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Fig.l Localization of sampling stations in the northern Yellow Sea
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Table 1 Phytoplankton species identified in the four cruises
e TR 5H 7H 10 A 12 A

FEHE] Bacillariophyta

[ 57 3 spp. Coscinodiscus spp. + + + +
LI [B i C. asteromphalus Ehrenberg + + ++ ++
S IR i C. radiatus Ehrenberg ++ + +
FPUCH B C. centralis Ehrenberg + +
i DGR i C. granii Grough + +
AL [ C. wailesii Gran & Angst + + + F+
s I 1630 C. argus Ehrenberg +
LI i C. perforatus Ehrenberg +
Lo [58 7 C. excentricus Ehrenberg + + + +
TR [ i C. oculusiridis Ehrenberg + +

i LG i C. thorii Pavillard, +
Tt I [ i C. jonesianus (Greville) Ostenfeld + +
LI R C. lineatus Ehrenberg +
2Pl AR A Rhizosolenia hebetata f. Semispina (Hansen) Gran +

NI B R. setigera Brightwell + + + +
R SR A R. alata f. Indica (Peragallo) Otenfeld + + + +
EIME R. styliformis Brightwell + +
TR R. delicatula Cleve + +
i AR A 3 R. stolterfothii Peragallo 4+ 4+ 4+
AR R. Fragilissima Bergon +
FHTEBE spp. Chaetoceros spp. + ++ +
A BB C. subsecundus Hustedt + + +
ZE B T B C. affinis Lauder + + +
prag AWy i EED C. lorenzianus Grunow + + +
ERE)ERer C. debilis Cleve + ++ +
BT C. densus Cleve ++ +++ +++
RA AT C. socialis Lauder 4+
Ji T AR B 3 C. compressus Lauder ++

BB C. teres Cleve +

RIGH B3 C. castracanei Karsten +
EILH sp. Biddulphia sp. +

A &I i B. sinensis (Greville) Grunow + + +
KAavs B. longicruris (Greville) Hoban + +
[o¥=820 B. regia (Schultze) Simonsen +
ZEIEHE sp. Nitzschia sp. +
RFZETE N. pungens Grunow + + + 4+
KEE N. longissima (Breb.)Ralfs + +
AR N. paradoxa Grunow in Cleve & Grunow +
R B N. delicatissima Cleve +
WHEERE spp. Thalassiosir sp. +
P I T3 Thalassiothrix franuenfeldii Cleve & Grunow + ++
A Eucampia zoodiacus Ehrenberg + + +
VA LiE:a Actinoptychus senarius Ehrenberg +
i AU Ditylum brightwellii (West) Grunow + + + +
ELREA Paralia sulcata (Ehrenberg) Cleve +++ 4+ 4+ 4+
SR MO Corethron hystrix Hensen + +
Rl Sk Skeletonema costatum (Greville) Cleve ++ ++
FhAZ B Leptocylindrus danicus Cleve ++ +
AR e 75 Stephanopyxis palmeriana (Greville) Cleve +
FHJLNTH Guinardia flaccida (Castracane) Peragallo ++

13 sp. Pleurosigma sp. +

HEE] Dinophyta
ZH 3 spp. Peridinium spp. + + + +
T2 P. oceanicum Vanhoffen + + +
JGH 22 H P. pellucidum (Bergh) Schiitt +
KA Ceratium macroceros (Ehrenberg) Vanhoffen ++ +++ + +
B C. fusus (Ehrenberg) Dujardin ++ ++ + +
EViikira C. tripos (O.F.Muller) Nitzsch + 4+ 4+ +
LA C. furca (Ehrenberg) Dujardin +
/N H g Prorocentrum minimum (Pavilard) Schiller ++
BOGHE Noctiluca scintillans (Macartney) Ehrenberg + + + +
N 3 Dinophysis acuminata Claparéde & Lachmann +
BRI 6E 3 D. fortii Pavillard +
LT Chrysophyta
/NG A B Dictyocha fibula Ehrenberg +
ait - 31 31 43 35

R, AR, -+ RS



1176

ERIEEEIR B 22 B T (201347 A )

7

LR ERTRL, R ) DA S R Y S B
PEE, TR SCAZ R R e Y T R U AR ik
LA ARER BOIL B A LT R R R, [T A
DRI AL AR v 2 K LAl AT S A A PR o
WA DR ERS N R KPR

22 FHEEYWHAREENTESH
221 FAAY mieE @A

VR AR IR 4 AT A A A0 i T Y T
0.3 ~ 18 103.5x10* cells'm™, ¥k 542.4x10*
cells'm™,

HFZ (5 H ), VARSI Y a2 A+
0.3 ~30.7x10* cells'm™, F37H 9.7x10* cells'm™,
S 5 B R AT A Sl 57 2 D1 Sulifr, SR e Al o7 2
C4 Subiv o TR AN At 2 R T A A L (T 2)
K, FIAEDAREENT 5~20x10" cellsm”
4 DX 3 AR A X 70%, FEITPHAR | R —
A VST R 00 200 23 P AR, P LR Il i 1 P 4
BTN, VR A DXl R Al A R T iR

4N
39.5°N
o : ANY
P NN
' N\

38.5°N \ |

3 [ 1]

%

38N \i\

s I IENN

C/’ N
375N 2. LN N \\\\\\

5H

37°N T T T T

121°E 123°E 1235 124°E 1245°E 125°E

40°N

1215°E 122°E 1225

39.5°N

3N

38.5°N

38°N

PRALINY /L]

375N

10 H

T T T T
123°E 1235°E 124E  1245E

37N

121°E 1215 122°E 125°E

1225

JE R R

B2 (7 H), A iy an i 2 A 1
0.7 ~ 113.3x10* cells'm™, 344 25.5%10% cells'm™.,
Y 25 B F AR A S 57 2 B4 Sulifo, B i sl o7 2
E2 Sulifi., VEHAYAMEEAT 5~ 20x10°
cells-m™ [ B3 5 B ANJE A X1 80% , FEITFHAR .
T — 5 TR R ) AN B R B, PR L ] e )
VG 0 2380 2 s D, R DXl e M i A TR U
MY ERAMEX . 7 A, PR PR
1) U S R S AL S I = = S S 1 A S T R N
TR TR SRS, AR TFIRTEY A

FZE (10 H), P8 iEB0T ek 20 i 25 B A
T 14 ~ 183.0x10* cellsm™, F3¥ K 29.4x10*
cells'm™, AR5 RE ARG & C4 Sl , ey
PO AS S, TR EEN T 5 ~
20x10* cells-m™ F4 B IR B AN A XA 60%, i
B X EAT AT AR P, B X AR AE 38°N L
i

40°N

39.5°N

38N

wd
! 20
15
e .
“

375N

7H

3°N
121°E

T T T T T
1215 122°E 1225°E 123°E 1235°E 124°E 1245 125°E

@ 4
. um
.

12 A

T T
124°E 1245°E

121°E

1215°E 122°E 125°E 123°E 1235°E 125°E

2 AHETHEMABEE(0'0els - m ) FEHH

Fig.2 Distribution of phytoplankton abundance during the four cruises. Unit:x10cellsm™
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WAL, BMEFESKESKESHFEEHM
B, Bt R DK IR = A 2 i s A o P A
5o MHIRAM KT, 4RI /N TF10x10* cells m™
) DRI oy XA 3, I Rk 2R R B A LA
PO s A& N3 2 0 A (X Sl AR g A i =
JE/NT10x10* cells m By XA 25, i) 1K R R o
VBRI AN B R . 5 D7 s BRI T 4
FEEHEARF (£3), LT IRIEH B LT,
B MR N, P A SR AN A
Z KR RS 2 ) A . SR ke A
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Table 3 Dinoflagellate abundance investigated in history

cells-m™, M R AR A 10 2 B4 Sl , e 10cells
RO B2 Sl A o 1707 FP SR 4 i = IR T 10x10° EﬁA 561 11 R 1215 2% ik
cells m” HYICBRRAOR A AR, e R s T .
BRI B NEE AR A 2 5 T 30%10% cells m (6 2), w07 - B 228 .
2 (10 H), VARS8 B e g 2 B A 2009 4 23 8.5 238 AL
T 0.2 ~ 80.5x10 cells'm™, F-34 K 8.5%10* cells'm™, 2011 4 - 95 - [17]
AN B B AR b S 2 C4 S uby, dwern b7 & UL BRI
F2 IEEFEHFFERGCHEMREE
Table 2 Dinoflagellate abundance at 14 stations in the four cruises 10%cells'm™
[ingiE] A3 A4 A5 B2 B3 B4 C2 C3 C4 Dl D2 D3 E2 E3 S
5H 1.8 3.6 13.9 2.0 29 5.0 0.6 03 0.3 0.1 0.5 0.2 1.6 0.2 2.3
7 H 8.4 2.5 13.1 0.7 3.1 0.5 6.6 2.0 2.6 15.9 29.2 15.0 60.1 35.0 13.9

10 H 0.6 1.0 5.6 3.4 0.4 80.5 32
124 0.3 0.8 29 0.4 0.2 0.4 0.2

0.9 0.2 3.1 1.8 1.3 15.0 1.8 8.5
0.6 0.0 6.2 0.9 0.8 4.5 20.8 2.8
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Table 4 Phytoplankton dominant species in the four cruises

i ] HRFA R W% FERB%  RRE
FLREAEE 92.86 59.39 0.5514

e KA FAHE 100.00 8.25 0.0825
T A 57.14 11.48 0.0656

AR S B i 85.71 4.99 0.0428
KA 100.00 31.54 0.3154

e FURmARLE 78.57 21.00 0.1650
W 78.57 13.08 0.1028

BViibiEa 92.86 8.24 0.0765

e 71.43 771 0.0551

10 A BT 57.14 6.67 0.0381
R S B 64.29 5.32 0.0342

—FfA R 71.43 4.64 0.0331
RAEMTEHR 14.29 96.72 0.1382

2 AR B 100.00 0.44 0.0044
BB 92.86 0.20 0.0019
AR 57.14 0.21 0.0012

FRASTREE; 7 A MRS BAEIRRNE . Rm
B =SMBE; 10 HOAMTBE spp. . WA TR
TR IR TR A = AR A 12 A RAMAEE . BT
[ . A B LR AR . T, b
BOROLER 2R BRI B R4
FBME . AIBE spp. . S 15 G O Rl G ) o A
e, W AR PR A . =AM
PSR P AT IL R . diak 4 A, HLAE
WERLBEAE 4 D ATUCR A AT 3 ARV L3 b H
B, At s mZ Az — AT
B, FROSBUGHE . KA. RAEE . =M
4 A A 2 MR SR L, 2L

WO E AR MBS spp.. BAEMEEM
JEEG B AR — RV E AR B, &b
i3 R U= N 17 LN
232 LA

BB FhAMERE LR 5. BAEARE, 5 A
ST A R 5.8%10° cells'm™, FREBFAEX T3
N FACE R R C4 W7, FERE RS AS
Yifi; 7 HSEERE R 5.2x10% cellsm™, FRES4E
XA FHSLRIT ITAMY B2, E3 Al D3 uhfvi, F
DAL AS s 12 ASERERE N 4.3x10°
cellsm™, FJEHEXFWRE, C4. B2, A5 ulifi;
R E AL, C2 ¥ BN A

Kffmwe, 5 AFH4aEE R 0.8x10°
cells'm™, FEREBAE X FEA TALE G H#n B3,
B4 ufifii; 7 AR 8.0x10% cells'm™, FRFBF
AR XA TR ST O ANERIEERR, =F BE R Al il (37 Hs
B2. B4 ufi; 10 H R H 1.4x10% cells'm™, F
FERAE XA TRGLRIT AP 2w, Hhf B3 wli&F
JE AR AU o

WA, 5 H A =EE R 1.1x10% cells'm™,
BRI Y AS hE R A, AR A
MR, RS 7 AR FEE R 3.3x10°
cells'm™, TR XA T GEIL O AMERHEEL,
ISR S A AR

FRSTE R, 5 AP EE N 0.5x10°
cellsm™, 10 A FFRH 1.6x10% cells'm™, BRE
TR AS SR RSN, HAuli 7 = B AR
i, s,

=M, 7 A XA EE R 2.1x10°

R5 AHEEBFHEMABMMAMEE

Table 5 Abundance of principle dominant species at 14 stations in the four cruises

10%cells'm™

5H 7H 10 H 124
DAY PN R G B . wRe e B EIL W B4l
e e O g PR g PR SR TR e e e T e s e s
A3 2.1 0.1 1.7 0.3 49 KA KK 3.0 1.3 13 0.1 0.6 FEEH 0.1 49 2.5
A4 2.0 0.7 24 0.5 2.0 25 KK 05 0.3 1.9 0.5 kil KK 03 13 KK

AS 0.9 3.6 7.7 3.7 10.0 KAl 2.6 0.3

B2 157 13 0.4 0.3 0.4 26 0.1 0.2
B3 52 1.6 1.1 0.2 2.9 7.7 KK 0.1
B4 1.4 2.1 2.1 0.1 04  REH K 01
C2 4.5 0.4 0.1  Kkili 44 53 0.5 1.4
C3 7.4 02 R 04 12 438 0.4 0.4
c4 291 01 0.2 0.3 22 59 04 KK

DI REH 0.1
D2 2.0 0.3
D3 4.0 0.1

KKt 0.1 108 AKfth 2.8 2.1
K 03 13.4 6.0 9.9 53
Kt Akt 101 148 26 1.7
E2 1.6 0.5 R 05 329 113 17.0 9.4
E3 49 02 R 02 16.9 1.9 99 48
EME 5.8 0.8 1.1 0.5 8.0 52 3.3 2.1

16.9 KR 182 KK RAEH 155 14 129

Akt KK Rkt 19 Rk 12 35 139
ER o 0.9 kil 01 SRRl 02 03 KA
KA OREGH REH REH SRiem 01 2.8 AKAi
1.1 121 02 1.5 KfH 108 08 1.3

0.8 KK R 05 RS 02 0.5 4.4

0.5 KR 01 KRl Rkd 01 07 186
0.7 Kz 04 13 RE&H 73 203 KA
72 33 0.3 1.0 R 717 KK 35
0.5 4.3 0.3 03 K 142 18 35
E R 24 1.8 11.1 180000 63  10.8 FA
ER o 14 09 0.9 105046 1.5 108 Kkl

2.1 2.0 1.6 1.4 2036.0 9.3 4.3 4.3
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cellsm™, 10 A FHFRE N 1.4x10° cellsm™, FF
AR KA TG LRI 1 AR, s APy S
JERK

WHMAEW, 10 AFHEFEE N 2.0x10°
cells'm™, [GrhERiRAY C2 vhFE R E AN, Hgruk
PEEBEAXTEAR, AT 12 AVFEEN
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Table 6 Species diversity at 14 stations in the four cruises

. Shannon-Wiener ZFE1: 4545 Pielou #J5) B F8 4L
i 5 A1 7 10 1 121 Ty 5 A1 74 10 J] 12 T
A3 2.952 1.221 2.537 2.293 2.251 0.798 0.770 0.846 0.640 0.764
A4 2.684 1.572 3.113 3.234 2.651 0.776 0.786 0.818 0.850 0.808
AS 2.344 1.421 2.973 2.759 2.374 0.739 0.448 0.713 0.675 0.644
B2 1.593 1.272 3.675 1.684 2.056 0.408 0.548 0.865 0.561 0.596
B3 1.865 L.111 2.463 2.774 2.053 0.561 0.479 0.821 0.925 0.697
B4 2.331 1.371 0.143 2.037 1.471 0.674 0.865 0.048 0.613 0.550
C2 0.768 2.241 2.583 2227 1.955 0.331 0.675 0.698 0.644 0.587
C3 0.946 1.733 2.468 2.237 1.846 0.337 0.617 0.779 0.706 0.610
C4 0.452 1.359 2.522 1.167 1.375 0.136 0.585 0.898 0.389 0.502
D1 2.000 2.202 2.879 2.639 2.430 0.980 0.637 0.908 0.660 0.796
D2 1.932 2.433 2.982 0.963 2.078 0.688 0.623 0.763 0.343 0.604
D3 1.058 2.035 2.993 2.376 2.116 0.334 0.613 0.835 0.687 0.617
E2 2.372 3.407 2.405 0.069 2.063 0.918 0.776 0.802 0.018 0.629
E3 0.410 3.248 2.463 0.347 1.617 0.258 0.795 0.877 0.085 0.504
A 1.693 1.902 2.586 1.915 2.024 0.567 0.658 0.762 0.557 0.636
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Fig.3 Cluster dendrogram of phytoplankton at fourteen sampling stations

3) VR 4 AESEEE, RIR) TR
B, R RERZERE, EEhSNEE SRR K PSSR .

4 ) VR I I Ui A ) AN B o R T AR Ak
i, BRAESKES>EESHEERHE, T
A BRI EE S ESA
FE>HR,

5) WA X IFIFAE Y RS YR Shannon-Weiner
ZREPEFEEUR Peilou Y25 FEFE I R 0 AL ¥ Fe
TSR 2R S ST 1 AN A A

6 ) i AT HT 2 R B AL EO IR WA b
X KR E B N =X PSSR I X H
X FIPEHR X

7) JCEE LR R R BAEINRIEE . KA
Tw. BAEMPBE. MBI spp. . FE PR 7 e AL
[CRIF e AE s, FHrhmsEmRmmE. =M
AR A Bt R TR DX PP B AR, ELAEA b
BOEIL IR EE WM —, BMAEE. iR
SRS . KAMBE . RAE . MM
WEEMEEF . AT spp.. BAEMTEEMEIL
[53] g J AE 0 T A BT R

S0k :

(1] &M, M. JLBmEse . SR M. Juat: Bl
J#t:,1982: 23-29.

[2] M2, ZEE, RN AR A M. JEaT: S AR,
2004: 247-282.

[3] BROGUEIRA M J, OLIVEIRA MDO R, CABECADAS G
Phytoplankton community structure defined by key environmental
variables in Tagus estuary, Portugal[J]. Marine Environmental
Research, 2007,64:616-628.

[4] TROCCOLI G L, HERRERA-SILVEIRA J A, COMIN F A. Structural

variations of phytoplankton in the coastal seas of Yucatan, Mexico[J].



X855 AL s I A v 2= 1 AR

1181

Hydrobiologia, 2004,519: 85-102.

[5] HARDING L W. Long-term trends in the distribution of phytoplankton
in Chesapeake Bay: roles of light, nutrients and stream flow[J]. Marine
Ecology Progress Series, 1994, 104: 267-291.

[6] LONGHURST A, SATHYENDRANATH S, PLATT T, et al. An
estimate of global primary production in the ocean from satellite
radiometer data[J]. Journal of Plankton Research , 1995,17:1245-1271.

(7] A5, SR MG . RUREEG 3 SRR X A 6 s 1
FE: L SMZREIRTSELT). WEHES WA, 1957,1(1): 27-94.

(8] HERBZMGFERADAE 2EEFELE ARG /HR].
1964.

(91 Xk, PMRH, PREMSS. JCRIT R S R alk 21 )
ARFAE[T]. MEFEEREERE, 2011, 30(4): 528-532.

(10] HETTHE. i P WeA ) 9 A A5 e a8 B S0l B OC 2R [J]. VR K
FEBSE, 1986, 7: 103-107.

[11] BESCHE, Ve, RUk. SR PRUERNI[]. WEHEREERLE, 1984,
3(3): 19-28.

[12] Ardtds, . Wi . EERIAEY ST e,
1993, 11(3): 52-59.

[13] EfR. BiEHZ WY AT D] K5, 2001,
22(1): 56-61.

[14] B, 2, EHH. KIGEKBUZTAY B 5 F 121k

0], K7=RlaE, 1995, 14(2): 23-27.

[15] w45, 282, XN, 4%, B0 I0HGT R V7 A A4 SR AE AT 0],
IKFERIEE, 1999, 18(5): 12-15.

[16] &k, XUigme, Heimil, . g duHn = M sed 0. i

FEKFEWRSE, 2002, 23(4): 46-50.

AR AN BRNE,AF. 201 1AERKZb Bl VR A VA (0], KRR

FrR22AAR, 2013, 28(1): 22-29.

[18] #:F577, XEN4. 20064F 4 Z AU 16 PR PR AL IRV 254 (1),
AR, 2009, 31(5): 132-147.

[19] GB12763.6-2007, M JHAAIE, 5E6ilsr: W AW IMA[S]. Jbat:
rh bRV AT, 2007: 30-34.

[20] SHANNON C E, WIENER W. The mathematical theory of

communication[M]. Urbana:University of Illinois Press, 1949:125.

(17

[21] PIELOU E C. Species-diversity and pattern-diversity in the study of
ecological succession[J]. Journal of Theoretical Biology, 1966, 10:
370-383.

[22] FhARZE, ERA, IV, 5. RIS TR YRR AR AR5
2, 2006, 26(12): 3948-3958.

[23] OLEG A Y, JACOB C, SNEJANA M, et al. Nutrient and
phytoplankton trends on the western Black Sea shelf in response to
cultural eutrophication and climate changes[J]. Estuarine, Coastal and
Shelf Science, 2007, 74:63-76.

The seasonal changes of phytoplankton community in North Yellow Sea, China

LIU Shuxi, FAN Jingfeng, WANG Zhenliang

National Marine Environmental Monitoring Center//Key Laboratory for Ecological Environment in Coastal Areas (SOA), Dalian 116023, China

Abstract: Based on the data collected at 14 stations in the north Yellow Sea (NYS) during the four cruises, this study examined
species composition, dominant species, abundance distribution and species diversity of phytoplankton in May, July, October and
December 2009. The cluster analysis of phytoplankton was carried out based on species composition at sampled stations. The results
showed that a total of 56 species in 22 genera of 3 phyla, including 45 species of diatoms with 12 species in Coscinodiscus and 9
species in Chaetoceros, 10 species of dinoflagellate with 4 species in Ceratium and 1 species of chrysophyta, were identified. Most of
them belonged to eurythermal and euryhaline species. Average abundance of phytoplankton in the four cruises was 542.4x10*
cellssm™, with a range of 0.3~18 103.5x10 cells'm™. Phytoplankton abundance exhibited distinct seasonal variations: winter (2
105.1x10* cells'm™)> autumn (29.4x10* cells'm™)> summer (25.5x10* cells-m™) > spring(9.7x10* cells-m™). Total dinoflagellate
abundance ranged from not detected to 80.5x10* cells'm™ in the four cruises, with an average value of 6.9x10* cells'm™.
Dinoflagellate abundance varied with seasons in the following order: summer (13.9x10* cells'm™)>autumn (8.5x10* cells'm™)>
winter (2.8x10* cells'm™) > spring (2.3x10* cells'-m™). Paralia sulcata dominated three cruises while Chaetoceros densus,
Coscinodiscus radiatus, Ceratium macroceros, Ceratium fusus and Ceratium tripos were preponderant in two cruises. Chaetoceros
spp., Chaetoceros socialis and Coscinodiscus wailesii belonged to seasonal species and dominated only one cruise. Average
Shannon-Wiener index (H’) and evenness (J) were 2.024 and 0.636, respectively. Low evenness corresponded with low
Shannon-Wiener diversity indices, appeared in the south of NYS and adjacent sea area of Yalu River estuary. Using the hierarchical
cluster analysis, fourteen sampling stations were classified into 3 parts: Yalu River estuary, central sea area and west sea area.

Key words: phytoplankton; dinoflagellates; abundance; species diversity; North Yellow Sea



