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Marine Trophic Structure
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Representative food chains in the open water, the continental shelves, and the upwelling regions known

in 1960s. Only selected examples are shown for each level and arranged approximately based on their body

size.

SHEE LTESTEE L, BKBRTIE, timEDX

FEH, € LT aES 52 &b, JIR
JorE & REBEDREN S MCIRIT L 5 BRECTERA
EEZHETHIEE2MEMITTLOVE L, £ORF
DOEEREERICE 2D, T2, IR -BA (1970) & L
TREINT L, VPV IR TCIVNEREEDORE
TREFHANTAILIIRY, ER%E L KRFERORE
& surface skin DIREFHE L D> MC BT L BXERH
BOEREITIRNVE LTz, £ OHFFERE % Taguchi and
Nakajima (1971), Taguchi (1975), Taguchi (1976a) &
LTRELE U, EREEBMRTE, mEERIC
B B R DAL HEE K FH LA R BRI R & A
LT, BERBICRT LN KEEER BEE, N
sF VT RiE BBBF, 7707 Fror)INBhER
FLTRY MREZEL BBFSFRELZEDE L, £
DEHZ, FAX, W T T T P K D ERAEREICHE

THHRETHIEICRVE L, ZOIBPIZSMT
XD, FOBROEITE > TRWSRIZARY L
Tzo LARID D RITI 2 T A RO KR 21T 722
W, b EYAE o L ERIAREE Pm OFEHEL
O RERIERL-THIEWVWERY, BAD LS ITERE
BILfTE, ERETVE L

FOBIZEINCER LI £ 1%, Steemann Nielsen
DX ITEBBEERIZ 2 R UDRIEENR 2V L D 220
BRERTRL, RAZBPEREHROTILTHY
F LT=, EDMEE, KED Riley DBFEERICEF L TR
B Ly <, EEBOBE S NV— IR
ROTRBMEENBMEN TR LN, BEOEEDD
E, FILWHTZRADT 4 NV F— (& DERBEIF->T
boWE Lz, LERE, 0%, £BFOEEMNL
WROEEL L ZITELE, O, —ERER
TR0, EHELMEFARICWD L, At EREE



112 HO %

Pm IXRE & & HITHINT % &% Jorgensen (1968)
CIXBRRDRREBRVE L, £, EEI/NEDEE
BED Skeletonema costatum MIEHF IZEBT BRI,
Talling (1957) N2 L7 LBIGHEETH % Tk OfES
BEOKBRBEb R, KBRS ORICBRICE
{25 RERERHLE Lz, TOMEIR, KbEWV11A
DED 2057501 Th EL, TORRIE, HFO
W75 7 N ERETIEBRE OV TOEREAT
L7z,

ZOR, FABNEBR LT &%, MIsD/NE 72 Skele-
tonema costatum DHIIEELT 9B5%LL Eb E#E L, £D
HURAAREDS 200 pm3 LAF /N OIS 40% LA EIZ
BolzZ b THVE L, MldblyDruaZ  )va
EBY, TORBORHLIY b 1HibPd R RoTW
F L, ZOFFEE, BRI LEHETH
D, ZORE% Taguchi (1970) IKHERLE LT, ZD
FFZ, AEHEEICEMEORZINEELER HI
BNRWEREEERFOL DT E L, FRIZ, K
BRI o & Pmax O AEALEN 2 REHERTERL
£ EHBFE LN, BOWME-TEE T a DHEE
N TE FHATULE (Taguchi, 1976a), ED%, BV
T HN=T REY v Z =G D Prezlin DT )V—"T
NabBEAXEBTHEVIMIERERLT, #FILE
LWEWE LE L7 (Harding et al., 1981),

FDYWE, Ty PUBETIE, BEM IBLE
A OILPEMMEICTEMT 5 DD, KFEFLAEITITES
E7RoTWELE, FAH B HLHEAT 1969 FIZ3HD
WEPERHRIZ R LT, X—V V' THBERIZ, YT
T NV DEBELEMT T 7 BT K D HEDH
KETHIELRVE L, ZOMBTHEERTE
TR AR LE LT,

Bt b e LT, Zo0mX % 1972 FiZHET
S - THEEEOEETRSDAE “Biological Oceanogra-
phy of the Northern North Pacific Ocean” \Z5%R L%
U7z (Taguchi, 1972, Taguchi and Ishii, 1972), £®
WhF, EMAEEEZH#HEETTNVE LT, Steele (1962)
DEFNVCEFIZRY, TOETNVEE> THEITZA
BTWE LI, FOYUEFIZ, Steele DAE AV - Taka-
hashi and Ichimura (1970) ®F& A% “Limnology and
Oceanography” \ZHEERINT=DT, FEITHBEZZIT

F LD, IR nTHY ELL,

W7o 7 MO KRE SO RIZT - THRIE
BEME T 7 AL D, MIAORESIZL 5%
FREDORIREIZ H 3R S % L7z (Taguchi and Fukuchi,
1975), ZHETHA, RERTITROTAARDO—HTY
B, FERRIATRoTAET 12HRORI LRV EL
7= (Taguchi, 1976c, Taguchi et al., 1977, Taguchi and
Iseki, 1977, Taguchi and Nishizawa, 1977),

3. FORMRMLFALIL

1973 4 3 AT EREZET LR, RARZEINR
B DRI RE L2V, JIFNEROH LT
MEEFETHILERVELL, ELTC8HADLIX, &
7 # National Research Council DR A F F7 k5 v
Zza—|Z&ITh, T ERBRICH L ) SR VTN
DRy N7 3 — FERIEEFERTNCEE 52 LTy
¥ U7, WA, EE~ BHBEO Trevor Platt 1133
FCELEEFRGL, YT FICBRE U THIFEICE)
BLRRDL, NN O—RFEREGOWHEFR TEL
DM ERE LIIE»Y TL, £D Trevor Platt &
EREDORR N K7 T 7 —0 supervisor TL
n, FFIFIFACTLE, 8 AFELZEHZII Platt §+
X, Ry F74— FESBERRMZEEO R T,
sabbatical leave T Xy 7 D<= v 7 F)NVRFEIZT—
FERBITZ Lo TCVE LR, 2O Platt L% 4
WU7-0R, FABKERAEDRKIZSH Z 23N 72 Riley E+
7 ol=0Td, FdEE, Riley L2354, EREGEL
BTETRELE LTz, TO%, ANy U—KPDMHE
BEZEROEIF—IZIEREDN L 5 IZHIM LT, Riley#
TDEIF—TOESITIEVObERT L LIIZL T
T L, HICBA QDD KEaF =¥ —KED
Bannister 1+ “Limnology and Oceanography’ {2357
L BELIEET NV ERF> THREICR LT L,
Riley 1%, [ < HRTWBEFARTNE S, Rk
BRbrA LE-T, —H—2HAEINLILTL
7=, #M1% Bannister %, FABNT A KREIIHE-T-
#1Z, Caperon 1% & T sabbatical leave T—4Ef#]
B\ LUFE LTz, FDORZ Bannister {322, Riley H+
LY EVDFELELTLEZA, HEVEZXTWARL



TS5 7 hrOFTa R MY —HF%E 113

T, Bonh) LI & ZBAXTWET, ZO Bannister
EEDOIFFE LR & > TIIRERFT LT,

T EEEE, EOLIRMRETHONEFEKT
5102, FXy 7 HETCENRTITE, 2 AMICD
= DERLE L, Platt#Lid, BOOBHITTHT
2o T2 KA RAF A ROAEIC DCMU HEX 24
HAEDEAER, KOBEEASHLZEHIIEZD L
DTEDLHERBTOREREIIHT ZHOEHOE
DHAEER, RUBIRRONZF 2 —2BRE LTS
BophraE 2N BUE U 7oK B B2 O RS, BHRERTD
AZ®H BNy R7 4 — K XM AV OFEMEMEEESL
WETDHBGOMEERLY, BEZOREFEEZLTEEL
Too TIUTIA T, FABNKFRARD G EMIZE > T
Tl L EBAT L) RERERERSV VLR LT
BRI, TR THEDL] VD L5 RBVWKRFFORE
PESTERZ L EEZTVET,

TP, IDICREARZZ LI, EBRTEREZTHIL
ICROT, Ry 74— F XA R poHEEL BT
BIEFET LIz, JEWVEEFHDOHMILAERE DML 2 72 5~ <
ZLEDHEIICLELRE, LrL, TOFEEITIES
fEERLOTIER L, RNTTERBIZTSZ LXK
ROREEND ST LT, BRETIE, BEBEL7Zd
b6 fEfE, £ L THIRERBROSMZ/MZ 572Dz, 7—
K745y RRZEND LEEZHEALTI0 pum3 256
108 um3 OHIAEEOFAZ R UE Uiz, FIHITRD
TeDM, FIAAERE L MiaRFE L OBRTL,

Z DU, b FEWERET A EICET BE
TR NS A Y 73NV =T OV P bH RS
Y v 7 AMGEERFFERT C Food Chain Group O EEH &
L THE U7z Strickland D 7 v—7"23, HHMIC
WEAM O REEIT oo TCWE LT, EDOIN—TT,
BT 7 b OBEEREIT/2 > TV e Mullin #
+ 5%, ®WRfTRbnTEk, B LTCOWMT 7
7 b O THET HIKEE, bo L EEMIC
FETDHIERBRNbONEEM TS 7 b Ol
BREPLREEEEMET HDERELITRoTVELL
(Mullin et al., 1966),

%7-, Food Chain Group I, UV b KEHEES
HBEED T T AT — N—"—TOEZFEREEDOET
ERICLBMULTCWE L, TORRZ, ELRXOML

BE LT, BEEELHVCTRIZZ ZE L - HasE
& IRFE L DBMRE B H NI L7028 Strathman (1967)
TL7z, £D%%, Food Chain Group {%, X HIZ£< D
A SATRKNRMIBEREN O IRFREEEHEETS
RETZHEEE LTz (Eppley et al., 1970), FLOFER
X, ZRH6D=20REIFEFERLThoZ T, —
ZLUE LT,
HERAARE V LMl iR FEE & C L oIz —imic

C=aV® (1)

DT aRA N —OBEERH Y ET, T T, bOHEIT
Mullin et al. (1996) <° Strathman (1967) , % L T Ep-
pley et al. (1970) & 4 3/4 TH YV, FOBRBFEHETL
oo T b DEIIBMRTIE, —IRIITIT 3/47ERIH B
W Kleiber DEHE FETIN TWE T (Kleiber, 1961),
ZOWRIT, BFER-THINT &1T, SAmiiRoE
BRClLl, 22T, MIEAHECHMEHMICASZ DR R X
LD HEREROERE, 6 MOEELHWTHIE
BREO/NIWEEND, 5~8°C ETOKIETEE, 25
Uy MOE Y TEREZMEILITRNE LTz,
EFNETAERTEIANT— Ao F—LdfEST=Z
EMBRIDTZDT, WY v FL—vay AT Z—
WWEXZRC, ToOREBLMMERFEEZ, —FTEMIZ
R LE LT, ERETRY, T—FERIITHIEE
BEEE, FARZNT, KERlRE, EORTHET
LONBNDNE NS EHiRN Jassby L LV H S
L, TOEFIRFBTADCERTERIILEOND
72<, RENRELERD, HRICBNTDIZEDOR
%%ﬁ< HEVBVWBEVWTEHVEFATLE, &
, ERRERIZO T ARBERDRH D & 5 2 ER
%ﬁ&wibto%mﬁﬁtﬁmﬁﬁﬁu&%¢_
ETHTRY, FOEZERFE L LT Jassby and Platt
(1977) ORUTAND LW S B Ray Ba—F—0
BEWET, 7arl5<—0RENBRD X 5 IZHE
LTNFELE, Tl o<v—nbitE/RE L0,
75 7RI — o TOREAN T AEEDE A Mk
X, FOROBZIZFX Y, V707 LTWELT,
—E—F, FREEKOIC—ERCELINE I », £
NWIEEBROPBLET L, LT, &EIITHEE



114 HAO &

SRITLIFO LS T LE,
a(mgc Ceuil Wﬁl m‘z) = 5_9 X 10_10 V0.51 (2)

C
F, max

(mgCleell ' h™1) = 1.2 x 1076 V04 (3)
R(mgC leell h™1) =53 x 10710 V02 (4)

FTRTC, P<0.05 CHERBER L RoTRMLE L
UL, ZOBENAKYIZIELWLNE I D,
XMMOFRBEOFBRDL 2L, LTHBTRETHVELL,
/AR DR WRER E 2o T, EDOHFORITIT,
FOEBMEZITHMET 2BV ERATLE, ZEL
%k % “package effect” 12 & B DTN EHERIT
B EIFTEELRL,

ZFOYUEE, BER (47 LHlaskg (V) oz, 7
oA RY—OBBERDBZ LMo THE LT (Ep-
pley and Sloan, 1965). *7-, R UEBREREZHNT,
Laws(1975) & Banse(1976) 1%, PR (d71) 13, #ika
HBRED 025 FRCEMTHZLE2BREL TV L.
o, ES &I, REEEETIE, ZOEIRX-0.15
LHESNTWE L7z (Chan, 1978), £D1%, ZDb
DED 3/4 ERNZHES1XT TH S &> ) Banse (1976)
DERIZE - T, ROAFFZHOFTHEVRDON
<V ELE,

T, TaA M) —DEANZRE T, EWHED
AEFREMEIZOWT, D LI ET, EOEEEENE, 4
ZIXFRERE 2 EMOBRBEOT r A ) —DOBEBRTER
I ZENTEBLE LD, TRTOEMFROERNT,
WAL ZLEE LRVWETRDOTIENTEDIETTY,
FLT, EMOEBEBEET, BLRIEFERO=2D
BB TROTILNTEET, ZORNPO—D
IR, BEIIEDOEBFEOEREZRD TVET,
D =ox, EENLABRER L ERINETS, £H
BHEOME T, EMERFFo TV LT RLVF—F &
LEDBEDO ZONFK b EARNRREIZ R LTHX
T, LARMBERET AL THLT IO ZORFFENT
WET

EMEO T RXNLX—E 5T, 94,000 Kgs™! TY,
1J=1Kgm?s2ThHsrDT, ZOEHCIZ

C =4,000m?s™2 (5)

LEEXRLTZLENTEET, ZOBERITEAMAZRW
TERPT L
C)=1*T? (6)

ERVET,
EHEOBREIBBEEEDL D VIEBEETRDY
TENTEZT, BECEMTIE, FIAE, k<EY
IZE -5 ThE, KENEFITTHKSDT, TRLF—D
HEIL, KOBEPEEL - TEET, LMrLEER
OEHTIE, RENEELR-TEET, ZITIE, B
BEOAEDENRE L TEZTWEET, WHKOEED
XiEE

D =1,000kgm™? (7)

DT, TOBMRIRBAIEBRONTRDT L
Dj=ML3 (8)

LRV ET,

WPEDEW TR, B m, EMEELHTZV ORI
X¥—58C, RUKOEE DO=>D—KEBEHKT, —
BRI FESOTRNX—BE2ELTIENTEET, &
BAEMIZBURT BT a4 U —DREBEKIXC & DT
BREVET, Thbb, FEmIZTaA M) —DOBF
BHBETE TOBEBEEZROTVWALDIXC
L DT, ZAEWENRERIZE ST, AWk
HBIE & DHEREITIR > TV D LW I RFIZE SV TV E
T, Thbh, EMEOHEERERNZ, EVEED
O DZXNX—ZBLEDY 7, 72, KD
WREREDLIE, EMEOFEELEDLY 7,

W2 B —EERFE SO TWAZRXLF—EQ b, =
DOBMDRNEDBEBTRT Z LN TEET,

Q=fA*BBCe 9)

BzZE, BELHZY, BbH- Y OFR RERPTH
fZ1E Qg animal ! s THY

R= M“C*D° (10)

ZIZT, mitmass #RbDL, CIITRXLX—FEF,
FLTDIRBETELLTVWET, FNFNOEAMAE
BRWTHRLT LR RIT

R=(M*L*T (ML 3= ML*T®) (11)



L AN/ YA-F BB 51 115

LR ET,
IIT, MEDLEAEXTHRDE

a+c=1 (12)
LEEUCEHREZEZXTHD L

2b — 3¢ = 2 (13)
TZEaUDHEEEATHDL

2 =-3 (14)

LRV ET,
Th bR EMICHEL &

a=2/3 (15)
b=3/2 (16)
c=1/3 (17)

LR ET,

Tbb, Rk R, AMEED 2/3 TEAT ST
PTThHHEFRTEEY, BEEMHTIE, DEWIC
BzAZ LIZky, FBCEHEERDLZLENTES
DT,

a=3/4 (18)
b=5/4 (19)
c=1/4 (20)

LR VET, EEEWMTIE, a=2/3 k720, BRLAEY
TiE, a=3/4 RV ET. TOE®RTHI LI, B
FoEBMLED L ENICT X B0, KRt RV
X—ZHBELTHLNIZETT,

T I THERR, RASHETE UT-EEEEOFER L M AR &
OEMREERET L, BESMTTRIEND a=2/312
XHZ/MELRY, BEa=1/4ERVET, ZHiIT
a=2/3 DK 40%TYT, ZOBWMPOEKRT S I LB
DEEELE L, TR, WSONOBEBENEZ
LNET,

(1) WSLRBETHLEMTZ7 7 b THE, FOERE
EMERE, BRI TFELTWET,
(2 WM TS s hTHHIEREII/ a7 (N a

EDOEDLY 2MOBRIIES>TVD DI, FRILA
package effect DFEEZ TR,
(3) ERIIEROZEER > TV A H OO0, HEMLEY
DESITEBEE> TWERA,
(4) MRBABESEERILBM LY bIXdMThEnk
b, KOOI X BEERKE,
(5) EEMEITHIRAPIRRE 2 #0728, TERRIT Bk
XF—DHBEENDIRN,
TEREPEBEZLONET,

b, EBORIEHMEEELERZ THD L, X
B = MEERE + FFR L DBRR S 5D T,

AR = 1.2x 107°VO4 +5.3 x 10719V (21)

LY, MXERDa=1/2L72Y0, WD a=1/4
L0 ET,

4
-
o

14
-
=]

NS

i § 1 L }
0 50 100 150 200 250

¢ xd {mg Chl a cell”" m)

@ (mg C[mg Chi a]"! h"' W' m?)

0

Fig. 2. Relation between initial slope (o) per unit
chlorophyll a concentration and product of cellular
chlorophyll a concentration and the light path of
cell (¢xd). Bar indicates the 95% confidence limits
(Taguchi, 1976).

%72, P/RIITEBZETIREISHEORHRL R T
xX7-0T, BEOBERFHAWVWCHETS &,

1.2 x 10-6 049
P/R = o Jo-0y0mm (22)

= 0.026 x 10*V*?°

L ET, ZOFKREIL, Banse (1976) BMEHT T
2 kT P/R WY A REFE LRV E LD
L, FEITHHERLZVE L, %/, Banse and
Masher (1980) i%, < EEL TV HEHTHESHK
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Fig. 3. Vertical profiles of temperature, salinity, and o; (A), ammonia, nitrate, and phosphate (B), chlorophyll
a, pheopigments, and primary production (C), and ATP, particulate organic carbon and nitrogen on 6

November 1974 (D) (Taguchi, 1981).

BELTWSEYTYH, LECKLERIRILF—IIELT
ThbdrELELRE,

E BT, KRERBAERERNSDORMTH o AR
MOSLH BN Y AEEE IS 72 ) ONEEE TRD
T L, o lTMIAERE & DRI,

o°(mgCcell ' h W tm™2) = 5.9x 10711V (23)

OBMRBHE O M BE L, ZOBEFREZERICAHLE
RRZIX, KEIDNLVWERFE TN THY L, Z
NI LT, BERETERIES UT-EER Skeletonema
costatum DFADO/NEUL T/ o7 4 v a BV D

BHEMT B EEMERTZ ENTEE L, 1970 Fh
b, TEIP-T, ZORMIZ, —DDEZEZHEZ
LICRVEL, ZOMEBRT7T oA M) —BERDHE
BRI CTHLEZ 5 L9 5 Phylogenetic allometry Z 4%
F5v Y b T OO EROERTRT L RT
XHTLEARLELR,

FNTIX, T, MIEORKEIN o DEZXELT
WBHDD, FIEHTZY O o 2B LT, MR KE<
RAVTHIE ST 0 ONERENEMUET, Ll K
BRHEBRONLERYAERIZI a7 s Ve BEDHT-
D CRTICAERBENRERSH Y 7, ZDOME LAk



Wi TrS5 7 rroTa R N —FFgR 117

EROMITIT,
acte = 0,20 ~018 (24)

DOBERH Y 7

ZIT, ETHDICERBLARS TERLRNI LI,
MR DO ARIZ L DHBINTT, BETIEL - L#A
FPEZFRHDETH, %K, Jasby Lo LFEmL
T =TT NARIZESOCHALET, e 74
Nadzhdaid
(1 _ e—spcd)

cd
TELTIENTEET, ZIZTniREFIEE, ciiz
BEREHT-DORBREARE, pldr oo 4V allxt
THEAFREOES, ciiM@dbizvynrsevr Vv
&8, dIIMREOXBRERLTOET,

ZORIL, HIEAOREIZ L S self-shading DEIRE
EELTCVET, TOERNRE 2T, ML
BRBFETHBH I aa 7 4N a USMBERO BRI
FELTWADT, ZOMOBRIZL-T7rrT (Ve
DHFLUIIZ DNED TRVNEIZESHTVEL
Tzo LD, expld, BE, HBNOHEDOHE TEE
BHZAWSLNRTWA Y B a7 (/v a dic V) ORI
¥Thda* LRLTT, ZOENIE m? (mg Chl a)™!
& 729 %9 (Morel and Prieur, 1977), & 512, #HiAN
RLZaa 7 4V e BENEFELTYH, HERINY
HRBENRRZNE, ARIHERRER D AREELE
BLTWET, i, FOYEFERE AT
LRTWARNo7aa 7 (/v a BEIZE D package
effect L7z & 9 72& 2 FThHY % LIz (Berner et al.,
1989).

LasL, MlamoaiEoRL: SRz L > TER
03, HxiE, Phaeodactylum tricornutum <° Frag-
ilaria sp. < Skeletonema costatum X Chaetoceros
septentrionale TiE, /NEWZOOEREIMIANITF
fELET, F7=, Thalassiosira nordenskiordii R Dity-
lum brightwelli % Coscinodiscus centralis TIZ, #Hig
MIZBFEERV - LY DFE-TVET, ZOX I, #M
ANOEEDOKE SBIUONMAERNERSDT, B
SUTIIEMEMNEE AT Z LT TEERA, EOY, —
SOEFEITEHEL LT, /a7 4adlcV O«

a=n (25)
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Fig. 4. Relation between maximum quantum yield
(®m) in mole C Einstein™! and product of chloro-
phyll a content of cell (mg Chl a cell™1) and light
path of cell (m) (¢ x d) for Certium longipes ()
(Taguchi, 1981) and Coscinodiscus centralis (O)
(Taguchi, 1976).

LHifabh-vnruo T 4o EBLEFOXRKRELOD
BfRERE~E L,

raaZ 4 hadbl0 O aBfi@bhi-v 0o 4
NaEEc LMIBOXER dDOREL LHIZBDTHZ
EEBALMTLE LE (Fig. 2). T742bb, Mlabcy
Drua7 4 aGERRLTHo THMAEERE
MEsereard7 o NvaedblOaldBOLES, Z
DT L, %IT Geider et al.(1986) IZL>THHH D
NE L

FO®%, TOEI%TaR M) —OEAIBEBRAD
—ODEERFETHREI D &\ ) BIGEE L EREZITS
Z LR TEE Lz (Taguchi, 1981), Xy R 74— Fifg
PERFEFT ORI, Xy F7 43— R XA R 28007
HATW5, EFREHEERICEEROKEDS 50 m
L VEVAERD Y T, RICH BEBERICE, FJ
DORBEAEEIGAEEABRTRALTVEY, B
AN HABOIRES BV, KEFEIZDRP>TWE
T, MEIIRB L, KBHHIND LARHIEKDRE
B ZF, REOHSPTNRY, BEEREERRBH»K
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Fig. 5. Rate of *CO; incorporation into protein
(O), polysaccharide (), lipids (A), and low-
molecular-weight metabolites (diamond) as a func-
tion of number of isolated Dictyocha perlaevis
vial™! (Taguchi and Laws, 1985).

B 2.5 m Pz EShET (Fig. 3), ZOHBEREIC
BYEER T B Ceratium longipes P REIZHE X BKE
ERRLET, 707 4V alRED 2.5m TI12 (mg
Chla) m™2 2 %<, O0m & 5 m OEETIE 2 (ng Chl
a)m B UTFTTHYELT,

F D Ceratium longipes DK E THARLBIHRD FER
EIT2VWELE, bHbAA, aPmRIk bREIELEZD
TTD, BN LDV AT HRFELRTHRRE
FIULRICEKRE RO L 124> TWE LT, Ceratium
longipes THRARETFULER%E KW, Taguchi (1976) THEE
L7= Coscinodiscus centralis D o fE% R KETFIRIZ
LT, MEICBOTexd EOBRERITLE LT
BT E BRoThH, BRENET cxdDFME &
bIZBOTHZLERTIENTEELE (Fig. 4)

¢m = —0.80(c x d)~** (26)
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Fig. 6. Seasonal variation of cellular photosyn-
thetic rate normalized by cell of Dictyocha per-
laevis (A) and cellular chlorophyll a content (B).
Dashed line indicates median (Taguchi and Laws,
1989).

#1417 Finkel (2001) iZ & o THERB SN E LT,
¢m = (—1.045 £ 0.075)V (~0-138+0.031) (27)

PLEDRERL, TEHOMENFFIIZFDERDRE X
WRIET BT TIdie<, AR L, T0AEMD
RESIEETH] 357X ) —0HEREY, H
M75 o FACEBATRETHDZ LR T L
=D T,
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Fig. 7. Relative distribution of chlorophyll a concentration (top) and *C uptake rate (bottom). The stippled,
clear, and hatched areas correspond to the 0.2 to 2 um, 2 to 10 pm, and >10 pm fractions, respectively

(Taguchi and Laws, 1987).

4. BRRLEBEBARMGIEALEZCE

FOBNTARZIBY, MEOKRE SIZET L0
RETERVLONEEBHERZ LTVEL, ZO&
S0, WT T 7 MATKTT AT R A MY —EREIG
AL T edizid, #ifadhic ) OEBRORH, 3720
b, BERBEMEZRET DI LHLETY, LT,
ERETHR CXRVERETIY, HLWHIEOHENL
ECF, %KY, flow cyctometry DX 572, BB LT
BHIAE ST D L OTE B LR, T, #t
%%/ L7 Pulse Amplitude Modulation (PAM) O &
57, EMET CH—MEOETREFRELRETE S
BB L2, Mlad Tz OXNEBOREZRIET D HiER
HYEFATULE, L L, Rivkin and Seliger (1981)
13, E—Hilao 1C OBREEZRAIET D HEZRRE
LTWE Lz, 20OFECSLICKREMZ, MCO
BEOREE L B REDOAEERE 2 B—MTRET
% % & 512 LF L7z (Taguchi and Laws 1985a),

Bz, MEE Silicoflagellate DEL [ XEBRE CTII AW
BT L7, UL, Dictyocha perlaevisid, Hilafiiid
RN, —EFHBETAE T L, BEE, RV Fvh
T4 F, FEERLMMESFLEH~D MC OBBUERE
Mo, BEREIRKN % THLZ EPHALMNERY, £
DIEBBE COBKRBRED SR OHRREE TH D
TEBEERTEE LR (Fig. 5). EHIZ, ZTOHEICK
D, NIADFT 7 BT BN =A~EBIZIRT SRR
<& % Dictyocha perlaevi ® “C OBEEEE % BALEIC
Pl PIETSHZ LN TEE LT (Taguchi and Laws
1989), #ifadH7c v o MCEREEIX, FMBFOR
bR TH, TOEHEMITIKEDNOEE I —FKL
Fliz, LaL, MIaFELIBERDLNI EAAL
»eiyE Lk (Fig 6).

1979 FO a7 57 FUDORBRITIIREKRE R
FlMEZTELE, TRETIE, 20 um ZEEL LT
nannoplankton & netplankton (243 TE X TWW/ziZ
BERPoTEND T, KFEOEFIZAEL TWVDH /N
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Table 1.

Relative distribution of end product of photosynthesis from the same experiment in Table 1 in

Kaneohe Bay, using a differential exdtraction technique (Morris et al., 1974).

Size Lipid Low molecular Protein Polysaccharide
intermediate compounds and nucleic acids
> 10 pm 23+ 5 22+3 48 £3 6.2 £ 2
10-2 pm 27 + 1 14 £ 2 53 £ 2 6.0+1
2-0.02 pm 3+1 11+1 55 + 2 6.2+1
GF/F-0.2 pm 26 £ 7 12+£7 51 £ 11 9.9+4

TAZEBBEDENS, —BLELHERE LIZWVWEEZ
TWE L7z, 1985 2o LR ABN -0 T, &R
—BIOFAHBZILTT, LIZh LEMPBANTALS
&%Z % ¥ U7 (Taguchi and Laws 1987), 7 @ ”7 )V
aBREL MCOBBMELLEIT T I b rDhHDD
AL, 1FE0NTHBZ L EROTE L (Fig 7).

ovarivs FrOEHELOHEE LTS
Bz, GF/FBID T TR 77 A /RN—DT7 A NVE—&H
WTWeDT, —oDRMNEEXE L, GF/FEI7 ¢
NZ =X 0.7 pm LA EORROR T2 L HZ2HTENT
XBHLENTVELER, ZOREBEBTHHAK
AEIALITN R NDONE VI BT LE, bLb, Z
DIEY A ADOXEREMNB R oML, TaX Y —
DOWFRITIX, BRDEBVERDITAHIENTED L
EZ2FE LT,

FIT, AL =A~NETERAAET S LI
Mz T, AERTORELITR, GF/F 7 45—
PEBLTCHARO2 um L EDA VTS T4V F—
ICRETE DAAREMOFAEZAD E L7z (Taguchi
and Laws, 1988), ZO#R, var7 7 P EBOR
KISBEEOEDIua 74 Ve BBRROPVELE
(Fig. 8), L2vb, THIXEEZIZ L > THRES N7
o7 4N R ETREF TR, Lodh EXRERK
ZLT “CHLERTBL, v¥arsr 7 rrLRAC
i, BOEBRE~D HCoEBRMABRAISNE L
(Table 1), &M 6, T bOMUINBIES B O
FTIZREY FHATLED, D%, Prochlorococcus
LORRLFOREMRA~ LI L2V E L,
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Fig. 8. Relationship of chlorophyll @ concen-
tration (mg m~3) between picoplankton and
GF/F—0.2 pm fraction. Solid circles indicate sam-~
ples from Kaneohe Bay. Open circles indicate sam-
ples from open waters. Vertical and horizontal bro-
ken lines indicate mean of chlorophyll a concentra-
tion of picoplankton and GF/F—0.2 ym fraction,
respectively, in Kaneohe Bay (Taguchi and Laws,
1988).

1970 ERDOF AN T ay 7 B, 1980 FRILE
HIBEZRE (Ocean Thermal Energy Conversion,
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LAG, EXPO, and STA indicate lag-phase,

exponential phase and stationary phase of growth of total phytoplankton assemblage, respectively with the
mixture of 25% deep water and 75% surface water (A) and 75% deep water and 25% surface water (Taguchi

et al., 1987).

OTEC) DM ED bR T L7, BEDEN
FEXERA DT, BEORWREKLDIREZEZZF]
ALUTRETHHEMAREETT, Lrl, —EkiLd
Fl=REKIZ, BEICEM LR, i uﬁfﬁﬁifﬂﬁl?
KELTRINET, TOREZEVPHER LT
¥ L7,
FREBEMERT, THET, BICLDIGEBRRD
T EEBHLMNIT AIFENERT Lz, MEEAKEIT 40 pm
Pk, VBRI ~3 ym, & U CEBEIIZ TS um P E

EUEREKE, NTATBORBKIZT%INZEE,
aFT7 T b oDOBREIRBEETRL, 10 um LEDOKX
RIOEEFIMNIRE ISE LT, RESEMPITIT, 80%LL
EEEDBIEEBLNE LE Lk (Fig 9), XHED
AWM B RREBRORBHY 757 b
VEBEOREIZIY, MEOKREZEEBETHIEELES
b2 L LE LT (Taguchi et al., 1987),

1970 EROAA NV v ay 7 IZEET BRI, b
S—2oH N ET, HROKEZRANVF—HARKB—XNV
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Fig. 10. Cumulative lipid production as a function
of chlorophyll a of Hantzschia sp. Open and closed
symbols indicate the growth before and after the

Initial silicate

silicate enrichment, respectively.
concentration: circle, 3.1 uM; square, 3.8 pM; tri-
angle, 11.9 uM; diamond, 49.3 uM (Taguchi et al. ,
1987).

X—WFEFNL, MM 7 bbb RMEELE L
775, AR EEBE LT, COMDMEIZRDME
WA ZEICELAD Y F Lz, %R, EEBEZLT
W= Laws 11T, KE RNV —EIIHRHEZEZ1E
HLT, BIEEZ 5ERSZRELTOELEL, BAHI2m
OMTEX25m O UFHOKEEZED, EYWT TV
7 N DOKEIEREREIEDE LT, B OFEEE
FELER, 40gDWm2d 1 L koEm7r7 -7 b
VOEEER 1 DA TR ER, RHRER
BETLZ, ZOWEORNTY, Miabiy OIRE
DEEFEMEEHZERTENE, ZOEVEDT
Sy y RN OEENS, ELHIZEWVIREOEE, T2
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Fig. 11. Relationship between the cell volumes and

total cellular MAA contents in the > 410 nm (O).
> 313 nm (A), > 290 nm (), and > 280 nm
treatments (). Solid line was fitted to data under
UVR treatment within the same range of variation
in cell volume (8.5 x 10% to 12 x 103um3) in the
> 410 nm treatment (p < 1.001). Dashed line in-
dicates the extrapolation of the solid line (Taguchi
et al., 2004)

DOREDOSEZHEMEIEHEREZEZ T LI, T2
bbb, HEOEBEZEMIESITE, BRVAHRIL
AP EBRLEDTYT, ZORHIEZ DN LT,
I, FOMBEBKT S0, EBRENNLET
by, ERENFSTRITIVE MEIXSRTE TR
E&#IEHDTLE D Z & TL7 (Taguchi et al., 1987),
ThbhL, EREREAHETLIZLICL-T, =
BRYE IR T 2 Z S8 T, MEOLSREBTTIED
XgBHZLicky, MIEOKE SR 2MFIEMSE, M
fad7- 0 DIFEDOEERES RIIIWMIE D Z LITH
HLE=DTY, SEECEECAL L RFERZESX
LR, Fig. 101%, £0»ThbRbMIEFREIRE
< 800 pm? @ Hantzschia sp. (BT B/ERZTR LTV
E 3

BB R > Thbix, KEREEREB KL
HENRTEB LI RBESZ O HZLIZELLELE,
FO—DIZ, WWT T 7 M AIIET B ESARDRE
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Fig. 12. Relationship between intercept (a) or

slope (b) and irradiance obtained from the regres-

sion analysis for the relationship between a* (675)
and cell volume (Fujiki and Taguchi, 2002).

ERAOLNICTHIMERS Y 7, MIEBOEENR/NET
B L, FABBIUDERFELTHTD, EMRNPL
B E5FH I LiXTE ER A (Garcia-Pichel, 1994), L
2L, HMBOEBBESRE VGRS, Bl XREEE
@ Scrippsiella sweeneyae TiX, WARBFEZZT S
&, MBOKE SEHMEY, BARRXHETHD
<A aZARY VET IV BEELENIELT L EH
HMZ72 9 F LT (Fig. 11, Taira et al., 2004),

FOWITIE, 7 uaT7 4V abizh OB DOT
g AN —fATTYT, WR6TAnm TOZra T A Vad
7= 0 DR EE, B0 Thalassiosina weissflogii,
Cheatoceros gracilis 3 & O Coscinodiscus sp. & #k#E

® Dunaliella tertiolecta & 7V %3 7 LFD Isochysis
galbana & Pleurochrysis carterae ® 6 & T, #MIQARE
IZIRAE LT3 Z L 2 IR T 25 pmol photon m ™2
s7! TUTIARTEREZH LT UE L7z (Fujiki and
Taguchi, 2002),

afersy = (—1.86 + 0.053)V/(~0-071::0.018) (28)

IOXSeadfRiL 7 ou T (v a bl ) DHPOLER
BIITADOBER S S T &1T, EE# T Finkel (2001) (2
LOTUTOL SR UAHMRT THRESNLTWET,

apgp = (—1.59 £0.052)V(-0-077£0012) (99

& 512, Fujiki and Taguchi (2002) (X, Z DREK b1
HEFETHDHZ EERLE LT (Fig. 12), ZORRIT
3/4 OIERIR, WARBETHIEMT T 7 b D
HERBIEEIZIE) E<HATES, HLOEAH»LH
ReTHULEREODHDZEERLTVET,

5. #bHUyilc

RZEAFEORIZRW B2 RN 53 LRLD
HHEIZ, BHOBBLIIRLZIEBREZ LTV o72LD
WWEXET, UL, EMITITEA REMERRZR S
5ELThH, 2IIX—oDERIME ROT57DIZT
BA M) —DOEXFERYD ANTEZOTY, £Z1
BEEL ORRE L OHES VRS Y, T TEENTZ
HFHLWTAFT TR EZZ TS nZb0d, B#LT
WET, HEFODL 112412729 £3 (Table 2),
12, BARIZE - THHI3AmEKET R DIRE Y,
EVNEIZEHENT, ZOBEVAZ LT TORST,
FUZ E S TETHRLWVWED T,

BT, 1995 SEITKZUTH - T b, FERAND
WEAYFEEZSKEZHO LI REINERETI
<, 5FET100 4 EDFEEFREDOEE L F H HEH,
B fEZ, &fF —4£, FH R2BLLBITR-T
X¥ LTz, FOFTCESU EOZEEHFENRKEBTITHE
2L, BER, TLENORE CREEREL TWET,

BRI EBICESRE L TEAFIE LT Victor
Kuwahara, BEA #—, KHH EH, ER O&&, San-
dric Leong EiZiX, FAIXEET—ATHRVMAILZ &
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Table 2.

List of co-authors of the publications with S. Taguchi until the end of the 2005 fiscal year. Numbers

in parenthesis indicate numbers of publications. Asterics indicate his students.

H. Saito (21), E. A. Laws (14), T. Toda (14), H. Kasai (12), K. Hamasaki (12), T. Kikuchi (8),

*N. Ohi (7), *T. Fujiki (6), *S. C.Y. Leong (6), S. Z. El-Sayed (5), J. A. Hirata (5), Y. Nakamura (5),
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Biological Oceanographic Study on Phytoplankton
Based on Allometry

Satoru Taguchi T

Abstract

Biological oceanographic studies on marine phytoplankton based on allome-
try, conducted by the author (who was awarded the society prize for 2006) have
been summarized. Curiosity on the linear increase of photosynthetic rate of
the photosynthesis-irradiance curve originated from seasonal studies on natu-
ral phytoplankton assemblages in the field. A series of laboratory experiments
was conducted with a 10° fold range of cell volume to relate the initial slope,
the saturated maximum photosynthetic rate, and the respiration rate under
light-limited condition to cell volume. The cellular carbon content was also
successively estimated from cell volume, and this relationship followed the 3/4
rule. However, the 3/4 rule can not adequately describe the size dependence
of light-limited anabolic rate since autotrophs depend on the absorption of
light to drive their metabolic processes. This is also confirmed by the recent
studies. Alternative dimensionless analysis should be made for the allometry

of photosynthetic processes in the ocean.

Key Words : cell volume, dimentionless analysis, light adaptation index,

photosynthetic parameter
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