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Tab.1 Basic situation and physical chemistry features in the ponds of A. japonicus

I FRIK LIt LI it o SR it

ponds jet water mixer submerged aerator natural water exchange
[HAYVhm®  area 5.1 5.1 5.1
JKIR/m  water depth 1.2~2.0 1.2~2.0 1.2~2.0
FEH /(N /hm?)  seeding density 152 125 151 627 151123
RS/ (/1) seeding size 47.13 46.87 47.01
HEFE/°C  temperature —2.1~27.5 —2.1~27.5 —2.1~27.5
hEE  salinity 29.9~36.3 29.9~36.3 29.9~36.3
pH 7.3~8.5 7.1~8.3 7.2~82
EWIE/m  transparency 1.0~1.1 1.0~1.1 1.0~1.1
WHPEBR L/ (mg/L) PO, -P 0.012~0.058 0.009~0.051 0.011~0.048
AR/ (mg/L) NHy-N 0.029~0.379 0.055~0.380 0.096~0.469
WA/ (mg/L) NO, -N 0~0.019 0~0.010 0.001~0.029
M #h/(mg/L) NO3 -N 0.155~0.507 0.132~0.766 0.232~0.688

KA % B #UR/(CFU/mL)  WNHB 8 967~128 833
KA Il % & /(CFU/mML)  WNV 0~646

JeHh 7 7 W 3E/(CFU/g) SNHB
eIk EE/(CFU/g) SNV 0~3 037

A HUR & &/ [mg/(m*d)] SOM 633~696

115 037~410 291

6 500~191 500 6 817~168 167
0~952 2~2899

62 634~247 309 94 400~377 626
35~5412 2~3291

666~711 711~996

: WNHB, /Ko F3R40@ 3cE; WNV, KilE3E; SNHB, YU Rt SNV, SR TilEEE; SoOM, JilyTa

DIk7 g

Notes: WNHB, number of heterotrophic bacteria in the water; WNV, number of Vibrio in the water; SNHB, number of heterotrophic bacteria in the
sediment; SNV, number of Vibrio in the sediment; SOM, organic matter content in the sediment
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Fig. 1 Simulation diagram of

jet water mixing (JWM) unit
1.3 SKWAEA

S5 B[] 2015410 H 22016429 H 4 H
H ARG 3~S KM 1K, 1 A8 H W 29Kk (Hh F
SHTH ZMERITE, LURKIRASE, Bl REE
2o WIS i e R R EOREY, BE
AR 150 mL, 7EH| S s Ok, i i
KB ERO, 0.3, 0.5, 1.0, 1.565TF L
VOB 26 47 43 2 R AR KRR RLEE N, R B[] Oy
24 h, FWinklerik il % % i £ 221

MR W E . FHEMRKZEH > ®
[g0,/(m’-d)]=F1 i i S — SRV ff S, PRI
=W R R A R A BEVR v R =11
i Vs SE AR TR AR KRR H P BRIk ek
77 J1(g0o/(m* ) IH5 . KRR G A 7= 1= 4%+
HE/KE H P i PRIE=WIHE ™ 1/ s P/BIE=
WA= 1A i
L4 HEG

190 A 7= 7 00 3R 58 B DOV 35 B i 25
(mean+SD)EK 7N, [Al—HHARH . AFKZEZ
[i) B AS [R) qth 3% [7] — A [R] — 7K J2 1% 504 22 18] 1
7= 5 R HISPSS 17.071 1) B K 2 (One-Way ANOVA)
T5 2557 B 5 4% W 5 w0 AR 7 RN K R 22 18] 4 AR
KPR HISPSS 17.05% {4 335 47 AUAS 1t AH 5¢ P 43
B, DARZ IR RELF R A G RN, P<0.0528
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BEMAIE, P<0.0l MW B &AL, P>0.050
WE AR,

2 4

2.1 3MKBUAER R T & MIENRE~ DR
BXE&H

3R OK B AR T S F IR A T PRI Y
SERE, WA ) 5 N Y (A (P/RTA) Y
PLFRIK HL 8% fe v . HUOR AL s, A
SRYEN I IE e ik, FROKHL . LALIE R . B R
1 3% ) A 7 ) B AR B 53 0 R (6.22+0.54)
(5.37£0.60) , (4.69+0.53) gO,/(m*-d); PP i (1) 4F
BIE 4 38(2.3540.12) , (2.10+£0.16) , (1.91+0.23)
g0,/(m’-d); WA= 91 5 P W ) HE B (P/R{HD)
3918 (3.3140.08), (3.12+0.02), (2.83+0.15), 1H
P/BAH LA AL B b I 55 151 (0.32+40.04), FRoK ML
IR Z.(0.29+0.03), [ FA 4 it 5 5 A% (0.28+
0.03), HEH ™ 5 20 i WI9E T T11160%.

[F] —Fpok BT 42 5 R, WA H Z R
RAT A N ER, MR EES T
B E AR AT, N EAEN10H EWAEN
SHWI WA= 13K, hi6—9 H W14 7= 1 5
o ANTEK BT A 45 7 2T 25 b 3 W) A w94 7
NS, BFE10, 1. 2, 4, SHERAR
EFLOMAELL 127, FRAKHLHIE B S TR LR
SIE, WAE3. 7. 8. 9H FEKHLIMLE R EE T
H ARG % (R2), SISl MbYE 2 AR
F, X AT AR A R KB ) A 7 T AR
(B 502 75 T 1 SR A Tt 3 114 SR
22 FMEARKBEMNRE~NHEETL

AW IE S K E AR AL AR — B,
FE8H ey, 2 A%, 6—9H50~100 cm/K 2 77
KB 3 S T 59 A B R K TR S
(P<0.05), 7—9H 100~150 cmsK JZ 3£ /K L 1 35 2.
T o5 AP RROK B 4 i IE (P<0.05) (B12) . 4%
IKIZRI A7 T1 68 H A7 10~30 emffk F-30~50 ¢cm
Ab, HoAt 7y 34 02 7K R B R T 3 (K 3) -
AR 0 1) b 3 R0 LB 5 50 em LB K E
50 emPh T K ZRI A 7 T 25 5 34 3 (P<0.05),
{HFRIK ML HE30~50 cm A1 50~100 embl) 2% A 77 1
£ 5 E (P>0.05), HIFKHLILYES0~100 cmzK
JE R GAE 77 0 2 e T AL R SR B AR 9
L3 (P<0.05).
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Tab.2 Primary productivity of A. japonicus ponds by three water quality regulations

. i %Dé)itkfijj/ R /[2O/(m-d)] Ei%i%f‘ﬁ%/[gpz/(mz-d)] _ P/R{H ‘ ‘ P/BfE ‘
ponds date [g0,/(m™-d)] breath consumption net productlf)n of ratio of g{oss yield ratio of gross yield
gross output community to respiration to biomass
FRARLIMTE 10-15 3.8440.95" 0.66+0.14 3.18+0.16 5.79+0.22 0.16+0.03
jet water mixer
11-15 2.77+0.23%* 0.77+0.15 2.00+0.05 3.65+0.42 0.12+0.02
12-15 2.00£0.14™" 0.57+0.11 1.43+0.22 3.57+0.45 0.17+0.03
01-16 1.26+0.25"* 0.45+0.13 0.81+0.06 2.85+0.28 0.20+0.03
02-16 0.61+0.15* 0.24+0.06 0.37+0.11 2.54+0.02 0.36+0.01
03-16 2.70+0.34"* 0.54+0.08 2.16+0.21 5.01+0.12 0.35+0.05
04-16 2.77+£0.26™* 0.52+0.10 1.75+0.10 4.41+0.36 0.25+0.03
05-16 4.45+0.24* 1.37+£0.16 3.08+0.07 3.27+0.21 0.35+0.04
06-16 8.38+0.26* 3.72+0.11 4.66+0.64 2.25+0.01 0.42+0.03
07-16 11.35+0.20" 5.08+0.12 6.27+0.11 2.23+0.02 0.36+0.02
08-16 F 14.82+1.57% 5.68+0.17 9.14+0.08 2.60+0.20 0.34+0.03
08-16 16.68+1.27% 6.65+0.13 10.03+0.08 2.510.15 0.40+0.02
09-16 9.77£1.10°* 4.28+0.12 5.49+0.28 2.28+0.20 0.35+0.03
mean+SD 6.22+0.54" 2.35+0.12 3.87+0.17 3.31+0.08 0.29+0.03
MALIE IS 10-15 3.69+0.98"* 0.66+0.15 3.03£0.06 5.56+0.23 0.17£0.05
submerged aerator
11-15 1.85+0.53"° 0.79+0.19 1.06+0.10 2.32+0.12 0.11+0.02
12-15 1.11£0.29" 0.54+0.11 0.57+0.14 2.04+0.12 0.11+0.02
01-16 1.21+0.25* 0.44+0.14 0.17+0.12 2.82+0.35 0.45+0.09
02-16 0.58+0.26* 0.21+0.04 0.37+0.13 2.67+0.74 0.46+0.05
03-16 2.11+0.02** 0.45+0.10 1.66+0.09 4.86x1.15 0.37+0.05
04-16 2.18+0.22"* 0.42+0.06 1.76+0.14 5.21+0.22 0.28+0.02
05-16 4.59+0.40* 1.28+0.22 3.31+0.09 3.62+0.31 0.43+0.03
06-16 7.43+0.44% 3.59+0.17 3.84+0.12 2.07+0.03 0.42+0.03
07-16 9.76+0.64°*" 4.63+0.39 5.1340.12 2.11+0.04 0.37+0.02
08-16 F 12.80+1.615** 4.94+0.23 7.93+0.81 2.60+0.21 0.33+0.03
08-16 ~ 14.30£1.17%** 5.81£0.10 8.57+0.15 2.47+0.16 0.37+0.02
09-16 8.04+1.03*° 3.56+0.15 4.48+0.17 2.25+0.19 0.29+0.02
mean+SD 5.37+0.60"" 2.10+0.16 3.2740.17 3.12+0.02 0.32+0.04
HARgEbE - 10-15 3.19+0.38"* 0.67+0.18 2.52+0.21 4.90+0.77 0.14+0.03
natural water o8
exchange 11-15 1.74+0.20 0.69+0.17 1.05+0.11 2.58+0.35 0.13+0.02
12-15 1.610.29™* 0.56+0.15 1.05+0.10 2.93+0.27 0.21+0.04
01-16 0.91+0.26* 0.47+0.16 0.44+0.13 1.97+0.12 0.18+0.03
02-16 0.55+0.34* 0.24+0.09 0.31+0.10 2.13+0.66 0.46+0.04
03-16 1.33+0.42"° 0.40+0.08 0.93+0.08 3.27+0.41 0.24+0.03
04-16 2.110.12° 0.46+0.10 1.65+0.11 4.70+0.78 0.27+0.02
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R
4 1 I Gl WP BR[O ()] RETE 197 5/[20,/(m* )] P/RfH P/BfE
B ’ [20,/(m*d)] £ . net production of ratio of gross yield ratio of gross yield
ponds date breath consumption . o )
gross output community to respiration to biomass
05-16 3.70+0.74* 1.17+1.10 2.53+0.21 3.16+1.20 0.38+0.03
06-16 6.34+0.43" 3.14+0.12 3.20+0.11 2.02+0.06 0.40+0.02
07-16 8.31x1.06 3.50+0.34 4.81+0.09 2.37+0.08 0.32+0.03
08-16 1 11.14+0.88" 4.67+0.16 6.47+0.15 2.38+0.11 0.29+0.02
08-16 & 13.51£1.25%° 5.33£0.12 8.18+0.12 2.53+0.18 0.35+0.04
09-16 6.51£0.57"" 3.47+0.24 3.04+0.08 1.88+0.04 0.27+0.03
mean+SD 4.69+0.53" 1.91+0.23 2.78+0.12 2.83+0.15 0.28+0.03

T FF, AN FREROR E IS AR M ZE R BARRE TR R AN R A R S BRI M E R A
TR, FORYIRET 1 B2 A 2 (P>0.05), AR TR, FoRVIGAET 12 822 57 53 (P<0.05). FRF

Notes: In a column, the upper lowercase letters mean difference of the primary productivity among months at the same pond.The superscript capital

letters mean difference of primary productivity in the different pond in the same month.The same letter means no significant difference between the
primary productivity (P> 0.05). The different letters mean there is significant difference between the primary productivity(P < 0.05), the same below

23 HEHREFNSKESHOBEXMLE

3 oK Jo I 4 O 3T I A AR R T K
VRIS E R IR G, SRR
BFIEAMAC (R AR IESN ), 50w
CERER BT, HHAUKRERES
Ao WAHIREL . ARRER . EICHLA . K. P
TR B | R L) TORE T (4.

3 iR
3.1 FRIKHLXTBIEARE P RS0

L3400 9 A8 7 7 1R A B T I 7 A A
B J5T (4 BE g DL K3 1 2B 0 A b 378 o 1) 40 T AT
PRANRE R R, TFE BUAR DA R it R AR
W LR 7 355 3 1) A0 A DX (gl 0 B3k S0 ) e [
HhE IR BLIIIA B0 G A 7 1 AR T R — KR
AP T 3 it A7 ALK £ g 7= it A L2 87 i A A
Oy T A T T A A SRR AR . ARSI E
3R 2 1t 3 ) 2 26 7 ) 5 2 AR BSR4 ) 2
Mo 5400 9 A= 7= J1 3 55 SR 0 AR 7 T Ak T TRl —
Zn, WS A B, B
IR A i AR A W AR T D0 O 2 T TR
G, RS ERK BT IR AR M AR
0 b 38 R AL R S, 3R K B I ) G A
TR, VB IR K HILEE A A T b R A
AR, RIS A KRBT TR

SR F i AR 0 ) A i S BRI
AR DGR . EIRERWEE, RN T AR K
T, S PR R R G A ) i R AR T
FEAAE, — o0, Kb PR A ) A

http://www.scxuebao.cn

1 8% EE
Ho

imoA H

7775 R R ARG AR R R A e
BRI E ARG, A S U0 I 2 14 3% 7K 5T I 45
75 30T i S b T U AR A 0 G A 7 O 38 5 SR
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VIR = AR EE LR, B PRSI
EHEFRBEOMG, MALE B/RIHESR
JER ARG, IR R R A
M EIERZR, K, 3RS AR 94 7 01 K
AN B W T O — 2P RE . KRN,
IR EEREAL, SCAEHBA, SEORIEHE Y
WA= IR, TAEE K 30~50 emAh (156 A AE
KT0emhb EEAEH, X5 EFREDEKMR,
BB HA OCT A S 3R K B 45 Or R
FUER A . AR OBRRBR T R R AR K
PLAR, AR TR A5 AS [ 3t 35 AH 5] 7K B2 4 A 22 5 AR
/N, BRI 3 K BT FE A I AE B2 i 3K SR 5
KTEWHAE= N 2ZFWREE BT R E R
PLAL, 8 55 02 B e K 807 i e A= 7
M EB R, & IR K 9 7 T R R
PRI Ot 10200 SR B AR PR, N B A
0.26~1.3 mg/LLLTF, PHYVEEEFF0.018~0.098 mg/L
PITR, g3l s BRI SE A K o AU & 1 37K
J R 2R 45 th B TEHLAU(DIN)AE {E 750.084 5~
0.440 4 mg/LIZ [8], T 3G P B 2 6 78 28 {L ££.0.003
4~0.017 9 mg/LZ [A],, UiBHARSCE N, PR
RGN TR AR, EN/PE (A A0
N/P{E 439.53, TALBEMIEN/PIH 23177, F*
AL TEN/PIE M 24.6)3 5 T e kA K ri 2
redfieldIN/PA (7.2 : 1H & F)AYZR, Af WA SL
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iab 6.0 r —e— FE/KHLILYE  jet water mixer
éé 5.0 © e PILBRS I submerged aerator
8 40 b — [SAYhIEYE  natural water exchange
£E0 =
o &g 30t
o< 2
o e 20 ¢+
A
X 2 10t
HE 00 ,
—
§ & 1.0 L10-15 11-15 12-15 01-16 02-16 03-16 04-16 05-16 06-16 07-16 08-16_1-08-16F 09-16
=

H 1 date

70 1 e FokpLitbE jet water mixer
6.0 1 o Lty submerged aerator

5.
E2
£38 500 E AR GNIE  natural water exchange
55 40t
=2 30¢
l? Q & 2.0 L
RLE Yol
= .
% = —-1.0 L10-15 11-15 12-15 01-16 02-16 03-16 04-16 05-16 06-16 07-16 08-16_1 08-16 F 09-16
H 1 date
:'j 2 4.0 ¢ —e— FEKHLIYE  jet water mixer
éé 35 ¢ —=— FYALBEEIE  submerged aerator
£35 307 o Lk natural water exchange
°SQ 5 25¢t
o 5038 :
S< = 20+
2L 8 qol
HE 5|
& 00 :
< 10-15 11-15 12-15 01-16 02-16 03-16 04-16 05-16 06-16 07-16 08-16_ 08-16 F 09-16
H ] date
:'j 2 3.0 ¢ —— FEKHLILYE  jet water mixer
éé 2.5 b —=— fUALIESIBYE  submerged aerator
g 5" g 2.0 | —— HRYEIHLIE  natural water exchange
222 5!
5E
S E* 1.0
45%1 £ 05¢
-
] & ,
R 0.0

10-15 11-15 12-15 01-16 02-16 03-16 04-16 05-16 06-16 07-16 08-16_F 08-16"F 09-16
H 1 date

2 IMKBUAEAR T RMESKEVNRE=NEHTEN
Fig. 2 Annual dynamic change of primary productivity of different water layers of

ponds by three water quality regulations

x3 3MKRIFEAR T HREREKENRE=NHNEHE

Tab.3 Annual average of primary productivity of different water layers of ponds by three water quality regulations

7K /cm
HBIE IR R A= 71/[g0o/(m*d)] water depth
primary productivity of ponds 0~30 cm 30~50 cm 50~100 cm 100~150 cm
FRKHLIbYE  jet water mixer 2.36+0.64" 1.82+0.47"" 1.210.79"¢ 0.83+0.48"°
TFLIE S ihIE  submerged aerator 2.19+0.63* 1.85+0.47" 0.84+0.45" 0.49+0.48"
E ARG YE  natural water exchange 1.99+0.56** 1.57+0.52** 0.73+0.48" 0.40+0.45"

H: EbRNGF R bR FIBIE FK BRI R AL IR ZE R (RS HE): EAREFRA. By CERARF—WIEARKBYIHRA ™ )12 [H]
MZESE. (4T H)

Notes: The superscript lowercase letters a, b indicate the difference of primary productivity in the same water layer in different ponds (the same column).
The superscript capital letters A, B, and C denote the difference in primary productivity between different layers of water in the same pond , the same row
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Tab. 4 Correlation between water index and primary productivity of pond by three water quality regulations

by R HhE pad e TEMERERR £ TR R
ponds temperature salinity DO POy -P biomass of phytoplankton
FRAKPLIBIE  jet water mixer 0.822 -0.623" -0.676" 0.592" 0.929™
WAL bYE  submerged aerator 0.864™ -0.511 -0.764™ 0.569" 0.924™
B ARG YE  natural water exchange 0.822" -0.738" -0.021" 0.513 0.933"

e o RIRIE0.05/KF RS, o RIRFE0.0 KT LR EAR

Notes: * means significantly correlated at the level of 0.05, and ** means significantly correlated at the level of 0.01

RS SR, PLUNTE IR 1 R AR A 2R
Ko, (H3F b BPRR K AR ], g
KLt 5 PRR il f5 /0, i 4R b 3% PR e K
X AT HES IR K HLIE ¥, AT ERER)Z , RHEH
TR SO AR v S 2 R R R
T 22 T PR B S B AT O, TR SR K BIL it
N/PELHLHEAR, SR 3K WL 0 2 2 7 i 2 8
PO T WAL, U TR AR BRI BR
FRAKBL I L 50 em LT oK 2R AT 50 2 A TE AL
BRI, BT BRI, IRk
Tl 27 I 48 R B T R

32 FRKHLXT At EP/RIERIF NG

JKAARP/RAE F2 e T #1  A= 7 3 R I 5t ) K
AN, EEAETEO~4Z ], ASRKIK—REN T, i
A LA Y ot — /N T 1, it B IS ML 4 3 —
P8R 1~2, P/RAEL 3 K3 BH /K A v o i aod 2 55 A4
JEAG IR R AN 5, P/RAAL A A U AT R S 3 SR
WALD, FEKHLMYE . AL . A RGN
HhIEP/RIE A4 (E 43 1]3.3140.08,  3.1240.02, 2.83+
0.15, ASSZEGINAE [ 4R 409 ) b 34 P/R(H 5 22 75 30
AT S B ) 2 o 31 0 P/RME 42250, 3 Al RE S5
SE Y M IR B AR AT O CRAE T ), T AL B <
b 358 N R K B I 2 T AR g 3
FRK AL IE I v, X 0] BE S5 I E R A 7
B A G, FRAK ALY 32 e bl T 3t 5 T LA AL
Jo A PR R A, R I ) G R i, DU
Y A AR SR, MEREHE R T, &%
IR KL IEP/RIGAL K, VLW FRoK HLIB % 1) 75
WHOKE, Z TAwE i aIURERD, R
Fu 43 R 5 K ML 4k S8 1 e XE % i A BLW . FTAE
th 35 TP IS I R AN T B, RO A R
— SR

3.3 FRIKHLXTthiEP/BEAR S
P/BIEM R T IRl M %, H RN

http://www.scxuebao.cn

TF- U AE ) Bl IS A R AR OG , IROK IR TR 9 H
P/BIHZE 3 F0.1~5.022 [ *2°1, Ry P/BE Ny
239, 3328 ISR PBEBUN, U039+
0.35%, ALY HZ AL, FRoKPLMLYE . L
SIE . H RIS 73024 0.29+0.03,  0.32+0.04,
0.28+0.03, 1ot FF il 2 b 5 1) 17 W AL 40 110 i) 7 R AR
ik, "R SIS RSB AHEN
(shading effects) A K B AR (4 AT K] F 8 SR #h BRI T
HAVERA L, B3R K ML 3 e 3 2% 99 ) ith
B, I RAL R A AR, W AR 5 R K AL
WA Y it s A R

FRKALTE W 2 1 o S 1 Y5 50 em LR K )E
MR AT= T, /N LEMT 2Rt hz
E] ffy 22 BE . DA 4 R T IR K IR R R kR e
I, RIS R R R R, 2 S Y
W R A IR R 22—
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Annual change of primary productivity in Apostichopus japonicus ponds by
three water quality regulations

SUN Guangwei', ZHOU Wei', DANG Zigiao>, WEI Yanan', LIN Qing',
LEI Zhaolin', CHEN Jifeng', GUO Chao', ZHANG Dongsheng "**

(1. College of Fisheries and Life Sciences, Dalian Ocean University, Dalian 116023, China;
2. National Fisheries Technology Extension Center, China Society of Fisheries, Beijing 100000, China;
3. Key Laboratory of Mariculture and Stock Enhancement North China’s Sea,
Ministry of Agriculture and Rural Affairs, Dalian Ocean University, Dalian 116023, China)

Abstract: The traditional water quality regulations could not break up thermocline and inhibit macroalgae growth,
which result in poor water quality and Apostichopus japonicus growing poorly and even death. Jet water mixing
(JWM) can break up thermocline and inhibit the growth of macroalgae. To study the purification efficiency and
mechanism of JWM, the primary productivity in the ponds with a jet water mixer (JWM), a submerged aerator
(SA) or without any artificial mixing (control) were studied. The results showed that the annual average primary
productivity and P/R values of the pond with JWM were the highest, followed by SA pond, and the lowest in the
pond without any artificial mixing (control). The mean annual primary productivity in the ponds with JWM, SA
and Control pond were 6.22+0.54, 5.37+0.60 and 4.69+0.53 gO,/(m’-d), respectively. The primary productivity in
the ponds decreased with the depth of water. There was no significant difference in primary productivity between
30-50 cm water layer and 50-100 cm water layer in JWM pond, while there was significant difference between the
SA pond and Control pond (P<0.05). In addition, the primary productivity of the water layer of 50-150 cm in JWM
pond was significantly higher than that of the SA and control pond (p<0.05) from June to September. Conclusion:
compared with SA facility, JWM can improve significantly the primary productivity of the lower water layer,
which can significantly improve the total primary productivity of the pond and facilitate the rapid circulation of the
pond substances.

Key words: Apostichopus japonicus; primary productivity; methods of water quality control; jet water mixing
(JWM); submerged aerator (SA)
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