Vol. 25(2):213-226 Ocean and Polar Research June 2003

55 2= Kongsfjorden?] &)<k 317 2
AEESGAE ZUEY 9T

245 - oS - 2R - R 85! - oy’
S AT FAATER
(425-600) 47|15 QFAA] QHake-A = AMEF 29
gt et AAA = s st A)v )8k
(133-791) MEEEA] 5T AE 17

Monitoring on the Marine Environment and Phytoplankton of
Kongsfjorden, Svalbard, Arctic

Sung-Ho Kang*l, Yeadong Kim', Jae-Shin Kangl, Kyu-Cheul Yoo!,
Ho 1l Yoon', and Wonchoel Lee?

Polar Sciences Laboratory, KORDI
Ansan PO. Box 29, Seoul 425-600, Korea
2Department of Life Science, Hanyang University
17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea

Abstract : Kongsfjorden near Korean Arctic Station, Dasan, is a glacial fjord in the Svalbard archipelago,
Arctic that is influenced by both Aflantic and Arctic water masses. During the Arctic field season, August
2002, surface temperature, salinity, density, and phytoplankton biomass (chl a) was measured in
Kongsfjorden. A total of 15 surface samples were collected for the phytoplankton related measurements.
Chl g values ranged from 0.08 to 1.4 mg chl @ m™ (mean of 0.53 mg chl @ m™) in the overall surface
stations. The highest values of the chl a concentrations (> 1.0 mg chl @ m™) were found near glacier in the
northeastern part of Kongsfjorden. Nanoplanktonic (< 20 um) phytoflagellates were important contributors
for the increase of the chl a. The nano-sized phytoflagellates accounted for more than 90% of the total chl a
biomass in the study area. Surface temperatures and salinities ranged from 2.5 to 7.18°C (mean of 4.65°C)
and from 22.55 to 32.97 psu (mean of 30.16 psu), respectively. The physical factors were not highly
correlated with phytoplankton distribution. The character of surface water due to down-fjord wind was
highly similar to phytoplankton distribution. Drifting ice, freshwater, and semdiment inputs from large tidal
glaciers located in the inner part of Konsfjorden create steep physico- and biogeochemical environmental
gradients along the length of this fjord. The glacial inputs cause reduced biodiversity, biomass, and
productivity in the pelagic community in the inner fjord. Primary production of benthic and pelagic
microalgae is reduced due to the limited light levels in the turbid and mixed inner waters. The magnitude of
glacial effects diminishes towards the outer fjord. Kongsfjorden is an important feeding ground for marine
mammals and seabirds. Especially, seabirds play the largest energy intake and also export nutrients for
primary production of the marine microalgae. Kongsfjorden has received a lot of research attention as a site
for exploring the impacts of climate changes. Dasan Station in Kongsfjorden will be an important Arctic site
for monitoring and detecting future environmental changes.
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Kongsfjorden %Ml 1= (Svalbard Islands)e] 22
v zu 270 4d(Spitsbergen Island)e] A2 ¢t B-9] 790
of $1x)3 B3 WE HjoEr Por peo| A
Az 7o dFoz <lal ol 317 (subarctic envi-
ronment)®] 543 B QItH(Fig. 1). Kongsfjorden Y-l =
72 358 Waldhe slA A (submarine sill)o] ZA3}
A ggotb vk il fjlo) L&, Fx Watd 52
2] fejo] & HezT et ¢ el Adups
Aot HAFE ARy Aol Bel49l Wahs A%
4 W3lE FWeltH(Svendsen er al. 2002). E3] A &
e AQE 22 - 194 BoNg slEe) 22 B
o AAA+e 379 A A z=u=A 3l 5 (West Spitsber-
gen Current)’} 2= FPH = 2o d4adxd ok
(Loeng 1991; Svendsen et al. 2002). A 23|=w| 22 3
Fe 715 dskel #AUE BN RFA S North
Atlantic Oscillation index)ll A-3-3le] @}z 7] wjFo
(Hurrell 1995; Vinje 2001) 713~ W3}o] oja} 5= 7

Fig. 1. Location of Kongsfjorden in the Svalbard Archi-
pelago, the Arctic(from Hop ef al. 2002).

9] “cold year”9} “warm year”= ZUBEE Adtollx s)&E
wHsle] AA %) S| WAE Al HEE Fuksith(Weslawski
and Adamski 1987).

Kongsfjorden> thM gzt 53l AJE74do] B5
€ AYolth. thA gl A &k sllFok vk 1o
HH fYEe Y7t A dstele Eelsies $
ZARistol] wep AEAto] ekl whefe) gAY R
o] Ggo] FrlstH v QtE o] AEAFo] B (boreal
species). & W3}sHA ¥ whdH, W EA FUEE
A7 Flek vk oBge] B EEFoE W)
371 Dth(Hop et al. 2002). WatolA 498 Do)
B R o] Zrlahd vt W] $Ao] FAsA WslsiA
Aot WElERH fUEe 78 2 fY9e] 93]
ol o R 3t mEt HAH FolEe £, AE
F, A Fo] Wyt dohviA "t webaf vk Q%
slFgElAI 24, 7154 B4 T uRe fEE
Mg a7k el el T of ol et WA
H& Zo|(Holte er al 1996; Holte and Gulliksen
1998). Kongsfiorden®] &4 24, si&F, vk, 244,
Watel dAtollM w2 Eof 74, ) ¥ W3k /9 5
o] B9kl alol| s gAY, ojzid 821 d
= A "M E AdolaiA g3 AEGe] EAL
d = Ad WskE B Kongsfiordend) 2412 vt
AFZE B},

Kongsfjorden W5-2] YAAIAHE & AxpA 0 2
2 H 243+ 9] st Aol we} wsk =
oh AR S A sk 7P 88 82191 Rl
Zlol= A% sF7E RU=AL, Wk e 3
2 Tt o Rox= oF 30 m7kR] UERR T gk
s B9 Hat WstelM fYEE 585
o2 f§37t 03 m §el F He ol EERE 8%
7ol B9k Wal Y HHAEWR ofvE}t 3l (sea
ice)?] FAHE W] IFEE el thE $8% 223
82lo] Fr}. Kongsfjordend] 32 ¥ QbZo] W5} F21
A ddel 5-71YE E% DS AX R, T v gy
o] HA =R eF=th(Svendensen ef al. 2002). 3 o) B&
UE ¥ HEL Y] BT} AehE o] AP o] A
2 =)o) thE sl vls) v
=& AxAYAHE S Kt (Sakshaug er al. 1994; Hegseth
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TEFAE A4, AH T 2 AEH, B 7] (chl o), AESFAE F7)e) wE Y0 um ©l3l,
2ol ol At e &, AdAoz WslslE 8l pico- and nanophytoplankton), 4+, HE £9] #7149
el FE, Y S B4, dAEe) FAT ARA W o tiet 2L 938 X 15709 AFHANA A BE A
3t 5ol A FEEE IR Y A deste] g AAHFig. 2). AEZYAE AEE RE PH) B2
she HEEYIEEL o) A HAl HYEHAS #  FollA ARHAT, Bl BASA )] BAlo] wE A
Aab7] fal glofM= ok F23 AR Aol).  BEPaE AR 2 BRI 2ALE 98 Hs) o
ofRl 7o A 1) At 2002d 4€e] A4 BF oyt BelE Q20 BEFL, AR ®E:S AW
712 F8 Kongsfiordend Al = =49 sk &4 & o]83)] A3 F 852 YSI CTDE o)¢35k] =331
2 AESHEE A AFE BAE, 2) A4 JYET ok ABZwaE AEHS chl g wol olgHdt. A%
S 2TH SHsel AEEYAEY RUEYPL 3 EFAEC FAARALE 98 AEZTZAE A-WQ0 um
712 ZALR &) 5 899 A EEHIES] EEF B mesh size) 023 o A BEEgnEo] REsT

ol mAle FE2UR] BE £ 29 e RAE Y& HZoM WS Bo] A18E Ao, chl g, 4)
BAFORM ol5d] 724 Hsl P& oFsEle 2 BEEFAE AR I EEAFIE o|gaH A8s
Wk

ot st
AEZHIE 95 ¢ vA3ge 248 a8, A
2. A8 2 9y X 249 chl o %ol @2} 20 mIA 100 mZkA 045

pum®] Gelman membrane filterel] G ZA]A 3 A g Ao
w=EHo] FAAFE o2& ATRES A5t 2002 A Au)HL o83 FFRALE Y8 STol=F A
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Fig. 2. Sampling stations in Kongsfjorden during August, 2002.
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orometer Turner DesignZ A chl ¢ ¥E& =43}
At In vivogtg ©]8-8] 278 (20 um ©l3}; pico- and
nanophytoplankton 20 um ©1/; microphytoplankton)
HEEFAE &S 2HSAY. Chl 0 FEE T317)
#l8ll sll4 1-1.52]6] 2 Whatman GF/F ZE]|2 HE &l
90% oMl El B = 28 F AuigS A

3. 4% & EY

Kongsfjorden W} 2]E-EF3ES] B3 37

A AHY BF 23 GEL 7247} 250-7.18°C9]
(Bt 4.65+1.43°C)9} 22.55-32.97 psudl W
30.16+2.7 pswyE H{om, 23 Qo AQHE= o
=9 MAE 17.99-25.96 kg m>(HF 23.86+2.1kg m™)
oA TH(Figs. 3-5). F 22 X+ Blomstrandhalveya
AE MO R A QIEE 450°C o)) g, A nlg
£ 4.50°C °139] & HHF0, Kongsfjordend] P&

dAgto] BZ Adurt JUlFeg w8 422 RoFErt
(Fig. 3). L2]aL o] A vpgo| A P& Aty M w2
F&(>7.00°C)°] Vet BF JR9) BEIoME @&
Agtel 5% AtHTh Auldog ¥ JE-S HoE

(Fig. 4). 3] 7+ 2} Kronebreen W3} kS ghol| x| 713
Ho 220 HE8 BAEtH(Figs. 3 and 4). 3 Y%
FEAA ol BF £ 8 Bx9 EAdo] &
B

FHo] 7 G Ato] BE AiE He YEE HQ
THFig. 5). 2283 B REE QGE B¥ o) B3 2 o
=]

LS welE,

2UHIE ST TR Yt £y

e T8 AMZe)] X3 Auzw 2l o) A
2ol 2143 Kongsfjorden®] #]F8Ha 5492 2=
v FHE 525 e e 23S FA7 AckFig.
6). 4 600 m7HA] AT 383 194 x29o] A
% #HF(Norwegian Atlantic Current)?] 8% &3l A
20 z=W| 27 &)l 5(West Spitsbergen Current, WSCY7} 2
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Fig. 3. Spatial distribution of surface water temperature (°C) during August, 2002 in Kongsfjorden.
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Fig. 4. Spatial distribution of surface water salinity(psu) during August, 2002 in Kongsfjorden.
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Fig. 5. Spatial distribution of surface water density(kg m™) during August, 2002 in Kongsfjorden.
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Fig. 6. Map of Svalbard showing the major currents. Off
the coast of western Spitsbergen is the West Spits-
bergen Current(thick red) and the Arctic-type
coastal water(blue). The dashed line indicates the
frontal area between the two currents(from
Svendsen et al. 2002).

WS 2} NS B8 Zow FYH, Ba) 47
zi|2 ol NEg gt o] e, 7Y st 42

3 Zo® FY=A Hrh(Svendensen ef al. 2002). w}a}r]
59 5% o] aYme] 9XE HE e AL T
Y= o] A=A W= Bold s Ysha] 3o §
‘3 ¥ ™H(Aagaard et al. 1987; Gascard et al. 1995). &
ATtz A BA §79 0)7] 8] Walst o)
ol MY o) Agsla k. o)& 8] 729 b
M alF7E B39 Hor gHons B2 Yol
A 53 Ath(Vinje 2001). 2l 2ro] Bz
o) A g bt dFo AL, e B33 Rt
FYEO] L, ZF] N sl Ft vhbma HMe] §
A€,

2UHIE 2T EP JIE o)y

e 20| 7S E o8, B3, B39 6
X, a5 ¥E Foll Jae et 3.8 thyst 2 v
A ale] siRE U=} B33 9o A=
ZA=9] iR A71t 2 371 8] 93 w29
3o} nlAz S olFale Hgs) &
(Svendensen er al. 2002). th7) 4=%ko]
o == A 71l W) Wi, ol2)d 7)1 Aol
et 2mle 2wl 74, 535 ALE 71 A
317} AstAl dolduh(Fig. 7)(Hansen-Baver ef al. 1990,
Forland ef al. 1997). %A fl¥He 29 tha %
ol BRER) A AnzwE gz ol Auuls
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Fig. 7. Monthly mean values of air temperature in Ny-
Alesund(from Svendsen et al. 2002).

2] A& et Ao} 82 Fiete] YRt AL ek
o= o] FYAEIR] =rH(Vinje 1982).

e 259] thE 2|93} riR7 K 2 Kongsfjorden
o] At Ao B hy7ie UM g 23435 37
7F vbg o) AEE W7 AF 713k F2 o
th(Svendsen et al. 2002). Ny-Alesund XM= g
o] A&(11-29) St dhdol] 589 A=, JE(6-9
) Foll= SR A HA gor, £3) 7R 70
A= e E HBAtKFerland et al. 1997). Ny-Alesund
2A19& Kongsfjorden®] o1& AE Fl= B39 s
A 71 E Hols Wil 229 A s Foll JFe
e o Sl Ak sl 7155 EAok(Svendsen
et al. 2002).

Blg

Kongsfiordendl] B/ = vlge] o722 §XZ s}
Aelld FE vExe] F Fr|2A 2 -ty o
g og Eojo & 317 F (katabatic wind or down-fjord
wind)°|tH(Hansen-Bauer et al. 1990; Forland et al. 1997).
Ny-Alesund A9l 2 Jehte vl B3Ee o S
o= Tk QHEoA QYo g Rz 720 WYEFo|n, A
olle BRI Z Aq2e] JBAgo] gk ko Hojlr} u}
#? S AAske 8 291 Adhmls 2% 9o §
490 e diFe EFH7193 3719k9] Wshel ulet
A% HhFig. 8). A5 W Lol {9 B BEF
o} HolHA T ugEo g 4EE 719 &5 (brackish
flow)o] VERdTh 28|37 37FF0] T2 F oFd 7]
2] 817} ©)F (advection= A 2AF7] B FAHH,
@2 2Me 0 FF9 H7IE H3AIZITHSvendsen er
al. 2002). B} vhgke] 43 G dig 29 72 3o
oJahd, at7gol ALEH 714 BFo] gkel H&me 3
A4 &8 vrbks Ao=E d#A dtl Fig. 49 ¥ g9
X vehd A3 Svendsend e al.(2002)0] F3 4
¥ 229 KA, o) 20024 8% ARl st
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Wind speed (ms™")

Direction (degree)

Fig. 8. Scatter plot of the wind speed versus wind direc-
tion(Svendsen et al. 2002).
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Ny-Alesund®] 4§} 7h8 F¢te] Fxhe B&o 3t
3719 @Ee] wEgt 3717t vhir ANE eblist 2E
o o3 2E=E YA 715 FIS W=t @rbak er
al. 1999). W E AL & Aol iR A9
= e FFgoE B digd YAHs FrAF
H]5=8E RS B0t} Kongsfiorden?] 78 S W
o] A8 gl ezt 109 25% ARE AFsiA 29 17
A7HA] A& E T, 29 DRE M A 3] F3o] F71817] A
Zhabe 49 189 73NE] 89 23U7A] Wolke] Azt A
£HTHFig. 9). 9§ 5] F2AL FE, W, W7l F
571 F& Tl ue} WA g9, Ao B9 A
A &%) sl uel WalA B rk(Svendsen er al.
2002). Y Hat 7MABA(340-695 nm)] FALERS 1043
MJ m>3 =t} Hanelt ef al.(2001)0] 19981 38 1Y%
B 109 319714 &8 1% Hat 73 dAbEre
543 W m2om, o) dALES 693 799 B
th & A5 B¢ AE3 ' #23 PAR(Photosynthetically
Active Radiation, 400-700 nm)2] %2 1300 umol m>
s"7HA] Z718ck(Bischof et al. 1998). ©] 7|7+ S &3
g b e Ao 7R3 (370-695 nm)ol 170 W m™2
7HA] FEE O, 2424 (300-370 nm)2] AR 16.8
W m 742 24 5 tH(Hanelt ef al. 2001). & Ap9)A 5}
Al A2 A(UV-A, 320-400 nm)e] 8% ZAIERS
1600 KJ m™27k4] Jeht| Hol 19 W m711] 817+
Th(Bischof et al. 1999; GroP et al. 2001). X}2)H Zojj4]
53] A&l falgt AejA <l A4 B 3PHUV-B, 280-
320)] 739 Ny-Alesund A|9JollA 19983 69 249 #3
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Fig. 9. Daily averaged solar irradiance in Ny-Alesund:
circles represent mean values of visible radia-
tion(370-695 nm); lines show minimal and maxi-
mal values of visible radiation; triangles are
mean values of UV-B radiation(280-320 nm)(from
Svendsen et al. 2002).

B o2 3% Wit Y] 061 W me} @ ¢
2181 Aol 52.6 KI m™7HA] &% 2 o] th(Bischof er
al. 1999). A& 2829 & F7} 10 DU(Dobson
units) AW 300 nm&] L] AHo) 12% Frkske A2
2 ZIITHGrop et al. 2001). £FF H}3)d] 2]3 =}9)
A F7HE o7 F e NG AN v X = FEol
3l A7} Kongsfiorden X oll4] HEFH 07 o]Foix]
ATHHop et al. 2002).
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EEYIE EX¥

A AT B BFFoM B9 HEEEIEY ¥
Z3(chl a F5) 0.08-1.4 mg chl a m™> BAET 0.53
+0.39 mg chl ¢ m~)Z EXATHFig. 10). ©]F 20 um ©]
3l9] nanophytoplankton®] chl a F=(34 0.48%0.38
mg chl @ m?P)y7t A d2F] 90.6%F A5t
(Figs. 11, 12). 7 Gl 30 H A EEFIAEL
A77F 2L ARAEFFAEY A2 Azts o 2t}
3 #u)A bz od AgrAo] o]F o] F dFo]
o} gutdog FAe s FRlel FA=E HR2Fot
Z+e 20 um ©]’4?) microplankton®] chl a FE=(EH
0.05%0.05 mg chl @ m>y= AR FETF] 9.4%0) Bz}
3 tH(Figs. 13, 14). o] Axks A sldo] 7279 ol
218 op7lshz EE14, 318H4], AE8HA Qjlo] ¥
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3ol e Hoht A7) Wwow Azberh
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Fig. 11. Spatial distribution of surface nanoplanktonic

in Kongsfjorden.

chlorophyll a4 concentration(mg chl @ m=) during August, 2002
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Fig. 12. Spatial distribution of relative portion of surface nanoplankton(%) to the total chlorophyll & concentration
during August, 2002 in Kongsfjorden.
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Fig. 13. Spatial distributien of surface microplanktonic chlorophyll a concentration(mg chl 2 m™) during August, 2002
in Kongsfjorden.
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Fig. 14. Spatial distribution of relative portion of surface microplankton(%) to the total chlorophyll a concentration

during August, 2002 in Kongsfjorden.

Fol 71N, 01F 67%0] FXFolH 46E0] 97
RE2FE P Ack(Eilerstsen er al. 1989; Hasle and
Heimdal 1998; Keck ef al. 1999; Wiktor 1999). thiti&o
o] A FNA FYE Fo) AU WAIAl (cosmopolitan)
|t} Hasle and von Quillfeldt(1996)9l] &}3H o]= ¢
A 31FQ21%)Te] Bl ARE AL S Folt} A
Aol W} ABFYIaE] Y47} BX o] Mg} &
9 79:2e] #1218 Kongsfiorden A& 4 & 11620)
ST TG AE R ol ABZPAES] HYako] A
o} o] Fo)XA] A Hr}. AL Fo] o}FolF & A
of oJsid sl F vk BYAEL] o] HR ANE
27 o]FolA Y Aoz A ATHWiktor 1999).
T ALFqoe Aol HoldE tRE A EZYIEL
A ol AR B4E wEo] WA EAstAY
(Raymond 2000), FHEAIE 7H5o] MopdE Aoz &
2 X ch(Hasle and Heimdal 1998).

o] 57] AlFshs B(59) 717kl o 60dF9] 2]
SEHAE] FHEHASH, R F2F I cH(Wiktor
1999). #3 3 A EFY3ES W E F(haptophyte)ol
&84 Phaeocystis pouchetii(F T 12X 10° cells/liter)2}
TZEF Chaetoceros socialis(GATh 4.7X10° cells/liter)2}
Thalassiosira nordenskioeldiis 2}, dwkd o 2 ) >

ol W 7} EANSRE Fragilariopsis & A Vebst
o} SHHREF FolM = Protperidinium® Gymnodinium
FEo] $8F 22 VeIt (Eilertsen ef al. 1989; Wiktor
1999). s o2 Yd3l= Kongsfjorden Wt W9} 412
A9 277t AL FERRFY URF Fol S35 A
on, 34 o} sidell= T2 HEF] 2Fe 28 EHT
o] $HFTLE Yehth(Wiktor 1999).

o F FREde] 4L 2 E2GY)le JEER=
o o}-8d ¢ Sl= PAR} 1%7HA] E€3h= Zloll &
th7t 30 m ol37HA] @AEt dlg Foll F2FI Ve
LA o] X|odl| HEEFAE 4] o]FoiA L ok

RE& & 4 Jvh(Wiktor 1999). Kongsfjorden 2+ 1ol
st A& 5 e AEFFIAEY g5
ol dojdtt. 49o] HUA A EZHAE YEHO]
7Fet7] Alztate, & el A& 250 mg chl a m™7}
2| gl FrtstA At o|FA Fotd BE A EZY
AE RS FESTHIES X e R Q3 24¥F
ol 1 7t FAsA FAEA drt. 0|2 Q&) HEZTH
Az o3k AMAY R Frehe FFo] FEA
€} wWehA Kongsfiordend] A EZHIES] 53
S 2dse 2719 83 8912 Fxoln, 1 9]
o %

B8 UgzAe FETGaEe] LA o 2
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ARG 28 S AkHop e al. 2002).

5t &<t Kongsfjorden?] 21 &% & chokAo)
S7FP (130 F o1 7159). v 9k Wet v
A= SHEREF Protoperidinium spp., Gymnodinium
spp., Gyrodinium spp(Hd 0.6X10° cells/liter)?} 27]7}
20 um ©J3iQ) MR AEZFAE) $FF 02 Yehd
o vt SAFoM e fERzFEY olUg Chryso-
phyte?] Dinobryon balticum(F T 3.5X10° cells/liter)7}
FHFoR FAFHUG. o) vigE sl FEH9
Thalassiosiva antarctica var. borealis, Cylindrotheca clos-
terium, Chaetoceros spp.7t Z 0.2X10° cells/liter7}=]
YRS, W3 Phaeocystis pouchetii, Dinobryon balticum,
SHHREF Fo] $¥Fo 2 Vehdti(Halldal and Halldal
1973; Eilerstsen et al. 1989; Hasle and Heimdal 1998;
Keck et al. 1999; Okolodkov et al. 2000). ™o} & thr <k
372 FY°l F718 W= coccolithophorids$] Cocco-
lithus pelagicus f. hyalinus and f. pelagicus’} ) 0.13
X 10° cells/liter7}A] #2521 THHalldal and Halldal 1973;
Hasle and Heimdal 1998). Zz2]u} tiM ok af3-9] §-9)o)
T A A EERAE AT A ofn e
vAIEA Y deiMe dElA A @

2 o=0d wel dAgAEe] 3A wWath BE
Kongsfjordenol| A &2 717l 712 28 wr BE 1300
umol m~2 s7lo]m, BIE o] £X)&= A YL A4 vla)
< olARE At A= wok o7 Q3 s
S A =& dAYAL 98] o] g HE
PAR®| Htj-2 =Th(Svendsen e al. 2002). ¢ S0] A2}
e ¥zl 7129 Aoz Qld) FHe g4, &
WrE B fYsEeE HREY fdol Fleld 5]
FRHE7E 523] welxA |t 53] ghe] k& g >
oA olF dAe] FrEXA Uehi, o)e §3Y 7
°lF 03 m7HA] TS0} AEEFIAE] A AT 4
gle 9 7o) FQEY EFPaE] P28 /Hxe
= F83% g2lo= AL3](Eilerstsen er al. 1989; Keck
et al. 1999). Rk} F41A A 9] g9 FHEE S FHe} =
AZieke] Ao whet @epict. sl 7ol M), Wk 7z,
REEA] S 2A7HT] 3)oo) s sk B
2 ol wet gk SR 3 Zole 6 molA
25 m7HA] ks 202 ZAMEITHHop er al. 2002).

VI Few AL we 2A Wi 39 5
22 &3] # o)FoRE AL Fele d¥Ee] BT
7F Ul EA) JEPdTH(Nitrate, 10-12 yuM; Phosphate,
0.7-0.8 uM; Silicate, 4-6 uM)(Hop et al. 2002). 221}
TZ A7 gt AF o) YUY FHo) FolET,
AEEFAES o] s 8 FodllE 9%

2]
Hel F=7t FA5HA £o18A Drhk(Nitrate, 1.6-3.3 uM;

Phosphate, 0.5 uM; Silicate 1.4-1.5 uM). 34 F<to
Kongsfjorden®] 72 E§3-2] Zoli= 3040 m JE2 o]
T35 WM A o= o)A A EEHAES U
Foae BEAA0R JdUdde] FHE o 2yt
(Hop et al. 2002).

Kongsfjorden®| v} 8|9 9] 2 E-Z
=9 o] B Bk Qo v3) FEEYAE
A9k os)] 2HE . vhe] upgE: slode gzbFel 7t
FTEEEIEY FEIt FolM, TEFHEAE ¢
fecal pellete] F=7} S718le] o]|Eeo] a3 A E 719
HHES A5 ®thHop e al. 2002). 2t Tk ¢k
% 392 71 RREAEY FUE J% FHiee
AR Qe AEEGAEY o] A, B /Y
o] F712 Q3 TEEFYIES AEYLe] Aoz 9s) o
FOF AEUAL FEb] HEe] B4 fU1EEe) iy
o] AEA ot ATt AE ALAQ degraded detri-
tus= o]Folx rh(Weslawski and Legezynska 1998;
Keck 1999).
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Kongsfjorden®] A EEHIELS AHHo
27, &, 283 AL A= A
A}, WalolA oz v fiFe g9
i v #BHslch(Gerland e al 1999). Kongsf-
jorden 3R] ) FAE 0.7 m AEE & &35 A
A¢] a1 Ht FACF 2 myell ¥Is] FA7E gk ot}
(Brown and Cote 1992). AE&Hd| JF=H= Y Folle
AZdl dopdol e WA nAzRIE EA3 Y
Aol Fole w2 F FYE ATst s A2 w4
Z578] FA A A7t 7] Wil o] ol <ol
w2} S v R Aakee FeS vh=tH(Grossi ef
al. 1987; Welch and Bergman 1989). &-0] H o] 3ggfo]
F7FePHA e mAM xR ST Tt shie s
o] olHellA XA3] A3gstr] Alzbsl side] ol
AX ¢k 20 em FAE7HA] AFO 2 HFsI MAEA @
o e f%ow Z4E vARRY FE FoEr
(Hop et al. 2002).

3 o] AEE FAE B A3, s vMRRe 6
W AA ] B3xsks Ao) oz} s ofefFel| HFE|of
FExHo] qlow, sy wAlzFrt 7P wel EAlshs Al

£ 59 21T Hop ef al. 2002). 8 s vy =
Fv TF2FS Nitzschia frigida, Pleurosigma stuxbergii,
Cylindrotheca closterium, Navicula pelagica, Entomoneis
spp., Cocconesis spp., Thalassiosira spp.= VEFSTE 21
Hut SHEZEF Dinophysis acuta, Gyrodinium spp.,
Protoperidium spp. &3 SUEZFO| AT AZHY
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ok e R S0l 242 T4t gagon, &3
S FZAM = Navicula spp7} $3Eo) S THHop e
al. 2002).

AT F B A oy 9

AT ARl 49 vh2< Ny-Alesund 292
Kongsfjorden®] ‘3% Qdgtell ¢jx)5ta it} o] xRl
1917958 1962714 F2x|g 02 Mergare 93
TR Aot B AL R Q8] HFE o] F o
7HX] Zguidto] ZAtE o] 9thrt 19909 o] FRE o] 2
A9 ATE A=A A AR E AgE

l

a9 55
Aot B B35 E 93 o] ddsiA 493 Yo
w3 A A7)el o} ol Y A9 H 9 Fe] At
opz] ofzk olglti(Steichen ef al. 1996).

44 58 A7k wisksle 37 gl uet Waleh=
=8l F39 BX Yol wl Kongsfjordene] 34
SAIZE G et 873 Wl we) 7]&o) upegh
Aol MY slF ol S7td Ao g 5
ATk 2ulE 29 ] 712 o] 1920 TR E
)0} ko (Blacker 1957), 3] 7]&0] x|&H o
2 ds3tal drhs ARdol #29] Kongsfjorden 7]"*44'
SollM dHFTHHop et al. 2002). HERS] HIYES

< 2ol A58 F e HAY FAZAENS 3l
A&t 9l “\’}‘%k‘)ﬂ 273 Wzl met Agnis 2o
G Fgol WMshihH o] X o] A syl AL] W
37t dojubA & RolthGalkin 1998; Hop et al. 2002).
53] A M AEQ ZHAEL 2 a7} wEEdt )
(warm year)?1A] oP@A elidr} 2909 sl(cold year)©)
el e} et J e etk T3 §Aw sl o)
2} Kongsfjorden Woll FA=E siye] BxE njd W
Th(Svendsen et al. 2002).

g o] o] migPH sol BA) 9ok B A
el YrtEo] Frlsh= v, sle) ggol 2713
9 3olli= Kongsfiorden A14] AWE2] AgAteo] 7“\6b_
THAE dFT2 o] AAHE Zo] #FHUc}. 84
Hstoll wE vk ule] 19 314 (supraglacial) & S
of 2 3} Wl 5 B9 5, 59 5)9
Hatol] whet Wl 2 sge) 2, 9E % £
FHeH(Svendsen er al. 2002). A28} <13 1)
Eol 402 RE 7|93 B fio] F1s
t}. o)1) Kongsfjorden?] a7} A7k 150 m 355
th= Ao] &&= ltk(Svendsen er al. 2002).

B g s ANA, AAF BFWEE A8
3 A ESHA golog Az RS A BEea1E) 3
7AaRle] AEH wFol A&Hor rUHAHT 23
o] At #4 WslE olalT 4= 9L Aolth. B3 =)

)L
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ok m
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i, of
B

l:l

o1d Wl 423 SYRTWs) W NEZgaE
Fx4 Wste] A&AQ) RUE o] Fa st 224
Halopake v Wb o] 23k 2ol 7} ojul Bz A
ol el W7l SEHAEAES o= F YL A
ojth. WebH A&AQ) RUEY A1E Fa wMzFE
A2 U 9z Wl e olglsly N EES Fe
ol mlg B gk AeiAl] Ao IAMSIE o) 23}
ol ©80] B Zolztz AjzrEd).

4.4 &

1) 5= th417]1A] =¥ Kongsfiorden thA ¥z} H-=
3 st £ 54S Hole Wil gezx o
Ao g wolt}l

2) A A7 FFFoA EHE chl @ FEE
0.08-1.4 mg chl a m™> WAFEF 0.53 mg chl a m)E
k=N

3) 7P w2 AEEHAE AEFE 2 XNYe10
mg chl a m’3)— Rhe] B3 Aol o] W Feiolr]. o
£ ©] A9 nanoplanktonic(< 20 ym) HEAEZHIE
o] At A7) wolr},

4) AF717F B A FGNA 20 um o]EHe] HmA

ZgAE0] AA A EZHIAE ST 90% o)AFS
AR BT A AG FF e GE- 7zt 2.50-
7.18°C2] W (HT 4.65°C)¢F 22.55-32.97 psud] H(H
7 30.16 psw)E E T 22| HEFe] o] s
HF B4 B¥e JEZIHAE AP BX 9 Als)
Freh A AEFe B Bt il os) 298

A

5) Kongsfjorden ¢t W3HE F3l fY¥e B 49 &

sl gFe] A s B4
) 1

W, B4, HAEEE o] Ao

FAE WRE o7)N71M, WaE Bl HUT 41 2
HABES PEFN oo ABE T TS A
e A2 o Ao ud,

3 oIzl 44 ou e 2RE

= 2 39y

UAIDE A o Y99 Fa FFYo2A
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shob 22 AR A SARsts A st gRs) A%

23 RUHY Yo g A3t A ool & A
oz g7ttt



Monitoring on the Marine Environment and Phytoplankton of Kongsfjorden, Svalbard, Arctic 225

NI

°] A R EATY FFRIIA 3 A4AeA
B AEA AH(PP03107)9F A8l g e) S kR F A
4 ARG By 34 1 B2 01—?L(PN47500)
o] Adgho g ojFojHrt AJF Ao Ee-g FA o|5)%
AL HEY A, HEL PD, 2290] IAQTA BAR}

o A5 o E5 F HRS A7 wnkee 13
t} o} o] =E S *‘/\}o}wi £ AL FA 3=
Bl FA o] At whatel A Etw el o]95 w4
A=y}

AT

Aagaard, K., A. Foldvik, and S.R. Hillman. 1987. The West
Spitsbergen Current: disposition and water mass trans-
formation. J. Geophys. Res., 92, 3778-3784.

Bischof, K., D. Hanelt, H. Tug, U. Karsten, PE.M. Brouwer,
and C. Wiencke. 1998. Acclimation of brown algal pho-
tosynthesis to ultraviolet radiation in Arctic coastal
waters, Spitsbergen(Norway). Polar Biol., 20, 388-395.

Bischof, K., D. Hanelt, and C. Wiencke. 1999. Acclimation
of maximal quantum yield of photosynthesis in the
brown alga Alaria esculenta under high light and UV
radiation. Plant Biol., 1, 435-444.

Blacker, R.V. 1957. Benthic animals as indicators of hydro-
graphic conditions and climate change in Svalbard
waters. Fish. Invest., 20, 1-49.

Brown, R.D. and P. Cote. 1992. Interannual variability of
landfast ice thickness in the Canadian high Arctic, 1950-
89. Arctic, 45, 273-284.

Eilertsen, H.C., J.P. Taasen, and J.M. Weslawski. 1989, Phy-
toplankton studies in the fjords of West Spitsbergen:
physical environment and production in spring and sum-
mer. J. Plankton Res., 11, 1245-1260.

Ferland, EJ., I. Hansen-Bauer, and P.®. Nordli. 1997. Oro-
graphic precipitation at the glacier Austre Brogger-breen.
DNMI Rep. 2/97 Klima. Norwegian Meteoro-logical
Inst., Oslo.

Galkin, Y.I. 1998. Long-term changes in the distribution of
molluscs in the Barents Sea related to the climate. Ber
Polarforsch., 287, 100-143. .

Gascard, J.C., C. Richez, and C. Rouault. 1995. New
insights on large-scale oceanography in Fram Strait: the
Spitsbergen Current. Coast. Estuar. Stud., 49, 131-182.

Gerland, S., J-G. Winther, J.B. @rbzk, and B.V. Ivanov.
1999. Physical properties, spectral reflectance and thick-
ness development of first year fast ice in Kongsfjorden,

Svalbard. Polar Res., 18, 275-282.

Grossi, S.M., S.T. Kottmeier, R.L. Moe, G.T. Taylor, and
C.W. Sullivan.
and primary production in bottom ice under graded snow
cover. Mar. Ecol. Prog. Ser., 35, 153-164.

GroB, C., H. Tug, and O. Schrems. 2001. Three years of
spec-tral resolved UV-measurements at Koldewey Sta-
tion(1997-1999). Mem. Natl. Inst. Polar Res., Spec. Iss.,
54, 113-123.

Halldal, P. and K. Halldal. 1973. Phytoplankton, chloro-
phyll, and submarine light conditions in Kings Bay,
Spitsbergen, July 1971. Norw. J. Bot., 20, 99-108.

Hanelt, D., H. Tiig, K. Bischof, C. Grof, H. Lippert, T.
Sawall, and C. Wiencke. 2001. Light regime in an Arc-

1987. Sea ice communities. V1. Growth

tic fjord: a study related to stratospheric ozone depletion
as a basis for determination of UV effects on algal
growth. Mar. Biol., 138, 649-658.

Hansen-Bauer, 1., M. Kristensen Solas, and E.L. Steffensen.
1990. The climate of Spitsbergen. DNMI Rep. 39/90
Klima. Norwegian Meteorological Inst., Oslo.

Hasle, G.R. and B.R. Heimdal. 1998. The net phytoplank-
ton in Kongsfjorden, Svalbard, July 1988, with general
remarks on species composition of Arctic phytoplank-
ton. Polar Res., 17, 31-52.

Hasle, G.R. and C.H. von Quillfeldt. 1996. Part 8. Marine
microalgae. p. 375-382. In: 4 catalogue of Svalbard plants,
Jfungi, algae and cyanobacteria. eds. by A. Elvebakk and
P. Prestrud. Nor. Polarinst. Skr.,
Inst., Oslo.

Hegseth, E.NN. 1998. Primary production in the northern Bar-
ents Sea. Polar Res., 17, 113-123.

Holte, B. and B. Gulliksen. 1998. Common macrofaunal
dominant species in the sediments of some north Nor-
wegian and Svalbard glacial fjords. Polar Biol., 19, 375-
382.

Holte, B., S. Dahle, B. Gulliksen, and K. Naes. 1996. Some
macrofaunal effects of local pollution and glacier-induced

198. Norwegian Polar

sedimentation, with indicative chemical analyses, in the
sediments of two Arctic fjords. Polar Biol., 16, 549-557.
Hop, H., T. Pearson, E.N. Hegseth, K.M. Kovacs, J.M. Wes-
lawski, C. Wiencke, S. Kwasniewski, K. Eiane, R. Leakey,
S. Cochrane, M. Zajaczkowski, O.J. Lenne, F. Mehlum,
C. Lydersen, B. Gulliksen, S. Falk-Petersen, M. Polter-
mann, S.-A. Wangberg, M. Kendall, K.Y. Bischof, A.
Voronkov, N.A. Kovaltchouk, G.W. Gabrielsen, M. Wlo-
darska-Kowalczuk, J. Wiktor, G. di Prisco, A. Estoppey,
C. Papucci, and S. Gerland. 2002. The marine ecosys-
tem of Kongsfjorden, Svalbard. Polar Res., 21, 167-208.
Hurrell, J.W. 1995. Decadal trends in the North Atlantic



226 Kang, S.-H. et al.

Oscillation: regional temperatures and precipitation. Sci-
ence, 269, 676-679.

Keck, A. 1999. West Spitsbergen fjords(Svalbard, Nor-
wegian Arctic): physical settling and sedimentation.
p. 58-68. In: Sedimentation and recycling in aquatic eco-
systems.the impact of pelagic processes and planktonic
Jood web structure. eds. by A.S. Heriskanen et al. Finn.
Environ., 263.

Keck, A., J. Wiktor, R. Hapter, and R. Nilsen. 1999, Phy-
toplankton assemblages related to physical gradients in
an Arctic, glacier-fed fjord in summer. ICES J. Mar. Sci.,
56 Suppl. 203-214.

Loeng, H. 1991. Features of the physical oceanographic con-
ditions of the Barents Sea. p. 5-18. In: Proceedings of
the Pro Mare Symposium on Polar Marine Ecology
(Polar Res., 10.). eds. by E. Sakshaug et al. Trondheim,
Norway, 12-16 May 1990.

Okolodkov, Y.B., R. Hapter, and S.V. Semovski. 2000. Phy-
toplankton in Kongsfjorden, Spitsbergen, July 1996. Sar-
sia, 85, 1-8.

Orbak, J.B., V. Hisdal, and L.E. Svaasand. 1999, Radiation
climate variability in Svalbard: surface and satellite
observations. Polar Res., 18, 127-134.

Raymond, J.A. 2000. Distribution and partial characteriza-
tion of ice-active molecules associated with sea-ice
diatoms. Polar Biol., 23, 721-729

Sakshaug, E., A. Bjerge, B. Gulliksen, H. Loeng, and F.
Mehlum. 1994. Structure, biomass distribution, and ener-
getics of the pelagic ecosystem in the Barents Sea: a
synopsis. Polar Biol., 14, 405-411.

Steichen, D.JJ., S.J. Holbrook, and C.W. Osenberg. 1996.

Distribution and abundance of benthic and demersal
macrofauna within a natural hydrocarbon seep. Mar:
Ecol. Prog. Ser., 138, 71-82.

Svendsen, H., A. Beszczynska-Maller, J.0. Hagen, B. Lefau-
connier, V. Tverberg, S. Gerland, J.B. Orbzk, K. Bis-
chof, C. Papucci, M. Zajaczkowski, R. Azzolini, O.
Bruland, C. Wiencke, J.-G. Winther, and W. Dallmann.
2002. The physical environment of Kongsfjorden-Kross-
fjorden, an Arctic fjord system in Svalbard. Polar Res.,
21, 133-166.

Vinje, T. 1982. Frequency distribution of sea ice in the
Greenland and Barents seas, 1971-80. Nor Polarinst.
Arb. 1980, 57-61. Norwegian Polar Inst., Oslo.

Vinje, T. 2001. Anomalies and trends of sea-ice extent and
atmospheric circulation in the Nordic seas during the
period 1864-1998. J. Clim., 14, 255-267.

Welch, HE. and M.A. Bergmann. 1989. Seasonal develop-
ment of ice algae and its prediction from environmental
factors near Resolute, N'W.T,, Canada. Can. J. Fish.
Aquat. Sci., 46, 1793-1804.

Weslawski, JM. and P. Adamski. 1987. Cold and warm
years in south Spitsbergen coastal marine ecosystem. Pol.
Polar Res., 8, 96-106.

Weslawski, J.M. and J. Legezynska. 1998. Glaciers caused
zooplankton mortality? J. Plankton Res., 20, 1233-1240.

Wiktor, J. 1999. Early spring microplankton development
under fast ice covered fjords of Svalbard, Arctic. Ocean-
ologia, 41, 51-72.

Received Apr. 23, 2003

Accepted Jun. 4, 2003



