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Zooplankton Size Structure in the Summer Western North Pacific Ocean :
Analysis by Optical Plankton Counter

Kaori Misumva”, Kohei Marsuno®? and Atsushi YamacucHr?”

Abstract

To evaluate latitudinal and east-west changes in zooplankton abundance, biomass and size spectra, Optical Plankton Coun-
ter (OPC) measurements were made on zooplankton samples collected by vertical hauls of NORPAC net from 0-150 m depth at
35°-46°N along three north-south transects (144°, 155°, and 175°30'E) in the western North Pacific during July-August of 2008
and 2009. Zooplankton abundance and biomass ranged at 4,612-241,782 ind. m ™~ and 0.05-23.09 ¢ DW m ™, respectively.
Zooplankton abundance and biomass were dominated by small-size class (0-1 mm equivalent spherical diameter [ESD]) in the
subtropical region, while dominated by large-size class (1-2 and 2-3 mm ESD) in the transitional domain which caused by the
dominance of large-sized copepods : Neocalanus spp. and Eucalanus bungii there. Inter-annual changes were observed for the
155°E line : dominated by large size class (>5 mm ESD) in 2008 which caused by the dominance of Salpida. ~ For size structure
of zooplankton, analyses on normalized biomass size spectra (NBSS) were made. East-west differences were detected for the
slope of NBSS.  Thus, the slopes of NBSS were moderate for eastern lines (175°30'E).  This east-west gradient in NBSS slope
may be related to the east-west gradient in primary productivity which related to east-west differences in the magnitude of iron
supply from dust. Overall, NBSS slope in the western North Pacific was characterized by moderate and highly variable. It
would be related to pulse-like input of nutrient (=sporadic peak of primary productivity) and dominance of large-gelatinous
zooplankton. These two factors are considered to be a special characteristic of the plankton community in summer of the west-
ern North Pacific.
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L2 L, GEROSAMEIC X 5 BT 1213 S K5 H
CEEED B L A2, INFETEYTT 7 N U
EOH A ZHBAZBT AWEIE T3 1T hbN T 2do
7oo =0, HHFRXTI 7 b — (OPC: Optical
Plankton Counter ; Herman, 1988) & 45 ¢ [ C1EHE 2 Bhiy 7
T Ny A X EMEREEET S EDTRETH
%o ZENIOPC % FIVZBHTIC L D, #iH 5 (2008) (274
HAKFEEII BT L2 NEOE 77 » 7 b kL, N
A F T AR OEFER OB ZZMZEE /S — v %R L7298,
ZOEBEVEIZHARTRZLGIRIC BT 2RI Z Lwo
HHEIRTH B,

7T o b O A R E T A BRI S
11 % Normalized Biomass Size Spectra (NBSS) (X £ #L & 7
72T NUNAFTTARY LY, A X% X
2 & 5 72T & B IR & 0 KB A B R 5 R S IR
X EHiT % b D TH Y (Platt and Denman, 1977, 1978), it
4E OPC DFE R & NBSS % 3K 2 WF B 234 2 T\ %
(Huntley et al., 1995 ; Piontkovski et al., 1995 ; Kimmel et al.,
2006 ; Moore and Suthers, 2006)c NBSS DEX IEHR M A7 v
Taria— vk by TSy rary  a— VO DE
BRI 5, REEIIEGML CTHEBEES LY, NS%
Y AR TGAQENT T 7 N DHEMTHRMNLT v
TEEE T NBSS OUIH A ER ) HE 2R 5H, K
ERYVART T AT T v 7 bR S
ND by 75 VERETIZINBSS DY IZZED S 2 \nas
i 2132127 % (Moore and Suthers, 2006)o

JEARFFRIC BT S OPC 2o 72W5EL LT, #Y) 7%
V=T M2 BT A HFZE (Mullin and Cass-Calay, 1997 ; Beau-
lieu et al., 1999 ; Mullin et al., 2003) X277 ¥ K FEEE7 4 3
)V RIZ BT % WF%E (Campbell and Dower, 2008) 72 & 5%% %
B35, WL NBSS 12 & BFITIZAT > T v, LR
HAIZ BT S ME— D NBSS D WFFEH] & L T Rodriguez and
Mullin (1986) 12 & % BTG ER (28°N, 155°W) (2B 1T % B
BT HENLH, BHDT—F1LOPCIZEDLHDT
3%, 3y FRBAEAY V2T AT —IZTIEBL:
SOTHYT T v 7 b A XXGD6ERED & LAl -
720 LIRSS B\ T A XX 53250727 OPC 7—
ZIZHD VT NBSS 23K 5 2 & Bl BT 5 75
Y7 N YRR A B OR RS 221235 ETEE
ThbEWVZ D,

AHFZEIZVEERAL AT BT, 2008 4E & 2009 4E 0D 7
H 12 35°~46°N O#IPHIZ BT 144°, 155° & 175°30°E D 3
DOERBETH Yy MRESNIZ0-150mE T T > -
b vkl 2 FEERER OPC T L, W7o v o i
HARE L NA Y A5 RDIZHDTH D, & 512 NBSS
RRELEERNA I A= 2RKDDHI LT, Y
WIZBUT LTI 7 b A B O ZE/ 488
F—VHRHLNMITAHIEERHE L dEREENE
2B IY % OPC |2 & % NBSS ORI AR FEL W &H T T
HDHDOT, MOKBEAERERIZEBITSNBSS OEE & DIt
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HHNRE
ARWFZRICHER L2875 > 27 ~ v 3T 2008 4F &
2000 F D7 A 8 H~8 A 1 HICHEREKERENIEL >~
7 — O TBIEM] 12k o TIRES N2, FREIT 35°
~46°N DFEFHIZ BT, 144°, 155°, 175°30°E D 3 DDOER
B A 20, FEAb 307 IFRICERE L7-AE 90 EAIC B W

PRI #E £ v N (NORPAC net : [ 1 45cm, H
AV 033mm; JoH, 1957) 27K 150 m & V) #ERIE E T
R I m OBEETHERE L TTo72. 2 TOREIR
BRNZATDNIZ Ay b ORI IZIEAKET 2 BY 1T,
ZONEH I D EKREEZFRE L BT 7 07 R
BHIM ETHEBIZ 5% kv~ ) Vil K TEE L7z, £
7oEREE & [HHEIZ CTD 12 X A KR E R OBIE 1T - 720
AR

77 7 b EEHIRE RER=ZICTRHA T T >
27 b U 4rEIEE (Motoda, 1959) 2 VT 2 08I L7, —75
OEIFRE 12X T AL =7 =1L BETTHAW
0.10 mm D A v ¥ 2 FIZJELIY, BFREEHT 001
g DRFFECIRERZIE L2 b ) —HOREE 12) 11,
BREMDLEIE U T 12~18 125E L, 2B Rl OPC
= I (Model OPC-1L : Focal Technologies Corp.) % #H &
WA ATZ OPC FEBRTTIEG (CT&C #L#Y) % FvCH 4 X & fifE
Boaillsg L7zo OPC s i3tk 5 (2008) #5102, (1) H)
W77 7 N yS0PCHREBT BHEOMEIZNIOL
min.”!, Q)BEIEBOEY 7T v 7 b2 OEEIL 10 counts
sec. 'UUF, QYEWIT T s b idgEEET, 1 HOAD

130°E 140°E 150°E

B

160°E 170°E

Subarctic boundary

North Pacific
(2008)

Subarctic boundary

North Pacific

(2009)

Location of the sampling stations along 144°, 155° and
175°30°E lines in the western North Pacific during 8 July
to 1 August of 2008 (upper) and 2009 (lower).  Approxi-
mate positions of subarctic boundary identified from
salinity profiles (cf. Fig.2) are shown in the panels.
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O (wet mass, WM) (£ 2 L2 MO £ 2=y | ] [
@ ESD (mm) (241243 2 BROERZ Ko, WO THW 7 Z ] ol | Ay Pl el
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w5 ﬁ*h WOBW T T 27 b rAROKG ERE North Pacific during 8 July to 1 August of 2008 (upper)
(84-96%) D H EIE (90%) % FHV 72 DW = 0.1 X WW)s 2D and 2009 (lower).  Vertical isohaline lines of 34.0 (index
RO e o iangles indiate approxtmte postions o subareti
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m %) ZRHH L 720
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. . R 144°E 155°E 175°30’E
OPC ®7°— % X 1) NBSS [ Kimmel et al. (2006) (Z£:0 X "
UTFoORFIZE RO, 9, OoPCIZ L h RIS ol ] .
ESD (0-3,000 pm) 100 pm ¥ 1 227 5 AG 2 A X7 5 A4 u < oos <
DFVHE T F > 7 b YELEENA Y A (B mg DW -
m>[=pg DWL']) # 5k 5720 B % 1,000 5 L C pg DW 383;\1
m P EALZ L2 RICT A R 7 5 A0 E RS (inds. z * “iw
m ) THLT, HHMEERTLZEIZLDNBSSDOX j‘é Integrated mean salinity (0-150 m)
#ill (log,, zooplankton weight : [ug DW ind.”']) # K7, B g 30 6 M2 IR IS4 0 6 M2 M 35430 86 12 M8 354
AT 24 X0 T AR OB ERE (AW ng DW) T *
L, WL 22 L1280 NBSS @ Y#ll (log zoo- “] ] IR
plankton biomass [g DW L™"] / A weight [ug DW]) % 3K &7z, 2] . | < |
IS X RO Y E O & MS-Excel DI HA A % 0] ]
175 T NBSS O %k 38 <
Y=a+0.5c(X— by %] ]
BRIz TIZT, a& bIEINBSS DTHE D X & Y EIE Fig. 3. Integrated mean temperature (upper) and salinity (lower)
L. ¢ld NBSS DI X Th b, of 0-150 m water column along 144°E (left), 155°E (mid-

dle) and 175°30°E (right) lines in the western North
Pacific during 8 July to 1 August of 2008 and 2009.

= B Approximate positions of subarctic boundaries are shown
with open (2008) and solid (2009) triangles.
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50-130 m T THIERICH 2, fUTWTIHOFE N T >~
7 MIBWTH 34.0 DFEIRTHEASHEF I 2 H 7K G 250-
400 m F TEREMICHIPNTB Y, 2 ICHIEREE R
B2 LW SNz, WEE b HEFBEROMEIZ R
W EILELTEY, 144°E TIL 38°N-41°N, 155°E Tl
41°N, 175°30'E TIL 43N L2 d - 720 FRAEZETh & LTl
144°E 125\ T 2009 4FE 13 38°N &, 2008 4E D 41°N 12 L
THICHAE L TWzd, ThDNORENT 27 M T
I THREAEZAIT A D N o 72,

F 72, 2008 4F- & 2009 FEDOETETIZBIT S 0-150 m OFE
SR & R % Fig. 3 W R L7ze KR EHE & b
HIZWLUZONE L o T BENLZZEB & LTI
144°E @ 36°30'-39°30'N 125> T, 2009 EDFEE KR & 15
“ﬁmwﬁ‘w&f%t<ﬁ<&ofwtﬁaM%6
¥ 8°C, A TUE 1 FEEE 2009 SED T MK, E LISt
%ibfm#A%n&#oto

OPC X+ JL— 3>

757 by BERHIOWCENEES & OPC Ml
B SNz iREE % L L C OPC T o7 L Eic >
WCHRET L 72 (Fig. 4)o € ORER, 2008 4F- & 2009 FEDF
1 d OPC 12 & ZHETE X 0@ A (SEHMED 1.20 f5 &
1055 TH o727, MOTHELRHEND - 72 (p<
0.0001) M4E% AR/ T—% (n=90) TId OPC |2 &
BHEEMIFERME DK 1.14 £ & LR BAFHITd - 7275,
&7 — 8 THMO THELAE DS - 72 (p <0.0001),

HIBEFERU/INS <X

46°-35°N D #iFH D 144°, 155°, 175°30°E O 3 ROFEEE »
Syl s MNIRo BT T v b v e B AT
4,612-241,782 ind. m > DfIZH Y, 175°30'E TliX 31D
£ 40N FHE I BV CTEA - 72 (Fig. 5) F72, 144°E T
IFHSER B R OBMMIARITN 72 ¥ — 7 253 51720 155°E
TILHLSET R DAL oBATHRIBIC B W CE <, HELEA
HMOLCHEIIRENT v 27 MIEDVRE 5Tz,
@%75>7by®%4fﬁ&%1mn§é&f&éa
A CUE 0-1 mm D 5 A ZRDS 80% L I & o 7278,
BATHER CIZZ O HERIZRRTAD, 12, 2-3mm O
HELE D572,

BT T s b NA F < A1F0.0523.09 gDWm 2 D
ﬁl’%b WEFNORE NS b7 MIBWTH S

B R DAL OBAT I BT <, MBVERE X 130
%&ﬂm#%%ﬂ&#ot@g®o%@ﬁ%iﬁ&@m
BUEMAEIZB W TES LTz 0-1 mm O 5 A ED 40%
LIFZHD Ao T12 KU 2-3mm D EEENEL o
TWiz, FElllCAL &, 144E TR E /NI A X0 5
2D EH R 7203, UﬂWETd%MM®ﬁﬂ&
P A X7 52D HEEERIE 155°E @ 2008 4 Tlx 5 mm
LiJ:O)H‘K‘X:7'7}KﬁﬁﬁiﬁTf%> &, RRENT RSB
1L o> TNNA A ADHT A RN E DA S I, B
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Fig.4. Relationships between estimated wet mass by OPC (Y)
and directly measured wet mass (X) of the zooplankton
samples collected in the western North Pacific during
summers of 2008 and 2009. “Total” includes whole
data in 2008 and 2009. Dashed lines indicate positions
of 1 : 1 and regressions are shown for significant relation-
ships (p <0.0001) .
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Fig. 5. Abundance and size composition of mesozooplankton
community along 144°, 155° and 175°30'E lines in the
western North Pacific during 8 July to 1 August of 2008
(upper) and 2009 (lower). ESD : equivalent spherical
diameter. Solid triangles indicate approximate positions
of subarctic boundary.

Biomass (g DW m?)
™ 4 8% 12 16 20 24 0 4 8B 12 16 0 24 0 4 § 12 16 20 24
. Lyl 4oy

2008 144°E

46

—

e
e

Latitude (°N)

T T 77T T T T T T
020 40 60 B0 100 0 20 40 60 S0 1000 20 40 &0 50 100
Size composition (%)

Biomass —o—

Size (ESD: mm) B8 0-1 (111112 2% 2-3 EE34 [ 45 EE=>5

Fig. 6. Same as in Fig. 5, but for biomass.

NBSS

2008 4E & 2009 D EEEIIBITH NBSS ##E h T~
t 7 N, FEIEIC 0-150 m OREE KRS & o TR
OFEEE % 2 C Fig. 7 \ 2R L72e 4R & BT~

144°E 155°E 175°30’E

2008 Transitional domain

Subtropical domain

Transitional domain

AN

Subtropical domain

log, (zooplankton biomass (ug DM L") / Aweight (ng DW ))
»
S
S
o

0 1 2 3 0 1 2 3 0 1 2 3
log,, zooplankton weight (ug DW ind.”")

Integrated mean temperature (°C: 0-150 m)
<Q: 9-13: - 13<: —

Fig. 7. Normalized biomass size spectra (NBSS) in the transi-
tional and subtropical domains along the 144°, 155° and
175°30’E lines in the western North Pacific during 8 July
to 1 August of 2008 and 2009.  Types of lines are varied
with the integrated mean temperature at each station.
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XIBRPICRoTEY, Z OMEAIIBITHEEI S
Thote T, FHEBUICB W CHEEKEAMEVE LD
H DT ENBSS O X THERHTH o 720 BRI R ZEAL
&L CIE 155°E OBATHEINIZ B VT, 2008 4F- 0 1% 9 28
2009 4F-1Z T NBSS DI E DSFER 1 TH > 770

Z =
HIREFEER SN < X

ETOEJ ORI IBT 2B L L CHHBUEE L
INAFANZBI L8 T T 27 b A THBEOE
PEFONL, oF ) MBUEEETIE, 1mm LT O 4
A7 T AHHEBY BAT (Fig. 5), /N < ATIE 1-4mm D
K2 A XD T AHMEE LT\ 7z (Fig. 6)o Z DHAL (T
HEARBENA AT 2L D8 T T 7 b oA ZH
JEDENL, FEOVERACKFE 155° BRI - 7o RR4FEA
BoBETH@MEIN TV D M-S, 2008), B 75
Yo h RIS LTES T A ORI IZ/N
AR TATH BN, WA X757 A3 1k
DINA FRADPINENT2ONA F T ATHDL L FDOHER
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RS 2D, Rbo TUHEEOY 4 XK E 2 REZ% 4
AR TAPELETDENR D,

WIS, BT 0o b OREEEZ DOV TEREAT
9 o HMBUREMAETIL, 144°E TS ES R O3 Sl Y —
ZHH Y, 17530°E TIEALHE 40N i ¥ — 7 958 > 72
7%, 155°E TIERATHEIRIC ¥ — 7 H3% - 72 (Fig. 5)0 /A F
T2FWTRO T vy N THRBITHEE TEWEE R
LTz (Fig. 6)e B 77 27 b UL A< AH g
NORENT V27 MIBWTORBITHEBTEH N Lk
B 7T o7 N UHEBEOEVISER T EEZ N
bho DF N, HBEGECII/NILE TSI 7 b U HME
S 55, BATHEISNE Neocalanus J&=° Eucalanus J& &\ 5
TR A X EEYORELIAT VHEIELET L7120
(Nagasawa et al., 2001 ; Kobari et al., 2003), )77 > 7 k
YONA T AFBATHEBICB W TEWE RS 5 2 L
T&bo BITHBIZBW TR 24 X7 5 ANELET
LI EIIHBBEAREOY 4 A, S D ) DR D
(Fig.5)o B 75 >~ 7 ~ v MBUEER B OB K % 7R/
PRERNT 7 ML o TR > TV Z LI EIEE
Vo HBUEEE D ¥ — 71331 < ADMEEZE L L1213
EAERIGLTHEST, 144°E & 175°30'E ClI i1z
155°E CIR>BATHEBICA SNz, MBUEAEO Y — 271k
0-1lmm DY A X7 T AZXDERESNTBY, Thuds
DB = 27128V Tl LT /2 (Fig. 5) 20 1 mm
DO A Xy 5 AN R0, BHG—KEEREDS
FIIB LTI AR T 2 2 P PHEIND, £0
BErLARDLE, HERENT V7 NIBUTLEWM TS
Yo by HBERBO Y — 2 3R RAEEEDOSHE
FELL T b0000 L%\,

BT 7 by OREEICOWTAS L, HBUHA
KD ¥ — 713 144°E & 175°30'E Tl 230,000 ind. m 2 LA
FOBENMETH 57278, 155°E Tld¥— 2 T3 140,000 ind.
m 2T SRV ETH - 72 (Fig. 5)e 72, RBIEO L I 12
BENT V7 ML > THBEGREO Y — 7 2R3
IR 5 Tz N T ZADREZALIZONWTHRD
&, 144°E TUI/NHI R £ X0 5 ZAD EHEERIEHVBD,
175°30'E Tld 2-4 mm DOV A X7 F AHMEE L T\ /2 (Fig.
6)o HIIROD & ) ITHBUARKO Y — 7 (/N A X7 5
AN, BG—REEEDLEERML-bDEEZ
ENDeD, TOY—7 R THEENRENT &2 b
Lo THERZ>TW2Z E1E, AEEY — 7 ZRT/HE
PREENT b7 ML TRZSTWEZ & DR
b LN\, FEBRZ, KIERBEOMAT 2 6 b IR
OFEFEITHEIZ S E L TB Y (Figs. 1, 3), I DRSS
DOREEEN BT 7 >~ 7 b MBEERIZBIT 54 X
7 T ADRREELCER L T 200 0 Litkv,

RS EB 75 7 b ORELE L LTI, 20
OREGEABALNT, Thbh, O HTEEREIZBW
T3 144°E DKL & HE5375 2000 133 L <<, HHSERY
BROMED, 2008 4E1L 440N TH o 72 D% L

=
B
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T 2009 413 37°40'N & KIEIZF T LTV 7= (Figs. 1, 3)o @
BT o b U BEEIZB W TIL 155°E @ 2008 4 Tl
ESD 25 5mm Ml D A X7 5 20 EELRPEL, 20
BT HF IS N A F < A 2B W THZE TH - 72 (Fig. 6)o
144°E |2 5 N7 SR O R A B S A ST B L O A i
ARELCHTSERD, 87707 bV BEICIEH T
O HFE 2 BAEEE) 2 D 725 L T2 o 72 (Figs. 5-6)o
144°E DR EHIH Tl FBTHY 72 7K IR AT 2009 413 2008 4F(2
HARTH 8°C bRV, B 7T > 7 b U REREREIC
RAEEE N H 5 L FHENEH, OPCIZ & 5T Tl
4B 2B DR EF 2 M T E o722 £1F, 2009
FAIRE 2 BEIET MR AR 7 £ CHIBL L 72 MEoKim 72 72
OIZBBEINEL, WNEBPARXIFTADTEFTHHo722
L EHEBEOE TOMKT2ERNIH 7L E 2D
NBHD, ZOFMIIAHTH 5. RFZED L 9 2R b
T vy MIBWTKIRDSKE S 4 7 SV HORE % Bl
LCTWaZ L <HMbN T4 (Batten et al., 2003)o
BT 727 N A ZRBIZ BT I55°E @ 2008 4F
Z5mm UL EDH A X275 28 L7z 2 B IFERZE:,
M U 155°E (28T, 2009 FE121E Smm ML EoH 1 X2
T AT EAEHBL T (Fig 6)e 2 D 2008 40
155°E (A N7z 5mm L EDH 4 X7 5 ADEHIZFEIC
POV SHHIZ & o TV 7z (OPC HISERFIC & 2859, 155°E 12
BUWOKREESBRBEIIMETIIIEREE RO,
o7z (Fig. 3)e 7272, HFBUKTd 57201 2008 SED1TH
ARG 50 m LIE DO BB FEE AT 2009 41 LR CHEETH -
2 ENBTOND, ZHIZKEOEERE A S b B
5T, 2008 EDIF 9 A% 2009 412 LR TR 50 m DL
T &N KDY, HEPIEEL TV LA
ff] 2.7z (Fig. 2)o M35 (2008) 1% 155° FLOXE DB 75
YU N CHEERNTEE LT, Y SER Y I YOV E Vo
TeXITF VEEBEENPERT A AN A LL LT, K
RS OFEDE RO FEEMAG 1, Y-+
YA RXOMW 7707 s EEE LS L, YA X
B2 WRICEBETE 585 F BRSNS
B ERFETTnD, RHGEIZHEVTH ESD A% 5mm LA
DTV FEHAME L L 72 155°E @ 2008 4E1E 2009 2R
TKIEEAZEL TR (Fig.2), SO T+ Okihke
& D3EE — FEEMGOWT — Y3 - 5/ A4 Zhidy
T N OBEL - ¥ F VHEBREROES -
5, 2008) U TIEFEFLDDEEZ LD,

NBSS

NBSS OfERTIL, ERAIZHALT 1T & NBSS O &
DRI R > T2 Z EDNEH S5 (Fig. 7)o /N4 F
TADIA RN BWTHIROBE T 7 D
I bixd HAM (P @ 144°E Tl 0-1 mm O 1 AD5
HEREPENS 1208, EANTLIZONTEDOHARITT A
D, 24mm OV A4 X7 FADEFENREL o Tz
(Fig. 6)o HIED X 512, /IR A4 X7 5 2T AR KR
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PN O—RAEFERDL I L TTAL2IZHMmL
ABHEEZLN, 0-lmm DA X7 FANL N L IdH
RN LN E ORI S Ltk v, REFZETR-
7V AL R ClE, AN ORI 75 v o b VRS
S 2 BER & 7o T B BRI 12 B 2 BPE 27
Y, FEANIKEED S ORIEEIC L 285610 X > TRl
ETHY, BANIKRED S OMIEDZ LD KigE T
H5HZEDHE SN TV 5 (Takata et al,, 2006 ; Kitayama et
al,, 2009) AR ORIGZES BT 5 L, 144°E T0-1
mm DY A ZHYE LT B OIF LS TIRERHIRA X » A7
{, —REFEENL VI EORMBNL LV, o
144°E TII/NEIE A XML 5720, NBSS D X 55
THEHN, HANMTLAIONTEAIZZOE S IIHER DI
o TV (KA A A7 FIAMBEE L TWi) ok
%ﬁ#é’&ﬁ?%% AR SE AT I 00 — IR A
WA D D ), FIRAE R RiiE DV C %
W EDNTEEHE ST\ B (Kawakami et al., 2010)o
NBSS I2BWTIEH ENL DI/, F < ADMA % /RS
T A AP L > TRLE > T2 L TH D (Fig. 7)o
BAEIHNZ B B AR N A+~ AWK % 7R ESD 4 A
A% Table 1 IZF L7z /34 4~ AR D ESD 1 575-
2204 pum EHFBIC L o TR > TV WTFNOEIZE
WD BATHRIS S HE B I & 1) D KT e A AR AS
HY, FE CHEBEAIZBWTHAKREAME NI ) 2531
7+~ AMKD ESD A AL AKMTH Y, Z4Lid NBSS O
HRE L X~ LTV (Fig 7)o 2O < AHRK
DA XFNAF T ADER LTV ELH A XDIFIEE
725 T\ A (Kimmel et al,, 2006) ANFFEDOFA TR BV
TNAF Y ABRDOF A AP KEICH 722 L1, BAT
SO T T v o N YEEDIT ) PSRN TE (DA T
$H D Neocalanus J&=X° Eucalanus JE) 12 & > THO LB Z
EIZEBDTHS )0 INEDOREITLHEIC BV TEHK
B L COBHZRLTEBY (INE, 1994 ; Chiba et al,
2009), [A] USSR TRIEAMENN T ) 29N A< AE =2
DI A ZXDKETH 72D ZORMTHDL EEZ BN
% (Table 1)o

NBSS OFEFRIZBWTY ) 1 DEH SNLDIE, FAEN
72 b & LT 155°E OBATHEBUZI BT 2008 £ DT ) 2F
2009 4F 12T NBSS DIEZI SRR N TH o722 L TH
bo TNEINAFT T ADY A I EATLHSL 2% X
12, 155°E @ 2008 4E 121 ESD A% 5 mm BL_E o3 v /34
B L T 72728 (Fig. 6), NBSS Of X 2SR 222 7% -
TV LIRS 52 &5 TE S (Fig. 7). #im L, NBSS O
HEE -1 LD DT RIENMEIZIORT 2 £ E 2 5T
% (Platt and Denman, 1977, 1978)c Z 41 % T NBSS OfH X %
el ST B KA RER O & AREFZED 2008 4E K O
2009 4 DOFEATHIH & GO R % Table 2 1I2F & 077,
ARWFFED#E 1L NBSS OfFH & 28 2008 4F 1\ § D3 b
—042~—043 LD TRHERL T, —77 2009 F1LBATH
T —0.64, TEGHIHT - OB&W7ﬁT%ofﬂ%hm

BUAEMW S5 v o b oA AR

Table 1. Summary on the peak size of the normalized biomass
size spectra (NBSS) at < 9°C and 9-13°C integrated
mean temperature regions in the transitional domain and
at 9-13°C and 13°C <regions in the subtropical domain
in the western North Pacific during 8 July to 1 August

2008 and 2009.
Temp. Size
Year/Region (§O) (um : mean =* 1sd)
2008
Transitional domain <9 2,204 =550
9-13 1,820 =823
Subtropic domain 9-13 1,312+832
13< 672+339
2009
Transitional domain <9 1,983 +653
9-13 1,116 £ 845
Subtropic domain 9-13 1,022 £459
13< 575+91

INOARMZEEOME S % MkKEARRE KT L, 20
EEIHENRRKENWI E EEEOMATL Y IEITVE V) 2
BAUFRLE LTI SN0 2008 FEICBWVTIHE DS —0.42
~—043 LD THESL P TH o 2DEHIRD L H 12T D
4E|Z ESD A% Smm LA E ORI v A IR L T 7z
7D THDHEEZBND (Figs. 6, 7)o —77, 2009 FE1EH )V
SNEOSmm U EOY A4 X7 5 2131FE A CHBEET
G@@ 2009 fEIZBWVTIES 72 NBSS O & (B 175
TlE—0.64, HBETIX—0.75) ITEFO LI B1F
LB T T v N OTRE (DA T V) ORMT
HoHLEZOLNDL, Thbb, BITEBCIIREZ ) A
T VHENHE T A 72 0E S 3R T, AT TN
RN EL T 50X 38 TH L EMIRNT L L8
T&bo

NBSS O = 13 ¥ W EVEIZ 5 2 & B EET
LE, RO (- 042~ —0.75) 13RO THERL D TH S
LWz bo T AU Suthers et al. (2006) 3B TW5S [V
AROFAEMAG D B HKEERER] ISR EEZ N
Bo 2V AIRDKFEMAE D R SN B IKBEIERERTIE,
— AR S N7 R ARIT % 2 TR e 4 DS — I
BB 2 A%, FOEFEWIE XY B A ZHVKRE 2 5 kAl
AEDEA L, BRI EE O AR AT A Zo/hE
ARRAEFE D L 0 X ) E\viz, NBSS O & 138 )
127 % & ENTWw A (Suthers et al., 2006). ASHFZE 0 F 4
WCH LTI F L, AFOHERSIZE > T0L
ZIRDFAEIEMAARA D V), LA (2 BT I e R 4T
S ER ISR Z LWIRIE SRR L £ 2 b,
Z T & 7% Suthers et al. (2006) D 7EX % Nutrient Pulse K&
CREIROBIED OV ZIRTH HKBEAERER) 2B TIE T
HEEZOLNS,

L EIH 0O NBSS DIE & Z#ERe 22T 5 € DO ER &
LT, YR ERBIRETZ > by siBls b
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Table 2. Comparison on the slope of the normalized biomass size spectra (NBSS) from various locations.

Year/Region n Slope Range I References
Northwest Pacific Ocean
2008
Transitional domain 14 —-0.42 —0.14~-1.00 0.89 This study
Subtropical domain 34 —-0.43 =0.13~-1.13 0.93 This study
2009
Transitional domain 16 -0.64 —0.03~-1.10 0.93 This study
Subtropical domain 22 =0.75 =0.12~-1.02 0.98 This study
North Pacific Ocean 11 -1.13 — 0.85 Rodriguez and Mullin (1986)
Lake Superior 11 -1.10 —1.00~—-1.15 0.94~0.98 Sprules and Munawar (1986)
Lake Huron 8 —1.02 —090~—-1.18 0.59~0.94 Sprules and Munawar (1986)
Lake Ontario 4 -0.97 —-0.90~-1.04 0.82~0.90 Sprules and Munawar (1986)
Lake Erie 4 -0.99 -0.77~-1.24 0.62~0.90 Sprules and Munawar (1986)
Lake St. Clair 14 —0.90 —-0.76~—-1.05 0.68~0.89 Sprules and Munawar (1986)
Inland Lakes 25 —-0.98 =0.92~—-1.05 0.93~0.98 Sprules and Munawar (1986)
Northwest Atlantic Ocean 214 —-1.14 -1.09~-1.17 0.99 Quinones et al. (2003)
Chesapeake Bay 33 -132 —-045~-1.70 0.87 Kimmel et al. (2006)
South West Coral Sea 72 —1.00 —0.49~-1.31 0.95 Suthers et al. (2006)
Coral Sea 3 -097 —0.94~-0.99 — Baird et al. (2008)
Tasman Sea 3 —0.69 =0.59~-0.78 — Baird et al. (2008)
Australian Estuary 15 —1.89 —0.72~—-3.06 — Moore and Suthers (2006)
North Iberian Shelf 70 —1.11 =0.90~-1.21 0.85 Nogueira et al. (2004)
Indian Ocean 7 -1.87 — 0.78 Piontkovski et al. (1995)
California Current 6 —-1.25 —0.53~-1.96 0.2~0.96 Huntley et al. (1995)
Gulf of St. Lawrence (Estuay) 2 —0.90 — — Herman and Harvey (2006)
Gulf of St. Lawrence (Open Water) 15 —0.47 — — Herman and Harvey (2006)

LB END (Figs. 6, T TR EET T L HE)
W75 07 s 3R A XADRRECHDL L OD, FEREIC
Y3 - F A AR TE2HAET 5720, HHZ 1/10
YA XOAY BN E- AR D 5 L35 NBSS DH
& (Platt and Denman, 1977, 1978) 124 TlX F 5 2 W4T
BHhHEVZDH, TIH 2 DODOFER GREHOMEA OV A
WRTHrZ e WL S F U BB TS > 7 b
UHMEET A Z 8 I L ) BFEOTEILATHEED NBSS
HZIHERDOIFIEL D D L VBRI L RMEX IR > T
LEZHIA, AMEIZEB VT NBSS O & ANIE 2T
Z &3, Gulf of St. Lawrence (2 B W TCifE &ML Z g L
72028 C b A E T B D (Herman and Harvey, 2006),
NBSS DO & AR Tl —0.90 22 D12k L THRICLIE
—047 L ARRFFEIZITNME T - 72 (Table 2).
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b D). AR R W58 B B 4 G E SR (A)
17H01483, # T-HF 78 18K14506, & #5HF 78 (B) 19H03037)
DERDO—HF TS o RIFFEO— LI 7R e 7 1
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— R, A R A K SR HEB T FE T O 8 B SR
Wik & ORI se L mE R e 2 S =T o
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