sHUMEfA Bt S8 & 77 =& 78 oA+

Carbon assimilation rate and organic carbon cycle in sea

ice-algal ecosystem
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SUMMARY

(3 & 2 o B

I. Title

Carbon assimilation rate and organic carbon cycle in sea ice—algal ecosystem

[l. Purpose and Necessity of R&D

O Increasing carbon assimilation rate of the Arctic sea ice ecosystem due to the increase of
single-year sea ice caused by global warming

O Kongsfjorden (Svalbard, Spitzbergen) is suitable for survey of carbon assimilation of the sea ice
ecosystem due to the rapid seasonal fluctuation in sea ice concentration driven by Atlantic current
inflow

O Underrstanding the energy flow of sea ice ecosystem components through the measurement of

carbon assimilation of the sea ice ecosystem

lII. Contents and Extent of R&D

O Determination of trophic position of zooplankton and the role of the microbial network in the

Kongsfjroden marginal ice zone, Dasan Station

O Assessment of carbon assimilation rate by sea ice growth stage in Cambridge Bay and Coral
Harbor, Canada

IV. R&D Results

O The trophic position of zooplankton in Kongsfjorden showed different trends in seasonal changes
depending on the species of zooplankton, suggesting the survival strategies in polar night and bloom

season were species—specific

O In Cambridge Bay and Coral Harbor, in—situ carbon uptake and chl-a concentration of sea ice
microalgae were lower than previous studies, suggesting their growth was restricted by the

inorganic nutrients

V. Application Plans of R&D Results
O Use as a data to reconstruct the contribution of primary production of sea ice algae
O Use of sea ice ecosystem research to build international cooperation in research in the Arctic

Ocean
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A vh 9t} (Seuthe et al, 2011). olo] mek, ¥ AL HAY FEFFAEC] Fof /]
of MelswA 9% WAL Ak, S50l algal dievh A HW GY WAL P
Ao Agshsint.
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B2 Svalbard Kongsfjorden Wit A A5 AFS 3
o Y, 2% AaE AAS. 19 329+ Ny- Alesundoﬂf\i =%
g YEhA T

04_4 lO

+

AEEIEE

7F2-(2017.10.11.72017.10.25.) 3  +(2018.04.03.72018.04.19.), <1&5(2019.07.10.~2019.07.12.)°l
ZF Aol M A ZAME FAsATh vl AR, 671078 AN A8 7S B sEE
FaE ARE AFsIT dAAE #7182 dF5 500mIT2LE v BYX GF/F (A&
256mm, 37 0.7pm, Whatman)& ©|-83sto] o 23l th & F %A= bongo net(200um mesh
size, 50cm diameter, 2.5m length)S ©]83}o] 507100m A 7HA] 60m/#9 == 7 AH
Sdtt FEZHAES APdE AL F v Z(LEICA DFC495)S o]&3te] HiEe &
A, wRetAY. 54 2 & 2V 7 (Calanus spp.), 3V E 9| (Parasagitta elegans), YAFct
A o] 7 (Euphausia) 9} #-& = ZEAaES gHste] FA o ARgstt E=E A
FaEe] IS HEs glstr] &l 71 20179 102 (1A =) 2018+ 49 (24}
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¥ 31 A+ AH &, A=

Station Latitude(°N) Longitude(°E)
st.1 78°54'42.00" 12°2310.00"
st.2 78°55'68.00" 12°23'22.00"
st.3 78°58'80.00” 12°19'20.00"
st4 78°57'26.30" 12°14'14.10"
st.b 78°55"50.00" 12°08'70.00"
st.6 77°00"08.40" 11°53'58.70"
st.7 78°57"30.00” 11°5490.00"
st.8 78°58'80.00” 11°54'60.00"
st.9 79°01'50.00” 11°45700.00"
st.10 78°59"10.00” 11°39'00.00"

Harbor 78°55"72.70" 11°56"'13.70"
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3. 4% R 24
7 AR fr71E] g4 2 A4 e e 24

PAHE 715 AlEe 12M HCl $715 ol &8t 24A1%F 5 Fr|eta AAE Wdgetalt

o] Z} A&+ tin capoll %o EA/IRMS (vario EL cube, elementar/Isoprime 100, GV

instruments) & ©]-&3to] BA AAHFTALALE BASATE o, FA dAFALAL £49

TR A AA RS AAA B AEE ARSI B4 A4S Flstr] Sl

2o A A FEAA dEd 2F =4 (CH-3, IAEA / N-1, IAEA)S oF 107 A&

Alatth EA AT A VI F R =229 AT EAR A% A= 0.3% TR
Z

vebske, JAbd frlE Alss 4 33 Wb SASE

o Mz M o
B B Ho

A-E F2ZHIAE AlEc F 1071 A4d 5 Kongsfjorden®] WZ(st.l), T3Hst7), 9=
37 Aol AAegl 2 FA4E& Pt Art

T2 AAHste] AMEeRal, WEs Hid sEET

1l

F
. 5% 715 4 10mg, A% 715 276mgol @

IE ARE Az F A0 A8
Fots TEEYAE AIES Sml V-vialel ¥° 6M HCI ImlE 7k 5, 110Tol A 127244]
7

L TR E AR Tt Edlv d AlsE WAl % PTFE membrane filter
(T4 02mE ol&std dA EHS AAstY MEE V-vialZ2 o]sAIZl ¥ 65
n-hexane/dichloromethane(v/v)Z ©]&3to] A& el Xd 2 254 RS 2 A3
ot :=qhs 714 AmutEI A EA s 918, ofrite] LAY S Eole FEAS
£S5 AXA "Ark ABE AFAZ &, 114 thionyl chloride/2-propanol(v/v) 1mlE & 7} 3t
110CAl A 2A17F &9t esterifications st Tl vES-o] & Al5s WZAIZl ¥ reagent&
A AT o} 1:4 pivaloyl chloride/dichloromethane(v/v) 1mlE #7}Fgk & 110TCo A 2417 &
o} pivaloylations F&stdch AlgaE WYZA4AZ T reagent= Xﬂﬂ S Iml S/
172ml 6:5 n-hexane/dichloromethane(v/v)E o] &3sto] S ste] FedS &4 URAHTH
ol Ak FE A= 507100409 dichloromethaneo] &ajA171 l"ir@ A7FA -20CoNA B
59
O}U]L’\P-J A AT Y= GC/IRMS (Agilent 6890N / Isoprime 100, Isoprime, UK)
£ o] &3dte] EAstuTh Abste Abstate], Absty A Wl gfofojrt FXlE M GykEs 950TC
ANA, TS g golofrt FXH AgH IS 500TCA A AHE-3HA
TARRe A E glstr] Aal da A FALdANTE G 8FFY ofv| At 2 =4

=

S e

(alanine, glycine, valine, leucine, norleucine, aspartic acid, methionine, glutamic acid,
phenylalanine, SHOKO-Science % Indiana UniversityollAd F+uwl)S 4757 A& #2 Ajnjc}
wAEA T A VI T R2T BERY Hw QA= 1% vIveE e
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i

EETFIAEY I 9A Al
o 9F @A (Trophic Position, TP)

=
of

(e

Chikaraishi et al (2009)° ¢al ate 2o = AAikstS o).
TP = [(8"Ngu—6"Nppe—3.4)/7.61+1

SNt 8°Npner= ZH7} glutamic acid®} phenylalanine®] 24 SFF =9 U AH S e,
3.4% (B value) 1+ Aabzke] §¥Ngu et 6°Nppeol #FolE YelhlE= 4 g gko] AbgEAT =

3 7.6%(Trophic Enrichment Facter, TEF)S 4<% &A1 A5 Al 6"Ngu®t 6°Npned
enrichment®] ztol& YUElY = A3 gho] AFE-H AT
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Hydrolysis
12N HCL 24H, at 100T

Defat
n-Hexane/DCM (3:2, v/v), triplicate

Isopropyl esterification
TC/APR(1:4, vAv), 2H, at 110 T

Pivaloylation
PC/DCM(1:4, viv), 2H, at 110 T

Extraction
n-Hexane/DCM (3:2, v/v), triplicate

19 3.3 opeat HA b A A

S 9k A5 Ao st flow chart

M
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HC| Hydrolysis Filtration Defat

Dy up Denvatizations Extraction Adjust volume
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Heart

Injector

split
, .

/)

GC oven

FID

O widatiom

colemn

—|

GOCS interface

Wader trap
He

Reduction Water

| column  trap ,

e
syt

Al =
‘—l,_l‘

GC/IRMS®] &

-
1

o AH-§-5]
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Intensity (nA)

Intensity (nA)

Reference Gas (N;) Reference Gas (N;)

Ala Giv
I} Val Len Nle .#LSP Met Glu Phe

Retention time (s)

Reference Gas (N,) Reference Gas (N4)

Asp+Thr
Len Gh
Ser
Ie Met Phe

Retention time (s)

1% 36. GC/IRMSE o] &£3ko] ofuledt B2 2ACH Y} A 2(5HE 2A4%

chromatogram
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4 QT At L A

7 AR fr71E] g4 2 A4 ke e a4

%32 74 3R 94 4712 AR ga D Ah FFEN QL0

Fall (2017.10) Spring (2018.04)
6"9C (%) "N (%) 8"9C(%o0) 6" N (%)
st.1 -33.86+1.17 2.72£0.37 -33.66+0.44 6.12+1.20
st.2 -34.17+0.56 4.23+0.45 -33.81+0.68 6.13+1.32
st4 -32.99+0.48 2.95+0.73 -33.04+0.87 6.23+1.07
st.b -29.94+0.77 2.64+0.80 -33.43+0.17 6.19+1.47
st.7 -27.98+0.83 1.80+£0.57 -30.75%1.00 5.22+1.16
st.8 -28.27%0.74 2.05+0.23 -32.05%0.80 6.03+1.15
st.9 -31.24+0.38 2.45+0.91 -29.72+0.36 5.61+1.20
st.10 -28.87+0.48 1.48+0.22 -31.44+0.65 5.20+0.58
# 33 4 A3 C/N ratio

Fall (2017.10) Spring (2018.04)

st.1 15.97 19.02
st.2 13.54 17.11
st.4 8.23 13.55
st.5 8.81 15.63
st.7 7.58 12.78
st.8 9.10 16.87
st.9 11.38 13.28
st.10 9.95 12.07

F 3200 A4 A A FrIEe] @ #H A
glaksleh. 7hed el AR JAA

D br
l-'O
o
oft
Ho
e
B~
e

offf g
w
W
2
N
o2l
)
1o
Q
z

ratios 74 71=e] B4 bgEdan s dukHow
7HE RS 1,}5}1419}0&] g g Edan et ON ratios B3 ¥, 4, g 58
AR & §4 71k frlEe] AAl 7dsde Aer 5T ¢ Un AR FUlEe A
2 s A= Tkl v ol At FAR Aew FHAY. ol Fd Th=
o] Kongsfjorden® 2 Y 5= dAdE9] 240 vhE 2oz A4 + urh
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3 3420179 10 (UF)ell AFE v5 SHAEY ofvil A4 A sAALY] 2 dF
A

Species Class Location §®Naw 8" Nppe TP
Calanus spp. Copepoda st.1 20.63 412 2.72
st.7 20.51 6.01 2.46
st.10 19.67 3.79 2.64
Oithona similis Copepoda st.1 25.25 .57 2.88
st.7 26.01 8.90 2.80
st.10 22.08 4.40 2.88

Parasagitta elegans
(>20mm) Chaetognaths st.1 22.39 3.07 3.09
st.7 23.76 2.98 3.29
st.10 23.55 4.62 3.04

Parasagita elegans
(<20mm) st.1 22.82 431 2.99
st.7 23.24 3.29 3.18
st.10 24.51 5.04 3.12
Meganyertiphanes Euphausia  st.3 23.40 334 319

norvegica

Themisto abyssorum Amphipoda Harbor 26.70 3.98 3.54
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3 3520189 42 (el AHE FEESFAEY] ol AA P E e Ay & @A
Species Class Location §"Nen §"Nphe TP
Calanus spp. Copepoda st.1 21.58 3.38 2.95
st.7 20.93 3.7 2.81
st.10 19.07 2.94 2.67
Oithona similis (2018.04) Copepoda st.1 15.35 1.75 2.34
st.7 15.82 2.99 2.24
Parasagitta elegans
(>20mm) Chaetognaths st.1 23.60 3.47 3.18
st.7 24.02 5.90 2.94
st.10 25.11 5.98 3.07
Parasagita elegans
(<20mmm) st.1 23.96 3.27 3.27
st.7 23.30 3.39 3.17
st.10 24.42 5.29 3.07
Thysanoessa sp. Euphausia st4 25.08 3.77 3.36
st.7 23.66 5.25 3.02
st.10 25.18 4.13 3.32
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336, 20199 7E(AF)el AMHE = EFAEY oA A4 9 EU
A

Species Class Location 8" Nen 8" Nppe TP

Calanus spp. Copepoda st.1 22.62 7.89 2.49

st.7 22.86 7.27 2.60

st.10 23.22 3.82 3.11

Parasagitta elegans Chaetognaths st.1 25.93 7.46 2.98

st.7 25.32 4.74 3.26

st.10 24.23 5.10 3.07

Euphausia sp. Euphausia st.1 21.35 2.65 3.01

st.7 21.26 498 2.70

st.10 18.67 0.79 291
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Amphipoda
T.abyssorum
= Oy Euphausia Chaetognas
=) P.elegans
= 8 £ A
g 'S © A calanus spy Copepoda
£ imilis
o 3 ® A %8% O.stmili
2 A ©
H & B
-
- A,
@
@

Open circle: Fall (2017.10)
Closed circle: Spring (2018.04)
Triangle: Summer (2019.07)

a9 37, 20179 10€(1Abd =), 20184 04<€ (2xd %), 2019 07€ (3xhd =)o |+
2EYaEY 9Y B, 9, dethE ol 7 (Euphausia)® 4§ 2 &AL Al7lvie e

ol =33k
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A .

20193 7ol EAM W Calanus sppi= 370 AAANA L Hyt JF @A F 27303302 3T A
o] 5% B2V 7V AA vewty. Calanus spp.©]
= FEe B, 7P vbg A St109M = 3 9]
0 A Calanus spp.ol A #2E §PNpne S St.13}
St.70l ®l&) wrekow  Calanus spp.7} ]9“3‘ T A= Holdo] FHH oz Aol7t EATY F
stt}. Pelegansv 370 AAAAY Hyt ¢ SAZF 31020142 Calanus spp.©ll
< #XF #AE YEAY. Euphausias 37H Ao Bt FE A
28740162 FATHA Atolo] G TAE SQlE )

o,

lo

[o
>

>~
—.~
oy

Zol Svalbard % ¢l S FT4AOE bulk tissued] SHAFALAE ol &3ty HE &
EHAE Yol FxF Mg AFEe] Big v glom, FE Ad & ¥ a
o] g wA o X E st dt= A7 A =AY (Soreide et al., 2008; Grigor et
al., 2015). o= Calanus glacialis®} Calanus finmarchicus® 33 o] 7Yt A 3]
A Z38 3 Zlo] HirEo](Parent et al, 2012) ¥ oA AHE CalanusES 2% Calanus
spp. 2 Wl AgE At oy, AA 2 Kongsfjordenol| Al Calanus$2 A&l w2} C.
glacialis, C. finmarchicus, C. hyperboreus®] A& TE ZAHE 7IAH {FUEHE Aoz &
2 Attt (Hop et al, 2002., Kwasniewski et al., 2003). o] &< F3o] wal iAol A C
finmarchicus?}y, =& A  C. glacialis, C. hyperboreus’t TR = 7
(Walkusz et al., 2009).

2 AN BXE Calanus spp.2l A5 7FSRT Bl & GAZF & Aol AH o,
st.7ol A 7H 2 A5ES B CalanusS 719 bulk tissue? s UL 4 A
o Al AT AAY a7tF=E Had v 9o}t (Soreide et al, 2008; Grigor et al., 2015)
ATNA EAE CalanusE > F2AA =& S 77k 9¢ dAE HeEd A, o+

bloom o]l A=A Holdo] AFH oz EAY7] ol Ao &4 Holds
A AdgE FFHEY. Calanus spps P.elegansol vl&] 9 @A X W7t 4
t, 201772018\ 3k 2019\ Abelol A froju g Apol 7k A A 9 hth(t-test, 2017 2}
ol 5] p=0.57, 2018332 Blalo A p=058, Fel 0.05). Calanus spp.= 3 AAS 3t
Q7R dHA oA, A ol & Thed A7]o Hold 2 A A uet Y o
A7F @8R = AoR AR ETE AL Al7] Aol AEo] EAsk= 2017 10€ 3 20183 04
4 Atoll M Calanus spp.l ¥ GA= FAALE Foldd Aol& WolA e Urh(t-test,

2 &2
[o o

=
Rl
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p=0.14, F5< 0.05). Calanus spp.= over-wintering % ]lﬂ of A&H wax ester®: AX
st A&t Zoz g Jon Hol due 1A L%E o2 HiHE (Falk-Petersen
et al., 2007, Scott et al., 2000). WetA] o]&<°] 2017 10€¥€ 3} 2018@ 04€ Afole] G A
Hsh= AA YeEUA @ Aoz Bolxuk Holde] FRHy Fo] g d 7 deE A5H
o= % A T3 ggstA vErE ¢ de AoE AAT F

P.eleganst A7l w& & @A Aol= SRIEA Fton, F AL Al7]A 25 dA
g FGF A EEE UERAT o5& 55 Y O]ﬂoﬂE WA E, HBYE S oy @Y
o Zd3dl= TOo =2 (Terazaki, 2004) =% Calanus%e L4 F7FE& ﬁ’%é}% o= l‘iiﬂ No

W{N'
l‘ﬂ
o2
03
é
)
—_
_,'\1
S
rE
10
o2

 (Grigor et al., 2015), ¥ A+9] Calanus spp.=H-E 2t
F dA Aol= FAsFStt. o]d whEl B Aol xfHH PelegaHS* Calanuss; ©]9] 9] tf
= EHO] 4 ¢ wWol &84S 7tsAol A Peleganse] 9F SAI= 201772018 2} 20194
off 4 freojust o]yt WA A kkth(t-test, 2017 d3] WA p=0.88, 2018 }2]
/\1 p=0.77, = 0.05). P.eleganse= T2 L7475 AAst= Aoz 497 &2 &
_E(Samemoto, 1987, Terazaki, 2004), ¥ AFoA F4H & SA7 G &35
Il 9}%—% AlAFSHEE, o] &2 over-wintering o Hol &Fo] HAASAT Q4FE
st Aog HuEW(Grigor et al, 2014), 20174 10€ 3 2018 4¥€ Alojo] g%k
| At B FEZTAES] abundance’t =31 FA T T YA
el

%
| = GF A7 WskH] @2 AS 1E s, Pelegans® ol A

_\"loﬁiﬁﬁ

Euphausiat®™ 7} 5o A2 o2 Fo] HAHJQ oY o5 I dAl= FASHA YERS:
th B3k Tabyssorume RE A E oA 7MY £ ¢ dAE B, 9 EA4AW d3iE
3l A Fo] CalanusE S XA stE S TEEFAEL] &A% vk Ao} (Kraft et al,

2013).

@25 (Amphipoda) 9] 749 2017 10€ el vt A = a1, vttt A o] /- (Euphausia) &= 354
o2 249 °§°k GAE HYou, wl ZAF Al7|attE T2 Fo] 2337 Wil Al 7ol
gj\;ﬂu} o] 59 FAFEo] 7Fd 9% ©A7F Wold et al (2011)ell

A gAgow g ATl ALgE FEEFAEL JBUel APA NS0
o7 WEe] ¥ ATAstst WA vwst Bobss

2 BREYAES §Nps AAO W Fo% Aol mol @grow, 7 BFHel we
Z T

T A A7 Osimilis®] 94 @A Hare 2017d 10294 2.85+0.04, 2018 04<L
229+0.072, F Al71A O.similis®] ¥ GAl= Fost zel7t e Aoz Az
(t—test, p<0.05, 4= 0.05). O.similiss= 20173 10€0= 24 o 7M71E 9% dAE 7}
2w, 20184 04¥oll= FA Aol sFete 4% dAE A= AR gy =, 7 A7
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Ao ol Fdo] Aolgk Aor AAE ¢ k. dF AZro] HAIZE ThEF
Zrekd 20173 102 =AF A7l vlEl] 2018 04¥€ A A7 ¢F 204179 é}_ Al
ol 7] wjZell (Z1¥ 3.2), algal diete] 7] =7F moldo] wel FF dAl= A Aoz
st ¢ vt O.similis® 9 HolYL ciliate &2 heterotrophic dinoflagellate, 28] 3L d
o7 HIEo gkom  (Atkinson, 1996, Atienza et al, 2006, Pond and Ward, 2011,
Zamora-Terol et al., 2013), algal diet7} A& Fo= A7t = 20173 10€ol= A9 22 H
oldE AT wet A dAVE 7S ThsAdo] AT o5 TE sEEFEAESE
g2l Az AbSAri7E glan, s =R ge ASHdE HA Sd5S A&k e Zioi H 1% 7]
ol (Berge et al., 2015). 95 o] & 7l Hol|d & HFo| A Aol G&F Ao ¥
H Aow AztH,
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274 Cambridge Bay %! Coral Harboroj|x] S| AVEjA EtAS+E& &3

o] EAste= AW 2R A2 TEEFAETY MY T 18 =2FEZA 55 3
< A& gtth (Sgreide and others, 2010; Daase and others,
2013; Van Leeuwe and others, 2018; others therein). &= a2l % 12} A2kol] o3k si=] w] A
ZFo JodEE AYgH o 1%FE 60%7HA W= Aow EO]X]“’J (Gosselin and others,
1997; Lee and others, 2015; Song and others, 2016) al¥ %/F¢ Ux}FAWAS 159 bloom
WA o]l F2 s videl 1 sEE HAFEHo Utk BAAA H=5 Y A A
A AEstd o g Fa3% 4 A}t (Lee and others, 2011; Lue and others, 2015). 3% %72
bloom< dWtH o g *(oE A EZHIES bloomel| AA LA st} (Apollonio, 1965;
Legendre and others, 1992; Michel and others, 1996; Lee and others, 2008; Leu and others,
2015; Tedesco and others, 2019). 31 =7/ & < 7= bloom< H=3dA ALS HUls
254 AAAESS] A A7I1S AF A7t (Michel and others, 1996; Lee and others,
2008; Lee and others, 2011; Fernandez—-Méndez and others, 2014). %3+ ¥ FZ2HF= +
e Y 2F Ho] sumpagic 24 sEE9 &9 Hslol fFF5o wdy e dFAQl &
AAS 9 "4l high-quality polyunsaturated fatty acids (PUFAs)E 3$Hi-3tar it
(Leu and others, 2010).
oA HSH = gt 27 SH1E T MW vlEel EAc s 2F S dibHoR &
=319 landfast iceollA 7} Aot} (e.g., Smith and others, 1987, Renaud and others,
2007; Lee and others, 2008, Campbell and others, 2016). 3% Z/F<e] 90% o]
chlorophyll-a (chl-a)7} landfast sea ice®] ®FY 375 cm T3l FFH ol ATt (Smith and
others, 1990; Lee and others, 2008; Lee and others, 2010; Campbell and others, 2016).
ol A s AEfel tHEk HZo] WstES sy HEE AESdA 3X4X4°]744 573
A9l &S vz 4 2t} (Barber and others, 2015; Tedesco and others, 2019). &=olA 7
o F71¢} wo] = A77F wElReta A wel (Lynch and others, 2004) stHl Z5
o] =3 bloom A17]19F Zol& W3IAIZ 4 vt (Lavoie and others, 2005; Lee and others,
2008). eyt s = o] WstEe] tiE S [ g2 fxel wet gk o9l
t} (Castellani and others, 2017, Tedesco and others, 2019). E=3jo A i =72 A4k
e d4d #5 A5 FFor AAFE Yo Hogld Ao tigh 4wy
AR owd vx= FFE vAL A=A olsct=d AdwS A3 U (Gradinger
and others, 2009; Lee and others, 2010). webA] 2 AF-e] 5242 Jandfast sea ice zone®l A]
7 SRS dolre= A A EF dAANES FA o Aolm T Y[ AdE

A x4 548 BAeE Aol

BN
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20179 49 269 5H 59 129 71#] 28]a 20189 4€¥€ 745 H 4€Y€ 269 71A] AMyrie] E=
Holl 913+ Finlayson islands +# 2] first year sea ice zoneolA] &% 2 34 AZS FH
ot FHA EA AEYF P w4 F5E9 FHE AolE aEste] 4719 AEE A AHES

Dalman and others (2019)¢] A+t 7§t sfo] Mgt} A+ x99 2 Cambridge bay=+-H
oF 33km Aglel Avk (27 38, 19 39). g 20199 59 49FH 69 19 7HA vt
H=ol $1x3F Coral Harbour® first year sea iceol A alW % a4 MZS =73 (1Y
3.10).

v AlE A

S o} o A transmitted spectral irradianceE =743}7] 93] hyperspectral cosine sensor
(Satlantic HyperOCR)E A}&3lth, AlA = A 5o] 25cmel 2AES Tdsle] §Z o= 15m
Ao YAAH o o] TS HAS 7] fd LASS o= "y B3 fa W
AFE ZA317] $18 Spectral irradiancet= 400-700 nm ¥ the] S HEI S AL

4 =4 Ade 20179 v AAE ok = FA= S ZolE FE% FHAA HO 103
bl -5'?—7@ sttt W AZE5S Mark II Kovacs core barrel (inner diameter = 9 cm)& ©]-&
3l F=} A FAE Y FZolE FEF F FAsA &Y v 10 em s #

Ao Yo 5 Wyokdo] Hytetel ARAARE oIt W MEFES 24 3 Wetael
A HAHS] 530 AFAES 2AES o|&ste] FRFPon Yol MEEH AR
WYeolho] Hitsle] AdgAz o]lFdh o] %S H YSI model 30 salinity meter (YSI
Yellow Springs, Ohio)& ©|&3le] 92 SAHIoH &4 ME E3 U3 FGHE o] &3l

3

A& 98l GF/F filters (nominal pore size = 0.7 ym)=
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ol A

juei

7}. Chlorophyll a 43

% chl-a %=+ Whatman glass fiber ®13%] (GF/F, 0.7 tm, 25 mm)E ©]&3) 349 3|5
A2 E o35t Y. 27| chl-a 355 9% 3l A&+ Nucleopore o3+ (20, 2 pm, 47
mm)= TAA o2 of gk & GF/F oA (0.7 m, 47 mm)= 04543}“ B AR Sh i
chl-a A& W B3t & Ao A ol ES E3 F%3 T 10-AU fluorometer=
o]-g3te] AT fol AAIE A EF A2 Parsons et al (1984)01] 7| z8ke] et

[ex]
AN

O Az AEEgare] gaiss 24

W Folg FE FA vte] 10 em FES A2 H wFEel] Fe F 400 mio] o 3
5 YAtk 123 Lee and others (2008)°] wa} NaH"COsS +9 &k HE wa F4&
e Fdgk el Fao] g BABS Tt AT s FHS A
WS QAES ol &35t def o] AXAE oA 3-4 A7 v Tk wiks A
5 IS SA Wi BaAsga APAAA F Azt Ax ks mth AEol
M3 HE F N 2[R @A FFES golry] 9 GF/F o3| (25 mm)oll o] 73}
th A E A B4 A7 80 Toll FA| BASATH AZ 9 ehatd S AAsH] Ha 24
A7 Fot PAtS o] 838 fumeS 3 ¥, w Alaska Stable Isotope Facility®] Finnigan

Delta+XL mass spectrometerZ ©]&3&to] x4 F71Eka (POC)S §¥CY ghol EA =t}
NEZFFAEY] A5 LAZANA 1S ¢ AES el Hol s o] WEI mpzirvt
A= 54 AaE 9 F 22 FZAZ 5 W ofel 1 mol 1A AlA 3-4 A7 v

o] o} Tl AE A HAHLS Y] MEF Fdeit W =274 AHEF

WRjol whel AkE AT

o

o 4 3
:(l)l:

o NlO
¥
rh
Az
rﬂ
B
oo
&
o
rlo
an
O
3
QO
Q
=
[oN
o
=
(@}
7
o
&3
©

AEEHAEY] AHEAEES FA467] el 52 a3 sl AEe Zhzhe] Asistd A
AR GF/F (47 mm) e Ao A3k vty SA] Ws B Addols &34 &
A AR B#AEAY AW 2R{e AESHIAES It dve FEHAE dZ7E o] §3)
of #A3 Ha 747 A FAdEY] w57 SAFAT (Kim et al, 2015). & @9
A =S Lowry method (195Dl olaf 4 HAL T AH FE55 9814 1:2 (vob)
chloroform-methanol &% 9ol AMEH AT F A4 i FS sulfo-phospho-vanillin (SPV)

reactioin (Bligh and Dyer, 1959; Marsh and Weinstein, 1966)9 ¢]&] =A% At} &3
SH %2 Dubois et al. (1956)2] phenol-sulfuricc methodE w2} =% & Ao}
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ot w2 e FA Hw2 77t 4+ 1 em < 149 =+ 17 cm% YEH
} FAAE] vsl skskeh =2 iy s

6.7 + 258 FAHALH A+ 7|ZH %C{} W5 o] o]
3 17t &<t +9o T+ 41-234 cm (9.7 + 49 cm)& 4}
Byttt Zhzre] A -eA Bl Ay = T BlolA 194 cm (+ 5.7), R3914 140 cm (£
6.4 cm), st.19l4 65 cm (£ 2.2 cm), st3°14 69 cm (x 1.0 cm), st4elA 108 cm (£ 16
cm)Z YERSE AT 713F B9k el T+ 119.0-168.0 cm (1438 + 17.1 cm)e] 77 H
e BAT 77+ AR A Bl Het s FA= BlolA]l 1384 cm (£ 122 cm), st.1oA]
1255 cm (£ 46 cm), st.3°1A 1572 cm (x 2.0 cm), st4dolA] 1645 cm (+ 57 cm)o. % A4k
o

99 01795 Aubeh wAHAR S FAE stlolA stdR A5E FAGAE B
BT AT 71k B AW e 10 cm TS HA ABR BF Aeeld P G

Hol= Zh7 52-6.9 (6.23 £ 041)¥ 271-31.5 (2813 + 1.1D)=E YESoH o= 2017\d9] 2
o} FAFTE (£ 3.8). 20199 Coral HarbourdlAl ¢1-7+7]7F =<t site A, site C, site FollA]
=45t = A= 47 13-29 em (21 £ 6 cm), 10-23 ecm (17 £ 5 cm), 7-21 cm (16 +
cm)® YERYE B3E iR T site A, site C, site FollA Z+2F 151-164 cm (159 + 5 cm),
147-161 cm (155 + 5 c¢cm), 123-142 cm (135 + 7 cm)2 YESTE SR Hat F7 = gk
AR site AolA 7 FAS o™ R sRAbEdl X8 site FellA 7HE Qkskeh A1)
b &< site A, site C, site F] siW Foj9) #Hle 10 cm #HE F9o SAHS 7S 474
6-9 (8 +1),4-8 (6 £2), 48 (6 +2)=Z Ye}YTh %3 3T Fw2 site A, site C, site F
ol A 32-34 (33 + )& YR (3£ 3.9).

2017 &) ofgfol A ZAE Lo M7= 1565 oA 484 umol m? st (293 + 81 ymol m?
shel HWes Byt (F 37). 58 &¥ AZoa =AY ammonium, nitrate+nitrite,
phosphate, silicate®] H¥ T%=+ 22} 1.13 + 033 uM, 1.79 £ 042 uM, 1.14 + 0.36 uM, 2.18
£ 072 uM oot (2 311). %% dlFolA =A% ammonium, nitrate+nitrite, phosphate
and silicate®] Hi F=% 22 096 + 0.83 uM, 296 + 050 uM, 0.74 + 0.11 uM, 7.31
1.38 uM o]t (19 3.12). A¥rH o2 =2 phosphates =7} | wigo|x #ZFH dbd
nitrate+nitrite®} silicate®] == dfFolA =A YEWo 28y AT 71 Sk AHE
of Z4zte]l YU w9 FHg Aol yEbu A gt 20189 AT X E<k s wp
10 cm T3t =A%¥ ammonium, nitrate+nitrite, phosphate, silicate®] Hir T2+ Z217;
258 uM (£ 1.02 uM), 1.39 uM (+ 0.44 pM), 0.34 pM (= 0.18 pM), 0.99 pM (+ 0.41
Uebstth (29 3.13). s MZolA =A% ammonium, nitrate+nitrite, phosphate, silicate®]
Ay 2w 22 224 pM (£ 1.24 uM), 148 uM (£ 0.63 pM), 041 uM (£ 0.08 pM), 443
M (= 143 pM)= YEeEryT (29 3.14).
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L =Tt 25 A=Y chl-a 5%

2017 " m A EFO chl-a %% 8956533 ug L' (3178 = 1628 ug L'H= veutth
(19 3.15). A H oz =2 chl-a 357} stlolA A=t iy o vlet 10 ecmoll A A&
3 AW EFY chl-a ¥%E 090653 mg m?2 (318 £ 1.63 mg mHE AAHAT} o] ¢ Bl
dlo] AEZa%E9 chl-a ¥%5+ 029672 ug L (127 + 155 ug LY 2 Yephon &y
HAZFEY 4938 $e FEE BT (17 3.15). 20189 FAF 7|7 Bt s v AR
chl-a® %% 422-9211 pug L' (4374 = 2284 pug L HE vebytth Zhzke] Ado A 1wl
BF G242 a9l v5E BlolA 1154 ug L7 (£ 1035 pug LY, R3°IA 64.66 ug L (+ 38.82
pug LY, st1el A 5035 ug L' (+ 7.00 ug LY, st2014 5449 ug L' (£ 251 ug LY, st.30A]
4704 ug L' (£ 731 ug LY 2] st4oll A 31.02 ug L' (+ 2882 ug L He 2 Vet (2
3 3.16). £AF 717 B¢ A EEZFAE chl-a¥ s 006-041 ug L' (012 + 0.10 yug L™H9
HeE Yo s ZFRET chl-a v%7F A 2 E5S 2 (19 3.16). 2019
d Coral Harbourel Al A-1717F &<t site A, site C, site F¢ W o] ¢ vl 10 cmoll &
Aot AW EFo chl-as=s 22 7756-24575 pg L' (15711 + 5516 pug LY,
39.44-466.35 pug L' (233.23 + 14755 ug L1, 1.94-391.33 ug L' (132.73 = 153.00 ug L He
2 yebgth (28 3.17). B chl-a B+ site CollA 7F8 =gtk 25 A oA 594 6
A2 24 F 5 chlras =9 Tar7E gAEd=d, 53] iy 7Hdatgo] A3 site FellA 7F

2017 & v A ¢ e B= AAA FAFSHA dErE T 20 pm o]de] 2 A
719 Z2F7F sl x2F 19 72 £ 8%E AA I 2-20 ym 27| E=FHIF 26 +
1 07-2 m A71e] FHe Z{HIF 2 £ 1% AA Y (19 318). AEZHAES] 45

Jo] A7E zte= AEZHaE0] 5] + 13%E AA P 2-20 ym ZL7]9 A EZHaE0] 43

11%E AA P 0.7-2 m 7]+ 6 £ 6%E A AvH2HE 3.18). 2018\d ZAF 5
W WA xFe F chl-asXd gk 20 m o]Fe] & XF/H+ 66 + %= 7 =2 HE&S
FRIg o o2 2-20 um 2719 ZF/7F 29 + 3%E 0.7-2 ym A7 ZF7F 5 + 7% H]
AP (29 3.19). ol¢F vlusle] AEZFIES] A 072 m A7|7F 44 £ 1

2 HES XYoo tgpow 2-20 mm A7 ZF/7F 33 + 4%E 20 um o)A 2
23 £ 12%E 7V & vE&E& AP (29 3.19). Coral Harbourell Al &AL 713t &
siteAoll A W wlA|ZFe F chl-az = gk 20 m o]l & /& 64 £ 7%= 714
&S5 AAFgor oz 2-20 mm 2719 Z7/H7F 30 £ 6%= 0.7-2um 27]2] ZF7}
+ 4%0] &S At (719" 3.20). site Co A5 WY wAEF F chl-askol g 20
m ool F X2HE 79 £ 5%E /MY =2 A &S AAPory o 2-20 mm 279 F2HF
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gom o 2-20 mm A7) ZF7F 27 £ 18%E5 0.7-2 um 2712 ZF7F 10 + 8%H| &2
AA S (217 3.20). 2017, 2018\ d el Cambridge bayoll A el A3k} wizk7kA] 2 Coral Harbour
oA SR WAZEF chl-ask=ol Hd 7= 20 m ol de & =7/7F 7 =3 A&
EFAE] A4S site COIA chl-a FEE 010-510 ug L' (223 + 1.79 ug LH9] WIS 1
AL 5¥eA 692 & 4 5 chlrag®e] S7P7F ERIEdT 9 of AN HeEdas
o 7] AL 20 m o] T ABIYFALC] 69 + 6% M wES HEE AHFPow
o2 2-20 ym A7]S) ZFIF 22 + 24%F 07-2 ym A7) EFIE 9 + 6%H &S A
o (29 320). AEZFAES] A chl-a %=7F 20199 05€ 139l 71 & $7H8 BHAE
g olw] 20 im 019 E AEEFAE T /MG A FHT o)A 5904 69R FHel

=5 o] HowAM Aol o WewE Ay heAdel Ut

2017 4€¥€ 28¥Y H-H] 5% 129 74 W) mAzFe A F4E2 021217 mg C m S pt
060 mg C m*® hhHe H9E Roth(ad 321). 84 F5&9 HAA3e 59 6Y9
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20179 W EFo &= &@53E dwd Ao sxE 247 190 + 066 mg L 1.72 + 0.70
mg L', 414 £ 140 mg L& veby c} (¥ 3.24). chl-a9t &4 F5&3 vz oy
Ao Ade Fre stlolA =4 vebgth a8y §d 255 FAsE ggsE, weF,
Ao 7l AFAGolA] F ztolE Kol @kttt o]¢ Hludte] AEEHAES T4
e & OsE dwld 2@ = 74z 034 £ 018 mg LY, 008 £ 0.04 mg L
+ 0.08 mg L2 et (19 325). AEZFIaE Ha Ay or = Az 5
7b A EZFAAA e s AR E T2 AFo] 53 £ T%E M = HlES 7
st o tsow wgstEa dwdo]l 24zt 25 £ 6%SF 22 £ 4% 2 AA Y (1Y
324), ABEZYPIEL F7 B4 ER LA Qi (59 £ 6%) A A} Ao zh7t 27
+ 5%9F 14 + 5%E At (18 3.25). 2018 AL 7|7F Bk W MARFE A=
FatE, a2 do] FEE 246 mg L7 (+ 141 mg LY, 045 mg L' (£ 037 mg L),
182 mg L' (+ 067 mg L'HE YeElST (27 3.26). E3 il 279 AdlEA 240 did
gesteE dwld }do) V9 EE 51% (= 9%), 10% (£ 7%), 39% (+ 6%)% LtEFRow X
Zdol APY 20179 Aot e Aol HEHT AEEFFAES TSt BFsE,
g A Ao HxE 015 mg L' (2 007 mg LY, 000 mg L' (£ 001 mg LY, 0.07 mg
L' (£ 002 mg LHE vebgd (2§ 327). 3 AE2FaE9] AEA 240 g3 &
3, dwE AFe) JoEE 66% (£ 5%), 1% (= 1%), 34% (= 5%)= Ebytth 20194
Coral Harbourol Al A7-7]7F &<t site Aol &l¥] Fo]9 v}t 10 cmoll A5k W EF
o] egstE dwld (A s 7bzb 344-517 mg LY (402 + 057 mg L), 1.84-5.05
mg L' (357 + 116 mg LY, 341-21.33 mg L' (616 = 615 mg/L)o = YEltt (213
3.28). 5¢€ 23] A Ho] Hitel 3u) oS e wE FS HA AL AYsH AT |z
ok site AolA S P ZRFY AdEA e & WIE HolA ¢drt site ColA SH
ool uier 10 cmell EAlstE W27 wstE, dula
mg L' (1047 + 516 mg L), 1.22-918 mg L' (469 + 231 mg LY, 3.23-2819 mg L!
(994 + 741 mg L'He= vebgth (29 329). 5¥ 6¥0 RE At 29 Hgko] vrebt
59 R AR ANAQl vt faste AES BT site FAlA W :o]o] uid
10 cmoll EAsHs Y EFo g@48tE, aud do FxE 747 1.84-1585 mg L (528
+ 476 mg L), 024-664 mg L' (257 + 266 mg L), 1.09-1595 mg L' (4.89 + 495 mg
LYoz yehgt (28 3.30). site F ol A& site C&F vhE7HA 2 59 60 2ZE ARt
Holgte]l vYebyth a8l A 7|3k “Hﬂ}x %ME*E TE 74 a7 dem 5
4 264 olFEE st vwH A B Art. site CAlA AEZFHAES] 49 &
S, @A Ao wEE 727 0.06-0.34 mg L1 (018 = 0.08 mg L), 0.01-0.17 mg L™
(0.11 + 0.07 mg LY, 0.04-0.13 mg L (0.09 = 0.03 mg L He=® vyt (23 321). a4
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279 B dHsE 9 59 24 69 22 45E 429 AR R} S

e WA A B site AdA UERE FAGE BRaE, A, A4 1
& 247} 15-42 (33 + 8%), 13-39% (28 + 9%), 32-72% (40 + 13%)S.2 ‘/}E}M'ﬂr (19 3.28).
site CollA W ExFE FAAste gstsE, @i, A4 u&e 727 29-51 (43 + 8%),

13-31% (19 + 5/) 30-58% (38 = 10%)°.2 EEoW site FAllA & 2H7; 33-58 (45 + 9%),
6-30% (17 + 9%), 31-44% (38 + 4%)°o. & YEeErytt (29 3.29, 19 3.30). site ColA A&
3= 7§ BlrstE, @l 2@ v &S Zbzy 39-72% (49 + 10%), 4-37% (26 +
13%), 18-40% (26 = 7%)°o.2 YESTt (27 331). A7 &< &85stE3 A4 =
72 TANE T2 AdEA 2AolRen ARTRAERY 49 BrsEo A we WE

& AA 8
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¥ 3.7. 20173 Cambridge bayol Al A+ 7|3t & A A 874 =71
Station Date Sea fce thickness Snow depth Bluk salinity in Salinity in Light intensity qumh:r the ice
{cmy) {cm) bottom ice (10 cm) surface sea water (umol m™=57)

26 Apr - - - - -
28 Apr 132 4 73 - 15.46
01 May 135 4 1.2 27 19.37

st.1 03 May 130 6 68 275 19.74
06 May 133 6 6.3 28.7 221
09 May 136 4 6.8 28.1 L
12 May 136 4 6.7 - 35.59
26 Apr - - - - -
28 Apr 137 5 73 - 301
01 May 136 4 78 26 21.57

st1.2 03 May 143 4 65 28 3281
06 May 136 4 71 282 28.85
09 May 137 4 6.9 133 £
12 May : & . = =
26 Apr - . - - -
28 Apr 155 4 1.7 - 20.57
01 May - - - - -

L3 03 May 155 5 6.7 28.1 30,44
06 May - - - - -
09 May 157 5 f 0.8 23.712
12 May - - - - -
26 Apr 190 4 18 - 2843
28 Apr 164 3 8 25.6 315
01 May 167 2 48 212 48.42

sh.4 03 May 168 3 6.4 211 3577
06 May 164 3 6.8 28.5 iL.72
09 May 171 3 6.9 28.2 3882
12 May - - - -
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¥ 3.8. 2018 Cambridge bayoll Al A5+ 7]7F & ZAF AP 374 =71

Station Date Sea ice thickness Snow depth Bulk salinity Salinity in
{cm) {cm) in bottom ice (10cm) surface sea water
11 Apr 130.0 4.1 6.1 21.7
st.1 14 Apr 122.5 18 6.3 238
24 Apr 119.0 5.0 6.2 279
17 Apr 135.5 T8 6.4 282
" 26 Apr 128.5 6.0 6.3 7.1
st3 17 Apr 156.5 58 6.4 282
26 Apr 159.5 7.1 6.2 272
—_— 11 Apr 156.0 12.9 6.5 278
24 Apr 165.0 11.3 6.9 282
R3 14 Apr 158.5 18.5 5.2 27.8
22 Apr N.D 9.5 N.D 274
n 07 Apr 147.0 154 58 315
19 Apr 129.8 23.4 6.4 279
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¥ 39. 20199 Coral Harbourell A <4+ 7|7+ &

o} %A

RS

b g3l el &7 =4

Seadbce thickness Snow depth Bulk salinity Salinity in
Station Date (cmy) {rm}p in bottom ice (lhcm} surface w':rw.ter
06 May 164 24 9 ND
13 May 152 29 9.2 ND
16 May 164 18 9.1 ND
sdte A 19 May 158 18 8.8 \ID
13 May 151 29 B.2 ND
26 May 161 17 8.2 ND
29 May 164 18 1.6 ND
01 June 157 13 6.3 ND
04 May 156 11 8 339
06 May 159 10 7.6 339
09 May 154 16 8.3 33.8
13 May 161 16 7.6 339
16 May 156 23 59 333
Het 19 May 153 16 54 331
23 May 149 23 4.8 EEN
26 May 151 19 4.3 323
29 May 159 20 4.3 i3l
01 June 147 13 3.7 ilé
06 May 142 7 6.5 N.D
13 May 137 19 4.3 ND
16 May 138 20 4.3 ND
19 May 142 16 4.2 N.D
SEF 23 May 139 21 3.4 N.D
26 May 131 16 38 ND
29 May 128 16 4.2 ND
01 June 123 10 36 ND
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3 310, B = A HelA

RaudE &y

v A ZF 9 chl-as® ¥

Imcabatson method  Chl-e conceniration

" Carbon uplake rale
Year Seasan Regxom Bottam sectioa (m} e o i {mg Cméd ) References
1985-1986  March-June C'"‘d““[f"‘g‘;u‘t‘;d‘h”‘“ﬁ“ a0 e 12 h 154 = 21-863 Senith and others (1955
LOAT-1988  May-hune m"di”'[;z;;'f‘w” 10510 0 HE i h <34 * 2157 Sumiith and Herman {19913
199k Apri-May “‘“"“i't"um Bf::rnﬂnnn iH02-1h04 ¢, 24h 01556 26-317 Mowais and oahers (2001)
Canadian Aretic Archipelngo . .
1998 Apil-hiise Balfin Bay, orth 6 (L0200 *C.24h 01234 2153 Slichel mnd others (2002}
2003 Felwuary-June Bammow, Adnskn 00k Y34 b <I7* 0.72-84 LLew and others {2008)
Canadian Arctic Archipelago
Wi Aprkhune pritisosoiy ans 40417 Crangibell and others (2016)
016 Miry C""d"‘.n“"”“";:;:"‘m“ 003 L41-831 Dulman and others (2019)
W7 AprikAsay “"dl‘:‘n“w'ks::"m" 010 B 34 b 050653 * 0.38-0.22 This snsdy
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a9 38 AAY (2017d)
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19 39, AAY (201849)
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64.2°N

64.1°N

64°N

63.9°N

6.0'N Latitude Loguimde

lsitie A 64.11 -83.08 g

site C 63.99 -83.34 3

63.7°N steF 63.91 8331 g
s84°w 83.5°W 83°wW 82.5°W

19 310 A7A1S (20194)
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Chl-a concentration {(ng L)

Chl-a concentration (ng L)
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Chl-a concentration (ng th)
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Chl-a concentration (ug L"l_)
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(a) Ice algae O=20pm B2-20pm B0.7-2 pm
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Y mAEFe F chl-a s gk 20 m oo ZF/7F A et= Hl&o] 72 = 8%Fh=
A& o] AVl AEEC FH FFAE AEolgeE AS Al o] A= 2003 &7t
barrowol| 4] 2] A ZA3H(78%)¢} H]z8lt} (Lee and others, 2008). o]<} x4 o & Campbell
and others (2018)&= & A+ a9y 22 AFAA 20 m o]’ =/ 71o%E7F 6-38%=
A om o)A Y [ 7 Y & A WEsH T3 WEU dSSs dAlgH 2
ATt 2 EelA AEEFIF AA WY 2F ] 45%0lA 80% ol s AAEThaL
B ¥ v} 2t} (Dalman and others, 2019; Pogorzelec and others, submitted).

ojd dAFEL AMHWNERFE TE TERFE FAHC o BRaudct (Horner, 1985 von
Quillfeldt and others, 2003; Rozanska and others, 2009; Poulin and others, 2010). 77&F <
A Z AELF[FIF 7HE Sttt dEA Jom o559 AV 20 m oo R dEA Ut
(Whitaker and Richardson, 1980; Lizotte and Sullivan, 1992; Rozanska and others, 2009;
Arrigo and others, 2010). 221 1" ZF <39 cell abundance$®} FHS Ho Ei=
AwslE = FAC wak Wwa 4= 9}l (Rozanska and others, 2009). Alth7} 727 FH=
T 58Ty 94y AL wE me 9SS 4 Atk (Campbell and others, 2018).
A xFet o 27 2R vudd v HJESFAEY 27 24 20 m o] =279 7]
S7F A VERS

AT AYGelA chl-as®e 2 ¥ HsAdS Bolvs S A3l 539] st.1¥d std At
ol A 7} Z Zpo]lE ® Ak St1¥ st4olA chl-ad HF v=E 247 446 £ 1.94 mg m?
7 219 £ 0.65 mg m ‘2 e st.13 stdE= 5 kmA ol AW st.19] Ao ZE Ay o)
JoJA G4l o)z A o] Fe Adgo g g stlolA dFY £EE 02ms ! B Hu
%2t} (Dalman and others, 2019). ©]2]13} tidal current:= 3ol A W vlgdog A3 &%
=] AdEde F7HAZ 4 9t} (Widell and others, 2006). o] & <138 st.1o]A si= 77}
SHA YEld Aoz AlmEth B AF9 #Hit chl-a %+ the Kitikmeot Sea®lAl 35 ¢l
A o]l A Azte]l W9 <ol &3t} (Campbell and others, 2016; Dalman and others,
2019; Table 4).

2 AFolA yepd W 2/ chl-a %2 North American Arcticoll A4l B A5 2
I woh Ao g ektl Smith and others (1988)2 1985-1986¢] Resolute Passage©l A
15-46 mg m?¢ chl-a ¥9ES Ru@r}t Smith and Herman (1991)& 1987-1988¢] high
Canadian Arcticl Al 350 mg m?¢] chl-a @73 B3tk Nozais and others (2001)3}
Lee and others (2008)& %3k & AR AR %2 chl-a 55 R 9o A7 &
of dWEF2 blooms AlZsHA e T3 2H 29d0UA] mEAN U o] &AL
A 2R AEIFES FHAI=H HE Faest 2d dAtoltt (Cota and others, 1987,
Smith and others, 1990; Gradinger, 1999). 1-D model Al E# o)A ZA¥}E EE Lee and

others (2010)2 3% Z=Fo HUAE 4= 723 a9l F olgd 4 A=
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F sEdal AT AAlE 2 AGelA S }ﬂr 10cmell A H.el <<

Shokth, H Aol Al Bl NP ¢ N:Si ratio + Z+H2F 1.63-4.22 (271 + 0.75)¢}
. . 44 + O.45)i velykth o] Wl &2 redfield ratio® U} Yt} Rozanska and others
(2009) = %ZF sl ¥ NP (15-2.0)9 N:Si (0.3) ratios”7} sl wAl 279 A4S Al

2) A AT GAFTE
BT A Hel W v A ZFo T 9E&L2 Canadian Arctic Archipelagool A <=3 % 1
H old AFE Bu w9 wEektl Resolute Passageol /] Smith and others (1988)%} Srmth
and Herman (1991)0] ®H 113t &) xFol BAFFEo HYE= 747t 21-463 mg C m? d!
(1985-1986) 18] 12 20-157 mg C m > d1(1987-1988)¢|t}. Nozais and others (2001)¢} Michel
and others (2002)2 Canadian Arcticoll ¢ 3%+ Baffin Bayol A a|W vAZF2 @dA2S5F&2°
HAS 7Z+7F 26-317 mg C m2 d'28) 3 2-153 mg C m?2 d'2 B3}l Lee and others
(2008) 3F 2002 Lef27}b barrowel A W £Ho ©@AFFE WS 0.72-8424 m* d!
F FFo] & AFAHoAe] vt

r
B
I o(l

2 Bk vk NP9 N:Siratio®2 & uf 47|99 A4d

S BA2FTFES UEYA 88 TteAol sith

3 A A EFe AEEFAEY] At =4

E AFNA Y mAlERE Ado], AEEHAES B@FslEe] T3 AdEa 2Adolg e
A& #ZFrh Aaronson and others (1980)2 sl Z=7{7F ksl Agst= Al7lel T A4

Hl&o] 1 T 1-45%7h4] Wgthal Bagivk sy 27 A4 & 9o A7, 44

7 2 3 a]ld o8 JFS Tt dRkgos =2 AF v gL JFd FF U A

o] 57}, stationary growth phase® A= 4 Qlt} Smith and others (1997)2 F&+H F=

o2 Qs Aol yuAY s ZFI7F FHE @A (PR ddo] Frtste AS

Adeh 2 AT 71 2t o] FAV ol A7l FElE Apolrt HolA| okt oA A

w3 & NP9 NiSi ratios ¥ W 2 A7 713F &<t A& Ade] dojytS 7Fsdol 9

o g e stE v g2 "4 ol& Jhe e uis AEvF d 4 vt o] H&o] 1HT

oW dwkHow AAvt FHG AEHeA AikA o AY bloom7]11FSlE oW st (Fabiano

and others, 1984, 1992, 1993) 1XHt} <vpd AA7F A9 E 34 US 718719 (Mayzaud and

others, 1989; Lizotte and Sullivan, 1992; Danovaro and others, 2000). & ¢ tojl A ¢hal 2l e}

T3l= 9 H] &2 092 + 0352 UE e oA W xF{Fo HA o]&rteAdoel ATS

A7 2 7 Aok & ATl Y 2R/E A AUEA T AAH ]
el

HHH GstE S0 A

=

AY£Fo vuste] HEEFAES FHFE AR 5

B35l Eo] st thE 5SS Bttt Chukchi Sea 3% a9 A Kim and others (2014)
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AEEFAES T8t AdEA 4ol Ado] 50 £ 11%= 7H =
11%E Ao dwldoe] 15 + 112%)E Atz Hugch =
(2015)% Chukchi Sea &% 3|SolA AEEZHAES T8t AdEA T ALY =& v &
584 + 82%) #=3d Tl Ahn and others (2019)2 %2 olF 7|3t &9 Laptev sea%}
Siberian seas®l A E&FdEo] AEZHAES TS FH Ad 24 2AHoE ST
A ATES AEEGAEY 9% Aol we o B g5sE S Ads AAd 5 9
b B gt} (Shifrin and Chisholm, 1981; Harrison and others, 1990; Hu, 2004; Ahn and
others, 2019). AEZHIAELE o] F53 A T8 A% 242 d3ES Aiks)
ARk GFA FFo] A&HE uf F oA AW EAR sesiesEs AdER AN F 9
(Fogg and Thake, 1987; Hu, 2004; Ahn and others, 2019). we}A & Ao g A EE
FaEoe] s ol v vt d §5% A e AS BoErh

I EpstEo] 35 +
3]
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