7 ) RIRED L RITEE T % wHoe™

E & ¥

Studies on the Growth of Conchocelis
by
Eizi OcaTa

(With 12 Plates and 39 Text-figures)

BAIE ) ARRIEROEEICE S AIEESEITIFIE -+ ee s

LR SRR TETIHGAES v rrvvereeerreesmee et et e e
% 2 g{ﬁ %ﬁl[ji{ZKODEEE@ﬁﬁlﬁ;bZOLVC ........................................................................
B3 sEEETTIsY Z))%"Iﬁﬁ:@@ﬁﬁ .....................................................................
AR EEBPMNOAIKEANTISIT BHEEE oo v e

A JTIBAFRD S <o v

B. FAIRFAFHDEEE o oreererre e P P

C. A FRHODEEE e crerereeaeenaeans
FESHT WD D AL I DUNT crrrmrerremrems e et e
BOHT AT U IEHSRRIRII LS - vveeeeeesseesees et ettt
W7 RTREFI T EES DWTTIBIES v ervveererresree e et
o BT EER D BIBRRE L I oo

2B ) SRR DIE BT T B AETIEEIIIIIE <+ veervverreerseeeerers e ettt

I T 7D == I e
A SRIRIRDZEFLEEI v vveveememmem e e
B. SRREMIED pHEE FRER IV 7 L DYERR & DEF[GR - oevevvemrerremrmrenneernen
% 2 ﬁﬁ %%tﬁ%ﬁ%&&@%ﬁ ..........................................................................................
A HV T T BHEDBSES oo
B. BB REBIE DB o oot e

423

X OKEGEETUICER  H323F, 19614F 1 H1sH HEL.

Contribution from the Shimonoseki College of Fisheries, No. 323.
Received Jan. 18, 1961.



424 B ® 2 — BKEETER 10 (3)

B BEE SRR AR o ovoeere e e oot 106

A. SRIRAIT X BUEIKFR D TETEIRZEBEDZEY, - ovveeeesosessssssss s 107

B SAIRIRD A R -+ eeeeeeeres s eee oo 110

B A SRIRERODEEE covovvreeeseeesseees et 112

BIE ) RRADLEE & BT & DR - vvreerere e 120
BOEY VBKIEE - 6 . TR ODEG oo veeveenms st 120

BB 2B GBI oo oreeeeee s ee e 127

BE B TKZEA A S ABEEDRIEE o vvereeee e e e 129

B AB HEEMIE DI covoveen e 130

BB 5T SEEEHEITIODEA -+ e eeeeee e 131

Bt BT 7 A DFROEE GRIEDAER & RERIF) e 134

& OSSPSR SSUUPRIOSTORSPOR PSR PSRPSSPSPRO PO PN PSP S 138
e SO PSSRSO SUSOURRRTRPSOTSTSOS PP PSSR PS S A R 140
SUIMATY  c+-++oscseseseseems s es et e es e h b e el 143
Plate T I coreererrenrerremmemnnm e oms et et et s s s 147



sV RN E o EERICHET S MR 425

P A W E

7Y /Y Porphyra tenera KIELLMAN %X &35 7 < /2 VI, DY EICIONT 2 BHHEELEDE
BSHRTH Y, T OEBIZTAEIETIo & 2 30 B, SHIT LT 200 B 213 510 C A4, DHEEKEY
FRCHEZESMER LD TIN5, Ui b REORMAL & 6 ICEL HIRENER SN T, EESEINL T 5,
COXSITOBEOEEREYTS > L 3BEBEEALONL 7V 79/ ) ORIEEET, —R X el
FERECH DEED L HITAHA DY, BENETIRIOBKORBRIET S 2 27 713, E& LTRSE
PHFULS EDBRBBEICAG SN TN, UL 1949 fRICIRE STz DREW 0 RIRMAEDTITE % 561 L
T, BE7~ 7 VEHOEBRVD 2 O0ICINTH S, DEETIRZOREIT Y & SWTRRE» 5 DAT
ZAVTPIEL, GTRENOEEMDIISCIEHONTNDIEEDBIRTH 5, LESE FO—FEEI T
EODLEREINEEMSNTREUIFIBMICHE VA LN, O L5 ITRREP S DAT 2 4
TOFEEICL >T, /) HIHERIZ S 515 KR4 2V r IR L QTS & Bs - THMZSE UITEE% o
B2 2 AT EIZ, UIPUALL &V 5 3R U3 SRR E OB A T 53, %[k
FATUTHMBZ DD & B> TOBERT D B 729D, RIREKICEIT 2 EWHEROKZICE b7z ) B
RELFEDBEITEMICH BN, 7 ) BIFHEEORRERTIZ T I ER L OB S 5.,

UIzii=>T, 7 VIMEEES S O ICRESE, ZOEERBML, £FEa 2 2 TP ThhbhOaER
ZEIPITT D2, SRREOEEIS L RAT 2 4V 5 2HERS S OIC U IUSIE D 12 2017 hiT
WARRRDREBICEE S 2 ERBARSNETH 505, SETOL T AHZ OEEEN, HRESEITAORERT <
5T, AEOHECEET 5 R0,

FAHEE, RREOREIS LA S 30 5 OFli% 3 5 IClEICT 510D OEBIEE LT, RIREDE
RICEHT 27— <2 Y DUSHEP HHBIE L TH L OFAIRR A, (JIZTHERIZ->THREL S 5B I
STZDT, WEETITALGNIIREZZ LD T CITHET ARETD 5,

COWFEEHED BITHIZY, WAWA THIBNIIZ S, FICRE R A TN TZ N REE « 3ol | a2
Hi%, BRIL & QICERS CBIE R 5A O NUITHEIARS: « RIRIEREIE, KIBMEIE CHIE% {178 705
HIRF:  KEF L, JEMEERYE - (UHAREBEIR, KRHILAS « SARSEEE, FURASE « REE R
RO A THHELHT 5,

7535, KB EEIRRIE DI R & S I LTSI TORIR AR « AL, CROR BT
mtﬁ-%mﬁ%@i,Eﬁﬁi@%@@KOwTCﬁﬁ?éok*ﬁ%ﬁ%-%E%@f,m#ﬁ@f,
WEBER, 7~/ VEORE 2 i U B RB RS « EARBIERICLN 5 161LE U b T 5o 21258 Lo
ﬁﬁ&ﬁﬂ%%&bf??onﬁﬁﬁmﬁﬁ%%ﬁﬁ%-Kﬂ%é%&%,mmﬁﬂﬁmﬁﬁ%%-Am,
TS, TN TSIONIIKEEREE T - BB, MBI O#RICH > < ISt L FiT 5,

—_ 71 —



426 B B S I BUKEEER 10 (3)

wmoo% R

Fv<snsY Porphyra umbilicalis (LINNE) KUTZING OAFEHICISVTHA 55 SIRE Con-
chocelis-phase 1 DOT DREW (1949) 25FFEUTLUSE, Porphyra 331 (¢ Bangia DEFEIICEET %
S S 2T S P AT IE > T 512, $730 % DREW (1952, 54, /56, /58) 1%, & DD Fv=rm /Y
D 1 LD v 2 ) Bangia fusco-purpurea (DILLWYN) LYNGBYE (DAEEH Is L NAHEICEES 2 B
FeRFFEL, Fi7z GRAVES (1955) (% Porphyra capensis KUTZING DEFRICONTHEZ LT 5,

DYEICINTIE, BEA (19533, 1956) OPFUTIRUE T, 74 74 2 VRIRIKICE T 5 % L 0D
HHEND L HITIE 5T, ZDH B, dk (1953), ZEaE (1953), #HilG (1954), JHA (1958), HH (1956)
3 EREE UTEZENLED b ARRIFITOWTER U TV %,

FREIC3SVT & TSENG and CHANG (1955a,b) H37 % 7 %/ Y OAER IS L ' Z OFHAFEIC DT
FHEL TN D,

—J5 7 v RT3 5 ATEBEOMECE L ThBEDO L L OMFLEPERBENTITRICERL, & I
SR b O AT R HICET A AL L SN TUL D, Bk (1953b), ZE#E (1954), ZEMRE (1954),
WiPIfl (1954), EAA « SEBF (1955a, 1956a,b), FHE (1955, 1956a), & « i (1956), (L (1954b) iz
EOWENZDIBEILEDTh b, Tk (1954) FIATHRERBRICHET 2 MERZRELTAL LY S
DAL DYiHE 2 BN T %o

Fi7, BELIS ORI 5 EAERIC T OGATA (1955), A5H - KM (1957) %35, SREOR
eI B EEMEEIC O T OGATA (1959) MSZNENHIFEDIHE 2N T 5, Z DMARIRIAED
BT A 0L UTIEARM (1958), R (1959) O&EHH LN Db,

DIEiZ, SRRAROIEEER, HFREEETEEDOH 6 S UTH 5, THEEC OMFICERO b 5 @3 iRy
BIED S OWBFNTID, AHROBRREHETANSL T EITUTS,



Y RREK O EEICE T B W 427

BIE 7Y RREDEECET 3 HEBYAITE

DREW (1949) 1Tifii% 5 UTCRIRRICBET 2 WIFEDS, ZOBEBUCHBUIZIIDIL, 79 74 2 U %30
WETDHT < VHOAEBRBZIED X OWITE o720 8, TAVXCONICEIBY TH DB, 2L TR
D3, 7= 7 VEOAEBRRRICIOT 2—HITH 5 L1009 C D5, T U 6NNz, CoF )
BCERAEHTIITTIC Y Y EHZ EOHEBIIAEICI 725> T b,

COXIL, &HBOBENEICEED C LB BEZEEUT, ZOEBEBRETTS 009 Flidds
I3, 7= 7 VEDIEDNTIRZDRRED 5D 5 1TH LN IR (thallus) L4 {JBRER C L I1TT 5
Wir T, HBICEILUTEET S &1 9 AT T, RUDICEBEDS S 72T X7,

TUT, BERNCH D & ET HBANCIT 5RREDETL, 16107 DBROAEEDIFIESIEHEIEIS S A
T TabI, DBPETIZER (1953a) R EDOPIIC L > TIZZDH L E LD X 5hICINTZ, Z0D
FERIC XU 73279 2 )V 2I30D ETAHEBEO 7 < 7 VEORK T, ZOBECY > THRES 2 H
UTHEFL, RREEsD, TNOPEBMETHRELIE 313, RFELRAKICE D UZEE L Thro B
DOHBILEAL, BAUTCFREG I, FIBEER /2> TER VBRI SIS Ui fEahko R0 &
8%o CORREIIEFED—E Conchocelis & RIS T—HT 5, 7~/ VEDORRED Iz IS0
T, ZOBEIC L 2 BIEHMZERIIN L S PR TELH ED BN DHINE DD THRETH 57,

PREOHEY & 75 5 BB, DIOBTIE, <H %, F3vHU Y, 272 EWBE BB, A
THRHEDFEELR, HEMUIRE L TARUD TR T /2 WD 4 ZRXFFI5ED 4 F8HIFATH
WHNDEDTEZDEDOHETIE DL I BHFBEBEL LTS B ONAEAED 5,

B & 9T, SRREOERICEUTIE, &2 Q0 ETEREETEORERH T 5N TNDEH, TR
ROM B DI Is0, RETEINS DI B, & ICHBACIS) 2 WENEES 08, » 33N OHE
FYANTIS DEROMER & D HIF, ZOREEIIIIIE 2 36 T/ - ITFERIT N T O B,

B1E RREOEENAE

HRRFCBET2VEETOMHTIE, TORBOBERZIIUD & 95T NTOERITISNT, LRI E
s EOEYORED L DAHBESIN TN D, LIh->T, BB EOEMOBEBIZISNTIE, YDk ix
HEREREZ LD T 00, 2EAEHMLN TV,

7272 DREW (1958) idw v 7 ) OWFEICISNT, HBO—TF DM b B U TERE LIRS, =
NPEHBL THOEE TEL, TCTATIINERTHCE2ATNDY, EBEERORIEBIC LTI S
DUWBEL /S, E72 TSENG and CHANG (19552) 13 E 2 K U AtEle onC, B E o 7
T VRRERBEELUTOBD, BPUKEWN I FEIC L > TEDRBIZNH U2 UL BB LUEORIER &
BEUIZH DLV AII LIZhi- T, HRBRETICISY 5 50RIEOEBRESBEE T 3T, WEITo
SEEBERICE £ 5 T ISRREDERDERY, HELPICEBEDEEALND, EEIZNANAT
RUTER, BR2UBMUTHE 2> Y, TR & UTHBEBACIT 5 2RIEORIE 2 813 5
TERBRL, BIEANRETHCLNTET,

FRERHET 2DV, 509 RIBTFRERONEICEESNI P S, COEYB I, SO,
SRODBAEE TEICE 5. D) BRI IR E S 5 & EREIES TS b, 2ol EEST
LI8he UTZW- T, HHEREBEC L 2 50REOERERZKEMEE, MEEZICE 23 0rEEIEE
EERT LT B,



428 B & Ea f—t BUKEEWER 10 (3)

N

Fig. Procedure used in preparation for observation of the vertical growth in Conchocelis.

: Conchocleis-inhabited shell.
: Rectangular shell pieces are cut out of the shell.

: The block is made to adhere to a microscopic slide.

1.

A

B

C : Shell pieces are piled and cemented together into a block.

D

E : Upper surface of the block sticked on a microscopic slide is ground and thinned to

facilitate the microscopic observation.
N : lnner surface of shell. M : Microscopic slide. O : Surface of section.
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Fig. 2. Conchocelis-phase of Porphyra temera KJELLMAN growing in calcite. x60.
Photographed on March 27, 1955 after 27 days cultivation.
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Fig. 3. Conchocelis-phase of Porphyra tenera KJELLMAN growing in calcite, cultured for
10 days. A~D : Immediately penetrating ones, E « F :Boring begins far apart from
mother spores. G : Right-angled branching. H : Germling creeping on the surface of
calcite without penetrating growth. Scale 15 /.
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Fig. 4. Conchocelis-phase of Bangia fusco-purpurea (DILLWYN) LYNGBYE growing
in calcite. x60. Photographed on March 27, 1955 after 27 days cultivation.

D E
Fig. 5. Conchocelis-phase of Bangia fusco-purpurea (DILLWYN) LYNGBYE growing in

calcite, cultured for 10 days. A~ C : Normal germination. D« E : Right-angled branching.
E «G : Young plants growing upright on the calcite surface. Scale 15 «.
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BRI A EBRP D B L b DNBEADDH HEIL, T4 73 2 VRREDEDN I D vy )RR
FoE s el abnic B5KD-E). EMEEEZTLE vy 2 VRREDD A3 Y LS5

- of Bangia fusco-purpurea (DILLWYN)
LYNGBYE in calcite showing the branch growth influsnced by cleavage planes of calcite.
Photographed on May 26, 1955 after 51 days cultivation. x60.

Fig. 6. Square colony of Conchocelis-filamer

eed

Fig. 7. Conchocelis-phase of Bangia fusco-purpurea (DILLWYN) LYNGBYE growing in
calcite. Note the bell-shaped inflations. Cultured for 31 days. Scale 15 #.
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Fig. 8. Conchocelis-phase of Bangia fusco-purpurea (DILLWYN) LYNGBYE growing in
oyster shell, cultured for 10days. A~C :In oyster shell. D :Flant growing upright

on the shell surface. Scale 15 4.
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Fig. 9. Conchocelis-phase of Porphyra tenera KJELLMAN growing in limestone. Cultured
for 21 days. Scale 15x.
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Fig. 10. Modified shape of Conchocelis-phase of Bangia fusco-purpurea (DILLWYN)
LYNGBYE grown in cement mortar of white Portland cement. Taken out of the substratum
by dezalcification. x 500.
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Fig. 11. Fertile cell-rows formed in the Conchocelis-phase of Porphyra tenera KJELLMAN
which matured in the calcite. Photographed on Sept. 8, 1960. x 500.
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F) 25, BEAUE T TRREED»Z Y ERL T 5,

LI EO#ERE»S, RREVE, HETERORMNR, KE, HOsnI@BERE> &, ) OFEE, &Y
VIR e &iz-> T a5, KRNI F, C, D, E, B, ADIHITIE %,

£ =

DI Eo®@gh 5 Bl TER D HBERmICB 9 % Bilix, BaTEROEMO MY TS /2L, FIcHlT
MHERTE BN EVA D, T8D5, EUDHBEMET 10~30 # T EDBITHERET % RREDOE NS,
Hp L ROHERFEROBENFHT 203, U ERERICHOR 12720 L»L, ok BT
B OEEVWEETHICUIIN T, HERNESWICES 2L, FI220BRED L TEICBEOR b
NN B BDEZELLN D,

< VT 2 2 Y SRREOIED VT, 6 A TENICEETER ORERE 285U, 8 B iz Eo BEERIC
BIIBHOZAEDTND, Tizrn 2 VRRE TR, 8 ATAIIKEELIZ & DITDWT, & x5 p kil
TERHORO2AEDTND, COL ) SHOOERD, MIETFTEMORILBEAELPDLBENEDTH
B &Y, HIETOMHEOMKE-BIHEL THEWVWEHEEEEbN b,

7233, BIET 5 OFRFEPEINCEILUITEAFLOR x 313, BRT L OPEH/NIL5 LB TH b,

3 &
1. BETEESEBERmCEL CUERT 2B, HETEEORSEBLALAU TN EDERSE
EIRAN
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2. HBEFERL, ZUDHBAREO CL EMGEVRIREDEO—E» 53 L, LIDWIicRBIZis b
STRIZETLLEDI, FEHCBIELUTHAOZERT S D EEbN5,
3. RIEFOFEFEBEALUICEATNL, EEYS £ TONEDINLTH 5,
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w2 ) RWREOERCEET 5 AN

FH oy VIR EORREE, BREORKBEARICEL LU TEET S 20 I BRISAERZ LD T TIDIL,
ZOBEADEIEZIIUD & UT, HEBACKY 2EEOKERE, @, #2355 S~ M EoREICEL
TEHL OB T TunTs, UL, BBFICEILLU TERT % &0 ) B S 5 58705, HICEEBROEREL
WNANWAIZREER 12531200, COFEDTIEILILP S ERUS» o1, € OXRES, T bk
EEORREEZ, HRPLIEZBUTKBICEELLIONC &, UB > TAEERPFR TRV L
ThHA A9 TRODLRMEICIZEC S THIEIEY TH 2 BROMEN DXL & ) 10w, PIIEVEMEITES
b0 EBOIND, EHIZIBEDRLE, WANALEHER b B TRIREOARICET % W5t 2 £ IIT
RIAS A C LD EDT i, b BAALRD L ) 25k EORE  IBAMTHBET X 12bII T, §
BINIZHIRIC S, A ONIERICE SRSV EBA LN 50, SHOTIE Lo—E0 HFEEITIZzY
3B BDEBRDOLNIIOT, ABEITINTLDOULDNL L EITUTS,

BI1E RREOZHALR

HRRAEOERITISNT S - & §DITOMIE, BERREREMCUT, ZOBPICEAVEETS L) C
EThHAHH. BIEHEE LT Gomontia 13X DFEEDH DHEOEEEPO LM, 7H I3/ V2 ED
HRIRED X 5 W CEFEET S § 03,

CD X5 I RIREDLEFHEDHEFEO—IHT 3N 5 1291, EFEFIAED & ROV E SR D8 )
EUT.e T UTHEANCERDNGE UT, RREOEMTT 23R & 0 HiTs,

A .k R & 0 2 JL & W

PR, EWREORKREIZT T, SPEaREC 3 FEA U TERL ) 2 C LIZ T TITE 1 B4
HITDNIZEIY Th Do DX I ITMEEINT 3 ETLL 5 B T WD o720 T, GRKE LN OIS
UTHEILTEIRN RO E IR L LT,

— BRI B0 E D § O S EEB L DR, SRIREOEFMICIIWRE § &M s C & nE
AONTZOT, EYOBEICONT EEBRZI1Z6 12, BHROBEZ, 72y HOEFEOE DI E DR
THEFRPLFEHEL T, &~ AWEN 3.56~4.5 EBALND, COBWEISHAOBEED 3, T 3.5~
A THHDPE, FWEDRBI VY Y AR DENC ST 529,

MElBXUAE

B KRB TA LN T F 237V Th b, BEPELTE, ZOHEENEBROTHNED, 2Nk L
W% A D ATS, $isb b E (Fluorite), J5f#fn (Calcite), #f (Aragonite), EEIKT (Wollas-
tonite), &7 (Tale), #EF (Pyrophyllite), BAZEEA (Alunite), EF G (Barite), #1597 (Cha-
bazite) 9 FETH B, CNLDFEMZHMFETE HLINSLNEFTEILEL T, ATARTIARICVv— T
4 ReA FTEY DT, 79402~ THEL TEBEEIC L 2 EMEBRES T TN EIT 9L LT
LORBELI. DXICHEEKE AT UIZNY MOEICHEME? BICUIAT A R 77 2% L &, RigT
EDOZNFEER ED FITiaNT 1 BRBEL, B2 078 517, 19554E 2 BISHICEE 226/ 4 A3 H
WCEEFLIREER U 6 T2,
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Table 1. The perforating ability of Conchocelis-filaments of Porphyra tenera KJELLMAN for
inorganic matrices. Culture duration is 50 days form Feb. 13, 1955.

Matrices Components Hardness Corrosion by acid PerFf)rating ability for
matrices

Fluorite CaFy 4 Corroded by hot sulphuric | All germlings grew into

acid. creeping filaments on the
surface of matrix. And no
perforating growth is
i observed.

Calcite CaCOq 3 Corroded by cold acid. Almost all germlings grew
into ordinary Conchocelis-
phase in the matrix. Perfo-
rating growth is also the
same as in the shell matrix.

Aragonite CaCOg E 3.5~4 Ditto. f The same as the above

|
Wollastonite | CaSiOsg 4.5~5 Corroded by hydrochloric | Some germlings partially
acid. perforated in some spots of
matrix. Others creep
elsewhere on the surface.

Talc HoMgy (SiO3 )H O] 1~1.5 Unaffected by acid. No perforating Ffilaments were
observed. All germlings creep
on the whole surface of
matrix.

Pyrophyllite | Ha Al3SiyOqg 1~1.5 Partially corroded by The same as the above.

hydrochloric acid.

Alunite KySO, 3A1,SO4 3.4~4 Corroded by hot The same as the above.

6H, O . .
potassium hydroxide
and hot sulphuric acid.
Unaffected by
hydrochloric acid.
Barite BaSO, 3 i Unaffected by acid. ‘ The same as the above.
Chabazite (ACIZ;!SIEI:E%BO;Q 4~5 Ditto. The same as the above.

FIFRCUDUTIZ L 91T, BEOERNEY BICEE INICRIET &4 5N 5 E5EMlE0 5 b 5RE, BA
EDSDIEFHFELUTH & oLICZDORPCELL, HBRFEPDLRVEERZLD LI, & LICBIHZHF
BRTIEENNEPREEZ LU T OB LK BETEXI B2NBR), 72717, ALV TER2IE-
IR EOFEFED, HROEH LY ZWVEENA L NI, DO, HKGDH 5E5HThHT

PICEFL L TN BORBEINIICT T, MOTNTD DI LERETL Lk -12, $bbRETI Y
IAETHIFUIZE ZITUDT LI R ROFEZERICIE T, SR EZIZ>TNDIZTTH > 70
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R GICIZATEICEIT 5 C & 2373 L —HNT UL L TR, BERAIIZ E 0 A E T AITRER BV
Y AR AL AT ETAYHY, BITH I & COWADVFET H» 0, RREREE LT COMTITELL
TW5 3o EEb s,

C O L DD L ) CEMOBEIZMETIZE L, BIRIC LT 2WE T ERIRERELLE:
LEDbNA, Tibh, RREZBETEPTCEDTELRBAVY 7 LROYEICUPEALENESE
AbNB, UTS->THREA VY 7 AROWERL b, YT & EYRED § 0T 2D b s SRIRED
BRTITH 9 B T EW DI otte TICEBO EREEIZATESR (aragonite) Tah, HRAIEERTER
(calcite) T B, CDX I ISEEERDHHN S FIREICIZID 5750,

SR SEIERTR 1oV v AT b EFEET B0, Z0EERICH U THBRROBEEYI AR TH 5
LIXEA LN, U USIRGT X OSMEEICZRREDEAVPRE TH H, BARDER S HEH
X ) 00F YD B, C OB E BBHPOBEEY & OBIRIC DN TS BROBEITE BT,

= &
1. SRRk, BROATRL, HIRE, TaEEOHMERE v o SRS ZEILL D %,
2. REBHVL o ARUSMOSESERYCE, TENSERL VIEL T 2REA LTV L, BRI
DI 5 T30
3. ZEAAERIKRBE NV > U L OFSERO LONTEBIRIZ { I Cab b,

B. $REMIEO pH EEREHLD T AOEREOBER

SRIREDIREER v & o A ROEYICETLL TEET 10D, 2 OAERGIRSIEY 2 ISR L TELL
I B I8 ZOTIDICIERRIAD IS A D DB 2 DT 5>, & HUNERRAHIED pH ELSRER
TV N R TRIRT AICTSIRIE CIE L IR DS, TV, RER AV v v ARERICRIRAN
BBV ZFODWHED LS pHED TN E TESICHERRL S 2 E 5 BT 50

CD X5 IsRAIED pH & RBE 0 v & 7 A OVERNE & OBfR% L 55 10D1C, 2 9RIAERIED
PH 2 UL, DNTRB AV Y AOIKRE pHEEDBFREZLLNTEELT,

MHREBRTHAE

SRIREMFED pH %2 U S5 Todic, DED X ) 5)7ikE%R b buis

FT, TH Y )VRREDEILL QD A BOEBEOR D% T & & HITL100T, BEMEEENT
X5 TCNEDHERICL, DXIZOHEAHO RIREZNANAL pH IFRETEREED UTZ0EH%
UG, ZDfE50 5 RREMIED pH 2 #RIL T2

LHWIIERER DX D SEETH b,

BPB (F7u—4e7x/—be T—), MR (#F)LeL v K)

BCP (Fu—ane L y—ve—7) , BTB (Fu—n«FE—JVe Tib—)

PR (7= /—wev k)

C DEBRI 19554 7 ICIs Tz -1,

REE Vo AOWRE pHEE DBGER UAToDITE, DEDL 3 3HER b Bt RERm vy v A
ELUTIE, M SBER AT T DXL THERELIZAOZABL, CNeEL D pHEZ2ET S
BB v 2 9RO, ZOXWVET BRI 2 (COy) B 7 — v 7oV ZRREFT CHIE URER 7oV
T ADWEIROTNE R U STz, HEEH > v 5 YIRO pH HIZFEREE THERIE L5,

C DEERIZI9564FE11 K32 -1,
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Table 2. Vital staining of cells of Conchocelis of Porphyra temera KJELLMAN with pH
indicator pigments.  Fragments of filaments-inhabited shell were flaked away from mother

matrix in order to stain the cells under microscopic observation.

455

pH indicator pH range and corfesPonding Color of stained cells Est'imated pH of
color range of indicator stained cells

Brom phenol blue 2.4~4.0 Light purple, partially 4.0
(BPB) Yellow—Purple yellow. :
Methyl red 3.6~6.6 Orange.
(MR) Red—Yellow 4.0~5.0
Brom cresol purple | 5.0~6.4 Almost yellow, partially
(BCP) Yellowv—Purple purple. ’ 5.0~6.0
Brom thymol blue 5.2~7.6 Yellow or light green. 5.9~6.0
(BTB) Yellow—Blue ’ ’
Phenol red 6.0~8.0 Yellow. 6.0
(PR) Yellow—Red :

FHHIERIED 0.01 % PSR TR 2 ARG E U ICRER 2B ET 5 & 52 RKICH LN D &) IRIREHIE

OHEN LD PH [HIZIHE 5~ 6 Th 5 EHT I,

—RCHEPERED pH [HIZFBETH 5 L Wb T b, T2& AlE Chara crinita ®#ii35.4~5.6
(5.5) THHO, FIfEYHEKDO pHE WANATH B, 3.4~6.2 (£<L135.0~6.2) TEHD
T ENZND nb, RREBRZERS L Ol pH EHiZ & QICEL BEL 3BV EnA X d, MELc
DTNED pPHETREB IV > I AWYERT B E I ThH D, COLERULNRBIIDITISLIL > 12 EER

FERIBSLOBEIIOED L ) TH b,

PHSE 5 8 T T4 BHED 1/15 =W » > v o vIRZNEN 1.5 m]l FITIIRIC U2 5 @A % 100 mg 1,0

(u)

CO; output

0 5 10 15

Time in; minutes

Fig. 12. Solubility of calcite in phosphate buffer solutions which have different concentrations
of hydrogen ion. Solubility is expressed in terms of the volume of carbon dioxide released
at 30°C. Calcite powder 100 mg, buffer solution 1.5ml employed. a:pH 5, b:pH 6,
c:pH 7, d :pH 8.
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nT, 30°C THREUESRIIELRICULYT L 51, 159 pH 7 Té»zh D COy OFENDH Y,
pHe, pH5 T HAAZNLEITHEL TN D, PH8 TIEEE EFEER/NEATIN, pH7 TC
DX 31z h® COy FENHHNEDE, COWMU > SN ASDITHETE L, SOBETDH
StzdDEEDNS, $3bb, pH HEWHRERS D UIRNIG THYBDORB Ve T L DUEBERD 5
CEMTDERTH XHMITIE-1

LT ERATZIZOTZ U HToDIT, /15T VIR Y » v 2 9K 1 ml ICEERIC UTc 5 50 mg %
WIRT 5 T EICHEL, BISRICALND X I BkER2 AT, 0D bEPDOHEEIRZH 50, T OHEMITHS

40 =

(#1)

CO, output

0 5 10 15

Time in minutes
Fig. 13. Solubility of calcite in phosphate buffer solutions. Calcite powder 50mg, buffer
solution 1.0 ml employed at 30°C. a :pH 5, b :pH 6, ¢ :pH 7,d :pH 8.

WTRDPD YDz, Tb b pH7 Ta s b m CO FANSH Y, pHe, pHE TRRISITNBEL B LN,

DL EDERRD G RIR AV U A RS A1, BRI pHERZBEE USNT EXDP 5, 2EA
EHEICIT L T A BREEAIS S I UTOVICIEIRT 2 3 D L BbN b, UTCB o TRIB IV > o 223 E LT
EITHIEDL, SRRED pH ERFEHIUEL B TIBETHNERDTTH S EBA LN D, FEER
Ok 3 ICRREREO pH EIZIZIE 520U 6 TH B0 5 RRED EBEIHOMIE, »20iEEhb b5
WIN2HWED pH ES 5~6 LA T I LIZW > TRIVEKIZZ 0 BlE TEYTH D RER V> T A
PR THLERBETHHEBAOND,

B FREEICONT LD L I BHRREZ IV L THDBE, DEDLIBTENLENTND, §730H, tv
0 avdHHNIKEORETY, KEERUBLNITHHRTHRIELEET S &, TORBEADE LITRDAE
Bzt x> TEBIUTTREDA 6N 5 2o CIUIBMBEEH UTCRERIC L > TREIDSISC o7 d D L 3
NTN520 95, RREOELDIE D b ERFOEIENZ AL 5N 2,

= &
KREIEREYO pHERBETHY, £OMIIITIEFEs~6 LHFALNG,
BBV ai pH7UTOBEE Y v 2 VIR TEZITET T COy 2FET L,
UTehd o TR 7V & v & 2 IRIRS 2 iR pH ERBEEE LS,
PEFOEERPL, RREZERS EORBI VY v L RIERLUTELT 2REI2 4R 6 > T T 3 &
WNWEEZ LMD,

W N e
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FTH TG NIREDNDYBLRIETNAT A F 772 ETHRELIIEDVICE, FIEODRORIRORE
Wiz s, BEFICERBINITIBETIE, REZILLTObW3 Conchocelis-phase 1T755 &S T ED
DREW (1949) 1Tk > THWIZANDL AL, COXIBH T A EOFRFIETNTHREHRFO LEBALN
TuTZ,

T H T A LEDOFERERZ, BBPORREITL 5 NTRURRE TS TEREIEN C L5255 A, HEmh
TRIFBICEEUBE U TEFET DI 5T, #72 LTREENDS L, £13% 35 LFEHT 5.

COLITHBHBUTHELIIE SV E, BB L) BRI VY v 2 ROBEYRICHIFELLIZE D,
HEEOTWEDEEWBC L35 EDOFERAZULRDTIDIC, DXD L I IRERPISTIZ I,

A b NV ¥ 9 K B O B E

BT b OFEEN BEs EORCEIL LU TEET 5 10dicid, £OAERMPEY ZER LIS TNE
IEBIR, RERIIV Y ADRIRT B DI, REBA A EHBFED vy MEORBITISE > TR 205 T
oM, TNEPEILUIRREITZA S OIFHER HT2A B b RIREDAEEY L, #ITH I A LT
FEFEUTBRHORREL, COXI BT EDPTNDTEENPDBLND TR PE—IGBEALON D,
Uizhi»T, #HH USRI C OMERE 2 NDONDICHTZA TEDHE 2 AL, &5 TN EOHEHIDS
DL EBOLNIZOT, 2UDITHVe Yy sDFERAHLERZISCIZ-1,

FEENZ 19555 3 ~ 4 AICIs iz o7,

MEBXUAE

3 AARICKIE THRELIT 474 2 ) 2RBECLT, TORBTERONS $DEZLDAT A KT
52 IR TR L, REERBEZLIWBLICIAT 4 K75 2%, vy sRERO ALK X AL
By n (CaCly) %0.01, 0.5, 0.1E VOREEIC/S 5 L5 CHEKFCRM U TSR T 3 B26
HICER2IE Uiz, WRIZEEEKTH D, #Hb v LREROATHKE Van't Hoff ¥ % #HHET LIz
NaCl2.7 %, KCl10.07 %, MgCly, 0.34 %, MgSOy 0.21 %02 D & 0% HELIZ, FHEUTIRER
o pH fHIZ T~ THEO BEEKDZN &P D5 8.2 Th o710, DEIC LEBHEROZNTNIT2 %
DFEFR L LTy v — LR Iop ICERRE#RER DL Y, 20 RicEEHKEAIZU (ATHEKIERD
WEHDH, FO R ATHKEATZLIZ), FN5OEKED RICHEEE ) BRELT, ERRO BV
o MEDHEBICIS JITTHE R AT, BREIZ 3 HAHIKS LIz o1,

COEEBITISNT, b BNTHEERIZ TN TERICEL 55 X 3, 0.1% v CaCly MK OBEE
PRI TENENHEREOAE (NaCl) 2 L DA THEU SN,

& 7

HS5ZEDER : 77 2 LOBRBARREKDOE I ZHEKICOVTHIEL, FEOTNEREIRTHOLD
Utz. 3 A29AOBETIZEEPOBIEAMEN XL, L3P0 5035, 0.0538L000.1 v CaCly
KT, SRR RS R R IR EIID A 51D BV ARERO ALK T IEF 2
LTARELIZ-12 3 OWEH L, RFRERA LI,

4 H 2 AOEETIE, BEXISTHERE 0.0136 L0801 Ev CaCly HEKIERAD & O &I3RZED 5 <
0.05% 1 CaCly M/KIEKHD b DIz E Bo UL CaCly FEKEHKAHD b DT~ TRIRKDED
DOVHL, ETAE B DPLVEAYA BN D, ALHKHATIRIBFNIEEAETERLIS

4B 8 HITIE, BT TCo0.1 v CaCly HKHD b D33 - & 39 ¢, WEDS CHUTOE, I I
0.01 £33 1 780.05 Ev CaCly ¥EAZEKARD & DOIEE 25, ALHBKRTETNTIRUIS
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Table 3. Effect of calcium salt added to sea water on the growth of Conchocelis-filaments of

Porphyra tenera KJELLMAN

germinated on the microscopic slides.

"\ CaCly added to sea

. water (mol ) Control Calcium free
T —_— (Natural sea artificial sea | 0.01 M 0.05 M 0.1 M
Culture duration ™ @ ©
in days water) water
Almost all Almost all All germinated.| Almost all Almost all
spores spores swelled. germinated. germinated.
5 germinated. No Cells slightly | Slightly
- germination. thicker. thicker.
60~120 & 70~90 1 70~100 4 | 60~80 4
Several died. Almost all Cells slightly | Slightly Cells thicker.
or s da_ J broad. thicker.
spores died. Ramification Ramification
9 A few h b
erminated rather rather
9 . frequent. frequent.
130~ 150 # 130~ 150 « 105~135 ¢ 150 #
15 270 1 All died. 225 u 225 1 300 4

COWERPLH B E, 0.1 CaCly KB TIZHOTHLICHB L D HEF X X 5123 s b a s,
TN OER & LT KA EIN LTz CaCly 3R HRIRED MBIV L TH T h R XS H 124

BNEVAL D,

UL, RIREDIEDLTIICONWTIZRDFTH E 2 U d 5 UL, JBED DTN THADBHOAL,
S % L s DA OND, vy ARREUIATLHEKRTE, BFRITEAERESTIIIIDIC

TR HHEADBALND,

Table 4. The growth of the Conchocelis-filaments of Porphyra tenera KJELLMAN creeping on
or penetrating in the agar media which were prepared from different sea water described

in Table 3 and were filled with natural sea water over them (with artificial sea water only

in the case of Ca-free agar medium).

CaCly contained in
agar media (mol)

Control

Calcium-free

- - (Natural sea artificial sea 0.01 M 0.05 M 0.1M
Culture duration \
] water )| water
in days
Almost all Almost all Majority of A few A few
spores spores spores germinated germinated.
5 germinated floating. germinated.
No
germination.
Rarely ramifi- | No
cated germination.
9
120~165 # 150~225 1 135~150 # 75—~105
Almost All died. Almost Poor Poor
penetrated. penetrated. development. development.
15 Some creep
on the surface
of medium.
225~270/ 375~405 u 225~240 1 150~165 ¢
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BEXLOER - EREERE ETHRIFUICRRARIAE, ERmERIZ) d0 L, BRATZZDICEINLT S
BOENDHTIN, EHLH 35T ALTRFUITRISARRELAEL L5 SEEB2Z LY LIS

CDLHIRERPOFEERDHBESZ UL N TEEDO TN ERATERZE 4 LD LT,

3H29H, 4 A2HLN4 A8 AOBEERZEATHEDEDL ) Thbd,

BV BRRO NTHEK T L - 18R LT, BTFWOO T THRBE LN TERR LR CAHMY,
FEIEDH 5T,

EX1T3617 T 0.01 v CaCly MKERDIE DD E > & § X &, WiEis k0t 0.05 £v CaCly #g/KHEER
DIEHOBTIT DD X, 0.1 )V CaCly /KIERDIEH U E & 3D DB,

S EMEIT DN TE, H I A LOEEOIESVEBEIICISN TR EAEPD Y DEP -T2,

E 2 :

B A DSRHRIRED MBS 236 XITTIENR, MAOERTOEBOBH->TiE->5) L
W3, H I A E T2 0.1 )L CaCly ki TOoDEED L {, W chic oy, K F T2 0.01 £v CaCly
KR EDSIR L D 20 XOEA2 LT D, HAEETREDFRERLHIIAL L LW, Hiohvy
v A DRI L > THRERREDEGDTHICK E L, AL 20 L B2 EALBALND, —ftiTs
Wy M ETEBOMER ORI OIS RETH 5 & VDN T A5, COT LRI BT, 1
KRB AR 2 B ED RO H v v o & OFAEBRH UTSRIRADERICE QICHRBH D L5 1id s
RISV, UL Lav e o aREO N TR TIREB LZODPS, Fo7cd #v vy s 2ROCTIRERFTS
BN EEDHELNThD,

= & ,
1. #92LTRFUIRREOEER, 0.1 CaCly MABKHATIINR I D bIFpickd, &R
BrgEHE 1 TI 0.01 £V CaCly H/KIERDIE HUNCODMEDS L1

2. CaCly ¥/KERHP TIARREDEL DT IO AL, FlE L PPZVEANA LN,

3. Ay ARERO ATHEKAIS X NENVTD L o TZEREEEE E T, RIREIZEE LW,

4. BHLAREOEFECIZIH D TNED DIV ADRETH HD, TDERICIS IITTIHFHERAEH X

BT, U URRIFKICEEN B IE L D DEIEN S L, ’

B.E *k BB B 0O ¥ %

REB V2 AOKEFROG & D Th HRBOKER, vy 7 2OV EIFIFRRICUTERLIS
EERIF19564F 1| ~ 2 AT T I 512,

MEELUAE

H I 2 B THFRIELTZRREICHT 8% 5 57291, 0.01 %, 0.05%, 0.1 % DEZNEFITIEH X IHiT
NaHCO; % E#EKEIcmmLIz 8 02 BAE LI

EREDEERA 5753, HEEEP LRIV e T bDEHNERIUTHSD, TRDOLER
2 — 4% (NaHCO;3) 2 %33 (X 0.5%, pERY — % (NayCO3) 0.5%, HEft#mve v a (CaCly) 0.5%
DEGICFNFNL DATKBR 2 2L Y, TNENOEW T 2 %H/KEREERE? DL > THiERE @
BRICHERE LT,

B OWFKIETE D U3 FE %o pH {EIZ, 0.5% NayCO; DIFdHL 9.8 1 FRUicPANIIZITEE:
HWKD 8.2 LD EULIREAERID Izp-12hd,  HAMETSE 2% NaHCO; Tik 8.4 12, 0.5 %
NaHCO, Tk 8.3 1c: AU AL, hoBENTHOThIEGEONHY2AELTT,  0.5% Na,CO; oid
WIFBBETIIIDICHINR A U T, BRER Y — FIRINOIEKER P ORRERENS, RN 5 &dRo aE
HAKE DR AT L, TIEARORBE S UTENTH 5 E0bn T s COy, HCOS & $ H/KIEIK D
PHED S EET S LI D ETZOFERBALNI, UL 0.5 %REE Y — FDiIEdV, 2RBEIS L O
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HISRAEDEERE : | ASIBICEEL T3 A 2 HIcBRUIRERIE, REEROHD LT, BHENTHL

DT EBTETN-T20H3, 0.01%,
Z U CHEROTERRITIR ANNTE ST & Db b D37zud3,
INTTEDVCOFHBHPLDIENGA L, PpOBREOEDD 55TV SO EN o1,

b'\‘EﬁVC‘\&) e T:o

0.05%,

0.1% NaHCO; ¥/KEBHATIZ,

WIN AR L D AEF

NaHCO; Hf/KEER o ChE#E

EXLEOEER: 2 A2HITERELIZ 3 D% 3 H20HI10EEKIC W TZDEI ZHIEL, YU TEEDT
WERHLDTE, B5EDLITEDL, FARfIC4 A3 HIT S MEICOVTHE LI UIHER 2 TR U

Table 5. The growth of Conchocelis-filaments of Porphyra tenera KJELLMAN creeping on or
penetrating in the agar media which were prepared from sea water containing bicarbonate,

carbonate and calcium chloride.

Salts 8\?::;:‘ cea 2'% sodium 0.5 % sodium | 0.5 % sodium | 0.5 % calcium
bicarbonate bicarbonate carbonate chloride
water)
Culture 20 225 1 330 u 260 1 225 U1 225 ¢
duration
in days 34 350 u 525 /¢ 555 4 500 u# 405 ¢
Color of chromatophore | Rather faint. Deep. Rather deep. Rather faint. Rather faint.

Cell diameter

Rather slender.

Slightly broad.

Slightly braod.

Slender.

Slender.

D ABDE, HEXDLWIT 0.5% boHWE 2% NaHCO; % 4 L (i HUITEREN L L, DN T0.5%
NayCO3, 0.5 % CaCly, WBDIEEZ>TWN5,

HREDHBEDATIZL, TORIPEBRAOETNCONTS,

O AL TEDBEL, Mo b0 TED S TVEHAPA LTS,

3

&

© 1. NaHCO; 2 EAICHKATIE, SEBWVIEHV LD EERREOAEEDS LU,
2. TERERIE, RERE, poviv sEREZNFNESAITER FOBESRREOMERL, COEFBICEFT

C*D “3710

w

ThdHEEDONG,

«l

253 8

R NN

o A #

EErh CRREOEED LW RO—#IE, RBROEZELEZ LN,

NaHCO; % 5L 2R ED § DiiE»

ERBE 2 S BREHTIE, RREPRL D OZOEREOE DS LB LEHAY D5,

4. UhioT, RREOEAEDE 5B RBH0V e T AOMKERD 5 5, REIWHRRIEDERITHEL)

IR D H 28 S L ONE OOWERBEITONTIE, WEFE TR EA ST BT RON TR, T
MULSRREDS Bs S LU T B 10DIT, ZOEERERS S O RED S ORMEL B BIEIE T S50
CE, TEBACBTER LI UTERRETITTORE L TR LT NTH-T, 2Ok 2 EE

* NG ERBROWES X OSERBRIVEBEOREL, KEHEH - REERICSAPNUIL,
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DS TL A7z, HIEICHEEEEENE 3739 L EDITDHEEZILND, U UTZE ABEBZNITL
Td, B UTIHEAL LOHAIRDALNIUE, CACOWEICBEITIEZY I D EBAT, Z0XK
a2 35 Iz 517,

A. RRBICE B BKPOBEBRZEOEIL

FRRIKZ B U QO B IBKROIBFEREROEI 2, v A vy 95— ETHIELZOBE (02) R#EzL
5Tz, FEBRIZ19564E 5 ~ 6 HITis L5 575,

MEBXUFE

L BV ISRRIKIZIEREUKRBE DS O RA 2 S T DT, #EBEEYE LTS 75 7 Y ORREK
Thbo

HE 2RISR RSN O A9 o TN D 7 F B 2T LISV TN 2L, BEERE EBBED D
12 5 ABOBE, BIO0RE2OL Y, RREDVEALL T3 EBREOLITIT O 22 L 575
C O R BUE, WK% UICBEERERCUTICLTY, RREEOFET 5HE 2 Licie ) TEH
KB HTCH L HICUTERL, —EEEICHBLUIC, —EBRGRICBRBRROWEKE > 4 74 > THIC
EOIUTHEEL, IWEREERPHE LI, CORNONER & XIIERBONNS 77 ARERNTTTH
FUTz, JEOMREIX, JE» D OIEHED 3 O 5 ORI E OFEZ § B TIRL T,

A9 EBROIZUDITRMEZHE L ZTNTR 0 B0, FAICONITL ) ICRRE B#HT gL L
TWBDT, —EREFHRUTERIC) D9 EWTEE, UIch > THRMEH TR T 2 RRIFIZRED
WRFEUT, RIREOZEAUTERFORR 2ml Fi28 Xz 1ml 2HEHEE Uic, COfEE, K%
B UTCREEA~ BB 20N, SR INTIKEPD b LD, UL, COX ) IZEBORRDH % Hik
L UTHE, 2SREOEDPERICH L HORISNDT, ALNIKERP2—EDHAETHILT 5 12DI1T, ERMITS
Hriz2ml iU L ml O BBICERET 50 REP S, 207 v 07 4 vREET L EERERZ 20ml ©
i —ov e IR L, 420 me 1361 B HIR OB e XV U < O HEOICEETTHE
L, A5 log To/I OEZFEEC L CHEEREROE/NEZ S O, RRECBEORBE L LI,

C OEBITISNTIE 420 ma 12351) 5 log To/1=0.500 Z2F#E & LT,

FOX I UTANIHEEEREOEIHGITIZ 2 2O~ 7 972b b 420mu 38X 8 660 mi D3dh D
DZOWIEEIZBREDZN L D AXNDT, & {IT 420 mp T35ty 5 WIEE % BUEC § HUNTZDTh b,

BRBIUEBE

BREREEOBBNEL : BEToRHUE 500 lux OFEORETOIRHUEITINT, FHNETLRIRGE
OEEER IS L Ot % 28°C THBIMIGBTE L ITHRIZDED L 5 Th b, 838, LTICUDTERERIT
EEHKRCZUD P L EFELU TCONTIIRERZ I VBDWIETH 5,

a. BEEEAPICHBIIER: HRBHLUINEIVICALNIERZRRUIZ L OWE14- a TH b,
BB & A EBDIINDS, 20, 48 BRIRITIZNS D OIBERZEBOEIND A 6N D, CEd
X 0PI ETIT L B AT ORFERHOMINTE 5 EHONE, BETTAONITREREZE 4R DbITUD
Uite 1 BMBRICIIBHFREESHEINL, 20 b LI S U TIN5,

R T TRIERIT L 2BERN IS b EDT, ZUD» 5 BERENED LIRS 20iEd
ThoHID, CO—IFRINIHEKZRERDPD 9 DU THET 5 3 TOIWIZITESH» 5 EA LIRS
W) HDEREEE S DNDL, b LCOEPEVIIUEERII TR T—EDOERLET T BbNIcDdTL D
AT EBAOND, LIZH T, T 1IHEEOMRE2ELEL L, CoEPHEEINT, £
WREDRBIZTICS EDLENMNBRPHLDINDL D EEALND, HI4R b OFER% | R % ik
WU TEMES % & oml/ (1 #RE), 0.89ml/l (2##), —o.81ml/l (3#H), —1.39 ml/1 (20'1'%),
—1.62ml/l (48R LwdfEicisy, FIFEEC LTS LT L EEBA LN S,
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Fig. 14. Changes in dissolved oxygen during the cultivation of Conchocelis in sea water at
28°C. Based on a unit quantity of Conchocelis material in terms of extractable chlorophyll
equivalent to 0.5 of optical density at 420 mg. Natural sea water was employed. a :
illuminated (500 lux), b :in the dark.

Materials employed in the experiments of Fig.14—19 are Conchocelis of Porthyra
tenera KJELLMAN,

- a
2—-
N
A
E
-0
&
g b
T 27
E
2
2 1
0—
-1 2 3 0 48

Culture duraion (hrs.)

Fig. 15. Successive change of dissolved oxygen during the cultivation of Conchocelis in sea
water at 28°C. See Fig.14 for base quantity of Conchocelis material. a : illuminated
(500 lux), b :in the dark. Boiled sea water was employed.
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b, EBBKPICHTBRE  WKPICT TIRBFEL QN D H 22 TEHIZTBRET A12DIC, WEE
FBUI) ABBHASPICQONTHK UZ AR 3 DU, BEEAREOERZISC L o710, COBIETC X
> THIKFRICIETE S A BRFEIL 1/2~1/3 1T LTz,

TRF DI HUNIEISK a it U T & 51T, B adZdpi 62U, IBWERESHHAOREE & 3
IS AEERA LN D, BBETICIS AREERIZFEIENDbICALND X 51T, | BEBORENL, B
BB UIINVCEA U TN AZ UDT, COMBRFAIDONIIC EEBUBET, | BEE2EECL
TEHET S E, oml/l (1#R), —0.76 ml/1 (2K5RE), —1.11 ml/1 (3BERE), —1.71 ml/1 (48 K3RE)
EWVHFERITIE B, T30 L, DY ULIDWVCEAS T A EACE Y, IRIRIC L AIEERZEOBS 2 LD LT
WA BDEBEbND, '

BEOXE : BEOECL > TRREDP UDIBREORBROEINZ LS RET2DIC, 4BBEDC L35
THE T CER (25~28°C) ER%36C 720, 2 HRCAONIHEERZHE UTc, BES2EOMBICIs,
T, 7x b wVOHEHOAEZPATRERZIIPY, BAREBNDOEZ S > TZOHROREE Ui,

EEHEAKROIEHOIZEI6K alc LS X 91T 1000~2000 lux Th /s h OERERHED A DI H D5, 50~

-

N

-

E

=

(5]

&0

-
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(=]

;3 47 b
3
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> (= (=] (=)
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Light intensity (lux)
Fig. 16. Effect of light intensity on the change of dissolved oxygen during the 2 days culti-
vation of Conchocelis (room temp.). See Fig. 14 for base quantity of Conchocelis.

a :in natural sea water, b : in boiled sea water.

150 lux IR T d N TBREOBND ADH 5N D, CDT &5 50~150 lux DHF 3 I TIRIEERIZIS TS
ODNRNEHiITisd Db, UL, WHEEBEBUIHEKFOIEH W iZEIeRbicA 5N 5 L 51T, 1000~
2000 lux X hpA T 50~150 lux TEHZEOBEOHMERALND. b HAA0~5lux BLN0lux T
WEEER OMHNE A 6 TN 36 T leh T b,

CODEIT 2 ODOEBRTEDIALNIZOE, HEREKDZELN ) LY, TOMITL 5ERESENARLT
PITNIIDHEBALNDLD, WHORRPL DL E §RREIZ 5 lux PR TRBEREISTITAT, 50~
150 lux AT, MMOFHFDETISTIZ 5120 8DIEP o1z THEDEALLND,
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= &
1. %%wwﬁ%ﬁ%?ﬂd,ﬁm%wﬁﬁﬁiéﬁ%m¢éoCﬂ@%ﬁ%®%é&ﬂié@iﬁ&@
EREADND,
2. BETTE, WKhOBREBRERILIDVICHEOT 5, COBSERREOIFIIT X 2 BARRIRO K
BEHBLND,
3. HEEE 50~150 lux DIEHUITI RIRED BERHBH NG & X LHLNINE SWH B, 0~
5lux PR CIRBEDOWINIIS T B0 LIz > THfEAIZIZIZ 5 ~50 lux OHBEICH B EHL1L %,

B.% & &£ o # z £ #

F AICRRIKOIAR, IS & ORSIIT § &3 L EERBROZ R U S ~I100, U o SWITHRIRED
Ubd # 2T & b A TEDOWER, MBOTNER2HDIZDIC, T—VITV TR ) 2 b b
TEBR RIS I 510 CHOIN, LoXNTT ) A—2—iTdhbbidH ZEOELZ EHbOTHINTD
b, COC LR ERACEILL T 2 RRKOBRDERBEICT IO PICD TP TH 2PN ) L2 LD
L%, $REBREROE OIS SEET, COREHVBNANASHRER E KR EORIE
DT EDH Y, A SNITEERIIEE T U b IEH L I3WDDDTIN, UishisT, T T TALNIIHER
Wb, KERDINIZC END RO XTTTC LR THLLCLT S, RREDLDT H ARBEO TN E2HSL
C ol COBEOHIRDE 572 H5NENEIRTRBERC ETh D EBALN S,

FERZ 19564E11~12H1T38 T 72 512,

MRBRUHE

HIE OB R BIE & A LT, ZOEKEOMS R T S & 5 /5K & SOl Ic UREEOBGAHITHEK
3ml & & BTN TERRIST T 512, BBIRARICLTO0.2ml Thd, Zi5d HLTCERE {120T,
10ml =% —uTron7 A veiHl, £0 420 mu (360 HBEE % 0.3 wZEAHATEREL, RRE
BrE—r~vicUlz b D& UTHIRL TS

I B IR & 2 BEE O % » 513 dL, BIZIC0.5ml 010%%E s ) (KOH) R Z VLI & D
L VNIENEDE 2R NTHERIST IR 212, ’

EEREEIE 25°C 7213 30°C Th 5,

& 7

BETOBS : 2 0NTERENR LU ODEIZRTH b, HL OERRZISTE S>TIRIFREBRORIE 2
20, DI BEBIR LD Uiz, CNTHD EEZLORE—DHHICUTh, TOWNIZOBRSROBIDE & i
B OBIRIEGI E AT I, @ LT COy/0y 2559 5 & HIZRIFFOFED L HiT, 120720 0.5~
0.7 1278 %,

RBHOBES : BWEE I3 EEOW R ERKREAROKHE 0> 6 B U TERUIHRIZE BRI A L1
BESICERMIITE > TT EIHH, WINHBAERICE LD &aH6ND H A DRI A D 55,
CAUZ D BAABT LOBRTH-T, HWED iC Uiz A E—ERE O, BERTTOERRIC) D
LT 5950 5B LT UER S 50, COEBROTNETIE, TRAA ORI R, BESOBGRNLE
EREOIRIIESY THY, E1CCDX I BEREISCIEDIEP 21,

19594 RIE LT 36 T 18 - T EBROF R 2 19Kt L e,

CDE X DORRERIE TIE 2 —Eik— L TV, TEEFEOKE B b BEL 2R L, BEODS
BB COREDK 1,000 lux (2725 & 5 it Lizhs, RREZERAICH Y, FToRBRRORRERREAIC
S EMA ST RIEoTZ) UTRAICHZ I T B EVBTEREP 2T UizhioT, Un3WNicY -7k
131,000 lux ICGEL TP -TZEZALND,

B 25°C T 1SR C L 1cBE R WA UTEREICE270, MRERICALND LI, JDR
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Fig. 17. Manometric measurements of oxygen uptake by Conchocelis in the dark.
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20 =
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0 -
0

Time in hours

Sea water

3.0ml, shell volume 0.2ml in the vessel (solid circles) and 0.5ml of 10 % KOH placed
in the central well (open circles). a,b,c:30°C, d:25°C. See Fig. 14 for base quantity
of Conchocelis, but 0.3 at 420 mu. Culculated RQ are as follows, a :0.54, b :0.65,

c :0.74, d :0.44.
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20
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Fig. 18. Manometric measurements of O Fig. 19. Manometric measurements of gas ex-
output by Conchocelis when illuminated. change by Conchocelis under the alter-
Sea water 3.0ml, shell volume 0.2ml nation of light and dark (25°C). Sea
employed. a :30°C, b :25°C. water 3.0ml, shell volume 0.2ml em-
Quantity of Conchocelis as the case of ployed. Open circles : under lighting,
Fig. 17. closed circles : in the dark. Optical densi-

ty at 420 m/ in ethanol extracts of materi-
als are as follows, a : 0.450, b : 0.520,
c :0.700,d :0.570.

HTETE T ABRBHEML, BEFTTRROTEH, Z20MEI—ETIEL, ENEMBCLADOTHTHRELS
WEEZLNDLDTRAL PDFERZ O XTI I8 o Toh3, HATTTR S »ibit s,

= &
1. RBHTTIE, RREEEROFEREALND Oy ZHHT 2,
2. BETTIE, BWROEREEALND Oy ORINBEALILS,
3. RINEDFEIREIZ0.5~0.7 A BN D,

A R R K o & R

SRADERETH DR E Z ORI TIRRICC 235 C 8, TTIRELHSNS X HIT/E -1
EThD, ZOEBEKDIEAMIIL 3 DBROBEKREZD XOPICCEZ>IROBRAETH Y, L&
IR Z ORI > 5D EHEDITNE X b H D, COX I TRREOEREKFIT S, HRERICHERD
EANAROEEPSGEINTADL EFEINDD, RREDBFEEFOERPZ 0 BB LV ) FRSER
WS LT, BEOBELRL SO E H EEd 5 EE BONIiOT, CORITDVTHIS T2 19555
6~9 BICEBRRIST -1, THOLTH 790 VRREZIZUDEL, TOER, v/ ) OEERE
RREE I e onT, F 5 OEFR R Ut 23 L2 -1,

— 112 —



VR RAEOEEICHET 5K 467

MElbsLOEE

SLVTSRIREIRIEID S DL AU Th %o BWHRIZAFBICHEL TV A 7329 2 ) EREINZ O
BIOMKUED 7 4 74/ ) ERAEINICE ) )V Thd, 7or 7 VEARBICEHEL TN S DTH %,
TORRAEIREF LEONL D2 EEL » 3B TEBEURFEIL I TEELIZLDTH 5,

U LEOMBOERCONTULNE DO FEE LTI, 29, 204AKORNHERLLNT, 43
T B BREFOTOLHEE U, AEIT) 2SR L THM Y RA, DX ICEEBEOHER %A
BIZOIT, RIS, HREH o3 YR EOEETHH LT, Z0R000MHEEOBItHE? L5
NI BED S DICDNTIZ, BT D7 0% 77 7ETHIIRE XY, Zhbd A0 ELTA T
BSROWIEHRR 2 JidE Ui,

BT TN TN » 7 < DHBAHMEFIC L DAIE 26T 5 57205, BBHEISE S TW 2 HL 0
HETE, RIS THRO 213X C Uiz, T BIEBL (1953) 3 Porphyra umbilicalis OIEEDE
EHRMEHFICOWT, BEEEEROBER UL E XM b HEERAL L 5 BETH b, Tibb, 7
T IV VR GHENEETBOSEE v (lem f, BEI5em) O—FORANC vV OEEL DD
PRI TED DT, DX UbMB LS BNE IS TNAT A DN TONRII A, wIVICIINE
K% A2,

FBITEALL T 2 0 REDERDIE DT, SREDBBICELL TRBEL T2 HRo 5> b, EEE
DT A5 ATIED L BAVEREOEF (200~300£) 2% < 2L Y, FHE 2V OIEBBEL - 1XIT
BHIITT EFELBLN, STV2HD AT 4 FOHNIZIIZ X ir,

U2 2 VEROEDNTE, 2D ITVRAT A FODNITICERZ T X255 TT I,

BOGHIAIS 3 N TAMEES (400~800 mu) 145t BME (log I,/1) o5 & &1z,

BRELUEE
I. 7904/

a. EfLZOHEEZROR R

T ) HEEEROW RS X 0N ORI 5 T, 7oV 3 — VI O Wi % 5520
BlicU® LTz, HEZEAOBHR (A) BESETOLL OB »ELAILNTLNS X 51T, JMHEE»S
A 51% phycobilin OPEHR (B) &, =4/ — il b ANz oo T4 va, HoF %D
Bthis (C) DEMINIZE DTH B C EWDPD, FHERKITIST 3 DS © — 71338 12 B ERIE
RO EHIIET 2 E— 7 DT EAE—BT B, 7217420 mu FIBICISIT B ¥ — 7 03A L BTEHC L3
DD, BIFESAZER, %EILE» 5 OMHETH 5 L0 5 HEIOREDEIC S &S L @bns,
KR O U T dh# (B) i3, phycobilin @Yk Tdh > T, r-phycoerythrin (497.5, 540,
566 mu)49), r-phycocyanin (553, 615 mu)4®) OBHHEOERINIZ DLt bbb, COCLEi
ENENDBE I E~ 7 OB S BOMETX 5,

b. HREDOE ez

SRRV ZEALFEER LT 5 BB oM OB EHEII 21 AICH N5 & 5 ITEERO TG E ©— 2
OE, PEICISOTLDDIZIEN, BREFIETIEE~ 7 DB PR LB ->TWND ERWVA, GRE
WMTE L, BEEMTIRANEEROREHBE I EALAUEADZ2 LD L TWV5, T, RREXSRO
BESTHRE L ACHEETIEDDORERZLDTEDOTH S,

Udr USRIRIEDZEFL U Tuvsio B O B E OB 2 WIRIT & > CTHRIGE U i3 21 M Bic Lo Uiz
$90T, BAMALBEPIEY C LB -1 lER UdT, $5bH 400~700 my ORI TIRIZEALY BE—2
DE IMWPH G I,
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Fig. 20. Spectral absorption curves of Porphyra temera KJELLMAN. A : fresh intact
thallus, B and C :water and ethanol extracts from dried material, respectively. A

refers to right scale, B and C to left scale.

B FEEA (B X 200~300 my) OESEHERIZE21HCIcHbND X YT, BFEHICE L REFIT o
STHEELPIC T A TH b, HE2A MBI LY 3N ziifid 821K A o g 58821 K C O F O #35IS
G HENER NI DEBATE L, HMORREDH TR DL ) 2K HhE2 LT DL EbN s,
Fbb, HENC L 5 RIRNOBE DI RIREBEAROBIEIT L 2HINE, 7973 7 VIERDE DT
BT ERERITIST 560, EREMRITIT 2GS O HEENIsE o TnA EEALND,

c. HRRBOBE

KRB DEIEEEDS, BADIED WV EFRRO L 5 BERA LN TS, ¥~ 08K, MRS SThrbh9ia
NC i3, BEOBBICISNTIRIER S RREE D ODIINC L2 LD LTINS, 2N TEIKIEEER
C# % phycobilin Z2HH L TL 5Tz,
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Fig. 21. Spectral absorption curves of shell plates.
A : Conchocelis-inhabited shell versus sea water, B : inhabited shell versus non-inhabited -
shell, C : non-inhabited shell versus sea water.

Materials employed in following experiments (Fig. 21—24)are Conchocelis of Por;bhyra
tenera KJELLMAN.

HHIEHEED X 91T, FEKCOROE (CTTIRAE) 2L bAltdo, 1L 1/10 = VR~
CauiER b B, BBCBAHSMTEMUTIS T -7, M UICE 20 pHER, FIETK 6.8, £
LTI 5.4 ThoTohs, pHEDENHY X LfMEINIZ0T, COMIEK 20558 (3,000r. p.m.
547) UTEERE % D& T2 phycobilin PR % HI7E U C A TP BE2RAD L 5 Th 5,

C PG, RIRFD phycobilin b (KD phycobilin . EAREANTH DY EL, Y phyco-
erythrin & phycocyanin OESWI TH D T EWDP D, 1272540 mu 49 METICIST 5 C—713HEH b
X5 TIEL,

SRR = & 2 — U THIH U TR OGN 22 B 0 & 9 T, ol L EERDEHNER U L FEL
LTrmua7iv4a (432.5, 665mu -2 % 7 — VHRHI)49) & B HuFr (452, 482mu T 2 /7 —IViH]
1H)49) & b 2 B> Ld,
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Fig. 22. Spectral absorption curves of water extract (phycobilin) of Conchocelis (A),
ethanol extract of Conchocelis ( B ). A refer to right scale, B to left scale.

d.  HMRED phycobilin D5IEE

I E THEED phycobilin 1, 3 ©— 2% $-> r-phycoerythrin (497.5, 540, 566 mu )49 &2 ¥
— 7% &> r-phycocyanin (553, 615mu )49 &p5iE->TWN5 EWVWDILTWNS, T2& 72l Rhodymenia
pacifica @ r-phycoerythrin T 497, 537, Se4mu DY~ 219 PRESN TN %, FIZTF 74/ )
® r-phycoerythrin {ZOUTH 3 E— 27 % § DEVDNTI D, HAXO et al. (1955) &7 274/ )
@ r-phycoerythrin 132 ¥~ 2 %23 DIXI T2 HBADE — 7 2ROTVE EMEL T B, COTEE P
nereocystis 1ZOUVT d LEMNTUN S 18) ZHIZ T D2 RIRRICONTIZ U B 12D, KM 2 #
S LDy BT YT 7 THRIRE S SHEREL TATTIROBIE 2 WIE LIz, # 7 & & UTTIERY 12 mm,
B 20cm OFIABIT, TVIFESEBIVL T AR5 1 | OEAITRALIZS 05 2 b B,
FIrE Xie7ov: FRMBR ODTHEHRIE LIz,
S FFRRE R pH6.2 D1/10 TVEEE N o 2 oMK T U2 0 9 2 GB L T/ORIKE &1, EB
T EBICTIRE TS LB 70, WEBIZE2BNO L ) IRk EIGREBOEEP Y, PPT>THITVE
BEDOEIE VBN O, —B NCRAORODAVEN TS, B EERIZNL S hOEEE 71
0T AN EREAT D OOREEEBONEOTHRALT, HEEAEEREEE 2 ZNENIT200/10
VRS v = vIE (pH5.4) THEEEL, ZOBRRHE 2R LIz, REE» S A SN ISR 2 524X
UL Uiz, C OIS 5 € — 7 OAE (K495, 545, 565 mu) 1%, BEE (1955) PflE LTAIZ7 v
29 2 YEEFKD r-phycoerythrin @Y — 7 OAIE (496, 546, 560 my) & 1N TN—ET %, T72DB5,
B %D IMCC OFREEIE r-phycoerythrin OWEBTH %, LU COMBIE 2 DY~ 71Thic 535
MWHNZNTHY, & i B Tt “shoulder” X L TULpdLHONTNZNRE, EHLpiing s
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Fig. 23. Column chromatogram of phosphate buffer extract from Conchocelis. Mixture of five
parts of alumina and one part of tricalcium phosphate is employed for adsorbent.

a : light green tinted zone retaining chlorophyll and some debris,
b : purple tinted zone retaining phycocyanin, ¢ : pink tinted zone retaining phycoerythrin.

-200+

-100+

Optical density (log T./I)

0.000
40

Wave length (mpu)

Fig. 24. Spectral absorption curves of phycoerythrin separated by column chromatography from
the water extract of Conchocelis.
A : middle peak recognizable, B : middle peak obscure.

HAXO et al. ®2 Y~ 2 ® r-phycoerythrin variant THh 5 EEZL 5 DVBEY»H LIV,
FEmENLIE, REBECERYOEPBHELIICL, BBy 2 9RO pHE, BEREZNA

WAELIRTS, FEEINic phycocyanin OBEEE LD THHEEBA SNIEp o7, &b AR

thfid phycocyanin ME&AS, phycoerythrin (T4 6 NTHBMIENEZA LN S BT, BRI
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WZ &3 Z0FEAEEDNS, phycocyanin OFFFEIZEE 21, 22 KT8 5 615me DY — 7381 05H T &
FOFROBOFENLATIIUPTH B0, TOBEREE, T74bb P. perforata THEINIZ2E
— 2@ r-phycocyanin 19 & )7z UpH b L EN TR o1, AL L HAXO et al. (1955) 1Tk -
T P. perforata \TH & 57z allophycocyanin (650 mu) & L3 D3, DRIHIEST 5L EBTER
nolh3, it allophycocyanin P3FFEAEL TRV EWV I EIR TR/ L, HHEHROMEEZEALN, X
LICBEZ2ET 2,

I. 92457

U ) DEERS X 0V D OIKEHIR 72 6 RiT = & 7 — VIR D F N Fuc o TR GERRR 2
WEL, 2nb & vy 2 ) RREOBEHR & 2l Uiz, » oo 2 ) RREOIDEHEHE, 75 29/
VARREDIE DN ERBITUTA NI, BBICEALLT0D v v/ U RIREDEBBEI DIk o170
12T, E— I REDRPRRICH & bNtz, T d OREHEIZEBRIT LD IN TS,

-100

Optical density (log I./1)

-050

400 500 600 700 800
Wave length (mu)

Fig. 25. Spectral absorption curves of Bangia fusco-purpurea thalli (A), shell-boring
Conchocelis-phase of Bangia (B), water extract of Bangia thalli (C) and ethanol
extract of Bangia thalli (D). A, B, C refer to right scale, D to left scale.

ALY v 2 Y EROWRHIRE TH > T, HF20MADT ¥ 75 7 ) EEROMBICHYS L, & O
BEBEAERAUTHS, vy VRRECEDEHEE (B) & LD L 5 IWEBBEDL ) Th-727129D1T,
R OFBRDIPUNFUNVIT S DITIE - TIHS, £DE— 7 OMEIZ, EERDIEH DY~ VDB EITEAE D
DHTERL, LIIBoTT7H 29 7 VRREDEDNE 3B U B LWNZERSN, HF25MCis L i DId#
NEN KT OB Eiigc L ofx & v — VIR OBGHER Th 5 o

3 &
Lo 7y ) RREPEILL TV 2 BBOWEES, 79 2 ) BEEOEIHEE 213 2 A b
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CRALRN

2. T ) RREDPEILL T b BEERE OB, ERERTE L, BEES TEN
EFZLDT, coTEPD 7Y 79 ) RREOBHREER, FAERL H DOENEBHINGHEIRE L T
WAL ThHbH,

3. M INIIT oy ) RREOKE BT, MEEERORIES, BEEOLDEBLAEPDL
R

4. THIY I VRIREOKBEERER, #FLrn2 T T A THRESE, ATIIOWBEELTAS
Nz OIF 2 ¥©— 7 %49 5 rphycosrythrin variant & U,

5. vy s VIEROBEEEL, FoKEEGR, WEEEEP LD TEBEOGR INIZE OTh
bo B2 ORRAOBRFHEIIEARDZN LB U TH D,
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H3FE ) ARREOLER EEFEER L DR

T o2 ) I EORREDBROIERICISNTEBT L TN 2EH N TS, ALMCEEIN TV SED
WT3, TOEEDPEZLOBBERICHEIN TN D C LRV T TR, LI - T, RREOERIC
PBIETRBEEROHBER L 5L i3, RREOEBLMOHERE 2L 512D SHDDTRERT ETH
%o

COLHBEEPD, WEETIKY 7Y 74 2 ) I8 EORREDAESE & BIEER & OBIfRE U b ~<IZHF
DI D ISCIZHNT X7z, BA - LHF (1955b) &, H2ME, WK, REDSRREOET TS X35
FTOWT, AU BA - FH (1956b) 12, SRIRARDEE E/KRE DBRR ATV S, FICFHBE (1956b)
2, RREOEERRICIs JIZ TS, IRTEORE Y, VM (1956) 1&RREOEFERAITONT,
il (1957) 1%, RREOLEE X OB TFERRK, BHCEs 2 BREBAOBECOVTENTN DL
BRI T8> TN D, BROBIFE TR, HH (1959) WRREDERICKS X133 BRERMA & HERD
PHEZLIZ DN TR Y L DULBIEL T D, TN D OFMIEORRD & RIREDEEFHITONTS
DT EWD ELWITIZ-IZN, RRBEERE U THRHEINI s30T, Z0lan T EEbh
bo ToEAE, EEWEOEE, RBEOMBELESRULANZTNIELZNEDTHA I,

CCTIRTOL ) BREER 2 AL DHT2H L OFERD, BUCKRIRED BRANCIST 2 KO EED A
259, MEHHOERIC I BIIITHERZLLNT, {bULABHEH RIS,

COBEICIBOTIE, RREDHEDOTNER S > TZDEED TN ERZH DT EITL, TRPIEAI
DN TIEHOIE DDA ERT D EIT U,

BT R M KIRE - OLRR - IR DR

KO IEDEE, JEORES L OVKERE EDEERORREDERBICED L ) T EZH T2 D b D,

ZDKY, EEEHHEOEEZHRICLTU LN,
MBIV HE

SRS, TEMHERMAETHBEIN TN 73 29 2 1 2BEICUT, 72 v EBRONmEICEREL TA
LNIZBDTH b, UTLOEDEEICIS 2 HERRIKIE, T XTEED S 0 EFEHMHS HES AT
AbNIZEDTH b,

BT ERS X ORI RTHIROT Y, T C TR R OV TRER T %,

FPREETRHBUICEBRZ O EETHNT XIIAEE SV IHEO TV /8T — R 2fEd, DEITING
DTV RT — MO, G N TRREOEETEOROESZI 7 v — 4 —TEHIT 5, 32bb,
BTL NG — MCOWTEBEORERZADL (N, CORTEERICEMGEL P22 BVEOEI 20
bo COLIIZFHZR—TL /8T — MTOWTIO0EIS B> TATHEZ LU THIEME E Uz, EXWT
1372 B FIFEDNIZ LY 2 38 TodiT, 10EF D02 A2 A T3EBTL/IZ-> T b, UL,
EDEBRITINTH NS 3 DONFBEDHNIZITK EZZERZALNT, FENMOHEAE -7 bbb
WIZPoTzD T, EEZHBTHU TR & UT,

FIEAFEBTOWT, RREOKETEAOEENBETE LTV T — F2IEY, ZHNIDNTHHIES
WLIZ>To COREDOREFZHLE UTTRREDOERITH T 5 FRHOE I %30 (b H00320) iz
WTRP->THE LT, TOX ) K EEER G HOAERICET 251 L, &I EbbRnmE D,
UTINTHEETD 5,
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& 7 _
SROIEEHPEOBR  FEROBERHDL T AL, 52 CBENEE (19584F12H 6 H,[A18H &ERE)
UiV DERBITONTU LTz, T d O (BREDE FiR, BEEKFR) TALNIZTL R —
MTOWT, ZOEE[AOERER FEOFETHE L. (826 a),
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400 400} b
— ) o
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]
e ] = 7
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¥
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4 11 2024 31 50 60 4 12 2024 3

Culture duration (days )

Fig. 26. Relation between the growth in Conchocelis-filaments and culture duration (room
temp. ). Growth is expressed by the length of Ffilaments elongated for vertical (a) or
horizontal ( b ) direction. Open circles : from Dec. 6, /58, solid circles : from Dec.

18, /58.
All materials employed in following experiments (Fig. 26—39) are Conchocelis of
Porphyra tenera KJELLMAN.

INTH B E, BEFHAOEERZ IO 2 DOBEERICTISNT, 60HM TIRIZIFERHNEVAL I
COR LIREI, FEE OB EFROMNE (FH) KLU0 TENL LIBRES Txixz o175,

CORERIP S AT, KE—EEET S RREOEE T AIOARIBER E AT I,

CDEBITONT, RECAKEGROAREZ30/ERE LIz (826 b),

COEdN, KETTENCHE U T2 ERIZ € OFRES BAEICOLDEA» H b, £1230ANERELIZ
DT, ZREEOERD S L2 9T 2D TKESAMOMEBRECIZ o1z, LichoThE WMENIZC &
IFNAIZODY, DU TKEFAOAERIRZ OISV TIERHENZEA 2 LD LT D L I ITHA Do

HKBEORE : 505 DIEKEE2 1 EUT, 120720 2, 1, 1/2, 1/8 EOEE TS X OFBRU
WK TRRAEZEEL, WEOBENERICGS LI THERAI, MNECHEIRE, BEELOBE2E6
FEICUHT, BERIZRE 20°C, BRGEEET (BEVEZEROAT/N Sy FOAMIIT 500 lux 12785 &
T, FIORZEBEICEBICHICS LI WCEIALT) Tistiabivic,
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Table 6. Chlorosity (g/l, 20°C) and osmotic pressure (atm. 20°C) of different concentrations of

sea ‘water employed.

Concentration 2.0 1.0 0.5 0.125
Chlorosity 39.9 21.9 11.6 2.8
Osmotic pressure 52.1 31.0 13.3 3.9

FERRIZ19594E 2 H19H Th 2 D BEEEOEDIEEOBE 2 X 13T, BHICE> TP LR UD TERED
HKIZI DU TEBRRIZUDIZ, 7Y w73 EEUTHH15EH, 30HED2EITH %,

PRI © & 72 BREKAR T ORREDEER A AOMEL, MR OEDVDE »& b L4, 12k
THEDISD, 24%, UsETIRETDS L E-TW5a (FE27K a), EHES MBS, MEED DS

] b

600 600

400 400 -
=
5
&)

200 - 200 -

0 T T T T 0
T T T
4 13 31 52 4 13 31 ?2
Osmotic pressure of sea water (atm.)

Fig. 27. Effect of sea water concentration on the growth of filaments (20°C. 500 lux). a :
growth for vertical direction, b : for horizontal direction. Open circles : 15 days, solid
circles : 30 days.

DTHHTHOL DU

15H B OFEEITIONT 2, /8 TOPRMENAH LN TN DD, FEEIC) DTEAOMENHLDNT
NBHEDEHRLIND, I5HLME0H T TORMICIE, Cok ) SliisEREl L EBE T, MR-
T BWIALN T D,

K EOAES B UEEPA 5N S (827K b).

FARDEE  KE TORENSENFN 5, 50, 500, 2,000 lux 12725 X 91T, 40W HRBEBELED
TFIRENFN S 1 h RN TEERBEPRML, HE (SR, BEEKh) Ui, 22 H2AC6CE
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WV, ST HEBLUT26H» 5 ERITY DL, £ 615HE, S0HED 2EY> 7Y v U THERILTZ,

Z DFER R 28N L 2RI U LTz, TMEHHDERICONTHS & 5lux BHOISARDRERT
BOTWIZEREDA EDENDBD, LIE0H BT 5% TOMITIZEEN A LNV, COERISEBER
LABBLIZE XD D THY, UBOEEFEINIZEREOREEALND, LI > T slux TIH/ER
TEBNEVAE LY, 5lux M FTREERETICONTEHEELBEINGD, BELAEE - OBKRIZE
BT L, Coffih 5 AT 2,000 lux HAVECNE Y DPOENHE TERDEAVRBICET 25D
EEbNBD, COEMIZISAHR $30HE 3 »b b,

15 A D KE S FIDEE % 20T OV THIE U IR (28K b) 13, PRY BENERDOEDL B
IS TIE D D 37800, 30HEEEL 72 3 O TIREIEVRETH 12,

BEORE iR, 20°C, 25°C OREICOVTERUIZ, FRIZIEFOPHERTH b ORETKRNAE 14
~15°CRIBETdH 712,

ISIHER Y R RIRE BB R TH I A TR - 12120 DiEd\ N &, £ 270 ORI TIsis - T
BEZELUINEDO EITONWTER LI,

BHIDEH %, 19594128 10 ICBREL T & DIt T, 12A»5BAL, 1088, 208D 2@ > 7Y

4 b
600 600 -
400 - 400
=
z 200 1 200
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Fig. 28. Effect of light intensity on the growth of filaments at room temp. a : growth for
vertical direction, b : for horizontal direction. Open cirlces : cultured for 15 days, solid

circles : 30 days.

v 7 UTCGRIREOEER AR 2 JIE UTCB RO BE K &b o 1212 /KSE O ERZJIES 5 T &3
TEIEP-oIZ, 7238, CDE xDOERIFFEHI5°CTh -7

Z HNIEER P EIRNT U DT, 15°C & 920°C THEEBHY IS, 25°CTid20°C L hbghic s
PHBVKITEAE LD LISV, COBEAEZ, 10HBEORE (380K a) TH20HMRZE (8B0b) TH
WO Y DIZNDS, BN IEHI T2 B E25° CTIREEPNL KADL B LA L HIChHoND, RESRMFEE
U THROHE 2H % &, 1,000 lux BEOIFHD (30K B), 500 lux BEHEOIEHL (H30KA) L
20° CICIWVTAEDDDEEIND LS tisdbnbd’, 4L LT, 1,000 lux & 500lux & TRAEED
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Fig. 29. Vertical growth of Conchocelis under the illumination of different intensities. Cultured
for 15 days (room temp.). x100. a :5 lux, b :50lux, ¢ :500Ilux, d :2,000 lux.

TNEWCKRENIZNEVA L o
DX, E2REOESR P I2H2HICEREL T2BH» 50T, COEBRTIE, HORE %1,000, 500,
100 lux D 3 BYEIT U Too BEIETEHE 14°CTh o120 COEPVIKFESAOERER 5 A% E 10BIT,

BEEEZIOHBITHE LI, #ERPEIIMICUDT,
Fbb, BEAEE (EE3NC) RIZUDOER L IZIZABOBEMZ LD LTS, KEMEER S FEE
AR L RBEOBEEATH > T, 20°CTIR14°C LD X<, 25°CTI20°CEIFLEAEPDL IV PD DI

WA -T20°C L HDHBU,
UL, X335 T 100lux LI BBETH D &, BEOHEBIZILEAL DL DI,

F 2L DR R 2 DR 2 AT U TR T 5 L 832”0 & 3 itis 5,
TS OEREMNS 75 79 2 V) RIRAOEB BEIEIZ 20°C ETH Y, TR REOAEICSIIFTHO

FFRITHER E 3L DD 20°C ITISNTHLDOND T EBDP5,

Z ®
HRIRFHEE D1 L DTN 503 C D FEBRITISUT BRER T, 1/ 265 BB DMK O AERIZ NI <
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Fig. 30. Effect of temperature on the growth of Conchocelis-filaments for vertical direction.
A 500 lux, B : 1000 lux. a : 10 days, b : 20 days.
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Fig. 31. Effect of temperature on the growth of filaments for both horizontal (A+B) and

vertical (C) directions under different intensities of illumination.

lux, ¢ :100 lux.
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Fig. 32. Combined effect of temperature and light intensity on the growth for both horizontal
(A) and vertical (B ) directions. a(14°C), b(20°C), < (25°C) : 10 days, d (14°C),
e (20°C), f£(25°C):20 days, 9(14°C), h(20°C), i(25°C) : 10 days cultured.

BATIRYELZHCLTEHBNTIZZNEL S Thd, bHAA, 2L /8GN L5 ISEEDTIS
S IS TIRAEBRIZ EAEEIET 5, B UL 2EBEE0KhOEER, AEHHOE L & EETTHEO
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LTI ERRALEES086) 47)63) &3 L A E DD DAL,

ERITE AETE, RREOEEFAOER S K HTAOEES & 121313 2,000 lux & W F<ivd
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W) BHHE, RREKIZ T 5RTHEYIEVERTRSTC E 83D b, CoffRE, KR
EDTES FERICIRNE WV I FERZ ) 535 LT 5, HH (1959) @O EICBL T b UL HRE 2T
B0, KEDS15°C & & 4,000 lux T, 20°CDE X 2,000 lux THEEBINEDNTND, L% L
DIERELLNRTHDE, ASNTIIHFEE EEICNTODENRL LN, UL T OERIRENS L DT
24, YO, EYMTHLEBOELENFERL TS D EFDN D,

HEEOEEIE, HOBECHPDLT 20°CHIETH S EBALNLD, HEHHOEKDIS (100 lux)
LR EALREOHRELID L DS,

= f&

1. &EPIEE—EL6E, RREOEEMNERIIEEBFICIONIZOEEI U TERN TS %,

2. WMENAER, BESIS I CEESNTNOESNIBIALNDG, TEbL, 1/ 2(5REDHKHAT
BEEDPIEDISIALIN, 244 USHEETIXIEAEAERLUI W, HKEHHEDAERETHIZIZHE UM
[l % A Do

3. EEMHEER, BEEZEOIEHL 2,000 lux 8L NZN L D POEWEE TREIGET 5 0L Eb
., 5lux UFTIAEELZV. COBEARAKETEDIEDU S 2 D DI,

4. HEEICHU TIFESEEEEIZ 20°C WiETH b, 25°CTIHBEIC L o TIFEENI PP 20°C LY
DB BEDND D,
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BRI VOPBNE CAHITVERL, Bl EOEWITEILT S &0 ) BRSER2 LD RREITH LT,
BB ZDERICED & ) s8R0 LTS3 OPERFNTL S HBEVRH D EEDNL, RREDE
FRICDONTIE, T TIRE2ETONZE Y, ERE DS B R 3 D25, ZOBREREERZDPDOC L2
STNDLERDNIL, COXIBTCELEELT, RREDERITBIIZTTEROEEZFERL T2,

MRBIOHE

FaAvEEREME U7 7 0 VRIRKICHERBO 7 4 v & — TR LI RZIBE L, 20°C THEHEL
2o 203V BRECEAICE 5 & 9 CBHE s,

T4 E—EUTIE, WAWAREBERIS%ETF L TEPLIZEDER, #IARTHITLE—ITR->T
LOBPUTIZE D% BNV, § bWIIERBRBI P ZOIEHBARIETD LS Th b,

F 7 b= 4fxu— (390, 430mu), =) 2w (515mu), 7=Y > b v F (550mu), ¥ F7
venNAF Ly b (590mu), AFve Y~ (640mu), 2FL e Tov— (670 mu),

COBEREAIE, 240 OREBRICOWTOHENEZTTERMUIZ S O Th b, F I RRHCEEE R
2 H EDEBRICUD LT, CORDPLOMND LI, &7 4 v Z — L > TERINTIEI»PE5TU B
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0
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Fig. 33. Spectral transmission curves of some dye solutions employed for color filters. V :

Gentian violet, B : Methylene blue, G : Methyl green, Y : Naphthol yellow, E : Ery-
throsin, R : Aniline red.

H—ICENE DT L, »RYDBEOHEDOHZ AL AT, LITHRET 4 vE — T ABENIID S
BE» D BRIFEDOGHR 2 &TERT 5,

UIzhioTLNDE D7 g v & —% 3 HINTIEH VTS B—ERRDOFLE L 1337203, KEROBEE % 9
WD) T EBTEL I, )

BT 42 —DHBERZENENC EZ>TNDLIDT, 7 4 v i —%BRUICERDBE»—FICT %
TeIC A B OMREDS 300 lux 12755 X 9 ICEP SO X £ D 2R LTz, Z2UT7 4 v & —USNDEHST
7 BHG T3 » THOEDS AL I L 5 it Uiz,
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Fig. 34. Effect of the filtrated light by color filters on the growth of Conchocelis at 20°C.
The intensities of Ffiltrated light on the surface of Conchocelis-inhabited shells are all
adjusted to 300lux. A :10 days, B :20 days cultured. Solid bars : vertical growth,
open bars : horizontal growth. Dyes employed for filters are as the case of Fig. 33.
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(=V 28vy) PRERESNIIEINCE & 3TN TNWD, ThRbL—RICEOREOIEL D d RESR
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FYODEISTND,

E =

FHED & & ATONT L 91T, COEBRICS HBLSNIZT 4 v 2 —TiR, JAH DI EVHED BN
2 BT Lo XUNC CICA BNITFERITIZE T 40V & —IC L BERBITO TSN D § ZWH L1575,
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REJEHRE TICIB) 2AERBBODITPICE X > TN 5,
2. LT &, TH Y VRRELS phycobilin I3 X DEFERFL TV AIIWIC, FHEJETH IRED
THEDZOPDOLIBNHARZ LI DT E2ERL TN D,
3. UItioT, 79274 VRREZBEOHRTIEBCIUOPABZNEDEZBAL LN D,

H3H OKFEA X CREORE

T ) RREDERBITE LT, KD pH EOBENALNLRLIEEDTNEDI DR, Tk
2L A0 PHER 2 A T2 /KAE TR 235 C Iz o7, HiZKod pH{HIZ NaOH sk 8 HCl T
LT3, 7ov ) JioFHEIE 1272 o UL, pPHO.5 P ETRICICHITHE R U TS,

70, BESAONZ TV VEOELLITHEBLIZL DY, BUBEMEL T &, BR2ULTH pHIE
WREEIL TS &0 pHEIGEST L EHEA»A LN, LI ->T, /KO pHEZEROFEHICIST BHEE,
BHOMETHEDL, HE7FUD LI ’

Table 7. Initial and final pH values of sea water employed for cultivation. Initial pH values are
previously adjusted with HCl or NaOH.

Initial pH Final pH
5.6 7.4
6.3 7.7
8.2 8.2
9.2 8.6

10.6 8.6

B3 1,000 lux YRS L 20°C T8 TN, 10 BHROEEFEOEER L OKESAOEE % H
ELUIT
1959412 H26 HITHERE L C12H28 HICEER 2 BEIA LT,
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(]
wod /’_\r\‘
ol //———G\C\.
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Growth (u)
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0 T T T
5 6 7 8

pH value

[

Fig. 35. Influence of pH values on the growth for vertical (a ) and horizontal (b ) directions
during the 10 days cultivation at 20°C under the illumination of 1,000 lux.
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M, FNHRUIZE DT -1,

L (1959) 13, SREOKEHEOEEICHT 5 pHIEORER, BH pHERHEL TERUIH
%apHSQ;pr7ﬁTE§ﬁi<,pH9uhTE§ﬁm%§ﬂéca%ATméw%,%%ﬁm;b
FRi iRy pPHIEDE U Tte UAEED W &V ) i, 7tLpBd ) Th b,

= b
1. IREIE, 13U e HCL g77i3 NaOH T pH 5.6~10.6 1CHH SN 72 #/KA T3 & A ETRIERIC
HEL, pHIEIC & 288 % 5 137200035, LW T AETRERIEK L b AvEiciz £ TR I NIRRT HOR
BIFsHEERPUDTLITH D,

B4 £ B W H O BB

BRIV BEE SV E VEOERICONTIE, $TICHA SNV EOMENd Y, N5 i
WOHEEBIH U THRDS 5 C L3I ALN TN EIHEETH b, ChTHUTTESREEY, & TR
IS A oV E CROMERICOVTIE, WEETOECADE DHEESRRPA LN TN,

LU BRI T BRI OV TIE, BAI (1949) B2y £/ )V OERICHI H~T nd —F ¥
OB ANT, KT « T4 (1958) i3, 7H 74/ Vidd s o~ ) v OBRICOVTHEL, VI
LV E VEDT 2 VEOEBITHREY S D LV IFEREHEL TN D,

Ui L7shi b BT 5 4oL & VEOM BRI DD T OISR IS L, 12 ORRIC 2N TE-» &
b &L b NI BEITN T 5 TUVEWD,

Ty s ) RIREICOVTIE, E10RVE CEOEBEL S NS TSN DT, COPFETIEBA ~
F—VEEEE (TAA) Fo~L ) USRREDERICIS JIZTTRERZ L LN,

MHRBRUAE

N2 2T L ABEOME% b BT, 19594 2 B22HICBREL T 2 A28A 05 K21 UYis,

IAA 1310, 1, 0.1, 0.01 mg/l, ¥ ~Vv Y > 1, 0.1, 0.01, 0.001 mg/l OFRWEICIZH L ) ICEenZTh
EEEKIC L DA, 20 OMKARTRIRARERL, 15SHE%EBHEICY v 7Y v 7 RIS CIRVBIE LI,

NS HKDOUDT pHIEE, $NTHE (BEHEK) LR EAELPDIBRP TS

BEFIRE1320° C, MEHEX 500lux Th -7,

HIE IR KT FAOEEDIE DD S L % 5 O HERETH 70T, TNTEENSAOEEDS
COWTE 1 Hi & ABROBIETIS LI -7,

& 2
IAA OB 5AMOREERTIIIEAEHED LN (H36eKA—a) 3, 3BEKTIE, 1mg/l
OEEDIZHVITOPERRER R0 A LS (BE36A—Db).
Uipl, BEICHEEREICHEND 20 E 5 L OERPOEIET 5 C EIZ TR,
LY OBE, 15HBEOREREE (BB —a) T), 33HMOEERMR (BE6XB—b) TH
F o1 A ED LN,
12170 XL Y 20 1, 0.1mg/l FKERA TR SN b O, EfiD bW TAHISRIRESEO B, il
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400 -1
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200~ =

0 1 I I I | i I 1
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Fig. 36. Influence of growth substances added to sea water on the vertical growth of filaments
at 20°C under the illumination of 500lux. A :1AA, B : gibberellin. a : 15 days,
b : 33 days.
Db DL Y ENEADA LN,
TAA DEHWVNE, HWHI Y 3 —CEBBHEIBEAV DD LI Thb,

£ Es
7=/ VEOERCISN T, FBROL I ICZDERIC TAA BIFo NV ) V3R PLUDTEVIH
E120 3 HHH, RREITHU TS E VRPN EVAL Y, I~ Lv Y vidd HEE TIIRINE
OEREL T HEHADH LN DO THEDINTIZA D POBEZ RRFCHTZA D T EETZUPTH b,

C:3 &
1. 73797 VRREOEENERBITHLUT, TAA IS XVv ) UZ, BEAERER DA,
2. vRVY VI, HBETEZORRECERZBLTA2HAPD 5,

58 % OE IR M o B OB

SRIRERDS, BEARERU CERFERS L OZOMOMBIEBRICI VAR 2B >TERT AL, PID
RERIRDS € DERITK EWERZ o Q5 T L3N T TH IR, :

F70, T OMORERE PRIRE § UIRARREDET RITBETHA ) EBA LN D,

DX S IR 7 v 2 U RREDAEEITIS LT THEE, T UTZ0RENEREZWRITL
TU BT,
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MR RTAE

BRI EIREE Y — 4 (NaHCOy ), EiREe» ) (KHCO;), # 14k — # — (NaH,PO, - 2H,0),
e — 4 (NaNOy), #/h7 v & (NH,CL), 36k 08R%E (NHy),CO) TH b, TibOEE 2B
VEKITHAIR LT 3 BB OBEE D d 020K b, BHEKE Uiz, T8hLERBIFICOV T, 0.1, 0.0,
0.001 %, MBIV TIE, F41E10.1, 0.01, 0.001 €V Thd, L5 AREEOHEKBERNE LD
pH fEiZ, MEL 7 o= 7HOE M2 DFL &, BEEKD pH 8.2 13 EAEPD YR -T,
U — 2012 HL Mg 107 e v—pH 5.0, 102 ®,v—pH 6.0, 103E.v—pH 7.0Th b, HEWL7
£ HLZ10-t =v—pH 7.4, 10-2€,v—pH 7.8, 103 )v—pH 8.2TH -7,

WEDOHETZA ED LI,

LU=} %

BEREYE : KHCO; 1t oW T, 19594E 2 B21 FNTIERE L, 23HIT500 lux, 20°C TREEZBIRL T, 15
H# & 33 Bz, NaHCO; 1o Tid, 2 A24FICBEL 72 4 DICOWVWTER, 500 lux T26H 25 152
U, 150 E30HBITHIE LT,

KHCO; i, 15A%OFER (E7MA—a) 24 TH, BHEOHRE GEZKA—b) 24 TH, RRE

800+ A =
’/./\b

600 -

Growth (#)

200+ -

i I__l i L e

T
0 0 1w w00 10 10 10
Concentration (%)
Fig. 37. Effect of bicarbonates added to sea water on the vertical growth of filaments under
the illumination of 500 lux.
A : potassium bicarbonate, B : sodium bicarbonate. A :20°C, B : room temp.
a : 15 days, b :33 days, a’ : 15 days, b/ : 30 days.

OEFEMERITI & A EHE 2 X
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NaHCO3 1TV THRAUC ENA D (HE37B—a’, b)),

TCICRIRDS S B D%, EH 5 OB T BEEDED T, FIEUTSRIRED 505 I B EAT 5
LOUAMT, BEHLZDNEDOWEL A 5N, ZNEHH T 2 BITERUIEHU & R SO CTHH
UICE AR THLLETHD, COLITHHBUTTRREKE, 206 B 2> THEEHERTRICEREL
TN, 37305, BERBEFSOE, RREZEBCEML TOTE e 3 T 2 RENSN L 5 7S
BRZ2LDT,

fhDiEEE - 195943 B 9 B#ERE, 13H 5 500 lux, Z5iE CEEZEAL, 10A%%, 2007%%, 30H#, 40
HgD 4 AEBEHEEOHIE (20EAEFE) 2isCinoTfE (BeE) T, YoiIdVERREDLZD

Table 8. Vertical growth (#) of Conchocelis affected by some nutritive salts added to sea water
(500 lux, room temp. ). O indicates the death and no growth of germlings.

Culture duration
10 20 30 40
(days)
\\\\Ec’ment{:;‘l’; 10t 1072 1073 | 107! 102 10-% | 1071 102 107% | 107! 1072 1073
Salts o T~
NaNO, 154 173 196 | 314 374 283 | 484 508 488 | 718 799 699
(NHj5 ), CO 162 159 177 | 244 365 277 | 442 514 477 | 685 705 743
NH, Cl 0 0 139 0 0 335 0 0 442 0 0 5%
NaHyPO, « 2H, O 0 0 165 0 0 282 0 0 493 0 0 618
Control 132 414 513 743

POL NP UATED >l % A 72, DTT 102500 NaNO; TR IWVERDOIEH VDA LND
W, EREECESE U TSN TNETH D,

NaH, PO, « 2 HyO 23178 NH,Cl OIFHUWZEENEN EHETHIEL TUELY, 108 EVORETS
EEPD B,

19594F12 8 FICHEME, 10AM 0 BEZBIAL, 4 HA, 8 HE, 11 HEIR/KENAEZHIE (10EAEEE)
UTofEsR (B893), 1073 €0 NaNO; THEED L WENIE, TBEAEEDIEHWV EI1F EA SHIITIL

Table 9. Horizontal growth (%) of Conchocelis affected by some nutritive salts added to sea
water (500 lux, room temp.). O indicates the death and no growth of germlings.

Culture duration .
4 8 11
(days)
wn 101" 102 103 | 107! 10-® 1073 | 10-! 1072 1073
(mol)
Salts —
NaNO; 75 125 . 126 267 281 429 438 484 508
(NHj5 ), CO 34 83 124 0 243 243 0 445 497
NH, Cl 0 0 133 o 0 305 o 69 451
NaH, PO, « 2H, O 0 67 85 0 165 211 0 253 314
Control 162 348 478
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TDYBIE,

TUEREECL > TRREODBOREEL 5T, & AILii s ORI 2EEL T 25T
B HbNIEp o, 1277 NaNOs B—HICRRIEDEZ XL $505, GEROEMRPEMBICE > TIdRE
WHbEDLIEDND,

z 2=

FARITHEE BON A RBBIEE UT, ERBIEZEKCSDATE, & ATRREOERZRET S X
I AL NIEN, FIERBBELN S 124 S NIaTddu L, TEREAL T S FHERPEAL SV TEB %2
o THEETAHEASAADND, COCERERBIEVZ & BRFRCEILT 2 BEP N T & 2EKRL
TNB LD Thbe WITWAITEIT D L) T ERRREZ BB, DD L ThHD EHRIND,
3B r v o A Thoph, CNRERT S LY > TRBCRBBAONLPE, TOX 53R
FHID TRV EBDND, # 5 2 ETHRFUIEHRREKZ, BERBIEEDTZALND LERBINT
LR DT EEBERD D EEDNS,

WEKIT < DA B NI MDD, RREOEEICH L Thic A HHBIERICEY TIIMB Y — 213
I, BEEHZO»DOT, HIL7 v 2@ bV EERBIIFTT LI Thb, COLIBTLER
HH (1959) DSKEFADLEBITOWTATFER LD H 3700, HEEE L D2 VHERHITA D,

COX 5 ITHBEORIMC E »TE QTEEN X 25T L3005, RRADEEEZ Ol DRI
F 572 TN E IRV A I, EERIC e 072 b 0isd LT NaNOs (3 —Hic LA B L T Ed
o EA (19532) I3RIRADREEI SN T, KNO; 0.1¢g/l, NagHPO, 0.02¢g/l 2 hAIMKE L DL
T %, TSENG and CHANG (1955a) 13, 1 ¢ 9 Ev KNOy +0.1 3 Y €£v0> KHyPOy 2 ANTIHE
KRBT S BT B, D DOFIICIsT 5 & HEEOEE R, MERE T12I3I31073 =)oy, HHRIE Tix107
EVITHENS LT B0 5 C OEBRITISWNT § BV TRIKI0-3 2k, BRI L U TRPPERETH o Th
yLhisio,

= &
1. WKCERBEZLDATS, & ATRREOERERRET S T L1730,
2. ERBIELGEZE, FEUTRREDLS A BEILLNT, 205 HEE L2 - TEET 2HA
Wb,
3. WKICEERIEDEFEL SR LA TS, & JTRIREDEEDEHEIN S & 5 BHEmEA 5 NS,

BHoH MBS 74 HmOER CRIREKOER & RERER)

HIETo~NI L 9, EEdicist) 5 R REOEEIIBKICS DA b NITERBIRIC L o TE (ICRES
NBBIRA SR, T 0T &R Z Ok & ABOIAKBRCL Y, ARz ->TEE
THLEEZLNBIT A D DT, YKHAOKBRELZDOHEMITE > THE VHWRITISHRNT & ZER
LTWa3DEEDNG, THLEN BEIALD)OEEE PO YT IE, BERIZIEKTELT
b LVWATRBEE DB A 5N B,

DT ERTZUID B IZDIT, SRIREDBEBF L T % B2 HEI/NT 7 4 Y HICiED T, 815 DV - X
WV ORERIE D bR SN ITIREBIC IS TIEE L, 50 9 BRI TIELIIE WV &, ZOEER B U,

BB LUER
19604E 1 A 9 HITERE %3075 - C, FERERE TodHL 12 5 HER 300 lux BT THREL, SRiRMEL
LU ES %, ®ilem OESOREI/CT 7 4 v 2ATILICY v — L OEICHED THEEL 2,

— 134 —



)RR E D E R T 5 B 489

R EE T 500 lux BEFD R &1, | B4AAMSIZ DTz, 1A EOHEEZE 8RICUD LI,

Fig. 38. Growth of shell-inhabiting Conchocelis cultured in liquid paraffin for 11 days (500

lux, room temp. ).

a + b : Initial stage before experiments.

c « d : Natural growth of shell-inhabiting Conchocelis cultured in sea water.

e « [ : Somewhat slender but almost similar growth pattern of shell-inhabiting Conchocelis
cultured in liquid paraffin.

a e c e+ e :surface viens, b+ d * f :proFile views in respective cases. X 100.

¥askrp (fB38[c-d) THWE) T 7 4 »oh (38K e« £) Ty HBACEALISRREZIZE A EPD
YWRIRNEER UYT, THOLERPIIUDIIE X3 40 4 OFEMAEE (38R acb) ThoT2ON,
HHADKETELD 48 2004 T TEEMMTEERZLIZDOI Thbd, THABECOT > TV B RIEF D,
WE S5 7 4 D b OO UATKRD & DL ) B L L TUER L Y KHA D, ITICHE ST 7 4~
DI HUIZRIRADI DD NMEM D B D o

ZOBIETE R OO TRAMRGBLIZ DT, EHD5 %4004 OEEMEEZLDHLTISH, LI
ZFOBHNTICKIED T L NIZV, ToICHE/ ST 7 4 T2 H ISR 2 U IR OEE B T, & T
LT 5 ICHA B RIREBEDEIET 5 C EWbp-T2, SIciiE)/ €T 7 4 v rROMEPEMICs I K,
BEEEmC, O NSOWREMERITAEL TN 5 OB BE SN, WEIST 7 4 ViIZER SISV THES
NIREET Y, HRHOBHELH 5 T EIEHGER I 2 S 0D T30, ERAICSY 2 FEDD 30N
FRERH AT, COXIBCEIFIEAEBTY ATV ERDNL, LIt >TBRERZE 0L, DL
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SRBH AT AL ED, ERALOHE/ T 7 4 VERAITTTC, HREIGET AT L3V EVAD
W, TOEBTIRREICTTT 294705 ORI A ZOHHRIZE 572 BN EEZBATIWV, UL, O
REILIWTAALDICT HI2DIT, 60°C TH | FRIMEAL TEHEN T H ZADBRPNI & BN 2 HE)
NT T 4 o RLBCIHHIL, ABROMICESIN8m TS L5 TaHIILIZE DRAEL, FDRP T
T EB AR ORRE R R LT,

MENZ 2 B9 RICERE L2, BERODPRCERT2 AISHE THEBL T, 7 2 ¥ BffcbUETE
BUICA D2 bL, LEOWE)/ ST 7 1 HRICBL, AEERREE L THEE (R, 1,000 lux) %235C
T o717,

2 B1sHD L A D) WCHIKAATRHELIZ O2WRICUTER 2RI UDT, 3HLHIEZYH TS v oLz
R, PEROEEGEITIEDLDS 9300 £ DEEZ LY U TH, 3 H28HITIE 750~800 # I[TEEL TLD
12, EERZBAIRLICE X OEEMAEIZ 401 Th 12, HEBE TR T 7 « o b DI, HEH
D5 ENPREAT, RITRERTHIELIZL YICHAD DR dotc, ZOREBITEIIKICAH S

= k-

Fig. 39. Growth of shell-inhabiting Conchocelis cultured in liquid paraffin for prolonged
period (42 days) in another experiment (1,000 lux, room temp.). a « b : Control,
c « d :Rather few branching in shell-inhabiting Conchocelis cultured in liquid paraffin.
a « c :surface views, b « d : profiles. x100.

NZLBYThDoH, CORPLLHTOPD LT, WHICT 7 + VHRTHRLUICS O, EESHOBES
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£D5 EC LIRS THIL, oA THROWEALENE > CIKMRT2 L) Thb, HEIS
I 7 4 o TRER, HROBMUNIWRES—~ECAELTZC ERHEMUTH>T, CORILHHRE Y
57 4 % EOHNUT S BREFIRA NI 210,

COEBERCELARERCTLNINEOTH DL, HAZBMONRE U TRHMEICZS SN DL
bz,

£ =
PLEOEENRLEAT, RREOEBTHL TR, 720 0ROz > TEKE»ZE5 U BET
78, Y6, BEIEMS D RN L ER SNTORE T RARAEEZH D T EAEELI D5 DEZBALN D,
L DEER, TTICALNIZERER, T/3bbLRRIBIZREB v v AEEPELND § DIIEALET,
Ui d R AV 2D 055 IEF0REPHEEZ DT, FEAETNTO S DICEIALERL ) 55
= 5T 2 FTHREUIRREIZAEEND 5 SHEFELLTVN, B TEB LTS 3 DREEVIKE
OERIICETZAI BT E, ULhpLH I A LOFRHRIRETS, MKRCERERZ DAL LITE ST,
By EEL XL sa s, BRRORREOERBICZNE» S ORBIEOFMIZH L D BEPINE UL,
T U AEIFRCERBES SO E X3, RREZEECEML T ST, HWERRIUICESERT
HEMPENC R EDBEEE HDORITEETHE, TH ¥ 2 VARREIZEBFRORER VY T £ O5FH
FEMIR, BB TNENRERORBIFEICLUTEEL I DEENIBHEEDEVA LI,
= b
1. B#icEilL Qs 79 79 2 VRIREKIR, JEEREV T E ) BHERE/ T 7 1+ AT ICS
NIDREET S, HRABE KR TREINITIED N EIF EAEPD Y DIRVEREZ LY,
2. COTERTH T )RREBNEBE D H 25 MR IIIINT S, 23 BPERAEFREU»OERL

LT ERLDT,
3. LT 7H 249 2 )RRk, REBEZEYTH 5 BBRORB I VY Y ACh EDTND EEL

bMNb,
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A= i

A JURREOFEEICDONT

1. SRS BTl 9 2idH0, RREIIEBORmAR > 12 s b AA, PEOHFIC S EE
THHWZEUTEEBL, DWW EAIOEICET 5,

2. BBABORREDERIZ, BRERBELDL 2000 TQNTE, 2T 250REDAERTANTIZZE
B3z, b B RREOEEFACTH U TIZEOREN DN E s Db,

3. RREDFEED C & 725 BERITETLLINED, DODBENCERH WD 5, U THBORMIEIC
ZOEEVHEIESND CEDDY, T2 A7 FRERER TR, CORBRROXENRIIT TEET
BEADID LN,

4. RRED BB U OEIREEEYAICETLT 5 & 513, TORBICENH SDONDL LMD D, & A
AR TIZZ DO FEICHEINL L WD D, vy 2 VRREDEDV, COEAPNEL S
L0,

5. SRRED & % v FFRICEFLUIZIE HWNZ & # > FFRORI TS X 8 oI, FBRRICEAL T D &
T HDOND,

6. SRRIRDOREZEAC ERBOERIC H Vo v aEOIHENIT & 5035, COMIT § RIREBHFET 5,

7. BFEA T 2 VERREOEEDRIES, 74 29 2 ) OE DU & SERRANT § BEMNT § KERAH LT
Vo U0, 79 00 r0OEdNd, & LIRDITSTIZEE A L NI, PRERELIK X WOE
A 5,

8. HEFERIZIE L LBITHHT TESTAD, 47 /) BOMETERISEEICT Y 79 2 ) X g
U, TERES DML oELNBICh» > TEST 2HARD 5,

9. TG HETFEMIZEBERICDIRL & TO—HBEL TV 5,

10. BEFEERIEERICOE D MOWEICERET 20— 6 FEEL T, LIOWICHBEGIICERIERL,
HLEFHICERICGEL T, £Cifin® 82Xk 51025, '

11. COBBTERPERECGEL CTEL ML, HETEROKRSLEBERAUTHEDERE? D,
12. RIEFBRFL TRIMCEBICEFLUTZEAIIL, W54 THEDERRZ b 2/IMLTH 5,

B JURRFEoBIESIoRBEICDNT

1. SRR, RERV > o A ROWIEIL 5, AWREO S DIKh ¥ 5 $HIED § DI BALEEL
o TUTHMEREE v o v 213, EOFEREROBLINE SRR EHM LT 5 5,

2. RIRAMIED pHIEIZ 5 ~6 Thh, UpdREBHIVE Y L1E pHS ~6 TREWCHERT 2005, KRR
I AV o L 2R U TEIEET L DL bl s,

3. BTN, 45 A ETHRFUTEIRREKE 2-o12Ed0, £0ERICZ IV Y v AL D BREBIE O
BRI D B0, RIREDIREE V> o 2 REYFRTEILL TEET 52 DK 1V > 7 & OREAE
FTHOIRBICHDH ENI T EWELLND,

4. HBHHPTEBLUTOSRREZ, DI ThsHS, BRELERICE £ 7 2REPLYT, D&
SRS 5~50 lux L AL, FERITL S NTHYERNMETH 5, DT &id5lux DT TIXEERNAE
E2UDIDOEFEE L L{—HT5,

5. RIRIKIZIEAR & 3673 U LA 230 L 20, ZO/FE S b D 3S0DS, ToI5RIRE B A U3 Ik
BRI IER L DR C LT B,
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6. SRIRIKIZ pH 5.6 730U 10.6 OFPADWKARTREZE INIIEHWVITE, EEO TN EICH T H K &iz3E
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DYDIRNEERZUDT, 205, RREIIEEE O H A2l NioRETRBRNTEE LI C &
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Studies on the growth of Conchocelis
by

Eizi OGATA

Summary

Since the discovery of Conchocelis-phase in the life-history of Porphyra wumbi-
licalis by DREwW (1949), the technique for aquiculture of Porphyra tenera (Japanese
laver) has developed rapidly depending on her theory of Conchocelis. But the funda-
mental knowledges concerning the growth of Conchocelis are not yet far advanced.
It seems, therefore, to be important to know the fundamental theories on the growth
of Conchocelis in order to establish the technique for aquiculture of Japanese laver.

In this investigation, the fundamental experiments on the growth of Conchocelis-
phase of some species of Porphyra and Bangia were carried out concerning both
morphological and physiological aspects, since 1955 at Osaka and also at Yoshimi,

Shimonoseki in Japan.

Growth patterns in Conchocelis-phase with especial
reference to the vertical growth

The observations on the growth patterns of Conchocelis in shell have been made
by the surface view. Scarcely any has been known about its growth behavior in the
vertical direction. In this connection successful observations were made mainly on
the Conchocelis of Porphyra tenera, appropriately using pearl oyster shells. The
following new procedure for preparation enabled us to follow the growth in a whole
profile view.

Several rectangular pieces were cut out of pearl oyster shells which harbored
the filaments: these pieces were cemented together and sticked onto a microscopic
slide with a sort of synthetic resin.  The surfaces of section were carefully ground
extremely thin with a grindstone. Profile of the filament growth in thus prepared
specimens becomes easily accessible in transmitted light.

1. Most germlings spread tap-root-like filaments downwards into the shell. These
main filaments subsequently produce lateral branches which later run upwards and
finally reach the shell surface. Thus grown up branch filaments form an anasto-
mosed layer just underneath the shell surface. After the subsequent culture, the
-main tap-root-like branches extend to reach the opposite surface and thereafter
soon produce lateral branches again thriving into anastomosed filaments in the
inside layer close to the opposite surface.

2. Direction of the growth of tap-root-like filaments has no correlation with the
direction of gravity. That is, tap-root-like filaments always elongate perpendicu-
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larly to the shell surface irrespective of the normally supine, inverted and upright
positions of the shell.

The Conchocelis filaments show different forms depending on the sort of shell
from different shell-fish even when the spores come out of the identical mother
plant. For example, Conchocelis grows restricted within the honeycomb-like com-
partments of prismatic layer of A¢rina pectinata japonica shells as if arrested
by the separating walls.

Growth patterns of Concliocelis in some sorts of calcareous matrices differ a little
from that in marine shell. For example, the branches of Conchocelis of Porphyra
growing in calcite tend to elongate along the cleavage planes of the crystal. These
characteristic angular branches are more frequently observed in the Conchocelis
of Bangia. Moreover, Conchocelis is able to thrive in the cement mortar probably
penetrating some particles of cement powder.

The “goose skin-like” projections produced on the surface of Conchocelis-
inhabited shell permit# the penetration of filaments as well as the original shell.

The Conchocelis-phase observed in several species of Porphyra has no remarkable
difference among their growth patterns in both horizontal and vertical directions,
including the case of Bangia fusco-purpurea and B. gloiopeltidicola.

Fertile cell-rows formed in shell-inhabited Conchocelis cultured till autumn have
such diverse forms as arch-like or long projected shapes.

The fertile cell-rows in species other than Porphyra tenera are slender and
long as compared with those of Porphyra tenera.

Fertile cell-rows have several terminals reaching the shell surface indicating
the presence of opening for spore liberation.

The openings of fertile cell-rows at the shell surface have almost the same
size as the fertile cell-rows in diameter.

Initial fertile cell-rows originate from the Conchocelis-filaments present at
shallow layer underneath the shell surface, soon reaching the shell surface to
have the opening.

Another type of opening bored by the germlings from a spore of Porphyra
tenera has rather small diameter measuring about 5 «.

Perforating growth of Conchocelis in the inorganic
calcareous matrices

The Conchocelis-filaments of Porphyra tenera are able to perforate in such

inorganic calcareous matrices as calcite, aragonite and limestone growing up into the

Conchocelis-phase identical with the ordinary ones in marine shells.

The mechanism of the perforating growth of Conchocelis in calcareous matrix

is elucidated to some extent from the following results obtained.

1.

2.

Hydrogen ion concentration in the cell contents of Conchocelis is estimated to
be pH 5 to 6.
Calcareous substance is easily corroded by such weak acid as pH 5 to 6.
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3. [t seems, therefore, to be probable that the growing branches of Conchocelis
penetrate the calcareous matrix and inhabit in it.

4. Growth of Conchocelis-filaments germinated and grown freely on glass slide

without calcareous matrix is favored more by addition of bicarbonate to sea

water than by added calcium salt.

Metabolism in the Conchocelis

Inhabiting in marine shells, Conchocelis develops into anastomosed filaments under

proper condition. Therefore the metabolic activities in the growing process of Con-

chocelis are the interesting problem to investigate.

1. It is found that the shell-inhabiting Conchocelis showsthe obvious gas exchange
by examining the dissolved oxygen content in sea water employed for culture and

also the change of gas pressure in manometric measurement under both dark and

illuminated conditions.

2. These gas exchanges seem to result from photosynthetic or respiratory processes

in Conchocelis.

3. Conpensation point in the Conchocelis is found to be as low as 5 to 50 lux,

which is far lower than in adult Porphyra thallus.

4. Conchocelis possesses essentially the same photosynthetic and accessory pigments

as the adult Porphyra thallus.  Accordingly, the photosynthetic process

in

Conchocelis is considered to be identical with that in mother Porphyra thallus.

Environmental factors affecting the growth of Conchocelis

Growth of Conchocelis is undoubtedly affected by various environmental factors.
Such effects were studied mainly by examining the vertical growth of Conchocelis.

1. Growth of Conchocelis-filaments in both horizontal and vertical directions
stopped by highly concentrated or diluted sea water. The growth is reduced
about one half in twice diluted sea water.

2. The growth of filaments tends to reach maximum under the illumination

2,000 lux.

is
to

at

3. The growth of filaments is not seriously affected by lower or higher hydrogen

jon concentration of sea water.

4. Conchocelis grows better under the red light illumination than under the blue
light.
5. Growth substances such as IAA and gibberellin have no effect on the growth

of Conchocelis.

6. Enrichment of sea water with nutritive salts such as bicarbonate, phosphate,

nitrate or ammonium salt does not significantly improve the growth.
7. The germlings cultured in the sea water rich in bicarbonate tend to grow

up

into bare creeping filaments on the shell surface showing no shell-inhabiting
growth. Accordingly, they seem to need no calcareous matrix to inhabit in the

carbon source-rich sea water.
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8. Shell-inhabiting Conchocelis is able to grow, under adequate conditions of
temperature and illumination, even when the surrounding sea water is replaced
with liquid paraffin. It is assumed that the Conchocelis has an ability to utilize
the carbon source derived from the calcareous matrix for photosynthesis.
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PLATE |

Profile and surface views of the growing in Conchocelis-phase of
Porphyra tenera KJELLMAN.
A~G : Successive stages of vertical growth in pearl oyster shell, culti-
vated for 5,10,20,30,60,100 and 130 days respectively.
H: Profile of vertical growth of filaments in oyster shell, cultivated
for about 1 year.
I~M : Surface views of horizontal growth in pearl oyster shell, culti-

vated for 5,20,30,60 and 130 days. All x 100.
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PLATE [

Details of vertical growth and branching in Conchocelis of Porphyra
tenera KJELLMAN in early stages.
A~E : Details of vertical growth and branching, cultivated for 20,20,30,

50 and 70 days respectively. All x 100 except D ( x200).

PLATE 1[I

Horizontal growth of Conchocelis of Porphyra tenera KJELLMA_N at
the surface of section of shell pieces.

A : 30, B:50 days cultured. x100.
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PLATE N

Growth of Conchocelis-filaments of Porphyra tenera KJELLMAN in
the shell under the gravity in different directions (indicated by arrows).

A~C : Profile Conchocelis growth in the shell placed upright. A: 15
days, B : 30 days, C:40 days.

D« E: Surface view of the above case. D :40 days, E: 110 days.

F~J : Profile of the upwards growth in the shell placed inverted for
30 days (F «G) and for 95 days (H~J).

F+Hel:Cticle and prismatic layers of outer shell surface are previously
removed. G« J : Not removed.

K: Profile of the growth at serrated shell surface. Germlings grow

vertically to each serrated surfaces. Allx 100.



PLATE ¥V

E. OGATA




PLATE V

Conchocelis-phase of Porphyra tenera KJELLMAN growing in the

shell matrix of different origin.

A-B:

c-D

E-F
G H:

|- J
KeL:

Conchocelis-filaments growing in the shell of Meretrix lusoria

(RODING).

: Conchocelis-filaments growing in the shell of Mya japonica

JAY.

: Shell matrix is shell of Quadrula metanerua RAFINESQUE.

In the shell of Haliotis gigantea GMELIN, growth pattern
of Conchocelis is just the same as in the case of Pinctada

martensii (DUNKER).

: Shell matrix employed is somewhat soft shell of Atrina

pectinata japonica (REEVE).

: Growth pattern in the pearl layer.

In the prismatic layer, growth pattern of Conchocelis-filaments
shows the characteristic growth which is restricted by the structure
of prismatic layer. A«C+E«+Ge«l+K : Surface views in the
shell of respective species. x 100 except K ( x200). B-D +F
eHeJeL : Profile vievs. x200. A~H : Cultured for 30 days,
I~L : for 20 days.
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PLATE V|

Profile features of rough touch surface of shell in which the Conchocelis

of Porphyra tenera KJELLMAN inhabit.

A~F :

C-+D:
E-«F:
G-+ H

Profile views of projections appearing on the surface of pearl
oyster shell. All x200.

Projections produced on shell surface during 100 days cultivation.
Projections on prismatic layer (100 days).

Cocentric layers inside the projection (130 days).

Giant projections with tubule-like structures inside (150 days).

: Same projections on the surface of oyster shell (ca 1 year

cultured). x160.

PLATE VI

Deposited crystals on the bottom of Conchocelis-culturing vessel.

A : Small stage. B :Llarge stage. %200.
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PLATE V]

Surface or profile appearances of shell-inhabiting growth of Conchocelis-
phase in several species of Porphyra and Bangia.

A + B : Conchocelis-phase of Porphyra suborbiculata KJELLMAN
cultured for 76 days.

C « D : Conchocelis-phase of Porphyra okamurai UEDA cultured
for 80 days.

E + E :Somewhat streaming features in the Conchocelis-phase of
Porphyra pseudolinearis UEDA cultured for 70 days.

G » H : Conchocelis of Porphyra dentata KJELLMAN after 200 days
cultivatton.

| « J : Conchocelis of Bangia fusco-purpurea (DILLWYN)
LYNGBYE cultured for 60 days (| ) or 55 days (J).

K « L : Somewhat characteristic features in the Conchocelis of Bangia
gloiopeltidicola TANAKA cultured for 85 days.

AeC+E+Gel«K: Surface views. BeDeFsHeJeL : Profile viexs. x 100.
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PLATE [X

Profile views of fertile cell-rows formed in the Conchocelis-phase of

Porphyra tenera KJELLMAN.,

A-B

: Formation of fertile cell-rows in the layer just underneath the

shell surface on which spores germed.

Formation in the prismatic layer at the opposite surface.

: At the bordering position between the prismatic and pearl layers,

they are also formed. A~ E : about 10 months cultured.

When cultured for about 7 months.

Inflated branches formed in the “gooes skin-like” projection
during 11 months cultivation.

Surface feature in the culture of 7.5 months.

In the prismatic layer of 7.5 months cultivation.

Formation in the bottom layer near the outer shell surface.
Whole aspect of sazction. Fertile cell-rows are shown at the

bottom area.

: In the prismatic layer. J~M : about 1 year cultured. All x 200.

except K (% 100).
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PLATE X

Fertile cell-rows in the Conchocelis-phase of Porphyra suborbiculata
KJELLMAN.
Formation of fertile cell-rows in the Conchocelis-phase of Porphyra
suborbiculata KJELLMAN is illustrated following the successive stage.
A~D :200 days, E~G :234 days, H e+ | :266 days, J = K : 308
days cultured.
A« H +« J :Surface views, others : profile features. All %200 except
B and E ( x100).
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PLATE X .

Fertile cell-rows formed in the Conchocelis-phase of some species of

Porphyra and Bangia.

A~E

: Straight or arch-like shapes of fertile cell-rows are observed in

the Conchocelis-phase of Porphyra okamurai UEDA.
A~C :210 days, D :285 days, E : 307 days cultured.

. In the case of Porphyra pseudolinearis UEDA. F « G : 190

days. H : 300 days cultured.

:In the case of Porphyra dentata KJELLMAN, 250 days

cultured.

:In the case of Bangia fusco-purpurea (DILLWYN)

LYNGBYE. K~M : Beed-like filament in pearl oyster shell,
265 days. N = O : Fertile cell-rows in the shell of Atrina
pectinata japonica (REEVE), 220 days cultured.

A+FE | «K-e*O :Surface views in the case of respective species.

Others are profile features. All x 200 except L ( % 100).



E. OGATA PLATE X




PLATE XI

Formation of outlet opening from fertile cell-row towards the shell surface.
A : Group of outlets for spore liberation from fertile cell-rows of mature
(7 months old) Conchocelis of Porphyra okamurai UEDA.

B : Side view of the outlet opening from Fully mature (10 months old)
Conchocelis of Porphyra sp.

C+D : Fertile cell-row developing from 15 weeks old culture of
Conchocelis of Porphyra suborbiculata KJELLMAN. Terminal
opening not yet formed.

E : An advanced stage in the development of fertile cell-row into
U-shaped profile in 16 weeks old culture as above.

E : Conchocelis germling in a beginning stage (7 days old) of boring
into shell matrix of Atrina pectinata japonica (REEVE). Initial
entrance approximately 5/ in diameter. All X 400 except F ( % 1,000).
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