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The Temperature-Dependent Development of the Parasitoid Fly,

Exorista Japonica (Townsend) (Diptera: Tachinidae)

Chang-Gyu Park*, Bo Yoon Seo and Byeong-Ryoel Choi
Crop Protection Division, Department of Agro-Food Safety and Crop Protection, National Institute of Agricultural Sciences, Wanju 55365, Republic of Korea

ABSTRACT: Exorista japonica is one of the major natural enemies of noctuid larvae, Mythimna separata and Spodoptera litura. The
examined parasitoid was obtained from host species M. separata, collected at Gimje city and identified by DNA sequences (partial
cytochrome oxidase I, 16S, 18S, and 28S). For purposed of this study, laboratory reared S. litura served as the host species for the
development of the E. japonica. The developmental period of E. japonica immature stages were investigated at seven constant
temperatures (16, 19, 22, 25, 28, 31, 34+1°C, RH 20 ~ 30%). Temperature-dependent developmental rates and development completion
models were developed. E. japonica was successfully developed from egg to adult in 16 ~31°C temperature regimes. Developmental
duration was the shortest at 34°C (8.3 days) and the longest at 16°C (23.4 days) from egg to pupa development. Pupal development
duration was the shortest at 28°C (7.3 days). Total immature-stage development duration decreased with increasing temperature, and
was the shortest at 31°C (16.3 days) and the longest at 16C (45.4 days). The lower developmental threshold was 7.8°C and thermal
constant required to complete total immature-stage development was 370.4 degree days. Among four non-linear temperature-dependent
developmental rate models, Briere 1 model had the highest adjusted R-squared (0.96). The distribution model of development
completion for total immature stage development of E. japonica was well described by all model (rzdj=0.90) based on the standardized
development duration. These results of study would be necessary not only to develop population dynamics model but also to understand
fundamental biology of E. japonica.

Key words: Exorista japonica, Natural enemy, Temperature-dependent development rate model, Development completion model, DNA
sequences
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Table 1. Composition of an artificial diet used for rearing
Spodoptera litura

Ingredient Amounts
Kidney bean power 113 g
Wheat germ 113 g
Wasson’s salt mixture 75¢g
Vitamin 15¢
Dried yeast 60 g
Agar 27¢g
Methyl p-hydroxybenzoate 45¢g
Ascorbic acid 15¢
Sorbic acid 23¢g
Formalin 2.5ml
Distilled water 1L
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Fig. 1. Nucleotide sequences of four different barcoding regions, 285 ribosomal DNA (969 bp), 78S ribosomal DNA (1044 bp), 765
ribosomal DNA (559 bp), and mitochondria cytochrome oxidase 7(562 bp) obtained from the tachinid fly, Exorista japonica, collected from
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28S ribosomal DNA

GCACTAAGTCACTTTGTCTTTATGGCAAATGTGAGATGCAGTGTATGGAGTGTCGAATACCTAGTATGAGAAATTAACGATTTAAGTCCTTCTTAAATGA
GGCCATTTACCCAAAGAGGGTGCCAGGCCCGTATAACGTTAATGATTACTAGACGGCATTTCCAAAGAGTCGTGTTGCTTGATAGTGCAGCACTAAGTGG
GTGGTAAACTCCATCTAAAACTAAATATAACCATGAGACCGATAGTAAACAAGTACCGTGAGGGAAAGTTGAAAAGAACTCTGAATAGAGAGTTAAATAG
TACGTGAAACTGCTTAGAGGTTAAGCCCGATGAACCTGAATATCCATTATAGAAAATTCATCATTATGATTTTAATATTTGTAATATTATAAAAATGGTG
TGCATTTTTTCTATATAAGGACATTGTAATCTATTAACATTATAAATATTTATCAAAAGATCATTTGCGAAGGTTTAATCAAATTATTTTGCTTGCAATT
TAACATAGTTTAAATGCTTATGATTTGATAAAGTGTTGATAGATTTATTATATATAGTGCTTGAATATTTATATTCTATAATAGCATATTAATTTATAAT
TTTTATGTTTATTATATGCACTTATATGATTAACAATGCGAAAGATTCAGGATACCTTCGGGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATATT
TGCAAGTTATTGGGAAT TAAAACCTAATAGCAAAATTAACATAACT TTAATAATGGGATTAGTTTTTAGCCTATTTATAGTCTATTAATTCAATCCCGGG
GCGTTCTATACGGTTATGTATAATAGTATTTATATTATTTATACCTCTAACCAGAACGTACCTTGAGCATATATGCTGTGACCCGAAAGATGGTGAACTA
TACTTGATCAGGTTGAAGTCAGGGGAAACCCTGATGGAAGACCGAAACAGTTCTGACGTGCAAATCGAT 969

18S ribosomal DNA
TGCATGTCTAAGTACACACGAATTAAAAGTGAAACCGCAAAAGGCTCATTATATCAGTTATGGTTCCTTAGATCGTTAACAGTTACTTGGATAACTGTGG
TAATTCTAGAGCTAATACATGCATTATAAACACGGACCATTGGGACGTGTGCTTTTATTAGGCTAAAACCAAGCGATCGAAAGATCGTATTTATGGTTGA
ACTCTAGATAACTTGCAGATCGCACGGTCACGTACCGGCGACAGATCTTTCAAATGTCTGCCCTATCAACTTTTGATGGTAGTATCTAGGACTACCATGG
TTGCAACGGGTAACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGCGCGTAAATTACCCACT
CCCAGCTCGGGGAGGTAGTGACGAAAAATAACAATACAGGACTCATAATAGAGGCCCTGTAATTGGAATGAGTACACTTTAAATCCTTTAACAAGGACCT
ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAACTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCGETTAAAACGTTCGTAGTTGAACTTGTGCT
TCATACGGGTAGTATAACTATAATTGTAGTTTGTACTGTACCTTATGTATGTAAGCGTATTACCGGTGGAGTTCTTATGTGTGTTAAATACTTGTATTTA
TCATATGTTCCTCCTATTTAAACCTGCTTCAGTGCTCTTTATCGAGTGTTGTTGTGGGCCGETACAATTACT TTGAACAAAT TAGAGTGCTTAAAGCAGG
CTCCAAATGCCTGAATATTTTGTGCATGGAATAATGAAATAAGACCTCTGTTCTACTTTCATTGGTTTTTAGATCAAGAGGTAATGATTAATAGAAGCAG
TTTGGGGGCATTAGTATTACGACGCGAGAGGTGAAATTCTTGGACCGTCGTAAGACTAACTTAAGCGAAAGCATTTGCCAAAGATGTTTTCATTAATCAA
GAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGT 1044

16S ribosomal DNA
AACCTGGCTTACACCGGTTTGAACTCAGATCATGTAAGAATTTAAAAGT CGAACAGACTTAAAAT TTAAGCGGCTACACCTAAAATTATATCTTAATCCA
ACATCGAGGTCGCAATCTTTTTTATCGATATGAACTCTCCAAAAAAATTACGCTGTTATCCCTAAAGTAACTTATTTTTTTAATCGTTAATAACGGATCA
TTTATTCATAAATTAATGTAAAATATAAATTAAAAGTTTATTAAATTTTAATATCACCCCAATAAAATATTATTAATTATAATAATAAAATATTTCTAAA
AAATTATAATAATTTAAATATAAAGATTTATAGGGTCTTCTCGTCTTTTAAATAAATTTTAGCTTTTTAACTAAAAAATAAAATTCAAATAAAAATTTTT
ATGAAACAGTTAATATTTCGTCCAACCATTCATTCTAGCCTTCAATTAAAAGACTAATTATTATGCTACCTTTGCACAGTCAAAATACTGCGGCCATTTA
AATTTAATTCAGTGGGCAGGTTAGACTTTAAATATAATTCATAAAGACATGTTTTTGTT 559

Mitochondria Cytochrome oxidase 1
CAAATTTATAACGTAATTGTTACAGCTCATGCATTTATTATAATTTTTTTTATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGTTCCCT
TAATATTAGGAGCTCCAGATATAGCCTTTCCACGAATAAATAATATAAGCTTTTGGCTACTACCTCCTTCCTTAATACTTTTGTTAACAAGCAGTATAGT
GGAAAACGGAGCTGGAACAGGATGAACAGTTTACCCTCCTTTATCATCAGTAATTGCTCATGGAGGAGCTTCTGTTGATTTAGCAATTTTTTCTCTTCAT
TTAGCTGGAATTTCTTCAATTTTAGGAGCTGTAAATTTTATTACAACAGTTATTAATATACGATCAGTAAATTTTACATTAGATCGAATACCTTTATTTG
TGTGATCAGTAGTTATTACAGCTTTATTACTTTTATTATCCTTACCAGTATTAGCTGGAGCAATTACTATACTTTTAACAGATCGAAATTTAAATACATC
TTTCTTTGATCCTGCTGETGGAGGAGATCCAATTTTATATCAACATTTATTTTGATTTTTTG 562

the host, Mythimna separata.
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Table 2. BLAST Hit results (Top 3) in NCBI database on four different gene regions (285rDNA, 78SrDNA, 765DNA, mtCO7) which were

obtained from the dipteran parasitoid, Exorista japonicain this study

BLAST hit results (Top 3)

Gene Length . Identity NCBI

(bp) Species Total score E value %) Accession number

Exorista japonica 1727 0.0 100 AB699982.1

28S rDNA 969 Exorista larvarum 1711 0.0 99 KC177833.1

Exorista mella 1690 0.0 99 AF366668.1

Exorista japonica 1929 0.0 100 AB699956.1

18S rDNA 1044 Exorista larvarum 1929 0.0 100 KC177316.1

Exorista larvarum 1929 0.0 100 AB465999.1

Exorista japonica 937 0.0 100 AB257225.1

16S rDNA 559 Exorista larvarum 885 0.0 98 KC177447.1

Exorista larvarum 885 0.0 98 AB257226.1

Exorista japonica 935 0.0 99 AB700012.1

mtCOl1 562 Exorista larvarum 857 0.0 97 KB665721.1

Exorista larvarum 857 0.0 97 KC192967.1

Table 3. Developmental period (days) (mean+SEM) for immature stages of Exorista japonica at constant temperatures (C)

Temperature (C)

No. larvae treated  Oviposition to pupation  Pupation to adult emergence

Oviposition to adult emergence

1
6 0 23.4 2:7)22.3721
18.6+3.16b
19 30 ®
= %0 11.12:3(2)541«1
s 0 1 1.5(1:51) 06¢
103+ 1.91cd
28 30 ® ¢
8.4+ 0.73cd
31 30 © ¢
8.3+ 0.50d
34 30 @

22.8+1.10a 454+ 2.19a
5) )

17.3+1.97b 35.6 +£3.05b
(6) ®)*

12.0 £ 2.60¢c 23.8+3.13¢
(14) (20)

10.5+0.97cd 22.1+1.46¢c
(13) (15)

7.3 +0.58d 182+ 1.10d
3) )

8.0cd 16.3+£0.71d
(1) ®)

3

'Values followed by the same letter within a column are not significantly different (Tukey's Test at a=0.05 (ANOVA: ovipostion to pupation
Fe73 = 55.24, P<0.0001; pupation to adult emergence: Fs 3= 46.78, <0.0001, oviposition to adult emergence: Fsss=138.12, <0.0001)).

2 . . . o3 .
Values in parenthesis are the numbers of individuals examined.
* Not survived.

*Some larvae didn’t escape from the hosts at pupation, and the pupae could not be observed. That's why the number of individuals of
oviposition to adult emergence periods larger than the number of individuals of pupation to adult emergence periods.
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Table 4. Lower threshold temperatures (C) and degree days (DD) estimated by linear regression for the development of Exorista japonica

Stage Temperatrue range Rearession equation Adiusted 12 Lower threshold Degree days
g (C) g q justed 7 temperature (C) (DD)
Oviposition to 16~34 Y=0.0044X-0.024 0.89 5.5 227.1
pupation
Pupation to adult 16~31 Y=0.0062X-0.056 0.87 9.0 161.3
emergence
Oviposition to adult 16~31 Y=0.0027X-0.021 0.97 7.8 370.4

emergence

Table 5. Parameter estimates for four non-linear models describing the relationship between temperature and development rate of all

immature stages of Exorista japonica

Pupation to adult

Oviposition to adult

Model Parameter & adjusted r* Oviposition to pupation
emergence emergence
a 0.000035 0.000074 0.000020
Briere 1 T, 0.77 8.91 2.77
T, 43.57 37.57 43.87
2 0.88 0.86 0.96
P 0.10358 0.14596 0.13855
T 43.19 36.84 38.82
Lactin 2 AT 9.61 6.84 721
A -0.0176 -0.0174 0.0005
2 0.80 0.79 0.89
Y 0.02357 0.01018 0.00741
p 0.10966 0.09210 0.12318
Logan 6 T 42.04 31.27 39.33
AT 7.94 0.21 6.79
2 0.79 0.93 0.89
m 0.00483 0.00741 0.0031
Thnin 6.63 10.76 8.92
Performance K 6.1456 2.8348 0.0937
T 34.40 31.63 54.87
2 0.82 0.83 0.92
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H]-8-0] 40%0°]3}7} Eth=Nakamura (1997)9] H 11 A} 27} &=
B} Al A o] 7} 2 oA L g olelo] AL 8L
Sl B ol 7 HI A 7Hs S AN Qs 202 1ol
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AL TS 2SI WS AL, BH3E 21 o)A g-g)
At s41e fiate] viAlY maE] FgH nHSES
A|E-3FATKTable 4, 5). A7 S o]-g8lo] 247 U E
B3R HHE-S St e A e w =55, g kR T a
AL E=227.1DD o, & U4 SRh s 9%

LE290T, SEAALEL 161.3DDE 24|t Table 4).
TR AN B HA S0 2 E APATES Y E 82
7] 9] Z-oll= 0.79~0.88, HH|7] L5717t Fetoll=
0.79~0.93 0.2 Hal = Tt tha Zpo]7} JUSIch U7E A%
L3571 A] L of uhE 98-8 HSh= Briere 1 X 20] 0.96 0.2
7P 34 = o] XAl Lactin 29} Logan 6 Bdlo] 714 Srgict

(Table 5).
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oy T = MAE] T57171e Yol qtst A7
Al = 2= 4474]‘”0] Hofol E7AY BlsRt Bgs
e E A Hle B 242 A8 4 ¢ltiSharpe et al.,
1977; Curry et al., 1978).

oI5 f3fl & AtollM= A2he =24 2 ZiAHIES]
WS 7|7MS WS TI7EO R Lol A] ZF A ke |7
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$e F A Qg U AR weetes 4RES
2-parameter, 3-parameter Weibull 2 Sigmoid $=o]] 284
7 2t o] oA stk AHE 37he) me

ofl4] 7H U8 e WS ek BAle) 2T ARG 0.82
~0.90 Aol glon] mel Zholi= 2 xpo] 7t otk T el A
% 2871 A 28, 71748 ol gato] BAISH A} kgt
AS Uieo] 2418 A} e} 8 B S HolReri(?,
— 0.90) (Table 6).
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Table 6. Estimated parameters of the distribution models of development completion for each stage of Exorista japonica

Pupation to adult Oviposition to adult

Model Parameter & adjusted r Oviposition to pupation
emergence emergence
B 7.5740 14.6589 16.4275
2-parameter Weibull n 0.9929 0.9754 0.9987
r? 0.83 0.87 0.90
Jé] -3.5900 -57.3784 69.9135
. v 1.3986 4.7632 -3.1938
3-parameter Weibull n -0.3983 -3.7867 41931
r? 0.82 0.86 0.90
By -10.7849 -22.5821 -24.2978
Sigmoid e 11.4577 23.8022 -24.9582
2 0.82 0.87 0.90
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