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(B4, 1989), W FiEAREEMM I ICH > <db L 72 &
I, TR B TR E B L TR
AT B 720 (R, 2017), R MEEE IR IR
HOZEENAE > THFERENRE S ZLT 2R L %o
TWwb, FlZE, Hy FiEbEiiEZ IR L 3 20F K0
B~ ot A (Isobe et al., 2004), b4 J i cHET
B AR B R (Tsutsumi ef al., 2017; Nagai et al.,
2017, 2019; Hasegawa, 2019), HEIRTARIZENIC X 5 HHl
B O 7 £ (Nakamura et al., 2003) 23355 & T
BD, TSI REHMRIC X o TRREEBREIC
BIs7 500 EOBGFESEENVEHT S
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ERFEIND,

FEVE S8 OB L E 2> & KRB 12 2 2 65 e ik
&, vAUY, AYTFATL, TV AVSTHE <
7Y, Yo L OREEBEEO EING L b T
e D SRENIFIL & 72 > T 5 (b, 1989 HH, 1991
JKEEIT, 2019), FfiC, <A 7 v EHFEHIIERL 72 1980 4
PRI I AT R g R Tl IS K & e BEBNE 2STE  &
nrzc kbi‘%DBmfm (EEH 1991)0 ko, &

@,Lméwiﬁmﬁﬁtwﬁ%ﬁxatﬂ@%@ﬁ®
WY - @757 P VBEIERBXOCEENZ, b
OEFREEN 2 M2 EcEERERCH D, WY T o
FizowTE, MR T b RFEE T 2 R ERE
(Gould and Wiesenburg, 1990) %3, AtERiER gk &
WWRFHET LM TS (JTH S, 2013, 2014),
COWY TSy by T — L EREE ORI
FED KRR IC X o TR b, BNOMEES K E i
KIBHFBEATE SN TR B T EMERHEN TV S (—F
5, BaH), TR, PN, <7 VDKW
#%ﬁu@w%guﬂﬁEkﬁﬁﬁkﬁm%%%ﬁbf
b OKEET, 2019), Zh ofFfEfIC & o ThFE 72 R
t‘%ﬁﬁ%ﬁkéh’cmé ERTFEEINE, L2L, iR
BEWT S U h i onTIE, BEIREBBEEcERIC
EYREIE AT 5 E (NEF S, 2009 Minowa et al.,
2011) IR FEEES BRI T 2 ARG S 1T
W5 bDD (Kobari ef al., 2018, 2019; i85, 2019), At
TR Ic B 2875 v 2 b oERIZIEEICE
L, ok, b o IR B 2 EH
37K, SRGEEREEEOR Yy ARy P EoT
WABIHIZ O W TIZ XSO o Tk,

Z TR TR, BREBNOAVEYM TS+
VMBI K E FTENAEIR T B 7o, JLERRE R
WU AL AT F O SREI AT R S v B EAE L
Ve TNEWEET 2720, AVEWT S50 7 b it
fHEL, Biffm (EEBEE - Aa), BERIEE (¥ 008
7B A EERTENE) & 22N (B - B4 8 X O
Y (ZRME - FR4E) I L, 2o OEEIREZIAS A
L7z,

gy AN

K e ANFRH -

—H - B - BH - %

2. MEBLUHE

2.1, wEEHA

BL R,  AGERE R IS B E S 7 R R BB T
6 Hisi (KBL ~KB6) ¥ & 0N&4+ 3 #sA (SK1, SK3, SK4)
< (Fig. 1), 201542 ~3H,5H, 8H, 11 ~12 A,
2016 4= 3 ~4 H, 7 A O AR B R B R K BT
FAEAB IO LI E W ITo, BOHE L O
B E DX BNE, KA (1985) ITfE- 7o, 7K & HEA 1
#EFeIH 2> 5 /K% 200 m % T % Sea-Bird #:% CTD-CMS
(Conductivity Temperature Depth profiler-Carousel
Multi-sampling System: SBE 911plus) THIE L 7z,
ryuan 7 4)valllE MK BEEALTIEIEE
(0,10, 20, 25, 30, 50, 75, 100, 125, 150, 200 m), T L AL
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Fig. 1. Oceanographic and sampling stations locat-
ed in the northern Satsunan area. Solid circles: in-
side stations of Kagoshima Bay. Opened circles:

outside stations of Kagoshima Bay.
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T 1E 8 ¥ & (10, 25, 50, 75, 100, 125, 150, 200m) %> 5
CTD-CMS i B b 1) & 417z Niskin $-7K 8 2 F v TEK
U7z BRAKLU 723K 1,000mL 27 v + < v 8 GF/F
74— (L& 0.7 um) % fv>T 20 KPa DUF Tl
HE L 72, B L 727 4 L% —% NN-dimethylforma-
mide 12 #E L (Suzuki and Ishimaru, 1990), MGk
BED 0°CTEBFELMIIL 72, AFEMHMINKIZSY —F—TY
A ABEOEEEE (TD-700) 2w, FER bk
(Welschmeyer, 1994) ¢27 0w 7 4 )V q EE%2HE L7z,

22. BT 20U b ERERR - T

W75 7 b URERE, WA RO EEERE S v |
(D£845cm X 2, HA& W 0.1 mm: JoH, 1957) %2 - T,
FIE200m 2> 588 1 m CHEHEE U CTERL 72, $RAL
LR, fhbET7aVvd TSy s s v adis
ffio THE L TEYENEREAR L RGIEAR, BERIEEN
EREARICK S L, EYRBERERTS SICaHL 7
%, o2 COEBZHEEL/Z0lmm FA v rilLy
a7 AN IR TR BT ER T, HEREE
TRBEEEESEA T2 H 5720, JEEiEK TR
REREE T I L, ZRHKTHIEL 22z hZzh
ZymimiE (—20°C) CEREL 72, BB, iR
2 U URERE 5% CEE L, EYENEERE, 7
Ry 7w 7#84 —7 > (DRA630DA) %fli- T 60°C
T 24 Wz &R, T — & —NT 24 BEREEE L <
HERAEBRELLE YL bU Y 2 8E T KFE
(CP224S) CHzMEE R (ZB) 2 HIE L7z, HIERE X
00l mg T 3, MEEAZ, FEEBEME T T VEY
75 vy b 21 AR (Table 1) CRkAI - GHEL, A
WA (ZA) 28 U 7o, B30 E A,
004dmm F A4 u vty a7 408 —ICREETRD%
KpERE, 7408 —=82mL 774434 7ILIC
HALS DERRRERCABGH L 78, iR H
Ji (—80°C) TEREEL 7z, %8, BFEMICEAT 2 KA
Yo FUEEM T T v o b R RERIE, BRI, &
YIEBIERAR, BRGNS EEARD 5 FRA L 72,

2.3. BEREM

RGO L L (Yebra et al., 2017), &> %2
B A EESETEE T H 5 Aminoacyl tRNA synthetases ac-

Table 1. Mesozooplankton taxa identified in the
present study.

Taxa Abbreviation
Copepoda COPE
Calanoida CALA
Poecilostomatoida POEC
Cyclopoida CYCL
Harpacticoida HARP
Nauplius NAUP
Other copepoda OCOP
Ostracoda OSTR
Euphausiacea EUPH
Mysidacea MYSI
Cladocera CLAD
Decapoda DECA
Amphipoda AMPH
Cirripedia CIRR
Chaetognatha CHAE
Polychaeta POLY
Thaliacea THAL
Appendicularia APPE
Cnidaria CNID
Ctenophora CTEN
Mollusca MOLL
Others 0Oz00

tivity (AARS) % k& 7z, BERIEMEHIE AT 20 mM
N U ZRRER 2 N A, EEESEY T4 —T 1R
TV FHA XL, 0°CT 10 0o (8,000 rpm) L7z,
Yebra and Hernandez-Leon (2004) i2fE\vy, EiEARKIC
v¥a ) v (P7275, Sigma-Aldrich) ZinA, 4%
JEEEET (UV1800, Shimadzu) #% fii - € 25°C < 10 43 [,
R340 nm iIc B 2 WMHEOLEEMEL 72, F 72,
Lowry et al. (1951) izfitvy, & v 80 EE&EHEB LT,

AARS (nmolPPi mgProt* ht) 2L Fo=n 6k 7
(Yebra and Hernandez-Leon, 2004).

AARS = (dA x10° X 60) X (V,,; x622x2)" (1)
dA :14f% 72 b ® NADH OEg{lk
622:340nm covro ) vERAEI TV ELD

72 0 DAREL
2 o) UEgEEl e b bic@bEn
72B-NADH D £ V%
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72, ko 5N AARS iIcoWT FRZEHWT, ik
I 517 5 AARS (4 AARS: nmolPPi mgProt ' h™) ic
HIE L7z (Yebra et al., 2005),

teAARS = AARS X exp {857 / 1000 x [ (25 + 273)
— (WT+273)1xR"} (2)
AARS: & v 8 7 A BRI O W E E
857:37°CIcBIT B 1 ENH b DEEREMA
I 3V X — (kcal)
25 EERIEMERIER OMREE (°C)
273 1 BRA BT ILE v ANDEHER

WT : B I BT 2 KR E S AR (°C)
R :1ELH7bOKMARES (1987 cal)

24. TRETEEAT

PRIMER 6 (Clarke and Warwick, 2006) % fifi - < %
B L 728 R AR B DRI BUE FE > & Bray-Curtis
IR E2 Kk ® (Bray and Curtis, 1957), 75 A% —
AT 8 & ORISRt RIERE AT (NMDS) 1< &
D, AVEWT F 7 b EEEHRL R O R 22 R4 B & 5
MU Tee &7z, BT IIENT (One-way ANOSIM)
W&k D, DEBHHEIC B 2 EONE ORI (BLEIR] -

1004 1502_03

1603_04

200

100

Depth (m)

200

100

Fig. 2. Spatial variations of vertical profiles of water temperature (WT: °C), salinity (SAL) and chlorophyll a
concentration (CHL: mg m ) in the northern Satsunan area. The number in each panel stands for the year and

month of the oceanographic observations.
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BUHLE) B & o=y (BIREB O - Bib) 222
L7zo ANOSIM T & W BEENFRD SN HEE, B
EREHELEOXERIC L OBERDERIEFES L T0 5D
AT 5 7-0, HOEHSEMENT (SIMPER) 2475
7o WIT, AVEWM TS0 b VBGERRY VI HE
BRI E DR A B IC 5. 2 2 BRI SR 0 522 % S~
B, AVEYT I o b v EREREUE N O kR
(WTwe), #64r (SALwc), 7 @ m 7 4 Laig &
(CHLyc), 20X VEM TS 7 F v BEORIKSD
720 ORE (IBM: ZB/ZA) 2K, A VEWT 5 2 b
VHBIFRSP Y N EARIEREER L s AT <
> DIENAHBIFREC & - TR L 72,

AAEN DK IEEE R BB X b b B TR ER 2

HBbo0, %4H (1511_12) ~%&H (1502_03, 1603_04)
RS —RE L 2 0 SHEIRAMRD 5h, HHf
(1508, 1607) 12 13 /K G HEJE A3 20 ~ 50 m IC T IR S 7=
(Fig. 2), ¥4 3B REBOEH L 0 B TEHWELN %
R U7AS, BN IRRIEOMES KR BB (SKI,
SK3, SK4) £ CHE L7, 7007 1)L a BEERE
EALE D BBOEMTEL, BB OBIETIEAES
AT 1lmgm® M EE o7z, B (1505) ~EHiciE,
WINOEHR T KREREMLI TR rr T 4 b a
WEEHERD b, FREHEAEKL 72,

32. BEESIVCECNVEEREBREEOTERS

BEREERIC BT 2 A VEW T I v 7 b U HEDOE
B E LT, HEEBERE, AR TIERREINE L 0%
MR ZBHR SO WTNOPEBE L TE D, EWETIX
IhoOREEALEED 57z (Table 2), 4 AARS T
&, RN R EE R D ERR L 7,

Table 2. Result summary of the variance analysis (two-way ANOVA) on temporal (season to season) and spa-
tial (inside vs. outside of Kagoshima Bay) variations in mesozooplankton abundance (ZA: 10° inds m ), biomass

(ZB: mgDW m™), and protein synthetases activity (

AARS: umolPPi mgProt ™ h™') in the northern Satsunan

area. DF: degree of freedom. SS: sum of square. MS: mean square. P: p-value.

Variables Source DF SS MS F-value P

ZA (10%inds m®) Spatial 1 429.886  429.886 13.522 0.001
Temporall 5 427.815 85.563 2.691 0.035
Spatial*Temporal 5 227.109 45.422 1.429 0.236
Error 38 1208.112 31.792
Total 49 2447332

B (gDW m?) Spatial 1 0.014 0.014 35.228 <0.001
Temporal 0.018 0.004 9.383 <0.001
Spatial*Temporall 0.012 0.002 6.189 <0.001
Error 38 0.015 0.000
Total 49 0.074

stuAARS (UmolPPi mgProt™ h')  Spatial 1 0.001 0.001 0.316 0.577
Temporal 0.577 0.115 65.543 <0.001
Spatial*Temporal 0.007 0.001 0.805 0.553
Error 37 0.065 0.002
Total 48 0.671
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3.3. DIEEHAERK

R RE R B U B BB O B I D W TR
U725, Bray-Curtis ZEEUE 72% C 1ZFE VR B 1550
ORI TSNS 6 2% (A, B D, EF G), BRE
B oBME TS 228 (C H), 2heoro
SRR L B & 720 1603_04_KB1 ic X3 & 7z (Fig. 3),
1603_04_KB1 O3 ¥ERAR L, BHEELIRD 5Nk Dh -
e Cb O R - B R LRI B A 5, 22T,
1603_04_ KBl icoW Tk, AHNERLE L TCZOHDOLE
BN RN L7, NMDS 7uy Mick s e, 2D
ERRE HIEREE C o ICiE S, S ERERL R
LTWb I Eghoiz (Fig 4a), 72, FEREEIE
W NMDS 7my FET, ESHIE RIcRKESh S L

NFRE - - IRE - B -

75 (Fig. 4b), BLIEE LB © o BRHH L © 222
LHBd 57z, Fric, 1508 DB BT 5 2 VBT
v b UTERBEIICRIAE NS k5 KB S N,
B o 3 BB IR 2 E R L7, fth)T,
2015 4F & 2016 413 NMDS 7u v D2 ZFREEH
i, % (1502_03, 1603_04, 1505) 1% F, E # (1508,
1607) &, AH1 (1511.12) G FiCElESND 2 L2 b
(Fig. 4c), LT EINE, LA ICIIRREN 255
MR DZALAFED 57z, One-way ANOSIM IZ & 3 &,
T VR B 10 & B/ T R 28 B e 2 72 1 T <
(Global R=0168, p=0002), #LHIKHH (Global R=0.063,
p=0035) % #H4E (Global R=0410, p=0001) T b 4y
B R 5 2 L9 > T, %72, SIMPER @7
WCkBENATIE (HFXAH, KXo A NLH, ¥

e

>

=

=

2 601

= |

wv

2

C

o}

Q -

> 72%

O

&

80—+
N OT T —NOOT NN =0T I 0O DNO - TOMFTN - NONTO T - FTNONOMT =0
ODDODODODOX DX ¥ XXXy Y DNODODODODDODODODDODDODODODDODDODODODODODNDM0nmXxXN>Nx
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Sampling seasons and stations

Fig. 3. Cluster dendrogram of the stations in the northern Satsunan area based on the Bray-Curtis similarity
derived from the log-transformed abundance of each taxon. Each station name stands for the year, month, and
station of the sample collection. A to H: mesozooplankton community groups identified at 72% similarity level.
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Fig. 4. Non-metric multi-dimensional scaling
(NMDS) ordination plot of the sampling stations
classified with mesozooplankton community
groups (A to H) based on (a) the cluster analysis,
(b) locations between inside Kagoshima Bay (KB:
closed triangles) and outside Kagoshima Bay (SK:
open triangles), and (c) sampling seasons. Each
season name stands for the year and month.

ra7ZH, "V F2RH, =TV RGE) B
REZERIRICEE LG T2 00, ROMBICXST 2 o8
(AD % Ratio 28K E W 5EHE) (ZEREZEOEE L O
BICOWTIEATIXAH, FzXve R LH, s
797 ZAH, BRI RRE L BEE BHE TR
FHIETH -7 (Table 3),

79 RY =TI &k o GRS N R B2 BIRIE O L
CHELE T % & (Fig. 5), BREBOE CIIE L 2 28
(D, A+C+F, B, D+F, E+G, F+G+H) 28Ul =
LICEB L Cwoed, BREEBENATIEFEI2RE (C
H) #E#lichbizoTHELTE Y, RENAESEIZ
LWZ EBGhoT, TD KD % REEORRIN 72 EH D
EHOEREBE O KB6 (L THRICX 3 Sz b D
O, BREEIHOSL L oMl HBH LR B B &
UG, BREEEBNOBHNTLRDENDE LD H-
72

BRHONEHHRERSZ L, HIXRXAEAATVHE
b LRI XuR N LHAIA T VESRLESL, ¥
saTABIA TV, NS F I AEHA T VHER
ZnsickeE (Fig 6), WTFNOREETDH, Thod
AT D82 ~8% % HDHEERETH -, Frig,
FHBBLOF clboRH L bR Fxo R LHD
A7 VEPENT 5 2 L TREBOU b, IBMIEARE
T3~ 45 ugDWind "' & KEm7E0% b, AINEUEEAS
BHT 258 (A~D, F) & REMEEIE LT 5 %8
(E, G, H) X ahiz, Fric, ANUEESEST 2%
B C D FidEw G WAARS 2R d 2 L TREO U 6 v,
7z, NMDS 7'v v M &S HEEOFEEBEE % BER T
g4 3L (Fig. 7), BREBIETIEAIXAEEB &
OCRIXORNLEIA 7D, BIICZBEES X
QRS 2015 FICIZBHE,I S 2 A2 R LT,
fli/5, NMDS 7w McAVEY TS5 v 2~ VEED
swAARS ® IBM # EHAQCHIKT 2 &, 4 AARS Tld%
M 3 & OREREIY 72 AR B ©, < i 1508 o
WIZB T B AVEW TS v o b BECIR/NURED S
(B GuAARS 2R L7220 ThH -7z, IBM TIZ, 2015
FITHART 2016 FIC KEUE G S W EZ2 7R L 7z,

34. REEHIV I NV EEREBEREN

FR U2 E DA VE TS v 7 b o HEHRIEER
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Table 3. Result summary of one-way ANOSIM (analysis of similarity) and SIMPER (similarity percentages) on
temporal (spring vs. summer-winter, 2015 vs. 2016) and spatial (inside vs. outside of Kagoshima Bay) variations
on the taxonomic groups of the mesozooplankton community in the northern Satsunan area. AD: average of the
Bray-Curtis dissimilarities between the two sites or durations. Ratio: average contribution to the standard devi-
ation of the species contribution between the two sites or durations. Cont: contribution of AD. ZA: log-trans-
formed mesozooplankton abundance. KB: inside of Kagoshima Bay. SK: outside of Kagoshima Bay. Abbreviation

for each taxonomic group is presented in Table 1.

ANOSIM SIMPER
Global R P Average dissimilarity  Discriminating AD Ratio Cont A
(%) groups (%)
KB vs. SK
0.168  0.002 26.80 APPE 1.9 1.3 7.1 2.9 2.9
POEC 1.9 1.6 7.1 7.6 58
OTHE 1.8 1.1 6.7 1.5 1.3
MOLL 1.7 1.4 6.3 1.6 1.6
HARP 1.7 1.5 62 5.1 3.7
CHAE 1.6 1.4 60 40 34
CALA 1.6 1.5 59 74 62
COPEo 1.6 1.2 58 1.2 1.4
Spring vs. Summer-Winter
0.063  0.035 26.00 OTHE 2.0 1.2 7.6 22 06
APPE 1.9 1.4 74 3.1 2.7
MOLL 1.7 1.3 6.4 1.6 1.6
CHAE 1.6 1.5 6.1 38 37
COPEoO 1.5 12 58 1.4 1.1
NAUP 1.5 12 57 54 49
POLY 1.5 1.5 57 1.4 20
HARP 1.5 14 57 42 5.1
2015vs. 2016
0.410  0.001 28.40 CHAE 2.3 1.9 7.9 4.5 2.3
OTHE 2.1 1.2 7.5 2.1 0.1
APPE 2.0 1.3 6.9 28 32
COPEo 1.9 1.4 6.8 1.9 0.0
NAUP 1.8 1.5 64 56 44
MOLL 1.8 1.3 62 20 09
CALA 1.7 1.4 6.1 7.5 6.0
POLY 1.5 1.5 54 1.9 1.3

BB EBENTHELEL LD, AVEW TS 2 b
VIR (MEBEE, 28 BEOY v HEAEK
BERIEME (G AARS) O REREIZ S 2 8 Jd 5598 118 & B4t
THK L 72 (Fig. 8), HREEBIIETIREERE X UK
FIEED W I b BN 2 3ERSEE O 6 4, EREE
B & O G AARS 1& 11~ 12 Hic, e EEsess
R GuAARS AN L 7250 3~ 4 HIlcRbEL o7z,

FBIREENTH G AARS LAY EIZEREEOE &
HOBHIcRbEL ko7 b0D, EEBEEIZS A
RODEVEZR L, EEEEES X CEYRIEER
BAL L v BOFTCREWEE R T L% L, FPHEER
b2 DL BEASED N, —H, §AARS 3R
BEIEB KON EbASETHD, RHLE <y —
HEALIL 72,
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Fig. 5. Temporal and spatial allocations of the mesozooplankton community groups (A to H) based on the clus-
ter analysis. ND: no data.

160

120

80

40

IBM (ugDW ind!)

100%
80%
60%

40%

Composition (%)

20%

0%

300

\

.

]

- 200

- 100

-M |- H
(1Y -40idBwi Iddlowu)
Syvy™

mOzZ00

B GELA

B CRUS
EHARP
BCYCL

BPOEC

BCALA

D

E

Groups

Fig. 6. Community characteristics of each mesozooplankton group identified with the cluster analysis. Error

bars indicate the standard error. IBM: individual body mass (solid columns).

situ

AARS: mean protein synthe-

tases activity (open circles). CALA: calanoids. POEC: poecilostomatoids. CYCL: cyclopoids. HARP: harpacticoids.
CRUS: crustaceans other than CALA, POEC, CYCL, and HARP. GELA: gelatinous zooplankton. OZOO: other
mesozooplankton.
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Fig. 7. Non-metric multi-dimensional scaling (NMDS) ordination plot of the sampling stations based on the
Bray-Curtis similarity overlaid with the abundance of the characteristic groups (POEC, CALA, CHAE, APPE),

protein synthetases activity (g,

35. RIEERENDEM

swAARS 13 WTye % CHLye @\ 9t & IR 2 fE A
7724, WTye ® CHLyc 2ME L Td 4 AARS 25E 5 -
7z (Fig. 9)e —71, AVEW T 7 by Oflikd iz b
DIREDP/NZWIEE G AARS 23E L B HAZRL, B
B AOEE»HED bhiz, 77, SALyc 2MELIZE X
VEW TS v by Ofiikd 7 b OREINE L, G
BEEIZEL B2 EAPH D, wIThbEREAHEEZR
L7 (Fig. 10), %7z, fAkH 70 @fzfiiiﬁ/J\% < AEREL
FEIEOCHAIZBREBEOEH TS RD 5,

4. ZBE

41. BEBE

BREEORE X OEBEAODOTRIZBVTS, 47T
SHEBAVET T v o b ERECEE D 82 ~ 98% %
Hio 2B ERECH -7z (Fig 6), HAROHEHICEVWTH
AT7VHEAVEY TS P UBEOELERETH S C

AARS), and individual body mass (IBM). POEC: poecilostomatoids. CALA: cala-
noids. CHAE: chaetognaths. APPE: appendicularians.

EMRM SN TH D (Longhurst, 1985), JLEkwEF s ©
bREETH -, UL, H4 7 ORI
HE 2L, B9 XABNA 7 VEIRELSEETH 2 B
itk & #72 v (Kobari et al., 2018, 2019), bB5E R s
TRAZXTRMNLEIA T VEP DI X ZAA LA TV
BN T 202N L DL HBET 2L H o7k
(Fig. 6), BEREBRTCEIXZF oA FLHAL TS
MR & b L WHEAIHH b (Minowa et al. 2011),
BB R BB R 2 & TR e i 2 AR 2 pHERE LB R
bNb, fh7, BREBLEENOAVEYMT S s
b2 REREZ B 2 b (Table 3, Figs 3 and 4), Z0
A E ROFEO T 2 08I R =X A P LHAA
7 VHATH o7 (Table 3, Fig. 7). TNH DI ED 5,
RI¥w R LEHAA 7 VHGEONEZECELEEN
DAVENT 707 bV EEREOT 2 08 EE R
bND, %7z, WHEEICIIFHINE X OREFERY 720 050
HEOZ b EENTEY, hIXRABHIATVHD D
WIEART X R FLAEAA T EBME ST B REENTE
PN L T S BIREE OO L, RFoERICZ
LWwiBshicXg&ns: (Fig. 5), InbsDiERIEZE, 5



AEBRERHEIE D A VB T 5 v 7 b R 227

— 24 30
£
T 1.6 le) F 20
% 0.8-% % 103
=
6 0 ﬁ'%,ﬁ'mﬁ'%r‘ﬂ' %'%l_l 0
30
o KB: 8.8
= SK: 2.3
N 20 A . L.
2
2 o
< /M u
. | N | =7/
150
- KB: 48.1
£ SK: 13.7
100 -
2
(@)
N I . i
o
N 0 rﬁ%l_l_l %l—‘—l |_I_|
= 600
- KB: 103.5
w8 40 | SK:1045
< 7
ST 200 A %
; .
£ .

1502_03 1505 1508

1511_12 1603_04 1607

Sampling seasons

Fig. 8. Comparison of the temporal variations in chlorophyll @ (CHL.: columns) and water temperature aver-
aged in the sampling layer (WT . circles or triangles) as well as the mesozooplankton abundance (ZA), bio-

mass (ZB), and protein synthetases activity (g,

AARS) between inside Kagoshima Bay (KB, solid triangles or

shaded columns) and outside Kagoshima Bay (SK, open circles or columns). Numbers in each panel show the

annual mean. Error bars indicate the standard error.

XAHDA T VEPBET2EMP LR X v R MLH
AT HEPELT 2 EII~ZIICER T 5 B EE R
8 (Minowa et al., 2011) &, Hicho X 24 74
D3 T 2 BEEINHEBR (Kobari ef al., 2019) & o
WHEMLTWw3, LaL, BB 28B40 X VEY
7T v b UEENE OO S EEHBOCEEL TE D
(Fig. 4), F=Xvo A FLHAA 7 VEPELT 228
BASEHICEIREBEZ T BN b HBEL T
% (Fig. 5), IhoofiFix, BREBOHO 2 V&Y

T N UHEPBIRCMIEIC X o TEMMCH I L
T HEEEEZRBLTWS, B85 (2000) DERE
BEOEERIC & 5 &, LRSI TED 5ENKD
T (R CERRA), EHERIC: LE» 5
BNADH (TETREBIARPHRA) 35 2 LosiatE
ENTWw3, RFETD, BLEHD BT TEH
(1502_03, 1511_12, 1603_04) icixffiZkE <, EH (1508,
1607) 123 EETEIEDKOBH S L ZHENRD S
N7z (Fig. 2), £/, @wzuou 74V aiBE2HT 3



228

ANEE - LR - SR - AOK - NERHE - —F - IEET - -
1000
— o o
' A A A
< o B o© M, w2 o
° A A
Eé,mo- A?QOA £ o A _OA‘QOOA AA[AAAA A %o s
- w0 PR s a4 Ay atgs & a2 ", Ai;‘“ﬁ}%i%m a
a o o o
5 s 4
£ 10 4 A O 1 A A
) A A A A ?
< o o o
< A A A
. rs =0.189m rs = 0.039" rs = -0.494**
14 18 22 26 0 0.5 1 1.5104 103 102 107 100
WTye (°C) CHLyce (mgCHL m™3) IBM (mgDW ind-)

Fig. 9. Scatter diagram of mesozooplankton protein synthetases activity (

situ

AARS) against the mean water tem-

perature (WT;) as well as the chlorophyll @ (CHL,;.) averaged in the sampling layer and individual dry mass
(IBM). Triangles (groups A, B, D, E, F, and G) and circles (groups C and H) correspond to the groups identified
by the cluster analysis. Solid symbols indicate group B identified by the cluster analysis. Hatched areas indicate
the ranges of mesozooplankton protein synthetases activity reported at the subtropical coasts in Australia
(McKinnon et al., 2015). rs: Spearman rank correlation coefficient. ns: no significant. **: p < 0.01.

100

IBM (UgDW ind)

0

100
Ao
8 & A
o
L5879 s
AA A
] A T 10 - N Y
A ook £ A An
AétéA O G A SpMB
A @ < A é O
4 AR ) B
A & - OO@A ]
i A A S 1A © ® O
A A OO
rs = (0.328* rs =-0.510**
. . . 0 . . .
33.2 33.7 34.2 34.7 35.2 33.2 33.7 34.2 34.7 352
SALyc SALwe

Fig. 10. Scatter diagram of the individual body mass (IBM) and mesozooplankton abundance (ZA) plotted
against the salinity averaged in the sampling layer (SALy;). Triangles (groups A, B, D, E, F, and G) and circles
(groups C and H) correspond to the groups identified by the cluster analysis. Solid symbols indicate group B
identified by the cluster analysis. rs: Spearman rank correlation coefficient. * p < 0.05. *: p < 0.01.

BIEKPEIC T E» 5, B B2 53H L
Tw3 Pt asntns (—F
OHFMRLEE TS L, EESKEHCFAz X2 b

5, fFth), cho

LEHAA T VEPELST
VI M UBEDIEIRD L
IREE OB D £ Y

7

LEEREBBOHD X VEY 75
ClIIfET Az Lick-T, B

g7 5o b UTEER D A



AEBRERHEIE D A VB T 5 v 7 b R 229

L, b mERaEc R xu X FLAHAA 7TV
BELETEILDEEZLNS,

12. BREESIUHRREN

AVET S o R E Rk, BEREES
CHARTEOECRLM» s B A VEW TS5~ 2 b
GRS 2 BB AR T LD
otz (Fig 8), L2 L, HERBBEIHICE L THEA
T 5 IR A B BN (6 H), £YRETi3E
H (3H) Lt TED (Minowa et al., 2011), AFHf
ZED BV B TIEC 81 2 EIREUR B OIS B < & —
YEMBT L —HE LR, i, FEREBE LI OMEEE
EEEDAEYE L T 5 L (Minowa et al., 2011), IR
BB cEEL, BREBACIMEY (Fig 8), 4
AT L RN TlE, BREEOE, 5885
AVET T v b AR B SRR 7 2R B oy
ERMENBEBR A PREL TV I EPRINTVL D
(Table 2, Fig. 4), BEVLEEOECIEREIN 2K O
FEAZIC X B2EBNKDWA - Wit d 5 72210 ¢ < (B
5, 2000), KB % A X 2R 5 BT o5
RSB ORI WIIICIAT 2 2 LI 6T 0D
(7 - 3G)112005), ERL 72 & S0z, {EIEDK L SICHE
WEBLEHOAVEY TS 7 b U EHESBR S LI
W T 2 AREED S 5, fE- T, BOIMTE I 2BHNK
B B WIFIB K ORI EUR FE 0 L) B D IR 28 B
R —VEAEBRICL TV 2000 Lk,

—77, 4uAARS TIRFRHHEIN AR ZER S P ELENTH b,
12 HicdERIc @ D3RS 5z (Fig 8), ¢ AARS &
CHLyc 2MEW EE RSB C b CHLye 25 WiB s L [
LEThy, NikxvEYW7rsvrr7rrviziae
s AARS 23D 57z (Figs 8 and 9), A—ZA+5 VU7
AR EEIC B W CH/NER A VEY T 5 v 7 b viE
ERWV G AARS 289 C EE SN TE D, ANUMFEREK
PET A ECRBEIERICL b0 L EhTw b (McKin-
non et al., 2015), Th 6 DFERIE, TR EEIC B
% G AARS F/NUEEROERICKF T 5 L 2R LTV
B Flz, WOPEIEEAVEW TS v 7 b vl
b3 2MEHA23H b (Fig. 10), @5 chsr A =¥m 2t
LHB LA I ZARAAIA T VEDPHY TS v 2 b v
ORI EED S (Fig. 6), oDl b, duilnE

FAYEIIC 51T 5 4 AARS 2SEFZ2RMICEB T 5 DIE, /M
MAERZXBAFLEHD L EAIIXABAIA T VHEHD
HWRICHEE2Z T Cnb EEZLND,

BB L T 5L, BAOAVEY TS o
FUEABEERSEYRIZCThOBHTLEL - 2
(Fig. 8), Zhix, BREBNOHEI B LD A%
w7z (Fig. 2), AVEWT I 7 b v REEEIMEAL
EAREEESCEYREPRD LI LIRS 206 Lk
VW, L2L, BREEND G AARS & CHLyc 255\
WEEOHLEA%ETHD (Fig 9), Bwidhsdt—2
ko U 7 B (McKinnon ef al., 2015) OfEIC b
Ve 5 2 L5, AGEERHE D G AARS 3K 3%
Vo R L7z &k 51z, EREENOEES KB
oL IdMET 22 & (Fig 2), uAARSIZEFE D
NRUER DB A 72 Z & (Fig. 9), ¥z xo b
LHBLUOAIXAHIA TV EPELET 5 2 L (Fig
6) #FET % &, LFEREEEICE T 250 G, AARS
BRI X ARBLOR X A MLEAA 7V
CEBTERRBL TS, TIE, AYEIHREREEEST
FEV G AARS DSHERF SN TV 2 DA 5 ?

AFFRICB VT, [ERIESRSIEEXVEY TS o
b DR A XH O N CIEBBEE % { e A {EA
»H b (Fig 10), HEREEOH TR X2 MLHEB
FUOHIXAHAA T LHEME W (Fig. 7)), 206 DG
Wix, »9XRBBLORZF R MLHAA 7 VIR
KO EESHEREBIEICE L, MNUELTHE
EREWL TS, BREBRETCE, Ino/NEhAT
CHINERBICE A DL TVwA I ERREINTV DS
(Minowa et al., 2011), %7-, EMOEREZLE T
EIE D KDPBHABETD LB L T TR
5N, TOEESKTIIHENE W v 7 4V a RE
DR TE % (Fig. 2), ZEBMITICL 2L, RTFBE
FOCWE, oRBICHRTRIXBAMLHD LLIE
AIRXABAA T VEBES L, KT A XN ET
steAARS b EiA o 72 (Figs. 6 and 7), 245 OFEHIE,
MNIH I RZHBL VORI R FLHIA TV EHES
CEUBEREEOOREKY, WMy 7T o7 vk
BB L BMET 22 L2RRL T2,
o T, EBHERIHRIC BV TEY g AARS 2SR s h
01, B G AARS 2#ET /N4 7VEHEIRS



230 ANEE - LR - R - JOK - NERI - —E - BRET - A - A

DEE BTS2 b 2%l SR IRNEKOBTR
HESEEICIEET 20500 LA,

5. BHUIC

AWFFE T, [FHEMFRSEO BGRB8 5Ky
FAR Y b Th BIEEREESRICT, AVEYMT I
b UBEEMEL, BER, v B REEEIEIE DY
MZ &M & 2 DR ZH S I LTz, R#EEHICEWT,
RSB C RHIICOER T 5 6 R LB O F itk
WKZLW2REEXRHY, ZoEPEME#HEZ2b51LT
WB I ENIro T, ACERRERTIEE D X VE TS v D
PRGN A I X ABBLX ORI X X LHA
47 RO T 6 h, BREBTREFREIIEY
b DODOBIFICIEET 2 g v o8 7 ARG
Mlle, SORBAVEYT I 708 v RIEE
BBERTEME X, IBRKICE S EEn /N A4 7 VD
Bt - RIS botEZ 51D, ALEBRERMEHE T,
2T Y YN E ORI SBT3
RITiL, h77F4 7 DFMERIFZFEEHEL T
% (Kume et al., in review), Fic, ACFREERTVEEIX <
TV, wHN, T Y NDOKRVEREED EE A N
B AFRREWEE L L CEEHI N TY S (RES, 1964;
KEEFT, 2019), fli/7, Zh b 0O L > TN
BAIXAABLIOFR XA MLEAA 7 VHEIESR
REATH B L bHEIN TV (Okazaki ef al., 2019;
Takahashi ef al., 2019), G5 F a8 A3 0] 36 1 77 fa g
DETERERGICB W TEHy ARy P o TwaHH
1%, YEMEEHICRE ORISR S A VEY TS v 7 b
WEOHGFEL Y VXV EAREREE 2RI ETL
5 LICRRT 2AEERH D, ZhdEERFADE
FREEGIC & o> THEM Db LN,

i

AR EATIWCHI 0, WIEEHE X CFEAERIC D
1 73 % TE > 72 FE VRS KA/ BESAER R A AL o e B
OERICBILARL ETFE T, 72, ARoBEZHE
FL240EREL L CRERZE O EIRE _HRI
i, HLOBEELTHEMBLOCHBEEEZ L L

ERCOEHCILE T, ABIERER, SGRRHAERAII%
B4 (17K00522, 20K06186, 20K12151) ¥ & UMD
RE o 48 ¥ E 2B W) 8 R HE AR BT S B2 AL S S # (JP-
MXD0511102330) i &k > TR ozl Rick 3D T
ER

References

P SERii T, ANEHE, ARRIRE, Slfd, MEHEARES, HILES, Eal
KAv, BT, WNILIER, s, PR (2019) @ b S kL
Tl 5 TS B 2 77T v 7 b URHEM, HERB L OEED
DAY, IREEETE, 57, 65-72.

Bray, J. R., and J. T. Curtis (1957): An ordination of upland forest commu-
nities of southern Wisconsin. Ecol. Monogr:, 27, 325-349.

Clarke, K. R., and R. M. Warwick (2006): Change in marine communities: an
approach to statistical analysis and interpretation. Plymouth Marine Labo-
ratory, Plymouth, 162 pp.

Gould, R. W., and D. A. Wiesenburg (1990): Single-species dominance in a
subsurface phytoplankton concentration at a Mediterranean Sea
front. Limnol. Oceanogr:, 35, 211-220.

Hasegawa, D. (2019): Island mass effect, p.163-174. In Kuroshio Current,
Physical, Biogeochemical and Ecosystem Dynamics, edited by T. Nagai, H.
Saito, K. Suzuki, and M. Takahashi. Geophys. Monogr. 243, John Wiley
& Sons, Hoboken.

RS E (1964) © Bz & Qi Biesikic 8 2 M OWI%E, FHEXKE
HF7uRe, 40, 1-158.

FHAFNES, 36113517 (2005) @ FEREE~OB/KTRAICE T 2 iair. H
RV E— bRy rERgE 25, 443-458.

—EEE, FEEA, NREEKR, N, JOKIG, IREHIE, BHEE—,
B (Fwi )« GBI B U IR L~ A 2 T 5 v
7 ¢ SR OFHIZLE). BT,

Isobe, A., E. Fujiwara, P. H. Chang, K. Sugimatsu, M. Shimizu, T. Matsu-
no, and A. Manda (2004): Intrusion of less saline shelf water into the
Kuroshio subsurface layer in the East China Sea. J. Oceanogr:, 60, 853~
863.

ANEHEE, ANEPEELE, WIGA, STHIMZ, FHHMC, BkA, HEE
&, AR, REFRHIE, fEHIFE(2009)  EREEEICB T 2 MN TS
v b UBHEOREEE, M LY. 180, 37-44.

Kobari, T., Y. Kobari, H. Miyamoto, Y. Okazaki, G. Kume, R. Kondo, and A.
Habano (2019): Variability in taxonomic composition, standing stock
and productivity of the plankton community in the Kuroshio and its
neighboring waters, p. 223-243. In Kuroshio Current, Physical, Biogeo-
chemical and Ecosystem Dynamics, edited by T. Nagai, H. Saito, K. Suzu-
ki, and M. Takahashi. Geophy. Monogr. 243, John Wiley & Sons, Hobo-
ken.

Kobari, T., W. Makihara, T. Kawafuchi, K. Sato and G. Kume (2018): Geo-
graphic variability in taxonomic composition, standing stock, and pro-
ductivity of the mesozooplankton community around the Kuroshio
Current in the East China Sea. Fish. Oceanogr., 27, 336-350.

Kume, G., T. Kobari, J. Hirai, H. Kuroda, T. Takeda, M. Ichinomiya, T. Ko-
morita, M. Aita-Noguchi, and F. Hyodo (under review): Comparative
feeding habits of larval fish among fishery-targeting and dominant
mesopelagic species in a coastal water under the strong influence of



AEBRERHEIE D A VB T 5 v 7 b R 231

the Kuroshio Current: Integrated approach by morphological, DNA
metabarcoding and stable isotope methods. Mar: Biol..

BH—/019D) : =4 7 OPREERZ L LT 2 HAEBRICET 5
WE%E.  FROKEERTEITT A &, 3, 25-278.

Longhurst, A. R. (1985): The structure and evolution of plankton commu-
nities. Prog. Oceanogr:, 15, 1-35.

Lowry, O., N. Rosebrough, A. Farr, and R. Randall (1951): Protein mea-
surement with the folin phenol reagent. J. Biol. Chem., 193, 265-275.

McKinnon, D. A., J. Doyle, S. Duggan, M. Logan, C. Lenborg, and R. Brink-
man (2015): Zooplankton growth, respiration and grazing on the Aus-
tralian margins of the tropical Indian and Pacific Oceans. PLoS ONE,
10, e0140012.

Minowa, M., T. Kobari, Y. Akamatsu, T. Ichikawa, R. Fukuda, and M. Hi-
gashi (2011): Seasonal changes in abundance, biomass and depth dis-
tribution of mesozooplankton community in Kagoshima Bay. Bull. Jap.
Soc. Fish. Oceanogr:, 75, 71-81.

ErbFRIA (1989) « BERFVEEIC B 1 2 < A 7 v BEING DI 2> b 2 M
BRBE. INRRMEEMTSL — &, 27, 57-66.

JEHE (1957) « AEASEPHERE S S v 7 v 2y FMlcowT, HART S v 2
b U RFZEERE R, 4, 13-15.

Nagai, T., G. S. Durén, D. A. Otero, Y. Mori, N. Yoshie, K. Ohgi, D. Hasega-
wa, A. Nishina, and T. Kobari (2019): How the Kuroshio Current de-
livers nutrients to sunlit layers on the continental shelves with aid of
near-internal waves and turbulence. Geophys. Res. Lett., 46, 6726-6735.

Nagai, T., D. Hasegawa, T. Tanaka, H. Nakamura, E. Tsutsumi, R. Inoue,
and T. Yamashiro (2017): First evidence of coherent bands of strong
turbulent layers associated with high-wavenumber internal-wave
shear in the upstream Kuroshio. Sci. Rep., 7, 14555.

FPRTRSEE (2017) « SO RS - TR R A B O RS —IRTRE D & U £ T—.
HEOWTE, 26 (4), 113-147.

Nakamura H., H. Ichikawa, A. Nishina, and H.J. Lie (2003): Kuroshio path
meander between the continental slope and the Tokara Strait in the
East China Sea. J. Geophys. Res., 108, 3360.

Okazaki, Y., H. Miyamoto, K. Suzuki, H. Saito, K. Hidaka, and T. Ichikawa
(2019): Diverse trophic pathways from zooplankton to larval and ju-
venile fishes in the Kuroshio ecosystem, p. 245-256. In Kuroshio Cur-
rent, Physical, Biogeochemical and Ecosystem Dynamics, edited by T.
Nagai, H. Saito, K. Suzuki, and M. Takahashi. Geophys. Monogr., 243,
John Wiley & Sons, Hoboken.

KARNE (1985) : FEREE, 1HE, p.771-779. HASEREEERE, HA
WA TR S 2, B RA RS, B

PrHfI=, BRI, $ARF, FEERQ013) : 20124EA M 1 T & R
VLT IR T B U 7 RVEDIRIEY) & 2 o o Ankelk, VLR K pEEL
fififAYE 1 v & —ifFJules, 4, 1-16.

PFrHEf=, EZIEE, VEILAHE2014) : 2013 4EEI DR ER Y HELRD .
R KEEEA BT 2 v & —WFseek, 5, 18-25.

BN, BB, ZEREEE, ACREMEA(2000) © FEVEETE OB CHimE
2B L COMARIA - RHEERE. o, 9, 1-13.

JKEEFT (2019) @ S AIICAE EE S RE IR RE I R EEA  (http://abchan.fra.gojp/
digests2019/index.html)

Suzuki, R., and T. Ishimaru (1990): An improved method for the determi-
nation of phytoplankton chlorophyll using N, N-dimethylformamide. J.
Oceanogr: Soc. Japan, 46: 190-194.

Takahashi, M., C. Sassa, K. Nishiuchi, and Y. Tsukamoto (2019): Variabili-
ty in growth rates of Japanese jack mackerel Trachurus japonicus lar-

vae and juveniles in the East China Sea - effects of temperature and
prey abundance, p. 295-308. In Kuroshio Current, Physical, Biogeochemi-
cal and Ecosystem Dynamics, edited by T. Nagai, H. Saito, K. Suzuki,
and M. Takahashi. Geophys. Monogr:, 243, John Wiley & Sons, Hobo-
ken.

Tsutsumi, E., T. Matsuno, R. C. Lien, H. Nakamura, T. Senjyu, and X. Guo
(2017): Turbulent mixing within the Kuroshio in the Tokara Strait. J.
Geophys. Res. Oce., 122, 7082-7094.

Welschmeyer, N. A. (1994): Fluorometric analysis of chlorophyll @ in the
presence of chlorophyll b and phaeopigments. Limnol. Oceanogr., 39,
1985-1992.

Yebra, L., R. P. Harris, and T. Smith (2005): Comparison of five methods
for estimating growth of Calanus helgolandicus later developmental
stages (CV-CVI). Mar. Biol., 147, 1367-1375.

Yebra, L., and S. Hernandez-Leén S, (2004): Aminoacyl-tRNA synthe-
tases activities a growth index in zooplankton. J. Plankton Res., 26,
351-356.

Yebra, L., T. Kobari, A. R. Sastri, F. Gusmao, and S. Hernandez-Leon
(2017): Advances in biochemical indices of zooplankton production.
Adv. Mar. Biol., 76, 157-240.



232 ANEE - LR - R - JOK - NERI - —E - BRET - A - A

Temporal and spatial variability of mesozooplankton community
in the northern Satsunan area, southern Kyushu

Toru Kobari'* Akane Yamasaki', Yuki Endo!, Gen Kume' Tomohiro Komorita?
Mutsuo Ichinomiya? Akihmasa Habano' Yoichi Arita' and Fumihiro Makino!

Abstract

Temporal and spatial variations in the taxonomic composition, standing stocks (abundance and
biomass), and protein synthetases activity of the mesozooplankton community in the northern
Satsunan area were investigated. Although both variations in sources were significant for
their standing stocks, temporal variability was predominant for their protein synthetases
activity. A multivariate analysis on their taxonomic compositions identified six groups with
large seasonality at the mouth of the Kagoshima Bay and two groups with less temporal
variability. These were characterized by calanoids and poecilostomatoids. The
mesozooplankton community demonstrated a higher abundance and biomass inside as
compared to the outside of the Kagoshima Bay. However, similar protein synthetases activity
was seen for both locations. Mesozooplankton protein synthetases activity was high, even
when there was a low chlorophyll a average in the sampling layer owing to the increased
presence of smaller mesozooplankton. In the sampling layer, individual body mass was lower
and mesozooplankton abundance was higher at lower salinity averages. These results suggest
that the temporal and spatial variations in the mesozooplankton standing stocks and protein
synthetases activity are associated with the advections or extensions of small calanoids and
poecilostomatoids with less saline waters.

Key words: mesozooplankton, standing stock, productivity, community structure,
Satsunan area
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