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1.1 SEIEHR

RO ORISR A L RF R KR, B
FETSLHE 500 L FRAE/KFE DL 4 3% (Cerato-
phyllum demersum LOVE NI E Y, &0/ ek
PRV, A H RS B N TR A, B JE
15K 50%, FRIEIKIR N 25~26 C, FFLEF <. K
B — KA IR 3R, BEHLPRIE AR (1.6 £ 0.1) cm,
RTE4(0.106 + 0.009) g, faFRE | {6 1 4F 145 14 B oK
IRiEAT o
1.2 BREXFEEHKIGE SN

BE 20 °C .25 CHI30 CH: 3 NLub iR, &
2H 3 AT, 78 100 mL HEFEIR AP AR S E ok
K, AT 6 KU #EE W e, P 4
AHR K AR i 2 %% £ o AP 0.5 b I i ok 4
TR A(DOYK o I W5 i S 0T R4 U4 B K R
PG A S . RS RIFE RS 5 — FURIRIE T
(V5 itk SE K P10 R I S s 50% K HRE T 1% 15 fi
FOKTEhER S, HEZLNHEERL 6. 4. 2
0.5 mg/L IS ML A E], 115 8~6 mg/L. 6~
4 mg/L., 4~2 mg/L. 2~0.5 mg/L. 0.5~0.1 mg/L %%
MRRIX BEFEE R . AR R T AR5,

FELEUR = ADO x V/Atx m

K, ADO MR E A X BTG DO 248 .V Ak
RIEFL . At R A X BT RITE R . m oAk
LS Y N g
1.3 REEXTHREFOKERAE R A X B R B R AL
1 B E MR N

JPNTE 20 °C . 25 ‘CHI 30 CIRETF, BEK
Aa A E A R, HA 3 AT, ®EN
WRH: FE 153 KR T 300 mL Bebh b, JESE 783l
AR i S 44570 7 mg/L L) b IRE A4 4R
PEBRERF 100 mL 42 (S2 56 52 PRt K A1
i 130 mL), Ik 8GR Sk AR e 6 785 3 0K
RIE AR E 02 mg/L IF . 20 BIBUR Eia
2055 5 A B8 DB oK R, R R R S A
Z-80 CUKFIRAE, T 40 (5 % ¢ AALEFH(COX) .
BEHIER NG AU (SDH) . FLIRR A A iF(LDH) . A 1k
Yy Ak B (SOD) 1 1 3 5

1.4 FmBgEENE

PR ARERFE L 2 9 (m: VIINA—E & 0.86%
NaCl ¥, VK TG 10%M 4215190,
4 "C"F 2000 r/min #.0> 10 min, 751 kLB T
T DU A

P B 1k B OR % S s vk e, DA
A= MLV 18R VR B IR B AR i i £k

COX JHEMM E S Affonso®" ) ki, 4
B R o (GEALRI>95%) IR 2% i i (PBS,
pH 7.0)&MIFECH] 0.1 mg/mL IR ¢ 5,
PR MR PBS WA f# - BCHl 0.05 mg/mL
PURIM AR, SRR A AT (3R o I TROR
UK I PR VA TR H IR 10 = 1 AR LU TC ) i 400 i €2
2 c-PUIN AR TR B 100 pL LA A 3 mL
TAEWH, IREWEESLEITF 550 nm % 1 min
IO (AR AL

A COX I P (U/mg)=(AODssox3.1)/
(0.0185%1xmg protein),
FH, AODsso MM ZE ¢ 7E 550 nm | 1 min N
WO B R AR A 3.1 S ROWAR R 3.1 mL;
0.0185 4 1 umol 4RI % ¢ MTH R EG 1 AR
R EF[E] 1 min; mg protein 47 0.1 mL ¥ ik %) 25 1
T,

SDH. LDH Fl SOD {1 22 5% FH e 5 L Al
A= T AR 58 iR S d Ul B B o oA T
w3417,
15 HEESH

Bl LIS B bR iR R ; RA IBM SPSS
Statistics 26 4 #E17 ¥ K & 7 2 43 HT (one-way
ANOVA)FI Duncan Z i L, 5B A [F] I B X FE
AR BEL L MSCEEEE R SRR
75 243 B (Two-way ANOVA )% UK -5 15 22 [H]
(S HAE; SRIBSIAEAS T A5 5B 2t i ia
Xof A G BTG PR R IR, L P<0.05 1k 22 53 g &
Ko

2 HRE5HMH
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ACANE 1 BT o FEK IR A 4~8 mg/L 13
FEL PN, 00 R I O MR 1) 6 S B 5 7K I ) T v 34 222
L (P<0.05) T (K 1a, E 1b); 2Y4/K A% i EAK

(P<0.05){= T 20 ‘CHI125 ‘C4l, {H20 ‘CHI25 CH
FARLREELRWA lc, K 14, K le), B K
TRV A T 1%, SR AFRIF M FE AR 2L %

F 4

mg/L J&i, 30 CLARA BRI FE R B 3%

(P<0.05) T RE, HARBGS, T RBBE & 116,

2 080 ,=3, %SE b n=3, ©:SE ¢ n=3, TSE
L a
g a g 070 2 060 a
=5 0.70 | = a = o
S &g 060 &g
h§0.60- g E)g‘OSO
£ £ 2 &3
’g‘: g b @ g 0.50 | b @ g b
Kg 050f ¥ g ¥ ¢ 040
¥ s ¢ W04 ¢ e b
& 040 8 g
- s - 0.30 - - - 0.30 ' ' '
20 25 30 20 25 30 20 25 30
¥R E/°C temperature 1R E/°C temperature 1R E/°C temperature
FEHF/[mg/(gh)]
d e £ oxygen consumption rate
0401 =3 5iSE . n=3, ¥+SE a 7 0.74
‘3 % 0.12 + 6k 0.67
~ —_ —~
= 035°F = o i 0.59
=8 3 010} ERE 0.51
SE St 3
gg 030 | 23 008 EE’ ‘I 8'§§’
>~ b g 008F o X0 4 .
%} 8 ) l’ﬁ% 8 b gﬂ 0.28
5 g;n 0.25 - % 006 P 2r 0.20
8 8 1 0.12
0.20 1 1 1 0.04 1 1 1 0.04
20 25 30 20 25 30 20 25 30

VR E/C temperature

YRE/°C temperature

VREE/C temperature

AN (R S KT T JRL X 0 D47 ST K MR AR 4R 38 1Y 5% i
a—e: WK 9 K 8~6 mg/L, 6~4 mg/L, 4~2 mg/L. 2~0.5 mg/L. 0.5~0.1 mg/L;
£ KR A IR R AR LR G . TR 2RR 25 5 B 25 (P<0.05).

Fig.1 Effects of temperature on oxygen consumption rate of Neocaridina denticulata under different DO levels
a—e: DO levels at 86 mg/L, 6—4 mg/L, 4-2 mg/L, 2—0.5 mg/L and 0.5-0.1 mg/L, respectively; f: combined effects of dissolved
oxygen and temperature on oxygen consumption rate). Different letters mean significant difference (P<0.05).

AL XU R 7 22 53 (G 1D FTAL, TR FK i
W i R S R Y R 2 (P<0.05) 52 1 41 14 35 K IR 1)
FEAR, HIRE 5 KIRT il A Z W AF7E 0 3 (P<
0.05) S HAE ] o 30 “C 20408 0k B K MR A I L sy
0.16 mgO,/L, 20 ‘CHI 25 CH Il A EH /N T
0.1 mgO,/L; 1E 20~30 CHIJEEIH, a4 Bk aF
()% BE /T 0.1 mgOy/L (3 2).
22 AELRET 25k S 8 X4 4 7 oK 4R i
R #6 o Bfg i 1 A 22 M

T BE f 25 (P<0.05) 52 Ml 413 147 3871 K AR WP A A 383
FHOC G 16 1 o & SRR, 405 B R R
SDH. COX 5 LDH {13 Bl 7K Jik (1) - i i 44
(K 2a); FEARSAUME 2504 T, H SDH & PERE/K IR
T G i 8k, H COX 5 LDH 75 4 Bfi/K i

f8 T s I 44 N (1] 2b).
5 EAUKARRLE, AR TR APrE T 8 R K
®1 BREKRESERENFEERKL
REXMNEZRFESN

Tab.1 Two-way ANOVA of dissolved oxygen level and
temperature on oxygen consumption rate of
Neocaridina denticulata

AR F R R A AmE B F p
source SS df MS
i) temperature 0.336 2 0.168 340.472 0.000
BHE KT DO levels 1.394 4 0.349 705.360 0.000
VH BFE R 7.
i 5 < AT 0077 8 0010 19.565 0.000
temperature x DO level
PR error 0.015 30 0.000
Mt total 1.823 44
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Tab. 2 Effectsof temperatureon critical dissolved oxygen level and lethal dissolved oxygen level of Neocaridina denticulata

n=3; X+SE
R EE/°C temperature
TiH item — i
20 25 30
Il A5 (1 HAET2)/(mgO,/L) critical dissolved oxygen level (first death) <0.1 <0.1 0.16+0.02
2= 5 (50%5ET7)/(mgO,/L) lethal dissolved oxygen level (50% death) <0.1 <0.1 <0.1

KRNI T SDH I M3 & BRAR(P<0.05) WAL B IG P . 76 & Sk, 48 15 5 oK AR 1
(% 3a); COX ifMEITC % 22 5 (P>0.05)(J8 3b);  SOD Ih MRl IR FE M Tt o B S TR TR

A LDH ¥ 134 8.3 T 55 (P<0.05)( 3c). AT, SOD T Rl i B2 i s il T % . X H
23 ARIBRE T2 SB35 & FHKIERE T SRR TG S8 T i 14T K R 1) 8 SR Ak 1B,
AL 4067 1Y B E 1 B9 22 I FEHEEPE, PT%1, SOD IGPEAE 30 “C4HH i 3 FEAIG
LB 2 (P<0.05) 52 W B8 1 B KR IR I 44k (P<0.05), 20 ‘C Al 25 "C4HJC B 5 22 5 (F 4).
B 100r _ 560 0.26 "g ol B sz 1032 _
% [ "é = A o= 20 a §
£ 90y 5.40 0.24 % § § 480 2% &
Sy 0901 £ Ex  SX085F5z loos £
#E8 oss[ S8 520 02258  #Hg 57 4dor =5
o HE #5 s 080 41 400 H0.26 3 %5
gy o080rme | 1020z 2 Ea ) g
SE s B E S0 g% S= 1T E 3.60 1024 8 5
g = b losEs EFomst g% w8
s S 070F & T 480F =© YA = 320 10228
g 065-&% 1016 & 8 xS oo &
% 060 E 4601 1 1 1 e % 5 . 1 1 1 -
IS .60 - 20 25 30 0.14 0.65 - 2.40 20 25 30 0.18
1R JE/°C temperature 1R JE/°C temperature

& 2 YRR E(DO>7 mg/L, a)FHEZ i (DO<0.2 mg/L, b) T 45 14 5 A IR 58 3 W2 i S i (SDH)
AR ¢ EALHH(COX)FFLER I & B (LDH)YE P iY 52 1H

FHREAN[E 3R 25 5 0835 (P<0.05).
Fig. 2 Effects of temperature on activities of Succinate Dehydrogenase (SDH), Cytochrome ¢ Oxidase (COX) and Lactic
Dehydrogenase (LDH) in Neocaridina denticulata under oxygen-enriched level (DO>0.7 mg/L, a) and hypoxia stress (DO<0.2 mg/L, b)
Different letters indicate significant difference (P<0.05).

2 I BT 4UKF oxygen-enriched state S (b IE%K?{Z oxyger}-enriched state 0.5 o EE %K oxygen-enriched state
g 8 * D& hypoxia stress state g L21"" D438 hypoxia stress state % O il hypoxia stress state
L n=3, %SE Sy 10 n=3,%+SE £ 041 3 w88, "
25 6f 50 5a
_ﬁgj \;EES-)' 081 \d 03 *%
Hé [} ﬁ (=] % =]
2 2 06 z F
ﬁ:g" 22 85 02
=8 B 0af IF g
g 7 7% I =" 01t
o @ 02 g
R o 2 P
g 0y 25 30 LY 25 30
ZEE/ T temperature 1R FE/°C temperature YREE/°C temperature

B 3 ASEEE A NE (DO<0.2 mg/L)X) 45 57 K IR BE 312 )it S B (SDH)
M ER o FALRE(COX)FIFLAR B 2B (LDH)I P4 ) 52 1
IR T E (P<0.05), “FH IR 2 T B (P<0.01).
Fig. 3 Effects of hypoxia stress (DO<0.2 mg/L) on the activities of Succinate Dehydrogenase (SDH), Cytochrome ¢

Oxidase (COX) and Lactic Dehydrogenase (LDH) in Neocaridina denticulata under different temperatures
“*” means significant difference (P<0.05); “**” means extremely significant difference (P<0.01).
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55
50 - n=3, *+SE
= B F2% /K oxygen-enriched state
ES 40 - OEEMHE hypoxia stress state
& T *
5 : —T
53 30}
Eul
s
%IE 20 -
08
B
&
Rt 10
S

20 25 30
1R JE/°C temperature

K4 AREEE T &2 (DO>7 mg/L)/KF-Al
IR 4EUHE (DO<0.2 mg/L) T 4515 57 K HF
i A B AL T (SOD) I 44 L 45
RN I F (P<0.05).
Fig. 4 Comparison of Superoxide dismutase (SOD) activities
in Neocaridina denticulata between oxygen-enriched state
(DO>7 mg/L) and hypoxia stress state (DO<0.2 mg/L)

under different temperatures
“*” means significant difference (P<0.05).
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31 BEEHFREXHER R AR ZHE N

ANTRIZK A= Bl X IR A SR ot 52 BE 0 S5 R 2
A5, TR AZ B AR AR B S A PR Ui
JEAE B R 5 . RS R N AR
EEAMKEE L8 H s, i 7e sh P45 0 HESh
Pk R i R AR A B A
F 7 gl 64 1 2 1 AR 28 A A S ) B9 1 21 2R
FIAR L, HAECRMIRE AR H 5 2 210 pH . JCHLE
T RS H R, HAHEE S ),
P, BRI R 280K A W 52 3l 4 R 4R
RRE 58 TH2E, fRZEUKEN 3P INL [T

THIF(Macrobrachium rosenbergii). ¥ FE 1 4R (Exo-

palaemon carinicauda) . #& 7 X #F (Penaeus mer-
guiensis) % Fifi 7 i B 1Y T R s AR R g i K R S
MBS PRE (R 3); T RE R B K 1Y 5E IG5 2
(Procambarus clarkii) W AR[A], B ATE 8 Kk H 5
BT, TR RE igsR ., ANk
TBOK BRSO THIC4URE ), 7E/KIR 20~30 °C

AV A, AR AE ORI Y 2 B /N T 0.1 mgO,/L,

AR TR ZHARZE, DA AR KBRS 7 R
BIPAY R R RS R . R HTOR IR R I Y5
TR AP SECRE 0 BVF 5 5 F AR AR TR PR B A ) PR 5

B 1 BT KR 2 A 1 IR AR/ K AR R, R —
WERIMRZS, B, IRK/INKIKR T 32 B IR EE 1 52 1,
IR L 23 1 B TA) BRCME SR A B DA BT K MR 3k e
e8P 420 1140 B 7 T R AR DA o 7 3k o 7 e AR 2 A8
TR AR AR P AR R R ) 25

CE W £, 76 xR E a5 sh
Yy— 5 T AT DASE o R AR o R A TS S AR RS
Wbt | PR A 5 I SR o AR R AR
Jy—J7 T, W ST s mT DA A B v M AR Y
B IR v I 2 1 X AR S S MR AR T AR
iz 4 e ) LLIE AR A EE . X B 98 F1 %I (Lito-
penaeus vannamel) i 5 & BLEE i 1 AR AE B E 5
ot L 94 B o A 1 TR Y K
(Cancer magister)fig i i £ & 1L % & A9 & L
T 7R i s 1 IV %) 465 R R v o AR 8 R RE
DA X 0 A e S e B0 e Ab, o e R
Ja, AR E IR A XTI, AN ] e A
AT REAZ PR, 7 3 W ok > b G o H G 4R
WP RE ) A AEREALIAR LR, W] A 25 0a 20 iz 3 LA
FRACHLIR A RE R AE Y B B K IF =, 250
B, FEBE IR, AT LS B8 15 B K IR K
BT B P B AS R By, 3T it L X S A
B2 1) —Fh AR BE S T AR SR

TEOK AL W) e % B SR L R b, BRAH S 2R
%) JE5 U 4 fidt 2 THFE K AR T R AR, X il
P BE IR A I KA AL TR 2R B ECIRAS, T
A AT T DR 3k A e ) TR 42 R 7 o L v 2 R
PR AT BE
32 IREITREFARERIER A EH RN

R 2855 H A2 Sl g e B R (9 AR IR sh i, L
H B AR A RE 355, PREE IR B 5 B4 5 e B 0F
Faes A . TEAIESE D, R BT B T 4
VR IF AR R, MEIRE A m, FEEEEH
BENTE, X 5P RBIFTY . 5 s E Rt
SERRFSTSE AR, SDH Fl COX S ZRoRiiA oy il
2 50 ST A 15 B Y B S OCHERE, SDH
BT HL AL SR R AT I, AL BRFA IR AL L SR
JFA4: Bl FADH, ZZARRIRER PR, COX &
AT L 12 350 B 20 65, 3R R SR R i, B WIS
PR F A& MR RE HIEGRELS T8
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Tab.3 Toleranceto hypoxia of some shrimp

> Be

YFh species AL size

IRJE/C temperature % B /(mg0,/L) LDOL  Z% SCHR reference

7 G R #L R Procambarus clarkii IR (1.57£0.23) g
HIUF (1.68+0.27) g
IR (1.57+0.25) g
AR (21.36+2.83) g
AR (20.7422.61) g
AR (22.04+£2.65) g
HHEJEEF Panulirus stimpsoni 94-100 g
HAHEF Macrobrachium nipponense  1.98 g
75T R Exopalaemon modestus 1.56 g
#EHUF Exopalaemon carinicauda 037¢g
081g
200 g
fFUF 9.44 mg
fFIF 9.50 mg
fFUF 23.17 mg
fFIF 25.45 mg
fFIF 52.50 mg
T E A XFHF Fenneropenaeus chinensis 4 ¥R

(10.54£0.31) g

F IR ER Macrobrachium rosenbergii

BEFT %R Penaeus monodon HEXF 0.0291 ¢
553¢g
A XTEF Penaeus merguiensis R 0.174 ¢
BEHR 2.69 g
HEdF 3.81 g
HAZEXT R Marsupenaeus japonicus 243 g
JIEH AT IR Metapenaeus ensis HIUF 0.0622 ¢
425¢
43 HXTEF  Litopenaeus vannamei FaLIN
FAILIS
FAILIS

HEYG B K EF Neocaridina denticulata  JRAF (0.11£0.01) g

20 0.43 [16]
25 0.49 [16]
30 0.57 [16]
20 0.06 [16]
25 0.08 [16]
30 0.11 [16]
29 0.16 [27]
21.7 2.05 [28]
21.7 2.36 [28]
18 0.55 [29]
18 0.71 [29]
18 0.78 [29]
25 1.35 [30]
30 1.57 [30]
25 0.96 [30]
30 1.18 [30]
25 0.98 [30]
18.5 1.35 [31]
25 0.74 [32]
22.1-23.1 0.85 [33]
23.1-24.3 0.58 [33]
25-27 0.51 [33]
25.3-26.8 0.99 [33]
25.3-26.9 0.60 [33]
21.4-24.3 0.86 [33]
23-25.1 0.59 [33]
27.5-30.0 0.52 [33]
25.5 0.78 [34]
30.5 0.78 [34]
35.5 0.76 [34]
20-30 <0.1 VNS

A, A SRR R, e AT B
Kt SDH Ml COX i M AE — e FE B 1] LA AL
A A PEW AR R . FEARA G, A E K
MR B K IR 25 CTHEE] 30 C, 4 4 H KRR
() SDH Fll COX it i E o, AN A &
P8 A 383 o 7K T T v T R R, X 5 1 B R R AR
SR I IR T 8 ) B B — 3. A R4
a2 R, BEE KM 25 CTEF] 30 C, X
H SDH i BT, 1M COX 1Tt B #7481k,
FRHAEME AR T, BRETHERT T4k k

DIRE A ARSI A AP R - 42 7. LDH
TE TGS T REAH AL DN R R A W LR - P Bt 2 /)
it ATP A B, AT AR SR BILAA I 44t i DI 480 I 1 e ks
g, AR EW, =P F & (Portunus tritu-
berculatus)f) LDH i 1 bifi & I B 19 T i 2 46 K
eI AT e 5 = Pom B 2% oAy SR AR S R
Wit BLRE B LA D AR A, R
2 7K I v AR AR I K M, MR SR B DT (Mlizu-
hopecten yessoensis) f LA i 1 £ &5 J6 480 P % | $2 7
LDH 3 M AR XS 5 A SR AR 5 | e A ST
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P A5 AN [ JLEE T A B K SR X AR 9 e S 308 14 52 R g B A B g 679

Vil 553 17 32 B A e A DD R PO AR o,
Tt 2 5 FAR SR AU R R S, B 2 B K R
LDH & PEREE KR T =t R BT = a4, H AR
T OLT, A T ¥ figk S VR R 2 I O B 1 T v T o
1%, PRI A U o v 2 T 0 47 3 A I ) s 4 T 4
W18 it ) 356 T3 LA R AT BE 2t B IR ACIR S, DA
PRI F B RE R LN

PrAA AL A A HE AR AT LUAE — 2 B2 S e s
A5 2 S T I 0 BREE 58 R U, ML
FEIEF A=Al s, SARW™ A A i SR R
(reactive oxygen species, ROS), Bii B} 3L A Wit 4%
A ALBHA 225 4, SOD 2 Hirh—Fh R B i i 4
PRBECT AT b BE 2 TR 1 T R B R R Y
SOD i 2 M LTHE FRER &S, XM xR
AHAE 24 () THRL, AT DA s MR BT S A RE g, 1
TNEHCPU M A B RE T, (IR E A m R T aE 21
BUAAR I 25 5L 1T - e A AL B TS P R, 30 °CT
fiE TR Hh 1 A BT DK 3 R IR Y L
3.3 HEEHTAKERXHE & A NG A

Winkle 453 h 015 Sh W AR S 3 A SR
o7 Y (R A0 2% B A 53 T B0 A 0 7 B R [T e
R AN AEUE T B (FE VS i S B 1 R T Il UK,
FEAEUR AN Bl S0 P S A S 1 1) BB 1T A1) o
Leiva Z01%) 4 7 #F (Neotrypaea uncinata) iy #f 5
& BHFE SRR B I IR B b B IR TR E A
()3 4%  Paterson 2519 % 315 J& R (Trypaea austra-
liensis) (1Y #E R BE 4 00 R R FE SR 2 0
% FTHE TR # . Rosas 28U BFSEIN N 1%
IR (Penaeus  setiferus) Y #8 4 28 8 & T 50 0 717 74,
HAR AR ARARR A SRR BN 25
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Tolerance and physiological response to hypoxia in Neocaridina
denticulata under different temperatures
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Abstract: In order to study the tolerance and physiological response of Neocaridina denticulata to hypoxia at
different temperatures, N. denticulata was placed in a closed breathing bottle at different temperatures (20, 25 and
30 ‘C) to induce acute hypoxia stress. The oxygen consumption rate, lethal dissolved oxygen level, and enzyme
activities related to antioxidant and respiratory metabolism of the shrimp were detected. The results showed that
the oxygen consumption rate of shrimp increased significantly with increasing temperature and dissolved oxygen
in water. The lethal dissolved oxygen level of shrimp was less than 0.1 mgO,/L when the shrimp live in water with
temperatures from 20 ‘C to 30 C. In the oxygen-enriched control, the activities of shrimp succinate dehydrogenase
(SDH), cytochrome c¢ oxidase (COX), and lactate dehydrogenase (LDH) all increased with increasing water
temperature, while the activity of superoxide dismutase (SOD) first increased and then decreased. Under hypoxic
stress conditions, COX and LDH activities increased with increasing water temperature, while SDH activity
remained relatively constant, and SOD activity decreased. Compared with shrimp in oxygen-rich water, the shrimp
under hypoxia stress displayed significantly decreased SDH activity and significantly increased LDH activity, as
well as relatively constant COX activity. At 30 ‘C, the SOD activity of shrimp treated with hypoxia stress was
significantly lower than in the oxygen-enriched group. However, at 20 ‘C and 25 °C, there was no significant
difference in SOD activity between the oxygen-enriched and hypoxia stress groups. It is therefore suggested that N.
denticulata has strong tolerance to hypoxia and a physiological mechanism of rapidly increasing anaerobic
respiratory enzyme activity, as well as decreasing aerobic respiratory enzyme activities to cope with hypoxia
stress.

Key words: Neocaridina denticulata; temperature; oxygen consumption rate; lethal dissolved oxygen level,;
respiratory metabolic enzymes; superoxide dismutase
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