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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
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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 iz 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 ~2), 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. & ]

KEZFICBWT, BHANEEROE#HA =X 1%
fREA4 3 2 & REMBHID—>TH 345, ZDHHiTld
BNEOHERETH 2875 v 7 b vORERICET
3IERE LB, EREALORIMICEET S L8R
ARTH B, BhTH, 4 XBldH 3V« BHROH)
M7rs v s YEGEREZEETSCEE, oy A X
AEOHEERN IcEEL RITTERES S & (Shel-
don et al. 1977), fEEIAY) OB O & W B O KRE
LHEBRICEEAEZ 52 & (van der Meeren & Naess
1993) & s, ESKKEETHEIEEZONS,

EARFEHICBIBEMNL TS v 7 b YBIRIE LT,
BRI D St. P (Mackasetal. 1998) %, # ) 7 # V=7
#BiRiS D CalCOFI 7o ¥ = # b (Ohman & Venrick
2003), HAGEHEORILHICE 1 2 EHEHAE (E
1994) 5 EHMH D, TnFEFTEL ORI PERIER &
hT&t, LrL, 875 7 b vOEMZEICEEY
BHEOREE, BT v+ vEELRORERS
rRHBREE VS LBEERICET I ONEIEALETH
% (il Z213 Sugimoto & Tadokoro 1997, 1998). T4 T
3, BT S Vo b vEEEEICES T b TRIBEH)
BT AR T TV B (Tadokoro et al. 2005,
Chiba et al. 2004, 2006), 15 bEEEIC>\WTDA
ftr 2T oIt EE-Thy, @NHEBAHIFL TV 3
DI TRV, KEE L, BREOEEREVHIBEATE,
Y75 b vOY A XBH BV IGTE - HEEER OB
BEAEETZCENEETHZ 00, JLREFEICE
WTIHNEDHRDOEEBVWE L ATSTH 3.

—h, BHEFLEVIBECBLVTLEY TS vy by
DY A XRHAERSHICT T LICBEERERL S
4. Michaels & Silver (1988) i3, XED&Y 7>~ 7
P YBRICE D& S BAEESE LT 200 SR
B AMENSYIEREREZRET S LEHL TV S,
% 7-[FE#IC, Boyd & Newton (1999) (3, E@h» 5FE
~DORRE R (POC) ik 13, REERRICBT 3
TS5V b VBHED N A 2 R &I & - TR
T LEERMLTCVE, FIAERBTY IV IEHPESL
TE5E, vSHRMNSEY TS v b v 2B
L, 3h & LTRRFLT 3 2 & ThFOEHEE % H
b, BED»SEB~NOZERYERE ZAREICL TV S
(Ducklow et al. 2001). 2% v, #HEICB T A2YEER
EWHBEDSL, BTV b DY A XSTHH B
WIRAEREEZH O I A 2 E0EEHITE V.

COEHIITEMT IV b DY A IBHT EDRE
BEIHOPICT 5 T EIIKES, BEFORHOBEL
CEETHZICOLLDO ST, ERICI BB
DRULFICEHICE->TWS, TOEHE L TZOREFO
W B F o5, WEROTEMEIIC L 2FTICEIEK
BHNWEEM, T LTEMT S v 7 b v OEESHIIS
WCOHMNREGRPSLELIS L, TDDF Y MRE
TEonEEMT v b B ORISR, HREE
1RBEREORENTONEDAT, 14 XdH50ViEH
SRR OB A S 2 01 T —EoikHcR S h
TVWBOMBIKRTH S, 5 LEMEORIELE LT,
ER D ERMEE 1T & B I IC LN TIERE, (8 4> > KRS
IZH A XD A EIRERFR TS v 2 b v A Y v
% — (OPC: Optical Plankton Counter, Herman 1988)
ODEANFEHEIN TS,

OPC o fIEFE I35k 2 Botfic@B s &, Z ok
IKHELZHDORMELEEBERES L LTRA, 28T 4096
BOFY VYA 2=y b DSU)ICHEILY A X
Pt IchI PR 08k 32 b D TH % (Herman 1988),
% DSU 0¥ F13 Herman (1992) i &k b iz & -3k
AR % B W TEMRLER (ESD: Equivalent Spheri-
cal Diameter) IZ#tE &< 5. OPC (2 ESD A% 0.25 mm
5 20 mm O A XDOKFEFHRATEENTE
(Herman 1988), BfiifAicflAiAA THISHEIRICH T 5
Y75 v s A mORAECHEAEETH 5. BAT
ORI E LT, JEPEEHAPEE (Herman et al. 1993),
4 ~ 1) 7# (Nogueira et al. 2004), 1 ~ N7 (Labat et
al. 2002, Gallienne et al. 2004) ITBF 2HHEIH 3.

tztZL, OPCldz ot b, KIFOEL D ITX BHF
K oE/NFHP, BRI EsFFRE TS b v
EEP IR FITRt T 2 B/0GEM, 754 2RIk BIK
oM@ KFME V- REEZ TV 3 (Herman
1992, Sprules et al. 1998, Zhang et al. 2000). & < IZH]
RO BMUKICHARALEFARED & 5 5154, ho
ORIREZEEEET 2 T & 3L WA, ERENTHL<Y
v EESEE B4 2 54 3B YICETLE ATV, #IE
BRECHES OPC 2 BB T2 L5 ICHET L Lic
LD IEMHIRIENAIREE 15 5.

INSOEEAAE 2 T, Beaulieu et al. (1999)
FERZER OPC HAIKEERE L. ZoX&ER, 7
JI)NF ¥ v N=~DORBEEZHEIT S L TOPC %2E
BE2RTH @757 b v lEKR 2avro-—
WTEDICW, BRORITFOER D ICL 2HELBT 3
TEMTER, X0, BEOHBRHNICT 54 7 2B
EHO7 4 vy —RFHETEHLET/ A I 2ERTE



i« (L1 AbfH: OPC 12 & 2 PEHIL KL @Y 75 v 7 v BEE A A 11

3. Zo¥EEEFA LT, CalCOFI TRE « RESNT
W BRI AT L, N4 4 < R & Chla OGS &
VNS # = 2 DZEZEH DR (Beaulieu et al. 1999),
F /i3 o H R4 5 (Pacific hake) #ADIMARDOHTE
FIGH SN TE Y (Mullin et al. 2000), = DFH L
AFHE N TV 3.

AWFFEI, PEERILATEHE 155°E ##D 35°N~44°N (<
BVWTI1993FE 2 5 2004 FOFEICHRES N ILRE
(0~150m) E¥~7 5 » 7 + v &K &2 EERER OPC T
L, RESicBd294 L0875 b VB
FEB XU 4 XK & FHIBKE (0~150 m B
KR b oFBEENAEROBZERZS 5 — v %0
ST B EAHE LT

2. MREAFE
2-1. FHEER: OPCF+VUTL—Y 3V
EERZERI OPC = = » + (Model OPC-1L: Focal Tech-

nologies Corp.) 41 #1AA 72 OPC EE#E& (CT&C #t

ksl
4 (a) Calibration beads

2 4
1 4
g |
E 0 . .
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m
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5 (c) Chaetognaths 121
3 | -
Ay o *-:;«A esii
14 i
A o0 --—--not stained
' - stained
0 T T o

%1 Beaulieu et al. 1999 Z#~X—2 & LTW3) %[HH
L, ®u=Y YEESEOFHE L O+ 1 JAIE DR
ARIEL7: (F v ) TL—vav), ¥+ ) TL—vay
HoRFE LT, 4 XHPERO 6 O A FEIR S
e -2 (EfX: 0.29,0.54,0.80,1.03,1.62 8 XU 2.38
mm) & 10fZHV/. BEOHE (Herman 1988,
Beaulieu et al. 1999, Zhang et al. 2000, Wood-Walker
et al. 2000, )1 2003) &%, K+ % OPC Z@Ei 9
BEORKFKEE 10 L min~! i, AIEEOR FOEE
7310 countssec ' LITFICE B L HICRELL. T 0
eSO T, 6 BEOMBER - XK 10z zhzTh
5[E]9"> OPC TRIEL, HIEShtc ESD & BafsE <l
FELE—X0EREMKL.. Z0FR, mHEREE
1:1 ofE%/xRL, BRI 99.7% TH-7c & o
OPC D # A XfBFrOBERTHE VW EMIFHE N
(Fig. 1a).

wic, A=) vEEShWEEM TS v~ vEKC
X$9 % OPC DRIEREEZA S hicd 5700, REE,
REBRMBLOH A T &y — b LEERBEZRVWTE

4 - (b) Copepods

3 -
Mo
2 4
Mp§
1 o
0 T
0 1 2 3 4
54 (d) Il
< == --Doliolids (not—stained)v"'
4 1 ® —— Doliolids (stained) -
A Salps (not-stained) .-~ -
3 14 Salps (stained) .- —4= I
2 a T mey, U
] - $ Z
0 . i . T ]
1] 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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THEBREZIT - 7o, RHC 3AHFE O R (155°E #3
1T - 72 35°N~44°N) THRES iz 1 7 Y8 (Neo-
calanus cristatus C5, N. plumchrus C5, Metaridia paci-
fica C6F, M. okhotensis C6F ¥ £ U Eucalanus bungii
C5,C6F), Yo V¥, €5 FvEHEmrsvr v (v
IV, P ERVE. ThSBEEMBETICT
{4 E£ (Body Length: BL) ¥ & U'&1& (Body Width: BW)
ZRIEL, ZOEL O EMEZEERL TTX 5ILEOE
% (V) % Patoine et al. (2006) 2&& iz L TIRK

=42 x(%)

Neocalanus cristatus C5

1 (dF 6,130, F=2.600, p=0.021)
4.0 4
361 —o6—
*
. \\ * R Sy
3.2
284

Metridia pacifica C6F
(df=5, 114, F=1.264, p= 0.284)
1.7
g
E 1.6 4
2 — il
= 1.5 T \
)
&
S 141
<
1.3
1 2 3 4 5 6
Eucalanus bungii C6F
(df=5, 114, F=0.473, p=0.796)
284
2.6
24 S / T e
22
2.01

FORDI, 61T, RODLIAEDOERE (V) EFEL WA
OO ERZFHEME FER ECD (Equivalent Circu-
lar Diameter: ECD) & L TR={

2 3
() x(F)=5(557)
ECD=YBWZ?XBL
Ik DHEEL, OPClck 3 ESD EH# L. %7, 7
Sy bvOEKBBERETHEIELITEDEL B OPCHll
EROBNFMHAEERBL, H4T7 VHEIAFLY T—
T, YAVEBIUESF VEEMIIRS v 7 24 -3
VB TYME L 1%, OPC Ic & 2 EHEIORIEEITL,

Neocalanus plumchrus C5

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

22 T
551 T o— 1
1.84

1 2 3 4 5 6

Metridia okhotensis C6F

247 (df=6, 132, F=0.631, p=0.705)
I
2.2 -
S
o SH / \“
2.0
1.8 — T T
1 2 3 4 5 6
Eucalanus bungii C5
227 (df=5, 114, F=0.459, p= 0.806)
2.0
C\ / IR K
1.8
o non-stained
1.6+ ® stained

12 3 4 5 6

Measurement repeated (»)

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 (#=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).



fH: o 1L - #iFH: OPC i & 2 PHIESALR OB 7 5 v 7 b v BESEREE AT 13

et DM (stained, not stained) I & 2 B2EE 4 SF(f L

fo. T OFER, WIFhosnfEE b OPCick 3 ESD (3
HoE/NGHli s -1, THbL, A4 7 UETIREEK

BEIC L 2FEAIED SFHBEL 72 ECD  995%, + 4 V¥
TIFHI83%, 7 3 F b« B SHETIIIN 80% & 15 - 72
(Fig. 1b—d). 0 HHE 8 KRS KE Wy 4 VHH
®©, EPHETE TRIE S ICAROR DR % MR Lic <
W 3 ZIVEHIZEBWT, OPCIT& 3 ESD i3 & v #/NaF
N @RISR SN 05 (Fig. 1lc,d), Tho&
SRR X 28/ OFRRE O W I3 EEE O & ok
BLUOKOEFS Ik bDEEZ St

REOFEP, F—HlHoRKEREICL S ESD~D
HEBIVWTHLONEHICBVWTO RO N, - s, #
AELTKEIH A 7 V¥D Neocalanus cristatus C5 T
FEEE O RE I ERMEAR AR L, Z R ESD
O/ ASEEE I R 57z (Fig. 2). Beaulieu et al.
(1999) FAF 7 IFHOL > W KBIEYW 75 27 b v D
EEHE 2 OPC THIE T 2154, ROMBESAMKE L
DFIEE LKL T LT BT LItk - T, EWIAEKESD @
/NG B & ORIBE KL 1T & 2RI FE 0@ AF M A5
ZDRFTVEERL TV, DO FHEROEE
FAT, AHATRERZROPCICLVE S5 v 2
b VBRI E T BB, SRl Ge B o IE o HIE &
W o e ERHh O R OBHE 2 £ O BIERTH I, RIER
1k >Z 1 [EOATTHI bDE L1,

2-2. BMTS VY b UEE

fEFric WV o EkHE 1993~2004 £ 5 A TaEIH
6 A FA)IC 155°E ## £ D 6~13 B4 (85°N~44°N) i
BWT (Fig. 3), b ERFHEM MHLEH] (1993 £~
2001 4F) BLU [HBL & AL (2002 FE~2004 ) #i
HmhIcRES N bDTH S (Tablel). 757
kv #&kHE Norpac % v b (O 45cm, H&W 0.33
mm; JtA 1957) ZHWT, KE150m b» >EAE T
OERZTICLFELL. % v b ORI IIBES T RIE
Ket 2B D 11, ZoRERKE D RKEERD . B
(3 6% i+ v~<) vy TEEL, BELERZICHEER-
fo. Fi1o, BHEE[EHHC CTD (Neil Brown #&! Mark
IIl B#Y, Sea Bird %! SBE-9plus 72\ L i3 SBE-19
R [fff « BRI X 0 B2 3]) it &k 3KE EESORIE

ZiTotc, KB EEDIR Y MRERBD 0~150 m EIC
DWW THESEZERD 12,

2-3. RIE - OPC [C & BE¥IETR
fv=) VEELLEEM TS v v BN, BELE

140°E 145°E 150°E 155°E 160°E

o
o SF
o

I western North Pacific

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 (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.

BEIcCHR TS v 2 b vHEIE (Motoda 1959) %
Rt 25E Lk RADRRKET7ZEL—%—IC
SBBMEFTTHAWV 0.lmm # v ¥ = FICELED, B
FRFEAHWT 001 g OETZOBEREZHIE L .
BEELAELCEREE (28 7rs5027 v
) BIREVOZEICIEUT1/2~1/32 IHE|L 1214,
ERERIOPCEZHVWTREM T 5 v 7 + VK%Y
4 X2 5 2 (ESD) i8I L TEHE L 1. R0 FiHsEER



14 HAZZ v 7 b vga# 95656% 915 (2008)

DIERAEBEZ, (1) 875 2 b A OPC 28B4
ZEOFHEII 10 L min~!, (2) MEHOEY S5 v 2
b v DBEEEIZ 10 counts sec ' LIF, (3) 75 v 7
b rvEEHIREE T I EoAOFHET S, ORIESHE
AZBE LTI AT - 12, £ 72, OPC f@#fricft L 7250k
3, Bdh L SERBXOEA TR EEL, o
{5 ol

2-4. F—4H0E
2-4-1. HIREKE

OPCIc X DEt#a 14,096 14 X2 = bEDKL
THn L ERITB T 255K (s) BLUVRKE F,
mi) 5, BHAX2=y MTBIFBZHEKESKDD
HERMEE (V: inds. m™2) &R 7z

_n_
sXF

F e HAKEY 72 © o BB A HAKE (160 m) %
F L 5T & THAKEE (0~150 m) 2472 » O B EEKE
(inds. m™?) ITHRE L /.

N:

2-4-2. YA AR ENAF TR

4,096 4 X2 = MIBlF o hkEY TS 7 b v
BEOHEER (Wet Mass, WM &R B3FhZFho+
4 X2 =1y b®ESD (mm) it 9 3 EROERZ KD,
WNTE7T 5 v 7 b vORERKOBELEFEL WV EK
ELT, AfE»S WM EkoH7z. WM#A»S DM (&
&, Dry Mass) ~O#E T (3, Yamaguchi et al. (2005)
DI B LR R ~ 2 OKE 1560 m L
ETREINLBY T S v 7+ v EROKESH DK
S8 (84~96%) O fE (90%) %= W 7 (DM =0.1 X
WM). COKH A X2=y MTBFZ 1KLL D
DM % EE /A A4 v R IR0 HERMBEKEFER LS &
kb, BEAKED L FBEAKEYS ) ORER /N A
<2 (mgDMm™ %713 mgDMm™2) #iE L 72

2-4-3. HEBOHTE

Y75 v by LEKIZE ORE% Ikeda
(1985) DHEEIKIR & FEEZZEIKE L 7RZERK

InR=0.124+0.780 In B+0.073T

MmoFEFHELA, TTTR IIFERE (41 Oy ind. ™!
h™!), B [3/A%E (mg DM ind.™!), T (C) B RIREHIC
B3 0~150 m fORBELEKETH 5.

wic, B7s v s~ v OBER (1) 2FFERE (R), K
WTHRER (G) % [ »o#EEL 2. Z 0K, EMbxi®
(G+RI/I) = 70%, #EREZER (G/I) % 30% TH 3

EIRSE L 1z (Ikeda & Motoda 1978). T OIEIRE % (AH
BLKBXVFEL, FiiphRAEHOTEERE BED
HEREMET 2 HEREBY 75 v 7 + Y EHEOYERF
Rick i 282 ERILT 2 HEE LTHELSHEVS
nTws WlAiE Al-Mutairi & Landry 2001 % Ro-
man et al. 2002 &), BlHE% 1 H47: 0 1BHT
BRF/ETEESTSE, ImgCind."'d™Y) BLUTORT
£t 5.

12 1,1
FSR¥ 3o g *OITX 5 I % o060

Tibb, FFRE (CO:]/[0:]) % 097 (4 v Y7 ER
#, Gnaiger 1983) LIREL, REEA X 1M (224 L)
DIRFDER (12g) 2F/LAILICLD RN R EL
THHE N ZRBREICBE L2 Eicii b, s ot
R EBEREDEREL Y I=R/04 &L, BAL% ug 5
mg ~EE L (+1000), BFRIBEALS 1 EEXS 025 1
HY472 0 (X24) ITREL /-

BER (G:mgCind. 'd ") 13, BIRORE (BEULZN
R 70%, BEEDR: 30%) itk TokTtksh
3.

X 24

G=0.3XI
ZHoLTESNEL L FEY: DG (=HER) 1T, B
MkES L FHAAKEY 0 o HBEMEE (inds.
m 3F/idinds. m 2 #FEL T, 4,096 4 2=y b
KB B 1 HYn, BAKE (b L < IRBAIKE) 4
720D G(mgCm *d 'F/4idmgCm 2d ) 28k,
COESICLTELNLY A XTED G ORMNEE
HERTDH 5.

2-5. BT Sv0 b UBEORERED

FEEBICB T 28V TS5 v 7 b EEESEZERINIC
EDOLHIICEEBLTVADONEHSMCT B0HIT, H
BEAEE, ~M 4 <2, FEEZhThiconT, B5
N714096 44 X2=y bDOERE26>DH A XI5
Z (ESD 43 0~1, 1~2, 2~3, 3~4, 4~5mm 8L U5
mmPIE) TEick Ly, FLREEE 2HMUEHELT
two-way ANOVA T &k 325 & Fisher's PLSD i &
BZRRA MRy 7T RNEITo I

CORED I, BRAIERIZILE D 3 Hd 2% —fHR
LLTRECLVEENRSL, Thth “HEE7
o ¥ b (>42°N, Subarctic Front: SF), “B{TsEE
(40°N~42°N, Transition Domain: TR), “HigEHiER"
(38°N~40°N, Subarctic Boundary: SB) & & % “Hi#t
W1 (<38°N, Subtropic Current System: ST) & FEfR
+3C2&& Lt (Fig. 3). Th b DFEBXS ORI



REFE o 10« B OPC I & 2 PEHIL A EEEOE 7 5 v 7 b v BESERE T 15

Y= 1.05X+ 0.05 (n=234) L
204 12=0.63, p< 0.0001
¥ -

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™3)

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).
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32.8 33.2 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.

Favorite et al. (1976) & &3> (1990) #5EC L ..
IS OFEEXS 4T L bKERERSM OKE - 85
DOYBENFI/YY — V) ITLBBEOXSE—FHL TV
WS, RTINS LS ICENFNOFEBICD W TRE
ZEH3ZH2 600, FEF 7o v b (SF) BLUHEER
BR(SB) DA BREZNWEFNOBEGHE (HEEW 70 v

Ml >42°N THEFHER T 38°N~40°N) it R 5N,
LREMr o B4 RSN TV B,

T IETIRE OB, BRIE S DR ICH 72 5 35°N
12, BRIOITHONIE - IEFENEh - 11 DRI H S B
Wi, 1o, REHEOKS, -k (2FTEERD A,
Table 1) 1997 Fick 13 %5 5 A Fa~6 A LAOF—%
B D SBRA L 72,

3. # S

3-1. OPCIC &2 BREERIT
AR CHERALEBYM TS v 2 F vEREDS b, €35
FUBEY TS vy b v BEBESELERBERVIZLD

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 ok NS
1-2 mm NS Ak NS
2-3 mm *x 2k NS
3-4 mm NS T NS
4-5 mm NS & NS
>5 mm NS NS NS
Biomass
Total * ¥ NS
0-1 mm NS NS NS
1-2 mm b *k NS
2-3 mm e K NS
3-4 mm NS *k NS
4-5 mm NS * NS
>5 mm NS NS NS
Production
Total * * NS
0-1 mm NS Aok NS
1-2 mm NS NS NS
2-3 mm x% xk NS
3-4 mm NS * NS
4-5 mm NS NS NS
>5mm NS NS NS

* p<0.05, ** p<0.01, NS: not significant.
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n=234) ICOoVWTEHENBEE (g WMm 3P &
OPC iz & ZIE (4,096 4 X2= b D) H S
FEXxhBER (g WMm™3) 2HE LT, OPC#EHro
B> WTHRET L7z (Fig. 4). ZDF5%R, OPClck
ZMERRIEANOBERE LB L THh I IcBAFMT
HotcbDD ($1.054%), MEBOMICIIZTOLDTER
AR A S (p<0.0001), OPC IT & 3 fildh D224
BRS Nte.

3-2. TS VU b UBEOKESTEE,
UREZE

KES T, BHEiIB L ORELB ORI A1T - 72 1993
FEn o 2004 FED 5 A TH~6 A LABL U6 A FAIC
B3 155°E fRITIA - 1 BEAD 0~150 m FEEFE
KiE & EEEEES % Fig. 5 1SRd. KiREESED
CEREOESATKE BESTEREILSSE S8
NTH -t KEBLCESOEERFEIHEF 70 v

FWH L

b (SF) & BFEHEIER (SB) it BT, BITE (TR) L H
BB (ST 02 o &0 253 EKRE<, AFEE
o BRI B4 RS N, B—ERIKBL T
5 M5 6 Btk Bt oNTEKE, SESICE LT
HEQIEBTE TR N, RS TIRFEIC L 5K
BEEDOEEINE LSBT - 12,
W77 v b v HBUEGE, N A 2BLUAE
BICB T 3R AEE L ORELHOEEL 5 HTH~6
A EAIOIFRE T — 712>\ T two-way ANOVA THEHT
Lt s, HEMBEKTII6H A RX7 52 (0~>5
mm ESD) DiZ LA L ICBVWTHEBMICEERSENRS
N, 2~3mm D414 X7 7 RCBELH BRI N
(Table 2). "4 A <R THEL DY A X7 5 X THEEM
DENBR NN, &F 4 XERFH L2875 v 2
FyNA AT RICEFEEFH RO N, 0~1,1~28X
U2~3mm DY A X7 5 R SEEBELH IR S
N EDD, TNOEDHA X7 5 RDELEFHHLEY

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 ** TR SF ST SB
1-2 mm 12,751 10,131 9,506 6,501 & ST SB TR SF
2-3 mm 6,044 6,923 3,320 1,064 *H ST SB SF TR
3-4 mm 866 1,113 591 198 *% 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 TR
3-4 mm 1,848 2,287 1,189 365 wH ST SB SF TR
4-5 mm 442 474 162 48 * ST SB SF TR
>5 mm 153 443 92 59 NS
Production (mg Cm~2d™")
Total 173 219 192 134 % ST SF SB TR
0-1 mm 21 19 44 44 *x TR SF ST SB
1-2 mm 50 56 59 48 NS
2-3 mm 1 95 60 29 x% ST SF SB TR
3-4 mm 24 37 25 12 * ST SF SB TR
4-5 mm 5 7 8 1 NS
>5 mm 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.



Table 4. Between-year differences in the abundance, biomass and production of size-fractionated at each region along 155°E during late May—early June tested by

two-way ANOVA (“Difference”, see Table 2) and Fisher’s PLSD. Any year not connected by the underline are significantly different.

Zooplankton Tear Difference S
Size class 93 94 95 96 98 99 00 01 02 03 04 (Fisher’s PLSD, p<0.05)
Abundance (inds. m~2)
Total 43,751 85,892 62,500 53,593 65,756 74,583 73,973 91,877 49,893 71,609 71,682 NS
0-1mm 27,234 74,897 52,863 41,438 46,680 62,080 57,000 68,910 39,273 54,422 57,124 NS
1-2mm 10,011 8,140 6,955 7,220 11,071 8,570 10,962 14,281 6,328 12,185 11,223 NS
2-3 mm 5286 2,631 2,257 4,090 7,127 3329 5298 7,790 3,661 3446 2,904 ok 95 94 04 99 03 02 96 93 00 98 01
3-4 mm 1,149 303 376 760 808 579 637 811 567 1,229 393 NS
4-5 mm 59 12 48 76 67 22 66 T 52 2156 34 NS
>5 mm 13 10 1 9 3 4 10 7 12 112 5 NS
Biomass (mg DM m™2)
Total 8476 4,303 4,062 6,390 9,173 5,623 7,611 10,630 5,507 9888 5,575 ¥ 95 94 02 99 04 96 00 93 98 03 01
0-1 mm 357 508 495 355 522 543 530 734 414 527 521 NS
1-2 mm 1,791 1,353 1,066 1,375 2,075 1363 1806 2614 1,106 2218 2,145 wk 95 02 94 99 96 93 00 98 04 03 01
2-3 mm 3,601 1,659 1,517 2,703 4,588 2410 3,633 4,970 2,490 2318 1,938 ¥ 95 94 04 03 99 02 96 93 00 98 01
3-4 mm 2,306 631 771 1,570 1,697 1,083 1,274 1,675 1,158 2,700 779 NS
4-5 mm 250 56 200 304 263 87 267 337 2256 960 151 NS
>5 mm 170 96 13 83 28 38 100 201 115 1165 42 NS
Production (mgCm~2d™})
Total 209 138 LF 151 223 166 209 244 133 230 153 * 95 02 94 96 04 99 00 93 98 03 01
0-1 mm 22 38 34 25 32 37 36 37 24 35 32 NS
1-2 mm 58 47 36 41 63 48 60 70 31 69 62 NS
2-3 mm 78 40 32 55 98 58 85 105 52 54 43 ok 95 94 04 02 03 96 99 93 00 98 01
3-4mm 45 11 12 24 27 21 23 28 21 46 13 NS
4-5 mm 4 1 2 4 3 1 4 4 3 13 2 NS
>5mm 3 1 0 d 0 1 1 2 1 13 0 NS

* p<0.05, ** p<0.01, NS:

not significant.

LB < N £ 2 & LIGIEOHANY AR F 21040 THRY « LT« 45

LT
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Abundance
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Fig. 6. Abundance (top), biomass (middle) and calcu-
lated production (bottom) of zooplankton (all left,
mean*SD) 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-
ary and ST: Subtropic Current System.

TSIV b N AT ZOFEEFIERLTVWS T &M
R E Nt (Table 2). 2875 v 7 ~ Y AERICS
HEUMHEEL L OFELHPBES N, 8P M X7 5 R
DO WTR3&E, ESDA2~3mm 0% 4 X7 5 R
WCHEEB L UEL SICEEBEFHN R SN (p<0.01),
ZOHA RIS RAOEBMBLEE}Y TS v/ b VHEERD
HABEBLVELEHZ L LI ENI MBI L
(Table 2).

FERI D ZEE) K5 HH) % & S Fisher’'s PLSD @

RR2bLFy 7 FAMCROMBIFLIET A, BITHE
(TR IEBLTANA AR ELEEERBFVICELhD S
¥, HEBEARES R LDV ENHShITH - 1
(Table 3). T TRIZHBW\WT/NA 4 < R EEFERIFL
b ehb o FHEBEED R /DB WERNIE, 1145
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Fig. 7. Year-to-year variations in the abundance
(top), biomass (middle) and calculated production
(bottom) of zooplankton in 0-150 m water column
(mean®SD), together with the size composition of
each, at 7-13 stations along 155°E during late May—
early June of 1993-2004.
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Table 5. 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 June of 1993-2004.

Source of variation

Year Region Year X Region
Abundance
Total ¥ NS *x
0-1 mm ¥ NS o
1-2 mm NS e %
2-3 mm NS *k NS
3-4 mm NS K NS
4-5 mm NS ** NS
>5 mm NS NS NS
Biomass
Total NS Ak NS
0-1 mm NS NS *%
1-2 mm NS *k *
2-3 mm NS ¥ NS
3-4 mm NS *¥ NS
4-5 mm NS e NS
>5 mm NS NS NS
Production
Total NS NS w%
0-1 mm * kk *3k
1-2 mm NS b *%
2-3 mm NS *¥ NS
3-4 mm NS *% NS
4-5 mm NS * NS
>5mm NS *® NS

(1« i OPC i & 2 PHESILAR OB 7 5 » 7 b v BEEREGE AT
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MOFEEHTHHEBIC) P Z, THhIITRIEBWVWT
ESD #5 2~3 mm @4 1 X2 5 & (=Neocalanus plum-
chrus C5 ®# 4 X, Fig.1b 2&8M) »HEh->tkiHT
» % (Fig.6). 7z, J[AMOAERIT 134~219mgC

m~2d7! Th b, HBEGEE (ST) B\ TEL - 72,

BAFEZE) A X 5T Fisher's PLSD O # X bk v 7 7
ZMTEDRIT Lo & T A, 1993 4, 1998 4, 2001 £
BLU2003FITBVTNSI AT REEEENFV L
DSBH S DT TS - 12 (Table 4). /N4 & < X EEERBOF
FEHEHA X7 FRATEICERTVL E, 2~3 mm +
A2 5 ZADERFNY — v E—HLTLWRVWEEY S5
Y7 by OREELH L, ESD A5 mm LI EDOKRE Y A
XY IRAMBEYT T 7 b v OFRERICKRECFELT
WaZEpRrahk (Fig. 7). v 7 vefR el
%, 2003 FF KB 9 v ¥8 (Salpa fusiformis) B3 &
CITHITHEIE (TR) I B HER L TV k.

EkEIC, FRIE L OELHOFHEE 1993~2004 F 0
6 HATHIDOF =2 I> W Tt 2fT->7: & 25, 0~1,
I~2mm &V 7e/NISESD 4 X7 5 RICBVT,
HEREGE, M A 2BLCEEBOVTNICLEE
152 HAER (Year X Region) 75388 517 (Table 5). T
i, ZHLEEMBR SN h - ko 5 A Fa~6 A
FHIDF — & RTRER (Table 2) iIctb~T, ZbHTX

BHI1 T = = " ~ -
* p<0.05, ** p<0.01, NS: not significant. o 5. EFAORENTIAE (Total, 0~1 %7
Abundance Biomass Production
: . Sal d doliolid
S50} (a) Total . .+ Appendicularians 406 @ps-anc GONONES ——
—0—SF —e—TR A K
150 300
i+ A +
o] AT e — ™ s \ a/”“
A 75 O o
50 /‘\; "2 ol 2 2_.*2 100 8- gIA T «A\ au
—~ O : 0 ;
§ = Unknown zooplankton
; 200+ (b) 0-1 mm ESD & 154 /Appendlcularlans ® 100
f 5o o — Appendicularians § S 80 +~ /Appendlcularlans
= 4 o 1.04 o g0
X 1004 20 o " E p 3
8 A2 05 " ,D/ —R s N o '
AT g P g § AT ]
= D’D 2 =
2 0 T T m 0.0 T e 0 T T
< & a
o (c) I-2 mm ESD & 4~ Doliolids 5 A‘/Dcnhollds 200 o
h I . Doliolids
4] 150 -
20 3] - &
24 O _®~0 ] SN+ ok
104 Q A AL WO
9< 504 A \ . N
; Ayl v ik g R & et i

1992 1994 1996 l998 2000 2002 2004

0 T
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Fig. 8. Year-to-year variations in zooplankton abundance (left), biomass (middle) and calculated production (right) of

“total” (a),
which significant “Year X Region”
plankton taxa are indicated.

“0-1 mm ESD” (b) and “1-2 mm ESD” (c) size zooplankton at four regions, along 155°E during late June,
interactions were detected (cf. Table 5).

For prominent peaks, dominant zoo-
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2 1~2mm &4 1 ZOHBBEGEE, A F<2BLU
HER) OREICE ) 2ELH % Fig. 8 II/RT. B
TS5y bvosh, BHE, v s o E
Vo R AL, B E - BiET A€ S F
YEEM TS 0~ v DREDREE L OEICKERE
L, D% Year X Region KEEAMN b e nic &
s i BEEYS F BB S v f v OE
BIck > TH#ESTONDIE, 1994 F 0 SBick i
BHU B LY 3 7 UEE, 1996 4D TRICE T 3
Bh¥E 1999F D SBickiF 2y I 4 VEBETH S
(Fig. 8).

F7, 6 HFHAICEBT 5 t wo-way ANOVA ODf#tfris
B (Table 5) # 5 A FA)~6 H LA DR (Table 2) &
HglLics s, 5 ATAE~6 ALAICE M A= L&
HEBIIBVWTEY M X7 7 AR TREZHHE S
7293, 6 A NAITRDHD Y1 X7 5 20 HRMEFREE
HERZRVTRELH IR S ish - 2 (Tables 2,
5).

4. % =

4-1. BTSSP YA THEROBRE, EHESLUV
REXH

ABFFE T3 155°E FRITIA - 72 35°N /2 5 44° N O [
RAEREEIC X 0 EEIIC 4 B XS L (Fig. 3). B
TS5 v o b vEEOKE GRE) SMOR#E LTy
55D, BT (TR, 40°N~42°N) T2#H17 5
v b v BEEEED 4 R TR EVDIIEL T,
NAA TR EEERPROEHWI ETH S (Fig. 6). T
Nt Fig.6 »SBL ML ST, TRICBWTESD %8
2~3 mm, 3~4 mm BL P 4~5mm &\ - 72 KB
YA X7 5 Z2EEL, A TERBL /Ny Xy
SANPIE Lot THB, ESD A 2~3mm &5
+ 4 X7 5 213 Eucalanus bungii C6F % Neocalanus
plumchrus C5 &\ - 7z, HFEFHOKREIAS A 7 VHHN
%44 3 (Fig. 1b). 2% v, 155°E Kicif - 7z 35°N i
5 44°N O, BITHE (TR, 40°N~42°N) icB W
TREAA T VEBBVW LTk > THEOSTFLATY
BT ENDMB.
BRELBIcBWVWTSH, 5 ATE~6 A LAoRKE TR
LEW TSV b N, <R EEERICEEREH N
Rohn, wgdnbd 19934, 1998 4, 2001 FH & U
2003 FEITEH W T EABH S E T 5 7 (Table 4). &4 A
I 5ADH L 2~3 mm IHBICEBESELHMNRS
NfzT &h 5 (Table 4), LiLe&Y 7S5 v o b oA
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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.

R RAEEEBORELHIZ 2~3mm ¥4 X7 7 XD
EECL->-THHOINTVWAIENREBEN, F0D
1z, NA A< REHEERICOWVWT, ESD A 2~3mm
DA R FRELET S v 7 b v ORARAEBEL -
LA, WEFNLAEEBEBIEDORENEH 2T b1
(Fig. 9). HER () 065» 5071 TH-12 T &h

5, REMT IV b A AT RBLUOEERDORE
ZEHD 65% 5 71% (3, ESD A 2~3 mm O# A X
75 ADEEBICK - THATES ZEAHBALL. o
%0, 155°E TR - 72 35°N 4 5 44°N O #gs 0 E)
TSV kN, F TR EEERORELEIZ, KA
AT VHOETEDEBEICL >TEAENTVWAZ &I
35,

Liko# T 5 v 7 b v OKES B L ORELEER
5 HATMal~6 A LAokERch > . —H 6 ATEICE,
5 A Ffl~6 A Eflicid RS hisi» - k Year X Region
O [REMER] BHEBICBIZE S L/ (Tableb). TOXRH
TERZ, [REES s — v IRfERIc L > TRIT B | T
LEEKRLTWS, REFHPRSNIERICOVWTE
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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.

BTrL, WFhbEsFvEEMTrs 27 v (v
N, 9IS VBB LXUCREE) MBS L TV (Fig
8. 2% b, 6 ATHOEM TS5 v 7 b Vi3, KIS €
SFUVBEMTI v b vOBLICE s THREOTON
BT Embhot. Ihid5 A TE~6 A LAoRKT
BROWGh-1EHMTHE. 6 HTHICKE-TES F
YEE TS v b RIS KRREET AL DI -
FEEELTICERS 3.

HUE, v VEBLORHEEVWS-LETF v
HE#W7 7o by 3EHHMAR L & bl LR

b, EHHICHE L BB IR nEREIC X 0 AR A
Baod &N TES (Bone 1998 288). Thb
€S5F VBT S v b DB h - HEDOKEEES
DOESHE, RERICBT 2 12EFH LK%
IT- 72 (Fig. 10). 1994 £ 0 HFEHER (SB, 38° N~
40°N) ITTH W HE Y 3 7 VN E - IER, T
NOFEHSPIFEL v EKIR, &EST, KE40m L&
WCHEEOSFEZEL TV IBETB I LA, 1996 Foi
THRER (TR) TORBRE O 5l 3 EE S THRES I 5
N, B IKE 40 m LUK ICHEBOFEN 5 s A 1.
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1999 £ D HFEHER (SB) TIRFIFEL D 7KZE 20 m LU
EOBRBOFRENEHE L TEF LN S (Fig. 10). o F
D, 6 ATEIICESF VEEMT 77 b v HE-RL K
KT TE, WEFhbflFELY bEBESRELTVWS T
LM ELTETONSE., ISR MLS, 5 AT
o6 AEaic3RoNnd, 6 A TR0 FEL
tExicoARONBESTF VBEFY TS 7 b VDR
#iE, Bz oK [HEEORESKEOXBIEHAAEHIR
—taHgA XRENKEY TS v 7 b v OB/
FEMNRBLLBHETXEZESF VEHY TS 2 b v
BE] SV A H =X LBEOIFER TS VD EHER

Year-to-year variation
30

fhﬁqﬁ/ﬁﬁﬁﬁ

Sh3., ZORGRORIEICIE, 875 v 7 b vElEHE
BrEFTREL, W75 7 b v RRHRENSBRULE
Tb 5.

4-2. BEFIEKEFCEIFEEHTYMTS U b UBEOR
ERMEESHE
155°EfRICit - 72 35° N2 5 44°°N O & 75 v 7
by DN A TR HERDIKEST, $REDHOBRE
Ee#hs L UEES A TH~6 A LAB8 XU 6 A FaIchHh
T OBEEBEORIPAHOEAR 2/RT (Fig. 11).
M7 b A t<R s BEEBOVTUOKESH S

®— Biomass
O Production

Zooplankton biomass (g DM m?)

T T T T T
1992 1994 1996 1998 2000

Year

(-p ;-w D 3w) uwondnpoid uopyuedooz

\ 65-71% of the interannual variations in /
: . - * 250
\ zooplankton biomass and production was / 1 ] = -
& . * 2 . o q S
'\ attributed by the abundance of large-sized 2 > g . 20 §§
- Neocalanus copepods (2-3 mm ESD). w s/ Z gs e 1505 Z
\ “ g6 5o 3
. \ 12 = 10053
A /' B % * Biomass af £
. . él:z @ Production 0 z8
\ ’ X g
\ 2 "0 2000 4000 6000 8000
) -/ Abundance of Neocalanus, 2-3 mm ESD
\ May K June s
0 Time
¥
Sl North )
Al Transition Domain ™. ;
X s fgu_'“*? (40 N-42 N) Outbreak at times
40 Eekiige N Neocalanus b of
= s (2-3 mm ESD) gelatinous
£ P T e, dominant zooplankton
< R
Q. ",;;» ST R, | S e e R
z %ﬁvmﬁ
R =) 3
% ;:fi: 0-1 mm ESD
150 R o dominant T
R T
: Southy T
G
i (70 %,
“J* és%
-/

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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BATHRIR (TR, 40°N~42°N) iIcB W TR A (1 7 V8]
DHFE MK EL (Fig. 6), - T DOME T, KE
10~40 m TKAEI A 1 7 v ¥H Neocalanus cristatus < N.
plumchrus C5 3% W Z DM TH 3 (BHEAFER).
Y75 v b v A2 R EEERICIBRELH MR
5N, KBIAA 7 ¥ Neocalanus DL EHIT X » THE
ELEEHT X SN TV (Fig. 9). JLARFHFEEES
MO TS5 v 7 b v N4 AR RICBWT, ThHRE
WA T VEPEEMEBETHEIEE, ThETHLD
HOWETHSL I TWSE (FlZiE Tadokoro et
al. 2005 228). 6 A FAICEHLEL >N TEY 7
Svo b vOBEBEIRXSENAL, BB ES F
VBT S v vOBEBRLNE X SICNKS
(Fig.8). TOAH =6, LT [BEOHKE>KE D
KREEHAFIR> oy A X E/NBE TS5 7 b v
OB L~/ NRFENRRCEBHTE €5 F VEHEY
TS5V b vHBEE] SO REEARIEL 1.

PRS2 b e - T, BAIKEY 720 o8
75 vy b vAEER, K ICHEAEREOAYERRR
BEWAEREFHAITE2EMNMOSNTWS (Tani-
guchi 1973, & 1981). 4], OPC itk » TiHohic
Y75 b oA XD SETRES N CEER
(134~219mgCm~2d™") 3, HiRic B 2 BEOH
SEfl (107~232 mg Cm~2d~!, Taniguchi 1973) D&
FANIcH 3. FHARBOEYT S v 7 b v 3T 0#ERS
KBS, SRERIZYIEEERZEME ¥ 5 (Duck-
low et al. 2001). 5 A Fa» 5 6 A LANICH 1 TRET
SR (TR) ICBWTE 7S5 v 7 b VEEBXSVI &
KA T, KBEOYA X7 5 2hBET B EICLD
(Fig. 6), Z OERENSYIE#HIERSEMNT 2 T & 3R
Ih5,

JERPEE (FICHERR) CBF28M75 7 by
WA X2 Z2OREZFHOERELTH S 7 b= 2DHER
(Sugimoto & Tadokoro 1997), v ¥ —4 ¥ 7 b (Sugi-
moto & Tadokoro 1998), = /V=— =3 (Sugimoto et
al. 2001) %, 10 F~HTHEFIDOTIEZLH (Chiba et
al. 2006) s EBME STV S, AFRICE T 2 REE
B (A A< R EAEERMN 1993 4, 1998 4, 2001 4
BLU 2003 FicE) 13, 4L INSBEDOHTE
RRE—FLEh- 120, N3 HBELHRIA 1993~
2004 & (124F) &M<, RURELE/ vy — vt
AEE TRE IS L - oAl b H 5 (FIZ1F Chiba
et al. [2006] T3 50 RO ERHT> W), &
%, OPCIC L Aftr A2 &S S IcE K OREENEY 7 5 ~
7 b vEARITOWTITS T itk D, EREIEKRFEEIC

BIAEY TS b v BEOXEIE LA —VTOD
B ZE R EIREASBH S 0 ic s 5 C E s ifFa N 5.
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ARERZDICHIc, KRB LTHLADOIHE
EARREO CEMEE D £ L bl RFEREFKER
MO RE EEEIR L EEEEHRICEEHLHL L
FET, AR ICHOVCREPER 7 — 7 OREICKE
L, #EAZ RIS T %2\ 1120 oLl K E0E
[BL&AM] BLUTILEN] OME, FHEOHL4 B
L URIEE NIcHRESCLICL» SEELE L B F 4,
%7z, OPC OfERICBE L, M ITBIENKERESHA
v & —thgOKEEFFFIRr O ) s i 3 8e @ )
ETHEERVELEE L EOERHOL LTS AW
FIFIEMAERMBS (BB (S) 16108002) [KfE
ZAL & NS CIRE T 2 ilEE R O REh 1208 & 5
RFH (RE: B EED] olEo—HTT.
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