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17532 (Apostichopus japonicus) X Fx il %, HA &
ZE M ERZ M E(Roggatz et al, 2018; H R4,
2020; PREIE, 2010), HASH FPHIL KPR,
ERE, WS FEAMAEILT . AR RFEA 0.
PEREE 2 B H/ TR HOR AP kR, 2101 5 A
1520 R e R, FRAH X St I S 1 B SR A X fE
ML ERIRE, BT —LALAR . T Wb i i
REFEX L HURSFESE . S M IR A 35
TA] = A Y b DX R IR] 4V VA ) 39 5 B B (B AS A,
2021), WOl GEIHFERERY], B 2021 4, KEHIZ5:
ST FLA F 24.74 J7 hm?, FREEFERIR 22.27 7t H
H, DR El Ao RERE CdeSE AR ffilSre
WA R e K P B B A TR R
ORI A Z2 0 7 1 0K IR DL AT R 2 M 575, DA
di A EARE 1% 3R AR = S 2 E 15% WS
FRIA T o, R AR Sl 1 o e R A —
P S (B R ARAE, 2019), BRI, Tz X i
FEEH P & SR RV, FR0A T 2 BRI, X5+
B X IR PR B IR A B B =, BEE SR TR,
AR, SRR E L, SR R A 8 A 27 5
BRI

AT, 26T KIREE o 2o LB, WK
W RN S F R AR SR L OGRRBRILER | A AR
S TR RIE A DL SRR T RN R AR AN R 2R A g K
DO ORGSR, ¥ ULmaREEER
(Pseudomonas) . 3K H# J& (Mbrio) . & O ¥ & /&
(Achromobacter) . #{ 1% J& (Flavobacterium) , 125
(Lachnospira) . 7#®kE J& (Micrococcus), /\SBRHE
(Sarcina) . #f 1 #F i J& (Bacillus) . ¥ ¥ # )&
(Corynebacterium) . 45} 1% J& (Mycoplana) . ## K [GT#
J& (Nocardia) Fl4E % # )& (Sreptomyces) 2 10 248 ;
MAE & A W DU, L dE o BB L B-ETE 1
y-AE I AE N B2 JE T 1] (Proteobacteria) b i 5 JEE
WA ] (Firmicutes) B 5t — &2 7 = S M7 o AR, ST
Ty v 3 36 A7 7E 5 22 5 1] (Atribacteria) . 2% 5 B ]
(Chloroflexi) 1 V% % B ] (Planctomycetes) [ i b3
(Hoshino et al, 2020), YL AENEWIFEM, ME
FATARE, B HEL I T U AW & A, S E0R
B P UE Y B A R B R A s AR A, B2 |
2l 18 A W AL R T S O R & R
(FHLAE, 2021), I, FEAS 3758 X IR JR 3R 85 IH
VRIS I T HL R RS AR, XTI IX I 2 3325 =l
F ] Rk K e ELA H T S el e I R R T
Feiz AR T b s e [ SRR T S R TE 1Y)
FLSE LR T IR A T R BOR SCRE, ii B AT DASS G

PG B, AR Z ) R 5 AR
Z B A EAE AL, KRR T HUE =it oe 8
BE I, A NBEIE S5 KT a1 e A
A7 A RN ) g 45 AE £ {1k 32 4% (Youssef et al, 2009;
Caporaso et al, 2010), AU IR EE S E R EE
MR . UL TRV 4 A2 5758 X 80 1
IR UTRRY X4, S8R T 7K AR K R A 7
Ff2RH 16S rDNA &l T EE AR W T 4 A F25H 1
W E R 2R R R WA R R TR, DU 4T
B UL 2 B 5 Y R 2 35 I BT 1) B TR BIOIR Sy #5  of
St B SR T RN B 4 B it B 2 A B AR B

1 #wREFE
11 XEMERAE

MR A i 4 0 2 1 O 5 B R D) R oORD 32 2 5
V3853 A0 1 R A 25 AR, R BIF Y ak BUR = 55 5 P
(2022 4F 1 F)RFE, BB TS558 £ 2l ——
REVEHFR I A 42(26°4146 2N ; 119°54'24.8"E, #Ric
 DA). FIT.(26°37'58.0"N; 119°55'50.2"E, #rich
L)), SH1(26°41'15.9"N; 119°57'51.8"E, Frich MK)
VDT (26°39'40.3"N; 119°49'51.8"E, FRic N SW) 4 4>
2550 XA TRE iR AR . SR YST EXO 7K i i
DUASL (S5 ) B A7 0 o 5 B T K AR B (T L (D)
PRI (pH) . M2% X a (Chl-a) M 4A(DO) . AT
FIACRAKER KR 2 m b B KRR, 3231 R TR
PRI, BERE 2~3 om MUTIPIFE 52
AN KB OEF, B KR FTRIAE S 355k
3T, IRIRIZ I M SR, IR AR A LS K
FEARIC o W, UIBUAE i ARiE o No i ] NH4-3 TC
Reagent HR Set (WTW, F&[E] )il 7 &I & AKFE 1) 25+
Ao, Z MY R 4B (HY 535-2009) 0 &
KEEPRAN SR, SROLEL(GB/T 7493-1987)
D E KA TR R AL 1, S IS A IR IO G vk
(HI/T 195-2005)M 2 /K FE R BHLA M & 2, S ME%
iz #h 1k (HI 828-2017-COD)IM 5& #F il v 1 1k 27 75 4
o B E TR R A HLE AR E QAN E Rk
TEEE)VHLE G TR (R R R, 1991; 4F 5045,
1983; XImi4E4E, 2021), ffi}] 0.22 pm BERRZT4E R UK
HES it I A WS B A AT I T R RS A8 43T

12 FEXREEESEHRIH

B, REESE DNA, RJE, MRIERSFXE
WY, FEsIA S Pk, #E47 PCR 9739
X AT Al | A — AL, A R SO,
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Xt RS A % I SCJ%E A Tllumina Novaseq 6000 #E47
DT o X v 0 £ 0 R A5 1 D s R B s S, 28
F 1 5 (base calling) 43 B7 % 1k 0 5L 46 0 15 ¢ %71
(sequenced reads), Z55R DL FASTQ (fAiFRA fq) SC/F4%
GG, Hodr, A8 35 (reads) 1915 B UL K HxF
JOL A I 5 A 2. o A Trimmomatic v0.33 {4t
W P45 5 1Y raw reads #1708, SRS, fiiH] cutadapt
1.9.1 BRI 2 BR 51 907 9 J5 3K 15 clean reads, fif
Fil Usearch v10 2K X B FE 5 1) clean reads #E17Hf
F, FEARRE AN [7] DX 3809 B Y DT B 422 I Bl A T
JEiduE, HJRMH UCHIME v4.2 #F 2 Bin Ak,
RAG B LG R (effective reads)

KA QUIME2 FA4XSHE i P F AT Z % AT
Hrr, Alpha ZFMEHT 045 ACE #5840, Chaol 54,
Shannon F§%UF1 Simpson 54417437 ; Beta ZFEME4>
#r, f3$E PCoA 43#T(principal coordinates analysis).
UPGMA (unweighted pairgroup method with arithmetic
mean) /7o SRAHPIFN 3252850 B (G 3 TRy 14 2
YA &l . Venn [K155)K HLBCHE S 0 FR a9 402
FET YR AREE R, IRBFEAFZKF- 4% rank B9 RE
&, PBfiJ5E1T LEFSe (line discriminant analysis effect
size)43 M7 (http://huttenhower.sph.harvard.edu/lefse/) , i
Ve H P<0.05 (Magog et al, 2011; Bolger et al, 2014;
Edgar, 2013). & PICRUSt2 4%t 45 4 k6 i 2B 9
75 L I ) Be 247 B0 O #5417 COG (clusters of
orthologous groups of proteins)/2 51, FitKikS

DU RE i b AR W e v 1 Th RE ik R e AU s 4
[ 22 52 M4

13 MEFRHEHESNREEFEXES T

F T #24F 7 25 B J0 (operational taxonomic unit,
OTU)REMIAEEH FEE, A R 157 Vegan
package HEAT IR KT A OCME S BT, #EATOCAR 40T
(redundancy analysis, RDA), MR¥EEHICE &2 A
B AT i 2H AR P 53 BT 5 AR A SR 2 8] e £ 1 RN
HEAT IR DR SR TR AR DM 4B, IR OT R 2
[ YOG R PR R B 30, B 8 0 A o 2 U 5
S Z MR MR, iR AAE, Hif
RERIEARL

2 HBRE5HW

21 ARFSHREBHRERFAE

XARE PRI 4 S 3756 X3 K 5T K F
MESS R R 1, 4550 BoR, 76 1 A AR 2l K
TR AR T HA 5 L X (P<0.05) ; 4% s /K4 (1) pH
L J 6 TG 35 1 22 5 (P>0.05) 5 hg i I A S
FAR T HA 3 S 8(P<0.05) ;4 N A Chl-a Y
H#49(0.19+0.02)~(0.41+0.02) pg/L, COD 7 k(0.16+
0.02)~(0.60+0.01) mg/L , 7K A& Fh izl & 1 4(0.12+0.01)
~(0.18+0.02) mg/L, #¥#F3k[% Chl-a iy & & . COD &
AR L & B YA B E 22 5 (P<0.05); KL

®1 FEFBENRNSHREX 1 AHRKEMNELR

Tab.1 Water quality monitoring results of the sea cucumber culture areas in Dongwuyang Bay in January

FEEA - Environmental factor R4 DA 3 MK I LI THE SW
IR Temperature/C 14.18+0.02° 15.02+0.03* 14.93+0.08* 14.92+0.06*
7% DO /(mg/L) 7.09+0.08* 6.40+0.13° 6.89+0.15° 6.99+0.10%
TR pH 7.69£0.16 7.60+0.19° 7.63+0.13° 7.80+0.16°
£RJ¥ Salinity 28.50+0.04° 28.51£0.005*  28.51+0.02° 28.50+0.01°
4% % a Chl-a/(ug/L) 0.41+0.02* 0.19+0.02¢ 0.36+0.02° 0.28+0.03°¢
fb2E 5 St COD/(mg/L) 0.47+0.01° 0.60+0.01° 0.39+0.02° 0.16+0.02¢
AR (UL N i) NH; (calculated in N)/(mg/L) 0.77+0.02° 0.12+0.01° 0.12+0.02° 0.12+0.01°

WS E (LA N 1) NO; (calculated in N)/(mg/L)

0.038+0.001*

0.038+0.003* 0.040+0.002" 0.041+0.001*

KR TCHLE (A N ) 0.91+0.02° 0.90+0.02° 0.93+0.02° 0.93+0.02°
Inorganic nitrogen (calculated in N)/(mg/L)

WiEs 44(LL N 1) NH; (calculated in N)/(ug/L) 1.40+0.00° 1.30+0.00° 1.80:£0.00° 1.70£0.00°
W24k POJ™ (A P i1)Phosphates (calculated in P)/(mg/L) 0.12+0.01° 0.18+0.02° 0.16+0.01° 0.14+0.01°
B B 71k 8 8L Eutrophication index 11.41 21.60 12.90 4.63

A WL {5 Y+8 Organic pollution assessment 2.22 3.79 3.20 2.67

T ANFE/NE FRE ERR 3 7R AR DCRE il 2 1) 22 53 1 3% (P<0.05), T,

Note: Different lowercase letters in the same row indicated significant difference at 0.05 level, the same below.
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B AR B i RN B A R B A R T A 3 A
TR (P<0.05); #5338 pH . W AHER L & o MICHL A &
20 W E 2 5 (P>0.05), XTI I K K R
GB3097-1997 ) Fi (¥l /K FibriE GB11607-89 ), 4 4>
2 FRFE GO AR EE | WA % & . COD . JiE 25 %
TEEWR S QEAOKBARE GB3097-1997 ) 55—
M AOKBFRUE, KA pH 756 55 =21 AOK Bibn i,

EK AR B TR S & IE R IRER A & Bt T
DU KK AR UE, UEBH KR TR HLY & il & R
Pk BRI ERE<1.0 )R THREHR, 1.0<
E<20 B TREBER, 20<E<5.0 B THESE
F%, 5.0<E<I5.0 B THEFESR, E=150 B T™
FEERX G, £ 1 HIBESFEEEY, S
B & BRI BeAE] 21.60, R TEE SR &
G TR VLR THEEE SR, RA U T
BB IR YRR A LG PR R(Q<0 & T
BAF, 0<Q<1.0 J& TEH, 1.0<Q<2.0 JETIh32
FV5Y, 2.0<Q<3.0 B TREIYL, 3.0<Q<40/ET
FEETG Y, Q>4.0 J& T/ Ei5 YRI5y, RIS
BUE RS, SRR T R s gL

22 AEFEBEHKERARYERERFIEE
ERSHEEST

X RAERY 24 ASFEGIEAT mOE A, A
BROFINFE 73 042~77 582 Z[a), X FIRAG B4 %L
AR IEAT RIEHT, LL 9T%ARLEE LA 47 51 Sk
OTU, 414 1520 4~ OTU, JFAR-HFE it e U543 311 25

~

v (5 N
[ 85

a

il 4 AR KR FTTRRPIFE S OTU () Venn EI(E 1),
RN, RE . WL, BYURVE 4 AN EEUKEE
K 25 OTU 43102 934, 1 101, 1 064 F1 1 122 4>,
Hrp, A OTU RIEH N 657 4, 25l i 4 A-ifEdeg
FARFTAS . OTU %4/ 70.34% . 59.67%. 61.75%F!
58.56% (&l la); R4, TRIL. HIHTANNE 4 Nl
DU RE S RS A 1 OTU 43312 1232.1 0761 243
1201 4, He, 34 OTU W% H B 897 4>, 4>
A4 AT TR OTU Ui 72.81% .

83.36%. 72.16%A1 74.69% (& 1b), LI E45Ha] LIFH
W DURU A SR W Rl 2 3 R T KA TR B B e A
25, A MIEIKARIE] . DU A B S AP LA
352 18 P AR DL AR P 43 T 3RS 1) OTU By 43242,
24 MRESREI BT AP U8 T 28 1T, 5744, 163 H .
322 %k, 581 )&

HRPE I 2 BT AR 15/ OTU 4328 M Hi R (S ., *t
BFEA ) Alpha ZREMEHTEE R UL 20 Tl 1 /K
R KUY ACE F8E07E 906.42~1 098.95 ZIi],
Shannon $5 44 7£ 5.68~8.01 Z [f] , Simpson $§ (1 0.95~
0.99 2 [i], Chaol $5%U#E 840.30~1 100.71 Z[a], YL
WA OTU %k B R 2 FEM: 3 18 3 i F K Ik
AR o B AN ) V3 ) K AR RN TR R B 22 RE T 38 )
EMEE SR ER, YIS EUKIRR ACE 15
DS T DY LS, 2 009% X0 2k B kb
HKFE B A 85 B T HAD 2 AN AR
Chaol $8%0 i K T 5 VI ANVD VA W da, Ui W 4R 20 U
Pk S B R gD, H AR AY Shannon 8 Uik

MKN LIN

——v N om

[ ed

b

Pl ZRE TR0 2 35 58 X R K AR () B TR (b)FE iy Venn 5]

Fig.1 Venn diagram of seawater (a) and sediment (b) samples collected from sea cucumber culture areas in Dongwuyang Bay

SWW. MKW, LIW. DAW 205l 0 Vb1 . St F VL RUR 2K ARE i 5
SWN. MKN. LIN. DAN 73508008 . S, SILHR LIRS . T,
SWW, MKW, LIW, DAW indicate Shawan, Makeng, Leijiang, and Dong’an water samples, respectively;
SWN, MKN, LJN, and DAN indicate Shawan, Makeng, Leijiang, and Dong an sediment samples, respectively. The same below.
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Tab.2 Alpha diversity analysis of seawater and sedimental samples collected from sea cucumber
culture areas in Dongwuyang Bay
el FE 5 OTU %t H ACE 8% Shannon $84¢  Simpson $§%% Chaol 8%
Group Sample  OTU Number ACE index Shannon index  Simpson index Chaol index
TR DAW 612+39.27¢ 1 001.02+118.53*  5.68+0.03° 0.96+0.00° 840.30+18.81¢
Seawater samples LIW 777+£30.01° 921.69+14.73°  6.07£0.07° 0.96+0.00° 908.13+12.76°
MKW  726+31.61° 906.42+37.71°  6.09+0.06° 0.97+0.00°¢ 898.354+36.84°
SWW 788+111.63¢ 1 054.93429.57° 5.98+0.20¢ 0.95+0.00" 993.37+55.44°
TURRIAE i DAN 950+133.42° 1 050.61£150.63*  7.1120.17° 0.98+0.00° 1 089.78+133.97°
Sediment samples LIN 851+35.93° 980.75+43.10° 7.57+0.06° 0.99+0.00° 982.39+29.01°
MKN 992+32.39° 1 098.95+11.78*  7.73+0.16 0.98+0.00° 1 100.71+3.43°
SWN 953+21.55° 1 042.95+22.35° 8.01+0.07* 0.99+0.00° 1 048.02+40.91°

%, RUNZ XA YRR A ) 2 AR XA
[ R SR DURR A i 2 22 R v s SR o, STl
BWHUURRY) ACE 5405 2 & TV i M VLR sk (P<
0.05), FIZXIRTURRY W HCE YA ZEEE B Aty
SR T HAD 2 AN ; 1 Shannon FEEUT R4S R B
IR, 4 ISR TTRR YA i U ) 22 R R BRI
NVPIE > GYi>WIT>AR %, HAHE o) 22 55 3%
(P<0.05), Tt BH VD 785 il S A5 TR AR 1 5 = B s o
23 AREFSFERSIEKERTRYHERMEYHE
BN 53 47

SHATE ST A [ S5 Hb XK A4 B ORI i ] R
YIREE I ARRIM: , 55T Bray curtis 5-57E OTU 7K FXF
FI A DU RN KRR i iE1 T PCoA 43#r, Z5RILE 2,

PCoA-PC1 vs PC2

@ SWN
SWW

OMKN ¢

@ MKW

®LIN

eLW o
DAN

02r

PC2-Percent variation explained 10.07/%
S

04 ~02 0 0.2 04
PC1-Percent variation explained 79.11%

K2 FRETERIZ IR DOK A R TR ERER PCoA 73 #r
Fig.2 The PCoA analysis of seawater and sedimental

microbial community collected from sea cucumber
culture areas in Dongwuyang Bay

B — ERIRCPCHTTHRE N 79.11%, 5 = F 4845
(PCITTIRFE A 10.07%, HTTHERN 89.18%. 4541
P EARE Al A G Y SR AR AE — i, RWIRE i A B
YR EE M AR U RE AR I B i, 3
TR 5ok Z M E s 2= 5 B & . FIH
weighted unifrac 3% 1T UPGMA 2 ¥, 154 5 T A £
i R (F 3), RS K AR A FE e B AR 4331
RO — i, DRI AR i SR VR 1) Vg 3l o
LA H, BT VDTSR S i s A AR AR BRSO —
SRS AR KEFE B — 3, VTR 3R 2%
A7 AEAH ] P RE A5, U8 B S 8 %o LK A R TR

B ES F4 (R RE R K

DAN1 =LJ

DAN3 =SW
DAN2 "MK
‘ =DA

MKNI1
MKN2
MKN3

+DAW1
4|t DAW2
DAW3

MKW1
MKW3
MKW2

0.09

Bl 3 IR FEAZ 300 DK A S TR BRI 9 SR 26 25 #
Fig.3 Cluster analysis of of seawater and sedimental
microbial community collected from sea cucumber culture
areas in Dongwuyang Bay
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24 ARRSHREBBKRERTROHEREFEN
FHED T

AR B B RE A 8 R B B 19 10 N Fb
A AR =E B L (UL L 4) o AR R TR T LA
K T % T # #l (Flavobacteriaceae) Fll £I # & F}
(Rhodobacteraceae) & 7K 14 Fl IL FLY) o A A 1) fL 5 Fb
ZEA1, AR S RN TTRR A S (8] A T A R 2 22 S %
K, TEKMKEEAR P, Nitrincolaceae . ¥ H i i #t
(Psychromonadaceae) . ##T I# F}(Microbacteriacea) Ffl
Clade_ | XJLEMAY F BB m, (BIETURYME G
FERAM; MILHEY P EEE S Sval033
Desulfocapsaceae £l Woeseiaceae TEZKMRKE M H 1)
BEHARAG . A HES I EORIETT LR 1, 4 AN
IR AT A SAE By Fh 2 AR AL, (H B2 i A X
FREAAAE 2S5, b K PR RS Nitrincolaceae
(5 21.14%), TRZE . BTSSR S ILAEE N
CIFFRERL, FIXTHEEEARICH 22.90% . 20.58%F1 19.41%,
4 MoK R A R ER B E. 4 D
TS TR R AP I AR = BT AR 25 5%, AR
G FRIL. UDVEHESITURRIRE LSRR R BT T
HIFEBEMRIR N 37.48% . 21.87%F11 10.45%; EhIiiisk
HREATEFEY Sval033, FAXTFEEH 11.17%, M4, A
R, HA A 20HE I R (Vibrionaceae)
TEFTA KAR TR REA h Y R A e 2 —

100
80
60

B Unknown

H Others

[ Vibrionaceae

[ Woeseiaceae

H Clade_I

B Desulfocapsaceae

B Microbacteriaceae

M Sval033

B Psychromonadaceae

M Nitrincolaceae

[ Rhodobacteraceae
0 M Flavobacteriaceae

40
20
SEFFES
Sample
B4 B TRIKTR AR B A R 2 55 5H
KA B ORI R AR X 3 BE LA

Fig.4 Comparison of relative abundance of bacterial of
seawater and sediments collected from sea cucumber
culture areas in Dongwuyang Bay based on family level

Relative abundance/%

WA T8 7K T B TR AR 70 2 R IBCF BE A w10 S FD
HRLHAXT FEEEILE 5). MFESCRIERT LIE 1
TERRRES B, /T JE (Marinobacterium) . ¥ B
Jitd i J& (Psychromonas) . Candidatus Aquiluna, K-
AT 78 (Pacificibacter) 1 Clade T a B @ B AR XT3
BERSm, ABAEDUBIRE S v 3= FEEDARAR ; DI P
an RN R IR YEAT TR (Lutibacter) . Woeseia,
Unclassified Rhodobacteraceae il Unclassified Sval033
VR AE AR A v 3 BERIARATG o 177 DA AR o 114 1 ok Y5 mT
DIAE N, 4 MR R R A By R A L,
{AEAFEAAIRT F AR 2 5, AR BUKIRRE L
PR E NV M , AR 13.68%, ML, 5
GUAP IS AR D3GR a8 D A T M B L AR AR
WM 16.91%, 12.22%F01 19.92%. 4 ANHEHSASITRIIEH:
VB R AR FRE IR R 2E 5, AR TR L3
B IRAT R, AR RN 19.98%; TR VLTI
Yt # i JE N Unclassified Rhodobacteraceae, HIx} -
K 9.68% 5 b bt ifg T AR W) AE o b L B B
unclassified_Sval033, FHXTEREER 11.17%; VST
PR O 8 A Woeseia, AHXTFEREN 7.17%.

100 B Others
B Pacificibacter
80 B Woeseia
B Clade_Ia
60 W unclassified
Unknown_Family
B Candidatus Aquiluna
40 m unclassified Sval033
B Psychromonas
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Fig.6 LEFSe analysis annular tree (a) and Linear discrimination analysis (b) of seawater and sedimental
Shannon in sea cucumber culture area in Dongwuyang Bay
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Fig.7 LEFSe analysis annular tree (a) and Linear discrimination analysis (b) of microbial
community from different sea cucumber culture areas in Dongwuyang Bay
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Structure of Seawater and Sediment Bacterial Community and Its
Correlation with Environmental Factorsin Fujian Dongwuyang Bay

ZHANG Mingyang'?, LI Hao'?, WANG Yingeng®, MA Cuiping', CHEN Fushan', HUANG Qiang’,
LIAO Meijie’”, LI Bin?, WANG Jinjin*, GE Jianlong”, RONG Xiaojun’, WANG Yufan

(1. College of Marine Science and Biological Engineering, Qingdao University of Science and Technology, Qingdao 266042,
China; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. Xiapu Marine Fishery Development Center, Ningde 355100, China)

Abstract The Dongwuyang Bay of Fujian Province is the core production area for sea cucumber
culture in South China; however, research on the environmental status and bacterial community structure
in this area is still limited. In this study, we investigated and evaluated the seawater quality in January,
which is the peak culture period for sea cucumber in this area, and analyzed the diversity and differential
characteristics of seawater and sediment bacterial community structure using the high-throughput
sequencing method and analyzed the correlation between environmental factors and bacterial community
structure. The following results were obtained: The Makeng eutrophication index reached 21.60, which
indicated that this area was experiencing serious eutrophication. Dong’an and Leijiang were experiencing
severe eutrophication, and only the Shawan sea area was experiencing moderate eutrophication. The
organic pollution assessment showed that Dong’an and Shawan had light organic pollution, while Makeng
and Leijiang had moderate organic pollution. A total of 1 520 OTUs were obtained via high-throughput
sequencing, belonging to 28 phyla, 57 orders, 163 families, 322 families, and 581 genera. The diversity
analysis revealed that the level of bacterial community diversity in the sediment of each region was
significantly higher than that of the corresponding seawater diversity and presented stronger spatial
heterogeneity. The diversity and abundance in Shawan were the highest. The results of the principal
coordinate analysis and similarity analysis showed that there were significant differences in the bacterial
community composition between sediment and seawater. The cluster analysis revealed that the cluster was
influenced by water exchange and site location. Vibrionaceae, a family with potential pathogenicity, was
one of the dominant species in all seawater and sediment samples. LEFSe (line discriminant analysis
effect size) analysis of seawater column samples and sediment samples screened 74 specific OTUs
(operational taxonomic units) of bacteria at different taxonomic levels. Prediction of gene function and
COG (clusters of orthologous groups of proteins) classification statistics showed significant differences in
12 metabolic pathways between seawater and sediment samples (P<0.05). LEFSe analysis of bacterial
community structure from four sites screened 30 specific OTUs at different taxonomic levels. The RDA
(redundancy analysis) of the seawater bacterial community structure with environmental factors revealed
that temperature, dissolved oxygen, and chlorophyll-a concentration were the major environmental factors
affecting the structure in the four sites. Related studies should provide basic data and scientific reference
for the management of sea cucumber culture in Fujian Province.

Key words Dongwuyang Bay; Sea cucumber cage culture; Environmental evaluation; Bacterial
community structure analysis
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