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Dynamics and ecological roles of fecal pellets-like dinoflagellates in the
seasonal ice zone of the Southern Ocean
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We aimed to reveal ecological roles of Fecal pellet-like dinoflagellates
(FLDs) in the Southern Ocean. From microscopic and molecular analyses on sinking particles, we found
two Gyrodinium species as FLDs in sinking particles. The potential sinking rate of FLDs reached
1000 m day-1, which accounting for the fecal pellets produced by larger metazoans such as Antarctic
krill. And we also found oval fecal pellets, of which size range was similar to that of FLDs in
these samples. Vertical flux of the fecal pellets was significantly correlated with that of FLDs.
Therefore, we concluded that FLDs are potential contributors of carbon export in the Southern Ocean.
This provides a new insight into the carbon cycle in the Southern Ocean, and further research on

FLDs is needed in the future.

Gyrodinium



B X C—19, F-19—1 (Gm)
1. BB Y WO
(1) ZEERHEKIRA RERAFZE D BLR
AR D e K O RFHITHEK DFETH D, LFD

B RHEK AR 2,000 5 km2 (2784 %78, B ) w*
FiczD 8 9ENEIET 5, = OUKOW RN ERE " = F =
RO L FMBE R ELSE 570, EBT 54 PIPRA e S
MDL XK & EHEICBR LI AT E /LT KBTI —L

BO., BRELUTERBRESEDFHMICRE LT [wno5yory
ot (K1), EREOUSKEDECIT, WoKaiRc el
X EBESMET L, RBEENRET D720,
%7?Vﬁ%y®ﬁﬁﬁf%ékﬁjw~AﬁE: e
% (Sullivan et al, 1988, J. Geophys. Res., 93, 12487- -

12498), RMRHIO KRS CAEM S5 — iR frpe 1 TRAKRERROSHEL
WSO IS L 720 | FEREOEERAEMERE X2 TWEEEZLNTVWS, —,
BRI OWEK FiE. FEMEICBIT 2 ETEREM ST 7 b o RefER AR L 2 BL D5 L
THRINTEY W77 7 N UBEEOYIER-CHOK ORMEREZ R S b A% & ekl x
g LT T s Ny R EOMBEERITKG T V- AOEEREICEERERTHD
LEZOND, FDRD, KiExT7 N— NZBET B ERRFRIMIIE TN S TERR, £0D
FEAETTKPMAEL 7NV — LR EC TWAEETTOERAITHY . ZOMEEIRET 541
B TH DMK FAERRICET H2HEMEITEA TWRW, BlIKE T NV—L2 %R THY T
YT RAIAT MR TR E ZEOEFREEN IO N TWAEN, EO LX) iR E RS AICE
DFED T IV— LN LD DONIAB TRV, 20X 5 Rtk T T U 25 B0 A e REhEE
HeH SNk P AERBEDIT H 2 L ST D 72010, oK BRI oK GO 31T 5
B RANBI S AL L 22 B8, 29 LTWFEBIIREKM ORISR v F & A MR E REIFIN S
512 DI D T 7 (Garison, 1991, Amer. Zool., 31, 17-33), F£7-. K7 L —LEEEZND
e COHRMICIZZeu 7 4 VOREREBRRKDBROND, ZOBKIZOWTIZIWN L 2008
HFIZEY | ZORRITHEERE COAESCEERE~OERM, REF: 7rn 7 o Vol b
HEZR SN T35 (Parslow et al,, 2001; Holm-Hansen et al., 2005), —J7. hEHIDOFE EIIHHA
B2y 7ay MYBEIT —Z I3 DT, KT NL—LOKE-HEXRE/ an~
o AR DI - HEFRE AR 2 FER SR CIZRE L 72613y,

A\

BREIOOD 1 )UEKX
(SCM)

4

(2) ZEEEKIRORSRYVEI 2 BT 5 7o 0 D EfF & BLK

ZREK IR D AL RERENREMFIE 2 e F2ITHED D 72 DI, KRB LHTH D, L L,
KR DO RIIMAEIZ X D BUANTBLER TRV &R0, MPKEARIHT IR b CBLRIS FIRE 72 E &K
ISR T OB 3 5 72 B BUK U Fe A~ TBUTHE D HESL L TV 2 & 3R THFFE D
ZEEMIH & o TV D, oMM OLRRRENE L WEIEERG & PR D 72 O IR R 2
7o NBLNAS AR T D75, € DT OIZIE LRk ORIKVERE, 2. SRE BRI OESfElR, 3. Fkx
IROINT N RIREZR Y o TVEERR & W o Te B R i e T D V| Fox 13 T OFEBLUT AT THE
ROUWEFEED TE, 1BLR2ICONVWTHERYAT 4 v 7 AOMBETH D720 THIFEB5
OBIZFEL. 22 TE B IOV TRIRT %,

TERRRL - & U C R G~k SAURFE ORIERBEICIEN DR FIIEERAZ I Lo LT 27 7
7 R ERS EZDITZE AL ENBSLDRERTAEROT N 74 X AEMETH Y | BB
L2 CREOREFEZML Z LIZNETH D, D2 LITEYFERRE R e i o TUERRLT
BT 2% < ORFEPZ TETRETH D, DNAMHTILZ O L5 AR O & % [FE
AREZRFIETH L0, 1RO AN~ U VEEREHIES T2 Z L3 L < RESTTEZTAL
T2 RIMRAED L RIERERLFRUBHIZBEA SN T2 e o e, IHE, A~ Uo7 Lo
DNA ZSHTFRERER STV AN, Z DR OFreezing O 5% formalin seawater

[5 L é &:/Jl/ "Cﬂi%% F'uﬁﬁiﬁfo Tj;s U N ﬁiﬁ?\? B 5% Lugol’ s iodine seawater M 10% Lugol’ s iodine seawater

72 8BRS TOFRHITIFREVORBR TH

E)o :@:k 5 fcﬁ;l’ﬁb%@q]\ {%%ﬁ%%ké}\*ﬂ 19.0 1 week 1 month 3 months 6 months ,
WF5EE (BR) 1ZEHRNTZE C MERITERERL T
DNA f#HTIC & 2K TR & WA O 19

RTAN—EH] 12BN T, YA YA

[2om oa® 3 aa o g
FRT Y TERBRHIZKBL, ALvl ok

DNA ZATICEE D H A oL 3 — v %2 HF 205 4
LCHETOEE (BIFECHE) 8L~ T " 0
HE 5 2 & AR LT & 7278, 2017 4R 1T 210 ] o o

AT RIS THR LY A YA
MrT v THmBRSTLEST, —FH., REW 215 4
e & oy (WA - 2 9F) 1 XEEE O g ., ' o
FBND, UL T 6 - AN EORE B ST I fuchacls [ena DRESR

o




%bIRFE - BROLZERMRLR L DNA HTRTO PCRIZEW THAS R & A B ZEDEL
BATORNAL <Y VEELD BENTWDLZ EZRHLTED (K2, Sano et al., 2020) . F4/L
T — VRN E M ERBR OB ER E L CHERFRETH D Z L0 oho T,

(3) AMFFEDIE L% 72354509 TRV

FZERERFE & - BUUL, 2016 FEICER AR ER TH O W e hRk 7308 (A4
TN TohoTeDTHML T— L 2P T Z &3 HkT2) & W CBAMERBIERC K 2 IhkE
KL 7538 & DNA 5t 24T -7, Z O THIZEEE L. A3 2L8m7 7 7 b 3RS
RZDRFORENIN T =V TRESTHOL S 2 bOE L, Zhid DAPI Yed L T T
bHZ R LI (M 3), ZOBKOA®EZILMEICFEE - #H2 - A AWPEZ L THEE &
WCFHE L7 & 2 A, 20 E XTI FRLO 0L B CES TR 3E) ICET D ILEEEZFFOZ &R
Gyinods (KM 4), £72. 20 H LT 18S rRNA B+ 21T o 7= 4 5. Rk
Gyrodinium rubrum & FE N7z, FERE LzMlatkii+o L35 220, TS RE—Ff
THER SN TWAIEAICIE, BRINZEOEMEIZL VSN TV DR E2BETH L, KE)
BFE~NDZIAR—RNT Ty 7 A~OHE—FEE L TOEBMBR TRRERDZELH VG
%, S blZ, Ellipsoidal pellet & L7z#kL (X 4) D% <X G. rubrum [ZiFWHA X TH Y |
BN G rubrum BAHEH L2 DO TH D AREME L E X B 2 5,

(A) Rl O

[ OCylindrical pellet o Ellipsoidal pellet oDinoflagellate |
100% 1 — 1— — 1 — 1
90% - —
80% -
70% A
60% - —
50% -
40% |
30% -
20% L
10% |
0% +——+— ; ; ; ; ‘
14 58 912 1316 1720 21-24 25-29
3 (A), © fl@ﬁﬁ%ﬁ, (B), D) DAPl%@,Lf:;ﬁ Julian days from 10th Dec., 2016
WES () i (F) DAPIZE Li-&E L\ 4. ERBRRFROMEREN, AREN, BEERDRER
hOHFEREEF200 un. MERICIEISEQEEL FEL RFEBRERIEROLOZRBWERICHBE LI
BHohb.

TERERIZHALLL U 72 AR R E O T 8 A3 AR I O WK RO T OKEICFETE L. 2RO
WEEE LT, BKEOEEZHEHTHZ ERHRESIN TS (Buck et al., 1990, Mar. Ecol. Prog.
Ser., 60, 75-84), F£7-. Gyrodinium BEIXFMRIEOWKTE LI OE FTOKEICRONE Z &N
SN TW5 (Garrison and Buck, 1989, Polar Biol., 10, 211-219; Ichinomiya et al., 2009,
Mar. Ecol. Prog. Ser., 383, 27-36), = ®WN, Gyrodinium rubrum O m[HEM:MNH 5 DL Buck
S ORI COMETH DM, WITIvhZFOENEEZ R X 72 DT BREER &
DORILEHIFE AL 72TV, T O BIZIA, Beax BPAFEAZHE % 72 2016 FEEFH O
2 HM#% (1A 18 H) I3 L2 1 HOEWRRBUAITIL 7 v 73 UEHR ) B AR B H v 7e
MoTzlzh, WK DEENEDIHTIZIB W TORMELE T2 LF 2 TWznd, 2018 £ 1 A 14-
19 HIZFEHE L7z 5 HIFOER TIIREDOMEEE LN N7 v FICiE S, 202 &3, A
O BRI HEK D> B B S 7= % OSMIERNIZ 58 < AL S, Z OBREEIC X - TUIMK iz
%O EMICIE > CTHREMKIAERBRO FEMERE & LTIRAES Z L 2RmB L Tn5, BLEo
e, TNETIEK AP TEM T T 7 bUERIEEZ SN TWIEAREDO LR LR0Z D
BHEH 2 HIE T 2 ER A2 M5 2 L IIEMIEIC BT A RBERORKE DT 4 — Ry 7 &2 F
T2 ETCHHEDIIEEEZEZ LD,

Flux (mg C m2 day")

2. WD A

PRI E R BRE % b RIS CERA ) O & FABIIEIR & fEkny 72 =
— LT HBROHT, BT C (1TK0T579) THAR L/ BB TH S Gyrodinium
rubrum DEHEE & AR B BRI S ATITED A TH B,

3. WrED ik

2020 A

c RERAERAK S AT A (RAS) DT A b k<7 L— (B ENARFLE 218 L T Remote Access
Sampler (RAS-500) Zig A L. FERFICT A baEhid 5 (HEE),
R R O EBEFIEMN. T E TICEUS L= Bkl ikl 2 W TR BRI 2R U S\ T
W ONDE A TIZRBI L, ZIZEI % DNA FENT CRERB T 5 Z & T, BAMEE T ClRE - €& 7 2
TFIEEMSITH L LB, BTSN TWa 02l (RN, %),

S GUHEOWF AT — & L BB CEB SN un 7 A VT — X EHEE L C, BEEOK
M, B K ONEF R OREIRE Z a5 (ER)



2021 AFJE

< EERCRELH - BB OFRE - BIF ATV, 12 A0S 1 AICBIGEIE Eii T 5, KR
OFNTHKA TUBH TI12 AR, [BE BT RSEEEE R - WEAL T 1 AhaIcE
FET %, BN« EULIRFICITARAA S CID B X OB EERE T T 7 bRy FOF v A NE % E
L. ShIEBIZHERE L7 — 2 2 USG5 5, ECROMRIZLL TOM@Y Th o, #KEHhoiEEIc
BATT DL THREND 7 aa 7 4 VIBRRKOEE YRR 4 KO 7 L— ARV 11Tk
B —RENBIRECIE 2 5, FBOESHEEIT RAS 3BHE e L 2 — L CHEE L CBEMEEB L O
DNA GATIZ K-> THE R D, RS BT v T IEEFNENEZORBIRGEIEE., BLOLFORE
JEVRIE D FIZERE L, WREEIM ORI 2B8WIRFE T 7 v 7 A EET 5, £, KEFERLOEE
FHERERTHI-OIZ ADCP (FlEF, 300 kHz) Zi%ET 25 (HYFE . EHAE),

« T O 2020 FERARICHZLE « [BIEFIEDOENL., ERIN=T —X OFEMIT2ED, 2 b0
AEREED D (BN, LY, &R,

2022 HFJE

 EEPEREIN - R ENT A BRI A & AR RS - WVEIEER & OBMRZ IR T S T2 ORI & [F]
BB (Rl xR C—MAETLHAREEH V) 2T 5,

< SINT - SEAT 2021 FRPEEICAE DT T O (RIR, R, BRE) BLOEVY—T—X
DFENTZAT S (BEE, JR),

2023 4 JE

< IR - FRAT ;2022 FEFEOBIRITH D REIB KO L —F — X OOHT - fRNT & AR &
RERIZFEMET 5,

c BREATR BRI IS 1T D I R DB RE L IRFBIFER BT A EI R L, BN OFEE
TREEITOIEN, WML ENETD,

4. WF7EE R

(1) BRI ZRZEAN UTZERR T T v b il— L OEST

2020 FFEIZTE L CWERERIIERK T A7 A (RAS) ZIEA L, 3 HICMm S, ZhzBE
FOERAICEA L CEHMOT 2 MEHI%Z 2021 FREEICEM L, FO%OEMBIIICR T ST
ETHoTMN, Filaa o ¢ )L ADRBYSYERIZEEV Y, 2021 O KEEIHED F ¥ B IL,
2022 FJEOHHEN BB ENE & /e o 72720, 7 A MENIRKFEE TH 5 2024 F 1 A OEifi
Llpolo, RAS DB YT 4 U 7 TIERBIRGEORSE - REHBEZET 2720/ T — LK
Mz THALE —KBOOH # R HT-, ZORATIHARATLHTHY . KAWL EY LI 2O
ERMEAE L CLEIMEEER L, 7 A MR TIZZ 0 EE 7 U TR o720, BT
k& Teigim & BTERRR ATV, RIEIBLAICUGET 5 RO BANSL - T2, I LIMI DV TR
REITAE U9, 2025 RS IS MkGRRE (AR RFSE At 24H00759) TEHi4 % Uikis T o BB ~D
Y IR B TH D,

(2) EEROFHIIBT 5B

AT U CFEM L2 T — VIR DR SR - EREERN AR X O T 5055 ~DF|
RIS R A2 AF L7z (Sano et al., 2020), F7z, #kx @77 7 b U BEOBG AT
SOFAZOWTEIRAF LS EIC S BAF7efhit - PCREEEAN R D 2 & 2R L, [FHEEFET
NF LT~ (Sano et al., 2022),

(3) RHEE i E B TIEOMENL LK, WK, TERERL1-Hh A0 O E EfRHT

R B O ERETIECOW TR RS A2 T 5 2 L C, BMER—ATOER
FEMTIEMESLH T2, F£72, 18STRNA DB REEA & RiEEYE 7 X —DJRWHEHTE LN
72K Gyrodinium BINIAS (FHET D Z 2R LTz, ZORREEZZIT T, ZRHDOTEEN
7R A2 H¥8 L7z qPCR & FEhid 5720, 2 FED Gyrodinium \ZF BRI T 7 4 ~—&&EH LT,
CDTTA—FER IR T NVCHEAT S Z LT, xR ET R oM A E RIS R D
ZEMAREL o Tn, TNE TITHKREEA > FHERXTERE LT 72k, MK, B X OVERR T
WELO T AT, D3RRI DWW CHEESEICER T Th 5, FRCILREERL I3 R 80 <
BoNT-bo0R TR REROEE 500 m IZHRELIEZEIS AL N NT v A THE LZRE
LEALTND, RERET AL N N T v IKILOFHIFI CREREDEN S OO, FFEORRS
BN EEOBRL THEONTE Y HWKOEEZ X LD & T H8REA L L DRRICONWT, &
B R OERENG STz,

(4) FLDs DRFVEERIZI 1T D4 E

2016 £ 12 A-201741 H, 201941 A, BLOY2019 4 1 A-2020 ££ 2 A 27 3 BIOEFH A
B2 50 U T D72 TRBRRL T 3RB O 0 #T - AT 2 R L, ZORERE2 £ L O CEESRETOA
##%#1T->7- (Matsuda et al., 2023), FFIZHZF-2BOBRITIIES AL N NT v 7 ZHE 60 m
BILO150 mIZHE LTV, 60 m TIX 6 rubrumbs, 150 m TIX G heterogrammum HSIERE
FIFHTEE L TWEZ &G 2RO Gyrodinium BHRRERNZ B2 5 0MEAL TR, B
HAEEREIKZE LT\ I LRI, £, A 2 REXTIA S BRI 72K, ke
D qPCR FEAT L 0 . WFEDSMNILS RO LN &, BAR2FEERBI O Y 7 CHRELL 721k



BirHIcmBEN R Sz 2
L5 FLDs D UEREDS ELE IR
WU 7 TAHALRZHRTH D
Tl EMERE LI, 20194 12 A
6 S U 72 B R oK B B
FEDS 100%DARDL BIERT 5
FTOHRE I I—LTED,
Z ORI AL D 5K O FhfiE
NAWICED IR I W TZE

Sinking rate (m d-")

{ 325

586

1,161

504

646

1,313

1,800

2,700

43

862
EDEIE|
b7 48| | 10 9822 , 4 2
5 ﬂ,ﬂ, T2 5o ik

S & S

120 121
. R IR C RIS G
R & & X
& S F
N O ® % & o ¢
O & ¥ > 0"‘\0 <

DILENEE TH D 2 L =
Bz, BBES N FLDs DA
WEE ST D & F D TR E B 1
SES)T 202 m dayt (10-1161 m
day™") EHEE AL, T OULREE
ElZFor¥xarsdx7rInk
BLERETHDZ ENDo
7= (¥ 5), FAEESTHY ., INULOEMEE RIIME EMHEOERE THY . AIRFEDO TE
~OMEEE Y MR TR T AFEEEZ DN TE L, KREOERIZD A< & b REE
IZBT DIRFREERICEBNTHE LD EMAR L T2 RET HRT vy VEHLTWD Z & & F
T5HLDOTHY, S%OHEKEWERBRMEICB W CTER T 2N o AOMFIZEN -7
LEZTWD,

o

X 5. FLD B8 X Ukx A8~ 7 > 7 b o o33 2 #Ehiib s
HE DR/ MER KO KE (Fig. 4a, Matsuda et al., 2023)

(5) KTHIESNT-IRE

AR I A U a v iz X A 1L, 3B X OWE/MIF A OFFEIZ KR & 7oA X
7 NETeote, ERSRBRINHSEAW 2 M EBINERT D729, Gyrodinium J&D 534 % E &
PINCERfEST 2 2 L2 BME LT, ZEBRCTOMEANEK, 777 by MZEd 7 n
B v 72 A 2EELRWERD 2B LT, ZhbDiE%E PCRICK D EESHTT5 2
LT, YU TEIZE NS TR RKED)JENT ) 7T TCOSMMERDOBSRIZ OB N D b D L EE LT
W5, ZO XD eaUEHREUT 2022 MR D 2 HFERIEM L TR, LI I AEREED D
Ll bICEBSEE COAERE BIET, — . FLDs OEFAREFHVEEIREA B L TRATE -
THEE R ORERMENL T, EESTZREETRLIRD Z LN TETWDIN, ZOHROEBEIER GA
TIEHEDS HAEETIC KV AR K L C FLD 1272 2 8RR DOBIER « FBR) ICE TE- TRV, 20
BRI REL LOEREORENMETHD L EZTEY ., 5% OBRNEICE O THE
RHOMGEEAT D) TETH D,

(51 3R

Sullivan C.W., McClain, C.R., Comiso, J.C., Smith (1988) Phytoplankton Standing Crops Within an
Antarctic Ice Edge Assessedby Satellite Remote Sensing. J. Geophys. Res., 93, 12487-12498

Garrison, D.L., Buck, K.R. (1989) The Biota of Antarctic Pack Ice in the Weddell Sea and Antarctic
Peninsula Regions. Polar Biol., 10, 211-219

Garison, D.L. (1991) Antarctic Sea Ice Biota. Amer. Zool., 31, 17-33

Parslow, J.S., Boyd, P.w., Rintoul, S.R., Griffiths, B.F. (2001) A persistent subsurface chlorophyll
maximumin the Interpolar Frontal Zone south of Australia: Seasonal progression and implications for
phytoplankton-light-nutrient interactions. J. Geophys. Res., 106, 31543-31557

Holm-Hansen O., Kahru, M., Hewes, C.D. (2005) Deep chlorophyll a maxima (DCMs) in pelagic Antarctic
waters. II. Relation to bathymetric features and dissolved iron concentrations. Mar. Ecol. Prog. Ser., 297,
71-81

Ichinomiya, M., Nakamachi, M., Honda, M., Fukuchi, M., Taniguchi, A. (2009) Role of heterotrophic
dinoflagellates in the fate of diatoms released from fast ice in coastal water of Liitzow-Holm Bay, East
Antarctica. Mar. Ecol. Prog. Ser., 383, 27-36

Sano, M., Makabe, R., Kurosawa, N., Moteki, M., Odate, T. (2020) Effects of Lugol’s iodine on long-term
preservation of marine plankton samples for molecular and stable carbon and nitrogen isotope analyses.
Limnol. Oceanogr.: Methods, doi: 10.1002/1om3.10390

Sano, M., Makabe, R., Matsuda, R., Kurosawa, N., Moteki, M. (2022) Effectiveness of Lugol’s iodine
solution for long-term preservation of zooplankton samples for molecular analysis. Plankton Benthos
Res, 17: 1-9

Matsuda, R., Makabe, R., Sano, M., Takao, S., Moteki, M., Kurosawa, N. (2023) Fecal Pellet-Like
Gyrodinium Species in Sinking Particles: Newly Found Potential Contributors for Carbon Export in the
Antarctic Seasonal Ice Zone. J. Geophys. Res.: Biogeosciences, 128, ¢2023JG007705.
https://doi.org/10.1029/2023JG007705



25 25 5 14

Shimada Keishi Kitade Yujiro Aoki Shigeru Mizobata Kohei Cheng Linggiao Takahashi Kunio 3

T. Makabe Ryosuke Kanda Jota Odate Tsuneo

Shoaling of abyssal ventilation in the Eastern Indian Sector of the Southern Ocean 2022

Communications Earth and Environment 120
DOl

10.1038/s43247-022-00445-2

Keigo D. Takahashi, Ryosuke Makabe, Shintaro Takao, Haruhiko Kashiwase, Masato Moteki 78

Phytoplankton and ice-algal communities in the seasonal ice zone during January (Southern 2022

Ocean, Indian sector)

Journal of Oceanography 409-424
DOl

10.1007/s10872-022-00649-2

Masayoshi Sano, Ryosuke Makabe, Ryo Matsuda, Norio Kurosawa, Masato Moteki 17

Effectiveness of Lugol’ s iodine solution for long-time preservative of zooplankton samples for 2022

molecular analysis

Plankton and Benthos Research 349-357
DOl

10.3800/pbr.17.349

Tamura Tetsuya P. Nomura Daiki Hirano Daisuke Tamura Takeshi Kiuchi Masaaki Hashida Gen 37

Makabe Ryosuke Ono Kazuya Ushio Shuki Yamazaki Kaihe Nakayama Yoshihiro Takahashi Keigo

D. Sasaki Hiroko Murase Hiroto Aoki Shigeru

Impacts of Basal Melting of the Totten Ice Shelf and Biological Productivity on Marine 2023

Biogeochemical Components in Sabrina Coast, East Antarctica

Global Biogeochemical Cycles 1-16

DOl
10.1029/2022GB007510




Swadling Kerrie M. Constable Andrew J.et al. (Makabe Ryosuke, 27 14 ) 10

Biological responses to change in Antarctic sea ice habitats 2023

Frontiers in Ecology and Evolution p25
DOl

10.3389/fevo0.2022.1073823

Sugioka, R., K. Matsuno, K.D. Takahashi, R. Makabe, K. Takahashi, M. Moteki, T. Odate, A. 71

Yamaguchi

North-south changes of zooplankton community and copepods population along the 110° E line in 2021

the Indian sector of the Southern Ocean during the austral summer

Bulletin of Fisheries Science, Hokkaido University 39-50
DOl

10.14943/bull . fish.71.1.39

Nirazuka, S., R. Makabe, K.M. Swadling, M. Moteki 44

Phyto-detritus feeding by early-stage larvae of Electrona Antarctica (Myctophidae) off Wilkes 2021

Land in the Southern Ocean, austral summer 2017

Polar Biology 1415-1425
DOl

10.1007/s00300-021-02880-x

Makabe, R., T. Hasegawa, M. Sano, H. Kashiwase, M. Moteki 45

Copepod assemblages in the water column and drifting sea-ice floes in the ice-edge region in 2022

the Indian Ocean sector of the Southern Ocean during the austral summer

Polar Biology 749-762

DOl
10.1007/s00300-022-03030-7




30

10 2021: 2021
159-178
DOl
10.5928/kaiyou.30.5_159
Sano Masayoshi Makabe Ryosuke Kurosawa Norio Moteki Masato Odate Tsuneo 18
Effects of Lugol®s iodine on long- term preservation of marine plankton samples for molecular 2020
and stable carbon and nitrogen isotope analyses
Limnology and Oceanography: Methods 635 643
DOl
10.1002/10m3.10390
Weldrick Christine K. Makabe Ryosuke Mizobata Kohei Moteki Masato Odate Tsuneo Takao 44
Shintaro Trebilco Rowan Swadling Kerrie M.
The use of swimmers from sediment traps to measure summer community structure of Southern Ocean 2021
pteropods
Polar Biology 457 472
DOl
10.1007/s00300-021-02809-4
Makabe, R., Takao, S., Takahashi, K.T., Odate, T. 4
Chlorophyll a and macro-nutrient concentrations during the icebreaker Shirase cruise of the 2020
58th Japanese Antarctic Research Expedition
Polar Data Journal 97 120

DOl
10.20575/00000017




Makabe, R., Takao, S., Takahashi, K.T., Odate, T. 4

Chlorophyll a and macro-nutrient concentrations and photosynthetically active radiation during 2020

the training vessel Umitaka-maru cruise of the 59th Japanese Antarctic Research Expedition in

January 2018

Polar Data Journal 121 132
DOl

10.20575/00000018

Makabe, R., Takao, S., Takahashi, K.T., Odate, T. 4

Chlorophyll a and macro-nutrient concentrations during the icebreaker Shirase cruise of the 2020

59th Japanese Antarctic Research Expedition

Polar Data Journal 145 168
DOl

10.20575/00000020

Makabe, R., Takao, S., Takahashi, K.T., Odate, T. 4

Chlorophyll a and macro-nutrient concentrations and photosynthetically active radiation during 2020

the training vessel Umitaka-maru cruise of the 60th Japanese Antarctic Research Expedition in

January 2019

Polar Data Journal 169 180
DOl

10.20575/00000021

Makabe, R., Takao, S., Takahashi, K.T., Odate, T. 5

Chlorophyll a and macronutrient concentrations during the icebreaker Shirase cruise of the 60th 2021

Japanese Antarctic Research Expedition

Polar Data Journal 47 53

DOl
10.20575/00000025




Shimada, K., Takao, S., Takahashi, K.T., Kitade, Y., Kanda, J., Odate, T. 5

Physical and chemical oceanographic data during Umitaka-maru cruise of the 59th Japanese 2021

Antarctic Research Expedition in January 2018

Polar Data Journal 11 36
DOl

10.20575/00000023

lizuka Mutsumi Itaki Takuya Seki Osamu Makabe Ryosuke Ojima Motoha Aoki Shigeru 43

Radiolarian assemblages related to the ocean?ice interaction around the East Antarctic coast 2024

Journal of Micropalaeontology 37 53
DOl

10.5194/jm-43-37-2024

Pan Xianliang L. Lai Xiangxing Makabe Ryosuke Hirano Daisuke Watanabe Yutaka W. 4

Spatiotemporal high-resolution mapping of biological production in the Southern Ocean 2023

Communications Earth &amp; Environment 1-8
DOl

10.1038/s43247-023-01067-y

Matsuda R. Makabe R. Sano M. Takao S. Moteki M. Kurosawa N. 128

Fecal Pellet- Like <i>Gyrodinium</i> Species in Sinking Particles: Newly Found Potential 2023

Contributors for Carbon Export in the Antarctic Seasonal lce Zone

Journal of Geophysical Research: Biogeosciences 1-16

DOl
10.1029/2023JG007705




Takahashi KD, Ito M, Sano M, Makabe R, Yamamoto-Kawai M, Ohshima KI 39

Summer ice-algal blooms by the diatom Fragilariopsis curta (Van Heurck) Hustedt off Cape 2023

Darnley, Southern Ocean

Diatom 12-20
Dol

10.11464/diatom.39.12

Takahashi KD, Makabe R 39

Application of the filter-transfer-freeze technique to permanent slide preparation 2023

Diatom 21-24
Dol

10.11464/diatom.39.21

Tachibana Aiko Ohkubo Yuri Matsuno Kohei Takahashi Keigo D. Makabe Ryosuke Moteki Masato 46

Interannual and spatial variation in small zooplankton off Vincennes Bay, East Antarctica 2023

Polar Biology 915-932
Dol

10.1007/s00300-023-03174-0

Nomura Daiki Sahashi Reishi Takahashi Keigo D. Makabe Ryosuke Ito Masato Tozawa Manami 214

Wongpan Pat Matsuda Ryo Sano Masayoshi Yamamoto-Kawai Michiyo Nojiro Natsumi Tachibana

Aiko Kurosawa Norio Moteki Masato Tamura Takeshi Aoki Shigeru Murase Hiroto

Biogeochemical characteristics of brash sea ice and icebergs during summer and autumn in the 2023

Indian sector of the Southern Ocean

Progress in Oceanography

103023-103023

DOl
10.1016/j .pocean.2023.103023




Makabe R., Takahashi KT 7

Chlorophyll a and macronutrient concentrations during the icebreaker Shirase cruise of the 62nd 2023
and 63rd Japanese Antarctic Research Expedition

Polar Data Journal 50-57

DOl
10.17592/001.2023041002

40 0 33

Takahashi KD, Ito M, Nojiro N, Nomura D, Wongpan P, Sano M, Williams GD, Makabe R, Yamamoto-Kawai M, Tamura T, Aoki S,
Moteki M

Incorporation of phytoplankton into newly-formed sea ice in Dalton Polynya and off Totten Ice Shelf (Southern Ocean) during
late summer

The 10th SCAR Open Science Conference

2022

Makabe R, Ito M, Tsuchiya C, Takahashi KD, Shimada K, Takao S, Sano M, Mizobata K, Kurosawa N, Moteki M

Zooplankton vertical distribution during sea ice melting season in the Southern Ocean

Japan Geoscience Union Meeting

2022

Tsuchiya C, Takahashi KD, Sano M, Makabe R, Takao S, Moteki M

Temporal changes in protist fluxes during sea ice melt off Wilkes land, East Antarctica

The Thirteenth Symposium on Polar Science

2022




Ochi, H., Matsuda, R., Makabe, R., Sano, M., Takao, S., Ito, M., Sugiyama, S., Moteki,M., Kurosawa, N.

Prokaryotic and eukaryotic community structures in East Antarctic coastal sediments

The Thirteenth Symposium on Polar Science

2022

Yukawa, S., Makabe, R., Sano, M., Moteki, M.

Empirical equations and image analyses for estimating zooplankton biomass in the Southern Ocean

The Thirteenth Symposium on Polar Science

2022

Matsuda R, Sano M, Takahashi KD, Takao S, Makabe R, Yamamoto-Kawai M, Moteki M, Kurosawa N

The occurrence of a dinoflagellate species Gyrodinium rubrum in sea ice in the Indian sector of the Southern Ocean

The Thirteenth Symposium on Polar Science

2022

Makabe R, Sano M, Takahashi KD, Takao S, Matsuda R, Ito M, Yamamoto-Kawai M, Nomura D, Kurosawa N, Moteki M

Particulate organic matters in sea ice floe in the Indian sector of the Southern Ocean

The Thirteenth Symposium on Polar Science

2022




Fragilariopsis curta

43

2022

Kurosawa, N., A. Kageswa, R. Makabe, S. Takao, M. Sano, K. Mizobata, M. Moteki, T. Odate

Primary production and carbon export related to sub-surface chlorophyll maximum off Wilkes land during post bloom season

JPGU2021

2021

Matsuda, R., J. Han, S. Okano, M. Sano, S. Takao, R. Makabe, M. Moteki, T. Odate, N. Kurosawa

Contribution of Fecal pellet-like dinoflagellates to the carbon sequestration in the seasonal ice zone of the Southern Ocean

JPGU2021

2021

Makabe, R., K.D. Takahashi, S. Takao, R. Matsuda, M. Sano, K. Mizobata, N. Kurosawa, M. Moteki, T. Odate

Observation of plagic system using a drifter off Wilkes land during sea ice melting season

JPGU2021

2021




Tachibana, A., M. Moteki, R. Makabe

Environmental DNA reveals spatial distributions and trophic linkages of an Antarctic marine community

The 12th Symposium on Polar Science

2021

Matsuda, R., M. Sano, S. Takao, R. Makabe, M. Moteki, N. Kurosawa

Identification and phylogenetic analysis of fecal pellet-like dinoflagellates in the seasonal ice zone of the Southern Ocean

The 12th Symposium on Polar Science

2021

Lai, X., X. Pan, B. Li, R. Makabe, D. Hirano, Y. Watanabe

Spatiotemporal high-resolution mapping of biological production in the Southern Ocean

The 12th Symposium on Polar Science

2021

Sano, M., R. Makabe, N. Kurosawa, M. Moteki

Microbial community structures of sinking particles collected by using gel sediment traps in the Indian sector of the
Southern Ocean during austral summer

The 12th Symposium on Polar Science

2021




Nojiro, N., M. Yamamoto-Kawai, R. Makabe, K. Takahashi

Silica concentrations of seawater and sea- ice in the coastal regions of the Southern Ocean

The 12th Symposium on Polar Science

2021

Sano, M., R. Makabe, N. Kurosawa, M. Moteki, T. Odate

Molecular analysis of individual fecal pellets collected by using gel sediment traps in the Indian sector of the Southern
Ocean

JPGU2021

2021

Takao S., A. Yamamoto, K. Mizobata, A. Oka, R. Makabe

Southern Ocean chlorophyll biases in CMIP6 models: A focus on uncertainties related to ocean color products

Ocean Sciences Meeting 2022

2022

Nakayama Y., D. Carroll, P. Wongpan, R. Makabe, S. Takao, H. Zhang, D. Menemenlis

Optimization and evaluation of a high-resolution, regional, East-Antarctic ocean biogeochemistry model with novel in-situ
physical and biogeochemical observations

Ocean Sciences Meeting 2022

2022




2021

2021

Sano, M., Makabe, R., Kurosawa, N., Moteki, M., Odate, T.

Molecular analysis of fecal pellets collected by using gel sediment traps in the Indian sector of the Southern Ocean during
austral summer

The 11th Symposium on Polar Science

2020

Makabe, R., Takahashi, K.D., Takao, S., Matsuda, R., Mizobata, K., Kurosawa, N., Moteki, M., Odate, T.

Seasonal variation in physical and biological parameters during sea ice melting season in the Southern Ocean

The 11th Symposium on Polar Science

2020

Takahashi, K.D., Ito, M., Makabe, R., Tamura, T., Odate, T., Moteki, M.

Algal concentration and composition in newly formed/young sea ice in Antarctic

The 11th Symposium on Polar Science

2020




Tachibana, A., Makabe, R., Moteki, M.

Environmental DNA as a tool for biomonitoring the Antarctic marine ecosystem

The 11th Symposium on Polar Science

2020

Han, J., Kagesawa, A., Sano, M., Takao, S., Makabe, R., Moteki, M., Odate, T., Kurosawa, N.

Role of fecal pellet-like dinoflagellates in the carbon transport and food webs in the seasonal ice zone of the Southern
Ocean

The 11th Symposium on Polar Science

2020

Mizobata, K., Tamura,T., Hirano,D. & Makabe R.

The Heart of the East AnTarctic CRyosphere-Ocean Synergy System (HEAT-CROSS)

The 11th Symposium on Polar Science

2020

2020




Matsuda R, Takahashi KD, Sano M, Makabe R, Takao S, Moteki M, Kurosawa N

The occurrence of Gyrodinium species (Dinophyceae) in the Indian sector of the Southern Ocean.

The 38th International Symposium on the Okhotsk Sea and Polar Oceans( )

2024

Takahashi KD, Makabe R, Yamamoto-Kawai M, Tamura T, Moteki M

Contrasting phytoplankton communities between Cape Darnley and Dalton Polynyas, off East Antarctica, during sea-ice melting
and forming seasons

Southern Ocean Observing System (S00S) Symposium( )

2023

Matsuda R, Takahashi KD, Sano M, Makabe R, Takao S, Moteki M, Kurosawa N

Eukaryotic community structure in sea ice and sinking particles during summer off Wilkes Land, East Antarctica

The 14th Symposium on Polar Science( )

2023

Narusawa M, Takahashi KD, Matsuda R, Sano M, Makabe R, Moteki M, Kurosawa N

Population density and genetic diversity of sympagic copepods in the Southern Ocean

The 14th Symposium on Polar Science( )

2023




Ochi H, Matsuda R, Takahashi KD, Makabe R, Itaki T, Sugiyama S, Kurosawa N

Prokaryotic and eukaryotic community structures in surface sediments of the East Antractic coastal region

The 14th Symposium on Polar Science( )

2023

Matsuda R, Takahashi KD, Sano M, Makabe R, Takao S, Moteki M, Kurosawa N

Diversity and communities of eukaryotic organisms in sea ice revealed by high through-put DNA sequencing (Southern Ocean,
Indian sector)

Southern Ocean Observing System (S00S) Symposium( )

2023

Makabe R, Takahashi KD, Tsuchiya C, Sano M, Ito M, Matsuda R, Takao S, Kurosawa N, Moteki M

Use of a drifter array for observing temporal variability of pelagic ecosystems and material cycling in seasonal ice zone

Southern Ocean Observing System (S00S) Symposium( )

2023

Hirawake T., S. Takao, H. Yabuki, K. Suzuki, R. Makabe, T. Nakayama, H. Murakami

Validation of the SGLI chlorophyll a concentration in the Southern Ocean

Southern Ocean Observing System (S00S) Symposium( )

2023




2023

Gyrodinium

2023

2023

2023




2023

(Kurosawa Norio)

(30234602) (32690)

(Takao Shintaro)

(80767955) (82101)

DC

(Matsuda Ryo)

(70983055) (32690)

(Sano Masayoshi)

(00814732) (62611)




University of Tasmania




