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Abstract

Chrysocharis pentheus (Walker) is an arrhenotokous, solitary idiobiont endoparasitoid of Liriomyza sativae Blanchard. The
capability of the unmated wasp to produce offspring and kill hosts decreased by 81.8 and 66.2%, respectively, when compared to
the mated wasp. The female wasp was capable of killing L. sativae by parasitizing (65.1%) and host-feeding (34.9%). The host larva
became deeply paralyzed without moving and feeding in 3.9 0 0.4 min after wasp oviposition or died immediately after being fed
upon by the wasp. The daily emergence peak was between 0500 and 0700 h while the peak of oviposition and host-feeding was
between 0500 and 1300 h. This wasp has host instar preference, with a particular preference to oviposit and host-feed on third
instars. At 250C, the wasp took 13.2 + 0.1 days to complete the development from egg to pupa. The duration of egg, larval,
prepupal, and pupal stages averaged 1.4 + 0.0, 4.3 + 0.1, 0.7 £ 0.1, and 6.8 + 0.1 days, respectively. The survival rate from egg to
pupal stage was 95.5 + 2.1%. When 40-50 3rd instars of L. sativae and honey were provided daily, the longevity of female and male
wasps averaged 21.9 + 1.3 and 16.1 + 1.3 days, respectively. The fertility and the host killing capability for a wasp were 220 + 32
wasps and 358 hosts, respectively. The female progeny ratio was 0.50 + 0.03.
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Fig. 1. Appearance and host-killing mode of Chrysocharis pentheus. A. female wasp parasitizing a leafminer; B. egg;
C. 4th instar larva; D. mature larva using its excreta to construct a pupation site; E. prepupa; F. pupa; G.
normal host larva; H. host-paralyzed after oviposition; I. female wasp feeding on a leafminer; J. a host killed by
wasp feeding; K. larva feeding on a host; L. host-killed by parasitism.
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Table 1. Body size of the various stages of Chrysocharis pentheus at 25°C

Stage Head width (mm) Body size (mm) ( X + SEM)
n X + SEM n Length Width
Egg 20 0.24+0.00 0.08+0.00
Larva
1st 20 0.06 £0.00
Early 20 0.36 £0.00 0.12£0.01
Late 20 0.51+£0.00 0.18 £0.00
2nd 9 0.15£0.00
Early 20 0.57£0.00 0.22 £0.00
Late 20 0.65+0.00 0.26 £0.00
3rd 17 0.18 £0.00
Early 20 0.77£0.01 0.30£0.00
Late 20 1.11+£0.00 0.40 £ 0.00
4th 20 0.22£0.00
Early 20 1.24+0.01 0.46 £ 0.00
Late 20 1.81+0.03 0.68 £0.01
Prepupa 20 1.31+0.03 0.51+0.01
Pupa 20 1.61+0.03 0.62 £0.01
Adult
Female 20 1.45+0.02 0.40£0.01
Male 20 1,18 +0.02 0.32£0.01
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Fig. 2. Daily emergence rhythm of Chrysocharis pentheus at 25°C.
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Fig. 3. Daily oviposition and host-feeding rhythm of female Chrysocharis pentheus at 25°C and 12 hrs of photophase
set from 5:00 a.m. to 17:00 p.m. in a growth chamber.
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Table 2. Preference of Chrysocharis pentheus for various instars of Liriomyza sativae

Instars of No-choice test™® Free-choice test>”
leafminer No. of hosts No. of hosts killed No. of hosts No. of hosts killed
parasitized by feeding parasitized by feeding
1st 0Ab 0.1+0.1Ab 0b Oc
2nd 0.3 +0.2Bb 5.4+ 0.5Aa 0.2+0.1Bb 1.2 £ 0.5Ab
3rd 9.8 +1.0Aa 4.6+0.6Ba 4.9+ 0.4Aa 2.6 + 0.4Ba

U In each treatment 20 larvae of L. sativae were provided in an acrylic cylinder (20 cm diameter, 25 cm high)
under 25°C, 12L:12D, and 65-85% RH. Eleven to twenty three replicates.

? In each treatment, 10-1st instars, 10-2nd instars and 10-3rd instars of L. sativae were provided in an acrylic
cylinder (20 cm diameter, 25 cm high) under 25°C, 121:12D, and 65-85% RH. Sixteen replicates.

¥ Means ( X + SEM) within each row followed by the same uppercase letter are not significantly different (p <
0.05, paired samples ¢-test). Means ( X = SEM) within each column followed by the same lowercase letter are
not significantly different (p < 0.05, LSD).

K= TRERSRETH S £ B NEMEE T
Table 3. Fertility and host-killing capability ( X + SEM) of mated and unmated females of Chrysocharis pentheusl'z)

Mating Longevity (d) Fertility/female No. of hosts killed/female
frequency f Female Male No. adult Femal_e Parasitized  Feeding Total ParaSIt_lzed/
proportion feeding
0 17 16.1+£1.3b - 40 £ 6b Ob 50 £ 8b 71+£8b  121+15b 0.69+0.07b
>1 11 219+13a 151+16 220+£32a 050+£0.03a 233+£33a 125+20a 358+48a 2.02+0.2la

Y Female wasp was provided with 40-50 third instars of L. sativae daily at 25°C.
2 Means within each column followed by the same letter are not significantly different (p < 0.05, t-test).
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Bize— [ELLHTHR/IME (Chrysocharis pentheus (Walker, 1839)) 2 B Eghsk
Appendix 1.  Synonymic list of Chrysocharis pentheus (Walker, 1839)

Species name References
Chrysocharis (Kratochviliana) pentheus (Walker, 1839) 1,2,3,5
Chrysocharis aguilegiae Erdds, 1961 2,3,4,5
Chrysocharis orientalis (Girault, 1917) 1
Chrysocharis pallipes (Gahan, 1917) 4,5
Chrysocharomyia elegantissima Girault, 1917 1
Derostenus pallipes Gahan, 1917 3,4,5
Entedon ergeteles Walker, 1848 4,5
Entedon ergetelis Walker, 1848 1,2,3,4,5
Entedon pentheus Walker 1839 1,2,3,4,5
Epilampsis mirabilis Sundby, 1957 1,2,3,4,5
Epilampsis pentheus (Walker, 1839) 5
Kratochviliana pentheus (Walker, 1839) 5
Omphalchrysocharis orientalis Girault, 1917 1

References: 1. Yoshimoto (1973). 2. Hansson (1985). 3. Hansson (1987). 4. Noyes (2002). 5. Universal Chalcidoidea Database

(2007).
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Appendix table 2. World host, distribution and occurrence of Chrysocharis pentheus

Host Distribution Occurrence References
DIPTERA &#}!
Agromyzidae W‘ﬁ‘i[
Agromyza albipennis Meigen Japan Kamijo, 1978; Ikeda, 1996
A. alnibetulae Hendel - Universal Chalcidoidea
Database, 2007
A. aristata Malloch Canada Hansson, 1987
A. demeijerei Hendel Sweden Hansson, 1985
A. flaviceps Fallen Sweden Hansson, 1985
A. hiemalis Becker Italy Massa and Rizzo, 2000
A. nana Meigen Sweden Hansson, 1985
A. orobi Hendel Sweden Hansson, 1985
A. oryzae Munakata Japan Kamijo, 1978
A. rufipes Meigen Sweden Hansson, 1985
Amauromyza flavifrons Sweden Hansson, 1985
(Meigen)
Calycomyza humeralis Roser Japan Kamijo, 1978
Chromatomyia fuscula Norway Hagvar et al., 1998
(Zetterstedt)
C. horticola (Goureau) China (Guangdong) Zeng, et al., 1999
China (Yunnan) Zhu et al., 2006
China (Zhejiang) Chen et al., 2003
Japan dominant Saito, 2004; Larios et al.,
2007
C. lonicerae (Robineau-Desvoidy) ~ Japan majority Kato, 1984; Ikeda, 1996
Liriomyza spp. Vietnam Tran et al., 2006
L. bryoniae (Kaltenbach) China (Guangdong) Zeng, et al., 1999
L. chinensis (Kato) China (Zhejiang) Chen et al., 2003
L. eupatorii (Kaltenbach) Sweden Hansson, 1985
L. huidobrensis (Blanchar) China (Guangdong) Zeng, et al., 1999
Taiwan Chien and Chang,
unpublished
L. impatientis Brichke - Universal Chalcidoidea
Database, 2007
L. sativae Blanchard China (Hainan) predominant Cai et al., 2005
China (Guangdong) predominant Xu et al., 1999; Zeng, et
al., 1999; Liang et al.,
2001; Zhan et al., 2002;
Ren et al., 2006
China (Zhejiang) Chen et al., 2003
China (Shandong) predominant Zhao et al., 2003
Taiwan predominant Chien and Chang,
unpublished
L. trifolii (Burgess) Israel Freidberg and Gijswijt,
1983
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Appendix table 2. continued

Host Distribution Occurrence References
Japan predominant Arakaki and Kinjo, 1998;
Hondo et al., 2006
Taiwan Lin and Wang, 1992;
Chien and Ku, 1998
L. huidobrensis (Blanchar) Malaysia, Vietnam Murphy and LaSalle, 1999
Paraphytomyza cornigera Canada Hansson, 1987
Griffiths
P. hendeliana (Hering) Sweden Hansson, 1985
P. orbitalis Melander USA Hansson, 1987
P. populi (Kaltenbach) Sweden Hansson, 1985
P. populicola (Walker) Canada, Sweden Hansson, 1985, 1987
Phanacis sonchi (Stefani) Austria Hansson, 1985
Phytoliriomyza hilarella Sweden Hansson, 1985
(Zetterstedt)
P. melampyga (Loew) Sweden Hansson, 1985
P. variegate (Meigen) Sweden Hansson, 1985
Phytomyza sp. England Hansson, 1985
P. angelicae Kaltenbach Sweden Hansson, 1985
P. angelicastri Hering Sweden Hansson, 1985
P. anthrisci Hendel Sweden Hansson, 1985
P. aquilegiae Hardy - Universal Chalcidoidea
Database, 2007
P. artemisivora Spencer Sweden Hansson, 1985
P. calthophila Hering Sweden Hansson, 1985
P. chaerophylli Kaltenbach Sweden Hansson, 1985
P. cytisi Brischke Sweden Hansson, 1985
P. deciduae USA Hansson, 1987
P. horticola Gourea China (Jiangxi) Shengq et al., 1989; Zhong
and Sheng, 1990
Japan Takada and Kamijo,
1979
Sweden Hansson, 1985
P. ilicis Curtis USA Hansson, 1987
P. lappina Goureau Sweden Hansson, 1985
P. marginella Fallen Sweden Hansson, 1985
P. milii Kaltenbach Sweden Hansson, 1985
P. minuscula (Goureau) Sweden Hansson, 1985
P. obscurella Fallen Sweden Hansson, 1985
P. paniculatae Sasakawa Japan Kamijo, 1978
P. periclymeni Hendel Sweden Hansson, 1985
P. pubicomis Hendel Sweden Hansson, 1985
P. ranunculi Schrank Japan predominant Sugimoto and Ishii, 1979;
Sugimoto et al., 1982
Sweden Hansson, 1985
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Appendix table 2. continued

Host Distribution Occurrence References
P. sonchi Robineau-Desvoidy Universal Chalcidoidea
Database, 2007
P. spondylii Robineau-Desvoidy =~ The Netherlands Hansson, 1985
P. syngenesiae Hardy Sweden Hansson, 1985
P. tanaceti Hendel England Hansson, 1985
P, tussilaginis Hendel Sweden Hansson, 1985
P, vitalbae Kaltenbach Universal Chalcidoidea
Database, 2007
unknown Italy Burgio et al., 2007
Cecidomyiidae ||
Mayetiola destructor (Say) Universal Chalcidoidea
Database, 2007
LEPIDOPTERA ﬁ?;@ El
Bucculatrigidae E}Ti3%]
Bucculatrix sp. Hansson, 1987; Universal
Chalcidoidea Database,
2007
Coleophoridae Hii3%E|
Coleophora laricella (Hitbner) Poland Skrzypczynska, 1978
C. pruniella Clemens USA Hansson, 1987
Elachistidae ‘| |
Biselachista fulgens (Parenti) Universal Chalcidoidea
Database, 2007
Elachista cerusella (Hiibner) Sweden Hansson, 1985
Eriocraniidae = Jfi3%|
Eriocrania subpurpurella Universal Chalcidoidea
(Haworth) Database, 2007
Gelechiidae % 5%|
Chrysoesthia drurella Japan Tkeda, 1996
(Fabricius)
C. sexguttella (Thunberg) Japan Tkeda, 1996
Microsetia sexguttella Thnbg. Italy Hansson, 1985
Gracillariidae F'83%|
Cameraria sp. USA Hansson, 1987
C. hikosanensis Kumata Japan Ikeda, 1996
C. ohridella Desch. & Dimic Austria Grabenweger and
Lethmayer, 1999
Hungary Balézs and Thuroczy, 2000
Italy Lupi, 2005
Macedonia, Serbia, Freise et al., 2002
Yugoslavia
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P. ulmifoliella (Hiibner)
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Appendix table 2. continued
Host Distribution Occurrence References
Coleophora laricella Hb. CABI, 2006
Leucoptera malifoliella (Costa) Canada Hansson, 1987
Germany Mey, 1993
Lithocolletis spp. Europe Yoshimoto, 1973
L. corylifoliella Hw. Universal Chalcidoidea
Database, 2007
Phyllocnistis sp. Canada Hansson, 1987
P, citrella Stainton Israel Argov and Rossler, 1996
Italy Conti et al., 2001
Japan predominant Mafi and Ohbayashi,
2004, 2006
Spain minor species Vercher et al., 2005
P. labyrinthella (Bjerkander) Sweden Sundby, 1957
P. populiella Chambers Universal Chalcidoidea
Database, 2007
P. tremulella Fischer von Boucek and Askew, 1968
Roslerstamm
P, vitegenella Clemens - Marchesini et al., 2000
Phyllonorycter sp. Canada, USA Hansson, 1987
P. blancardella F. - Universal Chalcidoidea
Database, 2007
P. cavella (Zeller) Universal Chalcidoidea
Database, 2007
P. celtisella Chambers Canada Hansson, 1987
P. corylifoliella Hiibner Boucek and Askew,
1968; Universal
Chalcidoidea
Database, 2007
P. crataegella Clemens USA Hansson, 1987
P. lyoniae Kumata Japan Ikeda, 1996
P. maestingella (Miiller) Boucek and Askew,
1968; Universal
Chalcidoidea
Database, 2007
P. malimalifoliella Braun Canada Hansson, 1987
P. oxyacanthae (Frey) Universal Chalcidoidea
Database, 2007
P. propinquinella (Braun) USA Hansson, 1987
P, sorbi (Frey) Sweden Hansson, 1985
P. spinolella (Duponchel) Universal Chalcidoidea
Database, 2007
P, tristrigella (Haworth) Sweden Hansson, 1985

Universal Chalcidoidea
Database, 2007
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Appendix table 2. continued

Host Distribution Occurrence References
Heliozelidae [ i3%]
Coptodisca sp. Canada, USA Hansson, 1987
Holocacista rivillei (Stainton) Italy Alma, 1995
Lyonetiidae |
Leucoptera laburnella England, Sweden Hansson, 1985
(Stainton)
L. malifoliella (Costa) Germany Boucek and Askew, 1968;
Mey, 1993; Universal
Chalcidoidea Database,
2007
L. orobi (Stainton) Sweden Hansson, 1985
L. scitella Zeller Romania Cojocaru, 2000
L. wailesella (Stainton) Poland Hansson, 1985
Lyonetia clerkella (L.) Japan predominant  Togashi, 1988; Adachi,
1998
L. prunifoliella Hubner Japan Tkeda, 1996
L. prunifoliella malinella Japan Kawashima, 1989; CABI,
(Matsumura) 2006
Tischeria ekebladella Sweden Hansson, 1985
(Bjerkander)
T ekebladella (Bjerkander) Sweden Hansson, 1985
T. heinemanni Wocke Sweden Hansson, 1985
Momphidae ﬁfﬁj’ R
Cosmopterix pulchrimella Universal Chalcidoidea
Chambers Database, 2007
Nepticulidae %ﬁﬁk[
Ectoedemia occultella (L.) Herting, 1975; Burks,
1979
E. platanella (Clemens) USA Hansson, 1987
E. pulverosella (Staintion) Universal Chalcidoidea
Database, 2007
E. rubivora (Wocke) The Netherlands Hansson, 1985

Nepticula floslactella Haworth

N. lapponica (Wocke)
N. lindquisti Freeman
N. malella Stainton

N. microtheriella Stainton

Universal Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
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Appendix table 2. continued
Host Distribution Occurrence References

N. salicis (Stainton) Universal Chalcidoidea
Database, 2007

N. sorbi Stainton Universal Chalcidoidea
Database, 2007

N. tityrella Stainton Universal Chalcidoidea
Database, 2007

Stigmella spp. Europe Yoshimoto, 1973

Stigmella sp. Canada Hansson, 1987

Japan Kamijo, 1978

S. aceris (Frey) Boucek and Askew, 1968;
Universal Chalcidoidea
Database, 2007

S. anomalella (Goeze) The Netherlands Hansson, 1985

S. atricapitella (Haworth) Universal Chalcidoidea
Database, 2007

S. atricollis (Stainton) Universal Chalcidoidea
Database, 2007

S. aucupariae (Frey) Universal Chalcidoidea
Database, 2007

S. aurella (Fabricius) England Hansson, 1985

S. centifoliella (Zeller) - Universal Chalcidoidea
Database, 2007

S. crataegella (Klimesch) Sweden Hansson, 1985

S. floslactella (Haworth)
S. freyella (Heyden)

S. hemargyrella (Kollar)
S. hybnerella (Hiibner)

S. ignobilella (Stainton)
S. lapponica (Wocke)

S. malella (Stainton)
S. marginicolella Stainton

S. microtheriella (Stainton)
S. minusculella
(Herrich-Schéffer)

S. myrtillella (Stainton)

S. nylandriella (Tengstrom)

England, Sweden
Sweden
Denmark
Yugoslavia

The Netherlands,
Sweden

Hansson, 1985
Universal Chalcidoidea
Database, 2007
Hansson, 1985
Universal Chalcidoidea
Database, 2007
Hansson, 1985
Universal Chalcidoidea
Database, 2007
Hansson, 1985
Universal Chalcidoidea
Database, 2007
Hansson, 1985

Universal Chalcidoidea
Database, 2007

Universal Chalcidoidea
Database, 2007

Universal Chalcidoidea
Database, 2007
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Appendix table 2. continued

Host

Distribution

References

S. oxyacanthella (Stainton)
S. plagicolella (Stainton)
S. pulverosella (Stainton)

S. ruficapitella (Haworth)

S. salicis (Stainton)

S. sorbi (Stainton)

S. splendidissimella
(Herrich-Schiéffer)

S. tiliae (Frey)

S. tityrella (Stainton)
S. trimaculella (Haworth)

Tischeriidae Wﬁ[
Tischeria sp.
T angusticolella Dup.
T dodonaea Stainton

T ekebladella (Bjerkander)
T heinemanni Wocke
T malifoliella Clemens

Yponomeutidae ﬁi@iﬁ]
Argyresthia sp.

COLEOPTERA i E!
Bruchidae FI§%|
Bruchus rufipes Herbst

Rhamphus sp.
Curculionidae §IE\HE]

Ceutorhynchus contractus
(Marsham)
Orchestes quercus (L.)

Rhamphus oxyacanthae
(Marsham)
R. pulicarius (Herbst)

Rynchaenus japonicus
(Hustache)
R. mutabilis (Boheman)

Denmark, Sweden
Sweden

Sweden
Sweden
Sweden

Sweden
Sweden

USA
Sweden

Sweden
Sweden
Canada

Canada

Europe

Sweden

Japan

Japan

Hansson, 1985
Hansson, 1985
Universal Chalcidoidea
Database, 2007
Hansson, 1985
Hansson, 1985
Hansson, 1985
Boucek and Askew,
1968; Universal
Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
Hansson, 1985
Hansson, 1985

Hansson, 1987
Hansson, 1985
Universal Chalcidoidea
Database, 2007
Hansson, 1985
Hansson, 1985
Hansson, 1987

Hansson, 1987

Universal Chalcidoidea
Database, 2007
Yoshimoto, 1973

Hansson, 1985

Universal Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
Universal Chalcidoidea
Database, 2007
Tkeda, 1996

Tkeda, 1996
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Appendix table 2. continued
Host Distribution Occurrence References
R. pallicornis (Say) USA Hansson, 1987
R. populi (Fabricius) Universal Chalcidoidea
Database, 2007
R. takabayashii (Kéno) Japan Ikeda, 1996
HYMENOPTERA J3ZF!
Cynipidae x|
Diplolepis lens Weld Canada Hansson, 1987
D. rosaefolii (Cockerell) Canada Shorthouse and Brooks,
1998
Tenthredinidae &
Fenusa pusilla (Lepeletier) North America Yoshimoto, 1973

UNKNOWN

Bulgaria, Canary Is.,

Channel Is., Croatia,

Universal Chalcidoidea
Database, 2007

Cyprus, Czechoslovakia,
Finland, France, Greece,
Hungary, Korea, Korea-
North, Moldova, Slovakia,

Spain, Switzerland,

Turkey, Ukraine, USSR
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Adachi, I. 1998. Hymenopterous parasitoids
of the peach leafminer, Lyonetia clerkella
(Linnaeus) (Lepidoptera: Lyonetiidae).
Appl. Entomol. Zool. 33: 299-304.

Alma, A. 1995. Bio-ethologic and epidemiologic
researches on Holocacista rivillei
Stainton (Lepidoptera, Heliozelidae).
Redia 78: 373-378. (cited by Universal
Chalcidoidea Database, 2007)

Arakaki, N., and K. Kinjo. 1998. Notes on
the parasitoid fauna of the serpentine
leafminer Liriomyza trifolii (Burgess)
(Diptera: Agromyzidae) in Okinawa,

southern Japan. Appl. Entomol. Zool.
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Morphology and Life History of Chrysocharis pentheus
(Walker) (Hymenoptera: Eulophidae)

Ching-Chin Chien'* and Shu-Chen Chang'

! Division of Applied Zoology, Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan

ABSTRACT

Chrysocharis pentheus (Walker) is an arrhenotokous, solitary idiobiont
endoparasitoid of Liriomyza sativae Blanchard. The capability of the unmated
wasp to produce offspring and kill hosts decreased by 81.8 and 66.2%,
respectively, when compared to the mated wasp. The female wasp was capable
of killing L. sativae by parasitizing (65.1%) and host-feeding (34.9%). The host
larva became deeply paralyzed without moving and feeding in 3.9 + 0.4 min
after wasp oviposition or died immediately after being fed upon by the wasp.
The daily emergence peak was between 0500 and 0700 h while the peak of
oviposition and host-feeding was between 0500 and 1300 h. This wasp has host
instar preference, with a particular preference to oviposit and host-feed on
third instars. At 25°C, the wasp took 13.2 + 0.1 days to complete the
development from egg to pupa. The duration of egg, larval, prepupal, and pupal
stages averaged 1.4 £ 0.0, 4.3 £ 0.1, 0.7 + 0.1, and 6.8 + 0.1 days, respectively.
The survival rate from egg to pupal stage was 95.5 + 2.1%. When 40-50 3rd
instars of L. sativae and honey were provided daily, the longevity of female and
male wasps averaged 21.9 + 1.3 and 16.1 + 1.3 days, respectively. The fertility
and the host killing capability for a wasp were 220 + 32 wasps and 358 hosts,
respectively. The female progeny ratio was 0.50 £ 0.03.

Key words: Chrysocharis pentheus, Liriomyza sativae, morphology, life history,
field bean
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