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FEG 2 22 B AT MW AR . Davis! T B
TR 0 S YA (C. virginica) LA & 36 P 5
FTBBR DTV A 055 (C. lurida) (I 42580758 . SR mi, £
AL %) A g o 1 4 58 R 30 AN ) R B 114 2 A
g0l ST AR, 8 WG @ 405 2 A8 AR ol 2 3
e Flop S, 9 A A A 4 W < A E 4 5 (C.
hongkongensis)!'” . I VT4L15(C. ariakensis)x 7 ik
VST K T o A 05 < BB S 15 (C. sikamea)!!
4. Zhang SFUONE ARG (Q) 5 KATWE(S) Ry AT
H R 5 AR B2, 55 A5 2% 52 5 Fl e e R
15,

AR 5B 075 4 A 8 2 A A W A T 2%
2, ST TR X AT | R A 2 A S H 2 sg
HEDUA KRG R, BB AR, B
75 B3 R R BTG A s B A, DA o FR L
KA 5 2 KRBT 4 )

1 #MHEFE

1.1 K zh4

KA H IR R 1 5 m R,
2 AR E A A RN A FRFE AR . 2019 4F 6
ATEM & 3N T 5, >k H 58403 2 22 it
BN A DAFACECA A KAEWE(Q) <A M5 (D)
(GG) . i %g A HEWi ()< % A 4H W5 (3)(AA) K4t
Wi ( Q)< H 4 2F A5 () (GA) | 4 A W Q)< KA
Wi(OWAG). KM E M - Tt Wit M s g, HE
DUBREE J5 e B LR S8 G 7 it B 3R

2019 4 12 H NIEEIX FEFE AT GG, AA . GA Fll
AG 4 L A H AR AEHE DL 3000 44, 4 4
ZE B A HE DL 3478 5 430l R (37.5942.19) mm
(38.85+3.93) mm . (38.16+2.05) mm #HI(37.36%
2.44) mm, FEIREE 18 C. #HEF 30 Bk /K h B I
1 JAl o B 5 R0 S 6 40 6] g H 4% MR & Wk 4 ik e RN
e 3R, BREUKE 173, FET-AME K,
DA G 5 M 7K 5
12 TEHFERE. BIEREREM LT

K SR e ) i e 4 DA G

il DL T B 3 BRI LT, S 3 N 41,
F2H 20 HEDT o B Sl AR IR K IR AR L 0.1 °C/min
YRR KR 2 HARREZ Q25 'C.30 C.35 C.
40 C. 45 CHI50 C)o KD HbsiEE
KA1 h ST RIS A 18 Crfefig /KK 42 7 d.
A Y St ) o A 05 R AR, A S A A1 LR BB
Too NFE—2VPl LTso, 76 2500 /Y i 2
W, WEIREBE N 05 C, Py 1 h, EE Lk
PR, ni—HXT IR, KRy 18 °C, ialE AR
MELFNFET

1.3 BEXM#EREKNEFENEIE

131 GREEIT E S MEEREO6 C.20 C.
24 'C, 28 CHI32 C), HMHELRE 3 HEE
4K 4 DaCBE A A HEDIAE 30 L /AKEA B 30 d,
FEAN K R AR HCEHE DL 30 H 5 1 00 4 7 D1 5 = %
I, HGIET R,

132 HFERMABKERMIE LREHRE,
B Ta5 AUHEDL 15T i A TG A, SHIthH Hhas .
FEE H K Ry(um/d)=(H,—Ho)/t
TET% 5 R=N;/Nypx100%

2, Hy FlHo 20 51 A 52 56 45 SRORN T 4 Bt 4% 21 ) S
H15¢ 15 (um), t 4 525 K A(d), Ny Fll No 2351 8 S 5

S5 FRORNIT by B 25 2HL A DL A B

1.3.3 ZMEBHME 2% Zheng %P2
J7 5 4 38 FAR Y b 2% 2% B A 4R PR E 2%
%R

HEZR ML H(%)=[(XoatXac)-(KaatXaa)]*

100/(Xgg+Xan) (1)

GA HHEZLFILH Hoa(%)=
(X6a—X66)*x100/ X6 (2)

AG HHEZFMEHE Hac(%)=
(Xa—Xan)x100/X x5 3)

1, Xoa Fll Xag 7056 24 Fl GA Fl AG R ALY
BHAEGE R BRI 3), Xog Fl Xaa 7348 Rl — KK
5 R R 2 A 0 1 2 RS- XA 8
14 HiEaE

B SPSS 21.0 %, fdiH] Probit
[ U5 40 B T F A LTso™Y, i A28 DX 36 0 22 40 b
(ANOVA) Fil f /M i 25 P 22 5 (LSD) £ 45 > [b ¢
LTso FIAFRE T AERKSHAEES N B ESE, B
EIKFH 0.05,
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21 MHILERE. BILREFM LT

35 CHF 4 DS RL2H A 4T WA fETE 31 0 100%,
M 45 CHI2HRFET-. HI, 7E 35~45 CHITEH
Wik—E05E LTsoo 24 GG Fl AA 4 H AR T
37.0 CHUMEE 1 ha, 7 d 5 BA WEFIET; 1M
GA Tl AG HZFIETIRE AL T 37.50 C. 4if
JEE T 43.50 CHE, 7d 5 GG, AA Fl AG k4
100%MYFET, T GA AHNITER T 44.00 CHF2FFIE
T2, Ik, GG il AA A BULIRE N 37.00 C,
GA Il AG WL 37.50 C; GG, AA
I AG HEIEIEE N 43.50 C, GA HBUILIR
%, 4 44.00 “C. Probit [F[HTIFE, GA 4
LTs(42.48 C) i Em T H5HAM 3 4H, HIKE AG
44194 C), 5AXAEREH, AKHRIR,
Horp AAZIY LTs0(41.63 C)E T GG4(41.55 C),
(EFRTEZ T -2 I NN

F1 FAEHGHENPOTHILEE. BILBEFM LTs
Tab.1 Sublethal temperature, lethal temperature,
and LT of different oyster juveniles
n=20; X+SD; C

S MBI HAE L

group sublethal temperature lethal temperature LTs0
GG 37.00 43.50 41.55 +0.04°
AA 37.00 43.50 41.63 £ 0.04°
GA 37.50 44.00 42.48 £0.10°
AG 37.50 43.50 41.94 £0.10°

VE: [FZIEEE FARAS R R 21 (R A7 7E 1 3 22 57 (P<0.05).
Note: Values in each column with different superscripts are sig-
nificantly different (P<0.05).

22 BREXHERNFEENEW

WE 1 s, 16 CHf & A7 TG F A XA,
GA 41(68.9%)5 AG #41(66.7%)= R AW, B
ZET GG 41(56.7%)F1 AA #H(48.9%) (P<0.05)
Bl I B TR, 4 SO ZEHE DLAENS R S T i s R
i, JF7E 24 CHI R A REAAIER, Hrh GA Hix
1(85.6%), WE T HACH, HA 3 HArihss
SN 32 CH 4 S 2 AE DLAFTE R 2 A,
Hrh GA #(55.6%) .3 5 T GG 41(32.2%)F1 AA
#H(44.4 C) (P<0.05), AG(53.3%)5 GA HZEHF A
B, HREST GG YRE N 16~24 CH, GG

TR T AA 4 2 TR, GA 4 H1 AG
AH i AR AT 16~28 °C, GG 41 20~28 C,
M AA 20 24~28 C,

100

D N 0 O
S O O O O
T T T T T

FRIE /% survival rate
w A 0
o O

[\
(=]

16 20 24 28 32
1R /°C temperature

Bl 1 AS[ERREE T R G HE DT A7 3 5
7] — I B T B bR AN [ 32 7R 2H B A7 S 35 22 5+ (P<0.05).
Fig. 1 Survival rates of juveniles at different temperatures
Values in the same temperature with different superscripts
are significantly different (P<0.05).

AN TR T HE DL B A7 Ze RO Bk 2 fr
No FIARET, HRZFILHE H R E L
# Hoa  Hag YINIEMH; 16 CHE, e iis H
H28.4, HIEZFLHE Hoa Hag 23510 21.5 FI
36.4, FI W E AR BERET S, ToE
AR BRI Se b T R 32 CHY,
FELF LI H R E e PP 5 Hoa 3R 3 T 35 KA,
0 42.2 F 72,7, R\ GA HTE 32 C
Hh e B AR H B TR

x2 AEBETHRIFHHEINEELE
Tab. 2 Survival heterosis of hybrid oyster
juveniles at different temperatures
%

ZH IRJ%/C temperature
parameter 16 20 24 28 32
H 28.4 9.8 3.5 12.2 42.2
Haga 21.5 11.1 5.5 19.0 72.7
Hac 36.4 8.4 1.4 5.8 20.0

23 BEEXMERERKNEZI

516 CHIAHLL, 4 SC502HE D 5T & BE iR B T
BRI RN, E 28 CIkBIR A, FE)EFEAE
25 16 CHIE/KF(E 2). EARET, GA
I ERT GG LM AA 4., AG 447E 20 C.
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24 CHn 28 CREETAXY, HBERT GA
(P<0.05). 4/Kii K 20 CHI 24 CH}, GG 4%
BT AA 41(P<0.05), MifE 32 CH, AA 155
it GG 4, R 254 W (P>0.05),

| MGG —30- &
) s2f BOG . , 305D
%350 BAG I T
Z 48| HAA a {0
3 a b che c a
g“‘ b o B4 g ”ﬂ
44 1 b e1d e N N cit-Lbe
c = = o
) Eq N [EX [N | EEEEEE
40+ e o=
ORI | NI | NI | NI RN 2N
16 20 24 28 32

1R#/°C temperature

B2 N [FEBE T G AE DAY A
[ — YL B 500 b AR A TR 2 7R 4 [R) 7 76 1 38 22 5 (P<0.05).
Fig. 2 Growth of oyster juveniles under different temperature

Values in the same temperature with different superscripts
are significantly different (P<0.05).

X 4 SERGZAHE DL 5T H R R T
BELW(E 3). GA H7tm HIM K RIFARK,
7E 20~28 “CHY & 2 = T HAh 3 2H(P<0.05), AG 4
WZ, GG M AA A%, FERE TS, &4HE
DUsE s H K RSB e TR G FRAK, 76 28 CHEIk
i KAE, B RBVIMEIRCH GA 41(365.3 um/d).
AG #1(318.1 pm/d). GG #1(273.4 pm/d)Fl AA 41
(240.0 um/d). % GG 414, 32 CHFHA 3 44585
H#fKZE KT 16 C, HERARE, HpGA4l
(220.8 um/d) B E = T GG 2H(154.0 pm/d) (P<0.05).
‘°‘é 400 - -GG

s GA o
R af k.

w

[=3

S
T

N

W

(=]
T

K % /(um/d) daily gro
)
S
3

{5/ C temperature

P30 ASTRIRBE T ALIEHE D152 Y H 4%

[7] — Tl B I AR A [ 3 7 4 ) A7 A f 3 22 57 (P<0.05).
Fig. 3 Daily growth rate of juvenile oyster shell
height at different temperatures
Values in the same temperature with different superscripts
are significantly different (P<0.05).

ZHENTEE R LM, 24584 GAFMAG LK GG 4
i AR KRB 20~28 °C, AA 1 24~28 C.,

T AT N 2= A HE DL AT I 2 i A AL
HSE AR AR AR TE 30 245 (3 3). 547G
AR, Z2FhHEDLAE 20~28 C & FIRE T &
PR R B RIS 7E 16~28 CHY, GA4H
T AG 2RI B W B R 22 A 35 32 “CH,
GA AW EHIA & T AG 4.

x3 AREBETHRIFHHEIHERLSE
Tab. 3 Growth heterosis of hybrid oyster juveniles
at different temperatures
%

S8 #RJE/C temperature
parameter 16 20 24 28 32
H 26.8 35.1 31.1 33.1 25.5
Haa 28.6 31.9 30.5 33.6 43.4
Hac 24.8 38.8 31.9 32.5 10.0
3 itig

KR T B IR T, MR A Y AT
N A KA A R R R S KR
AR B RMABRSE T Y B R R, HILiE
e A ) R R T A2 i Sy H L B B,
31 MHIEEE. HMILIREF LT

LTs J2 HC A R B mh i Bk (G 2 420
ARG GG 4 AA ZHHY LTs 4350 41.55 C
F141.63 C, {&F Ghaffari 25245 5R X 1] g Je:
DRk 5 S [ 22 35 BB F Bt i 1 R TR, AR
WS LAHE DL Ak, RIAS /DN, i 488 K 4 At DL 5
W HA S TR S AL, A R
5 IR B A AL B DL i i T A7 R e
BN, IEAE, GA 15 AG AR WBILIRE |
FOUIER LTso BE T GG H AA 4, FIZ
B A= Y T g i el = [ P N B D B 1=
Wi R AE T, You UV B 48 L g 5 4 i A
S AR AR T LU R AT 4. GA ZH1% LTso &
EET AG 4, BRI RAEMEERZHE, X5
Tan ZEP2RGEA BT AR, AATIA K K405 5 4
G I RS RAFE R R EER . —
AT BB T 2% 58 T o8 FH A A 5 5 AR 1) 5t A Bt AN
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S Al A R 2 4 A 0 B L2 S AR DL A A A7 33 1) 5 33

] o AHIFZE 0 FH B A W 55 AR o 28 Z2 AR 18 B 1 K
(ORI IR STy R S % 0 Sk 1= VN D0 7 3 1
BERUEAT 20 AR B, T 2 A JE 2 R ]
(R A T AL AR S BB, AR AR SOk 4R A 42
w P AT T Rt TR AN KA s
He 452 FIIRBE B0 MR, Zhang 250000 B vk
W N R s BR R R 2258 5 K B, 258 JE AR ) e AL
TEAE PN FRFH I X AP AE 22 52, A X T RE 5 AT
R EWHER A FREA X,
32 BEMENEFEEMEKNIIE

ABFFE Y, BT R 2 S HE DA AR s R
FHASHEDL, B Z4 28 0] DUHE & 4 05 47 105 Ag
A HE VLS BAFTG IR BB L 16~28 °C, BB K
T HE, ATREREZF IS & T K4 W5 A%
TR TR 52 P T8 2 S 05 1 s L Tt A2 M L 5 AR AR,
Huo P71 % 307 W 155 ( Q)< 3T VT4 W5 () By 24
ZEHE DL F I M LR B 8 i i 61 . GA 41 F AG
HEAWHBATHMNHE, X5 Soletchnik 2P
Batista 25T SEARE A —EL, AT KA S
2 F W 22 58 TR B A R . X PR o
SERAR R FEARZEDL, (5] 40 g 8 98 2 1O 30 K
W5 5 RE AR 4 05 4 22 S5 AR AE T A KA 8 R LA )
ey, 1 Xu S K A 5 RE A I 2
LI RAEAETE B HA B A, 5ok, R
BEIRET GA 45 AG IR LR EE
5, HBR 16 CHNGA AL PRI RS T
AG 2, X5 GA 4 LTso [Hi s M4, 76 16 C
o¢ 32 CHZ¥scdl S HAC A Z (Rl (A7 15 R 25 57
K, R HERPER AT 2, R UIEN IR
BT Z b 5B KA I RE ) R A PR 3
PR R s A K W A A BE T R T
P 4TI, SR Tan 25070 b [ R 7 OS2 56 % B0,
AR W5 5 AAE T 2R B S I T 4 2 4,
PR EERIFAT I . FULARRL, ARAFR kA
16~24 CIBAMRET, KA KA RES T
2 AW, R EE R, A W A T R
U Ua . VI Ei=5 3 S o B S A . o i 2 el £ |
T AR IR, 1 RE 0 A 0 R
UL o WV XLSE DUZETEARIR N T A RETHIL S

Yok, B ENAT LAAEIE I K e, 24
TR ek g I 2 % A AR B, S B R S
FW SR, I AT Al X 4 T R g
FT S2 RN X AR ARG T BN 4 ST 2 AfE DL
32 CHHERREMET 16 °C, KR TR
W5 ] B 25 b 1 2 e iR A

HRWREYIRR, 16~32 CHE GA 4R
AG M5 m K ¥ E T GG 4 AA 41, Z4scHE
DU B 2 B4R KA, Falconer™ A S B4
R TR 2 28 1) 23 i A B e T R AR () 56 PR A 3
ZSMWTTr, Rz, i G0,
ZeA R A I . KA 1 S
X T TiESL 2R, P AR KA DA
Fomai A, A2 scHE DR B AR K
AHGEFR, %G 25 G Q< KA W5 S 4252 /AR B
A A A T, T A 0 Q< 2 2 W B 2
LRI G HEAZF AR FEP? AR REAR
—3, ABRAM, TE 20~28 CHf GA H5cHEH
WMRKREREST AG 4., BUMITFREZERE
K M AR T R G > REAS 41O T RE R ) i
BN | R B SR AR FrECY, R
K15 R A R R AT BT UK i AR Y
GA 774 THMGEm . 534, GA 41 AG 4
WEHAEKIEE R 20~28 °C, i GG 4 AA 4H K
24~28 °C, FBHZu A2 4 WA e A5 7 B T Y L R i [
WL BRI . SAAIE AL, 32 C I 4 4t
W ) 56 e H ORI A G, 3R I A
W5 S ELAE R R AR AR

gi BRIk, KA 5 A 2 5 4 S HE DAY
R AZ R T A S HE DL, 3 AR AR VR
J7, IR B A K S AEE AR o,
A5 Qi 28 A5 S 4 A8 IR AR AT R, R
AW 5 7 % I 4 WA 2 50 A BB AR — R REAE KR
LT IR 2 A i &R, ARl Dy b AR
FUAEFET [ B AL T fE .
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Effects of temperature on the growth and survival of reciprocal hybrids
of two oyster species, Crassostrea gigas and Crassostrea angulata

JIANG Gaowei', LI Qi"%, XU Chengxun', LIU Shikai'

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266237, China

Abstract: The Pacific oyster, Crassostrea gigas, is one of the most commonly cultured oysters worldwide due to
its fast growth rate, high disease resistance, and strong environmental adaptability. However, large-scale summer
mortalities of Pacific oyster have been reported in many major production areas, and the economic impacts of
these mortalities are often serious. High temperature is considered to be an important factor in summer mortality.
Crossbreeding has been observed to improve the stress tolerance of shellfish, including against high temperature
stress. This study evaluated the effects of temperature on the growth and survival of two hybrid groups (Crassostrea
gigas? x C. angulatad (GA) and C. angulataQ x C. gigas? (AG)) and two inbred groups (C. gigas? x C. gigasd
(GG) and C. angulata® x C. angulatad (AA)). The LT50 was calculated using Probit analysis, survival rates, daily
growth rates, and heterosis of juvenile oysters, which were measured at five temperatures (16, 20, 24, 28, and 32 C).
Our results revealed that the sublethal temperature was 37.5 ‘C for GA and AG and 37.0 'C for GG and AA,
whereas the lethal temperature of GA was 44.0 ‘C, and that of AG, GG, and AA was 43.5 °C. The LT50 values of
GA, AG, AA, and GG were 42.48 C, 41.94 C, 41.63 C, and 41.55 C, respectively. The respective optimal
temperatures for survival and growth of different crosses were as follows: 16-28 ‘C and 20-28 ‘C for GA; 16—
28 C and 20-28 C for AG; 20-28 C and 20-28 ‘C for GG; and 24-28 C and 24-28 C for AA. Growth
and survival heterosis were positive for two juvenile hybrids at all temperatures. At 20 ‘C, GA had the largest
growth heterosis, and the mid-parent heterosis H and single-parent heterosis Hag were 35.1 and 38.8, respectively,
whereas the maximum single-parent heterosis Hgs was 43.4 at 32 “C. The mid-parent heterosis H was 28.4 at 16 C,
whereas the single-parent heterosis Hga and Hag values were 21.5 and 36.4, respectively. The mid-parent heterosis
H was 42.2 at 32 °C, and the single-parent heterosis Hgs and Hag were 72.7 and 20, respectively. Overall, the
thermotolerance of juvenile hybrids was greater than that of the two parental species, and the hybrids exhibited
obvious growth heterosis and survival advantage. Among these groups, GA showed the best growth and survival
performances.
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