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Abstract: In this study, based on the behavioral responses of Japanese medaka ( Oryzias latipes)in natural waters, the
effects of fenvalerate and cadmium chloride on the behavioral responses of Japanese medaka were investigated using the
On -line Monitoring and Warning System (BEWs-1.1). Results showed that: 1) the behavioral responses of Japanese
medaka in natural waters were in accordance with the biological clock; 2) in the continuous and pulse exposure of
fenvalerate and cadmium chloride, the behavioral responses of Japanese medaka were depended on the concentrations and
the exposure time directly, and were in accordance with the Stepwise Stress Model; 3) there was no significant difference
in behavioral responses between the continuous and pulse exposure of cadmium chloride, but it was significant between the
continuous and pulse exposure of fenvalerate; 4) toxic characteristics of different chemicals could affect the behavioral
responses of aquatic organisms.
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1 35| & (Introduction )

5 YL W B K AR TG YL A AR AR W 1) A AE R
BB | B YR K AR 28 3R G Y, BT ok N 2 {1
B KA. AR 2R 4 R R B KR TS
Wz —. Bkt g g 23R A — 2R R,
PAERTAEY P E RS, B &, X
X B R gt 2R g on A R, Hdxd ok
ki 2 2 () 80 B ok 8. % (Luconi et al., 2001). 7
SHOKKIGEMESE G RY T, W25 R
MWESREZ — HEEMES KREZBHEEEE —FF,
S i R Sh e A & (Vallee et al., 1972; Miiller
et al., 1991; Sarkar, 1995; %% 22 %% 2008 ). 24>
Fak, HFEENARZ LT LR S YA
Yy PR W R TE , W 9 3 B AR P L X A W A
M.l R G DL AR E B (Allen, 1995;
Moniz et al., 1999; Fuma et al., 2000; Almeida et
al., 2001; Li et al., 2001; Kim et al., 2004; 5%
IR 5F,2008; 5K AT 2008 5 5K 55 R 4, 2008 ), AR
WA P T5 Je W o K A= A 0 AT R 2 1 500 ) BiF 5
(Canton et al., 1982; McNicol et al., 1993; Carlson
et al., 1998 ), {H [ A WL Fis e ) R BOK A AW
A7 R I 2 5 W A B

17 R S48 A= P % A B I 55 N A B AR A 1Y
SNE SN, RO S AT R 7 A k. R
A 6% 38 35 17 A VR A B T R A7 R 9 0 05 A X R
H4 0 A IS S ) 2 ) el AR P A IR AR O
PR AR R (PG TR, 1993). it NFa S 49
EIEAENERS A, BEE 5N S — B 5
We B B e 7 i e TE AN ROKCOE b B kAR AR
A 1) BB A= W 047 9 (Hansen et al., 1999 ).

H &R F 8 (Oryzias latipes ) K J& 8B, AN/,
2K 2.5~5.0cm, ] DL 52 AT %5 S8 T8 B 1 7K ik A
5 B JE Fl ( Yamamoto, 1975). i1 FH AW %15 5 0F
FEAEH 7241, A M Denny (1987 ) X} 5 ff 1) 7 45 B 5
SCERVEHEAT T ONEAR S T BN S I S Bk
LR T LA, IETF 20 4D 80 AR Bl [ BrAR
HEAR AL hdtE sz il f 2 —. Hil, HAR
B i AT R AR Ak © 2 A S — T EE A A ) 2 R bR B
1A FN 5 G Py i 5 P ON PR A (Shioda er al.,
2000; Teather et al., 2001; Gormley et al., 2003 ).

KRS [F] 75 Y ) 6 K A AR AT R R Y 22
St AR B 5R 3 5 T 28 LAY K A s e N A4 TR (4L

I 1R 2 i S AR W o) A0 AL (B Jm R 2 AR
Yols), or B 1 HOASTS A X PRI TS Ge W) 22 55 R Y
Ty, VA R i — 25 BF 58 AN [R] A AL BE T
Yo oxk oKk Az A= AT o 52 W 4R A — i B SRR AR

2 ## 5 F % (Materials and methods )

2.1 &R

H A 6l A S2 00 == 10 95 0F ZaH ik 240, 2
ARATAH G 4l T 1 S R R LR IR O Ok K
SEH, B KR R (22+2) C, B IS JE 494 16h:8h.
Wt 2d P, 7 48 MEAERL , 2d 5 4 IO HH
FAE AAE I VER, R 2~3 IR, 15d
Jei R G A fRDRH R M, f R 2 k. IRAFEE
JyEETFK 2~3 4 (Kirchen er al., 1976).

FEAT S W L F v, SR AR K 2.5~3.0em 2
[ FF) feke e H A 5 ol A 7, AR B

2.2 W pLEE

K 1K BT 42 4 75 26 4 W) 7% #2498 (BEWSs-1.1,
rh R A B AR S IR S o ) AT R 28
T AR AL HR 2R 8 T H AT B AT SR SOy i e A

2.3 LRt

SCE T VR OK EEE S| B B R AR . 5L
T, R FH 40 A 4l U 2 e A AR (R Rk 2
it 2 R T AR VTR, T R S A R R VA TR

S R FH U /K 2 R L A 0 T AR A Y I 3
B TR H A . oy e AT IR K g g AT o AR A
WF5E (KRS58 ), ot H AT 6 () 8d £ /7 AR
b, 3 BT 7R PR B i A e (A B LT, HARE
5 F AT R AR AR R . Ry TR I K AR AR A R TR A
FAAUSE TS Y AR v 3 45 252 5 1% RV 1 VAR 32 0 I 8 R
TRAT R S 2 5, ARBEIER T 2 Fh Ry
OHEAT 2R 08 5000 . i 25 1 A R S 0 R [R] T R R
Wy, TG YY) R R, H AR s Rk
T 5 T RARU TS Y Wy, I W AT Sy g AR Ak
FE R Wi PE VS ey @ L R rh AR T ol ey S AR R
TR WIS Y (545 T S5 8 Lk g ), 4k
R — B o (0] DLS B 5% 58 0 WA IR 0K I RS I
AT B

TR AN BEE N 3 U 2T R YA (F) R
FH 1009 B i) 75 W 5~ 2ok B 4 (F/2) 5% 8 K F
Fe il AW 11 IR A MR (C) BRI K. &
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LB H B E 3 AT, BB E 3 K. ( Guilhermino et al., 2000). H &S 36 ¥ 41 3 1
Syt R, B EE KRR EE R E 2L -h Tt R,

F1 WL

Table 1 Experimental design

B A5 R
IR P . TN AER Rl
C F/2 F C E/2 F
V5K 25 8d 8d Tk — — K — —
HeLE R TR 180min 100min Tk Img-L" 2mg-L” Pk Img-L" 2mg-L"!
(B PR FE S 20min,40min®  20min,40min” JEK 5mg-L" 10mg-L" Rk Smg-L’ 10mg-L"

W ra): o BEEE TS YL 20min, PR A IEUK 2452 40min

FEPROK (1 HATT 8547 D 728 A LA s I o A
SR JHBE 28 N B B 3T T3 20 CFFT ) 2 2 738 A [R] 43 5
ﬁi}é’]?ﬁf“ﬂ*ﬂa MAE—EHRGEE T, RAHA 3.0 FAF 8 AT AT H AL

3 # R 545 % (Results and analysis )

T 8 19 25 A 17 4 58 B ( Behavior Strength ) >f Jiz e I H A 5 6 A2 5 K i 47 AR e an i 1 s .
From7eqe . TEFELE WG 8d N, ARG IE N 7 8 1977 9 B0
BEZES. NE 1A LUE S, R H A 817

2.4 A HE jbﬁ“ﬂc%f)”uﬁ W i) B s B A A L, fETR

A7 o 588 5 KA SR FH SPSS B A AT 434, 2 SR AT R B B I A E T B BRI
uzéﬂé‘ﬁt%}?ﬁﬁ"]%i@@i‘%%.
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Fig.1 The behavioral responses of Japanese medaka in normal waters free from contamination with 2V alternating current

a): Ren Z M, Li Z L, ZhaJ M, Rao K F, Ma M, Wang Z J, Fu R S. The avoidance responses of Daphnia magna to the exposure
of organophosphorus pesticides in an on-line biomonitoring system[J ]. Environmental Modeling and Assessment, In press
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AETEAT R v, 32 B R8O B 9l B 1)
AR IR, BB MERCEUSL, IFHE
BN 24h B RRARAS AR 3, A= W 0 e RR AT SRy A8 AR R
FEREFR A AW B B4 (Biological Clock ) ( F [E Wl
55,2006). 75 H A5 8 47 o BLAEE M A0 A 9 b B 42
A F B 1 7 45 SR R 5 B 3 2 BEWSs [ 7E
LMW 43 B, SR R H AT 8 1917 o AR A 2 IR
GECRESUN
32 HEZEBETHATHAANEA
Canton % (1982) fff 7% 25 1 3= BH A AL #a X H A<
T 8 1Y) 24h ECy, A 2.6mg - L', 1fif 5505 44 i % H A%
T i ) 2k B MR LR GE L (0 8% 4 ( Channa striata )
[ 24h 7 5% 52 56 25 L 3 B TR0 2 TR o) i A ) o R
Jo N i (NOEC) A 1.6mg-L~' (Singh et al.,
1994). L& % 08 FIRAF TR S50, 78 i 20 Mk 2 58 5
gor, R 2mg- L FURSH BRI 2mg - L S Ab4RET T

TE LR E TS e W iE S22 85 T, H ARG 6170

BB A 2 BT R FEIEH I (C), H AT 5 1)
17 R AE — B B N PR AR E . LR B AT iR
HEFTE 0.8~1.0 Z [A]. 703 2 Mg AN & A0 55 1Y 2% 55 7
W (F/2,F) Hh, HAS T 8l (947 A B0 56 3 I B i) 1)
A AL FEIEAR — B, AR 2 T — Bk A Y B e 1 LA
G A — AT R R T 4 g
TR AT R SR S 4 DT BRI AT R BE
1% 3k BB E i e TR B (F ) 2% 5 4 W vh 2 LA 1 Oh B
B, EFIA B R, R (F) S8 H
A W AT R ok B AR R ER S E 0.7 LUR, e R &
KE0.3; fEF2 BEET, 178 E ARG R
0.7~0.8 Z [0, W 250 E. 7680557
LB R R (F) S 80 H A9 47 R 5 B A8 6 K
r T 0.8, ZEFE 30min J5 50 B AE 0.5~0.8 2 [A] 2%
fERIZL s e Fr2 Z b, 470w B AR 4E KR A
0.8 Zity, MEWMA —E2ER. U EGREIHA
T 06T Ry 5 AR Ak 5 50N 3 TR RS Ak B v B R 2
28 ) 287 L A G, I 2 B0 A R0 1 28 Ak R A
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Fig.2 The behavioral responses of Japanese medaka in the continuous exposure of different chemicals
(A: fenvalerate, F=2mg-L"; B: cadmium chloride, F=2mg-L"'; F is the full concentration of different chemicals, F/2 is the half of F, C is control )
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G545 AT o, HAS 7 72 50844 1R AR
P 2 2 B P, A7 O IO 32 AR TN AT
AR A AR A DL R AT S B B AT S 9
HELRBIM R WA AL (FETD ). %47y e i
P 5 R B e — € A DL B 38 T 1 3058 2 9 b 38
A5 R A AL, O HL S Al B ZE A A ] (Ren et
al., 2007).

33 FEBAEETHAFHATAEN
ALY R, H AR T B R BB T — WY

TN A TR A AL T 20min DS, 2 88V RO 40k
WK, I FF 40min QEZE W H A 8 #9170 22 4
CHE 0T 389 2 60min ). 25 45 3% 20 % B S B 4 2R, 78
(] I % e i A2 TP, O 7K H AT 6] R B R
AT R R, R 10mg - L USRS R RS AL 2R T

H AR 75 S A 5015 38 T P S 1 7 1 T 17 2 8 5
5 rp AT S S AN 3 BT . A g B o e e R
e A L R R AR — 5, HATF AT N
5iR B 728 Al 5 % i N 1) A 2 B ok B ELHR A OC.
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(A: EUKZIEE, F=10mg-L*; B: S4L5R, F=10mg-L™;F ALiRE, F/2 A 12 RE,C H3fH)

Fig.3 The behavioral responses of Japanese medaka in the pulse exposure of different chemicals (A: fenvalerate, F=10mg-L™";
B: cadmium chloride, F=10mg-L™; F is the full concentration of different chemicals, F/2 is the half of F, C is control)

TEU A g 7] B Ve B iR e R v, HOAS T 85470
B R BRI ZL, JEHIEAE 10mg - L' ¥R EEZH vh (F).
AT R RN A 28 T — B ] {4 45 A 3 N7 3 2 4
DL, 7255 15min A2 A7 & AR B i o PR, R
W A2 IE KA IR K ), B AT 86 47 O 9 B2 oK 1k
2.7 Smg L' BB N (F/2), BARAT Ao JE
A AR B R BT R B RN, B AR X T 0 B2
(C)AUL, 17 K 5 AT B B BRI . FE WK SR IE /K A4

DU, AT Ay o 3 il 22 i e (] A8 i o 30 7 B g
(AT Ay 3 I A 9 3 (1R 3A).

T AL 5% () T Pk 2% 8% 3 A2, 10mg - L' Ak
£ (F) SBHAF AT HTESL TS 15min 2245 1
SRAVBEAR LG, fEWK A IE H KR 1Y 20min DUJS 17
k5 B B WK A2, 25min LS 9 JE 4E R 7E 0.5~0.8
Z . 78 Smg-L~' 2GRN (F/2), H AT 817
Ry ik FEAEFFAE 0.6~0.9 Z [8] (& 3B).
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XE 2 B 3Bt M, mkE
(10mg - L") Ak 4% 5] 7 22 58 T (9 H A< 75 8§ 170 3
JE A AL SR Mk B (2mg - LY) SRR T AT oR
JEE AR Ak 22 AN B B, T i VR (10mg - L) UK 28
i ) VBT 2 5% 1 1) H A 55 806 47 Oy i B AR Ak 55 ARk B
(2mg- L") & 2 2 fg if HAT B W 22 55, vk 3 R R
B 77 AT B AT SR R

[F1] 0BT 5 5 5236 v, HAS 7 80 7 50IG 46 TR RN SR AL
BN K AR B AT S e R AT A B ) 38 Ak T e R
SR G N (5 AT 20min) , % 5% 20min J5 , H A
547 S N e B0 MY B 2 S 7E R R (10mg -
L) FUR AR N AT R 77 A B 8 B A LS (15min 42
A7), BIER 20F 8 KA, H S 95 sl i 7 R B
110 Ve 7, 3R B B 8 B AT R EE RN ; 7
i W B (10mg - L) &AL 9, 47 2 77 2 B I K
PUG (15min 2247 ), 1E 8 KR 2 0 H AR 95 8 19 17 R
9 B B BT A, IR AE e I 4ERRTE 0.5~0.8 Z [

L REE T, TS A E LA AT sl 1T
RIS R AR ABL AR A G B AR % R A8
T AT R AR AT O R AT RS R AT R
PR RN, HEARBEWRE T AR
(AT BE TR RN 6 A WDAT R T R B v, PR 55
38 B AE W AT R AR Ak T R HAT P M E FH (Ren et
al, 2007).

7 B T 2 5 L H A 7 S 7R 50N 2 TR RS AL
TR T AT R 22 S U A R 5T TS Y R B
KA WIT BB —E 2R, FEFEE
VIt a e RN R R T, KA LT
REEMR LR, HA BT X 5EY
1) Ff 22 356 J5T 2, T IR 6k 75 Tt ( AChE ) 4100 i /) AS AT 3
ARERA —E X R, AWM ELEIEN LG HE
)& BUE A, AR A0 05 A= B i R IOE B IR SR R R, OF
P A R G B B AR R 0 B M AT B A AR N
W 1 BRI T A, PR L AR AR R L B
(] 30 (i AR T 4, 2003 ), 3 ] RE S2 A) v R R
S R H AR T AT o S0 A5 B AR D TR

LERARM R R KEAEWAIT WS TS
YL v BE RN — E FRBE P 30 R (Y 2 2 i R) BH A
K, [RIEEIE Gl W5t oK AR A AN ) 1 B A FH AL B
B 38 5 W 2 K A AR W B AT R R

BIREERN: EF4£(1953—), 8 , i+, FEASR
ABZTRBEARFTCHAAR, HEAFIF. TZANFRK

AR Ao K A 2R AR G KR B AR K A A R AL
VA B Ak B Fo 2 35 R BT 5.
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