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The arrow points to the hole produced by the Snellenius manilae drilled out of Spodoptera frugiperda.
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B= LENEERMEABRI/IEMRIFIENKE - ABRAMIELENE ; () MIZEENE ; (b) HIETEENE -
Fig. 2. The sex of Snellenius manilae is determined based on the presence or absence of the ovipositor. The ovipositor
of the female wasp is marked by the red circle; (a) female with an ovipositor and (b) male without an ovipositor.
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Table 1. Effect of different hosts on the development of Snellenius manilae in a non-choice test.

Parasitic performance of Snellenius manilae! (Mean + SE)

Host
Parasitic rate (%) Pupation rate (%) Eclosion rate (%) Female ratio (%)
S. frugiperda 62.88 + 3.23™ 81.52 + 2.87 89.39 + 2,48 48.01 + 5.82
S. litura 42.09 + 6.21 92.94 + 2.01" 93.29 + 241 44.46 + 8.70

L¢-test, ™1 p < 0.01

x= FOIREESEET  BRA/ERELMITERRANREAT T - REMFEHBAME
Table 2. Developmental days and cocoon weight of Snellenius manilae on Spodoptera frugiperda and
Spodoptera litura in a non-choice test.

Growth performance! (Mean + SE)

Host
Egg-Larva (n) Pupa (n) Egg-Pupa (n) Cocoon weight? (n)
8.51 +0.04 5.49 + 0.04™ 13.93 = 0.06™ 2.59 + 0.02
S. frugiperda
(273) (202) (202) (222)
8.40 + 0.05 5.32 + 0.04 13.65 + 0.07 2.56 + 0.02
S. litura
(228) (198) (198) (212)

T¢test, "1 p < 0.01
2 Unit of cocoon weight is in mg.

&= MRIBEERERT - BRI/ EEUMITER AT I - MIEER T T

Table 3. Developmental days of male and female of Snellenius manilae on Spodoptera frugiperda in a non-

choice test.
Developmental day!
Sex n (Mean = SE)
Egg-Larva Pupa Egg-Pupa
Female 99 8.46 + 0.06 591 +0.04™ 14.37 £ 0.07™
Male 103 8.41 + 0.07 5.09 + 0.03 13.50 = 0.08
Tt-test, ™: p <0.001
0.11 H) EHEZERNIER 2N E L& (8.24 = 0% 5 T B AR AR B RIS P 2 B34
0.06 H) ~ fFH (5.10+0.03 H) MAEFEATEHE ZHFEYERZ T 44.TT% R Tﬁﬁ »55.23% Fy
(13.34 £ 0.08 H) (&IM) - e o 2B LRI e E T (Chi
square test) » BN EEEERE (p > 0.05) =0l
- R EEE RS L @B=) -
(—) REFRAKRIR 2 FEEE A EE 2 FAERT
R AR A E T A PR (2 A A (R B W e (Z) FEARERRASRIE A EE EFERT - o -~ HEwtE
NEEE  BEHETH T EE - DA 28I HF A 23 T EFRHE
Fahas R (RATER: + RIS sHEFTA® M ERER R T - BIehl miEtEieda s s
A Z T EH BRITEE &R SRR E 71 2 L - & e H B0 9ilfsie s B8R - B BEhr/ N
AR AR BT HE RN - FTAZEHFEZTFE R AR Ry o] ~ AR EF E AL AR T
ek H 0 60.15% kI TH &5 > 39.85% Ky RIETR & o2 LT 0 DN B s RS F AT H B S E
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Table 4. Developmental days for male and female Snellenius manilae on Spodoptera litura in a non-choice

test.
Developmental day!
Sex n (Mean = SE)
Egg-Larva Pupa Egg-Pupa
Female 86 8.44 + 0.08" 5.62 = 0.06™" 14.06 = 0.11™
Male 112 8.24 = 0.06 5.10 £ 0.03 13.34 = 0.08
Lt-test, : p <0.05 and ™ : p < 0.001
2 S litura - 5523 44.77 — ns!
=
Q
o
=
O
~—
R7
<
s .
Ay S frugiperda F 39.85 60.15 - ns
100 80 60 40 20 0 20 40 60 80 100
Parasitic ratio (%)
S. frugiperda © S. litura

B= RAERELT  FTRBMAIKRERCH/\GEEE (Snellenius manilae) ) TTE S (S. frugiperda) R (S.

litura) ZZ5{R4F o ' Chi square test, ns = not significant

Fig. 3. Parasitic ratio (mean + SE) of a different colony of Snellenius manilae on S. frugiperda and S. litura, when they

were exposed to another.

WLARIEUR M Ry ar £ R - EL ks B FH E 8
B (GRIL =N e

UHIE% B P s H B s B e fil/ N i B (U2
TR R AR FE AL N SR CE R T TR
DABKTT B sl g R 25 I > SREISE B ARl H B 5
R ARSI 4 & R 37 LR ¢ PORAEH A
BRIEIT - AEREE 225 o FOMERERR B 1H F 3
(RIL~ RN e

S

PR UTEiE - FANBHEE 2hiE 2 BTN S

~17~

AU E R ZF VI A Ea DAY 2 U NERHHE & 0 2
TEfRAF Al BE B AN T A HE Y - SRR RS T T
TEERPTE 2 Rt - B0 - B JEHL N iR i 25 AR R}
LU R RS2, (S. exigua (Hiibner)) 2~ 2 #4))
#2 (Qiu et al., 2013) ; PEEM R % (Meteorus
pulchricornis) fm#f F ARG 2 2 #R %) &
(Chen et al., 2011) ; Microplitis mediator
(Haliday) fm #F &F £ 7> B & Hk  (Mythimna
separatea (Walker)) 2 2~3 @45 (Li et al.,
2006) ; Campoletis sonorensis (Cameron) {R#2F
A tRaR (Trichoplusia ni (Hilbner)) 22 2 #54)
# (Murillo et al., 2013) KFK{THESRZ 3 4=
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Table 5. Developmental days for female Snellenius manilae on different hosts and their parent generation
from different colonies.

Developmental day!

Snellenius
. Colonies? (Mean + SE)
manilae
Egg-Larva Pupa Egg-Pupa

Female FF 8.82+0.03 a 5.76 = 0.02 be 14.58 + 0.03 a
FS 8.06 +0.04 c 5.63+0.06c¢c 13.69 + 0.06 ¢
SF 8.59 = 0.02 ab 595+0.01a 14.55 + 0.02 a
SS 8.35 +0.02 be 5.86 = 0.01 ab 14.22 + 0.02 b

I Different letters indicate a significant difference between treatments, according to Fisher’s least
significant difference (LSD) test (p < 0.05).
2 FF: Parent parasitoid from S. frugiperda parasiting on S. frugiperda;
FS: Parent parasitoid from S. frugiperda parasiting on S. litura;
SF': Parent parasitoid from S. litura parasiting on S. frugiperda;
SS: Parent parasitoid from S. litura parasiting on S. litura.

TN EFRRAKERARTEELT @ HiEEERFEAH
Table 6. Developmental days for male Snellenius manilae on different hosts and their parent generation from
different colonies.

Developmental day!

Snellenius
. Colonies? (Mean + SE)
manilae
Egg-Larva Pupa Egg-Pupa
Male FF 8.42+0.01 a 5.08+0.01 b 13.50+0.01 a
FS 7.81+0.01 ¢ 5.04+0.01 Db 12.84+0.01 b
SF 8.26+0.04 ab 5.32+0.04 a 13.58+0.05 a
SS 7.93+0.02 bc 5.04+0.02 b 12.96+0.02 b

L ANOVA, Different letters indicate a significant difference between treatments, according to Fisher’s
least significant difference (LLSD) test (p < 0.05).
2 FF: Parent parasitoid from S. frugiperda parasiting on S. frugiperda;
FS: Parent parasitoid from S. frugiperda parasiting on S. litura;
SF': Parent parasitoid from S. litura parasiting on S. frugiperda;
SS: Parent parasitoid from S. litura parasiting on S. litura.

— Z BRI B FE AR U AR e 2 AT R
BN 2 K7 [ ~ I 1 800 ~ I8 AR T e o
1THEEE » & 2 DURSHIE TS (R BN F g 2 3F
AR FE (Schmidt, 1974; Rajapakse et al., 1985;
Godfray and Godfray, 1994; Brodeur et al., 1996;
Qiuet al., 2013) - [MILZF EAGA S 7RI EF R R R
BERBEEZZE  EREAEE Y RIE AR [E
FFE E o JRe] EEAEE RS -

REEBAE R A imEr £ R MR BRI
Rl i 7 U A S S5 B P AR H B B R PR
JEAL/ Nt (p <0.001) - fHi4E R B PTRRRFE 2
AR HIEE T RS H RS B AR

(Isenhour, 1985) -

A e B R EHE S T R/ Nt 1 1 T RS ) AEE A
AR R B RBUAT - BB AL N A AT 2
HORK T EH me sl AHEINZF A4 2 BoRISUR IR S5
WS B AT AR I R L P b (i {E R 28
FENT  AEER S 2 FAER - HENIL B S BlEr 1
REZUAHRA - 2 e RIS IS A R R T L

BEWNFREUR » FEBRZ FERKBEFHREL
R FE A FEMECE - AR F EIENE
3B R AR o 1S DR A AR i 4 s B0 &
AR (S EMHRRNEEGE - HARE 21k
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Biitk— ka2 N TEREC
Appendix 1. Ingredients in artificial diet of Spodoptera sp. larvae.
Ingredients Quantity (g)
Flowering bean powder 300
Wheat germ 110
Yeast powder 120
Sorbic acid 3
Methyl 4-hydroxybenzoate 3.5
L-Cysteine 1.2
L-Ascorbic acid 12
Agar 65
95% Ethanol 60
RO water 2,400
sk — TRk a8 K B \EtE ka2 ¥EKAC TS
Appendix 2. Sugar solution ingredients of Spodoptera sp. adults and Snellenius manilae adults
Ingredients Quantity
Beer 300 (ml)
RO water 500 (ml)
L-Ascorbic acid 6(g)
Methyl 4-hydroxybenzoate 3(g)

Caster sugar

Until the solution is saturated

BIGHEERZEE T FE R » 23~26C HiE:
ZGEHEERIR o RN BRI R A P FH R FE Y
HEHREWTE - HeAh - TS MU 2 RN & A4
BEE Rl H Fabi TEZ R &Ma 7= Bl
ONEr A i K B B BRI R VA R - (BEERBKITHE
2 ORI A B HL A T - SN a4 A%
HZ /IR (Cave, 2000; Prasanna et al., 2018;
Tefera et al., 2019) - Ay FEH B JEHL/ et i AT
BT B RV T HE R b M BRI A4 I
&R Va8 E - R LEREERE I (E ISR
ZEEIG Y o (R R R SR SR K AL -
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ABSTRACT

Spodoptera frugiperda (fall armyworm) is an agricultural pest that can ravage a variety
of crops, such as corn, rice, and groundnut; it has caused severe agricultural loss around the
world. In June 2019, S. frugiperda invaded Taiwan for the first time. Due to Taiwan’s warm
climate, crop diversity, and uninterrupted agricultural cycle, the invasion of S. frugiperda
was intense and difficult to control. As evident in other regions affected by invasive species,
an overreliance on pesticides necessarily leads to the pests quickly developing a resistance
against them. Therefore, control strategies other than the use of pesticides has become
essential. Both S. frugiperda and S. litura belong to the Spodoptera genus of the Noctuidae
family. Snellenius manilae (Ashmead) has the highest parasitic rate and is most commonly
distributed among all parasitic enemies of S. litura in Taiwan. Thus, this study aimed to
evaluate the efficacy of using Snellenius manilae to control the S. frugiperda population and
to evaluate whether the adoption of Snellenius manilae is beneficial for the implementation
of integrated pest management against S. frugiperda. In this study, the second-instar larvae
of S. frugiperda and S. litura were used in choice and non-choice tests with Snellenius
manilae. The periods required for each developmental stage and the parasitism rate,
cocooning rate, emergence rate, cocoon weight, and sex ratio of Snellenius manilae were
recorded. The results indicated that when Snellenius manilae parasitized S. frugiperda, the
developmental period for the egg to larval stages was 8.51 = 0.04 days, that for pupation was
5.49 = 0.04 days, the number of days for full development was 13.93 + 0.06 days, and the
average cocoon weight was 2.59 + 0.02 mg. The total developmental time for female
parasitoids was 14.37 + 0.07 days, which was significantly longer than 13.50 + 0.08 days for
male parasitoids. When Snellenius manilae parasitized S. litura, the developmental period
of egg to larval stage of Snellenius manilae was 8.40 + 0.05 days, and the pupation period
was 5.32 = 0.04 days. The total developmental days of Snellenius manilae was 13.65 + 0.07
days, and the average cocoon weight was 2.56 = 0.02 mg. The number of days for full
development for female parasitoids was 14.06 + 0.11 days, which was also significantly longer
than the 13.34 + 0.08 days for male parasitoids. Regardless of which colony the parental
parasitoid came from and whether the host of the parent parasitoid changed, when the
offspring of parasitoids developed in S. frugiperda, the developmental period from egg to
larval stage and number of days for full development were significantly longer than those in
S. litura. In addition, the parasitism rate of Snellenius manilae was significantly higher on
S. frugiperda (62.88%) than on S. litura (42.06%) in the non-choice tests. In the choice tests,
Snellenius manilae also exhibited no parasitic preference to S. litura, the main host of
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Snellenius manilae in Taiwan. These results indicate the potential of using Snellenius
manilae to control the S. frugiperda population.

Key words: Snellenius manilae, Spodoptera frugiperda, Spodoptera litura, parasitic
preference, developmental performance
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