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W VEH T I RIF, JRan b . RS Rk
SRR, 3 1A DL LA i K 2R AR K Y )
W, FRAR TR BRAEE R 7, Had & 5 e & 5 K K
w5 F71k(Yahel et al, 2008; #F4E K4, 2002; FR4E
Z5.2019), KU, UURETUR ) 0 RE27 8 5 0 0 2 9%
S B E B E .

WS IEFRIE T, 1558 K VRl K S
B 322207 2K 9K B AR RN K B — T TR BE S
SEPRK B R HT, 55— 1T ek A DT R URE AR b RS 1Y)
RSB, 2014), HEKEEAR, Tk
W2 R HES . L, 7EHK 3RS 1,
TR —Fp A By AL L2 A B TR ORI , X T 3R
PR G EFRER NG EA BE X Tk, 7240
TR K B LA B LR RIS A R S BT K
RN T e (R, 2018; %%, 2017), %
FEARAEHE KR R Rl s, 22 0 R U P f SR it
WIEEE, WERUTRYIEE IS M, AL YA o IF
Ui ) T R T 0 3R o (R i 45, 2017 TR 94 45,
2017)o VR0 (2012) IR S5 45 (2013) 4 St 1T 18 i e it
Fracms, R SAUR Ve A ML R 2 BRFH0
= 5%, BRIV A VLA IRAAL 35.1%, Ui
AL SR N IS Ve A W 0 o i, TR ESE Y o it
SR MR KRB

TR IKBLIE A A AAIF 22 1) — CRT AL 2 oK 45 3
WA, MCHFFEIE (PN R4, 2020; PR 4E, 2019;
TAHIE, 2016), XA HA TS MR . $HKZEF
B ER2E4 R 0.7°C L 6.65). REHAE S HGE
SEREE R 8.39 mg/L) ., I FRAE i 30% L H
E A JIURE ) S IR 14 61 5, SR AR T 3R K LB AT 4 5
HIREE A IRA R B B, R, ARBFST 2% F SR 4
BT R B AR R a5 AR IR 3% BT £ LB <
B E AL IR KL 5 1 2 i 0k ) SRR & | ORI
7 0 14 43 A LA 5 00 R SR 400 R O A DS T8 RN K (AR 8
PR TR AR E , BEE T LA . AN [F] 2 0t i
B2, HWR S A

1 #REFE
1.1 XSt

Sk F KGE T 7 HE T8 38(39.78°N, 123.32°E)
MERIGEMARAT, FRFSFMNIZS, FAALS
HAEHAEN — BN A2 AR R —
O 9 MMk 3 4, BIFRKHLE . AREAH
AL, Bak 3 NEE . £SMEAEI
P (600 mx85 mx1.2~2 m), FRILE, eV, # .

HEK 11 53 59057 1t 37 i i i P e I i o R I
oK, & ZR850K05 TodoK, B RRRFRKHLBIESM
HIERZ G . SER ], A S oK IR AR AR E L A
—2.1'C~27.5°C, £hFEH 29.9~36.3, pH {HH 7.3~8.6,
FEN 4.2~13.9 mg/L.

1.2 SLIRiE&

FKHL(CEF S ZL200610077526.5) 1 HE7K 111
ARZMIK, GiKEMsN ) Siibie s, L Hm
Sk MR 2 AP s i, e rh gl g 5 v fb 2k el HILAR A
WUsRHE MU 1) BATHT, F A0 UL AR i EM
W LR3I 750 W, HKE R 12 mi/h; %
FLIE AR TG s, BATa A B,
AR TAEN IS BRI (2018) . FR/KHLS AL
WA YU E T4 4 S ot I kK DAk, FRokHLAE A
21:00—¥ H 09:00 TAFE, 4&Z=(12~2 H)TAE1 h; %
LB AANTE S M B S T A, & ZRA48 38 VR &5 e i
TAE.
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Fig.1

1.3 #Hmx

2015 4 10 H—2016 429 A, HH#HAKE 1 d,
FEA-M PR 2 A EOK 1T St 3 R L HEZK RS 43 )
L VT U A 28 (I 2), USCAR DTRE FIURL AR o
BECE 3 AMENESR 6 d FU W EREE H PVC
B H R, @35 em, HAERN 11 cm, FigfRe
e WS, B IR RBUKA S A, TiminEEY,
[ 11 % (Takesue et al, 2009; Storlazzi et al, 2009;
Whyte et al, 1990). [Alf, HIEAEH 5 om BIHIE R
AR A S MK E | TR HEK H A9 ER)ZE (0~10 em)
Pere, FERKERRES S MK T, His . HEKE
K2 PR JEE 1 L IREGKEKEERFERKFEEEE
HIRE 3 MMENER).
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Fig.2 Settled particles collection device

1.4 HEmWE

SrAEAEIRE 3 Stk m, s, Hik O

UL R R TR R, DA SR TR AR AR o A A S T8 A
PFEFEFR O S A MRS & I Mbrio)Bs , KRS
PR =R B [RANH-N)  EAHFRER(NO,-N) |
THIR LR (NO;-N) FITE M IR £ (PO,-P) & &, VR ITEAE Y
AWy i LA B TRV Ve R 7 O [BE 2 LLOE B R
2 (Mean+SD) /R ]
141 HxM RS o] Wi SR ) R 2 h
Jei, IR R ik 25 Bk LV, K TR ORI 8 By 5%
WL, %ZPR, 76 60°C FHLTEEEFHFE, Fh
FREMEZIG, HABBASE TS PR

KB A RN E R TRE R A (1) L Q)T

QA=DW,/(txA) )

Q=(Qa+Qp+Qc)/3 (2)
o, dEAK O R HEAK A7 B A T R A SOk
YIUiRE R A DW,A. DWg. DWe Fl Qo Q.
Qc, MhIEFRY A VIR R Q, t MUKLERTH], A
hy e B R AE R
142 AHALSERNEHE RERRZIRE
bRz, #E60CHAR, TS, k100 H i f-
FEo AHUT & il F K550 %E (GB 17378.5-2007),
S 50 SR FH S 37 2L 10 5 (TCBS K 37 ) o
143 BHhLRE GHAMBRMBEFEN K
ERAKEE, 2 0.45 pm JCTEIEN T E, 085 1)
JKEE, NH,-N {8 FH R R A S AL 52 , NO,-N i
FHAFAR IR LI E , NOs-N i FHZE & e/ e 6 vk
W5, PO,-P 8 H 8% 50 1 43 O Ot B 2 2 (GB/T
12763.4-2007); RAEM 1 KRR B0 0t K A F
BEASE LAIN 5 VR A ) i B R 5 IR 7 TR

1.5 HBFPLAESHH

fifi FIEXCEL2010 %t 1.4 71 45 5 b1 A %95 ¥ 27
(F: 3—5H. B: 6-8H ., Bk: 9o—11H . &: 12—
2 ) i FHSPSS 25. 0% %% B 5 14 53 R 77 B R
77 257 M (one-way ANOVA) RIS 5 A7 S PE 434, LA
P<0.05F1P<0.0143 5l 4E Sk i 2 25 57 /K1 b b 2% 22
5K

2 #R

21 SMBHYRTEHINEERNETRE

A3 B ZAR AR 5 3 415t 1) TR 5
KUk (LA PR TR (8] 3). M 3 ATRLFE Y,
KWV EEATENYER . L2, B, kES
M AACRHE , FRAKOLHLIE . 13 SR 40 it 0 AN FL IR <
b E IR 8 U 2 AR AR Rl 530 R 7.49~30.33 . 10.39~
5.38. 10.31~24.94 g/(m*-d). SEit/rHrEW, fEAHE
T, AR 2H 0 00 S i TR e AT O [R) 22 K
PP ZE 45 2 S M DR 1 25 5 YK 3 (P>0.05); B 2R
FRAKHL VTR I 2 5 T 534 2 Pl 3t (P<0.01),
HY 48 2 FiZih 2 0] 25 5 A 3 (P>0.05); &Z&FEK
MLt S LR i i AR T 55 40 2 3t (P<0.05), H7
Ah 2 Fh S 2z ) 25 5 A8 B 2 (P>0.05),
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N, BRERAN, FEAKOLM IS AR K O ) b
K = HER =~ HEK H AT REAE s BRA RS, A SR
5 L e Tt 3 JIURE ) IO U R i AR KO ) R R
HEAK >~ HEK OB 3 A REIE . FRKPLYE . A
SR I | LR IR K 1 TR AR Ak L
WIH7.36~38.79. 10.66~47.04. 8.19~48.69 g/(m*d),
Hh T R A AR Ak YE B 43 O o 8.98~36.21 . 10.30~
17.56, 11.81~18.13 g/(m*-d), HEzK D UTFE AL TG F
3 6.13~15.99, 9.67~11.54, 9.14~10.94 g/(m*d).
TEAHTE 2715, FRoK BB IE FE K 1 TR AR T 53 4b

70
[ i##7K & Pond inlets

13 The Middle of ponds

24153, IR, HEK DOm0 4h2di S, Gl
MW, 452 DT R AE A R KO B B AN A 22
SRV BRE AN, R, FRKHLME A AUt
R 22 5 R B35 (P>0.05); H Z=38 K ML s HEK H13T
Bt AR T HE K O AT ER(P<0.05); EF . B . K
=ZE, SR YA RN L Tt 3 K R e
T ESHIHEK 1(P<0.05); 7EAHIEIZESS, k408
TR L R Atk 3 305 RN HE K T A TR 1 22 SR 3N
F(P>0.05); fE4ZE, 3SR U & 22 F IR i
#(P>0.05).
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Fig.4 Horizontal distribution characteristics of average sedimentary in sea cucumber ponds
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43 590 ¢ BE DU 2 A5 AR 22 45 4 2 b i U R A HILJR
TERMINEBEGR 1. £2), MR 1ML 2TUE
W, FEMIFE T, FARMBIERA PUR & . INE
AR YOG, AL AR, RGN
HhyE R, AR ZE SR AKHLRN 8K 40 0 ol 31 0 B 50
Feil, LB A s . Geit R, ZEAH R

FAT, FEAK ML A LT B35 0 2R F AR g0
HE(P<0.05), 15 fCFL R <03t 3 25 57 A8 (3% (P>0.05) 5
B AR 40w A AL B R T LR
I (P<0.05), 7EHAZET 5 ALt 22 5 A W
F(P>0.05); HARGN WIS B S . ER L
ET R4 2 HBM(P<0.05), A4 2 HSMERA
W (P>0.05); fk. &% 3 SR EE 2R A5
#(P>0.05),

X1 SHREANREENZTEL

Tab.1 Seasonal variation of organic matter content in sea cucumber pond sediment/%
e ZER IRy Organic matter content
™
Seasons Fr /KB I H SR 94 1 v LIRS T
Water quality regulator pond Natural tide pond Microporous aeration pond
# Spring 0.81+0.08 1.19+0.15 1.02+0.17
X Summer 0.96+0.07 1.3340.12 1.12+0.14
X Autumn 0.77+0.30 1.09+0.59 0.99+0.24
4 Winter 0.81+0.05 1.19+0.02 0.97+0.05
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Tab.2 Seasonal variation of the Vibrio bacteria number in sea cucumber pond sediment/(CFU-mL™)
I EL4X Total Vibrio bacteria number
%&‘% ~ N ~ P N
Seasons FoK LI 12403803 8 ALt
Water quality regulator pond Natural tide pond Microporous aeration pond

% Spring 1253.33£1225.47 3103.67+£1965.69 1339.56+1329.68
X Summer 683.33+645.78 1648.67+1202.48 845.00+923.53
#  Autumn 993.50+157.06 989.07+698.24 1152.67+449.59
4 Winter 301.67+475.01 391.50+229.75 324.67+324.87

24 SikEHRiEERXIERNETEN

43590 i HE D 2 A5 A 22 45 S b K AR NH-N
NO,-N. NOs-N. PO,-P . VR EY A 1 & g 44
FIIER 3. R4 AR EEER DERIR,
TEMFZETT, FRKHLHIE KPR NH,-N 3R B2 R e AIX,
NO:-N R, B £ =F N, Mk EN
THA 2 B ZlE, NO,-N. PO4-P ¥ 55 4h
2 WSl VR A R R R R
(F HEERER, EHFEIZET, FKYLIE I
Ay b RN A 7 B Dy B, L R R A TR
2, BSRMIERAL. SR, EMEET, %
S KRR . B R Y 0 3 2 5 (P>0.05);
KM E Ry A e R Em T oAb 2 4
i (P<0.05), HAFWH5HI 2 HBMERAWE
(P>0.05); EMIFIZET, FHARY S AL T
TEFE Y A= BTG i 38 25 5 (P>0.05); SRk HL LR L
RRZEGRI A7 00 83 = B AR A0 b 3 (P<0.05) , 17

SRAL BRI 2 7 A B35 (P>0.05); H AR 94k
FFEYI A T W2 AR T AL <t I (P<0.05),
M BTG L b g 22 5 A %5 (P>0.05); &
3 3 WS HIPLE " TP N ZE A B (P>0.05),

25 ZMBHYRTEHNEES SERPEXST

2 20 2t rh BORL ) T T TR i A e bR A A
KPR 5. &5 M ORI V- YT 34 5 NOs-N
BRI, H5HALFE AR R IEMSE . FRK ML IE FUk:
YT SE BT S NO,-N & B 1EME(P< 0.05), 5
TR A i e A 7 07 AR S IE A 56 (P<0.01),
5 NOs-N 24 8 & FAH X (P<0.01) o [ 2K 44 1) th, 34 5t
i) O B DT 5 NO,-N L IR At 9 A e S 0
FIEASE(P<0.01), 5 NO3-N £ i 3 4 5 (P<0.05).
TAL IR b I ROR P -3 0T S NOo-N i I 3
IEAH(P<0.05), S5iFipY Y . g r=h
B IEAE(P<0.01), 5 NO;-N 24k B 37 A6
(P<0.01).

x3 SMAGKEFRESIENTTENL

Tab.3 Seasonal variation of nutrient content in sea cucumber pond water/(mg-L™")

EfLuN =75 FEARK AL Y H SR 40380 th I LBt
Indexes Seasons Water quality regulator pond Natural tide pond Microporous aeration pond
5% NH4-N # Spring 0.32+0.06 0.38+0.05 0.34+0.04
2 Summer 0.19+0.08 0.23£0.07 0.23+0.09
B Autumn 0.12+0.08 0.18+0.09 0.14+0.07
4 Winter 0.16+0.05 0.19+0.05 0.20+0.06
WASEREE NO,-N %  Spring 0 0.01+0 0
X Summer 0.01£0.01 0.02+0.01 0.01+£0.01
#  Autumn 0.01+0 0.01+0 0.01+0
A Winter 0 0 0
MR EE NO;-P # Spring 0.34+0.08 0.370.09 0.35+0.09
X Summer 0.29+0.11 0.35+£0.10 0.30+0.14
#  Autumn 0.29+0.03 0.34+0.03 0.28+0.02
£ Winter 0.42+0.08 0.50+0.15 0.51+0.20
EEWEEREL PO,-P % Spring 0.03£0.01 0.02+0.01 0.02+0.01
2 Summer 0.03£0.01 0.02+0.01 0.03+0.01
#  Autumn 0.02+0 0.02+0 0.02+0
£ Winter 0.02+0 0.02+0 0.02+0
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Tab.4 Seasonal variation of phytoplankton biomass, and net primary productivity in sea cucumber pond water

fabR Y FrK ML I F AR A0 1 3% AL B b i
Indexes Seasons Water quality regulator pond  Natural tide pond  Microporous aeration pond
TRIEAR Y A W % Spring 9.96+2.12 7.65+1.73 8.12+2.02
Phytoplankton biomass/ X Summer 31.50+9.34 26.78+9.22 27.68+8.66
(mgL™) & Autumn 24.7322.57 20.32+4.70 22.08+4.36
4 Winter 8.70+4.27 4.60+2.63 4.79+4.05
WA 4 Spring 2.33+0.56 1.70+0.65 2.2440.76
Net primary productivity/ & Summer 6.84+2.05 5.11£1.70 5.74+1.85
[0 (m™-d )] #  Autumn 3.56+1.45 2.20+0.84 2.86+1.40
4 Winter 0.87+0.43 0.57+0.32 0.60+0.16

x5 SHMTEYRKEESRIEROBEXNE

Tab.5 The correlation between the average sedimentary and other indicators in sea cucumber ponds

iH FEIK LB A 5K 3 TL IR St

Items Water quality regulator pond Natural pond Microporous aeration pond
A HL & 1 Organic matter content 0.681 0.401 0.778
I 5% Total Vibrio bacteria number 0.353 0.338 0.544
A NH,-N 0.004 0.045 —0.085
WAHAER EE NO,-N 0.805" 0.973" 0.857
THEREE NOs-N -0.912" ~0.896" -0.9317"
TE R R PO,-P 0.593 0.029 0.692
A Y R Wi Phytoplankton biomass 0.899™ 0.929" 0.938"
A9 477 F1 Net primary productivity 0.973™ 0.923" 0.939"

T *FRIRTE 0.05 KFBEMI, **RIRTE 0.01 KPR FAHK

Note: * indicates correlation at the 0.05 level, and ** indicates correlation at the 0.01 level

3 it

BSR4 ALUBORL Y BOE S TR e 2R R . A%
ik, 2. BkEm B RaE, B ES 749~
25.38 g/(m*-d), SATIHHE2012). & 3CZE(2009) 1 B
FERWY G EARIEOLT , St v Ok 5T T %
BRI KA, 5 TSR (2020)
RIGEEEE Q0L R A RV A . MRS A S i
IK AT B, AT A At P I 4R BSR4 o
IEALURE [F] ) S 30 2, A3 Ar 3 A 3 0 5T St 9 R
WU R 2 RO P i 25, RIH =R
TR A S P TR R R R R 22 R

31 St ERYRNEENZETTHL

HEERAN [ 493 22 ] A LR, 3R /KL ot 3 5 2 A
WEE TR 2 HSM(P<0.01), XFERBFMKT HI
2 1 Bh(P<0.05), SRt I 5 L W A b 37
L) T TR i 22 AN 35 (P>0.05) . BRIE, TAK
FRK ML I B 225 3 F EIR TR e KR Z A1) i s

BeRE SRR, 425 57 R B TR I H S
AR

HEF KL B & T o 2 dA3)E N F
A 3 G, AR R R ETE I, B4R (2015)
TSR Q013N & B, Hifa | XJURZENF 82 5]
At YE U TR, L, HEDFRAKHLLL 750 W 3l )
FEEz /e Tt 3 IS, LG i K R B 5] R
RV BRI AN R Y . IR, FEIFIR R A
O, FRKHL M IE B ZE T ) A ) R [(31.50+
9.34) mg/LIA 2 FE I m/AK (K 4), B&m T A
2 A Z(P<0.05), TFIFALYIAE R P9 IR SR 4 o )
FEIH RSy, TR U E MR B4 & TR T
Fo SN, TEKEDZEDTE, REEZFQOI)MKSA
PAZE(2004)F8 1, K4y 2 MGG F /K IR B A B i
AIBRA , Sl B IR UL E A . F2 KB B
VR 7K i 2 J2 Wt T 5 6 O T, 7
T AL (2016) 25 HF 5% C. 56 3F H AT 8 BR)2 198528, X
U, EEuEERE BB, FRKPLE T ] DR
LR &
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ZEIRUN AR AN [R5 B 5 200 2t B0RE W) BT KA P B LR ) 2 ) 35

A ZBFE KL HLE LT 550 2 S s A
MEEM L ZEPIRER ) 3 AN A , BB KA i
FTEFEI N 12 b/d W3 1 hd GRAE4E81T), Rk
RS B R AL, &SR e R 17 B 1 R R]
HWRA&ZES Wt , FiEY /> H 3 A3z
THNEZTEFR R )Z KR G I BN R R A (5K B R A,
2016) N BRI R 5. L, ik 3 ANJrmn
HEARZERA RV EEZ S AR HEAVR
(222255, 2011; fIpkSCAE, 2011; 46684, 2012)%%
WA R, A ZR IR T 1 B T 2 2 e AR b
U . LRI A, &R IKE, DI
R VD A JC AR 2 2 0k D, T AR PR AR R A HL
WORLUCRE R o HARIE SRR AR RN VIR . 5
ZIKMEFEPL B Rgm, HBTE A ik . BRI, A
FEZEFEKHL 1 h/d BT KR Sl 249 T 17 iE )
HITTREAE T, 7T RE 2 i AR /K Bt 35 A ZR TR £ P AR
Hy FEZRA

32 SuthEHYRRENKTES

Fb A ] 20 90 22 18] A R ORI K P43 A1, 4R
2 AL St B T B R I T AR R
7K o3 A e B, kK TR i 5 v 3R HEK 1 22 5
W (P<0.05), LHFRMESR . B, BM=F&EHT
Bk, ARICAMETIE); IR IE TR A 3
5], FHARVIRERZE S A B E(P>0.05), FAH 5 bE
e 7K Tt 3 9 ) o BE AT G o

I AR 20 T R L T S R AR S U R R Y
K ARFE IR . #1555 2014058 K 3L, /K
AR TTT 8 UL 400 1) 43 AT 18 50 5 K AR TP B PR 1 A L
AR, Ho, By R B 5 RV IOk | TR IERE S
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Abstract
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The aim of this study was to explore the effects of different management methods on the

sedimentation of particulate matter, related sediments, and water quality indicators in sea cucumber
(Apostichopus japonicus) ponds. Nine sea cucumber culture ponds (divided into three groups: water
quality regulator, natural tide, and microporous aeration) were used. The average sedimentary and

horizontal distribution characteristics of particulate matter were measured in spring, summer, autumn and

winter as well as the organic matter content of the mud, total number of Vibrio, nutrient concentrations in

the water, phytoplankton biomass, and net primary productivity were analyzed. The results showed no

significant difference in the seasonal and horizontal distribution of the average sediment concentrations

between natural tide ponds and microporous aeration ponds. The average sediment concentrations in the

water quality regulator ponds was (30.33+2.46) g/(m*-d) in summer, which was significantly higher than

in the other two types of ponds, while in winter it was (7.49+1.17) g/(rnz-d) and was significantly lower

than in the other two types of ponds (P<0.05). The horizontal distribution characteristics of the average

sediment concentrations in the water quality regulator ponds were more than those of the other two groups

of ponds. During the same season, the organic matter content, and the total number of Vibrio in the water

quality regulator pond sediment were at the lowest level among the three groups, with the microporous

aeration ponds being the second lowest, and the natural tide ponds being the highest. The results of this

study show that traditional sea cucumber farming is based on the management of natural tides and

auxiliary suitable equipment can affect the sedimentation rate of particulate matter, accelerate the

exchange of nutrients between the bottom sediment and the water of the sea cucumber ponds, and

improve the water and bottom sediment environment.
Apostichopus japonicus; Sedimentary; Horizontal distribution; Water quality regulator
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