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FEE. [ B0 IEER, 28R FH AR AR )32, A AS [R) FLRS 14 21 B8 B MR o) 5 50 R0 s R Ak 9 it 52 0, A R T4
HIERHR e HSRFE e & . [ 74k 17E/K IR 24 ~25 °C .pH 7.9~8.0 (IS 0198 1T A R RITE il BRh %) £1 B B4 07
SRR AR 2R, AT BRI EE (LC,, ) FIZE R BE (SC) , [ 45 ] SR E X A BB AR LR IY 24 .48 .72 F1 96 h
LC, /390N 188.0.136.15 ,104.67 F11 88.00 mg - L™',SC N 8.80 mg « L™ ; B & & XS W L AR 1) 24 .48 72 F1 96 h LC,, 73 %N
344.01,270.46.205.15 1 167.68 mg + L™' ,SC } 16.77 mg - L™"; LB FESTLIUFAY 24 .48 .72 F1 96 h 1L.C, 434 10.16,7.35,
5.65f14.75 mg - L' ,SC 4 0.48 mg « L™ ; AEES TR NIV QR 24 .48 72 196 h LC,, 50N 18.58.14.60.11.08 F19.05 mg - L™, SC
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VA BRER X IV MR (1) 24 48 72 F1 96 h LC., 73~ 77.56 .59.33 45.41 F137.48 mg - L™ ,SC N 3.75 mg - L', [45iE )41
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Acute toxicity of ammonia and nitrite on juvenile and subadult
redclaw crayfish ( Cherax quadricarinatus)

PAN Xunbin', ZHANG Xiuxia®, LU Yaopeng', ZHENG Peihua', WANG Anli', XIAN Jian’an"
"College of Life Science, South China Normal University, Guangzhou, Guangdong 510631, China; *Institute of Tropical Bioscience
and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikouw, Hainan 571101, China

Abstract; [ Aim] In recent years, the aquaculture of redclaw crayfish has significantly increased. The aim of this study is to under-
stand the ammonia-N and nitrite-N tolerance of different life stages of red claw crayfish to improve the survival rate and promote the
redclaw crayfish production in aquaculture. [ Method] The acute toxicity of ammonia-N and nitrite-N on juvenile and subadult red-
claw crayfish was tested, and the half lethal concentrations (LCs,) and safe concentrations (SC) under 24~25 °C and pH 7.9~8.0
were determined. [ Result] The LCyys of total ammonia-N for juvenile crayfish at 24 h, 48 h, 72 h and 96 h were 188.0, 136.15,
104.67 and 88.00 mg - ™', and the SC was 8.80 mg + L.™". The L.Cyys of total ammonia-N for subadult at 24 h, 48 h, 72 h and
96 h were 344.01, 270.46, 205.15 and 167.68 mg + L™, and the SC was 16.77 mg + L™". The LCyys of non-ionic ammonia for ju-
venile at 24 h, 48 h, 72 h and 96 h were 10.16, 7.35, 5.65 and 4.75 mg - L', and the SC was 0.48 mg - L™'. The LCyys of non-
ionic ammonia for subadult at 24 h, 48 h, 72 h and 96 h were 18.58, 14.60, 11.08 and 9.05 mg + L', and the SC was 0.91 mg - L™".
The LCys of nitrite-N for juvenile at 24 h, 48 h, 72 h and 96 h were 46.76, 33.88, 27.97 and 22.81 mg + L', and the SC was
2.28 mg - L', The LCys of nitrite-N for subadult at 24 h, 48 h, 72 h and 96 h were 77.56, 59.33, 45.41 and 37.48 mg - "', and
the SC was 3.75 mg + L. [ Conclusion] The tolerance of redclaw crayfish to ammonia-N was stronger than nitrite-N, and the toler-
ance of subadult to ammonia-N and nitrite-N was stronger than that of juvenile.
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LI HHEEUP Cherax quadricarinatus (von Martens )
JE7 FHRORAINE. 2 H A | 2SR IR K 28
TriPez —, ZLEZIF A 20 thad 90 £ 5]
AR R, i T A A A A S FL g T IR
Litopenaeus vannamei Boone 1E AL T 3% 58 $ , Efii
CLEEBAMF I RE R I B, A D UL A SR 5,
UTAER , FLARTER MR PR AIR I RARR , B Ak
e FE AL T )1 2 (R AR O, X 48 32 57 i i — L
A TR HME DL R A AR S . 2D BB MR B
BV AR A A TR R 3 B | A A
[N 8. SN o (ST W SN O e A
2000) . LA 8 e R EE AR Procambarus clar-
kii Girard F)FEFE 3K | 21 BB MR 1) 55 R A0 AR 1, 325
PR B LLE B AR SR A 7 AR FEA8eb E
BARTER M HOR 7 BB RGE (B SCEF 2004
R ,2000; B = HAF,2000) o 2 AT AR
AR K LSRR R R b A 2 ORI REE
15 GELLASE 2014 WEfE 4245, 2014) , R SCHT
G2 T A AR R ER X 2 bR f) £1 2 H IR 1 23
PEBE T 2EEBEH B (1.C,,) FIE 4B (SC) , L
W R LT BB I N T IR AR S 5 50

1 #RtEF*®
1.1 SEIe#F#Y

SEI FHAL BSR4 B v B RA N R
Y, AR 25 ~38 mm, {AH 0.83~1.88 g, WAL
B 72~93 mm /K H 38.31~54.92 ¢, SLUGHITE
SIS ENEA IR G FRAE 1 JR, KR 24 ~25 C,pH
7.9~8.0, M 5.6~60 mg - L7, SLIOHIEE 24 h,
BRI 158 1z 181 3 {52 T RR | A PR 5 3 1) B R
Ry S AR
1.2 XEFHE

Bk 5L 0 2 % B W I SE (2005 ) FeR A A A
(2013) W97, SEBRAECE 30 L 7K 5B RH M 4H
(52.5 cmx37.5 emx32 cm) AT, LTI E MK
FEVE L, P-4 55 0T 5] B 0 S i X R L AN 7 A
WREERRREA W BRI B AN 1 R, DL NH,CL(J M
PR, et ) A 2 Ak IR, NaNo, (] 4k
SR, Al 1E R A R EOK TR, AR R A2 1Y
W MERRFR I AR Bk T, SR A8 CE ) IR
20 &, WAURLLL & 10 B, H R4 E 3 &
5 IR IIRREER R G FET AN AR S HE TS
FU5R 24 .48 .72 F196 h FUSET-MAKL, APRIEK
KA SRR T Ra e , B 24 h Fuk 32—k,

x1 =RMITAHEEFA L RE

Table 1 The experimental doses of ammonia-N and nitrite-N

b g JEEHRE p Doses/(mg - L)
Treatments XHIE CK 1 2 3 4 5 6 7
RA-YF Ammonia-juvenile 0 50.00 67.45 90.99 122.74 165.58 223.36 301.30
BA - AR Ammonia-subadult 0 100.00 134.90 181.97 245.47 331.13 446.68 602.56
WA B2+~ 41 UF Nitrite-juvenile 0 10.00 13.49 18.20 24.55 33.11 44.67 60.26
W AEERER - I AT Nitrite-subadult 0 20.00 26.98 36.40 49.10 66.22 89.34 120.52
1.3 #iEaE SC=0.1x96 h LC,,,
IR T K it ) P
ﬁt?ﬁﬁﬁm;@?i@ﬁﬁ/ﬂﬁ%,ﬂiﬁﬁ S ?S ) gﬁ%'—ﬁﬁ*ﬁ
. S 4 S w7 \ oy N
2H & PR ERE, P<0.05 > R . e
AL 22 50 0 B R, AEFEDE W14 2. 4 3 FiA XA AT B4 fE R

S K P A SPSS 18.0 B Probit 43 BT vE &
LC,, , FHHP i 1 351 % (response frequency ) A BT
B, WA S (total observed ) S SE56 s #) %L ( 4195
60 & L RAF 30 B2 ) , DME £ (covariates ) S AH I [
S, ALY (model ) T2 AR (probit ) |, §4 4k
(transform ) 15 % N X EUKE A 10 (log base 10) , SC
LU A 5315 (Sprague, 1971)

PEWE T B T30 I 1 TR Bl 360 B[] ) S K 4
LN N AR RANOR7 A e S N T A =2 VIR
5, ZMRL Y, S AR R 50.00 1 67.45 mg - L
B, 2354 48 1 24 h J5 HHIAET- B4, oAb ik 5 41
BIfE 24 h W BRAET . BV A MK I O 165.58 ,223.36
F1301.30 mg « L™'0F, 73 HI7E 96 .72 Fil 48 h 47K
FET, IR, S AR 100.00 F1134.90
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mg - LB, 205076 72 1 24 h R BIAE T4
ik FE ALY 7E 24 h W BIAE T S AR R
331.13 .446.68 Fl 602.56 mg - L™ i}, 23 I7E 96,72
172 h WAFFIET

SERUNGE 4 W7R . I8 T BB MR R A A AR
[ 24 h LC, 73324 188.08 F1344.01 mg - L™ ,SC 433
7 8.80 Al 16.77 mg - L™, HEESF 2N LB ELUFL AR
FINE AR 24 h LCs, 434114 10.16 F118.58 mg « L™,

PR 2 .3 3 WA THE A A LC, M SC,  SC 42514 0.48 1091 mg - L',

R2 SEMIEERPHRHIMESENE

Table 2 Acute toxicity of ammonia-N on juvenile C. quadricarinatus

FETR Mortality/ %

P i Total ammonia PAEES T4 Non-ionic ammonia

/(mg - L") /(mg -+ L") 24 h 48 h 72h 96 h

0.00 0.00 0.00£0.00e 0.00£0.00e 0.00=0.00e 0.00=0.00d
50.00 2.70 0.00£0.00e 0.00£0.00e 3.33+2.89de 8.33+2.89d
67.45 3.64 0.00+0.00e 3.33+2.89% 11.67+2.89d 20.00+5.00¢
90.99 4.91 8.33+2.89% 18.33+2.89d 36.67+2.89¢ 53.33+2.89)
122.74 6.63 28.33+2.89d 50.00+5.00¢ 76.67+5.77h 91.67+5.77a
165.58 8.94 40.00+5.00¢ 71.67+5.77b 93.33+7.64a 100.00+0.00a
223.36 12.06 71.67+7.64b 95.00+5.00a 100.00=0.00a 100.00+0.00a
301.30 16.27 90.00+5.00a 100.00+0.00a 100.00=0.00a 100.00+0.00a

FIFIA R NG FRERR 2252 B35

Different letters in a same column represent significant differences among treatments.

R3 SEMIEERTAITHIAESYE

Table 3 Acute toxicity of ammonia-N on subadult C. quadricarinatus

BETR Mortality/ %

P {3 Total ammonia P55 Non-ionic ammonia
/(mg - L") /(mg+ L") 24 h 48 h 72 h 96 h

0.00 0.00 0.00+0.00f 0.00+0.00e 0.00+0.00e 0.00+0.00d
100.00 5.40 0.00+0.00f 0.00+0.00e 0.000.00e 3.332.89d
134.90 7.28 0.00+0.00f 5.00+5.00e 13.33+2.89d 28.33+2.89¢
181.97 9.83 11.67+2.89% 26.67+2.89d 36.67+7.64c 56.67+5.77b
245.47 13.26 36.67+2.89d 53.33+5.77¢ 81.67+2.89b 98.33+2.89a
331.13 17.88 50.00+5.00¢ 75.00+5.00b 95.00+5.00a 100.000.00a
446.68 24.12 78.33+2.89h 91.67+7.64a 100.000.00a 100.000.00a
602.56 32.54 93.33+7.64a 98.33+2.89a 100.00+0.00a 100.000.00a

FIFIA NG TR R 2 52 3%

Different letters in a same column represent significant differences among treatments.

x4 SEMABEETHFBRREMRERE

Table 4 The LCs,s and SC of total ammonia-N and non-ionic ammonia to C. quadricarinatus

JEES % Non-ionic ammonia

JBZ A Total ammonia

SEae A I i) - 3
Experimental material Time/h LCsy/ (mg - L 959(5700/;3({;EE£§;?§ l.in][-;its) SC/(mg -+ L") LCsy/ (mg - L™ SC/(mg - L")

ZIF Juvenile 24 188.08 168.51~211.87 8.80 10.16 0.48
48 136.15 128.38 ~ 144.61 7.35
72 104.67 98.68~111.10 5.65
96 88.00 83.09~93.27 4.75

TE A Subadult 24 344.01 300.87~397.03 16.77 18.58 0.91
48 270.46 224.86~326.50 14.60
72 205.15 194.00~217.08 11.08
96 167.68 159.12~176.91 9.05

FRER SAEIA T | B a0 e B2 14 3 i A 36 i 18]
ARSE K, 2 8 07 B A4 S8 T2 A 5 R B b T I i

2.2 TFHEAERXTLI Z E MR R SR
W 5 % 6 PR, X A TRIET- B4, 75 0
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PR AR BE M A5 N 3G i, 4l R 2 S R RV B
10.00,13.49 1 18.20 mg - L' I, 43 B 7E 72 .48 Al
24 h JE HHBIBET- G, oMk BE 20 24976 24 b B
BET ;AR MRl 44.67 1 60.26 mg - L7},
S3NTE 72 F1 48 h WA ERFET . ML JARZH v, A
PR A 20.00 F1 26.98 mg - LI, 43 %I 7E 48
24 h JFIISE TG Hof ik BE A 7 24 h Y

x5

HIBET ; W AH R M B 66.22.89.34 Fl1 120.52
mg - LB, 4357 96 .72 Fil 48 h P 4HFET,

PG 5 3% 6 L5 TSR A LC,, Ml
SC, &5 NZR 7 Win . N AHRR AR KT 21 B S MR 4 MR A
AR 24 h LCy, 4390k 46.76 F177.56 mg « L',
SC 434 2.28 #13.75 mg - L',

P AH B T 41 B AR 4D AR R

Table 5 Acute toxicity of nitrite-N on juvenile C. quadricarinatus

BET-R Mortality/ %

P Niien/ (mg + L71)

24 h 48 h 72 h 96 h

0.00 0.00+0.00d 0.00+0.00d 0.00+0.00c 0.00+0.00d
10.00 0.00+0.00d 0.00+0.00d 0.00£0.00¢ 3.33+5.77d
13.49 0.00+0.00d 0.00+0.00d 3.33+5.77c 10.00+10.00cd
18.20 0.00+0.00d 3.33+£5.77d 13.33+5.77¢ 30.00+10.00¢
24.55 10.00+0.00cd 23.33+5.77¢ 46.67+5.77b 70.00£10.00b
33.11 23.33+5.77¢ 43.33+£15.28b 60.00+10.00b 83.33+15.28ab
44.67 53.33+£5.77b 86.67+5.77a 100.00+0.00a 100.00+0.00a
60.26 73.33+15.28a 100.00+0.00a 100.00+0.00a 100.00+0.00a

FIFIAR/NG TR R 25 5 3

Different letters in a same column represent significant differences among treatments.

&6

FREER R X 41 Z BRI A AR B R 1

Table 6 Acute toxicity of nitrite-N on subadult C. quadricarinatus

BET=R Mortality/ %

P Nivien/ (Mg * L™
24 h 48 h 72 h 96 h

0.00 0.00+0.00d 0.00+0.00d 0.00+0.00d 0.00+0.00e
20.00 0.00+0.00d 0.00+0.00d 3.33+5.77d 10.00+0.00de
26.98 0.00+0.00d 6.67+5.77d 16.67+5.77cd 23.33+5.77d
36.40 3.33+5.77d 16.67+11.55¢d 33.33+15.28be 46.67+11.55¢
49.10 16.67+5.77d 30.00+10.00¢ 53.33+5.77b 76.67+11.55b
66.22 43.33+5.77¢ 66.67+5.77b 90.00+10.00a 100.00+0.00a
89.34 70.00+10.00b 90.00+10.00a 100.00+0.00a 100.00+0.00a
120.52 90.00+10.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a

FIFIA R NG FRERR 2252 35

Different letters in a same column represent significant differences among treatments.

®7 THBREMNIBETNFHARENRERE
Table 7 The LCs;s and SC of nitrite-N to C. quadricarinatus
SIS H R A op (22 o -]
Expenizjjj){:aterial TiErjr;Ljh LCsp/ (mg - L) 9;;07;ﬁé2£§£;:: 1i;its) SC/(mg - L")
HIUF Juvenile 24 46.76 142.96~51.54 2.28
48 33.88 31.44~36.72
72 27.97 25.84~30.44
96 22.81 20.89~24.95
W HAF Subadult 24 71.56 71.39~84.69 3.75
48 59.33 54.47~64.92
72 45.41 41.52~49.81
96 37.48 34.18~41.12
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REGEAKAE D& ALY T ZHEMOE 2, 6
THSESY, YR, S BEWA 40% ~90%
LA R N 2 SUVHE A, Sk it
BRAF RN p i) & E0CA ML AT S AR F T = A
VR, AR TR T /KA U ALY ke U (e
55,2014) , B, EAEAFR R G /AL
Wit 25 7 5P ] S T AS TR 3R 1k 5 P45
FEMBBERFZ—, PR, AR EABRY
Tk, TR AR AR 2GR AR AR
i BT 145 A A

ZFIFEME A LC,, M SC EVA il , 4n JLYA
TEXTUE (N E #4555, 2002) | B 7 IEXTER Litopenaeus
schmitti Burkenroad ( Barbieri, 2010 ) . B 57 X #F
Penaeus monodon Fabrieiu (557545 2009) & LA
YR Macrobrachium rosenbergii De Man ( E )2 :JXF,
2011) 52 R R A UF (2 #0 I5F, 20065 #0446 %
2013) %5, AWFFTHR, K 24 ~25 C .pH 7.9~8.0,
W4 5.6~6.0 mg - LR T, & AXHAK 25
~38 mm AT 0.83~1.88 g (LT B ELIF LR 48 h
LCy, M 136.15 mg - L', SBRFEAESE (1995) (URFFT 45
FUREL, AR 25~38 mm Fl 72~93 mm HYL1EE
FXURE 24 h LCy 23004 188.08 1344.01 mg - L',
SRAC ST T 18 FH IR R/ INRIAR AT — 8 I 22 57 (R4
R L5, 5 TG B MR 10 AU 52 ) S0 T 4L 2
W RS /NI 5, 218 A R B 1Y) 2 T 32
AEJIE = T4 UF, 5 o [ A MR AR AL (B R 1 55
2013) , KRS B, =AU 32 ) R0

Xt F KR 28 R 00 7 2k ML T X
R (P EER S ,2002) | 7 TR ( Barbieri, 2010) |
B XU (B BE PSS, 2009) | A X EF (Kir et al.
2004) VB IR (242755, 2012) (9 24 h LCy,
KRR B R S A AR E B I P R K A
SRR R T & (NH,) B He il 53 4h, Na" R4 5
BB AR (NH, ), Ca™ FIHA 4 FHES
L3 5 S A T T Na* 1Y) SRR
SRR, B R B R, MR ) U A7 i ok
@25 2014) FIRIRZEIAIEK SRR EAT TR
R KA Y LCs, B RARTF 2 FiR/KZ T, 3%

SR 1) 28 AU 32 7, 3 1T RE A S R RE A5 76 45 K IR
B AN EERRNZ —,

FAMBETAMAEE T2 2 FIE A, i T
RS F A AT, 25 5 7 1o 40 M R A MR
Bl @ A et EEE PR A b AR T
ST 7 ) S KRR pH B R AT G (e g
A 2014) o BRI, S BT REE RE ARAE T RYAE B T
BT REE RS BN (E, A ADEIE L KR
BRI A5 00345 3R B8 7 2R LT B B AR 4y
L BCARAY 24 h LC, 435174 10.16 F118.58 mg - L7,
S50 5 5O IR B A (B A5 55, 2013) B0, 412
IR AE B 7 & A2 e A AR 2R R R P
4 2012; F)E #452002; Barbieri, 2010; Kir et
al. ,2004) .
3.2 TIREEREEFTIREMAES

VA R £ A2 75 FE K A4 5y — B DL R
PEVG ey, 35 ZE R A 2k A A 40 B 0 FE A ok
R, ZE SR A SR A e R v | B 5% G B i) 7 2 4
RAGHR W AYFRER 10 e B ok im0
TR R R HR 2t 7 A 2 A s M52 ), 441 ] A= 4 A
BRKEE (% H IR, 2004; Mallasen & Valenti,
2006) AEIRATL 454 (LA, 2005 ) | B Il itk
L% AE T (Cheng & Chen, 1999) (AL %A 2L B
R (Lee & Chen,2004) A 505 73 R0 1) (¥
FIHS 45 20065 ¥ fd %2 4%, 2016; Chand & Sahoo,
2006; Xian et al.,2011) %5, P, WAS IR R L2 57
B AR 2 —

AR ER X Z IR 2R LC, AR 2 MHE,
U [ FESUR (B FR I 45,2005 ; i EE 45 2011) |
B IANEF (Chen & Lee,1997) . H ZAVHER M. nippon-
ense( Wang et al. ,2004) F1 5 [CIR YR M. malcolmsonii
(Chand & Sahoo,2006) , A58 H, WA IR AR £
FEFEHR LR FE AR 24 h LC,, 20 1N 46.76 F
77.56 mg - L7 W TIHABIRAK IR S hAAR /)N

T, LT E IR ST 4 YT R R T AZ R ) i T

SIHR RS ER K, SV A PR R i 37 7

XoF FHU 7K MR 28 R, I PR X L A U X R
(Lin & Chen, 2003 ) , B 75 %f #F ( Chen et al.,
1990a) . /1 [E B X} iF Fenneropenaeus chinensis ( Chen



444

VIS . UMY Gl B2 6 X 2125 B IR AR R LR 19 2 PR 2 - 321 -

et al., 1990b) Fl K B X HF P. penicillatus ( Chen &
Lin,1991) i 24 h LC,, ELIMNA5, 21 BEH UF Y IV Al iR
AT 524 Y S ARG T X S K R 3k S T R X
SRS RER 135 M S Ml AR A, h B2 B, W 2 %) 3
FREbTi 2z Sk, $hIE WA R B B8 S
Cl & A 2%, Cl a5 NO,™ 3 4+ 1 il W i o7
SRR, CL i, B AR Y Y
NO, kD | BEMRUN B AIS (ELT2A 5 ,2014)

g5 L TIR LI IRX E A R 32 ) v T A
izl LRI B A | S R0 IV A R R 1 A2 7 o bl
AHXF HAAR 2 | 27 28 B0 1) 22 0T 52 1 5558k, 0 il
PR R T 57 1 58 F HABIR K R 177 55 F i K iR 2
LI EE MR AN IR S BRI RS R ER 11 SC 439714 8.80
F12.28 mg + L7, M2 B AR %) 220 0 RN il 12 55 1% SC
3 16.77 F1 3.75 mg - L', SC XL, 52 Fw
FRERAS T IK T SC, H 76 37 FH 4 A2 vp tho i R i
P ) SRR SRR 1) B i, LA B 18 1 i 4 R 1Y
ANEF, A, 2~3 em ISR H BT Y F
FHERAS , 21U (0T 32 3 FHRT 355 , 76 37 58 5T 8 0 7
ORI AR E KR, DA S B R 14 S 2
AR T S T a AR

S 3k
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