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WS BTG A o IC RS WHITT IR FET I A IR,
A F 5 A7 15 I F (Survival temperature  maximum,
STMax), 20 HUfilZ5¢ 4 50T I ) T BE A e e e 3
J# (Critical temperature maximum, CTMax), Jf: ] SPSS
B 5O 2 A0 R 50% IR, iR
50%CTMax,

122 BERI;ER B2 N5 45 1F T e #e 2
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MK, RPN A 72h 5, WEIE R
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(Median lethal temperature),
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WRFHIWP SR, R E ER
(Upper salinity tolerance limit, USTL)LA M52 Eh BT
FR(Lower salinity tolerance limit, LSTL) (Chen et al,
2000),
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AHFFE R B F SPSS 16.0 #E 75 ST, il
) A ZR R0 28 0o 38 6 0 3 e At ke T i 4k Bl A
i, A PREOCIRE LTso dimad B2k 179 )7 f
KAt5 . I T A A Z 22 5%, SR bR
AT BN R 15 250 T (ANOVA), #RJ5 E4T Tukey’s
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Fig.1 The survival rate of A. japonicus juveniles when the

water temperature was raised at 1°C/h

x1 BEHANRIN 4 BRESH CTMax, STMax., 50%CTMax, LTs, REH 95% B {5 X &
Tab.l The CTMax, STMax, 50%CTMax, LTs, and their 95% confidence intervals of the four groups of A. japonicus
Combination CTMax (C) STMax (C) 50%CTMax (C) LTso (C)
C()xC(3) 34.73 (34.61, 34.85) 31.31(30.84, 31.78)" 33.16 (32.83, 33.49)* 29.40 (29.22, 29.58)
C()xK(P) 34.80 (34.68, 34.92) 31.18 (30.71, 31.65)* 33.20 (32.87, 33.53)" 29.09 (28.91, 29.27)
K()xC(3) 34.87 (34.75, 34.99) 30.81 (30.34, 31.28)™  32.60 (32.27, 32.93)" 29.12 (28.94, 29.30)
K(Q)*xK(3) 34.61 (34.49, 34.73) 30.25 (29.78, 30.72)° 32.61 (32.28, 32.94)° 28.98 (28.80, 29.16)
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Fig.2 The survival rate of A. japonicus after transferred
directly into a series of higher temperature seawater
(27°C, 28C,297C,30C, and 31C) for 72 h
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Fig.3 The survival rate of A. japonicus juveniles when the
salinity was increased or decreased at 2 psu/h

HEHTN 4 AR SHRRFEEE SSMin, ZRIEFREE CSMin, REFELEE SSMax.

ESIEREE CSMax B H 95% B =X 4

Tab.3 The SSMin, CSMin, SSMax, CSMax and their 95% confidence intervals of the four groups of sea cucumber when

the salinity changed gradually

CSMin

SSMax

CSMax

Combination SSMin
C(D*C(D) 17.52(16.43, 18.61)°
C()*K(D) 19.43(18.34, 20.52)"
K()xC(F) 17.47(16.38, 18.56)"
K()*K(3) 19.40(18.31, 20.49)

10.42(10.08, 10.76)°
11.03(10.69, 11.37)
10.51(10.17, 10.85)°
11.10(10.76, 11.44)

40.64(40.5, 40.78)
40.56(40.42, 40.70)
40.78(40.64, 40.92)
40.45(40.31, 40.59)

47.31(47.04, 47.58)
47.89(47.62, 48.16)
47.49(47.22, 47.76)
47.24(46.97, 47.51)

3 HEWER 4 A5 0% HETE R B 50% CSMax F
LY HILRER 50%CSMin B H 95% BI5 X (8

Tab.3 The 50%CSMax, 50%CSMin and their 95%

confidence intervals of the four groups of sea cucumber

when the salinity changed gradually

Cffnﬁgiiﬂaﬁ)n 50%CSMax 50%CSMin

C(Q)*C(J)  43.87(43.34,44.40y°  13.38(12.19, 14.57)
C(Q*K(J) 44.79(44.26,4532)  15.41(14.22, 16.60)™
K(Q)xC(3)  44.47(43.94,45.00)°  13.35(12.16, 14.54)"
K(Q)*K(J) 43.60(43.07,44.13)°  15.53(14.34, 16.72"
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Fig.4 The survival 1 rate of A. japonicus after transferred
directly in to a series of high salinity (36, 38, 40, 42, and 44)
or low salinity(21, 19, 17, 15, 13, and 11) for 72 h
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Tab.4 The USTL, LSTL and their 95% confidence
intervals of the four groups of A. japonicus
when the salinity changed abruptly

LA

Combination USTL LSTL
C(QxC(3)  43.82(43.69,43.95) 19.84 (19.10, 20.58)™
C(Q)xK(3)  43.54 (43.41,43.67) 20.20 (19.46, 20.94)™
K(Q)xC(J)  43.59 (43.46,43.72) 18.70 (17.96, 19.44)"
K(Q)*K(3)  43.54 (43.41, 43.67) 20.37 (19.63, 21.11)
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A Comparative Study on High Temperature and Salinity
Tolerance of Hybrids Between Chinese and K orean Populations of
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YAN Jingping', ZUO Zhiliang'?, SUN Huiling'®
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Abstract The sea cucumber Apostichopus japonicus is one of the most important aquaculture species
in China. In recent years the sustainable development of sea cucumber culture has been hindered in China
due to issues such as the depletion of natural resources, the genetic degradation, and frequent outbreaks of
diseases. Hybridization has been an effective solution to these issues and improving the breeding in
aquaculture. Therefore in this study we investigated the temperature and salinity tolerance in the inbred
and hybrid offspring of Chinese and Korean sea cucumber populations. Four hybridized combinations
were created with complete dual cross, including C(Q)*xC(J), K(2)xK(J), K(?)xC(J), and C(Q)*xK (D).
Four groups of sea cucumber were acclimated at 16°C and 31 psu for 7 days. The temperature tolerance
was estimated in two ways: transferring the subjects directly into high-temperature seawater (27°C, 28°C,
29°C, 30°C, and 31°C) or raising the temperature gradually at 1°C/h. In the salinity tolerance trials, the
salinity of acclimated seawater was increased or decreased at 2 psu/h to determine the SSMin (survival
salinity minimum), CSMin (critical salinity minimum), SSMax (survival salinity maximum), and CSMax
(critical salinity maximum), respectively. The sea cucumbers were also transferred directly into a series of
high salinity (36, 38, 40, 42 and 44 psu) and low salinity (21, 19, 17, 15, 13, and 11 psu) to measure the
USTL (upper salinity tolerance limit), and LSTL (lower salinity tolerance limit) respectively. It was found
that when the seawater temperature increased gradually, the STMax (survival temperature maximum) of
C(P)*K(JF) and C(Q)xC(JF) group were significantly higher than K(9)xK(J) group, the 50%CTMax
(50% critical temperature maximum) of C(9)xK(J) and C(9)xC(J) group were significantly higher than
other two groups (P<0.05). When the seawater temperature increased abruptly, the LTsy (median lethal
temperature) of both hybrid groups were higher than that of the Korean population, but lower than that of
the Chinese population. One-way analysis of variance showed that when the seawater salinity increased
gradually, the 50%CSMax (50% critical salinity maximum) of C(Q)*xK(J) group was significantly higher
than K(Q)xK(J) group (P<0.05); the 50% CSMin (50% critical salinity minimum) of K(Q)xC(J") group
was significantly lower than K(9)*xK(J) group (P<0.05). When the seawater salinity decreased abruptly,
the LSTL (lower salinity tolerance limit) of K(Q)*C(J&) group was significantly lower than K(Q)xK(J)
group (P<0.05). These results suggested that the intra-species hybrids might have moderate heterosis in
heat and salinity tolerance. Therefore crossbreeding may effectively improve the stress resistance of A.
japonicus.
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