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RIFRIEZEERAE 1) FEILRIE . WS . M
T EET DL S i R R, 20 TR By 2T M
WA IETRAE T 1181 MTRIFHE IR i (F 1), TR
B AR 3 TP A (R I T AL 0.1 m®, B
L 77 pm) AR ERFITE TN, HEABEEREE R
1L BY¥RE R, A B B /K VS TR A A 2Ok
H 5%, HIRECIRAT
1.2 BESHH

IFUFAEYRE TS 0 TS0 0 % N AT, R Sl

P PR IEAE Y () 2 /D AT AR RE SO 45 L B 0.5 ml /9 A
i B T AR B T EOHE ()L T Sedgwick-Rafter), X5
TG W45 (Leica Biomed) Fkfr i g 5 £ &
giit, YRR ETIRIEE RS, HSHZEAH S
FEBRUECRIN BESF, 1957, & FEH4%, 1965; Tomas,
1997).
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Fig.1 Sampling regions of phytoplankton

net-tows in the Bohai Sea
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Tab.1  Baseline information on net-tow samplings of phytoplankton in the Bohai Sea
e RN sl i # IRW WS R
Period (year-month) Total tows Central Bohai Sea Huanghe Estuary Liaodong Bay Bohai Bay  Laizhou Bay
1960s 1959-10 126
1960-05 99 15 24 18 32 10
1960-08 108 20 26 18 33 11
1960-11 93 14 19 22 25 13
1980s 1982-05 67 17 8 11 23 8
1982-08 78 24 8 13 25 8
1982-10 77 24 8 13 24 8
1983-02 32 18 4 6 2 2
1990s 1992-08 54 16 5 18 13 2
1992-10 35 12 17 5 1
1993-02 30 14 4 7 3 2
1993-05 57 16 3 19 13 6
2000s 2000-05 34 3 11 12 6
2000-08 34 4 14 12 2
2000-10 39 3 14 13 5
2000-12 18 2 6 3 1
2010s 2014-05 52 20 5 14 8 5
2014-08 55 21 7 12 8 7
2014-10 51 21 5 12 8 5
2015-01 42 16 7 5 8 6
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1.3 HiEALE

TFIFEYIR IR A E R . SRk 5B A
PR, 439 R H Margalef $5%¢. Shannon-Weaver
F8 %L . Pielou #8451 Dufrene-Legendre 8 8E1 7115,
BARA RS % CREET A5, 2017). IFIRAEYI0 5
B AR AR AR AR R i Bz R AIF R B SIMPER 43 #7 i 47, £
JH PAST #(3.18 JiR)SEHE .

2 #R

21 YFHERREEFKEREHR

AT S0 S R TR AR Y 77 8 170 Ff
Horp gk 61 J8 133 Fh, W% 15 J8 36 F, REHESE 1
B, BRSO B TR 78.2%, S IR P
FFIHE, WA Y A A2 32 O IR AT MR
Filt . fA 3% J& (Chaetoceros) 1[5 i #: J& (Coscinodiscus)
BT 37 FRRN 12 B, A BRI AR 21.8%F1
7.1%, EREHER) FEEFP, NG EE SR (Thalassiosira)
FIHRAE )R (Rhizosolenia) JR 435l HEL T 8 FlFn 5 Fh
F ¥ b iy IR 2 W3 J& (Protoperidinium) F1 £ 3 &
(Tripos: Ceratium #1 Neoceratium [ [] J& 5 44 ) 4% Hi i
TN RRR T B, SR UL R

I 50 24K, RERSTE NI WA Y VR OB i
AR YFIA 49 Flr, Hh X UIRERE 2, 155 45 F)
(F 2)o WFARBREMKRTE, REHSTEA BT UL
BTG 6 B, 4o R SR 0 AL (B O
(Coscinodiscus asteromphalus) . 7 [ X % (Ditylum
brightwellii) . HH# {47 3 (Paralia sulcata) . 23 1
7% J¥ ¥ (Pseudo-nitzschia pungens) F1 R G i £k 8
(Thalassionema frauenfeldii) 2l Az F 5 25 B 19 22 K A
#: (Tripos muelleri),

MALFAFPAEACPRE R E , PRI TE 20 HH
LI A XL H 2 55 /1 B3 (C. debilis). fUTEZ A
“E#(C. pseudocrinitus) . Bt [G[FI 4t 4 (Coscinodiscopsis
jonesiana) . T i ¥ (C. radiatus) . ZEHILP T
(Guinardia flaccida) . H[F -4 4 (Hemiaulus chinensis)
FIHh )1 4% 3 (Skel etonema costatum), A5 #aFI7E 21
L IE A X E 2 IR M B BE(C. affinis) . JigdEfA &
#(C. curvisetus). EICEH#(C. wailesii). FHE#
(Navicula) . H s . (R IREL B . RGHE
(Noctiluca scintillans) MR IE ff i (T. fusus), Ak
., W TEIEA A AE 20 tEat DL AR B i R (R i
SRR BREEEENF, A 21 A, B
(Thalassionema) Fll £1JE i 45 1 20 H i 35 12 W E s AL

®2 EFHEMNBHERNFERREN

Tab.2 Interdecadal changes on dominant phytoplankton composition in the Bohai Sea
A Y - . L Age
éEE;t;fpe Chiiifame BT 3C# Latin name 1960s  1980s ¢I§9osg 2000s  2010s
¥ Diatom

Iy J\IF#RFF3%  Actinocyclus octonarius Ehrenberg 0.01

Eurythermal oy wiry g1 k19 Asterionellopsis glacialis (Castracane) Round 0.07  0.03

speetes i 2 Asteroplanus karianus (Grunow) C.Gardner & 0.03

R.M.Crawford

R HRIE s Bacillaria paxillifera (O.F.Miiller) T.Marsson 0.01 0.03 0.01
BB iFAFEe  Bacteriastrum hyalinum Lauder 0.07  0.02
SwfEJ  Chaetoceros abnormis A.I.Proshkina-Lavrenko 0.01
7L Chaetoceros affinis Lauder 0.02 002 0.05 0.10
KM EF Chaetoceros castracanei Karsten 0.07  0.03 0.02
FiHifiE# Chaetoceros compressus Lauder 0.02 0.03
ek fm £ Chaetoceros curvisetus Cleve 0.01 0.14
W Chaetoceros densus (Cleve) Cleve 0.02 0.01 0.06
Wi E@e  Chaetoceros didymus Ehrenberg 0.08
Bk FE e Coscinodiscus asteromphalus Ehrenberg 0.02 0.14  0.07 035 0.03
e [R5 Coscinodiscus centralis Ehrenberg 0.03
iE TR fiwe  Coscinodiscus radiatus Ehrenberg 0.08 0.25 0.03 0.06
ICAUZ s Ditylum brightwellii (T.West) Grunow 0.11 0.07 0.07 0.0l 0.02




12 W B B 939 &
253k 2 Continued table 2
P A COP . LA
AP .rh X4 Hi T X4 Latin name AL Age
Ecotype Chinese name 1960s 1980s 1990s 2000s 2010s
Iy 7555 My¥E  Eucampia zoodiacus Ehrenberg 0.02 0.16  0.03 0.15
Eurythermal — gpe j pyip3  Guinardia striata (Stolterfoth) Hasle 0.06
SpeEcCics . .
P My e Licmophora abbreviata C.Agardh 0.02
FHE#E  Navicula spp. 0.43
Hi#madrse Paralia sulcata (Ehrenberg) Cleve 0.04 005 008 004 054
A3l #ZE TR % Pseudo-nitzschia pungens 0.12  0.08 0.03 0.04  0.06
(Grunow ex Cleve) Hasle
RIEM % Rhizosolenia setigera Brightwell 0.07
il & Skeletonema costatum (Greville) Cleve 0.05 0.24  0.03
RICHEZ 3 Thalassionema frauenfeldii (Grunow) 0.04  0.01 0.06 029 0.02
Tempere & Peragallo
Vi3 Thalassionema nitzschioides 0.03 0.07
(Grunow) Mereschkowsky
2 i fa e Chaetoceros brevis F.Schiitt 0.02
Warm- I F%  Chaetoceros decipiens Cleve 0.06
temperate N - ;
species WK EF Chaetoceros lorenzianus Grunow 0.01
7= Ed:  Chaetoceros paradoxus Cleve 0.01
HfE® Chaetoceros teres Cleve 0.01
s MmEFH Chaetoceros tortissimus Gran 0.02
G A HtE #ex  Coscinodiscopsis jonesiana (Greville) 0.13
E.A.Sar & I.Sunesen
AR % Coscinodiscus wailesii Gran & Angst 0.10
HrE 2453+ Hemiaulus chinensis Greville 0.17
FERPs  Proboscia alata (Brightwell) Sundstrom 0.03
FlI s &tk *  Proboscia indica (H.Peragallo) Hernandez-Becerril 0.06
ZEgilzE e ¥E  Pseudo-nitzschia delicatissima (Cleve) Heiden 0.04
i E =3 Trieres chinensis (Greville) 0.01 0.03
x M.P.Ashworth & E.C.Theriot
AR Z 551 E@e  Chaetoceros debilis Cleve 0.85 0.02  0.02
Temperate Wk mEH Chaetoceros pseudocrinitus Ostenfeld 0.21
species
P ZEIJLA W H  Guinardia flaccida (Castracane) H.Peragallo 0.20
G 4Es:  Thalassiosira nordenskioeldii Cleve 0.06
fiwe  Coscinodiscus spp. 0.06 0.03
W4k Thalassiosira spp. 0.05 0.05
¥ Dinoflagellate
Iy %63 Noctiluca scintillans (Macartney) Kofoid & Swezy  0.04 0.11 0.17  0.10
Eurythermal ¢4 & i Protoperidinium pentagonum (Gran) Balech 0.01
Specics .

P WIE fse*  Tripos fusus (Ehrenberg) F.Gomez 0.01 0.02 0.20
HE JEL b 2 CMAPe*  Tripos muelleri Bory 0.02  0.01 0.01 0.02  0.07
Warm-
temperate
species

T R PTVBUE S E>0.01 BRI A AEAUA T LR Z M * R 24 F5h AlgaeBase KUdls A& 1T )5 Y IE
) 24

Note: Values in the table are the sums of species Dominance >0.01 in each season at different ages; * indicates the correct
species name after emendation on AlgaeBase database



IEE RS MR A VR I K AR 1E(1959~2015)

13

e, RNEPERY HAEBAHLEEAE 2010 4FZ=5 JH A P 3
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T 50 Ak, W TR ) T AR AL AR (8.33~
472)x10* cells/m® Z 1], SF¥H 116x10* cells/m®, #%
e (B S AR 23 1) HE BRAE 1982 4F - 221 2000 4 5 2=
(K 2), 4EACPRIMETE 1960s. 1980s. 1990s. 2000s
1 2010s 4350 (168, 216, 101, 28.0 Fl1 68.7)x
10* cells/m®, MFFEALE 20 L RBARHRANE, &
1980s fz KF# MR 87.0%, A 21 thad 5@ BT, A
L5 f53E . WIRHELSHRT , REBE 50 24 P35
S 111x10% cells/m®, 395 2 T IR UL M R
92.5% (65.3%~99.8%), AZ=fik ¥ i F BE il d
IKFNEY 99.0%H9 K-, 2014 4EFKZE 5 R AR,
50 ZAEFROEI FE A 4.84x10° cells/m®, HAEE
Y A I S AN e e, PR e R e R R A
B BZE, HAntE 2014 R E ZE | 1982 EE B 1959 4F
K43 K F) T (20.7. 15.8 1 10.7)x10* cells/m* 1) 4
FEIKF-o

N I AR ) R PR LR, 7E 19605, 1980s
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Fig.2 Long-term changes on phytoplankton abundances in the Bohai Sea
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Fig.3 Long-term changes on abundances of dominant phytoplankton in the Bohai Sea
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5(51.8x10* cells/m’) 4 =F B s B s il o i Ol
KW FERE R 1.02x10% cells/m®, T K{EHN 4.94x
10* cells/m® HiERFE 1993 4EF 2, H EZ MM
EECEY 13.7x10% cells/m®) 5Tk, NZETiIRFE, HE
G ROCECE A 2.32x10% cells/m®, HAY=ZF
I H 0.57x10% cells/m*,

23 ZHMEHNKBATN

50 Z4k , B IR Y Y A 4 E FE Margalef
FRBUE BhHE 0.35~1.92 Z [A] S35 °8 1.02, HAE 1960s
1980s. 1990s. 2000s Fl 2010s &4EARFRF- 1494351 H
1.22, 1.09. 0.65, 0.66 F1 1.48, KA LitaH N .
A 20 thag 60 40 21 DA B WG, HoREIE
K 46.7%, HEA 21 HAFIFRZEEITE, % 1990s
B 12850 THE(E 4), YR 2P Shannon-Weaver
B A AER R AR AE 1.26~3.20 Z[7], SF-Hh 2,31,
HAE 1960s. 1980s. 1990s. 2000s 1 2010s 45 4EAX PR

SEXAN 2.84, 2,60, 1.96. 1.93 il 2.22, Kiar
fE a5 W Bl 32 5 BE A — 3, 20 28R R B A
32.0%, 21 tHZLISEH 15.0%M T+, kb o)
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Fig.4 Box-Whisker plots on long-term changes of
phytoplankton diversity in the Bohai Sea
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0.06 AYFEEKF, HEFEA 20105 ((F5 0.53£0.09)
HBLT 23.0%09 FF%.

24 BEAEHMNERUESN

N T RET I HIIATR 50 2 4F R 75 i R 5 AR Ak A
IR AR L [ R0, 1 V7 AR 4 45 I ol
BT WP Ak, LA K A T A5 b P X3k g g 1 e
faf , X 21 28 F0 20 28 B TR Y BE IS 4 M ik AT T
SIMPER 2= 5PE 0T (3R 3). IR A, EAH 77 )8
170 Fpep, 2 18 BRI ZE R siEk R Lk 8 T
90%. BB NERN TR, B3 T
21.9%, DASEMN S B A8 Ak B W Bk (R 3k 26.9%) o [ i
B HEIE A5 1 22 R OTIREIR B T 14.5%, LU
VBB SV — R i B3, P25 51
KR 18.5%. i P v o 2 2 A S RN O X BT
25 S TTIRER A, A8 12 A V8 v 5 R AR VS VA
22 5 TTERAE 43 0 3k 11.7%F1 9.6%

3 itig

31 HEEFHEYEEREERERHNSES

TR C A0SR T 400 AR, Hodh g K28
=3

B B, A A 2 R T M R T R T (PN,
2002) . i =F B A0 21 A8 Ak EL AT L 75 ) T HE T X WL
WA, 78 LR P44 B 1 R E B (R o7,
1991; ATEEZESE, 1993), FWAEHAE(2014)F 58 KW,
AT AE K B TR R WA W B B B R R B4
BRSPS T R, EAEA R | A
TR SRR, TR & 45 KA SR AT PR T B B — s G 1 e L
b T B o N 1 B R L (IR e 20 1 8 M ) SR 14
YIS IS, FLAndE 2010s B2 A, H
FEMASL L3 2 A, HLAE AR AR B A 3
£ 3R AURIE e — R R BB 4 B 22 Mk B & ik
0.20,

SEMN VS A S b 2R | SRR, 2
T T B FE L Y AR ) T B b RN R T b (R 0 A
2016), I ASHIFGE 1 WA A0 45 8 Pl 4 BE 7 25 F AR AR
P22 5 SRR R K/ NIRRT I B, A B B SN 1Y)
FREE KO 21 2085 20 40T FRFRE 235 87.2%,
eI FRE R T 76.6%, T WRBLEITT
T = B AR SR M S 24 TR A B (148, 2000) .
VT S i B T AL TR K S AR AR AR PR A 3 B
[5G 5 < B A R AT B e, X TR % 45 4 1) 2 5 TR
ik 19.8%, S I B 0 T Y R TR 21 i pE

B8 2 FEE I 7E 2000s-2015 5 1959-1990s B % 45 #4A R B = B Rk =

Tab.3 Percent contribution to dissimilarity in phytoplankton community structure between
2000s~2015 and 1959~1990s in the Bohai Sea

#2353 Percent contribution on dissimilarity (%)

s b I3 Wi WD B IDRW Wi e
Chinese name Latin name Bohai Central Huanghe  Liaodong Bohai Laizhou
Sea Bohai Sea Estuary Bay Bay Bay
STk R Cumulative contribution 91.0 90.4 91.6 91.3 90.5 91.2
AT Chaetoceros spp. 21.9 17.4 19.5 20.0 18.5 26.9
(53] i i Coscinodiscus spp. 14.5 8.1 16.3 11.1 19.8 19.3
ELAEmARL Paralia sulcata 10.3 17.0 4.8 14.1 10.3 3.1
s Tripos spp. 6.4 11.7 2.7 7.1 45 4.6
2R Thalassionema spp. 4.9 4.2 5.1 4.6 4.1 4.0
RO Noctiluca scintillans 4.2 1.5 4.6 9.6 3.9 5.0
ZE i Pseudo-nitzschia spp. 3.8 3.3 5.3 2.1 5.2 5.2
XU Ditylum spp. 3.1 2.4 3.6 2.9 6.0 1.3
JL W 35 Guinardia spp. 3.0 2.0 5.5 2.2 2.0 5.5
k=g S Skeletonema costatum 2.6 3.1 5.0 1.2 2.9 1.1
5 i Eucampia spp. 2.5 1.6 5.1 1.9 0.5 5.2
FRHH 3 Gymnodinium spp. 2.5 1.4 3.6 1.3 1.9 3.7
5l Thalassiosira spp. 2.4 3.1 1.7 1.2 5.4 0.4
45 g Hemiaulus spp. 2.2 4.3 0.2 4.2 1.5 0.3
R Proboscia spp. 1.9 3.7 0.9 3.8 1.0 0.4
FHE i Navicula spp. 1.7 1.0 4.2 1.0 2.3 0.4
W T 75 Bacteriastrum spp. 1.7 1.9 2.5 0.9 0.5 3.2
TRAK AL B Bacillaria paxillifera 1.6 2.7 0.9 2.1 0.3 1.4




16 ook B

2 )R %539 %

KT 81.2%, HAETEIEAEYIHETE hid & RETE B —E 1)
Yo, tean 2 BITEE R RS 21 4 F T 1.48 1%
RN, X5 i T VR A 0T oY R — Bk Rk
85,2007), FH B IR i 8 76 g 4 AR AT R AR M AL
Pl BL( BH A, 2016)0 10 = V8 00 30 Y 3 ) A AR B A
LI, BOCEEFREEFEKETE 21 2 T 3.04 £%
BN, 3K — p A IR T 0 2R V8 2 i Vg ' i A T )
T TR (R AR AR, 2002) I R S A el EL A I 7
PE Ak B W S, R VR 45 A Y 22 R TR = oA
17.0%, g PR - F EEAE 2000s Ff 2 AL,
HEA 2010s J5ETHZE 5.13%10% cells/m®, IAME i
B H S b AR e ) AR AR PR AR AL N o i 2, R EEAE
21 2 BT 75.0% A3 o BEIAT 138 10 7 AR )
KA sh E AR EMA B RMEATTE 2 A6k E)EFh
b HAP R E AR 21 22500 TR T 78.1%F1 76.2%,
L B AT B 0] I S 5 [ A 3 I ) =8 v A [
PELE TR U B R R ) O A b 7 2 B R Y
(RFHHZAE, 2017),

32 #iEFHEEYKATUNERSR

T B A R T Y VR T AL 0 A i R R
MEAKRER L OB E SRR PATEHIE R N E, i
MR, SNV BB | IRV A IR LA B AR T 1)
TLIAT AT e AV, A A T R e YD FIR
K, AN L KRG R | EhEE | B IR ER AR AL
FRAE S, FE I B 2 PR ) R A
o L, A 22 AT A Bl VR HE Bl 25 VR Ui A A
AR R R R LAY, R A R PR A
EAb . IREES A, Yk, ARG R, H
T RS 1 P SELVAE | Y R | T R K R IR A
2 T Ao i R A AR S T VAR SR ) UK Bl ) AR A
PR, XHVRUARL Y AR S AR R

EA 1R T 5 R W (Ning et al, 2010), H
20 {48 60 AERE 20 ek, EEKER —ERE
FXE I, ER R R IOKER L TR, X5 A8 S Al
SN S B BT AE 1972~1999 4F [1] it K 41 7 7
ALK FR, W THEA R TImE . Shi s n e i
T YD 2 BEAEBEVR R B e, L an A 3 L T8 O g
G(ATEEZESE, 1993), X ik — R T ARG
ANV A R R 20 40 T U o | R 0 i
BRI AN, R 20 20 A Y
JE RN ZREPE RPN A E R, (BJEHEA 21 t
Ji T FE 1 BT R K VA5 By, ) S G T T Y
TR Ry, “F R R ZRE KB, IR
PG B4 0 o LA o 7 988 T T i ot R A1 3

W O ML L T R R 1 R B 1 5 B0
K N/P ELAE 20 20K B BT s, R A it
MR, N/P L AT TR AR T R R
Redfield B (~16), I BOH PRI YI H N BRI
i) P BRI %4 48 (Ning et al, 2010; BR&54E, 2003),
A 21 e, ¥ N/P KA TERR ST, Hedn
SENVEHRINAE 2009 451K N/P HLEI A 199(5K 4R I4 %5,
2015), WFFTFREA N/P LB T 25 | S V7 e A )
B WP e AR REEE SRR S5 M, REBETE S N/P
L B PR B 2 4 R L (Bgge, 1998; SRR HLSE,
2014), B E SRRSO R R, TR
T PRI R IR A A I AR AL, X — B N ARSI S i it
T 3 LU A I AR TR R A 250, 20 4D 90 4F4T
DIk, @i R L TR T 3.97 4%,
33 MiEEEEM TN E L A YIERER AR

T A ) R AF AR PR AR B e e T i 2 A 7
RN M A= P VDR BE Rl A SRy e e, (FLJR 3 =F B2 R
S5 1 e A o v i S I RN A AR FE A R n] Bl 52
el 4 TG E 18 . PSR, TEBhfE, BAFM RN
(5] i s AL ELAE A 3, A BB AL 2 80%;
XTURZ AR EZE DU 2 W B, IR E 2R PR
B . R (Pleurosigma) I F i 3 (B TS, 1991), #)
TR BRI BE R4 £ 1) W 2 R LA B e . TR e L AR
# (Gymnodinium) 1 5% F 3 (Prorocentrum) & (kA 3
(ERIE, 2016), AWFRA R A, MAEEERET
TEAE P RET B AR AL R B L, i [ 0 e 0 b
TREMS AR ZL R FFHAL S A7 5 FERIZIE 10 42k, A
FEWAPL BT B 1 A X H , X 3R WA 0 17 WA )
FEEAAEFAPR A 3l , (B2 2R A R PL a8
PR¥F HA — & R EE 4T

MBS E SR E , MR AR 2 2 A it
FECERARTEAE, 2014), #hifE P REB LRSI R B 4
BRSSP R R T T A P A T
kPR R, E o Y g o R A B X T v A
BRI —E SR T, B3 s A 3 e te
AR LA A 8545, 2002), #4H b 255
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(Hunter, 1977). 25T 75 Ui HE 0 15 AT B 1) S 56 1k 5
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Abstract

Based on phytoplankton net samples from the Bohai Sea from 1959 to 2015, the long-term

changes in species composition, cell abundance, community structure, and species diversity were

analyzed. A total of 77 genera and 170 taxa were recorded, most of which were temperate-coastal ecotype

species. The composition pattern of the dominant taxa changed dramatically over the fifty-plus years.
Centric diatoms such as Chaetoceros spp. and Coscinodiscus spp. dominated in the communities of last
century, while Paralia sulcata, Thalassionema spp., and dinoflagellates such as Noctiluca scintillans and
Tripos spp. gradually became predominant in this century. The cruise-averaged cell abundances ranged
from 8.33 x 10* cells/m® to 472 x 10* cells/m’, with diatoms accounting for 65.3%~99.8%. The
abundances and species diversities declined to their lowest levels last century, whilst they had 1.5 times

and 15.0% respective recoveries in this century. The persistent increase in seawater N : P ratios in the

Bohai Sea has led to a phytoplankton transition from diatom-dominated communities to communities

co-dominated by diatoms and dinoflagellates, with an increase of 2.82 times in the ratio of diatoms to

dinoflagellates in this century from that in the last century. The decadal changes in the phytoplankton

community structure and its herbal diet basis in the Bohai Sea affect the recruitment process during the

early life stages of the key resource species. This study provides a baseline database and references for

discussion on the mechanisms of adaptive responses of fishery populations to the long-term

environmental changes in the Bohai Sea.
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