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The Spatial and Vertical Distributions of a Spring Phytoplankton Community along 155°E
in the Western North Pacific : An In Situ Multi-Excitation Fluorometer Analysis
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Atsushi Ook1”, Toru HIRAWAKE?, Atsushi YamaGuchr” and Ichiro Imar”

Abstract

The spring phytoplankton community in the western North Pacific is characterized by large variability in both the horizontal
and vertical dimensions. To evaluate this variability, phytoplankton communities at 39°30'N-44°00'N along 155°E were investi-
gated in situ using a multi-excitation fluorometer during May 2014. The sea surface chlorophyll a (Chl. a) level was high and
composed mainly of diatoms near 43°30'N-42'N, while it was low and composed of dinoflagellates south of 40°N. Based on
seven fixed-station investigations, the phytoplankton communities were classified into 4 types : a low Chl. a level before bloom
(44°N), massive diatom bloom (42°N-43°N), low Chl. a level with dinoflagellates (40°N-41°N) and lowest Chl.  (at the south-
ernmost station at 39°30'N).  These phytoplankton communities corresponded with the formation of a water mass separating the
Subarctic front (SAF) and Subarctic boundary (SAB). Multi-excitation fluorometry data showed a high correlation with Chl. a
measurements obtained via Thermo-salinometer and biovolume microscopic analyses (+=0.67-0.97, p<0.05). Thus, we con-
cluded that a multi-excitation fluorometer can be applied for the evaluation of detailed spatial and temporal changes in the phyto-

plankton community at various locations.

Key words : Chl. a sensor, Diatom, Dinoflagellate, Multi-excitation fluorometer, Phytoplankton, Spring bloom
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&8 % 33 (Lalli and Parsons, 1997), b A i 98
WHHRIZBWT, BICGD LMW T 7 b I34&FD
SEIRAIC LY, At LIED SR S siE % H
W, TEFITIEA A 1T (Longhurst, 2006). LA
FENTIBUIVEEE & B CHENY 75 2 b VB O ST R
7% % (Harrison et al., 1999)c PHEBIEHEIL 7 007 4 )V a (Chl.
a) DZFEFIZEALAYR X < (Shiomoto and Asami, 1999), HZIZ
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5952 EDVHI SN T B (Odate and Maita, 1989 ; Shio-
moto and Hashimoto, 2000). FAALZ LD K& <, HiZERIHD
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TTHY, BELEEHT T 7 b UBHES A X EILE
73 % (Shiomoto and Maita, 1990)c 7272, T4 5 DML
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VCEET DY T T 2 7 b RO ZE 5540 %
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ZHPT B EDBHEL VDR ETH o720 FTIE,
W7o OSBRI T 2L LT,
2 W RS HOt G EE BT AS B 56 S 4172 (Horiuchi and Wolk,
2008 ; FHH - K, 2012), MW7 7 v 7 b X ERD
\ZHE 2 A E A LT b (Jeffrey et al, 1997), = @
BFEMROENCLY, W7 T 27 b LB
e 5L A XY bV % b D (Jeffrey and Hallegraef,
1987)0 JGALEESUG DG bR 1T (PSIT) 20 6 U S 115
JEEREE I, IR & BV ILBIRIRICH B 720, SR
AR MV EFRESEA R M VIZHUERE R T (Lutz
etal,2001)c 2 F V), in vivo BIEEFIE AT N VI
ANy MV ERERS, @GR E L 7o v o
b > OGO E 155 2 L AR S (Yentch and
Phinney, 1995). % i fJRhL #OE0GEE FHL K & 375-590 nm
M 9 RO E B L, St 640-1,000 nm [
DHOCIREE WE T 5T FEN 5, 2008 ; Yoshida et
al,, 2011), W77 > 7 b v O5FFERAEE FHIT 5 2 &
MR D . F72, ZUERREOE IR 0.1 F R
D, BEHEZ D7 invivo BIEDTRETH Ho ZD L
LW ERRIEOEERNL, 752 b VG E
R0y FEHEAL L O ol o3 A GTEAT ST RE 22 B2 T b 2 2%, &
PEEBROUEFIZ BT DIZEBNE A OHPBURTH %o
AWEFEIE, 2014 45 5 AT D7z dbilE Ko R s
B L X AL 269 KALHED & E, TEHEALAKSF#E 155°E
OREILBIFRIZG - T, LW EMREEOCOUER % Hv 7z
Y77 v b B EOEGRIEKE=Y ) v 7L
44°N-39"30'N B2 3% 72 7 52 miA BT 5 SR A OB &
T, KWW 77 > 7 b 2 ORI 2 BUfF & & 3R
OGRS I L7z DTH B, L ERREL
FEFHC X VRSN T— 2 0F, [FREHEBERE L 72—
EYY ) A—F—DChl. gt —fEie, HKSHED
WSRO T T v 7 by OSEERET -5 LD
R %17 5720

MEROHE

cEEKERE=2) Y
JLHEERFHEE B L & AADHE 269 RHALHE (2014
ES5SHASH-19H) @ ISSEMEILEN T 1 v 2B WwT,
WE K TR Sm) L WRY 77y 7 LEEEKICD
W, MRZEO =) ) A=Y — (=T V=T
) » 7, CT+ ¥ — RBRf#, 456+t > 4 — Seapoint
FEY 12 X BOKIR, B X OO OEEEIE &, S0k
FEREE# LR (MFLOSW-CAD, JFE 7 KN 57 7) 12
LB HOEARY MVOEEEIE 1T 5 72 YRS (2008)
DOFFN LY, B AR MUh S, T
B L UREEHOMI W 2 Biff R 2w L7z, AWFFE TR
i Chl. @ JEFEIZHIE L TV AW T, BfFE IZHRHE
THbHIEIFEEEET b,

=
B

#H66(1),2016.

TE LA

155°E # T 7 B (44°00'N, 43°15'N, 42°30'N, 41°45'N,
41°00'N, 40°15'N B L UF39°30'N) |2 CTIERERIN % 47 - 7= (Fig.
Do #MIEEIZIX CTD (Sea-Bird 911 Plus, Sea-Bird Electronics)
ZRESOmMmETTHETL, —AFra¥y b 75—
[T 10,30 BL U S0m @, N I ClEsRm L Y 10
mL 3 O%EAK L. FRKEEHRDOCID X ¥ A T
Chl a B KMEZ /R L7ZB LY I L OFKERKL, #
B 1% D7)V =)V T IV T REIZREEL7. 10 mL
BRI HEE R LR BIRY, A= 7 F 4% —
(QuAAtro 2-HR, BLTEC) |2 CHiEIE, V) v EEIEd X OVEERE
IR 2 2 NZNNE LTz ZURREOCERNTY
AX-ZHWTKESmETHETL, FETFBLPLAF
12 0.5 HEOWEZ 1T 5 720

%85

1 L BRZKBURHA B R SEBRERICC, JRIBIRMREEIC L D 20
ml F TR L 720 AL S 0l m 2 AT A KT T A
FVCAECL, BISTEEMEE T R OMF E & TR AT -
720 EEMSAOEFE 1L Hasle and Syvertsen (1997) & Hoppen-
rath et al. (2009) & &M L7z F 72iBMEERESHIC OV TS,
IHEFRHZ Calcoftuor White (M2R, Sigma-Aldrich) Z 7L,
1 BRI DL EGemigic, 02-10ml % A5 4 KH I A L1245
HL, UV Coahiticy) % #8152 L CflilF % & 5t ix
T 5 72 (Fritz and Triemer, 1985). iff i E HL48 O 1 [7] 72 | 248
5 (1997) & Hoppenrath et al. (2009) (2 & 5726 $_XTD
AEHE LT OMEE L, OISR E ORE £ &
LT, MY A X210 um £ ) KREWHILZFRES X
ORISR E Lz F72, Ml A A% BRI 702 —

48°N .
7/
45'N
o 44°00°N
o 43'15°N
GAF .o 423N
O 41°45°N
< 41°00°N
40°N SAB __?_:1!‘}_!:_‘;5_
O 39°30°N
western North Pacific
35N
140°E 150°E 160°E
Fig. 1. The location of the sampling stations along the 155°E line

in the western North Pacific from May 8 to 19, 2014.
Approximate positions of the Subarctic Front (SAF) and
Subarctic Boundary (SAB) are shown using broken lines
(cf. Fig. 3).
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Z—I2& D 10 pm OAEFETHEIE L, MRARIRELS (EH
5, 1988) ZH\WT/NA 4R 22— 24 (um’ pL') ZH AL
726

& R

LR REERICCEET DRITESFIE

LW ERHEHOLEEERNC £ 2800, il o
=4 oHObE L BB 2R L7 (Fig 2)o £k
EREEOCEETOEUEL ¥, — %) 0sthE %
XE L7 v=axOXTHIFET 2 L v=0687X & %2 ), %k
Rh# & R O #ObE X — €Y 2 @ HED
68.7% Td > 72 ZDYFIIL 1=0.968, p<0.0001 & 1D T

EHHBEERE R L 72,

KEBKEZZV T

155°E #1230 > 72 CTD 250 < K - 845 0 518 Wi T
&, =) X —F — L U ERREEEERNS
£ 5 KIMHROKE - #5598 L OCHLEOR R % Fig. 3 12
Fl9. 155°E A CIIKIR 4°C SHEAR DS E I iDL 5 R
JE%7 7 1 >~ b (Subarctic front : SAF) (& 42°N il 1,
40°N 3 DHE 45 34 OEFRAIEER 12 1L IR EE S (Sub-
arctic boundary : SAB) 2¥& o 72 & W S L7 (FH B,
1990 ; Fig. 3A, B)o I #MERK DA & 51397113 SAF
DAL T —ETH - 7245, SAF 2°5 SAB DR (4T
i) TIEEA L, SAB LB TIIWTND X5 ICEL-7:
(Fig. 3C)o % JGH 1% SAF LLdb @ 44°N T (& i W fif C,
43°30'N-42°00'N |2 21T Tl 4~6 & FE 2> o 7278 (Fig. 3D),
AU L 72K & 8 O ZLIE R S o 72 (Fig.

18 - P
s
< 16 - b
b o
3 M9 r=0.687x P
2T 124 r’=0968 e
E = <0.0001 Vg
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Fluorescence by Thermo-Salinometer (X: relative)

Fig. 2. Comparison between multi-excitation fluorometer-
derived fluorescence (Y) and thermo-salinometer-derived
fluorescence (X) for the total pigments identified via in
situ multi-excitation fluorometer in the western North
Pacific along the track of the T/S Oshoro-Maru cruise
from May 8 to 19,2014.  The dashed line indicates posi-
tions along the line Y=X(1: 1).

3C)o 1B HEME SAF LIAL TIEEEMSE & il )0
FRECTd o 7275, SAF D Tl ilaHiE s T - 72 (Fig.
3E)o

TE s EAl

155 E BRI > 72 7 ERIC BV HKEREE, sl &
WMEB LR 7T >~ 7 b 5 EBREIE, K& 4%
A T3 5z (8 4 TO-O) (Fig. 4o wALIm D 44°N
TIIAKIR L 3 & D IEREMIC—FET, KEEDEEIC
L, HOBMIZRC, B0k 2 @ L CHE
HTHo72 (714 7D)e SAF LUILD 43°15'N & 42°30N T
13K 20 m AT IZ55 VKRB SR 5, N LIRDR
I, HOBEIZERE LR T 5~10 DMK Z R L 72,
T, EEGEEIEBLRCIEEECH - FA4 T
2)o SAF 7» & SAB O [f] O 17 HH 8 O 3 % 55 (41°45'N,
41°00'N, 40°15'N) Tl&, 7Ki% 50 m Lok 9°C F2ET
—FRCHEIRRLONT, REEHK, #FOUHEH K,
B IREEEHE CH -2 (91 7O). KEmD
39730N Cld, SAB #i#iz C, Kiltld 13°C & &5 IZEw
flEzRL, HEEITS SIS, #BELEL, #ES
I LMEEREAETH > 72 (5 4 TD)s

IREEHEIR

Ml & 5 K EROE R KNI BT 5 MlEE, N
AFKR) 2 =4, BLOBENA TR 22— L LEHE
S G EE T O HOGAE & OAHBIRATRE R % Fig. 5 1278
o &ESTHELCGHRFHEBLIUONA A RY) 2— 24k
WCEEEH O SRR EE L D L S o 7o, MEmE L
INA F AR 2 — 232 43°15N (0 m) & 42°30N (20 m) T
<, ZDMDEE TIIEAD > 720 EEFEHE Fragilariopsis 1§
& Proboscia J& 13 41°45SN AL D 2 s5 0 A THIL L 72,
41°00N & 40°15'N C & Thalassiosira J& 75 5 L, 39°30N
TIENA F R 2 — LT Coscinodiscus JE DML L T 7z,
WREEIZHED A R 2 — 4 LW ERRFEOEEET
DHOLME O MIZIE, AEZMBEE S L7z (7=0.668,
£<0.05) (Fig. 5C)o

£ =

ZERMREHECICEETOZ L

MEERIC B AR 7T v 7 N Y BUFERLTEIK O S
X, MR AR RE ARG 4 TR 9 2 TR A2\ (Lalli
and Parsons, 1997). )77 >~ 7 b v BfFmaHlio i &
LT, $RERNCED CHMERE W8I TN H 4.
L2 L, SAMSREISH IR R B A LI T, MEEIZE K
HIFMEET 5, 72, BT ED LT %o
TLEH 720, MW7 700 by O RFZem 2 %
TS 2 DICARETH o720 W7 T~ 7 b v OFFEM
REFZE M E) & BN A 1232 £ 2 HENEIEASE L
TWwb, HIGHY 77 > 7 b OflEE LT, &b



Fig. 3.

b K K E mE o O66(1),2016.

Depth (m)

39

Latitude (°N)

16 34.5 1
_ Salinity
E_) 14 34.0 -
S 124
S 2335
=104 5
i | g 33.0
E b - Temperature
2 6 325

4- 32.0 T T T T L

(D)
Thermo-Salinometer
104 — Multi-Excitation Fluorometer

Fluorescence (relative)

2 N
Z (E)
6 Diatoms
@ = Dinoflagellates
S 4
=
<9
2
g 29
= :
=, Tl gy
L T
43 42 41 40 39
Latitude (°N)

Latitudinal changes in the vertical dimension of temperature (A) and salinity (B), surface temperature and salinity (C), total
fluorescence detected by in sifu multi-excitation fluorometer and thermo-salinometer (D), and diatom and dinoflagellate fluo-
rescence detected by in situ multi-excitation fluorometer (E) in the western North Pacific along 155°E from May 8 to 19,
2014. The solid triangles in (A) indicate sampling stations. The positions of the Subarctic front (SAF) and Subarctic
boundary (SAB) are shown with arrows in (A).
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The vertical distribution of temperature and salinity (left), inorganic nutrients (middle) and chlorophyll @ and their taxonomic
compositions (right) at seven stations along the 155°E line in the western North Pacific from May 8 to 19, 2014.  The solid
arrow heads indicate the positions of the Subarctic Front (SAF) and Subarctic Boundary (SAB) (cf. Fig 3).
numbers in the right column indicate the four types of phytoplankton communities along the 155°E line.
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Fig. 5. Results of a microscopic analysis. Species composition in terms of phytoplankton cell density (A) and biovolume (B) at the
fluorescence peak depth of each station along the 155°E line in the western North Pacific from May 8 to 19, 2014, are indi-
cated. The relationship between fluorescence evaluated by in sifu multi-excitation fluorometry and the biovolume quanti-
fied by microscopic analysis is shown (C).
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Fig. 6. T-S diagram of data obtained at seven stations along the 155°E line (A), the sea surface height (B), sea surface temperature
(C) and chlorophyll @ levels (D) in the western North Pacific from May 8 to 19, 2014.  The data for (B)-(D) were obtained
from Colorado University (http://eddy.colorado.edu/ccar/ssh/nrt_global grid viewer). The positions of the subarctic front
(i.e., the 4°C isotherm line) and subarctic boundary (the 34 isohaline line) are shown in (A). The circles in (B)-(D) indicate
the approximate positions of the warm core detected by satellite data.
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IR L TWA Chl a & > —I12 X 8T, i)
RO E G, HRE—IIRIC X 5 Chl a BEERIE TH
A (HH-FE 2012) AWFFECTHERA LY —EY) ) 2 —
¥ —HEo#tE =13 2 ST 5, LA L, &
OFFIERWM T 7 b 2O Chl a IEEHEDHRT
SEBEEOBGRIEENSRT, T T 7 b UG
HEIZ XD 5870 B AR RBAN IR B DRI L B2k 20 Vs
W77 7 b 375 HEAE R 2 i R %
Frb, MBI FTITE IR AR 2 FFo 2 &
5, SN ANRY MV EZITIBIBARICH DA~
MVEEIEST S LT, T T 7 b O
HEEDSHREIC 2 A (FH - R, 2012), ZikRRheEtt
JERHE, 375-590 nm M D 9 W ROBEEEEZHF L 5
(Horiuchi and Wolk, 2008) {E/KHZIX, W ~7F > 7 b~
DA 2 o BER E LC, BEERY, 7T
A5 A, KIZK BWIHELR G 72 EVAAAET 5728, Hil
W7o 27 N invivo SEHINA R T MV & dffell 5E 3
5 ERREETH L. Lo LEWERBRFEICERD in
vivo FIGHIZEIZH VW A, I 680 nm /T D ok b w61,
W72 7 & v UAAOWE D & I1356 LU S e vz
o, IEHERKEY 75 > 7 b CBIEE R FHET 5 2 L5
kD FRADS, 2008) AWFZETH Y —FH1) /2 —% —|
£ B HOGE & B L 755, 7=0.968, p<0.0001 & Hked Ty
WHHBE & 7R L 72 (Fig. 2)o FEFED Chl a IREIZ L 2 F v 1)
TL—vari3nBELLOD, ZEREHRRIERERHC
LM 75 > 7 bV EHERIIEELEL O
LWz b,

KEBKE=Z2)>Y

Al DO HRE 155 FERRIZ I - 72, KiE & Y55 o SR T T
B2 5 1%, 7Kl 4°C OSEHRMEATKEE 100-500 m TIEIZERTE
M2 B BATHIR OB Th 5 SAF &, 5
34.0 DFHRMIC L D EFR SN LB HFER TH 5 SAB &
(ZH S, 1990), ZNZFIL42°N I s 40N ffEicdh 5 &
#Z Z L7z (Fig. 3A, By LA L, ZO#EFHIX, fEd 4
BWIZBWTHE SN T A WEE R B L OBATHE O #iFH
2T (2 S, 1990 ; Odate, 19945 AR S, 1997), 4
WAL FERDO SAF 25 F L C\wb, T-SK2 5 b, BAT
SHIHOKIHFAE L 22\ X 9 BIZIRDMA 272 (Fig. 6A)e £
T, WRET—% (31T FKF Web 7 — % http://eddy.
colorado.edu/ccar/ssh/nrt_global grid viewer) & H\>C, {1
(B, KR (7 HER), -7 a7 1)L (14
HA ) D&% /R L7z (Fig. 6B-D)o % DfEH, #1750
WEMRR SN AN 2 L& 35, EAEMER (R
D OIEKE) DAL TV 722 E DS 202 % - 72 (Fig.
6B)o MR & IKIRT — & 205, 43N AT AN OAL T,
TR DKL A FFICH | ZAHR, 7OV PEF TS
H T2 515 (Fig. 6C)e TN LI, HOBIRE
TV MPI—HIZRoTED, 40-43°N ORILIZITIHOR
ORI T2 el b BT 7 b U

=
B

#H66(1),2016.

T L DERE SN TVIUE, ZOREEIT 43°N & B IR
WCEALT 2P FHEND, RE7OO7 4 VD51,
70y MUINZZ o7 1 VOBAIEAFTED H 17z (Fig.
6D), ZOMM Ty hrruoa T4 ViR, SiE
e d SRR & T — W) ) A —F —12 K B KK
E=F ) 27T HHEICHL S 7z (Fig 3D).
KHEWEAKE=%"1) > 7 Td, WMERFEEIZRKD IV
AN T, HBEA1IDT T, 7 =23 > T
H o7z (Fig. 3D)o —77, iMOILHIZFH LT 5 43N T
THHEATE C G ULE), T — AL T e E L
57z (Fig 3D)o THEPAL R TR IETIHOEE 7V — 412
BT 5 Chl.a EEIZHIBOM L D b & < (Shiomoto and
Asami, 1999 ; Han and Takahashi, 2000), ¥ 72— KA #Ew b
BB AT Hi S 4 e AL R P i S8 I L TR e
Z & A X TV B (Shiomoto, 2000). = D\ Chl. a
AL A X510 pm DL EOKESNEY) 75 7~ v O
75 K % \» (Odate and Maita, 1989 ; Shiomoto and Hashimoto,
2000)s BHEHHIZ BT S 10 pm PLEOKEEY 75 > 7 b
ZFEICHEE T, HBEEIMboE TS v XD
LDEWHEETHET L2 & MS5 N TWw5 (Luetal,
2002)e FEBIZ, SHEEHOBGFRE T ER R D LW R
REHOEEERNC & o> Td, 43°N DI ITE A S L
TW/zZ &R ENT: (Fig. 3E)e & DI OME 51
A3N4IISN IZBE SN, ENLIE CIIRHIEREE 3 L
TV 72 (Fig. 3B)o 155°E RIS o 7o HLgEm RIS, FE1TREH,
BT IS 0D 3 HEIE oD UL BT RIS E 78 Chl. a i
FEITR DR, F72 Chl a BIEEERRIZIE 2 pm PLTF /Al
W77 > 7 b ST L UM% % (Odate and Maita,
1989), %89 2 HEI TS, 2 SAB LIF Tl SR
MZ LT ED 5 (Fig 4), KB DDA T 0o
b0 LIRS

TE LA

MHHSIC BT AW TS v 7 b R R TR E T8
|L72Bl& LT, St. KNOT (44°N, 155°E) 12 CTIH4EICH 72
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