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Revaluation of zooplankton wet weight data of the NORPAC net samples
collected in the Indian sector of the Southern Ocean

Yukiko Ukai*, Kunio T. Takahashi**, Mitsuo Fukuchi® and Atsushi Tanimura®**

(2013 4F 11 A 20 HZA}: 2013 4F 12 A 13 H%#)

Abstract: The Japanese Antarctic Research Expedition (JARE) has been conducting
routine observations of zooplankton in the Indian Ocean sector of the Southern Ocean with
standard NORPAC nets (mesh size: 330 um and 100 um) every austral summer since the
1972/73 season (JARE-14). We used a new processing method to measure the wet weight
of the zooplankton only because the effect of the inclusion of phytoplankton on the wet
weight has been problem in previous studies. The repeated-measurement made in this
study show that 26.7 % of the total wet weight of the samples that were collected with
330 um (targeting zooplankton) was attributable to phytoplankton. We have thus
demonstrated that previous reports have overestimated the wet weight of zooplankton by
approximately 30 %. Furthermore, when we compared the wet weights caught with the
330 um and 100 um nets, they did not differ significantly for zooplankton greater than
10 mm, whereas the wet weights of small sized zooplankton less than 10 mm caught with
100 um nets were approximately two-fold greater than those caught with 330 um nets.
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W75y 2 by DRACLZEEORS, HIIMGCEVRERMZ L7256 L7
KEEW 75 v 27 b v OEREEOEE, Lmm LTFO/NIBY 75 > 7 - v DEY
BOFMATERE o7z WWT T Y7 by ORET ZEABICB VT, RAH
BUEKEBRNTOERELTVWDEI EHD, BRI SEAL AL, FHER
FREWY 2BTLEFHLEEZ LN

1. I LC®IZ

H A p AR IS BBk (JARE: Japanese Antarctic Research Expedition, BT, JARE & IE5%)
T, BHE=2) Y Hllo—8RE LT, BWTT 07 b ICERE L TE R RE
ZA0AELL FACED kB L CEML TV A, JARE ORGBBIIARAHATS 2 KA ~ Fif
X% 74— F&L7 NORPAC % v I (NORth PACific standard net: JL K- FERE#E & » )
W78 TH S, NORPAC * v M TOBIMNIIA 14 Bk (1972/734F) X Y B S 1,
INFTIZ1200 ZHB2 HIERZREL CE. HAWV330um & 100um D4 v M EHAEL
7T (VA4 Y) BOT7L—2FHWEIET, ZRENEWM EFWHE ¥ —7 > ML
ToRIE R FREICAT > T & 720 4529 k% (1987/88 4F) % S I MRFI S M~ A3\ 12 HICH T
5 110°E 74 ~, BLOJEE T3 HIZdb 195 150°E 7 4 Y Afiis e L CRlE S =70,
AR [ RGNS ) B S COREARIRENTRE L oo 72, 2D X9 B BRI L SMKR A i
HExWo72®=S ) v/ TIE, HATIMDBRERL TV 2EHL TS,

BT T s YRR RS RN EO—DIZRER (Wet weight) 23 %.
HRIIKDEGATZHWT T 7 by OESTHY), RESNIBW T 7 b 2IEHEL
DN KRG TSI BT 2O ES ZMET 5. T E TITHE 14 KK S 5 49
Wk (2007/08 4F) T TOAEADBERE 7 — 7 5 G SN Tw b (Fukuchi and Tanimura,
1981; Watanabe et al., 1984; Takahashi et al., 1997; Sawabe et al., 2005; Takahashi et al., 2008) .

JARE I2B1F 2 B E i Ol @ 3R E — O g TRMAE ShT& 2. T4bb, SER
FIZ L > THONIZREHE, METZEBISRV~Y) ¥ CTllE LT CREL . BARICH
Bl o A E AT IC B WT, T b raERE T 2080, FlE L
T—HamEREREAL L, b9 —HE2REEARL L, 22720, B Hd TELWIEE
I, S5 EL-gICEROMEICM L. BEREOWEIE, HorLoEazllw L
12V SAT 7 AN=T 4T — (GFF £7/213 GFC) T, AR ZWIIEHALI-DL, K%
TS BT LB RIEZ TR LA, 2B, BEROWEIE, ENCHLE-
T2 VDA 72, 29 LTSN 20 S5 OEROBE R 7 — & O— RKIEHT &5
WEoT, BT 727+ ORI, WKOIRA) R 2 & O E R & B L
72, AAEDD 6 AR OEBH D H W FEMEARIE ST WS (Takahashi er al., 1998).

L2 L2, ERIIRERICHY TZ 27 bR T M) ALY MTA-TIRWw
EV ) HIR TS A2 B TH 2. RIS B W T KB OB E DL MW 75 v 7 b v (B
CEEEED) AES T A TIE, B AR E L7 330um A X0k y MZBWTH K
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BOWWTZ > 7 FUBRALTLES. 0L RERPLHBMTF > 7 b OHRERD
B, H20IEEW TS 22 by, BRI 1mm LT OO A Z B 1P 5 2 & 13d T
WitCTH b, 20720, TNETOWW TS > 7 b Y ORERBOMEIE, WHTS5> 27 b
GOLBERCTHISNTELOPBIRTH L. SHICREL BTS2 b gty F
KA TH L7200, MMETIELIXULIZES T2 REMOF 7 IFPLI IR, 612
BH VBRI LDET LY T VEOEY TS v 7 P v KEICIRESN AL Z T, HE
WA CHEBHCER S N7AEARICBV T, BERICKELNTOENELTWD I LA
SNT&E7.

AL TIE, BULDICHW TS > 7 Y EZBRWBW TS V7 by OAROREROHEZ
HIgL, BEARZHEST LI 2RA7. SOKIKMEW TS > 7 BB L o ER
FH A G L7z A3 SNl v Tl ECHRE S w2 ERE 2 il 5 L & b1,
PAERRE S N7 330um & 100 um OFEE Z R HETHET S 2 LT, REOEBEVD A v
MCBUIZEWMT T 7 b VIREMOEREZFMIT A L2 HE L.

2. MEROHE
21 BEXtEv b

REROKEIITO 2 OOEARY v b & VT L7z,

1) BEREOFE: $CCBER WW77 07 bragt) PREShTws, §
14 RBEH 5 55 48 Rk (2006/07 4F) D RIICERE S N7z, 330um D % v MEEA 38 A% Av
THEEZREELZ (D). $XTOEARZ 12 A2 JARE O RS 110°E U %
T A (44°31'S~60°26'S) THREE S M7z, 45 14 KBk 4 B IZ 0-200m, ZFH LA
3557 0-150m DSRIEH %17 & DML L7e. BUAIZEIRE T 12 128 L, Fojididt
ZRMELTCT TS SN TS, BESNTW2d 5 A HOEARZ VT 22 \RT R
FMNHE > THEZ ATV, FERERZRD, S 5ICIHEATE - 5 EIT-72 2B, B
T b rORBERIINAT, MW7y b roiERD e L.

2) 330um & 100 um O ILEL : &5 50 KK (2009710 4F) A 5 &5 54 Bk (2013/14 4E) D5
AERNC, KO 110°E 21 M3 2 il (40-60°S), Ik 150°E %t 13 % Mtk (64-45°S)
THRESNIZEAR B A (4 v M 48IEAR) M (K2). 72720850 kExTiE, fF
X1 A, 2 APEICIRERFER L7, F7268 53 IRFk (2012/13 4F) D1E#K 1L 3
JIC 110°E &b B L7z Mig I THREE L 72 2 a7z, 22, TRIBETIHICHE - T, B
T b roRBEREZNEL:.
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F 1514 WK~ 48 IKICBUF 5 NORPAC 4 v D> 7)) ¥ 71
Table 1. Sampling information of NORPAC net tows from JARE-14 to JARE-48.

Cruise Station Ship's time Position Sampling Estimated
number (LMT) depth (m)  volume of water
Date time in Latitude (S)  Longitude (E) filtered (m*)
JARE-14 5 Dec. 21 0841 48°51'S 104°47E 200 35.90
6 Dec. 22 0850 52°56'S 104°51'E 207 35.30
7 Dec. 23 0920 57°29'S 104°38'E 215 37.60
8 Dec. 24 0830 60°26'S 101°57E 204 36.60
JARE-17 3 Dec. 21 0900 49°10'S 106°53'E 150 31.79
4 Dec. 22 0900 52°27'S 103°00'E 150 31.79
5 Dec. 23 0900 57°00'S 101°45'E 150 31.79
JARE-18 4 Dec. 23 0820 57°43'S 102°26'E 123 23.85
JARE-29 2 Dec. 6 - 46°40'S 110°05'E 149 24.86
3 Dec. 7 - 51°22'S 109°56'E 150 23.84
4 Dec. 8 - 55°35'S 108°53'E 130 37.56
JARE-30 2 Dec. 6 - 45°36'S 110°0T'E 150 31.79
3 Dec. 7 - 50°44'S 110°00'E 150 31.79
4 Dec. 8 - 55°13'S 109°07'E 150 31.79
JARE-32 2 Dec. 6 1515 44°38'S 110°03'E 159 29.47
3 Dec. 7 1529 49°37'S 109°56'E 148 39.77
4 Dec. 8 0610 54°29'S 109°56'E 141 68.47
JARE-34 4 Dec. 8 1524 55°00'S 107°30'E 150 33.62
JARE-35 3 Dec. 7 1300 49°45'S 109°24'E 150 41.27
4 Dec. 8 1200 54°40'S 109°50'E 150 3125
JARE-36 2 Dec. 6 1205 45°27S 109°54'E 150 72.16
4 Dec. 8 1520 55923'S 106°33'E 150 33.62
5 Dec. 9 1155 59°11'S 100°40'E 150 75.98
JARE-38 3 Dec. 8 1212 52°19'S 110°02'E 150 28.86
JARE-40 4 Dec. 8 1438 58°01'S 110°0T'E 150 48.31
5 Dec. 9 0835 59°59'S 103°54'E 150 31.63
JARE-41 3 Dec. 7 1427 50°31'S 109°58'E 150 50.48
4 Dec. 8 1419 55°04'S 109°59°E 150 60.17
JARE-42 2 Dec. 6 1404 46°40'S 110°04'E 150 64.03
3 Dec. 7 1405 51°33'S 110°04'E 150 29.34
JARE-44 2 Dec. 6 1400 44°31'S 110°01'E 150 85.11
3 Dec. 7 1400 49°18'S 109°53'E 150 47.04
JARE-45 2 Dec. 6 1317 46°09'S 110°02'E 150 60.04
3 Dec. 7 1343 50°35'S 110°01'E 150 31.44
4 Dec. 8 1255 55°28'S 109°21'E 150 3823
JARE-46 2 Dec. 6 1321 45°46'S 110°02'E 150 36.45
3 Dec. 7 1420 50°48'S 110°06'E 150 76.24
JARE-48 2 Dec. 7 1300 45°04'S 109°55'E 150 40.86
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Table 2. Sampling information of NORPAC net tows from JARE-50 to JARE-54.
Cruise Station Ship's time Position Sampling Estimated
number (LMT) depth(m)  volume of water
Date time in Latitude (S)  Longitude (E) filtered (m*)
JARE-50 1 Jan. 1 1305 39°02'S 110°43'E 150 322
2 Jan. 2 1140 43°26'S 110°00'E 150 35.7
3 Jan. 3 1125 47°33'S 109°59E 150 24.8
4 Jan. 4 1052 51°57'S 110°05'E 150 252
5 Jan. 5 1110 56°06'S 109°58E 150 375
6 Jan. 6 1121 59°59'S 109°59'E 150 22.3
7 Feb. 15 1119 62°04'S 149°35E 159 315
8 Feb. 16 1106 58°07'S 149°46'E 161 25.1
9 Feb. 17 1051 54°04'S 150°07E 159 259
10 Feb. 18 1036 49°49'S 150°03'E 154 354
11 Feb. 19 1036 46°00'S 150°01'E 158 253
JARE-S1 L1 Dec. 1 0906 40°50'S 109°57E 150 59.5
L2 Dec. 2 0752 45°52'S 110°01'E 150 32.8
L3 Dec. 3 0749 50°54'S 110°06E 150 585
L4 Dec. 4 0857 55°34'S 108°41'E 150 40.8
L5 Dec. 5 0747 59°20'S 108°41'E 150 108.9
L6 Mar. 7 0858 64°07'S 149°41'E 150 87.5
L7 Mar. 9 0859 60°13'S 149°50'E 150 114.9
L10 Mar. 13 1551 44°56'S 152°11'E 150 657
JARE-52 L1 Dec. 2 0832 40°24'S 110°10E 150 335
L2 Dec. 3 0832 45°11'S 110°00'E 150 254
L3 Dec. 4 0835 50°35'S 110°01'E 150 254
L4 Dec. 5 0841 54°53'S 110°00'E 150 27.1
LS Dec. 6 1445 60°01'S 110°00'E 150 412
L6 Mar. 10 0651 63°04'S 149°49°E 150 96.9
L7 Mar. 11 1653 60°53'S 149°50E 150 499
L8 Mar. 12 1749 56°00'S 150°03'E 150 65.8
LS Mar. 13 1540 50°57'S 150°11'E 150 46.4
L10 Mar. 14 1553 45°48'S 151°59E 150 91.6
JARE-53 LO1 Dec. 2 1628 39°23'S 110°34'E 150 68.4
LO2 Dec. 3 1422 44°20'S 110°29'E 150 94.8
LO3 Dec. 4 1415 49°50'S 110°06E 150 412
LO4 Dec. 5 1427 54°58'S 110°04'E 150 41.6
LOS Dec. 6 1342 59°35'S 110°00'E 150 524
LO%' Mar. 10 1336 59°33'S 109°58'E 150 432
Lo4 Mar. 11 0802 55°43'S 109°59E 150 387
LO3' Mar. 12 0825 50°10'S 110°04'E 150 494
L02' Mar. 13 0815 44°35'S 110°00'E 150 321
Lor Mar. 14 0821 39°32'S 110°18E 150 28.1
JARE-54 LO1 Dec. 2 0856 40°39'S 110°02'E 150 44.8
Lo2 Dec. 3 0849 45°33'S 110°02'E 150 349
LO3 Dec. 4 0938 50°34'S 110°02'E 150 87.0
LO4 Dec. 5 0846 55°27'S 109°58'E 150 256
LOS Dec. 6 0846 60°49'S 110°03'E 150 28.0
LO6 Mar. 9 0858 63°10'S 149°14E 150 64.7
LO8 Mar. 12 1547 55°56'S 150°02'E 150 42.9
LO9 Mar. 13 0904 49°13'S 150°28'E 150 913
L10 Mar. 14 0846 45°08'S 152°27E 150 358
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NORPAC standard net samples
Mesh size ; 100pm & 330pm

— T

Xsome samples
were measured
wet weight of
phytoplankton

(process 1) (process 2) (process 5)
Zooplankton Zooplankton Phytoplankton
10mm and over Less than 10mm l

Sorting and counting on each Class Measure the wet weight

- Nematod cors
- Hydrosoans splitting the sample,

- Gastropods sorting and counting

- Cephalopods the weight of (process 3)

« Polychaetes z lankton r h

- Mysids ooplankton reaches The wet weight of

- Amphipods more than 10mg

- Euphausiids zooplankton of 1mm or

- Decapods less hard to sorting was

. gg‘;“;mgnmhs measured by using a

- Fishies conversion factor (Table 3)

-

Measure the total wet weight

Measure the wet
weight each Class

\‘[ The total wet weight of ]
zooplankton

(process 4)

1 ARWFZETINE L 72 NORPAC 1 v MEADIFAFIH
Fig. 1. Procedure used to measure wet weight of NORPAC net samples in this study.

22. FERORBE

NORPAC # v MEARDIREIX, 330um HEWB I 100um HEVWD A v M E2EEK L7z
BF (A4 2) Bo7L—2 (OF45cm) ZHWT, KA LTKE 150m 5 5§ iE J5
W Amis OFETHIEHIFAH I LICE VT o720 JEARRIZ A Y 7L =AY T shrz
WRFNCEVEH L Sohy v 7L, EHICMETS-10% Ok~ VK THE
LA L 72,

AR DREAIE LT IZRE S PIE 1-5 12t TEML 72 (K 1).

FIE 1) BARS»S 10mm UL EOKEEY TS 7 M rER V=T 4 7L, fLNVIZET
S L7z ML 12 5FECIX G L, GBS L ICEREEE B L-0L, BEEE
E L7

FE 2) o7z 10mm KOEW T 7 > 7 b /oW T, HGHEIgREHWCEY 2RI H)

&
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L7200, GEILERENCTY =71 Y &7, e - 5HEEL7z. 20,
SRERHRICRERZWE L. &8, 10mm KoY 7T v 7 b YEROGERIE, Y —
FENTEWT T 7 b ORBEENRIK1I0Mg 250 HEE LT,

FE3) W T 57 MY ORADPELL, V=74 v 7DHEER Lom LT OBY 75
Y7 b RS EHCCREREREN L (K3). AARRLBMER, L Vo 22kEME
OFRIRE LT AL, HEL 1 L L TRE» SRERARM L. F72, AHEBMTEHR
RN ATARNIE T B HHEARORE D AR, EE 1 E00E L THRE» SRz, RE—
BEEREXIHESATws I aT Ik, REZNELZOL, #ERICL)BERE
W L7z, AT VHEEZEILDET L OGFRETIR, wHEER REERE XD S
NTWb7zo, KEZHELEOL, RR—BERRFICL ViREEZJN L TrS
R E R —REERERICIVBEREZEVZ. AT VESAERT IHD ) T T RY)
A, FRRBETCIRAE—RERERARZHVOREERERY, REERZHVCRER
ERD0L, BEEEZHENLA.

FIE4) FME1-3 TRDA, 10mm LA LoBW T Z > 7 b VRER, 10mm KoY 7
Zry7 b ERE BLXEImmUTOREREZEFLCEHM T 7 b roRERs L
7-.

FME5) —HORFHIBWTIE, FEIL-0L, BB X020z, BiWH
KOFIITAZARD S DR FZERSYBECERD I2oWT, BELTIE o 2EAK
EE Ly FRUERy NTHEDTT 4 VY —LIED, Koxblo TEEZIE L2 KO
T IhEWMYTT 7 b vigERE L7

23, T— A
BEREOFMEIL + EERFAOE TR L. FHMEO D LEKIE Tukey's test % v T
ExITV, HRAKHE (p) 13005 & L7
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X3 BT 0l
CW: jRFHE R, DW: Helpdm, Ww: R, L AR,
Table 3. Conversion factors between Carbon weight (CW), Dry weight (DW), Wet weight (WW), Body length (L),

Category Species/taxa and/or Form Developmental stage Conversion factors of wet weight
Saroomastigophora i‘gﬂ“:‘;:;f:’id“’ Actinopodez, WW (ug)=((3.14*BW (»m)"2*L (um))/6)*10°—6  [1]
Mastigophora Tintinnid Ciliate WW (1 )= ((3.14*BW (um)"2*L (um))/12)*10"—6 [2]

Ciliate WW (2 2)=((3.14*BW (um)"2*L (g m))/6)*10"—6  [1]

Hydorozon BH/BDZ1 WW (1 g)=DW (1 £)/0.040 [3]
BH/BD< | WW (ug)=DW (£ )/0.043 3]

Rotifera Rotifera WW (ug)=DW (ug)/0.125 [3]
Thecosomata, Gastropoda larvae WW (zg)=DW (1 £)/0.256 [3]

Mollusca Cavolinidae (Cone) WW (ug)=((3.14*BW (um)"2*L (um))/12)*10"—6  [2]
Bivalve Larvae WW (1 g)=DW (12)/0.256 [3]

Annelida Polychaeta Larvae WW (ug)=DW (ug)/0.097 [31
Ostracoda WW (1 g)=DW (1 £)/0.182 [3]

Copepoda: Calanoida Adult, Copeodite WW (1 g)=DW (u £)/0.135 [3]

Copepoda: Cyclopoida Adult, Copeodite WW (ug)=DW (xg)/0.135 [31

Copepoda: Microsetella Adult, Copeodite WW (12 g)=DW (1 £)/0.135 [3]

Copepoda: Corycacus Adult, Copeodite WW (ug)=DW (xg)/0.135 [3]

Copepoda: Oncaea Adult, Copeodite WW (ug)=DW (xg)/0.135 [3]

Copepoda: Others Adult, Copeodite WW (ug)=DW (ug)/0.135 [3]

Arthropoda Copepoda: Eucalanoidae Nauplius WW (2 g)=DW (£ £)/0.135 [3]
Copepoda Other nauplii WW (ug)=DW (ug)/0.135 [3]

Cintipedia Cypris WW (ug)=DW (xg)/0.182 [31

Nauplius WW (ug)=DW (ug)/0.182 [3]

Amphipoda logWW (mg)=—1.517+2.832logL (mm) [8]

Euphausiacea iz%‘t’“’p‘s’ Fues WW ) =DW (g)/0.159 Bl

Nauplius WW (1 g)=DW (u £)/0.159 [3]

Chaetognatha - WW (ug)=DW (x g)/0.068 [31
Chordata Doliolida, Salpida WW (1 g)=DW (u £)/0.050 [4]
Appendiculata WW (ug)=DW (u£)/0.050 [4]

Others Larvae including eggs WW (ug)=((3.14*BW (um)"2*L (um))/6)*10*—6  [1]

[1]: Wet weight was calculated from the volume of the ellipsoid body (Specific gravity = 1). [2]: Wet weight was calculated from the
(1996). [7]: Sato ef al. (2001). [8]: Ikeda (1990). [9]: Ikeda and Imamura (1996). [10]: Dumont ef al. (1975). [11]: Iguchi and Ikeda

3.1. REEEOHIE

55 14 IRBEAH 5 55 48 IRBKIZ BT 330um D % v b THRE S N7z 38 AL KEAL, E5HIC
AT Z 27 b oRERZE LR ZKAITIRLZ, 10mm BLEOEW T T ¥ 7 b
AR (Nematods), & < U3 (Hydrozoans), I 23 (Gastropods) , B8 /2 4 (Cephalopods),
% EH (Polychaetes), 3 I . €% (Amphipods), #+ % 7 I % (Euphausiids), T #%4i (Decapods),
FE5HJH (Chaetognaths), ¥V 738 (Salps), £ (Fishies) @ 11 8BS L 72, &5 28
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BH: ZEf, BD:ZEfE, SLijti, TL &, BW: K
Bell height (BH), Bell diameter (BD), Shell length (SL), Trunk length (TL) and Body width (BW) used in this study.

Conversion factors of dry weight

Conversion factors of carbon weight

logDW (mg)= —2.333+1.268logBH (mm)+ 1.125(logBH (mm))*2  [9]

logDW (i g)= —7.67+2.75logBD (4 m)

[5]

DW (1 2)=8.83%10"—5*L (umy*1.14

[10]

logDW (u g)=—5.10+2.46logSL (2 m)

[5]

logDW (u g)=—2.70+ 1.471ogSL (2 m)

[5]

logDW (1 g)= —5.68+2.10logL (1 m)

[5]

logDW (1 g)=—13.77+4.99logSL (¢ m)

[5]

logDW (zg)= —9.59+3.41logL (1 m)

[5]

logDW (4 g)=—6.05+2.10logL { m)

[5]

logDW (ug)=—7.59+2.88logL (um)

[5]

logDW (ug)=—6.45+2.43logL (2 m)

[5]

logDW (¢ g)= —5.59+2.25logL (2 m)

[5]

logDW (¢ g)= —9.07+3.26logL (1 m)

15

logDW (u g)=—9.59+3.41logL (¢ m)

[5]

DW (2g)=CW (12)/0.457

[5] [CW (ng)=1.51%10"— 5L (um)"2.94

[6]

logDW (u g)=—13.77+4.99l0gSL (u m)

[5]

logDW (1 g)= —6.54+2.65logL (1« m)

[5]

DW (mng)=9.954*10"—4*L (mm)"3.156

[11]

DW (i g)=CW (1 2)/0.407

5

CW (ng)=1.51%¥10~—5*L (ym)*2.94

[6]

logDW (ug)= —0.553+2.7%ogL (mm)

[5]

logDW (u g)= —6.94+2.54logL (¢ m)

[5]

DW (1 2)=CW (1g)/0.442

[5

logCW (ug)= —7.58+2.83logTL (um) [7]

volume of the cone (Specific gravity =1). [3]: Beers (1966). [4]: lkeda (1970). [S]: B AHEERESR (1986). [6]: Uye et al.

(1999).
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ZDEHICHIEVWIEZIREZ L TWw A2 EHEMEIL, $XTOEM N T 10mm Y LMK ITHE L
TW/z, RWTHF7 I 20 Bl s, I CHEAT 15 Bl e BBBHES S o720 —
JiC, BRFIIE 41 KED Stn. 3 TOARMBIL, #HE & T HBEILE 46 KK D Stn. 2 D &

TEHE N, Fov FolHIcBW T,
D Stn. 3 L4534 KED Stn. 4 1IZB VT Wi E B EAER S 7.

BB 4 BU A & AK A 5 7295,

5 32 Pk
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2 HikL7-38AICE TS, BEERPICEOIMMTT 7 by oBE. FHHL 7T
Fig. 2. Percentage of the wet weight of phytoplankton to the total wet weight in all the samples examined
and average value.

DORBEW 75 > 7 b OEEIZ0%HETHY, $90% % 10mm KiiDEH 7F > 7 b
YBEDTWBEZENPWHLNE ST

—H TR 75 7 b OBERIE, EARMIC05-1756.0mg/m® D% H D, FIER
13 100.0£307.4 (mgim®) THho/:. FHEKELLZZEICE>THONLBW TS V27~
OWEREW 7T 07 My OREEOAFTIX, 5 14 RO Stn. 7 & 85 41 KB Stn. 3
D2 M T1000mgm FEZ A E o T. ENFhoWMB TS 7+ ViBERR
826.6mg/m® & 1756.0mg/m* TH V), T8 7T > 7 b Y ORBEREDOFIYHT99.3£79.9
(mgim®) THo72Z &nb, Skt L72HT1000mg/m® # B2 A HEARTIE, M7~
7 N ORBORBAPRBEREZRKEL LTSI EAVRENTZ. AL ERORIRE
BHIZEINDHW T Z > 7 b OBIGIE, BEARRIZBWT 2.1-89.3 % OZEEA S M7z
YL 267% THo72 (K2). ZoOZend, CRETCLCEMTI V7 M roims
LTt S Cw i flizs, siiosnz s —4 v b & L7z 330um OFEERIZBVTH
W7o 27 M yORANIE S TEETI0% HE, BRFHIiZ LTWeZ e BWHLrE %5
7
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Fig. 3. Comparison of the wet weight data collected in this study and in previous reports.

— WRIANT % F2 i L 72 Takahashi er al. (1998) Tid, 1000 mg/m® % ¥ 2 2 i il 13 EAT A
LR SN T 5. RIFZE TR L 7242381 A D 9 B, B F TS & M7= 7l (Fukuchi
and Tanimura, 1981; Takahashi et al., 1997; Sawabe et al., 2005; Takahashi et al., 2008) “C 1000 mg/
m 2B TS BIED Y, SRR L ) ASNRERMEIE I OHREMEE T
RTHIY 67 % IIRFEL T 7z (143).

ANV VEERIFICE ST T V7 b UVEBEROBIIETTICHE SN TS (Postel ef al.,
2000). —#&IZ, AN VEESNBW T T 27 b UERORERIL, ESHALZDY,
RBEAIEH L7205 572012, RHEOF#EE LI LT, RESNEMT T > 7
P UEEAROBERIX, FSVIU VEEICL- T, 1HEMTEMIEAT 5. REEZDOED
BT OREREY 100% LT 5L, FEER1BEMOMICE X Z80-75% F THA
T5IEBHSLNTWS (Omori, 1978). F 7z, Omori (1978) (X1, Zo#kd R E
BALTOWP LT, BEZLAABDPOREBEALWATEI LD L LYV RET
5.
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BECEBL 2R EROWER, WTNOERSREZ LU EEEL T2 SERL T
Wh, L7zho T, SREE L -BERE BEOWEREDTVELS WV (HH W
WBEDL->TH T bITPOBITHE) TSNS ZRIHphbET, SHoil
EHIEHEDOT—F XD FHTI0% LW LTz, —FT, BEARP8EARTIE,
BEOWE & AR THRIBERMIIBML TWiz, WEOKIEZEVGIE, R X 2B
P2 TIEEFMSTE &,

CORKELTE, LA, SEEER EO—EOBEAMMBEONE (728 212, 5
VEEREICHE 75 » 7 b 2 OERPEFE GBS e odz) 2, FFRERICBT 2 T557%K
GOBREDITONL D 57250, NBNEEEIIZ 3D THLWMHEENHS. HoHWIEE
72, DEBERIEITNERMIHW TS 7 b rREFFUET TV by O BN ERE
DOFI L IZREE L E Z 5N .

JARE OFBBIHIARIZ & 5 NORPAC 4 v MR, 1 H 1M, #HEEIZLTH BEITE
SN TE&7, T THRELICEARAT =S OWMW7TF > 7+ ORAORBENZ, Z22MN %72
BHLDEMR L (M4, F£5). 2072012, EAF—¥% 7V —7 10 45°S {3 (Stn.
2) OB, ZV—"T7 2D 50°S i (Stn.3) @ 12 @BlifllrL, 7V —7 3 @ 55°S fHiE (Stn.
4) OBEME, FV—T4D60°SHIE (Stn.5) D4 Z7V—TFIZX5G L7z, ORI TIE
K 200m 2 5 BUEHREE & il L7258 14 IR 4 BII IS B 57— 7 I3BRAL L7

W7 727 NP mICEENDIERNH. 5 720E 7V —TF 2 ® 50°S fif 5 DB A
T (X4), REEREMICED2HEOFYMEIX343% & 42D 7 V—TOH TR D EWE
ZRL7: (385). 110°E 2B 5 50°S A IZMeni#E (Polar Front) 2SFEAELTEY, HAl
WAETIREW T T > 7 b Y 2D, EWFEESE W EPMS5 TS (Atkinson and
Sinclair, 2000; Froneman et al., 1995; Hosie et al., 2003; Lutjeharms ez al., 1985). {73 A Hily 7
ZU7PURIGLT, BATAEGHIWMLIzZ EAE R N7z, FERBIIH 39 Rk & #
40 KBECIT bz, YK 8m A Sk SN7ziKk (FRREERERK) 225D, NGG54 #H
o7y briy b (HEW3Gum) X875 > 27 b vy HEOMFREREICB W
T, WERRAE TR N2 I KRB OBER % ©  ZEEHBANRAE L Tz 2 & 258l
ENTWw2D (THEIE2, 2001). — KT, [ UMBHIHAECRONERTS, M7 >
Zh BB G FRELPEALTOZWERD I OND Z 05, FHMHEHVTREDHR
% FAEli T 2 L W CH B L E 2 S
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4 BRLETN—TIBTLH - W77 o by oRE

MO ISR L 72, 50 14 IRER~ 28 48 IREXT15 5172 330um & v MEARZ, A5
45°S {3, 50°S 43, 55°S f3L 45 & UF 60°S fF3E 0 4 DD 7 )L — TIZEFI L TR L7z,

Fig. 4. Relative abundance of plankton in each latitudinal group.

The horizontal axis is arranged in four latitudinal groups for convenience according to the sampling
positions of re-examined 38 samples collected with 330 um net from JARE-14 to JARE-48.
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K5 FMETV-TIIBT S, RBERIZEDLHWT 7 7 b rofla
Table 5. Average wet weight and composition ration of phytoplankton at each latitudinal group.

Group Sample Sampling  Wet weight Wet weight Total Zoop. Phyto. Zoop.+Phyto. Composition ratio
number Latitude  of >10 mm of <10 mm Wet weight Wet weight Wet weight  of phytoplankton
O] (mg/m) (mg/o’) (mgn) (wg/m) (mg/m) (%)
Group 1 9 44-47 63+t 4.4 594+ 400 656 41.0 93+ 11.2 74.9* 41.5 13.0+16.7
Group 2 12 49-53 145£12.9 113.6x£ 90.0 1282 90.6 201.6492.7 329.8£525.2 3431305
Group 3 8 54-56 6.9£12.0 859+ 41.8 92.8L 48.9 16.1£ 234 108.8%+ 67.9 108+ 9.6
Group 4 5 57-60 78t 8.0 103.4=x126.1 111.3£127.1 244+ 303 13571364 26.9+21.3
All 34 44-60 9.6110.6 912+ 76.7 100.8£ 79.1 81.01298.9 181.8£329.0 22.0%23.7

Phyto.: Phytoplankton
Zoop.: Zooplankton

3.2, 330um & 100 um DB

5 50 RIRAH 5 45 54 IRBRICB VT, 330um & 100um OB F D % v b TERE S 7z 96 12
AR LHEZER LRTIORLZ. 100mmULOBWM TS 7 Vil Oy Ml
EBHIC, v Fu Wi (Hydrozoans), i /E3H (Gastropods), UHEZH (Cephalopods), % B
(Polychaetes), 7 I#H (Mysids), = 2 Y (Amphipods), # ¥ 7 I#H (Euphausiids), +
MI¥E (Decapods), “E3fJH (Chaetognaths), WV $3H (Salps), fi3H (Fishies) o 11 7-JEH
BB L2 BEHIZIEIZEAEOEARTI0mm U EOMAITHIHLTBY, I3 UH,
T X7 IH, AEOMBUEENE 2 7.

85 50 KO Stn. 7 TIEH IV SEEAKEICERE S 1, 330 um Tl 786.8 mg/m®, 100 um T
12 1036.1mgim° TH -7z, ZOFKEICLY, #50 KBKEO Stn. 713 ENZho %y HLOFE
ROPTHRAOBBERMAILERL 7. F72, 452 KHKO Stn. L3 ITBWTIE, 330um @
BEARTIE VAT 273.7 mgim® & WETEBII S Nz o2x L, 100 um Tl F - 72 < $R5E
ENBhotz, ZORRIEIVA VT L —=LATORBHREZD 20D ST, /8y FIRGA O
BTRADAY FORIIKEOF NV EPBRESNIZEZRLTWE. INHDI L LD,
WEHE SN TELRBEREOIIE SO ZORRAIL, TV HOFES—HTHD Z L1E
Z bz

WAL TS v 7 b ViBEREZHCT, RO Ry MERM CHERE KA. P
BOKRICIRE S NZZERIE, ZOMBIH»SRBIL T T2 875 v 7 by oREBE
BAETIE, 100um OFEARN3B0um OB L 7 245 L 7 2 BRAAE Nz (K5). 10mm
VD EoBY TS 7 b viBERTHRIET 2 L IZIZFRERTHY, 10mm Rifosm 75~ 2
P BERZN 21 E LI ERS, DAy M TORBER O 10mm RifDiR
BRRIZLDLDTHD I ENWSH L %572 Makabe er al. (2012) 13 330 um & 100 um
DRy XY, AT VED ) =T g AGERNE ATV (B 2L, Oithona sp.,
Oncaea sp., Ctenocalanus citer, Microcalanus pygmaeus) C, ITREFNFENHEICR LD Z L2
BLTWD, F£72330um TRESNZZAA VFIEDO A A 7 VHIZ 100um THRE SN2
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Hy: b Folu, Ga 2%, Ce: BURH, Po:ZTH, My: 7 I8, Am:
Table 6. Wet weight of 330 Um samples

Hy: Hydrozoans, Ga: Gastropods, Ce: Cephalopods, Po: Polychaetes, My: Mysids,

Cruise Station Wet weight Wet weight of > 10 mm at
number of >10 mm
1 Hy Ga Ce Po My
(mg/m’)
JARE-50 1 3.7
2 12.2
3 120.2
4 30.2
5 57.2
6 20.0
7 796.3
8 3.7
9 375
10 30.2
11 325
JARE-51 L1 17.5 1.74
L2 19.4 0.12
L3 23.7
L4 23.6
L5 5.5 1.15
L6 11.5
L7 13.0
L10 20.1
JARE-52 L1 13.6 7.67 1.28
L2 22.0
L3 314.9 14.84
L4 18.6
LS 157 227
L6 83
L7 19.6
L8 37.8
L9 9.5
L10 31 0.33
JARE-53 LO1 24 1.83
L02 4.5
LO3 4.7
L04 16.5
LO5 4.7
L0 3.8
Lo4' 3.7
LO3 31.0 0.44
LO2' 1.7
Lor 0.0
JARE-54 LO1 3.8 0.13
L02 34.1
LO3 285
L04 123 2.73
LO5 14.9 0.25
L06 313
LO8 38.7
L09 20.9

L10 3.1 2.15




Y7o v b REROEH

(2B % 330 um FEAR DR H

Sax Y, Eu A F7 I De: T, Ch: T, Sa ¥V ¥, Fii Ul
from JARE-50 to JARE-54.

Am: Amphipods, Eu: Euphausiids, De: Decapods, Ch: Chaetognaths, Sa: Salps, Fi: Fishies.

each zooplankton category (mg/m3) Wet weight Total

Am Fu De Ch Sa Fi of <10 ann Wet Wel§ht

(mg/m”) (mg/m”)
0.62 0.19 2.86 0.03 3.0 6.7
12.23 7.7 19.9
3.14 2.05 114.98 121.9 242.0
7.47 21.57 1.15 219.9 250.1
36.31 20.88 2922 349.4
8.43 11.57 36.3 56.3
7.88 1.68  786.78 26.4 822.7
3.70 25.6 293
3.97 33.51 509 88.4
10.26 19.95 40.1 703
30.67 1.78 1.9 34.3
0.49 0.41 14.91 57.2 74.7
17.42 1.85 613 80.7
6.99 0.25 15.95 0.49 46.8 70.5
3.15 20.47 47.1 70.7
4.32 0.05 473 52.8
5.54 0.35 5.66 58.0 69.6
4.93 8.05 71.2 842
20.13 0.4 20.5
0.10 4.52 52.4 66.0
329 1.10 17.37 0.26 26.2 48.2
1.48 2441 273.68 0.53 120.1 435.0
3.46 15.13 59.3 77.9
0.33 12.88 0.25 137.5 1533
1.83 0.08 6.35 153.8 162.1
19.57 70.9 90.4
2.59 35.17 51.9 89.7
0.81 8.47 0.18 2.2 11.7
2.78 2.4 55
0.61 339 363
1.58 1.40 1.47 272 31.6
3.47 1.26 30.7 354
2.89 1.90 11.65 0.10 74.8 91.3
0.13 4.61 10.5 15.2
1.07 2.69 532 57.0
2.43 1.27 334 37.1
5.87 1.21 21.44 2.02 19.7 50.6
1.46 0.25 39 5.6
1.2 1.2
3.64 7.8 11.6
0.92 0.60 32.60 1282 162.3
4.53 0.46 21.69 1.49 0.29 74.6 103.1
0.74 8.75 0.08 90.6 102.9
0.36 14.32 152.1 167.1
28.18 0.70 0.99 1.42 63.5 94.8
1.28 37.17 0.21 34.1 72.8
6.26 5.49 9.17 12.5 33.5

0.89 0.08 3.7 6.8
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Hy: b Folu, Ga 2%, Ce: BURH, Po:ZTH, My: 7 I8, Am:
Table 7.  Wet weight of 100 um samples

Hy: Hydrozoans, Ga: Gastropods, Ce: Cephalopods, Po: Polychaetes, My: Mysids,

Cruise Station ~ Wet weight Wet weight of > 10 mm at
number of > 10 1:1m Hy Ga Ce Po My
{mg/m")
JARE-50 1 2.0
2 33.6
3 943
4 252
5 42.0
6 14.7
7 1045.1
8 4.0
9 58.0
10 33.6
11 31.9
JARE-51 L1 43 0.66
L2 18.3
L3 20.5 1.47 048
L4 15.3
L5 33 0.06
L6 11.8
L7 334 14.96
LI10 399
JARE-52 LI 12.3 748 0.67
L2 32.7 0.96
L3 51.8
L4 9.5
L5 33.8 20.71 1.74
L6 8.3
L7 66.3 48.08
L8 41.1
L9 4.6
LI10 7.5
JARE-53 LO1 0.6
LO2 4.7
LO3 6.9
L0o4 0.1
LO5 12
LO5 16
Lo4 53.5 52.56
LO3" 12.3
Lo2' 2.1 0.35 037
Lor 03
JARE-54 LO1 33
L02 318 0.66 132
LO3 56.1
L04 92
LO5 18.7 0.38 1.51
LO6 38.0
LO8 15.8
L09 313
L10 0.6

DX —HKNEE %52 EBBIMSN TS (Hwang et al., 2007).

T72, AWFRICEBHEICBNT, TRETHMT I > 7 P UPRET LI EIZLY, v—
TA Y TBHREETH o 72RO WTIE, A Ao Bk ) RERLHN L
(323). 10mm KoY 77 7 YBEREOHTT, HEXICIVEB LA Imm DY
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IV, Eu A7 I, De: HHIZH, Ch: THIH, Sa VIV N, Fii

from JARE-50 to JARE-54.

Am: Amphipods, Eu: Euphausiids, De: Decapods, Ch: Chaetognaths, Sa: Salps, Fi: Fishies.

each zooplankton category (ing/m3) Wet weight Total

Am Eu De Ch Sa of <10 1:1m Wet weiig,ht
(mg/m”) (mg/m”)

1.25 0.71 0.03 12.9 14.9

0.45 33.11 15.9 49.5

0.26 94.06 11.6 105.9

25.23 73.0 98.2

22.66 19.14 0.25 116.9 158.9

10.67 4.00 73.8 885

8.24 0.81 1036.08 16.7 1061.8

3.96 383 422

58.03 85.2 143.3

16.93 1.66 15.05 72.7 106.3
11.69 20.21 6.7 38.6

3.35 0.31 21.4 257

1.60 15.49 1.26 101.1 119.4

9.09 9.21 0.28 2218 2423
2.14 13.16 171.5 186.8
0.69 2.58 136.4 139.7

8.50 3.29 110.9 122.6
2.56 0.05 15.84 251.1 284.5
1.06 38.79 3.8 437
0.12 4.05 117.9 130.3

4.22 2.71 24.00 0.85 41.7 74.4
0.49 51.3 208.3 260.1
3.27 6.24 119.6 129.1
11.29 0.08 162.2 196.0

0.07 0.00 0.21 3335 341.9
16.41 1.78 341.8 408.0

41.06 101.5 142.5

4.57 47.0 51.5

7.47 33.1 40.5

0.60 72.3 729

0.63 0.58 2.56 0.94 40.2 449
0.85 6.08 83.4 90.4
0.14 76.0 76.2

1.24 53.2 54.5

1.61 156.6 158.2

0.95 63.2 116.7

6.87 1.29 4.19 151.2 163.6
1.25 0.08 13.0 15.1

0.30 0.03 18.3 18.6

3.32 10.1 13.4

1.67 27.96 0.24 2293 261.2

2.70 19.45 33.97 45.6 101.8
1.54 7.28 0.35 426.9 436.1
16.82 231.6 250.3

32.63 5.09 0.33 823 120.4
0.42 15.41 98.2 114.0

7.43 7.42 15.63 0.86 33.0 64.3
0.61 10.0 10.6
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% 8 Tukey’s test & W7 PR ERMEO L. A% (P<0.05)
WRDOLNDL b D% * TR,
Table 8.  Results of Tukey's test of wet weight average at each mesh size
are shown. Significant differences (P<0.05) are marked by
asterisks (*).

Mesh Wet weight Wet weight Total
Sample size of >10 mm of <10 mm Wet weight
(pm) +SD (mg/m’)  £SD (mg/m’) +SD (mg/m”)
All 330 17.1£12.9 443% 403 59.5% 449,
100 19.9+18.1 106.3£ 99.6 128.5+105.4
330 17.0+12.4 57.1E 446 66.5= 49.2
Dec.—Jan. * *
100 16.7£15.0 124.1+100.1 136.6105.6
+ + +
Feb—Mar. 330 17.2£13.7 359+ 369, 53.1% 408,
100 13.6£20.7 99.7£100.0 121.3+107.2

FHIN R EZRPEAET 202 HGET 5 HRYT, Tukey's test 12 & 2 S FHMEDZEOME R 17 - 72
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