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E 683 nm {15F) ® LM EMEE Luc,,. EREEE. KOWMBRE keap (m™), BREE

WERICBT 2EABLINEKPOEWEORNEE a,(m™) 25,
Ff = 4n o (kpar + ap)e Lucy, (1)

L7113 (Kiefer et al.,, 1989) , 2faimb, Zona7Jq)baChlanfmEoing.
(2)

Chla =Ff / (¢f e a,y* o E°up)

KICHRMHRE Ff 15 —KREFEEE Fc(nmolC/m?/s) &3k 2121k, KEHKDOET I
REEHDETFWNED (G /00) % Eoppy DB EL TERLIZROERAXZAWN 2

(Chamberlin et al., 1990) .
(3)

(kcf+PAR) o)
ZZT. (0C /0D BRHEXDBETFREENEGROBFNEDLOBEKE. ki ld(9c/¢f)

N/ pax D 25D 1 EBDEEDE G\ TH D, K3 DOLEDLIE, —REERE Fc L H

REEFIOHITHELWOT, —REEHEETRANSFLND,

c k,
)
OF jax kgt Epar

3. Hik
1998 EDEET N —LMITBENFROERTHELRAKITOWTUTOMEZT

(4)

3-1. rZ7oog7JgJ)a
55k 200ml 2 Whatman GF/F 74 )& — (O 25mm) TKE 250mmHeg LA T T

BLE%, 100N N-SAFIIEIAT IR 6ml 2 2B EET-80°C LLTFTHREL =
(Suzuki & Ishimaru 1990) ., #iEM s @ cEickvroo 7 ) algEZREL .

3-2. KEMOKBKEE

NBHROKBKEEE NaH“CO, DM VRAHNSHEEL 1z, 600W ONTT > T2 T

BRI E L 0~2500uE/m/s DWHAT 21 BRONBCHE LT+ o o5 ko
(Lewis and Smith, 1983) T 30 HRIEEEFT V. 185 s A BHE % 6 & B 5

WCHTIHH T, AbENVAE., B ERKZERD L (Platt et al. 1980) .
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3-3. WEHMT I MNOXEINFEE

W TS M ORBRRART M) a, (M) (m™/nm)id. F)8— )7 5 2%
I &> Tk (Kishino et al.,1985) . M 7S5 > 27 b > EF NI D EB
BLFIKKDWMIL 208K EEEHBR T P Y AICE DR EETHEEL = (Tassan
& Ferrari 1995) . # 7K 500~2000ml # 25mmGF/F7 4 V¥ — Fic BB &£
U, HMEBRAICEBBKRKTHS Uiz 26mmGF/F7 4 0V — 2B X, 28BN TO
WMAZARZ b ODfE,MZBE L. KWTRHRB 740V F —% 20% K@=
THRUTLATIEBEEZITY, SBAUACAKOBREZT ET4IVY —%
WT., EYLUADBERLF ORI AT ML ODfMZ B EL =,

ERLCEBR FRABEINTZTREBEORNNERIBBREORNEERL S,
WHIWsBHMRNEI S, £ I T. Cleveland& Weidemann (1993) D % # % %
AT, B ELOW®AZAXT M)V ODE, (M), ODfg(M)Z . TN ETNBHWBIREICS
25| AXRYT ) ODsus,(A). ODsusq(MIZZEH L /=,

ODsus,(A) = 0.378X ODf,(A) +0.523 X OD2f, (1) (5)
ODsusy(A) = 0.378X ODfy(1) +0.523X OD2f (1) (6)

WHARZ MVIE, FAMAKOEZEBEARAMGHKOKICEHRL., BEBE VEEBHE
MSZRAWT, BB KPP TOMPHREART MVICEBRL .

a,(A) = 2.3X ODsus,(A) XS /V (7)
aq(L) = 2.3 X ODsusu(A) XS /V (8)

WMT S b EDZWMBBEHARYT ML a,(MDiE. 2B BT ok I (%K
ARG M IVa,M SEMUNDOBBR FICE2BNBEERART ML EBL &
XUk, '

a,n(A) =a,(A) V as(d) (9)

HEMRADREHEE (KE 400~700nm) TOWEW TS > b > XK IR K
apn(mDE, BEKEOXBREDIHUH AR NV S EAMFTEHL THEIE.

700
N - d
aph =‘Loo {aph(A) - PAR(p) } d2 (10)
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XLl MW TSy PR BRBIBEIEA NS PV oa, ), BRIREK a,
Zyuu 7 4 VIEE Chlamg/m> )TE A LICLkoT, 70074 NVaBizh Dl
W AR A ~< 2 bV oa*, (M)(m¥mgChla/nm). BN B a*,, (m*/mgChla)® £ 1L T 1
B, AKho¥BEEIF., KoKk s Et (Biospherical, PRR600) KK V. &
HEOTFTmMEWESE LM XEE (412, 443, 490, 510, 555, 665nm) Kk &
E® (400~700nm) KB 2HMMEET> 2.

4. REREBE
4. 1 W77y brrnoTi4)va

yon 74 a%iz00Em TSy b ORERAEEK a*,, & HHF 0.005
~0.06m?/mgChla ¢ K EL<ZEH L (FigD. 2 AN S 4 A LBITHIT THE
MTS I R OEMBENE N EHICIE, 0.006~0.0106m*/mgChla & fft
OBMIZHENEBEMEVEHE TEZHL. Z0M. a* , IREL TWi. a,*&
ChlalgEick U TELL L.

a*,, = 0.0159X Chla®*7 (n =200, r*=0.63) (1)

COEBHIE. 00T ) alBEABVWER TREESEELEIENS. W
DWB N rF—UNENBEN LD OTHD., BW TS5V b HEMARDOED
CHELERNABROELEZETH N EEALONS, T.5mBTRAKICUTO
% 21E 5 hie (Fig.2)

a*,, = 0.0193X Chla™®*° (n=260, r*=0.79) (12)

SO LI /7007 )b alBENEW (2meg/mP U F) BH T, X34
WO (kppptra)d—EEHRT ZENTE B2 (Kieferetal. 1989) . T )b — A
HoKkBBETE 7007 4)aBEER<L0~10mg/m* D@ TEHL. TN
CREW Kppps 2, EDREL AR LIZZY, —EEEZLETEDLILEBRELR
EOBERERD, BRHMMP. WHEK kppeta, &7 007 1)) alREORMRF
ER-. MEOMICE—XkOBENHD (Fig. 3)

K par + a,= 0.59+ 0.011e Chla (13)

BAREHEKARYZ FLIZ683nmicE—2rNdb2kd, BRELART NIVTES
HUTEBHENEa, k. HEGBINMIEBT 2 2RINIMFEE ae WEERFL S,
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N, \BK, BBKNF (MW TS5 N +F NI A45 ), BRAYHEIZK DK
W(EN TN Aggs.w » Aessp > g3 ) DHTH B, WRKDEI aggs,, &L T 0.46
(Smithet al. 1981) . HEMWHEIZT X 5 W I aggs , 1E K O TN aggs o I Eb X T 3E
WIANEIWELTERLZ (Kishinoetal. 1984) ., MBI T O B I aggs , 1E .
ANR=—NITFSAETRODELBBER FORI a,(683)F A Wiz, Bl L2 5 KA
BEohs., cnhs o074 )azRkdiz,

4me Lucy, (0.59 + 0.011Chla) - 0.0193 ¢f o E°pa o Chla’5° =0 (14)

CITHADOB TR PIEMNEBMORBFICLDHF 72 0.028 2 Wk (Fig.4),

soO07 4 ) alREOCEMESEL, X 1405 BFHETHEEOMITIEE WAEMMN
RO, BRANAKCID2ETORENERLARXNICH 3 &z (Fig.
5)

4-2. BREXCIZ2EBEEREOREDD

KIT, BRENNESFZRE LI TSMBEOEBEERE FcaRkdk, X4 ITBNT,
INETOMRTRETHD/NSWIESTITbNLz®(¢c/¢fimax. kef ZEE &L Tk
S AFFRICBN TIRER L2 AR -JEHRIC BT 2 RAN GHEE Pmax 2 8EE 72
FrE1Z 8 %2R L7z DT, Pmax 2% 8.0mgC/mgChla/h Bt (MK 1) &LUTF (MM 2) i
DV TR ZETo 7= (Fig.6) « (¢c/0f)& Epar PRGNS, E(dc/¢f)max. kcf
WENENHE 1 TIE 5.98molC/Eabs., 326pE/m?/s. #if 2 TiX 2.14molC/Eabs,
187RE/m?/s ERE L T2 HEREHEOE WM L IZB VW THEWEFINED (¢c/¢f)max
NESNZ, CORRZDEICRN4DOBLEBREEREOEAE L BRBAICLZHEE
fEzEFLZEZS, MMEbEABEHEESEOMICEBRMEEANESNE (Fig.7) .
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LTHRONTWEN T 520 b2 RINRE, Cak - #t0BRFNEEZ 7007 4 )b
a BB sWIENARERICKFET 20 E L EcED, RRWHEENESNEZ, 20
ERBRERTOREOBERICE 2> T, BRSNS U/ EYE - RENTA -5 DA
BRREBICD AT DT ARARANBEATH D LERL TN S,

4-3. KHBEEEREEEORMELY
BIEITId, BEBDOEBAEENZ RO 2D, BREWIILELDIXREA»S TR T TOK
MEEETH L, KEZICBITAIREERE PORARD LI IZEENS .

P(2) :Joof(PAR(z,t))dth(z,t)dt as)
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Z I C. B 2. BB tICB A2 007 40 a i Chla (mgm®), PAR(zDIE, K
B oo BB 1S B A AR (tmol m® s, D XE M (9TH D, B 1 13,
PAR(zOIC T LKA BRIBH PPz)% 5 2 2T, 3-2 BiTRAEAM-JEHRE A7z,

ZEY OVEE O BE BAR ST PAR(FOIZIEE B HE 25, KPDXKEE 255
PR RN S N VELRREEIC X DB b b A T &L PAR OMEURHIE | BRT—ET
HHTERELTPEHE. B@IZEIEETHE /L7007 4V a B Chla EREZ AWV,
—HNT—EL L7,

B2 £ 1d. O~1m E7KE Im DFERE. 75m BRI 76m Otz AV, 1~756m i
BBDO/NT A —5 2 SHHHSE, 2 LTHEEICB 2 HEBERERELEL 10 7B &
WCEHE L, Th e BEL CKEOHHMEEEZ KD,

BB OEE TB7: 75mO A MERAEER (P, (7.5m) 27 00 74 VETHLZK
HAEEME (P, (water-column)) & BWAHRZRL,

P ,..(water-column) = Py g, yp(7.5m) X 14.7 (n=20, r=0.87) (16)

WO HEN S, > 7-BEE LT, RBEETHS 75mA 7V — o LB CICAEL
TW7OThY) KIEEEENE=F —L LTHRHELP AN THLI L ERL TS,

OGS 18 % Fig.7 WA LT BB A EREO BELEIEE L (Fig.8) o
oo, KAEEOMmEE 8kmX 2km, KIEH7D DERAEEIBRT—HTH D ELEL
T. KIEEL KO FMEREELHEEL - (Table 1) » KEFEEBEFBENT—ETH 2
ORI, KEBBRAO 3 EIcBwTzan 74V a FOEHFEBL, ELICBT A
s OO T4 NENBEROEHHRETHL L V) INETOMRBICHS, B 50 H
TEEMEIT 47~359tC/day TH Y e %iT-71 A 29825 4 8 27 B £ TOREHL,
1703tC Tdh o 72,

AR ISR ICB W TR EBAEENZ 1BUNOKMS B TRED o725 &
LTRADLDTH 2, W77 by RRIRBEOHETHS »i k) ic, HEEAR
DB O VTEUER? 522 Lo TEBEENORME=S —DPURTH S, it
5T, ERERENFMFHEORTILEBIHICBI L HENENT A =5 DT = X=AD
BRICEETALEEL D, AFFRICLY  EBABEIRBERCRBEL L2 ORISR
7mDT, MEZIZLLIEBEEDHBEOMITHRORETDH %,
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Fig. 1. Relationship between chlorophyll a and phytoplankton light absorption aph' in the euphotic zone.
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Fig. 2. Relationship between chlorophyll a and phytoplankton light absorption aph‘ at 7.5-m depth.
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Fig. 4. Relationship between natural
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indicatequantum yield of in vivo fluorescence.
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Fig. 3. Relationship between chlorophyll a and
extinction coefficient of PAR (kppR) plus light

absorption of sea water (ap.).
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Fig. 5. Relationship between chlorophyll a
and that estimated from natural fluorescence.
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Fig. 6. Relationship between PAR (E°p o R) and ratio of quantum yield of photosynthesis to that of fluorescence
(fc/ff).

The plot was made separately for active period (>8.0mgC/mgChla/h) (periodl; left) from less active
(8.0mgC/mgChla/h) (period2; right) period. PAR which gives half value of the ratio is depicted as k¢
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Fig. 7. Relationship between direct estimates of primary production and that derived from natural

fluorescence at 7.5-m depth (periodl, left; period2, right).
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Fig. 8. Temporal variation in integrated primary production in the central
part of Otsuchi Bay.

Table 1. Phytoplankton primaty production in Otsuchi Bay. Primary production of a
seaweed Undaria pinnatifida is also given.

Period Phytoplankton U. pinnatifida

(1998) (tCd™h (tCd™h
1/23-1/29 4.7 0.19
1/29-2/4 6.9 0.29
2/4-2/12 7.7 0.28
2/12-2/17 10.0 0.49
2/17-3/3 14.0 0.55
3/3-3/10 20.0 0.93
3/10-3/24 28.3 1.03
3/24-3/31 35.9 0.45
3/31-4/7 27.4 0.44
4/7-4/14 15.1 _ 0.18
4/14-4/21 13.7 0.20
4/21-4/28 18.7 0.08
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Evaluations of Primary productivity and Carrying Capacity in the Coastal Waters

Ken Furuya®, Michio Kishi®, Hirotaka Otobe® and Teruhisa Komatsu®

1) Graduate School of Agricultural and Life Sciences, University of Tokyo
2) Faculty of Fisheries, Hokkaido University
3) Ocean Research Institute, University of Tokyo

Summary

As a part of a research program on sustainable exploitation of biological productivity in
coastal waters, primary productivity of phytoplankton populations was investigated in Otsuchi
Bay, ariain the Pacific coast of the northern Honshu, Japan during a spring bloom period from
mid January to late April 1998. A fluorometer for natural fluorescence was moored ata 7.5-m
depth in the central part of the bay. The ria was characterized by an intense exchange of sea
waters between inside and outside the bay: outflow of near-surface water over inflow of oceanic
water at depth. This circulation controlled the formation of diatom blooms, and consequently
primary production as monitored by natural fluorescence. Natural fluorescence was bio-
optically converted to primary production. The conversion using fixed number for the
phytoplankton light absorption coefficient yielded poor estimates of primary production.
However, the conversion using a function in which the coefficient was expressed as a function of
chlorophyll @ provided good estimates which showed significant correlation with direct estimates.
The function indicated phytoplankton absorption varied depending on chlorophyll a
concentration. This was considered as manifestation of the “package effect” of diatoms which
predominated during the bloom. Primary production derived from natural fluorescence showed
a significant correlation with the integrated primary production as estimated by the chlorophyll
method, allowing a evaluation of the integrated production from natural fluorescence measured at
the 7.5-m depth. Primary production of the bay during the observation period was estimated to
be 1703 tC.
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