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HWE ZeRu KB SR Rk L4 %1 5 (Litopenaeus vannamel) 4 Ktk UL 1 & B 4647, 42
HAEZFERNEZ R T, AXHRE T IEEQRO, 25, 30 1 35 C)xf LHEXE 3 AR E
(N310004, N310010 A7 N310011)&y & K Fafit B X ey m . 250 B #1040 d, &% 10 d W E —K
Tadx HEE, HHaFMEEFEAEEF, 00T AR R[S (0~10 d). S2 (11~20 d). S3
(21~30 d)Fn S4 (31~40 )L E X I R R ADMEGE BRI FE N, R E 7w, 30 CH, K% N310004
KRB, BAEEAEKEN(9.791022)%/d, S1 fr S4 WA E A KEHEET THM 2 MEZR
(P<0.05), BEMAEGXZANBEEMRBAALENY . EEREELEN, SXANELEM
REMFHHEEREN ST A, £R—BET, B SIS, KR N310004 WEEEHEEE
THM2AKFR, & SLAS2 B, N310011 K Z WA AFR A, 7£ S3 7 S4 B, N310010 K %
B #E A E B %% T N310011 A1 N310004 X %, 7 S1. S2 £ S3 ##i, N310004 X # tyH & F B ¥
KTHM K Z; 7 S1, S2, S3 f1 84 WA, N310010 KAWHEREFGH THMR R, LA
AT E N EEE TR E, KRB A (64.89+0.52)%~(77.81£0.78)% = 18], 3 MNFK At
Ak E5EE EE S, EEEIALE 30 C, N310004 K L4 20~35 CHUET 0 &K & 4K
EHHARETTHM2ANRER, TEZRTERGNEERN, "BREMRH RN ZH,
KA JUANEXT I, RZ; BE; fEERX

hE4SES S917.3  XEAFRIRAD A XEHS  2095-9869(2023)03-0133-11

JLAY I XTI (Litopenaeus vannamed) B £ 1R i BE 2 52 BILAS 56057 R A0 A 2 B 5 ML (3 e

PUasi Sy | 3G R R A A R A, X SR A Y
TR BE S EEE, 2021), 2020 4EF [ LGN 5 X UF v
KFRFE = HGE 119.7 T t, PiEIFFH R E 0L, N
T FEAIAC K K = it 1B e 2 B BTk (R b A A
el Y RS IR 45, 2021) 0 7K Tl B M X R A K
KA M A B B B - 2 — o TR A AR IR 3
Wy, FCARIR RS A BT A AR L, TR R IR

4:.2019),

VEPEE RO K= Sh i 2 PR AL RS I BT B
W HE T KR I AT R EL R, BE Ay ks LYK
TEXTHR B AL PR (P 5, 2018), Ak, JLAMEE
PR BE B IS TAE R ERET AR Uty
PE= Rk . o, AR ) R AT B R
A FRARFRIE AR, S IR E A bty R TR R 1 48
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Gralias o 1M ML IR A4 1 . AR ML e il SR
WA KA PR EE A bR . T 4h, KRS A= ) A=
PRI A SCHE DR -, R Bkt %o 5 B 28 B UK R s (an
JFLAH X R 45 ) ) fi Fi WS ™ A B 2250 (Zanna et al,
2019; Jescovitch et al, 2017; FE455%, 2018), KL, &K
AT B A B PR PR X AN R 58 & 1 PN T2 %)
WRAE KRB M RB I IRCSZ RE I, DA B AR 2N A R B
JI LN XTAR S B A &, TR AS R BE 25 1 N MLghiEe
XTURABE B B SC, XF FLANIEXT IR (32 B TAERA
WERE L. HAET, XA FR B LR A 1Y)
FIE it 2% Sl SHURLEE 5 e R WL TE . DR, AR5
T o HET AN [ S AR I BB I A EOASE Y, T i I BE X FLAH
VEXTHR B SIS RN AT BL RS2, M AE e = A
Sk PLAH 5 XoF U %) e 3 7 B F 1R P o 8 2 A 3R R4k
B

1 #HR5T®
1.1 SKIewr#t

S T FH ML A o MR ER L AR S Al BB A
BRASHE] . A PR Ak i A K P (N310004) |
FI(N310011). 8(N310010) 3 MEFR, HAKRK 5K
(1.56+£0.22) . (1.57+0.23)F1(1.62+0.27) cm, HAKHE 5
51°4(0.18+0.04) . (0.16+0.07)F1(0.15+0.03) g

1.2 EIF*

121 JushgEstirey A K £k 3 MR RGN
ABFEHE(EAR 150 cm, &M 200 cm), BPMER
200 JB . A IR R (30£1) °C, EhEE N 30, 5K 06:00.
12:00 1 18:00 FMEXTEFELA1RKE, 18:30 sk (/K
TN 1/3). FEFEMEIN 40 d, 4 10 d 20 BIEUE 20 2
WERK  WEMTE,
122 JUHEATIF R R & 20k o2 B
B SRR E R 20, 25, 30, 35°C 44>
KV, BANREEBCE 3 A PATSEER AN 2 s A
A, BALRYE 1R, KA KR,
B R HITE 2 CCRYNESE, 2009), 7841
FEAMF TGN 3 d JFTFIRSES . S 0 KIFR, 55 40 KX
g5, R 10 d ME — kARG, 43I S1(0~10d).
S2 (11~20 d). S3 (21~30 d)Fl S4 (31~40 d)F7~ .
BRI E . A RIARA 1R
R, GRDRHE R AR Y 5%, HEEEHE Y 4 h, 2
Jo, PRk SR SR AR AN AE . 60 CHE T SZIR I
TARPRISE G J5 B AR, FREE, 15 SEPR iRk

P70 A 200 1ok 30 ) B B 2T 498 B(GF/F) |, T &
TR, e PR,

FERCR AR ZCR I - FEECR I E I ik 5%
REAREQ012), BT LA 1 L #EIRHM
17, B R 1 RAR, SE5 R F# K, KR,
IR CBEE T, SEEREAT 2 h 0 RO
fif E AR S, SRS A R S T 4 mg/L, I
PR EBORT AR 18 A i foff P 488 = 44N Y ST S 4 i
Ja B R . IR ATFE 250 mL K, ffiH 0.45 um
DR, T Z A MINE (QuAAtro 4 FH 38 R #h
AN, fEE SEAL A7),

13 BEEWRXAEREXTEAR

S LA XTI AR KR | BB R R
R HEE RSN T AR

FE B K H(SGR, %/d)=100%x(InW,—InW, )/t

FEER[FR, g/(2-h)]=(F1—F2)/(Wgxt))
FESCE[OR, mg/(g-h)]=[(DOe—DO)xV]/(Wyxt;)
HFZR[NR, mg/(g-h)]=[(Ne—No)xV]/(Wext))

Aorp, W 0046 P 2R (), Wa LRS- HIR (),
t LI RE(d), F AR (), F MERER(2),
Wy AT E(g), t, AEFEI(h), DO, hZs 4L i
A (mg/L), DO, S5 41 i A & (mg/L), V
S SEE K AR FL(L), No A7s FH 2 A (mg/L),
N A 552 95 2H 22 AU BE (mg/L) o

LA X R B S RN

C=P+R+U+F

Arf, CHHEERE, P RHAEKRE, RAVCHEE, UR
HEMRE, FoM3EMERE, S0 J(g-d).

Z IR KI5 (2010)H A T AE .

B fiE C=FRx20.78x1000;

FE(HEHE F=288 1 5 x20.78x1000

R e R=ORx14.24;

HEMEBE U=NRx24.87;

K fig P=C-R-U-F
Kb, HERERFMEREFEIL R BN 20.78 I/mg, R
REf AL ZBCH 1424 J/mg O,, HEMHAREH:AL RE N
24.87 J/mg N,

1.4 HiEALE

K H SPSS 19.0 X & A4 1t 7, R
)7 225 Fr (one-way ANOVA) AT i FPE0 41, R
A Duncan L T4 . AN ZHE b, P<0.05 NZ
SR, P<0.01 fURERWMEE .
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2.1 FLENEIIFRIFE £ K E(SGR)

3MHKFRE SGR KA MFHrBe(S1. S2. S3 F1 S4)
SGR UL 1.N310004 X R A K, & SGR iK(9.79+
0.22)%, W& m THAMK R (P<0.05). B S2 1 S3 B
BtHMN310004 ZX & SGR 5 N310011 ARG E M2
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Fig.1 Specific growth rate of different families
L. vannamei at different stages

KEFREFIRF —Br BOR R 5 R 22 57 8. 3(P<0.05), /N5 51k
FIRMFIR RA R B2 7 .35 (P<0.05).
Uppercase letters represent significant difference between
different families at the same stage, while lowercase letters

represent significant difference between the same family at
different stages (P<0.05).

N310011

5t), HALKY B N310004 X R 19 SGR #B i 25 55 T HiAth
2 MHEF(P<0.05),

22 gERX

221 JUHhIESTIF A M F 46 AR i 5 IS S S g
3MHR M ILGNERT AR 248 hn WL 1, #F S2. S3
H1 S4 B, N310004 KRMEK | (REMTE 34
AR Y 2 R T2 AR N310010 F1 N310011,
222 #HAEE(FR) T FE X AN ) 28 3R PLAN VS X
FR A2 LI 2, MIE 2 RTLLE H, B T 6 7+
L, 3 HEARLER IR FR 8T8, ¥7E 35C
AR ER K. FEAFRE, 3 MK AWM FR 25 5
F(P<0.05), S1 BHATE 20 “CHf, N310004 X & Ay FR
3 T AL 2 MFE R 7E 25~35 CHE, N310011 K
M FR B E & THMAK R #F S2. S3 Fl S4 i1,
N310004 ZX &) FR ¥ 2@ T HAL 2 M R

223 "FEFALAFEOR) IRIEXARFFE R LGEXT
WF OR AYSZ M ULIET 3o I EE XS TN [ K 58 LA I X iR
) OR A &I (P<0.05), BRI, 785256 6
LN, BEE IR T, LA RTIRAY OR BT .
NFEFEZIEA R OR A W25 5 ST
FE 25~35 ‘CH¥, N310011 ZZ R OR I 5 A 2 4
FZ; S2 WHWITE 35 CHY, N310011 K& AY OR W&
EmTHAL 2 AR, Hith 2 MR AL B E2ES, S3
HA7E 30~35 ‘CHF, N310010 K& BFE T HAb 2 4

x1 FAREMRTERREMZFER

Tab.1 Biological indexes of L. vannamei families at different stages

K Z Family SLEG I Experiment period

& Body length/cm

{2 Wet weight/g T+ Dry weight/g

N310010 S1 1.624+0.274 0.15+0.0342 0.02+0.004?
S2 3.98:+0.424° 1.60+0.425° 0.35+0.08"°
S3 6.09+0.50"° 3.43+0.28"° 0.90+0.10"°
S4 7.65+0.3449 5.07+0.674 1.394+0.25%4
N310004 S1 1.57+0.2342 0.16+0.074 0.02+0.004
S2 4.96+0.335° 2.20+0.495° 0.49+0.105°
S3 7.19+0.475¢ 4.18+0.58%° 1.39+0.35%°
S4 9.01+0.35%¢ 7.39+0.335¢ 2.18+0.30%¢
N310011 S1 1.56+0.224° 0.18+0.04"* 0.03+0.00"*
S2 4.45+0.37° 2.05+0.125° 0.39+0.124°
S3 6.49+0.40¢° 4.05+0.415 1.08+0.38°
S4 8.21+0.38%¢ 5.68+0.61¢¢ 1.71x0.25%¢

TE AFRE T8 EARSR R A R SE 56 By BEA [F) 58 2 22 53 .35 (P<0.05), A[Rl/ING F8E EARE R AR 3 AN [ 5 56 B B

#57 # (P<0.05).

Note: Different uppercase letters superscript indicate significant differences among different families in the same
experimental stage (P<0.05), and different lowercase letters superscript indicate significant differences among different

experimental stages in the same family (P<0.05).
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Fig.2 Effect of temperature on feeding rate of different L. vannamei families

ANTRING FREF R A R R FR A R EE T 22 57 1. 3 (P<0.05) 5
RIKRE 435 IFIRE T RS R 2% 5 55 P<0.05). TR,
Different lowercase letters indicate significant differences at different temperatures in the same family (P<0.05);
Different uppercase letters indicate significant differences of different families at the same temperature (P<0.05).
The same as below.
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Fig.3 Effect of temperature on oxygen consumption rate of different L. vannamei families

FZ, S4 NI N310010 FHEBE®m THM 2 AFER.  0.068 mg/(g-h)Z I8, J7 240 Hish B or , 16 7 — i,
224 HRAENR)  REXARFERZGILGES  NR BEEREATHR BETH . EARRE, B
BF NR B ULE 4, SCEHataRe) NR 76 0.014~  BEAYHEK, NR B EFEK(P<0.05), 7E S1~S2 i,
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Fig.4 Effect of temperature on ammonia excretion rate of different L. vannamei families
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Fig.5 Effect of temperature on defecation rate of different L. vannamei families
R2 AEEBETAMENBERAZNEERZER
Tab.2 Energy budget of different L. vannamei families at different temperatures
R i/ °C REAE//(gd)] REAE//(e d)]  HEIERR/ /(g d)] ZEMERE/(1/(g-d)] ALK AR/[/(g )]
Family  Temperature Food consumption energy Metabolism energy Excretion energy Feces energy  Growth energy
N310010 20 761.03+3.28" 566.18+4.337 60.95+0.78%%  39.59+2.974° 94.30+2.814°
25 987.49+1.034° 747.12+£2.374° 81.63+0.45°  32.66+1.554°  126.07£2.27°°
30 1 190.96+15.77%¢ 916.72+12.12%° 100.43+1.174°  17.11+1.84%°  156.71+1.534¢
35 1 363.73+10.534¢ 1061.15+13.24%  117.27+1.08%%  32.89+2.56"°  145.63+2.16"
N310004 20 812.4744.245 527.2242.2888 51.21+£2.70%%  70.44+8.07%*  163.61+1.31%°
25 1 080.89+12.045° 715.22+13.345b 70.38+1.35%%  67.00£9.40%  228.29+5.405°
30 1300.25+14.865¢ 873.68+9.395¢ 86.74+1.35%¢  41.38+5.58%"  298.45+10.235¢
35 1510.61+8.23%¢ 1 025.35+6.125¢ 104.19+1.50%¢  83.61+£11.965¢  297.47+9.275¢
N310011 20 778.78+5.927 539.61+1.435 56.28+0.29°  60.70+3.43°*  122.19+3.69%*
25 1 025.41+5.815° 728.10+6.36° 76.29+0.60°  54.50+£3.63°®  166.51+4.03°
30 1217.55+19.83¢¢ 872.72+16.515¢ 92.82+0.41°¢  39.58+3.05%¢  212.43+6.08°
35 1 456.43+16.00°¢ 1056.11£11.04%  113.36£2.06  87.22+12.55%¢  199.75+9.24¢¢

T ARVNG TR R R 58 2R KE T AN RIS 2 18] 22 53 12 35 (P<0.05) s R & AT AN A RS B3R A AL R AT

KR 2257 0 3% (P<0.05). Tl
Note: Different lowercase letters indicate significant differences at different temperatures in the same family (P<0.05);

Different uppercase letters indicate significant differences of different families at the same temperature (P<0.05). The same as
below.
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£33 AREBETAHNENBERFZNEERZTAR(EEEREN A7)

Tab.3 Energy budget equation of different families at different temperatures (percentage of energy intake)

i BEEBE L1 Percentage of energy intake/%C '

YHE RF/°

oy e TR R FRIEE U FelfE F TR G
Metabolism energy Excretion energy Feces energy Growth energy

N310010 20 74.40+0.29% 8.01+0.09% 5.20£0.41% 12.39+0.35%°
25 75.66+0.23° 8.27+0.04"° 3.31£0.16*° 12.77+0.224

30 76.97+0.134¢ 8.43+0.04"° 1.44+0.14%° 13.16+0.08%°

35 77.81+0.784 8.60+0.08"° 2.91+0.874° 10.68+0.174°

N310004 20 64.89+0.525% 6.30+0.37% 8.67+0.955 20.14+0.20
25 66.17+0.575° 6.51+0.06"° 6.20£0.925° 21.1240.37%

30 67.19+0.855¢ 6.67+0.075° 3.89+0.435¢ 22.2440.535¢

35 67.88+0.135¢ 6.90+0.06" 5.53+0.78% 19.69+0.665
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Effect of Temperature on Individual Energy Budget
of Litopenaeus vannamei Families
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Abstract

Litopenaeus vannamei is an important aquaculture species in China. Selective breeding is

an effective means to improve the economic benefits of aquatic animals. In terms of the energy budget,
water temperature is the key factor affecting the metabolism of aquatic invertebrates at different stages. It
affects their survival and overall growth and may become a fatal environmental driver. Therefore, in
recent years, the impact of temperature on the energy budget of important economic aquatic animals has
attracted extensive attention. Taking L. vannamei as an example, the energy budget under constant and
variable temperature conditions was studied. In order to further develop the breeding of L. vannamei and
clarify its energy distribution mode under different temperature conditions, this study used three families
of L. vannamei (N310010, N310004, and N310011) as materials and measured their individual energy
budget at the temperature of 20 C to 35 ‘C during 40 days. The physiological indexes such as feeding,
oxygen consumption, ammonia excretion, and fecal excretion rates were measured every ten days. The
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individual energy budget of L. vannamei families with different specifications (S1, S2, S3, and S4) was
analyzed. The results based on the range temperature of 20 °C to 35 °C showed the total specific growth
rate of 9.79% for the N31004 family, which was significantly higher than that of the other two families
(P<0.05). In the S1~S2 period, the specific growth rate of the N31004 family was significantly higher
than that of other families (P<0.05), in which the highest rate was 27.76%. In the S2~S3 period, there was
no significant difference between the N31004 and N310011 families, while the N31004 family growth
rate of 5.79% was significantly higher than that of the other two families, while the lowest was 3.07%
observed in the N310011 family. Moreover, the highest feeding rate [0.026 g/(g-d)] was found in S1, and
the lowest [0.005 g/(g-d)] was observed in S4. Overall, the feeding rate of L. vannamei with different
specifications and families was significantly different (P<0.05). The feeding rate of the N31004 family
was higher than that of the other two families at 20 ‘C in the S1 period, whereas the feeding rate of
N310004 family was significantly higher than that of the other two families in the S2, S3, and S4 periods.
Furthermore, in N310011, the oxygen consumption rate was significantly higher than in the other two
families at 25 “C to 35 °C in the S1 period and 35 °C in the S2 period. There was no significant difference
between the oxygen consumption rate of the other two families (N310010 and N31004) under these
conditions. The N310010 oxygen consumption rate was significantly higher than the other two families at
30 'C to 35 C in the S3 period and 20 ‘C to 35 C in the S4 period. In the S1 to S3 periods, the N31004
oxygen consumption rate was significantly lower than the other two families at all temperatures. In the S4
period, there was no significant difference among the three families at 30 °C to 35 C. Overall, the
ammonia excretion rate of the N31004 family was significantly lower than the other two families. Finally,
the maximum feeding energy of the N31004 family was 1 510.62 J/(g-d) at 35 °C and the minimum was
812.47 J/(g-d) at 20 ‘C, which were significantly higher than those of the other two families at all
temperatures. N310010 showed the highest respiratory energy at 35 C [1 061.15 J/(g-d)] and the lowest at
20 °C [566.18 J/(g-d)], which was significantly higher than the other two families. The excretion energy of
N310010 family was significantly higher than that of the other two families at each temperature. The
growth energy of the N31004 family was the highest at 30 C [298.45 J/(g-d)] and the lowest at 20 ‘C
[163.61 J/(g-d)]. The defecation energy of the N310010 family was significantly lower than that of the
other two families. Compared with the other two families, N31004 had more energy for growth, although
the respiratory excretion energy was relatively low. It is of great significance for the L. vannamei breeding
to deeply understand the effects of physical and chemical environmental factors such as temperature on
the growth, development, and energy budget of different L. vannamei families from a physiological and
ecological perspective, clarifying the L. vannamel energy distribution mode under different temperature
conditions. Currently, there are no reports on the energy basis and temperature effect of the growth rate of
diverse L. vannamei families. Therefore, by establishing energy distribution models, this study explores
the impact of temperature on the energy budget and distribution of L. vannamei and provides theoretical
and experimental support for healthy culture and breeding of improved L. vannamei varieties.
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