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Acute Oral Toxicity Test in Japanese Quail
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ABSTRACT : The acute oral LD50 toxicity values of isazofos, pyraclofos, diazinon and methomyl were
determined for Japanese quail based on OECD guideline. The LDs, of isazofos, pyraclofos and diazinon
was 16.26 mg/kg, 41.26 mg/kg and 7.11 mg/kg body weight in _female respectively. And the LD;, Of each
chemicals in male was 21.44, 35.64, 8.28 mg/kg body weight respectively. Diazinon was the most suscep-
tible compounds to Japanese quail in both sexes. The LD;, of methomyl was 21.24 mg/kg body weights in
Jemale, and 28.28 mg/kg body weight in male respectively. Diazinon, isazofos and methomyl were more
toxic in the female than male. The symptoms of poisoning were similar in quails administrated with each
chemicals. The clinical signs in Japanese quail were ataxia, salivation, diarrhea, ruffled feather and con-
vulsion at dead point. There were severe hemorrhage and catarrhal inflammation from duodenum to
ileum in all compounds. In Japanese quail treated with organophosphorus and carbamate compounds,
brain acetylcholinesterase was inhibited by 88-96. The recovery was not observed after 5 h in sublethal

dose.

Key Words : Acute oral toxicity test, Japanese quail, Organophosphate compounds, Carbamate com-

pound, Acetylcholinesterase
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Z5E o83 AL BAHNs o] E Wol o]
4-=o] goH(Romijn 5, 1995; Prior 5, 1976). 12}
Aol gjgl A Re] 977} F7)sled AR A8 A
712 B2 83 Al AT Z Yz dated A
Z gelstaa} sl Yol ot 53] Al -8 velell
A 2FE o83 A Aol E]lEe] A el &
7 s H7FE 913 At Aol gl Aol

1999 FjellA] 31 3ok 2753 8937 0] 11, ©]
Z AFZA= oS4 ES 2 A oF E315Y] 38%9)
AR 2000. 74 &, oFEd#3], pp. 22-24).
a8 AAEeZ 19999 6t Eo] mofe] AJAlE o]
o] & 28%7} AMZAIGTHE Y R, 2000. 104 3, Fo
T4, p. 8). =3 I YA ASAE oF 3555 o
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2 o]F 164%¢] 7| A %) TP 0| EA| sopo 2 A
A AFAL] 46%F AR FF A 5535
2000. “s2F543 3], pp. 183-251). o] AFA|S) A
= FFvIBeHoEZ AEAC S 7|A9, o EES
H AL Yelo] HK(Carson, 1962; Frank %, 1991; Goldstein
%, 1999; Henny 5, 1985; Kendall 5, 1992; Littrell,
1986; Mendelssohn 5, 1977; Stone, 1979; White %,
1979). =8k 50% ]2 714l T 90% o)3e] 7}
ule] o] EA] gofo] Zfoll sl 74543 (LDsp < 40 ng/g)S
A e (Smith, 1987). F71¢1A] 52z} FH}e| o] EA
Tl digt 54 7%= A}t(Jorg-Michael %5, 1999)%
X33}, 43 FA](George =, 1999), AE 52 EHF=
=& Y& vF2E 233 Gkl EF9 &7 (Bhunya
%, 1994; David %, 1997; Romijn 5, 1995), 12|31 A|
$-(Peter 5, 1998; Shannon -5, 2000), F<ll (Roast &, 2000)

Y % TAFTENA s F3= Sk f)
QA eFE-2 41734 acetylcholinesterase(AChE: E. C.3.1.1.7)
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2] esteratic sitedl] B]7}H 22 A sled T A7 DA T
Al2se]l acetylcholine®] Z3& f-=3l+}. ©]2J3t AChE
2] Aol 2J3 cholinergic crisis7} WA3le] A, &, FE
o BuE 3L, 5855, A A oA, 7
o AlNEEe] 7k o] Al A B, D5 o3l o3t
muscle twitch, Z8]17 F5-2] AAA dele] He= 284
of 2] ZAHS Helod(Ecobichon, 1991). £3] ZfFolA
E 794, 714 A, v oY, ol sel=, A
vkalel gk ubg- A3}, vhy], F3ubg, A" Mg 2 &
T 59 FAE JepAtk(Somers 5, 1991). 7R} o] EA)
e 71904 Tk A AFAQ] AChE A A o]
22} f71e0A Fo] AChE®] esteratic siteol] B]714
o2 Agsl=d] vl 7P| o] EA| w0k 7l H R
Agsl= Aoz od=A v (Green, 1983; Lennox %,
1985). §71904] 5ok} 7hlulo| EA| Foke] ¥4 89l
AChF= BE $E5°] 21 3l of& &l Hisll vi--
s HRESlER. o] EA AEHAe] e X
EAHEE 4 5 Jx= A ARz AME 5 eld
(Scaps &, 1997). P35 E<l4 AChE 849 FEFH
ol2l3t AbgAle] 7 o AXE Folshs UukE W
WO F AMEEo]A] SIoh(Hill, 1989).

OECDeIIA AlgFstar Sl WS o] 83l FelA] A}
L35 f7]odA e}t o] EA skl wigk & HF
2ol|Me] FAATFFAANEEE 3t £ A+E 5
3l

I M8 % gy
1. Al 23

FlelA F2 AMEHT Qe f7IAA AEA 3E3
Fhal o EAl ASAl 158 TR dd A4
25 ATk

71214 AEAl= diazinon(phosphorothioic acid, O, O-
Diethyl O-(2-isopropyl-6-metyl-4-pyrimidinyl ester. CAS
No. 333415, 98.8%), pyroclofos(O-(1-(4-chlorophenyl)-1H-
pyrazol-4-yl) O-ethyl S-propyl phosphorothioate, CAS No.
89784601, 94%), isazofos(O-(5-chioro-1-(1-methylethyl)-
1H-1,2,4-trizol-3-yl) O, O-diethyl phosphorothioate, CAS
No. 42509808, 96.9%)% AH4-313127 (Fig. 1), 7H}#| o] EA
AREEAlE= methomyl(N-[[(Methylamino)carbonyl]oxy ethani-
midothioic acid methyl ester, 98.8%)S AMS-3}1%Tt.

2. S

=52 4247 o4, HF AF A 106.02+6.8 g, AW

110.20£9.7 g&] A AdSo] o] Folx] U v|3=2](Japanese
quail, Coturnix japonica)s ©|-4319ct. dE v|F=2]&= A
S FEARIEGT AL 2 ARAA 2oF 3t
of, & Al A $ATE AL, F-318)aL, WAl AJA A
HEEZ A3l AR 38~39°CY] &%, 50~70%
o §x9 F7A F3AIZH. 0~7 Y4B fFE 32~
35°C, 8~14 ¥ 28~32°C, 14 d3 o]AkIAE 22~
28°CE 2x=E A3, A3 14/10 h(light/dark)
cycleZ A5 ZAAAE o83l HAEC AT
90x60x22(7}2 M Z Fol)em F7]|] A Ao]A|A 5~
10k ARSslle. WiAlS $ig wF=ee A9l A
I 719 ulgo] 2: 1904 3:10] HEF 3 Alox]eA
AREEIlLH, AglS- dlFels S FEldk] ARSsiolH.
AREATFALR, 25 18.0% o)), AW 2.3% o4, =
A5 6.0% °I3), I 15.0% °|5}, 2 3.0% oA, <l
0.6% °lZhet & 2Hr 328K

3. METSYAHE

5l M S T5AAEH-2 US EPA 71-1(1982)
7} US-EPA - Code of Federal Regulations(1993) 5- & 7}
A Ak #hgo] SIA|%F OECD guideline o}j714] €
so A gk ¥ AP 19964 7HFE SETAC/OECD
workshopellA A|e¥alar gl =7 SA A&H(OECD’s
Guidelines for the Testing of Chemicals, Monograph Series
on Testing and Assessment, Report of the SETAC/OECD
Workshop on Avian Toxicity Testing)ell &713led 4343}
At

1) SE29| FH|

Aol 2F 71743 FEo| AL, AdEd
q27g 292 dgdeeh 5EL o A 12~154]
Z+ AAA A

2) Up and down test

Up and down test= W2F9¢l LD, XE 2As7] S8
range-finding test24] ©]8-d 4= glv}. & Fxol F wig
o $EE AHgs] F o] 25 AR @ B olue
2 5=E, Fulg BT AEE Af o)id 2 vxE
Foish= Al o2 zgsle F uig] F & vl A&}
E 55E &l o] FEE 7|5 22 definitive LD;, test®]
52 A sl vH(Deichmann and Leblanc, 1949; Bruce,
1985).

3) Definitive LDs, test
o] okBe) 8348 7 A MFol we} Aejed S5



F715 3Nl GTEA] EHE o]83ke] A Fod
siodet. 2T 4l =] AgLS F9lon, 7+ 72
TE TE & 44 1R se AR 5 F
24|17k Ft FABI] ow| Fof = 14U71R] X QA BA
< AT Fod F 1247 592 A Adlsle] Al
Y FEA PAEE J4F7E Ao, I 22
" A AT dn. Fo F el gl s s
5 AXE, o5 AFol i uks, A £, AL A9, A
q9 FEH 55 ARS8 A5 Al-AA A,
AP Al AlRAA 159 Ao F 9 A1 F8 A 2A8)
Aok F2 TEL 1S AAEk HeElRAes 24
st ZF ofEell 3t definitive tests A1) ANEAS
Hol7] Sl HRelM 33] AAsdct

PECEES LS
At AASH AF71ke] 28 AAE $As] 2
A7V 10% 4 E2R0) 24X]7F o] At
%) ¥ alcohol-xylene® 2 processingdle] bl Eof 3}
F, 2ume] £2fo|= AHL whEo] H&E $4S skt

5) SAAE]
Orign Z2I35 o83l LDAE FA3AL,
ANOVA analysisZ. 95% -Fel5EellA 53150t

4. 0|32 X[0f M Acetylcholinesterase(AChE) Activity
&3
&

H7 dFeE AR, FAATEAAIR A9 5Y% 5
o= ¥ 1 my sk Tk Fo F 14
7Y, 3XZY, 5AIRbel 242 A Ee] ¥ S &3 F ACHE
(EC 3.1.1.7) activity® S78311c}. 32 FEFIME &
ule| & Foidte] APEA] B4 e AChE activity 574
< George 5°] AMEEF WS AM-SIETH(George &,
1961). 0.1 M phosphate buffer(pH 8.0)0ll4 £3t =&
DTNB reagent®} acetylthiocholine iodideS &3}sle] &
FE 412 nmell M £ FHE] HIE SA A

L. & /!
1. Y& HiFEg[e] AT I HAY
S]] 2 W A F Fo)e) ALE AL Bt A
7 AF 129%8 2ol Felshr) Alalsled AF 17

Adoll HF 24.5¢8 AIBE 93, 98¢0 AF N2 B
Act. el2 A7 AHF oF 40%7} AF FM) o4
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Fig. 1. Body weight change of female Japanese quails.
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Fig. 2. Food consumption change of female Japanese quails.

B2 & 7 . 257"l 35%, 3FHele 12%, 67
Holl= 6%, 773 7%, 8570l 4%7} AFFTl o]
Hyom, A AF 1153 go] Heol AdAbe] Al Byic},
Atge] AFE) SAFE 4797 SUlsig o A
Aol A EE 5~67 ol E AR XA FE3]
F7PtRov FAFE MAE] Fhadhe ofE Bdo
(Figs. 1, 2). whE AL Holx= 453712]2] ofF v g
B A Bl oEgl el AR AT} A ¢
T B3 A

U2 v 40~50U3 0] A Also] AlEo] A4
7] AlEkslgit 4] Hi FAE 1020 gol gt &)
B TAHEE 94.6%0)d e F3E2 76.7%<1%0 . F
3e] H- &= 38~39°Celsl.em H37)7ke 16~17Y
oldlet. =gt F33t F 15U AETH= AEEL 50%
£ 27 94 oFF Wtk AR 37 AFREE ZolE
e, 3 F 1279 9] i YEELS o 40%H
EQok(Fig. 3). WlFE]= HF 1096l 7~97)2] &S Alet
slgjom, AlE-S 12330l vlE] @ 8~107Hel] &
ARFS= 90% o]AFe] Ale 338 Hdo(Fig. 4).
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Fig. 3. Survival rate of Japanese quail.
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Fig. 4. Reproduction rate of Japanese quail.
2. 24 ETSYAME

1) Up and down test

7} oFEo) 3} up and down test 23}, Isazofosol| Al
20 mgkg?] = Fof A F ulg] F 3 niejr) AEI
I, pyraclofoss 50 mg/kgoll A, diazinon®] 73-9& 5 mg/
kgllA 172 AARE 2gith. Methomyl2 20 mg/kgell A 1/
29] X|ALS- Byiel. o] Ale] A} kS definitive LD,
testd] =7+ X2 A5 K(Table 1).

2) Definitive LDy, test

Table 1. Mortality of Japanese quail administered organophospate
and carbamate compounds by up and down test

Dose level (mg/kg)
10 20 50 100 200 2000

Diazinon 12 2/2 22 N N 2/2 2/2
Isazofos N N 12 N N 22 2/2
Pyraclofos N N 02 172 2/2 2/2 22
Methomyl N N 12 N N 22 2/2
Represented in number of death animal/number of experiment animal,

N = Not done. Quails were clinically examined at least once a day for
14 days.

Insecticide

Table 2. LD, of diazinon for acute oral toxicity test in Japanese
quail (p <0.05)

Insecticide ai?nzlfs D((r)rS;/kleg)e : Mortality (III;gI?IS(Og)

0 0/10
2.5 0/10

Female® 5 7/10 4.42+0.02
10 10/10
20 10/10
0 0/10
2.5 0/10

Female® 5 4/10 5.74x1.59
10 8/10
20 10/10

Diazinon

0 0/10
2.5 0/10

Female® 5 1/10 7.46+0.10
10 9/10
20 10/10
0 0/10
2.5 1/10

Male 5 4/10 5.50+0.92
10 8/10
20 10/10

Acute oral toxicity test was independently conducted in each group of
female (a, b, and ¢).

Table 3. LD, of isazofos for acute oral toxicity test in Japanese
quail (p <0.05)

Insecticide ai?r);xzfs D((I);;l;;; ! Mortality (nI;ng(og)

0 0/10
10 2/10

Female® 20 6/10 18.31£1.60

40 8/10

80 10/10
0 0/10
10 2/10

Female® 20 6/10 17.06+0.61
40 10/10
80 10/10

Isazofos

0 0/10
10 3/10

Female® 20 7/10 14.50+1.92
40 8/10
80 10/10
0 0/10
10 0/10

Male 20 6/10 19.66+0.04
40 10/10
80 10/10

Acute oral toxicity test was independently conducted in each group of
female (a, b, and c)

710 SHEBIH sHlEolEA Fok1E)el e
P QR wFelolNe] B4 ATEAAY A, 2 ok
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Table 4. LD, of pyraclofos acute oral toxicity test in Japanese quail Table 5. LDs, of methomyl for acute oral toxicity test in Japanese
(p <0.05) quail (p <0.05)
.. Sex of Dose level . LD, .. Sex of Dose level . LDy,
Insecticide animals (mg/kg) Mortality (mg/kg) Insecticide animals (mg/kg) Mortality (mg/kg)
0 0/10 0 0/10
20 1/10 10 1/10
Female® 40 4/10 43.96+7.33 Female® 20 4/10 22.19+0.78
80 8/10 40 9/10
160 10/10 80 10/10
0 0/10 0 0/10
20 2/10 10 0/10
Female” 40 4/10 44.29+6.49 Female® 20 4/10 20.34+0.04
80 10/10 40 10/10
of 160 10/10 Methomvl 80 10/10
aclofos ethom
Py 0 /10 Y 0 0/10
20 2/10 10 1/10
Female® 40 5/10 38.243.66 Female* 20 2/10 28.15+2.27
80 10/10 40 9/10
160 10/10 80 10/10
0 0/10 0 -0/10
20 1/10 10 110
Male 40 6/10 35.69+3.24 Male 20 1/10 31.09+3.67
80 9/10 40 9/10
160 10/10 80 10/10
Acute oral toxicity test was independently conducted in each group of Acute oral toxicity test was independently conducted in each group of
female (a, b, and c). female (a, b, and c).
5 Al whE 5442 alel= AT 4 sz, 3% oFZoll whel FRAZ} A o]2 AHE 2FH Aol
W710A s F diazinono] b BFOIN FPE 2 5 7 SIS TP w8 SAE BSIY diazinon®] 3§ A

A& BSTH(Tables 2~5). ARE Mol IR FellME Fol F 32 o] 2F A}

Fig. 5. Intestine of Japanese quail administered with PBS (C) and Isazofos (I). Marked hemorrhage was seen in the intestinal mucosa from
duodenum to ileum.
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Fig. 6. Jejunum and liver of control Japnese quail. Villi were intact
and no fatty droplets were found in the hepatocytes.

Wit 92 F 771904 FEe] AR AARe 1~84]
7F ool % vehton o] F 14Y 7] #F VIt F
gtoll = AP RA| S AE 4= ¢lsic). &, pyraclofos®] 7
% 80 mg/kg FodTollM Fof 3dvlbel] APUEIsich Fo

3outel] Ab 3 A AFES AY A AFEA 7
40.5 g Zxaslgeh. A 74 o]l dAk FAR
WA 5 sk Al F8 39 AFIAASE S 73
S AF71E 159 DA s FAe] ot £ A
HellM= Fo] F 37 s eRR A7 o
2812 skeh. Methomyl®] 73-¢- Fo AFHE Abds
Bojom Apg AAEL 1212} el 25 Apdsisdet. A
Al Holx= ZF A JASARE oFEel BAlglel B
F Fdalgar, AR Alg RS e F AFsE
et ApRElA] 42 FECME +EARE 24X AH
Aoz vt A FA2 Aee o2& A4E
ZFao] Anlsig ot A £ S A FEH A4
AEE FOME G5 MA A AT 5= it AF
2 Fo 3199 AFF AP AF, o 782 14
AH 77 A3 Fo F 1979 AF2 A T
Eo] FoME= FTF 12.93+3.7 g8] ASHAE Ry &
3] isazofos®] 10 mg/kg FoZolME BT 182 g2 A
Aasigde 2y B8 RS e o F a2
AZE Hell Aleksle AA7E ot Al Fe] ZHart A5

Fig. 7. Many blood vessels in lamina propria were dilatated and hemorrhage was seen in the quail administered with diazinon (D), isazofos (I),
pyraclofos (P), and methomyl (M). Villi were markedly atrophied and desquamated. Many minute fatty droplets were infiltrated in the hepatocytes of
quail administered with diazinon (D), isazofos (I), pyraclofos (P), and methomyl (M). Except the quail administered with isazofos, fatty droplets
were infiltrated in the hepatocytes around portal tract, whereas around central veins in the quail with administered with isazofos.



WAt Fof 7dAel = BE FEF ZE FETZIN A
Tol F43] Flelel A AFLE AEHAIAT, 149
AL AT AP ARl E KA.

3) |0 o] A

Al ANAE 33l AlY TR A ZE NS A8
of S WS FABIE. 7194l Hoke] Fof FollA
=9 Aute] E2A wiskel Aol AN 3A7IR9] u)
T A £8& IR o diazinon®] TSllME
E3ol| o8 F24 W= B 5 ok 249 1)
T £8-E pyraclofos Tl 7 fAE%. 7}
vl o] EA] 52l methomyl®] FolZolME F714)
o] A g, YA WS B3E 5 g
3, Al A Al A 3)1A7EA) o] E- o] FAE AT Fig. 5).

2 e a3 elrE el IaE x|
ATH(Fig. 5). BE 21§ B R 7% AFgE AR
B 247 BgelA] wHe] IEHT. 2AdAME villi
7} IE2 45, ATM T} et TR
ol FZP S8 A9, 38 9 E8e) &
299 Figs. 6, 7). IS Aup7e] 7T &
fro] BE A¥EA FolZolr #:F=g}. Diazinon,
pyraclofos, methomyl FoJ<-ol| A= ¥k} T 54 24
H|Ee R385 0, Isazofos FolTolME FAAY F
Wl g3 ch(Fig. 7).

4) W2| =&|stx &t

3. Brain Acetylcholinesterase Activity

AChE®| &4 Az}, AFg3 JAloME d2Zs) vl
3led 3.77%~18.76%2] B3-S B}, Isazofos= AP 7Y
AelM 11.77%2] A& B, AFE FollA= oo
Bls) oF 5.7 =& 66.44%0°) FAL Jehfglel. 547
733} & Foll 40 mgkg =TS A3 Yriz] Zollx9)
2o 352 g 4 gldeh. Pyraclofosd] A$E &
2 WAeA 7.53% W& BAS Bk Az A F
BEE FEFAA #8A 3Ee Fqld 4 glgde 53]
3 FE oM Alzke] Al wel #Adel o 2k
31, 80 mg/kg TS SAZF A Aloll= AFRA)
9} H]=gt 7.93%°] A& JePN. Diazinon FoiF
ol A= AP AN 16.64%2} 18.76%2] FAJ-L Haic),
A FE FeME Fod 347 el ozl B34 30T By
L} Fof sAIzbe] FFshEA MM S 3Bt AS
yeRTh TeEv A4 84 x]29] 3)8.2 Hoe)x] kgt
o}, 7HalH o] EA) 359kl methomyte- AP oA 3.77%
9] ol W2 S HYT A MR Fof X7
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Table 6. Brain AChE activity (% of Control) after 1, 3 and 5 hr
exposure to organophosphate and carbamate insecticides

. Dose level Time after exposure
Insecticides
(mg/kg) 1h 3h 5h  Death
25 7001 6601  75.13
Diai 5 60.99 5787  66.34 -
azion 10 y N - 16.44
20 - - - 18.76
10 6644 6072 52.06
Isazofos 20 63.64 4895  69.32
saz 40 4345 5301 6595 -
80 - - - 11.77
20 4519 2897 3387
40 3359 1119 1434
Pyraclofos 80 2878 1486 789 -
160 - - - 7.53
10 2222 4932 4472
20 1561 43.10 4548 -
Methomy! 40 ) - 3734 377
80 - - - . 39

ofl 22.22%, 15.61%2] *2- AL Roict e} Fof 3
AlZbboll 2F 30~40%2] A 3B AR Mo 29.32%9}
43.10%2] A& epith(Table 6).

Iv. 1 &t

JE WS E A TEE AMshedE 9 oo
et A& wFee At 2, A 707} gl A
o W AFAY] EE Uoldid FaAd B ohz},
AT ) o AR, $AHEY 2ol 2 ESAsk=Y)
E Golsit. v} J& wFelE o] fdt=d= E 7R
o2 A= it A A1F4 goll vjs] 22 2kl Apg
5 /A 9len, 2 & 9lz, 3F) v$ iz o
F717} Ik (Martin 5, 1971). £ AFAAE= UE o)
Felo] pARbe FEslar WA, ARSsled Aol Alg-s}
Aot $AEE oF 94%el Do}, Haleo 76%, H3}
1579 Fo] ASE2 55%, 1250 o|2eME 40%2)
< AEES Hold o] F-3} 270l 16.6 9] 2H2 )
At 2 270 wisle| wlilste] 2k 2ol o) 2}
ol = FAl5}17] wj o]}, el 1 K-35 A% wlge] vim
2 ol 2o WAXE A9 oy} Wejx x| Esl=
718 vehdle] #ake] 9 Ugle] HE= o)He fo
#of gic}. =3 S R 2 7)) TFF A 5
2] ofate] Ho] gloemz Fojsof g},

Alan 5-°] diazinon®} methomyloll ™3} broiler chickell
A FA ATEAEE A3 A, diazinon®] LDk
< 3.0 mg/kge] 3L, methomyl®] LDk 41 mg/kge) et
(Alan 5, 1997). 4& w0 gt Ade F3 5=
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921t bobwhite quaile] isazofos®] 77+ SAJA|Eel| A
11.1 mg/kg®] LD,Zhe 2=k A glen, B Ay
M= 16.79+4.70 me/kg(p < 0.05)010et. £ Ao A}
|3 Tkl wist Y& v SN FA ATEA A8
o FAA ARE 4S F g v Eg = o, 3
Hell A1 AgPe] Ax BFE HAP= 1.98 9% g 4
€ 9<€ 4 AT} Definitive LD, test AXA] A A)383}F up
and down test®] 3} diazinon 5 mg/kg, isazofos 20 mg/
kg, pyraclofos 50 mg/kg ¥ 7H}ol| o] EA| 5-2Fe] methomyl
2 20 mg/kge] FENA 129] APFEL BT} o] de-
finitive LDl &3l dei=]l A#4] diazinon 7.11 mg/kg,
isazofos 16.26 mg/kg, pyraclofos 41.26 mgikg 18]
methomyl 16.62 mg/kg®}t vi-$- H-Aks Zhe vehiigid
o] A= e FEE AN o 3= definitive LDy, test
o] D& Hsksle] FEO HA] Ao, | @ A
H TEST 1T 4 e oRIEFY soF 5A4E A6
£% up and down test® WA 4= QS-S o3 gt

F71904 ekl =28 2RHeME dAAQ AFY
g 24t A, ol oFEe) 23} stressE Q3
dukdql HA oloH(Grue 5, 1991). o2 3 dA2- A7)
AE HolA] g A rolA % dx s}, E Ao
e T 19 A F AR 42 AAAES 1293+
3.7¢9 AF ZAAE HgEd, ol I AF 11.1%
o sigaict EEe] ZFoA 6~7%2 AF FALE B
o]u}(Baldwine} Kendeigh, 1985), o] Alf A= o1
o Fr] A3 AEAE o)k o) dE vFY A
T7F 27 el W3} Fo| dA Aoz Az,
FALE 74 sl & R =2#7](Hart, 1986),
bobwhite quail(Stromborg, 1986), house sparrow(Mehrotra
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