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% (Agirbas et al, 2015) , #2847 A Wi I 7 (Lamont et al,
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MR R IEROR BB, X RS S b T P A, 3
B A AF 5T 2 3 R A3 B SR R VA X SR I8 (2 A 4%,
2020), BT CEIEARGE, 2015), KILHCRBREAE,
2008) . A1 FIRD BB, 2008)55 211 1%
WA YRS AT AT T A, I MTAS A 58 i 5k
IR 2 R A ) Chl-a e BE A TR o ¥
ISR TR ACE RS, ARl e, 23K E SR Y 2206 DL
(Mytilus edulis)F&FE AL (X B34, 2022), 1ZH %
DU FRFE AR O 1T 20 4 U7 00 o R 2 TR R SRl i 2
MU, AT n) A5 ARG, AR B
TR B AR K A P R AR B R R R SR
B AR (228, 2020) 0 21T TN VS =A% iR 4 15
(Crassostrea gigas)fi¥ 3= 2 7% 58 J5 200 W 38 2 pli R+

R, B S TE 77 AR 3 N R 2 A R A R B
TTEN . PR DI 2R Ry R0 R 2 < E RO ——
AE 7 ABA NSRRI, 12 A R RESECHR s A
DL, EERBARER) 4 HZ5H . KB DURSR5 TG Sl T 5
23 BRI AR P B R VR 45 48 % AR 228 (Tan et al,
2024; Zhu et al, 2023). HHET, W7 U S350 X 77 A
Y =E B FRLAS AR AL AR DS 55 18 o DLARGE . AF5E T
2023 AEX IR DL FRAE X% B 30T o3 ) PR A 4 A
IR FIF R R R, Jl o R R R 5 R
TR YRR A ML S IR F I e &R KRR
FEFEHH IS R X P I R AR S5 A 52 i, TRy
D2 S5 8 25 1 VAN AN 22 48 = 57 7 R0 R 2 LA 40

1 MR57EE
11 FAEHEEERRE

PAEEE 1 s, R4 AL, B 114
SO, AR — X (1P~373500) . fiTil X (47~6" 3 137) |
X7 9T ) RIS H X (10PF 117 ), Hodr, —
DA DR DUZEFRFA X, MiiE X2 H1 X AR TR IX
AT 2023 4E 3, 7,9, 10 f1 12 AT 5 LK
ARSI LR G IR A . HAEHE A OK BB AL (Y ST 2
], Professional Plus, 3% [E)E 3% & 45 uh 61 1Y 2 JE K
. pH . R BE R AR A, A R R A A A Y
BRE . A ML ROK S8 R AR I A R IZ K, K
FETF 4 CHAF TR, DA E PRI H) Chl-a ¥
JEERRG KB SRR EE

HI& ] —IX Arcal

N 35.200 | ToI01 ZK Area2
37.00°] = o .

. H o ,'l S [
36.00°F  pihao o ; ; o 11

35,100 . % %
35.00°F - . - 4 . o
EEE 3 e
34.00°- Lianyungang
- i, s 35.00° [ .
118.00° 120.00° 122.60° E g\ be
Haizhou Bay
119.20° 119.40° 119.60° E

P12 i 0 A 2t £

Fig.1

12 H&OSWHAE
FFLAR R 20, 2 F10 0.2 pm P4 35 385 2T 2 ik A
Yt i€ 500 mL A E S KFE, B 20 um FLAZJEAEER
1))@ T /N PE A ) (micro Chl-a), ¥ 2 pm FLAZENK
B WS T WM PRI ) (nano Chl-a), #% 0.2 pm L

Investigation stations in Haizhou Bay

T2 U8 AL EA 1 )& T IR I i A ) (pico Chl-a). >k H
FLAE A 0.45 wm YB3 £ 4 58 AR 38 55 MY 500 mL
KEER T B S R I E . A B A s T
=20 CHRURRAAE, 7 M LI = 5 AR R 55
H 90% M INERAEL 24 h, BE.OJEMHHSEE Turner-



%43 B

SR N T DL S R A S R AR S5 A R B S PR R T O R 47

Designs Trilogy %15 % KGR IER I Chi-a
e (Agawin et al, 2000). {4 A 88 FREh 5 HrX
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Fig.2 Spatial and temporal distribution of physicochemical factors in the investigated area of Haizhou Bay
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Fig.4 The concentration and proportion of Chl-a in phytoplankton of different grain sizes in the investigated area of Haizhou Bay



52 ook B

¥ B 546 4

MR AR AL o I FH 52 45— I B 40k 56 Ty 1 X T 7K A
BT AT I R (e 2), — X0 N/Si, TIX Y N/P
FUEA, WIS X B RN 2 1 X A i T HL R 45 k42
TR0 5% (P < 0.05), RDA HEFREI TR, —
X %) micro Chl-a 5 N/Si £ & 2 [IFE A6 ; X, pico
Chl-a 5 @A 5 2 #F 7 A5, nano Chl-a 5 N/P £
FIEMSE; MBI, 3 ARYIFIFEY Chl-a W
¥4 55 4 36 B g 2 A 5¢ 5 25 4 X H micro Chl-a 5 DIN
EIEMSE. RDA HEFZ5REW, FIF YRR 451
X PR R 14 M o] A7 A 2T 22 5

3 it

Vi P VS 7 g v g 8 ) TR A VR IR, VR A )
TR AR ZRE VR 225 22 e W1 I o 5 U A HURE 2 B,
TN VS PR AT I SR T SR R IR AR 7 A A 10 H d5e,
163 A%, X5 Gao £5(2022)AUHFT 45 SAR L,
FAGOUT , AN [R5 e A 40 7 - 2 vk AR A6 A2 Ui
BELERRE | CEFRERREE | WA S 2 A A
Y52 (Farias et al, 2022; Liang et al, 2019; Smayda
etal, 2001), Moisan Z£(2010)¥5 i, SR IFIFFEY)

XP A R R . AR R B, pico Chl-afE 7 H
BE PR RE, — X% XA RDA HEFE
IR, T T RO I SR VR AR R A . A
o FE H, ASERER A L4 HL G BB ZE X pico Chl-a i
S0 B K (Berube et al, 2016), 555 AR,
pico Chl-a 5 DIN ¥ 5t i 3 1EAH R (ZEHESE, 2022),
XTI LE L ENE T pico Chl-a Z4AZE FEEL A
AW KB, 24 H 3 R I WA ) E 25 1
DX ) A T LAl DX s, H T DR W] R 2 1 DX
MR BE A, /INRLAR SRR PR U R ) EE O AR (R 7
Ui AR W IO 7 8 B R T 7 (Pulina. et al, 2018), 7
HAF110 H, nano Chl-a Fl micro Chl-a 434 5 P P4
TR R . AR, X 5
(2012)%F ¥R I A I 98 25 SR AT o W X I8 FR AR 1Y)
i MOy LT REZ B T RGBT
FEAIEIX , FERREL A DIN &5 2 R 58k 82 T
T AR ZEA ARk (Liu et al, 2005), TR
e NP S BN R T A /N 5 3 1 i L
T ok TR E SRR, WIS T — X IR R A Y
AR, i — X R TR YI Y Chl-a ¥ B & T

x1 WERFESNER

Tab.1 The results of two-way ANOVA
M 7 725 AR H B ¥y F P
Response variable Independent variables Degree of freedom Mean Sq. value value

TR T A ) X3 Area 3 0.01 1.67 0.192
Picophytoplankton H /% Month 4 0.18 25.15 <0.001"""

X 38 x H f7 AreaxMonth 12 0.00 0.57 0.845
PR AR ) X3 Area 3 0.02 2.01 0.130
Nanophytoplankton H % Month 4 0.36 32.44 <0.001"""

X3 x ] {5 AreaxMonth 12 0.03 2.62 0.013"
INBU PR AR ) X i5§ Area 3 0.05 2.80 0.055
Microphytoplankton H % Month 4 0.95 56.63 <0.001"""

X x A {5 AreaxMonth 12 0.04 2.17 0.038"

% WEEADE(P<0.05); ***: M I EAHI(P<0.001), FAl,
Notes: *: Significant at 0.05 level (P<0.05); ***: Highly significant at 0.001 level (P<0.001). The same below.

R2 ERN-FRERKBER
Tab.2 Results of Mont-Carlo replacement test

A DX B WEER T

il FE LE A DTHR L

) . . . pseudo-F P
Investigated area Environmental factor Explains and contribution/%
—IX Area 1 N/Si 44.3 7.2 0.01"
—IX Area 2 N/P 22.1 5.8 0.03"
TN 11.4 4.5 0.04
fii i [X. Channel area NH;-N 27.8 5.8 0.04"
%5 4 X Reference area DIN 11.9 30 0.02"
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Fig.5 RDA analysis of size-fractionated Chl-a and main environmental factors of phytoplankton in the investigated area of Haizhou Bay

HoA X5, B IR R AE R TR WA AR K T Y AR
2, HOMR R ) G E R RS R R TR U A A 0 2 R Ny
i (Kim et al, 2022). 38 FRER AT FR i 2+ A
W AR 22 6] ) EL 491 56 2 (Justi¢ et al, 1995), 24 N/Si<1
H N/P<10 B}, N ZHXTBREIMEITCER; 4 Si/P>22 H
N/P>22 B, P 2AUXTFREMEITER; i Si/P<10 H
N/Si>1 B, W Si ZAHXTRREIMICER . PRILIEAL, P
AR BRI Z A7 TR AL, 3. 7. 9. 10 Fl 12
HAEAE P AT BRI B 3h 57 50 504 4.8.8. 11 F1 9 4,
W IR R 2 5 W N VS VR U A P A K ) RS IR T
TE DSB8, 7 A A ) il o 2 B A 2
PRBE A FRIE G sh Y L RS2 e (R 57 5%, 2018), FRFH

I B0 B9 52 0 32 B A4 DL 0 TR A B 0 4R S R
DUARI = A B R R S R (57 2355, 2021)  7E DL
FRIE T AR LT, DL2RaE A XU 1Y
YRR FOEHER, SBURIFEYIE Chl-a #E
K% (Butts et al, 2022; fLIESE, 2025), Flan, 7EMEL
VORI 06 UL 3358 37, 1Y Chl-a R EEAENG DL 3%
BN IR T 15%~40% (Strohmeier et al, 2008), HiiL
MRS B 005 DL F5 08 Xt & BRI S (g%,
2022), X T EFRER PR MGG, DL SHE S b
5L 1) JE 5 B ¥ (Gaertner-Mazouni et al, 2012; &4
SX5E, 2017), DA IO WA A e A R T O
o4, 2019), ARFFEB, 9 A, RE XHEHR
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b o S T AR X, (B, TR Chl-a
T FE 43 ) U AU XA A 1 XA 36.9%A11 55.6%, AL
HeM, 9 A KPR E RN, nlgees vz
T FE ) A= Wy e ) 2 A

ARWFFEH, 3 A7 H FRGEE sh xR i R AR
GEMIR LM )N, HORIAR 2540 28032 B SR s MR 1Y
s 9. 10 F1 12 A, FRAETE ShRredt iy, BNE
DX /N P AR D ) o EL SR ST T AR A Y DL 2R
B DX, T AR 0 L A SS T MBORY oa) /N H R ol ol P 2
A, FEIERIE AN E T EAR LS R (Mo et al,
2023); TERW VSRR, R T & A 8 R i
A FEOT EAE R H N AR R 5, 2018; )R
4502021); RX)T(2018a, b)IFFEAI, BT S AR
% J D1 (Patinopecten yessoensis) 55 4 [X. i 45 nano
Chl-a B & HE K ZERY) 72 3%FRAREI 4 2211 47.3%,
Ifii micro Chl-a M\ 23.77%3 N3 52.97%, X 5455
FIZE AL o 25 LTk, VR A Ak A0 235 4 1 Bl A S
— AN AR, AT RE SR KR N 3R R TR A IR
fdi/NRL PR AR ) B SRS g Sy, Rk, 9—12 A
HoH Hesg . BRI FEAN, SRRt I R E AR
TR A A, 2 B W) 7 A AL 40 P T A2 25 46 (Trottet et al,
2008) . D1 2538 Rk AR B2 K OB Y 1 B R AT
(Mghlenberg et al, 1978), PRIk, DI 2% V7 i AE 4 11 +%
A3 B A TR A R R A /N BLE (Jiang et al,
2016; SCIENEAE, 2022), AT, FRPEXHIFAR
B N R R A ROTIAE 9. 10 AT 12 H
FREE X PN/ N PRI AL 0 o b T AR IR A X BRI
BIR/NGS, TR AR | 8 SR o B4 iz
B A5 DA 2R 1T BB S MR U8 B 1 DU 2SI B Ak B
(Ward et al, 2004), 40, =555 (2022)38 1o [l b 5
90k B, WRFE RS D XT 22 55 9 22 TP % (Pseudo-nitzschia
delicatissima) FlIBZE # (Surirella sp.) A 5 K B BEBR RV
{H %3 13 (Nitzschia spp.) F4T T3 (Synedra spp.) 5%
AR ; Tan S5(2017)A & B, 785KV WA H 4R
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i, (AN G DL 5 4 % B 35 (Prror ocentrum spp. ) #1
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FEAR/N, TSR S R G S 2 A8 1
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B FEILEE SRR, xeedsfl K Z AR, 3t
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Abstract

The mariculture industry has rapidly developed in recent decades owing to population

growth and the increasing demand for seafood. Phytoplankton is an important indicator for assessing the

carrying capacity of bivalve mariculture as well as a limiting factor for large-scale and high-density

bivalve cultivation. Phytoplankton can be categorized by size into picophytoplankton (<2 um),

nanophytoplankton (2-20 pum), and microphytoplankton (20-200 um). Considering that the retention rate

of picophytoplankton by filter-feeding bivalves is very low, using the total amount of phytoplankton

available for aquaculture capacity assessment would result in an overestimation. Therefore,

understanding the particle size composition and spatiotemporal distribution characteristics of

phytoplankton in the target sea area can improve the accuracy of assessing bivalve culture capacity and

provide scientific guidance for marine bivalve aquaculture. Blue mussel Mytilus edulis and triploid

oyster Crassostrea gigas are the most common bivalve species in Haizhou Bay, a typical bivalve

mariculture area in China. This study aimed to understand the size-fractionated phytoplankton and its
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environmental influencing factors, including water temperature, salinity, dissolved oxygen, pH, total
nitrogen, total phosphorus, phosphate, silicate, nitrate, nitrite, ammonia nitrogen, dissolved inorganic
nitrogen, N/P, N/Si and Si/P, both in bivalve mariculture areas (Area 1 and 2) and non-mariculture areas
(channel and reference areas). Phytoplankton biomass was investigated in March, July, September,
October, and December 2023 by measuring Chl-a of size-fractionated phytoplankton. Two-way variance
and redundancy analyses were used to analyze the effects of environmental factors on size-fractionated
phytoplankton. (1) The annual variation range of total Chl-a concentration in the investigated area was
0.86-18.49 ng/L, and the seasonal difference was significant (P < 0.05). The annual ranges of pico Chl-a,
nano Chl-a, and micro Chl-a concentrations were 0—0.90, 0.13-6.12, and 0.35-15.30 pg/L, respectively,
with significant seasonal differences (P<0.01). However, no significant differences were observed in the
concentrations of Chl-a in March (1.98+0.61 pg/L) and December (3.69+1.55 pg/L). In July and October,
the average concentrations of Chl-a in Area 1 were (9.80+2.04) ng/L and (12.34+6.27) pg/L, respectively,
which was much higher than those in other areas (P<0.05). This may be due to the higher nutrient
concentration in the coastal waters. In September, the Chl-a concentration in Area 2 (1.47-1.94 pg/L)
was significantly lower than in the non-bivalve mariculture areas (P<0.01). Simultaneously, the nitrate
and nitrite concentrations in Area 2 were significantly higher than in the other areas. This period marked
the rapid growth of bivalves and was presumed to be caused by bivalve feeding and excretion. (2)
Phytoplankton communities exhibit notable spatiotemporal variation. In March, the phytoplankton
communities of Area 1 and the channel area were dominated by microphytoplankton, whereas Area 2 and
the reference area were dominated by nanophytoplankton. In July, nanophytoplankton dominated in Area
1 and the channel area, whereas microphytoplankton dominated in Area 2 and the reference area. In
September, microphytoplankton dominated Area 1, Area 2, and channel area, whereas
nanophytoplankton dominated the reference area. The proportion of picophytoplankton in the reference
area was significantly higher than that in other areas (P<0.05). In October, the contribution rate of
microphytoplankton increased gradually in all areas, and the value added in bivalve mariculture areas
was significantly higher than that in the non-bivalve mariculture areas (P<0.05). In December, no
significant difference was observed in the contribution rate of particle size in different areas, but the
contribution rate of microphytoplankton continued to increase across different areas, with an average
value of 89.01%. The contribution rate of picophytoplankton was mainly affected by seasonal factors
(P<0.001), whereas the contribution rate of nanophytoplankton and microphytoplankton was
significantly affected by seasonal and seasonal and regional interactions (P<0.05). (3) Seasonal and
regional differences exist in the response of the particle size structure of phytoplankton to environmental
factors in the survey areas. The redundancy analysis showed that the first two axes explained 79.31%,
86.94%, 88.35%, and 99.09% of the species variation in Area 1, Area 2, channel area, and reference area,
respectively. Seasonal and regional differences influenced the response of the particle size structure of
phytoplankton to environmental factors in the four areas. A significant negative correlation was observed
between nanophytoplankton and N/Si in Area 1. In Area 2, picophytoplankton was significantly
negatively correlated with total nitrogen, and nanophytoplankton was significantly positively correlated
with N/P. In the channel area, the phytoplankton of three sizes were significantly negatively correlated
with ammonia nitrogen. Microphytoplankton was positively correlated with DIN in the reference area
(P<0.05). Consequently, nutrient salts mainly regulated the Chl-a concentration of phytoplankton in Area
1, whereas the effects of nutrient salts and cultured bivalve influenced the Chl-a concentration of
phytoplankton in Area 2. For the entire survey area, seasonal changes in environmental conditions are the
main cause of phytoplankton particle size structure variation. In addition, the presence of seasonal and
regional interactions in nanophytoplankton and microphytoplankton suggests that bivalve farming may
also affect the size-fractionated phytoplankton.
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