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Abstract: To investigate the impact of the Water-Sediment Regulation Scheme (WSRS) on the size-fractionated distribution of
phytoplankton in the coastal waters of the Yellow River Estuary, three surveys were conducted on June 24, July 6, and July 25, 2019.
These surveys examined the spatial distribution of environmental factors, chlorophyll a (Chl a) concentrations, and phytoplankton
size in both surface and bottom layers. The results indicated that the region consistently exhibited a nutrient structure characterized
by high nitrogen and silica but low phosphorus. Throughout the survey period, nitrogen limitation was not observed in either the
surface or bottom layers, while phosphorus limitation was persistent and intensified as the regulation progressed. During WSRS
period, surface Chl a concentrations showed a decreasing trend followed by a gradual increase. In the pre-stage, high Chl a values
were found near the river mouth, dominated by small-sized algae. During the water regulation stage (WR-stage), the high Chl a
region expanded toward both sides of the estuarine mouth, with small-sized algae still dominant, though the proportion of microalgae
notably decreased. In the sediment regulation stage (SR-stage), the high Chl a region shifted to the northeastern offshore area, with
small-sized and picoplankton jointly dominating. In contrast, the Chl a concentration in bottom-layershowed an overall declining
trend. During Pre and WR-stage, bottom Chl a levels were slightly lower than those in the surface layer, yet the spatial distribution
and changes in size composition followed similar patterns. During SR-stage, high bottom Chl a concentrations were mainly found in
the northeastern offshore area, where small-sized algae were significantly more dominant than in the surface layer. Redundancy
analysis (RDA) revealed stage-specific shifts in the dominant environmental drivers. Before the WSRS, surface phytoplankton

structure was influenced primarily by DIN/DIP, DSi/DIP, and DIP, while the bottom layer was controlled by DIN and salinity. During
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the WR-stage, DIN was the main driver in the surface layer, and DSi/DIN dominated the bottom. In the SR-stage, temperature, DIN,

and DSi were key surface drivers, while temperature, DIN, and DIN/DIP governed bottom-layer variation.

Key words: Yellow River Estuary; water and sediment regulation scheme; grain size distribution; phytoplankton; environmental

factors
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Water and sediment discharge at Lijin Station during

the Water-Sediment Regulation Scheme (WSRS)in 2019
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Fig.2 Sampling sites

Fz1 AESHEEHREERE
Table I Sampling depth of the bottom layer in the studying
sea area

Sfir J 2R E (m) Sfir JJ2 RAE VR (m)
A2 5.5 C3 16.5

A3 6.5 C4 18.0

A4 14.0 D1 3.5

Bl 3.3 D2 10.5

B2 7.5 D3 16.5

B3 12.0 D4 19.0

B4 14.0 E2 7.5

Cl1 2.5 E3 13.3

Cc2 11.5 E4 14.8

1.2 FEACRAES MM

FESCRAE S 70 T ks 4 B G PR A YE SR 9
WAy HEVEAE AWM IR ) (GB/T12763.9-2007)!
HEAT.tH CTD RK IR I EKFE AR R AL
M HE% 47mm ¥ GF/F €M (Whatman)id € %2 /b
500mL /K, JEIBIR 7K 73, B S AR 2, DR A7 TR
R T FE N e BN AR K E LR —
ANFE S S BUKFE 250mL, i 0.45pum S R £T 4 e ik ik
JELUEWH T8 IR ER I

R EE | 5 B AS Y4 CTD(Seabird911)ELI7ill 5E .
B i M A E FE A 3 2 i A (QuAAtro
AutoAnalyzer 39)Jll 52, i BR £k (NO5 ")« V. fid R £
(NO,) ZHE(NH,). A TETCHLBE(DIP,EI POL)AI
ALV T AR PR £h (DSI, BN Si(OH)4)) 6 H BR 43 51
0.015,0.003,0.040,0.020 A1 0.040pmol/L. 7] M ToHL
%(DIN, A NO5 . NO, Fll NH, 2 Ail).

SHE TR A Whatman JEJE FH 87 7787
e A5 FH 2mL100% FF I UK 7K 8 75 $E X 10min, $EHY
WAL 0.2um (1) PTFE BEMR 23 B 2% HERE AT,
JEWBIN 1:0. 20 LG B 4K, IR e 1min, it
A FE 5 A & 5 s S0 BP R AT 40 BT 8 2 A
ZORBAX C8 {fi{4:(4.6mmx 100mm, 5 pm Fi4%) 73 25,
Byt HPLC(LC20-SPD20/RF20)3:47 5 F kil it 50
FH Ay HRE: Zf: 7K G e 594 (0.25mol /L MHERE , H
PR TT DL R SO(FALE 50:25:25) KR -& 4,1 5h 41 B
L LI AW (A BLEE 20:60:20), HLAA R S AH A
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Table 2 calculation formula for phytoplankton size class percentages

[45]

2 WA
R R . 0.35[But—fuco]+1.41[Fuco]+1.27[Hex—fuco]+1.41[Peri]+0.60[ Allo]+
S W FE AR T weighted sum of diagnostic pigments(wDP) ! ] [Fuco] : ] [Peri] [Alle]
0.86[Zea]+1.01[Chl b]
ANTUTREI AR B Gy L microphytoplankton proportion factor(mPF) (1.41[Fuco]+1.41[Peri])/wDP

TR S
T B A A 0 B

nanophytoplankton proportion factor(nPF)

picoophytoplankton proportion factor(pPF)

(1.27[Hex—fuco]+0.35[But-fuco]+0.60[Allo])/wDP

(0.86[Zea]+1.01[Chl b])/wDP

VE:Chl a: M4¢Za, Chl b:H4E2b,Allo: W% 15 2%, But-fuco:19’- | BkHE A4k A 18 35 25 Hex—fuco:19°— CLBK KL 48 AV 5 7535 Fuco: A e 7, Zea: £oK T,

Peri: % %5,

2 FERS5HH

2.1 K P S TR A5G PR 1 () N 2 23 A Rk

211 . EREEVEH 2019 AEREA KAV E
A7, VR A Al S W T A A R K RV, T A
R R I T O (21.5+1.58) C /K T &
(22.16+1.48)°C; i ¥P WA £)(26.47+2.27) C (& 3);7%

(1) 7 A 3 A 52 DR I 445 5 T o s i 1) R A (T 3A~
A3). 5 RZFMIRZ R R RELL FT A R
FERA SR T3 2, WA VP AT /K 3 A0 R 70 1, i
2R B T A48 2 i A (18.83+2.87),(21.95+1.45) Al
(23.3542.01)C, 2% [w] 430 A1 5 3R JZ KA (HAE BT 1 b
R I IAT A W RARAE X, HL R 1 2K R vk
AT 1) R0 2 X 5 #2 3y (K] 3B1~B3).

F3 2019 FEMFKIEDH AT EEMEE FEEMTHEEREE)

Table 3 Concentration ranges and mean values (+sd) of environmental factors in the studying areas during WSRS s in 2019

i AR AR KM bl
xz Rz xz &z e &)
() 3@5!4 19.20~26.60 8.50~22.70 18.70~25.40 20.00~25.30 21.90~30.20 20.50~26.80
PR 21.51+1.58 18.83+2.87 22.16+1.48 21.95+1.45 26.47+2.27 23.35+2.01
s Fien il 21.26~30.75 27.71~31.09 19.09~27.71 20.94~28.77 2.59~32.14 27.93~32.13
PR 27.84+1.96 29.30£1.01 25.2942.32 26.72+1.71 24.63+6.99 30.86+1.21
DIN(umol/L) 3@5!4 N 30.34~180.71 27.67~113.81 21.83~100.71 19.71~85.15 11.23~130.91 14.86~27.28
PR bR 2 50.24+33.08 43.01+18.06 37.72+17.61 34.35+14.80 60.49+32.24 22.26+4.12
DIP(umol/L) ?@EIA - 0.03~0.26 0.02~0.32 0.02~0.11 0.02~0.26 0.03~0.27 0.03~0.07
PR bR 2 0.06+0.05 0.07+0.09 0.05+0.03 0.06+0.06 0.06+0.06 0.04+0.01
DSiumol/L) ?@EIA - 3.74~79.39 4.56~20.68 1.98~56.60 1.94~18.58 7.40~90.78 6.87~20.15
PR bR 2 13.64+16.95 9.04+3.80 16.09+11.14 10.72+3.97 42.10+24.52 12.99+4.50
DIN/DIP L 337.01~1592.10  101.47~1660.14  208.53~3908.65  121.05~3662.81  173.46~3612.06  203.62~731.67
SPIMEHER S 933.27+349.53 992.31+414.08  1006.55+844.78  1035.52+851.73  1355.82+906.27  540.67+168.11
DSIDIN L 0.12~0.44 0.14~0.30 0.07~0.56 0.08~0.54 0.39~1.02 0.30~0.78
PR bR ZE 0.23+0.09 0.21£0.05 0.41£0.13 0.33£0.11 0.68+0.14 0.59+0.19
DSIDIP L 57.55~393.32 14.28~324.93 55.83~2196.77 35.63~799.33 113.63~2579.50  146.75~573.31
TEMEEbREZE 207.91+93.72 208.26+88.56 445.16+493.82 315.24+227.96 943.67£682.20  317.92+154.09
AHK G PR Sl v £ - - - - - -
L xf PR Sl v £t - - - - - -
A B8 B 1 Sl 7 £ 18 17 18 18 18 18
26 50) 1% B 1 Sl 7 £ 14 15 16 16 16 18
AEXT T R 1 Sl o7 4 - - - - - -
L T B 7 Sl v Kt - - 1 1 - -

AR B



914 R B R A

46 %

B3 BEAN ), 3 ) 2 R A 5 30 3% A AR AT )
B 2 R B R KR VD HT 1R1(27.841.96) % A2 1 7K
WD G 11(24.63+£6.99) (3R 3); 25 W) 4 A #& 4K L B 15 ¥]
12 125 Bz i T = A 3C1~C3), MR (E X 13l
Bl B VAR D AT AN KR Bh B B TR

Jo AR BRI AR S T R A KR b R . R
KSR 20 31 24 8 B 43 510 241 (29.3041.01),(26.72+
1.71)F1(30.86+1.21), Ui ¥0 I J22 8 B2 5 1 /K 70 i
FEARFRP (L 3),F [ o A Ak a3 5 3 2 2R AL R
X S FEIT A (B 3D1~D3).

2019-6-24

38°6'N

37°42'N  37°54'N

2019-7-6 2019-7-25

7(C)
30.10

24.70

38°6'N

37°42'N  37°54'N

19.30

13.90

RN T T 1T T T T

8.50

2019-6-24

38°6'N

37°42'N  37°54'N

30.59

2019-6-24

38°6'N

37°42'N  37°54'N

pre-B

2019-7-25

]
=
=
—
—
—
—
—
—
=

-7- —

2019-7-6 —

—

=

=
=
=

—

119°0'E  119°12'E 119°24'E  119°36'E

119°0'E  119°12'E 119°24'E 119°36'E

119°0"E  119°12'E 119°24'E 119°36'E

B3 2019 IR AR . BRI S A RFAIE
Fig.3 Temporal and spatial variations of temperature and salinity in the studying area in 2019
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Fig.4 Temporal and spatial variations of nutrients in the studying area in 2019
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Fig.5 Temporal and spatial variations of phytoplankton abundance and size—fractionated in the studying area in 2019
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