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Effects of parent acclimatization in the south of China on growth,
development and thermotolerance of juvenile sea cucumbers
Apostichopus japonicus
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Effects of parent acclimatization in the south of China on
growth, development and thermotolerance of juvenile sea

cucumbers Apostichopus japonicus

Abstract

1. Study on the artificial breeding technology of sea cucumber in the south of
China

In order to solve the key problem restricting the development of sea cucumber
culture in the south of China, a combination method of parent thermal acclimation
with heat-shock at gastrula larvae was applied to explore artificial breeding
technology of this species. Adults with high thermotolerance were essential in this
study. We got a patch of broodstock through long-time acclimatization in the south of
China. During the acclimatization, a mixture of vatimins was synthesized to alleviate
the adverse effects of high temperature. After continuous attempt, we explored a set
of mature artificial breeding technology, and acquired a large number of sea

cucumber juveniles.

2. Effects of parent acclimatization in the south of China on growth,
development and setting rate of sea cucumber larvae

This study investigated the effects of parent thermal acclimation and heat-shock
at the stage of gastrula on growth, development and setting rate of the larvae. There
were two groups of adult sea cucumbers: DA group and XP groups according to the
differences of thermal history. In each groups, there were two treatments: control (C)
and heat-shock (H) . Then, all the larvae reared at 18°C and 23°C separately until
metamorphosis. Results showed that the specific growth rate at 23°C was higher than

18°C for the larvae of C, but for the one of H the trend was adverse. This may



attributed to the heat-shock treatment at the stage of gastrula. Moreover, from 2nd
auricularia, the maximum body length occurred in the treatment of H for both DA
grouop and XP group. This transition was related to the ingestion of food. The
velocity of the embryonic development was accelerated when the temperature
increased among the suitable temperature range. Take account of improvement of
thermotolerance acquired through parent acclimation and heat-shock at the stage of
gastrula, we could get a certain number of high temperature resistant juveniles by
means of heat-shock at gastrula, and then use these sea cucumbers as parents for
artificial breeding. The culture of larvae and juvenile sea cucumbers was performed
in the south of China. After several generations of breeding, we could finally acquire

high temperature resistant sea cucumbers.

3. Effects of parent acclimatization in the south of China on metabolism and
thermotolerance of juvenile sea cucumbers

Acclimation response of individuals can provide fitness advantages that result in
evolutionary change in a population over generations. In the current study, we aim to
test the hypothesis that offspring of the sea cucumber, Apostichopus japonicus with
long-time acclimatization history in the south of China can acquire higher thermal
resistance than the ones in its natural range. Four groups with different
acclimatization histories were constructed. Upper lethal thermal (LT) limits,
oxygen consumption rate and /sps gene expression were compared among them. Our
results showed that LTsy values of the four groups were 30.66°C, 30.67°C, 31.14°C
and 31.88°C, respectively. At temperatures in and nearby the thermal envelope (23
and 26°C) , individuals of group 4 had lower OCR than the other groups, but at
critical temperature (29°C) , the trend was reversed. Juveniles of group 4 expressed
higher Asps gene levels compared with the other groups at constant temperatures (23,
26 and 29°C) . When suffered acute thermal stress, all juveniles showed dramatic
increase in both OCR and Asps gene expression, but the magnitude in group 4 was

less. These results indicated that thermotolerance of juveniles increased with the



elongation of parent acclimatizationin southern China, which provided evidence for

the intergenerational response of developmental acclimation.

4. Application of DEB model in the research of sea cucumber

Dynamic energy budget (DEB) model is a reliable tool to investigate the
extent of fitness in organisms through changes in life history traits. It contains all the
energy circulation in vivo. Temperature acclimation can influence the capability of
adaptation, and then change the ways of energy utilization. In the context of
north-to-south sea cucumber culture, the capability of adaptation and the ways of
energy utilization will be changed for the south transferred sea cucumbers. The
comparison of energy utilization and fitness among individuals with different thermal
histories by DEB mdel will enrich the physiological ecology theory, and is conducive

to artificial breeding technology in the south of China.

Keywords: sea cucumber; north-to-south sea cucumber culture; acclimatization;

thermotolerance; dynamic energy budget model
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1 CEkZEid

Part 1 Literature review

1.1 dtSEFAIR

1.1.1 bt FEHINAL

|2 Apostichopus japonicus (Selenka), J& T #1411 (Echinodermata),
#2499 (Holothuroidea), M&§FH (Aspidochirotida), #llZ%} (Stichopodidae),
YiflZ )& (Apostichopus), &5 AT P AE-FEALIR 10 FE T AT IE 3P . o
HAOMAGERMR T WS, 2B, ekl RRER. @, Hl
AL GRS ERE H RS A F R (Sloan, 1984; BIEMEE, 1997). XU
TR R SRR IE 7 7 AR AAE o SRTTTE H A IFFEVE R R UM R L B A e
S5 SRS RS 40T, X X3 KR B, 5 AR AR VR I
KRR, (RS, 2001), X RIS T iTREM:.

1958 FEAZ= 4 1981 FE4Z, WiTLE VB 8 2 IR AL 7 5] Ff ]
Zx, B BORCH AT A VA TR, WIRIEHET N TE IR . BRI T AR AR
P A% IR I A 3 1, (FR G (1 4 R A 2 51 R P B B R DR IR B A %
IS R R, SR R B, HEARRGE (VEIFSE, 200600, X—45 %
RIS RS TAEFERE T T Re A A 5

2002 % 2006 4, FIBAERMEF . ARE RIS KBRS KT, frEE
RIS TR BRI 00 A B 5 A6 S B 7R AR i R [0 TG DA A P T o e 4
A 5 FREE S (177 2 N 2007 SRR 1272 WS NE] 2012 £ 16764 Wi, FHohiEz
AR 2007 SR 651 MEHEANE] 2012 4F 1) 15459 W, K THE 24 £, A4
EE == 9% CREV G THES, 2008; 2009; 20105 20115 2012; 2013)
(B 1-D. AbZrFRIES I RSN T RIS =K R, RIZ g
T A& ZE— AN E IR S
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Fig.1-1 Sea cucumber yields in the south of China from 2007 to 2012

1.1.2 b5 FREEFRFEENR

ES R TR LB =M . A TR e AR IR e B4R
M FETRIH -

1.1.2.1 WIEBRAFE (EMARNIZE, 2012)

HI TR 7 G K FRGE L 2 B IR AE 4 H A 28 10 A A, 2= R0 A,
FHNEBKIRE GRS EK, FITEAERAT RIS MR AT . TG [
10 A NRZEIRAE 3 A BA). JC a0 & BT R B RO LS
E o MHmER A FRTE JE MR 25 10), A ELE RGN PR . #5545 FHig [l b7 77
B, HRIB 600 Sk/ATE] 800 Sk/A TN A RBASE BHEAE, WHIK 40
S/ AT E 44 3/ T I RKHURE R . H BRI RFRHOK . BRI RIS, R K
30%-60%, FFEMRL 1K, FARER 2%-5%KMW, HEOVER (BEE. RE

BAE) MERRNREY . EMIEKR . R, BRI A,
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1.1.2.2 B ERNBEFE (REUT, 2013)

e B IETREAE TR (R AE OB, FRIATOR H R 2R 2 )1
BHEREIRIZ M, mEABRFETE, & 1K, SNER 035 K, FHEL S
NL, BEFET I K 5-6 NINRIEE, BN EA WAL N, ek
By KR 1REA . TR 20 Sk/A T H] 40 S/ T HAS B, B S AR
2-3 W, WMRENREN 5% 4, MRS AR SR G . BHRBIHNE
BmIE, PRIEEA KRB HE8Y. FE 2 NHESRME R FREAY 45 A,
ML AR 4 A Erpd). WA W BN T

1.1.2.3 @ LM FE R E

g AR FRIEET X 500 Sk/A T E] 1000 S/ 28 7 0/ NEUA I 2 i Fi, FR5E
J¥A 5-6 N H, 10 A A BIRa: 4 B By . AT AR HESE . T2
i FH G BT AR A B8 G K T TE AR AR, R HE RS 1 e AR K 5 58, A
M 2-3 0K, b RTEEAE B, Fun A EY R, ENATEAK R R AR
830 2 T FRRURS B 52 PR I E K/, PRIE TR ASBE I Pk . e 4R IR — K,
PR R 2-5%, TR R SR A . R I B AR SRAIE K IR AC
W@ty . FREEHRSE, BEAIs B I ke IRaE . X Al IR A 2T 43 R R T 4
FKIE IR AL, B RO &AL RIS R S .

1.1.3 JtS 5 T R AFfR I ) A

2007 fEE 2013 4, FAL 7 FERE A, BEITHRIZIRESA N TIRERE
TORSIRI. PRI KR 4 AN B (TRkEEE, 2014). LSRR
REMFRIS R, HXSwm ) LPaiskaders, wirmss Bassm s
FFRERIZ I RA RBEZNP P2 2011 F£4FE 2012 £, BT M0
WK, RIS K AATAR, FRGE P 5 IR ERIA R 50%, {65 )70 2 7R il 5%



B2 AT I Y AV R E B AL S J A B

BEAD. KUIERZIE GRS MR TR EOR, v A (3 R ] i i 45
JUNEE,

1.2 R YA R 25 A A AR T A R

1.2.1 BENRIS4EKFFH

L2.1.1 RN RS HEAE KK E P W

IR S 40K B M EER T, 2 m B4R K s AR & B
(Gaspar 5, 2007). HIZIFHE4hiR K & W HOER B2 18~22°C, iR B RE#
I, H o R R 2SS O AL A I ARG, SR PR S R (B, 1990) .
FEZIREE (1988) W 7R W2 320G U AE /KR 18~19°CIN AL 1%, 11 7Kl N
24~25 CI AL RN 5%, XU WK (2008) 3T ELEA [FHREE F ) S 407k i 4
KA HAETKIR 19~24°CHE B NIl Z 8k A K Ok B A 22, 2 1E 27°CLL RIR
FESRAT T s R G . X b iR S R B I E R e K AR A (B, R
ZERE, 1992; FFENER, EEHS, 1997) ATHIIRIE . wl B8RSR R 5w i
TR AN T 7K A S50 R A= 2 DL S A R R AR, BN T REA, [E I S8 R
BN F% (Gruffydd 1 Beaumont, 1972; Cook %%, 2005).

TR e g iR i ks AR K. JRH5E (1986) FaizKiE 19°C,
RSB 2N 18~35%, MiREHET 20CH, BARLEMTREEI N, A
AR R, AR KO BB, AR R T RS IR, LR,
FEECE M A B T3S0, A 1R FE T 3 2 ) 44 15 £ R B 10 43 Tie 75 30—
AT .

TR SR AR AR 2. I3k (2008) W FE R WITE 22~28 CEHE A, Bl
FIRERTHE, YRR FIEC. LIS (2005) 48 HERE 18~34CHu[H

, BRI R & BEE R I mng iR, (ERmIE R W, SEBEE
PR . XISLH (1996) IR FA [FIELE 26 AR R A SR A B AR K R B AR (b d

5
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H o A v TR N AR AR S FE N e, (B R R e BE A Y B A5 R RO T v i k2>
LR IR, R AR BN R AEH .

1.2.1.2 EEXN SRS LK K0

TR A2 5 M 2 A K DA BT R AR T S ZE AR R 7 (SR %%, 2002: Dong
&, 2006: Dong 1 Dong, 2006). H ALK, RIS LILE 5~30°C/KIR A7,
10-20°C i B AKIRE (EXFHEMMAEEE, 2000; Chen, 2004). HANFRIHS
MEF T ZER: K 2om M4ISEEEKERE N 18C, MiAK 5~15cm %13
BO@AEKEENA 10~15C CZ4RE, 2008). HIZ xR 1 52 P 2w T4
TR 21, 2 RIS BAER i B T AR, T AR RS i I KR A o K
b 18°C B, AAARISARBESIRGS, KETFE] 20~24.5°C B & NER(LI 55,
1996; Yang &, 2006). M4k, AREXHISH ARG —E R, SHMKE
IRARLE, P30 AR T iR B 1 AR IR T et I S I A, TP IR & T s
T I AR R N AR 24K GE R4, 2005) . ERARRIEHE YA K1
MBS, FJEHE— P

TR BEXT R 2 A K IR s 5 0 21 e B DL AR R AR A A G . AR,
ERSEIRET, RS EERm, MEmR T, RS MR ayEER
2K (Yang %5, 2005). An %5 (2007) JETELE 16~22°CYEE N5 IR
BWCORIL, BEE R T RS R BEEIC, £ 22 CHE& AR
. WX R SRR =AM, T ELAS R AR (400 2 %o L 1) R B 22 55
B 0T A KT 50g (3R AR B 52 AH L/ T S0g AN R H (R 521 4%
2002). £ 10~30°CyufE N, HFE/NT 50g MHISHEREN T mEAER —HE
18 BTt A KT 50g MAMA, HARE AL 20°C HBLEME, /54 P T B (Yang
5, 2006).

1.2.2 R YIS RIS R T
PIAREL FE A i AL W FAE (R SCBE 3R A 32 2 —  (Hutchison, 1976).
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