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ABSTRACT

Investigations were conducted to study the spatial distributions of
Trichogramma wasps, unparasitized (white-colored) egg masses and parasitized
(black—colored) egg masses of the Asian corn borer (Ostrinia furnacalis) in a
corn field. The results provide information of the relationship between the
Trichogramma wasps and the Asian corn borer which may be helpful in
improving the techniques of inundative release natural enemies. Through
frequency analysis of the wasps, unparasitized and parasitized host egg masses
that were present on the corn plants, three indices—fractional coincidence of
parasitoids and unparasitized host egg masses, fractional coincidence of
parasitoids and parasitized host egg masses, and fractional coincidence of
unparasitized and parasitized host egg masses were proposed to evaluate the
potential parasitism of the host by the parasitoid. The calculated fraction of
these three indices were 22.3, 16.4 and 12.5%, respectively. In general, the
frequencies at which the wasps were found on individual corn plants decreased
in the order of no wasp, one wasp, two wasps and three wasps or more.
However, the frequencies of numbers of wasps greater than two were found
larger than those of one wasp when population densities of wasps were high.
Both population densities of the wasps and the fraction of corn plants on which
the wasps were found were positively related to parasitisms of the host egg
masses. This trend revealed that the density of a natural enemy and its
distribution were important factors involved in host parasitization. The spatial
distributions of Trichogramma wasps, unparasitized and parasitized egg masses
of the Asian corn borer are of the contagious type.

Key words: Trichogramma sp., Asian corn borer, egg mass, spatial distribution,
frequency analysis.

1) = niae Pang and Chen)BfiREEIN FKEE (Os-
: trinia furnacalis Guenee) EREEWNER (L
REFRERERNRYTBENEE TIRE > 1992 CHH - BLR 1990 5%

FREECERTERRAEY - £FH#H
ENBRERE, REEARSHERE AR
BEE, BUERE, TEEEEARH
RAETELERY BROGER - EBERE
BRERESRBUBHREREY , %5
HREEBNZEHE - BEERFEAEAR

B EXRIERRINE (Trichogramma  ostri-

98 TERAET=BE_M

KEEF ) 1984) - FEFEEE , BT, evane-
scens BRI ERENAFEREZT 40~
76.9% (Tran and Hassan, 1986) - AT & RE
MEERCERBHE , NIFLBNEERS
BME s ZEOAEANEETLBITEY
RF(RB BRERR . &Y FENEE
F) » BEEBPRE RGN R, 148



B¢ (Biever, 1972; Chiang et al., 1986;
Hendricks, 1967; Stern et al., 1965) °
RS, TNEXREREETEILNE
¥, EEATKARENRAERNHAE
EEXRBETN (BEREK > 1984) - ERRIR
SResta R A EX B EHEBEMA/NE
BAVMIPEREEEMASEN - BERHER
F—ZE=RKFEM(Chiu and Chen, 1986) »
BEAOMBREERZEFENNHER TRE
EREE ARERENAEHHBERTE
BENRASEHERT AR, ERE. Z
MR EREHEINWELERS B
YRR RAI R (Doutt et al., 1976) - &
XENAEBEVHREFTEREERD
o, EREREEINRAEARESH &£
HEXRATUNESSAIEREL, £H
BHEXTUEES > AEL(REIES
1988) - EAIMEE (1984) T FORIERARINE
EMEFERARTERETNERENES
B, HEMFENERENIAURZNER
BAEREN ) ARESAEXRZEAR
HE . MAERRRINVBEIRBEZZRES
R MR ZREATRE -
RIRIEEESF I ARTREER
BENTNLEYESYE, AT A AYHEFH
MESSRERRZTH, ERFERSL
B B B AR ORIR IS R S 1T
B, WA A DEREHN B EEED
AT A NI E £ 25 (Jones et al., 1973; Le-
wis et al., 1972; Lewis et al., 1975; Shu and
Jones, 1989) - R % F IR EFE R ER
FiAAE & B @R ER U 7E H I RO S B RO 3
Fio EMEEREINRNIHER o
ZESARNERAR - BEYNERKRE
LRz — AU R T BREES
FHEZ MR (Taylor, 1984; Southwood,
1978) o FKAEARAR IV e 55 22 8 R OK FH A S

ERIEIHHZEERB(Chiu and Chen,
1986) » EEREREXERHBBARZE
REZFREZREE  PHZEHIME
fTRETCHITEZSEREEENER - &
HESERARRINER ®Z ZH DA
¥, MEEmAIRINEE . HEFER TKEINH
FxGEETIHRENRZEMEMER, BH
BIR BRI REABRBRRBZEN » &
B ERR -

MRS TT &

—  FRARFPEEFN FERIEIPHA LT

191 £ 9 A s HAEBTRBEMEEE
EEABFMESWEREXKHREER 351 3%
FREX, WEEKESAES 0.4 0.348
E , FEEEAY 200 AR o HEZHRPEER
14 KUEHE 25.3 9% 3£ TR FLBIPA B YIAR B34 R
B R EAER o EXBEER 37 £ 66 KH
MIAE R Kk LRRIRINE , HFEEIR -
BRAETHEMRBER 100 KEXK ) ARE
% (NEC CL-600E, 150 W)X ZHER (B
EERNELY) LAFEE - RASFTEER
HEE AR H B ER(HONDA EX100, HO-
NDA Motor Co. Ltd.)FE - lREART{ERE
FIREEHRE—HF BEM12x12cm) > B
W BEEEE ) UBRRAEFHFLER
FIZER EREMEE - REFHRERB/ER
EMRE S E  WHEEAERRAYMBE
HOKAK, RAEERBEEREHRLRR
gisE , WHECBEUE THEERIHKETHEKE
X bR E I o BE RRINERBEE T
BEEEEREMEL, ERAKNBEFAR
RER FRFEEEABAREY -

BBUANAEER  EXHREZRE
FRIRINEE , Bl B RIERIRIE « EERIRIN
¥ (T. chilonis) I—EXELHE, HPlE

FRARGPERITE N TR EIRZ 257 99



KR RAR IV 5% 8, EHERRINEED
REZLZHEHERB Y (Chiu and Chen,
1986) « RFAEME Z RIRINEHH —KEH
B, AREVRE-BEIENTES
BMABLUNE, RERBENEFEELRD
o RABRTEHEIERELNBEFEREX
ESIR (NEEEAE, ETEETFEREN
LY B AT ) AR KT ER IS (5
Hept®, ETEEEXREeBttHeRE
HINE) o EXRHEBERAENE ) HEX
HREBE “BIIKR (BEP)” » BRBHF LI
EZEAE “HIE(WEP)” » BEF4EBREME
B (PP)” o IIRFEEBRT LAY
SR BZH A5 -
HEFEENBEEE TUBETTFEE
HEFARTEBREST MG AF4EE
BELIZHEESATUENRPN _REERZ
2 F £ %1% (characteristic of parasi-
tism) - AW RRHZFEHR AN FLREZE
i
A B-HIIREH E 22 (% coincidence of
parasitoid and unparasitized host egg
mass, CPUH) -

No.PWEP
CPUH= No.PP+No.WEP-No.PWEP

X 100 %
PWEP : # — 5tk (RRARARIIEAIR
WA 4PN Z BRAE)

B : B-RBIRAEE E 72 (% coincidence of
parasitoid and parasitized host egg
mass, CPPH) -

No.PBEP
No.PP+No.BEP-No.PBEP

CPPH=
100 %

PBEP : -2 Uk (R E JR IR I A4
FEILZ EHKK)
C: H-BOIREH E 22 (% coincidence of

100 HERSFE+ZBE_H

unparasitized and parasitized host egg
mass, CUPH) -

No.WBP
CUPH="0 " WEP+ No.BEP-No.WBP

X 100 %
WBP : F-BIitk (FERERETF LN
FEIMAZ EXKER)

- BESHSHAEBliss and Fisher,
1953; Iwao and Kuno, 1968; Ludwig
and Reynolds, 1988; Southwood, 1978;
Taylor, 1961; Taylor, 1984)
HAEMBZRRINEERETTIE

Faﬁﬁﬁ*ﬁ% :

(REMEK N LR SAT -
LR HAEHIEE (x* ratio test) o
2. MM E K (Poisson  pro-
bability density function) KEERIEE

o #IT R A RS EHEE (Chi-square good-

ness—of-fit test) °
FRAREREFLU NSRS E R

BB RETE -

CORESEHEI T
HAE_EASAEEEERBKSHERR
Bok, BT FANEERNE - WEF K
{& (dispersion parameter)ZKEHZ :

1.Moment estimate method, K=%"/ (

s—X) o

2.Maximum likelihood estimate me-
thod » LA B KHEL % (iterative method) K&
FEEA N log(1+x/ k)=2Z(Ax / (k+x))
ZKE-N: BEURKRE ; x : BREKREZ
EHE ; Ax : KPP x BEEZFE R -

ARG LR E BB

(ElTaylor’s power law :

BATLEERAHARN S =ax FZ b
BREEE (index of aggregation) > FJH
log x ¥ log S* ZEMEF RS - E b KL




R1BERRENEERE b SR 1KRE
BAG b AR IBRESH b/ 1Y
E153 76 -
(MIwao’s patchiness regression :

4 B %EHEE (mean crowding) » =
g+ (s x-1) o BT HRE AR E
#E A (interaction) & » HE x CHRR
$=g+ % - HaFH 0K DHZEXELT
e EaRR oK, HAZEAEURR
B, B o, EEEEERER - pRE
B RERE (density contagiousness coeffi-
cient) EREBZZEZMARERN - EpEFER1
i EpR 1K BIEESH -

EREFR

— - FRAR R ME AN ERIROPRZ AT EFIA
B
TEFKiBRES 37~66 K[H » BHREXLE

Z KRBT 0.09~0.66 (KM

—)BX 0.38~3.04(REHE) , BEHTERE

EXRZEEMEZRFENMZEE (R—) - W

B0 P B 7 R IE RS R A BRI T

T, RBA-CRIBINEFERERLEE

H—, ERER—tEZELEXE, KRR

I ERTEERAZER - R—ERAR

A EEER EHENEEBRE U0 ER

% ,1ERE,2EXNRE3EULER

F— —AA—FRAERRING FREHENREET N ERRIME R % L2 RERK
Table 1. Relative frequences of Trichogramma wasps, unparasitized egg masses and parasitized egg masses of
the Asian corn borer found on individual corn plants, fall crop, 1991

Relative frequency (%)

Days after No. wasps No. wasps No. unparasitized No. parasitized Percent
planting per plant egg masses egg masses parasitism
X 8 0 1 2 >3 0 1 2 >3 0 1 2 >3
Field 1

37 0.09 0.08 91 9 0 0 96 4 0 0 100 O 0 0 0

39 0.09 0.08 91 9 0 0 93 7 0 0 100 O 0 0 0

41 0.09 0.08 91 9 0 0 97 0 0 100 O 0 0 0

48 0.05 0.05 9% 5 0 0 71 2 6 0 98 2 0 0 5.41
50 0.25 0.27 78 20 1 1 56 34 9 1 98 2 0 0 3.51
52 0.22 0.19 79 2 1 0 6 21 8 2 9% 5 0 0 10.20
62 0.29 0.25 73 95 2 0 76 23 1 0 8 10 4 2 50.00
64 0.66 0.97 61 20 13 6 73 22 5 0 8 18 2 0 40.74
66 0.53 0.76 65 22 10 3 72 23 3 2 84 15 1 0 32.69

Field 2

37 0.38 0.62 74 18 6 2 9 6 1 0 9 1 0 0 1111
39 0.38 0.42 69 2% 3 2 8 11 1 0 97 3 0 O 18.75
41 0.39 0.62 % 13 7 4 8 15 0 0 9% 4 0 0 21.05
48 0.46 0.68 70 18 9 3 14 23 3 0 82 15 3 0 47.73
50 1.09 2.61 47 2 16 11 60 26 10 4 78 17 4 1 31.87
52 1.37 8.24 54 20 10 16 58 36 4 2 7% 19 5 0 36.59
62 1.12 2.07 46 27 10 17 80 16 4 0 51 26 14 9 717.98
64 2.92 17.02 30 18 18 34 1718 18 4 0 58 22 11 9 73.47
66 3.04 14.48 18 9% 14 43 77 21 2 0 62 26 9 3 67.95
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Fig. 1. Percentage of corn plants on which any Trichogramma wasps, white-colored and
black-colored egg masses of Asian corn borer is present at sampling.
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Fig. 2. Fraction of corn plants on which any Trichogramma wasps, white-colored egg masses and black-colored
egg masses of the Asian corn borer is found or any two of them are present together at sampling.

104 RS =85"H



YT AR RS AR IS N R ER
EBECHEE BRARFBEHFEEKERE
KIERE , FETEBINTEBEENFEE
EZRBRENTEREFT MRS %
o EHIN (R E) MBI (HWEE) HE—
BREX LR, BINERERHINHEET - A
B— C /E{HE 28.3% (12.5% / (12.5% +
3LT%))MEXRBEL , HAEREFERFEN
PREMHEERIERESENG, RHEB
KEEXKERTEENSHNESHAH , #
BE—HEET o
= RRPEZESELSH

ERBH—, ERBINGEEERER
FHRNREEROREEREE R (va-
riance) EIERHERTHE (F—) » BrE

®x=

EEEEREHESAPIIRNERDA - B
LB, FRERFLERSEM N LR
REFERBERBER ) BEREAEHHX
B RIRIN S RETI TG EROA (RD)
o FELL Moment estimate method 1 Maxi-
mum likelihood estimate method #5& » #&
RARBRHEFEEHSAERX , BIRERIT
ERERBPRESM(RZD) - —HRME L
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Table 2. Goodness-of-fit tests of Trichogramma populations in corn field for the agreement

to the Poisson distribution

Days after p.d.f. method X? ratio method
planting X (n-2) df X (n-1) df
Field 1
37 - 0 0.8889 1
39 - 0 0.8889 1
41 - 0 0.8889 1
48 - 0 1.0000 1
50 0.1683 1 2.4000 2
52 0.7878 1 1.7272 2
62 0.9642 1 0.8621 1
64 11.1487** 2 4.4097* 3
66 4.8096 2 4.4302* 3
Field 2
37 3.9783* 1 3.2632 2
39 0.0625 1 3.2106 2
41 13.1009** 1 3.1795 2
48 8.7738* 2 4.4348 3
50 23.9026** 3 9.5780* 4
52 86.0630** 4 30.0730** 5
62 27.9084** 3 7.3929 4
64 167.6141** 6 40.8140** 7
66 98.0398** 8 42.8684** 9

1) * and ** denote significant differences at 5% and 1% levels, respectively.
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Table 3. Goodness-of-fit tests of Trichogramma populations in corn field for the agreement to the negative

binomial distribution

Days after Moment estimate method Ma.ximum likelihood
planting estimate method
X (n-2) df k X (n-3) df k
Field 1
37 - 0 - - -1 -
39 - 0 - - -1 -
41 - 0 - - -1 -
48 - 0 - - -1 -
50 0.6199 1 3.1250 5.5325 1 4.5000
52 0.0014 1 -1.6133 - 0 -
62 0.0199 1 -2.1025 - 0 -
64 2.8804 4 1.4052 2.2034 2 1.0775
66 4.7593 2 1.2213 3.1425 3 1.1555
Field 2

37 0.3216 2 0.6017 3.3649 3 0.6317
39 0.4745 1 3.6100 - 0 -
41 4.4344 2 0.6613 1.6136 1 0.4566
48 1.3182 2 0.9618 1.1852 2 0.8145
50 5.7995 4 0.7816 5.3089 3 0.9450
52 8.6054 4 0.2732 19.4260** 3 0.3807
62 2.0809 4 1.3204 2.3950 4 1.1530
64 17.8211 10 0.6047 23.2921** 8 0.6720
66 18.6575* 10 0.8078 15.0923 9 1.1238

1) * and ** denote significant differences at 5% and 1% levels, respectively.
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Fig. 3. Relationship between log variance and log
mean of Trichogramma wasps sampled from
a corn field at Wufeng, fall crop, 1991. (obs:
observation).
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Fig. 4. Relationship between lwao’s mean crowding
and mean density of Trichogramma wasps
sampled from a corn field at Wufeng,
Taichung, fali crop, 1991.
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