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Abstract

This is the final report of the research on "modeling of red tide
bicoms in the coastal sea”, which had been conducted from (982 to 1985. In
order to achieve the goa! of the project several methodology had been
developed, namely basic axenic culture, marine microcosm of large scale
culture experiment, the experimental channel for the study of exchange in
bays induced by density current and the evaiuation method of algal growth
potential in situ. Then the growth characteristics of red tide algae
(Chattonella antiqua, Heterosigma akashiwo) had been investigated
extensively, particularly quantitative evaluation of the effects of
chemical environment on the growth of red tide algae, the evaluation of
the effects of environmenta! factors on the characteristics of diel
vertical migration and the ecological advantage of diel vertical migration
on nutrient uptake. It had been clearly demonstrated that in the summer
period in Seio Inland Sea the following environmental conditions were
typically observed such as the stable stratification due to salinity and
temperature, and consequently low nutrient concentiration in the surface
and high nutrient concentration in the bottom. Such environmental
conditions combine with diel vertical migration make possibhle for
flagellates to uptake nutrient in the bottom during night and those are
attributed for the mechanism of the ocuthreaks for red tides. Furthermeore,
it was found experimentally that complex interactions were existing among

several environmental factors, such as excystment process in the bottom,
nutrient uptake in the bottom due to diel vertical wmigration, chemical
environment and growth process, advection and vertical mixing. These
findings were integrated as numerical model of red tide and the
sensitivity analysis was conducted in order to evaluate the confribution
to the outhreaks of red tide by C. antiqua from variocus environmental
factors (such as water temperature, irradiance, nuirient concentration,
cell concentration from excystmént, exchange current, depth of
stratification , speed of vertical migration, vertical mixing, grazing by
zooplankton). This mode!l was applied to the field of leshima island,
where was one of the most well-known sea for the red tide outbreaks. The
model predicted the outbreaks of red tide which were induced not oniy by
the growth of C. antiqua but also the combination of various environmental
factors such as grazing by zooplankion, competition ameng other algae,
physical oceanographical structure (exchange current, depth of



stratification), meteorological condition (irradiance, vertical mixing due
to wind) and chemical envirenment.
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BIST~60EEE TOIEMIh R 3 REMFARLL - TEINLMRECHEERUTIIERS,
RBEFSTEERUBEEE TREINEREREO—SUEHHMESE (BEXLTHEFFER
HH0T) L LTARTN, TALBORBL >V ITRERREER (BUAEMEIRRES
BI0E) KesHonh. U > THRAOBEUEHEELZLE LT > TS,

4. 1 BREEECLIERBCEFEREDOTH

WHT B A FHRESEVCERBLHASZONERES U TIIITHARIE COD BALLRT
WEH, RHNEE COTFETEXZTUMHENSINESIHEODLTREZEThZZE->TVR
Vo REREHWOLDRZINREERELSORKTOYHE L FHEYORELE OFREHE LM
Uk LT UWEELHARTILNENS 2. ARRTUEFESEEL AL RFHSERAEREOHBIE
TIAGP) QEIER &Y, ERBILEEORPEERBIRE TV HEEFELITS . BHM~6EE
RiT-RBRTHE MR sy 3 ERBLLFHoRERBEICB T 3 EBOMRE B0 T,
Wk AGP MEZROWINRINE (R, 1981), SUKkOFALE, HEABRMOEE, WEE
CiREE, SERSUCIN, FEAEZORNETS AL, ¥OREEMMOBMRRFEIEOME
PEECHAUERAREEROMT, SENEEOTIERKTTO AGP FOLH L T0OEER

LobToEENRENE,

HEITIRKDSEKNDRHLEBEETH Y, HEREFRELREHLTLWEZ EHS,
BAOERBILYPHEOH - BHTH L 2OFIAREANOEEFBET TR RRALE 5., KA
NOBEABTOESBENET T 3EKEBOEXRRILARALFET 32D AGCP OB RKA
oo AHRTRPEBIRE) 27 s —AFEUT, HKETO AP iEHET O LD OYURATEHE
T, WERY, ESREOERSOBRERIT>RERAS, 1987), #EHEME LTI Chlorella
sp.(HPiff & 0 73 88), Skeletonema costatum(EHF G &L D 53%#), Microcystis aeruginosa K-3A

(B ik V48E), Microcystis flos-aguae K-5 (Zriik v 2dt) 2HALE, HBELCRET
Cl-4#0E%¥E, Chlorella sp. &1 CI- 4 A /#FE 200~15000 mg- { ' DIG/E WFEEH THEF
REMERLUOWL, Y. aeruginosa (X 2000 mge /' T, M. flos-aquae i 40600 mgs { ™!
THMEENEDOAE, COZ &S Chlorella sp. WO A4 YBEOERLRFLALERY
THEKED AGP JIERCATBULAKTHACENHBALVL, TLEKETH S M. aeruginosa,
M. flos-aquae 2V EIBEETRIELC LY AP WENTHETS 3T EHBREEAL,

T4—AFPEUTBELAPEIEML2EL CESRBNELEL, ERIFREREERST
VW3, COERTOERYOBRBULAMEERLLSVIRBEAEIEERRNERELLT
W3, CCCRTHERFOKBBAFEOREAMOERLELERD S LRI, RAEFHOE
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BUO2LTHRELE (55, 1987), TOBRREEAFEEMKEBLRE SR PATVEmE

Hok. FEEREELELARLEELREI VTV 2QIEEE Eh TS h. BEERTER
FoTHRBOIBEESST, ERZ-200nY BELFA 005, REEXEECRITTHE/DOEND
PE»SERSD(SE. 11)21d Desulfovibrio, Desulfobacter, Desulfotomaculus X 12 Desulfo-
bulbys OFEMRTREX N,

4.2 ZFA4THA4TL v Iab—¥—RL3AEBNFRAREOTFH

BEZU LAFHEEBENCE, TOLEFTEOZBBOFTEHMNL2ET flagetlated stage
READSIEHITNIN, Z2OEFHCRVAIEERUTHRIEL TV SRBEHEET S LY
MAATETVS. LU, #ROFRAMAXTHE, 2OV R M EREROBRIERLETUR
SHOATELDOhTETHLT, LU, YAFOWFTUERELSEXOLBF T A T & Bkl
@ theca & OMEEEM{FY® modern cyst & fossil cyst S OEHE LY dinoflagel lates OFRHK
BEEBRRTAHMTERVTETWREVR S,

UL, A#EREERE VS ERERODTOROREAOBEL2ERT 2 &, FEBHZLCBL
T, YVAI)OREIHBUTHRENETZEOCHEFTCUARZTVEEZI O WS, Tihbs, 1) ¥
AP BEUHEEFLROEEDIEROEREDLEIAEL, RESELOPTERFL (BEF,
BILIhRoRSHED, BB TOEREEERITVEZC L, 2) ~AUYIMRIEESPHD
BRPhKIRENEET 202D U ERBEEORM A P O3 3 “tining device”2 LT
BEELUTLBEI L, 3) HRIRBERLZ YA M IBEEPHACHTIEAESNBLLADIEOS
BBRLHTIFSURBRROTR I VDRKEVEZEZ ORI E, §) 2LOVAMEES
CHEMEHOEREUEDLOEELAR TV 3OT, EERO gene recombination®i I U,
BREUTEAR heterozygotic RKRICES, BISHEHER- BT 23NN ERELLTWRZ
ENBFehkS. HFHORLEBBLIEUDG TYAINORF-EHOMBALRULOH
Prakash (1967) &Y TH o1, FTOH Anderson & Wall (1978), Anderson & Morel(1879),
Anderson (1980), Anderson et ai, (1982) WA Y KREa— 152 FIHHOBER L VR
3£« B L S Gonyaulax tamarensis B UF Gonyaulax excavata @3 X b QLR REMNIT
bh, RFLRETREEHESHMIR SR,

BBRISI~SEEEEIITH h RERHR MRS 2ERFLEFHORERBICHET 2 2558
B B TIIABRETHRBARMK (1969, 1980) U7z Scrippsiella trochoidea @A M
BEFLT 3 RARG LRV L 2GBTS, 1982). XS UAMBEETHEERELCVS
WEEE Protogonyaulax lamarensis & P. catenetla® ¥ X b RIFWH T 5 I L KMNEZ
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THREBUEVAMNZD2UTERL, YA OKREHFEDVTH DR U EGERS, 1982,
ERFFRCBO TR, FHFLOBEWL i) Bloom initiation (VA } ORFRE &,
ii) Bloom development and continuation (BM—BEXWREAREC L 3HOML), O2REHEE
THE-OTFIRETSE, HANBOEERCHEERLS ATV S Chattonella antiqua,
Heterosigma akashivo WCDOWTOEHEHMSV A MEK « EFLEZ—F U LBEAEELENE
UTHELIT->TEh. ThHOREEBRODLTUHENEERR - IEEEEROBR, B
PHETZYBLY - (LEHRENTHHOMIZ R TE L, ULH L Chattonellay X + OFER
E<{THTHY, YFRIA—TOZL OFNHBBERFTD Chattonellay X } ORRWM@E S
hi’z. Chattonella FMOREHSTH I BBHREREHRE G~5HE) U, 2004 rHaN
—f?ﬁtCMHmmHa®%§@ﬁﬁﬂﬁ?%ﬁ&ﬂﬁb%ﬁ%bfmﬁu U UREFHS
@ Chationella antiqua ¥R b HEE YA P ATRABLURB >R, TO& S ZRET Inai &
1$0h(1986) L3 F% T Chationeila spp. MY A b REIBFMERL VAHE « FET S Z LML
o THWEFOKIEMMN, RFBROVWTHAGMICUR (Imai & toh, 1987)e THIZ &Y
Chattoneila ¥R bR - RFOWHRIE2EBIRA- 2O F L >N 5 H, FREBITELMN
BrEORELEDIRMNABI R > LI ERBRETH L. REBRETORITAR TEXE
B L ZPBLERRNOBEFMIHT 3HEI LBV T Chattonellay X } EAUERE OFER
EREITH>THY, FORIFFBPERIAEMAEDEVRAIN I TETS 3,

4. 3 HEFRELBROWED - {LF07 - EYWHAEORY
FHRSUEHOBTEXGRABRBLLSBEORERBELIRBHIRIOTH Y, kI
Hu—REEZFOEENE LY 3EERADPL 0 IKELY TUERTERLOOTS 5, ¥
BAERBORARITIRYE->TIR, FYFEESE L s TREBNLFHEHEEO LY
ROTREBELITL, BEETOEHIHT IBZEROLYLHBTIL0ENS 3, X OWH
MELELEZ T TORBERCBCHS VTV 3 EEMELNRUEHLEHRFAI OMmEE
FOBEENLETHS. COLIRELOZRERCI LB HEEEEHERHTL TV L
BUROADOHTF—IRZAGTHREHERE L. TRbD 1) B - SWEY, i) £BR
BEBEOERMET, (1) BAZEFLEAVARBRROBHFRBOHE, iVE—tE
Y YL BHRFIHE, v) FEREBBROFYGRHEOR.

FEAHZUSTREERC L2 EOMERBEEL oh 5, FARELE S BREITHREE
OEEMRBEOAI RS T, THEEELThE2 VI RELOHEFALZERT 3 LVEE
TH3, LRS- THABZCEIRERERBOLDCE, HROLEBROEEDOP TONE
FHENMOEHERRTINETS 3. £RRRRUISES, £EE-BRFRE-RLEXRSE
2 EDPUEELRETALENSES, UHMLVFhFhO trophic level EESBELEH-TH
D, BAQERBERERA N —-TXTOEGLIPRET I RTTHERREBETS S, 20DE
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BRAMRCBL TR, STRLBRREERL UTOERTH 4, M T 3T FEREES
BORRHBENE Y, WURNANHT CHRU, FARETSERCR S 3SR RELY
Y WH PN RBRERE AU EEEERRR B OHEREE PR T 3 LIt K VAR
RANQEELZRIE, CORDPERUTOZ2OEBIRILTOILENS S, +4HB 1)
BERHIEES 3V UFYEEREA L ORBE T 2 R0 R EH M TR ERIC &
BHSHRTEIL, 2 FERETSEMIRS h 2SR RSHDEY SR LN EERT
EMHEL, POMBERITASABISRBEORIOTFARTS 5. LI O R L BI154~56
FERIThAE THRESTIEXBLEFHORERBCNT 2 EROTE LB TRY S
hi, ChHAENEERRARVHTRBRLAVTY 7T~ i) 85 - S0, i) &
REEEEORRGBN, 21F->T0 3.

FHBHONMIIRETE, B - BOHESBEUTVI I ENBIRBRIATNS, ¥
TF—2 i) BAFXEFLVERVEREBEAFZTOEERBOEE, T Chattonella
antigua ORBERIZTHETRONRRHPRL, SoRHEBIBSY I RETREELER
TEZET, AROFHEH I DD S RBXEOBLBALLS>ETEHDTH 3.

WRFOFFFEEC L > TROEERREEFO—2i, KRB TH 3. @KPLENTRY
H, SRYHESHIIAF -2 RRT 3NENEEL, BEATCLEL XL - BEET 3,
ZOROFHWME L 0 % QERTOARBERIEEL CEDENS S5, ¥ TF—7 IVUE
— YV YT REBFUREOHD, TEDIVF AN b QXA —F —% B TilikQHe5t
RUFBRHEES S 3RIINE — L B OMELBRL TV 3,

FHMHRAT SHAELHASAERR B 3 ATHRURSEEOSMBIS LA S VYR
E5AZOUBERBRTH 3 I L URCBENMA~SEECEREI N R BRI S T 3 SEEL
EFRMORERBCET IRMOTRL BV THSI DL S hi,. 2L TUNESEREREE
E%méﬁ,ﬁiﬁ,ﬁmﬁk,Wﬁ—%#ﬁﬁmﬁﬂ6@&&%@%%%#Eﬁﬁm%ib,‘
BT S BERRROH BTN FEORTEITo L. ARHFTESL TR, ZONEEER
RRESPALVIEHE, ABHIBERUEETTLRAVT, 4 75— v) st
DHEEBIFLEOBRET, 27TV 3. BTUHEIWEBRER Y TF—T W THEN 3,

FHEOMMBEINRER L ERFAC LV EER2 U320, BIgEETOTEOME
FELERBEOTILETOORET S EHEHB TS 5. ok - €0 (1987a)ld H. akashivo
OESAREMEIRMI L OHMch 2> THEL, TSR ERSBHCREA, B
DTREVOHRRERAERERVELL, SO ENERERELER L THEL 2.
akashivod B5E RS WL MPBMIETE (L S RO 2 WBEFE & RVERERL 2. ZhiCE VIESE
EHRRETHREOL > CHRBERELD S LHMEE N RYD 3 h RS T Fi @k ARk
PERD BT EWTER A T2e

HEYHRT HFAREBHELHET BRI OV TETHRAH LV, AtE - #30 (1985)
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i, H. akashivo OHESEBH MM SUAN L OMER, BENERETTORIO0aX
LEAVWTERULVR. JORRSHREROBEZILrIHEURMBEERELY 048 d'ER
D, HEBHERROTHIMBEERT TVEIENBE L2, ¥ 31 B, akashivo BKET
AU, PEEFOHERNLIOEL LACBBH VR, COIERBEBIE MR HEIEEEH
BEABCAZEUPOELVEEAML TSI ERTRT 5. TR REAMFBHOTVARTERS
BRITVHRBEBEL 2, RERFEORVEREITORYP 2R, TOL S HRSHEMELA
BRAPCEFEL, -8B 3ERO—2EFA 50 3,

FHEEICE > THBREINELTETIANIRERNTHY, SAShERRBECHUTEA
RERUTWS, Ai§ - ¥#0 (1987c) WRA VY QaX L RNTHREQORRZSEERLITY, MED
EWL L2 H. akashivo HENORFR - ZBRSHREOF L BME OBEBEEHFE . H. akashiwo
OEREHEEe—HRYE ) OXRFSARIWERLEEALEERL, PIHOIHAL, BT
BOUR. TLOEBIERETIERULLOOFNERBECENTAE!, BREEOELL
CHELUR, UHUBEDRWR LS N LoZREWETEIRL > L.

FAEO AR, EHEE, RER, XX -ZERSHE, EREQOHAEY LWL
U, REEEOMEEARAERT AL TEETSH S (ORtE - 10, 19850) » VAV DIXLN
WS LU 2 d. akashiwo (EEBSRE#RE0.36 d-) 1 EFES AL Y OEHERBERMIIEEL (5:00
DY TILBENT, HPEESRIC L VAL, HITERATII0OY Y TABEXRTH 2 k.
HABIEHITBRABMITHR T SRS (2:00~8:00) XFHL RV, I1I00CERmERS R,
23:00 KRB EER>TVS. TOLSUAERBFHEBRAREEHL TEHL TS, H.
akashivo BEHEOBELIER YL VOEZREROELE, EECAS (400 kg-m3) BIHICKEL
8 (480 kzm3)ER->TV 3, ThRFEIEFLIVEERD N LLE (BHEH 1100 kg
w7, BEHA 1146 kgem PLAE)E KU T, WM EBBOBOENRBEETS 52 &M s, Witk
BEQZEGTOIRBAIEREROTILL LI LERTL S, EFYLVORFEIBBIIAEM
VA (A 130 pgecell™!) U, FEEIZMFR R UHKIA 2 & 0 @A (/M0 pgecell™!)
Uk. IO RSREREIE 2.25 pg-Cecell™1eh! LHEINZ, BRYE2VOBREEED
FEIAICS BN, BREERD 0.31 pg-Necell"'eh' EHEFTh 2o O/N HHIBI00 I
BEEY 4.TOSIL, 0.0 TRSBEOMN5.0EYT 5. DBBHEESTSE0INT -2
PBUET, Y000 T o a, ¢ BiZELICHIRCHMAL, BHREDLE. TS
whrOnJ 4l a 7007 b ¢ OHE8I00~11:00 LEAERZFE-TEY, SRERTE
274N a &P 00740 ¢ OERHEVFOIERRLTV S,

BHOEES C. antiqua oW THIT o k(R - B0, 1987b). C. antiqua Q@EfIL, B
B, BHOBEIOAREED, BICEENERERERAIE Z &0 382 RBIARES
ViELE. B -BXREEE, XAREFEO—BRYEL Y OEZHMCEA, BICEL LR,
C/N s BETENE R, HIECH<EHEE,» %, C. antiqua OXAREEW, 7O
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Q744 a, c&TAXYF, EXAIXYIFY, B-HOFVEDHITF /) 4 F THESHh
Tk, 007 4N alcth, BUBTF /4 FERECEAL xS 2BRABER 2. 0O
740 a,c HEECHRHCEH I 3Y, AlosgilIctilraooT + a &ERBIOR7
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BEHOBMBI LGS TELEERRBEETHR Y VBRZRBOE ZLBEENED L Sz Eae
HELV, ARV HBBUSAOh 3L THOHESHEERTAILHTE IV IBHEE,
KREERENEH T IRBERTORAREBERAR I ILTEERMETS S, HES
(1985, 1987a) @2 4 7 O X LMW N, akashiveo 2 U YBEXTZHREBTCIERL, Ry VE
wmEEML, MR YA EROELRET S &K, P-NR EEVWTHERNY O OEEE
WRHHL 2. CORE H. akashivoldV YRIEFNHIAZTLY YBELIVAR, TOBLE
KUY BOETERTIZEHNHEAL 2, V VBESHE, ARAY VEERES/ME» S
WU, EEhRY YPREDHIRY Y VEBBHE0RII L - 2HITERAY Y2 EILTEER
BeRohk, COES3RRYYVEBEELTOY VEMEENE, VIYRZEHTTO H. akashivo
BHEHBLEARE - TEERLENEKRR2R>TWH 3.
HEZFORTHRBREBHMRIRRECEALTEIBT U THMEAERYELERTXS
EERBR, XERRLEREABAOLRERIT S CENTEZIBENRE LTV I DI, BE
HOBAKBORZREELRRINERFOEELA > TER, BIA198Th) WS 02 X LA
FHEFRECRONZ LR, REREES - BEY U BEEE, EBLHES - TY yBiES
EOUBERBHEREMUE. TOFTY YRIRBO H. akashivo HFkE AW T BRI
BEE2iTHhE 2D, 1P-NMR 2FWVT H. akashivo SHEIAO Y iAW OHFEMRF TR IT ok,
FOBR, ARUFMIOFAYEBHC I VEBIBH L, BEECFEET IV VBELERT 3
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> T3 C. antiqua ¥ H. akashiwoBFDL I REALF 2HEI ML, REBELEETS
ETEETH 3, BHR(19850) WHBEY Y E2MBIAETESINESHPOBERELELTOTLY
U7X 77 9—EEH2RELVE, YV IYRIZRETHERU 2 C. antiqua R H.akashivo @
FLAAN I3 AT 7 ¥ —LEEEHARLERE, G SBRBTLIIENTERAR R, JDZE
BEENEREY BB NET I EMNTERVELSZETHY, RARETHIDS
U2O@®HEHEET 2 L TROTHERMRBTH 3,
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RYODIFERELRTREENEAEFELPHIENL, EATIVIAAERRIER BREED
BAZEDLIURBMEEINE VS BBOH NP EAFRIREAELEWT I LTEETHS.
iR (19852) W& C. antioua W &B7VEZTAEEROETRLERAALE. BL7VEITA
BREEORBEERAAETSIEBHMohTNS, 22T C. antiqua H T ZWHEBRIER
BT 7 YES LEOSRERIT LR, CORRE7 YE2TLAEENEEE7 VEZTA
ErEN 0-8uM OWET Michaelis-Menten FRIZHEL, FAERGEREW 2.0pmol-cel 7t b,
HEHERIE 2.2uM THh-oh., XOR7IVESULMEENEEGWRIEC L > TUHERERY
BOZERRELR, —AREEEENE7 VYEoIAMMEREVEFehE. 7YESTLELE
SRHEITERME ((159) O5BEL, WHRIEENEREE 241 O7 2T LECFELL
STH50% DEEEXSGIZLHYELL2. ZOWERZE D, C. antioua OEFENEELT
JEDULESELHBEEECOMBEUTERL, TYEDILELLSHBEHENEER
LEDTERERBITSENTEL,

REEOHBERE, $HEHE, HHERLTHRHEEOMMER - OTENLERELH sPITT
ZRBOMAEHBEFTORDIR, RBEOEGHLEESHE - BRI 2 HAREEULTRO
EERBERYTEIREVTEREREROMI£To 2, B (198500 BHRS 5 WY V#
BRBFT C. antiqua QRO NELEBRIEEREAVTEA L2, CORRERVIRTLS
DWTHBHEE  IHRARNFSENCHANANZERAEE CORKE LT Droop OATRET
EZZEBYELR. $RbEg=a8 (1—g8/0) , 22T uv=0"2ERARZHSLLZROD
MBEEET 0.78d"", d=BXOHABHNBNEERT 7.8 pnol-cell™'. —H U VHRFTIZSL
THu AR NMEEROEBRKY Y8588 COBKEUT Droop ORTHRBTE LM
WAL L, Thbhbr=up (1= /0P) , ST ur=C2BRAKENULBOREBEET
0.93d°', ¢b=1) YOMBNE/PLEET 0.62 poolecel "', HEZ TRZhHH->TW 3 C.
antigua OBE U VEROEFALBHEF AL Z2HAGHE3 T LWL Y, PIHERREE
FHFEEEOF—F LY C. antiqua ORMBREEBHT I &M EEE R > k.

FEEFFE TS 3EERVVEERERISVLT, KEEENEESRBEREOHICH
B OMBERER(RIIEEEE) CL-TOFULLEERBYZEBRAGNTER, BF (198D
BEESZVRYVERT, BARFREBEOD)T Chattonella antiqua DFEFHEREIT ok,
MRNEEELVLBRAT, EXRMABCHBBERE 7 Y22 LEREMU, Y UHERE
U YEBERENL k. BURSRBEOHLEFEDISENORREERNFEELRY, Zhitd
BMEE (p=—In(1—-D)) OM¥EU THEL L. WEIE, 7YEZJLE, VYEBEOWTH
OESTHLENEE RIS HMAGODRLNE L, KEEOKBLLEN Yy FRUKRERR
MUTHRELERB4OBENEE X FIRABEOERBoNE. COBRERLBIhTVIRE
EENFEORBRERESRUMMEEOHRABIESE (cell quota) KEHH S, €. antiqua
OREEEICH T3 EMMERK)EREE, 7YTo0LE, UYBEEDOWTARDIIL
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WTER, ¥2 & C. antiqua RHESREBEETHA3HFNEORBERES NI I E2EYD,
HEAETEY VBEOERIABOMBEELAE(ERLTW 3T NRE S h iz,
REOHFFEICBOVT C. antiqua BHFFMEERT 5 2H0LEEHEY VHRD & ORK
THEY, ChOFTHEECEBLUTHFEREM T I L UTUAGEEELh 3, MELERE
HERBBLE S TAHEDLDTH Y, OB > THETEFEC R U THMESEB I &R
2. TOMWHEIEFEOBILIIXELER-TEY, RALNALOHEAAITTHNLD
DPOFHOBBEHEST A LN TWS, HS (1987) W C. antiqua ORI KITT
A OPRPALIZWEAVTRI L. XEOMMEREIIFHTOHE S 4 VER (ac)D
—ERAME LT 1= prax/Ll+Ke(acu)?], T peax= 0.63 d°', K=2.4 X 102%mol2+
12, CORREBVESh TV IMBERC BT 3L, C. antiqua 1 A4 Vw3t U TS
OFWETHIIEBYUAL . BEOEFNEOR A A VERIHEMNER A IV 0OH & FHRL
HZ3EFELRSS, C. antiqua OMBEEBECEL VEEL52 3BEEICH 3L WHELE,
WP TEEBINRAREIT O UAERR L AL -2 EET I pOEOREBLrOZI RS T
HOXBNMHELEHHE->TH 5. BRBREBH LT SHERMUEMIRBERT IO LKL
DRIIANE-BNEBHBR T >TOWEIEHBAONIY, HXIOTEEHEVRALLN
Tobof. E - TEOSHET A IO L LARIEE UL H. akashive OXTERSELE,
BUCHRURINBRBESYAANY bAA— I —EHOTHEN L. K. akashivo OUIX
AR PAEDKNEHCLYIRD, T4 2702 X LARTOHERUEEYE (it s 4
a B) FOBRNYXALAIIAE~OBREZY H. akashiwll I LRI ILE —2HTL
2o Th & DRBIC H. akashiwo HERUY 3.3 x 10* celion! 'OFE, EBETHRNEHE
WX 2AE—IEH 1.44 x 10'® quantarcm3+s™! TH Y, FDFH0%H H. akashiwe W& D%
WEhTWAaT &, ¥ H. akashive 1EFEBBRNU AR ILFE—{EH 3.8 x 10" 'quanta
sl ITITHZTEHHBFL L,
BHa54~S6EEORBRME MR BT 3ERRLE FHOREBE N T SEBRHARL
BLT, NEHEORSELT, AE - AERHTOR - EHCRICBERCIVEGHI NI
BRERFOEKEBRCRLTRIYG, PORNBRBU3KERUVERRRG VTR O>VTH
AHRLUR, TROSZONEBHEEORDE, AE-AE0EKETRBEUTHABRARTLE
FREEFOEALEBLETL, TOERNEO “HBE” LLIIJLEET S5, EUTH
ERBORDERFIZFEMELVT, BWHE - REFROEBEASA YIS I AUV THERR
MEHARACEOENEEASI M UL, FEE - #8 (1985) REHMORENY —>poZTHf
ORGN I~V AQEB AT LERBHEHSHI VLI Uk, EERAEHBULE
BEMERESEKEHEEZL, NEEREOLFRL D KR ERHICEFALVL, ORGSR
KERER2AEBCMP > THERATITL, AEBHOUTELE > TERNIHALTL S, IO
RELOAFERBOKELLIREYY, EARBCLITEENRBREC L AEEELHRYT
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ATV ASRHEL, ES» 2R DY TORBERHLE, COFEE LT, MRS
KEREOHBRLZRERBEORDNREC S, BEBHS LEES b HEKAT 3. U
TCOERBEETL—FY Fe 2RBETBLDCHIZ, TUT b BARLTNIEAKE
BTSSR, ARBCHET 3RS RS, FORKEEL L ZEEENESRBTL
AEEELVRERZEANBEAKITELRNA S LS TR, T UTHEANERRE BRI
MG THEALUTL 3. SOKDTANKESHERE BKBEESRBTE > TR HERL 2HE
OENBER SN ZBRETRILFEE L —F —FFst, K- BRI L VEEIUR. The
OERE & 0 HHHS>EYE TOREHREATHBENTHNCHO DR >R EE R 3,

WNEFEEREREE LAV L REEORERIN LT CETLT, AERSY 3KE - 55
AAERERRIAEEEFET S AN K LRERT 3 D OBERRRREEFT RN U,
DEFLEAMEZCEAL, EFLOREL BEBRRMEAZRICEL TRIAEEH UL

(EE - #33, 1987) . BREATOKE - EARIE R RRRFR-RERL, T0
TEDS, BEBBRASNETOKE - EAAHORMERERET 3HRER->TVEIER
FHBUTVS, 35, BEEREOY 4T, SAOERRHC LY, ROLSEAEXAL,
Tabhs, (A) AIFEALL 3ESRE N, BEAIL3TRERELXA, LEREE, &
WRERS, (B) @IEABEE Y, EHOREMBENE L3208, SEHANE & 55HE
ENTHETRT S, () HINBALBEMBIES & bRERELOF BT, LBNESE
B, EEERS, (DAEEXSRAZRLHE, ERLBAOEANRALEDZ, OLBEONY
—YBHhk, KREBLEREAZBERRN (LETHRTEL L, DB TAEDSHA)
WA OWKEHRIE BT 100(t-s ) BEOT SRR, TORRANIRAR (Htis) o
BELVUEZPRAZ VI EBHBL R,

HESEBHIEC & D BB kT 5 EEE H.akashivo QRN ¥ — > 12 EH I XEEH
BREVETIOATOEE, BASSTOMNY Y ORTERR SV TR THRANSD -
. BEA(1985) GEERLSURBOEPEFTR T IBEFER, BEZOBSHBEEDOR
EAER, RUBKRERECKET 3REAERE AV THRERR 2T o1, TORREEER
BRELVEIhRAEN Y- BRI RSB L, TRENMGE Rayleigh-Taylor insta-
bility & Benard MH O DORBEMU LBMHSTEET 5T &L 2. BE - ¥l
QOSTIEPNERBEF AR BLTL 4 Y —HOEMEL, B-—-FH0RESHRES S FE
ARERYVEL, BRCUNAAERSZ—BOEBEITITERRVELL, ZOHFIBenard
MECEBUTVWA EZ2ohE., EBE> (1987 WXoREVHEROBREHT IL¥—
(K.E.), BEFYY+ ATRAE— (P.E.) OUEEMLTORBEILORFLMITU 2. D
BRENENHEYL OO RBTRERUL Y- FAS—FLXERFCHELL, SBEH
HEEERBOBHOZTRESN S, REORALHCRUEP.CLERU, K.LEMKTZHM
~ABBT3, CORETHERLOERERY, BEHTENRFT—F LY —HEZEHULE
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FANY PHEF>RBHERN B EINEL 2,

4.4 BERRAIU2ZT AL SZFRARLEEBROER

Bfisd~56EE{Thhk MNERC BT 3EXRBILEFFOREBBICHT 3 RBHR &
FOTE, FHRELO PO LEMHBRERTFORAEHEIMCT S L0E, HREET TR
BF2—-FLufElL, EMEREREIT-TELE, CO—EOEBRRI DLV TOERBREL
FRBERERL LV B NATHASTHERORMEE tREART L OEENBRIIRGIHFIRIINHU
THEATHETHAEVSIRIEES{HOTH 3., U UREOBR TR ORKE T %
HONBEEELBZL TV A3ONEEOHZT AL, TORENEEERE L BIRRAT M
PHRELEGTIHBERCHEH T ZLDORAHRBRBITS L BLETH 3,

RIBERTHERAEREOCHBEREAIRFET IHE, Z20RENEFZ >N 3, & 1 TG
ERCBG AL XRECHEEIBEBEMNRIFETICLTSY, B2LHEBBERRCELETS
WHE - LEREELO UL “BESE” ORENEBETEENLERGTIILTHS, Z0RDiR
¥ AGP EBATAER S, 1973) OEMEEE (HlAd Sakshaug, ITIBHV S TE L. AGP
FUHETOMESHRESAVSOATOLEH, Ny FRTH S LHDICRROILERESFEN &4
FAUTUESREWH 3. THadhE MPEIREORERBEIH U TEYORRIENHBRTE
n@ﬁ%#&ﬂﬁf%%&tbfmﬁﬁfé%ﬁ,&ﬁ@ﬁﬁﬁg&ﬁﬁfaﬁﬁtﬁméﬁm
-5, BEfERETHRA L OBAZBNBEENCSEI S TVIAR, AP ZHORSEEH#HIIE
WTELLHOO, BREOERIHEY, BABRARAZFYZHEFBELEY, RROAREREHM
RELBRS>TRAORBEOUBBEHLAASRXRBERIUCBEL DR {RY, RAOILERE
BRADENERL>TCHUEENS S, TOURGHERCEREREY 5 T UIHE LREL®S
b, ENERERCEECh TV S, Ch3ORAEASHFLLHERL YD, RGIHFHTORE
MREBEENCHT 3 LR 2OFEEITo k.

i e (1987) WHFAERERE(FEENCB VT C. antiqua OEBEERRLTL 32
REHTEHoOLE T I LD, ¥ERERERRETR VR, TOHETEROEKZHEE (BR
B E-FEUROTENTE, UpLHERBERELPRBELTELIETHNSREDTETH
MOLERIEZRAOFNRTEN 2B TX S, BFHO59, 60ETH~3ARERBEZTO

C.antiqua ¥EHIEBREREIToR(hHES, 1987), BARMEEFOER T, RE 58iHEKkE
Hu, i) R@isERm(ESMR), (1) NOa-N, POs-PRIEEN (N+P &), iii) MBRIRSFL
— &~ F/2AFNF), iv) NO3-N, POs-P,f/2X ¥ @M, €9 IV B ABEN (R
n#R) OE2OE—F TRER{T-o 2, EENRRY 22X LR TREMEELISD TMEL
(u<0.1d') MRERDENMBEsN . N+P RTORBREDPP(ux0.5d") T3HY
HRERIBEFOREIRHFLE, TE2RTLABTHY, 27 N+P RCUHMEE, Sk
OREXRHEOEILchR ok, BHEROERTHEHORBENE N, HEELE
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EREORBEKTELRCED Y VEIEY (. antiqua OBFEEFEEHIMRL Tk < &
UJze

e (1985, 1987) WEEMHE TRSERICEE LTI &N TE, HNEBREE - AR
BEXFENE Y —TE S cage culture IHBRERLE. ZHhIIRHEROKIE -ES - BE -
FEREE L CHIL, doBW TS0 Pk AR, HOBEBEORAOKE, B
HESEM PHOPBLELRNAT ALY TE 3, BEE L TOVEERFEHEAZEARER, HE
WEHERC LRI T 3, 058, 59FEM, KREREFEEZIVES— P BHEES
W H. akashivo HMEHOHBEERREIT> . REGBEERBLUVLEETHY, cage
culture FSSORBHEUZAOZhEL(BRL, ENERERERCEUL R BEERERS
ZEWTEE. N akashivo DEBERUTVE3HORBETSH ST EMHB LR, BIIER
BRI kiE - B2 - FBEORBES AP AEREEEEL RTHFHNERERE (BR) 30T
C%ewuwemkﬁ.mwMWnﬁﬁﬁEﬁéb,ﬁﬁﬁﬁﬂ%ﬁﬁ%@%ﬁ%ﬁ&ﬁ?ﬁq—
F@cage culture (3 ERE 0.5m ITEEL, A Dcaze culture(3E) ZERMIIERE 0.50
WERE, WRIEAKE 15n RESUBYNHCERKEBSRITHE L, HRHREBIH T Y L cage
culture UERBIFRBESEREBIBEHTS2D, RHORBEIRAOELILZL CEHRUEZ.
EATENIERBET oY, VTAOEAL DL TOXEREDES H.akshivo MIVEED

BiniiEohihot. —HEHNCORSEBHLITHE 284 H.akashivo WREEITL
BRR (pe0.7~1.1 d7') BRUKk. TR Y KB - B - REEORBENREELTLSH
EEBCEVT, HRLAEBHE TSI S LV RBEENLRMEBLEBL TS & HTE,
BRSEBHENEFEROEEHECH VERMHEUERF > TV 3 I ARBERESB VTR
FUk, &5 RFEGRORBIEKIY H.akashivo MHEI I I L FOFBEREE AL -R
ZEERTRULTWVS,

4. 5 HFERELEBFROTTNLEL

FERELEZRRESLONE - LERESERLCES U TV 5. J0LHFHEEREDL
E¥HRrEOa 2T, FERERLLEREIVIVERRE OMHEIBREEENCRET S
CEWEETHD. AN BN T Chattonella antigqua BU Heterosigma akashiwo
RRHPEHEEUTCHREL, ThofdENER2 X RREE: OHARREHS DU L TE L,
FTRYWBREREOVLTHKE, BES LW RHABE 2LV TAAREBEOMHERREHOITL
TEh, 12 C. antigua WOWTo (DMMERCRIETHRKE - E5 - BE, HESEHE, &
FUUEBE, EYIVEZORE, (2) WERIE, 7o LERUVY RIEHRESE, O
BEHIVIGY VBERTCS G S 8MERE, OFERLHRERTE(FH, 1985a,1985¢,1987;
it S, 1987). —F C. antiqua, H. akashiwvo ZHFIMEBH}EEES, EOLBHELMEH
=P - BERGEEZRESVTRIESATWS (ki& « #:10, 19854, b #ills, 1987h ; #ls,




BEFonsE & R

1987) . T O FRERRSHLBECHEERMPITHN, LVFERDOER>TOLTHSD,
ULHhUERBAOMREE2ZAEARY RO UTHHICRLEG TRFAREBELH D
WTF2C T THILEhng, BSOS EBSLIT I EERIRBEETF & BRI - 2
BORHMLREEEAE2Y, COLDETASOFRTALAERABE I DUANICEITT S
TEBEBLHRSTVE, COLDFABRHEREET EOHEFHERHECTFLOHEITLYD
BHU, #ARLECLIH I RREY U BRETOENNEEE L Z0RIRHINITEH
ER$5, L0 HHEREBREQIRTEETILLUEZIETOIRTOME ~ BB T
hd, SHELEBRPURORE - FREEs» hERI RV, TOEHTRETFLIERIT> @i
HEOEHEM+ATREREREZLVSRBISS—F, REBGATLINRREFLL
WEOBE - FHEULGAEHLUCHARBHSERERENMESERIATETCOR LTI
HEILBRTH 3,

DS (198DERKBOA TV S C. antiqua LT 3RBEREEL O HARAL, MG
EPHASKBESBMMEETALYT LR, HEBROWMEFELEEL, a2 a—-AHY 2
—LAHATORFUAER LT A8E—-RxteTLOHELIT k. EFALETERI A 7L A
EAVANMERRIVCORSEBSERICLORIETHh, RFREREER. ChiEdEE,
AGEHARTHREHIHE - HUsTHOATL IRERRRIBREAETTFLREMU,
Chattonella BRBEF(IZH T IRBEFETFHOENNETEO LEHRN L EREITIC L 0TS
2o C. antigua OMBERBITATEHNERERERL2BOTEY, RESH - MHLHFRE
EZ3PFOREBHETOTNER R LHAEOESELA VR, ZolRIE4. A THERRD
&<, KBEgAKE C. antiqua OWBEEELY YRBREMABEULTEI, COLDIEE €. antiqua
RERENEOARVEZIDNZ(FRS, 1987, UL UEBZWI C. antigua OMELHIE
LROWEGTOTRRRBENEEL TSNS, 1987, ERS, 1987, TOBHIEHLTY
AMORFELOTIBRIRE 20 cell-n! "R2HWEICE X TERERIT2{To L. RBFMIIE
EESERBESVRRBEMANEBEC L LE - B 2Tk, 28 Base ERE7 -k
UVTHEORETORBERRE, Fmguiiod, SKBREHNE 15n, LEBHEEE n-
R ALTHERTL, 2OMONS X —FEEAVRES EOEBRERT -k,

() HEORERSHZORBERBIR BV T, FHHYRMBSEBRE T €. antiquald
HEHUTLES., FNEURATHN00EEL RS & FIHMEEED 10 cellsn! 'EEERY,
FEEMANTAER 8l cellsen! 'ERB, ZOLDCHEBERNIEU THEHENRL R
ZEFREREOTMAESENFVIEERLTV 3,

(2) BBRBEEIC X DKE 5~15m EAE<EILT 3. (. antiqua OBEBHEEE LI
FoTHBUEIERBECAICEELSA 5. ME 10n, FHEKETRENE TR FEERER
B 27 cells m! ™', REBEWT 181 celism! ' &25,

3) HEBHEFZWENBEELI A EELRSL 5. HUNE 100, EHHERM0E THE
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BEEES 1.0 noh 1 DIES, FYIEMRMRED 90 cellsn{"!, ZEEMT §28cellsni &
2%,

(1) BREZLERAIKE MBS TLEHERNEECES S0 EERS ARV, REULE
BERIRBEIZULIETT 3,

(5) XKETOHRBEL AN RREOREORBOAF/E T3 & FHEHREILY 100 cells -
m{"REEMT 626 celisem! ', XZUFHRBHMMBBL23E, FHERBEI 400
cellsem/ ™%, ZEEW 2314 cellsem! 'RV, KBELNLGARRECRE{EELRSL
%

B) W75 >H P Uitk 3EBOMBHEEL ROEAW, C. antioua BERUL 2L Xh,
FEEERVERL., ULUEELLUT 10 celisn! 'BETH»HII TR FEHARBERVE
3. 2@ C. antiqua OEBEFEABTORGEOERLIMIIERBECAXECEET 3.

C. antinua MMRBMEOBRERHEL TV E40U, C. antiqua HBORRBENDOR RS T,
BT 2 b R UDET B EMREOIFFHE (BRigkEht, RENES) , REX
(B, BEESS), ¥RERS L OERRHEEATLAZ T L 2R LR, TLUTENS
RERTOHFEHERLY, FALELEEG L, FRRELEIRORVESYBBH LT EVHS
PRk FEFLIETEED C. antious FAREROREF — 51L& VRESATRVAL
D, PRl tdHBEIMEOREREGRRRINIRHEART TR, TFNE C. antiqua
ROBIELA—-F—EULTE<HRELTWIEELOR S,

5 2B0RELSHROMARE

ANREOHNE, #HREECTRETIFHAOREFERUREBEOCHEHRMBREMS
RETBLHR2, FUREREOEFALLITAICE2ENLEY S, AFMROEIWEILELST
BECOHLVHAEBE h 3 LHE, REMEEHEU THWL 2HOWRFELHESEIN
RDLOEEBRIERBLLLEAS. TCTEHETHhAORBL2RIILATORSHRERE
SHOWRFHLODVTUTIWRT .

FHEEE LS TRENLRMERIE, W Chattonella antiquad iR R ¥ REHE
FOkE, BE, £, RBEEE, %Y VEBE, Y9I VES) oUR, REEENEE,
REXIY VHRT TOMMEEEOENL, SAXHBHBHENENERALUEXATAD
DX LeAVWTHIDEENTER, COZEWPRED (. antioua ORBRNT ZLE
AURUZOEBMNESTEHO DI U2EEASh 3, —FABBEEE TH 3 @RATA
202X LOBROREYIEY, KEOV Y TUYIRERR, UhrdERHERTS o e
ok, ThZIVEBERCRIWIREETEBRI LS, FOARBEELOAIRS
THEBRNOEE2HHEEL LT - I EWaRis o, WEKBG 3FREREEYT
Bl —mEEE0LEE - A ENBEORENE<HLVVEBRERELLRLER 5.




FHBEEOEEELEY X P EHRL, KEL TWARBHSTET 5, M SH T
RYDODH 3 C. antiqua BOWTHIEEY R F DFENE S DR, RERESHS PR
Vo32%%, Ul C antigua W2V TOEBEASY A FERADERE, TUTRFAEL—]
LRt EEOREE, ZOTEND- L ASHIMBRENRENVTSH Y, SHOK S REYT
5%,

PIRE & ShE & DMK R NBR AR S h e RSN ORE R UL B R ST 35S
RAT A=Y TH5, NETEREERUKEEFLERL TEASHEETRYT 3 B0 OERE,
WKZREORE, HATRBEZNSMIRY 9055, SHOENERRURIEEFLE
KZMAOEMER S AiI R 57V, U UEEHTOREREROEIF — » BRI ETE
CEoTRORAU TV ELDTHS. 20&S>RBNCHERE  QEELEEMERYL A
FRERS T, BrOEREES., NETOBRESRRONMOEENES < ORRSZ L L0 i
HEATVEHY, HERGLTLE O LR, SHIBEATHET —5 bHELO>ZOH
PR OB B 5 HENS B,

K R U R OF MR B N O PR ORI L MERE S U TORBRORE L
Ehk, OFEREEBLYROEE—REEE, 0L THREEGRLS 2 3 LEHEOH
RoY, BRIHbAZAIHAOEENROUEHE BT TS 2521505, Ok
B0 —REEH-> 2 RAFEFEORLCEY TRALBIEU T CAEHB 3.

EBHARTESATVS C. antiqua CHIT ZHEERE+HMARAL C. antiqua
REEFLOMAL ZOREEToke TN C. antiqua MK HEM TR 7 LT
FBEETFALLLGOTHY, HEERAE OXBEROME, WEEENREEARARED
DERROTVWRV. ZOLDE—FABEEORITH S, HAFTANORSRULEE 1
BEBE -WARRZOREREORNT QRN LTS 2BMS 3. 7L TRERLHALE NS
DEBREZOTTE 34, HRECKOREENED LU LT FLEEEE S PENS 3. o
D73 RIS T O ERREFO AR LTS NS ERBORY & SAIERRBRCS
T AHAMERANERLU L LR - EAXREOEARERORILTY, BEMSOTE
RN R 1T 5 BN S B,

BB T & 3 ARSI 50 T REREBROERL & » TAHBEF IR EBHARE
TholiBMREOREMNERLLL LS FHRLEETFALOMRLEMEE R, Th o LTBHRS
BUTEMTh2H UV HESESRHRAME VT, BHEE X U B X h 7 BIHE
FEXRRIEC & SABEREAOUBFECHT5ME CkoTHSPRENZFETSH 2,
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F. BURAEWREFAHARES, #1105,
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Determination of AGP in Brackish Water

EARES - BAZEERE-HF W AAEBEE
Osami YAGI', Michiyo MATSUMARUZ, Teizo HIGASHI® and Ryuichi SUDO!

E g

Hif &k VEEL R Chlorella sp., BIFMiEL Y 38U f2Skeletonema costatum
BUBr#&EODBU R Microcystis aeruginosa K-3A, Microcystis flos-aquae
K-5 BHWVWTHKED AP OUTERRE T IR0 A OfIELHA .,
Bk k938U Chlorella sp. 1F ClI° A4 2 ¥BEED 200~15,000 mg+ ¢ - &
WEWERTRERHMEERU 2. kD M. aeruginosa K-3A 132000 mge £ -!
T M. flos-aquae it 4,000 mg~ ! "' THMIHRZYDOEESEDHONN, Cl 4
A BEN 1,500 mg { UTORKCIIERATES0D0LEEbh k. BEOML
BURTHED AGP 12, Chlorella sp.T 5.8, 14.0 mg+{-!, S. costatum T 5.5,
11.0mgs I ' THoh,

Abstract

AGPs of brackish water were determined using Chlorella sp. isolated

. BYAFEWRF XKEIERES T305 RBEHHEIEESHEEET/NE) 1652
VWater and Soil Environment Division, the National Institute for Environmental
Studies, Yatabe-machi, Tsukuba, lbaraki 305, Japan.

2. BiSoEE BEVLATHREAKEAWRTZE RBRFEHZES T274 FERMEBH=UD
Research Collaborator of the National Institute for Environmental Studies. Present
Address: Faculty of Science, Toho Univ., Funabashi, Chiba 274, Japan.

3. BitelEE BEULXAEWRFTFAWRA (HAKEBEEZR TI154 XEBHESXTSE
3-34-1)

Visiting Fellow of the National |Institute for Environmental Studies. Present
Address: College of Agriculture and Veterinary Medicine, Nihon Univ., Shimouma,

Setagaya-ku, Tokyo 154, Japan.



KRIE L

from Lake Nakanoumi, Skeletonema costatum from Sete Inland Sea, Microcys-
tis aeruginosa K-3A and Microcystis flos-aguae K-5 from Lake Kasumigaura.
Chioreila sp. from brackish water grows well at wide C1° concentrations
between 200 to 15,000 mg+ {~'. The growth of M. aeruginosa and M. flos-
aguae from fresh water was inhibited at more than C1- concentration of
2,000 and 4,000 mge ! -', respectively. AGP values of the central Nakanoumi
and the Yonago embayment were 5.8 and 14.0 mge{~! by Chlorella sp. and
5.5 and 11.0 mg+{ "' by S. costatum.

i duai

LEFWONE, NETERBENEITUTH S BRIV TS R { Ukt
RZ->TOWAEAFPES L, HUFANORASL L SEHHEOERT T 28 KB THREORENT
Hohdl s, FHAORLERZFHUT I LTHAROERFRIERFARFET 52 LIITXTEER
EEZ BN S,

AGP IXFREREOHBEENLUILTERRLOEELX SN S (U.S.EPA, 1974; #, 1977 ;
B, 1981; SFE, 1982; &k, 1982) « LHURBSFKBRTO AP OEFESEILTH
BN EMS, KRB TRARHREAMO—2THATROEKERVT, ¥k, i,
PFORMOBEE AV TEKED A ORTER>LTREEMA L,

2 XBRAE

2. 1 HAKORSHK

thifll, BRERUVEBNERZ LB > TEET KM TER 98.5 kn?, RO & ¥83.5km,
FHKE 5.4 0 T, BYEECHOAEILLOERBHMTH S, BEREEW, 7.5 km, 1§
200~400 m OEABLRZ LY DROMNTVS, FhPBTRTHEENEITUTYIE, 5
REHRBABNEZBETHEALTVL3R®RZEUTV 3, PiFLBSG 3Rk e2E 1 CRLE
55, St.4 WEHLOCI9B4FEICH THIRED , St.11 WXk Fib, $1.22 EAHE/I(19844E9F 2TH RN
THYIVThHRBFRERERUL A, COIMEOHKZ SO TKEE A OMERIT- 2.

2. 2 #Hum

sk LT Chlorella sp., Skeleionema costatum, Microcystis aeruginosa K-3A,
Microcystis flos-aquae K-5 ZHW A (%K, 1984) . Chlorella sp. I VS8 LED
DOTHD, S. costatum ITHIFPIEL U, . aeruginosa, M. flos-aquae BM» L V2L
P&OTH 5. Chlorélla sp. KU S. costatun OREFERVIERITE 1 CRT AN iFHhE,
%72 M. aeruginosa K-3A, M. flos-agquae k-5 QFERR2WRT M-11 BHEAVE,




PRk D AGP O EIE

Sakai channe)

sea

B 1 hifoipkis

Fig. | Sampling sites of Lake Nakanoumi
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Table 1 Composition of AM medium

NaMO3 [.0 mg-N
Kz P04 0.1 mg-p
FeCla 1.0 =g
NaySi03+8H20 [.0 mg
NagEDTA+2H20 1.0 mg
Thiamine-HC| 0.2 ng
Biotin 0.1 ug
Yitamin By2 0.1 ug
Mineral salt sol.t? 1 mi
Artificial sea water?? 750 mf
Deionized water 250 ni

1) BnCl2+4H20 208mg, W3B03 92.8mg, InClz 16mg,
CoClz+6H20 Tl4ug, CuCla-2H20 10.7 1 g,KazMola~
2020 3.63mg in 500m! Hz0

2) NaCl 23.48g, MgCla+6H20 10.6kg, NazS04 3.923,
KC1 0.66g, CaCly-2H20 1.47g, NaHCO3 0.1%9g, XBr
0.108, SrCiz-6H20 0.0%g, W3B03 0.04g in 1000m!
020
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F 2 M-1UEHREEM

Table 2 Composition of M-11 medium

NaND3 100mg
K2 Py 10
MgS04TH20 15
CaClz+2H20 40
HazC03 20
Fe-citrate 6
NagEDTA2H20 1
Deionized water 1!
pH 8.0

2. 3 HikoaH

ZBEEHAREN LY AP OFEERIT R, ABFEEEHEKRBTIVYIRY GF/C OHFR
T4 AT —TEFHCABLLELORHWT AR 2HELLRLOTHY, HA@EEEEGkR
120C, 1558 F—F 7 L—TRAEET LR, TYIIVO GF/IC OHFT AT LI -T2
BYERITWY AGP 2WELRLOTH 3.

2. 4 EmMEEDE

EMRBYHUEER, YV, BREAL LR, CThoORBYHROEMED, SFEE U T Nl
1.0 mg-Ne -1, J2 & U T KeliPOa 0.1 mg-P+ ! -, EERE LT NaeSi02+9H20 1.0 mg-Sis {7}
ERBZESeHRRBENLUE, ChOFRNBREBSDUDF~ I L -TRIIRE UL,

2. 5 EHORBRUBEAE

WREEIToRHEK 100 m! £ 300 n! DZHTSATTEENZHEL, ThRREDEE
L E, MEEHLLEELREL 2. Chlorella sp., S. costatum R U M. flos-aquae
K-5 OFALHIEREO 0.1 m! BEMWU L, M. aeruginosa K-3A WHBELRBELEER TSR
B, TI2H b yay b LTHERRSE, BEKBISY, The 50, IBBTREEE
7O, FELHEUVLEREER 0.2 0! 2FELU 2. BERIVLTHhHERERE L T0.01~
0.02mge ! ! ELU . BEORRBSRATHhEIRBERLRIALIDLRL Lk, BHESHW Chiorelia
sp. 1k 25°C, REHIEHE, S. costatum It 20°C, SHEIEH, M. zeruginosa K-3A, M. flos-
aguae K-5 i 30°C, MEHERITL, OThOHED 2,000 (x, EHEEHOX L TEHERL 2.
BEITANT2HTITo 2. HKEEMU THoRERELRET 3 I TOMMIEE 28 HEL,
RENRSEAKOEFHBIREL T I LEEDE,

FHEOHNFRNTHES (I—-ALy¥—HI72y—) 2AVTRARKS FRAfEmML b 2a
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REREIEL, 5o UDEFRUTEVWLRERIVERBE U TRR U R, BENSAKR

BURESE AGP XU, 28, M. aeruginosa K-3A OIESIEEEHEMR T 2 25, 500 208E
FHEAMBLUERRI I TR R 2L Y- AT Y —THE LR,

2. 6 KEMF ‘

AGP & kE % LLBBRFET 22, PEHSKEIMU LEKIZ 20T pH,COD,T-N, NHa*-N, NO2.3
-N, T-P, P0a-P, CI- OHHEIToR. C- ORI LY P SAREHS UC-4 B Q1 X—%
ERHVR., OSMEBUETAERKR L -,

3 EREE

3.1 oiFokE

PEOKEMIEREERIWRUE, St.4 WHMLHTHEH, C1- 442 15,300 mge /' &
HWkD 172 OBETHE -2, TREFHO St.11 BHCOESEEIES St.22 OXENT
& 2,300mg+ { "' D CImAFIMFEEL TR, 0D I St.01 ¥ 3.7 mg+ ! ! TRLEL, X
T St.4, S1.22 @ 1.8mg+ { ™' TH-olkz. T-N i St.4 & St.11 TITET 1.5ng+ ("' Ehi
YJVEERUE. —7F, T-P & St.11 T 0.120 mg- { "' X*EHFL, St.11BKEF AR
TR TFEREBATVLIBODEELZ 3R R,

£ 3 WHioKH

Table 3 Water qualities of Lake Nakanoumi

(nge I-1)
pH con - Cl- T-N NHa-N N0ze3-M T-p P04 -?

T F A F A F A
St.g 7.8 1.8 15360 1,73 0.83 074 0.13 0.12 0.02 0.02 0.071 9.020
§t.11 7.8 3.7 14800 1.50 1.2 1,25 0.32 0.23 0.11 0.09 Q.120 0.077
5t.22 7.4 1.8 2300 0.75 0.74 0.68 006 0.05 0.02 o0.01 0.083  0.001

T, Total, F; Filtrate, 4; Autoclaved-filtrate

3. 2 HMRIZRIIVC- 4 OER

T C1T A4 BEN 2,300~15,300 mg- {1 ERRIBLVWEETEET I E NS,
AGP DRI YR EHEREORBEESBECOBREE S M SETBAENS 2, B2~
4} Chlorella sp., M. aeruginosa, M. flos-aguae OFESWIEIC BT SR ETRLR
bOTHB. BRAFEIL, M-11 BT HE V- (NazSi0z+9H00% Img-Si+ [ ' 2% 5 L30




SoAAE

WU igHE 300 n/ @/ T IR 100 n! EEHHITENL, SHhIT NaClz BT EREM
Al ChTAERU LEERERU AP WIELR—RHBTERU L,

Chlorella sp. DFEEFM2WTR L&, CI° A4 200 mge £ ! H 3 15,000 mg* ! 1D
BEWEATH, BRA0F T TOHBMEE (W) 1.0d! BETHVIZELAEZEEDSH
RN, CF AFVBES Omge {7 T 4 =0.33d" EFAD 33 BRETLR. TR
AHREEE CI- A3 1,000 mge { LA ETIE T0~80 mge [ ' TH - f2 A8, 200~1,000 mge
TTOEEBE T 50~60 mge ! 7' ERPEVHMEBRUR, TR C A F UM Omge ! T
IXEEEDL 30 ng- 1~ EET Uk,

M. aeruginosa K-3A QIF&EBEIERL &N, CI- £ 4 HEE Onge [ 1T, p = 0.46d77,
BAMEE 120 - 0 ThBROESE IhE. (7 fAVEEOBRACHEL, o R
UBRKHMEEOETHZDHoh ClI° A48 2,000 mg« ! VT ¢ = 0.30 d°! & H&RBE
TUL, 3,000 mg= ¢! Tl u =0.03 4 FHMBMENLELVLEEBED MR,

M. flos-aguae @ ClI- 4 AVBEOCRELFAREVE, » TELUTE C1- A4 8EES
2,000 mge /"' AT T £ W 0.50d°! & ClI" £ FVOEEEZG RV, 3,000 mg- {1 T
0.2 d ' EHTHIEHEXN 5,000 mgo !t T u =0.14d" EEUKEERRG R —4
BARERE ClI- A BED 1,500 mg« ! BIT T 50 mge ! ™' IEOBEBEHIDS i,
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Fig. 3 Effect of C1- on the growth of Microsystis aeruginesa K-3A

3,000 mgs {7 LILTRDRYOEERRDS N 5,000 mg+ /™! TRHEEOFARERIE 1.5
ng+ ! TETL OTMTHoR, p RUBKRHEEL C /I BEOBACEVEEficEL
TEHEMBEDH R, H. flos-aquae K-5 & M. aeruginoesa K-3A 2t~ CI- 4 F »flitH
PORVETESEVE LD,

M. aeruginosa K-3A, M. flos-aguae K-5 @ ClI" A4 F Y EEMOESTOu® 100 % &L,
ESHOBBELSTSEEE (ECse) 2BHLLOMES TH 3. M. aeruginosa K-34 KIF M.
flos-aguae K-5M#® ECse T FhFh 2,200 mg+ /"1, 4,200 mg« ! "' TH Y, M. flos-aguae
DFds M. aeruginosa OF 2fEE Cl- A X VREHUSVHEERUE, AP HOBESUTE
B %45&, M. aeruginosa K-3A, M. flos-aquae K-5 it ClI- 44 YBENEFATH 1,500
mg+ L PRUS 2,000 meg- { AT ORKEHhIIBIETHEEEL S h, —F, Chiorella sp.ld
A FVBEOCEBRELACRYY, HKBHO AP MERZBAXBLTVI®RTHIZ L
MR L L,

3. 3 fFD AGP
S.costatum BT Chiorella sp. ZAHVTHIED AP BWEUVRERERILTRU 2. 58
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@ AGP W& S. costatum T
"' CHoh. —7, Chlo

, St.1l BEDHEHL 11.0mg« {'THY S5t.22 BR/RHEL 1.0 mge

rella sp. MBS St.11H §. costatum SEIREIEEDE S 14.0 mge

{1, st.22 4% 1.5 mge!

-t r@ofEdhok. St.11 1 TN, T-P OKESHERD SPIRT
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= 4 MEkYERIC & S ED AGP
Table 4  AGP of Lake Nakanoumi by sea algae

Algae Pre- St.4 St.11 St.22
treatment
S. costatum F 5.5 1.0 1.0
A 6.0 7.0 0.9
Ghlorelila sp. F 5.8 14.0 1.5
A 16.5 21.0 1.0
(mg-t-1)

F, Filtrate, A, Autoclaved-filirate

HEEPSLHBATWEIEZAEERALN DD AP DEIGLHPRVSEBEITLUTVWEES
Adhk. —7, St.22 W AGP ¥ I mge /™! BETHVHFVESHSEITLTLRLLOEH
Zohk, BAREDOEEE, 8. costatum TR ZBFELLEBUTIIEAEEZNRDShizho
738, Chlorella sp . OBALL, St.4 RU St.IIOBAEETHEVERE O, KEMFTIE
T-N, T-P UBWTHBELHBSGEKETIEEAEENED b d, AGPTENERZE
IIHEKE N, T5S. costatum & Chlorella sp. & 2T 2% Chlorella sp.@AHBPRFL
AGP B2 FR Uk,

3. 4 HRxX®‘YWH

St.4 DRHKOPMEBMYBELFERLFREEE, H7WRUE, St.4 TREABLRT LR
S. costatum DIFESBIET N BT LD HEENMATIIENS N HHEBRICR-THEE
WA S, BINBETI P BSHIERE 25 TWh, Chlorella sp. DFSW, N, P ORBKFENTH
MyEpashhhs N, P SERRHRER>THE. TRASFETIE N BHRE2-
Tk,

St.1l OEREESE, MR LE, 5185084, FISICFAT &5 §. costatum T N, P
BEAREHRE R TWh—~A, IORFET LD Chlorella sp. TiE N, P BMFENTHTH
HMBEBEORNMED Ak, CORKWE, Zhiz N it P 2RMEENT L LY PRL
NORARFSZ VMBS ALEOTRRVDEZLZ OGN, LH>T N, P BSEIFHIHIR
RoTWaZ epllxhk,

$t.22 OFBRLEI0, Bl WWRLE. 580 §. costatum TREINCRT &5 N HIE,
Chlorella sp. CUMIIRZRET LS N, P OFABFIBEVIEENE AL,

REDZ DS, HATIHERCLVVFARRKEMENER ZMHRNED sh kb, &
WTENB3IWEN, P OIEARREHRERS>TVIEVA LD, T Skeletonema XFHVRE




oAl £ e

20¢

Le]
T

Maximum cell growth (mg-l" }
o= )
T T

OSNPN

$, costatum

U

Nakanouml| $i.4, Sep.27, 1984

s
[

trox

Flitrated Autoclaved

E 6 chil (L) D AGP EHIEREDER

P

N N
P P
sl

Fig. 6 AGP and limiting nutrient of the cenfral Nakanoumi by S. costatum

50l Nakanoimi St .4 Sep.27, 1984
- Chioretia sp.
o 40r
E
£
¥ 30+
-] —
o
3
¢ 201
E
3
E
5 10-
: ” H
L
S N P

N N 5 N
P
Si

]

N
B

Filtrated Autoclaved

B 7 o GHD) © AGP LHIRFENE

N
P

Fig. T AGP and limiting nutrient of the centra! Nakanoumi by Chlorella

sp.

DEBWHRELBIIENFAS L DERBMRREIT >k d, ERIFBRRICEUR

Mot

3. 5 kI B AGP

0 St.4 ORKE DL TIRAEOZEFETH S H. aeruginosa K-34 EHWT 5BED AGP



PRI D AGP OBl E TR

MNaskanoum! St.11, Oet. 8, 1994

S.costatum

LUNTLL ool

si

L=
<
T

"
=]
T

Maximum cell growth (mg-|
o

Flitrated Auvioclaved

8 il CRFE) DAGPERIRKREYWE

Fig. 8 AGP and limiting nutrient of the Yenago embayment in Lake Nakano-

uni by 5. costatum

Nakanoumi St.11, Oct. 8, 1904

Chioreita  sp.

Y
o
T

Maximum cell grawth (mg-| }
aM =]
S [>]
T T

=)
T

Q
S N P N N S M P N N
P P P P
sl st
Filtrated Autoclaved

9 ohilf CRFE) @ AGP S HIREENE

Fig. 8 AGP and limiting nutrient of the Yonago embayment in Lake Nakano-

umi by Chlerella sp. .

DUFELERA L. M. ageruginosa K-3A REAR L VMBOHELRF I EDS, HAkeHE 1
AUKT 2~10 BERUEERITo k. TOBERERSWCRLEZ., EFRRU2EHRTU,
M. aeruginosa OMFIIIIEAETDohRP >R, SEORKRT 1.1 mg- 177, 10fIHBKRT
2.1 mg+ [ 'OMEHBBD OOz, FREVELTLBAED 21 ng- 171 3 AGP &5, X
4@ §. costatum @ 11.0 mg+ /-1, Chlorella sp.® 14.0 mge { "W~ BVWERR LR, i
RBEEHOBMNIZO AP OMEE TS RRPENL ZLENSS 5.
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Table 5 Growth of M. aeruginosa K-3A in the water of Lake Nakanoumi
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FKIRD AGP JIRFEORN ERKKONRD—2TH5PEO AP OJERIT - &R, &
KEZO AGP BEWE, EABEXAELVLELT, TORBBELRAULENEERAT I L BER
THBTEMHIPL 2. EKED Chiorella WEHFEHUVEELHEERF LTI EdS,
HARMED AGP EECEL TV R, SRIBAEOMOBOIFTHI DL TORE LML ZLED
53EEbhk,
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SERBALU KKE « PEERPIEBT IHBR B OHE
Sulfate Reduction Rate in Sediment of Eutrophic Brackish, Lake Nakanoumi

B’ LR - RAREE - HERE-C
Tadahiro MOR!', Osami YAGI? and Ryuichi SUD0?

E FB

BRBILL 2EKE, PiFoFOIBSE.1) BUEDLHESEITUEXFE (St
1) ORROBR B EFELRIULER (1984FIF~1986F1H) , RO &
bivolk,

() REBEFEERBRAAZ LSRN EVERRS 2. Fh, BEHiEd
W oSt.4 &9 St ORBEETEESKEINEEES L. $1.4 BB T IHRE
FEEOEAER, 9HEERE 0~lem BWT 202 nmol+d-temi -t THYSE. 1
TRSHICER O~icn CHEVT 502 mmoi+d lem! ' OEAEEFEL L.

(2) EEERERECSELAREREELRIV-OWERYE Eh THoh, HEE
ABRE->THRADREERY Eh WEhTh 35T, —0MWVEBETHEEERSR
.

(3) St.1l OWMBEBAFELRITHFRPVOBWBRD S St.11 OERPITG
Desulfovibrio, Desulfobacter, Desulfotomacuium Slﬁi Desulfobuibus 72 ¥ BE
ETAIEBHETER,

Abstract
The sulfate reduction rate was determined in fthe sediment of St.4

1. BH59~61EE EHUrAFWNRFFEAHRRA (BRAZREH 7690 i) IERET1060)
Visiting Fellow of the Natiomal Institute for Environmental Studies. Present
Address :Faculty of Agriculture, Shimane University, Nishikawazu, Matsue, Shimane
630, Japan.

2. BVASHRF KELERES T305 RISEMEES HLRIT/NEN6E2
Vater and Soi! Environment Division, the National Institute for Environmental

Siudies. VYatabe-machi, Tsuluba, Ifbaraki 305, Japan,
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(central area of Nakanoumi) and St.11 (Yonago bay, most polluted area) in
the eutrophic brackish Lake Makanoumi from September 1924 to January 1986.

The following results were obiained;

(1) The sulfate reduction rates were relatively high in autumn and
tow in winter. The maximum sulfaie reduction rates in St.4 and 5t.11 were
202 nmol-d '~m!{-! (September, O-lcm} and 502 nmol-d~'+m! "' (May, O-icm),
respectively.

(2) Temperature and Eh gave the great effect on the sulfate reduction
rate. The optimum temperature and Eh seemed o be approximately 35°C and
—200mV, respectively.

(3) it is assumed that some genera, Desulfovibrio, Desulfobacter, De-
sulfotomaculum or Desulfobulbus at St.11 were present in the experiments
of the effect of organic matter on the sulfate reduction rate.

1 odic

R EHARE 6n BEOERRELEEXKBTH 3. EREEL TKE 3~infhiE2iE0E
EREFETZOTERIBECHERELER>TWE, LEY¥-T, BERGBTRIEKEROWHRBE:
HRYLABRCHECEINAEATEOZRCEDL TV 3. BT 2ERPOEEIAR, 7
OQEAVBIBREREOELTFERERETH S, WhkEIIWETRRBBAEENZVES,
A¥VEOEHRIBED TEY (Hines & Buck, 1982, Banat et al., 1983) 2DEHXULT Isa
(1988 ) XM B X Y 0 H & VEFBICH Y S HIMENEL, FLPROMNAZESENCL
EREUTOS. LaK-TERBLLUT, PoBAMREKERUVBECBT3EBYORR
HRABUBVTRRECHEIEERRYERL2L TV 3,

Jorgensen(1977) R 7 + T~ FOERPFOEFRYPOERLOSINUHRBAR L L3 EME
UTW3, R,V YOBHRLEREXFNES LTS EEhA T3 UM, 1982, Ohgaki
§ Furumai, 1980). ‘

AFROBME, DEOLSREELBHEL U TL IRBRETHOENLHERECT S LDHOE
—HBEr U THBERDE ST IRBEREROBREMTOERELERD S T, ThiclE
25z s REERERA TSI LS S,

2 AEFHE

2.1 AZEt

FXEMAUE LR &S KPEQEEPOTPEOEIRRERETRT St.4 &, DiFTE
LEHMEITUTOSKFE (St.1) D28HE L L.
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Sakai Channel -——F~“-'"""";::j::::>

Japan Sea

’
g
Lake

Nakanoumi .

,ch
T\ ~Ohashi Channel

: Dafkon-Jima

sT.4

o
Lake Nakanoumi

1 RiEd
fig. 1 Sampling stations

2.2 K& ® :

BERABTVRASRON VLB IT Y2 TS5 — (Satake, 1983) CERA P YROAT7H TSI
=RV, NYYVLNBATH LTI TEEE 0.8cm, BE S~0emD 27 42T F—-2H0
T, RiCEE Son ORBRBRTEROERASWERD L. TRLEIMYHATHITI5— (BER

2.7cm, J’¥ 10~20cm @74 Th) CTEESEEAVT, BIETEL (Eh), BIFEks
OBBA A Y (S0 )BERUEHMBR (1.L.) 2HEU L.

BRUAERR, BETEBLILRE AV 27H TS5 —0OLTR2EBRLED L, 742K
GPALANTERZLRSRY, TOEBOS B BB EEOHERMAB L L.

Th, BRCARBCEHMAOERAERKETHE 2.0 BRL, RUSYIRARTTA AN
v ARANTRBE - .

2. 3 WEBTHEE

(1) BEROEREH
BBRETEFEOHERY, B20REREALVER, 3, NA47AEY (7.5n! &) & 3.5%
Tem Q7 aA—F 4 ARk 3EL2 AN IN OFFBEHBKEEL 1.0n! BHAZTER, Z
hENAT7AEY 20m!{ ) 2 120n! BOEORAFLC VICAL, KBV OO0 ME I F5E
PO2RRIAT, YYaAYITLBELVE, ChEFVUYr—FY—thRAQEERY T T 155RK
B, TOREEEANLE. CORER2OBVELVER, FYr—F—haLORARY VLR
DL, TR ERiREV R,

(2) ERoUy>TLDEAN

EREFBRUVLEFNYIONT, EREDEHALE20OLOXBE JORERG, N47
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Y

.y

0-5ml Sediment

2 BRETHEEONTEE

Fig. 2 Iastrument for determination of sulfate reduction rate

AEYEE, 0.5 0l ORBEYTL (RYVLBATHYTLT lon BE) B Ahl. Thid
BHMETEOEBAK 4.5 nl 2ARAEN Y b THMA, 8B 5n! &L, EREESGURE, K
ORBY YERU, ERRREABRBSRE V. RREORBY UREBENA Y 2 H WO
U, BUBIEBE:FELEREHL 20T ok,

(3) Na2®SSOaDEMBUREE

5uCiem! ~*® Naz35S04 % 2002 [ (Naz®5S0e = 1 CIAEY) R TFATLREREE YD
B Ens Y TADAsRNLFTLESHRES Y YU TR, HLRAVTEREESVE.
Zhit St.d DEBKOIEET URMERLE, HERTRETFAILREKEL VOMS
EDNSTRERL RIS 2.0 BV Y VU TERY Y TLLEMU »BALR. THEE
HTUBEKEL, RET S H05S £ ELSEIAE N L BRELKFHRCORNE E R,

4y [3%5] meshiEtt

2955 WIRER, EOIRBY Y 57.5m] A4 7LVRRVBL, YYFUN GRHERY Y
F/—L500) % 6.5m 0k, BEUTKAFY Y AI£4— (IVAKI CLASS TM-101) T 30
BIESS L, BAYYFL—vayiekoT (Aloks BEYYFL—Y I3V Y AT L LSC-T00)
HEHEHRREL 2,

(5) BMEBTEEOCHE

dom OERKRECRAVTER In! ¥R VOHEETEERRD 2.
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c1x0.5 X 0.8 +cax 45

MRETHEE (nmol-d'em! ') = Dx AT X 1.6
2.22 x 10°x () /88 0.5

D @BEE(dpm)

i 7AVI—-TONERBH» SOBH (D
c: FFEKOMBIEHRE(mmolem ! ~")

c2: BEEKOWBERE(nmol-m{ ")
0.5 & (m )

1.5 EBRMm )

L6 HERE

2. 4 WERERE

Bl 2k BHENSERA P YRATY VTS — k> TERNL, TOHRARED I THEE
TEHTBVLERLOE, AMBCWHEMANERCIE-R272W0HL, REREY 2N,
BE®R, =iET 2,000 rpm, ISHRELSEL THMGTERkEBE. EBKE, SHIZEVTR
REEABFCERUVEOOEAVWE, Chs@EKIE, FHRFHh 38Milipore corporation, RAWP
04700 0.45um) LA, BYLBECHER UL, WBRERKOMEIE, 438 oo TLEMFE
EHOTHMEL .

2. 5 ESPERUEE
B BT KENTSS SALINITY, TEMPERATURE BRIDGE TYPE M.C.5 2HWTEREXRE, KL

B 05 m »oKEXTOEFRUNKELENTEL L.

2. 6 BEERRBEOD)
IRB T KENTHE DISSOLVED OXYGEN METER Modei 1510 2V TAKEBEABRIATEL L.

2. 7 BIEBR|EI(EN
B dERA A7 Y TS5 R I OBHNULAEREZRSEY, BB BB wELNH
(HOR1BA M.B) 2BV T, BEROXEBHLOEEHNTIW lem TEIZHEL L,

2. 8 BREE(.LOOWE
NYVABRAZH YT RAERAVTREL k&R JIS K0102 WIEC THEL 2.
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2. 9 HRVWOEMHR

(1) tEisspg

1AL LEROARERT. Ned.B BU Med.C 2 ERTH Postzate(1981) R UButlin
(1948) QIEMT, Med.Bs RU Med.Cs X h o BH 2R AMBHMLE L THEIELLDTES,
Med.B WRHEISHTH Y, EMBERIXIFREEBCHV L. Med.C UERXBEHTHBIZHVE,
FORRVHBRLHERBICT AL DUERYL—HEEIHBLTVW3, BEIEAPNT oo
RRHEADHBYB LA 30 TRALL. BFRYITAXTHIYILETEORMER 20
nmot+ { "' TH B,

WENEEI & > THILKENRET T, PO (Fe2v) ERIEU TH{LSE(FeS) BEM
U, BERRBYEES. ~BRIhETSY IV TEBATO S,

Fall QBRI AOESBELRSLSEHEMUE., Tk, SHRR[IEFTEY I Y RUR
BaFr+hTh 1.0n!/EMLE. BRREUTT7RAINEVBFIITLEYF VBT
FUDLEENLVE. BEBEORTRELLTELFXY Y RFENL 2.

= R 211873
Table 1 Media composition

composition Med. 8 Hed. Bs Med. € Med. Cs
KH2P04 0.5 0.5 0.5 0.5
NH4C 1.0 1.0 1.0 1.0
Na2S0 _ —_ 4.5 4.5
CaS50+ 1.0 1.0 — —
CaCliz-6H20 — —_ 0.06 0.06
Mg504+TH20 2.0 2.0 0.06 0.06
FeS04+TH20 0.5 0.5 0.004 °  0.004
yeast extract 1.0 - 1.0 _—
agar —_ _ 1.5 1.9
iNall 190r24 180r24 190r24 i9or24
sybstrate 20mmo! 20amo| 20mmo| 20mmo|
Yreductant solytion 10n{ 10p! 10a 18n{
dvitamine solutjon —_ 1.0m¢ _— 1.0}
Strace elenent _— i.0ml —_— 1.0m¢

1. The amount of NaCl for St.3 or St.11 Is I9 or 23g+[-1,respectively.

2. Sodium tactate,sodium acetate,sodiun progionate,sodium benzoale,sodivn DL-
nalnte,sodiun foreate,butyric acid,glucose or etc.vas used for subsirate.

3. Reductant solution contained 10.0mg-{-1 osdium ascorbate and 3.03-{ - sodi-
uw ditionite,

4. vitamine soiution(Viddel § Pfennig) ; Biotin 1(mg),P-aninobenzoic acid 5(ng),
vitamine Biz 5(ng),ThiamineCHCI) {0Cmg).are dissolved in LI of Hz0.

5. Trace element soiution(Vidde! & Pfennig) ; HC1(2596) 6.5(m1),FeClz2+4l20 1.5(g},
H4B03 50(mg),MnClz+aK20 100{mg),CoCl2+6Hz0 120(mg),2nChz TO(mE),NiCl2+6Hz0 25
(ng),Ha2M004+2H20 25(mg),CuClz*2H20 15{mg).are dissoived in 1I of K0,
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3.1 HEBREFEOEMELRUEEDF

PHEFOE St KU ITREREEORMT{ILRU ZESHEEI (a) WRT. HEsEx
HEEH 200 nmoled 'em! "EERRZoROW, 1984F10H L 1985F3ATHE len & -72. 100
mmoled lem ! 1Ll LRI DD I~10HESE 1~2cn OBETH -2, ZOWHBERBORE
BREESE, TEBROUE, BTUR. RARY SAEERE 1~2cn OBBRETHELY
FE 2~3cn OWHEBEBTEENT<RY (50~100 hmol-d"-ml D) ER L VEL RS EBEUER
FTU, 1985E3BOMBEBEREEMEB L GIEL 10 nmol«d ten! 'BETES 2,

FETRLFESEITLE St.1] ORBEREELEAL (a)WFRYT. St.1] OMEETEERD
St.d XV@E<, EMEFEUTRE 0~lcn OEEFBED TR, TRURALE>TED UL,
FO{EIZ 1985 D2~38 2BV T 100 nmol+d '+a!"! DETH ok, RHTH19844F9F,1985
F 58, ARV 11BoBEBRBAEERF <, FhFh 257, 50210 335 nmel+d '-m! "' TH

22,

Depth(cm)

Depth ‘(cm)

Station 4

3 FigTLLER(St.A) B AHEETEE () ¥ Ehb)
Fig. 3 Seosanal and vertica! profile of sulfate reduction rate{a) and Eh

(b) at the center of Nakanoumi (S%.4)



BRI ROREG - AR

Depth(cm)

Depth(cm)

1984 1985
Station 11

1 KFEBGSLID CHYIWBBREEGR) & Enh)
fig. 4 Seosonal and vertical profile of sulfate reductopn rate(a) and Eh
(b) at Yonago Bay. (St.11)
3. 2 ERRBTERECEEESZHHETF
1) 8 B
St.4 OEBOREY 6n, KR LY 50cm) KBG3EE0RGEERS R, REVR
LEN - DIE8~108 THBC, 1IHE~1R2ARUSHIE I5TEE, 1~2RUTCEERCET VA,
Wi EERMEOL S I~1IBRUSEORBUSVTHEVERRL, KW T 6~8A0
KRR, I~3FUE2BREBEU TR B2k, '
ChhroRBEBrFHRKEOREELBIRITVIC O Z, HBRETTHERRITTKE
OEFLHRFATILHA—OREZAVT 5, BRUBTESTI3HRBEXERLRDLETS,
FhFh 2.2, 21T 57 nmold~tem{ ¥Rk,
(2) Eh
St.4 DEREE 0~2cm Tk l~8H QUL Eh 12—1000V LIk, 3~4HZWHE 0~IcmiZ
BLTEWER-RZ B> 2E3(b)). ZOWMBITE 2on DLEOEE TIE—1000v &L 0IE
<ok, I~12BUIEEBLEU TEEFE —150mV LITWR >k,
St.1l WHEWTH 3~4FDOHRDB 0~lcm G H —1000V LAETH >R, TUTI~THOERE
0~2cm —100~—150nV H->LLAEL2BREU T-150mY LIT &R0 St.4 i+ hils
HTEWEER->E (B4 .




PRI L 22U PERIR YD BT B ER

- »
o =]
T 11

Temperature (°C)
=]

S 0 ND|J F M AMJ I ASON
1984 1985

B 5 St.4 RPFTBZEEOTIL
Fig. 5 Changes in temperature at St.4

Zhhe, BEOEFREHLTI2hHAOBhTERBO Eh BETU, BEQET & HIZDRY
1~2hHBENT Eh WL, TS0 HIRMELTERO Eh B¥BL, X2 5 53EEEL
TEBO Eh BELTIEELLN S,

Eh ¢ HREEAEZXOMBEEBICT I LD St.11 OFRE 0~3cn OERIC 25C TI0BHE
I7L—-va0BEREXT Eh 2T T2 0OHORBEREELROEB LT LUE, &
OEpSHOPRAL I -200mV [T THEEAEHEESVEERIZEXbh ok,

(3) ESRUREKIERE

St.4 RU St.1] OKBEARERZLTH 27.7+1.9(0=10) BU 23.7+3.2(n=10)% T
St.4 @A St.1] KVPPFH-ok, EEBO S0 EEIEHSBEEEIF UMGET St.4 OHR
St.11 KDVOJELEFRTH 20.1£3.2 B 15.5%23.7 wmol+ ! "' THok, Fh, EFxk
O S04 WETERME LY DRE L $t.4723.728.2, St.11T18.6%8.9 mnol- [ -1 T - 2,

(1) HRYOESR

St.4 & St.11 OBHBBEIIEE 0~lcn X, FhEH 16.722.3 RU 15.2%7.9% THH
itz AZERIP R, ER 4~5c RRATBERARRIOXHAUSE L 13.222.4 RU
St.11 14.9X1.8%TH -8, EHGRCBELTIIHEBa kP>, 0~5cm QBT
REIFUV(BRILBERRUREVCEIVETL, RBERFCE > THL 2ELR > TOL 388
BRERFEE-RUERORBLEVWEEDo L, ThhdHilo k> XEMHERIIRBOH N
i~5cm BLYURRFBVOTEE, Eh —ERL I HRYRENT LIS VREBETERE LR
SEFBADh BB TE R Y,
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St.ll ORBREBLAOERYERENUTT S IZVIFTAIRIT>RBRER2LTT. &
DERDSAR, VIR, BE, NLIFUVBEEILTIEBEL I Ehh o k. T REBE
PIOEA VBEPELLT 3REOEET I ERbD ok, 73w o7 RY D THREABROE
GELELRN, REAKRKIETE o2, RO TALIFURERBOBMIE BV TAEHICH
h, ZOMOIZ/TESEE TS >R REL, Sl a—AEp s liREThh ok,

— S50

T

oY

[

Y 4o}

R

E

- 30f

[+

E

£

o 20F

of

vi

10%
=200 =500 )
Eh {mV)
B 6 WMEEBREEX Eh O
Fig. § Relationship between sulfate reduction rate and Eh
* 2 SLINREAOHMYSRIrmE
Table 2 Effects of organic matiers addition to the Sediment sampled
from St.11

Substrates
Lactate +
Acetate +
Propionate +
Benzoate -
Malate +
Butyrate +
Palmitate +
Glucose -

Incubation at 30°C for 10 days.
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St.1l OERCHUTAR, FE, JOCI VBE2ENL THEBE TS ERIZITRERRY
L (B7) « EMPRYBEHEULLROBARTS 2N, BRRUTOE A Y BROEND
RoAFohiz. Thpsd St.ll LT, ARIBFOZENE LB L, BB, 7oKL
CJRBRENTIESELDRITVIE NP o,

- Dec. 1985 Jan, 1985
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o

o
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T o0 -
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s I = I
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Fig. 7 Effect of organic matter addition on sulfate reduction rate of
Sediment (St.11)
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S EAVWLEREBBTEEORTIE, Jorgersen (19 L->THEEThAE, ULHALRKS,
COFRERYITLEBRUEC UK, BEHAREOTESH AR ->T HSEBRXE, BIK
RIUBNEE3HETHY, ROLSRREAEHD (Rosser & Hamiiton, 1983),

O —BRBLOYITAEHFTERL,

@ AROLDRBLDY I TLEBDHETS 3,

Q EEVEMTH 3.

@ BENCHEMBATIARMESTV.

® ¥+ U7HABBEBHICT S DI, BREMICHE > THENLE,
© H2:5 OERBHEL.
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@ 5~1i0n! ORNFEY 2K ELLETS 5.

COESIRREEELUVERRBBREUDOLSEOY VTV E—BRAMRTEZHEEUVT
Munson, (E9TT) R Rosser Hamilton (1983)WAMMICTR T MBHEMAEL k. EF > HAIIROL
SEHFRERHERICRHAL, HOoOHERTSKHRLU R,

Lin? 42—~ FER (FYI—7) ORBBREEL 25~200 nmoled '-n!"' THHEMY
DEE 0~2cm THBWT 400 nmoi-d'em! "' WWR-l&dH B (Jorgensen, 1977 Tk,
Don KR (EE) OFE 0~5cmTIL100~300 nmol+d~'+m/ ' T3 - f2(Rosser & Hamilton).
TEOER (0~3cmn) OMBRBREER St.4 8B 0T 9~112, St.11 &BLT 5""333 nmol «
dtemi! THhotz, FThERE O~lcm B SHEKEBEW St.4, St.1l TELTH 202 RU
502 nmoled 'eml "' TH oM, Thhd, Lind¢I—NLFRY Don MEROHEBTEER
St.i1 *ARETHITEHOMNS, Lin 7+F3—ALFEZEHS IPPHL20BxIhS S0«
9.5amold"! THor. LEN-T, 2X9.5 = 19.0 mmol«d™ '+ n 2D RENRBBHE LT
AREATVE. ChEIEFMALRVAETAIERROERTHET LI, 19X1073 X 12X365
583 gem? X723, '

GO ER 0~3cn OBEBTHEES 50 nmol-d~ten! ' & T L, n® S v OMEBETER
I 1.5mmol-d"1EMB, Ukdi> TIEMOSRHRERIL 6.6 g0 2R3, EDEH 66k
BOTHELETRERY 100} JOERNHAWEN TV BT LERG. ZOHEOEEPS,
FHERCEVTEIRVOBOERYBERELHI L > TABIATLEIEBbP S,

SREROERETEELRI THEYERNORR T, AR, BH, ToES Y ROEND
ERsohn, REETHRAAT SRR S Y, ABEENHEYT S Desulfovibrio, &
Ez33 L Tt Desul fobacter B UfDesulfotomaculum, 7 o1k U EELE Desuifobulbus DL
ZZEBHMSN TV, PFERALE, B8, 70t VEEENUV LGS, REBETEEN
Lot ehiERERPT R CASOBEBEETAZEBHETETES.,
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FERRERBR (Y4 202X L) 2ALERFEREBRBORIN (V)
— R W EE Heterosigma akashiwe DAFEE MM SR —
The Use of a Controlled Experimental Ecosystem (Microcosm) in Studies of
Mechanisa of Red Tide Outbreaks(V)

—Growth and Cell Volume Change of Heterosigma akashiwo, a Red Tide Flagel late—

AEEBE -« FHIER
Kunio KOHATA' and Masataka WATANABE!

E B

KEFEZHREE UTHIRU L Heterosizma akashive 2#ER7 A O X LM,
120 R - 2R ORI T TR LR, Y4 702X ATHP»SREERE AN,
DLEAUVRMSERLU L, 1. akashive i3, BEEOREDREOLHEBEOEET
UARBRICROBRACHBEEELE Uk, ARNTERULERETHTES
E°T, H. akashive OB AMEIFM LI WWIEMEbE>THEL 2. F
HHERAMCEED &> REAZILSED o, HITKBAUVERCES U 2. ¥
RAHOMR TRARKEBMMEEIRILVIKTOTR, EghtmEite
VTHHE LR H. akashivo OBEMEE, BEEOATHENRRETILOIRDED
QERVERNES k. METHEROL S, EHEETLD SLBBFEEHSRD
SHhRVIFE TS, H, akashive TREHWMERE L, S HEERELHT TS
AZEWREhR,.

Abstract

Clonal culture of Heterosigma akashiwo causing red tides in Osaka Bay
was grown in Microcosm on & 12:12 h Tight: dark cycle. Sterilized air was
introduced from the bottom of the tank and mixed conditions were
maintained in the tank throughout this experiment.

The effect of self-shading by H. akashiwo reduced the irradiance in
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Water and Soil Environment Division, the National Institute for Environmental

Studies, Yatabe-machi, Tsukuba, ibaraki 305, Japan.
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the tank and lowered growth rate at the last stage of growth. An automated
system for cell counting was newly equipped in this work. Changes in mean
cell volumes of the species were monitored by the counting system for
9 days at 3 h interval. Mean cel!l volumes showed a clear diel periodicity
, they were enlarged during the [ight pericd and were reduced during the
dark period. A growth constant was calculated from amplitude of the trace
of 1the changes in mean cell volume when total cell volume was not
different before and after cell division. The constant correlated with
the specific growth rate obtained by usual equations from changes in cell
concentrations. This correlation enabled fo determine the growth constant
under sitratified conditions in which direct calculations of the constant
wvere difficult from cell concentrations.
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Abstract

Clonal culture of Chationella antiqua causing red tides in Seto Inland
Sea was grown in Microcosm on a 12:12h lightidark cycle. A mixed condition
was maintained in the tank throughout this experiment. An intensive
sampiing was conducted for 72h at 3h interval. Cell concentration, mean
cell volume, carbon and nitrogen contents, and content ¢f chloroplast
pignents of samples were measured. €. antigua exactly repeated the die!
pattern that it began to devide at the latter half of the dark period and
enlarged its size at the light period throughout the course of  the
intensive sampling. Contents of carbon, nitrogenand chloroplast pigments
per & unit cell increased during the light period and decreased during
the dark. A diel change of C/N ratio was also observed as the ratio
was high at the light period and low at the dark. Chloropiast pigments
of €. antigua consisted of Chlorophylls a and ¢, and some carotenoids
including fucoxanthin, violaxanthin and 8 -caroten as dominant substances.
Diel changes of chlorophylls a/c ratio and component of carotencids were
clearly found. Both chlorophylls a and c¢ were synthesized mainly during
the light period. However, the synthesis of chlorophy!l a was faster
than that of chlorophyll ¢ at the beginning of the light period.
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FRAIEERE Chattonella antiqua W 2DWTH LA RMAMNLR HPLC DY ORI TS AE H2
R e AAYHRROEEE (DA FTAT, 0l T +ibe ETTOT 1Y Fa OHEHLE
EXh3ZEDBHMAENTVWS (Mantoura § Llewellyn, 1983) , AEB T, B2 Asoh 3k
2ol g be BRULAE—-JEUTHMEISRE. . antigua KRFEESTIIERIOF)
A FRBEIANT MOIE»S, BRIBELZT2XH2Fy, EXFIXHIFY, g-HOFy
ERAEThE, EF324YFEo0TR], INEBOBNTHERIANI FLOTEAOYT
b BEL X 4 22 (Goodwin, 1980), C. antiqua OERMMZ >V TLILE - ER(1985) @ HPLC
RLEAMEHHIN, oAy E2RBVTORLED, YUTT e OFERTRBRY &5
Thoh, ¥k, IBOHOF /A FUESENBTREX L.

AP OXNIEBHETO C. aotioua OBHERIWRYT. &% t1(d)H S t2 T TOHRE
MERE p (- DREXNTRDE.

#=1H(Nz/_N1)/(32-t|) . (1)

ST, B £:(i=1,2) RBGIBBEAMEL Ni(cells D& L B,
HEREEEIISED I~80E Tl 0.670 ' T -k, BENTIREEE 0.45 ' Tk
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HARBRERR (Y4 raaXh) 2HVRFEAREREORET (VD
—FRHWMEHE Heterosigma akashivo OXHIRAFIERT ORBE EOEF M-
The Use of a Controlled Experimental Ecosystem (Microcosm) in Studies of
Mechanism of Red Tide Quibreaks (V1l|)

—Growth and its Mathematical Model of Heterosigma akashiwo,

a Red Tide Flageltate, in Light-limited Synchronous Culiures—

APEHRE - ERER
Kunio KOHATA! and Masataka WATANABE!

S

KEZBHFAE U THBT 2 Heterosigma akashive Rk 4 703X LM,
1265 R - 120 S QBEBRIE T, HOMENSE 124 pE-n 25" Q2EEEL 2.
2EOERRERY, BENARELATHL, BEQOER & 3 M~ OBEE R
Ufze H. akashive OF¥IHRARP—BRSEVORESHFRUEBEY x5 R2HA
HRRU, WBZBAURECHES UL, TOREISEETHEL 200
PEBENTAR < WEEEOER R LIS U . H. akashive ORGREE
EREROBITE r2=0.985 ORVEEFED R, BEOEVIZ LS ON It
DERBEETHD o k. A~OEFAREHVLHETCEEORR S Z>ORRO
BEEELBCERTE R, 2hid, () BEORERIBFEBYT 3MUTUH,
EHBESERBCEET S, (i) ABENFOEES, BESRCL > THEEN
AU RBLRAURBETS hIARORESBI WL RRRT 500TH 3 3,

Abstract

Clonal culture of Heterosigma akashiwo causing red tides in Osaka
Bay was grown in Microcosm on a 12:12h lightidark cycle. Two experiments
were carried out under the same conditions except for the irradiance

1., BYABWRER KELIRRER T305 RBEHAKNBAERBINENI6E2
Water and Soil Envirenment Division, the National Institute for Environmental

Studies, Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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vhich was chosen as 88 or 124 pEem2.g7!', Effect of the irradiance
on growth of H. akashiwo was examined. Changes in mean-cell volume and
carbon content per a unit cell of H. akashiwo showed clear diel
periodicity; they incerased during the light period and decreased during
the night. Amplitude of changes was larger under high irradiance
conditions than low irradiance conditions. It corresponded to the
difference of growth rates in the two experiments. Total cell volume of
H. akashiwo was well correlated with cell carbon to give r2=0.985. No
significant difference was found between C/N ratios obtained in the two
experiments. Growth curves for this speicies in the two experiments
were simulated by the use of the same mathematical model. Calculated
results were concured with those observed in the tank. |t was suggested
from the concurrence that ; (i) Spatially averaged irradiance affected the
growth of algal cells which are migrating among different Tlight
conditions. (ii) The growth of algae in the light reduced by self-shading
effect of algae was similar to that in weak incident light as long as
irradiance levels were equivalent each other.

1 Qo
FHABEZLUUDHEMBE T IEML L > THHEERNEL YR T IAEIRERATHY, &
BEBRS A 2 ABBCH U THRARBISUVTYS (Kirk, 1983) . FHWERD
fleterosigma akashivo % Chatlonella antiqua Y EEMEBH AT, SEEErBELE
B3B3 TWEEEDS, 1984 ; dof « 310, 198005, ThiILBRC B 5 REH
EEOBMEO—2 EZ N TS, KPTUHREBNBEUHLDREERT S 2D, FERL
EVHOBECHESHNKE SELT S, MEEED Ceratium hirundinel 1aTIIiEF B AT
RET 3~4m KEBRKER2LIEHHFL LI EHREXNL T S (Heaney § Tatling, 19800, %
72, Cullen & Horrigan(1881)IZ L hif, RE mOEMNRESHOKETHELEED Gynnodinium
splendens I B ASEBHEITo LY, HREXZIRHCEARBTRL, REROMEITT 3 EET

NET 3 RECERU R,

ARE T, KEETHFYLERT 5 Heterosigna akashivo (il » FFF, 1984a) %, ¥4
yoaxs (Rt - #53, 1985a)NTHERER 2 2REOEFE{TY, H. akashive HFIAD
KR -FIRSHBOFEIL L MEE OBREFNL,

KATREBEECLIKOHNOCHAOLDBENAT T 5BREGESNSA TS (KL
B, 1985). ¥4 702X APTR, REEN 1.5n RO R OGRS - %, 1987)H. akashivo
OHF cellsen! ! DERPETCOLRENRYNEDOILE, EWRTR, BEDIRLED, 1.
akashivo® T 4 7 I X LK, XWRT TOMBEDIRE L, BEEOMBE VTR BHEER
DEFALERZ .,




H. akashiwo @ KUBR RIS B F it - =71k
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H. akashivo OIMHRELA IR KRB TITok, BRI 2k O Xed3 Y TEHAL, 12:12 B
FRIOIEEEEEE (6:00~18:00 BREA)Y R F k.

UL £/2 (Guitlard & Ryther, 1962)BH V2. WRIETH L OVREEREAL, BEEN
{HALERY, BLERREHOBEEEREIOT, TREELI ! ain! BEXrBLILE. N
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DigFAY vy M2, LHBRISE1T,PRE20+1C, FEL2 2 1TREE L, P isrcs
REBECTETOARAOHGELR, CORGTHEHOEBEREEN—T 201 CTRELERL,

HROMPBEIRICR LR, #BULRE,S 1E/d, SHREE, SROMUTELE. @
RO HEEE 54T 3000 cellsem! ' WELRELY TEMIhE-T, 35301 6B L OEE
WA, $F, KE - BRELCSWTIT R,

YITNE, BREORE -hE - KEO3E (H1) 6770 YFa-TE2ALT 3D
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HREE - WREROEERE, I—AF—TA-1 18 LHEEL R ORME - 558, 1987). wE -
EXRGHEOHIER, EE 4T OB 20U 400 CTABMEL R GF/CT 1+ L ¥ — Lt
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3 H R

ERBELBUTHEREBREBRRARUMNTH WA UL, H. akashivo HFSEBEL
Tokdl, BEEEBRKEVEDIBNRZER—BRIETERP ok, COLDHIZHENIE
TOHYTLRDWTOHEELFHL THERERNOEL Uk,

KREREEAPIES L H. akashive OMBHELEE 2R, BMEFETER (1),(2)
OYPETENLEH 0.82, 0.36 d"! THoh. H2hO_EAUBHMTHMLTT. Ol
HEShiz B akashivo O—FERYLVORZSHRE2EIWR T, MM E U HREIHY
EOCBRAKLERL, HMETHAMIZ LML L, BHCEIERSAUTHRRBE NS RER
H@ftLe s oRGBESI LR, KR (1)TH, W 1 VEERSHEROBKEE Z/MEDLR
2T, ChUMBEEED 0.69d7! ST 5. BUMAW, RR(2)TW, ¥ 110 pgecell™!
THY, R (1ITURAEABLPURUVECNFRTA LS THo%. ZOEWR, H. akashivo
DEBRAHRERDET, ZOHELONELRABVIEDSEFWCHET S nininum cell quota
CEEQEEEION S,

EREEHBIES AL CNLEORBEILEEAWTRY . HRCEXERTRRELRILL, B
BT REET S0 CN Y EATELRY, THBTLO2BEEE/NX L, B
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4 XHRTHEOTTLA

R4V 0aXLTOHEBRIML Y XA TERIE TV S (K& - #il, 1988) ko, KB
OEREEIRBOEILESTEY, £, T4V 02X LERERTIE I, akashivoE B &
SHOREPHAOCEDIBESR Y ABRBLE 2L (D - B, 1985). Thitk->T, 8
RS, KRETORETZ—-ETo-hildhdrbay, LREEEZERBEORINIS>AT
BAOUL (H2). AMRATR, KEHOE I SBREEREEAN, HBEHUALLEOT L.
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ZTT, ARPELAROAHE LU TWEZ EET A O X LIEEENNERE TS 2L,
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TCuEm2ss1) U3

IIEHT-I(r,z)drdz

7= (1)
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31p-NMR 2 F )= Heterosigma akashiwo (Hada) Hada OE&RY 2 EREE OB
31p-NMR Studies of Intracellular Phosphate Accumulation in

Heterosigma akashiwo (Hada) Hada*

BOIEE « KOEHASH' « ITIET?
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The effects of starvation and subsequent addition of phosphate
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containing medium on the phosphate metabelic intermediates were studied by
J31p-NMR spectroscopy of perchioric acid exiracts and intact cells of
Heterosigma akashiwe (Hada) Hada. When orthophosphate in the medium was
completely depleted the medium was enriched with orthophosphate (4.5uM).
in the phosphate starved condition, the P cell guotia was 76 fmolecell™!?
and the major components of phosphate intermediates were phosphediester,
sugar phosphate and orthophosphate(Pi). After addition of Pi, rapid
uptake of Pi was observed and the P cell quota increased to 108 fmol-
cell’ in 2 h, 1384 fmolecel!™! in 5 hand 222 fmolecell™! in 1 day
after addition of phosphate. The 3!P-NMR spectrum indicated that major
portion of P was stored as polyphosphate, in which the average chain
length of polyphosphate increased from 10 to 20 phosphate residues in one
day after addition of Pr.

1 Rusk

EHOMBERHLUTVWIATELTHERAY VBESENMEETH S ENS{REENT
w3 (Caperon, 1968; Droop, 1968; 1973, 1974; Rhee, 1973) . flA I Scenedesmus sp.
{Rhee, 1973), Peridinium cinctum (Elgavish et al., 1980b), Cosmarium sp.(Elgavish et

al., 1980a), Rhodella maculate Evans (Caflow & Evans, 1973), Plectonema beryanum
(Jensen & Sicko, 1974, Jensen et ai., 1977 ; Sicko-Goad et al., 1975, Sicko-Goad &
Jensen, 1976), Microcystis aeruginosa (Jacobson & Halmann, 1982), Chioreila (Aitichisen
& Butt, 1973) S Lo REHIIRKVYYBELTY YEERTIIIEBHMIA TN S, HIOH
FRENTMI L LY VOBE, 48, StEBIREERIZmT o hk ( Kanai et at., 1965,
Harold, 1960, 1983; Rhee, 1973; Mivachi & Tamiya, 1961, Sicke-Goad & Jensen, 1976) .
UHUEFhSONBBECL>THEUEZY YREENEFEZTCREIHTED, L&D
Y OREEYERARCBRETIAENSD 5,

JELE 3TP-NMR 2RV RN Y OERBEHPT S LN yeast (Gillies et al., 1981,
Salhany et al., 1975)% E.coli( Ugurbil et al., 1978, Navon et al., 1977a)iZ 2 TiTh
hWTV3, g TORMMBAY > OflE ( Efgavish & Elgavish, 1980 ; Mitsumori &
lto, 1981)BIFhbA TV A, HBAZORYREELVRLOT, U YRIZRED S Y iRk
BACEBRBETOV YOYROHATERD -2, TRUEEAVS LTV SEEE SHELY
K% GEE10°~107cellssm{ "' A —¥ —)ic d THMEELRERERH VTS0, F¥2RETE
ZHWEE GHRMMTHEKAI celis-n ! THE) KoWTHE, SREOY YTV ELELTS
P-NMR DISHBFOHET S o 2.

FERLBOTRERIAIOIX LAV RABERICLY, Y IyRIREH > Y ViFEmk
BETO H. akashivoll K3 Y VEDRAA &Y Y FREBOFHEIRER 3 P-MREAWTITo 2.




HP-NMR % Hiv27:H. akashiwo O &N 1) o BHLAPLO BT

2 HBRAE

WKTA4 03X LEEVT Q. akashivo DHEHEHRLIT> k. ALEHORERL DA
UligkBHWT £/2 BBV U, K. akashive 2#701— v#k (Watanabe et al., 1982)%12:
125 (6:00, 18:00D% 4 7 L) @ LD JEI8H, WHRATORHERHII TN 175uEn 25! T
BU L. MY VBRIERED PO.-P=1.0uM, WHBAREEIY 100 cellsa! 125X TS,
BEETHLOTEREEAN T CRAEERITLY, BE 202 1CTHEREIT >R, KT
E1H 1 14:00 WiT-ok. HEESAEWCHEXS 1.1X10etls ! -t (th¥MERE =
0.63d!) WELEARLATEREFLL, ZBUERAISETH I TV I EITok. CORAET
Birp) Y BEURZRBUS VARNSERIS/NSHETELTVS, ¥ T Y 7 #EHE
BUBRALEERGEUE. SHEOH 9:00 kY TY ¥k 4.5 @ Pl-P 2FEmML, 18
FERFL L DBEEUVLE, BR2SEUVRBLUERIEY T VT 21T 2311:00). 2T
VOVRBESUBRREMET 2. T0O® 14:00 UELSESORBTOY Y TY T 2Tk,
BEHOEEERL0, 11, REER2VWTHIFo/. 11100 OF YTV YT 4.011FW, P 3L
MR BEBIE UTHS ARBRAEGMICL U 24002, ISHDBARIT- L RBERBLEESHL
BliambiziTok, MHBRERIC LY LBAEEEL, EDTA HEH K200 T pH=7.528
BURMNavons, 1977), FOBIBARIERER U2, TR 11OV Y TAZREVT,
TP, DTP, DiP, HMESEERMTE L L. TP, DTP ENAFFYOIBMBAIV L ESIHREITY
(Menzel & Corwin, 1965), ¥V 7LthOHERY VB FNF VRBIET{LIE THREE L Uk,
TP, OTP, DIPIX Murphy & Riley (198D)ER KV F I o a Y HEA -} 7 I F—ATREH
WTHHTRITS k. AREZBEI-LY—HI 0 F—RHOTFAFAFEI LR, B8 14200
OY TR HTY, MREY Y T LA IEROLEEMTLITo k.

SIP-NMREIEWEATETF (B, JNM-GX-400 HEMNMRESA L, HAHYE 161.8 Miz, il
W20 Kz, F—y AEY— 32KY—F, 45° RWVULE0° NI AT 9000 EBCEELC TR,
BRUEBUERRY, SNRMOZEC LI ESBEOHAUELTEIL T LRLT S LD, ¥ 1.7
BERDRESTVS. 10mm RO NMR HEEE, 30~40 m OETLRBNEARTHE LA,
HEERICEAEN 2m OF $EFY—12, pH0.5 @ D20 FHHOY VBEBHLTWS,
YEFY—di@ D20 & NMR 2 JRAMESKHEAL TV, Boh{tEy 7 MESE, 0.14
triphenylphosphate BASREHEL L TRHFFL T S,

3 REE#

VBB TO B, akashivo MHBEO *1P-NMR ANT PARERT. ANY P LOR
B Navon et al.(1979) KU Barrow et al. (1988) HE SV, +dppm & +5ppn OEOY
— 2 idsugar phosphate, +3ppm {TiEWCEMY >~ (P1) , +1.5ppm {1 GPE QK — I PBRRX
%+ —0.2ppm fTIEIZ phosphodiesterd b —7 BRSh 3. TOHFEKIL RNA BEFh T3
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1 x¥BATRD H. akashivo O PCAHIIBHMMRRETR 31P-NRIAR Y b
Fig.1 Typical 3'P-NMR spectrum of an cold PCA extract from H. akashiwo

in exponentially growing phase in phosphate-rich conditions
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MP-NMR# 2o H. akashiwo @ 1N ) > B HUBFLO ML

BEtER B B M5 (Salhany et al., 1975, Guéron & Shulman, 1975, Navon et al., 1979, Salemink
et al., 1979), LU £k, HHEE phosphomannan @O & 54D phosphodiester HEATYL
ZulfitEdsH 5 (Costello et al., 1975, Gage et al., 1984). yeast #3 phosphomannan %€
T2 EDME TN TS (Farkas, 1979) « 2@ —0.2ppm OE—7 i3 PCA HIHERE (H2)
BU intact cel (BI3) KR OO IMHMBBEPFTREOE —IRBLB>TWS, G ~0.2
pom TOE—JORQEIZRHAIRE-IRFE-THY, EHECLEYRIhdDE -2
FEUTWARZLENbh 3, ZTOERZBRLRESTHRBLETHY, & 2TWd phospho-
diester Y DAL THEL. —0.dppm & —6.0ppm DIOMAR T, FVYYEOD terminal
phosphate (PP1), NTP¥, NDPB, P204 E S h 3. —%ppm & — 12ppm®D I CU NOP e, NTPe,
NAD, UDPG @ —s R Sh 5. —200pm FIEW NTPB SR 2 3, K1Y VEDPP2, PPz, PPa,
BRU PPs BEHRLABMINATV S,

PCA HhHHRFRED S 'P-NMR ANS P A B B2 REhTW3S, phosphodiester & sugar
phosphate @E—Z WA 6N S, PCA Wi (F1) & PCA BHEBE (B2) 0AXY LD
E—JHEERERLL, H1 B2 20 THBEEOHRMEOLELIT-R. Thioy

 60% OFERRAY BEHEEIHh, ¥ 0%0#BAY Y bhaE it phosphodiester (33.29%),
sugar phosphate (5.3%)E U THE->TWS, PCA FHEE (B 1) ¥intact cell (EI3) &%k
RIDZEEERE-IUGHHOBCHBLE A0 3. ZOTEhe, CORAXTHY S hizMk
AY Yot A phosphodiester® BT K. akashive DWW TREWHETSHZ T2 3,

B4, H. akashivo OEREHTE(LERT., HESHE THHETOER Y VRBIILS (iR
T3, UHLEGERRMEAE UTHEEEERY T3, BSEARAY D 2ERORME
fLERUTVSS, IERSOEOERY VRENUSHOY VY TAL TR, ERRY>SEZL 6
fmoleceti~! &ER>THBY, HWEXTHTWVWE P OHRHNENEEE qo (95 fmol+cell™?;
Watanabe et al.,1982) DITOMfE R -T2, COHRRATLOBEELXEx 3N 3, KR
HEHOHSRIZEMY YRUASaMOBNEITo R, BEWTT LS XAKRAY Y SHBIIY Y
BIEENM®R 2R T q=76 fool+ceil™ » & q=108 fmolecell!, BT g=134 fmol.
cel I EMMUTV S, CORABRREZ S RVOTERAY) YEEBOELIOHELEY Y
RMEROBIGEEL Vpos= 11.6 fmolecell ' eh ' EFVEE R TV S, Y VRMIERT
BEEAY YEHERUL q= 185 fmolecell™!, Y VEEGERE 2.6fuoi-cell 1+h! BELL-
T3,

ey yRZHhad ) EMRETO 3P-NMRANY P LRFRT., VIRIKBECIITERY
—%9 W sugar P, Pi, phosphodiester THB(EBA). COEEY YRZKBILIHUDEBLT
ROUDT, PPIOE—IBHPHICRI IV EZOBBERER DTV, U YENK, PPiO2YR
BmisbEERTILTES (F68). *1P-NMR Y/ TLOMAERPORD BRI DILEL
KUY IBO chain REEF1RRY. YIYREZRWTOMBETD PPi OREWE 5.8% T
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B 2 HE#MMEDbD H. akashive @ PCA RIHEKRED TIP-NMR XX P L
Fig.2 31P-NMR spectrum of cold PCA treated cells of H. akashiwo in

exponentially growing phase
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B 3 FHEIEFAHO 4. akashiwo @D intact cell @ *!1P-NMR AT b 2
Fig.3 31p-NMR  spectrum of the intact cells of H. akashiwo in

exponentially growing phase
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P starved

l P addition
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CELL CONCENTRATION {cells/ml)

10

DAYS

3 H. akashivo WX O L

Fig.4 Changes in cell concentration of H. akashivo

chain EXUEWI0TH 2. Yy EM2BREAEREETD PPdu%ERo R, P RII3 BRER
$163% & I /TR S 20 @Y Y ERELE 185 fmolecell™ Rk, ThEZHEV PF
L ORMT PP chain EXIIH14, |BAWRL 20 280U E. 2OLSRYUIERE
O chainBXBBIEEIT LWLV VORBEE LTORIERLLTWEZ EBbD S,
YUBRECERY Y YERELTOV VERABRIIIAE—R2LEET 3 8o PRIZH
5 ATP EQRIMME S h TS (Batterton § van Baalen, 1968; Stewari § Alexander, 1971;
Healey, 1979), H1WRTT & ¢ ATP/ADP thid P M2 KHEHET 1.4 3 2.3 WHMLT
W3,

DED&S Y YRIRBIY YBEMET>RES, 2#¥RY VEEMBR S, ThITHERL
PV EREORDOFROTRYY VBELUTTEIEGRSERLTLEY, KUY IJED
T LRI RE 2 o R R LR T MEICZERY Y B RBNT A 2 E BRRE .
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Fig.5 Changes in P cell quota (O) and in the concentration of

dissolved inorganic phosphate (A)

1 5 ¥

BECI Y VHAOBELHNT A2 L RIFROERBILEB L L > TEETH 5. BHEY
RIZFUFZRI BT HRBERINTVIERRYY VBROERTEROY V2 ERTILT
bhTws, CORSTT|MMY IRIRBESVTHHEERRHERL, FBSE TW L RDR
AR OEHEVTEETH D, TODLSREMU “luxury storage” BB EZFTTF R THL
Z. Mgt s Y ot RERR, (1) $kRoENEE, (2) TEEK» TKE
OB, (3) EEHOBLEHNELEIoNS. HFLES, BLBEOREZEEETORVER
ERER U, akashive O BSEBHENRB B Y Y EREN 2RO T L R2EZGHESBL
FREOBBRUBFL VS BOBSHEERATI LT, EERERNEREF >TUL 5, ##
WERICHT 3Y 0O luxury uptake, KUY ZEOFER, 2'P-NR OFHE L > RHELSHE
LM RREELR, FYUEEROU YRBHBRELHIHETILEES . ARG TOR—
HTHY, SHUAHELYSCRBI LR LHAL, ELOFHBEL DV THERA L TL L LE
WH3,

i
EFRLETTAINY RV ERBMELTTE-2ILE B FHIE (RBREFHEKEY
—-) HREZSBERLET.
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Fig.6

Y RmEBEO H. akashivo O PCA RiH#ID *1P-NMR
(A) P RERAE, (B) P EMHR2IHBM, (O P FER1E,
() P FEM#3IE
21p.NMR spectrum of extracts from H. akashiwo at different

-1% -

phases of phosphate enrichment
(A) P-starved condition {(B) two hours after addition of P
(C) one day after addition of P {(D)three days after addition of P



= 1 H. akashivo FREOHMBEFIZLEDZ Y VLEVMEESLEE, chaink
¥, gy rSHEOTL
Table 1 Changes in percentage of phosphate components in extracts
from H. akashiwe, average chain length of pelyphosphate and
P cell quota
Averagn
Days Sugar P Py ATP ATP/ADP PP/P; PP Chain P cell guota
(%) (%) (%) (%) length (fmol cell™')
Starved condition 33.5 21.5 5.6 1.4 0.27 5.8 9 76
2 h after addition of P 12.1 10.9 7.4 2.3 4.0 43.7 14 108
1 day after addition of P 9.0 9.5 - - 6.2 59.1 20 222
3 days after addition of P 9.2 B.4 - - 7.5 63.3 17 185
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Diel Vertical Migration of Heterosigma akashiwo under Salinity and Phosphate

Stratifications and Metabolism of intracellular Phosphate Pools

JOEE « AtEFRE « INTIELT?
Masataka WATANABE!, Kunio KOHATA! and Masayuki KUNUGIZ

E g
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BECHD B, akashive OV HBBRREIIXELBEFEMHRE 21P-WMR 2HL
TEMU . XEREHY VRBRESSELEEABHL, VU BERERT 4
CRYYYEEUVTY VEERTICESRITSHh R, TLERERRY VBED
RZUR, UDURRTATSIRBLBHL, IWMIhERYY VBEAWTR
EMEIT->-TVWABIEERETL L., XY VRBRBY IRV Y VBOBEIW
HREOYVEBEE ATP BERWL, UM TRYYIBERY YOT—LELT
OHIRLBTLIINANX-FREEUVTBVTWIIEBHESNS, OFRBREBINC
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Abstract

" Biel vertical migration of MHeterosigma akashiwe (Hada) Hada
(Raphidophyceae) was observed in a 1.5m tall, axenic culture tank.
Vertical stratifications of low saiinity and orthophosphate concentration
in the upper layer and high salinity and orthophosphate concentration in
the lower layer, analogous %o ones observed during a summer period in the
Seto Intand Sea, were simulated in the tank. The phosphate metabotic
processes of H. akashiwo associated with vertical migration were studied
by 21P-NMR spectroscopy of ° perchloric acid extracts of this species.
Evidence is presented in this paper that during night this species moved

to the Jlower layer where orthophosphate was rich and took up ortho-
phosphate rapidly which will be accumulated as polyphosphates. Also,
during daytime, this species moved to the phospahte-depleted surface
wvaterwhere light was sufficient and wutilized the accumulated poly-
phosphates for photosynthesis. |t is suggested that the role of poly-
phosphates in the metaboliss of this species consists in the regulation of
the level of orihophosphate and ATP in the cell, and thus polyphosphates
act not only as phosphate pools but also as an energy reservoir. Diel
vertical migration allows this species to cross the stable stratification
in order to shuttle between the nutrient-rich lower layer and the light-
sufficient upper layer. The combination of diei vertical migration and
the ahility to accumutate phosphate as polyphosphates gives this alga a
strong ecological advantage over coastal diatoms which have no wigratory
ability.

1 @usic

HEROZ QHEDEBHEITIEMBMSA TV S (Eppley et al.,1968; Kamykowski &
Zentara, 1977; Blasco, 1978, Heaney & Furnass,1980; Heaney & Eppley,1981; Kamykowski,
1981; Cullen & Horrigan, 1981; Kohata & Watanabe, 1986). BETHOMBBH IR EEDE
IPRECETSITHTHY, ERMIEERERERBROEE A3, BEHRHEREEST
5A3HFMGOEPCIIEVIEE - ELMENREEL, TOHEELTOEANEESL S, LB
TRFBEXRIRE, TETUEEISOBBREVEBESERAENER TN S, RN
BHILVERIRETHARKOBETHEHEL, RHMCHEBTRELRRZELENTE 4L
AIEEROERATOBLUMNLRL, BETOBLSBLEZRELRET I —oOB-ELI N
%,

BRAGEKIA7 0T L2HAVRKERRILY, (. akashivo Tk S BRI EBEHEHH
OB (Kohata & Watanabe,1986), & SWZNP-MREAWTY Y RZRWH B Y ViEML L
REETO U. akashive OV YEGAAE Y U EMEM(Vatanabe et al., 1986) B &MU,
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BT 1) PR 3

ChoORBREF2IIAT, FHAEBHETHENCR 3B L EkT 10T
LAREERL, B VRER LBETED, TRBUE LW OSREEOREHESEIERLEL. &
OREBTY VHIRAETIERL = B akashive 2BAL , BEAREBRHL{THESOERTCOT

BRsuyzy EREETORBBEERTUL.

2 EBRFHE

RERIWZIT H. akashivo OEW I O—VE (NIES-6) 2L, PHRERLLT2IOZ/HTS
AW @ /2 1 (Guillard & Ryther, 1962)% B4, 12:12 KM@ LD FELiT, UG
¥ 80pEen2es! KRBXSWHABThLEERGERT TSR, BER 22 1CEERAE.

RAIJODAXLATOERE, WHEBLFERREUI0C, 30U, ERAEFULILE 0.22 un
DIVKRT7T LI —TCHERALE /2 5% BV 2. FHEFEILE U, akashivo %
HEIhLFAOLVERNERBZ AL, MHEEMEH 170 cells-n! 12Uk, FEAY
JEIEEEW 1.0uM 25X 2, BB 5K O/ V3T TE5 L, RRIBRIDER&4T, 18
RiET012:128H0 LEIR, A TOBEREBODRRTY 530 uE-n2s! ER5 LSHR
Ul BEBEETEI SREThEBREANTR CITAESEITY, HEE 2021CRBTELE,

HBEO THE (hIMEE 4=0.68d") iU RS THEETOY VRIESEIISLELY,
U YRIRMEEL 2. 155 SHEOMIBCERESEL, i, skashivo % LB EREE T,

ﬁﬁﬁ@ﬁ%¢®®ﬁm7&ﬁ§,TE@6ﬁm0l&ﬁimb,%wﬁﬁﬁ®UDﬁMEﬂ
THOEFB|ENDPLEY (BHE=F3I%ERETBLVEAL, VYRUESOTENE
REBUR. CORBTHRBSEBHEREMBE L, 13:00 & 23 0008BS5ARBVTHYT
YU (BA 20000 )RITV, ki, £5, RBE, SREERIE UL, £, 13:00 C2E
T, 23000 BFBETHYTY VY BDEFV, MR HBETo k. ¥ 7YY X570
YFa—TEBAUTRSIOZATISAARZ7AEL—Y—2 B TERIEKL -,

BREEONELEI-A -T2 FATA-T2ERLUE, XBISBESATFID
JFa-TCRET M 2 ASIBERECL 0Q)EAVTHEL 2. ESIERGEERVY
—(ESEREDEAVCTEEL 2. TP, DTP WNLI RV 2HRAIVIIE SHEEITL (Menzel
& Corwin, 1965), % 7T ALHOERY Y EFL MY YBUELIETHAEEEE LR, TP, DTP,
DIP X Murphy & Riley (1962) i bF I mayHElld— 7+ IS4 F—A DREFNTH
WETo R,

3l oY T AEEE 5°C, 36008 (ave.) , 1532 THLRITsHR (Tomy Seiko RL-T7000),
Y EEMEKICT 20K 30% EERR (18m ), 10aM EDTA (5m!l) %i{MUL ice-
cold L THERBR LT, 8E 5T, 2400z (ave.) TISHMELOR T (Beckman model
J2-21 centrifuge), LEE% KaC0s 12T pH=7.5 I HIBHEREEE 5°C, 2400g (ave.) TI5
ARELEIT R, EEBUESCERERET ok, EEESRENE TES F%# =75 &
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FBL, NMR EH#%1T- k(Watanabe, et al., 1986)c *'P-NMR {IELL JNM-GX-2002EH NMR
B, HIEE 161.8 Mz, BHIEER 20 kHz, F—¥ AT Y— 32k U—F, 45° RLU
60° JXL AT S000EDAEERIT > 2, L2V T MEFUSSHY VEEREL L THEEL TV,

3 ERER :
M1wkB (St.1, 2,3, &) RUTE (St.5) ToghoY yBRIEBEELE P-cell

quota DTILEFT. EH ITDE THEPTOY VBEBERRIRBIR-TWE, X 888
D57 8FIL P-cell quota 1Y 53 fmol-Pecell”!, HRILIIHY 1.4X104 cells-m!-'&%
S5 TW%, TOPETHBARELL LECEMX YL, FHIIBCERNLT LY 100115

Jo0 r30

(W) dig

P Cell Guoka {fmol-P/oell)

ST |lapy vy eHEERE P BEORREL
Fig. 1 variation in P cefl quota and DIP concentration

0 /
A
-~ 0.5]
E
£ b
=
o
1]
B 1,0
)
- , . , _ E
29 30 31 32 33 Salinity %}
18 19 20 21 22 Templ'Cl

2 W4 7O XARTOKE - EHOBRENN
Fig. 2 Vertical distributions of temperature and salinity in microcosm
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HIBEATE A & 1) » Bl

ez, BEOY VENMBHTOHOESBENPUSVWEEERIZEAL, U YRUEFD
EERELERLE (F2, 3) EHEEZ (St.1, 2, 3, DTHIY%, BEF (St.5) T 33.4
WEBEUR. KELDVTEH2BIHLT 20.5CEREL L, KEHE (St.1) 20T
HEHOBELLVY 0.5CRAFRE ok, THHRHEINLEREOREMHIIER (
St.5) WHWLWTYVEHED 19uM , BB (St.1, 2, 3, DEBVTY VBEBENO pM&R-
TW3 (H3). H. akashivo MBOU VRZHREL IHTHY, BAKESHIZL IFEEH

OER 12:00 TOXEBEMAMBUTEE 23:00 TOEBSHRELHEACTEYT. ENEEL

O.‘S'

1. 01

1.5k—-é

10 20 a0
D1P . .[pM)

Depth {(m]

E
Lo+

RA28IXLATOD DIPF OBERHE

Vertical distribution of DIP in microcosm

¢ L/D
b

0.5}

Fig.

o

Depth {m)

10}

N~ 23:00
_____________ .
15  E— . 2

10° w0 10® 10*
Cell Cangentration {cells/m!)

g HREMEBHERICET 3 H.akashive BB DEE S
(O) ! ZR1BEO 13:00 952, (A) ! RR1EB® 23:00 §isE
Fig. 4 Vertical distribution of the cel! conceniration of H.akashiwo
(O): measuyred at 13:00 of the first day of the migration
experiment, (A): measured at 23:00 of the first day of the

migration experiment.
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MO—HBEARBTOEBEELN 1.4X104 cellsen!~! THAIOWLHML, BEGEBEHITLY
BREKBIEML 2 BRHIEYH 6.4X10° cellsem! - &3, ZDXIMNEMDESIT—BRE
SREERUT H30~0BRERL3., BMIRREORVEFCHALEBYTL VBIL
T2 H. akashiwo (H14) QERCBWTHY 2 R2ERL, SFGBEBHER 1HEAD23:00 &
P-cell quota It 95 fmolecell-' XML TV 3. HRIKEBHERR 2080 13002 IREL
BUSEMU P-cell quota & 153 fmol-cell™! igLA. B 2HBE® 23:00 KIIHUREE
BEORWERBZBEH LY EINEITYL P-celi quota I 169 fmol-cell izl ., EH 3
HE® 13:00 RREBUVY) VEEE0OREIBHLTEY YV YERMMThh R X £ RBBE
TUIRFESTW 2 P-celi quota N 151 frolecel N2 EET TS, 2D
DLMEABRKRBIENELEEL, AFARESRRITHE 2 >WMERE T K. akashivo WYY
BRETHICE2EBERZLIVIFUVEBTOF—YEETR 3.
KEBEBULYVRZHKBTO H. akashivo MfaH. WMEBLBHLY V2 EHL, BE
BRI VRESCORBIIBHT SRR TO 0. akashivo BRAOY ¥ RERBELE *1P-NMRIZ
KOHBUR. ESGEIT PCA HHBD MR ANV PALEZORERFRT (Vatanabe et al.,
1986). PCA 2 &% H. akashiwo OHIMEIEIIN 60%TH Y, sugar P, phosphodiester @—
BHRMBELTH->TOS (B5()). RE intact @ NMR ANT AL (IS5 (c)HIE PCA B
HRUBEOANY P AOEFZEEHELLOERSTVS, BE6(1)IERBEBHEREL
HEQ3000OY Y RIZMRB(EEBEMTORANST P LTS %S H,sugar phosphate, Pi,phospho-
diester BHTHLERAZBRET, ho—~7 3 Rah A, H. akashivo it 168:00HEEH» >
HE 0.6~1.0 mh! BETTRUEY, HiTT3 18:00 LBREREICEEIENT 3 (Kohata
& Vatanabe,1986) BHIG(I)IIMREBHERTE IHEORMETRE (23:00) TOANY P AER
T, EBLEHEETS Y VEERU P-cell guota & 95 fmolecell~! X¥pL AN, FOTXT
WBERY DU TRARERLTWAZ EShhid, P-RZD K. akashive MFTICERAL }
DO B2ERURBLUERIYRBERY VENE 2RATSEOR VY VBEERL TV 3
(Vatanabe et 2l.,1986), KU Y YBEMO—20EHEN ATP ENLTITOhTEY, XYY
BERDCADEMINE ATP 2E->THKUY Y UBRPEREK T IT ENEBETh TEY
(Rubtsov & Kulaev, 1977), H. akashiwo DWW THEBOZEBITHATLEZ EEFRBLT
W3, P- RERBICBHR TV H. akashive HRIEFERFA MY VBEERL TV U
EREEFTS+ARILF-2EEFULTORVLOEELh D, ZOoLDHERNZ P &L
TOHRBEHLTWAEEE 0D, K. akashivo WHEEEF A (3:00~6:00 ) H4HEITV, LA
RBEYEITS (Kohata & Watanabe,1986), E6 (ML EHHERYE 208 ORE(13:00)TD
AN P LBRT, WEEETERU FBEUTRELTVLR Y S HHEL, sugar phosphate®s
YoM R ERT SRRV Y VEBEBEBLVTW A EWRETh TS, o TRREBCE
RIZCLRLOKEEIXOBER VBT ARFAT A ENTE, XV VRILRGKE
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PPy
Py
PE, NTS PP
-l GPE mmpml x;p Lot
phoaphate. diesier 107 wre, NTP,
_iNAD poe UH
NDFe UDPG ) \
10 0 -1 -2 -30
ppm
.
PRI ARl o e
1o 0 —10 -2 -3
ppm
10 0 ~10 —20 a0 -

ppm

5 (a) H. akashiwvo @ PCA HEHEED 31P-NMR ANY ML (ANT b AR
it Vatanabe et al., (1986)2 &%)
(b) H. akashiwo @ PCA HIHIRTRITD 3'P-NMR AN b AL
(c) H. akashiwo intact cell @ 31P-NMR A~ b L

Fig. 5 (a) *'P-NMR spectrum of an cold PCA extract from H. akashiwo in
exponentially growing phase (Details of spectra assignments
vere based on the publication by Watanabe et al.,1986)
{b) *!P-NMR spectrum of cold PCA treated celts of H. akashiwo in
exponentially growing phase
(c) ®!P-NMR spectrum of the intact cells of H. akashive in

exponentially growing phase.
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WS
2
5
(i}
2
A.MJ "
10
{m}
! 2
MJ
WMH
10 0 -10 -20 -30

@ 6 H. akashiwo @ PCA fH#®M S1P-NMR ANT L

(1)ERSEBSER 1HEDI300 BPFLERL L@R. YV2IRERK

RBERSTHA,
(I) BEEEEBHER1HEO 23:00 EECEBL 2B,

(II) HENESSHRB2HEO 13:00 RECHERL-2ER.

Fig. 6 31p-NMR spectrum of extracts from H. akashiwo

(1) Cells accumulated to the surface at 13:00 of the first day

of vertical migration experiment. P-starved condition,

(11) Cells accumulated to the bottom at 23:00 of the first day

of vertical migration experiment,

CI11) Cells accumulated to ihe surface at 13:00 of the second

day of vertical migration experiment,
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Fig. 6

HISsnin s s )~ FH

(V)
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79
3 al-mﬁ—q——-\-h
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w
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PR

(W) BFgEHGE®R28H0 23:00 ERCERLER,
(V) RS ESSERIOE® 13:00 RBwEHWL 288,

I=sugar phosphate, 2=Pi, 3=phosphodiester, d=terminal
phesphate of PP, S=reference Y & b Y 7 = ZJ, 6=PP2, T=PPs,
8=NTPg , 9=PPs, 10=PPs, pH=T7.5

(1V¥) Cells accumulated to the bottom at 23:06 of the second day
of vertical migration experiment,

(V) Cells accumulated to the surface at 13:00 of the third day
of vertical migration experiment. '

1=sugar phosphate, 2=Pi, 3=phosphodiester, 4=terminal
polyphosphate, S=reference,triphenyl phosphaie, 6=PP2, T=PPs,

8=NTPs , 9=PPs, 10=PPs, pH=7.5.
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&U ATPBEMUARY Y VBERCE-REZ2 605, $EBHEBRFIHEHORE(13:00)T
BAYYYEBO chain length & 12 EHEEXH (1) ZhiliFW chain length @RV Y Y
BYEx5h3. OO sugar P, Pi ZUT phospho-diester RIZX—EDEELTHY,
CThR#RERELEIRIRL (K1), $EBHERE 2HEOERE (23:00) T8 LR,
EECEERS 3 VRERICETL P cell guotald 153 fmelecel "' (B 2658, &8, 13
2000 M3 169 fmolecell! (£% 26H, ER, 2310008 T3, Uh LERAP: 3
EAEERYET, P cell quota OFELDIT LA FRERFRY Y VEOBNE UTHATVWE,
TROLER 2HEREU300) TIHARARY Y VBIL 39.7 fmol-cell”! THoOH, £
B 2HEER (23:000TRAKAARY Y ELE 52.0 frol+cell™! ML TVLA(E1). 5
WARYY YEBO chain length IRBM2EERB3:000TI2TH - L OWER2E HIEE(23:00)
T 20 &ML TVE(XR1). 2h iV, . akashiveo MR EREBICEWTAL Y VE
EERT IR, REBRKRVYIBOERRITY, VYEERTIZENMHTRILEL.
SEBIRE  HECEHURBEIEMT 3 (13:0005, B. akashive M OA) Y VBEL
TOY It 52 fmel-cell- ' 40.1 fmolscell™? WHEHADL, 2RV Y EBO chain length
W20 hS BEEYUTVI(EEL). RETOAL I VBUEYOTS30OT H. akashivo U
BRUARVVIBEHBL, SEAALI VBEBELNLEHEGL, Y UyBIEEBCHAL
PHOEEbhE, —HRUYVBEKOBERECEVEE ATP 2ERTICELETINT
B0 (Rubtsov & Kulaev, 1977), TOBEAER YUY VBIERN AT BLHAMT 52 & HRg
Thd, CORDENY VBERERZLERY VOT AL TORINOARST, TRLY
—DFMELX UTORNEE - TVW3EZ1oh %, HALBERHIAERRBERERERE
%Egﬁﬁﬁ®ﬁéﬁﬁ?5:t&ﬂﬁmb,bﬁﬂofﬁﬁﬁﬁﬁwﬁUUyﬁﬁmtE¢$
EEERURYVVEAVWTRY DBILRISE2DEHLIITS e NTETH 5. SRSEBHER
U YBEMRECHELFED H. akashivo (3 HRFSIEBHEN2HEROEEFECHLTE
BRREiEsx 3,

M o=
AW BIT T2 YLV EREHE L TTE > L EHUER (SRAENEY Y —)
HELF S,
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H. akashive REMITSEH I Y VLA E RS OB

EHA0ARASERII MR E60% (Watanabe et al., 1988) oS

WTRDE.
Table I Variation of cell quota of P intermediates in H. akashiwo cells
Each cell quota of P intermediates was calculated based on the
extraction efficiency of 60% (Watanabe et al., 1986).
Phospho average
Sampling sugar P Pi diester pp chain P cell quota
Location (fmol < cell™t)  (fmol » cell ' ){fmol » cell ') {fmol - cell"t) length {fmol - cell™")
{1) 1300 h surface
First day (st.1) i1.8 8.1 4.0 _ _— 53
P starved {36.4%) (19.2%) (12.6%)
condition .
(11) 2300 h bottom 16,2 22.8 5.0 —_— —_— a5
First day (st.5) (28.5%) {40.0%) (8.8%)
(111) 1300 h surface 14.4 12.4 6.4 39.7 12 153
Second day (st.1) {15.7%) (13.5%) (7.0%) (43.30)
(V) 2300 h hottom 13.6 13.3 6.6 52.0 20 169
Second day (st.5) (i3.4%) (13.1%) (6.5%) (51.3%)
(V) 1300 h surface 13.5 14.4 5.3 40.1 14 151
Third day (st.1) (14.9%) {15.9%) (5.80) {44.3%)
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FHWER Chattonella antiaua OBEEEE, 7E=T AL,
U BIERIR BT iEEtoEE:

Effects of Growth Conditions on Nitrate, Ammenium and Phosphate

Uptake by Chattonella antiqua*
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Yasuo NAKAMURA!

B B

ERSIVEY VHRENT, HARHRE (D) T Chattorella antigua @
EFEIEELIToh, BESERLZUARAT, SEHRACIMRES 3 VT
TYBRZUAEEREEAIORY 8ul RO, Y VHIRRLZEY JBRERS MWL
Bo BMBBERBEOHEEED 6K 2 ORBERIERE 2RD, T heilflge
(e=—=In(1-0) ) OEPLLTHMLL. WEE, 7>ET56E, VRBRE
QLThOBRETHENEER NI THBEAOYRIIE L, FREOHEBUR
Ry FRERBELZFMUTIZELASAOBREE S IERAEEOEBREShE.

SEBR W REREBTES T3 R BIEEICEEOBE KT R U &
OHIFEFEESE (cell quota)lkFtEM S, C. antioua OMFBEHEWCHT 2 ¥
FIEY Ke)elEE, 72U L, YUBRBUSWTEBLI T EBNTE R,
Kg% C. antigua RASHEBRTHIHFHPEORRIEREELIIRT ALY,
HEMETR) Y BEOBEENFBOHMWMEELR A 2 (EEL T 3 THEEHIRE
Thi:.

AH/IE Nakamura, Y.(1985)024& Y J.Dceanogr.Soc. japan, §1(6), 381-387HERTh W
BEHXICUDHLEDOTH S,
This paper was appeared in J.Oceanogr.Soc.Japan, {1985) 41(6),381-387 by Nakamura,Y.-
1. BEXAERARE AELIBRRESE T305 RBVHANRISEBET/NEG 1652

Water and Soil Environment Division, the National Institute for Environmental

Studies, Yatabe-machi, Tsukuba, tbaraki 305, Japan.
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Abstract

Chattonella antiqua was grown at several dilution ratios (D) in
nitrogen- or phosphorus-limiied semicontinuous culture system. Nitrate or
ammonium were added at concentrations of 10 or 8uM to nitrogen-limited
cultures in steady state growth and phosphate was added at concentrations
of 5uM to phosphorus-limited culiures in steady state growth. From the
decreasing rates of the nuirient added, uptake rates were obtained and
expressed as a function of growth rate (xz=-1n(1-D)). Nitrate, ammonium
and phosphate uptakes were not significantly affected by growih rates and
were comparable to those obtained from the cells in nutrient-depleted
batch culture.

" Combining the results obtained in the present study with those from
previous studies on nutrient uptakes and growth kinetics, half saturation
constants for growth (Kg) were calculated for nitrate, ammonium and
phosphate. Comparisons of Kg with nutrient concentrations in summer in
the Seto Inland Sea, where red tides of C. antigua often occur, suggest
that phosphate is one of the controiling factors for the population

of C. antigua.

1 QUadic

Chattonellfa antiqua EFHFHAW TARBLRFHEERT 2574+ FETHS (Ono §
Takanc,1980). FEORFUIBHATE LNV TEHOBETEAEER I LSL, KER
HEMBEER>TWV2 (lwasaki, 1979),

AROFHRERELZTTFALL, RECHHIHIRBEFORYLH T ELDE, F
MBSV TI, 1) C oantioe CEBWEE, 7YEITAE, Y VRERNORREREE
FE (Bl - 30, 19840 ; HH, 1985a) RU 2 HMMEEOHMEBREIRANSE (cell
quota) EKEFME(HH, 1985c) BB L TER, UL URYS, REEFEIUCRIF TGN (8
HiEE, 55V HAAO N, P BHEEHLTYWSH, +225350) OPRLEELIHICTICUE
Shlpok, REEIRTESIIEERVUEEREREHAVWARATR LS L, W ohDHE
MTS520 TR, REEENEENRBESEOMCARNOMBAR T L>TLEULLEE
22U 3HMMen TS (e.g. Rhee, 1973 ; Gotham & Rhee, 198la,b ; Caperon & Meyer,
1972), UR#->T C. antiqua FARELHPHIRBEOCRNLWE O T S LW, X
BOXRBEREMEIMERHL L > TEOLSREEERG IO R ERMNIZE &P+ 4TS
3, ThpHs, ThEHEIDPILT, BURBEINOXRBEREREEDY, BEFEEOce!|
quota KFEMEHEAILT, EAGhERBERAOLYE, BN COBEEOHEE CHEEL
AUTHHZ20OMNERBZBE MRS (Lehman et al., 1975; Tilman & Kilham, 1976).

FHIZBOLTH C. antiqua OEE, 7Y TTAE, VOBIEEBNICRIYTMEZEORY
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C. antigua DYREEE N TP RIS OBRE

RE¥ERERREALTEEHCH DTS, B2, ThETRAIWLEREHEIZIZ LT,
FEOBMEEORREBEKFHLRHET Z. TUTFEOFRANER T I HROHAFHOR
BRERELZ2BIZIET, BT EORBENABOBMERE LY SHBREFEROPT
LWhEERT 3.

2 ERIHBEIFEROLT

2. 1 BHRUBRRH

Chattonella antiqua MEE I 00— 28 (Ho-1; dff - #i0, 198%a) 2HBIELTERUE,.
WS HER (PR - #10, 1984a) TH3H, 7YETLEENERRETS BCIIERH
Bl Tris 03 400uM @ bicine WETL L. Thif Tris B7 Y2 AESHFTOBEST
ZRHTHS (Healey & Hendzel,1973) . HEFWIL 25°C, 0.04 ly-min! (EXEHIELD, 12
12 LD¥ £ 2 )L (081 00:84T, 20 00M4T) W TITo k.

2. 2 ¥EEhhg

i - 3 (1985¢c) KU HEERE T, ¥FERIEHELITo R, ZEVRROEES, &
HOEEIEMELR 1IRVL 22uM0) YBIERIS 2N, YV UHRAOES, Bittho ) Y RIER
B 15200 3u (WREREN300uM) THE, ChHOEBHEFAFRIEDVT 5~6FYD
DFRE (D:0.1~0.3507") THEREERIT R, HHHOXWIT—Fiz—K 9:00 »>10:
00 HHTITY, WEMS N LHFRPO C. antiqua MRMEE L PEMBETHH UL, Ml
HWEOGEEY 5% OENEEERECNE->LE, RETHERBRELVLEMWHULE, O
B¥RT, C. antiqua @ (HEHULR) BMEEE (u) IERE 0) OFHELTERRATELS
% (Tiiman § Kilham,1978) :

#=—1n(1-D) : {1

2. 3 XBEARCRITRERGOER

TERBLSZEREAVT, BEE, 7o L8R UY VBIEEIIC T ¢ BERHOD
EEERMUE,

FRYH, fEREZEHEII0M310: 00 THERBREEU R EBORTHREITO, 15:0FT
2. IRBULERRUTEREITok, 15 0XEEYEROIERIZE 104N OMBES 2L
G BuH OF7 VEZILELFENLR. £k, YV OHBROEHITE 150012 540 OV VEIE
EEMUL. BRBERFWU 2% 10~60 FHET 12023 Hh20% 10on! REREIU, $EE
BEREOBRELREHL 2. SFRBHDRNERNERZEFZERHCELL, Z20EDHE
P C. antiqua ORBEENFERERDE. BohRBERFER (BFYIThr) HMEE
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A2
(L)OBI®E U THIEU 2.

2.4 SWRFE

FEEBENERE, BREhL2FITILE, BEBI GF/C K TABEITY, 2HERE
EMFEBE U, HERIEW Voodd (1987 OFE, 7 YE2UALEWL Solerzane (1963) A
%, YUBEW, Murphy § Riley (1962) QFEREDE, F7 2 8T~ 7 F 3 1Y~
DR THERIT> R,

3 EREEE

WBERU 7 Ve LEERRR TR, 9 0Tt OTMic L > TNA & Al HBIELIS:
00D EBHIERMIEE T2, BRAWLW C. antiqua WERHIARL U TORL, 15 00w Hrhie -
oo TV AWBIERE 0.228 (0=0.1d"", TRITWPOHBIERE (55°°) = 11uM) »d
2.9uM (0=0.35d"", S8°°=22uM) TH ok, Lilats-> THEREEIGEE (Vnos) T SIS
FEES 10.2 H o 12.9uM OWEERTHEEh LI E WS, Yoz THBEEE (Swea) 12
KET 3, LHSEBENTORESEDNE L OT (HRESNOEMEIERKE®)3uM; P
oo #8, 19816)SEOERB T Rl Vnos @ Svos WHTFBHEHEWRIT->-TVL RV, 7Y
U LEREEE (W) RIEBEOFERERE > T BEL2URVOT(hH, 1985), &
BEO7 YT MERNERTD, BAWBREOERIZRCAL LD 1,

—FF, YBEERERRTIE 15:00 OV YEERIEIE, HSodbEBEU T3 ) YEEE
0.4uM BITTH - OTY VEBIERNEEOY VRIEEECHT 3HEERITO R 5 2,

3. 1 RBEEMCIRITHERYOER

R EAEE (Wnos) WRIFTIENEMERE(L/ L )ORBELHI TR T, T2 Usex
(=0.15d" "Ik FewiEH C. antiqua ORMMWEHRUTWRVEOD B5TRETIRBEETH S
(RF « @50, 1984a), Wnos [ u/peex OBMEFN(=2F I RAOSFEERNEFIIRZL
eV oiE, 1985¢) W ARPWHMMLTWE Y, TOEREREOHBL Ay FHERTH
Sh il (=0.71 pmol-cel1"-h"' | o} « #30, 1985b) & {XIXMEETH - k.

U LEEREE (V)X RITT 2/ e OBERFE2ZRT, Vine IHERE 4/
PeoxOEETETFETHY, TLHBEOHEBL RN Y FIEEBATHEEN YN (1.58 prol-
cell™f+p-! ; otil, 19852) F FXREEDQETH -2,

1 EREEEE (Vros) WCRIFT u/unx OBEERIEERET, Veod BHBIEENOES
CERE, p/pexOMMEREWIPMICEWT S, TOEEY CBEOEEGL Ny FHER
FTCEsN{E (0.10 pmolecell™'+h™! | chi « i, 198ic) * FEFABEDETH 5.

HRERFNCRITHBEAOREER, YT I3 07 P OBEPHRETIRBEL LT
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C. antiqua > FEIRIUC BlT T WA & fhon Bl

RKELRRBSTVA, TROEB, W2HhOEYWT S/ } U TRENEEEEFEFEORID:
HEFEULLBLTZ0EL (Rhee, 1873; Gotham & Rhee, 1981a,b) , Flo73 >4 b YT,
EUE R R TR & L ICE AT B (Caperon & Meyer, 1972) » Bz HiEEIEE
PRBEECL-THIVEERBHRVMLHSh T3 (Laws & Wong, 1978; Burmaster &
Chishotm, 1979; Terry, 1982) » UAN > THFHORLEERERBELOPPHIISLEZBEL
TEFLEL, BXBENFAREC R TRIEFEL LS LTI B0 EHRE T 278%
MEFE OV THRBEFENSBERHLL > TEOL I REELBIIONLHMB I L HEEL
%%, C.antigua DIFE, BEXOBHMEE THEOIOLERBEOEREER, DOTAYFIEE
RTHROMEELIFIAEETHY (H1~3) , AEBOFFHEEIMERBCE-THEY
BERBIRVEZBITEIZEITH 3

3. 2 Chattonella antigua OREHEOREBEME KEY

KR UHEE TORED S, C. antioua OMBME, 7V E2T LK, VRIEETRNREE
WEE, VRS RU MMAHOBME LTRE > % (P - 30, 1980b ; oH ; 19852) o £,
MRS HREEEOMNA SR EBEREL TV AT oH S M ER > (K, 19850) .
UBURHS, SCTHEERSOR, BEEERFEORBERECEOL S CEFELTVS
PHEVEEHSPER>TORVIL TS 3. EROGETEFITSh 2 LERERTE, 3
EAEDBARBEREOSTS 305, RERLCHIOH ERBEROLNEES DTSR
B, REETIFHEYONTEE S FBEBEOEKY UCHI ENBETS 3, 22
TEMTREY, ChETEAAL €. antigua ORBEFNRU MO H2w B 3 HES
—EREBELULRH, ChERCABONMEEOHREREREET >V TREENR 2,

3. 2.1 C.antiqua ORBEERRUBHMOBNE -HROBH

a) BERBERM:FPEHET oM

1) THEBUEEE . WHERIEEDUEE (Vvos) IITHEMERE (Swes) OBEE LT, Michaelis-
Menten¥ £ TORTRRBEND. T/ Wwos BXOBABIRLI-THTOEESTIRY (3K -
Wi, 1984b) o Wnos IMER I L>THZVEERRY 2L (B1), BE7YEo2YAED
FEL LT, WwosllERFHEAZTRRF S (b, 1985a). BLEREFEHT,

¥ NE, + Swo 1
Vyg, = oma 1ON0y
NO3 Kgoz’ * SN03 1+SNH4/KI (2)

REU, Wi, O RMRBERENCRT 28 ARNEERUVEHHMTHTEY, KR7VESY
CAEC L IHBREENOEEERNTH 3. Tk Sl 7 Yo LEBETSH 3,
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SIS

osf o o
)
— o] o] [a]
-5 o
T
g
fod
g
0 L 1
0 05 10
B/ pax

1 ESIIGEEEE (u/peex) OABKE UV TOWBEEIGER (Wnoa)
BRIEOHBLEAYFRTO Vnos i 0.71pmolcell"'+h"! TH 4
(it - 50, 1984b).

Fig. 1 Nitrate uptake rate (Vno3z) as a fumction of relative growth
rate ( g/ peax)

Vnos of the cells grown in nitrate-limited batch culture was

0.71 pmolsceli~t«h™!,

1) ZFYEemonlElR: 72227 AEEREE (Wedld SvaOBIEE U T Michaelis-
Menten ¥4 TORXTREI N, XOBBIZEL-T Wi EHTVEBFERTRV (PH, 1985%),
BREOBEEE WwakHodRbd 587 (b, 1985)BILEMEEMIT & T W lliTL
AETLUVRWE2), REEFEDT,

_ Vnﬂ;' * SNH4 (3)

v, = _max = o4
NHy KNH SNm

REL, Vis:, MRy AERRENT ARAENEERUVERNER TS 3.
1) DEMMTESG 06 SEFERT, (BFY) HEEE (p) CERIHFPBETOD
PAHRABESE (V) ORIZ0H Y3 Droop QML LD :

= ph (1—qg5 / Q%) (4)

zzw o BEMENERSE, s ik O BRATO (RENL) BMEETH 5.

b) YYEREEBEEY VERTORM

1) U YEEER Y BISHIRERE (Veo )2 Y YRRIEMWME(Seo )OI L U T Michaelis-
Menten¥ 4 TORXTRAEN S, TRAOHBILE-TVr 3D X VRERRT 2V (PH -
$¥371, 1894b) o Veos I MIERH I L - TH5F VHERRIRY (B3) « RERFEDT

;
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C. antiqua 7 RFFEIH I AT TSRO BE

15} o o
g . A
2 o]
i
3 1.0
<
£
3
> 0.5
0 ! ]
0 05 1.0
g .

5
[ X

A MR/ e ORI E LTO7 2oy ABEIEE(VNke)
WEMIEOHB LNy FRTO Vvna It 1.58 pmolecelt™'+h" ' TH 3
(b, 1985a) .

Fig. 2 Ammonium wuptake rate (Vwue) as a function of relative growth
rate( i/ sreax)

Vira of the cells grown in nitrate-|limited batch culture was 1.58

pmolecel|*1+h"!.

015
° o
- o 8
= 010|=
g Q010 o
©
E
a
I
= oo
0 1 )
o 0.5 1.0
J/fimay

B 3 AR (u/ueex) OFEBELVTOYV VRERIEE
VYEBEOBIBLEN Y FRTO Veos i 0.10 pmolecel17Teh! THS
(- 3230, 1984b).

Fig. 3 Phosphate uptake rate (Vro4) as a function of relative growth
rate (p/ pinax)
Veos« of the cells grown in phosphate-limited balch culture was
0.10 pmol~tecetl=t<h!.
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i HTR Y

Vot * Spo
Vi = —max 4 5
PO g EO 8o, (8

TR, KR YBIEER N 3 SAENEER U ESBIIENTS 3.

i) FAAYVRAT 7 —ERFEN: KBOZ7LAVRAT 7 ¥y —EEHR Y V/RIZ ORI
BLTHEHTHETHY (A<1%) , HRY VBIAFLOHZY VIEE LTS HERT
20 (FH, 1985b) « SCR AWRIBHOYYEREDOM%EERY VB L AT L OMKIE
TELRABVETINIA—ITH %,

i) YYHRTOREME: Y2OHRTCELT (BFY) BREEE (u) WS 2ESE
OERAY S8 (0°) ORI Droop ORAMEY X2 (b, 1985¢)

m=7p C1—gqf /Q%) (6)

22 qb WERNEREMYVEE, pell CERATO (REHR) BRMERTH 3.
(2) ~ (6) RREThBZNSA—YORIMERE 1 LR,

3. 2. 2 BREREORBIERERENE

FEERIEENEEORMEE UT Michael is-Menten IV, Lvd EEEE BBEORE
HERHEOKOEBIL->TH T VEERZUY, BEREEEEOHEREEBHANSE ( cell
guota ) fRIFMEDS Droop ORI HESEE, WHMEE (u) IHEREE | OEE (Si) OBNK
EUT Michaelis-Menten RIS T E WS TV S, FTUT, BEEERNT S EMNTH
(o) WHRBEEMONI A Y - ERATHUF T S0 3 (Tilman & Kilbam, 1976 ; DiToro,
1980):

R Ny @
ChETHTERLDWE, C. antigua OFE, () ABHEOVLDEHR, 7oEoTLIE, VY
BRI, WRE (7200 LBRLHREENEENER T 358) O0WThil 2T
LFLERTVE, Z3UT (MR E>T C. antigua OFFEJHEIHT D K BEHETES
B, FTOHEREF2LEFRT,

Ko QEEEIRELIT THEREE | OBEN K BEEOEKRLTIVZ P UNESTHTY
S84, FOMEFREIEBENHMEBBLUTWRVSSOMEEERE (taix) OEFIEET
$%1 L0332 THB. FUTHIBEIRIZETS S & Ki OLBRITICLTEREE | »
RBCBCTHEEEOHRETIRVIEINEINORYE SIS ENTES. R2K L.
antigua FHASRFUTHIFFAEOCIVBIFRORTERELHE RS GEES, 1982).
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= 1 Chattonella antiqua ORBRUKBEERANS A—F

Table 1 Growth and uptake parameters of Chattonella antigua
pasx (d7') maximal growth rate 0.51 (25C)
ql (pmol »cell™ ') minimum cell guota for N 7.8
vas? (pmol -cell™ +h ') maxmal uptake rate for NO3 0.91(1ight) 0.78(dark)
k8% (amd half saturation constant for NO3 uptake 2.81(1ight)  3.14(dark)
VAU (pmol scell~' - h™') wmaximal uptake rate for NHi 2.02(1ight)
K§M Cam) half saturation constant for NHi uptake 2.19(1ight)
Kr CuMd inhibition constant for N0 uptake by NH: 2.0
un o (g 1) growth rate at infinite Q" 0.78
b (pmol - cell™¥) minimum cell quota for P 0.62
Vilt (pmol -cetl"' =~ h ') maximal uptake rate for POi’ 0.14(1ight)  0.13Cdark)
k8O b half saturation constant for POJ™ uptake 1.76(1ighty  2.04(dark)
ACX) alkaline phosphatase activity <1.0
e (d-1) growth rate at infinite Q° 0.93

3
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MR FE- 3]

Si % Ko BT 3L Sod OFEBERIZ K 'HRE-TV B, ZOZ LRHBAMEQY >
B MRE M C.antigua ORERE R AEICEETSEELS ST ERRLTHWS. C. antigua
NERBOY Y EY VEE L THBEHATERLIE (PH, 1985052 8hE 3L VB
WUHERIET C. antigua ORMEEREZALU TV 3 —20EFTTHEAT L HERXHhE,

—77, K" % Snwe EFHNBE Swna W KMUISHENTHROKAZ L, Th Svosd KT 2K
NTAREV, DEOHAMGIBIS C. antiqua OBEFEREIZERRREL L-> TRHEEH
WEFELBh I,

= 2 Chationella antigua DIFEFEICHNT Z¥MOTE KOHRUEOCHS
Mg QR JERE
Table 2 Haif saturation constants for growth of Chattonella antigqua and

nutrient concetration in the Seto Inland Sea in sumpmer

nutrient i NO3 NIls POI”
Ka ) 0.65 0.23 0.25
nutrient concentration
in the Seto Inland Sea 0.5-3.0° 0.5-3.0° 0.05-0.5"

Cul)

a) after Endo et al. (1982)

BERE—ERUTBELVILREXRATEINEERRSFTTI V2 Y oRBHORE
BERER—-TFLL3REDLELTHEINWELDTHY, UnSIIBEURHERMNIBORBIEHESZL
BohhEERNEShELOTHEEVIZETHI. XBERZURBCESLTUHREYTS
Y2V JOBEPKEEAFOSETE LI - THEY, EHMRELT2Z, Uik ->TC.
antigua FHRELE D HPHSEHFEOEALE L VERC T I LD, FHREBELEUVTH
¥, $BERECE LI 0FBRERTALARCHERCLZ Y22 L - 22 &-T,
(FUVEDVLERLIHREENOEZ L SY) RERESKMBEEILTIRETTO L.
antigua OEREERTIZLENSHSS. T €. antiqua ORBREERELRIFTREELAD
B, TROBHYTIO7 P YILES C antiqudBRY, BEBEBHTLS C. antiqua
DEE, FHCHSBERRIE2VTLEENTHIPICT Z2L0ENE 3, BEUERETHE IO EE
BLEBIcHEYT S8, SeBMERS “strain difference” (cf. 70 - dofkr, 1984a,b) i
SO ThBEepict IR RV, BEREMTHEOINWEERES (T TE—ELUTH-T, HE
TD C. antiqua OHREEMETILTO-D2OEBRTHAIEEBMALTEE RV,

WA mA 3R ¢ antiqua QY YRIHSOBRKRUIEAEOFRENRET 2550408
BUO—DIBERVELSIZIETH . FEMBOENTI I VREFELTEoMSEE
BB o TS ROTRER LIRS R,
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Chattopel la antiqua OEREMBIICRITTHS A OBRE
Growth Inhibition of a Red Tide Flagellate, Chationeila antiqua by Cupric lon®

hFER - N - EIES
Yasuo NAKAMURA'!, Kazuhiro S$AWAI? and Masataka WATANABE!

E B

FEEEE Chattonella antiqua OB BETHAF OUREL A LERE
HoTHHLE, FEOBEE IRESOEA F ViER (ac) O—HENE L
TRATRBRIhE !

# max

H= T+K( ag, )¢

T neex=0.6307", K=2.4X10%°% mol-2+{3THok. RAHEIEE (u

vax) QESOMMEELS X Saculd10 2 NTH - A,
SERhEEREChITHOED TS 7 U TRONTV IR L HER
UR#ER, C. antiqua BT YEHUTERBORVETS 3T EBHUAL k.

* ABYIL Nakamura »(1986)2 &Y, J.Oceanogr.Soc. Japan 3 42(6),481-486 WRRIh
HAEERIXRYDEHDTH S,
This paper was appeared in J. Oceanogr. Soc. Japan, 1986, 42(8),481-486 by Nakamura
et al(1986).
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2. WHIOSSEE EVAFWMRENR HEWHRE (RREMAFIER Ti62 HEABEEREARE
%)
Research Collaborator of the Mationa! Institute for Environmental Studies. Present
Address: Faculty of Engineering, Science University of Tokyo, Kagura-zaka,

Shinjuku, Tokyo 182, Japan.
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HIZ C. antigqua FAEREETHIBFHIBEOH /A VEBRMANER LA VD
HEREHESHZEFERLUEEE, €. antiqua OMHBERECE L WEELS 2 58
Bz 2T EBHBEL, ERTOHA T YOEENFEORERED “ on-off
switch” &L TYERAUL TV ATEENREEIhE,

Abstract

Copper toxicity to Chattonella antigua (Raphidophyceae) was examined
using an artificial seawater medium. The growth rate (u) can be described
as a unigque function of cupric ion activity (acu) as follows:

M= o/ CT+K Cagy)® ),

where pnax.and K are 0.63d"' and 2.4X102°% mol-2+ /2, respectively. The
value of asu at which # is reduced to haif the maximum is [0°%2-2M,
Comparisons of our results with those for other phytoplankton species
indicated that C. antigua was rather sensitive to cupric ion. Furthermore,
the growth of C. antigua was strongly influenced at ithe calculated cupric
fon activity of natural seawaters in the Seto Inland Sea, assuming only
inorganic copper complexation. Thus organic chelation may be necessary

before C. antigua can successfully compete with other phytoplankion
species. '

1 @dusic

B4, ThEFTHRYPES Chattonella antigqua © N-, P-REEERB UL EBEHETR
B LBMOPNFEERFL TE L (hH < 0, 1985b ; B4, 1985a,b, 1986). FTORE C.
antiqua RPERERTHIFERFNETE, JVUVBENFBEONBEEELZRLUTEY, £EBOK
Wy Eh 3D, VI HRLIORBBEETH 3 I L WFEh (bR, 1886). U
BLEBS TYVHBHI ORI WH ETLAENFHEER T 2D0LEREFO—DT
$->T, ThOATE C. antiqua BMOERT I + Y REBL THRALERT 3 LUF
TUHETH BN 3,

WEEWMTS 7P EHTIHOFHUBIL AR (RN -TEY, ULHHERALALD
HAAYTTOVLOHOEMT SV P VOBBEEET 32 LHMSATVS (Sunda &
Guillard, 1976; Anderson & Morel, 1978; Gavis et al., 1981)s L iz¥-> THIRIZB 24
W7s27 ) O BHEOHOEBVEEEOEE (F#) CilfkbOiH4 4> OEENAERRFD
ERLELTWAAEEMEN S 3 (Huntsman & Sunda,1980; Gavis et al., 1981; Andersen et al.,
1984) , RBIZHVTW C. antiqua DA F VL X AMBEEEZENERRTRE U LEES
WET B L0, FEOFARELHOD ML A VORI OV TREEME 3,
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C. antiqua @ Cuigth

2 B IHBEARROWT

2. 1 HBERUEREZH

Chattonella antiqua OERE 7 O— 28 (Ho-1; doff « ¥HH, 1984a) BHEE L TEAL L.
C. antiqua @& 25°C, 0.04 ly-min~'(12:12L0) @D &, 200m ORI X A BHSAKN=ZH TSR
2 (100m{ QEHESD) W TN YFEERIT> 2.

RREAVRIEET, ATHXHEM (PR - 850, 1980a) RHREEHET S 4 5 £ TOE
WTHB (FA4TA~D, F1) , BitbhOLABEURBEFREENTZCETHARLE, &
AUREBOSS, $4 7T A~ R2VWTRA—FIL—TRAZBERITHL, ¥4 7D 2o
TRABRELITo 2,

2. 2 HEER

£/2 i%ilt (Guillard & Ryther, 1962) THIEEW U= C. antiqua (¥ 10%cellsm}) 2 EERHE
i (100m{ ) T 0.2m FEERA BV, PIMERBELL 20~50 cells'm! ! BETH 3,
AREHR T~ Bubhk-T, ZEHARBELHPHEBSETHR UL, BEFEE (u) BT
ANE&-THELR .

N, =N, exp ( put) (13

T N BB t((H)TOBRBETH 5, pli 4 VERHGORL LT SEBE (W)
BEELTHMUR. REBESERE Y L TA~IDTRTORA LDV T I~6HBOEL TIF-
fc °

2. 3 KFOFHAUEROHE

B POBILERS OFHMER, FI8 /4 U ERFRHITEMHE T O 2 AMINEWL Vestal |
et al., 1976) WA BHENSHELR, FHESLRVUTOUNEERRURELERHL L.

i) CuSOs WMIFMOEHTO2MAE (W) WBRFFEFERAFELZLOEUELE ( Segar &
Cantillo, 1975), @& N AW 0.1 HPEALTTHY, FHERMSHIO acu OHEICL
CuT=0.1uM OEEREL L. WEIh2HWEEZ o RBHRE T H 3 TEEMNCT, M2S0a»
H20) DODIFATHE S,

i) A= P2 L—THOEHTOERAOHME (W) |, HHEZFMNUAERZELLE
KELVR. A—PFIL—TRE->TH 6XOBROBRNEIZ LD, Y47 A~C OISt
ChEHESBEBERIT 2.

i) BUEER (f/2KMh) Ha D Cu RU EDTA ORBRAAW /2 b d Cu (<0.32M) B
U OEDTA HBE (ax7uM) BRBIEMICEANTES, UbbHAEER («0.2m!) dhX0TE
DOERU R,
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1 SEEREROMIR

. Table 1 Analytical concentration (M} of components of experimental media

Medium Cu(TI)** EDTAW** TRIS NTA Fe(III)*** Mn(II)**~ Zn{II)=** Co{II)»** PH
L x 10”7~
A o 85 %1070 8.7x12077 39 x 107t 14 x10™t s1x 107 1.3 % 1078 1.1 x 1077 7.9
1.9 x 10
-1
1x 1o~ -5 -3 -6 -5 -6 -7
B i 8BS x 1077 8.7 x 10 - 7.4 x 10 5.1 % 107% 1.3 % 107% 1.1 x 1077 7.9
1.3 x 10
1x 107~ -5 -3 -6 -6 -6 -7
c s 4.3x107° 8.7 x 10 - 3.7 x 10 2.6 x 1075 0.7 x 107% 0.5 x 1077 7.9
5.4 % 10
-7
1 x 10 -5 -3 -6 -7 -7 -8
b 5 8:1x107° a.3x 10 - 2.1 x 10 4.9 x 1077 1.3 x 1077 1.0x 1078 7.9
3.0 x 10 :

Concentrations of non-cited components were the same as for H-medium (Nakamura and Watanabe, 19B83a).

Total copper concentration was adjusted by the addition of CuSO‘.

Added from N-metal solution {Nakamura and Watanabe, 1983a}. 1000 ml of M-metal solution contains: NaZEDTA-ZHZO 1.00q,

380, 1.14 g, FeCly 6H,0 63 mg, CoSO. 7,0 0.94 mg, ZnSO, TH,0 12 mg, MnClyr 4H,0 32 mg, CuS0,-5H,0 0.17 ng,

N32M004'2320 0.21 mg.

1000 ml ¢f Hemedium contains 30-ml of N-metal solution.

FUTERE « SH—d2 -+ (3




C. antiqua D Cuiptk

iv) B pH Id acy OIERRAKELREFERIT TN IEHEOC pHIEREREZEL T7.920.05
CDE@T‘*?E'E"E‘)':E»
V) B 44 OEEEKE Davis X (Stunm & Morgan, 1970) Ik o TEHE L,

2. 4 2EFERACELBEBMIREZIES

¥4 TDOEH (CuTa<0.1uM, 100m!) PEHBMHIIEELIT>TVSEH (1e0.6d") &
In/ @ Cushs Fl (2aM) MUz, ThifEWISEh® ptu(=-1og acu) I 13.5» 5 9.9
WELT %, CuSO:e HmMATHROMMBELE Y —T 52T, COBREORERY — LG4
AR EBEFHEESEUIZ R RMD 5 R,

Ty 47D ottt (CuT=20uM, 100m!) FT, ¥3Phic (L UNEFBHI) #EE2TS
TLEEE (pex0.2d71) 1501 D N-X FLBHE ETARERSE LTV 3. k1 HEFLR)
BEMUE. JhiZfEL plu i 9.9 H& 11.3 WIHMET 5. N- A ¥ L EEEEINE 8 o Sl
DOELHSHICIIMUEEH SOHBLETIHMEERb -k, ChoORBRII6EIEVE
LTiT->%.

2. 6 MRGEMOAE

WGl (GEREE = 200~1500 cells m! ') OFHHBEEMIE 200un 7NN Fo—F
2=TEHEELEIA NI ~H I F—~ (TA-11) BEVTHEL 2. JIEEDE 13:00~15:00
TH2lz,

3 HREIER

3. 1 HMEEE, SRLH, SRERCRETHOER

2EBELLILXE 2FE0 C. antiqua OMBEBEO—FI2R 1R T. INTOERER
CABULAHENEU TS, UBHRBAEEIT I CEVHeMER Sk, ECTHEORITL
ZEELHMMEE BB L CRRVE3ZENYBEL 2, £k, BIEEE, MRmEmeE
3 TOMM (FRPD) HH-EUTH2HLUHRTH O 2AHAE (W) ©HL A VER (acw)
EOEBORAEIIED G high ok,

WS 2HOHEYTS 7 P YTRERBEEEL KT 3ttERoRAEvERE LS
UEcePHoNTS (e.g. Sunda § Lewis, 1987, Fisher et al., 1981},

C. antigua DIFE, HOFEW &> THHAEBET F 2 FETHHEREROFL VWA
BHohhok (H2) ., UhURSSHAROERIMEFECETRL LVEHEREORA)
RE>TAES<SHEUE, $ROBMMEEY 0.5 ' ULOEE, ARIERCHEBEELT
WA 0.4 d'MTRAZEBEO “U-E" BadRy, s raiekotlcag oty
o HIZ 0.2 d TR EAMD@IENNOKLLOYETHIAU 2.
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B
'—éw’- 2
=
W'
[1 1 ] 1 —F
0 2 4 § 8
Timeld)
B 1 ¥4T7CoiEthToRMtE
@& Cu"=0.1uM, pCu=14.0, O Cu"=44 M, plu=10.3,
ACuT=54pM, pCu=9.9
Fig. 1 Time course of the cell concentration (N) in the medium of type €

® : Cy'=0.1uM and pCu=14.0,
A :Cu"=34uM and pCu=8.9.

QO :Cu"=44 M and pCu=§0.3,

a [
S 0.6
it
_ 4
e 5
[]
S 4 Jdoa
2
x =
- []
.E x
=>2L 2
T
>
= 402
o
Q
u L i A —t, D
o 10 20
cd lpMl

2 Y470 o TOEEEH (@) RUMBBEERE (o, A) OGHKEN
Fig. 2 Cell volume (@) and growth rate (g, A) as a function of Cu' in
the medium of type D
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C. antiquad Cuspft

ptd?}

1 ]
00 50 100

CuT[JJMl

B 3 WHEE (p) O2HESE (") KFE
ASA4TA @547, O ¥947C, A:¥4TD

Fig. 3 Growth rate(#) as a function of total cepper concentration {Cu™)
A the medium of type A, @ : the medium ofv type B,
O : the medium of type C, A :the medium of type D.

RS (u) F2EEE (W) OREEEICFRY. p G OMRBEBVWEEROY 4
T (A~D) BE-oTRELRERZ>TBY XL —F— (EDTANTA) & {ETIFULIT & BRMEER
RER G TEUR. DED C. antiova ORBEEL O CEREFLTLIOTERS,
HEHOENIECEFREI TERTILENS LI EHNHEL 2.

U752 b RNTSHEBHOREOMR T, MEEE (1) @ W TR, FRPO
MAAVER (acu) WEHBEFELTLAZEBHETATWS (Sunda & Guillard, 1976;
Anderson & Morel, 1978; Gavis et al., 1981). #Z&°T C. antiqua T u %pCu(=-log acu)
WHLTTOy pT3EBAVREBOY S TREAS6T uld pluD—BRBTREN, XHETD L
D oacy REBREULTVRZEHHELE (HA).

®® Chaetoceros socialis ¥ Thalassiesira pseudonana Tl uld ac OB E U TXD &
ARBHLBRTEENS (Sunda et al., 1981, Gavis, 1983) !

ll may

= —— A%
A= TTKCag, )t

(23

TITT Unaxd KIERTHY, HSUEACLIAFORVESORMEE THS. €. antiqua
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AT - RIP B - IRIE R

0.6 F

0.4 -

0.2

4 BWEE () © plu KEYH
AIF4Th, @578, Q:%47¢C, A:%47D
el peex=0.63 d!', K=2.4X102%mol1 "2+ [2DEEHOT (DA S
HELEDLO
Fig. 4 Growth rate (u) as a function of pCu
Athe medium of type A, @:ithe medium of type B,
O:the nedium of type ¢, Althe medium of type D.
Solid line was calculated from Eq. (2), using gwax= 0.63d"! and
K=2.4X10%%mol-2+ {2,

DIFE tog(prax/ 1t —1)(fnax=0.63 d ' 2{RE ; F4) % plu(9.6~10.6)z L TTay b
TEEMEEH-2.020.2 OBEEL5Z 5. UkFE>TEEBO L acuDBERBRD (2) SUTECHET
% () ALHEBUSNERELHEBATIZLET teox RU KOBRHEETE 3, SohiiHid
paax=0.63%0.01 d°' (MF+BEDRYV K=(2.8£0.4)X102%n0l 2+ 12T H o2, THhSDIH
PHOWTpE 20 OBEFREFULLOPEAFOEETHS. B (2> RNUUMHER  “molecular
binding mode!” W& > CTEHHET BT L HBO[HET H % 5 (Sunda & Gillespie, 1979;Gavis, 1983)

ICOEECh T THEIA TV RIE (0.51 d' ; - 33, 19842) xRk (8
BE-BESHREEMETIELTWERENL) . ATHKTOEEEZESIN - T A T
“Uh k" EHLEZ > 2BAYDOERITIES M TRL,
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C. antigua? Cu#ftt

FOEMEEHREBEOLTHVWESE M TATLRL,

2HA pCuDZE LD C. antiqua OMBRRIFTHEERLESLFT.,. W< ohoEW TSV
PYTUHAC L ZRMHEZORRITIA»S 28052 H(Sunda & Guillard, 1978 Sunda &
Lewis, 1978; Fisher et al., 1981), C. antigua D¥F&EpCu @ 13.9~ 9.9 AQETFTE/ELE
P ((1d) REMHEEOET (0.63 "' $30.24 d') NEU . —F, HicL 3 HBEEED

10 {al
£
n
Lot
I 0 CusQ,
(5]
=z
W
[ ] !
0 3 6
10}
{b)
—_ ¢ N-matais
Ik
£
0
]
2
=z
e
1 1 ]
] 3 6
Time {d]

B 5 () HEESEDIEOCHEEE (VN A) OEEEL
day3 & pCu it 13.5 23 9.2 WWETF. A:zayio-n
(b) N-A Y LBHEMHHROWRBE (8, O) 0BT
day3 i pCu i 3.9 3 11.3 &&Fk. @:2yrn-2

Fig. 5 (a) Time course of the cell concentration (N, A) before and
afier the addition of CuSOs
pCu changed from 13.5 to 9.9 at day 3. Alcontrol experiment.
(b) Time course of the cell concentration (N, Q) before and
after the addition of N-metal solution

pCu changed from 9.9 o 11.3 at day 3. ®:control experiment.
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HEUTVWAERE (p=0.22d") XL —F— (EDTAY RIEMU, PCu % 8.9 » 5 1.3k
¥ RhETE, 1BUNTHEEHEAUVDRERHRIEM (0.63 d') 21Tok. kMol
BLEL = ~FENROU-EOR D S0 1 BHEICiE 80% B EOERMSEHBELCR %,
CO&HE C. antigua QAL L IEFRUHEENSOEBREEPH TOUENBETHEIE

BHBL .

3. 2 HMEMHER

HEEY TS ) VOFEA AV EHTEEBMEBBIETAELBR->TYS (Sunda &
Guillard, 1976 Anderson & Morel, 1978; Gavis et al., 1981), CHhETHANRGNWLEET,
HnaxDEHSOMBEEERE L 2 plu(=plu' ) 8.5 $& 10.5 oEEILHAIT TS5, B
708 OFBTIE pCu” X 10.0EIFTH 5, —K4, C. antigua DIFSE, pCu’ RI0.2TH I Mok
BlREBaPELIEHIRUTEZHOTY (ZREL acs THERBLEUS) BTHIEFTALE
Do

WKPOSENER ST VOHEFHESZERETIROEARO PCu i 7 OBEELTR
O TEZ B30 3 (Sunda & Gillespie, 1979)

pCu= 18— log Cu" (3)

C. antiqua FEERWRTHZHEFNHEO (FFERO) 't 4X10°M BET» 5 (W, #
fB8) o LRtdoT (3) Ri2koT plu RHET L L 10.2 RB3ELES. Zhitbxr3¥ C
antiqua @ pCu* RHYLTHEY, FROMMEEPE UL ELTIHEETH S (HA) . Lk
HoT, bLARNBEXPOROBEERYE OHEMIEEL S 520U, Wb Uidac
DINXREEC K-> T C. antiqua D pRKELEHL, HOUESFBOFHAEKO—2D
ON-OFF SWITCR” &L CTHERT SR NEU S,

REFVPEHEVEN4F7v£4 (Sunda & Gillespie, 1979) €& =T Andersond (1984)
KB 2 — VTS5 FREBAD ple 2EELTV3, SMHTO Q' If IX107M BET
HY () XhoHEXhD olu i 9.8 THIL L HETEHUETAE nCu TFFHE, Bk
BB THB 10.8 DETHoh. 2OZEEIRLB a2 -4 T 52 FOEBKTEIDGR
VOO DMBERY (71 VB7) LHEAELERLVTVLAILERLTV S, & UBANEOD
WKTOoa—AY YT FDRREFIEE, BOERPCLIIHEEABEL TR ETIRS,
MAMEO pCu 12 11 BLEE Y, C. antiqua OMBUEMASF VXL TELEEFTHTOR
Wkl s,

$, 8 C. antiqua FRAEMRCRLIRPLZHSHETILDILLHTAETD plu %
MZZERPEFTARERINEERC LICHPRED pCu BV EEFBEIHpREIHTHRY,
BARLEBhRERESLMIC C. antiqua BAVLENLSF7 v EAICL > TEAD plu &
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FREEITHRBCSRERLE T,

5 A X R

Anderson, D. M. and F.M.M. Morel (1978): Copper sensitivity of Gonyaulax tamarensis.

Limnof. Oceanogr., 23, 283-295.

Anderson, D.M., J.5. Lively and R.F. Vaccare (1984): Copper complexation during spring
blooms in coastal waters. J. Mar. Res., 42, 677-695.

Fisher, N. 5., G. J. Jones and D. M. Nelson (1981): Effects of copper’ and zinc on
growth, morphology, and metabolism of Asterionella japonica (Cleve). J. Exp.

ar. Biol. Ecol., 51, 37-56.

Gavis, J., R. R. L. Guillard and B. L. Woodward (1881): Cupric ion activity and the
growth of phytoplankton clones isolated from different marine environments. .
Mar. Res., 39, 315-333.

Gavis, J. (1983): Toxic binding of cupric ion by marine phytoplankton. J. Mar. Res.,
41, 53-63.

Guillard, R. R. L. and J. H. Ryther (1962): Studies of marine planktonic diatoms. |.
Cyclotella nana Hustedt and Detonula confervacea (Cleve) Gram. Can. J.
Microbiol., 8, 229-239.

Huntsman, S. A. and W. G. Sunda {1980): The role of trace metals in regulating
phytoptankion growth with emphasis on Fe, Mn and Cu. In : Physiological
Ecology of Phytoplankion, (ed.} ). Morris, Blackwell Scientific Publications,
285-328.

RfZE R (1985a): Chattonella antigua WA Z 7 VY Eo I ALAEERRUBRIE- 7Y EoYA
EENOHEEER. EXAEHFRMARES, H805, 57-66.

BEERE (19856 FFESH5WIY YHBTEE S S Chattonella antigua OBBEOE %, §
VY AEMRHRESG, %305, 73-83.

*Hﬁ%(W%Yﬁﬂﬁ%ﬁCMﬁmﬂMammm®ﬁ@ﬁ FrEZLE, Y UBIEEN
ERETHMEZHOEE. BYAEWEFRAR » ®110%, 115-126,

HRES . ﬁﬂﬁ(m%ﬁ.%ﬂwmnamnmmmﬁﬁkﬂﬁfﬁg,ﬁﬁ.ﬁg,M@ﬁ%.
BvAEMAAHRAEY, 638, 79-85.

PHRES - wmﬁ(wmm:&nmmnamuwaoﬁmﬁ,Uymﬁﬁmmchr.@ﬁﬂ%
W WL, E635, 103-109,

Segar, D. A. and A. Y. Cantillo (1975): Direct determination of trace metals in sea
wvater by flameless atomic absorption spectrophotometry. In : Analytical Methods
in Oceanography. Advances in Chemistry Series, 147, (ed.) T. R. P. Gibb, Jr.,
American Chemical Society, 56-81.

—137—



WS4 - B - IRIE

Stumm, W. and J. J. Morgan{1970}: Acids and bases. In : Aguatic Chemistry, John Wiley
and Sons. 63-117.

Sunda, W. G. and R. R. L. Guillard (1976): The relationship between cupric ion
activity and the toxicity of copper to phytoplankton. J. Mar. Res., 34, 511-528.

Sunda, ¥. G. and J. A. M. Lewis (1978): Effects of complexation by natural organic
ligands on the toxicity of copper to a unicellular alga, Monochrysis lutheri.
Limnol. Oceanogr., 23, 870-876.

Sunda, W. G. and P. A. Gillespie (1979): The response of a marine bacterium to
cupric ion and its use to estimate cupric ion activity. J. Mar. Res., 37, 761-
777,

Sunda, ¥. G., R. T. Barber and $. A. Huntsman (1981): Phytoplankten growth in nutrient
rich sqauater v importance of copper manganese celluiar interactions. J. Mar.
Res., 39, 567-586.

Westall, J. €., J. K. Zachary and F. M. M. Morel{1976): MINEQL, a computer program for
the caleulation of chemical equilibrium composition of aquecus systems.

- Technical Note. No. 8, Water Quality Lab., Ralph M. Parson Laboratory for Water

Resources and Hydrodynamics. Dept. of Civil Engineering, M.1.T., Cambridge, MA..

—138—




H-10
AREELIBFIREFREOMBY I 2L -3 Y
A Numerical Simuiation of the Thermohaline Circulation

Applied to Ofunato Bay

HE &' - EdiER
Akira HARASHIMA' and Masataka WATANABE!

E 5

ML BT, K, £, AEEORATRBREBEDLSRANZALT
REXNIOPBANZ RO, BERERLBIENT 3KEYIaL—-—vaY
Effok, NI EULERE, ARHRY7ARKBETHIETROKMKE
(R& 14 Bkm, SEXHE 149 1.5kn, EI9EE (8 300)TH3. ABRRRMLKE,
EROBRERAER, AE, EACEKET SWKOREHER, RUEEH WS
BHNL T3 @KOABABRD 6 RS, KPOKE, EHFFLMEEEL L,
AEEEPS/OWREERT SV IR, FAIEARRUAEL BT ZKE, EH
OREFMAKEL EEEHEUTER, BEMA T4, TORE, BE60T
AF+ Y —ROAHHEREIA . COBEBBRINTEL OEKZTRETBOT
100[t-s ' IREOFS £ 5, TORGAIEAR [Hi-s  JOREL VLI DR
KREV, $h, BERRROY A7, SHORRERBL LY, ROLIRHES
k. TRhB, (A) FIIRAL L SERBEY, WESHL L STRERELEX
%, LESEEEES SRS, B) AIRANEE Y, EHOREREILIES 3
R, BEAHRLINEESHPTHETET S, (O MMEA L BENADE
FeLETHBELOFEHE, LESESES, SRR, (0) AECBEKNHR
NERHE, EMCBNOEKBANED S, OABEONA ¥ - HHhk. $h,
EROBXEACST 3, BEOKE, EH0ORI@REENELEL, Z0F—
Ty PRIV YIaL—va VRRORERT->h &2 3, BEREZHI UL,
UkiioT, 2O&3RABREVTE, RERRROT O ANYENREHED

1. By AERRA KELRBHEE T305 HRBEFKEESHIBE/NF/I16E2
Water and Soil Environment Division, the National Institute for Environmental

Studies. Yatabe-machi, Tsukuba, |baraki 305, Japan.
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Abstract

A numerical medel was constructed in order to predict the seasonal
cycle of distribution patterns of temperature, salinity and vertical
circulation. The internal dynamics involved in the model was the
thermohatine processes expressed by the coupled equations for temperature,
salinity, and momentum transport in vertically two-dimensional regime.
Boundary conditions were the heat flux at the sea surface and the river
run-off calculated from the meteorclogical factors and the temperature and
salinity values at the adjacent outer ocean. This scheme was applied to
Ofunato Bay (39° D3'N, 141° 44’E) in the period November 1880 - Qctober

1981. As a result, four types of thermohaline circulations were
reproduced. When the surface cooling and the river run-off are
substantial, colder, fresher water flows to the outer ocean via the upper
layer and the oceanic water eniers via the iower fayer (A). In case the

run-off is weak, the cooling-induced convective mixing penetrates downward
further deepiy and the interface dissipates (B). in summer, warmer,
fresher water flows oult and cceanic water flows in via the middle layer.
And the coldest water stagnates under the level of the sill depth (C).
When the water temperature at the outer ccean rises abruptly, a lock-
exchange type water exchange occurred (D). The numerical results coincide
well with the annual variation of the observed temperature and saiinity
stratifications. These facts suggest that fundamental physical condition
is determined by the thermobaline circulation process in such a bay and
the thermohaline processes should bu considered in addition to the usual
estuarine dynamics.
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wi IFhFhEREZOEN, LIOTE#HT S, XOWRROESBBRBHBILT I EFEET 5.
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Fig. 1 Schematic chart of Ofunatc Bay
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Fig. 2 Definition of the finite-difference element and the variables
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FREREHEUTRT,
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dz dz

w = w = 0 (8>
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aT s _ . (o)

92— g 2
H i
az T

w = w = 0 (10)

) AEMBRLBWTRHOROEN, $ahb

dju .

—= = w={udz=0 (n

i B (w>0) (12)
x dr

T=Te(t, 2), 8=8,{z, z) (u<0) (13
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SHEATIFARTUARLEHZHMMERSA 5 (LEMEREN) . %L, T, )RUV
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Trfa={(1-7r)C, 0T (21
Tiy=C, @ T (22)
Tre = (By—E) FolViina) +eo s (Toy= T (23)
Tre =B, F, ' (24)
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Table | Parameter values

ae 1.03 x 10-¢ [ly-s!+mb]
ba 0.77 x 10°* [ly+s™ ! = mb]
ca 0.65 x 107t [ly<s™) embe T3]
Br 0.61

£ 0.97

[ 0.97

L 593 [cal gr ']

r 0.03

KH 104 [em? «s7t]
Ky 0.25 lem? + 571}
VH 10* Ccm? +g°1)
vu 10 fcm2 « 5713
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STREAM FUNCTION

TEMPERATURE SALINITY

10A T4

8 BT |

6 A4 |

4RTH |

2ATF4)

12HTF4 )

SEBREBRE, kill, BEHOGBENESTO 608 X ORBREIL
aryy—piREiETRFHI100t-s-1, 0.5C, 1%.

Transition of the distribution of stream function (integrated
over the cross-channel width), temperature, salinity at every
60days

Contour iniervals are 100 t-s~',0.5°C, 1% respectively.
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Fig. 5 Time-space distribution of water temperature and salinity at
Shizu St. in the resulis of numerical simulation
The coordinates show the depih (vertically downward) and the day
counted from November 1st, 1980 (right-ward).

The upper figures show the variation of the water exchenge @, ,
negative salinity discharge at the river mouth S,, and the heat

fiux at the sea surface Ty,

—152—



ARz T SRR RO f L -2 2

FEY LBOKZEEDTNS) PBTH3. ZALHL, 0EHBTE, BECL 5 EHWE
PR RARYD, HRESNLVEVBAEZTEITLTUES, LRN-T, BT 5KEE
B HBBBEL (0.5~1C) « ZO&>REMOBEEREONY —2id, IBFTARHIELT,
B16 D), (8D &S I BRIITREN B,

3EHE (1308) U THEEINSEN3 L5 CRE, CORE, RELSBEER>TY
<, TRTRHEEIEATEY, FRMKEOSER (5.5C) £RTOISCHF® @
F~SEMD) TH3. ChRKOXSREE L3, HM30sFEh3 L350, MEOKEE
Bli, FORBENAEZVEYD, REERUNUTERYI I LSV EdoT0WE, 20D, A
BrBLTEANCERNSAERY 3 LI RFRCBEVTY, EDSHAL T 3K
Re U TEELLTW L.

WEHSRE h SR 3200( 95 T4 W3 THERT 3. COMEAIXBERBEDAIAT
W, REL, BECA-THEAOHNNERS, REO 3 HEETIE, KEMEIICS
BT ZMATHE 2, ARCBEAR T —LOMSVEBDEANS. LN oT, ZOBOK
BUEEHERUDE T ANEERORCEEVEL I TVAT LMD 3. ChRHL, 20

SURFACE COOLING
(a) bbbt

RIVER RUN-OFF D =& 2 —-—':comzn FRESHER ~—»

(8)

WEAK
RWER RUN-OFF

{c)

(D)

B 6 WMEERFEORMCLINY -V ELOBUAD

Fig. 68 Schematic diagram of the thermohaline circulation patterns
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Nomenclatures

Alphabetical symbols

ag. by, <o : constants in the wind function for calculating evaporation
B, Bowen ratio
c, average emittance of the aimosphere
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average emittance of the sea surface (relative to the
black body)

water vapor pressure in the aijr [mb]
saturation vapor pressure due to sea surface temperature
[wb]
empirical wind function for the bulk evaporation law
Coriolis parameter [s7t]
finite difference grid element
latent heat of the sea water [calegr-']
Vaisala frequency [s-']
water exchange at the opening of the sill femées1]
river runnoff fem®sg1]
reflectance of the sea surface
refative humidity [x1
Richardson number
salinity %]
initial salinity distribution (%]

salinity boundary value at the outer ocean side [%]
negative salinity discharge at the river mouth

[2%ecm?eg1]

vater temperature (€1
air temperature [C]
sea surface temperature [C]
virtual air temperature [C]
virtual sea surface iemperature [Cl
initial water temperature distribution £l
temperature boundary value at the outer ocean side [¥]
temperature of the inflowing river [%]
total upward heat flux at the sea surface [lyss-1]
atmospheric {long wave) radiation [lyse-t]
back (long wave) radiation Tlys+"1]
conductive (sensibie heat) flux [iyse-1]
evaporative (latent heat) flux [lys+-1]
short wave (sun) radiation [lys+-1]

x-ward velocity of the water movement

z-ward velocity of the water movement

longitudian! coordinate

transverse coordinate

vertical coordinate (positive upward)

longitudianl scale of the finite difference element Gi;
vertical scale of the finite difference element Gij
cross-channel scale of the finite difference element Gi;
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Greek symbols

s side wall friction coefficient [s1]
£y eddy diffusivity (horizontal direction) fem?es71]
Ky eddy diffusivity {vertical direction) Cem?es1]
Yy eddy viscosity (horizontal direction) [em2-s71]
vy eddy viscosity ({vertical direction) [em?es71]
o density of sea water [grecm?]
a Stephan-Boltzman constant [lyes 1k 4]
ay sigma-T [107%gr-cm3]
W, (= dw/dy—dv/2) x-component of vorticity Es7t]
w, (= du/dz—0w/dx) y-component of vorticity [s7']
w, { = dv/dz—du/dy) z-component of vorticity [s']
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Transition from Periedic to Non-peridic Oscillation Observed in a Mathematical

. Model of Bioconvection by Motile Micro-organisms®

BHEE— - EOEZ
Shin-ichi FUJITA! and Masataka WATANABE?

B g

ERFERE LT, FT4I—R b= AROTY 2R 7 EBR & BEENE
ORENDERHBRE OB ETNEANT, WktEN S B OMEN DLW
EREYI2L—Y 3D R X OB Uk, EWHELBYEL 4 Y —HORmE
W, BERER 3 ERRHAN Y~V OSSR ER L, &5, EOMER
i, LAY —BORMETEY, BoEloRiRes S EE S D E LB
RRHFRERE—BOEERITS L HEVEE AT, ChEDBERR, N+
AREOES EEBUTVS (Fujita § Vatanabe, 1986),

Abstract
Bioconvection observed in a culture of motile micro-organisms was ana-
Iyzed numerically. The governing equations are the Navier-Stokes eguations

"AIWIUE Fujita, S. and Watanabe, M. (1988)1T & ¥ Physica D, 20, 435-443 2R XEIhE

RO EIrDbOTH B,

Part of this paper was appeared in Physica D, 20, (1986) 435-443 by Fujita, S. and

Vatanabe, M.
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with the Boussinesq approximation and a diffusion equation for the motile
micro-organism. A transition from a static condition to periodic
oscillation was observed according to the increase of the Rayleigh number.
it was found that the system of bioconvection could be led into chaotic
conditions via a single-frequency oscillatory behavior to a sequence of
period-doubling bifurcations by increasing the Rayleigh number, which is
analogous fo Benard convectiocn.

1 ¥ &

Heterosigma akashiwo Hada (Raphidophyceae) &, 74— A FRERZL BV THERS
2iT5. COEOIZEME - 2R OHEE S 47 LEBT SISERCS VT, SBELENLIT
ST LAEFBL, RBWERT S, FTUT, BHEEHIMCTREESEL, EECERT
5. EERUAOENMIREBDOEIRERATHILEEHLNATETVS, UL Unds, HEE
AL INEBHEBFEGUTERI >THRVWILE, AEMOLOERBEBEERC h ot
VOREBHOHWRAFLUTHFET S I EERTBL TV 3,

¥ 40cm, 45 [Ocm, E¥ 3cm OAFAFHBLMAOT /2 ST H. akashivo DOEEER
(OHE-1, KBRIED SIRID%E{T>k (Watanabe & Harashima, 1982), T2 T, BN T THRE
3000 Ix 1207 — 2D Y 1 7 L QB R{TO, EERIQ+DT KEosk, BEt, 4.
akashivo [IEEBHIL LY, RELEMRTZ. ZOBOBBIBVT, HROTUHELTH
% (falling finger) HERTEMNY —PBAlThb, SKTHRIIERZICEWT, KEAH
MONF -3, BRORIETIV 7 P VOBELEKRELVT, KEESEH SHRAEEILT S
(Vatanabe & Harashima,1982). FE#ERFAKIE, Tetrahymena pyriformis R UfEuglena gracilis
REOHEMZHR S n(loeffer § Mefferd, 1952 ; Vinet & Jahn, 1972), £ & ETh
T3 (Piatt, 1981),

H. akashivo OFEZ SELRMETHEL 2LER, 1.10~1.15 TH Y (Vatanabe, 1982),
MEERBEREHLVEY, Fhil, SYORLBRHEVWRBL VL LRSS EESALZ L, L
FEER, BLF In/hEHEXH (Vatanabe & Harashima, 1982), HER T OoMEHDO LA~
O#FFIEVBRERRTVE,

Plesset® UL, Rayleigh-Taylor instability HREZAH L THEOKELHH L 2(Plesset &
Winet, 1974 ; Plesset et al.,1976). WO WXEYOELWELEEEOHRE, £HWoLRhWEL
BZEEORGKEARL, AEEORREBETEORBKO LB 5 2BHRAL LTHRIFLTVL 3,
BAW, BORIERTIE—FH, HENY—YOHBNETATVARMAr— Az —KT 32
EERVWELR,

HERRST, THAOSBREINZHOEEBORE (XF— A1) OBRRNLEEITD
nNTW3, BROMEE (FAXT M) 752 PLERUL AU —BOBOVIZ L VEAFRAE

—164—



H¥mhiHi e 2 A A

p—g:‘—"ﬁ'—VDLngHac)H#azu (1

Vru=10 (2

CZT, Wi EE, ¢ RENTY, pEHERE, » BRROEANTHY, kiX, B
RIOBRENY PLTHES, 2k, ¢c CHTIRERE, ROEBVTH S,

E_.;.v._]:o (3)
dt
J=cUk—xVc (4)

CZT, U IMEYOLAFETHY, «IMEVOLBRETE 3.
BREZFLULT, BROERJFHFLEVRAZZRLC, LBOKRUEHER, IEOHEE
ZHUEERATHIL Uk, TRLE, KOEBUTHB.

0w du dc B
w = 82270 5 =0, cU—:c—aT—O atz=10 and 0<"x<L (5}
oY L u=0, cu— g2¢ atz=-H and 0< x<L (6)
0z o'z
%—‘“i=o, w=g, &g atx=0,x=Land —H<z<0 (7)
X X

Vo o H x, v, t, WEFERY, ¥ u= 0 LLEES0 (1) ~ (7)) ROEHFHIL,
Childress 3(197S)IZk D, KD LS RESATH 3,
K(z)=coexp(Uyz/Kg) (8)

ZZT, cld, z=0 CHI 3 FHEBETSS. FOREEELR, ROoXTHEL2d N3,
h=kK,/U;g (93

T, BHORIEHUVRLEEELORERTBEARNIA—IABRDLITERT 3,

A=H/h 1))
CNODNTA—FEBENT, ROLSREBRXTEREHAT S,

t*¥=Upgh™'t, u*=U,""'u, p*=Ch/uU,){(r+p6gz) (a1
1

c¥*=cole, k*¥=k"'%, r*=h""r, U*=y;'U
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ChitkY, (ID~MRABERDOES>RTEBERRELTES.,

i {Bu* gu* ou* o p*

== o g ¥ =572 %

7 (at* B P ffz"‘)Jr ox* Viu (12)
L f Bw* ow¥ ow* o p*

3 * [ R = — P R v R 3
] (at*Jru Gow T W 82*)+ 5, * Ras c*+V 7w (133
divu*= (14)
a * —_ *

_8—% +u¥ e Ve*+ U gg* - K¥TicF=0 (15)
2% * _ *
wh = gz‘f =0, g:* =0, c*U*— £* gz* =0 at z*=0and 0<x*<L/h(16)
v ow* * ®]] ¥ * * ‘ * *
W= =0, u*=0, c*U*— g 5,7 =0 at z¥=—4dand 0Cx*<L/h (7).
ow* De*
=20 =0, =0 at x* =0, ¥*~L/hand - A<* <0 (18)
2T,
6=V/k,y a9
Ra = gdcyh®/ vk, = gakfic,/vU} (20

ZCT, oRU Ra i, ThERAEYHERLESFETIVILEBRULAV-HTHY,
AY—¥ Ra i, REOXEMERETSLTEERNS A3 (DBEORHRLLSVTE
AR EBET )

ROLSCRNEH P ERNE0EEAT S,

_0¢g 8¢

umEs W= (21
_Ow  Bu

= T B (22)

Zhick, QD)~U8RE, KoL idddhn 3,

do . dw  bw (9w 8 8

PR PR PR <3x§)+ az{f)‘“'“ = )
57 &2

R (28
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BN— P MERRIEET A &N, RRMEBXh (Lorenz, 1963 ; Maclaughlin & Martin,
1975; Yahata, 1982; Feigenbaum, 1979), THEBHLLEBITF O A TS {Collub & Benson,
1980, Gilio et al., 1981).

Childress »il, 7T+ L=} =2 AROTV 2RV ELUR &Mk T 3 REYOELBHER
(Keller & Segel, 1970) YRR UXELEMABRKLAVT, EXMEREOBENON Y-
ERTTARBREE 2 (Childress et al., 1975 ; Levandowsky et al., 1975), ZOEFNL
H, NP ANROHBNR7 FOY—THol, NP — LR EYNROERRIBLER
DEBY, DNF—LHEL, NEprodENcsEron2BECSBICL O NENEL SO
e, EYHELCSOVTR, EYOEBENRIRAEHC LV REOTENEBROBE L 0GR
BCELE-THUSEBEATEMCEH U THEMNEZY, TUT, TOMER, TRELY
KBRLUEEYHBHULRTZ2CLREIVBREERZATVS, DINF-LHEORSE, MHEAY—
YREUSERARL AV —BIEHETINI—VORRUEHREATS 30U T, Wi
TRV AU BN RBTH->THRTIHEN I~ OBRERKRELRY, $5HROL
AV -REBOTHIET ZHRETERAE RS,

EEH UL, ChildressH(1975) OBE U ARBARACE S(HBEYI 2L - ayit&y,
EPHERRCBOTLRFT-AHERLERL, LA —~HoBmotty, HEEErsTEN
F—ANDRERBED, 8s‘nc:ﬁﬁ'l\’&¥Db361§}§ﬂﬂﬁfxﬁiﬁﬁﬁﬁttﬁll§§“%Zt&ﬁ'ﬂn‘a, E
fo, 7ANY PSS, T332 P ALEBI0Oy — 20T, FEHGR2IERHRRD > FAEH
PRTHERAENRESRBAEICLETR U, FS5—2 VAV TBEHRRORMI FER
ERESBEOE—-FRIMT 3BRAABACERT I LZLEY, R+—LHEREHLT,
R RIESNOABEOEELZ 20T, KEWITHERU TO 36553 (Yahata,1982). UH U,
KATUHMEL, HFREEHAZELIVERFERAEZBENCHEL IR LR, XF—LHHEROY
Iab—YaryRIS3FREEVT, SLOBEOFRESENS S (Fromm, 1965; Lipps,
1976 ; Grétzbach,1982), T Z TId Fromm(1965) WU T, EYHFROEMAER 2 KiEWNE
BV,

2 ERAEN

ERTE, FW 2z =-1,0, fEOHERE x = 0,L REzhE—BREEMERY, Fodiz
BABOREYBRBEL TV I 2RABIRKELEEX 5, HEOEER 0. TRSh, MEYWT
HhEh ZHMBS REMORE) £olx,z,t), BMEWOEEWR o(l+ac) THY. RIEL,
a=pofp—1 TH3B,

DRYOEUBEFROAR, ROLSTTVRAZVEBR TS AS v S (Childress et
al., 1975),
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dc dc

I ﬂ‘?__ 2
—E-‘V-U'{Ti—x—'*(w‘*'U) az—ch (25)

‘ — 9
w=ﬁu—=0’ w=0, ¢=¢, ( fixed number ), cU—k 5—=0,
oz 0z

for z=0and 0 <x<L/t (26)

Gy Ju
z ' oz’

— 17
¢=<¢, ( fixed number ), cU— ,;?;i?.(),

for e=—Aand0<x<L/h @n

A _ Oc _
w=-7" u=0, ¢=u¢, { fixed pumber J, a0

for x=10, x=L and —A<<0 (28}

3 BEER

ERAEACBALZHQI~2)RNENL, BRESENRITS, vhbb, EMe, ¥, u,
v B TPAXE, RTROMIEEG3@BL UTREHEN 3, SI T, Fromm (1965) &EH#ST,
BRI Staggered grid R BT 3, FHEHBOZH oV TH, BLEFEAV S, &
CIEE, FEORM t THRATH3EL, @IRLEOREALT, MORBREB(L+ADD
w& ¢ DEERDZ, FLT, HLOLEME (1+AD) ©B338h 22 QOKXNEHEVTEYYT
Z, QURAEE< LD, YOEPERR{GELELTEPEREERSET, BVEUVFHERTY,
mEll, QAP R/ATENTES., KRTR, 2EXBTFRZoVLT, k=1, U=1, A=,
¢ =10, ZRIMEMR dx=dz=0.05, FEMMIRR dt=0.00005 72 BB 2VTRWVW TV 3,

THERBELT, 2RBBLELTLEREDOBDE, L 4YU—¥ Ra BERIE Rac 28z
3¢, BIRET LS, BRER L/ OREAY - BEMEN 3. BRL 4Y—% Rac i1,
B GHEEE 07 ANY IR, BERER) LW CEET 3. BRLAU-HEA=1D
BEDT7ANY P HEORBRERI2ZWRT. NF—AWHE0OEE, Rac BEhERIHER L
OEBERTHEOWCENT, EYRFOHEAWIE, ER Rec HEESAEI LI ->TH
EHCHD U, EENERADER T Rac CHMET 5. CO—TERT=195.9) 2,
Childress®d (1975)DBHFRE—BUL TV 3, Ld L, COBRRERUREE: LBHERT
HERELTROINRETSES.

RaDEILIT S HFOEIEE— FORBATLRFANZ M, =31 CEELT (23)~(20)
ROKBESEToh. B2RRET LS, BELAY—8 RacGA)E, L/I=3ADF—2ZT
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T0TH L. &%, r=Ra RcBA)2EYHRBEONSA~FELTEHRAT 3. u, w BU ¢ OF
RIF— S RBEIAFy T ERBOIATV S, FEERDOMS AL.9h, 0.5h) LB 38E
¢ WHTB FFT Ng—« INT P LAEE MORESWRYT, 22C, #B7 Y o EBOHMR
i, Af=39.1-U/h(Hz2) TH 3. AUEALBIG 3NHORETEHE ¢, u, v O3 RTUABSE
HowEo (ult), v(i)) FEAOREREUVTRLUEOY, BATHS5,. r=68.5 LBVT,
RECEEIREGCERT I LSRN, ZOFHREL Ao E—EioEHT—FT
$%. r=7.3 & r=91.4 OFr—-ZARBFBANT PALRE3a RU b WRTH, HEEOF
A#OLrZETHVE— 22 F->TVE, BFAaRU b I r=T03RYT r=91.410 5 %5 ut),
w(t)) FEANOBERERY, CheQBERE, A8 (0, © OOV Iv L 7ILER
BRUTWB, ZCT, § RU ¥ UERRBIBG 3HRETH 5. FHRITLICHED £WHHEAS
—yOERyRELoRER, Blla ¥ b RETEEVTSH 3.

L4y —% r=97.9 TTHNIZ L, BREMAOHE (subharmonic bifurcation) MEZ
0, FEEI-oERMIHREEXRZD, ANTIARL f1/2 OBBEOE—-IHRIn B LS0RS
(F3c2mE). Fhig, @d4c KRIHERE, BHENONFROVL 2003, coZ
ERHRELELL Y —BROBMIHECTEEERD, r=98.6 TANT b LI 1/4 5L
Z(F33dBM). TBHW, r=102.8 TTRMTZ &, ANIIAOE =TS NG, /4
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ARE I . SUBICE R TR

CBRLERFY Ve LI LY — 2R TZORBARE~FRBRT LV
SPEERERICLVHEBEIA S, REL, ROSBLIIEBEHSIEY, HiEiRss
KEVEARE, BNERSERT ANY P BB ORBRRRELRL I LRS-
fo Eh, RKENAR L PNELRBEAFASVEALEAZ BRI ERY, &
EYRRECERUTORMET + Y H—E2ERLOOTRUTY CBHHRA
e THRICEFODEL S — - T4 IF—FTREHINHN L.

Abstract

Several cases of numerical experiments were carried out on the
pattern formation of the bioconvection in the nonlinear range, which is
observed in the culture of motile aquatic microorganisms. The numerical
results revealed new features concerning how the bioconvective system
evolves and how the numbers of falling fingers ( or the horizontal wave
numbers of the convection cells ) are selected in each stage of the
evolution. A1 the onset of convection, the wave number is determined
from the characteristics of the upper sublayer. The dynamical regime in
this stage is analogous to that of the Rayleigh-Tayior instability. Then
the readjustment of the wave number occurs as the adjacent convection
cells are combined with each other. The trajectory in (total kinetic
energy, total potential energy) space shows that evofution of the system
proceeds in the direction of iniensifying tihe downward advection of
microorganisms and reducing the fota! potential energy of the system.
Finally the system reaches a stationary state, where the wave number is
selected so that the aspect ratio of the convection cells would make the
potential energy as small as possible. Two cases showed certain deviation
of trajectories from this selection principle. In the case where diffusion
time of the system was large, the system showed a remarkable oscillations
and the Rayleigh-Taylor instability intermittently occured. In the case
where viscous effect was Jlarge, the system stopped evolving before it
reached the optimum mode.

1

KEVHHEOKZLTI VY b U BEA R U TRBERERT S LDRIMESh 55N,
ThHHBEYHBEWF ROV TE, Robbins (1952), Loeffer et al. (1952), Wille & Ehret
(1968), Winet et al.(1972), Plesset and Winet(1974), Harada(1976) Q& DIEWERL LS
WrenigE s h 23—, Platt (1961), Plesst & Vhipple (19742, Plesset et al.{1978) o &
BB RHESED SN, Childress et al .(1975)W &k BJMBULEM L HA L R BTSE
FAPERHENSEE TV 3. UDURHSEPHRAKSKRERRISVTLO L SR
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DT 4 2 H—-OEE) ¥, AEELAV -« FAS—FTHFTHRL ARV EKHOTFREE AT
S32ERRUE, Fh, EES (1985)2, MEVOLFEEKEZELSUHIEEFALRIERL k.
FOHE, ERUAELLERL DD, BBRRTHESA S I YOl eBET 3T &
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BEHOZRIHEENERVES (FmEE) W, T4 —0fERBRKEBAZIVWIEELV.
CORTFE, MEELOT7ANY MEBERAERILIIRKRESF S ABREZEVSNF—F
LAY —HOBFHLEEHT 3. LZ3BBVERBEPTH, WORENKELR-TD, 7
VA —ORBRZhEEERBT, LAY —+ FLI-FTREOANZ LD FHUESHBE
EEHTE. TRbL, HROKFERRBSKFCERRRL, LEOosORERIEThS, &
OEEL T - HE (1982) OFEREAHTE, kEL, L4 — - F45-FTRTEL, 84
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Hxn, KEEYX L OFRW, WA ERESS », [cells/nl] OB—REBETHHELT
WEET S, 2hoOMEVBEEOKIHU THENBIL U ORETLEHIERET 3. #E
MDY Y LY 42 BEEL, LREM k. £, ) TRAT S, HEOKNELELREETS
nE, B H/0, ORMMEBURRRE, REVOLFBKE THALRONER LY, KO
RETWES » OREPHBECERT IBEMERAIS. 2 d £/U, TEEh3. Tk,
PR DSBS T

ny (2) = n,, exp[ z/k]
ERL, COGWEFHREME, EL BKOEHCEHT I RMEYORETHY
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EOTLEMERCLZFHE—BT 3, TUT, COBOMRD MK EHRLS K ITE
HETHD, SEREPOERT I LEOBROIRIKET 3 (HREH) .

Tk, 80s ORGFO 7 + Y H—RLD20WTEAICEU, BT+ 2 H—OERNTRT I kme
EHEBETUTHLZETH 3. TS, CORATHEE—BRTS Y, RELOBALE
SRLAY =+ 74 F—FETHRIIEBU b HLOBE LT,

3 EWHEAY-OBB - RE

Runis BV T, XB3LERMESERT TH L, EPHEON Y-V BEZILEBETRTO
Bh g, 80s BRELTE, KEESL (=16cm) ORMREADOTRBTIE T s > H—-BEohE,
ZOfKE 120s TRSEIRY, BEMZIEIBERERS, REUVRBLELET ¢ 2 H~1L 0.5
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Table 1 Parameter values adopted in each case of numerical experiments

Bo. U, H L an, v Ky Ky R o x 6 Ry
N cn/s cm cm cm2/s cm2/s cmz/s

1 0.01 216 5.0x107° 0.01 0.0025 0.0025 2.45x102 & B8 1 1.25x10°
2 0.01 2 16 5.0¢10°° 0.0l 0.0025 0.0025 2.45x10 4 & 1 1.25x10%
3 0.01 216 1.0x107° 0.01 0.0025 0.0025 4.90 4 8 12.51x10°
4 0.01 2 16 5.0x1077 0.01 0.0025 0.0025 2.4S 4 8 11.25x10°
S 0.025 2 16 1.0x10™> 0.01 0.0025 0.0025 7.84 420 1 6.27x20%
6 0.025 2 16 5.0x107° 0.01 0.0025 0,0025 3.92 420 1 3.14x10°
7 0.025 2 16 1.0x107° 0,01 0.0025 0.0025 1.96 420 11.57x10°
8 0.1 216 5.0x107 0,01 0.0025 0.0025 2.45 480 1 1.25x10°
9 0.1 .2165.0x107° 0.01 0.0025 0.0025 2.45x10° 4 80 1 i.25x10°
10 0.01 216 5.0x1072 0.01 0.0 0.01  1.13x10° 1 2 1 7.84x10°
11 0.01 2165.0x107% 0,00 0,00 0.01 1.13x10° 1 2 1 7.84x10%
12 0.01 216 5.0¢107 0.01 0.01 0.01 1.13x10° 1 2 1 7.84x10°
13 0.01 216 5.0x107° 0.01 0.01 0.01  1.13x10% 1 2 1 7.84x10°
14 0.1 2165.0¢107 0.01 0.0l 0.0 9.80x10% 120 1 7.36x10°
15 0.1 216 5.0x107% 0.01 0.01 0.01 5.80x10 120 1 7.84x10°
16 0.1 216 5,0x107° 0.01 0.01 0.01  9.80 120 1 7.84x10°
17 0.1 2165.0x107° 0.01 0.01 0.01 5.80x107} 1 20 1 7.84x10%
18 0.1 216 1.0x107° 0.01 0.0l 0.01  1.96x107 1 20 1 1.57x10°
19 0.1 2165.0x1077 0.01 0.01 0.01 9.80x1072 1 20 1 7.84x10°
20 0.01 216 5.0x107° 0.01 0.01 0.001 9.80x10 1 20 10 7.84x10°
21 0.1 216 5.0¢10™ 0.05 0.01 0.0l  1.96 520 1 1.57x10"
21' 0.1 216 5.0x10™° 0.05 0.01 0.0l  1.96 520 1 1.57x10%
22 0.1 5165.0x107° 0.00 0.01 0.01 2.45x10 150 1 3.06x10®
23 0.1 516 5.0x10™ 0.05 0.01 0.01  4.90 550 16.13x10°
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The contour intervals are 0.02 cm®+s
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@® and X denote the cases with ¢ =1 and ¢ =5,
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COEIRRAEFIET 2L, REOKEBRREAUVUTWAEYMHFEON ¥~V b, BARE
BUDROERMULDOTHID S, TONY—YERBBBO—KERH > TEL WHEY2A
FHEShZEURERL, LT, HEL2ERT AL RERUN L LS KESRRY
FERUAMTEIENVETH S, 5HED, EYMERGKOHIERIET 3RERBRWEED
RENDIBETHI-ZLI6h 3,

EUT, “BYENY~J0EBE, ROBKFI Y P LI ILE—2phEL T3 AMME
TE3” ELHRHEWL, BEXRBRUEERBTOLEYHEOT - FBRE2LHBTIHOT
B0, EXRORFEYPLEZION D, Th, EYNEROEBRENRERSFHIZ2VTE, TROL
SROV I PTHETSE S5, BEYDPRBTHEAEUTO ISR, StokesDE T HEL I
BUSATHUELERUTWZENTES, UHhLEBUBBLERLTH O, HlBELT
ENERESN, W~ H) OAXIRHEYWHHOBMERENRBEI R 2, W, it
LEHABREE Uy L DBREVNS, MEMITR T « A —BH T T FAHCI %
TFoATUED, TOZEREND, EEKOHEKNOBVICLDENEL 2D, EHMEYD
FHHBENER2RD TV SWEERETRY., Tk, B, HREOMALEEREVEIL, 295
HPEFECOBBERREMRL, TALHZONBLEFE5 T 3HEEL TR INSE, 2ho
DRI SHOBBEL L THETh S,

i $2

KT FSEIT I 5 O B BT L RN IO L8

BEROF v 7 DRHIZ, Childress et al (19T5)I & WS OLBLITS . RFML

BUBOHBORY, NEOBEHRID CAOBBLS 3HEOREHNZE LTV S, v2D

BHRESOPERORA BB B THHERTEREWZRMTSE3. funl 5> Rnd®

SREFCEVT, kOBELLZRAPLILY — K b RHEL, ZOTHEHEOES

RICE Y S BHERE W EERT 3. HRORTMIBT 3 w ORMBIEILE, BREK
W=Wyeexp[r{(Uy/b)t ]
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PR SUNE S S 3

TESRL, BRaiERr 2ROE. 752&60 o THRU, /¢ BHLTTOY F LEOH
H11T3%%. ZORR A, BERLRNeHEORESE B/ TREY, R/ EHL
THARATHEIETH S, TUTHRATEMNERTL 3T (H9hoRB) &, HiER:
BTAPLEAOREERRLIV-HERT.
BERCBOTRTEER L OFBCERERE T+ 2 —5203HFLL088:E N EL
o (=27NRL ') RBRAKPEERET I, HEROSY — 20X REZPLHESH D o 2
Blaueyoy s, SRUEBUEEHERTEHBCE SV LRSS, BRURU < ZBOT
EEMBRERUETEHERLBRALLEEERT (Childress et al., 1975 @ Fig.4 £8) .
CORRINEIHRRERHCERTh IR FTERTHEES R/ EHULTEF-—ENRETVR
FEmMTHS3. FUT, BERISULEHER LAV —HERTIIEHNRENS

Fh, X5RTABT LI R/o BRELREBE 0« OR/o THT BRGFUNTE S LTS
B, DT, RADEOE oh ' BEE L OKEXOBRLE>THRESTLESERTR
T ¥, PHBELLASBERE, ZEENCL 2EBEeERT 2, R0z eida
HIERIFHRC L ZRBEBBFOBELEV. REL, ZBEHT X 3HBHBO R/0 DiY

05F
DA:E
X Z=20"
r .A_'.:ao
2
E o
*
i
5
3 X
8 6
et
0 5
Rio

H 1] HREmBIE32T I LE~0FEHEOMER

' FIIL Childress et al.(1975) WX SHRUREHERI X0 xRN
BROTFH (REL A =, s =4, §/0 =0.250F8) TH 3.

Fig.1l Growth rates of the square roots of the total kinetic energy at

the onset of convection plotted with respect to

The solid iine expresses the linear stability analysis by
Childress et al.(1975) with A =00, 6/6=0.25, g =4,

—192—




HApig e — o EHERE

IHREMLEHEC LI DO EHHCRERTS S, LEN-T, HREBFMcsVTE, B
NAMNFELORES L S/FKE, KAOREVPEEREOREORA L >THE Y, £KkiFRL
WIRFELRV, 2UT, CORBEORRE, ERMEENKLEZELTY, LAY - F4F5—
TEEHAFELERLTL I ENhH S,

wwr

B 12 MEMERSTESLRIHY
#kRiE Childress et al.(1975) OBRBELEHOFHTE 2. CO3HT
HERIE A =ve, §/0=0.25 ORFOTHBRLIIBETOTI 74 AEE
. BB ETBREELRBERESL.

Fig.12 Conspicuous wave number at the onset of convection vs. R/ ¢.
The two curves express the ones predicted by the linear stabifity
analysis by Childress et al.(1975). The solid line shows the
case in the equilibrium solution profile with A =co, §/0=0.25.

The broken 1ine show that in the discretely two-layered profile.

iR
Nomenclature

Alphabetic symbols

a=LN/(27R) s OERTEY
b=—-agn, WEE n, OREMTHES BN
db FhoERE
g BNEM
H 2KE

ok HEMEEBOEY
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i+ WL B

K K
L
i
N
oy
Nu
Ny
Ty
gy
P E
R=agn,, h'/ k¥
Ra=4bH% kv

" Raf=b,HY K"
T, =H/U,
Ty=H &
Cu, w)

w=JKE /(LH)

W,a(z)
Uy

t

T

2

Greek symbols
a

SEHIT X —
HEMEONKERr—N

HF LN OFEHFIKFE L r -
KENEH L ORI TE SR LOEY
REmEE (In! 3 00EEE)
vl

VP OI— S4B 3 My
MEMREOFRRETOT 7 1N
AKEEHRBY 2 REYRE
LHEIINLE—

Childress OEHTCEBL £V —¥
—BIREBRBR LBV AV —¥
T3y AROL ALY &
8B R EE

3 E AR RT

KOEED (z, z2) WA
EHIAAX—-OFEAREVTERSTH ZEMEE
: RBUIHAREFORERE
mEyobh#boEE

35

KFHEE EE

BELEmEEE

HEWIEYL YO ¢ O

Chandrasekhar, S.
Univ. Press. p.§52.

r MmoRES
8= kulky KF - SAEMERARE L
Ky WESOKELES
Ky ity IT AT N
¢ BEMEAE DESHEORE
bo WD E
£, BMEMOEE
a=vik Ya2Iv b
v OB RE
¢ e
¢ DRAR B

H X ®
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FHE R TORRRBEETORAS
—HFABER (REHE) WHI3REEKEAVE
Chattonella antigua DYEHITHER —

An Approach to Estimate the Limiting Nutrient of Chattonella antiqua in the

Seto Intand Sea ~—Semicontinuous Culture Using Natural Seawater—

R E c RE—2 - FHESZ? - HHEHR
Yasuo NAKAMURA!,Kazuhiro SAHA]E,Masahiko‘MDCHIDAZ
and Masataka WATANABE!

E B

1984, 854 7H~8H, Chattonella antiqua FAERWR TS 3HAFANBHEE
(RERE) W80T, RBEKEHVE C. antiaua (clone Ho-1) OYBEHRIEH
FER(25°C, 0.04 ly-min'!, 12:12L0, HEE=0.50"")E1T o k. B CETESE
OXREARELEREL 2.

HEED, HEMMG, KB, &5, BEW C. antiqua MEOZATEICS -
RBSFBOFERELBDSARD o k.

1981FROEFGERTUE, REABIEAKE input & U THV, REEEFN
CERM®), N03,P0i- EEEM (NHPR) , MEBTERL — ¥ —FW (F2A ¥ N
B BRU NO3,POIT,F/2X FLBH-E Y I Ui FHRN (REENR) 0N

E—FTERR2ITo>h. BENRTO C. antiqua OMWEE (1) BEDTHX

1. BuLEFEWRFAF KELIERIESE T305 HIAREIASHSEAFII6E2
Water and Soil Environment Division, the National Institute for Environmental
Studies, Yatabe-machi, Tsukuba, |baraki 305, Japan.

2. BfS9~60FE BEUAEWHRA HEWAE GREERAY I T162 RIHIHE
KR #3)
Research Collaborator of the National Institute, for Environmental Studies. Present
Address: Faculty of Engineering, Science University of Tokye, Kagura-zaka,

Shinjuku, Tokyo 162, Japan.
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C (p<0.1d7!)y SROBMENEZ sk, f2A9ALRTH R 0.1 EIFTE
RUEMEU e Sh s BAMEL 2RI N3, POI- REBREMT AL, &
OBERCERIETOAREXICEHE Uz N+PFH (NO3, 400uM; POIT, 40uM)
TOEMHIEDD (px0.5d7") THVHRIBEDRAEXLHERLE. T2RT
LR FERPIET o 28, N03, POIT ERGENR L ORI, RMEEE, Sho
AREBTUHEOZEEDchizho k.

1985 HOER T, N+PRTOMMEE N M TERNRTOEEER ST
Wiz,
SERONERBERI VI KETAEEESL C. antigua OXFHEENE BB
BNFOEREEBETIILT, GELOERERBORBIBER TRV RCERY Y
BRESAEOMEEELHRL TEY, COTLY, AFELFBOFHNHREL
RO EFEEO— 2T R->THWEEEEESME,

Abstract

Using surface seawater of Harima-nada, where red tides of Chationella
antigua often occur, semicontinuous culture experiment of €. antiqua vas
conducted (25°C, 0.04 ly-min~}, 12:12LD, ditution ratio=0.5d"') in the
summer of 1984 and 1985. Water qualities (temperature, salinity, trans-
parency, DO, chi-a, nutrients and cell concentration of . aptigua) was
also monitored. .

In both years, temperature,saiinity and 1ight intensity were optimum
for the growth of C. antigua, but red tides of ihis species did not occur.

in the experiment of 1984, growth of C. anticqua in unenriched and in
f/2-metal enriched surface seawater was poor(growth rate<0.1d ')and cells
became smal1{<50m). Growth in NO3 €400 uM) plus POE (40 uM) enriched
seawater was rapid (growth ratee<0.5d"') and comparable to the cells grown
in full enriched (NO3, P01~ , vitamin Biz and £/2 metal).

In the experiment of 1985, cells died abruptly in experimental period,
and clear-cut results were not obtained. However, the growth rate of C.
antiqua cultured in NO3 plus POI~ enriched surface seawater exceeded than
that cultured in urenriched seawater.

Combining the results obtained in those experiments and field obser-
vations with those from previous studies on nuirient uptake and growth
kinetics, it was suggested that phosphate is at least one of the cont-
ralling factors for the population of C. antiqua at Harima-pada in the
summer of 1984 and 1985.
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C. antiqua )Rk N 4

1 U

Chattonelfa antiqua B OHFHE TARBLFHMEERTEI T FETHS (no &
Takano, 1980) , ZRAWCh T TEABOFRHARE L HD O {LEMNBEETFORINEH o PILT
LR, EHNEERREEREE0LEWREBIToTER (b, 1986; ko, 1986).

ZhoDHELL T ETRAW, 1981,855 0%, C. antiqua FREER B TH 38FH
BEREREE (AE) WEVLT, ABOBBBXEAVEEEGEERRB UV KERAZLEEL
oo R TRFOWELRETZEHE, ThoORBRLBEENRBRTEONEEREGU
DHETET, EROEETREOFEED C. antiqua OBBEEELBLTLIO0M(IEE
BEURRBLBLTLWRVOR) K2 THREENAT 2,

Rk e B TEELHEE Uitk “SERMBEREN" LIFET 5 AL U TR AP
% (B, MRS, 1973) VP ERBE AL L EFERE (e.g. Sakshaug, 1977 ; Takahashi &
Fukazava,1982) $EVBRTER, TO5 5 A KL% OMES KR AL 3 h TV 3 IR
BRI FRTHILDHDLRNOEEEESBE L KBV TLESIE LI RANE S, %0
AGP %1, WD TENEPEORONAAIAZTHHLUELH - BSThIIZRNE (final
yield WU TEOFRBENMRETLERIB 2L - RO 3FREVTHEBDTENTSES
PhEs, RROEANEAShABRELEOMNOEETHRE EEI0IDEREERSRN,
—7, BRFERETRRA L OBKZBPBREHCEI >TVELHIE, AP EOREEHEST
EWBTELZHO0, HFEOBRIHL, ERBERFEECAIFYTHEBELLY, FROBREE
BREL RS> TRANOFREOHBYEAC L ZFTBEERMITBLOORRY, RROEE
EHRAOFhERRS>TL ZTEEMENS D (cf.Sakshaug, 1977). CHhOEDRELHIRBES
THEILHESEQRBEKRRZHALAERERTH, RAUEEREREEEVE (Tilmn §
Kilham, 1976, ook, 1985c). COFHETUROEBALTRE (FRLIE—FREDIEHTE,
LS HRBEAXXCHARBELTEAHTII L FEoTE:TRADEERELRA O FNIE
SHRZTENTEZ. FTHERETR, BUBEKRE taput LT, €. antiqua OAEFHRE
2T, ARCOUNOFETABELMEILRION, T UTHMERLEL T 2L20HY
(BLERE) BE2ON2HIHETIZER2ED .

2 BERURER

2.1 B E

198448 B 1H~11H RU19854E7TH26E ~8H 138, #iIFNEHEE (ERHE) W HL THEX
BUEVWOREAECOKE 55 - BHE - 00+ Y007 ¢ )L a« FEIE-NHI,NO3,NO2 +NO3 ,POI ™,
DTP- RUf C. antigua MY £1Tok (K1) , 8 : 30, HBEOHOFLEMTHAL
» BUFIIASRUBMT, 8SEUBAOH TIRARUMT 1T » o ARUIKERY 30mT Ky
HOoWmh P EL, BRUKEN 2T AHEZTRWITODETH 5. ABWEMPEZRVT IO
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ARERABHEARITHhRP 5 .

ok - WERTHR, BBOBEMNEICSVTHAKORE,

HERS, BWTSYY b YORREITo k. FHBERT THREBRRYXEERU 7007 4
LR ERARECREL k.

Honshoﬁ Hari
., C Had
(4 ﬂé ”, 40;
%
. o Shikoku
¥yushi
[}
Ie-shima
A Tanga=
A--.B/ jima
S o
a a “0
6 ose— o
jima
ey
2 km
1 BEEERE
A, B: EZBRME, E: KRB
Fig.1 Study area
A, B! samp!ing stations, E: Field lab
2. 2 XHAXE

1) ki« 4 - D01 A4 F 2 REEKARER (Y-~ PTEDRALEEAD 0,1,2,
3, 5, 7, 10, 15, 20m, EEOKiE - 500 RHEL R, BB plli8IELE £ ¥ — BiEMT
BOkd, 85ERE YV —BEBEORY, HELRF—YRBohadhol,

2) HUE  BUEOFEY, ¥4I YDV YT (BE, ¢ 20cm) RKPHITERLRES
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C. antiqua O B8 gk §0 0T &

FERTHMREEES U, SSFI Yy FRICL>THEHAERIE LR,

3) RE|EHE, yood ol al NF—2%KkE&E (100> 2T, 0, 5, 10, 20m BHh >idk
EITVHRETRYVA (1) RERUE, RREVNERLE B 200! 2 GF/C 3EITTAB
U, 2053 520m! 8IS ZABNA7ILUTA (50n!) WHAMUEELY Y (OTPYHEREL
Fo BDDBHIE200m! O YU AW AN NHI, N0z, NOZ+N03, POR™ AMFELRIE Lk, st
K 500w ! WEBMRRIY YRV ILGE/ ) 2 InlMARLE GF/CBEICTIAEITV AL
27007 ¢ LAFEBE VR, ChoRBBSEIMETT 4 AR Y T A(<5°C ; 845F) /iy
PRE (¢~ 10C) LREVRRE, YBERORERCIBLEA 2. 2ATRTHRHNEFEUY
AARY I AZ2HTHRFEHEB R - L. W%fﬁ?iiiﬁ“ii?—mtwf%ﬁlﬁllﬁgb'@é‘%
EGEPHILOHFEIT > R,

NHi i3 Soldrzano (1969)DF ik, N0z I Bendschneider & Robinson (1952)D7AE, N0z +NO3
& Wood et al.(196T)D A, POITiE Murphy & Riley (1962)DFFERETSE, FH =2 UK
A= b7 FSAF—TRTHEL 2. 0TP It Menzel & Corvin (19685) OFFELC R TE, HRk
DYUEY VBECETHRLTHERIT SR,

fOm7 4 2 i Strickland & Parsons (1965) QAR E T % H w2204 % EH THlIE
EiT-o%.

4) T2 b BHEOBRE [ BRE, R4 T 0Bk » S 5nil 2/RIRBREGN)
WHHUL, 2035 In! BXFHERMBETRARY, {KPO C. antiqua BHBEHEU 2.

2. 3 RBEKRZBAVLREERIEEZR

1) BEIRUEESM [ C. antioua O c— 28k (Ho-1: &R « #5528, 1984a; ohf, 1986)%
KRBz, IRTOBBERRBUIUBEL A VFa2N—-FW, 25C, 0.08 ly-min (B¥
BHENAT), 12712 L0 ¥ 470 (08: 00 4T, 20: 00 #H4T) W TiTok. ERERREEREHD
input AR YUERKLEDOEFEHLU 2.

2) FREE —BORBROTIO—F +— F BR2WRY, f/205M (Guillard & Ryther,
1962 J)THEU & C. antigua ( ex10%cells-m! ') DIEEH 100! 2EBREIORE GF/C 3
Bk S00m ! WHIABE FRITELIT> 2. WREEN 1000 cells-n! 'EBE (RN
RETSERM) CELLRET, ¥ERBEROERRET - 2.

3) AR I ARROIAMEMBEL 2CF/C3BIK, ERBEQORNEHEERICRET., £
BB, 20m!{ =AM 7S5 A2 90m! OFREMA, ThiZFHNERHE 10n/ 241 %Y, FH
POFHRE 0.5d ' TERLGHEEL T . HWKIEHROIZIRIE 10 00~11 1 Q0D T Loutput
O C. antigua MMBELR NEERETHE QuidLk. REXERFLBO /2 Eihs
DN, P, Bz OFBRAAIIIFTEACERTE, EDTA, BHORSAHL 100N LT EELd>N I,
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500ml
filtered surface seawater
preculture

in batch = 10mt C.antigqua
mode 5 grown in £/2 medium

~10? cells.mi™’

A

filtered
10ml seawater 90ml
determination of cell concn.
————— 50ml output
10:00
semicontinucus “———input 50ml ~11:00

culture expt.

- {nutrient
enrichment)

END

2 ¥ERIERRBO#E

Fig.2 Schematic diagram of semicontinuous culture system

3 ¥ R

3. 1 KxHEAX _

1) K D 1984 0FEEMMPERAHRCE T h, S8HSEFAR I BV T MG - 2itbld
R - MACHMRE, FEHSAERER 32C 2BIEETH- L. SSEOTHRFHFREHS
h, FREEAOBBHEVE. BHLA>THa i, AFHLORBOBE TR NS >, BK
REHHPEOHO S -, BB ChFRTEERIELNCTERR TV E,
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C. antiqua DS kR &

*® I BRiA2HVE RS EEROERE~F
Tahle 1 Experimental mode of the semicontinuous culiure system using
natural- seawater
Expt.period Seawater Expt. Mode
1)non-enriched
Expt 84.8.6 B-5m 2ING~ (400 pMIPO2- (30 M)
B4 -8.11 3)f/2 metal(lnl /)
4)full enriched(NOz~ 400 uM, P043- 30 M,
f/2 metal Im!{/}!, B12 0.1usg/ )
1)non-enriched
2IND3=(50 M)
Expt  85.7.29 B-Om 3P0 (S uM)
85 8.2 4)N03~ (50 p MHPO3 - (5 M)
Runl 5)/2 metal{lmi /)
B)full enriched(N0z~ 400 uM, P03~ 30 uM,
£/2 metal Im{/ ¢, Bz O0.1pusg/ )
1Jnon-enriched
2)N0a~(50 M)
3)P0a*-(5 M)
B-Om AIN0=" (50 L M)+P0+3 - (B u M)
Expt 85.8.7 SINQs~ (50 pp MMHP043 - (5 pHI4£/2 metal(lm !l / {)
85 -8.10 BINOa (50 p MHPO3-(GuM)+Br2{l g/ { )
Run2 T)full enriched (NOz~ 400 M, PO#3~ 30uM,
F/2metal Iml/ ¢, Biz Tug/i)
B-15m 1)non-enr iched

after Guillard & Ryther (1962)

2) ki - HARE HM3, ACTABTOM, 8SFEDOKE - K4 - 0DBEAT (AR
HOELE) £FT. SIFEQNKBULRE~5n BT 26~27C, 10n BT 20~26C, EBET 2~
BCTHok. EHALOFELCHHFEOZRZD S hA M-k, BENCEKER LEMEECS
2 k. 8D KT 0~5n BT2E~27C, 100 BT20~28T, EETA~BTTEH ok,

AR EE 2B EEL TI0.8~32.2% OBACH Y, W3 PN MEFHBEHNZD >0z,
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B 3 19844, ERBTOAE, ¥, WORERT (BBEIE~IIHOEY)

Fig.3 Vertical profiles of temperature, salinity and 00 at station B in

1932 (average over Aug.l-Aug.il)
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1 1 —
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1 1 ]
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4 198SSEEMBT KR, S, NORENAF (TH268 ~8H13HDEH)

Fig.4 Vertical profiles of temperature, salinity and DO at station B in

1984 (average over jul.26-Aug.l3)

RPELEELS T~10m BE GEEI0ni#) THB LY, SSEBH B LIBIIEAR L 358
BEBiEC ok Tn MEFTETLU R,

00 WEE LS 0~5m BT 8ppm R, EET 3ppn G TH ok, O~InBOIr OO T 4N
a B4 T 1~3ug {7!, 8L t~Gpueg ! "HEE GEX3puge [ 'EAT) THBUR.

3)%%&5:@5,BEM.%ﬁﬁmiﬁBTQPﬁﬂbw,WLNﬁ,WHMEQ%E
AHAEMEBOFES) RET. BEEL PO I 0~5n T 0.01~0.05uM, HET 0.3uM &
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C. antiqua 7RI KEEEL 5§

9 NH, , NOy (M) 3 6
0 POL,DTP(uM) 0.4 08
1

0 Fyal e &
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[

a

20 B

5 19FELBTORBEOHHES S (BHIH~11HOFEH)
Q:p0i" , @:DTP, A:NHI, A :NO3

Fig.5 Vertical profiles of nutrients at station B in 1984 (average over
Aug.1-Aug.11)
O:poi™ , @:DTP, AINHI, AINGS

0 NHS NO;
0 L, MO (un) ? ?
0 POIDTPIuM) O‘f‘ 08
L 1
0
T 101
-
a
o
[=]
20

Bl 6 19858, EMBTORBEOHER N (TH26H~8H13H 0FE#D
O:P03” , @:DTP, A :INHi, A INO3

Fig.6 Vertical prefiles of nutrients at station B in 1985 (average over
Jui.268-Aug.13)
C:poi” , @:0TP, AINHi, AINDS
ETth-h.
OTP EiiEFEE D 0~10m BT 0.2~0.3uM, EET 0.5~0.6uM BETH -2,
NHi 1284£E1t 0~10m T 0.4~1 uM, KRBT 1.3~2uN THok. —7, 85FEL 0~10n T
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0.0~1uM, BT 1.0~2uM BETS -k,

NOZ it B4£EI 0~5m T 0.1~0.3uM, 10m T 0.1~1uM, KET 4~6uM THo k. 854
0~5a T 0.1~1uM, 108 T 0.8~2uM, BETH 3~8uM THolho BS BEFELBVTRLE
HAYBORITREBEBELHROZUEDdhitho k.

4) B HFS C. antiqua OFE ' HEE S, KBEFATUTE C. antiqua RU OB L
SHRBMERELEP ok, SUEEBESE £ T C. antioua WA HEIHH S M- Rt AT,
10BOEE (AXBRTHE) A, BESOSEREDS | celln! ™! EFENRBIh L, 8FL
HERNREROTEBHEEBTEA 25 cells-n! ! OEGSREEIHE, TAFEEETES
Th 10 cellsem! ™! OEGEBHRBETRLY On BTHRY (<7 cellsnl " DONFHBHTS
=iz, BBIAB Y C. antiqua REKICFEAYBE IR o%(<] celtml "),

3. 2 BEEAEELE C. antiqua OESHIEERR

1) BIFORRIEE | 7 ICUMEIT- k¥ EHFRXROGBBEOREXILET T ER
RHLRRKIEABO 5n B#ATH 5. ¥EREBROBFRE 0.5 TS 3 2DAkE

N { cells-ml™}

T

4} 2 4
Time{d)

B 7 EAREERTOMKMMZEOSEEL (1981F8AEE~11H)
O: %BEARA, @ SBEKHEB, AIN+PR, Alf2XFLH,
X meRk

Fig.T Semicontinuous culture experiment in 1984. Time course of cell

concentration over Aug.6-Aug.11
O:non-enriched(A), @:non-enriched (B), AINO: and P03~ enriched,

A£/2 -metal solution enriched, X:full enriched.
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C. antiqua I HEHEKF ARS8

B (2) 300ESMEEE (W) REEOEOESTRY, £=0.690"" (M) OB
NBTH SR USRS

REEMRMOF (S BEAR)TOC. antiquad WAL TEHTATTS 0 WML BMTL
PO EHEEHERY L k. RREEAEUTORENRBEEE 1 BRRT &> TEBUR

InN, = laNy +{ t— In2 )t (1)

T W N RS GHEMBBOARBETS S, pI3REARAT 0114, BT
0.00d'" TH ot Fh /2 XAVLFNMFRTHHMBABTHY 2l —0.12d"'" Tho k. Tk
2BMKR, (2AYALRTHEROEBITERCHERIIENMEURY, 172 X YLRIBFINAR
NO3 % 400uM, POI % 30uM MU ALZ3BBRIEHMIEROREIRETEABEL 2.

NhPRTUHSHHOEREABHICHEERPO K FZANEE (O um LT RSO0 HR
BRORZE(AW0umCETEEV 2., FLBHELELH TIAE ~AB OBHT 0.5187
Tholze URUBHIOHIZERE Skeletonema costatum OFANEDH S hhdh, COBRET
EREHEU R, ‘

Full enrich FTd €. antiqua WEOHIRMBETRL, pld 0.47d TH-ok.

2) BSHEEORRER (SEOEERIFBRRUHE 20 (Runl. 7TH29H~8H2H ; Run2.
BBTH~8H 108 T->7. Runl T, WThOEET—F THMMEEE (p)IBEBDHTHEL, 5n
AMBEKWN, P, Brz, /72X L% full envich LREATY 0.3 ' EETH>h. Th, 3
BKRTOLE 0.1, NHPRT 0.25d°F BE TSk, FLERMBBABERETRT
OEFERTHARORZROEEIIEI - R,

Run2 THRBEMRIOECHROEROERBEI >TUE>R. LML 0BH~ 2288
OIS < “IEA” TR2LFTLSBERNEdhk, '

F K
.1 KB ESHRE
antiquali ARISAEIES R ITH> THPEERE, REUETRECES T 5 EMEREITHEE
U, 100 BETS3 (855, 1979) , Uk- THBOLEZERIFE 0~10n BECSSE
FATIKCORETORAZRMBOMKE, EAENEEORBREE-THBETH 30
RERT S,

R - $8 (19842) &3 & C. antiqua OMMEOFRKE, 5, BEEEhTh 22~28
T, 25~141%, >0.04 ly-min'! TH 3, HAEMMBD 0~100 BDKEWS,855E L & 24~27
THETHY, XL 31~32% ORFEWS o, 2O ERHEEE DKE, EHH C.antiqua
BEOHBEFEC S >LCERFUTVS. —HHAEHMGOEBEEEHEL & T~InEFHL,
ULh b FRCETATORRED, KPBES C. antioua MM FETS > nEEX 53, &

I
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£ 2 19SEO¥BRIEFER (Run2)
EET—-F ToMMEE (8H7H~96).
Table 2 Semicontinuous cutture experiment in 1985 (Run 2)

Growth rates in each mode (Aug.7-Aug.9).

sea waler Mode uldt)
non-enriched 0.15 0.13
NOa = (50 1) ' -0.19 0.20
PO« (5 M) -0.16 0.20
N~ (50 MY+P03-(5 M) 0.58 0.66
NO3 (50 pu M34P0a (5 1 M) 0.60 0.70
Om +H/2 {(Im/ { )
ND32 (50 L M)4POa (5 M) 0.4] .54
+Biz (Qug/l)
NOs~ (50 M) +P0a (5 M) 0.70 0.69

+H72Cm 7 1 )+B2 (L pg/ t)

15 non-enriched 0.50 0.50

DI UCFEESKE, B, BELS C. antiqua FHREOZHEFELUVTWSEEDAD
Cabhbdd €. antiqad FHAOHEERRD AP o2, TOZER,ZhsLANOET-
FREMOHBERHY TSV P VLI IBE-BNEEORBENATVWRIERFTRL TS,

4. 2 RFEM

% 31284, 854E0) 0~10m JEIZ BT 5 P35 DIN, (SNHI-+NOZ+NG3) DL, C. antioua
O N, P izxdd 3 mininum cell quotaCrhd, 1985a)R(F POZ™, DIN ICHIET 3 minimum cell
quota TEU R (Y4 ; i - #650, 1984h ) £R¥, BV YHETTREEIT Y R EHE
CHTZHMEAFERIPTVWEERIAN DS, IR IRV, HELD POAVRERMMEEL
HYE ZHMMETFERVRTVELE 2SN S, RBBEEMED D0P (=0TP~P0i™) MBIFERU
0.3uM, 855 0.2 BEREL TV 3 . antiqua RERBOY R Y VEL UL THA
TaBVRD (FH, 1985b) YIEOHED SBRAUR.

EAREEQHEBEEBEUTO 0~10n BORBEBERY C. antiqua OMHFER T
ZEREEEOEMITEN (K) 2RT. mEED PO #MER K° CHRTHRYAETL, U
PR oTY VEEL C. antiqua OMBEFELHRIE—2ORTTH-o LI ENHEET LS,
$REAEL © VS, NOG REFQEEHEE K", K°°° ¥EIATVERD, B (JE
STURWEE L) C. antiqua OREEEELHTIERL R > TORTEEESS 3,
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C. antiqua 2> Bl i Aok s & i o
*#® 3 TIERHBYPOFESBTODIN, PO EHBE, N, P SX¥ 32/ ERA
&E, RUYE
Table 3 Averaged concentration of DIN and PO during experimental

period, minimum cell guotas for nitrogen and phosphorus and ¥

values
84 (8/1-8/11) '85 (7/26-8/13)
DIN P0a3- DIN PQa3-
nutrient -
concentration 1.28 0.06 1.1 0.04
(0-10m
minimum
cell quota
Yo 1.8 0.62 7.8 0.62
(pmol +cell-')

Y 160 90 140 70
(cell smi-1) )

4. 3 FEREE

1) 1984FEDFR | 2 BWARTORBEPEDTABTH» S LIIBA Sn BOlikTlITgs
DORBEDBTELUTOED, 33VUEESRESIL L > THBHEE (e.3.(u WEZ3BETINED
STVWARZERRUTVS, Tk f2XINLEROEM (Inl /1) WkoTHRMIIDIIVA
WTh-hd, Zhil RICLSNWHEEVAHLHEMEORETRN > RZEERBLTW3,
—7 N0 & POI " DFEIBFRMIC & - TIN+PRIC. antiqua OFEDHRMEMIBZ o T & LN+
PR & full enrich ROBOMERECESRBH o> & EERUMROBA Sn BO
HWEKTW N XU P 28 C. antigua ORBEEREBUTVREERZ NS, ERIIMP(8HGH
~8H10H) OB 5m E® PO« MEELL 0.01~0.02uM, NHe HELL 0.4~0.7 1M, NOsit0.2~
0.5uM THY,ZhoDERFRAWTUE K OEEIERT S E PO MEW KB° ATt
ZHRZAHATVOLHU, NHE BER KBV RERTEAREPZFREVDBREL, Ld>TER
MO B A 5m BilgkTIIY VBIEN C. antiqua ORBEELRBRUTVWAREELITLYES
Th 3,

2) 195FOXRR I AU T2HEIT-RRBOVWTh L EROSMLRESIEZ Y, B{HY &
IRERPFOARD SR, RROFRAXDVTRVEEE SO TRRVBERRLC 75 20K
WA 77 HRA, BHEL C. antiqualtMBAEYWHRLHSHURTTHESS 5hb Uh2WE
B, BB . REUVBBRRLA->TOHOAIFU7OFLVVRBEERD hRd s R,

BRE2OHOKROS SSVO2HMUEEENIEACERLEOTEMTHIOF - AL
THRBEITS (R2), TOXRLHZEXBiKE input EURLRTIERMW, NBJH, PRMT
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# 4 o, NHP BRUS NOG @ ERi

BUBKBECHTIRMEEOERIIEYN (K
Table 4 Averaged concentration of PO} , NHI and NO3, and half saturation

constants for growth {(Kg) for each nutrient

"84 '85 Ko C M)
(0-10m)C M) (0-10m) (M)
pas 0.06 0.04 £.25
) (0.00-0.15) (0.01-0.15)
Nife* 0.6 0.20 0.23
‘ €0.0-1.3) (0.0-1.8)
. 0.65 0.8 0.65
NOa 0.2°2.3) (0.1-2.2)

HEMAEHTYIPHLTHEERE, N & P 2ARCEMLERTIE (N, P KB Bz, /2
AINEMALFDBEYD) EFOORMMEREU TVWS, O ERIKRBEAKTE PO L ERL
NHZ, NO3d C. antigua BBEOHBEFER-TVWAEILETRLTVWS, —AHZ OHMPOX
JEHERh@P0I” ML 0.01~~0.02uM, NHS 12 0.0~0.24M, NO5 It 0.2~0.6uMTH 3.
Chooifies ki (R4) LEEBEULTH PO L FEMW NI, N3 BEABOMBEERRLTY
Rlr3+HExond, FREBEKRZAVERTRRBESRMU R THRBEEH 0.5
A"t LEPHRBEERLTVWEY, TOBRMbOEED PO BEEE 0.40~0.43 M, Nii B8
0.2~2.0uM, NO3 # 3~8uM T35 9, P0I", NO3 BEH, 84 K%Y KB°° R EE-THYR
BN, PHRIMSBEEIhELDEZEZIONS,

5 BhOR

19B44E R UF854E B Chattonella antiqua FAZBEHRTS 3 HERERBHET, KAHE
BURBIBEAEA R C. antiqua O¥EBEIEEERET ok, LORREUTOMNESHE
ok,

1) B L IREKE, K4, BRI C. antiqus ORI E - TEREEILS - B2 OHD
5Y, XEOFRFIRE LRS- 2,

2) MELOEBEREIE, ~h. RBEWEYE (. antion ORWEEOFBEBEER
HEOkEns, BEESY YBIENFEOBBEREZL TWEEEL S0k,

3) ¥EGHBRREBVTHEL S . antioua AP HRMIARBERDEE Pl OF
MBS BT B O RIBEATD PO WA C. antioua DEDDRMIEX LB LETEZTL
WiREhi,

2) QEDHREPSTETO POI” ORIVFHEE S C. antiqua FHOREURH R (—
S@) EEEEAShE, SHIFBEERELBCHEPIR I EER TORFE)RIT-T,
LOPRRERERRIEICBALEL.
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cage culture 2R/ Heterosigma akashiwo (Hada) Hada @
BRSO EREBESER

In situ Cage Culture Experiments for the Growth of Heterosigma akashiwo (Hada)

Hada and for the Diel Vertical Migration
WBIEH « BhBE? « AEHEE - sHER -FE & - mEREE

Masataka WATANABE!, Akihiko NONAKAZ, Yasuo NAKAMURA!,
Akira HARASHIMA'! and Osami KAWARAZ

E B

HIZWEORBELXCHRU, PoHYW TSy P kA, HOREREL
OREORE, WIS EM - HHMOVE LRI U LBEBGERD cage culture
ERFLE, REELUTOVMHBHEOTENITEL ZENERBUBISHIRRERC
KVITV, UK TLEROBHWEBANEH I I ENYBEL R, ThEEREL
WIRTHIRRERETFRLZICRE, BT N, akashiwoD BEMERRUBAH
WeRELL. BERBD CHBEXANORKRRREOREL I D 3 TH.
akashivo RRIERSL, RIFRBENEShiz. HETHE > h R BESHIENE
RERERLL(BRULTEY, 2ok ’)QE%%{H@E@TH%%&M@M%@JW?
CRRVEYT, BEMHEETTHSZ EHYBEL 2. cage culture FROFRELE
BEELIERE L TOYEBEHEITKFET 258, MRMEN 5 X 10° celisem! !
DTOFERRTRBRITIDEY, AL RANORBEOHISES 0. akashiwo
RL2RBEENELTEIOLIZLBRLI EBYBALE, KB - EH - EBED

1. BYAFREH KBETIEREE T305 KREFHBSHEHBENTNI6E2
Water and Soil Environment Division, the National Institute for Environmental
Studies. Yatabe-machi, Tsukuba, lbaraki 305, Japan.

2. BHISI~60FEE ZFEPRE (MUAZIER F700 HUFRESHI-1-1)
Visiting Fellow of the WNational Institute for Environmental Studies. Present
Address: The Faculty of Engineering, Okayama University, Tushimanaka, Okayamz 700,

Japan.

—213—



SN

BESHHPEHERNEEEERT EEREIERITE L T, cage culture PHTFRER
H. akashiwo BEEL, —HEEE (0.5n) CREU k. #HEEMIREQO.5n)
I, WRRERE(15) HRET AL ORSEBHERLITo k. KERED
B4, H. akashivo OEFEERR shRp-k. —HERBEBHLEALOIRTFR
BEERUE (p=0.T~1.1d7"). EETOXRRETNLERETOERKERE
BRMEBHZLOFIIT > TV A3 EHPRBMREB O THHTHS LR -
2.

Abstract

In situ cage culture was made and it can eliminate the effects of
grazing due to zooplankton, competition with other phytoplanktons and
accumulation or dispersion due to flow. Exchange rate through the
filter was evaluated quantitatively by laboratory and field experiments
and it was found that 40 % of total volume was exchanged within 24h. The
cage cultures were installed in lzumisano Harbor, Osaka Bay and the growth
experiments of H. akashiwo and field survey were conducted. In spite of
drastic change from incubated condition t{o field condition H. akashiwo
shoved rapid adaptation to the field environment and satisfactory growth
was obtained. Characteristics of growth in the field wassimilar to those
in the laboratory culture and it was found that the level of nutrient
concentration did not timit the growth of H. akashiwe in this eutrophic
sea and the underwater irradiance limited the growth.

The nutrient conceniration in the cage culture was depending on the
degree of exchange rate through the fifter and it was found that the
supply from outside sea to the cage culture was sufficient comparing with
the uptake of the nutrient by H. akashiwo, as long as the cell concentra-
tion of H. akashiwo was below 5 x 10® celisem{~'. In the sea of leshima
Island, where strong stratifications due to temperature, saiinity and
nutrient, were observed, clone cutture of H. akashiwo was inoculated into
the cage culture. One group was installed in the surface (0.5m) during
experiment. The other group was installed in the surface (0.5m) during
daytime and in the bottom (15m) during night. H. akashiwo, installed in
the surface, showed no significant growth. H. akashiwo, which was forced
to conduct diel‘vertical migration, showed large growth rate (u=0.7-1.1
d'). It was clearly shown in the field that this species had ecological
advantage in terms of nutrient uptake in the bettom and active photosyn-
thesis in the surface hy doing diel vertical migration.
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1 @BUai

. akashivo QWL BZTKE, EL, RBEOHEIUERERRRICLVESHRZENT
%72 (Vatanabe, et al., 1982 ; K& » #%30, 1985a, 1985b) . UL LHEEE T ¢ ohRE
MAFEMEFE: OTENHESHENSERC BV TARUVEZLE I ORI FE+HS
REThh T, HIZERoREEL<BHL, REFRTHRESRETSLOE L TEN
& (dialysis culture) BE L BBITH R TE L, Maestrini et al .(19BDWMIB BT BN
147 v 4 OFEEUTHEER reivew 2IT-oTW 3, TOBEBE (dialysis sack or
dialysis tube)ADFEX 12,000 B TOLOE G LBERIEIZ R TR 3, RigkSrEse
CETHEREESC X 3WBONENS 0B F DIThh TRV, BEITFbh TV I HHRLH
STRIKRUS D IVACBERBEA Y V222 BMBHREIT > TWB( Jensen et-al., 1972;
Prakash et al., 1973 ; Sakshaug, 1977 ; Yoder, 1979 ; Maestrini & Kossut, 1981 ). 4%
Jensen et al.(1972) LER 16mm DL O—ABRNF2—TEHL, BEHFSAOLE -5 A
NERESELBOE—XOLTEMILY Fa—T700ep{RAVEHERMIE TV, &
DOHIKZFOMBLOMRBFLLVAHAV SN TWS( Jensen & Rystad, 1973, Prakash et al.,
1973; Jensen et al. 1974; Eide et al., 1979; Yoder, 1979).

U LCDBERF2—TR2EUVTOMEN L OPEBHBPEREEETETOWRLIE, &
BEEMKENECS OB ERYHTHE, A7) 7ORALL OMHBEALRY, ¥51
RIFY7HBRY (BLEYIVE) LIBAHEREBEUAREELOMENS 3.,

FRNTUHERERRETHSERICER D3 T RN TE, NBOKXERIE « HIaRESIEL
TV -—TEIRVOMNBRABETALEZZEOTEEEELH LTV S cage cultiure %
HUTRIBHEBERRET oke. T3KIE + 55 - RREOMBIFEEL T 2HIBGHICO2
U, HRSESESHEARNLITHOY, FREFNE BT 2 8TEOEBNEMEERBLESVT
WIEL %,

2 cage culiure OERE L TOWMEBH

HBETLIRFELFIURAY, BBEROREL2 LBV, dDORBUESHESR - FROE
BEERA UL cage culture 2R UR (1), BER 20cu, 1§ 10cm OFERT7 ¥ Y ALEE
HORBMERT P YLETHY GHYE, HMUECEE om ORXLS0BEHG TH 5. < OER
REEORERG L7 7V AREEREGDYE, TOMIIYHT T4 ¥— (0.8um) 2RBiAE,
FIOIENTETIVAEELE « T L VEL LO2W, HROBHEADNBRBAR
VWHEELTR->TWS, EHO cage culture 13 dwens S(8TT) WL ORI h TV 35, BR
Rl UHAL  NBORBERBELTHTH YRIFLEBLIL TV, ARORHERED
ELRHLT, BBRABRENER T ILA 3R T A Y —REBELTOR I RYBATIMHPEMT
55, AEBTIE Helerosigma akashiwo (B 10unfEE) 2HAV 300, A SEL
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B | cage culture DEIEER

Fig. | Schematic view of cage culiure

RUESTAR 0.8un 2HY, ZEELUMEBHUMYVEETAEDORR TS, IO
MHBHBROERZETEPREIT EX2RAHEL RS,

cage culture DT + A ¥ —2BUTHERYHEIERZLEVLEELR T 300, £ AW
BRSEUASARNSHEYOSHYEN T A V-2 BUTORBREOBERELXE5X S
OPEEIPIT Y, BHEELULRTOBR2E L TONEBBRITE ERRUVRIEREBRT
oke ¥k, T4V —RBUTOXROEBBELEENERIILORIUE,

a) YHEBHEY

F20RT &I RBEMARERRESER S, «(t)=cage culture NIBOWHRRE, co =S¥
SO ORERE, V=HKiE, A =T+ Ly -ORAR, c=¢ () DMIBEE, K=RBENEBH
R ET 3L, cage culture MEBOWRBHERILKROLSLEEL L.

d
V—E%:A-Kp-(cg—c) (1)

1

L Init. Cone. ¢

B 2 cage culture lEEL TOPHRBEHOERE
Fig. 2 Schematic view of wass iransfer through the filter of cage culture
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MBRH ¢ =0T ¢ (0)=¢ &F3L () ABKOHEEBS,

.6(5)‘—‘00*(00—2)3—% (2)

K]
4
e

v
AK,

(2) ALY cage culture MEBOMEBMELL ¢ (1) OWFRL Y, BEEL TOWHBY
BREERDIIENTEEZ. FBRLLEBVTRAFLIYT L=V, cage culture FEEEL
TOLREREEN - RSWERC TV, 209EBBENEREL 2,

b) BENTOYABEER

ABERCUEAOI - LOFh PEAFHEEL, cage culture OF b D ICERERTHD
ENRET S, ChTIVEEREUTORREERR-TL 33D EEhh 3. &I CTLI=mME
KHEAI cage culture RIGEU, MAKRBEFKRE (72 0¥ -EHU TEITREF 5.6
cmes™!, RELVZOGBHIEYVHRECROCEFCAUVBEORETS3) O 088 ULT
BHRRET ol HAERIESBEOTILNEETS D, Tk cage culture OREHET
ENREZREUD. CORMREESRLEL TOLRRBRSASEELHIMET 3L,
K« fKODERFNIEZDOVT cage culture OH - AREHEEEL ST . 1 SRR
D—RERT. cage culture HRZAFL VTN —2BRIE-BHEREAN, BK - FkH
FETTRPIEEL, NBOAFL YT L BEORBELEMTEUR. IFL YT A—BE
OURBE BB TH BHE 665m TUNAEH & H VTR - 2. B0V 2T Y Y IRE
Smi ¥ oKL, ChRUFPMNCIEREEDH Y TY YT THEU 2. BOhRXFLYTL
—BEOEREILEZNL () X2FBUS/NMERFCL DWEBIHERY /T LROREL),

BKRBETORR Runl ~Run8) EOVWTUHPEBHRELESBEZSOLENEDHAL S,
C DG cage culture NEBDEABENABE VB THEL THLABOM@MMED Sh, 15
SBEESRELIRIEYHEBYRAKOAE(R>TV S, ThUEMER%E L Trock
exchange BIOEBERMBREL TV I LHEEI AL, —ARARBEBLTRESRESL
RILYABHRBORKE SRR T Y, EREZFREIAZH0D, RHOBENE
DREZOEEETSHEL, FE-TOVHEBHRHMEBATILUO2PARVERBE NS,
FIKREB T cage culture OWBOES BENABE VEVIESOHI & U KELYEBEIE
BER->TW3, UML Run9~ Runl6 DI E LTH 0.02 (h)EWSERER. HIZD
WRTR 5 cnes™! BEQORRIBREELTV ALY, ORKRETES hhEREEIN
BEiRsRATEEEL R 3D,
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Table 1 Mass transfer coefficients obtained in the laboratery experiment

Run Flow Speed AS 7

(cmes1) (%) (h"t)
1 ¢ 0 0.006
2 0 +1 0.007
3 O +3 0.01%
] 0 +5 0.017
5 ¢ 0 0.007
6 0 -1 0.018
K 0 -3 0.019
8 0 -5 0.019
8 5 0 0.0i6
10 5 +1 0.013
1l 5 +3 0.016
12 5 45 0.017
13 5 ¢ 0.044
14 5 -1 0.021
15 5 -3 0.025
16 5 -5 0.036

CGEY As = () ¢ cage culture OPTERHISMER L D &ES
As = (-) ! cage culture OREBHAEE L b IEES

c) Hiik TOWmKTHRER

BERREEERIL B TI086EEHTH L WBH13BKH 2o T, cage cuiture i idEL,
BB TO cage culiure BRBEU TOYEBSHENOHR TSV LBEYHE - tHEEWEOR
Bk, RBAMDEROEEREL T~10m OFEHICH Y, EhVRIETHZLEEALS, &
tRABBEXALVITELAS D SKE 1.5n D& T AW cage culture 3IPHR-Z LERLE.
HIDHORRE BHTHICAFL TN —%BREU REX%E 3B cage culture ZFEAL, 24
BEich - T cage culture BRAK U, NBAF LY T A —BEMNELR{T> 2, cage culture
O EHPEHRELEY, BB ORREBFIBCHEAFL Y7L —kBEREANE
X, BUABMEH R > THEAFL Y TL—BEMNERIT >, TO% cage culture R
WHEURYSHRACEIHEORREHUITo 2. RALERBRO—NERT, RBHIH
BETowEEsENIIFEY 0.058 (h') ERVAELRUE. UbUilikdzigEs 365, 6%
TOREB BRI TY 0,035 FE—EOEETUR. ZOERERENRRE & VB hk
@ 0.02hDEBERLU TV S, EREIHILTVYHBHEHNEZTULEERITHTS 58,
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cage culture (2 L AH. akashiwo & 78

= 2 HRBERTOWHBIHRY (1986, leshima)
Table 2 Mass transfer coefficients obtained in the field (1988, leshima)

Experimental Secchi

Run . : /T
Gy’ (oS 1)

1 8/7 10.7 0.053
2 8/7 10.7 0.054
3 8/7 10.7 0.062
4 8/9 7.5 0.021
5 8/9 7.5 0.018
6 8/9 7.5 0.022
7 8/12 7.5 0.025
8 8/12 7.5 0.025
2 8/12 7.5 0.027

RET IRHAXLY BASE~THR DG AR X 3RNBERSBESLREC Y, COhHEHRNL
RNPENSRBEL L RDENEBDRE SRR ERLIROTHRVDEEZ 303,
BEYPEE 7.5~ 10.7 ORITH O UEMNBALEKTS -k, TOLDEEWERRT & I NEAB
HREMANOEELDIE L,

ENRBRUHBERTORRIZLYD, cage culture OBL2E L TOYEBEELET 0.02~
0.025 (h"!) LWHERAVWIZEHERLEEbh S,

d) FoEia

cage culture OMHRARDIYR7 74 L9 — kO BThTEY, 72V ANOEHAD
HWEFLREHD50%, BUOBBEET LY —LHDOATVE, COLHIBEH S AT S
HREEOHBELLODPRVORY - WNEDF SN S S5, cage culture LHAEET AL
WEIYTHEHT, cage culture DHERE MR TORE % B (Biospherical Instruments
Inc. Medel QSP-170D)iZ-TEHML 72, COMMBBEECABEELrOL 2 ERRL L TRAET Y
WRLEOY H3TH5., T STIROXBRENBIATEY, 2hk 0 RTHERIEEH
nif cage culture ISEOBERMETTHTS 3.

3. ERE(LEETORNMER

cage culture 2 VT, FVERBILLAEB THIARERETRGIVE S — | figticy
VWTRIGHEEEREIT o 2. FBIDKE 6~11n, TR 4.4X1050° OE THRIOEY BFEENS
cage culture ZREURREIT- L. ERUBSSE (19835F)8HTH~ 88218 T L, B
SOfE (19844F) TH29H~ SRTHD 2B hh - TiFo k.
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50 100%

B 3 X%OoAHALXEAR
Fig. 3 The relation between the directionral angle from light and light

transmission effeciency

3.1 HARHERER

cage culture 2AF YL ARPITOGREEL, 74 RFABHTEDO T, (1)0.5m,
(2)1.5m Xit 2m,(3) SuDBFEELB/EU 2. & cage culture LIS T B FEDIEKBCCF/LC
TP~k DBBLUREARHERL, THIZ /288 (Guillard § Ryther,1962 ) THS%
Ui Bi8saRRic 5 5 . akashivo (NIES-8) 2 HHEMEMR A S 2X102~1X10%¢ce|ls n! " 'EE
Bz lkiCEELE. F0 1300 & cage culture B5]& FiF, KRS »{lIATY
cage culture WEH—IR UL, 3203h) 2BERC THELSE XV, hEEEAHERT
Shtk, 100l FKkET >k, BBUHERRZCHBBY, TOA 100! WLak@estiics
Wah, Il AT 2F 3y IN—2HOTAZHEBET TEREELTHL 2. BOOVY
TLREBE G/ T4 49— L 3R HEBREZREEV R,

3, MCHEFOSELE, S94ED cage culture I X BZRMREBRO—-K L RT ., TR DTERRT
cage culture EBFICTHY 10: 00 CHERRHELIF>#. ki » =S Hydro Lab 25
WTHEAHENEL . BEEAGEEG2ENTEORBESALIEL 2. HHE ESecchi
disk BHVTHELV 2. ¥BENEDRD 13100 WAYF UBRBE2HVTREGRE 0.5
CEE (EBL 0.5mOEZ ahakkEiTok, YO TAKIESLL GF/C 72 LY—ILT3
BEERFUR,

RERBIEZELVEEIRBREY, NO-N KU NO2-N 12 Voodd M (1967) , NHa-N i
Soldrzano MAiE (1969) , POI™-P i Murphy & Riley (1962) O R S%, Fr2avt

—}7FSAF—ORTREL L.
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x 3 1983£FFE@ cage culture KBEDE & D
Table 3 Summary of cage culture experiments in 1983
Run Location Duration Init.cell conc. u Tenp Sal Light Secchi Disk
(m) (cellsem! ') (day-') (O ¢S] (ly *min 1) (m)
t 0.5 8/10-8/15 821 0.55 Max 30.2 Max 31. Max 0.17 Max 1.9
2 0.5 8/10-8/15 1055 0.72 Min 25.0 Min 28. Min 0.02 Min 0.9
Ave 28.5 Ave 29, Ave 0.088 Ave 1.5
3 2.0 8/11-8/15 508 0.3 Max 29.4 Max 32. Max 0.03 Max 1.9
q 2.0 8/11-8/15 708 0.0 Min 23.7 Min 29. Min 0.01 Min 1.4
Ave 26.4 Ave 30. Ave 0.024 Ave 1.6
5 0.5 8/17-8/21 1330 0.31 Max 27.8 Max 32. Max 0.21 Max 2.3
6 0.5 998 0.48 Min 24.2 Min 31. Min 0.04 Min 0.8
Ave 25.8 Ave 31. Ave 0.108 Ave 1.8
7 2.0 B/17-8/21t 1159 0.0 Max 26.2 Max 32. Max 0.06 Max 2.3
8 2.0 1030 0.13 Min 24.1 Min 31.7 Min 0.01 Min 0.8
Ave 25, Ave 32. Ave 0.03 Ave 1.6
9 3.0 8/17-8/21 1374 0.0 Max 26.1 Max 32. Max 0.03 Max 2.3
10 3.0 1103 0.0 Min 24.0 Min 31.7 Min 0.01 Min 0.8
Ave 24.9 Ave 32, Ave 0,018 Ave 1.6

R EFUTLB Y ]
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= 4 19844 M cage culture RBOFT & D
Table 4 Summary of cage culture experiments in 1984
Run Location Duration Init.cell conc. 1 Tenp Sal Light Secchi Disk
(m) (cellsemi-') (day ') (C) ) (y«min’?) ()

1 0.5 T/29-8/2 680 0.80 Max 28.8 Max 31.4 Max 0.21 Max 4.3
2 0.5 619 0.92 Min 24.6 Min 29.5 Min 0.06 Min 2.8
3 0.5 627 0.98 Ave 26.7 Ave 30.5 Ave 0.152 Ave 3.4
4 1.5 T18 0.56 Max 28.7 Max 31.5 Hax 0.13

5 1.5 688 0.65 Min 24.3 Min 29.8 Min 0.02

8 1.5 621 0.75 Ave 26.5 Ave 30.7 Ave 0.096

7 3.0 31 0.58 Max 28.6 Max 32.5 Max 0.07

8 3.0 646 0.39 Min 23.9 Min 30.2 Hin 0.02

Ave 25.9 Ave 31.3 Ave 0.056

9 0.5 8/3-8/7 320 0.66 Max 29.1 Max 30.4 Max 0.2 Max 4.9
10 0.5 320 0.93 Min 28.5 Min 24.9 Min 0.12 Min 3.4
11 0.5 320 0.74 Ave 28.8 Ave 27.1 Ave 0.155 Ave 4.2
12 i.5 130 0.70 Max 28.8 Max 30.5 Max 0.15

13 1.5 130 0.76 Hin 28.1 Min 25.4 Min 0.08

14 1.5 130 0.76 Ave 28.5 Ave 27.4 Ave 0.11

15 3.0 328 0.24 Max 28.8 Max 32.0 Max 0.09

16 3.0 328 0.54 Min 26.7 Min 25.4 Hin 0.04

17 3.0 328 0.47 Ave 27.4 Ave 28.1 Ave 0.06
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cage culture(Z t A H. akashiwe MATH

3. 2 1B3FOSKBREE

cage culture I H. akashivo HEEBROEELXI W, WHRBEETF{EELEAL, 5ILTT.
REZCTROONLEHEEE (o), HEMEHETOETS S, LITW H. akashive D5
EOKiR, Eh, ME, REELODDDLYRHBU S,

i)k &

Bl 6 (a) WERBRUMPOKEBEELERY ., 8A38~8B 158 COMIBVWHBRENREN,
RBUBVLTE 28~30C &FHEBURBER-oTVW 3, Runl, Run2 (KB 0.5m RE) TRE
ks 28.5°C THM®E £ =0.55, 0.75 (d7') ¢ REFREEBTV 3. ThiIEAXRTEGA
REEPRLEHALUTVS, Runb, RunB (XE 0.5n %E)TUWEHAKIE 25.8C TRESR u=
0.31, 0.8 (HEVSHEREBTVE. ENRERRIVOUVEVEERS>TVE,

i) E 5

Heb) WREMMGTOESBETILETRT. . akashive & 9~30% D5 WEEE] T S5
BERTRU 30% BETHERCHEMEESKT IS MM THWS (Vatanabe et al.,
1982), F£/@ 0.5m I™E®D Runl, Run2 CUIEMELHEED 29.5% TH > kb5, Run3, Rund
TRHEHESBEL 31.8%LE<R>TWiE. Run3, Rund OBERH 4 =0.31, 0.48d7 )&
Runl, Run2 B L THVOBIESEER 3% EEM >Rt HEALTWSEEL 303,

{a) (b)
104 L 104}
i T
: g
@ &
s 8
3| 3
5 1 51
S E
T ©
& Q
(il (4]
c [ =4
3 &
= 1%} ~ 102
[} o o
o 5}
A i/
10 11 12 13 14 15 M 12 13 14 15
Date Date

B 4 193FEOREBETO U akashive MEEBEE

(a) k& 0.5m & ( — O — : Runl, ---- @ ----! Run2)
(b) KiFE m BE (— O — : Run3, ---- @ ----: Rund)

Fig. 4 The growth of H. akashiwo at |zumisano Harbor in 1983

{2) 1nstallation at the depth of 0.5m
(b) Installation at the depth of 2m
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ili) 8E

ENEFERE (Watanabe et al., 1982) Wk hif H. akashiwo I3 0.022 ly-min! RIETH
BEETRE LR D, 0.030 Iy-min! ETSAMHEZET 3. H6() LRI EOEES
bRy, BAEEWGEY L.on BEULDORL, FEFCBREPORZVRBERSTNVS, KE n
TRHBEL 0.024~0.03 lymin'! CMFOIMERREAEEL>TWS. TOLYD 2n BIZRE
L84 (Run3, RunABRLF Run7, Run8) TUMEIUELIEIRL: 2EUVESEE
B31~N%EFRZLDEERLET I SHEMIS 3, COHFEET L IBEL L 3EHL
Eioh3, ki 3n BRIEE LR Run9, Runlo THBHEUERDs AR R,

iv) REIE

F7 CRREMS ) VEBIEHRE, 7YEo T LERE, WREBEOTILERT, RETUH
Y POs-P=0.5uM, NO3-N= 2uM, KHs-N=10pMREEFEL Tz, NiFKORFIEFEI.
akashivo HMZ L > THARBETHBH,7 ¥ —REUTO cage culture FOFEEU
I3 RPFELTORVOTCTHETH S, ULHURB 0.05m ICREL & Runl, Run2 (E4)

{a} {b) {(c)
104 | 104 } 104 |
T £
g E E
@ n k]
§ . § 2 _.--—-."".-'—’. g—
e 3L o -y
R 5" 5
g i | 3
1) b Q
c e } 2 }
[=] & <)
o Q
C
- 102} _ 10? = 102}
B 3 g
% % %
17 18 19 20 20 7 18 19 20 21 7 18 19 20 21
Date . Date Date

5 1983F O RIEFHTO §. akashjuo HHEERER
(a) kEZEO.5o ¢ (— O — : Run5, ---- @ ----:RunB)
(b) X 2m B ( O — : Run7, ~--- @ ----:Run8)
(c) K& 3Im BE (— O — : Run9, ---- @ ----: Runl0)
Fig. 5 The growth of H. akashiwo at lzumisano Harbor in 1983
{3) Installation at the depth of 0.5m
(b) Installation at the depth of 2m
{c) installation at the depth of 3m
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Fig. 6

1983E0REFHTOKE - ES - KFEEOHE(L

(a) iR CC) (b)iEs Cad (c) RpBEE (lyemin')

Daily wvariations of water temperature, salinity, underwater
irradiance at lzumisano Harbor in 1983

(a) Vater temperature ('C), (b) Salinity (%),

(¢) Underwater irradiance (ly-min 1)
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[ FURIE 0

IR 0.55, 0.72 (d') ¥ REFMEMEPRULY, RRFAKKAOE THMEHE T ZREH
HExhk, #FT Z100E0ERICHF VLTI cage culture MEATORBIEMWEL B, akashivo
FlRBEoEmE X ARKTORBEERELIVET T3 EPEBIATV S, 2OZERS
RWBEEHEY .50 SEL, hFOBEPHENBEN >R EZX 2N 5 19BFLRT 1 LT
QEEXRTREHNDET U, AEHOORBERBLBRLMNED H. akashivo MR & 5 FEEY
tAorborBEhh i, COERNBRJ|EDHBRBIZRY, #EIELEVLLOEHEY
hi,

,
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]
1
af ¢ (b)
:
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S 2 20f & 0 iy
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. :
- ;
3 Z
o 10 |
o T
[
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B 7 BFEOREFECOUVBE - 7XEDTLE  WEEEEOHEL

() Y VERIERE (— O — &E, ---@---!EBE)
() FreE-orE@gE (— O — (KE, ---@--- EB)
(o) WEEME (— O — &R, ---9---: BB

Fig. 7 Daily variations of PQa-P, KHa-N, NOa-N cencentrations at

lzumisano #arbor in 1983

{(a} P04-P concentration( — O — ! surface, ---@--- lbottom)

(b} NHs-N concentration{ — O — ! surface, ---@--- 'boitom)

{c) NOa-N cencentration{ — O — ! surface, ---@--- ibottom)
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(fage culture (= kA H. akashiwo MMM

3. 3 198150ORBEE

cage culture IO H. akashiwo MR (L% B8, 9WRYT, EE 0.5n BREELE
Runl, 2, 3 DOIFE, FHKilE 26.7°C, FiyiEs 30.5%, FHHWE 0.152 ly-nin THHERE
BEu=090LeRT RFRHEMEREFL, RRUFMPRE 0.5n2 BT 3R BERE@E11)
R POa-Pex0.5uM, NOa-Neel #M, NHa-Ne<0.3uM T3V H. akashiwvo MFEEIC & - THaR
BETS -z, COERYMdG, K - E58E (100, (b)) FI198FEDREELERLT
BYxS5RZEGRond o7z, —HKPEE@R 1 0(c)) HIMIFREBL TEL, mARM
HERS A5 THREE 0.03¢ lymin ' TEAKE 40 WETEUVTWE. TRER 0.50 B9
ZEHBEEL 0.152 ly-nin! ZI9B3FEOYW2BOBEE B 2TV . SOOI EH 3 198MEDH
LVHBERERVEBER#CEZDOEELZSN S,

s _ 5 5
10 (a) 10 f (b) 0% (c)
104} 10* ¢ 104
T T T
E E E
] @ ]
3 E 3
2 02l = Jor b < |
s 10 ; .E’ 10 § 109
z g £
o
© 102t 2 102 f_’ 102 &
] 3 3
. - e , L
Yoo 30 a1 a/1 2 %o a0 %2 %o an at 8/1 2
Data Date Date
8 1I9NEORETETO H. skashivo HRERBER
(a) k& 05m 1 ( — O — ! Runl, ---- @ ----: Run2,
—e=fA—e— ! Run3)
) kZF 150 %E ( — O — ! Rund, ---- @ ----: RunH,
—-=A~-— ! RunB)
(c)KE3SnBE ( — C — : Run7, ---- @ ----. Run8)

Fig. 8 The growth of H. akashiué at lzumisano Harbor in 1984
(a) Instaltation at the depth of 0.5m
(b} Installation at the depth of 1.5m
(c) Installation at the depth of 3m
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Date

1981 DRIETFHETO H. akashjve MHEERREE

(a) k¥R 0.5m 388 ( —

(b) A% 1.5m & ( —

{(c) & 3miRE ( —

O —

Run@,
Runll)

¢ Rumi2,

Runid)
Runis,
Runt?)

---- @ ----: Runl0,

---- @ === I Runl3,

---- @ ---- I Runls,

The growth of H. akashiwo at {zumisano Harbor in 1984
{a) Installation at the depth of 0.5m
(bh) Installation at the depth of 1.5m
(c) Installation at the depth of 3 m
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(a) Date ib) Date {¢) Date
Tagao B4 3 s 7 Tog 30 84 3 5 7 The 30 B 3 s
0 FP—r—TrrTTrTT T 0 r Y r T 0
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- 5 -
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(a)A&iR (C) (nED Cad (cIKPEREE (ly-min')

Fig. 10 Daily variations of water tiemperature, salinity, underwater

Depth (m)
Depth(m)

£

Depth {m}
FS

R

6

irradiance at lzumisano Harbor in (984
{a) Vater temperature (C), (b) Salinity (%),
(c) Underwater irradiance (iyemin"'}

B, RERRFMPD cage culture MENERKTORBIEBELILETR T, 19845 TH29
B o30BLEPFTHAERKPORBEBESNKELEH LR, Runl, 2, 3o TERFER
B @ cage culture EBOEBIEBBEMNRBL TV S, cage culture KEUVEETRAULIE
KESBUTERRERMMBLED, RBEMSFTHBRKRBHNLRRBRANSELZZZEIRZLD, cage
culture PIERDITIRRTIEWME  MEARBEREENSHURVEAY S 5 k. FWiRHal
VT3, RUNLLVEBERERTHTIRDTES. LELVLThIZUTY cage culture
FMOWBRBIERE A GEKFIFEBELEVLOEZRAZZEHWTRS, TH2IEB 3308
MiFTHEE 0.5m AiERIZBWTUE POa-P (0.58uM—1.252M) , NO2-N (0.78 uM—=2.12uM) ,
NHa-N (0.19uM->1.45uM) EXE MU R, ThZfEV cage culture INORBIEHRELLE
L, 7TH30BIEVTIE cage culture FIEEM NO3-N,NHa-N SIE U AERE VS VEEYR
STWd, —F P04a-P DWW TIE7THI0H D cage culture WEBOBEEIIN R L VEVIEER
T3, ZO&IE H. akashivo 2k D FF PO-PRETVCABEERIARIERRLT
W3, THIHREIAGKEREOIHRETOEELZ T, cage culture AAORBIELEH
RETU, A@ARBERELHEVEER->TV S5, ZOHROMMEKPD Ps-P, NO3-N BED
ek DEEEU T cage culture PEBIZE R S RBEIIA-T L AH, MEREH 5XI0°
cellsem!{ 'R CAZFEEWMET 2L . akashive Wk A EWMBAN LB S 28, cage culture
PID P0s-P, NOs-N BEEILET 2E P04-P TH 0.1 uM, N0s-N TH 0.2uM BEEG->TH
Z. —% Run2, Run3 2T cage culture IR NHa-N BREELIMMEK TD NHa-N B
WEBRLUTYL 2. ZOMEMIIELCCER 0.5m WHELE Run9, 10, HHIZ2WTHRIBOER
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---®---:Run9, —-—A—-—IRunl0, —--=[g—--—IRunll)
Fig. ll. Daily variations of nutrient concentrations measured in the cage
culture and in the ambient sea for the installation at the depth
of 0.5m
{a) P0a-P concentration, (b} NHs+-N concentration,

{c) NO3-N concentration

( — @ —  ambient sea,
---Q-==lfun 1, —=-=A—-=:fun 2, —--=0—--—: Run 3,
---(-+-: Run 9, —-—A—-—: Run 10, —--—[d=--—: Run 11)

—230—




cage culture(Z } 3H. akashiwo GV IR

5
4 tb)
18} 3
2
z 3
X
= tor x
fa F3
3 2
- ’-0
e 0.5 ‘(}."\ ‘\
. ! \1{\
) =
L , R . e
m““"a';_z“:’“"a"' “was%h 2 3 4 5 8 7
Date
4t 3
A (c)
3 %}
) i
3 \
)
]
“ b
o R
Tag a0 11 ¥ 2 3 4 5 & 71
Dals
B 12 3m BERETO cage culture W& N AP DORBIEBET L
(a) UVEERE, (b)) 7YEooLESE, (c) WEERE
( — @& — : 9ifik, ---0--- tRun?, =—-—A-—-—Run8,
«-=(p--- I Runl3, —-—A-—-—'Runl6,—--—[d—--—:RunlT)

Fig. 12 Daily variations of nutrient concenirations measured in the cage
culture and in the ambient sea for the installation at the depth
of 3 m
(a) P04-P concentration, (h) NHe-N concentration,
(c) NO3-N concentration
{— ® — : ambient sea, ---Q---: Run 7, —+—A—-—1 Run 8,
---(p---: Runl5, —-—A=--—: Runlé, —--—[@—--—I Runl®)
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HRIER s

ERSTVS,

KER 3m WREUR Run?, Run8 WDV THAEEL cage calture MEBD NOs-N BEEIIHA
WKEVOECRY, PO -P BERMEAEDESZ>TY 3. Runl, 2, 3 EEHC B,
akashivo Ik 2 PO«-P EREHSHNGK P oOBRBE LB REDERLIN S, —ANOs-N 2D
WTIE NOz-NEBE BRSSP OB ETHE->-TWE, TOL ST cage culture RIBOKE
BEETLEAEKDPOFRRIERET/{LOEBLY, H. akashivo HIREENEWES, cage
culture Sl ORFEERB UM BARBERRBRCERLTWSIEBbMS, UM UH. akashive
WHRIMED 5X10%cellsen! ~' BELLERB L H. akashivo 1T X 3REIE S H FHERD
SOERER ERIS Rk, cage culture MEBRBIEBEIIMEARBEREWBR LR RS,
ZMmh N akashive BV cage culture ERICHE LT, WEREHNIX103cellsm! !
PTOEGETEREITS CENPEEIN S, O RBEANT cage culture Tk ZHEH
RRREITIMY, cage culture WEBORIEREIIED TH K H B IE BT VRS
BEMYBEL .

1 BBUEBISERICET S cage culture BAWLE H. akashiwo ¢ HREIMEB XK

cage culture IRIZMEIRAOIKIE, S, BELZHEFOLIRWE Y, D> culture HERD
EREABM TN BEZTHEIN S, KB, B, FREOHESHBHELRBERERTRT
BRIZ BV T, cage culture PIIT H. akashivo WEEHELIEEL, RIJPUBU 30 AHEBUR
BE{Toh, BSHBOREATLHIC cage culture IR OFWMIEREN T 21T H.akashiwo
OB RITREERTORASAEBSOEBRNERLE ST 3. ERET - L HATH
FREZEEHIBCEISIXEREOAE TS S, REZETALR C. antiqua 2R UBHETS
 KREERFESERURERTS 5, TR TECEENSTEONTF RN A 7 A5 50 K
& 15m OE AW cage culture B{ET S &4, RBREEAERIT- L.

4.1 BEEE _
HIZHHII1985F7TH26H~ sHI3BICHhF TiThhh. BHFWO~10RORIIKE, ES,
KPR, RREEREOED LN D NTERUREARIT- 2. Kil, EHE Hydro-tab #3
Y=L v OBBH W, BEIL Biospherical Instrument #3% Model No.QSP—170D ZHL
e REECOOTERAE On & i5m TAYFYRBKEEHATHRARITY, EI3ETHEN

RAELLVH T LOME, BRET- k.

19854E8BSH P ST 0B S TAROBE TRAME <, sPEEY Ons! OHEAKK N,
13 (a) WAKRNEERALFT. FETRY W6CHETEEVRKELER>TVE Y, 208
BHEITFEEREHERLTEY, B SHIB~SHIH I TREKETOKEL T MHEFIHE
ELEREEFEBICEMEATVS, COZERERRRENWBERTREVLTWESZ 2R
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Fig. I3 Daily variations of water temperature, salinity, underwater
itradiance at leshima Island in 1985
(a) Vater temperature ('C), (b) Salinity (%),
(c) Undervater irradiance (x 10°® pEes '+m*1)
TW3. 8ASH~ SAHZ TR ERAORE L Y MERAFHEL, ZITHBEH B —BRK
BAMERSTVE, 8HIIB~BARBRACKERBIERILDDH 3,

B3 (DIEHMEHFRELRY. KEWERREEYUULEUN Y-V EFEL, BEsHIE~
SHEDU TREBTREMIBNERETATVE, D &H5 2 8HIE~8H58 W h ¢ TIHEKE,
HESEPEBIERThTOIZEHS, HBHSEKE, BESBKIEBLHEALTES
HDEEbN B, BB (QUBEHNEREERT., B In {HETIEEY 1.0X10% gEestoq!?
(%7 0.32 lysmin!) BETH > k. THIIBRET S H. akashivo OWFIC & > THH 2 %sl
THok REEL DL TUHHRMEBYERBRROLZ 2 THix 3,

4. 2 cage culture 2HVWABEMBEESER
19858 7TH28B~8H 1Bt b VRETORBRIFHRIZE VT cage culture XAV 72 BEME
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Biﬂ%ﬁ&_ﬁafco FIHZR U I cage culture 2FhEFh 3BT DAL LZ20haeD
By, —2OHIEKE 0.5n i, BOHFR 8:130~17:00 Kk 0.5m, 17:00~8: 30 ik
ZF ISplc RBUOBSEBSEEREIThER, V) —-ATORBEZ2HEIRSICERT EEY
THo, ARBIZEWLTIE, H. akashive # cage culture ZHEET 286, 10n! @ /2 g
WERHEYXA TV H. akashivo BETEREBOSBEHK 200n! ADTISAZRBL, 28BER
BEFmERLULR, ShickY /2 BEMSORBEFBAILBAERTIZ L 2H k.
cage culture I TOIEELRE T 3 FIERER, BREFEY, REENEOLDOY VT ILAE
ZlaEcR U EEE2<BUTH 3.

R TH28H~8828, 8828H~8A7H, 8ATH~ SHAIIHO 3K 2 > TELETLER
GE, HELEBHOER2ITok. ZhThOERIBTS . akashivo HRHKOELLRE
15~17, ThTOMKEBEIC B s BEEESEXSITTT.

UY=L 1~3EFEUTERE 0.5n WWBEBEU L cage culiure ZRHEHIE S hY, WPEGSK
SEEAYEESRL, £BU Runl, Run2, Run9 220 TEE4BE THEKSESL
TLUEF->TW3., —FHRunl5 RoOWTITEE2 H B HEE 123 cells-ni 'S 509cells:
mi-t MUY, TOREMET—-EOMREBRLHRFUVE., ChIh IO TUEs 5 BRE
BEORBAANS >R OMbLUARY, ZRIMGER 0.5n 3L TEFEHKE 25.5~26.1
T, FHESPE 31.0~31.6%, BEW 1X10° pf-s'em! ' & K. akashivo BIAW IIFFER
REEHCS - 1.

BHENERES LT > cage culture i Runl2 OBS 2BV THVEEREERL L. ZOH
TYY—X1 Rund, 5, 8) EYY—23 (Runl6, 17, 1) HERAEH 1~20 Bl
OBLIIEREBAROh RSN, TORRFREEERUR2. HFZU—X3 (Runl6, 17, IBT
[T 0.79~1.14 ¢ EFLHVEMEELRL L, BREHOBYHRRIEA T 4. akashivwe
PERT S LE s TEOENKEIE 24.1~25.3C, Zi9ELIL 31.6~31.8%, FHEER 1.0

Float
o
—_F Ty Y
et
, H Surface
1 1 (0.5m)
I.—T-J
Vertical
Migration

morning I levaning

14 cage culture i & 28 FREBSHEROEEE

Fig. 14 Schematic view of diel vertical migration by using cage culture
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# 1985420 cage culture RBOFED
Table 5 Summary of cage culture experiments in 1985
Series Run Location Duration Init.cell conc. u Temp Sal Light Secchi Disk
: (m) (cellssmi-1) (day-1) &0 %) (XIP uEesec’' +m!) (m)
1 0.5 7/28-371 462 - Max 26.5 Max 31.4 Max 1.5 Max 10.5
2 0.5 550 - Min 25.8 Min 30.5 Min 0.95 Min 9.5
3 0.5 616 - Ave 26.1  Ave 31.0 Ave 1.19 Ave 8.9
1
4 ¥Y.M(0.5-15) 534 0.61 Max 26.5 Max 31.9
5  Y.M(0.5-15) 438 0.54 Min 21.3 Min 30.5
6 V.M(0.5-15) 500 0.40 Ave 24.1  Ave 31.6
T 0.5 8/2-8/7 117 - Max 25.7 Max 31.6 Max 1.4 Max 8.0
8 0.5 177 - Min 25. Min 31.4 Min 0.74 Min 7.0
9 0.5 177 - Ave 25.5 Ave 31.5 Ave 1.03 Ave 7.3
2
10 V.M(Q.5-15) 177 0.66 Max 25.7 HMax 31.9
11 V.M(0.5-15) 177 0.66 Min 22.4 HMin 31.4
12 V.M(0.5-15) 177 (0.46) Ave 24.5 Ave 31.7
13 0.5 8/7-8/11 123 - Max 26.2 Max 31.7 Max 1.35 Max 9.5
14 0.5 123 - Min 25.8 Min 31.5 Min 0.64 Min 7.0
15 0.5 123 - Ave 26.0 Ave 31.8 Ave 0.99 Ave 8.4
3
16 V.M(0.5-15) 105 0.98 Max 26.2 Max 32.2
17 V.M(0.5-15) 105 1.14 Min 23.5 Min 31.5
18 Y.M(0.5-15) 105 0.79 Ave 25.3 Ave 31.8
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15 19855 DRETO H. akashive ARG R
(a) H¥E 0.5m BE

7]

( —O— ‘Runi, ---- A---- Run2, —-—-{0---:Run3)
(b) BRESBERED
{ —O— tRund, ---- A---- RunS, -—-—-0O---71RunB)

Fig. 15 The growth of H. akaghiwo at leshima istand in 1885
(a) Installation at the depth of 0.5m
(b} Diel vertical migration
X102 pEesten ' W FhOMBICHFALRBETS o2,

KB (0.5m) RUKE (15m) TONEATORRBERER, 7109 —RBLUTOYEBH
Wb cage culture W%B@%ﬁﬁiﬂgﬁtﬁé%&&ﬁ?‘o —7 cage culture WHEEDF HEHET
W REOHmTRIEYT S H. akashivo WABRBEEM L VEHT S, I TUERBIERE
U cage culture ¥ HEISSEBELIT 72 cage cultureTO H. akashivo MFHIZRIT I HRE
EREORREEZET 3,

0.5 m BB & cage culture MIBORBEMELT LR K18, 19, 20 OFhETh @),
() , (¢) WiFde Thd3VY—XDKRBR%EU T cage culture PIEED Y VEHERET R
Sigak (0.5mRMY VERIERE L VEVWRECH S, —F cage culture NAROWHRRE -7
TovsaEREREHCHEK (0.5n) PORBE -7 YEoAEBEELVBCRVRBRS
sz, HiERE Y cage culiure HEE OTHOERESTTRECENS>LEL TS, T4
S—RBUTOWEBEICEYD cage culture NEROEBRMRFEFFREUNMEXPOETHCIET
2P TH 3. UL cage culiure HEEOERMBEREENFTCATKBOER L&, &
WYY —Z10 Runtl, Run3(EI8G),(NOESERBERERLEDLTVS, ZOT
L3 cage culture ITIHERBERSEETH TH3H0EEI 05, ChRAICHERYT
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16 ISBSEEDMFTETD H. akashivo MHEEREE
{a) X 0.5n HE

(— O~ ‘Run7?, ---- A---- Run8, —-—-0O—--—:Run9)
(b) RGBS
(— O — ‘Runld, ---- A---- Runll, —--0O--—":Runi2)

Fig. 16 The growth of H. akashiwo at leshima island in 1985
(a) Insialtation at the depth of 0.5m

(b) Diel vertical migration
B3HOOTHTHS, THXVV X1 RZ20WTE7YETLEGEWES 1~ suM), HEdE
(2~3.5pM) LHRBBETALRENS >R bhhhaY 0.5 0 BRHREBELLE  cagecultur
e TU H. akashive OWIHELRdhAd -k (FI5-(a). Zhik cage culture WEDY
VEBEREN 0.1~0.15uMEERBRKEVWLDTH Y, HEWEKIE B, akashive WREIZE -TY
VEBEMHEBETER ST REEEL BN S,

B RIS EBE£IT > %2 cage culture AEBORRERELTLEEIE, 19, 20 @EhEh D),
(e), (DEFFT. ¥YU—X1 (H18(d), (&), () BT, Y IEHE, WRIELBLRERE
EBOFELV, 7YTULERDVTEHVEEHESFEL TV, BRSEBDRITSZE
WEORETIRY VEE - HEEREIEVY, EMSEEOY VRRE - WRENGET IEE
RBEHFBIENTES, CORT A Y—2ELTOWEBEHIZ LD cage culivre Y
VBRIE . WHEEBEALTL S, cage culture AOBEBENE I C OH FSEB T F0EMN
DT+ NI—2BUTOYABHERMU TREBOWREREC X GEEUTWAE 1 8()).
UL cage culture RO VEBEREIXRE TOAGKTO) VBERE S BEZELVREL
B T 3E8). TROBEMY VEE, RBENSHELSIRBIBHL, T Ly —%
WU T cage culture MIZHAURZNSREED>BY YRERELAET~T . akashivo
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17 1985 DFEETO H. akashivo MERIMIER
{a} KER 0.5m F2E

( — O — :Runl3,--- A---- iRunlj,—~-—D0O—-— " Runi5)
(b) HEBEBE
{(— O — :RuniB,--=- A---- [ Runl?,—--0O-—-— :Runl8)

Fig. 17 The growth of H. akashiwo at leshima island in 1985
(a) Installation at the depth of 0.5m

{b) Diel vertical migration

CADEREIATUESH, BB >LTE, GAPENThRRVESD cage cul ture D
BREREIREMEKDOMBEREIBHUTEIU TV L0EEL 503, COERR
BB E L 7 cage culture IO H. akashivo WYY —X1~30DFhThiZ 2\ TEFRIME
(1=0.4~1.1DERLTHY, COMBIOALEBYL LV RMEECBHT ST ETYY
RIEOHRMySHAKRINREDHEELI LD, ERS(1987) (2 H. akashivo HH FELEBEIC
HFOEFREETY YBREZBIMCENUVERMIKY Y YREVTERL, BRY VBENR
ZUTVARBUBHULEREMULRYVUYYBR2HEUVTHAESHICAVWTHLEZ &% 31P-MR
REhEBHCHSHE VLR, COXRFRLAROEHIABHRIIEVTIThh T3 E
ERBLTVS,

HKEE, KB, EQRZLA3BORENEZELUTHRHBERIEL T, XREAERVHOERHE
BEL{To % cage culiure @ §. akashivollBiC L B R BEFENAELHTL 2, YV VEIE,
BBELXHUCBARZEABARBRZS ORI U1 (F18 ), (e} , (D )OHTHZED
S, Y 1RMLTRBEBIERELHE L, MAXRIERE ¢ , kb oRBER
Ec, ,WHABHEY /T 95T 4 A9 —2BUTOVEBHOMTL S cage culture
MEBOEBIERE ¢ (1) B () R E->TERTh3Z, 7 (OARRABEREFA L THHE
BHOBICL S cage culture NOERBIERE LM ET SEERLEILEET. HilfXKPORE
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Fig. 18

cage culture{Z t £H. akashiwo IR

RRUU—-X1TO cage culture ME AR RKPORBERETIL
(a).(b),(c): K 0.5m WU & cage culture POZERFHY VB
£, TYEIVLE; WEEREC — A — @ JMEK 0.5n,
---O---:Runl, —-—A—-—:Run2, —--=O—--— :Run3)
(d),(e),(F): BESBEBIU T cage culture FOERFHhUVE, 7
s LE, WEERE( — A — @ 4k 0.5,

— & — . Sk 15m, ---OC---:Rund, —-—A—-=Run5,
—--=0=---:RunB)
Daily variations of nuirient concentrations measured in the cage
culture and in the ambient sea for the experimental series |
(a),(b),{c): PQOs-P, NHe-N and N02-N concentrations respectively
for the cage cultures installed at the depth of 0.5m
(d),Ce),(f): POa-P, NHa-N and NOz-N concentrations respectively

for the cage cultures of diel vertical migration
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KRV Y—X2TO cage culture W& HNiERFOFBIERETL
(a),(h),(c): K& 0.5m IR L 2 cage culture D EHFY Y HIE,
FrEZULIE, WHRESEE (— A — © #ifEk 0.5m,
e----iRUN?7, =—-=A—-='!Rin8, —--—-O---—:Run9)
(d),(e),(f): HEWHEBHL L cage culture BDFHELY VI, 7
e LE, HRIERE

(— A — : Bk 0.5n, — @ — Hifgk 15m,

---O--- i Runl0, —-—A--—:Runll, =--=0=---— :Runl2)
Daily variations of nutrient concentrations measured in the cage
culture and in the ambient sea for the experimenial series 2
(a),(b),{c): PO«-P, NHs-N and NOz-N concentrations respectively
for the cage cultures installed at the depth of 0.5m

(d),(e),{f): POs-P, NHa-N and NOs-N concentrations respectively

for the cage cul tures of diel vertical migration
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YEZULE, BREEE
(— A — ik 0.5m, — @ — @ Hifgsk 150,
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Fig. 20 Daily variations of nutrient concentrations measured in the cage
' culture and in the ambient sea for the experimental series 3
(a},{(b),{c): PO4-P, NHa-N and NO:-N concentrations respectively
for the cage culiures installed at the depth of 0.5m
(d),{e},{f): PO4+-P, NHa-N and NOs-N concentrations respectively

for the cage cultures of diel vertical migration
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EREGRARSOERBRLOBENRESTS. BF 9:00 OFMWE Co. Cpe RUCsi. Cs,
REHENCERAL, SRECLoARKDORBERE Ca(r), Co(t) 2ROHE, HEIE
H12:00 @ cage culture IORBEREOERPIE ¢ R=MPEE U TIT 2. REEEDcage
culture OIFEURE D 12:00 FT Cs () RAERRBIEL UTHBRBIERMERITH UL,
BRIMEREO cage culture OES, AEKPORBIEEEL LT 12:00 e 18100 FTE
e{t), 18:00 »3EH 9:00 Tk Cy(e) ,FH 9:00 > 12:00 TT € (1) BAVTE
REZECEZRHERToh, TOXSLCUTHSAEER 12:00 Ocage culture AOREE
BECC, Q7+ M7y —2BUTONEBHOACEZDOTH S, Uk T §. akashivo 2
L ARBIEENEIL JC=CC,—C: L UTRHEN B, Thi¥ H. akashive HIKE L DO}
PMRRBEENEELRD R, RBPHBYHRBUNHBER TR L ENE (£2) 2H
VW, ERMHEIL0.058, 2HE LW 0.023 20k, KHET cage culiure (NORBHEEE
HEENFORIEL VEVESHHEAT Y, COBAAMY L Y ORBISENEEOHER
fTARDh R,

REEHMA2THTIRGHRT, REINRRHELL LR RO ERBETDESE (&
6) WhRVOESDEERLTVEY, HEGKEBRDICL IRBEIEREZHABIZSVTIDT
EEMIHEELLELOTH S,

REBED cage culture ( Run 17~3) ROMBE, 7 Yo EBEEEYy (HIDKS
hdbod, WEE.7VELOLAERAREEREOOREBR L. —FH Y YBIEHIUERRD
5.5 fmolecel 17! UITLEL, RETOY VBERE LKW LS, RBEKTRY VE
BUHBREFEL>TWEZ B3,

BRESEHHEITHY 2 cage culture (Rund ~6) TOV YBIERNEEIXEREOSRS
WRHEANT 5~¥TRER-THEY, ERHERBLIVERMEETOY YREERETECLT
W3, VYRZAREED H. akashivo Y Y BEOEMERET > LEE (Vatanabe, 198D
YBIEEBERE Veos =11.6 fmolecell"t+h™! TH Y, Rund ~6 TiFbh k) BRIEFNE
BRIhLODRIFVWHEEZ->TV S, UH UVBERREBESHE L U VEBEEREBRITS
ZEMTERL VST RBOMETRERTVS, ZOM Rund ~8 BT IIHESE 1 =04
~0.61 & RFLBEERUTEIRREHEE, 7YEo D AELFERCHENIATH T EH
bps, HU, ISTHSA TV I ERBIFTTAMFEIFES T A TOSME ( Vv =22 faol-
cell"Veht, p=0.36; &4« H, 198500 L VRV FTLELR>THS, ZhsOEIIEE
TERBEZUAETCORTETHILDBRFEIATVIERbN 3, HELEBHIHSE
BrtO$BEENHBWECTERNCRILASTERNS 2 Ebh 3,
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B 2! cage culture NORBEREETORSMH
(Cs.. Csp ' RBTONBKREBERE, Coi. Cox’ BB TOMEKRE
WBE C,( ) BRIShRRBTOMNEARRIERE,Co(1): #Th R
EECOMERRBERE, C,, C, !cage culivre NORFERED
B|HE, CC, : cage culture FHOEREBED HETE)

Fig. 21 Conceptﬁa! illustration for the estimation of nuirient concent-
ration in cage culture
(Csy. Cgzt nutrient concentrations in the surface amhient sea;

Cri. Cp2: nuirient concentrations in the botiom ambient sea;

Cg (t): interpolated nutrient concentration in the surface

“ambiet sea; Cp(t) : interpoiated nutrient concentration in the
bottom ambient sea; C,, C: . measured nutrient concentration
in cage culture; CcC, . estimated nutrient concentration in

cage culture)

5 ¥ B

HBEETONAA 7oA TFHEEVTRELIVITO A TELBERIER (dialysis culture)
UBLEUTOUEBHRAERCEBETERVL I, BEERYBFSULRILIAIFYFO
FERHZLVRBERLRTVIE, FUTRIFUZRLIZARYOERRES < OMPELXEA
TV3., 2 TRAGHEREERD3 T ENTE, Do LRBMELHET 5 L0TE 3
cage culture BE8HEL L., I WREARENE cage culture OESEEFIISELE L ONE
ROBELTIN, DTOLSLRRBREUEFIRRHE>TW S,

D BELELUTOYABHROEENIEELENRRRURBBERRIC L 0ITL, 2485/
EEEDY WHEBALBLES,

2) BERUE /2 B L EAThIRORBREORBAREH LT ILENS S, CZT
B2 8EAERAVEFRIERERL+ABR ST LR IVERRERLRAIOREE R U,
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WU

= 8 cage culture FITO H. akashiwo MM X AN BEERFEOHTE
(fmolecell~1eh™1)
Table 6 Estimated values of nuirient uplake rate by H. akashive celis

in cage culture {fmolecell~f+h ')

YY— 1 (RE

Run Days PQu-P uptake NG: -N uptake MHa-H uptake
rate . rate rate
i 1 5.5 - -
2 1.0 . .
3 1.8 - 119.3
14 3.5 - -
5 - - -
Run Days PC4-P uptake NOa-N uptake NH4 - upiake
rate rate rate
2 1 2.5 L -
2 3.0 - 30.8
3 2.0 - -
4 2,5 1.1 -
5 6.7 - -
Run Days PO« -P uptake NOa-N uptake KHa =N uptake
rate rate rate
3 1 2.8 - -
2 - - -
3 2.9 149.2 i62.5
1 . - -
5 . R -

YU=2% 1 (HRSSEBID

Run Days PO4~P uptake N{a-N uptake NHa-N uptake
rate rate rate
L] 1 3.7 83.5 -
2 10.9 20.5 -
3 1.1 173.9 151.2
4 1.9 - 3.8
5 . . -
Run Days P4 -P uplake NOa-N upiake NHs-N uptake
rate rate rate
5 1 31.8 . bI.3 33.2
2 83.4 (1246.5} -
3 29.1 245.6 173.1
1 9.8 - 120.2
5 - - -
Run Days P04-P uptake NGz -N uptake NHa-N uptake
rate rate rate
[ 1 51.3 606 274.7
2 104.9 580 357.4
3 31.6 559 -
4 28.5 - 156.8
5 - - -
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3) FHT FMSEROKE N BE-FBELORBETL O 3 R E ¥ 25 5 WED
SRR R P R S TH BT 5 2 & HSTEET S 3.

D NBOXES FUBETEENES Y —TE 3K ONBIIAEL +HE 22 EBTES,
ZORDEYT SHERERUT CORMOEBSER MIET 32 L NTMEE 2o k.

5) FRXTRFRU LD, KEURBERRTHEBME cage culture 2HEBEBHIH
Ak, RBESTOBEEOE ARABHIE > RETORBERRRY £ OLENE
BMRRET S ENTEL,

SHINBEEE OELEEC LS VETORMMARROGNT IV 7 } Y & 3RETO
HAEXRRSOWMEEMA2ITTO L BTEEELN 3,

2

AFROBTRHL Y ERANBORBUAZHEERE, ABRMKERRERFLER, B
EMRAEDEEL, ARG EHARERERN, RERXBEXBAMSOH 7 WRBHL X
‘a.u

5 B X ®
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n—15
Chattonella antiqgua OERETFIHL

Ecological Model of Chationella antigua

WIOE®R « pHER « AfEBE
Masataka WATANABE!, Yasuo NAKAMURA! and Kunio KOHATA!

B B

Chattonella aptiqua OREBRERUVHEBMESHHEHARAAEETLEER
Uiz MR EUSHENOMRNERZ - VSR FEEIN 3 S quota model
ZRWE (Nakamura,19850) , ¥ WY VBERU 7 v eoD 0k - HREOER
HEEW Michaelis-Menten R L VEEEEH 5 (Nakamura §& Watanabe, 1983c;
Nakamura,1985b) . XFFHXL A b= « HY 2 —LEEXTHA - il ES
BL, MymHEL T PP, RFHP, €. antiqua WESME, p cell quota,
NO3-N, NHa-N, BIFHAN, N-cell quota 2V, FhFhIRAERAERD . ik
RAO03ALTOMBRRRUBRABEBHRBER L ORIEIC & 0C. antiqua
ORBBEREILCBRIATEY, EYERABAC LV BEABREBHERR R & <
HRTEZZ &ALz, EHBARIT->-THWIREHRBERCAEFLEHEA
U, BEHET (RBLUE, #kZHtt, SEES, RBERE, #9752
)0 C. antiqua MM N TIRERBERFZIL VAL PR LR,

Abstract

Mathematical model of Chationella antigqua, which incorporated the
growth process and diel vertical migration, wvas developed. The growth
rate was controled by the cell quota of P or N before the cell division,
so called quota model{Nakamura, 1985b). Uptake rates of phosphate, nitrate
and ammonium were described by Michaelis-Menten eq.(Nakamura & Watanabe,
1983¢, Nakamura, 1985h). Controt volume concept with inflow and outflow
vas adopted to the sea, and conservation eguations were obtained for, the

1. BxaEWsem hELEEIEE 7305 SRRy EcHEBE/NFI16E2
Water and Soil Environment Division, the National Institute for Environmental

Studies, Yatabe-machi, Tsukuba, lbaraki 303, lJapan.
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[ $UNE U PR HRE N - 1

independent variables of PO0s-P, particulate P, C. antigqua cel! concent-
ration. P cell aquota, NOs-N, NHz-N, particulate N, N-cell guota. By
coniparing with experimental data of the growth and diel vertical migration
in the microcosm, it was found that the growth process was well simulated
by the model and diel vertical migration could be described by bio diffu-
sion equation. This model was applied 1o the area of leshima Island,
vhere continuous measurement during summer had been conducted, and the
effects of environmental factors ( much as the location of stratification,
exchange flow, vertical mixing, nutrient load, grazing by zooplankton, and
etc.) on the growth of C. antigqua by using sensitivity analysis.

1 s

FHRECEIRFIERTHY, THREEOLEENRESHOL RS, FEXNEL
FThENVEBLRR:OHEER2HEETICENEETHS, FRITFREBLTH
Chattone!la antigqua, Heterosigma akashivo SEHRMMEE LV UEHIBTTHEL, &
FREFSGHRCRE S h 3/ REEYESY - BHLEHERER  OHERAREH ST
Tk, I C antigua 20 TO (1) MEEECRITTHEE, B, &5, RELEE,
SXR-VVEE, UYIVESOER, (2) WMBE, 7YEoJLERUY Y URIEEIERE,
(3) FRHIVWRY VRRTOBG 3 NMEEOERLHSREN TE 2 (Nakamura & Watanabe,
1983 a,b,c; Nakamura, 1985 a,b). ¥ 5 C. antiqua, H. akashiwo o H ESAEESHISMEHA
SHRXhTER (Matanabe et al., 1983 ; AiE - #8370, 1984, 1985; Kohata & Watanabe,
1986) « ThSBEAQHREREZNFAMBECRLEG CRFARERBLEOI M T ZLUT
HETHS, CCTHAARELRACOHEFAEBETTFILORR LV BRL, REHE
Ehbhbh3EREAFORNZHEIHET I EERA L,

2 HXROWR

HBHEREBIIEBRREFLE L THAEDPSBEEITEL{0LOMEE IR TS (Steele,
1958; 0’Brien & Wroblewski, 1972; Walsh_ & Dugdale, 1971; Walsh, 1975) , XS ILEHF- U
TELOEFABT EDHSh TS (Patien, 1975, Hall & Day, 1977; Cronin, 1875, Nihoul,
1975; Kremer & Nixon, 1978). Fh 3 EFAWE trophic LNALFEOHEFEEERILIE LD
T, 2T LB EFHEBOZOMLE, VWHY3FERELHBEE L ELOTIE R o k. C.
antiqua FACEAE LT >TEFAELROORBELES (1985) OFRSSE305TH 5.
B (1985) BELBRE—RITEFLEMVRREIES U T P0«-P, NOo-N, MEMEE, SEILT
Skeletonema costatum, C. antiqua, E¥75 & b & UT Paracalanus parvus &MU A,
#olk C. antiqua IBRFMEBHRIT-THL3HECRERLTULES L 0SHERRLET
Wz, Ubl, € antigaBBOEFALRBAL THHXRBOR TV AEBRBRIER L IR
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C. antiqua 72'EREE 7

EFAEEIT>TW S, HiC C. antiqua FRFORERGIEMEEES, K8, $85%E0
HEHNEEL, RETIRRENRZRMBERY, ERTURBENEERRELR>TVE,
Cd&5&&Eﬁﬁwﬁﬁﬂﬁéﬂﬁﬁ§§ﬁféﬁé,Eﬁﬁ%ﬁ?%?&%i%ﬁﬁﬁgﬁ
REEHWLIMEELL, BEBAEERBEENARIIEZ L2 (uncoupled) (Mickelson et
al., 1979), COBAHEEFELRBEORAKRL VTR T I LT, HRARSESE
OREE U THEERENEREHh S, Vb3 guota model 2AWSHENS 3(Droop, 1973),
DEOREEZBUT, SR TUEMREFIOA TV S C. antiqua ICHT IEBRRFEEL TS
HERAETTFILORAEZORERIT- k.

3 C. antigqua OMBEFL

3. 1 C. antiqua @ growth kinetics

C. antiqua MMMADZE 2:00~8: 00 ORIETHITIET 32 & 5 L TV 3 (Watanabe
el al., 1983) . C. antjqua WRIBE ORI, BDLDEAAES 1:00 REFALTHES

SERETSHE, ROLS>SRHAEHLRT,

o0t <C4:00 N=Ng
t=4:00 N=N,=Ngexp (&
4:00<1£24:00 N=N,

CT, p=RERRBMEER, e=@RSHWOMRRE, =ML BE,
—AIREEEGHREAE R TV A3REET [k (T, BE (D, HS (5, ph. . ]
RURRE OoFRN2E () OMKEUTHEHATh 3. ULHUEOHFNBORRENTT
it C. antiqua OWMES, pHIZIIEKELRVI &, ¥ HW C. antiqua ORI ARG
MOMBAER -V UEE (Y, 0°) EBIHB3ZENMHL TV S (Nakamura, 1985b), L
R-oT,

p=f(T, I, Q¥ Q%)
=, (T~ 1,(1) - 1,(QY, @%) (1)

FEBRARILY FRZRLAVEZHAERIC L OIT, REAE L SAETNOEBRASEE .- JY
SEOMEE Droop (1966) DA THEEINSZ T L PRIBL TWHW S (Nakamura, 1985B), 34b
SERFRRB T

an=puy (1-gz7QY) (2)

VORBRRTR
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U R F - L S -

te =ty (1-q5/Q") (3)

ZZun, prldThEhEZRMRTRYY VHBETRSG 3 8MEE, o, ditzhehs
FRUY 2 OBNARAESE, ud, pub WELEL " BU CREEREACEAL LBOMES
ET53%,

F1W& C. antiqua QRN S 41— ¥ — (Nakamura, 1985b) RRT.

BERRTRERWER, VIHEROZAFThEZOLT €. antiquad BREHEE pun, ue 8
RO EBNEARTHRT RS20 TERD AR TV, Rhee(1978) RERWTRIN
BTLRETRBUTEY, CCTREOREREVR. TRDHS

fa =min [,EA!N, ﬂp] (4)

XL VEHOMBMIC BT 3EEMEE LTI, Chen § Orlob (1975), Lassiter & Kearns
(1974), Lehman &(1975), Jergensen{1976), Lamanna & Malette{1965), Park 2(1973), %0
WERNHB, T Ti Lammana ¥ Malette (1965) S VWRIBEMAMR L - TIESERBERLIT
e 3,

*
T=T n T,T* n
=l ] ex 1—(——) 1 T*<T£T,
fl( ) (Topl T*) pl Tnpl T* pt

(5)

T Tom ) " T ETZ Ty
Troe— Tom

fl(’I‘)=1—(

ZZC T-= BEBEHTIKELZLE
Toot =HARMBL S X 2 KiR
Tnax = RE O] RER | K KIR
n,m= FEMEECETOERK

B 1% T-=10C, Tort =25T, Taax=31T, n=5.0, n=2.2 OFA® i () WETREE
(Nakamura & Watanabe, 1983a)r QAR T, h,m OZDOON I A —F —It & - TH{ B8

= 1 Chattoneila antiqua DIWREN F A —% (Nakamura, 1985h)

Table 1 Growth parameters for Chattonelia antiqua

2R g (pmol » cell-t) 7.8
un (dt) 0.78
y > HIR go Cpmol »cell~!) 0.62
wr (41 0.93

WES % 25°C, 0.04 1y min-1, 12:12 LD
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C. antiqua D EE 70

1.0

0.8}

0.6}

HTF

o4}

0.2} o]

o 1

0 10 20 30

Temperature ("C}

1 C. antiqua DIMMFERE L KIBEDMR :
(O . RERHHE(Nakanura and Watanabe, 1983b), — : (5) REHL 5
HEE)

Fig.1 Relation between the growth rate of C. antigua and temperature
(Q: Experimental data obtained by Nakamura & Watanabe, 1983b.

—: Numerical results by using eq.(5).)
RERRUVAICEBONS, BREOMECHECHTIWHRAEIREELRTATV S, BED
EFLWLOVTIL, Bannister(1979), Webb®»(1974), Jassby & Platt (1976), Vollenweider
(1965), Platt®(1980), Parker(1973), lsrgensen(1978), Talling(1957), Takahashi & (1973)
FOMIZE-T, BAOHABBMMERENTVWS, CITUEEBERLVE AR BEEEOR
EHEMEELRBALBSTFLE LT Bannister(1979) OEFARBEL THAVW TV 3,
Tibhs

/1y

[T+ Ci/1,3m77m (&

(,(1)=

1
K]
i

=]~

fk=lk—1-

1. =B HNTFIBEOLXVIE

k= BNl ERRERE una 0T S HE
n=BHECETOFLE

B2 1«=0.00 lyemint, 1.=0.011 ly-min"', m=10DIEE D) L IFREBRHER - DL

BERYT.
Uk#-T C. antiqua OMREEER (1), (4), (5), (6) RLkhiEdEhi,
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USSR E N B iR

1.0+ &

0.8

0.6
- 0.4
XI

0.2

ook —

4} 0.04 0.08 012 0.16

Light Intensity (ly.-min™h

B 2 C. zntiqua OMFAERE X HEEOMIEA
(O KB R(Nakamura § Watanabe,1983b),— ! (6) REAVEIHERE
2
Fig.2 Relation between the growth rate of C. antiqua and Vight intensify
{O: Experimental data obtained by Nakamura & Watanabe, 1983b.
— I Numerical results by using eq.(6).)

3. 2 C. antiqua OR%E - Y YERERE

C. antiqua BF AV T4 AT 7 H—EEEERRRL (BH, 1985 05, HRAYY
SEIY VREOEROAZIZEKET 2. VYyBRECEIEE (Vo) i ShosERE(cell
guotadiz & &3 Michaelis-Menten RIS & B L TS (Nakamura % Watanabe, 1983c;
Nakamura, 1985h),

IV Y:

y 5
— P04 _ P04
Yp =VP04_Vr}na: - KlSD{M + Spog (1)

2o VR RIS OEAEREE, K8 Y U BREOERHIEE, Seos [ U YERIEEE

C.antiqua @7 Y E - VALAERUMBEENERL, FhThoENBBTHET 358
Michae!is-Menten iz & VEFR XN S (Nakamura & Watanabe, 1983¢ ; Nakamura, 1985a). %
o, BB, 7Yy LENRET SRG, 7O LEENEREIMRBIEC L - TEES
Bk, FREENRI7VE-STLECL>THERR, T2 Wes, Wwis GQcell quota
HEMEL /N E Y (Rakamura, 1985a,0)

BEOEBEBHERL O REASBRADFZEWE L THE S TV S (Nakanura, 1985a), -
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C. .antiqua D4 HEE T
EREN

Vi = Ve + Vios

= T T T s T S 0
Ky
Z o VA, VEE D NHe, NOs DEBAEEEEL, KM, KEOT D NHa, NO: QERFIEH, KiiHE
ESER, Svea, Swos f FYESTALE, BEEEE, ®21 C. antiqua ORBEEBRNT -
Y EFRT.

#& 2 Chattonella antigua ORBERIMN D X — ¥ (Nakanura,1985a, b)
Table 2 Nutrient uptake parameters for Chattonella antiqua

Ks [¢71,)) 2.81
NO» Vees  (pmol+cell™! «ht) 0.51

Ki [§71)] 2.0

Gt (uh) 2.19
Mo % (emol ecelt™t en) 2,02

PD4

Ks (uh) 1.76
PO Vaor  (pmol +eell™t « h71) 0.14

4 C. antiqua QERBRETFTL

C. antiqua M MEUABEHORME-ERBFHEOH RS T, HAPELELIBE, RE,
B O REEHT 3. —HABEIBENEBHRITY, WROBEMHED C. antiqua
MBETSEASCHEUTVL S, 20k, TTHE—-RTAIR C. antigua OHEBREITT
ZRERS Y, KEWNL C. antigua HHON Y FEDVTREHLULAHSEUTHEET ST
RSB

4. 1 EBAEN

E3EFLOELEERT. HRWHE U TIRE, A VTSN HE* h 2 FUR%E control
volume ¥ 332, BA-BEHIIEVEBMAY—LOARL VBT UAREHA Y —LOERICLS
control volume ADEA-FEEEZ T3, Thi b FHAHRENTORKOMNHREEZRIR
ZIEBTES, A BHOREAFEBEEIA TV 3, MELXVAIN TLRVEERRTE
VTHEEZMI contro! volume & 32 EMTES,

WYL E LT P0a-P (C1), BIFH P (Ce), C. antiqua MIMEE (Cs), P cell quota
(Ca), NO3-N(Cs), NHa-N(Cs), BIFHR N(C7), N-cell quota(Ce) 2 & ¥, ThELOREFARI
Tok>@RDE (F4) .
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Input

Qoutf2),C(2) Q,(22,Cpn
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DZ‘

3 ayioa—AHYyz—LOBREH

Fig.3 Schematic view of control volume

C1 c
Rat 2
Eb\ A\ Raz
\\ Ca
i
Op Ca
Min (¢ antiqua Vertical. Migration

i Number

Vol an
/u

i
ﬂ =

4 C. antiqua £BERTFIL
Fig.4 Ecological model of C. antiqua

Ca

ac o 0
l=_1—[—_(Qv Co+ = (A Ee %—S‘—)}+Rz,-c2

ot A | Oz
C u.cy U.C
_ P 1 il Movl
Cae VP, K§+C1+ i A (9)
ac 1 d ac,
3[2=*X[w{(QHWS AYC, }+a (A B )]—Rzl'cz
u.cs y,C
+R32'Ca+_;,‘i7_iz_ ‘ (10)
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C. antiqua VEREE F L

3c, __ 1[0 9 __acaﬂ
e AR MISEES AL >
U,Cy UL
+(#—D)C3+—;\3*———"A : (D

1 8 8 BC . Cl
aC:; ;__{W{(Q\,-FVM'A)C.:.}+E(A-E- az‘*)]+C3 mexm(lz}

¢, 1[ 8 . . i(._acsﬂ
ot _X[az (QV C5)+az AR 0z
. C 1 U.C¢ U,Cq
. yhkoz ~5 . i It 't
+Rgs* Cs—Ca= Vs K301 C, ]+& + Y (13)
Ky
ac, __ 1[_8 20 _acﬁ)]
9 *‘K[a_z(Q‘ Cod 5 A B,
C'+R eCy=Cye it Eo 9ot UsCe (14)
—Rg5"Cs 76 7 3 max KI;}HJrCG A A
be, 1.8 _@('_607”
71 —-—K[E;Z[(Q\H"Ws AYC, )} + Bs AE .
u.CY U,C
~RasCotRag=Cot —1 *—Ai (15)
ac, 17 @ i( aca)]
51 “‘I[az Qv+ Vs A)Cad + o { ACE® =5
C C 1
NHe -6 NO3 5 .
+c3[vn\ax Kg}l4+cﬁ +Vmax KI;I().’{_'_CS 1+_96_] (]E’)
K

4
4
e

Qv =vertical flow rate (MEESR)
= §30 Uiz, t) =~ Uolz,t)1dz

U= KEFAFE

Uo = JKFEGIHIRE

Ai= control volume QKENTEHR

Dz = elementE¥X

= aVR—22b i OFAEE

E = SERLHEY

Vs= RIFIMMERE
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WAL LA AR . ok

Vn= HENEBHFE
= 4 0.6 meh? (LHE) 4100<{<16:00 (FRED
= — 0.6 meh! (TrIE) 16:00<t<4:00 (FFED)

D = EE
G = minfun, up XH(TIXE2(I) at t=4:00
=90 at t#4:00

KPETORE| URENTYEFSOEBLLIVRELHIER T3, CCTREARKREY
%,
1(2)= loexp(-kz)
lo = #REE Omn TOHE
k Ko+ a X4.7X1077 XN(2)
a =50
N(z)= Chattonella $HiIdEps
ke = HEKIZ &2 HERK
z = HE M

1

4. 2 HREAMKEBPHFHOHEK . 3K

C. antiqua OHEIREBHEEIHRETETEC 0.6 mh! BELEAShTVEN, Hij
WRTHEERABHSEET 354, C. antinaMRFERT 3 BERUKERISEAEIZEM
TiLT 5, 2, BERABEUTHEIRTLS (5), (6) Riz—FKE «- BELHUTESH
PLHOTHS. COMBLEEBRABHL TV S C. antiqua KHEMBT 2546, Btk viER
BEETZBEMESELL, CORDEOHEE - KBRNUT (5), (8) ABHATH I~
EABMEE 2D, REETOLIANKE - HESERH T Z2HS0 C. antiqua ORI D
WTHRERLITHRTESTRINTE S, FEFANZBOVTEHERRERS L EEMOKE B
EOMRBECEATT U T C. antiqua OBHEERET 3 LEEL L. 7205

tivm [ERE R NI e dt
Lk i (n

1= t=ti+m 2=dj+m
L:ti jhri N(J]) dzdt

femtim [iolirm e eN) azar
t=t; E=7 (18}

T=—= -7
_[‘ titm J'z Tiem NCT) dz dt
1=t 2=J;
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C. antiqua MIEREL 7L

Taffb, m=Ef§]%E$§hEE%’ tip t1¢m=f§§”§§§3‘¥g’7ﬁi'lo C@mmﬂgfigiﬁ'ﬂbfg
BEHEHR 1, T % (5), (6) ATBALEL. CORFRSHERRRILLIOBRIEYXL AN
ETH5Y, BRECHRUTZIORER2IRIARBREREBRBOIA TN S (kiE - #:3, 1897).

4. 3 #HUESCVPHHE - BE

Bl 5 RBREWEBI SORFEERZLFL L > TREREFER>TVWE, —HFXRER
Gl Ek C. antiqua BERTIBE + KENREEBATERLTINZILEEKL TV 3. &
BROVTUERNERSLLIVEGTYKELHFEL TV S, HER DLW TUHHMEREENT C.
antiqua PERITIVEOFIFEEH UL TEOHMBHRETI NS ERELV R, ZOREGHREY
LEHRAKEBRHFHEEHOBZIHCEIHTEL, U7, (18) ARBARSERNCHEAL

TW3,

5 EFLORIE

5.1 C. antiqua HMHEDIRT

YA O02XLEBVT C. antioua OEFEREITL, TOMBMOBRI£1T>R. BRI
C. antiqua DEHEIO— VK (NIES-1'EVRERERERFEE-1EEHR) AV 2. T
Bl 2I0ZAT7IA2PC 1 @ 172 1§t (Guillard & Ryther,1962) 2 Ah A #E R ITEL k.
BEE UL 1205 FRIBABA, 12 RIRS IO RIREC, BANAIZHT 80 pE-m 25! MBS FBIhLE -
RBERMNTE L. BER 2121T CWihi,

RA7O0AXLEFE-LERTE, BEREFShRAZE 0.22 pua @IYR7Z7 T+ A9 —T3
WEhR /2 FHik In® Aok, W@ EFERNCEREE (110T, 304) Lk,

FiRISE CHMBE N 4X10% cellsm ! ! REFLRLDOR, RETARITADL VEEH
RHESEC AL (1) , ERENOUHERBERY 4 cells-n! "2 U2, BB Skv 0%
/2S5, RRIBRIG 06:00 4T, 18:00 AT 12:12 EOBBERET, RED
PR TOBERY 565ut-m2s! ERZIEIHABULL:, HEETHIIRFEINLTREAN
Bl —RBoh ALk, kil 5£1CEE k. 4 TLIIERBODEM > FIOVF
2—TEBUT, SIDZAT7S AR T7AE L — Y -2 BV TESHER U, BKLUEYYT
NOMRBEE - PR, CREE, KX -EESHE, TP, 0TP, DIP 2T U L, MEvHEE .
FHUEOMELR I ALY —H o0 5 —TA-|| ReERLE. EEE, KE - EXSHAD
WL, EE 4Tom OBSHUH 00T TARBEVR GF/CT s LY~ LIT¥ YT N%E 500
miSBHELRDOEHAVE, GF/C 74091, HBRHBW 0.54 ¥B7VEILKEBT
L. SEOERE 80T T 8RHMITY, EEBRA 5~ -M6THEL L. #E XS
FHEZWAE CINI—F— «MT=32HOVTHEL 2.

EREERIZOVT cell quota BHTTEERIZRABE DS C. antiqua EREFILEEAL
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WAL+ fohB - AKE 15}

o MEEE L THBEE=33 celism{-!, BIP=12.3 uM, DIN=400 uM, P-cell quota=
5.0 pmolecell”?, N-cell quota=40 pmol-cell~', KFOnTOEE=0.08 ly-nin! (X4
DAXLNRIC K DBEFRIE UTEME ke=0.005 ca™') 251 k.

ESwcm i, MW DIP HibkeRT, HETHE (~10* cellsem! ') Hd DIPH
M HBATLHPH ST C. antiqua OHRBEOMERNETUSHOHTEH Y, C. antioua BF
Wh%B self-shading OEMSBERRA T3, P-cell quota, N-cell quota (EI7, F8)
EBHEEMNFCECERZEELTHLS,

ARBIBOT £=0.60""' BHERRTIERMRALORDONLBHETHY, XHR
TO C. antiqua FRWRBEFCIVPRENTNIEEDN S,
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o
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I2 4 © 8 ‘IID
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Bl 5 C.antioua SMEMEEO S HEE & KU L

Fig.5 Comparison between predicted and observed cell concentrations of C.

antigua
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C. antiqua NAEHEE T

15[‘

DIP (uM)
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Time (day)

6 FFHRYVEBEOHEER L RYEO L
Fig.6 Comparison between predicted and observed dissolved inorganic

phosphate

5. 2 C.antiqua BEREBYORIE

A7 XALRIE C. antiqua OEF 7 O—28 (NMES-DR 5. 1 RBRRFETHEEL
foo WIHAMERIERESIT 58 cellsem/ ' R52%, KB BITLEBBEREGRETERET-
e (p=0.58d"1) . WEIEE THNBE LK 310 cellsen! ' KELAREZERARELULA
F@ESHORBREMME L, 34722 ZLW, Lk, d1, TEROHVEI ATHRKRITL, &l
W, FHARRI-AY—HIYy—TA-I Blizkvidluk, B9E, ¥, TEOHES
HTETORBREEENTILERT, BHTLTRURHEROERBK->TEY, EMTHE
100 BHAREoER MY hE, 2O LRINTOHERPRELZEAL THREREBE
EfT 2 TVRVIERRUTVS, COHAREBDEREART IHERR 2T o2,
antiqua MMMIMEE (C) QEFRLEBVT &v=0, D=0, Ui=Us=0 L UTHERITo L, usld
RUE 1=0.58 d°! £E5 %, FWERAEL 4:00 LiThtk, PHEREES U THER3EEO
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Fig.?7 Comparison between predicted and observed P-celt quota
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Fig.8 Comparison between predicted and observed N-cell quota
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109

(cells-mIY)

103}

Concentration

Cell

6 12 18 24 6 12 18
Time{(hr}

B 9 C.antiqua OHRERESHERER
(@ %8B, O.hE, AIEE

Fig.9 Experimental results of diel vertical migration of C. antigua
(®: surface, Q! middle, A: bottom)

9:00iC 310 cellsem! ! 25X ARBREBHOY I 2L~V ayeiFok, BI0 wRTTEL
Vn=£0.6meht (LEE (+) 14:00<t<16:00, FIE (=) :18:00< 1 <4:00) U
REAYPETOARBECE -7 25X RN R ZRAELEHT 5. BIEHETUEYT
NTOHERNRLERAFALVL TV I AHEMBER T, $2EMIREcEREESTZEORCR
2TLED, U LDETOE /R, RELUVLEE~EMU-ANBEEREHEGEER
BEBREUTA<RRERLRBLTN 3,

FYFLEHETFAREEL TEWLEATE (Biodiffusion Eq.) BHETRU 2Patlak(1953)
DEFN, ESRNEFOEUE~OHEBEITo> L Keller & Segel (1971), Okubo (1380)DEF L%

RXRBLTRBHUTL 3, HEFEEREERERORFL—RE, YR AERCS
WTHROARSHEELGEBEEE v, SO VY LEBELEREN (—ElIC LR
Ay 32l vBEROPRAYESRBREENELVESZEERUL T 3,
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B 10 HESHEBSSHOREERER
(@ XE, O .%9E, AIEE
Fig.10 Numerical results of diel vertical migration
(®: surface, QO middle, A: bottom)

6 HEAHLORMEX ,

BAEZRTREIOE C o antiqua DERBREFIW €. antigua MENEM TRIEMICHEEL
BT ZAREEFNIELLELOTHY, EFVLOB1BETH 3. FICEhEEESOF
BIEMERER, tRERLOMBATBRESELEHAZA AR LOER RS TRV, LiaB>TH
EFALRRBRBHALLES, FORBONIERI C. antiqua HtEWHR - OEEEARU
WEMT, SA0hhYHE, LERETTRAEORET THETIEROD, FUTETOXRR
HEFRATHIDERTLUCV S, EWH L OEEFHW C. antiqua OBMILL > TES
T negative KIS HBOPEL, TLFhSHIEFHOTBILIREDE I AFHERDLOHNE
Lo COLHEFLLOE BRI C. antiqua OSKMBWOHEELTREEMI S 28N
L, BoBRBLIBIISHOEHEEL R,

BEEFLVIMEREREREREAL U TO0I Y, BHRORRIEEE, HE, EENHUTS
N, Coantiquad BB IMBEFLOBICE>THIBERNEET I ENTR S, Uh
UHSic i o b R B BEENEAEL, C. antiqua® MMM EHESEBS BB CEELTY
LGS, ARERVBEURBERELAALOHI R ST, HELRE, Wk, BEgettsv
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C. antiqua 72 REE 7

>REBFEECAIEELRUACELRS, COLDH €. antiqua LFEMEE X QOMEE
HEEENCHETHIXRERATER TS CEBER TS - 1.
CLTRERNCHBHIRR 2T -TELBEHREREONEBELN UEAEFLEEALE,
10 C. antiqua & iEEMFES OHEEEED C. antiqua OEHREHRLTEOLSI REREER
2obhx, REET (MELE, Wk, KEESH, RBEAFNS) oM 2RE
BIFICE DL, HEHRA~OBHELOMBIEMELTH 2. '

6. 1 EFLHEORE - MIMERE
EEFATHOLBRERHE « KA BEIHIECH R VBERFERE RN (7 HE
~8HPH) KB h2HAUEOTSELBVR. TRHS
(1) RETORFBERAZE LAEIPERERTLEEY, FHUHLRET Pl2-P=0.04uM,
NOa-N=0.2uM, NHe-N=0.8pM, T/ET POs-P=0.3uM, NO2-N=4.0uM, NHs-N=2.0uMEW>
EHFONTEY, ThOQELFEERMPANE (HID .
(2) KEZBUWROPESE LTEE 27C, TE 20252 k.
(3) ktt On OEERUKPMBFEHEHEIMHOEHELLTELEL

0 Q4 04
E e E
= z <
510 210 &
Q [ | e - n — feemcrrnruarrrrararstasinacaanny Q 10_ ......
20 T T 20 T 20 T
0.2 0.4 20 40 20 4.0
PQ4-P{umM) NOa-N(uM) NH4-N (UM)

B 11 REEMZRsh 3RXENRERIENE RS
(SR8 15n RSB, &R l0m RERED

Fig.11 Nutrient stratification typically observed in the vicinity of
leshima Fstand
(solid line : stratification at 15m, dashed line : stratification
at 10m)
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T, =044 sin[% (t—6 )} C1y ~min ")
K, = 0.34 (m™")

¥5xk.

(1) MPFEROHEHEEIE v=3.34X10"e®, FEHRE =200 251,

(5) BHEBF Az=1n (J=1~ 21; J=I1BE, J=218KHE) , BRAMKAtL=0.02h & Uk,
(B) C. antiqua WY A&V EFUNBARBELE (J=1) WHZk.

(7) EAVTL 3 AORBEREIVHEORBERELZLE LLET S, TLFEA R
HWARIBREADI BRI FEEEATHS,

FER: U TRLEO LS RBBERFE TOHNERBRHE VTS AHERITIT LN TES,
BIEANOEFABACS VW TEE SR 30 Chattonel laRIBELZ KX < ERE S5 X 3RENA
FOERMTESERREANSEVERLS Z. CORDETLSREEFO Chattonel aiuiE
LT 3 REEARTL, REETHOENMBEEEO LR 2T k.

6. 2 BYWISUIIILLBEBONTG T

FESEHOMERRLENT I, FURHOBNMEROA RS Y, RAEECEAELN
ZTOEHYTSV 7 P VOBULERLBEETH S, Uye (198B)ITHANIGIZ BN T 5 RMARQ
ZEMERVHUE (58) @ C. antigua T AEREXBREIT>-TVE. KEFALREVWTH
BEXATVLEINNS UESBORTHLIAL 198356298 ~7TH38 & 8H26H~288 i Uye
Q)BT - R BEHTOABLSVWTEBELIETH >k Paracalanus parvus % T F AHICH
HADZE L L. P. parvus WEBEREIL Uye (1986) OF— ¥ LY RFAERD R (H12).

P-P,

ZZT f=P. parvus WL S3FEARE (cellssindiviied™?)
Kz =HBF0EH (100 cellsmi{ ')
Pa=HROLHOMIE (cellsem! )

P=C. antiqua MFTMEE (celis-ml"')

ZOEAEf WWEhiL, C. antigua WRBEHNEY (Btcellsn!™!) FREZBL TR, »

WHUEOEAEREBLAREL, UEH->THEROLDOE Po & €. antiqua MHETBET
HUASREELRF->TVEIEEASON S, P. parvus OERERARBREBLTUEHREOLDD
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(@: LB ME A BEEBREH, O Po=10 cellsm! 'DIFEOTFARRE,
APe=0 cellsn! ' DIEFDERDR)

Fig.12 Ingestion rate of P. parvus
(® : Experimental data by Uye (1986}, O : Ingestion rate in the
case of Po=10 cellsem{~!', A ! Ingestion rate in the case of
Po=0 cellsm{ ')

MEQFEGERShRP R (Uye, 1BOEBESH TV I, CITRHBEERTONIA—
F—-EBZTRERTo R,

6. 3 BEMRER

FILBERENI A—-FO—KERY,

REORERFETORBELAL (LXL1) LB0T, HERMIOE, RELE 15, C.
antigua OWFKFE0.6 m-h!, SHEHHFBEESX10"3n2-h"t, TV X b R MR BEE20cel 150
mict, EES On, M7 S22 0 (indive {7!) OWREEE Base Run (Runl) &L, ¢
RTOLEOCHEEE L L., BROERUIKEFHBHBAERUVEBEMARBE (11:000@%
AWTiTo k. XEHHEIT HITAC-M280IZTIT - #3008 MO HH T CPURRIIEY WRTH o,
U=ZAR I TUHRERREFTRIELRVEAD D - 28, HERMOBARUTERO C.
antiqua FRFREMME2EBL TG0BMOHEEROEERITo k.

(1) SEEmRnE
A (D ~ (18 CAVSHh TV IBELHKEN £ HBEEFO7 YV LEHRICHXT SMH
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£ 3 BERRR%KO—-%

Tahle 3 Summary of sensitivity amalysis

Run = | EBAE Vn 1] FIRACYSTHR 3 HERES NUTRIENT Z00
(day) {m) ms+h™') (m2+h') (cellsemi ') (m) LEVEL Cindives {71)
(Base Run)! 10 15 0.6 5x10-3 20 0 1 0
2 10 15 0.6 5x10°% 20 0 1 0
3 10 15 .6 5x10°2 20 0 1 0
4 10 15 0.6 5x10°% 2 0 1 0
5 20 10 0.6 5x10°2 2 0 4 0
§ 20 15 0.6 5x10-9 20 ¢ 1 0
7 4] 15 0.6 5x10-9 20 0 1 [\
8 10 10 g.6 5x10-2 20 0 1 0
9 20 10 0.6 5x10°3 20 0 1 0
10 10 15 1.0 5x10°2 20 0 1 D
11 20 10 1.0 5x107 3 20 0 1 0
12 10 15 0.6 5x10°2 20 10 1 0
13 10 15 0.6 5x10-2 20 0 1 0
14 20 10 0.8 5x10-3 20 0 1 0
15 10 15 0.8 5x10-2 20 0 1 10(Pa=10)
16 10 15 0.6 5x10°3 20 0 1 10(Po= 0)
17 20 10 0.8 5x10°3 20 0 g 10(Po=10)
18 20 10 ¢.6 5x10-3 20 0 4 10{P= 0)

£ e

- {658 Ehb
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C. antigua M EREE 71

(Er) CHIBOARIHETIHS EDERS 3, M2V THEFOTENETIHEASDLT
Eav, FSESELERE VT h 3RBFRBERIZBOT, KEOCRESHH SHE—IX
FTIBRY PAETFARL ORI W BB IHEE B i 0.04~0.19 cn-s! (XU0.01~
0.07 me-h!) BELHELTVLS (RES, 1984). COSELWER E I—FT C. antigua
HMRBEOEHSR2FOERBE, XREOEELFREEELSL 3. Run 1, 2, 3TEL
T E=5.0X10"%, 5.0X10°5, 5.0X10°% (n2+h~') £S5 X EEITL, 0EHD Po-P BED
SENHERBINCRT . E=0.05 n*+h™! (Run3) L UEIBE, 88X 15a DA TATYTR
W POa-P RYHBELUVLTEA L LMD ST, FX Tn HT Pl-P REHLTWETE
Mhhid, REFLERTUHNHEKZLE LTS AR P0-P BEOMESHBTAEETH,HD
REIHh TV IHEEHEBGEVWS DL LT E=5.0X10"%n2-h"! % Base Run (Runl1): U
TRRUE, 11, 15 RZhTho §E OECHT 2 C. antiqua BIEBEORNBESHETRT.
E=5X10"2m2<h"! (Run3) OHE TWERET PO:-P ZQMFFEHTWH T h, SHEBHHE
0.6m+h"1) UL C. antiqua ICEHI K3 LHMERBE E=5X107%, 5X10° 5@ — A HL#:
UTAERLOER>TV S, BIBEBHEE 0.6nh ' OBS, 53146 (H14)TORES

Depth{m)
o

R

20 bs
o 01 0.2 03

POs-P (pM)

13 Pl -POSEATCRIIFTHELHREOER
(@ :E=5X10"5m2+h"t, O:E=5X10""m*-h"', A E=5X10"2p?-h"")
Fig.13 Effects of vertical eddy viscosities on the vertical distributions

of P04a-P
(@ E=5x10-%m2+k"t, O E=5x10"%n?+h"?, A E=5x10"2m2-h"1)
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TR - Y AR

FOE—Z BB EET 5080, PO -PRECERDS mEAOLKIX . antiqua &R
Lo THEBULEESIZL, UL E=5x103n2sh! (Runl) & E=5X10"5w®+h"! (Run2) %
BErd 5L C. antiqua HIRBECKRBEAHITZLAEEEBRO(EIL, 15), 2DLSIT E=
5X107%m+h! A VAELUTHERBECHESFIELRE IRV ED S, ZOER
Base Run L Lk,

Depth(m)
5

15 F

e

0 5 10 15

20

Cell Concentration (celts.mi™)

14 4:002R5h 3 C. antiqua WIREEORBAHHCRIETHEEEHRERO
iz
(@ :E=5X10"%p2+h"!, QIE=5X10"%n?-h"!, A IE=5X10"%n"<h"")
Fig.14 Effects of vertical eddy viscosities on the vertical distributions
of £. antigua cell concentrations observed at 04:00
(@ E=5x10"5p2+ht, OI E=5x10"3m2«h"!, A E=5xt0"%p®+h"!)

(2) WMWY R RF iR

BHIGICHIERY A b MR 20 cellsemi{ ™' (Base Run)¥ 2 cells-h '@ILEERT,
Base Run OBRBEH#LUMUHERERRIEFC LTS Y, ERUNBERURBERSEE
WOy A M ESFERBECHRACI B ZhPhHHERZETBH L b0 R -T2 (H
16) » LD, Base Run THEA D hhRigAEHMY, RBEELAALZBVTETBRY 2+
FHMEEERAZVADESEREEIS 23, U LYHEFERBEMEL T, HoR
BREFrobIb OBV THHRMRBERIZ L INETS 5, BHEKM208, HBGEI0
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C. antiqgua D REE T

Depth{m)

20 L " P, L —_—

¢} 5 10 15 20 25 30

Cell Concentration (cells.mi™)

15 t4:00CR&h D C. antiqua BTHERE DEE LI RIX T EL BT
DEH
(@ E=5X10"5p2-h"!, QO 1E=5X10"%nZ+h"!, A IE=5%102udh"?)
Fig.15 Effects of vertical eddy viscosities en the vertical distributions
of C. antiqua cell concentrations observed at 14:00
(@ E=5x10"*m?-h', I E=5x10"%w2+h"', A E=5x10"2m-h"')

m, REELANLVELEURIGE, THEFHRBED 20 cellsm{~' & 2 cells.m{-' Gk
SHHMEATIE Base Run DIFE X EREITREEATRT, UHURBIEZL I PLHRAT LR
STLRVOTEHFNCLUREUVECRET 250 E2hh 3 (FI16) . ki UM S Sinlg
BECES, F2EEOMRBELEY 3T TRy ORBMEN(RISOBERHIEOER)
PEELVZOBMEARDY C. antiqua FEARERL G > TEERAFTHIZLBBERTH 3.

(3) k3Tt

WKL ENRYEMC L ORBAV R, SPEBMMMIVEEE, BAZEEREL, C
antigua MAISEEEIC U T flushing (Fi) R & U THERBELET 3 AECEHJ, il
ME=MEE-HEBRZLVEHIh, BERCEHEOMEMNBARICLY C. antiqua MITMREE
HREENZ. FITRRET 5w, @MY sSHEETW C. antioua SIRREEHERLTU
T35, Base Run (Runl) & U CTHEHMEIOBE LTV A, EEREHEREREX LT
celisem/ !, BEEMMBIAMRE 25 cellsem! "1 ER>TVWE, ~HHEEHRN00CRLEF
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o (2513)
9 - e {1282)

102} . .

Cell Concentratlon (cellssml™

00 s° *

‘.AA;AAAAA“(S’

10 e L L 1 A L 1
4 ;] 12 16 20 24 23 32

Time (day)

16 C. antiqua AHBEOEHTILRSIITHEVA | REURBEORE
(O :Base Run, ¥ b HEFMMABWME=20 cellsem!{ "¢, A:Rungd, ¥
A REMEWE=2 cells'n{"', @ :Runif, Base Run O —2A T
B =208, WBHIE=10n, RB|ELAL=2EURBS,
ARundOr—ATHRYRHEM=208, HEELE=10n, FREL<L=
4= L RRE)

Fig.16 Effects of initial cell concentrations due to the excystment on
the variation of C. antigua cell concentrations
{Q: Base Run, initial cell concentration due to the excystmeni =
20 cellsm{~', A : Run 4, initial cell concentration due to the
excystment =2cells+m!-!, @ : Run 14, same as Base Run except

residence time = 20 days, lecation of stratification = I10m and

4: A: Same as Run 4 except residence time = 20

nutrient level
days, tocation of stratification = 10m and nutrient level = 1)

Pismpaee it 10 cellsem! ™!, RBEMEEEER 81 cellsm! 'ER-THWE, ZOEHR
HWikTHEREL, FHEMESSRIE, BUNBEELG REELNILTSH>TH €. antiqua
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i +qa0 .
A CLl .-"-..
= .
e ﬁsgzgeo 2 0 g o 8,0 o o [25)
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o [
b - .,
s .
Q
.

6 4 8 = % 2 20 2 m
Time {day)

B 17 (. antioua MREROEHRELLELI RSN NEUEOEE
(O :Base Run, HwEMRM=108, KELE=15; O:Run 6, HY
el =208 ; Al 7, HERM=5H; M:Run 8, RLE
fifE=10m;, A:Run 9, WEWHE=208, MEBELE=10m)

Fig.1T Effects of residence time and location of stratification en the
variation of C. antiqua cell concentration
(O: Base Run, residence time = 10 days, location of stratifi-
cation = I5m; 0. Run 8, residence time = 20 days, AL Run 7,
residence time = 5 days; WM. Run 8, locaticn of stratification
=10m; A . Run 9, residence time = 20 days, location of

stratification = 10m}

BREEIEFLIHNT S, BRIFMITFHHTANSHhIRBELNL, MBAE (Base

Run) , C. antiqua WNEMEEDLEEBET 2 &, REER TR FHNTRELI0~00=2EL
#flxh 3,

(4) mBuE

BENREERC ST RES  KERBISHRIET Z T 2N, BEIEMOERERIEN X
VREFTLTLS, UL UBOMERIELLYD 5~15m EARELFLT 3, MBOLER C.
antiqua OEFREBIFEEL HL 5T C. antiqua MEMEL RS CEET . REUEY
15m (Base Run) OIFEEHMIBMEL 4 cellsem! ', XEEMBFEL 25 cells-n! ' T
Holodt, HEVE 10n (Run7) TUFHERMEE 8 cells.n/ !, REEMEKEEL 52
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cellssm{“'¥x%-TW3 (BT . THEMBLUEIO, FHERM208 (Run8) Tt FHaminHE
Bl 27 cells m/{ -, REEMMAREE 181 cellsm! 1:%3% (HIT. Z0O& 5 EBEUE
PAKBEIEF Cle2h T €. antiqua MMETEEE I8NT 5,

(D) RFvkiEE

EREEGHESERSHIRE I{EMEBAOBBEMERTT 5. KENELHBWALT,
BHREELLIOVRBEOEERERBCHZLE 20 ES3 DU C. antiqua FRBECAEEER
3, 4 PU2XLTOHRESEBHRRC LT 0.6 mhi b3 @MEON(S. 2),C
OIE% Base Run WHWER, —H Ww=1.0 meh" ! TIBHTEMELEELT 7 cellsem! 1, REBEH
BT 48 celis-m{~! ¥ Base Run & 0#AIT 3 (E18) . EI19, 20 Vw=0.6mh'&
1.0neh ' DA D 4, LSBT 3 C. antioua WREEOREAHLTT . Vn=0.6n-h"' O
1BE, E—2d B Q) CUDETZIENTERVY, Wn=L.0mh"' OFE, 1208 4
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18 C. antigua MRBEOERTILLESA SR KEEOER
(Q :Base Run, Yn=0.8m+h"'; [O:Run 10, Yn=1.0w-h"?;
Aclfun 11, Vn=l.0meh ', ¥HEE=200, MELE=10m
Fig.18 Effects of migration speed on the varjation of C. antiqua cell
concentration
(O Base Run, ¥n = 0.8m<h"7; O: Run 10, Vn = 1.0m+h"?;
AL Run 11, ¥n = 1.0m+h™!, residence time = 20 days, location of

stratification = 10m)
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Bl 13 400 2B 3L, antiqua WHBEOLREATCRIITEREEOEE
(O tBase Run, Va=0.Bmeh™'; @ :Runl0, Vn=1.0meh"?)

Fig.13 Effects of migration speed on the vertical distribution of c.
antiqua cell concentration observed at 4:00
(N éase Run, ¥n=0.6m+h™'; @ Runl0, Vn=1.0m-h!)

B WETHELTVW3CEBhe3 (B . oI UEMBAEL#F >T C. antigua
ERRBEPEIMTEINE IDRRET S0, BHRFEED 0.6n-h"! & 1.0m-h! OIEEIL
€. antigua RBELAKZCEELEEATVIEEX O 3, B HARM208, KB G1:E10m,
Vn=1.0mh ' & URiEE, RHMITEEEL 88cellsm! -7, HEERMAMMIE 628 cellsmi !
(B18) ¢ RZTEDEHEFOEENKENIE NS,

(6) HERE

B, BEFEE, LangmuirfERBSCLABEECRGFERBRGRRERRIN 25D T3,
PRI TOENMBENREEL BE, BUALLZHNEEAYTHULREL, TELH>ORE
EEZLY, TRVEHOBZLUEEX5 13, FETOEEANR IV TS, AL 25888
BREOBIIIBZHESMNT ZRJBEI T TV S, BERICKEES On (Base Run)ifl
HESE10m SX21580 C. antiqua MITMEOLENH (145) BRT. & L2 FiE
REEOXLRRT. SEHEAL 10m 5ARIES €. antiqua FISMRBEL 7 cellsem! !

—273—



TEE# - o Ay

10 ¢

Depth (m}

15y

20 i i Al il i i i L i
10 10! 102

Cell Concentration (callsemi™)

E 20 14:00 BT SC. antiquaiBEOREL K REFTHREEOLE
(O :Base Run, Vw=0.6m-h"!; @ :Runi0, ¥n=1.0mh"*)

Fig.20 Effects of migration speed on the vertical distribution of C.
antigua cell concentration observed at 14:00
(O: Base Run, Vr=0.6m-h"'; @ Runl0, Vn={.0meh"1)

& Base Run FHIMRRE 4 cellsem! ") WHEBUTKERS.,. ChUFRBREOEE LFR
L3530 Bbh3, UHLEBEREREBER llcells'ni '(Base Run DIFELT 25 celiss
mi " VDERTT3. AL L2MEESRZREBCHT 2 ENERNTOS LRI LR
BEOTENSOEX LU THLREREELEATVL A0 Bhh 3,

(7) REELNL

FEELNLE Coantiqua MHEEE OBBREL OFENEILDD5 3, U UETF
LZERUR &SR, C. antiqua@MBEIRBELNALOAT L > T REShZOTRRL,
HWhkIziat, MELE, HEkEE, SEECSZCrOHEBERLIETEEh S, O RAEEFIL
REEBRATEOARVY, EYIVE, BELEMSHOMMAANRE OEEFHELEEL
T3, CCTHTHSMOBMIANEN+ATHBEA TV LRSS, B+ Y VBE
OHEMMXELIEAD C. antiqua MEBEAQEELZEL 2,
REOFEBETORHGEEEL AL (LA L) EHU, RETORBEL AL EAEE

Uk, 2OEE, NIBORERBELSNALELABETIOHRLT, RENORABKOFESE

—274—




C. antiqua DA REE 7

o] . 2
5
E 10}
=
o
Q@
[a]
15
20 J, 1 3
0 10 20 30

Cell Concentration (celis.mi™)
B 21 14:00 BT SC.antiqus HREEOLHAFCRETHHEHRESOVE
(O !Base Run, $4EIES=0n;, @& :Runl2, $HEEE=10m)
Fig.2l Effects of vertical mixing on the vertical distribution of C.
antiqua cell concentrati‘on observed at 14:00
(O: Base Run, vertical mixing = Om; @ Run 12, vertical mixing
= 10m)

LNAHAREL R, FHERMELL 100 cellsm! ™', XEBHETMPERIT 626 cellep/ !
&7y (E22) , Base Run CEMMMME 4 cellsen/ ', XEEMEREIY 25 cellsml-")
DOBBOERET VR, TN AFORBEL NI THRYEEL208 LY 2 -, PERRED
405 cellsem -, REEMERBEIT 2314 celis-m{ -! (22) & Base RunD¥yI100{ZDiEEE
ERURz. COIDURTIELNLORIMIE C. antiqua OERBEOBIICBVREESTLT
VIZEPhE, TORERREBHEOETEME ZE C. antiqua OBMRBECHUILVE
BEERTCEMHBULL,

(8) MR

LB whhil, mEmEscl P, parvus & UTHEH 10indive [ BES S22
EVHLATHEIEUTV S, COEEBEW (IDRBHALTHERIToR, Base Run:BUE
BWEHERAL, P parvus 2 10 indive [ ' @B ITHAI Y, P. parvus ORBBIHRU
WML 2By, FEMEMb—EMAU0 indive ("R E R 2. BIE Po=10 cells-ml ' B

—275—




WL TE 2 -

TEEREHEREEE 3 cellsn! ', BEEMBMMEEL 19 cellsm! ' &%, Base Run
(CEMMTaRER 4 cellsen! ', XEERARAHMZEN 25 celisem/ 1) &L TFOETE
BELhRVE. UHUEE Po=0 cells n{ &3 3L 14H%HWW C. antiqua AL

drdddeds - kw4

22
Fig.22

TLZE 3.

R0, MENE 100, PEELNLAEURIES, P, parws BRLRVEBRLRE
Hismle e 405 cellsm/ -, REBEBRARBE 2514 cellsen! ! &R-k, ZORESR
BT P. parvus 10 indive I-' THIE Po=10 cells- m{"! EURIES, FHEERER
116 cellsem{ ™!, RBEWERIBMEL 767 cellswm! ' 25, —HEUHE Po=0 cellsem! !

3
1DE
F & {2314)
a
il *
- -
g -
: a
&2 &
= 10 a = {626)
5 : .
-_— -
= Y
= H N -
T + |
o
g A. 2"
) -
o a
u
= j0l} - "
[3 F a .'
o . L. s & A0
& anadd
» aanasd
‘.A33°°°°° & & 0 o ¢ @ @25
s
-
am
L]
a
AAE
0 4 =
105 273
£ 1 1 L, L I3 i e,

o 4 8 12 16 20 24 28 a2
Time (day)

€. antigua WEBEOLHE LRI THEES L RBELALOEE
(O !Base Run, BERE=0, RFEELNN=1; A Runl2, SHEE
&=10n; H:Runl3, RE|ELNNL=4; A:Runidl, REELNL=
4, N =208, REHE=10m)

Effects of vertical mixing and nutrient level on the variation of
C. antigua cell concentration

(O . Base Run, vertical mixing = Om, nutrient level = 1; A :Run
12, vertical mixing = 10m; . Runl3, nutrient level = 4;
A Runld, nutrieni level = 4, residence time = 20 days,

location of stratification = 10m)

—276—




23

Fig.23

C. antiqua DT

T
L]
-
-
.
.
L)
107 . A
-
. n
. .
£ . =
% .
5
2 b
3
bt "
e 10'; M
Q -
: -
o
2 w
E o 9 6 6 4 9
H -Eg&ﬁBﬂnnqunnnw
£ s a
A =a L. -
- L.
® o [ Laat
©. ad} = .nn A“
.
- .
a
a
a a"a a
-
-
1g" '

Q 4 3 12 16 20 24 2@ a2

Time(day)

C. antigua B ORREILICRIET P. parvus & SHAOEE
(O :Base Run, W% UL ; [O: Runls, P. parvus = 10 indive { !,
Po=10 celis-m{ "' ; A :RunlG, P. parvus = 10 indive{-!, Po=
O cellsm{"'; @ :Run9, HYRM=20H, HBLUE=10n, HAL
L M:Runl?, E@EHE=208, GB{E=10n, RBELAL=4,
P. m=!0 indive { 7', Po=10 cells-m{ "' ; A:Runl8, PR
M=208, SEGE=10n, FBHELNL=4, P. parvus=10 indive
{71, Po=0 cellsem! ') : N
Effects of grazing by P. parvus on the variation of C. antiqua
cell concentration

(Q: Base Run, no grazing, O RunlS, P. parvus = 10 indiv- 7",
Po = 10 cellssm{-'; Al Runl6, P. parwus = 10 indive "', Pa =
0 cells'm{~'; @ Rund, residence time = 20 days, location of
stratification = tOm, no grazing; M. Runl?, residence time = 20
days, location of stratification = 10m, nutrient level = &, P.
parvus = 10 indive { ', Po = l0cefism!~'; A’ Runl8, residence
time = 20 days, 'Iocatidn of stratification = 10m, nutrient tevel

=4, P. parvus = 10 indive { -, Po = 0 cellsem? 1)

—277 -



B:FUNEE SRS E -3 R S 3%

EUREGE, EMOHETHESCEYY, FEMEERT TV, HEMEHEIEHRTE
BmRa B 3 cellsom! ', REBEMEITWEW 22 cellsm! F EFULHALLE. 2DE
SEHMWT SV YEEREOEEOCA RS T, BRORENFET 55 E S HHC. antiga
HEBEOHRIEAE{EERLEATVS I EHBAL L,

7. 8hbic

C. antiqua OHREEREL TV 3D OWE, C. antiqua BHOBHEENOAR ST, BT S
yﬁbz%ﬁbm&?%@&%ﬁ%ﬁﬁﬁm(ﬁkﬁmﬁmﬁ,ﬁﬁﬂ&%)%ﬁ&%%@ﬁ?
HEEAGEIRELOEMLMENRCLZIEETHIILERUAL, HABRIERED
C. antiguaR¥MREROBRF— Y LVREIN TRV ALY, PRELBEIHEOHE
ERREHRNCESREORSIFRCRSh 3 RESHT TR, HERRI €. antioua i
EEORIMERA—FY—EUTRLLBHRLTVWEEEAON 3,

HEXLVFRARAULEES, “FEERER" , “EXBL” SOFREFIRE L OMHERY
QES3RBOTHIDEWIZENRCGRASNTER, XEFLIEY, Fhd Key vord &
C. antigua BROEBHLGIEERIER T 2L N TR, KREkXEY, RENE, SHER
&, BREE, K- EMRESONTA-YRAAHCHBERERGOTH Y, FhdXE
BRECRITRBELNLOEEREEENCRLELI LR, FHREOREC —D O
BRURIEWCRS, HEEES control volume &E X, FORBLHT HIARITHIE, 8
ELANLEEZERUTVWARYD, SAohRHE, BEREZSET TORERENPORDORIE
BEPRATTACEHNTELR>LOTRRVIEZERITVL 3,

FEFLOBT C. antigus OHBEBRUEERRRBERTHESWFBEAL TV S, &
@tbﬁﬁ%#ﬁ%iahhw,#ﬁ%%m%M(mwmhm)tmbﬁ%ob#bi%%»ﬂ
BHCFHEFALR0EEDRE, ZOREEN OKE-EXEIE, WRERTE, REAMHS
2L FYUTIHERS S, RRNTEEZOEIHELTD C. antiqua OEIRERERB LB RER
THY, SHBMEFEELOHINRE, YEEREELLSDLIBRERROEFLE UTRRE
THTLLLENSS.

MO
FHAEREDZIULLY LT, BEROFHLBBRARER VTV REVRIEBRFOL H—-BEER
UEIAERRAFOEE HBRLEEHVR2UET,

53 A X ®

Bannister, T. T.(1979): Quantitative description of steady state, nutrient-saturated

—278—



C. antiqua D REE T L

algal growth, including adaptaion. Limnol. Oceanogr., 24, 76-95.

Chen, C.¥. and C.T.Ortob (1975): Ecological simulation for aguatic environments. In:
B.C.Patten (eds.) System analysis and simulation in Ecology, vol.lll. Academic
Press, New York, 476-587.

Cronin, J.(1975): (ed.) Estuarine Research. roc. 2nd Int. Est. Res. Conf., Academic
Press, New York.

Droop, M.R.C1966): Vitamin Biz and marine ecology'the response of Monochrysis lutheri.
J. Mar. Biol. Assoc. U. K., 4B, 653-67].

Droop, M.R.(1973): Some thoughts on nutrient limitation in algae. J. Phycol., 9, 264-
272.

Hall, C. and J. Day €1977): (Ed.) Ecosystem modeling in theory and practice : An
introduction with case histories, john Wilry and Sons, New York.

Jassby, A.D. and T. piatt {1976): Mathematical formuiation of the refationship between
photosynthesis and 1ight for phytoplankton. Limnol. Oceanogr., 21, 540-547.

Jorgensen, S.E. (1976). An eutrophication mode! for a take. Ecological Modelling, 2,
147-165.

Keller, E.F. and L.A. Segel(1971): Model for chemotaxis. J. Theor. Biol.,30, 225-234.

B OHEE-tE=F - PHET - @ B985 FELRROREBTTL. MBIEERE —
b, ®22%, 2%, 109-118.

KIEHRS - EOIEF(1984): RIHKBERA(I A y0aX AL EFHRERE ORI
—RA T O0aZLATORBELTE Heterosigma akashive DM, Eir A EBiHFEHTE
e, BE3S, 111-121.

AMERE « EiDIEF(1985): #WRBERRB(I A 702X AR AV HREREHH O BRID
~RAI¥E £ Heterosigma akashive O HEMER & & B EFMELONER. BuiAEH
REMAES, B85, 13-22.

Kehata, K. and M. WYatanabe (1986): Synchronous division and the pattern of diel
vertical migration of Heterosigma akashiwo (Hada) Hada (Raphidophyceae) in a
laboratory culture tank. J. Exp. Mar. Biol. Ecol., 100, 209-224.

KIEHB - FEIDEF(98T): HWEREBR(R s ro0a 1 )2 BV ERFHEZEREORFOD
~ RRWER Heterosigma akashivo ORHARFAIERTORBEZOTF ML -EL
EWRFAATEE, EL105, 19-88.

Kremer, J.N. and S.%. Nixon (1978): A coastal marine ecosystem. Springer-Verlag Berlin
Heidelberg.

Lamanna, €. and M.F. Mallette {1965): Basic Bacteriology, The Williams and Wilkins
Co., Baltimore, Md.

Lassiter, R.R. and D.K. Kearns(1974): Phytoplankton population changes and nutrient
fluctuations in 2 simple aguatic ecosystem model. In: E.J. Middlebrooks,
D.4. Fatkenberg and T.E. Maloney (eds.) Hodeling the Euirophication Process.
Ann Arbor Science, M!., 131-138.

Lebman, J.T., D.B. Botkin and G.E.Likens (1975): The assumptions and rationales of a
computer mede] of phytoplankton population dynamics. Limnel. Oceanogr., 20, 343-
364.

—279—




VGATIESF - pdf 22l - Al AY

Mickelson, M.J., H. Maske and R.C. Dugdale (1979): Nutrient-determined dominance in
meitispecies chemostat cultures of diatoms.Limnol.0Oceanogr., 24, 298-315.
Nakamura,¥Y. and M.M.Watanabe (1983a). Growth characteristics of Chattonella antiqua
(Raphidophyceae) Part 1. Effects of temperature, salinity, tight intensity and

pH on growth. J. Oceanogr. Soc. Japan, 39, 110-114.

Nakamura,Y. and M.M.Watanabe (1983b): Growth characteristics of Chattonella antigua
Part 2. Effects of nutrients on growth. J. Oceancgr. Soc. Japan., 39, 151-185.

Nakamura, Y. and M. M. Watanabe {1983c): Nitrate and phosphate uptake kinetics of
Chattonella antiqua grown in light/dark cycles. J. Oceanogr. Soc. Japan, 39,
167-170.

Nakamura, Y. (i985a): Ammonium uptake kinetics and interactions between nitrate and
ammonium uptake in Chattoneila antiqua. J. Oceanogr. Soc. Japan, 41, 33-38.

Nakamura, Y. (1985h): Kinetics of nitrogen- or phosphorus- limited growth and effects
of growth conditions on nutrient uptake in Chattonella antigua. J.0ceanogr.Soc.
Japan, 41, 381-387.

RERIZE R (1985): Chattonella antiqua & Heterosigma akashivo @7ZALH VKA T 7 ¥—EiF
. EXAEHAFTTHE, H805, 60-72.

Nihoul, J. C. J.(1975)7 Modeling of marine systems. Elsevier, New York.

0’Brien, J. J. and Yroblewski, J.S. (1972): An ecological model of the lower marine
trophic levels on the continental shelf off West Florida. Technical Report,
Geophys. Fluid Dyn. Inst., Florida st. Univ., Tallahassee.

Okubo, A. (1980): Diffusion and ecological problems: Mathematical models. Springer-
Verlag. Berlin Heidelberg, New York.

Park, R. A., T. V. Gorden and C. J. Desormeau (1979): Modification to model CLEANER,
requiring further research. ln! D. Scavia and A. Robertson (eds.), Perspectives
on Lake Ecosystem Modeling. Ann Arbor Science, M., 87-108.

Parker, R{A.(1973): Some probiems associated with computer simuiation of an ecological
system. In: M.S.Bartlett and R.W. Hiorns (eds.) The mathematicai theory of ihe
dynamics of biological popilations. Academic Press, New York, 269-288.

Patlak, C.S5. (1953): Random walk with persistence and external bias. Bull. Math,
Biophys.,15, 311-338.

Patten, B.C. (1975): (Ed.). System Analysis and Simulation in Ecology. Academic
Press, New York, Vels 1-111.

Platt, T., C.L. Galfegos and W.G. Harrison (1980): Photoinhibition of photosynthesis
in natural assemblages of marine phytoplankton. J. Mar. Res., 38, 687-701.

Rhee, G.Y. (1978): Effects of N ! P afomic ratios and nitrate [imitation on algal
growth, cell composition and nitrate uptake. Limnot. Oceanogr., 23, 10-25.

Steele, J. H.(1958): Piant production in the morthern Noerth Sea. Scottish Home Dept.
Mar. Res., 7, 1-36. i

Takahashi, M., K. Fujii and T.R. Parson (1973): Simulation study of phytoplankton
photosynthesis and growth in the Fraser River Estuary. Mar. Biol., 19, 102-118.

REXE » S8FE LT E (1980 JSHRMEROME LSO, IRIEN%) WrE

—280—




C. antigua ¥/EREE 7L

4%, B210-ROL-3, 17-29.

Tatling, J.F. (1957): The phytoptankton populations as a compound photosynthetic
system. New Phytol., 56, 133-149.

Uye, S.(1986): lmpact of copepod grazing on the red-tide flagellate Chattonella
antigua. Mar. Biol., 82, 35-43.

Volienweider, R.A. (1965): Calculation models of pholosynthesis-depth curves and
some implications regarding day rate estimates in primary production
measurements., Mem. Ist. ltal. ldrobiol. Suppl., 18, 425-457.

Walsh, J. J. and R.E. Dugdaie (1971): A simulation mode! of the nitrogen flow in the
Peruvian upwelling system. Invest. Pesg., 35, 3039-330.

Walsh, J.J. {1975): A spatial simulation model of the Peruvian upwelling ecosystem.
Deep-Sea Res., 22. 201-238,

Watanabe, M. M., Y. Nakamura and K. Kohata (1883): Diurnal veriical migration and dark
uptake of nitrate and phosphate of the red tide flagellates, Heterosigma
akashiwo Wada and Chationella antiqua (Hada) Ono (Raphidopbyceae).  Jpn. .
Phycol., 31, 161-1686.

Webb, W. L., M.Newton and D. Starr {1974): Carbon dioxide exchange of Alnus rubra;
A mathematical model. Oecologia, 17, 281-291.

—281—



BV AHORAENHEREHS

15
Bg25

()

BE KO BRI HT IRAE—~BEr M ERM L LT~ — @5 1E . (1977)
%iﬁﬁmﬁg ZREFBRREORM L wECHET S EBNBIZI- —BMS1/5HEE FE

HuAFEWRFFHAMSG

XEIS

®a4E
BSE
Bes

XE 15

XE8S
Bos
B0

XKEIT

B

B13T

ALE
XEISS

165
XEB1TE

85183

X195
s
B
BUS
$BE

4 comparative study of adults and immature stages of nine Japanese species of

the genus Chironewmus (Biptera, Chironomidae).{1978)

(BREIAYHH Chirohomys MIBOKSB., 4+ ¥, HHOBEOLE

;ﬁ;;ﬁ;}é%rﬂ-i:; SRAEAF-EREHRLERGEOFE - — s 24E R th

FEERECAR-ERBLLOROABRERIGEBL AR RERDOEREMI-RIT

TREBMT o295 — — s, SHEE HFRHE. (1978)

ﬁig;ﬁimﬁéﬁ%{bl:ﬁg'ﬁ‘éﬁéﬁ% (0) —~FrHEdurdk LT——BMS3ER.

1

A morphological study of adults and immature stages of 20 Japanese species of

the family Chironomidae(Diptera).(1979)

(BREAYAHWBOEMR. v7 &, $hoBRFGHR)

KEAGERPEOR—-EBIUHAEROASBCET 2B - HT 2 %N 5E — - KBRS

SMEE WZEHE. (1979)

é;ﬁé 5’;91’ )‘/)\'—L: FHRILKF-ERBEYR N CERGOWE — —BMSMERE &

& . (1979

BEMYC I IRAEREROTMEeAZ I ET 2 5MOMI - —EmS1~53458 &

BlgFzE# 4, (1979)

Studies on the effects of air pellutants on plants and mechanisms of phyto-

toxicity. (1980)

(REBRYBEORHBEELE IV IO SRoBSHT 2 Tx)

Multielement analysis studies by flame and inductively coupled plasma spectro-

scopy utilizing computer-controlled instrumentation. {198D)

(O —-2HBSEEMALEI VAR UERES /S X ONBEILIEER

FERZ )

Studies on chironomid midges of the Tama River. {1980}

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sevage wvater.

Part 2. Description of 20 species of Chironominae recovered from a tributary.

(BRI BRET IR AOHR

——BIE FTO—HRKREZTAEIAYHIEHOSTETAICESEREr DBEE

——-%F28 2O—-FHWABEZhE ChirononinacTifl @ 20 I DWT)

FREEY. ARE8EEY. BRSO IREBRLRIETES LML ET 255

—— W53, D4R HRIBFEEH . (1980)

KEABERHMBEOBE-BLUBESEROLEICNT BB ST 2 00T — —igfse

SR RRITAHE. (1980)

HEE L —F—L—¥ ok 2 RS BREREHE. (1980)

RIBOBYRE I VREBBIIRIFTEANE - —EHMRO XS HE L AAEER SO

B — —BR#N53. S44EE WBITZEM . (1980)

Preparation, analysis and certification of PEPPERBUSH standard reference

material, {1380)

(REGUEHRET T a ST IOFTE. 465 & CETH)

%Fﬁ?ki!)i@ﬁﬁéiﬂst:ﬁ*féiﬁéﬁ’f%(m)——‘E#ﬁﬁ(i’ﬁ?ﬁ)@?ﬂiﬁ.——ﬁﬁ?ﬂ%. SAERE,

1981

BRSO THRBLLICET IREUR(N) - -G BHRONE., Sfkxtbivr

OEKREICRITT B8 — - 53, 544, (1981)

BASOBRBIETIRAFAR (V) - —Br BRAMNOREAHRE L 208

i — —EB#053. 5448, (1981)

BAKOBRBFLLETIRANEOV) ~—BrHO4BRORASE L DHER - -

Fn53. S44ER. (1981)

BEAROBRBECETIRAFREVM) - —HRBOBTRBRERBESCHT 2 X BOH




Bus
BH
;265
8IS

3285
8192

XIS
B/INE
B/IE

BT
XEIMT
B535%
X IES
HEITE
|
X905
#B40%
g4y

X2
KBNS

B45

BT
E465

BTy

75— —BRF053, S44EEE. (1981)

BAROBERBEIHETZRAFHAXR (D - —FERBEAMABHCRETEROERLK

B 3 prge — —~ b3, 544 . (1981)

%j‘gggﬁ%ﬁ%;lﬁg? AEATE(K) — —~Microeyetis (EERE) QMRS E - — B

. . 81

BEREOFRBECETIREGAR(X) - —SEEERRB L 3PORE -~

53. S44ERE. (1981)

Bk D MR T AT (X)) — ~FIRKRE — —Wms3, S4EE, (1931)

HAERGELOMEBE BT 28— —Mibd. 554EE MHmRESE. (1981)

Studies on chironomid midges of the Tama River. (1981}

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation te the pollution with sevage waters.

Part 4, Chironomidae recorded at a winter survey.

(BENMCBETZ2R) AHEOTE

——¥38 FYNOBEECKHMEIAETUILAY AEHMOrthocladiinae FHORH L.

EOHTOTFRIELRE - QBRFICDNWT

——H448 WROLHFOFECRHEEThASEEOSE LT

gggﬁ#i%‘iﬁé%!bkiﬁﬂwﬁéﬁﬁﬁﬁﬁ'ﬂ‘éﬁﬁﬁfmﬂ%“*Bfﬁﬂsq‘ BSELEE $5E1

RIERGROB-BEIUVEEEROEERIIH T IEBICHT S ER0PE— —FMes

£ NI REE. (1981)

ATw T Fo oAl B RILKF-BRBIEDRAECEZRICOHE -~ REAZPIC

BUAKIEFE - RERODBERBHEORE (74 —NFEHEL) ——BEMMEE £

HABEERE . (1982)

B O RSHit KREHNRASOWE - —XSEB L ASHEBABO Y I 2 V-V

3 v~ —ERSHER KNS RE. (1982)

BEEROEMIE- EHELEOMARIET 258 — - iNsSEg KTz ME. (1982)

BETIYVALMRSEEZOTEICET 2R 5BFHE. (1982)

ﬁg%ﬂb&é;ﬁﬁ%mEM%zﬁ Do FEicET 29 — — @055, S6HEE %R

. (19

RERBOV AT ARTEXBHHOHRICET WA, (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference

material. (1982)

(REmuiTaEREI0NE. S>HFREUVREIEH)

BEFROERHN - FEFEORBICHT PR - —BRSCEE HHBE8lE. (1982)

AEFROEOE—BRUEASFEROAEIIH T ARBEBICHET 5 HRNTIRE — —Bib64E

2 OSRFRE®E . (1983)

THBEOMHE FEEICET SR HEATE, (1983)

EEODHEEUHBRGEICH S 2ERATR. (1983)

Studies on chirononid midges of the Tama River.(1983)

Part 5, An observation on the distribution of Chironominae along the main
stream in June with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from
the main stream in the June survey. .

Part 7. Additional species collected in winter from the main stream.

EBENCEET22IATHEDOHAR

~-B5H FRCBETIAAUNEONHCHTI6 AOTERE L 2 AU A EH

WETAISHEMEOES

-—¥e# ZERFALIUVEAKBHEzAEZYIAYIEHOELEHIIODVT

——B7d SEXFAIVIBKBHZAEIAUAROEZEEIIONWT)

AT S F e v A KL AR{OKF-ERBEYRACEREORR - —RF KD

B ARF-RERGHERBEOWR (24— AFHR2) ——HhsiEE 85

FrE R4 . (1983)

HEREY. cREBLELY. ESRSO T HABRCRETREE LT oHR

— — B fu53~ 554 B MMBIARRAWE. (1983) )

Hidnsy, SERERELY. EERFOTRABR-EITER BB T 2HR

- —W354. SS4EE HMAFARBE 51 54, (1983) )

HSEEY. RGBSy, BEESOLHABRCRE TR LM MNT A



B85
$498
K0
XESE
XESLH
Ho3E
oS
555
BH6S
STy
B85
595

R
Eel%

625
635

K645
X655

KBS
H675
X E68F

HIEB69S
BI05

PN
BILE

— — K54, S5EE FPIMBREE 24/, (1983)
AERWEOBEREICHET 32 A7 AR . (1983)
BESROERBHY -AEPEORBIEAT A2 — — BMSTER HRIHEML. (1084)
BRSO ERFECHEICETIBRAFE(I) - —BrHoRAAATNROEE - TE— -
S5 ~bT4E B SRRIBIge L. (1984)
ﬁﬂ(iﬁm‘a%ﬁﬁftﬂﬁmkﬁﬁ?éiﬁ“ﬁﬂ(ﬂ)——ﬁb—iﬁ@%ﬁﬁﬁt%h&iﬁ?é@
F - —HIS~SMEE BARRKES. (1984) _
BASROBEEREMHECHTIRATR(M) -~ S rHREACS TR KA LHA
LEEREAHEFHEDTE - — 55~ 0THEE SRIse a4 . (1084)
BikgOBHERIEHEIHET SRAFR(V) - —B+rHoAERUVAIMEREREOE
(L L BREL — —BAss~5TEE ST RERE. (1684)
BAROTEREHLETIREAR(V) - —BrHOERFLREOEF I ——-
BMSS~5T4E fFRIFHERE. (1984)
MEAEOEFEREH LT RATE (V) - — ERREM LA~ ~ IS~ 5T48E
TR E S . (1984)
BRSO ERBEBECHTIRSFAR (VM) - -G /M ST 2BHRBLL OB LS
%~ — IG5~ 5TE B HRIBI L. (1984)
%;}ég%ﬁéaé)ﬁ{t%m:m?&ml\m%(w)——#ﬁ%%&i——ﬂﬁﬂssn-sﬁg w5 BIHR
84
REABL X 2FROREAE= > l)Jﬁial..E@'s“Z)Ef%--ﬂﬁWSSrvsng =30
HZAE . (1984)
RIEKFB-BXRB - BERBLERAEERIDOTE -~ —REEAR T F o =
dad Y v ARBEONE - - REARL B 2F B0 XBIERGEBEOHS
— — M5~ 5T E MAHREE (51 2%). (1984)
BRIEKB-ZHRMED-ERAREDRAECERGORE - - H{EEZT 70/ WAERBED
B - —Rss~5TEE B RE (B2 4m), (1684)
RICKF-HRBIED-HHBIEMRAREEREORE - - REAZPRET 5 RLE=
&fg?&?%ﬁtﬁ)ﬁ%ﬂ)ﬁf%‘ﬂ (74 —=JUFBRL) ——EM0~5TEE BHHARBE(E
3 4. (1984
HEGREDPHCEIZKFARBROM L L EEARICHET 25 — — M6~ 58E K
Frpumtse R . (1984)
ggl,:(é%;i?gﬁé%{t&?ﬁ@imﬁé%%l:ﬁﬂ?éﬁl&%ﬁ%——Wﬁus&ﬁﬁ MREE
. (1
HERIBEROHEDEFICHET 2HR — - HMoA~56R 8 KBUMRBEHRE. (1982)
Studies on effects of air pollutant mixtures on plants— —Part 1.(1984)
(HERABEROHBHRETEE--E 145
Studies on effects of air pollutant mixtures on plants— —Part 2.(1984)
(BEXEHRBOHYILBIETRE--B2458)
BHPOEFEMR LI ZAOBERER BT 2 EROTE — —FBR54~568E MW
EHRAHE., (1984)
EROLHI L FORSEECET 20— —iEMO6~5TH R MR HE. (1984)
FRFHOERBCHAICET ZREMHTE. (1984)
Studies on chircnomid midges in lakes of the Nikko National Park. (1984)
Part 1. Ecological studies on chironomids in lakes of the Nikke National Park.
Part I . Taxonomical and merpholegical studies on the chironomid species
collected from lakes in the Nikko National Park.
(BXFVABOEEBEO2I AV B BT 58
~—F1% AXESLEOBMO IR KOs BENTR
——-E2E ANEEABOMBICAERT 22 A AHOSE SR, EREMDIZ
YE— Ry v T L ARBRUTHMEAE O EK . (1084)
BRUEKF-ERRED-FHBEORACEEGOME - —RPRKP BT 2 KT
&ﬁ?&?ﬁ%ﬁi%%@ﬁ%ﬁ»f — VR 2)— —BRS5~5TEE HIPIREE (54
43y, (1985

X1



HENS
KET45

BALIKH - REE Y- UK R REE UL OB — — IS5~ STEE HUFRE
£ (1988)

HEHRU T QDO HRREICFARPMPOHRHT WA, RR|EH-—- 20

CAFLERAE-HMSER SHTRRE. (1980)

B/5%

®Ice
B11e
BTIE
®maog
B/e1s

B2g
L RE

WA
#8555
BeeE
By
Bess
Bess

5905
915
Ho2e
- Lokl=3
BUs
Be5e
XB06E
9T
Bass
#o9e
#1005

Limno%ogic?l and environmental studies of elements in the sediment of Lake

Biwva, (1985

(BEWERDPOTHRICET 2BAERUEBLENTR)

A study on the behavior of menoterpens in the atmosphere,{1985)
(RRHPE/FUAYOEHIEET SHR)
REFHOERIN-SHFHEOHRICHT 208~ —HIMSEE SR REME. (1985)
EERRERSICRETEREEORN OHNY. (1985)

Studies on the method for long term environmental monitoring— —Research

report in 1980-1982. (1985)

(BRI X2 5R0RBE= U » FEEICHET 205)

BELBTIFAVREDET T LB T s HE — - IBMST/58E T SRR s . (1985)

Eﬁ%%}#ﬂﬁﬁ]ﬁwﬂﬁ%%#:ﬁ?%ﬁ%“ — A AHEEOHEER ¥PLE LT,
1985 .
HHORIREFRLCEECET 2HR - — BT~ E HUHREE. (1085)
Studies on chironomid midges of some lakes in Japan.(1985)
(BEo#mEo2 U H0EHE)

BERARHEER I BRPERMFEORRICET 2 - —BM5T~504£E BN

WEBAWE . {(1985)

Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters, (1845)

(ZU—SURNDOREIEREL SRFNRUBNENNS A -2 - 1o FE 25H3)
GC/MS AR FVOBEY RF AVET 5528, (1826)
%{E%:&%ﬁ%ﬁmﬁﬁt%@ﬂﬁﬂﬁﬁliﬁﬁ'éﬁﬁﬂ—BE’*H53~58¢$E moHsE,
1986

HBIEEVETOEASOAREHES R IRHEROBERBETIHNRI. RAER-L
MLy AT A~ —FNSGEE HRITRHEE, (1936)

Measuring the water quality of Lake Kasumjigaura by LANDSAT remote sensing.
(1986) .
(LANDSATUZ— YV IREEB»HOXEHE
FatNrSAPERMCALZHARBICO I TOEREES L ITH — —HREMZLEN
10FEH A — bVEB L XBGHEBESEAOSMEOSF L RO E LT, (1986)
Economic analysis of man’s utilization of environmental resources in aquatic

environments and natiopal park regions,{1986)

(ABI S AREEFFAFORF AT —hBE L BYAEME EFHRICLT)
FAIDHHER UM CET 585, (1986)

FROLERTL ZOREBTCHT IMAR (1) — — B3~ K B EaE

& B 1am. (1986)

EROITBBTEFOREBEICET TR (D) - —ERS8~bIEE KIFREEGH
& F2 5. (1986)

BRI RE A KERB LMY ARETR{L) - —-FRHATFORE LAY & -
— IR Fn58~594F BT FSRIBrsn ity . (1986)

ERMESEIc K AR ET 2 Re0E (D) — —REWH - IR - Mg o BRE
i & e — — S ~50E E MRIFREE. (1936)

BRI EEIC: ZRERBFRET 2RSSR (M) - - ABEVLEHI L3 KEOHRE
— —PRAIS8~ 594 [ K RIFH AL, (1986) )

R LB I £ AR BT IRATE(V) - —GAMUBEL R L -naE
WORBLIEH — —WMos~S0EE HRFregs. (1986)
FESRDECLOAALEROAM{ A LEHEARICHET SHE - —Hms6~50ER
T TR A . (1986) .

Ny 2 T390 KB BT 2REFEDEORME- SV ITFEOHR - —HES
BRFANRBERUVERESFEINONE — — o8~ E SRTREL. (1986)

xil



#1018 gﬁﬁgﬁ?ﬁ%%%ﬁ@i#%%&:ﬁé?éiﬁﬂ‘ﬁﬁﬁ%——HH#IJ57~60EE R

1025 HMEBABASHER MY 2 FHEYTTE. (1986)

1038 RmEFMMEM L LTOERSHHORMICHT > EBF%K. (1987

#1042 Studies on chironomid midges in lakes of the Akan National Park.(1987)
(B EFEEILAEOMIcBIT 2R Y AHOHRE)

B1055 M tHic BT AKkp L BTBOEHME, (1987)

0658 HEHEERPH S UIARATE L ABARCET 2538, (1987)

B107S g%;ﬁ(ﬁg&)&5&*&%@0)#%%%@%%;:5@16&% — —HSI~60EE &R

e . (1
KBS HPOREREPCBE T 205 — —MST~60EE SHHRRSEE. (1987

BI00H MERENEOEDORENRY AF AIKET 3. (1987)

B0 %(Eﬂil:)és‘h‘&ﬂﬁﬁﬁiw%?w{btﬁﬂ?éﬁﬁ%——HH?USQ*'BO@FE SRR EE Y.
1987

¥ mEEL

xiil



Report of Special Research Project the National Institute for Environmental Studies

No.

Na.

1* Man activity and aguatic envirenment—vwith special references to Lake
Kasumigaura—Progress report in.1976.(1977)

2# Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977,(1978)

(Starting with Report No.3, the pev title for NIES Reports was changed to})
Research report from the National Institute for Environmental Studies

#No,
Na.

No,

No.
%No.
¥ No.

No.

No.
¥ No,

No.

Na,

No.
#No.
No.
#No,
No.
¥ No.

No.

No.,
No,
No.

No.

3 A comparative study of adults and immature stages of nine Japanese species of
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logical and hydrometeorolegical characteristics of Kasumigaura watershed as
related to the lake environment— 1978-1979, (1931}

21 » Comprehensive studies on the eutrophication of fresh-vater areas—Variation
of pollutant load by influent rivers to Lake Kasumigaura—1978-1979.(1981)
22 % Comprehensive studies on the eutrophication of fresh-vater areas—Structure of

ecosystem and standing crops in Lake Kasumigaura—1978-1975, (1981)

23 # Comprehensive studies on the eutrophication of fresh-water areas—Applica-
bility of trophic state indices for lakes—1978-1979.(1981)

24 » Comprehensive studies on the eutrophication of fresh-vater areas—Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1078-1979, (1981)

Xiv




No,

No.

No.
No,

No.

¥ No.
No,

No.

No.

#No.

No,
*No.

¥ No.

Ne.
¥No.

No.
¥ No.
¥No,
¥No.

No.

No,
No.
No.

No.
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63 # Eutrophication and red. tides in the coastal marine envirconment —Progress
report in 1981, (1984)

B4 * Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1981, (1984) :

65 Studies on effects of air pollutant mixtures on plants—Part 1.(1984)

66 Studies on effects of air pollutant mixtures on plants—Part Z.(1934)

67w Studies on unfavourable effects on human body regarding to several toxic
materials in the environment, using epidemiological and analytical techniques
—Project research report in 1979-1981.(1984)

66 * Studies on the environmental effects of the application of sevage sludge to
soil —Research report in 1981-1983, (1984)
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Part 4.(1985)

73 % Studies on photochemical reactions of hydrocarbon-nitregen oxides-sulfur
oxides system—Final report in 1980-1982, (1985)
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82 Studies on the role of vegetation as s sink of air pollutants—Research report
in 1982-1983.(1985) ’

83 Studies on chironomid pidges of some lakes in Japan.{1985)

84 % A comprehensive study on the development of assessment techniques for health
(szec;.s due to environmental heavy metal exposure—Final report in 1982-1984,

1985

85 Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parapeters.(1985)

86* A novel retrieval system for identificaticns of unknown mass spectra.(1986)

47 = Analysis of the photochemical secondary pollutants and their toxicity on
caltured cells—Research report in 1978-1083. (1986)

88 = A comprehensive study on the development of indices systems for urban and
suburban environmental quality I —Environmental indices—Applications and
systens. {1586)
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