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MEREEG L. BB —RERY =Y 2 & T,
T T ATWFE  WETF 2 7 FUEA OAFK (75
ATINFELZEK) OREEIER Y 1k A 2~
(Hirano et al., 2018), = DOfER, BER Y =ik T
DOWEKEFEIZHENER SN DIKIR - SEORY =%
Ky MBI D OBEIEOKREHEKOER-. L O
M ETOESEEE, EW\Wol-7rt A2 k0 KEPE
AZBKNWEETHZ LT, Bied 3 >0L&FEK ()
KVGPEK & KEPEA TR OIRA K, () KIEEEK &
AU =FAKROEEK, (i) FEFICEESORY =%
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Ko DR SND, T 7 ADIFREETKIRIZHT
HRFELEKBEHOEEB I A —nER) =¥ Tk
LEAE CThHoT-, WEF o7 FilF CIBR SN DL ZF
KOKEBIIE, ZD’, Far/FAun—FH1L b
RN — 7 F— MEBRIC X o Tl E 213 o~
WL S, REICIETF 27 FR—F—F K -
J =AY 4 v NGRS - BRI T 2R D RS~ &
7t A L. lower halocline layer O#EFFICH 595 &
EZzonsd (M2, 2ok o, KA mTEC
L0 B, REHERIFUK & KPEEEEIFK RS O
AR ZITTCT 7 ADINELTANEREN
L EEHLMNT LT,

2: BEFAIFEMLICBTA3T7SRAARRELE
KOEETOELRELATEERBEADILENYERTIE
. X (Hirano et al.,, 2018)
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FRLEICB T DMEKEEED~ Y B TG, 7
— 7 Z L L—R Y = VIR KEET 2 3% B KA E
BENRKEWRY =Y THDZLENHH Y (Tamura
etal., 2008), Z OUHEAFRE (5 4) OFIMRILEK
BRI CTH D Z ERTRR I, ERBEMIIC L - T
BB Hi7= (Ohshima et al., 2013), 7272 L.
RV =N TOEWKAEEDSJEEKDOIERICE
HFETEREITIS Do TR, KRFREIIR Y =
YN TOREEN & RSN A HAEDE T, 20
WREEZHAONITLHIEE2DIT,

F9. FARELAGE VUG O —Barsesiilic s
WCHRS SNy —7 % L—KR U =¥ TORE
AT D, WEE OKIE - ¥ - el) ik (2
I - ) OFEMR T A RSN T — 4% &
MAEDOE T T TE e, TOME, A =YX
WHERNETOT T ONT A ZAERKIZ K - TR
WCEHEKAEENREC TS Z &, ZHUTSHHE L&
BRI D2 BNV EEEBLI G 5T o
Too T OB EEMAKIIEMNAEZ TV 208 5E0
DKEBEEL, r—THF o V—EKEKERD,

KFETIE, r—7F L L—RY =FHNIZ 2010
2 A~2011 F 2 HICKEB SN 2 ROREFRT
— X OENTFERA2G & LRt BRERICIT IPS
(Ice profiling Sonar), ADCP (Acoustic Doppler
Current Profiler) . CT OKIRESY) FH33E ST
BY., WER) =Y TS ETREINTZ LM
Do T2 - WPKRIR T — 2 L 7e o QD A5
T IV—TFOMGE S ADCP O% LT — %
ZRAWD & WBHRRNEDO T T DNV T A AR TE
LI ENGhoTEL, K1 E2BT, £FTHT
@ ADCP |2 X 5 1% JFHEELIREE DO R 5 & 7k, AR
CHERENSTEET 80m < ITbizo T, #HEL
FREDOE WA R PR LIFLIFAEL TS Z &R
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D (BEHREL), Z O, Kk ST —# (X
lc) B, FEIZEW AL (F#) CTREICRT vy
JVBEHL, X0 o A2 GRER) T H RV HELIR LR
WZIEART vy VBB EI CTH -T2 ERREN D,
CLENS, EmEELRE DS 7 VIR0 7 5
UNTAARAERZTZLDOTHDEZENREBEIND

(Ito, 2017),

—FH., YT N—T TR~ A 7 v
AMSR 2 £ v #KiE % active frazil & thin solid ice
D 2 FXEE BT 5T Y XA EFIFE L (Nakata
etal., 2019), MKAEELZ LV SHEECRED 5 Hik
BB LT, r—T X L —CHE SN RT
—ZE, ZOTNATY ZAOHE - EET—Z & L
THOREDT —H Yy FoTnb, M1Dablil
I, BRI BW T, AMSR KX A BT LY
AT, active frazil [ZHBISN-HEE2E L 7O
L. thinsolidice & HIB EN7=HEEEDOI, TR
LCW%, ADCP OHELIRE & Hig 325 & . AMSR
T active frazil &R S 7-HEEFHAE S EET
VLRV VEGELIREE 23 FL 5 41, thin solid ice & B & i
TSI TR E X A o T, L —FERL
TW5, ZO X512, ADCPF—# L DH#kIc LY,
TN XEOFLENREINT, £, 5FETO
HKIET NI ANEXTTINT A AERATE
PRno Tl HEKAEFE D 20— 50% L EE i R A
SNTWHZ ELRBEInT,

FHLLSBRINETLIY XA X AUEKAEE
BARERICE DI E LT 5 &, Hana
BN % 3—6 Al kvt zond, 7 3 LRI
WAEIMMNES £ D EEFT B2 508, L[ E o
B ReBEST 5 LMATE 5, Eolmta—
T VIRWEK A FEIZ X D HE N2 T Tk <, Bk
BB T HEBEMENREI N, £/, ADCP 2L %
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22 25 205
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75 B -90
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220

S ]
7/12 7/25
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FILTYX LD active frazil EHITEESNT-IHEEFE YA T, thin solid ice LHIE SN - BEHEFENLTRT,

(2% 3CHik]
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W COEBEREZH 52 L7z (Nomura et al.,
2018),
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et al., Submitted), 1 BIL N2 IZHOWTLLFIZEE
Az,
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KPR, ZDH%OE TV IARICHE 5 HKNE~D
B « 25 mFRIC DU T JARE-51 CHEEL L 727Kk =
TH o TNT =2t LI #HOmE T iEm LT,
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RN E % T\vD  (e.g., Rignot et al., 2013), Z D
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FROMOK < KFTEOFTH, U= « RV AER
BLER D AWK O i AR IR T m < L RIS
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57-16myr ' EHEE STV D, @O E T R,
BORINAFET D T 72 - T, EERO
I mCDW (modified Circumpolar Deep Water) 73 H
WK EDORE~TATDHZ LICL > TRE T
HEEZLNTWD, £, AMKIERT O
FHIT, BEWEBFKICEDIL TS, 2016 4ED 4
AIZEDOEEKDBEL, E~RT 5% EDA
RUMNPEEXTWD, DFED Y 2V « RIVALET
ORI & HEK O BRI FRE 2L 2 0 o U R
2o TWD, £ T, 2017 4 (JARESS) & 2018 4F
(JARES9) (2. Mok L &Hlc L2800 % 5506 L,
feR L E RN AR ZFIH LT, AEKIE AT O
PRI 2 oK) & ek gk OB A 2 574 L
oo Fio. BMEKIZEDHFEDENY 2 % « FIL
LB ORISR (B 2 XA TR FLT V) )
RKEG—MEER O LR B RBERRIC G 2 D
B TERIICEE L7,

Wk, KT, MEKZETZ L RAL =L L, [hHEYL
ERNAREE i BEH SN 2 o - RV A
B OWEAKIZHT T DK DOENE (Faw) 1L KITEAHE
OBE (SLA3) ICBWTHEE 20m THI 2.0%, dE
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DEE Fq) 1. V=Y « RIVAEOHOBILE
(St. G2) THbE < o7z (FE 20 m TH 1.7%)
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X, K EATE OB RIZ BV TENZELL 60 umol
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T OJEKE~FEAT D mCDW O pCOz 14 421 ptam,
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2) Kiuchi M, Nomura D, Hirano D, Tamura T, Hashida G, Ushio S, Simizu D, Ono K, Aoki S. (Submitted). The effect

of basal melting of the Shirase Glacier Tongue on the CO, system in Liitzow-Holm Bay, East Antarctica. Journal of
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Krishfield RA and 6 others; Deterioration of perennial sea-ice in the Beaufort Gyre from 2003 to 2012
and its impact on the oceanic freshwater cycle. Journal of Geophysical Research: Oceans, 119(2), 1271~
1305, 2014.

[ 7856 ]

Kita, M., K. Tateyama, S. Hoshino, and K. Nakamura, The measurement of ice thickness using an electro-
magnetic induction device onboard a sled in Saroma-ko Lagoon and at Syowa Station, The proceedings
of the 33rd International Symposium on Okhotsk Sea & Polar Oceans, February 2018.
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-Y. Takahashi, H. Yamaguchi, S. Ushio, Y. Yamauchi and S. Mizuno, Turning features of an icebreaker during
ramming operations: a case study, Okhotsk Sea and Polar Ocean Research, 3(2019), 13-19.

- S. Fushimi, S. Ushio, T. Ozeki, H. Yamaguchi, and A. Konno, Sea-water spray observation and analysis along
JARES9 Shirase cruise, 9th Symposium on Polar Sciences, Dec 4-7, 2018, National Institute of Polar Research,
Tachikawa, 1p.

- Y. Takahashi, H. Yamaguchi, S. Ushio , Y. Yamauchi, and S. Mizuno, “Shirase” navigation data analysis to
improve future ice operation and icebreaker design, 9th Symposium on Polar Sciences, Dec 4-7, 2018, National
Institute of Polar Research, Tachikawa, 1p.

- S. Yaguchi, Y. Takahashi, S. Fushimi, H. Yamaguchi and S. Ushio, Comparison of L-band ALOS-2/PALSAR
signature with Helicopter-borne measurements of sea ice condition at Lu tzow-Holm Bay, Antarctica, 9th
Symposium on Polar Sciences, Dec 4-7, 2018, National Institute of Polar Research, Tachikawa, 1p.

- T. Ozeki, T. Shiga, J. Sawamura, Y. Yashiro, S. Adachi and H. Yamaguchi, Development of sea spray meters
and an analysis of sea spray characteristics in large vessels, Proc. 26th Intern. Ocean and Polar Engineering
Conf. ISOPE-2016), Rhodes (Rodos), Greece, June 26 - July 1, 2016, ISBN 978-1-880653-88-3; ISSN 1098-
6189, 1335-1340.

- BB, LA —, MU I T DM AKIRIKE ORISR —®Ehn) & RAUAR T O KTRIK DRI 3 A sl —, oK
e k2 (2018-FLIR) , 2018 459 H 9-12 H, 1p.

- A—, FHE, Ao OB, AR, FURKF R BRI BRI JERE, Vol.28, p.11(2016).
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1) Intergovernmental Panel on Climate Change (IPCC), 2013: Climate Change 2013: The Physical
Science Basis, Cambridge Univ. Press, New York.

2) M. Kuji, A. Murasaki, M. Hori, M. Shiobara, 2018: Cloud Fractions Estimated from Shipboard Whole-
Sky Camera and Ceilometer Observations between East Asia and Antarctica, /. Meteor. Soc. Japan,
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M. Kuji, A. Murasaki, M. Hori, M. Shiobara: Cloud Fractions Estimated from Shipboard Whole-Sky
Camera and Ceilometer Observations between East Asia and Antarctica, J. Meteor. Soc. Japan, Vol.
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M. Kuyji, R. Fujimoto, M. Miyagawa, R. Funada, M. Hori, H. Kobayashi, S. Koga, J. Matsushita, M.
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HEB R A v T E— RV FBEORI U FETHRBICET A EELKREEIC
LGk S NI TARL L TAKTRED B R
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[(AFFER A

Wt —L - B A =R B L O = -
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i, BFIZOWTEZE L, £, ABTFET
FE ALY FyFICHhNDBEEET B Y Y
A FDOERAFTHLREFMEIZHONT, P-T B
EHEE LT,

1. B—/b - m o Z—x il N—L T TEK
RERHEID D P-T NAPMER TE | FIRERH OJEE
LA CHAISBI ORGSO B LTz, R
DOHEAT AP OBRHRIRED LHICHF L Lz 6
PED & 5 (Kawakami et al. 2017),

7Ty h=— R RIZFET D, HEHER AT O
Ty IRV 7 v g+ s A ORISR &
OEDBESZMRIT LTCRR X E £ & T, 7T v 71
B> THAKRMPMAT 2—F, BEED Y T v 7 |[ZHRE
RITTENCIE, U=y MRk CRIE TE S
T ATERPBE L, BEEORKAIC An fHO
o — TR TR S ND Y AW, M-
7'at A TR S LTV e (Higashino et al. 2019),
e = CHE O 7 e g oaF Y RO~ k
U 7 ZERHEY & LT ternary feldspar %z H.HI L.
UHT ZRERICHE T 2IREEZE T TE, £z,
JRE - HHE - WEREARE OV mah s T
LA uawrE RH L, ME T Lz, ZhzHn
T, UHT &4 F o Tz TR S LD AL D
27 U HARRIZ DN T B L LI (R - T F, 2018), &
2. LICEDRERNZUAT L2 7 a) Anay
IZH L TRV 8180 2R3 2 & & iLH L KR
EPRE SR EOIR §0 Mk AR OSEAICHkT S
& & %% L 7= (Higashino et al. 2017),

2. VaY4 « RIVLEEK: AT VE Yy I kY
TITRE A O RAELE & BICHBICET AL b
DR S L, F/ fEamammE L TRFES LT
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HZENbholo, WBRITEKBEBIZE>THIS
AUTZ AT REMEDS & % (Kawakami et al. 2016),

AH—L . AHNLTARA, HEWNHOIRE
R FH O FEHUS A FRIRFIE (RS0 VA R oD B 2R RIEHL
ThoT /feka. & Cl B ER, ALSiOsJi9) DA
iE & pERFEEHD) MO Zr-in-Rt IBEFHT L 5 P-T ALfE
H 0 ZTV, WO S H ) 830-850C, 11
kbar D ¥S 5L A 22 E RIS B IRTE 35 P-T XA %
1572 (Suzuki et al. 2018),

B 5 WD 20— 3L B EHREHZ DV T B RN
Kbz HWe gt 2t B2 WIRIZEB T 55 B ik
RIEENZ DWW CHEEEHED -, 5517 B RN
BIOFERIL, B EDOWFFE(MacGregor et al. 2013)% b
LT 5 &, BRAE T —RVE O TR
B C & % (Kawakami & Harley, 2017),

3. B -orF—xioO7T e s L L TDOMHE
i SELFRAG #HWTHrL a2t L
7o ekl 2 v, B = MUl O fE 54D U-Pb
D3 AAERGE ZATV, AR E & R o B e
BOFERDPERIER L0 &< REZERAEH O
W72 2722 & & BNTE L #slb L 72 (Takatsuka
etal. 2018a), F7-. FLIRIER S DENRSS FFRIRAIE
fE D ERERE 2 RAES 5 & & bIT, R AR
MOFEREL Y 2—ay —Lahovraro U-Pb ¥
e AERDD BAES V. SIS IS 1T D AR -
TREBIE 2 S U, miRAR R p O T ol e %
%% |7z (Takatsuka et al. 2018b),

4. barsVFy 7 B R=TELUF he ALY S
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7o P-TIBIEIZA 6T, £ 2T, BRSO
U-Pb Vv a AERBIE L P va %7 240 REE
ST EATV, =7 uy v A MEZROA BEAZ R L
Teo ZORER, WHEAMENDIZ= /1Y v A ME
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[5 I CHiR]

1. WREF S, W EYTAE. 2018, B —/L - m o =L, L e = SNZET DY 7 n A oS /4
fa EaY). HASIE 2 2018 4E4E2, 11JE. 2018.9.19-21.

2. Higashino, F., Rubatto, D., Kawakami, T., Bouvier, A.S. 2017. Oxygen isotope zoning in garnet from granulite
facies rocks. Goldschmidt 2017, Paris 2017.8.

3. Kawakami, T., Higashino, F., Skrzypek, E., Grantham, G.H., Satish-Kumar, M., Tsuchiya, N., Ishikawa, M., Sakata,
S., Hirata, T. 2017, Prograde infiltration of Cl-rich fluid into the granulitic continental crust from a collision zone in
East Antarctica (Perlebandet, Ser Rondane Mountains). Lithos, 274-275, 73-92.

4. Kawakami, T., Harley, S.L., 2017, Origin of metamorphic fluids constrained by B isotope composition of
borosilicates in high-grade metamafic and meta-ultramafic rocks. H RKFL¥ L7 2017 FH 2, k.
2017.9.12-14.

5. Kawakami, T., Hokada, T., Sakata, S. & Hirata, T. 2016, Possible polymetamorphism and brine infiltration
recorded in the garnet-sillimanite gneiss, Skallevikshalsen, Liitzow-Holm Complex, East Antarctica. Journal of
Mineralogical and Petrological Sciences, 111, 130-144.

6. MacGregor, J.R., Grew, E. S., De Hoog, J. C. M., Harlet, S. L., Kowalski, P. M., Yates, M. G., Carson, C. J., 2013,
Boron isotopic composition of tourmaline, prismatine, and grandidierite from granulite facies paragneisses in the
Larsemann Hills, Prydz Bay, East Antarctica: Evidence for a non-marine evaporite source. Geochimica et
Cosmochimica Acta, 123, 261-283.

7. Monta, Y., Hirajima, T., Kato, R., Osanai, Y., Nakano, N., Adachi, T., Sakata, S., Majka, J. and Janak, M., 2017,
Petrological and zircon geochronological study of garnet-muscovite gneiss from the Tromse Nappe in the
Scandinavian Caledonides. 12th International Eclogite Conference.

8. Suzuki, K., Kawakami, T., Igami, Y., 2018, Pressure-temperature estimates of selected regions of the Liitzow-Holm
Complex utilizing Zr-in-rutile geothermometer. The Ninth Symposium on Polar Science, 2018.12.5-6. NIPR.

9. Takatsuka, K., Kawakami, T., Skrzypek, E., Sakata, S., Obayashi, H., Hirata, T. 2018b, Spatiotemporal evolution of
magmatic pulses and regional metamorphism during a Cretaceous flare-up event: constraints from the Ryoke belt
(Mikawa area, central Japan). Lithos, 308-309, 428—445.

10. Takatsuka, K., Kawakami, T., Skrzypek, E., Sakata, S., Obayashi, H., Hirata, T. 2018a, Age gap between the
intrusion of gneissose granitoids and regional high-temperature metamorphism in the Ryoke belt (Mikawa area,
central Japan). Island Arc, 27: €12224.

[BF7EFE %]

1. Higashino, F., Kawakami, T., Tsuchiya, N., Satish-Kumar, M., Ishikawa, M., Grantham, G.H., Sakata, S., Hirata, T.
2019, Brine infiltration in the middle to lower crust in a collision zone: Mass transfer and microtexture

development through wet grain boundary diffusion. Journal of Petrology, in press.

2. Takatsuka, K., Kawakami, T., Skrzypek, E., Sakata, S., Obayashi, H., Hirata, T. 2018b, Spatiotemporal evolution of
magmatic pulses and regional metamorphism during a Cretaceous flare-up event: constraints from the Ryoke belt
(Mikawa area, central Japan). Lithos, 308-309, 428—445.

3. Takatsuka, K., Kawakami, T., Skrzypek, E., Sakata, S., Obayashi, H., Hirata, T. 2018a, Age gap between the
intrusion of gneissose granitoids and regional high-temperature metamorphism in the Ryoke belt (Mikawa area,
central Japan). Island Arc, 27: €12224.

4. Kawakami, T., Higashino, F., Skrzypek, E., Grantham, GH., Satish-Kumar, M., Tsuchiya, N., Ishikawa, M., Sakata,
S., Hirata, T. 2017, Prograde infiltration of Cl-rich fluid into the granulitic continental crust from a collision zone
in East Antarctica (Perlebandet, Ser Rondane Mountains). Lithos, 274-275, 73-92.

5. Kawakami, T., Hokada, T., Sakata, S. & Hirata, T. 2016, Possible polymetamorphism and brine infiltration
recorded in the garnet-sillimanite gneiss, Skallevikshalsen, Liitzow-Holm Complex, East Antarctica. Journal of

Mineralogical and Petrological Sciences, 111, 130-144.
58



28-25

(RIHE)
e n =) — B
OMEIToozort B—RERHE OHRER EEES|28—25
T P iﬁ@lﬁnwrj/ﬁ‘f—c_—f%yPdfsotlﬁ;ngE*/ﬁjE?ﬁlﬁ%l:rgﬁ*é%rﬁ
ERABICERBIN-EN BRERKETBERE
K4 g i e
FrA
INEE %
Aot | RE XF B KPBERPHER | FIRPD
FAE ER5A REAFAEREEHEN | KEFRE
=1 EX REAFAEREEHEN | KFEFRE
;K X RBMARERESHERR | KERLE
INEE 4 %
&t 4 %

XPARTOD oM —RERRE-HARER. VT hrERIZL TSN,
XNEARAREDGE. FEWAMBEDELZRLRALTIZSLY,
MKRFREDSHTLZEWN, TDHE . THIORICTKEREE IEERAL TS,
XIIHKFREYHEHEE. BHEEBML TS,

59



KER - JREROMBEERABEYICIR SN 5 B ERELE

UMK ER B FL 2 - HEHIR
UMK HER R B - D3
TUNR - HER R B - DI
JUN R ER B - M2
MR 2 R B - B4

O &—
=R B
B
AR K
Tk A

([EI 24 AT ZE T

AmE BT R
YEIL GEES BhE
TR B BER

PR 28 4 (2016) ~ 4K 30 4F (2018) (3 2MF)

[AF5E %R ]

A=A R F U 7] DXCLA—2 5 U7 32 &R
O g DOFERBNEZIT - 72, 31. 1 {BEOHIEHE
ZH4Z LN T &, DXCL $EC X A EHI RS o
BWEMRELZ 5252 L T& 7=, Island arc |Z
Befa.

D 2017 4R, T A 22 (BAERT A A -
TRy s —FAI R, |ZTCHEEE Core 33
JOBFZEAELTEBY, WEER L OWEEIZ
DN TOERBEZHGE L TN D. JeAHEAND2E
B L OMERRIC 72 5. BE island arc (2 &Fa .
H—=FDlr—FAY —iRA v MNEREF DX —1
ZA NBRAEEBHICENER RO, FAHR
22,6 (BAE L, Z OHIKOR S HVERIEH S
Moz, Z0OZ ElTkkEE D K ILTEECHE
FEEFRIZZENLIRTE WD Z &2, KL FE
E% OUFERIRBEZ R LTV D Z L BT 7
ST

© 22 (BRI H—F Biriman #HZ-OUVT
DML T, FREMAAE ' —FH#EH] (GHB 7'm ¥ =
7 8N BEOEASEOFERIEEZIT-TWND. &
FTOWREIT2OEVME 22. 6 EAERTOME Z 3
ZEDRHABMNTZ T

H—FHRHEI Core (ZDOWTIX, MR ILFEEE I
ONWTCEBNLTZ T AL DN a5 EEETTH- C
W5, 2019 FFITHFERBIE T IE.

X1 77— GHB OEH Core. A L v JPEDIEBIFITE
WK ER B Y, BT T 70 X0 4 EE UAEH]
iE % TIE.

60

X WFEH )
X WHFEWI#E
X WFTEH
X IR I

Wummllllﬂ\l!llmlﬂlﬂﬂ]llﬂl

LT b TEERIOXET =L RS
Hp R BB (CED) MRS 12 & » CTHUE L 745X
HEEIT> 7.

TABAERTOSILYEIZ ST 3 Fr D HUE 5
ERAEL, ZTOHRTROEMEDR N (kA
J&) @ EL Dabban HiKD~ v B2 7 &7V, ZD
HEFREAE R DR ST o T2, RN S S
J—2 2 R U#NOHIE NS DL 2 T ETS
T& ol 2HEOBENE (fbfls,/ R—7
4 V=) BIXORES LOWAENSFENREZRET
X7/ kB E, 10-6. 5 (BERTIOY )V %
GH, T V= A M=V HORBEIIET 7 U &
EIER) (07 4 =7 OFSHEE%, I KUK
FETEREE O BPE = R U F O 2EH) O Th
HEBbins.

28-26



28-26
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HFEREE-> TR, BIMINMZ L T 4 =7
KFEO PEARIE D IZ 31T D REERGR 258 & 71
ALY
AERHIEIZ -3 < E1 Dabbah Mt o HivET i % i
BB X OELE I >\ T OmSUTENER, BifE BN
Befad (African Jour. Eearth Sci. 2 EH DL El-Shazly A.K., Khalil K. I., 2014. BIFs of Um Nar, Eastern Desert
E:J_‘—‘EF‘) . of Egypt: P-T-X conditions of metamorphism and tectonic
implications. Lithos, 196-197, 356-375.
El-Shazly A.K., Khalil K.I., 2016. Metamprphic and
geochronologic constraints on the tectonic evolution of the
Central Eastern Desert of Egypt. Precambrian Research, 283,
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¥ & 4172 % D%, Chondritic porous interplanetary
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al., 2008).
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Z, FRICEEMNCBIE - ot &2 T o 70, LS, 131F
CPIDP X° CP MM & [7] R PR 2 > T
L, D ED Mg-Fe IREEH %5 /AT, 2D Z
ElX, ZOMEA DT AKEERIER 2%
TWHZEZRLTWD, b9 1 ENE, HEED
kA ROy &, NEREEFEOBE NS T T
VARA BN e T 32 H A b & Mg-Fe R & G T
JEIREERAH I E L B> Tz, 2D XD
72 OITBECHEN 2L, Ferld TK-EKE
ARG E4fMT T2, 20X, MBOERE
TICEENHMEG L, EEE L EAMIZFEL
FL F RS R o o BE A DN T I K EE
REZITTOWDLEDOREENTWNDZ ENRHL
Mo Tz,

(4) EfEE X FREMEEZ - 72 X BRI
PHIAE 15 (STXM-XANES) /3 #r,
(3)CREAIBLES L7is W KEERIE-H %072
2 EOFHEEL, KEEMFEAZZT Ty 2
EOFHEIZDOWT, KEAN—7 L—E AT,
Advanced Light Source (ALS)H Ytk @ & — A
Z A 2532 ZHWT, STXM-XANES Z3#r #1717 -
7= FEAE SOy CEFBC HE & LB & 4y
Mric =,

43 ELD S B 3 REHITDI T 2 HHED O Lt
ERENLDThHoTz, EOBELINLRF LI

EEBEN
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FEIZE ATV, (3) Tl 2 [HOFHEIZS
WTHELNTEERIILTOLEEBY THD, FEFIC
FIVKELERAZZ T T AMEA T, R
DAREJET, 7 b OIFEEPGITIC L > TRY
Tholz, BRI, KEESIERZZ T2 R%E
BHar R7 A MEAOBAEAHEY QOM) &
TWAHN, HHREMICAIEN R 6T, foKk-5
KEATHEOAEMIT, SERCHE K E
FiH, BRIARRILKEICE ATV,

(5) &2/ 2 RREARSN o3 e oA
AARYy—~</L s a YT 40 0 740 ZEET
Analysis Instruments £1:> nanolR2 “Ci#A =25 ] 53 fiF
BEIRAN D T 21T 9 Z &M TE 72, 3 [|HIE L
THL Z N TE I, FIENTIE, @O0 ERR
FFIEE DT RIEDN > TWRWIREETH - 7=
72, TXIIBE LN, w7 EHE
FREAED Sy o ToT=, 2 [ B & 3[R A, (3)
& (4) TEEMONT L= 2 [MOMIEA &, AW
O E D H I K E LA 2521 7= Murray
CM2 RFEE a2 FF4 FEAD IOM IZOW T,
50nm LA T O & 22 ] 0 fRBE THREE DB REH D43
M~y B 7 kO, AEWRERO FTIR A7
MV ERGT 5 2 LN TE T, STXM-XANES %7
Hr % BBl % 22 [ 53 iRt C B RE A 53 A OF FTIR A
7 MABELNT-DOX, HERADE DAL E Y
WZOWTCIEHR LT — 2 Th 5, FFiZ, (4)
EIFEARERENE LTS, 7238, Murray
FEA D IOM 1%, JuM K7 - R EE S
T2b D& 53T T2z,

1) John P. Bradley (2004) Interplanetary dust particles. In: Alan M. Davis, (Editor), Treatise in Geo-chemistry, vol.1.

Elsevier—Pergamon, Amsterdam, pp.689-711.

2) Takaaki Noguchi, Noriaki Ohashi, Shinichi Tsujimoto, Takuya Mitsunari, John P. Bradley, Tomoki Nakamura, Shoichi

Toh, Thomas Stephan, Naoyoshi Iwata, Naoya Imae (2015) Cometary dust in Antarctic ice and snow: Past and present

chondritic porous micrometeorites preserved on the Earth’s surface; Earth and Planetary Science Letters, Vol., 410, p1-

pls.

3) Mathew J. Genge, Cecil Engrand, Matthieu Gounelle, Susan Taylor (2008) The classification of micrometeorites.

Meteoritics and Planetary Science, Vol., 43, p497 - p515.
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UaYg « RAVLEEOERIEA LB/ - 7V —2 DL EEZE

OFHH KRS BRERKZEHE

([E ST HOAIF 22 FT)
AREE— Bz
ST HEHR
Rk 28 AR~ FpY 30 4 (3 7))

S - B

[WF e Rk 5]
STOIFERFETIE, V2Vt « RV LERLHC)
ARG L LT, SEEINT —# LHREN— (T
LR S, ERCEFETERS OHEE « ZERAE R O %
e RAET 2 m EARCE O ORITSTO T &
7. MRHEETA O LHC SRS Akl 2 x5 s L
THWEBIR LT o TR, HIFIEOEFZITITA
J =RV =2y MR B 2 A T D ARk
AHENER S, BIETH OFENEE Sz, Al
OHELFEBIETIE, b LHC S EREHICE R & &
&5, LHC s/ W oI S N 2 PET 5
B 2 VIR 2
JFUa DREIZ DWW CEEM 2 4R L, BEtic kb
T L— U Ry &N O 2 B E 22 IS OV TR
BEDDLZEEBME LT

W H1Z JARES8 IRFXIC& ML, LHC A1k
WEHOFEATH D HOHIR, HIFIEDA, 4 A T,
KB, HDLOIFZBW THUE AR 2 92+ % =
ENTE. SRS TFIEOE LK VOKRLHEETHD
NTAERIZ OV TR~ D,

- HIFEDE  HITIEOHEN LG LN HERET
— & WERE R D> & BT O RIS DWW THRE 24T
ole. MATEAREIOHAER, 815, s
LR ST % FEh L, AR DAL U T2 IR ) St
DOHEEEAT T, FERFEREZLLTIIRT.
(1) KJmH) 7 g 1 XA AL —rarE A R L, &
THPEICHRT 5. B HE & EE R IR H i

(ZOWTIRIRI 2R ZEpRAE I, & DR,
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HIGHEIE D AR o TE Y, BRIZOWVWTH
EWDRRD BN D, RIS VEHER s O ih 1357 B o
ERNCF & F o CTHERB S, OB REEZ ~T.
oI AT LA Ry b BT vE-r
HEOHE L7y b Ef, EREITEICEE) B K
SEOMCHMICBERT 5. 20X R RF =
¥ ERERR DR Z — TR TV S,
(2)  VEEHIL OB ICIE, AT L KOS
IZ R DRMEEDRAR L-7 7 A b, e fa%
BT OIREINBEELLA 2T A FBRRD D
D, ZAUD OFLRAER I VE 7 A PR CEARY
T5.
(3) APIEITMEI R/ unEhl E”HD. T
LY 7 v a0 IXBBKME LTHET L0, —i
ITE RS S A R T BER A (R — R — e —
Ty B) BEDHLND. BEIT, BEAGEREICT
AINTWD. ZHbOY 7 v f O EFRIIEIE PR
BTy —vx R0 B L CHRET L. X/
— RV H—F v hOa T TSFRICEEHIES
TN, VATIEZ FROESNZRTZ b, F
7 a AR ERICEE LN L2 LB R LT
V5.
4) L-77 bFA MEENDIHRLST L R
s af-pHERAZHOCTCREENGMEZ RS o 72
& 25 650~750 C, 4~6 kbar 235 5417z,
W JE S R X B DT RS L RIS L 5.
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(B) A —=R—=NI—F v b aEGLAREDER
IR EEE 145011 650~700 °C, 8 + 1 kbar TH V), f
B EM > TV WE A 2 5 0IRE R A0 D Sl “l
RAED DAVIZIREEE ) &R 700 °C, 8~9 kbar & & .
MBI TH 5. AREDORERDD, T T R
BCERS AR, EORTERETORY AT / Grt(as corapa)
T ARSI S B Ky <

PRI ESE, MOBERED TS, ' 7

- KB KLAENLRLRERREHZON W 5 185 Wit
CHARE, SWICEIION, L—F—T~ s Ky-E@B, G=¥505
2 RN T HEAAR D [R)E 22 St L7z an ROY 7 v A OMAITBRRESE D Y L L [F
(1) RXBEHEICHMTHRE AT, Eba  HKThodZ enn, Bfa, 7 o asbiRE I
MEPET D2 ERHELNITR T, BICEEICEY B E— 7 B IFE LT = TR E .

T, BRABRD LN, TORKTEERALIZER () WEREEF TR L EMSEMAE, 750~
HThDH. BRMAOREBICY 7 n aREANET 800 °C, T~8kbar TH Y, Bifhf OLEMELD
LN, ¥ruaixan RIETL 00, kT Anb. HrefmrantoBREREEx, REE
ERADHBRICRIETDLbDOREND D . REEIZDOWTIRFTT 5 Z EMAHROBEETH 5.

(W58 ]

Sotaro BABA, Moeko UESATO, Tomokazu HOKADA, Tatsuro ADACHI, Yasuhito OSANAI, Nobuhiko
NAKANO, Tsuyoshi TOYOSHIMA (2018) Metamorphic texture in mafic granulites collected from
talus in the Brattnipene, Ser Rondane Mountains, East Antarctica. Bulletin of Faculty of Education
University of the Ryukyus, Vol.92, 161-177.

SR T - BYRHERRR - HEE - LB « A% — - Prayath Nantasin + Nugroho Imam Setiawan -
Davaa-Ochir Dashbaatar. (2017) VU =Y % « &R L, 7V 24T 7HE, KDY, =X b —5

R HE R A RS 2016-2017 (JARE-58) Fafiigk}, Vol.61, 11-56.
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F U IS E SR TR0 & D T RIUFE D K RIEB DR

OBRER R FLHLEHS « Hif%
([E 7 A AT 52 Fir)
BRI B2
Rk 2 8 FE~RL 3 04 (3 0MF)

A Hl

[R5k R

F U PR O 2 A 2 A B O e 46 £ 13 47,
PER% 75 B 48 picfiiE T 5 F U —HEHEA R (Chile
Triple Junction, LA F CTJd) 1%, ¥ias — ik — ik
(RTT) B =HEEAGMRTH D, ZOWEHRITREmT L
— h, FRAI TV — FDERRERT S F U UEEED,
CTJ THKT L — hD FIZEAA L TN D RLDFF
ATHHr(H 1), £72, 7L — bDOWWHIARISES T
Pl L7247 4474 b CTd o & A 2 4
ECREHL TR EZEECHATX %5
T HH 5 (Velso et al., 2009),

F U TGS s L CIHER 2ED, ke T
0 —F TN ED DN Tz, ZORE, Z0JH
OVEROH T HERE, A, FBEORERZRELDZ
EDRH BT/ > T 5 (Lagabrielle et al., 2014
728,

1 CTJ BI0EEMR L EESH HBE#H ~5
DRI A —LWE - T FL) D5, mALlE CTd,
F)BEOIAIETFRATL— b+, BEAIFEETL
—+TH%, SCRO~3 FEE I L— b EDET A
FEETRT,

F U HEsE OYEREFE DWW TIE, WISV
WFEEHEREENELS RoTW 2 &, ZOFKE L
THHEIZT S AT EWEsE TORRIEB A =R L, 1
BEA~O~ T~ OB ENRDT 5 Z ENRRBEIN
TW5(Matsumoto et al., 2013), L22L, Z DOHFZE
Tt &7z MR0O8-06 fityE ORIFR X, CTJI JELD
BEDOET AL NERYID X O IZESTNDHTED,
1 o207 A b ETOIKEEDOENEZRD D Z
EMMTETCWARY, 2T, [ESLAFFERZ I ANHEE
T2 B RS A O M PE L ERAF T2/ A B W) 12X D
2016 FEEDOHIE T, T U P OFHAEMFZE 3 FHE T
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WeZ ED, T O C Oyl | 2 e 2 R
15 > 7o ER ) BRER AT (Vi ECHIL T - 5 - E D)
BT —~D—>2 L LTIREL, BiRanz, &
e i, 2o X Hic L TEm SN MR16-09 #if
W CH LN EICEE 2RIV THE LR
BT — 2D, MR EMEZ R L TR
FERERDD EEHIZ, T VEFEOILAART LD
LR 7 A > NN OPLREFE DAL DR % W

M THZEEAMET S,

MR16-09 fifiiF T, iR 2w 7 — 2 ikt v v
LRESIFE G822 12 L » TR b LTz, &)1 6 ERE
EEAERERIE G OB 251 < 2 & THRAREMEZRD
HZENTE D, AW CILEBFAERERMERRES & L
TIAGA I2 X2 T8 12 HRE R EREY) &

90°W_ 85W __  80'W_ 75'W

45°S

Mz (IR 5 MR-),
2 AHRCTEALE-MEIEEAT—2%Z2E
£ MR16-09 fUBDMBEBEET AV b,

MR16-09 #itiff TG HAL7e T —Z 121 Tldk 7 2
> bk SCRO, SCR2 LOTFT—2RBARE L TNDH7=0,
NOAA/NGDC (BfEiX NCED TAB & TWwd
Marine Trackline 7—#% ® 9 &, CTJ J&LE L UM
ORI TR 22 TR 2 FF> RC1803 (Robert D.
Conrad, 1975), RC2304 (Robert D. Conrad, 1982)
DOHRER M SO THEM Lz (RS 5 NG-),

B S N T E OB KR R FEAE D K2 — 2 b
HERIGH s 7 /L (Gradstein et al., 2005)iC & %
HERBESG R DAFESR) & ORI X - THIE N B
SNTEHFERERODZENRTEX S, ETILVOFHEFEIC
IZ Magnetic Block Modeling Program (Tamaki,
1985) & i U7z, & 72 FrAE o B (B PR R )
X, WErEEh & EATT A MICEEL TR L,



—7J, Isochron model 7'V v K75 —% & L C,
agegrid 7 —# @ 2016 Fhi (Miiller et al., 2016)
ZEHAL, ROONTERE OXHETo T,

FERIZOWTIIHE OAA T, CTI 25 iek 7 A
> & SCR1 LITAZE S 2 RIFRD IR~ 5,

HI#E MR-2, MR-3, MR-4 TiZ4&CTTHEL7-#
WK BTN — LD Z LN TE (K3),

HI# MR-2 Tl¥, 3.4Ma, 1.8Ma, 1.0Ma, OMa
THEROWEZIT, JEIHEILER 5 1.8cm/yr,
2.1cm/yr, 1.5cm/yr & B X, 1.8Ma~0Ma DI
TIXHERE IS ITA < UE EPEREE N EL 72 D,

A MR-3 Ti%, 1.8Ma & 1.0Ma, OMa THA{X
DWTEZATV, JEREE X 2.1cm/yr, 1.83cm/yr & &
&7z, MR-3 Tl 1.8Ma~0Ma O] CHff%e (2T
DU EIREENEL 12 D,

JHRE MR-4 (ZHIFR O HHE 3 MR £ THOTH 220
2, FRIC R E <O TV 5, Z D7, MR-2, MR-
SIWZHARTEHEWERETRET D N TE T,
7.5Ma, 4.8Ma, 3.3Ma, 1.8Ma, 1.0Ma THA R
EINZ DM TOILRKHEEIL 1.7cm/yr, 1.8cm/yr,
2.2cm/yr, 1.9cm/yr & H [ Zi7-, 3.3Ma~1.0Ma ®
MCiE, MEEEICIES <IE EPEREENEL 7 DT
DIMERRCX 7=, Miiller €7 /L & g5 &, Hlfr4e
ETET LI BFERDBKRE M,

HR NG-5 (22 TiE, 4T 3.4Ma, 1.8Ma,
1.0Ma 23 E S 41, 3.4Ma~1.8Ma, 1.8Ma~ 1.0Ma
DO THLRIEE X 2.1cm/yr, 1.8cm/yr & 720, WifsE
(A O TIREITIERHE D EL 2o T2,

Miller €7 /L & 132 < OHRFRTHEARR —F L7
Mmotz, FINE LT, ZOTTANERME TOR
ENLHE SN A v 2T =2 ThDI=n, HikR
DIV CITRRENRKRELS D2 ERHITH

(2% 3]
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N5, ¥z, NGDC7—#1%, GPSBH¥ERiOH D
ThdZent, AMORENBEIZERE RN
ELFNELTEZLND,

PEREEELZOWTIE, £ < Ol CTHREIZIT-S <
FEEPEREENELS RO DR TE T, £z,
FZ #$5EICHEflO® 7 A2 b TIREE MR T T2
BT e T &, SCR1 PNOHIBR CTHERGHE % Lk
9% & 0Ma~1.8Ma DRI Tix, CTJ D& 2 Mz A
Do THIEREEDN/ NS RAMHEPB A bz, Z
B & BYERGEE X N T < Ig e
RT3 2 &ttt ons,

Matsumoto et al,(2013) T/RIBSNTWDH L HIZ
WSS < L HEsE COKBIREI AR L, MEaE~
DO~ 7~ ENBLTHZENRREE L TEZ
Hb, BRRENTZIEN D OFFWUEEN LT RIA &
LT, o3I THmEEh, 78 A7
=T OHBBICL > THEY VA7 2T REL R
HZETFIVWETOARAT T I NOINREMT 5
HENEZEZOND,

e
| /

— Liniy

o =S MR-2

Y,

MR-3

2.3enfyr 1.9¢cn/fyr

MWM MR-4

2E8

| 2aeajy [BoAJW 3 Jenjyr

-.\’l/"\ = /_\//’\-_z‘:_-,_‘_ ——

NG-5

Bid.

0OMa
2.6Ma 1.8Ma 1 oMa

3 CIUHEETLHET A2 FSCRIATHARIRIZHA
f:?]ﬁﬁﬁgo

1) Matsumoto, T., Doi, A., Kise, S. and Abe, 2013. Tectonics and mechanism of a spreading ridge

subduction at the Chile Triple Junction based on new marine geophysical data, Geochem. dJ., 47, 137-147.
2) Miiller R.D., Seton, M., Zahirovic, S., Williams, S.E., Matthews, K.J., Wright, N.M., Shephard, G.E.,

Maloney, K.T., Barnett-Moore, N., Hosseinpour, M.,

Bower, D.d., Cannon, J., 2016. Ocean basin evolution

and global-scale plate reorganization events since Pangea breakup, Annual Review of Earth and

Planetary Sciences, 44, 107-138.
[ 7E5 K]

Matsumoto, T., Ishihara, T., and Nogi, Y., Mechanism of a spreading ridge subduction at the Chile Triple

Junction based on geomagnetic survey data: a possible model, The 8th Symposium on Polar Science, 2017.

FAA ) - IR AL - BPR S, MRSt )7 — 2 IS F Y ZHRA TOWLHIAZRDDH L I KERE D

KIEB DLE,

HAHERRE R FH S 2018 FFRE

, SCG61-14.
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RIU-T v o MR R ER L R D AEARIRE

ORIRKF AL - Pd% WM W

(Eshva i )

WA s

Wk 2 9FE~FRL 3 14 (2 M) (
[RF 72k ]

TEEAE 7 ¥ a VITBWTIEm LA OREEMR
Wb B EEE T 1T, AFLE - ik - P ke
DREEFEANT 2> b B OB BRI N D YIRFOK
BHEE DB DETEIT T2, ZOREE, WEERNL
RAT—(MIS)19-18 (22> TOHIM (F9 80 FH4E
AI~75 AR IZBWT, FERREEAIT o H&6E -
T ERENLOT T E L A—ICXRENT
VW= ATRENE & R L 72 (Suganuma et al., 2018).

X 517, Okada et al.(2017) THW /- JEH#EA EATITHE
EL, EE 50m OMiE LY 10-50cm HRE T ik
SHEER L 10Be/*Be LHIEZTToT2. T ORESE,
A =7V o WEREE FUC AR © SRR 70 i il e &
ISR S REEk & 10Be/9Be LIC L AN L7ZF
EEAWTHEILT S Z LIk fERToisks EH
(2 B8] % IRE [ 2y fifae & 5 1M % £ o 7o 35 1 R 1T
PF O HURE UM EE - AT A BIFLEROE ITITA P LTz,

Brunhes Matuyama

-90

Transftional

feld (6.7 ka)

VGP latitude (°)

30 -

Be-derived dipole moment (x 10* Am?)

7 e [

1 *srolatve to modern VADM
¥ T
FS

90 s
755

T T T
760 765 795

1. MIU=7 VWIS Be JlE X V155407
HE PR — A v ML Gko#t) &, VGP #&
EESAb (B4R) (Simon et al., 2019 X )

72

Z 2T IL— TV MR RE O BEG A B O RN,
WEAGRME DERHR K 2000 4 Tl Z » 7214, 1Ef
PEELER OB A 6700 Ak T2 2 & 7g E3
5 2MZ 72 - 7-(Simon et al., 2019).

UEDORRERRRIEHT S22 LT, HAY O
GSSP Effich b [THEE I v a ) @ GSSP HiGHE
EITUVN T ANV DA XD T 2B 2 IREAR %24
L, F3WEFEE~LHE ENTEZ, —, R
KFEFZEO B TH D TR v o Mg KRR
ROFERGE ] OBBIFRET D720, MOHIEEK
WHAERIZRET 2 E 21TV, BEREE R EEICS
i DUERL BT A PRI A2 D T, £ D
FER, LR BRI DR 2 R S TR
KRN EE B OREEIZKD) L7~ (Haneda and
Okada, 2019).

(2% k]

Okada, M., Suganuma, Y., Haneda, Y., Kazaoka, O., 2017.
Paleomagnetic direction and paleointensity variations during
the MatuyamaeBrunhes polarity transition from a marine
succession in the Chiba composite section of the Boso
Peninsula, central Japan. Earth, Planets, Space 69 (45),
doi.org/10.1186/s40623-017- 0627-1.

[(WF7Es3E  plcam ]

Suganuma, Y., Haneda, 22 4, Okada, M., 2018. Paleoclimatic and
paleoceanographic records of Marine Isotope Stage 19 at the
Chiba composite section, central Japan: A reference for the
Early—Middle Pleistocene boundary. Quat. Sci. Rev., 191, 406—
430, doi.org/10.1016/j.quascirev.2018.04.022.

Simon, Q., Suganuma, Y., Okada, M., Haneda, Y., ASTER Team,
2019. High-resolution 10Be and paleomagnetic recording of
the last polarity reversal in the Chiba composite section: Age
and dynamics of the Matuyama-Brunhes transition, Earth
Planes. Sci. Lett., 519, 92-100,
doi.org/10.1016/].epsl.2019.06.004.

Haneda, Y., Okada, M., 2019. Pliocene integrated
chronostratigraphy from the Anno Formation, Awa Group,
Boso Peninsula, central Japan, and its pale oceanographic
implications, Progress in Earth and Planetary Science, 6:6,
doi:10.1186/s40645-018-0248-8.
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BHAEREWC T AT D IRIEMERIRE O SR & A RRART

OH Mk
(JE] ST A HAF 52 7T
A B 2
Rk 2 8~k 3 04 (3 0M4E)

GiEioEs

BIX 0CTHAEST LEEIE 2~ JRIR MR R B
M3, RN D IR ST TOIRWRIRIZ W,
B0 3 ) O BAERE Y £ T D AR 72 B AR
G LTV D Z TR S T 72 o T & 72 (Tojo
et al.2012, Ueta and Tojo 2016), Z 415 DRIREE D
ZLMRLIHETH Y . FHOTEWEEER ER
Mtk E " b0bdH 5, HEKRRERLSETT 5 H
T, T EEMSRIRE O S EIMESCAREE S
DI TIRESCREEIT ) ZERaB LB AN
Do AHGEREO BT, Wilk-CuR A o B A I
FETHIREMRIRE O ZREME & AREZ B 5 v IZ
THZETHD, MEFE LTI E TIZHM - dbii
B L ONEE OB AR D 6 3B L T RIS S K5
TRAF LTV D) A AR M RIR I O BZER K 600
HaHWD, Zhb a7 (U AR Y —2 DNA R
I har RU T CoxBn1HDRLS) & BMEEEIE
2 X DRSS SWTRIET S & & bia, &
Bk =8 N C ORI 01 28 FERIT 2 0 A TR
A HWEEFEN T2 & OMR DR &2 3 A T,

<ARI DI AERE YL LT D Pythium JBHE %
SyBIES % 72 8 OEF O AERE DOFE A >

PN DOMRFNR 1B TH Y pti & AL A 7e
Hm CEFAERE) Y L C\ D Pythium B %
ANERRE 2 I 2 D TR EET 2
7o O 2B STV S (Morita and Tojo
2007), A EIOHFIECTIL, Z ORFHIZ I T X 0 v
RFT LT 57010, FRIESCHBEFIEZ Db 07
SHEHLBELTHRNT S EEHIT (Tojo 2017) .,
2016 4F & 2018 4= D H =g ¢ 5 hi L 7= BF 415
HETHWTARBRESDHETE D Z L AERELT,

<AXIATICEENE K Z T Typhula cf.
subvariabilis D FEARIRIZ I3 1T 5 W) FLH >

MK DX 7Y a =V EBOAXITIZEHT N
R ZTEREICOWTERE LS rDNA-ITS fFlk % i
Hriie, TORE., ZOEFEIL, BB Z A
L2V s, WR1C Typhula J@7¢ & O IZRA O
g vTaxyvay (TRVER) T4
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Jeld RERAFSZRF RS EmBRBER AR} - 2%

Loz, 72 rDNA-ITS sk o Hfd 4112

S ZHMB M T, Z OEEIX Typhula cf.

subvariabilis & @\ WHEFEMEZ R LTz, 72720, Ak

B DN TRO LR\ T2 cf. subvariabilis ”

L, EfELRFEREITSZONEHREEL LT
(Yajima et al. 2017),

<9 E A ZTIREUE O BEIREIBIZT K D PR >

ALz & 043 % Podosphaera J& 5 & A 2
WEET/LEL, 20 EATHEICH L TRRD
BYEERT X200 4 BEEHNT, 26 0%
FIZBIT 29 EAZIHEE ORI & # R o &
PEISEBE CHIZE LT, ZOfEE, BtENMEW T
EEWERELR Y &, 9 E A TR OB F-<
B2V, SOICEARODERN L 70D 2 L& R
L7= (Itagakiet al. 2017), ZOHiEIE, KA T T
RN D EVIELROVRIED 5 EA ZHE D2
WrsofE EIGIEZ AT 27200 1 DO HFIEILR D
AREMEN B D,

< Rhytisma polare O /EREFHA >

eIk | Z [E A O IR IRYE - RBE Th D ¥ 3 7
T Y X EREURE (Rhytisma polare ) D/ERE% fif
T2 AD—>2L LT, KEHMEEIC KT T8
AL, mEORBRILICEEEZ 5 TWHZ &
ZHH 5N L7 (Masumoto et al. 2017), 7=,
a 7 F Y XERFEOILBRIR TCOEERICEIT S
B3, A DORERLNT-BHK (BRI KeE) %
FIALCEZ-oTWnhZ aH LM LE

(Masumoto et al. 2018),

< Pythium polare \ZJEGT 5 U A )V A DA >

TR AT CHE IR R MRS D A L ARG L
B EORIREDOAEFTICEE L KZTHH L M
HILTWD, bR A ORI IEINE TH 5
Pythium polare (22T A L ADEGLZ T~ 7=
FESR. totl virus <P toti-like virus DJRLLHHEZR X
7=7=% . Pythium polare RNA virus 1 (PpRV1) &
L T4 L7~ (Sasai et al. 2018). 728, 2O w4
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JVAIN P polare DAEFBIZED X S KIFLTWD Pythium BHE O 1 1 k% H\, EPA ORIEEAET

PITONWTIFAHROBRET T2 TETH D, Do -V A RS SR EZ ISR
ML T EPA BEBHRBR TR Z A, AfklTa -
< Pythium J&#H ® EPA 4 pE DA > U LA VEERIINLT EPA Z4ETHZ L &R

b N OXANENIEETH 5 n-3 RAEFNERO T BT 5K EZGZ OkiED 2018), EPA AEPEITRIE
A ARz ofg (EPA) 13, ZIClBEEAIE  CHNT SRR H 5 Z &b, 4%, ERED
NHEIRENTWDS, Pythium JEHE) n-3 KA [FJ& i A fff o 72 EPA ZEPEIZ DWW T HRFTT 2,
MEIie Z WARPIZAERES 2 Z 13 F b TRy,
FEADIIIA & Tl oo, ARBFFET, ILHFED

(5% k]

Morita Y, Tojo M (2007) Modifications of PARP medium using fluazinam, miconazole, and nystatin for
detection of Pythium spp. in soil. Plant Disease 91: 1591-1599. https://doi.org/10.1094/PDIS-91-12-
1591

Tojo M, Van West P, Hoshino T, Kida K, Fujii H, Hakoda H, Kawaguchi Y, Mihlhauser HA, Van den Berg
AH, Kiipper FC, Herrero ML, Klemsdal SS, Tronsmo AM, and Kanda H (2012) Pythium polare, a
new heterothallic Oomycete causing brown discoloration of Sanionia uncinata in the Arctic and
Antarctic. Fungal Biology 116: 756-768. https://doi.org/10.1016/j.funbio.2012.04.005

Ueta S, Tojo M (2016) Pythium barbulae sp. nov. isolated from the moss, Barbula unguiculata;
morphology, molecular  phylogeny and  pathogenicity. Mycoscience 5T: 11-19.
http://dx.doi.org/10.1016/;.myc.2015.07.002

[WF7E %3]

Tojo M (2017) Selective media for practical isolations of Pythium spp. from natural and agricultural
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Masumoto S, Tojo M, Imura S, Herrero M-L, Uchida M (2018) Occurrence pattern of the parasitic fungus
Rhytisma polare (Ascomycota) on the polar willow (Salix polaris) under limited water conditions in
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1. HZARARICET EHARRRICONT, ARERGRY IRTOZRFLFEZLAL TN, (AE
RERIZOWNWTIE, RAIELTEBY 5.)

2. BEXH, PAREREIToLFRHBA/FERANRLISABERFER 2T ILERZHY EEA,

3. ARBAE (HRMEETILENSME, XKEREF) I2OLTRE, Gl SmE-ECEREHL, |EEITH
LTS,
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B8R D Yo B R A ) D A= B s BAAE D FRAT

ORI K B - W% B8 B
ek BT AMGESR - Bl M
([E LA A 52 FT)

BRI S — T - Bl TR ¢
LB —7 - B Wi EET
Wk 28 HE~FRK 30 4F (3 )

LEpES

5 0 g 5 0 RIR R BE TR B0 E AL
BTSN D720, ARAEMIZ L - THAEZE
LT WVIEERERE TH D, T HE D LT
BEihCIT 7 o deda, MR, #EEHE. RO O
HA AN AEMIEE &2 = ATV D, HiEE LTI
ETIT, TN DNARAEYHILE % [F#E L >,
A ERTE BN 24T 5 AR B RE AN 205 5 B G (2DW
TOfFNT &2 D T X 7209, KIFRTIL, ForF¥a sy
AU U DU ARIMRE IR G BB S 2 2N
JBEIZER L, ZOEBPRRRE L AR R
HMEEHOMNITHZ 2B L,

AEFRLIIMATIC RS WL, ETRIMRERIN 7 v e
A NVEFEET HIERY 378 (LHCT10) %k
L, Z OO & OFMRE T L2, 2
WETOMIENS, Frxa v 7 VTR
ERUR UImBRRAETRAGREIT ) Z 0o
TW5, i X7 EiEEos7ea 7 4V alk
[FERIZ 680 nm T IZ I 2 FFo03, ATz
T 710 nm FUTICBEE RN 2R LTe, sl iR
sna~ 2777 ¢— (HPLC) 2k 2 GESH O
L iYL it S et/ = R= A P O /= R = A
4 aThh, 2ERBECEIG T/ 7 4V b
AL TWAZ ENShotz, huT /A FiZ 2
BEMERR LT, WX ARY hovons . LHCT10 (256
ALTWD3ERED /a7 4 )L aNElE T +
—AEFFOLEBZ LN, Jun T 4 VEIEDOFR
AT RV EFHEART MAERIEL, R T +
—LDruan7 ) aDEKESERELE (K1),
THILF—L~LDOEmnZaa 7 o LRI LT
RFENZZH TN X TREOICREE I re 7 ¢
JCRENT 2 2 L DVURIB STz,

ForXa s hvU ) OEBTREOMKE T — 4
RS T 57260, F 60 REGAREBLRIER DO LNBAF FH T

HiET

—— LHClI
-— LHC710 -
== PSI-LCl

Fluorescence

- = S
= - = —

640 660 680 700 720 740 760 780 800
Wavelength [nm]

M1, BRLESESEOERARLARS L
A3 MTHRIE L ZROBETOEARELIRT L,

JERE (AAS6006) & LT 2018 4 12 AT v 7
RIFOWNSMEDF o Xa 7 HU 7 U EEKE
(ARG BIIERE (AWS) Z5%E L7, Bl
HHIE, HRMEORE, WE, e, S
. R WiERY—), Frxa s v
UBEENOIRE (X)) Thb, iz, BRI A
FIZX 0 1R S ICEBZIRY LIEES ORI E
RLER L7o, EXIEISISENL B ENIRHAFSEHTO b L —=
V7T 4 =)L FCHIgORERZIT o772 (X2),
-

N M2.

P L ——2 T T 4—ILF
LSBT AR ERERER
DEEEHORT,
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AETEHIZOWT, 2020 £ 1 A 1 F505 FTETHD, ZNbuEloT, WMERT —ZIZON
—ZNEN SN DRETHD, £z, MO &Lt T, SBENTZAIT O TETH D,

WL CEVTZBELIEATRE TS % FU R

OB UIRTRRE LA R BHEEN S b

F—Z ATV, BE 5 FEDT— X ST 5

(27 3CHiR]

1) Kosugi M., Katashima Y., Aikawa S., Tanabe Y., Kudoh S., Kashino Y., Koike H. and Satoh K., Comparative study on
the photosynthetic properties of Prasiola (chlorophyceae) and Nostoc (cyanophyceae) from Antarctic and non-Antarctic
sites. Journal of Phycology Vol. 46 (2010) 466—476.

2) Kosugi M., Kurosawa N., Kawamata A., Kudoh S. and Imura S., Year-round micrometeorological data from the
habitats of terrestrial photosynthetic organisms in Langhovde, East Antarctica, during 2013, JARE DATA REPORTS
(Terrestrial Biology) 8 (2015) 1-6.

3) Kosugi M., Maruo F., Inoue T., Kurosawa N., Kawamata A., Koike H., Kamei Y., Kudoh S. and Imura S., A
comparative study of wavelength-dependent photoinactivation in photosystem II of drought-tolerant photosynthetic
organisms in Antarctica and the potential risks of photoinhibition in the habitat, Ann. Bot. Vol.122 (2018) 1263-1278.
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(Il HE)
£ m & — B
O#MRIoozor B—RARBRE OfEER BT 28-35
HFERFRESR BE DS EREYO LB L EREOMRIT
K& A& L fw%E

A
/INET 0%
Fisk AR XTh hRKE HEMEE
/et 14
&t 1%

KPARTOD b —BERHAR-PHEES. VTN ERICL TSN,
XNEARAREDGES. FERICFIBEDERZEZRAL TS,
KRFRELEO TSN DG E. B DBISTRZREE LR AL TS,
XOINFREYHEE. BHEML TS,
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BfEME=4 Y V7RI D oI N TEBEEO S EFEIR

ORMET] BIRKFHE T - Bz
WE BRGNS - B
([ ST A HAFF 22 FT)

R B Bz
gk 28 AE~EK 30 4F (3 M)

[AFZERRL R ]
X C®IT

ZAVE CHEFIEMEL O 8 T DE=4 Y
TR LI SN HEEEEE (41 %k BR~49
WK AT, BEEE, Rk, ERkEE, GEF76
BRAETHEL, BFfRE L CRTFL T 72, FAk
28 ERELL, ZAUD OHID D BOSRIEE Ik A S
EL, BLYLOREL LT, BWKES
TP RGP T 2 38 U C 2 B RFEARIZ DOV THgA
RIS OFEBRHGE AT o7, AR THEE
TUE, HRICTRL 29 E~30 4E LT - - ki
Botrydiopsis J& 10 ¥k DWW T, JERERIZR L IEREIA

rbcL B 1R AEAT > B AT o T2 SR EH o
WS T 5,
MER N

{RAF ST 10 BROBEEFR (21T BBM 22K B % 72 1%
TRIREEHIZ VY, 15°C, 500 - 1500 lux, 12 BERE @ 12
IRF [ O B T ] D S CHEE 21T 72 o 72, 7286, SO11
BRIL 1988 4RI /S & B DA = o = — B w L V) 4y B
SINTEbDOTh D, HEOBILIIM T BAISSE
(Olympus BX60) % H 7z,

K##% L7 Botrydiopsis J& 10 #/>5 DNA ZfliH L,

B 5 A ~—% FH\ T rbel fEik % PCR HIIE
7=, HEhE L7 DNA W5 1300 bp O ¥ AL
ZRE L, BLAST FHFIR SR & L ORMMENT 21T -
77,

80

FER B OEE

TERERHF A 5, 5 #k23 Botrydiopsis callosa, 3 #k
73 Botrydiopsis. sp. 1., 2 #£7% Botrydiopsis sp. 2 {Z[A]
EShiz, F£7=, rbel BAR T ORBMNTH D 10
BEERRIL3 2D 7 L— RICHT 52 ENTET,
ZDHH 1 DHILB. callosa ® 5 ENEEh, 2O
H % Botrydiopsis. sp. 1 @ 3 ¥, 3 -2 H % Botrydi-
opsissp. 2 D 2 N EF ENT, K7 L— FNTIX
rbeL EAREANIT VTS 100% —F L7z, BIF
(2 3 FEDTERBHRHESE 2R

1. B. callosa (¥5Z#K : R4182, 4941, 4962, 4972,
4973)

FEURIZHIE, BRIE CAT IS PR, 2812 5 - 60 pm
HY, BRECTHERELLMIZAEWVICETSZ &
MU, MREE IS ORI TIXEW DS, R s &
HIZIEL,3-6 um 122V BREZTRT Z 0D 5,
BERR AR I A R E CTE R B TR 2 O
T, MIEBUIMEEAARD, e ORERA
0355 13559 6 - 7 pm, B WAIRIZ IS, ZERRARD N

IV A RBBIEINDDET D &R
&émﬂ@m&%ﬁﬂm@ﬁ@%ﬁWilﬁﬁw,
AR & & BITEITHINT 5, K& <pck L7
FEERRAR S/ N LS 3 -4 um & 72 5, HIANIC
BRI Te A L o DEaofakiz 1-3 AT, o



BUIpkR & & b L2 20 um TIEM 15l %2 A
o, MG E I LY, M E IS
T, D7 EHHFEE 1 ARA T, 4941 BEE 4973
RO rbel & fnF1%, T v /L)y o 580 5 45 B
ENT-SAG 3083 #k L, WIhE b 99% K L7-
(1301bp/1314bp & 1330bp/1344bp) .

2. Botrydiopsis. sp. 1. (35##k : S011, R4171, 4754)

BRI HGRG, BRI, BIXS-35um b, KE
T 5 & BWVICHEN D3 5 5, AL 1 um #2
FETZMN, —EAEEL 6 um I 556036 5, 1E
FRAR I BE M CTEmBL L MR E 2> S ignTE, Ml
BUIHBR E - 1Z~0FICHA Y, ELv /A FiER
W, HETEOERMADR S134 4 - 6.5 pm,, Al
DEEN5 - 6 um DRFEERAIT K, £ DR &
A L, iR L7oMiaTIas i, fEmRIE
MR m 72 T <, MldoFf s b aoMm L,
TERKIRDN 4 - T BORERAER D 2 L DRI TH
Do MBANIZEAE D B ZHDZERRH Y, ZDH
\ZINT T 0 IEE Y D BRI BB E T D, —
Flk L2 BERI BB ET 5 2 L 3D D,

Tschermak-Woess (1979)iZ & % & B. alpina O F#{#

& LT, ERARDEHBUEIRIT 22 D M rh Bz A
DiRTeZ L&, HEE T FEOERRE CERBICIRANH
528, NEROWELZALIRARH D Z Lo
BE TR

1) Trenkwalder, H. (1975):
nat.-med. Ver. Insbruck 62: 7-19.
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RTN D, BBFEHED O 3 BRITIERAS 3 -7 4
JERIZ 72 D M3 —E LTz, SOl KR TD A, bk
BOERRITITRAN D D Z &, HEETOHEIT
FERT2ARDY, REEZAFT L 2B LT,
Z 0 X 9 IZERERYIC B. alpina ([ZHELL L 7= 88 % 0
2%, B. alpina D% A 7 H)LF v —SAG806-1 Fkix
rbel & s T TIERIlo 7 L— FIZB L TE Y K
il L ITRFED ATREMED R <, A IR FERI 7R T REBL R
DLETH D,

3. Botrydiopsis. sp. 2. ($5##k : 4531, 4833)

ORI HGIE, BRI, FRIXS - 16 um & L R
AR NSV, e =— TRE T, M
—EMRICBIET 5, MIEEEL 0.5-0.8 um, ZEHRE
RIZAEE M CTEm AL MARTE 2 b HEgsTE, Mlmel
FBRIRE 7 IT~OFUTHR Y, B L A Ridden,
HETE DEERIR DK 13K 4 - 6.5 pm, FHIEOERN
5 - 6 um DRERERMRIL ML, £ OHALER & L%
B9, BERARITAIE ORGOER T LIE LIE 2 - 3 Mofd
HER D, MR R R IT R <, 2RO
BOERIN D D,

ARICEP LIS O L 2 AR EN TR
579, rbel BIE I E CTOREFOM L ¢ B
ST 7 L—RIZEENTEY, FEOTREMES S
D TAHBRIVRBBIZEEZ T T 5,

Neue Bodenalgen aus Fohrenwéldern im Raum von Brixen (Siidtirol, Italien) . Ber.

2) Tschrmak-Woess, E. (1979): Uber Plastidenstapel be Botrydiopsis alpina sowie Anlage und Vermehrung der
Stigmen bei dieser und Heterococcus (Xanthophyceae). Pl. Sys. Evol. 131: 179-192

WrIEFER

1) Ohtani, S., Suyama, K., Imura, S. and Kanda H. Soil algae isolated from monitoring sites in the vicinity of
Syowa Station, Antarctica between austral summers 1999/2000 (JARE41) and 2007/2008 (JARE49). % 7 [Alfikx

WA AR T A 20164E 11 A .

2) Ohtani, S., Hayashi, S. Morphology and distribution of Botrydiopsis callosa Trenkwalder isolated from soils in
the vicinity of Syowa Station, Antarctica. 5 8 [EIFRIkAlF AR 7 A 2017412 H .
3) KRMMET], MREY. FItPEHERk%: Botrydiopsis callosa Trenkwalder DR & A IGER. H ABH

FEElIHE RS 201843 4.
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DRIFKIZE T 2 p H mfRGE~ v 2 7o b s

O4 I £ JLHEERFIKEFHE - B2
([E S A H AT FE )

INEER B

Rk 28 FE~FRK 30 4R (3 24F)

(A 7E Rk 3]

ANBHEENC X o THH S vz 2 b iR 3 3 I
W iAZ, WP O pH DMK N3 2 MEERR ML 03 T4
BAEAL U, MEEAERERICRE B A 5.2 DI aN
HD, LnL., TORENKEWIIER DR R
\ZBUT D UEERRYE L O EREIXRTE v o T e
WZH b b3, WEERMELOEE S LTHY N
% pH OBLAFBLIRIT — 2 80, & O OWEFER Sy /3
T A=K (BIZIE, Moy, KR, REEE, BT8R
F,7anan7 gvaln ) LHASTHEBROBURE
BBIOFETHZITIICEOEVICHLEZDT —
BTV BWERT —ZIXI 6T R0 On
IR TH D,

% ®»—J7. Nakano and Watanabe (2005)i%Jk Ak
FHERBANOELNLKE (DBXOZ oLy
+ /Va (Chl-a) JED ORI OST A 2 U E—
vay) pH =f (T, Chlra)x & L7=, F£7-. Lee,
Watanabe et al. (2016)IZdb A FEEAMEIZ BV T
HR ST - 5 (S) - BiEEE DO)DT —
ZRE& FEH pH & ORI pH = f (T,S,DO)%
Kb, K Om - 400m F TOEMEE: pH ZHEE
THHEEZRHLE, L L, 2D ORRIZANE
WICBIT DD THY , FFZEEIZRE R LV HEER
TR 2R L OB REMIFIZE TIEE- T
720N,

Z T AW TITAEEMNEN & < SRR YRS
NAEBT D HARDEZ RO E U7 2570 5 1k
\ZBIT 2 ENSBEICW T KT O pH OFERE
R Z G T A2 L2 HME LT,

BRI TR DTN, RA X NSO 72
EOHBEBOFE X ¢, WEEREO pH OFRFZE
ZEENRKE N, 20D, Z ORI
7o pH 7 —2 BB 5, 2 C, e - 1k
IS vk 2 AR TR S AT 9 2 Ak E K - R
(BL XAM OREWBKRKE=F U T AT Lh
DI DAL D mEE DO RRIE - Yy - AT
FREOWKT —& & pH BLIE & OREFRZ I &0

82

L. ZORE%RZ T HARR R~ THe 7
pHDORF X2 ) ¥— 3 (pH="f CGRER. H.
M) DBIRZITHIZ L L Lz, TBL XA
BN, £ 10 BIDL RS S d, R
TR 2 56 1 S AT, & D \WEZE DOVEE I R R £
% (5E - B D D WVIZANERFRFAEED - 9012)
ZENRLZW (¥.1),

140° 145

E1. TBLLAHNIDBEEIERM (H25-27) D
REEEICE T AAERES ERE)

(B L XA HEEZFIH L O EowERRE
KPOHFEES D LMREDE=4V T « v
VT EATOTCELAER (A - i 2015), [HBL
XA 1 EDY 7Y 7 THLERBEKTOYE Y
U LIRE DR ZEMB e B A 2 D 2 LR
ZEDD, oM EE R T 5 & A .
THAAAE 2 O 5 720 TldZe < BN 048
WIRFE] A 77— )V COBRBEBE A 1 2 5 AIREME &2 7R
L TW5,
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LI L b AUIZEHHNICRgE=21 7
VAT LD o —HEER O W RS D R 7 2
STz, LU b =R O FER oY 7
VI EBNRT AR Y=V 3 O THENERD
R EHET D,

MBL XA HiEDO—>ZFM L T 2016 4 6
A Z R oEEOBRLSIZHBWC CTD &l (T, S
HE) BIO@km (DIC), £7 /v AV E (TA).
DO, RBEHHOMEZIToT2, THHDT —F )
5 pH(25°C. Sea water scale ; pH25sws) & i L 7=
[Dickson et al. 2007, PICES report],

EHIZEDOT — X EEIZ PACIFIC (http://cdiac.
ornal.gov/PACIFICA/) 72 £ O & ¥5 E V£ IR R R T
—ZBExMZ, EEUFSHICE Y pH #E X

(pH25sws=f(NO3, 6 ,DO) Z # % L 7=, pH #HEX
DINT — A —H OAE DR & iEEEE (NOs) &
AIECO), BWFEESE (DO) EKE(0)E LA
M7 & HIRERE (R2) 13 0.97 L@ o72b DD,
pH=7.6 {1 CITHEEME & BEREDOIXH > E N K E
<7 B H 0 (K.2), HMEFEET O FRIER OBFFEHRE
RERTEHENKREWZ LML, Ko TH
%, ZORRZEZIEAT D & & HICARERICE W TR
RLTCWDHEHERT —ZINEZIT> TV LE
Pz R L7,

(25 3]

pH25 sws FRHE

7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8 8.1

pH25 sws FAME (R2E=0.97 pili<.0001)

2. pH25SWSHETE =X D F3BI1E (XEH) &3 BIE (YER) O LB,
INTA—FLTIEEE (NO3)EKIE (D),

1) Nakano Y., Watanabe Y. W. (2005); Reconstruction of pH in the surface seawater over the North
Pacific Basin by using temperature and chlorophyll-a. Journal of Oceanography, 61, 673-680.
2) Li B., Watanabe Y. W., Yamaguchi A. (2016); Spatiotemporal distribution of pH in the North Pacific

subpolar region using the parameterization technique. Journal of Geophysical Research, 121,

3435-3449.
3) AR - PN

2 (2015) 5 TR L x AL A LB RFERIE ISR 2 R EmE T — R+

FEEEAT L DR v AR E ORI A ALEE KRR ER 5, 5 65 & 5 2 5. 111-116.
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AR T mIRA, RRRT - FIE MR 7 ORI

O B HFRFPRZPAELIMBAEY « RIIETFHE - Bk
WA ke SO R RZPEZIR A « RYETFHEE - BI2
TR GLKRES BUORKFRZFZEZEBEY « BRIYETTRIE - Bh#

([E ST AB AT 52 FT)
R & Bz
SRk 28 FE~ Ak 30 A (3 M)

[AFF 7% Bl SR

FAMREREEIL, B FDOIT A D72 BIRRHED D
TR D OWAEM BRI SN TV D RN & D,
Fo, PLEIE EORBIUED W, B OMAED O
HEEDRHIRE SN D, T, FEBOIRAY OHEFRIIFE
WA TR DEZe b8 WK, ke E
OEBET SN WD, L, b hEETe4E
WoOATENR L IETTENE (12 & A EEMB NI EE
2 HNDHT7 4 —/V R) OIS Ty, 5
[a], BEFnELHLE BH O A TE IS K O TENE O T
By o8B 2B KELE T O E BT
R B s T 21T > 7o,

EMOITENE KO ITEM L V REES -2
Zne e Lz (38 1), DNA 138 0.25g
O ;HEIR Y 7 v % iV T PowerSoil DNA
Isolation Kit (7 7' >) (2 X 0 #iH L7, HEFEEEZS
DB (R Z 7 ) Dy —27 = X MGS) O
DNA 7 1 7 7 V% Nextera XT DNA Library Prep
Kit (1 VX)) TR L, MiSeq v A7 A
(A2 F) 12XV 300bpX 27 = R — K&
Bl Bonizl — Rix7 ¥ 7% —ilsE LMK
7 AV T ¢ f A RE Ltk FIROMATIC AV,
BEH O AW Bl Y AT — 2 _X—Z (DB)& LT

(National Center for Biotechnology Information:
NCBI). #AlMm&E{s+ DB & LT ResFinder, %4
JFMEE s+ DB & LC VFDB (Virulence Factor of
Pathogenic Bacteria) % /=, ko> DB & %4
2. 572V — N% BLASTn (X 0 EHASIFE
IR AZITV. by 7 e v b L7 DB EYIIE#® %
H£itLT,

Bohie U — R A 1,844,660 A ik 22,308
AR, 1,217,635 A, FEHE(RE 482,196 1272,
U—FOmRAEMZ T LV T LTRER,
LM OITEN S D WDIFIATENEIZ D 537, 8 Hif
FE73 no hits & 720 | 1 HIFREES Bacteria ([ZHE
7= (X 1), Bacteria ([ZEI =Y — K& )

84

LAV THBT 5 L EMOITEITIE 40%~80%
73 Proteobacteria |27 E S V5 LTl 0 | JE1TH)
Gl 40%~70%75% Actinobactera (24536 X Ui 5
LTWiz (K 2), EMOITENE ClL, 2 #HimoH
T (2-3 BEW 5-3)TENENK 10%3 LUK
30%72° Bacteroidetes |20 Sz (K] 2), & hIE
ITEN B TIX A 6 A TH%~10% D U — KR
Cyanobacteria (273 S 7= (X 2),

Rl YUTVEBBLIUMGS ITLYBFShizY—FH

o YU ILES  LE/AEREH U—F#
1T
2-3 TUTNALRY 1,238, 795
3-3 REDRERE 1,691,378
5-1 IWUNBR X UK TIE 869, 165
5-3 WONRBrFIHEDESHDET 1,844, 660
8-1 R IL Ul 1,201, 392
11-1 Koala Creek 1,259,728
(=
L1 SvIKRIT 869, 068
FFITEIE
L2 SvIRITT 22,308
L3 SVIRITT 1,123, 647
St AHANTRAHRR 1,464, 413
S2 AANTRARR 1,387,824
S3 AHANTRAHRR 1,639, 244
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FEITH I
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= No hits
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Fig. 2 Scanning electron micrographs (SEM) of the surface and
cross-section of a collagen sheet before ultraviolet light irradiation
(x2,500)

32 a7 —4Fr— FOEARICI D RMBOE(L
AT = DRMECHELRIBOER VD, K74
B %OaT7—4 o — FOEMBICKIETHEIC
SWTHN-, TOBE, BAROBHEFRZ2E(LE
B, KHARBHEERICZDERICHOVWTER LIz,
K32, AT=CFMBOERDZ TS v—1
IHTEREFERZRY P ADOEIZHOWVWTRT, %
ABRBHETOHAZE 3 (a) 12, BE 25 BFE D
A%X3 (b) I, BH 200 FREADOEEEK 3 (c) I
B 2R, T, EIELUTREE T 200 BERAAE LT
AT=VEHRMLTWRWa I —4F o v— hMZD
WTh, RELRARZ MLEZRIE L, TORERD
X3 (c) (TR,

TORER. BEAROBHANIBNT, TORSE
AT =V HRMEOEMIZE 722> THEE 230~

700 nmOIEEVMEIE TAIEBIZIE T LTwW= (K 3(@)).

Fm, AIREBROEERE (380 nm~780 nm) T4
TOH I E—INR T, FHARKER
ANRT MJLERLTWNWAZ EDRbnd, 2O X
aT—Fr—IREZE (L )ThDHI LER
LTW5, £7-. & 450 nmbl F OEABRER T
REERRX T =FRMBOREMILE B2 >TET
LTWBZEND, AT BNEANRE TN
LTWaZ Ebbmnol,

91

100
Control (0%)
80 1 =
A 0 - Melanin 1.0%
8 Melznin 01 Melanin 10%
& 1
3 1 . i
S0 | .\Iclamn}.\o% | (}])
f
1 |
q 200 300 400 500 600 700
100 -
e
80 Control (0%)
® " Nietanin 0.1% g
L T ) .
3 Melanin 10%
g |
; 40 i) - S I—
: | P
o~ in Z07
20 I Melanin50% | (b)
Q (
200 300 400 500 600 700
100 ‘ : P
Light shielding (Control, 200hr. )
80 | T \f,/ f \ \
= Control (0 ") /¢( \Ielamn 1.0%
® Melanin 0.1%
~ 60 .
2 ,H [
z ‘ Melanin 10%
= /| L
‘i 40 ] ! -
T \ ‘
= 20 : Melanin 50% » 7‘ (C)
\ |
0 ‘ i‘
200 300 400 500 600 700

Wavelength (nm)

Fig. 3 Changes in the reflectance spectrum of melanin-added
collagen sheets caused by ultraviolet light irradiation

(a) Before irradiation, (b) irradiation for 25 hours, (c) irradiation
for 200 hours
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(a) Before irradiation, (b) irradiation for 25 hours, (c) irradiation
for 200 hours
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(a) Protein concentration, (b) terminal amino acid concentration
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Enoplea: Oncholaimida), a new species of free-living marine nematode from Langhovde, Dronning Maud Land,
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The SteelHead provided by Riverbed [1]
introduced a set of WAN acceleration devices
(accelerators) at both ends of the satellite network
to overcome the problem of the high latency of the
network link. The SteelHead devices intercept
TCP packet on the stream and convert the data
packets to their own packets in order to accelerate
the data stream on the long-distance satellite
network. Using the WAN accelerators, the data
transfer speed 1s improved in long distance
networks and the maximum throughputs are as
high as 3 Mbps on the INTELSAT satellite
network. There are many Antarctica projects
(connections) working on the INTELSAT satellite
network operated by the NIPR. Each data transfer
1s carried out on each project server independently.
The WAN accelerator is also in charge of QoS to
allocate adequate bandwidth to each project. The
SteelHead has its own QoS table, in which
priorities of the projects are addressed. Fig. 1
shows a sample of the QoS table on the web page.
The maximum and minimum throughputs are
given to each project. The SteelHead first allocates
bandwidth to each project according to the highest
priority to the top project, and the project is able
to occupy the bandwidth as high as given. The
remaining bandwidth is used by next priority
projects.
Another issue of the polar research projects
via the INTELSAT satellite network is a
bandwidth control. The TCP is a so-called best-
effort protocol, thus it cannot intentionally control
its own throughputs. Moreover, the TCP-based
applications of each project conduct best-effort
type data transfer. The SteelHead determines the
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maximum and minimum bandwidths of each
project, but it is not able to dynamically control
throughput for each project, as shown in Fig. 1.
The large amount of RTT, as large as 500 msec,
it difficult to
throughputs as Eventually,

makes address adequate
the total
throughput obtained from many projects on the
INTELSAT satellite network is hard to achieve

the maximum bandwidth, 3 Mbps, and the unused

well.

bandwidth is often found as shown in Fig. 2. Note
that the upper boundary is 3 Mbps, the wire-rate
of the INTELSAT network. The color data in the
top panel indicate the throughputs of data
while the
residual empty space corresponds to the unused
bandwidth. The bottom panel
dropped data rates.

transfers with different priories,
indicates the

In this research, we present a technique to
enhance the bandwidth utilization for the
INTELSAT satellite network using our original
high-performance and flexible protocol (HpFP) [2],
which achieves throughput higher than 10 Gbps
on long fat networks (LFNs) with packet loss. The
HpFP is built on the top of user datagram protocol
(UDP), but it is a connection-oriented and reliable
stream-type protocol like UDP-based data
transfer (UDT). To achieve high throughput on the
network with high latency, a socket library
working on user-lands, customization and
optimization suitable for modern computers and
networks are significant for applications. We
introduce the algorithms of HpFP consisting of
usage of network I/0O (mitigation of overheads),
application of multi-core CPU, optimization of

both count and size of packets, as well as controls



and functions.

 Small_office

@ smaller_office

Fig. 1 SteelHead’s service policies on the web
page

, Available bandwidths

Ll of

Fig. 2 Example of outbound QoS (traffic from
Syowa station to the NIPR) for one week

We carry out the laboratory experiments to
the environment of INTELSAT
satellite network between the Syowa station in

simulate

Antarctica and the NIPR in Japan. Two servers
with Intel® Core™ i7-980X CPU @ 3.33 GHz and
12GB
a sender and a receiver, are connected through a
The network
emulator, H Series Anue Network Emulator,

of memory running CentOS 6.8, which are

10 Gbps network emulator.
is
able to generate latency and packet loss.
Therefore, 500 msec RTT and no packet loss are
set. A script describing Zc command on both
available bandwidths of
given bandwidths are

servers controls

The
dynamically changed to simulate the available
bandwidth

bandwidths vary randomly from 100 Kbps to 3

network links.

in a real-time manner. The available

Mbps with interval of 2 and 5 seconds,

respectively.
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Fig. 3 Comparison of TCP-CUBIC, TCP-Hybla,
and HpFP under the situation with the changing
interval of the available bandwidths in every 2
seconds
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Fig. 4 Comparison of TCP-CUBIC, TCP-Hybla,
and HpFP under the situation with the changing
interval of the available bandwidths in every 5
seconds

Figs. 3 and 4 show the comparison of the TCP-
CUBIC, the TCP-Hybla, and the HpFP under the
situations with the changing interval of the
available bandwidths in every 2 and 5 seconds,
respectively. All of the protocols have a similar
behavior in relation to the effects of the change of
the available bandwidths. Both the TCP-CUBIC
and the TCP-Hybla are able to catch up with the
change of available bandwidths, since there are no
packet loss in our experiments. For the network
with high latency, when the available bandwidth
decreases significantly, this may cause the packet
loss due to buffer overflow. However, in our



28-4

experiments, the buffer size 1i1s enough to It indicates that the HpFP has the percentage of
accommodate the throughput of the TCP flows the errors for catching up with the change of
(the maximum throughput of 3 Mbps). Based on available bandwidths less than the others. In
the results shown in Figs. 3 and 4, the HpFP other words, the HpFP is able to effectively fulfill
outperforms both the TCP-CUBIC and TCP-Hybla.  the available bandwidths. It should be noted that
The throughputs of HpFP catch up with the the followability increases as the changing
change of available bandwidth faster than those of interval of the available bandwidths decreases.
the other protocols. The reason is that the target

throughput of the HpFP, which is calculated based Table 1. Comparison of followability of TCP-
on the internal target throughput for pace control CUBIC, TCP-Hybla, and HpFP

of sending packets under the network conditions, Changing Followability (%)

is more precise than those of the others. Note that interval TCP-CUBIC | TCP-Hybla HpFP
the TCP-Hybla outperforms the TCP-CUBIC 9 seconds 15.4 14.4 11.9
since it performs well in the satellite networks. 5 seconds 75 6.3 45

Table 1 shows the followability of the TCP-
CUBIC, the TCP-Hybla, and the HpFP under the
situations with the changing intervals of the
available bandwidths. Obviously, the followability
of HpFP is less than those of the other protocols.

(2% 3CH]

1) “SteelHead WAN optimization,” [Online], Available: http://www.riverbed.com/gb/solutions/wan-
optimization.html, 2016.
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