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B, B SR EF A~ EHWEE LTS5, —F
T, HEEREEGEY 7~ 7 b v A 0iEE &
LTb < pofonTED, BFITREIEEL 71— 3
v CKIE) 20 R4 HEEREEL RSN TS
foo HEHRRKEETERICHY) 7 7 v 7 b vIsHEL 7S
WERHE, FEHINRERE T 8BTS v 7 b v R
FIOERHNRL 8> THABD 2077 v 7 b v %
BLOBLTLEIHTH DB, L0 OMHERFICH-
TV AR TdH - 72 (Parsons and Lalli, 1988), 44>
SIHAR, BRF WY 75 v 7~ v OA IS Vg
EHVWTHBITEpDD ST, HAITGO B P ~ —
Vv 7 igEWISRIC E R OEE TV — apFICH O B
fedd, Bl ILREEREO AN SV K 5 IR
LTW/icohd L,

1980 X 1T Charles Miller &4 (DI EFRIE) 2 X
RKET HAEFAERR - VHIEERICBT 2 REHE
(SUPER: SUbarctic Pacific Ecosystem Research) #3
bo, HFSOKEBINL (Stn Papa; 50N, 145W) I
B AEDENIZED S, FEHINBEZE 5897
7 vy by OEBBEY TS v by O IAAL
T3 AT (Dagg, 1993; Boyd et al., 1999; Tsuda
and Sugisaki, 1994), X b 5 WL CHGE S 5 M EHR
BEOWUNEIT T vk ICk BEESREY 7 5 v
7N v OEYREEICLTOED TR WA E DFH
ZE sk Miler et al, 1991;
Welschmeyer, 1991), SUPER & i35/ic, John Martin
13, HNLC (High Nitrate Low Chlorophyll) g%
JEnd 2 HKIMBERERTH 2O RETH S L DR
SiAHENE L7z (Martin and Fitzwater, 1988), SUPER
TIW—T LR TN —TDHHFF LIS BV TH, Bkl
mERL EofEREZ T, BlfETl, S5 v
b ORREERET 5 ERBHERKTH 5 L s hTw
bo 56U, FHHET 5D ARMOEEDKETH D,
INURE 75 v o s v DEYIB RN T S v s v
L BEHICL > THMA 5N TV S LT % Ecumeni-
cal Iron Hypothesis & L Tk S 1T\ 3 (Cullen,
1995),

o &5 BHREEORT, BRI W T bILimEX
IKPERFFEATIC & 5 A-5 4 V#lll, JGOFS @ North Pa-
cific Task Team ZRHA & U 72 Bpfisgsl, FEFHER S 1

Strom and

& 5 I E L KNOT RERANBN, BRESWIFEATIC &L 5
I v T & B IR e B, < 5l b
BRI K BRI BIN I E0d D, »ish OWERE
A &Nz (Saino et al, 2002), THITIA T, &
HEEVILS B, Z< OWFRESSML f, HERK
SEEEIC B U B Bk FEER (SEEDS, SERIES, SEEDS 1D
1Tk - THREER AR, I PSR o BRAR (3 TR 1
EE ot TOIBRIFA A VERE BB FEER IS
BINT 5 ENTE, VT4 ATIEAEEORED
M2 RER T 5 2 LT E I,

2. AS4VEA

A A VBEEBERHICHRT SN BEICEITTT
ZENRTH O, YIEREIA 1988 4, AW LI
1990 A SBlG s, BIfET AR/ 5 kiR S 1
TW 5, ALt EDOKEMFERTICEME L 72 1996 413,
BUABAIED & 6 FEFR L THB Y, BBL T OB L
DIKBEEE P FEHEALPIH S L > T/ (Kono
and Kawasaki, 1997), F— % OAFICHY, LE2 Y
S AEENE L (Saito et al, 1998), ¥ = v 7 ETOF —
7RI AT - 7o AL EICE-T, AT
VI T — 2 E NEMURO 23 U & 2 HERE T
VDREEEE WRITHEN. - 729 212 (Yamanaka et al,
2004; Kishi et al., 2007), NXv 7 75 v FD4hyh-tc7
Sy bd—sELTELOMEZICRHENE XIS
s o7,

B 34 cicmoncunic ki, EFE7 - v
TDHLMETH B, W HNLC K Th 57 5
2 A BRI D Stn Papa & HANB &, KR, FKEE,
W75 v o b vEE, BT 5 v s~ VEREE bR
ZEHKE WV (Saito et al., 2002), L L B2 &,
BEIN-I VI FEICE->-TR0ugl ' #8A 24
bbNFbugl IR VWEbH B, S 51T, Tu—
I v T oI E A B ETIHIERED G T AHIC/ o e 7 4
Va BMETF L, EHFCGEEEERET S Enn
oo S g s N Tuwik (Saito et al,
2002),

CDEHBT Ty bh—sz2Fluc LT, FAFFES
W7o v by OREREZIISICT 5T &2 4P0H
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Fig. 1.
b: N. plumchrus, TL 4—6 mm, c: N. flemingeri, TL: 4—6 mm, d: Eucalanus bungii, TL: 5—9 mm). TL: Total
length. Photo by Ryuji Machida (a.b) and Keiichiro Ide (c).

L Ui, MIEHKTEHOE T 5 v 7~ vid, MW
Hh e T, fmEARE <, R & RS T
TdH 5 (Mackas and Tsuda, 1999, Fig. 1), Hfic
Neocalanus Jg 7 A4 7 v J 3 ¥ & Eucalanus bungii 73
HBhd s, CNoAMOTFMI1ELLF2FETHY,

BERPOATTH I T20m LIETKRIRL, £F05
I Ich T TERBTHRELZ T 2 FHINMEREHTH 5
(Miller et al.,1984), PRIE~BE)J 5 FH RS HEIC X
DERE > TV B7I®, OMRBEFBEZ, RIS BB
BEEFEWIA S E b TE 5, Neocalanus J&ITIE N.
plumchrus, N. cristatus, N. flemingeri ® 3 ffinsii3E
WARNERICAEBLTEY, TD9 B N. flemingeri (3,

N. plumchrus \IZEELL L TH D, 1988 HiTid# s /&
TH 5 (Miller, 1988), AKIE, ZOi#EESF, b-
ERICHEZED IS TR S - e DN,

10 < Th S HEERO I RFEEICE T 5 EEE I
FHRfFonTwiss -7, 1996 FE 0 5 2 O
FEITV, T OREREMNT LSRR, BANICET 5 2
AETITONISETIIR TR O N R & BRI ER O
B L7557z (Tsuda et al., 1999; 2004), FEEIPIZ 3 fE &
H20mUETI_RSA MENEKBICHET S
Dl N. cristatus ik b < 1 H, N. flemingeri 73
3 H, N. plumchrus 775 HT®» %, K 72 (k£
3o THEBICIROC I Z, N. flemingeri 185 A,

N. plumchrus & N. cristatus T HAH» 5 8 A TH %,

T 5 ANBELEAND EFREIEVIIIIVDS, N. flemingeri
& N. plumchrus O IHBFFAOEL O, 75 AAET
FREL, BB TcRIIREALB L, Fi, Bisici

Ontogenetically migrating copepods in the subarctic Pacific (a: Neocalanus cristatus, TL: 8—10 mm,

N. flemingeri REUE & & /NUEAES RIS 255, £h
5 OEHEASE TR D, KUEESSREICE 2 £ TIc
QHEEFS A EMRE N (Tsuda et al., 1999), Ji
Wil & A N — LicilBl o st L 0, REUEED A+ —
Y 7 gERRE T A EEEETH D, INEUEK I IEERE
BARFEE T2 EHch 2 EMHENIS L (Tsuda et
al., 2001a), = DHROMENTT, 2 JEAEEEORICIZRE A~
DNV DDBEMIZEREND S T EHHHL TV
% (Machida and Tsuda, 2010), E. bungii & Z=Hif)8}
HEBE#HEZITOMCTH 2, EBTEINEZITS
Neocalanus J@ 7 4 7 V& 3R D KRB CTEEEZITL
BROENT 5, IKIRT 2EEEGERT,
Neocalanus J& 7 A 7 Y H & 13RS - 7B REENI %
Fio - h 47 VHTH 5o E. bungii DEER S, 123
7o AN LR E OREREB N, KREELL0E
FARE (FEDR) oFHitETh v, B0 H 2 » Ak
RIENOBE) L PEINS R, I o JLE A pE O i i
BRI NTOVA Z EMREB SN (Tsuda et al, 2004),
NS ATEOANER 25 2 &, R O F itk
X BEME, NLE (FRINED 2T L To
iR bRl (bet-hedging) & LTESHZ 5T &M
T&E 5, MICK » TRIHPMEH T QT ENRE - 720,
T OB MBI B T EMREE NS (Table Do
Neocalanus J& E. bungii |3, RIETEMZITVLE
g CGRHEIRRAE L O M8 ~BEL, £ I TFRL <
DIz T 570, KED SEBNTEY) ZHE SN
HEIEF > TV B, KNPEFETOSEITII G HIESHE R )
EITOHEMERRICHE S b BfTbh, BRYOE 7
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Table 1.

Summary of life cycle strategies of ontogenetic migrating copepods (Neocalanus plumchrus,

N. cristatus, N. flemingeri and Eucalanus bungii) in a fluctuating environment of the subarctic Pacific

Synchronization

Bet-hedging

Integration of environmental
Variations

N. Plumchrus | Quiescence in naupliar stage'

? Reproduction by storage'

N. Cristatus | Spawning & recruitment”

Year round
reproduction (minor propotion)’

Reproduction by storage’

High batch fecundity & short

N. Flemingeri spawning period'

cycle’

Early fall spawner & biennial life

Reproduction by storage, Slow
somatic growth with lipid
storage & biennial life cycle"’

Egg production responding

E. Bungii | | "1 cal primary production

Multiple diapause stages®

Multiple diapause stages’

1 Tsuda et al, (1999)
2 Tsuda et al., (2004)
3 Tsuda et al., (2001b)

Sy 7 ANDHES /NS VE SN TEL (Longhurst
and Williams, 1992), L2 L, #H%EEKEFFSGER
FeB B A 7 VEHOEYREMRES WIH, »5D
D75y 7 ARSI, [FIFFIC Neocalanus J§®
W22 %1T > Tz (Kobari and Ikeda, 1999; 2001a; b)
/NG E EE TR S D 217 - 7SR, BlEiEgic B VT
¥ Neocalanus & 3T 5gCm * v ', E. bungii
HERIEEEDDLETgCm Py ! &1 -7 (Kobari et
al., 2003; Harrison et al., 2004), N6 H A 7 YFHD
EHTBIEBEIC L7 5 v 7 2F, BEDO7 v 7 R
MECMHHENEEF 4 v+ bTy FTRESESNS
(FREREN S 24 7 VIR EAEET 4 AV b P Ty
FTRBEESNEBV), HBho, WHEFKFEETUE
SINTWVLAIKEL000m Z2@EEHd %57 7 v 27 A (Honda
et al., 2002) &L RBEFRFEDOHETH >/, THDEL, i
FEDIRBIGEER, FRCIREDIRE 7 7 v 7 ZICBIL T, B
FICPES$NEBEN 2175 14 7 VDK E 5% EIA2H -
TED, TN oREETOBACHEG D TRRBIS
NTE LB TE 7, COWEDERITE, 4,
JGOFS cBid 2 A RE2 ML, RE7 7 v 7 A
(HfIRpRic R IclnE S N B ik FEE) BT 2/ EP
HEmr oML EMPTFELTWS, J-GOFS K
&V RIOWIETIE, 757 hv iy FTRESN
2EYTS v by (AVEWTS s b)) i, O
FO—RAEED 15% 2 HET 240& LT LGS

nNTWispote, LinL, KE7 7 v 7 AEEZ D56,
FRZ%E LI, HoDLARL DT 2 E0RRIE,
IEFICRE VW, Fho, —REELENZDOTEREL, Ik
fehi R &g 52 E0Wo Db, JGOFS (Joint Global
Ocean Flux Study) TEHEONIEHETDH 5,

e X KEERFZEHT 13 2001 22 &, A & — > 7 iFIC
BN T 4 v &k, TR ZER L /oo A & —
Y 7 i e v 7 QPRI KR O B AN EE 72 7,
W DOHFIS K E WA, RPN Dk T dh 5
L L, ERIHEDD 5501 TH b, W75 v 7
N OFIAELS &3 Kasal et al. (2010) I EicE &0 5
ncwan, B v b vAEERICEL T MEE
1T- fco HARNCE, Bl E kOB 77~ 7 ~ v
PELEL, FEHIHEEZBE TSN, W20DHET
FEHY TS V7 by OEFERICBOTEND 5, F
1T, BT X T Neocalanus J& 3 B L O
E. bungii DRETOmERHMEC, HBIRHOHER
DIREVTE, FUT, ThiEfHS L5 BET4ED
EMEEAS T EIT>-TWEZETH S (Fig. 2o
INOHROERERIT 2—4 FiciksnFgEL, iR
KRICHY) 7 5 v 7 b v ORETENR C 5 7%, BEpkARE
FHDAEFEDNEFIFNCIRITTIVAA I T2DITEE T - BIR
LFEZOND, A+ — v 7 igElRIER & BB S E R
PR 100 km EEN TV LA, K& B - 2@
TR ik Th B, HARMEBSED T, IFHEICIRRERIC
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Fig. 2. Schematic illustrations of vertical and seasonal utilization of habitats of ontogenetically migrating
copepods (Neocalanus cristatus, N. plumchrus, N. flemingeri and Eucalsnus bungii) in the Oyashio region
(upper) and the southwestern Sea of Okhotsk (lower). The vertical distribution of the copepods in the
Oyashio region were summarized from Kobari et al., (1999, 2001a; b) and Shoden et al., (2005).

W E T AITTRTS - 1R AR - 7o SRR D2l
e R > PE ORI Z, SROPFITEDL L TN
ETHA 9,

3. SEEDS, SERIES, SEEDS II

HNLC #8185 @ $k /R Z G % FERE 9 5 72 D D g EEEREL
HFEED, REBEAETITONIRXE LTRES MO
131994 T 5 (Martin et al., 1994), 4, T/
FWFFEATIC/ERE L o R E(E 1, HNLC ko —>o T
HBHILKFET S, BIGHEEP D 57120, KEE IZHR
Bote77a—FAEBERLTVI, TNE, AV IR L
EWH KRB N 7 FEERTH S (Nishioka et al, 2001),
HKHEE A Y a XLEBRTEFHDDH 5 515 5 10S (Insti-
tute of Ocean Science) DWIFEHE S &, HiE/N v 7 KR

EikAte, A3, BTS2 r vEHM¥ELTIO D
Y/ MIMbBENTEL, TbT b, HNLC #
WTHNAELTOWENE S EEIPD L7205 5,
IZEED i KICEREINANEFLG I ETH B, LarL,
NGB OME O U e “IALIR TR 2 c N S & 5 5
ffr& L ComiEskithiz 5 2 13541013, BEE S /R%E
PEBICBEIT 20 EH 0, THROBHRET v 7 X%
MoRIEE S, TNITRAMVERBIAANEZTH 5,
7, Y77 v b v oTERLe, HEBERS) E
T TS v b VICkBEM TS v N v ORRER
R bEETHLD, K PUVEBETRFETELL,
FTT, PR ERY AV 3 X AEBRSLIICE > T
%o EKHIE 1996 Fic 3inFIc B T 2 KB =TV, BUE
Do RAETOEREB L. L L, Ny 7 FEEIC
&, Ny 7 AROBEPREICB T 2 B KEL, F—
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Fig. 3. Day and night vertical distributions of Fucalanus bungii 5th copepodite, inside and outside of the
iron-enriched patch during the later half of SERIES in the Gulf of Alaska. Horizontal solid bars indicate

+1 S.D. (modified from Tsuda et al., 2006)

LELTE, KESZ IV —TFDIT - te & D 1Bk TR~
ER» - 7o

PRI SRR IARAN & TS E OTELR DS LEET B - 72708,
My, KEEWFRATICW 2RSS, T2 YT s L
Ko7, mXbFEETEPETHVLY, E5E2T
b, —HOPHHFERO PIIZRHATH 5, #EX L, W
JeE LM Z LR LT, KT O T OEHER
SEEDS 13 2001 Eicfro 2 & TE 7, 0o/l &,
MO TH - fons, FEBREKIIL, 2 nM OgRIIT,
7 Chaetoceros debilis 73 KIE5E L 72 (Tsuda et al.,
2003; 20052), <= D&, A+ % 10S & O ILFEWFE T
SERIES (Subarctic Ecosystem Response to Iron
Enrichment Study) #% 2002 &, KE 7 Vv —7 &4k
T SEEDS II % 2004 12175 T E N T 7o, #E R OFEM
d, ThThorES 2SRV 2V (Takeda and
Tsuda, 2005; Harrison, 2006; Uematsu et al., 2009),
PREEBROhTEY T S5 v 7 b VIcBIT A b EE
TH b, EHPHME EDORET 7 v 7 2B 5857
PHEBERHOFEGLBEN T v Y27 b OHRTEHET
b BHM, TEFHIOHESATIEA S &, SEmER,
BN 75 v 7 b v OEEE P, TV — A R(E
DHIIAETRYIOERIFFERE L THRA S Z ENTE %,

Thbb, RKARTHSZ OB P\ ET, B
W75 7 b v OBIEEFIET > TW5 R TH S0,
IS oBIREZBUGEIITIR A, WRX LT 2 &
FEEL W, BAEERE XIS, YT S v b v
SIS 28T 5 v b v OIREBINE T 2SR
L7z,

W=z v () OWINCHE- T, EALEEP
T ZE A 5 2 &2 RENIEE (functional response)
ERRTF, FEUNMEE GG 5 T & STk - TEAE %
b3 & E2HERMILE (numerical response) &
PEd % (Holling, 1965), #kEUHFEER T I3l DIREH
WiFcx 20, ROBELL» -0}, HEEBRTE
e EPTERY, REBEEEDITHORLTSH 5,
oL EFICHE XD, 2RHOT 5 A AE
T1T - 72 SERIES (Subarctic Ecosystem Response to
Iron Enrichment Study) IZBWTTH -7, B AT ¥
%8 Eucalanus bungii &, #BF%, #EE OKZE 20—
50m) L TWEA, SkEfhICk - TREICH
M7 v s v OFmEEBRPEKS NG L, REICK
B3 sk EE s (Fig. 3), BFETEZ LN
N. cristatus, Metridia pacifica 1< b [alkEDITEIZA LA
R on7 (Tsuda et al, 2006), KBKBLIZHEERE & 1%
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B e BEEE AR LB OND 0T, SRR
T vy KRR, BEIT A LICE-T, BT
VI N UVEEDTWL Fov 20— EEZLIELT
X%, FrBORAETNE, MEMBSKETA - Lo
T L ZBEDKENIL S - ERELR T — v DT
DRy ¥y FxR) ZIEKT 5—2DEKZMIHL
LA b, o, XMW T 5 v 7 b VEENEGLE -
7296k (SEEDS) T, KA A 7 VoYM = <R
A N YIEOBFRSEEMIE TE L 18- 7, TDOER
&, REEEEESA o2, RTFEHILKE/ —F )Y
2RI T 2 IEESERK L, fERELTHA T
VHHEERBRMNEL B o tctked EEZ b (Tsuda et
al., 2005b), WIFNDEES, HAMEY T Z 7 b v
R ENERETEZ 2 7o 2 & L TOEEN
DiEf s L S5, oI, W75 v b VEERDE
DA 5722 & TR 1 5 5928k (SEEDS 1D
TR, WAL ERELTREAA T VH
Neocalanus plumchrus 12 & 21BfHEMNHIF SN b, C
DHA T VR, LRERECBLVTRbELETE AT
VIATH B D, SEEDS II D FAIERIC & SEEDS DI
N3 fEoEMENSEEL, $—0 A OEBRMMIcAEY
BT MHBULEICKREL, Y77 v b vl
L& BRES oM/ (Tsuda et al, 2007; 2009; Saito et
al., 2009), FEETbbNk L HiT, WMEHKVET
HNLC JREEDHEFF S 1 2 TR ERIEF SO NEDIRER
HEnhTwsd, Lo L, Tadokoro et al. (2005) #3f&
e s L5, KRBT Z v o b vHFER 10 52
FoFEEEERL, oLy Yodicid SEEDS I ¢#l
LINIEMENAS, £4r, SEEDS 11 T#EHT 5
Ay BBEY - 25, EEEYENEKL,
SEEDS THZ S N & 5 IS KHIBI S EE#E 7 L — & 3
EleEFEZoNB, KO Y 7 7~ o b YEREIC
525, ¥ ot (RERSEXRE), #WM7rsv7 b~
DT R, WAVEBT I EicEsorb Ln
W,

4. BETHNOEHTA

IR AR O ERER O PR 1, RIUWHICET
230 < DS S Nt 726 1990 AEAR A & 2000 £EFRIC

P OREERICHES Lo k S el D, OB IZIAE
THH#ETLTED, 74— VIHIRE L L TOPEEIER
SErEO R (72 & 213 Nishioka et al., 2007) PG
BoEE e V27 b (Ikeda et al., 2010), thiEZ
# (72z& Z1F Ono et al., 2001) LR ZTOHITH %,
AT D TG ICRE T 2 RN T Tl s v LK
CCWie, i, 875 v o F vIIEE» SR 2 &
Bom 3, AR NS <, B E <, NEYIDE S
T 5720, BEEEISHEL TV &V iR TO
FEREZASLTE, BLEGFENIHLEVIEETH 5,
TITERFETEZ VY, AR ICHHEE b
Neocalanus &7 4 7 VM L F 25 LT L,
1 U b RSB ERIHAAER 28 o rhubified & U 7Ry E
I T 7 W-PASS (Western Pacific Air-Sea interac-
tion Study, WFZEEE @ LK) 1c2hnd 2 2 EMRT
X, BECHEDE VS Ny N BHEEARERICED
LN EEGZ TOEDPERKT 2B %R 120T,
COXHWRKIR Y 7' F VERZ 2 RBIERELE L
T Neocalanus @7 A 7 YR E DKM A A 7 v Ji %%
E LT, COMBGTOMIEIE, PD ELTHERICS
ML 72 FHYE ICfE L TiT - 1o

Neocalanus J& 7 4 7 YHE L TR 6 HMPHISNTH
D, FANFEIC 1FE, dhFER R 3, v « i
IZ N. gracilis 8 & O N. robustior ® 2 A E LT
% (Machida et al., 2006), JLPEARN-7FdE B0 S
&, N. gracilis PFICHBEL, T OEFER%ZIZITED
Z T &/ (Shimode et al., 2009), N. gracilis I3,
FIFAEE R O 2% 200 m LR O KB Tl I L FEHi
BRSO, STk A DVEFRINITHE 2 5 AR
A7 VEOEGETH B0, findkitdss, wio
DI IS S 5 & 78 5 oo BN IF LRI < 1245
fi LEEDIIE IR W E T A TR » T 2 LifElils
% (FEH KRR, T/, Wil K51 MEAEIE,
B EL D BT L, /hNSBRTr—Tid
B LW SEBE Z LTV 5, Pl <®54
MO D i, IR S, IhiE
/=7 R RN DR AT R D ERERE ITKAE L
TWAIEERELTVS, IFEHD Neocalanus Tl
N. cristatus D AT B 65N 5 F#TH 5 (Saito and
Tsuda, 2000), T 415 A7H 8 ORI,  THE I R
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EBER WA TR 4 7 VEBEFEL TOWL oD
G EEZ 5N D, Th o OEIERORA HNLC
WK T b B I AT Neocalanus &7/ A 7 v FEH
HEHTESHHTRE VA EHEES NS, & OGN
P Neocalanus 3fHAEM & 2 NI, N. cristatus D357
{tL, =TS N. plumchrus, N. flemingeri 73R4 L
rtEFEZOND,

S5, FHE, BHT2RMEAIA 7T YHELT
Eucalanus B} 1 7 VAR & LR EZED, BT
W S B 129 % E. californicus, Rhincalanus
nustus, R. rostifros i, EKEEDZ < »3rhgEfg < IRIR
LTHYy, BRCHEGRURTRECTHEEZT-T
W3 Z&EARMSITL 2 (Shimode et al., 2012a; b), 9
B, REEFIEEE & o BRI R EE o 7 s A
WHEET 204 7 VTS, RIS SEE) 3L <
HOONDZHRTH 2 ERBEI NI, N5 DFERIT,
MEGAERRRE VWS bOAEZ 2GS ICERLRELS
Z 5. 0L, WA IFEHEEINE AEEEDI
Wi EBZ DN TE LD, REAA 7 YHOHEFER D
LbRBE, SHOVAENORHIARS DZKIRL TR - T
WBHEEINB D, InSEMOEYEIINES SV, &
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Dynamics of zooplankton and lower trophic organisms
in the subarctic Pacific

Atsushi Tsuda f

Abstract

The subarctic Pacific has been recognized as a productive ocean. In contrast, the
subarctic Pacific except the marginal areas such as the Oyashio region is characterized by
constantly low algal biomass and high nutrient concentration. The recent findings of iron-
enrichment experiments such as SEEDS (Subarctic Pacific Iron Experiment for Ecosystem
Dynamics Study) confirmed that the main factor of the HNLC (High Nutrient Low Chloro-
phylD) was iron limitation for algal production. However, SEEDS II, which was characterized
by a small increase of algal biomass to iron input, suggested grazing by ontogenetically mi-
grating copepods has potential to control the algal biomass in the abundant year. These co-
pepods transport large amount of organic carbon from the surface to the mesopelagic layer
by ontogenetic migration, which add a novel pass of carbon cycling in the ocean. Detailed life
history studies of ontogenetic migrating copepods revealed existence of genetically identified
populations, locally variable seasonality and vertical distributions, and differences in life-
history strategies in the fluctuating environments. The studies of the related species in the
subtropical Pacific suggested that adaptation to the oligotrophic environment facilitated the
adaptive radiation of Neocalanus copepods in the HNLC ocean, and the ontogenetic vertical
migration was a commonly observed strategy from the subarctic to subtropical species of co-
pepods. In a series of studies, our understanding on the biology and ecology of copepods were
largely improved, and it was clarified the important roles of copepods in the food-web dy-
namics and biogeochemical cycles.

Key words: Subarctic Pacific, zooplankton, life history,
production of lower trophic level, iron fertilization experiment
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