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Fig.1 Morphological changes of sea urchin individuals under hypoxia stress
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FRAFASPRIE T T A4 A B 300 RF ] 328 < i B 0 R 4R
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Table 1 Changes in mortality rate of three size of sea urchin

under two hypoxic stresses conditions with exposure time

% 0] ] (h) FETR ()
5 Exposure Mortality
UL S time (h) rate (%)

Size of sea urchin

0.5 mg/L 2.0 mg/L 0.5 mg/L 2.0 mg/L

/I Small 29 59.5 10 10
30 75.5 20 30
30.25 76.5 40 40
40.5 90 80 50
41 105.5 90 60
42 165.5 100 70
219.5 80
H Medium 24.17 41.75 11 11
26.17 66. 58 22 22
31 80. 08 44 33
32.83 114.08 56 44
33 129. 08 67 55
39. 67 78

gk
Continued table
T @I ] (h) TR )
5 Exposure Mortality
i L S time (h) rate (%)

Size of sea urchin

0.5 mg/L 2.0 mg/L 0.5 mg/L 2.0 mg/L

41.83 89
50. 58 100
K Large 54. 25 300 22 0
61.42 33
75. 42 40
76. 42 56
78 67
87.92 78
93.58 89
100 100
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B FEWHE (h) Exposure time (h)
—e— /NAZDO=0.5mg/L Small size,DO=0.5mg/L
—v— /NAEDO=2.0 mg/L Small size,DO=2.0mg/L
—— 1A DO=0.5mg/L Medium size,DO=0.5mg/L
—x— 1 AEDO=2.0 mg/L Medium size,DO=2.0 mg/L
—— KHFDO=0.5mg/L Large size,DO=0.5mg/L

RHAEHEIRAE 2. 0 mg/L (R4 5 85 T BT A A AAF I
R ER

All the large size of sea urchin individuals survived expo-

sure to 2. 0 mg / L hypoxia.not shown in the figure
2 O [a) b 320 IR A 2% 8 N ) R I8 44 BB T %
Fig. 2 Hypoxia exposure time and individual mortality

rate of sea urchin in different treatment groups
2.3 REBME T BRIk ERE A 3 BU3E Bt i)

1 DO 0.5 mg/L 1 DO 2.0 mg/L RE AT,
3 MRS D' R BR T B 1 2 BOAE I R] N A [R] (3R 2)
DO ¥y 0.5 mg/L B, /NELAS S BER 1 IB (4 0D
B LTs 24 34. 02 h, AAS Y LTy, 4 31. 64 h, KL
MY LTy 4 70.50 h; DO ¥ JE R 2.0 mg/L B, /N
KOG BR I IE (S B LT, #EK & 107.15 h, h#
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) LT, #ERK 2 120. 88 h,
F2 REMET 3 M K BBk 5 A8 I 2 B JE R i)

Table 2 LT;, of three size of Mesocentrotus nudus under hypoxia stress

BT ] (L T,)
Median lethal
time (LTs)

PE R B R

Coefficient of
determination R?

i (mg /L)
Dissolved oxygen
concentration (mg/L)

TR JIE R A

Size of sea urchin

A7

Fitting equation

/I Small 0.5 P(C)=13.868X —16. 242 0.918 5 34.02
2.0 P(C) =3.2259X —1.5486 0.856 9 107.15

*F Medium 0.5 P(C)=9.7548X —9.635 0.973 1 31. 64
2.0 P(C)=2.7228X — 0. 6698 0.983 5 120. 88

K Large 0.5 P(C)=8.006X —9.7964 0.912 8 70. 50

2.4 FREIRESEEREKE B & SOD i T4k
0.5 mg/L il 2.0 mg/L P FE & W0 K FF,
F R AR ' R K U IELAR VR 1) SOD 1% 1B AE IR E 2
24 h AT S G B B Y R W 2 R
(Kruskal-Wallis Bk FKL 5, P <<0. 05) (% 3) . 1fii Xf
TR Co SO M IR SOD Tf J1{E 7E 38 WA 5256 i B
(R4 1E 5 M (6.76 £ 0.17) U/mL, # — 54 &
B AR AU 38 KT W SOD 3% 7 H 2 A [R]
£ 3 DO0O0.5 mg/L F# DO 2.0 mg/L R EME T &G HE
SOD i& W T4k (FHME + iR EIR)
Table 3 Changes in the activities of SOD of medium sized indi-

viduals exposed to 0. 5 mg/L and 2. 0 mg/L hypoxia (Mean *
S.E.)

SOD % J1 {6 (U/mL)
S5 B B SOD activity value (U/mL)

Experimental stage

0.5 mg/L 2.0 mg/L

iK% 6 h

Hypoxia treatment for 6 h 2.48%0.14

5.24%0.15"
K% 12 h

Hypoxia treatment
for 12 h

IR 24 h
Hypoxia treatment
for 24 h

6.93+0.08" 4.12+0.17"

1.83+0.06" 7.09%0.23

HE 6h
Reoxygenation treatment

for 6 h

4.07+0.07" 6.55%0. 22

B 12 h
Reoxygenation treatment

for 12 h

3.61£0.07" 7.38%0.23

HE 24 h
Reoxygenation treatment

for 24 h

1.54+0.06" 1.53+£0.13

A 48 h
Reoxygenation treatment

for 48 h

15.45+0.12"  5.62%£0.20

HE 72 h
Reoxygenation treatment

for 72 h

0.85%0.06" 6.02+0.21

" P<<0.05
Note; " P<<0. 05

HIAs Ak FE , BAR R B DO 0.5 mg/L AR A A T,
SOD % fi{E7E 6 h WM FRE. 2 12 h 2 L FHEs.,
ZJEE 24 h FIZUF R i 5 UG 6 h N SOD i i
B TH . 205 2 72 h R REAGEE (48 h BdE HI Wk
S ED DO 2.0 mg/L R M T, SOD i JJ{H7E
6 h WA FR#.6 h ZJ5 % 24 h £Z#F LT, 24
h KB DL 2 5 EUR SOD i J1ME 5 % BR2H G %80 T
25 5 (4R 24 b BE I o SR D .

3 it

K Y DO J2 R TE AT A2 49 3 % o A1 114 5
PRLERE . RV IR S 2 e SR 9 vl AR R SRR D 1
] et ) A0 SR T 52 6 A A7 30 T 078 A 2
WU % Bz 1 K AR S A AR S L DR B Bl 4 1) 2
B B AR T IE R B . R £ 41
PR AIX i — S 49 e S A L 37 T — 28 31K
ST 52 T JEE e O A 0 22 B 2 T AR D AR LA s ) A
AT A REAERITAG . Y REE 4 R
IR J5 UM B 03 A B 5 K A B i S DR
IR A A e il ™ o DL RO ST A AR S R GRS Y
i i 26 B L 2 32 B i 0 g AR Sy vl O
L) SRV A=y B AT o A 2 M A S U T B T B S
BY R AT B —E oy AN ek i AR Dy 4
Dry AL e R AS B A R SR A A Al . 3R
T RER I 3 B B R o A DXCORIFR B IX (L AR S AL R
40 W R A2 B AR ARG S R DA I B AR 4
JE X R IBAT O IR A RUAE T B R X T IR A
T R DO R Bk T8 B D R 2 5 DL K AE 3R L
P14 et BRE R #68 LAT ) BRI S B R

AR BT 38 R L K A AR W B AT S [ B 3R A
Sy o R VK R 3R Y 020 2 B e B AR X
FLAs DU 368 5k e 9 PR 3 P 41 Bl 1 B s 8l B R
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T2 Bl ) LA B — 4 HLAG 7 K (A s ) 55 TG 1k Bk I 4R
DX, 2338 aab HAth 7 A2 AR HUE 22 19 400, T i 22 3 A 7Y
X VR 2 H ol 30 3 B K A AR LUR EL
JIEZ KR T 22 B UL TR R R 3 W 1T i e R
T T AER S 1 3 R S ) i HE 2 A A L) B SR U A
T A K 8k TR B O S 0 Y 3B B R B AR BE T
FEU L ARG & B AR AU 28 ) O 0 2 00 B 3 i
B E AR,

AT IR AR R 38 0 30, 3 o B AR O R B i
NBAEAS AT A S 1 B IR B BT EE N L 3 2218 7 o)) 85 HF 6
S B B KRS FEAL LR B £ 1 S0, 3B 4 B Ik
A p TTIE R S0 V% W) B = (= 7 41 g 1
JEA L 3l B AR IR JIEL A 5 ) A R R AR R R R
Bt 77, BOAS P 52 3l e 0 . B PR AR 4k 7 B0 IEHR . LIS
17 B 5 AR R /NI K B B AR G
SUIR TR 04 V8 JIE A A A A 52 50 5k B v 3 AE K T 2
THSR . LR AT N ER RS R TR W B B I
JIEL RS Xof A6 SR 361 ) E D A 25 5

Sy AR ARAEARE I T AS [ RS A A AR 4R
T FE ] 5 R T R 2 0] [ OC &R, PR 9T IR 28 48 < B[]
I 4R 3 58 )5 T2 5 A7 76 IR S M 38 1) 38 1 AR AR 5T 38 43
BT T Bl AR S22 588 B[] A8 S, T RS (R P BT T2 R A8 4k
B 25 0% 4 % 5 I 1) A SE K, 3 b LA B9 I e 3k vt E A
RFET- B T, DO 0.5 mg/L K& W8 T ¥ JH
AMEFET R AR KR T 100%, 1M DO 2.0 mg/L LA
Jii 8 R FE TR EIET 100 %, Hob ok b /N 3 b LA
VR A FE T 5843 51k 0,55 % 1 80 % o HLAR 405 4 ok
T AR (1 35 J1 5 [0 T o KBS I8 JE L 28 4> 3
FE0G . P HEIIFE DO 2.0 mg/L R4 8 T . BEAR
SR 5 I B P R 2 U RS AR R L A AN T) R B 1) T
ZHGE R . AWFSE & B BRI IR ZE DO 2.0 mg/
L AR 38 N I 7= 2B 00 4 B0 O B 4 A TR . (B A5
TERE 42 . LR G iR ¥ IR 7E DO 3. 0 mg/L 1%
SR E T B RIS S I AT S . XK

FRFH ALK A —E T8 T . 7RI AR I AR
AMG AR ET ST ARA AR RN
AN T 3 B B B AR LR A AR ST B2 1 22 W 2 T
Tl SRR i IE AT A S VA i ST 0 IX (DO YR =3
mg/ L) FR 5 i Rl ) — 1k,

- BAE I [R] 2 B 53 AR W6k A A TR T 32 1 O 1Y
HEAE IR AR E ST 2R Y35 328 208 32 i 28 1 14
TF] B R R~ BOBE B 18] S AR A i R A W T A7
fIRERE /) P 2250, Sk I L5 )
il HL7E ¥ 38 K AR 28 R G0 A AS AT B0 1 A S
BT, AR B B A B3 v i IR T I R A KA
T B AL T o 23 ™ FH 5 W A RE RS E P L R
Xof T B ) I 45 ) o ™ R I, AR T A O AF R
AR AU O W R 3570 L 56 TR 38 X 6 ik
BRI AR BOFE I ] 52 ma 1 B SR AT A . AR BE R A R
F W A 9 AP AR SR 300 7K TR DR A v AIELE 4 i 32
RE ¥R Frp NS MR, 0.5 mg/L AR S X
TS B K F 2.0 mg/L. £ 0.5 mg/L 1K
SERAETE S /NGRS T JIE B BOSE I ] 22 S 400N L T
fE 2.0 mg/L BYMRAECARAET , oRUS 15 IH > BOE I [R]
(120. 88 h) i T/ MU ¥ JEL BT[] (107. 15 h)
X 55 3 2 i 52 AR S W 5T 45 SR — B, BV R B ) 21t
IR AE 1 = T/ B il 277 Eerkes- Medrano
SFUSI YRR TE P B, AR L T R AR DA 10 Fh
T HE S ) 1) 4 1A IR SR T 52 RE 0 5258 4l A X
SR BE I U TR . AN [R] ) b X IR 4 T 52 ) A
[F] 4 D128 Xt A% 4R R it 52 — A o 1 B sh L e
2.0 mg/L MR 5% 08 T JF 3 52 08 A 1 A7 05 R
100 %64, 1 B 20 0 Xet I 48 14 Tt 52 R 7 A L JE 6 1
FEHHR 40 T R Meta penaeus ensis 15V A
A0 0.5 mg/L B 2K AL A 4 6. 65 h*', &
FART AV RL R,

SOD & —F & & J& P A LB . |z A7 1E T 30
PSR . 1969 45 SOD 14 9 T ik B Ik
PR TN R A B H DR AR S A2 S A 4
AEEAEY L AR, 8K A 3 WP i B 7R
LR R SOD {6 1 i 28 b R RAE Sh W bt E AL R 5
B8 L X7 0, WA PE AR B B Rhodo pseudomonas
palustris W] VL g 35 42 & 8% S0 5 0 Haliotis discus
hannai 41 8 {f) SOD & £ (P <<0.05)" | %K Jf &
(BaP) 2 & X )i fl & Apostichopus japonicus %
SOD i 7752 W i 25 1% AR 40 38 X Bk e 7 4 £ 241 41
SOD 7 #F0 i3 (P<20. 05) ", A 5 S B0 i ol
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W AT - SOD I 1 76 AS [RIIR 420 38 B BE 34 8
FAR T X B (P <C0. 05) , 156 B Sl sk g iR 9 1 A 1k
ARGV fig o3 PR A 0 38 i BE AR, 78 ™ E AR (0.5
mg/L) WA F G ER IR SOD 3% 7 B 5% 4 i 3o
(1] B T b 5 A A1 R 52 S80S S B VR &2 28 1E K
S D R AT R ™ 0 AR AR O 4 T IR Y B AR e R
G H TR E . WEEENE, EE R 48 h i,
SOD ¥ 1 & B hn % (15. 45+ 0. 12) U/mL, XA
ATRER S HAE, e 2.0 mg/L FMRE &MU T.ER
Ji SOD i HZ Wik E & IEH KF. X 5 S HEMKEA
JiE T SOD §% 71 09 8F 58 4518 — 87, AR T 4%
R SOD 8L E A B W JLA X AT RERR E 45 &
SRR v IR B4 AR R G0 At R A — R o T
PRI ERSAI0L T

4 it

£ DO 0.5 mg/L #1 DO 2. 0 mg/L fREMA T,
AT S RIS 8 AR v IR R ARG R
R T B 0 BEAIG L A% B0 B 0 A8 55, (W] 6 £ Bl R V% B
A2 R N (8] AE K, g IE 45 30T B BE O E — 25
5, HEIET 6 DO 3.0 mg/L &4 . R LK it
NRTEFET- B4 . 3 ol HLAS Ui I BB T 2% B 1K 480 2 5% i
(i) SIE A< #R AT BT 3 I, Heh 72 DO 0.5 mg/L JBrA T3
TR T I B 2% 19 B8 T 6 #3631 100 %0, fHAE DO
2.0 mg/L JH8 T o B AR S M 30 I ] A9 4 4G, 3 Rl AR
g VLTS X AT 40 MW 360 3R 30 1 OAS () R Y 3 L AR 2D B
-, 3ROSR LT, 76 0.5 mg/L #12.0 mg/L
PIANIR 4B 38 7K S N AEAE 2 5%, DO 0.5 mg/L e
T R HAK B LT, A 70.50 h, 1 ELKS N 34. 64
h, /NS A 34.02 h; DO 2.0 mg/L il F . H LA
WA LT, #EK E 120. 88 h, /NHLKE M HAY LTy,
FEKZE 107.15 h, RS Vi IE TR I AR 4200 38 KT
T RN SOD T g 3 % A= B A8 4k L B AR AU 38
5% ) 30 ek v I A P AL R 5.

LA S 56 45 18 LA B R H A AR OB 58 I 6T 1, 7 1t
P& X TR TR IR 1 SR o A 5 A T R SR B R %
AU 3 s . D FE [ AR /K I80R 37 5 /K 380, v 38 3
WS A A AT A R A B AS 44 T Ak 7K AR 18 o7 B L B
BRI AR AR T Y BT K AR SIS AL, A R R
VR AL 1) 4 K A % 2 9 5 30 K T L B TR S B4 L T
TR I AARAR ER B s @ i T b /N FLAS B
XA SRR i 52 07 55 1 R R AR T JIE L R e A 0 R
N T IR £ HL 3G SR A 1Y B IR, i IR B R

TS B AT DL 7E 5 800 A 38 1030 17 K U0 3% s © i T
BRI T 5 A A7 B X LA R R I BE ) DL M i
o M L PRI S & A R T 8 (DO . 3. 0 mg/L KA
KD S AT L2 g AR At o A 0 1Y) 28 T W b
T IR

&% ik

[1] CONLEY D J,BJORCK S,BONSDORFF E,et al. Hy-
poxia-related processes in the Baltic Sea []J]. Environ-
mental Science and Technology,2009,43:3412-3420.

[2] DIAZ R J,ROSENBERG R. Spreading dead zones and
consequences for marine ecosystems [J]. Science, 2008,
321(5891) :926-929.

[3] ZHU Z Y,WU H,LIU S M,et al. Hypoxia off the
Changjiang (Yangtze River) estuary and in the adjacent
East China Sea: Quantitative approaches to estimating
the tidal impact and nutrient regeneration [ J]. Marine
Pollution Bulletin,2017,125(1/2) :103-114.

[4] CHEN C C.GONG G C,SHIAH F K. Hypoxia in the
East China Sea: One of the largest coastal low-oxygen
areas in the world [J]. Marine Environmental Research,
2007,64(4) :399-408.

(5] o AE XBARME, WEMG . A%, /N TE AT 10 B &0 30T ¥ Jol 1) 345 i
AL IR B . 2005(3) - 25-28.

(6] ZEHizm, EAER. KITW O RET RIEEEKEERAS
COD.,EHLA B Je Wy R AL 7 T R LT h 3R 4 i
W, 2006(3) :70-72.

(7] AHEEE O, B3, % FLIL S AR B R A A SR
T PR AT L), P L 27 1k € . 2012, 30(3) : 347-356.

(8] EIGTHUK, AL, i AT FAR 4600 R B HC 5 el 1y
WEFEHE LT ). A BRI ) 42,2012, 31(5) . 775-778.

(9] FEAMe, 10 B8, 4% 0, 45 LRI g K COD 5
BOD MR MM T[T ], )7 PG R . 2021,28(2) :125-129.

[10]  EmaZy 8 RO, MR, I T H SR X Sl E 2
Pk b Fe M L)) E T R%E %R (A RF %
I ,2007(S1) :33-37.

(111 2ok, 2355, £ AR B, HRILH M B a8 30 R A9 B4
(I, /KB HE R, 2008(5) :729-735.

[12] NIXON,SCOTT W. Coastal marine eutrophication: A
definition, social causes. and future concerns [J]. O-
phelia,1995,41(1) :199-219.

[13] WU R S S. Hypoxia:from molecular responses to eco-
system responses [ J]. Marine Pollution Bulletin, 2002,
45(1-12) :35-45.

(141 Zl, XIPR R WRIEL B L 45 ¥ 7 A 25 70 20 M TR
B B BN 3 AR R AT S LT, 7P A 4, 2021,
28(1):30-36.



TIHE , T8, 4%, R, R, TE R REB X SEIKEE Mesocentrotus nudus 2 3E 1 K 4= 18 #1 #E

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

A BRI, S WA R TP T VS e ) s AL T
FEL00. 7P RE#.2019,26(6) :669-675.

STRAMMA L,JOHNSON G C,SPRINTALL J,et al.
Expanding oxygen-minimum zones in the tropical o-
ceans [J]. Science.2008,320(5876) :655-658.
SANFORD L P,SELLNER K G,BREITBURG D L.
Covariability of dissolved oxygen with physical proces-
ses in the summertime Chesapeake Bay [J . Journal of
Marine Research,1990,48(3) :567-590.

BELL G W,EGGLESTON D B,WOLCOTT T G. Be-
havioral responses of free-ranging blue crabs to episod-
ic hypoxia. I. movement [J]. Marine Ecology Progress
Series, 2003,259:215-255.

WANNAMAKER C M,RICK ] A. Effects of hypoxia
on movements and behavior of selected estuarine or-
ganisms from the south eastern United States[ ] ]. Jour-
nal of Experimental Marine Biology and Ecology,2000,
249(2) :145-163.

SANDBERG E. Does oxygen deficiency modify the fun-
ctional responses of Saduria entomon (lsopoda) to
Bathyporeia pilosa ( Amphipoda) [J]. Marine Biolo-
gy»1997,129(3) :499-504.

WU R S S,ZHOU B S,RANDALL D J,et al. Aquatic
hypoxia is an endocrine disruptor and impairs fish re-
production [ J]. Environmental Science and Technolo-
gy,2003,37:1137-1141.

SHANG E H H,WU R S S. Aquatic hypoxia is a tera-
togen and affects fish embryonic development [J]. En-
vironmental Science and Technology, 2004, 38: 4763 -
4767.

GLASS M L, ANDERSEN N A,KRUHFFER M,et
al. Combined effects of environmental PU2 and temper-
ature on ventilation and blood gases in the carp Cypri-
nus carpio L. [J]. Journal of Experimental Biology.,
1990,148:1-17.

X, BRI 4R B, 6. 20°C TR Stk B A b 38 X 40 B A
BB A BT AL T R GRS L], KA A o 2
i ,2011,35(6) :1005-1011.

PR IRAR A A PR B A (Hypoxia) B H X #1238
e AT Y kR L], A A L, 2005,6(20) :6-8.
KECKEIS H,BAUER E.KAMLER E. Effects of re-
duced oxygen level on the mortality and hatching rate
of Chondrostoma nasua embryos [J]. Journal of Fish
Biology,1996,49 (3):430-440.

CHRISTTIANSEN J S ,SIKAVUOPIO S 1. The rela-
tionship between feed intake and gonad growth of sin-

gle and stocked green sea urchin (Strongylocentrotus

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

5% 0

droebachiensis) in a raceway culture [ J]. Aquaculture,
2007,262(1) :163-167.

LEE G S,HWANG ] I, CHUNG Y J,et al. Effects of
hypoxia on the fertilization and early development of
Sea Urchin, Strongylocentrotus nudus [ J]. Journal of
the Korea Academia - Industrial Cooperation Society,
2012,13(8) :3785-3791.

LOW N H N,MICHELI F. Short- and long-term im-
pacts of variable hypoxia exposures on kelp forest sea
urchins [J]. Scientific Reports,2020,10(1) :2632.
FE. RS Y A S R R R SR T . i
Mk ,1996(1) . 25-27.

HI A, BRI I 23 282 P 5 [ D). 75 &« P E AL
W BF 50 A B Gt V6 BIF 52 9T 5 2003,

TRARIR  AERK N, B A R R AR S R R Y K
TR S B A5 i SRR TS LT . KR 2 4, 2014,
45(9) :1029-1037.

LAINE A O,ANDERSIN A B,LEINIOE S, et al.
Stratification-induced hypoxia as a structuring factor of
macrozoobenthos in the open Gulf of Finland (Baltic
Sea) [J]. Journal of Sea Research,2007,57(1) :65-77.
DAUER D M. Biological criteria, environmental health
and estuarine macrobenthic community structure [J].
Marine Pollution Bulletin,1993,26:249-257.

DIAZ R J,ROSENBERG R. Marine benthic hypoxia: A
review of its ecological effects and the behavioural re-
sponse of benthic macrofauna [ J]. Oceanography and
Marine Biology,1995,33:245-303.

JOSEFSON A B, WIDBOM B. Differential response of
benthic macrofauna and meiofauna to hypoxia in the
Gullmar Fjord basin [ ] ]. Marine Biology, 1988,
100(1) :31-40.

CRAIG ] K,CROWDER L B, HENWOOD T A. Spa-
tial distribution of brown shrimp (Farfantepenaeus
aztecus) on the northwestern Gulf of Mexico shelf:
Effects of abundance and hypoxia [J]. Canadian Journal
of Fisheries and Aquatic Sciences, 2005,62(6):1295-
1308.

COOK A A, LAMBSHEAD P J, HAWKINS L E, et
al. Nematode abundance at the oxygen minimum zone
in the Arabian Sea [J]. Deep Sea Research Part [l
Topical Studies in Oceanography,2000,47(1) :75-85.
ROSENBERG R, NILSSON H C,DIAZ R J. Response
of benthic fauna and changing sediment redox profiles
over a hypoxic gradient-science direct [ J]. Estuarine,
Coastal and Shelf Science,2001,53(3) :343-350.

R 2 % LSRR AU 2 M ST LD . 35 & - b B R



I ARE,2022 ££,29 %, 5 1 # Guangxi Sciences,2022,Vol.29 No. 1

2 e R Crp B R 2 B g AR F 5T 0T , 2019, vorship of planktonic larvae of rocky intertidal inverte-
(417 fHEE,ZEF B0, %, R FEE E KT #0is brates [ J]. Marine Ecology - Progress Series, 2013,

Iy AR 0 3 LT ] T DS O 2 27 4l C AR k27 478(3):139-151.

M) .2010.27(3) :14-18.26. [49] MILLER D.POUCHER S.COIRO L. Determination
[42] LEVINGS C D. Demersal and benthic communities in of lethal dissolved oxygen levels for selected marine

Howe Sound basin and their responses to dissolved ox- and estuarine fishes, crustaceans, and a bivalve [ ] ].

ygen deficiency [ J]. Canadian Technical Report of Marine Biology,2002,140(2) :287-296.

Fisheries and Aquatic Science,1980,951:27 [50] REH. MSFMSEMAMCRASNLI] K=,
[43] LEVINGS S G,CHAN H Y,LIU C C,et al. Effect of 2009,30(12) :15-16.

prolonged hypoxia on food consumption, respiration, [51] CORD J M, FRIDOVICH 1. Superoxide dismutase,an

growth and reproduction in marine scavenging gastro- enzymatic f{unction for erythrocuperin[J]. Journal of

pod Nassarius festivus [ J]. Marine Pollution Bulletin, Biological Chemistry,1969.244:6049-6055.

2008,57(6-12) : 280-286. (521 kFAn. TH I L1 B A I Be 0 45 20 3 00 4)) 00 A 1 1R B L 9T
(441  JRIBEEE 5k 55 M, 2 SC . 3 RIS i SO0 0 o) 5 73 S RE ) B AR R ek Sy 52 i [ 1. 4RDEFBIF 50, 2021,

TR Sz g fie J1 iy R m L) 1. 7K 5™ 274k 2018, 42 (8) 44(16) :43-47.

1209-1219. (53] B SCI. 3% 28 (BaP) X 415 il 2 (A postichopus japoni-
[45] HAHN E D,SOYER R. Probit and logit models: Diff- cus )W S FEMBON AR D] M1 & 00 5 K2, 2021,

erences in the multivariate realm [D]. Washington DC: [54] FEiSHk, ms R sk, 46 IRE O M2 2k b E 4 fa

The George Washington University,2005:1-14. LV E ALY B AL B SOD & Y52 W [J 1. Y175 UK 7™
[46] 3k 7k, LAk o B i Bk A= 55 39 37 58 B0t BF 1 5 17 4 ,2021(4) . 16-18.

(D] 7 &« E B Be A 52 A Be Gl BIE 5T D) 2010, [55]  HBEE.ZEME S8 /INES A5 R A0 i S0 T S e i S 4
[47]  JEIGEEE 5K F5 4, 4% SOV e TR R0 A 420 T 360 X 9 ol R A% B 92 W M ¥ 5 [T ). el B 2% 3 R L 2014, 35 (1)

I SR B RS () B A FRALEE Y52 ma L) . op B K R 118-124.

°#,2018.25(1) :60-73. (561 A MESE, Z5F], T4 45 (RSP0 X H AR 78 U vp i AR
[48] EERKES-MEDRANO D,MENGE B A,SISLAK C, et VAL AL RE 7 9 B2 M L], b R 22 22 4l CA AR B 27

al. Contrasting effects of hypoxic conditions on survi- W) ,2010,30(3) :301-306.

Effects of Hypoxia Stress on Lethality and Physiological Func-
tion of Mesocentrotus nudus

DING Ruxin'?, WANG Quanchao®,]JI Yinglu’,SHEN Bin' ,CHEN Linlin*, LI Baoquan®

(1. National Engineering Research Center for Marine Aquaculture,Zhejiang Ocean University,Zhoushan, Zhejiang,316000,China;
2. Key Laboratory of Coastal Environmental and Ecological Remediation, Yantai Institute of Coastal Zone Research,Chinese Acad-
emy of Science, Yantai,Shandong, 264003, China;3. North China Sea Marine Forecasting Center of State Oceanic Administration,
Qingdao, Shandong, 266061, China)

Abstract: The phenomenon of hypoxia in the bottom water of the global offshore is becoming more and more
frequent, which seriously affects the stability of marine ecosystem. In order to master the tolerance of Meso-
centrotus nudus to hypoxia stress, three sizes of Mesocentrotus nudus ,e. g. large size with an average body
weight of (91.41+3.31) g,medium (60.79=*3.42) g and small (4.15% 0. 18) g,were analyzed through in-

door ecological simulation experiment. The behaviors,survival time, median lethal time (LT5,) and superox-
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ide dismutase (SOD) activities of them were analyzed under the stress of three dissolved oxygen (DO) con-
centrations (0.5 mg/L,2.0 mg/L,3.0 mg/L). The results showed that under hypoxia stress conditions of
DO 0.5 mg/L and 2. 0 mg/L,sea urchin individuals all showed abnormal behaviors. At the early stage of hy-
poxia,the sea urchin showed a decrease in the tubular foot activity,a decrease in the adsorption capacity,and
a weakening in the mobility. At the same time,it was accompanied by spines shedding. With the extension of
hypoxia exposure time,the activities of sea urchin were further weakened until death. Under DO 3.0 mg/L
stress,there was no death in medium and large size sea urchin. The mortality rates of the three sizes of sea
urchin increased with the prolongation of hypoxia exposure time. Under DO 0.5 mg/L stress,the final mor-
tality rates of the three sizes of sea urchin reached 100%. However,under DO 2.0 mg/L stress,with the pro-
longation of hypoxia exposure time, the three sizes of sea urchin showed different degrees of adaptation to hy-
poxia stress,and few died. In addition,the LTy, of three sizes of sea urchin were different under DO 0.5 mg/
L and DO 2.0 mg/L. Under DO 0.5 mg/L stress,the LT50 of large, medium and small sizes of sea urchin
were 70.50 h,34. 64 h and 34. 02 h,respectively. Under DO 2.0 mg/L stress,the LTs, of medium size sea ur-
chin was extended to 120. 88 h,and that of small size sea urchin was extended to 107. 15 h. In addition, the ac-
tivities of superoxide dismutase in medium-sized sea urchins also varied significantly under two levels of hy-
poxia stress,indicating that hypoxia stress had affected the antioxidant system of sea urchin. This study first
mastered the survival and hypoxia adaptation of sea urchin under different environmental hypoxia stress,
which can provide reference for the maintenance of Mesocentrotus nudus population in hypoxic waters and the
healthy development of sea urchin aquaculture.

Key words: Mesocentrotus nudus ;hypoxia stress; median lethal time;death rate; SOD
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