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FRRE 1IE DT UL 48 A B BEAE K, BRI
JULET A3 A FIE AR 2 AR Rl 2 b R4 Y 57
VEF S HARRL RN 2, Bldn . FER K35 50 em (1)
W65 (Oncorhynchus mykiss) W, TR H ULATEG I &
38 B A LR 4 (b 72 S 30 i S AR 3k 50 em J .
JULPA) A A 0 5 B R AR T BT WILEF 4 f AE K 7 56
WER G BE 1 (Centropristis striata) T, )N 0.45 g %)
1 885 g [/, HF B LET 4 B 4% 1 (36 4-0. 87) pm
HOmME (2804 5. 47) pm, M FEHB L 2 000 g A4,
WIFFLEHASE RN 4ES . A et RS R &
FEAMI A=A, T 4G AR 32 2 A Ak 10 A 4y £
SR BEY B #E K PG YRR (Sparus aurata)
B AR AR N 2205, 2 4t b RS B ok
T AE KA A S A A i A5 B B {EL AT 40 £ A B B
SELAAE A Y EEHLH . 78RN 85 ( Dicentrarchus
labrax ), JLET R 3G A= 72 ) L B Be & 45 46 B2 AR
FHAEYS A KA S 0 25 3 AR 9145 1k 3
Ao LA IR R SR BRAE Z 5 .

NI EBES (Trachinotus ovatus )VE M M (Os-
teichthyes) #7 H (Perciformes) 5%} (Carangidae) #i§
% )& (Trachinotus) B —Fh K 28, )73z 70 A T3l
FNE R KR L 244 TR K SR A 2 — . BRIEBRES
N TFF R B, FRIE AR 2 RT3k 500 g%, IR
HY T AR 35 PR )T B T SR R B
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HA TN DA 2T, B AL PR AR A 9T
R EEL, SR, HTA OCH LA A K BB SE A
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SR — I R R 22 S AR, PR AR WE 5 3 A D) R
M HE Jefa IR 855 G020 0 MRS RS R 20~50 d
BHHB LA & B AT TIR9E. DHoe gl R A i
WA B ILIA 7 1 B8 Rl

1R ik
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o, BRI I BE L E B 30 B8 A R A7 A K | A B A
IR, BN TR TR 0 a5 44N
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TR i B A B R AT R VI IT 40 R CReAS B P 18
HAE KA TEMEAA B S0 =K A . GItar, LLGR
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0T ) RS =R A LR P Y A R LA 4k 2R 47
Geit (WL 2A) [R5 45 A I3 B LT R AE K
T AR AR T AR, TR IE T B RS I R — 7
B IS LA 4 T R RN /N B R BT T HES e i
A —RHH 2 LA 4R E n AR AS G it i)
W /NBIR LA e AR 8 2 th B9 56 1~n S LEF 4
FUE N B WLET 4, 255 WLET 48 007 15 4 H 15 31 3
AL TETRR, 3z A X 6 o e AR 2 1 A T AR, AT A% 21 AT
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LYEE B AR EAR  Se i 20 B s i Graphpad
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2% 15 B2, IF X g Bt A R AR S R BT R A T
T 2H5 5 20 F1 30 d B BRIE BRI /N, FRATTALFR
TR B T 2 R R O ARG i A A, G
FHIE RS2 K5 5 20~50 d R AR S8 FA i & 1
FHOCHHE W22 1 TR, BiE RE 340, B Y 88 65 1) (&
K R TE AR BT R A BT . e AR K AR KA
(0.560.07) cm BEHNF] (2. 71 £ 0. 14) cm, 1A 58 th
(0. 1940. 04) cm 4 71 %] (0. 99 £ 0. 03) em, 4K 5 2
0.02 g HEANF] (0. 44 £ 0. 06) g; P 4= K 2H 7K K i

(0.90+0.07) cm M F) (3.12 4 0.17) cm; 7K 55 H
(0.340.00) cm H#EHIFE] (1. 13+0.06) cm; /A& & H
0.02 g #HNF] (0. 6040.06) g, Fit4rbras %ﬁnlﬁl 1

i 3 F 2K G 20~50 d (U R e540 0, Heds B

A R 48

AR AL A FIATE iﬁﬁ*&ﬁ%?_#

(LE 1T AR B s iR EER I 2E AW B, 25
40 d K2 JE . o TR EFENZESLE 1 O,

Eg
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X ARLIE

M%7 4y i A 30 A R PR R L HL TR —
BER R 22K

Fx1 IREEBLHEREAZER 20~50 d £KEIRE X EIE
Table 1  Growth traits related data of 20~50 days post fertilization in juvenile T. ovatus
4G % IEPN (SN N ENGiE
2H %] Group o )
Days post fertilization/d Body length/cm Body width/cm Body mass/g
20 0.56=+0. 07 0.19=0. 04 0.02=+£0. 00
30 1.1640. 17 0.3940. 04 0. 05=+0. 00
e KAl 35 1. 6040. 08 0.59-0. 02 0.11+0. 01
Rapid growth group 40 1. 9420. 05 0.7740. 55 0. 1440, 01
45 2.23+0. 14 0. 8640. 06 0.30+0. 02
50 2.71+0. 14 0.99-0. 03 0. 44+0. 06
20 0.90+0. 07 0. 30=£0. 00 0.02=+0. 00
30 1.46+0. 06 0. 50=£0. 00 0. 05=£0. 00
L] 35 1.86-20. 08 0. 7140, 06 0. 1340, 00
Slow growth group 40 2.2340.13 0.9340. 04 0.1740.01
45 2.62+0. 16 1. 0540. 09 0.36+0. 03
50 3.12+0. 17 1. 1340. 06 0. 60+0. 06
4q A 1.5 i 0.87
w54 K4 Slow growth group ol 1R K SO [ 3 A 1G4 Slow growth group
Pei A K41 Fast growth group g p— EEZ__J&QZ&H IE:,(;:Vg%:,?N‘T}tlhg%;T;p . et Ak K41 Fast growth group  "BE5°
g seolot l_l g g T on r
239 2 ok 20.64
? seolok =10 ]
2 fofolox = i g ke
L z i~ 2
27 sk 2 . I‘if 20.44
e . -
m sefokok M54 « i
- e} =
0_
2030 35 40 45 50 200 30 35 40 45 50 20 30 35 40 45 50

2K J5 i} [E] Time post fertilization/d

FEF 2R EhriE2E (n=15)
A1
Fig. 1

Z K5 J5 i} 6] Time post fertilization/d

Vertical bars represent the mean®SD (n=
YN SR ES 4 0 iSRG S 20~50 d 18

Statistics of growth traits of rapid growth group and slow growth group at 20~50 days post

2K J5 i} [E] Time post fertilization/d

15). % P<T0. 05,%%x P < 0. 001, #xxx P < 0.000 1.)

fertilization during juvenile stage of T. ovarus
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R
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C) s ZHE G 40 F1 50 d GRIEERES[R]— LA 9 B LET 4L
FUE— 20 38 22, R T ARG O LT 248 f) A8 o 1

(WL 2D 1 E) s TEZ A 5 50 d I ORIE R 6% rha] Wi 2¢ 3|
W 44 2 A B IMILER 4 (ILIET 2ED

B.20d

(A, DWIEERESY) A B AT 4S8 X35 B—E. 52K )5 20.30.40 M1 50 d fa LA VIR B R . BAOSLELHETREY A 0L 8, 4 AL LR ENLT 4580
YO L 4o AR LARiE ECL X, #8R =25 pum, A. The position of the sliced and the statistical area of T. owatus muscle fibers, B—E. The cross-section

diagram of muscle fibers of 20, 30, 40 and 50 days post fertilization. The black solid line marks the position of slice. The red solid line marks the statisti-

cal range of muscle fibers. The red dashed line marks the ECL region. Scale bar=25 pm. )
F 2 BIEEEIS 2RSS 20~50 d WLETF4ERELIE

Fig. 2 The cross-section diagram of muscle fibers of 20~50 days post fertilization of T. ovatus

2.3 G EREs 4 S I HA AL AT 4E S i AT
FEIIIE SR 652 K5 5 20~50 d BRI 83, 43
e A8 A KA A R AT U] AL B AR
JE I G — 7 B WL 2A LA SCEREAR T SE 1 T4 IR,
G LT AE % H B FLE AR DT 530 1> ik
S ULET A AE R T AR AR AR . HR S SE TR dn R
2 Jr7Rs B RR < BEAE R 0 , BRI 8 65 LT 2k
EE B NIV INERESTR S N < E N EN W NTTE AL -
B2 TR, HARTE 2 A KA P LT 4%

H (67, 50 14. 50) Z&3E fin 3 (123. 72 £22. 07) 2%, L
Y AR (2. 4740.91) pm BIMF(7. 7040, 51) pm,
WLEF 4 510 FR 1 (319.54 &+ 157.53) pm® 3 i )
(5 492.03+264.99) pm’, PREE KA Fr, PLEF 4k %K
H (91, 67+9. 10) 234N %) (189. 33+19. 55) 2%, WLEF
Y AR (3. 8540.32) pm BEHNF] (10. 86 £0. 78) pm,
WLEF 4k i AR (1 137. 45 4 280. 52) pm® 34 fin 5]
(21 604.03£2 937.60) pum”,

®2 IMEREEY EREIZREE 20~50 d ILEFHESITIE X B

Table 2 Statistical data of 20~50 days post fertilization muscle fibers in juvenile T. ovatus

G0 2 PN WL 4 2 JLET 4 FA2® JULET 4 i i AR Ha g AL JIEK AL
/d /pm /pm’ /pm’? /pm?
20 67.50+14. 50 2.47=+0.91 319. 544-157. 53
30 86.33+4. 67 4, 2740. 36 1 325.79+£303. 58 24.3243.61 865. 41+279. 26
35 91.00+£8. 33 5.41=£0. 35 2 921.234378. 11 10.51=£1. 50 1 575. 94+370. 61
te K 40 97.83419. 50 5.82+0.12 3 065.49463. 23 43. 8740. 45 656. 894-106. 27
45 117.50+£6. 83 6.59+1.03 3 537.55498. 09 97. 29454, 87 374.77+43. 21
50 123.72+22. 07 7.70+0. 51 5 492. 034264. 99 55.03£2.99 1 899. 45+293. 02
20 91. 67%9. 10 3.85%0. 32 1 137. 45+280. 52
30 101. 61+£19. 39 5.86+1. 39 3 333.96+751. 82 81.36417.53 2 114.89£755. 27
oA e 41® 35 136. 75+21. 25 7.934+0. 85 8 690. 134550. 79 425. 344150. 57 4 930. 834400. 22
40 184, 00£15. 15 9.17+0.44 16 538.7243 870.66 751.57+77.16 7 097.034481. 68
45 189. 33419. 55 10.86+0.78 21 604. 0342 937. 60 19.76+1. 14 5 045. 56646, 27

1 : OGroup; @Days after fertilization; @ Yotal number of muscle fibers; @Diameter; ® Total area of muscle fibers; © Area of hyperplasia; @ Area of hy-

pertrophy; ®Slow growth group; @Rapid growth group.
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R T ¥R 5T 6] — B 0 O R B 65 R 7R 25 S 45K 1Y
B ASHFFE X 20 5 20~45 d BRI R 65 40 fa [y B 64T
PR A A A I AR K A WL A AR Ak ) S 2
Mr. Z5RAE 3 Fros, DB BR 65 7E 246 J5 20 #1 30 d,

A

2509 w15 9407 (<2 Slow growth group
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23
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f»? 100
aﬁj
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W5 J5 I 5] Time post fertilization/d
FEFFRRPHMEEFREZE R = 3),
Bl 3 BRI ERASL) A BRI 20~45 d Pk

PR AR 2 2 [ Y LT 4 X 3 A T U G
ZE5 .M HZHGA 35 d IFIA . B T R, HoE
SR SURTE RPN I EP =S SUE [/ S TE

o B

g. 300009 w15 5 4 4 41 Slow growth group

§ ek A K 41 Fast growth group "ﬁl
N sokokk
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= * %

= 10000
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2K )5 B [A] Time post fertilization/d

Vertical bars represent the mean®SD (n =3). #% P < 0. 01,#%x% P < 0,000 1)

A K4 RS

A R WLET % H ANLET 2 S i LA

Fig. 3 Analysis of the number and total area of muscle fibers in rap1d growth group and slow growth group during

the 20~45 days post fertilization of T. ovatus

PEISZHG G 20~45 d PR Az K2 A A 4 2 Y
Ayt R AR ARARFILET HEAR S Bt & IR
P ARG AT i . SR ANIE 4 FroR 32 RGJE 30 d BB
TEBRSS AR FIILET 4E B AR RAR S B K e % . T
A

w547 K Original length
FHAXTHE N4 B Relative increased length

0 I—I—I—IJ
20 35 40 45

Z K Jri B8] Time post fertilization/d

3 -

[\S]
1

A4 Body length/cm
n

B
_ w5 K Original length
AHXTH i 1K BE Relative increased length

6 -
4 =
2 -
0 -
20 30 35 40 45

A )5 i [E] Time post fertilization/d

B FF R TG ATHEL (n = 3),
K4 DNBEE#S

JLEF 4 B 4% Fiber diameter/um

WLET 4 51 X Total fiber area/um’

LA 455 5 AR R ARG 38 i 8 76 32 K I 20~40 d
PRI T E IR 2GS 40 d IR B0E(E , b5 T
WA N, X RUITEIVIEER 22K 5 30~40 d, H
JULEF 2 52 I — A~ PR e

C

200 = " ..
mmm 55 % H Original number
AR I %L H Relative increased number
N
= 150
E
g
5
=]
= 100+
m
=
&
oy 50 1
=
0-
20 30 35 40 45
Z A5G I [E] Time post fertilization/d
15000 2

w547 X Original area
AR X34 i i FX Relative increased area

10000

5000 -

20 30 35 40 45
Z A5 )G i) Time post fertilization/d

Vertical bars represent the mean+SD (n =3). )

Lt I A 20~45 d A JILER AR FT ULER2 AR ALETR 2 B i AR L i 4

Fig. 4 Trends of body length, number muscle fibers, diameter of muscle fibers, and total muscle fiber

area of T. owvatus juveniles at 20~45 days post fertilization
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SR » VIO T 2 ) g A B 30 1) 39 A TR K
T RS- 58, IR 2 1) T WLET 2 386 A5 IR K 44 1isf
SILPA A AR BTk 2R B UL 5) - 324 J5 30~
50 d BRI R 5 ) ILET 4 NE KO LA AR K B4 ARG B ik B
BIFEALRREAE 90 %6 LA _E, B 5 T WLET i3 A s 7 2
JG 30 ~45 d, WLEF4e 3 = iy sr k>R i 3. 2% b 7 3
10. 5%, B J5 FF U6 T B 31X 3% Bz B Bt BRI 65 % WL 2T 4k
AR R BT

7 w
X 80
=
=
2 60
[
é M4/t Hyperplasia
O 404
M -~ LK Hypertrophy
=
= 90
0 T T T T T 1
30 35 40 45 50 55

%K Ji Bsf 8] Time post fertilization/d

K5 BWIBERESZHE IS 30~50 d WLZF4EAE KN
HE AR LA AR A B DTk %
Fig. 5 Relative contribution of hypertrophic and proliferative to

muscle growth of 30~50 days post fertilization in T. ovatus

3 PHe

H A ILST  2 R 22 B S A B 1) F2 2R ),
FPRR K /IME T RESZ 2B B ILE R BRI L B9
W], A SEFIE Y WLER 4 ROT AR DN 3k Se 2T 4 (1)
BRI BE A K A i R i A SR
SWLER A 3G T IE R 5 R R R ILEF 2 G, PRIk
A WLEF 4 (8 K /N AT 3 7 Ak AS TR] s 309 A AL AT A
K ARSGEE R 20~50 d BB ERES LN A K AT
BRI, BEE KB AT, KGR BN 2.
FEHEHL, T RIS R, b AR TR 1 2% B I B Ry P 18
A2 (8], A A T8 AR BT 7 T A4 A At 3
St B2 AE W] — IRp 30 ) A4 B0 B A B I 25 5. 30 A T
HE KA 7 FH AR T~ B ke T £ % o 288 R 5 2 A 4 i ) K
NFHAOEOT A N AR IR 8 S P AR SR R R B 3 R A
FERE R Ik LS AR K B TR,
{10, B 0 4 £ F B 4 L P AR AR S ILET 4 14 A
KUES RIREAE by /N R 41 28 () LA FE 8 (Poecilia
reticulata) , LA WLAY A K 32 B30 1 B K% 7 L
RIS AE 7 8 A B /K O, R BB 7 WL & B mT DA™=
A WILET 4 1) JIL T A2 200 i B AL A A . I TE g
8 ARAT R AL (1 11 o v, 398 2 ATH AR 2 VR 5 B U AF 3]

LA A K A B LR 2, AR SOt R BB 5 £ B B8 615
LR AR A B 1 58 TR S 17 X — WL s, RIVAE 2 66 )5
20~50 d gl BB, HULA A K 322 DUPLER 2 9 112 R
hF AR B A WLET 2 58 AR . 7R 8 (Arrac-
toscion nobilis) WIBIFFE ot B - Bl A Fa 44 A 186 K L
L YEF- RN 150 pm® 3EANF] 4 300 pm*, KW
NERAEA A b # b b B AR I AR A A 4
A YA ST R D BFEA/N T 91,8 cm B 1
5] 5 B UL 4k 36 A B Ah, FE IR IR 30~
100 d AR FQ-Ffil e, JULET 4 9 BE RN T JILPA AR K Y BT
FR Y I 2 T4 A AEUR B A 0 LT 4E A7 e T4 AR I
ot AR e AR PR A AR

JLET 438 A RIS R AE R A a2 LA A G # v i)
DU S R R B BOR R A BT 22 S BN, 78
WFFEVE TGPl e A8 A LA PP A 3, 1 W8 g A JULET 4 e
7 L K, R W I B B LET 4 9 S 4 i 00 i s {HX
PR Sy et A T TR IR 55, SR ABLIY , e A 0
(Piaractus mesopotamicus) 4 B EL R K E HAE
/NT 20 mm BYLEFZE, X GESE TIZ M BOILAF 4E i A K
(RN PN TR L LT 4§ /R4 = ey i s
50 mm., X B R LR 4 RE R £ 85, A
WHFEh 3, RS B 68 85 4 £ [y B A A & I T RY
WU A AR 4 DUIE KA Ky 3 AB LEF 4385 A= 72N
R B W R —E W25, FSEas RR, 17
ZHhGJE 30~45 d X —Br B, UL ERES JLET 4k 014 4 &
IS S TG R R, ISk, 7R IR B TR — B 3
PR A=A LA A%k B RS i R I 2 KT8
AR, KIHENSZHE 5 30~40 d AR AT RS2 BRI 65 6%
g BB — PR A K TR R JLER SR
A FTRERAE T EHEAE
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Abstract:
large fish achieving indefinite growth through hyperplasia and hypertrophy of muscle fibers. The re-

The regulatory mechanisms of muscle growth in fish vary depending on the species, with

search on muscle growth in Trachinotus ovatus, a fast-growing large economic fish species, is still in-
sufficient. In order to explore it’s developmental pattern of muscle growth, this study conducted histo-
logical observations of muscle tissues in juvenile T. owvatus using paraffin sectioning and HE staining
methods, and statistically analyzed the characteristics of muscle fibers, including fiber number, diame-
ter, and area. The results showed that under the conditions of 25 ~28 °C, the body length of juvenile
T. ovatus increased from (0. 78£0. 17) cm to (2. 9840. 25) em (P<C0. 000 1) between 20~50 days
post fertilization; body width increased from (0. 26 £0. 05) cm to (1. 0440, 08) cm (P <C0. 000 1);
body mass increased from 0. 015 g to (0. 53%0. 10) g (P <C 0. 000 1) ; particularly, a rapid growth peri-
od was observed between 30~40 d. The statistical results of muscle fibers at various stages of juvenile
T. ovatus indicated a significant increase in fiber number and diameter, as well as enlargement of fiber
area, suggesting that hypertrophy is the main mode of muscle growth in juvenile T. ovatus., accompa-
nied by hyperplasia. It is noteworthy that the number of muscle fibers and total fiber area in the fast
growth group of T. ovatus were significantly greater than those in the slow growth group during the
same period, indicating that both hyperplasia and hypertrophy of muscle fibers contribute to the differ-
ences in muscle growth among juvenile fish during the same period. These findings not only deepen our
understanding of the muscle growth mechanism of large economic fish, but also have potential applica-
tion value and theoretical basis for improving muscle yield.

Key words:  Trachinotus ovatus ; juvenile; muscle growth; muscle fibre hyperplasia; muscle fibre hy-
pertrophy
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