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HE Jy %] B B 7 4 (Oplegnathus punctatus){i &, 1t % & 77 K (K & 28 3 72 o i i A 32 A (L 48 AT
WR A, AR R ARFMAESE T &, £W 2 MAMEIEH 84 IF 2 4 & (critical oxygen
tension, Pgip) 1 %% &= F 47 & (loss equilibrium, LOE) #f By A AR &, WE B KB AL B T HFRATH
A, AR i e iR B VA AR R ST AR P o R B A A A B A B . M40 & B (hemoglobin, Hb)iK
£ . #1448 fig(red blood cell, RBC)#1 & 41 fif,(white blood cell, WBC)#k H | 21 2 g 42 /& (hematocrit, HCT)
T, R BT, FEAER30£0.5)C., RAKE<0S mgL, T EKE 0~0.05 mg/L, #EN
30, pH % 7.80 #y &1 T, 200 1 50 g BT % 8 8 Poip 167 77(4.05+0.09)#1(3.15+0.12) mg/L, LOE {&
45 41(1.16£0.08)%1(0.93+£0.11) mg/L, F 50 g 3% 4 %] 35 LOE {8 # B} 7] (t=480 min) tk, 200 g HE & 44
(=110 min)FK; AAHATET, 2HNABEEHTIMEHELEATEHRKRN T AS, B
E Poi B B EFE, HE&RAMP<0.05), KAMEFBORXGHREIBESERE S, &
LOE A 4L 3£ 2| &% K {H(P<0.05), {2 50 g 37 # o 4 4 A fn B2 & & b AH8 B KT 200 g 3T 7 4
(P<0.05), [EB, 1545|357 46 WBC #2 RBC 2L E . Hb % E#1 HCT 2% 75, 50 #1200 g 3 A
48 5B 72 Pgic it LOE fH 4L 3K 3| 5 A fH(P<0.05), kB E¥ B M4A 240 5, 2 MHIRIE A IR A E®
WRaE sy, BRI AT S XA T R #E E R (P>0.05), & AR, 2 AR IR SAE LA,
50 g BEA H VK AT Z 66 4 E 3k, 200 g 37 4 KAt oy B 5 R L AU, 2 A AR BT B3N T
IR AR E | R ik WBC fr RBC %, & il . # 4 4540 Hb K E, M55 Em Rk
FA, MxHEEME SR EERARET, HXERIEEHE R AR T a3,
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s it SR T 5 ) A IS A5 K AR AR W A K R B
BUOKMIRN T2 —, P18 fb2r iSRRI 2T
PRI R MR, BT 5 | e 7K A4 r 7 fire SR IR 22 5k
S, SRR AR AL BBV (Abdel-Tawwab et al,
2019; RIERAE, 2021), il WK IR 3 il AR 1L,
10 S AE A R BT R R BT A [R) R 28 AR KRN i
NEPEEEALR, JFE A — R R AR S5
Ak, WP AR S SR I A CE R AF, IREGE
JE YR PR 2O E R TR, FRARRE T
K, MM4EdeiE & AEFIRE (KL, 2014; ERIRF,
2020; F W&, 2021), Ifi 4% 43 JE (critical oxygen
tension, Pgip) FllZk 22317 15 (loss of equilibrium, LOE)
STz N T R 0 AR ST A2 BE T A SR A
(RERAREE, 2019), Pei Ml LOE #AI%, )% B £ 241K
ST AZ HE ) R, S =2 WU 553 o B ff #6288 Py A1 LOE,
AL N T FRF 250 T B 7K AR fip A0 42 4R AL B 24K
P, M DBk . WEoR &3, R E ] RS
B IE B P A AR AR & AR 2K AL, T RE i £ 2R A T
NN AE B A AL S5 355 (Buentello et al, 2000; Thurston
et al, 2011), AEMHLEE(2016)MF 5 KB, 7K fif 4
SRR, 5 f(Mugil cephalus)% fitk K 2218, 1738
fie /1 R I, (R4 35S T # £f (Cyprinus carpio) ] fJ i@
T BE IR R IR 22 AR, AR
(Glass et al, 1990). HHil, EHNIMXHaRREDT 5T F
SR RS [R P 0 2 A IR AR A2, 171 X6 AN [ BA 1)
[ri] — b £ SR AR 2 PERGE A 2 BRFEIESE(2021)
5T R B, AT % BE s SR #(Ictalurus punctatus)
WO FEFCRAT W S2 M, E R B A (R BA BE o5 SR
8 1) Poie A1 LOE 5., A MAAH SRS A A ) i
AR A 2 M 22 5. X4 2248 (2012) 50 Bt
TR WL 3 RS S 5 L L (Pseudobagrus
ussuriensis) 1 FE RIS B S, (HR A= BRA=fb A B
FEAT 3 Fh R AR 1 5 0L 6 1 oA SR W 3 1 s g A Ak o
PRI, X5 AN R AR (] — fa Rp I AUt 32 PR AT R R A

BE 41 44 (Oplegnathus punctatus) 4 F « B 4 6 |
“Aeau, TEHEARRIRE ., WIEEE 5 A H AR 555
Yo An, HARESE , HHRER, B2 RIERE
)2 FTT bR . R EAL & 2%, BEA A RELES
TRk AC, AT FE R Rl i g, BIE T
T AR ZE 18] 58 iR FAS Y Ah 5 T AR, B 2K IR T+
1 E S A ROKIR, R B 5 s 2 KR TR AL A
HATHE I 3758 o WF9E 3R Y, KB T AR b I I B R 2k
BFKARE R, KiiscHensr, ARERILR, 3
AR B, W Zad AR IAEE T B e ISR, I
A PG D RE TS 2 B E P2 T (Jia et al, 2021a), [IA2RE

FEIK AR A S TR R T BE A 0 5 B A 7 ) BRI BRI
FZ2—, FCO Rl A KRR AR A R B 3
P E AR, KRR, KA 22 R (]
BRI, 7K U firk S RE ) R 22 (R BAE, 2017),

AR, KRS SRR B (BEW A, 2016) . H ARk
AR(EHARSE, 2014)  BESSFIOGA A EA Y43t ik 25 2 i
pI N R RS a3 = N TR ES LA B 96 B2l
F AR EARNE F5(Wang et al, 2021). /KI5
(KB KA, 2020; RUMNESE, 2017), B Gk TE
452017). P2 W il (Huang et al, 2021)Fl6 25 1
2 (Liu et al, 2019)45 7 1l o W5 fift S8 E I B BB A+,
b 2B 57 GE 0 S B AR AN L T E X BREA B R AR
it 52 WA I M AR Rl , RIS, 7EARE M0 i 2
HORH AR AR AR SOV N BR AR, ST, ST i
X EC BT 2 B HLAK BE A7 81 Peri A1 LOE , WLEE HL IR 1
AT R AEAL , A3 AT AR SR 36 TR B2 35 e S e v 19 1L
WA B AR AL AR AR e BT . A L 1218 (Hb)
WeFE . LT 40 i (red blood cell, RBC)HI [ 4 il (white
blood cell, WBC)%k, ZL4ilffiFE (hematocrit, HCT)]
FIAS Ak, e B B BRI A2 A2 A g A AR B RN, A G
S5 SR SN B A A B O 7 AR AR R A R

1 #MRE5FE
1.1 SEIgHE

SERAE L AR S BB K A PR RO R, S gabs
B HIZA RS, AT | 5 Rk, 7
1K 53319 (9.80+1.10)H1(20.00£4.20) cm, P14
J 23 91 (50.10+0.70) F1(200.30+4.20) g, S236 T 4G
AT, K 2 PR B BEA7 8 5 T 12 D SEER A (60 L)HhEF
75 2 JA BARCE 15 BSsf, 5K 08:00 H1 16:00
AR 1 RGEE, P E Y a4 TRARAR),
B R RIR T 3%, FRK IR ik
BT 7.00 mg/L, KA (23.0405)C, AWK
<0.1 mg/L, WAHFERV Iy 0~0.05 mg/L, TEH# LI

1.2 LRt

121 ARAAZRE A FE S 5% B R K X
TGRS, 2014)FF Mot . B 6 SSCEehE, Y
R STIG AR B, TR TP LRI IR K R4,
PRt s AL B AT AN (AZ86031 Y, HhfEl 5185 % 1H)
SR E SRR AR A i SRR B AR AL, AR (AR A
fir B AT RS A AR MO, [mg/(kg-h)], AT
Vo1
T BW

MO, = ([0, ], ~[0,], )%
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A, [Oy], F[O,],, (mg/ L4351 A W 0 Bt 1] 5, ¢, Dty
A 5 i MR B 5 VSR SIE IR A 9 S AR R 25 £ Y (AR
s t(h) R IS [E) At 0t ] A TRIBG s BW(kg)  SL 5 fa
MR A

Poit AR RBER KT T, a2 RedeRe AR
R PR FOKT, B 5 2R 32 RE 2 )
Fb, B Po (BRSO, A fa 2R IR RE J ks, sz
G PR A FUK TR, SRR H MO,
B e AL T WA HE B R R, B3 P (L

FE W D32 SR K R 5 it A8 B AR AR R R, S IR
Wu F5(2016)/0 1%, XS SEI fa i vk R A7
BEMLPKIE 3 FESCHfa, (o sk Ao ph il 55 P A Uk Rk,
B IP I A A (Y /min), 50 g BEATHH4ERE 1 h 483t 1K,
200 g BEAHHEERR 10 min S8t 1 K, 45250 2 27
HrEH(LOE; MEH, MEHwI L), 0% g i S B
IEGETT I AR
1.2.2 IREME Foik B 5 5 BTG T 2 FhRRSBE
AR Peie (N LOE {H2Z )5, A HURS BEA7 5 5331
BEE 1 AR IR 3 ASREFRLH , X BE ZH FnAb R 2H 34
3IAAT, SEETFART, KA FRAME IR K RS, H
SRR LI B, B K ISR AW E BR Peg
BRI BE LOE SRR [k e L0 . MR 50 g BE A
R A4 0(0.93+0.11) mg/L, 200 g A7 B il S8 K
(1.16+0.08) mg/L]iFHURE: , BRARFEALIR 3 J ff1  HU5E LOE
SRR, SERMTIMIEA K R GE, KPRt Tk = i
fifp S AL FE(20 min JE IR AR BIEH K5 7.00 mg/L),
IFEWRE 24 h (R 24) 5 BURE . SEe IIR], UR%E 2 FhA
8 B A B8 7 AT BTl 200 R B2 0 e St R v i Uk R
WAT NN, GEiTBEA G T ATR I AR L B
m—ik—Aic 1K,

A:50g

o—o A AWk E Dissolved oxygen concentration
—o [FEI; J5i %R Respiratory rate
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Fig.1

1.3 MmEHERRESHE

MEAFITIR 3 Bfadt 9 B), fElEihET
MS-222 KR (200 mg/L)H ., T RREY S, 1
1 mL 5 B KU, 434 2 . | (3 AT
Rz i LT A (RBC)YEL . HAIG(WBCO)EL . 1418
H (Hb) & & ML 40 i BUE (HCT); 1 il F& A
EDTAK, P&t R M Pr i, 4CH#E 1.5 h,
4000 r/min 5 F B0 10 min HI4 MY, 77 T-80C
PKAF R, A 48 25 W R B o e

1.4 IMEHERSHT

K FH B B 42 F 21 1009 20 43 BT AL (BC-2800  vet)
UK AR O QN = 1 S G A = - e )
CTANMAR T o SR FH R ot g 2 w391 6 A 1 4 2 M
i, BTN 563 nm. SR FHRCSPE S w A i
TR A A, T RAES O e Y T,
TR S WL S .

1.5 #H\HW

S B0 OV 4 (H AR 1 25 (Mean=SD) /R, R

FH SPSS 16.0 K {4 it 47 H. K % 7 22 43 BT (one-way

ANOVA), Ji>RH Tukey's Z 8 FLE 1T 2 FloAl A% BE
A E SRR R 2R, WEEZE S P<0.05 FR.

2 HR
21 PIRFREZEE

WK R, B KRB AR TR, 2 At

e BT A1 B8 %) I W2 001 256 S B i b TSRS R BRI AR AR

B, 50 g A 200 g BEA RS A FE A R ARIRE TR
B:200 g

o—o KA M E Dissolved oxygen concentration
— PP 45 % Respiratory rate

g8 1300 =
%7' 250 £
6 &
e | 200 3 £
gES re
=5- 150 8 2
&2 5 s
%5 100 ¥ &
T 2 g
&1_ a50 %
&0 p4

1 1 L 1 1 1 L 1 1 L 1 0
0 10 20 30 40 50 60 70 80 90 100110
fis /] Time/min

PREAT 8 W A 5 R i e JEE

Dissolved oxygen consumption and respiratory rate of spotted knifejaw

AN R R 3 25 7 (P<0.05) . T,

The significant differences are shown in different letters (P<0.05). The same as below.
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1.27 mg/L (420 min)F1 1.10 mg/L (90 min)fif, PRI R K
F = (P<0.05), PG, BEERHREMRE N —LREL,
50 g Fl1200 g HEATHES HIFESL S5 480 min (1.16 mg/L)
F1 110 min (0.93 mg/L)H ¥l LOE 4 (BE &R ).
FRPG AL VEE GEit 2B, 2 FhRIAS BE A 6 1
Perie A0 7K 1A V5 i S0 MR B2 43 1) 4 (3.15+0.12) 1 (4.05+
0.09) mg/L (& 2), 7K AMREERR 2 2 FIRAR BE
AT P (ELA TR, BEA GBI B0 K

200

e
N B X
SO OO

i MO,/[mg/(kg-h)]
3

W A4E YR E Dissolved oxygen/(mg/L)

1201 . 200 ¢

100 -

i MO,/[mg/(kg-h)]

0 1 2 3 4 5 6 7 8
VARE M E Dissolved oxygen/(mg/L)

K2 BEA RIS or E

Fig.2 Critical oxygen tension of spotted knifejaw
2.2 (REMME XS BE A G T IR 57 2 A9 2 0

Wik 3 s, ARSI A0 AR i A AR
2 TR BREAT 58 14 P ISR 24 B S T v S AR A
H. 50 g BEATGHTE Pori A0 AP 12255 T 200 g B
A18§(P<0.05), LOE sik 2 Flv AR Bt A1 5 fr) I I A%

Tl 2 %(P>0.05), WKEIEHWHMEE 24 h)5, 2Fh
FHAE BEAy 098 (7%) W W01 3R 4 0 R 5, 5 0] BRZEL A HE T
& 25 (P>0.05),
£ 250
PY
%E 200
§ 2 150}
‘E*?E 100
z 50F
m 1 1 1 1
Control P, LOE R24
AbFEZH Treatment group

P 3 ARSI IR S i e R v BRE A 5 ) I R 931 3
Fig.3 Respiratory rate of spotted knifejaw during
hypoxia and re-oxygenation

2.3 R SEAME X3 B A 87 i 37 2 2 1B R R B2 RO S0

FEAR AR TE B 3 At B rh, 2 FhAS B A
B P T2 s o SR T 2 R B A AR A L N R 4 iR
FC SR A AR (B AA) IR ok 2 (1] 4B) 34 Bifi 77 5
IS5 5 A VR BE I AR T T 15, 50 g JRE 1 6 % i 5
EPHHRI R SRR FEAE Poe (EF LOE {E AN A4 FRAH ATt
F25, H#E LOE {HANAH|RF{E(P<0.05); 200 g
T A7 B 0 10 3% Bz o vk FE AR AR 3 50 g BEA AR
Ao FEVK R P i S B B, L5 2 A R B o e e
WA, B IEFIRE 24 h i, SXE42R
A HLE(P>0.05).,

~201r
2| A W50 g
3 m200g
£ 15f
o s
& E 1o T
€5 b
E 2 B
S sl . s
2 a a
L EN il
B 0 . .
Control P, LOE R24
AbFEZH Treatment group
180
B
) H50g
g leor c  H200
2140} &
i § 120F
X8 100t
&2
i 8 80
®E 60f
E 40}
5 201 i
© 0
Control LOE
&J:Efﬂ Treatment group
4 ARAEUI0 TR S0 4 A b B B Y
N 352 78 2 R Jo o

Fig.4 Changes of plasma glucose and cortisol content in
spotted knifejaw during hypoxia and re-oxygenation

2.4 RSB X BE A 6 10 i 4 32 15 4R 0 7 i

W 1 iR, 18 Pei (B LOE {HAL, 50 g BEA7
N i QA e 1 R S S 1A e | A e

P B 34 I 25 T IR ZH (P<0.05), HLIE Pgic (&b ik
Bl fE; M 200 g BEAHHAYIX 4 A8 AR 56 IR

BETE(P<0.05), Hif, HguMes. g m
ML W ETE LOE {ARf ik B R R, iK1 40 i
BAE Poi (HAHAE R KME . KB IEH A 24 h 5, 2 Fp
FUAS B B B 45 TR 34 ST IRl ol £ 5
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Tab.1 Changes of blood physiological indexes of spotted knifejaw during hypoxia and re-oxygenation

Mg A PR bR Control Puit

LOE R24

Blood
physiological 50 g 200 g 50g
indexes

200 g 50g 200 g 50g 200 g

SELYIIE
Number of
leukocytes
/(10°/mL)

AR 1005
Number of
erythrocytes
/(10"*/mL)
IMLLE AR
Concentration
of hemoglobin
/(g/L)
AR

Erythrocyte
backlog/%

2.5240.16*  2.58+0.43" 3.48+0.14°

98.00+11.33* 111.50+8.41°

35.60+£5.37"  49.58+2.07*

3.56+0.11°

59.70+2.18° 54.53+1.56"

164.10+£15.59° 156.25+22.12% 197.43+3.79° 189.45+8.07° 186.85+5.83" 196.78+8.37° 168.28+16.62% 159.35+4.61%

3.04+0.28° 3.40£0.23°  2.68+0.17° 2.72+0.39%

138.25+1.79° 126.75+14.75° 126.00£10.04° 131.75+6.72° 100.00+4.85% 115.00+8.40%

55.5244.32" 57.43+2.35° 38.48+3.62° 50.46+2.87°

3 it

F0 AR EAU 52 BE S P T IR 138 1
Peit Al LOE {H & [ AR 32 B8 ) I FZEHEHR, Poric
{EHAIG , IR AT EAA UK P 4ERR R e AR AE
R (Ultsch et al, 2019), 2k Py [EAFAEFNE BRI 225,
Rt SZ A [R50, Candebat 25(2020)iF 28 & B, 24
IR S R AR B I 25.(2.92+1.48) mg/L I, RBIAS 15 55
#Wii(Seriola aureovittata) LA #{ /K i, 1 Robin %
Q011 BF 5% & Bl , M /K 1R fit A T B 3] (3.39+
0.26) mg/L Af, /NELA K PG fE(Salmo salan) R 467~
AN, IR Porig {H 52 F0 T 8 AN A0 R BLAK 5
M, AEFZE M, REARTT A A L Po -
Pichavant 5§ (2002)BF 58 & B, 47K i fitt Al 0
3.5~5 mg/L B}, KZZ#F(Scophthalmus maximus)(120 g)
TE 7 d NTCRH BN, 1) Jia S5(2021b)F58 A B, 4
K FF B VA A BRI S 5 mg/L B, 170 g RS 6T
WKSFH, & 3.34 mg/L BHE R H Py (8, a2 Py
{8 32 HAA TR SR . B Peic 241, LOE {H [F]#E52 21
R S IR . HE B8 T8 SF 201 8)WF S & B, ATFHE
¥ A 5% (Lateolabrax maculatus)fiy LOE [ A, /M
AL 85 CF- 2R Bt 4y 1.6~2.3 g)LOE #1917 fif 20 1]
4 0.33~0.58 mg/L, M TR 10.1~13.3 g HYLEHT)
LOE /7 0.30~0.38 mg/L, {A&FiHTE 45.10~59.30 g iiI
FEl A AE 851 LOE U %UE X [H] 24 0.15~0.23 mg/L,
FWIAESY LOE {H 5 HAK BT i 2 AAH G 5T,
50 g 1 200 g BEAHIR Poic 15535 J9(3.15£0.12) 1

(4.05£0.09) mg/L , LOE fH 45 5l & (1.16+0.08) Fl
(0.93+0.11) mg/L, B BEA 4 (1) AIG 48U 2 BE 1 51K
EEYIMIE, /NS BEA 041G S0 37 6 g o &1 Xt
rh 45 5] 31 it (Spinibarbus sinensis) 4% AT 5% 4k
T 2R LGS A, 2013), B K BRI P A i
AR R, sl ad ORI X . K R
BEINEE | AN HEEE B ST R AR A TR U A AU,
AeRFIEE A (BrEE4SF, 2020), Wannamaker 55(2000)
TR LI, ARy o Al A A A R I AR R TR,
MoK R R E W R T 2.5 mg/L B, K7 PR b A
(Brevoortia) 4 1 . Jit #f (Fundulus heteroclitus
heteroclitus) )y fii 25 #f g [ 3k {5 420 7K def 5. B K T
W (7 Sk )25 L 42 2 IR 4t (2011 8)7E R 430 4% 7 fii (Taki fugu
obscurus) i &Mt 32 A 78 it & B, 247K B9 4R
W TR LU, WS SRy Sl R 1 , [R] s A B
ANHARWES) 5 2K B i R AR T 1.42 mg/L B,
WSSy i TF s . B, ARk, AW,
50 g 1 200 g REABRAGTFSIREZK rhis i ek BE A T [
Bk, PRI, HLAr T K A i Rk
[ % 2 mg/L LR (420 min)#l 1.10 mg/L (90 min)fif ik 5]
B o MR R, 50 g BEAH Pei (E A1 LOE {H% 200 g
BEASAAL, #ik LOE EMERE K, Hit, HARH
5 14 TR AP 4L R 0 R B 3 g 1

IRBE e ] S B0 A0 28 R R e B T v, HeAT
PR AR I E T EC, AR O 0 AR REHLAT #5 (Flik
et al, 2006), KM AT L ik 2 MR M 0l 2 Ry S ek
. EHEEQOINWIFE R I, Bl A A RFLL ] ] iy 3
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i, P Sk 5 000 2% 7 O VR A TR, R IE R
fif 4 24 h 5, I R o R B SRR AR, AR SR
2 PRI B B 202K R o e A AT AR R B I i R
AP R TR TR, 7F Py A1 LOE
(B A P 1025 R R P e e 0 PR A TS, & LOE
Ab A 3 F5 e, U B BRE A 6 9% LK R R Al A
AR (X SR AE, 2014), BRERESN, 12K i pEE
Shy oA F LR A ok R [ AR R AIC SR R v R AR
FH(Li et al, 2018) WF5E R M, 76 2 IE & Qi &
T WE— 0 0 2E I v B Ak R W DR A A, — 5
T BRGNS R 55 , I8 — 43328 A IR A I
Wi, AU YE R E H AR B AL AE R R, 2017). 4
R PR E E N RIS 5 AR, AR T &
HRTREVR B, X B4 T R RE LR, [RI
2 WA B T 1 A8 T T R [) £ 2 KA 2 DDA G o B K
SE(2019)Fl E4E B 5 (2021) 7 SIS R B, R
(240.78+30.24)F1(50.44+2.78) g 171 1 (Rachycentron
canadurm) {I% 480N SIS I 3K B Rk B I 25 TR & 20
H1 10 mmol/L, 3 3% WA AILA 188 KGR S P55 o o7 e e
S ARBETE R, RESMETT 2 Fh RS BE A 0 A% 1f 2%
2 WA BRI RN, L/ NS TR A 57 118 XL 5 5 2 AR v
B RS B A L TH R R /DN, 3G B O ) (IR ST A2
PE o MR TE R IR MR 24 h I, 2 FhoRIAR B 4 A 1l 4
T2 BV B B Il R, BAPAK B OE S R
24 h AJ S R AT S 30 X XA R P R g (5 A
2020),

RBC &Syl 24 R sy, HE AT
RERIET A2 AR, Hb FFES 58k, KA
T S8 2E RBC M Hb I 28 3 & (L RS2 5%,
2016), WFREEM, SPEMRA ST ) fa (Carassius
auratus)%jfi RBC 1 Hb .35 Fhy, Z& B Hnl @ ad 14
Jin RBC A1 Hb H§5k [ B MR 2 A RE 7, i B A%
AHRE (BRI, 2011), ABFFE, 2 FRELAK BE A 65 1)
RBC #il Hb 2k #a#AdIm], H7E Pei Al LOE {EAL T
W, PRI 24 0 RIVE ZIE R (E . 6B BEA 58 M S b
il 7K R A S TR B B R T AR b . AR TR EFE(2019)BF
sERIRE L B, 751N i LAk (Triplophysa  venusta) 7E 1 4
WEE Iy RBC Ml Hb & 3% B, s, 2Rk
(2018)HIFFT A B, ARSI P15 AT B0 SUAR Iy B i
W HCT B3 LT, 7EWkA IEF 7 A R b iz 1=
%, VLIRSS R RS SUR T BT R HCT, #m
H B IR RIS R T . AT, 2 FlRAK B4 B Y
M HCT BEK sl S 5 B T IR R BT, 7edk
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Abstract

aquatic organisms, including fish. Hypoxia has gradually become common in aquatic ecosystems and

Dissolved oxygen is an important environmental factor affecting the growth and survival of

poses a significant challenge for fish farming. A decrease of dissolved oxygen levels in the body or a lack
of oxygen will lead to a severe stress response for fish, hindering the development of the aquaculture
economy. Dissolved oxygen is an important environmental factor that affects the aquaculture production
of spotted knifejaw (Oplegnathus punctatus). The solubility of oxygen decreases with the increase of
temperature, and the solubility of gaseous substances decreases with the increase of temperature and
pressure. These show significant seasonal variation: The higher the temperature, the smaller the gap
between the water molecules, and the lower the dissolved oxygen. Fish in a low-oxygen environment
breathe normally and this can lead to physiological metabolic disorders, hence affecting fish behavior and
physiological and biochemical indicators. However, in the process of evolution, fish have also developed
different response modes and adaptive regulation mechanisms to maintain normal physiological functions.
To clarify the changes in physiological and biochemical indices in blood during hypoxic tolerance and
hypoxic stress, physiological and ecological methods were used in this study. The solubility of dissolved
oxygen under two different specifications of critical oxygen tension (Pgit) and loss equilibrium (LOE)
were investigated, and the changes in respiration behavior under natural oxygen consumption were
observed. Changes in cortisol and glucose, concentration of hemoglobin (Hb), number of red blood cells
(RBC) and white blood cells (WBC), and hematocrit (HCT) during hypoxic stress and recovery were
analyzed. Results showed that in a water temperature of (23.0+£0.5)°C, the ammonia nitrogen
concentration was less than 0.5 mg/L, nitrite concentration 0~0.05 mg/L, salinity 30 and pH 7.80; the
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dissolved oxygen concentrations at Pgj; were (4.05+0.09) mg/L and (3.15+0.12) mg/L for 200 g and 50 g
O. punctatus, respectively. The concentrations of dissolved oxygen at LOE value were (1.16+0.08) mg/L
and (0.93+0.11) mg/L. The time until the 50 g O. punctatus reached LOE (=480 min) was longer than
that of the 200 g O. punctatus (=110 min). In addition, there were significant changes in respiration rate
between hypoxia and re-oxygenation in both the 200 g and 50 g O. punctatus. In the process of natural
oxygen consumption, the respiration rate of the two first increased and then decreased, and increased
significantly at the Pgi; value. When the dissolved oxygen concentration decreased to 1.27 mg/L (420 min)
and 1.10 mg/L (90 min), respiration rates of the 50 g and the 200 g fish reached their maximum (P<0.05).
After recovery in normal dissolved oxygen for 24 h, the respiration rate did not differ significantly
between the two sizes of O. punctatus nor with the control group. Plasma glucose and cortisol showed
similar results to the respiratory rates; hypoxic stress led to significant increases and the highest values
were obtained at LOE (P<0.05). The plasma cortisol concentration was the same in the two sizes of fish.
While the values for the 50 g O. punctatus were significantly lower than those of the 200 g fish during
hypoxic stress and re-oxygenation (P<0.05), the glucose and cortisol did not differ significantly from the
control after recovery in normal dissolved oxygen for 24 h. Hypoxic stress had a significant effect on the
blood biochemical indexes of O. punctatus. At Pi; and LOE values, the number of WBCs, RBCs, Hbs
and HCT, at 50 g were significantly higher than those in the control group (P<0.05), and the maximum
values were at the Pgi; value. The concentrations of the four indexes were significantly increased in the
200 g O. punctatus compared with the control group (P<0.05). The maximum values of WBC, HCT, and
Hb were reached at LOE, and the maximum values of RBC were reached at Pgj;. After recovery in normal
dissolved oxygen for 24 h, the two sizes of O. punctatus showed normal swimming behavior and
respiratory activities, and the above physiological and biochemical indexes did not differ significantly
from those of the control group (P<0.05). Lastly, the body weight of O. punctatus differed during
hypoxia-induced hematological and biochemical responses. In O. punctatus, the 50 g fish were more
tolerant to hypoxic environments than the 200 g, while the 200 g fish were more sensitive to hypoxic
stress. Both sizes of O. punctatus could enhance the absorption and utilization of dissolved oxygen by
increasing their respiratory rate, increasing the number of WBCs and RBCs, and increasing the
concentrations of cortisol, glucose, and Hb in response to hypoxia stress. In this study, the tolerance to
hypoxia and the physiological responses of different sizes of O. punctatus were eclucidated; their
adaptability to low dissolved oxygen was explored, and their tolerance threshold to hypoxia was
determined. The results provide data for land-sea relay breeding of O. punctatus, a theoretical basis for
efficient land-sea relay, and an early warning range of hypoxia for breeding O. punctatus, to help reduce
economic losses caused by decreased oxygen.

Key words Spotted knifejaw Oplegnathus punctatus; Hypoxia tolerance; Respiratory frequency;
Hematology; Physiology and biochemistry



