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Seasonal Variation of Primary Productivity in Shitaba Bay of Uwa Sea, Japan

Azumi YAMasHITA'T, Kazuo ISexi?, Kenji TARUTANT and Yoshitsugu Koizumi!

Primary productivity in the Shitaba Bay of Uwa Sea was measured by the in situ '*C tracer method one to three times a
month for three years from February 2002 to January 2005, together with the hydrographic observation and chlorophyll
a and nutrients analysis. The depth-integrated primary productivity ranged from 0.11 gCm 2day™! to 1.83 gCm >
day™! during the observation, and the annual primary productivity was estimated to be about 193 gCm™?year™!. The
productivity was highest in summer (0.82 gCm™2day™") throughout the year, followed by that of autumn (0.68 gCm™>
day™), spring (0.44 gCm 2day '), and was lowest in winter (0.18 gCm™>day™"). There was a correlation (»=0.77,
p<0.01) between the primary productivity and depth-integrated chlorophyll a (mgm~?) throughout the year, and high
correlation (r=0.96, p<<0.01) was found in autumn but no correlation was found in summer. The chlorophyll a specific
productivity generally tend to increase with the surface irradiance, but in summer the chlorophyll a specific productiv-
ity was considerably variable, probably due to the different nutrient availability. High chlorophyll a specific productivity
may be linked to the intrusion of bottom water, which may play an important role in supporting the biological produc-
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tivity of Shitaba Bay.
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(WAHED, 2005) ZHEIZXD , NOFEDOBEIAK 5T
Eb00, SRBEEDEHIFIZIIE > Tk, HEGE
WL, ORISR SN G B D | AR
IAHEST BT 5 v 2 b v AR e LRI % 2 &

5, 7aAYH A OEEEREIIGZEE 25877 o b
VEIZHASEIEREEENEETH D (PIR - %,
2001), BEAREIZ T TV H 4 O FE T REGYEL E DR
BRI E 5 (DFHEA, 2008). LA T, R
JEDEIEIZ K A2 R HONWIRII A T, fPRBREEDZ L g
U< GEALA T 3V 5 A OFMAEEDKKIZ DA 5T
WS ATRENE S A T X A,

FHF BT AT 5 v o b VB ROEEERIZ O
WL, EEAPOICRET 2 2IIC K-> T, ARFETH
W77 v by BMKEEDOUHAKNRAL, W T o b
VOBGFEMEF S5 E, —h CRMIRICIZERAKEN
RO BEMFEHAIR O R 2> 5 RO B S IREAK 2 A
L, W7oy s by, FRoHEEORM ks 5 2 &
BEMHS2IZERTWS (Il - 4T, 1992; Takeoka et
al., 2000; /N, 2002). F77, 2N ko TEME S E5
U, KRE L THEROEAFNET 3 &, HEHEOKIR
HIHIEOREEIE L, TOZ ENHFEIZK B T —L05]
Lo TV AL HER I TS (MR, 2002).
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50z, #AKIESD (2005) &, FREEOZIETH 5 ILHRE
2B 5 2007 4 L aiREOEHEHZONT, 11 H
LARZTCIRIRIBIE CH 720, sA» 5 10 A % Tidtaxt
MICEIRET, I LIS AEEZ 528 2nd b
12, Ry 2 2ZEFLEHNT, ZOEEFERIZOW TR
L, Shigh & ORESEOME NENON 75~ 2 + VB
GFEOEPIZAKELSFHELTVB I LEEHLTWS, Z
DL, TR BT W77 v o+ v BERDOZE)

BRSOV, HIRABERI NSO H 55, KR TIE,

INE TSI T Z v o b v O EESRE 2% U 7= 50
3L, FEHAE L EDORANLMA LR/ SN THHE,
W75 v o b voOBART, BEPIA - BSO8R
WREEHT 5V 2 b VHFIZ K B RIEL - RSO
DR EDING V2K >THREIND Z 05, LR
JEDOEHRZOXREERK #HE 22T 5T Lk, KT
Vo bV BUFROZE IR 2 A RIL X ¢ 5728
ZTEL, TAYHAEDERRIEEREIC D 5 HEI~D
SR O MG R = 3L F — 7 1 — &2 EIIZEHE§ 5 7291
EMEANRTH 5.

Z 2T, KT, FAMBOZBOOLEDTH S Tk
BIZBWT, 37 FITb7z0, JEREERERE OWIE & 170,

132°E 133°E

ZOEMEBORMENIEST 2 & & 312, ZOEIMIHT
BERIEENOEEIZOWTHGE L 72,

MEEFE

T IEIE TR O BRI A E S B TR 3 km?, K
40m (REB6Om) OWNETH S (Fig. 1). [EBIZIK, —
AL EOWIINETRA L Tungs, SNl Uz
ET AV HA OFEMAEAI TR TS, AifEICEH T
5 R S O W I BC-BIG M P (Hama et al., 1983)
I2&D, BOE (Fig. 1) OKE23miis (Stn A) 2BV
T, 20024F-2 A2 5 200541 HOR, HiZ 1-3 RO EHIAH
BETHIEL 7= (7277 L 20024F 8 Hid /M) . FmmAKiz N
TURRKT, KBS, 10, 15mBOWHEAKIE Y F UK
AHWTERIL , KMOBMT 5 2+ v #BORL 729,
HH 200 um D F v b T, WA S00mID AR H —
A3 A PEOMIZ AN, ZTHIZNaH">CO, 15T % MR
FRIRIE DR 10% &85 KD 1I2MA, &EAKBIZHTL, 1IE
FEPE S oG L, BER, KilkEs560200
450°C T 4 FFEIZLEE U 72 1% 25 mm D Whatman GF/F JEK
TUOE L, 530 £ T —30°C THAEIRGE L 22, A AFELRINIC,
JEAKIE 60°C T 48 REAIFZMETS , e R IRE S #rat (Bu-
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Figure 1. Sampling station (Stn A) in Shitaba Bay, Uwa Sea. Dotted lines with numbers show bathymetrical con-

tours.
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ropean Scientific, ANCA-SL) THERERFIRE 5 XU 1C
atom% #WE L7z, Kk, BRBIEpHE 7L A7) EN»D

HeE U 7= (Parsons et al., 1984). ¥ & &8 C B
M, e FREOZAIE, FhE R K PE T 28 T K PE lF 258
ty 2 -0k FIC#&E L 72t ®ETFE (Onset, HOBO
Weather Station Logger) CTHLfiillE L7z, A HILwEAE
BERE (eCm2day™!) &, LALOFETHONLKHT
& DS PEME 2 ARMREL L, 2 O H RN DR
FOtRTF RIS 2 EBRBNOBEL R RO AR L

TEM L, 7270, BHOARHIZEDETFT— 228K
MU T BBz OWTIE, i 2 » F0 4% H O F-H1iE
AL .

Chl aiZ, ##7K 500 m/ % [E 1 47 mm 0> Whatman GF/F T
W%, YV AFILKILLT IF (N,N-Dimethylformamid) V&
W T %47\ (Suzuki and Ishimaru, 1990) , H2¥¢3%CHl
L7z, P O B K OHEASERYE (NO;-N+NO,N;
DIF, No, &adih) , WAfrielem ) » (DIP), WAE/FRET A
* (DSi) &, Strickland and Parsons (1972) DJFEIZHEL |
S E ) AT EE (Bran+ Luebbe, TRAACS800 SYSTEM)

THM L, AR, 2y, vaa 7 4 LDk KUK
ErREOFEBME A ) —XCTD (7L v o7& T8
ACL-1151DK) % W CHEfEA I RF O i T 24T - 72,
7 BABIRETHR—xX—Y FOART—4 (5
ElfgT) AU 72,

X 50z, HEEEEPERIERRIZIE 0m R D HEK A3 Y Bk
%, Sedgwick-Rafteral {2 7 4 F &=\ T, 55 17zilKk
Im/H DK T 7 v o v AR T CRE, dHiL
7o, ks, THEETIE, HBRT2HMT7 2 b rD%<
PSEEERE, WS, UNITEE (BEAREDHEE &
B3, MAXT5y 288, 20 7 EERE) ©
BB LD, AR TEINSDBEBOAENZ L L
7=,

B 2

Kig, 189, RERREODEHLE

Ailiid, &k T14.6-28.5°C (F#420.7°C), 15mE T 14.6-
26.5°C (F¥920.1°C) OFPHCTEH L, £KEBL 15mBETO
KBTI ATICUTTH - 7. KiRid1-3 HiZ 15°C LA
TOREAKBABH SN 72%, 4 HICAS L 16°Ccl LIz L
FU, 89 HIZ” i T25-29°C D it & n ¢ EHiEH) &
/AL 7= (Fig. 2a).

Wik, £ T324-347 (F¥34.1), 15mkgT33.6-
MJ($@M&)@%.Tﬁ%b,mmﬁ9ﬁzﬂ,mm
F6H20H, 20049 A2 HAEM %, mEiEmiE2-3 A1
IR E S HICEI Eh, £AFICEL (343-347), &

IR (32.4-343) 12 -7 (Fig. 2b). 3EDEEE
SR T, %l¥ 3 Ko IckRERBZICBIX -,
F7-, KIZIZARL T WA, BEEOEMiN» 5, 5H
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Figure 2. 3-year time series of water temperature (a) and salin-
ity (b) at Stn A in Shitaba Bay. Precipitation (c) observed at
Uwajima weather station and surface irradiance (d) measured
on the roof of Center for Marine Studies, Ehime Prefectural
Research Institute for Agriculture, Forestry and Fisheries
were also shown. Value of 0 m (solid circles) and 15 m (open
circles) are shown. Dotted lines show the periods which no
data was obtained due to no observation or the trouble of the
quantum sensor. Shaded areas indicate the periods which bot-

tom intrusion occur repeatedly (from May to September).
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259 IS THERTER S 4, 10 A4 5 4 TIZERER
AL Tz,

HEEARIE, 24.5-588.5mm (P-4 142mm) O FEPH THE
BU, MR SROMELZ 5 EFICHNL, 4%
KT 2fEA %R L7z (Fig. 2¢). BRI, REkgk
132004 FD 8 (588.5mm) IZBUMlE N Tn3H, Zh
FRBIZ & % 8 H 30 HED KEFERNOMEN K E <, R
&L TC20044F-9 H 2 HICKREIE 5 ORE KT &7z,
F 72, 200346 H 26 HO WA IE /MK TIE, MWNIZX 26
H9HLREORGR 2 ERNOFELE L 6N S, [HkIC
2002F9 H2 HOME MK T &, BMlHE (8 730, 31H)
DOKREFEROMELEZEZ 5N 5. 20024 OFHFE AR
1049mm Tdh O, 1922 4 LI FHIS M 2 35 0 5 Bl
HROMTIE, 19944 (1041 mm) 12X SAROETH -
7o 5, 2004404 EIFE K &1 2305 mm T, 1943 4
(2598 mm) , 19544F (2543 mm), 19934 (2577mm) (2R
WTAFHIZZEMOETH - 7=,

HRESCRE T RIE, 8.2-624molm™2 (F#37.1 molm™2)
OHFIPATHER L, BIHIHOXRRIZ LD K& EHEZT S
LEDD, WMAEED6-8 HIZRKAE, 4D 12-1 Az
L 75 2 FHIZF 2/ L7 (Fig 2d).

NO,WREI1Z, £, KHE15mRE L & IIZIERMO %
BAERL, HAOWFELK TR 72 KERENZO
200346 H26 H, 2004%-9 H2 HOXRE %R, &£F0
AT (5.0-6.5uM) (E11-12 A2, ®AME (0.2-0.4 uM)
F7-8 HICEMli sz, 4 9HDNOIREIX 1 uM % Flnl 5
ZEN%hr 57 (Fig 3a).

FhEB LV 15m B2k ) 5 DIPIEEIZ, B HERAE L
T (ND: <0.04uM) 5 0.63uM (CE#0.31uM) O HilH
THERE L, 2 L <K T L 72200449 H ORG24 <
&L AT A, ByMEide-9 HicEMl -, R
2004 FFDOEBFZ KRR TOIuMEL FIZE T L, 7H
15 HIZIZ &g ThHYEIREEIZ & > 7= (Fig. 3b).

AR IZ DSIYRE X, 08-172uMOFHTEH L, EF
1 uMFEE £ TWA T 5745 E, NO, R DIP & FHPIL /2%
BSx — &R U7z, 200346 F & 200449 HiZid, oy
K TFRHICREO DSIRE D L@ AR L, FEROEEE
RERL 728K EEZ 515 (Fig 3c).

W7 >>0 > (Chla) OBREELEEREDELHE
)

Chl a2, UANS3AFT, $hEHAMICIFLEAL
Imgm LU T DIEIE MDA 2R L7 (Fig. 4a). K
2320°CLL FIZ ER L, RIE»RETS6A2 56801,
20044FD 7 H &BRE | RKIEIZEWKE T Chl a R A E <
I BEAENZ D 572, KEO-15mDEE Chl o (LT, Chl
aBiff R & 70l) 1%6.2-56.1mgm 2O FHTEE L, 3,
FEOEHEIE, ZhZFh13.6mgm™2 (20024), 20.8
mgm 2 (20034F) B LV 21.4mgm 2 (2004%) TH - 7=
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Figure 3. 3-year time series of NO, (a), DIP (b) and DSi (c) at
Stn A in Shitaba Bay from February 2002 to January 2005.

(Fig. 5a ). Chl aBifFEIZ, WTFhOFE L RENEK S h
55A&D FRL, SHEZE — 27 IZ8iERAVINO 10 H %
T20 mgm 2Ll EOMETHERE L 72, 72, 5-10 HOFI5ME
X, 114AD 265 I2HY L7z (Table 1). ZB)#MH &
5-1I0HD A 11-4 AN TARE L (F421%), FicE
T BT A HFE T, H1 72132003 FFO i AME (6 H 26

H, 45.8mgm™2) &&/Mi 8H6H, 7.7mgm™2) ORI
RefsDENHD 5N’z (Fig. 5a).

FEWEAPERIE &, Chl aR)E & RIS, 11 H A 5 B4 3
HE CIEShEARICIEE AE SmgCm 3 h 'L FTIEIE—
ThHo>7=0Ik L, 4 HURE, REHE TR %516
M %78 L7 (Fig. 4b). ZKAERERILHEA: BEHME T, 0.11-
1.83gCm *day 'O HIPHTEB L (3HEM D FIME I3 0.53
gCm 2day™") , HHITH1F B AEMBERMIE, ThZh168
gCm 2year ' (20024F), 212gCm *year ' (20034) # &
U'226gCm 2day ™! (20044F) TadH O (Fig. 5b), 34EMD
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Figure 4. 3-year time series of chlorophyll a, primary produc-
tivity and chlorophyll a specific productivity at Stn A in
Shitaba Bay from February 2002 to January 2005.

Table 1. Mean values of depth integrated Chl @, primary pro-
ductivity and Chl a specific productivity.

Chl a specific

Primary ..
Month (mcghliﬁz) produczztivity1 ( HI; ;(()jd;:léllga’l
(gCm™"day™) day ™)

Jan (n=3) 10.6*x24 0.17%£0.05 17.4+8.7
Feb (n=3) 9.2x34 0.20%0.06 23.5+10.2
Mar (n=4) 12.1%x45 0.22%0.11 19.7x11.1
Apr (n=4) 13.0x7.2 0.54%+0.23 44.1%£13.0
May (n=3) 23.8%10.2 0.56%0.12 24.8%+6.3
June (n=3) 24.7x14.8 0.90*+0.83 35.7+20.8
July (n=4) 252*14.9 0.72+0.43 33.9+25.6
Aug (n=4) 31.9%12.0 0.84+0.45 29.3+16.8
Sep (n=5) 25.0£13.9 0.95%+0.50 39.4+13.8
Oct (n=3) 27.2%259 0.91%+0.75 37.8%7.1
Nov (n=3) 8.9*1.6 0.18%+0.07 20.1x5.7
Dec (n=4) 8.1=*1.6 0.17%+0.04 21.6%x8.8
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Figure 5. 3-year time series of depth-integrated chlorophyll a
(a), primary productivity (b) and chlorophyll a specific pro-
ductivity (c) at Stn A in Shitaba Bay from February 2002 to
January 2005. Shaded areas indicate the periods which bot-
tom intrusions occur repeatedly (from May to September).

45 HONEIZAK T U, 11-3 I3l THERE L 72 (Table 1)
F7z, 410 H O SEREA PEME O A B HiPH (0.23-1.83
gCm2day™!) BXOTFIME (0.77gCm 2day™!) 1%, 11-3
HOfE (0.11-0.37gCm 2day !, 0.19gCm2day™') D Zh
Thofsl L4 ThH - 72,

Chl a it & 7= ) OFEFEEpEREE 1L, FIFE A28 L TRBEIC
WEOKEETEWVMEANZ S > 72 (Fig. 4c). Chl aBiAFiE & 5
A RE R B D KA R RAE 2 JE ISR L2 Chl a B H 72D D
FEEE PE R E 1X | 9.7-70.5 mgC mgChla " day ™' D HiJH T4
L GEROFEHME : 28.9mgCmgChl a™'day™"), &
R, 22 435.1 mgCmgChl ' day ™" (2002 4F) ,
26.8mgCmgChl ¢ 'day™' (20034) 5 & UF28.9mgC mgChl
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a 'day ! (2004%F) Td -7 (Figsc). FEHiMICH % &
4-10 A2 < CF35.0mgC mgChl o' day™"), 11-3 A
&< (F#20.5mgCmgChl ¢ 'day "), MBI T 171502
& >7z (Table1).
TREICHTZENTZ> T MK
FEREE pE A IS d O B FEEEMH, HEE S OO I e i
1%, 275cellsm/™' (0-1439cellsm/™!) , 322 cells m/' (16—
1261 cellsm/™") THO, K77 v o b VEEICH® 5
O, WSO B #IL46.1% & 53.9% Th 5 7.
FEVESH D P T Chaetoceros Jg& D - RLRE HE 23 50.0% & i
& E <, Leptocylindrus i 18.0%, Pseudo-nitzschia g 12.5%,
Skeletonema @ 11.7% CTd >7=. —JF, %@%Eﬁiﬁ@ I3
/NEEESHD PR A3 91.0% L IERIMICE <, ilES
FRHD YRR L 8.9% LKA 5 728 DD, Karenia miki-
motoi, Cochlodinium polykrikoides, Prorocentrum dentatum %3
WL 7=BR1213, 2 ORLKEEAY 79.0%, 48.8%, 35.4% % T I
B/,

z =

EREEREOFHEEH & iR & DL

FWEIZ BT B A OIS RS (0.53gCm™?
day™') 13, EEFE(L N A PSR O 8 & i 2

(Stockner et al., 1979) R HE (Mouw and Yoder, 2005), 7
5V ZADT L A ME (Beucher et al., 2004) 7 £ % < O
THRBROEZ MO T W5,

—J5, HMERAKOMEEZ T S, HlAE, HEBO

e, HE Q4R) oz, EF (6-8H) DXt pE
WA D 35% & o T B (I - R, 2004) .
F 7o, BB TIE, BEREA PR )T £30.18-4.09 gCm 2 day !
DFPHIZH O, YIS AMEERL TS (L - 1L,
2mm.:@iﬁc,ﬁétéﬁﬁiﬁﬁﬁﬁjﬁﬁéz

EAZ, IR AT E 3 B NI I B LA pE S D
BEAEICHET AR TH D LRI N5,

7, MIREICR T MRS, FYT s L EE
(6-8H) OEMIME (0.82gCm 2day™ ") EFFE (9-11 H)
DM (0.68gCm2day™") IZIUEIT 2IZEEHNE DD
(Table 1), MM HZ# L k& v (Fig. 5). 2Fbh, EF
O IEREEPE I 3 EH IS EVEAHE S h Thwa 0TIk
K, BEHAKENI L /MO LTETLNS.
Chla, ¥, KBEEBEERE EORE
FEREE BT & Chl o BIF R EOBRE Y 7V Y OMBE %
FWTIRNT$ 5 &, lEICI3H E 2B R 8D & h -
(Fig. 6; r=0.77, n=43, p<0.01). RHROREKRIE, N
i (Tadaetal, 1998) R > F¥ (Hamaetal, 1997; 1

SR (Bl A, KRE, A,

W EEOFE L ZIEEE) Too7k

SO 0.2-0.415%)
A, O RS I EIERE CHEPH (FZ T,
W N Ot i, RO 1.4-1.7165%,

FAEED 07515,
B & CHEFE N
(Table 2).

LA PE S OB EICIDOWT RS &, RIS pE
BICHO3EE (6-8H) ODHEIAEN39% EEL, *E

(9-11 1 ;

—DO L LTETFLNS.

32%) EIZIZFMEOME R L 72 T & AR
IS, I DA O

W, BRI T T Vo by OWE LTI — &5 ERH
SN, EICHBEERED FAPR NS, AL,
FETIx, LB EOEFE (Taguchi et al., 1977), A

(Maita and Odate, 1988) 7 & » Z

D UAIT | JEK Y R

1E4, 1998) HETE

AHHENTHSE, LrLans, §f
Mz 2 L&, WEOBIZE OB AED & h 703k E
(9-11 H) ®AT (r=0.96, n=11, p<0.01) , FRZEFIZD
WTIREH A AE L, FREOCH oBIFR TS, HEiEAE

PERFE I 56 (R DER SR 5 N7z,

FEWEA PRI (T

Fig. TOEFIZH 5 N7z

FeeKi

, ME DM

Table 2. Comparison of the daily primary productivity (gC m~>day ') in various waters of Japan.

Area Mean Max Min Reference
Shitaba Bay 0.53 1.83 0.11 Present study
Tosa Bay 0.73 1.39 0.27 Ichikawa and Hirota (2004)
Ise Bay 1.36 4.49 0.29 Saijo et al. (1978)
Mikawa Bay 1.45 2.72 0.50 Saijo et al. (1978)
Seto Inland Sea
All area 0.60 0.97 0.29 Tada et al. (1998)
Osaka Bay 2.66 14.95 0.16 Yamaguchi and Imai (1996)
Bingo-nada 0.33 1.21 0.03 Endo (1970)
Suo-nada 0.38 0.54 0.22 Yamaguchi and Anraku (1984)
Dokai Bay 0.78 345 0.03 Tada et al. (2001)
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Figure 6. Relationship between chlorophyll @ standing stock
and depth integrated productivity. Values of winter (Decem-
ber to February), spring (March to May), summer (June to
August), and autumn (September to November) are shown in
different symbols. The solid line indicates the regression line
for all seasonal data throughout the observations. H1 and H2
indicates the value of high chlorophyll a specific productivity
though NO, was low concentration in Fig. 9.
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Figure 7. Relationship between surface irradiance and chloro-
phyll a specific productivity. Values of winter (December to
February), spring (March to May), summer (June to August),
and autumn (September to November) are shown in different
symbols. Symbols of solid square denote the low values in
summer which are far from the regression line. The solid line
indicates the regression line except for these low values in
summer. H1 and H2 indicates the value of high chlorophyll a
specific productivity though NO, was low concentration in
Fig. 9.
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Figure 8. Relationship between water temperature and chloro-
phyll a specific productivity. Values of winter (December to
February), spring (March to May), summer (June to August),
and autumn (September to November) are shown in different
symbols. Solid line indicates the regression line except for
low values in summer as shown in Fig. 7.

BRI B W TS S Tw % (Eppley et al., 1985; Hama
etal., 1997; Tada etal., 2001). —F, EZEIZR S h/z—D
OSBRI DWW CiE, WIh g HEFOLE &
@l enrs, —H, BOLHFIC X DEABIEESKT L
t&v_%ﬁHEhé.L#L,ﬁﬁ%?@ﬁ%@%i%
A ‘/ﬁ%o)ﬁ'ﬁfﬁ'ﬁé\ﬁliﬂﬂﬁ’ﬁﬁ%Ehfb\&b\f:&)ﬁi
B’JE%*R IWEETH 22, FIXEREOAMECE TR T
T & LA R %#MEéhfwé% nd D
;a,it,mm;@th@%%i%@ﬁ@%ﬁ%ﬁ%
Wa L, RgTwbE<, KEDRIMZHES T T ¥ 216
FPRDENDEZ L hEns, BRI LT, 5
%Fﬂio)?ﬁﬁ" Fah, B LN ES o7z e /R L)
U THAS.
7J<(m DWNWT &, Fig. 7 T EERE A il g &2 R L 72
T2 &R L, kETEEDOBRIZEMHETIZ WA,
Chl a % & 7= ) D FEFEAPERIE & KK 0-15 m D1 K &
ORIz HE 2 IEOMHB D 5 Nh 7= (Fig. 8; r=0.49, n=37,
p<0.01)., Y LDOZ Ens, FIBICI T 5 IEHEA WS
F, ik & FIRR S, RIBOMEDLE RS K UKR2AS
IFERMT 2RI H 520, EFEICONWTL, kTR
RLAKEZ T TIEHHBREETH D, hOBRERERIZ X 55
BeZETIVEND S,
KERRE CEREERE & OBR
KETEL KOAKRDSNC, FEREApE & A 5 BRI EIA
ELTHEAONIDITREETH S, TIETIINY T Z
Y7 bV ORGER T ROREHFIZ L > THIIRE T %
PR EhCngn, 22T, AFETIE, WECk
W, T sy b voMEERIRT 254808 % <
(Hecky and Kilham, 1988) , H:EJHDIRIRBIMITEOTZR  (Hik
B, 2000) I2KELSBGTAERRE (NO) ICHHL,
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Figure 9. Relationship between NO, concentrations and chloro-
phyll a specific productivity in summer. Solid line indicates
the regression line except for H1 and H2.

HZ231F 5 Chl attd 7= ) OIEREE I & 43 IR R
(NO,) OBAfRIZOWTHGI L7z (Fig. 9). Chla®md 72D
O Fe A BE S E A 50mgCmgChl ¢ 'day™' % #8 2 % 25
(HI & H2) %#F< &, Chl aftd 72 0 O FEREA: P &
NO IREDORIZIZAE 5 EOHB D 617z (r=0.68,
n=9, p<0.05). L7=»->7T, REHEMIEOHED, HEFED
THEBICBEWT, RS AL T 5 158K TH
LLHfERE NS,

SO B % 20T B A I BRI A I L St e
PR & FECHR T 5 &, EPANCEBERME L, ER
WIZWARRE TR S, TREOEARARIZE 5%
B EEAMESG XN Z Lic k), HEO MR
MEREL B EEZERTWS (W - IAH, 2004) .
ZD KD B HEINC B AR & JEREAEPE S D |5
L ORI, ZEINEE (Shiomoto and Matsumura, 1992) <°#H
B GREEIE2, 1995), AUt DO o il (5
PP - VY, 1983) TEWME I T3,

FHETIEERA O 3 & W3 5 BEMR R Hk O Gk B8
SIS THA U, 2RI & MR IS H YRR G
$ %728 (Kaneda et al., 2002) , HZFET & HEMHMPHFIC
BWdsLEi1605, $%, FRETIE, KK I
PEOCEREHO M AN 5 2 & B EFOBIMICHERE &
s (MR, 2002). FUGBICEEET 2 L#ERE T
(Fig. 1), MBI 3 KEeomD Kl (TH»59H %
TOARNHME) ORELE BN BT 2 ETFEOLRE
Chl a ¥ DN IZIEF IC R OIRBR2 H 0, EREAR
MMETT2IZERECH alREIZTELS BoTVWBEIENb,
JEA O & % HFEIE O S A3 RIS O A2 PE 12 5 7 f)
EELTWBZEDREBEATNS (HAKIEA2, 2005).
7z, WBNIZEH T 5 Chl aliREDTFHAFIZDONTEDOH
K%Ky 27 ZE T & FOTRNT L Z2RSR, REROMHE
JE LT, W, SOHEmMIGRIEZ G Ta<, BA

DEIOFEERPEDEWZ ERERMIh 0w S (ki
A, 2005). U723, WIIKOBEFER ZRAD R NT
WBETIE, RADMIAERICH T 2R BEOMIGHE LT
wOEBETH 5 HEMERE.

NO, MERETH > 7212 2 2b 5T, S ChlaiEd
720 DREFEEPERE BALGk SN2 HFED 2/ DN TIE
(Fig. 9), Z OPEHZWAMEICHAT 2 Z L IXWETH 2 23,
WL OHhOHEEIRT 2 Z L I3EETH S, DT,
BUHOREMN 2B TH O, W77 v o7 b VIZk - Tilg
K OREIEOKER 7 DRI & 7z BRI 520 L 72 8T
HolMENETH L. Tabb, WARPOREFRE I
IREOIRREIZ S > 7228, W7 7 > 2 b 23l 15
BORBELARHL QO O LRI N S, FIBTE,
TEHIEEEA R E TR L TS AR &, HEER
e LTI 2R E IR Th 508, —HO#
Wig (H2) 120k, BEEE (VR Sm: 154cells-m/™") (20
ZC, MHEEESE  (FU2 Prorocentrum dentatum) i B
THAEL T2 (0m: 500cells-m/™!, 5m: 117cells-mi™").
WHEEESE, ZOMEBEEEICZK > T, TREOREE
BRI FHATEZENUEETH S UNFE, 2000). F
7o, WHEEESHO 2 10id, REIEZ T Ta L BFEOR
&R K< AH$ AL N L2 5 (Yamaguchi
and Itakura, 1999; (%4>, 2007), {KHRE OREIESRME T
BV TERAREMEIEEr - 1L SR TZ 5,

FEH

AT 410 A0 COHRBEA PE S I3 LA L, R/
HEAEERIZHD 5ETFE (68H) OEIAIE, BF (9-11
H) Pty 21 8@, 72, R peds s, fE%
WU TKEPKHETRICKDHBER ST\ 22, FHIZS)
DRZEOVEFIREHERE (NO) 8 KE<B5 LTk,
AT, HFRICEIEA DN & - THRRIOREED
G ENDE AN X LWFAETH e TPHREN, ZOZ &R
I EZB AKX NG DD, HFT E E O FEE R pE s
MERE N ERIZE>TWB EEZLENS. DX, 7
3 A A OEEREEA S £ 5 H IS E IR RS A
THZEH, YUEHETT IV I A OFEMAEEAABIZL T
XHENDO—DOTH DB LRI NS,

TWBIZ BT B0 75 o b v O HEEE & R
HHTH LN, MBERZHNICHERLZBRICH D, 26,
A D WINC K 2 FEESHO B 25 BRE U 2 F il BEEE
HoRmAHR S, HK$T2HSLE U CHiESEHORE
BERENE ZENHS2IZEINTNS (UNE, 2002).
HEHE, 7a v 740l LTHISTH2DICK LT,
BAMTH AMERHEHO PRSI B AT S
ZLEBEENTWBZ LS, 7AYHAMERIZTHEOBRL
ELTE, WBEEFARL @ HEEE FIRE U224 R
WHRFHETIIT EF LA TH S LYl ch b, L
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