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#4H Jpn. . Phycol. (S6rui) 48:203 - 209, Nov. 10, 2000

At E K EERE A+ T/ 1) Gracilaria vermiculophylla (Ohmi) Papenfuss

(KLEEA T/ VH) OEREEH

FHEK? - AR S - LKA

VE AR VR K FERT (787-7101 EE T EE E URET 7156)
PEAREEE K R EI PR IRB KR FEEE (783-8502 RIEI TSR 200)
SILERFKEFH B EERF R (041-0821 BEEWHHET 3 TH 1-1)

B KFRER K ERERI R B A 2 EE (041-0821 EHEETHHERT 3 TH 1-1)

TERADA, Ryuta "2, KIMURA, Mitsuru 3 and YAMAMOTO, Hirotoshi 4: Growth and maturation of Gracilaria
vermiculophylla (Ohmi) Papenfuss from Hakodate, Hokkaido, Japan. Jpn. J. Phycol. (Sérui) 48: 203-209, Nov. 10,
2000

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.

! Kochi Prefectural Deep Seawater Research Institute, 7156, Murotomisaki, Muroto City, Kochi, 781-7101 Japan

2 Laboratory of Deep Seawater Science, Faculty of Agriculture, Kochi University, Monobe, Nankoku City, Kochi, 783-
8502 Japan

3 Laboratory of Aquatic Breeding Science, Faculty of Fisheries, Hokkaido University, 3-1-1, Minato, Hakodate City,
Hokkaido, 041-8611 Japan

4 Laboratory of Aquatic Breeding Science, Graduate School of Fisheries Science, Hokkaido University, 3-1-1, Minato,
Hakodate City, Hokkaido, 041-8611 Japan
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% (Critchley 1993) o HA T 208 Mo TEBY (F
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(1989) iI2& 5 =a2— Y —F » FE G. sordida Nelson (=
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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
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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).
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(=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
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2Ry MERFHIL 7, g, B4 T/ ) 4k
ZPRINLL TIFEE IS BIR D , RS & Rk, i
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BEIBK L TV AR (Fig. 3), MRS K04
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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
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AT TTREMBAR T N TA RIS o 720 TR
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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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THREREYRA L, TAONUSETFETIE, ALK
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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.
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Phycological

HE 48K 2 BEHATINES
Researc

Vairappan, C. S. - A1 v L—Y7EY—LEX, 7I7FY (FFYE, &%) K5 3=RERO
RENITVTENTTYTROES

Charles S. Vairappan and Minoru Suzuki : Dynamics of total surface bacteria and bacterial species counts during desiccation
in the Malaysian sea lettuce, Ulva reticulata (Ulvales, Chlorophyta)

AW, 7 37 A HREROEERERIC BT A KGN 7 T ORI ERL T b ilREIERE 31 HHO
ICAL L, RN 70 7 o8y T T RO A KT F AT i & water activity index (a W LTE= Y — L7z,
WO K EARIIBNT86% DI N H 7270, a ld L H Wb PV WLER LT NI T ) T OB,
WAOMBIZHNL 7 HEHCRAIGE L. S0k, N7 7 ) 7O, 14 HHE F TRHUCET L Tiziaito
KIFIZIT TR A IR Lize 2OT 012 AT MO /N7 7)) 7SS 1L7: | Azomonas sp., Aeromonas
hydrophila, Vibrio alginolyticus, Escherichia coli, Proteus vulgaris, Vibrio parahaemolyticus, Z 115 BAEDINT T
D) 7RI N F ) T EEM @R E R L, SNOOFEREIIIED L, BT HEUBEDO N 7)) TED
S e RIS OE T2 BRI OB & 5RO PO 2 71) T ORBEFNY 7
DT ERMICBY 2T 2D H N £ HEHE LTHE R SN2 10 H #2ICH L 7B T T3 s:
GEE, ZUFHEE BN T T HNFEEONER WIS S b SN XIROAFAEZ IR L 7o NERILIIC & B
WIGETERE 2 fED 0 B 7212, 7 3 74 Y O 3O R 2 2 E UMM & 2 iRiGTEER 2 3 kim N7 7)) 712
L CiTo7z, & TOFEENZ 7T, 3FOMBIOL% LS 12108 - THESNZOHW L2 TH -
2o BeTp HIIEOAMB Y BTS2 7 1) TAZHRERW 2GR R L 72O T, HEOLEWIC £ 2 JURIEEREOFAEATR
ENT2e WRIZT I T7AHIE, KB LCZORMIAAEL TWB /N7 7 ) T LTH S & B3 2 8 ERE
RO TV ADD LN, (LHRE R - KEFEIERBREER A IF )

%S

FILE - F LB 27T VvTERE (7F Y%, REENFT) O 2 REEERBTFOMMEE
Takeshi Nakayama and Isao Inouye: Ultrastrucfure of the biflagellate gametes of Collinsiella cava (Ulvophyceae, Chlorophyta)
Y79 ¥V E R ¥ Collinsiella cava (Yendo) Printz O AR FHEE IO 2 W & 202§ 5 72012, 20 2 ARHE
PEBCAR - OB 1E & A U 7o BRI 2 fifi & K /AN R IZ B D LT B o BERMARIG 2 J o YTk 7
Sabllme, 1 ~BHOF T4 FPHBLAZEL /4 Fadi LT MBI Y IcFnhTBY,
i3 H o T b, 4 OWEIEBIGNET2RHUED Y — I FVF v v T, 2EORYELRY T2y b
b THF YN Y— A, B XOHLREEE S AT RIS 2 A5 50 2 ARDHTERITT 4 A5
T AN=, AR LT OF N - AL E DL CHEEIC L o TRIIEN TV D, ¥ AT 4 Ti#EIC %
HEENZ2RKOEMTEIR, BLU2KOLEMEBIRIVIFAEY b0 BTG LIAD) VT I A SPIFIEL, Ll
BHIZH - THAMENMITTW 2, L ED L) %Y 77 2 V7 E FXORBTOMMMEE, ¢ b2y il
DTV EME I FOHOLDICELL T2, Lo Ty YTEFFEE, b P/ YRS TRETH
HEZEZBND, ¥ T YV TEFFOYEETII 4 ROWEIEL & 8 ROBU/NEMUMERZFLTEBY, 210
DO F AR CHIAFAET Bo 2O T LAIMBLEE 120§ 2 G Ml DA ALE DY 2 D DT i
THiThHHIEERLTD, FREAEEOMEIZDOWT, Chlamydomonas RO fkthiE & L% 175 72,
(LMK - AWy RER)

EEE WD HELAERE EEM) FEOREREORE
Akihiro Tuji: Observation of developmental processes in loosely attached diatom (Bacillariophyceae) communities.
T AG EEHE O B RS 8L & FEEEW) & KRB THAS L7z Cymbella turgidula Grunow, Gomphoneis quadripunctatum
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(Dstrup) P. Dawson DB 5§ 4 it & SN TELBEORIL, LEOHEHEOMICHE T AERHIKT > THE
THEENFERL . MR RAFEEE LTEELBRE LR LT, ZOH L WiEBBER I Hudon &
Bourget (1983) {Z & o T 'loosely attached species' & SN TV dbDEEZ SNz, 2 TEHETIIABREDE
BUIOWTRDIDDERMPORBETVERBL, 1) 0¥y ¥y ¥4 THERERNES 4 7L EOMBBA
BTHRINDEE, 2) WEBRT2ESESTHER, 3) 'loosely attached species' 758 b5 3 % Btff, (BBE
AR FERT)

RTER, PHI—88, AEHE: IR RuBISCOXY Ty MEEFICESVWARERT,» SHAE NS,
¥R L aFEMEK 2E T 3 Gymnodinium mikimotoi (¥ L/ 71« Z 7 LB, BEER)ODERFER
Kiyotaka Takishita, Kouichirou Nakano and Aritsune Uchida : Origin of the plastid in the anomalously pigmented dinoflagellate
Gymnodinium mikimotoi (Gymnodiniales, Dinophyta) as inferred from phylogenetic analysis based on the gene encoding the
large subunit of form I-type RuBisCO

i #EE# Gymnodiniym mikimotoi Miyake et Kominami ex Oda i3 EEA BT / 4 FL L TR 71 =2 TiE% L
19'-hexanoyloxyfucoxanthin, 19'-butanoyloxyfucoxanthin ¥ & Ufucoxanthin % 3 % kK % #H - T\ 5, LLAl, 4
& G. mikimotoi DIEFZARZ psbA, psaA B L OELRK small subunit ribosomal RNA D{EH I E:D 7= AT 2 6
thodoplast lineage \Z/B$ 2 WHEHE AR L 720 & BICAKBFEICB VT, K413 G. mikimotoi & ) b 5 —o DAL %
EREBIET, RuBisCORKY 721=v b4a—F¥brbel 27 0—=> 7L, ZOEERTIZRELL. G
mikimotoi M rbcL B SHEPEN BT I VBEF*R2 L, FREFLPIIKBFTOREBREYHFETSH 1
RuBisCOK# 7=y bTHY, FEATT /4 FELTR) T A 20 2 FTHERB R LREETERCS
WCHFAET % NERuBisCO Tld B dr o 7o 2D I L1EG. mikimotoi & R 74 =7 § 4 7 ORMBEEEHEDERE
DRBEVFBLDILHFTHFEL T L,rbcl P OIS N D 7 3/ BEFIOFRICE DS W5 FREBH AL DR
12 1) G. mikimotoi DIEXFAK IS rhodoplast lineage (2B 3 5 I L AR N7z, YRIZHRBMHZ BV T G. mikimotoi 137>
TMEELE I TR — 2B LT2e ZOERED D G mikimotoi DIEREDRIFIINT MEHE 3 R#E) », b
BVHENT MEEOEREORIF L & o AIEE L AR LAEE (2K#KE) THEEVI) 2DDREARET
&%, (FHK - RFERBFENAEHR)

EEHS :, EmEE—, EEE, REXE e, ARR= -, EHER T RBETCHEELAYILT
EIVM>arIoINO0CBER
Masashi Shinohara, Ryuichi Nishida, Makoto Nishizawa, Hideo Bando, Taizo Motomura and Masakazu Tatewaki: Guluronate
contents of alginate in Laminaria japonica and Laminaria angustata fronds in laboratory culture.

vaAYTEIVA LA TOEETERML CPESHETHE L RTFHROTVF  BO7 VO Y (G) &
BrflEL, AtRORRI Y 7OFRE B L7, 199549 A IR L ok F LR L va >y TEIY
A3y ThOMB LT VEVEET Y Y ADGER (1970%) il SIRIML T HROT V¥ VBT
P ADGER (34~35%) LW B ol HEEM (GRE D EE, RE, BIREY A 70, S5EHME, PESIH
WHOKS) 2B S TCEROEMEANLER, WTNbGERIEISHULETH >, RBTOREES &
URHBOERICL) GERVE LB N b ok, (FHBEIE (b)), R LFETE (k) EEIEK,
ok ALHRESEREA, oo LR K - BRI R AT R )

EHEE - AKX . BXAHE Gelidiella pannosa, Pterocladiella caerulescens &R U Pterocladiella
caloglossoides \Z 2\ T
Satoshi Shimada and Michio Masuda: New records of Gelidiella pannosa, Pterocladiella caerulescens and Pterocladiella
caloglossoides (Rhodophyta, Gelidiales) from Japan

32D F ¥ 743 Gelidiella pannosa (Feldmann) Feldmann et Hamel, Pterocladiella caerulescens (Kiitzing) Santelices
et Hommersand 3 X UF P. caloglossoides (Howe) Santelices # H A SH G L, Zh o O ELEHRL 2o
HEFBRD P. caerulescens 13, #WFEEZ () BREEZ O/, (i) BRE O LEIL#HOKRH RETERE, »
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Vi Gil) F B FEETEICH /ML EICERT 5, BE2OEAREIZ B 557 2#8ETH 5, G. pannosa
3% L O—HBaPE T L7 RB % 5D, P. caerulescens & P. caloglossoidest3 §TIRD ZRENRR &0, ) KV —
LDNAD/NT2=y MEEFI % V2 F RGBT TIX, G. pannosahST BERE &8 T 100% R MR Ei#E:T99%
DT — MRS v THEET Gelidiella 7 L — FIZ& T N7z, P. cacrulescens L P. caloglossoides {3 L BE#E 65T 99.7
% R UBREHET100%D T — b A M T v THEET Prerocladiella 7 L — FIZE TN ize ZRIRIRD ¥ 1 T35
LULENFNOEI L— FE—FL, SO LIZZOBBRENT ¥ 7 HEICBVTRRERBRL TSI L E
AT 5, (LiBEX - KERBEMIEH)

KEFHE : BAEEHEE Navicula directa var. directa DEMSETEIC & 5 ARRFIEK
Makoto Mizuno: Sexual auxosporulation of the marine diatom Navicula directa var. directa.

TREDIRAHEREIT & Y Navicula directa var. directa DA YEAEFE L AR FHBER 2 BIE L 72, BETEND2
DORBFREMET, ZRPNEBTED 2205580 ) bOKFFIAEL T, BEFIIHE LLHETES
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Shigeo Ichiki, Hiroyuki Mizuta and Hirotoshi Yamamoto: Effects of irradiance, water temperature and nutrients on the
growth of sporelings of the crustose coralline alga, Lithophyllum yessoense Foslie (Corallinales, Rhodophyceae).
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EFRERLIZ, TV 4 Y TOEHRFEOERIZISTL 20T TRE S N4, SCTRIHFI S iz, ERD
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Kazuhiko Koike, Kanae Koike, Minoru Takagi, Takehiko Ogata and Takashi Ishimaru: Evidence of phagotrophy in Dinophysis
fortii (Dinophysiales, Dinophyceae), a dinoflagellate that causes diarrhetic shellfish poisoning (DSP).
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