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FVE .

R AL T IR B R, 1HAZ133.3
km’, ARG, RIGETE, SR EANEL, W
HE2911.5 km®™, 23 FE b J7 S84 i R AK g /K
FRHHIGS . ZI3024EM R, RWECEIEN
T LAUE B DL 2 (K415 (Crassostrea gigas) . FlifL
133 D1 (Chlamys farreri)) Fl K T 325 (MY (Saccharina
Jjaponica))h FEFRFH R £ E T2 IR ER G FRH
B VPN ) T MR IR DL 2R FRAE IX . DL
RO WA REKX, HiEWRHRECS
PoIRR) T8 AR R M AT A I 3
PR BT TR ARV T AR R i
S5 V) VS U i L ) R A 5 R 1 R A o A b B
TR T 2R 3 Ui A ) AE R A ) T o A — o Y
B, BEER) STk IR ) T 35.88%!" . TR v i
A ) 2 SR 3 T 26 ) 1) B B A R Ay, 2
MEYHRN—DEEES, HET, FEHNXRE
AT 7K 3 B DX GG 2R 3 U0 2 0 1) 1) 225 A R AR
DL KR W A ) A AR DG T i A b HOR A R
Ao REREE . TR LA Ui A W N S R A T
EMIMRE A R MBI FEEA S, W
M, AHFFE T2017-20184E %) Z5 VA V5 G BT R T
A TR I R THT I A, X 5% A S VA a1 SR BR s
TR LA I U A ) 0 S 7 A R — A A 8
WA= By AR L R BE R I S 0 A R AE S
W RENLR T TR 205, DR AGA
TH S V) VS T A ) B AR RS Ak U8 B P DL R
Bl Z 8 1 A ASAE FH AR AL R A s
1 #ME5IE
1.1 BAEHURAME A RIE

TESW AW T 21 RAEui AL, T 201748
47 7H . 1IHRI20184F 1 H IR T UMtk i
K2 (&l 1),

1.2 HEEEMEBELSEEN

HISL Niskin R K& R ERIZKOK T 1 m),
TKHFEZ:20 umiii 28 13 U8 J5 WE6f 2 L4 mLF 5 mLJG
WHRAEN, IMAZRPEEEE, Rk
N 1%, 858 J5 BRE L PR AF T-80 C IR IR VKA
2R, KIR(T). pH. #RE(S). #FE (DO
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PRAL PR35 2 500 A 48 OK B AT G E Y ST
], Professional Plus)F 371l & . [7] Bsf 0 52 4% v {37
M E SR A (B IR AL . HIRER . WAHMREL . B
ERUBURLA HL 2 f U Ak 2 e RS A

1.3 WHEZFHEVFEENERREDEN
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i FH 78 =X 40 2 X (FACSVantage SE, Becton
Dickinson) X 7 {8 37 Ui A= 9 1) 3= B 128 47 A ) 43+
Br, WAt 488 nm, W i AR 2 p ok
(Polysciences Inc)VE MAREN S . 38 i X R BR i
FGICORY A B A RRAE 2 A T, DA T 75 3] H
FEEAE X T 5 5% 40 B X R AR B AT (B R R
BN, Sl AZ R YL B SYBR Green I(Molecular
Probes)i#F AT 44 4, FEXF HHBEATRGI . 25 2B Y
T U 2B 0 00 e A W g el G A R SR Dk A 4 T 1
Pt e i 48t D] T A B 2R R U 2 A ) A 2T
St o AR SR B BRI A B e 4 TR 9 120 feCleell,
TG EAZ A W ) i P 46 R -S4 239 fgCleell,
S IF TR0 TR A0 B 5L ] 14 20 fgCreell ™

1.4 BURAIBS %o

fi F Surfer 115 {F:(Golden Software, Inc.)%: il
AN TR 2 740 2 JE PO B T i A ) A R Y- T 0 A R
FHSPSS 19.0%K 14 (SPSS, Inc.)/3 7 (Ui 25 1 e 2E 1y
HAL F Z B A O, WEE KRR
P<0.05,

2 4R

21 BRAEREBKTEBUEVTHERT
B B 2= 2 AL HFAE

S0V U A v O B R AR AR AN SR TR o
4% K a(Chl-a) ¥k B 1Y JA 4742 A5 61 24 0.74-3.27
ng/L, FX{E1.90+1.28 pg/L, HA W 81548
b, BREWEREK, HREWER/N, RIZKET)
AEARE YL 9.14-22.40 C, FH4{H12.24+7.02 C,
H, BEEERS, £FRK. BEGS)HE
ALVEHI 31.59-32.71, F3{E31.59+1.59, ZFT7
AR, B A (DO AL IEH y7.41-10.81
mg/L, F#1{H9.03+1.32 mg/L. Pk A HLY
(POM EE R, K8 71052 g/L, &%y
IN, AUK4.78 g/L, FI4{HT7.35+2.14 g/, BEMRER
(PO4-P)FI i JCHL A (DIN) A AE 28 Ak 15 BBl 23 53
0.14-0.76 pmol/LF14.30-13.59 pumol/L, F-¥{E 53
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73] BRI, A R IR K SRR TR % A 0 B4 0 25 3 A R B PRI R i R R 3

70.33+0.25 umol/L19.55+3.48 pmol/L, PO4-P[fj

mi R LAY & 517 60.6%, NH;3-N,

TN RN NE T F>HF>E T ; DINKKF>L NO,-NI | o5 ¥ A M oL 0K 175 5 19.30.6% 11

F>HFE>HZE . DINT, NO;-NANEHFELR,

8.8%.

®1 RAEFEERTF

Tab.1 Related environmental parameters in the Sanggou Bay

Ei=Lun HFF HZ = E=s I
index spring summer autumn winter annual averages
M4t %-a/(ug/L) Chl-a 0.74+0.64 3.27+0.60 2.74+0.81 0.88+0.31 1.90+1.11
EJE/C T 9.14+2.32 22.40+3.04 14.14+0.98 3.26+0.73 12.24+7.02
HE S 32.31+0.03 31.84+0.08 29.52+0.15 32.7140.08 31.59+1.24
WRE/(mg/L) DO 9.72+0.34 7.41+0.21 8.16:+0.50 10.81+0.46 9.03+1.32
BRI HI/(gL) POM 7.89+1.03 10.52+4.30 6.22+1.19 4.78+1.26 7.3542.14
FRIE  pH 7.84+0.13 8.02+0.08 8.06::0.09 8.16+1.30 8.02+0.12
BERR #h/(umol/L) PO~ 0.21+0.21 0.14+0.12 0.21+0.16 0.76+1.57 0.33+0.25
BEIEHLE/ (umol/L)  DIN 4.30+1.19 8.80+5.53 13.59+3.18 11.52+3.02 9.55+3.48
N
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Fig. 1 Investigation stations in Sanggou Bay
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ek B, RV R 2 Rk F 21k
B 24 (0.90—-6.67)x 10>~ /ml, HJ{E 4 (2.93+2.29)%
104 /ml, ZE15 22 54 5 3 (P<0.01), MFTHT 43 7
KE, BF, BEREEFEE N FH(0.53-2.28)x
103> /ml, ¥J{H(1.23+£0.51)x10*>/ml, FE4Eh
FIEVEAL . VORI R AE AN K R B2,
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AR AL BN (2.38-16.81)x 10> /ml, H4{E M (6.67+
3.84)x10°4/ml, HZERERE 2L b TSN
VSRR A, D KR E AR K,
ARAEIE M (1.24-7.24)< 104 /ml,  ¥I{E(2.93+1.44)x
10°4/ml, FEEPFIEPILE R, &2,
] A Vg DX SR BR G = R Y 8 B R R (0.21-2.22)
10*4>/ml, ¥J{H 4(0.90+0.43)x10°4/ml, FE
AT AN, ST PN ) T A 2 T I i e
AT BAZ T 05 2 A 0 B = o AR 4R AR
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Fig. 2 Seasonal and spatial variations of Synechococcus abundance in the surface layer of Sanggou Bay(x10°cell/ml)

1. spring, 2. summer, 3. autumn, 4. Winter

BT Bl 4 (3.10-35.06)x10°4~/ml, YJ{H K (13.84+
12.81)x10° 4~/ml, Z&17 22 M B % (P<0.01).
FLOE L OB AT BT DA ) AR AR
Rl 43 3154 (0.49-20.24)x 10° 4~/ml, (3.47-84.73)x10°
A/ml. (1.67-45.75)x10° /4~/ml. (1.01-11.70)x10°
A /ml, P{E 55 8 (4.39+5.48)x10° 4~/ml .
(35.06+28.54)x10° ~/ml, (12.82+12.49)x10° 4~/ml .
(3.10+£3.00)x10° ~/ml, MFTRIGM K F , Tl
FLAL TR AR ) A R A DU ZR B 4 b TS Y Ol R
VR, BV PN o VS A v a5 Dk 1 e
FIME G Ty AAFAE I
T2 I TR S AR AR UL B4, N FE
TASLRF , FIWVE KR 5 R A AR AR
k36 L 47.(0.58-1.28)x 10~ /ml, 418 47(1.03+0.28)x
104 /ml, Z&797 22 540 8 3 (P<0.01), & . B .
Bk A2 SR AH TR R A8 AT 430 R (0.55-1.86)%
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(1.04£0.37)x10°4~/ml, (1.28+0.29)x10°4~/ml (1.22+
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TR LA PR U A2 W 00 o3 A AR TR, 5 BV P 1)
AN B R I EARE, BRI
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Fig.3 Seasonal and spatial variations of picoeukaryotes abundance in the surface layer of Sanggou Bay(x10’cell/ml)

1. spring, 2. summer, 3. autumn, 4. winter

Yy F R A Y. RS, REREEAEY)
I A e (R SR AR 2 0 AR 41 )
90.80 ugC/LAN0.11 ugC/L, S4FEAY A LE R
W (P<0.01). SUTlRY ELAX i 2R W0 A ) i 7
BEEE, k3 7838 ngC/L, BZEMGHE T %
3.06 pgC/L, A ZEREFNRARE, 14 °70.74 pgC/L,
SEMWEYRELZEMKERE, S04
25.58 ugC/LMI24.37 pgC/L, XEHAL, N11.51
ngC/L, MERRE, BERM: . OO B 70
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i o 4 T UK A 3P Sl ke 78 3 U A 0 1) il 2B )
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W22 ) A W 1 73.60-94.56% 5 TR B A I T
EYIR S EIRZ, N4.77-24.11%; RERE MK TR
AN, AT SR B TR AR Y AR ) R 190,67
2.30%.

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

24 WREFBREVFESHREERTFHXR

TR PR A W S IR TG R WL 22,
AR 7 Ui A ) 5 B BE IR B R DG o A 4 SR
W, ARG A T
SRR EEANE], JF EL GG R VR e AR W 2 TR = A
HEW ., MEAEAR . BEREE . MM BT
Ui 25 W R S5 % 0 U 440 TR 1 =F B 35 5 Chl-a ik B
REMPRAIYEREEMLLR, MS5HE
il FAEE BN B I A R . REREE 5 W
FREh . ASFEREL . WANERER TG W LR, Rl
AR AR SRR | Bl 5 W A G,

3 iR

ARFIELE R R REREE . MO AT
). IR HESRANLE TR RE, B

http://www.scxuebao.cn


http://www.scxuebao.cn

6 KorE ¥R

44 %

37.15°

37.10° |

37.05° =

37.00°

122.40° 122.48° 122.56° 122.64°E

37.15°

37.10°

37.05° ¢

37.00°
122.40°

122.48° 122.56° 122.64°E

37.15°

37.10° |

37.05° |

37.00°

122.40° 122.48° 122.56° 122.64°E

37.15°
37.10° |

37.05° |

37.00° ?

122.40°

122.48°

122.56° 122.64°E

B4 FWEEBERES T MEFEENEZ S FHE10°/ml)

LEF, 28F, 3KF, 445

Fig. 4 Seasonal and spatial variations of heterotrophic bacteria abundance in the

surface layer of Sanggou Bay(x10°cell/ml)

1. spring, 2. summer, 3. autumn, 4. winter
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Fig.5 The contribution of SYN, PEUK and BACT to
the picoplankton biomass in the
surface layer of Sanggou Bay

1. spring, 2. summer, 3. autumn, 4. winter
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MR RA . RIEETE NI R 0 DTSR
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FIRIEIX, RERPE LB AT TSN IR A X

B ALRE . Wi, 3§k
WL NS M EALER B R . SR AN
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B 25 R UM B WA A,
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T PR A T OB IR U AR, SR B
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B, TR SR8 SR 305 e B2, (A2,
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BMG, BRI TR BRI AR, DA AR e
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Tab.2 Pearson correlation analysis between picoplankton abundance and environmental parameters
i TN Al Te2s e Al 2y e 2 | ey
ke HIE M WRR L R BRI MR R B S
Chl-a T S DO POM pH PO,P NO3N NOyN NH;N BACT

EER#EE SYN 0.48**  0.63**  0.16 0.62**  0.50**  0.02 0.24 0.51 0.11 0.18* 0.45%*
WM FZTRIEY) PEUK  0.51%+  0.67*%  0.11 0.55%%  0.27* 0.0l 0.12 0.46%*  0.54*  0.13%*  0.51%*

FFRNE  BACT 0.42%* 0.59** 0.40** 0.56%* 0.30** 0.06 0.26* 0.07* 0.08 0.02*

VE: R LE 0.01 AP E R EASG, * 7E 0.05 ZKFCRU) - B3 HE G

Notes: **. Significant correlation at 0.01 level (bilateral), *. Significant correlation at 0.05 level (bilateral)
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Tab.3 Comparison of the picoplankton abundance between the Sanggou Bay and other seas
W A% TRER O

BIX EER#EE/(AM/mL) . e A
se{;ﬁarea zé*Nj?c(elll/I:lL)) FREA(/mL) e i 1) invei?i afii? ear
PEUK/(celymL)  SYN/PEUK gation y
i)  Bohai Sea 6.45x107 2.80x10° 0.23 20104E4 A [31]
1.38x10* 7.20x10° 1.92 20114E6 H
5.31x10* 5.17x10° 10.27 2010459 H
7.61x10° 3.95%10° 1.93 20114E12H
LA Liaodong Bay 5.90x10° 6.37x107 9.26 200744 H [34]
1.89x10* 3.79x10° 4.99 20064£7H
9.11x10° 9.55%10? 9.54 20074104
7.55%10° 6.24x10° 12.10 2006411 H
Jt#ifE  the North Yellow Sea 3.16x10* 1.42x10° 22.25 20064E7 1 [15]
2.16x10* 4.59x10° 471 20074104
431x10° 2.34x10° 1.84 200741 H
FA#HF  the South Yellow Sea 0.70x10* 1.20x10* 0.58 20074E4 1] [32]
6.20x10" 1.00x10* 6.20 20064£7H
5.70x10* 0.60x10* 9.50 2007411 H
1.10x10* 0.60x10* 1.83 200741 H
FH i the Coastal waters of Qiagdao 5.43x10° 2.93x10* 0.19 200744 H [17]
2.24x10* 1.86x10° 12.04 20064£8 H
1.96x10* 8.34x10° 2.35 2007411 H
8.83x10° 4.20x10° 2.10 200741 H
JEZMHY%  Jiaozhou Bay 1.11x10* 1.66x10* 0.67 201054 [30]
2.17x10* 1.24x10° 17.50 201048 H
1.96x10* 6.66x10° 2.94 20104104
5.04x10° 4.79x10° 1.05 20114E1H
7S Sanggou Bay 0.05x10° 67.69x10° 0.00 201344 H [16]
12.75x10° 13.91x10° 0.92 20134£7H
1.64x10° 5.04x10° 0.33 20134104
0.70x10° 11.29x10° 0.06 20144E1H
KT AT 3, 69.34x10° 23.56x10° 2.94 200648 H [15]
Changjiang River Estuary and its adjacent sea areas
1.08x10° 1.54x10° 0.70 20065104
{ P the northern Soutl ina Sea .00x .80x .
AL th hern South China S 5.00x10* 1.80x10° 27.78 19994£8 H 33
FINT X Sanggou Bay 1.23x10° 439x10° 0.28 20174E4H
6.67x10° 35.06x10° 0.19 20174£7H
2.93x10° 12.82x10° 0.23 20174E11H
0.90x10° 3.10x10° 0.29 201841 H

T OAE SR R e A A = T
Notes: X represent the abundance data of picoplankton detected in this paper
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Organic Carbon, DOC)IJ A Wk A= ;=P VRiFHL
Yot 6 VE P A B9 i A7 FLBK (photosynthetically
produced dissolved organic carbon, PDOC)& 77
A TR A K BT T AT AL R EE R IR, 2R
T, PDOCXK} w2 A 7= F1 B4 51 Bk (percentage of
extracellular release, PER)7E3-45%= [8], SF7K
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¢ 5 3 B B PER{ELHEAT I 5 , W1 PDOCTE 1% ¥6F
ﬁiq“Eim»%U@%ﬁiftjjﬁgtKﬁﬂ, X DU SR B AR 2
FR G PDOCKT 53 77 41 T 1Y ffk 57 Hk A I 2 0 34 1Y)

WFFERA 7 R L
SE R

[1] Sieburth J M N, Smetacek V, Lenz J. Pelagic ecosystem
structure: Heterotrophic compartments of the plankton
and their relationship to plankton size fractions[J].
Limnology and Oceanography, 1978, 23(6): 1256-1263.

(21 JEM, ERR, B 5. B2 R EIERE 1

TR T A W o0 A S [0, HEPE IR, 2013, 35(4):
176-187.
Qu P, Wang Z L, Pang M, et al. Influence of
environmental factors on picoplankton in the southern
Yellow Sea in summer[J]. Acta Oceanologica Sinica,
2013, 35(4): 176-187(in Chinese).

[3] LiWKW,RaoD VS, Harrison W G, et al. Autotrophic
picoplankton in the tropical ocean[J]. Science, 1983,
219(4582): 292-295.

[4]1 THEAS, IRIED. KL I B 3% A< 7K 330 05 400 1 11 43
A A2 iRV R FERR BRI [J]. M SR, 1991,
13(4): 552-559.

Ning X R, Vaulot D. The distribution and cell
characteristics of cyanobacteria and its environmental

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

[9]

[10]

[11]

[12]

regulation in Yangtze River estuary and adjacent East
China Sea[J]. Acta Oceanologica Sinica, 1991, 13(4):
552-559(in Chinese).
Glover H E, Campbell L, Prézelin B B. Contribution of
Synechococcus spp. to size-fractioned primary
productivity in three water masses in the Northwest
Atlantic Ocean[J]. Marine Biology, 1986, 91(2): 193-
203.
Platt T, Rao D V S, Irwin B. Photosynthesis of
picoplankton in the oligotrophic ocean[J]. Nature, 1983,
301(5902): 702-704.
TS~ A W[, R, 1997(1): 67-69.
Ning X R. Microbial loop[J]. Donghai Marine Science,
1997(1): 67-69(in Chinese).
TRECE, BTN, PR, A5, I U 4 A A S M i
BB AR LER[T]. HFERF2E, 2016, 40(5): 151-158.
Zhang W C, Zhao L, Chen X, et al. Marine
bacterioplankton growth rate and grazing on
bacterioplankton by microzooplankton: A review[J].
Marine Sciences, 2016, 40(5): 151-158(in Chinese).
RaF, R, IMVE, 55, V80 FRTH I8 TR K
L2 KR W (0], HERE KB IE, 1996, 17(2): 41-51.
Song Y L, Cui Y, Sun Y, et al. Study on nutrient state
and influencing factors in Sanggou bay[J]. Marine
Fisheries Research, 1996, 17(2): 41-51(in Chinese).
S, B, BR, B RIATE L TR SRR A
I iy 57 5 A B BB 7E ()], vl B 22k fE, 2010,
31(4): 43-52.
Shi J, Wei H, Zhao L, et al. Study on ecosystem model
of multi-species culture in Sanggou Bay: III Numerical
study on the kelp culture carrying capacity[J]. Progress
in Fishery Sciences, 2010, 31(4): 43-52(in Chinese).
TR, INDE, R I, 4. SRVGTEHEEH SRR alf i
G A R AE S e 5 ) %Eﬁﬁ[ﬂ. AR A,
2012, 21(2): 338-345.
Hao L H, Sun P X, Hao J M, et al. The spatial and
temporal distribution of chlorophyll-a and its influencing
factors in Sanggou Bay[J]. Ecology and Environmental
Sciences, 2012, 21(2): 338-345(in Chinese).
FRE, A, ST, & RS E kAR S
¥ B He SR T 9% AR (1], ol R 2, 2020,
41(1): 31-40.
Li F X, Jiang Z J, Gao Y P, et al. Distribution of size-
fractionated phytoplankton and its relationship with

http://www.scxuebao.cn


http://dx.doi.org/10.4319/lo.1978.23.6.1256
http://dx.doi.org/10.1126/science.219.4582.292
http://dx.doi.org/10.1007/BF00569435
http://dx.doi.org/10.1038/301702a0
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.4319/lo.1978.23.6.1256
http://dx.doi.org/10.1126/science.219.4582.292
http://dx.doi.org/10.1007/BF00569435
http://dx.doi.org/10.1038/301702a0
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.4319/lo.1978.23.6.1256
http://dx.doi.org/10.1126/science.219.4582.292
http://dx.doi.org/10.1007/BF00569435
http://dx.doi.org/10.1038/301702a0
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.4319/lo.1978.23.6.1256
http://dx.doi.org/10.1126/science.219.4582.292
http://dx.doi.org/10.1007/BF00569435
http://dx.doi.org/10.1038/301702a0
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.11759/hykx20151029001
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1000-7075.2010.04.006
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://dx.doi.org/10.3969/j.issn.1674-5906.2012.02.024
http://www.scxuebao.cn

Ko AR

44 %

[13]

[14]

[15]

[16]

[17]

environmental variables in Sanggou Bay[J]. Marine
Fisheries Research, 2020, 41(1): 31-40(in Chinese).

Hh e N R ] [ 2o e M A IR A B R,
FATUE A FIZS 5123, GB/T 12763.4-2007 TR
6 ARG KA AR AS]. dbnt: t ERREH
fitL, 2008.

General Administration of Quality Supervision,
Inspection and Quarantine of the People’s Republic of
China, Standardization Administration of the People’s
Republic of China. GB/T 12763.4-2007 Specifications
for oceanographic survey - Part 4: Survey of chemical
parameters in sea water[S]. Beijing: China Standards
Press, 2008 (in Chinese).

Hh i N R ] ] 20 M A IR A% B R,
FIRHEALE 2R 51 23, GB/T 12763.9-2007 #7241
0 SROES s R AR ST A FR B [S]. Abat: h EFRES
hitt:, 2008.

General Administration of Quality Supervision,
Inspection and Quarantine of the People’s Republic of
China, Standardization Administration of the People’s
Republic of China. GB/T 12763.9-2007 Specifications
for oceanographic survey - Part 9: Guidelines for marine
ecological survey[S]. Beijing: China Standards Press,
2008 (in Chinese).

BB, BRI ZR UG GO A i e A ) o AR R [D). T e
B R, 2010.

Zhao Y. Spatial and temporal distribution of
picoplankton in Yellow Sea and East China Sea[D].
Qingdao: Ocean University of China, 2010 (in Chinese).

RMAE, BT, TRINE, 55 RIGTERMANT IR
FERVE Y B0 A5 B F A4 ()], # R, 2018,
42(5): 145-154.

Zhao Y C, Zhao L, Zhang W C, et al. Seasonal variation
of the abundance and biomass of pico-plankton in the
Sanggou Bay[J]. Marine Sciences, 2018, 42(5): 145-
154(in Chinese).

REW. HRITZIPREE . MIMAEEEY . IR
VTR 0 B AR T L SR BE AR SR T D). 3 &
VA K5, 2008.

Liang Y T. Dynamics of virioplankton,

picophytoplaakton, heterotrophic bacteria and correlation
with environmental factors in the coastal waters of
Qingdao[D]. Qingdao: Ocean University of China, 2008
(in Chinese).

http://www.scxuebao.cn

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

PG AN 2 = R RO I 0 LR W ) oA S e 3R
7 (AR SGPE[D]. B & 1 =K%, 2010.

Bai X G. Distribution and structure of picoplankton and
their relationships with environmental parameters in the
western Pacific, Indian Ocean, the encircling southern
Ocean and Antarctic waters[D]. Qingdao: Ocean
University of China, 2010 (in Chinese).

SRR, XN, A, 55, 20064 Bk Z KL 1 R 4B1E
VA TR VR U A 0 B4 3 AR RFALE R A 85 1 R 3R],
VRS TT, 2011, 29(3): 108-117.

Le F F, Liu C G, Hao Q, et al. Distribution and
environmental impact factors of picoplankton in
Changjiang River Estuary and its adjacent sea areas in
autumn of 2006[J]. Journal of Marine Sciences, 2011,
29(3): 108-117(in Chinese).

van Broekhoven W, Troost K, Jansen H, et al. Nutrient
regeneration by mussel Mytilus edulis spat assemblages
in a macrotidal system[J]. Journal of Sea Research, 2014,
88: 36-46.

Newell R I E. Ecosystem influences of natural and
cultivated populations of suspension-feeding bivalve
molluscs: A review[J]. Journal of Shellfish Research,
2004, 23(1): 51-61.

Jacobs P, Riegman R, van der Meer J. Impact of the blue
mussel Mytilus edulis on the microbial food web in the
western Wadden Sea, the Netherlands[J]. Marine
Ecology Progress Series, 2015, 527: 119-131.

Dupuy C, Le Gall S, Hartmann H J, ef al. Retention of
ciliates and flagellates by the oyster Crassostrea gigas in
French Atlantic coastal ponds: Protists as a trophic link
between bacterioplankton and benthic suspension-
feeders[J]. Marine Ecology Progress Series, 1999, 177:
165-175.

T, TR, VEA, 5. FRGEE S0 B i B i LR A
A S0 R FE[T]. W ST, 2014, 45(6): 1272-1279.
Sun H, Wang M, Wang J, et al. Effect of aquaculture
activities on distribution of ultraplankton[J].
Oceanologia et Limnologia Sinica, 2014, 45(6): 1272-
1279(in Chinese).

Bec B, Husseini-Ratrema J, Collos Y, et al.
Phytoplankton seasonal dynamics in a Mediterranean
coastal lagoon: Emphasis on the picoeukaryote
community[J]. Journal of Plankton Research, 2005,
27(9): 881-894.

o E K= % 2 J»  sponsored by China Society of Fisheries


http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.1016/j.seares.2013.12.007
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps177165
http://dx.doi.org/10.1093/plankt/fbi061
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.1016/j.seares.2013.12.007
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps177165
http://dx.doi.org/10.1093/plankt/fbi061
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.1016/j.seares.2013.12.007
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps177165
http://dx.doi.org/10.1093/plankt/fbi061
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.11759/hykx20170623001
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.3969/j.issn.1001-909X.2011.03.013
http://dx.doi.org/10.1016/j.seares.2013.12.007
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps11227
http://dx.doi.org/10.3354/meps177165
http://dx.doi.org/10.1093/plankt/fbi061
http://www.scxuebao.cn

78

BRI, A R IR K SRR TR % A 0 B4 0 25 3 A R B PRI R i R R 11

[26]

[27]

(28]

[29]

[30]

[31]

(32]

TR, AR, T, & RS B 57
AW 5 o A B IR 20T, HEE AR, 1997,
19(1): 87-95.

Ning X R, ShiJ X, Liu Z L, et al. Abundance and
distribution of pico-photoautotrophic and their
environmental constraints in Xiangshan Port[J]. Acta
Oceanologica Sinica, 1997, 19(1): 87-95(in Chinese).
TAEAZ, B, KT B, &5, R ORI Al AR
Jo i AR 55, h E R (CH), 1996,
26(2): 164-171.

Ning X R, Shi J X, Liu Z L, et al. Abundance and
distribution of cyanobacteria and picoeukaryotes in the
southern Ocean[J]. Science in China (Series C), 1996,
26(2): 164-171(in Chinese).

TOHCER, dhARAE, WA RS S VIR B A
W AESWEAL 1. 28 A B HRs AL ], i
%, 2003, 25(4): 72-82.

Dame R F, Spurrier J D, Wolaver T G. Carbon, nitrogen
and phosphorus processing by an oyster reef[J]. Marine
Ecology Progress Series, 1989, 54: 249-256.

KIUFEERE. JE P TG B AR BRI 2 43 A [D]. 75 e
R, 2011

Liu G Q. The spatial and temporal distribution of
picophytoplankton in Jiaozhou Bay[D]. Qingdao: Ocean
University of China, 2011 (in Chinese).

Bk, B B PRI R A I 25 43 AR [D]. 3 5
TR, 2012,

Yang L. The spatial and temporal distribution of
picophytoplankton in Bohai Sea[D]. Qingdao: Ocean
University of China, 2012 (in Chinese).

JEAR. T PO OO U AR W I 2 o3 A e A R e ]
R R—E TR A HAR[D]. 5 8 Eig R
%, 2013.

Qu P. The distribution of picoplankton communities in
the southern Yellow Sea- The investigation basing on
flow cytometry[D]. Qingdao: Ocean University of
China, 2013 (in Chinese).

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

[33]

[34]

[35]

[36]

[37]

[38]

[39]

MREF s B U A O Y i AR ) 2 R SR a i
KAEHITEBNLHID]. B 11: B ITR%E, 2001

Lin X J. Picoplankton composition and mechanisms of
formation of subsurface chlorophyll maxima in the
northern South China Sea[D]. Xiamen: Xiamen
University, 2001 (in Chinese).

TG, IR R i LR ) = R R A ],
HFPETT R SR, 2017, 34(7): 67-74.

Yu X G. Abundance and seasonal variation of
picophytoplankton in Liaodong Bay[J]. Ocean
Development and Management, 2017, 34(7): 67-74(in
Chinese).

Heywood J L, Zubkov M V, Tarran G A, et al.
Prokaryoplankton standing stocks in oligotrophic gyre
and equatorial provinces of the Atlantic Ocean:
Evaluation of inter-annual variability[J]. Deep Sea
Research Part [l: Topical Studies in Oceanography,
2006, 53(14-16): 1530-1547.

Fuhrman J A, Azam F. Bacterioplankton secondary
production estimates for coastal waters of british
columbia, antarctica, and california[J]. Applied and
Environmental Microbiology, 1980, 39(6): 1085-1095.
Fogg G E. The ecological significance of extracellular
products of phytoplankton photosynthesis[J]. Botanica
Marina, 1983, 26: 3-14.

XUVERN, TABA, RB, S5, WU I I A0V A A Lk
RO Tt SR [J]. HhERELF 3R, 2010, 25(2): 123-132.
Liu C G, Ning X R, Hao J, et al. Advances in the study
of photosynthetically produced dissolved organic carbon
released of marine phytoplankton[J]. Advances in Earth
Science, 2010, 25(2): 123-132(in Chinese).

Jiang Z J, Du M R, Fang J, et al. Size fraction of
phytoplankton and the contribution of natural plankton to
the carbon source of Zhikong scallop Chlamys farreri in
mariculture ecosystem of the Sanggou Bay[J]. Acta

Oceanologica Sinica, 2017, 36(10): 97-105.

http://www.scxuebao.cn


http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3354/meps054249
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.3969/j.issn.1005-9857.2017.07.011
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1016/j.dsr2.2006.05.005
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1128/AEM.39.6.1085-1095.1980
http://dx.doi.org/10.1007/s13131-017-0970-x
http://dx.doi.org/10.1007/s13131-017-0970-x
http://www.scxuebao.cn

12 KopE o R 44 %

Temporal and spatial distribution variation of picoplankton and
environmental impact factors in Sanggou Bay

LI Fengxue ', DU Meirong', GAO Yaping', JIANG Weiwei', LI Wenhao’, DONG Shipeng ",
HOU Xing ', WANG Junwei®, ZHANG Yitao*!, ZHANG Zhixin’, JIANG Zengjie "*’

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology, Qingdao 266071, China,
3. College of Fishers and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
4. Rongcheng Chudao Aquaculture Corporation, Rongcheng 264312, China;
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Abstract: In order to understand the spatial and temporal variation of abundance of Picoplankton, four seasonal
cruises were carried out in Sanggou bay, a typical large-scale mariculture bay in north China, in April, July,
November, 2017 and January, 2018. We used flow cytometry study the abundance of the main Picoplankton
(Synechococcus, Picoeukaryotes and Heterotrophic Bacteria) and further analyzed the relationship among the
abundance of those species and environmental parameters (such as temperature, nutrients, dissolved oxygen, etc.)
Results showed that the average values of Synechococcus, Picoeukaryotes and Heterotrophic Bacteria in the
surface layer of Sanggou Bay was (2.93+£2.29) x10°cell/ml, (13.84+12.81) x10°cell/ml and (1.03+0.28) x
10°cell/ml, respectively. There were significant differences in both abundance of picoplankton and spatial
distribution between seasons (P<0.01). In spring, Synechococcus mainly distributes in the northwest, southwest
and outside of Sanggou Bay; it mainly distributes in outside of Sanggou Bay in summer and winter; in autumn, it
mainly concentrates in the Northwest coast. Picoeukaryotes were concentrated in the western coastal area in four
seasons, showing a decreasing trend from the inside to the outside of Sanggou Bay. There are two high value areas
of heterotrophic bacteria in outside and western coastal of Sanggou bay in summer. In spring, autumn and winter,
Heterotrophic bacteria and Picoeukaryotes have the same distribution trend, and it were concentrated in the
western coastal area of Sanggou bay. The correlation analysis between abundance of picoplankton and
environmental factors showed that the abundance of three kinds of picoplankton was a significant positive
correlation with chlorophyll-a, temperature and particulate organic matter, and negatively correlated with dissolved
oxygen. There was no significant correlation between Synechococcus and PO,”, NO5” and NO, . However, there
was a significant positive correlation between Picoeukaryotes and NO; and NH,'. The results provide data support
for further understanding the structure and function of aquaculture ecosystem.
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