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Effects of the sea water environmental factors on zooplankton community
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Abstract; Quantitative analysis of the relationship between the water environmental factors and zooplankton community
nearshore of the coastal wetland is of great significance for assessing the sea water quality. Based on the investigation and
sampling of the seawater and zooplankton nearshore of Yalu River Wetland National Nature Reserve in December 2019, the
influence of environmental factors on zooplankton community structure was analyzed using Redundancy Analysis (RDA) and

the Structural Equation Modeling (SEM). A total of 14 species of zooplankton and 5 groups of planktonic larvae were
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identified, of which the number of copepods was the highest with proportion of 52.63%. None significant difference of
zooplankton community was detected among different subareas of the nature reserve. The diversity index, evenness index and
richness index of zooplankton community in the study area were 1.34, 0.51, 0.59, respectively. Simulation result of the
SEM showed that richness index of the zooplankton community was directly affected by the eutrophication status of the sea
water with a coefficient of =0.26 (P =0.01), and was indirectly affected by the heavy metal pollution status with a
coefficient of —0.2. This study provides useful insight for the relationship between sea water environmental factors and the
zooplankton community, and provides basis for the scientific management of the offshore marine ecosystem of coastal

wetland.

Key Words: zooplankton; eutrophication; heavy metal pollution; the Structural Equation Modeling; Yalu River

coastal wetlands
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o IX Chl-a % DIN F Al Cu & SR X I8 A% 0 X 2% v XORTSE 56 X K A BRI AH Bb B 35 48 (P<
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Table 1 Characterization of measured environmental factors of the sea water under different partition

SrIX Chl-a/ “ WTSS/ Do/ con/ DIN/ DIP/
Partition (pg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
DCA 1.52+0.38a 32.23+0.06a 15.90+4.15a 6.48+0.20a 0.92+0.05a 0.24+0.03a 0.03+0.01a
ECA 0.88+0.08h 31.23+0.06a 20.80+4.96a 6.23+0.07a 0.95+0.05a 0.16+0.00b 0.02+0.00a
BA 1.02+0.30b 31.19+0.46a 15.52+6.04a 6.43+0.23a 0.89+0.10a 0.18+0.03b 0.02+0.01a
FA 0.74+0.20h 31.28+0.30a 12.57+4.57a 6.54+0.27a 0.92+0.16a 0.18+0.03b 0.02+0.00a
F 6.80** 0.09 1.84 1.25 0.26 4.58* 2.28

RRVNEG FREFRANF 4 X HA B E 2R (P<0.05) ; DCA KW M40 X Core area of Dayang river delta; ECA 3B 440> X Core area
of Erdaogou; BA: ZZf1[X Buffer area; EA {33 [X Experimental area; Chl-a "M%2¢ 3 a chlorophyll a; SA #: 8 Salinity; WTSS 7K H B & IF Y Total
suspended solid in the water; DO # % Dissolved oxygen; COD b2 %t Chemical oxygen demand ; DIN %5 f# JGHLZ Dissolved Inorganic Nitrogen;
DIP i VR £5 BV fi% Jo L% Dissolved inorganic phosphate
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Table 2 Characterization of heavy metal content in the sea water under different partition

53X Cu/ Ph/ Zn/ Cr/ Hg/ cd/ As/

Partition (peg/L) (pg/L) (ng/L) (ng/L) (pe/L) (pe/L) (ne/L)
DCA 3.43x1.16a 2.94+1.89a 18.00=10.75a 23.63%2.67a 0.03£0.01a 0.07+0.04a 0.00+0.00b
ECA 3.03x1.75b 2.60=1.77a 10.30%5.39a 25.77+2.24a 0.05:0.01a 0.06:0.01a 0.50+0.40a
BA 2.69+1.28h 2.47+1.19a 15.34+5.83a 26.74%8.11a 0.06+0.05a 0.09+0.09a 0.52+0.21a
EA 1.4020.20b 0.88+0.24b 10.45+2.74a 26.40%3.92a 0.06+0.05a 0.05+0.04a 0.39+0.33a
F 3.76 3.93** 2.02 0.22 0.34 0.5 2.78**

AFNG FhEFRR AR S X B B2 (P<0.05) 5 + = 59 0.01 KFE FEARBEELES

0.89+0.40 , /K JF A HLIG A8 50N T 1.03—3.26, F-I{H N 1.84+0.55, /K i i 42 & 15 Y #5 5U F 0.32—1.42 ,°F
PIEHR 0.67£0.29( & 2) o PRAPIXOR[R 53 X 2Z (R PREAE ) 7 o (B RN 50 BEHR 2028 AN K (3R 3,P>0.05) , i
S DX K A i B EL A b 2 e e B RIS 2 R AR RIORT T BE R AL (P<0.05) , B0 IX (AL 48 KVET A% 0
XA 3B VA A% X)) WS LA S 2 B AR 2 FE TR E5OR = B 8 5 ( P<0.05)

F3 RPRRE S RIE WA B ST

Table 3  Variation in the phytoplankton community abundances, species’, diversity index, evenness index and richness index in the sea water

under different partition

JrIX SR LIRS EZE R o) R R E LR
Partition Abundance Species H' J D

DCA 11357+2628a 7+4b 2.17+0.75b 0.78+0.11a 0.49+0.34b
ECA 9895+1711a 6+1b 2.22+0.22b 0.87+0.06a 0.38+0.07b
BA 10247+1933a 7+1b 2.44+0.24ab 0.84+0.06a 0.51+0.14b
EA 14341+4760a 11+1a 2.82+0.23a 0.80+0.07a 0.77+0.08a
F 0.28 0.002 0.04 0.51 0.003

ARVNG FhERIR R R 4 X HAT 8825 57 (P<0.05)

22 TRIFSHYIRN A LSRR 45

PRAP XTI i e 9 7 HH R i Bl ) 6 K 14 o
PR PR A L 5 28 LR 2 10 A, i i 4Ry S
52.63% 3+ /I B A HUKEEIEAS 1 A, 5050 30T
Bl B 4.55% ; TEWF AR 5 Rl o AR Y 25
26.32% . MZRYT FI M PR 4 X 7 7 387 i 3 ) 1
i oA it £C 25 4 /K 3% (Acartia hongi ) BB 25 R 7K 2%
(Acartia bifilosa) UMUK R ( Paracalanus parvus) FH

2.0

154435 %k Index value
&
T

KJEE1/K % (Oithona similis) (& 3) , BB R e = W) 0.5 L

AR/ INMUE K &, AR E SR & . IRIEsh )13 0 1 1 1
FEEEH 1200 A/m®, SEXHIFECH 7(F£ 4) , TRk EHFAAE  AHIERER EEEITRES
IREYE £ BEPE RS RO T 0.74—1.79, 1 1,342 FPRVURIRACRIR Types of pollution index
0.32, A EEFE B0 T 0.27+0.86, F- 3418 4 0.51+0.15, E2 ks RRRIEs
i%g*ﬁﬁjl\ﬂ: 0.29—1.05 , 1]7_:[:/}]@%3 0.59+0. 190 ZQ Fig.2 Pollution index of the seawater

43X 8] Z REPEFE B A S FEIR B B H 1k 2 7
(4, P>0.05) , 115 BEFEECU 2 B0k S50 XN A1 T i 3k o 38 e vy, A% 00 DX (B 6 KPR TAT 1 AZ 0 X F — 3B 78
o X)) Ml (3% 4, P<0.05) .,
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Monte Carlo #3423 H], COD (F=17.4, P=0.002) .DIN e R S VT
(F=5, P=0.028) MR HIMIBETE ZHEE(F=3.5, P= EEELEEEEEET
0.046) ST UEED P B 2 0 FULAT B35 MR A Z2oILETZERT
BIRRFRIT R 38.4% 21.9% H1 18.4% ; T 42 & Cu X > o
WA IR )M A R BRR (F=3.1, P=0.068) ,fi# R Specie
BETTIRERN 6.2% ., TUAIT AT UL 1S 47T 11 18 b 3T 2 VA B3 EMsh MBS B R
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Table 4 Variation in the zooplankton community abundances, species’, diversity index, evenness index and richness index in the sea water

under different partition

41X FREME VIR (Fi) SRR o BEHR R F TR
Partition Abundance/ (~/m?) Species H' J D

DCA 1220.63+987.02a S5+1b 1.23+£0.45a 0.50+0.20a 0.48+0.07b
ECA 661.80+343.96a S5+1b 1.51+0.26a 0.60+0.04a 0.50+0.08b
BA 1065.30+643.67a 6x1b 1.36+0.34a 0.56+0.17a 0.52+0.17b
EA 1545.56+653.88a 8xla 1.30+0.32a 0.41+0.08a 0.75+0.17a
F 1.48 5.63"" 0.4 2.07 4.59*"

ARNG FRF AR X BA RFEMEESR (P<0.05) 5 + = 5 0.01 KV FEAHRBEZES

g 7K RIS YA 0 PP I AR AR v A A R i Sh R T AR AR B A S 23 B (3 5) 3R T KA Y T < R 35
RS T S R ORI = B AR BRI R GO OGN, 5 PR U0 s 4 T B S 3 RO S s Tl K b R U
TP 2 RV RO 2 o BE R RS TR sh ) i e B b O 2 s B R B 3 IR e &R, 58
S EFERCRAN 3 GRS PR AR R 2 S AR 205 P2 i s W0 b ORI 1 8 T M 2 o 28 ARG &R
TR ShWIHEE Z AR TR RS BRI 5K TR 8 TR AR BT DLTS Y8 BB R B W MG | (U AT 3l
P ZAEPEAR RO T BT G R0 2 [0 A% Jm (11 5) R FE , W 123 (8] R B AT A9 A2 f LA

£5 WETIOEMZFRFMEEENSKRMEIZHFENREEHNXR

Table 5 Correlation between the zooplankton community structure and environmental factors including the phytoplankton community of the

sea water
ZD ZN ZSHI YA ZRI

Ei 0.15 -0.27 -0.21 -0.06 -0.33
OPI 0.17 -0.30 -0.23 -0.06 -0.34
WHI -0.50" -0.65"" 0.07 0.40 -0.63""
PN 0.64"" 0.77"" -0.20 -0.61"" 0.71""
PSHI 0.61*" 0.70 " -0.17 -0.56"" 0.66 "
PEI -0.16 -0.42" -0.20 0.05 -0.42~
PRI 0.64"" 0.76 " -0.22 -0.63"" 0.70""

# kL FE 0.01 K LM i A OE s+ 7E 0.05 K 12 WM ZD . IR iF sl % B Zooplankton density; ZN . 37 I 81 ) FH X Zooplankton
species ; ZSHI. TR B4 2 B 464X Zooplankton diversity index; ZET . ¥ I 314 ¥ 2] BE #8540 Zooplankton evenness index; ZRI: V#3114 4 & 1540
Zooplankton richness index; Ei : & & 72k F8 %L Eutrophication index; OPL: FHLi5 4448 %X Index of water organic pollution; WHI T 4 J& 15 Y445 5; PN .
TEIAAE Y YT EL Phytoplankton species ; PSHI: B I A4 ZREE 15 51 Phytoplankton diversity index ; PET i #4542 244 B 45 51 Phytoplankton evenness
index; PRI VRIFAE Y 3= & Ji£ #8 X Phytoplankton richness index
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RD: ST HTHEF il Axis of redundancy analysis; RDA: JUAY43#T Redundancy analysis; WTSS: 7K {1 &L B 7Y Total suspended solid in the
water; COD: fL22 754 Chemical oxygen demand ;DO ; fi#4A Dissolved oxygen; DIN ; i JEHLA Dissolved Inorganic Nitrogen ; DIP ; Jif MR
£ BV TCHLE Dissolved inorganic phosphate ; PSHI: I AR IR #% 22 HE 46 28 Diversity index of phytoplankton community ; S1: 1 EHF Acetes
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A FFHUE Caprella sp.; 20 5 i3 M Oikopleura dioica; S21: BUBUK EEE Obelia sp.; Y1—Y23 . Wil i 255

WE 6 JioR  ASHIEGE Bl e B8 46 5 RS AL v LA R I i s ) =F &8 B2 AR 01 55.4% , W] LAS# R TR 2l ) 24
SIREAEAGIY 28.3% , FEAFRBEIR T4 & TR OK & B SR AR B g K 4 Jm TS Y AR B DL KPR AR B e
(X*= 0.23,df=1,p=0.63,GFI=0.99, RMSE<0.01,CFI=1,AIC=28.2) , iZ M IR A4S 5 B ] 4357, 2
R WK & B IR R sl 4 & B B 0 0 RS A (U R B -0.26, P=0.01) B & H
FALAKE T, TRl s 0 T & T S BRI s VK 4 R V5 Y AKX TR U sh 0 1 = R U Sy 2 A ]
S RISE A 52 W PR 1 T B (0N R BN -0.41, P<0.001 ) K [] 432 5% i 27 9 s 4 1 3 5 B8 (] 4338007
FECN-0.2) , MK E 48 15 A MR s ) =F & B 0 80 RECH -0.17 (P=0.16) , WK EEFRL
IRV EE 4 S 5 Y AKX P i sh ) 1 3550 JE A TE B 5 (P>0.05) , IFIFAEYI RS £ B E 5+
JEA B 5 2 1E ) O R (U Rk 0.49,P=0.01)

3 itig

AR A ZE A AE RS SR VT Wb [ 589 A SR ORI IX L S iR PRI 3l W) 6 K2 14 B DL BG4l de 5 28
ks IR Z 1 52.63% , O EEALHERE . 1958—1959 4F4 [E M PELE A4 2009 4F Jb 8 15 T 5 i 4}
PSSR DL R 2015—2016 AFAb oA A 45 1 2 03 B B A S A Jb w0 g 1 A o P 3, 5 AR S R —
., ARWHAIFWE Y FIE RN 1200 4~/m’, 2250 T 2007 A0 B VA A 15 2 (00 72 e sh i 7 35 2 (A
355 Av/m’ P BEFAE 2015 AR A B PRI S F R (T LR 1799—4168 4~/m’ Y U 52 8155 FR Eh vk
JE WA LR SR A SRS N | RV U S B AR PR AR AR R BRI S SRV W AR X A 2
VT RSl S A SR A it IR 5 K 8 B S K 2 /MUK 28 AU IR SI7K 8 | X SRk N 24

http ; //www.ecologica.cn



14 SR A5 G LRV T R RO PR X 4 2 s R v A A B S 397

39°48'N

LSRRGSR

[ 1.034—1.688

[ 1.689—2. 175
[ 2. 176—2. 828
I 2. 829—3.446
I 3.447—4. 064

39°36’

s Z R RS

[ 1.334—1.516
[ 1.517—1.700
[ 1.701—1.846
I 1.847—1.948
I 1.949—2. 145

123°40’ 124°00'E
0 5km

5 REIIOIRMIN F SRR SHES KRR ERTASHED

Fig.5 Spatial distribution of the Zooplankton divert index and water organic pollution index
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