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Seasonal variations in size-fractionated Chl-a and cell density of
phytoplankton communities at sea surface in the inner part
and the mouth of the coast of Tokyo Bay

Shinji Hasumvoto™ ™ and Chihiro HasniMoro™
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um, <2um) L7227 007 4 Vel FIEREBIO~A 70kl TS 7 by Gloum) OMEEZRRZ. %
OFER, WEMOWMT T ¥ 7 b VT A ZHEOFHEIEF LR LHPL Tz, WEms 4 H1E>10um
W5 ORBEEFEA B CEIEEZ D705, SHICEZ L <2umWBidAES L, $729 7 14 Nt (Heterosigma akashiwo) 7%
HLTWwW, SOZERHARRLSHICT CERELBLE TR 77 v 7 by OBBSHYNISEE 5 Twiz e #
ZbNiz. 4255 HICh0) Tl M OMERYE + fARIERIES M L2 2 L2 K E LTEZ N,
—Ji, BECBILMEHOIA X5 L2007 4 Ve~ A 20l 7o v 7 b v ORI CHLED R S,
FEBREOBNPERO—D & LTRIE SN,

F—J— K HEE YA oM aa T 4 )va, WWTS U2 b UBE RERE, BR, B

To clarify the seasonal variations in the phytoplankton community and the mechanism in Tokyo Bay, the concentrations
of size-fractionated (>10 um, 2—10 zm, <2 um) chlorophyll @ (Chl-a) and nutrients, and the abundance of large-sized
phytoplankton species (>10 um) were investigated at the surface of the inner part and mouth of the bay from April to
December 2012. In spring, fall and winter, the seasonal variations in the concentrations of size-fractionated Chl-a and
the abundance of large-sized phytoplankton species were similar between the inner part and mouth of the bay. In April,
the total Chl-a concentration was high during the observation periods at both stations, and the >10 um fraction account-
ed for more than 50% of the total Chl-a concentration. Further, the large-sized diatom accounted for a high proportion
of the phytoplankton community. However, in May, the <2 um fraction and raphidophyte (Heterosigma akashiwo)
were dominant at both stations. Consequently, it is probable that the succession of phytoplankton occurs synchronously
in the inner part and mouth of the bay from April to May. Nitrate+nitrite concentrations rapidly decreased from April to
May at both stations. Therefore, it is likely that the size-fractionated Chl-a concentration and the phytoplankton commu-
nity in the bay were strongly affected by the nitrate+nitrite concentration. On the other hand, a difference was observed
with the seasonal variations in the size-fractionated Chl-a concentrations and species composition of the phytoplankton
community at both stations during summer. It is possible that the difference was caused by the nutrient concentrations.
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WARUERE S LIS B U 20 77 ¥ 7 b Y EEED A TR

A4 ZHRUFICHE B L2Fge T, &9 o HF KA 75 >~
7 NUBELEL, ERSKICHTTONINY TS 7 s v
PEVEEZRT I EARE SN TS (K © Maita
and Odate, 1988, i Bi& © 25137y, 1996, HE{E : Nakane
etal,2008). L2 L7%&d5H, ERIEMLIZNEIIBIT LA
W77 oA KIS A HRIED %0,

BRI IER 2600 T ADVER L CTB Y, AREENIC
XDPE S NAEHRRY TR FAMEY;, Tk L
0l U CHEEICHAT S (FH, 1993). B IXPH
HNBETHL7-0EREREELRD, ZOME HroE
T CERSE, 774 R, MEEELREF oA
O A ZORW TS > 7 b IZX B 100ug " Zil 2 5
WICEmWwWruu 7 4 ValErR o, RCTRb —kE
FENBWERO—D E o TWwD ([, 1987, 1HLT - A
B, 1988; TFAF, 1995, 1998; Cloern et al., 2014). iy 7 <
N OREITIERISEEL, NZ T TR EDSREY
ZUF A Z I X DRI I ARSI L, KA
AR RE REEZ LTI EPME IR TV
(B, 1988). & 5IZHLD V. TIZ X RS ON KD
b0, BEE O RS HE R 13 1960 4181138 LR A 8 1)
ZRLTWaD ORFEEIEREMEZRS, 2011). 20
L9 AR S BUE D R RUB IS BT B RS i A
He MRS 5 2 L IIHEEORE - BAEICERT 2200 T
B, GHOMEGHE MR TLI) A TLEETH .

KA L CHREERIBRE O  ERIEIRE X 1970
AR BRI AT S D AT, AR 8 B
B H 5 R EREMEZRE S, 2011). N:Plb
T T 27 b ORFERIR % Bl A 4RIE S LTHW
52 EATE (HI, 2016), WBoMM 7T 7 v
DORFFIREDIRIEL 25y K74 =V KL (N:PIb) I,
38: 1 & — M AERILE (16:1) XDXH7IEL, V)
VHIBRE o T B 2 EAE SN TS CREBHER
BEF7E R B4, 2011).

BB BRI AR OUKRIZA, 1998; #3122, 2000;
Nakane et al., 2008), &I 1EIZAEK DB %2 50 { 2T
(Yanagi et al., 1989; /AAKIEA*, 2003; #5AKIZ2, 2008), —&
AEOBREICHEERREEZ R, KRB RBICBTL 2
OO 7 1)V a BB R T 20-100 ug 1!, EILET20-40
ug ™!, BT 1020 pg- 1t L BRI S BB H T
WAEE2R S5 (I - 28H, 1979). L7253 - T,
BRIREBOW TR 7S > 7 b VHERRZOH A4 X
RN E L L2 EDHERNEING. LLads, TET
DORMEDL L BBRIBEBLHOEI a0 7 4 VailktEx
AL 72D ORRL - FHREORKTH Y, BHEEE
BHOWMENENIIBIT MW T T > 7 v O 4 ZRER
Fli % [ BRI L2 Blid e v, BFIS, HEtBIcB8 U 594
A 45 L 72984513 Han and Furuya (2000) (2 & % &R0
WEORTHY, BRILEBOTORKERORY 75 » 2

b DY A ZRFIZOWTOFHETIIHS 22 Tld v

Z 2 CTARMIZEII RGBS L OB OO R B
FA7087 4 VaiEEE 30D 4 TR (>10 um, 2-10
pum, <2 pm) WL, FHA AW BITErzuaT 4
ValEEBI WO~ 7alimr 5 v 7 VLBV TE
B LB OFMAB ZH S 0L, ZOFHIN, ¥
WEB DU %2 EZ5E L7z,

HEBLUHE

WHRE IR R o &K E 5B (St A B BES, 35°39.0N,
139°46.0'E) & &R ¥ (St. B: ¥ IIEE,  35°20.0N,
139°38.3'B) ZaxiE L 728U & I BV CT20124E4 A 5
12 HDOBICH 11, U HIZ N Y & v TR Z K
T2IETHEEZRELL (Fig 1. BEHIKEZ WE L
etk A XN Oraa 7 4 Vel ERRNET 5720123
T D7 4 V% — {Whatmann GF/F 7 4 V¥ — (L& 1 &
0.7 um), FLFE2 um & 10 um D Nuclepore 7 4 V ¥ —| % H
WCHYETABEIT- 72 AMOWEEIL200 mmHg LT
EL, AKREITIRIIZIE U T 100-200 m! OHiPHCTHREE L 72,
ERBIR bR 128, ZRENROT 4 V5 =55 90%
TEbrrEHWTCZOa 7 4 VaZ i L (Parsonsetal.,
1984), HARWE 2 (2008) O FEIHE- T, 50 E
& (Thermo Scientific, GENESYS 10S UV-VIS) % H\w T2
Ta 7 4 VaiEFEZN%E L7, Whatmann GF/F 7 14 )V % —
TRbh7zruu 7 vailRExZRYW T 7 > 7 b U REEE
RO E L7z, <2 umli431% Whatmann GF/F 7 4 )V ¥ — &
2 um Nuclepore 7 4 V¥ — D7 007 4 ValEEDEND,
2-10 m Wi 531% 2 ym & 10 um @ Nuclepore 7 4 V¥ —dD 7 1
O 7 4 )ValEEDRENS, >10 gm M43 10 zm @ Nuclepore
TANT—Draa7 4 VailkErSEB L.

Whatmann GF/F 7 4 )V % —TA# L 72K & v T
Y (RSmRIE + TASIRIE, 7B alh, ) VR R
PR L. AEPSHMT 5 ETOM, k% -200CT
UG LIRTE L7z, 25 SRASHRIREE W58 J7 & H AR 4%
(2008) IZfEVy, AT HERR & L Tl 4360 RT (Thermo
Scientific: GENESYS 10S UV-VIS) % Hl\:7z.

RA Uk T 7 by OMBEE 2L LTI
57O KA I00mI ZEREL, T VF— LT ILT R
FCREE L7z (RIRE1%). BEII3O658MEE (Kenis:
Model JTO) % F > 100 m/ ' o 2 o 5 % 2 38 1] LA TR
E ML, Imi47e ) oMEEERB L. WY T T
V7 b ORI (1984) 12665 7z

2255 DAY 1% Spearmann D NEMAHBItRE () ZEHEL,

HKHE 5% TRE R T 72,

B R

-

;.IIEII.
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Figure 1. Location of sampling stations (St. A: Toyomi Suisan wharf, St. B: Kanazawa fishing port) in Tokyo Bay.

14.4-30.2°C (Pl £ BE#EfR 7= 1 22.0+5.7°C), 14.2-28.0°C
(20.9+4.8°C) OHFPHT, (ZIZEEEDOLF/$F — v ZIRL,
MEME HIZ8HICR L EWEZ R L2 (Fig. 2).
RERERE

AN 3BT B A WY + TRy R I R (X AR AT 5123
uM (59+43 yuM), EITEEAY2-104 uM (31241 uM) DOFHPHT
ZEL, BRETEHWEINZR L (Fig 3a). WEme b
ARSI T TEMEBPIEFICKRE o7 ER
HTIZSHESHICHS M ERWIETH o 7278, THE9
HIZ100 M P o @iz m Lz, —7, EIERIES A,
TH, ORIZS MU FORWIREEZ/RL, 6 HL8HI2100
AIMABEEDEER IR L7z, 7 &= LG R
A320-65 uM (3817 M), B L1 EBAT0.5-4.4 uM (2.9%2.7 uM)
DHIPAITH - 72 (Fig. 3b). BREFEOT V=7 LAIERE
ETAAEMEZBEL CEOME ) DBV ETERIED K&
Mode. ) U EEEREIIERET2.7-6.9 uM (4.521.5 uM),
EHET0.2-1.8 uM (0.9+0.6 uM) D EIPATEAL L 72 (Fig.
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Figure 2. Seasonal variations in sea surface temperature at St. A
(H) and St. B (O) from April 22 to December 20, 2012.

3¢c). TUEZTAMEFMIS, U CEEEITIANIN % E
LCBOMED IEWETHERL, ZHED K& 207
BRI BIT 2 TR CTOREEBREI G A5 5 10 HIZhT
TREREFZRLZD, AL 1R2ARKELEHZR
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Figure 3.
(M) and St. B (O) from April 22 to December 20, 2012.

B8y — SR E RAMEDFRD S,

MR YE + AR EE & 7 v B = AR EEO4AEE (DIN)
&) R (DIP) Ok (DIN:DIPL) 133 BLERA
4.8-45.2 (21.9+11.1), FBIIHFA33.8-120.0 (39.1%44.5) DO
PHCZB L7-. DIN:DIPItIZ16 X D KW HIZE R T
XSsH, SHD22ABOARTH 724, BHIMTIETH,
9H, 10A, 11A, 12Ats5s»AMAAEL (Fig.3d). 2
NODORERNS, W75 27 b IZBREETY Y HIR,
BB TERHIR L Z TR T VIRIICH 72 E 2 Nz
o007 «vaiBfE
HAEMEICBT 2427007 4 )V a B IZERIETIE2.0-
138.9 ug-17" (35.1%45.1 ug-1™"), BEIHE TI£0.8-952 ugl™"
(15.8+30.6 ug-1™") OHiIPATEEY L7z (Fig. 4). WEmE b
SHICHR KM Z /R L7z, F72, BRI TIEISHICH 50 ug ™!
P EOBENENBI S 7228, BHOH TSNS N0
7o RO 007 4 Vg BEIREHE L D DBV E
MZ/RL7 WEmE S4A25 10 HIChF TRELREE)
ZaL72AS, WAL 12 ZE L CHER L7 (Fig. 4).

FH A AW O L EEITONTHRD &, EREEIZ
B D <2 um Wi OEE1E, 9-72% (30£21%), 2-10 pm
43 TIE 4-49% (25+18%), >10 um 53Tl 5-82% (45+30%)
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Seasonal variations in concentrations of nitrate+nitrite (a), ammonium (b) and phosphate (c), and in N : P ratio (d) at St. A

100.0
E
< 100
=
<
Q.
2 10 -
kel
e
O
0.1
A M J J A S o N D
Month
Figure 4. Seasonal variations in concentrations of total chloro-

phyll a at St. A () and St. B (O) from April 22 to De-
cember 20, 2012.

OHIPHICTEB L7z (Fig. 52). —F, BUETEZNLZEh
<2 pum W] 53 1% 5-74% (42+25%), 2-10 um [ 45 T 1 5-24%
(1526%), >10 um W53 Tld 11-89% (43+28%) DHEPHTLE
B 7z (Fig. 5b). MEMEDIEIZ T T T 4 N altEDORD
EWEE R L7725 HIS, <2 umWi552570% PL Lo wElE
R L7z, BREO>10 um W53 4,8,9, 11,12, B
Tlix4, 11,12 H1250% L E% 5Tz (Fig. 5a,b). EH
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Figure 5. Seasonal variations in relative abundance of size-frac-
tionated chlorophyll @ at St. A (a) and St. B (b) from April
22 to December 20, 2012.

HTIE8 A L9 FIZ>10 um 3D FENEDSHL S 778,
T Ciki o ehrorz. T2, 11HE12HD>10 um
SRR & D 80% DRV EIGZ R L7z (Fig Sa,b).
W72y b OEHERK

ARWFZECILEESE, MMTEHE 774 FEIZ JMILE
(Fig. 6a,b). WINOEMIZB W T D H:HE TId Skeletonema
costatum, Wil TE E TlXEH T Prorocentrum minimum, B
ZE\Z Prorocentrum triestinum, 7 7 4 K ¥ T3 Heterosigma
akashiwo 3% { MBI L7z, BHRIBIZBT 2 2 h-Eh ol
WAL, H B Y 1-3400 cellsm/™! (5701100 cells'm/ "),
THEE AT 10-2070 cells'm/ ™" (510+820 cells'm/™"), T 7 4
N 3 2% 1-8400 cells'm/~" (10902760 cells-m/™") T& - 7=
(Fig. 6a). —75, WEIIERCTIEHMEDS 1-430 cells'm/™" (110=
140 cells'm/™"), i ## E # A510-1010 cells'm/™" (170%320
cellsm/™), T 7 4 F ¥ A% 1-5160 cells-m/™" (5901710
cellsm/™") TdH -7z (Fig. 6b). 4 HIZIZMEE & D S costatum
DELELTW/ (Table 1). L22L&AS, WEMSEDSH
IZ1ET 7 4 FEPSRAREZ/RL (Fig. 6a,b), OB Hi#
(& H. akashiwo T& -7z (Table 1). —75, 8 A DEEIRILE
A& =D, 774 Vi, HiE, WPETELTXTom
W7o v s R CHIEE /R L7 (Fig. 6a). \»
FTROSHEEEICBWTH B & B RITOMILEE DM T
ARESMBEBERERD SN o7 (5714 FEE 1 r=0.22,

10000 1 —&— Raphidophytes
a A = O - Diatoms
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Figure 6. Seasonal variations in cell density of phytoplankton
(cell size of >10 um) at St. A (a) and St. B (b) from April
22 to December 20, 2012.

Table 1. Cell density (cells m/™") of phytoplankton species ob-
served at St. A and St. B in April 22 and May 24, 2012.

April May

SttA St.B SttA  St.B

Heterosigma akashiwo 30 30 8400 5160
Skeletonema costatum 800 170 70 40
Heterocapsa spp. 50 50 0 0
Gymnodinium spp. 10 20 0 0
Prorocentrum minimum 20 0 2030 1010
Prorocentrum micans 50 10 0 0
Protoperidinium spp. 20 20 0 0
Ceratium furca 0 0 30 0
Ceratium fusus 0 0 10 0

p>0.5 5 B 1 =038, p>0.1 ; WHIEHE  7,=0.59, p>0.05).
FAMBLEE E DMK R B AL, BRIBTIET 7 4 FigEDs
2-80% (19£24%), EEHEAT1-82% (48+29%), iiliEHEins
15-83% (33+22%) O#iPATH -7z, —J, BOHTIXT
7 4 F#EA1-83% (21£25%), HEHEAT1-73% (40£28%),
HHIEEED16-73% (39+20%) O TH-72. T 74 K
BIIMENE b5 H 2B NIV EIETH - 7.
W77 M BREOFHEE CIREER & DOREF
E7UTT )V aitlE L KRB X ORI & O
WOWTOEREZRANZ. ZoRE, &7uu7 1 )Va
TR IIKIR (7=0.32, p>0.1) 3B X O RFENRIE (AR +

— 168 —



WARUERE S LIS B U 20 77 ¥ 7 b Y EEED A TR

WA @ =017, p>05; 7 Y=Y A 1 r=0.17, p>0.1 ;
) VMR r=0.23,p>0.1) L AIAHBIBIRATRD SN o
7o, Fl, TRTOYA ZWHITB T D KRS X U%HEE
B & B BRREIG O Do 7.
ENENONY T T v 7 b IR LK, 9 FER
J£35 X U'DIN : DIP I & OHHBIIZ D W T O B2 7.
EOWMTT Vo HICBWTHIE LT RTORE
HWREB X UDIN: DIPHEAELHBZ RS ol F
7oK U b Ete, MR MBI BAR 2R S o
7o (BE#E 11 =037, p>0.1 ; HEEHE 1 1,=040, p>0.1) 2%, T
74 FEIIHERIEOMBMRZ R L7z (,=0.53, p<0.05).

Z =
JOB74IVaBE LM T N OERES
55
FEFEOr700 7 4 ValRERZO A ZHEB L~ A 7
Oty 77 > 7 b v ORMNE R AL X R & B 5
THU L -FHEDIBE SN2, A XG50 Lz7 00
T4V alEEDS, WEME D 4 HIZIE>10 um W55 50%
PEomuwiElgzmLl, KEEESKEXZEGEZ 50T
o2l s, MoOBRREERTROND X ) R KAIEEIC X
57 NV—A%EK L Tz (Bl 21X, Maita and Odate, 1988;
AT, 2018). 2O X)) GITBEITHIME SN,
HETIE RN ERO—2THbLEEZHNS (Han
etal., 1992; Nakane et al., 2008). {RFIB CITRBIEEHEIC X %
RETIV—LIBFRNS GEHRE) ofige & ISR TT
LT ENHEEINTSE (Bl Z1E, Kudoetal, 2000; HEA
34, 2015,2018). SHOREEBREZ WL &, WHEIE+
ARG IRIE A4 H £ 0 3 2WTHA LT/ (Fig 3a).
CHUTKRBIEEFEIC L ZMY AR L - THn SN FE
AbND. WEHEDAFICKEREAEE ED TV KA
HEEEATS HICWIHE, SladicmdbLlizoens, Mk
i+ AR IR E S E OB DO —DTHh D L E Z b
—7Ji, SHOE 7 a7 4 VoI E A & b ARA
ZHLCIRDE L GBUEE 139 ug 17", BITEE 1 95 ugl™"),
A EFRL D <2 um W55 LTz (Figs. 4,5). &
U2, 4SS AT CTEREB I OBOFHICB VT
T 74 FEEDH akashiwoMELS L, MW7 5 7 b o H
DEBLFRMMIGEZ 22 EDHS N E %572 (Table 1).
COEIICAANSSRIHFCHiERE W7 T >~ 7 b
¥ OREHLE R A AR & 2 ZALA 57z (Table 1,
Figs. 5,6). WEBIZB % H akashiwo 1Z5 A2 LI LIE
BET LM SN TBY (B, 1998), ABFZEH
HIIFN TR TIEhWweEEZ 5N5D. H akashiwo DB
FEIZ B9 5 RILO U@ 413 15-25°C TH 5 GEHIE D,
1998a). S A DKIIIME L BF20°CTH 722 L0 5,
H. akashiwo l\Z & o T #E RN T ThHho/zbEZHNT
(Fig. 2). #HHIZA (1998a,b) &% 7 H. akashiwo 25 DIN :

DIP e DR KIS R B RIS B M 28 L7z, fRAS
A % 38 L 72 H. akashiwo & DIN : DIP It & OB 24 73 7 4
BIMEIZIR & o 7228, W IZBIT 5 5] ODIN : DIP M
ORI X ) AL EIT % 7R L7z (Fig. 3d). L7225- T,
4H D5 5 FIATHF CRYIEIE + MR R R o 28 e A
BT 5 7 b v ORI R 4 ALK & & L%
B7HLeEZON Z0LI TR ATHGEL
WORETWREERH ), ZoORORLEICEITS
TEMBEOBR LR TL2I) A TEETHLEEZ LN,
k=
B TIE 8 AN MR + AR I i (5 M)
ERT—HT, &raa7 4 )VailEidm i (68 ugl™)
#ZaR L7z (Fig. 4). #EOBZE (LK - AH, 1983) TH
EFEOBERIBIIBNTEHEVZ OT 7 4 VailE (50 ug 1™
PDib) s sheB ), BRBTIEICONY T T Vo
Y OEVEENHFF SN TwWE EEZ O N §HD Y
T07 4 )VaigElE>10 um W5 OF G RbE L, SHI
ZIFEAEHB L h o 28 (S. costatum) R0 iHiE B
(P, triestinum) %% < MBI L 72 (Fig. 6a). WEIETIIEIC
HEMD S. costatum |2 £ DD F 2B SN TS (A,
1998; Han and Furuya, 2000). PLEDZ &5 5, EREICE
J55HEHDH A ZHEOZEAIL T CEE O
INCHED TEEHEOZLPFERTh L EE L LN £
7z, 8 H ORI + MRS MR IR O T IX KR 75 ~
7 NIk o THBE I N2 LN STz,
BRIICBIU 27 A BIEOZ AZWIKIZ X - TR &
NHZEPMESN TS (BHITD, 2000; H - AlF,
2007). 8 HOMAH O 2 HRTICH I TRAKD SR, &
SICH B R BRARRERESE (2014) 12XVt sh
7o BRI OB E R O [FOFHAE ] #2317 5 2012
ESHDHEFIIR 2 TH o722 805, WKL ->TH
A W ASE B OB E S S TR B 5. L
72ho T, 8HITBIZ & N7 S. costatum D BN K 2
SHUABENER SN —HICh o LS h
7o, F7oBEOMETIIERBOTIAN»LIHICEL L Bigk
E N7z P triestinum (T B % BINZ6 A5 10 HIZHh T T
M35 (PHEITA, 1989). P triestinum DG R K 1%
20°C %5 30°C T, MHEREZEFR (10uM-1mM), ) R
) ¥ (5-100 uM) & DI EREIZEIL L7-fTH 5
(P52, 1989). mVHITEEEEZ/R LB EBo 7 H 2
59 H oK, RIFWIRED ZOHHNTH -7z (Fig. 2).
—F, BOWICBTA7HE9H ORSERYE + WA e
JEX<S5uMTH DY, SHOY VIEEREIX<0.5uMTHh -
72, BRI CTEE SRS OHIRBEEO TR S,
Mo7zDiE, ROREBHEBRENERNO—DOTH S L=
Nz, Dol ehs, BEFEOr7uu7 4 )VaigERmy
TT v by OMEREIIEFICA LN L) RERIEE
B TORBEIBR SN Lo 7 BRE L BRI
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AREL, AT

B FRERBEEOEVEZO—HE LTORE SN,
BE-XF
INHHERA®OEZ 97 4 VailEEIZmENR & HEL
ZIZ—EDMETH o7z, Mg L b L RIEMIITH AL
LCTW7225, 10 H2 5 12 B2 TKIEAEA L Twiz
ZEns, SERAIEECZYVEY TS Vo by oXks
WHEEMET L2 E 2 515 (Boumanetal., 2010). F
72, 1AL 12 WS T A RIS UME DR &
M, >10 pm W53 23 K5 % o 72 (Fig. 5). A MIE/N
BT 77 M XD S KREMY T 77 M Ii2EsT
IFHETH D EDHE SN TS (Legendre and Le Févre,
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