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ZARRM T, 5 mg/L 748 5 & L e HOE
AR FAEMTES, 4.5 mg/L EMA T BRI A™E
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(8.73+0.36) mg/L, & A WKE/NT 0.1 mg/L, HR
R 610~630 Ixo F: K43 B 7E 9:00 Fl 16:00 % f]
KRR 3 % FEME R AL R AR G, rh
=AY TRARAR), sEoRE G M ER%
TEAZEAE, SCEOHT 1 R IR, SCue I AR b
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Jridk, AT T ORfk ek, B3 ANSEERAT,
BHKGSCIA % B, LR TF AR SC AR K REE,
BB 4 25 AL B 3E A I AN (AZ86031 B, #E
(EDWE NSRRI TR NG S =l R A
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2% (meantSD) FrR, 38 o M H5 48 1153 1R
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SIS F V- Y {E AR E 25 (meantSD) R,
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ANOVA) #4756, IR ] Tukey F& £ 5 Ho A4y
B A T) 95 il 4 % 1 B 10 QO il BE B AR AR i 25 572
P<0.05 FREFRE,

2 4R
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KRG A & (3.96£0.11) mg/L, LOE /K &%
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S0 A 7 KRS R R LIRS B AT R R Vi B
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Fig. 1 Critical oxygen partial pressure of S. schlegelii (a) and dissolved oxygen consumption & respiratory rate (b)

Different small letter superscripts mean significant differences (P<0.05), the same below.
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Fig. 2 Changes of plasma glucose (a) and cortisol (b) content in S. schlegelii during hypoxia and reoxygenation

1. control, 2. critical oxygen partial pressure (Pcrit), 3. loss of equilibrium (LOE), 4. 12 h after reoxygenation, 5. 24 h after reoxygenation, the same

below.
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0.05), WEIEHEMAZIE, WBC IRIEZHFHL,
TEMK S 24 h IR 2 A%

2.4 (RSB XTI ik B 2E 28 B S0

SRR R, IEROIRZS R VR EGP i 22

https://www.china-fishery.cn

/N IESEH, BN AR 22 IS0
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Ui g5 R - e 20 L K b 45 (B R) o R 7K Hh i ik 4
P &K F] Perit M1 LOE 5B, 88/ B JE B AR K |
WA OFPIR L) S R I, KR I R A R A 12
hit, 3 AR ZULS LB B RS, W R
AR 24 h ISR 2B L], BEN L R A K
Ji LL B AE LOE sikb b 338, 2IKE IEH B4
12 h I 2 IEH Hef (18] 3),
IEFRAT, 88/ R SR e 6 22 755 ] e
&, BEEKTEMRA SR T, SLL. SLW #lH
K34hn, % LOE By ik 2 KIH (P<0.05), K& IE
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PR IE & A 24 h B A TR PRI E IE# . SLW
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F1 REMREDEHIFR L EHMRERIRRHTL
Tab.1 Changes of blood physiological indexes of S. schlegelii during hypoxia and reoxygenation

MR A PR bR

blood physiological indexes 1 3 4 5
LR /(10%4L) RBC 2.05+0.21° 2.02+0.29° 2.11+0.23° 2.07+0.23° 2.07+0.29°
[ 4npE H/(10°4N/L)  WBC 133.48+7.35° 181.70+5.22° 192.43+6.66" 152.16+£10.42° 147.59+3.98"
MR AKIEZ/(gL) Hb 84.00£6.12° 88.00+3.74" 98.50+8.38" 89.25+7.22° 86.60+4.36"
ZL4AE/% HCT 30.75+4.91° 34.50+6.01" 35.25+3.11° 33.25+4.29" 30.26+2.64°

e [EERE_ERRAS IR R AL 56 2 75 5 (P<0.05) . LXFHRZH, 2.6 S5 (Perit), 3.2 P4 f(LOE), 4kE E# A &812h, 5KE

IEH A & 5824 ho

Notes: Values in each column with different superscripts are significantly different (P<0.05), 1. control, 2. critical oxygen partial pressure (Pcrif), 3. loss

of equilibrium (LOE), 4. 12 h after reoxygenation, 5. 24 h after reoxygenation.
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SRSk, SR/ SR BT ATk BN RGO R SN R A =S SN RO R GL. U/ G 42, SLL. 68
ANFACRE: SLW. /N SRS ID. SN IR PG LK WOSERE.
Plate Changes of gill histomorphology during hypoxia and reoxygenation in S. schlegelii

Thin arrow. hypertrophy of branchial lamellar matrix; thick arrow. lamellar matrix hyperplasia; pentacle. edema of epithelial cells in gill lamella; triangle.

expansion of the end of the branchial lamella; GL. gill lamella; GF. gill filaments; SLL. length of secondary lamella; SLW. width of secondary lamella;

ID. interlamellar distance; P. perimeter; L. length; W. width.
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25 0
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b P2
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BRLA LA 7S EL
R RN AN E A S AR L) 22 7 535 (P<0.05).
Fig. 3 Morphological proportions of gill tissues during
hypoxia and reoxygenation in S. schlegelii

“*” indicates a significant difference (P<0.05).
BE K i i S S T BRI )N, % LOE IbikiRo),
PRV E H W S W B SLW B i, & E IE

R E K7 2: 2 E /) sponsored by China Society of Fisheries

WA 24 h I SX R TE B %25 (K 4).

S35 £ 58 2 27 AR A H A T I 3 B 7K v
VoS i S8 S B/ N i TR . & LOE B ik 31 i
(P<0.05), KEIEH W E 24 h )5, SRAZUSR
SR RN W AR S 28 TR (] 5).

3 i

KA rv i S SRR A0 IS DA A A7 11 AR T
Tz, EERBH T, BLIBRT —
FRY AT 3 AR S A5t AT AR I B 2 7RG
VR EUKI D, AT N R AN R R R
AP W LW, 8 (Carassius auratus) *, BG4
IR J7 il (Takifugu obscurus)™ WIUiFPK 68 71 b & K H
VSR S R R R, TRV R T N RE
B KV J5 Hiz shie S @ s, AL ms st
2 R A Y Uk P A W PR RS A B, A
TIRME S HN 0.5 mg/L /K FREEH 115 min J7
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Fig. 4 Changes of SLL, SLW, ID and perimeter during hypoxia and reoxygenation in S. schlegelii

100 | . d

b b
c\\° 90 +
%«h o 80
gé 70 |
r 60
50
1 2 3 4 5
B0 AN
treatment

(@

80 ¢ b
5]
£ o a a a a
§ 5 60
<y
@_ % 40
= 3 20
‘g? S
0
1 2 3 4 5
b2
treatment
(b)

5 RENHMREERERELEPIFRFHMSERZIRE (PAGE) MIFRHZE

Fig. 5 Proportion of secondary lamellae available for gas exchange (PAGE) and respiratory rate of S. schlegelii during

hypoxia and reoxygenation

Bt £ (Danio rerio) 2 BUR ML UK, 2 )5 & W
tFikizgl), b KIR. Arh LB, FIRF
fi it 5 7K T A SRS BT R AR R R AT
[F] B P I AR 3G, R IR R R RS, it
AT RIRIE TEH o 2R BV ECF- il AT 8 o el A8 3 2
P AT g I8 X6 {1 S 2 3 ol ) 52 0

Perit F1 LOE ] Jiz Bt £ 2 X6 7K o i i 48 1Y)
SKAR BE A S22 AR B2, 4281 Perit #1 LOE 52 F
J& 22 S A B PR BE 52 0 B, Candebat 455 BF 5T
R, MK A SRR 2.92 mg/L B, %
i (Seriola aureovittata) 2 i B8N # X ' . Barnes
GOV R ORI, KR A S i N R R 3.39
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mg/L B, KPP (Salmo salar) T 46 H BLN 3.
Xof S SREAS ) i AR SR A B, R ZE6F Perit O 3.34
mg/L™, F8F (Paralichthys olivaceus) HLAAA I FF
RIS, KR A S BN 3.14 mg/ILY FEA
WFEH, VFIGF-filiPerit 4 3.96 mg/L, = T 8% 2% filf
AR PGPS, UL I Porit 52 T @ 22 5 AT
SIS, 8 [GOF il IS 42Ut A2 8 07 45 0 2
03N IRE S (/1 i S N [ O 2 o AN 8
Prit & T RZZ 0P F0 28 6P 55 A M (0 28, o 15 B
Je 2= A S B RS 0288 Perit ISCBE R,
A 5¢ bl & BV GO il 1Y) LOE 24 2.41 mg/L,
B %5 T 5 W & B8 (Triplophysa venusta, 0.98
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mg/L). JEWif (Megalobrama pellegrini, 0.91 mg/L) .
[B] F1 4 £t (Coreiusguichenoti, 1.14 mg/L) Fl K 35 fif
(Scophthalmus maximus, 1.30 mg/L) 55, #— i
R 5t 1 £ 25 5 9 vk s Sl £ 28 RO M £ 2R 1A
1 2 A5z 3l 7 SOR ], X R 52 B8 1 A7
ITE N DS R L I AN & D OR (197
fifk U B N R, AR AU A2 g 01 59 TR Tk IS 3 Pk £
KNP

B 5T P VA B 1 1 T ] {2 e e Y 2 BT A
DLW O R85 38 a2 R i AR AR, BT
LW, ARAEUE ] I 5 e f 2 R B ER EE
Pichavant 55 &3, K450 E TR 30 mm
Hg (2.6 mg/L i 50 & i) I, RS20 105 e Jo e
W EE WE TR . TEABRS T, VR ICOT il i 3 R T
st e J35 Bt 7 v i A A B SRR T R, RIS
A AT O IOV il A2 N, AR B TE R AR
AR, MR BT R B RN, R R
TR, U0 R A I s i A ] ik AT A ™
W B B4, I 5 2 W A Ay A o ) R
P, Bl PR O A A2 A2 3™, Jergensen SE A
TR, 7 E A S T BRI 8 (Platichthys
Slesus) Ifil 3 45 %5 B8 % 1 208 B TF . van Raaij 557
T8 X} 8 (Cyprinus carpio) F1 WL 88 (Oncorhynchus
mykiss) BIBFFE T 2 B, AR SR AT 5 SO T
M AR & T o ARSI A
1) A K RS BN IR T, =
R IEH WS A 24 h BHMR B IE R, 43T R
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Hypoxia tolerance and alternation of hematology and gill morphology in
black rockfish (Sebastes schlegelii)

GAO Yuntao ?, GAO Yunhong®, LIMingyue’, WANG Jiawei ’,
MENG Zhen?, GUAN Changtao >*,  JIA Yudong >*"

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China,
2. Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China;
3. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Dissolved oxygen is an important environmental factor affecting the survival of fish. In this study, the
value of dissolved oxygen at critical oxygen partial pressure (Pcrif) and loss of equilibrium (LOE), respiratory rate,
plasma cortisol, glucose, white blood cell (WBC), red blood cell (RBC), hemoglobin (Hb), hematocrit (HCT) and
the alternation of gill morphology and related parameters [lamellar length (SLL) and width (SLW), interlamellar
distance (ID) and perimeter] as well as the proportion of secondary lamellae available for gas exchange (PAGE)
were observed during hypoxia to illustrate hypoxia tolerance, physio-biological response and morphological
changes in the gills of Sebastes schlegelii during hypoxia stress. Results showed that the value of dissolved oxy-
gen at Pcrit and LOE of S. schlegelii at (88.01+£5.34) g were (3.96+0.11) mg/L and (2.60+0.21) mg/L respectively
under the condition of water temperature (15.6+0.2) °C, pH value 7.85, and salinity 30.0. The PAGE and respirat-
ory frequency increased first and then decreased, the highest value respectively obtained at Pcrit and LOE (P<0.05)
throughout hypoxia stress. Meanwhile, plasma cortisol and glucose levels significantly increased, the highest val-
ues observed at LOE and Pcrit (P<0.05). In blood physiology, Hb, HCT, WBC similar results like plasma cortisol,
with the highest value at LOE (P<0.05), whereas RBC remained unchanged during hypoxia stress. Besides, the
SLL, ID, Perimeter of gills increased significantly during hypoxia stress, and reached the maximum value at LOE
point (P<0.05) either; the SLW decreased and reached the minimum value at the LOE (P<0.05). At the same time,
the clubbing, hypertrophy, hyperplasia and epithelial cell edema were observed in the secondary lamella. All the
aforementioned parameters recovered to normal levels after re-oxygenation 24 h in S. schlegelii. In conclusion, S.
schlegelii are sensitive to low dissolved oxygen, have numbers of changes in hematology and morphology for hyp-
oxia stress and reduce hypoxia stress after reoxygenation treatment for 24 h. These findings expand current know-
ledge on hypoxia tolerance and help in the management of S. schlegeli in captivity.

Key words: Sebastes schlegelii; hypoxia tolerance; respiratory frequency; hematological physiology and biochem-
istry; gill histology
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