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Wk, R, FEAM, HP, KD E

INARE LR, IR HE 266014

FEE: LIfiZ (Apostichopus japonicas Selenka) AHF5EXT 42, #RITE R E A 0 mg/L, 2 mg/L, 4 mg/L., 6 mg/L,
8 mg/L. 10 mg/L B} 14 d WHISEERE SHEN 3 FORFEIH LB AL, HIZ 00 3 30 /NS, RE
(15.13£0.02) g ]. *F[M, {AH (28.42+0.32) g]. K[L, /K (60.14+0.88) g]. LEH Won: (DBEE B RIKE T, 25
WSHEESERBH S RAN N ELER . SEAWE ST 2 mg/L B, JISRKE 55 E LR = AT
A E TG, A AR 8~10 mg/L B, 3 FRFMAS RIS Tkl . ek, HEIET, AAWKER
10 mg/L B AR S S A0 R AR, A 81.3%,(2) M2 MK BEAR T 10 mg/L B, SR8 X5 3 FhHUAS 0] 2 5% 2 3 (FR)
W 2E T AN E, ARSI A 0 B Y AL F(FCE) ) B L T X R (P<0.05) . G)& AW aXT 3 BN RIFLAE 1S 1H
ARG IS PR S A TE 25 5 o BEZURUR BETH S, AR I TG PR S PRI 5, ZAMKEE 8 mg/L FI 10 mg/L A 4% 5555 241
2 1l 0 P 0 IR T 6 B (P<<0.05); i M7 T R 0 A9 TS P B 2 VR B T v S S TS R A B, FE 2 mg/L A R
WE(E; M AR R 6 mg/L BF, /NEURS 32 01 108 TE 4 B S PR AR 0.30 U/mg(prot), 5% i 9 1 35 22 5=
(P<0.05); M AWKEIN 6 mg/L | 8 mg/L i, 3 FioAAK% A2 [ 7 Wi M & A= 2284k, 35 i T X B (P<0.05),
P ) 275 ) — 2 R0 B 30 T B0 A BT 72 1 W 3 s T A A . WF9E 3R B, A S0 S5 e ik
AR AR, R AWK 4 mg/L LUR R 20 A B R 01 ) #5075 5 e, v UV X T A Tl
REC A ) A5 I T S SR B AL, e A A R A 255

KB WS, EA Wi, ROM; JEHEE IR
hE S-S S917 XHkFRERD: A XERS: 1005-8737-(2018)01-0137-10

#lZ (Apostichopus japonicus Selenka) XAR{7 el &AL 25 )AL, [R] I Ao A7 76 35 O A B SR

=, K8 319 1] (Echinodermata), 162 44
(Holothuuroidea), #§F H (Aspidochirota), #H|ZF}
(Stichopodidae), 1M =&, HA W& 0 E IR
A EN, T2 P T bR, AR IRE
IR it o P, 7 o 5 35 Pl ) 4% PR B v,
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Fm, Hh A e R T2 P i 2t %
FEHHAE LA e o R v, 57 ol A TR 0 N &

s BHEA: 2017-03-21; 21T HHA: 2017-04-27.
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AT AF K Y 5 2 F & (Enteromorpha prolifera) i
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AT EPENZR, THACEER &, 0I5 1R
BIRKTAT I, A2 38 X K A 3 1 0 A Tl
I o KA 5E TAED Y B2 S 4K 57
KBS ARKRRIIT TR, A RS AR 52 5
WFE ARt A NSt i S R, i Fu 451
PIRE N 100~120 g BIRIZ NBEEN SR, KB T
R il S H R R REE o EAE H AT R A AR SC
FETAE, ST R0 X0 30 2 11 1L B4 52 1) 1
RUWARIE o WAL, 45 & FREE A 5 20 R 2t o
FRIHAA RGO, FRAE SZ A0 L 5 R 2 Rk Sk
PR ITEG . NI, 2T HETRIZ 3R 2 R AR
MUAR AN SRIE, A g o9 14 d iR YRR
fiia, BFFE T 7R EUMA Z& AT R XS LR R RAR
SR SHABE RN, BRI A A in
IS RS R0 Y BT AR BUR S, =
FrFE 7K VR PR 5T (A 2550 2 1 2 i B R B 4R AL
it B a5 PR SCHE

1 HESHE

1.1 SEIEHRL

SRS S0 1L AR A AR W T 5 e el 5 R U
W PO RIS . mAKREIER . 35S
BB IEH W KA 1R, AR S /NES) .
M), R(L) 3 HLk&, K535 0(15.13+0.12) g
(28.42+0.32) g. (60.14+0.88) g, LIRS E T4
BN 1.0 m® B BE BB B0/ R Fr T 95, /N ol
2% 100~150 ind/m’, FHAKHNS 60~80 ind/m’, Kk
FUAR B2 30~50 ind/m’ . FREE K AL UIERD R
HREK, $hIE 31204, /KiR(16£1.5)C, pH 8.1+
0.2, SLEGHIE H 4K 13K, B, HREM 1
WA B 5 5 ZE A MR AE ) TR A BRA A,
FER A AHE I 16% . FAIT 5% . MHLEF2E 8% .
S 6% . KK Y 25% . AR 0.8% . /K41 10%),
BFRIEN 7 d 5 AT .
1.2 Xt

R A8 52 35 8 5 AN [R) RS il 2 0647 2 A
BEMEWAC, DASCERZE IR 96 h & A B
) 10% K 34l (96 h LCsp, T-AN: 103.8mg/L), % &
2mg/L, 4mg/L. 6 mg/L, 8 mg/L. 10 mg/L 3t 5
AR AR, AT AR B TR

M 0.066 mg/L. 0.131 mg/L. 0.197 mg/L .
0.263 mg/L . 0.328 mg/L . 4% #H 4 & ¥ ¥
1000 mg/L 1) NH,Cl BREHEATIH . [FImF, DLE
FA(T-ANYE T 0.05 mg/L Y E SR IEK R xf R4,
WFEBEE R 0 mg/Lo #5520 40 5 %t B 4H S 56 i) 2
¥k 15 ind, HUFREFEPEFE (80 cmx60 cmx48 cm)
H, BRI S APAT. FREEAMES H R
[T R, B H 4K T DAL IRk e a0
FAP 70°CHET 12 h FREE, FRASFRIHE . k)5 H
2 PG AR A0 VB 5 3 B R T K rh R R, S
¥5F 2016 4F 5 A 5 HIF IR ILHEAT 14 d,
13 HRRESHEUE
131 FBFHKUE LRKEPIESTEE
KU AKR:
NH;3=[NH;+NH;]/[1+10PK*PH)]
3, pKa MBI HEL, pKa=0.09018+2729.92/T; T
FFIRSCIRE, T=273+t(°C).
132 RSEKEFERBERANE HSREtk
F(SGRY:K AT A5
SGR(%/d)=100%x (InW—InWp)/t
T8 3 5 45 AR (feeding rate, FR) S5 & W54 1k
K (food conversion efficiency, FCE), W42 & W
XIS, THEAX T
FR=2F/[t(W+Wp)]x100%
FCE=100%x(W—W,)/F

Fg(ﬁ -R)

R, Wo MARE AR (2), We 9 DU E (F(g), t 5K
IREFIE(d), F iRk A B (), FoNES t R
H(g), RN t RERME (2).
133 RISENLEUE LRLREHHSEUE,
i AT HEA AR K, KR 2 A 8 T iR K
Iy R A BRI SR L rh, VSR BY A, B i1k
T, SRV, FEBaiK syt Ts, 7E-80°C i
IR VKA TR AE . SCI B U AL 2UVE T R 50 0K
g A 10 AR BUA R AlK, TEVKIA S
T2JH 20 min, 7E & B TR E O HLH(0~4C,
1000 r/min)&5.0> 30 min, ArfS 35S T UKAA 15
FEREI

MG . TRl AR 7 A5 T Ak S bR 48R
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FH B o AR W T AR IR T o 1 3 T
B WS e SR A R vk, 2w A 8UE
37CHM I RE AN | pg RS T 14
T 1 BT YERY T (AMS) B I 5 SR ) He e,
HA P B2 e HTE 37°C H5IRPAEH 30 min, 7K
fitt 10 mg JEME LR 1 ATERY RN J1 5047 B 5
it (LPS){ 77300 7 >R FH o R ne S Ak il vk, 7E 37°C
AT, B AZEATEAR RN FR 5 IRY)
N 1 min, BIHFE 1 pmol JIKYIA 1 M6 T AL,
Tit A B 1A R I A i e R
TREBFFERTAE P21 BCA 5 W e iR &
4158 B A 70 2
1.34 HHEAE LR EE LV S bR 2
(X+ SD)Z7s, JH SPSS 18.0 X Excel # i #E474L
WA gt it, ARl Ab B4 B0 18] 1 22 5% FH LA
% /1 %45 F1(one-way ANOVA), Duncan’s Kl it
FFZELE, PLP<0.05 150 B2 S A0bRE .

2 #RE5HW

21 EMSEMENHSEFSERKNEMm

ANRIRRAS i 2 2 A0 14 d R IAETE RS
AR BLANER 1 7R Y AR EE N 0~4 mg/L Y,
3 PRSI S A7 05 5350 100%, YIBEIE #1638 |
B EK, RBEHBRFEIRI, 0L AR E
AR, A AR 6 mg/L B, /ALK SE
BRI Z (S BB T-AEK, FEER R 97.3%, Ha2
FRRUAS RIS AT B S, iR imal gl S ¥ 2
WS . ARG, Hrh KR SCI0 R Z(L)
SRR (NG M AVR R 8~10 mg/L Hif, 3 Fif
TS S 259 B R FE EEHENE . b T e A T3
FET- G, FET A I AW 10 mg/L B
S5 41, 1EIER N 81.3%, (RE LM ALK,

MR RWIE N 2 mg/L Bf, SL6 45 A R LA
| 2 K AR E 5 X B2 A b TE 3 25 5 (P>0.05),

*1 SEMENTEHAERESE KPR

Tab.1 Thesurvival rate and growth of three size Apostichopus japonicus at different ammonia nitrogen concentrations

n=15; X+SD

151 RAK B (me/L) Wi T g Kl Tl TEE % 2 K 3R /(%/d)
group an:ggg;it?:trigien initial body weight final body weight survival rate SGR

S0 0 15.12+0.02 18.08+0.48" 100.0 1.277+0.132°
S1 2 15.14£0.02 17.63£0.46* 100.0 1.088+0.165°
S2 4 15.16£0.03 15.87+0.44° 100.0 0.327+0.093°
S3 6 15.13+0.02 15.25+0.51° 97.3+0.5 0.056+0.015¢
S4 8 15.09+0.03 14.86+0.40° 90.7+0.5 ~0.110£0.083"
S5 10 15.12+0.02 12.44+0.65¢ 81.3£0.7 ~1.394+0.137¢
MO 0 28.32+0.31 32.66%1.15° 100.0 1.018+0.128*
Ml 2 28.23+0.33 31.75+1.20% 100.0 0.839+0.136°
M2 4 28.99+0.28 29.24+1.16% 100.0 0.061£0.007°
M3 6 28.17+0.28 28.36+1.04%¢ 100.0 0.048+0.011°
M4 8 28.12+0.30 26.22+1.18¢ 93.3+0.6 ~0.500+0.073¢
M5 10 28.69+0.31 23.38+1.41° 85.3+0.7 ~1.462+0.189°
LO 0 60.43+0.88 66.19+1.30° 100.0 0.650+0.043°
L1 2 60.580.88 65.42+1.75° 100.0 0.549+0.034
L2 4 58.73+1.12 59.94+1.98" 100.0 0.146+0.016¢
L3 6 60.53+0.97 59.45+1.72° 100.0 —0.129+0.013¢
L4 8 59.22+1.21 55.35+2.17° 94.7+0.4 —0.483+0.022¢
L5 10 61.32+1.06 55.79+2.01° 88.0+£0.7 ~0.675+0.037"

e [FA AN [ 5 B 3R 21 ) 22 5 B 3 (P<0.05).

Note: The means with different letters in the same column are significantly different (P<0.05).
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KA 5255 4 (L) FF & 4= K %8 (SGR) 4 (0.549+
0.034)%/d, X} B 21 W 3 P Ik (P<0.05), HAx4%
SCERA SGR 5 XF R4 TC B 3 25 5 (P>0.05); M4
AUWE R T 2 mg/L i, FEE AR WET S, S
KIKE S SGR YRR F T, H, h
6 S5 06 ) S 1A R BRI e K, SGROIRAIR, Ok
(—1.462+0.189)%/d.,
22 EMEEEXHSERENEN

mE 2 fiR, SLEMmE, MEEAEE R 0~
8 mg/L I, Bl 2 A RN, 45 H0AE H S48
BRI 2 5 A B (P>0.05); R AKE N
10 mg/L BF, 7NS). HT (MBS I 245 Fak Bl i
FAE, 43508 (3.110+0.193)% 5 (2.359+0.164)%,
5500 BRAH H B 63 22 57 (P<0.05); KALAS I Z(L)
FEA TR 2 AW BE e P RA N 227 AR
F(P>0.05), 1A, MEF LI BE H, 7EH—
RAWETHSHERNWSMKE HIAEZ T
KR

%2 SEMENTEMAKEHSEREFR)HEM

Tab. 2 Thefeeding rate of three size Apostichopus japoni-
cus at different ammonia nitrogen concentrations

n=15; X+SD
SRR BT /(mg/L) K3} /g sea cucumber size
ammonia nitrogen /| HKs LS KHLAE
concentration small size middle size large size
0 2.582+0.175° 2.015+0.120° 1.207+0.046°
2 2.616+0.166° 2.048+0.125" 1.213+0.047°
4 2.762£0.165® 2.110+0.133* 1.288+0.046°
6 2.821£0.178% 2.173£0.151®° 1.274+0.060°
8 2.862+0.181°° 2.261+0.168" 1.334+0.074°

10 3.110£0.193°  2.359+0.164° 1.305+0.122°

T /N R 3 AR (4R 24 43 30 R (15.13+0.12) g (28.42+
0.32) g. (60.14x0.88) g. [fl— %1 1 [l AR F1E:F /R B3 25 57 (P<
0.05).

Note: The weight of small size, middle size and large size sea cu-
cumber is (15.13+0.12) g, (28.42+0.32) g, (60.14+0.88) g, respec-

tively. Different letters in the same column indicate significant
differences (P<0.05).

mE 3 FiR, WRBTE S, 2R X ]
SEYFACR I M B, A /& A& b 5L
K401 FCE W &K T IR (P<0.05); S8t 4
FCE M EAEWRE 2 mg/L BSR4 (ST,
M1, L1), 43510 41.500% . 40.930%F1 45.234%,

&3 AZENTEHNIRRES R LERFCE)RIF M
Tab. 3 Thefood conversion efficiency of three size
Apostichopus japonicus at different ammonia
nitrogen concentrations

n=15; X+SD
SRR B /(mg/L) W2k cucumber size
ammonia nitrogen /L L KHM
concentration small size middle size large size
0 49.333£1.917" 50.465+2.179* 53.832+2.188"
2 41.500+3.232° 40.930+4.767° 45.234%1.653°
4 11.833+4.355°  6.907+0.244° 11.308+3.624°
6 2.012+0.153*  2.209+0.349¢ -
8 — — —

10 - - -

TE: /N K 3 AN HLR B 2 R 23 0 S (15.1320.12) g (28.42+
0.32) g. (60.14+0.88) g. “~HHa-RM AT, [F—5]rp i) R[] FhE R
7N b 3 2% 57 (P<0.05).

Note: The weight of small size, middle size and large size sea cu-
cumber is (15.13£0.12) g, (28.42+0.32) g, (60.14+0.88) g, respec-
tively. “—” means data was not measured. Different letters in the
same column indicate significant differences (P<0.05).

23 EMSEEX RS EAREENZMm
mEl 1 iR, ERAKE R 2 mg/L B, /D
(ST (L 1)FRAK I 2 8 BTG P 0 0) IR 35 S A
AR BT, AR (M) 28 A e R
/NE TR, AH S0 R 22 R 18 3 (P>0.05) . 7R 4
RIRE A 4 mg/L B, 3 FhoBURS 302 8 A G 1Ry
A PTREAR, (H5 X R4 22 %8 B 3% (P>0.05), 7F
RAME N 6 mg/L I}, 3 FloALRS 0 225 14 g %
FEEEIRAR, /INEUAR (S3)Il 2 8 1 Bl 7 1 A v R 4]
B 3 25 5 (P<0.05) . E R AIMRE ] 8 mg/L Al
10 mg/L B, ST SEU0 410 2 8 A G M2 H B

AT body weight

40 5 n=5;%SD

= | T a 2aa B S(15.13£0.02) g
8 o3 gl T a2a¥ a OM(28.4240.32) g
% 830 aT OL(60.14+0.88) g
E 225t L)
3 B20¢ b b
o Z15¢ <
L .Z -
23510t
m <
ug  05f
0
2 4 6 8 10
AN /(mg/L)

ammonia nitrogen concentration

Bl ARSI BT 3 R [R] HUAS 0 2 2 (S M 52
A 8 s 2 1 25 57 (P<0.05).
Fig. 1 Effect of different ammonia nitrogen concentrations on
the activity of protease of three size Apostichopus japonicus
Different letters mean significant differences (P<0.05).
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BRI, KT X B4 (P<0.05), ffik A
FA% (MS) I 25 IS %, S 1.23 U/mg(prot).
2.4 BHSRHE R SRS

WL 2 FTLAUE AN [ R o 2 0 B il 1
P I 28 R A T 34 S B T R R A AR b
B NS). M) R(L)3 RIS TH A IE
VEM B M E R AW 2 mg/L Bk B0 (E,
1 %) 2 0.52 U/mg(prot) . 0.50 U/mg(prot) .
0.47 U/mg(prot), {H5XJ B 22 7 I A B ¥
(P>0.05), MEAMRIEL 2~8 mg/L JE[INf, BEE
QAW TR, . OB S 56 241 i 2 5 il
WHE TGS, HS5XHAERIFALE
(P>0.05), MEARMKE N 6 mg/L B, /INHAE(S3)
2 19 T AL TE B TR 1 P AR 2] 0.30 U/mg(prot),
5%t B AL B 2 2 5 (P<0.05) . M & AIRE N
10 mg/L B, 3 PR sl 2 00 Ak 38 Ve B B 35
FR T X R 4L(P<0.05).

07 - ag n=5xSD AT body weight
Z 06 LI .1%(125{;12; 0(')0322))g
S el 0 42+0.32) g
E%0s | ababa ab abab OIL(60.14+0.88) g
2o
EEoal b T abab
2.8 brT by
3 203 L b
& 2021
7 F 0.1
0
2 4 6 8 10
HAWRE/(mg/L)

ammonia nitrogen concentration

P2 T R L Xk 3 AN [ R o 25 VA3 e 0 1P 52
AR F BRI R 1 3 1 2 5 (P<0.05).
Fig. 2 Effect of different ammonia nitrogen concentrations on
the activity of amylase of three size Apostichopus japonicus
Different letters mean significant differences (P<0.05).

25 BERENE RS R EEE A
ML 3 FTLAF H, AN [R)RIAR SR 200 A0 R
Tt 7% P4 i 2 2R v R 1 T v 1 S I T e S BRI Y
AL, NS) . M) R(L) 3 TR RIZ
LI BE R Bl T6 S A A AR 2 mg/L B A E]
WA, 435k 2.48 U/mg(prot). 2.65 U/mg(prot).
2.63 U/mg(prot); FfiJG 3 FhHUAK IS M5 M w1
WAL, ER AR 6 mg/L 3| 8 mg/L B}, A5
U5 T 06 1 AR SR AR Ak, BRI A

FHRPEDY 10 mg/L I, 3 FfORLRS 025 17 05 P

FEAS, RS (MS)RIZ IR ZE AR, 4 0.53 mg/L, 5

Xt HR2H 22 5 i d 2 (P<0.01).

= >3 n—g; = a A body weight
s 30r L T ala BS(15.13£0.02) g
%325l a OM(28.42+032) g
R p 2| OL(60.14:0.88) g
By20f
3 L b
1 E 12 c? b
Eg10f °.
il
g 0.

0 4 6 8 10

A UE/(mg/L)

ammonia nitrogen concentration

3 AN [l AR BT 3 b AN [ KA 50 2 A M Tl 106 44 52 )
RIS 25 1 P2 5 (P<0.05).
Fig. 3 Effect of different ammonia nitrogen concentrations on
the activity of lipase of three size Apostichopus japonicus
Different letters mean significant differences (P<0.05).

3 iFig
31 EMSERENRSEENZN
FERESRAE Y, BRI . 2R DL K B g ) Ak
EERA NI oK R P R 2Ok,
ARG REIREYE, 2555 B 25
g, SRR EHE s, A sk
B AL B R B O R O 2~10 me/L (S840 58, AH
R AR B 2 TR EEVE A 0.066~0.328 mg/L),
1M CE R ARAEE LK BTARIE ) (GB 11607-89)FiAE
JE B 2R ) VB BT EFR A 0.020 mg/L, A<
SR, W EIEE T RASX RS A S IE
ARG AR, IR G K AR P 2 Ak
JEMGT 6 mg/L B, SCUGHA(R] 3 FhoAAK ] 2 1 R IE
WIS R, AR FEARG, KA RS
S AR BN, HYERARERT 8 mg/L
i, SEEREIH 3 AR RS H S 2 B T kg |
fERz, HEIT . AN, BEFE & BUR RIS 5l 2 0
AT Z R SRR PO, FEAR Sz b 2 S R e
K10 mg/L W, ZES56 25 oA ] B 3R 2 (177
R ES, KA RS20 R s,
88.0%, /NASIRAL, h 81.3%, T MR A WKE
R 3 ) S i 2 A PR B, R B RS A5 A 1 ol 2 06
QRIS HA R A 52 58 1 Shuaside .
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32 EUHESMEXNTSERSEKNENE

MR LW, MSHelMz 2T EREZm,
FFEIRTE | OLIR | R LI A BRSPS
A R E AR HAR & R (4GS Z45 D . AR
W A IE R R FR 5 EYWH LR FCE 434l
b T R U T A R AR 2 H B 0 b
X 48 AR e ALK o 7 TR — 1A RIS S L P,
IS A REA R R R E P FAERAK, X
10 mg/L RAME B E R EE 5 T g, H
JEA 32 B A 5T R R A S DL
H ORI 2 BR A H AR, T R O A
SR S D RN SN 5 N S D Y I
TR . 5 Wong ZEPYURESY LB, N TR
AR AR B TR R, PR AR T E S
7 ok M DR A L4542 A Al i 0 JHL s ARG A 7 T R 0
S S 0] 6 Bt 2 2 U R R A R, 8 T
XoF i (R A R AR, AR /D PR A SR BR S
FEXF B RS B 45147 . M SE 58 h & e 1k % FCE
5 R A B, REMX R EA R, H
b5 R AW T TR 2 4 mg/L AR, B %)
1) B AL R R ZUR R R, S8 o e SR A
e NILRESCR RS, AT UL R A RS R
A PR T R, I EUOSHAE (/N A AR
M 5K

Lok AEE &R, 580K A sh YRR
AL R EARS, MUARKE /68 & T H B #E,
HTFARKBGE &R D, XERZS, a2k, H
FERIK A P ERA FCARIE ), AR S 4t R
R RBEAFAE B X — AR Mk ST
2 mg/L i, &AM ETE, fISAES SGR
SFRARI W R, BRI BN, FEAR A
T, SYHAACRN TSI P2 FEE
FHA R R LR 530 T S A4 KA IR R A K
MG A, FEREMA T, KA st
THFE LA X 2 & BB VR, [R) s HE 3% o 25 1
i, SEARE TR,
33 EHSEEXRS IMELEEENIER
I

HACEEFEK AR S AL . ROt # ol 22 0¢
FEEIMER, HE MR WK AR 3 A BE AR L

REM)— I 25 bn, RE & SRS =Y BTk
W BE T, AN PR K R B R, K
YT ACTE IS RS AR A AR BRSO )
A 225, [FETZK0E . $hEE . R s A
FREENZEWEY, BB RN TR, B
TR3E R R A b B 2R eEst ), i
FEVEFHRY 3 R LB 25 8 L SR . IR
AR SRRz, FAETHZSHIER
AR, A H BT I A5 o 2 0 4k i K
HEERRE SIS E R A EBRVILR , AR E
B, S [R)REAS 0 2 2 i M S S R AR KR
5 Ak 5 AR [R] 14 7228 Ak i #3572 280 3 VAR R 1
BTRmE T S, XU TR A T A
A A 5 B T 1 ) DI AR

Hassett %[38]3;5:55, R T Y R I IR P
AT R EY, SIReasIE T B B BB S M
AR g, AARENFEXRSNER. EK
R T Wia, RIZE AN, JERE . 5D E
AE BRI, LR EIR BN YR AWK
FER 0~4 mg/L B, FIZARNTHE . ek i i AL T
BEEPIRAS, 3 UE B AR X TR IR, IR R B A
— R EARAE T NG IDIEE . vk WA AT Y TR
P, Stebbing” G A N TETEYIE I F A=y il £ i
PEIG 25 LG, TR 31X ol B 1 B R R A T )
MLATRN o W TR ER B T S0 A Bl 7% 1 1)
BT, AT R A 2 UM AR R R] P I 2 AR
filg 36 70 FE e, B T ML T £ W R B
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Effects of chronic ammonia nitrogen stress on the feeding and diges-
tive enzyme activities of sea cucumber (Apostichopus japonicas Se-
lenka)

HU Wei, ZHAO Bin, LI Chenglin, HAN Sha, ZHANG Shaochun

Marine Biology Institute of Shandong Province, Qingdao 266014, China

Abstract: This study was conducted to evaluate the effects of chronic ammonia nitrogen (N) stress (concentration
gradient: 0 mg/L, 2 mg/L, 4 mg/L, 6 mg/L, 8 mg/L, 10 mg/L) on the feeding and activities of three types of diges-
tive enzymes (protease, amylase, lipase) in sea cucumbers (Apostichopus japonicas Selenka) of three different
sizes (initial body weights: 15.13+0.02 g, 28.42+0.32 g, and 60.14+0.88 g) over a 14-day period. The results ob-
tained were as follows. (1) With an increase in ammonia-N level, the survival and growth of sea cucumbers were
significantly different from those in the control group. When the ammonia-N level was higher than 2 mg/L, the
final body weight and specific growth rate of sea cucumbers show a marked downward trend with an increase in
ammonia concentration. As the ammonia-N level increased to 8 and 10 mg/L, all sea cucumbers of the three dif-
ferent sizes appeared evisceration, with skin ulceration until death. When the ammonia-N level was 10 mg/L, the
survival rate of medium-sized sea cucumbers reached 81.3%, the lowest among the three sizes. (2) When the ammo-
nia-N level was lower than 10 mg/L, the effect of ammonia-N stress on the feeding rate of sea cucumbers of all
three weights was not significant (P>0.05), whereas the food conversion efficiency of all the experimental groups
was significantly lower than that of the control group (P<0.05). (3) There were significant differences in the di-
gestive enzyme activities of the three-sized sea cucumbers under the stress of ammonia-N. With an increase in
ammonia concentration, protease activities decreased. When the ammonia-N level was 8 mg/L and 10 mg/L, the
protease activities of all the experimental groups were significantly lower than those in the control group (P<0.05).
With an increase in ammonia concentration, the activities of lipase and amylase initially increased and then de-
creased, peaking at 2 mg/L. When the ammonia-N level was 6 mg/L, the amylase activity of the small-sized sea
cucumbers decreased to 0.30 U/mg protein, which was significantly different from the control group (P<0.05).
When the ammonia-N level was from 6 mg/L to 8 mg/L, the activity of lipase in the three-sized sea cucumbers was
markedly affected, being significantly lower than that in the control group (P<0.05). Under the same ammonia
concentration, the activities of digestive enzymes in the medium-sized sea cucumbers were significantly higher
than those in the other sizes. These results indicate that ammonia-N stress can affect the feeding and digestive en-
zyme activities of sea cucumbers. Therefore, in the process of sea cucumber breeding, particularly in large-scale
seed culture, it is preferable to control the concentration of ammonia-N in the water environment to within 4 mg/L.
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