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Seasonal changes of Gracilaria vermiculophylla (Ohmi) Papenfuss (formerly known as G. verrucosa, or G. asiatica in
Japan) was studied from April 1997 to February 1998 at Hakodate, northern Japan (Hakodate, Hokkaido). The phenology
of reproduction, the proportions of gametophytes and tetrasporophytes, and the seasonal variation in population size
were examined. G. vermiculophylla showed obviously a seasonal peak in biomass from June to August, but it decreased
from September to February. Although vegetative plants existed throughout a year, reproductive plants were appeared
from June to October. The biomasses of reproductive plants: spermatangial, cystocarpic and tetrasporangial plants
showed distinctive seasonality. There was the remarkable difference between maximum biomasses of tetrasporophyte
and gametophyte. The biomass of tetrasporophyte increased to reach 86% of the total population on July 25. Seasonal
changes of mean fresh weight per an individual plant also caused different proportions in each reproductive phase. The
maximum of mean fresh weight per single tetrasporophyte (1.56 g, on July 10) showed over the twice as much as a
spermatangial plant (0.60 g, on June 25) and a cystocarpic plant (0.73 g, on July 10).

Key Index Words: Gracilaria, G. asiatica, G. vermiculophylla, G. verrucosa, Phenology, Rhodophyta, Seasonal change,
Seaweed.
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378 (FERA T/ ) BEEAFILIE
BT TOEME LA o BEFICERTL, #HE
TI00E LA BE SN T WD, TABEEIIER
FEOALZLTEMBELTOFASH, X, 77
VA, RET V7% ETRARBBICRE, 533
EHESITON TV IEELRIEELERHO—DOTH
% (Critchley 1993) o HA T 208 Mo TEBY (F
H 1998, FMHES 2000), LA Tb* I/ ") Gracilaria
vermiculophylla (Ohmi) Papenfuss, > )V ¥ 7 & G. chorda
Holmes, 3 7 G. bursa-pastoris (Gmelin) Silva (35 &

DELEDEFARPERDEEL LTRIE ATV,
RERBEOERE, HBIIEHERE EICHET 5%
i%, Hoyle (1978)iZ & %77 4 B G. bursa-pastoris (= G.
parvispora Abbott )& G. coronopifolia J. Agardh, Nelson
(1989) iI2& 5 =a2— Y —F » FE G. sordida Nelson (=
G. chilensis Bird, McLachlan et Oliveira), Kim et al. (1993)
\Z& AEEMES T/ ") G. verrucosa (Hudson) Papenfuss
(= G. vermiculophylla) £ THILGNWTHE Y FI-HWET ¥
T, KL ERARE IR - MEEEERL TV A
BEPLfTFbRA TS, LALAERTIE, JiEdER
HMox+ T ) FAEIRE (FIT 1950), JLiEEE #
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MEY IV T ERREE R O EZLE) (Ohmi 1958) , i IV 2E
A 94 T/ G. lemaneiformis (Bory) Greville D7
fiiifi % (Chirapart et al. 1995), iP#fipE 7 ¥ L 4T/ G.
blodgettii Harvey D Z={iiil F& & R 77 W% (Gerung et
al. 1997) , Koo+ o7 0) BRE R ORLS) (i
1999) 7 &, FEFEM LILA S OHE D%  FHiHESR
WEACZACIZ B 9 2 BT AR RE =00 20 323520 © ORI
Mg AE O S L0 [F R AR (7
) Td AA%, Yamamoto & Yamauchi (1997) (2t
LD Y VY 7 EDMEREES =~ ¥ 7RO A4
PERFEOZ L ERETHL ML T, KED4F
WOEHEZRBLTWb,

4 /Y G. vermiculophylla (& IPHEIL A & i (2
EHEHONER, WO MREIZESEST 54 T/
VIGOEMTH S (Fig. 1) o AHEIZES (A FY A
JERECTd B G. confervoides (L.) Greville & [ffifi & 24,
Papenfuss (1950) LLF1d G. verrucosa (Hudson) Papenfuss
DEXDH NS NTE 7, L2 L Zhang & Xia (1985)
&, PENCAEE T AL A ) AL R a5 L
L C G. asiatica Zhang et Xia # itk L, HAMEMD G.
asiatica Tdh % & L7z, L7 L Yamamoto & Sasaki (1988)
P EA T 1) & Ohmi (1956) 2SAGIEEIE N 20 &

Fig. 1. Herbarium specimen of Gracilaria vermiculophylla from
Shinori, Hakodate on July 24, 1998 (cystocarpic, Terada 747).

GLIE L 724 T N % Gracilariopsis vermiculophylla Ohmi
(=Gracilaria vermiculophylla (Ohmi) Papenfuss) 7% 11 1
IZZMETRECH A Z L b 2TIEFEIFECH A Z L 2R
LTV 5 H9E, Ohmi (1956) 1&4 T FF (21T FEE
H A% (traversing filament) 2S{F7E L Zewv & TR
i % Gracilariopsisi# & U 727%, Ohmi A3\ 72 A o)
FERICOMBARDPTETH I LR LTBY, 4T
2 0) EIIIMERHERILE TR ER A o0 v, Bl
Mo, HRLHENZET T 27 I 7 MM 1) AE
LRy, FhAT/)EFTEFFHPREMTH S
% 654 & LT G. vermiculophylla % )]\ AR & &
LTl I & AR in 5 1 1998) 12 & 0 J % S A IS
o T b (Terada & Yamamoto in press) o

ARETIE— AR5 14, MERED R & & 1HF
fEL, iR EIZo2WTHFEMICERS N Tw DA
(Yamamoto 1978) , HEVEECERMARIZA 2 <, FERIHER
KHAIZDWTOHBIZIE & A L%, K7 TR
HEIZ BB B BRIEED K ATV e WALHESE EfE T o
WA AE 3 54 T ) EERBEO Bk 4 X
AL LIS, ZOFEITHE & SRR, o
BEHOPICLEETLILEAME L,

MEE L OHE

AT M R sl 2 T L 7 b A i o S (4
49'N, 140°45'E) 156 T, @M A LicEH 5 4
T/ U EEE (920m x 30m) % 1997 4E4 H A5 1998 4
2HECTOM, A1~ 20 L7z i TldAd o/
D EEENCZD S 00 U o4 T D58 i % M2 12k L,
AT\ 25 1 JE DA A 20em O J5 I K % 0 4 12
X, D+ T/ ) & ZOMDMEEDHEE & l5E L
7o WEDWEN I H L AT DT T AF v 7 ks
FA (F v M400) ZHbICEE, #BEEICER -
2Ry MERFHIL 7, g, B4 T/ ) 4k
ZPRINLL TIFEE IS BIR D , RS & Rk, i
HERB AR, Wala TRz ZhofEs, B
NOA T2 ezda) 46 0N 1 ERS L o i
LURREWEL, &5 CHMROREL W~z 720
AN O F KR B J5E L 72,

AR OF B LT, —E 80 & 8k o
JE 74K (shoot) 23 T W B354, BIELO AT S5l &
L TW A4 1%, Nelson (1989) IZHEWV K7 (AT & 12
SHEL, TNENE KRS L TR o R &
OO HFE S B 72012, FARBEMEE (Nikon SMZ-2T)
TR & BI%E L US I T-38 (Fig. 2) , MEVEA: Rl
BEIBK L TV AR (Fig. 3), MRS K04
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EEEHFR SN D LD (Fig. 4) Z KL L, #hb.
R RBRE L7z REIIS S, TR, 7213
—FRWHOKRETE Lz, BEREZIET A1
IEIRE A (SANYO ) CERNEMICELET
MRS 8KEMILLE), TR (Mettler PJ 360
Deltarange) CTHHlll L7z, MEROHUEIL, R—/3—%
FIWCTEEREROKG EHERY, —H\ET &SRS
T BT RAECRHN L 720 F 7o 85 350k o M HERC S R o>
E B A FND /2%, Yamamoto & Sasaki (1987) DE:4%
FEECTHERERL,

EEES

TR I O 3 O 6% C, R oo Ty
A T VEEEERP T T 5, 74 A5 T/
2T TSP EICE 2 HERE L, B OJE S 130% 5 8em
FELIZGETS & o 7275, WO 9 A LIRS
e L7zo KiIEHRAR4.2C (1 30 H), #i524C
(7H25H) T, HERREEKEHR 9 (1H30H), &
FI5HH 1349 (6 H25H) TH o7z (Table 1)o #+ T
) BV 4 HICHEE 54%, 6 H THIIZ86% (23 L 72
BIHAL LI AICiIZ23%Ich otz 1A E2H 1
~\F 1) 277 & >~ Dumontia simplex Cotton 72 & {110 {fii4
PEE L7,

FT70) OBAFRIGRENHANTES L, ELwE
itk %2R L7z (Fig. 5) o BUFRIZ4 AN S THIZHT T
WL, 725 iRk (i 72 ) S 11.8g) 12
LR, SAPS RAEPIFTELLRAL, 128
19 FICIEHRAR (0.11g) 2R L7z -4k ok

OSBRI MR L, 7410 HIZ 13.11cm
\E LM, SAZS 2 AT TE#OREIZED
$<{ o7z (Table 1) o

REAEITERZ B L CHFEL, FFIC12A255A
AT TTREMBAR T N TA RIS o 720 TR
K1z, 6 A5 11 HORTOAE 572 (Table 1) o K
M (FRDIE6HIHTI0% TH-72H, 6 ANSTH
WL, 8 H23 HITIZ79% \23E L7z, BEESROH
R OFFZELItE Y, HHEREA, N ERoE
HE D KE LB LD, TNENRTRE AHEMZR
L7z (Fig. 6) o MEMERCE 126 A9 B I Wb THEE S i,
7H25 HIZiRk (Eed 720 F39.24g) 12572
A, 8H2HICIRIBEALERON LR ot —H, B
U7 MEVERCIRMRIZ 7 A 10 HICHERE S L (2.76g), 9
H 18 Hichiek (5.93g) 123 L7-. WO TkiZ7 A
10 HICHERE S v (48.36g), 7 H 25 HIZikK (73.7¢g)
2% o72A%, 8 H23 H (19.3g) i3 L LA L7z,

SBAREIT§ B R0 & AR O & b ZRETIC
L ODER L7 (Fig. 7)o 5126 ATIE, Bz L7 @Ak
34 THEMRBART, 2EEEOM 1% TH o728,
7 H 9 HZE RS A8 R D 41% % @, T
PR AL 16%, MEMERCBARIE5% IS T B o7z L
AL, 8 H23 HICIZMEERLI A 2B D 22% & &
D7z L7zAo T, MEMEDEILIZIRAERICR LD, 61
T : M= 0:1, 7 H T 1:3 & HEEBREADZ (RS
7295, 8 AICid 7:2 ki L 7z

Fepek, MERERCEOR, TR mEs7z) @
SR E A I HES R SN (Fig. 8) o ToNER

Scales: I mm for all.

- " 8 2
Figs. 2-4. Gracilaria vermiculophylla from Shinori, Hakodate on July 25, 1997. 2. Surface view showing maturated tetrasporangia. 3. Surface

view showing matured spermatangial conceptacles (Verrucosa-type). 4. Cystocarp showing globular shape with slight constriction at bases.
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Table 1. Monthly coverage, frequency of reproductive individuals and average length of Gracilaria vermiculophylla, water temperature and day

length at Hakodate, Hokkaido.

Coverage (%) Length of individuals
Individuals Average
Gracilaria* Others examined  length SE FRI (%) WT DL
1997 Apr.23 54 18 874 549  0.098 0 10 13:41
May. 26 59 12 606 7.58 0.176 0 9.4 14:52
Jun. 9 72 2 673 9.17  0.198 10 9.6 15:09
Jun. 25 86 0 532 1121 0277 11 19.6 15:13
Jul. 10 85 0 299 13.11  0.461 62 19 15:02
Jul. 25 83 0 472 10.65  0.450 55 24 14:39
Aug. 23 74 0 608 559 0.129 79 22 13:33
Sep. 18 70 0 654 5.66  0.132 75 22 12:22
Oct. 23 31 0 523 337  0.099 15 13 10:46
Nov. 20 23 20 654 233 0.061 4 11 9:41
Dec. 18 9 27 318 1.78  0.048 0 10.7 9:09
1998 Jan. 30 6 41 541 2.06 0.047 0 4.2 9:57
Feb. 28 14 37 535 3.15  0.082 0 5 11:10

*: G. vermiculophylla, FRI: frequency of reproductive individuals, WT: water temperatures (*C), DL: day length

PRAER LRI EREE, IaRTFRehe
AR % BE T BRI IRIZ—F L 7, HEMEALBAK
DRERIZ6A25HICHKK (F350.60g) 1ZEL, 7H
25 BZi30.22g, 9 AICid 0. 1g lZiRA L7z, MEMEELE
HHTH10B1TH&KA (0.73g) (2% 0, 9A 18 H 140.19g,
11 A20Bi2i30.14g i@ L7z M RLTFARIETR 10
Hici&k A (1.56g) #7R/L, 7H25H% 1.50g TIIiZ
FLTHo74% 8§A23AICIZ0.23g L ELLBAL
Too TRREOTHMEERS &, HMREMRIZ6 A 25
HT13. 16cm, MEEALISMAIZ7 A 10 T17.96cm, 9 A
18 HT6. 60cm, PU5iaF4ki%7 A 10 B T18.53cm, 7
HA25HTI17.70cm& 2 Y, BER LA LEmEZR L7

ER

HEEEICEFTTALT/ VESA»STRICD
AT VDPELETABE R T A0, 8 ALK
FRBEUIMTE - MR T HPFE L FHMELRT I LW
S0l THATIZIEIAT) 2T o
WEFEE LA T VHEEIHEET LD, AT/ 0
B85 52 - 3emDEAL T HFLAE R L EEH 5K

Table 2. The ratio of in vitro plants derived from tetrasporophyte of
Gracilaria vermiculophylla growing at Hakodate, Hokkaido.

Sex Number of individuals Percentage
Male 78 41.9%
Female 93 50.0%
Sterile 15 8.1%
Total 186

BELHEELTWAEI L L, 4R ICI3Z O S BAE
BELELTWAEEFELND 2 Ehs, —ERO@EE
BALBECHARTLZ LS D o7

BABIRE SN LHEIZ6 A5 11 ATho 1
s, MHERBE, NSRTERERERORFEEO Y -
JREIRAZS 20, RMEFREORMITE 1H
T, 2EMTA Y EIOEFERSEET LI L FR
Lo FRBaSRIIARA 19CHIZIC ERETA7R L
BT TEELTEY, TOKEBIF T/ ) OBEH
IZE LTV B Z EA5D o 72 (Table 1) o HE & DR
ERIZ & B &, REORAFGEYIE, WRETILA,
BERBETIAELA,LTH, RERKKECT3IAT
o4 AT, LEEEHTIX6ATA»STAL
ATRICEH ) T ERBL R B, HHOBAEHOK
BIZENEN 16 0L 20CHRETHL I L2 s, KiE
OB AIZHIBTIC IR % { Z OAKBIBAHRIAE L T
BIEERLTVS (UK 1993), & HIZHEITHKA
T B5EEHMIIOWVTIE, Kim et al. (1993) 12 & 5 @ EE
%3/ ) G. verrucosa (B7ElL G. vermiculophylla) &
FIRk DR B 70

EHEOA T/ ) HEOEBHFREIFTHICL > TKE
SEBT A LWL MI% o725 (Fig. 5), HEMN
O HEEE, NFBFEOREBRERL FEFNEE
LEMWER LI (Fig. 6) o BUBEK, BT EOKAHE
HMLBEFROMBRT RS L, HEREBEAIRIRELS
BICHBBRLBEAERORRIE LAY, Z ORI
Bk, WA TFEOVThEEdHERL TV EDL -
oo BUFL L - MEMEBAERMER O N2 T A2 58 HIid,
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Fig. 5. Seasonal change in biomass (dry weight (g) / 400 cm?) of
Gracilaria vermiculophylla at Shinori, Hakodate, from April 1997 to
February 1998.
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Fig. 6. Seasonal change in average wet weight (g) / 400 cm? for
vegetative and reproductive plants of Gracilaria vermiculophylla at
Shinori, Hakodate, from April 1997 to February 1998.
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Fig. 7. A ratio for vegetative and reproductive plants of Gracilaria
vermiculophylla at Shinori, Hakodate, from April 1997 to February
1998.
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Fig. 8. Seasonal change in average wet weight per plant (g) for
vegetative and reproductive plants of Gracilaria vermiculophylla at
Shinori, Hakodate, from April 1997 to February 1998.

UL D SL L7270, MEHERRBR L AT B
BMICERH ] 5y AOBEOZESEEOKE SITRKBLL
EEEELD B, TOHICOWTIIEERICE ) EE
- NFRTFROERRE*FICHKTALEND 5,
Z0 L&) IHEHERBA L MSRRTERE OB T 1 EkD
YVOKRESPRERLRLIEN, THATEHIIBVTHSG
BFEROBRGEENEREEDCS L EDOLERIIE -
Teb#Ex D, $4T) VBESKOBRERIZTAT
A58 AINTTHLT 545, 1EEHL)DEBE
220 PICERROBLY, ThbbERRLHEOMmEICHE
S EEDNBALIZE B L EBL LT,

Hoyle (1978) &, /»7 4 & G. bursa-pastoris (= G.
parvispora) & G. coronopifolia®>{EAHE T\ M MEATIR &
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