FEDKFER2E 2024 £ 12 B, 31(12): 1441-1452
Journal of Fishery Sciences of China

DOI: 10.12264/JFSC2024-0220

REMEXTREDSMERN KT AEREN . BAREHFMBTRETIENL

HE 77 B F i

AHEEE EE R, RER, READY

L R BHE TS B S K= BT, LR & & 266071;
2. WL R S B AR 7 T AR EORBE S G, Wil fHl 316022;
3. W REEERHOR LR L AR S EY S I R RE SR E, IR & 266237

WE: W GEE D Wi Thamnaconus modestus) WK 4T 572 68 1 AR W30 33 72 rp il v A4 BHAE AL HE A . BT U4,
TR BB A RE T AR S B o AR ST FH S PR oKk, 2 A T 28 5 1 6l I S 4043 (critical oxygen tension,
Pei) 1R 2274 25 (loss of equilibrium, LOE) A (g 7K VRV i Ik B2, B S5 23 I#E Perie LOE . YR E IEH ¥ #4 3 h (R3)
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FUE LOE &t B Fhas, (AARbA 3 (P>0.05). SE/N A AR BE | S B . i ol JRE 38 AR ) e i A1 e 3 3 72
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tension, Peq) Fll ¢ 25 7 15 (loss of equilibrium,
LOE) 8 bR A HEAT PR ) A F s M, AlAY
11285 07 XK ST 32 1 B 0 A7 1 B 2 R B0
251 Py F1 LOE AR, 3R P AR AN 52 fig ) i
s, 2 MY (RE TR, SR A
SR, BRI E, (H X 255 e 0.2 1Y 4%
BRI AE S, SECHAE KB Fragl]
X1 M H . (Cyprinus carpio var qingtianensis)i]
R EI, SERE N0 S 2ohe ik A2 1k,
JHF I B4 A B R LR 05 T e o AR AR 20 i 2H 21
TR, BT AR A8 s, B (Carassius
auratus L)TEARE WG T 68/ R 18] #4) 23 B 4 20 At
AT FE, 855 742 fl 1 22 ToD BR B I, L ok 34 o 5%
ERE NN IS AEW A2 AT M Fy (Megalobrama
amblycephalaQxCulter alburnus®) B A 5
IRERE & B oAb, (R4 DR, S8
R AR B, AR AU TVt g 14 {1 SRl A
% KB, A Ak W I AL T (superoxide dismutase,
SOD). it A fk. A fiff (catalase, CAT)FIAF I H ki 42
AL Wi (glutathione peroxidase, GSH-Px)%5:4i 5L
Figs Tt v, FRARMEC S0 X JH 3 B ) S A bt o

2k & I 1a] i (Thamnaconus modestus) 3 B T
it B AAE, FEOME T HA . @IEE R
W N E AR . R . B . W, RBEIRYE
EJE A A mibm, WReEsE, ERE
T EE KR APz — Gkl o fif
355 LT e aRs A AR o £, |
iy Xt S fi I T ol ) AE 9 22 v N TR B PO
ey = AN 137 Qe a1 Niich R AW I AR 1
A B PR T 4k 0 D Tl 4 £ A K PRV it
AR A R i e S RN Bl AR AL AL,
W T 40 B FE S A 22 8 A, [H 0 S g H ]
() Peri T ARARI,  HLAR AR 30 4 78 v & 668 1 Ty finf
AP ARR A TR IR . BT, ARAE ST LIS
figs T 1o il Ay BF 5 %o G T JRE AR AR PR A DG S B, A
A o fi 4 T fi ) {1 40T 52 IS0 {EL, 43 AT I ARUB e vh
Mg A FAE AT b . B ZUR R R T S A il
TG TR IR0, PR I AU 38 1% A BRI
WAL, DA A o fif L T fidi 1) ft R R A 4R R LS

R R SO
1 #MEEFE

1.1 SEIeHF A

ARSI i FH 2 65 1 Tl R [ 00 B & IXCR IR
KA R A A fBRAE R AT, PR
(21.10+0.87) cm, “F-¥J{KHE(101.23+14.28) g, Lkl
L el 7 SEH A (6 F2/100 LYNET 75 2 J, (i HLE
I SIS PREE o B IR R AR I K OK i R T
1000 mL/min), 34 7K BT MY, A5 041K 420 55 49
IF %5 47 8] () T 7K 7K IR (16.0£0.5) °C, ERFE N
29.0£1.0, pH 4 7.8+0.5, ¥R MK E>T mg/L, &
RHRE<0.1 mg/L. B K4HI7E 9:00 1 16:00 4% if
TR 2% ME i S AL Uk AR kL O 28, TP e =
WAEY) TRARAR), SREZEE 24 h,
1.2 XZIEit
1.2.1 SEDEEEIMZLE MAWZES
SEURR FHE AR . SR E 3 AT, S
B UR B A5 KT, A58 Ik AR R AR S0
SCUOAT R B, WL AR, A R T T ) I
VEFITEFEAK 75 i S B T A I (AZ86031 T,
BISFEE) A SR, B 6 min ik KIKHE
il SRR B, O gt 6 L v g o I AR T A
# M[O,](mg/kg-h):

1
M[0,]1=([0] ~[05]2) % ? o

K, [0,], (mg/L) R WET BT [R]85 ¢ B A9 A 4
MR, [0,],, (mg/L)N oo B it S0 B 5 V(L) A 5K
S0 ) AR RRR 2 A AR () S I ] A 2y D
(%) R ] [ % ; BW (k) &% 88 L T i (14 {4

P AR i Sl B AR, R FH LK
DAR B MO, ] Bifi 75 ik S0 B2 R B o 30 4 2 T B
B4, BA Pegeo LOE: %045t 1 i fili 4 A ]
TR )b s A v 0 e il SRR

SIZUG I R], W0 T SR AR A i R B AR A
B, FEREALIE 3 i kLR g I fili 434 8 T
A UEL, Gert IR 2 (R 57)
1.2.2 #ZEIEESEIEMRELE Wil
fsgs 0y e i VR AU TN 52 B T S0 0 R, P BN RV M R0
W H(4.040.2) mg/L, HIMAEHE)S 1 h 40 min,
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LOE i (1995 fiff S0 B R (2.240.2) mg/L, HEAE %
/5 2.5 h, £Fik LOE B, 7 RBP4 TR PREEIEE , 75 it
SEU A5 LA AT IR0 R B S SRR
DT B V8 it SRR 2 (9.83+0.48) mg/L Xt HRZH, 4
BN Puin LOE, IEIEFEMA 3 h (R3)
A6 h (RO)AL L ZH -7 H X 07 sk [a) Bk, 4340 3 4>
AT, it 15 A SEERAR(6 FE/100 L), X IRALIEH
K, AbFRA SCATK L I P O e R 1 Ak B
el P AL ASC I A v s A S v B AR A R ZH )
JE P g LR i 1 T il A R BT R4 IS (W iA LOE
), $8FFPREER, RE K, BASARA, f#iK
TR R B R 2 IE K, HAERRSEKE 3 h
H1 6 h I EATHURE
1.3 HARESLE

FL I P04 16 Sl 200 mg/L 4 ) S 5L 2K T iR 2
B F B PR 5 (MS-222), HURERS BRI FEALAER 3 2
i, W SL G 0B ST BV B BRI R %) A PN
ORI, 15 s J5, #fldli o O, WIS T 5 S2ke
iR . ARE TS, M 1% R ANE R 0
T R KR ML, EABEEE . Hoh—1
4 CLRAE, FF R v A BRAE A, 53 — I 1E
4°C, 3000 r/min 5T, 8.0 10 min §il#5 105,
—80 CORAF. HUHEAT (A MIEH = BRZH 2) Fn
M, FERERIKIEE, A 4% 2 R H R
WCCEG R AR RA R, FE)HEE 24 h,
Pl Ax W LH BV F A SO ABRAEAE T, IR R,
SRIG—80 CIRFE
1.4 IMiZEBELIERS

SR B 4 [ 3l LI A0 23T (BC-2800vet)
0 £ 40 %5 H (white blood cell, WBC)., 214 i %t
H (red blood cell, RBC) ., IMLZL#K ¥ % (hemoglobin,
Hb) F14T 40 it - F (packed cell volume, HCT), Ifil 3%
Rz 5T i (cortisol, COR) R FH Jilt 5 4 5 43 #r 2% (il
[1251] ¢ Joz B Sk B 88 43 A 24 80 ) iE AT A I . ) 26
B (glucose, GLU ) I >R FH 4 4 4 2 328 7% 6 (R
SURERAE Y TRWESE AT, FO06-1-1), #AE T ES
PR S U 1
1.5 SRALAEYIFS HE 46

] 5 B B SUE BT S5, 23 A B B K
THEN | A (W ERYT, KH-BL), A5

YR ML R Y7, KH-Q330)i&E4eY J, YA &
5 pmo M RY) B S T IR AR - (R
KT, GL20)iE A7 g, PR ARECE R, (%K
FY R A TAE# (3DHIETCH Pannormic MIDI,
A RS o HFH Image T #6857
KEE(SLL) . 88/ 9 B2 (SLW) . i/ [ BE(ID) |
B8 /N i FE 5 R B (BET) AR /N | Ji] K (perimeter),
45 W F P 4 (45 o 22 (X £SD) KR, 181 I 4
P15 68N B AR A 3 % (proportion available
gas exchange, PAGE):

PAGE = __(SLp)
(SLL + BET)

1.6 FFALRmEALEEAKRT

PRAFAE—80 CHINFLL SR, WERA AR IUIT
HEL0.1 g, A 9 REIRFRY 0.9% 4 FERK, 78
H(g) : RBU(mL)=1:9 [ B, i 4L LU 4L
(B#EfE, PEDH S 10%53K, 4 CHMAT L
2500 r/min 5.0 10 min, HCEIEWAGI . N
(malondialdehyde, MDA), SOD. GSH-Px #1 CAT
(R A e TR & (R o i AR ) RS I,
DRI, fdiFH Multiskan SkyHigh 4 BghR{L
(Thermo, USA)43 Al 7E 532 nm, 450 nm. 412 nm,
405 nm Il MDA, SOD. GSH-Px il CAT /1%
Y. SOD. GSH-Px il CAT Jift4: LA U/mg pro 3
7No MDA & & L) mmol/mg pro %/~
1.7 BUES

SEYR K AE LAV B 55 HE 2 (X £SD)R s,
SPSS 25 B S HHE HEA T IE A RS 9 Ay 2
FErERE g, SRS HEAT B &R 5 22 43 AT (one-way
ANOVA)J-fifi | Duncan £ & b4 A0 FREH 2 [6]
125 5 0 Z % . H GraphPad prism 8.0 #0422 il ¥
F, P<0.05 BRZEREE,

100%

2 HREN
2.1 FEDIESGESH S8 ESHET
BOTT 3 2 B

TEARAAUTE 52 52 36 v, ARG 2k B 1 i 7 6 7K
g A A O, THE AN, ABLAE (4.0+
0.2) mg/L i}, AR ATIRT RGO, 49
AT SRR EE RN Poe (18] 1a) o BEAG VA A AR Y
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TR, SRl Al A AR O (2.220.2) mg/L RMIEF Y 95 K /min, FE i SR B KA T 2 T

i, %ﬂnmfﬂfﬂﬂ%ﬁfﬁo‘i‘, ULEFEIA LOE (B 1),

IEH R MRS S, SiE B i e K rp IR
i Lk SO PRI 3l . SCUR AT B, TR R
Vit 5 s T S T % AR, gk i v i ) I MR 3

1500 [ 4
1250 | °
1000 | P

750 ¢ o e e e o

500 f y
,é' 1o e e @
250 + /
camm
0 1 1 1 kY L L L L L 1
0 1 2 3 4 5 6 7 8 9 10
VEfAE & /(mg/L) dissolved oxygen concentration

fR§ 5% /(mg/kgh) metabolic rate

BT IR a T b o T s 5
Fig. 1

VAR AR BE/(mg/L)

dissolved oxygen concentration

IR, TE P BFPEIRARAR Sy 121 W /min 15 3 18 (H,
1T Ji Bt i SRR B R R, LR R RR TR AR R
W, WAt R, ERALE 2.5 bR KA TR
Ky, MR ERRBEHZRIE 1b).

—o— VAR E dissolved oxygen concentration
—— IR A5 respiratory rate 1140

—_
(=]

1120

L =) ]
T T

[\
T
1 L L 1 1
[ S (=) =] —_
(=] (=] (=] (=] 8

TSI 451 % /(number/min) respiratory rate

S

0
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i} jE]/min time

BE73 T () A ik S M JEE -5 WP IREIR R 1) A2 4K (b)

Critical oxygen partial pressure (a), and dissolved oxygen concentration and respiratory rate

(b) in black scraper throughout hypoxia stress

2.2 {RERME 3T 4R EE D E i I i A IR AR AT R I

PEAR 0 F10E 46U, Sk fg o 1o o i ik A= 2
FEFR AR B DL 1 7R, WBC 1 RBC 7E LOE
i i 25 T 55 (P<0.05), 7E Peew R3 1 R6 B, 5XF
WA ZH AH 28 (A i 2 (P>0.05) . Hb 11 HCT 7 LOE
NREFEPy Ny = E I (Eb 2y (A=W ) SER == R o R
A B2 (P>0.05).

ﬁ% 1 REPERIREREEX
& I T . 7% A TR S AR R0

Tab. 1 Effects of hypoxia stress and restored dissolved
oxygen on blood physiological indexes of black scraper
n=3; x+SE

Sl HAIREE,  Lr4iREH/ ML AW 20 gmif Ry

o (10°/L) (10"/L) (g/L) %
rou;

g% wac RBC Hb HCT
control ~ 87.13+8.10°  2.95+0.16° 95.67+10.66" 33.10+1.42°
Pt 102.77£10.39*  2.99£0.14®  99.00+£8.52"  33.63£1.99°
LOE 131.10£4.18"  3.36£0.24°  118.00£7.79"  35.43+2.15°
R3 90.67+5.63"  2.96+0.14° 93.00+9.42*  33.17+0.61°
R6 94.63+8.26"  3.01£0.12"  96.00£7.26"  32.09£1.19"

T FIFVEE b ARAN R 30 4 A7 16 1235 2% 53 (P<0.05).
Note: values in each column with different superscripts are
significantly different (P<0.05).

2.3 R S| B T 4R 85 D T &4 1 5% 5 2 A R R

E}ur]

FEAR A M8 T, 2% 68 I 3% GLU AN
COR ¥ TE Pey M1 LOE B} 3% | TF(P<0.05), 7
LOE HHA# i K (H, R3 B —F MR F46 % TR,
R6 i 5%t FEZH AH Lb TG i 35 22 R(P>0.05, [#] 2a, b).
2.4 (RSB X 4R 85 D TH & 68 20 DA SR F 0

IEE RS TT 6 1 1o s 68 /)N HES K%
B FRAS ) PO (] 3a), MRSAEMNE T SLL,
SLW F11 BET £ P fll LOE B} & 21 K (P<0.05),
JEAE LOE K3k 2|5 KA, SLL M X FEZH (1)
166.2 um 3403 LOE 4HAY 256.5 pm, 34N T
54.3%, SLW 51T 114.7%, BET ¥4/l T 126.7%:;
HEJETE R3 W = FH KN IR g, (AR
£ R6 FPT3 i 25 8 X R 41K SF-(P<0.05, 1] 3b, ¢, e)-
ID 7E P Al LOE B i 2 8/N(P<0.05), 7E LOE
ik B e /ME, X RRALY ID A48T LOE i/
77.0%; ZEJ51E R3 B} ID JF4h B H K E, (H2E
R6 HHR SRt 2% T X B 41 /K- (P<0.05, & 3d).
TE P M1 LOE B} perimeter K24 SLL Fl1 SLW
HAR W E R, XN perimeter AHE T
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LOE 23401 37.0%, R6 B JE K Ik B E T, 2

AR 5 25 5 X BRALKF-(P<0.05, 18] 3f)0 T Perit
M LOE B} PAGE .3 %, 78 R3 BT U5 KA,
{H R6 B SR i 2K T X BRZH /K (P<0.05, K 3g).
15r a c
n=3; xSD T
2§
[PIRs] L
£2”
P é b b
£i5 . —
&3
ﬁ )
0 ool P LOE  R3 R6
4bFR4H treatment group

IeAh, RN T A LUE KL T AR
JERIRAE, ARSI AR AR | 2R JE A/
F G SR 4a). IEFRET, 8N JCEER
WEEFIREE S RSO, R R Y 6.9%, &K

4001
n=3; x+SD
—_ i d
g g 300 T
E g £
=
<8 b
#2200 T
5w a
&g
.( -
Eg 100
control Py LOE R3 R6
AbHE treatment group

P2 ARG Bk 52 7 ik KT g B I T 11 4% 4 %6 9 () L JB B2 (b)) R 52 )
control: X MZL; Per IS4 S0 LOE: 2K 2P 15 R3: WA 3 hy R6: IR RA 6 h.
FE B R [A/ING B R R 21 7] 25 57 .3 (P<0.05).
Fig. 2 Effects of hypoxia stress and restored dissolved oxygen on plasma glucose (a) and cortisol (b) of black scraper
control: control group; P critical oxygen partial pressure; LOE: loss of equilibrium; R3: restore dissolved
oxygen for 3 h; R6: restore dissolved oxygen for 6 h.
Different lowercase letters on the bar chart indicate significant differences between groups(P<0.05).

8/ B /um

§3o0or b 525 ¢ e
Eosol 7P 4 2 [ n=3; 7D
5 b EZ20 g
52008 @g 3
3 15
£ 150 RE b2
2100 i;“bm i
2 50 =% s
g =g o &
g o g
control Py LOE R3 R6 & 0~ P.. LOE R3 R6
QL34 treatment group y 434 treatment group
? S n=3; x+SD
§& Nre n=3; %SD E50rs ¢ d
RS 40 €% 400 8
5D o T 5
(.5 b E§ £
W20l & 200 g
5 Y
<210 &5 100 w
Q
B ] g
S 0 = 0
&

control P,; LOE R3 Ré6
Kb treatment group

control P,; LOE R3 Ré6
AbHELH treatment group

&1 3 ARERUIE R IR OV ik S 0o S g T T i 6 20 U 285 19 52 el

825dd N
§20 n=3; xxSD
3
E15
210
E
5 5
E
0

control P,; LOE R3 R6
AbFHZH treatment group

n=3; xSD

100 g4 be ' a

N A N
S O o O O

control P,; LOE R3 R6
AbFE4 treatment group

proportion available gas exchange

control: Xf MR ; Perc: I S48 ; LOE: 28 545 & R3: KRB A 3 h; R6: IKE R4 6 h;

a. IEH 0T ek fig I i fl 8 /N B 42U 2SS
BET: fi/NF 350 B JE ; perimeter: J& 1 ; PAGE:

;b-g: SLL: /N 4B SLW: fl/N 56 B 1D: 88/ Fr (B i
SR, FEIE K LA F/NG TR R 4R 25 57 35 (P<0.05).

Fig. 3 Effects of hypoxia stress and restored dissolved oxygen on gill morphology of black scraper
control: control group;

3 h; R6: restore dissolved oxygen for 6 h.
a. the morphology of branchial lamella of black scraper under normal conditions; b-g: SLL: secondary lamellar length; SLW:
secondary lamellar width; ID: interlamellar distance; BET: basal epithelial thickness; PAGE: proportion available gas exchange.
Different lowercase letters on the bar chart indicate significant differences between groups(P<0.05).

Pie: critical oxygen partial pressure; LOE: loss of equilibrium; R3: restore dissolved oxygen for
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a TF % normal
S o DD e b S

*“w‘%&?’f . --:A?Sl*‘f? ¥
TS

fusion
Feuzh 0

IR clubbing

HRLA LA B/ %
percentage of gill tissue morphology

—
[\
S

[p ==l fusion
== 14 hyperplasis

== HE4R clubbing
TF# normal

100 - -
80| - . .
60 .
40
201
conltrol P;,n LCI)E R3 RI6
AbFEZH treatment group

&4 AREAUE SR 2V ik S0 S g T T i 6 20 U 285 LG A97) 1) 5 i
control: XFMRLH; Pee: I F460 /3 JK; LOE: 28 74 51 R3: R4 3 h; R6: PRIZIAAF4 6 h;
a. [RAEUA T A SN AN PR . BE FE A b, AREEDE T BRAE SUR S H 1 i 281k,
* N B2 ZUR A A 41 7] 22 7 .35 (P<0.05).
Fig. 4 Effects of hypoxia stress and dissolved oxygen restoration on the proportion of gill tissue morphology of black scraper
control: control group; P critical oxygen partial pressure; LOE: loss of equilibrium;
R3: restore dissolved oxygen for 3 h; R6: restore dissolved oxygen for 6 h;
a. The gill tissue exhibiting clubbing, fusion, and hypcrplasis of branchial lamella under hypoxic stress; b. changes in
the proportion of gill tissue morphology under hypoxic stress.
* denotes significant difference in the proportion of gill histomorphology between groups (P<0.05).

AR SAR T TR Pog A1 LOE B, 88/ 5 A S
R RS R TG SR LA S RGN, #F LOE K
I AR L B ™, SR IR R 31.7%, SRR S
28.3%, /N ELE Y 13.3%., [l A il Ak K
i, BRALRAE LT B, (HU27E R6 BEAYHEAE L
BT5EK i 2 v T X R ALK - (P< 0.05, 1] 4b).
25 REMEXNREDIEMEFERILIBIRN
Al

TRAEMA R, 78 Py Fl LOE i 438 D 1 i T
JEH MDA & & f1 SOD, CAT 5 GSH-Px i /1 it
FT+E, 1€ LOE B ik 2 KfH, 7F R3 FlR6 KT, 4
ANEFRY B R FE(P<0.05), J1E R6 B 5 % A4
AH L TE i 3 25 55 (] 5a~d).
3 itig
3.1 RERIB THRED e ZHEEMITA
& Rz

WA AR ERK . REMAEFNEE
EAEW AL F . WF5E R AR TE 5 mg/L
AL DL K 2 B 2 IR A K AR i Bl AE
4.5 mg/L Bl HAKET, YK TR MARK
JE AR S 2 mg/L i, K%t e LA A7
T 1 2 2t o 5 v i 4y £ [ 1A (15.340.15) g]

IR SZ W5 PSR 3, 76 16 °CF Skl o 1 i
()% B 5 R (0.97+0.04) mg/L, ASHIFSE i 4 € T
i [ B (101.23+14.28) glfE Poie HOVA fift SR T N
(4.0+0.2) mg/L, TEVAM#SAMRIE T FE3(2.2+0.2) mg/L
Bf, g 6 I i i 2 A A RH o X Eb e AR S5 v 2%
fig Th A ) LOE Lt 2R 6 I [fif ol 4y £ (1) 55 )5 A5 o)
F14) 5 i S0V B R, I DR R ot i 0 i i L 4y £
R RE BRI AR 3, DR SRR 7 SR B B 2 8
SO RAEIG R, Gk fg T T fil 14 IO 1R 45 % HH PR
BN, KPR ARAGES] 121 K/min, £ Pt
22 ) Bt 2 T e SRR B T A R AR, IR I R T 4R
Wb, ARG 4 R WS 1 il
3 20 38 a0 W R SR A R A I A8 TR AR,
MR AIRIEART Poe J5, FEPFUBORFEAR, Wi
AT A, R T M, PRIE T 4468 i
il R HLAAR AR I R AT, 33X 7 RS2 B AIG AU 3 o, )
Ff HH IR IR 551 23 FA S o3 1) AR Al A P71
3.2 {RSEAHE T 4R EE T T 1M i A IR AR RO B2 N
T I AR SR RS, o A B s S e £ A
DR IO 38 v 7 2 LA A AR P Herbar i St i
A B S EMERE, WA EAE L
HRR IR Y AR R 1, I s i RE . A
I oE R A0 AR 2R A0 R, 2040 i sk
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50t = 1000
a 15} b o c
"5 —T’ n=3; xtSD :‘5 n=3; »SD ol
S o 40 g 800 b
& S 5 —= b
L% L b =8 2 —=
é £ 30 - . E; 600f [ e
~ g a I 8
el T ﬁ a
Eﬂ; 20t § S 400}
@ S
}]E] 10 S 200
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Fig. 5 Effects of hypoxia stress and recovery of dissolved oxygen on MDA content (a) and activities of SOD (b),
CAT (c) and GSH-Px (d) in liver of black scraper
control: control group; P critical oxygen partial pressure; LOE: loss of equilibrium;

R3: restore dissolved oxygen for 3 h; R6: restore dissolved oxygen for 6 h.

Different lowercase letters on the bar chart indicate significant differences between groups (P<0.05).
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Effects of hypoxia stress on hematological physiology and biochemis-
try, gill histiology and hepatic antioxidant capacity of black scraper
Thamnaconus septentrionalis
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Abstract: In the present study, the hypoxia tolerance and alternation of hematological, physiological, and
biochemical parameters, gill histology, and hepatic antioxidant capacity subjected to hypoxia stress were
investigated in black scraper Thamnaconus modestus. The closed static water method was used to analyze the
dissolved oxygen (DO) levels at critical oxygen tension (P.;) and loss of equilibrium (LOE) in black scraper.
Subsequently, changes in hematological, physiological, and biochemical parameters, gill histology, and
hepatic antioxidant enzyme activity were detected at P, LOE, reoxygenation 3 hours (R3) and 6 hours (R6).
The results showed that the DO concentrations of the black scraper [(101.23+14.28) g] at P and LOE were
(4.0£0.2) mg/L and (2.2+0.2) mg/L, respectively. Hypoxia significantly increased glucose and cortisol levels.
White and red blood cell numbers also increased with the highest value observed at LOE (P<0.05). The
hemoglobin concentration and hematocrit showed an upward trend at LOE, but the difference was not
significant (P>0.05). Meanwhile, hypoxia significantly increased the length, width, basal epithelial thickness,
and perimeter of the secondary lamellae, and decreased interlamellar distance and the proportion of available
gas exchange (P<0.05). Hypoxia stress also induced branchial clubbing, fusion, and matrix hyperplasia of the
secondary lamellae. Hepatic superoxide dismutase, catalase, glutathione peroxidase activity, and malondialdehyde
levels significantly increased under hypoxia (P<0.05), peaking at LOE. Reoxygenation treatment for 6 hours
alleviated the stress mentioned above effects. These results indicated that hypoxia stress lead to significantly
alterations in the black scraper's hematological, physiological and biochemical profiles, gill morphology, and
hepatic antioxidant capacity, which are substantially alleviated after 6 hours re-oxygenation. These findings
provide valuable insights into the physiological mechanisms underlying hypoxia tolerance and support the
development of efficient and healthy breeding practices for black scraper.

Key words: Thamnaconus modestus; hypoxia stress; blood physiology and biochemistry; gill tissue structure; liver
antioxidant capacity
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