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BE AR R AL B B AR F AL OB AR 7 A% B d(Spunculus nudus Linnaeus) 5% X % 8 o, %
FS2ah A, BER T A E 2 e % (Spirulina platensis)# "2 B (5. 10, 15. 20 #7125 mg/L)#t 3
ALAE[/N(S)(1.58+0.48) g, ' (M)(4.90+1.06) g 71k (L)(7.96+0.94) g LR 77 4% B A A R A A R th %
W, ARET, HHBRRESHEAET AL H Y W EFP<0.05), EREREMAEHGZT LR
BT A E R AR R R R Y WAL E(P<0.01), YIEREEEXE 15mg/L i, 3 ALK LT
THREENAEAFMFAEARARETR LR B E SR AF A HME TR REN
MAEKM, B5EREEEE T KEREF: y=ax+b+oxrd, X THEAE, a EWEEN
0.003~0.033,b & #7 6 B H-1.698~ -0.053 , ¢ 18 By 3t Fl % -1.805~18.873,d 18 #y 3 Bl K -15.675~79.940,
T HEAE, afH 85 E Y 0.0003~0.004, b & i 5% Bl 5-0.172~-0.003, ¢ {81y 5% B #-0.326~1.972,
d fE B3 B 4 3.634~14.008, AR 7 #% 2 st B A0 HE & 5 WA R E 3 sk 30 o &30 fm B LAE
HEARSEEEHKEHFF: y=ac™, a A7 HE Y 8.082~20.934, b &t E ¥ 0.217~0.270;
HEREREEFARALR: y=axX, a MW E Y 1.441~3.598, b &t B H 0.521~0.747, *
BRI E E A A ON)EE N 1.26~10.60, HFREW, HREE/LEELS N LR T E &1
SRR EGER, YENRRELAT 20mg/L i, LRI BERNREEAFMHEAZTE IR KL
HEETRE,
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Xof - 8 VA 7 0 N VA R A A ) A gt T R
FEAEAHERENIRTE L,

Y78 Bt (Sipunculus nudus Linnaeus) & 3% [
HEW AT RIS, HITE R 14 54 00
FER IR S, 2016) JERR TR B HUPE Sy — AT
B B MR T B AR Y, B EE T R B VDR
TOR A AILTT . 40 TR UG A A, T DK R 2
ALY R RV N R = 2 A S BT A R TE == 37TV A
Y RE B N A VR R o e R (LD et al,
2015), ATAEAR, SR TTA% AL HUNE LR 3 SR A RS AS
K&, TFIEILRET M AR A 5T 7T DL 4R AR 77 55
AR HE R R | faE R AR DL SO R KK I
M S5 SE Ak A B AR 2R R R, I AT LA B AR S
SRR R R IR A . A OCER B | TR A T X
R AR L P IR AR R ) ) T 5 A G (R I 4,
2017; = A4, 2012), HR DR X HAE A
SRHEE R W A W ST o AN SC B IE T OR[R)
R IR XN RIS G T A% B AR | HEE R
AR LONYIIFE I, DU R EE ik 5L e B4
WETR TR 25 LR BB S %

1 HEE %
1.1 el

SCHS FHOERR Ty A 2 A BURCE T PRV PRI 5T T
VK B FR A S U0 St FLADRUAR I FRAE R . FedAk
RN N 3 4 /INS)[(1.58+0.48) g]. (M)[(4.90+
1.06) g]FIR(L)[(7.96£0.94) g14H . ¥ 3 47 k& B HUBA
PVC 7K#£i (100 cmx60 cmx60 cm) 857, 20 45/4f . PVC
FAICEEEE 10 om JEHoRIED, PREFIESE A, K IR e
(Spirulina platensis)¥y 7t 431 &) TifE K, 4R 3]
PVC #frh . SEBG1EST 5 MM BRI, R THE K T 4
ML 5. 10, 15, 20 Fl 25 mg ¥EHERF, 75 PVC 44
Hr g R IR MR, KA B2 gl 7 do SEgRIITA],
IKIRARIFAE 27.7~29.7°C, WK ERBEAEHS7E 30~31,

1.2 SEIG4biE

BRI ERYIML 7d, 256 1do /. HRIER
FUAS I A% B A3 S AR R AR R B 1 1.2 Fl 5 L
HER R, ME AR, NIRRT 10 om JBE . £
B VR L 1 A 9D, R . IR i
15 AT, B 1 2%, AN 3 ADaS E IR, R
T EARL AR BE AR B VK, PSRN S 11, SR ]
#K 7, 24 h JR AT IR R BOKAE . A M E
SR FH € E YSI professional series ¥ %843 A1 [H

Alliance-Futura/Proxima ¥ 22 31 /0 M1 {470 52
1.3 MEFE
SR F 7K L D0 52 D6 R T 4 L R B 358 K AR P AR
HHUFIGT HEHL A 75 % 4A(DO, . DOy, pg/L) Iz % (A
Ay, ng/L)F . FEEFEMHFE RN AE AN
FESU (ug/ind.-h) = (DO,-DO,) x V/(DW-t)
HEZ R (ug/ind.-h) = (A-Ay) x V/(DW-1)
A, VASEEIHAB(L), DW B{KE ), tHh
AR ] (h)
AR TEE IR AR
AR L(O/N)=(FE4EE/16)/(HEZ %/ 14)

14 SEitaHr

K H SPSS 20.0 B4 Xt pr A AR AT T O %=
FIXUH T 22508, R LSD 7 ikikfT Ak i,
P<0.05 HEFEZE P<0.01 HESWEE

2 HERE5HH

21 (ERRIBENREMELRSIEE R AEN
e

T s, PRk M X AN [ IR S AR A%
B HURE SRR IR 12 (P<0.05) (K 1), /NI OSEHE TS
k&R 7R TR M 5 F 10 mg/L I A FE AR i 3%
T T HA R M (P<0.05), L 5 mg/L FHRH% e &
THFEAFRREST 10 mg/L MHRHEMEE, Hiabrg
[ 2 S35 AS W 2 (P>0.05) o R LA G4 s 2 A A AR
ML 5 110 me/L B 5 35 5 T H AL B2 (P<0.05),
H 15 mg/L MR R T AFEE R 12 5 T 20 mg/L
THRBHE I 5 (P<0.05), oAl b B2 (] 54 H B0 4 3% 2%
S (P>0.05) KHAEH I B R AE R R & 5. 10

200 a
= O/ms ab
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Fig.1 Effects of feed amount on the oxygen consumption
rate of different sized S. nudus

AR R IR A A 22 57 35 (P<0.05) . T[]

Different letters indicate significant difference among
groups (P<0.05). The same as below
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RUMEAESS KA r DR MRk X AR ] RUAR S #R D e B2 R SR 3 S HR 3R B R 101

115 mg/L INFEEARRE ST 20 125 mg/L HHAHRI
#(P<0.05), H 5 mg/L MR MG T 1FE AR 0 3E w
F 15 mg/L (HRHE MR, A Ab 3R] 22 R A 2
(P>0.05).

AU RER, MR R RN E 15 mg/L,
3 FlRLAR SERR 7 A% AL R FE R R Y R B PRI
G0 W T I 2 R W, HRHE R R iR E %
1438 ELAE O S0 565 T SR A B 2 (P<0.01)

B DA B 25 SRR LAA Y, 78R 1 TR 45 IR 5
P, SRR T s it Hh R S 23R i 2 DA% W o ) 18 o v e
%o XPGHR A% B RURE SR S TR R T35
BB —IC = IRRECR : y=axX+bX + cxt+d (a. b, Al
d BPREEL, x OTERHR R, y HREER), W& 1,

XOCHR A% B AR R SR E TG, BT
FEEREL: y=ae™a. b BIHHE, x WIkE, y HFE
R) . MR A S] 20 mg/L B, e A
HFERR G REZ M EMAE LR, W2,

22 EBERRENAEMEERARERFREN

=AU

Tr 2N SR, PR M XA [) KA SRR 7 A%
B HHEER IR 22 (P<0.05)(F 2)0 /MK SEAR T
L PR R 15 A1 20 mg/L iH¥4 5 25 mg/L
I HER A 2 0] 22 5 A 35 (P>0.05), T H AR BERHE R
AL [ HE R R R B 25 7 3 (P<0.05) RLE
SRR A% 2 PR PR M N 5 R 10 mg/L B A HEE
R R E T 20 #l 25 mg/L AL (P<0.05), HAHE
BN 10, 15 F1 20 mg/L i, HEZCR )4 1 3
2 F(P<0.05), M H A TEAL 4% Mt Ab B )R 4 21 i
EEF(P>0.05) KIS ICRE 746 2 HUFE THRHS W
5 F 10 mg/L W), HEZ 3 02w T HAL 3 S b3
(P<0.05), [FIAF, FHRMEBEE A 15 mg/L MHERE
T 25 mg/L ARFRZH (P<0.05), HLA T RHE S & 4b B
] 22 S A I 3 (P>0.05)

®1 RRAEERERBBEESREARMNEA (y=ax’+bx*+cx+d)

Tab.l Regression between feed amount and oxygen consumption rate of S. nudus (y=ax’+bx*+cx+d)
FAL B FE4A # Oxygen consumption rate (ug/ind.-h)
Size Number a b c d F =) R
/NS 65 0.003 —0.053 —1.805 45.698 35.712 0 0.649
M 65 0.036 -1.610 18.873 -15.675 21.175 0 0.506
KL 65 0.033 -1.698 18.736 79.940 18.925 0 0.503
£2 ABARERGESEERMNET (y=ac™)
Tab.2 Regression between body weight and oxygen consumption rate of S. nudus (y=ac®)
T M B FE4 R Oxygen consumption rate (ug/ind.-h)
Feed amount (mg/L) Number a b = P R?
5 45 20.934 0.217 91.471 0 0.680
10 45 16.858 0.246 124.132 0 0.743
15 45 8.082 0.270 45.630 0 0.515
gm D$; 2 ab W, TR MR R EE T 1 28 AR R HEE R
£5150 mAL b AL % (P<0.01).
gé LA B S5 R TT LAAGH , 7EBE 19 TR 5
23" . 1A RISt R AR R B 1 i
st s, Tly c . BT i L s R R S R LA T
5 fec ¢ i B — LS IRRBOER : y=ax’+bX + oxtd (a. b, ¢
i 510152025 510152025 5 10152025 Fld SR x IR R, y AHEEER), WK 3,

MR Feed amount/(mg-L™)
B2 PERER M XS [ M R RR T A AL HHE R R Y 5 T

Fig.2 Effects of feed amount on the ammonia
excretion rate of different sized S. nudus

gf PoE R MR R RIS 15 mg/L, 3 FhEL
MR T S B A HE R ) e 2 AT U 105 22 0

XCRRIT A% B M HEE R SR E TS, S
FERREL: y=axi(a. b BN E R, x MR, y MHEER),
ILZ& 4,

23 AREMRRETERARERANERL
AN AR 3 RS BOEER AR R HURY O/N L



102 I 39 %
£33 ABEFEERERFBESHERMED (y=ax’+bx +cx+d)
Tab.3 Regression between feed amount and ammonia excretion rate of S. nudus (y=ax’+bx*+ cx+d)
WLk Size $¢F Number HEZ R Ammonia excretion rate (ug/ind.-h)
a c F P R
/NS 65 0.0003 —0.003 -0.326 33.376 0 0.606
M 65 0.004 —0.172 1.972 9.022 0 0.282
KL 65 0.004 —0.163 1.187 24.055 0 0.567
R4 ABFAFREREESHEEMNET (y=ax)
Tab.4 Regression between body weight and ammonia excretion rate of S. nudus (y=ax®)
TR e e HEZ % Ammonia excretion rate (pg/ind.-h)
Feed amount (mg/L) Number a b F P R?
5 45 3.598 0.683 60.861 0 0.592
10 45 2.992 0.747 164.256 0 0.808
15 45 1.807 0.736 20.877 0 0.343
20 45 1.441 0.584 22.466 0 0.398
25 45 1.743 0.521 15.990 0 0.302

F 5, BB R N, 3 LR LR A% A
B ON (HEERE TR Rl —IHRH R R T,
BR 25 mg/L MM, KBS EHR T 4% 2 B O/N {E i
w, LS O/N (EEAK . [Fl—HUAS SEHR Iy % 2 ol
TEAS [ GRS M b 3, /NME B O/N (B AE 41
R IR A 0] 22 S AN 35 (P>0.05) . H A SRR
& B LAY O/N {EAE P BHE IR &l S R 10 mg/L A i 3
W 20 A1 25 mg/L AbFRL(P<0.05), HRHEIE &
15 mg/L 35T 20 mg/L ALFHZH (P<0.05), H44
5] 22 53R i 35 (P>0.05) . KBS SEHE 5 #5 2 3L ON
ETE R IR 5,10 F1 15 mg/L ¥ 58 3E 75 T 25 mg/L
IR (P<0.05), FCA IR RHE IR G 4 H] 24 00 B 2
(P>0.05).

*£5 AEVBEBRHERE. FTEMELEFEERN O/NE
Tab.5 O/N values of different sized S. nudus
under different feed amount

TR I i AA L ON
Feed amount
(mg/L) hs M AL
5 5.86+0.94*  3.83+0.99° 7.38+2.05%
10 6.07+1.14*  4.01+0.98° 8.80+4.38%
15 5.13£2.10°  3.42+1.84°  10.60+5.20°
20 6.00+3.88%  1.26+0.66° 6.92+4.67%
25 4.99+4.44*  2.69+2.13%  2.3242.39%
3 it

I K7 5 et 8 2 s 0 A QA% 0 ) B BERRAIE
FEAE AN HE R AR U P A S i s A, ASE AT

LS 7K 77 Bl 8 B A A A AR 7K T v A8 B AR Ak B
A, i BT SRR A sh AR RRAE | ol AR K
ZMF L FRIE KA SR T e AR AZ B A PEAL , B
HEESZMECS TS, 2012), EKZSYE EH M
FRFE I FE Y, AN [ PR 218 e B T LG 2 AN ] 1)
BRI AR A K A aE ARG Bh . (R
BEFEHTHEMA . WkomAs ReaE Ry i, sk
77 Bl )RR SRR HE R DL T R T RE % 38 n
(BRI 245, 2005),

AT 5 1 B G HR 7 RS B R FR A O R AR TR
B BB R, B ST A SRR, R R
PRy % B AU AR SR AN HE R R R 2, 4R}
FEMERA ] 15 mg/L B, 3 R SCRR I #8 B HLAYFESR
FRAHE R L E RIS, Bl TR M P Ak 2238
FEAECRRIHE R I Pk 5 2 PRI o AR B DR 3 R o
(5 A1 10 mg/L) T, Ye#R5 46 2 s Rdnm, A
AR R W E = T e W B R B, SRR
B TGRS 2 T (A |
FZUR AT REH IR B, HEFEHE R ATREE B, RN HY
A HE SR, AT OIS S B N BRE AR Y 1R
m, RBONFEFCRAHEECR I = o 1M B TR R
XGRS RA BT A REES , it IEH AR
WK, e R R WBEZ TR, SEi s 2 AER
AR R I RS, I, m vk A
JHRE A5 M B 7 A L KR BRI v, 23 LR 4K
WA IR, IR FE SR, DUEE
IO AT Y 7K R

HAT, E NN AR IR 6 K A A A i
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RUMEAESS KA r DR MRk X AR ] RUAR S #R D e B2 R SR 3 S HR 3R B R 103

MR HGE D, AR ES R 5 —SEif R Y
RS RATE . FEHRHZEQOODIIIT KB, AR
HE — U A e, JE A 5 05 41 (Ruditapes phili-
ppi nar um) (14 #E 405 FHHE 24 32 Bl TR MR = 93 K
MG, X — 0, AR SR BRI i Y 1
KW/ o AR A (2005)WF 58 & B, S (Meretrix
meretrix) 14 #6 4 2 A1 HE 220 38 Bl 5 OB /A 48 fe i
Phaeodactylum tricornutum, 55 4: % Isochrysis galbana
FF % Platymonas subcordiformis)i & /Y [ Fr i 4 i .
WAL, TR R X 5 05 (Cerastoderma edule)
(Navarro et al, 1994)f1#>ifF#F(Mya arenaria) (Bacon
et al, 1998)HJZ M A, i X} i DL (Mytilus edulis)
(Bayne et al, 1993)F1i 75 F Dl (Placopecten magella-
nicus)(Ward et al, 1992)0UTCAEfT52M . K 7575 (2012)
¢ & B, M2 (Apostichopus japonicus)kE 48 2 FlHE
FCRBERHE B B R T, B — e R
o By, PR AR 3R ) s BERRAIR . DL SRR kg
Yy, R 3 SO R BRI, W, BRI
oML E PR T i AR AT E 4% B (Bacon et al,
1998), M2 R EH MY (LI ICIRES: . 401 .
SRS . SEYIAT LIRS 4 L 75 44, 2016),
TR B A R G, 2 g1 R AR 3 1 n
(2954, 2012),

AT OGRS i B R . B RS 3h
Yy, AU BT A BILJST L 20 TR R R RS S S YRR
TERHRE MR St 14 v AN R B e LA 0, [) s 52 il i
FLRUK IR G LB & AR A, R i — e R
IF, SRR M B U S S . PRI AR SRR AR
THFEMRE I I/D, JEFLIREEE N R ) IR, RAEAS
FIREEORAEBE I 1 — A X ARBFRREE R 5 D128 |
SRR A RN, X AT RS F X S i AT ) A
TN A KA AN A 56

AT OCRR T B IR ARG O, & BRAE [
ERUAE SRET, Bl PR S B, AR AIHE
RSB R B R, ARG —It—
KPRELRAE R y=ax +bx+oxtd,, THRME M X Gy
A5 B AR %) 5 e A A T 5 25 R o TAE ) — TR R R
WEER , SGHR T8 B HUFE 0 5 IR E R A7 5 18 SR 4L
y=ae™, i Y HRHEME R K] 20 mg/L B, JERE TS
AEHFEECR SR Z (A JC A WA, 150 IH TR i i 4
Iz —E A, A AR LR b B HURE A )™
filk. MiGER I 4% B RUHE R 5K E 23 R B R
y=ax’, X5 FL KA S P RE ECR A HE R B A
S s/ BB 5 45 A MG R B (B 524, 2008; 5
42012, R3CTEE, 2013), KA S A E R FIHER

RAZ P ZE AR, X 0] BB TR R R A
WP AT o i g DR A R BUAR [m] Bir 23k, 3 FhA%
JERR T B BB AR YRR R R R R R 2 ) 2
i 2, AR T AR T i B R SR R HE 2R B
ORI, RIS fe/ N - SRR fe e 1 AR
a3, 3 % B CRIAK I YE AR 7 % B ARG sl it L
W, TFEHERZ R TRENm,

AR RN A KA R R & T BE
Rk KA 055 RE TR 4 o A R R AN e A QR i 42
S A B S Y RE A Y — T B bR, AT R IEAG 3h
YR E SR R R R . ARG, PR A
5~25 mg/L JufEIAN, SUERITIE R ON {HHl 1.26~
10.60, 7E 5~15 mg/L HRMEMEEEIN, 3 Pkt
B ER ON HESRRE, M5 R R R4k
SEHEINE] 20 mg/L B, HPoRUAS R HUAR SRR A% AL
HEZ R KIFHEN, O/N A B F AL, SRRy
R T E A 3G i A B 7 s 2K Ak B ) E
WA, TEATIFE BOE R RIS Y, Sl
B AR 2 LUR R Bt RE S . X TR
MM S, e RS O/N HEE, Wk,
W IBSORIT AR K 45 AR B o) T ZETH A R 2 I BE &, Sl AT LA
B AR 5 LR A kel N A B R B AR L . T AR,
FE] PN AN S P 45 MR X6 /K A 50 4 I 5 I i ) AF 5
B, TEMEY) EEE PN L, AR
R — it AE v B A 38 i BT, O/N A2 AR R
VR BRI, O i F I tksh, 18
bV FE 25 FLHE Y IR A QIR (RIS, 2001,
FEARZE 2005; 25438, 2009), MHEHE A% 2 dUl i 75
BRI AR S S, ek E
RBHNEFEECR, 5 BT 22 RER . AL
N, MANFA A KA b B B R AR AT, SRR
b B BTG S, IHAERZ e EY A TAK,
— R AR R BRI 38 B PRI, PP A a7k S DU e

15, PEREDSRER 0 TR RE AL RE , LIS 40 SR
bR T
4 L5

ABFFEFRI] , BRI B A R RLRS SR A% 2
HURE AR R HE R R B I, BRI e e B AN L
B 15 mg/L, PRy m HRHSER G 2 X DRI M A2 Y
IR ARH = A PRI, SRR EY 20 me/L i, JERR
Ttk B R BRE AR M A R B S R I R T
REBLG . R, SERR A% Bt AP FOKAARER 55 vh R
P e B 0 A8 Al 2> B A BB, mT A S IR
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Effects of Suspended Feed Amount on Oxygen Consumption Rate and
Ammonia Excretion Rate of Different Sized Sipunculus nudus Linnaeus

LIU Xujia'", SHEN Xiashuang®, HUANG Guogiang®, PENG Yinhui', WU Lihong’

(1. Guangxi key laboratory of Marine Biotechnology, Guangxi Institute of Oceanology, Beihai  536000;
2. College of Animal Science and Technology, Guangxi University, Nanning 530004,
3. Ocean College, Qinzhou University, Qinzhou 535011)

Abstract Peanut-worms Spunculus nudus are exploited as a popular seafood in international and
domestic markets due to high nutritional and pharmaceutical value. In recent years, over-exploitation of
S nudus has caused that natural resource to be degraded greatly, therefore study on S hudus respiratory
metabolism needs to be carried out to better understand the culture capacity and sustainable development
of S nudus resources. The effects of suspended feed concentration (5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L,
25 mg/L) and body weight S(1.58+0.48 g), M(4.90£1.06 g) and L(7.96+0.94 g) on oxygen consumption
rate (OR) and ammonia excretion rate (AR) rate of Spunculus nudus Linnaeus were studied using
experimental ecology methods. The results indicated that suspended feed concentration had significant
effects on OR and AR (P<0.05), and interaction of the both factors had a significant effect on OR and AR
(P<0.01). When feed concentration reached 15 mg/L, the OR and AR decreased significantly. Both the
OR and AR decreased with the increasing feed concentration. The relationship between OR or AR and
suspended feed concentration can be represented by the cubic function y= ax’ + bx+ex+d, where a values
of OR or AR ranged in 0.003~0.033 and 0.0003~0.004, b values ranged in —1.698~—0.053 and
—0.172~-0.003, c values ranged in —1.805~18.873 and —0.326~1.972, d values ranged in —15.675~79.940
and 3.634~14.008. Both the OR and AR increased with increasing body weight. The relationship between
OR and body weight can be represented by the exponential function y:aebx, where a values ranged in
8.082~20.934 and b values ranged in 0.217~0.270. The relationship between AR and body weight can be
represented by the power function y:axb, where a values ranged in 1.441~3.598, and b values ranged in
0.521~0.747. The O/N value ranged from 1.26 to 10.60. The study showed that high suspended feed
concentration had a negative influence on S nudus; once it reached 20 mg/L, the OR and AR fluctuated
and declined significantly.

Key words Spunculus nudus Linnaeus; Suspended feed concentration; Body weight; Oxygen
consumption rate; Ammonia excretion rate
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