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HE AHF 5 B # (Channa argus) £ 7 7 A [ #(Slurus soldatovi meridionalis) ¥ & % , & &
(Mylopharyngodon piceus). ¥ # (Ctenopharyngodon idellus). #(Hypophthalmichthys molitrix), %
(Aristichthys nobilis)4h & Jy #& 4 &, HB T & TH & (% B xR . (R HH 2 (1% PO ikl ) s 42 (L8 i
MEAT, BE 0. 7. 14 dJF, “WAK &4 &t & & FUE (COR) AT A i 4 AR89 & AL o
ZRET, FERFEEMEAFT, “HAFKE 4 &0k 4 g srF COR KFEMEE LR, €
Tlo#aH —2, “WARKE 4 &8 COR K FHAERHAMEREMPEE KN EmEFAT, XA
KT A<KHH B A<l B4, 0d<7 d<14 d. £ fo i A& 36 Ar o, 1t & & 5 % & Ao & fE [ 8 (CHO)
HRERNRE, FAMLTEER N, fkE(GLU)W E fnom Mo B B (ALK 3 & e T 7, +#
WZE(TGNAER, ETHAS, AAERY, “WNARE Y aLREFERNCKEED & £ 7k
WrRREEEERN, e EE, “DARE G &R T NHRN, §FNEEHEL,
HEHAM & RAERER NP E N BE, LR A ME K o8 o B AR B 2 3 e, R AR
W, i E & G CHO 7 e 12 48 & e T & 2K N v 8 4847 ; COR A1 GLU Wy R L B3,
KRG A T TRAD R B B AL KT B B R R A

KR WY, EFE; nRAMIER; DARA

FESES S964  XHERFRINEG A XEHRS  2095-9869(2023)03-0111-13

T2 H AR b, 2 U H AR BRANAT R LA
XF AR A B PR AR, A B e AR A Y 2%
B % 22 —(Killen et al, 2016; Lima, 1998a; Spiegel
et al, 2013). AWl B3 B AAAE 23 il 7 A A
N RE R, CAMIREY, W 5 08
23 U /0 B W i HE R R A S R R O Y 3 B
(Barcellos et al, 2007; Breves et al, 2005; Woodley et al,
2003), FEHEMMANE T, MEBMBIE G SE

SN RN, il AR v R R A4 N SF- 7 (Schreck
et al, 2016). J J#4AFE R £ BEHR T R 7 B 58 B FN
ZLRT[E](Lima et al, 1999; K FIE4E, 2021), AiEH
BRI, I ELAS Y a7 i B e AR B AS E JE
R PR P AR IE RS A 7 38 I 107 T DA 18 9 L )
A AR DL G b 3 N R85 (Cooke et al, 2003), &
I, 76K A s s H Gk e iR, St
14) I & A 3R N LA T R 232 B 5, A 38N 30T g
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XRRE RS AR R A AR KR T e, R
R By £ ()36 10 14 RN AE A7 BE ) (Barton, 2002; Colson
etal, 2015; Redfern et al, 2017), CAMIFREY, T
Joip 361 2 T f 2 Al A BN R, RS [) £ o 22 4 [) £
T A (R R A4 T 3 P I 95 B R 1 3 R A e
KIK2E 5, 5T B8 22 WA RE S M o0 R i 2 fl B
Jolp 3 P R R R i B X 28 A T 38 ) 2 T

i1 W0 T B A 7 AR N R R R — S B R
TR 1 R PO ER 5 A R (Clinchy et al, 2004,
Frid et al, 2002; Lima, 1998b). J7 Jii B ff {7 7 5]
A1 SR W B —F B BN R, e R U
PRI 3R I (Clinchy et al, 2011; Wendelaar et al,
1997) 0 2 75 TAT ek B8 4 2 10 XIS 7 A g 33O T A8 A7
SRR SRR, A0 R SRR LRt 2 &
H: 275 (Benson et al, 2019), Hit, i Mk
N7 YR 55— A~ EE B SR IR Sy £ A P IR R AR FE B 1) AR
A o IR A AR 2H B A0 HE IR (glucose, GLU). IfILAS .
LY 2 1 LA B il 55 i 53, 2 DT P58 1 S T 288 Ay ke
FRAR DL 35 TR R KO0 BB % 355 IR 100 1 22 4 A
(HE&%%, 2004), GLU fE b ik FZEAtREY BT, H
o 5 AU AT S FRRO EHA G, AR
7 119 = 17 s e = R R R 7 D e ]
FETE A M H 54000 R (BRGNS, 2009), Rtz 4,
ML BV 22 Tt A3t 2 sz e £ (R i 2 >HR: 0 1) B L
BAR(T#5E, 2008).

7 i (Mylopharyngodon piceus). #.ffi (Ctenoph-
aryngodon idellus). fif(Hypophthalmichthys molitrix) .
i (Aristichthys nobilis) & Fk A« PU R K fa, Je&:H EH T
E UL B8R (Cyprinidae) i3S . 4Rk, /KN
AV, PREET YL o B AR 22 e K R BT R R
HEECE U8 N % (Duan et al, 2009; X %5%, 2019), it
Hh, TEHSRKER A, B B 5 A TE R A 1)
MR SRR . HAT, AN R Y R RS A
A, DU fa 4y Q] o) 2 L A B A DA Xl B
FE I3 228805 4l T30 AH G 1 W 90 38 S0 4 1 v
W P {7 i (cortisol, COR)ZK -3k iz ke £ 28 A= B
N B AR AR AT X B e T 2SR RE ARk T
ZIHTHAL . I, ST RG22 00 A 38 A
RPN NFEIR R, AT PO RS 4 fa
RBFFERT G, ST TS [ B e ZKSE XTIl COR
R A AR R WEST R SR, <
R0 gy i A R SR RE S AT B 7 A9 3 1
P, TR ABIR IR AR | AT LA B v B
WHAE, WA BOR T S IR RS %

1 #wRERE
1.1 ER&ERESIIZE

AT 2021 4 5—7 AERKIL “PORZMm” I
Ml ER T e, e fagh o, Rifa .
FE ) e 4 £ % [ L i (Channa argus) #l /g 7 K %
(Silurus soldatovi meridionalis )14 Bt [ 5% 1.7 Ji b
Yy, Mo, <DURF - ghta )RR N T Eatan . 58
A3 BTG N 4 mx2 mx1.2 m K5 KIRSE
B R IFE 14 do PIFEME], “PURFK M4 K 09:00
F17:00 B 2 DI AERL, £ My it P S 50 fa A
Y 3%; Sl w5 K 8554 TS50 Pk
FEA HaIRTE, NFIMORER, HTFRFRERNE
H R DU R Al gy 5 00 5 1 5256 0 B[R] —41t
Wahift, HAs K RS YA . FR5 /K I B & T0, Y
FRRPEE N 25~29 C, #HFA(DO)N 7~8 mg/mL.

1.2 L&t

14 d YIFRGEHE, TR oA P LR A
FAHUTAREA [T (8.81£0.22) cm, (11.73+0.62) g,
n=400; Hiffi: (8.33£0.19) cm, (10.23£0.72) g, n=400;
fifi: (8.43£0.15) cm, (9.10+0.36) g, n=400; fiff: (8.50+£0.11)
cm, (11.10+£0.36) g, n=400152S 544 i £ ol 722 B 4
BARENL T 3 A, TR E AT IRA) . (e
(o D0 3 ) P e i 2 (LB )3k 12 4 SRR
UEBRAH & e A H A R — 20, KR8 415 &
B CEAE A KRR, L ATIE S, DL E(D.
E JXTHRZL, D. B H45H0A 100 e fh) . H(IKA
B, IERE4DS A 100 ERIF S m, %t
Hep, R AEE, Wb o6
[(33.64+0.86) cm, (456.82+10.21) g] FlFg 77 K 1%
[(35.13+0.64) cm, (421.43+6.12) gl4% 1 JBAE ML [E4
BE A . R 45050 0 5 4 S W P
F, TEBEM,; SHEdrnaS5mese TM
[, #E o B s e e m s 1), 4
B ], < PU KGR 4 i 4 R ] 9 0 ] —
H, WHEEANEIMOR, HEYRE RS T
ERSLE A, MR MHaLEE 0, 7. 14 d )5, BEHLE
B AR . R/ A SE 80 f, A3 B AR
A8 . COR HUMMAEAATHR(n=9) i EA IR iR
IKFEH, IKIRPARFTE 0.6 m 2247, ZKIRA(27.75+£1.05) C,
DO H(7.82+0.84) mg/L, pH 4 8.16+0.05, Z A (NH;-N)
£ H<0.10 mg/L,
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Fig.1 Schematic diagram of the test device
A #EkO; B kO € REFEMELEN 0.5 cmx
0.5cm); D, E: EHIEHGIIRA), i 100 B,
AEAEE; Fo HEEGR TR O5% 1))
H: RE4l, S84 (n=100)5 & & 5 FFFa el
I: e, S50 (n=100) A BUS & #
LR T K A& 1 R,

A: Water inlet; B: Water outlet; C: Nylon block (0.5 cmx
0.5 cm); D and E: No predation group (control group), each
with 100 experimental fish, but no predators; F: Predators
(one snakehead and one southern catfish); H: Low predation
group, experimental fish (n=100) and predators were
separated by net but can see each other; I: High predation

group, two predators, one snakehead and one southern catfish,
were added to experimental fish (n=100).

1.3 mEF&ERELERUE

RAERT B8 24 hy BURERT, %6 R H 0.1 g/mL
f9 MS-222 735K “PURZE A Lt bR, (EH] 1 mL
) — R P TG TR T S5 DA ST 6 0 R R I, SR S A
WTELER 4 CHHEE 4hJ5, 4000 r/min il 5
0 10 min BEAR5)E, WE RS W00 .
L7 A= AL F8 B R FH S5 18 DS-261 4 H ah 41T
M . R +8 b5 6145 525 H (total protein, TP), HE
1 (albumin, ALB) . Bk#E [ (globulin, GLB)., GLU, &
JIH [& P (tholesterol, CHO) . H il = Mg (triglyceride,
TG). Bt # 2 i (alkaline phosphatase, ALP), COR
KB S ie 7% ELISA #4700, 12050 &0 H me ot
AEMEHHEARA A .

14 HIESH

SCIYBUE R ] Excel 2019 #7345 11,
{81 4] Origin 2021 Z 4 F1 SPSS 26.0 # A #4758 1 /37
K2 TR A £ 30 A B FAR 22 3 IR X COR. il
T A A8 R B R SR SR 28 b 22 40 T (two-way
ANOVA), DIAEAIER 2. AEFRE, FIH
Duncan %317 2 # Fb . Ir A B 45 S35 DS+
FrfEiR(Mean+SE) £ /R, P<0.05 N2E5H 03,

2 HERE5HW

ZIER S A A B, e
JOIRIE R, 5 S 30 2E A ) 0 RS A HBORE i s Al | 23
D1 =) STE: ] ST N N R T = B
FETHCH . 14 d WHESCREE G, it mil ey
MR e R AR EREE ). AR 1A,
B HIIFAE LI AT IS, EZ BN 1)
SEg - RAERE W b TCEE R R BT, BRItz b,
MR FHITH
2.1 [MiE R REE(COR)

7 dRaAbERSS, Hf. B BEAGHICH S
COR /K- T = 8 B2 43514 9.65% . 7.33%. 18.71%F
17.13% = 4l B W30 41 7 v W B 200l o 18.57%
26.28%. 48.76%F1 46.79%; 14 d B abB)s, {KiH
B H T E IR R 36.28% ., 31.95%. 28.29%
F132.36%, =i & W30 41T = 0 B 430 R 47.39%
54.44% . 57.98%7F1 49.89%,

EEME 7d)5, B4R COR KF-Fi,
BT EHM 2R AEE,; i m, 6
Y COR 7K 25 = T X I 2H ,  EL e 4ol 65 4 6
) COR /K V-8 3 = FALH &4l Mgt 14d)5,
R AR EHEAN COR KB E S T i
4, Hr, Sl EAEER COR K- 33 s TR &4,

TEAR TR e B b, IR 4D R K %))
i/ COR /K EAEMME 14 d J5 B2 TGRS 0 d, 1
H, HAFE AR COR KA ENE 14 d B3
TR 7 d; S EZA COR ACEAER NG 7 F1
14 dE¥EEST 0 d, Hrp, HAaMEA 14 d e
)7, COR KB EET 7d(P<0.05) (% 2 Al 2).

2.2 EFRREINLEAKTE

221  hiF&ea OR[EIBOHHE M0 R R R A
KXk & g tafy TP, ALB Hl GLB ¥k 52135
AR 2 M 3).
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222 CHO # TG AN [R) A £ 30 R B N B
I X << U G R > 4 £ (14 i 375 R 1 7 e B 2 S
¥, H TG WRFERAL ., 7dWHaB)E, i, #,
BEFNSHACTR 2 4L TG WL AT BRI 4390k 2.25% .
4.21%., 4.32%F1 11.48%; o 4l £ Whe 2 T R
B 1.82%. 5.73%. 2.51%H1 7.40%; 14 d pif b3
e, AR E M AT FREE A N 22.41% .
33.00%. 10.00%F1 10.59%, =i iia 20 F Wi
S9N 44.93% . 39.58%. 17.56%F1 15.64%.,
FEANFEAH M, 0 R S 4R
M TG WE S T AL L EE S, HER
[F) P 9 £ e s e AP £ L R S AL
AT E NG 14 dJER TG IRE B EMKT 0 M7 d,
Horp, 0 F1 7 d ) TG WRBEAH L 25 51 1835 (3R 2 A 4).
223 GLU  7dWhajsE, #f, qf, ST
T EH GLU M EE TSR B /350128 12.43% . 20.52% .
4.66%F1 28.60%, i EMHEA] GLU Wk BT = iR
435K 26.78% . 5.03%. 14.96%F1 18.68%; 14 d rif

ARSI A4 GLU ¥k B TH i iR B 4 0k
64.08% . 59.45% . 44.36%F1 49.05%, £ 0 4H i
W BE TH R IR BE 3 R 81.00% . 59.68% . 45.02%Fll
37.06%(F 2).

EARREMES, fHEhia7dE, EEH
“PURFAa Gt GLU W L, (H5 T4l
[b 22 R AR EP>0.05), EiHEHMNEMR GLU #
JERE ST Ed; ek 14 d 5, Ied
ME 4 GLU WY B %5 TR, Hd,
e il B A I £ LA HETE B 3 25 57 (P> 0.05)( 5),

EARE MR, Far GLU WEF &
HERAEE ., K EdlE At alia 14 4w
GLU W EE W 35T 0 1 7 d; AIH & 4L 6 phia 14 d )
GLUWERE ST 0 do HA. BEMSEIHE M o
A7 d ) GLU WREEAH L TC B 35 22 5+ (P> 0.05); mffi &
HEAHEMNE 0. 7 M 14 d Y GLU IKEE &
A R 2 T, e A A SR i 14 d
) GLU Wk BE b T 0 d (3R 2 AL 5),

®1 WHEBMEHENAXRE HENFEER

Tab.1 Survival of juvenile “four major Chinese carps” during predation stress
ks Wit AT B/ JET- R/ Bt frit/ e W R T %
Species Stress level Total. Numbe'r of Number.of Predation rate/% Survival rate/%
number/ind. deaths/ind. predated/ind.
& A0 I oy 100 3 0 - 97.0
M. piceus  No predation
IR 100 2 0 - 98.0
Low predation
[=ETiNEY 100 4 8 8.0 88.0
High predation
iy T 100 4 0 96.0
C. idellus No predation B
iy 100 2 0 98.0
Low predation B
[=E iRy 100 5 6 6.0 89.0
High predation
ik T 100 2 0 - 98.0
H. molitrix ~ No predation
IRy 100 1 0 - 99.0
Low predation
R 100 1 9 9.0 90.0
High predation
i T 100 1 0 - 99.0
A. nobilis No predation
iRy 100 3 0 - 97.0
Low predation
[=ETiNCy 100 2 13 13.0 85.0

High predation
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Tab.2 Summary of the two-way ANOVA model on serum cortisol and biochemical parameters of juvenile “four major Chinese
carps” exposed to different degree (no predation, low predation, high predation) and duration(0 d,7 d and 14 d) of predation stress

M2 Fe 7 AR Hfi M. piceus  Fifa C.idellus i H. molitrix % A. nobilis
Index Variable F P F =] F p F P

B I PR B (A ) 0336 0.570  0.118  0.735  0.051  0.824 2244  0.152
Cortisol/(ng/mL) Covariate (Body mass)

Wi #2 B Degree 7.110  0.006" 8.613  0.003" 15.129 0 14390 0

i B Duration 6.782  0.007" 7.527  0.005" 16.970 0 18.850 0"

22 HAE M Interaction 5.140  0.007" 3.557  0.028" 3.237  0.038* 5820  0.004"
BT PSR ) 5285  0.034" 0233  0.636 0.161 0.694 0562  0.464
Total protein/(g/L) Covariate (Body mass)

i FEJE Degree 0919 0418 0.117 0.891 0.024 0976 0360 0.703

38 if K Duration 1.527 0246 0.133 0876 0209 0.814 0.185 0.833

22 HAE M Interaction 2.090 0.127 0349 0.841 0.133 0968 0388 0815
HEH P8 e (AT 0.535 0.474 0497 0490 0.632 0.438 0273  0.608
Albumin/(g/L) Covariate (Body mass)

i3 F2E Degree 1.056 0369 0210 0.812 0.833 0452 0.090 00914

3B B Duration 3406  0.057 0328 0.725 0.397 0.679 0.588  0.566

A2 AEH Interaction 0.687 0.610 0339 0.848 1.072 0.401 0205 0932
R BMAS  (PR ) 5402 0.033" 0950 0343  0.605 0.448 0.446 0513
Globulin/(g/L) Covariate (Body mass)

B2 Degree 0.616 0.552 0.096 0.909 0.103 0.903 0.703 0.509

Jipit B 4< Duration 0.814 0460 0316 0.733 0472 0632 0396 0.679

22 HAEH Interaction 2.187  0.114 0400 0.806 0357 0.835 0368  0.828
L] P8 e (AT 0.991 0333 3.442  0.081 0.664 0427 0.110 0.744
Tholesterol/(mmol/L) Covariate (Body mass)

A2 Degree 0.132  0.878 1419 0269 1.175 0333 0961  0.402

Jirif1 i} 4 Duration 0206 0816 2025 0.163 1245 0313 0490 0.621

LI AEH Interaction 1502 0246 0.737 0579 0365 0830 0210  0.929
Hih = 1% {( ) 0.194 0.665 0.035 0.854 0.387 0.542 1.759  0.202
Triglyceride/(mmol/L)  Covariate (Body mass)

P38 2 Degree 2812 0.088 3.180 0.067 0.288 0.753  0.517  0.606

Jih3A K Duration 3.634  0.049" 3.680 0.047° 1.675 0217 0236  0.793

ZZ I AEH Interaction 1.796  0.176  4.644  0.010 0533  0.713  0.213  0.928
I P (A ) 0.580  0.457 0.098 0.758 1363 0259 0223  0.643
Glucose/(mmol/L) Covariate (Body mass)

fipie B2 ¥ Degree 11.032  0.001° 5900 0.011° 5.004 0.019° 4345 0.030"

Jir3 4 Duration 11.358  0.001" 3.062 0.073 4.431  0.028° 7.323  0.005

22 HAE M Interaction 4587 0.011° 1.878 0.161 1.715 0.193  1.006  0.432
B W TR i PP e (A 0.551 0468 0.010 0920 0242 0.629 0817 0.379
Alkaline phosphatase Covariate (Body mass)
/(King-unit/100 mL) 3¢ F2EF Degree 5934 0011 6373  0.009° 9300 0.002° 2276  0.133

i B Duration 3.002  0.076 4349  0.030° 4.534  0.026° 4205 0.033

22 HAE M Interaction 2109 0.124 1912  0.155 4465 0.012 0.558  0.696

TE: *3RR AACF PR AT AR 35 22 57 (P<0.05).

Note: * indicates differences in population means (P<0.05).
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0L 4 30|
o o
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7 S A0 W7
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14 £ 4 oA AL /A7 7w
0 714 0 7 14 0 7 14 0 7 14 - -
. . . e 0 7 14 0 7 14 0 7 14 0 7 14
Fh M. piceus B Aa C. idellus ﬁ,@ H. molitrix % A. nobilis F4 M. piceus A C. idellus B H. molitrix 8 A. nobilis
PR TR] Time/d fif ] Time/d
K2 e E R TR | AR A w4l ) Al 2 hha .
" B JeH & No predation

A0, 7 HT 14 d)XF«PURZ %) f COR K152
Fig.2 The levels of serum cortisol in no predation, low
predation,and high predation groups of juvenile “four major
Chinese carps” in 0, 7 and 14 d after predation stress

AR RS SRR R TE R E W B A 2
Al . A E A E) AR 0. 7 F1 14 d)
ZIH) N 22 5 (P<0.05) 5 AN[A] /NG R RRTE R E 1Y
B ARA(0.7 F1 14 )N AR A E R0 FEE T &
AR £ s 7 ) Z 1] .35 22 57 (P<0.05) . [ i hy

S EAFRAER (Mean+SE), T [Al,

Different uppercase letters indicated that there were
significant differences among different exposure duration (0 d,
7 d and 14 d) within specific predation stress (no predation,
low predation, high predation) (P < 0.05). Different lowercase
letters indicated that there were significant differences
amongdifferent levels of predation stress (no predation, low
predation,and high predation) within the specific duration of
predation stress (0, 7and14 d) (P < 0.05). Data in the figure
are meantstandard error (Mean+SE), the same as below.

224 ALP S EHMIL, ALP 7R & 4 bk
FET R . TEARRIM I ERRaREE S, “IURE A%
R4 ALP WRE S5 M B Mt % 257,
B ALP W EFEA RS WA E N A TR,
HES AR EP>0.05, HEWHa7dE, GHEd
B, FAMEER ALP WE RES TMEd, H
A EALEE) ALP YWRIE W S TG a4l e
W14 dJE, S m, wamEEr) ALP i I
ERmTOMEYd, HRMedhan ALP WE D%
TR 4H(P < 0.05).

P N EESEr N7 SERINS S S 58 i vl A U1 N
Lt it 0.7 il 14 d ) ALP ¥ EEAH LU G i 3 22
5o HAM ALP WA R & M i g T
B, HERAREP>0.05), SHilaHRE M, 6
MG ALP WREEREME 7d 5B E R T 0d,

[ {4 Low predation

o @ =i & High predation
10 H il
ol % / Al K

HEH
Albumin/(g/L)

AMOMOSONNNANANAN NN NN NNNNNNNN

_‘0714 0 7 14 0 7 14 0 7 14
H M. piceus ¥t C. idellus %% H. molitrix % A. nobilis
At [A] Time/d
30[ c TEH A No predation
[ f&4#HE Low predation
B =& High predation
20 _;
=)

% 2 ! ; S W
S | 7 |
S o | [=-der. O R

Nl

! T WE R
78 78 78 BZR S 7

AR E D

11

I 4 AN AN

00 7 14 0 714 0714 0 7 14
Fh M. piceus Hifa C. idellus % H. molitrix 4 A. nobilis
A E] Time/d
K3 fiebamECoHeE . Rae. s
R WA, 7 14 d)XTPU K F @B 4 TP (A).
ALB (B)#I GLB (C)¥#k & H 52 i
Fig.3 The levels of total protein, albumin and globulin in no

predation, low predation, high predation groups of juvenile “four
major Chinese carps” in 0 d, 7 d and 14 d after predation stress
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Effects of Predation Stress on the Physiological
Responses of Juvenile Four Major Chinese Carps

LONG Zhenman"*, ZHU Fengyue'’, GUO Jie'”,
YU Lixiong', ZHENG Yonghua', DUAN Xinbin'"

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. College of Fisheries, Southwest University, Chongging 400715, China;
3. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China)

Abstract As low-level aquatic vertebrates, fish are highly dependent on the water environment, and
general activities such as growth, foraging, and reproduction are easily affected by changes in the external
environment. Changes in environmental factors can lead to different degrees of stress response in fish, and
trigger a series of physiological changes, which then affect the stability of the organism's internal
environment. Predation is one of the main environmental factors affecting the survival of individuals. In
nature, almost all species face the risk of predation. Brief encounters with predators can reduce feeding
and other health-related activities in prey fish and/or trigger primary and secondary stress responses,
including the release of stress substances into the bloodstream. In predation stress, after initially sensing
stress, fish initiate a stress response to overcome the stress and restore homeostasis. The degree of
physiological stress depends primarily on the intensity and duration of the stress. If the appearance of
predators is intermittent, then the physiological state of the prey fish returns to normal quickly, which
allows the stress response to promote physiological changes in the prey fish to better adapt to the
environment. However, repeated or persistent and unavoidable stress situations cause the normal
physiological response mechanisms of prey fish to become compromised. Physiological stress may have
long-term negative effects on the immune system, growth, or reproduction, and may reduce the
adaptability and survivability of prey fish in the environment. Many studies have confirmed that predation
stress can cause physiological stress in fish. Different species of fish and even different groups of the
same species vary greatly in the degree of stress and stress mode. More species-specific studies are
required to determine the effects of different levels of predation stress on physiological stress in fish.
Black carp (Mylopharyngodon piceus), grass carp (Ctenopharyngodon idellus), silver carp
(Hypophthalmichthys molitrix), and bighead carp (Aristichthys nobilis) are known as the four major
Chinese carps. As common fish species in Chinese inland watersheds, the four major Chinese carps are
ecologically and economically valuable. Over the years, many reasons such as hydraulic construction,
environmental pollution, and overfishing have led to sharp declines in wild populations. In addition, the
prevalence of predators in natural waters also threaten population growth. It remains unclear how the
juveniles of the four major Chinese carps adjust their physiological processes to cope with predation stress.
We investigate the physiological and energy metabolism adaptations by black carp, grass carp, silver carp,
and bighead carp to predatory stress. We selected the common local enemies of natural waters, the
snakehead carp (Channa argus) and the southern catfish (Slurus meridionalis) as predators. The levels of
serum cortisol and biochemical parameters in the juveniles of the four major Chinese carps under the
stress of no-predation (control), low-predation (indirect stress) and high-predation (direct stress) over 0 d,

7 d, and 14 d were investigated. Changes in the biochemical parameters were analyzed. The effects of
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different predation stress levels on serum cortisol and biochemical parameters were also analyzed. The
results showed: (1) under different levels of predation stress, the biochemical parameters and serum
cortisol levels of juveniles of the four major Chinese carps varied to different degrees but the trends were
consistent; (2) the serum cortisol levels of juveniles of the four major Chinese carps increased

significantly with the degree of predation stress and the stress duration, and showed the following patterns:

non-predation group < low predation group < high predation group, 0 d < 7 d < 14 d. (3) Among the
biochemical parameters, serum total protein concentration and cholesterol concentration were relatively
stable and did not vary significantly. Glucose concentration and alkaline phosphatase increased with
predation stress, while triglyceride had a decreasing trend. The results showed that juveniles of the four
major Chinese carps adjust their physiological responses to enhance their own survivability according to
the predation risk. After the predation stress treatment, the juveniles of the four major Chinese carps all
underwent a stress response. Compared with indirect predation, direct predation had a more significant
effect on the physiological response of fish, and the degree of stress increased with the stress duration.
Among the detection parameters, serum total protein and cholesterol may not be sensitive parameters for
stress in fish under predation stress. The most significant changes were in cortisol and glucose and may
compensate for the increased energy demand by the organism during stress. The adaptation of
physiological stress and energy metabolism to predation stress in juveniles of the four major Chinese
carps under predation stress conditions provides a theoretical basis for the stress responses of an organism
to environmental changes, and can also provide a scientific reference for exploring the ecological
interactions between predator and prey.
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