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Regional Distribution of Size—fractionated Chlorophyll a Concentration
at Sea Surface Water Adjacent to Japan in May-June 2000

Shinji Hastvoto™!? and Akihiro SHIOMOTO'

Concentrations of size-fractionated (<2, 2-10 and >10 um) chlorophyll a and nutrients (nitrite+nitrate, phosphate and
silicate) were measured at the sea surface in the offshore waters around Japan in May—June 2000. According to Nagata
and Ogawa (1997), the investigated waters were divided in eight regions: Oyashio waters, Perturbed waters, Tsugaru
Current waters, Kuroshio axis waters, Coastal waters of the Kuroshio, Tsushima Current waters, Northern cold waters
of the Japan Sea and Coastal waters of the East China Sea. Total chlorophyll a concentrations in the Oyashio waters and
the Perturbed waters were more than 1.0 ptg I~' and higher than the other regions where were less than 0.5 ug 7!, The
<2 pm fraction accounted for more than 50% of the total chlorophyll a concentrations at almost stations. However, the
>10 ym fraction dominated at some stations in the Oyashio waters, the Coastal waters of the East China Sea and the
Kuroshio axis waters. The chlorophyll @ concentrations of the <2 and 2-10 um fraction positively correlated with the
nitrite +nitrate concentrations, whereas there was not a significant correlation for the >10 ym fraction. The small-sized
phytoplankton seems to be related to the availability of nitrite+nitrate, whereas the large-sized phytoplankton may be
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affected by the other factors at the sea surface in the offshore waters around Japan in late spring.

Key words: size-fractionated chlorophyll @, nutrients, Japanese waters, late spring
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RTIE3ADDRBEHRBER TEROKUBEE TEED
EHL. TS vy b vOH A4 BT, REBIRIRE (Le-
gendre and Le Févre, 1989) R#kA 4 7 £ DM E S (Boyd et
al., 1996), ¥ 5 IZHOE TIEFREIRIRE & 3B R < WKD
FAE TR OB % DB (Rodriguez ef al., 2001) #2135 T &
G XN TS, BFEE TIEE B RO KBRS E
KEANE =D ENBZ LK >TKREDWE T Z o+ v
AEET 3 (Rodriguez ef al., 1998). L2 LR 5, HRER
TR S E R SR BRI B W TR RE LT
% (High Nutrient Low Chlorophyll #) &2 227 4 JLg
BEAMEL , DMROEMT 5 Yo b BT S (Martin
and Fitzwater, 1988; Boyd et al., 1996). ZD K3 12T 7
VO YOY A R ERET HZBEEP N OPEET S
B, HARBIESIC B W T ZOH A A A RET 5 BH
IZDWTIEARHATH 3.

BEIIBT A HAFBDBESERRICET 27007 40
aBRFIZOVWTIRINETEL OWENH S (Table 1), #
R EBICHREEICLS T - vy ID s un
T4 agEE IR 20ug FUZEET B (B A X Saito er al,
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1998). BEORIEARIZBIT2ERO /007 4 Lalk
BiE#lug 7' ChHs (BPUZ,, 1996). —F, BEisEE
I (Kamiya and Aoyama, 1990) %5 & USSR IS (Yamamoto
et al., 1988), FHEERHHIK (Nagata and Kitani, 1987) {251} 5
sau T4 halBEEBLE02ug NI TH B, BT HHA
I B W TIE R 0sug ' TH D (UNE, 1989), Z
hoOMEL SEEOHARIMERERHEICE TS 00
7 4 b a IR HEIRRRELAIR TE <, Rk, 2
AP, S i, BRI TRV EEE R, 20
£ TRk A HEEOBEFIC B 5 AARDES RO 2 o
O7 4 haBEIZDNTIRINETELLOWMENEENT
W5 (Table 1) A%, [AEFHO A ARREA#ERIZ B 5 7
SV b DY A THBIZ OO THEREHE AN &
2 AR TIRHEED HARRERIC BT E D 4 ZH
SO T T o b v HES LT B2 % AHEEICHEE

U, MR & OBEMEIC DOV TORE 17 5 7=,

g b LUOHE

WAGRHE L 2 & 8930w 4 L ($954km) O IS
(Fig. D 2B 0T, 20004E5 A 16 H (St. 1) 5 6 A 26 H (St
65) (= T B ORI R Y Ny Y 2 Tl
HISKI2 kDD (Pl 8 IR & P 1% 2 EE)  WB3RTH A & $RER
L7z, Z&dSt 1 &St 65X UMEIZH B (Fig. 1). FRERL
HKIEESICFE 2 umB LT 10um= 2 -7 UV ET
TANE =Ty N7V GFF7 404 — (FLIER0.7 um)
AHOTAB LA, A#idE &K% 200mmHg DWE[F T
fTote., PBIZFWET AL raaT 1 LaDHIE
T2 T—40°CTHMBMRAFE L, 2007 4 Nald
9% 7t b T L%, ilkdhizruory 4,
(FYesfis T 2) T+ ) 7L —2 3 v LAHT F-2000%4

Table 1. Chlorophyll a concentrations at the surface during spring around Japan.

Region Year Chlorophyll a (ug 7Y Reference

Oyashio waters 1990-1994 0.5-23 Saito et al. (1998)
1989-1994 0.5-9 Yokouchi et al. (1996)

Perturbed waters 1990-1991 0.5-8 Yokouchi et al. (1996)
Northern cold waters of the Japan Sea 1973-1984 024 Nagata and Kitani (1987)
Tsugaru Current waters 1973-1984 ca. l Imai et al. (1988)
Tsushima Current waters 19731984 0.2-1 Nagata and Kitani (1987)
Coastal waters of the East China Sea 1983 0.1-1 Imai et al. (1988), Kozasa (1989)
Kuroshio axis waters 1988 0.2 Kamiya and Aoyama (1990)
Coastal waters of the Kuroshio 1982 0.2 Yamamoto ef al. (1988)

@ : Coastal waters of the Kuroshio

A Perturbed waters

% :Oyashio waters

€ :Tsugaru Current waters

© :Northern cold waters

E :Tsushima Current waters

A :Coastal waters of the East China Sea
O :Kuroshio axis waters

T B B e e e B
125°E 130°E 135°E 140'E

e
145'E

Figure 1. Location of sampling stations adjacent to Japan from May 16 to June 26, 2000.
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Table 2.

Mean*standard error of temperature, salinity, and concentrations of silicate, nitrite+nitrate and phosphate

at the surface in the eight water masses adjacrnt to Japan. The n indicates the number of data used for calculation

of the mean+standard error.

- Silicate Nitrite+ nitrate Phosphate
Region Tempoeramre Saln;}ty
°C) (PSU) "

Coastal waters of the Kuroshio (n=14) 23.1x0.5 34.30*0.12 2.42+0.11 0.1420.03 0.04+0.01
Perturbed waters (n=6) 12.2*0.5 33.54+0.15 4.91x=1.00 2.27+0.94 0.19x0.03
Oyashio waters (n=8) 10.5+0.9 33.14+0.16 1.71£0.35 1.25£041 0.20x0.01
Tsugaru Current waters (n=1) 15.7 33.49 1.71 0.10 0.09
Northern cold waters of the Japan Sea (n=10) 11.8%+0.3 33.98=0.01 2.59*0.32 0.080.04 0.10=0.00
Tsushima Current waters (n=12) 17.6x0.5 34.17=0.13 3.10£0.27 0.14£0.08 0.06+0.00
Coastal waters of the East China Sea (n=9) 22.5%0.8 34.06=0.19 3.07%£0.38 0.09£0.05 0.02x0.01
Kuroshio axis waters (n=5) 26.3+0.0 34.09+0.06 2.06£0.08 0.05+0.01 0.01+0.00

KA HIEEEHT K D IIE L 7z (Parsons er al., 1984). 7w b
VYGFF7 A MG — bicHfifiehizono g 4 hak s
H5E L7z, 10um=2—2VET7 7 44— FIZHigE X
N7zroa7 4 hagkE>10umED & Lz, <2umBE5 D
r70a7 A NgREET y YV GEFT 4 L2 —&2um
Za—2VURT T4 E - RiZliEE s ug T 4 g
DEPSFEM LA, Fi2, 2210 um i 531% 2 ym & 10 um
Za—ZUYRT T4 s — RISz 0aT7 4 ba
DENSEHI L 7=,

SR O WA S 200245 £ T —40°C
THAERTE L /2. ARGHERIE + GEERIR, U VIR A IE
REILT TV - L — 4D TRAACS 8001Z & DHIE L 7=,
MR D KGR B & O IERAKRE B L O Y 2 4 —
Z — (Guild line Instruments) & W T, &£/, xT1) —
STD (7 v v Z%-F: AST1000-PK) # F\yT/KEE250m &
TOKMF L UIED & BRI HE L 7=,

AT, BEH - /AN (1997) AR L =KE L SO
FEGELC & WX A 1o Py, BSR4 Sk, JREL A,
FRENE RIS, BRI, BEMIPNR, xEEEe, A
HBOILTT R, B FHERFEAKISO $HHSIZ X 4 L 7=

# g

MR DKL 4.5-264°C TH - 7=. WHEMIZ A B & Bl
PURlER, E iEnER, BMREE TE R AR L
HRALAIE, B TR OMER 2 7R L 72 (Table 2). WSRO
Borid, 32.50-34.68PSUT & —» 7. — I KIE D B
S THR S A2 BB T & - 7= (Table 2).

R -+ IR R (S b & OREL AR A1 < &
01 uM» B 5N EZNLIT OB L - RiETH b, By
P2 i & KB T & - 7= (Table 2). Bl B & CIRELA
BRIZH T B AR SR + TR RS O I IL 7 R F 13
IMBET23uMTH D, DMEHRL D HZICEOET

& -5 72 (Mann Whitney U-test, p<<0.001). 1) v BRIGIRE 12T
TR + TR & ARO[ 2R U, #iliis L OR
LAt OWHR L D S HEIZEWETH - 7= (Table 2, U-
test, p<<0.001). #EliEt & RELABOFELZ T hFh
02uM T db - 7=, D WEIHRIL 0.1 M LT THIB L T
To. MR BTz A BHEIRE O IE I (1.7 uM)
¥ & UNELERER RIS (1.7 uM) TIE< | EELAIE @.9ouM) T
o7, T ABRRE ZOThOEBERIZ BT ERER
IZKREEWIEAS 1Y, B L OREL RIS 0O TR
HAHEBRIERE L L O VIBIRBIRE TA S - thoipg &
FREAMEIZED 5 i 2 - 7= (Table 2, U-test, p>0.5).

Figk s K ORELAIRIZ B A& SO 02T 4 La
BEL, ThEh079-245ug M B L 0V086-1.88ug 7' T
il & D e BB A K E L, HRMICEERERL 2
(Table 3, Fig. 2d). —7F , ZDMHOZIHEHIZH T 5 £HHD
yuwa 7 4 )b gL AR 037-091 ug 7' T H
D, il K ONRELAIBIC RO TE 2 - 7, BRI IR
(024 pg Iy, BEIFEISN (0.22-034 ug 7Y, B3 P90 4
(0.19-0.86 ug 17"y, M EUEFIK (0.16-041 ug 17y, T F i
AR (0.18-0.60ug FHY 2B T 22007 4 Lo BEE
FERIZIE <, BUERIc B W CAREMIZ K2 280tk
- 72 (Table 3, Fig. 2d). #Es# L OEELAIZ BT 3
07 4N aiREIRIMEOWERE D A EBIIBHVETH -
7= (U-test, p<<0.001).

A XHELZr007 4 LBl oW TABZE, #
IO >10 um B 5 (0.03-1.02 pg 1Y) 13 H AR B
WT R S B WME A 7R L 72 (Table 3, Fig. 2a). 3% &L 7K I8
(0.01-0.35pug ™Yy, 2 FUBIRFAKI (0.04-032ug ') &
K UMK (0.06-0.20 ug I7Y) 12351F B >10 um E 43 D
a7 40 giRE BB CEWEE AR L 7.
Z DD UKD >10 pm 4 13 B E5 P ENK A5 0.02-0.12
pg 7t AR TT A K A 0.01-0.10 g 17, B BE R sk 8
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Table 3. Mean=standard error (SE) of size-fractionated chlorophyll a concentrations (ug /™') at the sutface in the
eight water masses adjacent to Japan. The n indicates the number of data used for calculation of the mean=+SE.

Chlorophyll a concentration (ug ")

Region

>10 um 2-10 um <2 pm Total
Coastal waters of the Kuroshio (n=14) 0.06=0.01 0.05+0.01 0.29%+0.05 0.39+0.05
Perturbed waters (n=6) 0.11+0.06 0.22+0.05 0.94+0.14 1.27%0.15
Oyashio waters (n=8) 0.35%0.13 0.23%+0.09 0.81+0.11 1.39%0.19
Tsugaru Current waters (n=1) 0.02 0.05 0.17 0.24
Northern cold waters of the Japan Sea (n=10) 0.04x+0.01 0.11+0.02 0.52+0.04 0.67£0.05
Tsushima Current waters (n=12) 0.02x0.01 0.030.00 0.21x0.02 0.26+0.02
Coastal waters of the East China Sea (n=9) 0.12+0.04 0.03+0.01 0.18%+0.02 0.32+0.05
Kuroshio axis waters (n=5) 0.12%0.03 0.01x0.00 0.15£0.02 0.28+0.02

0.01-0.06 ug 7', FEEHEHIN A 0.02 ug 7' TdH O MEXIYIZ
KNMETH -7, <2umBiZZDr 007 4 LaiREid, B
Wil K ORELAKIKRTERFho17-111ug B & O
0.61-1.60 ug [T THKMINIZE L, TOMMORIEHIZH T
5<2umBi Dy aa T 4 )LaiRE EdLH oK
(0.33-0.67 ug 17" THEIR B & CRELARIBIZ RN TEWE
Tdh o7z, BEARE (0.09-0.75ug 7Y, < BRI
(0.13-031 pg Iy, B FUHAREKE (0.12-026 ug 7Y, #
PEREF (0.17 ug 17" f6 & OB L (0.10-0.22 ug I7Y)
TN R S REIC K E @V A A - 72, <2 umid
DDV T 4 haREL, EESO IO T 4 alRE
& [ERRDER % 7R L 7= (Table 3, Fig. 2c, d). 2-10 um Ei%F 0D
ryaua7 4 balREE, BES (0.04-0.75ug 17y, BELK
15 (0.09-0.41 ug I"") THIDWHR L D EELS , KT S
KK (0.03-0.18ug I') TEHWHEAZRL, @SB LU
<2 um SO A & AR L T2, BEEIPAlE (0.02-0.12
pg 17N, XTERERRIS (0.02-0.05 ug 1Y), B R A A
(0.01-0.04 ug ™'y, HIRMEWEIK (0.05 ug I7") ¥ & OB R
3 (0.01-0.02 ug ™Y 13201 pug T &MY ISRV VE T
& - 7z (Table 3, Fig. 2b).
FEBAIZB Y B9 4 ZHE 5O AN & EA % Fig. 2e
12, BRSBTS A XSO & 8ADFISHE %
ng‘ﬁi L C H A B O R 350 T <2
umBEi G OB GBS, FHT50%L L& 5o Tunik
(Figs. 2, 3). 2-10gm IS Z Vs hoiizbs T EhT
DUPIEHFEL Lh o, B FRBREAKE S X UBRER
Bl oD 2-10 pm 212 10% BL T &R ARV E[A T
b o, MOWKTIZ1020%TdH - 72, >10 umEH %
RN, S iR AR L ORI R T 25%
PLEEMERICECEATH D, BB T3y
TA40%E DT, HOWEIK TIEEYTI15% LT T
b otz BEIROMRILS, F FRRKIRO R 43, 44
B L CEEREISRO B 51, 53, 57 TE>10 um B4 A3 8 5

LTz (Fig. 2e). 7 HAMICMET 51 HBHE LA
FEARIRICB T BT 2 7 b O 4 THRIEFE
T>10 um B 53 28 7%, 2-10 um B4 53 14%, <2 um #5753
79% T & D WREDOEBNI/NE 5 - 7= (Fig. 2e).

zZ =B

20004 5-6 A O HARD IS O iRmE - BT 2 &S0
007 4L o R E RS & ONRELARETE <, B ‘T
AEFHAIETH D, FOMOEEIIHET K < (FITHEE

ET&H -7z (Table 3, Fig. 2d). R IZ IRREERIE + IR IR
B & & 28 L OCREL AR oK D 2 ERICE
WETH -7z (Table 2). 2FAD T 7 4L aldfELH#
THERIE HRIRIRE L OBICHE B A EDO 2 7 < v OJE
HEBEAEED 57z (Fig 4d). ¥4 Z4E L2007 4 )b
a B & AR AEERIE + REEEIRE & OBIfRE N ER, <2
um B B KU 2-10um B T ERBREED ALY 7~ YDA
PLAHBEASFED & 722, >10um Az B W TEFRE &M
BEME AR & Ao h - 72 (Fig. 4a, b, ). fE-> TIREFED H AR
ﬁﬁ%ﬁ'hﬁ5¢M@m%fayary$%i@ﬁﬁﬁ
ISR B I N0, Ltk wy, NOEY
770 b VYR TR TRIERE LB D B
ZEEHER 175 E g LA IRHEICHE L 7o Ishizaka er al.
(199 Ik > TEMEZIN TS,
>10umEZ D 7 117 4 )L o RS FREIR, RELAE,
B R E AR LU BRI TEWER 2R L
(Table 3, Fig. 2a). $:idE75 v 27 b v ONABBRICE
W 1RE) % 725 (Boyd et al., 1996). AU B\ TR
BT B8NP REN B E 26 ENBH T & FHEX
N5, KWIRIZHIT 2 BMRREEY> b bk L Z FRERED
fEIZd D (Fig. 1) 728, BHEEIZET 2 80RE kX
SEABLiFEZIZLV, EoT, SRIFAKREIDEEIZH
AT o P Il EOREERITLTOHAEVED
LEbHNS.
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Figure 2. Regional distributions in concentrations and the relative compositions of size-fractionated chlorophyll a at
the surface of 65 stations in the eight water masses adjacent to Japan. Roman numeral of I to VIII shows Coastal
waters of the Kuroshio, Perturbed waters, Ovyashio waters, Tsugaru Current waters, Northern cold waters in the
Japan Sea, Tsushima Current waters, Coastal waters of the East China Sea, Kuroshio axis waters, respectively.
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Figure 3. Mean relative compositions of the >10 ym fraction,
the 2—10 pm fraction and the <2 ym fraction at the surface
in the eight water masses adjacent to Japan.

RIS R RELAIR TR EE A, 5 BT T>10 um
DOKMERIZEETL -3 VPRI S (Odate and
Maita, 1988, 1989). ABIZ2IZ01 T, HMR R IREL AR

BT B>10umBiS0 7 017 4 )L a RN I
mfﬁn@éTbtamm3ﬁgm)it#ﬁﬁ?@>m
pmiEi O 2 a7 4 L aRESRIug I THO, >10
pm 5 A3 U 7 lAFAE L TV 7z (Fig. 2a, e). T 3%

TR AR + IR A RE L T R FEL T
t_abB,ﬂ%@%m&mwi7w—sy7ﬁ%®%%
TH-oT=0DhE LItE,

B (1975) 125 AN 66 Bich i CREEH 75 v 7 b
¥ O Trichodesmium 35S F F Bk o ZwIZ BT 5
ZEAME LTS, KRR L Z 10 umOMilEn 2
OBAKFMOE I > TEIHNSmMmOEREDLD,
W AN Ao T\ B - 0iBRm & FET 5. &K
20°C Pl_EDKIZ4E B L (Marumo and Asaoka, 1974), AT
G R T v ES T ARAT A 2 A TESATNS
OFFEIFE L -RETL T2 LA TE S (Ohki
et al., 1986; Mulholland and Capone, 1999). AMfZEH5RIZH
W Y AR AR I & USRI B D MHEERIE
13 KiE A 200C WL CHYIR IR + TR IR A VRS L 7IRRET
HotmZ b, B XN >10 um B 5 X Trichodesmium
ko Th7=0 &R0, E LAV, FE-T, #algT
B XN -HEETEEREELZ NI AT v 7 P e
WL TR A A & ORI T & A AR
F5 v b VIAEEESE S, TSRS S5, SIEH
KRB B W 7 5 v o b TE R E B L 72
BHRBHETHD.

W77y 2 by OF 4 ZHBULRFBERIREISEE SR
% (Legendre and Le Févre, 1989) Z & AV & 11“(‘«\ 5
F5 . SRR L 3B < KO SE A RO E) X (ISR
AZT AL EME N TS (Rodrigueez ef al.,
2001). ARG + AR SR IR D Bl s £ ONREL AR T

a b
~ 10p o ~1.0
— i
g b rs=0.06, p>0.5 g R rs=0.35, p<0.01
o c
Q 2
E 0.5} . E 0.5
A= b © = °
€ E ° e
3 o 3
=) % o ° ®e
- ° 2 ° ° e 2
0.0%a e ) L ® ;I o 4 L
o 1 2 3 4 5 9% 1 273 4 s
c d
. 15y @ 2.5¢ °
“ rs=0.39, p<0.01 rs=0.38, p<0.01
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3 o e
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Figure 4. Relationship between nitrite=nitrate and total, size-
fractionated chlorophyll a concentrations.

fhou Lk A EEFICBVEPER L, —7F, ¥ Tl
@”AM%&OEMMMW@MMWW+ﬁMm& (=4I
(Table 2). RAL7=& S Z>10um 3D 2 207 4 )L ai
i & ARSI + YRR B B A AR b h
Motz PEo T, BEO N ARBLBEEOREIZE T 5>10
pmEAF D 7 0 7 4 a R YE Y 5 RIS IR IR
ETiALOrE Lhgy., AESHEE ED L
o =B & U TR RS S S oo v & D & R
i’:riilm—i—ﬁﬁﬁ’“lfm(?f‘;‘ DED - 724 Malone (1980) 12 & - THR

te X b kTN 7T v o b OFRFIER (1-2uM) &
&&A&HLW s TH 0, X HICHE Y FIHREKEE KT
BRI R E R TORE Th -2 2 &, 724
®%D&foﬁm#i&@MWé<@A®%ﬁﬁﬁ®@
% Lo IR & - T>10 um il 5 O FEH 77 ¥
S UBEEBEhEIENELLNS, TOMCEMT T
VPV ICEBMBOREL £ -—DOHERELTEAD
L3 (Odate, 1994, 1996). AMfFEas R & H A RLMHEE
Mz 54 % >10 um @A O 7 5 v o b v BN R %X
FTRERAM S MT B LI TERN o, G, T0
T A I 5 2o B 7 i T 7 v o bV IEK R F R
L4 &0, IKOMEHROL = & {ET 5#HE
(il 12 D TR A D SRTLAD 2 B EE) S RRHICEIM T 7
VoL VRERERETILEYNDS.

u o
AR D 3126 0, ok X OURERIINE T
e (B OIEEIECH LT BRMAD
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