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R
1. A& —Y 7 R OWEARER X OVEFRAERER

ALYEE 1T B AR OIBIE T I > o T R L T A IR R D NS K T R
RN R LRV (BEE 2016), MFERNICAD L, RE T HA PEER 469,000 t T4
AEFERD 3T%% 5D, EFEFTH 899 R TRAERHD 30% % 5w 5 (dkifhE 2016), At
MEDREREIIR I T AT AT VT B o~ arT A ARkE,
AL 5 FFALMEE O REPER R LORAEFEHO TN EN T0%% S5 (LiflE 2016), =
WO DOERIIMIE AR —Y 7 NFERNEN B TH DL EE2RLTND, MEAR—Y
ZWER I R BHIRET) OEAE R X OVERERIT A AREROLEERED 8%, /£
FERAD 6% % 0% (ALIFE 2016), —J7. FMlEA R —> 7 Rk O EE X B ASED
HIEH O 1% LB E 720 (bl 20165 KPEH 2016), FEIEAHR—Y 7 BN O
W — N Y720 OFEMAERITIEF ICENW LItk D,

ACHRE RO TIE, BRx KA AT 5 (Fig. 1), B KFEEE T EBHIERWIC
R 25—, SBRERITNFEEICH > THARZIL L, 20— EERERS L O
BEF L foo TENTNREPEB L OA S —Y Z7ICHAT S (FH 1976; {E#i 1984;
RS 1999; B - A= 2003), F7-, AR —Y 7RI, BRERMERS U > BN
N L, AFAR—Y 7Ll CAER S Nk 2k % (Mizuta et al. 2003).,
REFERFETIE, AAR—Y 72 R & 3 2B E R GEMOF I s (F
K- R 1999), T & O IZALHEE RO MEEAT, VRS ORI 2R ARG ) S B RO

EEKTEE, BARBB LA R —Y 7D 4 WRICKHNT2ZENTED (HF S
2003).

A P8 A AR — > 7 R R CUEOKE D B 7 2 SR A R & BOHE RV R S R Fi A IC 22 T 5

(Aota 1979), FAMEMRITREBERZERE L, KR 7CH 5 20°C, Hisy 33.6 05 34.3

DR EAERD. 6 A2 D 11 HIZITRAMED IR FITh - TR T 2. 3t LT, HRHERE



it XK TCAM . 5y 82.0 RO KILT, 11 AXH 3 AICH Y VHFEICH > TR
% (Takizawa 1982), F7-. HHERMBIRIIATA R —Y Z7iALEORER Y =7 TEH S
T & ALHEE A AR — 7 I8 FEIBIC £ Tk 9% (Ohshima et al. 2002) ,

F AR 7 WAL ER O T TR SOK DS A R S AL D MR O R FRIC AL B 5

(Watanabe 1963; Parkinson & Grantz 1983), A 7K— Z LI OMER Y =7 Tl
KNLBIZAERSNDEE, RE THEBE D OBEDOEWEK (774 2) MELN, MK
P S TR D JESE I ZIE A A T2 BEMIS & AR —> 7 i h R D g~ & %
FEFEE 2 > CitAu 5 (Sheherbina et al. 2003), = O KREH Lo msE A (% B et
7k DSW: Dense Shelf Water) (%, A 7s—> 7 ¥R E# L OV Bifpl 2 @i U<, LA
DO EERIZIZN % (Nishioka et al. 2007; 2011), A& —> 7 LlEEECoOdkARIE, b
KVEHBNC BT 28 EIEBRIC L » T, A — 7L s b AL R IS E % i
L EERAERHEIC BT M AEIC BT 2 2 L VA 6720 & 72 o T 72 (Nishioka et al.
2007; 2011), L2xL, AA&—Y 7 ¥ CIIMERIEER(LIZE S KR EF GRS TEY

(Nakanowatari et al. 2007) . H RVEKIEEIL 1971 425 O RHHY AT 10 FH 72
O AR—"2 7 pORHFED 4.3%DWKED EA LT % (Nakanowatari et al. 2007), 3
b, AR 7 EOWKAERBEORDIZL, AR— 7 ilgd b EEAEEIC BT 54
W RE B A WA S & D I8k & ORBIWE Ok B2 D S, A R—Y 70772
57, WEALKR RSB T D AW A EEZ B SE L AR RSN D, AR—Y 7
DK DTCRITA R — 7 WD 72 53, AR TERARE OV RRR IR B 4 KT T FRe

PERN & %,

2. AR —Y Z7IBIREROET NV E L TORIGH
BEBUH AL E N A T OV 550 10 km (SAZE L, ffER 58.5 km2, JEPH 32 km, i AK

E21.2 m, FEHKZES8S5 m, /KR 0.5 km3 DA R —Y 7 ¥HICHHET A 0N CTH 5, HE



WU CIZAs &2 7 A 356 (RERAEPE) . RE T HA KT, B LA filfE, = &R L oiaEn
HEN (REUNHEEXIERAETEZES 2012), RGOS B L OVEEEITEER O
M & 3,955.3 t D T6%3 L OVEREARK 14 (B[ D 52.8%% 525 (HEAET 2017),

REEHIIE. 1510 2% 1974 K AB P b & 4L, 18 324 m, ¥R 13 m O AN LA TA R —
VgL BN ST, FRICE - T, BEBRIOHAKITEWIC LY EEOICAR—Y 7 D
B OWEK & S ND, BRI & R AR — Y 7 IR & OWE KSR, /NI T
3.8x107 m3/day. Kl Tld 7.2%x107 m3/day T 5 & ALiEE ks iaERAE (2004) 12
KXo TREL LN TWD, —F, REBUMIZIE 11 OIS EKRSTEAT D3, JIEAN)IEL
M T AR b IR 7wy (LU EARRT IR IR 2011), I P)IIZRERISIC
U D BIMEDZAITEH L0, el ~0—H Y472 0 i &L 5.7x104 m3/day TH Y |
FAR— 7RI & OWEAKZHED 0.1%ICHE 72 (HE S 2014a), Z D72, HEE
HOWKITF T O OAMAFAET B AR —Y 7 OIS KDOEEELZ T, T 33 §ig T
EIRAR—Y 7R ERE FBREL 2D (5E6 1995), EHRAFR—Y 7R T,
EANET & BRI A FBE AT 5720, BB THI A0 SIAT 5 ZAMETK
& HRHERMFIRAK N FHICRBRT 2 2 &0 @mE ST\ D (A - FHik 1987 & D
1995; A4 & 1995; ¥ 5 2014a; FEEFD 2014b),

A TR\ IR UM OMERR 1 1308 A R — Y 7 WD R & AR ISR TEbi D (Asami &
Imada 2001; Katsuki et al. 2012a), BEEUM CTIZFIF, 12 H TR 5 1 H EAIZHNT TH
HOKENEEDY . 1 AFANS 3 FANCHIT CTEmEMICHAK L, 3 A FTa»d 4 A B4
(ZHNT THIOK 2SR L. BefEBICAE S S (FEF D 2014c), REBUH OWEKILIHIA Tk A
K L7m@ K (fastice) TH D (HWHE DS 2014c), MEKNIHNSREHE 5 FREIZRET D
L BELIEHKETHAKST 707 NACETOREEZITH) ZENTEDH E 0D FLEAN
bolaEnsd, —h, ABE—Y ZBRERTIHEKDOIEE L ENFTKTH D20, REE

ROK ETERZ 95 Z LI TE R, £72, MoKz L2WRY . A L oA



bINEETH D, 7o & MoK ZRIA L CHER I 2 5 5 UK L OHFUK T OKEEZ A L7z
ELThH, dEEEA R —> 7 2R 5ok DA GEFE A HE R A A —Y 7 IR
DELS ETORBEZFHET S Z LIIRETH Y | WKAER—FE—RIEFE BT 5 LMD
EEBEBZH LN D Z LIFTERN,

PLED X 50T, REHU & TEHRA A — 7 MR IR ORI G s L OFEIAE) N7 — 3
FELL T\ D Z &b, REBUHIZE A AR — > 7 VIR RS O Mg Ak IS & A O R PEB B &

RS DR ET VIR D EEZXBILD,

3. MFEABRIIBIT28MT T 7 b D&RE
T N AR S S 72T OUEKRE ) R, ZERICTERE LTV D AR
ERLU MW T 77 vk T o7 hckBlEnD (Hardy 1965) ., fE¥~ 7 27
R ATEARKIC & 0 EESGRIR 2 FHWIC. K= ¥ — 2P 3L X —IB T 2,
AKAUNZBWTHEREAT 9121, SeA TRt B EKE (BlE) T2 46EN D
Bo WM T 77 bk, MULTZZ LICL > T, DR L RBEEZTMAKL, AXE
MEDILEEELE D ZE A AREICT 2k L T2 BEA LN TS (Lewis 1976),
Bex TelBEAERERICB W T, W7 77 bk, —RAEEFR L L CIHEFICEETHD
(Fig. 2), F£7-. BRBWHICHHEMEIK 2 v a7 v (High Nutrient Low Chlorophyll:
HNLC) Vil Tl BREAEPED RN M RO E B & o 7o U IME B SR R AR
EWZ L > TIHESIND Z ERB LM >7- (Miller et al. 1991; Landry et al. 1997),
BT N, W T T 7 b o RRUNE R R B A SRR T 5 2
L3 T& % (Raymont 1983),
77 7 AR, WEERBRROREN EFEIEICEIRL TWD (B0 2008), A0
(2008) Z=&®H, ZHNETIZHE SN TE IR ENS, BT 77 FroRALTY

HDUFEAERERICBIT DHEREL F LD LU TDO L1272 5,



1) BN M EO —RAEEE Th oMM 77 7 b /N TH S (Hardy 1965;
Sieburth et al. 1978), £ D72, —IRAEER & @RAEES 23 ITT, WE O
A XDEYNPRETH D, ZOERBEREEZHS OREMT T 27 o Tho (Lali &
Parsons 1993), ¥£7=. 877 7 b T, AW A ELE & U CHIIET oM & Hi %
RELTT HMAEYRYEEE (Pomeroy 1974; Azam et al. 1983) Z #3215/ MEE K&
PERAAEY 2B+ % (Sherr & Sherr 1988), ZO8EMW) 77 7 v OEEIT, MAEDE
W L SRR RS (W7 7 BT T s o) AT A REI B
ks (Fig. 3), M7 7 > 7 bV NEAE L7 AURIBLED B AR D N T2 7200,

2) VRE OGS  WPE~AST D KEEIE, MKOEONEEDTD | TREEI
WEIZIEE T % (Clarke & Denton 1962), fii4)~7'Z > 7 b A2 K DUEED — IR A PE T4
KBIZHIRSNWTWD, LarL, TEBICLEMIIFET 2, 8777 bk, KIH
CKETHEMT 77 o EBEREL, APICHEREICOMAT 2EEBEFET2H008Z 0
(Parker 1985; Ringelberg 2010), 7=, 877 7 N ATERE LW 777 M~

AR LORRETHRLE L CHRIES % (Sasaki & Nishizawa 1988), #7777 |k
NE BRI E S OBENC Lo T, AW A TR~ R 5 Z L3 TE D (Angel
1984; Zhang & Dam 1997; Taguchi & Saino 1998; Ducklow et al. 2001)

3) —WAEFEDOFHEBOTVHE -, SR TIT, BRI L & bIT—RAEPET) b FHi
ICREL LTS (Heinrich 1962), b DMK TIL, M7 7 7 b TEFITKEY
T D, EAIITAEENIET L, MBS DTN —RAEE OB Z 528, &3
WZIRZ E A EAPE L 72\ (Heinrich 1962; Lalii and Parsons 1993), AMFEIIC A BT 28
M7 7 bt —IREFEOFTHAEBCAGDOELAEELEZAEL TS (Fulton 1973;
Miller et al. 1984; Miller & Clemans 1988; Miller & Terazaki 1989), F 72 hH, @iy~
TUU bR, BERICKRE CIERIHD T 7 0 N BB L THEY & RNICERIL

FOH%RDOENSFREFEETOM, THEE~BEIT S (Fluton 1973), #IF&FIZIZ, B~ 7



N ATTEERE TREIN L, b L 728 R 2 ICRBICE L35, 20X ) RATESLICHE
) BRI EREBENL, MW~ T 7 N AT KD —IREEOFEHINMR Y 2 P 5 2
LiTh b,

4) SEEHALE . ERLI=2X 2, BT T 07 NRRBEB TR T T 7 b EE
BT 2, 87T 7 b ATREHT K o TEESRY 2 P 5, SRl S 7o B R AR R
a7 T 7 AT K o THUOFIH SIS (Corner & Davies 1971; A1 1975), ##
T WK T T T b OEFERIE REBEROFNM & BHAELEOTERZIED D
Z & B,

ZOXTEMT T 7 b, WEARBRICBWTEHERER ZH - TR | KET

FICBIER T REEMRETH D LWV 2D,

4. MEFEARRE JOVKEFERICOERERIA T VHE

AT R (BEER) 13, iy U R S e B 2 4 77 2 B (Copepoda)
BT D EWRE T, HRT OO T v b BRI EIE ST 5 08
#ETH2 (Hardy 1965), HiBK ETH o & bEEEDOLNLHRE ThH 5 ATREMD H Y
(Mauchline 1998) . 200 £ 1650 J&#) 11500 FERfFET 5 & O H 5 (Humes 1994) .
AT VHIFAHLEZL OHBOHHEIH®E SN TR, BEREIN TV D DIEEED
K 15%IiEE 22 ATREME S B 5 (Humes 1994)

AT RFWMEAEIE AT,/ —7 U U A (nauplius) #AEE LTI OEL L, i
RAEM IR USRS D, —fKEIC, —7 ) 0 28T 1 810D 6 MIFEEL, £ ORI/ —
TV oA 2 MEIT 3 M ETHERE IEWHE) ZFH LTl L. ZLIRERITEEIC
L0 RSN =X —%EIT 5 (Mauchline 1998), / —7' U 7 2 6 HIIMLEL L = ~R
XA M (copepodite) ~ERET D, a~ARFA ML 1HING 6 HIFEL, IR Z A |k

6 HNIAE L U TEIEATEN 21T 9, MHEICIIT D2 0 A 7 VoA BFMIIHEREICRE SN T



0. AKERZIZIRAKRM: (brackish) . #h/FME (neritic) . #MEME (oceanic) (Z01F B,
ENE M I EEYE (neustonic) . FJEM: (epipelagic) . HJEME (mesopelagic) . #/E M

(bathypelagic) . ITEEME (abyssopelagic) DXBI 22 SN TW% (Mauchline 1998; K
%+ B 1997),

NA T VOB THEERME, EREH, MAEBEEOSP SR BIBECTERLTNDD
357 XA H (Calanoida) T# 2% (Mauchline 1998), # 7 X A HIFHE 41 BHI YT 5
(K& - EE 1997) BADEEX 0.3 mm 725 10 mm FEETH Y (KEE - EH 1997) .
R P OWEIZ S L, EICRERETH D, 7T X AHO—EBIEARE R R TILIRIRIP

(resting egg) & LCHFIE T T HDOH WD, Fio, 77 XABOEMIIZAET, EilE
B (filter feeding) <CHiA (raptorial feeding) [CXVF MU X A, WM F T 7 b
WEBELZIILDETIMNEMT T 7 b, AT VHE, R, (FREMHET D

(Ohtsuka & Onbe 1991; Nishida & Ohtsuka 1996; Ohtsuka et al. 1997), ¥~ u 72z H

(Cyclopoida) (ZVFWEME/NRL Ty A 77 SHE T, VUKIR, Th R, SRR SRR % 728 4y
i3 % (Gallienne & Robins 2001), R/ CIE, @VMEKEELZRL, A4~ ATH
7T 7 N UORRICEE R 5.2 5 (Uye 1994; | 2003), 7 n 7 2 H B4 7 28I,
W77 0 U2l Tl BRI ELRIRIF A RS L TRl 5 2 L3 T& 5 (K
B TaE 1997), bbb, IA T VBT, SRAEEE DDV ZRAES & L THERAE
PERF L - THAESNT-AEMOo= 3L X — %2 2 EOBIRAES iRk 2 %H 2 M
5>TW% (Runge 1985; Lalii & Parsons 2005),

M A T I NARE A L EE D, Wb HEERE 21T 5 (Banse 1964), i
EBENZIE 1 HOMICOMKEEZZSE 5 HERERSE) & FHMICOMKREZ S
LZHE R NEREN H 5, BEMEBEIO —XE R N2 — 0k, BHIEEBIC A L
HERI% N DIREN DR E~BE L, KERE TEET S (Gauld 1953), HEERZENE

HIZ L - T, ZRLSNTWD EEZ B (Gauld 1953) . JEAEM LS OWRHEAIZSL < A



LNHITEICTH D, xt LT, FHURMEBENIEIINECAERL L, —FU LoFmarf
THRIZEZL AL, M7 77 N DOHIEY A 7 VIZE DY TofMiKEEZELESE D

(Mackas et al. 1993), #ix1¥ Neocalanus J& 7 A 7 L, —RAEPENTEIE AR R%

WL, FWREMZRE TR, 20k, —REEENMETT 5 SKIRREOGE

JET# I, RETIIBET L L EEEERAIRE L, RETEATAENOITEIEE 24 L
TOWETSH L 912725 (Tsuda et al. 2004; /Mg - #iF 2000), 245 OFRE BB ILEE
DRI~ T DM AR 7o R E LT < (Longhurst & Williams 1992; Taguchi
& Saino 1998; Ducklow et al. 2001).,

AT R RER ORI L E ML E R RRAEMRETH 57517 Tk <,
W EER AL O A E R E LG 0 EER B CTH L (LH 1978), 2R BEMEZE
D& AT VM AHLEORENRE L L TR TE 9 X087 7 fo
INAF~ADKER D% 5D S (Turner 1984; Dagg & Govoni 1996), ZiF TIZfrHin T
IO EMEICBET AR TIX, WA T VD ) —7 U U RN ENRZE O pERFEDAT
ROEBEREEN THDH Z L RWE S TE 7 (Hunter 1981; Nakata 1988; Economou
1991; Munk & Nielsen 1994), F7=, 7 a~ 7 a{fflihA 7 H/ —7 V) v 22T T
1272 < . WS- T Corycaeus J&=° Clausocalanus J& D 2 ~R 7 A M LERTH &

(D 1990)., WP PIEREEC IS T DHEBMILIEDO N 2 7 FA UV B IO~ A UV DH
NZEWH T Coryeaeus affinis, Microsetella norvegica,Y> Paracalanus parvus ® =135 4
A MAIRESE L2 (LA - Fril 2012), AR—Y 72BN T, Ky 7r OO
BT TOA 7 VB b s E THE L (B - A58 1982). 7=, MR FIC
BT Y XOENEWEIZIL Paracalanus parvus, Eurytemora herdomani, Tortanus
forcipatus 3% < tHEL L7 (1L - 0 2000) Z &R ERREENTWD, LLEoZ &

5, WA T VHIFHARBEOMEEY L U OERICEEREMIETH L Z L0015,



5. AHFFED B HY

R PE A A — 2 7 RIS R OV AR RE RO E G TR A Il W T EE & E 2> T\ D
LEZADOND AT VEBERICET ML ABZLY, TOHBE LT, vy 7L
OEVERER &5 2 & UL T DA RN Z Lino7c 2 &0 HEORY
& DB FNKOFHES AARURICIEDI N2 2 & 72 CERM, ASRENERE 2 5
b, £z, B L7 X 51, SR CIXFEMICIER CREaER) & 25 CGRERHE
W) MAE L, AFTBEREIIK (TOK) (CBDID, 20X 5 REMEEEREE N
WEREOFEE L 7T — X OfffT 2RI L TWA EExbND, —FH, Yikmikix, b
ERCUOK NV ERL S D RBRICALE L, IR 7 @ SR T AL T 2 HEBRIEE (b O 5B AN BAEAL
LTV TH 5, T7bb, HIERRERIC X DUHFREOZENRRALT VK TH
b, TOREFR, 7707 FOBEORBIOENET 22 bE 2 b5, HEKIRE(L
DRI D S, TT 7 b UBHMEOBIRBMIICET 2RO EEM TS E > TnD &
EZHID,

INFETOTNRRBIThbN M4 R —Y 7R R 504 7 IS 50
FEIXFEROKINCIR DL D, YL 4 Ao 7 HIC T T, o MR H
LU CTH Y (Ueno & Ishida 1996) . & ORI DI IR I 1T D 0 A 7 HAREHE OREE D
IS DEE) & BIRA DD Z L3P B E 75 TE 72 (Asami et al. 2005; Asami 2007;
Asami et al. 2010b), 7z, FFEAR—Y ZHNFIROWRR O A 18 < 5217 2 ieBuslic
BWTIEL, =V OEBREE S UCEROKINCR T 287 7 > 7 b U BIfFROZFHIZES)
DAL IS (BE - fEBH 1993), Lol ZOZFHiIZLH) &k E L OB I
WTIEBL AT STV, BLED X ST, KHMAFHIZZE L, ARBRENRKE <
T DA R —Y 7RISR D A T VEBEOEB A I = X ARH LM S
N7z EIEE WV EERN,

Z ZCARBIIETTIE, EEGIRD SR PE A AR — Y 7N R 35 1 D IR DRSS



JRICERRT D 7-010, UG ICRB 1 D 0 4 7 VO BEIREEERE & iR 35 2 & & Fefk i
MEEIE Uiz, LA L, BEAR—Y 7RI TSR NGE 278 5 720, 45
WHEOMMZEH LIZfiE 21T 2 LIXREETH 5, = 2T, AREFFE LIRSS O ZRH
ZEB S A — > 7 g Ak & FERIHERL U7 BREE T h DM BEBUICE H L7s, B
BUfichHiuE, EEZE LD A 7 VHEEE L RIS O ZEH A ORIRIEE B SN L,
DA T VEHEOET A = AL EZBICTE D L Bb s, REEBIHICIIT 50 A 7 S 5EE
OB D, MIEAR—Y ZIERNREBICBT D A 7 VHEEE OB 2 R 5 DI
1. BEBUHIE L O A A — Y VMR R D A 7 EREE OBIRE L BRIEER 0D Y &
TNEN SN Lz BT, ieBUiflds KO A A — > 7 Win R8I B8 2 04 7 T HERE
SOOI & 1 & 7R ZE IR A &7 — L CEET 2 BN B B,

Z ZCARMFE T, BEEUME L O A A — Y 7 IR RIS D A T U SERE R B
THUTOEBIZOWTHLNIT A Z EEZHME Lz, MEAFR—Y 7 REE T,
SRR & HRMEARHEI S ZEIIIC 2R L, AW B ROk T D8 CTh 5, £ 2T, 2011
NG 2012 FEDOIEFEKHIZ HA 330 um @ NORPAC net THAE L7=T— 4 2 AWV TC, #E
B D 71 A T L FAREE DO FFE I RAZ T KB E DO EZ B 5 Lz (BB 1 8) . KkIC,
FEKHI G & 72 2014 4F 2 A D5 2015 4 12 HICHA 100 pm @ NORPAC net TEREE L 7=
F— 4 FHWT, SRR X O A — Y 7 M0 sk & RS L. sRBUN S o
AT VHEREREOBENEP LML (BB 2 FOH 1), £, YO FHM /8

ERETHY P rHAOEAY E L TEEM E S TW5 Pseudocalanus newmani D% E

Im

L OBIREZB LI L (BB 2FOFE 2Hi), 5122015411 A2 5 TNT 2016 45

A 24 BRI CHRE LT — X2 2 W T, MW X » GERA R —Y 7 Wi R & ik

st

B XN DEEBUMIC I D h A 7 HOERE AR & WINL A O BRIC W TRET L7z (55 3
=) R KB L OGRS K 2 5 D72 20183 4E0 5 201 T4REICHE LT — 2 Z W T,

REHUHNC 1 2 0 A T AR ORRFELE) & KURAB OBIR A ME L7z (5 4 ),
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Fig. 1. Currents around Hokkaido, Japan.
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1. Oceanic Zone (oligotrophic area)

Meso and macro

Zooplanktivorous
Nanoplankton = Microzooplankton = zooplankton = Megazooplankton = P

= Piscivorous fish

(copepods) fish
2. Neritic Zone (eutrophic area)
Meso and
macrozooplankton = Zooplankivorous fish
(copepods)
Phytoplankt > Fish
yioplankfon (fish eating)
y 7

Benthic herbivores = Benthic carnivores

Fig. 2. Schematic diagram of different food chains in each marine environment

(modified from Lalli and Parsons 1993).

*Sunlight

*CO, "‘ Phytoplankton ]‘ i ‘[ Planktivores "[ Piscivores ]
*Nutrients (Copepods)

! / ! ]

Dissolved
organic
matters

protists

Bacteria ]»[ Heterotrophic }

Fig. 3. Schematic diagram of grazing food chain (black arrows) and microbial loop

(dotted line and gray arrows) in the ocean (modified from Lalli and Parsons 1993).
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F1E BEWICRT D04 7 VEBREOFMHEDICRIETRKAREDK

1. Hx
HR AR —Y 7 R CIE, ALEEIR OISR 2~ 5 =R L O
RNV E T~ & D IR 23 I A3 5 (Aota 1979), A MEMRIZH
A 0> H AR % a5 xR A B & L KR 7C2 5 20°C. 05y 33.6 72 6 34.3
DFBAEFISH, 6 AD 11 AIZiERE E LTt s (Takizawa 1982), —J7, HHEKYE
i l3AIR TCART, 7 2OHi5y 832.0 RIOKIL T, 11 A b 3 AT U Ui b AL
HEIRRECE TR L ERA R —Y 7 INEIR ORI A4 E S (Takizawa 1982), Z Ol
oK 2 B HIR A~ s 2R Th H 2 (EK - BEH 1999), MHFAERBRICE W THE
ZEN D T A T R, AT D ARILDOEI - T, FEEMEN AR5 Z &2k~

PRI T DN ST E 2 (Bl 21E Wen-Tseng et al. 2004; Hogni & Kirstin 2006) ,

T

LorL, AR—Y ZWINRFIRICBIT 2 04 7 VHEBEED ik X5 e KBLOFHiny 72 22
o TED LI ITHEEZ T D IEH S TIER W,

ARETITERA R —Y 7R R BT 2 KO RO L8 < 2T 2EUA T, +
= TR RO KSR AR DB A 52 T IR & R 2R F R e KB R S 2 5
(WM - PEE 1987 LD 19955 4 H 5 19955 PEEF 5 2014a), F7-. eEIHIZH VT
LIRICHPK AN % 78 5 (Asami & Imada 2001; Katsuki et al. 2012), D X 512, HEEX
WOKBEE R L O OFMEETER AT —Y 7 IHERICBIT 2 b0 LEE LTV D
T, BRI E AR —Y 7N OET L E LT, KLOEELES L A 7 ERHE
OERE L ORREZH NI TE D EE R T, REIIINZR T 20 4 7 VEREOFHEIZ OV
TIE, 1974 FIZ = OEREREE & LU CIERDKIID 4 A6 12 A OEREEE 2351
b can (ES - f8H 1993), LavL, B4 7 VHEOBEREEOENRE & KO FHIZ

B & ORERMEA AT 21T E > TV, F7o, BEEIHIOWI N 2 NHIZKAR B Lz
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DIT 1974 F 4 ATHY CEE 1975 HJE - M 1978) . F D UEE LTI 1T HIAKER
BIIRES B -TWDLEEZ LN, BEEUINICRBIT 204 7 EEOBEAHHET S
VBN D, 2T, ARETITRERWIOIER KT T 2 04 7 L HEBEEOBE L KBEAS

BOBBREHGNIT 2 Z L2 HRgE LT,

2. MBS L OH
2-1. AEME
AREICBT DAL, BRI O T REBIALE T L KIEE OKTEF 20 m) (ST 728
(St.A: 44° 03’ 02.17 N, 144° 09’ 38.8” E) (ZHBW\ T, FEfIKHID 2011 4 4 AN D
12 ABXUN20124F 5 A7vD 12 HIZHIZ 1 RIS 2 RIOME THAEZ{To72 (Fig. 5),
A CIE, R ERTA A=Y 7R TEE v 7 — i@ O A [k 9 2) b TNT
PEREE I ER AL AP A OFRAM Z R Lz, &IV b B (9:00 205 15:00) (2%
fi L. Kid LU OWE, Chla RERIEHFEAKDOEK, 2o AT HOREE

1To7,

2-2. JKEBREE

KIRE L O IC OV TIE, ZHEHEKER Compact CTD (ASTD103, JFE 7 K/Xv 7
v 748D ZRHWT, WREOIEEEE T 0.1 m BETHE, sk L7z, 5572 KIE
BILOEST—ZDOWH, 05 m 5 18 m ETOTF—# %ML, Y7 hv=x7 Ocean
Data View (Schlitzer 2015) % VN CTEE#RX 2 MERE L. fEHT IS HIV -,

ARETIL, HONTKIBBINESOT—% Z M T, Takizawa (1982) 12t~ THE
WHOKBEZ XSy LTz, 37205, KR 7Ch5 20°C, 2285y 33.6 15 34.3 Z =2RIE

K, KR TCAI, D85y 32.0 At 2 BRI /K & L7z (Takizawal982), F7-HE

14



W 2455 33.0 LLE 33.6 KRii O /AKBL &2 2B/ -A/K E LT,

2-3. Chl.a B &

ChlLaBEOHEMADORKIT 6L N F—BAKSREZHANT, Om, 5m, 10m, 15m
LN 18 m 2 HEHL L7z, 8K K 500 mL # AL 10 um & 2um DA T L7 4 L —

(Whatman #H#) 72 &N T Af#E~7 ¢ /L% — (Whatman #:8) 2 FIvCls | L
oo VA XES3E, >10 pm, 2-10 pm, =2pum TH D, ERIZEL T, #7777 b
O Z R L2 L 5127 A L—4 (SHIBATA #:#) % H\T, 0.02 MPa LA F D3|
JEIZRRE L, BBl LTz, &7 4% —IEN, N-UAFLHEALLT I K (DMF) %7 mL A
N7z 8mL OEEHA T = —7 (P22 y MR (2B L, ZEXITfiln/en X 512-80C
WCRELT =77 V=% — (g —H) T 24 WL ERE L, Chla Z4hH L7,
FhH U723 EERE (Model 10-AU. 1585 R
Turner Designs fE#4) % U T, Welschmeyer % (Welschmeyer 1994) ([ZF-2SW\CHOE
EZREL, LFORX2D ChlLalREEH I L,

Chl.a (ng/L) = Fy xv/V

ZZT, BRI L7 ChlaiREoa0nE, vidhiHic vz DMF o& (mL), VidAi#H
L7c#dkiE (mL) Thd, AFETIE, &4 XD Chl.algEx A5 L TR Chl.alRE%

B L. Ocean Data View Z I\ TH Chl.a 25 OB 2 /ER L. fBATIC W,

2-4. A T VHEORER L O

WA T FHEEHT, NORPAC net (AL KSEEAEAER » b A2 0.45m, IR 1.80m, H
4330 um) Z/KZE15m £TED, 0.5m/s 75 1.0 m/s DHE THEE £ THER L, FE
L7z, BMRFICET DRy ML DWAKEEFTIRD720DIC, B4 T VHEOBRERIZEK Y b

P (2 HL D AT 7B IE 3 A DR K ETF ORISR 2 e B> 7o, BREE L 72 3UBHI AR w iR - k

15



Vs (K77 2) LV LicAn~< Y U 2BEREO 5%I272 25 X 5 1I2im L CHE
E LTz, BE LA T R EHE, B A 7 M 200 EIRLL B2/ 2 K9 IZBEIZE T
ToHALGFERZHNT, 1/2 75 1/32 I2FE L THREE L7, %1 L 7o 30BN I SR BAMER

(OLYMPUS ##) ZHWNTAHA 7 VIR L A MO T, [ (1966) . KE -
EMW (1997) 72 5 ONZ Gradner & Szabo (1982) (29> THIFEIE 24T\, F 2 & ICEEEK
A LT, A T VO K OEEEEE  (Abundance: ind./m3) (I FORZ ]
WCTHRM L7,

Abundance=n/(nx 12+ L« t/ D) /p

2T, nlFEHEE, plE Ry MR (m) LIFHRAMEEERE (m) | £ 13RO TEKEHRIRRSL,
T3 ERE OUOKFHEIREE, plImnBIREE Lic, BOoNSRER OREGBEREET — 21 b

HFHOFEMEZHH LT, TV,

2-5. WA T VT — 5 ORET
AT IAOIREN$ 2 MEIIRE « BH (1997) 12Evy, KPR (Warm water
species) . m/KMFE (Cold water species) . JAlM4FE (Eurythermal species) & L7z, %
7o\ Microsetella J& & Corycaeus JEIIFEFRIEN CTE ool IREHE M A Z DOy
(Others) & U TARHTICHIZ, T A 7 FAOKIEIZ 3 2 M (K VERE, /K PERE,
JRIRVEFR) OFEIGNFEEHIRY DD D008 I NERRDHTDIT, AEAKNE % T A ZFefa

E & W THIE LT,

3. FER
3-1. /KEBREE

2011 £ OKIRIE, 4 AIZIFFKET5.3C, [KETIL2.8CThH -7 (Fig. 6), 4 H1rH 8
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AT TOKIRIZRENS ER L, REHDIEBICT COKRBEENRS bivie, 9 ALK
AIRBRIEITEIR L. KA TRERE TR T L, 12 AIE2E T 2CLLTIC
FTIRF L7, 2012 FFD/KIRIZ, 5 HOEE T 9.3C, JEETIL4.5CThH-7z (Fig. 7,
ZDOHAKIRIE 2011 4E L [FERICEB NS KEDO ERERA S, 4 AnS 9 HICEENSIEE
T COKIBE AR S L7, 10 H LAREAREEE 1T L, KR TIRT L, 12 AIC
I3 1.9CH 5 34 CETIK T L,

2011 D5 IE. 4 H DOFKIE T 32.0 AKiili O HHERMEIK 2 7040 L, 6 A £ T3 32.2
LUTF AR 73 K D354 LTz (Fig. 8). 5 A2 6 AIZHT T, H3iE 10 m LU TR )
W2 EA L7223, 10 m AR TITRELNUE T2 R Lic, 7 ALK 5 m LIETHESy 33.0 LA L
DRGSR KD LTce T OFRMBEAKIZ T A0S 11 A A E THfi LTc, £ D%,
B IARERRTIRT LT &, 12 BIZI3HES 32.0 Al O HHERIMEIR K 235340 L7z, 2012
FEOWESIX. 5 AD 6 H FAIORE 5 m Bk LU 11 H FRAIOKHERIK TSy 32.0 &
it O BRI K 235941 L. 12 AT b BHERIER O 73 i A3 A BV A3, 3501 81 A & R
</notz (Fig. 9), —F. 6 HD 10 H £ TERAERKN A L, 5 m 25 10 m LUE

TITHE S 334 #8272, 2012 041X 2011 £ L 0 | BEE R TEHLEZ R LT,

3-2. Chl.a J&EE

20114 Chl.a#fE1L 7 H DK 15 m I T 11.5 pe/L D B FE 2o L7z (Fig. 10),
Chl.a #REEIL, HHERM KB LR DK™/ LT 4 A 6 HORERB LV 12 HD
KREZRAKFERETIT I pg/LU T ThoTe, —H ., BRBERRAKRN A LT T ArD 10
HADERE )5 EB 2T T Chl.a IBEN 4 ng/L UL EOEBEERERRD bhiz, 2012 F£0
ChlaEEIX8 ADKEIOmB LI ADKEOmM T7ug/L UL EDORKEEE %7 LT (Fig.
11), Chl.a#REEiZ, 2011 4 & [AIERIZ, SREEABIR K204 L7z b A2vD 6 H ERIOKES

m DB KOV 11 A UBEOKERARTIL 8 pg/l LLFTho7z, £7-. ChlaiBEix, =H
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B A LT 6 205 10 A DEJEH BRIFIZHT T 3 pg/l 25 7 pg/L O il %

RLT-. 2012 4ED Chl.a 1L 2011 £ X 0 b EH LI BN TH -7,

3-8. AT

2011 4 & 2012 FCBWTHEIE S NI A 7 VL 4 B 14 B 17 8 27 FEC, KiRioxt
T HWPECaRT & BRAKMEREIL 5, M KMEREIR 14 FE, JRIRMEFRIX 8 FETodH o7 (Tables
1,2), 2011 DA 7 VO EEEREEEIX 4 A2 1166.9 ind./m3 TH -7 (Fig. 12),
Z Ok, BB ITBECEM L, 5 AT 8149.2 ind./m3 D KEE R LT, 6 Al
EA%E 213 1280.1 ind /m3 124K N L.6 H 225 12 A 1213 428.5 ind./m37> 5 1236.6 ind./m3
DOHEIPHTEE L7z, 2012 D A 7 O BMERERE L, 2011 4 & [FERIZ 5 12 1825.3
ind./m3 DR KAE % 7R~ Uiz, € O ABEEE 1L 8 A lZIa) Tl Eln % 7w L7z (Fig. 13).
8 AN 5 11 A OEFEFE L 10 ind./m3 LA F Th -7223, 12 AI21% 101.4 ind./m3 |2 F T
{8 A B B 1 n L 7=,

2011 F3B LW 2012 “FED B A 7 HEBHE O KIREMEMR T A B 2B AT 2R~ L (I
A ZFBE, p<0.01), 2011 FORE TIRE S KD A LN 4 A6 T AIZT T, MK
PEFREIX T A 7 HEREEE D 73.6% 0D 94.4% T 5 L7z (Fig. 14), 8 AB XUV 9 AlidmK
PERED 560 DEIG DS 11.0%LL FIZA LT, IRIBMRED U A 7 HRERICE D 251513 4
A2 b 7T HIZIE15.9% L FTh o722, 8 HEB XL 9 HITiT 72.7%36 LT 95.0%I12 F THY
L7z, 10 ALK, HOWKEREOE SN 5 L3, IR OES 233 58
2R LTz, 12 AIiE, mRMERRIE 87.1% CTEH L. ISIRMERLX 4.3% Th o 7o, mKMERE
CIRBYERED 1 A T RIS SO DEIG T, KRB CEEIICEENT 5 2 L3
Sinkiaole, —HWRARMEREN L6 2 EI G T A 2@ L T 1.3%2 5 32.8% TEH L.
IR 22 AT LA DIV o T, 2012 £ TIX 5 AND 11 A £ THARMERED A 7 25

BEEEIT 550 2 EIE D3 17.4%0° 5 53.8% T IR MEREDS 38.5%7)> 5 82.6% T4 ®) L 7- (Fig. 15),
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12 IZiTm KR OFIE 1 95.9% ITH M L, JRIRMFEOEIG 1L 4.1%I2 F TR Lz, K

MEFEDOEIS L. 0% 11.0%DEJH LB L 7=,

4. BE
4-1. BB RIT 20 A 7 VERE OB L KHE

ARFFEIL, REEUMIC IV T, HUHE R R OARIRARIE 53 7K & SRR K SR O @il 4y
KON T, A T U EHEOHMMRPER T 52 L2 6 LD TO
WETHD, T7205, KEPMRIBRIE S KD O @SIREESKICZET 0E8F WAPL T
H) oEZFE BABLO9A) (22T T, HFIC 2011 T A T VD RER I H /K ITER
PO JKIRMERR I SREER U, BB R 010 LEKIRRE TH T EF:N D
FROHERHE DR OIRIRARIE 73K 235 A0 L2 A ZR (12 ) ShiF T IRIRPERE OB G 25
ToEEBIT, WAMERENE ST 587 — &R LT, &, JRIRYERE (Paracalanus
parvus) 735 AND 12 AICHBL L=, @KU (Pseudocalanus elongatus) 7ME/KIE
oo 11 ABX 12 AlcLieZ L a2 Lis, E7o. ABFECHEBLL72mAMEDZ% < Off
BEL O P elongatus (EE - M 1993) 1T 704 BB & e Cild &M AT &2 1E 5
72> (Mauchline 1998), £ D7, X7 bAEFO RGBT 2 MK PRI, HHEX
MR K DREHTHN ~DFLANZ - T, BEBIHSN DA R —Y 7 IRFEHIN OB AL TE 2l
AT VETHD RN RE ST, 2D XD KA E D I A 7 DL D
ZENE, AAREDMEE TR, AR —Y Z7in e (Asami et al. 2010b) . ALVEEFTEB O
k% (Banetal. 1998), RZEE (&5 2016). HAMEO LA (Hirakawa et al. 1990;
Iguchi & Tsujimoto 1997) # L OHAEIE (% - HAK 2010; Tachibana et al. 2013) T
HINTWD, AR— 7R FIEORZRABERE TIEETF) B BEFITHT TKIRD EFIZ
s T, WmAKMERE (Pseudocalanus newmani 35 X O Acartia longiremis) OABAREE FE 7

B4 L7z (Asami et al. 2010b), MEKIE TIE, MRSy OHHRBEGT KD 7040 LTV B IRf



WX, A7 UEIT A & W KR IS b S T & S IRIRYETE ( Calanus pacificus,

Paracalanus spp. 3 X O Clausocalanus spp.) 2ME& L7223, RIS 75 O 8L 230t
AT D & AT ARG KRR (P newmani) (28 S FE72ER L7- (Ban et al. 1998),
FTo. @RS OB AK DAL L > T, WAKMED Oithona J& 1A 7 T HADERE
BENED L (PAS 2003), HAVEOE BRI 2BKMER (RBFFEIZI 1T 5 IR
PERE S & de) OB, B L ORI BT 2 Bl Ok O B IR K DN ~DHEA
IZHRTE L T % (Hirakawa et al. 1990; Iguchi & Tsujimoto 1997), LA EDO#ERIX, B
WEERI O L O 22 S E D @ WERERICR 1T 2 0 A4 7 VHEBHE OMEE D AN B IEA
FTLRIOFHWRATRIZ L - T, FLKREEZZTLZLZERLTWVWD, BEEUIICH

B0 A T DGR &R OER L, GERIHIPNI TS 2 SRR K &

F

TR R K DOFFHR R AR X D KR OFHN 2 EHR FHRNTHDH L EZDBND,

4-2. B ORE

ARETIE, BRI RT 274 7 S OREEM D KIS T > TEB T 5 2 L 2
BT LTz, ABFERERIZ, BBREUAICIT D04 7 U EHOAEFEBREOMICEKT 56 0
Thod, L, NBETIE, WEMEO/NIO A 7 P EBT S (FHRS 2005), &
WMRIZEBNT Y, P parvus s EFEB LOMKEFICEFBE CHIL L, P newmani 135231
FOAFICEBECHILLZ, £72. Oithona JBIFKEBETH L0 EFIZDl-> THELL
7o AWFFETIZEA 330 um @ NORPAC net 2l L7272, /IO I A T HEOBUF &
/NI LT D Z EIEHETE 20,

WA T AL Acartia BZE1X U & U TRIRINZ VERLT 2 FE2MF/ET 5 (Kasahara
et.al 1975; Uye 1980; Sullivan & Mcmanus 1986; Marcus 1990), %£7=., P parvuss.l.®
PARZZARIFRHIT, 18CTHEEZ 18 HTH D Z &2 b (Uye 1991a), ABFIEDREIIMNIC I

WTHFEEPTON T D AREEREZ DN D, L, ABFFETIE, /NI A 7 V¥
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OM/NFHIICINZ T, FEE AT —VEOFHEEIT > T REOREBIIC 1T 2
EABEBIEIZIA O T 5 2 ENTE RN -T2, £, BT RO AR — 7 3
I ST I K o THEKRACHL S5 (Asami et al. 1995; Imada et al. 1995; Kurata and
Nishihama 1987; F§¥F 5 2014), UL, HA 7 VHEBEENF WO AR — 7 Hin 7k
D BEEBGHIC & D L 5 IZHE SN TV A DNEEN TRV, REBUICIS T 2 A 7 U JERE
MG AP DI T D 7OIIE, BEBECRER B A RE L, RREUAN &S oI Rk
B LN D, BEERMEICEREZIAOICTILERD S, Fio, 2011 4 & 2012 4F
TIABLOLEE) & 7 A 7 DRI E N R D 2R Uiz, A%, 20X o 7ehA

T UHEB A REORELEBB L OEEFA D =R LEHLNNITAIEEMLETHS,
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Table 1. Abundances of copepods in Lagoon Notoro-ko from April to December 2011
(ind./m3).
Species T.A.| Apr May Jun Jul  Aug  Sep Oct  Nov__ Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudsonica w 6.2 0 0 0 50.8 12,7 349 190.6 50.8
Acartia longiremis C | 1224 19059 1144 76.2 0 0 0 6.4 0
Acartia omorii W 24.6 63.5 38.1 50.8 12.7 0.0 3.2 0 0
Acartia steuerr E 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis C 0 12.7 0 6.4 6.4 12.7 6.4 6.4 0
Calanus pacificus E 6.0 38.1 0 0 0 6.4 0 0 0
Neocalanus
Neocalanus cristatus C 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus C 6.0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis C 0 0 0 0 31.8 6.4 0 0 0
Centropages tenuiremis W 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus pergens w 0 76.2 38.1 0 0 0 0 0 25.4
Pseudocalanus
Pseudocalanus minutus C 65.2 165.2 12.7 6.4 6.4 0 0 0 0
Pseudocalanus newmani C | 737.8 52729 7624 800.5 0.0 0.0 254 1144 7624
EUCALANIDAE
Fucalanus
Eucalanus bungii C 0 12.7 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotensis C 0 0 0 0 0 0 0 0 0
Metridia pacifica C 12.7 38.1 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus parvus s.l. E 0 152.5 114.4 953 241.4 9339 406.6 196.9 25.4
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus E 0 0 0 0 19.1  19.1 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor E 0 0 0 0 44.5 0 0 0 0
TEMORIDAE
Temora
Temora discaudata w 441 76.2 50.8 108.0 6.4 0 0 0 0
FEurytemora
FEurytemora affinis C 2.3 15.1 6.4 1.3 0.7 0 3.1 116 0
FEurytemora herdmani C 58.0 243.8 285 9.2 2.1 5,5 166.3 28.9 0
FEurytemora pacifica E 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini E 56.8 50.8 76.2 38.1 6.4 0 0 254 127
Tortanus discaudatus C 0 0 0 0 0 0 0 0 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica C 6.0 25.4 25.4 9.5 0 12.7 0 0 12.7
Oithona similis E 12.7 0 12.7 349 0 0 0 0 0
HARPACTICOIDA
ECTINOSOMATIDAE
Microsetella
Microsetella spp. (6] 6.0 0 0 0 0 0 0 0 0
POECILOSTOMATOIDA
CORYCAEIDAE
Corycaeus
Corycaeus spp. (6] 0 0 0 0 0 0 0 0 0
Total abundance 1166.9 8149.2 1280.1 1236.6 428.5 1009.3 645.8 580.5 889.4
Warm water species C 749 2160 127.1 1588 69.9 12.7 38.1 190.6 76.2
Cold water species W [1010.4 7691.8 949.7 909.4 47.3 37.3 201.1 167.6 775.1
Eurythermal water species E 75.6 2414 203.3 168.4 311.3 959.3 406.6 2224 38.1
Others (6] 6.0 0 0 0 0 0 0 0 0

T.A.: Temperature aptitude

W: Warm water species, C: Cold water species, E: Eurythermal species, O: Others
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Table 2. Abundances of copepods in Lagoon Notoro-ko from May to December 2012

(ind./m3).
Species T.A.| May Jun Jul Aug  Sep  Oct  Nov Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudsonica W 0 0 0 0 0 0 0 0
Acartia longiremis C 20.9 0 0.4 0 0 0 0 0
Acartia omorii w 70.9 4.2 22.0 0 0.4 0.4 0 0
Acartia steueri E 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis C | 2123 88 14.3 0 0.4 2.1 0.4 0
Calanus pacificus E | 3822 884 26.3 0 0 0.8 0.8 0
Neocalanus
Neocalanus cristatus C 152.6  84.3 23.2 0.4 0.8 0 0 0
Neocalanus plumchrus C 95.2 9.8 0.4 0 0 0 0 47.8
CENTROPAGIDAE
Centropages
Centropages abdominalis C 18.0 0 0 0 0 0 0 0
Centropages tenuiremis w 0 2.5 1.3 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus pergens w 0 0 0 0 0 0 0 0
Pseudocalanus
Pseudocalanus minutus C 0 0 0 0 0 0 0.8 0
Pseudocalanus newmani C 0 0 0 0.8 0 0 0.4 0
EUCALANIDAE
Fucalanus
Eucalanus bungii C 6.6 0 0 0 0.4 0 0 0
METRIDINIDAE
Metridia
Metridia okhotensis C 0 0 0 0 0.4 0 0 0
Metridia pacifica C 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus parvus s.l. E | 7240 1409 98.1 6.7 4.2 1.3 1.3 4.2
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus E 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor E 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discaudata W 0 0 0 0 0 0 0 0
FEurytemora
FEurytemora affinis C 0 0 0 0 0.8 0 0 0
Eurytemora herdmani C 15.0 0 2.0 0 0 0 0 0
FEurytemora pacifica E 6.1 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini E 0 0 0 0 0 0 0 0
Tortanus discaudatus C 12.7 4.9 6.1 0 0 0.4 0 49.5
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica C | 100.3 34 16.8 0.4 0.4 0.4 0 0
Oithona similis E 1.9 0 0 1.3 0 0 0 0
HARPACTICOIDA
ECTINOSOMATIDAE
Microsetella
Microsetella spp. O 0 0 0 0 0 0 0 0
POECILOSTOMATOIDA
CORYCAEIDAE
Corycaeus
Corycaeus spp. (0) 6.6 0 0 0 0 0 0.4 0
Total abundance 1825.3 347.1 211.0 9.6 8.0 5.4 4.2 1014
Warm water species W [ 70.9 6.7 23.2 0 0 0 0 0
Cold water species C | 6335 111.1 632 1.7 3.4 2.9 1.7 97
Eurythermal water species E |1114.3 2293 1245 8.0 4.2 2.1 2.1 4
Others 0] 6.6 0 0 0 0 0 0.4 0

T.A.: Temperature aptitude
W: Warm Water Species, C: Cold Water Species, E: Eurythermal Species, O: Others
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Fig. 4. Location of sampling station (closed circle) in Lagoon Notoro-ko, eastern

Hokkaido, Japan in this study.
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Fig. 5. Seasonal changes in water temperature (°C) in Lagoon Notoro-ko from April to

December 2011.
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Fig. 6. Seasonal changes in water temperature (‘C) in Lagoon Notoro-ko from May to

December 2012.
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Fig. 7. Seasonal changes in salinity in Lagoon Notoro-ko from April to December 2011.
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Fig. 8. Seasonal changes in salinity in Lagoon Notoro-ko from May to December 2012.
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Fig. 9. Seasonal changes in Chl.a concentration (ug/L) in Lagoon Notoro-ko from April to

December 2011.
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Fig. 10. Seasonal changes in Chl.a concentration (ug/L) in Lagoon Notoro-ko from May

to December 2012.
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Fig. 11. Seasonal changes in abundances (ind./m3) of copepods by temperature aptitudes
(Warm water species, Cold water species, Eurythermal species and Others) in Lagoon

Notoro-ko from April to December 2011.
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Fig. 12. Seasonal changes in abundances (ind./m3) of copepods by each temperature
aptitudes (Warm water species, Cold water species, Eurythermal species and Others) in

Lagoon Notoro-ko from May to December 2012. Asterisks indicate appeared copepods.
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Fig. 13. Seasonal changes in composition (%) of copepods by temperature aptitudes
Warm water species, Cold water species, Eurythermal species and Others) in Lagoon

Notoro-ko from April to December 2011.
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Fig. 14. Seasonal changes in composition (%) of copepods by temperature aptitudes
Warm water species, Cold water species, Eurythermal species and Others) in Lagoon

Notoro-ko from May to December 2012.
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2 8. BRI LM R —Y ARSI T 2 04 7 VEO B

% 1EN. REEUM L Bl AR —Y R EIRICRIT B 04 7 UV ROBERE O

=W
1. TE

EHRAR—Y 7RI TIE, AFICHR—Y 7O ER Y =7 THR S Wi
IKDNE R AR — 7 R RIS F Tt S T< %729 (Ohshima et al. 2002) . J&4F %38 U
TeHENRETH 2, BB TIIAFITMRm A EREAIKT 52 LIZX o TKEIZENT
PAEZITH ZENARETH D, TOTOREBIFICE O ClELZE Ui A 7 EHEOH)
REZRAEMIET D LN TE D,

REBGIIZ . RE RIEANNA AW To IR OFEEER D 20 L AR — 7 i & ITKE
13m, 15 324 m O 1 FOW N TER->TWD (5HED 1995), Z07=h, FEEUMDOIK
DFFHEIIA AR = 7 MR O KSR EIREI L T D OBk - iR 1987; &AL 5 1995;
AHG 19955 VEEF S 2014a), £ 2T, ABIECIEREIUA A AR — > 7 kR IROET L &
LT, MOKMIM 2 & 0o AR —Y 7R RIRO KBS DR LEE L 7T 7 b A BED
BEL OBBREALICTHIENTED LB XTI,

1 T, BEBUN O A T U BUIFERI KBRS Lo T BEEEIE R T S
ZEPHLNTIR ol THETOMIETIL, AR —2 7 ik IR0 KBRS O FHir 72
RN A T RIS ET 5 2 LRSI (Asami et al. 20055 Asami et al. 2007;
Asami et al. 2010b) . BEHGMF X ORI FIRFIZTIR S vz bl TidZe <. REBUON
BT DA T VEREOFHATRROBBRIEIIAHOEE TH 5.

Fo B 1ETH RN, BA330um D7 T 7 bk y hTRESNEZELDOTH
STz, LU, —RICEEHEARE) D@ WWR T, ANERIC BB 5 Calanus B
Neocalanus J&% X U & T 5K A 7 HEIZHAR T, Clausocalanus J&<° Oithona J& %

T T DA T MR BREDE NI T T 7 b DBFRRE WD, Z
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IO DA F~ A% EMICHEET 5720120%, KOMAWHEE O Y MK DRENKLE
THY . PRI AT AR EBREOE CEWN T T 7 b B EERRR OWMEERICH
BRLTWD Z ENfRRENTW5 (Uye 1994; Kobari et al. 2006), £7=. BESFZEDE R
FHR =Y VT WER R CIIEARE 2 mm P EOKRE D A T 2 H Neocalanus J&. Metridia
pacificax®> Metridia okhotensis 75 =% £ CHELT % (Asami et al. 2005; Asami et al. 2007;
Asami et al. 2010b) & SN TWDH— T, AHFEDOH 1 FTIE, REBUM TR A T~
FUTERE L S L <IFBRHRFLLT TH Y AR 1 mm FiftR DO/ A 7 23 Acartia omorii,
Acartia hudsonica, Oithona similis )3 E CTHBLT 2 Z E R LRI R-T2, ZhbH D
T LD, N b ONR RICCTIT O e BERAIT TR, I A 7 DI R/ N R 2
WG L7\ K 5 IS, ARE TIREREUN T X ONE AR — > 7 MR 2 38 0 2 9IS A&
R/NFE A IMEICERET D Z 2B LT, 2O Z Licky, sBIuick T2 04 7 5
BHEOFHETHZW LML, ML S—Y ZIBINFIRICB T 2 04 7 VHEEHEME & o

gz 7o 22 ARV E LT,

2. BB L OH
2-1. FREMHE
A TREBUHAN O R OKEEA 20 m) (TR 72E A (St. A 44° 037 02.17 N, 144°

09’ 38.8” E) ICHW T, 2014 4E 2 A 205 2015 4E 12 H 22T THIZ 1 EID S 2 [\ OHHE
T o7z, BEMINICRT 26K (4 AN D 12 H) OfEIR, Bl BREREAR—Y
7 BT gE e v 4 —FROEM [0 & 5 2) 7o b ONC FEHEEIRE W FIFL A FTA OFRE M
AR U CHER L, #kE (2 A0S 3 H) IQIERREUHNOWPK EAfESTBIIL, 71
AFA—=HEB L axY & H W THPKICK 50 em UG DR E 2T, HEZIT o7, RERGH

SRDIE AR — 7 YIRS ER T 72 K55 60 m O E S (St. B: 44° 08 57.0”7 N, 144°
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14’ 48.0” E) IZBWTIZ. 2014 F£B LN 2015 FEOFEREKI (4 A 12 A) o8&
W ERLE T OFE I CTHREEZIT- 72, BEEUHNE L OREBGI/MZ B I 28IV

HHEP (9:00 725 13:00) 1ZfT7-7-.

2-2. KHEBRE
IR & AT BRI TlE Compact CTD (ASTD103, JFE 7 RN v 7 #1:#) | fE

s D7 3% Tt Compact STD (7 L 7 B 1-4#18) % ¢, MR O ITEE

i

FCHIE L7, BIERRBIZEBIAN TIZ 0.1 m, BEEGHAATIZ 1 m ThoT-, KiEB LW
AT R Z S ICBERIMINTIZ 0.5 m 206 18 m., REEUMAL Tl 0.5 m 225 55 m £ TP
IKFFEE S 2R Lz, £ LT, 2014 FERB L2015 00 2 FEDOFEWEEZ A A Z L ICH

L. TV,

2-3. Chl.a JB&EE
Chl.a #EOWEHOFKIT, SEEUHNTIZOm, 5m, 10m, 15m BLO 18 m b,
REEUMAACTiZOm, 5m, 15m, 25m, 3/5mBLUOE5m NHENEINL 6L /N R— 4%
KR FIVTERIR L 72, BRELL 72380k (REBUSIPN Cid 500 mL, fEEUHSL Tl 300 mL) %
10 pm BEU2 pym D A7 L7 L% — (Whatman #H8) 72 & QNS A T A ik
7 4% — (GF/F, Whatman %) Tlg#E L=, ¥4 X@4riE, >10 um, 2-10 pm, =2
pum TH D, H7 4 NVH—IIN,N-VAF)LHE/LLT 2 F (DMF) % 7mL A7z 8 mL &
FIEA NI TF 2 —7 (PR K bER) 1B L, AR AR, S ER (Model
10-AU, #—F—F %A1 AL ZHCaEiE (Welschmeyer 1994) (280, BLF O
26 Chl.a B (ng/L) ZHIE L7z,
Chl.a=FyvIV

Z 2T, Ryl U7z Chl.a IBEOHEGE, vidiiHicHW= DMF O & (mL). ViZAilE
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L72#K&E (mL) & L7z, AT, &A1 XD ChlaBE % A3 LT Chla g%
B L. KERRFEYE LTER L, £ LT, 2014 38 KL 2015 4£0 2 FOFE A %
HZ LB L, f#ric v,

REIUAN OFEKE (2 A2vD 3 H) 1281 2k @ Chl.alRERIER OV 7 i, 7
A AT =T AWTERE Uiz, BHA Tem OXKEZERI L, #WIAKIZET 2K TN GES
S5em ZKM / ax U TUVH L, 77 AF v 7 FaelJIWE L, ARSIk y 7 L%
FBIR0, B LT 7 AT v 7 ResZ KEKRTHIZ LI Y 4+ — 2 — " ANTP-< Y Fl
fR STz, B LTIoOKDOEREE A ALY U —CHIE LTtk 2-3 BTl 7oK & [FlER
DIFETHEE L, DMF TlameaR i L2#%I1C Chla IRELZNE L7z, &A1 XD
Chl.a A A3 LT ChLa IBEAFH L, AR & L TRITCHW, 2 LT,

2014 FERB LN 2015 00 2EDOEHEE A H T LICEH- L, T W,

2-4. A T VHORER L OEHEK

714 7 FE1X NORPAC net (1£%0.45 m, il 1.8 m, HA 100 um) % M\ CTHEEUMH
NTIIKEE 15 m 205, REIUMSL CIIkiE 50 m 2> B ERE B CHREE L 7=, RMERFICE T 5 %
> FOWEKBEZRANDTDIT, Ry b OERITARIER 2 OWKGH 2 B0 A7, B I IEK
FroEE AR -7, FEblmo mBREFREBHINA YIRS MU v Az fFfiLizAnr~Y
¥ TCHRAIREED 5%I272 % K O ICHEE Uiz, [EE L7oilBHE, A 7 24825 200 fEALL RIS
725 X OICHEEIS U COnHRSEIRET U2 D 132 1I2EI LTz, 8 Lizal ki J4kes
W% (SZX16-3141, OLYMPUS #L#) FCTHA 7 I ~URZ A Mz CL L (1966) .
K&+ EE (1997), Brodskii (1950) 72 & TNZ Gradner & Szabo (1982) (27t~ THE[F]
EHEATO, B L ICEEEE I Lz, I 7 O KFEFH OFEEEEE (Abundance:
ind./m3) [ZLL FORXAEH W TR L,

Abundance=n/(n* 2+ Lx /1) / p
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2T, nlEEHEE, piE Ry MR (), LIFHRAEEERE (m) | £ 13RO TEKE RIS,
TIIBERFOUEKFHEIER S, pl3nEIR L L,

REHGA DRI IIOK ECEZIT o7 RBE Tem O7 A ZAF—HEBLUKH / 2%
U Z FICBIT 7249 50 em IUH D Z 18 U TITV, A 7 HEEHIE S 100 pm 0 U >
72y b (Af£03m, IR 1m) ZHWT, KE1Gm N HMERICIVEEL, U
Jx v MCEBEREICBOTE, Xy hOREMNNES L, BAKHZES LARPoT2720,
IR 2 100%38K L7 S E LT (T=1), BROXNS A T IO EIRE
FasRkdle, ZL T, ROLNEEBET —Z 2 AT, 2014 £ L2015 0 2 F 0

PEEA A T EICEE L, TV,

2-5. WA 7 VEOREEEE DR L ORERHLE
ARIFFETIEA A T VHADOREEME & FR T 5 72 O ISR EE 2 fiit L 72, Margalef (1958)
FIZREZERBERCRBAT L2 ZRBLTVDS, RFETIEUTORXNS
Shannon-Wiener D ZAREFE (H)% K7 (Shannon & Weaver 1949),
H =-Y37_, Pilog,pi
T osIEIA T VO, PUIRE i ORI A T BRI E T A EE L L,
FTo. AWIETITBREA B O A 7 FHOME S L & B OFRBE 2 T4 5720
\Z. Bray-Curtis B EEEZ KDz, FHHEICHTZ > T, EEREEET — % & TR #
L. BEVEHEEZ WS I 28—t 247> 72, ffricidY 7 b v =7 PRIMER v6
(PRIMER-E Ltd) #f#fH L7= (Clarke 1993; Clarke and Warwick 2001),
REUSP & BEBUMSN D 0 A 7 S FEORIRECE 4 L9~ 5 72012, FEROKI (4 Anb
12 H) OOA T VEEBOVEEHBET — 2 2 IV CHBREREEIT 572, BRIEICES
LT, &7 —ZO%SHMEX fMETHEL, ERMIEIF TAT ¢+ — /7 BETHE LT,

ENZIE, FRHLELY 7 b= 7 B uifEE (BellCurve 1) ZHH L7z, AHFFE TIXREEHS D
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T —=HZOWT F REICLDESBIEE-IZE TAT 4 — 7 BEICLDERLES D2V ITE
Dl PR TEX o T2, =7 v AErE2HNWT 23T A Y » 70 Mann—
Whitney ® U 7€ (Urtest) (280 REEGHIN & BEBUASN D I A 7 AR FEOEREE &

DEBZEZMELT-, BB, ETCOMEDHEKEIL %L Lz,

3. FER
3-1. KB

2 A5 12 AIZB T 2 BN O KIEIX-1.4C S 19.8CofiH TLE L7~ (Fig.
16) , BEBUMI PN O SRR KRR D 2 A 285 3 HIZIZ-1CLL R Th > T2, T D%,
EEKIEIX 4 A6 BEA L, 8 ATk EAKIRD 19.8CITiE LTz, mE/AKIRIZELZE, F
IR TR 22~ L, 12 I3 2.8 CICE TIR T L7z, meBuiistoIERDKE (4 A b
12 A) OFHPKIRIZ, 1.2C 5 17.7COFMHTLE L7 (Fig. 16)., BEEIHZ O 115K
X, BEEUHN & RO AR E — B Lz, bbb, KIRIX 4 AL EFIZMA-T
ERLE, LinL, e kiEZRE L0 9 A (17.7C) ThoTr. mE/KiRIZELE
. FEIKIRIT 12 AiZms- TR L7z,

2HMM5 12 A1 BEGHIN OS5 313 81.7 7 5 33.2 OFaH TEH) L 7= (Fig. 17),
REHGIN OS] (2 A2D 3 H) I8 1T 5 ST 320 LLFTh o7z, 4 HBLU'S
H O3 82.8 BERUN82.2 ThH o723 ML 5 AN 7 AIC 322005 33.2 IR
W ER Uz, mKIEHO 7 A6 9 A DY 83.1 705 33.2 Th oo, £, F
PN L. 12 AI2i3 31.7 OfdREZ sk L7z, 4 A0S 12 A REHRIASH O
R4 831.6 5 33.8 OHIPHTAE L7z (Fig. 17), BEEGHANOFEHHE 31X 4 A 7
HIZ 327706 33. 712 B Lz, @/KIBIIO 7 AN 9 HOVEH3T 33.6 Lh L o7,

9 AN 12 AIThT CTEBIESIT 33.8 205 31.6 ICAMICIK T L=,
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3-2. Chl.a &%

2 A6 12 A 2B T 26BN O %) Chl.a 1 1.4 mg/m2 )5 6.4 mg/m2 OFiH T
Z#EyL7- (Fig. 18), REBUMNIZISIT 5 Chla BEIX, ko 2 AI1ZiE 4.0 mg/m?
Tho7end, 3 AIZIE 1.7 mgm2 12 Lic, €0, ¥ Chl.a EIXEHEIZEML, 4
HIZIE 6.4 mg/m2 Dl @fEziidk L, 5 HICH 5.2 mg/m2L OFREZMERF L7Z, Lo,
6 HO Chl.a BEIL 2.4 mg/m2 2 F TR L=, 7 AUKEO YY) Chl.alEEix, 10 HD 5.9
mg/m2ZE< &L T AMND 12 A121% 1.4 mg/m2L 75 3.4 mg/m2 &iPH CTAE) L7-, AEEUH
FOKENZ R DUEK THEBOY) Chl.a #EE1X 2 H12i% 31.6 ug/L T, 3 A121% 18.3 pg/LL T
bot (Fig. 19), 4 A5 12 A2 2 8EBUls O Chl.a % 1X 0.6 mg/m2 /> 5 8.0
mg/m2 OFiH CEH) L7z (Fig. 18), seEUASMII1T 2 ) Chl.a =, 4 AIZ 8.0 mg/m?
DOEEZE SR LT7=25, 5 HI121% 2.6 mg/m2 |2 Lz, 6 HvD 12 H DY Chl.a B

I% 0.6 mg/m2L 75 1.7 mg/m2 TE#E L7,

3-8. WA T VERE
3-3-1. HiFHME

ARFFED 2014 FEF KT 2015 FITHBLLIEAA T HIT2H 4B 1T B 28FiCTH D |
ZOWN, BN THR LA 7 V8T 2 B 117 14 & 24 T, REHUHIAATI3 2 H 13
Bt 15 8 23 FRO A A 7 HHMNHIBL L 72 (Tables 3, 4), BEBMINTORMB Lo A 7 M
¥ Clausocalanus parapergens . Pseudodiaptomus marinus. Temora discauda .
Eurytemora affinis 3 X O E. pacifica ® 5 ¥ Toh ~>7-, xt LT, Ariestellus simplex,
Neocalanus cristatus, Fucalanus bungii, Metridia okhotensis 3 X" Undinera oblonga

D 5 FAGERTHAIMZ DA HIL LT,
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3-3-2. @H A T VEBEREEE

2014 F36 LU 2015 FE DN A 7 VHAOFMALEE 1T, REEUAMNIZIS W\ Tid 1546.1
ind./m? 725 9352.1 ind./m? TZ® L7= (Fig. 20)., RERUAMNICIST 80 A 7 LD
EAREEREIE, 2 A5 3 HI2IX 1546.1 ind./m3 »> 5 1738.7 ind./m3 Toh 7273, 4 A D
6 71213 3797.5 ind./m3 7> 5 6541.0 ind./m3 (ZHEIN U 7=, A AR 2 13, 7 H 1213 5037.2
ind/m3 (28 L7728, 8 HITIE 7642.2 ind./m3 (ZHIMN LT, & D%, FRIE ML 130
DM ZR L, 10 AIZ1E 2220.0 ind./m3 12 F TR Uz, SEEEEEE I, 10 A I2fv)
R L2, HOWIIMERZ77R L, 12 A2 9352.1 ind./m3 ORI %6 & fndk L7,

REIASMT 61T 22 A 7 AR FEERECE 1 1549.4 ind./m3 7> 8254.0 ind./m3 D
HiPH CAE) L7z (Fig. 20), BEBUHSN O EEECE 1T 5 AR LN T HITEN £ 5982.4
ind./m3 3 J T 8254.0 ind./m?® DR AZFLE LTz, FEEBEEIL, 8 225 11 HIZ
1549.4 ind./m3 7> 5 2506.0 ind./m3 DO TZH) L7223, 12 HiT1E 7121.6 ind./m3 (22T

L=,

3-3-8. ZAREIRECE L HB AR

PEH GO A T RO Shannon-Wiener DS (H) 13, SEEHAICE
WTIE 1.3 75 2.9 OFHCEE) L7z (Fig. 21), BEBGMRNICIS T 2% HIi%, #OKHIF O
2ANPE 3HIZIT I3 T Tho7en 4 A 12 AIZIZ 1.9005 2.9 LT 07203 LN
%R Uiz, BEBUMSMC T 2% HiX, 0.9 2°5 6.9 OFPHTEE L, ZOZLBEIL
REIUAN &t TR E Do 72 (Fig. 21) P HIZ 4 A0S 6 HIE3.0005 6.9 Th-oTe,
10 H 3.0 ZFRWT 7 AU TIZ L9 L F TAHE L7,

R B REEIL, RREUNIC BV TIE 6.75 205 11.56 TEE L7 (Fig. 22), BEEUHAN D
BT 4 HB LU 6 AD 8 AICE L A ZR LTz, BBEUNTIZ, A7

VO HBEEIT 9 AR bR 2D%, 10 A0S 12 AIZIZO NI EREE
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WM U7, —75. REHUAISN O BRSNS 8.0 205 9.5 TEH L7 (Fig. 22), AEHY]

AO LSS OLBIEL, SRR TRAY | RRHIN LY bhShoT,

3-4. EEIA T VEOEGEERE
3-4-1. Acartia hudsonica
Acartia hudsonica VYR EEEE B X REEUHN D 2 A 7225 4 A2\ Tl 75.9 ind./m3
LUR T (Fig. 23) . B A 7 HRHRIZ I 28 5T 3.6%LL F Th -7z (Fig. 35), £ D,
SRR R L O SR L, 5 A D 8 A O PS4 1T 481.6 ind./m3 A
5 644.3 ind./m3, #ERIL 6.3 5 12.8% Th 72, 9 HIZix, FHEEEEEIL 12.0
ind./m? (2 THEAD Lz, £O%, FHEEEEEZIHEMEm 27 L, 11 Hi2i 1659.2
ind./m3 O @B EIZE Lz, BRBUMSNCIL A, hudsonica O V-¥)F I3 H 2 142.4 ind./m3
LIFCEB L (Fig. 23). hA 7 VHEBHEICHIT 2 ERIT 4.3% U FTh o7 (Fig. 36),
BEEUSIN OFEROK I (4 A6 12 A) 1281 % A. hudsonica O W-EIHEREE B 13 AEBUHISL

v EEICE)I-7= (Table 5: U-test, p<0.01),

3-4-2. Acartia longiremis

Acartia longiremis ON-Y)EAECE L, SeBUNOROKE (2 AD 3 A) 12\ TiE
70.1ind./m3 L N T (Fig. 24), WA 7 VMBI T 28 R 4.5% L F Th o7 (Fig.
35), EDO%, FHEREIE LR L OB I3 IMEM 27~ L, 5 A2 712.6 ind./m3 T,
53R 14.3% DR K ANZZO STz, A. longiremis DEEECEEEIL 5 H IR L, 8 A
5 11 2% A. longiremis D HBLZRBD e o7-, LU, A longiremis!¥ 12 HIZ
BOHBL L, FHEET 7359 ind/m3, E LRI 79% Th o7, EBIUHATIZ, A
longiremis O F-YEARE B IL 4 A5 5 HI21E 62.6 ind./m3 2> 5 189.8 ind./m3 (25 L

Too T OORFEERIT 3.2% 015 3.4% Th-o7- (Fig. 36), = D%, FHEEREEEIL 6 A
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5 11 A12iE 14.3ind./m3 L FC, X EERIZX 0.9%LL T Th o7z, A. longiremis OfEE
BOEREIT 12 AI2iE 1424 ind/m3 (TN L 7=, FERDOKE (4 AnD 12 A) I2BiT5 A
longiremis DEIARLUE EEILREBUAN & Befuist CHERZITH O vz~ 72 (Table 5

Urtest, p>0.05)

3-4-3. Acartia omorii

Acartia omorii DAL, BB ORI (2 4725 3 ) I8\ T 44.0
ind./m3 LL R C (Fig. 25) . A 7 T FREEIC T 2 58 EFIT 2.7%LL T 72 - 72 (Fig. 35),
Z D%, A. omorii ON-EIEREEEIZEM L, 4 HH 5 8 H121% 454.0 ind./m3 2> 5 615.6
ind./m3 CEE L, FHEEET 8.0%0 5 10.6% Th oz, FHEEEEEL, 9 AlZiX
9.8 ind./m3 2 L7225, 10 AL L, 11 AIZiE 557.0 ind/m3 DK Z R L7z, L
L, 12 HICIT OB 50 13 L=, BEIGHISN T, A, omorii O YR KK
J£13 40.0 ind./m3 LLF (Fig. 25) T, FHELRIT 22% U FTLH L7z (Fig. 36), REHX
WP OIERKE (4 A7 6 12 A) 12805 A omorii O V¥ K0 I3 REBUSA L 0 A

BElZE - 72 (Table 5: Urtest, p<0.01),

3-4-4. Neocalanus plumchrus
Neocalanus plumchrus ITREBGANIZ IS W CIEREKH (2 A5 3 H) IZD % 11.8 ind./m3
LI THIBLL 72 (Fig. 26) . REIN OFEKIIO I A 7 HARER ISR T 2 I8 51T 0.7%
LT THotz (Fig. 35), BEEUHIMCIB Wi, N plumchrus ¥ 8 H%ER< 4 A5 10
\CHBL L 72, N. plumchrus O F-¥EEREEEFE 1L 7 A 12 609.3 ind./m3 O K % fik L (Fig.
26). VB LERIT 7.4% Th o7z (Fig. 36), BERUMSLOIERIOKE (4 A5 12 ) 28
7% N. plumchrus OG- AL ZITREIAN L Y AEICE -7z (Table 5 Utest,

»<0.01),
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3-4-5. Centropages abdominalis

Centropages abdominalis ¥, BEEUHNTIZ 5 AZBRW\WT 2 A6 7 AC i THELL
2otz (Fig. 27), 5 A NI FEEREE EIL 434.6 ind./m3 Z5Céx L (Fig. 27), A7
VHERHEICR T D EME HEIL 8.1% % L7 (Fig. 35), F£7-. FHEMAEEEEIL 8 HIZ
b 228.2 ind./m3 ZFidk L7c, €DK, 9 A5 12 A O VFIEAREE ELIE 24.2 ind./m3 LU T
Toholz, C. abdominalis IFREHUHANTIL 9 AT 36.8 ind./m3 D YLEEECTHIBL L 727217
Tho7e (Fig. 27), REBUHANOIEROKE (4 A6 12 A) (IZ81F 5 C. abdominalis D

PE AR B TR BUiist L v AR E Do 72 (Table 5: Urtest, p<0.01),

3-4-6. Clausocalanus pergens
Clausocalanus pergens %, REIUANF L ORERUAIMCIHB W T 7 AD 12 AICHBL L2
(Fig. 28), BEEUHINIC 1T 2 FIEAEE L. 7 H 26 12 A28V Tid 104.4 ind./m3
725 3764.3 ind./m3 TZEHE) L (Fig. 28) I 5313 2.1%0° 5 41.6% CTLH) L 7= (Fig. 35),
REEUHISA D T A 705 11 AW T, AL L 31.0 ind./m3 7525 897.4 ind./m?
OFPHTEF L (Fig. 28) . FHHE ERIT 0.9%7>5 35.8%D#iPH CTLH) L7~ (Fig. 36), 12
AT EEEARECE 2L 8774.4 ind./m3 T, FEIE EHRIL 53.0% Th -7, C. pergens it
REBUIP IS K OMEEUISIS & H12 12 A I FREEEE AR L 72 o7z, FEROKH (4 AN
512 A) BT 5 C. pergens OFIERKCE FITRELANAN & BBBUASN CHEZAITRD b

Nn7p/n-o7= (Table 5: Urtest, p>0.05),

3-4-7. Pseudocalanus newmani
Pseudocalanus newmani O SE-HJEREEE L., reBUANORKE (2 A5 3 A) TiX

1351.8 ind./m3 LA T (Fig. 29), A 7 LT T 2 FEHE EHIX 76.0%0 5 77.8%
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Tdh 7= (Fig. 35), THMEMREEEIL 4 A 21T 2430.4 ind./m3ZHN L., 6 AIZiX 3537.7
ind./m3 DR AFLE Lz, —J7, I ERIT, 4 AI213 64.0%. 6 71213 54.1% & 5
DA 2R LTz, Dtk P newmani OB ARSI L, 10 A 1213 257.4 ind./m?

(I U SRS 10 A ISR 11.6% 280 L7z, FEMEREEE L L ORI E SR
11 ACABEHEAN L, 12 H1Z1E 1418.8 ind/m3 38 L 15.2%I % THIIN L 7=, seBd#sto P
newmani OFV¥IEBEHEE L, 5 ABXO 7T Alczin i, 4127.3 ind/m3 CEHELE
69.0%) 35K 102998.8 ind./m3 (B L3 36.3%) DKL iisk L7 (Figs. 29, 36), *F
EIE AR5 S X OV H 1 8 AD 10 A EmE R L, 10 A2 259.3
ind./m3 3 L O 16.6%I2J8 Lz, =D, 11 A2 BAEEEEIFHEM L, 12 A121% 1780.4
ind./m3 (2 T L, FHEERE 25.0%CF T Lz, FERDOKE (4 A5 12 A) (2
B %5 P newmani ONWIERSE FEITRETUNN & EBUASN CHBAITRD bRh o7

(Table 5: Urtest. p>0.05),

3-4-8. Metridia pacifica

Metridia pacifica %, EBUMINTIZ 2 A, 5 AB L6 HICHESRD b3, B
EARBE L 17.2ind./m3 L F TH o 7= (Fig. 30), REHUMSN ClX. M. pacifica i% 5 A b
12 AICHBE L, 5 AB X7 1213 198.3 ind./m3 35 L 18 384.9 ind./m3 DREA %77 L7,
S RIZ S AND 12 A1I2iE 1.8%0° 5 7.4%0#iH TAE L= (Fig. 36), REHUHSLD
RO (4 AS 12 B) (281 D M. pacifica O F-YEREEE FEIZREBGN L 0 A EICE

/o fz (Table 5: Urtest, p<0.01),

3-4-9. Paracalanus parvus s.l.

Paracalanus parvus s.LIZRERUAN OFROKH (2 A5 3 A) I FEAEREE D 13.5

ind./m3 LA F T (Fig. 31), “FHELHFEN 0.8%LL FTh - 72 (Fig. 35), FEIEMAEE KX
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4 H121% 113.9 ind./m3 Toh o723, 5 HIZiE 30.1 ind./m3 b LTz, ED#%, FEIEE
B B 3L, 8 H1T1% 1184.1 ind./m3 (4853 15.6%) D RKEEIZE Lz, FHE
o1 8 A LI AME A 2R L, 12 A12i% 18.1 ind./m3 12 F TR L7z, 8 A O Vi
31T 15.6% T o 723, £ D% FEMERER E L RIS 2R L, 12 1213 0.2%
IZE TR LTz, BBEUASND P parvus s ONVEEREEEIL, 4 A2H 8 AIZiX 30.1
ind./m3 725 183.8 ind./m3 O#iPH CLE L 7= (Fig. 31), Z DM, FHE R, 0.9%1 5
10.0% D Tdh -7 (Fig. 36), P parvus s.11% 9 HIZHKEE 486.4 ind./m3 (f8 535
19.4%) (LT, Tk, FEEEEEEITED L, 12 JI3mERAL T TH -7,
ZOM, BEERIT1T3%UT TH o7z, RO (4 A5 12 A) (2B % P parvuss.l.
OB AREE B X RE G & REBUBISN CHEZ TR D b2 > 7= (Table 5: Utest,

p>0.05),

3-4-10. Tortanus discaudatus

Tortanus discaudatus [FRERUHNOFKE (2 A5 8 A) QMBI D Hivieinro
7= (Fig. 32), T discaudatus 1% 4 A121% 75.9 ind./m3, & 5323 2.0% CHE L7227 (Fig.
35). 5 HIZIZHBE Lighro7z, 6 AnD 8 AICiE, EHEMGEEEIX 216.4 ind./m3 75
369.1 ind./m3, “F¥JEERIL 3.9%0 5 5.6%DOFFHTEE L, 9 AN 12 AIZIT A
KBRS 47.8 ind./m3, B 31T 0.8% L, N2 LTz, BB ClX, 7 discaudatus
T4 AB LV 8 AIZHO TN 5.4 ind/m3 BL FCHBAED bz (Fig. 82), UL, T
discaudatus 1% 12 H I\ FEEEEEEEE 142.4 ind./m3, I 5ERN 2.0% (Fig. 35) T
HELL7-, BREUHANOIEROKI (4 A5 12 A) 2B 5 T discaudatus O F-HEEKREE

EELX. REBUHIAN X v BT E D o 7= (Table 5: Urtest., p<0.01).

3-4-11. Oithona atlantica
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Oithona atlantica ¥ X O O. similis | TREEUAN 35 X ORe U T I HEL L 72 (Figs. 33,
34), REHUMINIZIWT O. atlantica ONF-PEAEEEI 21.2 ind./m37>5 505.9 ind./m?
(Fig. 33). VB H=R1T 0.9%5 5 10.0%DO#iPH CLH) L7 (Fig. 35), REBUHISLTI.
O. atlantica O V-EREEE X, 7 HIZHR KO 2016.0 ind/m3 Z/~ L (Fig. 33). 7 H
DL HRIL 24.4% Th o7 (Fig. 36), AMEZFEER L7 7T A ZbRE, FEEKEEE
I% 120.1 ind./m3 7> 446.6 ind./m3 (Fig. 33), FHE 5RIX 6.0%5 5 20.9% D HEiH TE
#) L7 (Fig. 36), REHUMMN & REBUMSL CIROK I BT 2 FRE AL IO/ B 24100

57y o7= (Table 5: Urtest, p>0.05),

3-4-12. Oithona similis

Oithona similis O -ZIERECE B 1L REIUAN 05K H (2 H 225 3 A) 121% 117.5 ind./m3
735 137.3 ind./m3 O#iH CTLEHE L7- (Fig. 34), fEKYIOFHE ERIL 6.8%h 5 8.9%D
A TH o7z (Fig. 35), TD%., FAMMEEEE NS 2EnE =L, 4 A»H 12 A
OEAEE L 151.9 ind./m3 7> 5 1394.1 ind./m3 O#PHCTES L, F¥E L RIT 4.0%0>
5 24.1% DO TEE) L7, BB O O. similis 13,7 A ZH K EHEE O 1523.6 ind./m3
L, PEEERIZ18.5% ThHh -T2, O. similis|d 7 A #FrE | FEEAEBEE D 186.9
ind./m3 7% 640.9 ind./m3 OFFACEE L (Fig. 34). FHEERN 7.1%01 5 21.0%DH
PHCAS) L7z, AREUSIN & REBUHSN CIEROK N 31T 2 E A I B AT D 6

7o 7= (Table 50 Urtest, p>0.05),

3-5. Bray-Curtis JE{LIERE
REBUMN S K OREBUMAN D J1 A 77 LB EHE RS e 7 — # % T Bray-Curtis $8{2
BRI LD . IA T VHEOREME 2 T L7 R, BRUE RS 48.7%0D L)L,

BEBUHN D 4 s 12 A et o 12 Ho 7 r—7 A, BXOREEGHN® 2 Hx5 3
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A LRERUASN D 4 Avs 11 A7 v—7 Bz bz (Fig. 37), 7 /v—7 B I3FEEE
FREDY 53.4% D L~ LT, BICHEEIAND 2 A5 3 A, REEUMSAA D 4 AB X1V 6 AD
T N—7 Bl BLOBERSO 5 HBEXOT AnS 11 HOWH 7 7 v—7 B2 1243 bh
Tzo TN—7 ATIE, ®HA 7 HEEREEEED 2219.9 ind./m3 725 9352.1 ind./m3 & &
#ET (Fig. 20). Acatial@ 3 i, C. abdominalis ¥ . % T. discaudatus DA 7t D 5=
3 19.4%70°5 43.5% Tdh - 7= (Fig. 23-25, 27 and 32), ¥ 7 7 /L—7F Bl O&H A 7 ¥
EAREEE Y 1868.4 ind./m3 LA F &7 —7 A X 0{K< (Fig. 20). P newmanilI A7

VHAREE T T 61.9% D T7.8% CHEL L7 (Fig. 29),

4, BB
4-1. KEREE
TR =Y 7R T, ST A KN FEEFNICRZET S (FH 1976, HH 1979;

Takizawa 1982), 726, 6 H2vb 11 HIZEM A ok & 2 7amEiAK OKiR 7 Coh»
520 C, #5 33.6 15 34.3) MRS L. 11 AnS 3 AICAHR—Y 7 #DREFRD
— O Toh L H MM A OKIE 7 CRIE, H5r 32.0 psu Kiiti) 2R FEEHIZOMT 5
(Takizawa 1982), £7=, AZFD 1 A D 3 AT, Ad—Y 7 R EITIKCE B K
TEDND, AHR— 7R L, AEEER UMK AR A A U 2 B BRICALE 9~ % (Watanabe
1963; Parkinson & Gratz 1983), AWBFZETIL, BEBEUHANOAZE (2 H22H 3 AR LT 12
H) BIORBISOLZE (12 H) ICHMERHERAK DR 2723 32.0 Kl O 757K
MBIz, —F ., FABRAKITREEEANOZZFEN6KZFE (TAG 9 A) ([ZhMm LT, 6
BUANTIZEFENOKE (T A2 9 H) 12hF T 33.0 KL EOEHES KA LT, B
N OKILZ, AR —2 7R D DIRAT 2 KO B 2R 25 2 &b (M -

PaiE 1987 A& 1995 4 H B 1995; FHEF 5 2014a) \ AW TH B AL BRI O Eiti
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FARITRREIR OB L Z T TR RAKIZEBZ BLD,

—J7. REHUIZPASHIE S SR 2D . EEERVRME = | REEUNIAR A DKM B 2 A D
MEHHD (WH S 2014c), RERETANDOEFTNOETEE (TH NG 9 A) IZIEBIE, KD
B3R AE L, £ O, WIRICEmFE KIS S D (i - a9k 1987; 4 H 5 1995;
WA & 2004), BEEUMPNIZIZR S L7z @Rk, B RIRERH & SR ORI I OVHHER
WK DIEAIZ LV BEDRREE L. BREFRAKIEN O EJRIZERE L T R I3UKFEAR
it s s RS 1995), ABFIETIL, REEUHIPIO 10 A(Z Chl.a EDHRKAFED b
iz, L L., BEEBUMZNCIE. 4 A ZBR\V TR Chl.a IBEOMKITMHER S 2o T2,
BEBUMIN TAH B 72 10 A O Chla DKL, BEEF KNSR S iz R L

FEDREIZ K-> T, KB Sh 22 LTk 28R TH L LEADND,

4-2, BRI KO R —Y Z BB EIRICRIT D A 7 VERE

4-2-1. AR TRE SN A T

ABFTEIE, REHUMR L O AR — Y 7 ¥R I B U o/ NUE I sh A e e A T v
FERESE 2 IR L 72810 CTOME Th 5, REBIHIN ORI (4 A5 12 A) 12
B D0A T VEREEMEIL, KO > TEILT D LN Lo (BB 1
), L2L, FHIFEIBIIHEIL. BA3B0um OTT7 7 hrrry ML TRES
NI RIUFECR R BEBE DS E VTR 2 R L7 b D CThH D, WMEEWM T T 7 F &k
LT rLXIHEHEINDIBEETIE., MIOIA T VESCHMSBAEDNEEPOBHT S
(Turner 2004), EHEAEPED@mVRFEETIX, /N A 7 SRR BEBEDME W E) ~° Z
7 hUnMELST S (B 1984; Turner 2004; /NF5 2006), AAFZED B A 100 um O 7'
Y7 hrF oy b THRESNIZRERMNICE T 220 A 7 VEOMEBMEE L. 5 1 Bk
REVAANS S AORAT Y 7T N— LB 2R T, WEMT 6.8 (5005 34.9 fFmne

ST, TRHDOZENE, HAE330um D777 bty MEFEH LIZE 1 ZEORRIL,
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FIASh A= d6 & ORI oD B A7 B0 M B A 2t/ el L CWO D ATREMER N B %, T2 b,
REIUIM I L OA AR — 7R RIS R T D A 7 VR EDOEB A T = X L% 52T

D72 OIiE, NS A % & O TIHT T 2 BN H D,

4-2-2. IKIRIRF ik #E (Acartia hudsonica. A. longiremis., A. omorii, Centropages
abdominalis. Tortanus discaudatus)

AWML CHBLT % Acartia hudsonica (Sullivan & Mcmanus 1986; Marcus 1984), A.
longiremis (Marcus 1990) , A. omorii (Kasahara et al. 1975; Uye 1980; Landry 1975; Uye
& Fleminger 1976; Marcus 1990; Marcus 1984; Naess 1991a; Naess 1991b) |
Centropages abdomainalis (Kasahara et al. 1975) . Tortanus discaudatus (Marcus 1990;
Marcus et al. 1994) [3IKIRIFZAERLT D, Acartia JBIXFEERHED & EHR O NTE 0 Rk
([ZIR< 534 L (Bradford 1976) . HADHRFECHEBICHHE L (F 1984), U1 7 V4
BT CEEREICRS 2052 (B - 15K 1997 13 20055 Asami et al. 2010b) , ASHF
FRIZB T DREBUMN D A. hudsonica 35 X O A. omorii 13, SRR BEERIK & BRE MR K
DKAZFENELZ D 4 Annd 7T H E TOHIMB XN 11 A, BB T KO LR
N DRI ST, AR —Y 7 I T Acartia B OMRIRIFZ BEH T2 & v 9 51X
KIZHN, LU, A hudsonica=° A. omoril \ZHEREE O AUE CHEBLL . IRIRINZ 2Rk
D EMHE SN TS (LW 1978 f1#% 5 2005; Tachibana et al. 2005), Acartia J&(3:
AN ACRAZ I WMEREEDMARIRIR 2 PEH 9% (Uye 19855 Ohtsuka & Reid 1998), A7k
— Y ZVRITEERE RS K AN D72, Acartia J&ITZA R — 71T HAKIRYH
ZREET D AlREMED @, 72 B AL hudsonica N° A. longiremis iR &Ry DA
WK DN o340+ 2 B 2= 0ARRAR I 43 0 MKMW K 8 oA 2 4%, A omoril, C.
abdominalis ° T discaudatus |ZHRBERMEIRAK DN 53409 D4 ZRTIIRIRINZ TR L. Kl

ZITTOETDKRHERENNERERIE AR WA TWD RN D, £z, REEIHINIC
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B % Acartia J&. C. abdominalis ¥ X O T discaudatus OBAFEITRERGMIL & Ho~T W
ThbmEEThoTz, ZNHOREIE, BEBIANDOBREEN Acartia /&, C. abdominalis
BEO T discaudatus DWMEEEZ R S5 CREBUMSN L 0 dFii 72 5k 2 A LTz 2
L EBWT %, Acartia /F, C. abdominalis 3 X8 T discaudatus 13i)1|e¥ KD X 9
RIS CTH AT 5 (B 1984; KEE - EA 1999), REEUMICIZINENIZ T T H%< D
WD %, BEEUEIIAMAK & 1372 0 el A O KR 2R3 2 & (S 2014Db)
RN 6 OFEER T W=D, KIRIFNEZ BT 2 Acartia J&. C. abdiminalis. T
discaudatus |3 AT WV EERGHAN TRAREZ MRS T2 2 &N TE L LB bND, Th
F TOBERMIZER L OARMIEDORE R 6 | Acartia /5, C. abdominalis ¥ X ) T discaudatus
TREBIANTEERZ R TH5Z &M TELLEEZALND, T2bb, REEIHNIC B
% AcartiaJ&. C. abdominalis 3 X O T discaudatus %, RENUMPN TERE S T (RARINA>
S L. BFB LOMBIEEEES A X2 RS ETRIRIFZAE L, EFEB L O4FE
WIHMEARBEEME TR LUK OERT 58 EXbND, Ll Acartia BiZ. W%
ko T, il PR LT 5 (Lee & McAlice 1979a; Lee & McAlice 1979b)., #E
BB W T OIS L DA A=Y 7 in i L OWIKO I E- T, BRI > BT -
IREREEDREBUAPNIZIRA U, B E IS BT 2N E 2 b b, £, IRIRIY
DAL, K, Wiy, b, RS2 2BRPAEE L TR, b7 et X138
MeTdH D (Yoshida et al. 2012), REHUMIND Acartia J&. C. abdominalis 3 X OV T
discaudatus [EATFENRE 2R3 5 72 OI2id, 26 OFEOIRIRII O At L O b7 &

A, BHAT B2 RAGFREFHCH OIS T 20ENH 5,

4-2-3. Neocalanus plumchrus
Neocalanus plumchrus 1%, BEBGHIMTITEEE CHEL L7223, seBUMPNICIZHEL L 720

N, HENRBOONTZE L THLE LIREE TH-7=, N plumchrus 3KVl 55k



BLOEOAME (AR, ~—U 7, AR—=Y 27, F27FM) ZIELHET5
DIALHER DM /5AH L (Zenkevitch 1963; Motoda & Minoda 1974; Van der Spel &
Heyman 1988) \ JAABE L CTHNA A ATHEET 204 7 O~ TH % (Richter
1985; Masuzawa et al. 1988; Giske et al. 1990), £ D728, AFEITAIAD HEREHAEY T
HbHEZEZ BN TS (Simenstad & Salo 1980; Nagata et al. 2007), ¥7-. N. plumchrus
IFFERICERERE 21T 9 Z RN TW5, BT 5 N plumchrus 1% 1 4 1
HARDETEH ZFF D (Fulton 1973; Miller et al. 1984; Miller & Clemans 1988; Miller &
Terazaki 1989) . BU TIZ 7 A7vH 8 AT/ THUA L LT/KIER 800 m o FiEEICHK
#)7% (Tsuda et al. 1999; Kobari and Tkeda 2001), HA#ETIX 5 A6 6 HIZHEEICE
9% (Miller & Terazaki 1989), #JH]|a R A FOEKBE~D LFHIEX, 2 AD 6 AT
HONDEFETN—LOEHETHY, RETEHICANRLA - 5 MIITETHEET D (Uh
&+ 1999; /1Bt - HLH 20005 Tsuda et al. 2004), A 74— 7 Y HEE C b BUWIK & [FER
DEFHARE =2 R W A A= 7 Hra s e~ Ta R 2 b 1 B
Ha~RKEA N BEHIA~ORENL » ANnD 20HBNZ EBNHESN TS (Tsuda et al.
2015), £7o, FIRE~OBE G A —> 7 g S BIIER B AR~ T 1 7 A D
54 MAEY CEIL - Ei 2017), ARS8 D N plumchrus 1%, REBGH L 0 &K
A=Y 7RIS B O THIBIR MR <. 8 AZBRS 4 A 10 AICHBE L7, 2D
HH BRI R3O A AR CORBEMATTE L D b RWE WS I - HiE (2017) Z23XF4 5
WRTHo, Ll 9 AB LT 10 A DRBIEEE L, BRICHNTRELZ TH 72,

RIRI 2 A 2 AT B FRIKIBO BN EORE~BE L7-00b LAy, £z,

BEEUMAA O 7 AiCiX, ChlLai#BEIX 1.7 pg/L T4 AD 8.0 ug/L X 0 HLIKEE 27273, N
plumchrus 3 609.3 ind./m3 O &% E % fiék L7z, Neocalanus @&\ I/ NEW > 27 kv
HIBEFT 5 ()t - #HE 2000; Sorokin & Sorokin 2002; Dagg et al. 2009) Z &b, A

R T WINFIIC BT D N plumchrusX, 7T H THEBIZEF MM T T 7 hoi2iT
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TR BN T T 7 P bEE L, IRIRICHZ D720 DEZERL T Db
LV, —Ji, 77 ABBIZEBIT D N, plumehrus 13 1950 A0 5 1990 AARI2H T T
FEOKIED LRI HBUREHINEN TV D EE ST % (Mackas et al. 1998)

N. plumchrus DEJEHFTERBEA~O FREO X A I 2 TIIERET — LSS EFO KR

HEL TV DO ARENREZ BN D,

4-2-4. Clausocalanus pergens

Clausocalanus pergens IS ORI B ZH K2 A < 4347 L (Anraku 1953; Frost &
Fleminger 1968; Boltovskoy 1999) . 534 /K47 1L 7CH 5 20C T % (Fruhashi 1953),
C. pergens 1%, H AT ClIRFERKICOMA T 2IRGEHER TH Y (Anraku 1953; Asami et al.
2010b; Y5 2005), PASHAIREREE 2 iF Lo 2 F5-> (Siokou 1996), H AR TIE, X6
BEFE AR AN 349~ 2 REHIZ B U (Anraku 1953) | BRI (B (A4 L 2 8N &2 % (Chiba &
Saino 2003), C. pergens X B FUE CIIAFNLHERICHE L, KR 12.5CH1 5 16.4°C (H
4y 32.7~34.3) MNifEiEE L L THRESNLTWS (PR 2005), ABFZED C. pergens i,
REIUAN 72 & QNCAEIRGHISL © 7 A6 12 A OJKIR 2.8CH 5 19.8°CTHIBL L, 9 AIIXMm
TERDOIA T EREICBT 28R 35.8%0 D 41.6% Th oz, HFENLKEDER
A= 7 W IR AT 2 RA MR K T IR 2 S IRAE LTk TH D (FH
1979; Takizawa 1982), ABFFEDORERUGHN IS L UHEBUHISMZ I TRABEIRK DR
FONTZHENGIKEICHEL LTz C pergens i, ®HEBEWE & HITHE ST E @ ARET
boHEEZLND, A7 12 HITRERUHIN TAKIR 2.8°C, BEBUNIS TAIRL 3.6CTH Y . KBl
L HHE IR AIZ AR D8, C. pergens DHBLUIFED vz, LorL, 2 AB 6 HIZ
THBIIER D DR o T, MR T o 5 ARE T 0°CLL T ORSIKENT 13040 I RAKIE A B
S, HIKLTZEBEZBND, AR—Y ZEHRFEICHET S C. pergens \3IMFH D 52

Ko TIREHEIREARE SEBEZ T L ERHLNE T,
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4-2-5. Pseudocalanus newmani

Pseudocalanus newmani |34t -ER O I BILAF IS 50T+ 2K TH Y | b
T AV NS T VT OWRFEBICIEL 5453 5 (Frost 1989; Hoperoft & Kosobokova 2009) ,
HASLHE TIX, P newmani \3ALHEE AL HESC H AW 042 (1A - S8 1997
Yamaguchi et al. 1998; Asami et al. 2007; Asami et al. 2010b; Arima et al. 2014; 5 1 &),
ABFFE CIIRE BN I KX OERUASMNCHHEL L7 P newmanilX4 A6 7T HB LUV 12 AT
R L0 KIEO= 8 AN D 10 A REEE K 2B SE 7o, bR R &
OAEPEERAERPEIEIZ R T D P newmani D53 AMRFUKIED LRIZ 15CTH D LA ST
% (McLaren et al. 1989; [0 - &% 1997), REBUMNTIZ 7 A5 9 A REBUHSL T
(X8 AN 10 HIS VKRN 16C a2 1=, HZIC P newmani OEAEE LN LTe
DIE, SARFOKIRZBA T2/ LEZE X bz, AFFROR RS, AR LA
T DEHA R —Y 7R FIRICIB VT, P newmani OEEFEEIRE TR RO E L K X
{ZTFDHZENTBENT, TR E, P newmaniX, %4Z=0F RN 40T 2 H]
B A0 B 2 BN S & RO RRIERUK D003 2 BRI E AR E 2D S ¥ 5

(CAEYAYZ oY g0

4-2-6. Metridia pacifica

Metridia pacifica 1%, JEARFPERRZEEE S X OV ORDWICoHm L, REET TR D
EWT L2047 HO—FTH% (Zenkevitch 1963; Minoda 1971; Batchelder 1985;
Hirakawa & Imamura 1993; Hattori 1989), A#F3EIZI\VNT, M. pacifica I3/K%#) 60 m
DREHUHSNT 5 A6 7 HIZ 136.1 ind./m3 525 384.9 ind./m3 O@EBEECTHEL LT, M
pacifical¥, EILETIL 6 HIZHLRBIZHOAMT D2, 9 HIZITx BRI A28 T, 400 m &%
¥4k &£ 3% (Hirakawa et al. 1990), F£7-. M. pacifica |(3& L5 D 5 A 21X Chl.a g

ERE < 2 oKIED 10CREDOEREISHMT 225, 12 A3 B 2T, 300 m &



RESAIEET S (EfE - I 2001), M. pacifica VxR A8 . ZEEIAIC 53 Ai KR
AL &8 % (Hirakawa & Imamura 1993), % U | M. pacifica 132 ZF D & /KIEIL Chl.a
TR TR O BIER 2k CTHEIC oML, IKIRT LB 65, BETH,
M. pacifica D53 A KIEDZEACITEAfE > TEHICEMT L 2L PRESNATND
(Padmavati et al. 2004), AAF7ECTiL, REEGHSMT IS T D M. pacifica ® HBLRF I ZE#R
WgE L —E L7, M. pacifica 34— 7 R FIICE O THEFN L EFICTHEL TH
BT 508, FABROB SN 8 ALUMRIIE D & O IEEICBE) LI RN B 2 6

o,

4-2-7. Paracalanus parvus s.l.
Paracalanus parvus s1i3ACER ORI B FEHFIRIC IR AT D0 FMER TH 5
(Brodskii 1950; Vervoort 1963; Mackas & Tsuda 1999), ALHEEFL OB HRTIE, Z5
& 2 UMIFKTRIT 6 BRSO AL D 52BN o D L D KBEAN 94T LT & &2 P parvus s,
[T % (Anraku 1954; I - HAT 1990; Arima et al. 2014), P parvuss.lix, ks
AKIRAY 12°CTIT AR RIAY 25 A225 30 B (Davis 1984), 15°C Tl HEAUKE#2Y 18.6 H
(Landry 1983). 18°CTiIf 18 H (Uye 1991b). 20°C TIXH:ACEEM 12 H2 S 15 H
(Paffenhéfer 1991) & 720 EFE/KIEN LH- 321206V, P parvus O AR 23 < 72
L EHEINTND, REROREBUANIS X OREBGIMNZ BT D P parvus s LR E

DFRAERP DT 2ERITEEBEII R o7, —J7, KEDOEWAFT TR NE X

P

OREBUHISMTARE 728 b P parvus s 1L.OMBNHEGE SNz, T2 b P parvus s1.i%
-1.8CH2 6 20CE B Z D INVKIRHEIFE Z 7~ 3 A4 A — > 7 WL R CRFEIC bl > TERET
HIEMTELZENWEMERoTz, BREUAND P parvus s LAEERERZL, REEUHS 5
DRILOFEAZAE D BAEETZT TR < RBBUANIZAER L TW 7@ & > TR S

NHEEZLND, AHR—Y 7 RFERICEN T, KEAE I X OFHRIRKIZE 5 KR
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DFREE N, P parvus s . OMEREE EOFHEBHOERDO—>ThH A 5 L Bbhd, 7
B. P parvussLIT4E, TBREFAITFIEIC LV Paracalanus naus & . Bl F#HFIEIC L
W P indicus., P tropicus 33 X OHE D Paracalanus sp \ZXBI S5 Z &S Sz

(Hidaka et al. 2016), FASEORFTHRE SN AERNFEOMEE SN TELOEFEL
L C Paracalanus sp. CTh 5 L F 2 5L C\% (Hidaka et al. 2016), AWfZEIZE T 5 P
parvus s1.0% < (X Paracalanus sp. CTH 2% LB b3, MOFELIRMEL TV D alEEMED
HbD, AR TR D Paracalanus sp. DRIAREENEZ B 5 I3 HI2i1E, X

D KGR D@ W FRE B & D BT ST H D,

4-2-8. Oithona atlantica

Oithona J& IS DR RIECHMNERIZ 3T /DA 7 2 TH % (Gallienne &
Robins 2001), AWFFEIZIT 2D O. atlantica |[THERGHN TS X OBERUASN CHICHEL L 72,
O. atlantica |3& 1TEIZHB T N. plumchrus=<° M. pacifica &[RRI 72n BB #) %2
175 ZpEShTWD (@ - B 2001), O. atlantica |(IFFT /V— 250 5 FITiT,
10C 5 20CE TO ChlaRESmWREICHAMT 5035, FF T /L—LHLSMIKIE 10°C
LUF® 200 m BARICOM S 2 &0 0 FHREBEI 217 5 (Mfl - *F)Il 2001), 7z,
Oithona J& % Gt 7 n 7 A2 H (Cyclopoida) (%, # 7 XAH (Calanoida) 2kt~ ik
RE 2359\ (Zalkina 1970; Boxshall 1977; Ueda 1987), L2>L. AKWF%E® O. atlantica
FEFEZE U CTHBL L7, AR, KRR 2D, EBERIZ L > T, EMAEN

mEEZLND,

4-2-9. Oithona similis
Oithona similis | ZACHEE FOWFRIZ B W CEFESA L (FA 5 2003) ., FEVEEEOKIE

16CH 5 30°COERBEICHE W T 1 #EUNOIEF IO HRIEEZE 3 U5 2006), A

55



WFFEIZIBNT Y O. similis (TREEUMAMN 35 K OREBUSAN TR HEL L7223 IR 722 R E A B 1%
WO LNl Flo, 0. similis 1 IR 1 mm (T 72720/ N A T TH Y | ik
BEPE D MBI A ZE THVZ B A 100 pm @ NORPAC net T % i/l L Tu% 7]
REVED B 2, O. similis DRI Z iEI3 51213, KV @BEEOY 7Y 7T,

FBR T T O AN BRI DT 175 BB % 5,

4-3. REBUHINIE K ORBBUBSN O U A 7 L EREERE

AWFIED A A T S HEREEME % Bray-Curtis OMBEREIC LY 7 5 XX —ffhr Li=fE
H.OERBIANG 4 ANS 12 A LREEUNS O 12 A TR S =7 v—7 A, BEBUMN O 2
A5 3 A7 b ONCEEEGAN O 4 A & 6 Alc X > TS =7 7 v —7" B, weEGHS
DEABLORTHAMNS 11 A THER SN T 7 L—T7 B2IZKBITELZ LRI LML
-7,

T N—"7 AX AcartiaJ&. C. abdominalis 35 X O° T! discaudatus DIRIRIN % A3 25 Fi
INTIA T FEREERGE D 19.4%00 6 43.6%% (5 D &) R AR Lz, RREUHOIAKIX
WL WIS oMK E RS (Asami et al. 19955 Imada et al. 1995; Kurata
& Nishihama 1987; Nishino et al. 2014a), —J7, BEHUHADKIRITET TR 73 DR E K
D2 TS (WD 2016), €O, REHRINIHINAA OKERE 2R3 (W5
2014b), ABIZETH. BBEIHNO 5 JIZHES DR TAALNTZ, £1o, BEIHNIZE R
BRI PEK SN D (Nakano 1978 4 H 5 19955 #i7 5 2004; [LIA D 2009; fnH
5 20095 fhH B 20105 §hH B 2011), T 7205, BREUSN O KB EE TR 22 A9 IC R &
KE#HT D, ZDOX ) RKBERENRE S EBET D KMFITBN T, IRIRIIOTZAIL, A
BEZHERF T B 720 OAETFHRIE & L CTARICEL 22582 6Nn5,

BT IN—7 Bl BEXOW TV Vv—7 B2 T, Acartia J&. C. abdominalis 3 X" T

discaudatus DIRIRINEZEKFE DM 5313 9.6%LL T C. N. plumchrus, M. pacifica 33 XY
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O. atlantica DZFHRNIENERBE 21T 5 FEOME H RN 1.7%70 5 36.6% Tl Y &V 9 R
F DTz, R T 7 V—T Bl Tk, P newmanilX 61.9%0 5 77.8% D HEZ R L,
REIUMSL D 6 A ZBrE | BHEERIROZEEN 1.3 205 3.0 TIRAKUE o 72, FHIMIKEEER
AR E S EBHT D4R =2 7R RISV T, KiR2AS-1.8CICE TR T 58
B O MR T & 2mAKERIZIR O D, B2 5 < ARIEREOBEICHEZT TidZze <
A DD ED | FOKIIRCEF OB P newmani 38 532 2 L R CTEI2HERF O
—OThAIEEZXLND, T A Y IERERF Nova Scotia 35 K OHLIHE LTI,
P newmani3 0 ‘C/»6 15°CHEE TEALBE FZA & < 72 2537 & 117 (McLaren et al.
1989; 10 - & 1997), HZ, RS O HE 2 8 DITE O KIRITRERIHN L 0 HARW 720,
P newmani |3 E BV T b REBUHS CRIAREZ AR 2 2 R & E 2 BN D,
AMFZETIZ, BEBAHIN O 1 AR OO0 £SO 1 A5 3 Ik
KPR ZE) ZLICKVRHEZTI ZERHRRhoTc, LinL, AFRD
Bray-Curtis FULUETEH D 7 7 2 2 —fEHTIZ L0 | REEUNNE L OMERIHSN O 12 A D A
TUVEBRIZRIC N =T Tholo, £7o, REEUINOROKE (2 H225 3 H) B LU
WNDFEZ (4 A L6 A) 1L P newmani 3 E\WVE HEEZ 5O RIC 7 V—7 10 LT,
WAL S KBRS MRV R K DB 2R 2T D2 M Th o 7o, AR — 7R i
BWTH 1HG 4 HI3fpkARim %485 (Aota 1979), BEBUIHN ORI RS AWFZE
THAEZIT O 2 ERHBRR D o TR I T D AR — > 7 Rin ik o KSR, HUHER
M RK DB Z BZ T TWIE T Th L, BLTHL, IS O 1 A 3 ADUAT
VRO YT N —T Bl IR T AMEMIE TH o T2 R H YV . P newmani 73 /&

EEREZEDTWEZ ERTREEIND,
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Table 3. Averaged abundance (ind./m3), Shannon-Wiener diversity index (A) and

number of species of copepods at St. A (inside Lagoon Notoro-ko) from 2014 to 2015.

Species Feb  Mar  Apr May  Jun Jul Aug Sep Oct Nov Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 62.4 37.5 75.9 4936 4874 6443 4816 12.0 3764 1659.2 959.0
Acartia longiremis 61.1 70.1 2278 712.6 350.8 153.6 0 0 0 0 735.9
Acartia omorii 44.0  41.2 493.7 5273 6156 4540 607.8 9.8 209.0 557.0 1205
AETIDEIDAE
Chiridius
Chiridius popper 0 0 0 0 11.1 52.3 0 0 0 0 0
ARIETELLIDAE
Arietellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 2.8 0 0 0 0 0 0
Calanus pacificus 0 3.6 0 4.8 0 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 11.8 4.7 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 434.6 0 0 228.2 5.6 24.2 6.5 3.0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 651.4
Clausocalanus pergens 0 0 0 0 0 104.4 2024.2 2149.7 654.1 1113.6 3764.3
Pseudocalanus
Pseudocalanus minutus 32.0 36.7 38.0 0 4.5 32.5 0 0 0 0 0
Pseudocalanus newmani 1351.8 1174.3 2430.4 2339.3 3537.7 2071.4 1603.6 660.1 257.4 618.8 1418.8
EUCALANIDAE
Fucalanus
Fucalanus bungii 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotensis
Metridia pacifica 1.7 0 0 1.8 17.2 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus parvus s.l. 13.5 0 1139 30.1 137.1 183.8 1184.1 879.6 2105 539.2 18.1
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 14.0 4.1 25.5 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 9.5 0 0 0 0 0 0
FEurytemora
FEurytemora aftinis 1.7 2.1 0 0 13.2 40.2 88.0 0 0 0 0
FEurytemora herdmani 0 17.3 0 1.7 33.9 32.5 24.6 0 31.5 0 0
Eurytemora pacifica 0 0 38.0 0 244.3  46.8 3.3 0 0 0 814
THARYBIDAE
Undinella
Undinera oblonga 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus discaudatus 0 0 75.9 0 369.1 2164 2974 413 0 47.8 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 409 21.2 1519 994 180.8 5059 368.7 160.1 1209 50.8 205.7
Oithona davisae 0 0 0 0 20.6 5.3 0.4 0 0 0 0
Oithona similis 1175 137.3 1519 3425 4914 489.7 704.8 1245.0 3359 1082.4 1394.1
Total abundance 1738.7 1546.1 3797.5 4987.6 6541.0 5037.2 7642.2 5163.2 2219.9 5675.3 9352.1
H' 1.3 1.3 1.9 2.1 2.3 2.9 2.8 2.1 2.7 2.4 2.5
Number of species 8.3 7.4 10.0 7.8 11.5 11.5 10.3 6.8 8.5 7.8 8.5
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Table 4. Averaged abundance (ind./m3), Shannon-Wiener diversity index (A) and

number of species of copepods at St. B (outside Lagoon Notoro-ko) from 2014 to 2015.

Species Apr May Jun  July Aug Sep Oct Nov  Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudsonica 3.7 0 79.5 108.6 5.4 0 0 0 142.4
Acartia longiremis 62.6 189.8 0 9.9 0 12.6 14.2 0 142.4
Acartia omorii 3.7 31.2 39.8 0 10.9 12.6 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 3.3 0 0 0
ARIETELLIDAE
Arietellus
Ariestellus simplex 0 0 16.8 0 33.4 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0 7.1 0 0
Calanus pacificus 18.6 27.6 16.8 108.6 0 3.3 35.5 93.0 0
Neocalanus
Neocalanus cristatus 0 9.8 19.9 9.9 0 12.6 17.1 0 0
Neocalanus plumchrus 142.5 219.4 116.3 609.3 0 86.2 34.2 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 36.8 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 73.6 184.8 8974 334.6 31.0 37744
Pseudocalanus
Pseudocalanus minutus 17.2 9.8 0 0 5.4 0 0 0 0
Pseudocalanus newmani 1157.1 4127.3 969.8 2998.8 679.0 260.4 259.3 712.7 1780.4
EUCALANIDAE
Fucalanus
FEucalanus bungii 6.7 68.6 73.4 0 0 0 17.1 0 0
METRIDINIDAE
Metridia
Metridia okhotensis 0 41.3 16.8 0 0 0 0 0 0
Metridia pacifica 0 198.3 136.1 384.9 443 44.1  104.0 93.0 71.2
PARACALANIDAE
Paracalanus
Paracalanus parvus s.1. 43.4 1882 16.8 302.3 166.4 4864 2719 1549 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0
FEurytemora
FEurytemora affinis 0 0 0 0 0 0 0 0 0
FEurytemora herdmani 3.7 0 0 0 0 0 0 0 0
Furytemora pacifica 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinera oblonga 0 0 0 0 0 0 7.1 0 0
TORTANIDAE
Tortanus
Tortanus discaudatus 4.7 0 0 0 5.4 0 0 0 142.4
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 141.6 446.6 120.1 2016.0 3483 266.4 168.1 1394 427.3
Oithona davisae 0 0 0 108.6 0 0 0 0 0
Oithona similis 262.9 4245 213.4 1523.6 186.9 3839 296.0 3254 640.9
Total abundance 1868.4 5982.4 1835.6 8254.0 1670.3 2506.0 1566.3 1549.4 7121.6
H' 3.0 4.4 6.9 1.6 1.4 1.3 3.0 0.9 1.9
Number of species 8.3 8.5 9.5 8.0 8.0 8.5 9.5 7.0 8.0
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Table 5. Mean abundances (mean * standard deviaions; ind./m3) of main copepods
during ice-free season (April-December) from 2014 to 2015 inside and outside Lagoon
Notoro-ko. Differences of the mean abundances between inside and outside the lagoon

were tested with Mann-Whitney U-test.

Inside lagoon (St.| Outside lagoon :
A) (St. B) U-test
A. hudsonica 522.7 + 656.7 | 237 + 59.1 ok
A. longiremis 199.3 + 3709 | 55.2 + 949 ns
A. omorii 395.7 + 4084 | 12.7 + 30.5 *
N. plumchrus 0 + 0 143.4 + 230.4 *ok
C. abdominalis 70.4 228.5 3.2 15.0 *ok
C. pergens 919.3 + 1721.7( 352.3 =+ 825.2 ns
P. newmani 1629.7 + 1754.9|1670.0 + 1886.9 ns
M. pacifica 28 + 104 | 113.0 + 153.3 *ok
P. parvus s.l. 380.1 + 5074 | 214.8 =+ 266.7 ns
O. atlantica 226.8 + 2975 | 471.8 + 608.1 ns
O. similis 635.7 + 546.5 | 443.6 + 459.9 ns
T. discaudatus 140.2 264.6 7.5 29.1 *k

**. p<0.01; *: p<0.05; ns: not significant
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Fig. 15. Location of the sampling stations: inside Lagoon Notoro-ko (St. A) and in an

adjacent coastal area of the southwestern Okhotsk Sea (St. B).
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Fig. 16. Seasonal changes in averaged water temperature (‘C) at St. A and St. B in and

out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate standard deviations.
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Fig. 17. Seasonal changes in averaged salinity at St. A and St. B in and out of Lagoon

Notoro-ko from 2014 to 2015. Vertical bars indicate standard deviations.
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Fig. 18. Seasonal changes in averaged Chl.a concentration (mg/m2) at St. A and St. B in
and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate standard

deviations.
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Fig. 19. Averaged Chl.a concentration (ug/L) of algae on the undersurface of sea ice at
inside Lagoon Notoro-ko (St. A) from 2014 to 2015. Vertical bars indicate standard

deviations.
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Fig. 20. Seasonal changes in averaged total copepod abundance (ind./m3) at St. A and St.

B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate standard

deviations.
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Fig. 21. Seasonal changes in averaged Shannon-Wiener diversity index (A) at St. A and

St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate standard

deviations.
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Fig. 22. Seasonal changes in averaged number of species at St. A and St. B in and out of

Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate standard deviations.
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Fig. 23. Seasonal changes in averaged abundance (ind./m3) of Acartia hudsonica at St. A
and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 24. Seasonal changes in averaged abundance (ind./m3) of Acartia longiremis at St. A
and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 25. Seasonal changes in averaged abundance (ind./m3) Acartia omorii at St. A and
St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate standard

deviations.
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Fig. 26. Seasonal changes in averaged abundance (ind./m3) of Neocalanus plumchrus at
St. A and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 27. Seasonal changes in averaged abundance (ind./m3) of Centropages abdominalis
at St. A and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars

indicate standard deviations.
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Fig. 28. Seasonal changes in averaged abundance (ind./m3) of Clausocalanus pergens at
St. A and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 29. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
at St. A and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars

indicate standard deviations.
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Fig. 30. Seasonal changes in averaged abundance (ind./m3) of Metridia pacifica at St. A
and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 31. Seasonal changes in averaged abundance (ind./m3) of Paracalanus parvuss.l. at
St. A and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 32. Seasonal changes in averaged abundance (ind./m3) of 7ortanus discaudatus at
St. A and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 33. Seasonal changes in averaged abundance (ind./m3) of Oithona atlantica at St. A
and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 34. Seasonal changes in averaged abundance (ind./m3) of Oithona similis at St. A
and St. B in and out of Lagoon Notoro-ko from 2014 to 2015. Vertical bars indicate

standard deviations.
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Fig. 35. Seasonal changes in species composition (%) of the copepod community at St. A

inside Lagoon Notoro-ko from 2014 to 2015.
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Fig. 36. Seasonal changes in species composition (%) of the copepod community at St. B

outside Lagoon Notoro-ko from 2014 to 2015.
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Fig. 37. Dendrogram of seasonal groups of copepod community at St. A and St. B in and

out of Lagoon Notoro-ko classified via Bray—Curtis similarities.
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F2EE2E. REEUN L BER AT —Y VIR EBRICB T B Pseudocalanus newmani D&

itd S

1L HR

Pseudocalanus J&I1FALHEER DIER ) BIRA OIS /N D T T XX B AT
VHET, MEICRT 28T 77 P UOMETTEET LI EBH Y EEEESR DR
BREZINT—Z@MREEFBEALBEBEREHZRIZL TN LB TVD

(Corkett & McLaren 1978), Hiff, HADEEIZIVNT Pseudocalanus JEIZ13 7 A7
T ZenHmEShTEBY (Frost 1989) . T/, APERE R L OFHIHE R
DT ENALMMIEINTE 7= (McLaren et al. 1989; Bucklin et al 1998; Napp et al.
2005), HARDMEDWEHKIZIX P newmani & P minutus D543 52 ERFMBNATED

(Mori 1964; Frost 1989; Yamaguchi et al. 1998), P newmani % Pseudocalanus J&® 9
B, AP TR O MEICOMT 5 2 LN TE 2 - IR CTH Y (Frost 1989; Hoperoft
& Kosobokova 2009), FIZ/KE 100 m LR DOEMEHKIZ /049 % (Sazhin & Vinogradov
1979; (hh - HE 1997; Yamaguchi et al. 1998),

REH R L ONE AR — 7R IIZ 31T 5 P newmani 1371 A 7 HBHEDOH T
HiAIC S L 70 5 (85 1 &5 2 2-1 &5 Asami et al. 2005; Asami et al. 2007; Asami et al.
2010a) . #FiZ. P newmani (IAKIEAKYE 55 00 RF{# 2 £7 O HHE AR O KL AN 3479 2 W]
WCEBEERDZERH LN E o (15 §2-1 %), — 4. P newmani 3" KIBIC
BWTAT b X7 OTEREAEY TH S (Kamba 1977; Nakatani 1988), £72, A d—
Y 7 WA BB WIS R O BRI Th 5 (Asami et al. 2005; Asami et al.
2007; Asami et al. 2010a), < D7=%., P newmanild, NiIHgOWFEAERRIZIIT 5 8
ff (key species) & LTOERENEZHSTWNWD EEXDLZENTE D, FHIMHEKIED 5

AL Hudson &4 A —Y 7 WHIZIE T DIEENHO Y v < TiX. P newmani & P
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minutus /5% % Pseudocalanus &7 A4 7 VX, WK P CEXT 27 A AT LY —5H
DUNTHEK TR 7 Z > 7 b FEMBPIZE A L (Runge et al. 1991; Hattori &
Saito 1994) . & OERIIWKEE% D P newmani OEREEE K OER & 72 5 2 & 03 EH
SNTW5 (Rungeetal 1991), ZIHOMZEIL, MKOERIZE DT A AT VI —B X
Ot 77 > 7 b v OWGEN . P newamani OEATEBIREIC B A 5.2 5 2 L 2R LT
W5, IR KT RN = 5 YR 51T 5 P newmani DEEFEENRE 2 BLfiE T 512
X, FOKZ S CTRMIZDTe - T P newmani DEREA T A MERNH DH, £ 2T, K
BT, YRR D P newmani {BEREDENE L Z DEBA =X LEHLNITT D
72T, B2 E 1IETHELNLY T L E D TRR R OB & BREEZ K O BfRM: 4

HOENITHZ 2 HE LT,

2. MBS L OH
2-1. KEREOBIHII L O Chl.a B E OHIE

AWFGECRENTIZ W= 30BN T, REEUMIN @ St. A TIL 2014 42 2 A6 2015 4F 12 A | B
HEUigt o St. B Tid 2014 45 L0 2015 AEOFEROKE (4 A0vD 12 A) IZfrbh izl
FoTRESNTZHLDTHD GELIFHE2E 1 #izZM), KRB L OHESIZ OV T,
BEBUMIN Tl Compact CTD (ASTD103, JFE 7 K/8v 5w 7 #E8) | BEBUBAN T i,
Compact STD (7 L v 7 E+H) ZHWT, WL HEEE £ CHE L7z, Chla &
FEERIE R OFRAKIEL, BBEUANTIZ 5 E 6, BRI TIL 6 @ b2 6 LN F—
VEARERERHWTERI L7, I L7ZHKEZARZR 10 pum BER2 pm DA T L7 L
4 — (Whatman tEH) 725N T A~ 4 /L% — (GF/F, Whatman f:8) Tigit
LN, N-ZAF R LT X K (DMF) TEE e 2 | 20 (Model 10-AU,

H—F =T WA AH) ERHWTENE (Welschmeyer 1994) 125V Chl.a B (ug/L)
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ZRE LTe, BBUMNOROKINC IS 1T 2kHED ChLa BRI, 7 A A4 —HIZ X - THES
NTEER T em OKFEOHIK FEHNDIES 5 ecm ([ZOW T, KA ffE X E7-%, ChlalRg
FEERRE LTz, AL TIE, &Y A XD ChlaiRE %2 A7 L TR Chl.alR 2R L, KA
R & L TR Lz, AimTlE, 2014 i L 2015 FoK A OFAHEELFH L, 2 4

R OEE & U TRTIZ W2,

2-2. Pseudocalanus newmani DR X O5HT

FEMTIZ T2 Pseudocalanus newmani# %, HE 100 pm @ NORPAC net (A% 0.45
m, IR 1.8 m) Z MV CTHREEUN TIIAKEE 156 m 25, BEEUMSN CIE/KEE 50 m 7> 6 $HiE
HTRESNTELDThole FELKIIH 2 E 1HiaSR), BREXEHITLIzAr~ Y
VTR EEDS B%IZ72 % KO IZIEE Lic, [EE L72RlBHE, B0 77 428 200 fEIRLL EIC
725 K OICHEEITE U T HRSEIRRT 12 05 132 1238 Uiz, % L7oalbHET EIREH
WEEF T P newmani D a~RZ A MICOWT, K& - W (1997) 12HE- THRERE %
TV, R BPSICEAREA GH L Te, 2R 2 A & 6 B>V T, fRyiEikof g
L HAESE  (Prosome length; PL) #IE L7=, 2B, a~KZ A F 3HILL FOEKIT P
newmani & P minutus OFEH|R]3 N EE T & - 72728 Pseudocalanus J& & L CEHE LTz,
L2rL, P minutusi¥ 38.0 ind./m3LAF & DTN LNHBLLARD 722 &0, a~0R
Ak 3 #ILL T Pseudocalanus J&IZ DWW TIX, P newmani & L M L7-,

B R BEE D P newmani O /KFEEE OEAEE E (Abundance: ind./m3) (32U F 0%
MWTHEH L,

Abundance=n/(rixr2x Lx#/T) I p

2T, nlFEHE, iRy MR (m) LIZREERE (m) | ¢ 13N OUEAKFHEIEREL
T VI ER OUOKFHEIR S, p i3I e L, sBBuofKHIMICIE, BA 100 pm DY

Y% v b (B££0.8m, fIlE 1m) 20T, KE1ISm M OHMERICEVEEL, V
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YRy MCE DB TR, RlTIiEKE 100%HEK L7 L EL T (dT=1).
AR D3> &K R R B D P newmani OEEEEE 2 R, £ LT, ROLNTEET
— 2% HWT, 2014 FRB LV 2015 FOFHELSHA ZLICREE L, 2 FOFHHEE LT
FRAT I FH VN2,

F R B OB BRI LR X 2 ~R A Ak 6 10 PL OFREIZ G O W4 Hlr4 2 7=
W2, 9, FHOT —HIZOWTERMEL LOESHEEZRE Lo, ERMEICO W T
Kolmogorov-Smirnov f& & THIE L, EHHIEIC DWW TIX Bartlett e 2 U o, IESUE
BLOFSBMEELHR TE L bDIZH 0T, — el @ o (ANOVA test) Z4TVY,
IEHIMER LOELSBIED EH 5T hiER TE R o256, Kruskal-Wallis test % H
Wiz, AR BRSO BB O MO T, A 2 FfE (Chi-squared test) % M
W, TRHOREICIE, HEHLEEY 7 b= 7 G (BellCurve #1) % Wiz, 7235,

ETOMREDHBKEL S % E LT,

3. MR
3-1. fEAEEE B DEHIEE)

REBUINICIS I 2 2~ R & A k6 Wil (LA C6 HillE) o P IS B 13 A B 7 i A
fi) % 7~ L7z (Kruskal-Wallis test, p<0.05) (Fig. 36), C6 #lE I KM o> 2 AIZ 1869.4
ind/m3 OFEFEBHEZRL, 6 AICH 1364.1 ind/m3 DWKEZRLZ, C6 HilEi: 9 Anb
10 JITIEHE L7222 7223 11 A S B OB RO S 41,12 H O AL 1T 414.3
ind/m3 T L7z, £72, 2 AD 7T AB KO 12 AICHINEERI HEL L 72, sEEGsMC s
7% C6 HMEix 5 H1Z 988.0 ind./m3 DK Z/R L7z, £D% C6 ML 8 A5 10 HiZ
100 ind./m3 (2 F TR L7y, MHRALL TSR 57280072, BEESMZ BV T,

PIMEAIT 4 H2v5 6 HICHIBLL 72,
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REBUMNICE 1T 2 2R & A b 6 #ilE (LLF C6 HilE) O F-XE K I3 A B 7 A
)%~ L7z (Kuraskal-Wallis test, p<0.05) (Fig. 37), C6 Hikti% 2 AHIZ 1324.5 ind./m3
DIRKRFEE 2R Llc, T D%, FEEEREREEIL, 3 H121% 353.6 ind./m3 (22 L7278, 4
AB L5 AIZiF 1262.2 ind./m3 8 X Y 1244.4 ind./m3 |2 F THMM L 7=, C6 HkEIL 8 A »
5 10 A121% 63.4 ind./m3 LA I VR 2 b S 728, SFRE LT 11 A ARSI L |
12 H121% 662.2 ind./m3 (2 THAN L7z, BeHG#ASt o C6 HikEiE 5 H1Z 552.0 ind./m3 Dix
EEEAZRL, THIZH 381.0 ind./m3 DI KA/~ L7z (Fig. 37), £D#%., C6 HilED V-1
BB X 8 A6 10 HIZIE 34.2 ind/m3 LA FIZH L7223, 12 A121% 213.6 ind./m3
W L7z,

BEBUHINICIIT B a~R & A k5 H] (LU C5 H#1) O PRSI A B /R FE A8 %
s~ L7= (Kuraskal-Wallis test, p<0.05) (Fig. 38), C5 #ID FY¥EMAEEE X, 2 A2 624.4
ind./m3 Z ik L7228, 3 HIZiE 153.1 ind./m3 (28D Uiz, “EHEAEEEIL 4 A 6
HIZ1% 699.6 ind./m3 25 978.6 ind./m3 O CTEE) L7z, 2Dk, C5 HILE AL %
b S, 10 A121% 26.8 ind./m3 (2 F T L7z, C5 Hiid 11 A LIRRIEBL L | %1% 506.0
ind./m3 |2 F CHN L 7=, e BUMSMC 31T 5 C5 WO SEHEAREUE 1L 4 A5 5 H121%59.0
ind/m3LL FCTH-o7=n, 7 AI2iE 381.0 ind./m3 (¥ L7 (Fig. 38), T D#%., C5 oD
SRR D L, 9 AT 33.7 ind./m3 2 THD Lz, FHEET 9 A U9
2R DI A A E R LT,

BENUMIPNIC I 5 a~R &1 b 4 8] (LLF C4 #1) O VERIAEEEI3A BT LS %
~ L7z (Kuraskal-Wallis test, p<0.05) (Fig. 39), C4 D EMAEEE L 2 A2 269.0
ind./m3 TH o722, 3 HIZiX 67.1 ind./m3 |2 F TR LTz, ZD%., FHEIRLIE RIS
ML 5 AR R 547.6 ind./m3 |23 L 7o, EAMEREORE I 5 H LIREBAE R 27 L
10 A121E 63.9 ind./m3 DF/NEEZ /R LT-, LavL, C4 #HIiE 11 AICEFEEE % 386.0

ind./m3 (2 F THEMSE, 12 A LRBEOEE (377.51ind./m3) ZH#HEFE L7, BEEBUHIMNCE
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7% C4 BIOFHEAEEFEELIT 5 ALY 7 AlIZENZH 147.6 ind./m3 B LW 419.5
ind./m3 DR %R L7z (Fig. 39), “FMEMEEEIL 7 A UREEA L. 9 A2 S 11 AidiE
31.0 ind./m3 LA F Tdh - 7275, 12 A121F 213.6 ind./m3 (ZHIM L 7=,

BEUMINIC I B 2 ~RK 2 b 381 (LLF C3 1) O B RS 13 A B e i L #h %
7R L7- (Kuraskal-Wallis test, p<0.05) (Fig. 40), C3 Hi> VIR EIL, Fokio
2 A75 3 AICIE 63.1 ind/m3LL FCho7zAs, 3 ALRERER & 7220, 5 A12iE 319.5
ind./m3 DK %R Lz, FHFAEEKERE L6 A1 95.9 ind/m3 2% TR L7223, 7HIC
1% 800.4 ind./m3 (T L7z, D%, C3 L FHME AL E 28 S, 10 A12iX 83.5
ind./m3 DRAXFEE 2R Uiz, LU, FEMEREE T 11 A 12 396.5 ind./m3 1 £ TREIHK
[ZHIANL . 12 A2 % 218.4 ind./m3 O FLERAY @ 5 L A ffERr L7z, REHURISMCISIT 2 C3 Hlod
ERHEAREEEEIT, 5 AR KON T AIZE£4 212.5 ind./m3 3 X OV 475.7 ind./m3 DR K %
RUZEA, 5 HETHZKRLS & 94.0ind./m3 LA FOKRBE TH-7= (Fig. 40),

BRI 1T 2 =~ b 28 (LLF C2 Hf) O FEE S FE 1% 4 H1Z 380.5 ind./m3,
7 H1Z 325.5 ind./m3 B LN 11 AIZ 365.7 ind./m3 DKz~ L7- (Fig. 41), REEUMAMC
B 5 C2 WIOEREREEEIL 5 AB IO 7 HIZZE4 462.3 ind./m3 35 LY 458.7
ind./m3 DK% L7z (Fig. 41).

REHUHNC I 2 a <R 2 A~ 1H (LUF C1 1) O EREE I, HEZ2@m LT 175.5
ind./m3 L F T - 7= (Fig. 42) , RBEBUHIZMZ BT 5 C1 M0 S FEAEE S FE 1L 5 A 12 1694.9
ind./m3 O KEZ L L7- (Fig. 42), LU, ‘FHEEEEEIL 8 Hnd 11 121 56.1

ind./m3 L FOREETH -7,

3-2. IREBMMRDOEELH
RREGMIC 1T D Pseudocalanus newmani DEEBEBEMIIA B L2BHATNED b

(Chi-squared test, p<0.05). 2 A72>6 6 AT TiL Ce # (HEks L OMEDAEE) 2MER
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B D 55.9%0°5 75.2%% 7= (Fig. 43), L L. C6 HIOEKEEHIZ 5D HEI A1 8
A6 10 HIZiE 1.8%72 5 6.4%23 LTz, C4 HILL T O B FE OARV MER DEIA 1T, 2
Hne 6 HI21310.1%05 27.1% Th - 7245, 8 H7H 10 1213 68.3%75 5 85.6%IZHiN
L7z, 11 ALIBE, BN Ce HIOBIGR ML, 12 AICIXEEREED 46.8%% (7, —F C4
LU FOBROEIGIE, 11 12X 55.7%., 12 A12iE 31.9%I2 % TR L7z,

REEUAMNC BT D5 P newmani O EEBBEMEKIIAERZFHELENE DO LT
(Chi-squared test, p<0.05) (Fig.44), 4 A5 5 AlZiE, C6 # (Kb LMD EE)
BLOCILEIOEIGIZFETH Y . C6 WL 37.3%0°5 47.1% T, C1 HIiF 41.1%7° 5 45.1%

Thoi, 6 AI2iX C6 HIOEIAIL 81.6%IZETHMULIN, TOHEATRA L, 8 HIC
IX 8.5%ICFE T Lz, —J. C4 HILLTOBEROEIEGIEL, 6 AL 74% TH o728,
AND 9 AL 58.6%71 5 69.3%IZHIMN L7-, C6 MDEIAIL 8 ALRML, 11 AlZiX
C6 HINMERHED 60.9%% HH7z, C4 WILL T OMEEDOEIGIE, 9 ALREA L, 11 AiC

13.0%IZF TR L7228, 12 AICITH O 64.0%I2 £ THEIN L 7=,

3-3. aNRF A |+ 6 HMEDRIATT R OFHLH)

REBUANIZI1F 5 P newmani © C6 Ml DR E (Prosome length: PL) |38 &
7R ZEEIAMBTRD b7z (Kuraskal-Wallis test, p<0.05) (Fig. 45), C6 i -1 PL
2.2 H® 0.88 mm 75 4 A ® 1.00 mm (Z¥EHI L 7=, & D%, ¥ PLIZBEAE 2R L
8 HIZ1% 0.67 mm £ T L7z, ¥ PLIL 11 A & 12 A2 0.80 mm (2 F THEIM L7,

REBUHISMZ 51 D P newmani @ C6 WD) PL & A ERFHEH RO Sl

(Kuraskal-Wallis test, p<0.05) (Fig. 45), BEEHISMIIU T b REHH & [FIERIZ ) PL
(T, 4 H?D 0.94mm 725 9 H? 0.60 mm F TR 27 Lz, £ O% V14 PL T I

MmAZ7rL, 11 HBXON12 A% 0.84 mm (2 F TN L 7=,
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AWFZRIE, FERICHEKSERR S D AR — 7 MEm IR IC B\ T, JAEICED D T
XABHAT VHH Pseudocalanus newmani OEIKFEENRE & BERBLEN & O BEFRME 2 R H B
BB DS L2 CORE TH D, P newmani 134 EER OISR H I 0459 5
WM/ D T A TV TH D (Frost 1989; McLaren et al. 1989), H AJE A #EEIC H
B9 2% P newmani . Kii 15CLL T OBWIRAMICHBLS 2 Z L@ S TWD (L
M- 572 1997; Yamaguchi et al. 1998; Arima et al. 2014a), 4 H»»5H 8 HIZ/H T TAH—
Y 7 RN R CAT DIV FIE T, R RO ML T BRGSO SRR R AR AT D
REHCIE P newmani OB T 70 < ARIRAKIE 73 O /KEL 5409 2 A CHUAF D & <
75 EHEIN TS (Asami et al. 2005; Asami et al. 2007; Asami et al. 2010a), A<
XOH 1 ETITo72 4 AN D 12 H OIEROKINC I 2 BEEUAOMFIE Tl HHERMEITE R K
DA & P newmani 3BT DRI —E L, EFEOEKBIIITHBELL 202 L0838 5
NEipol (1), L, BHLEYZ7 7 horxy hOBAMN 330 um THOH | P
newmani DY A Rk LTRE pofzizsd, KR (C5 HILLT) OF4 72 6k (C6 #)
OHAFED /NG L TV e 2 EIEEE TE RV, RAFEICBWT, REZEDZ P
newmani V%, FHERHET R KD 5 12 H26 6 H (Fig. 29) (TR 3@\ O3,
FRETRAD AT D 8 AS 10 A (Fig. 29) ICHLHEANRBO bz, BEAT —V#E
(ZAERREENRE & T L 72IF. P newmani & (C6 it K OMEDAFE) 13, REHUHING
K OREEGIMC BN T 7 A2 10 A2 T 35.7 ind/m3 L FOIREBECTH 72, P
newmani (ZAHREEILIHIZBW T, 15CEB2 2KIRTIX, EBLOVESFT D 2 L3
LWwEEbid (o - &8 1997, AFR—Y 7R R IJKEN 15CE#B 2 5
2, EILFhOEZED Chla #FE (1 pg/l) (2~ (LD - BB 1997), Y%k Chla
FEFE (2 pg/L) En 2 &< (Fig. 18) K8 TIIKIE2 15°CLLFIZ72 5 Z & 5 (Fig. 16) .

IRE 722 DD P newmani SAFHB LI LB R b5, BFEORREEBOEKNA
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FAR OSBRSS FE OO ITRAE L 0 BB Th o7z, 7o, C4 WILLT ORAE D
BEEFOEIENRAEL Y bEhoTo, TNHDZ E0b . REMRIZEAR L D &I
EVVATREMEDN R S 4U72, HHERIRIRE SRR DS B ) A ¥ Lkded 7= 11 A LIRE (Figs. 16, 17), FX
RO BEE M LTz, 2 b OFfERIT, FHERWET R K S REBUIC AT 2 2 &1
Lo T, P newmani FEERINICBAT L M2 RTHDOTH D,

P newmani %, @AKIRMSCEIA R OEBBREEN AR, BEERCY A X0
NAELDEHRESH TS (McLaren et al. 1989; LM - 5% 1997, Yamaguchi et al.
1998; Arima et al. 2014a), AHFZETIE, BEHUHIPN IS L ORERL#SN O P newmani C6 H)itf
® PL 25, BFRNOLKFEINT TRADT MRS, ZhbOERIL, BEN LS
2T TREEUMINSS O B newmani C6 WMt D /£ BEREE NS Nl 70 BRIEA~E L LTe 2 & 2 B IR
T 5, BEBIAAN T, Chla EIX@EA@M U T 2 pg/L LA ETHM L, FOKEIZIET A 2
TNY— BN DMK FEO Chl.aiREOMmK (20 pg/L) 2353® b/ (Fig. 19), —
. REEUIAN I, 8 A D 12 HIC Chla X 1 pg/L A FICiA L7 (Fig. 18), 2@
£ DT, REIHIAN & BB TIERRHREE N B2 5 L b o2, EH 51280 TH C6 H
MBS d & O PL SEICHETE D O BT TR Lz, MEIESR L b, BRI
KA ARFKIRD 15°C (10 - &8 1997) #1252 L5 b, P newmani DY A X
DAL, BENPOKEICT TOKIED LA Lo Tl &R Z Sz Ebh b,
TEPMEITAERKIRD EF & & 1283 % (McLaren et al. 1989), L»»L., EZ® Chl.a i
X, ABLOEFICHRTKRS 22 o7 (Fig. 18), T72b b, @/KIRERREIZHIT 28R 2
%, P newmani DWMAEREZIKFIE5Z L2720 lREHRENMETN L OMUYLL, Hfk
FNCITAERIRIE L RV AFET L 2B TERIRBRDLIDOTH A, £o. EEFEBLUOKZEIC
B Uiz PLIZ, AFICHOHIN L, KRB X ORI DS OURE /R BREE & e o 7272
2. KA XOEMB A N0 E B D, MEEHAS—Y Z7ifnERICKITS P

newmani DIAFEIS L ORY A K3, FEBRGTRK & BRI R K OFHIB K ZED



B LKIRDOREE T TlEel, ZRUCX > THIERZESNHIMWM T 77 b DHE
D& REERNREBELZT H00b LR,

AMFFE T, AKIED 0C % FRIDEREEDORKS (2 A7225 3 A) (Fig. 16) (& P newmani
RS R CHIE L7z, £, Mok o Ce Ml EAICI VT, sl L TV b ER %
#l%2 L7z, Canadian Arctic Archipelago <CPEHALK FEEEI Filkds K OV 19 {8 AR — > 7 i
IR DK FIZB\WT P newmani % Gt & oD Pseudocalanus J&1%, KFHEH OFE
W77 NoRMEK IS BT DT A AT N —2ERICERT L MG TnD

(Conover et al. 1986; Runge et al. 1991; Hattori & Saito 1997), AHFFEIZI T B HE K
M (2 H5 3 H) OAFED ChlalEid 2.9 ug/L LLFTh-o7- (Fig. 18), —J7. kil
MO T7A 27Ny —E BN AWK N O Chl.ai#EiX 12.9 ug/L Th - 7= (Fig. 19),
L L., 4O Hudson IEFOKIICE T, 74 AT /LY —BLOMEKE FO Chla i
FERAMTE & FRRE S > 7212 b2 0b b oK FIZBIT 5 P newmani O BUAF &8I 1RE
Toh-7 (Runge et al. 1991), Hudson {&ZTlL, KM P minutus DEAF&EN P
newmani XV @minrolc, BEHL, KVIKEICHE L CW% P minutus’d. P newmani X
DOHSHINT D ZENTELDOTHS D, AWFETIE, FKIIR T P newmani i3 A7
HAREEE T T 67%700 5 93% T 5 L 7=, P newmani O % £ FE 13K IR OIK FI2fE - Tl
T5ZERHESNTNSD (McLaren et al. 1989; Lee et al. 2003), L2»L., AHFSE T
B HAVZREBGHN OFEKINC BT % C6 HIMED KX, BERT A AT VT —H 5K
TN T Z 7 s FIIFZEOm G 2R L TERARNEM LI b0 & Bbhi,

P, newmani (I ERAL AR FEicds KO ERAL R PEFEIZ IV T 3 [EI0 D 4 Bl HEAAL
R&E1TH EHESN TS (McLaren et al. 1989; (L1 - &8 1997), F£7-, WAL
FERFIRIC 31T 5 P newmani 1%, F¥KIRD 5°CORFCHARKRIIL 57 A CSEEIKIRD 7.2°C
DRI AR 2 43 B & KIRO EFIZ - THAUR# 2B < 72 5 (McLaren et al.

1989), —J7. ME/KIEEREE CIIMAERENME T2 Z &N @MESNTWD (Corkett &
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McLaren 1978), B WA A — 7 WA RO REEUHAN I L ORBBUASN CT1T o T ARWFE Tl
2405 6 ABLON12 AIC/hT THIN L7z C6 WIMERSHBL L=, —J7, 7 And 11 Al
TIMERIL ST, C6 WIMEIEBE Ch o 7=, REBUMNOKIIBREEIEZ, 7 A7 6 11 AL
LR OB 52 T KR <. D Chla BENME» -7 (Figs. 16, 18), AEEUHN
WZBIT D 2O XD eEm/KiRAL Chl.a BB 2d P newmani DR L OWRAEEIZ % 5. %2 C
WD ARENVENE X DL D, P newmani |3, BB TIRIRINZTEEC T 2 &0 5 sl v,

BEMAFZE D /KR & R ORIRZ B ET 2 & REIANIZIWT 7 A0S 11 Aotz
RMTHi, 8 AN D 9 HITHIPEER S L < ITMEAROMBRDSHERR S 4L 5 AIRetEN TR S
5. LU, BBEIHNO 7 Ab 11 BiZid, C6 Mok L OMaIIE AL HE L 725>
STz, BB E T D P newmanilX, 7 H725 11 AIZ/T T XY HE OEKREEE T
o2 MPAENREEY Lok, JERLTCRBEMED B D, FIAH (11 AB KON 12 A) ICHBT 5
P newmani f{ERHE, FHERERICEVEMAENR TS EZ X b, 12 HD 6 AT

T THREEHE TR TR TWL L ZE 2 6D,
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Fig. 36. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
copepodite stage 6 female at inside (St. A) and outside (St. B) Lagoon Notoro-ko from

2014 to 2015. Vertical bars indicate standard deviations. # mean hatching eggs.
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Fig. 37. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
copepodite stage 6 male at inside (St. A) and outside (St. B) Lagoon Notoro-ko from 2014

to 2015. Vertical bars indicate standard deviations.
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Fig. 38. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
copepodite stage 5 at inside (St. A) and outside (St. B) Lagoon Notoro-ko from 2014 to

2015. Vertical bars indicate standard deviations.
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Fig. 39. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
copepodite stage 4 at inside (St. A) and outside (St. B) Lagoon Notoro-ko from 2014 to

2015. Vertical bars indicate standard deviations.
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Fig. 40. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
copepodite stage 3 at inside (St. A) and outside (St. B) Lagoon Notoro-ko from 2014 to

2015. Vertical bars indicate standard deviations.
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Fig. 41. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani
copepodite stage 2 at inside (St. A) and outside (St. B) Lagoon Notoro-ko from 2014 to

2015. Vertical bars indicate standard deviations.
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Fig. 42. Seasonal changes in averaged abundance (ind./m3) of Pseudocalanus newmani

copepodite stage 1 at inside (St. A) and outside (St. B) Lagoon Notoro-ko from 2014 to

2015. Vertical bars indicate standard deviations.
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Fig. 43. Seasonal changes in composition (%) of each development stage of

Pseudocalanus newmani at inside Lagoon Notoro-ko (St. A) from 2014 to 2015.
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Fig. 44. Seasonal changes in composition (%) of each development stage of

Pseudocalanus newmani at outside Lagoon Notoro-ko (St. B) from 2014 to 2015.
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Fig. 45. Seasonal changes in averaged prosome length (mm) of Pseuodcalanus newmani
copepodite stage 6 female at inside (St. A) and outside (St. B) Lagoon Notoro-ko from

2014 to 2015. Vertical bars indicate standard deviations.
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5 3 F. BEEUNICRIT D04 7 VEOME LA ORI E) & I R B O BELR

1. HXR
WY VL AT AR NTB I O W B RY AL FRI BRI B 2 7210 Tle < (FREFR 1984) .

T N UORHEREICLRETHZ ERMLILTEY (Devreker et al. 2008; Ganon &
Lacroix 1981; Krumme & Liang 2004; Zamorano et al. 1991), 77 7 kU RHEEDOLEH)
ZBLT, AEBLOEAEMIIREREEL 52 2 etEn & 5 (Alldredge 1980) ., HE
B OWARITIT IR OFEER D72 < 0 FITWIIZ K - TERA S — 7 ¥in ko K8 &
ZHEINDEEZ BN TS (Nishino et al. 2016; FE¥F 5 2014a; FEEF S 2014b), Adh
ST B TREEUM & B AR — > 7 W RO R A i L7/ R WER CIEEF
ZILRARBET R AT I HMERNE R O KBNS T 5 &\ o FRiZE 2R L (5 2
B 1A . 2 ORI BRI O AKBES AR — Y Z R IR LTV D Z L Bk L,
I IZ K DU Z > TN D T EEZRIBLTWD, RREGH & B RA R —> 7 ifiin
W & DU KA MBI T/ NFIRF T 3.8%107 m3/day, KIFIIRF Tl 7.2x107 m3/day N XD &
AL DTS (L EREFFCEIRFLA M 2004), REEUMOIT/K&EIX 0.5 kmd & #Hifh &
NTERY B RN 2011) . BEEGADEAKIZ—H M720 7.6%0° 5 14.4%%8
BINDZ LT/ D, BEBUHAO X512 0 23 OB DG NI AT 2 KBE D Jebi
I ERE (tidal vortex) 2MERR SAv, WAARMICHIW 72N (tidal plume) & L CTIA
1% (Kasiwai 1985; FEA 1993), #IWEANIE, =B HEBIZB W TREITRE
<V /NEIT/hENZ &0, KETES, TRETHWMEMDAZONS (FEAR 1984), REHR
T HIEEIENY OFREABIHI S TEHE Y (ILAS 2009) . REEUAIC HIINIZBNC X - Tl
WA DB SN D AR S D, 2O X D ITERBIANOKBLIX, MW AT L 547k
— Y J RN R & WK ASHIC R A BN KRE VLB LD, £, BEBIAOHIAK OFE)

IR TN A T, A & LR b B 5, REEUN O BRI AT 2 BRESE KSR
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RLHRVILEIZ X0 ARMFEAUABE T L 2 EAREINTHD (LAS 2009), ZoX
I NZHEBH DMK I LD LB L V) A —Y 7 YR Ik DAk & S s D & B
bbb,

BEVKRENI N Z LT 7 7 b BRI, KB T EHA A — Y 7 WL Rk
DEELLZREINTNDEBEZLND, LnL, BT 707 R IEERES Chl.a BIE
DWFRESCERY AALZLY, SHERELZERIRT 52 DML TS (Furuhashi
1953; B8 - i5/K 1997; Nakagawa et al. 2003), 1A 7 28 & $REL A A A VRS 28R4 5
ZERIME I TS (Hattori & Saito 1994; Yamazi 1953; Nishimura 1957; & « )11
2001; Yoshida et al. 2004; {#H « A 1993; HH D 1994; Itoh et al. 2011), REEUHIZIS
WCAZETE ST 5 Pseudocalanus newmani (55 2 % 1 i) 13, ra~<iicB W CTHPIX
I L, WEICIZERBICHMT 5, Wb 5 HEMEREZ7~7 (Hattori & Saito
1994), £7-. MAKEIZHT D P newmani X, oA RFKIRZ EEIZ KR 15°CLL RO
BV -RKD AT 5H 8 AN D 11 A ORIBITIIHAAE T, £I2 15°CLL F OIRIR DK 100 m
JEIlZ oA Liz (IhA - 358 1997), REEUMIOM N OKEIZMN 18 m THDH, FH—> 7l
R HMAICIRA LT DDA OREICHH L TV ik TH A D LB BNLD,
THUE, AR IR E RSN D DA T VI, BB LT A T U
ThHhHIEEEWT D, Thbb, SEBIANO I A 7 VHEREIT, BB A R —> 7
MR FERIC B U D ERTE R LMK D B A 2 v 7 L PR BRI H D EEZ BND,

R T 20 A 7 HHOBRBE OB IREE B, MM, fifEk, wEELHEET
HITIE, WWIC K 5 HEHOZLEZH 5T 5081 H 5 (Lee & McAlice 1979b), #E
B3 L O A —Y 7R EIBIC BT 2 04 7 I FHIICHEMEN BT 5 2 &R
AohEole (2 1), Lol B CITomifidmix, MwEMEZBE L e
STz, AT VHEOBMABEOET A W =X LE2W 5T HI2E, MySoaEH Y

NV DOEBERIC I DHELZRA LN LT TR 6y, £2 T, KETIE, Bl
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BI DA T VHHENBB 0D ED X DB e T T PHALNTT L0, F

HiROE SRR SRIE /3 A7 DR 288 & LA 8 & D BRI & fEt LT,

2. MR LU
2-1. REME

AR I RE I D RIS AT 2B St A (447 037 02.17 N, 144° 09° 38.8” E) (ZH
WTL2015 411 A 3 H 9:00 2> 5 20154 11 A 4 H 9:00,2016 45 H 21 H 9:00 7> 5 2016
F£5H 22 H 9:00 £ TITo7, &L, BOURERTAR—Y 7 ittt o % —Frgo
AN T2 D 2) 2FIH LT3 L7, AR ORESR e b I IZ W TIERSR)T
T —4 _X—2Z (http://www.data.jma.go.jp/kaiyou/db/tide/suisan/suisan.php?stn=AS)

DREETDORR I LT OWINLT — 2 Z iz,

2-2. KHEBRER LR ChlLa BEOHIE

KR, R X OESEEIZ OV T Compact CTD (ASTD103, JFE 7 KN 7 v 7 4t
) ZANT, 3EEREICHER 2 HITEE E T 0.1 m MR CRIELETTo 72, HohieT—
DN, 0.5m 25 19.3 m £ TEMNTICH V=, £72, 20154 11 A 3 H 9:00 33 L 1* 2016
5 H 21 H 9:00 {2 Om, 5m, 10m, 15m, 18m 725 6 L /N F— k% VT Chla
TR E HRK AR Uz, SRELL72 500 mL 24 10 yum BL 2 ym DA T L7
4 V% — (Whatman ) 226N H T A#E~ « /v % — (GF/F, Whatman #t:44) T
L7, K7 4NZ—IEIN, N-AFILARNLLT I K (DMF) %Z 7mL ALz 8 mL O
JEEN AT 2 —7 (PR Z y MERD) (B L, A RaEZ %, #0eEH (Model
10-AU, #—F—7 %A AR & CaotlE (Welschmeyer 1994) (2 X0 a0 A

EL, UFOXNS Chl.aiBE (ng/L) #RH L=,
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Chl.a=FpxvIV
2T, Fl3f L7z ChlaiREOHOE, vIiZfi i vz DMF o & (mL), ViZAi
L7z#k®E (mL) & L7z, ARBFFETIEEA YA XD Chla BE % A7 L THKEDK Chla
REAZBH L7, Welschmeyer T 572 58O Chl.aiEE & Compact CTD THE L
TZHEOGE A W TR ERZ AR L. CTD THRLNAENET — #7225 ChlalRET — % %

HEE LTz,

2-8. WA T VHEORE

HE 100 pm O FA#HE NORPAC net (PASHAILICEEAEARER » b H48 0.45 m, IR 1.8
m) ZMWTC, K15 m £TOAEL 38 (0-5m, 510 m, 10-15 m) (Z531F, £ Z
NERERICE Y 6 BpffgIC A 7 U HZRE Lo, RllICB T 2% v M OTEKEZ A~
DT, Ry b AERICBIER 2 OU/KEH 2 B A3 R 8K G Ol 2 BB - 72,
FEOIF o e REREHIM AR DT Y U LI R Lic A~ Y o THRAEARED 5%
7% X OCHEE Lz, BEELEEENL, B4 7 N 200 EELL EIZ72 5 X O ICEEIG
U T B T U206 V161293 Lz, 2% L7 fBH I SR BEMEE T (SZX16-3141,
OLYMPUS #18) TH A 7 a2 ~R A MHINZOWCL 1L (1966) K- = (1997)
Brodskii (1950) 72 5 ONZ Gardner & Szabo (1982) (- THEEE 21TV, FEZ & ITk
REMEZFRIE L, EREZ L, SBICBT 204 7 VEOMEREEE (Abundance:
ind./m3) 1ZLL FORXAEH W TR L,

Abundance=n/(n+r2+ L+ T) / p

2T, nlFEHEE, plE Ry MR (m), LIFRAEEERE (m) | £ 13 RAMARFOTEKEHRIRSSL,
TIIRERFOUEKFH RIS, pl3nEIR L L,

BHEOREEBEIZa AL A M1 E SHAWIIAT —2 a XK LA M 4G 5

WA AT —, a~XRlyZ 4 6 Mlapiks U THITICH W2, Pseudocalanus J& DY
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BlE TR E A~ 3HILL TN OEIRIX P newmani & P minutus & O XBINKEETH 505,
2 8 1 §iiCXY. P minutus ®OHBITEE LB LT 10 ind./m3 LLF7Z o 72720,
Pseudocalanus J&D = ~RZ A~ 3 LU OMERIL P newmani & Uiz, 7147 D
B AT ORFRZE 2 TR D 7201, BRERZIZ L2, HBICBIT DA 7V EOBUF &%
IRFERIR DB ARBEO B F R 6H T D H%HE (%) & L CHK LT, Oithona similis |3 B
BE 2B 2 ONNEE T o 72720, R BEFSIZIE0TFIC, MR L L TRIA L,
Flo, KETIIREIZRBT 204 7 VLM ORI ZEB O A EIZHOWTIR, A 2 ]

MSIPEDORRE (Chirsquared test) Z MW T, AEAHEE 5% & L THIE LT,

3. fER
3-1. [R& ¥ L OWINL
20154 11 A 3 HB L4 H OREIHEN ToH-7= (Table 6), 3 HDOKIRIT 3.5CTH 5
11.5COFHTH D, 4 HOKIRIL 2.6CH25H 20.4COFH TH-72, 3 HDHEIT 16:12
T4 HOHHIZ6:02 TH -7z (Fig. 47),3 HOEHIT 15:00 £ T 1.7m/s 5 3.3 m/s T,
JEENEE D HAETH 572, 18:00 & 21:00 1E 1.4 m/s BLFC, JAAIXFEEN S TH -T2,
4 HD 0:00 2251% 8.3 m/s DL ETEFENIFE L VEFE Th o7, 3 H OBRiE R K EIH I
6.9 m TIAIIFERETHY . 4 HOBREHRKREEIT 13.3 m T, JAMIEFEE TH -7,
2016 4£ 5 H 21 BB LU 22 H OKRGEIZEIL T 21 HORIRIX 13.0CH 5 22.4CTH 7=
(Table 6), 22 HORIRIZ 11.2CTH 5 24.1CTH -7, 21 HDOHEIL 18:149 T22 HDOH
DI 3:50 TH-o72,21 HOEGHEIL 1.9 m/s LLF TEMIE 9:00 & 12:00 iZILH TH > 7=,
22 H® 0:00 {21% 3.2 m/s O PR FE O A & Fidk L7z, 3:00 LAREIX 1.9 m/s LLFC, Ea)iE
3:00 (ZIEFA PH . 6:00 (ZIEFFFE B, 9:00 (ZITALIRTE 5 72,21 H O e KB EHIE 5.4 m T,

JAEIEPETH D . 22 H O KB EURIT 8.6 m T, AAITIL7Z > 72,
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2015411 A 3 B 5 4 BT T 2N ITBIIBAAGKRED 3 H 9:00 121565 ecm Tdh - 7= (Fig.
47), WINLIE 9:00 LAKE B L. 18:35 (121F 105 em DO KEINLICE L7, 18:35 2SIl
KT LiAD, 4 H 2:48 12 41 em Of/NEINIIZ e o 7, WINLIT 2:48 22BN EF- L, BLHNE
T 9:00 121X 67 cm Th - 7=,

2016 £ 5 A 21 A6 22 HIZH T 2 ZBLIIIBI4GRE D 21 H 9:00 121X 16 cm Th o
7= (Fig. 48), #WIAZI1X 9:00 LI EF L. 15140 121X 66 cm (ZEELT-, =D, 19:52 (Z[ALT
TH7Tem ICE TR T L7223, 19:52 DARRICHONES L, 22 H 2:17 12 105 cm D H AN

L7= WIAEIE 2:17 IR T L, 9:00 (21X 13 cm THh - 7=,

3-2. KEEZREE
3-2-1. 2015 4

AKIBITRAKIET 8.6CTH 5 9.5COMTEH L (Fig. 49), 0-5 m BO/KIRIT 8.8CH b
9.4°CT,10-15 m JEIZ#1Z 9.4°CTH > 72,3 H 9:00 75 15:00 (1% 0-5 m J& D /K{EIZ 8.6C
15 92CTHY . 10-15 m JED 9.4C & IFEREMIIZ 0.2CH D 0.8COENRAR BT, 3 H
18:00 725 4 H 0:00 (Z1% 0-5 m J&3 L 10 10-15 m fE D/KIRI 9.3-9.4°C T, 1B 213/ & 7
o7, 4 H 3:00 B L 6:00(21% 0-5 m JEOKIEA 9.2°CIZETF L, 10-15 m ED 9.4°C &
1% 0.2 COMREEZEN T B AT, 24 FEF OFHKIRIL 10-16 m 23 0-5 m JE L ¥ & 0.2°CHin
-7 (Table 7)., ZEMEEIL 0-5 m BBV T 1.9%, 10-15 m BBV T 0.7% ThH - 7=,

oy I3 2K T 32.6 705 32.9 DI TEB L= (Fig. 49), 05 m JEDH /1% 32.6 1D

32.8 TH Y, 10-15 m JEDHE/IITHIZ 32.9 Th-o7-, 3 H 15:00 DHS3E 0-5 m & T 32.6
THY . 10-15m D 32.9 £13 0.3 DENRA LN, 0-5m EiE 3 H 15:00 D 32.6 R,
32.8 Th Tz, 24 ROV THI- L & 0-56 m JEDOEEMRET 0.2%, 5-10 m &I
FO10-15m /E1E 0.1% CTH - 7= (Table 7).,

Chl.a 1T 2/KIET 1.1 pg/L /5 5.8 ng/L OE T H) L7~ (Fig. 50), Chl.a i1 0-5
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m & TiE 1.8 pg/L 7°5 2.6 pg/L, 10-15 m J& TIiL 1.8 pg/L 7°5 2.6 pg/L TH o7z, 24
MINZ 31T 5 Chl.a 2 O EEEIE 0-5 m & TiX 19.0%. 5-10 m J& TiE 13.0%, 10-15 m

J8Cl% 18.2% Cdh - 7= (Table 7).

3-2-2. 2016 4

2016 45 H 21 B2 5 22 BRI 2 KIEILX 6.5CHh 5 15.0CHO M TLH) L7z (Fig. 51),
0-5 m JEDKIRILZ 9.5C15H 15.0CTH Y, 10-15 m JED KR 7.0C 6 8.4CThH -7,
21 H 9:00 Ti%, /KiRiZ0-5 m JETiX 9.5C» 5 13.1°C, 10-15 m & TIX 7.0C2 5 7.7°C
THY., 0-5m ER L1015 m JE TIIEMEMIC 6.1COENRAZLNTZ, 0-5 m JEDOKIRIX
21 H 12:00 75 18:00 I 9.8°CH 5 15.0°CIZ L5 L7z, DK, 10-15 m J8 D AT 7.2°C
MDD 82CTH Y, $HEMIC 7.6CTH D 8.4CHENK LT, 21:00 1% 0-5 m J& D KR
10.0C/ 5 12.8CITIE T L, $hE 1T 6.2CTH -7, 22 H 0:00 LA, FFO0-5m EDk
w25 EF- L, 10.0CH2 5 14.5CTh o7z, 24 RFH O FKIRIT 0-6 m ETiX 11.5°C, 10-15
m ETIX 7.6 CTdh o7z (Table 7)., ZEREIT 0-5 m § TiZ 3.5%. 5-10 m J& TiE 4.6%.
10-15 m JE Ti% 2.2% Tdh 7= (Table 7).

oS3 A2KIET 31.8 205 32,9 O TZBH) L7-, H531% 0-5 m & TiX 32.0 15 32.5 TH
V. 10-15 m JETiE 32.4 705 32.5 TH-o7= (Fig. 51), 21 H 21:00 (21% 0-5 m & DY
1% 32.27°5 32,4, 10-15 m JETIL 32.5 THV, 0-5 m JEFH L0 10-15 m J& TIEEREMIIC
0.1 75 0.3 ZNRA LI, LML, 21 H 21:00 ZBr< &, 0-5 m EOH /7 32.0 5 32.1
T, 10-15 m JF & 13 0.4 725 0.5 DEREEN DT, 24 RFEOZEELRENL 0-56 m J& Tl
0.4%, 10-15m @ T 0.1% Toh>7= (Table 7).

Chl.a BT 42/KET 0.5 pg/L 75 10.6 ng/L TLEH) L 7= (Fig. 52), 0-5 m &% 0.7 ug/L
25 1.4 ug/lL C, 10-15 m BT 3.2 pg/L 7°5 4.7 pg/L T~ 7=, Chl.a 2D 24 KEfE D

ZENMRET 0-5 m JE TiX 30.3%., 10-15 m & TlX 16.5% CTd 7= (Table 7).
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3-3. WA 7 VEBEDOMEEEEER L UK ORFHIZE)
3-3-1. 2015 4¢

AT AR OB I HE I 0-5 m JE Cie b BN m o 72 (Fig. 53), 0-5m &
OEAEEE L 3 H 9:00 225 15:00 121% 4976.0 ind./m3 2> 5 5066.9 ind./m3 T o 7223,
4 H 3:00 (1% 2295.6 ind./m3 £ T Lz, £DO%, EAEEEIT 4 H 9:00 (213 2960.1
ind./m3 [ZHM L7z, 056 m OHA 7 VHEOREMBITTH AT, AEICEH L

(Chi-squared test, p<0.05), Acartia hudsonical3 7114 7 VHEREEF D 3 HD 15:00 D
36.0% % FRNT, 20.0%0 5 30.0%% 7= (Fig. 54), Clausocalanus pergens (% 15:00
D 28.0%% FRUNT, 34.0%70° 5 43.0% % 572, O. similis IZfAWIRM 28 U T 11.0%7° 5
14.0%% 57 (Fig. 54), 510 m ED I A 7 B AREE FE 1% 858.8 ind./m3 7> & 2169.0
ind/m3 O TEB L7z (Fig. 53), 510 m @D W A 7 HOREEMAIL 24 R, HE
\ZZ88) L7= (Chi-squared test. p<0.05), A. hudsonica % 3 H® 9:00 (ZixH A 7 S HRE
R 32.0%% 7273, 15:00 121 10.0%I234 L7=, 21:00 BAKIE 21.0%7°5 31.0% T
Ho7z (Fig. 55), C. pergensix 3 H® 9:00 (21X 31.0%% Toh->7=7, 15:00 IZ1F 61.0%
WZHM U7z, 21:00 LARRIZ X C. pergens DEIGTE 23.0%70° 5 40.0%72 > 7=, O. similis 137
B %8 U T 9.0%0°5 28.0%% 7= (Fig. 55), 10-15 m JE TiX. A 7 DA
BOF 1T 677.0 ind./m3 7> 5 1645.0 ind./m3 O TL# L7- (Fig. 54), 10-15 m BD A A
T UHEOREEM AT 24 BRI TP AEICA ) L7- (Chi-squared test, p<0.05), A. hudsonica
123 HD 9:00 7> 5 15:00 1% 4.0%7>5 11.0%72 > 7243, 21:00 LAKEIE 17.0%> 5 33.0% 58
7= (Fig. 56), C. pergens |IR&HM% 8 L T 26.8%7°5 41.0% D7, O. similisi% 3 H
? 9:00 75 15:00 IE 30.0%2>5 37.0%% 5778, 21:00 LAFEIE 17.0%72>5 19.6%I2 1K T
L7z, WAL & OMBERRITVThoE S R bhie s o7 (p>0.05, Table 8), 7z, &£TD
BAER (3 H 9:00, 15:00, 21:00, 4 H 3:00 3 LT 9:00) IZHBW\T, B4 T HAREEMK

L. BRIEMIICHEICR 72> 7= (Chi-squared test, p<0.05),
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3-3-2. 2016 4¢
T A T AERHE OB REUE X, 21 B 9:00 121X 10-15 m JE T 17973.2 ind./m3 TH V) |
0-5m J&g (5548.7 ind./m3) B3 LU 5-10 m & (2220.1ind./m3) LV LEENEI -T2 (Fig.
57). 15:00 LAREIX 0-5 m 3 e b BB Td o 72, 0-5 m J& OEAEE L 1 2416.2 ind./m3
726 7035.9 ind./m3 TZH) L 7= (Fig. 57), 0-5 m D W A 7 P OREEMR T 24 B,
AEIZZE L7z (Chi-squared test, p<0.05), P newmanilX 21 H® 9:00 7>5 15:00 I%
40.0%7> 5 50.0% Td> > 7243, 21:00 LLEIE 74.0%5> 5 85.0%% 5@ 7= (Fig. 58), O. similis
134.0%2>5 19.0%% 572,510 m &% 239.4 ind./m3 75 5 3522.9 ind./m3 CTEH) L 7= (Fig.
57).5°10 m & Tl WA 7 VFADOREEFER X 24 R A EICZL#) L 7= (Chi-squared test,
p<0.05), P newmani|X 21 H ® 15:00 ® 90.0% % bR & FEET D 79.0% 55 96.3% % 5.
O. similis 1% 3.0%/5 10.0%% 7= (Fig. 59), 10-15 m & CTiL. {EAEEE X 833.8
ind./m372°5 17973.2 ind./m3 CZ& ) L BFEALKIE 24 R FE 2L #E) L 72 (Chi-squared
test. p<0.05), P newmanili 21 H® 9:00 {2 81.0%% (5 7=7%, 21:00 Z1% 51.0%Z 84
L7- (Fig.60), 21:00 LAREOE HEFIX EH L, 22 HD 9:00 (X 79.0% ToH->7=, O. similis
X 1.0%2°5 9.0%% o7, BILE DA BRMEBRIINTALOB LD bNhoTe
(p>0.05), F7=, &2 CoOHLEH (21 H 9:00, 15:00, 21:00, 22 H 3:00 LT 9:00) IZ

BWT, TA 7 EBEEM L, ShERIC (272 - 7= (Chi-squared test, p<0.05),

3-4. B SFEDE M ORI ZEE)
3-4-1. 2015 4
A. hudsonica i%, 0-5m B2 T 619.81ind./m3 725 1791.3 ind./m3 OFEHH CHIEL L 7=
(Fig. 61), 0-5m EOMEEEEE L, 510 m B (124.2 ind./m32>5 672.4 ind./m3) ¥ X
O'10-15 m JE (42.9 ind./m37>5 460.6 ind./m3) £V HE2 o7, BiAIZ 11 A 3 B 9:00

FBLU15:00 D 0-5m JFIZIT 86.2%7 5 93.2% & BN H < (510 m JEk LU 10-15
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m J& TITHILHRDN 1.5%05 9.2% L K- 7- (Fig. 62), 21:00 (213 5-10 m & O HIRIT
52.9% CTH Y, 510 m JEOHHZRIX, 0-5m BB L 10-15m B LV bE->72, 4 B 3:00
BEU900 121, 0-5 m BOHBLHRIT 61.1%B L 48. 7% TH Y . AL 0-bm/EITHKD
2 A Lic, BIAT—13 3 H 9:00 225 4 H 3:00 £ T 05 mJEIZ 51.2%0H 88.7%
HELL, 5-10m BB LUN10-16 m JE L 0 & BN & -7 (Fig. 63), D%, 4 H 9:00
BV T 05 m JE D HBIERIX 25.0% 200 L7223, 10-15 m 8O HILZEIT 53.3%2 80
L. 10-16 m @ ITik & 2% < DR 5340 Lz, W AT —213 0-5 m J/IZHWT 0-156m %
TOKEF D 45.2%7 5 82. 2% HBEL L, 0-5 m EOYMAT — Y DOHBEIT 510 m JEE
FUN10-15mfE LY bEs o7 (Fig. 64), WAL & OFBABIRITAAAR, BIIA T — FIH]
AT =V DOWNWTHNORE LA LN (p>0.05),

C. pergens|.0-5 m B2\ T 803.5 ind./m3 75 2178.8 ind./m3 D#iH CHEL L 7= (Fig.
65), 0-5 m J& OEAEE T 5-10 m & (293.8 ind./m3 2> 5 1102.6 ind./m3) 3 L 10-15
m & (181.5 ind/m37 5 460.6 ind./m3) XV bEAo7z, 4 H 9:00 DB AT —T k&
'3 H 15:00 DY AT —VBrE . 2TOMKREMEIZIBWT 0-6 m DO HBRN Kb mH»
<. C. pergens % 0-5 m J\Z5AA 3 DA A Bz (Figs. 66, 67 and 68), iz & DFH
BARSMRITARIR, BIIA T — AT —YonTho@b i bneho7- (p>0.05),

0. similis 1%, 0-5 m J8(Z3 T 367.3 ind./m372>5 709.4 ind./m3 O#iH CHEL L 7= (Fig.
69), 0-5 m & OEAEEEE L 5-10 m J& (94.5 ind./m3 7> 5 271.1ind./m3) 3 LT 10-15m
JE (123.4 ind./m37°5 396.4 ind./m3) KV bmEr->72, 0-5 m EOHELRIE, FHALIRMH
45.1%H 5 56.5% TH V. 510 m B (11.5%05 26.6%) B LV 10-15 m & (16.8%7°5
38.0%) L0 bEs o7 (Fig. 70), #INL & OMBEBRITRA, BT —2 AT —

TONWTNOEL AL TE (p>0.05),
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3-4-2. 2016 4

P newmani % 0-5 m J&(Z35\ T 1208.1 ind./m3 7> & 5488.0 ind./m3 O#iH TEE) L, 21
H 21:00 LIRS OB ENE -T2 (Fig. 71), P newmani EABUEE X, 5-10 m J8§ Tl
206.6 ind./m3 7> % 2783.4 ind./m3 OHiPH T HE) L 7=, 10-15 m JE OE AL 1L 21 H 9:00
ICARA IR O R KIE 14558.3 ind./m3 Ziték L7z, 15:00 DARRICILE SR E 1L 633.7
ind./m3 7> % 1809.9 ind./m3 OHiFH CTEE L7, $AE /A ORFFA R S &7 — IR B I
Ko TR M ER LTz, T72b6, P newmani ORAKDEREEF 21T D HBLRIX,
B ICEE T 21 B 9:00, 15:00 3 L1022 H 9:00 @ 10-15 m JEIZHW T 38.1%2)>
591.2%TH V., 05 mED 4.3%1 5 23.4% L X TEr-7- (Fig. 72), —F. &HEIZ
BHENM T2 21 H 21:00 B L V22 H 3:00 (2B T, P newmani OO HELE T
0-5m JE T 61.5%7>5 86.2% CTH Y 510 m fED 4.1%7> 5 25.8%F LV 10-15 m JED 9.7%
M5 12.7% L X TE -7 (Fig. 72). P newmani D% AT —1%, HHFO 21 H 9:00
(21X 10-15 m I AKFERIRD 57.1% 23 HEBL L7223, 15:00 (213 5-10 m J& T 58.5% D &\ M
BRER L (Fig. 73), E® 21 H 21:00 B L 22 H 3:00 (21E, B AT —1L 0-5m
JEIZHT 50.9%72 5 85.1%DEmWEIG THEL L7z, #HIAT—YITAF® 22 H 9:00 12
1% 0-5 m JEIZBWT 50.1% THEL L=, P newmani DFIMIAT —1E, #1205 m g T
54.6%7>5 80.3% CEiW LR Z /R L7z (Fig. 74), WAL & OFHBIBIRIZARIR, H“IIAT —
V. IR T =T onTholE b b o7 (p>0.05),

O. similis 1% 0-5 m JE 23\ T 281.4 ind./m3 75 721.3 ind./m3 OFiH THI L 7= (Fig.
75). 0-6 mJED O. similis DEREEEIL, 5-10 m FE D 14.1 ind./m3 75 240.5 ind./m3
BEU10-15 m B D 11.8 ind./m3 5% 359.5 ind./m3 £V & H 2D > 72, 0-5 m JED HH
HITFAEHIR T 40.0%20°5 81.8% TH V|, 510 m ED 3.2%H 5 34.2%F L 10-15 m J&
D 2.0%05 27.6% LV bEo7z (Fig. 76), WINL & OFHBIBIFRITRMA, BIIAT—,

YA T = DONT Db H LD (p>0.05),
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4. BE

4-1. WL EB DS REBUN D ABIEE LB 5 2 5 B

AREL, REEUINC I D 0 A 7 B DIRIE AT DO HIAE) & N A E) & DR A RE L
TR TORE TH D, AFFRIZI T D 2015 4F 11 A LT 2016 4 5 H OMiFHA D KIR
BLOHZIE, 10-16m E LY 0-5 m JEIZBWTEEBREN KRE role, ZORERIT, 2015
11 HB X0V 2016 4 5 A OREEUAIZIS N TER 2 KB OFEAIC X 2 /KiR I KOS T xt
TORENRE CRED ST A B L T\ D, Fio, RO 2015 4 11 H1L 0-5m
JEDIE S 723 10-15m & L U | E/KIRZ b ORI 72~ 72, BEBHIC IRV T, 11 A iR

N

53 D SRA BRI R KB 2> D ARTEAR I 53 O HHERHE TR KBRS AT T 2R TH 5 (i

I
gt

M - FElk 1987; &5 1995, S H G 1995 FEEF 5 2014), AHERD BRI D FHEKHE
MOBNBHE L TWDHEBEXLND, —F, 2016 D 5 AIX05m/EL Y H 10-15m ET
W@ < AN DT, BERMFEIZEWTH, BB 5 A /KBS SHE R HEIT
KNP REERAKICBITTOHM CTH L EHMESNTWD (&A - ik 1987; O
1995; 4 H 5 19955 WHEF 5 2014), WEAKIZ, FEEMHITIH > TRALD 72D, IR0
T 5 B OFRARETAKIL, WA BIRAT 2BICZE DBEEO & S5 IERBICILAAT &
EZHND, BEEBIMORET NS EFR)T TiE, FHEOESITIERE Oy L i L GRRL
TEALZ GBE1E), AFEO 1645 AIX05mE LY b 10-15 m BOIE ) B EHis T
bolo, BERKENoRBITKENE S, BENBRNZD, WAL TEIRZAERHR
KIFF AN SRHEE R E TIITERBICBIT LI B2 bN5, T72bb, EEEMOKBLIC
B2 mEERBARKDTMAD BT, REIZB W THA LD RN R I,

Fo. HHERMERARKIZE D . ShE AR/ NS < 725 2015 4 11 A OFINLMER LT
72 3 B 18:00 (TIXFE & P T/KIRE LU OMERZREN/NES K RoT-, RERH
OFEPLIIRFFHE O OFWNNFTE L, BT MR Z R T L, TR bR

LIt 2NN T S (IUAD 2009), AWEICERT 2@ EF L, 4825 DR
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RN TUN D 2015 48 11 A @ 9:00 75 15:00 DOKIEF L O 1%, WIS £ 723K T L
T 5 18:00 LIFEORFRIH L D H 0-5 m JE & 10-15 m B CEEMZRENKE o7, KR
WFZEIZ 1T 2 A E RUTI R B RIS T 2 720, K72 T <EEIZB WL THIL
MARDEELZTLERTHDL EEZDND, BRI OAKRE K OHE X, BT EIRFDO

SN D 2 VRS D IRFRIHFICENTE R R ARCAN RS 2R D ATREMEDN B D Z & BB A BN D,

4-2. WM EBSRBEUAICIIT 20 A4 7 VEHEICE D%

AT HEREIL. 2016 425 H 21 H 0 9:00 Zfr< & 0-5 m i Che b M E Th o 7203,
DI AT RS B D 24 R O A BYREUT 10-15 m B TR E hro 7o, BEEUHS B D
WENRNEB Z HND 20154 11 HD 0-5 m & 2016 4F 5 A & HICEINL & OFEBIRIfRIX
FHAVIRIN D T, BB & B R AR — Y 7ML IR O WK & # &I, — H Y472 0 /NiiRg©
7.6%, KifliiF C 14.4%ZHa SN 5 L AFES bhd, —H 2RIOWIMAE TIX, BEBHN O
TOWKPLHEND Z LTV ENBZ BN, £lo, IA T HITA L OEEEH
BENDORBED T AEASREBEIZ1T> T\5 LB X b (Gauld 1953), T D7,
24 R OARFAEIZINT, HBLLTE A 7 S BUTMKZHN 10-15m g L 0 i & & %
55 2015 4E 11 H 0-56 m &, 2016 425 H ® 10-16 m TS, WAL & DRALRMED L
ERRhoTzEEZBND,

AN I TUIFRIZ IV T O & OBRIRIEIT R0 > 72, A. hudsonica |37
AV 715 %E O Damariscotia )1 O] MBI I CTERES L & WIS IEOFB Z 7R LT
(Lee & McAlice 1979b), REBUSIEIFEHEIY ORNBFIET D (LA D 2009), SMEAKD
A TR < T DREBUMITA IS TKOZMNE Z 5 LB X bivd, REHUHAK &SN
KTHA T VEOEREBEEN BRI D56, WA T VHEOBEBBEE L AT D520
LD DS, AMFFE TITWINL & BRSO BE O R B I A2 & A B 2B N ZE 2o

Teo DATVHEZIILOET 28T T 7 b ORFEZEER TIWIZ L > T TE 2
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F, BEHEZRINY AE) & RAE R K o Tol & 2 S 2 % K o A I8 72 gh e 5 )
DEALDBIR L T D AREMED B 5 LS LT % (Gagnon & Lacroix 1981), REHGH D
RCR R AT T AR A E S AT 2 e ARWFZEIE. AN 02 O AERICBEIT 2 To
AR TEEANIC S KRS b BHMICIRA T 2 2L NEAOND 2D, AT VLW
NEBE OBIRMIEN T Z N TE RN oToEFE 2 b, BEEUHIZIEHIOKTEED 10 m
PETHY . FMDOKET 20 m IETH S (Katsuki et al. 2012b) . BEHUHA D KEED
FE P IR ELIL D (LA D 2009), AFHA 2175 T D IRIRESITM e X 0 & FANCAT
BT 570, MEKOREZRSZ T OIMETHLEEZXLND, Ll EEGHIXKG
[l OFRAVPAFAET D72, FE VIO KR D ENHL D OEIR OB ST 2 2 L 3E
ZHND, AFHEHAD A A T HEREEE O KU B LA 028 B O K BABI LR A3 L 72
o TZBHR OO & D, WNLEBNT L S FHERE K DR AT L OWENRRIC L 2060

LAL7auy,

4-3. BINEBNREE L A 7 VEORED R ORMEEICE X 28

2015 4F 11 A DB A 7 HEREEE P ClE S L7z A hudsonica [3RAED 3 A 21 : 00, 3
AT =YD 4 H 9:00 ST 0-5 m FHIZEW TR bE LN < | A. hudsonica |3 H AR ERE
a7 T D EixEbivZe o7z, A. hudosnica DITiFFETH D A. omorii (X E ILIVED 6
HIZBWTHPIEEE L 50 m BT 505, KEIZEE D554 Lz (Hirakawa et
al. 1990), 7=, ERBIZRBIT D A omorii 1T A TIZITTERBICHA L., KEIZIXERBICS
4i L7~ (Saito & Taguchi 1996; Saito & Hattori 1997), 4725 BEHAIZE Tl A. omorii
THEASREREIZIT O 2 EAMEINTWD, AUEIZEIT D A hudsonicald, HUAD 3
H 21:00, %HIA7T—20 4 B 900 LSMHE 05 m BICHML Tzl licky, A
hudsonicax A. omorii & (X572 % 53 An KM 2 RO W REMED R ST, L U BERAIFZE IS

KE B0 m UL EOHSTITONTZH DO THY . AFZEEORIIHOE S D 20 m LD HEW,
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A. hudsonica \IREEUAD K 9 70 TREEOER W E Z AT HESREBREIZ R I 20O E F 5
20, B DHWE, ARFTEITAKEE 20 m OHUTIZINT, KB LEm oA A T VHEEAREL
Tco ZDT2W. A hudsonica s 15 m XV bIRBIZHAM L TV AR DB R HiLd,

AT VEE, BEREBEIZITHITORWICED LT, B/ Y X A% (Hayward
1980; Head et al. 1985; Daro 1985), HJE$REBBE Z1THRVEEIL, REBEIZ R =
FNX—EM2 D ENTE S (Devreker et al. 2008), B Y X LTH L OHLE AR E
RO SELZE THEREENOOEREEZMZ L5DIZENDEBZ LTS (Saito
& Taguchi 1996), 2015 4F 11 A28 % A. hudsonica. C. pergens. O. similis |[ZAHIF5E
WZBWTEIZ0-bm BIZHAMM LTz, 20154 11 A134f8 T 1 ug/L Ll Lo Chl.a BE T
bole, i@ ChlLalREFOIA T N, BRI A7 OFWRIBICEE Y 203 bHIGE 2 &
HHITIE, HPIZEEZITORVE WS B Y XLz 2 LRZZbND, AWED A
hudsonica, C. pergens, O. similis [TRHHHEEN E < 2 5 KIBROEWREIZHMHTHZ &
T, MEMICBEIT 2 =3 F—2 M, KFERISIRFMHIZ M L TW TR B 2 5
N5, 12 A. hudsonica l3IRIRINZ 1ERT 5 (Sullivan & Mcmanus 1986; Marcus 1984)

(&0 EIREE A MR LT % (Villate 1997), A. hudsonica |3EKJE THAiT 5 Z LIT

D IIRIC K o TH BRSNS 2 2 LITMA T, K@ TER L 7o IRIRIP A 1
JEIZIERE T 2 RRICB N T HMWIIIC L > THEE T 2 2 ERHK D AIeERH 5, 0.
similis Z&iex 7 0 7 ABIX. T X A BIZHAWEKAE /17355 < R E A E VY (Zalkina
1970; Boxshall 1977; Ueda 1987), O. similis 7 15411 A £72 16 4F5 A £ $120-5m &
2 LTz DX, BEKREI N Z LB s LIV,

—J7. 2016 £E 5 HIZH\Z A T HHEE O T T L LTc P newmani DRI KO
AT =V AP 210-15 m JEIZ oA L. &IHIZ 20-5 m BIZon Lz, RIS
FOBMA T —VIT AR EBE 217> T\ D LIl sz, UL, 9IIA T — 23w

IZ 05 m BIZHML, BEMEBINRO bk oTc, e ~vi#loRIKEIcHs W T
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Pseudocalanus spp. ORERILHJEEREREIZIT S & OWENH D (Saito & Hattori 1997),
F72. P newmanilI7 AV 1 ERED Dabob BIZEBWTa~RL A b 6 RO AT —
VIIFBAEE BT 50 m LURIZHMT L8, a R AA b 6 WL HBERERE 21T o7

(Ohman 1990) , ALEE KPR R4 Tl Pseudocalanus 813 5 A2 A ESHER B3 2 73,
6 AIZITMARE R B ESREBEI 284, B L bICEDMAD 20 m LRTH -7 (B - {iK
1998) , H ATHIZ B9~ % Pseudocalanus J&1% P minutus & P newmani T& %728 ([L
M- 2003) ., B - &K (1998) (2381) % Pseudocalanus &% P newmani 7> P minutus
ThodLEALND, B - JhK (1988) 12815 % Pseudocalanus JBIFHE BB 5315 T
ol leh, KRR S & DT AR LR Lo/ ReERn H 5, UboZ &b, B -1
7K (1998) 12 &L 2 K VER IS EL LTz Pseudocalanus J& D3 AEE R 5 AR L 1UV6 AT
Hipo-Mi L LT, P newmani & P minutus MEH L TN Z £, TNENOFED

KEAT =V OGHIREN R > T2 e E 2 b5, P newmanild., REEGHIZ

o

WTaRLA b 6 HIREOBRI AT — V2% 5 NI AT — V0N B R EBEZ21T 5 2
ERKHIZ 05 m IO L7 Z L b, I RHUT > THAR— 7 R D 6D
AENT, EREENOIRERICBH L TS EEX N5, LT, IRIIREAE L
(TR DN EBORBEEZ T LB OND, KREICIE., REIXABRESEICL > T
KREIAT D, KD LFWIORHITIE, B REROREAKITITREN G L TEY . 8y
Tt & o CHREEUHPNICIEONAEN D LB 2 Hivd, REEUAPNICHEA Lo EEEHT, 11 Ao X
IR FRR DG & REEUAN O KFED R E LWNGEIE, RIBIZED A E 7B
A JESAE BN X - THHICIXRRBUNN OERB BT T 5 2 & L7k b, 5 A D X 5 IZHEEH
DIE D BDIBFRE D KIER &< IREMOBER &G 720 BWIC L > TREKBEEIZ
Ao TL 2881%. P newmani (TEERDT . I L. BIKDZ% < OMEEFED HE

WNICRE £ 5 2 N EE SRS, BRI & A —Y 7 IR IS 81 D P newmani OfE A

BEEIL, 5 A, T ABXN 12 AIZIZA A=Y ZHIREROIZ ) BEdo7zhy, oA T

104



TREE DT S minoTe (5 2 B 16i0), P newmanilX, BEEUIZ ISV THIWY & EREERF
I Ko TIREEE N AR —Y 7 IR E B D Z N TSNS, P newmani (34K
PO, i), JBUZ K 2 K& 2K OBEN DT OB L, £ < OEEREDMPICIA L,
AICERIBICEENT 2 2 LI L W BBUAN D P newmani DIEKREEEN S 8D 2 & T

ROHERMT L L BESND,
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Table 6. Metrological data in Abashiri in 3-4 November 2015 and 21-22 May 2016.

Air temperature (°C) Wind direction and wind speed
- Hours of
Date Max Min Max Maximam moment sunlight (h) Weather
Direction Speed (m) Direction Speed (m) &
2015 3-Nov 11.5 3.5 southwest 2.3 west southwest 6.9 7.0 sunny
4-Nov 20.4 2.6 southwest 4.2 southwest 13.3 9.3 sunny
2016 21-May 22.4 13.0 southwest 3.4 west 5.4 13.1 sunny
22-May 24.1 11.2 north 4.6 north 8.6 13.5 sunny

Table 7. Averaged water temperature (‘C), salinity and Chl.a concentration (ug/L) at
each depth layer on November 2015 and May 2016. SD indicates a standard deviation.

CV indicates a coefficient of variance (%).

Layer (m) Nov 2015 May 2016

Average SD CV (%) Average SD CV (%)

Water 0-5 9.2 + 0.2 1.9 11.5 + 04 3.5
temperature 5-10 9.3 + 0.1 0.9 9.0 + 04 4.6
() 10-15 94 + 01 0.7 76 £ 02 22
0-5 328 + 0.1 0.2 32.2 + 0.1 0.4

Salinity 5-10 32.8 + 0.0 0.1 324 + 0.1 0.3
10-15 32.9 + 0.0 0.1 325 + 0.0 0.1

Chl.a 0-5 2.1 + 04 19.0 1.1 + 0.3 30.3
concentration 5-10 2.4 + 0.3 13.0 1.9 + 04 229
(ug/L) 10-15 21 + 04 182 40 + 07 165
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Table 8. Diachronic change of each copepod stage abundance (ind/m3). S.D. indicates

standard deviation. CV indicates coefficient of variation. Correlation between water

depth (x) and abundance (y) is represented when r indicates correlation coefficient.

Layer Average

Correlation between

5 0,
Species Stage (m)  (ind/m®) AL water depth and abundance ro p>005
Nov 2015 A. hudsonica Adult 05 331.3 + 167.2 50.5 y=3.5x + 82.3 0.38 n.s.
(n=5) 5-10 95.9 + 838 87.3 y =2.0x - 46.5 0.44 n.s.
10-15 64.7 + 617 95.3 y=-1.0x + 137.0 0.30 n.s.
Late 0-5 362.0 + 2492 68.9 y =8.1x - 209.6 0.59 ns.
5-10 94.1 + 418 44.4 y=1.8x-30.9 0.77 n.s.
10-15 63.3 £ 473 74.8 y=-1.1x+ 143.9 044 n.s.
Early 05 3426 + 114.1 33.3 y=22x+189.6 0.34 ns.
5-10 135.2 + 70.9 52.4 y=1.0x + 65.8 0.25 n.s.
10-15 62.5 + 39.0 62.4 y=-1.1x + 141.2 0.52 n.s.
C. pergens Adult 05 503.7 £ 2479 49.2 y=8.5x - 97.5 0.62 n.s.
5-10 160.0 =+ 98.0 61.3 y=23x-45 0.43 n.s.
10-15 91.6 + 55.1 60.2 y=0.4x + 61.2 0.14 n.s.
Late 0-5 450.9 + 187.0 415 y=39x+179.6 0.37 ns.
5-10 186.3 + 1053 56.5 y=4.1x-101.4 0.70 n.s.
10-15 1206 =+ 736 61.0 y=1.0x+47.3 0.26 n.s.
Early 05 4006 + 1382 34.5 y =-3.6x + 653.2 047 ns.
5-10 171.2 + 108.2 63.2 y=3.7x-92.1 0.63 n.s.
10-15 1314 + 36.1 27.5 y=1.0x + 60.4 0.51 n.s.
O. similis 0-5 2543 + 871 34.2 y=1.3x + 398.9 0.19 ns.
5-10 399.2 + 707 17.7 y=1.4x+102.3 0.37 n.s.
10-15 2840 + 137.5 48.4 y=19x+ 118.1 0.32 n.s.
Total abundance 0-5 3813.4 £ 1091.5 28.6 y =36.8x + 1224.2 0.61 n.s.
510 13748 <+ 519.0 378 y =22.2x - 187.5 0.77 n.s.
10-15 1010.4 =+ 347.8 344 y =2.0x + 869.7 0.10 n.s.
May 2016 P. newmani Adult 05 1585.7 + 1361.5 85.9 y=26.3x +231.8 0.65 n.s.
(n=5) 5-10 861.9 + 531.7 617 y =-8.6x + 1304.6 0.54 ns.
10-15 2967.8 + 4373.3 147.4 y =-77.5x + 6951.6 0.60 n.s.
Late 05 953.6 + 336.1 35.2 y =0.9x + 909.0 0.09 ns.
5-10 7383 + 3888 527 y=-8.2x + 1158.8 0.71 n.s.
10-15 5975 + 871.8 1459 y=-14.6x + 1347.5 0.56 n.s.
Early 0-5 8835 + 662.7 75.0 y=-15.3x + 1671.2 0.78 n.s.
5-10 205.7 + 140.2 68.1 y=-3.4x+ 379.1 0.81 n.s.
10-15 1922 + 180.6  93.9 y =-2.3x + 308.4 042 ns.
O. similis 0-5 467.4 = 149.7  32.0 y=-3.1x + 629.3 0.71 n.s.
5-10 139.8 =+ 829 59.3 y=-1.3x +208.4 0.54 ns.
10-15 128.6 + 130.2 101.3 y =-1.5x + 205.4 0.39 n.s.
Total abundance 0-5 5061.7 + 1493.5 29.5 y =-5.7x + 5352.4 0.14 n.s.
510 2217.6 <+ 1216.8 54.9 y =-26.4x + 3575.7 0.73 n.s.
10-15 48599 =+ 6578.3 1354 y=-114.7x + 10754 0.58 n.s.
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Fig. 47. Water depth (m) during a 24 h tidal cycle from 3 to 4 November 2015 at the port
of Abashiri. White and black bars indicate daytime and nighttime, respectively.
Hydrographic conditions were observed in the time showed by all inverted triangles.
Copepods were collected in the time showed by black inverted triangles. Arrows indicate

wind speed and wind direction.
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Fig. 48. Water depth (m) during a 24 h tidal cycle from 21 to 22 May 2016 at the port of
Abashiri. White and black bars indicate daytime and nighttime, respectively.
Hydrographic conditions were observed in the time showed by all inverted triangles.
Copepods were collected in the time showed by black inverted triangles. Arrows indicate

wind speed and wind direction.
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Fig. 49. Vertical profiles of water temperature (‘C: blue) and salinity (red) from (a) 3 and

(b) 4 November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 50. Vertical profiles of Chl.a concentration (ug/L) from (a) 3 and (b) 4 November

2015 at St. A in Lagoon Notoro-ko.
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Fig. 51. Vertical profiles of water temperature (‘C: blue) and salinity (red) from (a) 21

and (b) 22 May 2015 at St. A in Lagoon Notoro-ko.

112



a) 21 May 2016
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Fig. 52. Vertical profiles of Chl.a concentration (ug/L) from (a) 21 and (b) 22 May 2016 at

St. A in Lagoon Notoro-ko.
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Fig. 53. Diurnal changes in abundance (ind./m3) of total copepods at each depth layer

from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 54. Diurnal changes in composition (%) of copepods at 0-5 m depth layer from 3 to 4

November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 55. Diurnal changes in composition (%) of copepods at 5-10 m depth layer from 3 to

4 November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 56. Diurnal changes in composition (%) of copepods at 10-15 m depth layer from 3 to

4 November 2015 at St. A in Lagoon Notoro-ko.

115



20.0 A

IR RN

'Cg 8.0 .

§=

ma 6.0 -

X 4.0 -

(5]

g 2.0 -

<

-~

5 0.0

= 9:00 | 15:00 | 21:00 3:00 9:00
21-May 22-May

——0-5m -—510m -*-10-15m

Fig. 57. Diurnal changes in abundance (ind./m3) of total copepods at each depth layer

from 21 to 22 May 2016 at St. A in Lagoon Notoro-ko.
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Fig. 58. Diurnal changes in composition (%) of copepods at 0-5 m depth layer from 21 to

22 May 2016 at St. A in Lagoon Notoro-ko.
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Fig. 59. Diurnal changes in composition (%) of copepods at 5-10 m depth layer from 21 to

22 May 2016 at St. A in Lagoon Notoro-ko.
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Fig. 60. Diurnal changes in composition (%) of copepods at 10-15 m depth layer from 21

to 22 May 2016 at St. A in Lagoon Notoro-ko.
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Fig. 61. Diurnal changes in abundance (ind./m3) of Acartia hudsonica at each depth

layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 62. Diurnal changes in relative abundance (%) of Acartia hudsonica adult at each
layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and black bars

indicate daytime and nighttime, respectively.
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Fig. 63. Diurnal changes in relative abundance (%) of Acartia hudsonica late stage at
each layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and black

bars indicate daytime and nighttime, respectively.
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Fig. 64. Diurnal changes in relative abundance (%) of Acartia hudsonica early stage at
each layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and black

bars indicate daytime and nighttime, respectively.
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Fig. 65. Diurnal changes in abundance (ind./m3) of Clausocalanus pergens at each depth

layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 66. Diurnal changes in relative abundance (%) of Clausocalanus pergens adult at
each layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and black

bars indicate daytime and nighttime, respectively.
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Fig. 67. Diurnal changes in relative abundance (%) of Clausocalanus pergens late stage

at each layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and black

bars indicate daytime and nighttime, respectively.
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Fig. 68. Diurnal changes in relative abundance (%) of Clausocalanus pergens early

stage at each layer from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and

black bars indicate daytime and nighttime, respectively.
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Fig. 69. Diurnal changes in abundance (ind./m3) of Oithona similis at each depth layer

from 3 to 4 November 2015 at St. A in Lagoon Notoro-ko.
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Fig. 70. Diurnal changes in relative abundance (%) of Oithona similis at each layer from
3 to 4 November 2015 at St. A in Lagoon Notoro-ko. White and black bars indicate

daytime and nighttime, respectively.
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Fig. 71. Diurnal changes in abundance (ind./m?) of Pseudocalanus newmani at each

depth layer from 21 to 22 May 2016 at St. A in Lagoon Notoro-ko.
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Fig. 72. Diurnal changes in relative abundance (%) of Pseudocalanus newmani adult at
each layer from 21 to 22 May 2016 at St. A in Lagoon Notoro-ko. White and black bars

indicate daytime and nighttime, respectively.
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Fig. 73. Diurnal changes in relative abundance (%) of Pseudocalanus newmani late

stage at each layer from 21 to 22 May 2016 at St. A in Lagoon Notoro-ko. White and

black bars indicate daytime and nighttime, respectively.
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Fig. 74. Diurnal changes in relative abundance (%) of Pseudocalanus newmani early

stage at each layer from 21 to 22 May 2016 at St. A in Lagoon Notoro-ko. White and

black bars indicate daytime and nighttime, respectively.
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Fig. 75. Diurnal changes in abundance (ind./m3) of Oithona similis at each depth layer

from 21 to 22 May 2016 at St. A in Lagoon Notoro-ko.
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Fig. 76. Diurnal changes in relative abundance (%) of Oithona similis at each layer from
21 to 22 May 2016 at St. A in Lagoon Notoro-ko. White and black bars indicate daytime

and nighttime, respectively.
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4 E. BEICRIT D04 7 VEREOBRELE) & RIEEE) O BELR

1. Ex

IPCC % 4 s F i, RS AT L OIRIEGICITEE 5 RHUTZR2 WV EFRfE L T % IPCC
2007), L2vHIRBRLIZME L TH Y | 1880 705 2012 FIZd T, HEF O FH M E5UR
12 0.85C LA LTW\5 (IPCC 2014), F7=, RMFFEOFRE/KIRIL 1891 476 OB IS
WT 100 EH7-0 0.5CEF L THY (Fig. 77). #5IZ 2013 4E)>5 2016 £ 4 4R/ T
0.28C LA LTW5D, ZOMl/KiED LAITREY 2T ADiEE (Wb 2 HERIRIE(L) (2
Lo TBIERZENTEHETHDL LEZ LN TWD, AAR—Y 7 AR TR
KA U B B st OWFE CTdo 5 (Watanabe 1963; Parkinson & Grantz 1983), ZEif)
MK THLAR—Y 7S HERIRRMICHEI KEO ERENEHR I TEY
(Nakanowatari et al. 2007) . AZ=0 i KK KL AR — 7 gD 10%LL L7235
KIS A 5 O T fK AR I3 LT b (Figs. 78, 79), 2013 4E) 5 2017 4E D 5 I
FEOKBIRIEIEI L TV a2, HRMPKEMBE LD LT b, AR —> 7 iEOHKIT
JEUEAKIR DA DA R Z T DT O RELSEBT 55 (KT 2017) . FKIEKIk
HEFEIE 1971 FE 05 10 £ H 720 6.6 77 km?2, HEOKHFIT 1998 4715 10 5729 16.0 H
BT DM E R LTS (KET 2017), 2O X 5 ICHIERIEREIEZ, KIRO EF D272
59 WD ALK RIREESOKFAA A RED LRI EOWEREOZEE 725 LT
W5,

TT 7 N UBEIC L o TR KIRD RIS Ko TFEAM O L BIRAME 9% (Yara et
al. 2012), F£7o. MMALT 52 LICK D RBIHSC RO X ) 108 & b o I EM OB
EOABARIEEZRIFTT EEZ LA TWS (IPCC2014), 777 b U HEIR, 4

AO/PNS BRI THY | FEITHAATRENEE b AR B3 (B A 2007),
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e, AT VRITMEERREOBIC K o T, FHEMEDREILTHLEZA6ND, BEE
TR e A AR — 7 iR T HERIERALIC L 2 KIED ERRNEZ 5508, AFh—Y
7 WR IR 3BT DB O ZLIZ OW T OWEFNL, SO L2 2 VEWm 77 o
N OBEENMERICRE S EB)T 2 2 LA LT S 472 (Arima et al. 2016) DHTH D,
HERIEBEAGIZAE D AR — 7 R IR O FEREE D2 L 2 57023 21213 10 FLL LD R
W7 =2 2T 20BN H D, L, BT — % OMRICITERRE SR, B
MREERD, TOI20, REWNLREMT 77 FUBHEOEARAE Y F2RAELTHDH D
W, EEBAERTEEIZB T D CalCOFL (V7 =T e FERLFERL) Yrno=7 M2
Ko TEBE I TS SIO (Scripps Institution of Oceanography) WF4tir, LK CPR
(Continuous Plankton Records) 7m ¥ =72 MI Lo TEBEIN TS SAHFOS (Sir
Alister Hardy Foundation for Ocean Science) 223281 Hi1 5, H AUTHEIZ BV T,
KFPERNC I T 1950 SELABED /N L 7 v a AC R DRBIR D 2, T BIFRA, W
72 5 ONCHBEAEBE R D> DA K S 2 HER & A 7 2 O FEARME S DS EH-4F DO BEE A 7 — L Tlig
Wy L, Thbbry—2av7 b (S 2007) L OBFEMHEIZOVWTHEEAL TS, &
WFFEIL 2013 4205 2017 D 5 OT =X Th D712, HIBRER(LO BT ST
TRV, EZFHRAATREIC T D IZITRMT —Z OS2kt L TIT O BN H D, £
T, AWHETIE, AR—Y 7O KIDOR B2 2T LB ER L, KEEEIC

D REHUINC 31T 2 1 A 7 LHHESR ORRAE A E A fifbT L 72,

2. BB L
2-1. REME
TS IXREROA D IR OKIER 20 m) ([Za%iF 7= @A (St. A: 44° 03° 02.17 N, 144°

09’ 38.8” E) 2BV T., 201342 A5 2017 4E 12 HIZHIZ 1[I 2 [AIOSEE T -
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7o FEROKE (4 A5 12 7)) OfEIE. RAURERFEAR— 7 filghisit o 2 — g
OFEM TN 9 2] 70 BN TaHEERE R RHLEFTA OFI &M 2RI U TEM L7z, &
K (2 An 3 A) IQIIESRTBEIL, 74 A4 —HTEBIV ax V) & Hn KIS
50 cm WU G DR Z 22, AEZITo 72, AEIZWTNs BH (9:00 205 13:00) 21T -7,

B AT AR OERERH FE OFEEE) & RIEEE & O BREZBRFT 572012, PDO
index (R4J7) ZMHTICAHV 2, PDO index (X, 1901 47225 2000 4E £ TOALKFEPED
20" DUEIZ 3T 2 g KRR A7~ D #IERIERE L O IR 75 2 BR O 7242 280C, PDO index 73
IEDKRFE, ALKFEEORKE AR L VK<, PDO index A DKL, FKifi/KIRH FARE
IV bmEWI & ERT, £72, IEO PDO index £, 7V =2 — ¥ ¥ URRIER TR, AD PDO
index (X, 7V a2 — 3 v AMEKUEDRTHMEM 277, £/, SRAEHIH P OKSR N &R

DT, KRBT DOT —H N—=ZAnblET OF/ A OFHKIE L GFtEKEZ v,

2-2. KEBRFEDORIE

K &5 ORIEIX, Compact CTD (ASTD103, JFE 7 KN 7 » 7 #H8) & VT,
MR~ DTS £ CHIE Lz, FEMMPRITERIAANTIL 0.1 m Tho7o, KB LU0
SYERA H Z EICHEEUMN TTIX 1.0m 205 18.0 m F TOKMEREF EHERH Lz, 2 LT,

EHIMEZESH ZEICEH L, T AW,

2-3. Chl.a IR E DRIE

Chl.a EHIEMORAKIZ, Om, 5m, 10m, 15mBELPN18m M5 6L/ F—
KEE A W TERR L 72, $RE L7230k 500 mL # 7L 10 pm BL P2 pm DA T L7
4 V% — (Whatman ) 726N H T A#E~ « /v % — (GF/F, Whatman #:44) T
P L7, K7 4NZ—IEIN, N-CAFILARNLLT I K (DMF) %Z 7mL A7z 8 mL O

JEANTF 2 —7 (P22 y M) (B L, Jeapktfahhtig, S006E (Model
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10-AU, #—F—7 %A ALHR) 2 HVCatik (Welschmeyer 1994) (210, LT
25 Chl.a B (ng/L) ZHIE L7z,

Chl.a=FoxviV
2T, Fl3f L7z ChlaiREOHEOE, vIiZfiic vz DMF o & (mL), ViZAi
L7z#k®E (mL) & L7z, AWFETIE, &% A XD ChlalRE 4G5 LT Chl.a lRE %
BHL, KE18m ETOAMMAE L L TR, LT, FHHEESEA T LICE B L, fif

Hric W=,

2-4. A T VHORER L OEHEK

1A 7 VHEIZHA 100 pm @ NORPAC net (1% 0.45 m, il 1.8 m) % MW TKE 15
m NHERERTERE L7, RMERFIZBIT2 3y FOIEBKEZM L7201, F v MA@
RAEWE H DUEKET 2 B0 AT A IR DM A R I > T, FF B IR - 7o SR AEREH
WARTEEF b U ALY PRI AL~ U o CRAGEEDR 5%\278 5 & 5 ICEE LT,
ELTZaBHE, A 7 4 200 fERLL BIZ72 2 &5 1T BT U Con A EIZRT 1/2
D 1/64 12 Lz, EI L7RURHI SR EE (SZX16-3141, OLYMPUS {:4d) FT
AT VAR EA NI OWT, g (1966) . K& - EH (1997) . Brodskii (1950)
72 5 NT Gradner & Szabo (1982) (27> THEEIE 21TV, B2 & ITEAEE A LT,
HA T VFEOKFEFEE OEREEE (Abundance: ind./m3) 12U FORE FWTHE Lz,

Abundance=n/(nxr2xLx 8 T) / p

ZZC, niEEHEE, ridk oy B (m) o LITEAEEEEE (m) | ¢ 13RI O TR G R ER A
TIIRERF DU /KGRI, pldmElRE LT,

REEUH D FEKIIFENIZ 134 50 em U7 DR %38 U CRRIATT > 72, 2013 £ 5 2015 4D 7
AT VERABHIES 100 pm DY 72y b (A££0.3 m, IR 1 m) Z/H\T, 2016 4

Ne 2017 DB A 7 LHEFEHT H A 100 pm @ NORPAC net (H£% 0.45 m. il 1.8 m)
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EHOT, AE1Em NOHMERICEIVEEL, V7 xRy MTEDBRECBOTE, *
v FOORINNS | WAKFHZESE Lrdolizd, AR (47 % 1 & LTHiRo=)
BAAT VEOMBEBBELZ RO, TL T, ROONIZEET —FEZHWT, FHEE
FHITEICHEB L, BTV, SEREREE, T oD 5 Shannon-Wiener D4
ek (H)%3K%7- (Shannon & Weaver 1949) ,

H =-Y3_, Pilog,pi

ZIZCsIEIA T VEOSRE PHIE IO A T U REEIAEE E kT AEIE L LT,

3. R
31 [T —4

PDO index 1% 2013 - 1 H»5 2014 4F 1 A £ TADfETH - 7= (Fig. 80), LA>L ., 2014
£ 2 AL, PDO index (ZIEDETH >72, PDO index @ 11 7> A OBENEE)IL 2013 4
12 HE TADETH o723, 2014 4 1 HLIRIZIEDE TH - 7=, #ETOKIRITETOHF
T 1 HICHKIEE (-7.2CH5-3.9C) Ziték L7z (Fig. 81), SiEIT 1 H Uk 2 2 EH L.,
2017 7T HD 19.8CERE, 8 HiZhmE (18.6CH 56 21.7C) Zitsk L7z, 9 ANDR
EITFHOME T Lz, KUROEFRAD 12 2> H BB & FEOEDFERR T y=0.06x-1.66 &
720, 2013 4 2 A/ D 2017 4F 12 A ORIRIFME T+ 26 m %2~ Lz (Fig. 82), H A&k
KEZS 100 mm B X 7-D1% 201348 AN 5 10 A, 201448 H & 12 A, 201549 A
N5 10 A, 2016 8 A5 9 A, 201746 H Th -7 (Fig. 83), HFlZ 2016 4 8 AL
425 mm ZRdk L7z, BKEO PAERZIL 2018 4E 4 H, 2014 4E 5 A&#BRVTC, 1 ANG 5

AlZiIFADETH-7- (Fig. 84),

3-2. BEHMIREET — ¥
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REHUAIC 31T 2 /KIRIZ A TOHFEICIBWN T 2 HITREE (-1.5CH» 5-1.3C) Ziték L 7= (Fig.
85), KL 3 AvH EH L, £ TOHEIZBWT 8 AICKRAME (19.1CH» 5 20.8C) Zitek
L7z KIRDEFARZED 12 7> A BEREE) & FORYFERIE y=0.01x-0.36 £ 7210, 2013 4
2 Hnb 2017 4 12 A OKIBIZ ER T 2@m %2R~ L= (Fig. 86), #4013 12 HICRIKME %
FLEk L. 2014 40 32.1 ZFR&E ., 31.0 05 31.3 Th 7= (Fig. 87), D VFHERAED 12
2> H BB L AR O EPFERRIE y=0.004x-0.124 TdH - 7= (Fig. 88), Chl.a 1T 2013 4
£ 2014124 AH L<IE5 AIZ 100 mg/m2 Ll Lo EREZ ek L= (Fig. 89), LavL.
2015 LI, Chl.a ¥ 1X 100 mg/m?2 LI EAFék L7 A28 3 MLl Eitdk &=, ChlaiE
FEDNWAFRAD 12 22 H BB V- L EORIFERIT y=0.76x-23.38 £ 72V | 2013 4F 2 A

5 2017 4 12 A ® Chl.a REEI3EMT @M 27~ L= (Fig. 90),

3-3. WA T VEMET—F

REIZ 31T 2 0 A 77 S HERESE O %05 FE 13 2014 4F % T 10000 ind./m3 LA F Td -
73, 2015 AELIRRIL 2015 4 6 HB X TV12 A, 2016 42 H. 5 A, 7T HIB XUV 11 A, 2017
4 A5 7 A2 10000 ind/m3 L E&FRER L7 (Fig. 91), WA 7 S HEREEEREE £ o
WARRAED 12 7> A BB & O B ERR L y=112.73x-3494.63 &£ 720 | 2013 4 2 A >
5 2017 4F 12 A O A 7 HEREEE RS E N3 2 & R L (Fig. 92). K

(2 A5 3 A) IZBIF2FHIT 2015 4 2 A Z W CRICEEEL THl- 72 (Fig. 93),
TR D SERAZD 12 70 A B8 L AEORIFERRE y=0.005%-0.156 £72 0 2013 4 2 A
225 2017 4 12 A OFEEIIEAD T 2@ m 2R Lic, fok# (2 A 3 ) ITB1T 554k
S (H) 1 XFIEFEE Tlalo 72 (Fig. 94), ZHEERROEFERAD 12 A BE)IF
¥) & AEDEYFEBIE y=-0.006x+0.199 & 72V (2013 4 2 H /6 2017 4 12 H DZEREEHEEL

TR DMz L7z,
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3-4. WA T VEHBET — ¥

AT ETHHAEME T 13 BHHB U722, ARBFE I AMERECR B3 i - 72 A7 3

BlCT&H 5 Acartiidae (7 /L F 7 EL) | Clausocalanidae (7 7 7 Y 57 X AF}) | Oithonidae
(A PR L HEEE 722 %~ L7z Calaniidae (7 X AF}) 2oV TihR 5,

Acartiidae IZFAEHIM T, 4 FEHBL L7= (Fig. 95), Acartia hudsonica, A. longiremis
B LA omorii (T HBLNTRD BT, A steuri 13 2013 45 L OV 2017 45 L HEL
MERD B2 o T2, Acartiidae OEAELTE E O FAEMRZED 12 2> H BENEEIT 2014 4F 11
AECTHADMETH o703, 2014 4F 12 AD 2016 4F 6 A £ TIXEDfEE /R L7z, 2016 4F
THADHITH RO AT LT,

Calaniidae (&SI S 4 fHEL L 7= (Fig. 96) ., Calanus glacialis 1% 2015 47> 5 2017
FEITHBNRD SN ho T, C. pacificus 1% 2015 43 LT 2016 4EI2B W T HINR
O BRI o T2, Mesocalanus tenuicornis 1% 2013 4F 11 H O HBUZR 5 3 7-, Neocalanus
plumchrus 1% 2016 B W TIIHEBLDFRD Hiv7e - 72, Calaniidae OEIRLUE B D
HERED 12 A BEEE)IE 2013 4 10 H £ CTIEOEA R L7243, 2013 4F 11 A HIFAD
EERLT,

Clausocalanidae (Tl AR+ 4 I U7z (Fig. 97), Clausocalanus parapergens |3
2015 4E 12 A D HBUZIR b7z, C. pergens % 2013 4513 9 A 726 12 HICHIEL L7243, 2014
DD 2017 13 7 A HBRRS bivic, C pergens ODEREE T 2014 4% Tl
2000 ind./m3 L FCdH o723, 2015 725 1% 2000 ind./m3 PL b o> fig Kl % Fdk L=,
Pseudocalanus minutus (ZFEHBL L7273, 8 A2 10 HIIZHBLAGRD e o 7,
P newmani ODEIREFEEIL 2015 4 5 H £ TiE 3000 ind/m3LL FTH o723, 2015 4F 5
HAmbTH, 200642 A, 4 Ao 7TH, 11 H, 201742 A, 4 AD 6 AIZIXEEIX
3000 ind./m3 Lk ECdh o7-, Clausocalanidae OE KL E O A RAD 12 7> A B8

1L 2015 5 H £ THDEZ /R LT=ZA., 20154 6 A HIZIZIEDE TH -7,
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Oithonidae |ZFRA WM 3 FEHHL L7= (Fig. 98), Oithona atlantica 3 £ O\ O. similis
X, AP EICHEARD bz, LML, O. davisaelE 2014 -6 AHH 8 A DB
\ZIR 5072, Oithonidae DOEAREE E O AEFZ2ED 12 2> H BEIEEIE 2013 45 12 H £ T
FIEDETH 7225, 2014 4 1 A5 2015 4 4 HIZADEA R L, 2015 4 5 H 22 b 13

CIEDEZR LT,

4. BE

TSR O A5G IT 1880 £ B 2012 £DHIZ 0.85°C LA LTV 5 Z L vidr S,
Wb HHIERIRIE(LITEE 5 KRR W RS T d (IPCC 2014), —J, WHES AT
LIZEBNTSH, 1955 4F00 5 2004 2T T, RERAIICHRIE OKIRD LA L2 2 &3k
a7 (Nakanowatari et al. 2007), 7=, A7HR—2 7 ¥ CIIAZFOWKOHIFE & K
RN T DM Z7R L TWD (KT 2017), HIERIRRR L O BT AR — > 7 MO HHFE
VAT DGR KIF L TV D REESMER STV S (Kimura & Wakatsuchi 1999;
2004) , AHFZEHIRI D 2013 £ 5 2017 4ED AR —Y 7 #EOHEK G b I E I 2 77~ LT
W5, ARHFFEICE T DEEEUHO 2013 05 2017 FOKIRIE ERMM AR L, £/, #
AT OKIR S LM T EAEm AR Lo, seEUICR1T 2 KIRO EAEmIE, Mk
DKIRD EFNERD—>ThH D &EEZHNDH, PDO index (3 2013 4725 2014 FTh T
THEDENSIEOEIZEIL LTz, PDO index NIEDEIZELT HET U =2 — v v VREE
DR 720 ACHOREE IR LY — AT 0 | I ACEEIRIRRE L Y — 41272 5 (Hare &
Francies 1995; Hare et al. 1999), AP ACEEEICBEEET 2 AR — Y 7 MR R Ec-ORE Ui ©
2013 4E D 2014 2T T, BHL P —AICT 7 M LEAREMRH D, UL, BEEUY
2B DK BN E T ORI BN TH 7=, IPCC (201412 X5 & A DHl

AR 1951 4E02 6 2012 FEOHARIIC EE, 1988 £ 6 2012 FEDOHARIC B 1T 5 EHAH A
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XFHE->TND, LaL, AUFEHIHETH S 2013 4F0> 5 2016 4FIZI1T 5 RERKIE EF-35
3% L <@V, PDO index [XHIERIRIE(L OFEEZ T Y % 5 7- 012, FRERIYIE A BSR4
179 BN 2 O R o A SEER M f KRR £ 7> 5 REREE KRR 2 2 BRI TH 0 |
2013 4E D 2017 AEICBWVTIZZEGE— NI L AIE TR _EICHERIERKIC L 5 EHRD
F 0 DRV ELZ RIT L TWDAREER S 5,

L2rL, L= ANBEAEL D —h~DY T NI A T AR ORIREE E 5
BhH 2 -00b L, BB O 2018 05 2017 IR 5 7 4 7 HERE O K
B RSV I R &2 o) Uiz, £72, P newmani b 3% CHAIME R 2 78 L=, $EI2, 2016
FEIO2017THFD 4 A6 6 AIITEFE LY SEAREEE D &) > 72, P newmanii$ 15C
LT OKIRZGFA (LD - B8 1997), A& — 7 W5 7 CIRIRARIE 7 D /K823 753 4F
T 25HATHFENE < 725 (Asami et al. 2005; Asami et al. 2007; Asami et al. 2010a).
P newmani (35K MM THD 2 A0 D 3 HITIE WA 7 VHEEHED 76.0% 0 L& 5 5720

(35 2 = 1 8i) . fHAEWITH T 2SS MES, MEREBTH-TF2BNRD, KIED
EEERIEL, 4 ADD 12 HOIEFOKENCR 6z, P newmanilZ & > T, FERDKEIDK
RO EFE A IIFEOKENCI S L2 b D=V F— 2 TR FAEICHHATE 57
BEMENN® B, —fKIZ, PDO index NIEDEIZZA L L, HL Y —Lcy 7 F 5L, b
FHETITAFTORERANER LY | RE~OREBREOMGELHINT 2 2 L2k~ T,
W72 o7 N A KD BB EPERDEINT 5 LB A BN TS (Ono et al. 2005), A7
=Y IWITRBNT, BRLY—AIZV T N5 &, EDOX D ITMFEREDNEET 5 DO0NT
B & Tid e, ABFZEICI80) D RERGH O Chl.a EEEIIHIME RS 2R L7, Z OREEGH O
Chl.a ¥R OHIMEE & FeH L P — h~D 7 B —E LT 28, ABFSERSE S Tld % o Bk
EHLMNCT DI LIFTERY, BIZ, ARBFFEIZE VT Calaniidae #5780 E (K505 23
2014 FELIREICHA U, SRR+ M 2R Uiz, Bl iR L v —

KD T WA T RORSES O REEHSIC ET 5 WA B 5,
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LY — AT 7 MIREK « WHE - WEEERER D HHERK S LD HIEREREE > X 7 A D H A&
(LU—2) B, HI0FEORHAr—LENF Ty 7 528 THY (I 2009), ~
ATV ERZTTATOEBTYHD TR bz (Kawasaki 1983), — 5, LY —A
Y7 NI A TR E I TFA T EARTT T 7 b UEORRAEEAYIITENIC
<V (BA 2007), JIE (2010) X, KEOEB-MFHEERE-7F 7 -~ U &
REBRMEDNES RDICEATEHOREBEARE S 2D (LW HIHEIE : biological
amplification) &5 L7z, A0 (2007) (X, v~ VNIRRT T T o7 M UBIFREICE
WCEENED N S W 2 BRWEHOBEMICH D Lib~TWD, T742bb, SMEETIE
BYWHEEEE I Ny 7 - X Tarba—ranTnid, £0n, KRAEEEY OB
FRIIFIESMZAONTVEEDIC, LY—AY 7 MRRI-ZELTH, 707 b
VERAEOEBENS NS A0S Z T D, —F, BRI TR, AMNEEIC T
WICRBEIREN S <, ChLalRE b &Y (EE S 2014b), T72bbH, BBEIHATIZ M v 7 -
FyoTaryba— LI TWRWEBbid, £07), IWRBROZEZMRIZT 5L
BEZDONDREBIMICE N T, RIEVAT ABREL U —ANLEBL Y —A~D T T |k

ST, BT 77 b LNV ETHRAENHEICEEH L0t LvZ,
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Fig. 77. Surface water temperature (SWT) anomaly (‘C) in the world oceans relative to
1891-2016. These data were originated from Japan Metrological Agency. Broken line
indicates regression line between SWT (y) anomaly and year (x). Orange indicates

equation during 2013-2017.
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Fig. 78. Maximum sea ice extent (km2) in the Okhotsk Sea from 1971 to 2017. These
data were originated from Japan Metrological Agency. Broken line indicates regression
line between maximum sea ice extent (y) and year (x). Orange indicates equation during

2013-2017.
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Fig. 79. Duration of sea ice cover which occupied in 10% of whole area of the Okhotsk
Sea from1998 to 2017. These data were originated from Japan Meteorological Agency.
Broken line indicates regression line between duration of ice cover (y) and years (x).

Orange indicates equation during 2013-2017.

PDO index

Fig. 80. Curves of PDO index sequence changing with year from 2013 to 2016. The bars
represents the value of the PDO index. A curve indicates the trend information

extracted from 12-month moving average.
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Fig. 81. Interannual variability of air temperature (*C) in Abashiri from 2013 to 2017.
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Fig. 82. Deviation of the inter-annual variability of Air temperature anomaly (C) in

Abashiri relative to 2013-2017. A curve indicates the trend information extracted from

12-month moving average. A broken line indicates a regression line between air

temperature anomaly (y) and year (x).
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Fig. 83. Inter-annual variability of precipitation (mm) in Abashiri from 2013 to 2017.
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Fig. 84. Precipitation anomaly (mm) in Abashiri relative to 2013-2017. A curve indicates

the trend information extracted from 12-month moving average.
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Fig. 85. Interannual variability of water temperature (‘C) in Lagoon Notoro-ko from

2013 to 2017. Vertical bars indicate standard deviations.
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Fig. 86. Water temperature anomaly (‘C) in Lagoon Notoro-ko relative to 2013-2017. A
curve indicates the trend information extracted from 12-month moving average. A

broken line indicates a regression line between air temperature anomaly (y) and year

(x).
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Fig. 87. Interannual variability of salinity in Lagoon Notoro-ko from 2013 to 2017.

Vertical bars indicate standard deviations.
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Fig. 88. Salinity anomaly in Lagoon Notoro-ko relative to 2013-2017. A curve indicates
the trend information extracted from 12-month moving average. A broken line indicates

a regression line between air temperature anomaly (y) and year (x).
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Fig. 89. Interannual variability of integrated Chl.a concentration (mg/m2) of 0-18 m

depth layer in Lagoon Notoro-ko from 2013 to 2017. Vertical bars indicate standard

deviations.
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Fig. 90. Chl.a concentration anomaly (mg/m2) in Lagoon Notoro-ko relative to 2013-2017.
A curve indicates the trend information extracted from 12-month moving average. A
broken line indicates a regression line between air temperature anomaly (y) and year
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Fig. 91. Interannual variability of total copepod abundance (ind./m3) in Lagoon

Notoro-ko from 2013 to 2017. Vertical bars indicate standard deviations.
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Fig. 92. Anomaly of total copepod abundance (ind./m3) in Lagoon Notoro-ko relative to

2013-2017. A curve indicates the trend information extracted from 12-month moving

average. A broken line indicates a regression line between air temperature anomaly and

year.
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Fig. 93. Anomaly of species number in Lagoon Notoro-ko relative to 2013-2017. A curve
indicates the trend information extracted from 12-month moving average. A broken line

indicates a regression line between air temperature anomaly (y) and year (x).
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Fig. 94. Anomaly of diversity index () in Lagoon Notoro-ko relative to 2013-2017. A
curve indicates the trend information extracted from 12-month moving average. A

broken line indicates a regression line between air temperature anomaly (y) and year

(x).
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Abundance anomary

B Acartia hudosonica™ Acartia longiremis

Acartia omorii Acartia steuri

Fig. 95. Anomaly of Acartidae copepod abundance (ind./m3) in Lagoon Notoro-ko relative
to 2013-2017: blue for Acartia hudosonica, grey for A. omorii, orange for A. longiremis,
yellow for A. steuri. A curve indicates the trend information extracted from 12-month

moving average.
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Fig. 96. Anomaly of Calaniidae copepod abundance (ind./m3) in Lagoon Notoro-ko
relative to 2013-2017: blue for Calanus glacialis, grey for Mesocalanus tenuicornis,
orange for C. pacificus, yellow for Neocalanus plumchrus. A curve indicates the trend

information extracted from 12-month moving average.
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Fig. 97. Anomaly of Clausocalanidae copepod abundance (ind./m3) in Lagoon Notoro-ko
relative to 2013-2017: blue for Clausocalanus parapergens, grey for Pseudocalanus
minutus, orange for C. pergens, yellow for P newmani. A curve indicates the trend

information extracted from 12-month moving average.
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Fig. 98. Anomaly of Oithonidae copepod abundance (ind./m3) in Lagoon Notoro-ko
relative to 2013-2017: blue for Oithona atlantica, grey for O. similis, orange for O.
davisae. A curve indicates the trend information extracted from 12-month moving

average.
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AR 7 WER RIS R & IR & W D 2 D OKBEAFEIRICE LT D
Thd, o, AFBREPIOKTEDOND Z LITE > T, @WIREAPEL S DT
b, £ IT, AWRITAR—Y 7 iR FBICALE T 2 MENS OB 2 0 A 7 v
MEREE OBRE A B4 72 RE A 7 — L CH G LTI CTORMZEHRE Th 5.

B 1 FETIE, KEDORRD FABRRUK & MK 2N FF AT 2 AR —> 7 ifgih
FEIUZ BN T, MK OEEL R Z T LB O A 7V EHELERH T L2 L2 W56
T LTz, 55 2 O 1Tk, Ah—> 7 nEE & seBu o 0 A 7 28R 2[5 H1H
AT HZ LI Lo T, BBEGAND 4 A6 12 H LeEEGHSN D 12 H THER s vz 7 v —
7°A, BEEGIND 2 H726 3 A2 b NZRERSN D 4 A L 6 AlIc ko TSNz % 77
N—"7" BlEEEUHAN O 5 AR X ONT AD 11 A TR S =¥ 7 7 v —7 B2 IZKBI T
DT ENHGMNEIRoT, BT 7 N—T BLIZHR/KFED Pseudocalanus newmani O 55
D < BB & BIKIRDVKA FIZR 5720, HEZIT O 2 LR TE R 24
DK S 7 V—7 BLIZJET D AlRetEvme Sz, & 2 mOH 2 ficld, #L5fD P
newmani % BEEUHN SN C R Be B\ ARIASORE FE & ARV A RAMRAT L. RABEIK D 4 5
D RFHN VIR D AR L & AR A AR T3 525, BHERIBRAK A b D & Rk
DRI LR A X RS D, £72, WKITHAE LT A AT 02—k Rk
W77 7 bR LT, AAR—Y 7R RSB W THARZR L TV D otk 2R
L7, 3 3 BmTIL, WA REIZI T D A4 7 VHROEIREE TS 2 2 80T
REBUM OB MR AN L0 AT Z L3 c& oz, Ll BB TE LTS A
hudsonica, C. pergens, O. similis (32 TONREERE CTERKE BICRBICHMATLH08, P
newmani [IFAED I A IR oA U, KENZIARIE 12557 Lz, A. hudsonica, C.
pergens, O. similis [TEREMIZBEN T2 =X —Z2 M, WIWIRICRE > T, KERIITIA

PO D EFHIE L L > TWD T eIz, LT, BRMEBEIZ1T> T
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W= P newmani JE AT & BRAERERDIC X o TiE, EEEUICER S D aTREMEN H D = &
o LTz, 4 BTIE, JELVI— LB T T T, BRIV TIUKIR
MW LEF- U, ¥£72. P newmani OB ITMNT 523, CALANIDAE O (A% e
TR oMM R U, A T BRI, SRERREDNEA T oM AR LT, A
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Fig. 99. Changes in annual fisheries catches (t) of marine and inland water fisheries
and culutres in Abashiri city from 2011 to 2015. These data were originated from

Fisheries Statics in Abashiri city (Abashiri city 2015).
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Fig. 100. Changes in annual productions of marine and inland water fisheries and
cultures in Abashiri city from 2011 to 2015. These data were originated from Fisheries

Statics in Abashiri city (Abashiri city 2015).
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Fig. 101. Percent composition of annual catches of fish to total annual catches in

Abashiri city in 2015. These data were originated from Fisheries Statics in Abashiri city

(Abashiri city 2015).
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Fig. 102. Percent composition of annual productions of fish to total annual production in
Abashiri city in 2015. These data were originated from Fisheries Statics in Abashiri city

(Abashiri city 2015).
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Study on population dynamics of copepods in coastal waters of the

southwestern Okhotsk Sea

English summary

[Background and Purpose]
Plankton is a floating organism that does not have enough swimming ability to resist
water flow. Copepod is a taxonomic group that dominates in the zooplankton community
in the waters of the world ocean. Copepods are important prey species of fishery
resource organisms, such as pelagic and demersal fish, and are thought to contribute to
the stability and sustainability of marine ecosystems. The coastal area of the
southwestern Okhotsk Sea is a sea area rich in fishery resources. Their higher
productivity could be supported by copepod production in this area. However, there are
very few findings on population dynamics and production of copepods in the coastal area
of southwestern Okhotsk Sea. Lagoon Notoro-ko is a water environment similar with
that of the coastal area of southwestern Okhotsk Sea. Therefore, this study aimed to
clarify the population dynamics of the copepods in the coastal area of the Okhotsk Sea
via results of the copepod dynamics in Lagoon Notoro-ko as a model of the coastal area
of the Okhotsk Sea. In this study, in order to achieve my final goal, I examined the
relationship between copepod community fluctuations and environmental factors with

some temporal and spatial scales.

[Chapter 1: Effect of water mass replacement on the seasonal variation of copepod

communities in Lagoon Notoro-ko during ice-free season]
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The Soya Warm Current (SWC) and East Sakhalin Current (ESC) waters are seasonally
replaced in the coastal area of the Okhotsk Sea. In order to clarify how the copepod
community is influenced by the seasonal change of the water mass, I conducted a
seasonal survey during the ice-free period of Lagoon Notoro-ko. As a result, the
eurythermal temperature species dominated during summer when the SWC water was
distributed in the lagoon, and the cold water species were distributed during the early
winter when the ESC water was distributed. These results suggested that the copepod

community structure changed with water mass replacement in this area.

[ Chapter 2: Comparison of copepod community in Lagoon Ntoro-ko and coastal area of
southwestern Okhotsk Sea]
Section 1: Comparison of copepods community structure in Lagoon Notoro-ko and
coastal area of southwest Okhotsk Sea
It is not clear whether the seasonal variation of the copepod community found in Lagoon
Notoro-ko is a specific phenomenon in Lagoon Notoro-ko or a phenomenon of which the
seasonal variation occurs widely in the coastal area southwestern Okhotsk Sea
including the lagoon. Therefore, we conducted surveys at two fixed stations inside and
outside Lagoon Notoro-ko and compared the copepod communities between the two
stations. In Lagoon Notoro-ko, we also conducted a survey during the ice-cover period.
As a result, during the SWC water distribution period, the copepod communities were
different between inside and outside of the lagoon, but during the ESC water
distribution period, the community structures were a similar between inside and
outside the lagoon. Pseudocalanus newmani dominated during the ice-covered period

inside the lagoon. Since water temperature during the ice-covered period is thought to
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be lower than 0°C outside Lagoon Notoro-ko as well as inside the lagoon. Therefore, my
results suggested that copepod communities of outside lagoon during the ice-cover
period, when we could not carry out the survey, might be similar to inside lagoon
communities.

Section 2: Population dynamics of P newmani in Lagoon Notoro-ko and coastal area of
southwestern Okhotsk Sea

P newmani was dominant in the copepod community of the coastal area of
southwestern Okhotsk Sea including Lagoon Notoro-ko when the ESC water was
distributed, and is thought to be an important prey organism of juvenile salmon. We
examined the relationship between the dynamics of each developmental stage and
environmental factors, using samples collected from inside and outside Lagoon
Notoro-ko. As a result, the adult abundance and female body size of P newmani were
decreased but abundances of earlier developmental stages also increased during SWC

water distribution periods.

[ Chapter 3: Relationship between short-term variations of copepod vertical
distribution and tidal rhythms in Lagoon Notoro-ko}
It is considered that waters in Lagoon Notoro-ko are exchanged for seawater in the
coastal area of southwestern Okhotsk Sea by effect of tide and wind. The copepod
communities in Lagoon Notoro-ko which could be exchanged with those of the
coastal area of the southwestern Okhotsk Sea by the exchange of water masses. In
this study, we examined the relationship between short-term variations of copepod
vertical distributions and tidal rhythms in Lagoon Notoro-ko. As a result, all

developmental stages of A. hAudsonica, C. pergens and O. similis, which dominated
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in the copepod community of Lagoon Notoro-ko, distributed in the surface layer
both daytime and nighttime. On the other hand, adult £ newmani was distributed
in surface layer during nighttime and in the deeper layer during daytime.
Therefore, my results suggested that A. Audsonica, C. pergens and O. similis have a
strategy which horizontally widely diffused with tidal stream without vertical
migration. On the other hand, adult P newman: that performed diel vertical
migration might be accumulated in Lagoon Notoro-ko during nighttime and flood

tide.

[ Chapter 4: Relationship between interannual variability of copepod communities
in Lagoon Notoro-ko and climate change]
Interannual variability of copepod communities in Lagoon Notoro-ko has not been
clarified. Climate changes could be influenced to the copepod communities. In the
study, we clarified the interannual variability of copepod communities from 2013 to
2017 and examined the relationship between their interannual variability and
climate changes. As a result, PDO index showed that the climate regime shifted
from the warming to the cooling regime at January 2014. During the survey period
in Lagoon Notoro-ko, the water temperature and of P newmani abundance
increased, but CALANIIDAE copepod abundances decreased. In addition, the
diversity index of the copepod community tended to decrease during survey period.
There was possibility that copepod communities in Lagoon Notoro-ko changed with

the shift of climate regime, from warming to cooling regimes.

[ General Discussion]
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The results of this study suggested that the dynamics of the copepod community in
the coastal area of southwestern Okhotsk Sea and Lagoon Notoro-ko could be
influenced by environmental factors of some temporal and spatial scales, such as

water mass replacement, tide rhythms and climate changes.
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Appendix Table 1. Abundance (ind./m3) of zooplankton collected by 330 um NORPAC net at Lagoon Notoro-ko in 2011.

8Feb 16-Feb 28-Feb 8Mar 14-Mar 14-Apr 29-Apr 30-May 16-Jun 29-Jun 14-Jul 28-Jul 19-Aug 29-Aug 9-Sep 30-Sep 13-Oct 25-Oct 11-Nov 25-Nov 13-Dec 21-Dec

CNIDARIA 0 0 0 0 0 93.9 107.3 13179 57.0 40.2 40.2 60.4 40.2 50.3 13.4 21.8 26.8 10.1 10.1 0 0 0
CRUSTACEA

CLADOCERA 0 0 0 0 0 0 33.5 0 670.7 925.5 238.1 2783 7679 620.4 4225 117 187.8 402.4 667.3 90.5 0 20.1

OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COPEPODA(Copepodite)| 392.3 920.5 9545 192.4 426.3 804.8 590.2 2920.8 2166.3 3903.3 1401.7 529.8 201.2 281.7 4326 972 97.2 93.9 318.6 744.5 566.7 1113.3

(Nauplius) 0 0 0 0 0 114.0 402 130.8  161.0 26.8 0 10.1 10.1 36.9 6.7 8.4 26.8 18.4 43.6 33.5 6.7 6.7

AMPHIPODA 0 0 0 0 0 0 0 0 0 13.4 0 0 0 0 0 0 0 0 0 0 0 0

EUPAUSIACEA 0 0 0 0 0 0 0 174.4 13.4 0 36.9 201 30.2 3.4 0 0 0 0 10.1 0 0 0

THECOSTRACA 0 0 0 0 0 0 0 16.8 46.9 0 0 0 0 0 0 0 0 1.7 6.7 6.7 0 0
CHAETOGNATHA 0 0 0 0 0 134 0 3.4 10.1 0 3.4 0 3.4 10.1 3.4 45.3 0 3.4 134 20.1 3.4 0
ECHINODERMATA 0 0 0 0 0 26.8 1744 0 40.2 0 16.8  20.1 53.7 50.3 1744 335 63.7 15.1 134 10.1 3.4 0
TUNICATA

APPENDICULATA 0 0 0 0 0 1475  275.0 0 0 93.9 0 3.4 134 101 20.1 369 107.3 2465  36.9 140.8  278.3 0
MOLLUSCA

GASTROPODA 0 0 0 0 0 0 0 2984.5 1871.2 21676.3 134.1 1643 771 20.1 0 1.7 0 0 0 0 6.7 93.9

BIVALVIA
ANNELIDA

POLYCHAETA 0 0 0 0 0 6.7 6.7 0 0 0 0 0 10.1 0 6.7 3.4 50.3 20.1 10.1 3.4 0 0
ARTHROPODA

MALACOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0 0 46.9 36.9 0 0 0 0 3.4 3.4 0 0 1.7 0 3.4 0 0
Larvae fish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 13.4 0 0 0 0 0 0 0 0 0 3.4 0 1.7 13.4 3.4 0 0
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Appendix Table 2. Abundance (ind./m3) of zooplankton collected by 330 pum NORPAC net at Lagoon Notoro-ko in 2012.

8-May 22-May 8-Jun 11-Jul 25-Jul 10-Aug 30-Aug 14-Sep 27-Sep 5-Oct 25-Oct 12-Nov 26-Nov 12-Dec

CNIDARIA
CRUSTACEA
CLADOCERA
OSTRACODA
COPEPOD. (Copepodite)
(Nauplius)
AMPHIPODA
EUPAUSIACEA
THECOSTRACA
CHAETOGNATHA
ECHINODERMATA
TUNICATA
APPENDICULATA
MOLLUSCA
GASTROPODA
BIVALVIA
ANNELIDA
POLYCHAETA
ARTHROPODA
MALACOSTRACA
Fish egg
Larvae fish
Unidentified

196.2 323.1 304 0
0 0 53.9 2054
0 0 0 0
1597.4 2496.4 432.8 422.8
64.5 2.5 35.6 0.8
3.4 1.7 0 0.8
2.9 8.4 0 28.5
1.7 6.7 0 0
0 0 0 0
0.8 0.8 1.7 0
6.6 208.9 0 32.9
0 0 45.3 421.3
0 0 0 0
0.8 13.0 4.2 0
0 0 0 0
330.0 18.1 11.2 0.4
0 4.2 1.9 0.4
0.8 0 0 0

1.7

114.7

0
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2.5
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Appendix Table 3. Abundance (ind./m3) of zooplankton collected by 330 um NORPAC net at Lagoon Notoro-ko in 2013.

18-Apr 9-May 23-May

12-Jun 26-Jun

11-Jul 29-Jul 8-Aug 26-Aug 12-Sep 26-Sep 11-Oct 30-Oct

14-Nov 20-Dec

CNIDARIA
CRUSTACEA
CLADOCERA
OSTRACODA
COPEPODA (Copepodite)
(Nauplius)
AMPHIPODA
EUPAUSIACEA
THECOSTRACA
CHAETOGNATHA
ECHINODERMATA
TUNICATA
APPENDICULATA
MOLLUSCA
GASTROPODA
BIVALVIA
ANNELIDA
POLYCHAETA
ARTHROPODA
MALACOSTRACA
Fish egg
Larvae fish
Unidentified

182.6 251.1 336.7
0 4.4 0

0 0 0
3832.5 1093.3 1862.0
11.9 18.0 12.4
0 0 0

0 0 74.7

0 15.8 13.4

0 0 14

0 0 0
47.2 81.1 54.8
0 0 0

0 0 0

6.1 2.6 2.0

0 0 0

0 2.7 4.8

4.2 0 2.0

0 0 0

116.8 41.0 35.5
66.9 2995 511.2
0 0 0
164.8 2157.6 919.7
0.6 0 0

0 0 0

1.6 21.4 15.6
12.0 10.8 15.9
0 0 0

0 0 0

1.2 47.9 106.9
621.8 1852.3 170.3
0 0 0

2.9 1.9 6.5

0 0 0
7.7 12.0 6.5
6.2 0 6.5

0 0 0
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Appendix Table 4. Abundance (ind./m3) of zooplankton collected by 100 pum NORPAC net at Lagoon Notoro-ko in 2013.

7-Feb 14-Feb 22-Feb 28-Feb 7-Mar 13-Mar 21-Mar 29-Mar 18-Apr 9-May 23-May 12-Jun 26-Jun 11-Jul 29-Jul 8-Aug 26-Aug 12-Sep 26-Sep 11-Oct 29-Oct 14-Nov 20-Dec
CNIDARIA 0 0 0 0 0 0 0 7.5 2436 638.0 6245  103.9 28.2 369 502 2063 394 0 0 6.3 2.6 2.2 0
CRUSTACEA
CLADOCERA 60.4 15.1 0 0 0 0 0 0 0 8.8 9.4 181.4 2189 611.0 1165.6 1060.7 1143.1 541.5 491.9 369.5 466.0 210.6 83.4
OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COPEPODA (Copepodite) [2142.8 3048.2 2052.3 1267.6 554.6 641.3 498.0 943.1 7717.3 11209.9 10563.1 5088.1 13445.8 4954.7 1064.6 3999.3 7055.1 5240.5 3691.4 2843.0 6010.1 6741.0 7309.6
(Nauplius) 437.6 90.5 965.8 1229.9 3622 1116.7 826.2 701.7 1958.4 2876.5 2507.7 3357.1 2614.0 2614.4 665.4 9356 10469 1308.1 1647.9 469.4 1875.9 19629 2093.9
AMPHIPODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EUPAUSIACEA 0 0 0 0 0 0 0 0 0 3.9 162.2 0 9.7 9.2 0 0 0 0 0 0 0 0 0
THECOSTRACA 0 0 0 0 0 0 0 0 73.0 45.4 20.8 123.5 28.2 24.6 16.6 0 2.1 5.8 40.2 12.8 32.3 10.7 41.0
CHAETOGNATHA 0 0 15.1 0 0 0 0 0 6.5 0 5.4 0 0 0 0 0 14.4 1.7 0 4.1 4.9 0 0
ECHINODERMATA 0 0 0 0 0 0 0 0 0 44.1 93.1 12.4 141.8 3459 4144 927 126.6 93.5 350.5 63.4 72.6 29.4 0
TUNICATA
APPENDICULATA 105.6 30.2 15.1 30.2 7.5 7.5 3.8 7.5 88.2 558.6 319.7 187.1 125.1 653.4 204.0 5186 3124 170.7 532.5 1485 24495 346.1 51.9
MOLLUSCA
GASTROPODA 0 0 0 0 0 0 0 0 114 140.2 43785 10754.1 17224.5 2069.2 1408.2 940.7 402.3 43.8 16.5 48.2 33.1 79.4 46.7
BIVALVIA 0 0 0 0 0 0 0 0 0 0 203.2 5979.1 10886.8 894.0 679.5 7839 4192.6 1981.7 1970.9 15954 4192.8 861.0 46.7
ANNELIDA
POLYCHAETA 0 75.5 45.3 0 0 3.8 0 0 37.2 54.7 39.4 74.5 24.2 20.6 3776 3719 1303.7 1762 363.6 109.6 2185 134.6 23.9
ARTHROPODA
MALACOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0 0 0 0 0 0 0 4.8 7.6 0 0 0 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0 0 0 0 0 0 0 4.8 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 5. Abundance (ind./m3) of zooplankton collected by 100 pum NORPAC net at Lagoon Notoro-ko in 2014.

11-Nov_26-Nov_10-Dec

6-Feb 13-Feb 21-Feb 27-Feb 5-Mar 12-Mar 19-Mar 8-May 28May 17-Jun 30-Jun 15-Jul 29-Jul 8-Aug 27-Aug 11-Sep 25-Sep 8-Oct 28-Oct

CNIDARIA 0 0 0 0 0 0 0 176.3 136.3 23.6 13.8 30.2 21.2 51.2 8.9 29.1 8.9 5.1 0 0 0 0
CRUSTACEA

CLADOCERA 0 0 0 0 0 0 0 0 1.6 2152 116.8 112.1 157.0 554.6 500.4 643.2 484.0 5229 994 150.9 49.6 27.2

OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COPEPODA (Copepodite) | 1765.6 1388.3 1395.8 1354.3 1143.1 2135.3 1256.3 2524.2 1641.8 3882.8 2072.0 1501.5 1276.9 7866.0 3886.5 2277.2 22754 16475 1366.6 2013.5 3789.5 2670.3

(Nauplius) 339.5 2264 460.3 384.8 3282 1094.0 758.3 3680.1 1639.6 1978.8 2526.4 1038.8 7T04.0 1828.3 4539 62.7 258.9 3379 276.5 2345 5279 3019

AMPHIPODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EUPAUSIACEA 0 0 0 0 0 0 0 15.2 30.8 11.0 33.5 0 4.7 0 2.2 0 0 0 0 0 0 1.3

THECOSTRACA 0 0 0 3.8 0 3.8 0 0 25.3 21.1 36.1 24.5 7.7 22.1 12.7 2.8 14 7.6 9.9 1.6 0 3.8
CHAETOGNATHA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 476.5  200.1 30.9 2.9 4.4 0 0
ECHINODERMATA 0 0 0 0 0 0 0 8.2 9.3 64.7 11.0 49.1 38.0 89.7 413.8 4919 267.9 58.8 25.6 4.4 3.7 0
TUNICATA

APPENDICULATA 0 7.5 15.1 7.5 7.5 49.0 7.5 214.0 0 91.8 69.1 643.6 677.3 606.8 465.6 135.0 2236 106.0 4404 150.9 69.2 136.2
MOLLUSCA

GASTROPODA 0 0 26.4 3.8 0 26.4 0 255.1 1313.3 3677.8 4361.9 1142.6 14314 2874 217.0 27.8 70.4 32.3 38.7 19.4 47.0 20.7

BIVALVIA 0 0 0 0 0 0 0 90.5 263.3 9469.2 2197.8 673.3 1957.2 11489.4 3404.4 504.6 2919.8 1191.3 652.9 557.4 199.9 41.3
ANNELIDA

POLYCHAETA 0 0 3.8 11.3 3.8 3.8 11.3 5.1 5.7 21.6 29.1 22.2  594.8 3952.1 465.1 489.7 2755 309.6 64.6 17.6 24.8 6.9
ARTHROPODA

MALACOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0 0 0 5.2 5.5 0 2.1 2.9 2.3 0 0 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 6. Abundance (ind./m3) of zooplankton collected by 100 pum NORPAC net at Lagoon Notoro-ko in 2015.

24-Feb 7-Mar 16-Mar 28-Apr 20-May 3-Jun 30-Jun 15-Jul 28-Jul 18-Aug 31-Aug 22-Sep 20-Oct 3-Nov 10-Dec
CNIDARIA 0 0 0 1892.7 0 97.7 10.6 47.0 43.5 29.3 79.4 22.4  1365.1 0 13.6
CRUSTACEA
CLADOCERA 0 0 0 0 127.0 1094.0 804.2 2398.5 2493.0 1582.4 5301.5 3675.0 1365.1 132.3  34.0
OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COPEPODA (Copepodite) | 2007.0 1275.1 1886.3 3851.4 7957.5 11936.3 8645.3 13074.4 4928.0 10197.6 10714.1 8862.6 3619.0 9510.4 16435.1
(Nauplius) 196.2 1426.0 1373.2 395.3 1495.6 1855.9 412.7 2822 637.7 307.7 2381 3809 6455 687.8 3197.2
AMPHIPODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EUPAUSIACEA 0 0 0 53.9 112.9 0 1164  235.2 58.0 14.7 0 0 0 0 0
THECOSTRACA 7.5 0 0 125.8 1975  957.2 52.9 14109 710.2  44.0 47.6 33.6 127.0 66.1 0
CHAETOGNATHA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ECHINODERMATA 7.5 0 0 0 28.2 58.6 1164 6584 1594 307.7 206.3 1345 1270 794 13.6
TUNICATA
APPENDICULATA 0 15.1 37.7 18.0 395.1 117.2  910.0 940.6 695.7 674.0 523.8 313.7 687.8 1322.7 0
MOLLUSCA
GASTROPODA 0 3.8 7.5 1078.1 51836.7 74958.2 7439.0 8888.7 3942.4 4234.3 984.1 44.8 31.7 66.1 54.4
BIVALVIA 7.5 0 7.5 0 3513.2 4161.1 2433.8 7054.5 9203.7 3662.9 33967.6 2565.8 5714.2 476.2 68.0
ANNELIDA
POLYCHAETA 0 3.8 7.5 185.7 169.3  214.9 74.1 987.6 1942.2 41757 91427 817.9 380.9 185.2 13.6
ARTHROPODA
MALACOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 7. Abundance (ind./m3) of zooplankton collected by 100 pum NORPAC net at Lagoon Notoro-ko in 2016.

CNIDARIA
CRUSTACEA
CLADOCERA
OSTRACODA
COPEPOD/(Copepodite)
(Nauplius)
AMPHIPODA
EUPAUSIACEA
THECOSTRACA
CHAETOGNATHA
ECHINODERMATA
TUNICATA
APPENDICULATA
MOLLUSCA
GASTROPODA
BIVALVIA
ANNELIDA
POLYCHAETA
ARTHROPODA
MALACOSTRACA
Fish egg
Larvae fish
Unidentified

17-Feb 24-Feb 7-Mar 15-Mar 26-Apr 21-May 27-Jun 26-Jul 29-Aug 26-Sep 18-Nov 6-Dec
0 0 0 149  4458.3 2348.0 502.7 72.0 0 10.2 0 0
0 0 0 0 0 0 1005.5 467.8 3356.1 429.7 260.9  59.9
0 0 0 0 0 0 0 0 0 0 0 0
24247.8 4560.8 2910.4 34289 9456.1 11948.9 9954.3 122350 5658.2 3233.0 10957.5 4657.3
1135.7 1082.2 823.3 3518.3 2924.8 1252.3 301.6 2734.9 6.9 71.6 939.2 T715.7
0 0 0 0 0 0 0 0 13.9 0 0 0
0 0 0 0 880.3  208.7 100.5 36.0 13.9 0 0 7.1
0 0 0 0 85.2 756.6  201.1 36.0 13.9 20.5 156.5 3.5
0 0 0 0 0 313.1 100.5 0 131.7 614 104.4 10.6
61.4 0 0 0 85.2 0 703.8 971.6 367.5 51.2 0 77.6
0 19.3 23.2 29.8 2669.3 9131.3 16288.9 6477.4 804.3 81.8 939.2 215.1
0 19.3 0 0 56.8 391.3  402.2 1547.4 2947.0 1309.6 3965.6 324.4
0 0 0 0 653.1  208.7 0 5685.7 2510.1 6957.2 208.7 14.1
0 0 0 0 0 0 0 0 6.9 10.2 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 8. Abundance (ind./m3) of zooplankton collected by 100 pum NORPAC net at Lagoon Notoro-ko in 2016.

1-Feb 10-Feb 23-Feb 8-Mar 14-Mar 25-Apr 17-May 20-Jun 25-Jul 25-Aug 28-Sep 24-Oct 27-Nov 12-Dec

CNIDARIA 0 0 0 2.0 0 356.8 626.1 101.8 110.2 3.2 0 69.6 0 0
CRUSTACEA

CLADOCERA 0 0 0 0 0 0 69.6 1018.1 284.1 1285.4 1523.9 382.6 23.99022 7.48082

OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COPEPODA (Copepodite) |4830.3 7696.6 4477.4 1900.0 3005.5 12201.8 10540.1 35244.0 1698.7 4584.7 29154 8731.2 7245.045 7757.61

(Nauplius) 135.9 266.9 1047.8 573.3 639.8 39959 1200.1 5854.2 69.6 359.5 66.3 156.5 247.8989 673.2738

AMPHIPODA 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EUPAUSIACEA 0 0 0 0 0 1177.4 69.6 135.7 58.0 15.9 0 17.4 0 7.48082

THECOSTRACA 5.0 0 0 3.9 11.7 428.1 104.4 950.2 17.4 0 41.4 87.0 0 14.96164
CHAETOGNATHA 0 0 0 0 5.9 0 0 0 0 0 8.3 52.2 0 7.48082
ECHINODERMATA 0 0 0 0 0 71.4 34.8 101.8 17.4 25.5 190.5  69.6 47.98043 59.84656
TUNICATA

APPENDICULATA 15.1 14.8 22.0 2.0 5.9 2461.8 17.4 543.0 121.8 108.2 82.8 660.9 191.9217 59.84656
MOLLUSCA

GASTROPODA 20.1 14.8 17.6 2.0 5.9 321.1 643.5 12930.1 69.6 350.0 16.6 139.1 7.996739 149.6164

BIVALVIA 15.1 14.8 8.8 2.0 0.0 35.7 156.5 5531.8 174 983.1 149.1 434.8 15.99348 74.8082
ANNELIDA

POLYCHAETA 0 14.8 13.2 2.0 2.9 891.9 156.5 50.9 2469.8 1619.4 2857.4 504.4 7.996739 37.4041
ARTHROPODA

MALACOSTRACA 0 0 0 0 0 0 0 203.6 11.6 3.2 0 0 0 0
Fish egg 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 71.4 0 17.0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 9. Abundance (ind./m3) of zooplankton collected by 100 um NORPAC net at Lagoon Notoro-ko in 2016.

1-Feb 10-Feb 23-Feb 8-Mar 14-Mar 25-Apr 17-May 20-Jun 25-Jul 25-Aug 28-Sep 24-Oct

CNIDARIA
CRUSTACEA
CLADOCERA
OSTRACODA
COPEPODA (Copepodite)
(Nauplius)
AMPHIPODA
EUPAUSIACEA
THECOSTRACA
CHAETOGNATHA
ECHINODERMATA
TUNICATA
APPENDICULATA
MOLLUSCA
GASTROPODA
BIVALVIA
ANNELIDA
POLYCHAETA
ARTHROPODA
MALACOSTRACA
Fish egg
Larvae fish
Unidentified

0 0 0 2.0 0 356.8 626.1 101.8 110.2 3.2 0 69.6
0 0 0 0 0 0 69.6 1018.1 284.1 12854 1523.9 382.6
0 0 0 0 0 0 0 0 0 0 0 0
4830.3 7696.6 4477.4 1900.0 3005.5 12201.8 10540.1 35244.0 1698.7 4584.7 29154 8731.2
1359 266.9 1047.8 573.3 639.8 39959 1200.1 5854.2 69.6 359.5 66.3 156.5
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1177.4 69.6 135.7 58.0 15.9 0 17.4
5.0 0 0 3.9 11.7 428.1 104.4 950.2 17.4 0 41.4 87.0
0 0 0 0 5.9 0 0 0 0 0 8.3 52.2
0 0 0 0 0 71.4 34.8 101.8 17.4 25.5 190.5  69.6
15.1 14.8 22.0 2.0 5.9 2461.8 17.4 543.0 121.8 108.2 82.8  660.9
20.1 14.8 17.6 2.0 5.9 321.1 643.5 12930.1 69.6 350.0 16.6 139.1
15.1 14.8 8.8 2.0 0.0 35.7 156.5 5531.8 174  983.1 149.1 4348
0 14.8 13.2 2.0 2.9 891.9 156.5 50.9  2469.8 1619.4 28574 504.4
0 0 0 0 0 0 0 203.6 11.6 3.2 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 71.4 0 17.0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 10. Abundance (ind./m3) of zooplankton collected by 330 pm NORPAC net at coastal area of southwestern Okhotsk Sea

in 2013.
15-Apr 13-May 10-Jun 24-Jun 8-Jul 23-Jul 19-Aug 2-Sep 30-Sep 5-Nov 18-Nov 5-Dec

CNIDARIA 2.0 1.0 0 6.0 0 0 2.5 0.5 8.6 3.0 6.0 0
CRUSTACEA

CLADOCERA 0 0 0 2.0 2354 601.6 9.6 1.5 18.1 8.0 1.0 0

OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0

COPEPODA (Copepodite) | 2760.5 593.0 2531.1 855.1 5151 726.3 629 101.1 279.7 780.7 5151 3184

(Nauplius) 0 102.6 2.0 0 0 0 0 0.5 0.5 5.0 1.0 0

AMPHIPODA 6.5 0 4.0 2.0 14.1 8.0 0 3.5 0.5 7.0 0 0

EUPAUSIACEA 2.0 1.0 18.1 0 4.0 221 6.0 28.2 3.5 32.2 0 0

THECOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0
CHAETOGNATHA 1.0 0 18.1 6.0 4.0 0 18.1 9.1 29.7 25.2 28.2 0
ECHINODERMATA 0 11.6 0 2.0 0 0 3.0 6.5 0.5 0 2.0 0.5
TUNICATA

APPENDICULATA 0 0 0 549.3 181.1 1952 14.6 8.6 94.6 92.6 42.3 3.5
MOLLUSCA

GASTROPODA 0 0 10.1 110.7 10.1 4.0 0.5 5.0 1.5 75.5 28.2 1.5

BIVALVIA 0 0 0 4.0 0 0 0 0 0 1.0 0 0
ANNELIDA

POLYCHAETA 0.5 1.5 0 0 0 2.0 0.5 0 1.0 0 0 0.5
ARTHROPODA

MALACOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0
Fish egg 3.0 0 0 0 4.0 724 5.0 0 0 0 0 0
Larvae fish 1.0 0 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 11. Abundance (ind./m3) of zooplankton collected by 100 um NORPAC net at coastal area of southwestern Okhotsk Sea

in 2014.
16-Apr 28-Apr 13-May 26-May 9-Jun 23-Jun 7-Jul 4-Aug 20-Aug 17-Sep 8-Oct 10-Nov

CNIDARIA 0 0 85.0 0 0 0 0 0 0 6.2 3.1 0
CRUSTACEA

CLADOCERA 0 0 0 0 0 0 0 0 0 0 0 0

OSTRACODA 0 0 0 0 0 0 0 0 0 0 0 0

COPEPODA (Copepodite) | 937.2 2447.3 6260.6 28384 1993.9 16952 11134.1 2476.5 2276.4 3541.0 1879.7 1796.0

(Nauplius) 361.4 2146.8 2904.6 4017.4 508.3 474.7 1731.3 176.6 106.7 12.3  190.5 463.3

AMPHIPODA 0 0 0 0 0 18.8 0 0 0 6.2 3.1 0

EUPAUSIACEA 0 168.4 260.2 2654  36.5 1.6 0 10.8 0 0 94 0

THECOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0
CHAETOGNATHA 1.8 0 31.9 6.7 4.1 14.1 42.2 0 42.7 443.4 74.9 21.3
ECHINODERMATA 1.8 23.1 10.6 10.1 4.1 0 14.1 0 42.7 24.6 31.2 0
TUNICATA

APPENDICULATA 1.8 79.3 100.9 6.7 9.5 11.0 3449 4434 2529 4188 74.9 87.1
MOLLUSCA

GASTROPODA 27.9 6.6 21.2 20.2  309.6 56.4 77.4 54.1 3383 1367.1 1499 574

BIVALVIA 0 0 329.2 161.2 123.0 40.7 56.3 122.6  338.3 12809 53.1  204.0
ANNELIDA

POLYCHAETA 0.9 16.5 10.6 43.7 4.1 0 7.0 3.6 24.4 154.0 12.5 12.8
ARTHROPODA

MALACOSTRACA 0 0 0 0 0 0 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 12. Abundance (ind./m3) of zooplankton collected by 100 pm NORPAC net at coastal area of southwestern Okhotsk Sea

in 2015.
1-Apr 13-Apr 11-May 25-May 7-Jul 21-Jul 19-Aug 2-Sep 16-Sep 7-Oct 9-Dec
CNIDARIA 1.7 0 5.0 0 0 0 0 0 0 0 0
CRUSTACEA
CLADOCERA 0 0 0 0 4.0 0 0 39.1 84.8 2.4 0
OSTRACODA 0 3.5 0 0 0 0 5.9 6.5 0 0 0

COPEPODA (Copepodite) |1474.8 2700.0 3988.7 11111.6 5699.8 7928.6 1158.7 5263.5 1740.5 3026.1 7121.6
(Nauplius) 530.2 91.1 883.0 24499 155.3 4454 4.7 306.5  62.7 230.6 1142.8

AMPHIPODA 0 7.0 5.0 0 11.9 25.5 7.1 0 7.4 0 0

EUPAUSIACEA 0 0 0 0 0 267.3 799 0 3.7 7.1 0

THECOSTRACA 0 0 0 0 0 0 0 0 0 0 0
CHAETOGNATHA 0 7.0 22.6 54.7 15.9 0 2.4 189.1 184.4 107.0 0
ECHINODERMATA 0 0 0 0 47.8 38.2 0 26.1 169.6 52.3 0
TUNICATA

APPENDICULATA 0 0 10.0 134.2 1155 6745  38.8 456.6 306.1  52.3 0
MOLLUSCA

GASTROPODA 60.4 0 55.2 114.3 211.1 1145 117.5 743.5 420.4 49.9 8108.0

BIVALVIA 0 0 42.6 422.4 1497.6 203.6 266.8 893.6 2290.0 4659 54.1
ANNELIDA

POLYCHAETA 0 0 0 0 0 0 0 0 29.5 30.9 0
ARTHROPODA

MALACOSTRACA 0 0 0 0 0 0 17.6 6.5 18.4 0 0
Fish egg 0 0 0 0 0 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 13. Abundance (ind./m3) of 0-5 m zooplankton collected by 100 pm closed NORPAC net at Lagoon Notoro-ko in 2015.

3-Nov 4-Nov
9:00 15:00 21:00 3:00 9:00 15:00
CNIDARIA 0 0 0 0 0 0
CRUSTACEA 0 0 0 0 0 0
CLADOCERA 95.6 166.7 185.0 385 2142 42.8
OSTRACODA 0 0 0 0 0 0
COPEPODA (Copepodite) |5218.3 5238.9 3914.4 2417.4 3067.2 418.8
(Nauplius) 764.8 2359.7 516.1 314.2 808.2 105.5
AMPHIPODA 0 0 9.7 6.4 0 0
EUPAUSIACEA 0 0 0 0 0 0
THECOSTRACA 55.8 12.8 1071 64.1 48.7 9.2
CHAETOGNATHA 0 6.4 0 6.4 0 0
ECHINODERMATA 31.9 96.2 87.6 6.4 399.2 229
TUNICATA 0 0 0 0 0 0
APPENDICULATA 1609.3 2148.1 2385.6 1724.9 2317.5 247.6
MOLLUSCA 0 0 0 0 0 0
GASTROPODA 23.9 6.4 29.2 6.4 9.7 1.5
BIVALVIA 215.1 256.5 827.7 198.8 467.4 352
ANNELIDA 0 0 0 0 0 0
POLYCHAETA 103.6 83.4 4674 160.3 584 35.2
ARTHROPODA
MALACOSTRACA 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0
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Appendix Table 14. Abundance (ind./m3) of 5-10 m zooplankton collected by 100 pm closed NORPAC net at Lagoon Notoro-ko in 2015.

3-Nov 4-Nov
9:00 15:00 21:00 3:00 9:00 15:00
CNIDARIA 0 0 0 0 0 0
CRUSTACEA
CLADOCERA 13.8 32.9 54.8 32.9 65.7 37.6
OSTRACODA 0 0 0 0 0 0
COPEPODA (Copepodite) | 9755 1862.2 2251.1 1163.4 872.0 467.6
(Nauplius) 152.2 1424 213.6 197.2 109.5 103.3
AMPHIPODA 0 0 11.0 0 0 0
EUPAUSIACEA 0 0 0 0 0 0
THECOSTRACA 13.8 21.9 54.8 19.7 17.5 13.1
CHAETOGNATHA 0 0 0 0 0 0
ECHINODERMATA 27.7 11.0 54.8 26.3 1183 432
TUNICATA 0 0 0 0 0 0
APPENDICULATA 408.2 788.7 887.3 716.4 390.0 227.2
MOLLUSCA 0 0 0 0 0 0
GASTROPODA 6.9 11.0 11.0 0 8.8 3.8
BIVALVIA 131.5 120.5 503.9 256.3 1358 41.3
ANNELIDA
POLYCHAETA 55.3 98.6 197.2 92.0 57.0 46.9
ARTHROPODA
MALACOSTRACA 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0
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Appendix Table 15. Abundance (ind./m3) of 10-15 m zooplankton collected by 100 pm closed NORPAC net at Lagoon Notoro-ko in 2015.

3-Nov 4-Nov
9:00 15:00 21:00 3:00 9:00 15:00
CNIDARIA 0 0 0 0 0 0
CRUSTACEA 0 0 0 0 0 0
CLADOCERA 75.1 6.6 8.6 26.3 120.2 54.3
OSTRACODA 0 0 0 0 0 0
COPEPODA (Copepodite) | 957.7 1123.9 754.4 703.3 1708.9 1360.4
(Nauplius) 125.2 111.7 134.3 789 2253 166.9
AMPHIPODA 0 0 0 6.6 3.8 4.2
EUPAUSIACEA 0 0 0 0 0 0
THECOSTRACA 50.1 39.4 8.6 19.7 48.8 37.6
CHAETOGNATHA 0 0 0 0 0 0
ECHINODERMATA 25.0 6.6 14.3 39.4 1089 16.7
TUNICATA 0 0 0 0 0 0
APPENDICULATA 2754 598.1 197.2 1249 657.3 500.8
MOLLUSCA
GASTROPODA 6.3 6.6 14.3 13.1 15.0 12.5
BIVALVIA 37.6 184.0 1486 1709 304.2 267.1
ANNELIDA
POLYCHAETA 37.6 98.6 22.9 39.4 78.9 79.3
ARTHROPODA
MALACOSTRACA 0 0 0 0 0 0
Fish egg 0 0 0 0 0 0
Larvae fish 0 0 0 0 0 0
Unidentified 0 0 0 0 0 0
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Appendix Table 16. Abundance (ind./m3) of 0-5 m zooplankton collected by 100 pm closed NORPAC net at Lagoon Notoro-ko in 2016.

21-May 22-May
9:00 15:00 21:00 3:00 9:00
CNIDARIA 1549.8 550.8 400.6 438.2 110.7
CRUSTACEA 0 0 0 0 0
CLADOCERA 96.9 37.6 0 87.6 27.7
OSTRACODA 0 0 0 0 0
COPEPODA (Copepodite) | 5576.4 2416.2 7060.9 5380.8 5147.4
(Nauplius) 2532.2 1364.6 2303.6 3855.9 3514.6
AMPHIPODA 0 0 0 0 0
EUPAUSIACEA 0 12.5 50.1 0 0
THECOSTRACA 110.7 25.0 0 52.6 166.0
CHAETOGNATHA 0 0 0 0 0
ECHINODERMATA 27.7 0 0 52.6 83.0
TUNICATA
APPENDICULATA 0 0 25.0 17.5 0
MOLLUSCA
GASTROPODA 3597.7 3129.8 4657.2 4784.9 3957.4
BIVALVIA 304.4 237.9 4532.0 12444.2 12536.4
ANNELIDA
POLYCHAETA 27.7 62.6  200.3 35.1 0
ARTHROPODA
MALACOSTRACA 0 0 0 0 0
Fish egg 0 0 0 0 0
Larvae fish 0 0 0 0 0
Unidentified 0 0 0 0 0
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Appendix Table 17. Abundance (ind./m3) of 5-10 m zooplankton collected by 100 pm closed NORPAC net at Lagoon Notoro-ko in 2016.

21-May 22-May
9:00 15:00 21:00 3:00 9:00
CNIDARIA 335.9 322.1 548.0 51.6 289.2
CRUSTACEA
CLADOCERA 14.6 0 0 0 0
OSTRACODA 0 0 0 0 0
COPEPODA (Copepodite) 2220.1 1689.2 3584.4 277.0 3575.5
(Nauplius) 657.3 177.5 1140.5 56.3 1524.9
AMPHIPODA 0 0 0 0 0
EUPAUSIACEA 0 6.6 59.2 0 26.3
THECOSTRACA 29.2 6.6 59.2 0 0
CHAETOGNATHA 0 0 0 0 0
ECHINODERMATA 0 13.1 44.4 4.7 52.6
TUNICATA
APPENDICULATA 0 0 0 0 0
MOLLUSCA
GASTROPODA 3067.2 1794.3 4576.8 1032.8 5258.1
BIVALVIA 29.2 65.7 429.5 136.1 907.0
ANNELIDA
POLYCHAETA 29.2 13.1 29.6 14.1 105.2
ARTHROPODA
MALACOSTRACA 0 0 0 0 0
Fish egg 0 0 0 0 0
Larvae fish 0 0 0 0 0
Unidentified 0 0 0 0 0
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Appendix Table 18. Abundance (ind./m3) of 10-15 m zooplankton collected by 100 um closed NORPAC net at Lagoon Notoro-ko in 2016.

21-May 22-May
9:00 15:00 21:00 3:00 9:00
CNIDARIA 7361.4 113.1 127.5 75.1 281.7
CRUSTACEA
CLADOCERA 0 0 0 0 0
OSTRACODA 0 0 0 0 0
COPEPODA (Copepodite) | 18260.0 1337.8 2708.7 878.9 2497.6
(Nauplius) 2676.9 193.0 493.9 330.5 431.9
AMPHIPODA 0 0 0 0 0
EUPAUSIACEA 764.8 26.6 95.6 7.5 112.7
THECOSTRACA 5449.3 372.7 493.9 7.5 732.4
CHAETOGNATHA 0 0 0 0 0
ECHINODERMATA 191.2 13.3 0 7.5 18.8
TUNICATA
APPENDICULATA 0 0 0 0 0
MOLLUSCA
GASTROPODA 3824.1 559.1 270.9 803.7 488.3
BIVALVIA 669.2 93.2 191.2 217.8 262.9
ANNELIDA
POLYCHAETA 1434.0 106.5 207.1 45.1 281.7
ARTHROPODA
MALACOSTRACA 0 0 0 0 0
Fish egg 0 0 0 0 0
Larvae fish 0 0 0 0 0
Unidentified 0 0 0 0 0
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Appendix Table 19. Abundance (ind./m3) of copepods collected with 330 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2011.

14-Apr 29-Apr 30-May 16-Jun 29-Jun 14-Jul 28-Jul 19-Aug 29-Aug 9-Sep 30-Sep 13-Oct 25-Oct 11-Nov 25-Nov 13-Dec 21-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 0 0 0 12.7 0 0 0 50.8 50.8 0 25.4 12.7 50.8 139.8  241.4 50.8 241.4
Acartia longiremis 76.2 1686 19059 127.1 1144 101.6 50.8 0 0 0 0 0 0 0 12.7 0 0
Acartia omorii 12.7 24.1 63.5 50.8 38.1 254 76.2 0 254 0 0 0 0 0 0 0 0
Acartia steueri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 12.7 0 0 0 12.7 0 12.7 0 25.4 0 12.7 12.7 0 0 0
Calanus pacificus 0 12.0 38.1 0 0 0 0 0 0 0 12.7 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 0 12.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 63.5 0 12.7 0 0 0 0 0 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 76.2 0 38.1 0 0 0 0 0 0 0 0 0 0 254 0
Pseudocalanus
Pseudocalanus minutus 76.2 48.2 165.2 12.7 12.7 12.7 0 12.7 0 0 0 0 0 0 0 0 0
Pseudocalanus newmani 698.8 770.7 52729 813.2 7624 13214 279.5 0 0 0 0 254 254 0 228.7 7624 546.4
EUCALANIDAE
Eucalanus
FEucalanus bungii 0 0 12.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metridia pacifica 25.4 0 38.1 12.7 0 0 0 0 0 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 0 0 152.5 1779 1144 1144 762 139.8 3431 1334.1 533.6 2414 571.8 2922 101.6 254 0
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 25.4 12.7 25.4 12.7 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 76.2 12.7 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 12.7 0 2795 254 0 127 127 0 0 0 0 0 0 0 0 0 0
Eurytemora herdmani 0 0 406.6 12.7 12.7 254 0 127.1 0 0 0 0 0 12.7 0 12.7 0
Eurytemora pacifica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 76.2 12.0 76.2 12.7 50.8 254 190.6 0 12.7 0 0 0 0 0 0 0 0
Tortanus discaudatus 101.6 12.0 50.8 0 76.2 38.1 38.1 0 12.7 0 0 0 0 0 50.8 12.7 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 12.0 25.4 0 25.4 12.7 0 0 0 127 127 0 0 0 0 12.7 12.7
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 25.4 0 0 12.7 12.7 127 50.8 0 0 0 0 0 0 0 0 0 0
Unidentified 12.7 48.2 25.4 0 0 0 12.7 0 0 0 0 0 12.7 0 0 0 0
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Appendix Table 20. Abundance (ind./m3) of copepods collected with 330 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2012.

8May 22-May 8-dJun 11-Jul 25-Jul 10-Aug 30-Aug 14-Sep 27-Sep 5-Oct 25-Oct 12-Nov 26-Nov 12-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acartia longiremis 11.0 30.8 0 0.8 0 0 0 0 0 0 0 0 0 0
Acartia omorii 21.5 120.3 4.2 38.0 6.0 0 0 0 0.8 0 0.8 0 0 0
Acartia steuert 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 197.2 2274 8.8 26.0 2.6 0 0 0.8 0 25 1.7 0.8 0 0
Calanus pacificus 298.7 465.8 88.4 48.4 4.3 0 0 0 0 1.7 0 0.8 0.8 0
Neocalanus
Neocalanus cristatus 83.9 221.2 84.3 43.7 2.6 0 0.8 0 1.7 0 0 0 0 0
Neocalanus plumchrus 82.2 108.1 9.8 0 0.9 0 0 0 0 0 0 0 0 47.8
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 36.1 0 0 0 0 0 0 0 0 0 0 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 2.5 2.5 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0 0 0 0 0 0 0 1.7 0
Pseudocalanus newmani 0 0 0 0 0 0.8 0.8 0 0 0 0 0 0.8 0
EUCALANIDAE
Eucalanus
FEucalanus bungii 13.3 0 0 0 0 0 0 0.8 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 0.8 0 0 0 0 0
Metridia pacifica 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 104.3 91.3 4.7 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 516.6 735.7 136.2 114.5 81.8 2.5 10.9 2.5 59 2.5 0 0.8 1.7 4.2
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0 0 0 1.7 0 0 0 0 0 0
FEurytemora herdmani 16.5 13.4 0 4.1 0 0 0 0 0 0 0 0 0 0
FEurytemora pacifica 5.5 6.7 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 5.2 20.1 4.9 12.2 0 0 0 0 0 0 0.8 0 0 49.5
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 106.2 94.3 3.4 31.9 1.7 0.8 0 0 0.8 0.8 0 0 0 0
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 0 3.8 0 0 0 0 2.5 0 0 0 0 0 0 0
Unidentified 13.3 0 0 0 0 0 0 0 0 0 0 0.8 0 0
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Appendix Table 21. Abundance (ind./m3) of copepods collected with 330 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2013.

18-Apr 9-May 23-May 12-Jun 26-Jun 11-Jul 29-Jul 8Aug 26-Aug 12-Sep 26-Sep 11-Oct 29-Oct 14-Nov 20-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 0 0 0 0 0 0 0 0 0 0 0 0 0 80.0 45.0
Acartia longiremis 170.8 139.0 176.7 244 402.9 87.7 3.7 0.7 0 0 0 0 0 0 20.7
Acartia omoril 170.8 379 68.7 15.4 1881  298.1 14.7 2.9 0.9 0 1.6 1.7 47.0 149.1 424
Acartia steueri 113.9 19.7 108.6 15.1 120.3 25.1 5.3 5.1 0 0 0 16 0 12.6 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius popper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 654.6 49.8 17.3 0 0 0 0 0.8 0 0 0 0 0 0 0
Calanus pacificus 479.7 2717 8.4 0 8.5 0 0 2.9 0 0 2.7 0.4 3.3 0 10.2
Neocalanus
Neocalanus cristatus 19.7 0 23.1 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 5.5 0 8.4 4.7 0 0 15.3 11 0 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 14.2 35.7 0 0 0 0 0 4.5 0 0 0 0.4 0.7 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 0 0.9 0 0 0 0 5.6 31.6 8.3 31.2
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 46.5
Pseudocalanus newmani 1850.8  625.8 1100.4 61.2 940.9 311.5 8.6 18 0 0.7 11 0 4.3 387.5 710.3
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0.8 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metridia pacifica 0.0 6.1 0 0 0 0 0 0 0 0 0 0 0 21.5 11.2
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 210.2 875 106.3 9.6 243.8 28.5 10.7 7.7 4.3 0 2.7 84 109.8 222.8 34.6
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 27.1 0 2.1 0.8 0 0 0 0 2.6 0 5.6
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0 0 0 21.5 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora herdmani 0 54.2 224.2 7.0 33.1 94.0 4.9 1.8 0 0 0 0.4 2.6 34.0 10.2
Eurytemora pacifica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.9
Tortanus discaudatus 142.3 10.0 20.0 7.5 109.9 25.0 34.9 15.8 0 0 0 2.4 6.5 8.2 10.2
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 0 0 14.6 68.0 435 3.0 14 0 0 0 3.6 0 4.1 3.9
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 0 0 0 4.6 15.1 6.4 2.6 0 1.4 0 0 0 1.9 4.2 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 22. Abundance (ind./m3) of copepods collected with 100 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2013.

7Feb 14Feb 22-Feb 28Feb 7-Mar 13Mar 21-Mar 20Mar 18-Apr 9-May 23-May 12-Jun 26-Jun  11-Jul _20-Jul 8-Aug 26-Aug 12:Sep 26-Sep 11-:0ct 29-Oct 14-Nov 20-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 1358 302 755 619 15 0 0 0 50 4424 2845 1504 15969 2279 252 749 1510 449  T49 12 5863 2280  149.1
Acartia longiremis 2716 755 1207 0 151 189 1.3 377 1492 3774 3282 3260 11693 1692 50 0 1238 0 6.7 0 0 429 3114
Acartia omorii 0 0 0 0 0 0 0 0 4279 19106  857.0 5162 45216 1510.3 780 1218 9856 1346 749 24 9726 3759 594
Acartia steueri 0 0 0 0 0 0 0 0 1393 1314 9946 4380 15119 3429 50 497 0 0 0 0 149.9 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0 0 0 6921 10194 3530 457 639 0 0 0 0 0 0 0 0 300 0
Calanus pacificus 0 0 0 0 0 0 0 0 4337 8360 0 174 2051 0 0 0 0 0 0 0 0 300 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1347 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 0 0 0 0 0 0 0 0 2986 106 1786 283 0 0 16.7 0 0 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 4 0o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 0 0 302 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages bradyi 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13437 9483 19178 8433 1293
Pseudocalanus
Pseudocalanus minutus 4 15.1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 255
Pseudocalanus newmani 17354 28370 18561 10790 4980 4452 4225 7621 28331 41375 47978 5756 14786 2764 1204 9641 17522 16406  40L1 0 2493 20615 40355
EUCALANIDAE
Bucalanus
Eucalanus bungii 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metridia pacifica 0 0 0 0 0 0 0 0 985.2 0 219.1 0 1217 0 0 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.I. 0 0 0 0 0 0 0 0 11358 4393 9868 1763 11431 1480 2021 6088 1709.6 16919 5323 4402 11722 6987 396
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 162 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora herdmani 0 0 0 0 0 0 0 0 0 3043 1243 1410 3202 1661  39.1 0 445 162 124 516 0 0 0
vtemora pacifica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Burytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 0 0 0 0 0 0 0 0 50 1940 622 348 1412 00 419 205 00 00 00 516 213 00 00
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 0 0 1207 340 1773 264 1434 2315 8975 7620 9891 5251 4873 285 150 866 862 934 3113 4161 4249 2881
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 0 905 0 0 0 0 0 0 3809 4793 6151 16493 6322 15022 3532 2941 15761 14839 9121 8334 5160 13033 21311
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 23. Abundance (ind./m3) of copepods collected with 100 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2014.

6-Feb 13-Feb 21-Feb 27-Feb 5-Mar 12-Mar 19-Mar 8May 28May 17-Jun 30-Jun 15-Jul 29-Jul 8-Aug 27-Aug 11-Sep 25-Sep 8-Oct 28-Oct 11-Nov 26-Nov _10-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 70.0 0.0 0.0 11.4 42.7 37.7 126.8 125.0 298.6 163.3 2446 3508 4581 187.4 101.2 114.4 125.6 167.8 429.1 168.3 489.2
Acartia longiremis 175 419 80.8 57.2 149.5 62.8 321.0 158.9 114.4 67.4 50.8 0 0 0 0 6.1
Acartia omorii 122.5 419 13.5 114 42.7 12.6 2415 145.0 221.3 173.6 166.9 230.8 599.5 360.9 107.0 100.0 158.8 158.8 414.1 131.0 278.0
Acartia steueri 0 0 0 0 0 0 0 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 0 179 264 425 781 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 o 0 o 0 o 0 o 0 o 0 o o 0 o 0 o 0 o 0 o 0
CALANIDAE
Calanus
Calanus glacialis 0 o 0 o 0 o 0 o 0 o 114 o o 0 o 0 o 0 o 0 o 0
Calanus pacificus 0 0 0 0 0 214 0 0 131 0 0 0 0 0 0 0 0 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 o 0 o 0 o 0 o 0 o 0 0 0 0 o 0 o 0 o 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 0 0 14.0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 266 224 0 42 195 34 227 61
Centropages bradyi 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 o 0 o 0 o 0 o 0 o 0 o 0 0 o 0 0 0 o 0 o 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 o 0 o 0 o 0 o 0 o 0 50.1 56.9 702.6 463.9 551.6 450.2 2113 197.7 56.4 420.3 200.2
Pseudocalanus
Pseudocalanus minutus 0 13.9 279 53.9 114 64.1 87.9 0 0 179 0 0 0 0 0 0 0 0 0 0 0
Pseudocalanus newmani 11728 11106 10050 1023.6 891.6 14947 866.8 16039 958.5 1033.0 3376 2442 19694 700.3 3188 340.0 177.6 95.1 398.5 372.1 557.6
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhoten 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metridia pacifica 0 13.9 0 0 0 0 0 7.0 0 53.6 15.0 0 0 0 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 0 13.9 14.0 o 0 o 0 68.5 519 141.3 0 13.1 66.8 780.7 470.3 890.9 315.4 92.5 55.8 5.0 68.1 36.1
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 560 0 163 0 1004 L7 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 o 0 o 0 o 0 o 0 381 0 o o 0 o 0 o 0 o 0 o 0
Eurytemora
[Eurytemora affinis 0 13.9 0 0 0 0 12.6 0 0 0 52.8 922 53.7 216.2 136.0 0 0 0 0 0 0 0
Eurytemora herdmani 0 o 0 o 0 o 0 o 6.9 114.4 0 o o 0 o 0 0 0 o 0 o 0
Eurytemora pacifica 0 o 0 o 0 o 0 o 0 213 0 13.1 o 0 13.3 0 o 0 o 0 o 0
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 o 0 o 0 o 0 o 0 o 0 o o 0 o 0 o 0 o 0 o 0
Tortanus discaudatus 0 0 0 0 0 0 0 0 0 213 288 211 149 4796 133 0 0 0 0 17 0 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 122.5 13.9 83.8 26.9 0.0 64.1 25.1 68.5 13.1 116.5 57.5 105.6 50.0 193.9 154.1 213.8 96.3 214.1 143.3 54.8 1485 2485
Oithona davisae 0 o 0 0 o 0 o 0 426 39.9 211 0 0 17 0 0 0
Oithona similis 245.1 138.8 167.5 1481 160.0 256.2 150.8 86.9 124.3 577.5 399.9 1194 1588 804.3 221.1 62.1 4258 1412 3984 339.3 364.0 3743
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 24. Abundance (ind./m3) of copepods collected with 100 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2015.

24-Feb 7-Mar 16-Mar 28-Apr 20-Ma 3-Jun 30-Jun 15-Jul 28-Jul 18-Aug 31-Aug 22-Sep 20-Oct 3-Nov 10-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 100.4 51.0 317 75.9 869.1 234.4 1381.6 1557.6 4435 689.2 317.1 0 599.1 3030.6 1465.7
Acartia longiremis 80.3 25.5 75.5 227.8 1185.2 703.3 518.1 519.2 444 0 0 0 0 0 1465.7
Acartia omorii 40.1 63.8 56.6 493.7 869.1 4689 1727.0 10384 399.2 984.6 211.4 0 252.3 8524 0
Acartia steueri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 88.7 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Calanus pacificus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 20.1 0 18.9 0 0 0 0 0 0 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 869.1 0 0 0 0 886.1 0 0 315 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1302.8
Clausocalanus pergens 0 0 0 0 0 0 0 0 310.5 2067.7 4862.8 3798.5 1103.7 1988.8 7328.4
Pseudocalanus
Pseudocalanus minutus 40.1 0 37.7 38.0 0 0 0 129.8 0 0 0 0 0 0 0
Pseudocalanus newmani 1625.7 981.8 1546.8 2430.4 3397.5 7736.1 34539 5841.2 1862.8 2264.6 1480.0 990.9 3784 8524 2280.0
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metridia pacifica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 20.1 0 0 113.9 0 234.4 172.7 3894  266.1 14769 20085 1156.1 346.9 1041.8 0
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora herdmani 0 12.8 56.6 0 0 0 0 129.8 0 98.5 0 0 63.1 0 0
Eurytemora pacifica 0 0 0 38.0 0 351.6 604.4 129.8 44.4 0 0 0 0 0 162.9
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 0 0 0 75.9 0 11721 259.0 519.2  310.5 590.8 105.7 82.6 0 94.7 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 20.1 255 0 151.9 158.0 117.2 431.7 1557.6 310.5 492.3 634.3 165.2 63.1 0 162.9
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 60.2 114.8 56.6 151.9 553.1 703.3 86.3 1168.2 354.8 295.4 951.4 2064.4 3153 1610.0 2117.1
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 25. Abundance (ind./m3) of copepods collected with 100 pum NORPAC net

at St. A in Lagoon Notoro-ko in 2016.

17-Feb 24-Feb 7-Mar 15-Mar 26-Apr 21-May 27-Jun 26-Jul 29-Aug 26-Sep 18-Nov _ 6-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 726.5 181.7 145.5 67.4 931.4 1536.4 195.1 19288  380.5 0 101.8 651.0
Acartia longiremis 242.2 499.6 58.2 168.5 279.4 1300.0 0 0 0 0 0 0
Acartia omoril 242.2 181.7 29.1 67.4 0 236.4 0 361.7 108.7 0 0 46.5
Acartia steueri 0 0 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 0 0 0 46.5
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0 0 0 0 0 0 0
Calanus pacificus 0 0 0 0 0 0 0 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus plumchrus 0 0 0 0 0 0 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 0 0 0 0 46.5
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 0 0 482.2  2392.0 1422.6 2239.0 465.0
Pseudocalanus
Pseudocalanus minutus 242.2 90.8 145.5 0 186.3 118.2 0 0 0 0 101.8 0
Pseudocalanus newmani 22037.5 2770.3 1979.1 26954 6426.7 7091.1 6437.1 4339.8 163.1 158.1  5495.8 2325.1
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0 0 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 0 0 0 0
Metridia pacitica 0 0 0 0 0 0 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 0 90.8 29.1 0 93.1 0 1170.4 843.9 1685.3 1011.7 407.1 46.5
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 54.4 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 54.4 31.6 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 101.8 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
Eurytemora aftinis 0 0 0 0 0 118.2 0 0 0 0 0 0
Eurytemora herdmani 0 0 29.1 0 0 0 195.1 0 326.2 0 0 0
Eurytemora pacitica 0 0 0 0 0 0 195.1 0 0 0 203.5 93.0
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 0 0 29.1 0 186.3 0 390.1 7233 0 31.6 101.8 93.0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 242.2 136.2 87.3 0 186.3 827.3 585.2  723.3 54.4 63.2 5089  279.0
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 484.3 590.4 3784  370.6 10245  590.9 585.2 26521 2175 4426 1017.7 558.0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 26. Abundance (ind./m3) of copepods collected by 100 pm NORPAC net

at St. A in Lagoon Notoro-ko in 2017.

1-Feb 10-Feb 23-Feb 8-Mar 14-Mar 25-Apr

CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica
Acartia longiremis
Acartia omorii
Acartia steueri
Acartia tumida
AETIDEIDAE
Chiridius
Chiridius poppei
ARIETELLIDAE
Ariestellus
Ariestellus simplex
CALANIDAE
Calanus
Calanus glacialis
Calanus pacificus
Mesocalanus
Mesocalanus tenuicornis
Neocalanus
Neocalanus cristatus
Neocalanus plumchrus
CANDACIIDAE
Candacia
Candacia bipinnata
CENTROPAGIDAE
Centropages
Centropages abdominalis
Centropages bradyi
Centropages tenuiremis
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens
Clausocalanus pergens
Pseudocalanus
Pseudocalanus minutus
Pseudocalanus newmani
EUCALANIDAE
Eucalanus
FEucalanus bungii
LUCICUTIIDAE
Lucicuta
Luicutia flavicornis
METRIDINIDAE
Metridia
Metridia okhotenisis
Metridia pacifica
PARACALANIDAE
Paracalanus
Paracalanus aculeatus
Paracalanus parvus s.1.
PONTELLIDAE
Labidocera
Labidocera japonica
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor
TEMORIDAE
Temora
Temora discauda
FEurytemora
Eurytemora affinis
Eurytemora herdmani
FEurytemora pacifica
FEurytemora tompsoni
THARYBIDAE
Undinella
Undinella oblonga
TORTANIDAE
Tortanus
Tortanus derjugini
Tortanus discaudatus
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica
Oithona davisae
Oithona similis
Unidentified

48.3
144.9
48.3
0
0

o

o

0
0

144.9

229.6
153.0

0
0
0

o

o

0
0

153.0

89.5
44.7
0
0
0

o

0
89.5

o

0
0

134.2

9

o

coco®o

o

0
18.9

o

0
0

132.3

3429.5 5968.7 2594.4 1398.7 2194.0 8907.3 6745.7 28547.6 118.9

241.5
0
579.6
0

o

oo oo

459.1

0

688.7

0

44.7

=]

oo oo

536.8

0

939.3

0

56.7
0

151.2

0
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17-May 20-Jun 25-Jul 25-Aug 28-Sep 24-Oct 27-Nov 12-Dec
60.1 0 316.2 1409.8 271.8 733.6 0 0 217.4 717.6
60.1 122.0 7378 704.9 0 0 0 0 0 155.2
0 4881 5270 3524 51.0 1375 0 0 2898 716
0 0 0 352.4 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 17.0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
30.1 244.0 105.4 0 17.0 0 29.2 87.3 0 717.6
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 730.4 2246.5 1603.5 4627.6 797.0 232.7
180.3  732.1 1054  352.4 0 0 0 0 0 0
550.2 262.4 785.8 4636.8 5430.3
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 72.5 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 210.8 1057.3 1189 1834 6122 1309.7 1449 2327
0 0 0 0 0 0 58.3 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 17.0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
60.1 122.0 105.4 704.9 0 0 29.2 0 0 0
0 0 1054 3524 170 1375 0 0 1449 1552
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 1220 4216 7049 679 0 0 0 72.5 77.6
210.4 366.1 3162 0 849  366.8 0 960.4 289.8 310.3
0 0 0 0 0 0 0 0 0 0
210.4 10982 843.2 7049 1869 2292 320.7 960.4 579.6 930.9
0 0 0 0 0 0 0 0 0 0



Appendix Table 27. Abundance (ind./m3) of copepods collected with 330 pm NORPAC net

at St. B in coastal area of southwestern Okhotsk Sea in 2013.

15-Apr 13-May 10-Jun 24-Jun 8-Jul 23-Jul 19-Aug 2-Sep 30-Sep 5-Nov 18-Nov 9-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 0 0 0 0 0 0 0 0 0 0 10.1 0
Acartia longiremis 0 59.3 0 0 0 0 0 4.0 92.5 15.5 30.3 25.5
Acartia omorii 0 11.9 50.6 0 0 0 0 2.0 4.9 46.5 0 12.7
Acartia steueri 0 0 101.2 51.3 10. 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 3.4 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 331.3 83.0 50.6 51.3 10.3 43.6 0 4.0 19.5 46.5 0 0
Calanus pacificus 165.6 23.7 0 34.2 10.3 72.6 3.4 2.0 19.5 15.5 20.2 12.7
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0 0 0 0 715 111.1 6.4
Neocalanus
Neocalanus cristatus 276.1 23.7 101.2 68.4 20.6 0 0 22.1 0 15.5 0 0
Neocalanus plumchrus 1159.4 118.6 506.2 1539 319.3 872 26.1 36.2 14.6 31.0 0 12.7
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 31.0 10.1 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 0 0 0 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 0 0 0 0 0 0 0
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0 0 0 4.9 15.5 0 0
Pseudocalanus newmani 772.9 260.9 1468.1 4447 103.0 217.9 5.7 2.0 4.9 3253 2727 1974
EUCALANIDAE
Eucalanus
FEucalanus bungii 0 0 0 17.1 10.3 14.5 0 0 4.9 0 10.1 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0 0 0 9.7 0 0 6.4
Metridia pacifica 0 0 0 0 0 14.5 0 0 0 93.0 30.3 25.5
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 9.7 31.0 0 0
Paracalanus parvus s.1. 0 11.9 0 34.2 0 145.3 6.8 10.1 9.7 0 10.1 6.4
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 4.9 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 19.5 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0 0 0 0 0 0 0 0
FEurytemora herdmani 0 0 0 0 0 0 0 2.0 0 0 0 0
Eurytemora pacifica 0 0 0 0 0 0 0 2.0 0 0 0 0
FEurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 55.2 0 0 0 0 29.1 11 0 0 15.5 0 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 0 151.9 0 30. 101.7 10.2 14.1 19.5 15.5 0 12.7
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 0 0 101.2 0 0 0 0 0 4.9 0 0 0
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0




Appendix Table 28. Abundance (ind./m3) of copepods collected with 100 pum NORPAC net

at St. B in coastal area of southwestern Okhotsk Sea in 2014.

16-Apr 28-Apr 13-May 26-May 9-Jun 23-Jun 7-Jul 4-Aug 20-Aug 17-Sep 8-Oct 10-Nov
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 0 0 0 0 79.5 0 0 0 0 0 0 0
Acartia longiremis 37.2 142.1 374.7 274.4 0 0 0 0 0 0 0 0
Acartia omorii 0 0 124.9 0 79.5 0 0 0 0 0 0 0
Acartia steueri 0 0 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius popper 0 0 0 0 0 0 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 33.7 0 46.5 87.3 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0 0 0 0 0 0 0
Calanus pacificus 0 47.4 0 0 0 33.7 217.2 0 0 0 1] 93.0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 39.8 0 0 0 0 0 34.2 0
Neocalanus plumchrus 55.8 236.8 124.9 439.1 1989 337 1086.0 0 0 1473 684 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 1] 0 1] 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 0 0 73.7 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 0 0 0 0 626.0 342.2 31.0
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0 0 0 0 0 0 0
Pseudocalanus newmani 465.4 15156 4870.8 1042.8 7954 1144.2 3040.7 1255.6 1047.3 184.1 376.4 712.7
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 124.9 0 79.5 67.3 0 0 0 0 34.2 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 54.9 0 33.7 0 0 0 0 0 0
Metridia pacifica 0 0 0 109.8 2386  33.7 651.6  46.5 43.6 36.8 1369 93.0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 0 0 0 0 0
Paracalanus parvus s.1. 37.2 94.7 249.8 54.9 0 33.7 217.2 186.0 349.1 257.8 273.8 1549
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora herdmani 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora pacifica 0 0 0 0 0 0 0 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 18.6 0 0 0 0 0 0 0 0 0 0 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 55.8 66.0 143.5 1284 1379 859 19733 669.6 4550 202.7 2239 111.6
Oithona davisae 0 0 0 0 0 0 217.2 0 0 0 0 0
Oithona similis 260.6  255.4 268.4 512.6 257.2 153.2 1539.0 111.6 236.8 3132 2239 297.5
Unidentified 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 29. Abundance (ind./m3) of copepods collected with 100 pm NORPAC net

at St. B in coastal area of southwestern Okhotsk Sea in 2015.

1-Apr 13-Apr 11-May 25-Ma 7-Jul  21-Jul 19-Aug 2-Sep 16-Sep 7-Oct 7-Dec
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 14.7 0 0 0 0 0 10.9 0 0 0 142.4
Acartia longiremis 44.2 27.0 0 110.2 39.4 0 0 50.3 0 28.4 1424
Acartia omorii 14.7 0 0 0 0 0 21.7 50.3 0 0 0
Acartia steueri 0 0 0 0 0 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0 0 0 13.1 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0 0 0 0 14.2 0
Calanus pacificus 0 27.0 0 110.2 0 0 0 0 13.1 71.1 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 39.2 0 394 0 0 50.3 0 0 0
Neocalanus plumchrus 88.5  189.0 313.5 0 1182 1471 0 50.3 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0 0 0 0 0 0
Centropages bradyi 0 0 0 0 0 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0 294.2 369.6 1760.1 577.6 327.0 3774.4
Pseudocalanus
Pseudocalanus minutus 14.7 54.0 39.2 0 0 0 10.9 0 0 0 0
Pseudocalanus newmani 973.3 1674.0 1998.4 8597.3 2088.6 38251 2065 5029 170.7 142.2 1780.4
EUCALANIDAE
Eucalanus
FEucalanus bungii 0 27.0 39.2 110.2 0 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 110.2 0 0 0 0 0 0 0
Metridia pacifica 0 0 352.7 330.7 236.4 0 43.5 50.3 52.5 71.1 71.2
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0 0 603.4 0 0 0
Paracalanus parvus s.1. 14.7 27.0 117.6 330.7 394 7356 65.2 603.4 2232 270.1 0
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0 0 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0 0 0 0 0 0
Eurytemora
FEurytemora affinis 0 0 0 0 0 0 0 0 0 0 0
Eurytemora herdmani 14.7 0 0 0 0 0 0 0 0 0 0
Eurytemora pacifica 0 0 0 0 0 0 0 0 0 0 0
FEurytemora tompsoni 0 0 0 0 0 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0 0 0 0 14.2 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0 0 0 0 0 0
Tortanus discaudatus 0 0 0 0 0 0 10.9 0 0 0 142.4
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 88.5 351.0 587.8 881.8 945.8 14712 1413 502.9 157.5 113.7 427.3
Oithona davisae 0 0 0 0 0 0 0 0 0 0 0
Oithona similis 206.5 324.0 431.0 4409 4335 8827 2065 804.6 105.0 369.6 640.9
Unidentified 0 0 0 0 0 0 0 0 0 0 0
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Appendix Table 30. Abundance (ind./m3) of 0-5 m copepods collected with 100 pum

NORPAC net at St. A in Lagoon Notoro-ko in 2015.

3-Nov 4-Nov
9:00 1500 21:00  3:00 9:00  15:00
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 10134 1791.3 866.7 619.8 8880 148.6
Acartia longiremis 0 0 0 0 0 0
Acartia omorii 506.7 248.8 4522 459 3848 83
Acartia steueri 0 0 37.7 0 0 0
Acartia tumida 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius popper 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0
Calanus pacificus 0 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0
Neocalanus plumchrus 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 50.7 0 0 0 0 0
Centropages bradyi 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0
Clausocalanus pergens 2178.8 1393.3 1394.3 803.5 1006.4 206.4
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0
Pseudocalanus newmani 101.3  447.8 1884  160.7 59.2 4.1
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0
Metridia pacifica 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0
Paracalanus parvus s.1. 364.7 2986 226.1 160.7 29.6 124
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 75.4 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0
Eurytemora
Eurytemora aftinis 50.7 0 37.7 23.0 88.8 12.4
Eurytemora herdmani 50.7 49.8 0 23.0 0 0
Eurytemora pacifica 0 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0
Tortanus discaudatus 50.7 49.8 75.4 45.9 0 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 149.3 0 45.9 88.8 0
Oithona davisae 0 0 0 0 0 0
Oithona similis 709.4 5474 4145 3673 4144 20.6
Unidentified 0 0 0 0 0 0
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Appendix Table 31. Abundance (ind./m3) of 5-10 m copepods collected with 100 pum

NORPAC net at St. A in Lagoon Notoro-ko in 2015.

3-Nov 4-Nov
9:00 1500 21:00  3:00 9:00  15:00
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 303.3 180.7 6724 2291 2405 1242
Acartia longiremis 0 0 0 0 0 0
Acartia omorii 19.0 542 130.1 43.6 68.7 138
Acartia steuert 0 0 21.7 0 0 0
Acartia tumida 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0
Calanus pacificus 0 0 0 21.8 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0
Neocalanus plumchrus 0 0 0 10.9 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0 0
Centropages bradyi 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0
Clausocalanus pergens 293.8 1102.6 4989 349.1 3435 184.0
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0
Pseudocalanus newmani 9.5 181 1735 87.3 8.6 9.2
EUCALANIDAE
Eucalanus
FEucalanus bungii 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0
Metridia pacifica 9.5 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0
Paracalanus parvus s.1. 37.9 108.4 238.6 43.6 429 138
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 151.8 10.9 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 9.5 18.1 21.7 10.9 34.4 0
FEurytemora herdmani 0 0 0 21.8 0 0
FEurytemora pacifica 0 0 0 10.9 8.6 0
Eurytemora tompsoni 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0
Tortanus discaudatus 0 54.2 21.7 32.7 17.2 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 0 43.4 54.6 0 23.0
Oithona davisae 0 0 0 0 0 0
Oithona similis 2654 2711 1952  163.7 945 920
Unidentified 0 0 0 0 0 0
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Appendix Table 32. Abundance (ind./m3) of 10-15 m copepods collected with 100 um

NORPAC net at St. A in Lagoon Notoro-ko in 2015.

3-Nov 4-Nov
9:00 1500 21:00  3:00 9:00 _ 15:00
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 102.6 429 1234 2233 460.6 197.8
Acartia longiremis 0 0 0 0 0 0
Acartia omorii 0 64.3 72,6 69.8 131.6  65.9
Acartia steuert 0 0 0 0 0 0
Acartia tumida 0 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0 0
Calanus pacificus 0 0 7.3 0 16.5 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0 0
Neocalanus plumchrus 0 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 7.0 0 0
Centropages bradyi 0 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0 0
Clausocalanus pergens 382.4 417.8 2758 181.5 460.6 514.3
Pseudocalanus
Pseudocalanus minutus 0 0 0 0 0 0
Pseudocalanus newmani 0 321 29.0 27.9 329 527
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0 0
Metridia pacifica 0 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0 0
Paracalanus parvus s.1. 102.6 214 50.8 7.0 1152 197.8
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 29.0 0 49.4 132
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 7.3 7.0 0 13.2
Eurytemora herdmani 0 0 0 7.0 0 0
Eurytemora pacifica 0 0 0 7.0 0 0
Eurytemora tompsoni 0 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0 0
Tortanus discaudatus 46.6 0 7.3 0 0 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 18.7 96.4 0 7.0 65.8 26.4
Oithona davisae 0 0 0 0 0 0
Oithona similis 279.8 3964 1234 1326 3126 2374
Unidentified 0 0 0 0 0 0
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Appendix Table 33. Abundance (ind./m3) of 0-5 m copepods collected with 100 pum

NORPAC net at St. A in Lagoon Notoro-ko in 2016.

21-May 22-May
9:00 15:00 _ 21:00 3:00 9:00
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 554.9 1933 2814 51.9 358.4
Acartia longiremis 610.4 241.6 140.7 103.8 102.4
Acartia omorii 554.9  72.5 70.4 51.9  102.4
Acartia steueri 0 0 0 0 0
Acartia tumida 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0
Calanus pacificus 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0
Neocalanus plumchrus 0 24.2 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0
Centropages bradyi 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0
Pseudocalanus
Pseudocalanus minutus 0 0 140.7 51.9 0
Pseudocalanus newmani 2219.5 1208.1 5488.0 4409.8 3788.6
EUCALANIDAE
Eucalanus
Eucalanus bungii 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0
Metridia pacifica 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0
Paracalanus parvus s.1. 0 0 0 0 0
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0
FEurytemora herdmani 111.0 0 70.4 51.9 51.2
Eurytemora pacifica 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0
Tortanus discaudatus 2219 1208 140.7 51.9 51.2
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 554.9 96.6  422.2 51.9 153.6
Oithona davisae 0 0 0 0 0
Oithona similis 721.3  459.1 2814 3632 512.0
Unidentified 0 0 0 0 0
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Appendix Table 34. Abundance (ind./m3) of 5-10 m copepods collected with 100 pm

NORPAC net at St. A in Lagoon Notoro-ko in 2016.

21-May 22-May
9:00  15:00  21:00 3:00 9:00
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 133.2 16.7 68.7 9.4 317.1
Acartia longiremis 0 0 68.7 0 70.5
Acartia omorii 88.8 0 68.7 4.7 70.5
Acartia steueri 0 0 0 0 0
Acartia tumida 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0
Calanus pacificus 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0
Neocalanus plumchrus 0 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0
Centropages bradyi 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0
Pseudocalanus
Pseudocalanus minutus 0 0 34.4 0 0
Pseudocalanus newmani 1753.9 1502.5 2783.4 206.6 2783.1
EUCALANIDAE
Eucalanus
Fucalanus bungii 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0
Metridia pacifica 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0
Paracalanus parvus s.1. 0 0 0 0 35.2
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0
Eurytemora herdmani 22.2 16.7 344 4.7 0
Eurytemora pacifica 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0
Tortanus discaudatus 0 16.7 34.4 0 70.5
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 0 0 103.1 0 70.5
Oithona davisae 0 0 0 0 0
Oithona similis 222.0 1169 240.5 14.1 105.7
Unidentified 0 0 0 0 0
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Appendix Table 35. Abundance (ind./m3) of 10-15 m copepods collected with 100 um

NORPAC net at St. A in Lagoon Notoro-ko in 2016.

21-May 22-May
9:00 15:00 21:00 3:00 9:00
CALANOIDA
ACARTIIDAE
Acartia
Acartia hudosonica 359.5 129.6 404.7 83.4 274.9
Acartia longiremis 539.2 825 161.9 8.3 68.7
Acartia omorii 7189 70.7  60.7 0 45.8
Acartia steueri 0 0 0 0 0
Acartia tumida 0 0 0 0 0
AETIDEIDAE
Chiridius
Chiridius poppei 0 0 0 0 0
ARIETELLIDAE
Ariestellus
Ariestellus simplex 0 0 0 0 0
CALANIDAE
Calanus
Calanus glacialis 0 0 0 0 0
Calanus pacificus 0 0 0 0 0
Mesocalanus
Mesocalanus tenuicornis 0 0 0 0 0
Neocalanus
Neocalanus cristatus 0 0 0 0 0
Neocalanus plumchrus 179.7 0 0 0 0
CANDACIIDAE
Candacia
Candacia bipinnata 0 0 0 0 0
CENTROPAGIDAE
Centropages
Centropages abdominalis 0 0 0 0 0
Centropages bradyi 0 0 0 0 0
Centropages tenuiremis 0 0 0 0 0
CLAUSOCALANIDAE
Clausocalanus
Clausocalanus parapergens 0 0 0 0 0
Clausocalanus pergens 0 0 0 0 0
Pseudocalanus
Pseudocalanus minutus 0 11.8  60.7 0 0
Pseudocalanus newmani 14558.3 754.0 1032.0 633.7 1809.9
EUCALANIDAE
Eucalanus
FEucalanus bungii 0 0 0 0 0
METRIDINIDAE
Metridia
Metridia okhotenisis 0 0 0 0 0
Metridia pacifica 0 0 0 0 0
PARACALANIDAE
Paracalanus
Paracalanus aculeatus 0 0 0 0 0
Paracalanus parvus s.1. 0 0 20.2 0 0
PONTELLIDAE
Labidocera
Labidocera japonica 0 0 0 0 0
PSEUDODIAPTOMIDAE
Pseudodiaptomus
Pseudodiaptomus marinus 0 0 0 0 0
SCOLECITRICHIDAE
Scolecithricella
Scolethricella minor 0 0 0 0 0
TEMORIDAE
Temora
Temora discauda 0 0 0 0 0
Eurytemora
Eurytemora affinis 0 0 0 0 0
Eurytemora herdmani 1078.4  70.7 0 0 68.7
Eurytemora pacifica 0 0 0 0 0
Eurytemora tompsoni 0 0 0 0 0
THARYBIDAE
Undinella
Undinella oblonga 0 0 0 0 0
TORTANIDAE
Tortanus
Tortanus derjugini 0 0 0 0 0
Tortanus discaudatus 0 353 20.2 16.7 0
CYCLOPOIDA
OITHONIDAE
Oithona
Oithona atlantica 179.7 11.8 80.9 25.0 0
Oithona davisae 0 0 0 0 0
Oithona similis 359.5 11.8 182.1 66.7 22.9
Unidentified 0 0 0 0 0
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Appendix fig. 1. Seasonal changes of water temperature (°C) at St. A in Lagoon

Notoro-ko from April to December 2011.
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Appendix fig. 2. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from April to

December 2011.
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Appendix fig. 3. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from April to December.
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Appendix fig. 4. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St. A

in Lagoon Notoro-ko from April to December 2011.
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Appendix fig. 5. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St. A

in Lagoon Notoro-ko from April to December 2011.
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Appendix fig. 6. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St. A

in Lagoon Notoro-ko from April to December 2011.
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Appendix fig. 7. Seasonal changes of water temperature (°C) at St. A in Lagoon

Notoro-ko from May to December 2012.
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Appendix fig. 8. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from May to

December 2012.
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Appendix fig. 9. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from May to December 2012.
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Appendix fig. 10. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from May to December 2012.
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Appendix fig. 11. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from May to December 2012.
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Appendix fig. 12. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from May to December 2012.
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Appendix fig. 13. Seasonal changes of water temperature (‘C) at St. A in Lagoon

Notoro-ko from February to December 2013.
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Appendix fig. 14. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from

February to December 2013.
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Appendix fig. 15. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2013.
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Appendix fig. 16. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2013.
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Appendix fig. 17. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2013.
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Appendix fig. 18. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2013.
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Appendix fig. 19. Seasonal changes of water temperature (‘C) at St. A in Lagoon

Notoro-ko from February to December 2014.
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Appendix fig. 20. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from

February to December 2014.
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Appendix fig. 21. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2014.
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Appendix fig. 22. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2014.
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Appendix fig. 23. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2014.
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Appendix fig. 24. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2014.
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Appendix fig. 25. Seasonal changes of water temperature (‘C) at St. A in Lagoon

Notoro-ko from February to December 2015.
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Appendix fig. 26. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from

February to December 2015.
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Appendix fig. 27. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2015.
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Appendix fig. 28. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2015.
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Appendix fig. 29. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2015.
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Appendix fig. 30. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2015.
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Appendix fig. 31. Seasonal changes of water temperature (‘C) at St. A in Lagoon

Notoro-ko from February to December 2016.
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Appendix fig. 32. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from

February to December 2016.
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Appendix fig. 33. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2016.
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Appendix fig. 34. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2016.
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Appendix fig. 35. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2016.
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Appendix fig. 36. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2016.
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Appendix fig. 37. Seasonal changes of water temperature (‘C) at St. A in Lagoon

Notoro-ko from February to December 2017.
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Appendix fig. 38. Seasonal changes of salinity at St. A in Lagoon Notoro-ko from

February to December 2017.
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Appendix fig. 39. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2017.
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Appendix fig. 40. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2016.
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Appendix fig. 41. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2017.
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Appendix fig. 42. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

A in Lagoon Notoro-ko from February to December 2017.

262



Apr Jun Aug Oct Dec

Appendix fig. 43. Seasonal changes of water temperature (*C) at St. B in coastal area of

southwestern Okhotsk Sea from April to December 2013.

263



33.5
10
33
20
= 325
=
=30

31.5

Apr Jun Aug Oct Dec

Appendix fig. 44. Seasonal changes of salinity at St. B in coastal area of southwestern

Okhotsk Sea from April to December 2013.
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Appendix fig. 45. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2013.
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Appendix fig. 46. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2013.
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Appendix fig. 47. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2013.
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Appendix fig. 48. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2013.
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Appendix fig. 49. Seasonal changes of water temperature (*C) at St. B in coastal area of

southwestern Okhotsk Sea from April to December 2014.
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Appendix fig. 50. Seasonal changes of salinity at St. B in coastal area of southwestern

Okhotsk Sea from April to December 2014.
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Appendix fig. 51. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2014.
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Appendix fig. 52. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2014.
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Appendix fig. 53. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2014.
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Appendix fig. 54. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2014.
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Appendix fig. 55. Seasonal changes of water temperature (*C) at St. B in coastal area of

southwestern Okhotsk Sea from April to December 2015.
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Appendix fig. 56. Seasonal changes of salinity at St. B in coastal area of southwestern

Okhotsk Sea from April to December 2015.
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Appendix fig. 57. Seasonal changes of total size fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2015.
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Appendix fig. 58. Seasonal changes of >10 pm fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2015.
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Appendix fig. 59. Seasonal changes of 2-10 um fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2015.
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Appendix fig. 60. Seasonal changes of =2 um fraction Chl.a concentration (ug/L) at St.

B in coastal area of southwestern Okhotsk Sea from April to December 2015.
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