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Regional and inter-annual changes in the abundance, biomass and
community structure of mesozooplankton in the western

North Pacific in early summer; as analyzed with an

optical plankton counter
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Abstract Abundance, biomass and size structure of mesozooplankton samples collected with
Norpac nets from 0-150 m at 5-13 latitudinal stations (35°N to 44°N) on 155°E in the western
North Pacific during May—June every year (1993-2004) was analyzed by using an optical
plankton counter. Zooplankton counts on 4096 size units (size range: 0.25 to 20 mm equivalent
spherical diameter [ESD]) were converted to biomass, and summed as the community biomass.
The data of each size class was combined with in situ water temperature data to estimate
production potential by Ikeda and Motoda’s method. Depending on the latitude, study region was
classified into subarctic front (SF: >42°N), transition domain (TR: 40-42°N), subarctic boundary
(SB: 38-40°N) and subtropic current system (ST: <38°N). Throughout the entire study period, the
regional variations were seen in most size fractions of the abundance, biomass and production,
ranging from 52,754 to 86,926 inds. m 2, from 2,656 to 10,183 mg dry mass m 2 and from 134 to
219mg Cm 2day !, respectively. Among the four regions, TR was characterized by high
biomass and production but by least abundance. Inter-annual variations in the abundance,
biomass and production were largely due to those of 2-3 mm ESD fraction (and 1-2 mm ESD
fraction for the biomass). Thus, the 2—-3 mm ESD fractions (composed of Neocalanus spp.) were the
most important one affecting not only the regional but inter-annual variation patterns of
mesozooplankton. Apart from consistent importance of Neocalanus spp., gelatinous zooplankton
such as appendicularians, doliolids and salps were observed to form irregular peaks at ST and SB
regions in some years. It is suggested that the outbreak of gelatinous zooplankton is related to the
development of thermocline or halocline in the top 40 m of the water column, which may prevent
nutrient supply to surface layer, and improve food supply via microbial loop.

Key words: gelatinous zooplankton, Neocalanus, OPC, size, transition domain

2007 40 H 00 H=Z{, 2007 4£0 H 00 H=

(Mark2)  ML9055C_ Mark10 . . Mon Dec 24 14:58:02 2007
av#®Yy b Page 1



BPS82121

AL

—Bp

(Mark2)

1

2 HAR7 S v b g

1. &

£

IKEEFICBWT, FHANEEROE#A =X 1%
fRBAd 2 2 & REMEHMIDO—>TH 54, £DHICF
ANHOERTH 28T 5 v o b v OBFERICET
BB A LIS, E RS EIICET 2 2 EAVR
TRTH B, BT, ¥4 XBdH 50 « BEBDF)
M>s vy s YEEEEEES 5L, Hov A X
FIHOMSEIRME IC B2 NI ENE 25 2 & (Shel-
donetal. 1977), fERIAEY) DAL DV 230k
I EA S 2 5 2 & (van der Meeren & Naess
1993) K EM D, EKICEETHBEEZONS.

IERFEEIc B 2 EMNE T 5 v b vEIINE LT,
Wi D St. P (Mackas et al. 1998) ®, #1107 V=7
BRI CalCOFI o ¥ = 7 b (Ohman & Venrick
2003), HAAIEOEILhIcE T 2 RPLHHEE OE
1994) B ERH D, ThE &< OMEPHBRIER <
ncx, LarlL, W7o v v voENETCET
BIFEORNE, BT v 7 b vEHESKORERES
TRIBEE VS KBHEREICHET I LOBIEIEALETD
% (il Z1 Sugimoto & Tadokoro 1997, 1998). JF4ET
&, BT 5 v o~ VRS ICESE b TR RIEH
B9 B & iThb N TV B4 (Tadokoro et al. 2005,
Chiba et al. 2004, 2006), =1 5 b FHEEIZS> VW TDO A
Rtz iToIcE EE->Th 0, 2NMEEIFL TV 3
DI TEEV, KEFE, BEHOMERE VS BIEATIAE,
TS5 b v OY A XBD BV HREEER OB
HFEATETZ2ENERTH L 00, JLRFEFEICS
WCTINEDHADERIIVWE AT NTH 5.

—h, WEEEVOIBACBWCLEYM TS v Ny
DY A XNHAEHSPICT 5T EICREERGTEKRLH
%. Michaels & Silver (1988) 12, X@o#EW 75 7
M UBRICE O X O ORISR ST B 00 S
B ZMENSYERERLZIREST S LIERML TV 5.
¥ 2z[dkkIC, Boyd & Newton (1999) 13, FKJgh o &g
~ORRAE K S (POC) Bk & 3, RBEERICBT S
TS5y N VBED NS £ < 2 ESFEBHEIC & - TR
T EAEMLTVS, FIZEER-ETY IV SRS
TEGA, YVHEMUNSY T 5 v 7 b v AR
L, #Ehi& LTRRFET 3 T & Thi+ OBk %
¥, EE» SEENOEEBYIEHXAETREIC LTV
(Ducklow et al. 2001). > % v, #BrEICH T 2YEIEE
LVWHSEBENS S, BT v b DA X5Hb B
W REEREE A 5029 5 & & OEEME IS,
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COEICEHMT S v b v DA INH T EOBTE
BEHO»ICT B T ERBKET, @BHEFORGOBE,
CEETHIICbLrD LY, EEITIZ 0T BT
DNFICASHICE->TWE, ZOHEME LTED@BITO
REES P SN 5, EROEAMERIC X 2 EITICIZZ R
BHNERERE, FLTEMT I 7 b ORESEHIIS
WCOHENIBHGE P KRB LS, TDD %y MRE
TEonEY T 5 v b vEEI O KES R, TREE S
12 RIBEROBMTENITONDIDAT, ¥4 Xdb5VIR5
MR ORI 13 SN 5 D 1F T — iR 5 h
TLWEDONEIRTH S, 5 LAREOMREE LT,
PERDERMELIT X 2 fRITIC L CIERE, 88 2> D KaRER
I A N0 AR 75 v v vy v
% — (OPC: Optical Plankton Counter, Herman 1988)
OEANFEHEN TV 3,

OPC il [FE 50k 2 Botiicms s &, T Og
KL NDOEHEEZERETE LTIRA, 28T 4096
B 7Y s 4 2=y b (DSUIZHHILH A X
P IC R TR 25l 5 b D TH 5 (Herman 1988).
% DSU Ohi 13 Herman (1992) 2 X bz n Ik
e % W Tk 2% (ESD: Equivalent Spheri-
cal Diameter) It & 5. OPC (2 ESD % 0.25 mm
B 20 mm OY A XOKFZ2FHMT S EMNTE
(Herman 1988), HMiifAIcflAIAA CHIBHEIERIC BT 2
g7 5 v b v amofBECHAAETH 5. AT
OB & LT, JerEERaE: (Herman et al. 1993),
4 XY 75 (Nogueira et al. 2004), A ~ F7£ (Labat et
al. 2002, Gallienne et al. 2004) 1235 1F 3% H 3.

7212 L, OPC 3% D& I, KT o&ERL DIk BhT
B oOBNEHP, AP E S FF 2T v b
EBERISRITG T 28/, 7 54 & Rk BK
OB ARFEME V- 2MEEIEAZ TV 5 (Herman
1992, Sprules et al. 1998, Zhang et al. 2000). & < ITH]
RO AR AAA R FARED L5 5IEE, nbd
OREA RT3 C & I3E L WA, EREFNTHLTY
v EERE T 2154 @YU BT ATV, IE
R THES OPC @l g 2 X O 4 5 &I
O ERESBIENSAIEEE 75 5.

Ih o OMESZB % 2 T, Beaulieu et al. (1999)
FFEBRER OPC FHUIEE 2R L7z, COREE, 7
7N NVF v vN=ODOREE TS & T OPC A3
BT BRI @7y b EEE) 23y ho—
WTE B, BRI TOERLDICK ZELET 3
TEMTED, S5iT, EEORBNITT 514 5 2k
EHOT7 4 vy —EFBET L LT/ A XERKETE
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3. ZOXEEEAFML T, CalCOFI TRE « (IESNT
Wi EERE AT L, N4 4 < R & Chla DB%ES &
VN A F = 2 DZERIZF O fiREH (Beaulieu et al. 1999),
F7213 v o A% 455 (Pacific hake) B DA ROHETE
HIWBH SN TE D Mullin et al. 2000), £ OF HMEL
FHS N T3S,

7RI, PEERALATEE 155°E #RD 35°N~44°N i
BWVT 1993 Fh 5 2004 FEOHFEFE» L EFICHES N
7cZEO0~150 m) W7 5 v 7 b vkl & EiiER
OPC Tfi#tr L, RIMHIcB 2014 XL 087 S
v b vEERB IO A T & BB KR (0~150
m FEFEKIR) 2 SRR S N R O ZEREE) <
y—vAEPALMCT L EEHE LT

2. MEEFE
2-1. Fiw=EE: OPCF+UTL—Y 3V
EERZERI OPC 2 = » b (Model OPC-1L: Focal Tech-

nologies Corp.) ##l#iAA 72 OPC EEa#E (CT&C #:

1:1
4 (a) Calibration beads

2 4
1 4
)
E o0 .
a 0 1 2
7
5]
Q ;
% (¢) Chaetognaths /] :
3 1 s
11 /, o
7 O memsmn not stained
: L] stained
0 T : ,
0 1 2 3

#, Beaulieu et al. 1999 2X—2 & LTW5) Z({fif]
L, w1 vEEREOHES L O 1 XlIE DR
AWMEELE (F+ ) TL—vay). Fr)TL—vay
HoK T & LT, +4 DD 6 FEO AEW s
e — 2 (EfE: 0.29,0.54,0.80,1.03,1.62 XU 2.38
mm) % 10 fzxHv, fHEodE (Herman 1988,
Beaulieu et al. 1999, Zhang et al. 2000, Wood-Walker
et al. 2000, i)l 2003) =Z# (1, K H* OPC % @i g
Ak E% 10 L min~! T, AIERO K T O
710 countssec ! LIFIC B L IR E L. T
TESEDT, 6 EHOHIERE - XX 10[ME T T h
504" > OPC THIE L, MESN7c ESD & B cilll
ELE—XOEREZILE L. TOME, miFdiE
1:1 0 EE/RL, MBI 99.7% TH- I &h b
OPC O 1 X OREE 3+ mW\W & EDEFHE vz
(Fig. 1a).

Wiz, wo=) vEESNEEY TS v o b RN
%43 OPC ORITEREAIE S Micd 2 7o, B,
RKERBB LA X Eicy — b LA ZHOTT

4 - (b) Copepods

Ne
3 4
Mo /Np
2 ] Eb-C6
Mp§ Eb-C5
1 4
0 .
0 1 2 3 4
57 (d) 1:1
& ----Doliolids (not-stained) -~
41 Doliolids (stained).-; -~
A Salps (not-stained) .-~ s
3 {4 Salps (stained) .-~—4=
2 i : Za —A—
. o
0 .
0 1 2 3 4 5

Microscopic ECD (mm)

Fig. 1. Relationships between Equivalent Spherical Diameter (ESD) measured with OPC and Equivalent Circular
Diameter (ECD) determined microscopically. As test particles, calibration beads (a), copepods (b), chaetognaths (c) and
doliolids and salps (d) were used. The regression of (d) is of doliolids only. Vertical and horizontal bars acrossing
means denote =SD. For gelatinous zooplankton taxa (chaetognaths, doliolids and salps), the effect of staining was
also tested. Species abbreviation for (b): Eb=FEucalanus bungii, Mo=Metridia okhotensis (C6F), Mp=Melridia pacifica
(C6F), Nc=Neocalanus cristatus (C5), Np=Neocalanus plumchrus (C5).
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THEBR 1T - 7o, BRI AR O G (165°E 4%
IZif - 72 35°N~44°N) TREs N4 7 v (Neo-
calanus cristatus C5, N. plumchrus C5, Metaridia paci-
fica C6F, M. okhotensis C6F % X U Eucalanus bungii
C5,C6F), Y& v, €55 vEEBM TS v 7 b v (9
I YOVER, FOVNED) ARV, IS BBAMET IS T
AE (Body Length: BL) ¥ & U'Ali§ (Body Width: BW)
ZREL, TOME O REMEZ[BEELZL TTE BILEKDEK
& (V) % Patoine et al. (2006) Z2&%1 L TR

V=5 (5 (%)

Neocalanus cristatus C5

1 (dF 6,130, F=2.600, p= 0.021)
4.0
369 O— &
*
] e
3.24
s

% 55 %

Metridia pacifica C6F
(df= 5, 114, F=1.264, p=0.284)
s 1.7 1
=)
é 1.6 1
2 — —
A1y ~ \
o
L 1.4+
<
1.34
12 3 45 6
Eucalanus bungii C6F
(df=5, 114, F=0.473, p=0.796)
2.8+
2.6
—
2.44
O——o— / e
2.2
2.0

1 2 3 4 5 6

%15 (2008)

KRB, 51T, RKROLAERDOEE (V) EZEL WK
TEOBRDBERE % BME FFEM] ECD (Equivalent Circu-
lar Diameter: ECD) & L Tk

2 3
gty ) x(5)=5(557)
ECD=%/ BW?xBL
WX OHEEL, OPCITXL % ESD &fh# L. %72, 7
Sy b vOEPBHTH S LTk AEL S OPCHI
EEOE/NHtiAZRE L, hA7 VEEIAFLyTIv—
T, YAVHEBIOEIF VEBYRES v 7 28—
VIR Y L 7%, OPC T & 2HEEEIDRIE =17V,

Neocalanus plumchrus C5

247 (df=6, 133, F=0.866, p= 0.507)

221

2.0 - ¢ T
1.8

Metridia okhotensis CO6F

247 (df=6, 132, F=0.631, p=0.705)
221 —
o
— \”
2.0
1.8 , . . -

Eucalanus bungii C5

227 (df=5, 114, F=0.459, p= 0.806)
2.0
\c\ —
1.8 o
o non-stained
1.6 ® stained

12 3 4 5 6

Measurement repeated (7)

Fig. 2. Effects of repeated use (6—7 times) and staining/non-staining of 6 copepods on the ESD measurements with
OPC. The measurement started with non-staining specimens (n=10) three times, followed by stained same specimens
three-four times. Differences in average ESD values of successive measurements were significant only for Neocalanus
cristatus C5 (one-way ANOVA and Fisher’s PLSD, p<0.05), which was due to breakage of body parts. Vertical bars
acrossing means indicate £SD. * »p<0.05 (Fisher’s PLSD).
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et O HE (stained, not stained) 1T & 2 8284 4 L
fe. %®%%,mfﬂ®9@ﬁf§ORlu£%E$)i
WM & 75 - 72, b b, hA T VHETIREE
EIC & B2 EBMED SEHE L 72 ECD @ 99.5%, ¥ 4 V3
TIIHI83%, W I Z b« S NFETIEH 80% & 75 - 7
(Fig. 1b—d). KDL < (AR RIRLARE W 4 V8]
®, EHWEEFF THIE AR DRLR DR 2R L i <
WY 3 ZIVEHITB T, OPCIT & % ESD & & 0/ NGE
EnaEABR NI &S (Fig. le,d), ThHHK
SYFRTRIC K B/ N O FRRE D W d FRI O L o RE
BLOEOMHESICLEZbDEEL SN

oo FEMe, FH—lEOKEGHEIC X5 ESD ~D
HEIOINOSFEHICBEVLTORLNGE - e,
NELTKRIEA A 7 VED Neocalanus cristatus C5 T
FEHIE] O ME A RME A2 BHE L, = 055 ESD
DO/ NFHEBEE I /L S 7 (Fig. 2). Beaulieu et al.
(1999) 34+ 7 IO XS W ARKBE 75 v 7 b v D
EEE 2 OPC TRIE S 2354, IRLMBR S AR L
D HEEL/NRIFALS B 2 &tk > T, BIAEKESD ©
NG B & O FIBE N1 & B R O R ER AT A
TORTOLEIERLTVE, L EOFIHER KR AR
FAC, AMETIERENOPCICLOEW TS v
b VERPERIT T 2 BRI, o Qe E Km0 lE &
W o e EURth o AR O iR S BIERITO S, HER
Lkl & 1RO AfTH bo & Lk,

2-2. BTSSP URE

fiE i O 72 50RHZE 1993 ~2004 FE 0 5 A FA)A &
6 F NAJIc 155°E £ Fo 6~13 %E4 (35°N~44°N) I
BT (Fig. 3), JLimE RFABE M [HLEAL) (1993 i~
2001 4F) BXU [BL & AAL] (2002 HF£~2004 ) it
HwcRES NI D TH B (Tablel). 75 v 2
b v EFHT Norpac % » b (102 45cm, H&W 0.33
mm; el 1957) 2HWT, KE150m » o EAE T
DOHERXICLOFRELL, F v b ORI 3RS TSR
KEFEB D 11, 2ok v EKEERD . Wk
13 6% fktv=) v CREEL, B EFEREICR DR -
7o, Fiz, BEEE[EERIC CTD (Neil Brown #% Mark
III B%Y, Sea Bird ff#! SBE-9plus %75\ L i3 SBE-19
R TAMG « MRS & 0 575 3 ]) 1T & 2 KR S O RIE
AT- 7z, KBEES B * v MEREED 0~150 m i
S WA E Z K 72,

140°E 145°E 150°E 155°E 160°E

O O O
w2
=5

O 0O
2]
o]

Fig. 3. The location of sampling stations (35°N—
44°N) along 155°E in the western North Pacific. The
stations were grouped into four regions in the present
analysis, e.g. SF: Subarctic Front, TR: Transition
Domain, SB: Subarctic Boundary and ST: Subtropic
Current System.

Table 1. Zooplankton sampling period at 35°N-44°N
along 155°E in the western North Pacific during 1993-
2004.

1st visit (mainly late 2nd visit (mainly

Year May—early June) late June)

(n) (n)
1993 5-10 June (13) 24-30 June (11)
1994 5-11 June (13) 23-29 June (13)
1995 5-10 June (11) 23-30 June (13)
1996 6-11 June (10) 23-29 June (11)
1997 7-10 June (b) 25-29 June (13)
1998 4-10 June (9) 26 June—1 July (6)
1999 5-11 June (7) 27 June-2 July (9)
2000 6-9 June (9) 25-29 June (13)
2001 4-9 June (8) 23-28 June (9)
2002 22-27 May (13) 12-15 June (6)
2003 13-18 May (8) 6-12 June (11)
2004 11-16 May (12) 4-9 June (11)

Number of zooplankton samples are shown in the
parentheses.

BEICTrHRX T 5 v 7~ v EI# (Motoda 1959) %
AwT2aEILtk, FAORIEKZTAEL -5 —(C
LBRTETFTTHA WY 0.1mm # v ¥ a FITELED,

FRIEZHWT 0.01 g DFEE T%®E$£%M%Lt
BEBRZRE LR (SxER@Wrs5 v b v
) FREYOLEITIE L T 1/2~1/32 1T E|L 7214,

2-3.

(Mark?2)

BIALIE « OPC IC & B EAIEHR
s ) VEELEEW TS v o b vEENE, BELE

ML9055C__Mark10

EEREM OPC 2#HOWCEEW 7 5 v 7 b v EEE %

——

A4 X7 5 Z (ESD) I8 L T L 7. i

R DT FEER
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6 HAZ S v7 b v2E $55% F1%5 (2008)

OFEREEZ, (1) W75 v 2 b v OPC Ai@i#d
LB DRI 10 Lmin™!, (2) MEROEHY 7 5 > 2
kv DEEZ 10 counts sec ' LIN, (3) BT 5 v
bR R EE S 1 BOADHH ET B, DRIESE
BT LTI A T - 72, F 72, OPC @b icfit L 750k
&, BE LBl KOEARESRY [AE L, ok
L.

2-4. F—4H0E
2-4-1. HBIREFE

OPCIT X D EHEs 124,096 4+ 4 X2 = MgDhL
FE () &EBARHT B T 2 9EIHK (5) B L UEKE (F,
md) o, BHA 1=y MBI ZHELAKEYZD D
HIRMEAR (V: inds. m™2%) 2R 7z,

n
SXF

F oK EY 72 o BRI AR S BRI (150 m) %
F LA ETHAKM (0~150 m) 2472 v o HEE A%
(inds. m~2) ITHB L 72,

2-4-2. YA XHEMENAF TR

4,096 44 X2 = bIZHIFONIE TS V7 b v
HEDEER (Wet Mass, WM & &IR) 32 nhEho+
4 X2=+ r® ESD (mm) IZfHY 3 B ERDOBIEZ KD,
ROTE TS v~ vOHRERKOLEESEL WV EK
ELT, BE,S WM Rk, WMA» S DM (GzE
&, Dry Mass) ~O#%1T (3, Yamaguchi et al. (2005)
DT & 2 IR AT ~ di By DK EZE 150 m L)
ETHREINEZEH T T v 7 b YR OIKES DK
& (84~96%) @ I fE (90%) & W72 (DM =0.1 X
WM). COEF A4 X2=y M2BF S 1KLL D
DM HEE /N A 4 < RICHIR O HEEESR 2R L5 &
Ik, BAKESD L REAKEY 700 O E RN A
<2 (mgDMm™ %7213 mgDMm™2) A28 L 7.

2-4-3. KE=EDHTE
BT s v v RIS D OFEIKE % Tkeda
(1985) DA UK EREEZE & L 7oK
InR=0.124-+0.780 In B+0.073T
HOoFFHELL TITR EFMRE (1] Oy ind. ™!
h™!), B I3AE (mg DM ind.”!), T (C) R EHEHIC
B1F5 0~150 m MOFEFEIPKETDH 5.
wic, 7S v b v oEEE (1) 2RE (R), IR
WTHER (G) 2 I »oiEE L. T, EMLzhE
(G+RI/I) % 70%, FKEMNFR (G/I) % 30% TH 5

ML9055C_ Mark10 .

—— o

EIR5E L 7z (Ikeda & Motoda 1978). T DL E % (K
mEKBIOFEL, R E2HOCEEREZRD
HEEEAEET 2 HEEBEY T S v 7 b Y HEOYIETE
RICBI 2B 2 ER(LT 2HEE LTHELSHOVS
ncuws (PlAE Al-Mutairi & Landry 2001 % Ro-
man et al. 2002 2. BifE% 1 HY/c b B
LIRFZTERIT B &L, I(mgCind. " 'day™!) BUL TR
THYE 5.

12 B
I=RX oo 4 209755 1000

b5, R (CO.]/[02) & 0.97 (8 v/3 o7 HR
#if, Gnaiger 1983) &{RGEL, KA A 1 mol (224 L)
TORZOEERE (12g) UL EICX VKA R &
LCH SN B RBRRICHE L2 LIk s, S 5ICHE
(LR EBEES®R L 0 I=R/04 & L, HAi%E pg »
5 mg NMAT L (+1000), REREALS 1 RS20 »
51 HYM7D (X24) kL.

& (G: mg Cind.”'day 1) &, AR NGE (EAL
BhE# 709, MEIR: 30%) kv ToXcks
na.

G=0.3xI

THLTESNE LEY: 0 G (=4mR) 1T, B
Mk&E S L @HAKES 20 o HBEMEAEE (inds.
m %73 inds.m %) ZFL T, 4,096 441 X2 =
KB A 1 HMc0, HAkE (b L RBEAKE) 24
720D G (mgCm 3day '$£72ldmgCm 2day )%
B, TOXHCLTELNILFARTED G OB
DHEAFERTH 5.

X 24

2-5. EMTS VU bk BEDORERZEE

PHEBIBICB T 2T 5 v 7 b VR SRZERPIC
EOXIHIREHLTVEO0EIHSPICT 2201,
BIfdAE, ~4 A<, HFERZhLZTHhICIOVT, HES
N724096 44 X2 =y b OFEREE6 DDA X7 5
Z (ESD 78 0~1, 1~2, 2~3, 3~4, 4~5mm BL U} 5
mm PI L) TEicE &, FEEFEEE 2 MTEHE LT
two-way ANOVA 12 & 5% & Fisher's PLSD T &
LZRAN® Y 7 FRANEITS 12

COMED I, BUERIZILL D 3 fd 2% —fHlE
ELTREZICKOEEMIIXS L, ehen "M%y 7
oY b7 (>42°N, Subarctic Front: SF), “BfrafE”
(40°N~42°N, Transition Domain: TR), “THZEH A"
(38°N~40°N, Subarctic Boundary: SB) 8 &k % “Hi#k
I (< 38°N, Subtropic Current System: ST) & FEFR
4% & &Lk (Fig 3). b DMK S OFEFR G
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ik o (L« A OPC 12 & 2 PEHILK L EOE 7 5 v 7 b v BHERRSE T 7

Y= 105X+ 0.05 (n=234) i
204 72=063,p<0.0001 .
' L]

OPC-derived wet mass (¥: g WM m~)

0.0 T T T
0.0 0.5 1.0 1.5 2.0

Measured wet mass (X: g WM m-)

Fig. 4. Comparison of zooplankton wet mass esti-
mated with OPC and those directly measured.
Zooplankton samples used were those collected with
Norpac nets, excluding those dominated by gelatinous
zooplankton (cf. Fig. 8).

44 4

424

404

SB
384
364 | —0— late May- early June ST
—&— late June

A —
Z
~ 34 T T T T
-i: 0 5 10 15 20
-% Water column temperature ('C)
i |

44 5
| Hﬁtﬁﬁ:\

42
40
38

36

34 T T T T T
32.8 332 33.6 34.0 344 34.8

Water column salinity

Fig. 5. Temperatures (top) and salinities (bottom)
averaged over the 0-150 m water column at stations
along 155°E during late May-early June and late
June of 1993-2004. Solid horizontal bars across the
means denote =£SDs. SF: Subarctic Front, TR:
Transition Domain, SB: Subarctic Boundary and ST:
Subtropic Current System.
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Favorite et al. (1976) &ZfH]1E 5 (1990) ==& 1 L 7-.
TN ORHIRX /3 1343 U b /KBRS E OKIE « 35
DEENTI NS — ) ILLZBEBHEORSE—HL TV
WS, FERTIRNB XS IcENENOEEIC S W TRAE
ZE3b b b0, ids 7o v b (SF) L O
55 (SB) A& (F T N OFEEHEPE (HER 7o v
M iE >42°N THFEFEER T 38°N~40°N) IcH 51,
FEEMER D ZLE RSN TV B,

FICRATIRROE OB, BLNE RO G IC H 7 B 35°N
13, BOITHONIL - FENE I - 12 2 OIRTT SR
Wio, F7, BREHE O, > (&ETHERDS,
Table 1) 1997 FicH1 % 5 A Maj~6 A LAjoF7— %
T SRS L 72,

3. & S

3-1. OPCIC &2 EEEMRT
AFECHE LB TS v 7~ vdBloo b, ¥5
FUYBEHY TS v b v BEBLELEERERVWEZLD

Table 2. Results of variance analysis (two-way
ANOVA) on the abundance, biomass and calculated
production for size-fractionated zooplankton at four
regions along 155°E during late May—early June of
1993-2004.

Source of variation

Year Region Year XRegion
Abundance
Total NS * NS
0-1 mm NS *x NS
1-2 mm NS ** NS
2-3 mm ** e NS
3-4 mm NS *x NS
4-5 mm NS * NS
>5 mm NS NS NS
Biomass
Total * *x NS
0-1 mm NS NS NS
1-2 mm *k ** NS
2-3 mm *x e NS
3-4 mm NS Hx NS
4-5 mm NS * NS
>5 mm NS NS NS
Production
Total * * NS
0-1 mm NS *x NS
1-2 mm NS NS NS
2-3 mm *x e NS
3-4 mm NS * NS
4-5 mm NS NS NS
>5 mm NS NS NS

*. p<0.05, ¥* p<0.01, NS: not significant.
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8 HAR7 S v b g

n=234) oW TElsNhEER (@ WMm™®) &
OPC T X AHIE (4,096 #1 X = b DA » oHE
ESNFBEER (g WMm3) 2L T, OPCi#ro
FZMPEIT O WTHRET L 7 (Fig. 4). = OfEH, OPCIT &
% EE TR OBER & L L Th IR AFHE T
HotcbDD ($1.05F%), MEOHICIIEHLDTHE
1AEBADS A S (p<0.0001), OPC IT & 2 fifthr 224 1tk
DRE NI

3-2. BT SUY b UBHEDKESHEE FHHL
URERH
KEAAE, FHIB X OCRELH O T 21T - 72 1993
Hip 5 2004 0 5 HTA~6 H s XU 6 HTfJiC
BIF 35 155°E HRITIR » 7o BIEMD 0~150 m FEH -
KR ERESEEE S % Fig. 5 1Rd. KiE&EHESE S
ISR OES TR, EES CREEZESE, i
NTH - o, KB L O OEERFZE I EER 7 0 v

H o5& H 15 (2008)

N (SF) & HiFEREH (SB) IcB W T, BT (TR) &
BEE (ST o2z b kv 253 EREL, APIFEICE
BRI T oM R S e, AERICB VL TIR
5,66 Hici3iconNTEKR, ESEMITE 8T
MELICHITE TR O N, fho fRig T IEFEIIC X 5K
HEEDOEE LT L SIHIE Tl - 7.

7o v b v HBMEERE, N A v 2B RO
HICB U 5 KB L ORELTHOFEE 5 A Tha)~6
H EAOREF — 412>\ T two-way ANOVA Tfighr
Lic&n, HBEAKTIZ6H 1 X252 (0~>5
mm ESD) D3 & A EICB VL THEEBMICERELENRDS
N, 2~3mm D+ A X7 7 RICFFELH BRI N
(Table 2). A A <A THEL DH A X7 5 2 THERM
DENRONIN, &4 XEREH LB T S v
FyNA A2 2 ITFELH RSN 0~1, 1~2 8B X
U2~3mm DY A X7 5 R bEERFELZHAM TS
N EDLS, TNSDHA XY 5 ZDELZHNLHWY)

Table 3. Between-region differences in the abundance, biomass and production of size-fractionated at each region
along 155°E during late May—early June of 1993-2004 tested by two-way ANOVA (“Difference”, see Table 2) and
Fisher’'s PLSD. Any region not connected by the underline are significantly different.

Zooplankton Region . Region
i Difference .
Size class SF TR SB ST (Fisher's PLSD, p<0.05)
Abundance (inds. m?)
Total 69,713 52,754 86,926 61,556 * TR ST SF SB
0-1 mm 49,933 34,435 73,459 53,780 *k TR SF ST SB
1-2 mm 12,751 10,131 9,506 6,501 *k ST SB TR SF
2-3 mm 6,044 6,923 3,320 1,064 *k ST SB SF TR
34 mm 866 1,113 591 198 *k ST SB SF TR
4-5 mm 105 109 39 11 * ST SB SF TR
>5 mm 14 42 10 2 NS
Biomass (mg DM m2)
Total 9,249 10,183 5,927 2,656 wk ST SB SF TR
0-1 mm 558 371 602 470 NS
1-2 mm 2,271 2,093 1,576 938 wk ST SB TR SF
2-3 mm 3,977 4,515 2,306 776 wk ST SB SF TR
34 mm 1,848 2,287 1,189 365 wk ST SB SF TR
4-5 mm 442 474 162 48 * ST SB SF TR
>5mm 153 443 92 59 NS
Production (mg C m~?day )
Total 173 219 192 134 * ST SF SB TR
0-1 mm 21 19 44 44 wk TR SF ST SB
1-2 mm 50 56 59 48 NS
2-3 mm 71 95 60 29 wk ST SF SB TR
34 mm 24 37 25 12 * ST SF SB TR
4-5 mm 5 7 3 1 NS
>5mm 1 1 1 NS

(Mark?2)

* p<0.05, ¥* p<0.01, NS: not significant.

SF: Subarctic Front, TR: Transition Domain, SB: Subarctic Boundary and ST: Subtropic Current System.
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10 HAZ S v7 b 3o §5655% 515 (2008)
Abund g + 7 z 7 - L 17 AH 15
(XIO??HC?;C;-Z) Size composition (%) FRARMF 7 TAMCLD ﬁiﬂ:ﬁ— Lic&c 5, %1TFE‘&
0 50 100 150 0 20 40 60 80 100 (TR IZBWT A A<= R EAFEELPSVICLEL2D S
SF e 9, HBEREDS RO DTVWI EHHS T -k
/ (Table 3). T TR IZHWT/ A # = 2 EAEFERAE L
R \ 2 b b & BB KR b/ IR, 114
SB{ —— 200~
ST { —— g 4
ek
23
Biomass < ';
(g DM m2) Size composition (%) =
0 5 10 15 20 0 20 40 60 80 100
S
SF A =
.2
TR A .g
g :
2 :
® SB | 7
ST ) -
Size (ESD: mm) 4-5 >5 mm 28
P ; Es
roduction S o
(mg C m2 day-!) Size composition (%) /M 20
0 200 400 0 20 40 60 80 100
SF A i
=
TR { ——+—— g
| £
sp | — g
/ o
N
w
ST 4 —d—

Fig. 6. Abundance (top), biomass (middle) and calcu-
lated production (bottom) of zooplankton (all left,
mean=xSD) and its size (ESD) composition (all right) at
the four regions (SF, TR, SB and ST) along 155°E
during late May—early June of 1993-2004. SF: Subarc-
tic Front, TR: Transition Domain, SB: Subarctic Bound- T T J T T T
ary and ST: Subtropic Current System. 100

Production
(mg C m2 day™")

TS5 NN, RADELZBCERR L TWBE I EN
R E N (Table 2). &2EW) 75 v 7 b VEERICS
AEIHEEL L CELF PRSI, YA X7 5 R
IZOWTH A E, ESDA2~3mm OH 4 X7 J RICH
WTHRlE B L O E b IcEEBZH PR SN (p<0.01),

Size composition (%)

04
1992 1994 1996 1998 2000 2002 2004

Year

Fig. 7. Year-to-year variations in the abundance

DY A XY T RADEMMBEET 7 v 7 b VHEERD (top), biomass (middle) and calculated production
A EB L UOFELFH A2 SO0 L ENI MBI 2 (bottom) of zooplankton in 0-150 m water volumes
(Table 2) (mean=®SD), together with the size composition of

each, at 7-13 stations along 155°E during late May—
RIS O ZE) OK¥5) % S 51T Fisher's PLSD O early June of 1993-2004.

BPS82121  (Mark2)  ML9055C_ Mark10 . . Mon Dec 24 14:58:02 2007
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Table 5. Results

of wvariance

1

fEFF < 1L« fliH: OPC iz & 2 UL RO BY 7 7 v 7 b v B EEEE iT 11

analysis (two-way

ANOVA) on the abundance, biomass and calculated
production for size-fractionated zooplankton at four
regions along 155°E during late June of 1993-2004.

Source of variation

Year Region Year X Region
Abundance
Total * NS *k
0-1 mm *k NS **
1-2 mm NS *k *
2-3 mm NS ** NS
3-4 mm NS ok NS
4-5 mm NS ok NS
>5 mm NS NS NS
Biomass
Total NS ok NS
0-1 mm NS NS **
1-2 mm NS *k **
2-3 mm NS *x NS
3-4 mm NS ok NS
4-5 mm NS ok NS
>5 mm NS NS NS
Production
Total NS NS *k
0-1 mm * kk kk
1-2 mm NS *k **
2-3 mm NS o NS
3-4 mm NS ok NS
4-5 mm NS * NS
>5mm NS * NS

* p<0.05, ¥* p<0.01, NS: not significant.

200+
150
1004

50+

Abundance

(a) Total
[ ]

7‘4\%:%:

. Appendicularians

>

A

o
(]

MoONHEHTHWPBITH> 20 A, THIETRICBWVLT
ESD 73 2~3mm O 4% 4 X7 5 & (=Neocalanus plum-
chrus C5 4 4 X, Fig.1b #&H) BEhr-1dT
» 3% (Fig.6). £7, SHEBOAEEREIT 134~219mgC
m2day ! THY, FHEVEE (ST) gV TR - 72,
AT A X 51T Fisher's PLSD O£ Z bk v 27 7
MTXORIT L& T A, 1993 4F, 1998 4F, 2001 4F
BLUO2003FITEVWT M A< R EEFEENSGVW &
DS AT TS - F2 (Table 4). N4 + < 2 EHEFERORK
FEETZH A X7 7 RTEICRTVL &, 2~3mm +
4 R0 5 ZADMRNNY — v E—FH LTV WEEY TS
Y7 b v ORELF)E, ESD A5 mm Lo KK Y 4
R SABEEYT S v b v OFERICKESEELT
WBZ EMRENT (Fig. 7). v 7 VEMR LI EC
7%, 2008 KIS Y L ~FE (Salpa fusiformis) H3 &
EBATHE (TR) w2 CHBIL Tz,

[ERkiC, fAEE X CHELFOF#AE 1993~2004 4D
6 HTHIOF = I o VWTRh Z2iT-7c & T A, 0~1,
I~2mm & W 72/NI ESD 4 X7 5 2I2B VT,
A, M A~ 2BLOEEROVFNICLER
1522 HAEH (Year X Region) 7328% 51172 (Table 5). T
N, THAEAMRR SN - hiko 5 A Na~6 A
FRID 7 — & S (Table 2) 12T, b TH
B Th 5. ZHMEHOR S -IEH (Total, 0~1 % 7z

Biomass Production

Salps and doliolids

—o— SF
~a- SB

400
—e—TR i / Doliolids

300
4 ST

2004

100+

0 T T T

_ (¢) 1-2 mm ESD

4« Doliolids

104 A"'A\‘ \

¥>o

E/ O—

A‘ i /
1 Ué_{_v;\\
n

o T T T =
g . . 2 Unknown zooplankton

¥ 200 (b) 0-1 mm ESD & 15- ~Appendicularians S 004

=} 2 . . = ° ) . .

= ® +— Appendicularians g g g0l *+ "l Appendicularians
o 150 s & .

= A 104 2 ol

X 100 /K o £

2 / py 7‘4 ™ A 2 05 = 40

o g Y e 2 0.5+ bS]

2 50 =g S 0]

2 \;/D/g i 0~%\E =" g g 2

5 0 : . . . — @ 00 g o

< £

2004
. Doliolids
150 -

100+ A i
504 & N e g Ap S
R = . i Tk

0

0 T
1992 1994

1996

19'98 2000 2002 20'04

0 T T —+— T
1992 1994 1996 1998 2000 2002 2004

T T T T T T
1992 1994 1996 1998 2000 2002 2004

Year

Fig. 8. Year-to-year variations in zooplankton abundance (left), biomass (middle) and calculated production (right) of
“total” (a), “0-1 mm ESD” (b) and “1-2 mm ESD” (c) size zooplankton at four regions, along 155°E during late June,

which significant “Year X Region”
plankton taxa are indicated.

(Mark2) ML9055C__Mark10

interactions were detected (cf. Table 5). For prominent peaks, dominant zoo-
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12 HAZ S v7 b v2a $55% F 1% (2008)

E1~2mm &4 14 XoHBEEE, A A~2BLY
HEFER) ORMAEIC B T 2 HEAH % Fig. 8 1TRd. B
TSy hvooh, B v gV S
Voo R E S, EehIcKE c BhiEd A Y S T
VBT S v b VISEEE ORI E X CHEICKERE
L, ZDfER Year XRegion Z A/FHB b b sz &
K i, BB Es F BTS2 v DR
Bick - THBOFoNLDIR, 1994FD SBick
Y UNEB LU Y L 5 VFE, 1996 FED TRICE T 5
FBHE, 199940 SBicBiF 27 I VR ETH S
(Fig. 8).

f72, 6 ATEICB T 5 t wo-way ANOVA ks
% (Table 5) % 5 H Fal~6 A LA 0#5E (Table 2) &
Wi Lic&cn, 5 HNa~6 HLficid (4 +<2&
HERICBWTEY 1 X7 7 2B TRELEH PR SN
tes, 6 A NEITRDEOY 1 X7 5 20 HEEIEK &
HEFER A RO CREAZT IR S s - 72 (Tables 2,
5).

4. & z

4-1. BTS00 bbb A XEBOEE, SEHLUV
BREXEH

AWML TIE 155°ERFITIA - 72 35° N i 5 44° N D fi]
EHEREIC X 0 EAIC 4 X4 L (Fig. 3). Eh
7o vy YEHEDOKE (FBE) DO E LTy
5N 50D, BITHE (TR, 40°N~42°N) T2#H 7 5
v b v BG4 SIS TR bRV DI LT,
NAF <R ERFEENRRbGVWI ETH S (Fig. 6). <
L Fig. 6 oS E 51T, TRICBWT ESD 28
2~3mm, 3~4 mm BL P 4~5mm &\ - KA
YA X7 5 AMELL, ek cHEB L 7Ny 4 X
I AMWPIE s tetedTH B, ESD A 2~3mm &5
Y4 X7 F Z1E Eucalanus bungii C6F % Neocalanus
plumchrus C5 &\ - 7z, FRFEFMO KA A 4 7 VM
Y44 % (Fig. 1b). 2% b, 155°E R/~ 72 35°N »
5 44°N O E, BT (TR, 40°N~42°N) 25\
TARMAA 7 VHERZV itk > THESTShTL
5T EDBDMS.
RELFHICBVWTS, 5 AT A~6 A hajoik it
BEW TS V0 N N F = R EEFERICHEESEE N
Ron, wgnbd 1993 14F, 1998 4F, 2001 6 L O
2003 HEITEH W T ENB S0 & 78 5 72 (Table 4). &4 A
27 52D D5 2~3 mm ITHBICHRBELTNA S
N &5 (Table 4), Lide®#~7 5 v 7 b~ voxA

12
(a)

10+

12=0.65
21 p<0.01

Biomass (Total, g DM m2)
?

0 . T T T
0 1 2 3 4 5

Biomass (2-3 mm, g DM m?2)

250+

200+

150+

100+

50 r2=0.71
p<0.01

Production (Total, mg C m? day')

0 T T 1
0 50 100 150

Production (2-3 mm, mg C m2 day™!)

Fig. 9. Relationship between “total” and “2-3 mm
ESD” zooplankton, in terms of biomass (a) and
production (b), based on the data obtained during late
May—early or June of 1993-2004.

v A EEEEORELHL 2~3mm + 1 X7 52D
EHck->TobhoINTWAE I EMRBIN., 20
2, NA A< REEFERICOVWT, ESD A 2~3 mm
DA R FAELEHYT S v b v ORIREBZEL 2

LTAh WINLEEBLEOBBRNS L bbb
(Fig. 9). HH5R @) MR 0650 5071 TH-1 T &h
5, BT S VI b N A7 RAB X OEERORE
ZED 65% 5 71% 13, ESD 5 2~3mm O+ 1 X
75 ZADEEENCE > THMATEZ T EDHALA. o
¥ 0, 155°E T - 72 35°N /5 44°N i o B
TS5V by F e R ERERORELEIL, KA
47 VHOETEDEZEILL - TLEAENTVWA T &I
35,

FiRoEY TS5 v b v DRSPS B L CRELE) 13
5 A Faj~6 A LAJofsRTd - 72 —FH 6 A TEIC,
5 A TFfl~6 H EANCIZ R 575 - 72 Year X Region
O [ZZHAEH | HEEICHE S iz (Table5). COKH
TERE, [RFEET vy — vingiilic k- TRIT B C
EERERLTVS, ZEFHAPR S i o w Tl

BPS82121
oI —Hp
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1

ik o (L0« A OPC 12 & 2 PEHILK L EOE 7 5 v 7 b v B SE AT 13

1994-SB (doliolids and salps dominant year)

Temperature (°C) Salinity Temperature (°C) Salinity Temperature (°C) Salinity
0 5 10 15 20 33.5 34.0 345 0 5 10 1520 33.5 34.0 345 0 5101520 33.5 34.0 345
?' i s '7 T; Fog-
7 e 1 T
1 | fjl ﬁ
N 4 i// | / /./ | /'/
f N i
39 30’N 38°45°'N 38 00’N

1996-TR (appendicularians dominant year)
00 5 10 15 20 33.5 34.0 345 0 5 10 15 20 33.5 34.0 345 0 5 10 15 20 33.5 34.0 345

== ‘ i =

-t
e

100+

RS

R

Depth (m)

200+

et

300+

41°45°N 41°00°'N 40°15°N

1999-SB (doliolids dominant year)

0 5 10 15 20 33.5 34.0 345 0 5 10 15 20 33.5 34.0 345 0 5 10 15 20 33.5 34.0 345
. i e ¥ ea—u DU A o) i ¥ ,3“7'
== RY
- i
1004 4 —L —ﬂ
/ o 3
I g
200 4 <{ %.}
300 ; 4 /J ¢ ' . ./[
39°30°N 38°45°N 38°00°N

Fig. 10. Vertical distribution patterns of temperature and salinity at the station/year when gelatinous zooplankton
were dominated (closed circles) as compared with those of 12-year means during 1993-2004 (open circles). Horizontal
bars for the latter denote =SD. SB: Subarctic Boundary, TR: Transition Domain.

H9rL, WiIhbESFVEEY TSV v (B B, BRLICHE L BRI IR E I & o EIEcEER
SNFH, U I ZOVERB X ORRE) MHESE LT (Fig AP ENTE S (Bone 1998 2&H). b
8. 2%v, 6 HNOEW T Z v/ b V13, BT E €5 FVBET SV N DB 5 FEDKE E S
SFVHEEMT S v voBELICL s TS SN DENTE, FEHEICE T 3 128 &k %E
52 Dbt Thizb A TMa~6 A Aokt T - 72 (Fig. 10). 1994 F£ D s HEEER (SB, 38° N~
RN > HEETcH s, 6 HFAICKE>TE S F 40°N) I TH I NEHE D 3 S IVED S - 121, W
VBT S v b v SRFTINCRIEE ST B L5 - NOTEHBFITFL 0 EKE, 5T, KEE40 m LUK
P7eHH 2L N IcEE S 5. WCHEEDFE L TOBEETA I DM A . 1996 FEOF
FONHE, vy VEBLUCRREE V- ET T v TR (TR) TORHH O S 3 EKIES THRES U S
HEW 7 s v o b vIidEHHE & b EE AR , [EU < KEE 40 m DIERICHRIE O FZEDS 5 A T2,

BPS82121  (Mark2)  ML9055C_ Mark10 . . Mon Dec 24 14:58:02 2007
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14 HAZ S v7 b v2a $55% F1%5 (2008)

1999 D i FEREE A (SB) TR FIFE L © & IKZE 20 m L)
BROBMBOFENEHE L TEF SN (Fig. 10). o F
D, 6 AMRICE S F VEHEM T 5 v 7 b vaiEBL 7
RIWTTHE, WINbHIFEL Y bEEEPFEL TV C
L ELTHETFONSE. INoDERNLS, 5AF
HWho 6 HEAICRRONT, 6 A VUORESHEL
rEXICDARONBEESF VEEM TS v D
i, 875 [HEORKE>RENORKEEHIATIR
—SE I A X ENREY T 5 v o~ v OE >/ NERL
FENRERIEBHETEX 2L F VYEIHY T 5 v 7 b v
B E0d A h =X apEv kR TR0 & HER

N3, TORBOWIEICIE, W75 v 2 b valEHR
LRI TREL, W75 v b VREHREN S BN
Th 5,

4-2. BEIERFEEICEIFTI2E3M TS0 F VEHEDR
ERZENFE
I55°EfRICI - 72 35° N S 44°N OB 7 5 v 7
N DNA F R RFEEBR O, SE DA
B L UEES A N~6 H BB LU 6 A Maich
JTOWEMEORIALF 0K E/RT (Fig. 11). &)
M7 5 v v F< 2 EEROVTNOKEDN b

—@— Biomass
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Fig. 11. Schematic diagrams showing year-to-year variations in zooplankton biomass and production as affected by
the abundance of Neocalanus (2-3 mm ESD), and 3D images for spatial-temporal changes in zooplankton community
structure in the western North Pacific as revealed by OPC analysis.
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