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Regional and interannual changes in the abundance, biomass
and size structure of mesozooplankton in the western

North Pacific in early summer analyzed using

an optical plankton counter

Yuu Yokorl, ATSUSHI YAMAGUCHI* AND TSUTOMU IKEDA
Laboratory of Marine Biology, Graduate School of Fisheries Sciences, Hokkaido University, 3—1—1 Minatomachi,

Hakodate, Hokkaido 041-8611, Japan
* Corresponding author: E-mail: a-yama@fish.hokudai.ac.jp

Abstract The 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 annually during May—June (1993-2004) were analyzed using an optical
plankton counter. Zooplankton counts of 4096 size units (size range: 0.25 to 20 mm equivalent
spherical diameter [ESD]) were converted to biomass and summed as the community biomass.
Data of each size class were combined with in situ water temperature data to estimate production
potential. Based on the latitude, the 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 study period, regional variations were seen in most size fractions
in abundance (52,754-86,926 inds. m ~?), biomass (2,656-10,183 mg dry mass m~2), and production
(134-219 mg Cm~2d~!). The TR was characterized by high biomass and production, but it had
the lowest abundance. Interannual variations in abundance, biomass and production were largely
due to variation in the 2-3 mm ESD fraction. Thus, the 2-3 mm ESD fraction (composed of
Neocalanus spp.) was the most important one affecting not only the regional but interannual
variation patterns of mesozooplankton. Apart from the consistent importance of Neocalanus spp.,
gelatinous zooplankton such as appendicularians, doliolids and salps were observed to form
irregular peaks in the ST and SB regions in some years. It is suggested that the outbreaks of
gelatinous zooplankton were related to the development of the thermocline or halocline in the top
40 m of the water column, which may stop the nutrient supply to the surface layer and increase
the food supply via the microbial loop.
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1. B i

KEEFEICBWT, BRHENFEROEE A =X s%
AR 3 C L BB O—>TH 2, Db
ANBEOEERTH BT S v + v OBERICEET
BB A LR, SR> BEIICIRT 5 C &R
ARTH B, BKHTH, ¥4 XBb 203« HROH)
W>rs v b vBEEREZEET S L, oy 1 XH
FH O LEIRME A T4 K E 455 2 & (Shel-
donetal. 1977), fHEIAEYIOFEHE DE W IHE O E
LHERICEEASZ 5 & (van der Meeren & Naess
1993) 1 &M, EXICEETHEEELONS.

EARSEEICBI 3 REMINE 7S v 7 b VEIAIE LT,
BRI D St. P (Mackas et al. 1998) %, # ) 7 4 V=7
WIS O CalCOFI o ¥ = 7 b (Ohman & Venrick
2003), HASEHEOEILMICH T 2 EMZ#H#EE ()E
1994) HEDH Y, ITNFTEL L OREPIHEMPER S
hT&t., LbL, 875 vy b v oRNEH)ICEE T
BMBORFE, BT 5 7 b vEHELKORERS
fRBREE VS BHERICHETA00NEEAETH
% (f %13 Sugimoto & Tadokoro 1997, 1998). 4T
3, 875 v b vEHEREICESE S CRIE)
ICBAd AFFE b7 N T W A (Tadokoro et al. 2005,
Chiba et al. 2004, 2006), Z1156 bEFEREIC>LWTD A
fRtr 2 iTo It EE - TRy, @AM L w3
bIFTREBV, KEFEL, BHOEEREE VS EHETIA,
TS v DFA B D B IFE - HFEER O
GRAZICBTACEPEETH S b0, JLRFFEICE
WTINLDHIROEREEIVELLATNTH 5.

—7, wEFEVOIBECBYT TS 7 by
DY A4 ZPFHEPOSHICT E T LICRERELERN S
%. Michaels & Silver (1988) (3, REgo®m 75 v 7
b EHEIC E D XD SO SEEEME S T B 0 AN i
B AENYEREEARET 2 LEHL TV,
% #z[EkEIC, Boyd & Newton (1999) 13, g 5EE
~ORIRE R (POC) ik 1d, RELERICET 2
75 vy b VEEED N A A = R ESSEERLRIC L - TR
TR LEEHLTVS, AIARRBETH VBB ES
T 2856, Y BEMN SR T S v o b v A EE
L, 3hi& LTRRFLT B T & THT O M RREE 4 5
W, FE»SEE~OZHE L YIERNEEAFEICL TV B
(Ducklow et al. 2001). > v, BLEICH T 2 PYEIGER
EVWHSEELSL, BT b O A XNTH B
WIS RS A S icd B & E OBEEME RSV

COEHICEHHT SV b v DA IR TEDBRE
AW 2T 5 T EBKEES:, MEEFEONH OBSED
CEETHZITLrD LT, EBICE 2B AT
PNFICEHICE-TWVWS., TOHEE LTZ DD
REE =B 5N 5. FEROEAMERIC X 2Tici3Z K
BHNERER, T LTET S v 7 b v OEESEICD
WTOHEPI IS HGFR NS MNIEE 185, ZDlcd R v MRE
TELNEEY 7S v 7 b v OKERS F, MBREE
RRBEROMENTONEDOAT, 14 XbH50IES
MBI DB A SN2 D13 T —oREHZE S 1
TVWAHORBIRTH B, 5 LAEEORREKE LT,
DESR DFAMETIC K 2 MRHTIC LN CIERE, {5 20 D K IREfH]
I A XN H ORI A eI FE XTS5 v o vy v
4% — (OPC: Optical Plankton Counter, Herman 1988)
DEAMEHE N TV S,

OPC o I FE [FH 13 50k 2 ot ic @i = &, £
WL 2 R0REAEBEXES & LTRA, £ET 4096
BEOFY s A4 2=y + (DSU)ICHBILH A X
(el fm I R 08t 2 4 D Tdh B (Herman 1988).
& DSU OKiFld Herman (1992) 12 &k O W S 7 FE
fEIE R A W TEMRLER (ESD: Equivalent Spheri-
cal Diameter) Icf2E & 415, OPC X ESD % 0.256 mm
M5 20 mm QYA ZORFEFAT S ENTE
(Herman 1988), HfiifAicflAiAA THE#EEHICE 1T 5
Y75 v b ATHOREEICHETETS 5. FAT
OEMFIE LT, JEPEEORPER: (Herman et al. 1993),
4 ~ ) 7i#F (Nogueira et al. 2004), 4 » K7 (Labat et
al. 2002, Gallienne et al. 2004) (2B 2R H 5.

t=#2L, OPC 3z OfE L, KFOERDICK BRF
o/ NG, BINPES FFREMT S o bl
EBEBP R ONd ZaE/NGEl, T 54 5 ATk BIK
B ARFEME V- HEEAE A TV 5 (Herman
1992, Sprules et al. 1998, Zhang et al. 2000). & < ITH]
ORI ZAAKLBFAREDO LS5 558, Ino
ORYEAMEEET 2 2 & FEEL WA, EBRENTH LY
v EIERE A T 2154 (2B UNCHIEEZ T O, JEIE
15 R T E A OPC 2l d 2 L 5 I T 5 2 &I
X O IEHESENAIREE 12 5.

NS DOEESE AR E 2 T, Beaulieu et al. (1999)
FEBRER OPC FHAIEEE 2R L. COEEE, 7
2N F v v =~OFEEHAEIT S & TOPC 2
B AR @7 v s EEED) 2o v bo—
WTE LD, RRORFOERL DICL B ELR T
CENTER, X5, HEORKNICT 31 57 B
ERDO7 4 vy —2HRETELET/ A XA TE



[ o 1L b OPC I & A PEHIL A EQ 8 75 v 7 b v BEERGE T 11

3. ZOMEEZRHELT, CalCOFI THRE « #fFES N T
W EERE AT L, N4 < 2 & Chla OB%E &
U A F = 2 DZEMEIZEH) O il (Beaulieu et al. 1999),
F /213 o % %5 (Pacific hake) fEB D IMMARDHEE
SIGHA S N THE D (Mullin et al. 2000), % O R
RS TV 3B,

AWFFEIE, PEERILARTEEE 155°E £ 35°N~44°N I
BOTI993 05 2004 EOPH ICRE SN KB
(0~150m) B 7 5 v 7 b vk A2 EBER OPC Tfif
WL, Eisics 2944 2T L0875 v b v
FREB LU 4 k& BIEKE (0~150 m fEHEF
KE) 2 SETE SN EFER QMRS v — v &I
ST A EEBRE L.

2. MEEFE
2-1. FlH=EE: OPC*x+UTL—Ya v

FEERZET OPC = = » b (Model OPC-1L: Focal Tech-
nologies Corp.) 2§l &IAA 72 OPC EEaiHEE (CT&C

4 (a) Calibration beads

% Beaulieu et al. 1999 2 ~X—=2 & LTW3) Z{liH]
L, =) YEEGE O LU 4 XEDOREE
EREIELI: (Fv ) TL—vav), Fy ) TL—va v
ok T & LT, 4 XA 6 FEHO A S g
We—2 (HE: 0.29,0.54,0.80,1.03,1.62 88X U 2.38
mm) & 10@ZHV/, BEOHE (Herman 1988,
Beaulieu et al. 1999, Zhang et al. 2000, Wood-Walker
etal. 2000, i)I1 2003) £&F& 1, KiTH OPC %z g
LR OEKREAE 10 L min~' T, RIEEORFO%E
710 countssec ' LITFICH 3 L HICRE L. 0
eS0T, 6 EHoMER - XK 10lErzhTh
5[E9°> OPC TMIE L, ME SN/ ESD & ks <l
ELbE—X0ER2HEKR L. TOfEE, mEFEE
1:1ofExE/RL, MHEFREKIE 99.7% TH-7 T Eno
OPC O A R OREE 3@ » C i s
(Fig. 1a).

Wiz, =l vEESNAEYT S v~ vEENC
%95 OPC DRIERE 2] & iz 9 3 18, B5EE,
REBRMWBLOHA XTIy — b LERBEAVWTY

4 - (b) Copepods

2 4 3]
Mo
2 o
el Mpi/
o 1 A b
e
T |
;E, 0 & i 0 '
o) 0 1 2 0 1 2 3 4
2]
o
QO ,
% (c¢) Chaetognaths £l 59(d) 5}
3 4 > - Doliolids (not-stained) -~
41e Doliolids (stained). 7~
& Salps (not-stained) .-~ L7~
7] 3 {4 Salps (stained) .- o
2 4 e
1 4
0 ----not stained 1
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0 + " , . 0 : .
0 1 2 3 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=Metridia pacifica
(C6F), Nc=Neocalanus cristatus (C5), Np=Neocalanus plumchrus (C5).
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IHFERZ1T - 7o, BRNC @I AR O R UK (155°E ## LRI, TSI, ROLIEOERE (V) EEH L WK
IZiR - 72 35°N~44°N) TRES W n 1 7 5 (Weo- D Ek D E R % B Tl ECD (Equivalent Circu-
calanus cristatus C5, N. plumchrus C5, Metaridia paci- lar Diameter: ECD) & L Tk

fica C6F, M. okhotensis C6F ¥ £ U Eucalanus bungii 4 ﬂ(BW)Z <£L_>: 4 (ECD )3
C5,C6F), Y& v, €557 VEEMT S v b v (9
I YOVER, o) ARV S I3 I T ECD=% BW*XBL

(&5 (Body Length: BL) ¥ & U'&liE (Body Width: BW) ICEOHEFEL, OPCICX B ESD &ML 7z, %14, 7
ZRIE L, TOl& 0 ERAEEREL L TTE34EOK Sy s vOENBEHTH BT LIk DAL B OPC Il

f# (V) % Patoine et al. (2006) &%z L TR EMEOB/NHMEBEL, A7 YBHEIAF Ly Tu—
4<Bwfxcn> T, YoyHBLUETF VEEMERS v 7 2 -3
a7 e 3 ’ - ¥ 5 e

VIBIE TG L 7o, OPC IC & 2 BB ORIEZITL,
Neocalanus cristatus C5 Neocalanus plumchrus C5
(df= 6, 130, F=2.600, p=0.021) 249 (df- 6,133, F=0.866, p=0.507)
4.0 |
] 29
361 o——N | e
* o—_ /“\'
1 \\ LR Sy S 201 L/ )
3.2 1
1
1 1.8
2.8 T
1 2 3 4 5 6 7 1 2 3 4 5 6
Metridia pacifica C6F Metridia okhotensis COF
(df=5, 114, F=1.264, p= 0.284) 247 (df=6, 132, F=0.631, p=0.705)
L7 T
g
£ 4]
a o \ =
T T ) by | g S
% I
5 144 2.09
>
<
1.34
T 1.8 T T T
1 2 3 4 5 6 1 2 3 4 5 6
Eucalanus bungii C6F . Eucalanus bungii C5
(df=5, 114, F=0.473, p=0.796) == (df=E 5, 114, F=0.459, p= 0.806)
2.8+
2.6 I 2.07 J I
=S S0 S (e
2.4+ — L PP
1 \o/ 1 181 f J
2.2 .
o non-stained
204 | 1.6 ® stained
o2 3 4 s 6 2 3 4 5 6

Measurement repeated (72)

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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Qb OB (stained, not stained) 1T & 2 B84 35 L
7o, ZORER, WINOSHEE TS OPC ik % ESD 13
BN &7 - e, THRDD, AT YIETIITEM
ic & 2ERED» SFTHE L7 ECD @ 99.5%, ¥4 V8

TFHI83%, v I #« H I EHTIEH 80% &7 - 72
(Fig. 1b—d). &AHHE < AR FIELAKE 0¥ 4 /iﬁ
R, EHNEEE TRIE IS AR ORI O TR A A L i
W I ZVEHICBWT, OPCick % ESD 3 & bi@d\%ﬁ
fisnzEEBR SN EhS (Fig 1lc,d), TN H&
RIS & BB/ N OTREE O E W I3 HEEE T & O EE
BLUOBOfEFEsIcLZbDEEZ LN,

LEOFEP, F—FHEOREREICEZ ESD D

HEIOUFNONERICBWTOR O - 7208, f
& LTKIA 4 7 YHED Neocalanus cristatus C5 T
R O I E dc SEHE A SR L,  0fE$ ESD
O/ NEEMASEEE I R S5z (Fig. 2). Beaulieu et al.
(1999) FA+7 IO LS B KRBEEW 7S5 v/ b v D
EESEZ OPC THIET 2154, IRPFTREA A &
D HEE LRI TS B T &Ik - T, BIAEK ESD @
/GR35 & O RIEE NRLF I & 2R T 5 0 @A Ak
CoRFVEEML TV, DLEO PSR DR R4 B
FATC, ANATIERELOPCITL 0BT S v 7
bR R T B B, BOR o e e ol E &
W o et O EAR O BEE % £E 5 BRIE T O S, AER
Iz > E 1 EOATH> D& Lk,

2-2. EMTS Y b UEE

fEtric A O 72 50EHE 1993 ~2004 0 5 A T AIH &
6 A NENC 165 E i D 6~13 B (85°N~44°N) I
BT (Fig. 3), JLipEARFEBHE N [TEEH) (1993 £~
2001 4F) BLU [BL & AHA] (2002 FE~2004 F) i
g s Nk D TH S (Tablel). 875 v 2
b v &#HE Norpac % » b (4% 45cm, H&W 0.33
mm; JcH 1957) Z2HWVWT, KEIB0Om M OEMmMET
OHMERZIICLOERELK. v b OdRICIIEES RIS
KEFRED i, % ol L o iBKkEERD 72, 5k
12 6% hiErv=) v CREEL, BELEREICEDR-
7o, Fio, HEL[ERIC CTD (Neil Brown 8! Mark
III B#Y, Sea Bird & SBE-9plus F#2 \ L 1d SBE-19
A e« BIRTc X0 R3] 1ok B7KE EES ORIE
ittt KEEED TR v MEEBED 0~150 m I
DWTHESEEZ KD 72,

2-3. BIALIE - OPC IC &k B KA
tov= ) YEELREY S v b vEkNE, BEERE

140°E 145°E 150°E 155°E 160 E

o)
o SF
0 I
s
o TR
40°N S I
o)
O SB I
Q..
e}
o ST |
i o
35N o
western North Pacific I

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.

Ist 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 (5) 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.

BEIcCooEHR T 5 v 7 b v E|EE (Motoda 1959) %
FAwT 28Il FAORIEREZ7 AL =% =i
LBRETFTHAW 0.lmm # v ¥a FICELEDY, &
FREEZHNT 001 g DFETZOEERELRIEL .
BEEZUELLERE (SEEnE WSS 27 by
) IFREVOLEFICE U T 1/2~1/32 1THE| L 714,
EKEBEM OPCEHWTEHW 75 v 7 b VEAEEE Y
42X 52 (ESD) I8 L TEHEE L 7o, AR o FinsEbs



14 F]/’K7O§ v 7 bk /*T—JA%(

DREEAEIEZ, (1) 75~ 2 b vHOPC 2 ilid
ORI 10 Lmin~!, 2) MERCE T 5 v 2
N DHEEIL 10 counts sec™' LI, (3) @75 v
brERlR GBS I EoAOEHE TS, ORIESRA
EITELCHIT AT > 1o, F 12, OPC@#ricft L -5tk
&, B LERS L ORBE RSB EE L, 8
ULz,

2-4. F—HNE

2-4-1. HIREGKE

OPC T L W E S N1z 4,096 4 X2 = b fgEDKL
FH ) L REENT B I 2 81K (s) B L UIEKE (F,
m¥) b, KHAXa=y MBI BHEAKEYLDOD
HERE A (V: inds. m™®) 2k 7z,

n
sXF

F FCHEAKEY 700 O HIRE A ST RAE7KEE (160 m) &
L DT ETHAKE (0~150 m) 247 b O HIFMEEE
(inds. m™2) ITHaE L 1.

N=

2-4-2. YA R ENAF T R

4096 4 X2 =y MRl SNIEM TS 7 b v
HEDOBER (Wet Mass, WM &R 32 hEFho+
4 X2 =y b ®ESD (mm) ITHHY 4 2EkDOAFE AR,
RNTEY TS5 7 b vOREBERKOHEESEL V&K
ELT, BHE»S WM ERDI, WMo DM (HH
&, Dry Mass) ~O#EIT(F, Yamaguchi et al. (2005)
DIERE I Db 2 LR FEET IR ~Hi B o /K 150 m Ll
ETRESNIZEY TS v b VRO KES DK

&8 (84~969%) ® Al (90%) & H W\ 72 (DM =0.1 X
WM). ZOZH A X2=y MBI 3 1HELYD0D
DM 2B & /N1 A < XICHRO HIRMEAREEREE 5 2 &
K&y, BEAKES L BHERKEY ) O ER A
<2 (mgDMm™® £/ 13 mgDMm™2) ZFHEL /.

2-4-3. HEEOHTE

W7o v by LEERLCS D OMERE %
(1985) DAEEIKER & AE AR & L85

In R=0.124+0.780 In B+0.073T
DOEFHELKL TITR IFTERE (4l O, ind. !
h™!), B I3AE (mg DM ind.™!), T (°C) FRIREHIC
B3 0~150 m MOEEFIPKETH 5.

xic, W7o v~ v oEME (1) 2R (R), K
WCHRER (G) & I »OHEE L. T, EMLehE
(G+RI/I) & 70%, #MKEZR (G/I) % 30% TH 5

Ikeda

HEoh% HElE

7 (2008)

L IRGE L7z (Ikeda & Motoda 1978). T OWI&E % (K&
BEKRLOEEL, LighEs2HWCEEESBLRD
%Egaﬁﬁ@'éﬁ‘ﬁt BEW TS v Y EHEOYIER

B 2EEEERILT 25 EE LTHELCAVS
h’(h\é (B Z1E Al-Mutairi & Landry 2001 % Ro-
man et al. 2002 2. BEHEE | B4/ 0 1CEHS
BIRFTERTSE, [(mgCind. 'd™Y) BUTORT
F=HE 5.

12 1 1
= RmeOSWX 04 X = 1000 X 24

bbb, R (CO1/[02) % 0.97 (¥ v ¥ BN
#it, Gnaiger 1983) E{REL, KEAT R 1M (224 L) th
DRFZOER (12g) #FLIIELICIDREIN R EL
THH SN A RERBICHBRE LT Eicin b, S 5ICfEE
R EBEEREL D I=R/04 & L, BEAL% ug 5
mg ~MEELL (+1000), BREHEAS 1 HES7c 05 1
H¥472 0 (x24) @ﬁtt

iR (G:mgCind. 'd ") i3, AROBE (REMLR)
%:m%,%ﬁﬁﬁ@:%%)a;@ﬂ?@ﬁf%én
3.

G=0.3%xI
IHLTEsn 1 lEYEZY 0 G (=4ER) T, B
MkES L HEAKEY D o HEMEE (inds
m *F/Finds. m ?) #FL T, 4,096 1 X2 =y k
Ik A 1 HYch, BAKE (b L IFEAKE) 24
720D G(mgCm *d 'F/4idmgCm 2d D) 2E k.
LSl TEONLY A RTED G DRTINELEE
HEFERTH 5.

2-5. BT S VU FUBEORERMER

HEERIC B 28T 5 v o b v EESEEZERIFIC
EDOLHREHLTVEDO0EHELHICT 20T, H
BEAE, ~MA~<R, FEEZLZNICOVT, BS
Nz4096 414 X212=9 FDEREZ6>DH A X7 5
Z (ESD 5 0~1, 1~2, 2~3, 3~4, 4~5mm B8L U5
mm Pl k) TEicE Ly, FELMEEE 2MIEKE LT
two-way ANOVA T & 2% E & Fisher's PLSD T &
ZRA MKy I FRETo T,

COMED 2, BRIESRIEL Y 3 A9 > % —H
ELTHREICIDEEMICIXSL, shth “HEE7
(>42°N, Subarctic Front: SF), “BiTHaiE
(40°N~42°N, Transition Domain: TR), “HiZE&riEH"
(38°N~40°N, Subarctic Boundary: SB) 8 X " “Hizh
" (< 38°N, Subtropic Current System: ST) & FEFR
52L& L (Fig. 3). N5 DHBX S OFEFR G

oy k"



B« (LT e bl OPC IS X 2P AL AL 0®E 75 v 7+ v FEER S T 15

Y= 1.05X+ 0.05 (n=234) P
204 12=0.63, p< 0.0001 I
. 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 -
1 - SF
Dy
44 P \H} s
AN

404

38

364 | —0— late May- early June ST

—&-— late June

z
~ 34 T T T T
2 0 5 10 15 20
::;, Water column temperature ('C)
-

44 k

42

40

38

36

34 T T T T T
32.8 33.2 33.6 34.0 34.4 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.

Favorite et al. (1976) & & E A (1990) #&H 1 L1z,
TN O OFEIRX A 13497 L bk RIS OKE « 55
DOIENT/ XY — ) 1T BBEEOXSE—FHL TV
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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 X Region
Abundance
Total NS * NS
0-1 mm NS *k NS
1-2 mm NS A NS
2-3 mm **k *k NS
3-4 mm NS A 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 *k NS
2-3 mm *K *k NS
3-4 mm NS *x NS
4-5 mm NS * NS
>5mm NS NS NS
Production
Total * * NS
0-1 mm NS *k NS
-2 mm NS NS NS
2-3 mm *k ** 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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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
. 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 i TR SF ST SB
1-2 mm 12,751 10,131 9,506 6,501 *x ST SB TR SF
2-3 mm 6,044 6,923 3,320 1,064 *x ST SB SF TR
3-4 mm 866 1,113 591 198 il 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 m™?)
Total 9,249 10,183 5,927 2,656 *% ST SB SF TR
0-1 mm 558 371 602 470 NS
1-2 mm 2,271 2,093 1,576 938 * ST SB TR SF
2-3 mm 3,977 4,515 2,306 776 ** ST SB SF R
3-4 mm 1,848 2,287 1,189 365 ** ST SB N TR
4-5 mm 442 474 162 48 * ST SB SF TR
>5 mm 153 443 92 59 NS
Production (mgCm~2d™})
Total 173 219 192 134 * ST SF SB TR
0-1 mm 21 19 44 44 o TR SF ST SB
1-2 mm 50 56 59 48 NS
2-3 mm 71 95 60 29 i ST SF SB IR
3-4 mm 24 37 25 12 * ST SF SB TR
4-5 mm 5 /f 3 1 NS
>5mm 1 5 1 1 NS

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

SF: Subarctic Front, TR: Transition Domain, SB: Subarctic Boundary and ST: Subtropic Current System.



























