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Abstract: In this study, a new type of surface labels was designed and used to mark 770 large yellow
croakers at the age of 18 months for keeping track of feed intake. A 28-day indoor feeding experiment was con-
ducted using a plant protein source based fishmeal free formula feed. The feeding behavior was observed and
recorded using video, while complete feed intake ( FI) and feed efficiency ( FE) data were obtained for 210

large yellow croakers. The results showed that there were huge differences in FI and FE among individuals of
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large yellow croakers. During the experiment, some individuals were active in feeding, with the highest FI
reaching 409 pellets (each pellet weighing 0. 2627 g); and these individuals showed significant weight gain,
with the highest weight gain rate of 43. 77%. On the other hand, some individuals rarely or even did not feed
at all, resulting in negative growth with a maximum weight loss of 30. 3%. Even among individuals with simi-
lar initial body weight and FI, there were extremely significant differences in FE, weight gain rate ( WGR),
and specific growth rate (SGR) (P <0.01). Among the individuals with positive weight gain, the highest FE
was 0. 827 (feed conversion ratio (FCR) of 1.21), while the lowest was only 0. 008 ( FCR of 128. 73). It is
suggested that large yellow croaker has great potential for genetic improvement in both adaptation to fishmeal-
free feeds and feed efficiency.

Keywords: new label; Larmichthys crocea; fishmeal-free feed; individual feed intake; feed efficiency; a-

daptive differences
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Ke s (Larmichthys crocea) 3R EFRI & RKIREYERKMIS, 2021 4F KB A E N R &
iK25.42 07 v, WARSEL M HRRIR, RAETTEIKGE S0 185 J7 ¢ 24715 W AR 58 4l A 40k 2R 1
BCa e, RAETEE20 7 ¢ L Bfoky, ik, B NBFSEE AR ok R B IR R OB R R i A
FRFR TYF20E 27, ek A B 5 0 P AR % SRanT, i faok AR A 5 1)
R M A AF A — SB[, AT SO A LR M A AR N ORI 5% AN 10% Ry £l
WA R R B L 610 J, ZIEC 10% B b PR A 7716 % . ARIRE frre e B KA R
FRTIEHARSTEA (P<0.05), FREABEN 5% LR 10% EF A BH B R R L (feed
conversion ratio, FCR) W3 m TIEW MM & EL (P <0.05), 7R HAM PP 2 0 o B AL 5E
WAFAESL Y 1) 8T, A5 A B 48 - | Wb RO e TR SRR AR R A
RUOTAE ORI R AR 1 PR

TAIRISCE (feed efficiency, FE) JEShWIFFHAE =P — M HEEN S, SHEBECRBRAY
ARG, TR R A A AR B D 1 iRk RE SR B S R AR R BT DR K B £ TR A
A 50% £ 2 70% LAt PRI TT e B ARDRI SR M bR A 38 1% g R A SCEE I, T X ) AR 288 4 g
ST R AL R SR, X SRR o R T A ) R B e A R T A LS, 8 T R T I R
7263 ~71 dfi, FHAENMHAERKZRIEFNE, 25 RKNEE 467 5, R/DRWA 2.28 75,
b I AN [v) A% JC 0B T 0 i AR PR I 1 2 S AR K, Al T i RN T T AR I, R
BEN & MA R IR B R . RST8] (k2 AH T4 FH AT RE S OB I R, X nT A
B SRR AR SR AR 0 B 25 RAFAE E R 25 5, B AR TR oK, TEREIAR R S50 T I
S AR B USRI ME 2 JUR i R A S )t A ) 55 1 A AR ) B BT oA i
R AR A B N A, HXRR AR T BB A R TP . Grima 5l Schol-
tens 557 ARG ZE D RHIORL O X EBURE ARG, B XGRS fadk, AR B AR R 1R
i, HX A RESUUE AR B T A AR &, A —Fh 5 e B SN s AR H R &
B, De Verdal %525 44 BRI 00 T-bar FRATESHE IR B ( Oreohromis niloticus) 98}
PERALA LU B X A AMAR H Y, FRE SR EOC s MAR R, Bl THEHGAR, S8
MR UBBRITE 10 ~20 & o XTERPUBLRY A 7 S e th R & HT, 75 & SR 1 R B b L) 1ok
ERIRIR e A NP S L N % NIUE o=

ABFFEBHE T —FoR BUA RIS, FHFARERRIC 770 8 18 H i Kufh, 7= A 728 d &
TR VR SRR SR 5000, S B0 s W SR BB 0L, S5O TERE SR A5/ T L B fa 24>
S SRR S s I R I T i RO A A 2 11 JUIC 6 Tt B ) i PR 4
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1.1 fEartsE

VURBEM . ik . SRR . FEADHEREC i EEE AR, U ) . K
RERR AR BT e EERR MR TR R R R E IR KT LR 1, ARk H A M T S R R
AHBRA A, R A H B EARZ 8 mm, K24 mm B FEIREE R AL R, AT 20 2 H
T2 28 A IR R e, RBRN T 5a8 i ad A ep A R 00k, (o A 248 P I IR/ N AT R ) —
., G S FEHLIBORE 200 KL, FRS® RFFRE, HHEK0.2627 ¢, ZBFFRE (C.V.) 50.054, 0
T SR K WG il 2 Y, LA 3kt G S0 45 A KR (R AR R W 4R

1 FAHRGEANSHEDESRANARREFKE (FHRERM)

Tab.1 Composition and nutrient level of pure plant protein source feed used in this study (dry matter basis)

Moy TR /% Moy T /% Moy T’ /%
ity fige P B4 5.00 il ORI ) 8.00 Y KRS Ak 1.00
TEAEDE 9.00 HALARTR (60% ) 0.20 e TR TR A DR 1.00
EAREFH 15. 00 PNl 3.00 YA 0.10
I 4.00 TR 0.30 5 7 T 15.85
RS 35.00 HHER 0.55 WiR A4 2.00
Kax 9.55 HEA 40. 00 LB 11.93

1.2 XHERHEER

FRAH ST 2022 4 7—8 HAEWLAA K7™ SR A 58 i ] Sk SR fE A7, Seaefa sy 18 i R BT
i, RE A NI IX A IS IR, KR IIEE 7 d 5, PRRBIARTUIE R | R ICA 770 AR J9 2
Ffh, REJEREIN 150 ~300 g, T (207.54 £34.39) g, FEHAK (24.35 £1.54) em, KFSLEfa
EFFAT 1 U512 m’ (8 mx4mx1.6m) WKFEKIEH, BRHK—K, HKEEH100%, [F
BHE VR RE IR S 1 IR, 24 h ANEBr AR, R OREE 78 2 A &, 3 A 5250 0T (Rl 7K I
28.6 ~31.2 °C, Vg/KERAE 28 ~30,
1.3 &aNMEERiEFZE

e R, A, e, BErMEEIE Pve B8R (JBEZ40.2 mm, A2 15 mm) [E
HBTHAAECT (0 ~9) HMMETFEIR, A THETIX5r, H%ESCFRT, F, KIREEF 1, 2,9, [
BPEE Pk 58 . R4 R) T RIEE (K BEZY 30 ~40 mm) VRN EPRZE AR KL

00600000000
0060000000

B1 AHAREANEBEEERRHEREFERGE  IFEREMEEI & EARKE
Fig. 1 The oval plastic labels and T —shaped plastic tag—pin used in this study and the state fixed to the fish
Kutta T HMRE G, CHEmnAE (w,) MEEK (L), FH Avery Dennison Mark 111
RIFH AR AN TR B 2 AT SRR 28 70 5ol [ 2 76 K B A0 5 T S i P A SR LR v, XA
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BARE) 3 B 10 DNECE/ TR R IR WA TS, —3 900 R G, RS S N —A
4 QB (WAR2), JKPe 770 BORE ol TR B R T Al G, R R kel DLl
PO, TESIAREENS, TEFRZRYBEET BIRIRELE: R PO LIRS 11 1R,

K2 AHARPERAMNEERIFZEGEHS (T6])

Tab.2 Fish body marking system number used in this study ( example)

5 PRag iRt R h= brgs kg
1 Ze i 034 E T 0001 6 AN PP SR ] 1625
2 A W04 4L F 0012 7 Ao 846 2806
3 iRy A Y SR oK 0023 8 YRR SR AN 2517
4 AN Y SRy A\ 1100 9 Ao 8 KA K 2929
5 f 4L F A 404 1214 10 64l F 2612

VLT 4 (ifeh, 225 1 S5 3 i UR AL S A (R ) b B, B 4T R 3 AP0 BT
H0.1 2 25 2 A 55 4 R R A SRR ERECTE

1.4 NMEBEREMNNESEARNSENITE

MR Wang 457 FORFSE , DURACER 1 85 B B AR MR | AR B RCR AR T B
SN, TSI R R A A AR R S ARRHC R, T S I £ T P T fOR DR, MR AT,
X SEE A HEATOURRAL R S d, SERORT, K ER TR EHE (0.8 m x0.6 m) FT B Ik Bl in
RHER, TEBEEHE Y I b % B BR ML (Alpha 7S T 4 i 07 0™ BCASAHAL, 120 Wi 4K 55 4
(QFHD; 3840 PI x2160 PI)), ¥Ap— kiRt B skl Tk, RAANTHRE, KX EF (8. 30—
10: 30) #MR—&, ERAAEEE, BRGHRIE, 2K AE BN h 8% B B, 15 A R A
BN PR EREBOR B, DA TR R R BB i U B A AT T A2 B 20 BT Y Kinovea
0.9.5 ¥4 (https: //www. kinovea. org/ ), MRS g 2t ol (5529 R) Ji, Bscmtaeies BT &
Wy RRIE, FRRFRIREE (W) FIHEARE (L), IR RS e v, BB iE AL T
ARG P 5

AR TN AR R ST AT T 28 d, LR AMEER F, (0 g) FWEEZCR FAITE
N

WEh F, = R 28 d PHEEALRRIERL BB x LR Y
FRECRF, = (W, - W,)/ F,,

2 #R
2.1 AEANMEHEBERER

ST HAE], SO BRI TE B SLURLE R 2 MOPRES A SRR B B4 258 S, BIARIC SRR
FRHA33.5% . %258 BAMAEY, R 210 B2 588, SEEEN4130 ¢, 148 BAKREAK
AR, BAEEWE, S 588 M AREE L Fl 207 28.57% ~64.29% Z i), Btk AHE
AR Z Ah, HAb AR SR E 20 WMR K, 210 BRKEMFHS S5HMERE (HE) X
14.29 ¥, HIGRME (19 ) 28 d #8235 THE, A 20 B/ SE ) ot HAg i 1 ke
B, AR SRR M H e a2 T AR, B ampEEIbrE 1 b (0.2627 g) F| 409 Hi
(107.4443 ¢) zZ[A), HEEEmRHEM 1RF] 21 B (5.5167 g) A%, MK H SRR R
B3k 66.29% (WFE3), 2 Bosih 210 B RA 88 IC RO i i) ik (R B 5 AR B SC e 0 4k
P REHERLEE, IO, ST R R R AR e 20 5 HAMEKN (KE) BHESHEAR
K, WHAEFH 200 ¢ Z4 K, HEERZIIA 409 Rk, f A 1k,
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Tab.3 Summary statistics of 210 individuals feed intake at each measured meal

e AR Z5EE THEeE ReEER REEER %‘%‘ﬁ% BERTR RN
/g A/ B /g /g /g i /%

1 47. 866 60 0.798 3.682 0.263 0.767 96. 156
2 73.114 71 1.030 3.419 0.263 0.785 76. 222
3 89. 683 95 0. 944 3.156 0.263 0. 683 72.393
4 94. 680 98 0. 966 3.419 0.263 0.751 71.764
5 115. 457 100 1.155 4.997 0.263 0. 882 76. 405
6 122. 558 92 1.332 3. 682 0.263 0. 908 68. 127
7 146. 228 103 1. 420 3.419 0.263 0. 882 62. 113
8 131. 500 88 1. 494 4.997 0.263 0.988 66. 098
9 148. 069 101 1. 466 3.682 0.263 0. 837 57.089
10 191. 464 112 1.710 4.734 0.263 1.030 60. 243
11 184. 626 113 1. 634 4.997 0.263 0.944 57.776
12 173. 580 113 1.536 3.945 0.263 0.953 62. 051
13 183. 574 110 1. 669 4.734 0.263 0. 980 58.751
14 196. 724 109 1. 805 4.734 0.263 0. 999 55.364
15 180. 418 124 1.455 5.523 0.263 1.031 70. 835
16 179. 892 117 1. 538 4.997 0.263 0.938 61. 000
17 187.782 135 1. 391 4. 471 0.263 0. 967 69. 485
18 178. 840 122 1. 466 4.997 0.263 0.935 63.752
19 144. 124 111 1.298 4.208 0.263 0. 892 68. 678
20 167. 268 115 1.455 4.734 0.263 0. 967 66. 515
21 182. 785 118 1. 549 4.471 0.263 0.917 59.223
22 163. 323 114 1.433 3.419 0.263 0.760 53. 064
23 133. 604 114 1.172 3.419 0.263 0. 826 70. 469
24 169. 635 116 1. 462 4.734 0.263 0.972 66. 463
25 135.971 106 1.283 3.945 0.263 0. 866 67. 540
26 154. 118 113 1. 364 3.945 0.263 0. 852 62.461
27 140. 705 121 1.163 4. 471 0.263 0. 802 68. 957
28 104. 674 100 1.047 3.156 0.263 0. 639 61.023
Bt 147.224 106. 82 1.358 4.217 0.263 0. 884 66. 286

Ui CF R R RS AR A S R S SRR R,

450
400 - = AR L
350
= 250 - . = -
2 200 .. -, = - . e
150 = el BT o ., o3
T B R e S °e® o
& 100 . o T et
50 Roes. T s
0 - = o |=°l°!!|ﬂ£6-°l ool
130.0 150.0 170.0 190.0 210.0 230.0 250.0 270.0 290.0 310.0
Wi 1R g

B2 TRHAE2I0EAZEENRER=ERENKBGEE
Fig. 2 The total feed intake of 210 large yellow croaker and their initial body weight during the experiment
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2.2 AREMEHIEESFERISE

SRR RIAMA R 22 AR R, A 3 i, 210 BABE R RE Mt 85 BIKFEAIER K,
HAMARREN K, WERZMIA88.9 g, WMERNA3. 7% ; KWEHDHRELIE6L6 g, WHER
H-30.3% , WEER (y) SR () BEMEME, KRN, y=0.0045x - 0. 1083, R* =0.7736,
WME 4 FR, MEZRLT O WMARE RS KT 12.87 g; HIEEL/NT 0 MK 32 BIEaE KT
12.87 g; MR 0 BAME (9 B) HEEHIFA—E, XRIKEOAFARIERCITTE Z R FERY
AEEA—E, AU MANIG AR AR & RAT, (HNERAN, R TX—5 (LE4),

HRAE R B AR FA R R RS R, TRNMRRRRSCR, LR Elvy 5577 07k,
BEFR >0 1 85 RAMA M RDEMSCRAE M B AR B 5 i a0 VE DU A543, FEDRFRCRE IS 3 DU 207 5030 I
KA SCHREUE, BT 10 BAME (G080 @ s, fMERISE 1 ok
AN AE SCHARRKE, /33 RImAUEd (H-FE) | PREA (M -FE) FMEB{HLA (S-FE) B
k421 B,

150 705 2r
. 1
0
. 13
100 ’ s e
® % 20
ﬁ ! 4 0.0 g & =
® s L )
S0 -50 |
60 F
L]
=70
=80 F
0 . -0.5 -90
Hah b e RR Pt
B3 20 EXEERRINMMESRABNERE WERMARNE
Fig.3 Feed intake, weight gain ratio and feed efficiency of 210 individual
large yellow croaker during the experiment
0.500
y=0.0045x-0.1083 .
Gt T R=0.7736
0.300
0.200
., 0100 ¢
g 0.000 [
-0.100
-0.200
-0.300
-0.400 : w s ‘ s ‘
0.0 20.0 40.0 60.0 80.0 100.0 120.0

i m/g
B4 BRESMERZANEERASH
Fig.4 Linear regression analysis between feed intake and weight gain rate
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Tab.4 Weight gain and feed efficiency of 12 large yellow croakers with similar initial body weight and feed intake
ARG S LAY GLE N v TR/ R HHG/g SRS (VRS ES
0728 206.7 128 22.7 0.110 0. 675
1410 199.3 106 18.0 0. 090 0. 646
0206 209.6 121 19.4 0.093 0.610
1703 189.3 115 16.7 0. 088 0. 553
0016 203.3 110 5.7 0.028 0. 197
2515 207.8 116 5.9 0.028 0. 194
1606 196. 1 119 4.5 0.023 0. 144
1227 201.9 113 2.9 0.014 0. 098
0303 189.2 121 0.4 0.002 0.013
0311 202.0 102 -0.7 -0.003 -0.026
0400 222.2 108 -3.7 -0.017 -0.130
0111 202.0 108 -5.3 -0.026 -0.187
PSR, H - FE 285003 ik i 0 A 1 3k e
, BEIRRCR H-FE

0.827 (MR Z%1.21), S-FE HMRFERRCR R
J70.008 (fAA}Z %L 128.73), H - FE 41107 1 ikt L6x107
RORIE S —FE U 4.5 1%, 25 20 2 [a] 1) fa) B3R 24 4
TEMR R E 2R (P <0.01),

H-FE4If S - FE A1 F¥Eas, HEgE.
REEM, FrE B KRR ER EER (P <0.05),
mE 6 ~8, £5 Fn: H-FE A FH4EHE (186.8 H-FE
i) ES-FE4 (120.19 k) BY1.54%, HEHHEHE
BYET S -FE 4 HARRE (22.69% ) BHEKT S
~-FE#4 (31.67%); H-FE 4F#H#8E (33.70 g)
JES-FE4A (4.77 g) W71, HEEKE (0.54)
&S- FE#4 (0.08) H6.81f%; H-FE 4 iFHEHE

0.8

0.0

1.2x10%  mEpaes M-FE

iR S-FE

=

LGN, S - FE ZHAY-F- R4 N6 BE 2 T FEAY

B/

M-FE

S-FE

5 HEEBKHXAE N EH
B P RABBENSHERL
Fig.5 Distribution of high, medium and small
feed efficiency in large yellow croaker
with positive body weight growth

0.0023 OFEHAEHFE 120 | 3.1x107 | DR
500 045 WK MFE Ix105 _12x107 | WTERAEMEE
0023 T memMMESEE o W TECK S-FE
400 = 80
=
300
i
& 40
200
100 0 ==
0 H-FE M-FE S-FE
H-FE M-FE S-FE

efficiency individuals of large yellow croaker

B6 FEEEKHAXEEANEF
B RVRANSENEHEEEER
Fig.6 Feed intake of high, medium and small feed

with positive body weight growth
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B PR AR S EA R R E SR
Fig.7 Body weight gain in high, medium and small
feed efficiency individuals of large yellow croaker
with positive body weight gain
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— miPE AR H-FE

sor — {&ii#e%E S-FE
45t
40t
35t
20 30t
MEH 2; L
s
" 20f
o
15}
10}
5 -

%723 45 678 01011 121314151617 18 19 20 21 22 23 24 25 26 27 28
BN
B8 X&#E&EH-FEHAS5 S-FEANMNGCHWBABREER
Fig.8 Daily feed intake of large yellow croaker in H-FE group and S-FE group

®5 AXBEH-FEASS-FEAMMERESERBEXMERB2ESH
Tab.5 Overall analysis of feed intake and growth-related traits of large yellow croaker
in H- FE and S - FE groups

PR el /d FRECE H-FE  RIERRCR S - FE AR R
WA IR E/ ¢ 0 200. 59 207. 80 —
25 NNV 8 233. 88 212.59 1.10
IRERIN/ ¢ 28 33.70 4.77 7.00
WER/g 28 49.13 31. 60 1.50
T bl 28 0.67 0.15 4.50
WK/ % 28 16. 56 2.34 7. 00
FELEKE/ % 28 0.54 0. 08 6.80
WA T35 A i 0 1.42 1.43 —
LRI it B 28 1.51 1.41 1.06

2.3 PRI ERSER KA 0
REIER KRB A, MEMEMRE AR ROR | R, REMI AR A KR E R AR E
(P>0.05), HEt F¥ma, MEvE L HEME B £ 3.55% , WRHEFEZL 2.38% , V25 RE 50K &
7.89% (WF6),
F6 KEEMEANEEERBXERET S

Tab. 6 Statistical analysis of growth-related traits between male and female individuals of large yellow croaker

MR 51 SEHIE Mean = SD Ptk 5 SE-HIE Mean + SD
‘ Q 210. 40 +37.23 Q 8.28 +7.14
YRR/ ¢ HHE R/ %
5 205. 42 +32. 63 3 7.98 +7.54
Q 38.76 +17.70 ‘ Q 0.41 +0.21
Brfrhl/g TR
5 37.86 +17. 33 & 0.38 +0.20
Q 227.63 +41. 88 Q 0.28 +0.22
LR HE/ ¢ FREAE KR/ %
3 222.07 +39.73 5 0.27 £0.24
Q 17.23 £14.76 Q 1.38 0. 63
HE /g FHHBE R ¢
s 16. 64 + 16. 28 3 1.35+0.62
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3 itig
3.1 XFErigAZE

TEREARGR S5 41 F I 5E a2 A e — T R X () T AR, [l Rt A RE 25 22 AR, SRR
W5 FEPE R TSR IR B e, T BAE AR bR B . SRR T T A2 DL LA R
— BRI ANE S Bk, AR — B, —URARIC LA K R ELE R . SR RIRE S
FRICEIS AT RIS/ N (A B B, AP REIGTE R I DR ic A G2 2 BRl L At Uil
MELR s TORERPRICRINE, AR TARCHRE, fKmN AT UL, T EZR, AR
T — R SRR AR T, ORI BORR S RIVERT SR, A HER, PR SR P IR T
MR B A BRI L AT O AR e, IR R R A N A AR A B RN R R OR B
P, AIOM RS R A 2

WRATATIA, AR SCSCRARSAR R REE, (UM 33.5% , TEIFHE/ESCIWIN, FRals 3 Mz
5, BT AARRSS B E AL EAL R D R %, G BRGNP B E N, 185 2k
IR R RSB0, BGlE Ty B, AR IO R S AR LA, [RIRRZE T 28 d, sk
PRRPREE R T 74% (REFGRL) , PN ARGC KIS, AT L5 R K EmE, K
FFREEAG DS, WESBERENE RSN EZEEHN, SaBENmRE, LA ER T TFEM
A EATIT , 22 B0 — s AR (i) S SR 22 0V, R P 58 3 ) B O e ) T I B L AR AR s 25
VR, MAL, ST RIS 3 RS 4 )5, JUHUZE 4 BTSRRI 2 THT2 A, HR4E De Verdal
IR R B B AR RIIFFT, HELSE 10 K 19 & B9 R L LA DI 2 AS RS 0K G S i A ARDRLRIOR |
ARSLE RS 14, 21 F128 RE5\ME MRS RHT Z M BAHCRE (WE9), K 14
KA 28 RIYMHICREH 0.889 (P <0.01), %521 KA 28 RIWHHIECHEE N 0.967 (P <0.01),
5521 KA 28 RITA B EMMERMER S B HETY @ 8 — 3, X RS8R 5 2 21 d LN AT
[, SRR S a0 R 4R e 2 2 SRk 3 A, ARBIRST i HIRR 25 11 52 S AR Rl KR B v, DT R K2 1
PAFAE BRI, AL RN TR TZE W, T aNMRfERE, TEBEX, 4
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