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Vertical distribution of plankton community in the western North Pacific Ocean
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Abstract During the research of “WEST-COSMIC (Western Pacific Environment Assessment Study on
CO. Ocean Sequestration for Mitigation of Climate Change)”, vertical distribution of plankton com-
munity structure was studied at 39° N, 147° E (down to 2000 m) and 44° N, 155° E (down to 4000 m)
in the western North Pacific Ocean. Plankton community was largely divided into four major groups
(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™ at 39° N, 147° E and 29,772 (daytime) to 32,780 (nighttime) mgC

m* at 44° N, 1556° E. The water column was divided into three strata: epipelagic (0-200 m);
mesopelagic (200-1000 m); bathypelagic (>1000m), and their contribution to total water-column
plankton biomass was 33-38% (epipelagic), 33-37% (mesopelagic), and 25-34% (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 18-26%, 29-38%, 6-25%, and 17-40%, respectively). Below the epipelagic zone, phyto-
plankton biomass was decreased rapidly (1-2% of total biomass). In the mesopelagic zone,
metazooplankton was the most dominated (60-85%) and bacteria was the second (12-28%). These two
taxa dominated also in the bathypelagic zone, but the contribution of metazooplankton was decreased
(43-47% ) while that of bacteria was increased (41-47%). Constantly, the biomass of each taxon (mgC
m®) was decreased with depth, and the relationship between carbon biomass and depth was expressed
by regression model: logiwY=loguwa+bXloguX (or Y=aXX"), where Y is the biomass (mgC m*), 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.

Key words: vertical distribution, plankton, community structure, biomass

FL&c PTG SNz, F - FRIEB LIS T 7 CCHERICYE

WENERBIZB TS 7 7 07 P UBERD L UBEREICH T A% & L CTidGrice & Hulsemann (1965), Vinogradov
T 5 HRIIKEFE200 mLLiED KRG (epipelagic zone) (2B (1968), Deevey & Brooks (1971), Murano et al. (1976),
BY0ONEL, FRUEETLIMREZ L, Ziidd - & Wishner (1980), Angel & Baker (1982), Weikert (1982),
BOT5 07 Ny TIVORENEERL Z L1285, 19904 Scotto di Carlo et al. (1984), Kikuchi & Omori (1985),
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Sameoto (1986) ®*°Roe (1988) # HIFHZ L HT& 5. —
BB ST 7 bR A s0A s P OBERIRET
%<, TRUETIHEHBENICHAST 5 2 LWL NTA,

W, RMT 1+8 (Roe & Shale 1979) % MOCNESS
(Wiebe et al. 1985) Lo REREDIZEIZL Y, FER
ORI Y PRRE Mo — A v MIHN, SR> O
B - BEOBW TS s b revfsuis b ORER
TABEIRY, BEIVERICELONP - FBOTF 2
PURRICETAMRISREMICHEIML T3 (Weikert &
Trinkaus 1990, Koppelmann & Weikert 1992, 1997, 1999,
Koppelmann 1994, Béttger-Schnack 1996). [ 2T 4E,
EBTUERT LY T4, 7 A TORENELR, BREORE
HWTIRIREAERE~ OGO FHEDH L Z LA o
\Z&NTv: % (Billett et al. 1983, Lampitt 1985, Thiel et
al. 1988 /1989, Riemann 1989). 7=, AIKEDEY 77
YO RYRNRYDNADHRL LT, OB T 7 F DN
AR AL FEHEE DL IV REREINTEY
(Rudyakov & Tseitlin 1998, Tseitlin & Rudyakov 1999),
INSRWTNEEBO—REELX R LD EZEILNT
w5,

LAL, FRROMROE I, H5R¥E0HYHENE (»n
HLERT IFRY), bRy VBT 7 0B
HFECHETLILOTHY), BEMEDHENLREICE T 5
FIEZ LV, TI0 0 b UBRII-REEETHLMY T T >
7Ny, HEBETHILEWM T T bR RETHHNY
TINTEFTEER, ZOVAXIIBW T a4 14 X(<2 pm)
Ppoxrut AR (<20cm) ETORFHEICHZEA, Zh
FTCIEA—ZEIZBW B T2 b, N2 TUT, B
TS5y b CETBEIRT T V0 by BEBEORES T &

FEANCARZE L 22 Blid 2,

(Bk) MlEHEEREEL Y 5 — (KANSO) TIX19974 & D
WEST-COSMIC (R - K 1999, Harada 1999) i
REICBVT, REPLEBRKESL TS V7 b rAELERL
TEH, KFFETRINE TILELN-MREHRET L. FIS,
BEHIKTEDT TV 7 FviZonT, ¥DXHi%bo (548
B) N2y (BEE) FETHIOrEETLIEEZEY
LT, UTo2 o0 %1707,

1) 7’957 b BEZ ADORERGERIIHT (N7 7Y
T, T o Ny, BREEBM TSV M, BREBYW TS
YR, BADVED L) REESHTELTNT, FOHF
BIIREIIH L TED L) B TRDED P E B L7
2) MPVGERL XU A XEIZOA - BEREORITE1T-
20 BRI, T U N UBERRERANCER, PRBIUE
BO3BICOIT TRIT L, REEABROBEMEIIDWTR
i A

Fik
SEBEFEMPTE DL 2 BB AIC & 5 WEST-COSMICH
i, 19974E11 F21 HI2St. C97-01 (39° N, 147° E) 2B W
THKIFEN00mETOTS > 7 b RERITo 2. F72, 1998
48 H19~21H121ESt. C98-03 (44° N, 155° E) IxB W TK
OO METHTT 7 b EREERITo72 (Table 1). 39° N,
4T EORELSTOREIHBMOADRETH o 72H%, 44° N,
155° EQE B CILEH L B OWREF1To 72,
WARREIICTD/ o ¥y MY 75— %W TKEEL, 20,
30, 40, 50, 75, 100, 125, 150, 200, 300, 400, 500, 750, 1000,
1500, 2000, 30003 X U55000 mD &R X WKL, #h®h
100mé~ 5 ¢ (500 mbABEIX10¢ ) DR TF L Y HIIFEL 7=

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.

Location Date Local time Type of net  Depth strata(m)
39° 00’N, 147° 00'E 21-Nov-97 00:48-03:24 VMPS6000 200-300, 300-500, 500-1000, 1000-2000 (6)
St. C97-01
03:39-05:32 Closing 0-100, 100-200 (2)
NORPAC
44 0O’N, 155° O0’E 19-Aug-98 09:07-12:52 VMPS6000 200-500, 500-1000, 1000-1500, 1500-2000,
St. C98-03 (daytime) 2000-3000, 3000-4000 (8)
22:06-02:31 VMPS6000 200-500, 500-1000, 1000-1500, 1500-2000,
(nighttime) 2000-3000, 3000-4000 (8)
20-Aug-98 03:41-05:02 Closing 0-100, 100-200 (2)
(nighttime) NORPAC
21-Aug-98 09:08-13:28 Closing 0-100, 100-200 (2)
(daytime) NORPAC




146 HERTS o b s

E47% 25 (2000)

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

Taxon Equation Reference
Phytoplankton

Cyanobacteria 0.47 pgCpm® Verity et al. (1992)
Diatom Logui(pgC) =-0.422+ Logi( #m®*)*™ Strathmann (1967)

Other phytoplankton (pgC)=0.433 X ( xm®)**

Bacteria 0.02 pgC per cell

Tintinids

(pgC)=0.433x ([ #m*)] / 2)"

Verity et al. (1992)
Lee & Fuhrman (1987)

Verity et al. (1992)

Other protozooplankton

Metazooplankton
Gelatinous zooplankton
Other zooplankton

(pgC)=0.433X ( pm®)***

0.003 pgC um*
0.06 pgC #m?

Verity et al. (1992)

Parsons et al. (1984)
Parsons et al. (1984)

RERICOWTINT VK DEK L, FEBICAIL7:. 5
L7z, ERS (1995) B & Uishizaka et al. (1994,
199 A AL L, EFOLEAMZTTLINT — MMERK T 72
BT o2z, HABREEZWNRE L2120 TV
FHREBRE D ICAF T I i) v (B RERES%) TRE
FEQAFHEL L)L, HAX YT I 740y — RIZIEEBHEL
o 7 ANE —RBRIBLERE, ATAFTTALRIIYT b
L, WGHEMEICLOBEL. X7 VLRT 7405 — 7L
T — MIBHERBEBMBEICL Y, SEEB LU A XIISLT
T ANy —fLETER LRI L 7. SR mE S %
BT SEMSE THREET 5 L, BB owTiEX 2 LET T«
W —TiEE L, BHEECEMECRETAZLICLD, Bk
EAH~OHEEBO BN ER LI L7,

KIE200 mENED & v MMREREHL, BA30, 908 X 09330
#m®D 3EA bR EE L2WENORPACE £ v b % FvaC0-
100, 100-200 m® 2 BOHBE X FHRE L 1T o THZ. KiE
200 m LL i 12 VMPS6000 (Vertical Multiple Plankton
Sampler: #EABERAHE) *HOWTREL /. VMPSOHE
VF199TAE TIX330 #m T 1, 1998F TlL90 p#m % v 7.
I L2 L, A %E30 pmA v 2 THMAL 7
BHRERAL, &, 2B XUC, NEET#ELAE. 354
5% HER IV~ L TEE L. 80 pmt v b OB EE
PAMEE A AV, 90 #m & 830 pmt v b O REHIEIREM B 5
TR 4 ZBNCEHIR OB L 72, Bohi A X
SHEMED S 1A (HHBR) Y72 b oFER (pm®) #EML, 3
BoER IR CCHABBAE L RO 7.

HRETRDENS T T V7 b ASSEEE I B O R R - 5
F (Table 2) 2HWT, REZICHHE L7 (Ishizaka
et al. 1997). BHOREHEIL L > CR—-GEEOEE TS

YA ZWGHEHE T mE, SIS RETTED 7~
YERBALZ. BEBREL-TS0 7 U BHERImegCm
7213mgCm?TEb L, SEEEE /30 @I EE %
fT-7:2.

L3
1) EES9EHORNESHLREFE

Ty o OB EBFEEMBT 201, T
7 N RFOERFNEE,O 4 DORE RSBEHTRDL.
ThbHBN75) T (bacteria), W75 > 7 b (phyto-
plankton), HAEM 75>~ + ~ (protozooplankton) &
BEEY 7S5 7 + v (metazooplankton) T& 5. 39° N,
147° E&44° N, 155° BiZBT % 4 FEBOSE 5 i % Fig. 1
EFig. 21T, KERETTI 7 Y BARIZE N, 47° E
Ti313,873 mgC m* (0-2000m) TH Y, 44° N, 155° ETi
29,772 (%&f) ~32,780 (M) mgC m” (0-4000 m) TH -
2 AGEBEOESKE TS U Y RERIOLD AEEIREE
MELPTBY, T2 b N TUT RAERY:
BEBW TS 7 b =12-14%: 25-30%: 8-12%: 47-52% O
HBHIZ B o 7.

EOFEHORFRSEEBIMIONTHD LTS, £
DWDINY — VP ERR TR 2o Tz, 7527 b
F0-100 mOFmEBIZEFLTBY, ZhUEIZIZIEI LA LS
HLadol, —hH, N7 T IREBIIRZEEBRRNEZET
A%, 300-1000 mfg itk mL7- (Figs. 1, 2). Hil
JEBY OERIE /AR I1X39° N, 147° ETII/NZ 7)) 7 O ${iE 545
EX BT, 44° N, 1655° ETIEEE0-100mIZ EF 12
(23.1mgCm™) A LT/, BAEEM 7 F 27 b 1339 N,
147° ETi2100-300 mE Tl CTH o 7205 F N LB TIEH
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39° N, 147° E, 21 November 1997

Carbon density (mgC m™®)

0246810121416 0 2 4 6 8 1.5 2 250 5 10 15 20 25

OW
200

100 0.5 1

< 1000
& 1200
[=] 7]
1400
16003
1800
2000

Fig. 1. Vertical distribution of plankton carbon density (mgC m™) at 39° N, 147" E (21 November
1997) in the western North Pacific Ocean. From left to right, panels indicate that of phytoplankton,
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bacteria, protozooplankton, and metazooplankton. Number in parentheses indicates integrated
standing stock in the water column (mgC m?).

44° N, 155° E, 19-21 August 1998
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Fig. 2. Vertical distribution of plankton carbon density (mgC m®) at 44° N, 155° E (19-21 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™).

UHIML CTw/z, —7, 44° N, 155° ETIdEH & $200-500 m
BIZRkEEOE - B o7,
COLICWERTOHRESFEHET L L, W OPDMHE
HAREBE, oFh, OB 7I 7 breny 7708
ESATY — VIESMTERLRL, TSI 7 P kiR
BRI ONTERIZRDT A, N7 FTREEOREIZX
LR T, T (200-1000 m) i TH/NERT.
QRAESYWTT 7 b EBREB T T Y7 N OMES L
FREBIELAMTAREENDY, WH L SEEMINIONT
WA BEND D HD5, FICBREBW ST 27 b 2 OEST
BEEIDSKE WV, L) 2 EMBIFoNhiz. CosERESRE
PHEFTIZONTREESIBA L TW-0T, BToXzHnT
REEBTFRIEOEMChE S/ (Table 3).

LognY=Loguwa+bXLogwX (F7:id Y=axX")
CITYREEX (m) KB AREE (mgC m™®) 27RL, a
LOIXFNFNEH THSH (Koppelmann and Weikert 1992,
1997). HEFEIE 72 OKFE2000mET) 39° N, 47° E
DEATIE T T > 7 F V220 TOH, BERINFEAIH
S (p<0.05). 7KiE4000 m¥ THREL7244° N, 155° ET
124 SEBETRTIZOWTEERBRRIE S 2D, fEY -
N7 FYTBLUREESWIIHTREFY 7F > 7 F ol
RROpEIES (3 FIIEICIBU T CHETH o 724
BIE%THEE), TOLEEIMOSTEBEIZHR TR KEL -
72, ZRIZDOWTIEF O EEHESER SRR TRIRT O AW
HLETH- 2 i, FRBHRORNHI TS NIRRT
HorLEZONZ. LHEMRSEBEOHSESAIIONWTIIR
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Table 3. Results on regression statistics of plankton carbon biomass (Y:mgC m™®) on depth(X:m). *:signifi-

cant at p=0.05, **:significant at p=0.01, n.s.: no significant.

Location Taxon LoguwY=Loguwa+ bLoguX
and date Intercept(a) Slope(d) r
(mgC m™)
39° N, 147° B Phytoplankton 927 -1.317 0.79*
21-Nov-97
Bacteria 33.1 -0.448 0.46 (n.s.)
Protozooplankton 6.22 -0.382 0.43 (n.s.)
Metazooplankton 4.28 -0.137 0.01 (n.s.)
44° N, 155° E Phytoplankton 1462 -1.339 0.81**
19-21 Aug-98
Bacteria 88.9 -0.558 0.71**
(Daytime) Protozooplankton 343 -0.969 0.78**
(Daytime) Metazooplankton 436 -0.763 0.51*
(Nighttime) Protozooplankton 316 -0.949 0.80**
(Nighttime) Metazooplankton 1660 -0.958 0.63*

WE B (FER-2 2 BH).

FHFROFSE () 3BT 7 POV TRLSE
< (r*=0.79-0.81), KRWTERAEEHHW TS 27 v (£#=0.78
0.80), Ny 7T (£*=0.71), BHEAOYHEEY T T
7 by THo7 (r'=051-063). BREFHW T T 7 F ok
FEONEDA T HALEEOMBE L TELT I LIER LM
HEHLH, FNTOESREELRERRIZL-T, 7507
b UBEEOFSUEAHATE S 2 L b7,

SHEBEMTERBAOMEE (b EEMMCONTEEO R
TEHEE) ARET AL, HIMEEOKEI (FEBIIICON
THADORE) OBREY T2 M THotz (b=—1.32
~—1.34). =N T TIEROEEIZLBEIHINEL (b
=—0.56), AW LBEFY TS 7 b iZEFOFHIZH-
7o (b=—0.76~—0.97). ¥/, BEFHW 75> 7 b TRE
BOWMEXRIT-7-44° N, 155° ET, HOEIFER DG HTK &
{ (B :436 mgCm™ 7 : 1660 mgCm™), FMME L KX
ol (B —0.76, 7 : —0.96). Zhix, BEIZERICH
fil, BHICEEBNEBET 5 HEBERSOEE N L Bbh
2, MESHOBHERRE LI, AEEIRLNE
272 (Kolmogorov-Smirnov® 2 EEADMKE : p>0.05).
ZODXHRBREBW T T L7 b OSIZEE L OBBRETT
HHATERVWEHFE H oz, TNITKBET (KET>
200 pm), WK DOHLEFEHOBEHMTHL L V5.

2) EREROEEROBME

T L )N EREEOMM, BERICOWT, KiE
B (0-200m) , #/& (200-1000 m) & L OFEE (>1000 m)
WKXG LT, SEERBICBIT A8 AT L7z, 39° N, 4T° E
DEBTIIYATT v 7 by OINZ 7] 7 2 Cyanobacteria
MWEEL, BAEFEY S5 7 Fr TREREEEWERPE S
L, BREEB TS 7 b2, Pud LERY I VEMELL
Twiz (Fig. 8). #BTIEINZFY 7, HEREBEER,
Pk LE, YAVES IR ENEL L, hosEEE
EhOTEINTHo/. £72, FEO,VH LE, YAV HELE
75 HIIEBICHRNTARMO S DA o7, EETIINY
TUTOREEIEDLS WS, BER, pdLE, Y2 VE
Ry IVHOBRLIISHINRI L. ZoBRSESVIZAAN
BEMTI7 7 b OYLVER FVETHEE TS 7.

44° N, 155° EORBTIE39° N, 47° EC R UL, ¥a 7
TN EBREFYT I b OHEE LTV, FhUC
Iz <, %kE (ESD: equivalent spherical diameter)
T11~36 pm® 4 XOMALKEEMBER B L OHEE =R
FEEDPL - E R L7 (Figs. 4, 5). Tbbi 4 AW
B 3mamaio b, /N7 71) 7, Cyanobacteria® & O
AMF% EZ Lo TR SN D ¥ a4 X8, MR EEE
BN ERICL s TERSND F /1 XBEL, »
WH LEEVAVEIZL > THRENE XA VA XBIZHT B
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39° N, 147° E, 21 November 1997
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Fig. 3. Size and taxonomic abundance of plankton carbon (mgCm™) in epipelagic (0-200m, upper panel),
mesopelagic (200-1000 m, middle panel), and bathypelagic (1000-2000 m, lower panel) zones at 39° N, 147° E (21
November 1997) in the western North Pacific Ocean. Horizontal and vertical axes mean size (ESR: equivalent
spherical radius, ESD: equivalent spherical diameter; #m) and taxon (22 groups), respectively. AMF:
autotrophic microflagellates, HMF: heterotrophic microflagellates, H. Dinoflagellates: heterotrophic dinoflagel-
lates.
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44° N, 155° E, 19-21 August (daytime) 1998
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Fig. 4. Size and taxonomic abundance of plankton carbon (mgCm™) in epipelagic (0-200m, upper panel),
mesopelagic (200-1000 m, middle panel), and bathypelagic (1000-4000 m, lower panel) zones at 44° N, 155° E
(daytime 19-21 August 1998) in the western North Pacific Ocean. Horizontal and vertical axes mean size (ESR:
equivalent spherical radius, ESD: equivalent spherical diameter; #m) and taxon (22 groups), respectively. AMF:
autotrophic microflagellates, HMF: heterotrophic microflagellates, H. Dinoflagellates: heterotrophic dinoflagel-
lates.
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N, FETRINDI I /A XBEPELELSRY, i
A ZBEORERED N T )T ORI > T, —F, AVH
A XABITERE L ZIZE UEESA LN, TEERFE VS L
H, YASEIINAT, KIEFOHVH LE [Figs. 35105
I} % Copepods (dormancy)] % & Th o7z, RETIIIOD
AV A XBLKET O 0H LEIZL > TRENLOLNT
Wiz Ffz, BREONS ) TEEEREEZEE CEETH S
7z.

WERDHEREZRET L E, SHEMIIKBIIMYW 77 2 b
VICKBEEOWTH), EOEHELIRLEREISMT S
BTHot. F7:, HELRMETA0HFELLEICOLY, &
F A XL EEHIChI AV A XN —THRERT LB THAL L
Vi, i, SEREET 2R LIRS N, N AR
FRBBEEY S5 2 VNI FYTTHoT2, T2, B
KBTIV b oY A4 XL RBIZRTRKELSEA T
72, EBTRFOEMIE HIZHEETH 7.

32
T CBREEOHES
GH, IS5y b rBER A GEBICRY LD, KL 0H
EOARII KRS ER o Tz, F2N1 v R EBEE L ON
BRIZBVT, EELHSERMTRRY, T2 b >

B, BEEM TS >N FYTOMETH > 2
(Table 3). HEEIZLIREBOBPIIOVTEZ L L, HEW

Ty b OEBIIERBLUERIIEONA/D, 100 mELE
TARGEROBEFEHIBATEOERDERIZL L L vz
b, REEWMT 727 P OSHEEOMTHLNEY 7T o
FrEBL—BRLTW, SNIZBESBIRENAEEC, MR
W75 w7 by ANORFEOHE, KMEEORET, HmO
HHIIEKBOLEERBICEELNA EWVWZ D (44O 1989). LAL

EE@%fﬁyﬁb/i¢'m§:%t+#ﬁﬁL,m%;

LMAEEI TS 7 N OFENL D BB HSTHD, -
BlCBWTaryRyy MBS AEEHY & L CTEHMER
HEBEBEEERAH TSNS (Figs. 3-5). #H - FEEIIBW
THN7 79 7 -HMF{EE R ERBER & V) A HEH
TRIZBEY D EEZ 6N, ZOREIV LW Z EPHER
POLHEMENG, BERY YT o b IEERBTITHEAN
CRLF&EME) oFEFELST L5, 7 - EETCEREECHEAN
(FrPI7A4 5 28H%) BXELETL2 I VMO AN
(Vinogradov & Tseitlin 1983), BMIEHTHL I LIZL o
T, ROEBEIFRECIBNTLIHI2BEORAETHRFTS 2
EWTEDEEZOND. T2, SEOBETIIEEEY T T
Y7 PO ESRERENTA SR 2o 72 (Kolmogorov-
Smirnov® 2 EADKE : p>0.05), HEEW T 7 b

CHKRBCEXKIODLIFYH LS INE O

Vinogradov (1962a) #° [$rERB B X L Z@ (ladder of
migration) | LAk, SREBBIIL o THEBELC
EBLMEETH A S SO BN OB AEE THE S 5 E|AR
WL EOERYIL, FNEEPRCROBYM SIS MO
U BT, N7 FUTNOEREOMURBIRE 4 5. 2K
B LEEBIORIED, N7 TYTIRBICBTOEWS
HEEER RO CVLERD 1 DTHDHEZEZHLNE. ZDL)
12, EEICLZBAEORA /Y — VORI Lo TRER D
DI, #HAOFEBIBEOECEKEL TWLEEZ LN/
LREsn-BERIEEOREOR LD H LD, BED
MR L OREFITo/2, B, AR CHVzERER (R
#X) OWFE (o) &S (b) 12DV TiTo 7z (Table 4).
Table 4IZH W /25— % ) — AifParsons et al. (1984) |2 F
EvbhTwaHFER, FokRIIERINLEER,
NOPACCS (Tsubota et al. 1999% £8) 12817 5POC/ P
ONT = Z IZOWTCEHE L7-EER, B L U5 HOWEST-CO
SMICEKEHZI BT AHEFE, #Y N9 DR - B X
UC, NEETH 5.

POC®PON7 & O KABREH FICH T 2R OE X137
Ty ARRY VBT T AT AERLD BN o

7o (#iPH : —0.71~—0.31, B+ EHEFEE . —0.45+0.09).
v CEMITS s N T AEE (EE: —2.51~—0.52,
AR . —1.4340.66) &, 7T v AOMES (HHH :

—1.09~-0.86, F¥H : —0.98) L hKEbp o7,

Fv MBI TS Y ROV TEMICAL L, WRIEEH
FADBETIZONTEDEEF L T A bbb, KiE
1000 mFCHEMRIZL TV AT —F O X IZ—HITD S0
(§ip : —0.95~—052, FHLE#EFE : —071£0.16),
1000 mBLZEZ X & & Lz o@E & Zl s ik & v (#
B . —2.51~—1.65, THLEikEFE  —2.11+0.30). SR#
BAN Ay VEEBIUBEFY 7T 07 BT A EE
(%8B . —1.19~—0.76, P E#FE . ~1.02+0.15) i,
KPR O IEF %2 3082 b &0 { Vinogradov (1968) O f#
(HEFH : —1.89~—1.16, ‘PHEERE : —1.2420.11) 2&
V. Vinogradov (1962b) (b AT I B W TH RN
LHBTEOL Y VT T 7 PN AR ADEEICL B
WAORBEL, MEEMONS Y ADLIERB D 5 KE
4000 mICELFTIEIEI—ETHAZEXHEL TS, OF
0 KFEOEERR & FRTHIIBW Ay MBS T2 b
COMEXITIIEIENDOTH L. 4 H, WEST-COSMICH K
OFEXOMEE A Vinogradov (1968) 12 & 2 A TFHIRIZBE T
BENEIEFIZFELTH -7 LIZIDENTTHAH. DL
I, BREBYWT T b BREEOREROME X IKFFE
2B L TIEHEETTAET, Vinogradov (1968) »ff % i 3
HILFEYLEZ SN
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Table 4. List of previously reported regression statistics (LogwY=Logwa+b LoguX) of some biological
parameters (Y) on depth (X: m). Unit of variable (Y) is shown in patentheses. Present results are also

shown.
Variable (Y) Depth range Intercept Slope Location and reference
(m) (a) (b)
Total organic 35-4000 9.33 -0.37 Central Pacific(Gordon 1971)
carbon (mg 1*)
Partlculate organic 25-3000 105 -0.52 North Atlantic(Gordon 1971)
carbon (pg 1" % 0-4000 131 -0.51 Central Pacific(Gordon 1971)
0-6022 235 -0.52 North Pacific:40-50° N*
0-4750 89 -0.38 North Pacific:30-40°
0-5500 90 -0.42 North Pacific:20-30° N*
0-5500 79 -0.43 North Pacific:10-20° N
0-5200 78 -0.44 North Pacific:0-10° N*
0-5000 68 -0.38 South Pacific:0-10° S*
0-4500 53 -0.31 South Pacific:10-20° S*
0-3150 72 -0.33 South Pacific:30-40° S*
0-6022 101 -0.43 Pacific (all data)*
Particulate organic 25-3000 14.7 -0.56 North Atlantic(Gordon 1971)
nitrogen {(xg 1) 0-4000 48.2 -0.71 Central Pacific(Gordon 1971)
0-6022 46.6 -0.55 North Pacific:40-50° N*
0-4750 16.1 -0.39 North Pacific:30-40° N*
0-5500 13.5 -0.41 North Pacific:20-30° N*
0-5500 12.6 -0.44 North Pacific:10-20° N*
0-5200 13.7 -0.43 North Pacific:0-10° N
0-5000 14.5 -0.43 South Pacific:0-10° S*
0-4500 12.7 -0.42 South Pacifie:10-20° S*
0-3150 17.8 -0.51 South Pacific:30-40° S*
0-6022 19.3 -0.46 Pacific(all data)*
Carbon flux (gC m’ Zy‘ 13-5582 5,889 -1.09 NE Atlantic (Suess 1930)
(mol m 100~-2000 1.53 -0.86 NE Pacific (Martin et al. 1987)
Net mesozooplankton 25-6000 5,383 -1.21 Tropical Pacific,oligotrophic**
biomass (mg m®) 25-7000 40,044 -1.39 Tropical Pacific,eutrophic**
50-7300 62,332 -1.18 Southwest Pacific*”
25-6000 84,313 -1.16 Subarctic Pac1f1c**
25-3500 4,150 -1.12 Sargasso Sea**
100-1000 179 -0.80 Indian Ocean:0-15" N*
100-1000 120 -0.95 Indian Ocean:0-15°" S*
100-1000 62 -0.75 Indian Ocean:15-45° S*
100-1000 108 -0.52 Indian Ocean:45-65° S*
100-1000 331 -0.69 Southern Ocean:55-65° S*™*
100-1000 81 -0.56 Southern Ocean:45-55° S**
1000-4500 0.008 -1.65 NE Atlantic(Koppelmann & Weikert 1992)
1000-4000 0.009 -1.85 Atlantic/ Pacific(Wishner 1980)***
1000-4000 0.011 -2.32 NE Atlantic(Roe 1988)***
1000-4000 0.011 -2.05 NE Atlantic(Angel & Baker 1982)***
1000-4000 0.012 -2.51 NW Pacific{ Vinogradov 1968)***
1000-4000 0.009 -1.92 Tropical Pacific(Vinogradov 1968)***
1000-4000 0.011 -2.46 Indian Ocean(Vinogradov 1968)***
1000-4000 0.010 -2.13 Arabian Sea(Koppelmamnn & Weikert 1997)
Bacteria (X10* cells ml") 990-4954 3-20 -0.90 Pacific Ocean (Nagata et al. 2000)
Phytoplankton (mgC m™®)  0-2000 927 -1.32 39° N, 147° E, present study
0-4000 1,462 -1.34 44° N, 155° E, present study
Bacteria (mgC m™) 0-4000 88.9 -0.56 44° N, 155° E, present study
Protozooplankton (mgC m™) 0-4000 316 -0.95 44° N, 155° E, present study
Metazooplankton (mgC m®) 0-4000 1,660 -0.96 44° N, 155° E, present study
0-4000 436 -0.76 44° N, 155° E, present study
Net WW (mg m ) 0-4000 456 -1.19 44° N, 155° E, present study
Net DW ( 0-4000 38.2 -1.02 44° N, 155° E, present study
Net carbon %mgC m™) 0~-4000 15.7 -1.01 44° N, 155° E, present study
Net nitrogen (mgN m®) 0-4000 3.66 -1.16 44° N, 155° E, present study

*:NOPACCS(Northwest Pacific Carbon Cycle Study),**:Vinogradov (1968),:Tseitlin & Rudyakov(1999),
*~:Rudyakov & Tseitlin(1998),***:recalculated by Koppelmann & Weikert(1992).
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Ay BTy NIRRT, BABYW SIS PrD
SESAICETAMRAIEZ LY, 4R WEST-COSMIC A} 12
DWTELNMEE (—0.95) 1&, POC/PON&E + v k&Y
T3 P OENOFMICMEL TS, 4%, I5I1057—
5 OWENVET, BEBW 7T 7 b ofpEmonEsy,
HFEIZOWTIEESHORETH 5.

AL AR ER I B W TPOCH 0% L F & N7 51
THALED TSI EHME SN TS (Boyd et al. 1999).
A EWEST-COSMICEHE I DWTEBL NN 7 1) 7 O X
(—0.56& —0.45) LPOCHZN (F¥H : —0.45) & X < —%
LTWbZlhh, N7 TOMEEIZ, POCHZFNTHRFE
SELIENARTHDLEEZLNS., T/, Nagata et
al. (2000) TKFHEOFERE (1000 mBLE) 2B 5857 7
THEEOEEF-090THAZLEHRELTBY, %35
%BT— 8 OERIRFE D,

W7o 7 by ST E A X FEF0-200 mICHE S T
WHROT, ZOREOERL-C, AMEEFREELTLELD
BEBEVTHAH. UE, 420K L5ERE 750y
Mo, NoFYT, BABY TS V2 by BXUBRERY TS
Y7 RY) EDWTEEILLDOBERERLD R IEET 5 HEN
EZoN. BEAAOEZIZOVCTIESHLALT LTV,
LILBELBOLLENDD.

EREROEEROES

FAFFETIE, FREBOERR BT L EEGEBE 704
IR T 572010, FENICKELSHERMICEE (0-
200 m), & (200-1000 m) B L ERE (>1000m) @ 3 B
WX L72, REEBERZRTIEITSIY 7 b riREE, RS
B ORELESRON:, RBEIWMY TI 07 v OERE
DEFTHY, 77007 P OBBYA X, SEELLZRKICH
h, EHRRELRLFEEEIISAT LB T (Figs. 8-5), ¥
AT /> A T U RAVH A ZANEBREIND, VbW L
EY YRS REN T ABTHLEEZLND. 44° N, 155° B
DEFBNWT, F /94 AOHME & {EE 558 18 5 m A3 E
HLTWADX, #noonflE b a4 ADAMFRF /
P A XOBLRERPEESES L Tz izt s L Ebh
% (Figs. 4, 5).

WA T T Lo b v LB O RBATRMIIRY, B
KEWTT s N DEET LA TH L, NTFY T ORE
BEBREBI 7T 07 KRS, BIEO X 9 2F D5 g
INHBICH B0 (Figs. 1, 2), ZOHEARITE . #E
BT b I A APRBIHARTREALT 2 @I H
D, 39° N, 147 EOEM T, AEMOY L VER Y 578
PELEL, AEOMTLRBE IR > TS, h - EEERE
OBREEW T T 2 7 b O A APKRBREIZERTARIZ R A

vEFRH

478 %525 (2000)

ki, FFEFLHEHIIBLWTLILLMO LTS
(Mauchline 1991 % 288).

WRETIINY 7)) T OBERIITELZIZECTH 505, kit
BT OBRENESTLOT, BRI T TO
EHEFBVEERTH L. F7/2, B - EETIIRER AR
vd LEOBRIREBREINA T ADD %) O % 5D
Twie, Zorvd LERAFEEORCREMICH ), ALiE
WTHLERIERKTFHEDEFMTHLEEZ LNLOT, RILFE

FEEALRFFOR - RET 7 b A BHEOHH

SRR TII—REEBICKELFHEMSH Y, KB TE
DD GEHIIP - EEIED, BFOEEOHWERICH
CEBIUSATAAREBETFAEE>» S LEVFLET S
(Conover 1988% &H8), JLKFHETH, 20 L) RAEFLED
GHIRE TORBHEZ L o0 wd LI L L TNeocalanus
cristatus, N. flemingeri, N. plumchrus, FEucalanus
bungii®® Pseudocalanus minutus?*f 5N Twv 5 (Fulton
1973; Miller et al. 1984, Miller & Clemons 1988, 1L -
EB 1997, Kobari & lkeda 1999, Tsuda et al. 1999). &
NHOBIIKFEET, RRIIFE THEMAITH N, —KREE
DZLWVERIIIENIZRERE LCRESZERL, T - 58
~NEL. ABIRICBCTY, FoEBICHBRE LI ALV
LEIE (EEI) KRIBRTHLERE L. “KIEFO2W
HLE 3 - ERBOTI P RFROECE LD
(44° N, 155° EOFB TR 7T 7 bV RERD15-20%, &
JBTIX16-17%), 44° N, 155° EQEE TIZ/N7 7Y 72k
SEHTHo/ (Figs. 4, 5). ThoO»ndh LEIREED
EETN—LBIIIRBERRIIBVC, HEEY TSV T
DNAFRAOREEED LT LML N (80-90%:
Zenkevitch 1963), Wb AEHEFEFTHOLERIIB VT
BEEL->TWD, 072, SITEETNELE, F-§EET
DRI 29 5 (IR 2 &, JREES LawiRBIZd5 28T
%% (Hallberg and Hirche 1980, Hirche 1989). L7:%%»
TR DI S A3 - B OWEH R R -THREEHE DR
EL BRI EPEZEZLND.

PG &R L R EE L B v TIRER ' O Neocalanus  cristatus
(=Calanus cristatus) WYFHOEHR L L LICETFL, 0
SAIE28° N, 134" EICEF TETAIENREONTW S
(Omori 1967). b o3, TNIIHREERETH S EE 25
NTW5E. KL, RNPRBICVET LHEBEE (35° N,
139° 20°E) 1BV THEERL M TH I LA WE A2 2 L AT
H}ESNTEY (Oh et al. 1991), KIREIZ & oh v d LHE
PIEEICEFEZ B N5 BEOMRIE, 40° NfFEicdh 58
FEFHER (subarctic boundary) Lldb & AL RETH A9
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(Conover 1988). ﬂiﬁﬁ%"f“%, 39° N, 147° EiZ BT B 4KIE T
Ohd LEOSHEEN, 44°N, 155° EliZBIT 5 Fh & V)

DA hroizZ ik (Fig. 3&TFigs. 4, 52 BH), X545

DOFHERIZER 2 bEELZ LN,

E 3

RIFGEILMES LV HBIE&% T, HrodvF— - EEHW
WEREEHE (NEDO) »EMT A7 27 b [ZE
CRFOBFREE I BBLETURMERE] (SEA-
COSMIC) @9 b, (fk) MERERTE LY ¥ — (KANSO)
SEELE 7 NEERE R OCOMREERE ) SRANET o B %
(WEST-COSMIC) DOfZERED — T 2. WiEmEicH
W SR ZTHhr Wi w2 REEEELE, £288
HOME, BRESMICOPLES LIS, 72, BER
DL EWEEEEIIWZ 5T TIH VAW (%) BA
MR O hE— , BHGHEK & HAREMINIZEL
BHOBLELEIT. £, WERATCHAS N TTOBEG
BEEMOBENLD TR BHOBELXRLET.
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