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Fig.1 Structure schematic diagram of Jet Water Mixer (JWM)
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ZIa), 124 1=3 A, 7 H AR SRR 29.9%0~
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Table 1 Physical and chemical parameters of pond water

AL S AL H 1> Month Sl
Physical and SEZN IZIN i']:i’g{ﬁf

hemical I Min Max, Meano

chemica 1 2 3 4 5 6 7 8 9 10 11 12 : " year
parmenters Pond
s Wn  -0.9 1.6 58 123 189 2201 260 271 210 120 06 22 22 271 119
{ITIL /-
Temperature Wt -1 0.9 53 124 186 222 258 274 213 121 06 24 24 274 118
T/
¢ Ws 1309 46 124 190 223 261 279 212 120 06 30 30 279 118
e Wn 92 136 116 68 54 6.1 4.7 58 6.6 94 92 133 4.7 13.6 8.5
Dissolved O, Wt 8.1 88 118 72 55 42 0.3 2.1 6.7 8.8 9.0 132 0.3 132 7.1
DO)/(mg-L"
(DOY(mg L)y 96 139 116 7.6 59 52 45 5.1 73 8.8 92 119 45 13.9 8.4
Wn 358 341 356 319 322 320 336 299 326 331 322 324 299 358 330
Eh pF
Hh5 Wt 363 352 351 329 330 323 341 305 333 337 330 339 305 363 336
Salinity/%o
Ws 342 328 339 318 318 318 335 301 318 318 314 317 301 342 322
. Wn 023 0.2 043 037 033 024 022 038 049 029 019 010 010 049 028
RS
NH,'-N content/ Wt 022 013 039 038 035 024 020 040 056 028 022 014 0.3 056 029
.L‘l
(mg:L?) Ws 021 012 041 034 032 026 023 039 053 032 027 014 012 053 030
N Wn 0001 0001 0011 0001 0005 0007 0008 0015 0021 0010 0003 0002 0001 0021 0.007
LRI
NO,-Ncontent/ Wt 0002 0001 00IL 0001 0008 0008 0010 0018 0023 0011 0004 0003 0001 0023 0.008
.L'

(mg'L7) Ws 0002 0001 0010 0005 0.005 0009 0010 0015 0021 0012 0004 0003 0001 0021 0.008
b Wn 055 041 041 035 024 019 030 052 065 037 030 028 019 065 038
TR SR

NO;N content/ Wt 050 043 047 040 031 024 032 056 075 036 028 029 024 075 041
!

(mg'L™) Ws 051 048 046 040 032 022 029 055 079 033 029 027 022 079 04l
e Wn 0021 0025 0.030 0027 0022 0020 0022 0031 0045 0.038 0028 0027 0020 0045 0.028
TR Ehe i

POS-Pcontent/ Wt  0.020 0.024 0024 0026 0023 0021 0021 0029 0050 0.037 0025 0019 0019 0050 0.027
.L‘l

(mg:L?) Ws 0018 0.022 0.025 0026 0021 0020 0022 0.028 0048 0039 0.027 0026 0018 0.048 0.027

Sk Wn 0660 0980 1.113 1500 1415 1300 1113 1.167 1362 1808 1471 1280 0.660 1.808 1264
Total Nitrogen w6540 0870 1.009 1236 1878 1404 1.108 1.610 1386 1236 1164 1.190 0540 1878 1219
(TN) content

((mg'L’") Ws 0650 0800 1213 1347 1223 1266 1.164 1.126 1.856 1.821 1255 1.160 0.650 1.856 1240

TR Wn 0025 0033 0028 0030 0035 0220 0260 0276 0236 0.196 0152 0.140 0025 0276 0.136
Total Phosphorus g 536 0029 0.036 0044 0086 0120 0205 0207 0241 0206 0175 0130 0029 0241 0.126
(TP) content/

(mg'L™ Ws 0022 0030 0.034 0038 0082 009 0330 0219 0219 0215 0.118 0080 0022 0330 0.124
WGk Wn 0689 0777 0788 0324 0267 0210 0.050 0559 0729 0905 2.009 1371 0.050 2.009 0.723
Chlorophyll Wt 0760 0430 0286 0.165 0336 0213 0002 0.107 0.107 0717 1376 0785 0002 1376 0.440

(Chl) content/

(mg'L™ Ws 0506 0569 0785 0273 0387 0210 0074 0324 0200 1550 0630 0225 0074 1.550 0478

BV Wn 1400 2094 1912 1875 1425 1000 1250 795 432 2000 1500 10.00 432 2094 13.90

Suspended Solid v g5y 2000 1850 1750 1075 725 477 875 477 1563 1375 875 477 2000 11.58
(SS) content/

(mg'L Ws 950 2031 1676 1675 1275 775 636 896 800 19.69 1450 950 636 2031 1257

T Wno Wt Ws 2350038R TR KHL. BARGNEL . LI TRk RIE.
Note: Wn, Wt and Ws respectively represent the water samples of the pond with Jet Water Mixer (JWM), water exchange by spring tides (WEST), submerged aerator
(SA). The same below.
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AR BR T B, &Pt s M LRI G
G133 681 429 2 RGLFEITHI, 5 SR 553
KT 0.98, Ut BHAIGHH #Eif HA Uik 77, B3R5
PL 97%MIARALRE SR EIL3R/1G 19 334 MEE KT
(OTUs). JthIH/KYHH BFERE a-Z PR EOL (B 2a. by c.
>, "I, FEAKHLIBISE KAE & B R & B2 (Observed
species, Shaol, ACE) . ZAEMFEUA2)E (Shannon,

simpson) ¥Jf iy, 1AL St 3E /K R B B S A,
{AZ25d Tukey HI wilcox 145, 3 4HZ[A] a-ZFEME 2 RA
. B-ZHNER PCoA 73 HTHIZET Amova unweighted
unifrac FEEGA BT,  FRAH LI I L5 X0 HE 35 7K 240 B 1) i 45
Mk zERARE (K 2¢) , HAHLE (Similarity) tH
A, AE 8.77%~9.37% 0], IX T RF S5 A LA
B RIS (P>0.05) 1IIL 52 A AR AR FIK 5
A3 TT SO A R S5, BEZK 5T 1845 77 2o il 58
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Table 2 Correlation between a-diversity of bacterial flora and
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Firmicutes JIHT 2 RF 1146, FAR A& K HT 2 65
BN TR ] Proteobacteria FAUAF ] Bacteroidetes,
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class, genus levels
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HEPRFLIR <t K T i3 22 5%, Alteromonadaceae W1
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BUE S HN 0.87%. 2.47%- 1.42%. Pl lefse (LDA
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1.48%- 0.52%, Bacilli FJEHSMEH N 4.01%. 0.26%-
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TR %
Contribution/%
itk

& g \(&0 0\\\0\0 00‘\ » ¢
%@C}' ,\q}\\\\ \)Q’\ $ 0\)& 0\ '\9\\
°>’°>\ M
$
all b. )i
a. Phylum b. Genus

A5 glakEzmAREmERGmE N mb b
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FECI K 2255011 PR R b AL 22 S (/K TR R A 2 7K R )
JUBE TP(P=0.003). NH,'-N(P=0.005). NO,-N(P=0.008) ( il
2 3) , WEAUFT E ] Bacteroidetes - WIS R 7 2
NH;-N. NO,-N Fl&® TP, 5 NH;-N. NO,-N ¥ 1
IEAK, S5 TP WAL, i EREE]
Firmicutes F- £ IR EEN F /& PO, P 1 0,, &I THES
2 RERIH 7 R IEAHSC, fE A3 2 02 R it 3 /K 3 B B v
HIZZ B ] Proteobacteria WK FHI 2 2, W& 2
ERZR, M5 EFRET . S E B RS M 2 B R R
B K7t 2 BB TP(P=0.003) . NH,-N(P=0.005) .
NO,-N(P=0.008)¥ % (LK 6)
2.7 FRIKHLIT B IhREE AR

X FAPROTAX. PICRUS AT 1 ith 3 55 ThRE 1
FE, & FAPROTAX T EHETIREN t-test F1 wilcox &
0T, FRAKMLS A IR L, S IR EES R E
ZE5, 7K FAPROTAX F3e LA Dhae Wik h: L
RESFFR IFEMbRE IR, BRI BRPPIR. SRR R
REARYIFEREE (B 7a) , S IREHEFE 0 B E
12.78%~19.65%- 0.96%~4.97% 0.37%~2.74%- 0.05%~
11.40%- 0.18%~8.07% [f], HAMIHEER F (LT 1%;
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SYNRE R R AL, WRIGETH (3, 5 HD , KuhdE
F—LAThRE W FE 7B, REH (1 A, i
IR ERBR (- 7)) , Hrh 3Rk pL it K &out g
H ARG AN LR S K R B . (433108 9.658%-
0.300%- 0.190%) - HEYBHREFEL (A~ 3.676%-
0.023%- 0.017%) AR (B 7a) , fHEREhI4 )5 B
FE (0N 1.563%. 7.378%- 12.104%) HHE KKK,

=3 FMAEIFEESKROEXMY
Table3 Relationship between water quality and abundance of phylum

T H Item NH,'-N NO,-N NO;-N TP TN PO,"-P DO #h
Salinity
Proteobacteria *
Bacteroidetes *E * *k
Firmicutes * *
Verrucomicrobia * Hk * * ok
Acidobacteria wok Hok * *
Actinobacteria *x Hk *
Planctomycetes ** ** kK
Gemmatimonadetes wok w3k * *
Chloroflexi * Hok * o kk
Nitrospirae ** ** *
B TE AT - s Rk %

Unidentified bacteria
e CREE (P<0.05) , **AREFE (P<0.0D .
Note: * is significant (P<0.05), ** is extremely significant (P<0.01).
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Fig.6 Relationship between microbial community structure and
water quality index
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H AR IKARAE 50.97%~52.48% 14.43%~17.24%.
10.51%~14.24%- 3.31%~3.75%2 (8], HH7E Level 1
KA b2 0k HEB I A B A NGl B R AR B R
(P<0.05) , MiFRAKNL G XS IR SEEEEThAE I LR & E 7.
TEARHT Level 2 7KF 1, F= 7K MLt 3 Rt B fRlcFLIg: < it %
Bk T AR5 A W B R AAR = AR T B 2R gt 3 DA
Ab, HABARE ThRE =T E ARG, 1 IR KA LI I
PABR KL AW, BEREACI . AN 5 2 W B A RN A i
RNEEARUER, XA S I LR SRR . 4l
BA R e m AU AR e E, K
R LR AR TAE 2 M (P<0.05) {H 83, 1 (P>0.05)
HAEE, o] ARG b K 32 2R S I
AEAFER.
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group 0 F IEA G, B =K 35 5 St A P 205
B 5 NOy-N &&= 2 1EAMAHZE, Ui B IR St S £0% 3
FREER)FEH R KT H NOy-N & &

x4 EYHHFESKDRBBEFIKRIEXE
Table 4 Correlation of plant pathogenic bacteria with dominant
genera and water quality

2 e N - NI
iEE AR ORm@KXHE
- . Correlation between (D and @
Functional Dominant genus or T T
bacteria ater qualit N AL
@ water quality®  FkHLIWM  Sor A
Colwellia 0.999*
Lactococcus 0.999* -0.999*
FPIS Lactobacillus 0.999*
Plant pathogen
NS3a marine group 0.998*
NO;-N 0.996* 0.995* 1**
3 ¥

3.1 FRKHLITHRI S BIEKRAF N
FEIKHURE ) 2310 35 7K J53 (1) 5% Vel 5 i — 40 g 25 SR 2
AT, 58 R ARt th 35 7K R PR S A A 11
3.2 RBSFEMEKMEME LRSS
IR A0 B HT 10 AR 3507 B4 AR S Sk T 2
AR—F, XA RS IR RN S 02 g
SRONEH R Z TR UK 28 1 ARSA T TR N 4351 A A T
W 1] Proteobacteria #1 a-"S TEAT T 2W Alphaproteobacteria,
B 5 SC kR g — g0 n] B 5 AR H T
Proteobacteria NHEIRFHTHE 1 KEITAX, ZHEI]
Proteobacteria BFEH S F LA AGE, IAS [R5 564
IS, wl R AL s AR, AR 2 REBTTAI
WECERIRTEAEZ R, ARIIBTE e 2 hAS
K. FLilf 2 s — S PRI ] Bacteroidetes
(RPN B KIS ), 1T ) i e S ) 23 37 250 R TR B
'] Actinobacteria™, AR Z M EE 2 (AN N r- B H
W Gammaproteobacteria, S —2, HE5E DA
FULL R Z I 3 5 AR A9 Flavobacteria TR 44
Actinobacteria AN, T] JAH [FHEISEE B RGL M 5 2 1R
IITFIEE 2 RBNAHIF, A [EIEE B [ 80 B Az,
52 ATV ANZERER, SRS AL 2 10
TR AN BE S A Rz e, 52 AR [R] 3 38R
BT (R T A [ g e B A T 11 (R — St
WKBE 3 AR IIMEBNEZmWE LR, X5 3
AT AR BN RS M PR, 2R R
Wi B KA o T /S [ i dskont £ 385 Jes 21 s s i 3 KM, 2
RT3 RZRBIRME, GEEMEED. REME
2, TSR LEERNESEKR, HA R 2
I BT AT 1 )8 Polaribacter WARERFT # &
Sulfitobacter~ Loktanella. Planktomarina 4 J8",
B 7 1%, 112U J8 ) e i 2 B S I A B
o, LR S PR ), XA RE S 2 i g
B XA PSS E RSP
3.3 KEAEARIBIEKABEE AR EENZ N
FEIKHURT It I 7K A0 4 4 TR K 4 1% 1) 52 ) il 7 %)

KIZHRE RN, X 73 2 2 BRI RR A
X5 TR g R 8, R 50K E R EES
k%, 792K)2RBIRA SR ING .

JUETETTS MK B, ST, HEEE
FAEE, B AARGEEMIEAEL, FRKPLIhIEK
FATU LR SIS IR AR TE R[] Proteobacteria FFEFEAK T,
AT T Bacteroidetes EFEFE 1, W EHFRAKHUAIGHAL
M 2 T b 3 KA TR B AR O U T — R AR, 1X
Al G5 FRAK ML GLFLIR S 3 B # e e gty i | <A %,
RS2 AKX v 378 40 T T A P P G AR R 1, SR 7KL
Xt 5 BE B 1] Firmicutes =F & 52 Wi tb ¢ 48 JE & 1]
Proteobacteria FI3UFF 1 ] Bacteroidetes -5 520 5K,
FEIKNIHLIE BB ] Firmicutes 3£ FE 472 B 4R 4N A
LIRS T IB U3 A 4 A0 11.5 1%, Bacilli 73 5= 5B HE
W) 15.4 A1 23.4 £%, AT H Lactobacillales F-FE4y 5
RN 77.64 95.6 %, HiZHFEAETRKLIbY
Ext iz B BEA BEE R, MizHEFRAKPLMYEE
HPLFLFTF B & Lactobacillus MIHERE J& Lactococcus N7,
Ut B FR KWL 3 iz B & S AR AT B A FL R BRI (AR
M, ZEA e KA, @R R, ik
by R B 2 K IR A WL B B R
i, (HFRKHLIEYE Z )8 K LA R i — P .

5 BRG] BRI L, SRRV EZ R TR E
TR R Alteromonadaceae FH I JE 7K i J& Glaciecola J& 3
B, X 2 AAEERAR KR, E&E&HRRRNRKMEE
B2 KRB eS8 2 0 PR A R,
Tt B FRAK AL 3 R BY 2R . BRI AR, T R
WIE KRB PR KRS H R, X5 5P il
FARFUSL, ap UL, YEAN B A 2 R N T A A A

i bR B B2 22 R EA A E LA, FRKLI
BERTAR 38 R S0 B 2= AR OK, FRAKAL it E DAEE R
SR UA N E SR AR P B F B RS, W NS3a marine
group ™ I AT 5 )& Polaribacter™, T LA 8IS
WWINE % Lentibacter J&AME™EEEBAK, X RALAT
T 3.7~6.5 1%, BEULLAAN, Nonlabens J& W40t LL Xt H&
P T 4.2~5.5 1%, XA S FRAKMLMIEF e 5
JCH R, TORAEE R F LG — 80U, ML HI
TRERAT B J& Sulfitobacte Y P& TEFR/KHUFINT HE Tt I = & %
SN, X BE S %) BE R RINLR W 2 5P,
3.4 FRIKHLIT BB A AR

FEARNMBIE KB o- B RE 2 AR — e i e, T
X RETALIR S AE 5 A 2 FE ey — s T
X HE ARG I, LRI S AR, AP 2 AR AN
—hE, RREK . A G AN TR AR
FABIY, S FR K AL S FUIR I KA PY . HAasE, X
HHRT R S5
3.5 HWEEMFEESHERFHXR

MR8 A T 2R G0 K AR K 4R TR 20 AN B 268, )=
WEEER, W], HRnASMESR, REITEERES
IR A B OGS, (H A L] 3 B AR
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BAEVIRIREE, TR wAEY, W wE]
(= B AT LA SR AR 7R H e R A BB, Rk, AATE
R R A B — A, DR R
FRIEA RIS, (H0E, FOAM AR S At fIgn e A 7S
R ZHEE, 245 MRS MR 176 & P 2% A
TG —KRZR, WHLHRIELE] Proteobacteria HXK
AIEEIRIE A BV KRS, EdaRF R,
AT Proteobacteria 5/KVEE L IEAHKEY, Ji 050K
TBAR LT ] Proteobacteria W LAAEH TR & FIEE &M T,
ARICHHA MBI T Proteobacteria 35 -5 ¥ & 1
KEFR, M5 iIEHE 2 MFRHIT] Bacteroidetes
F R RIEAR A E R E G, JCH SR
PR E L), RS pH {H 2 ARS8,
5 POS-P &R R IEAR KPS, AR S B R A
Bacteroidetes 5 TP 2 M55, 5 NH,N. NO,-N £IE
FHOG, AT WAEAFAERTE R, Fum Ao 5
A —, BN ] Bacteroidetes =FJ& [R5 A
FHEEFRE N M P K, AL CikiEDTET]
Bacteroidetes Xt 4N A A BURDY, BT LU IR ES (g
YD, ARSCWAESE TIX AL, HEE R WA 5K R R B,
i KRS . A E JERER ] Firmicutes TR 2N
Bacilli 5 O, EAIEMIE, X 5% TR ST, &
HOR XX A B 1] Proteobacteria < T ¥ H I
Bacteroidetes. JBRETE ] Firmicutes S/KEHIR R, AL
Ja = TR AESWEFA FrisBh.
3.6 FRAKHLITithEK 4 E R EE Th AE RS2

FURT, A7 %00 2 77 B it 30 40 B oh B 1) Sk /0,
HRHMTESAOAE, LT R .. AR A,
A 4% 7 SEE A T St E 4 TR T R TR R, (HE
T FAPROTAX Al PICRUS levell i {1 Zh & 1 4 )5 2 5+
ARE, XuTReE ZMIBEELEILFA B, S8 3.5
HZERB/NEGL B3] 11 H &K 7 20 S
DI Re o A B R 22 e, R )2 TR 7KL 35 A R T 4 )
KEEYD R FH W AR, XA R Tl KR i B A
K, HRT RS EKAE RS 2 GRSt 174
YL . EE B SRR T A G S E A R e T 32,
50 A1 159 216 1% AHERELIE J5 B = B W S BRAIR

4 % i

1) AR5z 77 200F 73 28 )= 90 v R AR 33 SR B 4H A
MR, R R BERARKI B R BOK .

2) NS3a_marine_group MM )& Polaribacter P
J&& B AT AE R 2 i K B B R HR AR TR

3) FRAKHUER S TR KEHE o-Z e JEEER ]
Firmicutes F A BOR B F-1E, X FE T FRANLIBYE
KFARE AL, EWAEKEE, AR T RS0
KA Z K.
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Effects of three water treatments on the structure of bacterial flora of sea
cucumber breeding pond water in spring and autumn

Zhang Dongsheng®?, Zhou Wei®*
(1. College of Fisheries and Life Sciences, Dalian Ocean University, Dalian 116023, China; 2. Key Laboratory of Marieulture & Stock
Enhancement in North China's Sea, Ministry of Agriculture and Rural Affairs, Dalian Ocean University, Dalian 116023, China)

Abstract: Sea cucumber is an important species cultivated in seawater ponds in Liaoning and Shandong provinces of China in
the past 30 years. However, the current conventional techniques for improving pond water quality, such as water exchange by
spring tides (WEST) and submerged aerator (SA), are not very ideal. The ponds can still form thermohaloclines in February
and June, and a large number of macroalgae will be produced in summer and autumn. Jet Water Mixer (JWM) is a new water
quality control device for sea cucumber pond. In order to explore the effect and mechanism of water quality improvement of
sea cucumber breeding pond by JWM, we measured the annual changes of water quality and the changes of bacterial flora and
function in spring and autumn by 16SrRNA high-throughput sequencing technology under the three water quality control
methods. Nine adjacent ponds of the same size and shape were selected for the experiment. Three ponds with JWM were used
as the experimental group, and the other six ponds were used as the control group, among which 3 ponds were used as SA
control group and 3 ponds were used as WEST control group. The results showed that the contents of NH,-N, NO,-N and
NO;-N in the pond water with JWM were decreased, and the contents of O,, PO, -P, TN, TP, chlorophyll and suspended
matter were increased, But except that the content of chlorophyll in the pond water with JWM was significantly higher than
that in the control pond, there was no significant difference in other water quality indexes. The effect of water quality
regulation on the composition of dominant bacterial groups in pond water showed that the higher the classification level, the
smaller the effect, while the lower the classification level, the greater the effect. The composition of the top 10 dominant phyla
and the top 3 dominant classes in the pond water with JWM were basically the same as that in the control ponds. The first and
second dominant phyla are Proteobacteria and Bacteroidetes. The first three dominant classes were Alphaproteobacteria,
Gammaproteobacteria, and Flavobacteria, but the composition of the dominant genus varied greatly in different ponds. Lefse
analysis showed that JWM significantly increased the abundance of Firmicutes-Bacilli-Lactobacillales in the pond water (LDA
SCORE > 4), and t-test showed that WEST significantly increased the abundance of Alteromonadaceae and SA significantly
increased the abundance of Glaclecola in the pond water. FAPRTAX analysis showed that the main functional bacteria in each
pond were chemoheterotrophy, acrobic chemoheterotrophy, sulfur oxidation, sulfur respiration, nitrate reduction, fermentation
and plant pathogens. There was no significant difference in the annual mean abundance of the same functional bacteria among
the ponds, but at the late stage of the experiment, there were large difference in the abundance of some functional bacteria
between ponds. JWM increased the abundance of fermentation and plant pathogen bacteria and decreased the abundance of
nitrate reduction bacteria. SA increased the abundance of nitrate reduction bacteria and decreased the abundance of plant
pathogenic bacteria. The a-diversity of microbiota was the highest in the water of pond with JWM, and the lowest in that of
pond with SA. The main environmental factors affecting the structure of bacterial flora were the contents of TP, NH,"-N and
NO,-N in pond water. In conclusion, JWM significantly increased the abundance of Lactobacillales and plant pathogenic
bacteria, and increased the a-diversity of bacterial flora in pond water. The former inhibited the growth of macroalgae, while
the latter was beneficial to water quality stability.
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