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FERIE ST R (E T, 2012)0, TJLAEK, ZJE/R
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KRR A B X,
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FIEL IR AR AE
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2 AR 3E T RS 00 i A0 A BE SR A, 43 AR
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i) WEMFEEERMET St 157 RS
Ak & 4102 AR o AU ARG 5 B i A, D
fat . Ml . BYFTEREEE . ¥SA 800 5 E 2T
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3 HT I 3 8 R T R
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1B HPYE K i Amylase, AMS)FIEEEE I ifi(Trypsin, TRY)
(36 FI AT o V36 2 0 ISR A 5, B ol
SEAEE R , FETE R T KRS O L AT
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FIZKEERT] 32.2°C, ZIEKIBRFERRTHE, b
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HEE] 28.61°CHY, 7RG B 4RI S %58 1 8 1 1%
I NAR LGS S, SEREFHRSHEAENR, 117
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FE 2015 4ESCe ], A 7 A 12 HIE® & 24
KIEIEE] 27.93 CRIEEC St AR, 7 H 21 HAKR
Ik 29.68°CHY, “EHL 157 Fiih RS AEIR,
9 H 17 H/AKIEFEZ 24.16C, “mHi 1 57 Hih&EllZ
SR ENR, MEAEEB ST 9 H 30 HE5 R EIRIK

MM 22.06°C. TE 2015 LW ImE, “Et 1 57
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Fig.1 Changes of sea cucumber

activities during aestivation in 2014
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Fig.2 Changes of sea cucumber
activities during aestivation in 2015
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(1% 3-a, K 3-b). HKIELAF] 30CHY, AREF RS A
Bl RSB RIR, HACE AR R AR,
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Fig.3 The superficial morphological changes of alimentary canal of sea cucumber during aestivation period

a: 28CHY “FPL 1 57 RMSHHEIESR, FTHEY; b28 CHEEF RS MHIEZES . TLERY; R ZES; c: 30T
‘PSS EES . TR RS, d 30C AR T RIS IIEZES . CEY; WIRRIZESE; e 25CH
RS MBS MIERE IR, FTWEY; £ 25 CHRE T RS mIEES . DR ey IR

a: Alimentary canal of “Gaokang No. 1”sea cucumber filled with food at 28°C; b: Alimentary canal of non-selected sea

cucumber degraded and the respiratory tree atrophied at 28°C; c: Alimentary canal of “Gaokang No. 1” sea cucumber

degraded and the respiratory tree atrophied at 30°C; d: Alimentary canal of non-selected sea cucumber degraded and the

respiratory tree atrophied at 30°C; e: Alimentary canal of “Gaokang No. 1” sea cucumber normalized and filled with food at

25°C; f: Alimentary canal of non-selected sea cucumber degraded with little food and respiratory tree atrophied at 25°C

ANRNE BT R Z 0 Y E
BELCAI E 25 R R, Pt 157 Hiih RS AR
VEF AL S A & IR AN R RE 258 AH N F8 A B
AL (R 1), MKIEAE] 28°CRE, JEEF RIS K
Wik . B M RE LA B 2k, 5 “Edh 1S B
il BRI B 1 22 R B35 (P<0.05) 24K TR A 3] 30°CH,
JEEFRSM “EPt 157 B A2 S0 A =R
R, WS K . mEMEE AN, HERAR R
FE(P>0.05), Y/KEILF] 31CH, “WEH 1 57 Hi
FZH 2 5% F W S W BE ARk 2 e, 4l
H A% 5.2%. MR T FEZE 25CHE, “mt 157
Bim RS RENR, SEEFRSHAMLL, =
Wk . BRI R, H2E5% 83 (P<0.05), 4K
M 23°CRE, “mbt 1 %57 B RS AR S
HRZE RIS, HIBM K | I EARE 2 F AN B3 (P>0.05).

MIGTEHS I R T LA, KIRIEE] 28°CH, “&
i1 57 B ANSAEAER, HEFEEEN

\

660 um ([¥l4-a); JEBEF RSP AZHE, THILEHL
S5RTTIRIR AL, WEAE N BN, WA
270 pm, G5E M EEREAR(E 4-b). JKIRIAF] 30°C
i, EEFHSM “EP 1S B RS AR
WA, V5 A RR AR R B AR Ak, BB GE B R R
BeAl%, WH Y@ B 140 pm(/& 4—c. Kl-d). 4
KIRFEZE 25°CHRE, “TPL 157 HFrdh RS T A
7, HEREERE, WP EERSERK, N
640 pm(/&l 4—e), MMitLATHERE RIS HAE )L TR AL
A BN R, B P34 m B 250 pm(1#] 4-1).

23 BEREAKEBREAXRSHELEEER

R AR AR R XS BT 1S B RS AR
T H 2 VE K BTG 1 sZ s R UL E 5. NIEL S AT
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VE RS BE HEAE VRS, 15 18 6.76 U/mg prot. KR TH
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A 30CHE, “EPL 1S iR RNSHEAER,
MM 2 N KRBT R 25°CHF, JE R TG
FE ETE, KRR E 23°Clt, HZ A0 TER BT 1)
HoscERARE, EERFHSEKER 27CTHE
SUCHAM], JEREEIE SRR, FEKIE R 27 CHYT,
1% 1o 6.34 U/mg prot. 4/K TR 2 28°CHY, JEH; il
TR E TR, KIRFEZ 25CHF, JELE T 12 0E K i
W HRE I oK 23 Clt, B IS4 R AR,
TEMBEG 15 25 CAHELRT B3 BT BR ERE, &
I “EP 1S B RS AR E RS 0 TE
Jifg PR — 2, MUK 28°C L 29°C | 25°CHY, “fF
PU 17 B RS I TER B MR TR R S,
H 25 183 (P<0.05), HABEE T 2 Fhscie il =)
TE A il 17 1 25 0 AN K (P>0.05)

R KRR @B 1S i RS AR
VE B IS 8 B AR S s WL 6. MR 6
ATLLEH, K E 27°CTHE 3T R, “REbt
IR Y | e e A S U T N i
KRR 27°CHE, R ISP 1574.07 U/mg prot.
KRR R 29°CR, JBAR IR M 2 TR, 4Ok IR
FEAIRZE 25°CIE, “Wdt 157 B RHSE5 R Z R,
JEEEE RS PE IR B3 LT M/KIRARSRAIR S 23°Chf,
R ARG YES 25 eI 2 AR 3 . FEkiRm 27°C
FHE 31CHy R, B E S P T R
[ RE Y R Bt KRN 27°CRE, AR A RS A
1375.73 U/mg prot, H/KiET 2 28°CHY, JHHE H
PR E TR, YAKIRMER 250, JEEE RS54k
TR, B RS PE I IRARAG o 27K IR 4K 22 R AIG
23 CHY, FREEAREEME RS BT, AT, MOKIEN
28°C, 25°CHE, “EHL 1 57 Hrdh RZAS 0 R ARG

e TARER RIS, H2ER R (P<0.05), HALRE T
2 PRSI AR S IR RG220 AN K (P>0.05) .
3 itie

3.1 ElREE

LT HN RS AR R S AR R
I VL S B 25 T 1.88°C, 45 o JEL MR Ay I A v e
T 2.81°C, HIRMIF4i% T 26.7 do — BB,
B S e M 8 IR A A U A K s [ R 25 210 d
BHFLEEE, 2011; FHAEGSE, 2008; # K725, 2008),
BT, “EBT 157 Bk RS R T H IR 37
B2 HRTL, AR 4 S T ok 1 A R R R X
FERERA EEE L,

ST IS0 1 W e i O IS R v, XAk %
LE(1996) T J& T il = 755 wh 5 A SR 55140 T IR~ P11
WFST, BT R AR I8 00 2 A R A9 11 S IR
Yang % (2005)0F58 2B, AT N 72.3-139.3 g M=
BRI AL RS Ry 24.5-25.5°C ;31X — 45 R 5 AR IRk
HHRIBTE 28 CHE ABIRINLEIE AN, HATREIF K N .
S PN/ BE T LIRS B s ], SR SE 50 K Az
SRS SIATGEMRR, HIREA LRSS,

32 “Bm1S” HimENSWMERSFGE

X 7K 72 45 (199 6) X AN [Al AE #8 i = 47 T R >
HERRTSY , 5 BRI S K . B R RE LR
A5/, ZEEEEE(2007)%) B AR 2 00 AL T AT T 40
ZUOULES s TRIEAE(2012) . BT 5F (20 14) AR TE 52 56
FN TR F T AT T RS RS 0ER 4
ARl R T I R R o T e A S = i 2
Z5(2009)E X vt 358 772 FE i 2 A8 PR S (1) JR AR AR AL A T

*1 FRKETRSBK. BESHEILHTL

Tab.l Changes of alimentary canal length, weight and intestinal wall ratio under different temperatures
il i H 1R Temperature ('C)
Groups Items 27 28 29 30 31 25 23

“EH1ET W) 96.3+3.2°  89.1£2.4°  83.7+43%  96.6+3.2° 1153+4.1°  96.4+1.6" 118+3.3
B R A Wy(g) 31.8+3.4*°  27.6£1.2°  24.4+0.6*°  15.2+1.2° 3.6£1.4°  26.843.6°  35.9+4.2°
“Gaoliang M(cm) 52.6+4.6°  41.843.4°  33.6+4.0°  24.9+2.6°  11.3+3.4°  53.8+5.9°  70.246.6"
No. 1 R(%) 63.5£3.4°  61.8+7.6°  58.3+9.0°  17.76.1° 3.1£0.6°  50.1x4.6"  66.7£6.7°
e[Sl W(g) 102.4+4.9°  82.6£6.6°  96.7+5.4%  86.7+4.6°  84.4+3.6° 106.9+4.2° 122.7+4.1°
Non-selected  Wi(g) 22.4+1.3*  12.7+1.8° 3.742.1° 5.2+3.2° 4.4£1.6° 8.542.0°  31.8+2.4°
breeding M(cm)  45.743.7°  28.7+2.8° 7.3+0.9° 6.9+1.3° 8.7+1.6°  103+32°  67.5+5.6°
R(%) 43.943.6°  28.444.9°  19.8+3.9" 5.6+4.2° 5.242.7° 5.6+1.6°  64.4+4.6°

W: {KiE(g); M: FEHHK(em); W: F¥BE); R: HEEH(%)
W: Average body weight (g); M: Average length of alimentary canal (cm); W,: Average alimentary canal weight (g); R: Ratio

of intestine to the body wall (%)
AR BRI 22 53 1 % (P<0.05)
Different letters indicated significant different (P<0.05)
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Fig.4 Intestinal histology observation of sea cucumber during aestivation period

a: 28CHY “RiPL 157 MBWMIETR . TWEY; WEBEES, A&, b 28CHEEE RS mEZES, HEHE
FEREAG: o 30CRE “R4T 1 57 RIBIHEA, WEM IS d: 30 CRHELE R S0 = T34, SLEHEE R A
BEAk, oA e BE RIS e 25CIY i 1 57 RIS WIEWE RS f: 25 CIHEE R F RS mE i TEARE, Ao ay

a: High intestinal chorionic abundance and normal intestinal ridge height of “Gaokang No. 1” sea cucumber at 28°C;
b: Low intestinal chorionic abundance and decreased intestinal ridge height of non-selected sea cucumber at 28°C;

c: Low intestinal chorionic abundance and decreased intestinal ridge height of “Gaokang No. 1”’sea cucumber at 30°C;
d: Low intestinal chorionic abundance and decreased intestinal ridge height of non-selected sea cucumber at 30°C;

e: Intestinal chorionic abundance normalized and intestinal ridge height increased of “Gaokang No. 1”’sea cucumber at 25°C;
f: The intestinal chorionic abundance and intestinal ridge height of non-selected sea cucumber still unrestored at 25°C
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Fig.5 Changes of amylase activity at different
temperature during aestivation period

ANFEFEFRRES B E(P<0.05), TH
Different letters indicated significant different (P<0.05),
the same as below
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Fig.6 Changes of trypsin activity at different
temperature during aestivation period
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The High Temper ature Resistance and Physiological Changes of
Selective Breeding “ Gaokang No. 1” Sea Cucumber
Apostichopus japonicus During High-Temper ature Phase

SUN Mingchao'?, WANG Yingeng**", LIAO Meijie**, LI Bin**, CAI Shengli', FAN Ruiyong®
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Abstract This study investigated the resistance and related physiological changes in response to high
water temperature of the new breed (Gaokang No.1) sea cucumber Apostichopus japonicus for a period of 3
years, using ecological, histological and digestive enzyme assays. The results showed that for year 2013, 2014
and 2015, “Gaokang No.1” sea cucumber entered into aestivation at the aestivation temperature (AT) of
29.13°C, 30.47°C and 29.68°C, respectively, and finished aestivation at the released aestivation temperature
(RAT) of 24.55°C, 24.94°C and 24.16C, correspondingly. While the AT of the sea cucumber in the
non-selected group was 27.08°C, 28.61°C and 27.93°C, and the RAT was 21.33°C, 21.83°C and 22.06TC,
respectively. Compared with the non-selected sea cucumber, the aestivation critical temperature (ACT) of
“Gaokang No.1” breed increased by 1.89°C, and aestivation lifted critical temperature (ALCT) increased by
2.81°C. Hence, the average aestivation period was shortened about 26.7 days a year. The intestine of sea
cucumber was severely degraded after aestivation, with characteristics of atrophy, reduced length and width,
dark color, and no food in the intestine. Also the intestinal chorionic abundance decreased and the intestinal
ridge height was reduced to about 140 pm. The respiratory tree became atrophy in size. By comparison, when
the aestivation released, sea cucumber restored to the normal intestinal length; the intestinal chorionic
abundance increased significantly and the intestinal ridge height increased to about 640—-660 pm. In addition,
the amylase and trypsin activities tended to decrease as the water temperature increased for both “Gaokang
No.1” breed and the non-selested sea cucumber. Both enzyme activities increased significantly as the
aestivation released. However, the enzyme activities were higher among “Gaokang No.1” breed compared to
the non-selested sea cucumber under the same rearing temperature. Compared to the non-selested sea cucumber,
the “Gaokang No.1” breed can tolerate high temperature, therefore extended the production period for nearly a
month. The results indicated the “Gaokang No.1” sea cucumber is a better breed in terms of high temperature
resistance and shows improved survival rate and productivity. The study provides a technical reference to
health management and seed production in sea cucumber culture.

Key words Apostichopus japonicus; Estivation; Critical temperature; Release aestivation; A High
temperature resistance; Digestive enzyme
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