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pH SR B X 1T BC 6 4 £ A 3B K BHAR1T 0 RS2 i

N 1,23 1 1,2,3 1,2,3 =1,2,3
FhAA, BE S, B, TRW ", RRE&E ", 2FH&

1. R RFT TR HERS TR AR L, L7 KiE 116023,

2. RIECER AR W BE, 10T K% 116023;

3. WM F AR E S SR, LT KiE 116023

FEE: WIS pH 2030 X514 1S il (Sebastes schlegelii) gl £ 4 3 K 4T K 59540, LLSFH14 5 (19.80+1.36) g 14
K(9.03£0.24) em BYVF G h4h G AFST x4, 8 6.5, 7.5, 8.5 (WIR4). 9.53% 4 /> pH BHJETTE 96 h =
BEALL SR S8, WFFE 1 IR fa 72 R 8] pH 254 T I Be btk « e Ry . I IERBI SRR 0 S R A T R SN o &5
WoR: (1) SXFRRAIM L, VFICOF- 4l £ 25 S5 56 410 A A 6 1 25 T 35 (P<0.05), G4 it R AT U it 245 1 42 B F5F [
YA B2 0(P<0.05), 552504188 A ALY L (SOD) TG PETE 72 h 4% 24 h W3 FH 1 (P<0.05), fBefdsin k2 3
BETREACES IRA A N L Z B (GPT) T M 2 Je FRAILUS TH R a3, pH 6.5 5L 41 h F 24 h J7 i BRI (P<0.05),
pH 7.5 B2 0 B % A K (P>0.05), pH 7.5, 9.5 LI A B S WF(GOT) I M A 72 h WE BB H FH =%, % 72h
TFR B E AR (P<0.05). (2) 7E pH 6.5 5MF T, VFIC Tl TR T oA B, A ) B skt BR A 8 20/ (P<0.05),
T R 7 AR (P<0.05) . BIFFR 25 S B, AIRIAY pH 2 5 M i7F Q- il 4 f A= BRAT R o 76 pH 6.5 F1 pH 9.5 3ibg
VI QP fil 23 R ARG VE BR R 6 % pH 38, [RIBROE DU RGE . B iR | Wbl 1 1l 1% LA 5 S92 0y DA TG = 2l 74
A P A A

KR T pH S, ABHLEE; BRI N
FES2ES: S917 XEERERD: A XEHE: 1005-8737—(2024)10-1163—11

IR B K A A A A BN R,

e e m iR Pra . fClEE 2 Mg

IS T I Bl P, S SRR 22— 4% 4 L (BS C) il
R 380 1 G % A PR T L L W e A L i R A
R R D T e 5 RN R,
FRF [ 149 7 3 B 7 T XS K A= A= ) R BRI RE | AR
KH . BRI RN SR A, 2Bk 2021 B
i CO, HEETE 363 A2 t, AUTHRT R, Kot
CO, H i PEM I, H HCO: HeJEE 1 THfili pH RIS,
AR pH B — R EE 2 R PR E T,
HAR 2 W K A S AT g e s, BRIV 2 25
AR FETHREAREER Ty | Il REAEAT D XAk
T2 pH FREEAE Y e W 8l 5Ot R A5 Rl 4 i £k
I B 25 A IS W AME R B AR AR, I3 — T 1 pH

KB 2024-07-22; f&ITHHE: 2024-09-10.

FR I L™, 214 g 22 B AP IR SR, A PR AL
FE PR 8 Lz S e fgt B R D0 R PR B Y 38 1V fig
WFSEIE A, M 6% (Siniperca chuatsi) A] L) i i 42
5 FE LR I R AR 0 I MR b 10 Y e B B
(Oreochromis nilotica)7E pH filif 50 T i i ZLAER
Ji S (LDH) Tt = 3% & J6 A AR E FE R N 2 A
R BRMRAERLAR I RERT A1, R, pH 7E1E
LY B AR AR K A AR W e e R G AE H B A
TR, X ORBTIG | A ZS R R A L
FEREE A 200 T, 28 5 il o FRAAE A
B Th v HEE SR SO G i 2 R AR A0 W I Ak il
(SOD) it AL AU CAT) I P38 17 pH g 121,
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RN, WAk pH 18 PhE Be s i 22 JE R iR
ff(Ruditapes philippinarum)/: 3% 3 . 545 8 20
L5 (pH 6.4) , FRAR S 38 MR e 1 s LR,
pH S AR Bk =5 A pH 18 30 35t 35 4 A B
(Paralichthys olivaceus) 7t & AL Fi e i ),
pH 2PERR LW X 3 £ W R (Tridacna crocea) i
TRBEBEA ) AN, 5 EIERE pH 1Y
TPk b, BT pH e S I fil (Parasilurus
asotus)X} pH ki AT 1110,

W IG OF fifh (Sebastes  schlegelii) J& T il 12 H
(Scorpaeniformes), fifi#l(Scorpaenidae), & Fx2E
£ U T I I A T A A 2, gy
MAEVGICRT- 7, 7EIRE 2 Mt . Bk
ARG, RREFENEFORZ — DT
P ECAF- fiflt 0 36 52 e F 5% 22 S vh TR B L R
A B, USRS 3 OV fih 5 el i
Z e pH A S AT R A B G AR AR RRAE 1 R DL R
B FET I, AT -l 4 £k S22,
W pH 2Pk S0, %% pH 2Pk TR IR
Y-t 4 0 G A BRAE bR RAT R AR AR R A R
RIDCHR, B 705 22 i PR [P il 4l Xt pH (1)
T2 WAL ) B it R 5 i R B AR A

1 M#EFE

1.1 kIl
S FH 4 40 [ ¥R B (19.80+£1.36) g, F3
4:(9.03£0.24) cm]F 2023 4F 6 A MK 3% K IE 5L

WA RRAFRWE , LI AT SR 14 d, B PIEK
I 20 C. AR>S mg/L, FhE 31, pH 8.2+0.2,
FERMW EHRGEM A FER 1R, B2 h 5T
BRER 2 (E . LR AERK SR 67 cmx65 cmx
55 em R ITIRBER KRG T, SCIRTFIATTIF &
24 h,
1.2 pH 21ERME LI

VRIS | JoBtRs . B Al B A AR
TTE28e, MK sL e 45 F(pH 6.0, pH 10.0 £~
VF G- fih )y £ 0 20 SR & 2R | ST G Stk K
JERRAE ST 1A X BR 4 (pH 8.5)F1 3 4S5 4H
(pH 6.5, pH 7.5, pH 9.5, £ 1 N APE F 12 h
W44 pHAEML TG IL), 41 E 34 P17, B4
1720 RS0 fh, S U0 RS 55 50 KR FH JoFL SR,
Mol . AR R AP0 fe /I o B A KR 1Y
S, BEAEATAL RN 5 R e TR 5 —
FHFAT AOUAEE, 59 15 R THRE, scgidtit
1796 ho SZEGHME], BERHAK 1K (80%), Hr/KH]
i 2 mol/L Fh 1R Fi & A A 19T 516 1] il 40 X6 1oz 1
pH J5 % 3 h 47— WIESY, fif pH R 7E+0.2 L)
W, SCE AR, . A e SC I A 24, 48,
72 F 96 /NEFHEATIFIEAE SORAE, BAPATH 3
R, B — 4 520 ot A 20 A S 4l HREC 12
BB A T A B AR I . SEERALAEREE 3 d,
BAPATAH AR B8 1R, AKX 20 min -+
SRV Pl 4 0. 1947, R REE A% )5 5 A
Etho vision XT #4347 #ERTT R 5047 6

F1 KRZFPFF T 12h HELHKAH pH T
Tab.1 Changesin pH in each experimental group during 12 h without conditioning

n=3; X+SD
il 0h 3h 6h 9h 12h
pH 6.5 6.47+0.113 6.81£0.051 7.37+0.047 7.16+0152 6.94+0.101
pH 7.5 7.53+0.154 7.66+0.143 7.83+0.081 7.86+0.171 7.7240.095
pH 9.5 9.56+0.094 9.37+0.073 9.48+0.106 9.24+0.064 8.96+0.114

1.3 f5triei

i 10% MS-222 JFREEFIINE & [ SR K
TR o W S 9 o N DR R, FH AR B/ 59 fig
B 1/3 IR, FRighn 9 A BRER K, SIS
FFF 10000 r/min B5.0> 10 min, B FEREET
-30 CUKAHFFM

W2 i 2 S bR A5 SOD M . CAT B4
TRmE2, P ] ) b a2 SR AT 32 B8 ), Bt
WEFR G (AKP) . TR MR IR il (ACP) (TR 2, W] A
Wi fa 25 Re ThfE), GOT. GPT AFAEREEZE, FHT A
Wil IE D) RE 2 5 32 40) . AT A HEAn g ARk
HEE (MR GR BE) « HA I OB A 2R AR
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H P T A A A XTSI R B, AR B A AR R
FEIE 5 em PR 1 UOEIE QHBOE BN AT BRI
)] AR RE B (AR ] P B ) . BIER X
15 B B RS (A AR R LB X 0 ) B ) F8 A B
Pt Etho vision XT #AFrh a8 8y 52 k5015 A
Bl RS AT R 9 48 A R 6 T R
Y T REMFIE AT .
1.4 HiESH

i SPSS 27.0 BRAFHEAT X EcdE 4T B J v
JB/R 7E (Shapiro-Wilk-test) & 5 56 F IE #5174, Levene
J7 2550 PR S, X AR B AR A T OB 2R o A
7 % 43 M1 (two-way-reported-measures-ANOVA),
fii ] Duncan ¥ Z 5 AR B IR X8R 1)
WEME, P<0.05 BA W EA W& 2R, M7 i
PRiEAT K AT FE AR JE S50k 56 - ve 5 1
JR Tk L3 (Kruskal-Wallis-H-test) £ 36 I P 99 1L 4%
PR Ve o FE AR R AR A e 4 SR AR AL,
S )5 2650 B E B AE

2 ZERE5HW

21 Rz & EBERNERESENERT
ZIESRR . Tr SRR, VRO filhgh
A BAR BRI AT A IE 00 B 05 22551 (P>0.05) 4%

B ENHHRM

211 mEAKYE KL A CAT G 7R
Biitef 22 57 (P<0.05), RN TR 2] Fuw=
41.608, P<0.001, FIikky CAT g ih 4 76 A [A] B
B HA b, Fu=11.72, P<0.001, #] LA
b9 CAT Wi PEAEA 7] pH 20 [a] BA 25 fh a3,
pH Wi s f H, CAT B 36 P78 pH 9.5 SL5 4l h
T 48 h B E 5 (P<0.05), T 96 h B E K
(P<0.05), pH 6.5 L4041 CAT i 1EAE 72 h i 3
T+ B (P<0.05), VFECF-fil CAT G152 pH A8 1k
Y52 Bk 25 (P<0.05), &SEmA T 72 h TR &S
FXF HE4H (P<0.05), TEILFE 2,

K SLE A SOD WG Y fEE G2 £ R
(P<0.05), FEMRNRLN 352 F ww=27.636,
P<0.001, FITAH SOD REFEAS ] A [H) HA A8 fk i
#, Fpu=7.491, P<0.001, ATLLIAHK SOD il 7 A
pH AR B A [F] pH 4505 T 4% 20 il 15
B M2 (P<0.05), TEIRl— pH &4 F, Kl
HFAEDE, 454 SOD B IGHEAE 72 h %
24 h WETHE(P<0.05), HAE 72 h 5 IFLREEAK.
FEAHFIET R 250, #5504+ 72 h B & T xf
W 2H (P<0.05), pH 6.5, pH 9.5 SZUGZH7F 48 h [ 3%
BT IR (P<0.05), £ 3.,

*2 pHAMMEXNIFREMHD)ETEUSEHCAT)FELMHNERZEENESFEZHH
Tab. 2 Two-factor repeated-measures ANOVA for the effect of acute pH stress on
catalase (CAT) levelsin juvenile Sebastes schlegelii

21 3] group 24 h 48 h 72 h 96 h F P
pH 6.5 44.226+18.370*° 77.576+17.874%° 347.253+50.2985 283.260+66.7524% 42.11 P<0.001
pH7.5 55.243+3.124%° 249.63+2.105%° 500.416+129.119%  287.700+40.449"F° 25.97 P<0.001
X} &4 control 58.533+7.196™" 115.23+16.121% 85.636+24.76% 41.050+34.080 11.96 0.002
pH 9.5 51.000+12.204%° 164.099+81.0334"  396.195+124.88%B*  175.941+19.771%° 29.25 P<0.001

pH F=11.972, P<0.001

I ] time F=41.608, P<0.001

pHx I ] pHxtime F=8.838, P<0.001

T ARG B3R E R T ARR pH 402 H BA B35 2% 57 (P<0.05), ARV/NE FRERF— pH 4 F A F I E BA B ErE2 5
(P<0.05), #H[FFEEAFRTC W #E 22 5 (P>0.05).

Note: Different upper-case letters indicate significant differences between pH groups at the same time (P<0.05); Different lower-case letters
indicate significant differences in the same pH group at different times (P<0.05); Similar letters indicate no significant differences (P>0.05).

212 fIEEES pH 6.5. 9.5 SZE4H ACP B
PEFETE B2t 27 22 5 (P<0.05), =14 Py &% 43 M1 15
F| F ww= 77.615, P<0.001, A[AA ACP fif{ P H

A WA AR f i #, Fou=5.335, P<0.05, A] LLiAN
ACP FIEHEAEATR] pH 46 BA 2R, 18
— pH &4°F, BEERFEHES, pH 6.5, pH 9.5 3£
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Y2 ACP BTS2 B UWTRE LS, pH 7.5 2 FT, pH 6.5, pH 9.5 LI BHEET 24 h &=
FIxt B 4H 5 SR b #a #(P>0.05)  fE[R] — It A] 4 T RFIB4H(P<0.05), TEILF 4,
%3 pH EERE T K ah4 a8 S Y L EE(SOD) B S MM N A X EENE S £ 5

Tab. 3 Two-factor repeated-measures ANOVA for the effect of acute pH stress on
superoxide dismutase (SOD) levelsin juvenile Sebastes schlegelii

21 %1 group 24h 48 h 72 h 96 h F P
pH 6.5 54.035+11.476% 69.315+2.1714% 82.665+5.0984% 55.95+10.726% 17.688 0.021
pH7.5 42.770+11.6825% 49.680+4.1085® 68.027+6.682"* 52.297+11.263% 4.471 0.035
X 841 control 46.310+£14.096"5 51.945+4.3565 44.813+12.002" 43.347+14.045% 0.408 0.751
pHO9.5 45.193+3.972480 65.156=11.346"* 82.066+5.866" 49.763+15.173%° 9.123 0.012

pH F=7.491, P<0.05
fif [E] time F=27.636, P<0.001

pHx I ] pHxtime F=15.061, P<0.001

W ARKREFRFRAHFENE T AR pH 28 BA W32 5 (P<0.05), ARl/NGFREFERFE— pH oA W) B B E ks
(P<0.05), #H[FFHEFRTC 0 2 5 (P>0.05).

Note: Different upper-case letters indicate significant differences between pH groups at the same time (P<0.05); Different lower-case letters
indicate significant differences in the same pH group at different times (P<0.05); Similar letters indicate no significant differences (P>0.05).

R4 pH 2MBEXFIK Fh4h ERIEMBEACP)EEZMAINEREENE R ENH
Tab. 4 Two-factor repeated-measures ANOVA for the effect of acute pH stress on
acid phosphatase (ACP) levelsin juvenile Sebastes schlegelii

2049 group 24 h 48 h 72h 96 h F P
pH 6.5 209.657+3.909" 68.832+10.091*° 65.000£9.015" 47.585+18.726"%"  186.07 P<0.01
pH 7.5 72.043+9.2488" 68.436+19.0644 64.813+2.5424° 85.576+33.373% 0.892 0.482
X} IR control 81.55+21.0355 88.625+6.491" 63.808+18.005" 61.384+17.38245 4.335 0.038
pHO9.5 185.1742.1924 80.625+6.314%° 59.750+£25.456"° 47.795+19.438%%  65.131 P<0.01

pH F=5.335, P<0.05

A [E] time F=77.615, P<0.001

pHxHF[H] pHxtime F=26.621, P<0.001

T ARRE T8 3R <A R B[R] R AN 6] pH 4122 ] HAT 1 35 22 5:(P<0.05), AN[Fl/ING FRER /R AN A B E) R [6]— pH 2 v AS [6) B i) HLAT
FHE 22 R (P<0.05), AR FRER R TG 1B 3 2% 5 (P>0.05), A FIl AB [AIIHF7E AR TC B % 25 50 A 82 AB i .

Note: Different upper-case letters indicate significant differences between pH groups at the same time (P<0.05); Different lower-case letters
indicate significant differences in the same pH group at different times without using time (P<0.05); Similar letters indicate no significant

differences (P>0.05). When A and AB exist together, the data with A and AB have no significant difference, but data with A is higher than that
with AB.

AKP fiff pH 6.5, pH 9.5 L4l BALFAE S 1T
28 51 (P<0.05), FEAR N B3 M4 B F =
31.207, P<0.001, A tAh AKP il i 76 A [ B ]
HA bk, Fp=7.118, P<0.05, 7 LLIAH AKP
il 15 PETEAN[A) pH 2H A 2AA A2 Ak a %, pH JPhia h,
AKP JiifF pH 6.5, pH 9.5 52540 b T 48 h &%
K (P<0.05), H:H pH 6.5 SZEZH7E 72 h A [0l T}
(P>0.05), pH 7.5 LA BALIMA TR EER
(P>0.05), pH 6.5, pH 9.5 SLE 41 7E 96 h it Z (KT
X B 2H (P<0.05), HEILFE 5,

213 FFREERZE #5054l GOT BTG MEXfFAE

Gt 2F 22 5 (P<0.05), EERNHN R Fuw=
7.884, P<0.05, AJAly GOT B 1 £EAS [a] Bt 7]
AL #H, Fou= 4.517, P<0.05, Al LIIAH GOT
M eI pH A HA AR LS, FRxf gl o
EERI, HihSHEHANY AR ELEER
(P<0.05), fE[R— pH %M, &R EHEDE, pH
6.5. 7.5 S50 GOT BHEVELE 72 h W BLEH
EEag, Hodh pH 7.5 SZEGZHAE 96 h AR
(P<0.05), 7EAHMRIASEI %44, pH 6.5, pH 7.5 5L
HFEEGHEAE 24 h BEICTXT B, pH 9.5 LKA F
72 h. 96 h B E L F HAh45 21 (P<0.05). # L3 6.
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&5 pH AMMEN TR T4 EEEBRBREBAKP)EEZMHNEAZEENESESHT
Tab.5 Two-factor repeated-measures ANOVA for the effect of acute pH stress on
alkaline phosphatase (AKP) levelsin juvenile Sebastes schlegelii

2H %1 group 24 h 48 h 72 h 96 h F P

pH6.5 1.47+0.086"5° 0.52+0.045"° 0.752+0.0995° 0.455+0.159"° 71.301 0.002
pH 7.5 1.025+0.297" 0.807+0.365%° 0.977+0.295% 0.747+0.118482 0.778 0.535
Xt H&4H control 1.03+0.199" 0.815+0.2314° 1.135+0.0834° 1.142£0.074* 3.364 0.058
pH 9.5 1.722+0.294482 0.54+0.2224° 0.43£0.1335° 0.442+0.1825° 29.214 P<0.01

pH F=7.188, P<0.05

B 18] time F=31.207, P<0.001

pHxI [H] pHxtime F=8.628, P<0.001

T REIKRS R FR R R R R[E pH 12 0 B A B3 25 5(P<0.05), ANE/NE FHERRFE— pH Ao ARE IR EA BE2ES
(P<0.05), AH[FF R RT3 2 5(P>0.05), A il AB [’ AR TC 3 22 50 A 52 AB fi .

Note: Different upper-case letters indicate significant differences between pH groups at the same time (P<0.05); Different lower-case letters

indicate significant differences in the same pH group at different times (P<0.05); Similar letters indicate no significant differences (P>0.05).
When A and AB exist together, the data with A and AB have no significant difference, but data with A is higher than that with AB.

&6 pHAMMEMITFRFMLpEZEXIHBGOT)ELEHXMHNEAREENEFEST
Tab. 6 Two-factor repeated-measures ANOVA for the effect of acute pH stress on glutamate
transaminase enzyme (GOT) levels in juvenile Sebastes schlegelii

21 5] group 24 h 48 h 72 h 96 h F P

pH6.5 42.222+28.864"° 181.89+75.002482 243.555+43.99348 153.977+£37.05348 10.234 0.003
pH 7.5 5.000+1.146" 229.465+33.1274B® 257.375+58.696" 174.150+£55.479*%°  10.395 0.043
X IR control 166.193+9.3224% 268.656+69.421" 187.086+£19.4124B 271.726+69.794" 3.058 0.113
pHO9.5 165.73+£2.9274 212.645+24.43148° 55.435+36.918° 15.250+.4715° 36.115 0.007
pH F=4.517, P<0.05

A [E] time F=7.884, 0.001

pHxH} ] pHxtime F=3.415,0.01

TE: AFKREFRERRA R T AR pH 2 HHEA BE %
(P<0.05), A F*FF QRT3 2% 57 (P>0.05).

Note: Different upper-case letters indicate significant differences between pH groups at the same time (P<0.05); Different lower-case letters
indicate significant differences in the same pH group at different times (P<0.05); Similar letters indicate no significant differences (P>0.05).

5 (P<0.05), AIFA/NEFEERIRIE — pH 2 oA ) i i) BAy 8 25 1k 22 5

GPT BIEHEAUAE pH 9.5 SCUHAETE S 124 2%
5(P<0.05), FARARN 3 E] Fun=7.284, P<
0.05, AIIAN GPT RMAEA [F] i ) B A A2 1k a3,
Fon=1.728, P>0.05, 7 LLINFy GPT BEE PE7EAN A

(0.256, 0.378), 0.193 (0.096, 0.273), 0.446 (0.175,
0.547), 0.129 (0.0614, 0.2005)]. A a]#H &5 [+ {7
B (P25, P75)4> W Ky 19.416 (16.947, 21.639),
13.886 (9.782, 19.563), 20.073 (18.883, 22.437),

pH AR ZBEH . pH BHE, &5LEH T
[T fil 2y GPT BT 14 2 ek TRk,
H pH 9.5 SZER 41 P T 96 h 3 [F17}(P<0.05), pH
6.5 L4 P T 48 h B EFE{IK(P<0.05), pH 7.5 5
¥ 20 TG 3 22 5 (P>0.05), HEILE 7.

22 pH SUMERME XFF K i 4h f BRI T A RSN
221 HERBZEGETAR pH FIFEKFEh &
TAMEm W T AFRIEATEIES S0
(P<0.05), HCRHHESEk 3 X8R 1734, pH
XIVF G-l 4y €047 5 DL 3% 8, AN[R) pH 4194~
P IE P 4 B2 [P 2 40 (P25, PT75)48 51 0.32

20.603 (15.942, 22.222)]. L[ (P25, P75)
39N 6.5 (5.7, 7.25), 2.5 (0.75, 4.25), 7 (1, 18), 0
(0, )] TIESHL Kruskal-Wallis-H #:4%, H {A,
P{E3 0 17.143, 0.01. 9.698, 0.021, 26.229,
0.000, HASIt#E5 . MW ILRERER, 1
PRS- B pH 9.5 S04 i F KT pH 7.5 L4l
FIXT REZH (P<0.05). MAIBEES pH 6.5 SLI04l
FRT pH 7.5, pH 9.5 SLue2H 5 Xt IR 2H (P<0.05).
HEIE pH 9.5 SEHR2H B E KT pH 7.5 250 4 A AR
41 (P<0.05), H pH 6.5 S5 4 K T X} B 41
(P<0.05).
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R7 pHAMMEMTFRFMSYEARESHBGPT)EEXMHINEREENERFESN
Tab. 7 Two-factor repeated-measures ANOVA for the effect of acute pH stress on Glutamate
transaminase enzyme (GPT) levelsin juvenile Sebastes schlegelii

25 group 24 h 48 h 72 h 96 h F P

pH 6.5 767.940+47.8994% 514.825+127.950%° 363.300+£27.5345° 660.170+133.416%* 5.014 0.109
pH 7.5 755.857+65.204"* 457.762+229.821% 555.047+69.685" 853.072+£108.278° 3.612 0.058
X} HEZH control 690.560+143.9094* 738.843+190.6394* 730.316+203.026** 843.210+77.374" 0.488 0.703
pH9.5 762.616£66.920%° 620.890+77.148"%° 590.693+£139.141"° 892.173+83.025% 8.305 0.015
pH F=1.728, 0.238

Aif [ time F=7.284, 0.001

pHx P[] pHxtime F=1.068, 0.42

T REFRFRHFERE T AR pH 42 EBA 832 5(P<0.05), NG FRFRRF— pH 4 AR E A 822 5 (P<0.05),
AR T REAUER TE 2 %5 22 5 (P>0.05).

Note: Different upper-case letters indicate significant differences between pH groups at the same time (P<0.05); Different lower-case letters
indicate significant differences in the same pH group at different times (P<0.05); Similar letters indicate no significant differences (P>0.05).

*8 tHEMBEEGTARE pH 3FKFEhL&IT AR

Tab. 8 Effectsof different pH on the behavior of juvenile Sebastes schlegelii under the same time condition

$8F5 index X} B2 control pH 6.5 pH7.5 pH9.5 H P
AR 34 8 B 0.32 (0.256, 0.378)" 0.193 (0.096, 0.273)  0.446 (0.175, 0.547)" 0.129 (0.0614, 0.2005) 17.143  0.011
individual average speed
R X AEEE 4.655 (3.65,5.81) 4.769 (2.878,7.456)  4.735 (4.162, 5.229) 3.991 (3.062, 4.76) 3.047 0384

distance to the boundary
of the observation zone

AN ] 19.416 (16.947, 21.639)° 13.886 (9.782, 19.563) 20.073 (18.883,22.437)" 20.603 (15.942, 22.222)° 9.698 0.021
distance between

individuals

#4IT approach 6.5 (5.7,7.25)" 2.5(0.75, 4.25) 71, 18)° 0(0,2) 26.229 <0.001

TE: B R/RIR ARG S, #6554 E. a RN RTRHE S pH 9.5 SLIRA 775 B 3 22 57 (P<0.05), b A3 A A BE £
5 pH6.5 SR LAFAE i 395 5 (P<0.05), ¢ IRFEHAIE S pH 9.5 IR ALAF1F 135 9% 5(P<0.05), d {RE IS pH 6.5 L AfFAE R E X T
(P<0.05), TCFHRHREIEICE 2 5 (P>0.05), PP L& 25T Bonferroni %7 IF.

Note: Kruskalvoris test with upper and lower quartiles in parentheses. The lower-case letter a represents a significant difference between the
groups and the pH 9.5 experimental group in the average individual velocity (P<0.05), the lower-case letter b represents a significant
difference between the groups and the pH 6.5 experimental group in the distance between individuals (P<0.05), the lower-case letter c
represents a significant difference between the groups and the pH 9.5 experimental group (P<0.05), and the lower-case letter d represents a
significant difference between the groups and the pH 6.5 experimental group (P<0.05). No letter marking represents no significant difference
(P>0.05). Pairwise comparisons were corrected using Bonferroni correction.

222 tHRE pH &4 T E g Bt 8 33 i K
hEITAHMFN  pH 2 T B )X (G- il 4))
AT R R 9, ANIRITE] A AN AR ] R g [ 7
(P25, P75)43 il A 16.181 (13.407, 19.608),
20.706 (1.794, 22.355), 20.02 (18.694, 21.508)]if
174EZ 8L Kruskalvoris-H ¥ 5%, H=12.206, P=0.002,
ARSI 225, MW ES R BR, MREFE
B 48 h. 72 h BE T 24 h (P<0.05),

3 g
31 pH SMpEMNFRFEHSBEREMERE

BRI
RN A 2 o NI E A 2, AT

S H B e ST, HLAR RS A 4
H & (ROS) TC vk 8 M B3 B, 1 3k 26 3 & 1Y
ROS 2 FEMLI H B4 LB, SOD ., CAT J&
1Eg: A AL E, Horh SOD BA W R A B 1
H R IRERT, CAT WK 245t AL S 2%
it hg K RS AR AR 20 A 32 B AR A5 0 AR
559, pH MO TFIR)E 72 h, 452841 SOD. CAT
it 3% A 0 IR A I S T R, R B GO B4l £y
RNEXE pH ARfLHE R B E SR A B AR H 3,
3 T OE BUEAL RGN pH A, 96 h
IS 2 SOD W vy T4 HEZH L CAT WG 14 2 3% =
FXFRRLH, JERA A FCP- fih 40 411 £ 3% 3738 AR B pH
PR HL s A a] 9 R FCOF b gl fa s pH il BT —
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Tab. 9 Effectsof different timesunder the same pH conditions on the behavior of juvenile Sebastes schlegelii

&A% index 24 h 48 h 72 h H P
A 2 ok g 0.217 (0.124, 0.306) 0.191 (0.103, 0.36) 0.370 (0.194, 0.534) 4.208 0.122
individual average speed
T WL X 3 L B 4.734 (3.603, 5.674) 4.461 (3.281, 5.74) 4.586 (3.524, 5.208) 0.282 0.869

distance to the boundary of
the observation zone

AP ] B

distance between individuals

16.181 (13.407, 19.608)

#43IT approach 3.5 (2, 6.75)

20.706 (1.794, 22.355)"

2(0, 5)

20.02 (18.694, 21.508)" 12.206 0.002

0 (0, 17.5) 4.442 0.108

W A HTRRIR BTG I, 550 B R A AK, a SRR MR ES &-if (8] 55 24 h AAE 3525 5%, PP LA 283 Bonferroni 47 1F.
Note: Kruskalvoris test, with upper and lower quartiles in parentheses. The lower-case letter a indicates that there is a significant difference
between the time and 24 h in the distance between individuals, and the comparison between the two is corrected by Bonferroni.

FE BT AL RE

T TR it 2 ML EE 2 P D R IS, 040 L R
BEREME AT L4 AKP . ACP WiFh2Y) — S 1e s
o 92 B A8 v B B FEEAE T, Hoh AKP FE B S5
TR K e RRER A VEHCY, Wi ACP i P
BUATE R B 55T S M 0 B Hh e e g i 22
BPYL BAT WF 5 E B 7 ) AR 8 (Gymnocypris
przewal skii) 3z £h B P18 BN [F 4 20 i) ACP Al
AKP BG4 A AR 1 T sl im 1B, % pH
0 AT 53005 7 EG SRS IR e R 480 ARG,
B TT 4R 24 h i pH 6.5 SZEZH A pH 9.5 52864
W KR RO 2l £ ACP i M Sk 2 8 T 0 R 4,
T4 taibF pH WRia T RiEST A B R
Bl V- A R T T 3 2 T R, SR % T e B I
3. pH 6.5 SCERL AN pH 9.5 SCER 4 AKP i P
£ 96 h W ELTF XA, wHeE T pH A2k
HR U EOT- il 35 17 V1 T B SRR Bl AKP il
EPEARREIR S IEH KT o ZEWHR 4R, pH 24
e T4 ROE 4l f ACP Bz AKP G P 45 7E —
R Y ] DAY AR 8 3 B i B 8 ) R WX pHL JBE
3.2 pH 2MERMBE XTI K T 4 £ BT AR ES 2K B9 3N

GOT. GPT &) ZAE7E T sy I oo i) E 2L
R, EHEINHN, GPT W& M T B hn i 5 T
UIRERS AT, GOT MG M Tt = bs 5 2 0 ik 2 RE s
WEY, Wi IR S SRR A, M ]
S 07 TR A bR B0 P2V A 58 48 h 72 h F GPT
filg 1% MEAE pH 6.5 SEIGAL B S REAIK, X AT RESE
40 3 3 P e A B GPT WA, IR i

ZP . A LE GPT BEVET 96 h K5 5% #f
K-, BRI B N VF Pkt pH Bria BA
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B AR A E, MAERMESRE T, pH o & F 3
OH i B 2o i i il NH," B 5% Ak hy 7 1 5 K
NHs, MR FE i — 203 it . filn, ik pH
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YUG5 R 40 105 B, T vk B A RO R O B 4
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MHERYT . ARSI, pH 9.5 SR AT
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X RE P ECAAE AU N TR, ([BABFFE AR XS
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459 pH 6.5 SCHG2H A1 pH 9.5 5256 20 76 Ay 55 5
i IR AL T — 2RSS T B pH JE XS
VI Il 4 £ 1) A A7 B E B 52
3.3 pH 2ERMEXTIF KTk 2h & BT AR R
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PN R, DAL a2 b & . SRR L
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Effects of acute pH stress on physiology and group behavior of juve-
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Abstract: The purpose of this study was to examine how Sebastes schlegelii responded to acute pH stress in terms
of group behavior and physiological variations. The pH of the water column is lowered during industrial
aquaculture due to the high shellfish mortality, excessive algae cultivation, and seawater red tides. Water’s pH
rises as a result of the massive consumption of carbon dioxide in the water caused by photosynthesis. Numerous
enzymes, including those involved in immunology, antioxidant, and metabolism in aquatic organisms, are
impacted by pH variations. Under stress, fish frequently run, reduce their metabolism, and increase the activity of
related enzymes such as SOD and CAT. When fish are subjected to external stimuli, physiological and biochemical
indices can represent their overall health ability to adapt to their environment. In this study, the effects of acute pH
stress on the immunity, liver function, antioxidant activity, and group behavior of juvenile S. schlegelii were
investigated. Different pH values (pH 6.5, pH 7.5, pH 8.5, and pH 9.5) in seawater were studied to identify the
effects of pH stress on immunity, liver function, antioxidant activity, and group behavior of juvenile S. schlegelii,
The results show that S. schlegelii CAT activity significantly increased in the pH 7.5 and pH 9.5 experimental groups
at 48 h (P<0.05), SOD enzyme activity increased significantly (P<0.05) at 72 h compared to 24 h in all
experimental groups and started to decrease after 72 h. ACP activity showed a gradual decrease in the pH 6.5 and
pH 9.5 experimental groups, with a rebound in the pH 9.5 experimental group at 96 h but the change was not
significant (P>0.05). At 48 h, AKP fell dramatically in the pH 6.5 and pH 9.5 experiment groups (P<0.05), but
rebounded somewhat in the pH 6.5 group at 72 h (P>0.05). GPT decreased and then increased in all experimental
groups with a significant drop in the pH 6.5 group after 24 h (P<0.05). There was no significant difference among
the pH 7.5 experiment groups (P>0.05). Throughout the 48 h—72 h period, GOT activity gradually increased in the
pH 7.5 and pH 9.5 experimental groups, although it significantly decreased at the start of the 72 h (P<0.05). In
comparison to the control group, S. schlegelii’s degree of aggregation increased greatly and its activity
dramatically decreased under pH 6.5 and pH 9.5 (P<0.05). The results showed that different pH levels influenced
S.schlegelii’s physiological processes and behavioral decisions. The immunity of juvenile S.schlegelii was lower in
the pH 6.5 and pH 9.5 experimental groups.
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