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LR KA KA A IR ATt
RO g H ] —EFR BB, BARR I
—E WA A0, (B4 R AR AR T AR R R 2,
@ B ETE AR AT

Fe Tk, A TT DA DA O R,
i AT- 1 (Hypophthalmichthys molitrix)F1 i HL [ F H
B MEAL B, XL 23 b HO AT AR K ARTE R
THALTHRE IS, PR i AR 32 BR ] e S A
W 7T45 A B TR AT 0T 1 ) 57 AR P R 5K
HIERAE, JEONOLATT R B E SR S BB AR S .

1 #RERE

1.1 SEIEER

AT T W S5 AT £ 5 $E M ) i AT €8 (. molitrix)
BIRIR T HE R4 E K= 5] 5 MM A RA R E
mifidy. =i H(Artemia)l . L5 5E(Schizochytrium)
HRER i85 (Spirulina) k3 W T R EEF 4K IR 5E A BR
Nl SRR T st iy i i e, AL S K
JEIA ] 7T—9 mm 7 B,
1.2 LIt

S5 843 dph (AR E) 8R4 #, BEHL 73N
24, BHINEE, FANER1000Z, 177570 Lk
FEHL N - 763 dphZ B, P9 AL80AT F 1A 9% 26 1F — 3K,
25 TR AT £ B AT FF 11, 048 $E MR AT £, R T
ARG EER WO S 4EFF . H 3 dphit, BT 4
TR 15, STt 22 AL, 7 = an R (B 1): 6
ZH (HB) 5 ME i 1 8. 22 9 dph, 556 41 (AB) ¥ M 5 4L
(1) <1 L %26 dph, PPk &2 M A% A7 #1529 dph., SEI0
$U 1) 799 2L S A 0 35 e £ D ) 45 M, g H R3O,
B ORI AT f B0 78 e o FEME S5 2h A B P AL R
5 BRI AIE T AT £, 10 AT TE R . R 4y
9 5 H14000—5000 A4N/LMY, % 47 #1200 A4S/
S5 A 8] B K 37K 1/3, PR R 7K i (29.44+0.89)C,
A E>6.0 mg/L, Y6 #i24h, % %(<0.02 mg/L, pH
7.60.5,
1.3 HEEXESHH

FESL 3 F3. 4. 6 A9 dphifE, BURERT 2 f
24h, F£F50 mg/L MS-222¥% W R AL BE . B 4 B

FFfAER (TR B

Age of larvae (days post hatch) 3 4 5 6 7 8 9

AT £ 2 (HB) ATt H. molitrix

H. molitrix
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AT f0.H. molitrix

1 SR A A £ PR B X
Fig. 1 Feeding pattern of mandarin fish larvae throughout the
experiment

WL 330 AT, 302 H T4 Kighs &,
1002 F T 78 A0 B & 1% 43 A7, 20002 H T % s 4 4%
Mro SZFRFIF 1 HASFAT o 0 A2, 8 b Xk DL S %
FE, HAEH M E T 1.5 mL 508 IR EGE R,
T—80°CLRAFAFM -

14 # 2 (WGR). 4§ 8 2E K R (SGR)FI 1775 &
(SR 7 v, 2 (E(A080-1-1) fifi
B (A080-2) fIg U7 B (A054-1-1)F1 JL T Jii il
(A139-1-1)3 P (I 5, 35945 FH m ol Sl i AR 4 T 7%
T 55 BT (4t 1) i i ) b AT R, I D B2 J
T A IR S A R O FE AR A R E B L
TEME. MER, JeFR L1 g mAE T, IO K
B 1A TR, 7E4°C T SJ R R 10% 1) 4L 2 5) 3%
%, 2500 r/min 20 10min, HX_E 3§75 7 57 B 42 18 15 B
BRI 52, % B 004 I 3 K 2 3 660 253
420F1585 nm. B> H 5 FE AL S R 8 AT gk AT
ALY il %, Joks Bt B T 4% % K S (PFA)
i 52 W, T-4°C [ 5E24h. BE S 28 2B K
THZKGEW . AEEEE, YA PL(Leica, RM
2135)iES Y Fr (B S5 um)E k6, 45 2 Mk B35k
TG B E ST HEATHEYR (0, F % 2 B B
(Leica, DM6000) T 11 #8, 55k U1 v B HLIN & SHR %
PRI RN EE )R JE, 8 FHImage pro Plus
6.0FK A& o R B K P A2 R B Ty 48 B 33 28 Ak
()3 ELPE B, SR B 0 R B R BB 17 5,
R JE P R T vty A5 M U S LR
14 pHMNEHFEEFRRD T

5 A, S5 (1) i R W T 46 1 T () i AT £ 5%
100 mg, & T-1.5 mLESOE H, HT SR &
WA R 2 51K FHAOAC (1984) 5 32l 52 P ik 7 1)
BRI ORI HEER. HIRHRR )",
1.5 HRENF

RNAREL  RFITRIzoIENKE AT SRNA
FEHL, Nanodrop#é: Il RNA [ 41 F5 A1 &, B0 1 A st
JE R MIRNA ) 58 B

cDNAS ENFFEIELIE  cDNAEWY
I B g9 T AR R 25 RHE A TR A F] S8R,
BRI S IR AT A prR 77", ok
58 A, i H Illumina NovaSeq 6000 =5 18 & il 7
S BEAT 25150 bp XK 3 .

ERBHES T J5 465 I B E (raw reads)
K H fastp (v0.22.0) ik 383 ity i £z Sk 1R 5 51 R o 2
J7 3, B 43545 5 T & T 5 2 (clean reads), i
ERINSHUEITHISAT2 (v2.0)¥ clean reads 5 1) =
2 FL K 4 (NCBI Accession: GCF_020085105.1)i#4T
o2, @ i 3R 551 5 GO KEGG. Pfam.
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Swiss-ProtFl NR&E £ §% 22 UG e, AT 56 fk D fE v
B o ff FIDESeq2 ik 4 i itk 22 57 ik FE IR, i ik %
1 B ek 2 7% log,FoldChange|>1, HFDR<
0.05, Pt £ Benjamini-Hochberg /5 V£ &% 1E% . %
35 K GO 44 K H topGO (v2.50.0), KEGG
& HE 53 MK H clusterProfiler (v4.6.0).
1.6 LR EEPCRAT

PRI S LI & AR 45 R, SR T SOE R A5
50 I 11 5% B 22 S 5 IR AT Ol ' B PCRIGALE
F PrimeScript RTial 77| & (TaKaRa)# RNA Jx ¥ 5% -
¢DNA, bhrpli3a %, F| H SYBR" Premix Ex
Tag'™ 1 (TaKaRa)ik 7 £, i i+ CFX96 qRT-PCR
KLl % 4t (Bio-Rad, USA)HEAT ¢ 6 5 s A, =R H
2 VNE LR AR Rk B B BT
A TRERE I A PR A 5B GR 1)
1.7 RS

SEIG AITA3 500 FH SPSS 26. 03K {4 3E 1T A 560 St 11,
48 B DLP 2 B hr e 1R (meantSE) R 7R« P<0.051
ERBFE P<OO0INEREE.

2 #£ER

21 SEBEHEMEFENEFRRS

X IR R A S5 ) B HORD AT £ PR AT IR
Sy HTR I, SRS o HRL AR AR 2 R
ThEfr o, Mg AfHEATERER TR
(P<0.05), —FH KA EHEIFLEEERER 2).
2.2 HRFEAEKMERE

HBZL 8 AT 0 ) 4K . SRFISGRYY & 2% = T
ABZH(P<0.05). BARPHAML R E I L EE E
5, (AHBA 4 K ) H g 5 T ABZH0.76 mg; HBA )
SGRHISRZ} & ABZHL [ 1.18111.574%(P<0.05; % 3).
ASEA K B A fa WGRAISGR i 5 2o (B 2),
HBZH 4R 2% 5 T AB4, JLHAE6 dphi, JEH .3 (P<
0.01).
23 WR{FEAEHEEREM

B 5 07 AL R H B 3, HBZHL 1 & A g 9 1 &
JB R P& 5 A A T e e, ABAL BT S B i ke e,
4 dphif HBZH 1) B & H B & 1 2 3 v T ABAL.(P<
0.01); 6 dphfsf ABZH 1) Jif & 1 i vs 14 6 2% = T-HB 4
(P<0.01); ABZH NG 7 lig 3 14 ) A2 A A B 2, 2
% FTFE T B, fE4M16 dphif ABZH %35 & T-HBAH,
{H9 dphif ABZH i Ik T HB4H(P<0.05); ABAJL T
J5R B 9 PR ¥ T HB4L, fE 419 dphif 22 53 B 3%
(P<0.05; A 3).
24 HR{FERIRAIERLALEN

W18 IR 2R 5 R 3R 4FfTR, HBZH 84T 1)

9B K B ELABALK 76 um, M m2kE 5
BE 5B 43 0] 2 3% Lk ABZH #8581 58 um (P<0.05).
HEY] Fr & (B 1), HB4L 718 95 B 45 /) 52 4 .
T AT, bR MR R 12 S HE B R ST, AR Al D,
o s 3 TR K, e o AR K T ABZH 5 - #2164 fir T 6
JEAT /D VRIS, MR M2 H 3G 2, W T8 2B b,
[F) ] 3 B /D ViR 2L, R A P R A /D, 5 )
TFAAE /N

F 1 ELRRAEEEPCRETASIY

Tab. 1 Primers used for Real-time fluorescent quantitative PCR

I Gene 741 Sequence (5—3")
rpll3a TATCCCCCCACCCTATGACA
ACGCCCAAGGAGAGCGAAC
ill7rala CTGATGACATGCTCACTCCCTT
CAGCTTGTATTTGACTGCGATG
cxcll9 TAACGGTATGCCGCCAATC
AACCTTCTCCCCATTCACCA
ccl20a.3 ATCACGCTCCTCACCTTTTGT
GAACCATTTGTGCTTTGTTCCT
tnfb ACACAACCGCACTAGGTGAC
AGGGCCACAACGAGAATGAG
casp7 GAGGAGGGCATGATCTACGG
CGGCAAGCCTGGATGAAGAA
caspl0 GAGGGAAGCGTGTTTGGTG
CAGATGGGATGGAGTCTTTAGC
bcl-2 CTCCAAACAGGGCTACGTGT
CTCCGGTGGACTAAAGTCGG
bax ACCATGGACTACCTCCGAGA
AACGAATATCCTCCCAGCCG

VE @ rpll3a. ribosomal protein L13a, 1% ¥¥ {& & [ L13a;
ill 7rala. interleukin 17 receptor Ala, [/ % 1752 1K Ala; cxcll9.
C-X-C motif chemokine ligand 19, C-X-Cit4 1k X F Bt 44 19;
ccl20a.3. C-C motif chemokine ligand 20a.3, C-Cia ft X 7 fic 44
20a.3; tnfb. tumor necrosis factor beta, [ J& YK FE [K F B; casp?.
caspase-7, - Wt R AT caspl0. caspase-10, e K 4BF10; bel-
2. B-cell lymphoma 2, B Hf itk EL987-225 [ ; bax Bel-2-associated
X protein, Bel-2AH KX H

®2 BEKNEFRS

Tab. 2 The basic nutrient composition

#H 4y Composition (%)  BEAFfH. molitrix X H Artemia
7K 43 Moisture 94.30+0.71 94.15+0.15

K5} Ash 0.43+0.26 1.75+0.05"
FLE Wi Crude lipid 0.77 £0.09 1.40+0.01"
#1£& [ Crude protein 3.72 +0.73 1.63£0.01"

T RN AT B 22 57 2. 35 (P<0.05), **3% R A AT H0d 2
BB (P<0.01); T

Note: * indicates significant differences in the same line
(P<0.05), ** indicates extremely significant differences in the
same line (P<0.01); the same applies below
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25 HFANMF. AEFMIRLER

N7 a0 PR A G S 1 AT
S, XF4. 6819 dphr) P L 8FAT F kAT T L ic e %
Hotr. TERL T 18 MM ISR, 257 i s
YJ1E92.76%A I . #4453 2 ) clean reads 5 i 525 3
DRI ZH R AT B X6, 545 i 14 bE S SR 35 AN T 94.07%
(3R 5), R P e R R m, v T a8 0.
2.6 EREFEMNGOEEN

o 4 (AB) L T £ 41 (HB){E4. 6£19 dph,
) R T 2 J 3R 495, 468F110140; 43 R
W T ZERFER 287, 671484 . ¥ & M B i
B (AB) S i 41 £ 20 (HB) 38274 2 7 R ik JL A
(LS FiE&IF#IT GOEES TR, 2405
i BERs . B 1 A ds R 4 g5 B 8 A O 1 AR Al
FEMCE R 1, 40 A & e AV E IR 515 5 7 S A
KEJED LR . IRl 2 AT 98 FH O 1438 B 0 4%
B, LS A N O . RMA S A Ho A A= )
Y873 100 Jse 2 25 (1] 4FH ] 5)
2.7 EREFAMKEGGCEES

KEGGE £ R iR, 245 LR kD

*®3 AEFOERMNEFEEREEERNZM
Tab. 3 Effect of different initial feeding regimes on the growth
and survival rate of mandarin fish larvae

= fi: £7 £6 28 (HB) H4(AB)
i Item H. molitrix Artemia
WIMHE
Tnitial body weight (mg) 1.11£0.02 1.11£0.02
SR E
Final body weight (mg) 5.84+0.26 5.08+0.37
LALGERIS
Initial length (mm) 5.17+0.09 5.17+0.09
“ARAeEK .
Final length (mm) 8.22+0.10 7.66£0.12
R KR .
Specific growth rate 27.61+0.75 25.18+1.13
(SGR; %/d)
THE R .
Survival rate (SR; %) 68.72+0.32 43.68£0.10
SRS T 22 300 wfr B
2 350 = h4AB /1 22 . | = KihzlAB
3 5300 g
s 30 % ]
$o &0 R sk
F2 2 L0
210 WE
= ob— ' o E5 ol— ,
3 6 9 3 6 9
WEftfE KA AP '
Days post hatch (dph) Days post hatch (dph)

K2 AR B o 5 AR A KR AL
Fig. 2 Changes of WGR and SGR of mandarin fish larvae at
different growth stages

xRN [AAT B8 72 TR R 35 (P<0.01); T[]
** indicates extremely significant differences in the same line
(P<0.01); the same applies below

RESZ A0 B 28 J8ORE TS M i S JAH SR IS
MR . Horh, [RER: . BHIEREMECM
SeAAAH BAR HME Sl v fe 5 il b B 1 A B
BEDNREA 0% SULIAIIS, 2 5% ROREMS = 1 % A1 21 i
495 B NIORE O I E i R A AR . S T IR AT
A L, RN < O] BE S R TE AE, 51 R
BN A A N R IS T e H R (A 6).
2.8 RIESEMMIDATHEXERERIX
2T GOMKEGGE e, fiistt ¥ 245 R
i B B3 R Y R A B O T %5 AR OG0 AE il
B o PRI FRATTIE B 1 #B 7 AT AR I ROREAH R
HH (il 7rala~ cxcll9 ccl20a.3 0 tnfb) FH T AH K
F K (casp7~ caspl0~ bcI2F bax)idt 17 qPCRIGIIE
Z 5 RIERNABRIIH Fill 7rala~ cxcll9~ ccl20a.3
Mtnfb, 7£4—9 dphfilia), ZI e b THE T RERE S
B E RS, HABA WA Rk &5 T
HBZ . 1X 3 W8T 0 15 £ i L 1) 5% R 4] g
SR (P<0.05; I 7)o [FJINH T2 M 9% ) casp7
I fiffF4IHB KN x B141AB

~ 20 A n - 800 ryy .

2 T 2 T
- ;ﬁ 15 = é‘; 600 T
a5 10 .. gD 400
Br = &=

2 5 2 200

& S
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—_
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I s g
lipase (U/g prot)
JUT B
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=
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P 3 AN TR FVARDRE X S5 0 7 A 0 1 R 5
Fig. 3 Effects of different initial feeding regimes on the digestive
enzyme activities of mandarin fish larvae

R4 TRIFF QBRI T 2 5 EHRE RN
Tab. 4 Effects of different initial feeding regimes on intestinal
histomorphology in mandarin fish larvae

Z: ¥ Parameter(um) k7 21 (HB) H41(AB)

H. molitrix Artemia
B EKE -
Intestinal villus length 548+0.06 47220.14
MR E R .
Intestinal villus thickness 144+0.01 152.5x0.01
TRE [ 80+0.02 138+0.04"

Intestinal wall high
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caspl0F bax(P) A %F 32 15 & W 7~ , £4—6 dphif
AB#1 14 5 2 5 T HBAL(P<0.05). X /- AT 1 15
B UG W IE LR AT RE R A T AR bk
SETZ (K 8). LA RIS E Y qPCREE 5 # sk &
HEEAR—F
3 g
3.1 IRMRca R FNEE T & 3 O BRER A K A EIE Y
A

TF 2 6 A KR E AR o R (B R
FEOERL S 7R 4 i 5 08 B M B e A KT
B WiERE RGeS AR LR T
FromAt xS WA AR D9 T DRI 250R, i LA
99 1 T B AN A KIS T A7 f A, AR K2 B —
SERNH o A SORE I AT RE 2 B T8 IR0 A0 5 1
FE TR AT AME LG 2 8 11 A T 7R 1S R, D
ST AEXT 5 Jo R 75 T D TR 7 SR B e R O B
F1HA(3—6 dph). Bl 5 I8 7 i 59 % bE A B,
HHE OSBRI T oA Mt
90 B JE T PR 4H R S i S R R S S TR A
TAEAE LY 22 EE Y, BE— 4543 H73—9 dphf¥ISGR
I, B L ZH A I ) B T A7 2, U
1E£3—6 dphfir B 2 7 {8 3%, 7£7—9 dphlfi B, < Hi4H
SGRELHT WA B[] 7, FH3 8 2 1k 5% 4 £ 25, 7] R
S8 BB AT 55 . FEIE R T, X d14.(43%)

i K T AT £ 2H(69%), ] R H 5 i HUR S FR L
A A R0 X 5 AT IE R B AR
FEAE SR R P2 R — 3
3.2 % 0R g R ANk £ X O HARE (L Th RE A
AN

VLB 1 45 B B R, 4 dphf, 54T 20 B
B A EEIE T2 K A 4065 . ] BE R R 54T
BEOREEESHED S EL 8K 1 12.281%),
HA LR ZH B S A AT 0 5 3 7 R Y, R 2L
S A W R PR R . AH L
N, B EH &L E, 2R R
A, HAMVE RS S & )LT B, B T S A ]
FUFER . 72 JARBT 72 b 3R 30, TF 1 64T £ %
o S AL BE T 59, B 5 R R,
FEIXFIG OL T, MR AT e 22 185 38 o J6R 2 1 g A L
TG 3 U SR TR AN AL AN L AT e A 4T
6 dphitf, p dL 40 (1 e B AT LT e B S 38 v T
fige A7 2H o X PR M i I A — B ARRE IR A
FH 2 B8 v, RO ] B RO T AL R AT AR
J17, AT G AE At SR 5 b A R, 2
TEREE FRAN YA 7 Bl n] VH A0 1 ZE I, JR A 1 B 4
5, AE A KR IR ERARDY . ZE4RN6 dphi), R Ze
() G 07 Il v A N 3 v T AT . IX AT RERH T i
B E B 2 AR TR DT R (HUFA), 68 01 7
B sr b BB Rz, o HUZE Y A B < R

&5 NFHIEREMLLTER

Tab.5 Sequencing data quality and alignment

B it e 2L T A e o R A v T

Llox B LR 20 L 117 51 2

Sample Clean reads (N¢g) Clean bases O30 (%) Mapped reads (Nyg) Ncr/Nur (%)
D4 HB 1 44401406 6567686584 93.10 42364092 95.41
D4 HB 2 47265942 7027272054 93.45 45254066 95.74
D4 HB 3 42899706 6330900282 92.76 41162948 95.95
D4 AB 1 43259214 6418189994 93.11 41249551 95.35
D4 AB 2 41303018 6117569311 93.28 39362884 95.30
D4 AB 3 43610100 6456979546 93.36 41651197 95.51
D6 HB 1 49654836 7283546202 93.38 46884740 94.42
D6 HB 2 44581410 6581283073 93.43 42563073 95.47
D6 HB 3 49164608 7188126277 93.55 47010644 95.62
D6 AB 1 48538140 7118441087 93.42 46164913 95.11
D6 AB 2 43381474 6414913458 93.57 41370795 95.37
D6 AB 3 48543742 7174056395 93.32 46345619 95.47
D9 HB 1 41581162 6208715302 93.45 39655621 95.37
D9 HB 2 41135532 6094502679 93.53 39028744 94.88
D9 HB 3 43012614 6393430160 93.26 40462133 94.07
D9 AB 1 43449392 6404195684 93.51 41253753 94.95
D9 AB 2 43649106 6452477651 93.48 41615211 95.34
D9 AB 3 41085896 6015927817 93.24 39073820 95.10
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2 1 S B LA B — i A AR S R, T e U f L33 i A R B M A £
TR T, I 2 1 A AR KRR 1 S5 A AN EER, SN RAE HoA 2 th A ™ ™
B 2 2 55 BRI, B i LR AT f e 3 33 HBRESTBREERES A THEXBERN

T RMAL R, ORFEFENE . R REE T
8 2 e APAR AR R SR IR, R i TE 5 5 Th RE W] RE 2 Dyt — AR R AR 22 57 51 R 1 7 e S AL,
BT R 1 K R B B AW TS PR AT R AT LR sk L v . 2 e
NRBE, B Fa 2 B 2 f e A AR K R JE[H(DEGs)IGORKEGG & 4R R, 2 5%
R 5 e s A o 2R i B R 985 WA O A 5 08 B o 2, B FRIL-17 15 5l
W B R R TR, (B R KR B % TollFf 3215 ‘5@ . TNF {5 5 i@ % FINF-xB
6T W67 4, X FD R B IME K B A i g iy R SBR[ T S AR T s 1
A5k, AT Bt — R BB R A T 4 FHOGIA S o SR s AL 45 B T 52k, R HX 13
3 I G A G (AR e M 22 S BE IR iR 4T qPCREGIE,

e N 2 L 5 AR T — B (R R, b
ggwﬁiwmm N 1 95 I 16 (49 5400, S 9 A 5% 2 K (il 7rala
£a 468 excll9 ccl20a.3 N nfb) 2 5Tt 5 P B4 FR 22 T = 1
22 | W L sh LT o i B T A 2
% E 200} Horh1 7ralafl v HATMEAY 3R -17 (IL-17)R) 32 14 F

LU S, A BIL-1745 2 0% F IR0, %5 2%
. D6 AB Do AK]'? FEAR R ZRLY . O PHIIERL Cyprinus carpio)
vs_D4_HB vs_D6_HB vs_D9_HB R AR A F BV S B 70 i, SR H

e g [48]
4 (AN s 2L (AB) v, VT 6041 (HIB) ) 25 57 i 36 B B N B R B ZAE T Cxell9 AMICc120a.3
Fig. 4 Differentially expressed genes of feeding Artemia vs feed- e =R A (Chemokine), HEW% /5 0 2 A1 I )

. . e AP ST 49, 50
ing H. molitrix ﬁfiﬁﬂ&ﬁt%[ ]o Tnﬂﬂ’ﬁj‘jﬁéﬁ%, EESE )
35¢
3.0
25 ]
g —
520
<
&
P 1.5H
[
1.0 f
A | I
. RRIRIRIRINININInERIRERIRINIRIRINGD
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
\ )L o ]
At UL 5y 5r 1 IhRE
Biological Cellular Molecular
process component function

K5 ZRIEFKGONHT
Fig. 5 GO analysis of differentially expressed genes

1. 368 3o 440 U 285 PR 7 0 10 [0 U8 40 P 285 PR 5 2. 00 I 2R D e o A B R G B 4 TSR B 3. B TS RIS RO 4. M T A A
5. GEEHAMERZARIGIE; 6. ML AMEFI M AT, 7. A8 B IE; 8. ToNL/r T S B8 IR %8 B2 B s 1 9. 4r il 283 10. E LI )R
st 11 PR R E K T A& E A, 12, REBNE; 13, & IR E A IR 14, BERIETE; 15, R, 16, %L LT,
17 AMEBOE; 18. A1AE /2O FE; 19. BRBRISH; 20. XF HAb A= H By 480 s 82

1. homophilic cell adhesion via plasma membrane adhesion molecules; 2. cell-cell adhesion via plasma-membrane adhesion molecules;
3. regulation of ion transmembrane transport; 4. calcium ion binding; 5. G protein-coupled receptor activity; 6. extracellular matrix struc-
tural constituent; 7. neurotransmitter transport; 8. inorganic molecular entity transmembrane transporter activity; 9. secretory vesicle;
10. oxidoreductase activity, acting on the CH-NH2 group of donors; 11. insulin-like growth factor binding; 12. activation of immune
response; 13. collagen-containing extracellular matrix; 14. hormone activity; 15. immune response; 16. positive regulation of immune
response; 17. complement activation; 18. cytokinetic process; 19. monocarboxylic acid transport; 20. defense response to other organism



7 KRR Y R

2026, 50(3): 032606

S8 A 1 R 47, AR I AR I o 7 T R T 4
PR 5 G R X, A 8 K
P AR IE R (casp7~ caspl O bax){E < HLZH K37
B 7KV 53 T AT fa 2, TP T B bel 275
HIETC IR 35 22 7 o 1K $ s ] MR 1 AT e 2 W0 DA
Caspase Ml Bax yF R M @2, 2 544
AW R R, G AT R T
TN G2 N, 3B TT REIEE RAE SR TSR N T
BB, X SHEY) v 532 B30 R AH B ETHE

3 LTIk, ZEAE R A i HRAE S RS R B B
HA RN . 2R, HIBSHIEmE ¢
LS YR PR K R SRR R AR A 22 5, W]
AESI KRR MBI o B ROAE B A T
TETET i, AT B TE 25 R AN D e A 5, it i 5%
WA BT fe (R A ARG o X AR, FETT A £
Al e R, R 787025 REHAH G R B (R, W]
25 fr b B e AR BN TR A2 1B 15 PR A5 SR, LAY
S o eI R W B v FLAE T FVE R 8 P A

[A] Pi%$2:Gap junction )
ECM =2 & #H H 1 FHIECM-receptor interaction °
i K] 152 & H {ECytokine-cytokine receptor interaction [}
MAPK{Z2# #8MAPK Signaling pathway - ([
IL-17{Z 58 #{1L-17 Signaling pathway ° .
# b K +Chemokine signaling pathway | () P adjust
MR AT - 2 ¥ Fh Apoptosis-multiple species . (1)(8388
PI3K-AktfE 5 i PI3K-Akt signaling pathway [ ) 0600
%{iﬁ]‘:FeI‘I‘OptOSiS r L 0400
TollFE%z A 15 53@ & Toll-like receptor signaling pathway ° 0.200
TNF{E 5 % TNF signaling pathway ° "0
CRIBEHE % A5 5l % C-type lectin receptor signaling pathway L4 Number
FoxOfg 51l % FoxO signaling pathway ° . 4
X 22 %45 Tight junction [ ) ® 63
llgFE#Cellular senescence | ° ® 121
RIEPEN IR Inflammatory bowel disease ° @ 182
NOD#E {5 5l I NOD-like receptor signaling pathway °
THINESZ (415 S E& T cell receptor signaling pathway °
A M- H b Autophagy-other [ ¢
NF-«kB{5-5-1# I NF-kappa B signaling pathway [ ) L e ) ) ) ) )
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Rich factor
Ko ZERILFIKEGGHEMHT
Fig. 6 KEGG enrichment analysis of differentially expressed genes
I EffFasHHB EX] X HZHAB  -o- % HMI/FRNA-seq-HB & #5%2H I/ FRNA-seq-AB
ill7rala cxcll9
1.0 1 1.5 03 10.6
a b
o8t k5
u 2 10 i £ o2 {04
K g 0.6 = &8 =
'H% 5 kol % 'H'Fx{ 5 *% E
=2 04F = [ = 0 k% )
= = 0. = 2 -
_;lgg 10.5 Eg 0.1 - B @ ** 402
= > ol N AR
& - - &
0 ,=| 1 m |_| 1 ,=| 1 @ 0 0 1 1 |;| 1 0
4 6 9 4 6 9
AP i AP e
Days post hatch (dph) Days post hatch (dph)
ccl20a.3 tnfb
0.8 1 1.5 0.10 ¢ 0.15
c d
£ o6l £ 0.08
L 1.0 g 10.10
X & s «) & 0.06 s
S04 **_'_ % RE >
'L = 'L 0.04 =
mE 10.5 mE s 10.05
A ILIS EO~02'—é\T\I\\ﬁ,
0 Le—=u | L |;| L 0 0 |_| L |_| L 1. m 0
4 6 9 4 6 9
PN RPN i
Days post hatch (dph) Days post hatch (dph)
7 AR EAERL G G AR 5GP 5K 1) 5

Fig. 7 Effects of different initial feeding on the expression of genes related to immune response



3 1

LU A 5 B A PR MRS T ST AL T e ) L AE T 8

(1]

(2]

(31

(4]

[5]

CEfF B X X HZIAB e HR4lil)FRNA-seq-HB  -# #&Z )/ FRNA-seq-AB

casp7
0.20 1 1.0
a
=1
2 015} 108
I
X & 106 =
KE010F _x X
E 54 T 104 =
= -
= 05} T @ - @ = 1o
* LN TN AN,
0 - . [ L 0
4 6 9
I AEPN e
Days post hatch (dph)
bcl2
0.3 1 0.6
c
=}
2
ﬂjg 802t 104
(=%
5:5;5 0.1} _ T 0.2
o
* NN ~m (IR
NERE AN NI
4 6 9
AP N
Days post hatch (dph)
Kl 8

LiERSE Uy
Relative expression

FHXT R IR
Relative expression

caspl0
0.20 b 10.8
0.15 10.6
%
0.10 o 104 ¢
=+ =
005} —*_ @ _ o2
Lo N =N MN],
4 6 9
PN i3
Days post hatch (dph)
bax
0.20 1 115
d
0.15
11.0
0.10 E
. i £
- 10.5
0.05 | " H
- I - =
JOARN Al N,
4 6 9
AN A
Days post hatch (dph)

ANTEITT R b TR SR R 2 ik P 5 )

Fig. 8 Effects of different initial feeding on the expression of genes related to apoptosis
(1F3E P BRSO & G FELEDR)
S 3k

Feng H, Peng D, Liang X F, et al. Effect of dietary
hydroxyproline supplementation on Chinese perch
(Siniperca chuatsi) fed with fish meal partially replaced
by fermented soybean meal [J]. Aquaculture, 2022(547):
737454.

Fisheries and Fisheries Administration Bureau of the
Ministry of Agriculture and Rural Affairs, National
Aquatic Technology Promotion Station, China Society of
Fisheries. China Fishery Statistical Yearbook [M].
Beijing: China Agriculture Press, 2024. [ Mk & 4 5 i
b BUE LR, 4 K= R ok, K e
il P O ST AR 4 2024 M. dE5: R ERO
fiAL, 2024.]

Han C, Liu S, Peng S, ef al. Assembly and analysis of
Sinipercidae fish sex chromosomes reveals that a super-
gene drives sex chromosome origin and turnover [J].
Advanced Biotechnology, 2025, 3(2): 17.

Liang X F, Lin X T. Studies on the acclimation of feed-
ing habits of the mandarin fish Siniperca chuatsi [J].
Reservoir Fisheries, 2002, 23(3): 4-5. [(RJBJ7, HR/N 5.
SREVEYIE BT AT (7], KR, 2002, 23(3): 4-5.]
Zhang Q S, Ye CM, Niu Y J, et al. Identification of inter-
action between SCRV-N protein and Sc-c-Myc and its
regulation of glutamine metabolism [J]. Journal of Fishe-
ries of China, 2024, 48(5): 56-64. [TK-AK 3K, M- FUH, 2F 4R
A, & WER R TENE A 5 #e-Myc BAE R A 2Bt

[6]

(7

[8]

9]

[10]

(1]

[12]

BB [J]. K= 253, 2024, 48(5): 56-64.]

Duan Y, Li Q, Huang Z, et al. Stress response of
Siniperca chuatsi to transport stimuli using compound
feed and live bait [J]. Animals, 2025, 15(14): 2154.

Wang Y Y, Liang X F, He S, ef al. The potential use of
Artemia for larval rearing of mandarin fish (Siniperca
chuatsi) [1]. Aquaculture Reports, 2022(25): 101216.

Roo J, Montero D, Raquel Q P, et al. Optimizing Artemia
enrichment: a low DHA/high EPA protocol for enhanced
n-3 LC-HUFA levels to support greater amberjack (Serio-
la dumerili) larval rearing [J]. Aquaculture Nutrition,
2023, 2023(1): 5548991.

Haku¢-Btazowska A, Turkowski K, Czarkowski T K, et
al. Optimizing Eurasian perch production: innovative
aquaculture in earthen ponds using RAS and RAMPS—
economic perspective [J]. Animals, 2024, 14(21): 3100.
Yanes-Roca C, Novakova E, Leclercq E, et al. Pikeperch
(Sander lucioperca) larval rearing optimization: utiliza-
tion of lactic acid bacteria for improving microbiome
diversity and digestive enzyme activity [J]. Frontiers in
Marine Science, 2024(11): 1363522.

Peng D, Liang X F, Wang Y, et al. Introduction of
Artemia nauplii during Chinese perch (Siniperca chuatsi)
first feeding: Effects on larvae growth, survival, gene
expression and activity of critical digestive enzymes [J].
Aquaculture, 2023(573): 739619.

Ma J, Zou A G, Wang X X, et al. Effects of different
enrichment material on the free amino acid in Artemia
nauplii [J]. Marine Fisheries Research, 2012, 33(1): 102-


https://doi.org/10.1007/s44307-025-00068-6
https://doi.org/10.15928/j.1674-3075.2002.03.002 
https://doi.org/10.15928/j.1674-3075.2002.03.002 
https://doi.org/10.11964/jfc.20230614047
https://doi.org/10.11964/jfc.20230614047
https://doi.org/10.11964/jfc.20230614047
https://doi.org/10.11964/jfc.20230614047
https://doi.org/10.3390/ani15142154
https://doi.org/10.3390/ani14213100
https://doi.org/10.3969/j.issn.1000-7075.2012.01.015

KR R

2026, 50(3): 032606

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

108. [, 4l 225, R, 55 AR ALY B pq duik
P9I R A R R A RS (0], LR Rt R 2012,
33(1): 102-108.]

Ma T, Chai Y H, Jia X Y, et al. Effects of three kinds of
feed on relative growth rate and survival rate of Artemia
parthenogentica [J]. Journal of Tianjin Agricultural
University, 2020, 27(4): 62-67. [ &, SEFk, 55 B B,
B N R AR VR X g AR G R K PR B AR A I I [J].
REEAR S BE AR, 2020, 27(4): 62-67.]

Yang X P, Huang X Z, Zhang X P, ef al. A preliminary
study on the morphology and quantity of the oropharyn-
geal cavity taste bulbs of Siniperca chuatsi [J]. Journal of
Huazhong Agricultural University, 1996, 15(4): 365-369.
(757, SRR, SRIIGH, 5. 800 0. R TR A
BB MV [T]. e ARk K 2240, 1996, 15(4):
365-369.]

Zhang X H, SuJ X, Yin M C. The influences of tempera-
ture on the feeding, growth and development oflarval
Siniperca chuatsi [J]. Journal of Fisheries of China, 1999,
23(1): 91-94. [Tk Bede, ZR4n e, B2 AR, A [F) IR 2%
X AT A0 B B AN AR IS (], 7K™ 5441, 1999,
23(1): 91-94.]

Amrullah, Wahidah, Khatimah K, et al. Evaluation of
feed types based on growth performance, survival, hema-
tology, and resistance in Celebes rainbow (Marosantheri-
naladigesi) [J]. Fisheries and Aquatic Sciences, 2023,
26(10): 583-592.

Cheng Z, Yang H, Xu Z, et al. Dietary supplementation
of tributyrin improved the growth, feed utilization and
intestinal histology of grass carp (Ctenopharyngodon
idella) [J]. Aquaculture Nutrition, 2021, 27(6): 2007-
2018.

Liu P, Wang W B, Li C, et al. Liver transcriptome of
largemouth bass (Micropterus samoides) under acute
ammonia nitrogen stress [J]. Acta Hydrobiologica Sinica,
2024, 48(5): 713-724. [X] b, F3CH, 2, &, AR
G BTN ORI SR ) JEE U e SRR AE 23 A ). JKAEZE
YI2AR, 2024, 48(5): 713-724.]

LiYP,Li Y'Y, Cheng P L, ef al. Expression profiles of
housekeeping genes and tissue-specific genes in different
tissues of Chinese sturgeon (Acipenser sinensis) [J].
Animals., 2024, 14(23): 3357.

Grabherr M G, Haas B J, Yassour M, et al. Full-length
transcriptome assembly from RNA-Seq data without a
reference genome [J]. Nature Biotechnology, 2011, 29(7):
644-652.

Ding W, Zhang X, Zhao X, et al. A chromosome-level
genome assembly of the mandarin fish (Siniperca chuatsi)
[J]. Frontiers in Genetics, 2021(12): 671650.

Leng N, Dawson J A, Thomson J A, et al. EBSeq: an
empirical Bayes hierarchical model for inference in RNA-
seq experiments [J]. Bioinformatics, 2013, 29(8): 1035-
1043.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Ostaszewska T, Krajnik K, Adamek-Urbanska D, et al.
Effect of feeding strategy on digestive tract morphology
and physiology of lake whitefish (Coregonus lavaretus)
[J]. Aquaculture, 2018(497): 32-41.

Chen X, Sun C, Dong J, et al. Comparative analysis of the
gut microbiota of mandarin fish (Siniperca chuatsi) feed-
ing on compound diets and live baits [J]. Frontiers in
Genetics, 2022(13): 797420.

Zheng J, Yao Y, Rui Q, et al. Effect of different feeding
regimens on physiological indicators, intestinal transcrip-
tome, and bacterial flora of mandarin fish (Siniperca
chuatsi) [J]. Comparative Biochemistry and Physiology
Part D: Genomics and Proteomics, 2024(52): 101301.
Zhang P, Tan P, Zhang L, et al. A comparative study on
growth performance, body composition, and liver tissue
metabolism rearing on soybean lecithin-enriched Artemia
nauplii and microdiet in rock bream (Oplegnathus fascia-
tus) larvae [J]. 2023(2023):
5545898.

Martinez Soler M, Courtois de Vicose G, Roo Filgueira J,
et al. Effect of HUFA in enriched Artemia on growth
performance, biochemical and fatty acid content, and

Aquaculture Nutrition,

hepatopancreatic features of Penaeus vannamei postlar-
vae from a commercial shrimp hatchery in santa elena,
Ecuador [J]. Aquaculture Nutrition, 2023, 2023(1):
7343070.

Efatpanah I, Falahatkar B, Sajjadi M M, et al. The effect
of feeding with chironomid and Artemia on fatty acids
and amino acids profiles in Persian sturgeon (Acipenser
persicus) larvae [J]. 2024,
2024(1): 6975546.

Sargent J, McEvoy L, Estevez A, et al. Lipid nutrition of

Aquaculture  Nutrition,

marine fish during early development: current status and
future directions [J]. Aquaculture, 1999, 179(1/2/3/4):
217-229.

Mejri S C, Tremblay R, Audet C, et al. Essential fatty
acid requirements in tropical and cold-water marine fish
larvae and juveniles [J]. Frontiers in Marine Science,
2021(8): 680003.

van der Meeren T, Olsen R E, Hamre K, et al. Biochemi-
cal composition of copepods for evaluation of feed qua-
lity in production of juvenile marine fish [J]. Aquaculture,
2008, 274(2/3/4): 375-397.

Aguilera C, Mendoza R, Iracheta I, ef al. Digestive enzy-
matic activity on Tropical gar (Atractosteus tropicus)
larvae fed different diets [J]. Fish Physiology and
Biochemistry, 2012, 38(3): 679-691.

Imentai A, Gilannejad N, Martinez-Rodriguez G, et al.
Effects of first feeding regime on gene expression and
enzyme activity in pikeperch (Sander lucioperca) larvae
[J]. Frontiers in Marine Science, 2022(9): 864536.

Hu Z J, Lu HL, Zhao C Y, ef al. Analysis of the evolu-
tion and promoter function of trypsin genes in mandarin


https://doi.org/10.3969/j.issn.1000-7075.2012.01.015
https://doi.org/10.19640/j.cnki.jtau.2020.04.012
https://doi.org/10.19640/j.cnki.jtau.2020.04.012
https://doi.org/10.19640/j.cnki.jtau.2020.04.012
https://doi.org/10.13300/j.cnki.hnlkxb.1996.04.013 
https://doi.org/10.13300/j.cnki.hnlkxb.1996.04.013 
https://doi.org/10.13300/j.cnki.hnlkxb.1996.04.013 
https://doi.org/10.47853/FAS.2023.e50
https://doi.org/10.1111/anu.13336
https://doi.org/10.7541/2024.2023.0238
https://doi.org/10.7541/2024.2023.0238
https://doi.org/10.7541/2024.2023.0238
https://doi.org/10.3390/ani14233357
https://doi.org/10.1038/nbt.1883
https://doi.org/10.1093/bioinformatics/btt087
https://doi.org/10.1155/2024/6975546
https://doi.org/10.1007/s10695-011-9550-8
https://doi.org/10.1007/s10695-011-9550-8

3 1

LU A 5 B A PR MRS T ST AL T e ) L AE T 10

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

fish (Siniperca chuatsi) [J]. Journal of Fishery Sciences of

China, 2024, 31(5): 524-536. [WA 12, 5% 5%, R,
5. R R R DA BEAL KR BT D RE AT [0, P K
PR, 2024, 31(5): 524-536.]

Garcia-Meilan I, Herrera-Mufioz J 1, Ordofiez-Grande B,
et al. Growth performance, digestive enzyme activities,
and oxidative stress markers in the proximal intestine of
European sea bass (Dicentrarchus labrax) fed high starch
or lipid diets [J]. Fishes, 2023, 8(5): 223.

Ma X Y, Tang Z L, Chen S Q, et al. Impacts of early
weaning on survival rate, antioxidant and digestive
enzyme activities, and intestinal microbiota of juvenile

largemouth bass (Micropterus salmoides) [J]. Journal of

Fishery Sciences of China, 2024, 31(4): 403-415. [ 2%
T2, FEEK, R, S5, B B ARDREXS K I R ) i R 77
WA BTN VH 1 B L T T R R R D],
rE KR, 2024, 31(4): 403-415.]

Lopalco P, Lobasso S, Lopes-Dos-Santos R M A, et al.
Lipid profile changes during the development of Artemia
franciscana, from cysts to the first two naupliar stages [J].
Frontiers in Physiology, 2019(9): 1872.

Wang J Y, Zhong K E, Zhang Y, et al. Effects of formu-
lated feed and live bait feeding on digestive function,
immune capacity and intestinal microbial composition of
Siniperca chuatsi [J]. Chinese Journal of Animal Nutri-
tion, 2025, 37(5): 3233-3243. [E# 5, Bh7T )L, TK B, 2.
i & vl Rk 55 3 A 5 R ) S I 5 (Simiperca chuatsi)TE 1L
BURE S fe o KB i E 4 R s [T, ZhE
FRAR, 2025, 37(5): 3233-3243.]

Zhao L, He K, Luo J, et al. Co-modulation of liver genes
and intestinal microbiome of largemouth bass larvae
(Micropterus salmoides) during weaning [J]. Frontiers in
Microbiology, 2020(11): 1332.

Guan H H, Long X B, Ding Y, ef al. Weaning strategy on
survival, growth, intestinal histology, enzyme activity,
and liver transcriptome of juvenile yellowcheek carp
Elopichthys bambusa [J]. Acta Hydrobiologica Sinica,
2024, 48(12): 1980-1992. [ ik, /NI, T ¥, .
RS L A . EK AR S W &
JH U B s AH R s e (D). K AR AR P A A, 2024, 48(12):
1980-1992.]

L C, Yee A. Intestinal redox biology and oxidative stress
[J]. Seminars in Cell & Developmental Biology, 2012,
23(7): 729-737.

Pearce S C, Mani V, Boddicker R L, et al. Heat stress
reduces intestinal barrier integrity and favors intestinal
glucose transport in growing pigs [J]. PLoS One, 2013,

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

8(8): €70215.

Zheng X, Du C, Gao X, et al. Changes in the histology
and digestive enzyme activity during digestive system
development of silver pomfret (Pampus argenteus) [J].
Aquaculture, 2023(577): 739905.

Jiao F, Zhang L, Limbu S M, ef al. A comparison of
digestive strategies for fishes with different feeding
habits: digestive enzyme activities, intestinal morphology,
and gut microbiota [J]. Ecology and Evolution, 2023,
13(9): €10499.

Concei¢do L E C, Aragdo C, Richard N, ef al. Novel
methodologies in marine fish larval nutrition [J]. Fish
Physiology and Biochemistry, 2010, 36(1): 1-16.

Ou W, Guo Z, Pan Y, et al. Advances in the effects of
dietary macronutrients on the gut microbiota of tilapia
(Oreochromis spp.) [J]. Microorganisms, 2024, 12(3):
543.

Zepp J, Wu L, Li X. IL-17 receptor signaling and T
helper 17-mediated autoimmune demyelinating disease
[J]. Trends in Immunology, 2011, 32(5): 232-239.

Li H, Zhang L, Li J, et al. 1dentification, expression and
pro-inflammatory effect of interleukin-17 N in common
carp (Cyprinus carpio L.) [J]. Fish & Shellfish Immuno-
logy,2021(111): 6-15.

Wang Q, Huang F, Duan X, et al. The ER -
CXCL19/CXCR4 - NF«B pathway is critical in mediat-
ing the E2-induced inflammation response in the orange-
spotted grouper (Epinephelus coioides) [J]. The Journal
of Steroid Biochemistry and Molecular Biology,
2021(212): 105926.

Wang Y, Wang W, Chen W, et al. Characterization of
ccl20a. 3 and ccl20l as gene markers for Th17 cell in
turbot [J]. Fish & Shellfish Immunology, 2023(141):
109005.

Li SY, Xiong N X, Li K X, et al. Cloning, expression
and functional characterization of recombinant tumor
necrosis factor al (TNFal) from white crucian carp in gut
immune regulation [J]. International Journal of Biologi-
cal Macromolecules, 2024(254): 127770.

Cory S, Adams J M. The Bcl2 family: regulators of the
cellular life-or-death switch [J]. Nature Reviews Cancer,
2002, 2(9): 647-656.

Slee E A, Harte M T, Kluck R M, et al. Ordering the
cytochrome c-initiated caspase cascade: hierarchical acti-
vation of caspases-2, -3, -6, -7, -8, and-10 in a caspase-9-
dependent manner [J]. The Journal of Cell Biology, 1999,
144(2): 281-292.


https://doi.org/10.3390/fishes8050223
https://doi.org/10.12264/JFSC2023-0351
https://doi.org/10.12264/JFSC2023-0351
https://doi.org/10.12264/JFSC2023-0351
https://doi.org/10.12418/CJAN2025.267
https://doi.org/10.12418/CJAN2025.267
https://doi.org/10.12418/CJAN2025.267
https://doi.org/10.12418/CJAN2025.267
https://doi.org/10.12418/CJAN2025.267
https://doi.org/10.7541/2024.2024.0102
https://doi.org/10.7541/2024.2024.0102
https://doi.org/10.1371/journal.pone.0070215
https://doi.org/10.1002/ece3.10499
https://doi.org/10.1007/s10695-009-9373-z
https://doi.org/10.1007/s10695-009-9373-z
https://doi.org/10.3390/microorganisms12030543
https://doi.org/10.1016/j.it.2011.02.007
https://doi.org/10.1038/nrc883
https://doi.org/10.1083/jcb.144.2.281

1 K E R W% R 2026, 50(3): 032606

COMPARATIVE STUDY ON THE DIGESTIVE FUNCTION OF MANDARIN FISH
(SINIPERCA CHUATSI) FED WITH ARTEMIA AND SILVER CARP FRY AT
THE INITIAL FEEDING STAGE

FENG Jing-Yun', GUO Hui', WANG Jun', TAO Yi-Xi', MIAO Xiao-Min', ZHAI Xu-Liang’,
XUE Yang®, XU Hao', TENG Shu-Jun’, LI Xiao-Jie’ and LI Yun'

(1. Aquaculture Engineering Technology Research Center/Integrative Science Center of Germplasm Creation in Western China
(Chonggqing) Science City/Key Laboratory of Freshwater Fish Reproduction and Development (Ministry of Education),
College of Fisheries, Southwest University, Chongging 400715, China; 2. Chongqing Fisheries Technical
Extension Center, Chongging 400020, China; 3. Agriculture Technical Extension
Center of Tongnan District, Chongqing 402660, China)

Abstract: The characteristic of mandarin fish (Siniperca chuatsi) on live prey during the initial feeding stage poses
challenges to artificial breeding and increases production costs. To evaluate the feasibility of replacing live prey and to
investigate its effects on digestive function, 3 days post-hatch larvae were divided into two groups: a control group
(HB) fed continuously with silver carp larvae, and an experimental group (AB) fed Artemia enriched with
Schizochytrium from 3 to 6 days post-hatch, followed by silver carp larvae until 9 days post-hatch. Despite nutritional
enrichment, the crude protein content of Artemia remained significantly lower than that of silver carp larvae. Growth
performance was impaired in the AB group, with total length, specific growth rate (SGR), and survival rate (SR) all
significantly reduced compared with the HB group. Except for pepsin, the activities of trypsin, lipase, and chitinase
were significantly elevated in the AB group, indicating enhanced digestive stress. Histological examination revealed
exfoliation and disorganization of the intestinal mucosa, shortened villi, and marked thickening of both intestinal walls
and villi in the AB group. Transcriptomic analysis further demonstrated that differentially expressed genes in the AB
group were enriched in immune- and apoptosis-related pathways, including IL-17, Toll-like receptor, TNF, NF-xB, and
apoptosis signaling pathways. qPCR validation confirmed significant upregulation of key genes (ill/7rala, cxcll9,
ccl20a.3, tnfb, casp7, caspl0, and bax), aligning with transcriptomic trends. In conclusion, although nutrient-enriched
Artemia may have short-term potential as an alternative initial diet, it can induce digestive stress and intestinal
responses in mandarin fish larvae, thereby compromising growth and survival. This study provides useful references for
optimizing feeding strategies at the initial stage and evaluating intestinal health in juvenile mandarin fish.

Key words: Initial feeding stage; Artemia; Growth; Digestive function; Larvae of mandarin fish
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Plate I  Effects of different initial feeding regimes on intestinal histomorphology in mandarin fish larvae
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1. Feeding of H. molitrix to the intestines of mandarin fish (400x); 2. Feeding of Arfemia to the intestines of mandarin fish (400x);

EN. epithelial cell nuclei; GC. goblet cell; Mu, Intestinal mucosa; GL. gut lumen
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