cocconeis stauroneiformis (Rabenhorst) Okuno, 1957, Bot.
Mag. Tokyo 70: 217-221, Text-figs 2, 3, Plate VI, Figs
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Figs 1-10. Cocconeis stauroneiformis. Figs 1-7. LM. Figs 8-10. SEM. Figs 1-6. Three pairs of raphid valves (RV) and araphid
valves (ARV) of the same frustules. Note that the valves are variable in shape and length. Fig. 7. Living cells, attached on the plastic
plate used for rearing the young abalones, showing a C—shaped plastid. Fig. 8. Araphid valve (ARV) and raphid valve (RV) of the
same frustule treated using the bleaching method. Figs 9, 10. C. scutellum var. scutellum (sc), C. stauroneiformis (st), C.
shikinenesis (sh), C. neothumentis var. marina (ne) and Amphora sp. (am) attached on the plastic plate used for rearing the young
abalones. Scale bars = 20um (Fig. 7), 10um (Figs 1-6, 8-10).
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Figs 11-18. Raphid valves of Cocconeis stauroneiformis. Figs 11-16. SEM. Figs 17, 18. TEM. Fig. 11. External view of the raphid
valve. Fig. 12. External view of the raphid valve showing the terminal raphe end and the terminal area. Fig. 13. External view of the

raphid valve showing the central raphe ends and the central area. Fig. 14. Internal view of the raphid valve of the same frustule as

araphid valve of Fig. 19. Fig. 15. Internal view of the raphid valve showing the diminutive helictoglossa and the terminal area. Fig.

16. Internal view of the raphid valve showing the proximal raphe ends and the central area. Fig. 17. Areolae occlusion and the raphe

(arrow) of the raphid valve. Fig. 18. Areolae occlusion. Note the hymenes with linear perforations in a central array. Scale bars = 5um
(Figs 11, 14), 1um (Figs 12, 13, 15, 16), 0.5um (Fig. 17), 0.1um (Fig. 18).

Za-Ze.

FRIFEMIE C, BRI E R D Z L 3B 5 (Figs 1-6, 8),
7% 15. 0-25. 5um, #XME 7. 5-15. 5um, FAFARIIA R IR
72 CFI (Fig. 7).

HE#% (raphid valve) : #RIEH<, LMK E 72, 3%
I ACEABR 7R MBS A BV, Nl TIET 5 (Figs 11, 14),
HE# (raphe) IZEHIR T, EHSII, bTFITEY Enb
(Figs 8, 11, 14), #AZEITHJLds JOWRRNN & HITH <A
Do THDD (Figs 12, 13), AEEOHFRREIIZENEN

Rt 5 i my > TRIAS 0, WA b TIE R < Bew i 4= F
(helictoglossa) CT#&i> 5 (Figs 15, 16), H0dEiiES# 1751
OB THICIEA Y (Figs 11, 13), FRIFOWE TIHIEE
L, #%l< £ TET 556 (stauros) BT % (Figs
14, 16), Cocconeis BT HREEEOHEEIL C dirupta
Gregory (Kobayasi & Nagumo 1985)=° (. costata Gregory
(Romero & Rivera 1996) 2R 645, Zef#ld 10um |2 8-9 A
T, 25O (areola) 235720, FHOHFL TIZPATIC, B
ST < CIEASIRICERSS 5 (Figs 1, 3, 5), HlaBuIERE
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Figs 19-24. Araphid valves of Cocconeis stauroneiformis. SEM. Fig. 19. External view of the araphid valve of the same frustule as

the raphid valve of Fig. 14. Fig. 20. External view of the araphid valve showing the central and marginal areas of the same individual
as Fig. 19. Fig. 21. External view of the araphid valve. Fig. 22. External view of the araphid valve showing the central and marginal
areas of the same individual as Fig. 21. Fig. 23. Internal view of the araphid valve. Fig. 24. Internal view of the araphid valve showing
the central and marginal areas of the same individual as Fig. 23. Scale bars = 5um (Figs 19, 21, 23), 1um (Figs 20, 22, 24).

J (reniform) £7213MMIE T, Mt < TIE2-3 T %7 #e(Figs 8, 19, 21), SiHIZE B T, 0ETe,
T3, BEZE TIXRL RIS ENEE Y, AlKERS DR ITIEF TRV, FRICOLIEZ 2T 52 b5, T
(Figs 12, 17), Uik o 2ZEFL (1inear perforation) 23 (sternum) & BEEM (costa) T & HITHEL, FFICEONE T
HEHIRICELS U 72 R (hymen) (2 &> TRAZES LS (Figs 17,  #8< EET 5 (Figs 24, 25), BUEMODIEIXC costata,
18), C. pseudocostata Romero (Romero 1996)=X° C. fasciolata

HEHE % (araphid valve): FRITEL, LLMRIZEL S (Ehrenberg) Brown (Romero 1996) T3 LY, SfpIEILM T
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Figs 25-28. Areolae of the araphid valve of Cocconeis stauroneiformis. Figs 25, 27, 28. SEM. Fig. 26. TEM. Fig. 25. Internal view

of the broken araphid valve showing the pore occlusions. Fig. 26. Areolae occlusion. Note that the areolae are occluded by hymenes

with short radial perforations around the margin and tiny circular perforations in the central part. Fig. 27. External view of the

immature araphid valve showing the central and marginal areas. Fig. 28. Areolae of the immature araphid valve of the same individual
as Fig. 27. Scale bars = lum (Fig. 27), 0.5um (Figs 25, 28), 0.1um (Fig. 26).

1 FIOMAEORE G720, FHOFLTIEFATIZ, %E
WO ATTEWVEUHIRIZELS 35 (Figs 2, 4, 6). B IXHEN
LI ALEVRRL 10unlZ8-9AKTH 5, £MfT, 7%
DAEIZ4-6 EOEET & 5 WVIE =0 A O O % £ 5 (Figs
20, 22),—J7, S OWE TIXREEMNCHE N (vimen; cf. Cox
& Ross 198D Ik W &ZEBNZIEONAISH 5 WM
BOAH 5 (Figs 23, 24), Z OREEILRY oflasticib~, X
DEHETY AR TH Y, BHEFORTHRRA SN D (Figs 27
28) . F 7= HaBUTAMA OB DEE < I2H HERIC K W FAZES L
% (Fig. 25), MREIZITRRITIA o THUEHRIZELS 3 2 MR VW57
L& ZOFREICARANCEST /S WAEOFELE R
(Fig. 26).

HEhEE (cingulum) @ Rk E AR L B3 DH A (band)
N7 % (Figs 29-32), skOWNEIZEET 25 L O
F (valvocopula) (%, Mizk CIEEEDS Bin 5, METa% Tl
123U TH S (open band) 95 (Figs 29, 30), 45 PIEEHS (pars

interior) IZEEMNIT & O THAT SRR THHRIGEIT 20
(Fig. 34), ZROWEIZHET D ITEHA VAR S, BHifIC
W|HEIINL D D DO ITER VA (Fig. 33), —FHE
e CIL, HOBR OB A I~ Tl @RV (Fig.
35), limki B iR AR SRR 2SR > (Figs 35—
37), #2# A (the second band) ik & bRk A I~
R B <, A mBR R CRASH IR 12/ E (1igula) 2 F5
(Figs 31, 32), HEHaERIIT 2R IX, RUVMTA 24,
Z DM & 272 EWH A (short band) 1 #7> bHER S LTV
% (Fig. 32, &KHD), BOWHICROND Z DL 5 REWEHA
e I% Pinnularia @ETHHNTUW5 2 (Idei & Mayama
2001), Cocconeis|BTITMH TRA SN, 53 HH (the
third band) IZF2#HH LV S HICHIK, RimBIKE THE2H
A ERBRCT/INEZEBT 5,
CocconeisfBIZI\T HIEFRHT A ORGEIZ 24K TH Y (Holmes
et al. 1982), NEEROFEIRIEGENFE LI BELZ DD (C
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Figs 29-37. Cingulum of Cocconeis stauroneiformis. SEM. Fig. 29. Valvocopula (VC) and the third band (T) of the raphid valve of
the same frustule as Fig. 30. Fig. 30. Valvocopula (VC) and the second band (S) of the raphid valve of the same frustule as Fig. 29
(opposite pole). Fig. 31. Valvocopula (VC), the second band (S) and the third band (T) of the araphid valve of the same frustule as
Fig. 32. Fig. 32. Valvocopula (VC), the second band (S) and the third band (T) of the araphid valve of the same frustule as Fig. 31
(opposite pole). Note the short band (arrow) of the second band. Fig. 33. Internal view of the raphid valve showing a broken
valvocopula (VC) and the second band (S). Fig. 34. Internal view of the raphid valve showing a valvocopula (VC). Fig. 35. Internal
view of the araphid valve showing a valvocopula (VC). Figs 36, 37. Both open parts of valvocopula of the same specimens as Fig. 35.
Scale bars = 5um (Fig. 35), lum (Figs 29-34, 36, 37).

pediculus Ehrenberg; cf. Gerloff & Rivera 1979, C 2001c) & ThEAx TH D, FAFD X 5 1 miumBa i (fh iz
scutellum var. scutellum; cf. Romero 1996)7>5, 25278 C. costata; cf. Romero & Rivera 1996), JriiBf/ic?i (¢
e I B O (C heteroidea Hantzsch; cf. Suzuki heteroidea; cf. Suzuki et al. 200la), % L CPHEM (€
et al. 200la, C. convexa Giffen; cf. Suzuki et al. scutellum var. scutel lumDIERERFE; cf. Holmes et al.
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1982, Romero 1996) & EAMEE L LK TH 5, SHITEH
EL OEPOHERBEDT - 2EH T2 L T, thiBE
LOBESLER LEDEHREL LTOEEMENHALNICR
5ThHAD,

AREIIHRBEHOBEICEETTINAETH S (Rivera
1973, Poulin et al. 1984, Lange-Bertalot & Krammer 1989,
Riaux-Gobin 1991, De Stefano et al 2000),A#RHE Tl
UZ A AR v (Skvortzow 1929) R0EkfH B (Takano
1963) b DHENH 5, EHFITE LK ERRIBETIEE
KFAERO=Y T U Cf BB RENICE SHICERLT
WBDEBE L (SR 2000), 4EIOBETHRIMKERN
DEEEREEBELCHAERETHOELE=—1REIZC.
scutellum var. scutellum, C. shikinensis Hid. Suzuki
(Suzuki et al. 2001b), C. neothumensis Krammer var.
marina De Stefano, Marino et Mazzella (De Stefano et al.
2000) & & BIZERIZEET D2 ONBEI NIz (Figs 9, 10),

Okuno (1957) 238 & FHRMEE 2 AV THFZE L7z e ok
MREICBET eI, BEBNROLTRTELWVHDOTIER
WS, EiChaEEEZ BT D ¢ scutellum var. scutellum
LOMESEEZRWEL, € stauroneiformisé U CTEREMNS
RO LSBTz, L LT D% OSEFHR TR
ZEIZ L W B2 57~ F F T(VanLandingham 1968), X ¥ 3£/
RBERIIThN R > T, IT4ERomero (1996) 1% Z DA X
IZBT AREEITV, Okuno (1957) DOFZUMERBE LTz, K
HETHROBHABEDERN G, KOEHEC scutellum
var. stauroneiformis & LT H> DTk, C.
stauroneiformisk LT H _& L E X3, () RYBEHOKEE
ORISR B, € scutellum var. scutellum
TN EVAER, Q) ASEHORBIY, BEECBBEH D
RO OO, ¢ scutellum var. scutellum
IX1EORF OB D& &2 FF, 3)C scutellum var. scutellum
DERER OETRERIIBRSREEL, BETHID, &5
FRIBONICEAT DR E Th 5, () ADEHOEHEEZR D
BEMILLSRKET BN, C scutellum var. scutellum®
ZRRBEETIIRV, EHIZIhb (1)~ @) DRE»L C
stauroneiformisid Romero (1996) D& L7z € fasciolata
i ERLEILRD,

AT BV TREH L LTV 20 = AARERIREH
B OR R B EER & B 1L RKERBISEERRE AR
FARERR > b ORBORESCREICEROEE & 1T o TV
W= RIBRSFEFO/NEE—KICEST 5. APFEILA
AZWHRE S TR 14 6 E R R B AR & SRR 58 GREEE
£ 14917005) & AIEFE I ¥ F MEEA TR RES TR
14 EEEREBRRIC X AFEO—HTH 5,
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Photosynthesis-light curves at 15, 20 and 25°C and photosynthesis-temperature curves at 400 pmol m™ s"'were compared between Caurelpa
lentillifera and C. racemosa var. laete-virens. The compensation light intensities were lower in C. lentillifera at all temperatures investigated.
The light saturated photosynthetic rate was similar in the both species at 15°C, but significantly higher in C. racemosa at 20 and 25°C. Although
the net photosynthetic rates reached maximum at 30°C in the both species, the net photosynthetic rates of C. racemosa decreased sharper than
those of C. lentlliifera at supra-optimal temperature 35°C. Caulerpa lentillifera had a lower chlorophyll a/b ratio than C. racemosa. These results
suggest that C. lentillifera has ability to acclimate to lower light condition and higher temeperature than C. racemosa.
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7 ¥ VX% (Caulerpa lentillifera J. Agardh) &RV
a¥ X% (C. racemosa (Forsskal) J. Agardh var. laete-
virens (Montagne) Weber-van Bosse) %, iR @EER &
BB EET AR OEREN O EA4 VX ZBORET
bhB, 7 EVIZIBEEICESEL, BACBWTIEE
BHEBOHIHHT S (BFF 1962, FH 1998), C.
racemosal B AN TlL6 EREMAAM A FERER L HREEA
BT TH/mL, TO—EBTHIRAY aXxX&i, il
TRV ITERICAEFT LTS (FE  1998), £BKEL,
7 E VX TIIAKEEL — 2m OEFTD B KIE30m DIEFTE TH
BREICAET 0I5 L (YK 1992, 2001, Yokohama et
al. 1992), RV aXXZIKE InfHEDEFTOE LIZEF
THERESR TS (AR - KE 1994),

AV XEBOELIFRAIEI N, 74 ) EVICBWTA
K7 BT HOREM & F ] L CHBRNIC R TR TV
(HE 1988, 1992, Trono 1999), AAIZBVNTH 19754
HBIRTY L X¥ ORBREE VRSN, TOBRBITHR
SNTEHEENDEIITRY, “BEEI HBWT“TY —
Ve BT L LTHREATWA (MK 1992, 2001),

BREOBMEIT O IZIE, KECKENIREOERESCKE

* BB KF T HEEERE ¥ —%No. 697

FRAZE-Z DB OV TOMRABNEETH LM, 1 VIR
BEIZOVWTIR I L OMEEIDRV, £OPT, BELS
STEHER B IRIEN L4872 Caulerpa racemosalZ- DV Tld,
KB EENAETE, BESCHRBIIRE REELRIFT LN
B 5 M EN TV 3 (Enomoto & Ohba 1987, Ohba & Enomoto
1987, Peterson 1972), ¥ 7z, Peterson (1972) {ZFRXTIZ
BT BHa¥XFC racemosa var. uvifera (C. Agardh)
J. Agardh & BN TIZAEE T HC racemosa var. lamourouxii
(Turner) Weber—van Bosse f. requienii (Montagne) Weber—
van Bosse DA%, Collado-vides and Robledo
(1999) 1%, #HY X XH C. racemosa var. peltata
(Lamouroux) EubankZ&te#fENA U X ¥ BEEOHER X
UHRAREEZ L L, EFRECHEBIC L > TRERFFE
BRRBIEERLTVD, LHLEMREEL LTHEMHRY
ELXZIZOWTORERICETMRITIZE A LRV,
FROLIIZ, FEVLXFERY aXF I FIHHHRB LT
HEBRENRRRDZ 0D, TRERICIIABEREERIIHT D
KEABEHEIZEVRBHDE bDEEXBND, LA L, MED
YA RRROMER & HE— L7 ik CHEBRET L= ®/E TRV, T
IT, AFETIIKBEABICEBR LI ELVXF LR Y 2
EFXZORARBEEL BT HZ LICX Y, MREOSTIRD
HIFRERRC, FESLMICHETIEBNRMRAEL/L 2R
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& Lz,

HHEEFE

1995 4E 8 AR L9 A ITHAREB L UHRORIEERZ
fTot, 7 ¥V XEIT, WRBRKERBRE/N\ELIHNTE
FEENTW= b D% 19954E8 A IZHB KF T HEEEER
F—izZe@iL, Bty ¥ —RNOBNRAKETHEELZLDOE
EBRICHAWE, R aXXF L, AEXFETHEEBERE
2 —DRAFAEPICEEL TV bDEERICHAW:. B
SFEAEOEE TV TR Y 50 — 80cm THh - 7=,

KREEEONARE L OMRIEMHL, BEOEFICLVE
BEZITHZ LRMBNATWS (Knoop and Bate 1988,
Sakanishi et al. 1988),% Z T, #{EN LERE Y K-
%, BEIC X DREBE BT 5 7-9, RiEWEKEZ AN 75000l
DOERBPTERI LRSS 12BRI U EFiEEE 21T 7
FlEsEEEEOKIRIZ, AR —RAOREHI SV TIZR
ERLRUAKR (15, 20, 25°C) &L, AR —BEMRA
DORBHZDOWTIF20CTE Lz, A VX Z BOBEEIZIIHR Y

80

»
o
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Oxygen Evolution
(uL 02 cm~2 h-l)
[\~

Oxygen Evolution
(uL O2 pg chl. a1 h7l)

w

Do

—

o

L

15°C

20°C

X AR AR - TEREVBE T 2ENH 5728 (Haupt
1983, Drew and Abel 1990), Ff##5#& L& RN (100 pmol
m? s TIFW, AR ORIEILFAT9: 00 L VBALAL,
ARETIIKRTTDLIICLE,

FARB X ORI EE ORIE I X ZBHRETHO——ETH
a7y hA—F— (FRIED 1986) AV, LTOFIET
BIE Lz, RISEBBLUOXBRESE (BFFEO50mLO=F =/
N S AR \CIRIEWEKE 1onL oA, KISERIC
ERE B DB I IICANLE, AEBRE Iy s hA—
F—AEIcERE L, ERAKEFORERICEE L, RIE
2. 5cm, B4 140EE DOIRE L RIGAREE~ DB & Bts
L, W10 OTFHIREEZITo72%, RE»ORETHER
DRBBEZ3INEITH205MRIE L, fEEREEZ KD,
WA HIT—EDBRIER T # Z L I2iTo 7=, fERKEANDK
RIZERABRES (¥47 v 74 CL-150F) % AV TR
LTz, RRICIZAREROEHSINAFA FRAT v Y2
Z— (zLEH#S-300) ZAV, =a— I T4 NVE— (K
CRYFAETND-50, 25, 12.5) THIMEOREE #ITo7. Kk

25°C -

. | | |
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Fig. 1. Photosynthesis—light (P-)) curves of Caulerpa lentillifera (@) and C. racemosa var. laete-virens (O) on projection area (A) and

Chlorophyll 2 (B) bases at different temperatures. Vertical bars indicate SD (n=4).
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Fig. 2. Photosynthetic parameters of Caulerpa lentillifera (R) and C. racemosa var. laete-virens ((1). (A), Pmax of P-I curves on area basis; (B), Pmax
of P/ curves on chlorophyll a basis; (C), Dark respiration on area basis ; (D), Dark respiration on chlorophyll a basis; (E), Compensation light intensities
(lo); (F), intitial slopes (@ ,) of P~/ curves on area basis; (G), initial slopes (@ ) of P-/curves on chlorophyll a basis. Vertical bars indicate SD (n=4). The
asterisks indicate significant differences (%, significant at p<0.05; **, significant at p<0.01) and “ns” show not significant differences (One-way Factorial

ANOVA and Fisher’s PLSD post hoc test).

EORIEIZITNETFE (LI-COR4:LI-185B) # A iz,

AR — R E BB HIZ, 156, 20, 25 COERESME
T, FNENIFREE % 400, 200, 100, 50, 25, 12.5 pmol m™
STRBLUREET~LIEBRIEEXET SR THELITo =

AR — IR E AR TIXYEE 400 umol m2 s7' T, FEK—
BEHRCIEET CTERTNRIELITo 7=, REREREE
BIc L ABEERBT B2, 20CH510CE T CTOKIE
A THRSELBOHEZITo %I, BloRE %2 AVT20C
M5 3BCETECToKkiEE LR IERNBLAEEITo T

AR —HEBROMPAE () 125, 12.5 pmol m? s
BIURETICRT 2MEEBOEED b —REVRER 2R D,
ZOEEHBRDE, KHEA (Jo) IEFPREEY o TR
Tl ki,

HEARBIEDKR T, BEICTERICAVW-EiA L RIER
LEMEDIRIBIZA2 D L HICH T ARD LIZEE, T RO
TICHEEZ B2, B ENOEX L TEREDEZFEE ST,
ZOHEREZHRBZ L, THREH REER OREZITo7.
BIEIZAWERABOZ RERIZZ L X 233.2 — 5. lem?,
RYaXEn2.2—4. 4cm® THoTz,

EERER, BREL - HICREE (-200) AN, 7
o7 A aBLUObDREFITIOETRE LI, 7un 7y
NaBEX P bEEENLT & P THIB LRI, DXXE
2 (Shimadzu UV-3000) % FAVCHAKIR 663 33 X UF 645nm

TOWMKEZRE LEH Lz (BEEH 1979), AR TIIENE
AL/ N aBEHREREEDOELEIZHN,

san7 4 )Va/blbORBMESE t-testiT LY, &K
EROEE (Pmax), IcBX QR a~DBEEDEES One-vway
Factorial ANOVA ‘Fisher’s PLSD post hoc testiZ & D&
E L7,

R
JELVRXZERY aXXFOEEYT Y ARk
% Fig. 1AWZRY, 7 BV XZF15°C T 100 pmol m? s
T, 20, 25°CTI2200 pmol m? s THEAFUIZELEZ, —F,
ZY a¥XZ315°CTiE100 pmol m2 s CHEFIIEL
73, 20°C &£ 25°C T12400 pmol m2 s CHRAFUIE L A2do
7o, WiFEL H 400 pmol m2 sTHITRIFBBRNEEMEE
(Pmax) 1ZIRENEVEEEL 2o (p<0.01) (Figs. 1A,
24), 15°CICRIT B Prax |\ ZISAREOBICEEREZITRD LN
7hote (920.05), LiL, 20CE LU 25CIZBWTIEA
Y axXXZ0EBRERICEVEZ R LT (p<0.01), mEH
0 OFEEEE, WThOBRETHRY aXXZ0FREN
%7 L7 (15°C, 20°C, p<0.01; 25°C, p<0.05) (Figs. 1A,

20,
BN un 7 4 Vvak¥Bi- ) OXER—JH#REFig. 1B
IR, BARAHEE (Poax) IEREE LBRENEWVIEE
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Fig. 3. Photosynthesis—temperature curves and respiration-temperature
curves of Caulerpa lentillifera (@) and C. racemosa var. laete-virens (O)
. Vertical bars indicate SD (20 L'-C, n=8; the other temperatures, n=4).

B o7 (p<0.01) (Figs. 1B, 2B), PmaxiX 15°CIZHW
TIIERERICEERZITFEH LT (p>0.05), 20°CH L T25
CIZBWTRRAY aFXZOFPEEIREWVEEZTRLE
(p€0.01), 7 BT T 4L a2 OMRREEX, WTFho
BETHLRY aXXZ0FREVWMEEZRLE (p <0.01)
(Figs. 1B, 2D),
EREOLHESR (Io) FDTHhOBRETHLRAY a¥x¥
DERIZELVXZ L b2 ERERVELZRLE (p<0.01)
(Fig. 2E), AV aXXZ D IATBREIZL > TEVWBR O,
B CITBNTHEIZEL ootz (p €0.01) 2%, ZELXFZT
IHEREIZ L BEWVERD Mo (p 20.05),
Y72 OXER—HBRICH T 2 AE o, (WL 0,
cm? hl(umol m2 s %, ZELVXFDFNRARY axx
Zr o b@Ehotz (20C, p<0.05; 15°C, 25°C, p<0.01)
(Fig. 2F), RAY a XX D o JTREICLVEVDER LN, 20
CRBWTHEIZED? 2T (p<0.01) 28, JEVXE D a ,iT

Table 1. Chlorophyll contents on area basis and chlorophyll a/ 5 ratio in
Caulerpa lentilliferaand C. racemosavar. laete-virens. Data are expressed
mean with SD (n=28).

chl. @ (nmol cm®)  chl. b (nmol cm?) alb
C. lentillifera 39.0+4.42 27.2+3.15 1.44+0.09
C. racemosa 29.1+4.64 16.3+2.65 1.7940.10
p (t-test) <0.01 <0.01 <0.01

BEICEZIBVRELNEoT (p20.05), 7ra T f)va
Wi ) TORAH—IEBRIIB T HIHTE o . (WL 0, pe
chl. &' hl(umol m2 s)7!) IWEDORMICEREIIRD O
niehot- (p>0.05) (Fig. 26), 7z, WL b o JTEE
WEBEVRRLNADo T (p 0.05),

JELXZ LR aXXFZOEBY Y AR — B R
B LU — B &R % Fig. 3T, ML bikERE
BEI310—30°CORITIHBRED LFIE->THEL 2V, 30CT
BRMER R LI BRI 35°CTET L7z, 35°C TOXARIERED
ETIZRY aX¥XX¥ THREZTHY, 30CTOMNEREEE
100% & L7=35°C COAEREIX, 7 BV XZH373.9%, AV =
XX HZMN33.5% Tholz, 7 ELXZDMEKEEL, BRED
R THM U, R Y a X X¥ OMREE bERIEE
DRl THM L7238, £ T ORED25°C T — B FERE
ERED LT,

FROEREY-YDI/aa T 4 )va bERBLRZu0 7 4
J a/btt% Table 1127 Y, EHEYZYVOI/aunT s )Vak
X7 ELVXF5539.0 nmol cm2, AU aFXFH26.0 nmol
em2THY, JEVXFZDFHFREVEER L (p<0.01), 7
gu 74 VbEYL, JELXZH327.2 nmol cm?, RY a¥
XA H16.3 nmol cm2THY, 7 EVXF OFBREVEE R
L7z (p€0.01), L22L, Z2au 7 g/va/blbixs ELXZH
1.44, RV aXXEZNLT19THY, RY aXXFZOFREN
fEERLIZ (p<0.01),

R

JEVLRE LAY aX XFIREXRIERER L Sh
BYRTEYF v (Kageyama et al. 1977, Yokohama et
al 1977) BXGTFXRA Vv (Kageyama et al. 1978) % ¥
oAU RXE BOFEFEFGETHD (Hik1981) 2, TOEF
KIE, DARIIRZR->TEY, JEVAXZOFRRAY a¥x
Z2E0Y, ERBIUOBRBRICOMLTVS (BFR1962, &
FH 1998, Ohba & Enomoto 1987, ¥E 1992),

ERONAR — Yt a g LR, 200CLL LTI/ v
VXEDFRBERMEEKEE (Prax) B LOHEEFIASBEND
ZEBELMNIR o (Figs. 1, 2), FT=, X@HES (L)
BLOMEEEIZOWTSH, ZJELXZOFREDRETSH
BWZ ERbholz, TNHDZ EIE, 7 EVXFRIEFHO
FOBORBREEIC, R aXXFREFO LRV EREIC
BELTWBZ EERLTWS, FIHAEUTL, BEYY (e
) TR EVIZoFRE P2 bh»bbLY, Zun
Ta4Natlzy (o) TRIEMEIBEDONR2o72 (Fis.
2 TNEIRBEVNIZELAZDOEFNEHY-Y D/ an
TANaGBEBENZLIZEBbDEEZLND,

BAED (1996) 13, TFA LIV AD [cBBEICE->TE
EFBZLICEBL, GRET TR IHELIRY, ABCLE
RIBENREL BT DEFTTHEAKERELRD L LTS,
LA L, A TIZZ E VX Z D el TR EIC X B3R
HHENT, RV aF XX TH5CTITBVTHOTMNEL 23
LWOHRERNREB LN (Fig. 2), 2D MG, WAL H15



BEDL 171

—25COMHE TIHRED ERITHE ) ABICLELEDOEL
FLALELS, EFFREAKRIEDLRVWEEZ LS,
Ie3EHNICIRRIZEEL 258, RYICHIET T
THZELILLY, BEIZEZENDRLIRBELEENATNS
(Davison 1991), AEBRTIE, KERBIERIC 12 — 18K/
DFHEREIT 12D, ZORICEHEAEZ - = FTREMEN &
2,

Caulerpa racemosa DEFEDOREITIX, aX¥XFZD e
1.6klux (* 0—32 #mol m-2 s-D, C. racemosa var.
lamourouxii f. requineiilIZF M 1/2 LBEZH TV
(Peterson 1972) FBEL KRBT HREEZ —BRITHEBETHZ L
TERVAE, RYaFXFD IelFanF¥Xy Ly bigL,
C. racemosa var. lamourouxii f. requineiil RITRE Tdh
A9, ET-RBAFEE IERE, 2/ FXZ23H30°CITB T
100klux ( = 200 —2000 #mol m2 s PAk, C. racemosa var.
lamourouxii f. requineii H¥330°CIZ3V T 50klux (* 00
— 1000 umol m? s7!) 2R (Peterson 1972), # WV ¥ X¥
M28CIZHBWTIL78.3 umol m? s ' ThHolttH|EIN T
% (Collado-vidas & Robledo 1999), AMZETRY a XX
Z1325°CIZBVT400 pmol m2 s CHWAFIZEL TV
WAS (Fig. 1), TkMEITHEER —HE#RA S 200 — 400 pmol
n? sTOMICRZ EHAIEN, R aFXFFEAVFIY
LFVLBERTHIEEZDND, LENST, ZThbER
B TIXa ¥ X¥— (. racemosa var. lamourouxii f.
requineii, A AXXF —F VX XZDIETHER Lo
TWa LHERIEND, £, JEVXZRIEIAVFAZ LY
LALIIREMLEZ OND,

suan’4/Va/btbids €V XF Tkl 44, RY a¥ ¥
1L19TI E VXS DEBFREIAEVMETH - 7223, WL
bLOA UV X BREETHRESN TV SE (0.91-2.12) ©
#FHN T o 7= (Collado-vidas & Robledo 1999, Yokohama
& Misounou 1980), #k#ETIXZ v 7 1 )V a/bLiTEBKIEE
WWE-oTRRY, BEOCEDITRI a7 4V a/blbBE
WZ EBHEIN TS (Yokohama et al. 1992, Yokohama
& Misounou 1980), BAFKIEDIZIZRI—DKE TR LT
WEIZb b b, MO na 7 4V a/blITEVAR
bl b, 7 EVXE O BIEFTEDRVFEE R
BTharLExbh 5,

HRREEBEDICEET S 7 BV XF /KR 28 — 29
CIRBZEHEBERTDLENTV S (HE1992), &
WETHLNIS L XF OXER—IBEHRII0CITR N
THXEZRL, RAICBT2ERPOBE L IZIT—B LT,

JEVRE LAY aX XL OXER—BEHRIZIT, 10—
3CCHMMHEHTIIRE LEFRD bR 072D, 35CTILY
ELXEDEBKEREEDKTOEENDRMhrot, Lic
BoT, JELXZOFRAY aXX4 LY bERIZHIENS
HBHEEZLND, 20CBLV25CTIE, RY a¥XXFox
AR — R L AR —REHROBEEICTRESR O,
FER—IREEM#HRIZ20C T TR E Lok, fEx DRE
THIEZEITo7=0Icxt L, ER—HHRITISAERETT

EEEE LIERICAIER{ToT, L2 2T, BEIHLOR
BTRER —IRE R & B RK — YR ORI E I el £
CletEZEz b3,

C racemosalIIEFIEDONMEIZ L o TR HERKE
RERSENPELTSZ 25 (Ohba & Enomoto 1987,
Peterson 1972), ¥ &R LHEOELIZH - TEILT S
EEZOND, JELVXF LR aXXF DEREOEET,
EBICHI/IEEHTHERTH B, IMEDOTHRPLBED
ZED, MEOCERKTOZAESKZIRE, HER— it
WCEEBLTWAEREEND B,

AREDERNG, JELXF IR aX X7 LH#ELT
FORRE, BVIREREIZEE L TWS LW ) @O S
Bicxtic LI-fREBE LR, LA L, 15°CULTOERERIC
BOTHAEREEICENRD oo lz, SEOERIT
BHo10—H LW D LBREHR CORELEZICAIEL
[TolZtBEO—REZEXLND, AHETIE, MEDK
BRICE XITTH L BEOEHH CORBIZOWTHET S
ZEMTEED, SOICERHOERIZL - T, BREDIKIRE
TOXRERFEPFEZEICR 2> T B ERFHRINS,
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Goro Yoshida, Koji Yoshikawa and Toshinobu Terawaki: Biannual maturation observed in forced seedlings of Sargassum horneri
(Phaeophyta, Fucales). Jpn. J. Phycol. (Sérui) 51: 173-175, Nov. 10, 2003

Biannual maturation was observed in forced seedlings of Sargassum horneri (Phaeophyta, Fucales), an annual species which matures in
a certain season of a year. Embryos for culture were isolated from natural plants in December, and the early growth was forced under
optimal conditions for growth (20°C, 100uM m2s”!, 12hL:12hD or 9hL:15hD) in the laboratory until they grew to around 10cm in
length by May. In May, when the control seedlings having been cultured outside over winter were still at a young stage (2cm in length),
the forced seedlings were transferred and cultured in an outdoor tank. The forced seedlings produced receptacles within one month after
the transfer to the outdoor tank, but they did not wither in summer. The forced seedlings showed almost the same growth pattern as the
control seedlings after autumn, and produced receptacles again in December when the control seedlings also produced receptacles.

Key Index Words: Sargassum horneri, forced seedling, biannual maturation

National Research Institute of Fisheries and Environment of Inland Sea, Maruishi 2-17-5, Ohno, Saeki, Hiroshima 739-0452, Japan

T B € 7 Sargassum horneri (XBBERRIZIELSHAL,
BLEBICALNER XU TEDO1ETHS (Yoshida
1983), 7=, AT ERER OKEREICBWTEE R &
BB TWAHTEHOTERRETH Y, BHEROR
BLHROTWVWBIEED 1987), THEZIX1EADTER
LEINTRY, £FHICIVERRH D bOO, HEOEE
BBV, TORE - RBWIEEIZIER CRHICEY &
EN T35 (Unezaki 1984, Yoshida et al. 2001), AF&EiZ,
ERNETEROLEER KT OIEFESRICBVTIE, KO0
—2m DEHEBMBRWVEFTICHEEZER L (FHDS  2001), &
BREMOMERIT 11 A— 1 AICE#TS (Yoshida et al.
2001), BEENLET LI2sini, EEICEEREDICRHF
L, MR ESREE%, E0MREEBL TEKLEEDY
WAL BT 5, BESENR Y — 7 1272 2 EB B 2T
Z, MEICEROETHEBKRETRT 5, RBOET LI4TE
BRERH B (X0 & KT 35k &, EOBBEILERL)ITHETE
LTHEAEENOREL, FEORFEHIZEOMNEBLHED
(Yoshida et al. 2001), AL SAIBNTIE, BREND
BRE, REANEEIZBRRBIIRTAFETHY, TOVA 7 LAHBE
1ETHEIEBREIFELINIFUTHS (A 1963),
AR TIL, BEENTOHOREZRES Y, TO%RESN
AEFTERLET TS OBEICBWT, TO—4£%EL
THEBKZ 2B T HBEREBE LT, ZOHRIITH
EZICRBITDIEELEBRBPBLT UL RAFE T AW L &R
BtA3L0THY, FRICONWTETFOERZMA-DOTH
&35,

19974E12 A \Z )5 BERE O KREFHhSt (R 5 RIEARRKEFET
AB) ICBWCATERKAHE LT 7 OMREEEERE
L, B HHEF N R KER TR OWAKN TR LR
HkRE e CIEE Uiz, 12 A 22 B TESRER 5> B D HIR A

RONDT, THEER L%, FES (20000 OFiEIC
K0, Y¥y—VHIKBEDHIEEZED T, 1TV TIIHE
Xy, xBEHE LTBAKE S 1.2n010 FAF
Ai) TEBICERLZBMB L, IO 1, 1ET
ORBEEAKRFTRRAY =Ry FTEREGEE L, EEE
L LT, HEEEZOHEDOY A XX, ER239+25um, AR
187+19umTdb - 7=, BB L 7= SIS B A 024X 7 L —
Fo 1 RIZ 12T, 2ml @ PESI 38{LiEKiEH (Tatewaki
1966) & L bIZAN, EHICEERENTEREMMBLE, 5
HEENOBRERUESRFIIBER (Yoshida ez al 1999) i
LB HECHRPRENBEIN TN S 20C, 100uM
m 2 sTHUZEBRE LTz, /AL 12hL 1 120D L < I 9hL:
16hDIZERE LTz, 3BM%, BAEMODEIZ-TH D, iR
EORFRbD% 100ml DF T A8H v SITBHEL, IHI
3@ ICIZS0mI A7 I ANt L, BREMBE L, @
K%, BRESCBOWTIEENBESR LN, Ly A¥H
b2y ARRET, £2R5— 10cnBEICKE L, —F, £F
DOERKETTRTHES OFHRRIIBDO TREBTHS Z
ERBELNLIRoTWVWS (Yoshida et al. 1999, FHDL
2001), FHEFORAKEFOKIERIZ10 —12°C (Fig. 1)
Thy, AAEDTTER S TOERBRES R, ISIERFE
DEMITEE > Tz, > THABTIL, HEETIHRE
R LBk E MR BELERT D,

RS A 25 RIC, HBENTER L CW10@4EE, 77
2F v 7RO, FIZiE LT-PPu— S IR IT 2 A A, Xt
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Fig. 1 Water temperature in the outdoor tank in which the seedlings of

S. horneri were cultured.
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Fig. 2 A S. horneriplant from the forced seedlings bearing receptacles
in June 1998, one month after being transferred to the outdoor tank.

Arrows indicate receptacles.
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Fig. 3 Changes in the total length of S. hAorneri from forced and control
seedlings from Dec. 1997 to Dec. 1998. Arrow indicates the time of
transference of the forced seedlings to the outdoor tank on May 25,
1998. Horizontal double headed arrows show the maturation period of

the forced seedlings (&), and the control seedlings («»). Vertical bars

on the data of control seedlings show the standard deviation.
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EORMED, REPSHREINTZIDE0ETH20FITHKRE
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BLLIHESFE~OIFLREL, HEHEREE LS S
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FEMIE, PR TR EITo 2%, 10:00 IZE ILFED
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T, MHEFEOMYITE ILRFEET EYE TR OREY)
Bh#UZ T, BEROIED, RIARATF a— VB OK v TR
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DA T FEFREAITH T & DR,

6 A 14 B, R TIEH 720, RERELIC L - T HED
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MRS, BEBELT IR R DR O ST TIT - T HARBS AN L
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EH @0 Iy NEEEREIERE (KT XN, ATAT U R) BN

BERT, EEBEALIEWAE (The Natural History
Museum, London) |24 H XV 1EMOFTE THFRTH D, K
FTA2IH~26 A D6 AMICHE> TEEILT A VT > FOX
N7 7 A N (Belfast) ICBWTEHEI /-3 —w v SEHS
SEIERBIISI LTz, ARSITAFICLERBESNAET
SEETHD, I—ByERKLE-oTbI—u v AT
DEMRETIZR L, 357 E3B0A L W BB TTOI, 4
HZMELED D L 400 N2B2 DEBRNRFETH o7z,
BANIHARE CCELFEKR), MERBEXR), =Hifn
FE(FEAR) OEKEFD 4 NTRED 2, H18 ARBIZZT
fHiF & Ice-breaker 2397404, 2 H~6 H H £ THENTHI
7= (4 B BiZexcursions ®AFEERIIITONR), 51T 3 4
FTxESN, BEZIZISH1AIEMHERTH D, FaiPids
AREEE VR T ADBEEIN, FRIIAALZ—L I =
VIRV T LORERPTONI, BAICEE, @amnbah,
EOEHIZITRME Th o 7o, FERABIZKED b G EE
ETIRAWSBORENTONTI Y, FilFEE CI3EsED
S, WBHRELEE, T LT, TEOBRG T ~DORY
MBI EIZTOWTIRES NIz, YU RY T LT 2R T4 #
B, I=V VARV T LT 2RETS, EIX M LV S K
Bl TiThoM, EREF, &b, AEY, AP, 2L
THM, NFEFE VST I LIZEFEICHIZ AR HE S
niz, EARICE, YR LS (BERDr. Cox. E J.)
DOPETHREFINT" Cell wall morphogenesis” [ZHF|IZ BLLE
BHEZTC, 1HEE, MR, EERRT L TERICOVT 455
DREFRINTD, MIAEEORIECTH BRI O/ NRE
ICEBREZ, TNOLERMT S LIFEORFRECELSR
HADT T a—FIZORNRLIBRERELL OMRAE b6 T
EVVIBIBREN S D ThH o 7o, RAF —FRIZOWTE R,
EE0 /438 BT, b i AVWenE, Rl
BI5b0THY, FEOREOELE TSI HERE
BfEbhd, ROBERSHITERSETHY, £ < DHEE
DONWTDOFRFIZER L=, FAH H1Z, Morphological feature
of vegetative and initial cell of Achnanthes yaquinensis
McIntire & Reimer (Bacillariophyceae) | (EE#Achnanthes

yaquinensis DFFEMINI L OWIAEMBOFREFHRFE) &V
IRAL—RREToTo, EROGESLENEE XD ET
SHRFFICERL RDTHA 5 FWEM, FICHAEMBOBZD
EREFRICESREZBWEHME TH S, FBITERSD, RULX
IRNBFEREELTVDIEELRY, £/, BAKL2DE
OV TN ERE LEVIERITIHFIEZITE ) LW IEEDL L
Bofe, REAERR6 BMEZIRIEZ LIZEEV 2,
RESBTHDINV T 7 A MHE T 4 —AKFE(The
Queen’ s University) (2 DWW TN T 5, L7 7 A ML,
T ANT Y REROFH TH D, [EFTIEE L Y LEE
MEWIZTH-TTAIE LT O DICRIRIZ10~15CHi# L
2 NFNEL D, EMITE VI ARIZD VN, T—
ML % B TeE W I RERS N Th o7, HOHH I BT
BoRHSND2EY, FICEESBHVI—a v bz HDOY
VT DZENEZITTE, D LRI~ LT EER
ERHEEN TV DR KA BEFE N & ZFThiid, &7
ANT 2 FOBEIEIMNHA FTHDER, Aay hT v R
FREIZA 7T v R LR BRI B OEE R LT
B, &HTHD 7 4 v—AKRFE (K2) XEF, L¥, WEF
LEOREERHY, LT AT RHE—ORAKRFETH S, &K
&33—u 7 URAOBERECEN TEORBICITEN SN
oo BIRBE VWD Z E BBV ZETIZEA LRGN T
2, 9 AT RBOZEETIRD S Z LIIFES BT
B, ALTANT U FOAZIZAFABELNL, BHETHD &
EbNTWERESLZEOEY THY, @Y THIKZBED
TWAREITTIEZIZ TE- W2 LE LT THRBIZETR,
K%, SEIOZERIISMT HI2HTc> THRRZ —DIERL
B THA s OBEATHW:, HEARLEYEOD .
Williams, D. M., K&EHIHP, HLEL DN LRVEALE
NHx, £< OMFEE ZHEN LT zFEDr. Cox, E. J.,
Z LT, REKTH, WREZHE LIZBRICRROFEIC O
T2 ELXEHLI-=F 4 X7 fEWIE (Royal Botanical
Garden, Edinburgh) ®Prof. Mann, D. G.|1ZZ OFE{EYE
< HALE L BT B,
(RFUKEERS: - Bt - BIRBRFHI - BEFEE)

K2 74—V AR
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BBt - 8% : 16S (RNABIEFEXR R ET 5 PCR-DGGE
FEERWEBEHEEQL T/ NS TYTEABOHE

Toshiya Katano and Manabu Fukui: Molecular inference of
dominant picocyanobacterial populations by denaturing gradient gel
electrophoresis of PCR amplified 16S rRNA gene fragments

SHDNA (7 > 7 L — ) IR & PCR-DGCEIE Z AL A& DR
feeay 7 A"y T ) TELEEEOHEEZRET LIz,
YT AT T HBERR 3 kA AV Tillla s L 0 572 D
P FNEMERR Uz, S 7B U7 & Be I
FRLIZbOET T L—REL, YT IR0 T U TR
(72754 ~—% v b &V TPCR-DGGEfRYT %17 - 7=, HiE
BR3HRD 5 HAIALES BEDS 10% % 56D D 2 BRI & Ik A BREERE
IEDGCES /W E TR FE LTROH LR R, 80% DD
BN REFERL LTz, Ly L3FRASEEWEIS (40%, 30%, 30%)
THEEL TV AEHAITE, 77 b— &R L THDCCES
NV EIZARY R 3oL 5D, Mlaom WK EFET
o lz, AUHEIZL - T1999 48 A DK Im & 5ma»
BEAK LIRS o TV ERNT, BBESE 2T )T T
U7 OREERIT, 20097V EbITERARERT
1% Synechococcus sp. PCC9005 |ZiTia7z[Al— 32 KA DGCE
T RIER Y, RS E A RE CE T, LR LY,
WAz T 230 T THREEICIS T D S EREEOHEE I,
T T — MR E A G R T PCR-DGCEIEITFEA LB 2 5
N5, (HURHERSLRS: - BE - BEATER)

FEd - REFEF - THEE - A R=  8%E/1\74H
EIIH /B DR FRBBREICE TR FRHOERICONT

Shinya Yoshikawa, Chikako Nagasato, Terunobu Ichimura and
Taizo Motomura: Morphological changes of sperm nuclei during
spermatogenesis in the brown alga Cystoseira hakodatensis (Fucales,
Phaeophyceae)

w75 ) ® Y (Cystoseira hakodatensis) D5 TR B T
(IR R T 1, 4O R Z 0 RN 64 18
BN S N5, EREICIERL S Wz 648 OERFE 01T 7
B F R & PR D D BT D Al L T MR OIS
BT %, FFERBRICBIT DORE S 2T D &, K
FEEORE SIIHEFEHMRZEO100DILTTHEZ L, &
DRE E DD IF6METER E TOERRE -T2 K E SO
b L, BRI T ROBEOBENMEVEICERT5Z LI
L2WO D2 o0WENGIR D Z EBREINT, DY
B F R T ERIE O ORISR S bRt s b, 7
12 F R OMET & TR 7 v~ F o OB
REPROGND L ITRY, BOPREHICI v~vF o &iT
LAEEERVESBBESh, T0%, Bhhor o<
FrERFLEAEEERVESBHLIEIN DS &5 ITHOLER

51 %2 SH/BMNER

DL Z ) B TR LT 7 m~ T b A A RIR VDN B AR
SNhd, LK -AHEME T 4 — PRS2 —)

Rines, J. E. B." * Theriot, E. C. 2 : F—r4AXE (GEEH) O
RMDEEME 1 RHFEREEN

Jan E. B. Rines and Edward C. Theriot: Systematics of
Chaetocerotaceae (Bacillariophyceae). I. A phylogenetic analysis of
the family.

Bl X — b a AR AN ORFBEROET NV EMET 572
WIZ, Chaetoceros Bhrenberg M37THE (4T Ol & 22 i
D HHO2AMiEETe) &, Bacteriastrum Shadbolt 3 ff (2
fHioW G E2E&L) &b &N AEIT> 7, Fucampia
Ehrenberg, Cerataulina Peragallo, Hemiaulus Ehrenberg,
Attheya West$s J.(NGonioceros H. & M. Peragallo®Z L%
MLREASMIE L LTz, S BRME L OVE B 4
AW EELIC L 2BEL MO T—# &AL, 660 K
b L <IFSEBREE A ME LT, roRis, 316 2
7 v 7 OREFRGM 336815 D, P T AEO DI ho
7= Hyvalochaete Mg DWW DMDEINTBWT, RZEHHoR
—HRFE Lo Tz, WL DD FETZ ORGROE R % 7
N, WEOBESMF TR EFTMT D701, 7 ¥ LICHE
ST TEREE S LT — bR STy P 24T 1=, e
BRICESWTHEHIREEZEML, ZO/MELT ¥ Al
T = ZATHNCEE S R OB & ik Lz, figdr L7z
Chaetoceros 0 Phaeoceros W&, Hyalochaete WiJ&¥s LN
Bacteriastrum D KX, Bllax D7 L— KBS O TiEi
<, EEMEBHREIZIBLTWVWSE > THD, 2%
Chaetoceros [IMFBHAE L VD Z 1272V, PO IFHITHE
TESND Z OFORMBEIR A EFEI KB L TR &N X 5,
('University of Rhode Island, USA, 2University of Texas, USA)

B PR SEREHERL? - A JME— S - ARFEHESC! - BB RS B
KETAVBIBLOTA VR (TAVEEM, 749H) o
T RAFHINT,  FREREET AP IZonT

Satoshi Shimada, Masanori Hiraoka, Shinichi Nabata, Masafumi
lima, and Michio Masuda: Molecular phylogenetic analyses of the
Japanese Ulva and Enteromorpha (Ulvales, Ulvophyceae), with
special reference to the free-floating Ulva

AARZHOBEIZBNT T Y — ¥4 REFERI LT
LT AV O ARSMCL, ETAVRET A VR
(7 AV, 74V 8) ORREMAT L2012, a— R
D5, 8 s 1% & drinternal transcribed spacer (ITS) fiF
LA — R Y 7 —2-1,5- Y U LRF
T—C/AX TR T 2=y b (rbcl) BETFDHE
FldA & 15 E LT, ITS RO rbcl OWIfiREYT & 4, FilET



A XA ODFRME, A A /T A Y Ulva lactuca Linnaeus, 7
F7 AV U pertusa Kjellman, I, armoricana Dion et al.
BOYRSTAY U fasciata DelileiZfdhd Z & %R
L7z, Thb4fTHROI Y, HROT L K& I RUER
EOMNBIZL>TRBTE S, FF7T—Fi%, KELRERHK
BORFTTAVRET A/ V) BIXENTHERRICIZ SN
T, URIDITSEF 2o e FHETRINE L S REE
DRIBHESLRL, ZTDZ LY, TNHORBIIFREBT, 74
JIVBETAYVBDY ) = bZ§REZLEMITRLTY
5, (HdEX - SEsnif, 2 @ RyBEERG/KHE - NEDO, °JbiEdE
SMHIBRKERSSS - BIREELS, ‘RIGK - BERZE, K-
Fee - EmEE)

£ - ZRH - RA—# : fEIIVHSRTBEFERE
D HEE

Ichiro Mine, Yuka Kubouchi and Kazuo Okuda: Fine structure
of spermatial surface in the red alga Antithamnion nipponicum
(Rhodophyta)

£EAV—V—EERME, EERBIOEANEFR
WEERNT, AXABPLBTFIY Y X Antithamnion
nipponicum Yamada et InagakilZi3i} B FREhkEFOHE L+
BADHEEEFTARI, M IN TR FIEIKRE 84,5 umDIR
BERIIEAKTHY,2.7 - 3.0 mDEI DOEEOHEEE
AL TWe, 2ARDFREKR Y R ROMBABPEIRGEGDE
HHTWE, TRBRDORXIIFE80 um T, MEITHEIR0.5 -
0.6 mTHY, 7 SADOHNERHENREE > TTETUV,
INFVEL AV FAYTF— b, aaf Fe, BLDV
Tz YFUTIEBLIEa TN AR, BEOHNE L
BARICRERIICHES Ui, B SN RENRE T2 3R L 7
HEBE L 1ER T D &, K FOMBARIIZREEBITEA OV,
(FEK - & - BRARERFER)

BHFT—' - hFEERER - PRR2 R - =EF2-B
ERIER : FREAEE SCEE Alexandrium affine D) — L DNAZE
BICLERETSXEVHRBR Y —ICKHBRHIE
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Ryoichi Asai, Keijoro Nakanishi, Chikashi Nakamura, Kazunori
Ikebukuro,Jun Miyake and Isao Karube: A polymerase chain reaction-
based ribosomal DNA detection technique using a surface plasmon
resonance detector for a red tide causing microalga, Alexandrium
affine

NI u—7 % f\ = Adlexandrium affine®DEHk
ERRE L, W7 o— 7 0OREHIIZ28S YA Y —ADNA
(28SrDNA) x5 & L, RE T 7 A€ VHEBBANA A —
ERWT, ZOBFIDOREEITR>T, 4 F B X VFITC
EREHLAY IXIVAF KNS TFTA~—TA4A. affined
28SIDNAZPCRIZE VB L, ThERHTe—T L L, fi
FITCHiA 2l 0 —7 & LIERA, SDICKREVIREES
"/BHILEDBAREIZR 2Tz, ZTOFEEZHAWVT, Fxit 4.
affine’ B RANZ208RExt 0 B WIELS | R 2R &L L
oo VHUK - SeImEE, 2 EERREE - MAAHT)

Reid, G. - Williams, D. M. : 3 i# 8% &4 Gyrosigma balticum {8
BHOR RIS EFHTR

Geraldine Reid and David M. Williams: Systematics of the
Gyrosigma balticum complex (Bacillariophyta), including three new
species

Gyrosigma Hassall B 3 ¥f&E, G cali G. Reid sp.
nov., G gibbyi G. Reid sp. nov. BX WG murphyi G.
Reid sp. nov. ZEC# L 7=, GyrosigmaPIZB it 3 3FREDE
BEREZRARDIOIZ, 10 OBEREICESEDESHTE
Tolz, TRTCOBEEHEICERMT T 2T HZREN 2551
S OMIZ, BRI ER R IERMTIT 2T 59 bITo 7,
Pleurosigma subtilis BrébissonldPleurosigma SmithX ¥
Y GyrosigmalZ & VL% TH B Z L b, Gyrosigma subtile
(Brébisson) G. Reid comb. nov. & L7=,6G balticum var.
californicum Grunow in Cleve and Moller X G balticum
(Ehrenberg) Rabenhorst & EERMEEZ TR LR NNZ &M b,
J0SZ U7-FEG californicum (Grunow in Cleve and Moller )
G. Reid stat. nov. & L7z, (The Natural History Museum,
United Kingdom)



192
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ATFN-t

TOT OREMSERNE L AEICET BEB Y VR Y Y A% 1 EER

T VT IIES OSEEEN E b TEVHIKTY . & Vbl
hE, ®E, BADL D RET T ORI, HRORS
HUSIZEERTIEFICE S OFN B0, FHET V7 O
WHIT G- & bESEENEVEWVWZET. T, TV
T OREM SRR L, AR, MRS, R, &
e E OFEMFRIC & » TIRIFORM R TT. R URT T AT,
T T ORI SRR & SO MBI T AoV TR
T AT OBETT. B, BMHATEDT 7o —FR
FEEFAVEFEOBRIZOWTEHELET. AV RDY
AT, VU RY A (BESSHE I
RO ASHEARY R A IO 61, RAZX—3
KETFELTWET.

A URT U ATEBEEY S ET S (IAPT) Zp & L3 L
THROWEY DEFEORLZ I DEES VARV T AT, &
EIXAARTHBESNET. RERKBOEROL LT TV
7 OREW & AT E b o TV B 2 BSRESIN LA
D, TUTICRT DMEMSEEN BT L L2 L
TVWET.

£H#] 2004 (ER%16) 47 H 29 (OK) —8H 1 H (H)
VUMD LTI A —ar 8020 (H) AX
215 ESENREEAE (TR TR 117)
FE AAREDHYEFS  EEREDSETS (TAPT)
ESZE s AR E A fEED TS
A AR
#E AASEFSES
NE

HIFFHE=TAIHB
Sun Ge (F% ¥ ; HHKZ) :  Early angiosperms and
their developmental stages in Northeast China (AL
[E ORI & 84 B )
RAHCHR AW 2058 -
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