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B ICHLBE(DIP) AR BRI N PO; -P AR BEAE
122 AHhAhs  AHSCRA 20 pm BIRGHAEY
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P2 (E 2). B RKIECFREIKIRE A 5.90~27.00 C, f77F
BRAZETAE L, B ZKE[(23.70£0.17) Cli
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A AR 2T AR AR AR AR, AN [) 3l 67 22 ] ) 6 P I I 3 22
S 2b). FFE X ek 20 K o S 55 A M (AR 1k el
H 7.80~8.37), AAbiERBEE AR TR IRAL, 24
2 X IAL TR, b pH 7E8(f R B
FE SN 2¢). SHHT 3 FuKSCSEHLL, CODCELTE
Fil°H 0.57~1.17 mg/L)7E 2021 4E AR BB TS
R, H s e ZE(1.17 mg/L), S AAE H PAE
F2(0.57 mg/L)(& 2d), Chl a B&RALTEF A
0.56~2.29 mg/m’, [R]AF: Fifi i 8] 25 {1k FL A i 1 245 1
Z5 (K 2e). HEAEERE, HLTEKET, Hi
TS 22 ) Chl a & e AR A 2 (R 45k 51
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Fig.2 Changes in various hydrological parameters in spring, summer, and autumn of 2021 in Liuqinghe Bay
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Tab.1 Seasonal hydrological characteristics of the sea water in Liuqinghe Bay in 2021
##3% K+ Environmental parameters # 7% Spring H 7= Summer FZ= Autumn
JELE Temperature/'C 16 [l Range 5.90~6.00 23.50~24.00 19.50~20.30
Y1 Mean 5.91+0.03 23.70+0.17 19.77+0.24
¥ Salinity 35 5] Range 31.66~31.70 31.21~31.23 30.29~30.43
Y918 Mean 31.68+0.01 31.22+0.01 30.36+0.04
pH 75 % Range 8.36~8.37 7.80~7.90 8.02~8.09
SEHI{H Mean 8.37+0.01 7.82+0.03 8.06+0.03
=Ny Ju il Range 0.57~0.98 0.65~1.06 0.67~1.17
Chemical oxygen demand/(mg/L) “F-J{f Mean 0.76+0.14 0.76+0.14 0.86+0.15
M-4#% q Chlorophyll a/(pg/L) 5l Range 0.56~1.58 2.24~2.29 1.80~1.99
Y918 Mean 1.07+0.39 2.27+0.02 1.91£0.07
JEHLA Inorganic nitrogen/(pg/L) {5[Fl Range 118.00~124.46 42.96~77.26 96.80~126.72
SEHI{H Mean 120.56+2.61 61.59+11.03 109.08+9.09
WilaEh Phosphate/(ug/L) Ju [ Range 1.90~4.62 2.91~16.95 11.80~24.38
FH4{H Mean 3.07£1.07 9.41+4.63 15.56+3.95
N/P Ju# Range 25.67~64.03 3.37~24.08 4.58~8.97
Y918 Mean 44.19+14.40 9.30+6.70 7.34+1.42
B B 715 % Range 0.03~0.10 0.03~0.18 0.18~0.50
-3 Mean 0.06+0.03 0.10£0.05 0.33+0.11
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MR S 1 4 B T IR AR O IR — Bk, 2021 4EFE
BRI SE e M TRIEAE Y 3 1] 44 Fhy R ZMUKITIF
TR R e, et 3 177 58 A gk
B E M FRWEARY) 3 1) 55 M3 2). BLhh, 34
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A0 T AL B PRI AE ) M R A A AR (B 5)
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YERRHERN (R 3). 2021 FHEEM KA HEFIL 8 4,
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Fig.3 Phytoplankton biological parameters in Liuqinghe Bay in 2021
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(a) Seasonal changes in mean phytoplankton abundance; (b) Seasonal changes in mean carbon biomass of phytoplankton;
(c) Linear relationship between phytoplankton abundance and carbon biomass.
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Fig.4 Zooplankton biological parameters in Liuqinghe Bay in 2021
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(a) Seasonal changes in mean zooplankton abundance; (b) Seasonal changes in mean zooplankton biomass;
(c) Linear relationship between zooplankton abundance and biomass.
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Tab.2 Phytoplankton community composition in Liuginghe Bay in 2021

- % 2% Spring HZ Summer #kZ Autumn
2 " " .
Species WFEH i H/% PrFh g i L /% Y H /%
Species number Proportion Species number Proportion Species number Proportion
REBET] 38 86.4 87.9 48 87.3
Bacillariophyta
T 5 11.3 10.4 6 10.9
Pyrrophyta
L] 1 2.3 1.7 1 1.8
Chrysophyta
L/EL IS4 44 58 55
Total species
100 - RIREIEENREALRY Rhizosolenia alata f. indica
W KZEIE¥E Nitzschia longissima
FEBRAEM Chaetoceros affinis
....... 8 W 5ARIE ¥ Bacillaria paradoxa
80 e e e BIFRI# Coscinodiscus asteromphalus
BB A ZEIB% Nitzschia closterium
EWHEEFT S Bacteriastrum hyalinum
e e | ffi7B¥ Chaetoceros sp.
VEEEJLINEE Guinardia flaccida
60 - B R FHEM Chaetoceros constrictus

ROTOTOTOITOITON:
RSRIRIIKLIKKLL,
RIISIHAELKLLEL

FEXTFEBE Relative abundance/%
N
3

[\
(=]
T

KB Chaetoceros lorenzianus
B JEsEA B Chaetoceros curvisetus
1 WABEsEF B Ch 0s pseudocurvisetus
B AH:AAED Chaetoceros teres
it HFIiSE Coscinodiscus argus
= BRRBESE Coscinodiscus jonesianus
M EREIfSE Coscinodiscus granii
B WCEBE Coscinodiscus oculusiridis
hif B 4% Bk Skeletonema costatum

HZ Summer
it [a] Time

%75 Spring

7 BB Melosira sulcata
YN Thalassiosira sp.
B8 S Navicula sp.
L L L L L Ll ﬁ{ﬂ Others
L
#kZ Autumn

Bl S 2021 ARG 75 4% 2219 PR i A A D S5 o vy A X = B2

Fig.5 Relative abundance of dominant phytoplankton species by season in Liuginghe Bay in 2021

K32 W ¥ (Nitzschia longissima) . 3R ¥ B[ AR AU
(Rhizosolenia alata f. indica); 2021 4F B Z=fi iRk L
Fea b 11 Fh, 2 AR AR B AL IR 8 (Coscinodiscus
asteromphalus) . T B JL N W % . B B AR AT i
(Bacteriastrum hyalinum) . %% B fi & % (Chaetoceros
affinis) . R A B W (Chaetoceros constrictus) . JiE
B 1 & ¥ (Chaetoceros curvisetus) . 7 [ fi T ¥
(Chaetoceros lorenzianus) . fATE#E fl & ¥ (Chaetoceros
pseudocurvisetus) . [RIAE M B ¥ (Chaetoceros teres) . B
[ & i 3 (Coscinodiscus jonesianus); 2021 4FEFKZ=A
URALFAFP L 8 Ffr, 43531 oAy B2 I I8 s 98 . v T B S e
e B 5 i % (Coscinodiscus argus) . ¥ [ I8 i i
(Coscinodiscus granii) . B4 H 4% B (Melosira sulcata) .
PG (R 075 98 . MR IR 07 35 (Coscinodiscus oculusiridis) |
4% ¥ (Thalassiosira sp.). HH, HEEMUIKA TRV B
NEFE—LHAF(r>0.20; BFEREH 47.6x10° cells/m’); i

HEMNMEEETTR S IR HAL(Y>0.50), 5 —LH
FiJEAUIEREFA B BE(Y>0.30; BEEN 635%10° cells/m’);
K ZE AT I 5 — D0 AR I A% SRy v B 2% (1>0.30;
MR 249.5x10° cells/m®), 7EABIZEH, 2021 4E
JE A — R RS AR, (BAR SAFP AR ER o
A 5), VLI SR e A s, B S
ZRNAMES NEH R A,

232 FaaHdh 2021 SERIETNEER . B K=
Zer LU TRIE S 10 28 48 Fh, 82 ZE(Copepods)
(15 Fivy, HURIE#L) HF7K IS 7K £12E (Planktonic
larvae, Hydrozoa, #% 11 ), #{#&2%(Tunicata, 3 F),
BEHSEAL ffZ5(Chaetognatha, Cladocera, £ 2 1),
JKEEZE (Scyphozoa) . ¥ii /£ 25 (Amphipoda) . HEEFE
(Mysida) fIfi iF 2 (Euphausiacea)t hy 1 Fl, HrF 2
UL RS 5 DSEHE 14 s E B s
T ANZERE 28 P BRI U TE Y 8 ANZRAF 25 Mh(FK 4).



82 woooor B % 3 R 46 &

®3 2021 FRIFAERBZHRED
Tab.3 Phytoplankton dominant species in Liuqinghe Bay in 2021

3y b % 2% Spring H 7 Summer #kZ& Autumn
Dominant species X y X y X y
fIEW Chaetoceros sp. 7.3 0.02 32.9 0.02 - -
ML Bacillaria paradoxa 47.6 0.23 - - - -
BIFRTEE Coscinodiscus asteromphalus - - 60 0.04 23.7 0.03
HWREJLIN 3 Guinardia flaccida 4.75 0.03 62.1 0.03 - -
HH 2B B Nitzschia closterium 6.8 0.04 6.3 <0.02 — —
R4k Skeletonema costatum 14.3 0.09 - - 249.5 0.32
BIARFT I Bacteriastrum hyalinum - - 77.9 0.05 - -
EBATEW Chaetoceros affinis - - 50 0.03 5.4 <0.02
RN TEEE Chaetoceros constrictus - - 93.3 0.04 - -
EHE A BEE Chaetoceros curvisetus - - 76.7 0.05 8.3 <0.02
IR TEEE Chaetoceros lorenzianus - - 135 0.07 11.7 <0.02
WINEsE BT Chaetoceros pseudocurvisetus - - 635 0.35 8.3 <0.02
RAE M EBE Chaetoceros teres - - 132.5 0.07 — —
e H R i 3 Coscinodiscus argus - - - - 24.1 0.03
FHE#E Navicula sp. 4.1 0.03 - - - -
K2 W Nitzschia longissima 8 0.03 - - - -
W GBI i 3 Coscinodiscus granii - - - - 81.3 0.11
WARE BN EAS R Rhizosolenia alata f. indica 4.9 0.03 - - - -
HMEHEEEE Melosira sulcata - - - - 40 0.03
BIGIR i #  Coscinodiscus jonesianus - - 83.3 0.06 17.1 0.02
W BT % Coscinodiscus oculusiridis - - 20 <0.02 17.9 0.02
WBEW: Thalassiosira sp. - - 3.3 <0.02 164.6 0.21

Eox 10° cells/m® ¥

Note: x: Total abundance, 10° cells/m®; ¥: Dominant index; —: Species not found. The same below.

T FORZMRMR B, TR

T4 2021 EREATF B EAEK

Tab.4 Zooplankton community composition in Liuqinghe Bay in2021

- 7 7% Spring X2 Summer #Z Autumn

Sﬁcies WRAH s BESE s ROH i L /%

Species number Proportion Species number Proportion Species number  Proportion
JKEEZE Jellyfish 1 7.1 - - - -
W25 Tunicates 1 7.1 2 7.1 1 4.0
i 2% Amphipoda - - 1 3.6 1 4.0
TFUFEIIAR Pelagic larvae 4 28.7 8 28.7 3 12.0
HEHR2E Mysidacea - - - - 1 4.0
W¥F2% Euphausia - - - - 1 4.0
F5iZ5 Chaetognaths 7.1 2 7.1 2 8.0
Fe/EZ Copepods 7 50 10 35.7 8 32.0
JKIR/KHE2E Hydroidomedusa - - 10.7 8 32.0
i fiZ% Cladocerans - - 2 7.1 - -

P B4 Total species 14

28

25
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SERRT , &R SRR S e RIS RITR T4
BB R ey, ELBEE I RIHERS , KR KRR L A
= SUSL iy

AW R TR () = 0.02 1Y TFIFS)
VIR R DL (R 5). 2021 4EFE BT SEFh R
2, S REREE K 2 (Centropages abdominalis)
AR U (Noctiluca miliaris)[WHFR R HFE(Noctiluca
scintillans)]; 2021 £ B AR ARHAF L 5 Fh, 43510k
st & L (Sagitta crassa) . 755 I K 3 (Centropages
dorsispinatus) . R 5 /K & (Labidocera rotunda). i
#FL4E /K & (Parvocalanus crassirostris) . 55 R3 1%
(Penilia avirostris); 2021 SRk ALK AR L 5 Ffr,
3 A A REREET B (Sagitta enflata) . K I
%1 & (Macrura larvae) . K F ¥ %5 #E /K % (Acartia
pacifica) . WO /K F(Canthocalanus pauper), 2021 4
TS 3 TR A EURE LS R SR, TR sh i 3 Fh
25K 6), pOLHRE RMIAERS, (HL7EL
XS (Y>0.98; EE BN 38 812.5 4~ /m’), K |

TR 2= LUK 7 4057 20 10 B4 25— DI 3 A 1 b 2 4 v ) A
UL, T RE A SRR A T K SCE R M 25 ok
LT i Sh RS PR A BAT B 58 B TR 2 1

Rl B ST

2021 AFEFLTE TS A Y I 2R E R RO 3
ANTRZET RIS [ ol (62 R A9 ZZ AL DL P 70 b PR A )
SRR RO 3 D E R E SRR, I HA R 2
[RIFFAE S35 22 5% o PRI AP Y B ) IR B 45 1
HOLHA . REERIFARE, (HATR L2 W] r 2
SRR IR BRI . BRORE , IR R £
FMAEE TR N FE, FFHER—; MR
TEAF . RN EL), BB
TR Sh W) AE ZHE RS RS 1 2 BE R o A B R B,
WAL S, B KT IR S ) R S 3 2]
FRECE = THEEE 7. d), JFHE ., RENZH
[EXCRISl ki e il AN SN SE i R
RN E S & FF.

2.4

®5 2021 FRFERBZHEHMFEHEK

Tab.5 Composition of dominant zooplankton populations in Liuqginghe Bay in 2021

3y b %2 Spring B Z Summer #Z Autumn
Dominant species X Y X y ¥ y
WO ET R Sagitta crassa 10.83 <0.02 245.83 0.10 105.00 0.27
REREET B Sagitta enflata - - 10.00 <0.02 16.67 0.02
KREZE4k Macrura larvae — - 51.67 <0.02 28.33 0.07
KEPELkEK 5 Acartia pacifica - - 10.83 <0.02 150.00 0.39
JEE gl K % Centropages abdominalis 751.67 0.02 - - - -
HE MR K 2 Centropages dorsispinatus - - 610.83 0.24 4.17 <0.02
[AJE /K& Labidocera rotunda - - 1093.3 0.42 - -
AR fLAE /K Parvocalanus crassirostris - - 163.33 0.05 - -
WK E&  Canthocalanus pauper - - - - 18.33 0.03
B5Je3k3% Penilia avirostris - - 85.83 0.02 - -
WICH, Noctiluca miliaris 38812.5 0.98 - - - -

o 100

% - - JE4FHIRI/K T Centropages abdominalis
g W G Noctiluca miliaris

g 80 I SR Sagitta crassa

5 W L IRIK 2 Centropages dorsispinatus
S 60l ff17K % Labidocera rotunda

2 W 5R%ifL4E/KF Parvocalanus crassirostris
k] 50503k % Penilia avirostris

E’ 40 I W KRR Macrura larvae

D LS B Sagitta enflata

% W Hof¥ /K% Canthocalanus pauper
= 20 KFHY54RK T Acartia pacifica

= M HAth Others
% 0

#Z= Spring EZ Summer FkZE Autumn
B} 1E] Time

Bl 6 2021 4R 03 75 2% 2= 15 o i sh Ay S5 o i) AR G = 12

Fig.6 Relative abundance of dominant zooplankton species by season in Liuginghe Bay in 2021
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a THFHE%) Phytoplankton S 0solb FHF#HY) Phytoplank E 35 - R34 Zooplankton S 1.0 TF#3))¥) Zooplankton
S BE 5 39 508
® %32 |mE 075 g 2.5 EE o6
- o WA E 20 BEo
2528 @ g 070 £Z15 = £oa
# 2 R £ 065 R E 10 T E oo
N 524 > ‘ 205 > Y-
& 20 " 060 B0 = 0
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Yh{3 Station ¥h{i; Station ¥5{i; Station ¥5{¥ Station
K7 2021 AF 0T 1T 4% 2= 19 PR AR W) 22 RV B0 (H ) I8 2] BEFR B ()i 22 1k
Fig.7 Changes in zooplankton diversity index (H') and evenness index (J) by season in Liuqinghe Bay, 2021
25 FHREYSIMEETFEXES T S FEEHAF, 5 Chl a & 52 B E EAE(E 84d),

251 FiHi TUAY 5 BT (RDA)FEAT T 35 1]
VTR WA YRV S5 40 5 A AR B I DG, TF S IR
AR5 EE L S T L E A R A R (E 8).
RDA /Mg B, 2021 4EHZ=3h B PR A 4
B Fh AT SEARTE R IR (& 8a); T 2,
FEAL S T 5 U EE RN pH S EAHSC (& 8b), 1]
FOUEAE 1 B AR 4 T HA Y U R 4 T RE T T 57 i L 5
TERkZ:, Chl a RS EEMBYM IS AHER
FHRHMIK(E 8c), X5HT RDA /M5 SAMlE . &
JETE 2021 47 A o X PRI 5 A B — B0
SEMALE, RN R ZE T R S R R, O
HE&ZN EBBYMATE. s, RDA BRI
JEATEE R WoR , TEAZ A T DIP LRI
EFRERGIER, 2REENOHEERE 8a); B
FkZ= 84 1 1E], DIN WA A 3= ZERR 1 K 2 (& 8b. ¢).

il Pearson AHEMEHT, 8 TR 5%
TR | AR R SR 2 R ARG AR (] 9).
TEREAFE TR SRS R, pH SRS+
EHRIEME, THEAEZERE FIEMHX
(P<0.01)(1¥l 9b), EZ=MH], IS IR S5
BARPI I IE ARG o [ ZE BB R 08 3k 2 T AF G, el
S5 Bk WA ) VR 2 AR PR TS AR R R G
(P<0.05)(E 9c), X bt BH V8 IV 32 2L 77 e A 4 1) e
AR EAE 24 CAaAd . AN, M4 2021 4R F)
WA ERE AT, R E Y s S CoD R
I IEAE(P<0.05), ZFHEMHFEECRI S %S DIN
BB ENARP<0.05)(K 9b), BRItk 4, 2021 4EE
Z% DIN 5R%IF WY £ 2 IEAE, AE5 2
BRCRIY &) BER BRI i 2 UAH G (P<0.05)(K] 9b),
252 F#HHM RDA /i8R Bon, TERIE M
3 WIAA TR EE IR 5 IR R A
(F8d., e. ), HEFZMIREMERE K, WKL
M3l 103 B A A TR AN TR o 706 BUAE R 2 TR

BFEE . BkZFET, Chl a SRR shY 2 k%
(Kl 8e. f). pH 5&F . EEMPBIRIshY— M I B
MRKREE—ERE AL R A 8d. e), I
PAEMR AL R R, pH 5 EELPEIRI s K
VYR K R B BN R, HSH R R R
AT 5 2 EAI OGO R (B 8D, R, 5Pt
) RDA ZHr & AL, PRI+ 58 R 8k
HXXRBE, HEETARE 8. ), XEKE
T s ) = 2 B 25 A8 Ak B T B 8 3% 00 G 46 %
WREE, T R T R R BRI Y, R IR SR
) N/P I,

Pearson AHICMEHTES R W, WIE WIS H 2L
PIRWe S A Y S Chl o B E IEAX
(P<0.01)(%l 9d), 1HXE | BKZROLRIF B FAEY)
WA S Chl a 2HAMKEKR, NHEKZEWE 9D
(P<0.05), {HAEFE— S8, STFUFHEY) Pearson
SIMTEESARR] , PE ATl sl Wy ¥405) B 6 B tE I 2R
5 DIN & i Z 7 AH 5 (B 9¢)(P<0.05), %] DIN ZH
L f A R PR 25, DIN 2 fin 4 S 3 A 3 b
B i

3 i

TR E Y TR 25 AR L Z IR B . $hE L B RY
J | Bl HLAR I L K PR RS E L R R R R,
JEZ N AL REIE A4S 50 AL SN b IR .
B B KOK SO 5 A SRS e B R PR T A W A TR
SER AR Y 32 bk [N K (Hays et al, 2005; Riandey et al,
2005; Drira et al, 2014), X1, 7EZBUIL 35 V5 X A
B ARG, B2 AR ETRHE ] fE S 25
B IR O B SR T A0 SR A R R DR R L e R
ALB TS FET, 32 NI sh B 52 i i S 25000 g AR D%
B FRAE 2R R 2R DA S RGN R
AL E 1 (Levitus er al, 2000; Smith et al, 2009;
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Fig.8 Redundancy analysis (RDA) of zooplankton dominant species (only the top five dominant species) with environmental
variables by season in the Liuqinghe Bay in 2021

a:

PR AR b FIFHYIE S

TR d: PRIFsiRE; e

TRUFEE %, TRUFSI YRR

a: Phytoplankton in spring; b: Phytoplankton in summer; c: Phytoplankton in autumn;
d: Zooplankton in spring; e: Zooplankton in summer; f: Zooplankton in autumn.

Freeman et al, 2019). {HAH% T HAh ]

B (FRF 5, 2024), 1E 2021 4 IR A TR A BLTR
T AT SRR OK BOIR D R, Bl A 3 T 2k 11 Tk T
5 RIS A W, N3 37 A 1 15 B Mk
AR, AN TR I, 2 Hrig i b

16 AN g

G D, WMHAES
SRR, TRIFEYIREE Z R AR, s e

K SIS S0 PR LR WIS 2 18] A4 52 FLAE TR &5
RIS M ALEAT U A o
AWEFE RS, JAEYEREN S ESET 0.5
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Fig. 9 Pearson correlation analysis between zooplankton abundance, biomass, Shannon-Wiener diversity index (H') and Pielou’s
evenness index (J) and environmental variables in Liuqinghe Bay

a: FIFEYIFES; b FIVEYES; o FiFHYKE; 4 R ES;
e: ISR %, £ FHiFshtkE:.
a: Phytoplankton in spring; b: Phytoplankton in summer; c: Phytoplankton in autumn;
d: Zooplankton in spring; e: Zooplankton in summer; f: Zooplankton in autumn.
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44 FITRIEAE Y (3R 2), H AR ZIR U Y00 B S Ak
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BAER AR —, HEREES] 14 Fh(FK 4), (HIFNES)
YRR A 3 A2 ik B i E KCF-(#] 4a. b),
B2 VS 8 SR BRI R 7 2 222 DIP, [H] A fRd
HRAR B A = AR S pH, AR, B0k
HAE R B Sh W 0 46 % P 3 (Y>0.95), 25 &
I F AT Z —, HEZ N TR, FE
VLT AR ) RN 1 45 O £ (Zhang et al, 2020), ME S
KIE R Z 710 % JE, DIN., DIP 4578 32 Eh vk R 2>
BAEZ O R A BETE (P A, 2015), [HAT LA
AR TR A ) R, DR R Y =X
XPROEH =AM G . RHZR R, X5 RDA I
Pearson 543 #T 1Y 25 S A0 — 2 (K] 8d. & 9d). LAk,
(EAFE R, RO AR 2 AR 1 KR B BRI
Z, I HAERE S = v 2 /9 DIN A1 DIP, Jf Ho 2RV
B COD e 3 v TAEARE R, SR1M, ARYE 2021 4
BRI RENEIE RS, WIEWEEE DIP J&
COD Kk EERAR(A 2d. f), JFREBI I ¥ E., IFH.,
WO (38 812.5 /N/m?) 1) oA 35 5] i 1 5 ofe e
(B4 V555, 2024), 59NV HEZE(2013) R 1 70 725 1Y) %
EREHAT IR R B, 2012 4E 5 A JIETE DIP &
HUEET 2021 4EFFEG H), R L4 TR0k
e P, A RO HUR A2 S0 9 S v A FH i e
FE BT VS I AR A, Mok I RE K A rp g 3R o
I TRIEAE Y, X A FT P I 0 TS B 2 1R
W R ZREVERAR X Chl a SR 2 S i A
(Kl 2e. Wl 7)o 2 BITIR, JIE WIS R B LER
S HUIR I RS, SCEEEI T DIP BB 75 15 21 Pk 1)
I,

Bt 10 BE O T, R TE TS L Rl R W 2k
PEFE O = THEKE(E 7a. o), HEERAEY R
AT KE(E 3a. b, K 4a. by, MIXTRIHL, WH
TS KR AT 3 A Chl a, (H3 FEE W I
fIK(F 2e. f. g)o BLRTAIAIGT R, ROGHMELITE &
WA AETECE B 745, 2021), X 57EEKEATIK
AR LER B0 RS AW & o AR IE 7 PRI
44 DIN F1 DIP WU EL I 16 < 1, FKBLK DIN BRI
(Redfield, 1958), X5 Pearson H2C4rH7r45 H—3K
(Kl 9b. e)o SAAFARRIZE RIS EAEFALL, 2021 4F
B ZTRE TR EY) 2 FEPE[3.38 (2021 4 8 H)>2.87
(2012 4F 8 H) M FBE[(242.50+136.40)x10° cells/m’
(2021 4 8 J1)>194.27x10° cells/m*(2012 4 8 )4 & ,
{H DIN 1 DIP 4835 F2 0 R A FRAR AN FH 55, 2013),

AT RE 1 J5 PR R VR A M D KR RE TR R
JF, X5 Pearson HH5C/rHrah S —2 (K 9b). M TR 2.
e 4 TE 7 WA, BT A Y e R R I AL
HYEEAT, I LGS N 3, IFiEsh P Lies
BN E, SREATIRERAY) G Bopp et al, 2005,
Chang et al, 2010; Liu ef al, 2012), >4 DIN iR},
2 IR R X HUATHE A1 B T S e 9 1 A K S B R A
I (Flanjak et al, 2022), 31 8] 32 5 00 75 i sh W ik
MM, SEORIFEYREE 2R FRE(E 9. e).
PRI, DA Ay 592 00 7 T 1 I 2 7 Uit A W R 5 4 =
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TLIE TV B ZR MU UCR AR B s | I TV K
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BLRIAFIE Sy, 100 AT G5 K 3 AR R TR
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SRR H WL TR VERR R A, s O R —
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R A X U I RE D e, i 32 DIN B (& 2h)
M AN (EERAE, 2000a, b), X5 RDA &5 HF—%
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(FEEMIAE, 1997), XIEAMFE T Chl a 5IFiFHYF
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Differential Responses of Plankton Communitiesto Environmental
Changesin the Liuginghe Bay Estuary

WENG Chenshi'*?, LI Zhixiang'®, WANG Yingzhe'*”, DING Dongsheng'~,
CUI Zhenggu01’3, QU Keming1’3, HU Haiyanz, WEI Yuqiu1°3®

(1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. College of Marine Science and Technology, Zhejiang
Ocean University, Zhoushan 316022, China; 3. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao Marine Science and Technology Center, Qingdao 266237, China)

Abstract Estuarine ecosystems play an important role in biodiversity due to the close
interrelationship between riverine and marine environments. Phytoplankton and zooplankton serve as
ecological indicators of water quality in estuarine ecosystems. Therefore, an integrated evaluation of the
effects of multiple environmental factors on the phytoplankton and zooplankton communities in estuarine
ecosystems is essential. Previous studies have often been limited to the interaction between a single
phytoplankton or zooplankton species and environmental factors, whereas studies on the mechanism of
the overall planktonic response to environmental factors are lacking. Therefore, we collected water
samples from seven stations in the waters of the Liuginghe Bay in March (spring), August (summer), and
October (autumn) 2021. Redundancy analysis and Pearson’s correlation analysis were used to explore the
effects of environmental factors on dominant phytoplankton and zooplankton species and communities.
The results showed that there were large seasonal differences in water temperature in the study area, with
the highest (23.70+0.17 °C) in summer and the lowest (5.91£0.03 °C) in spring. Changes in the mean
salinity of offshore estuarine waters—with variations ranging from 30.29 to 31.70—were usually caused
by inputs from estuarine runoff, showing obvious seasonal characteristics, and salinity among different
stations did not show significant differences. The pH decreased with increasing water temperature.
Compared with the first three hydrological parameters, chemical oxygen demand, Chl a, and nutrient salts
did not show obvious seasonal patterns. In 2021, 94 phytoplankton species from three phyla were
identified during the three cruises, with 80 Bacillariophyta spp. being the most abundant, followed by 13
Pyrrophyta spp. and 1 Chrysophyta sp.—it is worth mentioning that the same Chrysophyta sp. was
identified in all the 3 cruises. The spring cruise in 2021 identified 44 species from three phyla, the summer
cruise had the richest community composition, with 58 species from three phyla, and the autumn cruise
identified 55 species from three phyla. In addition, the mean abundance of phytoplankton in Liuginghe
Bay in 2021 reached its maximum in summer (242.50x10°£136.40x10° cells/m’), with the mean
abundance in spring (19.38+12.23 cells/m’) at the lowest level. However, the seasonal variation of mean
phytoplankton biomass in 2021 in Liuginghe Bay showed the same abundance trend, with a maximum
carbon biomass (946.89+810.66 pg C/m’) in summer and the lowest carbon biomass (31.15+20.96 ug
C/m’) in spring. A total of 48 zooplankton species were identified in 10 groups, with copepods being the
most numerous (15 species), followed by pelagic larvae and hydroidomedusa (11 species each), tunicates
(3 species), chaetognaths and cladocera (2 species each), and one species each of jellyfish, amphipoda,
mysidacea, and euphausia. A total of 14 zooplankton species from five taxa were identified during the

spring cruise, 28 species from seven taxa during the summer cruise, and 25 species from eight taxa during
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the autumn cruise. Copepods and pelagic larvae had the highest occurrence frequency in the samples from
each seasonal cruise; however, the frequency of Hydroidomedusae gradually increased over time.
Moreover, the mean zooplankton abundance in the study area showed a clear seasonal pattern ranging
from (55.00+£12.52) — (5 665.71+4 576.32) ind./m’, with the maximum and minimum mean abundances in
spring and autumn, respectively. Biomass exhibited a seasonal pattern like that of abundance, showing an
overall decreasing trend. In 2021, the phytoplankton Shannon—Wiener diversity index (H') and Pielou’s
evenness index (J) in Liuginghe Bay varied greatly among the three seasons, and there were significant
differences among different stations. The average J of phytoplankton did not differ significantly among
seasons, especially in spring and summer, but it fluctuated greatly among different stations. In general,
phytoplankton biodiversity was the highest in summer and lowest in spring, whereas the evenness index
was relatively evenly distributed in spring and summer and more scattered in autumn. The zooplankton H’
and J showed very similar trends, being generally higher in summer and autumn than in spring, and the H’
fluctuation in summer and autumn was also stronger than that in spring. The overall trend was higher in
the summer than in the autumn. Overall, there were significant spatial and temporal variations in plankton
in Liuginghe Bay, in which the main influences on plankton-dominant species in spring and summer were
temperature and nutrient salt concentration, while the main drivers affecting plankton-dominant species in
autumn were temperature, salinity, and nutrient salts, and there was a potential for red tides to occur in
spring and autumn. In addition, ocean currents, land runoff, and meteorological hazards are important
factors that influence the community composition of dominant zooplankton species. The results of this
study will help improve the understanding of plankton communities in estuarine ecosystems. It will also
provide a theoretical basis for the scientific management of the ecological environment of Liuginghe Bay
and an in-depth understanding of the mechanisms of plankton community changes in the Bay.

Key words Liuginghe Bay; Phytoplankton; Zooplankton; Environmental change; Driving factors;
Response mechanisms



