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Study on the dominant control effects on phytoplankton biomass in the estuary and its adjacent waters of the Yellow River
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Abstract: To investigate the relative importance of the bottom-up versus top-down on phytoplankton biomass in the estuary and its
adjacent waters of the Yellow River during the water and sediment regulation scheme (WSRS), the study utilized R2V software to
extract historical data (2011~2020) on chlorophyll a (Chl a) concentration, environmental factors, and zooplankton abundance in the
estuary and its adjacent waters of the Yellow River from the literature. The spatial distribution and interannual variation of Chl a
concentration was analyzed, and regression tree models Chl a with environmental and biological factors at different stages of WSRS
were developed to explore the controlling factors. The results showed that Chl a concentrations in the estuary and its adjacent waters
of the Yellow River generally decreased from the estuary towards offshore areas from 2011 to 2020. As WSRS progressed, the
high-value areas gradually shifted to the nearshore northwest of the estuary. Regions with significant interannual variations in Chl a
concentrations largely overlapped with high-value areas at each stage. The regression tree model indicated that, with the progression
of water and sediment regulation, there was a notable shift in the dominant effects on Chl a concentration. Before WSRS, the
top-down effect of zooplankton grazing was the primary driver of Chl a spatial variability. During the water and sediment regulation
period, Chl a concentration was mainly controlled by bottom-up effects. In the early WSRS, temperature was the primary driving
factor, while in the later stage of WSRS, dissolved inorganic phosphorus (DIP) became the main driving factor. The changes in
salinity fronts caused by freshwater flow during WSRS may be an important factor inducing changes in the dominant effects on Chl a
concentration.

Key words: Yellow River Estuary; water and sediment regulation scheme; the bottom-up versus top-down control; phytoplankton;

environmental factors
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R 1 2011~2020 F 557 O K HARITiEE 7 520N 2 A & A (8] & RiR
Table 1 Historical observation data and sources in the waters adjacent in the estuary and its adjacent waters of the Yellow River
during 2011to 2020
o YRR T VK YT WK )i 30 e
KR
T S DIN DIP DSi Chla ZA T S DIN DIP DSi Chla ZA T S DIN DIP DSi Chla ZA
2011 6 6 - - - 6 6 - - - - - - - = =7 2829
2012 6 6 - - - 6 6 - - - - - - - = =7 2829
2013 6 6 - - - 6 6 6 6 6 6 6 6 - 7 7 7 7 7 7 7 [23,28]
2014 6 6 6 6 6 6 6 - 7 7 7 7 - - - 7 - - - - 7 [28-29]
2015 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 [28,30]
2018 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 [13,28,31]
2019 - - - - - 6 6 - 7 - - - - - - 7 - - - 7 [28,32]
200 6 6 - - - 6 6 1 1 - - - 7 = 7 7 - - = 7 7 [2833]
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Fig.1 Extraction sites of historical data
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5 4(22.92+1.85)C (3 2), 3844 B 42 5 1) PE AL
J5£ 3B 9, v B HE I AE 00T 1) AR B (P 2(c)); 3] 11 DA

R 2 2011~2020 F£=ZAKIEDAE M BT O & ESBILEEIMER F. ChlaikE.

P9 5~10km ALAFFRARA A W (B 2(d)). KD
Ji 3, % 2 KV B 20.20~30.50°C, 7 24 A
(25.04+2.57)°C (R 2), & 25 WAk a4 5 1R /K a0
AL, Ak 52 30 el g 1 b 3 g ) A A, L IX
PRAE S R B A (B 2(e)); 4F bR AR AL B I K i b
B~ VD H I (B 2(D).

FE N EEEEMTENE(EREE)

Table 2 Environmental factors, Chl a concentration, and zooplankton abundance range and mean values (+ sd) of different WSRS

stages in the adjacent sea area of the estuary and its adjacent waters of the Yellow River from 2011 to 2020

S AR HT PR T KR 5 1 One-way ANOVA

Y TEMEEhREZE Y[ T BIEEbR L Y TEMEbR 2 F P

HLRE(°C) 15.91~25.20 20.90+1.96 19.36~27.8 22.92+1.85 20.20~30.50 25.04+2.57 88.06 <0.001
hHE 5.65~33.96 28.02+4.56 4.31~32.61 25.36+5.29 5.98~32.26 25.00+5.36 10.90 <0.001

DIN (umol/L) 8.61~54.48 28.94£12.39 1.95~65.96 28.44+13.72 4.94~66.95 29.00+13.35 0.03 0.97
DIP(pmol/L) 0.04~0.35 0.18+0.09 0.02~0.29 0.12£0.07 0.02~0.43 0.14+0.08 9.70 <0.001
DSi (umol/L) 0.86~35.61 14.20+8.37 1.73~42.57 17.24+10.33 5.27~91.46 27.78420.18 13.83 <0.001
Chl a (ug/L) 0.39~13.6 3.06+£2.18 0.62~11.21 3.50+1.85 0.88~13.66 4.76£3.07 12.35 <0.001
FHEFEE (ind/m®)  1.77~1432.03  152.78+157.60  5.21~539.12  118.63+111.89  1.23~364.54  44.62+56.72 20.09 <0.001

2011~2020 4, 87K 70 A, & 2 2L e A1
5.65~33.96 2 [, V- 3411 1 (28.02+4.56) (% 2),MKAH X
T T3 T AGEE S~10km FEE(E 2(g)); PR
A B W b DX el B 1 I, R AR X A
A 2(h)). KPP F I, R 2 56 R S FRAIC, Y8
oA 4.31~32.61, - ¥MH }(25.36+5.29)(F 2), 14
PRI 5 58 AR FAAIG, AR R DX S R S K (B 2(1));
TEYA] 1 XA AR A 5 R K Y R RALEL 2G))). 1
KPP G 0,32 2 SR FEJE A 5.98~32.26,~ 24 K
(25.00+5.36)(FK 2), 7] MKk X u [ — 20 K (E
2(K)); BT AR B A8 A 55 Ay B I P DX sl 3 Rl R 7K
YD ET S WAV RGBT 22 3 v — )
W 2(1)).
2.1.2 EIREL 2011~2020 4, H] 0 K AR i
SR S I e AR PRI /K YD T DIN 3l
- 8.61~54.48umol/L, *F- 34 {H 4 (28.94 £ 12.39)
umol/L(FK 2), A 5230 13 VAT 11 42 20 2 R W o /)~ (1)
(B 3(a)); BT 1 22 3 VST BB A A o B A2
(& 3(b)). 87K I ¥0 1 3 DIN Y Bl 1.95~65.96umol/
L, P T 55(28.44 £ 13.72)umol/L(E 2), Fi i X A7
T LLE 2~Skm(F 3(c)); A BR AR AL T 2T 17 38
W R A W S (P 3(d)). TR ZK R b 31 DIN B &2
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3(e)); A Br AR A4 B I8 1R DX 3 /I A A A ] 11 B 3 (1
3(£)).2011~2020 4F, /K ¥017,DIP Jufl 4 0.04~
0.35umol/L,*F-Y41H 4(0.18 £0.09)umol/L(F 2), 1A
DX AV TSR0 142 PG 240 2 Skm sk Py K R Vi3 (K
3(g)); BT 1 P AL A s AR A 25k B Yl ([
3(h)). 4 7K U4 ¥b B 3, DIP ik B 1] 5 B AIK ((0.12 £
0.07)umol/L, 3 2), faE X [ A H B e (8 3(31));
BOVA] 1 AR o v A B AR A Bk B (B 33)).
JKIHYE 5 W,.DIP JEFE A 0.02~0.43 pumol/L,F- A {E i
A1E0TF, 4(0.1420.08)pumol/L(FE 2), Fi{t X F- XY Ji#
22 SR A (P 3K ); B TRT P 3 v
BrAR A0k B 2. 3(1)).

L5 DIN #1 DIP A [i7],2011~2020 4E 3 7K I b A [7)
BB DSi s X ILE )BT A7 AR A ok B
(1 DX 5k 3 2 H B AE R K U Vb S I B 3
3(m~n)). K T,DSI A 0.86~35.61umol/L,
SEEAE K (14.2048.37)umol/L. I 7K W VP 1T 1,DSi HY
B /N e T, YE LA 1.73~42.57umol/L, P 34 K
(17.24+10.33) umol/L. /KA 5 H1,DSi &2 7,
A4 A (27.78+20.18)umol/L, K £ 42 i /K I8 vb i
(19 2 i 2 WK D RTII 1.6 £5(3 2).
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Fig.2 Spatial and temporal distribution of temperature (7) and salinity (S) in the estuary and its adjacent waters of the Yellow River
from 2011 to 2020
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Fig. 5 Spatial and temporal distribution of Chl a in the estuary and its adjacent waters of the Yellow River from 2011to 2020
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