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Fig. 2. Circadian rhythm of Aprostocetus sp. by per yellow sticky trap captured in a different time. The different
letters indicate significant differences (P < 0.05) by Kruskal-Wallis test.
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Table 1. Emergence of Procontarinia robusta and its parasitoid Aprostocetus sp.

Treatment (n = 3) Emergent no. of P. robusta (%) Parasitism (%) Unknown death

Non parasitic 373.3 £ 17.0 (88.9% + 3.4%) 0 (0% c”) 47.0 +£16.5 (10.8% =+ 3.4%)
Parasitic group (natural condition)  280.0 + 16.5 (67.0% +4.4%)  66.0+7.0 (15.8% = 1.8%b) 72.0 +26.2 (17.2% + 6.1%)
Parasitic group (add 5 females) 263.3+£15.7(63.3% +7.8%) 101.0 +19.7 (24.0% +2.8% a) 54.0 £24.9 (12.7% + 5.1%)

“ The different letters after parasitic ratio show significant differences by #-test (P < 0.05).



TG St iy 2 KR 28 151

EEEE  ReVEETEYE - K2 EREER
BT FRAVEEMEELBIE BT - TEEFARY
8BS F5 B PRAR - s s s R DUR = 0
RIBHVEEE - LFERFMNE > FEBERE
HREMEANT ERGE NHEEN R K
Z o JIE N HEMERY 7L (Charnov et al. 1981;
Bressac & Chevrier 1998; Paine et al. 2004;
Wang et al. 2008; Aruna & Manjunath 2010) °
KW FLE R » Aprostocetus sp. 2 BF 5p 5 2 M
MEMEEE Ry 0.72 2 1 J& I it M B 912 v 9 s T
B o g R R TR ELE - ERK
AT & N HE TR A T ARG B R/ NETTY Aprosto-
cetus sp. Z MEEEEE -

A ie H BT - A 10-14 B
BB B 0 5 [ Y B B LA B 2% (8 2) > 7]
Heam H T AT R 10-14 B iF B R % -
& B ELEE R [ 06 S E T H A - e R
TS LB B 1T o BE 2R H AT AR B B i s A
1 d 7 F3PHb el 2 B B &R} {H Yukawa &
Rohfrisch (2005) i £2 H K 2 B i ) et s 7%
R PUE - BLa A REE R - B
it 7 AR A 52 T A AT R PG - BB
A8 T FUEBIAYITEE o W o R 8 W] 0
Ji5 sk AL P 49 R Y B A RS >t AT PR 2 AR e
B SR BRI & - (H & P70 a s A A A
H e FEBKEYIDIGRE  ZERIEHFSE
By RER 2 o DR AV &2
PRME R TER T AW N Rt ar A4 i sl B
HUR W INEF R (RS BT e S IS T AR (R
1) > RAA[HE—2 R F A M R 8 B F
R HIHHBATE -

AWTFE LA Z R B = EE K 2015 FF 4
2016 F2 NI PRI EE (Z-EDHIR T T,
FE IR R TE ! T BREIL g By 4
RERAEVIDTERAT R T T, fe TE, ~
PR — TR S S5 AR 04 19 20 BB R R SR e P
ihEr ) ZEER RATE - HEAILE
TEEREWETRE - o BEREE - i
FHRE RS T A ERR T2 TR L - 265
B~ MRomi -~ PSR BREGL - FEENEE

PREE ~ BURREEL 158 » SOpkig o IR T ELR
AL 18 M BN ST i Z W -

5| FA SLRK

Aeschlimann, J. P. 1990. Simultaneous occurrence of the-
lytoky and bisexuality in hymenopteran species, and
its implications for the biological control of pests.
Entomophaga 35:3-5. doi:10.1007/BF02374295

Aruna, A. S. and D. Manjunath. 2010. Reproductive per-
formance of Nesolynx thymus (Hymenoptera: Eu-
lophidae) as influenced by host (Musca domestica)
size. Biocontrol 55:245-252. doi:10.1007/s10526-
009-9256-3

Bressac, C. and C. Chevrier. 1998. Offspring and sex ratio
are independent of sperm management in Eupelmus
orientalis females. J. Insect Physiol. 44:351-359.
doi:10.1016/S0022-1910(97)00119-4

Cai, H. J., P. Kolesik, H. Y. Wang, F. R. Liao, V. Quintao,
K. M. Harris, and G. A. Bellis. 2013. Description of
the immature stages and gall morphology, and mo-
lecular characterisation of Procontarinia robusta,
a gall midge (Diptera: Cecidomyiidae) damaging
leaves of mango Mangifera indica L. (Anarcadiace-
ae) in southern Asia. Aust. J. Entomol. 52:206-211.
doi:10.1111/aen.12027

Charnov, E. L., R. L. Los-den Hartogh, W. T. Jones,
and J. van den Assem. 1981. Sex ratio evolution
in a variable environment. Nature 289:27-33.
doi:10.1038/289027a0

Fellowes, M. D. E., J. J. M. van Alphen, and M. A. Jervis.
2007. Foraging behaviour. p.1-71. in: Insect Natural
Enemies: A Practical Perspective (Jervis, M. A., ed.)
Springer, Dordrecht, The Netherlands. 748 pp.

Hallett, R. H., S. A. Goodfellow, and J. D. Heal. 2007.
Monitoring and detection of the swede midge (Dip-
tera: Cecidomyiidae). Can. Entomol. 139:700-712.

Hammer, @., D. A. T. Harper, and P. D. Ryan. 2001.
PAST: Paleontological statistics software package
for education and data analysis. Palacontol. Elec-
tron. 4:1-9.

Kogan, M. 1998. Integrated pest management: Histori-
cal perspectives and contemporary developments.
Annu. Rev. Entomol. 43:243-270. doi:10.1146/
annurev.ento.43.1.243

Li, J., W. J. Bu, and Q. Y. Zhang. 2003. A new species of
gall midge (Diptera: Cecidomyiidae) attacking man-
go leaves from China. Acta Zootax. Sin. 28:148—
151.

Lin, S. F,, P. R. Lin, Y. W. Ni, M. M. Yang, and H. H.
Hao. 2018. Gall development, structure, and prefer-



152 H SRS

ence position of the invasive cecidomyiid Proconta-
rinia robusta Li, Bu & Zhang (Diptera: Cecidomyii-
dae). Formosan Entomol. 38:84-91. (in Chinese
with English abstract) doi:10.6662/TESFE.2018009

Lin, S. F,, S. S. Wang, A. S. Lee, M. M. Yang, and H. H.
Hao. 2019. Parasitic behavior of a potentially nat-
ural enemy, Aprostocetus sp. (Hymenoptera: Eulo-
phidae), on mango pest cecidomyiid Procontarinia
robusta (Diptera: Cecidomyiidae). J. Taiwan Agric.
Res. 68:246-253. (in Chinese with English abstract)
doi:10.6156/JTAR.201909_68(3).0006

Muhammad, W., N. Igbal, S. Saeed, M. Javed, and K. M.
Khalid. 2013. Monitoring and varietal preference of
mango midge, Procontarinia mangicola (Diptera:
Cecidomyiidae). Pakistan J. Zool. 45:1273-1278.

Paine, T. D., A. L. Joyce, J. G. Millar, and L. M. Hanks.
2004. Effect of variation in host size on sex ratio,
size, and survival of Syngaster lepidus, a parasitoid
of Eucalyptus longhorned beetles (Phoracantha
spp.): 1I. Biol. Control 30:374-381. doi:10.1016/
j-biocontrol.2004.01.013

Pedigo, L. P., S. H. Hutchins, and L. G. Higley. 1986.
Economic injury levels in theory and practice.
Annu. Rev. Entomol. 31:341-368. doi:10.1146/an-
nurev.en.31.010186.002013

Pedigo, L. P. and L. G. Higley. 1996. Introduction to pest
management and thresholds, p.3—-8. in: Economic
Thresholds for Integrated Pest Management (Higley,
L. G. and L. P. Pedigo, eds.) University of Nebraska
Press, Lincoln, NE. 327 pp.

Shih, H. T., H. H. Hao, Y. C. Chiu, F. C. Lin, and M. M.

69 % 521

Yang. 2013. A revised and annotated checklist of in-
sects and mites of mangos from Taiwan. Formosan
Entomol. 33:27-51. doi:10.6661/TESFE.2013003

van der Kooi, C. J., C. Matthey-Doret, and T. Schwander.
2017. Evolution and comparative ecology of par-
thenogenesis in haplodiploid arthropods. Evol. Lett.
1:304-316. doi:10.1002/ev13.30

Wang, X. Y., Z. Q. Yang, H. Wu, and J. R. Gould. 2008.
Effects of host size on the sex ratio, clutch size,
and size of adult Spathius agrili, an ectoparasit-
oid of emerald ash borer. Biol. Control 44:7-12.
doi:10.1016/j.biocontrol.2007.10.011

Yang, E. C. and Y. S. Hung. 2001. Color attraction to
insects- The fundamental and application. p.66—77.
in: Proceedings of the Symposium on the Progress
of Taiwan Entomological Research at the Threshold
of 21st Century. December 15, 2001. Taichung,
Taiwan. National Museum of Natural Science, Taic-
hung. (in Chinese with English abstract)

Yukawa, J. and O. Rohfrisch. 2005. Biology and ecology
of gall-inducing cecidomyiidae (Diptera). p.274—
304. in: Biology, Ecology, and Evolution of Gall-In-
ducing Arthropods. (Ramna, A., C. W. Schaefer, and
T. M. Withers, eds.) Science Publishers, Enfield,
NH. 817 pp.

Zeng, C., Y. L. Li, R. R. Xiao, L. X. Huang, Y. D. Robleh,
A. A. Bourhan, and Y. Peng. 2014. Preliminary
study on Procontarinia robusta, one kind of pest
of mango tree, in Djibouti. J. Hubei Univ. (Natural
Science) 36:303-306. (in Chinese with English ab-
stract)



TR B Ry & R A 2R 153

Parasitic Strategy and Circadian Rhythm of
Aprostocetus sp. (Hymenoptera: Eulophidae), a Natural
Enemy of Mango Pest Procontarinia robusta
(Diptera: Cecidomyiidae)

Sheng-Feng Lin', Yi-Syuan Lee’, Chia-Lin Liu*, Man-Miao Yang’, and Hsiou-Hua Hao"'

Abstract

Lin, S. F., Y. S. Lee, C. L. Liu, M. M. Yang, and H. H. Hao. 2020. Parasitic strategy
and circadian rhythm of Aprostocetus sp. (Hymenoptera: Eulophidae), a natural enemy
of mango pest Procontarinia robusta (Diptera: Cecidomyiidae). J. Taiwan Agric. Res.
69(2):147-153.

Biological control is considered as a high specific and low contaminated way to control pests,
especially for those preform cryptic symptom or concealed feeding habits, such as borers and gall
inducers. In the present study, ovipositional strategy, release experiment, colored sticky-traps and cir-
cadian thythm of parasitic Aprostocetus species are studied to evaluate the effectiveness of biocontrol
on mango pest cecidomyiid Procontarinia robusta Li, Bu & Zhang. Our results show that sex ratio
(female/male) of Aprostocetus sp. is 0.72, arrhenotoky is one of reproductive mode of Aprostocetus
sp., and parasitism could be increased via enemy releasing. It indicated that Aprostocetus sp. may be
considered as a good biocontrol agent. The attractiveness of Aprostocetus sp. on yellow sticky paper
was higher than on others. However, the attractiveness of Aprostocetus sp. on light green sticky paper
was the highest with black spot that mimic the cecidomyiids gall. Results also showed that the attrac-
tiveness of Aprostocetus sp. was affected not only by color but also by existence of gall. In circadian
rhythm survey, attraction number of Aprostocetus sp. was not significantly different between time
in 10:00-12:00 and 12:00-14:00. Nevertheless, attraction numbers of Aprostocetus sp. in these two
periods were significantly higher than other three periods, 8:00—10:00, 14:00-16:00 and 16:00—18:00.
Based on the results, the major parasitic period of Aprostocetus sp. was in 10:00-14:00 every day.
Accordingly, it is recommended to avoid spraying pesticide during this period. As such, the conflict
between chemical control and biological control could be substantially reduced.

Key words: Mangifera indica L., Monitoring, Sticky traps, Natural enemy, Taiwan.
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