$45% B Wl B % U R Vol.45, No.5
2024 4 10 H PROGRESS IN FISHERY SCIENCES Oct., 2024
DOI: 10.19663/j.i1ssn2095-9869.20231113001 http://www.yykxjz.cn/

SKIBJEL, bk, ddfe, PhGESE, fRORHER, FhETR, XUBE. MR SRS S RHARE RO, B A IR, 2024, 45(5):

53-63

ZHANG B Y, YANG L, MENG Z, SUN X X, XU R J, SUN H Z, LIU X F. Effect of temperature on energy budgets in triploid turbot
juveniles, Scophthalmus maximus. Progress in Fishery Sciences, 2024, 45(5): 53-63

BN AE = EREEER

wAEY o A £ R AmE
3 4 e 2
BRF Wedt XHFE
(1. LR S aretbe LI 201306; 2. HF Rl T RS AYH R E S LR E
EKERFEF R B EE AT LR H S 2660715 3. MHA IR X RIEAK A BRA A
IR MG 2640015 4. FLLJRICE = FREARAR IR BB 264511)

BE H R T8 At K % #7(Scophthalmus maximus) = {5k 4 K fu ik Bk X th B, KB R & E
13C. 16C, 19°C, 22°CH25°C SMNMREME, UATEEELHERKABERRN TR,
M E T AHM AR 2 [ FHETE H(12024£1720) gl A KM BR X &4, BRKXH, =
Ry aFEeR HEEX FEAEKESGRMAMNEMEFCE Y HEEATE AT EBRRKNES,
DBE, TE., ZAMEEITHAN SGR. FCE 5 REN X AAE R, REAKEELH N
18.4°C., 18.7°C. 18.9 C#n 18.5°C, s AfAFHiE 3 3t b 27 % 18.1°C. 18.6 C. 18.9 CHn
182°C; #Hx, HEXMEEAGELRKEAGNENAS,; 25CHTHR. ZafEX
WHNFELFRTHEMEED,; Bk, AKGESLHMEBEEATEAR U BEABESE, 19 CHHA
REE, AKEMRABEEFAZHT -EERNEELIR, Rt SRR LAMBEAEE U
T % 19 CA 48 = (54 f oy g B 7 42 5 100.00 C (A 88) =34.58 G (£ K #E)+4.12 F (3
& #)+6.61 U (HEH &8 )+54.69 R (R 48 ) = 100.00 A (El 1L 6 ) = 38.74 G+61.26 R, K Z #F = (5K & T
BAKEE. RRBEALXANGRELEME N, RERT K Z 9 = KR € Fn R 78 #5814
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KR KEW; K, BE; EERX
FESHES S968.1 XHEEERIZAE A

AR YRR AR R R TR 7R, R
FEEYIH I RE I AVE TR B A 1 20 BC SRR X
PR A KB )52 0 (Warren et al, 1967; Dumas et al,
2010), @S N AR RE RO R R L AR RS
HE A G A5 o A 09 58 £ 20 C LA SO [A) AR B A 2R
F X RE S A5 LA s, RS 45 SR AT o fa 2R DR
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PR, T RS RO | SR AL AN
Al 75 G B AR B S AL S BRI (2 25 %, 1989,
Sun et al, 2014; Khairnar et al, 2015; s &A%, 2022),
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fE . ZEMHAE . HEMERE A RE = B Y 43 B (B4 i,
2004; EBEEE, 2012), WS ARG A ERIEY
K R AT A S P (Cui et al, 1988; /4245,
1993; BEZEIK%E 1995), Lit(Fang et al, 2010)F1ELk
P & (BT 5S, 2008; Zhang et al, 2017) 3 Flfi s,
AL, KK P Pt (Salmo salar) (Koskela et al, 1997)
= i (Rachycentron canadum) (Sun et al, 2006)F
WS R, IR, R i — 2 R T
eI, SR, TR T e (A AR AR AN B L f51] %) 1
sk TEFRmR, B A DR R TR T R
AERIRIE . PRt AT IR R X A S A K AR Y
S, A7 BT SC bR SR A AR e i S I R AR AR R DR
T Ak A FH AR R I 28 55 80 4k o

K5 6 (Scophthal mus maxi mus)J2: [k ¥ | [ Fi1
VIR SR W EZE A S S A, [ SR BE AR 7 6 AT IR
5TTA t 205 R SRA R B 1Y 80% (TR SR SF, 20125
Wk, 2020), HI T EAEERRAT M, HAE KA
Prai LT AR, R R, 24~48 A1,
AR A KR T A AR R Y 23% (Cal et al,
2006), HES) = AFARBUELAL AL PR LA, A B
TR JR RS T i £ A R A, DT e R 22 B 5 A
M 25530 gS , SEIREREA A . Y HTR R R 6T = A5 Y
T B L H BT J7 ik (Piferrer et al, 2000, 2003;
Meng et al, 2023), AEK# A, MM AT (Cal et al,
2006) . ILIA & 5 (Hernandez-Urcera et al, 2017)F17H 4k
fifi(Domingues et al, 2019)3F 453 . X LA A B, R
JEE T R SE B = A5 AR A% R 19 A RN DR e £k 3 3
ARERW, AR, s A KAk
R R R A, AR TG EL R 45 g
ik, HigtEAKEE N 18.7 C, HmiElE kR
MR 15.8 °C, BRI, FEAFAUAE T, —A5ARMR
FEA R AL A 2R B Y i T A5 AR (5351 18.9 °C
1 16.8 “C) (Aydin et al, 2021, 2022), 47, K=&
SAGRAE SR B ARG T AR A G
P, R AR AR R 5 A B A & T AIE ST AR R 3R
Z ., BRI SARRO AR AR AR T A

ENGEMYNE S TR SR T T e Y )
AT B AR R SRS S S, R AR AR AR B A

LR . AR Al 5 3 R 25 4 23 B it A 28 AR
T, ARAG R ZE BT =A% e i A ORI A A T
BE, DIy = IR H AR IS S {4 =

1 #RE5FE
1.1 stigfé

SE AN FOK EIEE SN 7 A SRR =A%
g fa, Y s B (120.24+417.20) g, H
IR B TF & IX R IEK A RA R G E , R4 R
MAWEN TEAEICRETT 5#, HHRLEHZERR
SRR SRS A (14.50.5) CZAE I
SWHLIREE T, 2K )5 5.5 min 2R 60 MPa [)#H/K &
FEFRFEA0 I 6 min, —f51A% 100% (Meng et al,
2023).

1.2 EWHiFit5%5E

R 4 B 2 38 10 R 23 6 A4 K 1R Y PR RN 45 T
78 Bl (Imsland et al, 1996; Arnason et al, 2009), i %
B 13°C. 16°C. 19°C, 22 CHI 25 CI: 5 MKE,
MBEERE 3 AFATRE, IR RAL T 32—
Model 611-H, & 1idb X 36— pash)dahl, dish
0 R £0.5 °C o AP AT BE I FE K A K AR RN
130 L, A KIEBEHLA 15 BARE TG . 45 i
B B AT RS0, OKFRAE, BFRYIME 1 E, i
KRtk . BN TE MR IR IR, RN
13~14 °C, YAkt 8 4 S8k Al DL 1~2 "C/d 13 B
PRI HR R, AR R 2 WA M A AR, Dk
FEWR AR 1, BEESLRS shar, SCiR Lk
24 h, HHEHEHEZS

Sz [A] 45 K 08:00 FT 18:00 43 2 YR S # ML
IFICRA MR, A 10 K — R iRk, AR fi ik
AT AR D0 2 R S B, S 30 min UK
LR, IR IE R, BORAT 1 h KRS 2h
DA 7 MR Z60E, T 70 CHETARE, 80 CHAfF
. BRI KK UIE . WIE L INE BB, K
ERBE R 28.6. pH 7.8, A & HE>7.8 mg/L, SGHHIR
R 300 Ix, EIEE N 16 L - 8 DL SZI M K 49 d.,

®1 EMKBEEFLEEHEKR

Tab. 1

The energy content and composition of the artificial pellet /%

fiE{H Energey content/(kJ/g) AL Total nitrogen

7K 43 Moisture

K4 Ash  JIgli Lipid ZE 1 Protein  £F 4 & Fiber

18.11 9.1 3.2

16.4 10.8 57.0 1.0

TE el 22 B 9 LI A T A

Note: The main compositions of the artificial pellet obtained from experimental analysis.
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1.3 HmEEREN

ST IRATEURI R 4h 1 6 2 (a5 IR Ik tR B
AR, SLIREERE, SO 24 h, BEHLN S SR KA
PR 3 RAE MERMEA, R, JFT 70 CHET, &
T80 “C vk FH T B 43 FRE 1L % o fafAs | Tkt |
FEME SRS i T R 4 A (Vario EL A, 7[5
Elementar 2y )2, & A& & H A& #x6.25 T
153, Ne Wi & i R Sl KA R 5 3R
BB (SX2-12-10, AR g L AT E il ) ) 7E 550 °C
ke 6 h RS IAT, Ak RIS A (AR
AP HUE T (PARR1281 B, SE[E Parr {UA$2 F)IAE

14 ZRBNIERMTEAR

141 #HEALE KR KEHF -FERELR
(feeding rate, FR). 18 % (weight gain rate, WG). Al
I Bf (condition factor, CF). JH{£ It (hepatosomatic
index, HSI). A LY (viscerosomatic index, VSI)., 4 &
He K F (specific growth rate, SGR) Ak} 74 AL 3K (feed
conversion efficiency, FCE)J 1A U0 F -

A FR /(%/d)= 100 x FI/[t (W, + W,)/2]

W R WG /% = 100 x (W, — W,)/W,

HE3# EE CF =100 x Wy/L?

JFAA . HST /% =100 x Wiy/W,

JEAA . VST/% =100 x W,/W,

TR H R E AR KR SGR, /(%/d) = 100 x (InW; — In Wy)/t

FHEFES KR SGRy /(%/d) = 100 x [In(W; x
CD,) — In(W, x CD,)J/t

HHARFE LKA SGR,, /(%/d) = 100 x [In(W; x
CP,) — In(W, x CP,)]/t

i f R 2R K& SGR, /(%/d) = 100 x [In(W; x
CE,) — In(W, x CE,)]/t

TR A AR FCE,, /% = 100 x (Wi— W,)/FI

TR B AL SR FCEq /% = 100 x (W, x CD; —
W, x CD,)/(FI x CD)

kLR AR FCE, /%= 100 x (W, x CP, -
W, x CP,)/(FI x CP)

TR} e L B3R FCE/% = 100 x (W, x CE, —
W, x CE,)/(FI x CE)
Krh, FI W PB R R ampHEa D), W Al W,
R R LT R N4 RO R AT (), t S R
REL(), Wiy FIT W, Sy AR JEF I A P I A o 2 ()
L Rk {R+ (cm), CD, Fll CD, by SE 50 4 A2 S A
RS2 T 1) 5 H2 (%), CP, Fil CP R 5256 T I Fl 4k
FRS 7 A 34 26 1 57 (%), CE, Al CE, N SE 56 I 4
I s} i AR B B (kJ/g), CD. CP il CE 43
BRI TP | B AR S (% % kI/g)o

1.4.2 HFEIE4r  HEM K (nitrogenous excretion rate,
u) . HEZ% % (faecal production rate, f). &M iHfLEK
(apparent digestibility coefficients, ADC)i & A ANF

HEM % u /[(mg/g)/d]= 1 000 x (NI-NF-NR)/[t (W,
+W,)/2]

HEZEHR £ /[(mg/g)/d] = FF/[t (W, + W,)/2]

T4 F ML E ADCq (%) = 100 x (C1-C2)/C1

FEHFEERMA L ADC, (%) = 100 x (P1-P2)/P1

REE RN I3 ADC, (%) = 100 x (E1-E2)/E1
U, NI, NF Fl NR 735 B WA ZEE 2 A R i
A (g), FF A P¥RR A MM T % (mg), Cl
HC2 43 3 R GRS B 9 5 (%), P11 P2
43 ) R DR RN A Hh Y 2 1 5 = (%), E1 A E2 43
S Ay LR S Y BE B (KD g) o
143 AR IIEAT  REEEF AR L £ Y RE Rk
SRERIR ] Warren 45 (1967)42 H 10 B 1 7E AR N 5%
By HAR C=F+U+R+G 5 A=R+G, Hf', C
% B fit (feeding intake energy). F Ay 3&{# fiE (faecal
energy). U MHEMAE(excretion energy)., R AfCiHE
(metabolism energy). G MK HE(growth energy). A
4k e (assimilated energy), THHAT .

BEAE C/kJ =FI x CE

JfHBE F /kJ = FF x FE

HEMBE U /kJ = [(NI-NF-NR) x 17/14] x 24.83

H: K BE G /kJ = W, x CE-W, x CE,

LI 6E R/kJ = C-F-U-G
K, CE Fl FE 430 ik BE 7 it (kJ/g) PN g
i (k)/g), NI, NF F1 NR 43510 WA . FE 08 A
IR EAE A (g), 24.83 5 g AW BE(E (Zhang et al,
2017) (kl/g, RZEBFELHRMY ME A, IREZIEA
1), CE, Fll CE, 43 51|20 S 40 T U A 485 o i) £ 4714 g

i ((kl/g)o
1.5 HESH

BE LA 3 A4~ 5 52 20 4 45 1 25 (Mean+SD)
Fon, K SPSS 26.0 HAF#EAT B R 28T
(one-way ANOVA), Ll Duncan £l 43 Hrdd 0] 22
5, DL P<0.05 1E 25 5 W HEKOF . SR ElH
ML BTl R A K 3 | IRDBHIG AL ROR | eIl L
HRERRXRR, RERHERE

2 #R
2.1 EBENKEF=(EEBILIER. EES L
ESENEM

S , A5l RE AL B P ATRE R R R AR SR T B
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%, WG RN 100%. X K EE B = 51k 4h i
AR . TY . A BB7 . B0 & HE R
TREAERE WSR2, Hd, CF. HSI fil VSI
W Yk T v A 2 B T A A A, 13 "C R CF Al
HSI i, 35 T HA R B 41 (P<0.05),, VST 7E 16 C
e, BEETER 13 CHMYHAb IR 4 (P<0.05);
TEEXT T . A RS TR E R, KR
JR 53 e I g AT 0 35 M5 e (P<0.05), 25 “CHY
JEWT & EAKT 13 °C . 16 CHI 19 ‘CILIRLL(P< 0.05),
HoAZH (] TG B R 22 55 o W S IR I
FHR S, 25 CRVRSr& s 19 CIREfE
SR, R TR 22 CHMYHABEEE41(P< 0.05).

22 BENXEH-FEERE. WEXNHEL
pES:EA )

KEEBE =5 K FR F1 WG ¥R B T 2 e T
JE BRAR A %, Hidr, 19 “C A 22 CHf FR 55,13 C.
16 ‘CHl1 25 ‘CH} FRKTF 19 'C (P<0.05); 19 CH WG
A 3K (62.17£3.10)% , o HoAth 38 B 41 (P<0.05), i
25 CHF WG 12(20.33+4.61)%, ik T HA4H (P<0.05).

SRS EN, Ui E, T, BEMGE
ST AR A ORI R T SR R B U
RIARp e Hrp, 19 CHF SGR ¥ W&, SGR,

16 25 CHHE T HAh2H (P<0.05, n=45) (&l 1A), SGRy.
SGR, fll SGR, 7£ 25 ‘CHl 13 ‘CI ¥ A &2 5, (HAK
FHAbL1(P<0.05) (8l 1B, C. D), SGR,. SGRy. SGR,
Fl SGRAE 16 “CHI 22 CH{¥IIC I & 22 57 3l —ik
[\l 5 1 £ 53 B K22 6F = A5 R4 1 SGR 5l (T) 5%
%#,(120.24+17.20) g ) =A% %) fa 5 fE SGR,, .SGRy.
SGR,, Fl SGR, XJ I i B 735124 18.4°C | 18.7 C .
18.9 ‘CH118.5 C.

BEX KRS = F A EBEL RN

SEEGR S N, DUREL R iR E . THE . &
1 R 1153 04 ek A b 2 34 B i B v A 2 B
JeFt I AR R “U” RIARfE#a%s, 19 CHY FCE
ik B H m T A4 (P<0.05, n=45), il A
(121.82+ 4.63)% . (41.89+2.12)% . (55.03+2.85)% Fll
(34.58+ 1.83)%, 25 CH} FCE, fl FCE, ik THAZH
(P<0.05) (¥l 2A. D), FCE4 Ml FCE, 5 13 CItig &2
5:(E 2B, C), (AL FHALLL(P<0.05), 16 CHI22 C
i} FCE, . FCEq. FCE, Al FCE, [] G #HEE R, *
FA R 1A 2R 20 B RS2 6T = A5k 4h f FCE 5 T A
55, (120.24+17.20) g Y =A% A4h fa i fE FCE,, .
FCEq. FCE, Ml FCE. X} I il B 73514 18.1 °C |
18.6 C. 18.9 ‘CHI 182 C,

2.3

x2 BENKEHS=(EELHEEHKSHZME
Tab. 2 The effect of temperature on the body chemical compositions in triploid turbot juveniles
i H Ttem 13 C 16 C 19 C 22 °C 25 C
JHAA& . HST/% 1.86+0.40° 1.20+0.32° 1.24+0.28° 1.06+0.15 1.03+0.24°
WEMR L VST/% 3.22+0.14% 3.34+0.31° 3.00+0.42% 2.72+0.09% 2.76+0.66
B & CF 1.910.12° 1.69+0.08° 1.77£0.16" 1.56+0.13" 1.53+0.14
T¥ 5t Dry matter/% 21.89+0.85° 22.37+0.76 23.18+0.98° 23.14+0.75° 22.5742.09°
% [ Protein/% 15.61+0.94° 16.50+0.97° 17.00+1.44° 16.85+0.62° 17.54+1.32°
BERY Lipid/% 2.10£0.01%° 2.28+0.16° 2.40+0.27° 2.01+0.33% 1.61+0.60°
K5y Ash/% 3.81+0.18% 3.76+0.29° 3.62+0.24° 4.02+0.22% 4.3140.41°
e Energy/(kl/g) 3.52+0.14% 3.57+0.02% 3.80+0.15¢ 3.65+0.22" 3.38+0.40°

T R A7 AR NG SRR RN R TR A 7E 35 22 57 (P<0.05), T I,

Note: Different lowercase letters in the same row indicate significant differences between groups at different temperatures

with ANOVA analysis (P<0.05). The same below.

=3

BENAEZEF=FEHEHESERIIEERNZN

Tab. 3 The effect of temperature on the feeding rate (FR) and weight gain (WG) in triploid turbot juveniles

i H Item 13°C 16 C 19 C 22 C 25C
HEEZ FR/Y% 0.85+0.01° 0.92+0.02% 1.02+0.06° 0.95+0.04% 0.89+0.01%°
W R WG/% 32.20+3.65° 44.07+1.78¢ 62.17+3.10¢ 38.97+0.92% 20.33+4.61%
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24 BEMAESF=EEAME, HFERMRIHE
&S0k A1)

K EE G = A5 VA HE k2 Bl Vi B T v A S RIS T
E AR, 16 "CHI 19 CAR T HA G B 4H (3 4,
P<0.05); HEZEFREBUALA AR, 25 CHrHESE
RigwEr, T HARE R 4 (P<0.05), 16 ‘CHl 19 ‘C4H
HEZERACT 13 CHI 22 CHL, (HESAREE; TYH
FULE AL B 2R bR R RE i 2R 0 1k R A
13~22 CHfZ S AR E, 76 25 CHRHAK T HAEEH
(P<0.05).

25 REMNKXES=FFEEWRZAIFME

T FE X6 R 22 B = A5 R &y £ 1Y) i U S 45 AL 4
B He ) B AT R B0 (P<0.05), AN [EIEE T ARk
SRR 5. Hob, BERERIRE TS R T R R
FEARAYEES, 19 CHHE &R, 25 CHHRAL; &
K e HHE e n il 17.86%~34.58%, Fifiik B T
BT E R R G, 19 CREAEKRE S R,
HRK 16 CHI22 “CHH, 25 CRHRAL; 2R FiE A

1.6 A
z
X 12r
Q
5
l’lﬁ 0.8
Eul
1
ﬁ 041  y=—0.015x+0.547x —3.895
o R*=0.898,n=45
=
0 1 1 1 J
11 15 19 23 27
1R Temperature/'C
221 C

{

—
oo
T

ERREEKESGR,/(%/d)
-

—
[=]
T

y=—0.02x%+ 0.757x —5.413
R =0.871, n=45

0.6

11 15 19 23 27
15 Temperature/"C

REMY 4.12%~5.57%, 25 C W dx i, Hoft e 5 41 6] 2% &
A HEMEE S ERE LAY 6.61%~9.19%, Bl
TR R RS TR B, 25°CL 13 CHM22°C
HHRMGE &7 e, W A 2 41, 19 CHiE
MRE 5 A ARERE BB RENY 54.69%~67.38%,
i 7 85 T i S SR RS TR B A, 19 CHE i bR
%, 25 CHIRE, 13 °C. 16 “CHI1 22 "C4H e i &1k
225, MBe UL LARIMLRE I LB R i), A= KRR
AL RE ) F 5] 20.95%~38.74%, A K fiE i [RMLRE Y
P91 55 388 7 O R R HG o 18  RE Y L 48] 5 L BE 1Y G
ZAME, 19 CHEAFR A, 25 T/ ARLEHe S
[ RE ) F A5 61.26%~79.05% , FLIFHHE & 1k 5 16
) R AR B8 i [RIAR BB A U915 T 56 R IE I AH S .

3 it
31 EENAEH=FEEERMEAMELRIZIN

0258 AR By, il B SR 5 e LA K M R AR
BRI RGN e B R 22—, S AR KR B Ay
TAE L A7 8 BE A T B 2Z [H] (Viadero, 2005), X

22r B

<) L
$ 1.8 i
2
/7]
M 14F
K
H
1
# 10t
i 3 =—-0.018x2 + 0.662x —4.504
H- R*=0.899, n=45
06 1 1 1 ]
11 15 19 23 27
¥R Temperature/'C
2271

—
oo
T

BRI E A K FSGRY/(%/d)
N

—
(=]
T

y=-0.021x>+ 0.768x —5.232
R?=0.903,n=45

0.6

11 15 19 23 27
V5L E Temperature/'C

Bl REEEE = AR 4h fa e e A KR SR R

Fig.1

The relationship between specific growth rates (SGR) and temperatures in triploid turbot juveniles
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2 O
K =
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= 80r S 307
& &
= z
£ = =— 2. —
B4l »=-13350+48.42x-323.92 B g0l YT TORH L 14 781958
B R*=0955,n=45 ik o
0 L 1 1 J 10 1 1 Il J
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G Temperature/C {5 JE Temperature/C
601 C § 407 D
S *
[} 45 = 30+
O e @)
v =
& R
& 30 ﬁ 20+
i y=-0.512x*+ 19.368x —132.63 &
o R2=0.874,n=145 = y=—0.326x>+ 11.884x —75.46
= Jicy R2=0.945,n=45
aq 15+ I 101
B &
O 1 1 1 J 0 1 1 1 ]
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I Temperature/'C 1R Temperature/’C
K2 RZE6F = A5 A4t fmpR L AL BOR S5 IR BE I &R

Fig.2 The relationship between feed conversion efficiencies (FCE) and temperatures in triploid turbot juveniles

x4 BRENKEF=FEYHENHME, HEEZDRRUWHELE
Tab.4 The effect of temperature on nitrogenous excretion (U), faecal production (f) and apparent
digestibility coefficients (ADC) in triploid turbot juveniles

T [ Item 13 °C 16 C 19 C 22°C 25°C
HEM R w/[(mg/g)/d] 0.51+0.01° 0.42+0.03" 0.42+0.06° 0.51+0.02° 0.51+0.01°
HEZE 2R f/[(mg/g)/d] 0.97+0.03" 0.89+0.01° 0.87+0.15° 1.00+0.07° 1.22+0.03°
T BRI L # ADCy/% 87.75+0.45° 88.80+0.38° 90.25+0.88" 88.20+0.67° 84.4240.15
HHAFWIH LA ADC,/% 96.26£0.17% 96.35+0.06° 96.89+0.83° 96.58+0.08° 95.21+0.38"
B R AMIE L% ADC./% 95.24+0.63% 95.63+0.23° 95.88+0.62° 95.41+0.24% 94.43+0.14%
*5 BEMAZEH=(FEHEHSVZHEIN
Tab.5 The effect of temperature on energy budgets in triploid turbot juveniles
i H Ttem 13 °C 16 °C 19°C 22°C 25°C
B e ¢/ (kI/d) 23.94+0.79 25.02+0.60 30.3420.52 25.98+0.66 21.08+0.11
i BEEBE C IE 20 /%
HKEE G 24.48+1.06° 29.36+1.49° 34.58+1.83¢ 27.26+0.80% 17.86+1.58°
FERE F 4.76+0.63% 4.37+0.23° 4.12+0.62° 4.59+0.24% 5.57+0.14°
HEMBE U 9.03+0.26° 7.56+0.27° 6.61+0.46° 8.47+0.14° 9.19+0.30,
RifEE R 61.73+1.43° 58.71+1.46° 54.69+1.99° 59.69+1.42° 67.38+1.14°
di [FALBE A BYE 43 /%
fRiff6E R 71.60+1.35¢ 66.66=1.68° 61.26£2.12° 68.65+0.78" 79.05+1.75¢
HKEE G 28.40+1.35° 33.34+1.68° 38.74+2.12¢ 31.35+0.78% 20.95+1.75°
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7T 4% 5 (Beamish, 1972; Peres et al, 1999; Amin et al,
2014; Zhang et al, 2017), FEAMFGEH, KEEHE = £k
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M PO AL R K (Bermudes et al, 2010; Xue et al,
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Abstract

The investigation of fish bioenergetics primarily relies on using an energy budget equation

to examine how the allocation of energy and nutrients in their diet impacts their growth rate and

reproductive capabilities. By accurately forecasting the distribution of feeding intake energy towards

growth, fecal excretion, and metabolism within the overall energetic framework of a fish, and considering

diverse physiological factors or ecological influences that affect each aspect of this energetic balance

sheet, scientific discoveries derived from these studies can provide valuable insights for making informed
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decisions regarding optimal dietary choices to enhance fish well-being. Additionally, it aids in refining
rearing management strategies leading to improved feed utilization efficiencies, ultimately resulting in
more sustainable aquaculture practices aimed at minimizing environmental pollution caused by excessive
feeding activities. Temperature affects various physiological processes and growth potential, thereby,
influencing feed requirements and utilization efficiency, which ultimately determine the allocation of
feeding intake energy among growth, fecal, excretory, and metabolic energies. Extensive studies have
been conducted to explore how temperature influences fish growth rates along with their overall energy
budgets. The effects of temperature on the growth and energy budgets in triploid turbot, Scophthalmus
maximus, were investigated in this study by establishing a series of five temperature gradients (13 C,
16 'C, 19°C, 22 C, and 25 C). Measurements of the growth and energy budget allocations were
conducted on large-sized triploid turbot juveniles with mean body weight of (120.24+17.20) g at the
aforementioned temperatures for 49 d. The results indicate that under conditions of salinity 28.6, pH 7.8,
dissolved oxygen content above 7.8 mg/L, light intensity of 300 Ix, and a light period of 16 L : 8 D ratio;
the feeding rates (FR) and weight gain rates (WG) of triploid juveniles initially increased with increasing
temperature before declining, with the peak FR of (1.02+0.06)% and (0.95+0.04)% observed at 19 ‘C and
22 °C, respectively, whereas the highest WG was recorded at 19 C (62.17+3.10)% (P<0.05). The
relationship between specific growth rate (SGR) or feed conversion efficiency (FCE) and temperature,
calculated based on different parameters including wet weight (SGR, and FCEy,), dry weight (SGRq4 and
FCEy), protein content (SGR,, and FCE,,), and energy content (SGR. and FCE,), was observed to follow a
quadratic regression equation. The highest recorded temperature for the SGR values was observed at
19 °C. At 25 °C, the group exhibited significantly reduced levels of SGRs compared to that of other
experimental groups, except for the data recorded at 13 ‘C (P<0.05), where 13 C and 25 'C showed
relatively low SGR values. Additionally, no significant differences were observed in SGR values between
16 C and 22 C. The maximum FCE values were also attained at 19 'C (P<0.05). In contrast, the FCE
values recorded at 13 ‘C and 25 ‘C exhibited considerable reductions when compared to those obtained
from other experimental groups (P<0.05). Regression analysis revealed that the optimal temperatures for
SGRw, SGRd, SGRp, and SGRe were determined as 18.4 °C, 18.7 C, 18.9 “C, and 18.5 “C, respectively,
whereas the temperatures for achieving maximum FCE,, FCEy, FCE,, and FCE. were 18.1 C, 18.6 C,
18.9 C, and 18.2 C, respectively. Additionally, the rates of nitrogenous excretion and fecal production
exhibited an initial decrease followed by an increase with increasing temperature, reaching their highest
levels at 25 ‘C. Dry matter, protein, and energy apparent digestibility coefficients at 25 C were
significantly lower than those observed at other temperatures. The feeding intake energy and growth
energy proportion demonstrated an inverted "U" shape with increasing temperature, reaching its highest
value at 19 C. The allocation of energy in triploid juveniles was primarily dominated by growth and
metabolism energies, whereas the proportion of metabolism energy to feeding intake energy displayed a
"U" shape trend with increasing temperature. The proportion of growth energy to feeding intake energy
ranged from 17.86% to 34.58%, whereas the proportion of fecal energy varied from 4.12% to 5.57%.
Furthermore, the proportion of excretion energy to feeding intake energy ranged from 6.61% to 9.19%,
and metabolism energy accounted for 54.69% to 67.38% of feeding intake energy. The energy budget
equation of triploid turbot juvenile at 19 'C was 100.00 C (feeding intake energy) = 34.58 G (growth
energy) +4.12 F (fecal energy) +6.61 U (excretion energy) +54.69 R (metabolism energy) or 100.00 A
(assimilated energy) = 38.74 G+61.26 R. The triploid turbot juveniles exhibited an energy allocation
pattern characterized by high growth efficiency and low metabolic consumption. Consequently, the
optimal rearing temperature for triploid turbot juveniles with an average weight of 120 g ranged from
18.1-18.9 °C. These findings offer valuable insights into optimizing aquaculture conditions, improving
feed efficiency, and controlling water environment pollution in the context of triploid turbot farming.
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