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Diatoms are among the most important primary producers during microalgal blooms from spring to
summer in the Pacific Arctic. The Chukchi Shelf is one of the most productive regions in the Arctic,
characterized by elevated sinking particulate organic carbon (POC) flux. As a result, there are abundant
viable diatoms, including resting stages, on the seafloor. These diatoms are capable of resuming growth
upon exposure to adequate light conditions. Consequently, they are likely to play an important role
in the primary production processes within the Chukchi Shelf, a region with a significant interaction
between the bottom and the water column. This paper introduces the photophysiological plasticity
of microalgae, including diatoms, in the sediments of the Chukchi Shelf, presenting results from a
laboratory experiment. Furthermore, based on observational evidence, we suggest that diatoms in the
sediments may contribute to primary production processes as an initial population for the increasing
autumn blooms in the Chukchi Shelf.
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IF &I

HemEiE, Mt XD EBRAREY (95 um VS 2 mm
£ ; Hoppenrath er al. 2009) THHIEETH O, FEIREI TR
HENAEEHE T REZTNT SN TVS (Edwards et
al 2015), ZD7=8, EEEBILEERERRICE O TEER
R RIZUTED, WS % ML e & RLIRE R
# (POC: particulate organic carbon) HEDZNZFN 40% 1E
ExRHESTWBRESDHN TS Jin et al 2006, Tréguer et al.
2018), & &I, EEEPUIBRIREN CREE - 8 - ki - Ok -
pH7&E) OZ&H) (KR, REOANEL) WhU -tk
THRIREIMIEZE A L (Hargraves & French 1983, Kuwata er
al. 1993, McQuoid & Hobson 1996, Oku & Kamatani 1999,
Sugie & Kuma 2008), #EATERE - HERET 2, IRERHEARAD
FIAPED S <, REMIICEEANT, Yo RERDO DRV
Bive, Wk, WMBREDSOUBICH LU THL, HETERES
HFTRICBVWTHEEHTZ T ENTE S XS HAEHNR YR
fif 2 T3 (Hargraves & French 1983, Kuwata & Takahashi

1999, Kuwata & Tsuda 2005), —75, {RIREAMIMCZ &5, W
JEHERE YR O EEREHIE, JCOMS D MU A — &7k > TH®
MC THH] U, AN ZEEEE 5 L TIEFEICHET
% (Hollibaugh et al. 1981)s ZD7z8, KENT XL, i
JEHEREYI D KAER TR K R TAICHIIN S X 5 RIBFET
&, RIREHMIAEO KA GEREORID S RAVKEE TOERED
TOHBEEICK 2 KD [ —RREal—r 3> (seed
population) | & UTHEEDS % T EDRREINTE 7 (Garrison
1984, Itakura ez al. 1997), LMW LGNS, RWBIMZLED
TR OVIEIR T8 &9 HEREY D B EEDY, BRI ORISR L
TEDX S BHEBPANIEE Z RS OMIC DN TIERTERH R
M2, EESEORIEIHRIIC B 3 20951, BEES Ao
BT, H<MSRITHERZRGE LTIThNTE (R
B 2000), —/ T, O TAHERAREE (LUF, K
eiiE) D55, Fa 7 FEOREMEICE, BEHEREYHIC
PRIREHA AR 72 5 T HARERE T 72 MERE U To B D @ B S O 1E
ITHENHSM EIR o572 (Ren er al 2014, Tsukazaki er al.
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2018, Fukai et al. 2021), T OUHKIIIKEFENIEFICIRL, KA
CEOHEMEADRKZNT ENENT VBT, B
FEPI R O ERBHAD B A pEIC P 59 2 ATREMED B B 1Y, £ D
KO RWEBHEEN T O ZANED > TVEHDONCDONTIE, &
SRR HEMNRETH B, U LKL, AT, KM
MEICHIE S 2 F o 7 FHEOEMEZE & LT, mEHEREY
FROBEBEONEMENZHENTE L LB, TOWEEHOHE
FEE PEARIC 361 2 W IEHERTY S HO R BN DWW G U %o

F a9 FEEBEOMRMICS T3 EREHEOHES

ARTHRE T BT E, LUK RO H
L, EFICRIBS A FMPKIKNTH S, TD2d, FHIIC
KBRS 5% & & BITHPKDRREL, K R KIEN
NEDEL KD KRB BEFENSEFICHIT TOEERITRE B
AT D, KRB GMMERE 7V — LZER T % (Horner
& Schrader 1982, Ardyna & Arrigo 2020), ¥fic, F 2 7 F
WICIED B PEME T, o7 —LEHIcBWT, JthiET
HEOENEREE N ZH LTS (Hill ez al 2018), /i
AT, TOWHICHITBIERICKERPOCITEET v 7 A
(O’Daly er al. 2020) £ #9150 mZ & DRVIKFEE D E 5
T, K CIBEIFERCBEEL TWS, TOXS BRI,
“pelagic-benthic coupling” EFHIAN, A FPEMIILARED 75 H
T, F o7 FEEISIC BT % E A YR b 2R R
TH% (Grebmeier ef al. 1988,2006), F =2 7 FHgFEMIEKIC I
W TP R O B I D i DO R AE PE 1 & POCYERE T 5
JAFFICHBHICK S TZADNTWVWA S (Hill er al.
2005, Sukhanova ez al. 2009, Lalande et al. 2020, O’Daly ez al.
2020), I3RS U T E D 3 T HE
HMLTHD, KiREEDIIEZED 2D, BOWERETEAE
FLTWBEEZ BN,

FRKIT, KRR E O FEMNIEIC B\ THg KR T O HE
YN & TN 5 B OTHE 2 AP D 7 > TR
T, HFEOKFEIC I 2 A T O Rz a1t
5K BWEENMT, IRz &SR EOESHD /1
LTV EHWMEIN (Fukai er al 2021) (Fig. 1, i
JEZ R ORI Z EN 2 R ORI DOV TIE, —
RIS, KAETOMMEET V—LEKMIT 2 SbN TV
(Pitcher 1990, Itakura et al. 1997), AR FFERIARE DERE
I 2 HERRYh O BRI S T NUCT EE DA R D
BONTED, KDL D ECVIHREET 2 TldiEKIc
B U7zEEH (T AAT I Y= L TLL{HMENB T IL—
7)) OBIGHELRD, WKW GIBoKm L) »
KD EWIE TR BW TR G MMEE T )V — L
W9 % ke (Bl 21X, Chactoceros spp. ¥ Thalassiosira
spp.) WEEENTHE S LTz (Fukai er al 2021), $745b
b, BEOUHERYIR M OEREEZHNE TSI LT, KM
RIS (D)L — LD 1350 2 Bt OB /) JEit
&, RREOZIICHSTAA Y F U ITTEHENELABNS
(Fukai et al 2021), U7zh-> T, BEICAFy T aw b+

7
70°N+{.._/

104 106 108
Viable diatom density in sediments
(MPN cells g wet sediment)

Fig. 1. Viable diatom density in sediments from the Pacific Arctic
Shelf. Data for this figure was obtained from Fukai ez al. (2021).

EIMINERE D 2 WAL T3 H 50, Mg EHEREY) b o B
DOFEZRET 5 L, WKEEOZLICKB3EET IV—
LA (VA XT IV —DHFERKFHOFE, TIV—1L
DR EDZEAL) ZHZT2DDVEDDIEEEDRZH
ELNEW,

FRCFHIBNCEMBEE EDIEREICR <755 F 2 7 FiEkEl
WICHEE I 2 &, MEHERY) 1 g GuER) HICHEED 10
ML EFHET 2T eARENTED (Fukai er al 2021), BE
WP K2 HMEE & & F EMN D > 7z (Tsukazaki er al.
2018), F7z, TNRERBILLIZHADRBREHTRENS
fHICVEET I EEEETHY (Trakura er al 1997), Fa 7
F IO S B E N 2RI L T0WE EE RS
N3, BHEHKICEHT % &, KETOMMEE T V—LT
859 % Chactoceros spp. *° Thalassiosira spp. (von Quillfeldt
2000, Sergeeva et al. 2010) WEWVWEIGZ HHTEBD, HE
WO TE T IV — L2 SRS ZH 9 % /7 FH DN R HE
BYIHICAS AHL TR T AL EEo T, Lizhio
T, F a7 FdEkEMEE, FEIOKE TOEREEDK
BB LICERLT, KEBICHEE L ZHEREROZ AN
WL, HfEdT 22 LIk o T, BIKICIE TEEREHORTRIF
MIERENT WS EWIHETH % (Tsukazaki et al. 2018,
Fukai et al. 2021),

BEERMICSEhSIEZFEONAEEEN
MEHEYIHICE TN 5 HEEIE, IRz 5, o
SEEDS b U A — & 75> THUTE RG24 % (Hollibaugh
et al. 1981), PRHRHIAHAAD THF | 1< RARMRAE A CIRE X
EREICIE > TRV, 10-30 pumol m2 s EFEDHT
RO L 2B ENMEETN TS (Hollibaugh ez al.
1981, Shikata ez al. 2011), TDEXSIC, TNE TOFFETHE



112

YR OB 2 Y T 5 LIER AWz HET 5 2 &1k
HASENTH-TM, BEE VI RFOERBEICIES LTV 5 His
ah, BIMEEREOZICH LT ED K S Ity A
tZ2RT ONITEATH > 7oo MBI 2R IRAE 2
B OiEEE LTI, AR I ORKEFIER (LLT,
FJF)EHW5T LM T&ES, FJF, &, WIX LIt b F—
DIB, HEMDICARIENFIHT 5T ENTEBRAD
BINEZRLEEDOTHD, A FLRAREMRZ LB
TULER I OBEREE T O L L TLEbhTWws (FH
M 2009), F7z, SR EOCERGREDBRZ R UIDEE K
-tz < T & T, MHEEERHED R T Z R O0E
BGHE (P,,) PERIANET 200ME (E) &W\olk, ME
FRRES IOV OREE Z iR S 5 C L MWARECTH S BIAE,
Sakshaugi er al. 1997),

Fukai er al. (2022) Tid, F = 7 FHEREMISOUFEHEREY 2
FAOCTENEREBRZITV, A - YR, F/F, ORIE,
WS > 7 b U aFEORER LI K > THIKHERYIC S X
N2 PR RIS 2 AR RE I Z B S MM LT W B,
FERTIE, K E 3°C DRFRT T 9 7 AL HREFEL i

Hot

IKHERE Y 2 R & U 2 ROt 2 4 T (s@)EX © 300 pumol
m?Zs’, §9¢X 30 umol m2s1), 12 h light: 12 h dark, 3°C
DLMT 7 HEESEL, JUERZNIRS A— 2 —DZ Lz
SMMC LTz, TOYBER, FEORTHAILIEIC KT 5
EHENORGE D NEREZH L2 D Th >z, HEHOM
R I SR 2 m U CEm L T30 (Fig. 2a, b), LLIEhM
T RERL D 4-7 HE (EEIX 0.64 + 0.22 day!, 591
X 0.59 + 0.21 day ) 1BV, EEAETLED 04 HE (G
[X 0.14 + 0.01 day!, 9% 0.15 + 0.21 day) KD EHEHEIC
KELIZ> TV, WM 1 HRD, F/FWCEHT 3 &,
EERICENTHA L TER D, R O 3R
BRI DL LIS K > TA MLV AZZIT 5 T &
5 CH5 (Fig 20), HEFILARTLT XLF—D5EHE
JREEE 2T 5 2D DAREIE DO & DE LT, IT7V/F
YrF2 (DD) ZBTRFLL, V7 bFHF 2 (DD
NEWTHFY T4 - YA TN EFLTED (Goss &
Lepetit 2015), RIREAMIALE C Q¥R ZFIF 9 % 2 &S
TNTWV3 (Oku & Kamatani 1998, Oku & Kamatani 1999),
Tabb, MAIIHL T, HREOETHZITY /FH

1400 - - (c) =~ (f)
(a) Higher light (300 umol photons m=2 s-1) 0.6 P
= ~ 120
7, 1200 :
£
5 2
£ 1000 W 04 5
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% 0.2 E 40
o 600 @ Higher light e @ Higher light
g @ Lower light w @ Lower light
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Fig. 2. (a, b) Cell density and composition of diatoms during incubation under the higher (300 pmol photons m? s!) (a) and lower (30 pmol
photons m2 s7) (b) light conditions. (c—g) Variations in the photophysiological parameters during incubation. (¢) The maximum photochemical
efficiency of PSII (F/F,). (d) Diadinoxanthin (DD)-diatoxanthin (DT) pool size ({(DD]+[DT])/[chlal). (¢) De-epoxidation state index (DES; [DT]/
(IDDJ+[DTY))). (f) The photoacclimation index (E,, pmol photons m2 s?). (g) The maximum photosynthetic rate normalized by chlorophyll @ (chl.a)

concentration (P®

max?

mg C [chl.a]! h'!). Modified from Fukai ez al. (2022).
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VFEVT REYVF Y (DDDT) OT—) s A X (T
0u7 )b q BEICHT % DD+DT ) ZHnsEs L&
Bic, VTV FYUFUOBRIRF R (DD+DT B
IZX9 % DT ) (DES) Z @& 2k ZzIN5 C LM PRE
N3 (Fujiki & Taguchi 2001), LML, 88EXTEI 7Y/
FYF I MY UF 2 (DDDT) DS —)bH 1 XU,
BEEERAGA 1 HIRICiRA L THD (Fig 2d), 7Y/ FH9 0 F
YORRTARFUHR (DES) Bk -7 (Fig.2e)s ZDT®,
FHUNT ) A TIVBERICENTIC, MRV OM
AR IS X B RBINET RNV F—IC X BB R 2T T
WitkEZENS, UL, BYEXICEITS F/F, &£ DD+DT
DT =)V« YA X, DES ITFEERFIME 2 BRI E R IR
CTWw3 (Fig 2¢c,d,e)o DRI, MBEHERYHH OIS,
WREIZET FINF—IC KD AR LR EZF I EHPHIC
FEORFENRIG 2185 X ¥ OISR Z Fbid %, muVtEs
AR AT 5 T EAVRBE NG,

A TSRS BN T, A - YeliiFsah 5155
NI EERIC BT 2 CAIRITRE (E: umol photons m 2 s 1) (&,
EEEWIHICIEA 4.11 umol m2 s TH o7z, HIEEENE
BlICREL o 2R} -7 HE) 1ZI1EH 110-130 pmol
m?2 s GEL TV (Fig. 20, O, ItiEoaYCEA
KRBT B ED E, OMMMEEAETH D (Platt e
al. 1982), WEEHEREY) R OMM BRI EH TR DO CEREA
BT 2HENEHT T AL TH B, TDXI N
BHTxHd 2 B TOIREX, Mk TER U T 7k
BHETLHE SN TE D (Kvernvik et al 2018), JtAiiEDOMH
MBIV 9 2 Y CERBE D2 LIS T 2 M WIEIGHE ) 72 &
SIS HHRE VA o HHEHEREYINCE N 2 Ml
HEOR ARG HGHE (P8, mg C [mg chl.al ' h™) &,
BREOZICEZ AN L ARIZEAERZT Eh o Tzg9EXKIC
BT, BERE 1 HZICEYHOMGOMEITEL TV e (Fig.
28), BEEEBHAA 4 ARIGE L ZRKE GRYEK @ 4.47 + 0.740
mg C [mg chlal ' h!, 596X :4.13 + 0.213 mg C [mg chl.
al'h') (Fig. 2g) &, dtkiiEo BIRBEEICEH T % PP DEL
# Ml (Platt er al 1982, Subba Rao & Platt 1984, Cota 1985,
Palmer et al. 2011, Fernandez-Méndez et al. 2015, Schuback et
al. 2017) DM TEHBIEWMETH 2, LIeMW->T,
[EHEREYIh ORI, BHREFRICEMNIZRTH > T
&, WEREDFE LEBAIE, TRIERLDD, EBIC
EWVIREFEREN R T EDIREICERZ T NS TH
% (Fukai et al. 2022),

FaoFBERMEOMBEMICSTINIERELEREET
otX

IKED T OIS BV TR, BEETHLREHE
&, LJIC, BEMEEYHOHEEANESZ T IV—LICEH S
9B EHN/RENTE T (Shikata er al. 2009, Hegseth er al.
2019), HIfiE TICHNRIZK DI, F o 7 FaRERTIK o i EHE
FYRICEREDEFRBEMAEL TEBD, INAT, Y%tk

IR U TRIVCAEFI 2B 2R U, D EDVI 75 BREE Tl
ROMNCHBEEFEREN 2 1BIE S ¥ 5, F o 7 F kiK%
M50 m FiROERWIEKTH 2720, YikiEHlc B TEHUE
Y OHERRSEAE T & 75 2 B TR FEIE T 2 P BElE
WEW, KEKICEEEZ T, ERICHKM RS R DK E
TN TR &HIKix b &, HERYIHSR O EEBRMNTEFE
W5l S % 2 & TlEE BV T 7 IV— LR el
MRENTz (Shiozaki ef al. 2022),

ARTI, THIC, EFEOHKBD DA 7 IV — L0
FHIMEICHEEZ S X TWVWBENT, KM ARTE O MG ECHE
TN AR U 7o ESDS, YR O B iR I B0 C
EDX>RE R LEAMCEEH LV, JtiETD
KB 7V — L&, WOKDRRE L, KAEOYCEREE
W BT BEFITERENS, TNUTHNAT, EFOIhiE
TIIHEDHIKFAMNENS T & THOKDM B BUK T D HH
MMEIEL, CTOZFHICE KD HBICHMHEE T )V — LD
4T B L1257z (Ardyna et al 2014, Ardyna & Arrigo
2020), ZTOFXEFEIRAHZALE LT, #EA X2 MIfES K
HRAIC K > TREREMHEREA R I N, B4 sy
RRMOMERE (i, HE) O A AMENT %
TEMMEINTWVS (Nishino er al. 2015), —J5C, FZF
TIN— L7z THEENECHERKDZ DN, ZORIFICD
WTRHIRDZ LU,

F a7 FHEREMIEK OKZE 58 m) 1T 2018-2020 4FIC % iE L
R RD T — 2 ZBAOBMTT—2 L L HIC9-10 Hicb
Te > TRMT LTeRER T, MBIEAHE O EURICS U TE
L ClEMEDEENTZE 252, X5IC, WEMNED Y
uuy )b a IREIGEEISE L TET TS5 EARENT
W5 (Fukai er al 2025), 97bb, F o7 FiREiE T,
METN—LOFEL ZHEA NV FEC 5 &, WieE
2 G UHERYIMNBIED SRR E N2 FTREMED B 5,
MZT, 2020 4F 10 AICHEHEIBRIFZEN TH 50 TiThbh
FeAtkfiE T ld, CThzesZi T 2 &5 BTSSR D REMIE O
JEWVEIFN SR ENTWS, BRI, RENKEL, £
NI THIEMEDRE B R E < 7E> T\ eF o 7 F ke
M Tid, WEREAHEOBENEL, T ED T ERERE
FURBEIRRERORENG N> T, TRUTZ, WX
T OB EAREEE TlE Chaetoceros spp. DRIRIFRIE (Fig.
3) BEVEIGZ HH TV, ThbOFRMEHRI KT8
HNC X BIRINGEILD 5, IKEEDNRNT 2 7 F I B
FBTREA N ST, REZERRC LR — RIS, HEREY)
FHORIR A 2 & S EE DB IR SRR A & L
b3 eEZBN% (Fukai er al 2025), JeksfiiER o
RN BT 5 H P EDEE AR O EE (2.32 mol
m2d ) &, Wi OESEEEIC I 259X O HIFEEE (1.30
mol m2d) ICIEL T3, Lo, MEHEREYICE
ENZEEEL, ErRERENEENSCEICK ST, R
B ERITOBEZHUBL T ENTE, METIL—LOD
IR L U CHRET 2 FTREMEDE 2 5N 5,
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F o 7 FIREME T, MR I D SR
TEHEEL WSS, ThoShkiENEE EFohs T Lic
K0T, METI—LICBI 2HHREOERENA AT A
ZWEME R BAREEDN D %, WIEARERIC ) 2 E N1 4
S AOEINE, MHTEEREDN [TV — LKA 1I3ET 5 F
TORMZRHET 5 e Z2mBd 5 (Fig 4. dtmiEcHB»
T, ZERBNVIREEBFENA A~ Z O W, MHlEEE H
TRE}MYT T OB 2 IFEIC L (Matsuno ef al.
2015, Fujiwara e al. 2018), 1ESDHEENEHE L5 2 5 1]HE
%055 (Feng et al. 2018), Lizhio T, UGEHEREY) & His
HHOBEZ ENDICE > THREZIMET IV—LIE, #KOERD
Hi U SRR O ZRHi 7R 380N K > TRIIC e pE AVl
RENTOLSMEIIEOLERERICE ST, FHEME LN
T, iz, —IC, KA B O TREOKET
B9 2HBE (B2, Proboscia alata, Leptocylindrus spp.,
Chactoceros convolutus/concavicornis) (Matsuno et al. 2015)

Fig. 3. Photos of diatom resting spores (Chaetoceros spp.) taken under

a scanning electron microscope. The samples were obtained from
surface water in the Chukchi Shelf during the Arctic cruise by R/V
Mirai in October 2020. Modified from Fukai er al. (2022).

(a) Strong wind

@ g‘.mitiai

(b) Moderate wind

Hot

\Qéhh%MI

R TPORETE LS L TV 2 2 8EE (Chaetoceros
socialis complex, Thalassiosira spp.) & X EE %, TD,
BIEHEREYIOMAIC K> T, ZORICTERENIMET IV—
LOFEERE MRS & o TERHII 2L T 5T REMEE 5 %,
AR, KA DHES TR AR T, JBUC KB 5T
INEBERBEO Y 22T 5, KOEELGEREKRD, #F
TIN—LDORFICEHFEE LTV AAREENER T N7z (Wang
et al 2024), TD XS REREIZACLDE RN D 5750 T, Ak
T, BUEDNS—EHRE N, MWEANEIRE L ICHREED,
SEJEA AN M TKAEANTHIERE L, UL EANT S
I AAREMZ R U, 2hid, JRVBEMNESTHEF 27
FHFEENIE 7 © Tld D =— J i3 EYER L 2R T H D,
MEHERRY D& Z LAY DA AT O FLREE FE DR 72 Tk
HBEELRERDVEDTHB T LERE LT,

Bbvlc

CNET, KVErHEIIERmHEC B CEESERIE, VAR
FEJIR R ETL POC 7T v 7 A X - THBEREIGE- MR
RERZ L Z ML LTHbNTE R, —77, AT,
FNSOHRBIIE BN TOEBEEEEID 5 —EHIR X
N, WEISILATZRICE SV P2 G L TED,
TNHERIBERRE OREIRHE M X - THRHUEREA DR S
EEBAHEMN D 5 T EICHHE Uiz, BRENZED DD It
MHICBWT, EHERY hOEEEN R BRI T
EDOREMEb > TN2DM, iz, WHARRIIHT %08
DXL DD, SHIFMTIASMNCT Z0ENH 5,

S
AROIERICH e > THBISZTHEX LT, HEHEDIX

(c) Schematic representation of
biomass growth

P

\ -- . . Sea ice
population if’ Sea ice population==s, Sea ice \_
i N2V ) D7 /4 * Bloom state
o _ 3 g
Va4 =3
= E
q s {@ 2 scenario (a) e -'E,‘_E
\ 2 gl
Less light E’N utrients Less light & g;‘
§ scgnario (b) _gg
98 o
| 2 =
> Py |\ Nutrients Difference in 3
Verﬁc@shear & initial biomass
- - Diatoms !’?L .
Bottom current ~ ~ Time / Season
7 ~

A Time / Season

Ship-based observation
(Fukai et al., 2025)

Time / Season

Fig. 4. Potential diatom community succession during autumn on the Chukchi Shelf. (a) As the observational evidence in Fukai ez al. (2025)

indicates, the bottom current in the shallow sea responds to strong winds, resulting in supplying nutrients and diatoms in sediments to the upper

water. (b) The response at the bottom is reduced when the wind subsides. There is no extra supply of initial biomass from diatoms on the seafloor. (c)
Evolution of phytoplankton biomass under the scenarios in illustrated in panels (a) and (b). Modified from Fukai ez al. (2025).
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ICHEFLZ L BT, £z, EREBUIRIRBIHIIR O 2 4G
H2EEZH D LIS H—IEEI LR OELR L LT,
A% 6> TR I OF 2R LTI,
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