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Fig. 1-1. Yearly changes of total production, total
amount and average unit price in "Nori" (Porphyra)
cultivation in the Seto Inland Sea of Hyogo Prefecture.

Fig. 1-2. Photographs of aquacultured “Nori” (Porphyra):
(A) normal thalli, (B) bleached thalli and (C) product of
each Nori.




(LYl

—RiZ, EEEEIE NEOKEL) L bIHTh, oL
R IR DIEBARELE L L TR OEERMEY T Z
YU R ThD, L, BEROPIZHEONOHE
R STV D 41218, ALK Tl Pseudo-nitzschia
BOBRENFREIMEREORRETH D Z L2
HAUTV % (Hasle 1994; Bates and Trainer 2006) , %77,
Jb#E i Coscinodiscus wailesii Gran O KEFEAEIZ LY
AFED W DRI E DS RIS L, BEERRICH
FEEVERIL, WEESHEND &V o T ERED
HEEN T3 (Boalch and Harbour 1977; Percival et al.
1980), AFIZHEANHETEH, KEFEFICEZ DT
oA ZARMDKEN T T 7 R ERE LR
WS 5720, FHHEN LA L, RIS L2 RKE
DOHEFEMIZ & - TIEJE OREMHFALE, EEBREOEL
ZolE I EMEM SN TS (Manabe and Ishio
1991; ESHEN 1994a), ZD X H T, NESPHEEY

(IR 2 K F G 12" Harmful algae” & Fr &4,
S BSEAREE &2 BN &8 5 B4 3 "Harmful algal
EMHEND (5£2007), BE, AR
JEOUHEIZ I D HAB O TR b EAFEN K& <
AN 72 MREITAEE ) ) OBEDLHETH S (Imai et al.
2006), / VU OEELEEIIBAE, WENE (FEIZ
7> 2009) ZIEU o, AWM CEHEEH 2009) 70 L7
AARDFELR U RIERG CRAEL, KRERMaHE
LlgoTND,

WU PN HCERIEE CI M ), B U Al H O 15
JRIRBTEEBE D —TFE, C. wailesii T - 7= (Manabe and
—77, 1980 FEARORBEEHE T E AL i
ITLIEIRETH o727 (EHIED 1994b), €% B
ELHRANZEEICRE L2V ENIEEALETH-
2o LML 1990 4R =LARE, WP Pl bt ©
VLR BE ARV IR A RO IR A 7 B B E VR
WD X9l otz, 1993 FELIFEO SLEIRICEIT 5
#hE /U O HHER A Fig. 1-3 1077, REE
IERTA VERML MR ANOEEDL AEET
fibhd, ZZ T, 11~4 AETO/ VEHFEET

bloom (HAB)

Ishio 1991),

Production (milion sheet)

Eucampia zodiacus O A BRAREFIINFSE 3

LRt omEHEEZ AV, BEEESFEAL TWLIRO
FEICE L TEEOHEELRIL Lz, 3, /7 V04
PERE— 71T LTz 1993 R, GAEbLORAEL
IR0 AR DA (LR 18.03 &k, AEA%E
1733 {8M) ZAEMEE L, WEIKIIEEE D4 E
Motk b JRYEE L D%, WESBUIAEE O 4 EK I
FLYEHAER (9.38 H, 1993~2008 4% TD 16 7
HEIE) & AEFERAEE L OEND ZNENA T
L7z, 7286, FAEEOFHHAEA, EERM LY b &
WAL, AR OFR AN A VTl ESE L R
L7z, ZORER, 1999 (EEMHILIE, AR LHEILRE
FRAEL, HMEMZBEX D2 ERREENEREL TN D
ZERBHBEMNE o7 (Fig 1-3; 72721, 2007 4

WL, BT TR L7 Ain g & S i
WENE T,

1200 12
1000 |- - - == Production 1 10
800 | - | —e—Monetary amount 8
600 - - —-———— - ——— -~ 6
400 [ ---———- - ————mmm— -~ 4
200 --—---- H —————————————— 2

0 Lo—re e rlel oo 0

1993 1995 1997 1999 2001 2003 2005 2007

Fiscal year
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Fig. 2-1. Location of the sampling stations in
Harima-Nada, eastern part of the Seto Inland Sea.
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Fig. 2-4. Long-term variations in DIN/P and 2
DIN/Si molar ratios in Harima-Nada, Seto & 40
Inland Sea, for 35 years from April 1973 to %
December 2007. Monthly data were g 20
averaged for three depths at 19 sampling
stations. The smooth lines were derived 0
from a 13-month moving average. The 4
dashed horizontal lines represent the o
Redfield ratio of DIN/P = 16: 1 and DIN/Si & 3
= 1: 1, respectively. B 2
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Fig. 2-5. Long-term variations in yearly total 2
cell density and composition of four & 540
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Fig. 2-6. Long-term variations in monthly
total cell density and yearly composition of
diatoms in the surface layer of Harima-Nada,
Seto Inland Sea, for 35 years from April 1973
to December 2007. Monthly cell densities
and yearly composition data are the average
of monthly sampling at 19 stations.

Fig. 2-7. Long-term variations in monthly
total cell density and yearly composition of
raphidophytes in the surface layer of
Harima-Nada, Seto Inland Sea, for 35 years
from April 1973 to December 2007. Monthly
cell densities and yearly composition data are
the average of monthly sampling at 19
stations.

Fig. 2-8. Long-term variations in monthly
total cell density and yearly composition of
dinoflagellates in the surface layer of
Harima-Nada, Seto Inland Sea, for 35 years
from April 1973 to December 2007.
Monthly  cell densities and yearly
composition data are the average of monthly
sampling at 19 stations.
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spp. Z 1E LoD 5 2FIG 03K Lz (Fig. 2-6),
77 4 FEETIE, 1970 4~1980 AFRRTHITHT T
H. akashiwo 33 X O\ Chattonella spp. 75 LI UIX @45 B
WHIR L7, UL, 1990 #EACLIERZ O & 5 72 @ e
DOHBUTR bR 2o 7= (Fig. 2-7), REEOBEBIL
WEERE T R oz, MEEREOBAE, 774 8

LD BEAE T, 1990 HRLIFED A FEEIZET 50
cells ml" % T[> 7=, —75 C, Karenia mikimotoi (Miyake

and Kominami) Hansen and Moestrup <> Alexandrium spp.
% HAB O 50 5HIG 1, KT 2HEmA RS
iz (Fig. 2-8),

300

Cell density (cells ml ")

JFMAMJJASOND JFMAMJJASOND

Month

Fig. 2-9. Long-term variations in monthly cell density of Eucampia zodiacus in the
surface layer of Harima-Nada for 35 years from April 1973 to December 2007. Cell
densities are the averages of monthly samplings at 19 stations.
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Fig. 2-10. Long-term variations in water o
temperature and salinity of Harima-Nada @
from January to April in each year g
(1973-2007). Monthly data are averaged for g 10
three depths at 19 sampling stations. The £
horizontal bold line for water temperature g
shows the value of 8 °C. 2
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Fig. 2-11. Long-term variations in dissolved F
inorganic nitrogen (DIN = NO; + NO, + 15 F-———— & e
NH,), phosphate (PO4-P) and silicic acid & F
(SiO,-Si) concentrations of Harima-Nada 2 q0 fe#® go\-——————- /A - SAN___e ___________
from January to April in each year E r .
(1973-2007). Monthly data are averaged for 5 [0 Rl - AR /- B R 5 o ';\\ A ’A\ ;
three depths at 19 sampling stations. The F w"'zyo L
horizontal bold line for DIN concentration (I S
shows the level of 3 pM. -
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Eucampia zodiacus DIEFH - TEHHMRIPLY Fidz W B EEORRE DS T2, Lav L 1990 AR =LA

Ffi L7z 35 DMEDRE, E. zodiacus \(ZEAEHBLL, HlE
R 1~4 AIZEWMEE R LT (Fig 2-9), MNRE
DA FEMEE, 1970 4£/X ND (< 1 cellml™") ~100 cells
ml! OFPHCTEBL, ZOH% 1980 LRI T L,
1980 FARALHITD LAE VIR L, 1990 FARATH: E T

Me, HEBAIRREESEAL, AVPHoREKERLIEL
iX 100~300 cells mI™" OHiPH TEH) L 7=,

E. zodiacus DNREBEETHE L7 1~4 ADHmEOK
iR, By 0B % Fig. 2-10 1287, 1973~1993 4ED A
BISEERIR O FARAEIX, 3 A 7 8.25°C (RE4HIEAH> 1994b)
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—o— Total phytoplankton

—=— Eucampia

2000

Fig. 2-12. Long-term variations in cell
density of total phytoplankton and
Eucampia zodiacus in the surface layer of
Harima-Nada from January to April in
each year (1973-2007). Cell density data
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Fig. 2-13. Long-term variations in
composition of major phytoplankton
(indicated as genera) in the surface layer
of Harima-Nada from January to April in
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Year

ZNNANNN

AN

each year (1973-2007). Phytoplankton
composition data are the averages of 100

monthly samplings at 19 stations.
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ThHHZ END, T TIESCEEMEID 1~4 ADKIE
BT D Z &L s, BFED 1~4 HOKIRIZ, 1990
RIS, 1996 FD 2, 3 AZBRNT 8C LD HEW
filizmRmL, 1 A%ZERL 2~4 A OKIRIL 35 EMICH
BIZEH UL (ttest, p<0.05), 1%, 31.0~33.5 @
HPHCLE L2, —EOBMITR s 5T,

DIN ¥ D H SEHMEIE, 35 MEMICEA L b AEIC
Wb U7z (Fig. 2-11; t-test, p<0.05) . 1990 4E4R441ELLRE,
3BLV 4 ADAFHEDIFE A L IIFEERCB T
VYV OEBELPIEED L SND3 WM ETE-TZ, U
VERREELY, 1~4 HIZT TRAIIET L, 2 AR
%< DFETO0S pM & FREI-7, L, 35 MFEMO

Cell density of Eucampia zodiacus (cells ml'1)
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BB E R FICHENT L COAERIKRTIIMmB S
2o 7z (Fig. 2-11; ttest, p>0.05) , EERRIRAE I, 1970
FAR~1980 FERETFITHT TR, £H & b 10
M % FE - TV 228, 1980 AT LI K L7, |
~3 AOAFEHMEICHEE R EANRONTZN (ttest,
p<0.05), 4 HOEICIFAER EFEIA N o 7
(Fig. 2-11; t-test, p>0.05)

FEBHFRE BT D 1~4 AOAEORMTZ 0
N R FE & E. zodiacus oM O EEEHDOFRIZ DU
T, B % Figs. 2-12 B L O2-13I2ENEIURT,
77 7 b R T 1970 SERICm o T2,
1980 FARATHITME S, BHITOLm L RoTond, Ptk
RS L~V THER Lo, Zh &I, E
zodiacus OFFLHEEIX 1990 FREIZLAEE < 7o 72
(Fig. 2-12), 4 AT ENICIRIIERD 5D 2 HE» 2
KD S0%A LIZETDH b o72h, £ H & bl
T v N OEER R EITER TH o 72 (Fig. 2-13),
W77 7~ OFRRBE I S D E. zodiacus DFE|
AiX, TR 2R R ST,

5 =B

1973~2007 fF¥ TD 35 FEH, WEMTIE, 4F&K
RAKEICAEE 2 EA L DIN IBREICAERIKTAAD
iz (Figs. 2-2,2-3), KED LF71%, WHANHEOMO
W b b Sh T (88 2007), FlzIE, 1
AT TIE 1966~2002 4E0> 37 4E[HIC 0.81°C FH LT
WD (A 2003), [FEROMERIE, A AR & HASM
W B STV D Z Enn (INEEIED 2006),
WE S NV BCER MR IS 38 1T D m— I VAR BG TiIE R <,
LV RERBETCOLE THDL LBEX BN,

PR T T 7 R LR IIREE, RRIC
DIN B O RZEIIEFICR —8 Lz, W& L b
1970 FERIZE <, 1980 FERFFFICRESHOL, %
AT UV IR U215, 1ZITRIT WV~ 72 ¢

HEE LT\ 5 (Figs. 2-3,2-5), DINEEX, 1300

BB F-EE T 1980 ARATY-FE T 10 uM mitk THER L
T3, 1980 AEAHTITIE SuM LA FIcE Tl L
7= (Fig. 2-3), &£7=, W77 > 7 b Ml E D%
TEHEHREMTRD &, 1980 HFMRATE TIE 1000
cell ml! & LRI DAEN LD > 7228, LIKIZZ D L 5 e
VMEIXIZE A E RN 7257 (Fig. 2-5), ZDZ
&G, DINREOIR FITREEC T 2m 77
7 ko B B A RIRR T D AR ER O —D
ThdZ IR EnT, £72, 1990 LKL DIN
EEDOIKTIZEY, DINP Ly R7 0 —L Rk %
TEY, DIN/Siteh 05 HiE TH D Z &M b, 1990 4
RLARE, $RESEONY 7T v 7 b BRI EHEHIR 2
ZTRTWERETICH D Z BRI,

1970 F X~ 1980 F I T, FEWH T
Skeletonema spp. (#] 21X 1981 #; Fig. 2-6) <° H.
akashiwo (B 21X 1975 38 X OV 1977 4E; Fig. 2-7) DK
HA TR E 2R3 4L L Cunviz, LavL, 1990 4F
RURRIT R BHIBE OIKT & & b ISR O % AL R
DUNE L, R B < 22 AEAICH D (Imai et al.
2006), Smayda (1990) 1%, sREHELNT T2 b
BEEOEB LXK ITHERNTHDL L RIERL
T, ftd7, WA O FEENICNALE T 2 IR B TE T,
FREEWE & Je72 5 72 DIN/P O RMIAB NHE ST D
(IWAIZED> 2002a) , 72205, JREETILY v OAT
BHIIRe o 2 HEME L 7= K5 5L, DIN/P bes B4 248
IZHY, FORER, W77 7 b ORRAES 2L
L7z Z EAVRIEEN TV D, Yamamoto (2003) (X, /R
BB B W T E B (L O R T 12 7 JRE AR
DEEREERIN LA ERT 7 4 REE~EEL, 20
BARBIRE DK T & HICFE - A HIRIEERO R
BAEMEREL Loz LTS, Zhuaxt L THEE
HECIL, EERO 5D EENE L, 1990 FREEE D
L& D BEFEIZ > TS (Fig. 2-5), 2, #%
JE#ECIT Y VBRIREELL BIC DIN O F2ASBHE T
HoloZ &, MAT, HRERENLF LI LD,
DIN/P FtJ & OY DIN/Si Lh O E) S, JR BB I R CEE
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BREE LT WREAE(L L2 LICLDETH
HEBZ O, ok, BB OERIREIT
1970 FAR~1980 FRATHEITHT TERL L TH -T2
2, ZAULZ OO S TH o 72 Skeletonema spp.
ODRKEMERICEDILOTHD LRI, £,
1980 UL FLIE ORI IT, ERHIRICL-T
Skeletonema spp.% 1% U 9 EE#E AR D3 MN@EE % )i &
, MEROICEERREDS LA L0 TRV EE X
LTz, bbb, fREH TR AR SN DEE
FAl I, 35S MRS SLBLTELY, ERED
BRI NS & D, B A HITR T 25— R 1
ELTHEALTO D AMREMEIIRNZ &3 E 2 b,

HoMm EHEIE, 1980 FREFEICRE <AL,
1970 EARILE ORERRFED K 5303 Skeletonema spp. T
HoToh, 1980 HARLLREIL Chaetoceros spp. % 13 U At

B 5 2 EIG AR L. (Fig. 2-6), — 7T,
EREREERNDHRE STV D Skeletonema &
Chaetoceros DHIFHAEFFHVREIC IR, BUISIEHIZI T
LMD OEAETI L 5 DBERAETRLDS
72 (Eppley and Thomas 1969; Eppley et al. 1969;
Yoder 1979; [LI111994), Z D &%, M OHFHEE
O LR 720 TR BRI BT 2@ 5RO B L &7
TERWI L ERIBEL TS, —J7, Skeletonema ®
WX, BB O, #1x1E Narragansett 4%
THHESN TS (Smayda 1998; Borkman 2002;
Borkman and Smayda 2009) ,
Narragansett 52 351F 5 Skeletonema OV ZR & LT
TR, o, SEM, WAL, EMOMAEIFERSEZL O
IR Z 54 L T D, F72 Borkman (2002) 1%, 1980
~1990 A, AFEDOKIEB @IS TfER, LF~FF
W TR EDY B5- L72 = & 73, Narragansett 751233
WTC Skeletonema 7MY LT- FHER T 5 Z & & 15H
LTW5,

BEFT (1998) 13, B AUE TIE 19204540 & Skeletonema
DEEFETHDZE, R 1970 FRICHBE CTHE
L72BREE LT, RO ERBLOET L OBEL

Smayda (1973) I,

FEf LT D, IHEIED (1980a) 13, W% A& L
AU Ko CTHERERE, B, R, A
D 4SO L, BRI T W77 7
b OEEFEEZR STV D, ZORR, Skeletonema I3
A R O FEH I ORI C R RIS BT S R
ThsdIZLamL, AAZIREEFEROBIERE LT
IZHERTRORR
KRB L~V PRV ESRBIROFEEEE LT D,
FERODBEMIL, FBAME, LB, KRS SWE N
DL ORI S bW STV D (ILEEA 1980b,
1982), #A - 1L (2007) % Skeletonema I3 Chaetoceros
(TR TRBHIRE O ® WV HIBLT 5 2 & %48
WMLTWD, ZNHEDZ D, fEE#ETIE 1980 4
ROFEE L ~)VDIKT D Skeletonema DI % 51 %
Lz EnEx bz,

WIS W T, B 5T Skeletonema 70 5
Chaetoceros ~EAL LT ER & LT, WED T A 79 A
INVDENSEET HUNERS D, RilEROZ 1T
ZDTA T HA 7 N ORIRIRRI/ARIRIE - (Z 2 C
TS R LKIRIIM & KL %) 2T 5
ZENHEBINTVWS (McQuoid and Hobson 1996), 1K
IREIMARIEE £ <D L < 2bd 2RI U,
R A 2R R A AR AR L CIR D B B 71T, —iRIC
HRAIZ I S 2R WIS TR S . IRIR AR A T Ak
T LR, S. costatum (BAIED 1992),

W5, 72, Chaetoceros 1% Skeletonema

Chaetoceros
didymus var. protuberans Ehrenberg (H & 137> 1993),

Chaetoceros pseudocurvisetus Mangin ( Kuwata and
Takahashi 1990; Kuwata et al. 1993; Oku and Kamatani
1999), Leptocylindrus danicus Cleve (Davis et al. 1980;
French and Hargraves 1986) 7 CHEEEMECHE 5T 2 FE
REETHREINTVD, Tz, ERORZITERD
IRIRHIH R E R 2 (R i b AVRAIZR P U T — & Sh
Chaetoceros BN 6 &2
RORZIZ & o TIRIRFMAL 2 TRk T 5 FE S s S
T35 (Kuwata and Takahashi 1990; #&1E)> 1993;
WL

(Hargraves and French 1983),

Kuwata et al. 1993; Oku and Kamatani 1997) ,
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THOE (2000) 1%, S. costatum NEEFEET-1T D VR
RZ LT ST CIIRIRMBE 2 R L 72 2 & & 7R
L, AREOKRIRIMIAEEIZIE—EREL LR E
WL THDZEEHERHL NS, 20 Lnb, %
BEH L~V OED o 72 1970 8~ 1980 FEATREORE
PEBEIL, Skeletonema spp. DT A 7 YA 7 MIIEFE I
LIERETh-o T2 E 2 b,

THETIT, WA D EEEE ORI
R AR DRGSR BT D (5 FE1E D 1990;
Itakura et al. 1997), A - (LH (2007) 1%, HEES#HA IS
VB O Skeletonema, Chaetoceros 3 X O Thalassiosira
B DIAEE LA TRAT L, VREVE IS IRIRIIM R < A4 5%
L CWAHEEBEOE 5FE Y Skeletonema 7> Chaetoceros
~NEEL TS ZEEH LML TS, ZhbDD
NS, WM T T N ORHEOEB R B 720
WZIE, FERBOMIEREO L BT, AT LS
ELIZRBPLETHD EEZ LI,

4R, WEFNUETIX H circularisquama (Horiguchi
1995) <° Chattonella ovata Hara et Chihara (FitiEH
2005; Yamaguchi et al. 2008b ) , Alexandrium
tamiyavanichii Balech (Nagai et al. 2003) %% ZiUE Tt
HORMNoT2T 7 4 FECIMEEROFTHE « A%
OB, ZhE CREMARRBEER LIz L0
RO TRBIZ L DRRBANEE 72> T D, Zh
bOFRIZILET DA E LT, ko HAB FICHAT

KV ERAE M Z & 3 EH 41TV B (Yamaguchi et al.

1997; Shiraishi et al. 2008; Yamaguchi et al. 2010) , HL7E =
NOOBIRIT, FREEE 19 TR0 A EECFEAE
I IC R ATV (Figs. 2-7,2-8), L L, C
ovata % &L Chattonella J& D HELIE, 1970 4= 1980
RIS R BT KRB 22 AR DT RIS TR - T
WH OO, ZO BB < 72 2HAICH D (Imai et
al. 2006), ZNHDZ &5, KIRD LHIX HAB D
BEEEEZLZ(ESEL2EHERERDO -2 THD LEEX
b5,

MR T, 2EOMBELZSBLTLE, K

mikimotoi X Alexandrium spp.% HAB D 15 & A3
R LTS (Fig. 2-8), Itakura et al. (2002) 1%, E
BEOBRFT N — 2T Ko TREBEREDMET L
1T A tamarense I8 7 N— L& TEET DM R E < e
STWVWDLZEERELTWD, K mikimotoi <° A.
tamarense 1%, TEFERED U L RDEYE LT BREE T CHIE
U2 RE LTRIET S Z L ARETH S (Oh
et al. 2002, 2005; Yamaguchi and Itakura 1999), —J7, S.
costatum SRR Y > D% < ZHFRIZH DRI CE 7
WZ EMnD (JuE - #21 1994), Yamaguchi and Itakura
(1999) 1%, H#HETE M E—fRIC EESET F~ CHE A B
(ECEARENDIONI S 38 J1 N S SOy eb (i3 {1 SRR G-
REFHICHRI RS 015D Z L 2R LT D,
bl U728 & HAB FE O HIBLRAHY & E. zodiacus 73 i
FOXIICKERET D LS o Rl g
BL—¥79 5, H#H HAB oFI2iE, flziE A
circularisquama ® X. 5 12 1988 FZH]H T H A THEMN
B S, o< M B ARSI ik A2 5K
SHTHEH STV S (Honjo et al. 1998; A3 2000) .
AFEIX, AARTHERINDUANS, BT Tolo
Harbour THK I N7 EERAFFHED O bR 4T
B (Iwataki et al. 2002), KFEEY) OBENCHMED N Z
A NIK, B DWVIFHERIZ L > CGIFERARIZESET D &
TRl HEEENTWS (53 2007), Z T
LT E. zodiacus 1%, »72< &b 1973 ST REEEEET
HEABIE SN TEY (HF13721989), 1979 4F & 1981
FEITII RIS THREZTER LIZFEik b ik > T\ D (B
1986), E7-HEEMEICIIT MM T T 7 b o DRl
BT, ARSI 2RI H D0, AR
BT 1990 FRZENBERT 2HEMICH D, i
DL, WREEZI\NT E. zodiacus O HEBLEE
W< g o e ER & LT, BUEDURKBREE D X
E. zodiacus O¥EFEICHE LI=Gb~E B L T& = &
NEZ DN, AFREG, FEEEETIT 35 NMEMIC
AFKIBICHE R E5 (Fig. 2-2) & DIN JBE LA E
KT (Fig.2-3) BALNIZZEND, FFIZZNHLOHE
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K73 E. zodiacus OO LIRS & B 82722 BR D 5 X 5
WEbh, £ TRETIE, ENEEERD LBRE
FEELR M E. zodiacus DHEFEIZ KIZTHEZ OV TS B
WZREH e 2 N2 %

FBIEWECIS T B E. zodiacus DZEFiR 72 HIBUFHE IR
35 MEORESMA®BL CTRELSEHTHZ LTk
Motz Tibb, AREOMINEEIX
%R L, MOBEICITIEE A L HE LA h 572 (Fig.
2-9), BEFAE O \WVEICE DL - BRI EA R X <
ALY A AR RKEWFEIZ EWEICLRE LT WD
(Bienfang and Harrison 1984), #&EE#fICIS\WCT/ U D
BRI L S D Coscinodiscus wailesii X° E.
zodiacus VX, EEMEOH T HMMLY A XAKE  IhREHE
EFEHR&EWIENRMSENTWS (Bienfang et al. 1982;
Bienfang and Harrison 1984; /NEFIE72)> 2006), FEEE#ET

1~4 HizEn

1%, Skeletonema spp.<° Chaetoceros spp. 55 DEEREH 151
REEETHY, ZHOOHERIIEIC 6~9 AlTnT
TEBEEICHET D (PRI 1989), ZHicxi LT,
C. wailesii X° E. zodiacus 5 D FRAERL, Kg LK
CREEN DV, $ELEEOEVEY 1 5~9
A) ik, BXBICHEED Z EAHERT, o
TN—LEBRTHZ Lk nEEBEzx HND, L
23T, TS OFENRKEFRA O AR Rl IEnE
HBEH (B 10~4 8) ITRESN D, ZORIT
VB (11~4 A) L HEiebde, REEHRIT
wHE ) U ERBEAKSTHET DL LR, Zh

DEEEE D R EFAEITHE RACE ) VOB DHE
ERIFTZ LB EEZ LN,

Nagai etal. (1996) %, C. wailesii DM & KRR
ARa O BB XA ZEER H Y, C. wailesii DS
FHRIE 9~4 H OErEIRAWIC, IRIRMIRIEL 2~8 A
DOWERF MO ZNENREINDZ LA WMELT
W5, F72, C wailesii (TFEEHEIZ BV TEIC
®E (10~11 A) L&EF QH) [REMREA SO
V=27 &R L, ~RICKFICHBREEN N RRERD
(FEF 2000), Z#Uzxt LT E. zodiacus 1%, % 35

DYERZB LT, EERE, SHEIRG A E DR
S ThiffasERERK L2y (Fig 2-9),
OMBBEEN Y — 7 2T RN, C wailesii DFZ
TN—L L0 BRRENRTH D, DX,
U o aEbICEET D B R OERIZMERE
MICHBlOE — 27 2R3 b 00, FFER 7 HBEEC
WFRERICKREZEVR LN, 20X RREEE
ZC, WELET E. zodiacus DAEBLAEREZLIEMEIC S
W, C. wailesii & DRz I8 L Tiim a2 RO TS
LT 5,

E. zodiacus

FME Eucampia zodiacus DIEFEIZRITTIRBHAE
RADEE

A EFBEORBEIEAEENE 2 RA 5 72 0 OFFEEIC

, RES BT TZODOWMYMARDH D, —DOIFELY
MR DL, RRAMNE, RERTOLTH L,

KR FEEOHBURRE & ORRZH 5T H8RER
2B OFRE - B TH Y, b 9 —FHFIXxIGREOHE5HME
AEBROARE, ATE ORI &\ o T AW RNE D> D
DT Tr—FThs CHIF 1973; (L1 1994), fE¥~
Ty U b Db DREOTENKEIRET HBIGUE, Bl
B 0 TR 2 R IR 3 EHE IS/ B o Tl 2
STWD, LR T, BEROARINGDT 7'r—F,
FEIIEMFONE»SDOT T a—F O TIENT
B RT3 THY, WHFMD DO A BT E#

LTWAZENEETH D,

AR GEITE) T, #HE#ICRT5 35 HMEMO
WHRERBE C Wi 7 F 7 b VBRI OV T ZE DR
R E RN Uiz, ZORE, B CIXAFKRICH
B2 bR L DINRECHERK TR S, 20X
9 IR BREE O 2L O T T4 Eucampia zodiacus 7
RKEBET DI RS eZR LT, 20X
FEATIE, LRCOBREEmE O O A L ALEMAT B
%, L2, ZOXD RMEHSRIREDOEH) & E. zodiacus
EREEENRE & OBIFRIZ, E. zodiacus OHFHATEEH0F
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PEDOEAM T BT IVTH R 2B G ORI Kb - T
LEH, FRLGAICE-oTUL, BUGE TR Z 57281
U L TR TR A 52 D AlRetE b & 5, L7
ST, BGHENSHLNIZMRICBWT, REER
W3 E. zodiacus DR AREEBIEIC KX T RHEIZ OV TR
HI 7RI Z 592 720121, EBRAZRARITIC X 5T
RERNMLETH D,
HREMETIZIBWT, W77 7 b 3ok, i,
iy, SRR, MERRR, @R, MEHREAOmMRE,
Bt & WV o T kR4 REREERF ORIR TIZ&H 5 (Smayda
1973), L7eo T, ED XS 7REBREER 113 B % il
RLTWEONZWAGNITHZLIE, ABEOKNE
AR5 LTl CEERFETHD,
NET, ZLOWEWMT T 7 FATK LT, BNEE
FERD D 2 OWFRA B AR RHEDS R STV D, FF
(CHE P NUECLE, ARIWNC X DI E N K & 7R &
7o T&EJ-Z L5, Chattonella antiqua (Hada) Ono
( Nakamura and Watanabe 1983a, 1983b, 1983c;
Nakamura 1985a, 1985b; LI [ 1E 72> 1991), Karenia

mikimotoi (1111 « A3 1989; Yamaguchi and Itakura 1999),

Heterocapsa circularisquama ( Yamaguchi et al. 1997,
2001) %, EERAEIRWIBEE R~ ORFE LR
MERIN, ZOMEPEHINTND,

—J7 7 U OGELIRAE TIE, Coscinodiscus wailesii
FIRBR DK AT — VIR 5 AR, AR
DRI AR E 7 & R R ERICE O TRE
INTW3E (I - B8 1994; Nagai et al. 1995, 1999;
Nagai and Imai 1997, 1999) , £ 7=BI5FRAN G, FHEME
2B D C. wailesii [IRFEDOHEGE - HROBREIE, FIT
KR, oy, RBEBLOBHEL Vo WEL L
FIBREERAEES L TWD I L, SHIZINBRTIT
18 % OEBHIER &\ D X ITHERERICE-T, C
wailesii D MBUZTEIMENE T TND Z LRI
Tn5 (FHH2000), LoxL, C wailesii OHEFHA Y
BOREPEICBE T DA AITIE & A £ 72 < (Eppley et al
1969), E. zodiacus \Z B L CITEEIZE LW O 3BUR T

D,

RIETIL, FICHETNIEICRT 28 ERBE O
CBWTRFEEBMINTELERTFIEL )V AKD
JRRBGA L, BNEERIER) D E. zodiacus DBRER
FEERT T D BRI E 2 R, £ O MR AE ARy
PED B BUBMEI 351 D K BRI A A o il B 2 3 7
7o ETH AT KT IORRE, REL IV
WA DRBEE BN L, A D IR B O RS
i, HEIE RTRESRAF OHIPH % & E BAICEHE L=, 55 2
Hii T ST TR MR O s KO REH
REEFRREZ T, REHEHIR T30 2B OH)
NNFEMAT Lo, SOICEIETIE, EH, VoWl
VIAZREZ B BN L, BUSEEIC I T 2 Bk bR
B OEES ) U L ORBIR ALK DLFAITONT
Fl7, B, L —EHORHBERILL Y —FEoOE
Fire ) VD JREEERE C. wailesii (T3 LT FEhi L
W& DA LT/ U OGED IR E O Rk
BT DEHE), RO VR~ RITTHELELRL
7

=

F1HE BEICRFTREE BESSMESOXE

HERERET O T T 7 hrick > Tb
HERREERNTHY, HEROTRLF—JHE LT
OEBEMEICINZ, 22K OKEOME), R (H
EALREMAAL) ICE W RELSLEBT L7200, LIFL
X ZHIRT AR & LTERT % (Darley 1987),
FRIREE, MRNOWERS L= 1 X — R B
LOIAERISE®B LT, WIS 77 b
R AR 5y i FE NSkt D /EA 28 L CEh 2l
PRI EBE 5252 ENBEZbND, LIZHoT,
J, RER IO TS T T 7 b OHEEIC R
Z RIET B R BRI O T b e b BT A
DEERERTHD, FLINOORTIL, W77
YU N OHFHICKR U TR E 723 TR R A
ERZFSZ L BHESN TS (Tomas 1978; 10
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1994), AHiTIE, HEFEBRIZ L > T E. zodiacus DY
FEIC AT TR, R, HOoOREBEH LML,
AT () (TRl L7z BGRB8
B E) L E. zodiacus O VR & OBER A ol L 223
D, EFEAFRERVREED D AR O K EFAMREIZ OV
THET D,

MRELUVHE

fHEElk Lt ARSEBRICHW T E. zodiacus 1 LT C.
wailesii DESHEIRIE, 1999 4E35 LY 1993~1998 4E 2%
NENFRER L 0 SBEL, ~A 7 vy kEE

CEI%F 1967) 3 X1 Nagai etal. (1998) O F k%G
LTHEE L e — 0 Th D, BELOMERIT
ST107 K51t (Ishida et al. 1986) (2 & W1T-o7=, MiEEME
FEOMEER I L OLIBEO R IBRITIX, MP1 B %
M7z (BIF - HE 1994),
invivo 7007 4 JLELICK ZEIEREDRIE M
W77 N ERBRORERE LT, MEE R
BERHEC AR K 0 I ClE R 715 L LT, invivo 7
Ba 7 g VEOGIC & D A BRI EE S E N R R
BRCERMENTWS (Brand et al. 1981; L1+ Ak
1989; [LIE1EA> 1991; Imai et al. 1996, 2004; Yamaguchi
etal. 1997; (LA #8343 1997; Yamaguchi and Itakura 1999;
Yamaguchi et al. 2001; Naito et al. 2005a, 2005b, 2008;
Herndon and Cochlan 2007; Yamaguchi et al. 2008a, 2010;
Xuetal. 2010), AFGIEE, WEROFED K5 ICHRERE
R T T RAaANLDEOERLIY, FOMEx
T 2 BRI, KEOY 7L &Rl 7D
fEICHET 52 ERARETH Y, ETHERHEDS
RIS Z NV, FERFOaLHF I F—
varEBIETEDRLWVSFLELH D (Brand et al.
1981), 22T, ZZTIXETERFIEN E. zodiacus D
BT B E L S FH ATREMRET LTz,

MP1 85#1 27.5 ml 2 A 572 F =Xy b (25X 150 mm,
TURNER DESIGNS #8) |2 E. zodiacus % # ¥R

JEN 50 cells ml! &70 D KO ICHERE L, TRE 20C, B
)53 10hL: 14hD DS T THEZE L7z, JEiRE I, 30,
70, 120, 150 B LT 185 pmol m? s @ 5 BEPE &% 1)
THENE LT, E. zodiacus @ invivo 7 B 1 7 ¢ JLaEAE
TR (TURNER DESIGNS #H84, TD-700) %
FAWT, MifREmEIT L <@L 0.1~1 ml DEE A
Bty hCHY, TS T CEEET S 2 &I
LoT, EhENEHAEE LT,
BIEREICRIETHBELBEDEE E. zodiacus D
AR, JesaEEE 5, 10, 20, 30, 50, 70, 90,
120, 150, 200, 250, 300 35 % X350 umol m?s™ @ 13
Brpe Ll L, IREEIX, 8.0, 9.0, 12.5, 150, 200 BL O}
25.0°COZME T THEM L, JIRIXAGELT 2 A,
FARE AL 10hL: 14hD & L7z, £9°, MP1 #1135 ml
MDA-ST250ml =7 7 22T, RE 10C, XME 35
umol m? 5™ CHEHMERG 2 L 72 E. zodiacus DIE#M %
VY, BRI 2 & EBURE £ The I ERH D0
THSE, &EBRIBECHIBE%, KERESRGTT
MP1 £:1127.5 ml A A-72F 2y b (25X 150 mm,
TURNER DESIGNS #8) (2 E. zodiacus % #1105
FEDY 50~100 cells mI™" & 725 X S ICHEREL, 4 eolpE
ST CERE LT, 2B, EBRIIERESRME Tz
TH =Xy M 3ARITTEML, 3 EKOVEEEZD
FEREME O L Lie, EBRBHMATHR, 50800 &
W Tinvivo 7 B a7 4 VO 2 RIE LTz, HEFIH
(w; divisions d™) 1%, HEHIIEIIC SV TR B B
INEFRIEC LV EM L2 (Guillard 1979),

w= ACXINNy) (1)

T, tIIREE B (d), Ny lIeH s o in vivo

a7 4 VESAE GEXHE) , N, (3o BosEts i o

invivo 7 1 1 7 ¢ JLHOGE FEXHE) 2 2N ZHRT,

HEGEEE &L DO BIFRIT, Lederman and Tett (1981)

B AT T & A Lin ik A #EIG L, B
(1997) DOIFIETHNT A= EERDI,
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1= (K Ty +(T-Lp) - (2)

T 2T g EIRKHEFEERE (divisions d), T (3)E5RE
(pmol m? s), T ITEHMEDRE (umol m? s) K
2 &2 DR CEAFESR, umolm?s!) %
FNEIRT,
37, C. wailesii \ZBF 2 FEBIE, HE 15C, KR
J¥ 35 umol m™ s DT T, MPI 541 18 ml 23 A -
73BRE (18 mm X 180 mm) (& CRkfURTEE L7okka
v, JEBRIEDS 5, 10, 20, 30, 50, 70, 90, 120, 150,
185, 250, 300 35 L TX 350 pmol m™? 5™ o> 13 By, iR
1%, 9.0, 12.5, 15.0 3 X T8 20.0°C O LA T Tl L 7=,
E. zodiacus L [k, 4 FEBRIRLE CHREBE A BB L 7= 1%,
MP1 551 7.0 ml 25 A > 72 6 /X7 L— I (Nalge Nunc f
) 12 C. wailesii 7 10~15 cells well' & 725 X 9 128
ML 7o, Heflith, FHARBRMEE T ClH C wailesii DO
Mz itk L, Bl E zodiacus & Ak, (1) Xb
BAREEE 2B L, (2) RS & 0BG &R E O
BfRE R,
HIEREICRIFTRELEIOEE HEERIT, |
F£5, 7, 10, 15, 20, 25, 30°Co 7 B, ¥4 % 10,
15, 20, 25, 30, 35D 6 kL L, T b ailAtd
WTFt 42 180 OFEREMAFRE L THEM Lz, 30 L
TORHIE, AR EZBHKIC L& FRSEMEET
IR L, 35 ORI IXEE M 72 2K (HE4 32.0)
% S0COTERAR T T AE L, AT 52 &1
Ko TENENFH L 7=, SRR EBREE~OBI
BUILLFOFIETIT 572, £PIRE 20°C, iy 32 T
MR 2 U7z E. zodiacus % #7278 MP1 K5I 2 Ak
T, BRIEEZ 1 A 1~25CT2 LR HHVIT TR
S, 3~7 BT THFZBREM ORI L, SR
IREEZ BT E. zodiacus DYEFE % WesB ik, SRS
TSy % 6 BEREIZFRTE L 7o MPL RS 22 sfi L
Too BB, MEEMCEIBSET E. zodiacus 1%,
S8JEE 150 umol m™2 s, FHMF A 12hL: 12hD O F T

15 ARG Ui, A%, & FEBEMHcmEL
7o MP13EMI27.5 ml DA 57225 mmBEDF =~y MT
E. zodiacus % 50 cells ml" & 725 X 5 (CHERE LT, 7272
L, RE SCBEW 7CTiE, EBICHLE R +5 70/
JABE N0 T2Z 06, IRE 10C TRikEE L
E. zodiacus % T NE N DMK OREHEF 2~ v T
BARE U7z, F 7200 30°C CHEIEMN B SN2 o 12865y
10, 15 DOEBREMIIFERIRESRMDES 20 THIREE L
72 E. zodiacus % FIVE MR UTc, iR & BImE R
TR RIS L, MK, SOt

(TURNER DESIGNS #:# TD-700) ¢4 H E. zodiacus
D invivo 7 m a7 4 VHSLEAIE Lz, SbIZ, X
AN DV T (1) Ko B BAFEEE (; divisions )
ROz, Ik, BFEBRFMIEF2Ny F3RETT
EhiL, 3AROVRIEEZDOFREEOME Lz,

C. wailesii DFEBRIZIZ, 1993 FE~1998 4D F~F
TICHRIEEECERILL, MR L7 4 Bk (S-31, S-54,
A-64, A-72) ZMHIWTo, BEERFEBROIEEIT S, 10, 15,
20, 25 BLTV30CH 618 Y, HsriE 10, 15, 20, 25,
30 BE3S D6y &L, b EMAG DG
36 Y DEBRGAMARE Lz, WE 20C, Hy 32,
JEHREE 35 pmol m? s, BAKEE ] 8hL: 16hD D& F T
AR LTz C wailesii %, Y853 20, 25, 30, 35123
HEU IR 20 Ml SRR L7z, Bzl
T C. wailesii DY§HE & fesitz, KR4 1 HIZ 1~2.5C
FTOEAHIWITTRESYE, £ERGEOHEREICLE,
WNT, FRESM DSy 25 THIE =¥ C wailesii
ZAAIRFELAE T TSy 10, 15, 20 OB HICHAE L=,
B RGBS E2 C wailesii 1%, YEIRE 130
pmol m?2 s, BAREEH] 16hL: 8hD DT T 1 7> H [
ARG Lz, £ 0%, BERFMORIM 7.5 ml 257E
L7z 6 K7 L— hDOEHE T = VIZZENEI 10~15 cells
well' BERE L 7=, 72721, 122HBO/IEETICHEY
10 THIFE L7223 o T FEBRIXIZ DWW T, RHRE SO
5y 15 CHYGE LMl A R Lo, [RBRIC, $H5) 15
THHGE Lo T2 4o TITti Sy 20 CTHYSR L 7= 4k



20 S R ST R MOK BE R RR B

ZHSY 10 BE V15 ~, 5y 35 THIE L 2no 723
BRIX CILH 5y 30 THAGE L7 ifa s 2 e nsEadd Lz,
Perlth, FEIRBMEE T CHEH C wailesii OMAIEE G
L, E. zodiacus & [AIBE (1) 22 & REBHIEFEIIZ DU
THo AR L0 B (s divisions d) % R 7z,

invivo VAA7 4 LENXICKDEBEREDRE E
zodiacus DYEFEIAE 5 Flam
7 4V (F) OZAL% Fig 3-1 12773, mE ORI
X, W ONIRESMA T W THRAUTRTEN

(C) &invivoZun

FRBARAER TR D BTz,

35 pmol m? s : InC =1.10XInF+4.58 (> =0.97)
70 umol m? 8™ : InC =1.15 X InF+4.08  (+*=0.97)
120 pmol m™? s: InC = 1.04 X InF+4.37  (r*=0.98)
150 pmol m™? s InC = 1.01 X InF+4.55  (r*=0.98)
185 pmol m™? s InC = 1.07 X InF+4.58  (r*=0.98)

F£72, E. zodiacus MIAEE & #OGE O BRICIEIREIC
LD EN RO THRET L, B IE5AME T oRYRE
BRICOW TR D Z BUE LR, 2 ToOMA
AOREICEBOTHER LU ICHER R 2B E
nehrole (p<0.05), TNHDZ LD, E. zodiacus
O W FEH E OO W E (VML B o b b ISR A&
FIHTE2Z MBI LT,

MEEEICRIFTARELEENERE KiEEEM

Z¥\F D E. zodiacus DYEFEHIFR A Fig. 3-2 (T

JRFE 8.0, 9.0, 12.5°CTIZE, 5 pmol m?s™ O YEHRE Sl
T CHEDNRR LR RN, 15CLL LR
SR CIE, B Lo 7, KRS L B 10 umol
m? s LA JEHREE G T T AR DAL, Kk
FEDBIR & HLITHIEE b < oz, —F, C
wailesii 13 £ DIRELRM TFIZHBWTH S pmol m? s D
59T TR T & R hvo 72, #FHIT 2T ORELM:

By —atgeE UKEEmR) % 42 7 (2011)
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Fig. 3-1. Relationship between cell density and
in vivo chlorophyll fluorescence in Eucampia
zodiacus.

TIZHEWT, 10 pmol m™? s LI EDOHIRE T TH LN
F 72 E. zodiacus & TRIER, CHREEDE < 72
H1F EHHRE TR < 7R o Tz,

FARESAT TR D E. zodiacus D HEFEEE & Hii
FEDOBR % Fig. 3-4 (TR d, W O BIFRITE A B
ETNOREXTENENLUTOLIICRT Z LN
T&ET,

(Fig. 3-3),
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Fig. 3-2. Growth curves of Eucampia zodiacus at various irradiance and temperature
combinations. Growth was expressed as natural logarithm on in vivo chlorophyll
fluorescence intensity averaged for three replicates.

8.0°C: p=0.984 (1-2.65)/(I1+18.7) (> =0.88)

9.0°C: = 1.06(1-3.75)/(1+22.8)  (*=0.86)
12.5C: p = 1.36(1-4.20)/(1+31.4)  (*=0.89)
15.0°C: u = 1.83(1-5.04)/(1+39.8)  (r*=0.96)
20.0°C: p =3.08(1-7.90)/(1+47.0)  (1*=0.93)
25.0°C: p=3.02(1-7.45)/(1+51.7)  (*=0.96)

KT A—Hfli% Table 3-1 \ZR"T, E. zodiacus O py,
%, RED 8.0 225 20.0C~E< 252 Lizn»> Tk
H U, RS, KiBX O, O HIEE & kL
720 20.0 & 25.0°CIHISIERIBREDE TH -7,

C. wailesii D¥EFFIEE & S5 E OBIR S E. zodiacus
LEEE, EANBBETLOREXTUTO L HICHR
T EMTE D (Fig 3-5),

9.0C: p = 0.662(1-5.69)/(I+40.6)  (r*=0.94)
12.5C: p=0.762(1-5.86)/(1+34.9)  (**=0.95)
15.0°C: = 1.11(1-5.93)/(1+60.9)  (*=0.97)
20.0C: = 1.46(1-6.77)/(1+70.6) (2= 0.98)
C. wailesii D& /3T A —2fEb, HENEL 25 E
A4 HMHA %R LT (Table 3-1),
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Fig. 3-3. Growth curves of Coscinodiscus wailesii
at various irradiance and temperature combinations.

HEREICRIFTRELEDOELE E zodiacus DK
1, HE 53 L2692 HE SR L O B 2 Fig. 3-6 1277,

E. zodiacus |ZIRE 5°C Tl T O 4M T CHiGH
Ko hrodz, WEE 7°CTIHHE Sy 10 B3 X015 CHIFIH
Ko hrolo iy, sy 20 L EOSMET TIENRZA S
HIHAS R & AL, BB IR A @ < 22 D1t - T
BAR L, IR 10°C TS 25 LLEDOSAF T g

JE£23 1.0 divisions d”' % E[FY, W 15CTIEATOH
Oy S R CHYREIE LAY 1.0 divisions d' LA & AR o7z,
IBE 20°CTITHE S 20 L EOSRMHT©, F/2iEE 25C
T4 C OIS G T CHFEEE )Y 2.0 divisions d' B
REp, BORIEEEE ITRE 25°C, #4525 T 3.0
divisions d"' OEWMEE R LTz, Lo LIRJE 30°C T,
BRI AR R L, B4 10 38 KON 15 TIR M
BRONRI T, TDE DI, E. zodiacus 1IIEHFIR
IR, SEASMF TR RETh o7, Fio, KR
Zelhin DRI E  (20~25°C) F TOHFHHEE O
BRITEE A, @RI T OGO A T2 DA B A
BTHY, B IR L (XTI MR E O EFRIZT
AR BRI R YIS (Eppley 1972) %77 L7z,

KB LT C. wailesii 4 BROIRFE, ¥3oxid 5
R FE IO T Fig. 3-7 IC& R 7 T 7 Trd, 1R
FE 5CTIE, S-31 BN TOHENEE T T, 2o
3RRITHESY 10 BL O 15 THENRD o Tz,
IR 10°C T, S-31 A 10K WNIS T, D3
FRITHE Y 10 THHASTRO HpinoTz, S-31 BRI,
IR 15, 20°C D45 10 THIE T edrofe, HJH
BT, WA 20~25C, #i4r 20~30 THRbE<, K
R, MY SAE T h B Z OFPHIC M 7> > CHIGEHE X
BRI EF Uiz, —J5, IREE 30°C LI s 132
BICIRT L, #5510, 15 B L UN20 O T Tl 4
ELEIENFES HT, S-31 BRITH Y 30, 35 T, S-54
FRIZH S 35 THENEIIE L 225 T,

C. wailesii DBEREE 4 FRIZOW T, EEBRRICBIT
D A 2 "Rl E S BOIEIC K i LT, 2
DFER, S-54, A-64, A-T2 BR0OD 3 BRI ITHGHEEE I
MRt EZ=T o7, Lo, S-31 Fkidfhod
3 BRE I L THIIR L ICE B REN DN, Th
(HIEEE 5 B KO 30CHOFEBRIXT, MO MARK I 2
2O L 7o EBRX NS o Toolzxt L, S-31 #RiEZ
NOEDOERKTIEEACHIETE RN -T2 LI X
HHDThoTc, LL2ehn, SCEEV 30CIE,
BB W TEBICE DS Z ENITEALE R
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Fig. 3-4. Growth rate of Eucampia zodiacus as a function of irradiance for the various
experimental temperatures.

Table 3-1. Maximum growth rate (W), half saturation constant (K;) and threshold value of irradiance (Iy) of
Eucampia zodiacus and Coscinodiscus wailesii with varying light intensities at the different experimental
temperatures.

Species Temperature (°C)  Mm (divisions d'1) Ks (umol m? s’1) lo (umol m? 3'1)
Eucampia zodiacus 8.0 0.984 24.0 2.65
9.0 1.06 30.3 3.75
12.5 1.36 39.8 4.20
15.0 1.83 49.9 5.04
20.0 3.08 62.8 7.90
25.0 3.02 66.6 7.45
Coscinodiscus wailesii 9.0 0.662 52.0 5.69
12.5 0.762 46.6 5.86
15.0 1.11 72.8 5.93

20.0 1.46 84.1 6.77
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Fig. 3-5. Growth rate of Coscinodiscus wailesii
as a function of irradiance for the various
experimental temperatures.

WKIRTH D Z & (BTN 1994b), ZOHERK %
BREL, RBROHFZRIINEIT o728 25, 4 BRIC

BEIIRPSTZEND, T 2T 4 BROBIIEEE
DOHHEZIBEBIZ BT D C wailesii O HEFHEE & L
2o HERRER 4 BROTEIED B15T- C. wailesii HEFHH E
DIREE, T KRT 5%/ % Fig. 3-8 127”7, C
wailesii OYEFEEE L, 1B 20~25°C, sy 20~30 O
#iPHT 1.0 divisions d' LA EDOEZTRL, HRKMEIT 4

E

Salinity

o: No growth

5 10 15 20 25 30
Temperature (-C)

Fig. 3-6. Contour plots of the growth rate of Eucampia
zodiacus at various temperature and salinity
combinations under 150 pmol m™ s, 12L: 12D, and
seasonal changes of water temperature and salinity in
Harima-Nada (4p). Monthly water temperature and
salinity data are shown as the average of 19 sampling
stations from April 1973 to December 2007.

RO T 1.02 divisions d! TH -7z,

z =

BRI D, E. zodiacus 38 KO8 C. wailesii D H5E
2 LT RIE S D BREEEE R o F8 ALAE F O BER A3 7R
ENie, £IT, ZITERENLERMOMEEM S
ZELENG, BIGERICB T 2RE#FER L E
zodiacus DYEFERENE & ORAMR 2 MFT L7z,

£, KR & E zodiacus DYEFEHE & ORLRE b
&1z, 10~3 A OBUGBMBHER OB TIZ81T 2 [ERR
BRBIC OV L7z, T2 TIEEOI|IEL LT, E
zodiacus D YEFE AIRE 72 e BB (REfE) D7k (D
m), 3K OBEFEE 2 0.5 divisions d £ TR T4 5K
® (Dgs;m) ZENENRNICEIVEH L,

D, = -In(Iy/1)/k
D().5 = -ll’l(l().5/ls)/k
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Fig. 3-7. Contour plots of the growth rate of Coscinodiscus wailesii at various temperature and salinity
combinations under 150 pmol m?2s?, 16L: 8D.

o: No growth
35 | Fig. 3-8. Contour plots of the growth rate of
Coscinodiscus wailesii averaged from four
strains at various temperature and salinity
30 combinations under 150 pmol m?2 s 16L: 8D,
and seasonal changes of water temperature and
2 25 | salinity in Harima-Nada (4). Monthly water
'c temperature and salinity data are shown as the
] average of 19 sampling stations from April
n 2 1973 to December 2007.
15
10
1 1 1 1 1 1

5 10 15 20 25 30
Temperature (-C)
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ZIT, L EBMEONIRE (pmol m? ), Ijs X 0.5
divisions d! OEFHEE & - 2 5 IeHE  (umol m? s™),
k (Z AR (m), LIXMEREE T TOXRE (umol
m?s!) EZNEIRT, FTICLEREBEHL K
BLOREE T ONMEDME (1) 1XZNENLT
D% 7o, HBGHIUE, 1994~1999 0 10~3 A
A 1, FREEE 9 R CTRIE LB Lok
HEFEOMENS, RANEZAWTHEIB L (WL
72 1999),

k=0.904XTr%® (1>=0.562,n=92)

EWE (m) 279, BEHEOMICIIEE
31T D A OB EOEIEE v (EH#E
1994b), F£72, L OMEICIE, 1993~2004 4F (2 JLfd IRk
PERE 2 —ickB T HB RSB E
(AANDERAA #-8, At&Et 9 2770) iIc L&A
HE L7z R E0FME (0811202 2005) 2 kAU &
DIETEICERT S Z LIC Lo TR (Fff - =1
F1995), 7eds, HEMEITMERE CORF R EICTE -

ZZTTr

Water temperature (°C)
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Fig. 3-9. Changes in irradiance, D, and Dgs of
Eucampia zodiacus in Harima-Nada from October to
March. D, is the depth for the threshold value of
irradiance for growth of E. zodiacus and Dy s is the
depth which E. zodiacus is able to grow at the growth
rate of 0.5 divisions per day.

Irradiance (pmol m? s'1)
Depth (m)

T 15 %MK L (EBIED> 1996), & HITFED D 50 %
DIERAEDWEE L THKRFPICERT S EREL
7= (Strickland 1958) .

1 pmol m? s =2x10"Jm?s™

AREFFED D, T MEIE e 72 EMLO/ST A — 5 L [
2, MELCI>TEHT LI LWL
(Table 3-1), 2 CZ ZCTHAT D I, DEICIE, #FE
HECE B 10~3 HOKIROEB ZEE L (EHMIEH
1994b; 76)111%75>2005), 10 H LAJ~10 A /1% 25.0C
TTHLNEE, R 10 A FTA~11 AP
20.0C, 11 A FA~12 A AL 15.0C, 12 AHA)~1
A LEAIT 125C, 1| ARA~1 A TRBEV 3 AHhA
~3 A NAIX9.0C, 2 A LI~3 A LAIL8.0C F T
b EEZENENH W,

10~3 A OB T 2MREONRE L E
zodiacus D D3 X Dys DB % Fig. 3-9 (IR T, E
zodiacus @ D% 18.9~32.9 m O#PATEE) L7z, 10~
12 B2 THS R T L2y, KIROME FITrEn

Water temperature (°C)
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F'(Ii
10 800 ‘e
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1600 =
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o
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1 400 3
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200
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Fig. 3-10. Changes in irradiance, D, and Dys of
Coscinodiscus wailesii in Harima-Nada from October
to March. D; is the depth for the threshold value of
irradiance for growth of C. wailesii and Dys is the
depth which C. wailesii is able to grow at the growth
rate of 0.5 divisions per day.
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IR OBME HIR T L2728, DUTIZIERIEV THER
L7z, Dk, SLICKEMETFTLEZLOO, 1 AL
BelX H RS RICEE U2 2 2005, D EIFHAL,
3 H BRI ORIE 329 m &7 LTz, $£72, E. zodiacus
D DoystE 10~12 A TR TR T L, Fe/M#E 12.1
m (12 A$A) Tholz, €DK, KT HITET
L72b DD HRHEOEKIZ X - T Dys OIE S _EFICHE
C, 3 3 bicikKRiE 203 m 2R L7z,

FED FiETRD T C wailesii D D3 X NN Dy s DI
#)% Fig. 3-10 IZR T, 723, C. wailesii DFEHTIZIL 10
A ER~11 APAIRIRE 20C T THRON/NT X —
S, 1 AA)~3 A TAIE T ICTTHRLNIZEE
FRENH, fMOBIZSWTI E. zodiacus & R4
OWEFIF T THRLNTEE AWz, C. wailesii ® D,
1% 10~12 B2 TIRERUT W THER L, 12 AhA
(ZR/ME 192 m 2R LTz, 2 0%, D OMEIZHHEO
HWREEBIZEL 2D, 3 A FAICHKAHE 28.8m & 72
o72e =77, Dosid 10 H PRI 13.8m 2R L,

1 HHPRZHT TR T L (RIEE 4.4 m), ZO®ROR
WXL,

C. wailesii ® Dysl%, K TH 13.8m TH Y, 12~3
HAZHFC 0.5 divisions d™ LA 1= 0D 38 CHYHE 23 7] E
AKEEIE 10 m BLR EHER STz,
Dys i 12~1 HIZORME T L, RAEE 2.0 m Z27RTH

D, 10~11 AR LV 2~3 A3 15~20 m O

TEE) Uiz, fREMEO /7 ) BIIRES23KE 20 m
LI OB CIThN T\ 5 Z LD, E. zodiacus 1%
REFAERICIE VT U RIS R0 RO K8 T
LRI W CHFE C X D 2 E BRI I T, E
7z, E.zodiacus 3 £ N C. wailesii & &, 1~3 HIZHT
THHEOHK L, KR TS - THIEA ATEE7R
IR OBIEA/NE < 720, BUGMERIZ B\ CHIZED
AIREZR KT (D) DMEKT 2 2 & AR STz, R,
E. zodiacus 1RREDIKT & & HITHIE 1, »/ha<
257, ZOMEMNEE TH o7 (Figs. 3-9, 3-10),
E. zodiacus 3 & O C. wailesii (I & b RfADOH A X

—J, E. zodiacus ®

MRE L, RREEECE LT 2o X 0 TR ¢
REW UNEFIEA 2006), L72i- T, WifEe HRE
HEAETMEIRABICE S, 7 A—20— 7R
WTHERERICKEN DIEBIC T TotiT 2 (R
2000; Tada et al. 2000; JRIEH> 2006), = D X 9 725547
Pz R ORRIZ & o T, HIHFREZRKIRPIERT 5 2 &
IO CEEREREZFESEEZEL LN, FICE
\Z & 2T 1~3 ] DR ATREKIR ORI, A
A VIR PRI RERAET DI EERER
D—D2ThdEEZLNT,

INETI, ZLOMMT T 7 b OHEEATIC
B 2R ERMTORATRBY, B KIETIRED
PP BN ER> TN LB L (Jitts et al. 1964;
Smayda 1969; Yoder 1979; Nakamura and Watanabe
1983a; KHF 1984; FaR1EA> 1989; (LM « Ak 1989; (L
M1F72> 1991; Yamaguchi et al. 1997; [LUA - #3145 1997;

zodiacus

Yamamoto et al. 2002; x4 A « WEE 2003; [LERIEA>
2005a, b; Yamaguchi et al. 2010), Z 415 DAL S,
Z I3 C. antiqgua (Nakamura and Watanabe 1983a; L1111
721991) = H. circularisquama(Yamaguchi et al. 1997; |11
fIZ 2> 20052) (XA I0CLA T TIHI TE RN 2 &,
Alexandrium tamarense (117 « #845 1997) 13 10~
20COHIFATHIHTE 5723, 5B LU 25CTIFHFHT
RN EPHEINTWD, Fiz, < OFEOHIH
BOBEIRE DS 20°CHTIZ 8 % [ill,  Chattonella ovata <2
H. circularisquama O X 5 \ZIRE 30°C T L 0 BgilEE
NE < 72 5S> (Yamaguchi et al. 1997; [LAKIEH
2005a; Yamaguchi et al. 2010), A. tamarense P £ 51
15°CHIE I Bl IR 2 FE /A E BT 5 (1
A A 1997), TDOX DI, BRI CHGE A
AIREZRIRE ORI R TH D (LH 1998), F
o, HOTTRT AN A BRI Lo TRR-TEY,
% NVIIRHARHT /350 FCHIFECX 2H (euryhaline)
Th20, o OEAITHUR /LR /58 (stenohaline)
HLEIHN TS (LA 1998),
B, SEOSMETCHBL, JAIR - RS

E. zodiacus |ZJREL72 IR

THERETH D &
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%

firs gz, Eio, RO THRKIE, B0
i (Fig. 2-2) TIXEAFEHEIENRFTRETH D L H#HEFE
iz,

E. zodiacus O B SATITIREE 20~25°C, #4720
~25AHIEIEH Y, C. wailesii °F DALZE < OFE & JHEL
L 785k T o 7o, AeRHAER LT 3.0 divisions
d'EI & RAED B, C wailesii DR 3 i & EVMET
ol MOHFIFRBED B RHHHE L, B 21T K
mikimotoi T1% 0.95~1.18 divisions d' (A% « % 1983; LI
A - A 1989), C. antiqua T 0.74~1.34 divisions d!
(Nakamura and Watanabe 1983a; [ 1E72> 1991),
Heterosigma akashiwo Tl 0.89~1.9 divisions d”' (Tomas
1978; Yamochi and Abe 1984; Herndon and Cochlan 2007)
EINTWAD, %I, HEREEE IHIER L D b EE
TK&< (Chan 1978), Skeletonema costatum CliEIK
FAFEE LAY, 1.9~3.81 divisions d”' (Chan 1978; Yoder
1979; 11111 1994) , Chaetoceros didymium var. protuberans,
Ditylum brightwellii (West) Grunow ex Van Heurck 35 X T
Thalassiosira sp. CIXZ €4 2.1, 3.1,
LI T0d (A 1994), 2 bOREE S
E. zodiacus I REPEMECHE 3 2 Bl oo o T b B
DOREVHETHD Z ERHALMNITRS T,
KEERNS, E. zodiacus 1T SCTTIX E D5
EFICBWTHEPFECE T, HALRE 7CLLLETR
BTz, TIUIK LT, C wailesii IXIRE SCTCTHE
5y 20~35 OSAET THEDN LM DA FTRE TH o 72,
Gallagher (1982) I, Narragansett 7575 & E ZRICEHAE L
72 8. costatum OFRFFERFIL SCLLET, AFRITHEL
RIZ 2CTHENZIVIFREEB N ATRETH D Z & &2
HLTWD, IhbDIZ &b, E zodiacus 1T DOE:
FEICHANT, KRS TSR 2 H - it 2 A
LTV &FBRITVW, —F T, E. zodiacus 3515,
HERICRB W BRSO P TH KR 10°CE FE
DA 7 NV — 2% TBR T % (Figs. 2-9,2-10), &
7205, E. zodiacus |5 R BEHEHER E N IR E S AE T
(20~25C) D 1/3 F T T3 2 Re i BLgig i

2.2 divisions d’!

BWTHIREEN Y — 7 2573, ZhickHL T, C
wailesii [XR7EEER) BT O I Bl iR L & B35
W IC B W CHIEE N E— 7 2R TR L < —
F]LTWD, AEITBSEHHE O KED 20~25Co 10
~11 AT 2 L ClaE R B 27T (RIF
2000), EEEEASBISMICEB T, BBERNOHED
AU T2 A I UL L b~ OO IR O AR BRI R
& 7R HBLBIL, Detonula confervacea (Cleve) Gran,
Thalassiosira nordenskioeldii Cleve, S. costatum 732 £ T
WEEIN TS (Jitts et al. 1964; Smayda 1969, 1980).
ZDZ LIZDWT Smayda (1980) 1%, IREDHIFED
A2 HIRT 2 0TI <, MOBERDZND ORI
EHOENEEL WD AREEETERL TV 5,
FEEEMECITAE, KRS ERBEICH Y, Bk
DENEAIE TZ DAL TH S (Figs. 2-3, 2-10),
E. zodiacus VL@ \ S % F5 5, C. wailesii 12T
RED LA & L HICEORIEE b 2R L, £
DOFRBEFEE Y, RE 10°CTIZEB W T C wailesii O
EHBEIRE T (20~25°C) (2B 2 B RKBIHEE 12
#92% (Figs. 3-6,3-8), AFHIL, BE, &ML D
ER, ETIIAFEOAREFH R L - T, BESR
Th2 HIX BTSN & 131E WA R I BIE L
NE—TERLTWEEEXLND, LIER-T, I
O, FERIEKRBICET 2 KIBEOHER LFIL E
zodiacus DEFEIZ & - TEO THAIREBEIAT TH 5
EEZbNT, —F, MERAGHIZREWT, AREBME
ABINC T N — LD BTG T D AT =A%, KEITHE
i L7 5 B EBRIZ T TR ORREMIATH 2 LI
Hisk 2o Tz, ZOMITHONTIE, MOBRBEEIK 235
FEIZ RO TR B0 AR BB 7R e, AR TS SR DR IR %,
MORENPEDOT T e —FRBUETHDLEBS X LN
Do TILHIE, WRHILAFE TS HICFEANICHRETT 2,

F2H BEICRIFTREE (BER UL BER) O

By 488
28



V)1l Eucampia zodiacus 04 FAEREFHINFFE 29

W77 7 b BFET 5 72D, SR B
TRAF—L & BICHEMEREYE 2 WY AT LER
bbH, TNHIEIKRAT D &L EICNELT 5%
BRER (R, Vol &, ERENNIVEE
KER (EXIVE @RRE) Tnidbhd, Zh
LREHRD I B, MERERITSD I BFHIZENT
T 77 7 b OBRET R LT+ FE
LTWNEZEREZN, L, SRERFETHLER
RV AIBBHRIC BN TRR LA B THY, LIFL
TR 7T 7 b ORIEEHIRT SR L LTE
MY %, ElEERY, EREORERLA L MR L
LCERERLELTHI LD, ERLEMEHIRT
DRFEZY 9D (44 1979; Yamamoto and Tsuchiya
1995), W#H 77 v 7 N RERBEHEZFIATICH
Teo CHIEL 225 D1%, (1) HEAKP ORI &5
HOFRIH L ORIGBIR, (2) REHEIHOMFRL L HSH
X 2FHOENTHD (@i 1997), £ 2 TAHEIT
X, THDRHEE (2K, U v, BEFR) BN E. zodiacus
DIEFEIZ I THEL P O ITT D2 OITENETE
FRREFRL, BONIRERE C wailesii Z 13 LAt
FEL #9252 L2 Lo, E zodiacus DREEIEE
ZxHd DR A R LT, E7o, ERESEERIEIC N
Z, SEAHEERL ) VIROFAREEZHS, Zhb
R DEFZRL Y AEW ORI FFELZRE L, AfE
DB 3510 2 RIEFEBIE & OBRICOVNTHE
HLT,

MRELUVHE

R & EBUIIEEE L v L, v\
Bty b YEEE CAIR 1967) 35 & 1Y Nagai et al. (1998)
DOFFEEGH U CERL LTz E. zodiacus & C. wailesii
DY w— kR W, MRS K OFERITIE,
FAREZESR, U VRREY VB L OEEMORE 2 TN Th
500, 50 3L TN500 uM & L7-Z MP1 st (Bt -
FHH 1994) & MWz, £z, LU OEBRITAE TR

150 umol m? s, FAKF A 10hL: 14hD D5 F TT -
72

BIEEEICRIFTREERE (BER, Vo, BER) O
FE HNETHREEZRM LU RNUE MPL Kl
\Z E. zodiacus % HFE L, MRS EH W ES D & TH
LT HERIREIL 9 B LN 20°CHRRE LT, I 9°C
1% E. zodiacus 3EEEHZ BV THBLO B — 2 27R7 2
~3 A OKIR, IR 20°CIE E. zodiacus 3 LY C. wailesii
OEHIEREZ ENZFNEE L bDOTH D, bk
DERBICE > THRE T 2REBHEZRZSE E
zodiacus %, TIENOREH ORI % 10 B I FHEE
L 728425 MP1 55 100 ml 28 A5 72 200 ml =44 7 5 A
22100 cells ml! & 725 X HBERE LT, 7272 L, BERR
DEBR D FERTIE, 7708250 ml O =4~
7 A2 (Nalgene th#) %Mo, &FRBEOUINER
BEIE, fHERREERE (WEE U U L) & 0, 1, 25, 5,
10, 25, 50, 100, 250, 500 uM, VU > FE (VW%
Yy A) %0, 01, 025 05, 1, 2.5, 5, 10, 25, 50
M, EEg (A ZEES MY U LsIuKFI) % o, 1,
2.5, 5, 10, 25, 50, 100, 250, 500 uM & L7z, E. zodiacus
FATA R TSR TS Vv s h
TS (AN 1994), T, AR A R EEZR2 i
B A TR T D 1= DI H T R OB N ED b
7RG, T E CATAAMEE I CIXRAF 2B A2 R &
IRINST12T 7 4 REESEORFED W HEZR THN K523 B
FE Sz (Imai et al. 2004), LSRR 5, AREfIC
BWTH E zodiacus 1IHFET D 2 L3 TE b o
7= (NEEEME) . Z 07w, REBR TIIRARMEAKZ I
fiff & L7-tZs MP1 Kl (BRI - IEH 1994) 2V 5%
Tl b LT, BRI AWK, KSR DR FEIR
BREDEBEZHIKLRY /NS T D70, KBRRE
MR L 72 2001 45 3 H OfERE#E H1 25 (34° 41.0°N,
134°45.5° E) RJFIZHVVTEIK L, Sterivex-GV 0.22 pm
Filter unit (Millipore #:#) TAi L7=t%%, WA T6
WAL R L 0 vz, REEKFPIZEEN
TVWDREBEREX, H5,UH Auto Analyzer 111
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L2 BEHT (S - I 1986) (T 0 HIE L (Ep
HEZEHIEME (DIN) : 0.9 uM, U U BERE U iR (PO,-P) :
0.24~0.26 pM, EEFFREEERIREL (SiOp-Si) : 1.2 pM),
YNGR IGPE 318 R MO <k 31 JE
A EBRBRAARF O HIBRR IR & L, &SRB
%, TEMICETHIETOROEELERY, ZoHIC
B END E. zodiacus DIBIEZ S BEMBE T TS
HZEIEST, FI1HTRUZFHERE AW T
HETEE OHETE T (; divisions d) AZEH L7-, HI%E
HE L RBRERE L OERIE, LITIZR L7 Monod
(1949) OXZWH L, HifE (1997) OHIEZ LV 4%
NI A—ZEEHEE LT,

1= pn X S/(KtS)

T 2T SIIEERMAARE O R BIERE (uM), iy TR
HETE T (divisions d1), K, IZRfafnEsk (uM) %%
NEIURT, £z, BB ) OB 206 U
T, BRBHILEE S TSR 1T D R M & % sk
Too BT, RBHEHIR T2 CHIFE E I E
L, MR AN R & 7o o T2, RN O S as i 1
VAR DRERFC LB R N & 72 D LARE L, BERD
BORMIQI R (N) & E5 3 BRARRE O S TIREE (S,)
DRI D, WRITHE> TR E & (Q) %K
Wiz (N 1988; FAHIEA> 1999,2001),

Qo =S¢N

Fiz, C wailesii (T3t L CHRFRIZHM & T 5588
ZAEGINE U7220ZE MP1 BEHIC 35U CHEFH AN i # 440
([CET S E CHMERE L, B RIS TRERRE O
WBEPRT, BLT2RBHNBKZIREL o7z
C. wailesii V%, KARHIEFE % E. zodiacus D EH & [FIEE,
10 BEREIZFH5E L7280 & MP1 K51 7.5 ml 2 37E L72 6
KT L—RZ, 1 U=/Y72) 10~15 MifasEfE L7z,
Z D%, B C wailesii DAL L % RIKPEMEE T C

B L, HAGEE & R 72, & 512, Monod DL
MOENTFXA—LEEHET DL L bIT, Riko XS
A RBE O R/ NN G B2 Lz,
MEERIZER, U URARKME RE 20CoO%ETFiIcEy
T, ERFFHFEICET 2 ERCIIEHRE, VUK
FIAREICBT 2 ERTIXY VIHZERNE Lok
75 MP1 5 11C, E. zodiacus DHEFEINEHWNET 5 £
THPESE, HAYE T 2RBHENRZ LI UL &
L7z, # OREERZMIA LU IR SRR %
#, U RAUIN L 72tZE MPL B3 125 ml S A5 7
200 ml =447 7 A =2 100 cells ml™" & 725 J 5 #EfE L
Too BHRWE LT, MHEEEEFR (KNO,), miHEHE
% (KNOy, 7 v E=TRe%E#H (NH,CD, JREE (Uric
Acid), K% (Urea), BLUT 7= (Ala), T /LF¥
= (Arg), 7T A/XT X (Asn), 7 A/37 X W (Asp) ,
INE 2 (Gln), 7V 2 8 (G, 77V v (Gly),
EXF VU (His), £ VrA v (Ile), 21 2 (Lew),
Uyvr (Lys), AFA= Met), 7==AT F=V
(Phe), 7w U (Pro), U (Ser), NV ZF 7
7 (Trp), Fuy (Tyr), VY (Val), A=
F> (Om), #v VY r (Taw) D20 FEOT I /W%
FNENRHICEMTARIM U2, U I, U Uome
1V UL (KHPO,), B-ZVtkwmU gl YU
(Glycero-P), h VAR Y U »EF kU v A (Tripoly-P),
vol E) s U UL (Pyro-P), A X U B (Meta-P),
vy g FY v A (UMP), D-7L7
—Z-6-V V" U T (F6P), 75 ) -5
U W (ATP), 75 /v v-5-__U i (ADP), 75
)= Y Vg (AMP), p-=btr 7=V
“F YA (NPP), D-ZVa—R-6-VU ") k
U A (G6P), a-D-ZNva—A-1-U U= kU w
A(GIP), 7T /v v-5-— Y V) R Y U A (GMP),
VFVUS— U VR (CMP) @ 14 FEEEZ Z IR
Mltz, &%, VB, oot —hrLr—7
B (121 °C, 15%)) LEZHFEH DTV IRETN
DY MP1 K5 HUZ I8 E B (TOYO ADVANTEC #:
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DISMIC-13¢cp, FL£%0.45um) L7=&FHZEFR, U U EO
KRR 2 RSN LTz, FERZB IO VIROT
MR, N E 500 BLS0uM & Lz, 7272 L
BIREDT =T 13MWT 7 7 b DRz R
EFLHZENPEIN TS Z 25 (Nakamura and
Watanabe 1983b; Iwasaki et al. 1990), 7 > & =7 2D\
T, 50, 100 38 & T8 250 pM J2JE T [FAED EBR 21T
o, EHMICETHET, PROKBELERL, ©
DOHIZEEND E. zodiacus DFMIEL % W BEMEE F ¢
L, K%EH, VPR DRI £ A ko
2o BRI ERIRD DT Y SRR OB G
Z 0, fHEREZEFRIRINXIE L OV Y IR O
HAGHE 2 100 & L, ZAUTKH DM xHEEE (%) T

31

RLUTc, FERICAME T HREREERZIEL C
wailesii % FEER, V) VIEEIN LIS MP1 Kl
7.5ml DAS72 6 KT L— M2 10~15 cells well' & 72
D& DR LT, ERBMEE T M A T
5Z X 5T, E zodiacus & [FEE, %%, UK
W23 D RIS & A R 7=,
®w R
BIBICRIFTRBERE (BX, VY, ER) OE
FRBIRIE X D E. zodiacus DOREFHEE L, K
WM UTZRE L &bk L7 (Fig 3-11), 1BE
9 BLV 20CTITHIT DA KAEEIRE (S) & HFmH

3 3 F
N-9°C M =1.0 g9+ —o * .
2 K, =0.76 2
B o
1 hoeo . o| , [ N-20°C .
L K,=0.86
0 1 1 1 1 1 1 1 1 1 o 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 0 100 200 300 400 500
< Nitrogen concentration (pM) Nitrogen concentration (uM)
T
0 3 3 r
.S Hm = 13 4 L L —o
2 2 K, =0.29 2 F‘/f
) 1 . o P 20°C M = 2.6
e : K, =0.31
o
e 0 1 L 1 L 1 1 0 1 L Il 1 1
% 0 10 20 30 40 50 0 10 20 30 40 50
6 Phosphorus concentration (uM) Phosphorus concentration (uM)
3 r 3 F
. a0 =12 ® . o °
2 L Si-9°C K.=0.91 2 ?(' °
-r% Py 'Y P b Si' ZOOC um=2-4
1 o 1 F N
{ I K,=0.88
0 L 1 L 1 L 1 L 1 1 o L 1 L Il L Il L 1 L 1
0 100 200 300 400 500 0 100 200 300 400 500

Silicon concentration (uM)

Silicon concentration (pM)

Fig. 3-11. The growth rate of Fucampia zodiacus versus initial concentrations of nitrate
(N), orthophoshate (P) and silicate (Si) in the medium at 9 and 20 °C.
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100000 ¢ 100000 ¢
N-9°C o 0®
(]
10000 | 4 10000 |
E ’ E
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Q=16 Q=1.0
100 PRt RN IEERIT Ll 100 PRt I EERTTL FRERTT] 110l
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©_ 100000 100000 ¢
E F F
K] P-9°C o Y hd P-20°C ® o o
©
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Si-9°C Si-20°C
°
° oo
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°
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Q=38 Qy=2.6
100 110l i1l Al I EERIT 100 110l i1l IRRTT L 1111l
0.1 1 10 100 1000 0.1 1 10 100 1000
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Fig. 3-12. Maximum cell yields of Eucampia zodiacus grown with different
concentrations of nitrate (N), orthophoshate (P) and silicate (Si) in the medium at
9 and 20 °C.

E (W OBfRIE, Monod O TENENLLTFO LS

(CFEET, 20°C ZEH: p=2.6XS\/(0.86+Sy) (*=0.83)

Utn=2.6XSp/(0.314Sp) (1 =0.74)

9°C ZFH: n=1.0XSy/(0.76+Sy) (*=0.77) BE#: 1 =24XSg/(0.88+Sg) (r*=0.81)
Uripn=13XSp/(0.29+Sp) (1*=0.78)

s
M

cu=12XSg/(0.914Sg) (r*=0.84)

FRBWNIHRT D E. zodiacus DEg KIEHHEE () B
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Fig. 3-13. The growth rate of Coscinodiscus wailesii versus initial concentrations of nitrate
(N), orthophoshate (P) and silicate (Si) in the medium at 9 and 20 °C.

X ovkfafnEsx (K
23 1.0 divisions d,

X, BE ICTTCENETNER
0.76 uM, U > %% 1.3 divisions d”,
0.29 uM, EEF73 1.2 divisions d!, 0.91 uM, 200CF T

ZEHS 2.6 divisions d!, 0.86 uM, U > 78 2.6 divisions d”,
0.31 uM, EEE 73 2.4 divisions d”!, 0.88 uM T&H > 72, 9°C
TIZBIT D E. zodiacus DI KIEFEHRE 1L, 20°C T T
BNIZMEDOR 12 Tho72ns, etz Al
FEIR72 Do 7= (Table 3-2),

Fe RARRI R TR AR & L BTk L, 9CTF
TIXESEN 47 uM, U 23 7.8 uM, EEFE DS 42 pM Tl
EEaFn U7z (Fig. 3-12), SFRELL R OREIZHB N T,
H RN B & S 28 M B D BILR 20> & 3R D 7= Fe/ Nl

NG EE, £%, Vo, BEETENTH 1.6, 0.24,

3.8 pmol cell! LHER SNz, £72, 20CTICRIT D%
AU BT 23R8 34 uM, U 23 5.4 uM, EEFE D 50
UM TIZIEEFN L (Fig. 3-12), S/ MFRAN & BT 23,
Uy, BHETENRZEN 1.0, 0.16, 2.6 pmol cell! TH -
7z (Table 3-2),

E. zodiacus [E1Kk, C. wailesii O HEFHIHRE & 5 HZ R0
L7 RBHRE L & HIC ERITR L, SREBHEE
(S) LHAEEE () DBIRIX Monod ORUT LY %
NENRD L STk B Z LN TE72 (Fig 3-13),
9°C ZEFH: n=049XS\/(1.4+Sy) (*=0.83)
U2 n=046XSp/(0.39+Sp) (> =0.88)
FEFE: 1 =048 X Sg/(6.24Sg) (r* =0.88)
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Fig. 3-14. Maximum cell yields of Coscinodiscus wailesii grown with different
concentrations of nitrate (N), orthophoshate (P) and silicate (Si) in the medium at
9 and 20 °C.

TTENENZESHED 0.49 divisions d!, 1.4uM, VU o

20°C #H: p=13XS/(1.4+Sy) (*=0.59) 0.46 divisions d”!, 0.39 uM, EEF A 0.48 divisions d,

Urin=1.1XSp/(0.39+Sp) (*=0.94) 6.2 uM, 20°C FCTZ#E 1.3 divisions d”', 1.4 pM, U

FEF: n=1.0XSg/(5.7+Ss) (*=0.89) > %% 1.1 divisions d”!, 0.39 uM, FEFEAS 1.0 divisions d”!,

57 uM Th o7z, C. wailesii D/XT A —X{Et E.
zodiacus [AVER, B R¥GHEEELED 20C FIZEE~ 9CF T

=]

e RPAREE (py) B X ORERIER (K) X, 9C
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Table 3-2. Maximum growth rate (), half saturation constant (K;), and minimum cell quota (Qp) of
Eucampia zodiacus and Coscinodiscus wailesii versus nitrate, phoshate and silicate at 9 and 20 °C.

Species Nutrient Temperature (°C) U, (divisions d™) Ks (UM) Qq (pmol cell™)
Eucampia zodiacus Nitrate 9.0 1.0 0.76 1.6
20.0 2.6 0.86 1.0
Phoshate 9.0 1.3 0.29 0.24
20.0 29 0.31 0.16
Silicate 9.0 1.2 0.91 3.8
20.0 2.4 0.88 2.6
Coscinodiscus wailesii  Nitrate 9.0 0.49 14 440
20.0 1.3 1.4 440
Phoshate 9.0 0.46 0.39 40
20.0 1.1 0.39 30
Silicate 9.0 0.48 6.2 1400
20.0 1.0 5.7 1400
12 AR T L7223, FafmERIIIE e A SR 700 (Fig. 3-16), &1 U > [i& (Pyro-P), * % U > fi (Meta-P),

-7z (Table 3-2),

C. wailesii D% A IR FE N3 2 S AN B
ICTTEHEMN 101 uM, U 23 12 pM, EEFEDS 86 uM

IR L7z (Fig. 3-14), &RBHEO G/ MENRNE
Bi%, ZEFHED 440 uM cell,
23 1400 uM cell! EHEF Sz, £7220C Tk 5
KAMPRI 1L, ZHE23109 uM, U > 28 7.6 uM, E
S 124 TFR L (Fig 3-14), fK/NEIRNE
B/, &%, Vo, ERETENLN 440, 30, 1400 pmol
cell' EH#EFL Z417- (Table 3-2),
WEERIZER, ) UREABMYE E zodiacus ITEHFRE L
MM REZE 8 & AR dE A e RB 22 38 A B ZEIC R L
7= (Fig.3-15), %72, 50 BL 100 (MO T > E=T
REZE R CIIMEREERITIL R 147 B L U289 % DHYsHE
B8 L7228, 250 pM Lh b O G5 ¢ & MR
BEI L 72, FEAERHATE Do T,
72 BEERTIE, /¥ I (Gln) TOHEE

U 78 40 pM cell!, EESE

%& A

PRI, PRI

EAF Y (His), ©
A (Leu), [NV N
7 (Trp) THYMEREZEFR D 36~67 %DHIHETH -
oo L2L, ENLSOT IV BBREEBITEFRR &L L
TIEE ALY, FFREHEEICRHHTE hotz, —
7V B L TIE, E zodiacus IZFEBRICHW-2ToO
MR JOEHREL Y IR E U COEEICRI A L

BE<, TANRXTXE (Asn),

Zx=L7 5= (Phe),

7T vv-5-=U Uk (ATP), p-=br 7 =LY
YEEZF MY U A (NPP) D& OGS ITHEHERE )
YD 61~T72 Y%L RORED ST, MDY ARTIEA
VMY B RIERIBEOMERE AR LT,
ZEFRWE L CHHMBEERB LV
VB ORI & YRR ABEE 3R & [RIFREE 0 B gH
#Zm L7z (Fig. 3-17).
DYLEETHHE R HIRBERD 77 % & LRy
olz, JREE, IRFEOWIEEITENEN 20, 13 % TH
STy TNVEILVUANDT I REERTIE, 7V
Y DOHTHEN 76 % & LIEm <, TANRTF L, kY
B IOA N =T OHTEED 50 %Ik, T T =,
TR EBI OIS I VEROBEERD 22~33 %
Thole, L, ThSto 12 BEOT I/ ik
BRITFTLAL, FREFRBICHATE R o7,
—J, UV URORMRMEE, val @ ) vAD
HIEEN R Y D 113 %, RUKRY Y UEEF R
b, AZVUE, TT ) VUS-EV U, TT
5T B DOMETEEDS 78~89 % & LR Ao
7= (Fig. 3-18), £/, D-7/ 7 b—2R-6-V VR
MY U LAOHIEN 13%, p-= a7 x=/L) VBT
F U T LAOWEFEED 23 % T, TS0 T REOA
BREY Y VIRE LTEE AL, FidaHHIC
FIHCTE ahoTz,

C. wailesii 13,

W

7 =T REEFR TIL 500 pM
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Fig. 3-15. Utilization of variety of nitrogenous
compounds by Eucampia zodiacus, expressed as
percent of maximum growth in the medium
containing 500 pM nitrate.

Relative growth (%)
0 50 100

KaHP O 4 B e
Glycero-P B
Tripoly-P

Pyro-P

Meta-P |

UMP
F6P
ATP [
ADP
AMP ¢
NPP
G6P
G1P §
GMP
CMP ¢

P source

Fig. 3-16. Utilization of variety of phosphorus
compounds by Eucampia zodiacus, expressed
as percent of maximum growth in the medium
containing 50 uM orthophospate.
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Fig. 3-17. Utilization of variety of nitrogenous
compounds by Coscinodiscus wailesii, expressed
as percent of maximum growth in the medium
containing 500 puM nitrate.
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Fig. 3-18. Utilization of variety of phosphorus
compounds by Coscinodiscus wailesii, expressed
as percent of maximum growth in the medium
containing 50 uM orthophospate.
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5 =B

Monod D% F VN THEGEIE FE L 578 H I BE 2 R AT
T5%E, FaafES (K) MEONEETIE, KEMT
DRI EE DN RARIE AT ORI IRFUEIZE <,
FAEEL & 0 RV S SR T oD BE I BE &+ 430 (S AR
FTCERWZENRMEL 2D, 207D, FEEIRE
(b D RIS E A D FEBRTIE, A TA R A
HAWEEBRIZL > T, BRETRBENEIBIMNE
NTWRWERKAREST D2 ENEE LY (IREIZ
731999), LU E. zodiacus 1%, N T4 RUEHICILAk
REEE T 2o, BUR CIIATE O 1548 2B
BHEARL LA AT S 5250007, KFER
TIE, MEKHESROSRERIRE DB Z HR DR /&
KT 27D, FEEREMUT LIRSS K
EROKL, FNEN—RIREMAEER L7, Lol
Wb, E. zodiacus O K MHIZZESR, HF T 1.0uM LLF,
U T03uMRitR ThH Y, FEFIER LT O R HFIR
BEFIZ 3V TR B & R IR & OBIfR A 14
WRETT 2 Z L iETE R o, TOHRIZHONTIE,
E. zodiacus DS 72RO N LA RBUGHICRERZ TE 200
Dhy, ZORKROMERAEEDEBROBETH S,

FROMESRH D OO, Z 2 TiX Monod D
5/ BLNTE E zodiacus 3 KO C. wailesii DHEFHIEE &
SRR FE OBAGR A D AR 0 S R FE T xk 9 D 4
JEISFIZ DWW T T OMEt 1T > 7, £, E. zodiacus
X EDORBRPRE 2 B SE T REBERBICEBNTDH
20°C FIZR W T 2.4~2.6 divisions d' D KHEIH
BEER L, ZIUEE 1 Ei RO ZIRECRE I
xb % BRI & AR, —ARIC A 3 R & OB
OFTHEVMETH 72, £ E zodiacus 1%, 9CS:
HETIZBNTH 1.0~1.3 divisions d™! 0 5 KIEFEHE %
A LT, ZAUZRRNRE T O C. wailesii \Z351F % e RK¥
FEIRE DR 2 (%, C wailesii DETHEHEFERE T (20C)
CBU B R KEEFEEE L 1ZIEF CETdH o 72 (Table

32), INHDI LN, E zodiacus ILAAEHEIEEIC
XL ChEVWEIIHRE A2 A L TR0, AR HEEEC
BOWTKRERAET HEAKBMICE N TS, s g
L CEVIEEE A HERF L T D Z L REMF T B
77

E. zodiacus D KB & FEIEHEC 31T 2 B R BIRIRE D
AEEIfE A bl U 7o /658, DIN & EERE CIIEFE 4@ L
TKEDAEBEEL TR, 202 &G, Zb
SRR NN E. zodiacus DIFEIC KT T BT LK)
INEWZ EPIRE I T, FRICEERETIX, C wailesii
DKAERIB LV 20C FOWVFTIUZENT S 5uM &
EEI-7=DIZ% L, E. zodiacus D K fEIE 0.91 38 L
0.88 UM TH Y (Table3-2), EEEMEIZIIT D H FHHE
OEEHF (3.5~16.8 uM) Z k&< FE- TV,
W, C. wailesii DEERRIZK T 5 K EIXREEEO 3 H
PIBOSEEE EE -7, C wailesii 1THEERIC B
T10~11 A &2 HOFEIZ2EIE—7 273 (EFH:2000)
REF T, FEEEC T BB L E. zodiacus
BEVC. wailesii DICIREET T2 HEHEEE & DRI
MB, 1~3 HIZMT THHEDOEK E L big, HIEHR
RIRE 72 KRR & 1) i v B T HE BB AN AT RE 2R K TR A 1Y
KRTBZE &R LTz, ¥£72, E zodiacus 132D X572
FBRE DRI E, 3 AICh T CHIRREE A R
WD BRI, —JF C wailesii 1%, E. zodiacus
& RIBRICHEBRBEAY & 0 HFBIC 3 L 7= SefF I lis L C
WHIZH bbb, 2 AiCHBlO Y — 2 2R LT-#,
3 AICEEFEDO T A —LRKEITEN S, ARE DR
FERING, T &S RBUEEIC T D MO HEL
— 27 OF AL, WREOSEEIRE T D RN E D
ZIZEDBRLEZ DN, T72Db, C wailesii 133
A7 % & RBIFIRE DR TIZ K o TH AR
Sh, BEFEOTN—LAPKRECAWNS 2L, ¥ E
zodiacus V3 D X D RRBHIREORIREZZ T2 <,
3 AR THTNA—2RKRELRNWZ EREX LN
77

TNETIT, FEfekEEFER) b EE R HAB o
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RAITANRBE G ENA O N E o TWD, KGIE
%, BMEREHR Z &7 SRR R O ERITIE T
%< ORI ENRH 5, LU E. zodiacus VX, RIS
I LR RHAR TR ho 22 b, AFIEIC K
D FA A T C & Ipdn o Tn, RRFIEITEONA S
50D, ZIZTIXE. zodiacus L E% 72 HAB i
LORNMMIBARBESEDOLKEZIT o2, E
zodiacus DE/PHIINEZ G &1L, 9 BIX W 20C T T
FNFEN 10BN L6 pmol cell! EHER SNz, Zd
1%, C. wailesii (440 pmol cell') =0, ZHE TIZHE
ENTWA C antigua @ 7.7 pmol cell’ (Nakamura
1985b), H. akashiwo @ 1.44 pmol cell’' (Watanabe et al.
1982), K. mikimotoi 9> 3.13 pmol cell' (Yamaguchi and
Itakura 1999), H. circularisquama ¢ 1.10 pmol cell”
(Yamaguchi et al. 2001) & #z UC, E. zodiacus DH
fath A 2 (B IFED 1988) &B T 5 & 127 HAB
O TR VIR, AR, E. zodiacus O fie/Milld
WU &R, 0.16 (9°C) L 180.24 pmol cell! (20°C)
LHEF SN, C. wailesii, C.antiqgua (Nakamura 1985b)
¥ X O K. mikimotoi (Yamaguchi and Itakura 1999) %%,
H. akashiwo (Watanabe et al. 1982) <° H. circularisquama
(Yamaguchi et al. 2001) % FR< F 72 HAB ff & thig
LTIERWMETH -7 (Table 3-3), T HHMANZER,
U g L BUGBIRIC BT 2 REHIRE & OBE
b, E. zodiacus 7> BUSIEIBIZ I\ THESH I RE 72 MR

EERDDHZ LN TE D, E. zodiacus BHIBLO E—2
ERTZEDRZOEERO 3 AICB T D& REREE
DOFHfE (DIN: 3.5 uM, PO,-P: 0.27 uM, SiO,-Si: 3.5
uM) T, E. zodiacus 1XE 1L E 41 2187, 1125, 931 cells
ml" OMFIERE F CHFEARECTH D LR SNz, A
TR B 35\ TR B2 A3 e K 1000 cells ml™!
A E CTHIET 2 Z LD, IREBEECIIWENY, &9
MR 72 < CTh, IBEMEO TIN5 BIEBREE T ¢
BRI 31T D I R MIIRE £ CHE T X 5 L
BZNT, o, B/MBENEENLHEOND 9B X
W 20°C F TP E. zodiacus DFIFIN N/P thid 6.7 38 LY
63 Tholz, Ziux, EikL7- HAB fED N/P LA
Redfield tt. (N/P = 16) (TEHBEAYIT VY 11~15 OFEFHIC
bHLHOIZRIL, FNLLY bRl EE, FHEMT
X DINREDOAERIKTICE o C, ARUHKIZIEBLIT 5
T 77 o7 b AFERGREZ T ool 2
EEBUECTRE LT, £D7®, MEH~T NP
DI E. zodiacus 13, BUEDO RO RIS T
WCBWTAERFHIZARThHL EEZ NS, £z,
FEIEEEC BT D U ok b, REBEOT THER
DARBIZE S THRAET DL L0, AEOZD X 7%
FFEIEN T DR EIE, AROREREICL DT
FEOWRA 2 7 VAELHE L CEEREER S D &
YIZEbNnD,

E. zodiacus \IHFRFH DG HERBE R L ¥IHIHT 5

Table 3-3. Comparison of minimum cell quota (Q,) for nitrogen (N) and phosphorus (P) between Eucampia

zodiacus and other marine phytoplankton.

Minimum cell quota (Q)

Species N P Reference
(pmol cell'1) (pmol ceII’1)

Eucampia zodiacus (9°C) 1.6 0.24 Present study
Eucampia zodiacus (20°C) 1.0 0.16 Present study
Coscinodiscus wailesii (9°C) 440 40 Present study
Coscinodiscus wailesii (20°C) 440 30 Present study
Chattonella antiqua 7.7 0.60 Nakamura (1985b)
Heterosigma akashiwo 1.44 0.095 Watanabe et al. (1982)
Karenia mikimotoi 3.13 0.25 Yamaguchi and Itakura (1999)
Heterocapsa circularisquama 1.10 0.0894 Yamaguchi et al. (2001)
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TEMTE, BT/ NE I CEBIEER S LD &
VWMiEE R L7 (Fig. 3-15), 72, 503 L0100 uM @
TURSTRETYH B AR L, WEETORIH
g% kAl 72 (Fig3-15,17), L2 L, C. wailesii 3 500
WM DT E =T PRE FICBW T HASIEERZED 77 %
OB Z R L7cDIZxt L, E. zodiacus 1¥7 =7
78250 uM LA EOJRE CIIHE CE o7, i -
Rl (1994) 1% 0~250 uM OIRE T T, Elp 4 (C
didymium var. protuberans, D. brightwellii, S. costatum,
Thalassiosira sp.) D7 & =T HHREL T, FBRIZ
L2 TOERETT v E=TRED ERICHEVE
RUEAEER L, Z OWEh Iz SR L LR
R LNZIEAREL 722 LZ2WRELTVD, Zhb
DI LMD, E. zodiacus DT F =T ML OEERE
WHEARTRWZ E B RIB &L 7e, 72, HEEITE
b DD C. wailesii BIRFEPIRFE - EHRIF L LTHHAT
DKL, E. zodiacus T b a1 E A EFRIAT
X7hol, RREIED (2006, 2007) (AR T v 7

b6 ORFFMBEL BEZE IR OGP ST, K
BEEOMEST L2 2 WTIE, DINICxH L CRFEML
BRI WEIA CTHEL, DINICIZIREDHEY T
7 hOBEFRELTFIHER TS Z L 2HEL
TWa, ERMBEFNEICREWTY, S0 (1986)
DEBGHET, IIARIEA (2002b) A3ESE TOMRAED
D, WHEAHKER (DON) BEEHR (TN) OF4y
UEZEOTND Z LaWE L TWD, S%ITHEENRE
IZBWTH DIN 2% DON OFREEITH Z &Ik o
T, KM LT T 7 b DB &
ETL2MERD D,

W77 o7 OB TIREMNER, Y AROFIH
FREOF O EREIIHIC L > TR Y, FRIAIE
E=#%, Vo ASEOBEWE, BSERICRIT SR
DOHBARLEEHOLZRICEELRETERDO—> &
% %z HI T\ 5 (Bonin and Maestrini 1981) , Z D728,
KRN ER, U A TROFMARMEITZ < O HAB f#
THEH L HFFEEN TS (Bl Z1E, Nakamura and

Watanabe 1983b; |11+ #2411 1994; 4 FIE D> 1999;
Yamaguchi and Itakura 1999; Yamaguchi et al. 2001; Oh et
al. 2002; Yamaguchi et al. 2008a) , 52 U > PROF]HFr
PEIL, ARETCHEBRICH LI AR D v 2 12T 4 TN
WCHATE 224 7L, BREBOAKIEY > O HH
WRIATE 2 A4 FICREL T B D, RIEICIEK
mikimotoi ( Yamaguchi and Ttakura 1999 ) <° H.
circularisquama (Yamaguchi et al. 2001) 73, ZHFIZIX
77 4 FEED C. antiqua, (LA - #2111 1994) X° C. ovata
(Yamaguchi et al. 2008a) 5N ENENFEYT D, -
WO TIX, C didymus, D. brightwelii, Thalassiosira
sp.NEIHE, S, costatum INEHED XA T ThHD Z &1
HENTWD i\ - kil 1994), KEEBRNS, E.
zodiacus X FEBRIZH W TZ 14 TR O FHERE Y » & 4T
RIS 5 2 & A C& 7= (Fig. 3-16), —J7, C. wailesii
X 4 FEEO S 8 FEOAKEY L EFIHTE RN
-7z (Fig.3-18), ZDZ &5, E. zodiacus 13 HHE
VBRI A R TE 58, C. wailesii 1378 %K
HTERWREIZHET 22 LN TE D, E zodiacus O
U URBICKRIT D KB, FREMICRSIT S 3~7 ADY
VEEOAHMEE EED Z L h, ZOMBIEY v
AFEOHEIEZ IR T 2 WREMENR B 2 Hivlc, LM LA
FIE, MERERED 3R L7ZBREE FICRWT, AikRE
U U ERBEFEICRIAT 5 Z LT Lo TEEREOH R
MRERLZENAETHELEEZEZ LS, —F, C
wailesii D) VERIZKT D KAB S E. zodiacus & [FIEE, 3
A U DRSO A SEAE A BRID Z & h, AR
3 ALBORBEERRE T T, R UZEBRICNZ Y
NTE o THHEFANHIR 42 FTREPEDS RIE S U7z,
AHERE D 2 I A 2RI T & 21T, alkaline
phosphatase (LT APase) “FDEERIEMIC L > THIE
eV v ENMAKSRL, ZOBBTELDLANL N VR
WA BHICRIH S % (Kuenzler and Perras 1965; 21E 7>
2005), ¥£7z, HEHT T2 b D APase MRS D
AN CBARET D EEOEERFEEIND Z
EMRABITW S (Uchida 1992; Oh et al. 2002), #A (L

iy
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(2003) %, 7 FEOMYW 7T 7 K AZDWT APase
DIEMEET, H. circularisquama THEH (T30 ENE %
RLT2Z &, S costatum \ZIXFE OIEHENT E AL ERBD
BRI Z & EBWE LTV D, APase IGTHEZ 5,
IREi7e Y ARAHEIRICRI A T & ST, HEERE D oo
B LZRE T CHAMKEY VRMA L CHMT 5 2
LMW TE D7 (Flynnetal. 1986), V EHIR T CTH
RS AR T d %, T4, Wi P ClE Chattonella
R0 Skeletonema 7¢ £ F/ IR KA B B A R & VW
R, AHEEY A AR TERWED BN L,
H. circularisquama <° Chaetoceros &\ 7= HIFEN 5%
BRI N S WSS H IR U V& BRI A %)
FHCTE DO HBEIG KT 2RO 5,
REBRAERND, / VICOHEDEELZ G| &2k
FIRTLDEERRIZ DV T b RIBEDBEA 2 RIE Sz, 3
bbb, IEORBERETIE, AR 2RI AR
FHATE, KREBERATICBO T O REE £ CTHIH
A[HEZR E. zodiacus O X 5 7R FENME 5 LT VAR
BRiZoTnb EBEx b5,
E38 BR JIURYAHAOBHFE

7V OEELBGUT, WAKPORY & 5 A 2K
ST/ VERMT T 7 FUBBEAL, /7 VDAEEIC
VERFREORRICE > TR Y, fREECA
mELZL O VEGTIEEICEFEEREERONE
R o TRET D Z EBBNTWD (JIFIEA2002;
FARTIZA 2005), —F7, HORIE CIAEAFEMEEY >0
RENZOFF E SHTWD (EW) - BT 2007),
ZD7, T VICEEBEELGI SR THED
KBV AL RE R BRI T 5 2 L1, Zhb
BRI 268 bHELEALL LTEERRETH

¥

o

BUE, #IED T D 2 ) OMFEIZIERTH
AW ¥ 7 VU (Porphyra yezoensis Ueda) T& % (Niwa and

Aruga 2003), LA - F& (1988) 1%, AV UDT

VEDTHER LUMHBEEEER OBV IALREE, RE 4
~18COFPTHRTND, 7z, AP/ VL S
costatum DEFILY AT D EFES & i L,
HHPNEROIY AR %K > Tt Lz FITAK
TE D RBIBRBE T CIXEEME O 7 SR R IR

EEVIATL Z L EERL TV D

W77 7 N ORBEEY AL R ILHE R R
Thb, BUGEICI T DM T Z 7 b RO
MR EDREN/ME ST oMM EE 25 L THHE
T EKTH D (Eppely et al. 1969; Lehman et al. 1975),
AETIX, RENR 2V OAKLFERETHD E
zodiacus B XN C. wailesii \ZoW\WT, WfEDOZESHE, V
VI IABERE LR FER DR DT, F, WO
BB ARG MOMEM T T 7 b o FE iR L
BN, Zhb /) OIS KB R Y AR
Kt B DT 5 Z &Ik » T, WM/ UGS
RIETEBZ OV TR EZ M 7,

MHBELUVAE

Wtk Lt EBRICIIBES LV DL, v (R
v~y hEEE CAIR 1967) 35 & U Nagai et al. (1998)
DI EE A L CEEL LTz E. zodiacus & C. wailesii
DY v — Rk E W, ERERE R L OVERRI TR
BEFRBLOY VBRERY VREZZEI 500 B LD
50 uM & L7-2tZ MPL KiHh (R - B4 1994) % H
Wi, F7e, UTFOFERITETIEE 98X UN200C,
FREE 150 pmol m? s™!, BAREJE ] 10hL: 14hD O T T
To7,

2R UUORYRAAOBEREL WHTTU b
TR DRBHEY IAB DR ERAFEZ T T 5720
12, BE9E T2 RBRORMNE, # O ALBE
N—ETHDIHHFMNICEREZITOILENHD D
(Harrison et al. 1989), = Z C, &3, V2OV iAK
R 519 & LT, E. zodiacus \Z L HEH, U
v DRIV AL 2 LR O HFIETHER LTz, £,
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EFRELIFY MRS LA MPL KT E
zodiacus OYEFHNEFNCET 2 F CHAMEEL,
EHRFELIT) ORZHME LT, ZOMBEERE
Y RN E L7t MPLESHL 1S LS A7 2
L O =447 7 2 | THifa % A3 5000~10000 cells ml™!
LD EOBREL, 40 M OEREEERE/-I1L 5 iM
DOV UEEREY CETM LT, HREETME, 0, 10,
20, 30, 45, 60, 90, 120, 150, 180, 240, 360 3%
BROLIEZ 7 A ETHEA LR, DBOREELZTRY,
PTFE 7 ¢ V% — (L#% 0.45 mm, Advantec) Tl L
72, TRAACS-800 Z I\ CTEFIB LY LI 2 |
E LT (ES - SCH 1986),

FE 72, C wailesii (kT LT b RO ERRZ FHE L7,
C. wailesii 1%, BHREITY v RZMAEZEHE LT
U RO %ZE MPL ESHE LS L DAST- 2L D =44
77 A2220~30 cells ml! & 725 K 5 (CHHRE L7z, %
F, VU ORMBER X OEEIFFROMRIE, E
zodiacus D FEERITHE L 7=,
E2R VUORYRAHOREREFE LBRonisERs
[k, EHRELITY 2 MIRINE L4 MPL 5T
E. zodiacus 35 L, R EIXY U RZHMBLE LT,
EHREITY AR BIRINE Li2ZE MP1 541 150
ml R AS72300ml =47 7 A& EnEh 14 KHE
L, BHREITY U BRZIREE & 72 o 72 E. zodiacus
HIRRZAS 10000~20000 cell ml™ & 72 % K 5 IZFHEE LT,
EROWY AL ER TIIMELEER % 7 BB (1, 2.5,
5, 10, 20, 50, 100 uM), U > DFEETITY FEREY
v T BeBE (025, 05, 1, 2, 5, 10, 20 uyM) ODJEFE
TENEIRIL, BN REREIE T CHE L,
FKEBERINEZ S L O ERHEE%, VEOEEL
B, BE T 2RBHOBEZNET DL EHICE
zodiacus DFIMEE (N; cells ml™") &7 L7z, %%
FIIRIE (S; pM) (TR DI Y IALTHE (p;
pmol cell' h") 1%, &Rz kv k=,

p = ~(dS/dt)/N

T, W7 77 N AT K DRBEER Y ALEE T,
RBIPEE (S) ITKIFL, BEEXTH D
Michaelis-Menten D & [F LKA TERITZENTE D

(Dugdale 1967), /37 A — X HOHEEITHME (1997)
DB L VAT T,

P = Prax*S/IKHS)

22T, Poax TEKEY GAZEEE (pmol cell' b)), K
EEARES (M) B2 ENEIURT,

F£72, C wailesii IZBWTHEREIXY RZM
faa AW CTRBEORBIED Y AL EREITo 72, C
wailesii DFEFRTIE, BREITY O DERMOLE
MP15#150 ml DA 572300 mld =75 %=z,
C. wailesii 7% 30~40 cells ml™" & 725 X HICHFE L, 4%
KBIEORY IABRIE 2 RD T,

IS

2R VIURYRAHORKELL EREZERME L
R CERRZIWEB L 22 D F TH#E LT2 E. zodiacus 1T
40 uM DFEEREE R ZIRIN LI & 25, fHBEERR
B E. zodiacus DLV AT K o TEIFEMINAR T
L7z (Fig. 3-19) . KD 23 1T, R 9 B8 L1V 20C
OWTHOBERMETICE W T HERTI 360 57412
X5 M BLTFICETIRTL, 1 BRIZIKIIESB L

(Fig. 3-19), [AIBRIZ, U U EEREY O IAAZ THE;
DV RREIEY IRIME & D DRI L, 1
H#&IIXIZIEHRES L 7= (Fig. 3-20), L2sL, U > ® 20C
TIZBTHFEBRTIE, UV IRINE#~45 5 ETDY
VLY AT E (0.40~0.74 pmol cell' h') & bl L T,
U LRI 60~120 43438 K ONRINE 150~360 4344
DY WY IABLEENRENEI 025~031 B IV
0.017~0.10 pmol cell' h™! TH v, TV ALEE ITH =
W& F L7z (Fig. 3-20, p<0.05),
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Fig. 3-19. Decrease in nitrate concentration after
addition of nitrate to nitrogen-starved Eucampia
zodiacus at 9 and 20 °C. The inset is an expanded
view of the time range <360 minutes.
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Fig. 3-20. Decrease in phosphate concentration
after addition of phosphate to phosphorus-starved
Eucampia zodiacus at 9 and 20 °C. The inset is an
expanded view of the time range <360 minutes.

—45, C. wailesii TI%, BEHOERIERNFHD
RS T T HERRINE 360 5% F TEMAIHD
L, 2 £72iE3 HRIIZTHYE L7RRB & e o 72 (Fig.
321), U DEVIAARFERTS, 2 72033 REITR
MUTAZEETO U R C. wailesii (IZELY iAE LTz,
F72, E. zodiacus L kR, WM OIRESM Tz
TH U CPIRIMEE ~60 53t £ TOHELY A Al i

(0.17~0.21 pmol cell' h™") & Lz L CZ D% DEY 1A
HIE (90~360 437%; 0.024~0.13 pmol cell' h'!) 23F
BICIKT L (Fig. 3-22, p<0.05), L EDZ M5
LINOEHR, VUM iALERIY, HEREZ 305
& L7z (52 1988),
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Fig. 3-21. Decrease in nitrate concentration after
addition of nitrate to nitrogen-starved Coscinodiscus
wailesii at 9 and 20 °C. The inset is an expanded view
of the time range <360 minutes.
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Fig. 3-22. Decrease in phosphate concentration after
addition of phosphate to phosphorus-starved
Coscinodiscus wailesii at 9 and 20 °C. The inset is an
expanded view of the time range <360 minutes.

BR UYUOBMYRAHCEITIREKREE EEIR
KO 20CTIZEBIT D E. zodiacus DIEEIEERZR B LW
U UEERR Y ATk A0 IAKGEREE A Fig. 3-23 12777,
MRE & DERIMV AL HEIIERRED LH L& &
HICHR LTz, BHRBE (S) LEFRMVIALEE (p;
pmol cell h™") M BIFAIT Michaelis-Menten DOFTLLTF D
XolkeRTLNnTER,
9°C: p=0.777x8/(2.59+S) (¥ =0.67)
20°C: p=0.916xS/(2.92+S) (> =0.90)

£ 35 A —Zfli % Table 3-4 |27 %, 9°CIH L 20CIT
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Fig. 3-23. Nitrate and phosphate uptake rate of Eucampia zodiacus as a function of ambient nutrient
concentration at 9 and 20 °C. The solid curve of Michaelis-Menten equation was fitted to the observed

value (@) using the maximum likelihood method.

BT D YRR ZE B O F KLY A Z I E 8 L OV g fn
EIE, FNFH0.777,0.916 pmol cell h!' 3 1 182,59,
2.92 uM EHEE Tz, BRI AL (pae; pmol
cell' h') I8 L OREAIFIES (K) D RT7 A —2 L b,
9 CTF TOFEBRIZHAR20C T DS M EVMEE R LT,
FUUEBEEY VIREE (S) LHVIALBED (p)
DR b IEIEREZE R & [FEE, Michaelis-Menten DT
UTDXoicEEr,
9°C: p=0.244xS/(1.83+S)  (*=10.86)
20°C: p=0.550xS/(4.85+S)  (*=0.95)
B HNT=T A—HfE% Table 3-5 1 TR, I KELD A
HIEE L LOEESRY, 9B L 20CFTENRE
10.244, 0.550 pmol cell' h' F5 LT 1.83, 4.85 uM Th
572, 9CF & 20C P THRLNTZ/NT A —ZEDZEIL
EROMEIHARTREL, WL 20C T 172
DIETH -7,

WA REED FIETR O T2 C. wailesii DEFE, U
JE L Z DR AR OBIfRE Fig. 3-24 1IR3, C.
wailesii DEEFE, U L EUD IAFHHE H Michaelis-Menten

ORI, ZNENLUTO L S ITRKET,

YEEREZE S 9°C: p=58.3xS/(2.914S)  (*=0.71)
20°C: p=95.5xS/(5.08+S)  (*=10.90)
U BREEY > 9C: p=41.9xS/(5.624S)  (*=0.92)
20°C: p=59.1xS/(6.67+S) (¥ =0.92)

KT A—H % Table 3-4 B L N3-5ICFENENE L
Bz, 9CH LV 20C FlokiT 2 lfsheze ot 2%
BRI ALK (pq) 8 L OEMIRIES (K) 13,

ZHEH 583, 95.5 pmol cell' h! 35 118291, 5.08 uM
EHEEINT, Y VEEREY VD phn BIOKEI
ZNEH 419, 59.1 pmol cell' h' B LT 5.62, 6.67 uM
ThoTz, C wailesii DHRFRIY AT 543
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Fig. 3-24. Nitrate and phosphate uptake rate of Coscinodiscus wailesii as a function of ambient nutrient
concentration at 9 and 20 °C. The solid curve of Michaelis-Menten equation was fitted to the observed

value (@) using the maximum likelihood method.

T A—HEIL, R, V& BT E zodiacus
L,

(2~

RV ME

5 =

REBRIZ IV, E zodiacus DFRFRIEIEE L F O

IAHDREREH LM TE 2, TITlE, AERNMS
5o E zodiacus D, ) VEVIARFELE C

wailesii Z1X U LT 2MONEM T Z 7 b REE T
D2 LKV, E. zodiacus HSFRFEHL DI JATZ
BLTEDL S REMERS>ONBE Lz, £9 4
FER (K 13, SRR 28tz R 748
BELT, MOV AHBEOHEIZHN6ND
(Eppley and Thomas 1969; Eppley et al. 1969; Gotham
and Rhee 1981; Yamamoto and Tarutani 1999; Yamamoto
etal. 2004), & BIZ K AEITHMIAL DY A ZIZ4KATF L

RIZY A ZWREWVZEGGL 2 DA H 5 (Eppley

et al. 1969; Hein et al. 1995), ZEFR DV IALGEZ D

&, BT H MO A RAKE N Cowailesii 73,
OERICERT KMHEL&E, WlE&ED
Gymnodinium catenatum Graham (Yamamoto et al. 2004)
T 7 4 REED C. antiqua (Nakamura and Watanabe
1983¢; Nakamura 1985b) & [FIFEDETH 7= (Table
3-4), —%, E. zodiacus \TEEREDOF T HHMROY A X
DHEBHRENVETHDICHED LS, KEIFA X
DN E NS costatum % B < Chaetoceros spp. <
Thalassiosira weissflogii (Grunow) Fryxell et Hasle 45 O H:
B L FAREDOME ChH oI, Fiz, HRIVIALEE
(D) DD YA ZIRKAF L, MO YA ZXRK
EVEIZEREWEAZTMEMAH 5 (Nakamura and
F D7, WIS RTINS
BEEEXBE LR L7 R KLY A B8 %
(Vimas B 2 T, R O S IGHY AT HE & Hefi:
T5ZERRAHN TS (Nakamura and Watanabe
1983¢c),

Watanabe 1983c),
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Vinax = Pmax/ Qo

T CIIIES 2 §iTRDIZ E. zodiacus 3 LU C.
wailesii DI/ INAIKBNSEEE &8 (Q,; pmol cell) %
WC, WD Vi, ZHEH L7z (Table 3-4), % 7= Healey

(1980) 1%, FERIDRBHEEY IAZRE A LT 2 FRER
L LT, VK W2 K DRl 2 $2%E L TV D, E. zodiacus
D Vi BE P Voo /KB ZAMDORE 7T 7 F Lt
B U7 A, ARTED Vo WIS CHE 5 2 Ao/ VY
FEWESC G catenatum, C. antiqua & R L CR\V Ml % 7R~
L 7z (Table 3-4) . £72, V,u/ K MEIZ DWW T S. costatum
LWHATEWETH-T2, ZOHEDIEND, E
zodiacus VIMIFE & LR L CTRWERIV AL % H
LTWDZEWRENT,

E. zodiacus ® 9°C & 20°C FOERIZHT 5 KB LW
Poax EA G LTZRER, WITho 7 X =21t 9C
TTHROLNTEMEDOHTIMELS, 9CTD Vo BED
Voa/K BT, 20°C T2 DAEICHART 1/2 FREE i
Tholec, LLENRL, Z0 9CTFD Vy BEIWY
Vi KAE T b S, costatum DV, /K AE Z B < Table 3-4
IR LTFEO R TOEE EE> Tz, 202 &n
5, E. zodiacus 1 3/KIRA 10°C%H FlE 5 7 U a4 1
BWTYH, o777 F AT THYIZEL
BERWV IAHRBEZHEFFL CTWD Z LB RE N, AR
MREFEA LTk Clx, ot~ 7 7 bRk

R LIRRSIAT, RAOEDEREREET D,

ZOHERD—DEL LT, AREBENERINY IALGEL
AL, BEFTHLZEANEN VL THEF STV 5
ZENEDORESBREURELTEZDLND,

VYOV IAAIE LTI, #afiiay 1 XIZs T
TKESmWEMDH D, MY A XS R R &
RLT,
Vi BEO Vi /K AE S, FEIZ S, costatum & ik LT
1K<, A tamarense LI\EEFREDB TH -7, HBA

(1999) 14 S. costatum & A. tamarense DV L HLY iAH:
WZBT 2 KBNS FI ST A =2 B L, A. tamarense

E. zodiacus @ K 1L ME % E. zodiacus M

DV EY A EE T BGMEAK T O Y SERAIN IR
HIEETH-TH S costatum % FIEY, A. tamarense
M S. costatum L VELETHZ LIXTLHAADZ L, H
HFTHZELEIXBARAETHDLIZ LEBRHLTND
L7235 T, A. tamarense DMEKEEZILKRT 272901
%, S. costatum MO ZERIT L - THIRE D Z & A
VBETHDELTWD, KFERND, E. zodiacus 73 S.
costatum &V DIV AHREZ K> THA LGS, A
tamarense & [RIREDFER L 70D Z EMBz bivlz, L
L, D/ U F#hEiE% O BIGERIC BV TE
Skeletonema O (5 2 ENG D L, E. zodiacus DEIE
HER LT 5 (Fig. 2-13), 24, U LSO KIRE,
EHRR EMOBREERIC L DHIROCAHKIEY > OF]
FFEOEVWEDENRE 2 bILd, AT, MEDHR
LT 31 B B E OB WY, WO A REENY
BHoOZELEEL VWA ZEREEINT, S
costatum [F—EIRELL EORBIFEEZLIL L, K8
WERMETICBWTRIRMA 2 T 2 2 & i
ENTHY (A 2000), AFRETHEERO R E D
T 5 AN BRI K DL D BREE T CORARAM
ERRLEODEBEIND, ZNICKLT, E
zodiacus VIHREEE CIRIRBIMEAHEE SN TE D
T, KR CEREAEEZ LT D EHEE ST D

(I iEAH> 2003; A - 1T 2007), ZD=H D XD
7RAER ORISR A B % HBRITIE, TR HEFE A B R
PED IR D H 72 B, TR AR TR R FFEIZ DV
THHEETDHLERH D,

—7J5, C. wailesii (YW 77 7 N> OFTH AR
DY A ARIFFITREL, EH, V& bz~
TR KED IAZEE RS TEVWMEZ R L7z (Table
L7 LIRIFIC, KRR Ml & &S K
EVNZEmD, KED Vo BIO Vi /K L, E
zodiacus X S. costatum L FEL LT, HEOHPTII/NE
<, IRRETICRIT DREBHEHOMY AL, fhOEER
EDORBH KD A TIHEE TRV &R &
iz,

3-4, 3-5),
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Sommer (1985, 1989) L2 FE Y IALFED HAEY)

TS RN ERDIODEAL FITAHAL TN,
(1) (RIEE DR AR L WMV IR (V,/K,
APN)

(2) HLYIAATERFRIE 2 L HNTRIH L CHiGd 2
(23K
(3) BV IAATEREBHAMBANICERET 2 (Vi >
)

E. zodiacus V¥ Vpe/Ks AR E W), F 72 i3 B FiH B
MREL, WY AATEREIE 2 0 TR
LEME LOQIIET A EEBEROND, —F, C
wailesii IZRFRHRI Y AT T D puax AR E <, (3)
DRBEEERTDLATTHDIEZZ BN, D
E9IT, FhE VICBEOHELTI SR ZJTHEO P
Th, ZOXRBEIY ALRBIIEFENTH D, 772
bbb, C wailesii \FHIFRDOY A IRRHTREL, —
MY 72 0 ORBIIMY IAHLE L KEV, C. wailesii
1T, SRR O B E K ERICIREE S e —
L, AFERRKERE LR T, AL D
VIAIIZ Lo TRBHBENKE KT 2 (EHIZ
72 1994a; Kt 2000), —75 T, AROREHIL Y AL
HBIE, M & KRB A KDHAIIIARITHY, K&
RS O TF L2l <, ARSI X DR
%%1F, E. zodiacus X UCHOMEL Y H B 71— 4
PHET D, UK LT, E. zodiacus 135/ Mg
FEEE RIS, RBEREE IR0 T b R
TIN—LkEE T B, F£72 E. zodiacus VX, IR, JEiE
JE, SRR e & AR BREEEIRIC 6 LT\
HEEZTRL, SHICEZORVIARIIBNTYH, B
Viao ViadKs TEZH L TWD Z ERH LN E R 5T,
O XD AR RRE N S, ARRIIESERIC B )
TIHH LT AR 0 IR L7 6, SR AR A AL
BT 5F CHMAE®HRY KT THD Z LBRHEIN
7=

BUE, REPEHEC IR IR (209 2 AN AP
VIABBED R/ DEERIZL T, “HEIIF ATV ER

J2ERoTeBEZALND, T, C wailesii
DREICKBEAHE L, Z0D%, E. zodiacus DIEHH
F o THRBHEMZFMET 2 FTIERT T 5, FHTKR
D ERSLHRBEIRIE DI FIZ L o C, U4E E. zodiacus
MREFHET DXL ITheolcZ LT, 1ERALNZRN
ST KD RIRAN AV DWEDPHFET D L 1T
B2 b, LLEDD, E zodiacus 1%/ VU &HEIC
CE LY EL G & T RO P TR TR
FEEGIESREITIRERERDHY, BUERBERLETD
HEREThLEER LN,

ENVE BE#IZHITS Eucampia zodiacus DY A X
ik & ERREEN AR

A ORE, WBICHBT 27727 hro
£ <%, BBRARFHERE 277 (Smayda 1980), [F
BROMMIL, WO EE 72 HAB (Harmful Algal
Bloom) FE-CEEEEDD b ATV % (Imai and Itoh
1987; Nagai et al. 1996; Itakura et al. 2002; Shiraishi et al.
2007), E7-IHOFOHICIE, AETEELEOPICFIE
AR ZEERAHBEHITMZ, v A2 FoRIRIAI & MR
LEAMEOTAMIREZERT 5 Z EBHbATND
(Hargraves and French 1983; 4 Jf-{Jtjf% 1986; Imai
1989; Kuwata and Takahashi 1990; MR %2> 1992; i
1992; Tmai et al. 1993; FH1E)> 1995; A 2000), §i %
X, P NICB T A2RERNRAEERMETH D
Chattonella J& (Chattonella antiqua ¥ O Chattonella
marina (Subrahmanyan) Hara et Chihara) (%, Z¢EHINEM
W2 6~9 AIZBIZ I, T~8 AIZHRMETER T 573,
ENUNDO—FDOKRE A NE L THERF T
BT ENHELNEZR STV D (Imai and Ttoh 1987;
Imai et al. 1991), F 7=, Chattonella J&D > A MIZIEK
AR, RREA, F&IFRE7ZR SARBRRIRREIC L FBHIMER H Y
BEEFEORWBEAICITEEL LT A MR “seed
population” & UL THIEERZH LR LTNDHZ LR
ST\ 2 (Imai and Ttoh 1987; Imai et al. 1989,
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1991), L7235 T, 4D HAB fliZ 5 & L7 F%e
TiE, ZOREFREMELEI T 2 L TTL— LT
Rif & FIRR, 2L ORDOARREH LT 5 2
EOBEBEHEDRFEBIND LT, WENEIZBW
TH%< D HAB BTV A MENEM S T2
(Imai and Itakura 1991; Imai et al. 1991; LI 11EA> 1995;
Itakura and Yamaguchi 2001; Yamaguchi et al. 2002) , Z O
X9 7ev A MCBT 2 ABARRYEN Rt/ &, HAB
ROATEERIC T 2050 W AT b IR, A
R O FE A A O fiR B 0 TR R R (T R L
Chattonella J& CIXAIFLOERBMP SN TND (5
FF 1990; Yamaguchi and Imai 1994), F7=EElIZRH T
%, Itakura et al. (1997) 23AEBIZEIT HFRE T,
Chaetoceros spp. 3 £ W
Thalassiosira spp. DRERHIHIAE 2 TIE —4 28 L T
JEIRHFICAHAAET D Z L 2 BT L, SREMAEA K
PO DR SR WVEEIC “seed” & L CEHEEAR&E
ERLELTVWDZEE2H|EL TS, £72, Nagaietal.
(1996) % Coscinodiscus wailesii 75—+ ED N Tt bR
i C “critical” 72 FEITH HEFAIRIRAMMIL & L TA
BL, TURKBICRERAET DEMEEED “seed
ELTHERLTWS ZEZHELTND,
—J7 HAB FREZMIOBULHAIL, dHRET o
DT N— DTERHRCHIEREIE LR BT, 5
O H B FE O HEHR S BR B B & o> BILR AR (2 AR
BOID Z EMD, MG MBI THESEF TS
R d 5, LA > T, Eucampia zodiacus %13 U &
L35 ) ot BIRREDOYSE, BRI RIS/

Skeletonema costatum

population”

U Z A (11 A ~F4E3 A) 1256 < L (B8 1E5H>2006) ,

P A U3 R AT & A SfThh Ty,
DO, WEWZIT D E. zodiacus DJFFZ@ LT
TGRS, FRIZ, ARFEOEEREIC LIS
B O AEREIZE L CARBI A 8320,

UED &S Blah s, HBECRT 5EFE4E L
72 E. zodiacus DTGB H NI L, Z OERFE
TR 2 2 L, AR T 2 Ao KRR A

BEAE & BB B 1T D BREREN & OBHRICHOWT
MR ZRD, I BITIIARFRIZ & 2 6a5% Hok =R A gk
RFAETE, WEPBREZRFT 2 LT HERITIER
HThHDLEEBEZOND, TITARETIE, £TH I

23\ T E. zodiacus DI L & fld A X D2 HE) %
FEMNCBIN T D 2 LT ko T, AEOFRM OATERRN
ZHOMI LT, B 2HTIE, F1HTHLAL
AFEDARELFERFA L, 7% DIERREsT I
BN L RFEDORAETEFILEOMNL 2RI T,

B8 FHNCHREEOEDE S VMY XD
B EEE

FBNMFETHEMEL-FEx OBEERBFOER»D, E
zodiacus X° C. wailesii 7% £ HLERHIHIIEY A X DK Z
BRI & o C, e b A LRI ECch 5 =
LR ENTZ, — 5T, BB 35V T E. zodiacus I,
7 UEFERIO%E (1~4 B) ([CHIRBESHEKRT S
(Figs. 2-9, 2-12), Z OReEE, Bk OKIRD 10C
Atk AFEEZBLTRBIET T2 CTHY, E
zodiacus DR RIEFEHRE b RIS T (20~25C)
THEBLNDME (ca. 3 divisionsd") @ 173 FTETT 5
(Figs. 3-4,3-6), § 725, E. zodiacus |3554 FBrH»
DIF DAL EBEHASRM L, BRI T L —
LEIRT DR OBREE SRR REL B> TEY,
BEBCBSWTHE E TS WHEWEE T T L— 24
ERAL TS, ZHITENEEERN LGOI
T OO FHA B2 AR 720 Tl AREOIBEEMEC
DREFEEEEEZTICHAT 2 LN TERND
EERBEWT D, Lo T, AEOBEHIZIT S
IRREBIRE 2 BRI 5 720 1CI%,  HEAEIC R 72 iR <0
EEHEHERE TH LI LML T T L — 2 & B L
ROKTER L, KIFED 70— DGR LS O W & &
O, AFEzE L TAEOERAERERZA LTS 2
LNEETH D,

=77, BEERIEHMEOYGR TEDILTRY, KEM
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TP 7 32N KV S 5, ETE
“MacDonald and Pfitzer’s Rule” & FEIEI D #%75% D
ERTEREEAEIZ L0, MOV A ARSAEHE &b
Tz EBRmoN TS (RB 1991), 207
DEEHEI, F—fTh o THMaY A OB
REL, FEMEN AR L DEBEERYIKL, &
L —EOREIET/IHEL b L ENLL Bl sE
MTEPIILTLE D VA ADBMFEET S (Gallagher
1983; b8 1991; K - E&h 1994), #BI2E, KIF -
EH (1994) 1, C. wailesii DI/ A RNEFRET
70 m FIE CTHD EHELTND, DX D 72HED
O, BEEEIIAEPNEEIME T LR T 2 R&E IITETD
ETIZ, HDOWITELIRT, WMAEFOBMIZE -
THlEY A XAOEEZXD Z LAmbhTng (R
F - FHH 1994),

LLEDZ &, REITIHL E. zodiacus ORI E &
MY A XOEENZH LT D720, 4 FROFE
M=) It E2FEMmL, BEEIRTDEE
%38 L7z E. zodiacus D EIEBR ORI & A1z,

A&

AR IR ISR T 7. 3 ERTHEM L. (Fig.
4-1), FLRERSLERMKEBITR G & v & — K&
UH—HISEICR T ZRER OKER
134°52.8°E) Tl&, 2002 44 H~20054 12 H £ TP
M, W 1 EOMHE CTREL I Lz, £z, d)l
{10 F1 72 B FFPE A~ 5 km (ZF% T 72 HZE AL OKPE 20 m; 34
°41.0°N, 134°45.5°E), 3 L OWIE)IITE 1 km 1234

3 m; 34°41.2° N,

72 H28 A KR
X, WEM (0x>Z) £ Hoxr>2) %
AWT, Hic 1| (7L Y #BERTHD 11~3
HIZH 3[E) OBEECTER L, “RERTIINTY
ZHWTRE B bR OWAKZ 5~30 LEAK LT, K
s KOS, ST —
#E8 model 3210)

10 m; 34°43.6°N, 134°47.4°E) TD

=

(T—=vT7—=Vr R

ICEVHE L, HI BELOH28 E

Japan Sea

Pacific Ocean

T T
134° 50°E 135° 00'E

«&— Kakogawa River

Stn.ﬁéé‘
RN \,‘,-‘.\\

, ooy Stn. Futami
o 40n StnoHT

[

Harima-Nada

I
ey

Fig. 4-1. Location of the sampling stations in the
north eastern part of Harima-Nada, the Seto Inland
Sea.

AT, #8 (05m), Sm (H28) £72i1X 10m (HI),
JEE GBIEE1 m) O3E»D, FEXELTANVR
— U ANROKER (4 - SO 1985) % VT 500 ml @
WK ZEAK LTz, KR EHEDITIZHAKERT O Ly
7 B ACL215) THIE L7z, MERERE
NO;-N+NO,-N+NH,-N), U >z (PO,-P), E:fiz (SiO,-Si)
OWEL, EH - H (1986) O BEGHEICHE,
Auto Analyzer TI (Technicon %) % 7-1% TRAACS 800
(Bl-Tec #:81) 12XV 1To7=,
TRESIZEBWTEK LAY 7V, Sum @
T URT 7 4 & — (47 mm; Millipore #:8) % Hu,
BEIED (1990) DFFIEIZ LY 10~30 ml F THAME L
7oo PENE LTZWEAKT 70T, 1 ml &GRSR T T
BIZE L, E. zodiacus DRI Z T 5 & & biZ, M
Gfipr i (4 U R4 VM-50) & HV T 300 #
faz ERRICIEENE (nm) ZE L, E. zodiacus DHIRA

Z5% (DIN;
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SRV
‘T/v{‘:\ =

P A X&Rd7-, Hl BLO H28 EMTHE-V 7
X, FEREDFET 20 F5IZRHE UANRRSE FE & B v+
R ERPE Lz,

TRERIZET D E. zodiacus DR FE &MY A
ADEAE Fig. 42107 T, AL FEM LT 4 FH %
LT, E zodiacus DHREMIBITTZEFELET L2
LIRTE T, E zodiacus DI FEIL, 2~4 AT <

(BRI 3.6X10° cells L), ZALLIS O A 1K
THERE L7z, MlaY X (JH#ER) 1%
812+ 1.4 ym OFFATEB) L, 10~11 AlZH/MA R
LRV, ZOEBRKEE THEE Lz, KIS
A R A U7 AR 2 4R 2 (MY 1 X & i) &
B/, 1 AEPT THORREN RN A RZE LT, #
BEEM L 4 FHZBLT, E zodiacus 13EFZ

10.8£0.69~

v o2 —wigEERE UKEMR) 5 42 % (2011)

D &S el A XD & B & IR IR 0 K

L7z,

ZRERIZET 2002~2005 00 10~12 A ORI
B SN2 E. zodiacus DY A X% 10 pum 5 OLEE
o3& LORT (Fig. 4-3) & &b YR/ A X
WUV 10~20 pm |2 B — 7 & Rp > (EIREE)S Bl a2
S, TOBRBLMNIKRE S DR DAY A XD
REWVEERBESHBL L7z, £/, RIS YA XD/
SWEFEEHOFERHA L, A XDORKEWEEEED
BIABEER L2, VA ZOREVEIREES L LigD
TR 1 AAZIIE, BT 22 TORERE M
YA ZDREVEEREEE o7z,

Wi, TRERICRBTAKIR, Koy, MERESEE
IRIE DL/ % Fig. 4-4 \Z7"T, E. zodiacus DR EFEA
13, KRS 7.2~103CO#PA TR Oz, 0¥, 22
Tl E. zodiacus DHFRE DY 100 cells ml™ % 88 2 72 1]
MaREOREFAME Ui, Hiri% 28.45 (2003 4
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Fig. 4-2. Seasonal changes in cell density (A) and cell size (B) of Eucampia zodiacus at Stn.
Futami from April 2002 to December 2005.
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Frequency (%)
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0~10
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2030 2002 2002 2002
n=291 n=59 n=17
30~ 40 18 Oct. 25 Oct. 6 Nov. 8 Nov.
40~ 50 2002 2002 2002 2002
50~ 60 n=3 n=307 n=6 n=6
60~ 70
70~ 80
>80 0 50 100
0~10
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- _ _ _ =3 .
n=14 n=32 n=79 n=13 n n=8
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w0~ Vi
2003 2003
_ 50~ 60 _ —
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60~ 70
=
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(7)) 0~10
r 1o~20 19 Nov. 26 Nov.
U 20~30 2004 2004
30~ 40 n=49 n=60
40~ 50 8 Oct. 15 Oct. 22 Oct. 29 Oct. 8 Nov. 15 Nov.
50~ 60 2004 2004 2004 2004 2004 2004
60~ 70 n=11 n=16 n=36 n=30 n=27 n=5
70~ 80 a
>80
0~10
10~20 V 11 Nov. 18 Nov. 25 Nov. 1 Dec. 7 Dec.
B0 P 2005 2005 2005 2005 2005
040 n=228 n=307 n=319 n=320 n=304
21 Oct. 27 Oct. 4 Nov.
40~50 2005 2005 2005
50~ 60 n=3 n=58 n=51
60~ 70
70~ 80
>80

Fig. 4-3. Changes in cell size frequency distribution of Eucampia zodiacus at Stn. Futami
during the period from October to December of each year (2002-2005).

9 H) ~3326 (200442 H) OFPHTEB L7z, £/
MBS F R E I, DIN JRE D 1.0~21.2 uM, PO,-P
23 0.15~1.48 uM, Si0,-Si 2% 1.1~32.5 uM D[l T
NENED L, HFRITFFEROFHNELB 27 L,
E. zodiacus R O RSB AL, DIN JREE A
2.5~4.9 uM, PO,-P JEFEN 0.15~0.31 uM, SiO,-Si
FER 1.1~7.9 uM OFiFHCTEBI L, 4 E & b —HD 5
B SR BRI E MRV T o 72,

H1 3 X OV H28 T RICHT B E. zodiacus DAL

LY A XD %, Fig 4-5 B LU 4-6 1279, E.
zodiacus DREFAIT 1 H BA)~4 A BT TR
OOz, £72, E. zodiacus IENERINIITAENICE
WCRB~EBICOT TRBI AL, EEIE S
BIENE L TR DEMMB R DA, MR & Ao
ADOFEEHEIZOVTIE, “RESTELNHER L
FERK T T, T72b6, KEMBOHBITIZIE
JAFEBIERT 2 2 LN TE, MIEEIT S~12 BT,
TEL, 1~4 ADOMICEm < R MHMmAH SN TH 5,
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Fig. 4-4. Seasonal changes in water temperature, salinity, DIN, PO,-P and
B 5K

Si0,-Si at Stn. Futami from April 2002 to December 2005.
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Fig. 4-5. Seasonal changes in cell density of Fucampia zodiacus in each depth layer at Stns.

HI1 and H28 from April 2002 to December 2005. Surface ([_]); middle layer (4); 1 m above
the bottom (@).
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Fig. 4-6. Seasonal changes in cell size of Fucampia zodiacus in each depth layer at Stns. H1
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bottom (@).
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Fig. 4-8. Seasonal changes in water temperature, salinity, DIN, PO4-P and

Si0,-Si in each depth layer at Stn. H28 from April 2002 to December 2005.
Surface ([_]); middle layer (4); 1 m above the bottom (@).
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zodiacus DHFEMPEPBLE S, KEOMIEY A XD
W LRI IT AN &S R b v (Figs. 4-2,
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AU LC C. wailesii 1%, $REEHEIC 35U CRAZRIZ A
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(2000) 28 C. wailesii KEFEAE BT TET D Fikx ik
SMLTWD, Lo L7ad b YIEKIc sV CBIE, /Y
DEELREBEE L THRbBERIA TS E
zodiacus & XtG L LTe TEFIEIIFETH D, AEH
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Fig. 4-9. Seasonal changes in cell size of Eucampia zodiacus at Stn. Futami from April

2002 to March 2009.
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Fig. 4-10. Changes in cell density and ratio of small
size and size restored large cells of Eucampia
zodiacus from October to November in each year
(2002-2008).
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BiFD 3~8 A0 3 @ FEKIROBEREMEE 9~11 AD
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F=H—FTHI LK ST, C wailesii IKERAER
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Table 4-1. Parameters to predict the time when Eucampia zodiacus blooms reached the peak in each year
(2002-2008). Average cell densities were the mean values during the period from first detection of size
restored large cells to all the cells became large size in each year. Total of days from restoration of cell size to
the peak of E. zodiacus blooms were defined the integrated day. The starting point of integrated day was the
day assumed small size cell: size restored large cell = 1: 1.

Fiscal year  Average cell density Cell size Peak of bloom Integrated day
(cells L") (Small: Large = 1:1) (d)
2002 174.7 8 Oct. 2002 14 Feb. 2003 96
2003 97.9 10 Oct. 2003 11 Mar. 2004 152
2004 81.8 15 Nov. 2004 7 Apr. 2005 143
2005 654.3 30 Oct. 2005 11 Jan. 2006 73
2006 324.0 16 Nov. 2006 1st Mar. 2007 105
2007 75.6 31 Oct. 2007 15 Mar. 2008 136
2008 187.4 29 Sep. 2008 22 Jan. 2009 115
BlE, MEICHRY A X2 RBIE S SRRz, B
150 1~4 AT NV — L5 BT 5 EEKEED “seed

100

Integrated days (d)
[3)]
o

0 100 200 300 400 500 600 700

Average cell density (cells L™)

Fig. 4-11. Relationship between average cell densities
of Eucampia zodiacus and integrated day during the
period from restoration of cell size to the peak of
blooms in each year (2002-2008). Average -cell
densities were the mean values during the period from
first detection of size restored large cells to all the cells
became large size in each year. The starting point of
integrated day was the day assumed small size cell: size
restored large cell = 1: 1.
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Fig. 5-1. A schematic representation of long-term changes in water quality and phytoplankton

assemblage in Harima-Nada, the Seto Inland Sea.
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Eucampia zodiacus .
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. Bloom '
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—

——
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Fig. 5-2. A schematic representation of biological phases of Eucampia zodiacus and
Coscinodiscus wailesii, and environmental factors affecting their seasonal occurrences in

Harima-Nada, the Seto Inland Sea.
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Mero-planktonic life cycle group

ex. Skeletonema spp.

Holo-planktonic life cycle group

ex. Rhizosolenia imbricata

Chaetoceros spp.
Coscinodiscus wailesii

-High growth rate or/and
high nutrients requirement
-Resting stage cell formation

-Low growth rate
*Low nutrients requirement
+Survival as vegetative cell

(No resting stage cell)

/ -

Fig.

Eucampia zodiacus ——'

+High growth rate -No resting stage cell 1?

High nutrients uptake *Low minimum cell quota
// \\ // \\

Marked decrease of | Exhaustion of nutrients |

Prolonged period of
low nutrient conditions

nutrient concentrations

’ Occurrence of protracted and severe bleaching due to Eucampia blooms ‘

1

’ Serious damage to Nori aquaculture ‘

11

’ Reducing the negative effect ‘

1]

’ Management of Nori aquaculture ground ‘

] U

’ Careful monitoring ‘ ’ Predict the bleaching occurrence ‘

5-3. Comparison of growth characteristics for environmental factors and life history of
Eucampia zodiacus and other marine diatoms, with the damage to Nori aquaculture by
bleaching and counter actions for reducing the negative effects due to Eucampia blooms.
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KR OD 15 DIATE D K5 AR
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Summary

In Harima-Nada, eastern part of the Seto Inland Sea, “Nori” (Porphyra yezoensis) cultivation is of significant economic
importance for fisheries with the average production of around 10-15 billion yen per year. Since the mid 1990s, the
chain-forming diatom Eucampia zodiacus have caused blooms almost every year during the harvest season of Nori
cultivation. The blooms lead to depletion of nutrients, and indirectly cause bleaching of aquacultured Porphyra thalli
through competitive and overwhelming utilization of nutrients during bloom events. Therefore, E. zodiacus has become a
predominant organism causing the bleaching of Porphyra thalli in Harima-Nada. For reducing the negative effect of the
blooms on Nori bleaching, the present study was conducted to understand the biological background of the mechanism of
mass occurrence and serious damage to Porphyra thalli due of E. zodiacus in recent year.

Long-term monitorings of water quality and phytoplankton was conducted at 19 sampling stations in Harima-Nada for 35
years during 1973 to 2007. Over the study period, E. zodiacus cells were detected every year, and seasonal cell densities
tended to be higher from January to April. Total phytoplankton cell densities tended to be higher from the 1970s to the early
1980s, then declined in the mid 1980s, and remained at a relatively stable level thereafter. In contrast to the trend, the
abundances of E. zodiacus increased in the mid 1990s. The major phytoplankton component was always diatoms over the
35-year period, and there was a dramatic shift from Skeletonema dominance to Chaetoceros in the mid 1980s. There were
two significant long-term changes, i.e. an increase in winter water temperatures and decrease in dissolved inorganic nitrogen
(DIN). The present results suggest that the shift of environmental conditions is more advantageous to the growth of E.
zodiacus, which corresponded to the domination of the E. zodiacus abundance in recent years.

The effects of irradiance, temperature, salinity and nutrients on the growth of E. zodiacus were examined using clonal and

axenic cultures to evaluate the relative importance of those factors on the dynamics of natural populations. The results
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showed that all the parameters of growth-irradiance curves, such as the maximum growth rate (p,,), half saturation constant
(K) and threshold value of irradiance (I), increased with increasing temperature. The effect of irradiance on the population
dynamics of E. zodiacus in water columns was evaluated using two indices, D; (depth of the threshold irradiance for growth)
and Dy 5 (depth where a growth rate of 0.5 divisions day‘1 is attained). D, and Dy 5 remained almost stable from October to
December, but gradually increased in early March when E. zodiacus blooms in Harima-Nada. As the vegetative cells of E.
zodiacus were observed in the whole water columns, the increase in the depth range over which E. zodiacus is able to grow
is concluded to be an important factor allowing development of its blooms.

Eucampia zodiacus can grow at 7°C and above, but not at 5 °C. The tolerable salinity range for growth was very broad.
The highest growth rate of 3.0 divisions d”! was observed under the environment of the combination of 25°C and 25,
respectively. The growth rates of E. zodiacus are approximately equal or higher than values reported for other diatom
species, and rapidly increase along with a rise in temperature. Consequently, E. zodiacus can grow at higher rates under the
recent warm winter conditions, and it is an important factor allowing the dominant development of the abundance in recent
years.

The relationship between nutrients (nitrate, phosphate and silicate) concentration and growth rate is well described by
Monod equation. The K values of nitrate and silicate were lower than mean concentrations of these nutrients in water of
Harima-Nada year-round, and E. zodiacus can successfully use various organic phosphorus compounds of different
molecular structures as the sole P source. In addition, minimum cell quotas for nutrients of E. zodiacus are relatively lower
than those of other harmful species. These parameters indicate that E. zodiacus is advantaged in competing for nutrients to
other species, and it enables this species to grow until available nutrients are almost exhausted.

We experimentally investigated the nitrate and phosphate uptake kinetics of E. zodiacus, Harima-Nada strain. The
maximum specific uptake rate (Vi) and V. /K for nitrate at 9 °C are about 1/2 of those obtained at the optimum
temperature (20 °C), they are still higher than those obtained for many other phytoplankton at their optimum temperature
conditions for uptake. These results suggest that E. zodiacus utilizes nitrogen efficiently at low water temperature, and it is
one of the important factors causing the serious damage to Porphyra thalli by bleaching.

The seasonal changes in cell density and cell size of E. zodiacus were investigated for four years (April 2002-December
2005) to understand the population ecology of this diatom in Harima-Nada. Vegetative cells of E. zodiacus were usually
detected year-round. The average cell size (length of apical axis) of E. zodiacus populations ranged from 10.8 =0.69 um to
81.2%+ 1.4 um, and the restoration of cell size occurred only once in autumn every year just after reaching the minimum cell
size. In addition, its great seasonal regularity was confirmed by the decrease and restoration of its cell size through four-year
study period. Although temperature and nutrients were suitable in autumn for the growth of E. zodiacus, its blooms never
occur in that season. These results strongly suggest that E. zodiacus did not have a resting stage, and it spends autumn for
size restoration and starts to bloom thereafter in Harima-Nada in winter and spring.

Average cell densities of E. zodiacus population in autumn, when it spent for restoration of its cell size, had a significant
negative correlation with the integrated day during the period from restoration cell size to the peak of bloom. It was
considered that vegetative cells of E. zodiacus observed in autumn season played an important role as seed populations in

winter and early spring bloom. Therefore, it is proposed to predict the time of Nori bleaching occurrence by monitoring the
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cell size restoration time and the mean cell density of E. zodiacus in autumn season in Harima-Nada.
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