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Fig. 10. Effect of varied temperature of water to the shedding of tetraspores in
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Table 1. Effect of light on the shedding of carpospores in G. Amansii expressed in per cent
by the number of spores counted (June 6—7, 1935). The figures show the count made on the
three lots of sample plants after the varied treatmant of light for 21 hours.

Treatment
Time in hour -
Normal condition Lighted condition Non-lighted condition

% % %
7~38 0.5 0.1 1.2
8~9 0.7 0.0 2.1
9 ~10 6.6 2.9 4.0
10~11 13.9 9.2 14.9
11~—12 22.5 20.7 18.2
12~-13 21.0 23.9 . 18.0
13~14 17.4 23.9 20.5
14~15 9.1 10.3 12.7
15~16 6.2 7.0 4.5
16~17 1.0 1.8 1.3
17~18 1.1 0.3 2.6
Total 100.0% 100.0%0 100.0%
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Table 2. Effect of drying in the shade to the shedding of tetraspores in G. Amansii expressed
by the number of spores counted (1950). The figures show the count made on the several lots of
sample plants after the varied treatment. The solid lines show the time of drying.

A. October 12—13.

Time of drying

Time in hour

(1) Non-drying (2) 6hours (3) 12 hours (4) 24 hours
12~18 308 T - 197
18~24 414 1013 69
0~6 48 40 1343 36
6 ~12 1 10 10 7

B. October 18—20.

Time of drying

Time in hour

(1) Non-drying (2) 6hours (3) 6hours (4) 30 hours
8 ~11 T e
[
11~14 /
14~17 143 360 -
17~20 163 1245 l
20~23 38 192 712
23~ 2 16 14 39
2~5
| 24 | 13 } 15
5~8 f J
8 ~11 1 \ 1

49 91 13
11~14 J J f
14~17 95 438 63 323
17~20 180 490 541 5
20~23 \ } \ \

36 115 44 0
23~2 [ f /
2~5 ] 1 \ 1

.10 5 9 4
5~8 J J j J
8~11 \ | 1 1
7 2 3 3
11~14 J J f J

14~17 10 8 ' 8 5
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Table 2 (Continued) C. October 26—28.
Time Tim= of drying

in hour (1) (2) (3) (4) (5) ()

Non-drying 6 hours 6 hours 9 hours 20 hours 26 hours

8 ~11 17 T e e l—

11~14 15 ! ’ 78

14~17 21 29 KQE { 59

17~20 38 85 81 27 36 121
20~23 389 486 504 239 43 21
23~ 2 808 540 542 1109 97 13
2~5 482 516 535 349 20 67
5~38 210 147 125 120 45 24
8 ~11 30 20 11 135 22 10
11~14 27 22 11 58 356 12
14~17 58 30 12 58 28 45

1) HHEEZICH \ HAaRWERIC 6 ~ 9 BHET L, STRROMEHRLATA WRRICHEKICREL
7ZEBET, ZOBOWMBRAGIRBR & —HT % 20Tz ORBOET CRBHRAL R
Lo LAHSER - (AIBEORERRE DA\ AEMRILOKBITFRELTH DR, H
280 B (2), C (2)(3)(4) BehnicH b,

2) FHERRICH \ BRI 6 ~12BRHIET L, SRR OMEBRAT ~E 202 L BITHK
CRLZEET, BEEBCHBCSEORBERR LN Z. cnEHETIF S Frs &
Z2OCHZOTH B EES (AIbHEORETRES ), AmREHERTEEET I IHEEF
L%o A (2)(3) B (3) BzhnicH s,

3) HHER T 2 A T20~30RBHMET L, a) FERROBHBATA RACRE LS
&, BEEREIRBRROGHEBEANOEE CHHBOLNBSELN 55, MOBKCS, 745 7 Lk
TR BNz C(5) (6)ManicL b, b) FRROKEBLUNCEET 5L, ZOHEE
EERFEED D, ZOBETEASHE LAV, A (4), B (4) BNchicH s, LnrlLa)
b) FANOHE L HHETFREEE LTELED L, FBESFICHDS 72 (B L.

52ER IT 5%k 1 19524F 8 H30 H 4R TER Lo RA—ERKRL 2 @ckksT L, 1HZ
SR E L, MO 1 AHEERITH \ DI 4 BBRIET L. 40548 205 M oEE—Eik
BCEH Lz, AB/KELETERER 27°C HIHTH Ok,

KB ERTSBISRIC R T, KR I & RFKHEOBEND ORKRTDH 575, ETROMER
FRARNEROZNICEHTCEL L IZE 2 BD> Do

z
EOEBRIERN NS IFICOWCE, BFLIC X O THHEBHRT 5 L @AHkR DS,
PR RSB S 5 L AR D L H DN D, ZOREZ EOERTRARKFERTD
%75, BETHOKEHEOBEEOEZECONTCHRTNE L )V REHBIZEEX T L $HETD
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Fig. 15. Effect of drying in the shade to the shedding of
tetraspores in G. Amansii expressed by the number of spores
counted by hour in a day (August 30, 1952). Upper histogram
showes the count made on the sample plant under the normal
condition in laboratory, and the lower the same after the
drying (solid line).
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YT O - EESHKOMENCTAA EZBENHTHH D T L BHET 555, WENSED
BICBNE WD 2 & BEEORRD IR LED» Do E708HE  BEEOWET OWE
1 (JEIR1948) CHSTAVCHT TR LAWLESBEbNS L, BICH ~ 7+, 24+ V&
B~ 2 v, A5 ic LT LIE LIEFBOMYBRTICER LR 2 L2 b biniE LY
Nz, KBEOWENCOWCREROIMNCHRES KD T, ~ 24 ZHFE LTER
KT D0Me #ORBILBERE CONCTER VED LR, EREICET 2EMEHIEEO T
Ehd, MHBOBRERECHEIRENORES F/h v L oo

7o 7 ECE LT, ARBREOHEORD CTbNHRACHEDOTE, FACEENE
EEHORBAETER I, — B 50 HINkH ) ORBAEEOFEE\IEHE X D&
ERBIHFTHHLERMENTHBEHETH 54, ZOBHCOWTESAHRPE AN TN,
THICBIEE LCEE D [HEAOM MED AIRITCHIM AL, A CHET 57KOWE)
R EAELTC, 20ORE LCETORBCHEGRFELEIHL T30 TR A D]
LE2 DT, cnElEERSE LT, BxOBEH Y EDOTENTER L.

DLEOFEBRY 1952~54FEFKOMBE, ~ 7w Eike LTHERICNTT O,

B 5 U IR R
(A) ® B = E

RERAE WTOMERATTELC BEAEKE 77 AR (NEH7cmX1lcm,
B EXH18cm) Tz L, FE TR | cmCEDORMTHLEORBLBKFEICZ 2, SET/KF
T LR EMER (3 ~4 X10~15) OWEEEMSE T T L CRkalFv# 2, RFOURECaE
CT2~3cmOMESEr FTFi7e, THELZESESFTERME?D 1 mmPLTTsCET %
R B Lo

BKAERHZENCECCEASESE ~HIT 5 L 8o kds, BROETNE LWES
CIEEN RS BRI SO T, RIEBIEOR205 Fib: 5 2 WOBEIRICERE 7 $ D758 D1
Tk OEmEER LRI L, KEZ EESTH & I OCTHRE\NE.  OBSERTIE
MBEEECE DD (AR08 CEEL VELADR), EHEF 1 ~2cmbb 5~ 6cmOHT
B EROELEARD, ZNUTCRYER AL DL, ZNHEET 2~ 6cmOHETHIZEL
2o ERBBEAVTRELENCUT Y HROTH 555, KOMEBTELECEETHOLED
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B Ok EBbiL b,

RERFER IAT o L A BIERSERETE 3R Lk, WAIRT CREERD P 0HS,  HEF

Table 3. Velocity of the falling’’ of the carpospore in G. Amansii.

Time required for falling \Water temperature Spscific gravity of
(significans level of 1%) (mean) water at 15°
11.5 4+ 1.4 sec/mm 24.1°C 1.02360

BERBN7zo FARORETIEINANT O ERE L /KE25~26°C, S /0034 T17.2%1.3
sec/mm (fERIEK5%) & hDOCT\nho Kk - WKEEZZFLEOHPEMRATETT, fid
O OHEMERE C Bg T HEBIHET AHMHEONEHRICIP LIEND DT LLAL D,

ARFBTOMRCONCTHETNE, HEETRERFEET 2OBERTHOC, TX~
SREOFBHIABO L ORIEE TR e ZN5RBHENDTAA E R\ vD, DOTLEF LA
WRBELELOTH BT L, CDEROTFEERRK I KOE SN ERHOERFICTRD DA
T bho

(B) E # B &# k¥ H

FRI 5 AMERD HECHMOCIT O, B0 EA RN T TRLT, |
~ 2O ETRORRCHIKEEN, £BO I RALCREYR LTAT vRH ¥, HE)
SEBOWEIRTES Y % L ETF Bk L CRTFOREEBIET 52 & C kDT, fdTERE
R T RO = OWMT T BB 47 7 A 72 ER 12.5cm O + — v icky
2mmOER CEHNCEAL, FTEBEBIEKRLESLZEFTHHCT 7 AW & b EF T, F%
WK TR DB LCHRAEE L AWET EhE L, EEBTHEE | Dok~
BB ICE R Lo HILBORBRYE2 <, NSHTFROEETF CHHEER Lz &
BIFROKIEY 27°C DIFICfEoT &I Lz, ,

R OB (A) 1~615 (B) 2 ~3.5 Rl LizlUs 745 7 7 A ic Bl L7k
& B EMOBR T B I6MICT Lo (B LHEBRY 2O % \ B & L TRk DT, Fi
VR L T K & MM s B SO L C e BEERR 1o 5 27 (/e b O R MBS L T 5 2 & 135
2 7ehS, HEABBT R CHEIL T 5 L, $ED b BB ErkF TR T A g L5
PETH b, WEEFAMECADANE B, 2hbORIC XX B & BEHO
BE% I3 HiRENTT, AR CERRIOBMT, BT aIRT S {, WM EREEE T NIEHE
HHEBE BB Lo SHDE L OERTIE— - —OHREEICE Lak/IEEL S, EOMERIC
BZE 0B L, LEIET b UAET & s Bbiie |

R 11 5 =8 I CREMBIZEAS IENSTHORS, COREORMTE
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DERE D BB OREEMIC X OCR Y, HEBERETBEZETERENLH Lk
%o L LERC INE—HoRT d&dmc#EmT nEZBEHmc o ek bs (ERII
TERI40%DS 6 BDAICHET 013 TH %), T ORRAEESCEME-IC AT 2B DT
B EOFETRETELERCE, cORTSEDCLRCHEBT 2 & 380, $BONRK
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Fig. 17. lncrease of the number of adhered spores of G. Amansii in course of
the time of contacting with glass surface. A. In case of the tetraspores elapsed 1
to 60 minutes in floating after liberation. B. The same 50 to 70 minutes.
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Fig. 18. Increase of the number of adhered spores of G. Amansii, expressed
in per cent, in course of the time of contacting with glass surface, in case of the
tetraspores elapsed 12 to 32 minutes in flosting after liberation. Crosses showing
the logarithmic values.
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Fig. 19. Apparatus for the first

EOCT D (B2, experiment on the influence of the

RS L A , " _ water current upon the adherent

,iféf ~ 7‘k(ﬁ®>{j{ﬁ§”¢ E%H@?O)?};ﬁi%—:%Z] X7 position of the spores. 1 and u show
To MTOBHBERLE VEHOHROINE RN b, the qglass plates.

R a, ¢ BHIERO a, ¢ LRALEHECLOEIBD LML, a, ¢ L VEEREROE
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Fig. 20. An example of the distribution of the adherent spores affected by the
water current (arrows). The main current flows at a velocity of 8 cm/sec.
Reference to the text for a, b and c sign.
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Fig. 21. An example of the distribution of the adherent spores affected by the
water current. The plate glasses indicated by g have a thickness of 2 mm. L and M
indicate the bottom currents, and N the main current with 8 cm/sec velocity.
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Fig. 22. Two examples of the distribution of the adherent spores affected by
the water current. Both main currents in A and B flow at a velocity of 8 cm/sec.
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Fig. 23. Two examples of the distribution of the adherent spores affected
by the water current. Both main currents in A and B flow at 4 cm/sec velocity
in maximum.
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Fig. 24. Two examples of the distribution of the adherent spores affected by
the water current. The obstacle indicated by o in B is 5 mm in height, and both
main currents in A and B flow at 4 cm/sec velocify in maximum.

Fig. 25. An example of the distribution of the adherent spores affected by
the water current.  A. Apparatus. B, C. Distribution. a—e and o indicate the
glass plates. The main current flows at a velocity of 8 cm/sec.
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ThHTECHEL, XEE/KBSHEARBELEATER L.

KRR (19487 B, F/INE) RUBEILGHEINZUS T ZHIDOAT A F 47 A
W&, ZOHR3H M Lre, BIb a) REFEOFIC | B EEER 015=8.9, 2H X
X 25.5 OMg7K T 3 HEHBEER Lico b) 2) OFRRXOITH 3 H & ClE SFEHOE
Hicap o (1R g1—2), A7AF#7 201 fFra) SAUEHLEXS.ICKEL,
23°C gt O7/KIR CHBEE Lo ZO/R 2) KR TREEER TR ESFTH LA
< 1T BT & Leds, SRR TRAMASMEFRACHKE Lic. b)) CRCWTREEER
TERRESPERE T, FEABR P CHEEE bR E LThEORBIC R DORDS,
TERIS o 2 TR ICZ R 2 e Dk 2N TR L THREIE X (HEL, 1I8BHBROHETIZ AR
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103p72 0, RED X {HUECIO~IT0LIOL DS L, E2RUTOSOLIFB LT,
RER 1L (1948427 ~8 A, FV/INE) HIERFERC LTELNLRNSET RTCRBT X
BrRlizo COERTEIRTFTORFERIBRFELHRHLO\ HOC, REERBE LKL
BN OITEDEY 2 b by HERES L LR ASHEREREADOCVD. 2L
T 24~25°C MR O/KIRTHEE L, Hrxd D EIFCEBE Lk, HERDBKROMHE D TH D%,
IKIEEE 1 2 3 . 4 -5 6 7 -8
& (JA15°C) o= 0.1 4.0 7.5 10.5 14.0 17.5 23.0 26.0
7 OEBRWET I 0=0.1 © & O3208:
DA, 4.006DE3 BUANICAHEL
rehs, EI3MMIITEIB 7.5 LETE AN S
FEFERDME L WA IRF W C R 2 2178
B U3 HEEO&EL LECBRIZE2X
DO D & Do RIBFCOWTEMTERK
BB OO THE L) Dkds, FXO
MEHER 7n b O VRIS HMEZR TE L7720 T
TR HBF Bo
LFOERYZEOBE, RFERNLE
x 2~ DHEICEWGE (1) FHIEFZ 7.5
DLETRARESRD DA\, 0=4.0LL
50 . i i L - - TTREFLER . (2) HEEZ 7.5
- ) TREZELIECWHEINSD ETEAESTRD
Specific gravity os15
biLic\ve B110.5 14.0TlIAKZE 2O
Fig. 26. Relation between the growth of oo < BESEABRIC REET 720
the sporelings of G. Amansii and the specific (3) RIROMT & FHBUT LT ICHT LC
gravity of the culture solution: the experiment ] . .
e CHERT, 4.0 FTCRMHTE£D,

was started at the stage of the germ tube

pushed out. Crosses indicate sporeling cultured TV 2 IREIRDBFEE LR\,
for 17 days, and circles the same for 31 days. -

200

Length of sporeling (u)

a b c d

Fig. 27. Outline sketch of the sporelings of G. Amansii cultured for 17 days
in the varied specific gravities : the experiment was started at the stage of the germ

tube pushed out. a. ¢15=7.5; b. 10.5; c. 14.0; d. 17.5; e. 23.0; f. 26.0.
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RE& I (1952287 ~8 B, WER) BEF R HHE®E 2 ARIEEL, ERI—b) LAHK
B RFEHERE THRAE L, 4 20 HLERICHFI L, 7kiB24~28°C (F1526.5°C) TH L
720 TOERTE PH % 8.2~8.3 CHE LR, HHBRDOLE, FHRILTICHIER T EECH)
B LR E A FICET b,

Table 4. Effect of specific gravity of culture solution to the growth and the rate of survival

of sporelings of G. Amansii. The laboratory experiment was started at the stage of the plant with
the primary apical cell.

Spzcific gravity at 15°C

1.0067 1.0103 1.0127 1.0254 1.0350

Starting day of experiment 100% 1007  100% 10025  1007%
Rate of After 3 days 48 91 91 87 99
surviva
After 12 days 13 76 9 81 66
Starting day of e<periment 45 45 u 45 45 p 45 u
After 3 da,s 48 51 47 48 £0
Length of
sporeling After 6 days 65 72 54 54 58
After 12 days 84 1i0 78 78 93
Starting day of experiment SO u 90 u S0 90 n 90 u
Length of
rhizoid After 3 days 90 100 120 120 250
(mode) After 12 days 105° 110 130 120 250

1 Mean was obtained on the largest 5 individuals among others.

HERYELdHE, (1) EFRE 0=6.7 TREL KNS, 103D ETEARLCGEDA
WO 35 VO REAEEETRAEDOOP I D TELTHORD, BHIEERNPIEL A
Do (2) HEROMER 6.7 DETEA LM AMER T RS A Oves, BRERBRKICK
B, BEECIHESER LS, BTERERMUER LT & IZEEE N,

HAROH/KICHNTYS, HEOHERRCEMBEOZETH 575, PH & Zncft-OTHE
LCwb, COMEBEOERENBELCH BT & RUFEEREC X b HEOFEBOEETH L)
CT B CERL I TCERI ~ L HEHRFT 2L S TORICAEDEB S, 1) E
OWEPETOREHECIOTEIRS T LA ACD L, 2) BFRFRERY SR H THZE X
B HEIEEORG 2 OEM T 520 I AT X DOCTHEMSED T D, BIBHHEERS v
REFOBF TR 0=8.9 L ECRARD 2 (ERI) O LT, HEFHTIZ4.0~7.50MH]
CRRAR D b (EgIL L IID), REFETOFPNELECTGT HEMNIBE L Lve
ERT & LCPpH ZEMRTEARNTHH 9D, HUFREOEATHDLSOTS 6.7 TE pH %
CEECROTHHEERSE e L (ERID 25 RC, {®eBEBERENZT TLEIEHE
FIizdb lve 3) MEZIHT 2EEEORABHFLIOLDICHNNTIZT7.5~10.50
Micd o (ERIL)o Z72mME AMBEERMORFRICHINAT, pH wilFEICRE L6
FZEE6.7 THHEREE S AL OES (EHRIIL), ZOUWERFHUC AL OREEE 8.9
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CThIEEXN (EBHRI) c&hbiH T, METHHLEZEFE PH THORL L\, A
10.5L FOHETE pH OffilicH 5 F, MEELOMIC—EDERBHEObN A D 4)
RIEOMBIEHECS L Clo CRIRCRIST 5o BIHEREEREFBOFE - HEIBEE 24,
= I RNF 535- Z 5B ABEETEREORE nBEBNA bz, Z LT pH T #E
CHRETHLEEE CEEACEEETARREBORNY - MESBEEINSH, RECRETHE
OYBEIENEFEOZNTHDES 2 Do

= RO

D EOEBRTRETROBIC, FEYRET H2HHDIIOLERTATHRE N TCnHDET
TlRHECHE, BoNkERFZ02 \HRBHFO~ 2+ CHTCE DD LBBHRTH %, L
I LUKBOEE, SRERENSH AT EZENP T D56, HEFRECERT 2HEEROFK
B CEEARTFTH BT &2 Fvo KEORSEIRAT EOERECMOSL L O
EERORERD B 28~29°C HHEIC® % & A BB, T malnzZiehrhvEaoc &
THD, ABEOEERLMOLEONAIC I DOTLELTHA D, FHRE & LTERENR
HCHMIET 2RBRAARVT &5 25°CHIEE RbL b, ABAKT (1949) B+~ 7 740
DA LEL KR & OBERICONT [ v 7 7+ OlSEFOFE EmEEFE T 15~25°C, &l
B 21°C S TH b, BIBFOBREMZ 10~20°C, MiEE 13~20°C OHET, FEEs
RDOLNHOE 16°CPNTH B LRUT B, ~ 2 v OHANUSIET & BIBT TKED
PECECERETROEE N,

WICHEDSE, 1.0 EORETCEFEFRORECHLNAZEEY S D 2 hdDlke L
BLENERD LSO CCOHEATREIRFROREICERP A WEFT W5 & ZHk
e\, AH A BIE, COHETEEAOREEICHT EBROERBFHEFROXE LA TR
L LananlL, ERERCEBELDELD LML TH Ho COHEATL LEORELICHEOTR
ROMHBCREERESR Nk, ZNHEFEOMRBICOCWCEEEIEEATRTHH LR
LTI CTHA D, AHERAFHED T CRE&BMCKEAD, OTEZOEAYRZ %
A BEHREETRE V. ZNMELECH T HHEPIESEESETER A D EVWORERIER DT
Tk EbNs,
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HREATELERFROZOBORETLCONT, KB (1932) d~ v FEREELT [
E S BEEMEOSZLREIC L OCHEMROKE 7D, TR L, TOBEOET X
D7 7Y OAREFEET 5] LM U 2OHHIEZFOBEL-RCET B, FHH(943)
b INCERER T AT LD 5o RBICEDO—AFERE 19424 B iFHE BERIC LDOT
RIEERNZOBENRCEOZSO Y R L GEH - FFHE1949)s % LTI9M4EERD [~
7 OFRAOFHERY ZIRLCHRELCARRE T 2w, MESRIRE 508, FEESE
FROGECENERAEOMBY L OCHEK: LSl LBRTFHICHAT, EXFET—BEE
EITFROE XD, 19484 6 F LIMEI0494E R ICE 5 MI/NEERS IC W CEBHO SRS,
WBHER HEROBEIC X DOT~ s vORFROXKBTBEYFRAL, BICH 23O ZNIT
DWTLHALNCT %z & AHERA, BICI950ELERE RFIOEETHEROBE L&
AERETOTCHTIHOREHE Ol £ FOEROELHKELILET 52 - ZOFEFICO\N
THEE LT O

CON R

INERICHRG B KR ¢ PR E LR MIERBR LK EFRC L DELCAT AFH 7 A RICR
WCHI 6 - ARRT LS N TRER ARBBR Y2 babyDle 7o/l b7k ez & ik
BETRBEEOFNEDRENSED L ¥RORAZTTD o BHBERE LTRETFEACH
WCATAFHT A, BDFT A, G, B2 FEE, S28Bc~sv+ BT+ s vOlAF
TIRE S -CIpREATICERE Lehs, BMERMROEE, WROEBESEORHR \EHICED
TBZELBRYOE+ SN2 vOHRT~ 2+ TRIEAEHRY L 22T~ 2% B LTIRKE
FEOPK O L, THEZ O KOMAT 5B TR A CTERH IO SR CES A
TS AF T —rfERL, 20HIC~2vOBETFENT 7 LR35 EN AT EDT 58 C
DT, Baxd ) BFCBE L. 20BACLBEREOREOSEPRICESTRELK
TRENZS D Z 7 DO%e LINLEDO S 4 F 7 — L ORIBRIC S HO DRSS E L 72O TEN
PICER L CEBEL, B~ s vORETCHREDANLREZHRAL, ZidbEBODKREER
WL TEE Lk,

FRICHRT % E8 : XBBBRA/IEOHETHAEHLLICT 5T & SHERD, HRICR
W HAEKRZEEL, HBESD 2B T B L9 P 3 2 U — VMECRET DT T
HEL, ZARV3PICE b EIFCEE LR, D EOHBIROECOWTERAERLITOR
B, TNICOWTEEBIAT B,

E

*RREICAURRER LT T 5,
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ZYOBD D, —ICHEFICH BT & 3B THRE00~3000 CHhHODNEBTH 5o HIAHE:
BOmEBMEEHRE CEDOTHTS ZNICKH LCIKEEC 2 2OBEAT, EHHEOME
FZNDEBROKMIGRIC R T 2 L /MBIESRIC sk 5 & ICBfR Ak ¢, FLEsHEN AT I
FOBREFEL, ZNFRFMHELCHERCES L CEBRCRECHZEL w2 (828K a ),

Fig. 28. Post-embryonic development of G. Amtansii depicting the process of

erectile type from c to g, and stolonate’ type from h to k. p.b. Primary

branch ; s.b. Secondary branch.

FEH T 200~3004 67, BT | mmf % THELCh b 2 KOF FEH, HICZOR
\EFBRET D (b)) 55, ZORBEFSEE CEECLNEETHET 58546 & &
TICH 25 A THEE C OMBEEBENE L CHELCE Do BEHRICHET 558 EHET
HPRERCRE L, MRRE—RCGBACRIT 545, EFCROTH 258 MEE X <
O CESTROMREIFE BN 2o

EFREFSRESFCHET 2546 (), ZNIIEE CBERCRD, &k (1944) 345
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LB VE | KOREEYEBE L CHBRICHET S (d). T8 3k LTOIESFHEEIC
Miix e1, f ORAFEBEIHRCHK ZD, THCEBFEIAEINLOFOI ~2KTH%
(2)o 83 WU TFOFEORER A HESSEN T eo OBICE 2 KOENEACEHLO LA
o INEICINTIE e1 OBEIOTT, ERTE ee OFHEI Do BLEZ~ 2+
ORLERAFRBEBETD 2L B b5, BECORBYEELEVHEFATE LI
T ho TOBREETHE LK BRI FHE2IR a CRT

WICE 2 ROFEDEICBOTH 2584 (h), AIEFORBH TR bR ICHEE LR
RA—FCTFR LT (1) #RCEHE LCHREICA D (1), FICEEOEER: b HILF
YHFET D (] o COBEMNFOWERHOOFRELC, HERSH» LA CHIT TTHX
PICHEE LKA O CABEEE S 7 0, BEFESENDOCTHREIED 2O0RFNOTI ~2
AEPBTD 5o WAKICEZOHT BENLFORA S LHMSEECHET 55RFPO LO(k)
BB EEE T L WARORBICEEO T EHHOLOETRLNbo COBBMEBDK
7z b ORBETHFOMUIED BRI NERDRD bt bo cORIc—AERARET L
R END B RS HET 2B AORHBRY EE LARNE L GHT o COBBE L OKE
B BRI T HE29R b IR T

Fig. 29. Young plants of G. Amansii developed by the erectile type (a)
and the stolonate type (b).

EWHEFEHOPRICY 2 o, SRR Nk, cORATFHEZBEL TP
K DVBRBTHCODPEBETD %o 12FBOPEHHP RIS LO 2 BROMNHCIEST 5 L1
FURLE o Z OBENTHNAREBEY & D% b0 b &L b CHEAR T SBH LT, %
N SHETEYRT AL, WA LORLOTS —HOEMEXFS I {RET 2565
B O TKREICTHZ Y XHNLEEL 7t b0 ABHICREFESH AT, 81 KFEFENERE R
OTCHYE AR 2ChDPEELH DD, COLELE | kREFEBRZOE \EHEADT LR
mLTChWEs L, AEOHD | ~2 BB EIC X MUCEEE R, BOORFHOMER
ERLCHEE RIS 2854w (L, m, n),

BRNEIEOIERCOWTA<S L, PHCHRACRBEOFHEFRICRT 5 X b EHCH L,
LWk LT ERAD 5 (B0 a)o KICHEROHMEFRIKELT 260, FEHIEH
BT HLOEFEATH DN, B2 ORI EBL YLD & T 2ERTRD il Do EeFE
L\E# E L CRMmIERSIEA LK FICIER D, BRCALHEBE\» (b1, b2), Ok
HERBOW D CRBENCE 2 275, FER7 7 A LOEKRA#EISTELS L, HRO
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BRI EAROBE D TH Ok, B 1 KEFERD LIMETNESL {BELTT 9, 21T
EEBROERNS | ~3ROEZETRET 5L DOH% o MFEOEII/KEESE X D IEKEET
ShvO7 (8308 be, bs, ¢, d Do X2~ 3 7 BLEEETNLEERLSIOHETD bR T 5
LTCHIERE D b OPSECELD, TNIZE L FTKEZEDLOTH DR TOHERIFEORK
ERZOM T 0 &EEnz L2558 bz (e1, e

b2

A
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Fig. 30. Young plants of G. Amansii cultured in laboratory. a. Cultured in
still water for 20 days; bi-3. The same for 45 days: c. The same for about 3
months; d. The same for about 6 months; ei-s. Cultured in running water for
about 6 months.

WECE 1 FEORBIIC A5 ETOM

Table 5. Monthly growth of the frond of

G. Amansii which was specially marked. An EESLHOTCHWHOTIRE T %, /INEC
observation in natural water. ANC 8 A~ s vOBERICT 2 U — 1
Date Length of frond BEHAL, ZICELEEOMHEOE

. ) TETHE L2 &S HEOHEI DL O

ov. 16, 1948 0 Y 5 FCRT o TS5 BICRA LR O
Dec. 28, 1948 ! DB D, ZITEEC RS B 2DTes,
Jan. 11, 1949 1 10822 ICHlE LCEK3mm &\ 5
Feb. 8, 1949 21 Bz BICHEMEKD L% 2ERHC I,
Mar. 17, 1949 61 7 BT LCERTER LEZLO
April 16, 1949 81 FA BBCHEAI8Smm, EHEI10mm,

G4 B CZBE70mminaTH Ok Th
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Frcrin~ 2 v RAOFEOEKCIMESEERT, MEENAZF2~3AT»2LRBD6
%o

(B) #-~7 ¥ OREERE

WP CTER L ZEFRGERBCH L CEBECHREL, 300xfLiCi s & EMHHE 2 kOF
BEMET 5 (BE31K a, b o AIEFZLFEEOCHAOTCHELC (), FREMREL I
T %o ZEDNEDPNEE 3 ROFPEEE 2 KOFORFR I VT bWEKE RS (d
— 8o ZOBREACHEEPHESIEK LCE@MCHER D (h), ZOHRCIBERFAORER
MBOWBECRDTFLELED T L BHER { mDlke LBLUEDLBABEREIC~ 29O
FE L FRORBY & 0, ENHOKARBIEZE bhneE s b bo

400z

Fig. 31. Post-embryonal development of P. fenuis.

~ 2 & S 2y OEROFEINEEE 2 ROFORBUYNLEIRETD 258, ZORBRICR
TRBESGTH B Bbr N2z +OFEHZENLDRABEENR L, RELTWSS, ~24T
FEERTD b0 52 IKOEBEHEZECHEROEEY RLT, +-S2v 3R RBE, LH
L, ~2HEHRRICEAT, RVEL, BmEAESRO D, AT RELNT 2ECESD L
HENABDCTEET, + S vOREEML, PRHBELF WCHAELIYET 585 ~2
Y ORWLTKRL, RNFHUCKHET B XA S TIHBEPEBECTH %5, <2 T
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T v 7 OREICE T 5 BRI P

AR NEHT 5 (5532

(C) HBPHETZ2 - Z0HHF

HivhO g+ E R EREMIC AT F v 7y i~ 27 v P G
O - HERNET 52 - ZOERCONCHTIC N T
BEL, BCERLITOROT, FEMNATT TR A 0DS [\
BoNft AR T %o

BEREomE L
BIROE b /INBIC AR TH RO 7 v 75 ED %) c{
WIBEEHOBREBEC X OTELLVEREY ST 2, 3
B r AREORNRSRZ AR HAESN, PLKE
D72 ENLE T IRREFT IC AN OMAR TS R B 5 OB
THY, HEEL AR ENTT 9 FIROATS 4 F Q%
7 — v OEEENCFEH L e RO B E R R > O h B EEm O
DR ICRT 5 X D& DORD, EOLORTBEAEE VR
2, JEOLOPEDT, RET HICHEATEHERELS
hOl. TOMERBEFRICANZIY 2V — MEICHERD
B, SELCKEIAEER L VREELH L S okkic R
F7zo 75 4 F 7 — D0 FFRETHT Lz E

CRNCEEHOREASOEFEMMCETIO L hgEY

25 Bioe L HBRE
Hie Ao < EEELRBVcD, 194944 ~6HOH  (G) and comparing with P. tenuis
INBIC RN 3 A BEOCRER 7070 BB 2~38f
OEADH ~ 75 Lk 4 <7 v BEEBROREF T HEDTCnBIOFEYT, HHTER HE
LAY, % TICADRIERE Y &EW Lz 2N bOEAY KEEBTEEBKOEN 15
THFEL 720

ZOFERMECEAMEE RN 2BHEOFHRCNATH 65% %7 7w i 4 Cantharidus
japonica (A. ADAMS) 35, MOBTEV >3 v 4, <=SAB8%, sr77
v, FET YT A4, 3F=LPLLanDk. Frv 7 ARTFROTv 7 vBHICL S {,
24t (1932) BRFERETT v 73 COnCiHE s BHEOTTHIC DO E LT\ BHHATH
BAHT, TV I VEHECATOREYHODFTE SO TIIENS DD

BEERELZT > 7 CARBFYZT COHIET L3k, ZLOGEEREILE
EENHEYFET 28, BERBALLEDICRVANTH A IS, WP EDFHCLEY HE
ENTHEET HRIIELKRETNTHH D,

M EEICLBZBE

HIFD B Ak BB P OEEICT v 7w TR U TP Al 4« DFBRBER SO 7= 7 A v
A S Herposiphonia tenella (C.AG.) NAEGELL B3IR1, % CICH hEORIE L 3t
7> 7SR E E B LT, Z0%d~ 29 RO <2 +ODRDHE R O EORBEIC
07 i BEERR D Tz M BB LR T EE3MIC R Lico THLERD { AR & HBRE

- — 55 —



56 B H 5

CRET 5OTAA NI EE . CORARBIFDOREICA O ORMR, BIELR
THEENT LB EL, BPOUEDPNTEELTT 55 Live, TOBREE LTHEICZH
vk Dlehs, SEFHICHRG 2 MDA O —WiE 2R~ T b O LB b %o

DN fJ ik

Fig. 33. Young plants of G. Amansii (a,b,c) and P. tenuis (d) damaged by

covering of other small algae.

BIRIC & 2 ®WE

HE HEHOBRERT, BRICHE LEL T2 )~ VMEEOLENOEHORT L HTh,
B LD B ICHRDEYO RECHE LT, HESLET 2 LB CEI DOk, TOLETE
EECEFAALEHELAWOT, Z2COPREHETZTT B LR IEELR. £LTE
BT+, T4 7 0V EUNEO> w790 1 BAHER L. AUSFTORAROACEZ
DOEELCYS <23 FE+ Sz v BHESLLERLN, cnbEBRCHONCHEREHTEARL
THEBARND L, ZOTFTBICEAMERS DT, M%%ﬁgvﬁmﬁm%xﬁko
WCTEEFBIMEOT > 73 B0 7 7 A OB I19534E 6 AAEL, AAE I ICE
DCTROBRRIL T B Lo

WROWEE, S ME LS 2H Im D EOAE AR RICE~ 2 9fhd~<y 7 U, #% v/
v, BEY v = HEMBOLFEE BONHEERSET A4 Y 2 RICEEL TN DD, Efcom
DTFOEROEBERCET+4 RV Y t v sOEBHEL T\nbHo TOEEMBERKROE L\ HEE
BWIEOR - BEND HRICH2 5o B TORARBIFCZOBRICELTF, LELES
BIFTH bo

RWR  LOBEDLLRPCBEBCICT SEENOEZIEBEOZEZP AL THA D
LE2 bNEOT, TNEEBRICHEDD Hd, DIFOERY I1951FEERTIT 2%,
BT O EREIT & LTCENOEESWIET, & LTS REORDUERDZE L
BETHEELOBECWERTEAR (B 1 KbHi&). RE: LT~ 23 O T Fvieh Dk
B, AFERETHOROTHREOIF AV, ORI 5EEFORHOEEY HERED
MR E Lizo BIB~2 9% 4~5cm ICHIET L, MWIEICERREICHRAZ L OB
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&O0F, MABRECHEHSHII0cmICA Bikic LT, Ty ERCEFZ2O0 CERE L.

TKEEDS AT EE T 3 m20cmé RoN 70T, BHLEFEZTOREE 3mic Lo

9 HI18

H2:510H18B LTG0 I18EMGINBIOHZTO 2 ARAKOER T TO7. % LCHIA TR
HIERIEOREREE, A REEOTROY A ICRT 5 HELEHRCRBOF ELRE Lo

ZO¥ERMmE & SFRESELNR
EL, TNEEECET CEEZL
<, EHROMAZEaBCaENT,
EABNCIER L C\nze BT X (U
Wit LCHAEFOFEL - HER
TEE6EICART o TIC INEMA
OEED B 0T R % EEE A
OEATHEE» B 1 m50cmBPUF
TEELIUELLADTED, HiCE
DB 50cm MLOEE TR A &
ELTCvEV. —HEFEOTHICH
7 B IREROFEES T EENIC AT
LELWETE A v BESEE X
DISIBICH LT\~ T & (3 T
BRCHH Do

DI OB ICEBROFE R B
FIC~ 2+ LEOBRICO VT
KREKOBICE 2 X Do

1) SRERE X b REOEYS
F Br\o

2) BEEREEE X DWIRCT
o

3) MEOHE TEMIROEYL R
5T &P\,

4) WIROEXMEED, HEEN 5
BT 5o

5) WIRTHE B MAA TSSO
P OEEEDHET BD, ZOBIKE
C BT SIRBOTITL T EBD D
BHTHH D,

RICHBEOEIEATE ALY
OWH b, BWAFECHOCTAHED
L L ATNE L vwE O EREDE
OTENMIWETEbAINERL A&

) °

Table 6. The regrowth of G. Amansii in the varied
depth of water from upper-layer to the bottom, tested in
an inlet water with muddy bottom. The pieces of fronds
were tied in varied depth to a china-hemp rope hung
vertically in the water. The regrowth of branch and root
was indicated by plus sign and the reverse by minus sign.

Heights above bottom  Regrowth of branch  Regrowth of root

2.9 m + - -+
2.8 + - + -+
2.7 + 4+ + -
2.6 + - + -
2.5 + o+ +  +
2.4 . +  +
2.3 -+ +  +
2.2 + = -+
2.1 . +  +
2.0 + = +  +
1.9 - + -+
1.8 +  + +  +
1.7 + + 4+ +
1.6 + - +  +
1.5 - + +  +
1.4 + +

1.3 - = +  +
1.2 + = I —
1.1 + + — +
1.0 - = 1+ -
0.9 +  + + -+
0.8 - = -+
0.7 - - +  +
0.6 — - -
0.5 i - +
0.4 - = - -
0.3 - - +  +
0.2 - = + -
0.1 - - +  +
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KEF (1932) 13~ 2 v OFFRITZERBPCTEENE T, Bor ol LCHESEL, T
BIEEAT L EREFEH LB Y R L, TOENGENINIEET 20THAHD LHEEL
Voo BEOERT L BREETHIFRDIEDD LML C D T 038 L, ZOTFHED
BARSRA EIRBOIMIEASESS L T & M TRVDS, THEESEAD i CHEI O 25
FICEENL, ZOBESH 7 AEOEMFIBIC I OTERBEF LebO TR AV EEL T
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Fig. 35. Examples of vegetative reproduction on G. Amansii, found on the
concrete block (Fig. 34) about 4 months after the mother plants set on —( 1).
AB.x7; C,D.x4. In this test new rhizoids (b.), new branches (c) and new
stolons (d) appeared at the tips of the mother plants (a) which stood wrong
end up on the substratum. The arrow in C indicates the stolons regenerated at
the lower extremity (root pole) of the mother plant.

— 02 —
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Fig. 36. Examples of vegetative reproducthon on G. Amansii, found on the
concrete block about 4 months after the mother plants set on —(2). A, F.x5;:
B,C,D. x 8. Referance to the explanation of Fig. 35 for a, b ,c, d and the arrow in B.
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Fig. 37. Examples of vegetative reproduction on G. Amansii, found on the
concrete block abont 4 months after the mother plants set on —(3). A.x8; B.x
13. The arrow in B indicates the branch regenerated at the lower extremity (root
pole) of the mother plant.
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Fig. 39. Examples of vegetative reproduction on Gelidium sp., found on the
rocks which were heaved up from the water about 10 m deep at Nobeoka on 22,
February, 1955. A,B,D.x1.5; C.x1.3.
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APPENDIX

Diunal variation of the shed spores expressed by the number of spores counted
and the water temperature measured in 1952. The temperature was measured at
7,00 hour in the sea water where the samples were taken; the other temperature

was read in the laboratory.
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June 9~10 June 12~13 June 25~26
Time in hour
Carpo- Water Tetra- Carpo- \Water Tetra- Carpo- Water
spores temp. spores spores temp. spores spores temp.
oC °C oC
7.00 20.1 21.1
7.00~ 7.30
8.00~ 8.30 0 0 20.5
9.00~ 9.30 0 0 2 19.2 0 4
10.00~ 10.30 1 19.2 0 3 0 210 20.3
11.00~11.30 0 0 17 4 323
12.00~12.30 0 0 134 19.7 0 420 21.5
! : ] ’ . : fe pire
13.00~13.30 6 19.5 0 321 0 10 21.7
14.00~14.30 108 0 204 o T "
15.00~15.30 | 830 2 51 w2 4 o 22l
16.00~ 16.30 1240 o 18 8 O.
17.00~17.30 718 19.5 30 5 20.7 56 2 22.8
18.00~18.30 450 234 i 96 4
19.00~ 19.30 68 28 4 108 2 22.7
20.00~ 20.30 15 423 5 19.7 104 0 22.4
21.00~21.30 3 19.0 84 8 54 8
22.00~22.30 2 353 7 12 4 22.2
23.00~ 23.30 0 287 2 0 2
0.00~ 0.30 41 1 18.2 4 0 22.0
1.00~ 1.30 28 0 0 0
2.00~ 2.30 14 0 0 0
3.00~ 3.30 T 0 0 17.7 1 ]’ 20.5
4.00~ 4.30 12 0 M. 0.6 z\M. 0.2
5.00~ 5.30 2 1 J J
6.00~ 6.30 0 17 0 16.5 0 2 21.7
7.00~ 7.30 0 4 0 0 0
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June 30~July 1 July 12~13 July 16~17 July 22~-23
Tetra- Water | Tetra-  Carpo-  Water Tetra-  \V/ater | Tetra- Tetra- Carpo- Water
spores temp. spores spores temp. spores temp. spores spores spores temp.
°C oC e °oC
22.8 21.0 24.0
0 0 0 89 1166 24.5
0 0 0 22.8 0 50 842
0 23.7 [¢ 4 138 25.4 0 593 956  25.2
6 24.0 0 47 23.0 445 25 400 247
20 24.5 2 58 461 180 86 £0 25.7
128 19 82 24.3 469 26.5 513 14 8
- 348 25.1 6 22 326 509 9 1. .26.5
490 22, 4 24.7 220 414 3 3
618 25.3 48 6 69 27.2 260 4 3 26.8
442 74 6 24.9 14 3 4 1
330 25.2 32 4 10 1 0 1 25.3
134 48 2 24.5 4 0 0 0
32 24.7 32 6 4 26.5 0 0 0 24.7
10 26 2 23.9 1 0 0 0
12 24.5 6 8 23.2 0 26.4 0 0 0 24.3
24.2 2 23.0 0 0 0
0 0 0 24.7
0 0 0
0 0 0 24.7
M. 3.5 M. 2.4 M. 1.4
M1y 0 0 0
0 0 0 24.7
0 0 0
24.7 23.0 25.1 0 0 0 25.2
0 24.3 2 0 22.8 6 0 0 0 25.1
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July  29~-30 August 9 ~10 August  30~31
Time in hour
Tetra- Water Tetra- Carpo- Water . Tetra- Carpo- Water
spores temp. spores spores temp. spores spores temp. B
°C °C °C
7.00 25.7 26.5 27.8
7.00~ 7.30 6 3 27.5
8.00~ 8.30 3 25.8 0 14 25.7 29 29 27.5
9.00~ 9.30 22 25.9 3 839 118 629
10.00~10.30 57 1 736 25.4 344 951 27.7
11.00~11.30 71 26.3 21 347 454 257
12.00~12.30 169 26.8 290 28 26.0 332 64 28.2
13.00~13.30 231 418 11 168 28
14.00~14.30 180 27.2 814 6 26.9 57 7 28.5
15.00~15.30 88 617 i1 42 4
16.00~16.30 32 26.9 350 3 27.4 7 5 28.2
17.00~17.30 9 28 3 7 5
18.00~18.30 8 27.2 19 3 27.2 4 1 28.1
19.00~19.30 3 6 0 0 1
20.00~20.30 8 27.2 13 3 26.4 0 0 27.5
21.00~21.30 4 3 26.5 1 4 27.5
22.00~22.30
23.00~-23.30
0.00~ 0.30
1.00~ 1.30
M. 0.4 M. 0.5
2.00~ 2.30 M. 1.4
3.00~ 3.30 M. 0.s /M. 0.9
4.00~ 4.30
5.00~ 5.30 26.4
6.00~ 6.30 2 2 26.4
7.00~ 7.30 25.8 25.7 0 0 26.3
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September 15~16 September 18~19 September 22~23 September 28~29
Tetra- Carpo- Water Tetra-  Water Tetra- Carpo- Weter Tetra- Carpo- Water
spores spores temp. spores  temp. spores spores temp. spores spores temp.
°C °C °C °C
27.0 26.5 25.2 24.8
1 24.2 0 13 25.8 0 2 23.3
42 81 24.5 0 0 45 0 15
96 183 2 22.8 0 25 22.3 0 55 23.2
61 60 24.2 0 2 24 0 40
51 19 45 23.5 13 18 22.5 4 }2() 23.9
79 16 25.5 401 11 1 42 5
13 5 641 23.8 27 0 23.0 24 3 25.0
6 9 26.0 320 59 2 32 1
2 1 381 26.0 24 3 22.8 4 1 24.4
2 2 26.0 212 11 2 2 0
2 0 11 25.4 5 1 23.4 0 2 23.8
1 1 26.7 1 4 1 0 1
0 0 2 24.2 1 0 23.3 23.3
0 0 24.7 1 4 2
0 2 24.3 5 23.4 22.4
23.4
‘M. 0.0 ;MO
M. 0.0 M. 0.0
M. 0.7
M. 0 M. 0.3
17.3 19.7
21.3 0 0 17.0 0 0 20.7
22.7 0 21.7 0 0 0 1
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October 3 ~14 October "16~17 October 24~25
Time in hour
. Tetra- Carpo- Vater Tetra- Carpo- Water Tetra- Carpo- Water
spores spores temp. spores spores temp. spores spores temp.
°C °C °C
7.00 23.3 21.5 19.8
7.00~ 7.30 0 0
8.00~ 8.30 1 4 20.8 0 0 19.2 0 0
9.00~ 9.30 0 29 0 0 0 0
10.00~10.30 0 488  22.4 0 0 20.2 0 0
11.00~11.30 3 33 0 3 o 1 19.3
12.00~12.30 116 17 22.7 0 33 20.4 0 3
13.00~13.30 39 11 0 5 0 3 19.0
14.00~14.30 | 394 3 23.1 Q 3 20.6 0 4
15.00~15.30 | 256 6 0 1 0 1 19.2
16.00~16.30 | 224 2 24.2 9 1 21.7 0 1
17.00~17.30 100 2 8 1 o 0 18.9
18.00~18.30 12 2 21.3 5 2 20.2 0 0
19.00~19.30 5 0 4 0 3 0 19.5
20.00~20.30 2 0 20.5 0 0 18.7 2 1
21.00~21.30 20.0 3 1 2 0 19.0
22.00~22.30 17.8 0 0
23.00~23.30 2 0 18.5
0.00~ 0.30 0 0
1.00~ 1.30 0 0 17.8
M. 1.0 L M. 0.9
2.00~ 2.30 1 0
3:00~ 3.30 M.9.a (M.0.0 1 0
4.00~ 4.30 2 0 17.1
5.00~ 5.30 1 0
6.00~ 6.30 16.5 1 0 16.5
7.00~ 7.30 1 0 16.8 15.6 1 0
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SUMMARY

Fundamental Studies on the Propacation of Gelidiaceous Algae
with Special Reference to
Shedding and Adheasion of the Spores, Germination,
Growth and Vegetative Reproduction.

By

Minoru KATADA

Japanese isinglass (Agar-agar), one of the important products with a significant
position in the international trading, is chiefly made from Gelidium (Japanese
name ""Tengusa’) and other gelidiaceous sea-weeds. The practice of propagation
of this algae, which has been made during the past half century in various parts
of Japan, has been not always successfully made. Such uncertainties of this
practice may be mainly attributed to the deficiency of the biological knowledge
on the algae. Under such circumstances the author has carried out the biological
studies on Gelidium Amansii and its allies since 1941, at Kominato, Chiba Prefecture

and also at Yoshimi, Yamaguchi Prefecture in Japan.

Periodicity in the shedding of spores

As to the shedding of the spores of Gelidium, SUTO (1950a) found "Shedding
occurs daily in the afternoon.” However, the following results obtained in the
present experiment on G. Amansii extended for several years differ from the
results of SUTO in some points, i. e.

1) The shedding time of carpospores is always earlier than that of tetraspores
(Figs. 2—4).

2) The shedding time of the spores, whether tetraspore or carpospore, was
found not restricted to the afternoon of a given day, but varied depending on the

temperature of the sea water where the plants grow (Figs. 2—6 ).

Influence of water temperature, light

and desiccation upon the shedding of spores

SUTO stated, "Accumulating effect of light is supposed to induce shedding,”
and he added that the change of water-temperature did not give influence upon
the shedding action. But the results of aforesaid experiment on the seasonal
variation of shedding time (Fig. 5) suggests some relation between the shedding

time and water temperature. Hereupon the auther made careful tests on the
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illumination upon the shedding in G. Amansii. Further, he tried to induce the
shedding by the desiccation with a view to obtain a great number of spores at his
desired time. The author’s tests showed as follows :

1) It was found that the higher the water temperature during the preceding
nighttime the earlier the time of the shedding of the spores in the following day,
i_f the temperature is kept below some 25°C, however, such a rule is not held if
the temperature passes over this mark, it was believed (Figs. 7 —13).

2 ) It appears that the shedding time in the lighted condition is not earlier
than that in the dark. Therefore the belief of the previous worker on the
accumlating effect of light is probably not recognizable (Fig. 14, Table ] ).

3) The effect of desiccation in the shade seems not to induce shedding, but in
case of tetraspore at Jeast, the same effect is recognized to possibly extend the
time of shedding as required within about half a day (Table 2, Fig. 15).

Adhesion of spores

On this theme SUTO (1950b) concluded, "Aplanospores (such as spores of the
red algae and etc.) drift about with the flows of sea water”, and "Fixing abkility of
spores is the strongest just after the shedding, is lost in a few hours. Spores fix
themselves to substratum in [0—20 minutes”. The present author, not well
coanvinced by the statement presented by Dr. SUTO (Ibid.), carried out studies in
which some experiments were practiced on such subjects as to the velocity of the
falling of spores in water, the time needed for the adhesion as well as the
influence of water-current upon the adhesion and the author arrived at :

1) Finding very slow sinking of the spores (Table3 ) in the water, it is
presumed the spores of G. Amansii dispersed drifting with the flows of sea water
as noted by SUTO ([bid.).

2) A majority of the spores immediately after shedding adhere themselves on
the substratum within a few minutes (Figs. 16—18). This adhesive action gradually
grows weaker, but it seems that a majority of spores keep their ability of adhesion
and germination for 2 hours or more.

3) The spore tend to adhere more densely on the bottom referring to the
current as well as its counter-currents than on the other parts of bottom (Figs.
20—25). Consequently the irregular surface of a substratum will lead favourable

adhesion.

Germination

The works on the germination in Gelidiales have hitherto been reported on a
limited number of species of Gelidium by KILLIAN (1914), ONO (1932), INOH
(1941) and others. But unfortunatly, it seems that the past works are believed to be

insufficient to entertain strict criticism. In the present study, the germination of
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G. Amansii, G. pacificum, G. japonicum, G. pusillum, G. divaricatum, Pterocladia
tenuis and Acanthopellis japownica were investigated in detail by laboratory culture.
As the results of these experiments, it was ascertained that the germination of
Gelidial type is characterized as follows (Plate I—V)

1 ) The spore pushes out a germ tube, and the latter grows to an initial cell
of a germling.

2) The initial cell is divided into a small fusiform cell and another large
boat-shaped cell after first segmentation. v

3 ) A primary rhizoid sprouts from the young sporeling on the latter’s extremity.

4) An apical cell which appears opposite the rhizoid is formed at a cellular
cluster which has developed from the small fusiform cell.

5) A sporeling never unite with others.

Influence of temperature and specitic

gravity of water upon the germination

On the influence of environmental factors upon the germination in Gelidiaceae
no notable work has been published except the study of KINOSHITA, HIRANO and
TAKAHASHI (1635, '36) and KINOSHITA (1949) on the optimum temperature for
the germination in G. subfastigiatum. In present experiment, the germination of
G. Amansii was studied by laboratory culture under the waters with varied
temperatures and specific gravities. The results obtained are as follows :

1 ) The optimum temperature for the germination of carpospores as well as
tetraspores is about 24—26°C. Below this range of the temperature the sporelings
develop slowly, but are healthy in general, while above 28°C the sporelings are
apt to die shortly.

2) The growth of the sporelings are observed in the sea water with specific
gravity as high as 1.035, but below 1.010 the sporelings are unhealthy in general.
The lethal specific gravity for the sporelings seems to drop with the growth of
the sporelings. And then the length and the number of the rhizoids is remarkably
affected by specific gravity of the water (Fig. 26, 27. Table 4 ).

Growth

On the postembryonic stage of G. Amansii, the report of TAKAMATSU (1944)
was in striking contrast to the supposition of ONO (1927, /32) which had been
generally accepted for a long time. Thereupon the present author pursued a study
of the growth of the sporelings in Pilerocladia tenuis as well as G. Amansii by
the cultures under natural conditions and in laboratory. In addition to the above,
the growing season of G. Amansii and the factors believed to kill the young

plants were investigated. The results obtained are as follows :
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1) As a rule sporelings grow vertically, and then the secondary shoots sprout
from the basal part of the primary frond in G. Amansii and P, tenuis (Fig. 28,
31).

2) In G. Amansii, almost all secondary shoots grow erect and a few of them
grow up to the main branches in one case, and in another case lateral buds sprout
horizontally and grow into the creeping stolons producing new upright buds and
rhizoids. Sooner or later some upright buds grow up to the main branches (Figs.
28—29).

3) In P. tenuis secondary shoots never grow erect. They develop into the
creeping stolons producing new upright buds same as in the Jatter case found
in G. Amansii (Fig. 31).

4) The young plants grow very slowly at the beginning, from summer to winter,
and then begin to grow rapidly in early spring (Table 5 ).

It is observed that the young plants are damaged frequently by the covering
of sand or mud, the feeding by phytophagous Gastropoda and the covering of
small algae of other species (Fig. 33, Table 6 ).

Vegetative reproduction

The vegetative reproductions in gelidiaceous algae are made not only by the

creeping stolons as generally known, but also by the branch in some conditions.
While studying the polarity of the segments of branch in G. Amansii, the present
author accidentaly found a Jatter phenomenon. Therefore the further studies were
carried out on G. Amansii and other species in the Genus. The methods and
results are outlined as follows :
1) The fronds of G. Amansii were kept in contact, by means of strow ropes,
with the surface of concrete blocks which were placed in the bottom of the sea
(Fig. 34). Then these fronds stood not only the wrong end up on the substratum
by new rhizoids grown at the tips of branches, but also regenerated a number of
new individuals (Figs. 35—38, Plate VI, VII). However in natural condition, it
may follow that such reproductions as mentioned above are peculiar found in
case of the fronds which were separated from substratum by raging waves, man’s
gatherings and other conditional factors.

2) In Gelidium sp. a similar phenomenon was observed on the plants growing
on the rocks which were heaved up from the water about 10 m deep at Nobeoka,
Mivyazaki Prefecture { Fig. 39).

But such vegetative reproduction in this species may be slightly different
from the aforesaid reproduction in G. Amansii. The former is recoginized as an
unconditional case in accessary reproduction, and the latter seems to be considered

as anaccidental numerical increase of individuals.
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Contribution to the propagation

e vy
It is certain that the results obtained by the studies are not only desiring
future researches, but also are serviceable for the practical works in the propagation

for gelidiaceous algae, namely, seeding, transplanting, management, protection and

the surveys accompanied.






PLATE 1



Plate |

Germination of the tetraspore of Gelidium Amansii LAMOUROUX —( 1 ).
a. Adhered spore.

bti-3. Pushing out a germ tube.

cL-2. Formation of an initial cell of germling.
di-3. First segmentation of the initial cell.
d. Abnormal first segmentation.

et-3, F. Advanced segmentation and the development of a primary rhizoid
f', f!. Examples of abnormal sporeling.

g1-2. Sporelings from 3 day culture.
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PLATE II



Plate I

Germination of the tetraspore of Gelidium Amansii LAMOURAOUX —(2).

h. Appearance of apical cell, from 4 day culture.
i Sporeling from 6 day culture.
j. Sporeling from 8 day" culture.

k, k. Sporelings from 10 day culture.

Germination of the tetraspore of Gelidium japonicum (HARVEY ) OKAMURA.
1. Adhered spore.

2, 3. Pushing out a germ tube.

4. Formation of initial cell of germling.

5. First segmentation of the initial cell.

6. Advanced segmentation and the development of a primary rhizoid.
7. Appearance of apical cell, from 3day culture.

8. Sporeling from 5 day culture.
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PLATE 1III



Plate Il

Germination of the tetraspore of Gelidium pusillum (STACKHOUSE) LE JOLIS.

a. Adhered spore.

b, c. Pushing out a germ tube.

d. Formation of an initial cell of germling.

e. First segmentation of the initial cell.

f, g Advanced segmentation and the development of a primary rhizoid.
h. Appearance of apical cell, from 4 day culture.

Germination of the tetraspore of Gelidium divavicatum MARTENS.

1. Adhered spore.

2. Pushing out a germ tube.

3. Formation of an initial cell of germling.

4. First segmentation of the initial cell.

5, 6. Advanced segmentation and the development of a primary rhizoid.
7. Sporeling from 5 day culture.

8. Sporeling from 13 day culture.
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PLATE IV



Plate IV

Germination of the carpospore of Pierocladia tenuis OKAMURA.

a. Adhered spore.

b. Spore immediately before pushir}g out-a germ tube.
ci-3. Pushing out a germ tube.

d. Formation of an initial cell of germling.

et-2. First segmentation of the initial cell.

f, gi-2. Advanced segmentation.

h. Development of a primary rhizoid.

i Sporeling from 10 day culture.

j. Appearance of apical cell, from 16 day culture.
k.. Sporeling from 40 day culture.

l. Sporeling from 60 day culture.
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PLATE V



Plate V

Germination of the tetraspore of Acanthopeliis japonica OKAMURA.
a. Adhered spore.
bi-2. Pushing out a germ tube.
c. Formation of an initial ce”voF gérm|ir\g4
di-9. First segmentation of the initial cell.

e, fi-2. Advanced segmentation and the development of a primary rhizoid.

g. “Appearance of apical cell, from 3 day culture.
gl . An example of abrormal sporeling.
h. Sporeling from 5 day culture.

i Sporeling from 20 day culture.
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PLATE VI



Plate VI

Examples of vegetative reproduction on G. Amansii, found on the concrete block about 4

months after the mother plants set on. Reference to the explanations of Figs. 34—37.
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PLATE VII



Plate VII

Examples of vegetive reproduction on G. Amansii, found on the concrete block about 7 months
after the mother plants set on. Reference to the explanations of Figs. 34—37 for the newly

grown plants.
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