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1.1 #HeRXf

R 055 5 B A 0y AT A3 8 R % T A % 9 X ] 3y
ANFEHRAEX L 3, 8. 13, 18 a UM IEFEFIX (DZ)5
AR 1), REERFE H BB LR Y DL P
BHANTE(6 cm ZEA7) A FRFNT G, TERELL VK EEET 4% fa
HRE, F 2021 4F 6 HibAT T JAABEEE 1),

F1 XFEMAEAFREXERESIEMIFR
Tab. 1

.hmAmmf

AR R R R AR ZVIRY (02 cm), R4
RAEXIREE I 3 A FIA R 2 VORI A 9 AT RE
TAFATHERR I 5 R G M, A5 R b e
Tow R Lo A EAR R, BT KA A 0] S 0 =
MW REIY N 2 BRIy, —ROMAEICAE 5 mL HRAEAE
B T80 CUKA T A W e v A5 K A 22 B 2y
Br, 5—&Bor AR SR A7 T 4 CukA b T
A B AE

Details of sampling sites in the cage culture area of Daqin Island

B SR A 2 4
3a FeHH 3 AR FE (2018 4EiE) 120.838053°E 38.299053°N
8a FR0H 8 AR A (2013 4FEi) 120.838445°E 38.298458°N
13a FRAH 13 AEAH (2008 4 ) 120.836728°E 38.298033°N
18a FRIE 18 AE (2003 4F L) 120.836388°E 38.299164°N
DZ JEFRIEIX 120.842923°F 38.308409°N
swanf T Hﬁ?%iﬂ(*ﬁi}ﬂﬂﬁf@fi%ﬂ%%ﬁoﬁﬁ V3-V4 X%t
o FeS 5l Yk PCR ¥ 38, Aiss 5l ¥~ 343F-5'-
sazel : TACGGRAGGCAGCAG-3', Ja¥m 5l ¥~ 798R-5'-
' PR AGGGTATCTAATCCT-3', ¥ #E & ) PCR =¥ 1
s23058 lumina Miseq - 5 b #4753 &0 7 .

120.8° 120.81° 120.82° 120.83° 120.84° 120.85° 120.86°E

BT RAR B A 7 58 XA R i o3 A
Distribution of sampling sites in the cage culture
area of Daqin Island

Fig. 1

1.2 B BAIAFHIH 7 ik

ME T iy . AP, Cu, Zn, Cr, Hg.
Cd. Pb. As R ATIMZSEEFE R G Ak din e A gk
W 23 66 B (GB17378.5—2007), A HL&R I & H
AR TR A AL -8 IR 25 575 (GB17378.5—2007), Cu.,
Zn, Cr, Cd. Pb &z As il 7 FH i 8 & 46 2 R o
1% vk (HY/T147.2—2013), Hg W 5E FH B T 96 6 1%
(GB17378.5—2007), A1 5 FH 4L 443 66
% (GB17378.5—2007),
1.3 FEEHAF

WA TR RE S Y 5 mL URAFAS % 2 I RK
S EFR A BRA R, #5417 PCR §34 Fl & iE
will . BRI AH Magen %R HEBGAF &
(MagPure Soil DNA KF Kit)#H, | 1% b ik

1.4 RESAT
0 A5 3 14 J5 4 FASTQ SO ] Trimmomatic!'”
B 3 0 25 o o I SRR B e DL R B N T
50 bp (T A, 1EN A9 XU EOH ] FLASH! VAR
AT PEEE, TR UE 22 Bk Barcode A5 417 51 LA K K
BE/NF 200 bp (U751, 153 clean tags J751 . fe)5 H
UCHIME" 5 k- £ Biie & 0K 7 91, 14 30T I 1 /5 £k
%4y OTU WA 574 Valid tags. i VSEARCH!™
BT F S Valid tags LA 97%AH L #:47 OTU
5325, Bl OTU h = E R T SIE IR T
5, XFEE Silva (www.arb-silva.de), Greengene (http:/
greengenes.secondgenome.com/) % 45 J& - fiff | RDP
classifier XA HEA TR ELIHTRE, (REE BEE>0.7 1Y
TEREASR, R QUME!RAEX) OTU #17 o ZHEME
BT, B ZREMERMZESR OTUs ZpHifliH R 1BF
(www.r-project.org) G AR AT 434 -
1 WPS Excle 2019 AbBRE)E, Surfer il RAE 1
SrAib e, JEH SPSS 24.0 ARAFHEA TR By 22500
(One-Way ANOVA)FIFH 53T, P<0.05 h 25 2 .
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2 ERS544
2.1 AR EAHEST

& IX AN . Cu. Zn, Cr. Hg. Cd. Pb.
As M2 &E 2 YA B E(P>0.05), UiBHEK
DO 6 AT R B I A X G P05 36 BT A B T (3R 2) o
HFEFH 18 a XIS Y) & it m, H o m T X IR
X I (P<0.05), S ERIEK T 97.44%, FIFAKFEFHEM

*2 FENBELIROELEFUESR

) H@ART/CLE

BT AR RS 18 a KImiLY) & &
B FF A — G TR T 45 1E (GB 18668—2002),
0 e B B AL Y il e R e e E, K
AR FRBE TCBER N T M BT 1 AR S KR . Bk Cr A1,
FLA 45 W W 48 AR Y75 B — GO W TR DT A o
B4 X Cr & &2 5% K8 (P>0.05), £HIZIX
B Cr AJEAHE m, TROK A AR50 0T 1A I 5 1 Jn

High,

Tab. 2 Results of the determination of physicochemical factors in sediment from aquaculture nets

I T X 5 %] 43
3a 8a 13a 18 a Dz

TALH(10°°%) 43.6+8.9ab 43.2+2.8ab 30.5+0.6a 61.6+7.4b 31.2+1.7a
A ML (%) 0.313+0.054 0.317+0.013 0.339+0.001 0.311+0.057 0.282+0.026
Cu(lO’(’) 11.49+1.32 12.65+£2.76 14.69+2.79 15.07+2.34 12.6+£0.86
Zn(10’6) 41.1+£3.5 46.9+4.7 52.6+10.5 57.2+3.2 45.6+£2.7
Cr(10°%) 53.8+0.7 69.4+£7.3 56.0£7.9 76.5+8.4 62.845.4
Hg(lO’G) 0.011 7£0.000 7 0.013 3+0.000 1 0.014 3+0.000 3 0.011 7£0.000 8 0.011 1£0.000 3
Cd(lO’(’) 0.101+0.004 0.135+£0.038 0.160+0.036 0.169+0.026 0.099+0.012
Pb(10™°) 16.742.0 18.242.8 22.6+4.1 22.543.5 19.0+3.1
As(10°%) 12.1%1.4 13.5+0.7 14.4+2.1 14.542.4 16.0£0.3
AIMZE107%) 23.7+1.4 23.7+4.8 29.0+1.9 25.8+0.8 20.3+2.8
VE: eI SRR 5 S )N ik i T 9% 5 L (P<0.05)

22 FHBEEMEFER 3a
I 0 5 5 B B 2 150 B 1 . fa o

#| clean tags (BHEJS 11 tags U H) 68 525~73 761 4%, bz

FRIFH 52 274~67 696 7%, KHKT 1662~5207 20 255

OTUs. Bl F T 3630 96.52%~99.04%, (AMFE 3 oo 2 - o 13a

ARG w5 A5 D, A SE . #5758 3. 8. 13, L3 « 260

18 a L KAEFRANIX(DZ)h 4 B EI R OTU ANECH . oo

5954, 6079, 7385, 7659 fl 6119 4~, RIFFEFAF 258 '

BRI LRI B OTU B H M 1 807 4, 245K o

FEAU OTU BLH 1 25%. 5 ASREEX A 1 OTU

BB 904 (i 3a B OTU MW 15.2%). -

1317 (5 8 a B OTU MK 21.7%) .1 3254 (5 18 a 15 " R

BOTU PRI 17.9%) . 1 512(4 18 a B OTU Ny

19.7%) . 1299 /(5 FEFHIX 44 OTU 4B 21.2%). s P -

R W], & IR AT BR A DU R A B ) DZ 18a

MIEL L, B AR A 22 S, ORI R
AT IR BN 0 A TR 0 A0 T R v 4 R B T R S
fewm TR A Yy A B

K2 ANl SR FE AR BR RS UAR ) v 8 A i % 1 R
Fig. 2 Venn diagram of microbial communities in net tank
sediments of different culture years
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2.3 RARBFBASABRHHEY o 34
DEX DR

K Chaol. ¥#h= & & Richness, Shannon,
Simpson ZFFEE TIRMIFEAR o ZAEPEEITIEAS, 45
RER 3R A FRIHAE R A DU R &
I FEMEAR BAT 10 35 M 22 5 (P<0.05), FlFRFHAERR Y
o, FRGERAE DU BRI Y T R 2 AR
IR, HEKAEFREMAE(3. 18 a)l W E
B R AR 3 KT A X 3 (P<0.05), 1SR
AF R AT BE S 52 M ) A6 TTORR ) A T BV R N 24

M@AWME

24 RARBFRT R REDBEE
A

5 MG M TR K EFEHEA R 10
172853 50 0 UFF 18 1] (Bacteroidota), ZZJETHE ]
(Proteobacteria) . JEBEE | ](Firmicutes). i # ]
(Desulfobacterota) , Z5 [t [ ] (Campilobacterota) , i2
FF ] (Acidobacteriota) , Z5EKE | J(Myxococcota) , il
28T | ] (Actinobacteriota), NBI1-j F1 2 #IAT 5[]
(Gemmatimonadota)([¥] 3). [ FRFEAEBR P4 L)
W AR K ERA W25, R 3. 8alllk

PR EERRZ —. AEFRFE X (DZ) W) FZICH BT TR, 22T
x3 BURNRY o ZREESH
Tab.3 Analysis of sediment alpha diversity at each site
X sl 0] 43 Chaol L/ E Uiy Y Shannon Simpson coverage

3a 3622.99° 2619.73 8.19° 0.973 209 0.982 4

8a 4122.69° 3014.13 8.26° 0.977 457 0.979 2

13a 5381.66" 4 033.03 9.27* 0.986 549 0.972 7

18 a 6284.32° 4716.80 9.41° 0.985 322 0.973 4

DZ 4290.68° 3102.93 8.55° 0.978 264 0.979 0

T R 1R 50 B 5 AN 6]/ R 3 7 Ak B ] 22 7 dk 25 (P<0.05)

100

75 1

AR %
wn
=

25 4

Il Bacteroidota

[ Proteobacteria
Firmicutes

[ Desulfobacterota

[ Campilobacterota

B Acidobacteriota

B Myxococcota

[ Actinobacteriota

M NBl+j

B Gemmatimonadota
Spirochaetota
Sva0485
Nitrospirota

M Chloroflexi

Il Latescibacterota
Others

%?ﬁﬁfﬁﬁ/a

(=]

K3 GO IR AR (TTK )

Fig. 3 Sediment microbial community composition (phylum level)
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FERER [ ] CBAX FHE>61.77%), F75H 13,18 a i
BOLFATH T T A AURF BT, A58 B T ABE R 18 1] CEvAH
XFEE>61.98%). F75H 3. 8 a MUY IERETE [ 141
SFFRE AR 28.16% ., 32.70%, FEhE 13, 18 a 4
DU SR RE TR T TR = B2 43 51°R 5.60% . 7.26%, KAF:
FrH8 WA T R TR TR AI T 2 (P<0.05) . FRAE
3. 8a MARUTEYI MG A T AT 40510 9.90%
12.23%, #7248 13, 18 a S DU GR A 1 1 AH X 32
G3R 25.53% . 16.80%, KAFFRAH BT T BOATL A
I TR E B (P<0.05) . AR FREE X UTE A H 1 451
FEE T IARX 25 (37.60%) i T i A 378 X UL 40T
PR TAR = 8 (<20.50%), I H 525 = T HAE 7751 8.
13 a PO AR F B2 (P<0.05) . ZZTE BT THYAHXS
FRETE 5 A XIR2E A (P>0.05), HAwE 1A
FEERN, A X2 AN 2 (P>0.05).

B KT, AN [R) 3R FE A B 946 DT 418 45 p
J RS = B >29%) 22 90 B 38 1 22 57 (P<0.05)(F] 4).
FRAE 3 a MARUTEY) DL 34 5 5 23R R T8 50 B R (Sul-
Surovum)(10.45%) . ¥ i B2 ¥T T (Tepidibacter)
(5.54%) . Ui )& (Bacteroides)(5.40%) . T4 H )R
(Muribaculaceae)(3.84%)F1 Sval033(2.52%). F#4H 8 a

100 4

75 1

25 1

' H@ART/CLE

o) R T AR 0 A T SR T T O TR (10.71%)

Sval033(5.40%) . BHERJE (4.40%)F EIREFH(Lach-
nospiraceae) NK44136 group(2.74%). 358 13a M
FEVTRUI R B EZRE T Sval033(9.16%) . i b
& (7.63%) . B2M28(2.97%) . Sva0081 sediment _
group(2.74%) . Subgroup 23(2.29%) . i BK & J& (Halio-
globus)(2.26%) FILIT# & (Woeseia)(2.08%). Fi5H 18 a
) 46 0 B A A A P T2 SR iR T B R (11.54%)

Sval033(5.49%). BHEHJE(2.90%). B2M28(2.40%) .
LI TR & (2.27%) AT TR )8 (2.20%) . AEFRFE X (DZ)
DR 2R 8 TR 8 (16.13%) . B2
J&(11.81%) . HE# & (Alistipes)(3.68%) . TIZHEFL
NK4A4136_group(3.49%) Fm U 4 & (2.93%) . 5 4~ X3,
DRI R S A SO E, HILEE 4 55N
A8 DX IBTT AR (R AR G 32 BE 34 5 R TR SR E X (DZ)
(P<0.05). Sval033 U 4 A~FE5E MAR XTI
IR, HHTEFRM 8. 13, 18a MAAUIAAYAEXS
F R B E R TFARFRIIX (DZ)(1.66%)(P<0.05), LIFT
PR . B R R A TR X TUR A O 34 e ELAE X
PR, W T ARSI TR 0 A = B
(P<0.05).

W Sulfurovum
I Bacteroides
Muribaculaceae
M Sval033
W B2M28
W Tepidibacter
W Subgroup 23
W Lachnospiraceae NK4A4136_group
W Sva0081 sediment group
W Woeseia
Halioglobus
NBI1-j
Bacteroidetes BD2-2
W Alistipes
B Lutimonas
Fusibacter
Subgroup 22
Sva0485
W Lutibacter
[ PAUC43f marine_benthic_group
W Others

Y%

N

(=}
h IR |
- O] |
g b ar

TR AR /a

18

EF 01 1

K4 DU W EvE 4L U 7K F)

Fig. 4 Sediment microbial community composition (genus level)
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VEEURE S AR R EERT 30 (45 a8 UE AT IR 2K AT,
I Heatmap K[ (&1 5). 76 @ 43 2K LAl LA H,
i D1 BT R I 7 B 4 PR 7 34 n 22 ISR AR B T
B S ) o AR B — B0 BEFRIE AR BR 3 i,
B R AR g, i RGN, FRAE 3.
8anLIEK—3, F4H 13, 18 a IR N—, Kl
Jo AN FRIIX R Ry — 32, AEFRIE X BN — 32 [R]E,
K FH 4320 M (PCA) X AS [7] 55 5 4F BR 190 46 DT AR

.MmAmUE

TR S5 22 S A0 T (B 6), Zedr 2l 5 R it
SRR AL, FR5E 3. 8 a SAERF X (DZ)ES— &
R FRIFRAE 13, 18 a EHH B HBIX 43, 156 BH A 7551
AT R 5 D URR P A TR I S o o XY 3 A4
AR B REVER 25, 4 N 40T B TE A7 A 22
S, DR ) — % B AT PR O DX e AR R, BORE
BF A T T A b R LR SE VR A5 R B0, HUREQ B
i SN

Clostridia UCG-014

Lachnospiraceae NK4A136 _group 15
Muribaculaceae

1.0
MSBLS
Bacteroides 0.5
Alistipes
Faecalibacterium 0
Prevotella
Lactobacillus 03
Fusibacter 1.0
PAUC43f marine benthic group
Tepidibacter -1.5
OMG60O(NORS) clade
Lutibacter

Subgroup 10
Lutimonas
Sulfurovum

Dz 13a 18a 3a

others

SEEP-SRBI
Desulfatiglans
Sval033
Bacteroidetes BD2-2
Woeseia

NBI-j

Subgroup 22
Sva0081 sediment group
Sva0485

Thiogranum
Halioglobus

B2M28

Subgroup 23

8a

K5 DU Y e KA

Fig. 5 Horizontal heat map of sediment microbial genera

2.5 REMBRABRYBRENEE L KRR
FARX M

V5 58 X FE DTRR A o 40 TR BT 15 )R 500

T REAG R #E A T E W R IR o A (B 7), R

P 22 BT IR . e, Sval033 5 Hg S5

L FIEA 2 (P=0.034, r=0.670). Sva0485 5 Cd &g

50 F A6 (P=0.049, =0.633)., 1% &E (Alistipes)
55 HLBR & 5 5 B 3 A 56 (P=0.040, —-0.655), %
W ) Ao J 52 DURR A L & B 50 e 0 2 . WK T
J& 5 A S R B A (P=0.042, r=0.650), iX
FH He. Cd. A HLIRLL B A T2 AN [R) 37 58 47 R 1
AU A A R TR 458 — s Y RE e . A ST
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S Dz.2 P e 3a
a e DZ
(]
&)
& 2500 1gq 1 ol803
§a1% 1822
~5000 -
-5000 2500 0 2500
PC1 (49.66%)
K6 UURYIBUEY) PCA Z3

Fig. 6 Sediment microbial PCA analysis

Ry JR -5 I A BAT RFA G, XAl
PR 2 5 A 5 B 5 IR 22 8] 4 5 3 nT
PR IR A, AR AT REXELL X 73 o

2.6 W AFIEFRATFRBR TR A BEEA
R

ARAIF 5 HR A8 o 30 5 000 P 190 23 2R 0 3 1 P A

M2 £h 30 5L (SRB), R IBURE ity v & 0L A AH X = 2 iy

10 1) SRB W@/ #T (% 4), BB IR FE (Desul-

fatiglans) & F 5 MAE DU £ & 1) SRB H

J& . FATLESAT SRB TR & ik i K IFIH 13, 18 a

P = =]
He &
PN
HE 3

'm@mARﬂaf

Sulfide
1.0+
Sulluroyum
0.5+
Subgroup_23
g B2M28
a 00 Alistipes
Bacteroidetes BD2-2
Baclcroides
b gl
-0.5 petrolcs Sva0485
As Lachnospiraccac NK4A136_group
Halioglobus )
~1.0¢ « Organic carbon
-1.0 -0.5 0.0 0.5 1.0
RDAI
F7 DLR A YR v 5 R85 I 719 RDA 20 A7 (J& 7K -F)

Fig. 7 RDA analysis of sediment microbial communities
and environmental factors (genus level)

MFFIURY) SRB K2, HHXTF R, Wi
fb™ v & (Desulfoconvexum)fEFRFH 13, 18 a MR L
B BLE AR E R, (BAESRAE 3. 8 a RIAH AN
DZ AP, ik g Ry AR FRGE AR X (13, 18 a)

=A

DU AT B8 5 7 M IR SRB W R A2 1K o

F4 MEMERBRLEREE
Tab. 4 Sediment sulfate-reducing bacteria abundance
WE 3a 8a 13a 18 a DZ
AR R $hAR 8 (Desulfatiglans)  0.044 818 6 0.015 433 5 0.024 079 3 0.034 197 5 0.037 014 9
JI 5% 2 1 @ (Desulfuromusa) 0.000 617 2 0.006 538 5 0.012279 3 0.009 706 7 0.002 537 3
TR B ER L B R (Desulfobulbus) 0.005 266 1 0.016 601 3 0.004 766 2 0.002 034 7 0.005 820 8
BRI 28 T & (Desulfocapsa) 0.000 462 9 0.005 628 7 0.003 554 6 0.005 010 0 0.004 776 1
J A AL ™ T8 & (Desulfoconvexum) 0 0 0.006 356 6 0.005 388 7 0
AR AL 1 & (Desulfotalea) 0.000 097 1 0.002 673 6 0.004 011 7 0.003 157 5 0
JS B AL T B & (Desulforhopalus) — 0.000 077 1 0.001 482 2 0.003 397 7 0.003 2313 0
B BB B J (Desulfuromonas) 0 0.001 715 8 0.003 053 4 0.001 645 7 0
JR ALK T & (Desulfopila) 0.000 462 9 0.001 629 2 0.002 357 7 0.001 633 8 0
JIR R BR EL AT T (Desulfatirhabdium) ~— 0.000 231 4 0.001 225 4 0.001 4107 0.002 054 1 0.002 089 5
X R 0.052 033 1 0.052 928 1 0.065 266 2 0.068 059 4 0.052 238 6

it

BTSSR, RAEFRIH(13., 18 a) MARTLII T
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TR MR R R TREBIRIEG . 8 a)fidRIRIM
[X.(P<0.05), 5Bt % 4 1L s g v vt I 37 9 IX.
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— B, RIKAEWFE IR XA D e A ek
YEH . X AT BSR4 i A h A0 28 SR I A HE ) 7R TR
P i R A S 1S A A R, A
(OB, AT 8RR = 8 R AR R B 11

TEAME G, B TR A PR 95 m, K AE R4
(13, 18 a)MIARTLARY P AR IR T 100 F B i, 2
BEH TR F B 3 R BB TR ] A TE T B
AHLE RIS S HIEA S mIEA", BERKARS
B R TTTARIAL T s DR AECIRZS A AE & A LAY,
Ji R AT RS BT IS SR AE I 3 25 DU R =F & ik
IR ALY, RORHLIE AN AN PR B RO FE A, B I0TF
S5O S I L s IV 7R 58 X LB U AR S R R AR R
XUURRIFE A Y 2.5 F5 LA b o JERETR | TARX 32 B2 )
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Analysis of the microbial community structure of deep-water
net tank sediments of Daqin Island at different culture years
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Abstract: To investigate the effect of deep-water net-pen culture years on the sediment microbial community
structure, 16S rDNA high-throughput sequencing was performed on the surface sediments (0-2 cm) of 3, 8, 13, and
18 a net-pen culture and nonculture areas (DZ) in Daqin Island waters. The results showed that the abundance and
diversity of sediment flora were significantly higher (P<0.05) in the long-year net box culture (13, 18 a) than in the
short-term net box culture (3, 8 a). The dominant phyla in the sediment of the net pots changed significantly with
increasing years of culture (P<0.05). Bacteroidota, Proteobacteria, and Firmicutes were the dominant phyla in the
sediment of the short-term net pots (3, 8 a) and the nonculture zone (DZ), while the dominant phyla in the sediment
of the long-term net pots (13, 18 a) were Bacteroidota, Proteobacteria, and Firmicutes. The main dominant phyla in
the sediments of the long-year net culture (13, 18 a) were Bacteroidota, Proteobacteria, and Desulfobacterota. The
dominant environmental factors influencing the structure of the sediment flora in the net pens were Hg, Cd, organic
carbon, and petroleum. The feeding of chilled wild fish may be one of the important factors contributing to the en-
vironmental degradation of the perennial net tank culture area on Daqin Island. The use of green and environmen-
tally friendly compound feeds should be promoted, and a combination of microorganisms (microecological agents
based on anaerobic nonoxygenic photosynthetic bacteria) and macroorganisms (spiny cucumbers and macroalgae)
should be incorporated for the remediation of polluted sediments to facilitate the promotion of healthy culture and

sustainable development of deep-water net tanks.
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