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SUMMARY

Environmentally Safer Integrated Livestock Pest Control

1. Field Investigation of Major Fly(Diptera) Pests in

Livestock

Field investigation on major fly pests of livestock in seasonal
occurrence of population and their larval breeding were conducted on 3
different livestock farms, cattle, hog and chicken farms in period of
January through September, 1998.

Of a average total of 3360.9 adult flies, comprising 16 species, and
5501.4 immature stages of 9 common species were collected by using sticky
traps(21 X12,.5cm)/24hrs for the adults and manure sample(l liter) for the
estimate of larval breeding.

In cattle farm, of 15 species of flies recovered, Musca domestica was
the most predominant 399.2(67.1%) foliowed by Phaenicia sericata
56.5(9.5%), Muscina stabulans 47.6(8.0%), Lucilia illustris 41.1(6.9%) in
order of magnitude,

In hog raising farm, of 12 species of flies recovered, the similar
pattern of species abundance as cattle farm was shown. Musca domestica was
the most predominent 1685.2(88.4%) followed by Phaenicia sericata
72.1(3.8%), Lucilia illustris 51.0(2.7%), Muscina stabulans 49.5(2.6%) in
order of magnitude. However, in chicken farm, the similar population

density of Musca domestica 278.4(32.3%) and Muscina stabulans 258.4(30.0%)
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was the predominant, followed by Phaenicia sericata 186.6(21.7%).
The main breeding sources in cattle farm was spilt foods near feedlot
and manure piles, in hog farm mainly from manure piles, in chicken farm

mainly from discarded egg-mass and dead bodies of chickens.

2. Screening for selective insecticides against the

housefly and field application

The history of resistance to insecticides in the housefly shows that
the appearance and development of resistance are an inevitable and
stepwise biological process. A major objective of monitoring studies is to
determine if any information and pattern emerge from the data. Therefore,
we assessed the susceptibility of 20 commercially available insecticides
to the susceptible and three field-collected populations of the housefly,
using direct contact application.

In a laboratory study with the susceptible and three field-collected
populations of the housefly, marked regional variations of insecticide
susceptibility exist.In a test with the susceptible housefly adults,
fipronil was the most effective against the fly, whereas moderate activity
was achieved in pyrethrin, DDVP, pyrethrin, chlorfenapyr, and spinosad.
Weak insecticidal activity was produced from chlorpyrifos, esfenvalerate,
profenofos, fenthion, bifenthrin, ethofenprox, diazinon, furathiocarb,
methomyl, pyraclofos, prothiofos, and fenitrothion,

Three field-collected populations of the housefly from pig farms of

different geographical areas were tested for resistance to 20 insecticides
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by the direct contact application in comparison with a susceptible strain.
Marked regional variations of susceptibility were observed. High
resistance to diazinon and fenitrothion by eight field-collected
populations was produced. Only low to moderate resistance to prothiofos,
pyrethrin, fipronil, chlorpyrifos, ethofenprox, deltamethrin, methomyl,
profenofos, pyraclofos, fenthion, DDVP, chlorfenapyr, and spinosad was
obtained. However, bifenthrin and esfenvalerate exhibited negatively
correlated cross-resistance., These results indicate that resistance
mechanism(s) with different genetic or biochemical nature might be
involved in insecticide susceptibility. However, every field-collected
housefly used was susceptible to one or more of the insecticides examined.
Therefore, careful selection of an approximate insecticide against any
population of the housefly might result in satisfactory control.

Field investigation was conducted on the control effectiveness against
major fly (Diptera) pests in livestock in hog raising farms by treatment
with Deltamethrin (0.05%) integrated with parasite (Muscidifurax raptor)
releases in comparison with control plots in period of June through
October, 1999. In non-treated control farm, of five common species were
collected, Musca domestica was the most predominant (99.4%) followed by
Lucilia and Phaenicia sp. (0.4%), Sarcophaga sp. (0.1%), Phormia regina
and Stomoxys calcitrans (0.02%) in order of magnitude by using sticky
traps (21 X12.5cm)/24 hrs for the adult flies. In chemical-treated farm,
the fly population was reduced on the average of 52.8% in 4 months period
compared with control: July (70.4%), August (67.0%), September (47.7%),

and October (26.1%) in progress of the season. In parasite-released farnm,
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the fly reduction was resulted on the average of 37.2% control in 4 months
period compared with control: July (18.1%), August (55.9%), September
(26.4%), and October (48.2%) respectively 'in progress of the season. In
integrated-control farm, a satisfactory level of fly reduction was
achieved by producing 84.1% control in 4 months period compared with
control: July (83.6%), August (83.0%), September (88.0%), and October
(81.9%) respectively.

On the basis of our results, an integrated housefly control in
livestock farms can be used and developed in operational fly control in

years of 21 century in Korea.

3. Biological conrol by natural enemies

The investigation on the fly parasites was undertaken from 16 areas of
the penninsula mainly collected from the cattle or pig-raising manure
piles, Of a total of 13.species of fly parasites collected, nine species
such as Spalangia endius Walker, S. nigra Latreille, S. nigroaenia Curtis,
Muscidifurax raptor Girault et Sanders, Pachycrepoideus vindemiae Rodani,
Nasonia vitripennis Walker, Dirhinus herperidum Rossius, Spalangia sp.,
Trichopira sp. and four unidentified species. Among obove mentioned, S
nigroaenia and M. raptor were the predominent, followed by S. endius
showing higher densites in certain areas.

The highest rate of oviposition was found to be 234.9 eggs per female
M. raptor (F-7), followed by P. vindemiae (F-6), N. vitripennis (F-24) and
as S. nigroaenia 62.2, 48.7 and 40.1 eggs/female respectively. The optimum

parasitization against fly the four common parasites M raptor, N
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vitripennis (ea. l4days), P. vindemiae (17 days), S. nigroaenia (20 days).

Mass production of fly parasites using mass-culture of fly pupae was
also investigated and the basic technology was successfully established,
and further effectve means of storing fly pupae was at 4C with maximum
parasitization period being 24~48 hrs after the pupation started.

Field release of fly parasites in pig-raising farm from June through
October, 1999 resulted in partial control (30~40%) against Musca
domestica the main fly pest of livestock farms of our country: when
overall results showed over 80% fly population reduction. It is suggested
that fly parasites could be an important biological control agent to be

utilized in integrated pest management program,
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Principal parasitoids found active on endophilous synanthropic Diptera

from worldwide studies. (cited from Legner (1995)

M. zaraptor

Nasonia vitripennis

Pachycrepoideus vindemiae

Order, Family Species Order, Family Species
Coleoptera Hymenoptera
Staphylinidae [Aleochara spp. Pteromalidae |Spalangia cameroni
Hymenoptera S. drosophilae
Braconiade  |Alysia spp. S. endius

Aphereta spp. S. gemina
Ichneumonidae |Phygadeuon spp. S. longepeiolata

Stilpnus spp. S. nigra
Calcididae Dirhinus anthracia S. nigripes

D. bakeri S. nigroaenea

D. banksi S. rugulosa

D. himalayanus Sphegigaster spp.
Pteromalidae Muscidifurax raptor Cynipidae Urolepis rufipes

M. raptorellus Figitidae ' rare

M. raptoroides Eucoilidae Figites spp.

M. uniraptor Diapriidae Hexacola(=Tribliographa)

Coptera merceti
Trichopria spp.

olgq A WHES &Y fsiMe A8 EokolA ThYRt A7t A%

Solob shARl HA FAbssleld wASHE &R £oF A W Wy
B zabel F 47 AQd B3Pl ot F£25 AUE R wALe A
3 Aeleelg slepsts ylzxEs Wesich 3 ohe A& @ B 4ol
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A34d 234 xF

1. #71A9d, Fi5571d 52 3F &€

x| dof ulel Hiberbd T2 T FE 1YFE 1048704 F U8FE vl
W ZHJ|= QAH= Musca domesticaZt % 110.57AZ2 AA AR AN F
70.3%5 X}x|slo] 71% A Fo|9 1, TS Stomoxys calcitrans® FZ FR
2 FHulL} 4 o ZoA wol WAk F22A 23.7(15. 1%) WA 7F ZAME 9L
Ed F2 718 £ UEE Hrl. EAl= Musca domestica’t Al $3AF
o2 898. 7/HAE AA MY me] F 92.9%F RSt AAl:= Muscina
stabulans7} 7}3 $HF 02 165.4(38.4%) /MM 7t AAEed, F HyEE
Phaenicia sericata’} 138.4(32.1%)7JAE F2 FE AlAolA Wo| WA=
Zo| 2§ E YUrH(Table 2, 3, 4).

BYUE $AHe B71Eot 2| Phaenicia sericatah Musca domesticaZt |5
StAl 2R d=ul, 24z 45.5(31. 6%) 1A 2} 40.8(28. 3%) /iA] 7 A H At =
A= HA] Musca domesticaZ} 313.670AMZ AA] 23 4A F 79.6%F UEh)
SAFolgdon, theS Phaenicia sericata® 35.2(8.9%)71x7} ZAE Qlc.
AAH= Musca domesticaZ} 76.7(80.0%) 70271 |- o} o2 we|Fe] U=
= yoltH(Table 5, 6, 7).

Azl ol T 911} EALAM Musca domesticaZt Zhz} 247.9(84.5%) 7HA],
472.9(86.8%) /A2 thE Foll vl3] & YEE AR AAlIA = Musca
domesticaZ} 134.0(40.0%)7)A| S X}R|5}915L, Muscina stabulansi= 89.0(26.6%)
A, Lucilia illustris®}t Phaenicia sericata= Z}tZ} 47.0(14.0%)7]A 2}
39.4(11.8%)7|A| 2 v]5¥ YxE HolrHTable 8, 9, 10). o]&} o] A9
metd e A Wzl zloj riA glor}, miE|Ee EXo= I xjojs}

fdon, Hibszbd A4 me|Fe] e EXE i Ao|7t lgich 34
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o Zagg ulzsl RW EAClM 73 ezt el w4 B A Ao

Z RAEQYR, 08 F£& Musca domesticaZ Qx| 2ltH(Table 1).

2. Fu4Fo] g F9 {3 ANTE =24

Z71E, ZYE, AR 7RG $4AL 4L A6l 14955 104971
2 AT e ANBF F A= 3360.9MMPen o] F Musca
domesticaZ} 2362.87WAIZ 70.3%& AA|sle 71 EFo2 RAEAUL,
Muscina stabulans= 355.57|M|% 10.6%, Phaenicia sericata: 315.27]A| 2
9.4% +2 8 RA}E| %t Table 1).

370 A1ge] ExlolMrt YUY zele] BFE F AT 1906. 17142 A
% WAl 3360.970A 0] wlE] 56.7%F XIA|Ste] Axp} FARRTE 2~3BPE
AAUET} A ZAE Ll o] & Musca domesticaZ} 1685.27]M| 2 88, 4%&
ARN=d, AVZE, ZYE, AEEs 74z 898. 770, 313.670A], 472.970
MQAT). Phaenicia sericata, Lucilia illustris, Muscina stabulans: Ztz}
72.1(3.8%)70A), 51.0(2.7%)70A], 49.5(2.6%)70A] ©o2 ZAlEo EAloA I
zte] 7t 2K she ¥l &2 FAriFo]dlrHTable 1, 3, 6, 9).

378 N2l Aol APE zE|e BF £ AT 861.7(25.6%) AT
ZAE Q=Y o] ¥ Musca domesticaZt 278.47)MZ 32.3%F xx|stglon),
Muscina stabulansX 258.470M| 2 30.0%E X}x|3}o] ¥l WEREE B
Phaenicia sericatai= 186.6(21.7%)7IMZ TS &4tgo] vj3] v|ad &2 4
58 Jell3, Lucilia illustris:= 67.0(7.8%)71A]12] AMAWUEE Rt}
(Table 1). o]zt AAte] wie] U T MA G4 EA €2 Aol& B
t}.

370 Ao $aellA AAH mele] BF F AA4E 594.87MAE AN F )
Apol vlsh 17.7%8) MALEE Kol EAle}l Aol Hrp st U=g Yehdl
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th. o] ¥ 7} wWo| ANAH £2 Musca domestica® 399.2(67.1%) 47} 2R
Eloglom, t}-22 Phaenicia sericata® 56.5(9.5%)7WA|, Muscina stabulansi
47.6(8.0%)70Al, 8|3 Lucilia illustrise 41.1(6.9%)713] €22 AJHYA
t}.

oj2} o] EAlet FAtolA FHF Wol AMASt= F2 Musca domesticaZ X
A e AN A AU =Y ot &S EAE €453 otk 2
gLt ArlelM s Aze|zt Ao EFS ohdlen, FE2 ANU A ARt
SojlA wlo] WASH= Muscina stabulans®} Phaenicia sericata7} Wo| A|4}3}

= Aog ZA}E| 9t Table 1).

w
(i
A
314

, T2 AE 2 Sy T gde e 4
Z} Aol M AL =2, T2 AR me)dFe FHE HA¥ A
1978 3¥7ixe 7He 958 38 /3 Ze WoslEel 1~27 Ui 3
=2 4% FE0A Ty ‘Q%Q ZA7 ojgich aeu 49 R EHE 243
o2 melEd "rol AzHel ulet 5UFEE JHEEAA TefEe ML
Hadg 4 et

f2olAE melfEe MAEETt BX= 94U Musca domestica?t HH
Sarcophaga spp. &7} 2~3714] ¥<Qlx|glon, 8UF HEFEL Al &l
M= Musca domesticaZ} 20.57QA)/1 £ 7} AR =E Pt  EIL Arxe] AloA
t YFE nEIY AAI(RA)E oid 2.5tFE LolA Yol AMEFm 9l
o] HolFolA Fe{LhE #AJ|(Re])olA 6dol 241.570A/1 £, Ze]s 8Hoj
£ 13.570A/1 £, 9ol 177.070A0/1 £ 7} 242} 2| €l QA TH(Table 2).

=20l A= Musca domestica®] At MAXZE FztH whE 54FE 10€71%]
Autz] §3o £ ANUEE 2gon, 9¥F ZUE EAINE BF

1646.57021/1 £ 7k2] A3 E o] EAlelA Rute] WAL HoFolgich. Tz|a A
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o2 ol AT HA| AAE F BA B RelH = EL0ldd &
2HAo|A F2 WAPSHe Phormia regina®t TE 914874 EAAEHE AP ne
2} £F71 oz st gloltk(Table 9).

A XM= 58 F AlRolM Sarcophaga peregrina®} Musca domesticaZ} z}+z}
4.071A1/1 2, 9.070A1/1 £ 7} AR Qo) 64U o] FFE = ARolA e RF
Halg ¥y 4 ¢sicKTable 4, 7). ol 3lA7o] X|FEE= AAlgo]
Larvicided 41olAl ©olAl Ho]7] wjEoll ARl MAlste nle| 432 Ho}
& 4 gl 2y AxeMz S22 A ARMEE 2= YA of
Eol Fzlelg wIRY FeiFvtel, AFSvelse RE JiAZE dd=AC
(Table 4, 7, 10).
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Table 2. Avcrage number of flies collected by sticky  trap(21 X 128em)/24hrs. for adulls and  manure samples per 1 liter for the larvae

cattle raising farm in Kyonggi-do from January to October in 1998.

Collecting method No. Adults Flies / Sticky trap No. Fly Larvae from Breeding sites

Subtotal Subtotal
Months Jan. Feh. Mar. May Jun. Aug. Sep. Oct. Jan. Feb. Mar. May Jun. Aug. Sep. Oct
_Species ~ . e - g oR —m—— .
Calliphora lata o 0o 03 02 0o o 03 10 I8 o 0o o o o o o o O
Muscina stabulans 0 05 13 15 02 15 0 03 5o o o o o o o o o O
Musca domestica 0 0 0 15 17 363 617 93 05 0 0 0 0 F2d5FB5F770 0 (S20,
K 5 w 5 . 5 o A‘NOWV . e . Amvm‘wv
Phaenicia sericata o 0 0 12 05 07 0 08 S o o o o o o o o O
Lucilia illustris o o o5 o o 52 0z 02 S o 0o o o o o o o O
Chrysomyia megacephala 0 0 0 0 0 02 0 o 2 o 0o 0o o o o o o
Morellia simplicissima 0 0 0 02 O 0 0 0 A%.mv. 0 0 0 0 0 0 0 0 Aoﬁmv.
Sarcophaga peregrina o 0o o0 05 02 0 13 o0 2 oo o o o o o o O
Sarcophaga melanura o 0o o 0 02 25 0o o (2 0 0 0 M25M30 0 o0 o PO
Sarcophaga josephi o 0o 0o 0o o0 07 0 o SN o0 0o o o o o o O
Stomoxys calcitrans o o o o o 33 27 177 B o 0 0 0 0 0 0 0
Scatophaga stercoraria o 0o 08 0 o o0 ‘0 o0 S8 o 0o o o o o o o O
) o 1572 . 4375
Total 0 05 29 51 28 504 662 203 o1& 0 0 0 25 2445 135 1770 0 oIS

M" : Manure , F! : Food
() : Percentage
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Table 4. Average number of flies collected by sticky trap(21X12.5cm)/24hrs. for adults and manure samples per 1-liter for the larvae from chicken
raising [arm in Kyonggi-do from January to October in 1998,

Collecting method No. Adults Flies / Sticky trap Subtotal . Zo.. Fly Larvae from Breeding sites Subtotal
Months Jan, Feb., Mar. May Jun. Aug. Sep. Oct. Jan. Feb. Mar. May Jun. Aug. Sep. Oct. .
Species
Calliphora lata 0 03 02 110 o o 03 77 195 o0 o o o o o o O
Muscina stabulans 0 05 13 1250 168 85 o0 133 24 0 0o 0 o0 E2Zo0 0 o o 29
. - 677 ‘ 05
Musca domesticu 0 0 0 155 60 02 58 402 (15.7) 0 0 0 0 0 0 E05 0 0.4)"
.. . . 1384 i b = D180 ~p 85.0
Phaenicia sericata 0 0 02 475 47 05 13 842 (32.1)" 0 0 0 D180 D75 O E370 D45 (73.0)°
Lucilia illustris o 0o o o o 188 0o o M8 O 0 0 0 0 0 0 0 o
Phormia regina 0 0 0o 12 0 o o 32 G4 O 0 0 0 0 0 0 0 o
Chrysomyia megdcephala o 0o 0o o o o8 0o o 8 o0 0 0o o 0o o o O
Sarcophaga peregrina 0o 0o o0 02 08 o o038 o2 20 0 0 0 M40 0 0 0o 0o M
Sarcophaga melanura 0 0 0 0 0 73 0 o0z o0 0 0o o o o o O
Sarcophaga schuetzei 0 0 0 0 0 12 ¢ 0 :W.wmv. 0 0 o0 0 0 0 0 0 vav.
Stomoxys calcitrans 0 0 0 o o o 10 42 22 00 0 0o o 0o o o O
. § 430.9 1165
0 08 17 moa 3 s w2 w2 0 0 0 moows o ws 4 55
M* . Manure , D" : Dead body , E° : Egg
( ) © Percentage

I&OI



(0'00T) :
505 0 &8¢

O30 o
g0 0 SO0

0

0

0

08

0

0

0

90
o
Qo
Aoy g
QO
Q0

39 0 0864 0B 0GI
Q0
QO

[21019ng

0

S9JIs JuIpaalg WoJf seAreT A 'ON

0

PO S 'Bny  unf ARN RN Qdg  ue[

L0000

Tt

80
0F
(20
€0
LT
Gz
.(60)
z1
(6°€2)
Gpg
J(9718)
GGp
(20
€0
(£82)
0P
(08)
s
(72
cg

[BIoIqng

Gt

S0

0

0

190

9Tl 87
¢o0 €0

'deg By un| ARy ey ‘qag Cue[

den £3oNS / sad SINPY -

79

e

[N

709

01
0T
831

061

0

0

ON

0

AFMUOID] ; ( ),

Poo el AUl N
[e10L
SUDIINDD SANOWUO]IS
pb.unupjaw pIoYdoIDS
pulida.1ad pdoydooos
DULTD. DIWLIOY ]
SLOSE ponyg
DIDOLI2S DIDIUDY J
1202y posnpy
DOSAUIOP DOSTIA]
SUDINQD)S DUIDSN AT

Do) DAY

$3103(lg
SYIUOJA
poylaw 3unosfjor)

'866T UT 18q01d() 0] Alenue[ wodj ov.uco\sm:mvm ur waef uisnzg
O[Ned woly sealel |y} 10] J9)y[-T Jod sa[dwes ainuew pue sjnpe Ioj ‘SIPL/(WGTT x Tg)den A3ons Aq psjds[oo sayj Jo Isquinu aBeldAy G 9Iqe],



Table 6. Average number of flies collected by sticky trap(21 X 125cm)/24hrs. for adults and manure samples per 1-liter for the larvae from hog raising
farm in Kangwon-do from January to October in 1998

Collecting method No. Adults Flies / Sticky trap Sublotal No. Fly Larvae from Breeding sites Subtotal
Months Jan. Feb. Mar. May Jun. >=m Sep. Oct. Jan. Feb. Mar. May E: . .>cm. Sep. Oct.

.Species _ i
Calliphora lata 0 0 0 65 02 0 0 42 0. o 0 0 0 0 0 00 o
Muscina stabulans 0 0 07 50 12 05 15 35 5 o 0 0 0 0 o 0 0
Musca domestica 0O 0 0 45 793 955 1078 265 m%%. 0 0 0 M'140.0 M'173.0 M'2035 M'160.0 M*74.5 %%m%v.
Phaenicia sericata 0O 0 0 270 75 0 05 02 mm%. 0o 0 0 0 0 0 0 0 awv,
Lucilia illustris 0O 0 0 140 38 0 0 05 Awm%, 0 0 o0 0 0 0 0 0 awv.
Phormia regina 0O 0 0 20 02 0 0 0 ﬁ%%. o 0 0 0 0 0 0 0 awv,
Sarcophaga peregrina 0 0 0 10 02 02 O 0 & M_V. 0 0 0 0 0 0 0 0 Aomx.
) . . 3940 751.0

Total 0 0 07 600 924 921098 349 (jaio- 0 0 0 00 1730 235 1600 75 {5y

M* : Manure

‘() : Percentage

lel
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Table 8. Average number of flies collected by sticky trap(21 X 12.5cm)/24hrs. for adults and manure samples per 1-liter for the larvae from cattle
raising farm in Chollabuk-do from um:zmwz to OQOUQ in 1998.

Collecting method No. Adults Flies d mﬁ._,olr.«, ch . Subtotal No. Fly Larvae from Breeding sites Subtotal
Months Jan. Feb. Mar. May Jun. Aug. Sep. Oct. Jan. Feb. Mar. May .E:. Aug.  Sep. Oct.
Species .
Calliphora lata 0 0 02 70 0 0o o0 05 i o 0 o o o o o o SO
Muscina stabulans 0 0 15 50 25 0 03 15 9% o 0o o 0o o o o o O
Musca domesticu 0 0 0 23 45 M5 70 6 NS 0 0 0 0 ML5M05MI8 0 (S8
Phaenicia sericata 0 0 03 30 43 02 o0 0 Amq ,wv 0 0 0 0 0 0 0 0 Aom:.
Lucilia illustris 0 0 0 03 0 02z o0 o0 95 o 0 o o o o o o A
Phormia regina 6 0 0 08 03 0O 0 0 Qﬁv. 0 0 0 0 0 0 0 0 Aom:.
Sarcophaga peregrina 0 0 0 05 02 02 0 o0 2 o 0o o o o o o o O
Sarcophaga melanura 0 0 0 05 02 o0 0 02 A%_%v. 0 0 0 0 0 0 0 0 Aomuv.
Aldrichina grahami 0 0 0 0 02 0 0 10 % 0o 0 o 0o 0o o o o 9
Stomoxys calcitrans 00 0o o 0o o o 10 g 0 0 o 0o o o Mo5 0 9
Total 0 0 20 34 52 721 B3 88 Loy 0 0 0o 0 15 25 23 o 3.
M* : Manure : . N - . a |

() : Percentage
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Table 10. Average number of flies collected by sticky trap{21X12.5cm)/24hrs. for adults and manure samples per 1-liter for the larvae from chicken
raising farm in Chollabuk-do from January to October in 1998.

Collecting method No. Adults Flies / Sticky trap Subtotal No. Fly Larvae from Breeding sites Subtotal
Months Jan. Feb. Mar. May ._c:.. >cm. Sep. Oct. ._m:.. m,mv_iZmﬂ May .fS..: >cm. Sep.  Oct.
Species

Calliphora lata 0 05 02 08 08 O 0 O A%wv. O 0 0 0 0 0 0 0 awv.
Muscing stabufans 0 05 02 322 138 10 323 85 30, o 0 0 0 0 0 0 0 0.
(26.6) (0.0)

Musca domestica 0O 0 0 02 113 178 792 255 1340 0 0 0 ©0 0 ES5 D25 0 80,
(40.0) (10.3)

Phaenicia sericata 0 20 05 27 97 48 162 35 %W.mv. 0O 0 0 0 D15 D20 D"385 D"35 %m.w.
Lucilia illustris 0 0 0 02 08 32 05 O Am%v. 0 0 0 0 0 EO05 D35 0 Am.w.
Phormia regina 0 0 0 20 70 03 75 35 Ammw,. 0 0 0 0 D70 D"LO0 D25 0 :_.m%.
Sarcophaga peregring 0O 0 0 0 ©0 08 0 O A%w. 0 0 0 0 0 0 0 0 oo
Sarcophaga melanura O 0 0 05 0 08 02 0 &%. o 0 0 0 0 0 0 0 awv.
Aldrichina grahami 0O 0 0 02 0 0 0 O A%omv. 0 0 ¢ 0 0 0 0 0 awv.
Scatophaga stercoraria 0 0 0.2 0 0 0 0 0.2 A%. .mv. 0 0 0 0 0 0 0 0 Aom:.
. e s 3349 . 780

Total 0 12 L1 388 434 287 139 412 oo 0 0 ©0 0 185 90 470 35 el

D" : Dead body, E°: Egg
*( ) : Percentage

IA@I
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A3 E NSY ASH MY Y NS

A14d A4 A

XA AE olF, R71YE AEAL] 282 dF JA w4 ¥
Aol % HAEY 5o Sl AP wAste 8 F Ao ¥ A
Zke] BARAolel st F 7HA] FHAAM AU A/E o|Fdlolen, @
S5 et Azt sl o] old FER mofe] AMZFI UaiFS F
Z31a 9l

YAl ol AL A& WAL gAY, Jed, ZAF U A
A AN 3A712 TEY 4 gltHMetcalf 1980). & DDT/ILUE A 2lE|o]
o188 AEze oldrnte] AREY FHE T A Ath"(1946~1962),
1962'd Carson oJA}7} “Silent Spring”ollA ‘sote] $Jy/dell cis] Fagtk o
A A E “3e)e] Alt}”(1962~1976) X Timesx]7} “The bug is comming”o]
gtz she 53 7IAlE ohEste, AFAle] FEES AUy ZoldA AR
5 WA Mg HItaxste “FEAYALY A7]7(1976d oll) 7t 2o
th AEAe Friet ofde shUE AAEI ol AYAGL wUHe] F
& 9 Jo FitE = ZF FHEE oplAzitie YunlelA Fofe] Z Atz
olojxl WRFATS ot AZAHH, &Y Fofol tit ity Aoz
olsto] FUAYA Wiy 7|tz A Aok ey FHF YA s,
2 2 FAHY JEE st s A2 A AFAl 23t sHepE YA elrt
F7reke A3 diEe 2UoR Uste FHolx 57F olite] AFAI AHgd
T QA =, AHEY F sl AEAY FFIE HoAa glen], I WA

of tigt A7 wfel M2 AFAY MUEEE FA RoAAL e HF
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A, AYE EAEe Ax 248 Caizia ot =R Hd fEY BEF, &
213 wWalegho] #ylHcl stdats, 2o EF9 K33 Woldl g3 Ny
+ A& FUo] HW, dFzet npRsIR2 A¥ge] B o] oifHhrt. ure}
A s Al BRASt, ALY AL TSt AT YA d¥E ¢
31x] ¢fom QAT

A AR AR F3 o A A4 AHE AL wdolela st
o, o] N3ge AP L ALY Fe WAL ste AAAHA "ol &
gk ozl AMEE AMEAQ sdolgtn e AAME titls] Fasich AE
ZeR3E td REY F5, § $UFUY o1F5TATNel wel riE2ch FY
% FolA ATDo AFA A48 A7t A& vl MY (resistance), o]|F
el 27 olg wiE FubgAd(refractoriness), Ei JAe] AEA
(selective toxicity)o]lgl= HUEL AMERITh A3A AP FAEAE,

19583 M AR AZ]L7} #| &3 "the developed ability in a strain of insects

A

to tolerate doses of toxicants which would prove lethal to the majority of
individuals in a normal population of the same species” (Glass 1976) 2=
do] gutalog AEET vt EY {FAHH FHola B AFPgolvt A
< AkEA fAEE 5402, B fAxGA Ed¥ld MN¥AY RKA=t
Zpgof osiy AR ow oAl Zgado]l ytobdl AElE ou]sh=d] o]R i
SN BRzZAO] F2o W Aol FFIA EHo| FAZ IA HATEA, A
A AEF xE J|FAEY Ao AT 23 dAAQA S ELY F
E7) dojutes §o &2 - 3y AEgAd o oA Hgdol 2~ E
A 3lgt el U143 (tolerance)oletal 3t A &gz} PE3taL gt

Abxa Agdel 2z gl 19089 njFold  AZAZREY
(Quadraspidiotus perniciosus)®] AMFF38Ale] ozt Zede A=

(Melander 1914), 1 o]¥ 384zt 11%2] 3)&oA A3l Ala7l RaxE Aot
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(Brown 1971). 19459 #2¢] 7|34 4%A] DDT7 == glevt Awtele] pOT
of thgt A3}go] ojn] 19453 AgHolAM, 1946el= olele]elld HiiElgic)
(Brown 1971). 1946~1954dolls mid 1~2%e] Aadsido] RaEglon},
1954~1960dol= mid 17Fo|4e] sfiFo] Rirge] 1950d0] QlolMe] =3y
3139 £ 137F0] &stgch 19750 sd3Fol AAAE 225%, ¢ldsE
of oM 139F, A 364F2 sFold A¥gol R 21 (Georghious}
Taylor 1977), 1984U71x] 447% (533 264%, HAslE 171E, 7|E} 12%)
o] A sj%o] BaF o] 9lon(Georghiou 1986), Hut Aztz|e] Aol
gt AgE Jabke AP Uiy Y Ty AU AEHF A
& YR gitH(Keiding 1977). .

2 d7E FAiEY 28 YAE AT NIXAAEE ZABP] $15t AA
Hodch Fab e] @i Fol iyt ZAHA AFAE AWyl s vlgao]
=, §71¢#, FHulo]ER|, Juvenil hormone 8= U neonicotinoid#] At
3AE FAIst] me] el oy 4FEAE ARPstA AFH(7]BF) i
AEZAAE AUsl7] st FYRALA JpdE 2 713Gl oyt 437
AEA 2R W ARY AFAE Austdch E2y AUE gAHE Fabsrlo)
H&A717] $15ted A A A Fo F4 Uil AR AEE F3

of =Atell WG FAHE AP stgdct
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A24d AE 9Py

1. A%

A5 A3A g 93t AARAIF (WH)ZE FHstR e AFA)
243 SES AT Z7IE EAAHY EAL ZYE AFAQY EA W B
AFz el EAlold AT Fule] §35& AudA Polel AEE AMS3A
th #4¥ 4EAEE @7 A3l /5 U= #2871 (20 x 20 x 20 co) B

2000 nje| 2 fx|stgen, 432 AYES T3t AHSsiarh

2. FA A

21831F YAl de| ol &= UAU, HI MZo] AU HIAE Y
slgdtHTable 11). ZA|LA 2= §7190A] 9% (chlorpyrifos, diazinon,
methomyl, profenofos, pyraclofos, fenthion, prothiofos, fenitrothion,
DDVP), 3| ABole=A] 5F(bifenthrin, deltamethrin, esfenvalerate,
ethofenprox, pyrethrin), ZFlPHo]EA 1% (fenoxycarb), neonicotinoid
(imidaploprid, acetamiprid), 3¥]e}&=A|(fipronil), & A|(chlorfenapyr), ¥}
JEA (spinosad) T ¥ 205 %A HAE ol&3iden, ol 4A ¢

= >95% o]t}

3. AUBEAS

23 4608 Uvkel YR 45 TAIAZ nND F FAAAE kAl
Eof ¢l A oare] opME £ 0.8 wd L) FHuTol nBFAZ
HASIUA §710] ol AUl (5%, Mrh&E 50-60%, B 16 : 8)o] ¥
stedth Azl 24417 Fol AHE &S ZAROM WA ALFL (LDe) L Finney

(1971)¢] Probit analysisel] w2} At&s1aict,
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Table 11. Insecticides used

Common name Chemical name

Organophosphate
Chlorpyrifos 0,0-diethyl O-35,6-trichloro-2-pyridyl phosphorothioate
DDVP 2,2-dichlorovinyl dimethyl phosphate
.. 0O, O-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl
Diazinon )
phosphorothioate
Fenitrothion O, 0-dimethyl O-4~nitro-m-tolyl phosphorothioate
Fenthion O,0-dimethyl O-4-methylthio-m-tolyl phosphorothioate
Methomyl S-methyl N-(methylcarbamoyloxy)thicacetimidate
Profenofos O-4-bromo-2-chlorophenyl O-ethyl S-propyl phosphorothioate
Prothiofos 0-24-dichlorophenyl O-ethyl S-propyl phosphorodithioate
Pyraclofos (RS)-[O—1—F4—chlorophenyl)pyrazol—4—yl (O-ethyl S-propyl
phosphorothioate]
Pyrethroid
Bifenthrin .2—methylbiphenyl—3-yhn§thy1 (2)-(1RS,3RS)-3-(2-chloro-3,3 3-=tr
ifluoreprop-1-enyl)-2,2-dimethylcyclopropanecarboxylate
) (S)- @ ~cyano-3-phenoxybenzyl(1R,3It)~-3-(2,2-dibromovinyl)-2,2-
Pl =dimethysl,cyclopr§pane::{a?,rbonxzy};ate g
(S)- @ —cyano-3-phenoxybenzyl(S)-2-(4-chlorophenyl)-3-methylb
Esfenvalerate
utyrate
Ethofenprox 2-(4-ethoxyphenyl)-2-methylpropyl 3-phenoxybenzyl ether
(2)-(S)-2-methyl-4-oxo-3-(penta-2,4-dienyl)cyclopent-2-enyl(1
Pyrethrin R)-=trans-2,2-dimethyl-3-(2-methylprop-1-enyl)cyclopropanecar
boxylate
Carbamate
Furathiocarb b}ltyl 2,3—dihydro-2.,2-.dimethylbenzofuran—7—yl N,N’-
dimethyl-N,N’~=thiodicarbamate
Neonicotinoid
Imidacloprid 1-(6-chloro-3-pyndylmethy!)-N-nitroimidazolidin-2-ylideneamine
Acetamiprid
Pyrazole
Fipronil (% )-5-amino-1-(2,6-dichloro- @, & a _—triﬂuoro-p-tolyl)—4—tn'ﬂu0r
omethyl-=sulfinvlpyrazole-3-carbonitrile
Pyrrole
4-bromo-2-(4-chlorophenyl)-1-ethoxymethyl-5-triflucromethylpy
Chlorfenapyr ~ .
rrole-3-=carbonitrile
Antibiotics
Spinosad
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Ao 24X 7 Fo AIFL&E XABIF e =¥ du)(resistance ratio, RR)=
RR = (okJ2]8 A Bl utfx|x|e}at/SRS AT wrex|Aefak)o] ulz}l Atxs}
gich 10 olste] &3k, 10~40, 40~160, 12|l 160 °]4d2| A3 s
2zt ¥ BE o] e of$ B2 AP o= StecHFukami et al.

1983).

4. SFSIAY.
24 % ASH AFAE 8T TUA ol YA uTUAE Hlsto]

GZ23 N2 B7hE 10089 12858 19999 48747 ZAbslel ARstec,
AR YALAE BAsh] A BB FEI HAT B2E Byl
93, 43Y 3457 79 2 ko ool OHE H3EE G FAE 49
shetl Relstdh Boh ol Fabssbe OlEIE NEW AUZ B ExE
AYstgen] I olft FUE ZARATA Ushd uls gol Eale Edo]
2 wbggeln, ol7leld WARE TeE EXFHIN A¥sh Aasin o
£ Age] Exbe} ulaRe © LE WA BEE Moyl mBolch Tau 4}
£ 980l A wado] ohiT NAHA WAL Rol & & A4z R,
ot g Almel Bel Sol wel wele FuAdel Aolvt dglon, £ &
Wold WESHE The] B ¥Rl I AxelM WAHE ROE M7 o
2. e Rl HolE o} fUY Aoz Azsle] Fux Eskgch A
larvicide® AxLZOl 4ol Hol7] WEel ARNE Tel7t A8 wAHA o
o4 FE& AAIAT otz WAY FEPOEE ZAchol A Ack

oz 2 54F fokel 8l 100%

st HelZ BT 24, 1005

B2H A2 B4 9Ne, 105

Z33 He|F : T Hede] 94-5, 100F
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AW 2 AelF Slol iy sele] 9 YAFolE ulasty) #lst
of 7t Falol 718l A=W At} AYSHAL, 19999 68T 10874
miE 23l 2 WHes zashlth of A7lE ExolNg £ BelFol
wol WAISHE A7lolm 69 oldel: 7o) Wol EAlIN Wshe Fo 1}
D50 2 BES ok F2 Sl W olSHol: Exleld AF wAT 2
2% 87 ojde ARl 4% opdFel FT AYUh 2mE i
A71& 69%E AlFstaic

UE2Z3 74 A2 53 FEA vLsitt AT Nde] B e} we
SAYEE G Aolrt g + Atk olF M BANZT] 95} 69 A ¢
& A ZAZ oFo] AT BAFY okslAl WYL 74 R F¥H A
th. clz2ol wel MelZe) wel W BAR(% Reduction)E THEI ol 4

&3l

A8 = [(AXB'/A’-B)/AXB’/A’] X 100
A A F oi2ZdA AR el HHE AN 5
B: A2 ¥ AeFolA MY wele] FF AN 4
AT Ae] A dizZeA AW zely HF A 5
B' : Ae] A AMe|ZellA MY zie|d] FF A

5. o] ujxE 9

Ag o gk BEAYAL AFA Fago] ALY & HFFUY
A Fe 49esA A FRE L g, Y AHA S|4y
Muscidifurax raptoroll ThEF 18% AFAS F4E Zakstel, U ofelel glof
A g THsde BT HePEe 7 oAl WREEER HAY T

FAFAY LR BEHFH AT

ftjo
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A3d A} L 3H

1. 34 248

FA A 2052 Zed Putelol oy MF3EJE ZARY ARE E 129]
Uehlelch. Fipronil®] LDsy gkol 0.009 wg/fly 24 743 Al%edo] &oton,
deltamethrin, DDVP, pyrethrin, chlorfenapyr, spinosad % 5%FA|7} LDsy Zlto]
.05 wg/fly ZEA vlz3y & AFEAE  vEelfdch  Chlorpyrifos,
esfenvalerate, profenofos, fenthion $2| 4F&A|& LDs Fto] 0.1-0.05 ug/fly
olglo1}, bifenthrin, ethofenprox, diazinon, furathiocarb, methomyl,
pyraclofos, prothiofos, fenitrothion %¢] ¢}al&= LDsp Zko] 1.0-0.1 ug/fly
24 vja3 Aol Yottt HZol AHE  neonicotinoid AlEL
imidacloprid2} acetamipridi: >20 ug/flyEA 23] W2 AZHIE B At

2 AlgollA] dolA deltamethrin, DDVP, pyrethrin, chlorfenapyr 52 =
58 AFAEZA 155 YASIeY oM AHg Jhsstelela BAE o,
53] chlorfenapyr= # ol 7|UR A2 o]§ 7Fssdo] Acta & 4 gl

=2

2. A3A APE ZUEHY

Z71% eiEAgo EAlolA] AP Fzteie] A AlFol iyt Mg U
g ZxE 2AME A3}, diazinondt fenitrothion®] 7§ A& gule] ZFro] 2tz
172} 11.4 224 8]23 =& A3dulE el e, prothiofos, pyrethrin,
fipronil& A¥Au|7} Zre] 5-10 o]gitKTable 13). Chlorpyrifos,
ethofenprox, deltamethrin, methomyl, profenofos, pyraclofos, fenthion,
DDVP, chlorfenapyr, spinosad 52} Al 1-3 I =2 APu|E Ko ol

g wbeto] Q1A R] ¢okgtrl. Bifenthrin?} esfenvalerate:= A 3}Adn|7} z}
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7} 0.83} 0.622 4 JAAAAA Y-S vehigich

ZRE ARG ExtolA A Fuiely ey AFol oy AHg ¢
o A=E XAIRF AN (Table 14), diazinon®] Z-$ A3dule] Zto] 11.5 &
A B2y & APPu]E Yehlelen, prothiofos, pyrethring #%du]7}
Ztel 6.5 o]gitH(Tablel). Chlorpyrifos, fenitrothion, deltamethrin,
methomyl, profenofos, pyraclofos, bifenthrin, esfenvalerate, fenthion,.
DDVP, fipronil, chlorfenapyr 5¢] A& 1-43 =] A3H|E Ko ofx
38 o] ABEA gkt Ethofenprox®} spinosad A 3/gu]7} 2bz}
0.52} 0.98A HJURAAFYE et

Az EAlolA 2T Fute] 2 ATl g A3PE wd 3=
& XZAI3t ZAzH(Table 15), diazinon, pyrethrinz} fipronild] 79 A 3}tdu|7}
5-102] k& uehid oy, Unz] GAES 1-4F 5] A3YPPu|E B o2

= 8pd o] AREHA] ¢dghel

olde] AxE By zZ Y E=xte] 79 diazinon, fenitrothion®] A}-g-2
T2l g a3, ZIel oA 79 AT Ao U WHEAA] ke
Ll okg)x|9 e zmie]g HelF o= WAE] e dolA AU AFY A
FA2] 2% Abgo] vigAsician & 4 glch

3. AF] nA= IF

20% FA| A7} Muscidifurax raptor?] 5ol njx|= o3k ZARRF Az}

e
=
o
JO
Y
rr
o

pyrroleZl A&uiAIQl chlorfenapyr (Al5&, 52%)& A9

712480l tisted H-go] w3t
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Table 12. Toxicity of insecticides to the susceptible strain of Musca

domestica
Chemical Slope (+SE) LDso (ue/fly) x°
Organophosphate
Chlorpyrifos 1.77+0.38 0.072 2.680
DDVP 1.35%0.27 0.024 0.236
Diazinon 1.8420.60 0.631 1.043
Fenitrothion 1.60£0.56 0.130 1.264
Fenthion 2.16+0.41 0.074 0.424
Methomyl 1.74%£0.30 0.142 0.534
Profenofos 191042 0.099 0.446
Prothiofos 0.81+0.36 0.117 0.969
Pyraclofos 1.58+0.30 0.117 0.751
Pyrethroid
Bifenthrin 1.26+£0.29 0.185 0.485
Deltamethrin 1.01£0.27 0.027 1.376
Esfenvalerate 1.12+£0.23 0.084 2.504
Ethofenprox 0.97+0.28 0.476 0.934
Pyrethrin 1.68+0.32 0.023 0.288
Carbamate
Furathiocarb 1.50x0.28 0.182 0.227
Neonicotinoid
Imidacloprid >20
Acetamiprid >20
Pyrazole
Fipronil 1.65%0.28 0.009 0.734
Pyrrole
Chlorfenapyr 2.23+0.32 0.013 3.331
Antibiotics
Spinosad 1.67%0.38 0.047 2919
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Table 13. Toxicity of insecticides to Musca domestica adults collected from

Taean, Kyunggi Province

Chemical Slope (+SE)  LDso (ug/fly) X" RR
Organophosphate
Chlorpyrifos 3.17+£0.48 0.267 0.643 3.7
DDVP 5.491+0.98 0.042 3.074 1.8
Diazinon 2321067 10.698 3.855 170
Fenitrothion 3.80%£0.70 1.479 0.760 114
Fenthion 5.3710.95 0.212 4.300 29
Methomyl 5.29%£0.90 0.366 0.188 2.6
Profenofos 3.22%0.64 0.164 0.313 1.7
Prothiofos 467%0.89 0.912 1.341 7.8
Pyraclofos 3.99+0.73 0.245 0.360 2.1
Pyrethroid
Bifenthrin 1.68+0.37 0.144 0.193 0.8
Deltamethrin 243+0.34 0.049 4816 18
Esfenvalerate 1.56+0.28 0.050 0.944 0.6
Ethofenprox . 248%0.36 1.498 0.908 3.2
Pyrethrin 2.18%£0.28 0.146 3.365 6.4
Carbamate

Furathiocarb - - -

Neonicotinoid

Imidacloprid >20 =

Acetamiprid >20 -
Pyrazole

Fipronil 1.64£0.25 0.043 3.137 50
Pyrrole

Chlorfenapyr 3.21%£1.37 0.046 4.563 3.7
Antibiotics

Spinosad 3.441+0.68 0.063 0.346 14
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Table 14. Toxicity of insecticides to Musca domestica adults collected from

Wonju, Kwangwon Province

Chemical Slope (+SE)  LDso (ug/fly) x° RR
Organophosphate
Chlorpyrifos 1.941+0.30 0.247 0.762 34
DDVP 3.691+0.54 0.039 2.389 16
Diazinon 1.831+041 7.250 0.347 115
Fenitrothion 2.25+0.41 0.632 1.682 47
Fenthion 3.69+0.59 0.279 0.544 38
Methomyl 4.09£0.60 0.224 2.508 16
Profenofos 3.09+0.48 0.181 0.367 18
Prothiofos 3.35+£050 0.755 2.519 6.5
Pyraclofos 2651043 0.221 0.948 19
Pyrethroid
Bifenthrin 1.94£0.30 0.247 0.762 1.3
Deltamethrin 1.90*0.39 0.058 1.454 21
Esfenvalerate 2.31+041 0.099 0.113 12
Ethofenprox 2481042 0.228 0.587 05
Pyrethrin 2.02+0.32 0.150 1.040 6.5
Carbamate
Furathiocarb - - - -
Neonicotinoid
Imidacloprid >20 =
Acetamiprid >20 -
'Pyrazole
Fipronil 2.05+0.39 0.041 1.792 46
Pyrrole
Chlorfenapyr 3.23+0.49 0.035 0.139 2.7
Antibiotics
Spinosad 2.07+0.31 0.043 0.249 09

resistance ratio
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Table 15. Toxicity of insecticides to Musca domestica adults collected from

Jinju, Kyungnam Province

Chemical Slope (+SE) LDso (ug/fly) x° RR
Organophosphate
Chlorpyrifos 2.20%0.40 0.214 0,619 3.0
DDVP 2.10£0.54 0.077 0.670 . 3.2
Diazinon 2.28+0.59 6.081 0.105 9.6
Fenitrothion 2.04%£0.40 0.559 1.3%4 4.3
Fenthion 3.08+0.64 0.189 0.244 2.6
Methomyl 2.280%0.32 0.326 0.722 2.3
Profenofos 2.82*0.62 0.178 2.061 1.8
Prothiofos 2.96+£0.64 0.402 0.170 34
Pyraclofos 2.25%£0.40 0.209 8.813 18
Pyrethroid
Bifenthrin 1.80£0.38 0.228 0.257 1.2
Deltamethrin 1.90+0.39 0.058 1454 2.1
Esfenvalerate 2.24+0.59 0.146 1.161 1.7
Ethofenprox 2.63%£0.43 1.775 0.237 3.7
Pyrethrin 2.61£0.43 0.201 0.213 8.7
Carbamate '
Furathiocarb - = - -
Neonicotinoid
Imidacloprid >20 =
Acetamiprid >20 =
Pyrazole
Fipronil 2.62+0.60 0.046 0.345 5.1
Pyrrole
Chlorfenapyr 2.72%+0.44 0.036 0.432 2.8
Antibiotics
Spinosad 2.61+£0.60 0.047 8.399 1.0

resistance ratio
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4. of8] WA dzFo] ¥ ulz F7}

199849 1292 E 19999 49712 313 WA AR He HAstT, 19999 6
HFE 10970 d2F3} K5 4FA| deltamethrin 0.05% He|x]%, Y}z
of 4% 7138 & Uehl& Muscidifurax raptorg WA A9, 919 £
g HY N N, 4x|do] tie Tie] WEF ZAste WAL B4s)
et cizFY mte] Y& BE uie] WEEE o 55302 ERIEAR AN
% A4 4589.270A] & Musca domestica’} 4563.37|MZ 99.4%8 =3} 7}
Z $AFolden, o= 69N E UANI] At 7Ho| peakE ©]FI 8
ol o7t A4ttt 94do] ¥F M & WAL UElWitHTable 16).
Lucilia & Phaenicia sp.= 0.4%, Sarcophaga sp.= 0.1% Phormia regina%}
Stomoxys calcitrans= R 0.02%8] W BXE ygc).

oje} wja3] HFA AFA AHe|F Musca domestica B F AT
2043.67|MZ thz2Zol w3 BF 52.8% ZAEQul 7Ho] 70.4%, 8Yoj=
67.0%, 22|31 9¥eoji= 47.7%, 10¥oll= 26.1% ZAAH Z1 o7 ZA}IF|2ITtHTable
17). ole} Zo] ¥ mi2] WA Lo Xol& R AL AFA ] oy nele F
8A ol Wt AFAE 7|3817] ol veld 4+ lon, EI A
ofgjoll A AFA L] FFIHIo] Ui FAHAE A& 5 AUth

7178 A 2|8 Musca domestica B & WA+ 3172.7/4A 2 iz
ujs) B 37.2%2] U Z4AE Uellon, ¥ 4SS 7Y 18.1%, 8Yo
L 55.9%, 9%01]% 26.4%, 3|3 10¥ols 48.2%2) WE TAE el
(Table 18). BEF A JA] €T ug] YAgol tha xo|& B RS &
7ol iyt 718y H-gzt Fulet B BRolN AEY 122 A
HAEE opfollA e Ho] 2 Fo] s ojol Ao WAL

23 AR AFA NEE Lol Ay FUHY ANAZL Musca
domestica?] B % o] 1263 47\AE =Tl ul3] BF 84.1%2] L 7

l:l
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2§ Ueidlla, od 724AS2 7d5E 10971x] Z}Z) 83.6%, 83.0% 88.0%,
81.9%2 W] rFHolm 43 Al AAE YElwirHTable 19). o]t 2
= 7|8l QAT AFAL] Ay el AFAY] o] mRA] R R
A 71848 mtelgAe] iyt g3 Fol AZRGFoE ALHIUS Ao A
Ztgich.

o]zt o] FAgolA Ut mtele] F3F YAof AV ofg] Az}
21M7] -2l uvtete] mhe] gAaty sidel f-8E 4 ol 2L Jdi"c.

fnu

5 =i

Fujel A stelof] tigt A7 FE ERYY dnte] AWEHAE ¥ el
el dFAzht dAd 2o oyt 7= ujEst] AAl srlelA zele o
g AL He|gt olad o] ARdeldden, Awie] Fleldich. Iy
gy YA EH0] ohd FHFHA FReE S FART WA i 8l
Foll tigt 712 ZA} o] FoAok stm, Argojof rl & dAFeME
Zt A9E Ay FibsvlolA mEle] AR YL W Fo UL F A9
BEley A7t EMEoEA i sFdels BEUHAHY 3Bl
¥t £2 A3E 7S § A& ZLE JdHEy, ol& niBeR 2] AR
g 4 A Y Modelingld 4+ & ZoR Jvjdr}. de® A7t
BEEojof ¥ FE UAHLS AW 45 AMUET B2 B¢ drh
tEHog atel Azt 1 olojn o2yt F-¢ ThE oA LS HolE
ol HAPO 2 KW Zo2 Aty Hrh o] wl fAR 2| UAx| 2t H
T olsAze, LA FHY o7 2o o3 MAU=E Helste w2l £
33 24 &, B33 YAUE MRS o v 1= gL
go] AT A7t o ey Ao FzHch '

2 dforet Zo] AFA A BUHZ d7Y FL FFH2 (ARESYH

AExE, 29

fd
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ofE FEU MRS dokd 4+ eTtE Fs= AL, ofolA AP 3A
Avte] 7ML EY AU AFelx AFA Za4del xgE Holst Exlsta 9l
deom ol Az Tl 33 Ev A A A ABE wFhFol
A gzt d™e) olvhks 2 ushia ol Ty ofdelA F"
Aulels RAM sht = O o] AsA tiste] 4delditt. g
Aute] ZiAZe] oizt AT AL FoZe o] REFUNY UAE o

Zold 4 al& Zelch
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Table 16. Average number of flies collected by Sticky trap(21%12.5cm)/24hrs. for adults from

non-treated control of hog raising farm in period of Jun-October in 1999.

Species Musca Lucilia & Phormia Stomoxys Sarcophaga o
MONTH domestica  Phaenicia sp. regina calcitrans sp.
Weeks
NON-TREATED CONTROL
Jun 1st 715 22 0.0 0.0 08 745
2nd 99.3 1.7 0.0 0.0 09 101.9
3rd 206.3 0.7 0.0 0.0 1.0 208.0
4th 163.3 1.0 0.0 0.0 1.3 165.6
Subtotal 540.4 56 0.0 0.0 4.0 550.0
Jul. 1st 1576 0.3 0.0 0.0 0.6 158.5
2nd 171.4 0.7 0.0 0.0 0.3 1724
3rd 3716 1.7 0.0 0.0 04 3737
4th 4256 3.0 06 0.0 0.6 4298
Subtotal 11262 57 06 00 19 11344
Aug. 1st 350.4 33 0.0 0.1 0.0 355.8
2nd 180.3 0.7 0.0 0.0 0.1 181.1
3rd 233.0 0.3 0.0 0.0 0.1 2334
4th 265.7 0.7 0.1 0.0 0.1 266.6
Subtotal 1029.4 5.0 0.1 0.1 0.3 1034.9
Sep. 1st 247.2 0.0 0.0 0.0 0.0 2472
2nd 3153 0.5 0.2 0.0 0.0 316.0
3rd 361.0 03 0.0 0.0 0.0 361.3
4th 372.2 04 0.0 02 0.5 3733
Subtotal 12957 12 02 02 05 1297.8
Oct. 1st 256.5 0.0 0.0 0.0 OA(j é56.5
2nd 148.9 0.0 0.0 0.0 0.0 148.9
3rd 166.3 0.3 0.0 06 0.4 167.6
Subtotal 571.7 03 0.0 0.6 0.4 5;/3.0
el o 4563.? 17.8. 09 . 0.9 - 6.2. 4589.2‘
(99.4) (0.4) (0.02) (0.02) .1y (100.0)

() Represents percent(%)
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Table 17. Average number of flies collected by Sticky trap(21x125cm)/24hrs. for adults from
chemical-treated of hog raising farm in period of Jun-October in 1999.

Species
Musca Lucilia & Phormia Stomoxys  Sarcophaga
MONTH domestica  Phaenicia sp. regina calcitrans sp. e
Weeks
Jun 1st 67.3 1.3 0.0 0.0 08 69.4
2nd 83.9 1.3 0.0 0.0 0.6 858
3rd 165.2 1.0 0.0 0.0 04 166.6
_4h 1649 19 0.1 0.0 13 168.9
Sublotal 481.3 55 0.1 0.0 3.1 490.7
POST-TREATMENT
Jul. 1st 154.3 27 0.6 0.0 0.0 157.6
2nd 69.4 23 0.0 0.0 0.0 718
3rd 46.3 04 0.0 0.0 0.1 46.8
ah 217 1.3 0.0 0.0 0.0 23.1
Subtotal 291.7 6.7 0.6 0.0 0.1 299.3
% . 70.9% = - 0.0% 93.2% 70.4%
Reduct
Aug. 1st 88.0 1.9 0.0 0.0 0.0 899
2nd 73.0 49 0.0 0.0 0.3 78.2
3rd 58.8 08 0.0 0.3 0.0 59.9
4th 739 09 0.0 0.3 04 755
Subtotal 293.7 8.5 00 0.6 0.7 3035
%o Re_duct’ 67.9% = = - = 67.0%
Sep. 1st 64.1 0.1 0.0 0.1 0.0 64.3
2nd 2143 04 0.0 0.0 0.0 2147
3rd 130.7 0.3 0.0 0.0 06 131.6
4th 1924 04 0.1 0.0 0.1 193.0
Subtotal 601.5 1.2 0.1 0.1 0.7 603.6
% Reduct  47.8% - B 50.0% = 47.7%
Qct. 1st 221.6 04 0.0 0.0 0.3 2223
2nd 98.2 04 0.0 0.0 0.0 98.6
3rd 55.6 04 0.0 0.0 0.1 56.1
Subtotal 3754 12 0.0 0.0 0.4 377.0
% Reduct  26.2% - = 100.0% - 26.1%
Grand total 2043.6 211 0.8 0.7 50 20721

" % Reduction = [(AXB/A'-B)/AXB'/AT X 100

Whereas, A = Average No. of flies collecled in control of Post-Treatment
B = Average No. of flies collected in treatment of Post-Treatment
A'= Average No. of flies collected in conlrol of Pre-Treatment
B’= Average No. of flies collected in treatment of Pre-Treatment

" Represents values of % reduction statistically not available
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Table 18 Average number of flies collected by Sticky trap(21Xx12.5cm)/24hrs. for adults from
parasite-released of hog raising farm in period of Jun-October in 1999.

Species
Musca Muscina Lucilia & Stomoxys Sarcophaga
MONTH domestica  slabulance Phaenicia sp. calcitrans sp. ekl
Weeks
Jun 1st 60.2 1.3 0.7 0.0 0.7 62.9
2nd 80.3 1.6 1.0 0.0 0.7 83.6
3rd 163.8 0.0 1.3 0.0 0.6 165.7
4th 2415 0.0 15 0.0 1.0 2440
Subtotal 545.8 29 45 0.0 3.0 556.2
POST-TREATMENT '
Jul. 1st 156.9 0.0 13 0.0 0.7 1989
2nd 168.1 0.0 1.0 0.0 0.3 169.4
3rd 331.7 0.0 0.0 0.0 0.0 331.7
4th 2686 0.0 03 0.0 0.1 269.0
Subtotal 925.3 0.0 26 0.0 1.1 929.0
% Reduct’  17.8% = 432%  00% 22.8% 18.1%
Aug. st 89.1 0.0 0.0 0.0 0.1 892
2nd 754 0.0 0.0 0.1 0.0 755
3rd 1120 0.0 0.0 0.3 09 1132
4th 177.7 00 0.0 00 04 178.1
Subtota! 4542 0.0 0.0 0.4 14 456.0
% Reduct 55.9% =" _ 100.0% _ =" =" 55.9%
Sep. 1st 165.6 0.0 04 00 0.3 166.3
2nd 262.0 0.0 0.7 0.3 05 263.5
3rd 304.2 0.0 0.3 0.0 0.5 305.0
#h 202 00 02 05 00 2209
Subtotal 952.0 0.0 16 08 1.3 955.7
% Reduct’  26.5% =" = - =" 26.4%
Oct. 1st 178.4 0.0 0.0 0.8 0.0 179.2
2nd 98.7 0.0 0.1 0.4 0.1 99.3
3rd 18.3 0.0 0.0 00 0.0 18.3
Subtotal 2954 0.0 0.1 1.2 0.1 296.8
% Reduct’ 48.3% = 58.3% =i 66.7% 48.2%
Grand lotal 3172.7 29 88 24 6.9 31937

" % Reduclion = [(AXB/A-B/AXB/AT X 100
Whereas, A = Average No. of flies collected in control of Post-Treatment
B = Average No. of flies collected in treatment of Post-Treatment
A'= Average No. of flies collected in control of Pre-Treatment
B'= Average No. of flies collected in treatment of Pre-Treatment
" Represents values of % reduction statistically not available
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Table 19. Average number of flies collected by Sticky trap(21X12.5cm)/24hrs. for adults from
integrated-control of hog raising farm in period of Jun-October in 1999.

Species
Musca Muscina Lucilia & Stomoxys Sarcophaga
MONTH domestica  stabulance Phaenicia sp. calcitrans sp. Tkl
Weeks
Jun 1st 82.8 3.0 12 0.0 0.3 87.3
2nd 106.1 0.7 1.0 0.0 06 108.4
3rd 208.0 0.0 0.6 0.0 0.3 208.9
4th 195.6 0.0 07 0.0 0.1 _ 196.4
Subtotal 592.5 37 3.5 0.0 1.3 598.3
POST-TREATMENT
Jut. Ist 55.9 0.0 08 0.0 0.4 o7
2nd 54.3 0.0 17 0.0 0.3 56.3
3rd 46.1 0.0 1.6 0.0 0.7 484
4th 424 0.0 0.6 0.1 0.0 43.1
Subtotal 198.7 0.0 47 0.1 1.4 2049
% Reduct” 84.0% = =" = = 83.6%
Aug. st 38.6 00 0.4 0.3 06 09
2nd 53.1 0.0 0.1 0.1 0.4 537
3rd 24.3 0.0 0.1 04 0.3 25.1
4th 73.6 0.0 0.7 0.1 0.6 750
Subtotal 189.6 0.0 1.3 0.9 19 193.7
% Reduct  83.3% = 58.4% = = 83.0%
Sep. ist 12.7 0.0 0.2 0.2 0.4 135
2nd 40.6 0.0 0.0 0.0 0.3 409
3rd 69.1 0.0 0.3 0.3 04 70.1
4th 46.3 0.3 0.0 0.1 0.1 468
Subtotal 168.7 0.3 0.5 06 1.2 171.3
% Reduct  88.2% = 33.3% = = 88.0%
Oct. 1st 433 0.0 0.0 0.0 0.0 433
2nd 37.2 0.0 0.1 0.0 0.0 373
3rd 334 0.0 0.0 0.3 0.0 33.7
Subtotal 113.9 0.0 0.1 03 0.0 114.3
% Reduct  81.9% =" 46.7% 50.0% 100.0% 81.9%
Grand total 1263.4 43 123 19 85 1282.5

" % Reduction = [(AXB/A-BYAXB/AT x 100
Whereas, A = Average No. of flies collected in control of Post-Treatment
B = Average No. of flies collecled in treatment of Post-Treatment
A'= Average No. of flies collected in control of Pre-Treaiment
B'= Average No. of flies collected in treaiment of Pre-Trealment
" Represents values of % reduction stalistically not available
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Fig. 1. Map showing the approximate localities where hymenopterous parasitoids were colltected.
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1. &340 ve|dy 71849 F7/

ZANT T FU 167] Qe & W HA|Q HolE FolA we] HYsE
2jste] 718HE& ZAPSIACE Table 20004 Hi= uiel o] RAME mpe|dHd|
71 32 F2 ArelE FAULE A=A sFEE BY, Fvle|(Musca
domestica) 27,2527\A), oW7|Ru}e|(Fania canicularis) 417, Ax}g]
(Stomaxys calcitrans), 8|3 4|¥}2|F(Sarcophaga sp.) 867|M& & 27,675
ZiAS] me] Hor|E Ay ZA5H4CE ol& WHulZ]olA] f3sle] ¥uH F2
ZFZY Y} (Pteromalidae)?] Spalangia endius Walker, S. nigra Latreille, S,
nigroaenea Curtis, S. sp., Muscidifurax raptor Girault & Sanders,
Pachycrepoideus vindemiae (Rondani), Nasonia vitripennis (Walker), 42t}
2| &Y Calcididae)®] Dirhinus herperidum (Rossius), Diapriidae?]

Trichopira sp. &} B]|&FH 45& X3l BF 13F0] A=)

2. 7134 g

ZAPI1ZE B¢ AFA = miE] B QEY] AAANANY JALEE
Table 104 Ri= upet Zo] AN AP zme] Hoyle] cfzf] AAHos Arf
U5t 7t ¥ £ S nigroaenea® 70%2] AU Eg UEeEh) 2] Lete
A o4 9 Hxe] FHol e meHdrle] 7% $REFoE uelkta, M
raptor 19.3%, S. endius 2.5%, P. vindemiae ¢t 2%°] €02 UElyton, 1
o]2]e] FEL 1%0]3te] W2 HFudxE uetdlch Qo BA, Table 21
3} Figure 2004 B upe} o] o)) A Holq HA| S nigroaenea’t 7}
F w2 UUEE uehda, Ao whel B AYoJH& S endiustt M,
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Table 20. Species and number of hymenopterous parasitoids that emerged from parasitized fly pupae

collected cattle manure at sixteen localities in Korea (1997-1998)

I —1”’17\7‘;—;& Fania Stomoxys Sc-ir‘col)iuga “otal Relative
Host species . . . .

o ) domestica canicularis calcitrans sp. parasitism
Parasitoid species (27252 (1) (296) (86)  (21.675) (%)
Pteromalidac

Spalangia endius 330 0 0 4 334 753

S. nigroaenca 3.077 13 ] 12 3.103 70.00

S. nigra 21 0 0 0 21 0.47

S. sp. 2 0 0 0 2 0.05

Muscidifurax raptor 845 0 0 3 848 19.13

Nasonia vitripennis 1 0 0 0 1 0.02

Pachycrepoideus vindemiae 85 0 0 1 86 1.94
Chalcididac

Dirhinus hesperidum 26 0 0 0 26 0.59
Diapriidac

Trichopira sp. 5 0 | 0 6 0.14

unidentified sp. | | 0 0 0 1 0.02

unidentified sp. 2 2 0 0 0 2 0.05

unidentified sp. 3 0 1 0 0 1 0.02
_unidentifiedsp. 4 0 0 2 O 2005

439 14 4 20 4.433 100

_ Toul

* No. of collected v pupac

| . e
" Relative abundimee was caleculated by dividing the number of adults by the total number of samples

recovered at collection sites
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Table 21. Percentage parasitism of hymenopterous parasitoids that emerged from naturally occurring flv pupae collected from cattle

manure at the 16 localities in Korea (1997-1998)
e e e _ S o S i i

Locality \‘\f Host  No.intct % Parasitism % total
’ month bupuna Mr Se Sno Sna Pv Dh Tsp.  others  barasiism

Yanggu Jun. 97 Ad 471 0.0 0.0 10.6 15 0.0 0.0 0.0 0.0 121
Jul \Md 878 02 0.0 47 0.0 0.0 0.0 0.0 0.0 49

Aug \d 254 038 04 126 00 0.8 0.0 0.0 0.0 14.6

Sep Nd 392 00 0.0 17.3 0.0 0.0 0.0 0.0 03 17.6

Oct, \d 66 30 0.0 45 0.0 0.0 0.0 0.0 0.0 76

Chungju Jun 97 Nd 223 0.0 0.0 09 04 0.0 0.0 0.0 0.0 13
Jul Nid 316 25 0.0 12.0 04 0.0 0.0 00 0.0 146

Aug ANd 369 14 0.0 133 0.0 0.3 0.3 1.1 0.0 16.3

Sep NMd 300 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0

Oct Ad 221 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Youngdony Jun. 497 Nd 293 03 0.0 0.2 0.0 0.0 0.0 0.0 0.0 05
Jul Ald % 03 0.0 123 0.1 0.0 0.0 0.0 0.0 128

Aug Ald 944 0.0 0.0 3.0 0.0 0.0 0.0 0.0 00 30

Sep Md 700 0.1 0.0 104 0.0 0.0 0.0 0.0 0.0 10.6

QOct Ald 521 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Susan Jun 97 Md W7 03 0.0 35 0.0 0.0 0.0 0.0 0.0 58
Jul Ald 709 9.2 1.7 27 0.0 0.0 0.0 0.0 0.0 36

Aug. Md 709 0.3 0.0 7.1 0.0 0.0 0.0 0.0 0.0 73

Sep. Nd 608 104 0.7 64 0.0 0.0 0.0 0.0 0.0 17.4

Oct. Ad 481 306 0.0 02 0.0 0.0 0.0 00 00 308

Youngchon Jun. 97 NMd 463 67 0.0 6.0 00 0.2 00 0.0 0.0 13.0
Jul Ald 86 120 048 76 0.0 1.1 00 0.0 0.0 215

Aug NMd 7 00 0.0 499 0.0 0.0 [oX0] 00 0.0 499

Sep. Ad 1349 0.1 35 212 0.0 0.0 0.0 0.0 0.0 248

Oct. Nd 1300 08 02 06 0.0 09 0.0 0.0 0.0 25

Jangsung Jun. 97 \ld 296 0.3 0.0 24 0.0 0.0 0.0 0.0 0.0 27
Jul Nd 6Bl 03 0 46 0.0 0.0 0.0 00 00 48

Aug ANd 600 21 02 11.8 0.0 0.0 0.0 0.0 0.0 14.1

Sep. Ad 182 0.0 16 198 0.0 05 1.1 0.0 0.0 231

Oct Nd 810 Y4 0.6 43 0.0 65 0.0 0.0 02 51

Haman Jun 47 NMd 43 G2 0.2 i3 0.0 0.0 0.0 0.0 0c 187
Jul. Ald a0 0.4 0.0 99 0.0 0.0 0.0 0.0 0.0 103

Aug Nd OS] 0.0 1.7 432 0.0 0.3 31 0.0 00 484

Sep \Md 370 0.5 0.0 00 0.0 0.0 0.0 0.0 00 0.3

Oct Md 306 0.0 0.0 37 0.0 0.0 14 0.0 00 3.1

Cheju Jun 97 \d 973 0R 4 19 0.1 0.0 0.0 00 00 14.1
Aug Aid 70 6.8 14 444 0.0 0.1 0.0 0.0 0.0 3.2

Oct Md 679 34 0.1 29 0.3 0.0 0.0 00 0.0 6.8

Hongchon Jul Md 3714 0.0 0.0 96 0.0 0.0 0.0 00 0.0 9.6
Sep Md 12 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 00 0.0

Se 178 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 1.1

Paju Jul a8 Al 208 00 0.0 23 0.0 0.0 0.0 00 00 23
Sep \Md 185 0.0 0.0 0.5 0.0 0.0 0.0 05 0.0 I

Se i3] 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.1 20

Yoju Jub 8 \d 331 6.3 0.0 3.7 1.5 03 0.0 0.0 0.0 39.9
Ssp 152 84 0.0 a7 0.0 0.0 0.0 0.0 0.0 0.0

Aup NMd 219 0.0 0.0 91 0.0 0.0 0.0 0.0 00 a1

Ssp K (1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sen Ald 67l 49 0.7 261 0.0 0.1 0.0 0.0 0.0 319

Youngju Jul W& \Md 277 0.0 0.0 13.0 07 0.0 0.0 0.0 0.0 13.7
Sen Ad 361 0.0 0.0 0.3 0.0 0.0 0.0 0.0 00 03

Pusan Jul us Ald 2 0.0 0.0 150 0.0 0.0 0.0 0.0 0.0 150
I 41 0.0 0.0 K1 0.0 0.0 0.0 0.0 24 31

Kimbhiie Sep O NMd Ay () 7.0 0.1 0.0 25 0.0 0.0 0.1 118
Sap 3 (1.0 .0 0.0 0.0 0.0 0.0 0.0 00 343

Kongju Jul a:2 Md 202 7.1 0.0 127 0.0 0.1 0.0 0.0 0.0 202
S 6 00 00 0.0 0.0 0.0 0.0 0.0 00 0.0

Sep Nd 77 16,7 13.0 29 0.0 38 0.0 0.0 0.3 363

S<p 10 204) 10.0 10.0 0.0 10.0 0.0 0.0 00 5.0

Chongup Jul a= N RIB| 03 11.0 57 0.0 0.0 0.0 0.0 00 175
i 149 0.0 0.0 0.3 0.0 (L0 0.0 04 [§X¢] 53

Sep M 30 0.0 228) 170 0.0 0.0 0.0 0.0 00 199

S 00 3886 00 0.0 00 0n 0y 145

"N Musca domestiar e, Fama canicularis: Se, Stomoavs calcitrans: Ssp, Sarcophaga ST

" pecent parasiusm was calculated from number of emerged adult parasitoids divided by the number of collected intact fly pupae o
cach localives. Mr, Muscifuray raptor: Se. Spalangia endius: Sno, Spalangia nigroeanca: Sna, Spalangra nigra: AN, Pachverepoicde:.
vindermiae: Dh. Dirhinus hesperidum. Usp, Trichopira sp: others, Nasonia vitripennis plus four unidentified species
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GFTolA 29 FolM AFT Azte] Hol7jolA 5F9 718Ho] AF=H
L] S. nigroaenea, S. nigra®t M. raptor7} Z}z} 91.9%, 3.3%8} 2.8%2] A
Q2 JeRWI, P. vindemiae 0.9% 18|31 S. endius 0.5%] ATiWE=E L}E}
ych ARFozE 9do] A AP zmHd o sl 17.6%¢] 71 w2
At 7|8 &S et FAFOME S nigroaeneaZ}l 94.7%2] AW EE

Eluls, 71El £ 5.3%0] 33Tt

2) A7\ =

TEAY] 49 FHoM MY me|HdlsleAE S, nigroaenea%t
Trichopira sp. ¥ F7to] A= e Az 7zt 81.8% 18.2%2 S,
nigroaeneaZ} Wl &ith AFZeME 539 7]gdWe]l ANFYHAL HA] S
nigroaeneaZ} 82.7%2 713 %<& AR E VeI, M- raptor 14.8%, S.

nigra®} S. endius’t 2}z} 1.3%, P. vindemiae7} 0.5%2] ©2 2 LIELYITE

3) 385=

2 ZAlo)| M S nigrozenea’t 80.7%8] 71 2 AtiUxE el M
raptor 12.9%, S. nigra 2.1%, Trichopira sp. 2.9% Z12|3l P. vindeminae %}
D. hesperidum7} ztz} 0.7%% Uelylch AAHA =A 718&E 7€l FIst
71 A &ste] 8ol by &3ton 9dzt 10¥ole J|AEe] AR gl
FE I Hx HF¥olAN 3FF 71l AU, S nigroaeneaZt
96.9%2 ZAIAY F A & AUUEE Vel M raptors 2.6% 12|31
S. nigra: 0.5%% Y2 UEE 24ct AFFoEE 7Ho] 12.8%2 M U

t}.
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1) 33HE=E

Aarae] 2 FHAMLE APE Axe] HolslolA 3572 71488l A
g3, I & M raptor7} 49.3%x% MR 2 Ad:EE el S
nigroaenea7t At o2 WF3] Wokd tlE A g3} o€ ¢4E eyt 1
2|3 S, nigroaenea:= 47.9%, S. endius= 2.8%% LU}El%Ic) AlAFoZE= 74
o] 33.65% 7MY &2 UAUEE vehith FFAAdAME Aridze] SlojA
M. raptor7} 44.3%% 7}3 =9t3 ¥YH S endius7} 29.6%% X AtAJof H]3| =
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2374= 3
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Mg Hrid=2E 713 &oton, S endius7t 35.5%% TS x| Yo uls) n
A3 2 H4UUEE UelWlch M raptor?] ZF9= 0.7%] 9 W} WeE

LE- =3

8) dAeldx

Bl ME £2 FHold AP melHurI2RE 632 Jj8dbe] ¥
Hct. 1 ¥ S nigroaeneaZt 62.2%x% 1% &L AUUEE Uehia, M
raptor 31.6%, S. endius 3.1%, P. vindemiae 1.7% T12|3l D. hesperidum 0.7%
o 22 Ueiuich AdF YAUEE 6€o] 2.7x0lA 9do] 23.1%% J1F &
skchzl 104ells 15,12 243 9T}

9) AFx

ZAHY F 71 "o ¢)xIgt AR B¢ S nigroaenea} 80.6%2] &<
B EE Uehl AAFA FHoM AY vy Q& RP3I, M raptor
14.1%, S. endius 4.6%, S. nigra 0.5% T18|3 P. vindemiae 0.2%%] U= g
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3. 32 71849 AN B

2 A 33 F ZAE wg| H3F J|¥8 F M raptor, S. nigroaenea, P.
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) Aoz AHHULh RS AEIY 5 W $E0E A4 AA2S
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dr Hi dol peakE olFA Hrl 19971 AREEE Rk P
vindemiae= Figure 504 Hi ulg} o], Azid, 4=, 6¥¢xl, 8dx H:
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o] | 10471A] IEFE Ho|HA, 4d7A] &2 ARMBEFE Ry, 7d
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Table 22. Mean number of progenies produced from a couple of parasitoids
during entire life time of parasitoids that reared with 5% sugar
solution in the insectarium (26+£1°C, RH70+5%)

No. of emerged

Species Generation === o’fl‘(;t:(igl;:y (r%?z;fre?rt]iaole)
female  male
Muscidifurax raptor F-7 189.4 455 2349 1:5.2
Spalangia nigroaenea F-7 29.0 11.1 40.1 1:3.6
Pachycrepoideus vindemiae F-6 48.6 136 62.2 1:46
Nasonia vitripennis F-24 42.3 6.7 487 1:7.3
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Fig. 4. Daily total number of progenies emerged after exposed a ooch of Spalangia nigroaenea to
house fly pupae in insectarium (Temp.26°C, RH70%).
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Fig. 7. Daily ovipositing number by counted progeny emerged when provided 30 Musca domestica pupae to
Muscidifurax raptor mated female.
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Fig. 11. Longevity of Spalangia nigroaenea, Pachycrepoieus vindemiae and Nasonia vitripennis when
supplemented 5% sugar solution in insectarium (Temp.26°C, RH70%).
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