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Research progress in physiological ecology and environmental
toxicology of freshwater crayfish
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Abstract ; Research progress in physiological ecology and environmental toxicology of two cultured freshwater crayfish ( Procambarus
clarkii and Cherax quadricarinatus) was reviewed. The suitable range of environmental conditions (salinity, temperature and pH)
and the medial lethal concentrations (LCy,) and safety concentrations of toxic contaminants (ammonia, nitrite, heavy metals and
pesticides) for freshwater crayfish, and the effects of environmental siress and contaminant exposure on growth, organization struc-
ture, physiological metabolism and immunity were summarized. It provides reference for water environment monitoring and regulation
of culture of freshwater crayfish.
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WL B R TE K (15.152.12) g (158 R HF
MR 22 2E K 6.00 g - L7 (ZEBbH54E 2006) , 1A
H(1.70+0.15) g FILIEFIEREEZ 4K 6.23 ¢ - L7
(ZERET ,2009a,2000b) , EEIRE K 1.75 g 4L
FERURAIR AR 0.222 g AR P A ER BE 22 4 50 51l
4.41%0 F1 5. 04%0 ( % 7 BF 25, 1997 ), 25 7

x1

(2009b) $5 i, 8 BE N 0%0 ~ 14%0 | 78 K A IR By
WIAERBIREAE G SA K, BRI N 0%0 ~ 6%cB, H il i
FEE, KB, R R R AR, ok S
(2011) Y5250 o, o QSR ZE MR X 10%0 A T 38 B
HABSRMIEN (£ 1),

MEEFHFET R R KB LBIERENRERE

Table 1 The mean lethal concentrations (LCs,) and safety concentrations of environmental factors or

toxic contaminants for freshwater crayfish

Wrf B SRR T SF R Y HBGEIKE i it
Species Values ]annr(?nmental f-actnr o Medial 1etbal Safety concentration Reference
toxic contaminant concentration or suitable range
TG U (15.15£2.12) g ERFE Salinity 6.00 g+ L7 ZEUEE5E 2006
P. clarkii (1.70+0.15) g ELF Salinity 6.23g- L™ ZRRE T, 2009a,2009h
(2.7£0.3) cm TR Temperature 26 C 9{’:)};1&'1@,2015
W AL 6.7 mm  JEEE Temperature 25 C 2455 ,2006
(28.88+4.40) g fit pH Low pH pH=3.675(96 h) W 55 JL55 2016
(24.17£3.40) g % pH High pH pH=10.194(96 h) ¥ 5 M55 ,2016b
1.0~1.5 cm %% Ammonia 167.54 mg - L7'(24 h) 7.94 mg - L7 B #2006
1.0~1.5 cm k2§72 Non-ionic ammonia ~ 4.04 mg - L™1(24 h) 0.191 mg - L™
(6.8+1.2) g A Ammonia 289.36 mg - L7'(24 h) 37.89 mg + L7! BB RS, 2013
(12.8+1.1) ¢ 441.88 mg - L7'(24 h) 76.95 mg - L™
0.95~1.06 cm WAHAREL Nitrite 28.69 mg - L71(24 h) 1.52 mg - L7 B, 2005
(6.91+0.41) cm W AHEREL Nitrite 118.0 mg - L™'(24 h) 12.32 mg - L™ PEARSF,2014
(31.25£0.5) g Hg?* 18.39 mg - L7'(24 h) 0.0143 mg - L™'  RYEESE,2010
(31.25+0.5) ¢ Cd** 36.99 mg - L7'(24 h) 0.0322 mg - L7}
(31.25+0.5) g Cu® 49.01 mg - L™'(24 h) 0.0401 mg - 1!
(31.25£0.5) ¢ Ph** 81.91 mg - L7'(24 h) 0.1995 mg - L™
(31.25+0.5) g Zn%* 198.34 mg - L7'(24 h) 0.2795 mg - L™
(28.5+1.5) g o 335.48 mg - L7'(24 h) 9.25 mg - L™ TERHESE 2007a,2007h
L.1~1.5cm TiAk® Sulfide 12.96 mg -+ L7'(24 h) 0.46 mg - L A EEAE 2011
LT HEFEAR 1.75 ¢ Eh¥ Salinity 4.41%o0 RAEBAE, 1997
C. quadricarinatus ~ 0.222 g 5.04%o
2.85~4.27 cm R Temperature 25 C S ,1997
(YT Juvenile shrimp)
0.9 cm
(ﬁ-‘ﬂ:ﬁi Post larvae)
3.5~5.4 cm 25~30 C MR s 45, 1995
(YT Juvenile shrimp)
0.8~1.0 cm
(ﬁ-‘ﬂ:ﬁ Post larvae)
2.85~4.27 cm A Ammonia 88.9 mg - L7'(96 h) MRZEAR AT, 1995
943 mg - L7'(24 h) Meade & Watts, 1995
JE#5F2 Non-ionic ammonia  2.02 mg - L™'(24 h)
WAHFRER Nitrite 429 mg-L7'(24 h)
W AW.0023g  Hg™ 0.032 mg - L7'(24 h) MRz g 45, 1999
IR AW. 0023g  Ccd* 0.35 mg - L71(24 h)
WEAW. 0083  Zn? 2.05 mg - L7'(24 h)
WE AW.0023g P 6.64 mg - L7'(24 h)

ThEEX B AR AQIE S0 AT O B SR D fig
A —ERIR , WA R, 0%0 ~ 20%1E F A Y

AL RHA K (9.9£0.4) em Y 77 G JFUEL HF 1M ik
ELB 5 K X 8 22 Na'-K'-ATPase 1% J1 FlLE W) i &5
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SRS P H X AR AE — 5 (A B ) BB T AR
E R IE IR £R B HAT A N e ) (4 R E AN
,2008) , TEREELE 0%0 ~ 4%}, A (30 ~40) g
1) o R SR MR 1 O A 3R 265 v, IR A B [ e ( 28 i
1,2009¢) o WRIE 0%0~ 12%0 M Bt 5 £ B (9 T, 1k
H(1.82+0.21) g 45 [CJFES MR &I U 19 #8420 A HE
FARWAE RS EaE, IFH 2 MRS N
2%t AR, U BH S R L UR 1Y) 5595 55 30 P RBAE 2%0
Fids (ZERE T M EL E,2009) o 6 K 4% 1), 7 [K
JER SR AS S| o) (] S22 K TR BN 12%0 1 S04, 4%
LR B 2 T 0% F 12%0 1149 YR B (R 18 52 4
2013) . ke A5 (2015b) A, 38 S0 TH R R T
DL A R AR E (7.51+1.23) g (978 [ JR BRI AT
JE P B SR AL BTG T LA K B 22 ATPase 1% 71, (HAS
Ivi) T P SR T EL A — S P L 2 B S N e
2 RE

TR H R EE N 2 — XK= sh# i A
KRN BA Ty EZER M, 5K I8 5 (2015b)
i, 38 4 B AR 0 4 B R A R AT LR A
£(2.7£0.3) em BYEUFAE K FIFEIE, 26 C 4102
G G EIF Y A K IR . 224445 (2006) 5
T AR PR AR 8 (RS 8, —
T AT B AR HE L E A AR (AFE 31 CHIFE T AR
i, WU R 25 C il TR M AE KR AT
X LB SRAEHE (1997 ) XF 4l (KK 2.85
~4.27 em) PR (44 0.9 em ) #EAT I i 32 Pk 52
0, ZE SRR, 4T BB A — Y R A —
JE T 3214, 25 °C f il 4 4 R FIIE Y A= K R
o BRZFAESE(1995b) TA R, 25 ~ 30 °C fiwidi 7 241
EIMAER

BERARAE(2013)EE T 4,12 F125 °C 3 MRE
BEIE IE T 58 [C SRS AR AE 96 h P90 R FIAE 0%
HIAEAL, SEBR 25 S o TR RRAIG, ZE AR Y0 R R
SCRULBRAIR, JE TR, R IR 4 45 (2011) DAMA
K 24.95~39.28 ¢ 1Y v [CJF AR AT 5% 42, i1t
T 10~30 CHY 5 Al BERS E | WEEIA My I BE Xt 7 [
AR AEBE SLOE AT — R s, 2R
HEFTRIETR (2009) FURFSE 3R W, 7E20~30 CHE [N,
Wi TR T i , £ B R 1 40 B R A Ak e 2 B J 444
o ERMAE(2012) 51 IR EEXT A E 10~15 g HY5E
PR R J1A E R2  KIRAE 20 CZEAT RS
IR ARG B R FHE R i, AT BRI BTIRBE T

3 pH

pH KRR EE AN 1 — D EH B R bR, pH 3 5
SRR 2 XS K AR A i i — R I . B 5 AL
45 (2016a,2016b ) XFATE (25.88+4.40) g ()7 [CJR
FUFHEAT TOESE 45 K pH 19 96 h LC,, N 3.675,
IEMRE T 2 A0k BE T AR 5 7 R B AR B
AR bR, R R K pH B 251 4H SR,
MR S Ak B AR T A 0 T I 975 S 0, A 3
Jei 390 37 30— 52 A, S LSRN R A 245 2
B, % pH X5 R JFELERAY 96 h LCy, M 10.194, 5
NS NISERIRCES € =R MA@ DON T Niid 7 A
SE R BB (R A Y T Re 22 B e, A6
#(2016) BF5E T pH XT3 [ B MR8 B 17 0 (5%
Wi, IR pH i e RS 2 B AT 1 4R
30 C/K AN pH 6.7 J2 5 [T Ji 2 MR 4 £ ) fe AR 4%
F, SBEWE(2007) &L, 44 (9.0+0.5) em HF7E
[CJFZEMR Y Na*-K*-ATPase 7£ pH 4 7.0 I i i% )
R
4 ER

RAGEK =S HE DL R R A 1) AR
FHFR A, Bifi 25 7 5 B[] A B, 280 R A BT AR
R (el 5 ,2014) , AFFE IR, 5 [C R 2 UR A £1
AR FLAUA 32 J78Ra% . % pH 7.8 7K 20 CHY
M B EN T R JF IR (A K 1.0~ 1.5 em)
f) 24 h LCy, N 167.54 mg - L' ( B &I 55,2006) ,
SHATE (6.8+1.2) FI(12.8+1.1) g 7L [ MRAY
24 h LCy, 50 289.36 Fll 441.88 mg - L™ (HhE
85,2013) o RIS (2011) BFSE 1 B IR SRR 0T 2
W R R 25 R R 84K (5.01£0.43) em 1)
W R MR R 4.750 ~ 14.250 mg - L7, JGRA B
Ve AR 19.000 mg - L7, DU gt 25 ke Y TS
7K (0.75£0.15) em MIHMARLEZ WKL 4.750 mg - L™
i, TEH] PR, 7RO E 7.125 1 9.500 mg - L™
B, 2 RE IS K, Y 2k B IR $]14.250 mg - L7 K
PLLBs, s eIk S e SRR RE T . 7E/KI 21
~22 °C .pH H 6.7~7.2 i} , ZAXAA 2.85~4.27 em
FROLTZEEEMT Y 48 72,96 h 1) LC4, 73 51 M 118.06 .
100.79 1 88.9 mg - L™ ( BRZF4E 12 & HT, 1995)
(%£1),

o VA R A UM 38 R AT ) 21 % B R 4 R 4 e
PEMGTEG 1 B e P TR  W e R Ge 8 i & . Whia
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ZJA T h AR B RS A DA 2T BB R MOt o
SR FLWUPATE Ak 5 B A L OIR 2& (CFf F JR
4 2013), FAWE N 0~50 mg - LI, 50 [C 5
FE MRS T 1% P i 2 W 3 ZKOF- 4 in 2 B
ot S =R L) SR e i S U ke b IR ENPSE = =N 1 B
1152 B BTG I (PR T4 ,2014) . RREEE
(2006 ) ANy, il 2 A RETE 8h PN L B2 5 3 IR
JECES IR A S 2 B 0 T B 8] 7 D 5 350 B B e
FIT R X S B B e

5 rREERE:

AR ER A2 SR B KR R DL s e 22—,
FERARFERNR XK s BLA R i 2
(GELTAHSE,2014) . SEAM 32 J1—FE Ak R
14 o [ S A %) NI A 1 R A7 ) R, 0 g R
ALK 0.95~1.06 cm 1) 5E K J57HE MR AF5F B
24 h LCy, 4 28.69 mg - L™ ( B #HIE%,2005) ; A
£(6.91£0.41) em WY 5w [Q R EEHR AUARY 24 h LC,,
7 118.00 mg - L' (BpE A% ,2014) (£ 1),

RS ER R 0 30 T, B R AR A B Ak
(T-SOD) Flli S8 AL Sl ( CAT) % 7 5 FRRAR, 1hi iR
PEBERR G ( ACP ) FIG 1 R G ( AKP) 3 1 A2 fk s
PR 7E 12 h 5T T &, Z 5 IR B IEF K
o ST R, WA Rk Bl AE T 1 2 B R R AR
SRR AL PR 8 B SR TG ) 4 S AR AR B A S TR
ARV BRI TN, BTG 7 A1 S R AR A ) A R ek
P RS A H LU Z 5] T R R RE B B RE IR, I AR
TR LA 4 2540 32 0, 52 Wi H A= )24 T RE ( B 158
HESE,2010)

6 EX£RE

Bl 2 3 AR Tolk PR % B IROK B RIS YL H
LRI R TV HE Y B4 8 B T E s e T
KEIREE, B4R AR R, AR S BEA
FEAK TSR Y, 6k NS (R e gl iy, o 4 S XoF
RIK IR T AT () fe F RS E S 2 —
6.1 ELEXRAERHNAMSH

RUEESE(2010) HF5E T Hg™ .Cd*  Cu™  Pb™ Al
Zn” XS [CJFESMRA REMEA R, 25 R R B AR
YN Hg™ >Cd™ >Cu® >Ph™ >Zn™ , ERELE (20074,
2007b ) P Cx® X 5 [QJE AL MR 24 48 72 196 h LC,,
A3k 335.48 16523 117.51 F192.52 mg - L™, 24k
JE49.25 mg - L7, BREFEHESF (1999) 45 i1, He™" |

Cd™ \Zn" Fll P X £1 %% 25 HF 1) 35 1 58 AR IR h
Hg** >Cd* >Zn>* >Pb™ |
6.2 BB RAKEIRERKNImMEEETRMERNE
=43

Cd* \Pb* Fl Cu™ ZEAR I B of X e [ J S MR 4
WA AR A — 2 B PR AR T T v e J32 s )49 ) 41
IR AR R 2 AR BRI (15 #145,2012) o JIF
JERME B BRI e SR RSB A
BEESENGES, BEEs 5E5E PR HERK
PR 4 R o A DIA G, PB4 JE 1 Yk
JUE IMAK A EERES B RREE
6.3 E£ERKEIRARRHRG R EXEEE DK
=21

TRE(2012) K, 2 Zn” WRIEF T 4.04 mg - L
I, 329 21 d J5 78 R B IR 4 201 Y 0 [ A B )
Yo AR | I R I B R A A AR RN, Y
o, FC B AR 118 JHF Ji i B 8 6T v v BE Ce® P B P
RRRER TR G A T PN AT e T A AL B AR )
RO FEAE HT; 53 A, e W B2 T v IR R 2 R e 41k
AE TR BE i TR IT AR BT AR ERS  R s,
17 32 58 o R S AL A AR Bl A 3R G0 ok 58 WL (TR A
45 2007a,2007b) , K& Cu® il & 5 80w [C 5 B
UM R AR B0, rTRR S Cu™ U5 R AILAA 41 i ™=
AR EWIEMA(ROS) A (B, 2014) , ARIE
AAL BT AL B A O RS E AR A AL T
(GSH-Px) i I MUEHT A LRE ) (T-AOC) W T
o 4 ROS i B, HUE AL I IR R, 4
ZUE 2 BN AR 0, v] R 2 BN B 0% I I A T
SR AR () A AL RE | X AT B2 Cu™ J7 B 5
PR AEC FTRE Mi i BRE 1 E S AL R L ot
TH A 552 3 Zn W38 0520w | 5o [G SR 25 0R AT 38 2o
PR SRR S A)35 1 R IE N Zn Wit , XS Zn®
AR IR 52 BE ) (R AESE 2007 .

7 KE
7.1 REHGIFRKBTFHEESE

FEURTR 77 2 v D B 1) % DL R A AR o 2 —
{ERE AR ) P e AR 25 5K BR , DT G 2 M 7= A 2
FEEH, G (2010) BFSE T 10 PP 25 %% 5 [C iR
AR AR 2R, A3 B T R R R R
AUF BLSEE B K (HRK) B K (b3EK) &
B E RS R AT R SE X T G R
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HRAIERAY 24 h LCo, A 2, Ak o B JRES MR XF
AN 245 i T 52 3 AN Ta) | 5 v mH i %) 2 M B A1
A S AR XA, TR BE 4 1 BT
BRI EE AR &, EMWAE (2010) XHARK (18«
1.0) em [ 5E RS ELAFAR T 4 AR 2y (S TR
R OMEHR AR ) YRR SIS, KB 48 h JE, K
S WE IR T R R AR A 1S B MR T, T EE AT
WD 5 Y EE MR AET , WFSE SR , BOE B Rl R AL
WIIBT A A 25 0T (34.4327.04) g Y e [ JFL MR £
24 h LC4 435 h 65.07 42.16.0.17 1.23 mg - L™, %4>
el 229k 3.24 6.34.0.122 .0.117 mg - L' (R
85,2014) , AT UL, BT AR TR R MR SE MR BEME R
TRESG TR T 5 QR SR 1Y 24 48 196 h LC,, 43 1N
0.156.0.0993 F1 0.0562 pg - L', Z4UE N 5.62
wg « L7 (BRAESE,2010) . AR E 1.38 ¢
B e EG SR SR /INIR 1Y 24 1 48 h LCy, 4351k 80 Al
67.5 mg « L7, ZWER 1446 mg - L7 ;%1 29.5 ¢ Y
KURFY 24 F148 h LCy, 785124 750 F1500 mg - L7, %
SURIEN 100 mg - L7 (W EEMRAF,2005) 7 T W
X} 7 B JREE MR 96 h LCy, M 5.9 g + L' ( Fornstrom
et al.,2010) . HHBHZE K AT 5 [ Jir 20 7 25 7
B0 /N TN H 4 TR S 2% HUA 3 A 2K A
I HL Y |1 U RN U A 96 h LC, 53R 59,967
12032 pg « L7, 2 Fhva FHAARR HU A8 BE 2 % R 4
B SGIE FEEAEEE R 96 h LC, 4394 0.16 F10.29
pg - L' (Barbee & Stout,2009) ,
7.2 REGITRKEMRALREMFEEE M
HRPEHT A RS 0 0284k, 7E 48 h INTR A 46 TR
AT LA 3 SR A 0 2 A % B R D B R LA 7= A B
PEVE T, HOGH B0 A 75 PR AR o (R A2 45, 2010) , BF
5 75,0.5.0.1 F10.005 wg - L' 3 44 B AR A
BT X3k 1 e FC i MR UL A0 A S 5 A 482 45 , I
A A KR LR, DT S50 i # (SR A
45,2015) . SLIRJRZSURZRER T 20 pg - L7 AR IE
Wbk 2 h )5, WL AR GRS ( AChE ) 1% 1 25 # 12 3%
Wi, 48 h J5 ik B e KAV 3 (47%) (Escartin &
Porte,1996)

8 HMEB4MK
SRFSEF(2011) BF 5T T f 3 3 5 36 7 FC i

FEIF R, Z B E R 1.0x10%¢cells » mL™

T K (12.09+0.98) mm [ EEHR AR 1) 7735 2R 4

i, M 96.67% ; A (57.52+3.84) mm ) RLHF H
YA ELA TSR T 32 M, IR A 2 88 7 Al % A o
WG A RS ) Z B R W, S H —
TR 10 T v ek 55 , e R i A — S IR T L5
# 4 h e, I b 20 ) A ) e A2 2 A

AT ELE(2011) XHAK 1.1~ 1.5 em (70 [RJR
EEURA T AR AL S S S5 R R ik
X} v [CJF AR MR SEER 24 48 72 96 h AYEBEHE JE 4y
Sk 12.96 ,9.57 .7.62 .4.63 mg - L', Z4WE N
0.46 mg - L™, JEbrifEH KB 2.3 £, i B AL HF
SRR A B (4 i 37 A

B FAAE (2009) BESE T B IR ] | = B R B L 2R
AR E R b [ R B R ) 2ot AR 45 R B
AN, BT EE AR A EF 24 h LC,, 2058 12.81.9.45 .
95.12.13.66 g - L7, AW E /354 0.91.,0.44
8.08.2.04 g - L™ 5 5 [T B MR IR %) 3 1 /MK
YR = b FR B S B RR B > B b > A K

9 BMERE

IR F DA B A 288 1k ¥ e Wy o oK 7= 5%
FEEAT 28 5 T B A S0, AT R R 37 5 4 R
ST YR KB B A B A 265 2 R PR 55 5 T 5 T B RIF
FEEA —E IR (BT R BRI 2 Ak (1)
IR AR 32 B4 v 1 5 FC SRS IR | 1 X 21 2 B R
ORIFFEATIEL D 5 (2) A [T H A B X Il 3 ke 7 44 1
it 32 e S1 A — S A 2558, (ELAT Xt A [ B B E 1) F
FEATYER L 5 (3) HRTAIRFTEAT AL TF A B AL 2 v,
R A R G T T BER AT IR
IKEE AR HHUMIE 73T WL , 42 B o 36 7 75 1) i
DR, S — A BE 5 e 5 s e 0 A 75 1 Tt 52 B 74
HEZ  (4) 2% R R H FT RS F o 95 25 MR
TTARZGFR BRI, LAAE SRAS A 24 5% BA it . S
Je SR HREHRIR FR I, Sy 15 B £ b 22 4 JE A AR o, b
I3 AR FEL PR S FHIA 26 0 4R , AT 10 4 5 9 £ 2 R
RN TCA 255 7

S 0k

it 5Kka8 ) RBFERTE, fEA, 2011, 7% FC BB IR R AR F4h
XA R R BEK A BT £, KIin i3t R 5 303%,
20(10) : 1186-1190.

PRFIT, TRREG, ZEHE, HETE, EAL, 2013. FEX 5T
FR BB IRAR 1 ATl BAF TG BR AR . oK = A3 B4R, 40
(3): 126-130.
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