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SR 7518 B B (Sipunculus nudus) 4 #1$k 5h 3458

RETMRY R ERAKREFYRAZI

EZHED KKkE AR HmEl HFEE® KEXT
(1. PEUKFEREF T BE R K SR T AR R M O BRI A R A S M
2. VMM R T WA R R E S L E i 536000)

510300;

WE  RAFRAKCFNET E0T ARG ANTIERLEERN, FHETHEE & &£ Pk s xR
KRR P £ SR, RIRRITE 20 N IRFEME A (R RAR 550 L)#A4T, 7 4% & #(1.240.1 )= FE £
WREWDES, k% E 0, 50, 100 #1150 4/4f; #5(24.5+0.5 Q) =% E h 3 R, FIA XK
R A (B2 0.8m. B 0.6 m), I 4 MAFEL(TO, TS50, T100 Fn T150), 4FANALFE 4 &%
SANEL, £RET, SARATO)LEL, 7% E 4K Z6-8cm)y F AT & BRI, {25k
Giit¥ 8% % R (P>0.05), HA R MBEAT, 4 BRI LAY ) IR A B A A(INON) . A A(NH-N) L K
TEMEEE(SRP)R EH I A E % . RIS 45 R, T100 A7 T150 414 2 8] [2 K 59 NO3-N 3 & 351K T
TO 41(P<0.05), ELJKJZ [ [ /Kty NOg-N IR JE FE J7 #% B o % & o 3 A T P21 TO 4% 2 NH,-N R E & T
FHELH, MEEALHEERTE T E F & E # 4(T100 #2 T150) (P<0.05), &R LW, T E H
Aot —ERE LA URBABDREN AN AR EES, AR HERATR. #ERHNH%

A, FHE RN AR EE AT NERELERAMFL—FT R

335
FESES Q958

DU R KA A S R G B EE L A 43, LR
ACFFE FTDTRR P -7K ST )35 5 R 3l ) 2F R Ak L35
i 5 7K A= A 25 FR 4 I /K B RIIS B R B (Boyd, 1995;
Sajana et al, 2013; #K/NF4E 2013; FMEESE, 2014),
PR TR R G 4 ) K= A ILYTE R G HR A
FE R B2 R BOK B AL UL TR Py AL FRE A A2 4k
(Karakassis et al, 2000; Diaz, 2001; Sanz-Lazaro et al,
2008), T KA AR B4 ) AT DL A X TR A R
HEWE LS A 0 2 A5 s AR, ol DR (AR 4
2013) KA 24 i 2R T80 4% £ AR Z AR AT R
T RIZVORY B HE AR, I i B AR 22 i AR
H ) IR B[] KA A B2 (Hulth et al, 2005); JiS
W40 4 1 18 S5 AR WA Bl AT DL AR LB BT e )
TEVURY) P )3 541 (Benninger et al, 1979); JicH

FAE R Aksh; AR BEA; EROR
XHERFRIRED A XE4S  1000-7075(2015)01-0103-08

ST UL B T LS IR AR A2 i ] B
K5 BBKZ R SRR, T e PR A -7K
ST 1978 %45 8 5 (Widdows et al, 1998).

J7 4% B H (Sipunculus nudus)s & T2 2 zh )17,
S — s R AT KBRS, ) A T E
PRI, R T U0 I 32 R g DX 3 (2 R 45,
1992; K3E4E 2011, 2013, 2014; ZR1H%, 2014),
J7 kg 5 ELA E A B F R 2 F A (B (O o SR,
2004; PkoEoR4E, 2004), 7R N HA K KHE T,
BT i A R AR R JZ TR Th s =Y e
Fg 2 AT HE A I 7ORAL , SR TR R IE DU i )
JRJZ Wiz B, 8T s & (MRS, 2013),
— I\ A AL HUE R VTR M 4 T H A B W
HIAERRCR, feAES RGN Bk fe b &

* E B 1140 (2011BAD13B03) . H1 Je 4 g MBI e JIr ZEAS B 45 9% & 30 5% 4 (v B K 7 B 5 B R Vg K
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2 )R 36 %

% ¥ Z/E FH (Shields et al, 2009; Wang et al, 2012), H
TG T 7 A% A 5 H At AR W TR SR O AUF 5 3 20 o 28
TERLAS M5BT (A, 2009; SR4EAE4E, 2011), ThiXS T
Tk BRI TEIR SR RG T RAR M E B D .
A R HOGHTURR A v A AL A 8 R A AT DA s b ek
ZAVTETIR YR Z MR, FTEGE TR i HE
FRAE, PHOBIF ST 5 B IR TE R IR IR IR R DR b
(A R B R L

LG IE o AR = N PR AT O7 A% R S i A TR 7R I
B, BESE T M B U A AR S U K ] R K
R BRI AR, B D R R R A
MANTEBNHE TR R G VIR h R ARS8 0s , 7T
DI AR A S IR A 2R G 0 S 0K T 7R AE 4 e AR A

1 M5
1.1 Rl

D7 A% B 1 5 i (Mugil cephlus) YR IR 50 3L 4 4
AbPREE , HEASAEPRA 53 b A E, 3 20 SR
Wio ZEFRFEA(R 0.8 m, FAE 1 m; /KIRFELN 550 L)
JCEREH VD 2, TIRIEREE N 6 cm R HLYD (Kif% 0.8-1.5
mm), &JZHK 2 cm JERY 4070 (0.1-0.2 mm) . TEFF VDT,
FEAFRAR MBI 9 NIRRT emx7 cm)iF b2
JIEHR, DAJT MR AEVURR MRS o T s B SR E T
WEh, 6§ E T IR N RAE T (5 60 cm. EAR
80 cm) N o AR T4 Pl 55 Jr ks B oy, LG R B
P2 10 cm, ATORUE T A% B U 32 S8 TR 05 5%

I 7 M8 B 1 (1.240.1) g, W) VY HEPERTSEFT
Vg 7K 3G 77 S B AL o FREAN P9 U7 A% AL R IR SRR
4351 0, 50, 100, 150 45/ (% BEAKIK A 0., 65, 127,
191 %%/m?); fiffi[(24.5+0.5) g]AY il 35 % FE 44y 3 B/ .

1.2 HEEIHE

0 0 ) 4 PR R R f) 3% FATHR MY, H AR &L
N 2-3 go W A BOIEI0, ARN H InER £ R
R A AT S U4, TR SRR R T 6 mglL
FrFE TR ALK
1.3 #HmiERNE

I 60d, %20 d SRAE LR, HERAE 4K,
FEUCRFERT 20 5 R A2 K BE R o KR AT |
B pH L R4 (DO)R YSI(556, YSI Incorporated,
Yellow Springs, USA)#EAT Bz % . 7518564 3 Al
SRR 52 7K A B EVE(TN) FLEBE (TP)WREE , R
FH 3 Bt R B A AR 7R D (R AT 2, 2006)

SRAEDUBUIRT , FEREAFRIEAR R B 3 AFEAIR
Ho LA DUBRPIRE 5 o B BUREAS (B4 5 cm L5 10 cm)
FHENVD IR A SRR L, & BOBRR - % 48 7 BURE A4S
SRR B A, K DU RS BUE o R DR
FZFEE (-2 cm). FE(3-5 cm)AEJE(6-8 cm), %2
TUR W 8] B K B4 48Tk 38 i R A7 2R AR A 388 i H 32 A
W 5E (SX-630, LifF (5 URA W), it B gl
PARBUR B I I AT, B F-20CHRA7, AT
Bk S AR A (NOs-N) . Z A (NH4-N) B2 i 1 % (SRP)
TR B A2 (TitrlC 4= H sh/K A dr X, it 7).

W& 2T E T 60 CHT G1RfE, RIS
JA 585 (550°C )i s YRR v A A BILIT 25

1.4 EEESH

K H SPSS 17.0 #ATHHR G A B o AR Ab 3
20 2 [A] B HE 3R ) One-Way ANOVA #E47 43017,
B E N P<0.05,

2 “HR
21 HREREYRIMARYPENREED G
SEA)

R, WKPHERZE ., PERKZEAVLE &
Hr 94 2.0.2.0 #1 2.2 mglg. 453 60 d BFEFE IR,
AN TR A LR S B R — e R AR
2 OJEH 20 RRAERE, 4 DNACTRH A LR R E &
P, RS A PLT B 2 B G5 A Y 3
(H 1),

RIS LRI, g B R 41(T50, T100 F1 T150)
JRJZA P & w3 X R 4L(T0), JFH AP EA PR
i TR IR I R, IR E AL
R % K, TO. T50, T100 1 T150 £H 43540 T 5.16% .
19.69% . 14.52%F1 13.50%, fij /7 4% S HU4H 13 i v
TXFHRA, 5 4 A0 A Rl A HLS & AR B St
2 FI2EFIKFE(P>0.05), 455K, s A ey
Peahte— e BIE LR T RZA YL MR .

22 AHEEREYHHXEERKPR. BHRENN

221 FERKREN T W], 4 MR
%) ) B K PP R 25 R0 A 0.07-0.11 mg/L, 4 10) G i
#2255 (P>0.05), BfEFFHIAE T, SRAKAm
TE) B3 7 R i 2 R M B 2 T TR kA . 7RSS 40
FANEE 60 FRoRFERE, B UIRUIER AR, s
R F IR BRI R B, U R IR 2 R BRK A il 2
Rk BE B A% T 322 (P<0.05) (K1 2). 7645 20 KA,
[ L R 2 (T100 F1 T150) Y222 A 2 [l sk
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RS JE#R 5% A HL (Sipunculus nudus) A= ¥y P 3l i 57 2 G DUR B [ B K 78 37 ) J5T Y 52 ) 105

Bl 25 80 M 5 T 0 PR ZH A1 T50 4H.(P<0.05); Fifi #5156
FIEAT, FESE 40 KNGS 60 K, /%% i & H141(T100
F1 T150) 4% 2 [8) B 7K B 6l 25 20k B 2408 F X iR 41
(TO), JHRZHZR A RIBKWALT T50 4. K56
J& W1(40 d 1 60 d), i) ] B K rh e i A UK B R B
HE I S L A T AR A

222 RRREHEA A I 2 B[] B K A 2
FALIEH YL FE N 0.06-0.08 mg/L, 4H[A] &% R
(P>0.05), FifiZ it o it A A o 1 S R M B ka3, A
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Fig.1 The contents of organic material in the three layers of
the sediment during the experiment
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Values were given as Mean + SD (n=5)

55 20, 40 1 60 KRRAERT, R % B g B HU4H (T100
1 T150)FRJZ . HHIZFURKJZ [A] BRK 5 2 0 Hh 4 1 24
R, JUHJE T100 412 & & T To Al 750 4
(P<0.05), TEi46)511(40 d #1160 d), JiHsiE didl)i
J2 ] B K X5 2 R MR 0 v 1 U SRR (B 3) FEEEAR
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Fig.2 The variation of nitrate nitrogen content in the
three layers of the sediment during the experiment
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Different letters indicate significant difference among
treatments (P<0.05)
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o 36 %

IX, IKEE M, MEBERM, Ik E o F Ui

(] B 7K 1 5 Ml A BT 14 54

2.2.3 EMEERETAL ISR, Ty Ak 2 H 2 R
X HE 2L R] B K A T v R AR, ARV
0.004-0.008 mg/L, H TGl # 2 % (P>0.05), % iy
FIHEAT , Fr A A B B 18] B K Hb s P i v i 2 e A
BEMAEE(E 4), 155 20 KREERE, A% R HH
(T50. T100 F1 T150) K 2 )2 FlH )2 (14 18] B /K T 1wk
FEACFXTRRAL, JRZ BRI EF To 4. 765 40
FRFERF, T100 F1 T150 ZH A JEE J2 1] it 7K 355 P i e Ji
15 T 0 BEZH AR5 B 2 T50, iR IG 45 oy, A3y

Z [H] RS 2 B) B K TG PR VR 22 S B i, T150 41K
)2 (IR 7K % PR R B 2 = T TO 4H(P<0.05), 3 4~k
FE B B rb Xof HE 20 AR 28 13 25 (T50) A [ Bt 7K 335 P i 3%
T B R R B o ARG e s T AR AN
[B), 7255 BE4H (T100 F1 T150) ] 7K 15 1w e Jir 1 3
A R 2 R E R g
23 ARERMNEWRIIITKENZIE
FRAEIA], AR BRI R e Y R B 2 T
AR (K 5). IR 4 A b B SR KA i A
A(TN) . BB (TP)H B AL (P>0.05) . 156 25 i,
JITAG Ak B ZH H A A R B 4 B 3 T A T
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Fig.3 The variation of ammonia nitrogen content in the
three layers of the sediment during the experiment
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(P<0.05), FMHAMAIEAEAKAE DA BERE, T
DIXT HRZH TN VR BE 38 s e dee o B I o A AL e iy
WK, FRPKM TN AR Bt D ;s S50 B2 A
P, R KA A A TN M AR T3 2 mglL.

RIS 25 AR KA R TP Bt s 2 v T LR Ik
B o X RRZ(TO) KA TP v B3 bk i oAt 5 4%
ERAEY, 254K EE(P>0.05), T50 /KA )
TP VR 5K, B AL BRAL R ) TP ¥ B A8 b T I AR
fhitas,

181 B W1 th Initial TN B8 459K Final TN

BRI
Concentrationof TN/(mg-L ")
>

"‘9‘9‘9&

o
Relelelelele%s

<
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Concentration of TP/(mg-L ")
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Bl 5 RE L o 4 b B K 2 b B AR BB
Fig.5 The contents of TN and TP in the water column
during the end of the experiment

24 AIREHRMEHERKER

T 235 TREAS [] ik B 2EL %) O A 2 SR B H S T
P A RKMERE(R 1) IRE 4L (TS50) A1 N 92%),
T 1 95 B 41 T100(91%) Fl T150(85%) ., &4 325t 1A
) T50 21 /4% B LA — @ PR W3 8, W iR
1.24 g #4hn3) 1.34 g; 1fij T100 F1 T150 £H A )5 A% B2 it
R T —rdE e, flmyRERE 1.159 f11.229
FAR % 0.97 g F10.99 g,

IR, 25 AbH ] P B2 R s BBE T, HAF
%A% 100%, TO, T50. T100 1 T150 £ fifffity £

KAKFE S50 42.54 g, 45.66 . 42.86 g Fll 44.13 g,

F1 FAHEHNTFEMEKEEE
Tab.1 The survival rate and growth of S. nudus (Mean+SD)
4151 IRGES )4 H YORHE
Group Survival rate(%) Initial weight(g) Final weight(g)
TO - - -

T50 92 1.24+0.03 1.34+0.14

T100 91 1.15+0.06 0.97+0.11

T150 85 1.22+0.02 0.99+0.07
3 it

DIEBFSE R, KA S W i 18 B 5L V5 3
AL LLSE w0 AR 0 AR A RR AR, dn B i S
(Parastichopus parvimensis) (Yingst, 1982), il
Z:(Parastichopus californicus) (Ahlgren, 1998). #4H
f# (Uca tangeri) (Wolfrath et al, 1992) . £ EK3h¥n
Z 14 BBl Vb 4% (Perinereis nuntia)5%(Honda et al, 2002
Palmer, 2010; Musale et al, 2011)%} Ui Y HH A HLIE
o i SR B A ] BRI A DL SCE SRR B AR AL
AT i 252 o B A 2R 3%t DUAR ) B 52 e AN (] - 3
ZRMAEEIE, W7 TENIRZIRY R 1,
G EMZBRWA X, HAEESREH R E
SN T 32 AR IR AE AT LUK 3R T T AR P 7 e
FnEHHE (Shields et al, 2009; Li et al, 2015), Graf (1992)
WF5% % I8 AL i (Nephasoma lilljeborgi) v LA 2 i T X
Wiz 3] 9 om BYIRAL . ZHIFSE i R T A A A
JEZ DU A LT & e Txr R, HL B TR P
I, AP IR BRI A AT, X R
IS 2 A HLBT % i R JZE & 3.17%, T Hi4H 750,
T100 F1 T150 Ji$ )2 VLA LL 322 730 i Hh 15% . 19%
A1 11%, W% B B R Z DU A —E R
ER MBI VIR Z A YL S 5 RZ M
T, YR TIREAILE S &, RA VLR R F8AE
JI)Z, TR R AT BB s A RS ST B AR DA R CHHE
MPTENREB AR R TIRZ B A B m AL &
B o OB BB (2010)0 BF 5T R BL L AT DDA AL
(Phascolosoma esculenta) ) A 9 4t 0 AT LAt 25 B RIS
JEUCRR S v B A DL RS E P 5 D7 A% A U S 1 45 T
s A R, RIKE AP E A

JEAT Bl 0 HE 4 B S XA e R L R A R L
HATREIEE I (R85, 2004; S2BUA, 2010)7. Al

1) HOEHA. S IR0 W DU — K S SR AR E B AT, VR R A 2R 18 3, 2010, 105-111
2) S, WYL Eh VR AR A TR EE W RS Y W B RS e B o KV TR SR A 2R 7 18 3, 2010, 22-51
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2 )R 36 %

e gl 4y 3 2o FLA A R 2 K A I ke K BIA
FI|45 18 1 (Romero-Wetzel, 1987), M4 5 TR 9y 1]
BUK S LB KRR R SE 3 o 1 2 B I I 45 4 v T
KA A AR (Aller, 1988), #1545 1 AHEE Y
DURLY) Hh 20 B B0 DL S A W (Aller, 2001) ., (] B
IR FF i SR R LA B ol A 0 R RS T R AR Ak SR
M A PR L. B SRR A AR fk . R
J5 ks 5 B A W S %t TR BRK R i L R A B
PEREIR R P2 A s . BRI (20 d), o A A
(T100 1 T150)3 )2 Flrp 2 [H] B K & X B2, 1 2]
WG, &% A AL I 41(T100 A1 T150)4% )2 (1]
Wit K Y A 2L e JRE AR T T 2L (TO) KR 8 8 5 s L ol
41(T50), [FIAT, % By A% &L HL 41 (T100 AT T150)H
JZ R R B K S U v T X R AL (T0) . 356 i 3T
T B DT AR B 5 R SRR FE A1, AT R W
T2 e e LIRS PR S 0 R 6 o e 4 B 4l e 0 B e B
A RS A R, PTREE T HOBO M E A RE b
MR TIOR3 1k U A 5 5 %% B R HL4H (T100 1 T150)
PRI 5 100 2 B0 AR 0 e A U B A e R R
WEE, FTRER N 2 B PR AR S . IR R A
RNl B AR, AP s i AR A
SRR N, SO AN 5 T
ZEIRA, B 2K A % (Perinereis aibuhitensis) ¥y af
DL R R IO IR R R A HUR AR R, Hik
Y Bt 2 4 00 5 SR K B 2 o AN A i R R kA T
(AT ESE, 1996; XRERFASE, 2006), AR, Wt
AN HRIZL, 2 FBRE TR PSR, Wi
¥ R HIG EhEE , EARMTIRZE A NE SR, 1T
DLZE i 32 )2 DURRA B S8 AR JZ R o P T AL LT 3
%1%, T50 4l AE S A a) P BT Sl A Rk,
Ji TR AT R R 0 R 2 ) A A UG 3 T AR A A
FA L K A Wy s i 3 SR A R TR R & A
etk RIS R AU AR, JfH T50 41 R B #AR
(A KRG o 45 A BRAH 18] ORI A DL & B 1k 31 i
#2255 (K 1), I H T150 20 ] Btk A s i 2805 i be
A FAR(E 2), BREATRER:: — 5, ks E s
VIR R A DL iz B TR IR AL , S BT A HL
J K B B TP RS A ARSI Sy — T, iR
WA sh 25 a ML B e S DU T A Y
Bt A RUEER, SECE YU AIE B P RA . &

IR SR W ATAE TR A DL S 2, oA HLek
)V At R I A A 1 2 A o R R TG M, 25 ) T ] B

IR HIE Bl T K T PR R (PSS, 2013).
JEC A 4 4 A= B I B A A 25 2 PR X DT AR W v gl Y R
BCE A B R, DL R B, RS G 3l 4 B
(Limnodrilus hoffmeisteri) i £ #3 5 2 DL 2 Ao B
PEEIWRZEMERZ, SJERE FEK P RIS,
2010)" . B 5| 14 45 #1145 12 (Bellamya aeruginosa)
YAk B 35 2 3 m TR B Hp 3 A B 0 B i (Mermillod
et al, 2008; E#%, 2010), ZMF5EH, X5 AT (5
20 K) 5k A AL (T50, T100 1 T150) /0 )2 Flh 2
UK TR T TO 4, mRZRBUKE ST T0
Y, F R R T A A E e A e AR
Sk 2 A HLBGE R B EE o [RIEE, o0 ks AL ik
iR FIEZ . IGSRE, X FIC2 G R 2] 212 B
BCHIVER o SR, Bl BXIR O E T, [A]BRK A 16
TR R 4 S T 88 o A e A e R T R A AL T3 8%
RIS G SR B | SRS R R, AR T
BB 4 FL 8 3 0 T R i (2 LA, 2020)Y
WFoE W], A% B USR58 W] LR R E A BT
B RN, X FRIBUKP AR . s R B B A &
S o T50 2H & P AR A AA TG S A K PR BE L [F]
22 20 A A Fp B RURI R (0 AR B A T4 Ik SF, K
T8 B B RS R T DR R TR R E R LR
AR TFRFFRY B R  [FIRS, AU RS
AR A B TR . B FRR MK R 2 B,

4 iR

IR R R M, JrAs 2 HUnT L i 6 A8 R = A HL
Yl ZfRZDIRRIAPIURIRE, AR TR
PRS0 E SRR A D7 R B HUE 2 T LA 1) 30-40 cm
TRIGYP RS, 0 if A PUTCEE TR, X T 22
DU A A AU R R B R NI, 7oK
TR AT T RS A B SRIENS TR FE K AR | UER
=K E AR R R A — @ AR S s . TR
PP sh X 1) A S L S IR A0 9 AR R A R
A —E R, AT 2 R IR P 55
AEEE L,

XRERAS, EhHE, AR, S5, PRI FE YD Ao R B )
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Influence of Bioturbation of Sipunculus nudus on the Nutrients of Sediment
and Pore Water in the Polyculture System of S. nudus and Mugil cephlus

LI Junwei', ZHU Changbo®, GUO Yongjian®, XIE Xiaoyong*, HUANG Guogiang?, CHEN Suwen®

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture of China, South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300;
2. Key Laboratory of Marine Biotechnology, Guangxi Institute of Oceanology, Beihai  536000)

Abstract To study the effects of bioturbation of Sipunculus nudus on the sediment and the pore water,
we established a polyculture ecosystem consisting of S. nudus and Mugil cephlus in the laboratory
conditions. The experiment was conducted in 20 breeding tanks (diameter 1 m, height 0.8 m, water
volumn 550 L). S. nudus [mean weight (1.2+0.1) g] was stocked at four different densities in the sandy
sediment at the bottom of the tank: 0 (control), 50, 100 and 150 individuals per tank. In each tank 3
juvenile M. cephlus [mean weight (24.5+0.5) g] were cultured with normal ration supply in a net cage
(diameter of 0.8 m, height of 0.6 m). The sediment was prepared in layers: the bottom layer was 6 cm
thick medium sand (grain size 0.40-1.10 mm), and the top layer was 1 cm thick fine sand (grain size
0.10-0.28 mm). The results showed that the organic content in the bottom sediment (6-8 cm) in the
experimental groups was slightly but insignificantly higher than that in the control group (P>0.05). The
contents of nitrate nitrogen (NO3z-N), ammonia nitrogen (NH4-N) and soluble reactive phosphorus (SRP)
in the pore water increased gradually as the experiment lasted. At the end of the experiment, it was found
that the NOs-N content in the bottom pore water was negatively correlated with the density of S. nudus,
and it was lower in pore water of the T100 and T150 groups than in the TO group (P<0.05). The NH4-N
content of the pore water in the surface layer was the highest in the TO group. The TN content in the water
column rose along with the increase in the density of S. nudus. During the experiment, the NH,-N content
of the bottom pore water in the T100 and T150 groups was significantly higher than that in the TO group
(P<0.05). The lowest NH,-N content was observed in all layers of the pore water in the T50 group. These
results suggested that the bioturbation of S. nudus could partly boost the downward transportation of
organic content across the sediment, and consequently affect the nutrients content in the pore water.

Key words Sipunculus nudus; Bioturbation; Sediment; Pore water; Nutrients
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