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E T IR DNA Z LB AR =N = /A3 545
BT ZE T EHEhY 2 M R LI 0 2K 55

MEE, ESET, FERD, B, IMER, FEE, EAE, BT

(L MG K2 W PE2ABE, 2R M5 264003; 2. H I B} 22 B 40 45 16 72 45 IF 5 BT 1 12 4 AR W02 S5 AR R IRAR s 36 2, 1 2R
MG 264003; 3. EI BB MR AR A B S A SBE E A LREREEREEORI), IR MG 264003)

WE:HARAENEBFERFERNHRET, FRAANAHARKXTEENEE, HTF R LD
VR AT I S AR R G ECE T = A N B AL v 2 G, I B 36 DNA £ 4 8 (environmental
DNA metabarcoding, eDNA ) $ A A Ml 7 [l 5l # 79 T8 4 20 4 % A0, K A A 4 25 30 W 26 2 A A 7T
A2 (RDA) 2Rl B M A B T B R BAERAIEE, XL Z#EETELH N2
T # M Bh 4 127 A 4 4 1 % 70 ( Operational Taxonomic Units, OTUs ) , 5 J& T 9 1724 4 53 B 103 £}
87 J& 90 F# . T A M 4 T AKTFFn B KT B L B ah#11 (43.9% ) #nE V& & (Perinereis ) (25.2%)
M H LB, BHEE S LM ( Comprehensive diversity index, CD ) 241 & &, = R# W 4% & % #
MaE, —RBEATEEDIDEL SRR, EWEIAREL2 T E T, KB D E ( Perinereis linea )
A AL B A ( Obelia dichotoma ) 7 % 5%, 3t 4 15127 81 ) T 8 A 20 4 2% 5 45 M B 2 X 41 i . RDA
PR, KENERELGE REMARINRD FLEUZR M Z AN LA D BEERENEE
HIEEF. MAUNELQNTETR, xBAXERESGE F I ARATEZELENLED W (P<0.05) .
FHRERABTTHEAZAMNBLA AT REWEEEN, BT RLARN TR ES X EM, I
HFRAEI D EHFERENSRPREZEZIFEERES,

KEER: I DNA E 5 ZIW L, £ A0 THME D, =0 = AN

FESES: Q959.1 XHEFRERE: A XEHS: 0253-4193(2024)11-0075-16

BAREEAE ], HAURKAR | DURY A A5

1 =
el S RS [ kR VI R A e B
FO A IR T AT VT R R T A OCHEIK RO, — T, AR T 2 R K TG
WA RS0, FHETE . BRI A A, B WA K R B S T BRI N, S R AL

TT = Y 0 0 AR ORI AR G R T A
B 1 L 375 BR A 3 35 B0, W9 1 I K A% T

%% B #5: 2024-07-16; 1&1T HHA: 2024-11-05,

HAAEBRG R R T TR W E R B,
I3 —J7 T, WA X IR K A2, B3 T A IR B B O

BEEMB: MR AARFEIEE (42176160 1 42276142); 117K E [ KR4 (ZR2021MDO084); 11 7R 44 7K 3C HF 0 BT = £ 90 /K SC 3% 38 Je ot i

Hb A 25 2 G 4d i BK 3h B 5% (SDGP370000000202302007881A 001 ).

EE B v FFIE 57 (2000—), &, R A O T, EENFEEW AW SRS A S E BT . E-mail: qingluf64@163.com
* B VEE  RBRIE, B, WA S, NI RN A Y SRS A S W MY . E-mail: lichen@yic.ac.cn


mailto:qingluf64@163.com
mailto:llchen@yic.ac.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

76

(GRERE T LE

PR, 2 =AY R B IR OK BRI R A ) Y o
WS, AR AR Wy PR Rl 7K Rl e
fiE, 5 22 )8 22 b R /K £ 28 R TC A ME S ) AR K B0
HUEE B0 i T B s A AR AR (AN R | SE )
TR ) FBE AL P B (AN | K SCHIEE i) 22 51, 52
A8 S S PESEL, A [R) 5] ) Ao 2L JSCRI AR 7 245
25 5 W AE U,

T ME 2l W) S V5 T8 0 2B 25 R 8 Y B R
—J7 T, AR AR 25 R GER AR A 7 R 5 2
HoAte 3h ¥ 64 BRI, 2 AR GEW) SO0 B0 A AE B 8l it
PR HEZERY, ERAGE WM E. 5 —T7
1, pH T EA X R A A U L e AT AR
A M A28 /NS5 L, JCHES B2
AR AR A S RGN R AR 2 — 19 BT = £
MR 3 A X)L R WA DX O HE S R
Z ., FRER B, & ARG EE YA R,
(] i, 52 A [a] 25 331 30 960 ) A 05 S o P 2 ), T A 8
Yy I AL S RE TR A RS ) AP TR 22 57 . TR HE
) X0 V) P9 7K SRR 0 A A S5 e 7 SR, HC R R
S5 | 5% SRR 04 o S5 R i 2 R 7 A R AR 4
S 1 DX AR A RE 5 A S R, R T I M 7 R
G B BRARLE WD 2E R .

PREE DNA 7 Z5 A H AR — P 80 s I K AR A
W v A5 AR 2L AN 22 A e g T L0, HORE g
JPHOR 542 1) DNA ZRIE R PUN A S5 &, 1) v i
WIS RINEESIZEE b O Sibus ¢ EL M N 2]l
HEAT RO 28, 15 2 50 Bt 42 52 T 9K 19 ) b 4L 21
BTG 3 IS %€ T7 vk, #7558 DNA KIS H0 R B
A AEREIRE | AR ] 5 A0 RO R 2 W BN ]
TR AR Yy U A e DNA 5 2% 08 i 5 AR AE A
TG HE Bl ) ) ot 2 B3 TR S A A R AT . BF TR
HHI PR E DNA 2 SRR 1 AR 1] 4 v ) Ao, i 52 10
YyhEREAG TR0 S A R PR S 2 2, R
PG 58 J5 ¥k RAEARRL, H A 43 261 WL 3R 52
Ko M TS )52, 358 DNA 2RI HORTE
oA HESH Y AR PEPPAG S AR 250G T T B W L4

P ) A B0 245 5 AT 5 R KT W e B AR R S5 A
FEIRY, Ty b e A v v o B A R R, R R R
ol ] 95 7 ) RH LA L JHE v B SRR Z5 4, f R R TR
(4 b LA 5 28 B v IR SR BRI RE LY. ARGk
Yy M 22 56 T A W SRR R IR 2 A B, 2
T AW KA S IR IR AR SR AR, T 28 56 R
S VA T 7 20 FF 1 N HOX B 5 8 ke o 7 ) i 5 (R
R, BT DNA 2260 BRI T il i I e g6

R qLE s SRR EIR R PN CT T U SRR RN ¥ i
ey A A I P AR, A ) B 0 45 14 22 T4
SR IR (Pl | BRI | L AR ) W] R R T AR
T M S ) RIS O BN, R, AR 3 BRI 45 A
T 22 B A WU E WA v LRI T AR W) A S BF 5
HR BT A 4 7 AR TR A E MR RIS SRR T T PR AL T
AT ST 7 o DRI, A= 3 B 1 28 A5 50 2 F 52 oA A
SIPIAREL I R SR N R A ROR S

A5 LA B = A P N IR VK S8 5 BR T T Y
T8 BT R F 7S X, R R A5 DNA 7% 25 2 i
AP AG 2% 9 18 500 T0 B HE S W) A W 2 R, IR
(1) AN [R) 8531 960 1) G5 ME 3l ) 22 BRI 5 (2) 22531
SR 8 BT T MESh W Ak v SCRERP s (3) 48 8
HE S P Vi 45 K ) SRR T DR 1, A BT = £ M)
T3t 14 A ) 2 A B R BRI S

2 MRSk

2.1 REFHR

W58 XA T 3R] = F i E SR AP IX P9, T I iy
Bt 2 KU, AR 11.7~12.6°C, 4EF#K
B 530~630 mm, FFZE K7k 1 900~2 400 mm, 5T
DK SR AN K2 H i, ~F- 2 = i B B 10~11 h, ~F
PR 24 1.06~1.78 m, /Nl 254 0.46~0.78 m,
DX 50 P A1 A R T R 198 4 T R U R 22 R ) T A
JE KA SIAE A O O B . 3T SRR R} B K
AR 5P A, T 2021 4F 10 H 7E 80 =90 AR
PR3 X PN 3 P AR 74 BT . 43¢ IR Horton-Strahler 8
T8 53 2 D5 D), 8 N P4 G S 18 R i Y 90 SR — G
1 (S1), B ZA~— G I R A IR S E L =
GIE (S2), F 55 1 B AR I HA 5 XN =
1 (S3). S M A RFE (SIS 5 S1X), 43l 47
T S1 A1 S2 WA T 8 43 AL T o 5 S1 K Ui, S2 A ik
PIAS SRR (S2S 5 S2X), 43 B T S2 Fil S3 {11l 15
RO AR T i 5 ST AT S2 WA Y A 4 XA B, S3
A — R AR (S3S), WAl 1. BEASFEHE 34 R
S BERE SRS 20 m HLIRG N — A RES
22 MEETFNESTTRY eDNA HRRE

fdF Y ST /KR4 Hr X [(Professional Plus (6050000)/
ProComm( 605604 ), 3% & 1 B3z & iR (7)., iF &
(DO). #hFE (SAL) F1 pH. i F ] B 7k K 7K #% (Rhizon,
Rhizosphere, fif =% ) & £ % 2 DY ] Bk, B AE T
—20°C ¥ VR PR A7 7 M S 86 2 o [A] B K AR fh 28 0.45 um
K Z UE 4 U8 1 3% 22 3 35 43 M7 A ( Seal-Bran-
lubbe AA3, SEAL, Z<[F ) F 24 h PNl % [A] B /K & 55 £



LU AV 3R 55 R T3R8 DNA 7% 25 T A5 4 R A 0T = A3 Y 8 80190 7 B T K 2 T 4k 3l ) 2 R Atk T S R T 46 43 A 77

119°06'30" E
37°5006" I}i 4 J—
@ MR
O JHRIEA
.
119°0330"  119°12'00” A Y
bia) N Sos A
37°50'00" 37°49'00" -
S3S
W S2X
37°43'30"
% %,
37°4800" 51 S
' E SIX
0.25 km
 E—
1 B = A P8 A SR
Fig. 1 Sampling sites of tidal creek in the Huanghe River Delta

& & (PO,-P, NO;-N, NO,-N, NH,-N, SiO,-Si). UL

R it (8 AL B (9 7 5 2R U, T —-20°C R VR IR AT 2
SLEE . DURRMIRE IR o TS BR Bk A L S AR ) Bk AR
0 5 I, f PO Gk { (Marlvern Mastersizer 2000F,
Marlvern Panalytical, 3¢ [& ) I 22 UL ¥ ki 42 (D). H
AR TR VRALN R T 5 B | oL 0, o0 2 40 Hr
1% ( Vario Macro, Elementar, 7% & ) | & T F2 47 B &
(TN). & Bx (TC) FA HLEK (TOC) 7% & -

DUFY) eDNA FE AR AT 14 S 1 Clark 5509 #£47
YUY eDNA Fe Z U4 T 50 mL JG B JC il 25 04
BN E 3APATA IR . AR T -20°C VKA N
BHRRAERLIE . 3 PATHEA KR BEAIE
— A, SRS, T SmLRAFE N TR
TR VKA TR AE (—80°C) & NIRAE B TR R
o .

2.3 DNARE.PCR# EMFEENF

{#i Ji] Fast DNATM SPIN Kit for Soil( MP Biomedic-
als, 3¢ [# ) $2 B DNA, {i F§ NanoDrop | 2& DNA ¥ J&
K g o il BT X ok M 4 it € R AL fR i 1(COD) Y
i# A 51 %) mLCOIintF: 5’-GWACWGGWTGAACWGT-
WTAYCCYCC-3" I jgHCO2198: 5°-TAIACYTCIGGRT-
GICCRAARAAYCA-3"5 it JC 4 M s 1 H A5 %
COI #EAT PCR ¥ 44, 15 & F1 0 Xf HR, o PR 14 o
HoRZF5 Y, PCR Y B NIAR 25 pL, 7% 2 x
Taq plus Master Mix ( Biosharp) 12.5 pL, 1F & 5| #) 4%
1 uL, DNA #4z 1 pL, ddH,09.5 pL, /14 H B 313 bp.,
{# F§ PCR { T100TM Thermal Cycler( Bio-rad, 3 [ ),
S AR T R T 95°C B2 % 3 min, 1§ 35 35 K (95°C
P 30 s, 57°C I K 30s, 72°C ZEA 30 s), T 72°C

FEAH S min, BEAFEM 3R E L, PR 8 5 T
1% T Jig B s Hl VK ARG 0, A% 2 U BH i FH GelRed, H
YK ELE 110 V, B 3K A] 30 min, i F 100 bp DNA Lad-
der X774 DNA #4 BESFAT R 5. $ 3458 )5, ( FH ¢
J& B 1% 3 ( Tanon 2500/2500R, Tanon, & ) #F & § 1
T 0L, ZORYIE WA T HLR— 09 B A, BT
XF HEJC b 3 2541 . DNA 42 U1 PCR 4 38 #4F i F2 fiff
FHEY R a5 61 AR 35 TE DR, R o R gk 1628
59, fdHH AxyPrepDNA ¥R PIGR ] & (AXYGEN,
K1) YIRS PCR 724, B Jm 16 2= b 5t i AR B0 R
B AR A7 BR 2 B A7 8 f T, B 5 DNA R BT
Ilumina NovaSeq Ml /¥ *F- 5 (Illumina, 3% F) #4710 )7
24 HESGITHSH

i1 FLASH 1.2.7 B4 5 4 Iy i, SR FastQC
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc)
X EE #EAT B PE AL U ol Uparse 7.0.1001 Chttp://
www.drive5.com/uparse/) % i 97% AH AL 1 5 25 2] m 44
{250 ( Operational Taxonomic Units, OTUs), [A] By 5%
A UCHIME (UCHIME Algorithm, http://www.drive5.com/
usearch/manual/uchime_algo.html) & I #x & 7 3 2 I,
##3] OTU W3R %1 . >R H] RDP classifier DI i 355
#: (https://sourceforge.net/projects/rdpclassifier/), ¥ OTU
X3 7 90 7 56 [ 1 57 A 9 R A5 B A0 (National
Center for Biotechnology Information, NCBI) H' Y #% B2
¥ %) ¥ 88 FE ( fip:/ftp.ncbinih.gov/blast/db/ ) Fl
BOLD %t #& /% ( https://www.boldsystems.org/) #F 1T ¥ Fh
TR CHBLBE KT 98%, I3 91 8 55 2 O 100%) .
OTU B2 AW i AT LR 0 6 - (1) R BRAE T H HE
Y CANAN T . H AU Y 55 ) OTUs; (2) R B &2
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AR 2 D REA T FHIER K T 5 (1 OTUS; (3) £/ B 741
SRR T 20 19 OTUSs; (4) 51 B A 7 Hu T & HE 3 )
OTUs, B bR AR 25 Ji 2. 5 BRAE 7R 3 o 45 #E 3
P OTUs 2% 15 H R Z R (h E gh ¥ & (LB MY
S 00 =2 ) )BT B 75 5 4 1T v 3 IS A HH 5¢ 3l
P ) B b [ 205 S Wk ROK BRI Sl yes o, B,
1 T 5V W Fh 55 10 & (WOoRMS) W) 34 (https:/www.
marinespecies.org/) Al H [E 4= #) 7 £ (https://species.sci-
encereading.cn/biology/v/biologicallndex/122.html) % &
BT E B RS BIF S B AR 1 43 K (5 B .

X A = B BCHE A 8 DR B AT R B
log,o(x+1) 48 o Al /D TCA i B8 IR I CRUE 23 B7
R 1 5 T, BE B K R (VIF) K 50, 920
ZH I, K A B Y VIF 4578 10 LT,
K IE ) 0 e R T R R AR R R, T
Canoco 5 31 X JCH5 HE 3l W) 4l 14T 25 8 Xt R 43
BT (DCA) 45 i A il v B B2 e KA KT 4.0, 2R 3L
X B2 43 BT (CCA), #57E 3.0~4.0 Z [1), B FEITTAR 5347
(RDA) 5 CCA, 2R /N T 3.0 W% [T RDA. B4k,
fi1d F Origin2021 A, >k H )2 I 2540 (HCA) XF
AN TR A 20 (4 TS HE B ¥ OTUSs 3 B2 A7 1 U 45
¥ 53 B o A AR S B 2% fi B it 5% IX T HE S
ARG o B S, I A AR X ) 245 A5 A
BT, ARPEAE b JCHHE S Y OTUSs By AHXT 3= B2 4
J8, EPEAT RS F BEHT 50% FL B 5 T 40% (1 4
H#E47 Spearman AHICHE B o UK, i/ A: At B
LA AT R ] I TOAR AR R, BRI 268 52 A 1, ) BE A
S R BHAE KT 0.6 FLPAH/NT 0.05 (9504, Al
Gephi 0.10.1 B2 JC B HESh P IL S I 25 3 1 8]

i H] SPSS 23.0 #E47 I 7 70 M it H 2545 ZAE L4
% ( Comprehensive diversity index, CD) 4% & ¢ #E49)
F 45 4 (Integrated keystone family indicator, IKFI), 7
SCIY CD & 48 X T HE S W 7E ) Fh 5 5 BE R 5 i
B ZREPERRE AT 25 A AR 1 — . 2K
fBLHE, TKFI 45 38 5o 2% 5 A= ) S 30 ) 4% rh O P8 B oxsd Tt
HHES Y DTSRGS B AL EAL . CD ISR ERAETT
BHES P HETE o Z2FE M, TKFT FH R 0 18 1 74 X G 4
Fift, IKFI > 4.70 (9 R SCBE Rl . e HL 5 AP 2t
W2 H O PR SR AR TR 25 G OGS R R A IKFL: 5% i
o0 P (closeness centrality ), /i~ 0 H .0 4 ( betweeness
centrality ), 1 $% iT #.0> P4 (harmonic closness central-
ity) . HFAE 1] 5 H 01 (eigenvector centrality) F1 % (de-
gree) o B I 2% ot M A8 A A6 Kot 2E AT AR ofE 1R (Z-
score 7% ), 28 KOM K %5 15 Fl1 Bartlett 3K /445 56 75 9F 17

(K743 BT A9 0 FH 2 462 56 (KOM > 0.6, Sig < 0.05), &
T ERTE BRI WLy, TR 3 AR 4 R U B
B, WAL JE 1 B FR PR ACE, T AR AR AL 1A
13RI Y R R, 276 SRS B0 AL
KEEY IR BO TR R

ffi JH] Past 4.11 B 3158 T HE S W B I 2 MR 1k
o LA ZREVETE B BE 3% 2% (Simpson) 22 £ %
6%, 77 4¢ (Shannon) Z #: 5 %k . #45) & (Equitabil-
ity) ZFEPEFEE. Chaol 5 %FI ACE #6544 5 48Rt
AR, R R 5 ERA Y AR B R, & 24
PEFERR AT

Simpson Z IR EL(D):

Sobs
D=1-% PLP,=N/N;
i=1
Shannon Z #£H:$8 5 (H):

S obs
H=- Z PIn(P);
i=1

Equitability ZFEHH8 50 (E):
Dens
E=g

Chaol TE‘%&
n(m -1

Chaol =S, ;
L= 50T

ACE 5%
Fo,

S
ACE =S i+ ==+ —9*;
bund C. C. Vace

o, Sy N SEBRAR I A OTU 0, N, N & A i 5% 5
f) OTU %, N R ¥ 51 5. %L, D, A Simpson A % ¥ Ff
B, SR BETE R A E R R E, 0y S FOULI B — K
YR EL, ny SR L0 2 P K D) R B, S N 1R
PR ER, S WIKEEY R, C WREARTE 35 5
fETHE, v 2 A YR A 5 R

N TCE MY S T OC R, IR K
FFR 7K - IKFI HE 44 T 20 19 28 3 FHE 24 1 30 (49 9 Fl
5 EREE N 1 2E4T Spearman AHSEPESMHT . SCHR T A 1
T8 22 1) 11 22 S B A BRUIR] — 3 9 R RN 1 O 1
B HPaab BRI A 2 HI X7 R 4.0.1 Pk AT,

3 %

3.1 MFINE DNA EE& BN EF

Vo E R I AL SRS 548 031 KR IR A, X IR A
XS W0 5 26 AT B 422 D Ao 10 4 A1 T R A B 1Y
JPH )G, e A9 3] H T IR 8253 BT A 30T 51 459 461
% . BRERIARUT S Q30 IR T 95%, F2HH &R
(R P e 91 i T R OB RUT 8 R IR 97% 1A
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PIK - #E4T . 2, 345 7072 4 OTUs, OTUs i#— 2
i Ve B, e kAR 127 TR EMESh Y OTUs H T
JEE5HT. 127 A TCBEHESIY OTUs 43 J8 T 9 1] 24 44
53 H 103 F} 87 J& 90 Fi (£ A1),

W5 5 3 ¥ 1] ( Arthropoda) J 81) /5 H (138.4%) F0I
OTUs(50) 7€ Ui A 2 rh i i, 31515 2149 1] (Annelida)
WZ; AR 1] (Nemertea ) ELAT B BY B 51 85015 L
(0.5%), J H 51 ¥17] (Echinodermata) OTUs % %, {4 4
2 (£ 1),

32 REWYEEAN

25 SR 05 TCHHE S 11K S AR B A AT SR
TR SRR s Y 1T T2 (E 2a), T
FHRT 2 B 23 51 43.9% F 16.2%, HREH AT sh417]
(15.8%) SR YIT1(10.9%), RS T7E S2X
FE AU B & R, O T40%, HOOR S2S B
4(52.8%), M 7E SIS AF i i HL ik, 7y 21.9%. il Jfd
BN TTAE SIXORE s v AR X = BE o b B 5 (34.6%), 1E
SIS (i LR A% (2.8%) o 45 20 50l 1 1 £t 35 2 e A i 22
S, =G0 LR s o, G0N = g0
WA BTN F o & RHE S TC B HEsh W 8 K P
MRS FJE W B, BV % J& (Perinereis ), JEFEARK
% J& (Nannopus) ME AR K& (Obelia) R BT

#1 DNAEEEBUFLER

Table 1 Environmental DNA metabarcoding sequencing results

IRt FFI% oTus  FSIEZTE
A5 B 3h417] Arthropoda 16 123 50 38.4%
51 ] Annelida 11 645 6 27.8%
JRE 1 1 Cnidaria 5662 2 13.5%
RSP IMollusca 3920 28 9.4%
2 1Y) INematoda 2543 4 6.1%
Wiz 3h %1 Echinodermata 716 2 1.7%
i & 841 1Platyhelminthes 704 7 1.7%
ZALEY) [ TPorifera 426 5 1.0%
I Y INemertea 206 3 0.5%
&t 41945 127 100%

(18 2b), 43 3 (5 FE 25.2%. 5.5% Fi1 3.5%; Herb, Bl Vb 7
Ja& TN JPE A 7K 25 J8 A — G 1 S1S H A X = B L
B, A 61.7% 1 11.2%, AWK B B 75— 2%
TR STIXRE AP AR 2 B8 o e fe ey, AH 2 B8 F
KB 11.2%, T 76 = 2178 S3S A & AH X = B e (1%
(1.3%).

L0 — — . — Y]]
0.8 = R0
s BN - L 24T ]
Hos = G iEEHI]
7 = s 21 1
E04] HULEh T
TR
02} WA ]
0.0 l
S3S S28 S2X S1S S1X
Physalia W Troglarmadillo
b 1.0 Branchinotogluma M Fissurella
E— Nerita M Heteromastus
- Adoncbolaimus W Digidentis
0.8+ — ! I Chaetocneme W Hartlaubella
- Syndesmis B Microplitis
Cyamon M Eurystomina
= 0.6 - ] Kermia B Acanthaster
H# Zanclea Phyllidiella
® Paraxanthias W Haloniscus
% 04 - = Apolemia Moerisia
Paratetraonchoides M Obelia
W Caryophyllia B Nannopus
0.2 8 Herbita B8 Perinereis
W Arenaeus Unassigned
0.0 : - : : :
S3S S28 S2X S1S S1X

& 2

BT = A I AV 1] (o) AU (b) 7K ST T A 30 A X = 18 20 1

Fig.2 Relative abundance of invertebrates on phylum (a) and genus (b) level in the Huanghe River Delta typical tidal creek
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Fig. 3 Multiset Venn diagram of invertebrate OTUs among different sampling sites (a) and HCA (b)
Z AT RE (K 32) 45 R W, &S IEHED) S3S fw i, T S2X M. Zi & Z R bR ITAL s,
Y OTUs $f F£ H4 S3S (103 4~) > SIX (96 4~) > S3SHE M M 25 & £ FE M 48 B & (0.21), Hk 2
SIS (9441~ )=152S (94 1) >S2X (894~ )., &KL A S2S(0.18), S2X Ff 5 i 25 & £ A M H8 B 1K (0.03),

44 4 OTUs, EZ WY, SIX 5 S3S i
KA R OTU, Hrb SIX ¢4 OTU SR E T2
L3 ¥ 11 (Porifera) T g 47 4¥ ( Demospongiae) 7 1§
44 J& (Suberites), S3S Ff wi ¥ A OTU K& T 15 B 3h ¥y
14k B 24X ( Malacostraca) 5% /&£ H (Tsopoda) 7 it 45 B}
(Ligiidae) 1] /K FUE ( Ligidium), HCA %55 WoR, R ke
S HHES Y OTUs F= BETE 40% A AUPE T 43 4 4
ZH (K 3b), Hirh, S3S 5 S28 By — 4, SIS, SIX Al
S2X & A —H41, RUNAE RGN T H HESh WV =5
] 53 A B 22
33 TEWDY o ZHM

55T OTUs AHX R A HES) W) o ZHEPEFE AL
A3 AT R (3% 2), %381V B0 T HE B ) 3 5 2R 48 5K
SEXIE R 0.824(0.601~0.945), T H8 HCFHIME N 2.923
(1.790~3.539); ¥4 4] B 48 %07 298 0.641(0.394~
0.748), 3% 3 MEHILE S3S Heiy, 76 S1S ik Chaol $5
B2 M 103.314(89.500~ 115.000), S2S % i, S2X
B i s ACE 8 50°F ¥ {8 0 99.690( 89.180~ 107.300),
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Table 2 Invertebrate alpha diversity index in typical tidal creek
of the Haunghe River Delta

o FHHR OB HME Chaol ACE LA
A 7 6% EiER BHL BHL 6%

S3S 0945 3539  0.764  109.000 107.300 0.21
S28 0913 3344 0.736  115.000 104.100 0.18
S2X 0.723 2527 0.563 89.500  89.180 0.03
S1S 0.601 1.790  0.394  105.200  98.930 0.05
SIX 0938 3416 0.748 97.870  98.940 0.09

TV AR R BLN =28 (0.21) > 44 (0.11) >
— 2135 (0.07),
3.4 FTEMEZWY OTUs LI W& FA FMF1E

I A 3 R ) 45 3 A e AR ) 3 I A A B 0 A
HAER R R 220, 2558 BoR (E 4), BHKFEE
Wy Ak B 4 A 52 AT A 334 A%, P aE A OG
LA R 51.5%, TR C B LR 48.5%, K
S A R 2 R A 53 AT R 157 Sk, e
FHICTE G LR 96.2%, AH G 21 58 17 LR 3.8%. it
HY 3 V) AE B rh TG HE 30 W 2 A A R] R (co-occur-
rence) [ 17 &t 2 T 1% ILHE S+ (co-exclusion), ZE ¥ ] 5
it 1) F PR IR) ELAE L A, TR R A5 AR Wos (3% 3), B
FKAF(0.11) 5 K- (0.25) A= 4 e 30 00 28 %% B iy, 3%
I8 2R e O ME Bl W N 45 254 52 2 P 3 o

BEIK - F0 R K - T 5 ME 3l W 2 1 53 0 9 A 3
ABEHCRT 8 B, IR R BB KT 0.5(3 3),
Uk B A PR He o b B s TR B . RO, A
P 1(30%) . Bk 2(36.8%) FELH 3(66.7%) ¥ LA ik
NPTTAT S AL, BEAKF A 4 3 80 25 1 i
16 4~22 Z[a), F2 K 12.84, BEr 2k th BF (Monhyster-
idae) 1A 1% 99 B} 49 B A i, 4H FL R} (Fissurellidae)
(R B SR AV, 150 W B 2k o ) R o i G R 2 ) I 4%
5 A R IR R % V), L6 TCHHE S ) h Ry B
KR

TR AW 46 o B o, B 1 iR £, 4
I 2 115 1 26.4%, F RS I S £, b
H R 42.9%, HUGERIME ST (14.3%), B 2 45 53
R 2% T 05 0 18.9%, I K s,
R 40.0%. B 3 A 7 AN AL BE 6 ATTEK.
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Fig. 4 Topology of biological co-occurrence networks at family (a) and species levels (b) of invertebrates
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The nodes in the graph represent invertebrates; different node colors represent different modules; node size represents the relative abundance of species. Edge

colors represent positive and negative correlations, with red indicating positive correlation and green indicating negative correlation; edge size represents the ab-

solute value of the correlation coefficient
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Table 3 The characteristic index of invertebrate

co-occurrence network

WHE TR B TISROR TR
b T o e R ow oz gk PO

BUKF 592 1138 5 011 064 087 1.43 3

fKF 1284 2569 4 025 054 0.6 2.1 8

T 7K P A= 4 S B 28 1 B AR 0~ 13 2Z [8], P34k 5.92,
2k [l Vb %5 ( Perinereis linea) Fl XA 2% 4% 18 ( Obelia di-
chotoma) I 5 16 4= ) N 28 Hh 457 155 (Degree = 13)
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EREBEEFXER
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i, R N o R R S E AT 0T . DCA SR, B
KBS —4/NT 3, bk £ RDA. RDA HEF#i %
Hho> AR RR T AR SRR Y 44.8% 1 30.6%( 5] 5). RDA
SR, TR X, BE R 5 C B M s B
F(P<0.00) AN AT B 1 FORY D B R 5
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Fig. 5 Redundancy analysis of invertebrates at the phylum
level and environmental factors in tidal creeks of the Huanghe

River Delta
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b, AE ML B R 2% [ A B 27 AT R, 66 S5, IE
FHHIE L 51.51%, SORISCH KIS T 48.48% (4] 6a).
TEY AP Y &, Nannopodidae FH) IKFI(5.42) & 5, B
A9 5 s BT A, HOUOR VP %2 B (Nereididae ), IKFI
47 4.84., Nannopodidae F} 5 g £h 5 IF A ¢, V& Bl
HE L RIEMEX,
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Fig. 6 Correlation analysis of keystone groups and environmental factors at family level (a) and species level (b)
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The blue nodes in the figure represent invertebrates, and the size of the nodes indicates the relative abundance of invertebrates. The red nodes represent environ-

mental factors. The color of the edges indicates the sign of the correlation, with red indicating positive correlation and black indicating negative correlation; the

size of the edges indicates the absolute value of the correlation coefficient
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S LEH

55 DNA 75 55 JE A5 5 A 2 BiF 9 S 780 31 7 T 4 M
YRS A A A 1 TR BRELEES I R
o] = N 1 T HE Bl o A L AR AR 84 Aoy iR
JC, A RS T TR AR AR sh W 1] 3=, 43000 o R A 2
HATT 52.4% Fl 21.4%. X PFPFEED IF J (4 8 4 v 4R
SETCHE MBI 96 F, SKJE T 31174920 H 59 %}, [
FELLT R Sh B TR sh i1 o . AP SRS
LR A R A MR A . BEIT AR AR R
JEC S W) 1 )RR AR S ) 11K 1 11 25 22 F A G5 %
E50/a a7 UL N (5 b e ) 5 N T et Rl A oY o
FAL G IR . ARG A5 1 T B M sh ) 2
DA s AR sh iy TR s 1ok &, i A
WEE Km0 1] . R TE s 1] 45k
Krth o X—85 R 2R — 2N E TUFY eDNA 7
AHEGE A B FUERA P o DURR A RE A% T A U

PRAF IR L FE 2L 25 R 50 P T 2 0 B A G 8/ L B0 A
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Table A1 Typical invertebrate species list of intertidal scours based on environmental DNA metabarcoding
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Analysis of invertebrate diversity and co-occurrence network based
on environmental DNA metabarcoding in autumn typical
tidal creek units of the Huanghe River Delta

Fu Qinglu', Dong Zhiyuan®, LiBaoquan®®, Chen Li*, Sun Debin?, Ni Yanmei?, Tang Yongzheng', Chen Linlin*?

(1. School of Ocean, Yantai University, Yantai 264003, China; 2. Key Laboratory of Coastal Biology and Bioresource Utilization, Yantai In-
stitute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 3. Key Laboratory of Coastal Zone Environmental

Process and Ecological Restoration (Yantai Coastal Zone Research Institute), Chinese Academy of Sciences, Yantai 264003, China)

Abstract: The tidal creek system is an active geomorphic unit in coastal wetlands, and the water environment of
different level tidal creeks changes significantly, leading to spatial distribution differences of biological communit-
ies. This study selected a typical tidal creek unit in the Huanghe River Delta and used environmental DNA metabar-
coding (eDNA) technique to detect the diversity of invertebrates. The biological co-occurrence network analysis
and redundancy analysis (RDA) were respectively used to reveal the keystone species and driving factors of the in-
vertebrate community in the typical tidal creek. The results showed that a total of 127 operational taxonomic units
(OTUs) of invertebrates were detected in the tidal creek unit, belonging to 9 phyla, 24 classes, 53 orders, 103 famil-
ies, 87 genera, and 90 species; among them, the class level was dominated by the Arthropoda (43.9%), and the
genus level was dominated by the Perinereis (25.2%). The comprehensive diversity index (CD) analysis showed
that the comprehensive diversity of invertebrates in the third-level tidal creek was the highest, and the comprehens-
ive diversity of invertebrates in the first-level tidal creek was the lowest. The biological co-occurrence network ana-
lysis showed that the Perinereis linea and the Obelia dichotoma were the keystone species, which played a key role
in maintaining the stability of the invertebrate community structure in the tidal creek. The RDA showed that the
silicate content of the water body, temperature, and the proportion of fine sand and clay in the sediment were the
main environmental factors affecting the invertebrate community characteristics in the tidal creek. Correlation net-
work analysis showed that the keystone species were significantly affected by silicate content, clay, and nitrogen
content in water (P < 0.05). The research results are helpful for understanding the community structure of typical
tidal creek invertebrates, revealing the keystone species of typical tidal ditch invertebrates, and providing data sup-

port and theoretical reference for the monitoring and protection of invertebrate diversity.

Key words: environmental DNA metabarcoding; co-occurrence network; biodiversity; invertebrates; Huanghe River Delta
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