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Abstract During the research of "WEST-COSMIC (Western Pacific Environment Assessment Study on
CO2 Ocean Sequestration for Mitigation of Climate Change)" , vertical distribution of plankton com-
munity structure was studied at 39oN, l47o E (down to 2000m) and 44oN, 155oE (down to 4000m)
in the western North Pacific Ocean Plankton community was largely divided into four major gro'ups
(bacteria, phytoplankton, protozooplankton, and metazooplankton) and their biomass were expressed
carbon unit by measuring volume and using volume-carbon equations, Total plankton biomass in the
water column was 13,873 mgC m-2 at 39o N, 147oE and 29,772 (daytime) to 32,780 (nighttime) mgC
m-2 at 44o N, 155o E. The water column was divided into three strata: epipelagic (0-200m);
mesopelagic (200-1000m); bathypelagic (>1000m), and their contribution to total water-column
plankton biomass was 33-38o/. (epipelagic), 33-370/. (mesopelagic), and 25-340/. (bathypelagic), respec-
tively. In the epipelagic, the contribution of four major taxa in plankton biomass was nearly equal
(ratios of four taxa; bacteria, phytoplankton, protozooplankton, and metazooplankton to the total
biomass were 18-250/., 29-38%, 6-250/., and l7-40%, respectively). Below the epipelagic zone, phyto-

plankton biomass was decreased rapidly (1-20/. of total biomass). In the mesopelagic zone,
metazooplankton was the most dominated (60-850/.) and bacteria was the second (12-280/.). These two
taxa dominated also in the bathypelagic zone, but the contribution of metazooplankton was decreased
(43-47%) while that of bacteria was increased (41-470/o). Constantly, the biomass of each taxon (mgC
m-3) was decreased with depth, and the relationship between carbon biomass and depth was expressed
by regression model: logiOY-log.oa+bXlogl.X (or Y-aXXb), where Y is the biomass (mgC m-3), X

is the depth (m), and a and b are fitting constants. Most of the taxa fitted to the regression well,
and the slope (b) of regression was different between taxa: -0.56 for bacteria, -1.32 to -1.34 for
phytoplankton, -0.95 for protozooplankton and -0.96 for metazooplankton. Analyzing the relation-
ship between plankton biomass and depth from previous literatures, the appropriate slope (b) value
of the regression for each taxon in the western North Pacific was considered as: -0.45 for bacteria,
-1.33 for phytoplankton, -0.95 for protozooplankton, and -1.24 for metazooplankton.
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t@.;$9t.ISJgRL=j3i+a 7o9 > 9 T,>fRT+ib' i tJ:h###iS8=Lq

lb*DALi7k.I3%200mhltIBo)a%Fg(epipelagic zone) t=Bgl

a bo)75s15( , %itL2l.;#8=Fxl+a*u5iCi2Lu,. =nEj:*..I3E

Pgo)7o9 1/9 T, l/iT1/7o)VO)lR#75S-W#7Tj:I i L= i a. 19904i

Ln#L=#EShf=, *..;RJgL=biE7o9 >9 ft >=RG<+iL=L;9

1bB#iEt LTEiGrice & Hulsemann (1965), Vinogradov

(l968), Deevey & Brooks (1971), Murano et a1. (1976),

Wishner (l980), Angel & Baker (1982), Weikert (l982),

Scotto di Carlo et al. (1984), Kikuchi & Omori (1985),



LLIDL275, : #5B]t:kip.;Sq) 7o9 > 9 I, l/##0)S'httELj)1# 145

S ameoto (1986) PRoe (1988) %bLji^a= t75slTh5a. -

W5LBqL=fbqb7o9>P T.1/P7j 9 U4,9 i, >0)fR#i8i#PgTh

@ ( , %hhli3;TliiB&Bg&B9L=iR/}'1b I tbs>h]6nTL,a.

iES, RMT 1+8 (Roe & Shale 1979) PMOCNESS

(Wiebe et a1. 1985) tV,v3iT=iR##Ao)EjtiiiL=i D , 1iE*

nrWifi4!4, 1y I, P*jg T,u-)V*,.y T,L=tLJ<, igiFSFBW,J3S#B

FEL=*. i3EFgo)#qb7o9>9 T,>P719t1*,9 Tt>o)iR#%

1j:ia i i L=TiO , Bhf+104IFBqL=1%6h7=*..;3;P5n7o9 l/9

Tt>##L=Lqla9fD3aEj:iR#B98=Dun LTU,a (Weikert &

Trinkaus 1990, Koppelmann & Weikert 1992, 1997, 1999,

Koppelmann 1994, B6ttger-Schnack 1996). rqB$8=iEiF,

1;3;Fgrehuf#1 a tfjll'* , A } 5i nF#ljEjtiAS13gh, S#fFRO).I3E.i5

i,iTehLiL{fE4ifEqb##J10)i#1##t!a' t= b SJtBntio) A a I i bs)Fj]6 75,

L=SYLTV'b (Billett et a1. 1983, Lampitt 1985, Thiel et

al. 1988/1989, Riemann 1989). if=, iEFftFgn#%7o9

>9 I, 1/PJi> I, Xg)A+f61h, .]3%f*o)#qb7o9 >9 I, 1/0))il

jj-7X8=bSAB#&1E75s)bB I t75s)BiE#EShT3ti' D

(Rudyakov & Tseitlin 1998, Tseitlin & Rudyakov 1999),

=yL6 Ciu,1hni)#Fgn->kfEBE%jiPkLt i a)t%i 6hT

Ulb.

L75, L, tiaO)#D3ae)39:p ( Lj:, bb4=S'ljEO)#q2bLj)1#yq# (A,L,

bL#P7<#+it'1), b L( (ijflty Tt5bqb7o91/P Tt >o)fR

T+%L=LB+a b a)TAB •` , ###3%0)gpldJiBVi'#iKlbi=LR+aB#

dEli2Lv,. 7o5i >P Tt>##Li->k&if%vehbai#%7o9 >

7 Tt>, .IIFi#%Thbb#qb7o9 >9 7, >b,6Lh#%Thbb/ilp

ill) 7iTeh%%b, %0)iTIRIL=bv,-red:ttc]iTjXh(<2 FLm)

75,679 tjiTjRh (<20cm) irehO)LESJ>RBB8=b7T=a75s1, =h

iThL=Fq-I+jE.Elt=bu,rCfk%7o5i >9 T1>, /{9f1) 7, #qb

7o9 > 9 T:/L=iT^b'i:i;7o9 > 9 h 1/###iSo)S'RltE5J1*%

#*mL=WdGjLL 7T=5ni +i U,.

(i*) Bg5#,'it%lR2Bk 1/ 9 - (KANSO) rehEi19974ii D

WEST-COSMIC (Ej&. jcPA 1999, Harada l999) 0)f@.IS

agf&L=j3U,T, 4%ig75,6.;3EFgK5ia 7o9 1/9 T.>iW4E%9;B&L

Tj3 D, *WiE-eli=YLirehL=1$6it7=fDA%#ffla. #L=,

i9%BjE.kS#o)7o9 >9 T,1/8=T3V,I, tl'ni i +iba) (5i1#

#) bSlt'-n7:3^L}(fRT+i) #jElao)75,%fe*+a I i % Bag

i LT, J21TO) 2 10)#ifF%11-3iT=.

1 ) 7o9>9 h l/##%4J30)j(5+fLA1##L=1jjlL} (}i'9j11)

7, fkqb7o9 >9 T.>, LEi4Igbq2b7o5i '/9 T11/, 1&fEgbqb7o9

-/9 h >), %J&bSlt-'o)i i +iS'DlffaLj)1*% LTV,T, %nfR#

iCj:.;SFF318=N LT t'1o) i i 7TiBg&Th#b%Z' A,%WtF14Lf=.

2 ) ,SH75,u,5J1##b i U{iTj Rh5L=}jJ1#. fR#%o)##%419

7=. qSL=, 7o9 >P T,•`/##%i3EFEEP]t=4%Fg, *JgBiu'73%

Pgo) 3 FgL=bU-C## L, i.i#Fi4i5Elq/*,0)###3gL=v3V'TW#

1FL7T=.

5;i

4ijiS&#*#Egf3J*#n# 2 EjggijL8=i a WEST-COSMIC#t

¥I@*, 1997*11B21BL=St. C97-01 (39o N, 147o E) L=bu'

T7k,;R2000miThO)7D9>9 h >4##%41'37T=. ii=, 1998

4I8J]19-21Bt=8iSt. C98-03 (44o N, 155o E) 8=bv,TA(

f3E4000miThO)7o9 >9 T//lR#%41'3f= (Table 1). 39o N,

147o EO)iWjEJ5/ehnlR5E6j:Awe)hO)iR5Eyehb u3i-75S1, 44o N,

155o EO)JJijEJS:ehGiiPB? i #FBq0)i?$5E %ll v37=.

**5ei4EiCTD/ tj-tfh7 Tlif>7o9-%Jqv'T7k.;#10, 20,

30, 40, 50, 75, 100, 125, 150, 200, 300, 400, 500, 750, 1000,

1500, 2000, 3000b'iUf5000 mn%fg i MR7j(L, %n%h*t

100Tr&- 5 e (500 mJ2n.;#inO A ) nJito1) i+ i, >jk8=/^1qRLf=.

Table 1. Plankton sampling data at two locations in the western North Pacific Ocean during WEST-COSMIC.
Number in parentheses indicates number of stratified sample,

L ocation Date Local time Type of net Depth strata(m)

39o OO'N, 147o OO'E 21-Nov-97
St. C97-01

44o OO'N, 155o OO'E 19-Aug-98
St. C98-03

00:48-03:24

03:39-05:32

09:07-12:52

(daytime)

22:06-02:31

(nighttime )

20-Aug-98 03 :41-05:02
(nighttime)

21-Aug-98 09:08-13: 28

(daytime )

VM PS6000

Closing
NO RPAC

VM PS6000

VMPS6000

Closing
NORPAC

Closing
NORPAC

200-300, 300-500, 500-1000, 1000-2000 (6)

0-100, 100-200 (2)

200-500, 500-1000, 1000-1500, 1500-2000,

2000-3000, 3000-4000 (8)

200-500, 500-1000, 1000-1500, 1500-2000,

2000-3000, 3000-4000 (8)

0-100, 100-200 (2)

0100, 100-200 (2)
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Table 2. List of volume-carbon equations which used for biomass estimation in the present study (modified from
Ishizaka et a1. 1997). Note that equation for bacteria is not using volume data. Gelatinous zooplankton in the
present study includes Cnidaria, Ctenophora, and Tunicata.

T axon Equat ion Reference

Phyt oplankt on
Cyanobacteria
Diatom
Other phytoplankton

Bacteria

Tintinids
Other protozooplankton

Metazooplankt on
Gelatinous zooplankton
Other zoop1ankton

0 .47 pgCFLm3

Log10(PgC) --0.422+Log1.( FLm3)0758

(pgC) -0.433X ( FLm3)0863

0.02 pgC per cell

(pgC)-OA33X ([(FLm3)] / 2)o863
(pgC) -0.433 X ( FLm3)0-863

0 .003 pgC FLm-3

0.06 pgC pmA3

V erity et a1. (1992)
Strathmann (1967)
Verity et a1_ (1992)

Lee & Fuhrman (1987)

Verity et a1. (1992)
Verity et a1. (l992)

Parsons et a1. (1984)
Parsons et a1. (1984)

4%i57J(L=-?U,TLi/i+.y L=i: WR7]( L, rqi,%L=Lj)1qRL7=. LAlqR

Li=.i@7kLL i#.IJi6 (1995) j3i U'Ishizaka et al. (1994,

1997)%B*t L, ffo)#ji%hHi_T7oV}lo9 - 71fhEi f=

Ei#*4kgBk41-3 7t. FqE.T#9fyq%N%t L ill.2 A 0)if > 7o)L

Ei1##i&tE6 L=J1*iT i >*JriJi;)V7 1) >(Bi%7t&fE5%)TkB]

JJ%(24FSPE7?l3At)L, HA} >7'9 > 7 1 )L9 -tL=ij5.3&i&W6 L

f=. 7j )i,9-%E5iFE&LSEf%f&, x9J( t:l9v5iXtL=7T>> Tt

L, GXpE',Bi#iiiL=i M*AiiLi=-. j( 9 i/*o77 1 )V9-7oV/lo

9 - ft 8ir&A1#jttR,Bi#iihL= i: D , Lj)1##b i U-+j Rhi=fEt CT

7 j )V9 -7Lli3t%iglf( L rC#%k L 7=. #.;kif5E*'4EiiL&iglJj1%

6djZ5!,/qliii%rehi%iBla i #L=, _L.15t=-3U,T8i>( P VJiio7 7 1

)V9-Thi&iBL, #A1#XBB1#ii%Thf*5h+a I tL=i D , iS#

tg/i;k*/tO)5E*4GD i YL%BB(Ill i L=L7=.

A(i3%200mJ2AtlRa)i, ,y T,ii#5Ei4Li, B%u,30, 90j3 i U''330

FLmO)3 3f*, 1y I, k#5E L7tek#iNORPACE!*, ty T,%jgu,TO-

100, 100-200mO) 2 Pgo)S'HttEFJ53klifE %41v3 T1%7=. 7ki3%

200mLJJ3! Cj:VMPS6000 (Vertical Multiple Plankton

Sampler: i,B5L*B*ii5V %jBv,Tii# LiT=. VMPSn B%

v'Ci1997#rehCj:330 FLmrelb D , 19984Ire,Ei90 FLm%jqu,f=.

lR#5W4Liqnt1/e1 2 /jJ1Sf]L, A-jf%30 FLm} ty -> 1-e-IjEi& L 7=

1&IR#.E1-Bt#L, .;a fZb'i LLllc, Njii%.Ifu)JljE L 7=. i i -jf

Ei50/o*Jri*)v71) >ThB]fLf=. 30 FLm*,? T10)5u4E5:X3t

¥E,/q17I%SB%jn,,90 FLmt330 iLm4, ,y I, n5E*'4Cj:jfiidLE7B1#i% %

FBv,TEijfR1@%+j RhBuL=i+i91r)&UtlE+&L7=. 1%6 iti=-iT i Rh

=li,BJ1@b,6 1 1F1S (*BIBk) j7T= D nliS (FLm3) %h#.P.L, i+

fMtEj%i=5E C T1$6fRT+ji % 5RG)f=.

jSiJSYe,fib a hf= 7Q51> 9 Tt> Cj:/)jt##5 L=f%*ua)1SiJS-B?yt

#&#Ji (Table 2) %FBu,I, Bt#%L=i*Jt#L7= (Ishizaka

et a1. 1997). iE&o)1R#jfffL=i J3TFJ--Lh5#o)jfi%1a

if j RhfgLjjlbSIE+fk a nT U, f= *B%, iff,BJ1&o)i5Ej?U,1i5Ejf.Ifo) j='=

9 %iRR Lf=. J5tR#1%h#L7T=7o9 1/ 9 ft >2RT+iCimgC m-3i

f= 8imgC mL2-eh#b L , 1jJlif#5i 7=&iiJ- j Rhi5Lj)1@L=#Ei-%

ll-?iT=.

g5R

1 ) i%5}5#O%tiE5}8tR#i

7o51 > 9 ft JO)SaFLEi}jj1*tfR#%%iFK#1btbL=, 7D5? >

9 T,1/ % %0)&5tiESET9qS%b, F) 4 T30)j( 5 7Ti/jJ1}9#77h4%bLiz.

1+ibis)i19j11) 7 (bacteria), fkqb7o9>P [ > (phyto-

plankton), L54i*b4b7oi> l/ 9 i:/ (protozooplankton) i

1/&&*bqb7o9 •`/9 I, > (metazooplankton) rehba. 39o N,

147o Et44o N, 155o EL=b'L}a 4h1##o)S'HIFLELLj)1#%Fig. 1

tFig. 2t=j%+. 7k4j;1JS#7oi> >9 h >fR#jaEi39o N, 147o E

7?hLi13,873mgC m-2 (0-2000m) ThZ6 V), 44o N, 155o E'elEi

29,772 (EFjtFpn -32,780 (jTiPBn mgC m-2 (0-4000m) re'b1

7=. 4 Ljj1##o)4=7Mi7oi> > 9 I, >B?t#-aL=bba%TJ%Cif*JIE

.61t blDITj3D, i#uiq?b7o5i>9 i//: )i19j11) 7: JRfE*bqb:

i%fEgbqb7o9 > 9 T,1/-12-140/o: 25-300/o: 8-120/o: 47-520/on

SkiBgL=b '3 f=.

tt'o)LA1#yq#nB;#ji b ,I3EFifgbm=T3hTi@4j' L rev,7t75Sl, Jt

a)i6E/Jjl/lop - J(iL1##FR]Th5%7>9TV,7t. 4=kq:b7o5?> P h >

(iO-100 mO)B4aEe2L=3E* LrCb D , %hLli3;L= 8iEi i A/ t''Lh

#L+i7),-3iT=. -jf, /{9j11) 7 bB#fgL=Bt#jir*j(%#+

a75Sl, 300-1000mJgL=Lj;L#i@,ll%'j{Lf= (Figs. 1, 2). *#B]

E&gb%o)5Xiffiljj1*ci39o N, 147o ETli}i19 jl T) 7 0)S&tE/JJ1#

i i (1ylTL,7=j)Sl, 44o N, 155o ErehCj:4%FgO-100mL=%SC,I

(23.1mgCm-3) /jJ1*LTU'7=. f&4iSbqb7o5i l/9 h >&i39o N,

147o Fe, 8j:100-300 mpg rehr@b I/A)I+i.i7), 1 t-75sl% nLn3% reh(a:j5
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39o N, l47o E, 2l November l997
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of plankton carbon density (mgC m-3) at 39o N, 147o E (2l November
1997) in the western North Pacific Ocean. From left to right, panels indicate that of phytoplankton,

bacteria, protozooplankton, and metazooplankton. Number in parentheses indicates integrated

standing stock in the water column (mgC m 2).

44o N, l55o E, l9-2l August l998

0

500

1000

? l500
U

_I

•`
a
V

C)

2000

2500

3000

3500

4000

Fig. 2.

carbon density (mgCn-3)
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Phyto.
(4136)

Bacteria
(8084)

Protozoo.
(348l)

Metazoo.
daytime
(l 4072)

Metazoo.
nighttime
(17079)

v ertical distribution of plankton carbon density (mgC m-3) at 44o N, 155o E (19-2l August 1998) in
the western North Pacific Ocean. From left to right, panels indicate that of phytoplankton, bacteria,

protozooplankton, metazooplankton (daytime), and metazooplankton (nighttime). Number in parentheses

indicates integrated standing stock in the water column (mgC m-2).

UqemPLTU,f=. -k, 44o N, 155o Ere^LifEllkt b200-500m

fge28=JiF<R#io) tie - 9 Aslb J3 f=.

I a) i 5 L=f*&#tThO)i'RltE}jj1*%Lt:iRla i , v, ( -37),0)1gg

6]j)ilAtB%f=. y3i D, Of&qb7o9>9 T,1/i/<9jll) 70)Sa

FRLjJ1#}lo9 - l/ 8j:'}i#.FB57f^5E8j:'I'7Ti ( , fkq3b7o9 l/ 9 I. l/ iii3E

fFAfBbDL=v3hT.i.ii&L=i6E4;'1 a. }i7 j1 1) 7BTbfi#io).;3EFEL= i

ai@'I-Cj:#t#P75,Th, *Pg (200-1000 m) 11iEre1@/Jl%j%+.

@F5,4I*bqb7o9 > 9 I, > i 1&fE*bqb7o9 > 9 T,1/0)gHldf/jJ1# i

JKR#%EihE.6.FF?T-k5 ( 2;75Slb V), f*%t b.;3eBEImDL=T3tLT

i6E'I,+ alE3j6]75{b a 75s), q,SL=1&A#4b7o9 •`/9 T,> 0)5{nld(7J1*

8i#iK*b75sl*5v,. i L,3 2.6.A{bLj>'6nf=. t''0)LA1**yq#b.;#Fii

75s7BIL=-jYLTBt#i75s7@/}l LTU,7=0)Th, L2lfO)i{ %Jn,I

Bi#ik.I3Efio)rqR*kThB]J)#S%i= (Table 3).

147

Log1.Y-Log1.a+bXLog10X (i 7=Li Y-aXXb)

I I-elCi.;#FFRX (m) L=b'LlaJKRj;i (mgC m-3) %*L, a

i bEi%*t%litfi&rehba (Koppelmann and Weikert 1992,

1997). lR#.I#fib<.Iib,'3 7T= (7k.;R2000 miT1 39o N, 147o E

a)+jE,S.ThEi15qb7o9 > 9 7, > L=-3U,TO)A, #j2fiWaj=i75S-1%

6h7= (p<0.05). 7J(i3%4000mirehl#5BLt44o N, 155o ETh

ci 4 Lj)1##1J<T L=v3V,T%j5fiB])Sit75S7%E' tL7=7)St, ik%.

)i'9 jl l) 7b i U'L?,4i#q2bL=j:L<Ti&&5b%7o9 l/ 9 I, l/nBI

I)aita)p1#Jila ( (iq 3 %Ej:%L=10/o J2ATre,Ej5:rehb I, iT=75S7&

%8i50/.-eij5:), %o)*#Ej:1tho)}jJlif#L=fEJ<TPPjc 5 75,v3

t. I yL8=T3U,T 8j:%U)i##Bk5JlgB#75Slti3EPgye1*FR* 0)75,v'

A L}5-ebb ,3 7=I i +i t1', 3qf&.i@f,Ro)qfS(#75S-jkPkSn7=#tEj%yel

ba t%i 6h7=. i mf*B]+ilk?yq#nghltEL^1*8=T3V'TLii&
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Table 3. Results on regression statistics of plankton carbon biomass ( Y:mgC mI3) on depth(X:m). *:signifi-
cant at p=0.05, *':significant at p-0.01, n.s.: no significant.

L ocation
and date

Taxon Log10 Y- LoglOa+ bLoglOX

Intercept(a) Slope(b)
(mgC m-3)

r2

39o N, 147o E

21-Nov-97

44o N, 155o E

19-21 Aug-98

(Daytime)

(Daytime)

(Nighttime )

(Nighttime )

Phyt oplankt on 927

Bacteria

Protozooplankton

Metazooplankton

Phytoplankt on

Bacteria

33.1

6.22

4.28

1462

88.9

P rotozooplankton 343

Metazooplankton 436

Protozooplankton 316

Metazooplankton 1660

-1.317 0.79*

-OA48 0.46 (n.s.)

-0.382 0.43 (n.s.)

-0.137 0.01 (n.s.)

-1.339 0.81**

-0.558 0.71**

-0.969 0.78'*

-0.763 0.51'

-0.949 0.80**

-0.958 0.63*

iB+a (#EBL2 %%.qn.

%B]1aJlio)#S* (r2) 8ifkqb7o9 l/ 9 r:/ L=-3V,-cia b i

( (r2-0.79-0.81), >ku,-ehTgfE#qb7o9 >9 Tt > (r2-o.78

-0.80), )i'9jll) 7 (r2-0.71), i;blab,0)bs7&4i#qb7oi> >

9 T//7?hbJ37= (r2-0.51-0.63). i&fE*b%7o5i > 9 i:/a)JkR

#io)S'DltE/jJ1# %*#G+ii#FFRO)Lq&t L -C4ib+ I i EiPP#

575S-ba75s), -filThb4-B)1%F'htB]J)%IiL= cEIT, 7o9 > 9

T11/fRT+jao)iF/jJILltCiE%PBTh 5 a I i 75slb7),y3 i=.

/jj13iB;#PR5rehBJJ)i,io)1* 5 (b : f3;FEbEbDL=J3it -C IA'tF5o),;@4),

1aSr]Je-) %LEfk7tla i , i;b1[f5 a)j(5 u, (.I3EF5fBbDL=-3h

Ti@'J)'o)jc5u,) a)LiiAqb7o9>9 T,>Thb,3i= (b--1.32

--1.34). -H}i'9j11) 7Cj:#b.I3%F58=i aiR'I,75sllS ( (b

--0.56), JSi&gbqbt1'&&*bq;b7o9 > 9 h >(i%n*SR5L=b9

7t (b--0.76--0.97). if=, 4&fEibgb7o9>9 Tt>-ehEiik

TkO)agi%1j:I? f=44o N, 155o ETh, jTko)BJJ)aitntjJH-75Slj( 5

( (jS:436mgCm-t3, 7i: 1660mgCm-3), ii=1[/*5 b*5

7),'3i= (i : -0.76, jTk : -0.96). =hlj:, iFp5Cii3iFi9fL=/JJ1

# L, 1LkFBqL=4%FgJl i #3'Sbl a B JaSaFLa#3'#0)%S%75, i.P,bh

f=75il, i'RltE/h#o)iiik2E%i%TE LL- i i a, #%2;(ija 6 Yji

7)i-3 f= (Kolmogorov-SmirnovO) 2 fg*ni&JljE : P>0.05).

I a) i: 3 t=f&&#%7oi> > P Tt>o)1jJ1*cj:i3EfF,Lt 0)Bm,iU31L}Th

8j:ERPBreh5+iU,#gb75shf9:p( bJ37=. I nLt^E!Th (j(%BLjJ1>

200 FLm), iBfi7j(ho)ba4=Lj)1gg3#o)q=S&Thba i u,i a.

2 ) %i2fiJgO5t5.i5#0#RR#

I =relii V)##WiLAi*#*o)LJj1#, fR#iL=-3U,T, 7k#

%#Fg (0-200m) , *Fg (200-1000m) j3i:U't73EFg (>1000m)

L=ELJ)1LT, %.;#FF,LfgL=j3Lla#r&%W#1fFLt. 39o N, 147o E

a)a%Pgre>Ej: tto] 7o5i > P h > 0))i'9 j1 1) 7PCyanobacteria

75S-1#b L, T5fE#qb 7Di> > 9 T:/ -ehEilXjFB5##i%*%BlbS1#b

L, 1&fE5bqb7oi> >9 T.>Li, 75,u,A L#%9 9>l1*yq7)S11#bL

TU,iT= (Fig. 3). *FgTICi}{9j11) 7, 1%)FB5#ii&#%A,

A,Lib L#, i7iH>*P9 9F1#7> tl'75SW3ae76bL, 1bo)Lh*#8i

5bbrCihThbJ37t. ii=, *Pgn75,v,bL#, i'ih->*t

9 9 Fh*cj:fig L=fEJ<T*4!0) b n75s>3g3>75,v3iT=. .;3%jgThEi}{9

ill) 7e)#BEEi#ib6+iU,75S1, #*%B!, 7),U,Z6 Lea i'iH)if

PP 9 >l19!yqo)%jiCi a 6 L=i@/I' L7=. I a)i6E4)'Fi:%u,Cj:F5%11i

&%7o9 > 9 f, >o)i'ih ->#*j3P9 9 1l'}BTh.iB%ThZ6 v3 f=.

44o N, 155oEO)4%JgThLi39o N, 147o EtF]C(, tio]7o

9 •`/9 Tt > t1&_4iSbqb7o5, •`/9 Tt >75s1#bLTV,i=-75s), %hL=

bHiT, -$53tnMSElf(ESD: equivalent spherical diameter)

7?ll -36 iLme)iT i Rlni*it5Sj*i&#g%r*3t; i U11XjiS##i&F*

%B!7)i)gU'#&%itL7= (Figs_ 4, 5). 1+ib6iTjRhBg8=

8u i!yh1#75Sli.P.b 6h, /i'9 jl 1) 7, Cyanobacteriai3 i U'

AMF7> t''L=i y3Ti#BES*ta tio]V-i Xh#, #1it##i%#%

F9EtlXEB5*#.;A#&%fEt= i -?T1#hESita+)+j i)#t , 75,

u,A L*ti'il->#L=i -3T#BtSha} '}+j Rh#i=/J]1"6
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Fig. 3. Size and taxonomic abundance of plankton carbon (mgCm-3) in epipelagic (0-Boom, upper panel),

mesopelagic (200-lOOOm, middle panel), and bathypelagic (1000-2000m, lower panel) zones at 39o N, l47o E (2l
November l997) in the western North Pacific Ocean. Horizontal and vertical axes mean size (ESR: equivalent

spherical radius, ESD: equivalent spherical diameter; FLm) and taxon (22 groups), respectively. AMP:
autotrophic microflagellates, HMF: heterotrophic microflagellates, H. Dinoflagellates: heterotrophic dinoflagel-
lates.
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Fig. 4. Size and taxonomic abundance of plankton carbon (mgCm-3) in epipelagic (0-zoom, upper panel),

mesopelagic (200-lOOOm, middle panel), and bathypelagic (lOOO-4000m, lower panel) zones at 44o N, l55o E
(daytime l9-2l August l998) in the western North Pacific Ocean. Horizontal and vertical axes mean size (ESR:

equivalent spherical radius, ESD: equivalent spherical diameter; FLm) and taxon (22 groups), respectively. AMP:

autotrophic microflagellates, HMF: heterotrophic microflagellates, H. Dinoflagellates: heterotrophic dinoflage1-
lates.



LuDLi7), : @%B]Ek5F.;fo)7o9 > 9 f, >##0)S'l]1FLEiLh#

44o N, l55o E, l9-2l August (nighttime) l998

>
i

0
bh
4>
+
a
O

1
=
O
i

W

>
i

0
bJ)
4)
+
O3
O

a
=
O
i

CD

l l l1 1
0 . 5 l . 5 2 . 5 3

r
5 4

I.. .-0 - /-
---O  .

o f l a g i la t e s

I I

1 -0.5 0 .5 l .5 2 2.5 3 3.5

>
i

0
bJ)
d}
I
rO
O

1
=
O
i

CD

-l -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

Size Log (ESR: JAM)

o.2 Pico 2 Nano 20 Micro200 Meso 2000 20000
(ESD jim)

Fig. 5. As in Fig. 4, but for nighttime

Epipelagic
(0-200 m)

Mesopelagic
(200-lOOO m)

Bathypelagic
(1000-4000 m)

151



152 B*7o5?>9 t,>*%*R Jk#47% #2% (2000)

h<=. qjfg-e,Li=0)i 6+)1jRh#7)ST%(*( fit), tto]iT

J1' Rh#b4#BE%j)i))i'P jl 7) 70)bL=fJ..1TV,f=. -7f, J} 1)iT

j X1#Li4%fg i Lit2hrq C5FK75shhE'h, ff#BE#Lij),v,A L

i, i7iH>#L=bDiT, 1*BR*a)75,v,A L}B [Figs. 3-5L=b

LTaCopepods (dormancy)] 7;i t''Thb '' 7T=. i3ETgfTli I 0)

} ')iTj R1#b1*FR*0)75,u,A L#L=i: J3rCj(#ASl&b 6nT

u,f=. i 7T=, .;3eFE90)/{9 jl T)73fFE&i*F5t L5LfFqCiffFR-ehb-3

iT=.

f*rL,jli.#10)#.EBt%*,'it%+ a i , 5{Rlrkb9L=4%PgLifk%7o9 > P Tt

>L=i aAB;a)hBThZb D , %h15#t bBabS#FFRL=/^1#+a

PE-ehb'j7=. it, ##%#BElaLh}5#b5nEL=bi=V), 1S

V-j Rhi E#@L=bi=a+i Rt91')v- 7o?5s-ttifRlajgrehba i

u,ka. -jf, *fg8j:tHfR+aLJT##bFRE'h, /iljj-7XO)

iliLi1&&fbqb7o5,>9 T,>t){9jl1) 7Thb-3t. i7T=, a

fE*bqb7Q5? l/ 9 T,•`/0)iT I Rhb j%FgL=fEJ<Tj(4ME:bsl3gA/ehU,

7=. i3EPgTh8i%0)1GF]75s)a 6 t=t5!,/qf6#-Tlb-3 7=.

5%*

15>? h >ZB#iO%tiE5}7F

4.BJ, 7o9 >9 T,l/##% 4/h5#t=*BULf=bil, %J+0)S'DI

FLEiLJ)1#4!Lij(5 ( -5%jJ:y3TU,7T=. i f=}{1 *71 i.;3ifiito)W

1#IiL=jt;u,rC, 1Eg5 bLh##FplThAfJ= D , i5qb7D9 >9 Tt>>

J5:&#%, 1&fE*b%7o5i >9 T. > >}it7 j1 1) 70)l[T/qThb'3 t

(Table 3). ,I3EBfL=i bB;-#iniR4)'L=J3V,rCjgkb i, fkqb

7o9 > 9 I, >0)fE#Cj:##jgJ21.1iL=PF(6*taf=b, 100 myJ..I3E

7?^*/Al*#o)#F5bSl.i.&L=i@4j'+ a 0) LijEn.jRifL= i: a i V, i

a. LSi4i*bqb7o9 >9 h >0)LA1#Li%0)9I-ehbaf5qb7o9 > 9

I, > tP<( -ikLTU,i=. =itEiS&FR*53'*b%E})75sl,Sg( , f#&SLi7R

qb7o5i 1/ 9 f. >J10)qiT+FFAO)6&v,, */jJlj:B#o)##Th, LjJ1*o)

SkRBE8j:4%Pgo)fEifPgL=FR6tLa tV,ia (%D 1989). L7),L,

Gl4igbqb7o5i 1/9 T,•`/Cj:qj. i3%fgL=bf-f75slttifRL, i3EFiL=i

bi@4j'Lif5qb7o9>9 I, 1/0)%hi D b#P75,77hbb. *. ti#

JgL=b'u,T= >j1 9 > i, 8=ttifR+aFRfE5bqb i LrC8iHMFP

lkJ7A#i5fG*%B!*s-bLj=>6na (Figs. 3-5). *. iRFgL=b'v'

I i }{9 j1 1)7-HMF-#JFB5#if&#j=B! i u, i i&it-#itBg

1#8iBt Ojir3 t%i 6habs), %0).SB#Li4>+fV,I t75SlfRT+ji

75,6 b#.I,qlJSha. 1&4ifbq2b7o9 > 9 7, > LiiEJgThCj:fk&1ti

(ik+fEJr4i) 0)ii75S-Jib+a75S-, *. f3EPgreh8ih%J[tAPiB%1'4i

(jl''h5?19X&Jri) 4i75s1#bla I t75S-*D6n

(Vinogradov & Tseitlin 1983), itJrt4!As)g#Thbb I i 8=i ,3

I, */A1##Ei.;3E.I@8=b'u,I b baifFF,LO)fE57-%%*Bi$1a I

t75slTh5 a tjgi 6YLa. i 7T=, 4-BJO)&#SrehEj:1/&4=Sbqb7o9

> 7 [ >L= BJBi&FaW3'5bCib E'YL71>7),u?7t75s) (Kolmogorov-

SmirnovO) 2i,%*0)#JljE : P>0.05), i&4I&%7o9 > 9 h >

a)*8=Lj:jc4!rehiaf.;7Rho)ba#qb# i %i ha iT=b,

vinogradov (1962a) 75SlrS'pldfr9*bo)Ci L =hER (ladder of

migration)J t3B<7=i i L=, gHldfF9abL=i DTf#%1%a I

i b I-LptE-e^ba 3. %LjJ1##PF7]0)i#&iBif-rehi#-ttjS ha 3%fkP

PE%%-7>t'1o)#fAq;bEL Jen B1#bShi5u'11thc7)5bqb7o9 > 9 h I/ 0)

i#L=fJ.. a- -7f-eh, /{9 jl T)7/ttO)##0)1#i&.;JET. i +a.1a. %7k#

8=j3 i.S;#if%qbo)1##&7)Sl, }{9 j1 1) 775{.i3EPgL=Bv,I i Su'Lh

*#f:i%1-Rv3TU,aSBo) 1T3rehba tjgi6YLb. =0)i i

L=, I;3%F5L=i afR#io)ii/A-o9 - >AS-/jJL##-L= i -3'TWdl a

a)cj:, %4 0)5E#tSR#35tiqnigu, %EiFjtLrCU,a t%k E'h7=.

4tB]4%6 h7= Bl1SiE8i tltO)iffio)5Ef5Jr#_75{b a a)75,, iBjfO)

fDRt 0)fb*%11-3 j=-. tt#Gi, *iijfiE-ehjn,7=B]1ali (f*N

&1i) a)tAH- (a) tPB5 (b) L=J3U,Tlj=Df= (Table 4).

Table 4i=Jqu,f=j111-9 ,)-1EiParsons et al. (1984) L=i

i a 6hTL,a BJ')%Ii, %o)1&L=JZjtiia%SniT=Bl)ali,

NOPACCS (Tsubota et al. 1999%%.qfu t=i:;L}Z'POC/P

ONjlll- 9 L=y?L,T=i-h# LiT=BJ4aJi, b i U14-BJO)WEST-CO

SMIC-3p5E#4L=bLj-bfR#%, *l ty f, 7oi> >9 I, 1/0)i5i. SZjt; i

U''C, N3fiye^b Z'.

POCPPON7> tllo)A(*,,FGl7'gstg*%jlL=F;qla BIJ)aJio)1E/* 5 (i 7

9 1yPRP4l.y T,*bqb7o9 >9 Tt>L=LWla%YLi V)b/],$75,-3

i= (*kRBff: -0.71--0.31, 5F+biiS*1JaJ2; : -0.45j=0.09).

i,7 I,Sbqb7o9 >9 T1>L=rq+Z'1Eg5 (%kRB]: -2.51--0.52,

5f#jj=fg*Ga2; : -1A3iO_66) LL 79?9Xn1[E5 (*yEBE:

-1.09--0.86, iF2b : -0.98) i: Dj(575,D7T=.

i,,y TtSbqb7o9 >9 Tt>L=T3U,-C#*HL=ha i, N&.I3EFFR%kR

Bg75s)iBIC=T3hTJf-n1[J5 5 bile LTV, a I i As)b75,a. 7k13i

1000 miTh%N%(L= LTV,aj11= 9 0)1EEi5 Ci-i,%L=/]l a V'75Sl

(*kRBg : -0.95--0.52, 5TiSbi17%-*G2; : -0.71j=0.16),

1000mtj.,I3E%#%tt Lf=W1%itO)Pf5 CiFB6b,L=j(5 u, (#

W : -2.51--i.65, 5F#Jif4q-*G2; : -2.lliO.30). 4tW&

#StLf=*, 1yf,i%biU7&fE#q;b7o5i >9 Tt>t=Bg+alEg5

(*kEBg : -1.19--0.76, qZigi4gi$1jiaJ2; : 1.02iO.15) Cj:,

kli.;S.i5Jina;SkRf;i#}SH= b i v3t1( vinogradov (1968) n1#

(SkRBg: -1.39--1.16, 1iigiig*1BJ2; : -1.24iO.ll) L=#

b iEu,. Vinogradov (1962b) (i]h}TL5F.;i L=j3 V'TfE#i#i-i

tjk*iFjio)4,? Tt#qb7o9 > 9 T,l/}{j *7RO).;3EFFRL= i a

i6E4j'%B#ff L, tF5.i@f,RFp5o)}i'j *7X 0)fLEi#Pg75, 6 7ki3;

4000mL=jibiThL5Ef-frelbb=t %*RfELTU'a, J3i

Dkqi#o)jf%i3l,Rt *g55t#iF{RL=b'L,,T*, ty f,#%7o51 > 9 T,

l/0)#Jq5 L=8i2;75il#u,a)ThZba. 4-B] , WEST-COSMIC5E#

a)B]1alio)1G 5 j5Winogradov (1968) L=i ak5f,;Sf-gu= Fx71

a%nttiLfRC-ehbTj7T== tCj:=0)illLj-rehbbj. =o)i

i t=, 1&fEgbqb7o9 > 9 ft >fR#%o)Bl1%ita)qf 5 (ik5F.If.i@

ffRL=LALTCi#JtjEqAIRIEreh, Vinogradov (1968) 0)1B %1fjBl

a= tbsli@tAt%k6nf=.
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T able 4. List of previously reported regression statistics (Log1.Y-Log10a+b Log10X) of some biological
parameters (y) on depth (X: m). Unit of variable (Y) is shown in patentheses. Present results are also
shown.

V ariable ( Y) Depth range Intercept Slope Location and reference
(m) (a) (b)

cTaortbaino7gmagnl;-i)

P articulate or
carbon (Fly r' ganlC

nplTrt.1g:tat(epgorlq13nlC

c arbon flux (Lg.cl mm--2Fy--ll))

Fie.tm?sesS0(ZAogplAP3Ton

Bacteria (X104 cells mll)

Phytoplankton (mgC m-3)

Bacteria (mgC m-3)

areottaozz.o.o,pllaannkktt.onn((mmggcCmn!3?

N etNet
Net
Net

DW (m
carbon

WW (mg m-3)

FTmA-C:N-:
nitrogen (&gN mA3)

35-4000

25-3000
0-4000
0-6022
0-4750
0-5500
0i500
0-5200
0-5000
0-4500
0-3150
0-6022

25-3000
0-4000
0-6022
0-4750
0-5500
0-5500
0-5200
0-5000
0-4500
0-3150
0-6022

13-5582
100-2000

25-6000
25-7000
50-7300
25-6000
25-3500
100-1000
100-1000
100-1000
100-1000
100-1000
100-1000
1000-4500
1000-4000
1000-4000
1000-4000
1000-4000
1000-4000
1000-4000
1000-4000

990-4954

0-2000
0-4000
0-4000
0-4000
0-4000
0-4000

0-4000
0-4000
0-4000
0-4000

9 .33

1
1
2
8
9
7
7
6
5
7
1

1
4
4
1
1
1
1
1
1
I
1

5
1

0
3
3
9
0
9
8
8
3
2
0

4
8
6
6
3
2
3
4
2
7
9

5
1
5

1

8
5

7
2
6
1
5
6
7
5
7
8
3

89
3

5 ,383
40,044
62,332
84,313
4,150
179
120
62
108
331
81
0.008

0.009
0_011

0.011

0.012

0.009
0.011

0.010

3-20

927
1,462

88.9
316
1,660
436

456
38.2

15_7

3.66

-0.37

-0.52

-0.51

-0.52

-0.38

-0.42

-OA3
-0 A4
-0_38

-0.31

-0.33

-OA3

-0.56

-0.71
-0.55

-0.39

-0.41

-0.44
-0.43

-OA3
-OA2
-0.51
-OA6

-1,09

-0.86

1 .21
-1.39

-1.18
-1.16

-1.12

-0.80

-0.95

-0.75
-0.52

-0.69

-0.56

-1_65

-1.85
-2.32

-2.05

-2.51
-1.92

-2A6
-2.13

-0.90

c entral pacific(Cordon 1971)

North Atlantic(Gordon 1971)
central Pacific(Cordon 1971)
N orthNorth
North
North
North
South
South
South

P acific :40-SOD
Pacific :30-40o
Pacific :20-SOD
Pacific: 10-Zoo
Pacific: 0-loo
Pacific: 0-loo
Pacific: 10-Zoo
Pacific :30-40o

P acific (all data)

N *
N'
N'

N*

N*

S*

S*
S'

N orth Atlantic(Cordon 1971)
C entral Pacific( Cordon
N orthNorth
North
North
North
South
South
South

p acific :40-50o
Pacific :30-40o
Pacific :20-SOD
Pacific: 10-Zoo
Pacific :0-loo
Pacific:0-loo
Pacific: 10-Zoo
Pacific :30-40o

N*

N'

N*
N'

N*

S*
S'

S*

1971)

p acific(all data) •`

NE Atlantic (Suess 1980)
NE Pacific (Martin et a1. 1987)

Tropical Pacific,oligotrophic* *
Tropical Pacific,eutrophic* *
Southwest Pacific* *
Subarctic Pacific' *
Sargasso Sea**
Indian Ocean:0-15o N'
Indian Ocean:0-15o S'
Indian Ocean:15-45o S'
Indian Ocean:45-65o S'
Southern Ocean:55-65o S''
Southern Ocean:45-55o S+I

ZP1anAttilc?BiacEiTiOcF&ellsmhan:rn
NE Atlantic(Roe 1988)*'

NW Pacific(Vin

& weikert 1992)
1980)***

NE Atlantic(Angel & Baker 1982)'''
adov 1968)**'

T ropical Pacific(Vinogradov 1968)***
Indian Ocean(Vinogradov 1968)***
Arabian Sea(Koppelmann & Weikert 1997)

Pacific Ocean (Nagata et al. 2000)

?a;

-1.32 39u N, 14r E, present s
-1.34 44o N, 155o E, present s
-0.56 44o N, l55o E, present s
-0.95 44o N, 155o E, present s
-0.96 44o N, 155o E, present s
-0.76 44o N, 155o E, present s

-1_19 44u N

-1.02 44o N

-1.01 44o N
-1.16 44o N

155u E
155o E
155o E
155o E

udy
udy
udy
udy
udy
udy

presentstudy
presentstudy
presentstudy
presentstudy

*:NOPACCS(Northwest Pacific Carbon Cycle Study),**:Vinogradov (1968),':Tseitlin & Rudyakov(1999),
+-:Rudyakov & Tseitlin(1998),**':recalculated by Koppelmann & Weikert(1992).
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i,1y Tt5b%7o91/9 T, >L=fEJ<T, FRAgbq;b7o9 >P Tt >0)

5i'nlig_Jh#L=LRl a *D3aEi2 L u,. 4tB7WEST-COSMIC5Ei4 i=

-3U,T1%6ni=Pff5 (-0.95) Li, POC/PONt i,1y rt?bqb

7o9>9 Tt>0)%hO)*Pp?L=1EiELTV,a. /jL1&, a 6L=jj+-

9 0)nR5E75<)Jj2:tSTh,FEi4I#qb 7o9 > 9 T// a)S&FLaBmo)BJJJaJi

#TEt=J3U,T Ei41&o)E%AEThb a.

j%fr)]EiTLiF#jE#i5igEL=i3 L, -CPOCO)90% J;A.i % }i P jl T)

775slbbTU'a=t75s1#-E-SYLTV'a (Boyd et al. 1999).

4tWWEST-COSMICiit#4L=T3U,T1%6YLj1-}i'9 jl T)7 0)#/5 5

(-o.56t-OA5) bPOCO)Jth (iFib : -0.45) ti (-fk

LTV'a=t75,6, /{9jlT) 7n1[f5 ci, POCa)Jf-YLTelt4%

a-&b I t75slqA}H'E7?hbat%i6tta. ii=Fi3a, Nagata et

al. (2000) Ej:A-f.;fo)i3EPg (1000mLli3E) L=BLla/i19 j1 i)

7fR#jao)1tB575LO.90Thbi I i %#ELTjt; D, 4i&$ 6

?li a jill- 9 0)%4Bf75S7Sf=ilb.

fkqb7o9 > P T:/0)1Jj1*(a:Ci i Aj t''#F7E90-200 mL=FPt6 nT

L'aO)Th, =0)iEfgo)1f%b-3T, 7k4ifR#it LTb a L-?

75'ifj:U'T^bbj. LJ1, 4T3e)j(57liL1## (ikqb7o9>9

T, >, }i'9j11) 7, J5,fE#gb7oi> •`/9 T,>b'iUf1&fE*bq?b7o9

> 9 T1>) L=T3U,I.I3%Fii= i a 0)fRB{7-iiR'I,%#JljElajf,If75s-

%iE'h7=. i3;FEjfbnlEB5 L=-?L,T(a:4iibagfE%41u,, a

E' L=iiBE %f5b a JJZ,%75shba.

i;.3EJfJgO5t%E!#.O##

*B#iEThLi, %.;#FEJgo)fE.StiE/qtL=j3L}a i#LJj1## i %o)4I

qb*B%felEB5+aL-bL=, ifiB98=*ii%fapEjfh L=4iPg (0-

200m), *Pg (200-1000m) iti'iU1'i#Ff9 (>1000m) 0) 3 Pg

L=EiLj;kLf=. %ti3EfFRFg4IHEi5,3SThEi7o91/ 9 f, >Jk%#%, i#kELjJ1

3!yq#L=bj(5 +a,)5E75S-5i6itt. #FE9Cifkqb7o9 > 9 h >0)&FiE

0)BBThb D, 7o9 >9 I, >0)tB fR+1 Rh, LjJ1##b35ZjPrnit=bf=

D , %LjJ155yq#t btlEjibS#BEL=Lh#1bJgTIFigs. 3-5), t=o

3-+)-71 9 U--J} 1)ifjRIJ-tttfSitSita, L,bv9)a1#k

4iqbAiEqbi*frfi75sl.SBSblajgre>bb i %i 6na. 44o N, 155o E

0)TcJEtL=jt;u,T, + ) irj RbHMFtiifS##iB*f%Bi75s11i

A LyCU,7T=0)(i, Jth60)B#t fJ.1a t=O]iTj RIG)AMFP+ )

iTj j:ho)#tj21#iI1&*%r#b<1fb LTU,7== i L=i a i.P,bh

a (Figs. 4, 5).

*FeCj:fEqb7o9 > 9 r:/ i LRfE#qFynEBfR75SIJ%.i5kL=i@O , i&

#_*bqb7o9 > 9 Tt>bSl1#L+1bi#PF-ehba. }i19 j1 1) 70)Bt#

%Lif&4ifbqb7o9 > 9 Tt>L=>k(1'75Sl, iqiBo)i i L=%0)/jJ1#i@

']l75<*PgBt=bbf=* (Figs. 1, 2), %0)b#*CilftL,: 1&fE

guqb7o9 > 9 T, > Cj:iTj RtbS-4%fgL=fbJ<Tj(4ME+b1*rpjL=b

V), 39o N, l47o EO)rt.E/ehEi, r4:]%JrlAni7iH>#P9 9>11#

75sl1#b L, %1lAo)t&J7?hba=JgJ i CiA+i-3TV,a. *..;3EF?rA4i

n1&,4:_#qb 7o5i > 9 ft > 0)iT- i Rh7)Sli;Fg4BL=fL/<T-^4!8= fi a

=t8j:, $2S''2fJ:/JJ1##t=33U,Ti (*DE'nTU,a

(Mauchline 1991 %%.qS).

¥IRfgrelj:}i'9 jl T)7n3fFg3t(a:*Fg i L2Lffq Cre,ba7)i-, 1&4i

gbqb7o9 > 9 h >0)#FE75sli@4)+ao)Th, .;35FgCj:/i19jl T)70)

&#*j)i)SL,fEJHLiE,iiT6tre,Aa. i 7=, *..;3%fg7?hLij(4g#jlitJrti

A,u,A L*0)1&gB5iifff2PfEihbs)}ilj *7 A 0)75,7> D a)%BLjj1%bb

TU'f=. =o)7),U'b L#Liftt]&EEo)*re1*FE#BL=b D , iUaf&f@

I/ivelbaPq#]Ek5ftI-f-a)q=%yiThb a i -%i 6 hb OTeh, >kL=Sf

L(iSJ<b.

5#]t*3F#OFF. ;'BfJf15> 9 h >#5EO##

f5#Fii@f/*ThEi->k4iifL=* 5 +iSkB6*1bA<b D , iEPgTehfE

ifo)/I'+iU'SBBL=*. i3;fgL=t;5 D , 9g#n4ijjt4tO)f5v,Sfi68=jS

u''#Fg L=1D1#1 a j(4Mij1&Jrtg7), V, A L #75Sli:+Ttl a

(Conover l988%%.q6), ]t:}TL5f#-Thb , =o) i i?j:fEib5Eo)

fi7),L=.;3%fgT10)1#qRfW % i I?75,L, A L# i L rCNeocalanus

cristatus, N. flemingeri, N, plumchrus, Eucalanus

bungiiPPseudocalanus minutus75s)a:H 6 nT V, a (Fulton

1973; Miller et al. 1984, Miller & Clemons 1988, LLJD.

,i:=E]!1997, Kobari & Ikeda 1999, Tsuda et al_ 1999). I

YLF' a)iili&%+&JrATh, S*Li4%FgTiS<i#%11 i i)S1, ->kfEif

a)2Lu'SB6L=Li1SFqL=tibf,Rt LTAL#Lj]1%%*L, *. i#F5

Jltlt#Elka. 4=ii##L=j3U,T b , *..I3EPgCr=tHfRLi=-=n675,v,A

L#Ei (1fB:B9L=) 1*FR*Te>bb t3a+i L7=. "1*FR*0)7),U,

bL#" ii*..IRfgo)7o5i>9 Tt >Bi#jio)&j>( %bG5

(44o N, 155o EO)*Pgreli7o5, >9 T,l/n{7#io)15-20%, 1I3%

PgrelCi16-170/o), 44o N, 155o EO)ti3EPgThLi/{9 jl I) 7L=>k("

JjJ1#yq#ThbJ'7t (Figs. 4, 5). =h60)75,u,A L#Liig4In

*$71V-ilP$8=Ci4%Fg4iJELIE,*L=itj'U,T, *4y_5bqb7o9 I/ 9 Tt

I//{j *7j10)jc#%bba i t75il*n6h (80-900/.:

Zenkevitch 1963), @%B]EiTLiFt;i_qJ#ti#f,i a)4i#LiEJ* 8=i3 U, I

#iSt+ilTU,a. 7=7:31, ==re-]fj51<5.E.8i, *. i3%jgT1

a)1#FR* L=4&6 CifF<f#k%1>, f## i L71>L,;T*JSLiqL=bbI i reh

ba (Hallberg and Hirche 1980, Hirche 1989). L7=75Sll

T1*Ftg.*0)4& 675il*. i3Efgnqbfg*[W3AL=BU=112SrJEib i D-A

5 ( +a:L,=tj)sl%k6ita.

i55B]EkiF.;i L=b' u, T1*PR * n Neocalanus cristatus

(-Calanus crL'StatuS) Lii%fiMu)iff#Lt i b L=f5T L, %0)

/h#Cj:28o N, 134o EL=i7:h3fla= t75Sl*D6hrCV,a

(omori 1967). A-3 i b, =h(ini&BJL##-e,ba-tjgi F,

hTU'a. A=1BLL i.)i1*9ti'E-BL=1E%1alBf%i'S (35o N,

139o 20'E) L=b'u,Tb&i891%Jljt#.Ela I t75slB#+j: I t75<

*RffShTj3() (Oh et al. 199l), 1*PRXB%i-375,u,bL*

75S-jfEL=fE,1'b91%itj' ( ita i@blo)f5FREj:, 40o N1+iEL=b a jE

#i3lBP? (subarctic boundary) LJJEt ha<5 -ehbb i



nuLi75, : i5%Bj[k5F,;$0)7o9 > 9 I, '/#Ao)i'nltELjJ1#

(Conover 1988). 4=WdBJL-ehb, 39o N, 147o EL=i3L}a1*HRq'

a)A,u,A L#nLjjL*3fF575S), 44o N, 155o EL=j:;Ua %iti •`

b'I'+i75,J37t=tEi (Fig. 3tFigs. 4, 5%%.qn, *5Jlig3#

a)LJ)1#f5FRi=kR-75,v3i=7=b t%i 6 na.

-a #

4=B#iE(i3ajf%h i Y)iGEhj>%%L1, i4L*, )V#1-. if3;ii#i

#J%%F#l#*i# (NEDO) AS-j=%1amtbjil7cT] -}l 9 Tt r=&

1EEft7;ia).i@.;i PRgqL# i= 1-*i fRi& ### j1.I,F,rliEWW#7jEjtiJ (SEA-

COSMIC) 0)i 6, (i*) Baiq#,'it%IRiBk > 9 - (KANSO)

bsh4f;i %52Llf= r,i5#imfE& Ulco2PFq5#5Ej]-#1FBi{/#fO)P#r%iJ

(WEST-COSMIC) nmiEBEAa)-%BThZb a. .I@#EWf&L=b

f= Y)jFj?j(+i =hfB*hjj% U,f= fib71-5>EB5SE#*3EEggfEB5, # 2 Ejr*

jLO)qnljS, 5EkABl%1EE8=JLt75,6@-#u,iT= Li+. i f=, ti@fSaa

fE75, 6&qbrqJljElf#t=L,,7T=a i -eh=Tb*bhv,i=f3-i,,f= (a) E]i

i*,;Sv4iq;bWiEg{0)ifiS-JETtBt, a EBB.IELti i%*1gthft tit;3E(

@#o)j5%# L i +. i 7T=, .I@.;--fiWf&8=FA6 *ttlJ<-CO)L5gj%

%%1En3!jfh L=ekbT.;A ( nSatO)j2%4%L i 1.
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