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Activities of the 52nd Japanese Antarctic Research Expedition during
the RT/V Umitaka-Maru Cruise (UM-10-04)

Gen Hashida"?*, Hiroshi Sasaki’, Yujiro Kitade* and Tsuneo Odate™?

(2011 4F 12 A 16 HZA}: 2012 4F 1 H 10 H52#)

Abstract: A marine science cruise was undertaken during December 2010 and January
2011 on board the Research and Training Vessel Umitaka-Maru, operated by Tokyo
University of Marine Science and Technology (TUMSAT), to accomplish projects of the
six-year plan Phase V1II of the Japanese Antarctic Research Expeditions (JARE-52 to -57).
The projects and the cruise were planned to investigate the responses of Antarctic marine
ecosystems to environmental changes related to global warming and oceanic acidification,
and to study plankton community structure and environmental parameters. One of the
main aims of the projects was to clarify the life cycle and physiology of plankton with
shells of calcium carbonate (e.g., pteropods and coccolithophores), because these plankton
are regarded to be the most sensitive to oceanic acidification. We performed net castings
to qualitatively estimate the vertical distribution of plankton, made hydrographical
observations, took measurements of dissolved inorganic carbonates in seawater, deployed
a year-around mooring with sediment traps, made observations of a surface drifting buoy
with a sediment trap and sensors to measure environmental parameters, and performed
onboard acidified culture experiments using pteropods. The RT/V Umitaka-Maru
departed from Fremantle, Australia, on 24 December 2010, cruised to the study area
around the marginal sea ice zone (along 110°E and 140°E), and returned to Hobart,
Australia, on 22 January 2011. The cruises by the icebreaker Shirase (JARE-52) in
December 2010 and March 2011 followed the same study area as that described above,
along 110°E, in order to perform repeat observations.
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Research missions carried out on board the RT/V Umitaka-Maru, and related missions conducted

on board the icebreaker Shirase. The personnel in charge of each mission are also listed. *Mission

carried out on board the icebreaker Shirase.
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Research mission

HYKEE
Official
members

HYFEITE

Affiliate members

e
IBg=y

i

=l

B [AJ02] oI v a4, () NITER

BOIvgra—K

E R RE8IH (AJ02-52_01) xR FKEE
Long -term mooring Sasaki Akiha
KBRS ER (AJ02-52_02) * /Ny
Statlon observations from on board Shirase * Odate
W75 7 b O@FEST (AJ02-52_03) e R A, @R
Pigment of phytoplankton Sasaki Motokawa, Takao
W77 7 b OEBEME (AJ02-52_04) e R A, ER
Physiology of phytoplankton Sasaki Motokawa, Takao
AN, EE.,
W77 7~ D43A (AJ02-52_05) e R T ¥ —
Distribution of phytoplankton Sasaki Motokawa, Takao,
Kuwahara
¥ 75 7 b iRMER R R E DB R L TIRFER .
(AJ02-52_06) Sasaki
Feasibility study of acidified culture experiment on phytoplankton
FELRERBLI (AJ02-52_07) xR, HEH | BKHE
Drifting buoy observations Sasaki, Hashdia | Akiha
FEETRBEAMEZE (AJ02-52_08) * /N
Deployment of drifting buoy * Odate
WHEBERICREINM T 7 7 b D%El (AJ02-52_09) TN ), ER
Biogeochemical cycles related to phytoplankton activity Sasaki Motokawa, Takao
HRYBREE DS (AJ02-52_10) e x K € 3
Distribution of pteropods Sasaki Akiha
FRBROTRILLIR (A102-52_11) e PR, B, ik
Acidified culture experiment on pteropods Sasaki leats%lka, Akiha,
Suzuki
AP R E ORFRIZE(L (AJ02-52_12) T
Temporal change in dissolved carbonate species Hashida
WRITIRFEE DS A (AJ02-52_13) i H
Distribution of dissolved carbonate species Hashida
—fxBFZEBR [AP-25] DI v va g () PIZBREREIEOI v a3 —F
7500 N RO TS £ REED & ORI T S, PR
WF%E (AP25-52_01) AL W, /2
- Kitade Moteki, Amakasu,

Plankton community structure and environmental parameters

Hashihama, Ono
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Table 2. Summary of advance meetings and trainings related to the cruise by the RT/V Umitaka-Maru.

# A A KU
Date Meetings and trainings
3A28 A | 7T < 2 2EAE ORBERY)
- B>
28 Mar. | Discussed research plan
3 A 30 B | UM-10-04 iy CRORERY)
- HORERFRE L YT T —~ 2 B O T T A
30 Mar. | Discussed cruise plan of RT/V Umitaka-Maru
4 A 21 B | BORMEHER - [E I ZEPEd ek m o Bl e OO RY)
» UM-10-04 itz > T
21 Apr. | Agreed cruise plan of RT/V Umitaka-Maru
7A1L R | V77— 22T GEEL, SR
Yy TEA N, KEE T
11 July | Discussed ship time, water sampling, and other details of the cruise
7 A 12-16 A | BEIL UM-10-02 #iifE (E-E~EAR)
- B E B R
12-16 July | Tested observation gear on-board Umitaka-Maru (Tokyo-Y aku-shima)
8 A 19 H | UM-10-04 s GO ERS)
c UM-10-04 ¥ 7% A LEIZDONT
19 Aug. | Discussed detailed cruise plan
9 A 15 A | % 4 EIFMIFZRENIS >R b (ENCHHEZERT)
- 85 52 BRI KL O LLARE O BLRIG B
15 Sept. | Explained JARE-52 activities of AJ02 at 4th Antarctic Research Symposium
at NIPR
10 A 11-16 H | &I UM-10-03 fitifE (B R &~ 300
- B AL B ERERR
11-16 Oct. | Tested observation gear on-board Umitaka-Maru (Kagoshima-Tokyo)
11 A5 B | UM-10-04 & RET O (BER, SIERE)
- B ERUA
- B~ OB & BT H 8
5 Nov. | Loaded observation gear on Umitaka-Maru
Discussed observation plan with crew of Umitaka-Maru
1A 1B | 77—~ 22T (EARIFZEHT)
C HEFE, RER
- WFEBLINGET B
- 55 53 RIKBLNG I, SRALBEAE
11 Nov. | Discussed safety measures, detailed research plan, schedule of the cruise
Discussed research plan and candidates for JARE-53 membership
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7Y MVISTHEERO (B ~FEM L. FEMmE, RS L2 2WE oM, £5
P DR & BEMERD, PR ROMAT THEOIEEIC 3 HHM A B L4z 7.
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xR 3 [HEN] BUNOFABINER B K OHATE, % 5 CITHIERE. AJ02 S UF AP25 ()
I AHWEIEL L, Ehen [l ERROIGE &l LT RS | RO [
77 b YRR ORE) & ERRAD) & OBRICE T 78] TH L. (FIIBIIBKE,
Z OMIXFAATH)
Table 3. JARE-52 members and topic code of the Umitaka-Maru cruise. AJO2 and AP25 are the codes
for the research projects “Responses of Antarctic Marine Ecosystems to Global Environmental
Changes” and “Studies of Plankton Community Structure and Environmental Parameters”,
respectively. *Official member of JARE; others are affiliate members of JARE.

K 4 BT & T S
Name Affiliation Topic code

Per A PE* FBFERY: Bi% AJO2
Sasaki, H.* Ishinomaki Senshu University

B TR | BRI S AP2S
Kitade, Y.* Tokyo University of Marine Science and Technology

1z T T - > AT LHFFEHEAEE SI AR JERT Bh% AJO2
Hashida, G.* National Institute of Polar Research

g &G BRERKY: M LAFRE R AJO2
Hiratsuka, Y. University of the Ryukyus

A E= AR TR R TE IR 2 4 AJO2
Motokawa, S. Soka University

BE L GEFERFRFIE T AR LR AR 1 4 AJ02
Akiha, F. Ishinomaki Senshu University

[ EP N JEMHE KRR AR SRR b R IRRE 1 4 AJO2
Takao, S. Hokkaido University

A Bk FOLRF R IER AT 1 48 AJO2
Suzuki, A. Tohoku University

R F—h— | AR RSB TEAFSER e AJO2
Kuwahara, V. Soka University

B SRR YRR DD APS
Amakasu, K. Tokyo University of Marine Science and Technology

Bk TEA SRR SRR R e APDS
Moteki, M. Tokyo University of Marine Science and Technology

W SRR RS R B AP
Hashihama, F. Tokyo University of Marine Science and Technology

N ok HORCHERFIIER A E AR R oy
Ono, A. Tokyo University of Marine Science and Technology

T UF CO5 IERR AR TR D R, —HOBHMPERTE Lho72db DD, Hikk58 JE
LIRS O TR B IC A > THBIE, KEISRY L ARAEICEDNTEEL
7RG - DL CNERICBII 2 9 L7z, B Co6 :LfE i\ Tid, TLHR] AL
7o KRR OB & RIERA R OB AR L7z, F72, KBS OB M CI1d A% E e
AR E AR L, SHEAE B A T & 2. Bl Cll, C12, 2L TC13 TOfl
W T RIS EERRA S S, LAREEIOKINRLFRSEE L TEB D, B 105 Efio Cl4
TN C15 TOBPZILY @, FAE 115 BRI E) L THi 72 2 80T a01, a02 25T % &
EOEERIMZ OB Z MK L7z, 20114E 1 A 5 H, C16 TOBIM % iR\ E mimrse sk
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Table 4. Summary of the schedule of the RT/V Umitaka-Maru cruise.

H ff
Date

H OH

Event

2010 412 A 20 A
20 Dec. 2010
12H21H
21 Dec.
12 A 2123 H
21-23 Dec.
12H24H
24 Dec.
12H26H
26 Dec.
12A30H
30 Dec.

§

201141 AS5H
5 Jan. 2011
1A9H
9 Jan.

§

1H18H

18 Jan.

1 H22-23 H
22-23 Jan.
1H24H

24 Jan.
1H25H

25 Jan.

B / R %

Lv. Narita airport

W=, 7V —=r ML~
Ar. Perth / Fremantle, board Umitaka-Maru
BT i oD Y fif

Unpacking and preparation

7 U —= v MVERHEE, WUEBLRIBRAA.
Lv. Fremantle

St. CO1 %, HURR 110 FEMROERMELRIBALA.

Ar. St. CO1, start 110°E line observations

St. CO5 A&, FABFFEBIIGE R 31T 28I & B 4.
Ar. St. C03, start intensive observations

T 110 B2 JE K ek C Hg LRI

Observations at ice edge zone around 110°E

St. C16 &, T AR FE LI P8 vk 2 JE DG

Lv. St. C16

FaEY « F 2 eV

Off Dumont d’ Urville Station

% 140 FEERR OB R 33T 28I % B 4h

Start 140°E line observations

St. D15 %8, T _XTOEMBIIAET.

Lv. St. D15, finish station observations

BoN— N, BRSO R (T

Ar. Hobart, packing

[VERESL) TR, A S— B3, ¥ F=—fH.
Disembark from Umitaka-Maru , Lv. Hobart

W/ R E

Ar. Narita airport

AL SR

W U e RS 5 F2 00 % kg L 7.

1 H 7 HUBE, IRRIEOEEZ 2, B 15-20m/s, %5 4-5m O KT OHiIT & % - 7z
S D72OMATHRED T SRS, B0k 140 B O BIBIIARE S TS TR L D R
ENLZ EEof F72, 179 HITIZHHKE 140 EEM O Fe i O 1l 5 DDU % Hig L 7228
WMRENY 7T AACHELHEN/2O, JEMLER) Lo, Lkl 22 D05 Lidko
AR & ke L7z, HRE 140 BERR O P T BT KRBT FE R O FE sl e, —#6
@ JARE W78 64T LCHEM L /2. 12-13 Hid, JEGH 10-20m/s, %5 4-5m THER L
P RDEETICRESLZVDHOD, RRKTOBMNIHEE, MLOOFEEZLVCERIEEICDH
7zofz 14 HURRIE, BB I WRS - R T CoBlillE 572 18 H, D15 &I
MEHINIR T L, 2ok, —ofuEslillz ik L a2ss, HH%2#% 2 8BS0 %N
A& AT L CHED, 20 HE T—HoMEBIZ, 21 H ¥ CHE L FEi L 7.

MR 1 21 BRI AR N — MBS L, 22 HPRTICIFRME~N AR L7z, AR D
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Fig. 1. Ship track and stations of the UM-10-04 cruise.

EH, BNZEEOMLEED, WEOBE R ORENEEE 23 HIZ%T Lz, 24 HICHER%
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51 REGERHA

3HEDET A AL M NT v T OKER 500m, £ 1500m, £ 3000m) % H v CTHRARYE O
LR % 1LAEMIS D72 o TRRFIICHNIE 3 2 IRIERE R 2 5iE L7z, s H 13 POC (KL
FIRA B R L), PON CRLFIRABEEFIRIE), PIC R iRIERE R FKIREE), e e
HhEThab SHICELNT Y TREOKERPKROWMEDIT-72. £F4 AV M bT Y
T ORI, 4 ¥ 7 =0, TR OB IEHREIICE/ L. M EicBuTid, 77
AV NNT T 3IADOT Y TIVBISRAAFA D Ok E FRE L, KIERER RO D B L3
BORERIT-72. Z LT, WK _ERY 40 m A8 12 130 8 K AR AL A 725 2 © 4t
BRI Z 1 ARE L. INOOEEIT 12 H31 HITTRTRT L.
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MG L7z, miEEO 70— M OIHICHAL, FE7E—- b RET4 2V M bTy TEERE
WCRAFDPREDORBICHEEL AL, ARSI VAT 2 —H =%l AL
RO L B2 0% L2, WIS 1~ A VHDERICHIERMEZME Lz, RER0
PR AL (L, T 59 B 59 43 9 Fb, HURR 109 JE 58 4 1 B, UK 4400m TH o7z A
B, TORMBRRIZ 20124 1 I [EEAL] THEIRL 7.

5.2. EAHASEMEA

(L o8] L OEEICB VT, O 110 B> 7-REfE 57 B 30 4, FE#k 60 B, REfk
62 £ 300 3 & [HEBAL) LILEOBIM N E LCRERFIBINZER L2, [LoE] £
BClE, 2010 4E 12 A 5 HICHl AJ1 (58°14.8'S, 110°E, [#EMEAL] St.CO5 & [W—illpi), 12
J 6 HiZ#llni AJ2 (59°36'S, 110°E, [L €] LO5, [WEEH] St. Co6 & [M—M), 12 A7
HZM A AJ3 (62°14.6'S, 110°E, [¥EMEHL] St. co7 LM —lisi) 12C, Zh2h, CTD B,
AR (IEYE AT HEREE, TIC AT HEREE Chla, HPLC a3 hr ¥ » 7 v, HiiResitel),
JOYNORPAC v MBI Z %N L7z, [L 58] fAEKICB 2 =008l i, Hifr Lol
KIS X ) BT EDHED LR MR 720, TNOEOMEICAEDLET MWL KO TL
S fEEETH B = FE L7z

[LSEHETIE, 3 H 5 HIZHl AJ1 (58°13.8S, 110°E), 3 A 6 HIZillM AJ2° (59°34.3S,
110°0.8'E), 3 A 7 HIZHIsE AJ3" (61°34.5S, 110°1E), 3 A 9 HIZIA AJ4 (62°28.7'S, 141°
29E, [¥#EAL]) St. D10 L F—lm) T, ZIZNHRE L FEEOBIN % S0t L 7.
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53.1. W7 T v b VBTV — T OEADHEE pCO, 125 2 % 3B O

BETHNMT T 7 NIV —T, ROZFOEIIREE L pCcO, DA & OBREY IS A
T B, W7 T s b YRR T T 2 7 by ONEBOUEFER T (PST) %
WA ST A =5 - CTllE L7z BN 110 ol 17 50 (o1, Co2,
C03, C04, CO05, C06, C10), M #% 140 o #BIM# L 4 55 (D07, D10, D12, D14), KO
BI R DIS ICBWTERM L7z, Z2d, WEICHWZFEHERIE SmER» S D= A F VK
X BB, FFMIE SR Y T THEEII A LT LAWK TH S, WEHEHE A
FBERIROEBYTH S,

- A E T (PC HBMBLER)

KW TS v b ONWIURE (ac-s)

- Chla

GE G (PC i)
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- HPLC 13 (Bulk, >20um), 7a—%4 kX Y — (FCM), Mg

- KAt (PRR 800)

CRAEE, K,

- VAR R IR (DIC), &T VAV (TA)

5.32. HWT S 27 b rOF A4 PP ER

NL#ERBIA» SR T 2 7 by o—RAEEREHET S LT, WMW7T7 07 ok
FUEEICBT 2 AL TH B, T ONFEREIN T T > 7 b v OMBLO I A4 ZXIAKATE
L, IRBEALR MR YEAL 72 & O MIRBREEA B IR, A ZHBOEB O W REME 2RI S 1
TWwb., 22T, I E SCHREHERBOSREBI LKY 75 > 7 v O 4 XRDGF R
Bl o720 O K %, HAE 110 o BU R 17 50 (C0L, C02, C03, C04, CO5, CO6,
C10), HUk% 140 OB L 4 /5 (D07, D10, D12, D14), KON D15 CTHEitiL 72

FEW N & AN BAR B D SR IE BN D VTR, SRR — G R R BT (Twin ac-9,
WETLabs #) % T, #EE 100m F TOSEBIN AT 72.

Fz, MWW TV oA XFPDEREBN O 720 oKk, CTD (Falmouth Sci-
entific ) 1CHD AHF 72 = A F VR (201) ZHIVTAT o 7. SRR L, BRE 3m &,
MR % 100% & L7 IREEAY 10% & 1% L R DR L7z, MBS L, CTD ICH
DA 72 R Y% — (LI-COR) D77 7 4 v sihgE Lz, MEHEHBIZUT O
LBHTHA.

- MRS AR

KT T v N AR (A4 X5 Bulk, <20um, <2 um)

SRR T X BURIUREL (4 R4 Bulk, <20um, <2um)

- RCRA R - AR ERIRE

- K AR R

KW T T vy b R BIER E ER
533. WM 2 b ooyt

KW 7 5 v 7 b v OGFRERK, SAFEE RS 72012, 77 4 VBT &R
PRI % FEfti L7z

7 an 7 4 VBT IEHRE 110 BEo BUHIHE 7 &0 (COL1, C02, CO03, CO04, CO5, CO6,
C10) 1ZBWT, 100m, 75m, 50m, 25m, 20m, 10m, Om DFERETIRAKL, EHUHRE,
Turner Design HGIGEEEHC TH#T L 7.

AT BOH BB R SREUE B 110 BE o Bl | 7 230 (COo1, C02, CO03, CO04, CO05, CO6,
C10), HUHE 140 o Bl 1 4 25 (D07, D10, D12, D14), K OBl M DISIZB VT,
100m, 75m, 50m, 25m, 20m, 10m, Om O & TERAK L 7z#EKHE 500ml 2 & v <
VoV BEE L7 JREs, EARE TS VORI & M R E & S L 7.
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54. REFRBREH
54.1. FZOEK

R R % o 72 SR A il AR & AP IR ORI E % JEMti L 72, ROFERIZRD &
BYTHb.

- i GPS 7' 4

GPS ZfEHE, A1V Y LRERK V—F—-U7L2%, 79y ¥x, HUEMERRKH

- KEBHY AT A

CTD, Jt® il CO, k¥ —, DOty¥H—, Zuu7 4 LbtrH—
- TIEBI > X 7 4
¥4 Ay M5 w7, CTD

542. [Lo®] 2B H&AMEE

12 H 4 H 1700LT i@ 2 #2E) L, 12 H 6 H 1800LT ICH A L7z, FAMLE X, FE#E 60
228, HREI0ELS 2B TH 5.

AR, 6 S L ICEBE L VMETF— 724 ) VY AEBEICL > TENICERE S
ZOMWEMEESF A —VCTEN2S [ ~RE L7z 12 27 HUREIX, 4T E (H
AIE[H] > 0800 LT, 1200 LT, 1600 LT, 2000LT) (ZHERE DAL EGH Z FAX TEIN S [HE M ]
~NERFEL, [T 132 OWEHRICHED X B I A D 7.

5.4.3. [ 12X % BNUESE

fBL R CO5 #& T2 I HURE 110 EEMR A WAL, EDP 2 b NSRS B & B AR L 7z

12 J1 31 H 0700 LT (ZFi# 59 £ 32 77 6 £, HUkE 113 F£ 34 75 5 A IS THRIEMRE R & HELE
WU, [H 0930LT [ZRERERMIERZET L7z, MRS CBEIERo oo
7z

55. AMREEOMEMELEER
MR B 2 HEEYEILAS, 79 T4 b ok E AT 24 A (Limacina J8)
IFTREBIIOVWTHRLZ LA HWE LT, Q%%%waﬁﬁﬁﬂﬁwﬂﬁmﬁkﬁwﬂ
A pH K R 7 E 2B, L ORIR AV 3 v AT DA K & W 72 1 92 R
%ﬁot.itﬁﬁ%% ZHeN o THRMEAL R FIR A A A ek 25 1 o0 3Rl 2 4T o 72,
55.1. fHFEBRME
2010 4F 12 H 28 H~20114F 1 H 5 HIZ2 )€, EpffsesErp B s (R 50 B LI,
HURE 110 FEAFIIE) B 4 (CO3, €04, CO5, CO06, CO7, CO08, C09, C10, C1l, KY1, C12, C13,
C18, C17, a0l, a02, C16) BV T A Y4y b (U 1m, HAES50um, I v b F
m1ﬂ®b1uyﬂkv%ﬁ%)Tﬁ%btﬁ%ﬁﬁﬁ%%wfﬁﬁ%%%ﬁot b,
AR 140 JE L OB BT, BUTIEASREIC B 557 Y Ay MBS T
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BY, WEHICHBRELENR S NG, e BRI S Tniziinie, EE
WCH ORISR S L <12 5% bR v~ 2k ) FEE - BAF S N7z, Bk 62 FELL
M OHHIIC BV TE RO A RREEESRE SN/ 2720, ERINOHT IR, B LI
HETH - 7.

5.5.2. MeVEALIZBREETE ik s &

AN CTHBMALER 21T 1ChH72o T, 2 7Ly ¥ — (POD-1.5MA, HVZE) - b
FRX - FAREGEE FFE, +H 7 8) 2HAGLE CO, MY AT A% v,
aY 7Ly =i, FRDZEL (CO, BN 380-420ppm) % IEMER T A& EE 1729, 72,
AVTLyH—POERRENLETAL, ZHBILRFZER VXD LERKESNLH CO, TAD 2
FHEOT A%, WARGEBEOTZA 7Y -5 —THBERAE L LETRAEL, CO,ik
F£ 1000-1030 ppm D A A ZAEM L7z, %8, FEEIIER L7 XD CO, X, H AT F
FSAF—TEMMWICE=ZF— L, IRMIB LTI A70 Y ba— 5 — O Z MR L.
5.5.3. Ak R Limacina J& 2 fill  Hide i K3 E ol 5E

HURE 110 Y (CO7, C08, C10, C13, C17, KY) Tl #RHEIN7-A7ELH Lima-
cina helicina antarctica % #efaL¥ %, 77 )V VEAEHBEKEE LI R) H—K A4 PR
FVIZAN 12 BEOFE 2T o7, fER BEBE 7 ) —F -1 THaRfEL7z. £/,
HUAE 140 B2 o @10 21 (D10, D12) T, Ak ¥ I L. helicina antarctica & L. retroversa
australis 2SR S, et LBif:, 0.2 um PR CTiZz L7277 ) VEFPEHE RS L
A I AMICAN, 1 HEBOMAEZIT-72. FERIZT7 ) —F—IZTERZNE AT L
7o S LR EMRRICRLMY, HBth 2ER L, SOGMMEE T oBlgt OEMR
O, MK - BELFMOBREEOWE) 235 L THREREL, MK, SEM (GEFE
REFUmME) ZHOWTHBEEZWHOP T2 TFETH 5.

5.5.4. CO, il > A 7 & % H w72V K ERIE M2 BT % S H S5

BIH A5 D09 12 B\ TR S - A 3L L. helicina antarctica % JiVvy, pH 2T S 472
WK T CRBEEBREIT- 72, 4 ROMBKE (553 O 7 7 VIVEPEEHE KIS L 1382 %)
IZ CO, iS5 380 ppm-420 ppm (2011 4EK&) & 1000 ppm-1030 ppm (2100 4EBICAHE S
BREND COME) OF AR ZNZN 28T ONTY) 7L, K (pH 7.8 fiiE)
LEEVEALHEK (pH 75 143E) 248 L7z, L. helicina antarctica 13 4efaf%, JfmiEK R4 %Z
T L, KA 3BT OAN, H15CTIHHOME 2 T-7. FEK T K, SHMH
RIEAETHRE AT L7z, fE BRI EOEEMEEIC X D oMERE 2 e Lk, EARNET
BAMEE T Clt DBIRIE R BT D FETH 5.

b9 —DODFEBII L L IZIZFEETH 525, CO, iR 380 ppm @ # A & #1000 ppm D
HAD2MWHEZHEML, TNOHOFATHMBBAKERRL, FI7AKMVEFHLTL5C
IR S Nz v F ax— 5 —ICHB MR Uz, R L T 2 BE2 Jefaft, 6
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HHfE 2L, 2HI LSRR MVNOMEKRZ AR L7z, 72, EMmICHiF KD
pH, &RIR, &7 VAV EZNE L7z, 5%, SRRELFAEEEZRLED, BER
AL DAL DR IS R THBIIOWTHONIIT 2 TFETH 5.

5.5.5. JREEN V¥ 7 A FIHIEE OB I E HEK & O 72 B EER

F/EA VY AEERIEE (FFI2T7 9 T A4 b)) ORCEYEREHWT, TI9TF4 Ok
AT HEEH (L helicing) DOFBEEREZIT o7z, SIFIEDN 1 X DKL %25 LRI S
NV, ZOHHEORBAT OSHIEEL 1.5-2.0 OHPHICH 5 L BED Sh, fHFiHKE
L CH#il T CO4 S UF CO6 DEEEL 500m 20 5 #RAK L 72 fa I EEAS 1.3 A il K 2 EH L7z, 52
Brix, B (REKEE: n=6) LXJIRE (RREEKEE: n=6) O 2L MM L TIT-
7o, REBIRM L BT, fEWKEREBELALAT AR MV LEETOINE L. 79
AR MITEG L, BHOKMENICRS 2. fFEIZ 8 HIMEL, ZoM2 HIZ &K MV
DK E WA L7 Fo, BEIWMICEBEmAKD pH, &Mk, &7 VA ) EZNEL -
L1k, SUREPAT L 72 B AR & SORBIMEE N OV TS TS L, EIRoME N
HTIGMETI TETH 5.

56. AmEEENAH

Hi B CEOBAF R, SAiREZ BT 5729, NORPAC Y A v % v b (£ 45cm, H
A 110um & 330um, KEL0mM A5 DEHER E) FE23 W, A7 F 4y b (HEE
60cm, H 4 1004m, 0-50m, 50-100m, 100-200m, 200-500m O 4 Ji& % /il B X ) 1% 13 «EI
Py mm,C%,C%,cm,cw,cw,cm,cm,cm,cn,wLam,cm)L:tﬁﬂ<
wEE ) ERREERIT o7, 2B, HELHNIETS% i bh v <) VIS THEE
L7z, HolsE, MAEKosE, E& SEOWES217) TETH S .

5.7. TAERERMEEBA

KA - WEPEE O AL R B AR 70 & N E N2 5k < B § 5 R E b LR FE S IE
(pCO,) B U4 bkt ik (DIC) DEFZILRT 5720, F72. TN OEARIER
LB O RER DB E D 720, pCO, WE K O KR Z 1T - 72 .

MAEBME LT, 7)) =< MVIRED» S AN — b AW F TORM, pCO, K5 CO, i
AR KL, 3R 50 o @B B 2 FE0E L 72, pCO, difBlfll > A 7 A R ARE T L Ho
MOG-501 ¥ A7 A% vy, 4 KOE#E A A (200, 266, 320, 400ppmv) T 6 KEH & 124
IEL72. K& CO, B, 6B EICZT Y v VEH LICRE SN KAOWMANLNS 5
AT 78Ry TERHOTREAEFREL, 3045 MEmE L7z 2, #EEh Cco, gD
W, K (mw%Sm)#%&&LTt%E@*%$ﬁ% AL, wN TR
cg%%k¥@ LA CPHZR) ZREL TOMEEISEAL, BEDZARPRR
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T PS5 0 2 B LA R R A L 72

45 2 BT DIC 204 DK EREL (250 ml 78 0 &b 8, 100ml 234 7 VIR %47 -
7z, CTD IZHUF I 72 = A F Y RAKER (251) 12 & o THEE O FEHEK % SIBATA #1481
250ml #3 ) AbEii (b L <13 100ml x4 7OVHE) (SRR L, B H IS K (1) f
A Z 100l BINL, 7V ATHERLZETSTRIZETHREL, HbRIE, 7—oir—
7 —%H\WT DICREGNT 21T ).

6. [ 777 M UHFEMBOLES) & BREAS) & OBFRICET L2078 FHaE%E
6.1. BUAIBIE

H A i I B T Uk, 58 7 RBR OB FRB & 0 @ H 8l & U Cilgie B - L8 i
DR B AE R S T & 72 GBI 38 KKk X D E=2 ) v 7 iF7E@il &
o T\ A). HEIZ, BURE 110 FERRICT - 728Ul 7 — 21X 40 A DL RiCh - D ERE S Th Y,
RO EREE 2T 5 LCHEZLDE RS> TWA. LA LadD, 451 KBk
LOBA L7280 TLOHE] IZBWTIE, #iE L7R2%S OREERBII K OBl 500m DLk %
R E L7 MBI IEET 5205, SNETHDONTELEMLCORBELLIKBICE
BERBOMENRBIIIITb RIS kol 2T, 852 KKRIZBWTIE (A
ML CHURE 110 B2 I TN 140 BEMUZ IR o 72 R B - b - AR 2 B 2 Rk 12 SE )it
L, MKEOWEREZIFRICDZVENRTLIZEZHME L.

BARMYICIE, HORE 110 BERR O FE#E 40 BE (CO1), 45 & (C02), 50 ¥ (C03), 55 & (C04) J%
0¥ 60 Ji (C06), HUAE 140 BEMRO M 50 B (D15), 55 F (D14), 60 F£ (D12), 62 £ 30 43 (D10)
T 0¥ 65 B (DO7) D&t 10 Bl wi % 308 L, WAL £ T CTD #Bill, KO E, NORPAC
2y NCOT Ty by RERITo . 72720, B D15 IAUER A 0720, TR
L O i & D WAOET 2 S < Sz (R s0 B, Wk 143 4040). 72, W
BOFIH T, D14 £ D15 @ CTD IZ#%EH 1000m ¥ TICEE Sh/-.

6.2. BIFWIEEA

MAREA v FiEL 7 ¥ = HOREEE 110 B L 140 FISH - ERETE=5) V775
7o, INV—tN<NVFH T T - L7 CTD (Sea-Bird # SBE 911 Plus, SBE 43) 12
L BB R L 7. AFEE ISR %M 4, Co1, C02, CO3, C04, CO6, D07, D10, D12,
D14, D15 ® 10 W Td 5. iFHi2 SMKE L TOKIME, 5, EAAEREOSE 6 H
foHN7z. 45 CTD IS = A F VoK MV X DK S N7zilikiE, REEBEOFHI KO
W - BFRE L Y —OBED72DITH WS,



82 MG 9 - 2 KT - AL R - /NEER

6.3. NORPAC % hERAI

I B RE T T Y 7 N v oY R ORI 2 5l 5 BT, BT C01-C04, CO6
J ¥ D07, D10, D12, D14, D15 @l 10 #l ilZ3v>"T NORPAC 4 v I (4% 045m, HA
100 um J 8330 um) U2 & 2 B & S0t U 7=, BREEIZVRIE 150-0m OFRER E 217572, v
MZIZIEAKET (AR ZH0 A, REZHEE L7z BRER, NI B ISR
WEH B IRV Y ERMAFEE L.

6.4. REEEH

FREWHOFEMENE 540 2 W 5 2129 5 720, @Bl (Co2, C03, C04, CO6, CO8,
C10, C17, D06, D08, D10, D12) IZB\ T/ 200m LLiK D 24 J& 2> & 3K 2 FRIL L 7-.
512, Bl Col, D14, DISITBWVTIE, KE2 SIKEE T TORK 19 Fh 5 K%
WORKERIL 72, BKOMMRE, WMBE, 7ryE=v 28, 7 ABEOY) VIR0
FIZDoWTIE, kT =755 4%~ (AACS-1Il, Bran+Luebbe #) % HvCTHHF
L7

7. ¥ 0t ®

FORHEER R AL o 7)) —~ ¥ Mb—& 3 — M (2010 4E 12 H 24 H
~20114E 1 H 22 H) 12B\WC, HORE 110 BEME S OF 140 BERR 2 vl & L7238 C, b gk
BUIEEVII 6 2 4FEHIE (R 22-27 4R 1) O AFZER Y 77—~ 2 Wi R o
Bl L CHED IIERBRBEAH) (AJ02) ] RO —MIZE®iil [7F v 27 ~ v BEMK oL &
BRI & ORIRICEIT 298 (AP25) ] @ 2 FEO BN 2 F2hti L 72.

Hi# L, FBUEOIRBEIL R RS TR b b SR LN A O MR R ML 7% & D 2L
RERICG R BB T 5 72002, [ it BB T 77 > 7 b v OGB4
A, REALRE & EAE R ERCR OB, A R ER), H R RaEICE B Lo AR
JEH DM EEEALIER, BAERBWE OS5 ASOBIZ 12 ZU0TE LB I, RGN
FROHEA ([HEEI]) EEEREROBA [LHE]) - B (EEALLD 2H I L 7.
72, UK 110 FEEO R #E 57 BE~62 FEIC B W TIE, KERFIBLH & LT AL BRIz,
2010 4F 12 H#040 J2 OF 2011 4E 3 HWAJIC TL S ] A8 — il i C il 2 920 L 72,

$HH 1L, JARE (2B THURE 110 FERR S O 140 FERMZ Y 72 i ER B - b - ZEWCBE S
57— BEMMER SN, HREOWFRELH 2N T2 LTRELZDOLZ5T0S
TLEBFZT, ZOBMAEMRRICERL, HEREZINRICOZVERTLIILEHDY
L LT, CTD#illl, HFEWE, NORPAC v hTOT T v 7 b Y iRERITH 7.
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B

AR B 2 BRROL 1, TR W (201142 3 H 4 H) #%ICHRT 2 5k
GHTCE DS L 575 CTD KEiRAK, KFUME, fE R, RKEHREREI #E
BERZEALE, 2 FPEEBYOBNZERTE . NIV ERIC, SELERMEZIIL
O WAL Fel (284) BLUHELFE (204), T LT, BAIEAN - BGGHETFERFAES
Behk RIS &3 2 &RMseE 25 BoH &ML E vl e, GHENE - HAE - i
%3 U 7 P b I BT A G HEAE AT, BT PE R AR PE R 2 & DN ) i S b
Y=, [EATEITEBEE, E AR TERT, 5 52 KIBLMBRDIENIHRIZ LI 2D DTH 5.
IS, BELIHEERTS.
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