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Abstracts : In order to grasp the structure and dynamics of phytoplankton communities, chlorophyll-a
(Chl-a) and cell abundance were measured at 20 stations during the period from August 9 to August 21,
2003 in the southeastern Barents Sea on surface and subsurface chlorophyll maximum depth (SCM).
Surface temperatures were varied from minimum —0.7°C(st. 18) to maximum 10.4°C(st. 1). Salinities were
varied from minimum 29.9 psu(st. 18) to maximum 35.8 psu(st. 2). The maximum nutrient(phosphate,
nitrate, silicate) concentrations were 0.12 £M, 0.11 M, 7.53 M and minimum concentrations were 0.01
M, 0.03 pM, 1.43 uM, respectively. On SCM physical environmental factor were almost similar. Chl-a
concentrations ranged from 0.23 to 2.13 ug chl-a /™' at SCM. Nano- and pico phytoplankton were the
important contributors for increase of the Chl-a. It was about seven times difference between highest
concentration to lowest. Phytoplankton communities were composed of diatoms, dinoflagellates,
cryptophyceae, silicoflagellate, and prymnesiophyceae showing 37 taxa at surface and 38 taxa at SCM.
Picophytoplankton was the most dominant in all stations and all layers, but the second groups were 2 and/
or 3 taxa. Phytoplankton abundance ranged from minimum 4.3 x 10° cells /7!(st. 20) to maximum
2.4 x 10° cells /7(st. 17) at surface water. As a result, phytoplankton might be controlled by physical
factors such as North Atlantic ocean currents and northern melt water among environmental factors in
Barents Sea. In addition the dominant species were nano- and pico phytoplankton such as Phaeocystis,
Cryptomonas and Dinobryon in the study area.

Key words : 53l (Arctic Ocean), ¥}21= 3l|(Barents Sea), 4] &3& % == (Phytoplankton), §&4 a
(Chlorophyll-a), 1]4&-=1]4 2] 8-Z% == (nano-pico sized phytoplankton)
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S TH-2°C~4°C) B} 3ot 2 3
o] AEA tﬂi@}‘f’ﬂ Hlgl] Fidos dAE el s FA
3} Jth(Sakshaug and Holm-Hansen 1984). ©|&} 7+-&
Eod) B3 5|9k S0 Qld] Bk ZAse |k
AEjAI7E @€ Aol

UnkA o 2 ggolA AL AEEFEIAETH 5
7P HlwA 2 gt} ehEEERIE pAls =9
sh E=eElly HE=slexe 2717 2 RV AISE
Al VeRdtt, o]gj gt o] = ol Fxzlo] deoket
oM AEdte AR olsfiH il M‘ﬂr =309 *3‘3]17*”—‘
AdAo g sz ZAuol o3k ko] Eilll(Sakshaug
and Holm-Hansen 1984), °ﬂ°oku-n—‘: AzralE =
8] FHEAN AL B e FRoR N%E“j}
Az AEFE w2 Holrh 131‘4 AArfFe] F7tet 8
Hog g dxeE fAIsh= sHlddl= Aite o] vl
221tk Smith 1987; Nelson et al. 1987).
S35 Hske ofe] vivks § # AA 9l Bkl

e 1S SR dEaTte] wigjHel 91X
HIEA, Zef2 A4, opdile, S 2 o 9t
A Ak, 53] sHAle] A vl & F5l HAlof &
o o129 HZEt 7, 9B 7} oA}, ofibAo]
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o] EAS HoFE= A9o]tk(Loeng et al.
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1997; Mattiessen et al. 1999).
olefat vl sl iR 44 200m ol3ke] i%

Foex A%e LA FUHE A% 5 7]
9] 318 - 5G] S57h, B AL - Ade 3
W g4 RYEE 2oR ANsHoR ve Soja

3Lo|tH(Erlenkeuser et al. 1999).

Aol we} o] S-S s FEI}F dojue o R
Aol AFoE P H o] siro] Eejvhd afrgolA
mopte st 550 AEHE AR AU S| o
Qb 95, AEEYaE] PRYOR ojojAt,

o33l X glF EAo R nlulx &9 AEZHIAEY
=Ly BE 9 By o|3shy 9219 EALL o] gy
o) 542 olsisher] mgol | oltk. meh} HEEY

2] ol SlolfE $ASl Au I Y3

2l At =l ko vk (Paul er al. 1999) dHAol Bl
= 3|9 AEZYIEL FAJ= Fuls] o]|Fo]x|R] Pt
TH(Arashkevich er al. 2002; Falk-Petersen et al. 2001;
Rat'’kova and Waddmann 2002; Verity et al. 2002). =4
o F lce edge zonedl| A ] TIRFEA- wid F7|A o=
dojuh=d H=A = Bering Sea(McRoy and Goering
1974; Alexander 1980; Alexander and Niebauer 1981),
Beaufort Sea(Horner and Schrader 1982) ZE]3Z Fram
Strait(Gradinger and Baumann 1991) 52| X|9ol|A A}
HAr 2y vl s oM o] A= o] 717t T4
FAPZ} o Fo|AA] EQk

B e B33 Sl AR 2AL) dto A
o} HE-=Z3a)2l u}aﬂz oH<>ﬂ/\1 ko] By o) 31419
NEZYAE AE | B P4 $YFL DI
A a1l °é°o¥°§?+ =24l a8lte] AAl st
ZAF T

2. A5 9wy

B P 0 i 4

2 Ae 559 710 2003 89 9UFE 2003
W8 21974A] BjAlot 7183 4 A A48 RV
‘Ivan Petrov’ & ©]|-&3l ZAMS }\E ]3]‘/\;\—1—, A8 A
S S HAlof ARG B WEke g AA 2071
o] Aol ¥ZF 2 Subsurface Chlorophyll Maximum
Depth(SCM)OlIX ZAMS: AA 8k TH(Fig. 1). A S 9
Q== 73°01, 21'N~78°16, 57No|H A=+ 25°36,
88'E~53°07, 25'E°Ith. AP 99| Hat 42 256.6 m
oldtt. AR % 5o AP AEA 11-2002 3 &

Wre] GFE W AdolH, Aol Ak e P
WA 1100 BTl si5e] YL W Aot
(Fig. 2).
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Fig. 1. Study area of the R/V Ivan Petrov expedition and
the sampling locations in the Barents Sea.
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Fig. 2. Surface currents in the Barents Sea (from Loeng
et al. 1997).
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T2 2 HiE2 oA TS-meter(YSI model 30)=
a2 AAARZMA S788I05L, 771 Qe (oFE A +
A, QIAHA, A S FAA B E AS & 2
BLE2 GF/F filter(Whatman)E o 2}8te] wvjg] AkA At
30m/ HDPE bottled] %2 § ¥F RSttt o]F
Parsons et al.(1984)2] "iiel o3 FLH AsiA]7]
(Lachat QuickChem AE)S o]&3&le] B33t}

Chlorophyll-a (biomass)

Chlorophyll-a(Chl-a)¢] =& #43}17] f1ste] A7l
Al AF3 AR 500miE GF/F - filter(Whatman, d=
25 mm)E o3} T 90% acetone> Hol oY B At
24N 7E ] FEsith FE 42 MFS filter(pore size =
0.5 um, d=25mm)E AI}Z AIXl & FFEA7] TD-
700(Turner Designs)ys A&-3ted 73+ 5 o2l ] A4k
o2 FFIATh v aFu 4 AEEFIE Chle?] 5%
£ ¢7] 918+ mesh size 20 ym ZE 2 A3 § 71
WHe R 45 AT

mg Chl-g-m™ = Ca-EV/SV (Note: zg- /™' = mg-m™)

Ca = Fluorometer2 =73 347k
EV = opHlE 23| (m/)
SV = ojx}gk A5 ¥u(/)

>
n.tIu
1

g 3E2] 4 2 A5 (cell abundance)
AESFFIEY AT, dEF, 1, 285

7] Slste] AFolM ZHE Chla Fell uwhet
HPMA &2to|=E5 A &3F3th(Kang and Fryxell 1991;
1992). A<F¥ 100 m/e] 3£ glutaraldehyde(F &5 %
1%, v/v)E 3143} GN-6 Metricel membrane filter
(0.45 ym pore-size, 25mm diam; Gelman Sciences)®l|
ofgt & 23 X HPMA(2-hydroxypropyl
methacrylate) A °FS FFAIZTE oF 24A17H5F 7127)
oA 712A1A HPMASE RO | =5 A&ttt /8542
A2 HPMAE TR = Fek2 9]0 F35L 100~10004 5}
olX A7 - 3T} Su| NS EFIAES TG
7 (OLYMPUS, BX-51; g3l Fd -+ F4 SxA+¢
22)9] 10008 tellA] At Alge] 57 3 530
+ Cupp(1943), Brunel(1962), Hendey(1964), Simonsen
(1974), Dodge(1982), Round et al.(1990), Hasle and
Syvertsen(1996) &< 73S o] &3kt s+ =7]
7} #ol FeFu| Ao FH8] o FRFe AAt
An|Fo® FAE] P8t A Wl f71=E AASA
Th(Hasle and Fryxell 1970). 7152 AA% A&E=
aluminum stub®ll 2 8}32 AZFA|A gold-palladium 2=
S H(JEOL, MSC-101) ¥ FARAAE "7 (SEM, JEOL
5600LV; Aot MapdrAd) o s F4ssien, 2
83 79 ARIE Gt T3 oF-EA o] il
old o}HBZFE 2% glutaraldehyde® IZHAIZI #
osmic acid(0s0y)2] FEFET} 1-2%7} H=F H 75}k
Aol 1~2A17F F<F 317 33 th(Reimann er al. 1980).
©]% Et-OH series2 E<=3}9] isoamylacetate® X $A]A
Critical Point Dryer(SPI, Dry-CPD)2 ZAZA|Zl & F=A}
AxrEm Foll A A7 2 A
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ZANF F FEY Fee o 93k wre A3
18914 —0.7°CZ HAE vehyon AA 194 FHx
10.4°CE YeRR] 11.1°Ce] 2to]E YERNATH(Table 1,
Fig. 3). 5= dll 79 9L W= x99l FH 16, 17, 18,
19, 209] B+ F2 1.6°CoIAL Ao} A0
1,2, 3, 4,59 Ha 528 8.1°CE H|wd & 29 3}
o]& UERNLE £ ARG S gAlol Age 7R
FTAE RIS W oA G FY TS we= A
AAEA 1, 6, 11, 16)2] Hit F& 5.7°CoIN L, Hlok
Aok (A 5, 10, 15, 201 4.7°CE JeplA w3}
Fo] AA] ohrh.

i SCMOA = HF 2.26°CE YR A 16
oAl —1.58°CE HAE, FA 204 821°CE HiE
ERHATH(Table 2).

AR FZolA HA 299 psudH 18)014 L 358
psu(3 4 2)Z JeR) Atk(Fig. 3). 3§ TS
W= B2 A3 17, 18, 19)0] Hit 31.6 psu= 2ok
H WhE, de] S fYEe MEe ZA- 1, 69 H
7] 342 psuE UERHO] HoiAge] Jao oa] HF

Table 1. Spatial distribution of physicochemical factor on
surface in the study area.

Station Temp. ~ Sal.

m Density Phosphate Nitrate Silicate
(°C) _(psu) (kgm™)

@M @V @m)

1 104 357 274 0.08 0.09  3.40
2 9.6 358 276 0.08 0.06 1.94
3 74 348 272 0.09 0.12 1.69
4 63 345 271 0.08 0.06 2.33
5 69 349 274 0.13 0.15 2.15
6 47 326 258 0.07 0.14 5.17
7 56 337 266 0.08 0.05 4.08
8 56 33.6 265 0.09 0.04 1.82
9 48 335 265 0.09 0.06 2.49
10 56 336 265 0.11 0.07  3.57
11 32 332 264 0.05 0.03 7.53
12 1.6 322 258 0.08 0.06 3.16
13 1.0 308 247 0.12 0.11 2.66
14 39 33.0 262 0.11 0.10 1.43
15 34 343 273 0.13 0.05 2.36
16 43 331 262 0.06 0.09 240
17 02 317 254 0.07 0.05 2.03
18 -0.7 299 240 0.14 0.15 1.73
19 09 317 254 0.14 0.07 285
20 27 342 273 0.15 0.05 1.56

o] Z7lete e YERITE SCMellAE HA 33.38
psuCd 9)0lA 3L 35.05 psu(dd 2)& & Ao|= Lk
WA kst

FZoA UiE HA 24.0 kg m>(BF 18)0lA HaL
27.6 kg m>3(B4 2)& 3.6 kg m 9] x}o]E VERAATH
(Fig. 3). 34 4, 9, 14, 1957|522 g} BojM
o] G e A He Uy} vk whde njopdlof
A 28 Bee 2 vUeifie] AR tE F7t vht
39S YeRAITE SCMelME HA 26.5 kg m™ (Y
A 9plA HIL 27.7 kg mE H 27.28 kg m S UE
Bibei=

EZFoM IYH] TS B3E u POs-P= FHA
0.05 MCEA 11)elA H3L 0.12 iM(EF 13)E 0.07 uM
9] zpolE YERHITH(Table 1, Fig. 4). HFalolA F
H e dFeE 3 138 SAHSE HWA 52
SEE Helow, A&e Ao Hlg] mrlopgopd 2

Temperature (T)
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Salinity (psu)
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» - &

30

Density (kg m™®)
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Fig. 3. Contour of surface temperature, salinity and den-
sity on surface.
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Table 2. Spatial distribution of physical factor at SCM
in the study area.

. Temp. Sal. Densi Depth
Swdon 0 0L Gemd )

1 5.34 35.03 27.7 86.44
2 8.21 35.05 27.3 25.26
3 2.77 34.77 27.7 30.37
4 6.29 34.43 27.1 17.73
5 3.51 34.56 27.5 30.28
6 -1.22 34.19 27.5 40.26
7 5.07 35.02 27.7 26.11
8 0.44 34.30 27.5 26.31
9 3.98 33.38 26.5 20.71
10 5.87 33.86 26.7 15.69
11 -0.42 33.92 27.3 38.06
12 -1.39 34.13 27.5 26.43
13 1.35 33.87 27.1 14.84
14 2.49 34.07 272 25.00
15 3.18 33.83 26.9 15.98
16 -1.58 34.02 27.4 52.07
17 -1.12 33.94 27.3 27.65
18 1.09 34.21 274 17.09
19 2.23 33.51 26.8 15.14
20 -0.71 34.39 27.6 30.66

o] By E¥L FLEE KT

NOs-N2 A 0.03 uMCEA 11)llA FHAL 0.11 uM
BAE 13)2 2o 0.08 uMe] xpo] Z Ve QA TH(Fig.
4). PO4-PS} 70|l AR 138 TA4I02 FHGo= 245
& YolAle S BASL, SN R 93
£ A9 vwd £ o NO;-NS Yepls &
W] S TS A oM e e T s UE
Eib=

Si0,-Sie ZAMZ & AA 1.43 iM(E A 14)014] 3
3753 MAERE 12)2. 2 6.10 M) FEAE BT
(Fig. 4). EA S sl 72 G vbe AGA H|H

Ee FEE YERIIH

Chlorophyll-a (biomass)
F Chl-a

B xAlAM ¥F F Chl-g® B2 A 0.186 ug
chl-a ['C33 18)91A 3L 1.046 ug chl-a I'BH 27}
A Bt 0.412 ug chl-a ['& 37 H3}Zo ) o] o]
tH(Table 3, Fig. 5).

ARG AR 3,8, 13, 188 7|Fo® FAR T
stof mlags BHokS Wl A& A @A 1, 2,6, 7, 11, 12,
16, 17)°] <+ 0.548 ug chl-a [7'¢] WA F&EX & 3

Phosphate (uM)

EEEEEEEEEEE

Fig. 4. Contour of surface nitrate, phosphate and silicate
concentrations.

7+ 0.326 g chl-g [7'2 °F 1.58]2] o)At xpo]E eR) Q]
tH(Fig. 6).

SCMelAE A 0.232 pg chl-a 7G4 10)004 3z
2.134 pg chl-a I"'3A 11)& YeRNASL H+ 0.800 g
chl-a 17'& Yepllo] E3HT} of 2u19] jo]E Yeh
AT

ol ) EFFZES] Chi-a

oA A EZeTE(>20 ym)e] Chl-a FEE HZoA
## Not Detected(ND, 474 12, 17)2A4] Z3L 0.162 ug
chl-a [7'(3A 2744 B+ 0.045 ug chl-a ['& WH3}E
o] AA] Fgkort, SCMelA= A ND(FEA 5, 14)°
A Z3L 0.598 pg chl-a 7B 16y YeRlo] A4
o2 F WAskEe e A Th(Fig. 6). =3 FAF 02
L F3Zol Hlste] SCMollA 28 o] Fe] FEE JERH
At
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)2 FrE A EEFGTES] Chi-a

717} 20 gm PIEEQL W] Aa-Su] 4 2
A AEEFYIE ; <2 m)e] Chl-g 3%
0.120 pg chl-a I7'(37 18)yFE] F3L 0.884 ug chl-a I
BH 274 Hit 0367 pg chl-a &
78] ©o]Fe]ATHFig. 6). ¥ Chl-a9} 70| &A= H|ws|

Table 3. Spatial distribution of Chl-a in the study area.

BEYAE Y|

= oA A4

7]

EEES

Total Chl-a Micro Chl-a Nano+Pico Chl-a

st. (ugchlal™  (ugchl-al™)  (ugchlal™)
Surface SCM Surface SCM Surface SCM
1 0.558 0.472 0.062 0.076 0496  0.396
2 1.046 0.740 0.162 0.064 0.884 0.676
3 0436 0.876 0.014 0.112 0422 0.764
4 0.302 0.458 0.022 0.046 0280 0.412
5 0.536 0.542 0.022 ND 0.514  0.542
6 0.202 1.034 0.026 0.046 0.176  0.988
7 0.316 0.748 0.004 0.072 0312 0.676
8 0.376 0.536 0.092 0.096 0.284  0.440
9 0.270 0.512 0.008 0.034 0262 0.478
10 0206 0.232 0.046 0.010 0.160 0.222
11 0.520 2.134 0.064 0.254 0456 1.880
12 0.748 0.748 ND 0.034 0.748 0.714
13 0392 0.380 0.048 0.030 0.344  0.350
14 - 0.434 - ND - 0.434
15 0264 0.300 0.060 0.036 0.204 0.264
16 0456 1.558 0.052 0.598 0.404  0.960
17 0534 1.678 ND 0.142 0.534 1.536
18 0.186 0.270 0.066 0.006 0.120 0.264
19 0242 0.296 0.034 0.054 0.208 0.242
20  0.238 2.050 0.072 0.472 0.166 1.578
Mean 0.412 0.800 0.045 0.109 0.367 0.691

ND : Not Detected, — : No Data.
Micro Chl-a (>20 gm), Nano+Pico Chl-a (<20 gm).

Cell size :

Concentration (ug chl a ."1]

25

pa
(=]

n

=]
.

o
o

0.0 4

B ) M& xS Hit 0447 pg chl-a [7'Q) WA F&
2932 0.223 pg chl-a I7'9] FXE Ho] F Chl-a9} H|S:

Micro size (ug chl a ¢

00—
. i

Nano+ pico size (ug chl a £7)
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Fig. 6. Contour of surface chlorophyll-a(biomass) concen-
trations.
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Fig. 5. Distribution of chlorophyll-a concentrations on the study area.
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3 S BT SCMAlME A3 100014 02228 A
=, A% 119014 1.880 g chl-a I7'0& 7V £& w2
HAomW i 0.691 ug chl-g ['EA F3Z0] < 2u) oA
o] & Yehfo] F Chl-a2] g3} ¥IS8HA el

Size fraction®® Chl-a2] ¥] £

& 3 HAM T Chla®] T8 VA HESd2E0
HAFu 4 A EEFAEC] XA St HIEE i
FZI SCM B v|&-Su]ah N EEga=e] vlEgo] o
53] =tk AHE vAhSu s AESYIES] H &S
EZNA HA 65%(FA 18)9A4 L 100%(34E 12,
17)Z Fit 87%3Ath vk AEEFIAES 77 4
A 3, 4,5,7,9, 12, 17914 90% °14-2, 71 A4
B4 1,2 6, 11, 13, 16, 19)°14] 80~89%= =}A] &} T}
nlA] AEEFIEC] AR Ee HIEH S 99 A3
oF ARl Aolrt.

3 SCMolM &= 11719 - EA 2,
11, 12, 13, 17, 18)°14 90% ©o]’de] H]&L 2|3} 3L
it 89%= EToll Hlsl oFF & HE&S ARSI

YT

Hillzsf o o] oM Fdehe HEETIELYL
e SRR ET 1435, 15T 1457, THAUES
T2, SURRF 2R, TN 2R 155, Zet
A=ZH/ 157, 71548 37T 5 T 375 °IATH(Table

4). A 24T HA 65F7FEA 69X HAL 1657
(848 18)71A] WslEo] Z1om, H#F 105 FATH SCM
NN FZ HIEl] FE2F 150 B F 3859 A&
YA E] AFHJT U] AN Ede=E T

o 9]

]

SHRZF Cryptomonas spp., ZHUIA QLZH

Surface

25846

2 0e+6

1.5e+6 4

Abundance (cells I'")

1.0e+6 4

0.0 -
12 34567 8 9101112131415 1617 18198 20

Station

Table 4. The appearance species in the study area.

Bacillariophyceae Dictyochophyceae

Achnanthes sp. Dictyocha speculum

Actinocyclus spp. Dictyocha speculum var. speculum

Bacteriastrum spp.

Chaetoceros sp. Cryptophyceae
Flagilariopsis cylindrus ~ Cryptomonas spp.
Minidiscuss sp. Lucocryptos sp.
Paralia sulcata

Pseudonitschia sp. Prymnesiophyceae
Rhizosolenia hebetata Phaeocystis spp.

*Skeletonema spp.

Synedropsis hyperborea Prasinophyceae

Thalassiosira spp. Pyramimonas spp.
Navicula spp.
Nitzschia spp. Unidentified Micro size plankton
Unidentified Nano size plankton

Unidentified Pico size plankton

Rhizosolenia spp.
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Fig. 7. Variation of phytoplankton cell abundance in the Barents Sea.
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Fig. 8. Distribution of major dominant species phytoplankton on the study area.
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