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Effects of spatial and environmental factors on benthic invertebrate communities

in natural and freshwater restored wetlands of the Yellow River Delta
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Abstract: The underlying processes affecting community structuring in species composition is of primary importance in
community ecology. The relative importance of spatial ( dispersal-related) and environmental processes has been a major
challenge for understanding the assembly of ecological communities. We examined the relative importance of spatial

processes ( dispersal-related) and environmental processes ( environmental selection-related ) in community structure for
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benthic invertebrates of estuarine wetlands in the Yellow River Delta, China. The benthic invertebrates and environmental
factors were sampled and analyzed from 32 sites of estuarine wetlands ( 19 freshwater restored wetlands and 13 natural
wetlands) in October 2017 and May 2018. The results showed that the spatial distribution of benthic invertebrate
communities in estuarine wetlands presented obvious differences, and the community structure of benthic invertebrates in
freshwater restoration wetlands and natural wetlands was significantly different. The Canonical correspondence analysis
(CCA) results showed that the community structure of benthic invertebrates in freshwater recharge area was mainly affected
by conductivity (Cond) , salinity (SAL) , oxidation-reduction potential (ORP) and the influential environmental factor in
natural wetlands were pH and inorganic carbon (IC). And there were significant differences among environmental factors,
and salinity might be the key factor causing the difference of benthic invertebrate communities’ composition between the two
types of wetlands. The results of variation partitioning analysis ( VPA) showed that environmental factors were more
important than spatial variables in regulating benthic invertebrate communities of freshwater restoration wetlands; while in
natural wetlands, spatial variables played a major role in regulating benthic invertebrate communities, and the interaction
between environmental factors and environmental variables was also crucial in the community. This study clarified the
relative effects of environmental and spatial factors on the characteristics of benthic invertebrate communities in the natural
and freshwater restored estuarine wetlands, which can provide some reference for biodiversity protection and ecosystem

management in estuarine wetlands from the Yellow River Delta.

Key Words: estuarine wetlands; benthic invertebrate ; environmental heterogeneity ; spatial structure
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Fig.1 Sample sites of freshwater restored wetlands and natural wetlands in the Yellow River Delta
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Y “ metaMDS ™ BRI £ F1 “ anosim ™ PR U S B, Kolmogorov-Smirnov £ 56 F1 T 5 56 2K FH SPSS Statistics Version 22
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K FH Mantel 6255 F10 Mantel 656 JIAN Y1 RE 7 ) Fh 2H R 25 1 3900 29 AN PR B3 PR BY Z [H] Y Spearman Bk
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B 15 (Euclidean ) 5 2§l 5, Mantel #2535 52 i Mantel Kz 3038 18 R 4 H 1) vegan 155 HE
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PCNM Zp#ridiad R A PF i PCNM” 5B

K 7% 2443 ( Variation partitioning analysis, VPA) > P44 BRI AR B A1 23 18] [ 176 fit B AR V% 45 A0 2 R P
AR TTRR . B E3R CCA R PCNM F3 A Hb iy ) 2430 7 24 3 A P48 S AR LE AF DG 25 ()42 da A Ay il A2 B FN
P B JEAT S WS VR e B AL AT VPA 2087 5 i i (i TCAY 207 (partial RDA, pRDA) 71525 6] 4 15
REEAR B A R . VPA S5 30T LU A DU A B g3 43 RIS i B i ([ E]) L 2liss [al i B o
([S]) ZlizhEEfnaizs (A28 g LR R ([ENS]) ORAFREE (1-[ENS]) . ket iy B & eI 5%
K& E WA K SZ I ( Monte carlo permutation test) , pRDA Fl VPA 43#H1iE 1 R A4 vegan 115

http ; //www.ecologica.cn



17 34 XUPHPE 2 23 A FIERIEE IR 06 BT 11 [ 2R R K 1S 160 3 TP AP 3 0 o v (1) 22 57 R i 6897

2 ERES

2.1 BRI THHE
MSTHEAS TR R IR WA [ SRIB HL Y Cond \SAL SOF .CI™ TN il pH 45 FR5% I?lEﬂi’JIﬁ
EMEXE S (F1,P<0.05) . FH1, Cond SAL SO FI CI™ %5 375 45 B (W BR 5 15 47 22 S0k 1 35 ( P<0.001) , 3%
SRUEAEIR K IR IZ TR A4 5 T HCO; ,CO2™ . TOC \TC .IC .DOC £ ORP #%ﬁ%l?ﬁlwﬂﬁxmﬂﬁzwﬂ
HI2Z T AR E (P>0.05), CCA J3Hres R B /R , Cond SAL F1 ORP 2R /K VK & 15 i A9 = B2 0 K1, pH
IC J& A SRR B2 7 (32 3) o b AT R 2 X 00 T 25 10 M R B RPAE 1) B L8 A
F1 POKBE IR B RBIA K EER ISR T (4522 )

Table 1 Water quality measurements in freshwater restored wetlands and natural wetlands( Mean+SD)

W T WK Mt A SR . p
Environmental variables Freshwater restored wetlands Natural wetland

L5 Cond/ (puS/cm) 4.03£2.12 37.29+10.66 -15.619 <0.001
ihPF SAL/ (/L) 2.27+1.34 26.25+7.53 -16.826 <0.001
TR EE F SOT / (mg/L) 222.08+82.95 705.42+469.66 -5.548 <0.001
AT Cl/(mg/L) 250.12+94.04 8348.93+2019.12 -28.48 <0.001
S TN/ (mg/L) 0.88+0.40 1.64x1.11 -2.937 0.007
pH 8.12+0.35 7.72+0.24 3.479 0.002
RER AL B F HCO3/ (mg/L) 145.60+37.73 173.09+40.55 -1.761 0.089
AR LB T €O/ (mg/L) 1.24+2.56 1.79+2.84 -0.926 0.362
SA LUK TOC/ (mg/L) 22.63+14.83 17.87+8.45 1.23 0.229
BBR TC/ (mg/L) 50.50+18.20 42.64+9.36 1.344 0.19
TEHLK 1C/ (mg/L) 27.87+6.82 24.78+4.14 1.065 0.296
B IRA WL DOC/ (mg/L) 17.58+11.17 15.59+7.64 0.566 0.576
SAALTR R ORP/my 50.94+19.16 43.98+7.23 0.556 0.582

2.2 JIEHEShIE TS G RURRAE

MR LB RS9 96 st KB T 3 1174920 H 59 B, W14 3 44 11 H 40 #} 68 Fh
(R P 70.83%) , P R A 49 5 B S IT Y 60.42% , ARSI A 2 N6 H 14 B 20 Ff
(21.51%) , tHOWSEAIFNIE & ALK, 53000 o5 Ao JS BRI E 1Y 7.29% F1 13.54% s A58 1A 2 493 H 5 L 8
Fl1(8.33%) , HSE BN L BN, 5 S5 HRTTE 2.08% F1 6.25% . £TUR ( Oncomelania hupensis ) FlH
FEMF(Acetes chinensis ) NALFEYIFR FIXT 2 B3R 21.4%F1 34.28% , 75 Tl F UF ( Chinese white prawn) F1H [E E
WR (Acetes chinensis) A H3 BUSTCR B i B0 Rl 300 A 7E 65.63% LA L HRAFE &S (R 2,18 2)

NMDS( Stress = 0.08 ) 73 Hr 45 5 /R IR K PR S g b A H AR VR H I Sh i BEVE s i B B 22 5% . 74,
ANOSIM 73 Hr 45 R W] PSSR 1 0 I S R EVR R AAAE 25 7 1 M (R=0.68, P=0.001,1%3), H3k2 A]
S BT = AT MR KR S 1 RSV S P ) 0 S 8 B Shannon-Weiner ZREPEFE BRI Simpson $5 8034 785 T
H AR A AP A B, H.22 7 35 (P<0.05) s Y5 BE T i 25 5
2.3  Mantel f{ Mantel ¥ 56:

Mantel 5 %025 3R W], LEIR KK A2 00 i v | JRC AP 2 40 1 % <1 AU BE 2 I P 55 08 8 ) 8 it 38 im (R =
0.262, P=0.017) , S5HbFHIE 85 JC B ZAHCHE (R=0.106, P=0.103) ; i 7E H ARG H T | IR sl ey AR AR LI
P S i 3L S A N N (R = 0.631, P=0.001) , 535500 25 J Wb AH G (&1 4, % 3;R=0.14, P=
0.19),
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R2 BOKREIRME AR AR R M B E R B SRR

Table 2 Diversity index and dominant species of benthic invertebrate communities in freshwater restored wetlands and natural wetlands

H 2R A Wetland types

Dominant species BRAKIR SV H AR F P
Freshwater restored wetlands Natural wetlands

K5 R —Fh Corixidae sp. 22.50+32.65 0.04£0.14 8.93 0.003
HZREFEBEL Orthocladiinae sp. 3.44+6.20 - 10.47 0.001
WARHK —Fh Agriocnemis sp. 4.72+11.17 - 10.47 0.001
WARHY—Fh Cercion sp. 11.47+13.37 - 18.38 0.000
WARL)—Fh Enallagma sp. 3.25+3.48 - 13.34 0.000
KFE Corophium major 0.28+0.83 5.50+13.46 2.48 0.115
75 S BRAAAF Allorchestes angustus 4.42+11.67 0.08+0.29 9.78 0.002
FHHEUF Exopalaemon modestus 15.44+16.08 0.67+1.37 18.81 <0.001
H [E B HF Acetes chinensis 26.75+53.90 54.25+163.79 1.15 0.283
¥ NEZUR Radix swinhoei 8.94+15.67 - 11.86 0.001
Bed N Radix lagotis 6.33+13.67 - 5.75 0.016
R[5 e B2 Hippeutis cantori 5.75+13.35 - 9.17 0.002
ETHE Oncomelania hupensis - 151.21+345.83 10.70 0.001
SeHE PR 12 Stenothyra glabra 1.89+3.84 6.33+8.24 0.82 0.365
F 5 BB Richness index) 15.50+6.90 6.17+3.76 14.09 <0.001
Z R FE 4 ( Shannon-Weiner index) 2.56+0.82 1.14+0.93 11.76 0.001
ARG R Simpson index) 0.70+0.19 0.37+0.29 9.29 0.002
FIAI S Pielou evenness index) 0.66+0.16 0.53+0.32 1.21 0.271
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Fig.2 Benthic invertebrate community structure in freshwater restored wetlands and natural wetlands
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SRR B B A M (R=0.25, P=0.03), 115 A SRR HL ) K s I BEVE M OCHEAR B3 (R=0.131, P=
0.22) s TEHEBRPAEERE 25 (952 W T, IR 7KK 52 10 b iAW Sl Wy AR AR LR B B8 S 2s I BE B E i 3 X R (R =
0.067, P=0.196) , 15 H SR 1B HL KA 2 W B VK . 35 A5G (£ 3;R=0.63, P=0.001) , i Mantel K545 R 5
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0.05), Hrp 3 ANFRESASH (SAL ORP #il Cond) F12 4~
23 [H] 25 (PCNM2 F1 PCNM4 ) %5 1% 7K 4K 55 1 1 Jie 4795 3
YIRETE AR AL A 35 (P<0.05) ;2 /N FRES A8 5 (pH
FLIC) FI 1 2] 25 5 (PCNM) X [ SR 10 b R AV 5h
REVE AR 350 (P<0.05) o YA

VPA S5 5 BR85S s B R R T ok PR . .
WAL HY 439% Tl [ SR HE 50.6% M9 IR 2 (18 5) . 7 e ’ "
WKW, ZiA G 7 [ E](27.2% ) MfRRER KT H3
afizs (a8 [ S] (11%) , AR 8| B E R (F=3.39,
P=0.001; F=2.35, P=0.003) ;7E H SR, 4li %5 ]
[ S](17.7%) fRERR FAAE L E[E] (7.3%) ,

ok iR SR N B AR MR EI M ) NMDS &
Fig.3 NMDS of benthic invertebrate communities’ composition

of the Yellow River Delta based on the Bray-Curtis similarity
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Fig.4 Scatter plots of relationships between community dissimilarity, geographic distance and environmental distance based on Spearman’s

rank correlation
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Hirpalizs a2 ik 3 i B (F=4.22, P=0.001), Zi¥EsFalizs b 2s 2w R ([ENS])4.8%11%k K
VR A5 T RN 25.6% B ] AR HO A Sh A REVR 1 e
®3  RABRERS B KR EMZWESE K Mantel 3 F045 Mantel 1%

Table 3 Mantel test and Partial Mantel test of benthic invertebrates dissimilarity against geographical distance and environmental distance for

freshwater restored wetlands and natural wetlands

o RIS ¥ b ERZSiTa:i)
AR Freshwater restored wetlands Natural wetlands
Distance matrix

R P R P

%R B Environmental distance 0.262 0.017 0.14 0.19
PRI B Geographical distance 0.106 0.103 0.631 0.001
PR PR
Environmental distance/Geographical distance 0-25 0-03 0-131 0.22

T B B
HLERER 55/ SRBGHE 0.067 0.196 0.63 0.001

Geographical distance/Environmental distance
BRI 2 3RO, A4 ) b S G I R S 0 R 7 A AR 0 B 5 I 8 1R DG S B/ BRI 1 RS A A ) PR B R B
JREAR Sl 0 A AR UL A SR 88 A S

F4 MRENZEBERETEMNEEEE
Table 4 Environmental and spatial explanatory variables selected by the forward selection process

T2 A7

Wetland types Factors R F P
TRIKIR SV HRHE SAL 0.125 3.395 0.002
Freshwater restored wetlands FALIEEHL AT ORP 0.252 3.75 0.001
HL 53R Cond 0.3 2.013 0.032
PCNM2 0.135 2.491 0.03
PCNM4 0.122 2.469 0.015
H SRR H pH 0.405 3.236 0.008
Natural wetlands TeHLag 1C 0.264 4.859 0.001
PCNM1 0.287 2.076 0.045

PCNM . F=HI4RIE I 7= Ak it 25 ) A8 Principal coordinates of neighbor matrices
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Fig.5 Venn diagram of variation partitioning, showing the contributions of spatial and environmental variables on the variation of

freshwater restored wetlands and natural wetlands
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