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Abstract

Project Code: RSA43-8-0015

Project Title: Studies on systematics and distribution of fruit fly parasitoids,
Diachasmimorpha longicaudata and related species, in Thailand

investigator: Sangvom Kitthawee

E-mail Address:  grski@mahidol.ac.th

Project Period: 1 December 1999 - 30 November 2002

Summary:

Parasitoids are natural enemies of the Oriental fruit fly. The current trend of
control should be to reduce the use of chemicals and at the same time to increase the use
of biological methods such as parasitoids. This project is therefore directed toward
understanding the systematic and distribution as well as biology of some parasitoids in
Thaitand.

Parasitoids were collected from fruit fly infested fruits of wild and cultivated plants
between 1999 and 2002. Identification was conducted using several methods:- e.g. host
plants, host flies, morphology, morphometric analysis, cytogenetics and molecular
systematics. From the survey work and identification, tephritid parasitoids were found in 2
famities (Braconidae and Pteromalidae). Braconid parasitoids were divided into 3 groups:-
group |. Diachasmimorpha longicaudata (e.g. D. longicaudata v.A, B, C, D); group Il
Fopius spp. {e.g. F. arisanus, F. vandenboschi, Biosteres sp.E); group lll. Psyitalia spp.
(e.g. P. flefcheri, P. incisi, P. makii, P. manii, P. sp.A, sp.B, sp.C and P. new sp.). Only one
species, Spalangia endius, in family Pteromalidae was found. v

Morphometric analysis was conducted in order to distinguish member of the D.
longicaudata complex. Discriminant analysis indicated that D. longicaudata complex
consisted of 4 strains (A, B, C and D). Studies mitotic karyotype of parasitoids revealed
that differences in chromosome numbers served to distinguish genera (Diachasmimorpha
spp. (2n)=20, Fopius spp. (2n)=46, Psyttaiia spp. (2n)=34 and Spalangia endius (2n)=8)
whereas differences in chromosome sizes and shapes served to distinguish species.
Molecular analysis of nucleotide sequences of the 165 and 28S rRNA genes in Fopius
spp. confirmed the existence of a species complex and explained their phylogenetic
relationships.

Biological studies of the larval parasitoid, D. longicaudata, showed that females
{2n=diploid) arise from fertilized eggs, whereas males (n=haploid) develop from unfertilized



eggs of virgin females. During their life span, virgin females lay their eggs in 2 cycles,
whereas mated femnales lay their eggs in 3 cycles. The rate of parasitism was highest on
3" instar larvae of fruit fiies,

Biological and behavioral studies on the pupal parasitoid, Spalangia endius were
performed in the laboratory. Female 8. endius attacked the pupal fruit fly hosts at peak
rates at 3 days of age. The mean numbers of host pupae attacked per female parasitoid
were 8.42+1.19. The number of pupae parasitized increased with host density. The
percentage parasitism increased with parasitoid density. The oviposition efficiency of S.
endius on B. correcta (area discovery = 0.38-0.03 log P} is higher than on B. dorsalis
(area discovery = 0.18). These results suggest that host and parasitoid densities play
important roles in the attack rate by the parasitoid, S. endius, and that it may be more
effective in biological control of tephritid fruit flies. ,

Keywards: fruit flies, parasitoids, biological control
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unin

uadTua 1o (Oriental fruit fly) Lﬂuuumﬁ'ﬂgwa’lﬁuﬂuﬂtymﬁ'aﬁ'tymmuﬁwa
vezis IesawsRonsfiianuidymoamsio W nsfau azing usiles azazne
TN i) WNT ABIned a5y 98y LURITUUAY (Melon fiy) L“ﬂuuueoﬁmgﬁﬁﬁ'nﬁﬁﬂnaﬁ
AN 1AL kaanm dfe Anmes Wndha uesr 9ay unsedagus Liuszunssdngfedn
siansthduiullgmdnyaaamsgitveszmalng (uew nduuuw, 2529) uszgi
maBpoauug (Hardy, 1973; Yunus and Ho, 1980; Tan and Lee, 1982) Wiayiuna Ll
%99 Bactrocera dorsalis {Hendel), B. correcta (Bezzi), B. latifron URSUURITUUAY B.
cucurbitee faufluilgwr samsnifhmefone Fenudemenada wesTuuag
vl Bnansesiavesmmasauligwmedmnafinnande hlvgyEengld
Hhidhwauumiens ﬂaqﬁ'uﬁ miyfnsusmiesiuliliifantszinasesuuasdagus
1y ﬁvhsmmﬁumnurin’rrﬂgn‘lﬁ'namomsmnm Lnunsnﬁmuuﬂna:;jaLﬁ'ulum's'lﬁ'm's
wilsnuunsiiiunanidy olammdnimmauds ambumadangavioe Maiwmzes
wmingdafadaandelszng mbidumumndegainanuiniu Aedgas
iniihindiemuismodasnmmuiadas dagumwrasthzrou ussduiwilgmilunas
ssaanfisnanwnsineas saslsnaluifzaiuuacluewan mikdsanmaggiRonold
wazgquipgamIauiudimamann

ssmummutlasinlilitiamirnaussuwssiunsliles$73% (biologicat
control) ‘%a‘lﬁ%’nmmmlai‘funni’u ssrmidinnfiseusuiunlsniuduitfivasesy
Uszndadunu Wnssfagatu wszmusomunufinadaghrlilisneswhe s
MIENILATHEN IAHADTIT SaumItumuasdnwuaadisu (parasitoids) ‘ﬁatﬂuﬁ'mg
TR (natural enemies) I¥munuuassTunslf Sadnfiunsesnirrzinalesdis Alé
Sumssiusguununslimmed udnauaulasdisildnacdess dasnenufanu
dhlaviuaaaDonussuanaiunslsy

unaniiuw (parasitoids) L‘ﬂuuumﬁ'ﬁ‘ﬂaglu order Hymenoptera wysdaiiitiunes
uunsiune W sndivadouuuarivea Wlendvhaedod 9 vesunasTunalad tiu 1o &
NUDU ANUK Tﬂﬂ'l'ﬁlmaﬁuna‘lu"tﬂummma:ﬁa%im&'u IuNAIIaanIuA AN (&9
1) uumLﬁﬂuLi‘Juuumﬁﬁaglumumﬁ Tedahuiiuunndagseumd dmivd i@
mfnsuuandouveswunsuns lhin Weiunnusulsanainnni 100 1 (Berlese, 1911:
Back and Pemberton, 1915) usﬁ%‘ﬁ‘lﬁ"%’uﬂnmﬂumumnﬁqﬂuﬁw 50 Afirimanil
(Clausen et al., 1965; Clausen,1978; Gilstrap and Hart, 1987) éflmmfpounastilon uax
gmunulszrnsrssuussfunaldldsdunits duhdilbivssauanumiunias
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(Clausen, 1978) ihasamngsmamsdnsneazidaesasunasion liineadudinman
314 MEWUE WOANTIA aRaaIuiiuandy Yay
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L7 o a ] ] = al o A &:’ 1
fundrmuiaainan udmanfnslunosndsalunaotssms lavnsiduiiegs
WM AN TELUN TR IUNEEWUT (systematics) BaenguLlszmnausaaion
. . . A a~ = ¥ o L [
Diachasmimorpha longicaudata Taiiluda3rysuend sursnidhvhanauuasiunalafldd
Ot Qe L*] z & G = 1
AnmguuunMInIzed MIdiud e nuduumwusnsuaesussadswn
Feoy o W = oy ol = A = v t a
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121 1 et 1 ] e - G = b 5 Qs
wanlesanauandluszalene 9 1w ssauRTands (host plants), TfavasLuaslFends
(host flies) SEAUAIFIWING (morphology) szaulaslula (chromosome) uaz szauami
= & LY a .
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5859 luniaaws

funaaiisunga D. longicaudata ua:nsjuﬁutj w9 ludsznalne
Tamsdumsalifiwumuanuiuss funs LWiandey '[ﬂﬂmﬁfa:ﬁ’amﬁui:ﬂmﬁwﬁmm‘lﬁ
NALATTRADBILURITUNE 1o LﬁaLﬁauTuaﬁniagﬂﬁ'u'n‘ﬁwmuumn‘]uu wusadsufigra
Iaitasi ldneuazarissuse W lukanifans

3533 Iniealjidns
una MLl (fruit flies)
inzd ey uns e % 19w Bactrocera dorsalis, B. correcta, B. latifrons,
B. cucurbitae, B. tau 484 é'm%'uu.i‘]ummma:ﬁag.,imﬂ”ﬂmmunmtﬁuuﬁtm:tgmluﬁm
Ujuams )
uaanilaw (parasitoids)
Faduunsiasliisveandu D. longicaudata uazsTiidIndBalasinaiiadg 9
- wefismamenusuRuieniusssdsunuuuasiuna b uazfivende
- inafianasugwinen (Morphology) Mimsaashunnannguimeuen lasfinwans
UnenuaunInimunas Wharton and Gilstrap (1983)
- inatla Morphometric analysis
- il Chromosomes
- naila Molecular systematics
- nsdnm Cross-breeding experiments -
ﬁ’mﬁtmnguammﬂﬁ’uﬁuumLﬂawﬁﬂmoq unzusasuns Wiafiefisdy e
HlunsfnudAnmusswgdnsivvasssndou uszifenasssfunirang



HaM5i9y

nuidnTunaana

asAnfinmsive:  lasnsdsisuszdumiuusadonlussiumé mn‘lﬁ'naﬁgnuum'i’u
Halihan luedmdanganwy, moeulf, Sumg, awy, uattlzu, uasnsiin,
widaameu, Umiuyd, Awalan, weng, dzawdiiug, sy, an ussdmiaozan
Hamsaninom:  wuuusafisulu Order Hymenoptera 9@agj Family Braconidae #g
Genus; Diachasmimorpha, Fopius, Psyttalia W8z Family Pteromalidae fin Spalangia endius
saaTdluil

J L o - -
@3N 1 ussRan T TnuandonussuysIuNe W anlafuananmanosiaa
) ' [ a .
s g lutlszinalng  aindduf 1 Suneu 2542 - 30 woeSmew 2545

Date Code donin Host plants Hostflies | Parasitoids
(Hartasiin
*12/43 BK(PG)-1 NPNWY Psidium guajava B. dorsalis D. longicaudata v.A
H39) B. correcta | S. endius
*12/43 BK(PL)-2 NTUNHY Polyathia fongifolla B. dorsalis D.longicaudata v.A
(lanButds) B. correcta | F.arisanus
F.vandenboschi
P.incisi
P. new sp.
*/04/43 BK{MI)-1 NIUNKY Mangifera indica B. dorsalis S. endius
(312339) -
105/44 BK(SS)3 NFNKY Syzygium B. dorsalis D.longicaudata v.A
samarangense B. comrecta F.arisanus
(T3W)
106/44 BK(SC)-4 AFANNY Spondias cytherea B. dorsalis -
(znand3s) B. correcta
107/44 BK(GP)-5 NTANHY Gmelina philippensis - -
(fB9un7)
1/09/44 BK(TC)-6 NFAUNWY Terminaria catappa L. | B. dorsalis -
(BNIN)
109/44 BK{CG)-7 NFINHY Coccinia grandis B. cucurbitae -
(#189)
/09/44 CT(AC)101 uni3 Averrhoa carambola | B. dorsalis | F. arisanus
(uz1ilad)

10




9/12/43 KB(CG)-101 mtyauq‘s' Coccinia grandis B. cucurbitae | P. flefcheri
Cah)
9 12/43 KB(ZM}-102 mryamﬁ Zizyphus mauritiana B. dorsalis D. longicaudata
(Wna) B. correctfa near v.C
F. arisanus
F. vandenboschi
P. incisi
9/12/43 KB(ST}-103 | mayawy3 | Solanum torvum B. latifrons -
(Nzdan)
9/12/43 KB(CM)-104 | mmyaurfi Cucurbita moschata | B. tau D.longicaudata v.0
(Wrmaa)
9/12/43 KB(Msp.}-105 | mgyauy3 Monordica sp. B. cucurbitae -
(u:x%un)
9/12/43 KB(Msp.)-106 | mgyawifi Monordica sp. B. tau -
(uzseiun)
5/08/44 KB(ZM)-107 mmﬁmﬁ Zizyphus mauritiana B. dorsalis D. fongicaudata v.A
(Wn) B. correcta F. sp.C
C. vesuviana
5/8/44 KB(ZM)-114 mty'-imq? Zizyphus mauritiana | B. dorsalis D. longicaudata v.A
(W) B. correcia
6/04/44 KB(CG}115 | mmyauyd Coccinia grandis B. cucurbitae -
(#189) B. tau
6/04/44 KB(SA)-116 | meyauy3 | Solonum - -
aculeatissium
(zdanlie)
6/04/44 KBTT-117 | masw | Gymnopetaium B tau -
integrifolium
(%mu.m)
6/04/44 KB(CP)-118 moany3 Carica papaya B. dorsalis -
(Mzazna)
6/04/44 KBMMC)-118 | mgyawy3 Mangifera caloneura - -
(3z3231h)
6/04/44 KB(GP)-120 | mgysuas Gmelina philippensis | B. dorsalis | D. longicaudata v.A
(Feauy) Philophylla | B. sp.E
sp. F. vandenboschi
P. new sp.C
Unknown
6/04/44 KB(DO)-121 mMeyauLs Dillenia obovata - -
()

1




6/04/44 KB(5S)-122 myany Syzygium B. dorsalis F. arisanus
samarangense F. vandenboschi
(3¥) P.sp.C

6/04/44 KB{(MI)-123 nYIN ‘? Mangifera indica B. dorsalis F. agrisanus
(u=3079) P.incisi

6/04/44 KB(SS)-124 mMeyany3 Syzygium B. dorsafis | F. arisanus
samarangense B. correcta P. incisi
(TuW) P.sp.C

6/04/44 KB(GA}125 | mauy3 | Gmelina arborca - -
(3u3F)

5/08/44 KB(PG)-126 | mgyawili | Psidium guajava B. dorsalis | F. arisanus
(H59)

5/08/44 KB(CG}-127 | mgauy3 | Coccinia grandis B. cucurbitae | P. fletcheri
(#8s)

5/08/44 KB(CG)-128 mtyﬁm'lf Coccinia grandis B. cucurbitae -
(F89) B. tau

15/8/144 KB(CG)-129 | mpauy3 Coccinia grandis B. cucurbitae | P. sp.C
CRED)

5/08/44 KB(CG)-130 | mpyams3 Coccinia grandis B. cucurbitae -
($189)

5/08/44 KB(ZM)-131 | miggawf3 Zizyphus mauritiana | Drosophila | Drosophila’s
(Wnm) spp. parasitoids

5/08/44 KB(FI-132 | myaw3 | Flacourtia indica Merr - -
{azo11h)

2/02/44 LB(MI)-1 CIL T Mangifera indica B. dorsalis -
(M23i9)

2/02/44 LB(ZM)-2 awy3 Zizyphus mauritiana - Unknown
(W)

2/04/44 LB(SS)-3 awy3 Syzygium B. dorsalis -
samarangernse B. correcta
(vuy)

111/44 MS(TT)-101 widadiman | Gymnopetalum
integrifolium
(%mum)

11/10/45 NR(CG) UAITTBRNY | Cucumis sativus B. cucurbitae -
(LaInI7)

11/10/45 NR(CG) UATTIURYY | Coccinia grandis B. cucurbitae | P. fletcheri
(FR9) P. manii
Syzygium B. dorsalis
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samarangense P 0
(vuy)
12/10/45 NR(LC) WASTIWRUY | Luffa cylindrica B. cucurbitae - Q"‘ -
(UIuwal)
12/10/45 NR(LA) UATTIYRNN | Luffa acutanguia B. cucurbitae -
U’JBIME?IUIJ
12/10/45 NR(TA) UASTNUN | Trichosanthes anguin | B. cucurbitae -
() Dacus sp.?
*112/43 NP(PG)-1 uanl GEY Psidium quajava B. dorsalis D. longicaudata v.A
(N?ﬂ) B. correcta | S. endius
*112/43 NP(TC)-3 uimlin Terminaria catappa L. | B. dorsalis D. longicaudata v.A
(Mn9) B. comrecta D. longicaudata v.B
D. longicaudata
near v.C
D. longicaudata
nearv. D
F. arisanus
F. vandenboschi
P, incis
8. endius
*01/44 NP(CG)-5 uanlgu Coccinia grandis B. cucurbitae | P. fletcheri
D)
*01/44 NP{GP})-6 uATLFY Gmelina philippensis - -
{(Faun7)
*f02/44 NP(MC)-7 uﬂsﬂgu Momordica B. tau P. incisi
cochinchinensis -
(WnH )
*/02/44 NP(SI)-8 umﬂgw Solanum indicum B. Jatifrons -
(uzudadw)
*102/44 NP{MG)-9 uaT DR Malpignia glabra B. dorsalis D. longicaudata v.A
(wasd) F. arisanus
107/44 NP(TC}-10 umﬂgu Terminaria catappa L. | B. dorsalis -
(Mnn3) B. correcta
107144 NP(PL)-11 uATLg Polyathia longifolla B. dorsalis D. longicaudata v.A
(lanBwdn) B. correcta
24/9/44 NP(AS)-12 uATlgwn Artabotrys siamensis - -
(Mm3z1an)
24/9/44 NP(SS)-13 ATl Syzygium B. dorsalis Unknown
samarangense B. correcta

13



(B2

18/09/45 PS 002_NU ﬁ&n‘f[n Coccinia grandis B.cucurbitae | P. fletcheri
(Cach)
18/09/45 PS(CG) 'v‘v‘mq'[an Coccinia grandis B.cucurbitae -
(d89)
13/10/45 PS 002_Nu ﬁ‘Bn}Iﬂn Coccinia grandis B.cucurhitae | P. fleicheni
(FR9)
23/10/45 PS 001_NU ﬁrng.an Coccinia grandis B.cucurbitae | P. fletcheri
(dde) B. tau
23/10/45 PS(LC) Apnslan Luffa cylindrica B. dorsalis -
(LIuBaNBau) Dacus sp.
B. tau
complex
23/10/45 PS(Msp) Aunglan Monordica sp. B. dorsalis -
(u:i:%un} B.cucurbitae
105/44 PB(SK}-101 | Uriw3 Sandoricum koetjiape | B. dorsalis -
(n3z1ipU)
105/44 PB(SC)-102 | UmIwfi Spondias cytherea B. dorsalis -
(u:nanﬁ?a)
112/43 PK(PG)-1 dszaau- Psidium guajava B. dorsalis D. longicaudata v.A
f3iuf (W59) B. correcta
108/44 PK({PG)-101 azau- Psidium gusajava B. dorsalis -
fsiuf (H53) B. correcta
106/44 PK(SS)-102 | tszau- Syzygium B. dorsalis :
rus samarangense -
(TaY)
/06/44 PK(SK)-103 Us=qn- Sandoricum koetijape | B. dorsalis -
ATtus (n3viaw)
13/8/44 PH(SC}-101 | iWtw1f§ Spondias cytherea B. dorsalis -
(:u:nand%"a)
2 102744 SR(ZM}-1 w1 Zizyhus mauritiana | B. dorsalis | D. longicaudata v.A
(Wn™) B. corracta
8/02/44 TK(ZM)-5 fan Zizyhus mauritiana B. dorsalis D. longicaudata v.A
(Wn) B. correcta F. arisanus
C. vesuviana | F. vandenboschi

P. incisi
P.spA

Unknown
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8/02/44 TK({ZM)-6 an Zizyhus mauritiana B. dorsalis D. longicaudata v.A
(Wn¥) B. correcta P. incisi
P.spC
Unknown
29/7/44 TK(CG)-5 #n Coccinia grandis B. cucurbitae -
(#89) B. tau
29/7/44 TK(SS)-7 an Syzygium B. dorsalis -
samarangense
(ra¥)
29/7T/44 TK(SA)-8 an Solanum - -
aculeatissimum
(zFoldTe)
29/10/45 TK(CG} @ Coccinia grandis B. cucurbitae -
(é8a)
29/8/44 YL{AC)-101 Bean Areca catechu Linn B. dorsalis F. arisanus
(wnuan) P.sp.B
110/44 YL(AD)-102 pEan Aglaia dookkoo B. dorsalis -
(aaInay)

*=gsaRiRueasaalasIns

o B L g o Ay
smiveluienfjiams
uanaiunalal (Fruit flies)
NIIANHWN:

HANISAWHRUITH:

usaviign (Parasitoids)
MISAUNHRRIIN:
HANTIANHRNINK:

sr - LA 1
TATSLRENUURITIH ﬂ‘l&l'ﬂuﬂﬂ’l\i |

& o v o
ﬂ"lmmLW’I:I.R&NLmﬂd'mNﬂ‘lwuﬂ B. dOISBFS, B. correcta, B.

cucurbitae, B. latifrons, B. pyrifoliae, B. tau tRolglwiunaasidu

: e - ¥
inzdssuasuevuiuraaiiousiind q

4 g - & o
UTUTU m&l’l’ﬂﬁ"‘ﬂ'ﬁlﬂ']:iﬂU-ﬁuﬂ:ﬁlﬂ"uwuquﬂﬂ-ﬁlllﬂﬂ D.

longicaudata v.A, D. longicaudata v.B, P. flefcheri, P. incisi, P. manii,

. “ ogd o - . . ed X
S. endius AU 9 Sinsduiiurudall mevuiionzito

uszpeneiuglduss Tkl slunnfnnddnsmesuusndon

r o o a [ =4 o gd e
'num'lmwaﬁﬂwanmuwufﬂnnm WiamaWninaode Taemsy

P9 a o &
naaufmaTagUizsdnasld
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msdarnvaswnlasiden 9:

MIVAANNTINRES '

AT URWIA: wuaadouuszuassiuas ldnlinadw 9 8unmsdeduunans
agn‘m"‘amué’aﬁ wusaiausuunauayniaisiuuas Wharton and
Gipstrap (1983) unayiuHa lilaueuniaisuued White and Elson-
Harris (1992) s mufirendiulas3Tuss Smitinand (1980) ey
fuWuEszning wusniion uuasiunalsl uasfivends

HamIIANTNem:  wneinuanuduAutaIeade i

"] A Qs 1 g » bl L3 . .
@15 2 useIaTINRUNUTSEn auusafiow (parasitoids) UaRITUNE 18 (fruit flies)
uRsWYa"#E (host plants)

Parasitoids Host flies Host plants

Family Braconidae

na:u Diachasmimorpha

D. longicaudata v.A B. correcta s (5w Tandwde, 159, wWnT, Fosuan,
Philophyfla sp. BN 4aY)
D. longicaudata v.B B. dorsalis complex | Wiwa (134 ynaa i33 uzlasgsy)

D. fongicaudata near v.C | B. dorsalis complex | Lalua (1iu NI, BTN 98Y)

D. longicaudata v.D B. tau AuenUszinnng (1w Wnmas 4a9)

D. longicaudata near v.D | B. dorsalis complex | Liua (154 N9 48Y)

N§3 Foplus (Blosteres)
F. arisanus B. dorsalis complex | 1Wwua (iBulandwde, &5’4. N, TUY,
zifle, uzal, mann, RN 4aY)
F. vandenboschi B. dorsafis complex | laua (1w landwid, w7, Fasuan, Tay,
W 48Y)
B. sp.E B. dorsalis complex | 'liina (11w Faduar)
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Parasitoids Host flies Host plants
Famlily Braconidae
N|s Psyttalia
P. fletcheri B. cucurbitae RYENUTANTNHR (WeId N 9§, @189 Yay)
P. incisi B. dorsalis complex | liiua (iulan@wids, wn, mam, azaiag, wn
11 48Y)
B. tau RodnmiszLanus (1w Wnd1a vay)
P. makii B. dorsalis s (1 W 9a)
B. correcta
P. manii B, cucurbitae Aarnlszimua (@189 9a9)
P.sp.A B. dorsalis Vua (1in wn 9ay)
B. correcla
P.spB B. dorsalis nun
P.sp.C B. dorsalis s (aw wnm, sunuas)
B. correcta RrEnUssinnea (15U 18 9aY)
P. new sp. B. dorsalis Wius paulandwde)
B. correcta
P. new sp.C B. dorsalis 1oiwa (1w Fasun)
Unknown B. dorsalis complex 1w (13u Foawan, NI, ‘h’a.lv‘i; 48Y)

Family Pteromalidae

naa Spalangia

S. endius

B. dorsalis Lalwa (gu 6159, uzaia9, 99 vae)

B. correcta

-mrInunnuusIdsuaNaTHIWGW WU Psytialia (new sp.)
' & a -l o 1 3 .
Wizunknown fMa N Lﬂumﬂwufjﬂﬂﬂmﬂuwumnﬂu {new species
s ry v esm
or new record) uazilajeanToidesldluisalfiidinsil

NMsANEENEIMING 1 (Morphology)

MTRNIERIN:

HAEMTANRRINN:

- ﬁ'\m‘sﬁ'm“'munmngﬂhamnuaﬂTﬂﬂﬁnmmz:i‘.lnmuﬂu‘.n‘m
U289 Wharton and Gilstrap (1983)

= r- | b d z 1
- drfnsuRrufisudnyosdu 9 namonanuazmisiu i
14, 8322194, Poison gland, Hagen's gland WRz Male genitalia
- ayRsaumMITaTwwniiuAulanit SEM
- mnnm‘a’ﬁfﬁ'mun'[ﬂﬂm*mu‘imwao Wharton and Gilstrap

[ - |

(1983) Yl le list vasunaniinuasil



Family Braconidae
Diachasmimorpha longicaudata v.A
Diachasmimorpha longicaudata v.B
Diachasmimorpha longicaudata v.C
Diachasmimorpha longicaudata v.D
Fopius arisanus
Fopius vandenboschi
Biosteres sp.E
Psyttalia fletcheri
Psyttalia incisi
Psyttalia makii
Psyttalia manii
Psyttalia sp.A
Psyttalia sp.B
Psyttalia sp.C
Unknown (P. new sp.)
Family Pteromalidae

Spalangia endius

qu ") E [
-mstnE S A US NI BN § NISNBICMBUBNUATI N
maln wiu 14, Poison gland, Hagen's gland usz Male genitalia fi
L A G sal A ' > oW o as ol
srdudusiiifaindandreanldtauasmn (mwh 2)
. - - a o P

- MIANKA ovipositor las SEM HrmiuayumIdiaduunsieuas

' a e o & o o

g BuiUusDBN aauaaslumn (man 3 uazd)
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Fopius spp.

( Braconidae ) ( Braconidae )

Psyftalia spp.

( Braconidae )

S. endius

{ Pteromalidae )

MW 3 AN SEM 189 ovipositor 1 uuadiduuluid Braconidae (genera:

Diachasmimorpha, Fopius, Psyttalia ) 1Laz39¢ Pteromalidae {Spalangia endius)



D.longicaudata v.A D.lengicaudata v. B

BEGS 13KY

D. longicaudata v.C 0. longicaudata v.0

WA 4 nwaioues ovipositor waswnadipungudideu D. fongicaudate (st A, B, C. D)



msanwasds (Morphometric analysis)

o a
TITAIUHRWITH:

HANITANRNITIH:

InMTieEmee 9 289 1§uin ussAuALuiln (Ml 5) veq
wusfioungu D. longicaudata wazifiudayadslusunsy
naufinna’d (Image Pro Plus version 4.1.0.0 uaz Microsoft Excel
97 version 8.0) »‘i‘n‘fa:_gﬂuﬁl.ﬂﬂ:ﬁua:ﬁ'm'zmmwnuuﬂnvhwm
muﬁ'uﬁfﬁlnélﬁmﬁ'uhulﬁ‘ﬁmmﬁﬁ discriminant analysis U8
stepwise analysis @28l15unTu SPSS for window (version 10.0.1)
Wl D. longicaudata v.A, D. longicaudata v.B, D. longicaudata v.C
U8 D. longicaudata v.D SNNIOLENAIY canonical discriminant
functionsiFmeudanmm (mwil 6) mylemedaas discriminant
analysis REANT0SINTINREY D. longicaudata meaWufana 9 k1
gndad >95 % Farud 3 mlemesisamsTadnsoctaniu
Tnussumufuuin uaskanduanmsfiidamauaneg
wesmneut T lfazedn e wasuiuh sananihly

Uregndlifuuuanisuriiadu g uszmIsuunandenuiagylad &
! 1 - !
fathantIsunnsiiatadiiales Howell et al. (1982)

o ) A Hd . o o = - .
NN 5 HHUWTIWLREAILAULRSAUTIANN 9 nantnvasuwusalou D. longicaudata
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Canomcal Diseniminant Funetons

a
O g
¢n o o
o ] o
ED% a 2
moo
H DD I Opn oBo
a
a o
g B - o g
O .“_{' mo g
8 Tha
1 o © (= = o 00 Op.g
7 o, Sapd b A
'EEI i o] o o
a a
= =] 9 oL - [[] smspccsin
11 o BB Y o
o i S8 o o o
=@ = [EBE S
Ba
0 tﬁ a
~ o
a
) o o o 0 B
é * a a
w —w —— — —u— ™
1 - - - 1 2 . c
Functine 1

o . . . . ..
AN 6 LRAIANULANSIINEN D. longicaudata complex e canonical diseriminant
analysis (8%Wuf A, B, C, D)

P o o . .
AN 3 URAIHBNITIAT LN (classification results’)

Predicted D. longicaudata group
Total
Variety A B C D
Original Count A 30 0 0 0 30
0 29 1 0 30
C 0 0 30 0 30
D 0 I 1 28 30
% A 100 0 0 0 100
B 0 96.7 33 0 100
C 0 0 100 0 100
D 0 33 33 93.3 100

" =97.5% of original grouped cases correctly classified.
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msanwlasialea (Chromosomes)

NITRNRRIN: ynnsdnwlaslulauves genera: Diachasmimorpha, Fopius Uas
Psittalia TINT1 Spalangia endius TatA%uas Kitthawee et al. (1999)

HAMIANARIM:  NTATIIAEL chromosome WU $1%I% chromosome AN TINYA
Funnuuandenld uszdu genus uassilFS fe

Family Braconidae

Diachasmimorpha spp. wu2n = 40, n=20
Fopius spp. WU 2n = 46, n=23
Psyttalia spp. WU 2n = 34, n=17
Family Pteromalidae )

Spalangia endius WU2n =8 n=4

wumﬂmmnwhaﬁu'luﬂﬂazt‘é'ﬂmaﬂﬂ{[ﬂ‘mmulumjuﬁ . D.
longicaudata Tatane D. longicaudata v.A uss D. longicaudata v.C
hmq'n'ﬁ ii. Fopius spp. leuiawnz F. arisanus UWas F, vandenboschi
lunsjuﬁ Il. Psyttalia spp. WU P. fletcheri U8z P. incisi Sidunily
centromereudndNMU (ANT 7 Usz 8)



D, longicaudata v.A D. longicaudata v.C

F. arisanus F. vandenboschi

P. incisi P fletcheri

C‘ 1 o = Ell L% kX =3 . = = 3
nmwh 7 mweglulnfineilelnfidaudind Giemsa vaswuaalousiasieg lu

genera: Diachasmimorpha (2n=40), Fopius (2n=46) Jaz Psyttalia (2n=34)



(3) "ds smidog zen '(Q 'D) ‘dds eydiownwuseyserq (g 'y} "dds eyepndsg iol rnrs@@n‘#amézascmpm;e@wmr@zrc g UMLY
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msAnlaginafia Molecular systematics

MIANARIMN: Taels 165 uaz 288 RNA lunsusnanuuansvsiwusiion
NaW Fopius spp. apnuuansasswiwaliduazmelusiffa lums
Anwasaft il primer 970 GenBank TUASUMIAN® DNA 284
wuasiulsituas Doyle and Doyle (1987) PCR products s1han
siquence uaz aligned laslilsunta Clustal W (Smith et al., 1996)
e Phylogenetic tree e llsunsy TREECON (Van de Peer
and De Wachter, 1997)

manmIANinem:  wuimsinmsauiiaedlainduiiom 16S uaz 285 RNA gene
VB2Nga Fopius spp. usnldidlu F. vandenboschi us F. arisanus
pENTANUBIALITUNYT F, arfsanus usniilu 2 ndudes (me
Tuslids) amamwpiiansas (@3t 9)

Distance 0.05
F. airsanus
{naaBald)
F. airsanus
100 F-1
| (miia)
| IO—— L T
- F. vandenboschi
100 1 >NP_S_AAL(Tme)
SNP_S_IAL
85 »WP_S_-2AL{fm3}
>MP_§_LAL(PMZ)
SNP_S_1AlL

= , . . o - a~
MW 9 UsAI Phylogenetic tree B83uNAdow nga Fopius spp.Mldnmsinmeiéay
finalalng 2a0 28S rRNA gene
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myasvasulaniBuanamnug (Cross-breeding experiments)

MIANRRIN: duusadisu ngu D. longicaudata muWuEaa 9 suawriy
D.Jongicaudata v.A fiwizdes I wioa§iins (stock) Tael F,
offspring 1a3ymalungy (host)

mansEndnemw:  aseudeluil

TN 4 mTneTessuduiiudy  D. fongicaudata v.A

10 pairs (mating) F1 offsprings
Female Male (code) Female Male
D. longicaudata v.A BK(PG)-1 ++ +
(Stock)
BK(PL)-2 + +
BK(SS)-3 +H +
KB(ZM)-102 - +
KB(CM)-104 - +
KB(ZM)-114 ++ ++
KB(ZM)-120 ++ +
NP(PG)-1 + ++
NP(TC)-3 ++ +
NP(TC)-3 - +
NP(PL)-11 +H - ++
JPK(PG)-1 + +
SR(ZM)-1 + ++
TK(ZM)-5 ++ ++
TK{ZM)-6 + ++
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BK(PG)-1 D. longicaudata v.A ++ ek
(Stock)

BK(PL)-2 + ++
BK(SS)-3 ++ ++
KB(ZM)-102 - -

KB(CM)-104 - -

KB(ZM)114 ++ +
KB(ZM)-120 + ++
NP(PG)-1 + o+
NP(TC)-3 + +
NP(TC)-3 - -

NP(PL)-11 + ++
JPK(PG)-1 ++ +
SR(ZM)-1 ++ ++
TK(ZM)-5 + ++
TK(ZM)-6 + +

++ = successful crosses
+ = F; male from parthenogenesis

- = unsucessful crosses

nareseulasiiusudwaewuisznin D. ongicaudata 30
ungaene 9 WinsfBuewleiu D. fongicaudatav.A wimin nait
118997 D. Jongicaudata v.B, v.C usz v.D Sadrmialdlinnn wazd
Timusodssimiususldluiasnfiams

(note : yoaritFudes D. longicaudata v.B |& 2-3 generations)
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ms@n¥13r1inanvesusaiiian (Biology of parasitoids)

MTANRUI N :

HAaNTANRHIN :

- fnwefievas host muzauiurfinusuuanion
- finwanywed host uszuusstloufinancan
- AnNaNUFNARTTEN TN MANURKILENY host MU
PWunamuwivessunsuiiow
- AN ANTINN T UM IULREM TN BUUR I THRA
wamIanwEVintnresunaniisusiie D. longicaudata wui D.
longicaudata &) 6 T4 lanfunasTunalal B. correcta luszuzdnden
wosdl 3 ‘l@T@‘iﬁqﬂ D. longicaudata ﬁ'hi'lﬁ%’um‘mauﬂ'uf {virgin
female) a:nﬁmgnaanmtﬂumﬁgﬁmm (haploid) Tesmansondea
gnlfit 2 38U §9u D. longicaudata ﬁ"lﬂ"%’ummauﬁ'uﬁaz'lﬁgnﬁq
waguazineiiy (diploid) Tﬂummmwﬁﬂgn‘lé’ 3 30U (MW 10)
WASWLIN DNA 189113 2 twet Tuwiatrinnin ueLweila(diploid) 9:i
ﬂ’smmmnn'hmm&“ (haploid) wanaIndi D. longicaudata wendiodl
Iﬁ'm‘hiﬁé’mﬂmmgsaﬂﬁﬂﬂniﬂﬁ‘lﬂ‘lﬁ'ﬂa‘lﬂ (i 11)
samIFNEENINguaznganssutesuusniiousiia S. endius
Wuh 8. endius g 3 T TlszfmEmwmaihmsdnuduussiuns
ligege lavsunsaleufiunasiunalisia B. correcta 0ly 8.42 ¢
1.72 o2 / 1w 16@nn B. dorsalis 188t 7.37 £1.72 3 / 34 dammis
Tﬂuﬁgﬁmﬁaaﬁm‘hmuaumi’una‘lﬁua:nﬁmﬁuﬁm'muuauﬁuu
wmﬂm‘mmﬁmﬂwﬁgﬁumﬁmﬂ:ﬁwqﬁnﬁum'sﬁ’um (area
discovery) Taouuaniiounuin S. endius UNTOFUMILAEY TUNE 1o
B. correcta |#@lag area discovery = 0.38-0.21 log parsitoids §IUs
nrsumunRITuna Y B. dorsalis nfunafl area discovery = 0.18
(il 12)
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no. of progeny
Q

day

o a L v - o
DIWN 10 LLaG\aNaﬂ’ﬁNa@\gﬂ'ﬂm virgin female (ﬁmmu) WRx mated female (ﬁim)

[ 24y

m'l"!la'
00 \ | e i
i : IH'H'I'-EI LT

£ %t = mle(A )
-
=
= M0
g
=40 =
P *

- W ] & o
an bt - b

43
50
7
64
71

By ()

‘:ll . I r- A b2 1 el A 1 1 e
nwdl 11 usesdasnisagsearasuasnfsuilingld Aunlaingld (control uss iwer)
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6 - — — e = mm - : — e
® £ correcta

—— A=038-021logP

54 O B. dorsalis

— A=0.18-007logP

= o o
S 4 )
] l
[
3
-—-"-—-
g 3 —
= e N
G e
m .
@ 2
—
: S—
i fk“
I
OO D - T - T T 1 -1
0.0 2 4 6 8 1.0

log parasitoid density (lod P)

WA 12 UEASAINFNRUEUDINIIAUI (A= area discovery) l9aa (B. correcta, B. dorsalis)

AuATURUILBYBslusDuw (P)



= <
1M

= . ar ade o f
wuaaiiow (parasitoids) iilunIwgnnssssumanday Hoamlszmnivas
Qe L 7 [ -y A E J » -\
uusauas WiausTaned uarluszunfioefuysdeinedu i Soulgnitans ¥8y nns
& v " M o Y a a 2 P 1 - Y|
ﬁnmﬂuﬂ’nuummﬂumamm'l-nmuquﬁ'mauummna'l.ummmmuag uasfiuuallun
¢ e = a & o - = w ed o e W e
asvhmsdnwanneiu ihelildusaaiisumeiuiivainzas mansndiogslaelu
@ Bmisnulisinansznudefuwiadaasuazuysd %ommmﬁwm‘li’muqu
uaITURA unwmsisanad e
mmuguidaunssuna lilasdis ‘Ieﬁ'um'mauhua:ﬁ;jwmmuﬁnmﬁ'uﬂi"\
nafINBINIFILENS (Rao et al., 1971; Greathead, 1971, 1976; Benett et al., 1976;
Delucchi, 1977; Clausen, 1978; Gilstrap and Hart, 1987) In-mm-sm-muqur‘iﬁauum":‘u
- i A‘ 1 J‘ " a
ne ilasdaAT 1w mslduvsaiiouiiisgifeunniszinanalan (Laing and Hamai, 1976)
mmesad wamsUsziliunammeaasdeduiinlyldlidesuin (Hawkins et al.,

»
o &

& ;y ) = gl ]
1999) Mindeilywizestoysnealld® (Wharton, 1999) iU allfdszddiu alEsnh
w 8 4 I‘: Qg =4 =l A - -
han (@elesaslavialials) msdaduunsiid ussnnaseusiifaniilszdndam
| A - a e
wlwiaslfidnsuazlumesua
mildunandouaiuauidauaidazioe g (uansnuussiunall) dnsfinm
fuatunierw lasawiznmsfinen host-parasitoid systems lugtuuraamsfinm
FIuINTT (evolution) (Holt and Hochberg, 1997) uasaIuIN13334 (coevolution) Tewin
wusdldandanuuasaiiau (Eggleton and Belshaw, 1992; Hochberg and Holt, 1995) 1w
& o dda ' = o P
miAnptsdendeninadanmsitfsuudlastszmnsasunasliandouszunaaion
(population dynamics) wulinmsfnwluneaszidos 15w msfinefnimiusening
=t a (7 a = -» Al
wianfaunuuusiliade (Beckage, 1985) midnauTuLssTasunandou
{parasitoid virulence) uRzMIdaduTaIuNas IR andY (host resistance) (Sasaki and
ﬂ‘ A’ bt L =l
Godfray, 1999) Guiimsanwmuniuluzeulansiemadssnsrasuuaadouuazuna
v [ . a & o Y
1¥ansit (Murdoch et al., 1987; Briggs, 1993) nsansnanuiiianudniufiazdas
Anuluunsadioudnysssumves Tuns lWiguiu
- aack ~ o 2 o a4 ar w o o
sfmsmnalnome gansuusadowieldauguirdaunasiuns llag1e5eds
o *~ ‘I’ v o o - G [
idedayailasdusmivgfiauls luddsraalassms "nsfnmnmsiaduunns
wufuarmauwinszanusssuunafiv (dagusssTunall) ila Diachasmimorpha
. o e D ] n & = > F 4 - &
longicaudata MuuglngBas1s 9 ludszinalne # Salidayatugiu memewug ara
Fmufienisunaniou-uuasiuna W-frandy $33nen uaswg@nTsuvesuuaadonung
ar P ° [ o~ 8w
swiul Jaiwdsslomflunmhltszgnalslummunaudwauussiuas el waniude
A‘ o v:J =& [ L. ar o )
yaugudmiugasulalumsinsduafiluszdudin da'ld
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Summary Spalangia endius, a pupal parasitoid of tephritid flies, has a karyotype of n=4, the low-
est haploid chromosome number ever recorded for a pteromalid. This was determined by examining
mitotic cells of the neuroganglia of male pupae. A dipleid chromosome number {27)=8 was also de-
termined from the neuroganglia of female pupae. The diploid mitotic karyotype is comprised of 4
metacentric chromosome pairs.

Pteromalid pupal parasitoids (Spalargia spp.) are normally found in various dipteran hosts
{Clancy 1950, Schmidt and Morgan 1978, Meyer et al. 1991, Hogsette ef al. 1994, Gut and Brunner
1994), e.g., the house fly (Musca domestica L.), stable fly (Stomoxys calcitrans L.), horn fly
(Haemartobia irvitans L.), Drosophila spp. and fruit flies {Rhagoletis spp., Bactrocera spp.}. From
our observations, S. endius is a natural enemy of the tephritid fruit flies, Bactrocera correcta Bezzi
and Bactrocera dorsalis Hendel, which attack various economically important fruits in Thailand
(Hardy 1973, White and Elson-Harris 1992). Bactrocera correcta, the major host of S. endius, often
occurs as a mixed infestation with B. dorsalis, the major fruit pest in Thailand. There have been at-
tempts to suppress or eradicate B. dorsalis in some areas of Thailand using the sterile male tech-
nique (Sutantawong 1991). If successful, such control may result in increases in B. correcta popula-
tions and lead to it becoming an economically impertant pest in the future. Spalangia endius is a
potential biological control agent against B. correcta.

From our behavioral observations and dissections, S. endius can sting both normal fruit fly
hosts and those previously parasitized by the braconid parasitoid, Biachasmimorpha longicaudata
(Kitthawee unpublished data). Spalangia endius acts as a primary parasitoid of B. correcta and as a
hyperparasitoid of D. longicaudata. Dissections of exposed puparia have revealed that one S. endius
larva feeds externally on the body of each host, either the fruit fly or braconid wasp, within the pu-
parium. From our observations, S. endius preferred fruit fiy hosts rather than fruit fly parasitoids.
This agrees with Dresner (1954) who observed that 5. endius tends to attack the fruit fly host rather
than their parasitoids. From our observations, each puparium that showed one emergence hole was
assoctated with one 8. endius (Kitthawee unpublished data) thus indicating that the S. endius para-
sitoid always emerges at the expense of any other parasitoid. Spalangia endius is one of the few
pupal parasitoids of fruit flies that may be sufficiently efficient to be useful for supressing fruit fly
populations.

Karyotype investigations of the family Pteromalidae have been conducted for 7 species repre-
senting 7 genera {Makino 1951, Gokhman and Quicke 1995). The lack of cytological study of
Spalangia spp. is surprising in view of the interest in them as a natural enemy of the house fly
(Propp and Morgan 1983) and fruit fly (Clancy 1950). Here, we investigate and report the kary-
otype of the pteromalid, S. endius.

* Corresponding author, e-mail: grskt@mahidol.ac.th



436 S. Kitthawee and L. Vasinpiyamongkol Cytologia 67(4)

Materials and methods

The pteromalid, 5. endius, was primarily obtained from fruit fly infested fruit of guava growing
in Nakornpathom Province, central Thailand. The culture currently maintained in our laboratory
was established by rearing S. endius on B. correcta pupae. Emerged adults were kept in plastic con-
tainers (7X 12X 4.5 cm) provided with honey.

During cytological work, we found that the pupal stage provided the best chromosome prepa-
ration. This stage was dissected from the host pupae in a colchicine-hypotonic solution (0.01%
colchicine in 0.50% sodium citrate solution). Metaphase chromosomes were processed according to
the following method based on Kitthawee et al. (1999). Brains of pupae were treated with demecol-
cine solution (Sigma) for 10min and returned to fresh colchicine-hypotonic solution for 15 min.
Tissues were fixed in 3:1 absolute ethanol : glacial acetic acid for 2-3 min, covered with a cover
slip and then squashed. Slides were frozen for 2-3 min and the cover slips were removed before
drying, staining and squashing in 2% lacto-aceto-orcein for 3 min. Slides were viewed under a com-
pound microscope at 100X, Well gpread metaphase chromosomes were photographed with Kodak
Technical Pan Film for further analysis. At least 30 well spread cells were scored for chromosome
number. The mitotic karyotypes were determined and analysed based on the centrometric position
as described by Levan ef al. (1964). The karyogram was arranged in a diploid set from the largest to
the smallest chromosome.

Results

Karyotype data of S. endius are summarized in Table 1. The chromosome number of the hap-
loid male is n=4 (Fig. 1a) and of the diploid female is 2#=8 (Fig. 1b). Their mitotic metaphase
karyotypes are uniform in that all chromosomes are metacentric in shape. A karyogram (Fig. 2)
shows the metacentric chromosomes.

Table 1. Relative length, centrometric index, and type of each mitotic chromosome of 5. endjus

Relative length Centrometric index

Chromosome pair Mean= S.E. Mean*S.E. fype
1 14,91 £0.09 0.583+0.002 Metacentric
2 12.71x0.09 0.565+0.003 Metacentric
3 11.73+0.09 0.539>0.003 Metacentric
4 10.66:+0.15 0.519%0.004 Metacentric

fc
q % LU IS Y

Fig. 1. Photomicrograph(s) of metaphase chromosomes
of §. endius. a) haploid male chromosome n=4. b) diploid Fig. 2. Diploid mitotic karyotype of S. endius showing
female chromosome 2n =8, The bar indicates 1 ym. size and shape.




LONFTRUNLLRY 1

2002 Mitotic Karyotype of Spalangia endius 437

Discussion

Chromosome numbers of hymenopteran insects are known for nearly 150 species representing
20 families. However, Makino (1951) only listed one species, in the genus Preromalus, for the fami-
ly Pteromalidae and it had a haploid chromosome number n=5. Since Makino, there have been
other reports. Crozier (1975) updated the list and included the chromosome number of another
pteromalid, Nasonia vitripennis {(n=73). Most recently, the list was updated by Gokhman and Quicke
(1995) who listed 6 species from 6 genera in the family Pteromalidae. The haploid chromosome
numbers of these latter species were all n=35 except for a species in the genus Arisopteromalus
which had the highest haploid number of 7.

Haploid chromosome numbers in the family Pteromalidae have been reported ranging from 5
to 7, as noted above. The haploid chromosome number of #=35 is the most common. and is consid-
ered as the lowest number in the Pteromalidae (Makino 1951, Crozier 1975, Gokhman and Quicke
1995). Here, we found that S. endius has a diploid chromosome number of 2r=8 and a haploid
chromosome number of n=4 which are the lowest diploid and hapioid chromosome numbers so far
recorded for species in the family Pteromalidae. The results presented here are the first published
documentation of chromosome numbers of a species in the subfamily Spalanginae of the family
Pteromalidae. The diploid metaphase karyotype revealed 4 large metacentric chromosome pairs.
These lower-numbered karyotypes have larger chromosomes than high-numbered karyotypes and
their investigation may determine useful taxonomic characters in this parasitoid group.

Mitotic chromosomes of Spalangia spp. are difficult to prepare unlike those of other hy-
menopteran parasitoids because they are tiny parasitoids and the neurogangiial cells are difficult to
locate, It is also difficuli to determine the stages of these insects that are most suitable for chromo-
some preparation. However, the results presented here indicate that S. endius is suitable for future
cytological study. Such study may prove useful for identifying sibling species in the S. endius com-
plex (Legner 1983) and may indicate a possible mechanism of chromosomal evolution within the
genus Spalangia. It is also hoped that this knowledge will aid in the development of this group as
biological-control agents of fruit flies,
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Abstract

Mitotic karyotypes of five species of tephritid fruit fly parasitoid
(Hymenoptera: Braconidae) belonging to the three genera, Psyttalia,
Diachasmimorpha and Fopius, are described. The haploid chromosome
numbers (n) of the three genera are distinct, i.e., Psyttalian=17,
Diachasmimorpha n = 20 and Fopius n = 23. The species within each
genus share the same haploid chromosome number but the chromosomes
differ in size and shape: 7 metacentric (M), 7 submetacentric (SM) and 3
subtelocentric (ST) chromosomes in P. fletcheri compared with 6 M, 9
SM and 2 ST in P. incisi; and S M, 13 SM and 2 ST in D. longicaudata
compared with 6 M, 12 SM and 2 ST in D. dacusii. F. arisanus showed
5M, 13 SM and 5 ST. These karyological data are useful for
cytotaxonomy and contribute to a better understanding of the

chromosomal evolution of these fruit fly parasitoids.
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INTRODUCTION

Tephritid fruit fly parasitoids are beneficial wasps that are
particularly useful in biological control programs. They have been used
directly against their insect hosts since the early 1900’s (Clausen 1956).
However, taxonomic problems still exist among these insects due to their
small size and similarity in external morphology (Wharton and Marsh
1978, Wharton and Gilstrap 1983, Wharton 1987, Wharton 1997,
Wharton 1999). Most species of tephritid fruit fly parasitoid belong to
the family Braconidaec (Hymenoptera) and are distinguished on the basis
of external morphological characters. Wharton and Gilstrap (1983)
described 42 species and presented a morphological key of the opiine
Braconidae used in biological control. These authors pointed out that
more work on the systematic biology of these parasitoids was required to
solve the remaining taxonomic problems.

Cytological studies have played an important role in determining
the systematics of vartous groups of hymenopterous insects including
braconid parasitoids (Makino 1951, Crozier 1975, Gokhman and Quicke
1995). Although metaphase chromosomes of approximately 20 species in
the tamily Braconidae have been reported (Gokhman and Quicke 1995),
information on mitotic karyotypes of tephritid fruit fly parasitoids is rare.
Cytological study of parasitoid wasps is particularly difficult mainly due

to the small size of the brain ganglia of the small immature parasitoids.



Recently, Kitthawee et al. (1999) described a technique for preparing
metaphase chromosomes from neuroganglial cells of the immature
endoparasitoid, Diachasmimorpha longicaudata.

In this report, we present mitotic karyotypes of five species of
tephritid fruit fly parasitoids belonging to three genera. Systematic
relationships within and between genera of these tephritid fruit fly

parasitoids based on these karyotypes are discussed.

MATERIALS AND METHODS

Collections of specimens

The endoparasitoids used in this study included Psyttalia fletcheri
Silvestri, P. incisi Silvestri, D. longicaudata Ashmead, D. dacusii
(Cameron) and Fopius arisanus (Sonan). They were obtained from fruit
fly larvae that infested ripe fruits collected from different localities in
Thailand (Table 1). The larvae of fruit flies were reared 'i'n the insectary
at Mahidol University until the adults emerged that were then used for
species identification. Meanwhile, larval parasitoids were allowed to
develop within larval fruit fly hosts until the prepupal stage. For each
collection, at least twenty prepupal parasitoids were sacrificed for
chromosome preparation. The remaining larval parasitoids were reared

until the adults emerged which were then used for identification. All

parasitoids, their host fruit flies and host plants were identified to species



