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Table 1. Seasonal change of spore liberation in Gloiopeltis at Yoshimi, Shimonoseki in

Japan,
Species | Spores ,‘ Season of liberation x Season of active liberation
. | Beginning of May (17°C)— Middle of May (19°C)—
C remas ctraspores End of June (22°C) Middle of June (21°C)
o Carpospor Middle of May (19°C)— End of May (20°C)—
arpospores Middle of June (21°C) Beginning of June (20°C)
Tetr ' Beginning of April (14°C)— Middle of April (15°C)—
G furcata craspores Middle of June (21°C) Middle of May (19°C)
’ C _ Middle of April (15°C)— End of April (16°C)—
arpospores Beginning of June (20°C) Middle of May (19°C)
(o )eeeene Average water temperature of habitat at 10 o’clock a. m.

CE TAMTHE SN BTFOES, MRS A &, w7 VR RER Gk, 1949a) T
6 A FA—7 AL OKE19~21°C), ZHmEURES (B, 1939) T 5 H LA~ OkE18~19°C), %
fr7 s w7 s ) R dREEITE GRRER, 1938) T6 Al (kiR1s°C~), ZiTs5 A hf~6 AL
] GKE15~19°C), EET4 H LA~ OKEL~16°C) L ->Tid, 5O E TEORKE
D5, 7/ U EOET R A TR TR EER SRERE T, MRINE, bEELD 1~ 2R
Wy L U 2 OB KER R E b A, w7 2 U TI8 CHIf%, 72 v 7 )V TIS°CHlR & 2> T 5%,

E2HE K OB OB A&

7 ) EOMESIETE, RBRCHET AUAEFD 5 OREYE 1 IA—DIRLIZE S LEET, +
S EL L TSR B BIETFIED 5 BPICEZETES N, 200 5 FLEAE § 1200 THRERICEHET
B9, BREIORICONTRIENIEL LS (F1ME—H),

Dk S AL TSI 5 R0 5 B § DEHICONT, BFORHEEZEERL 12, B IXEN

T3~ 6B S e, BIN o o TAI A FF 5 2cDe, DPRBOFKELEE, N3
55 2 ld THEMEE T OIS o 1oe T DIEMICEEN S @72 DEEYE[ K> & ORHREE § B U 2.
S5 a9 ) OAETFORREE, #2HA—DICRUI, FUAEFEOM LSS LEEDHE
DS EMHH S A (A), 10~30MBIRRET Qs &% h, JIFP UKL TS 15 AT
TRBED SN S, TF 2 HDKTH C RAMIE CABL OO0 H L, HOTHE O 2 bmhn
(B). 2N FNF CIIMFBEORTICS =72 (C), BRI 2T 00 & 208 &, IRZAL L
BB, FUH (1964) B34 =0 U THEL 72 L 31, EARFR#E-FEraInTithsh, 20— E2H->T
AEDIITFIC AN B D THA S, s 4 HOIER T 5  TOREIZENEOTION, HZ2NE0
TR ATBEL 128, % L 320~40B T h 10, EIRE RS Hh LM SR o 1N EIRIZIT0~
m@%%btgcw;agﬁﬂfﬁmmtwﬁ@¥@,%ﬁuTﬁ<&wﬁ@¢ew%%ﬁﬁ<K%b(DL



T UBIOT e 7 )OI EFRAECEET ATTEE

Fig. 1. Development of tetrasporangia and cystocarps in G. furcata. A—D, tetrasporangia ;
E—H, cystocarps. A, B, E—G, immature stages ; C, D, H, mature stages. (A—D, x370 ;
E, 240 ; F—H, x50).

E F G H
Fig. 2. Successive stages in liberation of tetraspores and carpospores in G. furcata. A—D,
tetraspores : A, 10 seconds ; B, 20 seconds ; C. 40 seconds ; D, 10 minutes after release,
respectively, E—H, carpospores : E, beginning of liberation : F, 3 minutes ; G, 5 min-
utes ; H, 3 minutes (upper view) after the beginning, respectively. (A—C, %300 ; D,
x50 ; E—~H, x40.)
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Fig. 3. Relation of the time of spore liberation nic.
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Fig. 4. Change of the number of tetraspores liberated after immersion
of exposed fronds, in G. tenax. a and ¢, ncap tide ; b, spring tide.
Horizontal arrows indicate the time and duration of exposure of
the fronds in the habitat,
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Fig. 5. Change of the number of tetraspores liberated after immersion
of exposed fronds, in G. furcata. Other explanations the same as
for Fig. 4.
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Fig. 7. Change of the total number of tetraspores liberated in a day to tidal periodicity.

A, G tenax 5 B, G. furcata.
tidal range.

— 97 —

Circle, average number of liberated spores ; dotted line,

f—y
(W3]

range {cm!

tidal

Average of



194 (A F 24 K RMEER 17 (3)

bR I R A D % {, ZBOBETIIHE NI,

EARIREBIC 317 AT O MHR 2 E LD Th b E, =7/ VOBEFIZ5~6 A, 72707/ ) DlETF
&4~ 6 HiemkEl, WA SN, OO S HRERRCORIBEYNEZ {, 201 HODS LT MBS
{HHaENn 2,

FAEH & &

B sahh o SN A &, K2 L o0kl L TEWICEET 5, O CTIRIBFORRRE,
EHEWWET A, SRR 2 RTORELIC DN TIEHET 5,

ERERE : O OMMEIEZAC A1 4 BBH S Tsnioe 7 0 EEE, 77 2 BEOMRE (3 %3
* 13 em) HHOABIAGCE U TRF 2 S8, BiE#0~405 B bkd H’u’rFOD 55 80 4&1@‘@%‘%
A FRE U 1 SIS &> THIFE L 72, %2 OBEO#EKEIZ21°C, RS E35% Th o1, Z DORGH
[8F55 1 mm % L3 2 O @735, K365, iS4ty 28I 1m, D& Hicvhldsd wmwfa%
DT, JETAIIKO DTSRI L - T s N, BAROUEKT TR D ﬁJLAJTA<iﬁ$ﬂ
5THAD,

% CEY AR HRid~ 7/ ULy ooy ) ONSRTC >N -T2, £9, BHEREHC

4 IMEE S U TR, TR0 T EE UIBT 2 i 8 TRIZI TR RSB U2, o

%K 274F551L7ﬁ&ﬁ1mm®H@Mé,C®H%Hﬂ TRTMO—R2TE T Lie 30~570
B#EL oL, CORESIHAOBTRERAL, RATILOAS A FI I 22HEKPTHHTKIEL T,
%othﬁ@ﬂﬂufééﬁ@ﬁwtocwmi BEEBE TV T 5 AT o 1,

A [¢]
60‘ ’,_,/f?//
O O
S /
L o30F P
I5)
Sur
)
jrl
w)
E O ] ) 1 1
g
o B
€ gob . o
- o
N ()f_ ©
&
= 30f
0O 1 2 3 4 5

Time (minutes)
Fig. 8. Increase of the number of adhered tetraspores in the course of
the time of contacting with glass surface. A, G. tenax ; B, G.
Jurcata. Water temperature : A, 24~26°C ; B, 21~.22°C.
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Fig. 20. Relation of the adhesion of tetraspores to sali- $ X0, T ORELIRTRED
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Fig. 21, Effect of the change of water tem- Fig. 22. Effect of the change of water tem-
perature on the tetraspore liberation in perature on the tetraspore liberation in
G. tenax. The changes were given about G. furcata. 'The changes were given
10 hours before the liberation occurs. about 8 hours before the Iliberation
Salinity of media, 35 %,. occurs. Salinity of media, 359,
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Fig. 23, Effect of the change of water tem- Fig. 24. Effect of the change of water tem-
perature on the tetraspore liberation in perature on the tetraspore liberation in
G. tenax. ‘The changes were given im- G. furcata. The changes were given about
mediately after beginning of the libera- one hour bhefore the liberation occurs,
tion, Salinity of media, 35 %,. Salinity of media, 35 %,.
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Fig. 25, Effect of the change of water tem- Fig. 26, Lffect of the change of water tem-
perature on the tetraspore liberation in perature on the tetraspore liberation in
G. tenax. The changes were given about G. furcata. The changes were given
3 hours before the liberation occurs, and about 5 hours before the liberation occurs,
after 4 hours’ immersion the fronds were Other explanations the same as for Fig.
brought back to the previous temperature 25.
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Fig. 27. Relation of the adhesion of tetraspores to water ATEL T, DAREFE AT L
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Fig. 28. Effect of the duration of light period in a day on the tetraspore
liberation in G. tenax. Duration of the light period : a, 24 hrs. ; b, 21
hrs. 5 ¢, 18 hrs. 5 d, 15 hrs. ; e, 12 hrs. ; £, 9 hrs. ; h, 3 hrs. ; i, zero.
Shaded area shows dark period. In all experiments illumination was
made by white fluorescent lamp (3,000 lux). Water temperature,
19~.23°C ; salinity of media, 35 %,.
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Fig. 29, Effect of the duration of light period in a day on the tetraspore
liberation in G. furcata. Duration of the light period : a, 24 hrs. 5 b,
21 hrs. :c, 18 hrs. ; d, 12 hrs. ; e, 6 hrs, 5 £, 3 hrs. 5 g, zero.  Other
explanations the same as for Iig. 28.
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Fig. 30. Effect of the time of light period in a day on the tetraspore libera-
tion in G. tenax. Duration of the light period was 12 hours. IHlumina-
tion was made by white fluorescent lamp (3,000 lux). Water tem-
perature, 18~25°C ; salinity of media, 35 %,.
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Fig. 31. Effect of the time of light period in a day on the tetraspore libera-
tion in G. furcata. Other explanations the same as for Fig. 30.
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Fig. 32. Germination of the tetraspores in G. tenar—1I.
A, adhered spore ; B, C, C/, sporelings after 1~2 days cultivation ; D, D/, after 3
days ; B, E/, after 5 days ; F, F/, after 7 days ; G, G/, after 10 days. The marks
with prime indicate side view of sporeling.
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A B C

Fig. 33. Germination of the tetraspores in G. tenax—IL.
A, B, sporelings after 40 days cultivation ; B, side views of the sporeling ; C, ex-
amples of abnormal sporeling after 14 days cultivation. (A—B, x80; C, x150.)
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Table 2. Survival rate of tetrasporic sporelings in relation to the duration of exposure and
relative humidity, in G. tenax. The experiment was started at the stage of adhered
spore of 3~4 hours after release from the fronds, and was continued 6 days. The
exposure to air was given for each constant duration once a day. Water temperature,
20~24°C ; air temperature, 21~26°C,

. : Days
Relative humidity Durannerofdaexposure :
per day 0 1 R 6
Control o b 100% | o5 % o1 % g% | 847
7 1 100 91 89 86 86
100 3 100 84 79 74 74
5 100 78 53 52 45
7 100 56 47 45 39
{ 100 88 74 66 63
75 3 100 45 30 23 2
5 100 7 0 — —
7 100 0 — — —
1 100 40 3 1 0
s 3 100 3 1 0 —
5 100 0 — — —
7 100 0 — — —
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1P BINEOEEEERE, FEHIET L EIEGRS LT AEEH S 00T, FREOHEEZ 0% I
o17e FEEMADOKE JIFBLER 6 BIZR T4 F 7o ARIEAGED 15RO LGE R % F72,

R T4 KT S 2AREOFEHFCH T AR, EE100%0 DX TRRAZELE T L 5 8ATNHED
IS, BETS%O Db T it h, WBEE50% Tk L FAEEIC T TIREZBEL T,

v 7Y OFERITI6AES H20HICEL, AEEDEIES 1, 2, 3, 6 BEICITg, ZORERIZHE2
FBIWR LT, Chitk->THS LI, BTOARRIBEHIFEFENT Y, SEEMMEN I EET
UTze T22b 5, @E 100 % COBEIZHENSEIUNS {, BHOEMN 5~ THTE 5 BHECER
0% & o Tiniz, BET5% T 1 B 1RO TEIRBIEF12 s, 6 AEOAIRE)NHI60%
AETF L, 35105~ 7EHETE 1 EEOBL TREDVTERL 12, BES0% TOEIEZ OHER Z 5
K&, 1HIBHOBHETY 2 HECKESHFEHL 72,

COEIREHPESANRERDRS 3, BEHER6 HEOXE JHEI LUHRX & L TEES
EZREFED SN ohs, ZOBOEEC L 2 EBEHIGHOE N FAEEPTEL, FElEsie Lz
WO, AHENCIRHET 2 8 0 (GBEBHC) B EORERREENEL LA LN, _

B s 2 [ F OB DR 2 DRERBEC L o TRIS 2 EEALONLDT, 8 ~I5HIIBOIER 2 HE
ELUTHBSBHIERZ1964E6 H3~9 BicfT/ia o7z, 2 OHE, EE100% CEE 7HE, BE5%T
IERBRE S TR OBRETH Y, BES0%ICHIT 5 L HBRETY 6 A%IKi60%03E 85> T
12o FNEBMAOCHERERNITNTEETH -T2,

Table 3. Survival rate of tetrasporic sporelings in relation to the duration of exposure and
relative humidity, in G. furcata. Water temperature, 17~20°C ; air temperature,
18~21°C, Other explanations the same as for Table 2.

. Days
Relative humidity Duratlorér oé‘aexposure ; 1
| p Y 0 i 1 2 3 I
Control o hrs. 10072 | o5 7| o3 % | g 7| g1 %
% i 100 9 ) 88 85
100 3 100 95 94 90 86
5 100 96 93 88 80
7 100 74 62 59 46
1 100 90 86 84 81
75 3 100 79 77 75 70
5 100 51 33 26 13
7 100 | 45 36 24 9
1 100 67 16 30
0 3 100 30 7 2 0
5 100 19 1 0 —
7 100 0 — — —

T 07 VI NTII64ME 4 A3 R EE 2k, 1, 2. 3, 6 QBOAREIE 3 FBWRLIL
Sy uv s VEFORECS I TRIEOEENI, ~ 7/ Vg A L RBIERBOREEE NI,
==

=
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BRI i, BHIFROB N EFRELROEENSI L, BELRERPZ L ALNI1

D ED#EERD L5 % &, BHIBIFOTERINT 2 HE T, 20OHBIFHEHORENEE, [EFORE
RESEIIERE L, BRI 2N FEESED &P H Lz h, 7707 JOEFSYT
Y XD BRHICE L TR 1% b o Tl B,

(2) & o

T DFELE & 5 & B[ROV T, Hi935% OB K R CERELL 1 I8 2 150 D57 4 iif/K TR
L, Z0BOEEER, EERHT, HAIILIZ0, 9,17, 26, 35, 43, 52, 60, 69% D 9 BRRSC /), BN
IR A FREAK TR, E 03 ED, WL THEL, che O LIt Y v 40.28, BEBE—KFES Y
v & 12/K8 0.02g, Modified Provasoli Jif 5ml % N7 72 & ORREEI & UTze FTIL 200 ml £~ — iy

Z4EH 6 Wb 5 18FFE TIREF L TIT72 »72e MBRHEME 3~ 4 B LT %R H AT, ARG 100
DO 1IHRBC L5 4 PRI T 5 ~100EH~, FEGROKE I~ 20EAkOEESLEEL, 2hE
N TED LI,

=7 2 YT, 1963£E 6 A 7 BB g % U T&E D Tt
7 HBITR, 2OBREE 4RORLIL, 7 2 VBT ERE UE,

‘rpwis, FERCHELL, 3
sl

b3 )
REZETH SRS L0 EESCEE

Table 4. Survival rate of tetrasporic sporelings in various salinities, in G. tengz. The
experiment was started at the stage of adhered spore of 3~4 hours after release from
the fronds. Water temperature, 19~21°C ; light intensity (illuminated by white
fluorescent lamp in the daytime), 3,000 lux.

Salinity (%)
CUItUI‘C duration i T R T T | I
(days) 0 9 | 17 26 35 43 52 60 | 69
— - | - ! |
o ! i A
0 100 % 100 % 100 % 100 7| 100 % 100 % 100 % 100 7 100 %
1 0 0 | 46 98 | 100 | 100 | 98 9 | 86
3 0 o 4 95 9% | 9 | 98 o1 | 68
7 0 o . 33 86 9% | 95 1 97 89 | 62

4, WE69% CIZEE AR U IR E F UL hED 9 % T T 1T HERC 3T L 721305, 17%
T4 1 BEROEERESKISO%CHED U, 1518 T BROMK TIREEI26~60% OHI TE { OEkL/E S K
- T Tz,

JEFOFAEEDOAS 3IBE4, 8, 12, VHBCMFE LI, LhEAERT GRS ORS 2K EET
ARk, 2EMBEOERZ2~2T A DHMPNTELL, BESICET 523 8D s L sBE¥A LN
1o BB 2 EERBIIEMHDE LY THE, CORIURINZ X31L, w77 Y OFEEKRDER
IR 26~43% T BT RIFCh o125, ek VIEED, EIED TRAEEMET Uz, &ESD11% TR
FEEOKE LU THIlaED D L, 10D 60 % TIRIFTMIEAARANCHH U 7o BB 2 FE Lk
(BE33C) D% <, X HIT69% TIXIBIEIOHH T & 1R T 7s {, MEONMES A LNz, D&
INTHERDFRC BN DISIE D 35% DG K 2 Hul & U 12 026~43% T d - 12,

IR OFAEIC s LIS THED O MBI REEIT L > TR 2 E B b A0, BgHKT 3 AEE
UTs 8 ~108INBD AR 2 3 & U TR BB AT 512, ZOME, FH 7 BBOREERDERFEE
4939, 17, 69% T $80%L LT, ETOBAILL TED o1, AR RES1T~43% TRIFT, Z0DH
HRRX D RITERTh o712

7o w7 YT ONTIZI62E S A2 A5 FERR IR, 2 DAERRIIBEL, 5, I0BEICH~IT,
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20

Fig. 34. Growth of tetrasporic sporelings in vatious salinities, in G. tenax.
Water temperature, 19~24°C.  Other explanations the same as for
Table 4.

ZORBEIIE SO BT, 707/ ) OETFIRYKT 1 BBICT NTIREL 1208, Hi0 9 ~17% D

H43 1O E A1 30~T0%h3, HE69% MEtaSI T 4 90%p3E & D, <7 7 Y ET & b2 e LT

NI A B b LT FAEMRDA S SB35, 10, 18EBICHE Lz, Z0HEHR (B35K), FAME

DRI T~43% CBIFT, 15 9 %35 X0°52%L, LTI {ET U Tz, IRBIAT 3 HEREZEL 728 ~10

MO KIC DT & [HRE ES 21770 o7, 2 ORER, FEEROERRGIEY TE <, EHD 9 ~69%T
1A L

VIR T B 80% Ll DA RTE D pis b, F I ERIEES, B TRTOSRE LV RET
ED ~ T\:o

Table 5. Survival rate of tetrasporic sporelings in various salinities, in G. furcata. Water
temperature, 12~18°C. Other explanations the same as for Table 4.

Salinity (%)

Culture duration R———

69

(days) o 9 . 1w 26 35 | 4 52 | 60 |
0 200 % 100 % 100 % 100 % 100 7 100 7 300 % 100 % 100 %
1 0 59 | 8 | 98 | 100 | 100 | 99 | 9% | 97
5 0 | 49 . 8 . 97 | 91 97 9% | 9% 9
10 o | 3 7 | & o 9% 9 | 9% | & | 9

—

JETFORELIESOBEGEREED 3 &, MEDHT I —HICEED CTEEENETL, BED TERNVE
Nh, =77V EFOREERICHNT, EEEYE  TERYRFSENE6~%TD 5. 7707/
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O 35%,
80 - , A 43%0
'/ A 17%

‘

9 Y0

52%0

60%0

Diameter of sporeling ()

69%0

] ! 1 i i
0 S 10 15 20

Culture duration (days)

Iig. 35, Growth of retrasporic sporelings in various salinities, in G. furcata.
Water temperature, 12~18°C.  Other explanations the same as for
Table 4,

U CIEAERED 6 H026~69%, HFED LEDSIT~43%BR ., COBAELEr L w7 /) EERESIED

26~A3% T OISR ETH 5 EEZ A2 N BH, w7 7 VI U TOREE S, Wis, fidn s

DR S BT L EE L T b, S0 & & 2T 2 B R ELE D 100 < 78 5,
(3) B i3

MF DR & RIS OMIR L, BT O BREEBIFCH Hh 5 5~30°C ORI TRz, BIERR

2 5 CRFRICET, BEMIEAE U B2 v, CHc RO EER 2 —ERMA T, FDED

DEEFEITECEERE, AROUEES SEIEE AL TH B,

Table 6. Survival rate of tetrasporic sporelings in various temperatures, in G. tenax. Salinity
of media, 35 %,. Other explanations the same as for Table 4.

Water temperature (°C)

CU.ItLlfe duration e ‘

(days) 5 10 | 15 . 20 | 5 30
0 1007”0 w07 0 w007 0 1007 | 100 7 100 7
1 99 10 9% % 100 3
4 88 82 o8 . 9% 9% 3
8 6 75 97 93 | s 0
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w7 N TR 19644 5 29 HIC o 2 B L TER 2 i) oo HEEROMEE 1, 4, 8 BBl
U, FOREERBE TR LTI, 8 HBOME Tk, 7/ VT 15~25°C T0%LL LA XFE b s
A HNTHS, 10°CLUT THT0%ME &Y, 30°C TR TIR L 172,

60 1 s
20T
P ZSLC
EFJ_D
o
<
O
%)
= 15T
[
2
@
£
o A 10T
5C
30C
ZO { 1 I I

Culture duration (days)

Fig. 36. Growth of tetrasporic sporelings in various temperatures, in G,
tenax. Salinity of media, 35 %, Dotted line indicates diameter of dead
sporelings, Other explanations the same as for Table 4.

FEEROIRE SEES, 9, SHEBCAEL, ZOFEREIMORLI, CORicaA NS X i,
20, 25°C BT 2 EEVHCBIFTH >z, $/0bbIETE 5 BRCKB0MEBORER L0y, Z0FH
BRI OMEN A S5 N1, 15°C TRPREENBZ L, 5 B0~ 2001E CHAEO MY b H 3T
&b, 10°CUTTIRS ABIC 2 ~6 4k, 15A% T8 5~20{il8TL EENHEL -T2,

DI, F920°C €3 BRIBEL iSNI0MIBOIEAELKI DT, 2 DBROIEAE & REDRER 2 I~
FOFEE, 10~30°COEMAN TEFEERDOERENE , ERIEb o7,

Table 7. Survival rate of tetrasporic sporelings in various temperatures, in G. furcaia.
Salinity of media, 35 %,. Other cxplanations the samec as for Table 4.

Water temperature (°C)

Culture duration

(days) 15w 530
0 100 7| 100 7 } 100 % 100 7 100 7% 100 %
1 oo %8 9 | 98 87 41
3 B e A A ) &0 2
8 I A (2 R B v 0
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T w7 IO TIRI9644E 5 A2 Flicis B R ihe, HEZEOMFER 1, 3, 8HBBTL >, 20
W (T3, BT IiET 301 5 ~20°C OFFHR T, 25°C Tk LIV n B ET
L, 30°CCig 1 B#ic#50%, 3 A ISR 055EHL 720

Diameter of sporeling (p)
(@)
[sw]
t

40

N\

g% e e ®5C
T o 30C
20 L 1 - ) ] 1

0 5 10 15 20

Culture duration (days)

Fig. 37. Growth of tetrasporic sporelings in various temperatures, in G, fu-
rcata. Salinity of media, 35 %,. Dotted line indicates diameter of dead
sporelings, Other explanations the same as for Table 4,

FEEfRDHR & JFEEES, 7, 14, 2HBRIRAEL, ZOIISEITBICRL Tz, 15~25°CitsinTia
Fid 3 HEBCHIOMIEIR s b, 20BODEELRL -2, UL 10°CUTFCERNEZ <, 3 H#?2
~ 4 s 012, LD, 15°C T 3 HIMEEEE U 72 IOMIIERT B D FE AR 2 F - T IRIER 25 6 S B
s o1, Z DR, FERIET ST 5 ~20°C I TERREAENBEIFTH o 701Id, 25°C
THREOMENWEERR LTI, £1230°C TRHAERIIEN S 2 T HEICKIS0%DE SR D3A ST,

P EOFRERED S BT OFRECEEOBREE LD 5 &, ERREAEN L A TIEFOREWEEL, ~7 2
)T 20~25°C, 7 a7 VT 15~20°C Thh, ITHEEEEE 2R U RO 2 h 2120~
30°C, 15~25°Cic/Eds s, ch X B TR—CEEDER, BTS2 SEREVIET T A2 Hm»
B, 7/ VBLE T 0T s Y ORTFHHBEROSSEKEE 2N E N 20°C B, 15~19°C T3 d
FECITFHETH 5, FETFOREERCOWTIZ 7207/ VTRTF « #8558 (1937c), FiE (1949) »3if~
T B8, RUGECHEERIAT - ER021 40 3 0PF L, FBOKREE BIE—-HU T 5,

(4) B E

MaFFa: & R OBRIE, BT EEORERE T B -tBE 254, 2OROERREERZHAEL
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SN
=1

r, BAEAOE (HZFY 50,000 lux),

w7V BLET a7 ) ORTHR & e T AT

221

MRERE % > 7 2 5 LR 100W D@z L b, 30, 300, 1,000, 3,000, 8,000lux %@ if7zi3

i [ EDTEIC X o TRV U T2 X s L O B X D 8 B

B Ui, REHEIH, AL JOFEEORERERS SEEEO KRB ERL Th 5,

Table 8. Survival rate of tetrasporic sporelings in various light intensities, in G. tenax. The
experiment was started at the stage of adhered spore of 3~4 hours after release from
the fronds, In the intensities of 13,000 lux and 350,000 lux the sunlight utilized
outdoors, and in other light intensities the light of white fluorescent lamp. Length
of light period, 12 hrs, per day ; water temperature, 18~20°C ; salinity of media,

35%.

Light intensity (lux)

Culture duration —— - : - B
(days) 0 3 | 300 | 1,000 | 3,000 | 8,000 | 13,000 | 50,000
0 100 71 100 7 100 7 100 @@; 1007 1007 | 1007%| 100 %
3 88 o8 98 o5 | o7 99 95 97
7 65 80 95 95 95 o8 93 94
16 33 78 ) o4 | 9 95 2 91
7 7 VIO TIHI9644E 5 A4 B 2 15y, AFEEROREIER 3, 7, 16HBICT S o7, % DGR

B8 R LT, 77 /7 VET D% {14 30 ux BLRIC s TERIICHAEL 1203,
EE I LTI EIT o

100

i

Diameter of sporeling (e)

80

60

FEHTIEREEOROZE

THEBRL, 16ABOEERIHB0%CEE 5 o1 BB COBE, hihT

a &, 0001lux

® 3, 000hux
0 13, 000ux
X 50, 0001ux
4 1,000lux

3001ux

1

301ux
0 lux

T

Culture duration (days)

Fig. 38. Growth of tetrasporic sporelings in various light Intensities, in G.
g P P g g

tenax,

Other explanations the same as for Table 8.
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B MR LT B PR AR A ST &
FEIER DR & S

W PFTIREAYEESY, 16HET 4 ~12MI2ICB £ 70 -7,

/'/f

Rl LIn e 2 CEEMHERL, 1,000~50,000 lux OFEIFHA THEENBIFT,
bR o7, 7235 8,000 hux LI EOFEE TR ISEEN LR BBt 572,

=

TR 2 T2,

LS4, 7, 16 HEHEL, % OERIEE 38 Bt/ 12,
L% L 300 lux Bl BT
M35 §,0000lux 'Cl'ﬁ
¥ 723,000 lux OIF#ERBE T

TCRTER 17 (39

v 7 /) JaF ORERKE

EEEH

A28 L 1 LOMIIE DA e 2 bk & U T, AR RSB 2 1570 o 1248, 2 ORSRIE LD 5 D

EHREIIEASHEUETITH -T2,

7o\ 72 VTN TIRI9GHE 4 H20H 0 6 55388 %100, 3, 8, 19RBICAETRE B JOERE2AEL 12,
Table 9. Survival rate of tetrasporic sporelings in various light intensities, in G. furcata.
Water temperature, 14~20°C. Other explanations the same as for Table 8.
Light intensity (lux)
Culture duration e - -
 (daysy | O 20 /300 | 1,000 3,000 | 8,000 | 13,000 | 50, Q??Wi
0 100 % 100 % 100 % 100 7 100 % | 100 %1 100 % 100 %
3 97 99 99 99 99 97 99 86
8 0 g 8 92 93 94 98 74
19 0 &1 i 82 89 93 92 96 68

—_

=

j-]
I

o)

80

Diameter of sporeling (

o A/é &

A 3, 000lux
Vv

2

Iy

000hux
O 13, 000lux

N 1, 0001ux
%50, 000lux

/ /m 3001lux
g e g S0lux
Z DM‘TE“=‘ “““““““““““ + 0 lux
20 ] t i l ]
0 5 10 15 20

Culture duration (days)

Fig. 39. Growth of tetrasporic sporelings in various light intensities, in G,
Surcata. Water temperature, 14~.20°C. Dotted line indicates diameter
of dead sporelings. Other explanations the same as for Table 8.
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2 HERIZEE O KD & # h TR TIZ 8 AU T TOIFHFLHEL L. %72 50,000Iux Tl
19 HERT ARSI TO % R U 7o Lo L 30~13,000 lux OEBIE T 371 & KOS IEB e S8 U 1es
FEROEERBIZEIOND LT, 72072 0 ThH~7 7 U OES LR, 1,000~50,000lux @
W TEEDRITT, 25 b¥HT 8,000lux THE» 512,

DLEOfERE S L5 L, HERTFORECBIZRIET, ~ 77 ) EFCFEBESERE, EEs
5 AT 1,000~50,000lux TH 3, 7207/ ) OETFREREICHLT 729 L0008, 1,000~
13,000 lux CHEHR, EEMNRL, =7/ 0 LN 8,000 lux 3 & BIFTH 5,

BA4E B F A E

7 7 ) JEFRDHINC D & Flk 2 FHENCERR L, BB T 3 REDDEOH KT ANT
A B 2L BONT 2 S8 2 AITERIC L » TITiabinTin s GHEE 1949a)s UL TOMGHETY ;U]EQ“T”
DIE S N5 072 h, JBFROBEIEICE LN ERALNABEND B, DD, L HIEFESBFRDOT
BHE & SR OB IR D0 T, OO RED S mEt 2 i .

H@.?;‘&@Eﬁﬁ ETFEEIESE IHTHL T Un L ST, MEORHEEEC S B I a8, Colf
M To WSROI AN, 0 TER L, MPOPBC &> TREHNCRE S 5, i Bilcds 15
HF3RITHANI & ST, TEE 413 i#HQ%Mchwcﬁ@ o COHLIATYHPRMET A AMK
HF ORI, JaToRaEme 13z LTERL, COBRIELEEI~4HTHRE LI S, #
L g, m&,%kt@ﬁﬁﬂ Wm*ﬂféké\WM?7c¢#usqmobtmoCM¥@WmH
HRIEH RO AT % 2B L, MEEOS ARSI S 5 BN d 5,

CANTH U TR AEIC BT 2 MHEE =720, 72207 VTCAERZFIUITES > T 5 737)
B, ﬂ,mﬂ@%mmz§n@@Aﬁwmjﬂukvpmbm%ECﬁvQc&ﬁwa@oﬁmbB*

21 BIDAEED 6, WK OBA R B S 8 A2 0GR T 2 0, B S 2 BET L o Lﬁ’jif‘
Uﬁﬁ%kﬁﬂbﬁb7Jﬂbﬂih)¥5uéﬁfﬁs)1{&(¢@0ﬁUP]CHVNﬂ&JﬂLKK’Vﬁﬁﬁfif<>m

WHEINT DN T, ZEOBTHIHIN 2 DI 2 BE 28O E» S S  17~52%Th 3535, M5

BREEZEDR 20 g0 C(/fgbfiﬂ%(@ﬁ\ CRTUUR S BH AT 2 B0 A C EMTE D, X 5 IICRE

WCDWTILES 2 B8 3BT T 1 91 O~ 7 2 ) T15~25°C, 72 w7/ 7T10~20°C
T & ﬂ%ob%LM”F%COmLiﬁMK@ﬁbkﬁ¥ BHSHE SO L5 iR S L or
IHIRFH OZALIZIZ E A EABNIT W, RN T DN TIRE 2 EEFE 4 MTM 5 i Uis X 5, TREZME
IR BB BB R 52 700, Uik UBIIE & IS0 AR A B3 M B BRI & R & QB3 2 i &
A%ﬂ W3], MEHIDOEFL e ZDES WL » TR ZZEZ 5 L ENTE 5, D ED X 5T, HEHO

AR BHEE mRIEAEL R 5 A A Itk > TEBITITs S CEMTE, 3 5 IR % A

m?%ccmio%%WTm&

cﬁ%%mm@ﬂ%wm«®“wwﬁﬁ°5&, F 9 IaTE M@mmummmmmpw KD T &
%o IRICIFOMEBIGZAI2TERL, < ORHEZIRnCEE 2 BiH B, EBEED D 2K TIPSOk
BELTODL, AJ@KKE@iWMWWV E2 10 m?vum?gc&ﬁfﬁ o NI D RFHLI R E A D
ALERIRFR 22 S FEEUC S o T 3 0T, DUNIilge o0 T JETFERIND 12 OF: & BT % B
IRETT 5, Eﬁ%%?@%ﬂ%m“ﬁ?&lEﬁb%#@ﬁ@vc&mo*@o

T T VIONTIRAN S, Wfﬂﬂ®m@iWLﬁm@5H¢ﬁ~ 6 A OKIEETH 205, M
M, A, BECHTAREREL LA 5 E, COBMD S LT T 5 A TA~ 6 F a0kl
E?ﬁﬂmﬂbo77/90@&&@&'%ﬂ&ﬁ@ﬂwoﬁf%%ﬂ Z D % 52 LR <o s 7 AL i
$oTHDAC LN TEL, CORDETFROFAITIIEL R REDI12~168CE L T2~ 7 BEEH
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W, 18 FTAS I IS AR L THIBOD N EE T 50 B I TR T U 1o S % Sk AT e RN

U, HEKEFEREL T illdﬂ\fsﬁﬂ'l‘\ip’”bﬂ %o AR X tJrMUNLING R D HeARE & BRD
RHETH D, COHECIMIEERT EHI2HFE 1 <108 EEEOHERT2ERNT 2 05T 5,
F I ER R {2 A D EE DRI #2525 T Tk b,r‘~%®HE6dﬁ%®%M g
PRIHE A EWNTE S, THIRZEOIT 2EET 3 odid, FROTHEHCERL 7oAk
NTBHLU TS, BAPERLUTECHELZL L5 AL, BP2ERRL L L 9“5[1%“ ﬁ}/k&z
BT, COFHE L5 & AL EDKVAL EOBEIITFIBEL 5,

W7o a7 2 Yo T, R, 5E, e T 2RERE»5EAT, 4 ATA~5AE
FIOKTND AL R I DI T h 2, 72 o7 2 VDT, HEOETEILYKILIEL S X -
THREFACEE SN B0, 2O HNE b<ﬁ@%mac¢i@nobtmof JFOFERcE b
DALIR % FUHHISSID 6 1§ T AT 5 B d B, %1272 87/ ) ORTFREHERET A DA O H R
DFANC L > THERELFEIN L, CODHFHEOTHERCTEEA» MMb,ﬁwcbc1Wﬁm1ﬁb’
WERTCk S, T 1~ 4 FE> 5 370 EH S8 30, $IRYKICEEL, 6RO AICEKICREIEERE
ISR 2 0T & B b LR O T AT Bk 2 52 U 7235 o, 4ISRIHE D & B & & TRIR DT

BRI ARV FrBic s TR T HOBHR 2R L, HKCREL TLZREOITHELN .
- HRic kg~ 7 2 ) SIRE R BT 2 FRESE O30S S 218 5. il ez

DI
5f’RﬁMM%xA1@TMWEH®HNKWTPi&wmeWﬁactmféaoMT%WM IR
T AT, BRREND OB S B THEEIOKII ALY, BHEL MRy, 1T
FREIL L5 & T 3BTRS 2 OB AN EOHWH EOT 2 ML s s L EWTE
oC@%m,m?wﬂm%N¢97RMMMCZH¢m WD b BT BN T H 5
JaFoBELIL DT, '51”%4ﬂﬂtﬂde IR & b Fie %M@ﬁmfllwamui?tﬁ
5o LU TEHKA T mmilld 30 JW@EITAQT TG BHEYNCELE B 572D
%%&%M@ém£@9<bawmwwbgm IRV NP DA & DT D TR 2 888 2 i Tabro &
ST & L ED26~43% TH L EBHEL, B DO TIIE 2B 3H Tl X diev 7 7 ) T15~25°C,
7au7/9?b%40C?~<ﬁET%o%Fmomadm 2EHE AT X D IEFEIE E A Y
B CNE DFER B, BT IET 2354 3 ¥ 2 YA B FROE D, REICRE 2 E5 A%
wiim‘Kb,aM(WWb)ﬁﬂ@)cw%i>meﬁlﬂ?W¥m 2~ 3N ERSET M
TATEBENEEZ LGNS, £ CELE S 2 G5B PR N C L icle g, RBitisg
BDOHEN,

W%@@%%Ezowfu H3TRE LTI L O RS B IEBHIC L 0 TR £, FEE LIRS
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Studies on the Liberation and Germination of Spores in
Gloiopeliis tenax (Turn.) J. Ag. and
G. furcaia Post. et Rupr.

By

Toshio MATsUI

Summary

Gloiopeltis tenax and G. furcata, collectively known as Funori, are in Japan com-
mercially important red algae. These species are used both as a source of phy-
cocoloids and as food. For a great many years, a number of procedures for the
propagation of Gloiopeltis have been used in various districts of Japan. These have
consisted of : (1) providing in the Gloiopeltis-zone suitable substrate of new rocks or
large boulders in sandy or similar areas where the bottom is unsuitable for coloniza-
tion, (2) excluding other algae in the Gloiopeltis-habitat during the season of spore
liberation and (3) sowing spores directly on the rocks, etc. The efficiency of these
procedures is, however, not always high due to a lack of basic biological knowledge
on Gloiopeltis. In order to enhance the propagative efficiency, it is clear that methods
for obtaining large quantities of spores must be developed, and conditions favourable
for germination of the spores determined.

In this investigation, laboratory experiments on liberation and germination of
the spores of G. lenax and G. jurcata were carried out between 1954 and 1966 at

Yoshimi, Shironoseki in Japan.

Observations on spore liberation

Information on spore liberation in nature has been obtained from observations
on fronds collected either at a time when they were immersed or exposed. These
observations inciude the process and season of Iiberation, relation between tide and
liberation and adhesion of the spores.

1) At Yoshimi liberation of spores from G. lenax occurs in May to June and
from G. furcata bwtween April and June (Table 1). In a comparison of these
results with those from other localities in Japan, it seems that spore liberation from
commences when the temperature of the water rises to about 18°C and 15°C for G.
tenax and G. furcala respectively.

2 ) The process of liberation is similar in both species. Tetraspores discharged
as a tetrad after which the individual spores separate (Fig. 2 A—D). Carpospores are
released successively, either singly or in pairs, through the pericarp from one or two
places in the cystocarp (Fig. 2 E—H).
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3 ) Spore liberation from submerged fronds in laboratory experiment occurs once
daily within a definite period of time. Both tetraspores and carpospores are released
from about evening to midnight in G. enax and in G. furcata the spores are shed in
early morning although there is some variation with tide (Fig. 3).  The fronds are
exposed in the natural habitat twice daily, and spores of G. fenax are generally lib-
erated when the fronds are covered in the afternoon by the rising tide (Fig. 4).
Contrariwise in G. furcata liberation occurs following the incoming tide in the fore-
noon (Fig. 5). The total number of spores liberated per day increases markedly
during the spring tide, and then decreases extremely following the neap tide (Fig. 7).

4) The spores of Gloiopeltis are slightly heavier than seawater.  They sink in
undisturbed seawater at a rate of aboutt 1 millimeter per minute. Based on this
observaion, it can be assumed that the spores liberated in the natural habitat are
extensively dispersed by very little water movement. A majority of the spores adhere

within 1 minute after contact with the substratum (Fig. 8).

Influence of environmental factors on spore liberation

As mentioned above spore liberation in the natural habitat generally occurs
when exposed fronds are reflooded by the incoming tide. It is therefore considered
that exposure of the fronds has a pronounced influence on spore liberation. For this
reason experiments on liberation and adhesion of tetraspores were carried out to
determine the effects of environmental factors closely related to emersion, such as
exposure, salinity, water temperature and light.

1) Exposure of the fronds to air has a significant effect on the time at which
spore liberation occurs. In G. tenax the liberation is apt to be accelerated by expo-
sure. If the fronds are exposed for 2~6 hours, and then immersed, even 10 hours
before the peak of daily liberation, they discharge within a short time a majority of
the spores which will be liberated that day (Fig. 10). In G. furcata it is confined to
the case re-immersing the [ronds around the peak of daily liberation that a great
deal of the spores are liberated immediately after the re-immersion. However, even
if liberation does not occur immediately after re-immersion, the exposure affects the
time of the subsequent liberation (Fig. 11). In both species the number of spores
liberated immediately after re-immersion gradually decreases if the exposure is pro-
longed beyond 6 hours. The effects of delaying liberation and of obtaining a great
number of spores within a short period are recognizable within about half-a-day
(Figs. 13—15).

2 ) Spore liberation in both species is not significantly influenced by salinity
between 17 and 52 %,. Above 60 %, and below 12 9%, liberation is delayed and the
number of spores liberated decreases (Figs. 16, 17).  But if the fronds especially
those of G. ienax, are transferred from either above 60 % or below 12% to 35%,
there is a tendency for spore liberation to be accelerated (Figs. 18, 19). The optimal
range of salinitty for adhesion of spores of both species is 26~43 %, (Fig. 20).

3 ) Spore liberation is not accelerated by change of water temperature in both
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species.  The temperature having no significant influence on liberation is range of
15~25°C in G. tenax and 10~20°C in G. furcata. At temperature above or below these
ranges, liberation is delayed and the number of spores shed decreases (Figs. 21-—26).
Adhesion of spores is great within respective ranges of water temperature as men-
tioned above in both species (Fig. 27).

4 ) Illumination after a period of darkness does not accelerate liberation, al-
though periodic alternation of light and dark has a profound influence on the
rhythm. When illuminated with approximately 3 klux for 3~18 hours in a 24 hour
period, the fronds discharge spores periodically at a delinite time. The time is deter-
mined by the light-dark period to which the fronds has become adapted while in
culture during the experiment (Figs. 28, 29).  As an cxample, when the fronds are
subjected to a daily regime of 12 hours’ light (3 klux) and 12 hours’ darkness for 2~3
days, maximum liberation in G. fenax always occurs 4~6 hours after the fronds are
transferred from light to dark ; in G. fwrcata liberation occurs after about 12 hours in
darkness (Figs. 30, 31). With fronds held in continuous light or continuous darkness,
or under conditions of alternating light and dark in which the duration of light is
shorter than 6 hours or longer than 21 hours per day, after a few days the number
of spores liberated decreases and the rhythm of liberation ceases.

Germination of spores

The mode of germination of the tetraspores of . fnax and the influence of
exposure, salinity, temperature and light on the germination of tetraspores in both
species were studied in laboratory culture.

1) Tetraspores of G. tenax develop into a disc initially as in G. furcata which
was described earlier by Inoh (1937, 41). These spores gradually divide into nu-
merous cells, and the sporelings then initiate a prostrate, parenchymatous disc (Figs.
32, 33).

2 ) Spore germination is generally inhibited by exposure to air, but the effect
depends upon the duration of exposure, degree of desiccation and stage of germina-
tion. Spores of both species are killed following exposure to air of 50 % relative
humidity for an hour. In air of 100 % relative humidity, most of the spores survive
3~5 hours exposure ( Tables 2, 3). Spores are more sensitive to exposure than sporel-
ngs.

3 ) The optimal range of salinity for germination is between 256 and 43 %, for
both species (Tables 4. 5, Figs. 34, 35). At salinities below 26 %, the survival rate
decreases, while at salinites excceding 43 %, growth is delayed, but sporelings of
about 10 cells, which cultured at salinity of 35% for a few days, normally develop
even in hypotonic seawater with a salinity as low as 17 %.

4 ) The optimal temperature for spore germination are between 20~25°C in G.
tenax and 15~20°C in G. furcata (Tables 6, 7, Figs. 36, 37). The optimal temperature
for growth of sporelings of about 10 cells are between 20~30°C for G. fenax and 15~
25°C for G. furcala. At suboptimal temperatures, the sporelings develop slowly, but
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remain healthy, whereas at temperatures above the optimal range for the sporelings
appear unhealthy.

5 ) In darkness spores of both species divide to form only a few cells, but with
12 hours’ illumination per day the spores germinate in a normal manner. Favourable
growth of the sporelings at light intensities of 1~50 klux for G. lenax and 1~13 klux
for G. furcata was observed (Figs. 38, 39).

Method of artificial spore liberation

The number of spores liberated in a day alters in relation to the tidal periodic-
ity between neaps and springs. And it is influenced only slightly by artificial treat-
ment of the fronds. The time of day during which spores are liberated can, however,
be manipulated by treatments which include exposure to air, change of salinity and
regulation of the light period. Spores must therefore be obtained during spring tides
when maximum number are liberated daily. Fronds are collected during spring tide
and exposed to air before liberation occurs. If the period of exposure is between 2
and 12 hours, large quantities of spores are shed following immersion in seawater.
Similarly, large quantities of spores are also discharged by the treatment which
returns to seawater after immersion in freshwater for a few hours. Moreover, if
such treatments are combined with a regulated light period, the quantity of spores
liberated is increased makedly. 'The results obtained in the present investigation are
very useful when applied to the propagation of Gloiopeltis for practical purposes.
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