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1.1 SCIG#H

SR RS RS [(135.9+16.2) g] R
B4 B /K (109°58' N, 18°23'E), 4h% [(0.68+0.33)
gl BITPIEERE BN TEF TR, BRI
MK A NI A MRETE % K (K
Fa . 400 cmx350 cmx120 cm) P IR, Wb JE Al
B 2~5 em FIIEFRY CRidZ 40~80 H), fliHANIEIEK .
B H 16:00 £ WA S BT RN (SRR EE . TR
VEVEIRER): | SRBE R . AR R R T TR R
A, MR E B 5%, B 3% Al K R 27~
32 °C, #hE 2731, pH 7.9, &M A >4.5 mglL,
JEFAR 141 ¢ 10D,

TERRAE B AR T 5050 . AR A F K B g 2
43N XS 41 [(0.68+0.33) g]. S 4 [(13.52+2.64) g].
M £ [(33.43+5.79) g] F1 L £ [(51.16= 10.06) g].
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SIS RSB AL 2 M EIROKAS, BA% R 1500 L
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B, JHCE 4 FhEAR O FEGEA , S0l XS A (K
5 38.5ecmx26.0 cmx21.0cm); S 4 (KPam: 48.5
emx33.0 cmx26.5 cm); M 4] (K %8 & : 55.5 cm x
37.5cmx30.0cm); L4 (K% 61.5 cmx41.5 cmx
33.0 cm). F% 5 A6 K H A X 2~5 em R (kL AR
40~80), /K i R AL (B4 . HC-1000b)., I
A B 25 P AL (S /1 KFR-35GW) 35 3] H A5 R EE .
S AR AR E N DA ST S0 S W AE BRI
I B S I0 AR 25 D3 23 il R R ) EE AT

1.3 SCIEiT

Wi WET 8K (14, 17, 20,
23, 26, 29. 32 f135 C), fREKERMS 24
SR AT 2 Ml B S5 R K Il Y DU AR i 2
G3BITEXS W FAS B FRIEAR R SR 7d, FRIEB L
XS 4 100 k/m*. S 4 50 Sk/m*. S 4 30 k/m’,
L4 15k/m> (XS4 10k/46. S 8k/4. M
H6k/AH. LA 4K/A47H), KIRLIEX 6 CRYM
N FRK AR 2 AR . SER #KIE,
A [ RIAS (R RE T 2 43 ) T R L A FR A TR
(XS, S4i: 1L; M4l: 2L; L4: 5Ly, JK
T SR R A UE K, O T I T A A il K
N BNRE- A GR MR (B 1
KiES) 3 A a8 A IR (Ci2) . FE 0 B
EO, 24 h J5REKEE,

i F§ YSI %48 4Y (Pro ODO, 3 [H) B4 E
AR S B KA I Z BRI IR R A Tk vk
5 (GB 17378.4—2007).
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A ) 7 2 DA B R 1 (R A S, Ul -
MG IANEL, FH%E SRR MNE
FREE—FE, BEH 16:00 B S E R (D
. SR MRVERERE . BURE RN . 4EE R AT
YR BUR B L), TR NIESIREN 5%, &
5 RHe 1 ROK, oK BE S SER R BEAE A . R
27~31, pH 7.9, ¥kt A >45 mg/L, Jt i
14L : 10D, & HWWEIE RHAATE B L
1.4 KIBFFE

SR PR 25 000 5 5 v 2 A R X R )
fift % (DO,. DOy, ug/L) MR (4,. 4y, pg/L) &
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Kb, VRERMAIAR (L), BW HEKE (g), ¢
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HEAERE (SR) A
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1.5 Sitoth

K SPSS 20.0 #F Xt it A5 40 S s 2k 45
ZEFIRUHA 77 22530, R LSD Jrikitb AT LBk
5, i#id Levene MK )5 22551, 5 BEA5F,
WAEGE T3 AT X 45 A T R4 . DL P<0.05,
P<0.01 43 I4F Jy 22 5 3% S 3 O bR ofe

4+ EH
2 :/H/l\‘

21 KB TEIRIBIEESRARNEN

7E 14~35 C KRG F A, BEW 2 OCRyy 5
R E 2 A SRR BUOE R Ry=aW (MH KRB H a
b W1, LK 1), S8 a MRIEKFER
B, S8 b R HAKIEE (0<b<1), HREAKRTT
I E TR T BRI AR

Rl K IRT R, XS 4IRS OCR 6 7E 35 C
IKFNEME; S, M Al L 4 FERCRAE 32 °C A5
B, BHJSTE 35 C TR (K 2)0 DU KRS Ak B 2H i
18 2 OCR a6 BH 7K IR TH 157 35 52 B0 0 325 389 I s 35
[XS 2H: F(7, 64)=23.786, P<0.001; S 4. F(7, 64)=
77.293,P<0.001; M 4H: F(7,64)=117.715, P<0.001;
L4 . F(7, 64)=88.246, P<0.001)], /~[&) /K i 4,
% 29 °C 4k, KBEMEZSH OCR,, HEAR TG N4 i
FAAK (14 °C. F(3,32)=97.029, P<0.001; 17 °C: F
(3,32)=43.348, P<0.001; 20 °C: F(3,32)=11.909, P<
0.001; 23 °C: F(3, 32)=10.011, P<0.001; 26 °C :

®1 FEKERFHTRESMEET/HEXRSH
E:p|EIEPSER
Tab.1 Regressive relationship between body weight
and individual OCR/AER of H. scabra at different water

temperatures (n=36)

K/ C FEAR/[ug/(Gk-h)] HEE R/ [ng/(k-h)]
water temperature OCR AER
14 6.516 2W°°”(R*=0.960 6) 0.440 4% *(R*=0.903 6)
17 11.055 OW**“*(R*=0.939 3)0.476 2***°(R*=0.880 3)
20 12.818 6W***°(R*=0.959 2)0.501 OW***°(R*=0.922 3)
23 13.542 1% %(R*=0.974 7) 1.000 6" **%(R*=0.963 2)
26 15.287 3W*7¥(R*=0.979 0) 1.093 2**' ¥(R*=0.926 2)
29 16.288 57 (R*=0.963 2)2.582 3W*"*°(R*=0.860 1)
32 30.096 4% (R*=0.980 1)2.526 SW*¥'*(R*=0.891 7)
35 28.559 8 (R*=0.963 2) 1.051 4" ***(R*=0.945 9)

F(3, 32)=7.233, P=0.001; 29 °C : F(3, 32)=0.730,
P=0.543; 32 °C: F(3,32)=17.875, P<0.001; 35 C:
F(3, 32)=24.858, P<0.001)], K&¥E 2 OCR 97K
T 22 (8] 4% A5 9 BR B R R=aT"([n] VT il 48 L 4] 3,
a, bHWFE2),

O TH ST 7K X R T 2 AR 26 1 2 o
(G 3)e XMTFZ, 0 MR B 14~17 C A
AiEiE 11.32, HRN 26~29 C B 6.60, TiTE
HAbARIEE P, HAAEAE 112 2 1.62 Z [k,
X T H A 3 AN ELAS AL, B O fH T BLTE 14~
17 °C F1 17~20 °C, TAEHAh AL Bl A A9 46 53 31
1 0.38~3.62, 0.74~5.50 LA 0.60~3.06, J5 2243 #7
T, RE . KR KRR AR SRR S
OCR o6 2 A W 5 2 52 W (F(21, 256)=6.140, P<
0.001) (% 4).

22 KEXMAEIMIEE TS HRENF

TE 14~35 C KRG N, BEHF S AER, 5
TR 2 ] SRR BOE R Rp=aW (A X RS H a
Hb#E 1, EWLE 4, S8 abfikiETdtmL
BSE L TG TR AR S S50 b (R E T
mEE A, 35 °C TR bMEN 1.0122, AMfE—
KT 1AYIEN

RV 2 ABR,, BEK TR T 5 2208 LTS T %
e, USRS RE TS AR, 2 BE K IR T
WERIN, FF4BIAE 29 C(XS ). 32 C(S4l).
32 C(M 41) #1132 C(L ) iABEMH , ZJ5 Bk
gk 2k TF = R M XS 4. F(7, 64)=23.970, P<
0.001; S#1: F(7, 64)=13.218, P<0.001; MZ :
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(a)~(h) 7 HIMER 140 17, 204 23, 26, 29, 32 F135°C, Kl 4H.
Fig.1 Regression relationship between oxygen consumption rate and body weight of individual H. scabra under
eight water temperature conditions
(a)-(h) represent 14, 17, 20, 23, 26, 29, 32 and 35 'C, respectively, the same as Fig.4.

F(7,64)=74.396, P<0.001; L4 F(7,64)=15.780, Gh, KEWF S AER 0 BE AT () 35 0 3 2 81 i 2
P<0.0017 (K1 5), B/KILEAMETF, B26CHM35°C 7284k [14 °C . F(3, 32)=5.938, P=0.002; 17 C :
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B2 KEMEOMHAEESSREARERSENZM
(@~ HARE XS A, SH. MA. LA. TFENGFERFHHAFRRME T A FKIREZ R 5 ZF (P<0.05), AFRKXESFEELRFMHEEKERT

AN [E A% (0] 22 R 3 (P<0.05), T IAl.

Fig. 2 Effect of water temperature on the oxygen consumption rate per unit body weight of four groups of H. scabra

(a)-(d) represent the XS group, S group, M group, and L group, respectively. Different lowercase letters represent significant difference at water temper-

ature for the same body weight (P<0.05), and different uppercase letters represent significant difference at different body weight for same water temper-

ature (P<0.05), the same below.

F(3, 32)=4.461, P=0.010; 20 °C: F(3, 32)=4.070,
P=0.015; 23 C: F(3,32)=15.108, P<0.001; 26 C:
F(3,32)=1.853, P=0.157; 29 °C: F(3,32)=12.886,
P<0.001; 32 °C: F(3,32)=4.371, P=0.011; 35 C:
F(3,32)=1.444, P=0.248] (& 5). I &/rHr&M,
WREE | KT B WIS HAE YIRS AER
B B E R [F(21, 256)=2.326, P=0.001](3 4).
AER . FKIRFTF G A RELCE R R=aT"(a. b
2, MIHMLILE 6),
23 AREIKET 4 #HASEREEESH ONE

4 LM LR TR 2 19 O/N (B X4 Bl K IR T 8
FH, RENE)S, MR Ak T o R R
W& [XS 4H: F(7, 64)=10.375, P<0.001; S#H: F(7,
64)=6.110, P<0.001; MZ : F(7, 64)=9.928,
P<0.001; L4l: F(7,64)=6.346, P<0.001] (¥ 5).

TEA KIS, %20, 23, 26 & 32 °C 4,
B V2 1) O/N {H Bl 4% 30 389 Jn 49 17 7 10 3 1k 25 %
[14 C: F(3,32)=5.296, P=0.004; 17 C: F(3,32)=
8.097, P<0.001; 20 °C: F(3,32)=2.709, P=0.061;
23 °C: F(3,32)=1.839, P=0.160; 26 C: F(3,32)=
0.592, P=0.625; 29 °C: F(3,32)=11.883, P<0.001;
32 °C: F(3,32)=1.179, P=0.333; 35 C: F(3,32)=
13.318, P<0.001],

24 KRN AERIEHEESFERNZNT

IR X R T 11 5 M S B S A R R
FRAS A, BARTT 43R 3 AR EE X H]E] 7,

IRIRISA X E] (14~17 °C): 14 °C FrA HIM e
Z () A BT B 37 3 W A, ELAAR RN,
RN R . XS SRz ahife ), w
TP, HEETT R GRILEEMHE). k8] 14 C
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Fig. 3 Regression relationship between oxygen consumption rate per unit body weight and

water temperature in four groups of H. scabra

®2 TREABKEESKESHERHIERN
EEPSER
Tab.2 Regressive relationship between water
temperature and OCR/AER of H. scabra at

®3 REMNEESREHNTNIEE
Tab.3 The extent of temperature influence on

metabolism rate of H. scabra

KR VEFE/C 0o
different body weights (1=72) temperature ranges XS S M L
FiAk FEER/[(ng/(g- )] HE#/[(ng/(g'h)] 14~17 11.32 4.83 19.32 17.33
bOdy weight OCRmass AERmass
17~20 1.62 7.38 12.01 13.24
XS 0.119 57"°%(R*=0.621 7)  0.002 07" *(R*=0.461 1)
20~23 1.12 3.62 1.02 1.30
S 0.010 07*"***(R*=0.821 8)  0.003 37"***(R*=0.481 1)
23~26 1.46 1.71 5.50 2.02
1566 1 p2_, 13556/ 2,
M 0.002 67 '(R>=0.851 1)  0.000 47****(R*=0.824 9) 26-29 128 1,90 165 306
L 0.002 97**™%(R*=0.821 0) ~ 0.000 67*'**(R*=0.572 1)
29~32 6.60 2.14 1.57 1.64
32~35 1.13 0.38 0.74 0.60

JE5 3 K, H A E AR R I 4 B R Ak
B, RIGEEE LG 5 Kgaiffbier-. S,
M. L4 £ % 3 45 5 8 29.2%+5.9%.  50.0%+
13.6%. 83.3%+11.8%, HALEIMEIHIGTH 7K,
PR T AT R, BRI
AHAE, 17 C&HTF, XS HilES1b AR B
TH 8K, % 15 KiFS L m B, 224
#30.0%; S. M. LARESHEEMEBETT N
RVRIL, PRE B A, PACRE L PR s it 72

& B AEAE X JE] (20~32 °C): 20 °C k&S

PRGBS BRI, S, M. L #HAMATIF LK
S (R LA HE) . XS HAIBTE 10 K
SARIREAL R, TEHEEAT N, 15 REHFIE R
7 60.0%. HARS GBI REIN 100%, H2&
BB, MEERET R E 23~32C, fF
BWREAEE . WS Y RNIGER, Rk
BE, 4R 100% 76 %

R A X E] (35 °C): fE 35 C IR, At
BHAREGS Y 2R EAR TOm2 L, W
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5 4 XBAE, %

AR AS [F) U K o 2 A 5 7205 B R ) 50 %

R4 KESHBIHEESREZWHRNERFETTER
Tab.4 The results of Two-Way ANOVA of the metabolic rates of H. scabra with body weight and water temperature

WS A

metzjl}(fijsz rate F'thlir% Ss df MS F P

FEHE  OCR TR AR 1.775 21 0.085 6.140 0.000
KL 24363 7 3.480 252.863 0.000
itk 5.055 3 1.685 122.417 0.000
R 3.524 256 0.014
SN 315.205 288

HE %  AER, SRS 1.920 21 0.091 2326 0.001
7K 22.798 7 3.257 82.886 0.000
ik 3.603 3 1.201 30.564 0.000
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Fig. 4 Regression relationship between ammonia excretion rate and body weight of individual H. scabra under

eight water temperature conditions
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Fig.5 Effect of water temperature on the ammonia excretion rate per unit body weight of four groups of H. scabra
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Effects of water temperature on metabolism and survival of
Holothuria scabra with different body weights

LIU Xujia', HUANG Guogiang >, ZENG Mengqing®, JIANG Fajun ',
CHENG Chuhang ', YU Ermeng
(1. Guangxi Key Laboratory of Marine Environmental Science, Guangxi Academy of Marine Sciences,
Guangxi Academy of Sciences, Nanning 530007, China;
2. Institute of Marine Drugs, Guangxi University of Chinese Medicine, Nanning, 530200, China;
3. Guangxi Institute of Oceanology Co., Ltd., Beihai 536000, China)

Abstract: Holothuria scabra, or sandfish, is a commercially valuable sea cucumber species predominantly inhabiting tropical
coastal regions. In this study, two laboratory trials were conducted to assess the influence of water temperature and body weight
on the metabolism and survival rate of H. scabra. First, a metabolism experiment was conducted with four groups of different
body weights, namely, XS [(0.68+0.33) g], S [(13.52+2.64) g], M [(33.4345.79) g] and L [(51.16£10.06) g] exposed to eight
experimental water temperatures (14-35 °C), representing the water temperature range in the natural habitat and aquaculture
environment of H. scabra in China. Subsequently, four groups of H. scabra were cultured in temperature-controlled tanks at
eight experimental water temperatures for 15 days to determine the survival rate. The results showed a power function relation-
ship between OCR;,/AER;,4 and body weight expressed as R;,;=al’ (0<b<l,with the exception of AER;,4 at 35 ‘C). The rela-
tionship between body weight-specific OCR,,/AER, . and water temperature also followed a power function,
Rinass=aT’(b>1). For all four groups of H. scabra, both OCR,,,s and AER, .., increased with rising water temperature. The max-
imum OCR,, occurred at 32-35 ‘C, while the maximum AER,,,, was observed at 29-32 ‘C, followed by a decrease as the
temperature continued to rise. Water temperature had a significant effect on both OCR,, and AER_, across all groups
(P<0.05). Furthermore, the interaction between water temperature and body weight had a highly significant effect on OCR
and AER, .. (P<0.01). O, indicated that low water temperature had a greater impact on the metabolism of H. scabra than high
water temperature. In the survival trial of H. scabra, all individuals in the XS group perished at 14 ‘C, while the L group exhib-
ited the highest survival rate at this temperature (83.3%=11.8%). As the temperature increased to 20-32 ‘C, the survival rate for
the S, M, and L groups reached 100%; the XS group only achieved 100% survival at 23 ‘C. When the temperature rose to 35
‘C, survival rates in the XS and S groups dropped to 30.0%+8.2% and 79.2%+5.9%, respectively, while the M and L groups
maintained high survival rates of 94.4%+7.9% and 100%. Larger individuals exhibited significantly stronger temperature adapt-
ability, particularly under the water temperature conditions of 14 ‘C and 35 °C. The study indicates that low temperature has a
more significant impact on the metabolism of H. scabra, and larger individuals exhibit stronger tolerance to temperature stress.
The optimal water temperature range for the physiological activities of H. scabra is 26-29 ‘C. The suitable survival temperat-
ure ranges for juvenile and medium-to-large individuals are 23-32 °C and 20-32 °C, respectively. These findings provide crit-

ical data to support water temperature management in the aquaculture of H. scabra.
Key words: Holothuria scabra; water temperature; body weight; metabolism; survival rate
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