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FIAS A ) 218 1 (35.77+4.34) g, /NRKE T 4l 298
H(10.57+2.00) g; 20 °CZH T FH K HLAE 15 1 218 &
(30.66+3.96) g, /NHLAK (I S (9.23+1.78) g;
25 °CLH FT T R BLKS 17 il 318 . (31.68+£3.29) g, /]h
AR M S (11.1241.82) g0 iS5 [0l J5 15
R EIE IR R R G R 10d. B R
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(6.5 mg/LZEAN)ChITERE, T 3XDOSH 5L
1. 3 mg/LFIH AR BEFE ). S50 R HI WO i
Kk, T2 000 mLAEE kAT, KintER, JF
IR EERSEE O, SCORTFAAHT, M =45 148 he
RIS E3L, NSRS, 25 FIFIIRA
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SRR . B I R PN RS 3 R R 2 4R A T ik
W 38 B[R] SR L N, (R 2 s S (RIS
B E .

1k % # #2(body surface area) iz H Im-
agelXf =4 SR S BB AT 0, A HIE
BERL i 5 19 = S8, JF JH SolidWorks i 44
P, AR A5 A SR A5 07 0 2 7 4% I 1] Be il A R
[

F R (LTs) — MRIEET- R 5HRR
IDREEISFE YA S SN RS DARNIES) )
JE I [] 6 BB, A B SO I [R] [R] SE T 3R 1Y
AMERIEA), MRIGIZFRIBASAE L (1.0+0.1) mg/L
TR E T 05 3 2 1 2 BT a]

y=a-lgx +b (1
K, y RS x5Sk 05 R 258 T 1 I
[ (h); oy BHE 5 FE H LR AR oo Rl )7 72
IR0k E

5 i 2 B AR T 5 FE 4K OCR[oxygen con-
sumption rate, pg/(g-h)]" BT E AR

OCR = (DCy—DCy) V/W /(T — To) (2)
K, DCORIDC, 53 3] R 52 56 45 B 25 1 I 0 Jf
Hr R TP A DO(ng/L), Vo WP I 14 14 AR
L), WHERAGRZS R E(Q), TyMT\o35) 5
B FF 4R FN LS HF ] (h).o

)i 1] 2 HE & ¥ AER[ammonia-N excretion rate,
ng/(g "R AR

AER = (N, = No)V/ (W -1) )
X, Noo NRBISERRWIG « S AR B
NH"-N& & (pg/L), LR HFELnTE

53 BT 44 SPSS 19.05% &4l 14T 48 1143
Bro Bl LB EbR IR KRR, iz 3 AR SR T
LS I B 4t R R F R DR R U7 22 43 BT (One-Way
ANOVA), X1z 2l A2 1 FR 149 £ #E 17 Pearson
FHOCHE 3 B, AR 52 56 B4 >R 1 XU 2R 7 22 53
M (Two-Way ANOVA), P<0.05%/~A &M%
5o FIH e 56 A Duncan 2 53 FAG 58 43 501 b 458
N TR) S 38 B 2 ) 22 Sk . Horb, AR ESE R

6] S B ARG 58T
2 4

2.1 REMEXNHRSEEDMERER
TR

A5 B 1A) R A B IE B WA B 41 KR
AT 2 & B I 1) N A% Sh B R B 3 s TR
JiipiE 21 (P<0.05), 1 mg/LARSEMIIAO0 . 6 . 60 hif,
i 2 % 20 BE 25 G 25 T LA B 3e i [) 5 A5
(P<0.05), B o6 sf (] 4 38 0, 32 2l B (A 22
PR S, Hhia 60 his B o it B B — A4
B, HEWAT2hEEFET-(E), WRyE05 2
SZ AR A 30 B e ROR A, ARIR 4 SN B
TGS TR . P . DR N . WAEHIARIBET

—— XF 4 control group

-« - JPriE 41 hypoxia stress group
0.7
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0.1

(e

BTN 1] N 2 Bl i 85 /(mm/s)
distance moved per unit time

0 6 121824303642 48 54 60 66 72
i [E]/h

time

1 1 mg/LIEEMETAAEHTRS
BAREABEEEEL
AFK S AR A ) 22 7 B 3 (P<0.05), ANFVNE F AR
2 ie 4 1) 22 57 B 3 (P<0.05)
Fig. 1 Changes in the distance moved per unit time with
big-size A. japonicus exposed to 1 mg/L hypoxia

Different capital letters represent significant difference among control
groups (P<0.05), different small letters represent significant difference

among hypoxia stress groups (P<0.05)

R B AR SR =W 7 BTN AT NEB )| I )7
SR R RSB RS BN s, HAEAN
JEWIE, BRALFARORA, B s X A
(P<0.05)(12), Hr, 7£1 mg/LALA N IE54 h
B, 33k i S ¥R R E RSB R K, H
12507.71 mm?, 3 TR IRLH (P<0.05), &%} R4
(8 058.77 mm*) ¥ 1.556% . Wrid 72 hivk, fiifI=E
FET, BREC AL FHAORAE, BhRf33k
5 4l 25 2K 2 T FR(10 495.93 mm*)) 8 & 7 T
A B (P<0.05), J2H1.301% . X 50 i [i]
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FHERARNEL
RN AR F 2 5 83 (P<0.05)

Fig.2 Changes in the mean body surface area with

C. XM

big-size A. japonicus exposed to 1 mg/L hypoxia

C. the control group. Different small letters represent significant differ-
ence(P<0.05)

C b Oh
Fa < ,
( - IOan
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IOan

N % 2l B AR 2 T AR Y b i 1T Pearson A 56
PES TR, AR AE W WA OC M, ofH R
~0.850, F I SolidWorks#k 7 il /F T #£ 1 mg/LAIK
S8 R 05 R 2 1B 38 R T] 7 A 7 A Ak A = ]
(F13, ¥ILL T 4 A A A HES)

2.2 REFEE MBS HRIS 3BT E R
A

FE T[] — 52 35 POVEAS TR R IR R A 1
1 mg/LAR AR 38 X R L /N2 B A% 5 3 %%E’\Hé
HACH ] . KR 1S °CHY, KM HA LT N
54.0 h; /NEMARILTN44.7 ho JKIE20 °CHY,
Ko DA A LT 5050 48.9. 39.3 he /Kilk

25 °CHF, K. /NIIAR AL LT 0% 433.4. 28.9 he
15 °CHLA . ZN2FFHAS A5 ] = 1) 21 BOE s ] 1 15
. 18 h \
g IOan
72 h }
. IOan

B3 1mgLREMETAAEHRSHBETUEXECARIZS1946)
Fig.3 Changes with time in the body size with big-size A. japonicus exposed to

1 mg/L hypoxia (take the one for example)

FXF R 20 °CHI25 °CLH,  H. R B A XK 48
FTR 32 HE 1 3 /NS MR (R 1) o

2.3 REFMDOXREAERX RIS ERNKHE
A

WAL, 15 CCH KA 51 2 1 B AE
AR L T 25 °C(P<0.05), 4DOJ 1 mg/Li},
3 ¥ B 4 (RS FE AR R B 2 1 22 S (P>0.05),
BI4b T HARAK -5 24DOK H & F1 mg/Lif, 15°C
A HRAE 5 S B IRORE FUR ) 1 3555 720 °CHl
25 °C41(P<0.05), H&IMFEAFLEE THKR
(F4). 31DOF, 15 °C4L KA HIZ 1Y 3 HE
R R T 20 °CHI25 °C4(P<0.05), Hrh
DOH3 mg/Lit, 20 °CHL KBS 15 ] 2 1 )5 HE R
R FEE T 25 °CH(P<0.05); 4 DON# A Al
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F1 =ZNEEKE mg/LIREMHE T 2M A
R & B 2 BUFE B 18]
Tab.1 Median lethal time of two sizes A. japonicus
exposed to three levels of temperature and

1 mg/L hypoxia

LTsft/h
JKig/PC median lethal time
water temperature K AN
large-size small-size
15 54.0 44.7
20 48.9 393
25 334 28.9

3 mg/LIF, 3/ 3 4 1] B AR 17 30 2 1 7 HE L
R[] B) 22 ¢ .35 (P<0.05), JFREHRE T &,
RTWE, DON1 mg/LIt, 15 °CH KA DT RIS 1Y
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a 10 & o 0.5
o =< g4 SR e 1
= 8 g2 S e
T?D 6 J@% 5 03} P g
& 4 = 0.2
g W0
K 2 0 :
5ol ' - ! 3 4
i 1 3 %, ordinary DO ordinary DO

VAR /(mg/L) . HH#AA/ (mg/L) )
dissolved oxygen concentration dissolved oxygen concentration
22
@) 0.8 o . .
C; 14 b o 15°C ——@—- 20 °C -..@- 25 °C 5 07 _b —o— 15C --8--20C ... 25 C
g 12 & 0.6 R S———
2 10 S5
Z =< 05t [ S .
=g T2 04| I
= = e .
TK.JD 6 Jﬂ%‘% 'ED 0.3 + .o - ‘
By T F 02t
= = o1t
L) '
it 0
w 0 Ay S . 1 3 (R
g 1 3 7 % ordinary DO ordinary DO
W4/ (mg/L) %l /(mg/L)

dissolved oxygen concentration

4 REFMDONAHMIRMHISE (2K (D)
REAXRNEM
Fig. 4 Effect of hypoxia on day (a) and night (b)

oxygen consumption rate of large-size A. japonicus

WHEE 3 5 T20 °CHI25 °C4H (P<0.05)(1415),

WAL, 20 °CLH /N 15 Hl 2 B FE &
FE515°CH T W &2 5 (P>005), HEE R T25°C
4H(P<0.05), DO 3 mg/Lit, 15 °CHI20 °CZH /)
AR TR 2 0 B A R B & T25 °cd
(P<0.05)(16), DON1 mg/LIf, 20 °CH (1) #E 4
R IPFE T 25 °CH(P<0.05), TMi515°CHILRE
25 5(P>0.05); DO 4 F13 mg/LE, 15 °CZH/
TR 5 i 2 1 CFE S 3 34 B 3055 720 °CFI25 °C
ZH(P<0.05), 1fij20 °CHI25 °C4H 8] G i # M 2% 5+
(P>0.05), DOX1 mg/Lit, 20 °CHMAEE R L FH
T 15 °CHI25 °C4H.(P<0.05), 31DOTF, 15°C4H
AN G5 R 2 1) )8 HE 2R 34 1 3R 1720 °CHI25 °C
2H(P<0.05), 1j20 °CHI25 °CH i) Jo b & 1k 2 =
(P>0.05); HASMT, £ W4/ 05 i 2
1) 1 HE 2 %6 (] 35 T b 2 1k 2% 5% (P>0.05), DOKy
1 mg/LAN3 mg/Lit, 15 °CLH/NELRS 15 5] 2 1Y = HE
SR 2 = T 20 °CHI25 °C41(P<0.05), fij20 °C
F125 °C4H ] JC i 35 M 22 7 (P>0.05)(K17)

SRR ZR T7 22 Al |, IR BEXT R L /N2

dissolved oxygen concentration

Bl 5 BEFMDONAMIEHRISE @K ()
HE XM
Fig. 5 Effect of hypoxia on day (a) and night (b)

ammonia-N excretion rate of large-size A. japonicus

FUAS AT R 2 W HE SR A AR 10 3 M52 R (P<0.05)
TRE AL /N2 KA £ 3R] 2 11 6 S5 32 34 T o 3 1k
S (P>0.05); DOXF A . /N2FF B AK (5 ] 2 1 #E
AFRIA BEMER I (P<0.05), Mixtk . /N2FpRL
6 0 0 2 1) HE R R 35 T B3 RS 0 (P>0.05) . IR
JE 5 DOMZ BAE XK . /2B AR 5 2 9 A
AR AR 2R A AE 10 25 M52 ) (P<0.05).
AEXTF20 °CHI25 °C4l, 3PDOKF T, 15°C
2R LS 5 R 2 A ORI BR, (HFELS °C.
1 mg/L DOF, {5 il S AR i ik B2 ) 32 380 40 41
SR, 2 0 A A R TR,
HL/INFRAR A A B W WA 8 5 o T R RIS AR

3 iR

3.1 REMHENHRISHERIENEE IR

FI AR R85 v 19 05 00 2 HoA B AR 1932 3
i, ARSCE LRRBE T 72 hiF2O0 &K
AR SO0 IR A4 0 0] 2 A B 552 56 6 (1] Y S
KB T HIRE 3 R Z . 1 mg/LAR A WA
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Fig. 6 Effect of hypoxia on day (a) and night (b) oxygen

consumption rate of small-size A. japonicus
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Fig. 7 Effect of hypoxia on day (a) and night (b)

ammonia-N excretion rate of small-size A. japonicus

1Eo LR KRB, B a5 Sk
T AR e R R N R, H A W aa
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tacm quinquesemita)Fi It , FHAEF R IF T 0 E X
S, F U U6 B U S 31 AR T2 AR P 0 AR AT R
W, BRI RS AT AR SR HEAT IR IR o R A IS
T, KiE8.5~13.5 °CEKMT, DM S R FET g
JIT o LA 2R 39%~52%, 7K il A 18.5 °CH 2 il 34 i
£60%~90%, 7K IR 4R ST 12 LA AR AR K
R [ R R M O 455 0.35 mol/L K V80384477 1
SRR ik, WS T AR EE (10, 15, 20,
25130 °C) T, D5 HI S 1 4 P R RPN, &5
T 2 U A 3 R W T L 81 i K R T R T 3
TE10~15 °CHY (5 2P 19 50%~60% , 7E20 °CH} £
JRIREN, mE80% A AT o ARSI 3 S A 1 A2 K
A JE A R HEE R S, I AR S 56 30T
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o7 X AER S P 45 11— o 325 IO SR s

32 EREMESEMEXARESEENZN
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Effects of temperature and dissolved oxygen on the survival,
activity and the adaptation strategy of metabolism in
sea cucumber (Apostichopus japonicus)

ZHOU Xiaomeng ', ZHANG Xiumei ", LI Wentao '
(1. Key Laboratory of Mariculture, Ocean University of China, Ministry of Education, Qingdao 266003, China;

2. Functional Laboratory of Marine Fisheries Science and Food Production Process,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266072, China)

Abstract: Experimental ecological method was used to examine the changes in the distance moved per unit time
and in the body surface area of the sea cucumber Apostichopus japonicus [with a body weight of (39.35+0.40)g]
after they were shifted to an environment with a temperature of 15 °C and a DO concentration of 1 mg/L . The me-
dian lethal time (LTsg) of 4. japonicus cucumber of two sizes [large-size: with a body weight of (32.70+4.46) g;
small-size: with a body weight of (10.31£2.03) g] under hypoxia (1 mg/L) and three different temperatures (15 °C,
20 °C and 25 °C with 15 °C as the optimum temperature) was also investigated. The diurnal metabolism in the 4.
Jjaponicus of two sizes at different temperature (15 °C, 20 °C and 25 °C) and different DO levels [1, 3 and 6.5
mg/L (normoxia)] were also investigated to evaluate the effect of temperature and dissolved oxygen on the surviv-
al, metabolism and athletic ability of 4. japonicus. The results showed that first, when they were placed at a tem-
perature of 15 °C and a DO concentration of 1 mg/L, the movement speed of 4. japonicus was decreased gradu-
ally and finally all died at 72 h. The body surface area of A. japonicus increased first and then declined, and during
the whole hypoxia period, the body of sea cucumber was elongated, higher than those in the control group. At the
DO concentration of 1 mg/L, the LTS5, for the large and small-size A. japonicus was 54.0 h and 44.7 h, respect-
ively, at the temperature of 15 °C, higher than those at the temperature of 20 °C (48.9 h and 39.3 h, respectively)
and those at the temperature of 25 °C, (33.4 h and 28.9 h, respectively). The tolerance to low oxygen in the large-
size A. japonicus was higher than the small-size one. Compared with those at the temperature of 20 °C and 25 °C,
the two sizes of 4. japonicus at the temperature of 15 °C were the most active at three DO levels. But compared
with those at 15 °C and normoxia, the metabolic intensity of 4. japonicus was also restrained at the DO concentra-
tion of 1 mg/L. Our analysis has shown that under hypoxia stress, 4. japonicus might employ some strategy such
as elongating body to increase the body surface area to increase O, intake, decreasing movement speed and redu-
cing metabolic intensity to cope with hypoxia and hence the survival time was prolonged.

Key words: Apostichopus japonicus; temperature; DO; movement; body surface area; median lethal time; meta-
bolism
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