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Fig. 1 Surveyed area and sampling stations in the Bohai Sea

in autumn 2014
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Table 1 List of phytoplankton in the surveyed area

HICeE# T34 RS, PLTICFA
¥ Bacillariophyta FHA A Leptocylindrus danicus
Ny Actinocyclus octonarius Hi AR B Leptocylindrus mediterraneus
FN MR A Actinoptychus senarius THOUBIY Licmophora abbreviata
PRI LA Asterionellopsis glacialis JEEARZE [ g Meuniera membranacea
IRAR R 3 Bacillaria paxillifera FEEES A Nitzschia closterium
P IEhm AT Bacteriastrum delicatulum ES|2:3 Nitzschia sp.
RT3 Bacteriastrum hyalium [N & Odontella regia
XU F 8 B Cerataulina bicornis AR Odontella sinensis
BB Chaetoceros affinis var. affinis B Paralia sulcata
RICHAEHR Chaetoceros castracanei PIBHE Pinnularia sp.
I REStap S B ER Chaetoceros constrictus ErENJliPS T Pleurosigma acutum
TR FA T Chaetoceros curvisetus iiiPA Pleurosigma sp.
Pi= SiEEn Chaetoceros decipiens f. decipiens FLELIR Proboscia alata
G PSERERS Chaetoceros densus ER Bl S A o Pseudo-nitzschia delicatissima
WAER Chaetoceros denticulatus f. denticulatus RN ZETE Pseudo-nitzschia pungens
Vi A B e A Chaetoceros denticulatus f. angusta S B AR A At Y Rhizosolenia alata f. gracillima
IR Chaetoceros diadema S GRS BN AR Y Rhizosolenia alata f. indica
WAL BB Chaetoceros didymus var. didymus I B AR A Rhizosolenia setigera
ZICHATER Chaetoceros eibenii BESIRIARAE i Rhizosolenia styliformis var. styliformis
FHICAEHE Chaetoceros lorenzianus PN [T s /A Y Schroederella delicatula f. schroederi
et i Chaetoceros pseudocurvisetus ORI Stephanopyxis palmeriana
IR AR B Chaetoceros rostratus var. rostratus P e 5 Stephanopyxis turris var. turris
BB T Chaetoceros siamense R G 2k Thalassionema frauenfeldii
A Chaetoceros sp. FIVHFLLE Thalassionema nitzschioides
B f B3 Chaetoceros teres B Thalassiosira eccentrica
SO Corethrom hystrix Y] e Thalassiosira leptopus
Itg; E I i Coscinodiscus argus [Bi T Thalassiosira rotula
ST IR i Coscinodiscus asteromphalus TR Thalassiosira sp.
e [ i Coscinodiscus centralis 55 Thalassiosira subtilis
5 R [F i Coscinodiscus curvatulus KiFE#E Thalassiothrix longissima
=Xl Coscinodiscus gigas H¥ Pyrrophyta
s LG 530 i Coscinodiscus granii IIEA R e S Akashiwo sanguinea
Byt LG B i 5 Coscinodiscus jonesianus SEFE T L Alexandrium tamarense
o R Coscinodiscus nobilis SUBK A Ceratium furca
T R 7 Coscinodiscus oculus-iridis MR A Ceratium fusus
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HCEA LT3 A4 LT 4
LD A P Coscinodiscus radiatus KA F Ceratium macroceros
[53] ff Coscinodiscus sp. TV I AT A3 Ceratium massiliense
24155 [5 Coscinodiscus subtilis AR Ceratium tripos
J LG IR i Coscinodiscus wailesii FE Gonyaulax verior
SRBUNAHE Cyclotella striata var. striata KICHE B Karenia mikimotoi
A OB Ditylum brightwellii RO Noctiluca scintillans
TSN A B Eucampia zoodiacus HETE D 2 R Protoperidinium conicum
AT 3 Fragilaria sp. RG e Protoperidinium divergens
F55 LN B Guinardia delicatula e SEE AR A Protoperidinium elegans
THPRE JLPA 7.3 Guinardia flaccida B[ 2 Protoperidinium murrayi
ETWIRAR A Guinardia striata iEREIEE AR A Protoperidinium oceanicum
ZENE e Helicotheca tamesis A 2 e Protoperidinium pentagonum
rhe A Hemiaulus sinensis £ Chrysophyta
2155 FH 4 3 Hyalodiscus subtilis 7 INEEE kB Dictyocha fibula
B G Lauderia annulata
TE: T2 H0E S5 S0k [15].
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Table 2 Phytoplankton cell abundance in different sea areas of the Bohai Sea in autumn 2014
WX JEES] 5 fil4 ik B 5] i 4 IR piik JRZ
/10%cellssm™  /10%cells'm ™ /10* cellsm™ /10 cellsm™  /10%cellsm™  /10* cellsm™  /10* cellsm™> /10" cells'm >
i 29.51 25.72 3.77 4.51 9.85 0.24 1.65 0.62
S 9.19 7.93 1.26 0.18 3.98 2.34 0.64 0.09
TR 7.65 6.05 1.60 0.91 0.78 0.07 1.14 0.13
it 15.75 6.21 9.53 0.82 2.66 0.19 7.44 0.63
ity 13.88 9.07 4.80 1.27 3.17 0.45 3.49 0.38
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ZSOR G, B BRI ES , 22 B VR AR, i
R U R/ Y24 ok T E R DA R RT3 S & 1Y
TV I, BE S BRI, 32 AN KB R AT 1 38
kD25 /T VAR A AN S B A T T At 9 X A
o WFFTIR K BN, 55 At g A [ (4 S, ¥ v 35 14
FE S R T R e A A T, AN A

F A X (p<0.01). Bk il B 3% T BRI, Bl V548 0L
SR /N, VR TP AT ARV R R A2 i R A R ),
ZK I R B 5 A 9 DX, 3 R R A A AR A,
P S T 305 3 R R ) S VA BT AL ) A A
MEBEHNEZ —, [HAEENE, AREAL, R
2 W 3 (1 200 B 3 32 B SRS o, (R LA i i 1 HE
R IR 83.6%, e (A DX 43 A AE 8 e 18 AR B 30 g R,
I R (B IR 2.45%10° cells/m®. 7 YR I8 25 TF X A4 7K SC &
FE2EREEIR 7, 52 ] A A R R s s
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Fig. 2 Horizontal distribution of phytoplankton cell abundance in the Bohai Sea in autumn 2014
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a. Total abundance, b. bacillariophyta abundance, c. pyrrophyta abundance
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Table 4 Phytoplankton dominant species cell abundance in the

Bohai Sea in autumn 2014 (unit: 10* cells-m™)

Table 3 Phytoplankton dominant species composition in the Bo-

hai Sea in autumn 2014

Pk o B2 Y LA % WHURRS % hREY
2 I3 3.88 69 0.03
A L R i e 12.72 76 0.10
LRI va 12.98 57 0.07
PR S8 22.48 90 0.20
RO 451 92 0.04

BRI 3E AR BE I ,  0.20, 7EI% % L 3%
5 90%, FeATE TR MR, AT REEA T 0.02% 104~

26.20x10* cells/m?, F- P {H 4 3.46x10° cells/m’, 4 s
JEE A0 B Y 22.48%, T8l v A i R
i T H A X (p<0.01), fRifE X 32 253 11 7 90 1 16F
0Bk e ¥ IS M VS AR AL R (1] 3a) BRI EEJE T it
JUER RN, R TR A A A . B, MR S R TE
b Bt (R WA 2, W A SR e, 57 B

TEE T L A% IV R 52 T, R 40 BT I, b i AR B
FETERY, AR BT | W 580 X —— W i Vi e I i vy

ZR2N

WX RIS RS ORI MR BOGER
ST 7.32 0.58 0.08 0.78 1.40
WS 1.18 2.56 0.00 0.34 0.52
LR 0.65 0.04 3.57 1.05 0.29

Wi 0.99 0.25 1.42 6.97 0.69

it 1.77 0.54 1.80 3.12 0.63

HXWHERENREZ —.

Ak G 5 i 5 L3 8EoR 0.10, BT Ry 76%, db
BT o TR IR A AR L, e (L DX SN 11 i 4 (4] 3b),
41 g BE A T 0.02x10°~ 30.72x10* cells/m®, -3 {H N
2.31x10* cells/m®, 40 ffd 3= B o 648 i =F B2 19 12.72%.
) E T A (A DX R T R T
MEE SRR A K M

LA IR EE R 0.07, HEUR N 57%, &
{EL DX 4 v 20 A5 A2 3L AR VS N (8T 3¢), W81 T8 R & 3R 4y
Aii, SRS AL 1 53 A, B A Y A A .
A0 3 FE AT 0.16x10°~ 13.87x10° cells/m?®, F- 24 {5 N
3.17x10* cells/m’, 20 M = FE 7 &0 40 B3 = B2 19 12.98%.
ELRE AR E TR R, S X 2 Lo T
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Fig.3 Horizontal distribution of phytoplankton dominant species cell abundance in the Bohai Sea in autumn 2014
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a. Ceratium fusus, b. Coscinodiscus wailesii, c. Paralia sulcata, d. Noctiluca scintillans, . Cos. asteromphalus
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Table S Levels of phytoplankton community diversity in

different sea areas of the Bohai Sea in autumn 2014

THFIX. FHED) ZREVERE () ¥EE )
FEM 1.76 3.14 0.71
Bt 1.13 2.12 0.58
LR 1.22 1.71 0.45

i A 1.51 2.64 0.64

i 1.39 2.31 0.57
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Fig. 4 Plan view of phytoplankton diversity indexes in the Bohai Sea in autumn 2014
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Table 6 Comparision of historic data of phytoplankton in the Bohai Sea

AN RREIE T AN (K 5 LT o 2% 30k
19584FFkZ MR W [B3]s  F E T g — [27-28]
19824FE10H MR W MR, SIEMERI39°00' NIRRT EE L T A B SR AE R A T 179 [29]
SritEIX
1984410/ % Wl RIS R AN TS A FIRMA N NP, B 86, LA [30]
EATEE, Z RIS . ZE R B
19924F10H MR W SRINEVERE T ARG R0, 28 R EE. AT OB BRI 904, MEX R T100,  [28,31]
S5 BN e FEBHEF 10
20004F9H IR Wk LS L PO R = f e, IRl fEe, A 1.19~872.85, V1 [32]
MRS MR BRI BB, I 118.61
KU . i EC I i A SR A
20144E10H MR W MR AR IR P R SR R . AR 0.71~72.15, ¥k AR3C
BRI BERROGEE 13.88

50 4R A B R R T i A A, Ok Oy [
R, H SR RS . 80 AR KT, Tk A i
F14) S L TR AR DX (BETIT ) 631, S S Pl T A 80 8 VA [X 2,
i1 7 R 10 20 B = B RIS, A R R, PR
i A 22 LB AR G5 R A7 T, R Il 2 X6 A P2 i
A TRV 1) 440 R = i) 5 A, S0 R0 4 = B ) %
o B . 5 M R, R R 0 40 T TR R AR
Wi Tk, 2 90 AR A it M EHRIR A EE, 2
JE—HA R ENE S s P E
B —AN R, HoAE 21 20 2 F BT R A0 R L i
Hb, Z )5, B @ o AR &, 2 2014 4735 25.16%,
AR T REE T A A R I R IR O S A A0 e

PNV U A 0 00 S Ol A, R S 1) A B O I A
e, BHR AR R T I A A 23 A T O e R AR B
BB AR B, (HR AR BAR R A 2 kA
Ak, O B A B B E I SR BT o BRI LS,
AR AR K B, 7 20 22 90 440 21 42 ), 7%
3145 ff1 35 ( Eucampia zoodiacus ) ¥ R i1 F EARHAE,
R AR YR 8 A K 30 H 24 i = o A ST 3 0 A
I, R AR AT 0.09%10°~6.53% 10° cells/m’,
B R 9.8%, A T3 M I IX .

H T 77 AR A 0 7 25 0 AR h R — R LA 2 1
TE AR, N S B 2 1 AR Ak & AR TR AH SR AE £y
4 TR — 03 1) 17 T AL 40 = 32 2 1R IR R 22 5
FEJCHER XF 1982 4F 4 H 2 1983 4F 5 H B IR i MY
B oy A M ZE T AR E AT B ] R A 5E AR B, 1983
45 05y SN 75 TR Ui AR 0 A0 T E R 1982 4F 5 H )y
(9 11.43 4% BRI [R]— £y, T 3k R T 18 A 445 SR b 2%
H IR VG F 1998 49 H 24 HE 10 H 6 H

Xof U TS R FLAR I T Sl A AT IR A, e B i A ) 4
it = B S B B KR B, O AR R R R T Y i
T o DRI, AR S0 BT S5 00 I e A 0 T 7 45 /) 1 AF B
75 Ak 3 TR W bl S 32 T DX [ AF o () 45 7 A Ak R
H, ANfe e ARSI A TR IR ) B VR AR Ak ke, T
TR ff T BT b DA TR T 0 i 45 ) ) e R R, S
BT 2 AN () 2 1) 3 L ) 4 T BUHE S, A IR IR
T 0T [ R 57 0 1 25 R A W, DL v AR A
Rt
42 EFHEDHEERTUNERESS

TN 2 — 3P DA %) PN TR, SR T 1 Sl i v T
Vi e 5 8 Vi R AL, Bk A7 B R A R R AR 22 AT
DIt RE ) K Y BT AR T, AN [ TR DX A2 Bl D A 5
e AN [] 7 B B 5 5 A3 A S BT RE . e, T
F1 P S 5 T Sl b T 32 B DA O A 52 4 K,
FREBAF T, IR Y B B R AR, oK
] & R VRO AR D R P IR MR F L .

T VAR ) 7 445 40 10 78 b A7 22 Fh A B TR 3R 5
M), 33 i e 728 G 2 V7 U0 AR 40 %o A1 S PR 05 A Ak Y e 7
R A S RGAR R0 3 R BFsE R,
B R R SO B TR ) 2 X TR i A W R U A A 7 AR Y
M 35, 20 40 80 AR AR LUK, Bl & B = &0 Y
PR R, Kot Tl ¥ 7K L 17K I3 58 B K R T A
15 K HERCA G, 3 BT R T R T R ™
#, I YR TR Wy AR L 16 1 1, X
T 20 a B TR R B SRR A R B, 1 X AU LK
W b T, FEEE D LA S A s, R R
B, WK PRI AE I C. N AP Y HE ] (Redfield fH)
E ANF T IR AR ) A, (A7 B 3 — A XRS5 &2 0T



8 TR AR 2014 4Rk Z I I SR I Ui AL R £

FH PR, T T SOF W H ) 19 26 0 % e, R
WA SR S, Redfield HEBGIT, fk eph2sis b, Hob
IR, 5 IR R I A TR B 5 T O AR O I AR R O,
B 1A SR 3 I 19 ORI RE 32 B2 4 AR IR, 1990 42
W R AR A B TR A T, 5 | R AR AR e i 1
WD, 2002 AF LI, X EE R AT R 0T A IR KR v, I
T8 A [ T, ke B o) S 8 i 7 AR 75 B 28 i, (R
W R T 20 tH4D 80 4RAR MY & e, AU LU AA
14 T v R 26 AL Y T B, PTRE  JVR A RE R
S5 R R B — S Y A e A 1 IR Y, 2 g | T U A ) T
) B A A R RIS A5 R R R, i A, B
HARRAT G, W KR AT — AR T, TR Y
Fh i A R 3 R R 2T B B, a0 H L RO
00, iR R R I R e ML AN B AR, R 2 e
FAFIY I e, 5B T U A — i KR,
43 FHFHEYETESEMT I E L F RN

T AR ) 2 0 T W e A L A ) A AR, it
BRI P 2B TR WA & 1, DI i 28
ESCANE S 30\ h ey R S T i RL eI LY/ PORES
T AE W) BA 1 ) B B TR 1 38 R 0%~ 75%, AR IR
PE A R B, A TR AR ) T B A A 3 L, VR B )
(BRI FERm, N SEERENARRLR, 5
DIFEWFIR 45 R — 8. BAF, XTUF, s8 &b D 2R 4 ik
BT T RE R 22 Sk 17 R A 0 ko, A2 0 R 5 55 8 g
1 A0 2 B A 0 T o A [ O R, HL U IS AV
PO S P A 0 1 L R R A Y, BE A
D B b 7 1) AL R R S O 34 b S 19 T o, kol S
M E R 55, W S B Y R iR, S 808
T Yl G VR R I RO e R O R R AR T
B IR, SRR LM EE YRR,
BEIRWE SN Y - KK BE, 12 B YR K BEAE 1 2
KIEER Z — 0, H g g g £ (%) JF 1 PHORR e, g
20t = B 1) T g Oy 2 R R T TR R I B ORI,
3L T R A IR A 28— M R VR R A R

SE K

97
JEINZ — o PRI R R R S R GO H 7= 4
YRR AL, AR R AN IR AE S RS

P S REAE 2 AR P AR ) T A B AR
P Farh 23 %) B W) 6 A L )2 B O B A A | R
I 2 T o R M B AR Bl A S, 5 A S A
B, A 3 5 BN I e DX M 00 A N S
B TRABETE

5 45t

2014 AERK R TR @h i L S VR ) 3 N TT 42 )8
96 Ffr, Horp DIRESE Jy 32, Ry 34 8 79 B, o5 B4 Bl Y
82%; FHBIT 7Jm 16 Fh, i BIFI Y 17%; &80T 18
LA, v, BEEETT Y AR R B E R 0 T A gy
B 17 BT 13 i, T A D 2 B SRR R 1 ) ol
By ik 6 FhAN S B

A YRR A T WA ) O SR 3 Ay B T (B o5 |
IG [ i i . ELAEMARLEE | MR A BRI ROG3E

2014 47k 2 1) 1 7 e AV ) RE R 5 e AN Y
PO R 2+ 1, ke SR AR W P g5 i AN At L =R 3 A
AL AR B DL T 2™ W, A R g )
A NV T IWEAE P 1 S

5 17 50 (R GERET B, VA VA S i A A A A
I b ) A R IR, A T R R TR O e A
P REAG, T3 b 9 BB B B & %R, HAE MG
P AT 2R T AR A A L 2 i AR B R R RN 1R O
R, T UG BT AL R YT PR e T S O e R
R st [l 2 o

Wy 28 A T O 35 b A7 1 P B 25 s, 4 i 5 i
L A 2R R M U]

Biff: dPEAFRFEREEXTFEZARETYE
BWEEG EHERES AN, T EE R E
A 0 A A RODL B R 5 e K AT R BT B A R
Wy SCRE G & AT, BRI

(1] ROl SR iAE Y 0 A 4 S S Ml i 56 R D). WP IESE, 1986(7): 102-107.
Kang Yuande. The ecological characteristics of phytoplankton and the relationship between phytoplankton and fisheries in the Yellow

Sea[J]. Marine Fisheries Research, 1986(7): 102—107.

(2] 3K, 2842, MR, 5. 5T By BT A M REE TR AR AR AL S S PR T I SC R D], JOEIFFE 241, 2016, 31(3): 315-323.

Zhang Xue, Luan Qingshan, Sun Jianqgiang, et al. Annual variation in phytoplankton community and its relationship with ambient envir-

onmental factors in adjacent waters of Zhangzi Island[J]. Journal of Dalian Ocean University, 2016, 31(3): 315-323.
[3]  Shubert L L. Algae As Ecological Indicators[M]. London: Academic Press, 1984: 434,
[4] Villegas I, de Giner J. Phytoplankton as a biological indicator of water quality[J]. Water Research, 1973, 7(3): 479-487.
(5] ABSRAL, EuHE, ZR0RT. DI BB TR (RN U AR R [0]. W PR PRI RL2, 1983, 2(2): 41-54

Zou Jingzhong, Dong Liping, Qin Baoping. Preliminary discussion on eutrophication and red tide in Bohai Bay[J]. Marine Environment-


http://dx.doi.org/10.1016/0043&#8722;1354(73)90028&#8722;6

98 MHEdy 4245
al Science, 1983, 2(2): 41-54.
(6]  H:Zk, Rl s FE BRI IE 3], K= 05T, 1996, 17(1): 57-62.
Cui Yi, Song Yunli. Study on evaluation of nutrient status in the Bohai Sea[J]. Marine Fisheries Research, 1996, 17(1): 57-62.

(7] 64T, BB, BRERY, 5. SR 204 R FREL AR DT FE (], WEPE/K P TITE, 2005, 26(6): 61-67.

Jiang Hong, Cui Y1, Chen Bijuan, et al. The variation trend of nutrient salts in the Bohai Sea[J]. Marine Fisheries Research, 2005, 26(6):
61-67.

(8]  FI2E, 230 My p— VB ML /A b T DX PR IR ik [F) Ak R AR 5[0, A 2824, 1992, 12(3): 219-224.

Wang Xian, Li Wenquan. Study on the carbon assimilation rate of phytoplankton in the upwelling region in Minnan—Taiwan bank fish-
ing ground[J]. Acta Ecologica Sinica, 1992, 12(3): 219-224.

(9]  HFIGEFH, ZRBAE, RER. — LRI PRI Y - EMF R [I]. A4, 1993, 13(1): 17-24.

Jiao Xiaoyang, Zhu Mingyuan, Wu Baoling. Studies on the quantum yield of some marine phytoplankton[J]. Acta Ecologica Sinica,
1993, 13(1): 17-24.

(101 AN, XUAHE, 50K, 45, 1998—19994F #8 Bk 2 i) it Al S FLAR U Mp k-4 32 ¥R FE e W) 9 26 77 T3l A 9], AR 245241, 2003, 23(3):
517-526.

Sun Jun, Liu Dongyan, Chai Xinyu, et al. The chlorophyll a concentration and estimating of primary productivity in the Bohai Sea in
1998-1999[J]. Acta Ecologica Sinica, 2003, 23(3): 517-526.

[11] Shannon C E, Weaver W. The Mathematical Theory of Communication[M]. Urbana: University of Illinois Press, 1949: 117.

[12] Margalef R. Information theory in ecology[J]. General Systems, 1958, 3: 36—71.

[13] Pielou E C. An Introduction to Mathematical Ecology[M]. New York: Wiley-Interscience, 1969: 286.

[14] Dufrene M, Legendre P. Species assemblages and indicator species: the need for a flexible asymmetrical approach[J]. Ecological Mono-
graphs, 1997, 67(3): 345-366.

[15] #NZE, XA, v X0 UL TR A R 42 S )25 2 DL D). 1 76 S5 1519, 2002, 33(3): 271-286.

Sun Jun, Liu Dongyan. The preliminary notion on nomenclature of common phytoplankton in China Seas waters[J]. Oceanologia et Lim-
nologia Sinica, 2002, 33(3): 271-286.

[16] BKBKE, FHaRF, BT 1, 55, 20064T 5 = i v ol i) o o W4 DX 04 R PR WA A B TE (0], KRR 2412, 2007, 22(3): 19-23.
Zhang Qiufeng, Yin Cuiling, Xu Yushan, et al. The phytoplankton community sampled by nets in the dominant area monitoring red tide
in Bohai Bay in Summer, 2006[J]. Journal of Tianjin University of Science & Technology, 2007, 22(3): 19-23.

(17] Ftt R, HRIN, 254, 55, B SR AR AR Y 1 . PR R SR B AR AL 0], W PR R, 2007, 26(5): 442-445.
Yang Shimin, Dong Shugang, Li Feng, et al. Study on ecological environment in Bohai Bay | . Species composition and abundance of
phytoplankton[J]. Marine Environmental Science, 2007, 26(5): 442—445.

(18] A7 FH, PINEE, ST, 55, Mg SR PR A MU AFESE A0 25 AR AR [D]. WVESE HiR, 2016, 35(2): 121-131.
Yang Yang, Sun Jun, Guan Xiangyu, et al. Seasonal variation of netz—phytoplankton community in Bohai Sea[J]. Marine Science Bulletin,
2016, 35(2): 121-131.

(19]  ihse B, it AR A PR MR 4R M), JEat: B iR, 2016.
Qu Keming. Atlas of Eco-Environment in the Bohai Sea[M]. Beijing: Science Press, 2016.

(20] FEJST, F FO. B AR S A Y RS AR AR (M. 75 50 35 & A, 1997.
Tang Qisheng, Meng Tianxiang. Atlas of the Ecological Environment and Living Resources in the Bohai Sea[M]. Qingdao: Qingdao
Press, 1997.

[21] AR4:3E. P ENETRIG P SR SRR ST [T]. 2B 2 HEPE, 1995, 3(4): 187-194.
Lin Jinmei. Diversity study of planktonic dinoflagellates in China Seas[J]. Chinese Biodiversity, 1995, 3(4): 187-194.

[22] 4B, £7°, BREEAS, 55 20 134F Rk B0 IR A ) O R RFAELT]. vh RGP R 22541, 2018, 48(S2): 31-41.

Ji Yutong, Wang Ning, Chen Hongju, et al. Phytoplankton community structure in the Bohai and the Huanghai in autumn 2013[J]. Peri-
odical of Ocean University of China, 2018, 48(S2): 31-41.

(23] SRHE, INE, SKHF, 2. 201 AR BRI BRI R (], KRR 22412, 2013, 28(1): 22-29.

Guo Shujin, Sun Jun, Zhang Hui, et al. Phytoplankton communities in the Northern Yellow Sea in autumn 2011[J]. Journal of Tianjin
University of Science & Technology, 2013, 28(1): 22—29.

[24] JHRUR, R EFE, 40508, BOGENE SR I12E00]. 5 5TH, 1994, 25(2): 152-157.

Zhou Chengxu, Wu Yulin, Zou Jingzhong. Nutrient dynamics of Noctiluca scintillans (Macartney)[J]. Oceanologia et Limnologia Sinica,
1994, 25(2): 152—-157.

(251 wkitss, REH, S, 55, 0G0 X 7R & A RS B oE [Cl/h BUER B AR 3 D 5 18 S04k db st v EREERR 4= A, 2005:
1107-1111.

Zhang Hongliang, Zhang Aijun, Dou Yueming, et al. Study on the characteristics of red tide occurrence in the Bohai Sea
area[C]//Chinese Environmental Protection Excellent Proceedings. Beijing: Chinese Environmental Science Press, 2005: 1107—1111.
[26] FPNZE, XAHE. AR MR BT TF I DT h BT 0] ¥4z, 2004, 26(1): 62-75.

Sun Jun, Liu Dongyan. The application of diversity indices in marine phytoplankton studies[J]. Haiyang Xuebao, 2004, 26(1): 62—75.


http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.1993.01.011
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.1993.01.011
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.1993.01.011
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.2003.03.016
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.2003.03.016
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.2003.03.016
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2002.03.008
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2002.03.008
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2002.03.008
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2002.03.008
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2002.03.008
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2007.03.006
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2007.03.006
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2007.03.006
http://dx.doi.org/10.3969/j.issn.1007&#8722;6336.2007.05.010
http://dx.doi.org/10.3969/j.issn.1007&#8722;6336.2007.05.010
http://dx.doi.org/10.3969/j.issn.1007&#8722;6336.2007.05.010
http://dx.doi.org/10.11840/j.issn.1001&#8722;6392.2016.02.001
http://dx.doi.org/10.11840/j.issn.1001&#8722;6392.2016.02.001
http://dx.doi.org/10.11840/j.issn.1001&#8722;6392.2016.02.001
http://dx.doi.org/10.3321/j.issn:1005&#8722;0094.1995.04.001
http://dx.doi.org/10.3321/j.issn:1005&#8722;0094.1995.04.001
http://dx.doi.org/10.3321/j.issn:1005&#8722;0094.1995.04.001
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2013.01.008
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2013.01.008
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2013.01.008
http://dx.doi.org/10.3969/j.issn.1672&#8722;6510.2013.01.008
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.1994.02.006
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.1994.02.006
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.1994.02.006

8 kT 2014 Rk DI R TR A ) TR S5 4 99

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

471

RAGE, SR, 4RI AR WA OB FE (7). P S WITE, 1959, 2(4): 223-229.

Zhu Shuping, Guo Yujie. A decade of marine phytoplankton research in China[J]. Oceanologia et Limnologia Sinica, 1959, 2(4):
223-229.

TETAZ, BT, T2, W IR AR i AR 10(1959-2015)[J]. il Bl2# i g, 2018, 39(4): 9-18.

Luan Qingshan, Kang Yuande, Wang Jun. Long-term changes in the phytoplankton community in the Bohai Sea (1959-2015)[J]. Pro-
gress in Fishery Sciences, 2018, 39(4): 9—-18.

FRICAE. Wi PR AR ) (B 3 A AN ZE 5 2R AR [T]. VK PSR, 1991(12): 31-54.

Kang Yuande. Distribution and seasonal variation of phytoplankton in the Bohai Sea[J]. Marine Fisheries Research, 1991(12): 31-54.
BUEZE, 25 W . TR IR UAEA AR S RRIFSE[). AR, 1993, 11(3): 52-59.

Yu Jianluan, Li Ruixiang. The study on the phytoplankton ecology in the Bohai and Yellow Seas[J]. Journal of Oceanography of Huang-
hai & Bohai Seas, 1993, 11(3): 52—59.

TR, BT, Wi i R Sh S ST 0], MK RESE, 1998, 19(1): 43-52.

Wang Jun, Kang Yuande. Study on population dynamics of phytoplankton in the Bohai Sea[J]. Marine Fisheries Research, 1998, 19(1):
43-52.

NG, KA, B8, 45, 19994F- 75 Ze g vh s S HLAR T ISk i) ) R PR WA A BEVR (7). 2R 25224, 2004, 24(9): 2003-2016.

Sun Jun, Liu Dongyan, Xu Jun, et al. The netz-phytoplankton community of the central Bohai Sea and its adjacent waters in spring
1999[J]. Acta Ecologica Sinica, 2004, 24(9): 2003—2016.

EFFAZ, REoUE, AR, TR AR I TR M T M R A A T (1960-2010)[J]. FH K P=RE#, 2017, 24(5): 913-921.
Luan Qingshan, Kang Yuande, Wang Jun. Long-term changes of phytoplankton community and diversity in adjoining waters of the Yel-
low River estuary (1960—2010)[J]. Journal of Fishery Sciences of China, 2017, 24(5): 913-921.

Cottingham K L. Nutrients and zooplankton as multiple stressors of phytoplankton communities: Evidence from size structure[J]. Limno-
logy and Oceanography, 1999, 44(3): 810—827.

Balode M, Purina I, Beéchemin C, et al. Effects of nutrient enrichment on the growth rates and community structure of summer phyto-
plankton from the Gulf of Riga, Baltic Sea[J]. Journal of Plankton Research, 1998, 20(12): 2251-2271.

TR R, B, 8. T RN A S SRR LG R ). R R, 2000, 19(1): 15-19.

Yu Zhigang, Mi Tiezhu, Xie Baodong, et al. Changes of the environmental parameters and their relationship in recent twenty years in the
Bohai Sea[J]. Marine Environmental Science, 2000, 19(1): 15-19.

WBE, M7s, B0V, 45, 20 144 RKZEH 1 BRI MRS SR B0 S 1M D). T REERIE R, 2016, 35(5): 732-738.

Hu Qin, Qu Liang, Huang Bigui, et al. Status and evaluation on nutrients for the adjacent sea water of the Yellow River estuary in au-
tumn of 2014[J]. Marine Environmental Science, 2016, 35(5): 732—-738.

it se B, BREEE, A %K, 55, ABEE SRR A R AR MR AL RIS L], AR S 2E4R, 2000, 11(3): 445-448.

Qu Keming, Chen Bijuan, Yuan Youxian, et al. A preliminary study on influence of N and P on population constituent of planktonic diat-
oms in seawater[J]. Chinese Journal of Applied Ecology, 2000, 11(3): 445—448.

B, TRORZE, PRI, 5. 2001-201 14F #1118 SR Ak S A8 S A ], vh BV R 242541, 2013, 43(1): 81-86.

Liao Wei, Zhang Longjun, Chen Hongtao, et al. Nutrients variations and fluxes estimation in the Yellow River estuary from 2001 to
2011[J]. Periodical of Ocean University of China, 2013, 43(1): 81-86.

WZWE, EEIR, EEZE, . KT B AR WA PR T W RE (D], T4, 2015, 37(4): 62-75.

Su Zhijuan, Wang Yuyu, Dong Zhijun, et al. Response of phytoplankton assemblages to the water-sediment regulation in the adjacent sea
of the Yellow River mouth[J]. Haiyang Xuebao, 2015, 37(4): 62—75.

Egge J K. Are diatoms poor competitors at low phosphate concentrations?[J]. Journal of Marine Systems, 1998, 16(3/4): 191—198.
BIRAL. KIT O BOGEEWNoctiluca scintillans)AF1R] 284 FIK L 5 2 3740 #A A . WEPESH17H, 2009, 40(6): 793—798.

Xu Zhaoli. The inter-annual variations in Noctiluca scintillans abundance and eutrophication in Changjiang estuary[J]. Oceanologia et
Limnologia Sinica, 2009, 40(6): 793—798.

RAHE, 22430, IVAE. BOCTA M BTEOTTT R [T]. A2, 2016, 36(9): 2451-2459.

Song Shuqun, Li Caiwen, Sun Jun. Progress on studies of sexual reproduction in Noctiluca scintillans[J]. Acta Ecologica Sinica, 2016,
36(9): 2451-2459.

e, iR A 2E(Copepoda) Y B PEAIE SR IE )], BUCHALF B, 2001, 16(6): 6-10.

Yang Jiming. A study on food and trophic levels of Bohai Sea copepoda[J]. Modern Fisheries Information, 2001, 16(6): 6—10.

SRR B, IR, W TR Bl SRR R ) B TR D). VPR S 1A, 2000, 31(3): 252-258.

Zhang Wuchang, Wang Rong. Microzooplankton and their grazing pressure on phytoplankton in Bohai Sea[J]. Oceanologia et Limnolo-
gia Sinica, 2000, 31(3): 252—258.

e W it (2 B PR SR FE (7], BRI AR, 2001, 16(10): 10-19.

Yang Jiming. A study on food and trophic levels of Bohai Sea fish[J]. Modern Fisheries Information, 2001, 16(10): 10—19.

VERUE, R, 22N, 55, By SO Es # 178 (U RHIE BCERE A R A A (7], A SR B2 4L, 2014, 29(3): 500-506.

Xu Sisi, Song Jinming, Li Xuegang, et al. Variation characteristics of catch structure in the Bohai Sea and its influencing factors[J].


http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.2004.09.024
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.2004.09.024
http://dx.doi.org/10.3321/j.issn:1000&#8722;0933.2004.09.024
http://dx.doi.org/10.3724/SP.J.1118.2017.17086
http://dx.doi.org/10.3724/SP.J.1118.2017.17086
http://dx.doi.org/10.3724/SP.J.1118.2017.17086
http://dx.doi.org/10.1093/plankt/20.12.2251
http://dx.doi.org/10.3969/j.issn.1007&#8722;6336.2000.01.004
http://dx.doi.org/10.3969/j.issn.1007&#8722;6336.2000.01.004
http://dx.doi.org/10.3969/j.issn.1007&#8722;6336.2000.01.004
http://dx.doi.org/10.3321/j.issn:1001&#8722;9332.2000.03.029
http://dx.doi.org/10.3321/j.issn:1001&#8722;9332.2000.03.029
http://dx.doi.org/10.3321/j.issn:1001&#8722;9332.2000.03.029
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2009.06.019
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2009.06.019
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2009.06.019
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2009.06.019
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2000.03.004
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2000.03.004
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2000.03.004
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2000.03.004
http://dx.doi.org/10.3321/j.issn:0029&#8722;814X.2000.03.004
http://dx.doi.org/10.11849/zrzyxb.2014.03.013
http://dx.doi.org/10.11849/zrzyxb.2014.03.013

100 WP 4246

Journal of Natural Resources, 2014, 29(3): 500—506.

(48] Fral>t, JEETE P EMEEA SR G S =R @i LS R 8 1 Fd B MY. JEat: Bz R, 2002: 1-445.
Su Jilan, Tang Qisheng. Study on Ecosystem Dynamics in Coastal Ocean II. Proceses of the Bohai Sea Ecosystem Dynamics[M]. Beijing:
Science Press, 2002: 1-445.

[49] Lasker R. Field criteria for survival of anchovy larvae: the relation between inshore chlorophyll maximum layers and successful first
feeding[J]. Fishery Bulletin, 1975, 73(3): 453—462.

The net-phytoplankton community structure in
the Bohai Sea in autumn 2014

Zhang Xue ', Wang Jun®, Ma Wu*, Wang Hong'?, Gao Yan'?, LiuKefeng'”?

(1. Tianjin Fisheries Research Institute, Tianjin 300457, China; 2. Tianjin Marine Ranching Technical Engineering Center, Tianjin 300457,
China; 3. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 4. Wuxi Fisheries Col-
lege, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In the autumn of 2014, a comprehensive survey of hydrology, chemistry and biology in the Bohai Sea
was carried out. The structure characteristics of phytoplankton community in the Bohai Sea were studied. The his-
torical data were combined to analyze the formation of phytoplankton community structure. Three classes, includ-
ing 42 genera, 96 species were found in the survey. Among of them, diatoms are the main species, with 34 genera
and 79 species, accounting for 82% of the total species; 16 species of 7 genera of the dinoflagellates account for
17% of the total species; and 1 species of 1 genera of the Chrysophyta. Among them, the genera of Chaetoceros has
the most species, a total of 17 species, followed by the genera of Coscinodiscus, a total of 13 species. The total cell
abundance of phytoplankton is between 0.71x10* cells/m*® to 72.15x10* cells/m?, with an average of 13.88x
10* cells/m’. The cell abundance ratio of diatom to dinoflagellate is 2 : 1. The abundance of diatoms in the Laizhou
Bay is significantly higher than that in other sea areas. The cell abundance of dinoflagellates in the central Bohai
Sea is significantly higher than that in other sea areas. The dominant species of phytoplankton are mainly Cos-
cinodiscus asteromphalus, C. wailesii, Paralia sulcata, Ceratium fusus and Noctiluca. Scintillans. Horizontal distri-
bution of phytoplankton community diversity in the Bohai Sea is uneven in autumn, and the diversity of local sea
area is reduced due to the overproduction of single dominant species, the low value areas in autumn are distributed
in the Liaodong Bay and the Bohai Strait. Compared with the historical data, the phytoplankton community in the
Bohai Sea have obvious species succession. The genara of Ceratium has gradually emerged, its dominance in the
central Bohai Sea and Liaodong Bay have surpassed the genara of Chaetoceros and Coscinodiscus. The phytoplank-

ton community structure transforms from dominating by diatoms to dominating by diatoms and dinoflagellates.

Key words: Bohai Sea; autumn; net-phytoplankton; community structure; red tide
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