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N. KUMAGAE : Morphogenesis in Dictyotales
V. Tetraspore germination of Dictyopteris prolifera
(OKAM.) OKAM. and Pachydictyon coriaceum (HOLM.) OKAM,

T IS RHE O BTFR4EICOV-TIE, REINKE (1878, ’80,),
WILLIAMS (1904), CARTER (1927), ROBINSON (1932), X% (1936),
Fabk « JEEF (1959), RBAY « HE (1964) L OBIFEHDH Y, * DR Dictyota
7 3 v 7@, Dictyopteris ¥~ X7 @&, Padina v : v 5 v&, Zonaria
=4+ ¥B&, Taonia |& Tid, TNZNREDERGRLS Z LHBBL LIS
ENTV 3, 4E, ~F v-~X Dictyopteris prolifera (OKAM.) OKAM. &
W+ & 7% Pachvdictyon coriaceum (HOLM.) OKAM. 2DV T4 faF5
HEBELILLEIS, ~FY~XIABDO=Y ¥~ X D. divaricata (OKAM.)
OKAM. (J5¥F1936, Fabk « JEF1959) LIIRLAREETH I L08, v
£ 7913 7 3 £ 74 Dictyota dichotoma (HUDS.) LAMOUR. (FG#k « JEEF
195 LM REFX TR LBHLPICE DT, T NLDO/EEYBET 3,

AICA B AN AROMBR % W o S ic ML RSB MEY 2R E
B PRIZ E R OHEFTE TE - LRAKE, KERFRIGELARB#OE Y
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~F ¥~ A131964107 3 B, ERRERRE THRE L. ZOEWIILS
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b, TRICIRTFERSERENS, B2 EFT50IEDOREIE 5m-8en &
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EIEETHAHIET 2-3m Th - 720 MFEIPIHEITE ATIBEIRIC,
T IIWTEE LICRIRICIER E Lo

W3 &7 31319624 8 AL7 ICILAMAEERT, $/19674E 8 A20 B
TS TERAE Ul o FUNIERD b DI & 10-30em, 18 7 -12mmiiE S, % <
BT E D BAIE L RRICBEISIET 30 £RIHRBETH L5, EHRTS
LERTHE 2R U TRBRBLKLS, MFRI IR & Y EHICEG TR
ENBH, NI T $ S/ TALNS & HIC% K ORTFESEEMAHICE
ATEZDRITHEREZURT 5. L LHIH O TFEOFTHESETI5E
U, B ENLETH ZOMEICH LW IRTESKRRIERENTL 30T,
ERULERBY A2 &, EHTUEIRHORTFERGBEL, THTIIRTHE
VKO TOEALE, B KERVETERSBIHHL TV S, iz
JaFEE LB EIERE DKL H 5 3-3.5emDE] &, FHTI3IEBEDIE 1 -1,5mD
ISR E ity

NS FAREFFE 7T EDIEMO 5-10cm XV ER D, ERE K%
AN ~T2o OBEHIE, TICEHW A5 A F 75 RAlATREL LD
THEREZEYH Ulco MY L KT KBOES DML v LR & O
B &, 10-15ADRMIRTHEHK X Lo
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1. ~5 ¥~ XOWSHFHRA

7 s rRHEY Ol T lRTEYMNS L, ETOAS 1 F 77 ALf
EFET 2. RTHBEEEL LHPIWBICRA S, EHELRTIIRFTER 75-
T Db DHBHIBIL T Ldize Lo LHICIE 110p i+ DL 50 LATDD
D PR A S NIz, 110 ZETIITFIIERB TRV D% < ,HH 2 -4 OB
BHbN, EQW?ﬁWTﬁEbﬂédTeﬁﬁﬁmébﬁ%&viiﬁmﬁ
BLIOOJTFELTHHENILDDTH B I bbb, BRI TI4:
PR Lco TTMESMFICREBTE, ZNBMULLE IS TRIUOHZH
Tigohn, EMOlTFMEL THOREY» LK FEBMAL IS0, AT
M BIC S L THIREM (nodule) (12703, 4AES 1 BEIIMRX Ch 72DT
HRKLTED 5 1225, ZNTHEBIZADHEICERE niz (PL I, Fig. A),
Z 0%, AT —RIChRETHELIEREOLB L ABEICHEIZSAL, T
DRIl S D, ROCTHRICHRE LI Lictt » T OSUMBTEMOMINEIS G
THLONIFIIAEF 3, TMOHIKTD SHEBITRONIBICIIFE 4
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B DM » b2 I ATER E hie (PLI, Fig. N)o {RBMAII{HRRICEE
EORZHHL, —FIOHIKD b 755 SRIRDERICFE Lo RBMAIAT
DEFEEDEBIIERICTRONS DT, L£iFHOEBMIATIIE S AEEIT
ALNTEWTH S5, MIEHISE S LB iIconTHEmL, BHHEEH U T L
b0 L LIRIBOBREMTIIRBEDRVEG A b T HBMTIIHEER
HIEHIEBECR - THHT 2O THROMEIFICECRAS. B2 BEIC
5% LA EDRATOREL, BZME Lico TIAHTH - 122, BRINER
M2 L W TRFSPRBCHULLE, £ Ol OMIEL bRE T
WT3bD0Ed 1o COEE, A—DHMICERZHTIOL, RFHIC
WTdDEsb o7 (PLI, Figs. S,T)o

MRS HERL T 2 Ml S { DEREZFHRBETH 0o I T
DEDFIABNT, 3-4 DHIERICL & F 51, 4 HREICZOMIBRD
b oML LERGEZHRT 5 o OEES 2 < bnie (PLI, Figs. B.O),
ZOEROMIIIMER oML L ABICBEEL S B ENI, ZOERY
EREIERTAIDIZO0RPER bR, —2 I3 RSB & FAFICHE
L, ¥%#5-6 @ORROMBETNC A - 7ok, BEMOMBESRFHL, 2D
BOBEHBVEFOLIIICHHEL T —B OME»LRE~7 ROEREIZLS
FEThdo Lich - TEREIIMEH L OB LHADEICD DNIHILKS
(PL.1, Figs. P.Q)o fliDHEIIMBE 2 b =R RIRICHU D Z LK KE
HLICERICHRE L, ~TROERBICFRETIHET, BREPERLILLE
AR 4 R OEIICKL ST LE S (PLI, Figs. C.D.R)o &KER
L b BOCRIICZ DORTEOIR b e BB IS Blbh 3 DT~ F R
HRT 5. BOMINIZI LA ERUKRESOMBAr L2, HICBEELS
(ELZEBKL, hoFBHoMiEs DEVIIRD N> 572 (PLI, Fig.
Flo BMlRO—RoTHBSH BT RONK K2 D, TIIBNED
DT, ZOEFmEPMERICHSA L (P I, Fig. E). ¥4:6 HAE,
WE 2 L WOERGKTIE, ZORDOFSOMEBHIHH L TIN5 12
(PL. 1, Fig. Q)0

BB B b WRIBMIET D o5 Tbn (PL I, Fig. P), %
1= SRS DB DM 2 b =R DEARS D < b L (PLI, Figs. F.P.
Qo MM LEREEHRT 2 OO EREET 5 Z LDORVEKTIE,
FIRIZEDIHDEREY DL st TOEBIIMIL T 20 LAKICS
CDOBEXEFL, FHEH»LEEIERENDIOT, RIBOSE L IIEHICKSI
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ENdo FRGLDOEREDOHROFEIIMITR Y, LDBFE LEETH - 1o
13H 8, REGLERBEHR LI b DI3LEDRH20%12% L1z (PL1, Figs.
J. Wo ~FRICARULERBEIRECBIERYTK LO1CK30T,
wRCER UL (PLI, Fig. G)o 26 B ¥ #%:8 L EREILIE50., £ & 10004
FEICER L. IhbiiMfaRPERGOETOMABH LI HKBYLEL,
ASA RIS TRALONELBEBERLDIDICTS L EDICERGYSA. 27 A
BOIERBEIZOFIHRTAILEI TRIES LD LD »1co MEIPRIE L
THEZ b?‘_cfcm:ﬁﬂt{mi@m, ZOTIMETIDDONAINL 120 ZD LD
KENICERED RS A F 75 ACHE LR D bIEBLHRE Nl 12
Mg b R DEERE B FTAE Lico

83HH, RANCHHEE NI ERGEOERCIIMIBEERBICKY, ~F ¥
ARRDOMIBBBIGE K o o T LBHERE NI MR ULLHOERE b LMY
bicd, BEICHUTHO6 milE L. L LEREDSIIII LB DA
FABHRLEN, G LUl R O, TOEE, NEREY EO%4EL
B350D0H 700 0RHK, BUMEHPOBREOWAIHBANLL, ZDRIBOEN
BELObUDDKENRTETERIILETE 510

REOTINCMIBR> DS COFEBEH L, FroplkdBAITRVC Y
LEGICERGEZHER LKV D (PL I, Fig. H) €, #CEREHBIIEA
TV3iICd bbby, RIBOHWELENLTVS LW AEsrdH -7z (PL I,
Fig. Do

2. ¥+ &/ yroONFRTFRE

1962 I ERE U1 BERBIIE (UG RF SR ENS L H1Z o 72E» Y
DRRBH B o 1co LIz o TRTFOBHBVLL, 1BMORAS A F7r 5 RIS
DEIEREMNBELIISBE LD 5120 196TEIHRE LD DL HHICERE L
TYWIDTERDOIFBIZ LB TEL. MFRFOKRE &1, 1967TEDH
&, BER72.981114.13uD b DHHI94% T, D 13105.52¢+16.49puD A & v
bDTh»lco RMFISMESIEFTICHL, TLEKEL VLI KT ELE
To ELICATA NI T ALOMENHEL, PLOKKICEL > THHEBLT
LEI LR EDREBMEET S, TATIIHIE®E 6 -7 B CRIFYBB Lo
7 I 7 HRHEB T RBOYIVHENA HEABAFKIC L - THREENS D
DYDbo COMEYDHE, T OEBEHHL0E D) PTRBPETDH » 108, KR
DHRFENIIHECEEEDH Y, ENDBEVHENBU .

BFRECIRALTZ20RB AL NI —2DH (TED) i~ v

— 4 —



BE: 7Io/79HOWBRE . ~F ¥ ~X L4+ & 74OESRTRE 123

& & FARICEBAROER > bTitbns D TRFO—PICERREBTE, Z
NHPLRMULEIChR T 3B EMNTHA LREY D 5 (PLII, Fig.2),
2 D%, 2RO hE T b RAEDSAUBT L ONRIBMRS T & 5 (PLII,
Fig. 3)o ZD L ERFOHRMTOLANTLONT, KIBEMRIET 24)Y
Hidodbabni (PLII, Fig.4). EBRIZFHLRICHY, £oORERT
FEALERATHoTco LIEHHTT $ /ﬂ%ﬂm%©§<kﬁbh6i9&
HBEOFHEIIADNLY » 2o

faF s R AR o Mfagss 2 - 3n§75ﬁ.éﬁbrﬁﬂ%uaéo:
NIIRZICHA L, BOREEICL - T 4-6 BEfilAICHTIbNE. —RICT
D EHCLT2L bl O RO ML RAICKS. L LIS
HEREIRGTHUBTRONIDOTIEEL, TAOEMRLBAICHHTID
THERO/NE RARICHGATLE S (PLII, Figs.6 .7 .8), THIRDMAESS
ALY, THOMRISERSMICK1odD %5 KR Lo

—R B TFRROSZU <~ THRBOE RO T LV Licds > TESE
EHVATA K75 REDEESFRTHFT, RO UL THRET 2B0KEH®RT
BRI EIERET B b OB S D 5 0o RIRIT 4 B HED L ERMABRFEIS, L
PLWRICEF L, 5 BEEIRBRICKS bossabitc. JORELIE
FEEREHE VULV DIFEELL (PLII, Fig. 8), IERAICHULDIDOT
BANT YR LERBISRRICKES LI BB ER U BICERENSF K
HEROFARICOWT H RO Z L5V A T,

~F ¥~ XTIl TR ¥ 7 MLy, RV TEZDFO—DDMRE
BEREEYDLY, TNHPERBICREE Lo THIR L REM L ORFIHTE
o Lt LY & 7 4 Tidfa Tt R, 2B LUTMARMCKD, ELLT
Z DEWMO MRS TEMRAIRIC e » TEE, EREICRELLOT, ~7¥~X
D LD BNERBRIIBEE NP 51,

fBOREDR (1) IREDCHDICIBMIESTEY, RTFARDOLH
DADBTHEONIPETH b TTRTFSDRFTHAT S (PLII, Figs.9°
1000 CDLEIRERLY, —HOMBEBEBRICKZEBRYHE LV D45
BMThs. 2B LERYIED, BRPFTHORBETLE LN 4-6 HOM
Ko b e 2MFABOMBE ¥ ¥+ 5 (PLII, Fig. 1o ZD LI KD HD
PHLREITE LICEDDORICH PN

Z0—o2 (I F}-1) 3RO ROMIas» bz N ZnFEREDO( b S
BAET, BREIIFHICH S MO —DOBERAICEATZ I LICE - TDK

— 5 —



124 W OB BI6% HE3F WMMLFEIRZA

b (PLII, Figs. 13. 14)o RO (I H-2) 1311KD & 5> KHHTET
bERBEL DL bNT, —MOMsEREAICKY, MEE T sRET S
LD TH5 (PL I, Fig. 12), fho® (IIF-3) 1110KLI1IR, iz o
RO b D b —HOMERZEL , £ OMONMITHEEME & - T IR
BITT35DThb, :

19674E ISR Ui U M FIo DV T RATOR R I B Lt L 2 B1c &
3 LERDEBIIRD & I Th 120

Ol ER T —2oFT5dD (I&R) & (IIH-3) % 692
oM O N R EE TS b0 (IIH-1) % 23%
OB AT MiaosD b D (TIH-2) ¥ 8%

MBI » T—RORBEY) Y H UcMlE, —BiczoBkb 58 Lk
VCOTKRE L, o EEOMBIC A~ TIEHICBFEEL D ZOMEL b
ZROER DB E nie (P I, Figs. 16. 17), —REBRSKRERICELL,
HELELALSZ EZROBBOEEBEDLNDE LI Tholo £DHE, HIR
thtsE RT3 &, ZOXEBOMIEH S bFERBHHHE i (PLIL, Fig. 15),
FLWMOB U THE LLLOHICENA T ISk - RERE T, Bl
by E iz (PLII, Fig. 18). 15ENIR Lz d Didfhod ik & Bk 4
BAHR Uicts, £ROIEE - L ICTHBOMI SRR E LTHY, 204
D THNBEE DL 5 DD TH B0 LrL, TOEIBREEY LIDDI
PR TH 10

SERURERBIRETH S5, BEVETENRDFABHICEEL, &
BICRTCIES S L LIV e ERBORMROERRICRFICLZD0BH b
DHB20HHETH - % (PL I, Figs. 16. 17),

MCd B LIS, COBEBIBRFOLELLAT A ¥y 5 ACEST
BH55L, FLEBDMOMEBHO LI ICHEELKVDT, ERESIRETI
T B3E, KOBEREILL - THNRSTSLD, BRI TERYBIET S
TEWBTELDL 5T,

z ®

~NT YR TIIBDOFETT &I LWON FHlE 3 -4 BEOMIEL S
EHMBIBMREBIK LIct, ZDho—o0Milas Rk DL 3 ehpRRy
HUlo COREBDOMABIZDE FERBICKETIHE L, RRIHU L%
ZDRIMERE LR S 2BE LoD - 1ods, EBHDPEH LD —BOLIN
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o3 BELERESHBEENT . TOFRE ¥ T L (1959) »BIZE L
ieRBo =V ¥-~X D. divaricata (OKAM.) OKAM. LlLi#g+ 5 &, WiEY
EHRBHINIEY 3 -4 HICKBEE TIIRBICERBT 5205, %Al OMI
BB =y Y~ ZXDOFBHLILD I Lo TRERB XY 5 1DDRELL~
FYNRXTIE—DTH o DKL, ZDUEDILLNEHDHEL, Lrd
ZORBIIARRICHRTZ20AT, RESERBICELLEL 5T EVI AT
Bid, LEDZ b REDKRRIBIC K » TREBIEITEL, Y~X
HBTIIEICL > THRRD ZEPPELLICK S0

Y XY TCISERBEVBALNLEBENL ¥ ZDICKI LTze —2IUF
~F YA X ERBICHHICITF e L ERBMST Y HE N2 BT, BT
AR U THEABICK Y, RRFICSWN L THRORET 4-6 Milaicsrn
e, ZOLEMOMESERS LKLY, THOMBE &L HIZBAICFTHELTH
HROGHEH TR T 2D Th 5. fildhd FHAERBMAMEIVHET,5-6
i 67 2 MBS TIHENSZ BITH - T, ZOHE LICHMIAMD —i
DRI, s RAIC b b0 L, MEMOMmCERZHRL, oM
WA B A 2480 L, B2 D23 ILEAERT 3 B DIIHsN
2o LLED & 5 B BERGDOHBO S LHARRMIRICEILT 2 2L, BRK
DEEICHUERBH I VMELRVZE, 2 TR & HBE (1959) D7 ¢
O ry ORGSR FREICKB TS B0%5Ve IOEDPLYF L I7HPBT IO
FHIEEISEVETH S LRI LB TE S,

7 I s HEHEROY b, =V YK, AFFVFT, YRAFFLED
FRITARTHY, 7 s 27 H 3 RWmBSBRBRICELRTS ZLpmbhTY
Bo ~F Y ROFEMIEARIRIC & R Uico MIRRICERGE DL bRy
O TIHEREICEREEHE Uiz TREFCHMMEL LERKITRE N
eEETD, BRSO EREVRBICERKBEFEL L. Licts - THRRI
HoTHRABIZILTHBEE LB T ZDDLEEA LN S, KL LERELE
WEns o id Dictyota (HOYT. 1907), Dictyopteris (REINKE. 1878, B
W - IFf8 - 8%, 1953), Zonaria (SAUVAGEAU, 1904, fB#& - J¥F, 1964) /¢
ETHREENT V%, 47 £ 74 TIdAROECRBIIARRICK S5, Bnb
b DOTITEMBSEAERICTEL &> LT 2 EEMBE, Lt - THET TR
FEOHENIFH EN SO TERBILISEDOENE L5 Th 1o

EROMBOFH A AMKEIC L - TRESEND L) T, (Taonia
RORINSON, 1932), Padina (¥ « %%, 1959), Zonaria (RBEA - S£EF, 1964)
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BETHREENTV B0 ~F ¥ XDBE, AHEICKHLADRICHRE T
B, +F XS HEE—DBEF TREZTLEbEIC b LT, ZOBRE{RIE
BLPTHP oo L UEBRENTERIIADOBESE R U,

Summary

The tetraspore germination in Dictyopteris prolifera (OKAM.) OKAM.
and Pachydictyon coriaceurmn (HOLM.) OKAM. was observed.

In Dictyopteris prolifera, the upper segment of the tetraspore forms
a nodule and the lower develops into the rhizoid. A projecting cell which
becomes a thallus is formed from the nodule. The nodule consists of only
4-5 cells. There are two types of the thallus formation.

1. The projecting cell of the nodule develops directly into the spatula-
shaped thallus which grows by the marginal cells.

2. The projecting cell does not directly develop into the thallus, but into
a erect shoot which later flattens by its apical cell and forms the thallus.

The thallus sometimes is formed on the rhizoid. The germination of
this plant shows certain differences from that of Dictyopteris divaricata
(OKAM.) OKAM.

In Pachydictyon coriaceum, two types of the germination are seen.

1. The upper segment of the first division grows into an ovoid. It
divides to be 4 -6 cells by horizontal cell wall and one of the cells becomes
thb apical cell. All cells divide to form the cylindrical thallus. The lower
cell produces a rhizoid.

2. First time, the lower segment does not produce the rhizoid, and only
the upper segment forms the nodule. This type includes the following.

A. One side of nodule becomes the apical cell and the other produces
the rhizoid.

B. The rhizoids are produced from both sides of the nodule and other
cell of the nodule turns the apical cell.

C. The nodule does not form the rhizoid and only cylindrical thallus
develops.

The germination of this plant resembles to that of Dictyota dsichotoma
(HUDS.) LAMOUR.
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The rhizoids of Dictyopteris prolifere are filamentous, while some
rhizoids of Pachydictyon coriaceum are sucker-shape.

In Dictyopteris prolifera, the projectile portion of the rhizoid from the
tetraspore is determined by the direction of the incident light.

51 B x B
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2) FRITSCH, F. E. (1948) : The Structure and Reproduction of the Algae. 3) INOH,
S. (1936) : On tetraspore formation and its germination in Dictyopteris divaricata
OKAM., with special reference to the mode of rhizoid formation. Sci. Pap. Inst. Algol.
Res., Fac. Sci., Hokkaido Imp. Univ. I, 213-219. 4) KUMAGAE, N. & INOH, S.
(1964) : Morphogenesis in Dictyotales. IV. Germination of Zonaria- diesingiana J.
AG. ¥ 12, (3), 87-96. 5) NISHIBAYASHI, T. & INOH, S. (1959) : On the life
history in Dictyotaceae. 1. Tetraspore-development in Dictyota dichotoma (HUDS.)
LAMOUR., Dictyopteris divaricata (OKAM.) OKAM., and Padina japonica YAMADA.
Bot. Mag. Tokyo, 72 , 261-268. 6) ROBINSON, W. (1932) : Observations on the
Development of Taonia atomaria AG. Am. Bot., XLVI, 113-122. 7) TOKIDA, J.,
MASAKI, T. & YABU, H. (1953) : On the rhizoids of Dictyopteris divaricata (OKAM.)
OKAM. Bull.,, Fac. Fish.,, Hokkaido Univ. 4, (2), 149-156. 8) WILLIAMS, J. L
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PLATE 1
Tetraspore germination of Dictyopteris prolifera (OKAM.) OKAM.
Fig. A. The rhizoids elongate towards the same direction (2 days).
Fig. B. The nodule produces a projecting cell to form the thallus (4 days).
Fig. C. The projecting cell develops to the flat thallus (5 days).
Fig. D. Development of the spatula-shape thallus (8 days).
Fig. E. Branching of the thallus (8 days).
Fig. F. Secondary rhizoid formation (8 days).
- Fig. G. The spatula-shape thallus is growing by the marginal cells (26 days).
Fig. H. The nodule produces only a rhizoid (11 days). '
Fig. 1. Side view of the thallus. The rhizoid is formed (11 days).
. Fig. J. Formation of the thallus on the rhizoid (15 days).
Fig. K. Tetraspore.
Figs. L, M. Rhizoid formation (2 days).
Fig. N. The nodule is formed from the upper segment of the first.' division
(2 days).
Fig. O. The nodule consists of 4 cells and one of them forms the projecting cell
(4 days). -
Fig. P. The projecting cell elongates (6 days).
Fig. Q. The apical cell of the elongated protuberance produces the thallus
(9 days).
Fig. R. The thallus is formed directly on the nodule (11 days).

Figs. S, T. Two rhizoids are formed at the same time (2 days).

Fig. U.

Thallus formation on the rhizoid (13 days).

Figs. A-J. x 178 Figs. K-U. x 238
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PLATE I

Tetraspore germination of Pachydiction coriaceum (HOLM.) OKAM.

Fig. 1. Tetraspore.

Figs. 2-8. Showing that the lower segment becomes the rhizoid.

Fig. 2. The first segmentation (20 hours).

Fig. 3. The second division (2 days).

Fig. 4. Development of the rhizoid (3 days).

Fig. 5. The upper segment of the first division forms the nodule. The apical cell
is determined (3 days).

Fig. 6. The cylindrical thallus is formed by division of the nodule (5 days).

Figs. 7, 8. The rhizoid is sucker-shape (8 days).

Figs. 9-12. Showing that the lower segment does not produce the rhizoid.

Figs. 9, 10. The first segmentation (20 hours).

Fig. 11. The nodule is made by continuous segmentation. The cell walls parallel
to the first are formed (3 days).

Fig. 12. The cylindrical thallus. The lower segment does nct produce the rhizoid
(5 days).

Figs. 13, 14. Two rhizoids are formed at both ends of the nodule (8 days).

Fig. 15. The cylindrical thallus is formed on the projecting cell of the nodule
(11 days).

Figs. 16, 17. The apex of the cylindrical thallus gradually flattens (23 days).

Fig. 18. Rbizoid formation in the fallen thallus (23 days).

Fig. 19. Abnormal germlings. Many rhizoids are formed on the nodule (23 days).

Figs. 1-8. x 330 Figs. 9-11. x350
Figs. 12-15. x 330 Figs. 16-19. x 245
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