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[7] DX ) 5 B 2 AR F TS R 25 R R U 2 [l A
et o IXSEHFTE R, 552 R 2 T Qi n] fiE
X0 IS I BO AT A KA 2 PR AR L,

2188 27 i A1 g Y 7K SR B £ 288 P AT A LR B
BAT M, B B BRAE R s 2 R sk 1
ORI I PR B B AT AT A 2 L, X DS I AT
fAf5R, JE AL 2SI 5-5 60 i R 22 T2 Bl Py A8,
FURT A ERE . P, AWFFETEE & R R 5
PER, Sl XHLEE R DT S A AR SRR
B bR b S-S (e fn 2 B AR OB SE, DA
i e FRAA) T 288 2R 7 S 4 £ (AR R, M TRA
TR ZR T B 5 AT AR LB AR o TR,
A FEMA B Tt — 20 T ISR BT KRR
JECRRIASE 2R, ol A )™ v R 5k £ 5 B0 £ A AR
NG A AR BRI LR K LR, AT 2 = BoA Bk
BAT N IR SRIEAFT

1 #MHEFE

11 gt

FRARSCB T 3 SRR K i S
HBE N 100%, TEMEBRAERE -, KB R
MR, A T E SRS, R
WIFUR LS A il [, B R DL 15% 0 L3 ik,
RIKE 10 B 5 W 11 85% 1585 A R IR . I
WA 70% 1558 R IR I A, J3 w248 FH 41,
FM 41F1 FL 2, SE90i s 3 P08, H-aba 3
HE, L9 DI, BAEREGE N 30 &, 57
FE 56 do SEEFEMRDRE A R AR CHL AR 1 = 55%,
UG =8.0%, HLLF4E=3%).
12 KBABMFEEE

S T FH £ AR R LT AR K T B A
B F), ARl —HE R 2T g ARy tli 4y, S 80 TR 4R
HI, Jel s B TR RS 1 A, e
PR, i S 4 N SR AR L B IS, BEMLIEEUR
INP AT 4 10, (18.6140.05) g HEATFREE, Tl
BUA 9 DFRFEAR N  FESLI R 7 d N, #A5E
fR B, U DUAH R R i g f kb T, DAHERR SC G
a0 N T BB AR AR S (RS . SRR S
B A T [ K R 2 A Y BE I K A Y BT A R
M= N ZEN0), FEAE AR B 80 cm ., AR EAEK 90 cm,

FeE i R PR R SR B AR KRR FRZ R 300 L,
KRAH 55 com, RAPEPRKFRGE, FF7E 775 ]
] 5 K B AR R G 50% 7K 5, it
WEFR AR 7K BT o FR 5 W BR FH H ARG IR, JF
FE I K ARV MR IREE L pH.L EhEE OK T
N 6.5~8.0 mg/L, JKifi Ky 22.2~30.0 ‘C, pH iz [l
R 7.5~8.0, FEFHAKIREREEEFIA 27~29), [FIHT,
R 22 i 2085 4R 07 Sl AR g i 5 ), SR
R 4 WA (7:20, 11:20, 15:20, 19:20), IR
SRR X R BRI, AR A R AT
BRERH, HR4E FH A A S i ol Lok g, it
JH%& FM A1 FL 41 A9 1R R 5
1.3 HRAEEEE4%it

21 6% 7R i 1 F U R R R AT B0, Bk
W2 A Rz Bk AN 2 B — X IR, BRIk S ED (i
Bl 1), #aFEaBdaaiie, A s
AL IR — i i) [B] P R BR 0K

ZEn
bite mark ?f En
; bite mark

Bl 28§ AT Bl B ) ) 2 ENRGE

Fig. 1 Bite marks of juvenile tiger pufter Tukifugu
rubripes after cannibalism

FEH LR, DAL DT AN R B T K T
il Rl TCAT AT A% 4 I MR T FI AR B, 45 H BBt
Bith RS, RO A LT R, R
HALMOARE, JFge AR K B AH 5% 7 A 1 2 B
Bt o SCIREE AT 72 bR TR F AR A RR
Fise, X BN FRAEAR R A A TR, IR
RS, RIEENEOR R R AR IR RS AL
w4t
14 HHAE

TEFEH S A5 R RT 24 h 45 R, A
BEMLICH 10 FEfh, i FHBREER) MS222 (1 : 10000
TRB LG K A R . 7E R 2R FR AL ] 1 mL 7
SHESBUN)S, BFIMEAE 4 Co5F FEESS 3~4 h, R



5514

AR A 3 BR A X 21 R 7 S £ ) 5 ) 37

JAiE B O@ C 836 g, B 10 min)3RA5IMLTE
FeEdh, BT 1.5 mL LEECHEBE L& N, FERATH
PR o A DK R S Bl o A fift 5 A5 R R R i
Kb, BT 2 mL GRAAE TP BVE WA, i
MBI S 7E-80 CUKF N IR AE . HUFELS R A,
BB 2 B E T-20 CukFE PR, HT
LN R PO e e X (YN e 1 S AS IL
SEE SRR, FFi BE A G B RS ] BE AT
15 &S MELIERNE
1.5.1 HEKIEWRITE  FAEF(survival rate, %)=
S0 45 TR A R B/ S 0 T U £A R £ 1000,

1 H K (weight gain, WG, %)=(Z&RIKTE-H)
LR EE )/ IR R HE < 100%;

e A4 R (specific growth rate, SGR, %/d)=
(In ZEAR AR TE —In W) 46 14 ) /1) 37 K A< 100%;

FFA L (hepatosomatic index, HSI, %)= i
/AR *100%;

HIEAA L (viscerosomatic index, VSI, %)= i i
/AR IRHE = 100%;

£ % (feed intake, FI, %/d)=4 TH) i £ 12
/R TR R B (WA AR E A+ AR AR )/2]%100%;

T BHEE AL R (feed conversion ratio, FCR)=#% A
Tl e (AR R ) LR AR ),

1715 5% & K (survival cannibalism rate, SCR,
o) =1 8 4 RT3 1) A A A BV ol 4 068 5% B 11 £ )2
B 4h5 R  FR A< 100%
152 EWRHME U R E A LS
JRAY KA 2 AOAC (2005)! 777 1 3k 47
FE o fRIK AR 105 C R TRl et re jt
PR, IRTEA L. MEASEEHYLIKE
A (FOSS 2300, Fi i) (Nx6.25)i &, i &R K
TR AL (PR BR AR A BR 2 7, 1 2R ) 3 2k A ol kil
P HLAR G & . Koy & il i AR T
W EARAL )R, 550 CF KAE 8 h A K 43 o
153 AIEtRME A fbdabrE R b
R, WL AR A Y TR ST, 4%
PR G U I 45 P 0 TR AT A . o, BFE
B i (A043-1-1)38 2 B 7K figk v Ak B I 5 8 1) 4 1l
W R IV 22 AFIEZLR (A019-2-1)¥% /8 1 : 9
Fb 5] i A A= R K R T8 50 3K 0 T A ) Y

W2 . I35 FLIR (A019-2-1)F1 45 5 B (F006-1-1) fifi
FHIMIE A B o I3 B2 2 (H094-1-2) . K
i I 7 2 (5-HT, H104-1-2) . 5-F% 5L mg| Wk 2, i
(5-HIAA, H411-1-2), ZIEHE(DA, H170-1-2)F1 3
B bR ZE(NE, H096-1-2)7K - 34 JT] Jilg B¢ 45 928
& (ELISA) I E o Hh KMide s DIEBUS LA 1
9 LA PBS (PH7.4), {8 A 2878 0518 )5,
BI0(876 g, 20 min) I HR L IEVE MR AR & SE00
i AR WO B Y R 8 8 B Y (Infinite®
200 PRO NanoQuant, Fit).
1.6 RNA REVSEEMEXRIEEMNE

FMR B RNA (2B AG RNAex Pro RNA
PRI ORI AEY), #1R), {37 Titertek Berthold
Colibri Y4 (Colibri, 7 KM RNA ¥ & & 4l
J#, BT RNA K5 260 nm/280 nm WO A
BITE 1.8~2.0 JUFI N, RUFREUR S RNA F£ 5 2l
R, AT TR 25381, i Evo M-MLV
RT Mix & CERHmAEY), 15 M 251 S i s
G cDNA, WZSEEHFEHRIEF 5% NCBI
Wk (R 1), IR AR YR A BR A
HA N B2 96 E B PCR WK ZR N 10 uL, 49
& 5 uL 2xSYBR A4, 1 pL cDNA (20 ng). 0.3 uL
F#E519(10 pmol/L) 0.3 uL R 751 4(10 umol/L)
#1 3.4 uL JCHFICE /K - {41 Roche LightCycler 96
SR G E B PCR ¢ (Roche, Fi+)HHHATRE 7
95 ‘C 30s;94 C 55,60 C 30s{FHH 40 ¥K; 1F
P BB B R SR T A BT (DN 65 CHE T3 97
‘C, 6.4 ‘C/min), M E=10C""5_1, 59 1k
FRAEFTA 51 T BERCRIIAE 90%~110%Z [8],
Il F 2740 ST F AR JE IR AR Rk
DIAZHATE (A L13 (rpl-13)MEBHIAE 1 L19
(rpl-19)VE NS EEH
1.7 HESHTSER

FF A5 BCH 43 FH SPSS 25.0 (IBM, 2 [E) 44
T8eiH o Mr, 15 %K Kaplan-Meier J7 ikt T
XF %0 Bk (log-rank) 73 M1 . #E47 B KK 7 2 0 8r
(one-way ANOVA)F S5, *4AN[a] b3 2 8] 77 i
FER(P<0.05)0F, R Tukey LiltfT£E LR,
BOE DL Y E AR R (x £SE) s o Budiab BiUs
{#i FH Prism 9.0.0 (GraphPad Software, 3&[E)/EK
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£ 1 gRT-PCR3I#FE7I
Tab.1 Primerssequences of qRT-PCR

B|¥ A4 FK primer name 519175 (5'-3') primer sequence (5'-3') FEYI JE /bp product length  J£%1 5 GenBank no.

tatl F: AGTCCACACACAGCTCCAAG 74 XM _029849143.1
R: CGGTGTCAACAGTCCCTTCT

tphla F: TTCTCAAAGACACTTCCAGCAT 79 NM_001032676.1
R: TGTTCAGCCGACAGAGGG

tph2 F: AGAGGGATGTCTCTGGACTCG 90 NM _001032677.1
R: AATGGGAGAGAAGGACGGAC

ddc F: GAACAGCGTCCAGTCTACCC 245 XM _003965983.3
R: GCCCAAGAGAAGCCGATACA

sert F: GGAGAAACTACTCAGCACGAC 202 XM_029843335.1
R: GCCAAGCACGGTAAAGAT

vmat2 F: AGGGTGTTGGTTCATCCTGC 158 XM 029835537.1
R: TTCATACATCACGCTGCCGA

maob F: CCCGAGTGCTTGGAGATACC 82 XM_003961571.3
R: TCAGGAAACCACCAACGGAG

aldh F: TACGGAGGTCAAGACGGTGA 76 XM_003965850.3
R: GGTTTCTCGAAGGTCGGTCA

htrla F: TCTACTCCACTTTCGGGGCT 154 XM_011620867.2
R: GCCGGAGATAAAGTCAGGCA

htr2b F: CCATACCGTGTCCTTGCCTT 182 XM_029828249.1
R: GCTCCAGCCCAGGATTTTCT

htrd F: CTGTCCAGTTTGTGGGACGA 180 XM _029838057.1
R: TTTCTTTCGCAGGTGTCGGT

htré F: GGCTGTGATTGTGCATGGTT 183 XM_029833408.1
R: GCCTGCTTTCATAAGTGCCC

htr7 F: TCGGGATGGATGTAATGTG 106 XM_011603207.2
R: TGTCGTGCTGGGTAGGTG

th F: AGCCGTATCAGGACCAAACG 119 XM_003967357.3
R: AAACCGAACCGAGAAGGGAC

dbh F: TCGGTATCGTTTGTCGTCGT 163 XM_029837394.1
R: GCCGCTGTTTGACCTGAAAG

comt F: TGTGGTCGATCACTGGCTTC 145 XM _003973674.3
R: GATACTGCACGATGGACGGT

drdl F: CGGCTCATTCTGTGACACCT 155 XM_003970533.3
R: TCATCACGTAAGCCACTCGG

drdla F: CAGCGTCATCATGGGTGTCT 164 XM 029851504.1
R: AGTTGCTCCATCCGATCCAC

drd2 F: AAACGAGTGTCAAGCAGGGA 249 XM_029839446.1
R: AGCAGGAAGAAATCTGGTGAGT

drd4 F: CAGTTCACTTACGCGCTGTG 99 XM_029833683.1
R: CTCGGTCTGAAAGGGGAAGG

drd5 F: CGCTGAGGGTACTCTGGTTG 187 XM_003973551.2
R: GCGTGGAGCGTAAAACAGAC

rpll3 F: GTAACAGGTCCACAGAATCCC 117 XM_011610267.2
R: CCTCAGTGCTGTCTCCCTTC

rpll9 F: GATCCCAACGAGACCAACGA 191 XM _003964816.3

R: CGAGCATTGGCTGTACCCTT

e tatl: HFHEGREREREZEA ; phla: CRRRFZILE 1A; tph2: CRTRFZILEE 2; dde: F57F R L-BIEMIFZRNE; sert: M5 RFEEK; vmar2:
BE AN IZTE ) 2; maob: YWEEALRE B; aldh: BEBUERE: hirla: S-RREONEZAK 1A; hir2b: SR ENEZAR 2B; hird: S-2 ORI 4; hir6: 5%
CIESZAK 6; hir7: SFRONEZAR 7 th: BRRFRFZALRE:; dbh: Z UL B FEALRE; come: JLZKER-O-HIEFERR, drdl: ZUENEZN 1, drdla: 2T
UK Lo drd2: B IR D2; drdd: ZEREZR 4; drdS: ZEREZIR 5; rpll 3: BBEREET L13; rpl19: HBEUREETT L19.

Note: tatl: t-type amino acid transporter 1 (SLC16A10); tphla: tryptophan hydroxylase 1A; tph2: tryptophan hydroxylase 2; ddc: aromatic L-amino
acid decarboxylase; sert: serotonin transporter (SLC6A4); vmat2: vesicular monoamine transporter (SLC18A2); maob: monoamine oxidase B; aldh:
aldehyde dehydrogenase; Atria: S-HT 1A receptor; htr2b: 5-HT 2B receptor; htr4: 5-HT 4 receptor; htr6: 5-HT 6 receptor; htr7: 5S-HT 7 receptor; th:

tyrosine hydroxylase; dbh: dopamine beta-hydroxylase; comt; catechol-O-methyltransferase; drdl: dopamine receptor D1; drdla: dopamine receptor
DI1A; drd2: dopamine receptor D2; drd4: dopamine receptor D4; drd5: dopamine receptor D5; rpl13: ribosomal protein L13; rpl19: ribosomal protein L19.
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VR ORI AR R 2R S, B MEKFAMA P<0.05, P<0.01, P<0.0001. FH il fr i i4,

FM it £ B 5 (1 85%, FL Ry it £ B 1 70%.

Fig. 2 Number of bite marks on the surface of surviving (a) and dead tiger puffer (b) under three different levels of feed restriction
*, ** and **** mean significant differences between groups, the significance levels are set as P<0.05, P<0.01, and P<0.0001,
respectively. FH is high amount feed group fed to apparent satiation, FM and FL is treatment groups with the
amount of feed was reduced to 85% and 70%.

22 EERRFAXLEE R 7 1E R R

125 2 R ARG A7 305 S5 B ) AR fb g S i an ] 3,
XPERR AT 4 SR R I, PR M it 5 FM Al FL 41
TR ERAL, 5 FH 4UA H o 07 A i g
(P<0.001)F1 i & 22 5+ (P<0.05), FL 5 FM 407775

100 —\_L_‘—L\—\_l—‘—l
o 30T -
® — |
] ]
g 60
g 40 ——FH ]
¥ *kk
¥ —FM | png
& 20l —FL

0 L 1 L L L
10 20 30 40 50
A [E]/d time

Pl 3 FRA R e i e B X A7 3% 22 1 52
e ORI B AAAE W2 5, BB MHACE 5 R
P<0.05, P<0.001, ns &/ P40 0] 25 55 AN i2. 3 (P>0.05).
Fig. 3 Effect of moderate feed restriction on survival
rate of tiger puffer over time
* and *** mean significant differences between groups, the
significance levels are set as P<0.05 and P<0.001, respectively. ns
means no significant difference (P>0.05).

il 28 0 W 3 25 5 (P>0.05), 7 B B AR 4% i 25 5
EHRE BRIyt T- R B E T = HE—
R B, FH AAEREA R R AE Tl B AR
FE, MM FL. FM HTEFEFH IG5 19 20 d NAET -
JEHP, Z e B W%, RIFESRE oI aE & il
HE, WG TR E R, FL A1 FM 4 97715 3R
MR AERT 35 d WAHIE, (HfEILZ )5, FL 4476 H45F
SRR, JEAE 45 d )55 FM &I E AR k.
2.3 EEMREALERF A K REH M

T o PR % 5 41 66 R Bl gy £ 0 A K 1 R RN
TEARFE ARG R W3 2.tk 2 v, FH 47706
R OBEEFRLERT FL Ml FM 41(P<0.05), FM £
AR 5 T FL 41(P<0.05); [FAf, FH 4147
TR R B EMLT FL Ml FM 41 (P<0.05); 14h,
FL TR R & T FH 41(P<0.05), AR IK
L, HEBARE A RKORBARTE FH AT FM 41
BE L F FL 4, (B0 53% 22 5(P>0.05), 1Ah,
5 2H [ R B FD R A4 HE TG (83 25 57 (P>0.05) oAb B
45 ML S 1) AR AR R T 21 858 7 8 4 R i 43 RN A
Fe bRy A 2 R (P>0.05).

WE 4 fiR, Z08E7R 5 il &) fa 58T fa R 5 b
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Tab.2 Growth performance and body condition indices of tiger puffer under of moderate feed restriction

n=3; x+SE
JH item A5 group
FL FM FH
W) th 1A F IBW/g initial body weight 18.69+0.01 18.61+0.13 18.53+0.01
2K AR FBW/g finial body weight 62.78+1.72 66.12+1.11 64.53+2.02
T7 R SR/% survival rate 63.33£1.92° 72.2242.22° 85.56+2.94
TR WG/% weight gain 235.88+10.52 255.24+4.55 248.29+12.41
¥ E A2 K % SGR/(%/d) specific growth rate 1.57+0.04 1.6540.02 1.62+0.05
B % FI/% feed intake rate 1.58+0.04¢ 1.84+0.03° 2.21+0.06°
AR AL % FCR/% feed efficiency ratio 1.00+0.03* 0.92+0.03" 0.84+0.04°
I 7R % SCR/% survival cannibalism rate 100* 96.83+1.59° 74.87+6.63°
JIEAA L VSI/% viscerosomatic index 15.44%0.44 15.56+0.07 16.49+0.33
JFK L HS1/% hepatosomatic index 12.10+0.53 11.31+0.31 12.77+0.11

T F—17/NE FREAR R4S 4R 2 5 58 35 (P<0.05), ToFRFFRR & 4L 22 51 8.3 (P>0.05).

Note: Different lowercase letters in the same row indicate significant differences between groups (P<0.05), no letter means no significant

difference between groups (P>0.05).

80 — FL: »=0.6483x+7.070, R>=0.7041, P<0.0001
FM: y=0.7995x+6.138, R*=0.7978, P<0.0001

ok — FH: y=0.8380x+4.958, R>=0.5039, P=0.0066

40 + /
Start T )
(86lg)" - -

20

Bt fa EH/g body wight of dead fish

0 1 1 ]
0 20 40 60
AfE]/d time

P4 BETZLAE A<yl A o 5 I i) ) i [ ) A A
Fig. 4 The linear regression models for the body weight of
dead tiger puffer over time

FF R T3 0, {EAS 4L AT A A R ST T
R FHIIRIRE (<18.61 g). A IEIHH &K, FL
Y 2T g 7R 5 i BE T AR TR A R A AT R AR AR T
FM Ml FH 4, RP FL 41561 ff 4 g Hofh 41 A1k .
FAN, FH 415 FM 41361 B s hndsis

& 3 nlA, aHES . HIEN . Ko,
JR AT TEAS AL BRAH 2 (8] 1) 6 i 2 2% = (P>0.05)
2.4 EERIEAXT R HMEIRA R

WE 5 R, FL, FM ZIE fiam . IR R
WEET FH Z4H(P<0.05), HERREHE R
o IMIGFLURR A AR, (AR AR EP>0.05),
BEAh, I R . FREZLIR TG .35 25 55 (P>0.05)

*3 BEERATABERAHHEEEKES (%EE)
Tab. 3 Whole-body proximate composition of juvenile
tiger puffer (% wet weight) under moder ate

feed restriction
n=3; x=+SE
215 grou
T H item group
FL FM FH

MM crude protein  15.9440.15  16.21£1.10  17.02+1.41
MGG crude lipid 7.65£0.31  7.93+0.13  7.86+0.06
7K 43 moisture 73.88+0.54 72.91£1.06 71.61£1.63
W5y ash 2394031  2.16+0.21  2.16+0.24

W[ — 17 /NG FREA R 3R 22 5 0 35 (P<0.05), EFREFRR 2
SR I 3 (P>0.05).
Note: Different lowercase letters in the same row indicate

significant differences (P<0.05), no letter means no significant
difference (P>0.05).

25 EBEMRAXTLIEERFEEARS5-HT &AM
WE 6a. b, c fiyn, & FRES KR 5-HT
AR 5-HT/5-HIAA TGI8 500 (P>0.05), T
FL 4R 5-HIAA ¥R B KT FM 41(P<0.05).
1 PR IR AE AT 6 ARy iRk e S-HT i
Wi S-HT G 5 552 1A 563 PR X 6 3k o 4
Kl 6d.e fr~, 5 FH 4AHEL, FL 41 tarl WOFAXT 3R
BE R E FIH(P<0.05), 5 FMAMHLL, FL 4 tarl .
tphla. tph2 F vmat2 BJFIXF Rk & B T
(P<0.05), 5 FH 4Mtk, FM 4 wph2 B3 T
(P<0.05). ddc '#.3 FJ8(P<0.05), 15 5-HT 1t
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Effects of moderate feeding restriction on cannibalism in Takifugu
rubripes
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Abstract: The cannibalism of fish is closely related to stress responses, and aggressive behavior is also affected by
the metabolism of serotonin (5-HT) and dopamine. This study was conducted to study the growth, survival, bite
marks on the body surface, stress response, and 5-HT and dopamine metabolism in Takifugu rubripes, aiming to
explore the effect of moderate feed restriction on cannibalism. Uninjured juvenile Takifugu rubripes (18.61+0.05) g
were selected in this experiment. The high amount of feed group (FH) was designed as fish fed four times a day to
apparent satiation. The amount of feed was reduced to 8§5% (FM) and 70% (FL) of the FH group for the treatment
groups. Each experimental diet was assigned to triplicate tanks with 30 fish per tank. The feeding trial lasted for
56 days. Bite marks in surviving and dead fish fed the FH diet were observed, while the number was significantly
lower compared to that in fish fed the FL and FM diets. The survival rate was significantly lower in the FL and FM
groups with moderate feed restriction compared to that in the FH group, but there were no significant differences
in final body weight, weight gain, and specific growth rate. Compared with the FH group, the levels of liver
glycogen and serum glucose were significantly increased in the FL and FM groups. For the 5-HT pathway, the
level of 5-hydroxyindoleacetic acid (5-HIAA) was significantly reduced in the FL group, and relative expression
levels of tatl, maob, and htr7 were significantly higher than that in the FM and FH groups. Additionally, relative
expression levels of tphla, tph2, and vmat2 in the FL group were significantly higher than those in the FM group.
Compared to the FH group, the expression of tph2 in the FM group was significantly down-regulated, while the
expression of ddc was significantly up-regulated. In conclusion, this study revealed that feed restriction was a key
factor leading to the cannibalistic behavior of Takifugu rubripes with intact teeth. However, cannibalism was still
observed after feeding four times a day to apparent satiation. Moderate feed restriction may exacerbate
cannibalism and reduce survival rate by inhibiting the dopamine pathway in the brain. Additionally, Takifugu
rubripes may cope with the stress of cannibalism induced by feed restriction via increasing liver glycogen
synthesis and gluconeogenesis and enhancing 5-HT metabolism.
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