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Spore Germination in Three Species of Ceramiales (Rhodophyta)

Kazuya Tanicucmr*

Abstract

The development in culture of carpospore and tetraspore germlings of
Antithamnion nipponicum Yamada et Inagaki and Polysiphonia obsoleta Segi, and
tetraspore germlings of Chondria crassicaulis Harv. was first reported. Diameters
of carpospores and tetraspores of Antithamnion nipponicum and Polysiphonia
obsoleta were measured immediately after liberation, and it was ascertained that
the carpospores were larger than the tetraspores. During very early stages,
branches of Antithamnion nipponicum were developed alternately, while the later
branches arose oppositely. On the basis of the above observations, the phyloge-
netic relationships between the Antithamnion nipponicum and the genus
Callithamnion (with alternate branches) were discussed. Generally, the “erect
type” of rhizoid was observed in the carpospore and tetraspore germination of
Polysiphonia obsoleta and the tetraspore germination of Chondria crassicaulis.
However, exceptionally, the ““discoid erect type’ was found in several carpospore
germlings of Polysiphonia obsoleta. Judging from these results, it would appear
that the “discoid erect type”, as proposed by Inoh in 1947, is not an independent
mode of spore development, but rather is a variation of the “erect type”. In the
experiment discussed above, the cultures were incubated at 18°C-20°C and a 12
hr dark: 12 hr light photoperiod at an intensity of 1500 lux. Further experiments
on Polysiphonia obsoleta were also undertaken at 5°C, 10°C, 15°C, 20°C and 25°C.
The spores of Polysiphonia obsoleta showed normal germination between 10°C and
20°C, but underwent only several cell divisions resulting in formation of only
eight cells at 5°C. Considerable numbers of malformed germlings were developed
at 25°C. In the early stages of spore germination at 18°C-20°C, malformed
germlings were also observed in all the species treated in this paper. However,
eventually, even these malformed germlings developed normally.
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AL A ¥ 2 HEMORFRECEL TRE OWEND 5, D5 B, Antithamnion 37 F4 3
RITDWTik A. plumula(Ellis.) Thur, & v % 4 2 T Killian®, Kylin®, 38 v ¢h  BOKRTF
K2OWTHBEL TR Y, Polysiphonia 4 b I 4B Tid P.violacea (Roth) Grev, DBHT & D4Ha
FHDWT Derick®? 43, P.variegata Harv, DWW TIETOBBEIIARZE TS 398 Tobler® 33,
P, urceolata (Dillw.) Grev, ¢ 392 a 9% /7 YO EMEFICDOWT Rosenvinge®, FEEFD B3,
P, nigrescens (Huds.) Grev., P, senticulosa Harv, & 7 4 + "%, P, morrowii Harv, ®u 4 b /¥,
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P, japonica Harv. %79 4 b4 OEMETFICDOTIRIEED 3, P, brodiaei (Dillw.) Grev, it2
WTIIBTFOBEIZAZETDH 50 Rosenvinge® HFNFNBBEL T3, Chondria ¥ ¥/ VR
Tt C, tenuissima (Good, et Woodw.) C. Ag. xV ¥+ ¥/ VY ROVWTHFOBHIR RHETHS
#% Thuret et Bornet” 3, X, RIFEHESTIOVTid Derick® &L, C. dasyphylla
(Woodw.) C, Ag. ¥+ /) DRMF L HAMFIC DOV TIIHEED HBEEL TV 35, EHILRIZRT
DEAEDBBRE IN TV Antithamnion nipponicum Yamada et Inagaki 7 2V ¥4+ % & Poly-
siphonia obsoleta Segi &V 4 b HDRMT L MARTF, KU Chondria crassicaulis Harv. =27
OUAMFORERDOVTHET 5 L ki, = - ZORED 3HELHL»ITT 5 LB HELOT
EFNBIOWT bR 3, HHEE E FROWERMA 2 VIt BB RS RESRT SR, EREEAR
Bt EHOB2RT 5, RMAERERDHERE. HEERIICIIMOBEZ OMTHE I 2
iz, BUTELS#HLE2HL RT3,

HHRUF®

COWRICHNIHED S B, 72V 2AOWHHTHIZ 1968 £ 7 A 29 BRBEHTLEIERT,
X, V4 S OREAFREEAMNETHIZ 1969410 § 7 A REHTHEE T, FEraromylaT
i 1969 4£ 10 A 14 B REHETTAECZNFNREEL I, BB RESR EbicEREK
BLRY, WEEKTILHED, KBY»~VODERRRS54 K752 THEEAKRERL 128
RBE S 23N, BTORMEIRP o1, BBIARBEFNBZS 4 B 2B T 20 2BLI
%, THEDRSA FF 5 ZAPERENGA>TO RO v — LT U TR 2B I, Bk
Wit kY4 MY E 2> TIRIBEAKREALL, 7% Y4V 2Tt Erdschreiber %/, 138
Bb 2 Bl —EEBKL 72, BEIZIEEE % 18°C » 5 20°C OIS HEESEN TR, BEWM
1,5001ux, BAED12F5M, WEHI12RERIE LIz, &V 4 T i3 2 O, kil 5°C, 10°C, 15°C, 20°C,
25°CiefRiz NI ERER O T b ERMTONIZY, BELCHEHERIROBSLEL T 3,
7 &V H ¥ 2 OMFTRERITR 6 ERRICEEERE 2, BRRLU TEEBEL DT, 196849
H18 BRBEFEHRHI @ THRERH{L I, ¥, BFOERRBEINIEHBZ BSOSO 30 H%

BATHAREL, BER7F2VFVRARIEV A MYOBBIRERT EEMITRBOBOOESES
Lz,

o ER

Antithamnion nipponicum Yamada et Inagaki 7 % v X4 %

1. BRFORE: HREIACEBRFRIFZICEALEL, ERIZ 27~54p (1 40,64) Tho
7z (BRRT, B1), Bk 24 B, 55 1 EOMISZMEDY, K3 3DRZT 3 2 Effacsarh (B
BRI R2), PHT/HIVHOMIBITITE 2 B H ORISR 1 [EIH OMIEAREYTL T
Bh, ML Lo TEHBMEMERE DL (FRL K3), B 1EEOMBEABOE, Sk
FAO—MichE b AMEL, ERERIMSMELN, PHTEHBOERICHWTE 2 B BOMEAESE
1 BB ORI AREECEITICE > TRBHEOERBR N 3B L BD -1 (BRI K4). %E
DR IXE OBRERMESTER S NI, FROAMKECHEL: (DKL K5). 20%, R
CHEHASEICHRENED, 4-6 MILICRRSZEBEAIIE, KEIOREMKIZERE JBSHT Y,
ETiefRL THMIIZZ-> TV (BRI K6), il 3 B B CRUOESEMRMEY S 3%
BoMBicHRINnIOBR NI (RIRL B7). —F, RIBOWRMR S NIVRO»ORERK
HERFCHESER SN T (KRL K8), X, REHRIB-RBEART, E¥2RRshI
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Db Do, ZOHERFEBOIHERIMBHMEL T (KRR, BE9), HiH#E 4HBIRZS
LB EFRMERHET S (KR R 10,11,12), #i2 248 B 2 TRABALEETH -1 (REK],
X 10), BOWBRSEL C2NT, TNTHEE LTV -1z (FRIL K11,12), HiH#%, S5HE
222 - TIRIBEROBORAEGSIC  SROB 2 4L, ZhE R FBEIBIET 2084501

(KA1, ®13), —J7, TEUHRIRLASIRE 59, {RIBDA MR B 1o RBEKERO L0 L
SR EMU TZ2NMREL THBEFRL T-12 (BRI K14),

2, WESRFORE: BHEHIWESRETRIR B RRTFIFELTH Y, HER 26,7-43x

(F5 34p) TRETFLHPPAIY (BRI, H1), M 24M#% £ 1EEOMESEIEYD,
KX ADPPE- 12 2 00MIcAbN (KARIL F2), ©»T, LMo/rIsEsghy, EHE
23 (BRI, K3), % 2EBOMIEAZIZE 1 EHOMSTE I Ty, 3EMRE
3 (HERIL K4), COERFIRRIEOMMRMSR SN VREENSE W, & 3EEBOMESAT,
2 1EEOMBESZIECEAIE -T2 0 (FRIL, K5) $dod, KEISORERIIS1, R
% 2MBESRECET T o (FRIL H6), 533 AmpsmREL, 2hictt-> THRRSEBR
BicEACE> TS (BRI, E7), K%, 38 HiRBEOOBNESEMIEL 5 3%EB DRt
Eahiz (KRIL K8), Hiz 2AH 2 CEBTFREA LR EEMs (KR K8), 20
Bz - Tk 5 L RIBOBRBREONB L S Zo12 (KRR, E8), —F, HEORBEISE L
bbb od, RBRMELCHELIREEA A GNR (HKIL K9, 20%, 48 FBIZFL
RBEL, HIRAEFRINTO- (FRIL K10,11), BEAOTFERZPEL{KE, FK
KHHEHRL T3 304 d o1 (RIRIL K12), B2 /RO IFAKIISEL THEBIZU 2EE
KIERRL TO b (BRI [K13,14), #HiH#, 7HBE I TR 2 K RMWER SN (RE
II, ¥ 15), COREADHICIIEBMRIER I TN,

Polysiphonia obsoleta Segi =7 4 vy

1. BRTORE: HHINERFERE ORGP > IRaREL, BB 49,.5~68,3, (B
¥ 56.64) CHRIC—BMH S (KARII, K1), KRHEEEMTE 1EEORIESEMBEY, K3
SOR-12 200 - (KR, K 2), HKH#%, 2BERTHFOMEMEHL, ®MHTE
O/ 3 7RI EERRe 2 0K AR E 2 h, THOKS S RER2HHT ML L5

(KRR III, E93). Bix#masE2, 3 EHOMBLESE 1B ROMEIHEECTITICRD, 4k
Raiczs s (KREIL BE4), 4MBEHTCLETORROFLVVRESRS S5 (BRI, K5), HHE,
4 HEIRZ > THECHRSESES, THOMRMEEL THRIBMEEOL 63 (KR K6),
%, 5 8B T7~8HiRITE » I FHCHD TRICOETOMRAEBREGOFRESIED (K
WRIL X7), 20%, BRFERZAZEZEHEL T, BORRE2BRL Ty (BEIL K8), T
OEiciz, X, FRBEFELLBCREGIEEIL (BRI H9), H#H# 6 HHizid ke
ORBAEEKDOETI, BREMICHTLE TCARESEL, BN YFEEiZy, FRLEE2H
3 (RRRII, K1), B, 9B B T HROEHIC 22 TEROBHMIE > Th 5 A%k
EiEEg s (KR F12),

2, ESRFORE: BHINTEIRFIE - AL RRTLELL, BRI 38.7~54p (FH
46,8p) TRETX VA3V (BRIV, B1), K%, HEETE LEEOMBRAENEY, K33
DR 1227025 (RIRIV, E2), 20%, THFOXIIZHMSEHL, §£2, H3EED
FBR YL S 1 B H OMIBARECEHTL TR b, 4B s-7 (RRIV, R3), e, 2
HBREHROSR L BELES, FIRHIEE CURMESHARK 2o (KRIV, K5), M,
4 HRER > TRBIREALZSFEEL T6~8 BRICS » - RBAE KR ILTOMIZAEIL R
TE-1z (FERIV, K7,8), 20%, RECHTIHERAIZIERES, ALHEEERL T2
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(BRIV, E9,10), FIROECREFTRRECOEHTOMRAROHIHINEL 22 BB D 5, K
W%, 6 H Bicid B & i MgE® FOCUS 2 A3tk sTRAbIONZ X 51>
Tzo MR, 13 HBWIZBUR A L EEERMEL TWLY, RRTFOREATRONI L 5 LR
DL TIRIC T - oS4 EKIX 1AL Rohiado1z (FRRIV, E12),

3. MFRELBELOBR: FEORALEELOBEREHFA~NSZY, 5°C, 10°C, 15°C, 20°C,
25°C O 5B THERIT, EH, 0 HEOREARZOVT, FhFNMEKENEL, ZhE0R
BiEZ b > CEBTRBERDLU, ZOEREPR1RLE, chickiug, 5°C TiRBRTF, Wy
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Text-figure 1. Relation of water temperature to spore germination in Polysiphonia
obsoleta Segi. —@— (5°C), —O— (10°C), —a— (15°C), —¥%— (20°C) and —@— (25°C)
indicate cell number at respective water temperature.

BFORLELKE  SRAETERENE To71, Chi2IHZSHMIaHIicH 25, 10°C, 15°C, 20°C TD
BARFORERIFEECBOT, BACYEFOERMRONIL, —F, EEFORELTCRE
EWEL 23 ONTAEVEL 25ERMND 3, REOCEEE & bix, EEOIERIZNIIL 2
T, 25°C TIIFRA LOREERSBORE TCIRB LNV LHEEZTRL, 120U 3 HEII
TARTHET 5, THIRDIWVT2L 30OF%ERTE, BRIV, H4icRoh3 X 5T RIBFO—E
DY 5 A0 THEME - TR & IR 2 £L 308, MBEPEDIZEE S 08B TeT
KZDTIF-oTVARAERP, X, FKIN K10 RA6h 3 X 5 icEia s COTNEATITE,
B & AR L ORI B LD, {RIBO LB CEARAEBITORIRERL b o1z, Figdis
DREECHEELET, RROLENE LSS, ZO0WSTHIEATMTDONIIZY, 20 LI HEE
AREOL 5> THAREKIBERINT: (FKIV, H6),

Chondria crassicaulis Harv, =27

1. mEHMETORE: KHINEIRTRIRY CHEER2EL, HAEID 87.3~108, (5 100,)
T3 (HRV, @1, il 248>, H1EROMBAZMNES RV, D2). B&k
DRz Z D ETFiefRL (KEV, ©3), 552 EEOMEAEE 1 EEH O AR LT
Y, 3MEMRELS (KRV, M4), COEIRIZTESNM L SIRSHTEICZ 305, ETOMEN
FEUL, MR ZolRELRE, ETRHEERT, BRE2R-1IIORECO_RND 5, BED
& 5 BEEAEKIIRE 2R 1o SR ERL, TIAEMOHB LB L TEW (B V, K5,6),
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%, 4 HE STREMCEAZIZDAMTDONS & & it L FiciE 2l 508 (RIKV, M7,
4 BRIT, T~8HIC/s > THRD TN T TCOMBATBCEHAAEMTONS (FEV, [€8),
LB 5 L RO 2R - L BAES S, FRTHBEAZEZTY, B2 o s 5—o0%RkE
RO DL DR oD Loz (RERV, ®9), HH% 6HBRECEMcEARINEFD
MR Tbh, ETrRMEL (REV, ®10), FEsHbHiigicksibh, REHEEH
ERIhTho7z (BREV, K1), Z20%, B ELHELRYET LR, iR Z0RPELT
BEL, EBRcET 2R (REV, @12),

|- ] ]

HIEAEEORFOKY DO THEED R 19Bc DD THARTF L BETFORE I 2TBE,
F—ETRASIVELNCE 2R, EROMEROBEFEZEEITIIDOTHEELE, X
KT8 13 Gelidium subfastigiatum Okam, ¥ 7Y, Gloiopeltis furcata Post. et Rupr, 7 &
w7 /Y, Chondrus yendoi Yamada et Mikami =/ /< %, Rhodoglossum japonicum Mikami
THRFLF VIR DOVTHERFOKREIICERO LWL EERL, UL LY
Campylaephora crassa(Okam.) Okam, 7 b4 ¥ X, =V v /= 2T, BN - BED iz=yvs=
4T, X, HHW i3 Digenea simplex (Wulf.) C,Ag. = 7 VBV THEHERTOKREYIERDD S
LE %Ry, RETOERVESEFTORNLD $RIVTLEERLUIL, EFLFHMERCBVTIZ
VHYRE RV A FTYOHBRTCONTRROERE 2B, T48bb 74V FY 3 TCREBRTO
FUEAREF L H b EHEIBOT 5. 4p kY4 FTYTIR9,8u ZRFRKTH-Tz, ULHLER
EFRRCBOT, AUBRTFORTIRIRA EEZR b o1z, REBEL EEEORTRELCOVTEH
NB, 7ZVHVATIRE 1 EOHMRLIHEDOKER, KEIDR-122 00 bR, /N i
OF»oHMEMBIEE D, LT, F2EEORRARENITON, ZO/BE, EMMkiciEs b
D&, HARMESEICREZ D LMD B, HEIMHESEIRSE - i RAEKCIROTRB RGN
T, EEOAMBHTRIN, FRERSECTR T > LRAEKTREIOBE R 4T RRBO A HET
BEALBD 205, U URERD 4~6 MMz - i3, BHE b CESER & Rk kY,
ETwRsHME - ET 2, UL COEIS > T RIZER & EIEMRS 2 h Fhabl 2 REkd
bhH, ThEEZDOR ZNFN—FMCOAMELET T, OIS uREKIZaYFYAT
HED LRRILT - ZHEL TV, FAEOBSREREVEN, BR%2ET T e, i
TAELOHTHRE, XRERVBTRIN, BEOEBKICE > TW . AAEEROATRL TH
AREBLPHTREL K13 KFRIND & 5 REEOEHEROEBE 2 THcL b, X, H
FRIL 15 wREh 5 & 5 R FHMIB+4REL THRARSER ING L 5ic/zo THD TFHAEH»
CERIBEMET S Db D5, MIEDOHEAR Killian?, Kylin?, BB il > THEIN T,
BEOBRIIRIZBEINTHVIIN, —F, FROAMBEL TESHIESE S 5 Aok
BIRR L B 14 wwRandds, OB, FUROLEHOFLL 6 AMMSER ING . COL 5 BRERk
BEINTVIEN, BOWRIZEL Tid Killian? § 2 Y9 2 OREMETFORETHATE D, 7
HDRIE TS & D288, DHERMNETH »T, Callithamnion %24 7V BDE 5 CHATIE
N EBRNTV S, UhURBTRENORKIRFAA CTHEMIEL 5 3 EH oMK Ih, KROK
RECHRZREYT, 20—2LOMBIRERIN, E&ERZ3, Z20H#ITNTRBOIELE
BTHHREIRIZY, BCHRINTELERZRONLL LB, LD 5 EHEOFROERILIERBD
F24 FTYRBEOERBRETREL TS DL Bbh 3, Dk FEORFRERIVIVIOD
FELIIX-BL, EXRERLIL, X, EEFIEMBETORERRCIELVZRIR A LD
12, FAMOBEBRERABTICTRTLH2OML B3, w V4 Y TiIRE 1 BOMBARE, &
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Text-figure 2. Diagram showing patterns of spore germination in three species of
Ceramisles. (A) Antithamnion nipponicum Yamada et Inagaki; (B) Polysiphonia obsoleta
Segi; (C) Chnodria crassicaulis Harv.

& ARSI IIZRIE T B, WRERRHIDIRIC 2 B & L TFIRE L S BEL THRES EMMOMic s 5 RE
e, > HHBEQTHMEHOTIONELERL TV EREKDO=RIK 25, COCLizLhT
TO4 7 YROMOBHEC OV TRERBROATV P12 L TH B, D%, BHICESO
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AR T, ALMEEERL TOLY, FKROBEVEL VIR PSS, KINOMIRLIH
OFCBEREH LN, RIETORERDFT, FHROLN P> RN REEISEER
FEINY, OSRTFOREGOFIIELBRIN T, FIROLHSTHANERL, &
BRI 5 T &0 5 HEIT P, violacea (Roth) Grev, T Derick® 33, P.nigrescens (Huds.) Grev.
T Kylin® BBIEL, X EEP B AVA MY, 20l b9, 2FVA MY, L aOPavs )
OFEETHE LI, ZOEE, BED 12— ESHO—FRE  ZA7:0, (OB ERLT
WMESTRI L AL, UHhLEBETIIGRL 2mL, COBERERTFORERKCDL, LhrbiA
O¥RFEERULEDILV, 4%, B OEEK OOV THRLED 2 LESD 5, RRESR
BHLITHESHO—FREL, MYUNRERRNEBALVHBRYEES, L FEOTF
RIS FIRD BIB T MRS D » I2fiz T I TCORBOMOEEIR DV TORE & 1HIF —F L1,
BT & EAET O BERR DOV TR TRAEERD TR LD TERICN 12 R4 KV EE
#*, gEIhRELCERROAYT, EBERLU, FEORAEBEZERNKCRTEH20D
M b, AEORERRIZ 10~20°C TH3H5, 5°C OB, SHIHLI LIcRAEMNET IV, T
NI BT T A RAEVBITOALNC E2RT, X, 25°C TEEINIES, WHLHEE?R
boliREABRONI, CHEORERTIR I TERVHEES 5, FBOBIVERFL THT,
PHUTEOLMBOTHRAEME Y, TRMICEI L OBBRIND, i b & IR
ORIV FE LR B2 45, BEOHEEZII» 5 DRKNKEIL->THWE 3 DEERLS
h, RPERBAERCB®E, 203 34EFLREILSNI L LFRLEEDNS, ChEDOKRDW
TitgH%, FRARIDEND S, 2+RBVTHE L EHOKBABOR, &8 FIRERSTERS,
w VA FYOBRE LRI, AHOBEORNEAEKEBNBEGLN DY, BHIIHE L HEL
THRESZEVNELBOEAR D 3, BEDL 5 BRAEKIEFTVE T ONTHE & ORFIM2» L
{701z, BERFATORIENEIZ 6~8HMICc>THHDTIEY, 0%, HEERHBELTRE,
FRL T, ZERONTHEBEEEET 5L 51CLBY, K Vs8¥ FF YT Derick® #5, ¥
¥ 7 9 T Derick® RUEE® HEEL 12 & 5 SRIROEEPTARIC /L > T 3 BEERBEINL
otz ZOX 5 KFA—DOBROE CEE & WA SIBIO_RINTEET 5 & LiZFED b Laurencia
VIBTHNATOAY, ®V 4 FFHDECETRNImL, BRETHREVRO—ERTHSL
EREMIZDTH B, Dbk FERIEUMRTFEOLGLNTHEH, FRVERRIZS L
12 L PSR LN CEBOMOBERTHRE INIBR L Iz —K L1z, FEORERRE % #H:Ric
FTEE2OmML 3, Mk, SEOBEBEICB 5LBRD I BIFHCRIED D 3 RIT DV TREN
3 &, REBBROVHICISNTAREL ROSEMNEL, MROBK - HEVEBCREEKE, Ml
ORK - HEDBRL, MROSEISBCREAO_BHBHBL L ETH I, LLFRINITEZN
EFROBOMOTEEICBNTRBERE LU THEINIHRIE TN AN, BREOCHETE-,TT
TEEREETTE L5023, LD oMHRERHAT AL OWBIL BERLLA LT
Tis{, FEDBERTHIRONR LMIOEBK - HREVSLTL L —RIfTDNLNIIDIETS
DEB5,

® =

1, ¥4 ¥ XBO Antithamnion nipponicum Yamada et Inagaki 7 &% Y ¥ ¥, Polysiphonia
obsoleta Segi * YV 4 b ¥, Chondria crassicaulis Harv, =7 ® 3OV TRTREISEEIN
12

2. I2VHHRERV A MIYORRTFROESETFOERIRHESRCHE SN IER, R
FOEPHESRFLOREP 2T
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3. IEIYNYRAOHOBREBL P TIRELETH B, Tl TNTHLns, LOCE
»LELEDOHE % 4D Callithamnion % X4 + 79 B & DEFBEVEL bhiz,

4., FRIBOWRIELT, EMEMEEV 4 MV YORBT BB TFORER, R+ OEM
FOREEKTR OGN, UhUFSHOIIRBESIRN &Y 4 b7 Y ORBFORBEACBOTEHT
ROPIVFELIZC LS, HED BRBEUCRBEIRIIMSIURAR L T3: b 4L AHEY
BO—EHELIZFBEIVEBALI,

5. BHEIZTT18°C » 5 20°C ORI, FHEF 1,5001ux, A 12 p#M, FEHI 2@ CiFbhis,
ZDIED, *V A4 PFHIRBNTR, 5°C, 10°C, 15°C, 20°C, 25°C OKRED § & TERIMTDbH
12 ZORE, RV 4 MY ORBAEERIX 10~20°C Th b, 5°C Tid 8 EM L ABHHES T,
25°C CREREBERGEEIMBT 2 Z L HAL I,

6. 18~20°C T INIRAEKDFIIZZ OPMPICB LT 3L RSB BRORBRESIRES
hizh, THEBRTNTRESHELIKONTERKEBLI,

X k

1) Killian, K. (1914). Uber die Entwicklung einiger ¥lorideen. Zeits. fiir Bot. 1, 209-279.
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PLATE 1
Antithamnion nipponicum Yamada et Inagaki
Successive stages in germination of carpospores
Fig. 1. Liberated carpospore.

Fig. 2. Twenty-four hour germling, showing the first division. Two unequal cells
are formed, the smaller is an apical cell.

Fig. 3. Two day germling consisting of three cells, but still lacking the primary
rhizoid.

Fig. 4. Two day germling consisting of three cells, and with the primary rhizoid.

Fig.5. Further development of 3-celled stage shown in Fig. 4, showing a more elongated
rhizoid.

Fig. 6. Two day germling consisting of 6 cells.

Fig. 7. Three day germling consisting of 6 cells. A branch is being formed on the
third cell.

Fig. 8. Three day germling with branches, but lacking of primary rhizoid.

Fig. 9. Three day germling, with several primary rhizoids.

Fig. 10. Four day germling, with alternately formed branches.

Fig. 11. Four day germling, with oppositely formed branches.

Fig. 12. Further development of germination shown in Fig. 11, from 4 day culture.

Fig. 13. Five day germling, in which 3 primary rhizoids and many branches are
formed.

Fig. 14. TFive day germling, with a malformed vegetative portion developed on the
upper part of the rhizoid.
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PLATE II
Antithamnion nipponicum Yamada et Inagaki

Successive stages in germination of tetraspores

Fig. 1. Liberated tetraspore.

Fig. 2. Twenty-four hour germling, showing two unequal cells divided by a transverse
cell wall.

Fig. 3. Further development of 2-celled stage in Fig. 2, showing formation of the
apical cell.

Fig. 4. Two day germling consisting of 3 cells.

Figs. 5 and 6. Two day germling consisting of 4 cells and showing the orientation
of the cell walls.

Fig. 7. Two day germling consisting of 5 cells.

Fig. 8. Three day germling, in which branches are alternately formed.

Figs. 9-11. Germling with branches and a well-developed rhizoid.
Fig. 12. Germling with a double apex, but lacking a rhizoid.
Figs. 13 and 14. Germling with a primary rhizoid and well-developed branches.

Fig. 15. Seven day germling with a malformed rhizoid. This was secondarily formed
as an outgrowth of the vegetative portion, and shows the formation of a gland cell on the

branch.
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PLATE II1
Polysiphonia obsoleta Segi
Successive stages in germination of carpospores
Fig. 1. Liberated carpospore.

Fig. 2. Several hour germling, showing two unequal cells divided by the first trans-
verse cell wall.

Fig. 3. Two day germling with primary rhizoid.
Fig. 4. Three day germling consisting of 4 cells, and showing the primary rhizoid.

Fig. 5. Further development of the plant shown in Fig. 4, showing a more elongate
germling.

Fig. 6. Four day germling consisting of 6 cells.

Fig. 7. Five day germling consisting of 7-8 cells and showing the first cell wall
oriented parallel to the longitudinal axis.

Figs. 8 and 9. Five day germling which developed further than the stage shown in Fig. 7.

Fig. 10. Malformed germling cultured at 25°C. Note the remarkable constriction
between the vegetative portion and the rhizoid.



Bull. Fac. Fish. Hokkaido Univ. 23 (3). PLATE III

TANIGUCHI: Spore germination in three species of Ceramiales



PLATE IV
Polysiphonia obsoletaZSegi
Successive stages in germination of tetraspores
Fig. 1. Liberated tetraspore.

Fig. 2. Germling, several hour after liberation, and showing two unequal cells
divided by the first cell wall.

Fig. 3. Twenty-four hour germling consisting of 4 cells.
Figs. 4 and 6. Malformed germling cultured at 25°C.

Fig. 5. Two day germling, with further development of the rhizoid.

Fig. 7. Four day germling consisting of 6-8 cells, with the first cell division parallel
to the longitudinal axis.

Figs. 8-11. Further development of germination in the stage shown in Fig. 7.
Fig. 12. Well-developed germling with two rhizoids (13 day culture).
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PLATE V
Chondria crassicaulis Harv.
Successive stages in germination of tetraspores
Fig. 1. Liberated tetraspore.

Fig. 2. Twenty-four hour germling, showing the first transverse wall with two
unequal cells.

Fig. 3. More advanced stage of 2-celled germling, showing state just before the next
cell division.

Fig. 4. Germling of 3 cells.

Figs. 5-7. Further development of germination, with only transverse cell walls.
Figs. 5 and 6. Germling maintaining round shape at 3-celled stage.

Fig. 7. Elliptical germliné with rhizoid.

Figs. 8 and 9. Four day germling, showing the first longitudinal cell wall. Germling
in Fig. 9 has maintained the round shape.

Figs. 10 and 11. Six day culture, showing a more advanced stage germination. Note
cortical cells in Fig. 11.

Fig. 12. Well-developed germling with 3 rhizoids.
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