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Tab.2 Dominant phytoplankton species in the surveyed sea
5 A May 7 A Iuly 11 A November 12 A December
sy eI r™ e > i BE
o g PRE gy R gy IR
. . Dominant . . Dominant . . Dominant . . Dominant
Dominant species Dominant species Dominant species Dominant species
degree degree degree degree
e Y Ll ey ey S s 1| 7 T ST b A TR
BHOUNWE o M 004 TREGE o BEAEEN 0.60
G. delicatula M. sulcata Cos. Oculus iridis T. punctigera
I A o5 BEAUEGEN oy FEAEEEN oo TSI 0.04
Rhi. setigera ' T. punctigera ' T. punctigera ' C. fusus var.schuttii '
£ it — it St
%?AI@V\]EE@E 023 gﬁlﬁl@& 004 SRS 0.04
G. delicatula C. tripos C. macroceros
%&%%& 003 RS 004 &ﬁ%. 0.09
Ch.lorenzianus C. fusus var.schuttii N.scientillans
B2 e
HHEMTH 0.03
Ch. densus
FUREBEEZEL o
Rhi. acuminata '
1| = £ S
] %*E GRS 0.03
Rhi..setigera
i R 0.03
D. brightwellii
— 0.04
C. tripos
%%E%@@ 0.05
P. conicum
ROLHE 0.03

N. scientillans

HRERE] 26 J& 52 Fh, WHBETT 48 11 R, AR
PR A RN R . IR RGEE; Q) H &
PERD . BEATEEEE . AR EE L M AR BE(Clfisus
var.schuttii), PLHEBEENLER 2. 12 H JA# ALK H 17
Y 22 J& 50 Fh(FE 1), HAaEBETT 19 )% 41, H
BET] 38 9P AR YA I P SR R (D)W T A
Z [CER IR (Actinocyclus octonarius); (2)iT 7 IR
e IR ZH (P depressum); (3)) &) MER
. B, LRI 2,

M 1, £ 2 ATLUIE, 4 KA SRR P T
TR TE 2500 TR fb, (HAR AR K. thdsFh £
fEE, A LRER GAEE AL RA AR, Hi,
FRHILN WS . A OB BE . — A A B FR 1 F SR 7
T 20 AERY IR A LA — AR . B RE AR
— B IR R, U B T A 4l R o AP
B, HAE 7 A 11 AR 12 LR K
R, FEAS WG b, o A R R AR 50 R
11.60% . 33.62%. 65%, 1984-1985 4, HKH{445(2007)
TEAR FE R B TSI IR A v, R BB R

1995 A e [l B 1 TR OCHEMR AN A FEAE /K oS 1) . A
FEE NN E e pl AR K 8 AR BB A, HAe
TE RS T AT AR B BB Sy Ak, AL W,
YER—FhIMEYE AR IR, 755 AR 7 A ¥ RE i,
TE45 w7 H B R B 1k 87.81% M1 65.85%, (i 4=
JEF 0-99.22%F1 0-80.21%, FLHAME 2> 510 33.62%F1
11.86% o A Y U] Ax 1 A It SR [7) £ 41 7 e AR 40 10 S5
FERHRRITIESE, 19915 PNAEAE, 2002; FMHESE, 2008)
FHEL , SRk 2 17 I A 4 () L 34 P AR fh i 3 S 2L
P AR B E 0 RS R AR TR A R L IR R L AR
A TRE RN BE 5 M A B S o L, R T Y (B O
Ja& AR B i T b i 0 AR D R D o e P
PR RBUR . BRSPS TR Y
FR B RS ALK

22 WEFEENFEESH

5 PR T SR A ) B TR AR AN, TR
Wy R Y5 R R (2.09-530.10)x10 cell/m®, “F-31H K
200.14x10% cell/m®, I A4 - 11 23 A B J5) J2 B
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BEAE X IR 513 5 H1 514 53k, (542 X R
M2 BE 1Y 43.02%F1 29.02%; 505 St B A%,

AR B AY 0.02%(18] 2) 0 TE45 Mo sl 7 I, Fek e
o A 2 BE Y 41.80%—100.00%, “F3K 86.62%; H
G A ERE A 0-58.25%, SEHh 13.38%. 5 A Y
T VAL A0 B = B BB O AR AR B R A ) R S, T
1992 Ry A 45 R Bos (RS, 1998), 5 H it
r I i R A A M R B Sy AR AR, A LT
A’ AP T RES 5 A BRI AN HO LN
BWRRAR, HEBADWAHMMEGET 0-99.22%,

He, A 1A uEAAE] 50%L E, BN T x4~ A
{14 IFE AL ) 440 L 3 A
40.0°
N
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Fig.2 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in May
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Fig.3 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in July

7 AR A B TE R (1.6-90.46) %
0*cell/m®, “FIIME N 16.32x10% cell/m?, V7 A 21
AT 7070 A Jmy e B 2 SR X B 518 511 519 53k
A7, AN TR A DB A E B Y 9.23% 11 13.52%;
504 SuhECERAR, SR EER 0.24%, 7E& M
Wbz b, mESE S A FEE R 37.87%-95.32%, “F-1Y
H77.65%; HEE S AT BE Y 4.66%-63.46%, -

120° 120° 121° 121° 122° 122°E

1 22.28%. 7 A B AIAE S TR %(1998)1992 4F
WA RARAR T, TR I A s N 7 H IR 2 T
W, 38 HikF 66x10% cell/m’®, 1998 4F 9 H I #r 45
SR (PNEEEE, 2004) , 1906 Hh T v Ve A A 20 B S R 8
{Eﬂv 168.86x10% cell/m®, A WL, FEA KA AR 4% 5

A= ZS AR AR, S wP R T Ui A A 1 40 T R AR TR A
Xu‘ttm%zz X 1] BE 55 I AR AR AR A X H B AR E

RN ST AL U P
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Fig.4 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in November

11 R V37 WA A B B Y R (0.11-102) %
10* cell/m®, EXJ(E N 7.43%x10% cell/m®, ErE LXK
HELTE 539 S5 F1 540 “Subifi, o3I A XSS A i
TR 33.39%M1 11.12%., 522 S Bk, i
YR BERY 0.04% (K] 4) 45 Wb o7 b, RESE 4 4
M FEFE Y 23.26%—100.00%, “FH8 64.29%; FH L
AR 1.24%-81.40%, 3N 35.71%, %A H
BEAEIF IR 0 LR A A T s o 2011 4 11 A
TR I U Y AR S R A S R BRI
4.36x10° cell/m’ (AR HSE, 2014), AU, 2013 4E[L
2011 AR AR B T g .

12 H A7 e A A B R (0.36-55.53) %
10% cell/m®, “EXI(E N 12.77x10% cell/m’, AT A IX
HEAE 535 5. 536 5. 537 51 538 Sulif, A
AR A X I R AT R 10.60% . 5.28% . 6.11%F1
6.89%. 503 SuliBa Ak, HEAMFERER 0.07%.
FEA WIS A7 |, ke 7 A =F BE Y 40.78%-98.38%,
SRR 83.41%; FEE S AN FE Y 2.76%-59.75%,
IR 16.59%

T U AE DA 7 235 4 v PR R R 88 BT o ) L 3R
—ANEZENEERE, FEhrREREZ, srH
B LR TR 2 AT AR AR K T ORI 1 R R
(FNFESE, 2004), AR EL LB R, 5 HHE/EE
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PN G AR T o IO SR U U A ) b S 2 R A Z= 1 AR A 25

HELLAN 0-1.39, SFHIME 0.215 7 J1 1 e/mk i L%
U5 0.05-1.68, FHIMH 0.34: 11 A S/RESE LAY
0.01-3.50, “FIfEHN 0.72; 12 A H ¥e/RE# N
0.03-1.47, “FHIMHN 0.23, 11 7 T H/AEBE LA B,
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Fig.5 Horizontal distribution of phytoplankton cell
abundances (x10* cell/m®) in the surface water in December

23 BESHEMST

TR UL (4 22 FF RN 349 50 B BB A S e PR iR A )
TEVE 25 OB AE | S B SS WE I PN TR AR A 5 7 S 3R B
(06 R AR BURHE . Z MRS E0E F F T REE 25 H4 1)
AR . WA A MEEE , STIRBER R T E R, A
MR P4 25 P 19 BRI R vh, BT RUE (R R 4255,
2011), B&)EEHEE(Pielou index) fCFBETE NPIF M1
PRSI, R R BRI E AR Z —

5 H VA VR Vi R ) 22 RS B AR R Ll
0.17-2.45, FHHE N 1.49; HLFEHN 0.02-0.90, F
BIE N 0.59. 7 H VAL X PRI 22 B 48 S0 AR
LIEE N 0.94-3.01, SE¥E RN 2.45; HLE R
0.31-0.92, F¥ME N 0.79, 11 A HEEEIFIEY
ZREEFE BN AR ATE R 0.27-2.81, SFI(E N 1.77;
Y5 0.09-0.86, “FIMEN 0.63, 12 H i
T Z AR SO AR RIS L R 0.64-2.13, F-1Y
R 1.34; ¥R 0.25-0.77, FHMEN 049, M
SATES R TT LV, 7 A TR Y 2R, H
U= 11 AL 5 AR 12 A, 2000 4Rk Z 806 17 k)
ZREVELS RN 0.47-4.04(FNESE, 2005), 2005 FFEAK
TS TR ) ZREVESE O 1.59-2.98, I(EH A
2.32(FMHEAE, 2008), ASUR IR 1) ZAEMESS A 2000
AERAR, Lb 2005 AETEA LSRR R, U TR A
VIRV S5 M AR A AT B PR A TP A AE— e 8l PRk
AN o Y2 BEFE B Z AR VRS B R F AR 3
O ARAE, MRS 7T A >11 H>5H>12 A
P x— P 2005 AERTEAE S RS .
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¥ s H.7HL 11 AR 12 AR 9 N3R5
HFIREE . #HEF . DO, pH. COD. #ifizik(Dissolved
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Tab.3 Spearman analysis of correlation between phytoplankton abundance and environmental factors

H 4> Month A ¥ Factor AH &M =5 I F Most relevant factor Spearman FHPE R KL p,
5 May HEATH JeHLE DIN 0.536
7H  July Single factor FHLA DIN 0.606

11 A November Eroup TCHLA DIN 0.598
12 4 December JTEHLA DIN 0.760
5H May XK 41 THLAE /A4 DIN/PHCS 0.552
7H  Iuly Two—factor FEHLA/ AT 1% DIN/PHCS 0.819
11 A November B Wiz 5/ JCHLA DIP/DIN 0.639
12 A December Wiz 5/ JCHLA DIP/DIN 0.800
5H May =HFA W/ AR/ A )% DIP/DIN/PHCS 0.569
7H  Iuly Three—Factor TEHLA/ BB /A7 il DIN/N/P/PHCS 0.837
11 A November B W/ TTHLA /AW Lt DIP/DIN/N/P 0.642
12 A December W/ TTHL A/ AW L DIP/DIN/N/P 0.802
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Species Composition and Seasonal Variation of Netz-Phytoplankton
in the Central Bohai Sea

SUN Xuemei, XU Donghui, XIA Bin, CUI Zhengguo, QU Keming, JIANG Tao,
ZHAO Jun, CHEN Jufa, CHEN Bijuan”

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory for Fishery Resources and Eco-environment,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The community structure of phytoplankton could be affected by environmental factors, such
as water temperature, salinity, total nitrogen, and total phosphorus. Changes in environmental factors may
be associated with alteration in the community structure of phytoplankton. To investigate the
consequences of oil spill in the Bohai Sea in 2011, here we analyzed features of phytoplankton community
structure using data obtained in the comprehensive investigation at 41 stations within the central Bohai
Sea in May, July, November and December 2013. The sampling and measuring methods followed the
Specifications for Oceanographic Surveys and Specifications for Marine Monitoring. A total of 87
phytoplankton species were found, including 72 species of diatom in 33 genera and 15 species of
pyrrophyta in 9 genera. There was another species of chrysophyta in 1 genus. Diatoms were the dominant
phytoplankton species, while some dinoflagellates species also accounted for a large portion in the
community. Compared to the historical data in the same season, there was an obvious shift in the
community structure. Eucampia zodiacus, a previous dominant species, were not found in this survey;
however, Thalassiosira punctigera appeared for the first time as a dominant species. The dominance of
planktonic dinoflagellate became increasingly evident. The average cell abundance was 200.14x 10* cell/m’,
16.32x10* cell/m’, 7.43x10* cell/m’ and 12.77x10* cell/m’ in May, July, November and December
respectively. The cell abundance in May was higher compared to the historical data probably due to the
outbreak of Guinardia delicatula, and in other month it was relatively stable. The diversity index and
evenness index of the community structure followed the order July > November > May > December. The
Spearman analysis revealed that changes in the nutrient structure of the central Bohai Sea was responsible
for the shift in community structure, and that the spilled petroleum also might have affected the community
structure. Because the phytoplankton community structure was generally consistent with results from
other investigations, it was most likely unchanged after the oil spill in 2011.

Key words Central Bohai Sea; Phytoplankton; Dominant species; Community structure
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